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STATEMENT

Realising the advantage of conducting experiments near
the magnetic equator due to the presence of very low charged
"particle background, the X-ray astronomy group at the Physical
Research Laboratory, Ahmedabad planned a comprehensive programme
in this field. The author as member of the X-ray astronomy
group under Prof.U.R. Rao has been deeply involved in the
design and fabricatién of both palloon and rocket borne payloads
for conducting these experiments, and in the analysis of the
data-obtained. This thesis presents a comprehensive account

of the results obtained by the author and their interpretation.

For the rocket borne payloads Xenon-methane proportional
counters with slat collimators have been extensively used.
Most of thé rocket experiments conducted so far from the Thumba
Equatorial Rocket Launching Station (TERLS), Trivandrum
( @ = 80»32'N, )\2.760 51'E) have mainly concentrated in the
2-20 keV range. Consequently gas filled counters with 50-100
micron thick window of Beryllium were used as detectors.
In addition balloon experiments have also been conducted from
a low latitude station - Hydefabad ( ¢ ~s 17°N), using 3 million
cubic feet balloons. For ail these experiments sodium igdide
.crystals were used as the main detectors, wi th plastic scinti-~
llator anticoincidence shield along with lead, tin and copper-
graded shield. The balloon borne detectors were mounted on
oriented platforms so that the tracking of the pre-selected

stars for periods longer than an hour could be achieved with

a nointina arcriiTtary hoatter +han Y-F)O_



The main body of the thesis deals with the study of
variable ¥-ray stars and thelr detection through rocket borne,
balloon borne and ground based techniques. The first chapter
‘briefly reviews the important observational Tesults on some of
the important variable sources. The second chapter contains
a detailed description of the rocket experiment and the results
obtained therefrom. In the third chapter wé'have described the
three balloon experiments and the results obtained during these
observations. Fourth chapter contains the method and discussion
of monitoring the X-ray sOUTCES using ground based techniques,
through the ionization produced by their radiation in the night
time D-region of the ionosphere. Additibnal material such as
the optimal suitability of low latitude stations for conducting
X-Tay astronomy experiments and the methods of analysis are

briefly described in the appendices.

The rocket borne instrumentation was mainly used to
study ﬁhe spectacular flare star Cen X-4 and the irregular
variable Nor X-2. Besides these, useful information on the
cosmic X-ray background has alsoAbeen obtained. The important

results which have come out of the present study are summarized

" below.

1)  RESULTS ON CEN X-4:

a) The most significant feature of these sources is
that they erupt into sudden brightness, reach a
maximum in a few days and then decay more or less
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b)

The general behaviour of such sources is quite
comparable to that of optical novae. Short period
fluctuations are found to be superimposed on the
smooth decay profile as in the case of optical novae.
Ssimilarly, the X-ray novae also show a definitive
relationship between their peak gmission and thelr
decay time, the higher the intensity at the peak

the lower is the decay time.

The energy released in the X-ray region during
these explosiohs is very high, usually compérable

or more than the emission from the strongest X-ray
_l)

source Sco X=1 ( »~=~2 x 10—7 ergs.cm—Q.sec in

the 2-20 keV energy band.

d) All the sources of this type seem to exhibit

basically an exponential spectrum with a temperature
ofmlO7 °k corresponding to the peak of their

intensity.

. RESULTS ON NOR X-2:

a)

The flux in the X—ray band of 2-18 keV follows an

exponential spectrum having'a plasma temperature
of kT = 5.25 keV corresponding to T =6 x 107 K.
The flux received in the 2-10 keV energy range is

1,75 x 1078 ergs.cm"Q.seC'l.



b) The source spectrum as well as the intensity show
" large variability whereas the X-ray flux changes by
factors “as large as 6, the temperature of the emitt-
ing region in the source derived under the assuhption
»f an exponential spectrum also shows variations

from kT = 4 keV to kT = 11 keV.

The study on background COsmié X-rays was made during
two rocket flights in the energy range 2-18 keV. The cosmic
background has been evaluated for the first time using earth
as the occulting body. The spectrum derived in the 2-18 keV
range from the present measurement is found to obey a power law
spectrum with an index of;{czlel?73 + .15 having an average
inteagrated flux of leO-S ergs.cm—2.sec_l.ér—l. in the 2-10 keV
range. The results have indicated the effectiveness of the
method using earth as a shutter, for deriving the diffuse
background flux particularly in the energy band 2-30 keV and
at low latitudes. With larger area counters in conjunction
with secondary background rejection techniques such as the
veto counters and pulse shape discrimination, this method can
be very powerful tsol for obtaining an accurate estimation of

the diffuse cosmic X-ray background spectrum.

The balloon borne nbservations have been coniucterd
"mainly to study binary stars Cyg X-1 ani Her X-1 in the hari
X-ray region. The experiments conducted by the author provided
the first evidence for the emission of the Her X-1 source at
energies > 40 keV -during ON state. Subsequently the same
source was also monitored luring the OFF state. The main

results obtained bv the author are summarized below.



1)

RESULTS ON HER X-1:

a) The spectrum of the source above 20 keV obeys a
power law with a spectral index of o« -2.05 & .33.
The observations clearly show that the spectrum in
this range (20 « E < 100 keV) steepens considerably
compared to the Spectruh observed below 20 keV
(X = -1.0). The average integrated flux of X—raYS
in the energy range 20-100 keV observe- -during the

10 -1

ON state is = 2.77 x 107 ergs.cm—z.sec

The present results along with the other obserVations
show that the emission in the hard X-ray region also
fluctuates consi-erably depeniing on the phase of
1.7 day orbital period as well as the epoch in the

ON state of 35 +day period. .

c) No emission -uring the OFF state of the source was
jetected. The upper limits derived were <& 1.44 x
10710 ergs.cm—z.sec“l. Thus the intensity in the
ON state is atleast a factor of ~ 2 greater than

its intensity in the OFF state.

4) The arguments presented in the main body of the thesis

show that the X-ray emitting source in Her X-1 should
be a neutron star with its magnetic fiell axis not
coinciding with the rotational axis and neutron

star being a member of a close binary system.



2. RESULTS ON CYG X-1:

a)

b)

The observations indicate that the source has two
Adistinct levels of emission one corresponding to
the 'quiet' coniition and the other to the 'flare’

condition.

puring the quiet condition the spectrum of the

source can be fitted with a power law of index

o = -1.9 with an average integrated intensity in

20-100 keV amounting to 2y 1.8 X 1078 erg.cm_z.sec—l.

Even tHOUgh the spectral behaviour seems to be almost
same over long periods of time, the level of intensity
of emission shows considerable long term variation

by factors as large as X 4.

During the flaring condition, the flux from the

source is enhancedi by factors of ~ 2.0 for a short
quration of time ( A/ 10 mts) after which the level
returns back t> the pre-flare condition. The spectrum
of the source during the flére hardens considerably
and can be fitted with a power law spectrum having

an index of (>( = -1.0 with average integrated
intensity of o, 2.86 x 16—8 ergs.cm—2.secf'l in

20-100 keV range.

The results of present flight which is substantiated
by subsequent observations of other experimenters
show that the flaring occurs for v 10% »f the

sbservatinn time usually coincident with the maximum



emission of light Juring its binary cycle., Similarly,
the enhancement of flux Juring thé flare in the higher
energy channels seems to preceie the enhancement of

the lower energy channels by as much as 5 minutes.

e) The arguments presented in the thesis show that the
X-ray emission of this source ié Jue to accretion of
matter on to a black hole from its binary companion

in a close binary system.

Recently it has become evident from the work carried out
at PRL and elsewhere that grbunﬂ based ionospheric techniques
can be very useful to monitor the presence of X-ray stars.

The main observations are centered on Sco X-1 and Tau X-1
whose effect on enhancing the ionization in the night time
D-Tegion has been unambiguously identified. 1In the present
thesis we evaluate the importance of the potentiality of the
method both from thecoretical and from experimental point of
view. In aildition, the thesis also proviiles evidence to
establish the nova like chéract@r of one of the X~ray stars
for which (Cet X-2) very meagre observational dJdata is available.
Finally the possible effects of the recently discovered gamma
ray bursts on the night time D-region of the ionasphere and
their possible idetection has begn critically discussed. The
most important results obtained by the author on this topic

are summarized below:



a)lEvidence is quite strong both from observational
and theoretical standpoint for the detection of
ionospheric effect due to strong celestial X-ray
sources. Presently available evidence shows that
the contribution to night time ionization of
equatorial D-region ionosphere from cosmic ¥-rays,
cosmic rays and Lye{ are comparable with each other,
There is also reasonable agreement between the
theoretically expected nature of the effect and the

experimental observations of VLF propagation.

b) The effect of these sources persists for about 2-3
hours on either side of the time corresponding to
the peak effect, the extent of the spread'depending
upon the declination of the source. The investigation
shows that the ionosphere behaves as a X-ray telescope
with a large opening angle so far as the transit of

celestial sources is concerned.

¢) In general, since the contribution from Ly« can
become significant during disturbed periods, the
effect of celestial X-ray sources should be more

frequently observed during solar quiet periods.

d) On an average basis, it should be possible to sfudy
systematic long term variations of the intensity
of strong X-ray sources, in the time scales of a
few months to a few years,:using the data on VLF

propagation.



e)

191

Theie now exists a real possibility for the detection
of such rare celestial events as flaring X-ray stars
or super novae through their transient ionospheric

effects using grdund based VLF observations.

Owing to the fact that NO (Nitric Oxide) is very
important minor constituent at D-region altitudes
for deciding the ambient electron density, accurate
knowledge of its altitude ion—con;enfration profile
is very vital. The present work shows that the
detectability of X-ray sources implies a concentrat-

ion of NO atleast a factor of 7-10 lower than that

" determined by direct experiments.
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CHAPTER--I

1.1 INTBODUCTION:

The electromagnetic and particle radiations reaching
the Earth from outside the solar system carry with them the
éignatUre of various dynamical processes that characterize
the universe. In the last two decades, with the advances in
the space technology, it has become possible to deploy
detectors outside the deleterious effects of the atmosphere
thereby throwing open, the entire spectrum of the electro-
magnetic and particle radiation-to direct observations.

This in turn has opened up completely new vistas in the field
of astronomy and astrophysics, revealingcelestial phenomena

hitherto unsuspected or explored only through theoretical means.

The discovery of strong and nearly exclusive emitter
of X-rays in the constellation Scorpius in 1962 by Giacconi
et al (1962) which haralded the beginning of astronomy is

one such remarkable example, that revealed the existence of

- high energy processes in the universe. For the first time,

the observation in the X-ray end of the electromagnetic

spectrum revealed the presence of dense magnetic fields

( 221012 gauss), high temperatures(a:!ﬂlo9 2K) and high energy

‘electrons (=210 GeV) in localized and extended regions both

inside and outside our galaxy. Detailed investigations using

rocket, balloon and satellite borne detectors have since

Athen revealed the existence of a large number of such

objects, both discrete and extended; besides a diffuse
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‘X_ray background that is nearly isotropic over the sky.

One striking aspect of these X-ray sources is the
enormous amount of power emitted at X-ray wave lengths,

typically in the range 1036— 1038 ergs. sec~l for galactic

sources. For example, Sco X-1 radiates 2 x lo%ergs.sec_l
in the 1-10 kev‘rahge which 1s 27103 times the energy
radiated in the optical band. Further, the X-ray luminosity
of Sco X-1 is ™2 x 103 times the optical luminosity and

1010

times the X-ray luminosity of the quiet sun. The
fact that many of these sources are not identified with
optical or radio objects means that the X-ray emission is

the dominant form of energy conversion in these objects.

The X-ray background is primarily of extragalactic
origin»because of its high degree of isotropy with little
gnhancement in the direction of galactic plane and has an
energy flux Of'ﬂylo"8ergs.cm"2.sec;;vin‘2—lO keV region

(Prakasarao et al 1971, Schwartz and Gursky 1973).
1l.2. THE PRESENT STATUS OF X-RAY ASTRONOMY :

1.2.1 GENERAL ASPECTS:

About 170 sources have been discovered so far in the
2-20 keV energy interval, bulk of which is through observat-~
ions by Uhuru, the first satellite for excluéive investigation
in the X—ray astronomy (Giacconi et al 1971 1973a; Seward
19770). The X-ray sky as seen by Uhuru with other known

sources is shown in figure 1.1 and is prepared from the
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latest available data (Glacconi et al 19734, Seward 1970) .
The sources discovered so far can be broadly categorised as

given in the following chart.

X-RAY ASTRONOMY
]

1
(] 3

| .
Discrete sources Cosmic X-ray background

f ¥ ‘ i T
Galactic Extragalactic  Galactic Extragalactic
{ .
' .

! 3 ] 1 )
Clusters Active Galaxies Quasars Radio Galaxies
(Coma) (NGC 1275) (3Cc273} (M-87)

P e b

f T |
Variable sources Super-nova remnants Others
1

!
) g 1

¥ !
Periodic variables Irregular variables
i :
f T f f
Pulsating X-tars Binary X-tars Flaring X-tars Fluctuatinag
(NE 0532) (Her X-1, Ceh X-3) (Cen X-4) X-T3y sources
(Mor X-2)

’d

As shown in the chart, the discrete sources can be
broadly classified under two categories galactic and extra-
galactic. Nearly half of the sources discovered so far are
interpreted to be galactic, because of their closeness to
the galactic plane (bIIéQTQOO) by their concentration in
Sgr-Sco region and from their apparent éssociation with the
spiral arms particularly those in Cygnus, Serpens and

Centaurus (Giacconi et al 1973a).

Tdentification of extragalactic sources is observat-
ionally based on their direct association with known

external galaxies as well as by their distribution in
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galactic coordinates. Broadly, they fall in the categor? of
extragalactic clusters, active'galéxies, quasars and radio
galaxies. Prominent active galaxies like NGC 5128 and NGC 1275
have been identified as X-ray soure2s (Fritz et al 1971, |
Giacconi et al 1973a) with emission originating most likely
from a very restricted region in the galactic nUcler

(Forman et al 1972b, Tucker et al 1972, Lampton et al 1971, 72) .

X-rays have also been detected frém galactic clusters
such as Virgo Cluster, Perseus Cluster and Coma Cluster where
the extent of X-ray emission is beyond»the confines of a
single galaxy (Kellogg et al 1973). Oniy one quasar that is,
3C 273 has beeb found to be an emitter of X-rays (Byram et al
1966, Giacconi et al 1973a). Some of the galaxies like NGC 1275,
discovered so fer are essentially X—ra§ galaxies as they are
found (Giacconi et al 1973a) to emit X-rays with a power that
is roughly an order of magnitude higher than that in the optical

40@11:(;;5.sec"l

region. The intensity of emission varies from 10
for a typical extragalactic like SMC X-1 to lOArd’eex.*cgs.sec_l for
‘sources such as 3C 273, the most distant X-ray source '

(Hoover et al 197%).

As the present thesis deals with only certain classes of
'galactic sources no further reference to extragalactic sources
will be made in this chapter.

The diffuse background above 1 keV is of extragalactic
".orlgin because of its high degree of isotropy. Of the two

principal hypotheses with regard to its origin viz.
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superposition of a large number of extragalactic sources
or inverse compton radiation by fast electrons colliding
with 3% microwave radiation (Silk 1970), the former is

" gaining more favour recently because of the discovery of a
large number of discrete extragalactic sources that could

contribute a significant portion of the background.

1.3. GALACTIC SOURCES:

1.3.1. GENERAL REMARKS:

With the discovery of a large number of galactic X-ray
sources their distribution in the galaxy can be studied.
A typical log N-logs plot for these objects (see figure 1.2,
Matilsky et al 1973) similar to that in radio astronomy
leads to a slope of 2 0.5,a reasonable value should the
sources belong to our galaxy and clustered along the spiral
arms. However, for comparatively stronger sources,, as the
figure shows the slope obtained is @y 1.5 typical of inter-
mediate populations II or disk population objects (Blaauw
- 1965) and would be simply a fortuitous result of the
intrinsic range of luminosities for these sources
(1098 9

> LX:£;103 in the range from 2-10 keV). Primarily
it is possible to identify two kinds of populations for
the galactid sources; a small number of intense sources in
the central region of our gélaxy out to typical distance of
.}255‘650 pc and a large number dispersed through the galaxy

out tofz| = 200 pec.
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The galactic sources in general can be classified into
supernova remnants, Binary systems, and those not covered by

either of these two, based on their physical propertieé.

Some of the well known supernova remnants have been found
to be X-ray emitters. The known supernova remnants (SNRS)
about I5 in number, range in their age from 250 years to
50,000 years. The Crab—nebula,rcassiopieb A and Tycho
supernovae are those whose age is less than “thousand years.
Others such as Cygnus loop, Vela X and Puppis A are estimated
to be more than 104 yearé and have been found to emit Burginyon 72)
predominantly in the soft X-ray region (Hoover et al 1972).
Considering thatISUpernova remnant: sources in general emit
in the radio region, study of X-rays from these objects
therefore could lead to estimates of their intrinsic luminosity
as the distance of these sources can also be independently
established through radio observations. Further, since the
presence of synchrotron process is well established in many
of the supernova remnants, simultaneous radio and X-ray
measurements are in principle Capable of giving a very thorough

insight into the acceleration processes that are taking place

-in such sources. The detection of pulsar effects in two

of the well known sources viz. Crab-nebula and Vela both in
the X-ray and radio regions hew provided evidence for the

presence of compact objects in them, the rotational energy

from which could provide the necesséry continual supply of
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1.3.2, PERIODIC VARIABLE SOURCES:.

Out of the total X-ray sources discovered so far, about
40 sources are found to be variable on time scales of a few
seconds to days to months and years. Among these forty
sources (seeLfigure 1.3), about 20 show periodic variations.
The study of variable sources whose time profiles carry the
unmistakable signature of the physical processes is vital to
the understanding of a variety of astIOphysiéal phenomena.,
An interesting aspect of the investigations of the Variablé
sources stems from the fact that the time scales of variations
are in general representative of the size of the emitting
‘region. As an example in the case of pulsars, the fact that
~the time structure in the pulsations is reproduced in
successive pulses suggests that the radiation comes from g3
single source. Assuming the maximum possible rate of
information transfer i.e. the speed of lighi,the Upoef limit
of the diameter of the emitting region should be 2530 kms
if the line width is of the order of 100 microsecond. On the
other hand if the source is of an extended nature, the time

scales of observed variations are correspondingly large.

Many of the galactic X‘réy sourceé are now known to be
members of the binary systems, where the X-ray generation is
explained in terms of mass transfer between the primary star
on to the X-ray star. The time duration of X-ray eclipse
" in sqéh systems can provide an upper limit of the size of

the photosphere of the larger star.
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fhe most importanﬁ aspect of the study of the time
vériations&elates'to the simultaneous observations in
different bands of the electromagnetic spectrum. The
different modes of radiation mechanisms responsible for
their production and transfer as well as the particle
densities and magnetic field configurations at different
distances from the stellar surface are important aspects of_
such a study. Thus the time variation studies provide vital
information on the physical nature of the source and the
matter surrounding them., Further, since the positional
coincidencé with optical or radio counterparts cannot provide
an unambiguous identification of the X-ray source, especially
when there is no a priori basis for such coincidences,
simultaneous observations of distinctive signatures in the
X-ray, radio and optical time profiles helps to a large

extent in clarifying the situation.

L1.3.3. BINARY SYSTEMS:

Of the periodic variable sources discovered so far, at
least seven are known to be membeis of binary systems. In
some 0f the X-ray binaries such as Her X-1, the X-ray emitting
~companion could also be a pulsating compact object such as a
neutron star, the pulsation periodicity correspbnding to the
.rotational motign of the neutron star. Under these conditions
the binary nature of the system can be conclusively established
- through the measurement of Doppler shift of the pulsation

period during the orbital motion of the X-ray star around
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thé,main companion ( Tananbaum et al 19725)- The longer time
periodiﬁity in intensity corresponding to the orbital period
can be separately measured and the phase of the eclipse
correlated with the extent of Doppler shift to derive a

limited picture of the X-ray binary system.

Whereas all the binary systems behave essentially as
eclipsing binaries at the X-ray wavelengths, at the optical
wavelengths they do show considerable differences. Sources
such as Her X-1, Vala X-1, Cen X-3 etc. behave as eclipsing
binaries even in the optical region due to the occultation
of the bigger star by the compact X-ray companion. On the
other hand sources such as Cyg X-1 and 3 U 1700-47 are only
spectroscopic binaries where the optical intensity of the star
does not shdw any variation, the evidence of the binary motion
coming from the radial velocity measurements. The light

curve of a typical X-ray binary observed is shown in figure 1,4,

Table 1.1 presents summary of the available data on the
known binary X-ray sources. Based on this it is possible to
draw a few general conclusions regérding emission of X-rays

from these binary systems (Schreier et al 1972b, Jones et al
1973 a, Ulmer et al 1972,1973, Canizeres 1973, Krzeminski, 1973 etc) ,

(1): In addition to the intensity variations arising from
the orbital motion, all the binary X-ray sources show short
~duration periodic or non-periodic pulsations that are

suggestive of emission coming from highly localized regiors.
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(2):- k .
All the binary X-ray sources listed in the table show
high luminosity. Some of the most powerful galactic sources
come under thig category.
(3):-

All these sources have X-ray spectra that could be
approximated by a power law and the spectral shape below
10 keV is almost flat (Power law energy index o~ 0.0)..
The spectral index Seems to steepen considerably at energies
above 20 keV,
(4):-

The X-ray spectra in all the cases show low energy
turnover possibly due to the absorption of radiation by the
mass present in the line of sight. Comparison of the column
density derived from X-ray turnover with that derived from
21 cm radio data indicates thé presence of matter around the
X-ray emitter. This is further confirmed by the dependence
of the extent of low energy cut-off o9n° the phase of the
eclipsing binary X-ray source.

(5):= |
Most of the binary X-ray systems are also associated

- with the known optical binary systems.

In what follows, two prominent binary X-ray sources
Her X-1 and Cyg X~1 are discussed in ‘detail since they are of
- direct relevance to the investigations described in this

thesis.
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124.0. HER X-1:

This source, first detected by Uhuru observatory
(Schreier et al 1972), has subsequently been studied by many
workers (Tananbaum et al 19723, Ulmer et al 1972,1973¢1,
Clark et al 1972, Giacconi et al 1973b, Doxsey et al 1973,
McClintock et al 1974) mainly at energies below 20 keV.

At energies above 20 keV there exist very few observations.
In fact, the observations presented in the body of this thesis
are the first high enerqgy observations to be made on this
star above 40 keV. The important ﬁfoperties of Her X-1
established through observations in the various regions of
the électromagnetic spectrum are suﬁmarized below.

(1):-

| The X-ray emission of Her X-1 shows a very prominent
periodicity in the form of regular pulsations of duration
1.24 seconds. This periodicity is attributable to the
rotétion of the star. The 1.24 second pulses which seem to
have a double peak structure have sharp fall and rise time

( A 20% duty cycle) and show significant changes of shape on
the ﬁimé scale of hours. The two peaks have same maximum
amplitude but markedly different widths (Doxsey et al 1973,
Giacconi et al 1973b, The trailing edge of the second peak
falls very QUickly in 30-40 miliseconds with a minimum
following immediately, about 60% of the source counts occur
during the major double pulse corresponding to a phase

~ 140° of the pulse and at least 80% of the source power is
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contained in the form of 1.24 second pulsations (Glacconi
ot sl 1973b,Doxsey et al 1973, McClintock et al 1974).
(2):~

In addition to the 1.24 second period, the X-ray emissilon
of Her X~1 also shows a distinct level of intensity yariation
having a period of 1.7 day. In other words the average
intensity contained in the 1.24 second pulsations is further
modulated over a variation in the average intensity having
a period of /1.7 day (Tananbaum et al 1972a. The Doppler
variations in the 1.24 second pulsation period indicate that
this variation is due fo the orbital motion.of Her X-1, X—rayb
source going around its binary companion star resulting in
the periodic eclipsing of the X-ray intensity. During this
1.7 day orbital period the X-rays are observed for about
1.46 days and the source remains in eclipse for 2y 0.24 days
(Giacconi et al 1973b, Tananbaum et al 1972a Ulmer et al 1973a/
McClintock et al 1974, Clark et al 1972).

(3):- .

In addition to the 1.24 second pulsation and the 1.7 day
orbital period the X-ray emission of Her X-1 also shows
intensity variations over a period of %35 days whose origin
| is still obscure. During each 35 day period the X-ray emission
is observed for 11-12 days which is referred to as the 'ON'
state (Ulmer et al 1972, Giacconi et al 1973b)of the source.
The source remains in the 'OFF' state for the rest of the

23 days when no significant X-ray emissions above 2 keV
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have been detected so far. Although there have been some
reports (Fabian et al 1973 a,b) of the detection of small

lOerg;cm_z.sec_l)

amount of X-ray flux (®5-17 x 10 in the
3-6 keV range during the 'OFF' state by instruments aboard
the 'Copernicus' satellite, this emission appears to be
very short lived ( 242 hours).

(4):-

The evidence seems to indicate that the onset of the
'ON' state bears some definite relationship to the phase éf
the 1.7 day cycie (Giacconi et al 1973b,McClintock et al 1974 ).
Detailed observations from Uhuru and 086—7 show that the ,
turn on of the 'ON' state occurs when the phase of the 1.7 day
orbital period lies between .22-.24 and .67_.70.

(B5):-

An important result that has emerged out of the long
term X-ray observations by Uhuru is that the time period of
the l.24§i$isations decreases by 4.5 microseconds in about
6 months period (Giacconi et al 1973b). This result can be
directly interpreted as due to the speeding up of the pulsar
in the Her X-1 which is contrary to the normal slowing down
behaviour of pulsars. The result clearly indicates that
there must be significant amount of matter accreting on to

the X~tar from its binary companion causing the observed

perturbation in the rotational motion of the X-tar.



FIG , "9 - THY ENLARGEMENT OF A BLUE PALOMER SKY
SURVEY PRINT CGONTAINING HER X-1. THE
CIRCLE SHOWS THE MIT POSITION AND
PARBLLELOGRAM SHOWS THE UHURU AND 0QS0-7
POSITIONS .
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(6):=

At energies below 10 keV the observed spectrum is nearly
flat, and can be represented with a power law having an index
of odaxl.0 (Giacconi et al 1973b, Clark et al 1972 ). The
spectrum also shows low energy turn over around 2-4 keV
depending on the phase of the orbital period. The luminosity
in the 2-10 keV range is Qk¢1037ergs.sec—l if the source
distance is assumed to be as5.8 kpc (Jones et al 1973b), the

same as for the optical counterpart Hz Hercules.

(7):-

The observations at high energies (10 <E £ 40 keV) by
the UCSD experiment aboard 0SO-7 also show the 1.7 day
periodicity (Ulmer et al 1972,19734Q) superposed over the 35
day cyclic variation. However, no significant pulsations
at 1.24 second have been observed above 20 keV (Peterson,
private communication). The spectrum in this energy range
steepens considerably and can be represented by a power law
with an index of o{=~ -2.5 as compared to« s -1.0 observed at
low energies ( £ 20 keV).

(8):-

Her X-~1 has been identified with the binary system where
the main star'is a as 13.5 magnitude star Hz Hercules (see
figure 1.5, Liller 1972 and also Davidson et al 1972a,
Doxsey et al 1973 , Bahcall and Bahcall 1972 , Forman et al
'1972a, Jones et al 1973y etc.). Whereas the long term

35 day periodicity has not been reported in this region
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of the electromagnetic spectrum the 1.24 second and 1.7 day

periods have been observed at optical wavelengths also.

(9):;

The 1.7 day light curve (see figure 1.6) has a broad
minima which begins well before the X-ray eclipse (at least
by .2 96, where §b represents the total phase; Davidson
et al>1972a). At its peak intensity in the 1.7 day cycle,
the star shows the greatest ultravoilet excess as indicated
by U-B = + 0.3. In the optical region, where very long
period observations exist, it has been verified that the
optical period has remained constant at 1.70017 day within
2 parts in 105 since 1900 (Jones et al 1972b). Further,
the star has also shown long period blackouts some times

lasting over many years (see figure 1.7a,b; Jones et al 1972b) .

(10):~

The 1.24 second pulsations at optical wavelengths are
observed only when the X-ray source is in the 'ON' state
(Cocke et al 1973 ) which indicates that the origin of 1.24
second pulsations observed even at optical wavelengths is
" related to the X-ray source. It is generally accepted that
the X-ray emission from Her X-1 irradia{es Hz Her through

the thermal heating thus causing the 1.24 second pulsation,

(11):-
Chevalier and Ilovaisky (1973 ), while monitoring the
optical behaviour of Hz Her when the X-ray source Was 'OFF!

have apparently detected short duration decrease in the
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optical emission. It is interesting to note that coincident
with one such decrease in the optical emission, Fabian et al
(1973 a,b) have observed detectable X-ray emission during
the 'OFF'! state. However, this result needs further confir-
lnation.
(12):-

So far no infrared or radio emission from Hér X~-1 have

been detected (Doxsey et al 1972, Elliot et al 1973 ).

(13):-

Based on the X-ray observations in particular prominent
pulsafions at 1.24 seconds and its Doppler shift as a result
of the orbital motion of the binary system, following physical
parameters have been derived(Tananbaum et al 19 72a)for the

X-tar for a given inclination of the binary orbit of i = 90°;

MX = 0,22 to 3.0 M

©
M2 = 1.2 to 3.2 M@
Mass function, f(m) = 0.35 Mg
Eccentricity of the orbit, = 0.1.

Discussion of possible models to explain the observations
is postponed to chapter 3 where our own detailed observations

on this source are also presented.
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.lo 3- 5. qu X—l:

Cyg X-1 was amongst the first few sources discovered
in the early days of X-ray astronomy (Byram et al 1966 ).
Since then this source has beeh studied extensively by a
number of rocket and balloon borne instruments. Among all
the sources observable at balloon altitudes, Cyg X-1 is one
of the strongest. Based bn the available obéervatiohs the

main features of this source are summarized below.

(L):-

At low energies ( £ 20 keV) the intensity of Cyg X-1
is characterized by large fluctuations some time as much as
by a factor of 200 in extreme cases (Giliacconi et al 1973,
Oda et al 1971,. Schreier et al 1971 ). The fluctuations
(see figure 1.8; Schreier et al 1971 ) are observed as trains
of pulses that rise and decay in time‘scales of the order of
seconds. Such pulsations seem to exhibit wide ranging
periods from less than 0.3 second to over 10 seconds. 'As
seen in figure 1.8, the power spectral analysis of the
observations however, indicates that no particular periodicity
is'preferred. Besides the occurrence of short period
- fluctuations, variation in intensity on time scales of days
are also observed in the data, again, no preference being

shown for any particular periodicity to repeat.
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(2):-

. At energies below 20 keV the detailed Uhuru observations
(Schreier et al 1971 ) indicate that considerable changes in
the spectral shape occur corresponding to the long term time
variations in intensity observed over the time scales of days.
Two such observations are shown in figure 1.9, where the
spectras of Cyg X-1 observed during two distinct periods are
plotted. By and large the spectral function can be represented
well by the equation

E-o< 2 -1

Photons cm “.sec .keV—l

dN
JE A.

with A and <X both showing variations (figure 1.9).
(3):-

At hard X-ray energies ( = 20 keV) the behaviour of
the source is found to be similar to that at lower energies
(Manchanda et al 1971, Oaa et al 1972 , Dolan 1970) i.e. both
shar t term pulsations and long term variations with no
preference being shown for the occurrence of régulafly
periodic variations.

(4):-

| At hard X-ray energies the most spectacular property

of the source is the occasional fiare like enhancement in the
intensity of the source which seems to last only for a few
minutes at a time (Matteson 1971 , Agrawal 1972 , present
results of our own experiment, Nakagawa et al 1973 and

Fulgini et al 1973 ), During these flares the intensity
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FIG.1.10 - A 16'x 16' FIELD OF VIEW OF SKY CONTAINING CYG X-1.
THE STAR CONTAINED IN THE INTERSECTION BETWEEN MIT & ASE
POSITIONS IS HDE 226868 IDENTIFIED WITH CYG X-1. THE
INSET SHOWS AN ENLARGEMENT OF THIS AND THE CROSS IN THE
INSET REPRESENTS THE POSITION OF THE STAR OBTAINED BY
RADIO OBSERVATIONS,
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shows enhancement by several factors and then drops back to
its originai value at the end of tﬁe flare event. The flare
event seems to be very complex in £hat the presently available
evidence is not able to clearly establish the nature of the
spectral variations during the flare event i.e. softening
(Nakagawa et al 1973 , Fulgini et al 1973 ), hardening
(Present) as well as no spectral changes have been reported

(Agrawal 1972 )by different observers.

(5):-

Cyg X-1 has been identified with a spectroscopic binary
HDE 226868 having an orbital period of 5.60 days and magnitude
M, 9.0 (see figure 1.10; Kristian et ai_197l , Rappaport
et al 1971 , Webster and Murdin 1972 , Bolton 1972a). The
star is of the spectral type BOIb having a blue excess in its
emission irdicated by B-V = 0.24 (Margon et al 1973 , Smith
et al 1973 , Bolton 1972a,b). The optical variation in‘blue
(Brucato and Kristian 1972 , Bolton 1972a,b, Hutchings etal 1973)
shows that the He-IIp.AzM%b emission features are essentially
in antiphase (see figure 1.11; Bolton 1972b) with tﬂélstellar
absorption lines. From this observation it has been concludéd
that the He emission line is intimately connected with the
unseen companion of the star HDE 226868, Solving the binary
sxstem using these results the following estimates have been
obtained for the physical parameters of the Cyg X-1 source
(Bolton 19728,b);
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Velooy (ks ')

FIG.1l.1l1 - THE RADIAL VELOCITY LIGHT CURVE OF HDE 226868,
THE STAR ASSOCIATED WITH GYG X-1. THE DOTTED LINE IS
He II A 4686 AND IS CONSIDERED TO BE EMITTED FROM
THE MASS ASSOCIATED WITH THE UNSEEN LIGH!ER COMPANION
( = X-TAR). (BOLTON 1972b)
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Mass function f(m) =20.182

*
Ml‘ = 30 M@, M2 ~ 14,4 M@

R, &y 23 Ry, R (Roche) &Y 24.5 Ry

Distance of the source 2 2.5 kpc.

(6) #Derived from spectral type (Sothers 1972)

Cyg X-1 has been identified with a weak radio source of
average strength ~, .O15 flux units (Tananbaum et al 1972D,
Hjellming and Waade 1971, Braes and Miley 1972 Waade and
Hjellming 1971 and Hjellming 1973 Y. The radio flux has also
shown short duration enhancementé on several occasions
(Hjellming 1973 ). Besides, at radio wavelengths also no
- regular periodicity h;; been observed (Mohanfy et al 1972)
élthough fluctuations by factors as large as 3 at 2695 MHz

have been reported on the time scales of days (Hjellming 1973).

(7):-

gimultaneous observations in optical and X-ray reglons
have notbeeNvery successful. However, recent reports of
Sanford et al (1974) and Ei et al (1974) through their
observations with the instruménts aboard 'Copernicus' and
0SO-7 satellites respectively are quite interesting. They
have detected some emhancement andvdip below 20 keV correspond—‘A
ing to the optical maximum and minimum of the optical counter—
V part. At hard X-ray energies, even though there 1is an
indication of increase in the X-ray flux almost by 50%
(beterson,.private communication) corresponding to the
- time of optical maximum, statistics are rather poor to

make any meaningful conclusion.
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(8):=

simultaneous X-ray observations by Uhuru and radio
observations by NARO radio telescope have shown correlater
changes in the emission from this source (Schreier et al 1971).
The radio flux variation corresponding to an increase in flux
of v .02 flux units during March 1971 seems to have occurred
coincident with the decrease in the 2-6 keV average intensity
by a factor of four (see figure 1.12; Schreier et al 1971)
and an. increase in the 10-20 keV intensity by a factor of two.
No such observations are reported at hard X-ray energies.

A discussion of possible models for this source to
explain all the observations is postponed to chapter III

along with our own observations.

1.4.0. TRREGULAR VARIABLES:

In addition to the sources which show periodic variation
in their flux there is a large number of sources which do not
reflect any periodicity in their emission. These sources
which may be called as "Irregular Variables™ are characterized
by large and irregular variations in their intensity. Depending
upon the time scales anid the nature of variations 1in their
emission, they can be loosely classified into two classes:
'Flaring’ X—ray_éources and 'Fluctuating' X-ray sources as

depicted in the chart shown earlier.

We present here a short description of some of the
sources under each of these categories as their study is

relevant to the observations presented in this thesis.
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1.4.1. 'FLARING' X-RAY SOURCES:

Characteristic property of this type of sources is that
they appear rather éuddenly with very large X-ray flux emission
some times even more than twiée the intensity of the strongest
known X-rtay source Sco X-1. The intensity of these X~-tars
then decayswith time scales of the order of many days or some
time even months and at the end of the decay, reach an intensity
level which is‘normally‘below the detectable thershold. 1In
fact, the behaviour of these sources is very much like optical
novae. -

Cen X-2 was the first source of this type discovered
during a rocket flight by Harries et al (1967) and later:
studied by a number of experimenters (see chapter second
section 22). Since a continuous monitoring of the sky is
necessary to detect sources of this type, to date only six
'flare'! type X-tars have been reported. These include Cen X-2,
Cén X-4, Cet X2, 3U1543-47 (= Lup X-2) and Ceph X-4. Of
fﬁese Cen X—4, Lup X-2 , . 3U1543-47 and Ceph X-4 were
detected by satellite borne instruments. The X-tar Cet X-2
discovered in a rocket flight was seen only once (Shukla and
Wilson 1970). Since this source is located at high galactic
latitude (b'ln, -52°), it is conceivable that this could be

an extragalactic source.

Amongst all the sources of this type discovered so far
Cen X-4 was the strongest (Conner et al 1969) which, at its

maximum, reached an intensity more. than twice the ‘$trongest
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X-ray source Sco X-1, (22 2 x lO’7ergs.cm*2;sec—l, in 2~-10 keV
range). Further, this source is probably the best tracked
amongst all sources which’beibng to this class.Cen X-4 was
monitored above back ground level for <~ 80 days after its
eruption. The light curve of Cen X-4 as observed by Vela
satellites ( Evans. et al 1970) and its spectrum near the
maximum (Kitamura et al 1969) are shown in figure 1.2a, Lup X-2
as compared to Cen X-4 was foundbto have an intensity above
back-ground level even as late as ~ 270 days after its
eruption (Matilsky et al 1972).

Ulmer et al (1973b) first reported the detection of
Ceph %-4 from observation with their detector on board the
satellite 0SO-7. However the poor statistics preclude us from
clearly establishing the true nature of the source as to

whether it was a flare type star or a binary star.

From a detailéd comparison of the profile of the X-ray
emission from one of the sources of this type (i.e. Cen X-4)
with optical emission profile of a typical nova, Rao et al
(1971) showed the striking similarity in the time profile of

- flaring stars and optical novae.

1.4.2. FLUCTUATING X-RAY SOURCES:

Among about fonty, variable X-ray sources (see figure
1.3) discovered till now majority of these show non-periodic
fluctuations in their intensity and can be called as
"fluctuating” X-tars. The most important source which

belongs to this class Sco X-1 for éXample, shows fluctuations
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in its ihtensity by factors as large as 4y 600 in extreme
cases in the 2-6 keV range (Giaccohi et al 197353, Nor X-2
is also a similar irregular variable which was within the
field of view of our detector in our present rocket experi-
ment. Hence, a brief description of this source will be
given below:

Nor X-2 was discovered by NRL group in their early
survey flight of 1962 (Friedmanetal 1967). Later this source
has been studied extensively by many experimenters (Rao et
al 1971 , MacGregpr et al 1970, Cooke et al 1971, Cruddace
et al 1971 Touhy et al 1973, Harries et al 1971, Giacconi
et al 1973a)at energies below 20 keV as well as above 20 keV
(Lewin et al 1968, Peterson 1973, and Baity et al 1974,Guo 73).
This source has shown. highly variable spectrum on the time
scale of days and its intensity in the 2-6 keV energy range
has been found to vary by factors as large as as 36 (Giacconi
et al 1973a). Although the source was recently suggested to
be a binary (Spada et al 1974) detalled observations by
0S0-7 (Peterson, private communication) do not show any
such periodicity. Margon et al (1971) reported it to be a
short period variable (P Rz 680 m éec) but others have not
,seén any such periodicity (Harris et al 1970, Schreier et
al 1971 and Tuohy et al 1973). The detailed obseryation
by Uhuru and 0SO-7 (Giacconi et al 19734,Baity et al 19.74)
indicate that ~this source has the same type of character as

" shown by Cyg X-1.
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This source is situated very near to a supernova
remant (Poveda and Woltjer 1968, Rao et al 1971). If this
association is confirmed it should give'information on many
aspects of this type Qf sources such as emission mechanisms,

magnetic fields and distances etc.

1.5. X-RAY BACK GROUND:
1.5.1. INTRODUCTION:

Besides the existence of discrete X-ray emitting objects,
the earlier observations (Giacconi et al 1962, Bowyer et al
1964) also revealed the presence of a diffuse cosmic back
ground of X-rays which is more or less isotropic at energies
above 2 keV. Detailed energy spectral observations above
2 keV show that a power law function is a good approximation
above 2 keV. However, owing to'the isotropy of the radiation,
it is presumed that the bulk of this radiation, if not all,
emanate from outside our galaxy. Détailed investigations
of this radiation is of considerable interest from the

stand point of cosmology.

Table 1.2 summarises briefly the Various.techniques used
to derive the back ground.gince the correct estimation
of cosmic back ground requires an exact knowledge of the
internal back gfounds. Hence various techniques used here
differ mainly in the manher with which the internal back
grdund is estimated. Basically, these can be broadly

classified as under (Schwartz and'Gursky 1973).
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The earth, assumed to emit no X-rays has been used as a

"Shutter” and the entire instrument output obtained when the

earth occupied the field of view of the collimator was assumed

to be internal.

This technique was used for the first time

by the present author and the results as well the technique

used are described in detail in éhapter IT.

Table 1.2.

Summary of various method used to determine the

X-Tay backgroﬁnd spectrum (Schwartz & Gursky 1973).

Method of
deduction

1. Earth
occultat-
ion

2. Opaque
Shutter

"Variable
solid
angle

4., Modulat-
ion with
vehicle
motion

PRL (Present
Rocket expt.)

LLL,Bologna,
AS & E

GSFC

PRL(Balloons)
0sO III ,
TIFR, Saclay

' Possible
. contamina-

Albedo

Production
in shutter

Precipita-
ting elec~
trons

Radio acti-
vity and

atmospheric
scattering

For experiments at

! low latitudes and
below 30 keV the

effect is negligible

Effect would be
negligible at equa~
torial stations

like Thumba

For equatorial
orbits in case of
satellites and at
low latitude
stations for ball-
oon experiments
the effect would
be minimum

" The physical shutter that is opaque to the X-rays of

the energy range of interest have also been usedf In this

case either the shutter was moved into and out of place

over the aperture or else used to cover one of several

R [ T a L

[
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Different collimator solid angles have also been used,
again either by motion of a shutter over one detector or
fixed collimator over‘several identical detectors,
(4):-

Observation of modulatioh of the internal background as
a function of varying geomagnetic conditions hag also been
used mainly in satellite experiments. By this, the internal

background can be separated from the constant isotropic X-rays.

. The background determination using the first technique
(below 10 keV) can suffer by the sporadic emission of‘X—rays
due to auréral type of events. But at stations like Thumba
(.gé mag 25,00) there are no such contaminations possible

(Seward 1974). However, above 30 keV the atmospheric albedo
becomes comparable to the diffuse X-ray background. Below
30 keV, this is undoubtly an extremely good techriique which
can be used to great advantages particularly at low latitude
stations.

All the rest.of the techniques suffer from a coﬁmon
problem in that X-rays generated by interactions in the
mechanical shutter can contribute significantly to the internal
 background when shutter is closed but would not be present
when the shutter is open. This will introduce the errors in
the estimation of the true celestial baquround. In addition,
the contamination due to the geomagnetiéélly trapped electrons

~which produce X-rays could also be:a significant contributor.
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However, outside the trapped zone (Seward 1974) and away from
the Polar-auroral electron zones this effect may not be
significant.

In the last method, however, a truly constant internal
background component, for example, radio activity within the
detector or vehicle, will not be modulated as function of
geomagnetic conditions and tﬁus affecting the estimation of

celestial X-ray background.

1.5,2. OBSERVATIONAL RESULTS:

The observational status of this important radiation

can be summarized as follows:

(1):-

Above 2 keV the radiation is more or less isotropic
in intensity (Reviewed by Schwartz and Gursky 1973, Silk
1970,1973) within 5% in accordance with the detailed investi-
gations by the OSO-III payload which gave upper limits of
about 2% for 12 and 24 hour components. lThis information
has furthef led to the deduction that the relative motion
of the earth relative to rest frame of reference of the
universe must be less than 800 km sec—lv(Schwartz 1969,
Ph.D. thesis).

(2):-

The energy spectrum in the 2-100 key range can be
geasonably represented by a power law function, which
accordihg to 0SO III observations has a break at 40 keV.

However, detailed critical examination of the available
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data (Kasturirangan and Rao, 1972) from balloons and rocket
observations suggests that the spectrum over the range 2 keV-
1 MeV can be fairly well represented by a single power law

spectrum of the type

1 -1

iy keV —.ST

SN "zooi 002
dE

-1

= 30 E photons.cm—?sec

rhese authors have shown that the earlier difference in
spectrum at different energy ranges were finally due to the
fact that no corrections were ag, lied for taking into account
the multiple Compton scattering in balloon observations.

The data obtained from rocket borne instruments which cover

a larger energy range from 2 keV to beyond 20 keV (see figs.l.13,
1.14) confirm this view. The 40 keV break observed by
satellite borne instrumentaion has been quantitatively
explained as due to the induced radio activity effects in

the detector system arising from the particle bombardment
during the time the spacecraft passes through the trapped
radiation belts (Dyer and Morfil 1972). Recent results from
0S0-5 (Dennis et al 1973) also do not show any such break in
the spectrum. It should be remarked here that from a theore-~
tical stand point of view it is not possible to explain
(Cowsik and Kobetich, 1971) the presence of a break in the
“spectrum even if a corresponding break is assumed to be

present'in the electron spectrum.
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(3):= |

At energies beloW 2 keV, usually denoted as soft X-rays,
the observations reveal that althoﬁgh the maximum intensity
is from the direction of galactic poles, the decrease observed
' és the galactic plane is abproached is what is expected from
purely galactic absorption effects. This strongly indicates
the existence of a galactic component at these energies, the
contribution of which has been assessed in some of the
experiments (Henry et al 1971, Bunner &t al 1971, Kato 1972,
Gorenstein and Tucker 1972, Davidson /et al 1972 Novick

et al 1972, " Hayakawa et al 71,73, Yentis et al 1973a,b).

(4):-

The extragalactic soft X-ray component appears to have
a hard spectrum which can be reasonably approximated to a
power law (Gorenstein et al 1972, Hayakawa et al 1973)
whereas the galactic component seems to have an exponential
spectrum with KT é; 0.1 keV. It is conjecturedthat the
soft galactic component is the result of a number of diffuse
sources e.qg. Cygnus loop and Vela X (Grader'et al 1970,
Gorenstein et al 1972, Palmieri et al 1971). An interesting
experiment by McCammon et al (1971) who failed to measure the
absorption of these soft X-rays through the magellanic clouds
appears to confirm this.
(8)i=

Figure 1.16 shows (Silk 1970) shows the estimates of
X~ray background in comparison to the flux of electromagnefic

radiation in different spectral regions. The estimates are
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plotted in units of photon energy density (ev.cm"a). The
unshaded columns denote the avefage photon density produced

by our own galaxy evaluated for the solar neighbourhood.

This is compared with the mean photon density in the metagalaxy

(denoted by the shaded regions), where only contributions
from distant sources are included. It can be noted that in
most of the spectral regions, the galactic contribution
dominates, Jjust as one might expect, the star light from the
Milky Way is some two orders of magnitude more intense than
the optical flux from distant galaxies.
(6);-
| 'No.conclusive evidence of any line features in the
diffuse componen? has been obtained so far from observations
in different energy intervals (Shulman et al 1971, Boldt
et al 1971, Toor et al 1971).
(7):-
Detailed observations of Davidson et al 1972, Kato
1972 and Bunner et al 197y, show that the emiséion of
the amount of diffuse soft X-ray flux is well correlated
with the distribution of hydrogen column density derived
from measurements at 21 cm radio wavelength (see figure

1.15; Davidson et al 1972b)'
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l.é.O. MODELS FOR DIF-FUSE X-RAY BACKGROUND:

Any model for the origin of diffuse radiation should
explain its intensity which is having an energy density of
~, 6 X lO'Be\/.cm"3 in the 2-1 MeV energy range and its high
degree of isotropy within 5%. Besides the spectral shape
another important parameter which should be accowmted for is
the spectral index. The spectral index 1in the energy range
5-20 keV is observed to be ={ -1.8 and Steepehs to
oA e =2.5 above 20 keV. Broadly all the models can be

classified in two categories as described below:

(a): Those where the background is interpreted as the

integrated effect of discrete sources.

(b): Those models where the emission mechanisms are assumed
to operate throughout the intergalactic space, Or atleast in

very extended diffuse reglions.

Both of these types of models can be further divided
into those not invoiving cosmological evolution and those

involving it.

lt;.l. MODELS NOT INVOLVING COSMOLOGY :

@) Gold and Burbidge (1963) were the first to propose
a theory based on the superposition to account for the
diffuse X-ray background The superposed X-ray energy from
“all galax1es, like ours, with average density of 03 Mpc™
or 10_75 em™> within the Hubble distance (= 1028 m) and

having an average flux similar to our galaxy 1.e.
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" X lOagergs.sec—; is estimated at o~ 2 X lO"éeV.cm*3

(0da 1965, Sciama 1969 and Silk 1970). This estimate falls
short by a factor of 2% 50 to account for the observed diffuse
intensity. To fulfil the requirement for the observed flux,

43 l)

galaxies with intense emission (~/10 “ergs.sec such as

M-87 or quasars have been invoked. However, in view of the
low spatial density of these objects (>~ 10_6 Mpc—S;
Schmidt, 1968), the superposition model has difficulty in

accounting for the observed intensity of cosmic background.

(b) Felton and Morrison (1966) have proposed that the
X-ray background can be explained as due to Compton collisions
‘between the high energy metagalactic electrons. Hdwever,
the electrons needed to produce X-ray background can produce
radio emission far in excess of the observed'rédio emission
through synchrotrom mechanism. If both X-ray and radio .
background have to be explained simultaneouély tren one has

8G; Kawabata

to invoke very low magnetic fields ( ~2 x 107
‘ot sl 1969). Such low fields are untenable even in the
extended radio sources. In their theory they have been able
to link the spectral index of electrons (Az2.6) leaking from
radio galaxies to produce Compton scattered X-rays of photon
index ~1.8. However, the intensity estimates fall short

by a factor of ~v 100. Brecher and Morrison (1969) on the
other hand, have considered that ordinary galaxies might
provide the electron source. However, in this case normal

41

galaxies are required to produce. ny 10 ergs.sec"l in GeV

electrons; consequently, if the leakage time were Q7l06 yr,
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the average cosmic ray density would exceed that in our own
galaxy by an order of magnitude. Thus in view of the energy
requirements this hypothesis does not seem to be plausible

(Setti and Rees, 1970; Silk, 1970).

In addition to the inverse Compton effect, other processes
1ike thermal and non-thermal bremsstrahlung over extended
regions have also been considered. Although the super thermal
electrons with different expgnents can explain the observed
spectrum through non-thermal bremsstrahlung process the
energy requirements are severe due to the low efficiency
(o 1%) of this process (Setti and Rees 1970, Silk 1970).

On the other hand, thermal bremsstrahlung process cannot be
"accepted since observed spectrum above ~s2 keV does not fit
the shape of the spectrum expected from such a process;
without postulating temperature gradients. Although, the
extragalactic component at the soft X-ray energies ( < 1 keV)
can in principle be explained as due to emission from hot

. dense intergalactié medium (Gorenstein and Tucker 1972,
Hayakawa S. 1973), the observational data of X-ray spectrum
in this energy range presently available is still meagre tb

draw any definitive conclusions.

lﬁ§.2. MODELS INVOLVING CQSMOLOGY :

a) In evolutionary cosmologies, the intergalactic gas 1is
assumed to have been denser in the past, and the primeval
radiation field mofe intense. Moreover, there is evidence
both from the distribution of quasars (Schmidt 1968,

Rowan Robinson 1968) and from radio source counts (Ryle 1968)
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that violent events were more frequent at earlier epochs,
which, if cosmology is introduced makes the energy problem

less embersssing (Setti and Rees  1970). This being a

common problem to all the earlier mentioned models propoéed

to explain the origin of cosmic background X-radiation,

all of these models have been extended to incorporate evolut-
ionary effects. As a result.of inclusion of evolutionary
effects, the energy requirements for unit volume are increased
in proportion to the mean redshift factor (1 + Z). The
observed photons would of course have been generated with
energies higher by the same factor (1 + Z). The expansion
time scale texp for the universe would have been shorter in
the past depending on the models adopted (except in Lemaitre-
type models). These two effects require that the power oﬁtpyt
in the X-rays would need to have been much greater in the
past in order to have the red shift be responsible for the

dominant contribution,

Silk (1969,1970) has treated the discrete source models
by ihcluding the evolutionary cosmological effects. He has
pointed out that subject to sufficient increase in the X—réy
luminosity of individual galaxies with large red shift, one
can account for the observed diffuse background by counting
- normal cgalaxies. However, the large red shifts (Z = 15)
invoked in this model are not compatible with the cosmological
time scaleé. Moreover, the same evolutioh, if true, should
increase the radio power much beyond the presently observed

extragalactic radio background (Setti and Reess 1970).
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Whiie in the case of radio galaxies strong evolution cannot

be considered because of the limit set by the radio backgrodnd
considerationsof evolutionary factors only in the casé of
quasars leads to an intensity which is inadequate by almost

a factor of 10.

Bergamini et al (1967) showed that when the evolution
of temperature and radiation are considered,thbo‘obserVed
background X-ray flux could be explained by Compton interact-
ions of thermal radiation with electrons leaking from radio
galaxies., 1In an evolutionary universe, the temperature of
the blackbody radiation is prdportional to (1 + Z), where
% is the red shift, owing to the adiabatic cooling. The
~photon energy density, will be,

. 514
Woh o (1 +2) ~ \

This means that at large red shifts the energy of relativistic
electrons can be converted more rapidly into X-rays.

_ Consequently the permitted magnetic field to fit the radio
data can be increased in proportion to th. The observed
X-Tays can be explained by applying a cut-off at Z =5

since beyond Z > 5, the electrons responsible for radio
emission have their half lives reduced considerably.

similar conclusions have been reached by Brecher and Morrision

(1967).

5ilk and McCray (1969) attempted to fit the observed
spectrum using a non-thermal model in an evolving universe.

This process is more efficient at large red shifts due to




galaxies emit X-rays at the intensity of NGC 1275 (23 x T

¢ 1.54:

the higher density‘of intergalgctié gas. The authors have
postulated that the subrelativistic electrons with suitable
SpeCter are injected at a red shift ~ 10. The break in

the electron spectrum is explained as a result of Coulomb
losses, which flatten the electron spectrum at low energies.
The source of electron spectrum is chosen in an ad hoc fasl.ion
and besides there is a possibility of the electron spectrum

getting modified as they escape into the intergalactic space.

Even though both types of models i.e. the superposition
of discrete sources and the rédiation from intergalactic
space, can explain the observed intensity of X-ray background
and their spectral characteristics under certain circumstances,
the restrictions are less severe in the case of the model based
on Compton scattering. The bounds on the break at 3 GeV
in the electron spectrum of the sources, will vanish in the
light of the present finding of the absence of a break in the

diffuse spectrum beyond 20 keV.

The recent discovery of NGC 1275, a Seyfert galaxy as

‘an intense_extragalactic X-ray object, leads us to believe

that significant contribution to the observed diffuse back-
ground comes from extragalactic objects. If all the Seyfert
galaxies which form 1% of the population of all épiral

4
ergs.sec‘l; Fritz et al 1971), the estimated superposed

energy wili be much more than the observed background intenslty
even without the consideration of evolutionary effects.
However, the intensity of other Seyfert galaxies such as

NGC 4157 and NGC 1018 falls far short of the required average

T




CHAPTER II
THE ROCKET. EXPERIMENT

2.1, BRIEF DESCRIPTION bF-THE ROCKET PAYLOAD:

.

The rocket payload primarily designed to stddy the new
born X-ray source Cen X-4 was launched on a Centaure rocket
from Thumba Equatorial Rdcket Launching Station (TERLS) on
-December 7,1969. The experiment was conducted during the
declining phase of this spectacular source which érupted into
a prominent X—rayAstar on Augqust 9,1969 and attained full
brightness within a matter of 3 days and decayed back intovits
original status in about 100 days. In addition to the above
menfionedrsource, observations were recorded on a few other
sources viz Nor X-2, Cen X-1 and Cen X-2 which were in thé
field of view of the detector. during the same flights In
this chapter we give a brief description of the payload, the
associated electronics and also discuss the results obtained
from these experiments. The photograph on the next page shows

the payload prior to launch and the rocket after launch.

In the present experiment the detector used~was_aipr0por—
tional counter filled with 90% Xenon and 10% methane at one
atmospheric pressure, The detéctor which had a depth of 25 mm
had a 100 micron thick beryllium entrance window. The body
of the proportional counter was made of welded stainless steel.
A slat collimator made of stainless steel was mounted in front
of'the detector which defined the field of view of the.detectOr

as 6.5° x 15° FWHM in the perpendicular and parallel directions



The picture shows the Centaure Rocket Payload and Rocket
after Launch. A is the Solar Sensor, B is the Collimator

and other boxes contain Electronics.
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1 2.4

to the spin axis. The detector had an effective area
~ D5 cmz. |

Figure 2.1 gives the block diagram of the conventional
clectronics used in association with the detector for energy
discrimination. The output of the FET pre-amplifier was
further amplified and fed to a "box-car" circuit in parallel
with a three stage difference amplifier type discriminator
to separate the individual X-ray pulses into thtee energ?
ranges viz. 2.1-5.1 keV, 5.1-8.7 keV, 8.7-18.0 keV. The
parallel input to the #box-car" circuit (Seshadri et al 1971)
provided a redundant analog output corresponding to the Q-iO keV
interval, the output being proportional to the energy of the
incident X-Tays. Both outputs were then fed to conventional

voltage controlled oscillators and were transmitted to the

ground using standard FM/FM Telemetry system,

The calibration of the "box car" as well as the pulse
height analyser were échieved by monitoring the pulse height
when the counter was irradiated by various radioactive sources
such as Fe>>(5.8 kev), zp°>(8.05 keV) and cal®(22 kev).

The linearity as well as the frequency reSponée of the linear
amplifier and of the "box car® circuit were checked thoroughly

before the flight.

iInflight calibration of the detector was carried out
t111 the rocket reached an altitude of 60 kms using a Fe55
radio active source fixed on the inside of a door on the

" rocket nose cone. At about 60 km altitude this door was
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" ejected explosively, after which the counter was exposed to
the celestial sky for recelving useful data. Figure 2.2 shows
the inflight calibration where the observed count rate is

plotted as a function of the pulse height.

The details of the rocket trajectory required for
attitude analysis.were obtalned from‘the data received from
radar tracking of the transponder. The attitude of the
rocket as a function of time were derived by. using horizontal
and vertical flux gate magnetometers and solar sensors.

Figure 2.3a shows the rocket altitude as a function of time.

The method of rocket attitude determination is described

in Appendix A-2 and results are summarised in table 2.1.

5.2 .\RESULTS AND DISCUSSION:

Even though our rocket experiment was primarily designed
to conduct observations on the nova like X-ray source, Cen X-4
the same flight also provided some significant results on
Cen X-1, Cen X-2§ Nor X-2. Further, the data from this
experiment were also utilized to derive informafion on the
intensity and spectral characteristics of the cosmic X-ray
background in the energy range 2-10 keV, using the earth
as a shutter. The region of the sky scanned by the detector
is shown in figure 2.3b. The region of the sky utilized to
derive the background X-ray spectra is also shown by shaded

area.
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Table 2,1

summary of Rocket Experiment

Date of experiment

Maximum altitude of

rocket

Detector

Collimation angles (FWHM)

Sources in the field
of view

. Aspect parameters:-

R.A. of sun
Declination of sun
R.A., of precession axis

Declination of
precession axis

Precession period

Spin period

Precession cone angle
R.A. of Magnetic field

Declination of Magnetic
field

December 7,1969, 0035 UT

123 km

. Xe + CH4 counter with effectiye

. 6.5° x 15

area =255 cm2, winddw: 100

micron beryllium.
0

. Nor X-2, Cen X-1, Cen X-2,

Cen X-4

253%04 1
-22%341
134°

30

78 x .1893 = 14.7654 sec.

.1893 sec.

30

h

oo™ 4™

819 541
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2,271, CEN X-4:

This nova like source was first discovered by €onner
et al (1969) through their observations using instruments on
board vela satellites. The source became visible when if
dramatically eruptéd into a bright X-ray star between
23" 30™T, July 6,and 04" 30™UT July 9,1969, in the conste-
llation 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-1.

Since the early experiments provided information only'
in two energy channels, only limited spectral information on
the source could be obtained. The hardness ratio (flux in
the 6-12 keV band/flux in 3-6 keV band) calculated from the
observations, however, clearly indicated tﬁat the spectrum
of the source sbftehed coﬁsiderably after the first two days
of its eruption, the hardness ratio changing from 7 1.08 to
L, .45, The ratio remained constant there after till almost
the last stages of its décline, thus suggesting that the
source was an isothermal one behaving very similar to an
optical nova. On August 7, 1969, Kitamura et al (1969),
observed the same source during a rocket flight and found
that the bbseIVatibns were consistent with an exponential
spectrum similar to that of Sco X-1 with a flux of oz 44

photons.cm*? sec™l in the 2-25 kev energy band. Balloon
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observation by Thomas et al (1969) 18 days later, on August
25, 1969 showed that the intensity of the source had decreased
by factor A2 6 in 10.8-19.7 keV band as compared to the
intensity of August 7,1969 when extrapolated using Kitamura

et al's observation.

As a continuation of‘the above observations aﬁd in order
to investigate the‘decay characteristics and detailed spectral
features of this interesting source, a proportional counter
' X-ray payload was launched from the Thumba Equatorial Rocket
Launching Station, India on December 7, 1969 at 0035 UT.

The launch time was chosen so as to have the Cen X-4 source
well above the horizon (30O elevation) and close to the center
of the field of view of the detector. Figure 2.4a and b show
the raw counting rate data plotted as a function .of spin
azimqth where the positions of various sources (figure 2.4a)
which were within the field of view of the detector are
marked. As is evident from the figure, the detector did not
record any significant count rate above tbe backgfound level
from the direction of Cen X-4 indicating that the source had
declined below the limit of detection of the present experiment
by December 7,1969, Our observation on Decémber 7,1969 ;hbws
_that in the energy range 2-18 keV the source strength had
decreased at least by a factor of A2 800 over a period of

A/ 150 days from the peak émission. Consequently, we can
only providé upper limits with the present data (2§ level, see

table 2.2) in the various energy ranges.
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Table 2.2 : Upper Limits of Flux of Cen X-4
(at 2 ( level)

e e e e e e am o em e —e e e mm S e e e tem mm e e o =

Energy Range ' Upper Limits
( keV ) (photons cm 2, sec . kev™ 1)
2.1 - 5.1 1.50 x 1077
5.1 - 8.7 1.00 x 1072
8,7 - 18.0 0.55 x 1072

- mm e e = wm em em ew em e W e= RS T et o A e

In figure 2.5 are plotted the totality of all epochal

measurements of X-ray flux from Cen X-4 as a function of ‘time.

The data points from Vela satellites (Evans et al 1970)
plotted in the graph have been corrected for transmission
through .005 inch thick beryllium window in front of the
Nal (T1) detector. The figure clearly shows the rapid build
up within about two days followed by an exponential decay
with a time constant of v 10 days. The flux recorded at
the end of 80 days on September 24, 1969, was less than
0.5% of its peak intensity. On December 7, 1969 after

A/ 150 days, the present experiment shows that the flux
was <£0.13 photons a2 sec™t (at 2 { level) in the energy

range 2-18 keV.

The spectacular time variation observed in the X-ray

flux of Cen X-4 has many similarities with the normally

observed time variation of the optical‘luminosity of a nova.
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H.Arp has studied in detail thé vafious characteristics of
Opticél novae from M—Bi galaxy which have been published in

a catalog form (Arp 19G6). From én examination of the data
published, a definite relationship between the maximum
optical intensity attalned by novae and their total duration
has been established. According to this relationshib, lesser
the magnitude of a nova at its peak intensity lessér will be
the duration. This means brighter the nova at its peak
intensity shorter will be its duration. An optical nbva with
a duration similar to Cen X-4 should have a maximum optical
intensity corresponding to an optical magnitude A l7. We
observe that Nova 13‘in M-31 galaxy was of magnitude ~v 17.
Since M-31 is quite similar to our own galaxy, we can compare
the characteristics of this optical nova with the rise and
decayvcharacteristics of Cen X-4. 1In figure 2.5 the luminosity
characteristics of nova 13 in Arp's catalog has also been
plétted for easy comparison with the cerresponding X-ray flux
profile of Cen X-4, Thé striking similarity between the
optical luminosity observation of nova 13 and X-ray flux
variation of Cen X-4 is quite evident from the figure. The
general similarity between the concentration of X-ray sources
and optical novae along the galactic plane discussed by
Gratton (1969) adds further support to our’bbservation.
Further, the recent observation of Belian et al (1972) of
occurrence of a short duration intense X-ray pulse ( ~ 10
minutes) on july 7, 1969 from the same general region of

Cen X-4 is also in agreement with our hypothesis.
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2,2.3 CEN X-1:

since, Cen X-1 was also
our instrument, attempt has
of this source in various en
discovered by Friedman et al
“intensity of 0.17 counts cm
Several attempts by various
ewin

(Peterson et al 1968, L

subsequently did not meet wi

by us, as can be seen from figure 2.4a,

this source was not observab
thus viel
energy bands (see table 2.3)

that Cen X-1 also belongs to

sources as Cen X-2 and Cen X-4.

draw the attention to the fa
has been the scene of at lea

like X-tars.

at the center of field of view of
been made to determine the flux
ergy bands.
(1967) was reported to have an
2 sec™! in the 1.5-3 keV band.
workers to observe this source
ot al 1968, MacGregor et al 1970)
th success.' The d ata obtained
also indicates that

le above the background level,

ding only upper limits for this source in various

All the observations indicate

the same class of transient
If this is true we wish to
ct that Centaurus Constellation

st three major transient nova

Table 2.3 Upper Limits of filux from Cen X-1
(at 2 ¢ level)
Energy Range Upper limits
( keV ) (Photons-cm“2 sec 1. keV_l)
I iis Mt
-2
20_1. - 50.1. .]..040 X lo
5.1 - 8.7 0.95 x 1077
8.7 - 18.0 0.52 x 1077

This source which was
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2.2.4, CEN X-2:

Even though Cen X-2 was the first reported spectacular
transient X-ray source with a nova.like character, it is one
of the least understood. This source was first discovered on
4April 4, 1967 by Harries et al (1967) when it had an intensity
of ~2 0.8 times that of Sco X-1 in the energy band 2-8 keV.

It presumably reached its peak intensity around April 10,
after which it decayed to about a quarter of its pesk value

by 25th April 1967, within a period of about 15 days. On
September 28, 1967 Chodil et al (1968) were unable to detect
this X—tar above the background level which fact was confirmed
by a rocket flight on July 12, 1968 by Pounds et al (1969).
Subsequently, rocket flights by Rao et al (1969) on November

3 and 7, 1968 showed a resurgence of this source indicating
that the source had a recurring nova type character. However,
MacGregor et al (1970) who had a flight barely 24 hours

after the PRL flight could not confirm this..

Cen X-2 was also in the detector field of view of the
present flight;v The data (figure 2.4a) shows that on.December
7, 1969 the intensity of the source was definitely below the
limit of d etection of the present instrument which is
consistent witb the results obtained from Uhuru survey
(Giacconi et al‘1973a). Consequently,we can again derive
only the upper limits for this source which is given in

Table 2.4.
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Table 2.4 : Upper limits of X-ray flux from Cen X-2 in
different energy bands (at 2 (/level)

Energy range Upper limits
( keV ) (Photons ™2 sec™t keV’l)
- -2
2.1 - 5.1 3.6 x 10
5.1 - 8.7 2.4 x 1077
8.7 - 18.0 1.3 x 1072
SO OOV B e T o T R e B e e

The low energy observations of this source made at

different times are tabulated in table 2.5.

Table 2.5 : Low eneray observations of Cen X-2

—_— amt e = mm e o= em o e e U U Tt e e B and

Flight Date Energy, 2-5 keV Reference

(X 10 8 erg.cm sec—l)
October 8, 1965 <. 0.25 Grader et al (1966)
April 4, 1967 11.0 + 1.0 Harries et al(1967)
April 10, 1967 16.0 + 1.0 Cooke et al (1967)
April 20, 1967 7.5 + 1.0 Francey etal (1967)
May 28, 1967 2.6 + 0.4 Chodil et al (1967)
September 28, 1967 < 0.8 Chodil et al (1968)
June 12, 1968 £ 0.1 pounds (1969)
November 3, 1968 , 0.68 + ,08 Rao et al (1969)
November 7, 1968 0.23 + .14 Rao et al (1969)

December 7, 1969 & .07 Present experiment

- e e e e mm e e | wme m we mm e e me e e e e — e e . e - —




2.2.5, DISCUSSION:

Out of the total number of about 170 X—réy sources
discovered so far, possibly six of these can be included in
the category of nova like X-ray sources. Table 2.6 lists
these sources along with their position coordinates and main
properties, Out of these five sources, Cen X-2, Cen X-4 and
Lup X-2 have been studied in detail by various workers
(Francey et al 1967, Rao et al 1969, Evans et .al 1970,

Rao et al 1971, Matilsky et al 1971, Giacconi et al 19733
and Ulmer et al 1973b§. The X-ray source Cet X-2 which was
first reported by Shukla and Wilson (1970) has not been
observed since then. Since, the continuous Uhuru survey
which started later, did not report any source at the position
of Cet X-2, the observation of Shukla and Wilson, if accepted,
leads us to the conclusion that this source should have also
been é transient source. Recognising that the source position
was quite favourable to have an observable effect on lower
ionosphere, the VLF data at‘Ahmedabad was searched to confirm
the hypothesis. The details of this groﬁnd based method are
described in Chapter IV. The VLF records clearly indicéte

the signature of such an effect due to presence of Cet X-2
source coincident with the time of rocket observation of

- ghukla and Wilson, A careful observation of'subsequent
records show that the strength of the source steadily decreased
with time decaying to &£ 1/15th of Sco X-1 brightness
approximately two months after its first sighting. From

an extrapolation of the decay curve we estimate that the
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F YCM 2.6, THE FIGURE $HOWS THE SCHEMATIC TIME PROFILE OF
OPTLICAL LUMINOSITY OF & NOVA, THE X.RAY TIME PROFILE
SEEN IN CASE OF X-RAY SOURCE CEN X.d (HORIZONTAL SCALE
15 EXPANDED) IS VERY SIMILAR TO THE OPTICAL PROFILE,
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total duration of the source Was ~ 90 days when the source
strength decfeased to ggle_gergs.cm_z.sec'l in the 2-8 keV
region. The fifth source in the table i.e. 3U 1735-28 was |
also discovered by Uhuru (Kellogg et al 1971, Glacconi et

‘al 1973a) and was observed for about a week during March, 1971.
Even though very little observational data exists for this
source, avallable evidence (Giacconi et al 1973a) points out

that the source must have decayed to &£ 8.5 X lO-lOergs.cm_Q

sec™t in April 1971. The last source included in the table
was first reported by Ulmer et al (1973b) from observations
using the detectors.on board 050-7 satellite. The observations
of the source have been reported only above 7 keV. HoWever,
since the X-ray light curve observed by them indicates that

it may be a binary source, further observations are necessary

to establish the true nature of this source.

In spite of the nonavailability of detailed data for
nost of the sources (see table 2.6) some broad features of

this class of sources can be listed.

1) The most significant characteristic.of these sources
is that they erupt into sudden brightness, reach a maximum
in a few days and then decay more or less exponentially.
One often observes short period fluctuations suoerlmposed on
the smooth decay proflle. The general behav1our of such
sources is very much comparable to the typical optical nova
whose characteristic light curve is shown schematically in

figure 2.6.
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The detailed comparisen of the rise and decay character-
istics of the X-ray novae with these of optical novae may be
seen in figures 2.7 and 2.8. It is quite well established
that in case of optical novae, the brighter the novae (i.e.
lesser the magnitude) at the peak, the slower is the rise
time and the period of the decay. Examination of figure 2.8
shows that the same qualitative feature holds good for X-ray
nova also. The peak brightness of Lup X-2 is much less than
that of Cen X-2 and Cen X-4 whereas it shows a much longer
time of decay. For a.quantitative comparison we define the
decay time as the time required to decay from maximum bright-
ness to < lO_gergs.cm"Q.sec:_l (2-10 keV). The limit of
lo_gergs.cm".z.sec'~l being the practical limit of detection
of X-ray source above the cosmic background level. 1In figure
5.7 the decay time of optical novae is plotted against the
peak X:ray intensity which clearly shows that lesser the
peak magnitude (or brighter the novae) shorter is debay time.
for comparison the observed brightness of optical novae
(Arp,H.1956) is also plotted. The similarity between the two

kinds of sources for the relationship between emission at

peak and decay time is remarkable.

2}  Almost all the sources. of the category seems to
exhibit basically an exponential spectra. Assuming the X-ray
source to be isothermally hot thin plasma)the temperature of

the source can be deduced from

&~ (E) = A, e_‘E/kT

.

: -2 -
ergs. cm ~. sec 1
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‘Figure 2.9 shows the temperatures observed for Cen X-2
and Cén X-4 sources derived using the above method and utilizing
the available observations (Evans et al 1970). It is clear
from the figure that Cen ¥-2 showed a steady decline in
temperature during the decay indicating a monotonic’cooling

of the plasma from 2y 4.2 to .06 x 107 °

(Chodil et al 1968)

in about 44 days. During the corresponding period the inten-
sity in the 2-8 keV region also declined by a factor of five.
Cen X-4 source, on the otﬁer hand, showed sharp decrease in
temperature from ~16 x 107 % to a5 x 107 °k from eruption
to ~s6 days in the decline phase after the maximum, During
the decay, whereas the energy flux steadily declined the
temperature seems to remain practically constant. The behaviour
of Lup %-2 also seems to be more or less similar to that

shown by Cen X-4 in that no change in the spectral index

or temperature were observed (Matilsky et al 1971) except

during short periods of time.

3) Superimposed on the steady decay, irregular fluct-
uations in both intensity and spectrum are often observed
for short periods of time. This feature is clearly seen in
figure 2.8 in which we have compiled a number of obervations.
The short period fluctuations in the life time of the source
are clearly observed from figure 2.5 where detailed spectral
observation of Cen X-4 are plotted. The hardness ratio which
is a3 measure of the change in spectral shabe also changes
quite considerably during the periods when the source exhibits

short duration fluctuations (Evané et al 1970). As for example
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the temperature of the emitting plasma on August 20, 1969 went
upto kKT A% 10 keV - as compared to the normally observed value
of kT v, 6 keV during steady period. This conclusion is
further supported by Uhuru observations on Lup X-2 which show
2 positive indication of the changes in the temperature of the
emitting region (Matilsky et al 1972) on Octobar 25, 1971;

and November 25, 1971. Thesc short period excursions are

indicated by arrows in figure 2.8.

(4) None of the X-ray nova discovered so far have been

identified with any optical counterpart.

Due to the incomplete X-ray data and solely negative
optical information available at the present time a meaningful
detailed interbfetation of the physical nature of these
soufces is difficult. However some rough estimates of the
size of the source and such other physical parameters can still
be made. The fact that the sources of this type show fluct-
uations typically having a time scale of the order of 2y 1 hour
(o their omission, can be used to estimate their sizes.
Generally speaking the time scale of fluctuations can be

estimated by

(S

s

P > (G.ﬁ )
‘where G is the gravitetional constant and P the mean
density of the object. Substituting 1 hour fér P we find
that E5;;-l.5'gmacm“3 which is equivalent to that observed

in the sun. In other words sources of this type probably

have dimensions of the same order as that of the sun.
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The exponential nature of the energy sbectra of X-ray
emission observed for these nova like X-tars, leads us to
belicve that the X-ray emission in these stars is due to an
isothermal thin plasma in which case the flux radiated could

be represented by:
E/kT

j (E).dE (keV)tgglC728. N%.v“ j?i e dE. ergs.cm"Q.sec-L
' 2 ' kT
> 2
where the terms have usual meaning. The estimates of Ne.V
: 2
d

for average energy interval dE of 2-10 keV at the peak intensity

are shown in table 2.7 and figure 2.10. It can be seen that

2
Ne.V
d2

of these stars have been identified with an optical candidate,

is larger if larger is the intensity at peak. Since none

for our rough estimates we may assume that fhe failure in
tracking these stars optically is essentially dictated by the
limit of optical intensity observable from the earth (max
magnitude observable = +5 absolute magnitude) which means.
that the distance of these sources is at least of the order

of o1 kpé. Using the distance d = 1 kpc, values of Ne have

been calculated which are also shown in table 2.7.

The striking similarity between the optical time
profiles of novae and the X-ray time profiles of this class
-of transient sources suggest that the theories which have
been evolved to explain the optical novaeoutburst may contain
a significant clue to the mechanism of X-ray production,

emission and time profile of the transient X-ray sources.
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2
Table 2.7~ The.parameter Nez.V for various flaring
stars attheir pegk intensity are shown

Source Peak intensity \ NeQ.V Ne*
ergs.cm—? sec“l(z—lO keV 32 ( cmS )

Cen X-2 1.8 x 1077 | 6.5 x 1087 [1.65 x 10°
Cen X-4 5 x 10°° L x 1088 {3.6 x 107
Cot X-2 1.4 x 1077 2.7 x 1087 [1.0 x 107
Lup X-2 3 x 107° 9 x 10%¢ |1.1 x 107

______________ '_.._.._.....—........._.—--_—..._J
#* A typical distance of d 221 kpc and JUasT X lOlOcm are

assumed. '

Even though the model tries to explain some of the
detailed features observed in the time profile of the
transient X-tars, it is still very qualitativé and speculative.
Without further detailed observations on the behaviour of
such sources it is clearly not possible to propose elaborate
and more qualitative models. Edwards (1967) proposedl a model
as early as 1967, just to explain the decay phase which assumes
the emission as Aue to an adiabatic shock wave propagating
outward. Even though this model qualitatively accounts for
the time profile.of Cen X-2, it is neither complete nor can
explain the detailed features such as nscillations an+ change
of spectra observed for this class of sources. With the
Jiscovery of a larger number of these sources and further
observation, it is now possible to at least think of more

elaborate models. It is now generally believed that these
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X-tars accrete hydrogen rich méss at a constant rate from
the red component of a blose binary system (e.g. Roée, 1968).
The constant alidition of hy:drogen fo the envelog;df the star
results in the inhancement of energy generation due to the
incfeased hydrogen burning which takes place in a thin,
non-degenerate shell and at-this stage the X-ray emission may

:>.l5 M the

start. When the burning reaches a luminosity L == 9

hydrogen shell.soufce probably becomes thermally unstable and

at this stage the burning continues to rise iniepeﬁdent of

mass accretion with ane folding time of @2 days.  This may

be compared with the build ub time nz 2 days observed for

Cen X-4. Due to the very high rate of nuclear energy generation
the star becomes puisationally unstable an 1 the outer envélope
starts expanding which might ultimately result in an explosion
and consequent emission of a large amount of energy ( ™~ 1042‘44
ergs.seaﬁ. The fluctuations often obsérveﬂ during the ddeclining
phase of these sources may be fdue to the side lobes in the

decay of pulsations.

2.3, SOURCE IN NORMA/LUPUS CONSTELLATION:

The broal peak shown in figure 2.4a arouni the spin
azimuth 140°-160° is iﬂentifiej with the sources Nor X-2 and
‘Lup X-1. The separation between these two sources is not
clear from the records due to the larger field of view of
our collimator (6.5Dx 157 FWHMHperpendicuiar and along the
rocket axis) and the close azimuthal proximity of the sources,

the separation between them being - =y 4.5°. The two sources
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Nor X-2 and Lup X-1, at the time of our observation were
situated away from the detector normal at a distance of g%

and 3° respeétively. Thus we are in a more favourable position
to observe Lup X-1. However, as can be scen from figure 2.4a
the observed peak is shifted towards Nor X-2. Since the
azimuthal position. of any source could be determined in our
experimenf to an accuracy better than Q9.5O, we are led to
attribute the peak intensity to mainly the X-ray source Nor X—é.
Regarding source Lup X-1 the data'injicates that either it is
absent or, being a variable source, its intensity is in its

low phase at the time of our observation.

By convoluting with the triangular response of the
colli%ator, the source flux in the various energy bands have
been calculated to derive the spectral characteristics of the
source. Thé best fit spectra for Nor X-2 is found to be an

exponential which can be expressed as:

0.75 exp (- E/5.25) photons cm™ . sec L. kev~!

fs\
JE

Implying a temperature of about 6 x lO7 °k. Figure 2.11
shows the observed data points with the best fit exponential
spectrum. The poor statistics however o not preclule the

possibility of the spectrumobeing a power law with a spectral
index of mxi;g ~1.3 which is also shown in the same figure.
The number of photons emitted in the 2-10 keV reglion 1s

~n; 2,0 photons cm™ . sec™t corresponding to an intensity

~
1.75X% 10_8 ergs.cmnz. sec L,



'©.3.1. DISCUSSION:

All the low eneréy observations of Nor X-2 made at Aiffer-
ent epdchs'are éummariséd in table 2.8 ani plotted in figure
2.12. Figure 2.13 also includes the observations made at
hard X-ray energies. From the low energy observations one
can notice that the source spectrum as well as the intensity
(figure 2.14) show large variability (Cooke et al 1971,

Harries et al 1971, Cruddace et al 1972 etc.). Whereas the
X-ray flux changes by factors as large as o 6, the temperature
of the source derived under the assumption of an exponential
spectrum shows variations from kT o~ 4 keV to kT . 11 keV.
The existence of such a large variability has also been
confirmed by Uhuru observations (Giacconi et al 1973 a) which
hawe shown intensity variations in the 2-6 keV energy ban+ by
as much as factor of =36 in extreme cases. Further 050~ 7
observations (Peterson, private communication) indicates that
the high degree of variability is not confinesd to only low
cnergies  but also extends to higher energies all the way from

few keV t> 100 keV.

In addition to the highly variable anl complex behaviour
of the source the possible existence of short time periodicit~
ies have also been reported by Margon et al(1971).. However,
the lack of continued, systematic ani well calibrated
‘observations make it extremely difficult to make quantitative
inferences on the nature of the source. Nevertheless, the
presently available observations clearly indicéte the nced to
make Aetailel study and observations of these vériable sources

in. order to understand the complex mechanisms that operate



22,36,

T ] { i i

. NORX «=g _

S PRESENT EXPERIMENT

© COOK et al {968 N
® CRUDDACE et al |972

B MAC GREGER et ol 969
- HARRIES et al 197

woed ! - =
N -
m . b
O T &1 .
WL ?Ht y |
o Vo
NE I ‘L . plifor 1 KT=s.28 .
& |t b
W ~
=2 10 ~ } —-
o [ Ny
-t ]
O | )
£ " , -
ot % % i
1 } «
o | | | | { ¢ |
0 2 4 & 8 10 12 i4 16
hV (KEV)

FI1G,2.12: THE MEASUREMENT OF PHOTON SPECTRUM OF NOR %<2 IN LOW
ENERGY REGION BY VARICUS WORKERS, |



ml

FUSWTIOUXS 3U9SAId | AMGZ G A LN | o OTX(9T"+6L°T) oST X 639 | 696T ‘L "2

(TL6T) T@ 3¥° SOTIIPH ASY TR LY | L _0TX(0Z"+ L°T) oSE X ¥l | TL6TOT Alng

(sIojeuwT[ICcO oM} )

M | | e 97 1=

wm (zL6T) 1B 32 202pLnID >mmo.¢qw I3 muoH x(90'FO'T) 2T xomnaw 606T ‘4T unr,
R (TL6T) T2 3 9%cCO | ADI6TTAIA | (O X(r9°¥Fg'e) ' LT X,b | 696T°T Trady
(696T) T2 32 zcbaapoew|  ASY G LY g-0T x(€10+C) WHMT € 896T ‘€ "AON
(TL6T) T® 1@ @3jcc) - (0T xﬂvﬂﬂw.mv. SILT XY g96T ‘2T sun(
(L96T) T® 38 UBWReTid =~ - g 0T x g0 WHMA 8 | G96T‘ce TTIdY
v szojeuwexed -2es .|Eu.m@Aw o M3 TA UCTIRATOSQC
M SousIs 38y Texyosds | (A9 OT-Z) Xnld | 30 1814 -3¢ ?ieEqg
i i .

e e e Y e e e e e e e e e e e e s e e e = e -

(A®3 0ZP)z-X TN 3FC sjudweanseaw AbIsud mcT - 8°T 8TqRL




“s
&2
13

-G8
P

t L L) ilITl"] ¥ [ FIU{ ¥ [ B LML
N . -
o X-RAY SPECTRUM OF NOR X-2 .
i ® PRESENT
L. (7 Des.1968) -
. -
0 © &ﬁggﬁﬁ§ et al
10 - [] ,MaCGREGOR et al T
E (INov.1968) .
- {) PETERSON -
- 1\ UsmnRich, 1947) -
9 + LEWIN et al -
T & COOKE et ai
® -—% \ é (1 Aprit 1969) N
R v HARREget o
‘s OF ¢ al 1974 3
o F B BATY st 36874 S
ol = W GUO et al (973 —
) g - (22 Nov. 1971) -
o " N
o » .
(@)
5 ¥ % =
& F 3 E
- o o ~
p - - -
2 | ! -
u. . /- X
1Q o - o
o . ol
N 3
C ' -
~ T
-4 ' |
| O b bbbl B WENE | b d AL
1 0 & i
ENERGY ( KeV)

P1G.2.13:  THE COMPILATION OF OHBSERVATIONS O NOR X-2.



L)

o

EIY

\AZy OT-z SONVH ADHINZ SHL NI Z-X HOM 40 ALTSNAINT 20 NOTIVISVZ

T

FA £96!

"4l p1°2701d

i

1

7Tt

1?42 SHIMEYH

i i «q\.” L | LIS R ] H

30~

e 33 30YGANYO~, h.% | ;

L4

>
s.\
” ] ¢
¥ 1@\ v S
@i&lii

X iN3534d

(A2% 01-2)

LY

e 33 HOUIPOOTKH

Z— ¥ HON 40 NOLLVIYVA Wil

-

6~

=
(295,10°943) ALISNILNI

i

VLALLL

o1




.2.40:

2.4, DERIVATION OF BACKGROUND SPECTRUM:

A brief description of various methols is presented in
table 1.2 in chapter I. The backgrounil spectrum for the first
time was derived by using earth as the occulting body. The

details are presented below:

The earth and its atmosphere will play the role of a
shutter blocking the Celestiai'X—rays, whenever tﬁe detector
views the earth jﬁring any part of the rocket spin. The
Jetector registers counts both due to charge:d particles as
well as Aiffuse X-ray background when it views the celestial
sky. The couﬁt rate when the detector is facing towards the
earth‘(in 14eal cases Z = 180%) is only Jue to the charged
particle background. Consequently a comparison nf count rate
when the detector looks at the earth with the rate when it
looks at the sky should provide a reliable estimate of the

diffuse X-ray backgrouni flux.

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 frdm
90° and the detectors have fairly large opening angles,
intermediate situations exists. Larger the deviation of
zenith angle of t he rocket frem 90° more complete will be
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
Hdifferent portions of the spin azimuth to estimate the

backgroun- flux.
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The geometrical sensitivity of an element of the detector

between zenith angle {§ and o+ 1f is given by,

_ {—l tan (lz! - &1 ;} 46
L_ tan ﬁo _J ¢o

where Z 1is the zenith angle of the detector normal and
B, is the half cone opening angle of the collimator in the
vertical pnlane. The transmission factor through the atmosphere

along the line of sight of this element is given by

Transs.(Alr) — exp { -a (E). g ( @)2
. | o
where a1 (E) is the obsorption coefficient of air at energy E
ani g (B ) is the grammage of air at zenith angle @ . The
ceffective transmissibn factor of the detector at zenith angle

(Z) is then given by equation

. Z+. 9 g '"L
Transs.(coll.)} = "]21_ EQQLJZ:EHJ« i i/exp (WU(E)-Q(QX&}dQ
Z-pi. tan @ g,

The effective transmission factors for Aifferent energies
have been evaluated using the above formula and are shown for

some specific energies in figure 2.15 at a height of 100 kms.

To derive the background spectra the data from the two
centaure rocket flights (November 3, 1968 and December 7, 1969)
have beeﬁ used, the elevation of the rocket in tw?2 cases being
730.anj 64° respectively. The geometrical factors for the
detector for isotropic radiation (Kane and Rao 1958) for the

two rocket experiments were 2.88 and 1.67 cmz,sr. respectively.
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Figure 2.16a,b show the plot of the count rate versus spin
azimuth duringlthe rocket flight on December 7, 1969. The
difference in the counting rate when it goes from below
horizon to above horizon is clearly seen. The absolute photon
flux in each differential energy channel after various

corrections was derived;by the technique described in AppendixAJ,

The region of the celestial sky plotted in galactic
co-ordinates has already been shown in figure 2.3b, The area
for which the background is derived is shaded in that figure.
The data from the regions 20° on each side of sun in the
azimuthal scan were rejected to avoid any contribution. from
theialbedo flux due to the scattering of solar X-rays. It can
also be seen that the area is almost free from contamination

due to any strong X-ray source,

The diffuse X-ray background obtained from the data of
these‘two rocket flights are plottéd in figure 2.17. The data
have been fitted to a power law photon spectrum. The best fit
spectrum for the results in the energy range 2-18 keV for the

flight November 3, 1968 is given by,

N - 9.0+ 23Eg 1272013 photons. cm_2,sec‘L.sr"l.keV_l.

dE ~ -
A similar fit for the data for flight on December 7, 1969 is

given by,

~1.84 + .24 -1 -1 1

dN = 7.5 4+ 3.5E photons.cm‘z.sec st T.keV T,

dE -
Since the results are derived by the same technique and are

almnst from +he same reaion of skv. the data from both fliahts



C246

I T

® DEC 7,1969
&  NOV 3, 1968

& KEV!

SEC S

cMe

PHOTONS

-

G-} i i } l!ljlg
10

ENERGY (KEV)

FIG:2VITHE PHOTON SPECTRUM MEASUREDR DURING TWO ROCKET
FLIGHTS, THE BACKGROUND X-RAYS ARE OBTAINED BY
USING EARTH AS THE OCCULTING BODY. THE SPECTRA
FITS AN INDEX = ~1.7.



W CTE

| RN

T™TTTIT
4

_oHYARAWA et ol (1971

i

(&
T [Tf‘”!f
BN ERTIT

1 TTI!HI
Lol

i
}

i0

it

TP TETTHY

{0

T 1?5!”;
RN

i
H

PHOTONS (CM® SEC KeV SR)

-~
3 .
=

Fiii”li
v

H

0

T T TTTT
i verpl

=i
o) vor o v e el

%) 10 io o 10
ENERGY (Kev)

F1G.2.18, THE BACKGROUND X-RAY SPECTRUM OBSERVED UPTO ~ 100 KEV.
A SINGLE SPECTRUM WITH X = 1,8 REPRESENTS THE SPECTRUM

FROM 2 TO 100 KEV.



:2.48:;

have been fitted to obtain to give the spectrum,

dN ~1.73 + .15

dE

1

= 13.6 + 3.8 E photon o2, sect. st keV”

These results are consistent with the results obtained by

other techniques (see figure 2.18).

‘The results clearly indicéte the effectiveness of the
method using the earth as a shutter for deriving the diffuse
backgrdund flux. With larger area counters used in conjunction
with the secondary background fejection techniques, such as
the veto counters and pulse sheape discrimination, this method
of analysis can be very powerful for obtaining an accufate

estimation of the diffusce background.



CHAPTER III

BALLOON EXPERIMENT

3.1. INTRODUCTION:

A balloon payload was designed and fabricated with the
intention of carrying osut some Jetailed studies on the pulsating
X-Tay binary Her X-1 and spectroscopic binary Cyg X-1. Cyg X-1
was studied in two balloon flights one on March 29, 1972 and
the second on January 18,>1973. The Cyg X-1 source was tracked
for about L hour and 15 minutes in the first flight and - for
about 1 hour in second flight. A brief description of all the
flights is given in table 3.1. The study of high energy X-ray
emission from Her X-1 was conducted on December 28, 1972 anﬂ
JahUary 18, 1973 and were the first observations of this kind.

We give a brief description of the payload ani then follow it

up with an account of the results obtained and their interpretation.

3.2. X-RAY TELESCOPE

3.2.1. THE DETECTOR:

Figure 3.1 shows the schematic diagram of the detector
used in the present balloon flights. The basic sensor used
was a 4 mm fhiék NaI(Tl) crystal having a diameter of 10 cms
and an aluminium entrance window of thickness 0.9 mm. The
crystal was coupled to the photomultiplier through a pyrex
optical window of thickness 10 mms which in adiition to reducing
the effect of non-uniformity of the photocathode and reduction
in background also servedl as a shield for the Beta, gamma

radiation from KO, Tt may be noted that K*© is usually
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contained as an impurity in the photocathode glass. The
crystal assembly was coupled with the cathode of the RCA 8055
photomultiplier tube with Dow Corning cement 20-0057. The
entire assembly of crystal phototube was enclosed by a magnetic
shield of high permeability mu-metal to reduce the effect of
the earth's magnetic field. The detector assembly was further
enclosed in a graded shield collimator consisting of 1.5 mm
thick lead followed by 3 mm thick tin and 0.5 mm thick copper
cylinders. The lead shield had ajequate thickness to provide
M~100% chllimation to gamma Trays Upto about 200 keV. The
characteristic ¥X-rays of lead ( n/88 keV) are absorbed by the
4in shield, the K-X-ray Tadiation from which ( v 24.8 keV) is
further absorbed by the copper cylinder. " Since the energy of
K—fluorescence from copper ( ~v8.1 keV) lies well below the
threshold, they 4o ﬁot vitiate our observations. The collimator
had a field of view of 18° FWHM in the first flight and 13.5°

FWHM in the o>ther twn flights.

As shoWn in figure 3.1 the cylindrical collimator along
with the crystal phofotube assembly was further enclosed in a
1.5 cm thick cylinder made of NE 102 plastic scintillator
whibh actsvas the vetn counﬁer for the detector assembly.
‘Aluminium foil wrapped rouni the plastic scintillator acts as
a specular reflector thereby increasing the light collection
efficiency. Two o photomultiplier tubes (RCA 6655 A) viewing
‘from the centre of the plastic cylinder were used to collect

the light output from the veto counter.' The -letection
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efficiency of the guard scintillators was determined experi-
mentally with the standard method of using relativistic
cosmic ray muons. Except at the remote edges, the detection

efficiency of the veto counters for relativistic muons was

found to be =98%.

The efficiency, resolution and the method of calculating

the energy spectrum'are described in appendix A3.

3.3. ORIENTATION SYSTEM AND MAGNETIC SENSORS:

In order to detect the high energy X-ray radiation from
selected celestial sources with improved statistics and
reduction in the background the payload was mountedvdn an
oriented platform. The X-ray telescope was oriented with
respect tq the earth’s magnetic field using a flux gate
magnetometer which had a peak pointing accuracy of + 1.5°,
Figure 3f2 shows the schematic of the orientation system uéed
in the ballooh experiments. The magnetic sensor was fixed on
the rotating platform; the orientation of which would be
changed by the radially mounted preprogrammed D.C. motor.

The deteétor which was fixed on this plétform rotated around

the vertical axis at a fixed angle as the platform rotated.

The block diagram of the orientation device is shown in
'figure 3.3 when the output of the magnetic sensor (seze figure
3.4) is positive (i.e. indicating the telescope pointing north)
it gives a positive voltage to the D.C. motor and vice versa.'
The polarity of the motor for pointing the detector in

different directions was controlled by a timer motor, which
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The picture shows the balloon payload before packing for
launch. The clocks seen are used as timers for starting the
tracking controls at proper times.
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also worked as a programmer. The programming sequence of the
observation usually involved three different modes. The first
mode beginning with the detector pointed towards the source to
be observed for four minutes, the second mods,when the detector
pointed towards the background for almost an equal time and

the third mode, when the detector was in continuous rotation
for sbout half a minute during which inflight calibration with
radioactive source was carried out. The output from the
detector as well as other house keeping infoimation were all
taken through slip rings as shown in the figure 3.2 and then

telemetered to the ground.

3.4, TRACKING THE X-BAY SOURCE:

The $olected sources (Cyg X-1 and Her X-1) were tracked
both in zenith and. azimuth. _Whereés the azimufhal tracking was
accomplished bY changing the orientation of magnetic axis by
an appropriate rate(éo/minute), the chénge in the zenith angle
orientation of the detector, for these sources, during the
flight was accomplished withg,the help of a timer and changing
the detector axis with respect to the normal. With this
technique it was possible to observe both Cyg X-1 and Her X-1

in the same balloon flight.

3.5. ELECTRONICS AND ASSOCIATED INSTRUMENTATION:

The block diagram of the electronics used is shown in
figure 3.5. Pulses from the anode of main photomultiplier

were amplified by a preamplifier mounted close to the tube
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and then further amplified by a chain of amplifiers, The output
of the linear amplifier was fed to the discriminators to obtain
spectral information from eight contiguous energy channels

" viz. 20-30, 30-40, 40-50, 50-60, 60-75, 75-90, 90-120 and
120-150 keV. The preflight calibration of the detector was

241 s .
radiocactive source and the corres-

accomplished using an Am
ponding calibration curve is shown in figure 3.6. The outputs
from the discriminators were given to scalers and then through
conventional Voltage controlled oscillators fed to an FM/EM
transmitter at 110 MHz. A photograph of the flight record is
'shown in figqure 3.7 whére along-with photon pulses, the magnetic

sensor output and the output of the solar sensor are also ¢

recorded.

Regulated power supply for the entire payload was derived
from the primary source of silver-zinc accumulators which were
charged prior.to the flight. Two additional DC-DC convertors
supplied the high vdltagé required for the photomultiplier
tubes. The high voltage output from the convertors was

regulated using conventional corona tubes.

3.6, INFLIGHT CALIBRATION AND ALTITUDE MEASUREMENTS:

Inflight calibration was accomplished using an Am24l

radioactive source (59.5 keV), which was mounted on a movingA
arm and was brought into the field of view of the detector

periodically as described earlier (figure 3.6).



8 " TAT Y rNRTRE T T L 54 ;4&....\,..»”4. - J.U.'
"ROTLYPHOANT B Y HD HOLOHE T0€
- Eats - T8N = 1TV YIIONT J
SHOONTS BYTIOE = €8 YTUmrYiD = HD IHOTLE
- T W LA - THTYET I Y e Eni n ! 13 o - lh./t.!Lu
NOOTIYE S0 KEITPOTRL A0 QUODEH JUVHD 40 TIJWYE L5014

anl
hrj;"“—.l:—* :

L

- i A “f..
_ S S S
) .lle\li.. R S
d = 5 ; ; [ g

1

L

P Ry '{ w

v, b
m.»f H
: T
§ ]
m et
e
oo

A

H

'.% e
j

ek
1

-

i
{
S

-

}

Hame B SR Sy

1]
\
|
LIS S
|
1
- |
t
-

r~a

Joe
v
t

o

A
|
i

H
i
4
i
>

.-

i
H
B
i
i
X M ]
L b
T e
H -
) .

WSS
|
H\d""’

""‘*Yﬁ.. ,‘"“"1___\ -
@ iy
o
SYRPRIE

T S

. % I - 3
e
‘.._A-‘AL'

..-.»1(

it

N j’_""_,.a [,

)

£

P
SRR WS o

3

- .
% TR Bovort & 1o

Sy et A

T TR S - o

i
|
d.;-,—;.'-. T L

il SRS N

i)
S

[+ LI S
i

i
e

et

v
i
4

b b, ool




The picture shows the balloon during lauiching operation and ‘during the
ght. B shows the payload and A the main balloon. « S

phase of fli
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The balloon altitude was aetermined by three independent
methods, by radio sondé, radar and by recording on a photo-
barograph onboard the balloon. Oﬁboard photobarograph was a
Wallace and Tiernnan dial type pressure guage sensitive in
the range of 0-65 milibars and which can be read to an
accuracy of about 0.2 mb, A thermograph was also mounted
in the payload gondola to record inflight temperature of the

X=Tay payloadf

3.7. THE DETAILS OF THE BALLOON FLIGHTS:

" The first payload to study Her X-1 was launched on a
three million cubic feet balloon on December 28, 1972 which
reached a ceiling altitude of 4.9 mb at 0945 IST. The second
payload was launched on a similar balloon on January 18, 1973,
which reached a ceiling altitude of 4.5 mb at 1000 IST
(Table 3.1). A picture of the launch is shown on preceding
page. The altitude time history for both the flights are

shown in figure 3.8.

The observation on Her X-1, in the first flight could
be carried out only for 15 minutes owing to the failure of
the zenith drive mechanism. The observation on Her X-1 and
Cyg X-1 was carried out as planned during the second flight
4and the entire system behaved properly throughout the

complete duration of the flight.

A typical counting rate profile for the detectors used

here during the ascent phase is shown in figuré 3.9.
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It can be seen that the count rate decreases upto a height

of - about 1000 feet immediately after the balloon leaves the
~ground which is due to the decrease in the terrestrial
radicactivity. The count rate then increases due to the
effect of secondary cosmic rays in the atmosphere till the
Pfotzer maximum which is normally at «s 120 gnm. cm.'2 at these
latitudes. After reaching the maximum the count rate again
shows a decrease which continues to an altitude of a) 25 gm.
a2, Beyond these altitudes, the effect of diffuse célestial
cosmic X—rayé result$in an upward turn in the counting rate,
'and the count rate shows a steady increése with altitude.

The effect of diffuse background is particularly prominent

at low latitude stations like Hyderabad, where the cosmic ray
induced background is minimal. In figure 3.9 where the
observed features of intensity brofile in the two energy
ranges of 26-30.5 keV and 68-80 keV observed on January 18,
1973 are shown, the effect of diffuse X-ray background parti-
cularly in the lower energy interval is very conspicuous.
This is in conformity with the exponential hature of the

energy spectrum of the diffuse background,

3.8.0. OBSERVATIONS ON BINARY X-TARS:

A. HER Xl:

'3.8.1. PROGRAMME OF OBSERVATION :

From the observational data presented in chapter I,
it is clear that there exists very meagre information on the

source Her X-1 particularly at energies above 20 keV.
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The source exhibits a number of prominent periodicities such
as 1.24 second corresponding to the spin'motion of the star
and 1.7 days cdrresponding t& the orbital motion of the
binaryvsystem, in addition to the 35 day periodicity whose

origin is still being debated.

It has also been established that the X-ray source 1s
under eclipse for ~ 0.24 days in the 1.7 day cycle and for
about 23 days in the 35 day cycie (OFF state). The origin
of the 35 day cycle being still clouded in mystery, it is
essential to monitor the behaviour of the source during the
OFF state (23 days) as well as during the ON state (12 days)
in order to infer the natufe oflmechanism that 1is respohsible

for the extraordinary behaviour of this source.

With the aim of monitoring this X-ray source in the

high energy region in ON and OFF states, two balloon flights
were conducted from Hyderabad which provided the first signi-
ficant observation on Hervx—l in the energy range 20-100 keV.
Figure 3.9a shows the time of observation in relation to the
occurrence of ON and OFF states as well as in relation to the
phase of thé'binary 1.7 day_period. As is evident from the
figure the firét balloon flight was conducted (December 28,
1072), during the middle of the ON state and coincided with
the maximum brightness of the 1.7 day cycle (phase @g 0.3).
The second ballo&n observation was conducted (January 18,1973)
during the middle of the OFF state but again coincident with
the maxima of 1.7 day binary (phase ™ .2) period. The later

observation was well before (v 5 days) the onset of the
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12 day ON state. The X-tar was observed for o 1l minutes
during its transit over the detector during the first balloon
flight corresponding to Collimator transmission efficiency

> 40%. During the second flight Her X-1 was tracked for

~no 15 minutes corresponding to Collimator transmission

efficiency ;; 95%.

3.8.2. RESULTS

3.8.2a. OBSERVATION DURING ON_STATE:

The observed count rate of X—rayé at different energies
in the energy range 20-100-keV from the direction of X-ray
source Her X-1 are presented in the figure 3.10a The count
rate presented in the diagram\have been corrected for detector
efficiency taking into account the effect of escape radiation
in the detector, collimator transmission and also the trans-
mission coefficient in the atmosphere above the detector. The
procedural details for applying these corrections to the basic
data obtained from the flight and the details of the.method'of
analysis are described in detail in appendix A-3. It may be
also noted that the photon flux distribution with energy shown
in the figure has been obtained after substracting the background

counts as described in section A 3.6.

After trials with various spectral fits, the best fit
spectrum for the energy dependence of the X-ray source was
obtained using minimum )(2 method. The details of the procedure
adopted are also described in Appendix A-3. The best spéctrum

for Her X-1 is found to obey a power law distribution with an
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index of (@ -2.05 in the energy range 20-100 keV. The best

fit spectrum, also marked in figure 3.10acan be represented by,

2 1

N photons. cm” sec™ T kev L.

'a—E=2.65 E

-2.05 + .33

The differential flux of X-ray photons in the energy}rénge

20-100 keV observed during this flight was ~ 1.73 x 1072

cm"z.sec_l.kev_l.

photons
The level at which Her X-1 emission was
detected in the present flight was significant at 24 level.
It may be noted that eur  observation constitute the first set
of published results on the high energy spectral characteristics

of Her X-1.

3.8.2b. OBSERVATION IN OFF STATE:

~ Her X-1 was also monitored in the same manner as described
above and the X-ray photon flux ié computed after necessary
corrections during fhe-time when it was tracked. It is found
that the source during the OFF state does not contribute any
significant counts within statistical limits (see figure 3.10b).
Therefore, it has been possible to obtain only 1 ﬁfupper limits
during its OFF state. The differential photon flux emitted by

the source in the energy range 20-100 keV was oy 0.9 X 10'2

2. sect kv, Figure 3.10a also shows the upper

photons cm™
limits for the photon flux in the various energy bands during
its OFF state. It may be seen from the figure that intensity
in ON state is atleast a factor of =v 2 greater than the

intensity in OFF state.



- o o — — - e

Date of
observation

e - o wa w—mm—

January to
June 1972

Dec.6-12,
1971

Nov.l14-24,
1972

May 29,
1972

Dec.8-10,
1971

Dec.28,
1972
Jan.18,1973
March 9,
1973

Dec.l2,
1973

————— o —
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Table 3,2 ~ Observations of Her X-1

7-40
726

7-40
T=100

20~120

20-90

20-90

— e e ey e e mea M

A

.58+06

.076

.46
.11

.80
2.65

Only uppi
6.3

1.6+.15
1.3-1.5
+.2

.96+.5

1.7+.7
. 89+.6

1.7+.6

2.07+.33

r limits
2.4+.2

— o .

Phase
of 1.7
day
 period

N WD
"D D
Max

v .5

. .25

— - e

State
ON or
OFF

ON -
ON

ON

ON

ON

ON

OFF
ON

ON

P N e

Reference

I~

Giacconi
et al(197%)

Clark et
al (1972)

McClintock
et al(1974)

Ulmer etal
(1973)

Ulmeretal
(1973)

Present

—~do~-
Manchanda
etal(1973)

IYen ar
etal(1974)
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3.8.2c. GCOMPARISON WITH THE RESULTS OF OTHER EXPERIMENTERS:

All the available observations extending from a few keV
to A/ 100 keV including the results obtained in the present
flight are presented in figure 3.,11. The relevant details
'including the time of each observation, the corresponding
phase of 1.7 day binary period and other relevant parameters

are tabulated in table 3.2.

It is evident from the figure 3.11 that the spectral shape
of the X-ray flux at higher energies is completely different
from that at lower energies. Whereas the power law spectral
index beiow ~/ 20 keV can be approximated tor-1.0, it steepens
considerably at energies above A/ 20 keV. Ulmer et al (1972,733
have also reported the same phenomena and fourdthat the spectral
index changes from o = -1.0 to®{ay -2.5 which is consistent
with our observations. As can be seen from the table all the

observations at high ehergies consistently show a steep energy

spectrum varying between X = -2 to 2.5.

Figure 3.11 shows a large scatter between various
observations which is possibly indicative of the existence of
large time Variations in intensity at different phases or with
different cycles of 35 day period. This fact is well established
below 20 keV (Giacconi et al 1973b). The present observations
bring out the fact that large fluctuations in intensity by

factors as large as 2 to 3 are present even at high energies.



:3,25:

-]
10 TmTETTTTT T A M S |

ol

HER X - |

-1
KeV)

1
i!llikli I SN U S N )

L

-3
10 po- :
<> UHURY

-+ MeCLINTOCK et al 1973 4}

(LR

i lLtlll

NOV.14-24,1972 —

| & MANCHANDA et al 1973
MARCH 9,1973 ,
o IYENGAR et al 1974 -
. DEC.12, 1973
o L. ® PRESENT EXP. N
DEC. 28,1972 -

A ULMER et al 1973 -
DEC.8-10, 1971 .

A ULMEK et al 1573
MAY 20-JUNE |, (972 -

PHOTON (Ci Set.
—

lillITI

1
}

‘i
165 J } Lllllll 4 1 lllLllJ | L codermsadrsodmdardes

J 2 3
10 {0 i0 0

ENERGY (KeV)

FIG.3.11: THE FIGURE SHOWS THE COMPILATION OF DATA ON HER X-J
IN LOW AND HIGH ENERGY REGIONS.




13,26

" TIFR results (Iyengar et al 1974) showing an increase in the

intensity by a factor of two Within.7o minutes are consistent
with the above conclusion. From the same figure it can also

be noted that the intensity beyond 70-80 keV is observed to

fall very sharply.

Except for the present flight results, there are no other
high energy observations of Her X-1 reported in the OFF state.
The present experiment iﬁ the OFF state does not show any
emission from Her X-1, similar to the behaviour of the source

gxhibitedat lower energies (Giacconi et al 1973b).

3.8.3. DISCUSSION:

3.8.3a. BRIEF INTRODUCTION:

From our own observations and the brief review presented
in Chapter I the following salient features of Her X-1 can ~be
listed which should be considered in formulating any theoretical

model for this type of sources.

(1):- Her X-1 emission shows that there exist following three
periodicities in the flux received from this source, 1.24 second,
1.7 day and 35 days. At higher energies ( =20 keV) 1.24

second pulsation period is not detecteld.

(2):- The X-ray spectrum Juring ON state can be best fitted
‘with a power law in the energy region extending from a few keV
to A 100 keV. The spectrum is observed to steepen considerably

above 20 keV, the power law index changing fromcﬁv-l.o totu=2.5.



.3.27:

.(3):— No substantial X-ray emission is Jdetected during the
OFF state. The.luminosity'observed during ON state is

pg,1037 ergs.sec

(4):~ The Her X-1 X-ray source is associated with the optical
binary Hz Hercules which is a o~ 13th magnitudé star. In A g
optical region the pulsations of 1.24 second are seen only when :
the X-ray source is in ON state. On the other hand, the 1.7 day

periodicity is observed all the time that is no 35 day periodicity

is observel at optical wavelengths. : i

3.8.3b. DISCUSSION ON SOURCE MODELS:

The discovery »f three major periodicities nf 1.24 second Ef

1.7 day and 35 day must necessarily form the basis of any model
one proposes. From the constancy of the frequency of 1.24 second
pulses it is evident that this periodicity can arise only Jue to

the spinning of the X-ray emitting'object. The Doppler shift f

observed in the 1.24 second period positively indicates that

the X-ray emitting object is rotating in a orbit ani the eclipse

observed in the emission reveals that the X-ray source is rotat-
ing around a larger companion with a period of 1.7 days. The

35 Jay periodicity has been suggested to be Jue to precession

of the orbit of the X-tar Jue to which the emission goes out of

the line of sight periodically. ' i

The short duration ( As1.24 second) pulsation observed in

the emission in-icate that the emitting source is a compact

body. In general the pulsation periol is related to the physical

parameter of the source through the relation,
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-

P> (G. Q)

1l

where P is the period of pulsation, G is the gravitational

constant and tj is the average density of the compact body.
Substituting the above values we observe that Her X-1 should
have a density, é > 106 gm.cm"a, which suggests that this
source falls under the category of degenerate white dwarf,

neutron star, or a black hole.

The possibility of rotating black hole is ruled out _
because the non-axisymmetric black hole can have only a |

transient existence (Davidson and Ostriker 1973), which leaves

a choice between a rotating degenerate white dwarf and a
rotating neutron star. .The power law of the X-ray spectrum
for the emission of Her X-1 being indicative of the synchrotron
process suggests, in addition, that the source is likely to
be associated with a large magnetic field. In other words,
from the observation it is seen that Her X-1 is either a

rotating magnetic white dwarf or a rotating magnetic neutron star. |

Aséuming that the loss of rotational energy is responsible
for the X-ray emission, one would expect a gradual increasé
in the 1.24 second rotation perioi which is contrary to the
observational fact (Giacconi et al 1973b) which cleerly indicates
a decrease in the time period of the order of ~ 4.5 micro-
seccond over a period of six months. Therefore, in orider to

satisfactorily account for the change in the time perioi and

the luminosity, accretion of mass on to the compact star from

the companion has been invoked. The thermal heating of
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the matter due to the accelerstion -during the process of

accretion can provide the necessary input for the X-ray emission.

Based on these consilderations most of the models suggested

can be broadly classified under two categories:

a) Models based on white dwarf being the X-ray star

| (Gribben 1971, Henricksen 1971, Brecher and Morrison 1973,

Chau 1973 etc.). The most important consideration in proposing
these models seems to be based on the fact that neutron stars
are genefally found only in supernova. remnants (e.g. Crab
nebula, Vela) and none of these neutron stars have so far been
discovered in ‘binary systems. Brecher and Morrison haVe argued
against the hypothesis of neutron star on the basis that the'
ejection of large amount of mass during a supernova outburst
would decouple any binary system. On the other hand, the main
objection to the white dwarf theory stems from the observed
fast rotational period of m1.24 second (Lamb et al 1973).

In addition, the observed periodicity of 35 day and the high
temperatures éannot be explained satisfactorily using white
Awarf model and makes such mojelé very unattractive for explaine
ing'the X~-ray emission from Her X-~1 ani hehce for further

discussions we confine ourselves to the neutron star models.

Detailed mordels based on neutron stars as the X-ray source
and different mechanisms of accretion of matter have been
proposed by a number of authors,for example, accretioﬁ from
stellar wind emanating from larger star (Daviﬂsoh and Ostriker

1973), disk mndel (Pringle and Rees 1972, Lamb et al 1973)
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and the slaved disk model (Roberts 1974). Some of these are
also based on evolution nf close binary systems which at some
stagé of their evolution explode as supernovae andi the lighter
star in the remnant becomes the fast spinning neufron star

.(Van den Heuvel 1972, 1973a,b).

Knowing that the X-Tray emission is due to the heating of
accreted matter and that X-ray luminosity of Her X-1 1s
:,’;yl037ergs.sec_.l we gan calculate the accretion rate which
is given by the equation,

M G.M.

R -
It - & ergs.sec

Lx 7~

where %% is the accretion rate on to an object of mass M an-
radius R. For Her X-1, assuming the masé 1 MQ, accretion rate

Iis requirel. This accretion of mass On

of J 10_9 Mg yT
the neutron star can be ~sbtained by the following processes

(Davidson and Ostriker 1973):

1) If the companion fills its Roche lobe, material will be
gravitationally pulled out of the cusp »f the lobe ani may be
partially,accumulateﬂ by the neutron star. This material on
it gets accelerated during accretion and may release some

of its energy as X-rays.

2) If the larger star is sufficiently massive, it may have

a strong stellar wind of the type normally observel along the
upper main sequence (Morton 1967, 1969; Carruthars 1968).
Some of this mass outflow can be accreted by the rotating

neutron star. This case may not be. applicable 7 the case
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of Her X-1 because the estimated mass of the companion is

A2 M, (Giacconi et al 1973b, Jones et al 1973b).

O]
3) If the presence of a luminous Xéray source in a nearly
grazing orbit heats and evaporates material from outef layers
of the star, the wind so proluced, self consistently can help
.to fuel the accretion process. This hypothesis requires
assumptions regarding the luminous X-ray source which seem tg
‘be quite artificial,

In view of the objections raised for second and third
alternatives, at present, the first alternative seems to be
the best alternative. However much more information is needed

before finally deciding between different accretion mechanisms.

3.8.4. THE 35 DAY PERIOD OF HER X-1:

The 35 day period was first suggested to be due to free
precession of the X-ray star (Brecher 1972, Brecher and
Morrison 1973) where the rotating pencil beam of the X-ray
pulsar misses the earth periodically. But this model does
not explain many aspects, such as the actual camse responsible
fdér-the precession of the neutron star with a 35 day period.
Moreéver, the large duty cycle of the 1.24 second pulse
suggests a rather wide opening angle for the X-ray beam.

If the beam has horizontal symmetry about the magnetic pole,
it is difficult to understand the profile of the 11-12 Aay

active phase of the 35 day cycle. The precession hypothesis
encounters further Adifficulty with the observation that the

35 day cycle is not strictly periodic (Giacconi et al 1973b)
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ani the rapid onset of the active phase 18 observed to fluctuate
by a few days. To pvercome this further, Pringle 1973 and
McCray 1973, have proposed new hypothesis which involves the

regulation of variation of mass transfer.

The above hypothesis sssumes that there is a minimum mass
flux that rotating magnetizel neutron star can accrete. Infalling
material is uneffected by the field until it réaches the
tAlfven Ralius' Rm, where the magnetic energy density 1s roﬁghly
equal to the kinetic energy density »f the infalling material.
Within this ra-lius, the material, which is highly conducting
attaches itself to field lines and can then fall along the field
lines on to the star's magnetic poler caps. If, however;
centrifugal force “ominates over gravity at Alfveh radius,
matter attaching to the field lines cannot be accretedl and 1s
expelled by the star. Centrifugal force balances gravity at
the "Corotation radius or Synchronous radiung%:AS the incoming
mass flux slowly increases, matter builds up outside the AlfVen
radius until sufficient material hes accumulated to crush the
field, reducing Ry within Rp . At that point accretion to
the neutron star surface begins an’ the pulsed X-rays are
turned on. The material accumuléted at R, along the line of
sight +o the neutron star may be optically thick initielly to
the X-ray radiation. AS accretion proceeds, the X-ray intensity
increases, an:d the amount Af accumulated matter Jeclines until
the line of sight suddenly becomes optically thin. This is the

turn on of 35 day period. The spectral information Anes secem
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to support the hypothesis of absofption effectand-days important
role in the turn on. Evén if the mass transfer rate from the
large star varies in a regular fashién, the turn on depends
critically on the density of the material along the line of
sight and on the ehhancement in X-ray intensity and consequently
sne does not necessarily expect the turn on to be strictly

periodic.

Although, in this model also the mechanisms suggested for
the variation of mass transfer are not very convincing, never-

theless, the model presents a good picture.

From the * results and discussion presented above, it is
clear that much more information particularly at highef energies
is needed both to understand the spectral behaviour of the |
source, its dependence on both energy ani the time variation
of the source.

B. CYG X-1

3.9.1. OBSERVATIONAL PROGRAMME :

From the observational data presented in chapter I,it is
clear that Cyg X-1 is most powerful X-ray source above 20 keV,
The observations clearly indicate that this source exhibits
short ﬁuration.non-periadic fluctuations in intensity at all
energies extending from a few keV to &y, 200 keV. Further, the
source has also been identified with a ~ 9th magnitude optical
spectroscopic binary HDE 206868, However, it has not yet been

possible to establish conclusively the presence of any
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periodicity in the X-ray flux from this source. Since the

binary period of the optical counter-part is 5.60009 days,

it is clearly necessary to carry out large amount of observat-
ions of this source both in the X-rays and in the optical

‘region for extended periods of time to establish the correlation
between the optical binary and the X-ray star. In addition, it
is also essential to monitor both the time variation of the

X-ray flux as well as the spectral nature of the source for
understanding the mechanism of production of X-rays in the source

as well as its physical nature.

In view of the importance of these measurements two
balloon flights were planned from Hyderabad (Q@%BO) to obtain
longest possible exposure of tﬁe source Cyg X-1. The first
obseryatipn was made on March 29,.1972 during which the source
was trackedlfo; about one hour and 15 minutes corresponding to
collimator transmission efficiency of = #5%., The field of
view of the collimator in this flight was 18°.0 FWHM. The
second flight was cohducted on January 18, 1973 during which
~ the source was tracked for about 1 hour corresponding to the
collimator transmission efficiency of ;Zﬂ95%. The field of
view of the collimator in this flight was 13.5° FWHM, The
balloon reached a ceiling altitude ofv5 mbars in the first

flight and an. altitude ofv4.8 mbars in the latter flight.



3.9.2. RESULTS:

3.9.2a. OBSERVATIONS OF CYG ¥-1 DURING FIRST FLIGHT:

In figures 3.12a and 3.12b, the nqrmalised excess counting
rates observed in the first balloon flight from the direction

of Cyg X-~1 are plotted as function of time. Figure 3.12a

represents the counting rate averaged over S minutes'and 3.12b,

represents the same counting rate averaged over 10 minutes and
represented in two energy ranges 29-60 keV and 87.5-160 keV
respectively. The statistical error at 1§ level in the count-
ing rate is also shown and is indicated by vertical bars. 1In
computing the statistical error, the possible error due to

the swing of the detector ( + .5%) while orienting, is also
taken into account. The excess counting rate 1is plotted in

these figures after subtracting the background due to both

diffuse X-rays as well as other atmospheric effects as described

in section A 3.3. 1In addition the count rate derived has been
normalised after applying corrections for both, atmospheric
effocts as well as for the detector expdsure efficiency, the

detalils of the prodedure are described in appendix A-3.

From both the figures it is quite evident that the source”
Cyg X-1 contributed significant counting rates from 1000 IST
Vto 1100 IST. The observed counting rate from the source was
more or less constant from approximately 1000 TIST to 1040 IST,
at which time the counting rate showed a significant eﬁhance—

ment almost by a factor of two, for approximately 10 minutes.
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Following the enhancement the coﬁnting rate dropped again to
its normai original valﬁe +ill 1100 IST beyond which time the
source would not be tracked. The figure 3.12 shows the two
distinct phases of CygvX—l which were observed during the
flight, (i) ‘quiet condition: Observed both at the beginning as
well as at the end of the observation and (ii) the short period
'flaring condition‘ in the emission of the Cyg X-1 When the
source emitted greafly enhanced intensity compared to that

during 'quiet' condition.

In figure 3.13 the observed photon counting rate from
Cyg X-1 during 'quiet' as well during 'flare' condition plotted
separately is represented as a function of energy. The best
fit spectrum based on the observations are also shown in the
figure. The best fit spectrum for Cyg X-1 in the energy range
20-160 keV during the quiet condition is consistent with a

 power law which can be conveniently represented by the - eqn.

-1.90 + .10 1

N =610 E photons en™ 2, sec . keV

dE
The average integrated intensity in the energy range 20-100 keV
during this flight in the 'quiet' condition  observed is,

re, 1,86 x lOﬁ8ergs.cm—2.sec—l.

As noticed earlier, around 1040 IST the X-ray flux from
the same source showed an abrupt increase in all the energy
bands in the. range«~20-160 keV. This flaring lasted for about
10 minutes during which period our detector régistered approx-

imateiy twice the flux from the same source as observed during
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the quiet condition. After the cbmpletion of the flare the

'source fluk decreased abeptly and returned to the normal

preflare condition.

Close examination of figure 3.12a,b immediately reveal
some distinct features which are characteristic of the flaring
condition: |
(1):- Observations indicate that during flare, the rise time
to reach the peak intensity is slow i.e. takes about 10 minutes.
On the other hand the decay to the normal condition is very
aerpt; Whereas the statistical significance of the data is
not sufficient to precisely quantify this characteristic,
nontheless the observation strongly pointhto the difference in

rise and decay times of the flare.

(2):-~ A close examination of figure 3.12a indicates clearly

that there is distinct time delay between low and high energles
when the source is in the flare condition. The observations
indicate that flaring at high energies (87.5 - 160.0 keV)

starts about 5 minutes earlier to that at low energy (29.0 -

60.0 keV), a behaviour which is quite contrary to the normal
expectatidn. To check the validity of this result we have very
cafefully examined thelbehaviOUr of each energy channel in the
calibration mode when the entire detector is subjected to periodic
Célibration using a radioactive source. We conclude that the
observed delay of approximately 5 minutes in the rise in intensity
in lower energy channel compared to the rise at high energies is

a phenomena which must have its origin in the X-ray source itself.
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(3):~ The best fit spectrum during the flare when compared
with the preflare spectrum shows that source spectrum hardens
quite considerably during the flare condition. The best fit

power law spectrum in 19-160 keV range can be represented by,

%% = 45102 .09 photons.cm_z.secml.ke‘f'l

The average integrated intensity in the 20-100 keV energy
band is »%2.86 x 10'8 ergs.cm—Q.sec—l which is 1.5 times

higher than the quiet conditions.

3.9.2b. THE RESULTS OF SECOND FLIGHT:

The observed counting rate from Cyg ¥X-1 during the flight
on January 18, 1973 is shown 1in figure 3.10b and after applying
all the necessary corrections for transmission through air,
collimator transmission efficiency and detector efficiency
as described earlier,is shown in the figure 3.13 for ease of
comparison with the results of first flight. The observations
are also plotted separately in figure 3.14. The observations
during this flight which lasted for about an heour - of time,
did.not show any indication of the presence of fluctuation in
the éource intensity. In other words, the source was essentia-
11y in the 'quiet' conditinn and the best fit power law
‘spectrum consistent with the observations, 1in 19-160 keV

range, can be represented by,

= =6,6 E "7 —° phatans.cm—z.sec—l.kev—l
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Figure 3.14 also shows the best fit power law spectrum
fitted to ﬁhe observationé. It may be noted that the power
1aw index is consistent with spectral behaﬁiour nbserved
during the quiet condition of first flight within statistical

errars.

The average integrated intensity in 20-100 keV energy
range is observed to be (1.8 i.?)x 1078 ergs.cm_g;sec-l
which also agrees reasonally well with the quiet time obser-
vations of first flight. Owing to the rather poor statistics
of the deta obtained during the short period of observation
during this flight, the data could also be fitted equally
well to an exponential spectrum with a hot thin plasma temper-

ature given by kT & 29.4 keV corresponding to T 8 X 108 K.

3.9.2c. CONTRIBUTION DUE TO CYG X-3:

Due to the large field of view of the collimator used
during the first flight on March 29, 1972 it is necessary to
assess the contribution to the observed countrate, due to
Cyg X-3 X-ray source which is situated very close to Cyg X-1.
Further, such an assessment becomes important due to the
detection of radio flare sbserved in September 1972, when the
radio intensity of Cyg X-3 went up by a factor e§~2000 in the
radio region and the fsct that Cyg X-3 could in principle
have contributed nv 40% during the present (first flight)
experiment, if there was any flare like activity associated
with Cyg X-3 at the time »f our observation. However, since

no correlated enhancement in the X-ray emission from Cyg X-3



were detected at the time of radin flare of 1972 (Parsignault

et al 1972, Conner et al 1972), we can rule out the possibility
of Cyg X-3 as a cause of intensity enhancement observed during
the first flight. Although, the intensity of Cyg X-3 at low
énergies ( £ 20 keV) is reported to change by as much as a
factor of ¢ 60 during its binary period of 4,8 hours, the
maximum flux observed from Cyg X-3 is still a factor of A6
Jower than the quiet intensity of Cyg ¥-1 (Giacconi et al 1973a).
Long term monitering of Cyg X-3 above 20 keV (0SO-7 results,/ £,
Peterson, private communication) seems tO indicafe that this
source does not show flare type variation. In view of the

fact that the intensity of Cyg %-3 1is lower at least by a

factor of o 3 compared to that of Cvyg ¥-1 (Matteson 1971) in

the energy range of ouf interest, we conclude that Cyg X-3

could memt have contributed £ 1/9th of the counts registered
during our flight, which is too low to effect our basic conclu=~ :
sinn regarding the flare type behaviour of Cyg X-1. Based on
similar arguments we estimate the possible contribution due

to Cyg ¥-3 in the second flight (collimator field of view

~ 13.5° FWHM) to be also less than 5%.

3.9.3. DISCUSSION:

3.9.3a. FLARE PHENOMENA IN CYG X-1:

The flare like enhancement of the flux observed during
the first flight is undoubtedly a very unusual phenomena

sbserved in the emission of Cyg X-1 st hard X-ray energies.
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The fact that no such enhancementé have been reported to date
at energies less than 20 kev (Uhuru results, Schreier et al
1971, Tananbaum et al 1972b, Giaccéni et al 1973a), further
substantiates our observation which indicates a hardening of

the spectrum during the flare.

Table 3.3 contalns all the obserQations where 'flare’
1ike enhancements in the Cyg X-1 emission are observed. The
table includes the details of the detector system, belloon
altitude, time of observation and the observational character-
istics. The table also includes the phase of the optical

binary corresponding to the time of the flare observed.

Examination of the table reveals the following important

points regarding the flare phenomena.

(1):- Thé X-Tay intensity in the 20-100 keV range from Cyg X-1
shows abrupt increase by factors ranging from 1.5 to 4 during

the flare condition.

(2):- Considering the totality ~f all observations, the source
is found to be in the flaring condition for ny 10% of the total
observation time. Even though the statistics is rather pooT
for drawing very significant conclusions, the observations .o
indicate that the flaring phenomena is quite an important
characteristic of the source. The fact that Cyg X-1 was
observed in flaring condition for »v 10 minutes in our total
observation of~l hour 15 minutes is consistent with the

statistics of oeccurrence of flare in Cyg X-1.
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(3):- The spectral characteristics »f the source during the
flare conijition is usually observed to be substantially
different from that during the quiet conditions. The various
observations, however do n>t reveal a'consistent plcture
regarding the type of spectral change the source un-ergoes
Auring the flaring coniition. Whereas our own observations
indicate that the spectrum becomes harder during the flare,
the observations of Nakagawa et al (1973) and Fulgini et al
(1973) indicate a softening in the spectrum. On the other
hand Agrawal et al (1972) have not been able tn observe any
change in the spectral characteristics during the flare

conditions.

(4):- Our observation clearly indicates a time difference
in the enhancément“of intensity at low energy channels which
seems to be delayed as compared to that in the high energy
channels. SubseqUentbﬁthe.observations o>f Brinkman et al
(1974) (Uhuru results) and also of Matteson (1971) also show
similar type of time difference. From the body of various
independent observations presented, we strongly believe that
the early enhancement in the X~réy flux in high energy is an
important feature of the source itself which must have its
origin in the very mechanism of the production of emission
and its acceleration., It is very important fHor any maiel
which tries to explain the proiuction nf X-rays to take

into account this propert?.
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(5):~ It is obvious from the table that out of the five
observations listed here four observations (present experiment,
Matteson et al 1971, Fulgini et al 1973 and Nakagawa et al

1973) show abrupt enhancements in the intensity to be at

phase .5 + .2 i.e. very close to the maximum infensity of

fhe optical binary. This indicates that the 'flare' phenomena
is usually associated with the maximum light emission of the
optical counter part. Our own observations of Cyg ¥-1 conducted
at times corresponding to the optical phase 7 0.22 and g 0.1
also support this view since the flare condition was observed
only when the optical cdunterpart was brighter. It is interest-
ing to note that the recent satellite observations (Li et al
1974, Sanford et al 1974) at energies <« 40 keV have also
indicated that the variation in X-ray emission is well

correlated with the optical luminosity.

3.9.3b. TIME VARIATION OF FLUX FROM CYG X=1:

As already mentioned earlier, Cyg X-1 emission shéws
large fluctuations in its emission at all X-ray energles.
In fact the emission is observed to be in the form of pulse
traihs having durations from é few milli seconds to several
seconds. Not only short duration pulse trains are reflected
in its emission but the source also shows a long term time
Varigtion in its intensity. All the observations of Cyg X-1
conducted at energies above 20 keV are collected in table 3.3
where ‘along with the -ate of observatinn, the energy range
of measurement and the observedl spectral characteristics are

given. The flux at 30 keV is also given in the same table.
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All the observations listed in table 3.4 are plotted in
the figure 3.15. Plotted in the same figure are also the
simultaneous radio flux measuremént at 2603 MHz wherever
available in addition to spectral index and intensity at 30 keV.
The observations during the flare condition are not plotted.

It can be seen from this figure that spectral index remains

very close to g4 1.90.

In addition to the flare like enhancements in the emission
of Cyg X-1, figure 3.15 indicates that the X-ray flux even:
during quiet conditions does show variation of flux from epoch
to epoch, intensity showing variatiéns by as large as factors
of two. However, it is very interesting to note that fhe
spectral indeces except in one or two doubtfﬁl observations,
have shown almost a constant value over a period of almost

8 years spanning from 1965 to 1973.

3.9.4. MODELS FOR CYG X-1:

Before we proceed to describe a suitable model for
Cyg X-1 some salient features based on our own observations
and the introduction presented in chapter I can be listed as

follows:

(1):- The present balloon observations and the experiments
performed by other experimenters at low energies as well as
at high energies show that the spectrum follows a power law.

However, our observation of January 18, 1973 and ofHaymeset al(1968)
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show that they can also be fitted with an exponential spectrum

with a plasma temperature of g&log %.
(2):= The cmission at all the energies is characterised by

short duration non-periodic pulsations.

(3):- At bélloon energies (i.eggQO keV) short duration flares
are observed during which the intensity goes up by several
factors and then drops in a very abrupt manner. The spectrum
observed during these flares is different than that observed

at guiet times.

(4):- Cyg X-1 has been identified with a spectroscopic optical

binary HDE 226868,

(5):~ So far no conclusive measurements exist indicating a
correlation'between»the quiet time X-ray emission at hard
energies with the optical binary cycle. At low energlies

( =2 20 keV), however, evidence exists for a considerable
change in X-ray luminosity coincident with optical minima

and maxima (Li et al 1974, Sanford et al 1974).

(6):-= A weak variable radio source of average intensity

015 £.u. is identified with the X-Tay source.

The short duration fluctuations (few seconds to few
minutes) show that the X-tar should be of compact nature with
a mean density ‘;;106 am. om™2. Thus there are only three

types of objects which can be considered as the possible

source of X-rays viz. white dwarf, neutron star or black hole.
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Bolton by solving the optical ligﬁt curve of HDE 226868 on

the light veloclty diagram, has derived the various parameters
of this binary and calculated that the mass of star, SO

derived (7 14.5 MQ) rules out the possibility of it being either
a neutron star or a white dwarf. This leads us to conclude
that the unseen X-tar is a black hole and the X-ray emission

1% due to the matter being accreted on to this star from the
massive companion, pért of which is liberated as X-ray emission
which is detected at the earth. Recent observation of short
period fluctuation on time scales of the order of vl ms'by
Rothschild et al (1974),'if interpreted in terms of turbulence
in the disc acretion af the innérmost orbits, leads us to
conclude that the radius of the star must be %jloz km again

indicating that Cyg X-1 must be a black hole.

The X-ray emission takes place when the accreted mass
While approaching towards the Schwartzchild radius gets heated
during its acceleration. In such a case one would expect to‘
observe a distinctive éignature of low energy absorption as
the matter accretes on to the star. The delay in the enhance-
ment of low energy X-rays during flaring condition observed
in our present experiment as well as by other similar expeiim
ments can be considered as an evidence sighifying the above
hypothesis. The emission from the mass spilling towards
the compact companion is further confirmed by the observation
of He II, ;\4686 in the optical region whose radial velocity

is in antiphase to the radial velocity of absorption indicating
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that the mass giving rise to this line is intimately assocliated

with the compact, unseen companion of gliant star HDE 226868.

Having established that the emission in Cyg X-1 is
due to the accretion of mass on to a black -hole one has to
'explain the absence of the correlated emission throughout the
X-Tay spectrum and at optical wavelengths. To explain this

we suggest the following hypothesis:

(1):- The radiating mass being accreted on to the radius of
iight circle is always out of the field of view of the
observer. This situation can be justified by favourable
orientation of the orbit of the black hole around the giant

star.

(2):- Alternately, we propose that the giant star is also
a major contributor to’th@ X-rays observed and emits mainly
towards high energy. Moreover, the absence of variation in
X-ray intensity(at hard X-ray energies) correlated with the
optical emission in the binary cycle indicates that either
the emission due to accretion is too weak or the emission 1s

mainly at soft X-ray energies.

We favour the second case as more suited to explain the
observed data. If the smaller star is responsible for only
soft X-ray production, the emission of hard X-rays by the
giant star will not allow any modulation due to the orbital
motion at these energies, even though, modulation should

still be observable at relatively soft X-ray energies.
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The fact that the existence of such modulation is confirmed
by Li et al (1974) and Sanford et al (1974) adds further

credence to this model.

The calculations of luminosify and frequency of spectrum
from the interstellar gas being accreted on to a black hole
in spherically symmetric gteady state accreticn for the case
when black hole is non rotating and is at rest in the
interstellar space, are made by Stuart Shapiro (1973). The
principal radiation mechanisms considered by him are electron
photon and electron electron bremsstrahlung. The results for

a black hole of 1L M, show that the spectrum should have an

©
9 0

exponenential shape with a temperature a4 107 “K. The results

from present flight (second flight) and other workers (Haymes
et al 1968), which show that the data from this source can

be fitted by an exponential spectrum having a plasma tempera-
9 o

tuxé ny 10 K,seemtosupport the above hypothesis.

Recently, Brecher and Morrison (1973) have pointed out
that there is no need to invoke black hoie to explain the
X-ray emission from Cyg X-1. They have shown that the observed
emission could be explained by assuming the X-tar to be a
magnetic, differentially rotating white dwarf. Their theory
does not explain how th® large mass of X-tar could be
stablized in this condition. Nor does it explain the obser-
vation.of flares.

Jackson (1972) has suggested a mndel which explains the
production of X-rays at high energies assuming the unseen

X-ray star to be 2 source of relativistic electrons. These
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electrons presumably convert the ultra voilet photons from

the X-tar into hard X-rays by inverse Compton scattering which
can account for the observed power law spectrum. According
to this model the intensity modulation would arise due to
¥-ray photons at maximum intensity originating from ultra
voilet photons suffering a head én collision with electrons
whereas the intensity at minimum arising from tail on collisions.
The model is plausible only if the relativistic electrons are
contained within a small region, nof significantly longer than
the éomponent spectrum,

So far no satisfagtory model exists which can explain all
the pbservéd properties. The important points that emerge from
the studies described so far are summarised below:

(1):- At hard X-ray energies, Cyg X-1 shows flare like enhance-
ments in intensity lasting for several minutes and which |
probably have some relatipnship with the phase of the optical
b:inary. |

(2):~ The spectral index in flare condition is different

from that observed during normal condition.

(3):- The spectrum at high energies is also consistent with an

exponential spectrum.

(4):- Simultaneous observations in X—raY, radio and optical
region should be carried out to galn a better understanding of

the physical nature of the system.



CHAPTERG=TIV

MONITORING OF X-~TARS THROUGH_IONOSPHERE

4.1, INTRODUCTION:

Extensive investigations Dby Kreplin (1961) at NRL using
rocket borne proportional counters led to the preliminary
conclusion that the sun emits X-rays -in the wavelepgth range
0-608 more or less continuously. 'Subsequently satellite
observations (Kreplln, Chupp and Friedman 1962, Lindsay 1963)
nave established a quiet time energy flux of about 10 -4 ergs.
cm—2. sec"l that could increase by an order of magnitude during
disturbed periods. These soler X-rays in their propagation
through the atmosphere are absorbed at different altitudes
depending on their energ? thus providing a source of ionization
(Swider 1969;.

The possible significance of X»radiation in the formation
of the D-region was suggested manY years ago by Muller (1935)
and agaln by Rawer (1952) and more recently by Chamberlain
(1961). U51ng the data obtained during solar maximn, poppoff
and Whltten (1962) demonstrated the 51gn1f1cance of X-radiat-
ion in the lower D-region. Owing to the fact that VLF
prOpaqatlon should be affected by the chanqes in the D-reglon
ionization, Anathakrishnan (1969) 1nvestloated the VLF field
strength variation associated with the changes in the solar
X—Tay emission and came to the conclusion that there is a
positive correlation between the two. This confirmed the.

ecarlier prediction that solar X-rays comprise a significant




energy input at D—region.altitudes from the standpoint of

ionization.

These considerations led us to suspect that strong
non-solar X—ray sources may also significantly influence the
VLF propagation especially during the night time when the
effect of solar X—réys is virtually absent. A search of the
VLE data recorded at Ahmedabad corresponding to the 164 KHz
transmission from Tashkent, was made to look for the effects
associated with the transit of Sco X-1. The choice of this
source for looking for the VLF effect was made on the conéider—
ation of its strength in the 1-10 keV range which is about
5 x 10_7 ergs. a2, sec™l. The genuiness of this effect was
convincingly demonstrated by the apparent shift in the peak

absorption on a day to day basis. arising from the sidereal

effects.

Tnvestigation by Edwards et al (1969) and Kaufman et al
(1970) further confirmed the observability of this effect in
relation to Cen ¥-2 and Cen X-4 besides Sco X-1. Burgues and
Jones (1969) in their search of the data corresponding to the
Omega navigational system, however, could not find positive
evidence for ionospheric detection of X-ray sources. From the
theoretical standpoint, Whitten and Poppoff(1969) questioned

the effectiveness of the extrasnlar X-ray sources in providing

significant electron density perturbations at D-region altitudes.

They computed contributions from the ambient ionization

against such as Ly <X radiation, galactic cosmic rays and
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gelestial X=-Tay backgroﬁnd and compared the resultant total i
effect with'that expected from discrete celestlal sources thus fi
demonstrating the insignificant role ~f the later. Further, !
they objected to the interpretation by Andthakrishnan and 'J
Ramanathan (1969) on the basis ~f nbserved time profile.

From a more detailed analysis, Francey(1970) questioned the

analysis by Whitten and Poppdﬁ‘and showed that the relative

importancé »f the contributions from the discrete cosmic

X-ray sources to the electron production rates in the night
time D-region critically depend upon the value of the
concentration of NO (which is ionized by Ly={) in the 80-90 km
region, used 1n the calculation. Thus the observability of

the effect of the celestial sources on the ionosphere depends ]

on the magnitude of their ionizing effect compared to that

from all nther sources and in particular to the magnitude of

ionization due to Ly o .

Considerable uncertainties exist in the experimentally

observed values of the Aifferent parameteTs responsible for
the night time D-rTegion ionization. Nevertheless, in view

of the strong experimental evidence nbtained at Ahmedabad and

elsewhere in favour of the detectability of the jonospheric

effects of the Aiscrete X-ray Ssources, & reappraisal'of the |
role played by 4ifferent ionization agencies seems to be
highly desirable. Such an investigation, in addition to |
resulting in a better understanding of the night time D-Teglon

processes chuld also be in principle the first step towards
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evolving a simple ani relatively inexpensive ground based
technique for the 17ng term monitoring of the X-ray sources.
With these coﬁsiderations, the Tole of the different jonization
agencies in having a significant impact on the night time
D—region processes with particular reference to the effeets

of celestial X-rTay sources is re-examined in this thesis.

. First, a critical assessment is made of the relative importance
of the various agencies 19 the ionization of- the night time
D-region. The compufatians have been made using the most
recent values available ofrthe relevant parameters. Seeondly,
the cffects of the transit of strong X-ray sources S5SCO X-1

and Tau X-1, are evaluated in terms of the electron density
enhancements. The contribution expectel due to X-rays from

the galactic centre is alsn estimated. The calculetion of
electrin densities is made by a Jdirect comparison of the
clectron production rates by different amblent ionization
agencies with the experimentally measured electron densities.
Towards the end of the chapter, the observed VLF absorption

f the 164 KHz signal from Tashkent recorded at Ahmedabad has
been shown guantitatively to he related to the computed
ionization effects of the X-ray sources and thus the satis-
factory agreement between the observations and the theoretical
calculations of the magnitude and time profile of VLF absorption

is Ademonstratedl.
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4,2. TONIZATION DUE TO CELESTIAL X-RAY SOURCES:

It has been shown by a number of authors (Whitten et al
1965, Swider 1969,VFraﬂ¢CQY197O) that the X-rays 1n the energy
range 1-10 keV impinging on the top ~f the atmosphere produce
{onization mainly in the 80-90 km height interval. At lower
altitudes, the cffect of X-rays becomes relatively unimportant
Jue to severe exponential absorption they undergo in‘the
atmosphere Juring thelr passage {fownwards. In aiiition,
‘whereas X-rays below 1 keV are absorberd considerably even
at altitudes of 100 km, those above 10 keV for normal .power
law spectrum of the type E"2, contribute very little to the

ionization due to their low flux at altitudes below 70 km.

The energy absorption per unit volume from a monoenergetic

~
<

‘beam of X-rays of intensity I(keV.cm sec"l).passing through

a path dx (cm) of the absorber is given by

dal

——e

4x

-1

1l

Praz) .1 keV.cmeg. sec

...3).

p(E)= mass absorption coefficient (Photoelectric linear

[}

where [ density »f the absorber (gm. cm
attenuation coefficient, cm? . gm"l) and is a functinn
of energy. |
The clectron production rate in a volume element at altitude
'h km is corresponiingly given by
-1

g (h) = ,g&ﬂ?&h). I(h) electronsvcm_B. sec L. (4.2)
Q

where Q = 0.035 keV is the average energy for the production

" 5f an ion pair, I (h) is the intensity of the X-ray source
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at height h and is related to its primary intensity IO, by

'r—

| 00 D ]
I(h) = I, exp|-p(E) (2L ) an | = F (say) ...(4.3)
| h- cos Z i

-

where Z is the 'Local’ zenith angle at h. Using a reasonable
approximation for the curved atmosphere (for H :§.h an-

sctual zenith angle z< 90°) Z is obtained using the relation-

ship T -
| msn 127
cis Z = xl -4gT R - o z| | v (4.4)
_ L b
where R = Earth's radius = 6371 kms.

Thus, if a source has a spectrum of the form

~J(E).7E = K.f(E).4E.keV. 2, sec+ ...(4.5)
The electron proﬂuctioh rate lue to X-rays having energy in
the ban? E, to E, keV,.at height h and zenith angle z 1s

calculated from

g (n) =2 Q). T () :
| : o
g (’“g’ (2 () ka(E). R np | a(B) | ).
Ef ) - N A
,\ o ) Nz i
@ o ) o)
(8 -,,if;.
;_Q(_%l < 2 u(E)YEf(E) expg—,u(E) [ P
E’ 3 h




The electron production due to isotropic background
X-rays whose spectrum can be described by

J(E).dE. dJL = K. f(E).dE.d fl. keV. cm_z. sec—l.‘s:r:_l
is obtained by integratirg, the contribution over all energy

elements for the solid angle 4fL over the zenith angle Z and

azimuths from O to 2T

Since, ,
4. = sin z. df. dz
we get
) _E2 {89'
WY = 2 Y0 (h K ' u (E) f(E).] sinz.
[ W ! 21 anl az
; ; ' Rth . sinz 3 e
exp {-wm(E)) P | - wm j 4
L 1. e _3 o -1
dE. electrons. cm ~.sec L.(4.7)

The values of _u (E) are taken from the tables computed
by Victoreen (1949) and Henke et al (1967).  The densities
of the atmosphere at various heights used in these calculations
are obtained from the 1965 CIRA model. The above equation.
is then integrated using the appropriate values for the various
parameters and the electron productioh rates are then calculated
for different X-ray sources. The X~ray data corresponding
to Sco X-1 andITau X-1 are takén from Gorenstein et al (1969)
Chodil et al (1969), Reigler et al (1971). The calculated
electron production rates for Sco X-1, galactic centeT and
Tau ¥-1 are shown in figure 4.1 for two Zenith angles, }( = o°
and X = 2, where 69 is the effective zenith angle at

K7

the point corresponding to the single hop reflection for VLF

+ransmission between Tashkent and Ahmedabad.
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4.3. TIONIZATION DUE TO OTHER SOURCES IN THE NIGHT TIME D-REGION:

As the effect due to X-rays from celestial sources depends
on the magnitude of their ionization relative to that arising
from other ionizing agencieé in the night time ionpsphere, a
 critical.study.of the role of the latter becomes necessary.

The various ambient ionizing agencies responsible for the
production of electrons in the nocturmial D-region are now
identified to be

1. Diffuse cosmic X-rays

2. Galactic cosmic radiation

w

Ly o{ Tradiation
4. Ly /5 radiation
5

Meteors.

In addition to the above, possible role of soft electron
fluxes at D-region altitudes has been pointed out by Tulinov
ot al (1969) and Potemra and Zmuda (1970). Precipitation
cffects from Van Allen belts have been advocéted as a source
of these low energy electrons by Thomas (1971) and Aikin (1971).
However, owing to the inconclusive nature of the evidence
of the importance‘of these fluxes as a souUrcCe of night time
D-region ionization, especlally at lower latitudes'(LCv 1 to ;

2) from where all the positive VLF observations of the

celestial X-ray effect have been reported, this effect is
left out of the present consideration.
In what follows, the offects of the above agencies are

described one by one. _ |
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| 4.4, TONIZATION DUE TO THE Il FFUSE_COSMIC X-RAYS:

The ionization due to the diffuse cosmic X-ray background
in the energy range 1-10 keV can be éstimated fairly accurately
because of the reasonable accuracy of the available rocket
observations in this energy range (Prakasarao et al 1971,
Gorenstein et al 1969 and Boldtet al 1969). The électron
production rate due to the diffuse cosmic X-ray flux is
calculated on the basis of equatibn 4,7, assuming a spectral

distribution of the type,

-2 1

dN = 13.6 E_l'7 photons. cm sec T, keV ...(4.8)

dE

Such a speétrél function is also consistent with that
evaluated by Kasturirangan and Rao (1972) who have critically
examined all the available data on the background X-ray flux.
The resulting electron production rate is shown in figure 4.2.
gince the effect due to Aifference between different atmos-
pheric models is completely negligible below 100 kms
(Francey 1970), the CIRA 1965 model of the atmosphere has

been used in these calculations.

4.5, TONIZATION DUE TO GALACTIC COSMIC RAYS:

The role of the galactic cosmic radiation on the D-region
ionization process was initially investigated by Webber (1962)
‘in some detail. A moTe thorough analysis including the
jonization effects of particles of higher charge numbers has
been rTecently made by Velinov (1968) for locations corresponi-

ing to four Aifferent geomagnetic latitudes ;Ah = 00,300,410
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and 55° for both solar maximum and solar minimum periods.

The analysis shows that the electron production due to

primary cosmic X-ray flux besides heing dependent on the
geomagnetic latitu-e and the Adegree of solar activity also
exhibits seasonal variations due to changes in the density

of the atmosphere at any particular altitude. Taking into
account the observations of annual variations of the ‘atmospheric
density (Spencer et él 1964, Stroud ani Nordberg, 1963) and
the eleven year variation of the cosmic ray intensity, the
calculationsfindicate that cosmic rays produce minimum ilonizat-
ion during winter of maximum solar activity perioil and maximum
ionization in the summer of minimum activity period. The
electron production fates by cosmic rays at geomagnetic
latitudes 0°, 53° and 55° in the 60-100 kms range based on

the calculation of Velinbv (1968) are shown 1n figure 4.2.

The extent‘of variation in the proiuction rates resulting

" from the solar mo-dulation effects of the cosmic radiation

‘and the seasonal veriation of the atmospheric lensitles are

shown by the shaded areas.

4.6. IONIZATION FROM NIGHT TIME Lyo! @

4.6.1. NIGHT TIME Lye< :

Another important ani crucial source of night time
D—region isnization, on which considerable uncertalnity still
exists, is the ionization Aue to Ly =¢ railiation. It is
generally believel that 85% of the night time Ly emission

originates from scattering of solar LY by hyAdrogen in the
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geocorona. - The rest probably comes from galactic sources

such as emission from gasedus nebulae.(Tinsley 1969). The

Ly o radiation produces ionization in the atmosphere through
photo-ionization of nitric oxide (Nicolet and Aikin 1969).

Hence a réalistic ovaluation of ionization due to Ly =X

requires an accurate knowledlge »f the night time Ly={ intensity

as well as the concentration of nitric oxide.

Available observational data on tscatterei” Lycﬁ’intensity
at the top of the atmosphere from various spacecrafts such
as OGO III, OGO IV and 0SO IV show the existence of a diurnal
variation in the intensity of this component from 20 kR at
noon Adown tn about 1.1 kR at midnight (Meier, 1970). Over a
solar cycle, a change by almost a factor of twn in the solar
Ly intensity has aléa been reported by Hinteregger (1965).
In the present case Ly« intensity of 1.1 kR ( & 1.5 x 10_3
ergs. 2, sec T, sr—l) for the solar minimum period and
2.7 kR (3 x 10“3 ergs. —y sec™ L, srml) for the solar
maximuh period are taken at the top of the atmosphere for the

estimation of night time ionization in the D-region.

4.6.2. MOLECULAR OXYGEN DENSITY:

Bor the Jdetermination of the Lys( intensity in the
70-90 km altitude range, it is necessary to fnld into calculat-
ions the absorption cross-sectinon of'02 lo’QO cm"2 in the narrow

band sround 1216 A° (Watanabe1958), i.e. the intensity of Ly=(

at any depth is essentially determined by the total molecular
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oxygen concentration above that height in the atmosphere.
Even though the estimation of molecular oxygen density at
higher levels is dependent on the assted model of the
atmosphere, below 120 km altitude, where most nf the Lyz={
absorption takes place, all atmospheric models (CIRA 1965,
UsS standard 1966, Jacchla, 1970) essentially oredict the
same value. Further, direct experimental obserVatlons of
nolecular oxygen (Carver et 41 1964, Wildman et al 1969,
Brannon and Hoffman 1971) are found 1n gond agreement
(within 20%) with the molecular oxygen predicted by CIRA
mo-del, particularly at altitu-es below 110 kms; The recent
results measure’l using rocket borne Lycod detectors in the
height range 70-100 km by Subbaraya et al (1972) near
geomagnetic equator are alsd in gooid agreement with the CIRA
model. A diurnal variation >f less than about QOA is
indicated from the existing measurements (Weeks and Smith

1968) on the Jensity of molecular sxygen.

4.6.3, NITRIC OXIDE DENSITY:

The principal Jifficulty in the estimation of the Ly«
innization stems from the uncertalnties in our knowledge of
the NO density profile. Ly~ flux attenuated through
absoarption by molecular oxygen ionizes NO to produce electrons
in the D-region ionosphere (Nicolet and Alkin 1960) according
t5 the reaction. |

hV (L%d_) + NO _*__%=N€'+ e
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The cross section for the above reaction is 2 x lO"18 ci?
(Watanabe 1958). Owing to the fact that a realistic
ovaluation of the extent »f contribution to the electron
concentration 1n the night time D-region made through this
reaction is most crucial to the present problem, an appraiﬁal
of the present status of our knowledge on NO density altitude

profile appears to be appropriate.

The information on the NO concentration in the meso-
sphere has been derived by direct rocket observations of its
resenancee fluorescence day glow in the gamma bands
{j}/(l,o) band 3 Barth 1966, Pearce 1969, Meira 197I} ani
from the Jiurnal and solar cycle variations of the électron'
density in the D-region (Mitra 1966, Mitra 1968) as well as
through photochemical considerations (Nicolet 1965, Wagner
1966), The <day glow observations using rocket borne
spectroscopic techniques have yielied results which seem to
be conflicting with each other at}altitudes below 90 km.

The recent values of Meira are considerably lower than those
from earlier measurements of Barth anil Pearce. Revised
values of Pearce (Thomas 1971) are,howeverjélose to Meira's
results. The major difficulty of interpreting the NO Aday
~glow measurements stems from complicated correctibn from

the background raliation resulting from Rayleigh scattering.
AMeira's results show the NO density to be a minimum around

85 km and gives a value & 107 cm_3 for this altitude.
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By identifying the atmospheric level at which the Ly
ionizatioh prejominateslfrom an examination of the diurnai
variation of the electron density profile, Mitra (1969)
concludes that the NO Jensity at 75 km should be around 7 x

106 cm'3. Study of solar cycle variations in the electron

density yields about 8 x 105 cm"3 for NO concentration at

70 kms (Mitra 1966). Adopting other ionospheric methods

such as the use of measured NO+ and OZ concentrations together
with the relevaht rate coefficients (Wagner 1966) or zenith
angle variation in absorption (Parthasarathy and Larfald 1965)
the NO HJensity has been estimated to be in the range bf

1-2 x 106 cm~> between 75 and 80 kms. These values are also
consistent with those expected from photochemical considerations
(Mitra 1969) although they are much higher than the earlier
estimates of Nicolet and Aikin (1965). In table 4.1 we
summarise the values of NO ﬂensity'estimated by different
methods,ét heights around 75 km, It is seen from the table
that the NO concentratisn estimates around this altitudle,

even though derived from different methods are all in fair
agreement with each other, the mean value at 75 kms belng

~ 2 X 106 cm_3.

In addition, some of the altitude profiles of NO
‘concentration obtained by experimental observations an-
theoreticai calculations are shbwn in figure 4.3. It is
seen from this figure that considerable discrepancy exists in

the existing data »on the value >f NO density at A fferent
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altitudes. We have fhereforé used a profile similar to that
+f Meira but with the value of NO Adensity normalised to
2 X 106 cm_3 at 75 kms, at which altitude as explained earlier,
the agreement between different independent observations is
quite good. Besies, the resulting profile of NO yields'r
‘densities at other altitudes which are in satisfactory agreew
‘ment with the corresponding values given in table 4.1. This
is further justified by recent theoretical calculations of

Strobel (1972a,b) who also has suggested a similar value of NO.

4,6.4. TIONIZATION CALCULATIONS:

Tonization rate due to Lyo{ of intensity I photons

™2 sec™! syt can be computed using the equation,
-89
- e :
q (h) = 270 Nno (h).di. I 6/ exp}:— (j%. secZ.
Lyl

Jo——

v 1
J/ N. (h). dh |. sinz. 4z .. (4.24)
w9 !

where Nyq (h), Ng (h) are the number density of NO and O,

2
/

as a function of h. (i is the lonization cross—section of

18 72y 4 is the absorption

cross section of O, at 1216 A (taken to be 10720 052)

NO at 1216 a (taken to be 2 x 10~
and

7 is the effective zenith angle. In figure 4.4 thé electron
production rates as a function of altitude are shown for the
NO distribution discussed earlier in the cases when LchC
intensities are'determined by the molecular oxygen distribution
as Aefined by CIRA' 1965 model an+ by Brannon and Hoffman (1971)

measurements. The effect of LyexX intensity variation with
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solar cycle is also shown in this figure. The maximum differ-
ence in electron production rates due to different molecular

oxygen distributions is found to be less than ,g§20%.

4.7. TONIZATION DUE_TO LV/Q

Besides Lycy, Ly'ﬁg component could also cause some
degree of ionization. But the high absorption cross section
Of‘molecular oxygen; a, 1.5 X lO"18 cﬁz, for this radiatién
(Young et al 1968) results in the flux of Ly /@ at depths
below 90 kms to be too negligible to cause significant
ionization.

4.8. IONIZATION DUE 10O METEORS:

Unlike the first three agencies, the ionization efféct
from meteors is sporadic. Considerable uncertainties exist’
about the degree of ionizatibn from meteors. However, it 1s
believed that the effect should be much less than 1072 on™?
sec”t electrons (Thomas 1971). Ow1ng to the highly infrequent

nature of this source, it is not considered in the present work.

4.9, THE ELECTRON DENSITY PROFILES:

Equilibrium density of electrons Ne from the electron

production rate élqi is calculated using the well known

continuity equation

e

aN a. |
T T I +i\ - (oK AKX N2 ...(4.10)

where C%; is the ion electron recombination coefficient,

Qﬁ is the ion-ion recombination coefficient and ,A is the
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ratio of ion density to electron density. The above equation

under equilibrium conditions reduces to

dN

=2 = o0 ... (4.11)
or E%ﬂi = (1+ A) . (X +;K0(i)
N 2
. e
= 1+ AN X
= ¥ (say) o (4.12)

where C%éff is the effective recombination coefficient.

When A ‘{< .].7
}L = o("/eff

and equation for the equilibrium becomes

Il

. v .. (4.13)

Owing to the large uncertainties in the value of the recombi-
nation coefficient for the night time D-region, the exact
evaluation of the night time electron density profile from
the known electron production rates is rendered difficult.
Therefore, an attempt has been made to obtain a quantitafive
estimate of the electron density increase -“for the transit
of a X-ray source such as Sco X-1 in the night time ionosphere
by comparing the directly measured electron density profile
with the calculated electron production rates.

The experimental observations of the night time D-region

»electron density profile are rather meagre. In figure 4.5,
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some of the avallable measuremenfs of night time electron
density profiles are compiled. The results of Deeks (1966)
are obtained from ground based measﬁrements at mid latitudes
using VLF propagation technique and are representative of
the electron density during the low solar activity. The
measurement of Mechtly and Smith (1968) correspond to rocket
borne probe techniques. The results of the rocket 6bservat~
jons of night time ionosphere over the geomagnetic equator
in India by Subbaraya et al (1971) using Langmuir probes are

also plotted in this figure.

It is apparent from figure 4.5 that the existing measure-
ments are grossly inadequate for resolving the nature of long
term variations of the night time D-region electron density
which is controlled principally by verying solar activity.
Such changes are expected because of the intensity variations
of Ly »{ and galactic cosmic rays over a solar cycle as
pointed out carlier. The difficulty could be partially
explained by the uncertainties in the normalisation of the
different experimental results obtained by using a variety of
techniques. Under these circumstances the rocket results of
Subbaraya et al (1971) have been used down 1O 80 kms and
summer values of Deeks (1966) have been used between altitudes
75 and 80 kms as representative of the electron density
distribution over low and mid-latitudes in computations

involving Sco X~-1 and galactic center group of sources.
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The specific choice of the formef results is owing to the

fact that the measuremeﬁt was done in August 1971, around
which period of the year, the nightltime observations on

Sco X-1 and galactic center are possible from Ahmedabad.

For calculations of the Tau X-1 effects, the winter profile

of Deecks (1966) is used for the same reason. Using these
observed values of Ne and the computed value of aj éorrespond—
ing to ambient ionizing agents [éiﬁﬁ (ambientiﬁ) the values

of recombination coefficient ( y/) for different altitudes

are calculated by

'V‘ = ;qu (ambient) . (4.14)
N2 .
e (ambient)
The altitude dependence of a3 for differentvsfable sources
of ionization are shown together with qj (ambient) in figure
4.6 and are representative of the quiet.conditions. The
galactic cosmic ray effect, corresponds to )\m = 23° that
of Gulmarg, India. All the subsequent discussions will be
in relation to this location as the point of single hop
reflection of the 164 KHz VLF waves transmitted from Tashkent
and received at Ahmedabad should be stituated above this

place, which is midway between these two stations.

The electron density enhancements due to X-rays from
Sco ¥-1, Galactic Centre and Tau X-1 sources at 10°, 45”7 and
60° zenith angles respectively, correspond to meridian transit
of these sources over Gulmarg. These have been calculated

using the values for the recombination coefficients at different
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altitudes derived from equation-4.l4.

The estimates of ambient 5 a3 and the g (source),
due to both Sco %=1 and Tau X-1 X-ray sources are shown in
table 4.2. The table also tabulates the electron density
increases at different altitudes for these sources. As the
relative absorption effect due to celestial X-ray sources
such as Sco X-1 depends only on the relative contribution
compared to the amblent ionization, uncertainties in the
values of the ambient electron density should have little
effect on the final result. The electron density increases
over the.ambient values at 85 kms altitude as a functinn of
tihe, around the time »f the meridional transit of these

sources are shown in figure 4.7.

4.10. 164 KHz VLF OBSERVATIONS AT AHMEDABAD:

In this section, attempt is made to explain the observed
attenuation of the VLF radio waves, correlated with the time
of transit of Sco X-1, galactic centre and Tau X-1, in terms
»f the electron density enhancements estimated in the previous
section. Typical records showing the variations of the field
ﬁtrength as a function of time for the 164 KHz raldio waves
from Tashkent registered at Ahmedabad, associated with the
passage of these X-ray snurces are presented 1in figure 4.8.
On an average basis, the nature of the effect is shown in
figure 4.9 and is Jeduced by superposed epoch analysis of
the Jaily records over a large number of days. In whet

follows, a brief outline ~f the main considerations relevant
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to the calculations are given. The complete Jetails of the

alculations are published elsewhere (Chakravarty, 1971).

Calculatinn of absorption is made Dby deriving the values
of complex reflection coefficients of the D-region for the
propagation of low freguency waves. considering the electric
field components parallei and perpendicular to the plane »f
incidence, two reflection coefficlents nRy (Parailel R
Parallel and R (Parallel R Perpendicular) are defined
to represent the reflected wave, with the first subscript
representing the direction of the electric field in the incident
wave and the second one that for the reflected wave. 1In the
" case of 164 KHz Tashkent signal received at Ahmedabad; the
angle of incidence works sut to be 80-85" for the single hop
geometry. The signal intensity measured will'correSpond to
the reflection coefficient as the receiving antenna system is
iirected so thatAits main lobe lies in the plane of incidence.
Also from a series of long wave radio observations by
Bracewell et al (1951) and Belrose (1957) it has been concluded

that the reflection coefficient Ry, in the Jay time is few

I

orders of magnitude higher than that »f HRl* for long
transmitter receiver distances. However, in the night time,
these two quantities may be >f the same orier (Belrose 19685 .
‘gince we register only the R, in our measurements, the

ey

present calculations are limited to2 4By only, an< should,
to a good approximation, represent the waves recelvel at

AhmeJabad.
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For a realistic freatment ~f the 1long wave propagation
through the'ionosphere at obligue incilence, it is necessary
t5 consider the partial reflections from a range of heights
rather than the sharp reflection’from a particular height.

The wave admittance method developed by Barron and Budden
(1955) which deals with the problem of such a naturebis there-
fore usel here to compute the relection coefficients.  The
initial value of the coefficient is Aetermined by considering
a height well above that of reflection using the sharply bound
model of Sheddy (1968) anid involves the solutions of Booker's
quartic equations (1938). Final value of admittance is
obtained by numerically integrating the Aifferential equations

representing the variation of admittance with altitude result-~

ing from the changes in electron density and cnllision frequency-

A modified Runge-Kutta method given by Gill (1951) has been
used for such an integration. The numerical integration~ is
stopped at a height where the electron density is practically
sero. The final value of the wave admittance for the ralio
waves leaving the ionosphere so calculated gives the final
effective value of ”R” . This in turn can glve the total

absorption in decibels using the formula

L = -20 1og R . (4.15)
The collision frequency profile used in these calculations
is taken from the experimental results of Deeks (1966) .
This proafile is alsd> in go27 agreement with that derived

from the theoretical calculations of Sen an Wyler (1960).
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Source Calculated excess»Observed @xCcess
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(dB) B
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Determination »f the magnitudes of absorption for the
164 KHz radio waves are mare bothforithe normal electron density
profiles when there is no irradiation of the ionosphere by the
cosmic X-rTay sources aslwell as for the enhanced electron
density coniitions arising from the passage of these sources.
The effect »f the transit »f these sources 9n the VLF propagation
is then evaluated as the ilifference in the absorption valueé
for the enhanced and normal conditions 5f electron density.

In table 4.3, values so obtained are shown together with
those of lirect osbservations for Sco X-1, Galactic center an'
Tau X-1.

As is evident from the theoretically compute- time
orofile of the effect shown in figure 4.7 ant its observat-
ional counterpart in figure 4.8, the Jensity enhancements
shéuld be present for about 2-3 hours on either side of the
meridian transit of these sources. In additinn, owing to the
fact that the galactic center meridiﬂn transit takes place

1 hour 25 minutes after the transit/écp X-1, in the recoris
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such as that presented in figqure 4.8, the effects from these

two sources are seen as a composite one. Further, it may be
noted that this composite offect is seen as a shift in the

time of peak absorption, by 20-30 minutes, subsequent to the
time of transit ofJco X=l,1n the registered 164 KHz data ani
agrees reasonably well with the computed time profile of
electron density at 85 kms shown in figure 4.10. The calculated
peak absorption for the resultant effects is 4.4 AB and compares
favourably with the observed absorption of 6 to 7 1B in the

case of Sco X-1 and galactic center.

In the case of Tau.X—l, the agreement between the
calculated and observeid peak absorption values is less striking.
Nevertheless the result of the computation shown in figure 4,7
leads to the conclusion that the expected Juration of the
cffect should be longer for Tau X~-1 compared to that for Sco X=1.
On an average basis, this aspect is als? conspicudus in the

sbservational results presented in figure 4.8 and 4.9.

4.11. DETECTION OF FLARE STARS:

As already pointed cut, there exists a class 5f sources
that could be cbaracterizeﬂ as 'X-ray Novae'. These sOUICES
have the property of sudden appearance, sharp intensity
increases gning through a maximum and disappearance like
optical novae. FoT mast of such known sources like Cen X-4,
Cen X-2 the intensity at the peak is comparable to or more

than that of Sco X-1. Foregoing considerations with regaril
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to the ionospheric effect of X-ray sources clearly indicate the
possibility fhat the nova like X-ray sources could be detect-~
able through their effects on the D-region ionosphere. Figure
4.1% shows the results of the calculation of the electron
production rate arising due to X-rays from Cen ¥-4 correspon-iing
to the peak of its emission for M= 600. For comparison,

the production rates due to Sco X-1 are alsn shown from which

it is clear that the effects from these two sources are compar-
able. The VLF data for the corresponiing period available at
Ahmedabad however 1id not reveal any positive indications.
However, it may be noted that the quality of the avallable

data at this time was rather poar.and hence definite conclusions
could not be Arawn. For the same source, there is atleast one

report of successful ionospheric detection (Kaufm an et al 1972).

A similar analysis was made in connection with Cet X-2
(intensity 0.8 of Sco X-1) which because of its low zenith
angle at the meridional transit point over Gulmarg coulﬁl
produce almost the same electron densi ty perturbations as
Sco X-1 (figure 4.1&). Search of the corresponiing VLF data
revealéd the associated field strength variations Jdemonstrating
significant electron density fluctuations. Figure 4,12 shows
the results of the superposediggg?ysis of the VLF data corres-
ponding to the transit of Cet X-2 for a number of successive
1ays around the time nf its maximum X-ray emission. Evidence

as obtained from this analysis is again quite strong for.the

possible ionospheric Jetection of X-ray sources. It is also
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interesting to note that this is the only alternate evidence
for Cet X-2 other than the rocket detétction by Shukla and

Wilson (1971).

4.12. DETECTION OF GAMMA RAY BURSTS:

Detection of gamma Tray bursts of cosmic origin by
detectors on board Vela, 0G0, IMP-6 and 0SO-7 satellites
(Kelebesadal et al 1973, Cline et al 1973, L' Heuneux et al
1974) is one of the major surprises of observational astronomy
in the recent times. Dictated by the response characteristics
of these satellite detectors, the bu:sts were observed 6ver
the energy range 7 keV to 1.5 MeV and further, werevfound to
have tHe time durations ranging from less than a second to
about 80 seconds with integrated flux density lying between
a few times 10_5 and 3 x 1074 ergs.sec"l.:cm"2 for different
eventas. Even though their spectra at high energies can be
arossly represented by an exponential function the complex
time structure with a time scale as short as 16 milisecond
scen in their time profiles show the similarity with impulsive
X-ray emission often observed during solar flares. Coincidences
between spatially separated satellite observations have served
" to identify genuine events from spurious ones. From the
fwenty events that have been thus detected so far from data
accumulated over 5 years, it is found that these events are
distributed almost isotropicélly on the celestial sphere and
occur at a freguency of about five per year, at the level of

sensitivity of vela satellite instrumentation. A number of
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theories have been proposed, none of which is entirely
satisfactory due to the nature of insufficient observations
that exist today. 1In view of the fact that so far no positive
associations could be established with other well known
transient phenomens (Klebesdal et al 1973, Cline et al 1973Db)
such as super novae, galactic noise spikes, rapid atmospheric
fluorescence increases, Cyg X-3 flare type of events or even
with gravitational radiation events, continuous petrol for
detecting these events is very important to understand the
nature of their origin. Further the importance of carrying
out such a’patrol through as many independent techniques as
possible needs hardly any emphasis from the standpoint of
increasing the efficiency of sky coverage and establishing

the genuineness of each of these events.

We have, therefore, searched effects on the VLF propaga-
tion characteristics in the D-region of ionosphere which is
slready described in earlier sections. Besideé providing a
simple ground based technique for monitoring these transient
colestial events, such detection, could give valuable information
on the source position, if data from different propagation
paths could be related. Moreover, the monitoring by this
mefhod could establish the frequency of these bursts at the
eﬁergies to which D-region (2-10 keV) is most sensitive and

where no meaningful spacecraft data exists.
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FIG.4.18 - SHOWS THE CHART ON WHICH VLF SIGNAL FROM TASHKENT
IS RECORDED. THE ARROW POINTS TO THE TIME OF OCCURRENCE
OF GAMMA RAY BURST ON 28TH MARCH 1972.
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To investigate thé cffects of these bursts on VLF
prOpagation'the records taken during the night time between
1900 hours LMT and 0700 hours IMT were searched corresponding
to those events which occurred during this period. This is
because they could be identified unambiguously 1in the absence
of solar effect. Table 4.4 summarises the results of such a
search for a number of bursts selected on the above criterion.
From the table it can be seen that there was no observable
field strength variations associated with any of the abové
events. Figure 4.14 shows the relevant position of a typical
field strength recorded at Ahmedabad corresponding to the time
of occurrence of the event dated March 28, 1971. The hatched
portion shows the expected time profile of the VLF field
strength, if the X-ray burst event under consideration had an

observable effect on the lower D-region ionosphere.

The absence of a sharp fall in the field strength corres-
ponding to the time scale of the event shows that the X-rays
from this event did not have any observable influence on the
ionization of the D-region and hence all these events which
are not detected through their effect on ionosphere do not
sufficiently influence the D-region. This can be understood
from the estimated clectron production rates in the D-region
for a typical event such as of May 14, 1972 for which detalled
spectral data (Wheaton et al 1973) are available above 7 keV.
Owing to the fact that the atmospheric region between 70 and

90 kms altitude is most responsive to X-rays between 1-10 keV
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(Sswider, 1969) we have extrapolated the observed power law
number spectrum down to 1 keV for this calculation. Recent
observations down to about 2 keV by Appollo 16 justify such an
extrapolation (Peterson,. LE; private communication). The
electron production rates are shown in figurev4.l5 for two
senith anglesviz. X = 0° and X = 40° together with that

of Sco X-1 at X = 45° for comparison. Even though the second
peak of the burst appears to be comparable to that from Sco X-1,
the average production integrated over the duration of burst

( 7~/ 65 sec) is found to be atleast a factor of two lower and
the altitude of maximum production is at~/70 km compared to

85 km due to Sco X-1. An important consequence of such a
profile is that the peak electron production rate for these
type of bursts results in low equilibrium electron densities
owing to the high value of recombination coefficients. The
value of recombination coefficients at 70 kms is orderTs of
magnitude higher than that at 85 kms where X-rays from Sco X-1
have maximum influence and where much higher equilibrium
electron densities could be produced. Estimates show that the
electrﬁn density enhancements arising from this burst is
insignificant at 70 kms and is much less than 5% over the
ambient value at 85 kms. Because of the fact that the burst
under consideration is one of the strongest recorded so far,
it is clear that the effects to be expected from the bursts
listed in table 4.4 should be many magnitudes lower and this
explains why it is not possible to detect them by their

effect on D-region ionosphere.
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In summary, fdllowing main conclusions emerge from the
present investigation on the ionospheric effects of nonsolar

¥-ray and gamma emission from the astronomical standpoint:

1) Evidence is quite strong both from the observational
and theoretical standpoint for the detection of ionospheric
effect due to strong celestial X-ray sources especially from
obserations at low latitudes. presently available evidence
shows that the contribution to night time jonization of
equatorial D-region ionosphere from cosmic X-rays, cosmic rays
and Lyo{_ are comparable with each other. There is alsn
reasonable agreement between the theoretically expected nature
of the effect and the experimental observations of VLF

propagation.

2) The effect of these sources persists for about 2-3 h
on either side of the time corresponding to the peak effect,
the extent of spread depenling on the jeclination of the
source, as well as the nature of its energy spectrum. Also
the effect of all the sources clustered in intervals of an
hour or so in right ascension is seen as a composite one,
with the time of peak absorption suitably shifted with respect
tn the time of'expected peak effect from in {ividual sources.
In other words, the lonosphere behaves g8 an X-ray telescope
with a large opening angle s© far as the transit of celestial

sources are concerned.
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3) In general, since. the contribution from Ly <4 can
become significant during listurbed periods, the effect of
celestial X-ray sources should be more frequently observed

Juring solar quiet periods.

4) On an average basis, it should be possible to study
systematic long term variations of the intensity of strong
X-Tay sources, in the time scales of.a few months to a few
years, using the data on VLF propagation. Study of the
systematic day to day variations, however, may be difficult
owing to our insufficient knowledge of the variabilities of

the corresponiing D-reglnon processes.

5) There now exists a real possibility for the detection
of such rare celestial events as flaring X-ray stars or
supernovae through their transient innospheric effects using

ground bhased VLF observations.

6) The recently detectel cosmic gamma ray bursts however
appear to be incapable of producing significant electron
density pertufbation at D-region altitudes so as to modify

VLF propagation characteristics.

7) The controlled irradiation of the ionosphere provided
by the discrete celestlal X-rTay sources, should be of immense
value towards understaniing the physical processes in the
night time D-region. One could, for example, reverse some

of the previous calculations an- derive the night time
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recombination coefficient at D-region altitudes by relating
the nbserved excess absorption of VLF waves Jue to X-ray
sources with the corresponding computedl electron production

rate profile.

8) Owing to the fact-that NO is a very important minor
constituent at D-region altitudes for Jeciding the ambient
electron density, accdrate knowleige of its altitudle ion-concen-
tration profile is very vital. It is interesting to note
that the detectability of X-ray sources implies a concentration
of NO atleast a factor of 5-10 lower than that determined

by the direct experiments.




APPENDIX _A-I

In this seétion we will discuss the importance of
bonducting X-Tay experiments on equatorial latitudes where
the geomagnetic cut of f rigidity is:maximum.' The}sensitivity
of any instrument to a given signal will ultimately depend
upon the signal to noise ratio i.e. background level of
radiation present at any place. Therefore, a quantitative
estimate and analysis of the background problem at ény place
is very important, particularly when study of weak sources
such as Her ¥-1 is involved. Main sources of background for

the X-ray astronomy experiments can be summarised as follows:

a) Cosmic ray induced background

b) Atmospheric X-ray background

¢) The background produced in the material surrounding
the detector due to interaction of high energy
particles and gamma rays.

d) The presence of low energy electrons which penetrat

the detector and produce X-ray like events,

The last contributes mainly in the low energy region
and is a major source of background at rocket altitudes.
The distribution of electron fluxes below 100 keV obtained
from satellite data (Seward 1974) shows that TERLS, Thumba
is the best launching station judged from the lowest background
level.

The first three constitute the major source of the
background at balloon altitudes. Figure A l.la,b show the

background rates due to atmospheric X-rays and that induced
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Table A L.1 - The table give the details of ba

— e eee  mw mA e =
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Harris (1968)

Matsuoka et 31
(1968)

Palmieri et al
(1971)

Chodil et al

A 1.3

in figure A 1.2.

Sym-
bol

(1968)
Present
Present

Kasturirangan
(1971)

Agrawal (1972)

Reigler et al
1968)

Webber &
Rein ert(1970)

Lewln et al
(1968)

Bleeker &
Deerenberg
(1970)

- - - w—n mwe e e

Woomera

—— mm e e mm [ e w= =

Place of| Cut-
observat~ off
ion Rig.
(GV)

P el —

— -

5.0

Kagoshima| 14.0

Kauai(Hawai)l3.0
- do- 13.0
Thumba 17.5
Hyderabad| 17.5

—~do- 17.951

-do-— 17.5
Paleétine 4,0

(Texas)

-do- 4,0
Mildura 4,0
Alre-sur 5.0
L'Adour

ckgrounds shown

......——-...—-.—...-.-——,—-—-.—.—-

Detector i
it | Solid | Thick-aAlti-
(Deg)| Angle, | ness | tude.
(Sr.cm@) (mm) (gmsmmz)
3%x%10 - 1 25
38xH6 0.0175 47
20x1 0.008 -
15x5 - -
32x10 0.014 25
14 0.05 12.5t 5.0
20 0.44 12.71 7.8
12 0.45 4 6.3
11 0.17 2 3.2
6x20 - 25 3
13 - - 3
35 0.4 12.95 4
I

~—..—.-—-—-—._~_—_.—~—...._




A4

T [ F]Plll' ¥ i il_Ill'l] i LELAABLE A

0
o ]
“E COMPARISON OF BACKGROUND 3
_ ROCKET ALTITUDES BALLOON ALTITUDES ]
) - A PRESENT -
- a 0 K.RANGAN , 157] -
x | ® AGRAWAL, 1972
T 0 |- O REIGLER et al, 1968 -
@ ™ WOOMERA - | 3 » 13 =
w - KAGMOSHIM S & WEBBER & REINRT, 1970
Ve . s e X LEWIN st al, |967 4
& - A, B BLEEKER et al, 1970 "
~—~  F KAUI-& -~ 7
33 " -
Z _,| THUMBA-5-
=2 10
9 leHARRIES 1968, MILDURA

20MATSUOKA et al, 1968 ‘*“f“?i! AIRE-SUR L’ADOUR
& 4

3+PALMIER! et al 197§

(200 ] IIF!TF
lEll£3§

4°CHODIL et al (968 o oo PALASTINE .
- S*PRESENT }HYQRABAQ o
{Z) A } lAlllL)l £ 1 llexll ) LI N |
16° i i 1o
ENERGY(KeV)

FIG.A 1,2: THE COMPILATION OF NON.X~RAY BACKGROUND OBSERVED
AT VARIQUS LAUNCHING SITES OF BALLOONS AND ROCKETS WHICH
ARE TABULATED IN TABLE A 1.1.



tA 1.9

by cosmic rays and their variation with cut off rigidity.
The cosmic ray induced backgroﬁnd reduces by a factor a21.5
while going from stations like Palastine (cut off rigidity
4 GeV) to stations like Hyderabad ( @Y 17.5 GeV). It is
also noted from figure A 1.1b that the atmospheric X-Tay
Background reduces by a factor of oy 10 at stations with .

high cut off rigidity compared to those of low cut off
rigidity stations. Thus the sensitivity of the detectors also
increases correspondingly and hence weaker sources like Her X-1

could easily be monitored.

Figure A 1.2 and table A 1.1 present the background
monitored at various experimental sites for rockets and balloons.
I+ can be noted from the figure A 1.2 that TERLS and HYDERABAD
are the stations which have minimum background and are thus
the best suited launching stations for cosmic X-Tay sources
and X-ray background experiments. 1In the table A 1.1 no
attempt has been made to take into account the detector

thickpness.



APPENDIX A 2 ;

A 2.1. ATTITUDE DETERMINATION OF ROGKET:

Since the methods of determination of attitude for a
spin stablized rocket are now well established (Giacconi et
al 1965). We present here only a brief description of the
methodology adopted. The centaure rocket which was used in
the present investigation initially had a spin rate of about
5.5 revolutions per second which remained practically constant
above 80 kms altitude. Since only avery.small window in front
of the counter was_ejeéted at 60 kms, the precession cone
angle was quite small (4:30). The motion of a gpinning rocket
above the atmosphere is equivalent tb a rigid body in which
case rocket axis is the symmetry axis and also the minor axis
of inertia. Assuming the rocket spin rate to be SLs along
the minor axis of inertia and precession rate tokchp along a

direction fixed in space, the two will be related by the formula, -

cos 8 = *jzs/~jzp. Il/(I2 - Il) | ceee (A 2.1)
where 6 is the half cone precession angle and Il and 12 are
the moments of inertia of the rocket with respect to spin axis
and a direction perpendicular to it. The above equation however,
assumes that the rocket behaves as a perfect rigid body which
in practice is not actually true. The practical problems of

departure from perfect rigidity can be overcome by modifying

the equation to,

\
. \ .
SN v Sy = Sto + a2+ ..., (A 2.2)
where ‘dzo, A and B are the constants which can be determined
from the actual measure of the spin period. Figure A 2.1 shows

the actually observed change in the spin period during the
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present flight which waé approximated to a polynomial of the
type, .
- ~f15. = 0.18932 + A x + Bx2 + Cx3

The path of the detector normai on the celestial sphere
during the flight was analytically determined by using_the
method adopted by Giacconi et al (1965) and Harries (1967).

Let Ko Yy and Zy be a fixed coordinate system .in the
sky and let Xp, Yp and Zp describe the precession systém of
co-ordinates (i.e. precession frame of reference). OZ is the
prepession axis which coincides with 0Z, and Ozp,(see figure
A 2.2,. Let X, and Y make an angle @ with respect to X and
Y

K The coordinates Xp, Yp and Zp of any point P in terms of
" fixed coordinates Xk’ Yk and Zk are given by,
Xp cos @ sin @ 0O Xy
-Yp = |-sin @ cos @ O Y, | (A 2.3)
Zp 0 0. 0 Zk

The spin axis of the rocket is at an angle E} to the OZp axis

6 , the half cone angle of precession is given in this

T/z A hpe B e P

X, Yo and Zg is the spin frame of reference where 0z is the
?

flgure as,

(A 2.4)

spin axis and X = Z_ + Z . That is, X_ lies in the plane of
P s s p s T P

xb and Y . Thus,

X 1 0 0 Xo |
Y, = 0 cos§ sing Yp . (A 2.5)
Zg 0 -sin § cosj th
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Since the rocket spin axis coincides with its own axis (i.e.

0z, = OZI), we can write,

X cos %1 —sin\f o X
Y. = sin %' cos VI 0 Y, (A 2.6)
VZr 0 0 1 ZS

The angles @ and,%’(angle between X and Xr) in the rocket
frame of reference (Xr Y. Zr), in the above equation vary
smoothly with time as,

¢ — 5’-50 + ”’p (t - to)
4 W+ JL (- t)

where t is the time and ﬁo and ¢% are the values of @ and

(A 2.7)

1l

yb at t = t,. If the detector axis forms an angle ;Xr(d)
(= ;ﬂs (d)) with the equatorial Xr, Y. plane of the rocket,
the elevation of the detector in the precession frame will
oscillate between A (d) +© and A, (d)-8 during each
spin on a reétangular grid. Its representative point will
describe a nearly sinusoidal curve with an amplitude equal to

® and phase that changes gradually from one spin to the next.

- Using the three coordinate conversion as described

earlier, the following equation is obtained,

X, X, ]
Y. =T Y (A 2.8)
Z, Z,

where T is the product of three matrices of the three conversions

in sequence. S5ince the above matrices are orthogonal we can

- write,



Xk ‘ Xr |
Yy =T Y. . (A 2.9)
Zk zr

where T is inverse of matrix T i.e. T. T = 1. Hence the above

matrix system can be re-written as,

X cos @ sin @ O 1 o0 0 cos —siny O | X,
Y, |=|sin # cos P O 0O cos{ sin@Q|siny cosy O |Y_
Z, 0 0 0 0O -sinf cos@|O 0 11z
- r

(A 2.10)

In the present experiment the detector was mounted along
the rocket axis OXI. The motion of OX, can then be represented

by the matrix,

Xy cos § . cosy  -sin @ .cosg sin g
Y, |= |sin @ . cosY -cos @ .cosh siny (A 2.11)
Z, sin { . siny

In the celestial frame of reference X, Y, and Z_, (with Z,
aligned along the North pole and Xc coinciding with Vernal
equincx), if 0X, is assigned the southern direction, it can be
shown that X, makes an angle with X, which is equal to the
Yight ascension (R.A.) of the precession axis. In this case,
Zy makes an angle é; with Z . which represents the declination

of the precession axis (figure A 2.5). It can then be shown,

Xe cose{. sing -sinad cosol Xy
Y. | = sin of. sin§ cose, sinol | Y, (A 2.12)
: 1 . ,
Z. !~cos 5 o) sin § Zy
and ' -
J ro 7 |

i

BT
¢ (A 2.13)

K = arc sin

~N e

v /v )
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With the help of the above transformations, the trajectory of
the detector axis in the celestial coordinates was obtained.
The constants @, and %b and t_ used in the equations were

derived from equations,

b= B+ Sl (2=t
(// \/I/O + ﬂs (t - t,)

A2.2. MAGNETOMETER DATA REDUCTION:

il

(A 2.14)

I

Two flux gate magnetic sensors, one mounted along and
the other perpendicular to the rocket axis (VMS and HMS; were
used to derive fhe preliminary information Of~jL5’\YLp and
ﬂx p,(gb- Ah independent check of these parameters was also
obtained from the solar sensor data. During each spin scan
the output of HMS exhibited a sinusoidal amplitude variation
due to the change in horizontal component of the geomagnetic
field. The peak to peak amplitude during successive spins
itself exhibited a sinusoidal variation, the magnitude of
variation depending on the precession cone angle. The VMS on
the other hand executed only one cycle of variation during each
‘precession, the amplitude being greater for larger precession
cone angle. |

Dividing the rocket motion into two components as shown
in figure A 2.4 where OX represents the spin axis and OP the
'precession axis, it is seen that OX will rotate about OP.

@= POX, the half cone angle of precession,is expected to be
constant during the flight. Since OP and OA are assumed to be

fixed in inertial space, the angle between OA and OP will also
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:A 2.9:

be constant (say 2? ) during each precession and the angle
_ XPA (say X ) will increase monotonically as,
X = le.-_t + g - (A 2.15)
Using spherical trigonometry it can be seen that,
cos XOA = cos @r cos é_: + sin f} sin 2;’ cos (ﬂ.p. t + @)
= A + B, cos (\flpt + @) (A 2.16)

where the constant A and B are given by,

11

A = cos [J. cos (é
sin @ . sin g
N y
Once A and B are determined, the value of €}and 2;C£m be found

- @ + Zf) arc [ cos (AfB)l
( @— %’) = arc [ cos (A+B)]

It

B

11

(A 2.17)

It may be seenvthat if A coincides with zenith, the

;o
&
7

angle XOA will yéryhﬁ%¢w§en the limits jl~9 and %;+é}if the
zenith angle lieﬁ_outéidewthe precessioh cone. If on the other
hand, it lies in;ide the preceséion cone the limits on angle
¥0A will between §- £ and O+ & . Provided, the magnetic
sensors are well calibrated and the influence of other material
in the rocket are kept to an absolute minimum, the magnetic
field at any height ~an be calculated. In or jer to make an
accurate estimate of the field value as a function of altitude,
Finch and Leaton (1957) simulation of the geomagnetic field

" has been used. The field value was calculatedlusing the
equation,

4h)

Moo= M (1~5.05 x 10~
. The necessary magnetic data were obtalned from the magnetic

observatory at Trivandrum,
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A 2.3. SOLAR SENSOR DATA REDUCTION:

The solar sensor used in the present flight was of analog
type. The bod? of sensor was a hemisphere with three free
slits, one vertical and the other two inclined at 45° to the
vertical. The vertical slit had a thickness of .,0lO" whereas
 diagonal slits had a thickness of ,007." (figure A 2.5). A
photodiode (Mullard BPY 10) placed at the center of .the hemisphere
was used as the basic sun sensor. Figure A 2.7 shows the plot

of the output of the sensor during.a typical precession cycle.

The information from this sensor was used to evaluate

- the precession half cone angle and the angle made by the rocket
axis with respect to the sun. Referring to figure A 2.6 where
XYX' and DYD' represent the vertical and diaéonal slits -
respectively, it is seen that as the rocket spins about XOX'
axis with a slow precession, the sun traces a helical path on
the sphere about this axis. Assuming that diagonal slit sees
the sun at S, from spherical trigonometry it is seen that

angle SYA = 450, angle YAS = 900, and,

cos (YOA). cos 90 = sin (YOA). cot (SOA) - sin 90 . cot 45

or tan (SOA) = sin (YOA)
or cos (SOX) = sin (YOA)
SOX = arc cos {(sin YOA) . (A 2.18)

The angle SOX defines the position of the sun with respect to
the axis XOX'. The angle YOA was evéluated from the time
displacement between the sighting of the sun by the diagonal
and the vertical slits ( = A.T). Since the sun follows a |

helical path as stated earlier the angle SNR can be obtained by,



tA 2.13:

JéSNR = DT
360 T
but / SNR = [/ YOA
A
./ sox = arc tan  sin(202T (A 2.19)

T
Following the method described above the two values of
AT found were, L)Tl = ,021, 4ST2 = ,019 which yielded a
mean precession half cone angle v 1.5°. The position of the
precession cone angle on the celestial sphere was determined

as follows:

Taking latitude of launch site, ¢ = 8° 32134n  Azimuth

of launch, Z = 2560.16, Elevation of rocket h = 64°.,

since, =
sin& = cos Z.cos B.cos h + sin @. sin h (A 2.20)
sing' = .0301.

or 6 = lo 431 10%,

Using this above valué{q : t, the hour angle was calculated

~—nt

from
sin t = cos h., sin t
cos 5
thus, + =25° 511 or 115° 51! and R.A. =L S T -t

= 34° 38' or 134° 38!
Only the second value was chosen since this was close to the
zenith at the time of launch. The final precession point on
the celestial sphere was described by,

A, =134°, S = 3° (A 2.21)
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tA.2.15:

Based on these data the calculated pérameters for the
sources which were in the field of view of the detector are

glven below:

Source Distance from detector normal
Lup XB-1 3° 17
Nor XR-2 7% 571
Cen XR-1 | | 271
Cen XR-2 ‘ 9° 10"
Cen XR-4 19 341

Aspect Parameters:

Date of launch December 7, 1969
Time of launch ' 0035 UT |
R.A. of sun 253° 241
Decl. of sun ~00% 341
R.A. of precession axis | 134° |
Decl. of precession axis 3°
Precession axié | 78 x .1893 = 14.7654 sec.
Spin period ‘ .1893 sec.
- Precession cone angle 3°
R.A. of magnetic field oo™ 42"

Decl. of magnetic field 31° 54!



APPENDIX A-3.

A 3.la. EFFICIENCY RESOLUTION AND ESCAPE X-RAYS OF THE DETECTOR:

The efficienciés of the detectors for the detection of
X~ray in the present experiments are shown in figure A 3.1 and
A 3.2. The detector efficiency at any given energy (E) is
given by the product of the window transmission and the -
absorption of the incident radiation in the detection media.
vIn case of proportional counter the window was 100 micron
thick berrylium and detection media was 25 mm thick xenon gas
at 1 atmospheric pressure. For the balloon experiments these
were 0.8 mm Aluminium and 4 mm thick Nal (Tl) crystal
respectively.

The efficiency of the detector thus will be given by

the equation,

GQ(E) = exp[~—qu(E). 6%. X&}y[l—exp (jpg(E). fz.XOZ}

where f& and fg are the densities of the window material and
detector material respectively,/pw(E) and,pg(E), represent
the mass absorption coefficient of the window material and
of the detection media at energy E(keV). The efficiency
curves shown in figures A 3.1 and A 3.2 have been derived
using the mass absorption coefficients given by Allen (1963),

Victoreen (1947) and Henke et al (1957).

The resolution of the proportional counter detector as
a function of its geometry was also experimentally determined
by placing radioactive sources at different portions on the
window. The result of this test showed that the counter had
an overall resolution of 20%. The resolution of the detector

PR

was approximated by Cf(E) :j E.




;A 3.2

A 3.1b. ESCAPE X-RAYS CORRECTION:

In addition, it is necessary tQ correct the calculated
efficiency using the above equation for decrease in efficiency
due to the escape radiation. No such calculation: were necessary
for Xenon counter since K-escape peak (34 keV) did not fall
.in the region of interest and at L-escape peak (n 4 keV) the
yield was very small. But for balloon experiment, since the
detector used was.Nal (Tl) crystal in which case the escape
K-radiation (~ 32 keV) for iodine fell in the region of intereét,
photons whose energy exceeded the above limit may appear as
photons of energy -~ 32 kev/;ue to the above effect. The
ne¢e551ty for correcting for this effect has been shown by
Staein and Lewin (1967), and detailed calculations of the
escape probability K(?{x and K/é7 have been done by Liden and
Starfélt (1954). Assuming B anq %% to be the probabilities
that an incident photon will give rise to a Kjor K/gphotons
which escape from the detector with energies of EKy and EKﬁ;,

we have calculated the escape probability using the equation

(Overbacktﬁbq} ‘
A, X ~ M (K= X)

/ fx "‘/""f Lowh e+«

2 — )
A, Y Mg X ) = A X -x)E, (////D2 (x—-xb))>
and Similar_}(y, /L /}g (\/ X)
ng‘(e o |
P, (E) = / C:/XCJLL.Q" , P =
. z f-xjk-{Lf lg (X7
0 /{///L x E, (,ﬁf/’; X ), » /7 ( X, /

where X = thickness of the crystal = 1.468 gm.'cm"2

EK , = 32.5 keV, EKfz = 28.6 keV
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" M= mass absorption coefficient of Nal (T1)
Ay = ‘(E&X y = 6.62 Cm2/gms
/492: (EK%Z) = 4,66 cmz/gms

Sis the fraction of photoelectric photons that originate
in the K-shell = 0.875, t>is the K-fluorscance yield of
iodine = 0.84. ﬂx and'gzlare the fraction of K X-rays which

are &X.a”d K;; X-rays respectively and are given by,

= 0.7937 = 0.206
fy 0 93,f/z 0.2063
The calculated values of P, and P, are plotted in A 3.2 which

<>< 2
shows that at 433 keV, the escape probability of incident

photons was ,s 18%, which Was.a significant fraction and hence .
was considered in deriving the true spectrum of the incident
radiation.

The resolution of the detector'(?E) is usually, in terms
of i1ts standard deviation/given by,

G/ZE) = a.kE + b.E%
the values of the constants a and b were determined experiment-
ally by using the full width at half maximum resolution when
the detector was irradiated by @leQ (22 and 88 keV) and |

241
m=

A 59.5 kevV).

A 3.2. EXPOSURE EFFICIENCY OF THE DETECTOR:

»

Collimator used in the present balloon flights was of
cylindrical shape whose theoretical response is shown in
figure A 3.3. To calculate the exposure efficiency for a

source displaced at an angle {) with respect to the telescope
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axis, the following formulae were used,

sin & - sin @ sin_ h

cos T =
“ cos @ . cos h-
sin h = sin P.sin§ + cos P. cos & . cos
where, h = elevation of the star,

—

© = declination of the star,

§ = latitude of the place of observation

Z = azimuth of the star and t is the hour
angle of the star given by,

t = local sideréal time (L.S.T.) - R.A. of the star.

After performing these calculations the angle between the

telescope axis and source ( 8) was calculated by

cos €}= cos hl' cos h2. €0s Zl' cos 22 + cos hl.cos.hz.

sin Z

25 sin 22

The effective transmission factor was then given by,

6  x100

T, (coll) = (1- ?Wﬁm—) percent

The elevation angle for the present flight was fixed

at 72° for observations on Her ¥~1 and Cyg X-1.

A 3.3. SEPARATION OF SOURCE FROM BACKGROUND:

Observations of discrete X-ray sources at balloon
altitudes are always carried out in the presence of secondary
cosmic ray background as well as the cosmic diffuse X-Tay
background. It is, therefore, necessary to separate the
background from the observed count rate to obtain the source

flux.
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To separate the éffects of the backgfound for evaluation
of the true intensity of the soﬁrce, the detector was made to
alternatély view in the direction of the source and 180°
away for nearly equal time. Let B and N be the counts due *o
the background and the source respectively. Then the detector
while lookihg towards the source registered (N + B) counts
and when looking away from it registered B counts. The
corresponding fluctuations ore given by theif standard

deviations wviz,.,

(N +B) = J(I\I + )

fees) = ]38

and by the law of propagation of errors,

£ 2
((N) :\\S (N + B) + (B)
ice. (f(N) = (N + 28)%

For the more general case of fluctuating background the average
value B of the background was used and then the signal level
was defined as,

. (N+B)-B
- /(N + B) + B

n

This value of n was used for testing the ;{2 distribution

to establish the genuiness »f the signal.

A 3.4. SPECTRUM FOLDING:

From the data obtained describing the pulse height
distribution of the incbming photons in different energy
ranges the spectral information could be derived taking into
account the following facters:

1. Detector aree and field of view i.e. collimator

transmission.
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2. Finite resolution of the detector
3, Effect of escape radiation

4. The counter-detector efficiency.

To HJerive the spectrum of the source following procedure
was adopte.

Tn case of balloon the payloai floated at an altitude
of v5 gm/cm2.

At this altitude the incoming X-rays from the source
are subjected to attenuation by the residual atmosphere above
the detector. The attenuation comefficients of air were calcul-
ated taking the attenuation coefficient of'nitrogen, oxygen
and argon,

Figure A 3.4 shows the absorption coefficient of air
above 10 keV. Absorption by detector window an collimator
transmission were also taken into account while deriving the
final SpectrUm as alreéﬂy described. In addition,vthe»trans~
mission through air was also taken into account. Let the actual

photon spectrum of the source be,
| .
[%‘g( D = ..AEP< or A. exp (E/kT)

then the attenuated spectra by atmosphere will be represented by,

al | N -
B JE | ~LdE ib . e u(E).g.
where W(E) = attenuation coefficient of air and g = g/cm2 nf

air along the line of sight. After correction for the efficiency

é; (E) and escape probebilitles P, and %V the primary spectrum
v
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attenuated by air will be recorded as

N o (an ,
ETE (E)J2 j i ll( P E')-p/E(E) }\4— b—-é ( B+EK 91
By (E+EKU<)+[—-— E+EKZz /, E+EK P '

- The above spectrum will be further modified by the resolution
of the detector (= Q/fE) and the final spectrum recorded in

the detector will be given by,

gy | o @ pn|  exee(EmE)?/(20EY gE
3E EA >
[ Mfinal - 42 271 7 (E")”

The above equation formed the basis of the analysis of the

whole data. Using this equation various possible values of
the variable parameters of the spectrum (e.qg. A; D(,KT) were
fed into a computer programme with known given values of
these parameters. The resulting output was compared with
the observed data. The best fit values of the parameter
were then chosen by imposing the minimumX2 crogteria as,

;; ( theo (AE) - obs (/lEi}
X E Ctheo ( A E)

where Ctheo(’-/”\'Ev)anﬂ Cobs ( AE) are the theoretical and

observedl counts in the energy interval ZAE.
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