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1. Introduction 

In this paper we report on our observations of hard X-rays from several X-ray 
sources in the energy range 20-120 keV. The results were obtained from the data 
collected during two balloon flights made from Hyderabad, India (latitude 17.6°N, 
longitude 78.5 °E). The first flight was made on April 28, 1968, and the balloon 
reached a ceiling of about 5.3 g c m " 2 residual atmosphere and floated from 0230 to 
0800 hrs. 1ST (Indian Standard Time). The second balloon was launched on Decem
ber 22, 1968 and floated at about 7.5 g c m " 2 of residual air from 1000 to 1130 hrs. 1ST. 

The X-ray telescope consisted of a Nal(Tl) crystal of area of 97.3 c m 2 and thickness 
4 mm, coupled to a 5" photomultiplier. The crystal was surrounded by both active and 
passive collimators. The passive collimator was a cylinder of graded shielding of lead, 
tin and copper and the active collimator, a cylindrical plastic scintillator. The field 
of view of the telescope was 18.6° at F W H M . The geometrical factor of the telescope 
for isotropic radiation was 13.2 c m 2 sr. The pulses from the N a l crystal were sorted 
out into 10 continuous channels extending from 17 to 124 keV. An A m 2 4 1 source 
came in the field of view of the telescope periodically and provided in flight cali
bration of the detector. All the information was recorded on a continuously moving 
photographic film. 

The X-ray telescope was mounted on an oriented platform which was programmed 
to look at specified directions in the sky. The axis of the telescope was kept inclined 
at a fixed angle to zenith, 25° in the first flight and 32° in the second. In the first flight 
it was planned that the azimuth of the telescope would be aligned to the north and 
the south directions alternately for about 10 min each. Although the telescope looked 
at the directions close to north and south for a considerable period of time, it also 
scanned some other directions of the sky for significant period due to oscillations and 
'hunting' of orienting system. Fortituously this enabled us to make interesting obser
vations on the X-ray intensities from these directions. A continuous record of the 
aspect of the telescope was made from the output of a pair of flux gate magnetometers. 

In the second flight the oriented platform was programmed to look at four specified 
directions successively spending about 4 min in each direction during a cycle of about 
16 min. The four specified directions were, N(0=O°), S(<£ = 180°), NE(<£ = 310°, with 
the convention 0 = 270° being due east) and SW(0 = 11O°). The performance of the 
orientor was very good in this flight and the telescope looked at the preselected 
directions of the sky successively for five cycles, from 0950 to 1115 hrs. 1ST. 
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2. Sco X-l 

On April 28, 1968 the balloon reached ceiling altitude of 5.3g c m " 2 at 0230 hrs. 1ST. 
During the period 0230-0330 hrs. 1ST Sco X-l was in the field of view of the telescope 
intermittently for a total time of 1455 sec. The angle between the telescope axis and 
Sco X-l was computed every 15 sec by noting the corresponding aspect and taking 
into account the drift of the balloon in longitude. The effective exposure time corre
sponding to 100% efficiency was deduced from these data to be 255 sec. The background 
counting rate was determined from the counting rates during the period when no 
known sources were in the field of the telescope. The relevant data are given in 
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Fig. 1. X-ray intensities of Sco X-l measured on April 28, 1968 and December 22, 1968. 

Table I. It is seen that finite fluxes from Sco X-l are available in four energy channels I 
to IV (16-72 keV) and upper limits can be put in two higher energy channels V and 
VI (72-125 keV). The fluxes shown in Table I are not corrected for the escape proba
bility of K X-rays and also for the resolution and the efficiency of the detector. This 
correction is small and amounts to about 10%. This will be taken into account in the 
final analysis of the data of the X-ray sources. 

During the flight on December 22, 1968, Sco X-l was in the field of view of the 
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telescope periodically (for about 4 min at a time) over a time period of about 90 min, 
from about 1000 hrs. to 1130 hrs. 1ST. The detector looked at Sco X-l for a total time 
of 566 sec. Since the orientor performed very satisfactory the mean efficiency was as 
high as ~ 8 0 % and the effective exposure time with 100% efficiency was 450 sec. This 
long exposure enabled us to obtain finite and statistically significant flux in the two 
energy intervals of 30-52 keV and 52-75 keV (Table I), in spite of the fact that the 
atmospheric thickness along the line of sight to Sco X-l was as high as 9.2g c m " 2 of 
air. In estimating the excess counts the background rate was obtained from the north 
region of sky which included no discrete X-ray sources. 

The measured intensities of Sco X-l during the two flights are plotted in Figure 1. 
In the December 22 flight rapid variations in the intensity of Sco X-l within the period 
of observation of 90 min have been noticed and these results have been reported 
earlier [1]. However for a period of about 1 hour, the flux of Sco X-l in the energy 
range 30-52 keV was fairly constant and near to the values reported by others, as well 
as to our flux measurements of April 28. In the figure we have plotted the flux values 
corresponding to this period of observation on December 22 for the two energy 
channels 30-52 keV and 52-75 keV. 

It is seen from the Figure 1, that in the range 15 to 45 keV, the spectrum of Sco X-l 
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Fig. 2. X-ray intensities of Sco X-l measured in the present experiments on 28.4.1968 and on 
22.12.1968 together with available spectral information on Sco X-l. 
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can be represented by an exponential of the form N(E) = (K/E)exp — E/E0, where 
E0~5keY the corresponding temperature being r = 5 . 8 x l 0 7 K . In the energy 
interval 45-75 keV, our data indicate a rather flat spectrum E0 ~ 20 keV or more, 
suggesting that the same spectral exponent is not valid for energies below and above 
45 keV. 

A comparison of the present data with the available spectral data [2-8] on Sco X-l 
is shown in Figure 2. It is clear from the figure that at any given energy the agreement 
in the absolute flux values is not better than by a factor of 2-3 , at energies below 
40 keV. At higher energies the spectral information on Sco X-l is still rather poor. 
Our flux values at 60 and 63 keV obtained in two different flights agree with others. 
But the values are considerably higher than those of Buselli et al. [6], who also find 
a flattening of the spectrum at high energies (KT~ 15 keV). 

3. Cyg X-l 

On December 22, the X-ray telescope looked at Cyg X-l in the eastern sky during the 
3rd, 4th and 5th cycles. The total time of exposure at 100% efficiency was 202 sec. 
Excess flux was detectable in three energy channels. The background was taken 
corresponding to the north direction as was done in the case of Sco X- l . The flux 
values of Cyg X-l are shown in Table II and plotted in Figure 3. For comparison 
available spectral data [8-13] are also shown in the same figure. The flux value meas
ured in this flight at 41 keV is within the range of previously measured values. At 
64 and 97 keV the present intensities appear to be higher than those measured by 
some investigators [11,12,14] but nearer to those of Overbeck and Tananbaum [8]. The 
spread in the flux values may be due to time variations in the intensity of Cyg X-l also 
as pointed out by Overbeck and Tananbaum [8]. 

4. A New Source at High Galactic Latitude (TWX) 

In April 28 flight, we had indication of some excess flux from the direction of azimuth 
90°-120° and zenith angle 25° during the time 0210 to 0300 hrs. 1ST. This was clearly 
noticeable in the energy channel 17 to 48 keV and weakly in the energy channel 
48-97.5 keV. Although the total exposure time was small (60 sec) and consequently 
statistical errors large, it was significant that the calculated minimum intensities of 
this source (assuming to be along the axis of the telescope) was almost the same as 
that of Sco X-l for equivalent energy intervals. The observations in the azimuth 
90-120°, and of Sco X-l in the azimuth 150-210° were made intermittently over the 
same period of time and identical background rates were applied for both. An analysis 
of the data for the period 0300 to 0330 hrs. 1ST for the same azimuth and zenith 
direction, however did not show excess counts over the background level suggesting 
that the source probably moved out of the field of view of the telescope. 

We scanned this region of the sky in the direction (SE(0 = 110°)), on December 22, 
1968 and detected considerable excess counts in the energy channels 30-52 keV and 
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Fig. 3. Flux values of Cyg X-l measured on 22.12.1968 together with available flux data of Cyg X-l. 

52-86 keV. The exposure time on this source region was 755 sec. During the same 
rotational cycles of the telescope Sco X-l was detected in the direction S (0 = 180°) 
and Cyg X-l in the direction NW(<£ = 310°). Figure 4 shows the counting rates for the 
four directions scanned. Using the same value of the background counting rate as 
used for Sco X-l and Cyg X- l , the flux values of the new source were calculated 
assuming it to be along the axis of the telescope. The flux values are given in Table III. 
The intensities measured on April 28 and December 22, are plotted in Figure 5 
together with measurements on Sco X-l and Cyg X-l during these flights. The energy 
spectrum of the source seems to be similar to that of Sco X- l . 

From the observations on April 28, the source location was deduced to be in the 
celestial region, R.A. = 14.0 hrs. to 15.6 hrs., and 5 = - 5 . 5 ° to +24.9°. In the De-
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cember 22 flight, the location of the source was in region, R.A. = 13.5-15.2 hrs. and 
<5=—9.5° to +23.8°. Fortuitously since the measured intensities in the two flights 
were nearly the same, it is estimated that the source is located in the overlapping 
region of the sky at R.A. = 14.0-15.2 hrs. and 3= - 5 . 5 to +23.8°, which lie in the 
constellations of Virgo-Bootes-Serpens. In galactic coordinates the source lies at high 
galactic latitude, at / n » 3 5 9 ° and bll& +58°. 
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