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ABSTRACT 

Positions and intensities are presented for 339 X-ray sources observed by the Uhuru (SAS A) 
X-ray satellite observatory. We find good agreement between the sources in this catalog and 
those in the 3U and 2A catalogs. Optical and radio counterparts are suggested based on positional 
coincidence. The major classes of identified objects include binary stellar systems, supernova 
remnants, Seyfert galaxies, clusters of galaxies, and possibly the new class of superclusters of 
galaxies. 
Subject heading: X-rays : sources 

I. introduction 

This paper presents a new and final catalog of the 
339 X-ray sources observed with the Uhuru (SAS A) 
X-ray observatory. The catalog contains positional 
information in the form of 90% confidence level error 
boxes, 2-6 keV intensities, possible optical and radio 
counterparts, and alternate names for sources ob- 
served in earlier compilations. 

This new catalog does not substantially change our 
view of the X-ray sky. As indicated by new identi- 
fications, Seyfert galaxies represent a substantial 
fraction of the extragalactic sources as suggested in 
the Ariel 5 catalog (Cooke et al 1978). Clusters of 
galaxies continue to be the single largest class of 
identified sources. We also suggest that X-ray emission 
may be associated with superclusters—groups of 
clusters of galaxies. 

II. OBSERVATIONS 

The observations employed in producing this 
catalog were obtained between 1970 December 12 and 
1973 March 18. A time line is shown in Figure 1 which 
marks the main events in the history of the Uhuru 
satellite. This figure shows graphically the large in- 
crease in exposure between the third (Giacconi et al. 
1974) and fourth Uhuru catalogs which primarily 
accounts for the greater number of observed X-ray 
sources. The third Uhuru catalog contained data from 
125 days of observations while the present catalog 
contains data from 429 days. The ultimate positional 
precision of the observations in the two catalogs 
differs because of the degradation of the star sensors 
between 1972 July and December when the transmitter 
was operating improperly. The star aspect information 
which provided positional information to about T 
during satellite night and which was used exclusively 
to analyze the observations for the third Uhuru 
catalog was no longer available after 1972 December. 
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Therefore, we developed a new aspect system which 
provided less precise positional information but had 
the advantage of working equally well during satellite 
day and night. This resulted in a large increase in 
sensitivity for an individual day of observations, some- 
times by as much as a factor of 10 over what had been 
available using the star aspect system. While we were 
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Fig. 1.—A time line shows the major events in the life of 
the Uhuru satellite. The time spans of the observations used 
in the Third and Fourth Uhuru Catalogs are indicated. 
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N 
Fig. 2.—The regions of the sky scanned to sensitivities of 5-10 counts s“1 {horizontal shading), 2-5 counts s“1 {vertical), and 

less than 2 counts s“1 {diagonal). Blank regions were not scanned. 

unable to further improve the positions of the best- 
located sources in the third Uhuru catalog, this added 
sensitivity has enabled us to detect weaker sources and 
to improve locations for sources whose positions were 
not of the highest quality. We show in Figure 2 the 
actual minimum detectable source intensities over the 
sky. In the galactic plane and the band defined by 
Hercules X-l and Cygnus X-l our exposure was 
substantially higher, which explains the concentration 
of weak sources in these two bands of the sky. 

III. ANALYSIS 

The Uhuru satellite is a scanning X-ray experiment 
with a narrow (Io x 10° FWFM) and a wide (10° x 
10° FWFM) collimator (see Giacconi et al 19716 for 
more details). Typically, the scan rate is 0?5 s_1 with 
the spin axis in one position for roughly 1 day. During 
the interval for which the spin axis is fixed, repeated 
scans are made of the same 10° x 360° band of the 
sky. For this catalog the individual scans were super- 
posed using aspect data from an orthogonally mounted 
triad of magnetometers and a Sun sensor aboard the 
spacecraft, supplemented by observations of well- 
located X-ray sources (see Forman, Jones, and Tanan- 
baum 1976a for additional information). Figure 3 
shows a section of the galactic plane as observed by 
Uhuru and demonstrates the requirement for super- 
posing the observations to achieve the greatest possible 
sensitivity. In the upper portion of the figure, Circinus 
X-l, at an effective counting rate of ~20 counts s-1, 
is just detectable, while in the superposition, possible 
sources at ~ 1 count s“1 are selected. 

The superposed observations are computer scanned 
for significant excesses above background which are 
fitted to the triangular collimator response. This fit 

produces an azimuth and uncertainty which define a 
line of position (perpendicular to the scan direction) 
on the sky. These lines of position are the basic 
building blocks of the catalog. Sources are defined by 
intersecting and/or overlapping lines of position, and 
criteria for source existence are discussed in detail in 
the next section. 

The actual source locations are obtained as in the 
third Uhuru catalog, from the lines of position using 
their estimated location in one direction and the 
corresponding standard deviation. Assuming that each 
determined location is a random variable with a 
normal distribution, we can calculate, for any point 
in space near the estimated location, the differential 
probability that it is the correct location. Each line of 
position is an independent measurement of the source 
location, and therefore the product of the one- 
dimensional probability density distributions gives the 
joint probability density distribution for the source 
location. The point with the maximum probability 
density is then the most likely source location, and by 
integrating the joint distribution over regions bound 
by isoprobability density contours a 90% confidence 
error box can be determined. In this catalog the error 
boxes are approximated by quadrilaterals on a 
Cartesian projection of the sky near the source 
location. In some instances the joint probability density 
distribution is highly asymmetric because a source is 
near the edge of the field of view of a detector. For 
these sources the location of the maximum probability 
density will not be in the center of the error box. 

IV. CRITERIA FOR SOURCE EXISTENCE 

We wish to ensure that the sources listed in this 
catalog meet certain criteria for existence. We have 
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Fig. 3.—The upper portion of the figure shows a single scan of the galactic plane between Centaurus X-3 and Circinus X-l. The 
latter is just barely detectable at a rate of 25 counts s-1. The lower portion of the figure shows the same region of tfie plane using 
the superposed data which are composed of many scans. Circinus X-l is easily detectable, as is 4U 1258-61. Also seen are 4U 
1145 — 61, 4U 1344 — 60 = A1342 —60, 4U 1510 — 59, and 4U 1446 — 55. The superposed data are computer-scanned for significant 
peaks and are fitted to the triangular collimator response. 

chosen the single requirement that no more than 1% 
of the sources be spurious to be the guiding principle. 
Thus we expect about three spurious sources. This 
principle requires the application of somewhat 
different criteria in different regions of the sky because 
of the lack of uniformity in our sky coverage. For 
example, almost 507o of the available observations are 
concentrated in two bands of the sky—the galactic 
plane and a band crossing Hercules X-l and Cygnus 
X-l. 

The probability that a source composed of n inter- 
secting (or overlapping) lines is due to random coin- 
cidence is given by the product of several independent 
probabilities which include the probability of obtaining 
a spurious «-way intersection, along with the prob- 
ability that each line composing the candidate source 
is spurious. Therefore, we have 

^spurious = F(«-Way) X X P((J2) x . . x P(orn), 

(1) 

a region of interest to find the probability that a given 
«-way intersection is due to random coincidence. This 
probability is 

P(«-way) = 
«-way expected 
«-way observed (2) 

The second step is to compute the probability that 
a given line of significance or is due to random back- 
ground fluctuations. This was done by simulating 
and analyzing random sets of superposed data with 
no X-ray sources—i.e., defined by constant back- 
ground. Then the number of observed fluctuations 
with a between a1 and or2, N{cju <t2), in the random 
data and the number of such fluctuations actually 
observed in the real data, Aobs (0^, cr2), can be used to 
determine the probability that a line of significance a 
drawn from the sample is spurious : 

P{p1 < a < <j2) = jVQi, ^2) . 
tfobs(*l, ^2) 

(3) 

where P(<Ji) is the probability that a line with sig- 
nificance a* is spurious. The probability of an «-way 
coincidence, P(«-way), is a function of the density 
of lines in the local region. We computed the number 
of 2, 3, 4,.. .-way intersections expected for regions 
of different line densities. We verified this calculation 
by distributing a number of lines corresponding to a 
particular density, randomly over a region and count- 
ing the number of intersections. 

With the expected number of random «-way inter- 
sections, one need only count the observed number in 

These probabilities are a function of <7 and represent 
the Pfa) in equation (1). This simulation step is 
required because the computer program for detecting 
sources has a complicated efficiency which depends 
on a number of variables, and the a’s of the intensities 
of the individual lines do not follow a simple normal 
distribution. 

Using the probabilities defined and computed as 
described above, we find that the sources in the 
catalog display a distribution in Fgpurious (as defined in 
eq. [1]). For most sources the chance that they are 
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spurious is less than 0.01. However, the tail of the 
distribution extends to probabilities of ~0.10. To 
assist users we have marked those sources whose 
probabilities exceed 0.01 with the symbol X in 
column (6) of Table 1. 

A number of our sources are defined by many over- 
lapping collinear lines of position which themselves 
produce a long, narrow error box. In such cases, single 
crossing lines were used to reduce the positional un- 
certainty only when the probability that the crossing 
line was spurious was less than 10% • 

We wish to emphasize that while the probability 
that a source is spurious may be arbitrarily small, the 
probability that a particular line is spurious could be 
substantial. This can result in error boxes which are 
too small or mislocated when single crossing lines 
have been used. 

V. THE CATALOG 

The catalog is given in Table 1, which is divided into 
six columns. Column (1) gives the source name derived 
from the right ascension and declination (in 1950 
coordinates). Column (2) contains the position of the 
maximum probability density in right ascension and 
declination (col. [2A]) and in galactic coordinates 
(col. [2B]). The comers of the 90% confidence level 
error box in right ascension and declination are given 
in columns (3A)-(3D). The area of the error box 
(in square degrees) is given in column (3E). Column 
(4) contains the available information on the 2-6 keV 
intensity. The average intensity (counts s_1) of the 
lines of position used in the position determination 
and its associated uncertainty is given in column (4A) 
wheq the source is constant in intensity within the 
statistics of our measurements. When a source is 
observed to be variable, column (4A) contains the 
maximum intensity and column (4B) gives the ratio 
of the maximum and minimum observed values. The 
conversion from 2-6 keV counts s_1 to 2-6 keV flux 
is given by 

1.7 x 10"11 ergs cm-2 s“1 = 1 count s“1. 

To compute 2-10 keV flux we find 

2.4 x 10“11 ergs cm-2 s"1 = 1 Uhuru count s-1. 

These values are computed for a Crab-like spectrum 
but vary by only 10-20% for all but the most extreme 
source spectra. Previously published values of these 
conversion factors have been somewhat lower, but 
those above represent our final best calibrations. The 
intensities reported in this section of the catalog are 
derived only from the positive source detections. We 
do not include those days for which the source was 
not observed in our calculation of the average in- 
tensities. Therefore, these values can substantially 
overestimate the true average intensities (see below 
for PST intensities). This discrepancy is greatest for 
weak sources. 

Column (5A) gives the available information on 
possible source identifications. Identifications and 

TABLE 2 
Catalogs of Interesting Objects 

Type of Object Reference 

Seyfert Galaxies  Weedman 1977, Adams 1977 
Radio Pulsars  Terzian 1973 
Clusters of Galaxies  Abell 1958, Klemola 1969 
Supernova Remnants  Moore 1977, Downes 1971 
Globular Clusters  Arp 1966 
Radio Sources  Milne 1970, Bennett 1962, 

Finlay and Jones 1973, 
Kraus 1966 

Bright Galaxies  de Vaucouleurs and de 
Vaucouleurs 1964 

Quasars  de Veny et al. 1972 

possible identifications based upon positional coin- 
cidence were made by scanning the catalogs listed in 
Table 2. We have included suggested identifications 
taken from published papers or IAU circulars. We 
have also included periods of binary and pulsating 
sources. All periods are from X-ray measurements 
unless otherwise noted. Column (5B) contains pre- 
viously used names for the sources with references 
corresponding to those of Table 3. 

Finally, column (6) repeats the source name and 
contains the following additional information: (1) C 
denotes that the source is possibly confused and was 

TABLE 3 
Previously Used Source Names 

Number Reference 

1   Oda and Matsuoka 1970 
2   Kellogg 1970 
3   Seward 1970 
4   Leong et al. 1971 
5   Cooke et al. 1978 
6   Fritz et al. 1971 
7   Giacconi et al. 1971a 
8   Jemigan 1976 
9   Lewin et al. 1971a 

10   Ricker et al. 1973 
11   Eyles ef a/. 1975 
12   Markert 1973 
13   Seward et al. 19766 
14   Schreier et al. 1971 
15   Lewin et al. 1976 
16   Bradt ef a/. 1971 
17   Markert et al. 1973 
18   Kellogg et al. 1971 
19   Lewin et al. 19716 
20   Hawkins et al. 1973 
21   Lewin 1976 
22   Seward et al. 1976a 
23   Li and Lewin 1976 
24   Villa et al. 1976 
25   Hoffman et al. 1977 
26   Markert et al. 1976 
27   Markert and Clark 1974 
28   Markert et al. 1975 
29   Li 1976 
30   Carpenter et al. 1977 
31   Winkler and Laird 1976 
32   Bradt et al. 1968 
33   Mayer ef a/. 1970 
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TABLE 4 
Comments and References 

4U Name Comments and References 

4U 0026 — 73  This source most likely results from the confusion of SMC X-2 and SMC X-3. Li, Jemigan, and Clark 1977. 
4U 0115 + 63  Transient. Forman, Jones, and Tananbaum 1976ö. 
4U 0115 —73  Pulsating, eclipsing binary. Leong et al. 1971 ; Schreier et al. 1972a; Liller 1973; Lucke étal. 1976. 
4U 0316 + 41  Extended and point source (NGC 1275). Forman et al. 1972; Fabian et al. 1974. 
4U 0336+ 01  One week duration high latitude transient 
4U 0339 — 54  Optical identification suggested by Melnick and Quintana (1975). Classified by Lugger (1978). Variable 

in 2A catalog (Cooke et al. 1978). 
4U 0352 + 30  Pulsating X-ray source identified with X Per. White et al. 19766; Hutchings et al. 1974. 
4U 0410+ 10  Determination of distance of A478 corresponds to distance class 4. Bahcall and Sargent 1977. 
4U 0423 — 53  Optical identification suggested by Pension and Sparke 1975 and Lugger 1978. Classified by Lugger 1978. 
4U 0427 — 61  Optical identification suggested by Vidal 1975a and Lugger 1978. Classified by Lugger 1978. 
4U 0432 + 05  5/15 3 RMC position. Schnopper et al. 1977. 
4U 0513 — 40  Possible X-ray burster. Forman and Jones 1976. 
4U 0531+21  X-ray pulsar in supernova remnant. Remnant is observed as an extended X-ray source. Bowyer et al. 1964; 

Fritz et al. 1969. 
4U 0520-72  SAS 3 RMC position. Delvaille 1976. 
4Ü 0532-66  SAS 3 RMC position. Delvaille 1976. 
4U 0538 — 64  5/15 3 RMC position. Delvaille 1976. 
4U 0540 — 69  SAS 3 RMC position. Delvaille 1976. 
4U 0614 + 09  Optical counterpart from Davidsen et al. 1974; Murdin et al. 1974. 
4U 0627 — 54  Optical identification suggested by Vidal 1975a and Lugger 1978. Classified by Lugger 1978. 
4U 0833-45  X-ray point source = PSR 0833 — 45 in X-ray supernova remnant = Vela X. Hamden and Gorenstein 

1973. 
4U 0836 — 42  Transient. Cominsky et al. 1978. 
4U 0900 — 40  Pulsating, eclipsing binary X-ray source. Ulmer et al. 1972; Hiltner et al. 1972; Brucato and Kristian 1972; 

Forman et al. 1973; McClintock et al. 1976. 
4U 1037 — 60  Observed iron line possibly from point radio source. Becker et al. 1976. Optical counterpart from Seward 

et al. 19766. 
4U 1118 — 60  Pulsating, eclipsing binary X-ray source. Irregular high and low states. Giacconi et al. 1971a; Schreier 

et al. 19726; Krzeminski 1974. 
4U 1145 — 61  Optical counterpart suggested by Maraschi et al. 1976. 
4U 1223 — 62  Optical conterpart suggested by Vidal 1973 and Mauder and Amman 1976. X-ray pulsations. White 

et al. 1976a. 
4U 1228 + 12  Extended source centered on M87. Kellogg et al. 1973. 
4U 1249 — 28  Optical identification suggested by Vidal 19756 and Lugger 1978. Classified by Lugger 1978. 
4U 1257 + 28  Extended source. Forman et al. 1972. 
4U 1258 —61  Pulsating X-ray source. McClintock er a/. 1977. 
4U 1322 — 42  Variable X-ray source observed up to 3 x 1011 eV. Associated with Cen A. Davison et al. 1975; Grindlay 

et al. 1975a. 
4U 1325 — 31  Identification and classification by Lugger 1978. 
4U 1345 —32  Identification and classification by Lugger 1978. 
4U 1516 — 56  Binary X-ray source exhibiting short-time-scale intensity fluctuations. Jones et al. 1974; Kaluzienski 

et al. 1976; Toor 1977. 
4U 1535 — 29  Single event with duration <25 minutes. 
4U 1543 — 47  Transient. Matilksy et al. 1972. 
4U 1608 — 52  Norma burst source. Belian et al. 1976; Tananbaum et al. 1976. 
4U 1617—15  Sco X-l, optically identified. Sandage et al. 1966. 
4U 1626 — 67  Pulsating X-ray source. Markert et al. 1977. 
4U 1630 — 47  Four outbursts at 600 day intervals. Jones et al. 1976. 
4U 1636 — 53  X-ray burster. Swank et al. 1976a. 
4U 1651 +39  Radio-emitting BL Lacertae object. Colla et al. 1972. 
4U 1656 + 35  Pulsating, eclipsing binary with regular high and low states. Tananbaum et al. 19726; Giacconi et al. 

1973; Bahcall and Bahcall 1972; Liller 1972. 
4U 1700—37  Eclipsing binary. Jones et al. 1973. 
4U 1722 — 30  Single event, ~100s. Swank et al. 1977. 
4U 1728 — 33  X-ray burster. Hoffman et al. 1976. 
4U 1728 — 24  X-ray pulsations. Lewin et al. 19716. 
4U 1728-16  SAS 3 RMC position. Doxsey 1975. 
4U 1730-22  Transient. Cominsky et al. 1978. 
4U 1735-28  Transient. Kellogg et al. 1971. 
4U 1743 — 29  Extended source. Kellogg et al. 1971. 
4U 1743 — 19  Transient. Forman, Jones, and Tananbaum 19766. 
4U 1807—10  Transient seen on last day of processed Uhuru data. 
4U 1813- 14  X-ray pulsations. White et al. 1976a. SAS 3 RMC position. Doxsey 1975. 
4U 1813 + 50  Eclipsing binary X-ray source. Cowley et al. 1976; Heam and Richardson 1977. 
4U 1820-30  X-ray burster. Grindlay et al. 1976. 
4U 1837 + 04  X-ray burster. Swank et al. 19766. SAS 3 RMC position. Doxsey 1975. 
4U 1857 + 01  X-ray burster. Li and Lewin 1976. 
4U 1850 — 08  X-ray flare. Cominsky et al. 1977. 
4U 1901+03  Transient. Forman, Jones, and Tananbaum 1976a. 
4U 1908 + 00  Recurrent outbursts. Kaluzienski et al. 1977. SAS 3 RMC position. Doxsey 1975. 
4U 1918 +15  Transient. Cominsky ei a/. 1978. 
4U 1955 — 68  Optical identification suggested by Melnick and Quintana 1975 and Lugger 1978. Classified by Lugger 

1978. 
4U 1956 + 35  Black-hole candidate in binary system. Exhibits low and high states correlated with changing spectrum. 

Tananbaum et al. 1972a; Hjellming and Wade 1971 ; Webster and Murdin 1972; Bolton 1972; Rothschild 
et al. 1974. 

4U 1957 + 40  Possible extended source. Brinkman et al. 1977. 
4U 2030 + 40  Correlated X-ray and IR modulation. Exhibits intense radio and X-ray flares. Parsignault et al. 1972; 

Becklin et al. 1973; Gregory et al. 1972; Holt et al. 19766. 
4U 2142 + 38  Optically identified, reported 11.2 day X-ray period. Giacconi et al. 1967, Tananbaum et al. 1971; Holt 

et al. 1976a. 
4U 2358 + 21  Flare with duration less than 1000 seconds and positional uncertainty of 6 sq. degrees. Contains this source 

as well as the well-known flare star EQ Peg. 
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not a unique choice based upon the available lines of 
position. (2) An asterisk indicates that additional 
comments can be found in Table 4 along with ref- 
erences for column (5A). (3) X has been used to denote 
sources which have probabilities of being spurious in 
excess of 0.01. 

The extensive analyses and observations that have 
taken place in X-ray astronomy make it impossible 
to give complete references for each source. We have 
concentrated on the referencing of periodicities, 
fundamental properties, and identifications. We have 
generally referenced the discovery papers. 

VI. AVERAGE INTENSITIES 

We have computed average intensities using the 
Point Summation Technique (PST) for all sources with 
intensities of less than 10 counts s_1 as given in Table 
1. We have included this section to facilitate the 
comparison of Uhuru observations with more recent 
observations made with other satellites. The im- 
portance of these average intensities derives partially 
from the growing list of compact extragalactic X-ray 
sources which are observed to be variable. 

PST intensities are computed using all scans over a 
particular source position for which the source was 
less than 2? 5 from the center of the collimator, rather 
than the more limited set used in Table 1 for which 
lines of position were detected. This provides a more 
reasonable estimate of the average source intensity. 
Table 5 contains the source name, the PST intensity 
and its error, the collimator(s) used for the intensity 
determination, and occasionally a comment. When a 
source is variable we have replaced the intensity with 
the maximum observed intensity, and the error with 
the ratio of the maximum to minimum observed 
intensity. The background is computed from data to 
either side of the source where no cataloged sources 
are observed. The program subtracts the background 
from the data at the source position and corrects the 
observed flux to the intensity based on the position 
of the source in the collimator. These intensities are 
then added together to yield the PST intensity. 

This technique has several limitations. First, for 
large boxes, especially those which are long and 
narrow, the intensity (and hence the source significance 
computed from I/gj) can be significantly in error. For 
example, if the source were actually at an edge of a 
long box, the source could be very near the edge of the 
field of view where the signal-to-noise ratio ap- 
proaches zero. Also, while regions containing known 
sources are excluded from the background, the lack 
of completeness of the catalog at the weakest intensity 
levels permits the presence of weak uncataloged 
sources in the background. This problem is of less 
importance in the program which detects lines of 
position since all significant excesses are eliminated 
from the background. This difference results in less 
significant detections with the PST than with our lines 
of position. 

The positions used to compute the PST were the 
locations of maximum probability density of Table 1, 

with a few exceptions as noted in Table 5. Thus 
sources whose true positions are substantially offset 
from these most probable positions could have 
significantly larger intensities. 

Thirteen of the 261 sources with / < 10 counts lie in 
dense source regions, and therefore we were unable to 
obtain sufficient background data for the PST com- 
putation. Of the remaining 248 sources, 202 have 
IIGj > 3.0. Assuming our data are normally distributed, 
we would expect 0.33 fluctuations with 7/ctj > 3.0. 
Therefore, we conclude that the 202 sources with 
I/gj >3.0 are real. The remaining sample contains 46 
sources, of which 25 have I/gj > 2.0. In this group we 
expect 1.05 spurious sources. Therefore, all but a few 
of these also are confirmed by the PST. The remaining 
21 sources consist of 13 variable sources and eight 
sources with 2.0 > IJgj > 1.0. These last eight sources 
(four are within 20° of the galactic plane) either are 
variable, are spurious, or suffer from the difficulties 
described above, which can reduce I/gj. 

We can use the analysis of Tananbaum et al. (1978) 
to verify the normal behavior of I/gj computed 
randomly over the sky. Tananbaum et al. (1978) 
analyzed 88 Seyfert galaxies using the point summation 
technique. Fifteen had already been reported as 
sources, which left 73 possible sources. In this sample 
of 73 PST computations, three candidates were found 
with IjGj of 3.09, 2.69, and 2.62. The remaining 70 
Seyferts had ¡¡gj < 2.5, and the intensities were 
distributed normally about zero. The three Seyferts 
with IIg¡ > 2.5 are very likely real X-ray sources. The 
bulk of the sources exhibited no detectable emission. 
The important point is that the PST behaves as 
expected and can be used to provide independent 
confirmation of existence for our sources with 
I/gj > 2.0. 

VII. COMPARISON WITH OTHER CATALOGS 

The third Uhuru catalog contained 161 sources. The 
statistical criteria of that catalog were similar to those 
of the present work. The 1% false criterion should 
have yielded about two spurious sources. The 12 
sources we do not observe in the present catalog are 
listed in Table 6. The reasons for the excess above the 
two expected spurious sources is not due to a lack of 
understanding or an inappropriate application of the 
statistics. Rather, we have found instances of non- 
random background events which contaminated the 
superposed data used in the 3U catalog. A major 
portion of the effort for this present catalog was to 
eliminate such events from the data base. 

The recent Ariel 5 catalog (Cooke et al. 1978) 
covering high galactic latitudes (|£| > 10°) contains 
107 sources, of which 52 are 3U sources characterized 
as confirmed or improved. Comparing the Ariel 5 
catalog with the present fourth Uhuru catalog, we 
find no substantial disagreement. We observe 73 of the 
107 sources contained in the 2A catalog. The 34 
sources we do not observe are listed in Table 7. These 
are predominantly located in regions of low exposure, 
and we would not expect to detect them. Two of these 
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TABLE 5 
261 Sources 

Name Intensity Error Collimator Comments Name Intensity Error Collimator Comments 

0000+72.. 
0005 + 20.. 
0009-33.. 
0010 + 39.. 

0015 + 02.. 
0022 + 63.. 
0026 - 73.. 
0026-29.. 
0027 + 59.. 
0028 + 22.. 
0033 + 58.. 
0037 + 39.. 
0037-10.. 
0041 + 36.. 
0050-01.. 
0052-68.. 
0054+60.. 
0103-21.. 
0106-59.. 
0115-36.. 
0129 - 09.. 
0134-11.. 
0138 + 48.. 
0142 + 61.. 
0148 + 36.. 
0223 + 31.. 
0228-13.. 
0241 + 61.. 
0248-85.. 
0253 + 41.. 
0254+13.. 
0302-22.. 
0310+46.. 
0311 + 53.. 
0321-45.. 
0322 + 59.. 
0334-30.. 
0339-54.. 
0344+11.. 
0357-74.. 
0404 + 47.. 
0406-30.. 
0407 + 37.. 
0410+10.. 
0421 + 34.. 
0423-53.. 
0427-07.. 
0427-61.. 
0429-31.. 
0431-12.. 
0432 + 05.. 
0443-09.. 
0446 + 44.. 
0457-35.. 
0504- 84.. 
0505- 21.. 
0506- 03.. 
0509 + 01.. 
0515 + 38.. 
0517+17.. 
0518-26.. 
0519 + 06.. 
0531- 05.. 
0532- 66.. 
0538 + 26.. 
0541 + 60.. 
0543-31.. 
0546-88.. 
0548 + 29.. 
0553-48.. 
0557-38.. 
0558 + 46.. 
0559-57.. 

1.39 
1.38 
2.37 
1.69 

0.64 
7.27 
2.44 
0.98 

C 
1.05 
1.30 
0.89 
2.70 
5.2 
1.53 
0.94 
4.20 
1.31 
2.10 
1.38 
1.31 
2.80 
0.69 
4.24 
2.14 
0.76 
2.02 
1.19 
0.97 
3.44 
4.47 
1.05 
1.83 
1.43 
1.82 
2.05 
0.88 
1.68 
2.04 
1.21 
0.85 
0.62 
1.13 
2.67 
1.63 
1.79 
2.02 
2.03 
0.9 
2.30 
2.00 
1.64 
5.03 
0.24 
0.7 
0.71 
1.4 
1.79 
0.74 
0.70 
1.55 
0.62 
3.12 
1.57 
9.5 
0.92 
1.12 
1.65 
2.64 
1.31 
0.84 
1.99 
0.4 

0.4 
0.4 
0.3 
0.52 

0.17 
0.7 
0.3 
0.4 

0.50 
0.33 
0.3 
0.24 

>3 
0.14 
0.3 
0.3 
0.36 
0.5 
0.3 
0.3 
0.9 
0.37 
0.2 
0.25 
0.3 
0.59 
0.3 
0.3 
0.5 
0.23 
0.3 
0.5 
0.4 
0.5 
0.5 
0.2 
0.24 
0.6 
0.4 
0.3 
0.2 
0.3 
0.22 
0.4 
0.5 
0.5 
0.17 
0.3 
0.50 
0.3 
0.3 
0.23 
0.1 
0.3 
0.2 
0.3 
0.3 
0.27 
0.27 
0.4 
0.20 
0.6 
0.5 

>10 
0.3 
0.4 
0.6 
0.6 
0.4 
0.15 
0.4 
0.4 

1 
1 
2 
1 

1 
1 
1 
B 

B 
1 
1 
B 
1 
B 
1 
1 
B 
2 
2 
1 
2 
1 
1 
B 
1 
1 
1 
1 
1 
2 
2 
1 
1 
B 
2 
B 
1 
2 
2 
1 
1 
1 
B 
1 
1 
1 
B 
B 
B 
1 
B 
B 
1 
1 
B 
B 
1 
1 
1 
B 
B 
1 
1 
1 
B 
B 
1 
1 
1 
1 
1 
1 

At R.A. = 1.7, 
Decl. = 37.0 

On cluster position 
V 
On cluster position 

On cluster position 

On cluster position 

On cluster position 

On cluster position 

On cluster position 

On cluster position 

3C129 

On cluster position 

V 

0608 - 49. 
0614+15. 
0617 + 23. 
0621 + 11. 
0627 + 67. 
0627-38. 
0627- 54. 
0628- 28. 
0630+02. 
0635-03. 
0638 + 74. 
0656-03. 
0708-16. 
0708-49. 
0711-38. 
0718-54. 
0720 + 55. 
0728- 25. 
0729- 37. 
0733-18. 
0737-10. 
0739-19. 
0742-28. 
0750-49. 
0813- 38. 
0814- 56. 
0821-42. 
0833-45. 
0842-47. 
0842-34. 
0845-29. 
0854-44. 
0900-09. 
0913-46. 

0919-54. 
0923-31. 
0937-12. 
0945-30. 
0954+70. 
0955-28. 

1015-25. 
1022-40. 
1033-26. 
1036- 56. 
1037- 60. 
1041-21. 
1057-21. 
1110-58. 
1119- 77. 
1120- 43. 
1130-14. 
1136- 37. 
1137- 65. 
1143 + 19. 
1144 + 84. 
1147-12. 
1153-11. 
1153-40. 
1203-06. 
1206 + 39. 
1209 - 45. 
1210-64. 
1221-08. 
1226 + 02. 
1232 + 07. 
1240-05. 
1246-58. 
1246-41. 
1249-28. 
1253-00. 
1300-48. 
1302-77. 

1.21 
5.5 
1.23 
1.67 
0.84 
4.7 
2.63 
2.76 
1.5 
2.11 
1.4 
0.84 
0.77 
2.19 
0.74 
4.2 
2.17 
1.72 
0.46 
0.67 
2.26 
1.64 
0.82 
0.8 
0.6 
1.44 
4.63 
7.93 
2.62 
3.5 
3.6 
C 

4.16 
0.66 

5.48 
2.66 
1.40 
1.73 
2.39 
0.47 

5.3 
7.0 
1.37 

14.5 
2.26 
7.1 
0.87 
1.09 
0.94 
0.74 
1.21 
1.97 
C 

2.53 
2.26 
0.62 
1.1 
1.55 
1.19 
3.33 
0.91 
4.50 
1.37 
1.91 
0.90 
0.6 
2.20 
5.12 
3.57 
0.75 
1.7 
1.06 

0.35 
>4 /-w ” 

0.4 
0.2 
0.4 

>6 
0.27 
0.85 
0.5 
0.3 
0.2 
0.3 
0.4 
0.5 
0.17 

>4 
0.31 
0.3 
0.18 
0.4 
0.5 
0.3 
0.3 
0.6 
0.2 
0.4 
0.3 
0.3 
0.7 

>5 
ä2 

0.48 
0.26 

0.3 
0.19 
0.3 
0.2 
0.4 
0.26 

3 
>6 

0.20 
>7 

0.3 
>4 

0.2 
0.36 
0.3 
0.21 
0.3 
0.4 

0.Ï9 
0.6 
0.2 
0.2 
0.5 
0.3 
0.5 
0.3 
0.5 
0.2 
0.2 
0.3 
0.2 
0.6 
0.20 
0.5 
0.2 
0.3 
0.3 

1 
1 
1 
1 
1 
1 
B 
1 
1 
B 
B 
1 
B 
1 
1 
1 
2 
1 
1 
1 
B 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

B 
1 

1 
1 
B 
1 
B 
1 

B 
1 
1 
B 
1 
1 
1 
1 
1 
B 
1 
1 

B 
1 
B 
B 
1 
1 
1 
1 
1 
B 
1 
1 
1 
1 
B 
1 
1 
1 
B 

On cluster position 

On cluster position 

V 
V 

On cluster position 
At R.A. = 136.8, 

Decl. = -47.15 

Nearby candidate 
sources 

V 
V 
On cluster position 
V 
On 7j Carinae 
V 

On cluster position 

On cluster position 
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Name Intensity Error Collimator Comments Name Intensity Error Collimator Comments 

1308 + 86. 
1314+59. 
1314-64. 
1317 + 06. 
1322- 42. 
1323- 62. 
1325-31. 
1326+11. 
1344- 60. 
1345- 32. 
1348 + 25. 
1404+14. 
1410-03. 
1414 + 25. 
1416-62. 
1425-61. 
1436-56. 
1438-18. 
1444+43. 
1446-55. 
1450-80. 
1455 + 19. 
1455-27. 
1456 + 22. 
1458-41. 
1505 + 57. 
1510-59. 
1515 + 23. 
1521+28. 
1530-44. 
1556 + 27. 
1601 + 15. 
1614-27. 
1621-23. 
1625-33. 
1627-09. 
1627 + 39. 
1628 + 28. 
1631-64. 
1636 + 05. 
1644 + 69. 
1651+39. 
1651-06. 
1652 + 63. 
1659-76. 
1700 + 24. 
1703 + 26. 
1704-30. 
1707 + 78. 
1715 + 02. 
1716-01. 
1720 + 34. 
1722+11. 
1722-30. 
1745 + 39. 
1745 + 29. 
1759-66. 
1803-60. 

0.66 
3.55 

C 
0.70 
7.6 
3.6 
2.09 
0.99 
2.26 
5.53 
3.65 
0.92 
3.00 
2.38 

C 
1.69 
0.61 
0.65 
1.7 
2.11 
1.26 
0.78 
3.78 
1.0 
1.5 
1.0 
6.3 
0.69 
1.07 
2.97 
3.62 
1.84 
1.37 
1.20 
1.98 
1.89 
2.96 
0.71 
4.58 
1.20 
0.79 
1.62 
1.32 
0.74 
1.63 
4.2 
1.19 
C 

2.38 
0.8 
1.8 
0.3 
1.67 
4.48 
0.7 
1.05 
1.95 
1.4 

0.2 
0.4 

Ó.27 
0.4 
1.1 
0.6 
0.3 
0.2 
1.0 
0.45 
0.2 
0.30 
0.7 

0.4 
0.2 
0.3 
0.3 
0.4 
0.4 
0.2 
1.0 
0.2 
0.5 
0.6 
1.1 
0.2 
0.11 
0.6 
0.19 
0.18 
0.4 
0.4 
0.5 
0.4 
0.58 
0.2 
0.7 
0.3 
0.23 
0.3 
0.6 
0.2 
0.3 

>2 
0.27 

0.16 
0.3 
0.3 
0.1 
0.2 
0.6 
0.2 
0.5 
0.4 
0.2 

1 
B 

Y 
1 
1 
1 
B 
1 
1 
B 
1 
1 
2 

Y 
i 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
B 
B 
1 
2 
B 
1 
1 
1 
1 
1 
1 
1 
B 
1 
1 
1 
1 
B 
1 
B 

B 
1 
B 
1 
1 
1 
1 
1 
1 
B 

On cluster position 

On cluster position 

On cluster position 
On cluster position 

On cluster position 

On cluster position 

1811 + 37. 
1813 + 50. 
1817-05. 
1825 + 33. 
1830 + 34. 
1831- 23. 
1832- 05. 
1835-11. 
1847 + 78. 
1849- 31. 
1850- 03. 
1850-08. 
1852 + 37. 
1853-23. 
1857 + 01. 
1859 + 69. 
1908 + 05. 
1909 + 07. 
1916-79. 
1919 + 44. 
1920 + 34. 
1924-59. 
1933 + 36. 
1943 + 36. 
1955-68. 
1957 + 40. 
2001+62. 
2003 + 64. 
2019 + 39. 
2028 + 42. 
2046 + 31. 
2048 + 44. 
2056 + 49. 
2058 + 32. 
2104 + 31. 
2120 + 32. 
2126-60. 
2129 + 12. 
2134 + 55. 
2135 + 57. 
2206 + 54. 
2209 + 26. 
2213 + 23. 
2224-78. 
2238 + 60. 
2240 + 26. 
2252+18. 
2259 + 16. 
2300+08. 
2305-07. 
2315+15. 
2316 + 61. 
2335 + 42. 
2344 + 08. 
2344-27. 
2345 + 27. 
2351+06. 
2358 + 21. 

0.50 
2.27 
0.87 

C 
c 

6.51 
3.43 
2.5 
1.33 
2.74 

10.0 
7.1 
0.57 
2.87 

C 
2.08 
3.64 

C 
2.93 
4.59 
1.01 
1.45 
0.92 
2.15 
2.10 
2.64 
1.45 
2.39 
3.14 
3.00 
0.49 
0.66 
2.98 
1.30 
0.72 
0.6 
2.36 
3.84 
2.21 

C 
0.94 
0.76 
0.33 
1.68 
C 

1.79 
0.44 
0.78 
2.22 
2.0 
1.89 
C 

0.84 
2.64 
1.85 
2.36 
1.13 
1.75 

0.16 
0.4 
0.3 

0.6 
0.6 
0.4 
0.3 
0.5 

>4 
0.7 
0.15 
1.1 

Ó.3 
0.4 

0.2 
0.23 
0.3 
0.3 
0.3 
0.3 
0.4 
0.3 
0.4 
0.4 
0.4 
0.3 
0.17 
0.2 
0.2 
0.3 
0.2 
0.2 
0.4 
0.7 
0.5 

0.2 
0.2 
0.2 
0.4 

Ó.5 
0.2 
0.2 
0.5 
0.6 
0.20 

0.2 
0.69 
0.4 
0.27 
0.2 
0.5 

1 
1 
1 
1 
1 
1 
1 
B 
1 

*2* 
1 

Y 
B 
1 
B 
1 
1 
B 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
B 
1 
1 

Y 
i 
1 
2 

Y 
1 
B 
2 
B 
2 

ï’ 
2 
B 
2 
B 
1 

On cluster position 

On cluster position 

On cluster position 

On cluster position 

Notes.—Collimator 1 = x 5° FWHM; Collimator 2 = 5° x 5° FWHM. B = data from both collimators used. V = source 
variable. 

TABLE 6 
Sources from the Third Uhuru Catalog Not Observed in 

the Fourth Uhuru Catalog 

3U 0012-05 
3U 0055-79 
3U 0138-01 
3U 0305+ 53 

3U 0449 + 66 
3U 0657-35 
3U 0804-53 
3U 0917 + 63 

3U 1109 + 59 
3U 1144-74 
3U 2041+75 
3U 2128 + 81 

sources are transient. Thus there is no compelling 
evidence for widespread variability among the high- 
latitude sources. 

We have compared our PST intensities with the 
intensities given in the 2A catalog for those sources 
observed in common which have not been charac- 
terized as variable. The agreement is quite good, as 
can be seen from Figure 4. 
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TABLE 7 
Sources from the Second Ariel Catalog Not Observed in 

the Fourth Uhuru Catalog 

2A 
Intensity Error Box Area 

Name (Ariel counts s_1) (deg2) 

2A 0102-242  0.3 ± 0.1 1.00 
2A 0122 + 338  0.6 ± 0.1 0.22 
2A 0235-526  0.5 ± 0.1 0.08 
2A 0349-139  0.3 ± 0.1 0.30 
2A 0456-449  0.7 ± 0.1 1.13 
2A 0526-328  0.8 ± 0.1 0.16 
2A 0708-357  0.6 ± 0.1 1.07 
2A 0710 + 456  0.6 ± 0.1 0.15 
2A 0738+ 498  0.6 ± 0.1 0.58 
2A 0815-075  0.8 ± 0.1 0.45 
2A 0859 + 509  0.3 ± 0.1 1.45 
2A 1041 -079  0.4 ± 0.1 0.39 
2A 1052+ 606  0.3 ± 0.1 1.34 
2A 1102+ 384  0.8 ± 0.2 0.04 
2A 1150+ 720  0.8 ± 0.1 0.10 
2A 1219 + 305  0.9 ± 0.1 0.10 
2A 1306-012  1.1 ± 0.1 0.21 
2A 1347-300  1.7 ± 0.2 0.10 
2A 1348 + 700  0.9 ± 0.2 0.28 
2A 1418+ 485  0.4 ± 0.1 0.22 
2A 1508+ 062  1.4 ± 0.2 0.09 
2A 1519 + 082  1.3 ± 0.1 0.28 
2A 1556-756  0.9 ± 0.1 0.66 
2A 1659 + 337  0.6 ± 0.1 0.76 
2A 1705+ 609  0.4 ± 0.1 1.62 
2A 1938-105  0.7 ± 0.1 0.24 
2A 2009-569  1.2 ± 0.1 0.07 
2A 2040 -115  0.9 ± 0.1 0.40 
2A 2151-316  0.9 ± 0.1 0.25 
2A 2220-022  1.0 ± 0.1 0.17 
2A 2237-256  0.5 ± 0.1 0.41 
2A 2251-179  0.8 ± 0.1 0.19 
2A 2315-428  0.7 ± 0.1 0.07 
2A 2318-272  0.4 ± 0.1 0.56 

INTENSITY (UHURU counts) 
Fig. 4.—Uhuru PST intensities of nonvariable sources 

listed in Table 5 are plotted versus intensities listed in the 
2A catalog. The line is of slope 2.3, which represents our best 
estimate of the conversion from Ariel (SSI) to Uhuru counts. 

VIII. DISCUSSION 

a) Source Distributions 

The sources in this catalog are displayed in galactic 
coordinates in Figure 5. This distribution does not 
differ markedly from that shown in the third Uhuru 
catalog. However, we do wish to emphasize two points. 

First, we note the presence of an increased number 
of weak galactic sources (/ < 10 counts s-1) in the 
region 100° < /n < 240°. As Gursky(1975) suggested, 
these sources must be at distances of 5-10 kpc if they 
are to have luminosities comparable to those of the 
X-ray binaries. Because of their galactic longitude 
we would expect them to be nearer and hence of lower 
luminosity. Thus they may represent a distinct class 
of low-luminosity sources. 

Second, the number-intensity distributions for 
galactic and extragalactic sources present no surprising 
results. Figure 6 shows both the galactic (|èn| < 20°) 
and extragalactic (l^11] > 20°) distributions. The 
observations from the fourth Uhuru catalog agree with 
previously derived functional forms and their nor- 
malizations (Murray 1977; Schwartz, Murray, and 
Gursky 1976; Matilsky et al. 1973). 

b) Transient Phenomena 

Variability of X-ray sources has now been observed 
to encompass an extraordinary range of charac- 
teristics. As the data base of X-ray astronomy con- 
tinues to grow, the observed time scales increase 
correspondingly, and as capabilities improve, pheno- 
mena with ever shorter time scales are detected and 
studied. Table 8 lists the transient sources observed 
by Uhuru and listed in the catalog portion of this 
paper. We have included as transient those sources 
which are below the limits of detectability for a large 
portion—at least 50%—of the working life of Uhuru. 
These sources include “standard” transients such as 
the Norma transient, 4U 1543 — 47 = 3U 1543 — 47 

TABLE 8 
Transient Sources 

Maximum 
Name Intensity Max/Min Comments 

4U 0115 + 63. 
4U 0336 + 01. 

4U 0836-42. 
4U 1543-47. 
4U 1630-47. 

4U 1730-22. 
4U 1735-28. 
4U 1743-19. 

4U 1807-10, 
4U 1901+03, 
4U 1908 + 00, 

4U 1918 + 15, 

70 >10 
100 >10 

47 >10 
2000 >100 

220 >20 

120 >10 
565 >20 
150 >15 

10 >3 
87 >10 

200 >20 

50 >10 

Several-day 
transient 

Recurrent 
transient 

Globular cluster 
transient in 
NGC 6440 

Recurrent 
transient 
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Fig. 5.—The sources listed in Table 1 are displayed in galactic coordinates. The size of the symbols representing the sources is 

(Matilsky et al. 1972; Li, Sprott, and Clark 1976); the 
first recurrent transient, 4U 1630—47 (Jones et al. 
1976); and a high-latitude phenomenon lasting 
several days, 4U 03364-01. 

We have surveyed the entire Uhuru data base for 
transient events with durations of less than 1 day. 
Each peak detected in the computer search of the 
superposed data was tested for upward fluctuations by 
a factor of 2 or by 3 o above the average intensity. 
In general the sources associated with such fluctuations 
were well known, e.g., Cygnus X-l or binary sources 
going into or coming out of eclipse. Only a few single 
peaks resulting from such variability were found out 
of a total sample of 10,000 which could not be 
attributed to background fluctuations. These possible 
sources will be discussed in detail elsewhere. However, 
we mention this work here to point out that the weak 
sources in this catalog are not of this type. 

We also wish to note that Grindlay and Gursky 
(1977) found bursts from MXB 1730 — 335 = rapid 
burster (Lewin et al. 1976) in the Uhuru data. This 
source is seen in the wide collimator superposed on 
other strong galactic center sources. It was therefore 
not selected by the data-processing system and is not 
contained in the catalog. 

c) Seyfert Galaxies and BL Lacertae Objects 

The first Seyfert galaxy X-ray source, NGC 4151, 
was observed by Uhuru (Gursky et al. 1971a) and was 
listed in the third Uhuru catalog. The recent Ariel 5 
catalog lists 10 additional Seyferts and shows that 
this type of galaxy comprises a significant fraction 
of the observed extragalactic X-ray sources. The 
present catalog confirms five of the already reported 

proportional to the logarithm of the peak source intensity. 

Fig. 6.—The log N-log S curves for galactic (|6| < 20°) 
and extragalactic (|¿>| > 20°) latitudes are shown. PST in- 
tensities were used for sources in Table 5. Sources with 
intensity less than 2.0 counts s-1 were omitted since we 
cannot reliably correct for our coverage. We have corrected 
the galactic distribution for contamination using the |6| > 20° 
distribution. 

In the galactic plane we cannot detect the weaker sources 
within l0-2° of the strong sources. Therefore, the coverage 
for the weak sources is reduced, which could increase the 
points at 2 and 4 counts s-1 by 10-207o. 

The lines drawn to schematically show the galactic and 
extraglactic distributions are of slope —0.4 and —1.5 and 
normalizations 160 and 200, respectively. The extragalactic 
distribution is normalized to the entire celestial sphere, while 
the galactic distribution covers |¿>| < 20° only. 
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11 and lists five additional suggested identifications. 
It is interesting to note that all the observed Seyferts 
are of type 1, supporting the suggested difference in the 
energy production mechanisms between type 1 and 
type 2 Seyferts (Weedman 1977). Also of interest is 
the large range of X-ray luminosity for this class of 
objects. Depending on the actual average luminosity 
of this class of X-ray emitting galaxies and their space 
density, they could produce a substantial fraction of 
the diffuse X-ray background. Tananbaum et al. 
(1978) discuss the Seyfert X-ray phenomenon in 
detail using Uhuru observations. 

Cooke et al. (1978) reported X-ray emission from 
the BL Lacertae object Mrk 421. In this catalog we 
suggest that Mrk 501 is also an X-ray emitter and is 
associated with 4U 1651 + 39. Both of these BL 
Lacertae objects have been identified as radio sources 
(Colla et al. 1972) and may represent the first members 
of a new class of extragalactic X-ray sources. 

d) Clusters of Galaxies 

X-ray emission from clusters of galaxies was first 
reported by Meekins et al. (1971), Fritz et al. (1971), 
and Gursky et al. (1971a, b). Kellogg et al. (1972) and 
Forman et al. (1972) first reported that the cluster 
sources are extended, with sizes comparable to those 
of the optically defined clusters. Clusters of galaxies 
form the largest single class of extragalactic X-ray 
sources. In the present catalog, 45 X-ray sources are 
associated with clusters whose distance class is less 
than or equal to 4. The distance and richness classes 
for each cluster are given in column (5A) of Table 1. 
We anticipate additional identifications as the 
presently unidentified high-galactic-latitude objects in 
the southern sky are studied optically. 

Jones and Forman (1977) discuss the cluster sources 
listed in this catalog. They find that the X-ray lumi- 
nosity of clusters is correlated with the optically 
determined richness. Based on PST results, several 
clusters appear more extended than suggested by other 
observations. 

e) Superclusters 

Superclusters of clusters of galaxies, or second-order 
clusters, were first discussed by Abell (1958, 1961). 
Based on his catalog of clusters, Abell listed a subset 
of typical superclusters. When compiling this catalog, 
we found that several X-ray sources lay in groups of 
clusters. We therefore examined the possibility that 
superclusters are associated with X-ray sources. 

Murray et al. (1978) have analyzed the sources 
contained in this catalog and suggest that superclusters 
may be a new class of X-ray-emitting objects. We have 
noted possible supercluster identifications in column 
(5A) of Table 1. Murray et al. (1978) suggest that the 
emission is produced by thermal bremsstrahlung from 
a hot gas pervading the entire supercluster. Their 
computations indicate that the mass of the gas is 
comparable to that of the clusters themselves. These 
objects should be extended, with sizes of several 
degrees, and their association with X-ray sources can 
be verified by the HE AO X-ray observatories. 

As this catalog of X-ray sources represents the final 
compilation of sources observed by Uhuru, we wish 
to thank the many people who have helped make it 
possible. 
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have been of invaluable assistance throughout this 
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helping us to process the enormous amount of data 
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