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ABSTRACT 

Optical identifications are presented for a statistically complete sample of 63 faint, high galactic 
latitude, X-ray sources from the Einstein Observatory Medium Sensitivity Survey. Above dechnation 
-25° the X-ray sources have all been identified with the following percentages: stars (25%), active 
galactic nuclei (AGNs, 56%), clusters of galaxies (15%). BL Lac objects and normal galaxies account 
for the remaining 4%. There is no evidence for a significant population of “blank field” X-ray 
sources. All but one of the stellar sources appear to have ratios of fx/fv typical of normal stars; one 
cataclysmic variable is found. The AGNs are almost exclusively at low redshift (z < 1) and are, for 
the most part, similar to optically selected quasars. However, - 20% of the AGNs have reddish 
colors (Æ —K>0.7) and spectra whose permitted lines have prominent narrow-hne components 
(FWHM < 1000 km s-1). Due to their red colors and weak lines, these objects, several of which 
appear stellar on the BOSS, would not have been easily discovered optically and may represent a new 
class of quasar. Also present in the sample is a pair of high redshift quasars with identical redshifts 
and 8 Mpc physical separation. These quasars are physically distinct (only one is a strong radio 
source) and are probably members of the same supercluster. The number of detected clusters of 
galaxies in this survey is small, but as yet there is no evidence for a deficiency of high redshift clusters 
as is expected if dynamical evolution of their gravitational potentials is strong. Optically they are 
characterized as poor clusters or compact groups of galaxies but their X-ray luminosity distribution 
largely overlaps with the luminosity distribution of richer clusters. 
Subject headings: galaxies: clusters of — galaxies: nuclei — X-rays: sources 

I. introduction 

The Einstein Observatory Medium Sensitivity Survey 
(Maccacaro etal 1982, hereafter, Paper I) is an X-ray 
survey covering - 50 square degrees of the high galactic 
latitude sky (|¿>n| > 20°). The sensitivity of this survey 
(7X 10-14 to 5 X 10“12 ergs cm-2 s-1 in the soft X-ray 
band; 0.3-3.5 keV) is intermediate between the bright, 
all-sky surveys of Uhuru, Ariel V, and HEAO 1 and the 
Einstein Deep Surveys (Giacconi etal. 1979; Griffiths 
etal. 1983). The sources detected in the Medium Survey 
were found “ serendipitously” in the inner part (32' X 32') 
of the Imaging Proportional Counter (IPC) field of view. 
The targets of the IPC observations ranged from galactic 

'Research reported here used the Multiple Mirror Telescope 
Observatory, a joint facility of the Smithsonian Institute and the 
University of Arizona. 

2A1so from Istitutó di Radioastronomia del CNR, 40126 
Bologna, Italy. 

stars to known clusters of galaxies and quasars. Ap- 
proximately one-third of the serendipitous sources have 
been reobserved and detected with the High Resolution 
Imager (HRI). Particulars of the source selection pro- 
cess, which were necessary to avoid bias due to the 
targeted objects themselves, are discussed in Paper I 
along with a detailed discussion of the extragalactic 
source counts. 

In this paper we present the optical identifications for 
this sample of sources. We undertook to identify all 
sources without regard to an optical limiting magnitude 
or to any type of prior evaluation of the optical field 
within the X-ray error circle. At this writing, the survey 
identifications are complete above dechnation —25°. 
Identifying a complete sample of sources is important 
for: 

1. Determining true surface densities for the vari- 
ous classes of X-ray emitters (e.g., QSOs, clusters of 
galaxies) in the flux range surveyed, 
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2. Evaluating the extragalactic source counts in the 
log N — log S diagram and the discrete source contri- 
bution to the X-ray background, 

3. Determining whether a new class of X-ray emitter 
with a large value of fx/fv exists. Such objects would 
remain unidentified optically due to their faint optical 
magnitudes (i.e., “blank fields”). 
In this paper, we will use the Ô > — 25° sample to 

draw conclusions concerning the classes of sources dis- 
covered and their basic properties. Other papers in this 
series specifically analyze the change in source counts as 
a function of X-ray flux in order to delineate the evolu- 
tionary trends for the AGNs and clusters of galaxies as 
X-ray emitters (Maccacaro et al. 1982, 1983; Stocke 
et al. \9S2a). Herein, we present the optical counter- 
parts of the X-ray sources (§ II), describe the identifica- 
tion process and its reliability (§ III), and discuss the 
optical properties for the various classes of identifica- 
tions (§ IV). A summary of the results is given in § V. 

A Hubble constant 7/0 = 50 km s-1 Mpc-1 and a 
Friedmann universe with g0 = 0 are assumed throughout 
the paper. 

II. THE SAMPLE 

The 63 sources detected in the Einstein Medium 
Survey and presented in Paper I are Usted in Table 1 
along with the optical properties for all objects inside 
the 90% confidence X-ray error circle. 

Table 1 contains the following information: 
Col. (i): The position of the X-ray centroid for each 

source in 1950.0 coordinates. These positions super- 
cede those of Paper I. 

Col. (ii): The 90% confidence error circle (radius) 
of the X-ray position. All sources were initially de- 
tected with the IPC (60" positional accuracy or 30" if 
new “reprocessing” of data is available). Subsequent 
HRI observations of some of the IPC fields rede- 
tected - one-third of the sources (10" positional ac- 
curacy or 4" if new “ reprocessing” of data is avail- 
able). 

Col. (ni): The X-ray flux in ergs cm-2 s_1 in the 
0.3-3.5 keV energy band. All fluxes quoted are from 
the IPC and are taken from Paper I. 
Col. (iv): Letter designations for each optical object 

as they appear in the finding charts in Figure 1 (Plates 
22-25). An asterisk indicates the proposed identifica- 
tions for each source. Where the source identification is 
a cluster of galaxies, the asterisk is next to the galaxies 
in the cluster which were actually observed and for 
which redshifts were obtained. Daggers indicate sources 
for which notes appear at the end of Table 1. 

Col. (v): Spectral classification for each object ob- 
served. 

Col. (vi): Redshifts uncorrected for galactic or ter- 
restrial motion. 

Col. (vii): Visual magnitudes estimated from the 
Palomar Sky Survey E plates using the system of 

King and Raff (1977) and crudely verified by the 
spectrophotometry obtained in the identification pro- 
cess. We estimate that these magnitudes are accurate 
only to ±0.5 mag and that there may be a systematic 
underestimate of a few tenth of a magnitude particu- 
larly for objects with mv>\9 since the POSS E plate 
limit by the King and Raff (1977) procedure is m = 
20.5, while that limit has been traditionally set ~0.5 
mag brighter (Abell 1957). In the south, the ESO 
“quick blue” survey was employed for the finding 
charts and magnitudes. 

Col. (viii): The limiting POSS E magnitudes for 
each field (either the magnitude of the brightest ob- 
ject which was not observed inside the error circle or 
the limit of the Palomar Observatory Sky Survey E 
plate (mv^ 20.5) if all objects visible on the POSS 
were observed). 

Col. (ix): General comments, including specifically 
radio data taken, unless otherwise noted, from the 
VLA survey of this sample by Feigelson, Maccacaro, 
and Zamorani (1982). References to previous optical 
work on the proposed identifications are also given. 
The finding charts for each field are shown in Figure 

1. The center of each chart marks the centroid of the 
X-ray source. The scale is shown in the first chart. The 
letters on the finding charts correspond to the optical 
designations in column (iv) of Table 1. 

As can be seen from Table 1, all sources north of 
-25° dechnation have been identified. South of ô = 
-25° the lack of Palomar Observatory Sky Survey 
plates and VLA radio data conspire to make the identi- 
fication process more difficult. 

Hence the sources with ô> - 25° form a complete 
sample of fully identified X-ray sources which can be 
used for statistical purposes (cf. Stocke étal. 1982&; 
Maccacaro et al. 1983). 

III. THE IDENTIFICATION PROCESS AND 
ITS RELIABILITY 

In identifying this sample of X-ray sources we used 
the extremely naive but safe procedure of observing all 
the optical objects inside, or immediately outside, the 
90% confidence error circle in order of increasing mag- 
nitude until we located a plausible candidate for the 
identification of the X-ray source. We then continued to 
observe optical objects until we reached a limit at least 4 
times fainter than the proposed counterpart or the limit 
of the POSS, whichever came first. These limiting mag- 
nitudes are listed for each field in Table 1. The “ typical” 
values of fx/fv for each class of object were obtained 
from pointed Einstein detections (Vaiana etal. 1981 for 
stars; Zamorani etal. 1981 for quasars; Schwartz, 
Madejski, and Ku 1982 for BL Lacs; Henry etal. 1979 
for the brightest galaxy in clusters of galaxies). 

The spectra for the objects listed in Table 1 were 
obtained primarily with the Steward 2.3 m telescope 
plus Reticon spectrograph, MMT spectrograph, and ESO 
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3.6 m spectrograph. The red sensitive detectors on these 
spectrographs have similar spectral ranges of AX4000- 
7000 and 10-12 À resolution across that range. In many 
cases spectra blueward of 4000 A were needed to con- 
firm identifications (e.g., to look for the presence of 
Ca il H and K absorption in weak-hned stars which 
appear featureless in the lower resolution red spectra). 
These blue spectra were obtained with a Reticon detec- 
tor operating in a photon counting mode behind a blue 
sensitive image tube on the Steward 2.3 m and have 7 Á 
resolution in the range A A 3400-6000. 

Often we were drawn to observe quite faint optical 
candidates due to their blue color on the POSS or to 
their positional coincidence with a VLA radio source. 
All sources estimated to be extragalactic from the fx/fv 

ratio for candidates in the error circle and with 8 >— 20° 
were observed at the VLA (Feigelson, Maccacaro, and 
Zamorani 1982) with a typical sensitivity level of a few 
mJy and positional accuracy of - 1". In all cases where 
a VLA radio source was detected in the error circle, its 
optical counterpart is also the proposed X-ray source 
identification. About one-third of the X-ray sources 
were detected at 6 cm, making the presence of radio 
emission an excellent method with which to identify the 
correct optical counterpart to IPC X-ray sources. 

After several sources were already identified, HRI 
positions became available for about one-third of the 
sources. In all cases these detections validated our pro- 
posed optical counterparts. 

With the use of the method of identification described 
above, the only concern is that in some cases the real 
X-ray source identification is below the level of the 
POSS and the object we have identified is present in the 
error circle by chance, or that more than one plausible 
counterpart to the X-ray source is present in the error 
circle. This is unlikely but deserves detailed considera- 
tion as follows. 

First of all, each of the proposed identifications have 
the proper fx/fv ratio to be the X-ray source based upon 
previous detections for other members of its optical 
class. Where the fx/fv is somewhat higher than ex- 
pected, an HRI position confirms the source identifi- 
cations. For example, normal main-sequence G and K 
stars are detected at/^.//^ = 10-6 to 10“2 (Vaiana et al 
1981). In the Medium Survey nine G and K stars are 
detected with/^//^ = 10-4 to 10-1. Three stars have a 
rather high fx/fv ratio for their spectral type. For all of 
them, however, HRI positions confirm the correctness 
of the identifications (see also § IVa). A confirming 
HRI position is also available for the one anomalous 
AGN (IE 1207.9+3945) with a two-point spectral slope 
aox = 0.8 (nominal range aox = 0.9-1.8; Zamorani etal 
1981; see Tananbaum etal 1979 for the definition of 

We have further investigated the probability that our 
proposed identifications are present in the error circle 

merely by chance and the true identification is fainter 
than the limit of the POSS. The only classes of objects 
with a high probability of such a chance superposition 
are stars and quasars. In the case of the quasars, the 
faintest proposed optical counterparts listed in Table 1 
have mv ~ 20.5. Tyson (1981) estimates that there are 
- 30 quasars per square degree at or above that magni- 
tude. The probability for a quasar to randomly fall in a 
60" radius IPC error circle, therefore, is - 2.5%. Thus, 
of the 31 IPC error circles with 8 > — 25°, we expect 
< one quasar by chance. Although the number of stars 
bright enough to be a possible counterpart of the X-ray 
sources varies considerably with galactic latitude, the 
mean number for Medium Survey fields is approxi- 
mately the same as for the quasars, and thus they 
contribute a similar level of contamination. As an aside, 
we note that there is already one case (IE 0809.9+4809) 
for which both a quasar and a bright star are present in 
the error circle, and, in this case, it is not known which 
is the X-ray emitter. Therefore, we regard our identifica- 
tions as quite secure on statistical grounds. It should 
also be noticed that if we were to investigate X-ray 
sources a factor of 3-10 fainter than those from the 
Medium Survey (e.g., those from the Deep Survey) then 
(a) the faintest AGN counterparts would not be visible 
on the POSS, and (b) the enhanced contamination 
levels, especially from stars, would require higher posi- 
tional accuracy than provided by the IPC in order to 
make rehable identifications. 

Further support to the identification process comes 
from the analysis of the angular extent of the X-ray 
emission. The detection of extended X-ray emission 
would, in fact, imply the presence of diffuse gas and 
strongly support a cluster identification while a pointlike 
X-ray source suggests that a single object is responsible 
for the X-ray emission. Unfortunately, the majority of 
sources, as expected in a flux limited survey, are de- 
tected near the Emit and the consequent lack of a high 
statistical detection makes the analysis of the X-ray 
surface brightness distribution often inconclusive. In 
some cases, however, we were able to recognize a source 
as extended or to set stringent upper limits on its size. In 
all these cases, the analysis of the X-ray surface bright- 
ness distribution supports the proposed identification. 
The 23 sources for which an HRI detection indicates 
that the X-ray emission is confined to a few arcseconds 
are, in fact, all identified with a stellar object (AGN, BL 
Lac, star) or the nuclear region of a galaxy. Of the five 
“IPC only” detections for which the high number of 
counts allows a meaningful analysis of the extension, 
four show evidence of extended emission while one does 
not. The four extended sources are, in fact, identified 
with clusters of galaxies, while the proposed identifica- 
tion for the unresolved source is a SAO star. However, 
there are two interesting intermediate cases which re- 
quire additional discussion. 
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Fig. 2.—Isointensity X-ray contours for the source IE 1549.8 
+2022. Contours have been obtained by smoothing the raw image 
with a 32" Gaussian. The + sign marks the position of the AGN 
responsible for the bulk of the emission. The excess of X-ray 
emission to the east is probably due to a foreground group of 
galaxies. 

In one case (IE 1549.8+2022) the X-ray emission 
clearly shows the presence of an unresolved source plus 
some diffuse emission (see Fig. 2). The unresolved com- 
ponent which dominates the X-ray emission is associ- 
ated with an AGN (z = 0.250), as indicated by an HRI 
image. The faint diffuse component is probably associ- 
ated with a foreground group of galaxies (z = 0.135). 

The second case, IE 0126.4+0725, is identified with 
the cluster of galaxies Shahbazian 41. We have called Sh 
41 a “cluster” even though it consists only of two large 
galaxies (Mv 19) plus numerous compact compan- 

ions. The limited statistics on the detection of this 
source prevent a meaningful analysis of the X-ray surface 
brightness distribution, and we are left with the possibil- 
ity that the X-ray emission originates in the nuclear 
region of one of the galaxies, which is also a radio 
source. In this case, this object would be a further 
example of an optically “dull”, X-ray luminous galaxy 
(cf. Elvis cía/. 1981). 

In conclusion, we present Figure 3 as a guide for 
Einstein Observatory investigators with unidentified 
“ serendipitous” detections present in their observations. 
This plot has been constructed for the Medium Survey 
detections listed in Table 1 and requires only V magni- 
tudes from the POSS (King and Raff 1977) in addition 
to the X-ray flux. Thus, in areas of the sky where the 
reprocessed IPC error circle contains only a few optical 
candidates (|/>n| > 20° in general), it should be possible 
to separate galactic from extragalactic sources, at a high 
confidence level, without carrying out any new optical 
observation. 

IV. BASIC OPTICAL PROPERTIES OF 
THE COUNTERPARTS 

a) The Stars 

Of the X-ray sources in this survey, approximately 
one-quarter are identified with galactic stars. In Figure 4 
we plot as filled circles the logarithm of the X-ray to 
visual flux ratio, computed in the same way as in Paper 
I, versus our estimated spectral type for the 15 stellar 

Fig. 3.—Separation of the classes of optical counterparts to the Medium Survey sources based solely upon nonspectroscopic data. Using 
only the visual magnitudes estimated from the POSS (diameter method of King and Raff 1977) and the X-ray flux, it is possible to separate 
galactic and extragalactic sources at high confidence level. Only the cataclysmic variable is not distinguishable from the POSS data alone. The 
galactic-extragalactic dichotomy is further enhanced if crude POSS colors are considered as the faintest stars in this figure are all quite red 
(£ - K > 1.0) while the brightest quasars are quite blue (B -V < 0.4). The dashed line marks the lowest flux detected in the Medium Survey. 
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Main Sequence 

-0.60 0.00 0.60 1.20 1.80 2.40 
B-V 

Fig. 4.—Log(fx/fv) vs. B-V for the stars detected in the 
Medium Survey (filled circles) compared with the detections from 
Vaiana era/. (1981). Only three stars, all K stars and all with HRI 
positions, are anomalous when compared to the Vaiana etal. 
detections. 

identifications listed in Table 1. These data are com- 
pared with the corresponding values {open circles) for 
the dwarf star detections from Vaiana etal (1981). The 
proposed stellar identifications cover the range from A 
to middle M and should mostly be dwarfs, although we 
cannot generally assign a luminosity class at low spectral 
resolution. All of the Medium Survey stars but one (see 
§ YVb) are normal in the sense that their log (fx/fv) 
values are similar to those for stars detected in the 
pointed Einstein observations. Inspection of Figure 4 
shows, however, that there are three stars (IE 1339.94- 
6030, IE 1548.74-1125, and IE 1751.0+7046) which 
have an fx/fv ~ 5-10 times higher than any of the 
detections reported by Vaiana et al. (1981) for the same 
spectral range (early to mid-K class). HRI detections are 
available for all three sources confirming these stars as 
the X-ray sources. Only in the last object (which has the 
highest fx/fv of the three) is there any evidence for weak 
Ha emission. Otherwise, there is no indication of any 
spectral pecuharities which might be related to the en- 
hanced X-ray emission. Due to the relatively low disper- 
sion at which our observations were taken, we could not 
readily determine whether these stars are RS CVn type 
binaries, whose more active components are typically 
G8-K2 (Walter and Bowyer 1981). 

b) The Probable Dwarf Nova IE 1240.8+0312 

Many cataclysmic variable (CV) stars have been dis- 
covered by X-ray survey satellites, and it was reasonable 
to suppose that more might have been found at the 
fainter flux levels reached by the Einstein Observatory. 

However, only one CV candidate was found among the 
63 sources of the Medium Survey sample, just as one 
such object was found in the 40 IPC identifications of 
Reichert etal. (1982). 

The source IE 1240.8+0312 is detected at a fairly 
high flux level (1.7X10-12 ergs cm“2 s“1; Table 1). 
Spectroscopic observations with the Steward 2.3 m re- 
flector on 1981 April 5 showed strong, broad emission 
Unes of hydrogen and neutral helium, as shown in 
Figure 5. Relative line fluxes and equivalent widths are 
presented in Table 2; we estimate F ~ 17.5 at the time of 
our observation compared with the measurement from 
the Palomar Sky Survey (Table 1) of F~ 16.5. When the 
latter value is used, the X-ray to visual flux ratio for this 
object {fx/fv = \.6) is the highest among the stellar 
identifications and is significantly higher than the mean 
for CVs in general (Cordova, Mason, and Nelson 1981). 
However, since it is not surprising for a CV to vary in 
optical flux by orders of magnitude, it is of limited value 
to discuss fx/fv when these quantities are obtained at 
different times. Still, our very high apparent value of 
fx/fv may be a clue to the type of CV that this object is, 
as we discuss below. 

The spectrum shown in Figure 5 is most suggestive of 
a dwarf nova system. Classical novae generally show 
strong He n and high excitation emission features. Fur- 
thermore, old novae are relatively luminous in quies- 
cence (Mv = +4 to +2), implying that the system would 
be at least 1 kpc distant, or at least two disk scale 
heights out of the Milky Way plane. Since old novae 
generally show a concentration to the plane, it is un- 
likely that IE 1240.8+0312 is one. Similarly, we think it 
very unlikely that this object is a magnetic AM Her 
system, despite the large fx/fv generally found for these 
objects and their predilection for being X-ray dis- 

WAVELENGTH 

pIG 5._A 10 À resolution spectrum of the cataclysmic vari- 
able IE 1240.8+0312 taken with the Steward 2.3 m telescope on 
the night of 1981 April 5. Relative line fluxes derived from this 
spectrum are listed in Table 2. 
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TABLE 2 
Emission Line Strengths for IE 1240.8+0312a 

Eq. Relative 
Feature Width (Â) Flux Notes 

He 1X4026   18.3 
m  41.4 

Hy  91 
He 1X4388 ......... 72 
He 1X4471   21 
He H X4686   <2 
He 1X4713 4.7 
Hß  151 
He 1X4921    8 
He 1X5015    7 

? ~ X5130 ?   4 
Fe il X5167 ?  5 
He 1X5876 ........ 28 
Ha   264 
He i X6678   16 

10.3 
22.9 Another feature 

on red wing 
44.5 

3.4: 
7.9 

< 0.5 
1.71 

54.3 
2.9: On wing of Hß 
2.1 : Including possible 

Fe ii 
1.3: 
1.5: 
8.4 

74.3 
4.8 

a Observations made 1981 Apr 5 with the Steward 2.3 m tele- 
scope. 

covered. Even in their “low” states, AM Her systems 
show strong He n if the Balmer lines are strong and 
show nonrecombinational flux ratios. 

On the other hand, this emission line spectrum is 
typical of dwarf novae in quiescence. These are proba- 
bly also the CV type, most commonly found in optical 
surveys at high galactic latitude (cf. Green etal. 1982), 
due perhaps to their lower mean luminosities and 
distances. Furthermore, several dwarf novae have 
been previously discovered in X-ray surveys, including 
IE 0643.0—1648 (Chlebowski, Halpem, and Steiner 
1981) and IE 1551+718 (Mason etal. 1982). Dwarf 
novae systems may vary both their optical and X-ray 
fluxes by orders of magnitude between quiescence and 
outburst (e.g. Chlebowski, Halpem, and Steiner, 1981; 
Cordova, Mason, and Nelson, 1981). Thus, we may 
speculate that the Einstein observation of IE 1240.8+ 
0312 caught this object in outburst, accounting for the 
high fx value relative to our quiescent fv measurements. 
The implied outburst magnitude is V ~ 15, not unrea- 
sonable for a dwarf nova previously unrecorded in the 
General Catalogue of Variable Stars. 

c) The Active Galactic Nuclei 

Thirty-four of the Medium Survey sources ( - 75% of 
the extragalactic population) are identified with AGNs. 
The basic properties of these objects are Usted in Table 
3 where the following information is given: 

Col. (i): Source name. 
Col. (ii): Redshift. 
Col. (iii): The absolute visual magnitude corrected 

for reddening in our Galaxy. 

Co. (iv): Logarithm of the 0.3-3.5 keV X-ray 
luminosity (ergs s ”1 ) in the source frame. 

Col. (v): aOJC, the two-point optical-to-X-ray spec- 
tral index as defined in Tananbaum etal. (1979). 

Col. (vi): The spectral type of the AGN in the 
sense of Weedman (1977) as extended by the Lick 
group (e.g., Osterbrock 1979). The classifications here 
are restricted to either type 1, permitted emission 
Unes broader than forbidden Unes; type 1.5, permitted 
emission Unes with obvious broad and narrow compo- 
nents present; or type 2, permitted emission Unes of 
approximately equal width to the forbidden Unes 
( < 1000 km s-1). The broad-Une component is com- 
pletely absent or seen only at Ha or Mg n. Thus the 
Seyfert type 1.9’s have been grouped with the Seyfert 
2’s. 

Col. (vn): The observed spectral features including 
all emission and absorption Unes observed. Two of 
the identifications (IE 1207.9+3945 and IE 1525.1 + 
1550) are based upon previously pubUshed data as 
referenced in Table 1. 

Col. (vni): The Hß full widths at half-maximum 
and at zero intensity, in km s_ \ 

Col. (ix): The flux ratio f(Hß)/f([0 m] AX4959, 
5007). 

Col. (x): An estimated value for B — V from the 
spectrophotometry used to make the identifications. 
This is not accurate photometry because the apertures 
used were small (275 or 375) and depended on the 
seeing conditions. Thus, the values quoted here should 
be used with caution. 

Col. (xi): The appearance of the object on the red 
POSS plate. Where the POSS plates were not avail- 
able, the plates used for this information are noted. 

Col. (xn): comments, particularly in regards to the 
emission Une properties. Where only one emission Une 
was observed, it was always identified as Mg n X2798 
based upon the absence of other strong Unes in the 
wavelength region observed. In these cases the spec- 
tral range of the observations is given. 
There is one object in Table 3 for which the optical 

nature is not yet well understood. IE 1207.9+3945 is an 
HRI source coincident with a faint (mv~ 20.5) stellar 
object 6' north of NGC 4151. This object was originally 
discovered at Westerbork in the “background” radio 
survey of the NGC 4151 field (de Ruiter, WilUs, and 
Arp 1977) and identified by Arp as a quasar with 
z = 1.84. This redshift is based upon two multichannel- 
scanner observations made with the Hale 5 m telescope; 
it is derived from weak Unes of Mg n, C m], and C iv 
superposed upon a very red continuum (a-3). The 
continuum may flatten blueward of V band to a - 1. 
Also, this object has the smallest aox in the sample (and 
thus the highest fx/fv). Two spectra obtained by us with 
the Steward 2.3 m and with the MMT, respectively, do 
not reveal any emission or absorption Unes even though 
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! ^ 
0.8 

<aox>= 1.310.2 

1.0 1.4 1.6 

Fig. 6.—The distributions of redshift, X-ray luminosity, abso- 
lute magnitude, and two-point optical-to-X-ray spectral index glox 
for the AGN sample. The crosshatched objects are the red and 
marginally red quasars discussed in the text. IE 1207.9+3945 is not 
included in this figure due to the uncertainty of its identification 
(see § IVc). 

the region of the proposed C m] and C iv line positions 
were covered by both spectra. We conclude either that 
the object has recently flared blanketing the lines or that 
the original identification was incorrect. This object is a 
possible BL Lacertae candidate given its high fx/fv, 
point radio source coincidence, and steep power law 
continuum. Further observations are required to clarify 
the nature of this object. 

The redshift, X-ray and optical luminosities, and 
aox distributions for our sample of AGNs are shown 
in Figure 6. These distributions show that high red- 
shift high luminosity quasars are indeed lacking in 
X-ray selected samples with limiting flux of —10“13 

ergs cm“2 s“1 (0.3-3.5 keV), as suggested by other 
authors (Margon, Chanan, and Downes 1982 and, more 
recently, Kriss and Cañizares 1982 and Reichert et al 

1982) . The major difference between the present data set 
and that of Margon, Chanan, and Downes (1982) is that 
the latter sample contains only AGNs with < 18.5. 
Thus, the redshift and luminosity distributions do not 
seem to be strongly dependent on the limiting optical 
magnitude to which an X-ray sample is identified, de- 
spite the fact that our sample includes what may be a 
new type of AGN not reported by Margon, Chanan, 
and Downes (1982) (see § IVJ). 

The “apparent” anomaly of the redshift and optical 
luminosity distribution of X-ray selected quasars can be 
explained (see Zamorani 1982 and Maccacaro and Gioia 
1983) by the dependence of the X-ray to optical 
luminosity ratio (Lx/L0) on L0 and z first suggested by 
Zamorani et al. (1981) and further established by 
Zamorani (1982) and Avni and Tananbaum (1982). 

A recent analysis of the sample of AGNs discussed in 
this paper has shown that a positive amount of cosmo- 
logical evolution is required to explain the X-ray data 
and that the amount of evolution implied by the X-ray 
data is smaller than the amount derived from the analy- 
sis of optically selected samples (Maccacaro et al 1983). 
Also this difference can be explained by the fact that 
Lx/L0 is a function of L0 and z (Avni and Tananbaum 
1982). Although there is evidence that the framework 
used to link the redshift distribution and the evolution- 
ary rate of optical and X-ray selected AGNs may be too 
simple since it also leads to some inconsistencies with 
the observational data (see Maccacaro etal. 1983 for a 
discussion of the luminosity function), we can safely say 
that no basic difference in the properties of X-ray 
selected and optically selected quasars is yet needed to 
explain the observations. 

d) Red X-Ray Selected AGNs 

There is in our sample a class of objects which has not 
been clearly identified in other samples of X-ray selected 
AGNs (although such objects are present in the Reichert 
et al. 1982 survey). These are AGNs with rather reddish 
colors (six with 2? - F > 0.8; four with 0.6 < 2? - F < 0.8) 
and spectra which have prominent narrow line compo- 
nents (types 1.5 or 2). The 10 sources in the Medium 
Survey AGN sample which meet this description are 
shown as crosshatched boxes in Figure 6. The two red 
AGNs with the lowest redshifts are clearly galaxies and 
thus strongly resemble the Seyfert 2 galaxies NGC 5506 
( = 3U 1410-03; Bahcall etal. 1975), NGC 7582 and 
NGC 2992 (2A sources; Ward etal. 1978), which are 
low-luminosity ( 10 42 -10 43 ergs s “1 ) X-ray sources found 
by the early all-sky surveys. However, the remaining 
eight are either stellar or slightly fuzzy on the POSS and 
have substantially higher X-ray luminosities than the 
Seyfert 2s mentioned above. The prototype for this class 
is the “narrow-line quasar,” IE 0449.4-1823, which has 
been previously discussed in some detail by Stocke et al. 
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(1982û). This object resembles a high luminosity Seyfert 
2 galaxy with strong forbidden lines of [O m], [O n], 
[Ne in], and [Ne v] and relatively weak Balmer Unes on 
top of a rather reddish continuum (U — B » —0.4). The 
lower resolution spectrum of IE 0449.4—1823 is shown 
in Figure 7. The broad line component to the permitted 
lines has now been detected only in Mg n A 2798, 
but this emission line is still dominated by a strong 
narrow-line component (see Fig. 8). The width of the 
line observed at A 3750 in this quasar (FWHM = 
2000kms_1) is consistent with the expected combined 
widths of the Mg n doublet (AA2795.5, 2802.7) each 
broadened by the same amount as Hß (FWHM = 
600 km s-1; Stock etal. 1982a). Clearly this Mg n 
profile is very different from those found in almost all 
quasars; as are the rather weak Mg n lines found in IUE 
spectra of low redshift Seyfert 2 galaxies (Boksenberg 
etal. 1978; Bergeron, Maccacaro, and Perola 1981), in 
the spectra of red 3CR quasars studied by Smith and 
Spinrad (1980) and in the spectra of some radio galaxies 
(e.g. 3C 234; Grandi and Osterbrock 1978). Thus at 
higher redshift, objects similar to this one would likely 
still be distinct from most quasars. We also note that if 
the broad base is, in fact, due to Mg n emission, then 
reddening is clearly excluded as the mechanism eliminat- 
ing the broad component at Hß (see Fig. 7) in this QSO. 
However, we cannot exclude the possibility that the 
broad base in Figure 8 is largely due to Fe n emission 
particularly since the blue wing appears stronger (see 
Grandi 1981). 

Bearing in mind that the B -V colors for the AGNs 
listed in Table 3 must be used with extreme caution (see 
§ IVc), we have estimated U - B colors assuming that 
the continuum can be best fit with a single power law 
(Matthews and Sandage 1963). This seems to be a 
reasonable assumption based upon the limited wave- 
length coverage of our spectra (AA4000-7000) for all 
objects except IE 0112.9-0147 where stellar absorption 
is very clearly seen and the colors are those of a red- 
shifted normal galaxy. In this case, the quoted B -V is 
typical of a normal early-type galaxy (see notes to Table 
1). We have some evidence that the color values derived 
are not dominated by the necessary use of small en- 
trance apertures for good spectral resolution because 
several objects were reobserved at different zenith an- 
gles, and the results agree within ± 0.2 in B — V. Also, as 
noted below, there is a very strong correlation between 
the objects with reddish colors and those which show an 
absence of a dominant broad-line component at Hß. 
Since Seyfert 2 galaxies are known to be systematically 
redder than Seyfert 1 galaxies (Weedman 1977), this 
correlation is expected and further supports the validity 
of our color estimates. 

Six of the 10 crosshatched objects in Figure 6 have 
estimated U-B much too red (U- B > -03) to be 
found in UV excess surveys (e.g., Braccesi etal. 1980; 

Schmidt and Green 1983). The spectra of three of these 
10 objects show only narrow Hß lines; four have com- 
posite Hß lines with broad and narrow components of 
comparable equivalent widths; and two of the three 
remaining objects have Hß lines with FWHM values 
only slightly broader (FWHM —1100 km s~l) than the 
widths of the forbidden Unes. Therefore the red (low 
redshift, X-ray selected) quasars are also those with 
relatively weak permitted lines compared to most 
quasars. In only one case (IE 0112.9—0147) is there 
clear evidence that the redder continuum is due to 
starlight, and thus the majority of these quasars are red 
due to an intrinsically redder power-law continuum. 

Since these reddish AGNs would not be found by 
standard color techniques, they would also not be 
accounted for in estimates of quasar space densities 
(e.g., Schmidt and Green 1983). As a consequence, 
estimates of the quasar contribution to the X-ray back- 
ground based on optical counts will neglect the contri- 
butions from this class of objects. 

Figure 7 is a collage of spectra illustrating the varia- 
tion in Hß Une widths, strengths, and profiles found 
among the Medium Survey AGNs and is presented to 
emphasize the wide variety of spectra found. Although 
accurate photometry is very much needed to confirm 
this result, note the gradual shift in color from the 
typical broad-line objects (e.g., IE 1549.8+2022) to the 
reddish narrow-line objects (e.g., IE 2204.0—4059 and 
IE 1533.5+1440). Clearly the latter group of objects is 
very different from the typical optically selected quasars 
whose permitted emission Unes are several thousand 
km s-1 wide (Strittmatter and Williams 1976) and with 
no obvious signs of a narrow-line component. 

Table 3 shows that the reddish AGNs are on average 
characterized by the lowest X-ray luminosities in the 
sample. The same is true for the Seyfert 2 galaxies in the 
HEAO 1 A-2 survey (Piccinotti etal. 1982). Thus, in 
most respects, these reddish AGNs may be considered 
as high luminosity Seyfert 2 galaxies. We note that four 
Seyfert 2 galaxies (also known as narrow emission-hne 
galaxies) whose X-ray spectra are pubhshed (Maccacaro, 
Perola, and Elvis 1982; Mushotzky 1982) clearly show a 
low-energy spectral cutoff at — 2-3 keV implying a 
large column density of neutral hydrogen ( > 1022 cm 2) 
around the X-ray emitting region. Evidence has been 
presented that the amount of absorption increases with 
decreasing X-ray luminosity (see Fig. 4 of Lawrence and 
Elvis 1982). As a consequence, in a sample of AGNs 
selected in the soft X-ray band, the low luminosity 
objects will be underrepresented, relative to harder X-ray 
surveys, with respect to the high luminosity objects 
( > 1044 ergs s” ^ at a rate which increases with decreas- 
ing X-ray luminosity. A more detailed discussion of this 
effect and its consequences on the shape of the X-ray 
luminosity function of AGNs is given in Maccacaro 
e/a/. (1983). 
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Fig. 1.—Selected spectra of AGNs detected in the Medium Survey. Notice the gradual shift in color from the broad-line “type 1” 
quasars to the quasars whose spectra contain significant contributions to the permitted line flux from a narrow-hne component. The extreme 
narrow-line object IE 0112.9—0147 actually shows Ca n H and K absorption and colors typical of a normal galaxy (see notes to Table 1). 
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Fig. 8.—A near-ultraviolet spectrum of IE 0449.4-1823 at 4 Â 
resolution. The unique Mg n X02798 profile has approximately 
equal contributions from broad and narrow-line components al- 
though we cannot exclude the possibility that the broad base is due 
at least in part to Fe n emission (Grandi 1981). 

These reddish AGNs are also helpful in understand- 
ing some of the correlations for X-ray emitting AGNs 
proposed by Kriss, Cañizares, and Ricker (1980) where 
it is suggested that Seyfert 1 and 2 galaxies populate 
high and low luminosity portions of the same distribu- 
tions. Figure 9a is a plot of the flux ratio Hß/[0 m] 
versus X-ray luminosity for X-ray selected objects from 
this paper and from Grindlay et al (1980), plus optically 
selected Seyferts from Kriss, Cañizares, and Ricker 
(1980) and optically selected quasars from Yee (1980) 
for which X-ray detections were made with the Einstein 
Observatory (Zamorani et al 1981; Ku, Helfand, and 
Lucy 1980). The X-ray luminosity of 3C 232 is from 
E. Feigelson (1982, private communication). We have 
not plotted the Seyfert 2 galaxies in Kriss, Cañizares, 
and Ricker (1980) for which only X-ray upper hmits are 
available as they generally have < 1042 ergs s- ^ If we 
restrict the discussion to broad-line objects only, no 
correlation or only a very weak correlation is present in 
the data (see Grindlay etal 1980, Reichert et al 1982, 
and Kriss and Cañizares 1982 for a more detailed dis- 
cussion of this point). The few high-luminosity X-ray 
emitting narrow-line AGNs which have been discovered 
appear to scatter below the broad-hne objects over a 
large range in X-ray luminosity. However, they are too 
sparse in number to convincingly show the existence of 
a second sequence of narrow-line objects below the 
broad-hne correlation. Such a dichotomy is evident in 
the larger homogeneous data set of Yee (1980) shown in 
Figure 96 as a plot of the Hß/[0 ni] flux ratio versus 
the nonthermal optical luminosity (since Lx roughly 
scales as LNT; Kriss, Cañizares, and Ricker 1980; 
Zamorani etal 1981). Much of the scatter in this figure 
at low nonthermal luminosities is undoubtedly due to 
the difficulty in estimating the nonthermal fraction in a 

continuum dominated by starlight. These two sequences 
become even more evident if the Hß/[0 in] flux ratio is 
compared to LHi8 since LH)8 oc LNT and does not suffer 
from the difficulty with LNT described above (H. Yee 
1982, private communication). Nevertheless, the two 
sequences of broad- and narrow-line objects are clearly 
visible in Figure 9, and it is clear that the Seyfert 1 and 
2 galaxies are not part of the same correlation contrary 
to the suggestion by Kriss, Cañizares, and Ricker (1980). 
Despite the indication that there are two separate classes 
of AGNs present in Figure 9, we nonetheless agree with 
Downes etal (1981) that the spread in this luminosity 
indicator even within each class is too great to become a 
useful cosmological test. 

A similar analysis of the proposed correlation of 
FWZI of Hß with Lx (Kriss, Cañizares, and Ricker 
1980) also clearly shows that the Seyfert 1 and 2 galaxies 
comprise two separate sequences (as would be expected 
since the line widths in question are formed in physi- 
cally distinct regions). The remaining correlation be- 
tween FWZI (Hß) and Lx for the broad-hne objects 
alone is, at best, extremely weak. 

In summary, the AGNs found in the Einstein Ob- 
servatory Medium Sensitivity Survey are primarily low- 
redshift and low-luminosity objects with distributions 
similar to those found in other samples (Margon, Chanan 
and Downes 1982; Kriss and Cañizares 1982; Reichert 
etal 1982). However, a sizable fraction of the AGN 
sample consists of reddish objects {B — V> 0.6) whose 
spectra show prominent narrow-line components to the 
Balmer Unes. We note that these objects have been 
discovered by virtue of their X-ray emission and that 
they may represent a separate sequence of AGNs 
accounting for a substantial fraction, ~ 25%, of the 
low-luminosity population. 

e) The 0849+28 Field: Quasar Pairs 

We would like to draw particular attention to one 
IPC field centered at a = 08h49m37s, 8 = -h28°31,00" to 
observe the bright star HD 75732. This field contains 
five serendipitous sources which satisfy the criteria to be 
included in the Medium Survey (see Paper I). All of 
them are identified with AGNs. Four of these objects 
constitute two pairs of quasars with very similar red- 
shifts (see Table 4). In a recent paper, Oort, Arp, and de 
Ruiter (1981) have identified 12 such pairs and have 
interpreted their physical separation on the sky (10-60 
Mpc; i70 = 50 km s_1 Mpc-1) and low-velocity dif- 
ferences (Az < 0.003) as evidence that these quasars are 
members of the same supercluster. Margon, Chanan, 
and Downes (1981) have also identified a serendipitous 
X-ray source 8' from 3C 345 as a quasar with redshift 
identical to that of 3C 345 (±0.001) but physically 
distinct from it. The inferred separation for this pair is 
~ 10 Mpc (770 = 50 km s_1 Mpc-1) so these two ob- 
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Fig. 9b 

Fig. 9.—(û) The flux ratio of Hß to [O ni] vs. the X-ray luminosity for both X-ray and optically selected objects. Objects include 
Seyferts and quasars from this paper (M), from Kriss, Cañizares, and Ricker (1980) (K), from Grindlay et al. (1980) (G), and from Yee (1980) 
(Y). The X-ray observation of 3C 232 was provided by E. Feigelson (1982, private communication), (b) The flux ratio of Hß to [O m] versus 
the optical nonthermal luminosity from Yee (1980). The symbols describe the type of object plotted: quasar (Q), Seyfert type 1 (S), Seyfert 
type 2 (II), broad-Hne radio galaxy (R), and narrow-hne galaxy (N). Also plotted are approximate positions for the two most luminous 
narrow-hne objects in the Medium Survey (M) using approximate LNX values assuming negligible contribution from starhght. Note the two 
sequences of objects with approximately equal slopes in this diagram. 

jects are an additional candidate for quasar pairs in a 
supercluster. 

Using the very simplified arguments of Oort, Arp, 
and de Ruiter, the high redshift pair in Table 4 has a 
low probability ( < 6%) to be a chance coincidence. The 
occurrence of this pair seems even more unlikely a 
posteriori, since these two quasars have redshifts so 
much higher than the bulk of the sample that their 
coincidence in redshift is even more unusual. This pair 

has the correct physical separation on the sky to be 
members of the same supercluster. They are certainly 
physically distinct quasars (i.e., not a gravitational split- 
ting of the same image) because one is a strong radio 
source and the other is not (Feigelson, Maccacaro, and 
Zamorani 1982). The Az of the low redshift pair is large 
enough that its chance occurrence is nonnegligible 
( - 30%). Moreover, the velocity difference is much too 
large to be due to the presence of a rich cluster gravita- 
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TABLE 4 
Pairs of Quasars in the 0849+28 IPC Field 

475 

Source 
Projected 

Physical Separation Au 

IE 0849.0+2845 
IE 0850.0+2828 
IE 0849.2+2829 
IE 0849.8+2820 

1.273 + 0.003 
1.273 + 0.003 
0.209 + 0.002 
0.197 + 0.003 

20.5 
20.0 
20.5 
18.5 

336 mJy ) 
<1.9mJy J 
< 1.5 mJy ] 
< 1.4 mJy J 

8 Mpc 

1.6 Mpc 

<800 km s -1 

3000 km s~1 

(35 Mpc) 

tional potential. Thus, given the large physical separa- 
tion of this pair inferred from its velocity difference, we 
conclude that the two low redshift quasars are not 
physically related. 

It is surprising that the Medium Survey has already 
discovered one pair of physically related quasars be- 
cause the number of sources identified per field is small. 
Moreover, at the average redshift of our sample (z - 0.5) 
the dimension of a supercluster is estimated to be ~ 3°, 
based upon a 40 Mpc size typical of local superclusters 
(Oort, Arp, and de Ruiter 1981). With only a 32x32 
arcmin2 field of view to sample the sky (the area inside 
the “ribs” of the IPC), it is indeed surprising that one 
such pair has already been discovered. This leads us to 
suggest that an all-sky X-ray survey as sensitive as the 
Medium Survey will discover large numbers of quasar 
pairs. The positions and redshifts of these quasars will 
allow us to map the distribution of matter out to z ~ 1 in 
the same manner that luminous O and B stars allowed 
us to map the galactic spiral structure. Such an all-sky 
survey is scheduled for the German satellite ROS AT 
(Trumper 1982). 

/) The Clusters of Galaxies 

Eight X-ray sources are identified with groups or 
clusters of galaxies (see Table 5), somewhat less than the 
expected number (12) in the Medium Survey derived 
from the HEAO 1 A-2 cluster luminosity function 
(Piccinotti etal. 1982). The eight in Table 5 include 
Shahbazian 41 (IE 0126.4+0725) despite reservations 
about the nature of this X-ray source as discussed in § 
II. As can be seen from the finding charts, the five 
detections with z < 0.2 are best described as poor clus- 
ters or compact groups of galaxies. The richest nearby 
grouping detected in this survey is Abell 744 (IE 0904.5 
+ 1650), a richness class 0 cluster. The other three 
clusters are too distant to properly evaluate their rich- 
ness using POSS data alone. An attempt to measure the 
central galaxy density of the five nearby groups in the 
manner of Bahcall (1977) yields V0 < 20. Based upon 
the weak but apparently real correlation between V0 and 
the temperature of the X-ray emitting gas found for 
richer clusters by Smith, Mushotzky, and Serlemitsos 

TABLE 5 
Groups and Clusters of Galaxies Detected 

in the Medium Survey 

Source 
Position 

fx (0.3-3.5 keV) 
X 10“13 ergs s”1 cm 

Estimated 
Lx (2-10 keV) 
X 1044 ergs s-1 

IE 0126. 
IE 0439. 
IE 0904. 
IE 1201. 
IE 1208. 
IE 1416. 
IE 1454. 
IE 1910. 

,4+0725 
,3-1102 
,5+1650 
,5+2823 
,7+3928 
,2+2525 
0+2232 
,5+6736 

4.8 
2.3 
8.7 
8.0 
2.6 
6.9 
2.3 
8.7 

0.085 
0.152 
0.074 
0.167 
0.34 
0.29 
0.108 
0.246 

0.8 
3.2 
2.8 

12 
15 
36 

1.3 
27 

(1979), we conservatively estimate Tx<6 keV for all 
objects in Table 5. This is certainly an overestimate of 
the actual temperature for the nearby clusters and may 
also be for the more distant clusters if the decrease in Tx 

with z reported by Perrenod and Henry (1981) for some 
distant clusters is universal. Each of the 2-10 keV 
luminosities in Table 5 is calculated based upon prop- 
erly redshifted Tx values estimated from N0. If Tx were 
as low as 2 keV for these clusters, it would reduce the 
estimates of Lx by only a factor of < 2. Thus the Lx 

values are not significantly affected even given the large 
uncertainty in 7^. 

The X-ray luminosities found in the Medium Survey 
span the range of cluster luminosities detected by HEA O 
1 A-2. In Table 6 we compare the Medium Survey 
detections with the expected detections based upon the 
Piccinotti etal (1982) power-law fit to the X-ray 
luminosity function for HEAO 1 A-2 clusters [N(L) = 
N0L~2A]. See Maccacaro etal (1982) for the details of 
this calculation. The numbers of Medium Survey detec- 
tions are as yet far too few to make detailed compari- 
sons, but we do not yet see a strong deficiency of high 
X-ray luminosity clusters. Such a deficiency is expected 
if dynamical evolution effects are strong (e.g., Perrenod 
1978). On the other hand, there is a marginal deficiency 
of low-luminosity clusters which already suggests a flat- 
tening in the power-law luminosity function below 1044 
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TABLE 6 
X-Ray Clusters: Expected versus Observed 

for the Medium Survey 

Log Lx (2-10 keV) Expectation Observed 

43.5- 44...  5 1 
44- 44.5  3 2 
44.5- 45  2 1 
45- 45.5  1 3 
45.5- 46  0 1 . 

ergs s“1, an effect marginally seen in the HEAO 1 A-2 
data as well (McKee et al 1980). 

Although the current size of the Medium Survey 
prohibits any meaningful comparisons, the enlargement 
of this sample will eventually allow a detailed statistical 
study of the evolution of clusters as X-ray sources. It is 
clear that the X-ray flux levels of this survey detect 
clusters out to z = 0.2-0.3, epochs where the dynamical 
models of Perrenod (1978) already predict significant 
differences in the X-ray properties of clusters. An X-ray 
selected sample also avoids the possible Malmquist bias 
that may be introduced into the study of cluster evolu- 
tion by observing optically selected clusters (see Henry 
et al. 1979; White, Silk, and Henry 1981) since optically 
selected distant clusters are chosen in a subjective way 
and may represent only the richest, most dynamically 
evolved clusters at those epochs. 

The relatively low percentage (15%) of Medium Survey 
sources identified with clusters makes it clear that several 
hundred Einstein Observatory sources will have to 
be identified before a cluster sample large enough for 
statistical studies can be gathered. But the full Einstein 
Observatory data base easily contains this many 
“ serendipitous” sources and, therefore, the selection of a 
large statistical sample of X-ray clusters is a high pri- 
ority for future Medium Survey investigations. 

V. CONCLUSIONS 

The major conclusions of this paper are: 
1. We expect that virtually all X-ray sources in the 

flux range of the Medium Survey can be identified with 
objects visible on the POSS. This expectation is based 
upon the complete identification of all sources north 
of -25° declination where we had at our disposal: {a) 
the POSS two-color plates and {b) VLA radio data 
(Feigelson, Maccacaro, and Zamorani 1982). 

2. The optical identifications have the following per- 
centage breakdown: stars (25%), AGNs (56%), and clus- 
ters of galaxies (15%). BL Lac objects and “normal” 

Vol. 273 

galaxies account for the remaining 4%. These objects 
have fx/fv values at the high end of the ranges previ- 
ously found for pointed X-ray detections in each class, 
as would be expected for an X-ray selected sample. 

3. There is no evidence for a significant population of 
“blank field” X-ray sources at this flux level and thus 
no evidence for any new class of X-ray source with very 
high Lx/Lv. This is, of course, quite different from the 
radio surveys which contain a significant fraction of 
“blank field” sources regardless of radio flux level. 

4. Most of the quasars detected in this survey are 
spectroscopically similar to optical or radio selected 
quasars. However, ~ 25% of the quasar sample have 
reddish colors and permitted lines dominated by a nar- 
row-line component (FWHM <1000 km s_1). These 
objects form a second sequence of AGNs, distinct in 
their optical properties from the broad-line objects. 

5. Due to the large number of sources that will soon 
be available in the flux range of the Medium Survey 
from the Einstein data banks and the 100% identifica- 
tion rate reachable with present-day telescopes, the flux 
range of this survey becomes the most effective range in 
which to investigate the nature of the source counts, as 
well as the cosmic evolution of the classes of objects 
associated with these X-ray sources. 

We are currently involved in expanding the Einstein 
Medium Sensitivity Survey, first doubling it with com- 
plete optical identifications to verify the statistical find- 
ing reported here, and then cataloging a much larger 
number of serendipitous sources primarily to investigate 
the X-ray source counts. 
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Fig. 1.—Finding charts for the Medium Survey sources listed in Table 1. All charts are 7 X reproductions from the Palomar Observatory 
Sky Survey red plates or the Whiteoak extension red prints unless otherwise noted. Each chart is centered on the X-ray source centroid. The 
marked objects were spectroscopically observed and are described in Table 1. The chart for IE 0622.5-5255 has been artificially enhanced to 
clearly show the field (obscured by Canopus). 
Stocke et al. {see page 459) 
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