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ABSTRACT

For the brightest galaxy in each of 48 nearby clusters
and 7 groups of galaxies, photoelectric measurements of V
and V-r magnitudes have been made. Redshifts have been
measured for those 39 clusters and 3 groups which did not
have previously published redshifts. Absolute magnitudes
and colors were calculated for each cluster, and the cscb
dependence of the absolute magnitudes and colors was
attributed to galactic absorption.

After correcting for selection effects, the ratio
of total to selective absorption was found to be AV/Ev_r=3.9
which is consistent with AV/EB_V=3.O. The values found for
the color-excess and absorption at the galactic pole are
E r=0.016 and AV=O.06. This value for the color-excess 1is

V-

in ageement with E V=0.03 found by Sturch for the RR Lyrae

B..
stars.
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1. INTRODUCTION

The most commonly used value for the amount of absorp-
tion suffered by an object at the galactic pole is Apg=0'25
which was determined by Hubble (1934) from galaxy counts.

A study by Holmberg (1958) of the surface brightness of
spiral galaxies also yielded a similar value, Apg=0.26.

However, are-analysis of Hubble's data with a correction
for redshift by Oort (1938) and by Shane and Wirtanen (1967)
lead to values of 0.31 and 0.46, respectively, for the
photographic absorption at the pole. Shane and Wirtanen
(1967) have also used their recently completed galaxy counts
to determine the absorption. They found Apg=0.51.

Neckel (1965) pointed out that Holmberg's determination
was subject to a systematic error in that the isophote to
which the surface brightness had been measured depended
upon the amount of absorption present. After correcting for
this effect, Neckel found that Holmberg's data gave Apg=0.46.

Using Whitford's (1958) determination of absorption as
a function of wavelength and Apg=0.5, the expected color-
excess at the galacﬁic pole is EB_V=O.12. However, this
value for Egp_v is too large. Arp (1962) has pointed out
that Holmberg's galaxy colors, and the integrated colors of
.globular clusters (Stebbins, 1933, and Kron and Mayall, 1960),
yield E, ,=0.06. Sandage (1964a, 1964b) has shown that the
high latitude globular clusters have the same reddening as

the field RR Lyrae stars, which are assumed to have zero
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reddening. More recently, Sturch (1966) has used field
RR Lyrae stars at high galactic latitudes to obtain EB_V=0.03
with the assumption that they lie, for the most part, above
the material producing the reddening. Taken together, the

worksof Sandage and Sturch indicate E =0,03 (Sturch, 1967).

B-V

The ratio of total to selective absorption would have
to be greater than 6 to reconcile the high values for the
absorption with these low values for the reddening.

In order to provide an independent determination of
the amount of absorption produced by the material in the
galactic plane, as well és an independent determination of
the ratio of total to selective absorption, I have examined
the galactic latitude dependence of the coloré and
luminosities of the brightest galaxies in nearby clusters
of galaxies.

The clusters were selected from Abell's (1958)
catalogue on the basis of the photo-red magnitude which
was given for the 10th brightest cluster galaxy. Aall
clusters as bright as 15.0 were used, and for those below
a galactic latitude of 300, all clusters as bright as 15.6
were used. In addition to the clusters, four groups of
galaxies investigated by Humason, Mayall and Sandage (1956)
and three groups of galaxies found from inspection of thé
National Geographic Society - Palomar Observatory Sky
Survey prints were included in the study.

An area of approximately one square degree, centered
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on the position of each cluster, was examined for the
brightest galaxx using the Sky Survey prints. Table 1
gives the Abell cluster number, 1950 equatorial coordinates,
new galactic coordinates and NGC or IC number for the
galaxy judged to be the brightest in each cluster. The
seven groups of galaxies are included at the end of the
table.

Photometric measurements of each galaxy were made in
the V and r pass bands at effective wavelengths of 25400
and A6750, respectively. Redshifts were measured for all
galaxies which did not have previously published redshifts.
Absolute magnitudes and colors were then calculated for
all of the program galaxies with the assumptibn that the
redshifts are cosmological,and thus indicate the distance
of the galaxies.

The systematic variation of the absolute magnitudes
and colors with galactic latitude is attributed to galactic

absorption.
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Table 1

Equatorial and Galactic Coordinates of Brightest Galaxy

Cluster

76
119
147
151
194

262
278
347
376
400

407
426
505
539
548

553
568
569
576
592

634
671
754
779
993

1060
1139
1185
1213
1228

RA 1950

36
53
05
06
23

49
54
22
42
55

58
16
51
13
46

08
04
05
17
39

11
25
06
16
19

34
55
07

18

50
41
34
22
24

47
19
16
53
01

44
28
12
56
37

50
20
19
23
54

38
24
04
44
22

12
33
55
29
38

in Cluster or Group

DEC 1950

06
-01
0ol
~15
-01

35
32
41
36
05

35
41
80
06
=25

48
35
48
55
09

58
30
-09
33
-04

-27
0l
29
29
34

27
32
54
40
36

54
01
36
41
49

38
20
06
23
29

36
08
41
51
29

28
36
25
57
37

14
52
02
39
37

45
10

59 .

13
09

34
06
18
35
11

23
12
09
05
38

45
39
54
30
53

18
13
11
29
30

36
52
20
50
56

LONG

117
125
131
142
142

136
138
141
147
170

150
150
132
195
230

165
182
168
16l
210

159
192
239
191
248

269
251
202
201
186

35
41
25
50
10

33
45
06
05
16

37
34
18
43
17

09
13
34
23
14

04
44
11
06
45

33
21
48
10
53

LAT

-56
-64
-60
-77
-62

=25
-28
-17
-20
-44

-19
-13

22
-17
-24

14
18
22
26
15

33
33
24
44
41

26
52
67
68
69

0l
07
25
36
55

05
35
42
32
56

56
16
14
43
26

03
16
48
16
36

47
07
42
23
45

29
45
43
56
23

NGC or IC

IC 1565

IC 80
NGC 545

NGC 708

NGC 910

NGC 1275

NGC 2329

IC 2378

NGC 2832

NGC 3309
NGC 3550

IC 2738
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Table 1 (contd.)
Cluster RA 1950 DEC 1950 LONG LAT NGC or IC

1257 11 23 34 35 36 40 183 21 70 05

1314 11 32 07 49 20 44 151 46 63 33 IC 712
1318 11 32 56 55 13 23 144 07 58 57 NGC 3737
1367 11 41 23 20 13 43 234 16 72 59 NGC 3842
1377 11 44 40 56 01 04 140 24 59 10

1656 12 57 07 28 13 28~ 58 08 88 01 NGC 4874
1736 13 23 58 =26 52 33 312 32 35 05
2052 15 14 12 07 11 54 9 24 50 08
2147 15 59 56 16 06 32 28 54 44 32
2151 16 02 51 17 51 11 31 32 44 33 NGC 6045

2152 16 03 08 16 33 45 29 53 44 00
2162 16 10 31 29 36 11 49 19 46 01 NGC 6086
2197 16 28 01 40 54 47 64 40 43 31 NGC 6173
2199 16 26 49 39 39 03 62 55 43 43 NGC 6166
2319 19 19 33 43 50 51 75 41 13 31

2634 23 35 55 26 45 21 103 29 -33 04 NGC 7720
2657 23 41 56 08 59 35 96 36 -50 09
2666 23 48 21 26 52 15 106 42 -33 48 NGC 7768

03+3909 03 40 34 39 08 56 155 42 -12 21

22+3552 22 21 52 35 52 08 92 21 -17 51 NCG 6049
01+3300 Ol 20 46 32 59 51 130 37 -29 08 NGC 507
01+3209 01 04 35 32 09 05 126 49 -30 20 NGC 383
01+0523 01 53 42 05 23 23 150 55 -53 41 NGC 741

04-0511 04 29 11 =05 11 20 200 25 -33 15 NGC 1600
22+3505 22 36 05 35 05 01 94 29 -20 04



II. OBSERVATIONS
Photometric Measurements

The UBVr photometric system used for the obserwva-
tions is that of Sandage and Smith (1963). The U,B, and V
filters have been chosen to reproduce the U,B, and V Band
passes of the UBV system of Johnson and Morgan (1953). The
components of my filters, which differ slightly from those

of Sandage and Smith, are given in Table 2,

TABLE 2
UBVr FILTER COMPONENTS
U 2.8mm Corning 9863 + 5mm of 40% saturated sol.
at 09C of Cu S04 * 5 H,0 in a liquid cell*. with
two quartz windows.
B 2,.0mm Schott GG 13 + 0.7mm Schott BG 12 + 5mm
of 40% saturated sol. at 00C of Cu SO4 *+ 5 H20 in
a liquid cell® with two quartz windows.

v 2.2mm Schott GG 11 + 1l.6mm Schott BG 18.

r 2.0mm Schott RG 1.

*For details of cell construction see Lasker (1966).

The effective wavelengths and relative responses of
the V and r filters, which were used for the galaxy observa-
tions, have been calculated for two cases. In the first case,

a flat spectrum (constant flux per unit wavelength interval)
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was assumed, and in the second case, the spectrum of an
elliptical galaxy (Oke and Sandage, 1968) was used. For both
cases, and for each filter, the transmission of the atmos-
phere (Allen, 1963a) and two aluminum reflections (Allen,
1963b) were included along with the manufacturer's spectral
response function of a typical ITT fw-130 photomultiplier and
the filter transmissions which were measured in the Mt. Wilson
laboratory. The relative response as a function of wavelength
is shown in Figures 1 and 2 for both the V and r filters. 1In
the figures, the integrated responses of the V filters have
been normalized so that they are equal. The r filters are on
the same relative response scale as their corresponding V fil-
ters. The effective wave lengths of the V and r filters are

given in Table 3.

TABLE 3

Vr EFFECTIVE WAVELENGTHS

Filter Galaxy Flat Spectrum
A (1/x) "1 A (1/n) "1

v 5407 5425 - 5383 5400
r 6728 6760 6730 6762

The photoelectric observations were made at the New-
tonian foci of the 60" and 100" Mt. Wilson reflectors with a
magnetically shielded ITT fw-130 photomultiplier (S-20 surface)

which was enclosed in a vacuum insulated "cold-box" and
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cooled with dry ice. The pulses from the tube were amplified
by a pre-amplifier attached to the cold-box, and then sent to
an amplifier and discriminator mounted on the telescopes or
on the Newtonian platform. Four different types of readouts
were used to monitor and record the observations. First, a
frequency meter displayed the instantaneous counting rate and
also generated an audio signal of a pitch proportional to the
instantaneous counting rate. This allowed the immediate de-
tection of irregularities. Second, a pulse counter was used
which displayed the total accumulated counts as the counting
proceeded. Third, the total counts for each measurement were
printed on a paper tape, and at the 100" they_were also re-
corded on punched cards. Fourth, the total counts of the
previously completed measurement were converted to an analogue
signal which was used to drive the pen of a strip chart re-
corder. Thus, the recorder displayed a series of object and
sky measurements which could be compared at a glance while the
observations were in progress, and it provided an accurate
means of determining the sidereal time of each observation, as
well as a handy place for writing notations. This data sys-
tem was designed and built by Dr. E. Dennison and his staff,
in the Mt. Wilson and Palomar Observatory's Astro Electronics
Laboratory.

The observations of the galaxies were made with the V

and r filters. In these pass bands, the flux emitted by a
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galaxy is a slowly varying function of wavelength, while in
the U and B pass bands, the emitted flux is rapidly declining
at shorter wavelengths, and the large H and K absorption lines
of Ca II affect the flux in both the U and B bands. For gal-
axies with increasing redshifts, the H and K lines are

shifted further into the B pass band. This causes the total
flux received in the B pass band to drop rapidly and makes the
B-V and U-B colors a strong function of the redshift.

To minimize the uncertainties involved in correcting
for the effects of different redshifts, the V-r colors were
used, since the necessary corrections are much smaller than
those which would have been required if B-V or U-B colors had
been used. The V and r band passes have the additional advan-
tage that the emitted fluxes are higher and the sky back-
grounds are lower than in the U and B bands.

In order to determine the atmospheric extinction, four-
color observations, UBV and r, were made on a set of standard
stars throughout the night. All the objects were visually
centered in a diaphragm at the focus of the telescope, and a
series of measurements were made, first on the object, and
then on an adjacent region of sky. 1In most cases the time
elapsed between the object and the sky measurements was less
than 60 seconds. This procedure was repeated until enough
counté had been obtained to reduce the statistical error in
the observation to less than two per cent. Because long

integration times were required for the observations made
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with the large diaphragms, only the V filter was used for
these in an effort to minimize the telescope time required.
Thus, the V-r colors are not available as far from the cen-
ter of the galaxies as are the V magnitudes.

In order to relate the photometric observations of
the brightest galaxy in each cluster to intrinsic properties
of the galaxies, magnitudes in Table 4 are the integrated
magnitudes of an area of angular diameter 6, which is the
angular diameter of an object with a linear diameter of
twenty kiloparsecs at the distance where the cosmological
redshift is equal to the redshift observed for the galaxy in
question. (See Appendix 2 for the formulae used to compute
). Thus, with the assumption that the distance of the
observed galaxy is indicated by its redshift, z, we may in-
terpret the magnitudes in Table 4 as the apparent magnitude
of the central 10 kiloparsecs of the galaxy. No attempt has
been made to correct for the effects of different elliptici-
ties. The colors in Table 4 are those at 1/260 since the
colors were not measured for all the galaxies out to an
angular diameter of 8. The observations for NGC 383 are
plotted in Figure 3 as a function of diaphragm diameter in
seconds of arc. The angular diameters 6 and 1/2 6 are indi-

cated for the V magnitudeand the V-r color, respectively.



Cluster
76
119
147
151
194

262
278
347
376
400

407
426
505
539
548

553
568
569
576
592

634
671
754
779
993

1060
1139
1185
1213
1228

1257
1314
1318
1367
1377

1656
1736
2052
2147
2151

2152
2162
2197
2199
2319

2634
2657
2666

03+3909
2243552
01+3300
01+3209
0140523

04-0511
22+3505

v
13.83
14.28
14.74
14.29
12.34

12.54
15.95
12.61
14,72
13.21

14.70
12.13
14,43
13.74
14.13

15.44
15.50
12.71
14.37
15.20

13.61
14.23
14.34
13.22
14.48

11.60
14.20
13,58
14.24
14.10

14,52
13.65
12.75
12.56
14.73

12.69
14,33
13.83
13.86
14.04

14.40
13.48
13,20
13.02
14.78

13.22
14,77
12,95

13,16
13.05
11.96
12.17
12.14

11.64
13.28

V-r

0.86
0.84
0.85
0.84
0.79

0.82
0.91
0.83
0.88
0.94

0.91
0.81
0.90
0.87
0.86

0.93
0.87
0.85
0.86
0.80

0.85
0.86
0.86
0.78
0.85

0.82
0.81
0.81
0.79
0.78

0.83
0.81
0.74
0.76
0.80

0.77
0.89
0.86
0.81
0.77

0.81
0.80
0.82
0.77
0.89

0.85
0.88
0.78

0.89
0.82
0.81
0.86
0.82

0.80
0.81

13

Table 4

Integrated Colors and Magnitudes

6

38.9
33.4
33.6
28.6
79.7

84.3
17.7
80.1
30.7
64.6

31.5
78.0
27.8
53.9
37.6

23.0
20.1
73.7
36.5
24.6

54.1
30.1
28.1
70.8
28.4

122.0
39.0
41.8
50.3
42.4

43.0
43.5
75.2
69.8
29.3

63.0
34.4
41.6
41.6
42.1

33.7
45.7
45.1
45.0
27.5

46.4
35.3
52.8

83.8
69.8
90.6
80.6
75.6

87.8
50.9

Description
prominent elliptical
prominent elliptical with satellites
elliptical with close companion
double galaxy
double galaxy

spiral? (corrected for superimposed star)

elliptical with close satellites

prominent elliptical (corrected for superimposed star)
prominent elliptical

double galaxy

composite galaxy

Seyfert galaxy, superimposed star
prominent elliptical

S most in chain of three ellipticals
W most elliptical in central pair

prominent elliptical

elliptical with close companions
prominent elliptical

SE most elliptical in central pair
SE most elliptical in central pair

prominent elliptical (non central)
prominent elliptical with satelites
elliptical with close companion
double galaxy

prominent elliptical

NW most elliptical in central pair
elliptical with close companion
double galaxy

elliptical (non central)

E most elliptical in central pair

elliptical with close companion
spiral?

SO0 or spiral edge on

prominent elliptical with satelites
elliptical with close companion

E most elliptical in central pair, with satellites
prominent elliptical

elliptical with close companion

prominent elliptical

prominent elliptical

elliptical with close companion
prominent elliptical

prominent elliptical

composite galaxy

prominent elliptical

double galaxy
elliptical
prominent elliptical

prominent elliptical
prominent elliptical
elliptical with close companion
elliptical with close companion
elliptical with close companion

elliptical with satellites
prominent elliptical
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Redshift Measurements

The redshifts for the majority of the program clus-
ters were measured from 190A/mm plates that were taken by
Professor M. Schmidt with the Cassegrain image-~-tube spectro-
graph on the 200" Hale telescope. Although the dispersion
of the image-tube plates is non-linear, it is a smoothly
varying function of wavelength, and can be accurately deter-
mined from the measurements of the comparison lines on the
plate. Figure 4 illustrates the cubic term in the variation
of the dispersion with wavelength.

The measurements of all of the plates were made with
the Grant photoelectric spectrum comparator aﬁ the Califor-
nia Institute of Technology, which records each measurement,
along with an estimate of the type and strength of the line
measured, on punched cards. These cards were used by an IBM
7090/94 as input data for computing the wavelength calibra-
tion curve, and for converting the measurements of the screw
positions to wavelengths. The calibration curve was ob-
tained from a least-square fit of a third order polynomial
to the measurements of the comparison lines. For a typical
plate the standard deviation of the wavelength of a line
is 0.5A.

The systematic velocity error introduced by the
curvature of the spectral lines was determined from measure-

ments of a specially prepared plate which had the Helium
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and Argon comparison spectra in the area where the galaxy
spectrum normally was, a® well as n the area normally used
for the comparison spectra. An average systematic correc-
tion of =25 km/sec was adopted.

The measured redshift, z, of the brightest galaxy in
each cluster is given in Table 5 unless noted otherwise.
Here, 1 + z is defined as the ratio of the observed to the
emitted wavelength. All the redshifts in the first column
have been reduced to the sun. In the second column the
redshifts have been reduced to the local group using a solar
motion of 300 km/sec in the direction of the point at new
galactic coordinates b = 0°, 1 = 90°,

As can be seen from the list of identified features
in column 4 of Table 5, 9 out of 55, or 16% of the objects

have emission lines in their spectra.
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Cluster

76
119
147
151
194

262
278
347
376
400

407
426
505
539
548

553
568
569
576
592

634
671
754
779
993

1060
1139
1185
1213
1228

sun

.0372
. 0440
.0437
.0525
.0175

.0l6l
. 0897
.0171
.0482
.0230

.0469
.0177
.0535
.0270
.0399

.0667
.0780
.0192
.0401
.0626

.0263
.0499
.0545
.0202
.0538

.0124
.0382
.0351
.0289
.0345

Z

.0377
. 0444
.0441
.0526
.0178

.0168
.0904
.0177
. 0487
.0231

.0473
.0182
.0543
.0267
.0391

.0670

.0780
.0193
. 0404
.0621

.0266
. 0497
.0537
.0201
.0530

.0115
.0376
.0349
. 0287
.0344

18

Table 5
Redshifts
Identified Lines

abs.H,K, G, MgH
abs.H,K, G, MgH, Fel
abs.H,K,G,MgH
abs.

abs.

em, 3727 abs,H,K,G,FeI,MgI, MgH NaI
abs.H,K,G

abs.H,K, G, FeIl,MgI, NaIl
abs.H,K,G,MgH

abs.H,K, G, MgI, Fel

abs.H,K, G,MgI

em.

abs.H,K,G
abs.H,K, G, Fel
abs.H,K, G, FeIl,MgH

abs.H,K, G, MgI

abs,
abs.H,K,G,FeI,MgTI,NaTl
abs.H,K,G,MgI,MgH

abs .H,K,G,Fel,H

abs.H,K,G
abs.H,K, G,MgI
abs.H,K,H
abs,
abs . H,K,G

abs.H,K, G, Mgl

abs.H,K, G, Mgl

abs.H,K,G,Mgl,Fel

em. 3727, [0III] abs.H,K,G,MgI,Fel
abs.H,K,G,MgH,NaI,H},H{

* gee notes to table
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Table 5 (contd.)

Cluster 2 Z Identified Lines
sun
1257 .0340 .0339 em.3727 abs.H,K,G,MgI,MgH,Nal
1314 .0333 .0335 abs.H,K,G,MgI,Nal
1318 .0186 .0189 abs.H,K,G,MgI,MgH,Nal
1367 .0206 .0204 abs.K
1377 .0509 .0512 abs.H,K,G,MgI

1656 ,0227 .0227 abs.

1736 .0438 ,0431 abs.H,K,MgH,Fel
2052 .0350 .0351 em.

2147 .0348 .0351 abs.G,MgI

2151 .0343 .0347 abs.

2152 ,0436 .0440 abs.H,K,G

2162 ,0313 ,0318 abs.H,K,G,FeI,MgH

2197 .0315 .0322 abs.H,K,G,FeIlI,MgI,MgH

2199 - .0316 em.

2319 .0539 .0549 em.3727, [0I1I] abs.H,K,G,FeI,H§,HY

2634 .0305 .0313 em.3727 abs.H,K,G,MgI,MgH
2657 .0408 .0414 abs.H,K,G,FeI,MgH,MgI
2666 .0265 .0273 - abs.H,K,G,MgI,MgH, Fel

03+3909 .0165 .0169 em.3727,HB abs.H,K,G,MgI,NaI,MgH
2243552 .0194 ,0204 abs.H,K,G,MgI,MgH

01+3300 .0149 .0156 abs.

01+3209 .0169 .0176 abs.

01+0523 .0185 .0188 abs.

04-0511 .0164 .0l161l abs.
22+3505 ,0275 .0284 abs.H,K,G,MgI,FeI,MgH

* gee notes to table



119
151
194

347

400

407

426

505
568
576
592
754
779

1060

1185
1367

1377

1656
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Notes to Table 5
3C29 Zsun=.0447 Sandage, A.R. Ap.g”15g,Ll45
HMS cluster 0106+15363 average of 2 brightest

3C40 zZwicky et. al., Catalogue of Clusters of
Galaxies, Vol.5, cluster 0123-0138, average of 4

3C66 may be outlying member: Z=.0215 Mathews,
Morgan, and Schmidt AE-§7137:153

3C75; double galaxy, redshift is average of two
measured on the same plate.

4C35.6;multiple nuclei in one halo, or compact
cloud of galaxies. Redshift is average of two NW
most condensations measured on the same plate.
Perseus Clustery 3C84=NCG 1275 is brightest member
and shows emission. Redshift is average of

5 from HMS

90 A/mm plate

HMS cluster 0705+3506;, average of 2 brightest
redshift for 2nd brightestat 7 18 01 +55 58,2 1950
90 A/mm plate

90 A/mm plate

HMS group 2832; average of 2

redshift for 2nd brightest at 10 34 19 -27 15.1
1950 coordinates

redshift is that of strong NE stellar component

400 A/mm 100" plate, average of brightest galaxy
and near companion on same plate. 3C264=NGC 3862
may be an outlying member: Z=,0206 Schmidt,M., Ap.
Q-,%L’ 1

redshift for 2nd brightest at 11 45 18 456 02.0
1950 coordinates

Coma Cluster;average of NGC 4889 and NGC 4874
from HMS
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Notes to Table 5 (contd.)

2052 3C317; 2z=.0350 Schmidt,M., Ap.J.141,1 three
condensations in single envelope

2147 redshift is average of two plates. The galaxy is
underexposed and the night sky is strong on both
plates.

2151 Hercules Cluster; redshift is average of 3 brightest
from HMS :

2152 no comparison lines on plate. wavelength scale
of previous plate used with night sky emission
lines as a check

2197 redshift of 2nd brightest at 16 25 55 +41 01.7
1950 coordinates

2199 3c3383 2=.0316 Minkowski,R., A.J.66,558
2634 3C465; Z=.0293 schmidt,M., Ap.J.141,1
2657 average of 2 brightest:1lst Z=,0413 abs. K,G,MgI
2nd Z=.0405 abs.H,K,G,FeI,MgH 23 42 21 +08 54.7
1950 coordinates
01+3300 HMS group 507; average of 3
01+3209 HMS group 383; average of 3
0140523 HMS group 741; redshift of NGC 741

04-0511 HMS group 1600; average of 2

HMS - Humason,M.L.,Mayall,N.U.,and Sandage,A.R.,A.J.61,97

Eepen?
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ITII. DISCUSSION

Introduction

The absolute magnitudes and colors, which were com-
puted from the redshift and the apparent magnitudes and
colors, have been used to derive the absorption and color-
excess produced by the material in the galactic plane. It
was assumed that, on the large, the absorbing material is
distributed in plane parallel layers. The absorption in
magnitudes is then a linear function of cscb.

However, the values found for the absorption and color-
excess are lower limits because only the brightest clusters
have been selected fof study. Consider, for example, two
equal areas of sky, the first being unobscured, and the sec-
ond being obscured by one magnitude. The average obscuration
of the two areas together is 0.5 magnitude, However, since
the number of visible objects down to some limiting magnitude

0.6m (if the objects are uniformly dis-

0.6m/100.6(m—a) 0.6a

is proportional to 10
tributed in space) there will be 10 = 10
or approximately four times as many objects visible in the
unobscured area as in the obscured area. As a result, the
absorption calculated by giving equal weights to each object
would be 0.2 instead of 0.5. The correct result obtains when
each object is given a weight which is proportional to the
reduction in number caused by the presence‘of the absorbing

0.6a

material, namely 10 , where a is the amount of absorption,
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in magnitudes, which occurs.

It is interesting to note that if the sample is incom-
plete, the result will not be affected as long as the incom-
pleteness occurs because some of the objects were missed at’
random. This is because the ratio of the number of objects
in the absorbed area to the number of those in the unabsorbed
area is maintained.

Two cases for the distribution of the absorbing mate-
rial have been considered. For Case I, the absorbing material
was taken to be distributed smoothly in plane parallel layers.
For Case II, the absorbing material was taken to be distrib-
uted in patches which, on the large, had a plane parallel
distribution. 1In each case the objects were given a weight

equal to 100'6a

, where a was the absorption appropriate to
the object, and a solution was made for the linear regression
curve by the method of least squares. The ratio of the
absorption found using equal weights to the absorption found

0.6a may be considered as the fraction of

using a weight of 10
the true absorption which is found by simply taking equal
weights. The two cases considered give two estimates of this
fraction.

The galaxy counts of Shane and Wirtanen (1967) have
been used to determine how representative the areas around
the clusters are of the entire sky. As expected from the

sample above, the areas around each cluster show less absorp- -

tion than the sky as a whole.
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A cloud model for the absorbing material (see Appendix
3) has also been used to calculate the amount by which the

absorption is underestimated.

Absolute Magnitudes and Colors

The apparent magnitudes and colors in Table 4 have
been transformed into absolute magnitudes and colors with the

following equations:

M, = m, - 5 logp + 5 - Ky (1)

Cv-r = Sv-r ~ Ky-r (2)

M and C are the absolute magnitude and color. m and c¢ are
the apparent magnitude and color. K is the "K-correction"
which corrects for the effects of the relative velocities of
the observer and the source. p is the "distance" in parsecs
between the observer and the source and depends upon the
cosmological model as well as upon the redshift. The equa-
tions used for computing K (z) and p (z) are discussed in
Appendix 2.

In Table 6, the values of p, K, and & are given for
various values of z. These are based upon the K- corrections
of Oke and Sandage (1968) and upon the zero pressure, zero
cosmological constant solution of the Einstein equations

(assuming spacial isotropy) with tVHO = 3 x 109 parsecs and

do = 1/2.



z P
.01 30
.02 59
.03 88
.04 117
.05 145
.06 172
.07 200
.08 226
.09 253
.10 279

25

TABLE 6

Ky Ky-r
0.040  0.009
0.083  0.020
0.129  0.034
0.175  0.050
0.222  0.066
0.267  0.080
0.308  0.091
0.347  0.100
0.387  0.110
0.427  0.120

p is in megaparsecs

6 is in seconds of arc

139.9
71.2
48.3
36.8
30.0
25.4
22.1
19.7
17.8
16.3
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The Cscb Dependence of the Absolute

Magnitudes and Colors

The absolute magnitudes and colors are given in Table
7 along with the value of cscb for each galaxy. In Figure 5
and Figure 6, the absolute magnitudes and colors have been
plotted vs. cscb. Also shown in the figures are the linear
regression curves estimated by the method of least squares
with each point having equal weight. The equations for the

regression lines are:

N, = Mg + Acscb (3)

Cy-r = Cy.p t Ecscb . (4)

Here, A is the absorption suffered by an object at the galac-
tic pole and Mg is the average absolute magnitude of the
brightest cluster galaxy. Similarly, E is the color-excess

of an object at the galactic pole and c? is the average

V-r
color of the brightest cluster galaxy. The values of the
coefficients and their errors are given in the first line in
Table 8.

The ratio of total to selective absorption, R, is
~given by:
R = A/E ' (5)

Combining equations (3) and (4) we obtain:

My = My - R Cy . +RCy, (6)
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Table 7

Absclute Magnitudes and Colors

Cluster

76
119
147
151
194

262
278
347
376
400

407
426
505
539
548

553
568
569
576
592

634
671
754
779
993

1060
1139
1185
1213
1228

csch

1.206
1.112
1.150
1.024
1.123

2,358
2.090
3.289
2,850
1.416

2.934
4.360
2,643
3.285
2.418

4.117
3.190
2,581
2.260
3.720

1,798
1.830
2.393
1.429
1.052

2,242
1.256
1.081
1.072
1,068

\'4

~21.
-21,
-20,
-21.
-21,

-21.
-21,
=21,
-21.
~20.,

-21

-20

-21.

-21.
-21.
-21.
-21.
-21.

-20.
-21.
-21.
.73

-20

-21.

-21.
.16

-21

—21 .
-20.
-21.

54
47
99
85
34

01
46
06
24
95

.19
-21.
-21.
.85

60
78

33

27
56
15
16
33

97
78
85
68
12
62

51
06

V-r

0.81
0.78
0.79
0.77
0.77

0.81
0.80
0.81
0.82
0.92

0.85
0.79
0.83
0.84
0.81

0.84
0.77
0.83
0.81
0.72

0.82
0.80
0.79
0.76
0.78

0.81
0.76
0.77
0.76
0.74



Cluster

1257
1314
1318
1367
1377

1656
1736
2052
2147
2151

2152
2162
2197
2199
2319

2634
2657
2666

03+3909
22+3552
01+3300
01+3209
01+0523

04-0511
22+3505

Table 7 (contd.)

cscbh

1.064
1.117
1.167
1.046
1.165

1.001
1.740
1.303
l.426
1.426

1.439
1.390
1.452
1.447
4,279

1.833
1.303
1.797

4,675
3.262
2.054
1.980
1.241

1.824
2.914
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\Y

~-20.61
-21.45
-21.07
~21.43
-21.35

=-21.53

-21.35
~21,38
-21.35
-21.14

-21.33
-21.50
-21.81
-22,00
-21.46

-21.73
-20.84
-21.69

~20.41
-20.94
-21.43
-21.49
-21.66

-21.82
~-21.45

<
!
H

[eoNeNe) [eNoNoNoNe e NeoNoNo N leJoRoNeNe)

o0 eNeoNoNoNe)

73

.79
.77
.72

.75
.84
.82
.77
.73

.75
.76
.78
.73
.82

.81
.83
.75

.87
.80
.80
.84
.80

.77
.78
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Equation (6) shows that R could be obtained directly from

the regression of M; on Cy . if Cy-p Were error-free. Since

neither M, nor C may be considered error-free, the true

V-r
value of R will be bounded by the values determined from the

regression of on C and from the regression of C on
V-r ,

V-r
My, (which yields a value for 1/R), We see from Table 8 that
V-r’
true value of R will most likely be closest to that obtained

the errors in MV are ten times those in C Thus, the
from the regression of M, on Cy_... The results are shown in

the first line of Table 9.
Case I - Smooth Layers

Let us assume ﬁhat the absorbing material is smoothly
distributed in plane parallel layers. The absorption, a, at
each point would then be a=Acscb where A is the amount of
absorption at the galactic pole. The value of A was found
by choosing a trial value, computing the weights, IOO'GACSCb,
and then comparing the trial value with the coefficient of
the regression curve of MV on cscb. The same weights were
used in estimating the regression curve of CV_r on cscb in
order to determine the color-excess, and in estimating the
regression curves of M, on G, . and S -y on M, in order to
determine bounds on the ratio of total to selective absorp-

tion. Results are given on the second line in Tables 8 and 9.

Taking the absorption found by using the weights
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lo0.6 Acschb

, as the best estimate of the true absorption, we
find that the solution simply using equal weights gives only

0.66 of the true absorption.

Case II - Patchy Distribution

Let us assume that the absorbing material is distrib-
uted in patches which have, in the large, a plane parallel
distribution. Thus, the average absorption is given by
a = Acscb, but at any point the absorption may have any value

greater than or equal to zero.

Now, if the brightest cluster galaxy has a unique color
or absolute magnitude, and if there were no errors in the
colors or absolute magnitudes, then the absorption could be
obtained for each point from R times the difference of the
"observed" color and the intrinsic color,and from the differ-
ence of the "observed" absolute magnitude and the intrinsic
absolute magnitude. Using the results obtained with equal
weights, we see that the absorption indicated by the disper-
sion in absolute magnitude is greater by a factor of 2.5 than
the absorption indicated by R times the dispersion in color.
Since the measuring errors are about the same for the colors
and magnitudes, this indicates that the intrinsic dispersion
in absolute magnitude is greater than the intrinsic disper-
sion in color. Therefore, it has been assumed that the

brightest cluster galaxy has a unique color, Cg_r, and the
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colors, Cy_,, have been used to compute the weights,
100.6R[C-C°].

The value of R was found by choosing a trial value,
computing the weights, and then comparing the trial value
with the ratio A/E. The same weights were used in estimat-
ing the regression curve of cV—r on cscb to determine E, and
in estimating the regression curve of M, on cscb to obtain A.
The same weights were also used in estimating the regression
curves of M, on C,_.. and Cy-r On M, in order to determine
bounds on the ratio of total to selective absorption. The'
results are given on the third line in Tables 8 and 9.

Taking the absorption found by using the weights

100-6R [c-cC1

as the best estimate of the true absorption, we
find that the solution simply using equal weights gives only
0.83 of the true absorption.

Let us examine in more detail the distribution of
colors and, thus, the distribution of absorption. In Figure
7 is plotted the weighted number of objects in each interval
of color. Here R = 4.0, and only objects with 1.0<cscb< 1.6
have been used. The curve in the figure represents the con-
tinuous distribution defined by the points.

It is an unfortunate consequence of the method used
here that,even when weights are used to correct for the se-
lection effects, the absorption can still be badly underesti-

mated. This can occur because the sample used is finite,

and it is the large absorptions with large weights which have
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lowest probability of being observed. For example, for most
samples of 55 objects, the absorption will be underestimated
because a heavilyiabsorbed object is not observed. However,
a very few samples of 55 objects will overestimate the ab-
sorption by enough to make the average correct (Providing,
of course, that the heavily absorbed point is not thrown out
by the investigator).

This can also be seen from the curve in Figure 7. As
drawn in the figure, the color-excess computed from the curve
is 0.016 which, as expected for these high latitude objects,
is equal to E, the color excess at the galactic pole found
from the regression curve. However, if the curve in the figure
is extended from its value at a V-r of 0.90 to the abscissa at
V-r of 1.10, the color-excess computed from the curve becomes
0.028. In extending the curve, large absorptions having low
probability of being observed, have been included. As can be
seen from the figure, extending the curve in this manner is
quite compatible with the data points. Thus, the finite sam-
ple investigated here could underestimate the absorption and

color-excess by a factor of two!

Galaxy Counts

The cscb dependence of the galaxy counts of Shane and
Wirtanen (1967) in the areas around the clusters has been com-

pared with that for the entire area of sky investigated by
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Shane and Wirtanen. They have found that the relation:
log N = B - acscb (7)

is a good representation of the cscb dependence of the aver-
age number of galaxies per square degree, N.

Using their counts in one-degree squares, and their
correction procedures, the average number of counts per
square degree for the area of sky in an annulus around each
cluster was computed. The angular diameter of the annulus
was chosen for each cluster to be the same as the angle sub-
tended by a sphere 8 megaparsecs in diameter at the distance
of the cluster. The width of the annulus was one degree.
This was done to exclude, as much as possible, the effects of
the cluster itself upon the galaxy counts. The results are
shown in Figure g. The line in the figure is the linear re-
~gression curve of log N on cscb estimated by the method of
least squares.

Figure 8 of Shane and Wirtanen (1967) was also used to
estimate the average counts per square degree in the region of
each cluster. 1In this case, the average counts per square
degree have been smoothed over a much larger area than that
enclosed by the annulus in the treatment above. These results
are shown in Figure 9. As before, the line in the figure is
the regression curve.

Table 10 gives the coefficients, B and o, for the two

cases described above, as well as the values found by Shane
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and Wirtanen for the entire sky. The values of o for the
smoothed counts and for the entire sky are in good agreement,
while the value of a for the counts in the annuluses is less
by a factor of 0.75. This indicates that the absorption of a
cluster is, on the average, 75% of the average absorption
expected at the latitude of the cluster. Taking an average
of the fraction of ﬁhe best estimate of the absorption com-
puted for Case I and Case II we have 0.75, in remarkable
agreement with the amount of the underestimate obtained from

the galaxy counts.

TABLE 10
GALAXY COUNTS VS. cscb

B o Case

1.93 0.178 annulus
1.98 0.237 smoothed
1.95 0.240 entire sky

Cloud Model

The ratio of the absorption found by selecting the
brightest objects to the true average absorption has been
calculated on the basis of the cloud model for the absorbing
material which is described in Appendix 3. The model is
based upon the hypothesis that all of the absorbing material
is in the form of interstellar clouds which are P oisson-dis-

tributed along the line of sight. The ratio of the "observed"
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to true absorption is then independent of c¢scb, and depends
only upon one parameter, the optical depth of the typical
cloud.

With the parameters of a "standard cloud" given by
Spitzer (1968), we find 0.2 magnitude for the absorption
produced by one cloud, and 0.76 for the ratio of "observed"
to true absorption.

Thus, the galaxy counts in the annulus around each
cluster and the cloud model for the absorbing material con-
firm the estimate of 0.75 as the amount by which the equal

weight solution underestimates the absorption and reddening.
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IvV. CONCLUSION

The two cases for the distribution of the absorbing
material which were considered in the previous section may
be regarded as bounding the true case. Taking an average
of the values found in the two cases as being most
representative of the true situation, the ratio of total to
selective absorption is found to be AV/EV-r=3'9' Here, the
polar absorption in the V band is Av=0.06, and the polar
color-excess is Ev_r=0.016. However, with only this small
sample of 55 objects available, the absorption and reddening
could have been underestimated.

Using Whitford's (1958) curve for absorption as a
function of wavelength, R=3.6 for the V and r band passes.
This value is bounded by 3.4 and 4.4, the values of R for
the two cases, and may be considered to be in good agreement
with R=3.9, found above.

Again using Whitford's curve, we find that the
absorption in the blue or photographic band pass is
approximately 1.3 times the absorption in the V band pass.
Thus, the expected absorption and reddening for the B and V
pass bands is AB=0.08 and EB_V=O.02.

These findings are in agreement with those of Sandage
(1964a, 1964b) and Sturch (1966) for the color-excess at
the galactic pole, but they are in conflict with the large
value for the absorption (Apg=0‘5) derived from the galaxy

counts.
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Holmberg (1968) has suggested that the increasing
number of faint stars at decreasing galactic lattitude may
have caused more galaxies to be missed at lower latitudes.
This would cause the absorption indicated by the galaxy
counts to be an overestimate of the true situation.

Clearly, more work is required in order to resolve the
conflict between the large value for the absorption
indicated by the galaxy counts and the low values for the

reddening and the ratio of total to selective absorption.
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Al - A SEQUENCE OF UBVr STANDARD STARS
FOR LARGE TELESCOPES

Introduction

The observations of the galaxies were reduced to
colors and magnitudes outside the atmosphere with the assist-
ance of a standard sequence of stars which were observed
each night and which were used to determine the instrumental
zero points and the atmospheric extinction. The standard
stars were chosen from the Selected Areas on the basis of
magnitude and spectral type. They are spaced approximately
two hours apart in right ascension at a declination of
approximately +30° and are therefore accessible at all sea-
sons with the Newtonian cage in either the north or south
position.

The UBVr colors of the standard stars were determined
from observations made on the Mt. Palomar 20" telescope of
the standard stars and of the primary and secondary stand-
ards which define the UBVr system as described by Sandage
and Smith (1963). The ubvr (natural) colors of the stand-
ard stars were determined from the observations made on the
Mt. Wilson 60" and 100" telescopes. The natural and UBVr
colors thus determined were used to construct a transforma-
tion which relates the natural colors to the UBVr colors,
and the inverse transformation, which relates the UBVr

colors to the natural colors.
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Determination of the UBVr Colors for
the Standard Stars

The determination of the UBVr colors for the standard
stars was done in two basic steps: first, the extinction
was determined so that colors and magnitudes could be
reduced to outside the atmosphere; second, the colors and
magnitude on the natural system reduced to outside the
atmosphere were compared with the UBVr colors for the same
stars, and a transformation relating the UBVr system to the
natural system was deduced. The inverse transformation was
then used to convert the natural colors of thé unknowns to
UBVr colors.

It was assumed+hariweffects of atmospheric extinction
upon the colorscouwld be adequately described by the following

equations:
V= Ve + K"U.X + Z‘\J
(o-v)= @+ Kot X + Z s (Al.1)
- z(b-ve+ Ky X+ Z b
Lh-b)"-‘ (\ﬂ'bjo*' Ku—b‘X*' Z.u_\o .
Here the subscript o refers to the color outside the atmos-
phere, and X is the air mass computed from a polynomial

approximation (Hardie, 1962) to Bemporad's values.

X= Secp — 0.0012161 (saep-1) (al.2)

-0.002815 (s.u_r-hz- oOpoo Fokd (s.ue.r - ba
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Sccr =(S|n 4) sn d + Cos(P os § ws,l\>-i (Al.3)

? is the observer's latitude, and § and I are the declina-
tion and hour angle of the object observed.
In equation (Al.1l) 2z is taken to be constant through-
out any given night and K was assumed to have the form:

(Al.4)

N

v = Ky Ko ()
- \«v-v“. "»u-v. ('\)-v')
- = K:b-v*- "b-u.(.b-’u)
b= Kubt Kbt (w-b),

I

RARKR
¢

FO’

K'was allowed to be time~dependent, but in practice any
night which could not adequately be reduced with a constant
K'was thrown out.

Figure Al.l illustrates the linear relation between
the observed v (plotted with the addition of an arbitrary
constant, different for each star) and airmass that was
assumed in equation (Al.l). The line in Figure Al.l corre-
sponds to equation (Al.2) with K,, = 0.160.

The observations made on November 24 and 25, 1967,
were taken to define the natural system for the Palomar 20"
telescope. Equation (Al.l) was solved separately for each
star with 2 = 0O,using the observations made on November 24

and 25. With the natural colors outside the atmosphere
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obtained from the solution above, K was calculated for each
observation using equation (Al.l) with Z = 0.

Figure Al.2 illustrates the linear relation between
the extinction Kpevr (calculated as above) and the observed
(b-v) that was assumed in equation (Al.4). The line in fig-

ure Al.2 corresponds to equation (Al.4) with K' = 0.115

b-v

and K" = 0.033.

b-v
The values for the extinction coefficients for Novem-

ber 24 and 25, 1967 are given in Table Al.2.

TABLE Al.2
v v-r b-v u-b
k' 0.164 0.075 0.115 0.245

K" -0.005 -0.040 -0.033 -0.027

All the observations made on these two nights were
then reduced,using the values for the extinction coefficients
~given in Table Al.2.

The natural colors outside the atmosphere obtained
above were now related to the UBVr colors through a system

transformation which had the following form:

i=4 (Al.5)
S N .
M:,_:Z S"QM]*ZT.
3=
The inverse transformation is:
(Al.6)

MY -5 SE (M2 Z)

i
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Here i,j run from 1 to 4 denoting v, v-r, b-v, and u-b,
while the superscripts N and S denote the natural ubvr sys-
tem and the standard UBVr system,respectively.

Figure Al.3 illustrates the linearity of the trans-
formation equations (Al.5) and (Al.6). It was found that
for the colors, S could be taken to be diagonal since the
colors were correlated only with themselves. That is, the
residuals from the linear relation illustrated in Figure Al.3
were not correlated with v-r, thus indicating that no cor-
rection for a red leak was required. However, a color term
was included in the transformation to correct for the color
dependence of v illustrated in Figure Al.4. The elements of
the transformation matrix S, and the zero points :5 which
were derived from 28 observations of 13 UBVr standards on

the nights of November 24 and 25, are given below.

1.000 0.0  -0.068 0.0
s = 0.0 1.100 0.0 0.0

0.0 0.0 1.279 0.0

0.0 0.0 0.0 1.122
£, = 0.048 -0.134 -0.143 0.268

With the system transformation in hand, the observa-
tions made with the Palomar 20" telescope in May and August
of 1967 were reduced as follows: The extinction coefficients
were calculated from the observed natural colors of the

standards and the natural colors outside the atmosphere,
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which were obtained by transforming the colors of the UBVr
standards to the natural system. All the unknowns were then
reduced to natural colors outside the atmosphere, and the
inverse system transformation was applied to obtain the UBVr
colors of the unknowns. It was assumed that,while K' and Z
varied from night to night, K" and the system transforma-
tion S and EZ would remain constant.

The UBVr colors derived for the standard stars and
listed in Table Al.l are the result of eight nights of obser-
vations in May, August, and November of 1967. Each standard
star was observed an average of ten times and on an average
of four different nights.

The average error in the colors given in Table Al.1l
for the standard stars should be less then *0.M02. Figure
Al.5 shows the errors in the observations of the V magni-
tudes of the UBV standards which were observed on these same
nights to determine the extinction. 6V is the difference
between the V magnitude given by Johnson and Morgan (1953)
and the observed V magnitude after it wascorredted for the ex-
tinction and transférmed from the natural system. Similarly,
§(V-r) is the difference between the V-r color given by
Sandage and Smith (1963) and the observed V-r color after
correction for the atmospheric extinction and the natural

system,
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Mt. Wilson Observations with the
Standard Stars

On a typical night, three to six of the standard
stars would be observed at the beginning, middle, and end of
the night. Since no single star was usually observed more
than twice on the same night, and since all the standard
stars could not be observed on any one night, the Mt. Wilson

natural system was determined by solving simultaneously for

the extinction coefficientandthe zero offset for each night as

well as for the natural colors of each star outside the
atmosphere. 1In this way, all the observationé taken for
this program are locked together by the same set of stand-
ards, and the systematic errors caused by observing differ-
ent standards in different seasons are minimized.

The solution proceeds as follows. Let Y be a column
vector computed from the observations, so that:

Y?(‘ = -C% K" X. (A1.7)

2N iqn 2 LS "n

Here C_"‘ denotes a color v, v-r, b-v, or u-b, and Cp
denotes the color used in computing the second-order extinc~
tion so that when C’L-_-. v, C_fb-_-_ b -V and for all other
values of Cf*, CP =(C as in equation (Al.4). The in-
‘dex i denotes the standard star that was observed, and the

index n denotes the night on which the observation was made.
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The index j numbers the observations of star i that were

made on night n. Thus, is the airmass for the jth

Xijn
observation of the ith standard which was observed on night
n. The values of K"a which were used are given in Table
Al.2.

Using equations (Al.1l) and (Al.4) we see that Y%jp

as defined in eguation (Al.7) is simply
L ol M e vV < v (A1.8)
Yz’.jn - Coi gi M Kv\ Xijn gh +Z~n S“
where y is an index over the standard stars and v is an
index over the nights on which the observations were made.

| e 1 ven
}“ : gug (Al.9)
n

[
W .
(o) other wise 0 OHaruwnise
A
Here C;°i is the color outside the atmosphere of standard
number i, and K'g and Zg are the extinction coefficient and

zero offset for the nth night.

Let Xg be a column vector of the form:

ok oL < <
XA= [Co.. 0p " Co:,K',‘: K‘:,Z:,”. K‘:‘Z:] B (Al.10)

Let F,

ijn,A be a matrix computed from the observations
14

so that:

‘Ejnm‘-’[gi.g:,w' SZI, Xii". St’ X*j'\°8t,§:,"'Xi§n%Nn,§ﬂ ‘(Al.ll)
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From the definition (Al.10) and (Al.11) we see that equa-

tion (Al.8) can be written as:

Z Fq“,k-)(‘: = \{tin (Al1.12)
A

We obtain the extinction coefficients and zero offsets as
well as the natural colors of each star outside the atmos-
phere by solving equation (Al.12) for x%.

Clearly from equation (Al.12)

Z F—B zJV\Z F'_xln AXA Z F Jijm ,1“ . (Al.13)
23“
Inverting the order of the sums we have
-1 °‘ (Al.14)
% tZA“ F'—B.‘Z'yn Ea’“.!\ E;\ i)n t;n .

By definitions:

-1 = (Al.15)
?/T:\ "2, 34n Fiim?' Se.n .

Thus we have for Xa:

L d 6
B)A A B ~ B,Zin 23“
A Iyn
1
Eé,ijn is obtained by numerical computation from FlJn A

which is constructed directly from the observations. Since
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the computation of F_é,ijn required the inversion of a 60x60
matrix, equation (Al.15) was evaluated numerically as a check
on the matrix inversion. It was found that the largest off-
diagonal element of GB,A was less than 10~-° and that the
diagonal elements differed from unity by even less than this,
giving an accuracy two orders of magnitudes better than that
of the observations themselves.

In Table Al.3 are the values of K% and 2® found from
the evaluation of X% in equation (Al1.16). 1In order that K'
and Z be well determined, the observations of all good nights
in a particular run were combined, with the assumption that
K' and 2 were constant over a period of a few‘days. This
assumption was verified by examining each night individually.

As can be seen in the table, the variations in K' may
be somewhat seasonal, while the variations in Z are not cor-
related. with season or telescope.

The fact that the zero points for the 60" and 100"
telescopes are not systematically different may be taken
as an indication that the coincidence corrections are prop-
erly applied.

The coincidence corrections were measured in the
Pasadena laboratory using the same electronic equipment that
was used to make the observations at the telescope. The
procedure used was to measure the light transmitted by 5

neutral density filters at 7000A at different light levels.

The light levels were adjusted so that the highest counting
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rate of one level was greater than the lowest counting rate
of the next level. The ratios of the filters, determined by
extrapolating the ratios derived from the measurements de-~
scribed above torzero counting rate, were in good agreement
with independent measures made with a high speed laboratory
pulse counting system at a low counting rate.

Figure Al.6 shows the coincidence correction as a
function of the observed counting rate. Indicated in the
figure is the typical counting rate of a standard star at
the 100" which represents the highest counting rates encoun-
tered in the program.

The Mt. Wilson observations were reduced to natural
colors outside the atmosphere using the natural colors, Cg,
of the standard stars that were obtained from the solution
of equation (Al.16). These are tabulated on page 64.

Using the natural colors outside the atmosphere which
are given in Table Al.4 and the UBVr colors in Table Al.1l,
the system transformation for the Mt. Wilson natural system
was deduced.

The elements of the transformation matrix and the
system zeros are given below:

1.0 0.122 0.0 0.0
0.0 0.995 0.0 0.0
0.0 0.0 1.279 0.0
0.0 0.0 0.0 0.835

-0.298 0.462 0.629 0.505

AN}
"
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BD

30.50
28.426
30.663
30.1243
30.1705
30.2020
29,2232
30.2470
30.2726
30.3075
28.3590
30.4565

v

10.519
10.794
10.556
10.941
10.253
10.448
10.863
10.756
10.392
10.324
10.374
10.578

64

TABLE Al.4

v-r

0.449
-0.445
-0.071
-0.090

0.093

0.346
-0.284
-0.057

0.219

0.529
-0.382

0.052

n = number of observations.

b~v

0.493
-0.472
-0.085
-0.118

0.076

0.392
~0.317
-0.097

0.229
-0.581
-0.377

0.042

0.762
-0.819
-0.249
-0.521
~0.294

0.612
-0.553
-0.631

0.088

0.996
-0.711

0.329

14
11
25
11

14

w NN 3

Figure Al.7 illustrates the dependence of V upon v-r

and the linear relation between B-V and b-v.

The observations of the galaxies were transformed

from the natural system to the UBVr system using the system

transformation equation (Al.5) and the values for S and'Zf

given above. For V and V-r we have:

V=v - 0,122 (v-r) - 0.298

V-r=20,995 (v-r) + 0.462

(A1.17)
(Al.18)
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A2 - K-~ CORRECTIONS AND APPARENT DIAMETERS

Cosmological Models

We adopt the postulate that the universe is homoge-—
neous and isotropic. This implies that it has a constant
curvature, and that the most general form of the line element

can be written as (Robertson, 1929, and Walker, 1936):
ds = <% - R0+ Gw) 4Y (A2.1)

where T (u) takes on the forms:

sin u = 1 (22..2)
Q:(.\L) = W K= o )
smhuw ket |
We define
R
H = R (A2.3)
and
i)l (A2.4)
877 Rhs
where
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We note that the redshift z, which is defined in terms of the
ratio of the wavelength observed, Ao+ to the wavelength
emitted, A5, is also equal to the ratio of the curvature
parameter at the time of observation, R (7). » to the curva-

ture parameter at the time of emission, R (Te) . (McVittie,

1964) .

Mo R
I+Z = = e 07
Ne Ii(fTE)

(aA2.5)

We shall consider only the solutions of the Einstein field
equations without rotation, shear and cosmological constant.
Neglecting the effects of pressure and radiation at the pres-~
ent epoch, we shall attribute the gravitational field to the

matter density alone.,

We then have (Mattig, 1958)

»T_\c::[z(wz)]/(l-PZ) fo=0
FZ,<r1g*) =

Lo

Ho ['%L}(%oza—q; l))(,]uzxoz" _1_5) /(H ?sz.s)
where Ko= PR('TJ, Ho= RO, and g°= Z(‘T.)
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Metric Diameters

Consider two photons originating at opposite points of
a galaxy (du = o) which are observed at the same instant
(d1'= o) by an observer. We see from the metric (A 2.1) that

the distance (ds) separating the two points is:

y = RETHIT[LW D . (32.7)

Here, dy=08; is the angular separation of the points as seen by
the observer. Using equation (A2.5) and equation (A2.7) we

have:

$ Oy

- Ro TR (W

(A2.8)
where 'ROG'K(“) is given by equation (A2.6) as a function

of the redshift, z.

K - Corrections

When measurements are made of the radiant flux re-
ceived from a source which is moving with a velocity with
respect to the observer, corrections must be made to the meas-
ured flux to correct for the effects resulting from the rela-
tive motion. These effects are threefold. The band pass of
the detector in the observers frame, which has an effective

wavelength X, detects radiation from the source at an
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effective wavelength of approximately A/(1l+z). The wave-
length width of the detector's band pass, in terms of emitted
wavelengths, is also less by a factor of 1/(1+z). Also, the
total flux received in the band pass of the detector is less
by a factor of l/(1+z)2 than the flux emitted by the source
in the region of its spectrum that is being received by the
detector.

The K - correction used in this study is so defined
that it corrects the magnitude,derived from a flux measure-
ment using a detector with a given band pass and effective
wavelength; to that which would have been measured by the
same detector,if there had been no relative velocity between
the observer and the emitter. It is identical to that used
by Hubble‘(1936).

Humason, Mayall and Sandage (1956) and Oke and Sandage
(1968) have used a K - correction, Ks' which does not in-
clude the factor of 1/(1+z)2.

Let the absolute magnitude of an object be defined as:

| SorLoondv e
M= - 25 19} a7 . -

SLV) is the response function of the detector. L..e Lv)

is the luminosity of the object at the frequency v in ergs/sec
per frequency interval. -PS is a standard distance, taken to

be 10 parsecs. The quantity in the brackets is, then, the
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flux measured by the detector when the object is 10 parsecs
distant and at rest with respect to the detector.
The monochromatic flux in the observers frame E(V)JV

is related to the flux in the emitterSs frame, Fe (ve) A Ve

by

E »dy = E(Uq,)&))e
(\+2)?

(A2.10)

This may be seen by Lorentz transforming the Poynting vector.
A detector with a response function 5(\)) will measure a
flux, £ (0), when moving with the emitter, and a flux, f (z),

when the emitter has a redshift z.

-Y-(& = SOSL\A Roydy (A2.11)

+ )= KOSU’) B o) dw (32.12)

Using the relation (l-l—%))/ = Ve and equation (A2.12)
we have
= E (v dve

= rSCu) RLOrey] v
o {\+Z .
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Now if we define:

Mo = - 2. ,bya-\zco)

Me = — 2.5 L,%l?cz-)
Keey= 2.5 L"&{“”/i(e)l

we may write:

M. =Mz — Keay

and

S:ogcv) E(u)&u

S Son kb)) dy

(A2,

(A2

(A2

(a2,

(A2

This is the K - correction defined by Hubble (1936) and

related to the K - correction of Oke and Sandage (1968)

Ky = K2y + S.L»}(HZ)

(a2

14)

.15)

.16)

17)

.18)

is

.19)
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We may now relate the flux to the intrinsic luminosity
L,e (p) of the emitter, by noting that, for an observer

traveling with the emitter,

Fe ¢ V) = Le:\’) (A2,20)
4T RETLW
z 2z
where 4 Ro G;L\A\ is the area of a spherical shell

defined by the photons emitted by a source at a metric dis-
tance u, which reach the observer at °T,. (Rf‘?(’ﬁ))

With equations (aA2.13) and (A2.15) we may write:

Mp=-25 ’0"?( L SO Fe [pG+)) &v} (A2.21)
P

(B o

Using (A2,20) this becomes:

Wi%=

(a2.22)

- 2.5 L} S:"S W) Le PO+ dw
(+2) a7 R, Gow

-

This may be simplified with equations (A2.9) and (a2,18) to:

Me= M~ S,Q.NA,'K&,"LQ -5+ Kw) (A2,23)

This has the familiar form of:

m= M+ slﬁfp—s-\-\( (A2.24)
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Note that all of the dependence on the cosmological model is

contained in ’}0 = RoTg (W,
For the colors we have:

—_ ( Vz—" v;_) - (Kv(a - \(,Lz}) (A2.25)
(V'"V'>'a- B KV-V(‘E) .

i
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A3 - CLOUD MODEL

Let us assume that the absorption takes place in the
galactic plane, and that the density of the absorbing mate-
rial depends only upon the height above the plane. Further-
more, let us assume that the absorbing material occurs in
clouds which have a characteristic absorption a,-

Define Pb(i) as the probability of finding i clouds
in the line of sight at latitude b.

Define N(m) as the number of objects with apparent
magnitude m in the absence of absorption. Thus, N{(m) is the
distribution of m outside the galactic plane.

The number of objects which can be observed at magni-
tude m after suffering an absorption of amount a is N(m-a).
Thus, N(m—aci) Pb(i) is the number of objects at latitude b
with magnitude m after suffering an absorption a = aci.

The total number of objects at latitude b with magnitude m

ig:s

izoe
Ny (m) =_Z N(m-aci)ﬁci) . (A3.1)
1=0

The probability that an object at latitude b with
magnitude m has also suffered an absorption a is the frac-
tion of all objects at latitude b with magnitude m that have

been absorbed by an amount a.
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Caimy= NOm-a.d B ae ot
[ 2 Nm-ac i) Ry (A3.2)
. c} b J
!

The average absorption suffered by objects'with
apparent magnitude m at latitude b is:

Ay (W) = Z_ placiim)-iae

(A3.3)

= EE ‘P (Ck‘h&>¢l .

In selecting the brightest objects, all those with
apparent magnitudes less than some limiting appafent magni-
tude, m , were chosen. The average apparent ébsorption
obtained at latitude b is the weighted average of the

apparent absorption for each magnitude m:

m
S Ny (m) A\,CW\) dwm
by - oo (A3.4)
A, =

SML Ny tm) Iw .

- O

To calculate the average true absorption, consider

the probability that an object at latitude b has suffered

an absorption a. With a = aci, this is by definition Pb(i).

Fh (o) = 'E C) Q=02 (A3.3)
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The average true absorption suffered by an object at lati-

tude b is then:
LEDI TETEED & TETN SR
1

Let us now consider the form of Pb(i), assuming that
the absorption is done by clouds and that the distribution
of clouds depends only upon the height above the galactic
plane. 1In this case, the distribution of material may be
taken as being made up of many plane parallel layers having
various cloud densities. Since the average absorption pro-
duced by one layer is proportional to cscb, the average
absorption produced by a sum of such layers will also be
proportional to cscb.

We shall also assume that the distribution of clouds
is independent in that the presence of one cloud does not
affect the probability of any others being present. 1In this
case, the probability of having i clouds along the line of

sight is given by:

SV
2 ("
v, e
2 = (A3.7)
where:
Y, = Acsch (A3.8)

Qe
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Using equation (A3.6) for the true average absorption,
and equations (A3.7) and (A3.8), we see that A is the true

average absorption at the galactic pole:

R, - Z'?b(n Al = QY (33.9)

= A QSCb.

Let us now consider the form of N(m), assuming that
the objects are uniformly distributed in space with some
density p. Then N(m)dm is the number of objects in a shell
whose radius corresponds to m and whose thickness, dr, is
related to dm. We will neglect the effects of redshifts

here. Then we have:

Now dm = 4°ﬁ\”R"&R. (A3.10)

The relation between m and R is:
m= M+ 5&»‘3‘2“ 5, (a3.11)

Thus:

R = loo.zm. 100.1(5- M) _ K lOO'zm

IR = X-10"*" 410 dm ' (A3.12)
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N(m) is then:

N(mYdm = 4 PR*AR

= 4o K® 10 dwm

— N° loo.bm&m

With Pb(i) given by equation (A3.7) and N(m) given by
(A3.13), the average absorption suffered by objects with

apparent magnitude m at latitude b is calculated using equa-

tions (A3.2) and (A3.3):

Ay tm) = Z 'P('z(:clwr)-iac

7; N(wm-0.2 YR () 7 ae
7N (m-ae )R, ¢
p

(A3.14)

©.6 (m-Q,2)

ji Nolo Po(2) 20,

z;\l N. loo.o(m— QQPRC@)

-6.6 O.c.z
> 10 ToCi) 2 Ae

< -0.60,:
2 1o Ty
J
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At this point, Ab(m), the apparent absorption of objects
with apparent magnitude m is independent of m. Thus, the
average apparent absorption at latitude b, Xﬁ, given by
equation (A3.4) becomes Kg = A, (m). Using equation (A3.14)
for Ab(m) we have:

CLGDCQci
Z o P, () 26,

Z 10> ¢ %) ?b(3>
)

A,

. , — )V
6.6Qc2 2 b
TZZ 1o L Ef? € 2 (S
3 2
- -OvGac. ' ‘V
Z lo ] ))3 e’ (A3.15)
3 71
-0.6Q
= Glc_ Vb \O ¢
-0.6 Q
— Ao chc\o
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Comparing equation (A3.15) with equation (A3.9), we see that
the average apparent absorption obtained at any latitude,
for any magnitude, will be an underestimate of the true
average absorption by lO_O’Gac. Thus, if we were to observe
some object, and if we knew the true average absorption in
the vicinity of the object but not for the object itself,

"0-68.

we should take 10 c times the true average absorption as

the absorption suffered by the object.
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