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RESUMEN

Se presenta en forma de tablas numéricas, un ‘conjunto de resultados de los modelos evolutivos
de galaxias, preparados por el autor. Estos datos se presentan graficamente en los articulos 1y JII de

esta serie.

ABSTRACT

This paper presents‘in the form of numerical tables a set of results from the author’s spectral
evolutionary models for galaxies. These data are displayed in pictorial form in Papers I and III of this

series.
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I. INTRODUCTION

This is the fourth of a series of papers describing
the results of the spectral evolutionary models for gal-
axies of Bruzual (1981). Paper I (Bruzual 1983a) de-
scribes the results of the models applied to early-type
stellar systems. Paper II (Bruzual 1983b) presents an
atlas of JUE spectra of late-type stars, globular clusters,
and early-type galaxies compiled by the author. These
data are used as ingredients (the stellar data) and as
comparison spectra (the galaxy data) to construct and
test the predictions of the synthesis program. Paper III
(Bruzual 1983¢) contains a series of predictions of
cosmological interest applicable to some of the UV
bandpasses that will be available in the Space Telescope
Faint Object Camera. Paper III is complementary to
Paper I as the latter is oriented towards ground based
work. Because of reasons of space, in Papers I and III the
results were presented in pictorial form only. Due to the
nature of these predictions, it is useful to have the
results both in pictorial and in numerical form. In this
way reading and interpolation errors easily made when
using small scale plots can be minimized.

In this paper, section I presents the results of Papers I
and III in the form of numerical tables. Section II contains
a summary of the definitions used to compute the quan-
tities given in the tables. Section III briefly summarizes
the photometric systems used in this investigation. The
results are presented in section IV. Table 2 is provided to
help the reader find the required quantity in the numerous
tables. The conclusions of this work are given in Papers I
and III, and are not repeated here.

II. DEFINITIONS

This section contains cosmological expressions that
have been used throughout this investigation. These
expressions can be found in most textbooks (Peebles
1971; Weinberg 1972) and are repeated here for reasons
of completeness. Only Friedmann cosmologies with zero
cosmological constant are considered.

a) Energy Received from a Source at Redshift z

Let F)[\t(z)] represent the energy emitted per unit
wavelenght by a source in the rest frame of the source. It
is assumed that the spectrum of the source evolves in
time. The function #(z) represents the age of the source
measured from ¢ =0 when observed at redshift z. #(z) is
also a function of H, and g, (see below). If one ob-
serves this source at redshift z, the amount of energy
received at wavelength A inside the wavelength interval
d\ will be the energy emitted by the source at wave-
length \(1 +z)! inside the interval (1 +2z)™' d\, dim-
med by the effect of the distance to the source. Com-
monly, observations are performed through a filter of
response function R(N). Thus the total energy received
from the source through this filter is given by

l 2
&@=&Eq

where

1+ zo Tglz, t(2)]
1'*‘ VA TR[Z(),t(Zo)] ’
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64 G. BRUZUAL A.
TABLE 1
PHOTOMETRIC SYSTEMS*
System Colors Filters Aef(A) AX(A) Reference
UBV U-B=U, -B, ‘ U, 3652 201 1
B-V=B,-V B, 4448 363
B, 4417 362
V 5505 367
U*J*FN ur-J* U*=1lla-J + UGS 3606 223 2
J*—F J*=1Ila - J + GG385 4627 48T
F-N F=127 -02 + GG495 6167 599
N=1IV — N + RG695 7941 562
RIJHKL V-R R 6940 754 3
V-K I 8781 869
J-K J 12488 1198
H-K H 16500 879
K 21951 1772
L 34371 2354
ST 14-17 B 140 1405 120 4
17-22 B175 1751 166
22 -27 B 220 2200 210
27-B,27-V B 275 2750 252

(1) Azusienis and Straizys (1969); Buser (1978).

(2) Kron (1978); Koo and Kron (1980, private communication).

(3) Johnson (1965); Lebofsky (1980, private communication).

(4) Macchetto et al. (1980); Djorgovski (1980, private communication).

D A= FARMA / FROD . (AN = [N ROVAN [ FROYaN .

A+ )7 Trlz,t@)] = A+ )™ mg(z) — Mg = 42384 —Slogh
i ' %
X [ R+, (IR, () 902+ @o—DIAY 2902) —1) 4
+ Slog 4%
represents the energy transmitted by the filter, / is the 201+ g) =0
luminosity distance from the source to the observer 2 9o =T
(Weinberg 1972), and E, is the energy received at some @)
reference distance Iy, with corresponding redshift z,.
Expressing this energy in a magnitude scale, The numerical factor in the right hand side of (4) is
equal to Slog(c/Holp); I has been taken as 10 pc, and
1 +z h=H,/100. In this case My is the absolute magnitude
mg(z) - Mg = Slog— + 2.5log of the source in the given band.
lo 1+ Zp
¢) k and Evolutionary Corrections
251 M 3 The k-correction gives the magnitude difference
- 4olog TRz, t(z0)] , G between a source observed at redshift z and a source
Rl%0. %0 with identical spectrum observed at z =0. The spectral
evolution that takes place in the intervening time is
where mp(z) =-- 2.5 log Ex(2), and Mp = — 2.5 log E). neglected. Thus (Peebles 1971)
e
b) Distance Modulus Tg[z,1(0)] '
k(z) =2.5log(1+ z) —2.5log ——— .
For z =z,, (3) gives the distance modulus, namely TR[0,1(0)]

© Universidad Nacional Auténoma de México ¢ Provided by the NASA Astrophysics Data System
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TABLE 2 R(z) - R(0) = kg(2) + er(2), ®)
NDEX OF TABLES . .
o and R represents any of the bandpasses in use. This nota-
i Tabl P tion emphasizes the fact that the difference in thf: absolute
Quandity o il magnitude to be assigned to a galaxy at redshift z and a
4 3 I nearby galaxy is due both to evolution and redshifting
f;(z ) CORR@)® ‘; of the spectrum.
- z
?(zz)) §/ d) Look-Back Time as a Function of z
WU -B) () 8 I The age of a source, #(qo,2), observed at redshift z is
B-N© 9 given by
wr*-J"n@ 10
U*—=F) (@) 11 %
(F-N)(@2) 12 1+ 2q02) an
(V-R) () 13 Hot(@o,2) = + 0240 — 1)
V-K)@) 14 (1-2g0)(1+ 2)
V-K) (@) 15
H-K)(2) 16 | |
B(z) - B(0) 17 I y COS"[ —qo( —2)]' ©
V() - V() +
F(z) - F(0) 19 q0(1+ 2)
K(z) - K(0) 20
14(2) 21 (8 Where COS ™! (X) = cos™ (X) if go > 0.5, and
2 _
%8 23 COS™'(X) =(-1) % cosh! (X)if go <0.5.Forq,
V) 24 2 -
14 -17) @) 25 0 =0.5,Hot(qo0,2) = 5(1+ 2)7°".
(17 -22) (@) . 26
22-27 (@) 27
27 -B) (2) 28 .
g] "VI;)( (i) gg For any cosmology the age of the universe is given by
— Zz

(*) ¥V — CORR =corrected V magnitude, in the notation of
Kristian et al. (1978).

The evolutionary correction e(z), on the other hand,
gives the magnitude difference between a source at
redshift z, with a spectrum corresponding to age #(z), and
a similar source with a spectrum corresponding to age
#(0), redshifted by an amount z. This corresponds to

TR [Z’ t(Z)]

e(z)=-25log Tolz.10)] .
RL4>

(6

For Iy =10 pc, zo = 0, and the sum of the second and
third terms in the right hand side of (3) represents the
sum of kg (z) and eg (z), namely

l
mp(z) — Mg =5log l_ +kr(z)+ eg(2) @)
o ;

The combined correction kg (z)+ eg(z) is the quanti-
ty plotted in Paper I and listed in the corresponding
tables in section IV. In Paper I and in the table headings
the combined correction has been denoted as R(z) —
R(0), where

© Universidad Nacional Auténoma de México ¢ Provided by the NASA Astrophysics Data System

#qo,0). The look-back time At(gq,z) from z=0 to
redshift z is given by

At(o,2) = t(go,0) — (g0, 2). (10)

HI. PHOTOMETRIC SYSTEMS

Throughout this work, model predictions in several
broad band color systems (photoelectric and photograph-
ic) have been computed. This requires knowledge of the
filter response functions and the zero points for the given
color. The magnitude of a source with spectral energy
distribution F,(M) at zero redshift observed through a
filter of response function R(}) is given by

C-25log [ F\RQ)d\, 1)

where C is a constant that defines the magnitude system.
Table 1 lists the color systems, filter characteristics, and
the references from which the functions R(\) were
obtained. The filter effective wavelength, ¢, and half-
width, A\, were computed from
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T ARO)dA
)\ef = —o

f RO

and

@ ==
SR

Z = Ae)* ROVAA

respectively. The photographic U andJ bands are denoted
U* and J* to differentiate them from the U band of the
UBV system, and the J band of the RIJHKL system,
respectively.

Four UV bandpasses accessible to the Space Telescope
cameras have been used in this work. These bandpasses
are also listed in Table 1. The B stands for broad band,
and the three digit number gives the effective wavelength
in nm. These bands were selected because they cover the
region of interest in the UV, are available in both modes
of the Faint Object Camera and in the Wide Field Cam-
era, and are wide enough to allow the detection of rela-
tively faint sources. In what follows the magnitudes
corresponding to these bandpasses will be denoted 14,
17, 22, and 27, respectively (see Paper III for details).

All the filter response functions are listed in Table 3
and plotted in Figure 2 of Bruzual (1981). In the case of
the UV filters the response functions take into account
the efficiencies of both the Space Telescope and the
Faint Object Camera as a function of wavelength. These
functions were kindly provided by G. Djorgovski.

For all the synthetic colors computed in this work
the zero points were established from the spectrum of an
AOQ V star, i.e. this star was required to have all colors =0.
The optical spectrum of this star was taken from Straizys
and Sviderskiene (1972). In the UV the 04 0-2 spectrum
of a Lyrae (Code and Meade 1979) was used.

IV. RESULTS

As in Papers I and III, time is measured in Gyr (1
Gyr=10° year), and Hy in km s Mpc™. In both
cases the units will not be indicated. The age of galaxies
is denoted by f,, and, as before, 7 always refers to the
t;rne scale appearing in the star formation rate (see Paper
D.

Due to the current uncertainties in the value of Hy, it
was decided in Papers I and III to present the model
results for Hy, =50, and Hy =100. For intermediate
values a linear interpolation should suffice. For every
quantity two tables, (a) and (b), are included. Table (a)
was computed with Hy =50, go =0, and tX =16. Table
(b) with Hy =100, go =0, and t;=9. Ths is the same

notation used in the previous papers. In the table headings,
Ho =H,, Qo=gq,, Tg=tg, and Z=z. This change in
notation was introduced because of the inability of the
computer printer to reproduce the notation used in the
text.

a) Results from Paper |

The predicted magnitudes, colors, and combined
corrections in the z range from O to 2 for the models
discussed in Paper I are listed in Tables 3 to 20. Table
2 should help locating the required tables. The tables
have been ordered according to the photometric systems,
in the same order as in Table 1.

The predicted quantities are listed for the c-model
(r =1),and u=0.7, 0.6, and 0.5 models (all with x =1.35).
The predictions for the c-model when Horizontal Branch
(HB) stars are added according to the two schemes
described in Paper I are also included. For comparison
the corresponding quantities for a non-evolving spectral
energy distribution (that for the c-model at z = 0) at the
appropriate redshift are also given. In the table headings
these models are identified as C, 0.70, 0.60, 0.50, HB1,
HB2, and N.E., respectively. See Paper I for more details
about model definitions.

All the spectra were scaled to an absolute magnitude
Vo =—23.0 at a distance modulus of 25 for the H, =50
cosmology. For typical colors of B— V=1.0 and
V — K =3.3, this corresponds to By =—22.0, and K, =
—26.3. In the F band an absolute magnitude Fo = —23.8
was assigned. No attempt was made to determine the best
possible absolute magnitude in each of the bands.

The first line in Tables 3 through 7 corresponds to a
distance modulus of 25 magnitudes (H, = 50), and 23.5
magnitudes (H, = 100), and hence the value z = 0 should
be ignored. Note that for Hy, = 100 the galaxies are in-
trinsically fainter by 1.5 magnitudes than for H, = 50.

b) Results from Paper II1

The predicted magnitudes and colors for the Space
Telescope photometric system given in Table 1 are listed
in Tables 21 through 30. In this case the range from 0.004
to 3 is covered in z. The combined corrections were
thought of little use in this wavelength range and were
not computed.

The models used in Paper III are: u-models with
1=0.90, 0.70, 0.50, 0.30, 0.15, 0.01 (all with x =1.35),
and a d-model with 7 =10, and x =0.85. In the table
headings the u-models are identified by the value of pu,
the d-model by the value of x. See Paper I for more
details about model definitions.

All the spectra were scaled to an absolute magnitude
J & =—21.0 at a distance modulus of 25 for the Hy = 50
cosmology. The corresponding V, magnitudes were
assigned according to a procedure described in Paper III.

I want to thank Drs. Hyron Spinrad, Ivan King, David
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TABLE 3a

B(Z) vs. Z. (Ho=30, Qo=0, Tg=16).

0.70 0.60 0.%0 HB1 HB2 N.

N r it e et ~0000000005000000000000000000000000000000

N
PIAIWAVRONAN=INCAIAUNOCODUW= DO 2= ININONUNODOCWDUNIU~0OS00O00

3.0 3.0 3.0 3.0 3.0 3.0
14.0 14.0 14.0 14.0 14.0 14.0
13. 6 15. 6 13. 6 13. 6 15. 6 1%.7
16. 6 16. 6 16. 6 16. 6 16. 6 16.8
17. 4 17. 4 17.4 17. 4 17. 4 17 5
18.0 18.0 18.0 18.0 18.0 18.2
18.6 18. &6 18.3% 18. 6 18. 5 18.8
19.0 19.0 19.0 19.0 19.0 19 3
19.5 19. 4 19. 4 19.3 19. 4 19.8
19.8 19.8 19.8 19.8 1.8  20.2
20.2 20.1 20: 1 20.2 20.1 20.5
20.5 20.5 20.4 20.5 20.4 20.9
20.8 20.7 20.6& 20.8 20.7 21.3
21.0 21.0 20.9 21.1 21.0 216
21.3 21.2 21.1 21.3 212 21.9
21.3 21.% 21.4 21. 6 21.4 222
21.7 21.7 21.6 21.8 21.7 2.9
2.0 21.9 21.8 22.0 21.9 228
2.2 2.1 22.0 22.2 22.1 23.0
22. 4 2.3 22.2 2.5 22.3 23. 4
2.6 2% 223 2.7 22.% 23.6
2.9 2.8 229 2.9 227 23.9
23.1 23.0 22.7 23.1 23.0 24.2
23.3 23.1 228 23.4 231 24. 5
23.9 23.4 23.0 23.6 23.4 24.9
23.7 23.3 3.1 23.8 23.6 25.1
24.0 23.7 23.3 24.0 23.8 25.9%
24. 1 23.9 23.&4 242 24.0 23.7
24.3 24.0 23.%5 24.5 24.2 260
24.5 241 23.5 247 24.4 263
24. 6 24.2 23.5 24.9 245 26.6
2.8 24.3 23. 6 25.0 24.7 26.8
24.9 24.4 23.6 25.2 24.9 27.1
23.0 24.4 23.7 23.4 25.0 27.4
2s.1 24.3 23.7 2%.6 25.2 27.7
23.2 4.3 23.7 2357 2353 27.9
2%.2 24.3 23.7 23.9 23.4 28.2
23.2 24.4 23.6 260 2335 28.4
25.2 24.4 23.6 26.1 25.6 28.6
23.3 24.4 236 26.2 23.7 28B.9
25.3 24.4 236 26.3 258 29.1
25.2 24.3 233 266 260 29.9
230 24.2 2335 269 263 30.7
24.9 241 23. 4 27.1 26.5 31.4
24.7 23.9 23.3 27.4 266 322
24. 6 23.8 23.3 27.6 26.9 328
24.5 23.7 23.2 28.0 27.1 33. 4
24.2 233 23.1 28.2 27.3 33.8
24.0 23.4 23.0 283 27.3 342
23.9 23.4 230 28.8 27.8 34.3
23.9 23.4 23.0 29.1 27.9 34.8

TABLE 3b

B(Z) vs. Z. (Ho=100, QGo=0, Tg=9).

z c 0.70 0.40 0.30 HB1 HB2 N.E.
0. 000 3.0 3.0 3.0 3.0 3.0 3.0 3.0
0.023 140 140 140 140 140 140 14.0
0. 030 1.6 15.6 136 156 136 156 197
0.073 16.6 16,6 16,6 166 166 166 167
0. 100 17.4  17.4 17.3 17.3 17.4 17.4 17.5
0.123 18.0 18.0 17.9 17.9 18.0 18.0 18.1
0.13%0 18.5 18.3 18.4 18.4 18.5 1835 18.7
0.173 19.0 18.9 18.9 18.8 19.0 18.9 19.2
0.200 19.4 19.3 19.3 19.2 19.4 19.3 19.6
0.223 19.8 19.7 19.6 19.3 19.8 19.7 20.0
0. 250 20.1 200 19.9 19.8 20.1 20.0 20.4
0.273 20.4 203 20.2 20.1 20.4 20.4 207
0. 300 20.7 20.6 20.3 20.3 20.7 . 20.6 21.0
0.323 21.0 208 207 20.% 21.0 209 21.3
0.3%0 21.2 21.0 20,9 208 21.2 2.1 21.6
0.37% 21.5 21.3 21.1 21.0 21.3 21.4 21.9
0. 400 21.7 21.% 21.3 211 21.7 =21.6 =221
0. 425 21.9 21.7 21.5 21.3 22.0 21.8 224
0. 430 22,1 21.9 217 21.% 222 220 227
0.473 22.4 221 21.9 21.6 22.4 22.3 23.0
0. 300 22.6 223 20 21.7 2.6 2.5 23.2
0. 923 2.8 2295 222 21.9 22.8 227 235
0. 930 23.0 22.6 2.3 220 23.0 22,9 23.7
0.973 23.2 228 22.4 22.1 23.2 231 240
0. 600 23.3 23,0 2.6 22.2 23.5 23.3 243
0. 623 23.6 231 227 223 23.7 23.% 243
0. 630 23.9 2.3 2.8 22.4 23.9 23.7 24.9
0. 673 24.1 ° 23.4 229 22.5 241 23.9 251
0. 700 24.3 235 23.0 22,3 24.3 240 294
0.725 23.4 235 23.0 22.6 24.4 23.2 256
0. 730 24.6 23.6 231 2.6 24.6 234 239
0.773 24.7 237 231 227 207 24.% 26.1
0. 800 24.8 237 231 227 . 24.8 24.6 26.4
0.823 25.0 23.8 23.2 227 230 24.7 26.6
0.830 25.1 23.8 23.2 228 251 24.8 268
0.873 25.2 23.8 23.3 22,8 252 249 27.1
0. 900 23.3 239 23.3 228 253 250 27.3
0.923 25.4 209 233 229 254 251 27.%
0. 930 23.35 23.9 23.3 229 2535 252 27.7
0.975 25.6 240 234 Q2.9 256 253 27.9
1. 000 25.7 240 23.4 230 257 254 28.1
1.100 26.0 240 23.4 23.0 261 258 28.9
1.200 2.4 239 23.3 230 264 261 "29.6
1. 300 26.7 23.9 23.3 23.0 267 264 30.3
1. 400 27.2 239 23.4 231 271 2.7 31.2
1. 300 27.6 239 234 231 27.4 27.0 320
1. 600 27.9 23.9 23.5 23.2 27.7 27.2 32.8
1.700 28.4 23.9 23.4 23.2 280 27.5 334
1. 800 29.0 23.9 23.5 23.3 28.4  27.7 340
1. 900 29.3 23.9 23.%3 23.3 28.7 28.0 34 4
2. 000 29.8 23.9 23.5 23.4 28.9 28.3 349
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TABLE S5a

TABLE 4a

(Ho=30, Go=0, Tg=18)

7.

V-CORR (2) vs.

(Ho=30, Qo=0, Tg=16).
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TABLE 4b
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SPECTRAL EVOLUTION OF GALAXIES 69

1
1
1
1
%‘ TABLE 6a TABLE 7a
1
1
b=y F(2) vs. 2. (Hom30, Go=0, Tg=16). K(Z) vs. Z. (Ho=30, QGo=0, Tg=16).
0
‘_': 2 ¢ 0.70 0.60 O.30 HBL WB2 N.E. 2 c 0.70 0.60 0.3 HB1 HB2 N.E.
L1 0.000 1.2 1.2 1.2 1.2 1.2 1.2 1.2 o.000 -3 13 L3 O3 43 R
0025 121 121 121 121 121 121 121 0.023 be - "0 o Y 1o 11
003 13.6 13.6 13.6 136 137 13.6 13.7 0.030  11.0 110 - 1. : :
0075 146 146 186 186 186 186 146 0.073 118 11.8 11.8 11.8 1.8 11.8 11.9
. X 3 3 : : 3 L4 12.4 12,4 124 124 12.4 129
0. 100 1.2 15.2 132 132 132 132 133 0.100 12 - . s 23
0125 158 13.8 157 137 138 137 13.9 0.123 129 129 129 129 12 12. -
0.130 16.2 162 16.2 16.2 162 16.2 16.4 0.1%0 13.2 13.2 132 132 133 132 139
0.179 16.6 16.6 16.6 16.6 16.6 16.6 16.8 0.173 133 13.3 135 13.3 13.6 13.3 ‘3-:
0. 200 16.9 16.9 16.9 169 169 169 17.1 0. 200 13.8 13.8 13.8 13.8 13.8 .38 13
0. 22% 17.2 17.2 17.2 17.2 17.3 17.2 17.9% 0. 22% 14.0 140 140 140 141 14.0 142
0. 2%0 17.%  17.% 17.5 17.% 17.% 172.3 17.8 0. 230 142 142 142 142 143 142 144
0.27% 17.8  17.8 17.8 17.7 17.8 17.7 18.1 0.273 14.4 144 144 144 143 144 146
©. 300 18.1 18.0 160 180 181 18.0 18.4 0. 300 146 146 146 143 146 146 148
0. 323 18.3 18.3 18,3 182 183 18.2 18.6 0. 323 148 147 147 147 148 148 130
0.3% 18.9 18. 9 18.9 168.4 18. 9 18. 8 18.9 0.3% 14.9 14.9 14. 9 14.9 15.0 14.9 19.2
0.373 18.7 18.7 18.7 18. 6 18.7 18.7 19. 1 0.373 15.0 15.0 13.0 13.0 19.1 15.0 13.3
0. 400 18.9 18.9 18.9 18.8 18.9 18.8 19.3 0. 400 1.2 1%.2 13,4 181 13.2 152 133
0. 429 19.1 19.1 191 19.0 19.1 19.0 19.6 0. 423 1.3 15,3 13.3 15.2 13.4 153 13.%
0.4%0 19.3 19.3 19.3 19.2 19.3 19.2 19.8 0.430 15.4 134 134 134 153 154 138
0.479 19.3 19.9 19.4 19.4 19.3 19.4 20.0 0.47 153 15.% 133 133 156 133 159
0. 500 19.7 19.7 19.6 19.6 19.7 19.6 20.2 0. 300 15.6 13,6 13.6 13,6 137 13.&4 160
g 1 mromE o7 et g I T A O A S
. . 20.1 200 19.9 20.1 20.0 0.7 . . . . . . . 3
0.573 20.3 =20.3 202 201 =20.3 20.2 =21.0 0.57% 13.9 159 159 159 160 159 164
0.600 20.5 20.4 20.4 203 203 203 21.2 0. 600 16.0 160 160 160 161 160 169
0.625 20.6 =20.6 =20.5 20.4. 20.7 0.5 21.4 0.625 161 161 161 160 162 161 16.6
0.630 20.8 20.8 20.7 =20.5 20.8 20.7 21.6 0.650 162 162 162 161 163 162 167
0.673 21.0 209 208 20.7 21.0 20.9 21.8 0.673 163 163 163 162 164 163 168
0. 700 21.1 21,1 21,0 208 21.2 21.0 220 0. 700 16.4 16,4 163 163 163 164 16.9
0.725 21.3 21.3 21.2 21.0 21.4 21.2 22.3 0.725 163 16.4 164 164 166 163 17.0
0.7%0 21.5 21.4 21.3 2.1 21.6 21.4 229 0.750 16.3 1635 163 163 167 163 17.1
0.773 217 21.6 21.3 21.3 21.8 2.6 2.7 0.779 16.6 16.6 16.6 163 168 166 17.2
0.800 21.8 21.7 21.6 21.4 2.9 21.7 22.9 0.800 167 16.7 166 166 168 167 17.3
0.823 220 21.8 21.7 21.5 220 21.8 23.0 0.825 168 148 167 167 169 168 17.4
0.8% 221 21.9 21.8 21.6 22.1 2.9 231 0.830 16.8 1468 168 168 17.0 168 17.9
sm om: B OB a7 B2 oms ns LA S IO
. . . .0 21 2.4 222 235 . . 17. . . . . .
g. ::: ;a. 4 223 221 21.: 225 223 23.7 0.925 17.0 17.0 17.0 17.0 17.2 17.0 17.7
. 2.5 224 W2 2. 22.6 22.4 23.8 0.9% 17.1 17.1 17.0 17.0 17.3 17.1 17.8
?. ;;: ;g 7 @3 W2 2.9 227 2.9 24.0 0.978 17.2 17.1 17.1 17.1 172.3 17.2 17.9
. .8 22.6 223 220 R.9 W6 241 1.000 17.2 17.2 17.2 17.1 17.4 17.2  18.0
1100 23.2 22.9 226 2.2 2.3 23.0 24.8 1.100 17.3 17.9 17.4 17.4 17.6 17.3 18.3
1.200 237 23.2 228 224 23.8 203 2356 1.200 17,7 17.7 17.6 17.6 17.9 17.7 18.%
1.300 241 23.5 23.0 225 24.2 23.9 263 1.300 17.9 17.9 17.8 17.8 18.1 17.9 18.8
1.400 24.35 23.6 23.0 22.6 24.6 243 27.1 1.400 18.0 180 16.0 18.0 18.3 18.0 19.0
1.300 24.9 23.7 231 22.6 250 246 28.0 1.500 18.2 18.2 18.2 18.2 18.4 18.2 19.3
1.400 251 23.6 =23.0 226 252 M.9 286 1.6400 184 1854 183 183 186 183 19.3
1.700 234 235 22,9 225 256 =252 299 1.700 186 18.5 18.5 183 188 183 19.7
1.800 236 23.4 228 225 297 254 30.0 1. 800 18.8 187 18.7 18.7 19.0 18.7 19.9
1.900 25.7 23.3 22.8 22.5 2359 25.6 306 1.900 8.9 18.8 188 18.8 19.1 18.9 20.1
2.000 257 232 =227 22.9 25.9 256 309 2000 19.0 19.0 19.0 19.0 19.2 19.0 20.3
TABLE 6b TABLE 7b
F(Z) vs. I. (How100. Qo=0, Tg=9). K(Z) vs. Z. (Ho=100, Go=0, Tg=9).

" € 070 0.60 0.5 w1 w2z NE z € 070 060 0.30 HBl HB2 N.E
0000 12 12 12 12 12 12 1.2 o000 -b3 k3 B3 33 A3 Y Ok
0.025 121 121 121 121 L1 12,1 121 S0 115 116 11.0 110 110 110 11.0
0.0 13.64 13.6 13.6 13.6 .6 13.6 13.7 - : : : . : :

0.07% 11.8 1.8 11.8 11.8 11.8 11.8 11.9
0.073 14.6 14.6 146 14.9 .6 146 146 e 124 124 124 124 124 124 128
219 133 133 1% o3 2 132 133 0123 129 129 12,8 128 129 129 129
0.123 15.7 13.7 157 137 .8 15.7 13.9 - - . . - - ]
015 162 162 162 161 2 162 163 0.150 13.2 13.2 13.2 13.2 132 13.2 133
0173 186 163 163 163 186 163 167 0175 133 133 135 135 136 133 138
' : : . : : : : 0.200 138 138 3.8 138 138 3138 139
0.200 16.9 169 169 16.8 .9 169 17.1
0225 17.2 17.2 17.2 17.1 2 17.2 17.4 0.225 14.0 140 140 140 141 140 142
0. 230 17,9 17,3 17.4 17.4 ‘s 17,3 17,7 0. 250 14.2  14.2 142 142 143 142 144
0.273 17.@ 17.7 17,7 17.6 ‘8 17.7 18,0 0,275 144 144 144 144 143 144 146
0. 300 180 180 17.9 17.9 ‘0 18.0 18.3 0. 300 14.6 146 146 146 146 146 148
0. 325 18.2 18,2 18.1 181 '3 18.2 188 0. 323 1.7 147 147 147 148 147 150
0.3% 18.3 18.4 184 18.3 .5 18.4 10.8 0.3%0 14.9 149 149 149 150 149 3.1
0.373 18.7 18.6 18.3 18.9 .7 18.6 19.0 0.373 130 15.0 130 ‘:‘2 9.1 13.0 :::
0. 400 18.9 18.8 18.7 .7 .9 8. 9. 0. 400 15.2 15.2 15.1 13, 13.3 18.2 3
0. 423 19.1 19.0 18.9 :: ] L1 },9: :,: 0. 425 15.3 15.3 15,3 13.3 13.4 15,3 156
0. 430 19.2 19.2 19.1 19.0 a 19.2 19.7 0. 430 19.4 154 134 13.4 133 134 1358
sor mioe3 g2 oms s oy oo I SO I L
. L& 19, 19.4 19, .7 19.6 20.1 . . g - . . -
0. 523 19.8 19.7 19.6 19. 9 .9 19.7 20.3 0. 92% 15.8 19.7 13.7 15.7 15.9 15.8 16.1
0. 330 200 19.9 19.8 19.6 .0 19.9 206 0. 530 15.9 158 158 199 160 139 163
0.57% 202 200 19.9 19.8 ‘2 =201 20.8 0.57% 160 15.9 159 160 161 160 164
0.600 20.3 20.2 20.1 20.0 "4 203 21.0 0.600 161 160 160 160 162 160 169
0425 203 20.3 20.2 20.1 s 204 21.2 0.625 161 161 161 161 163 161 166
0.650 20.7 20.9 20.4 20.2 .7 =20.6 21.4 0.4%0 163 162 162 16.2 164 162 187
0.6739 208 20.7 209 20.4 ‘9 20,8 21.6 0.673 163 163 163 16.3 163 163 16.8
0.700 21.0 20.8 20.7 20.9% 1 209 =218 0.700 16.4 164 164 164 163 16.4 169
0.723 21.1 20.9 20.8 20.6 ‘2 21.1 22.0 0.729 165 163 163 16.9 16.6 163 17.0
0.7% 21.3 21.1 20.9 20.8 4 a2 222 0.750 16.6 166 166 166 167 16.6 17.1
0.779 21.3 21,2 21.1 20.9 L6 2.4 2.4 0.779 167 16.6 166 16.7 16.8 166 17.2
0.800 21.& 21.3 21.2 21.0 .7 2.8 2@ 0.800 167 167 16.7 168 16.9 16.7 17.3
0.825 21.7 =21.5 21.3 21.1 8. 2.6 2.7 0.823 168 16.8 168 168 169 168 17.4
0.8%50 21.8 21.6 21.4 21.2 .9 21.8 228 0.850 169 169 169 169 17.0 169 17.%
0.673 21.9 21.7 =21.% 21.3 .1 21,9 23.0 0.879 17.0 17.0 17.0 17.0 17.1 169 17.3
0.900 22.1 21.8 21.6 21.4 2 220 231 0.900 17.0 17.0 17.0 17.1 17.2 17.0 17.&
0.925 22.2 21.9 21.6 21.4 .3 22,1 23.3 0.925 17.1 171 17.1 17.1 17.2 17.1 177
0.9%0 22.3 220 =21.7 219 .4 22,2 23.4 0.9% 17.2 17.2 17.2 17.2 17.3 17.1 17.8
0.975 22.4 220 21.8 21.6 s 223 239 0.97% 17.2 17.3 17.3 17.3  17.4 17.2 17.9
1.000 22,5 2.1 2.9 216 .7 2.3 237 1.000 17.3 17.3 17.3 17.4 17.3 17.3 18.0
1.100 23.0 224 221 21.9 L1 22.9 24.3 1.100 17.6 17.6 17.6 17.6 17.7 17.6 18.3
1.270 23.4 2.6 2.3 220 .5 23.4 25.0 1.200 17.9 17. 17.@ 17.9 18.0 17.8 18.5
1.300 23.9 W8 224 222 .0 23.8 25.6 1.300 18.1 18.0 18.1 8.1 16.3 18.1 18.8
1.400 24.3 23.0 226 223 .3 24.3 26.4 1.400 18.3 18.3 16.3 183 18.5 18.3 19.0
1.500 247 231 22.7 224 .9 247 27.1 1.500 18.3 18 1.9 18.3 18.7 18.3 19.2
1.600 25.0 =231 227 229 .1 24.9 27.6 1.600 18.7 18.6 18.7 18.7 18.8 18.6 19.5
1.700 23.3 23.2 22.8 226 .5 252 285 1.700 18.8 18.9 18.9 18.9 19.0 188 19.7
1.800 25.5 23.2 22.8 226 .6 5.4 28.9 1.800 19.0 19.0 19.1 191 19.1 189 19.9
1.900 2%.6 23.2 22.8 22.6 .8 2%.4 29.5 1.900 19.1 19.2 19.2 19.3 9.3 19.1 20.1
2.000 236 23.2 2.8 2.7 .8 29.6 29.8 2000  19.3 19.4 19.4 19.3 19.3 19.3 20.3
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SPECTRAL EVOLUTION-OF GALAXIES 75

1
1
1
ﬁl
§: TABLE 18a TABLE 19a
! - . Z. (Ho=30, Go=0, Tg=16).
o V(Z)-v(0) vs. Z. (Ho=30, Go=0, Tg=16). FLzI-FCo) vs (Ho=30, @o=0. Te
£ ) 0.30 MBI  HB2 N.E.
‘_': z € 070 040 0.3 HB1 HB2Z N.E z ¢ o070 060
. 0.00 O 0.00 0.00 0.00 0.00
L1 0000 000 000 000 0.00 0.00 000 0.00 0.000 0.0 % ool ooo oo3
0.023 0.00 0.00 0.00 0.00 0
0.025 002 002 002 002 002 00! 003 0,030 001 001 001 001 002 001 0.06
0.030 0.04 0.04 0.04 003 0.04 003 0.09 - 003 001 010
0.078 002 003 0.02 002 O
0.073 006 006 003 003 006 004 014 0,100 004 004 004 003 003 003 O 14
0.100 0.08 0.08 007 006 0.08 0.06 O 18 - Q- 7 o008 o018
0.123 0.035 006 0.035 0.04 0.0
9123 o.10 o010 003 008 011 0.08 0.23 0,130 007 007 006 003 009 005 0322
0.1% 0.14 0.14 013 0.11 0.15 0.11 0.30 0138 007 009 o008 007 o011 007 027
0.179 0.19 0.18 0.17 0.16 0.19 0.15 0.37 O ae 012 o011 010 009 014 009 031
9200 024 024 022 020 0 O O 0225 014 014 013 011 016 011 037
o2 030 029 028 02 03 0% O 025 018 017 016 0.14 020 014 043
0.2%0 03 03 034 032 037 030 06 0275 022 021 019 017 0.24 017 0.50
0273 045 044 O0.42 0.39 0435 037 0.76 S o5 o2 o260 021 029 021 0837
0.300 0.5 0.53 0.51 0.47 - 0.54 0.46 0.89 O3S o052 o3 0329 025 034 025 063
0.329 066 063 061 0.5 068 0.5 1.03 R 9% o34 0392 o2 o038 o029 072
0.3% 076 073 O0.70 0.65 0.74 0.64 1.16 o o3 03 038 o030 o4 031 077
0.373 0.85 08682 079 073 084 073 1.29 O 03 0% 037 o3 o4 oas o83
0.400 0.94 0.91 0.87 0.80 0.93 0.81 1.42 A a2 0% 0% 036 o049 o3 ot
0.423 1.02 099 0935 088 102 089 1.95 - O 34 045 o020 o354 043 o099
0.4%0 1.10 1.07 1.02 0.94 1.10 0.97 1.7 o. ”g o3k O34 0.3 04 060 047 108
0.47% 1.16 1.13 1.08 0.99 1.17 1.03 1.78 0.47 e 20 0.3 049 o0& o083 117
0.0 1.22 1.18 1.143 1.03 1.23 1.09 1.88 0.500 0. 2 08 o 0% o7 o 128
0.525 1.28 1.23 1.18 1.07 1.29 1.14 1.98 0.325 0.6 e e 080 o8 oee 140
0.3% 1.32 1.28 1.22 1.10 1.3% 1.19 2.07 0.3%0  0.77 O TS5 See oBe o33 1
0.575 1.36 1.31 1.24 1.12 1.39 1.23 216 g~ 573 g. gi' g~ :7 o e 037 oo o 1e2
oS bar i 1T ot b olm zm 0.625 0.98 0.93 0.85 0.74 1.02 083 1.73
: : : : : : ' 0.78 1.07 0.91 1.82
0. 630 1.49  1.44 1.35 1.19 1.54 1.37 244 0. 630 1.03 098 0.94 o83 114 097 19
0.679 1.34 1.49 1.39 1.21 1.99 1.41 2 94 0.6473 1.10 1.05 0.97 089 114 097 19
0.700 1.60 1.33 1.43 1.23 1.64 1.46 2 64 0.700 118 112 103 o087 122 1o+ 203
0.723% 1.67 1.59 1.47 1.2% 1.72 1.%2 276 0723 1.26 1.19 1.0 o-:’; iy [t 2m
0. 730 1.74  1.64 1.5 1.26 1.78 1.57 2.86 0.730 1.37 128 1.17 008 131 13 a4
0.773 1.82 1.70 1.%4 1.28 1.86 1.64 3.00 0.773 1.47 1.36 123 10 134 13 e
0. 800 1.93 177 1.60 1.31 1.93 1.72 3.13 0.800  1.49 1.37 },22 ’~g‘ % 13 257
0.825 202 1.84 1.6%5 1.33 204 180 3.26 0.825 1.32 1.40 1.2 : e e e
0. 850 213 1.92 1.70 1.3% 213 1.88 3.41 0.8%0 1.5 1.43 1.28 1.06 62 tas 232
0.875 223 1.98 1.73 1.3%5 223 1.97 3.55 0.873 1.61  1.46 1.30 :g; 1.6 ‘o oes
0.900 228 201 1.73 1.33 228 201 3.69 0.900 1.66 1.30 1.32 1 173 1 282
0.925 2,37 206 1.7% 1.32 237 =209 3.8 0. 925 170 1.52 1.33 106 177 1.33 2 %
0.95 2,46 211 1.76 1.31 246 2.16 400 0.9%0 172 1.%3 1.3 103 179 L :: o9
0.973 233 214 1.77 1.29 233 222 4.1 ‘l’- zz’g : ;: : :: } gg :-g: ::: :-“ g 4
1.000 268 222 1.80 1.29 266 234 433 . . - . - - : -
1.100 3.00 227 1.72 1.13 296 240 4.98 1.100 1.96 1.64 1.34 097 203 1.78 3.34
1.200 . 321 219 1.9 094 318 278 5 60 1,200 216 1.69 1.30 0.87 226 1.96 4.03
1.300 3.29 200 1.31 072 3.27 284 618 1,300 235 1.70 1.23 0.77 2435 2.13 4 53
1.400 3.13 1.3 0.97 043 319 276 6 63 1400 232 1L Z; é.g; g. :? g g? g :3 3 ;7
1. 500 3.08 1.38 071 020 316 272 7.06 1. 300 : po 1-2‘ 0 &S o231 o283 s o2
1.600 3.09 1.09 0.44 -0.03 319 273 7.50 1. 600 . 1. ) . . 2 8.2
1. 700 3.08 0.6%5 007 -0.33 3.19 276 7.9 1. 700 2.82 0.89 035 -0.04 298 261 -
1.800 312 0.31 -0.22 -0.58 3.23 280 B 42 1. 800 2.860 0.39 0.08 -0.26 296 262 ;:3
1. 900 3.14 0.035 -0.46 -0.79 3.25 2.8t 8 8% 1. %00 277 0.35 -0.14 -0.46 295 2 :2 7 a;
2.000 3.09 -0.21 -0.48 -0.98 3.19 273 9.23 2. 000 2.60 0.10 -0.36 -0.43 2.81 2 47 :
: TABLE 19b
TABLL 18b
F(Z)-F(0) vs. Z. (How100, Go=0, Tg=9).
V(Z)-V(0) vs. Z. (Ho=100. Qo=0, Tg=9).
z c 70 0.640 ©0.30 MBI  HB2 N.E.
z C 070 060 0.3 MBI  HB2 N.E
. o o. 0. . . . 00
0.000 000 000 0.00 000 000 000 000 0.000 0.0 0.00 et % 0.00 000 O
0.025 0.00 0.00 0.00 0.00 0.01 0.00 0.03
0025 002 001 001 001 002 001 004
0,030 0.01 0,01 0.00 000 002 0.01 0.06
00% 003 003 002 001 004 003 008
0.075 0.02 0.01 0.01 0.00 0.03 0.01 0.09
0078 003 004 003 002 006 008 012
0.100 ©0.04 0.03 0.02 0.00 0.05 0.03 O 12
0100 0.07 006 004 002 008 003 016
0,125 0.03 0.03 002 0.00 0.06 0.03 0.16
01235 0,09 007 0.06 0.03 010 007 0.21
0.150 ©0.06 004 003 000 008 004 O 19
0.1% 012 0.10 0.08 0.05 0.13 0.10 0.26
0.173 0.08 006 0.04 001 0.10 0.06 0.23
0.17% 016 0.14 011 007 0.18 0.13 0.33
0200 010 0.07 0.05 0.02 012 0.€7 0.28
0.200 0.21 0.18 0.1 0.10 0.23 0.18 0.40
0.225 013 0.10 0.07 0.03 0.15 0.10 0.32
0225 027 023 019 013 028 023 0.48
0.2% 0.16 0.12 0.09 0.05 0.18 ©0.12 0.38
0.2%0 0.34 029 0.24 0.17 0.3% 0.28 0.37
0.275 0.19 0.15 0.11 0.07 0.22 0.15 0.44
0273 041 033 029 022 042 033 0.67
0.300 0.23 0.19 0.14 0.09 0.26 0.19 0.51
0.300 0.49 0. 42 035 0.27 0.5 0.42 0.79 b
0.325 0.27 022 0.17 0.11 031 0.23 0.%8
0.323 0.5 049 042 032 0939 0.5 0291
0.350 ©0.30 0.25 0.19 0.13 0.34 0.2% 0.3
03% 066 037 049 038 068 0.5 103
0.375 0.33 0.27 0.21 0.14 0.37 0.28 0.68
0.375 0.74 0.64 0.3 0.44 0.76 0.66 1.13
0.400 ©0.37 0.30 0.24 0.16 O0.41 0.31 0.79
0.400 083 072 062 030 085 075 1.27
o a2 0.425 0.41 0.33 0.26 O0.18 0.45 0.35 0.81
425  0.91 0.79 0.69 0.3 093 0.83 1.38
0.450 0.45 0.37 0.29 0.21 0.5 .39 0.88
0.45% 0.97 0.85 0.75 0.61 1.0l 0.90 1.48 o as 029 o0 o3 oy 33 o33 oo
0475 1.03 0.90 0.79 065 1.07 095 1.%8 0300 034 o &% o oo i oam tes
o 1E oI SE2 Q8 13 Lo Lt 0325 060 049 0480 029 066 054 118
: : : : : : 0.350 0.66 0.5 0.44 0.33 0.72 0.60 1.24
0.3% 1.18 1.02 0.88 0.73 1.28 1.11 1.8t e N SE S vy O’ Ce In:
0573 1.22 1.05 091 074 1.29 1.13 1.88 o toa o7 oS o8 Sa ol Sa s
0.600 1.27 1.09 0.94 0.76 1.3¢ 1.20 1.96 oo Oma o 03 TA s 9B i
0.623 1.31 1.12 0935 0.77 1.38 1.24 2.02 S 0B oa or s S o
0. 630 1,36 1.16 0.98 0.79 1.44 1.29 2.10 e : by - 46 0.96 -82 1. %
0.673 1.41 1.19 1.00 0.79 1.49 1.34 218 0.673  0.93 o078 0.64 049 1.03 o088 L
C.700 1.45 1.21 1.01 0.80 1.53 1.38 2.26 0.700 101 084 0.49 033 1.10 0.95 1.80
0. 725 1.49 1.23 1.02 0.79 1.58 1.42 2.3% 0.725 1.08 o0.88 072 0.5 116 t.o01 1.91
0. 730 1.53 1.24 1.02 0.79 1.62 1.46 243 0.750 1.16 0.94 0.77 0.60 1.2%5 1.09 204
0.775 1.58 1.27 1.02 078 1.68 1.% 293 0.773 123 1.00 0.82 0.63 132 1.16 216
0.900 1.64 1.29 1.03 0.78 1.74 1.9 2.6% 0.800  1.24 1.01 082 064 1.34 118 220
0. 829 1.70 1.32 1.06 0.78 1.80 1.62 276 0.82%  1.27 103 0.84 0.635 1.38 121 224
0.8%0 1.75 1.38 1.04 0.77 1.86 1.67 2.87 0.8%  1.31 105 0.85 0.67 1.42 1.25 229
0.873 1.83 1.37 1.06 0.77 1.9¢ 1.73 3.02 0.873 1.35 1.08 0.87 068 1.47 1.30 237
0. 900 1.88  1.38 1.05 0.76 1.99 1.79 3.11 0. ;°° .41 1.11 0.89 0.68 1.33 1.35 246
0.925 1.94 1.41 1.05 0.735 206 1.86 3.29 0.325 1.4 113 0.90 0.8 137 139 234
0.9%50 2.02 1.43 1.06 0.74 213 1.93 3.38 0.930  1.47 114 089 0.47 1.60 1.42 259
0.975 2,08 1.44 1.05 0.73 219 1.98 3.49 0.973 1.5 1.13 0.89 0.66 1.63 1.43 263
1,000 217 1.47 1.06 072 229 207 368 1.000 1.53 1.17 0.90 0.66 1.68 1.49 2.73
1100 246 1.41 096 062 295 235 422 1.100 1.72 1.16 0.8 0460 1.8 1.47 3.03
1.200 268 1.235 0.79 0.47 280 238 4.76 1.200 1.90 1.11 077 0.52 204 1.8 343
10300 2,77 1.06 061 032 289 268 5 2% 1.300 2.11 1.05 0.4 0.43 226 207 3.87
1. 400 281 089 0.45 017 293 272 563 1. 400 2.36 0.98 0.39 0.34 251 233 439
1. 500 282 073 029 003 29 274 593 1. 300 2.93 0.8 0.49 024 270 2951 4.92
1. 600 2.83 0.9 0.13 -0.12 297 2.74 6.38 1. 600 298 076 036 012 274 233 5.2
1.700 2.84 0.32 -0.07 -0.29 3.00 273 6.81 1.700 2.71 0.3 020 -0.02 2.88 265 589
1. 800 2.88 0.12 -0.29 -0.4%5 3.03 276 7.30 1. 800 272 0.39 004 -0.16 2.89 2635 6.16
1. 900 2.88 -0.06 -0.41 -0.359 3.04 276 7.79 1. 900 2.69 0.24 -0.10 -0.28 2.8 264 6.4
2. 000 2.72 ~0.23 -0.% -0.72 2. 91 2.70 8. 26 2. 000 2. 46 0.07 -0.2% -0.41 2. 68 2. .91 6.70
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1
1
1
1
g, TABLE 20a TABLE 2la
1
él K(Z)-K(0) vs. Z. (Ho=30, Qom0, Tg=16). 14 vs. Z.  (Ho=30, Qo=0, Tg=16)
L3l
£, z c HBI  HB2 N.E. 2 0.90 0.70 0.0 0.30 0.15 001 085
|‘__" . 000 0.00 00 0.00 0.00 0. 004 151 14.%9 141 12,2 10.5 9.7 8.6
! 0.025 -0.07 07 -0.08 -0.08 0.0 206 19.9 19.4 -17.4 158 152 140
0.030 -0.13 14 -0.13 -0.11 0. 100 22.1 21.4 208 18.6 17.2 167 135
0.073 -0.22 20 -0.22 -0.16 0. 150 23.0 222 21.3 193 180 17.6 16.4
0.100 -0.28 26 -0.28 -0.21 0. 200 23.6 2.9 220 19.8 186 18.2 17.0
0.125 -0.33 32 -0.33 -0.23 0. 2% 24.2 234 224 201 19.0 18.8 17.5
0.150 -0.41 38 -0.41 -0.30 0. 300 247 23.9 22.7 20.3 - 195 193 18.0
0.173  -0.47 43 -0.47 -0.34 0. 3% 251 24.3 23.0 208 19.8 19.8 18.4
0.200 -0.52 48 -0.52 -0.37 0. 400 2%.% 24.6 231 21.0 202 20.2 18.8
0.225 -0.57 52 -0.57 -0.40 0. 430 2%.9 230 233 21.3 206 20.7 192
0.2%0 -0.61 56 -0.62 -0.43 0. 300 262 253 235 21.5 209 21.1 196
0.273  -0.66 60 -0.66 -0.4% 0. 330 2.5 25.% 23.7 =21.8 21.3 21.5 200
0.300 -0.49 63 -0.70 -0.47 0. 600 26.8 257 23.8 2.1 21.6 21.9 204
0.325 -0.73 66 -0.73 -0.49 0. 630 27.1 260 280 =223 21.9 223 207
0.3%  -0.76 69 -0.76 -0.30 0.700 27.4 262 241 225 222 226 21.0
0.373  -0.80 72 -0.80 -0.51 0.7% 27.6 263 4.2 226 224 228 21.3
0.400  -0.83 73 -0.83 -0.53 0.800 27.8 264 24.2 228 225 23.0 215
0.4235 -0.86 78 -0.86 -0.34 0.8% 28,1 2635 243 228 227 232 217
0.430  -0.89 80 -0.89 -0.34 0.900 28.2 26,4 242 229 228 234 218
0.475  -0.91 82 -0.92 -0.35 0.95 28,3 26.4 24.2 229 229 233 220
0.300  -0.94 84 -0.94 -0.3 1.000 28.5 264 24.2 230 230 236 222
0.525  -0.96 86 -0.97 -0.% 1.0 28.6 263 =242 231 =231 238 223
0.3%0 -0.98 88 -0.99 24 1,100 28.7 =262 241 231 232 239 225
0.57%  -1.00 90 -1.01 57 1.1% 28.7 26.0 241 23.2 23.3 241 226
0.600  -1.02 91 -1.03 - 57 1. 200 28.7 260 241 232 234 282 228
0.625 -1.04 33 -1.05 -0.57 1,250 287 260 =241 233 235 243 230
0.6%0 -1.05 94 -1.06 -0.57 1300 287 259 241 233 236 243 231
0.673  -1.07 93 -1.07 -0.57 1.35%0 28,7 237 241 234 237 246 23.3
0.700 -1.08 9% -1.09 - 57 1. 400 28.6 256 241 235 238 247 234
0728 -1.10 97 -1.11 -0.97 1.430 286 236 241 235 239 248 23.9
0.7% -1.12 .99 -1.12 %6 1,300 287 256 241 236 240 249 237
0.773 -1.13 00 -1.14 s6 1.5%0 28.7 2364 242 236 240 250 23.8
0.800 -1.14 -0t -1.13 s 1.600 2835 295 24.2 23.7 241 25.2 240
0.823  -1.16 02 -1.16 i 1,630 281 294 24.2 23.8 242 233 241
0.8%0 -1.17 02 -1.18 -0.53 1.700 27.9 2353 =242 239 243 254 243
0.675 -1.18 03 -1.19 -0.354 10750 27.8 253 24.2 23.9 24.4 255 24 4
0.900 -1.19 04 -1.20 -0.34 1.800 27,7 252 242 240 245 255 243
0.923 -1.20 03 -1.21 -0.33 1,830 27.6 253 24.3 241 246 258 247
0.9% -1.21 06 -1.22 -0.53 1.900 27.6 253 243 242 248 259 248
0.975 -1.22 07 -1.23 -0.32 1.9%0 27,6 233 284 242 249 260 250
1000 -1.29 07 -1.24 -0.32 2000 27.3 253 24.3 243 250 261 25.1
1.100  -1.27 10 -1.29 -0.30 2100 27.3 253 24.5 245 252 264 254
1200 -1.32 14 -1.34 -0.48 2.200 27.2 25.3 24.6 24.6 233 266 257
1300 -1.36 18 -1.37 -0.46 2.300 269 232 247 248 2335 268 260
1.400  -1.42 22 -1.45 -0.44 2,400 26,7 232 247 24.9 254 269 262
13y i 27 -1.3: -0.43 2.300 266 2%.2 24.8 230 258 27.1 264
1,700 -1 51 30 -1.54 hel 2.600 263 251 24.8 251 239 27.3 266
1800 -1 30 29 -1.33 39 2.700 261 251 26.9 232 260 27.4 269
1900 -1 8% 25 -1.32 3 2.800 260 251 249 233 =261 27.5 27.1
2,000  -1.39 29 -1.33 33 2.900 258 250 =249 253 263 27.7 27.3
- 36 -1.61 -0.30 3.000 23.6 250 250 23.4 264 27.8  27.3
TABLE 21b
TABLE 20b
14 vs. Z.  (Ho=100. Go=0, Tg=9).
K(Z)-K(0) vs. Z. (Hom=100, Qo=0, Tg=9).
z 0.90 0.70 0.3 0.30 0.15 0.01 0.83
z € 070 0.60
0.00¢ 15.2 143 12.4 106 9.9 95 8.4
0. 000 0.00 0.0%0 20.6 19.6 17.6 160 153 13.0 13.9
0.025 -0.08 0.100 221 2.0 18.9 17.4 168 163 13 4
0.0%0 -0.13 0.130 22.9 =21.6 19.6 181 17.4 17.4 16.3
0.073 -0.22 0.200 23.6 221 200 187 18.2 18.1 169
0. 100 -0.29 0.2%0 241 22.6 =20.4 191 18.7 186 17.%
0. 123 -0.36 0.300 24.6 22.8 20.7 19.3 19.2 19.1 18.0
0.15%0 -0. 43 0.330 250 23.1 21.0 199 19.6 19.6 18 4
0.173 -0. 49 0.400 254 23.3 2.3 203 200 20.1 18.8
0. 200 0. 34 0.450 5.7 23.6 =21.6 206 20.5 20.3 19.3
0. 225 -0.39 0.300 6.1 23.7 2.9 21.0 20.9 20.9 19.7
0. 250 =0. 63 0. 350 264 239 221 21.3 21.2 21.4 201
0.275 —0. 68 0. 600 26.7 241 224 21.7 21.6 21.8 20.%
0. 300 -0.72 0. 630 27.0 24.4 22,7 220 21.9 22.1 20.8
0.323 0.7% 0. 700 27.2 24.% 22,9 22,2 222 224 21.1
0.3%0 -0.79 0. 730 27.4 24.6 23.0 224 22.4 22.7 21.3
0.373 -0.81 0. 800 27.5 264.6 23.1 22.6 22.6 22.9 21.9%
0. 400 -0.84 0.830 27.6 24.7 23.2 22.7 22.8 23.1 21.8
0. 423 -0.87 0. 900 27.7 247 23.3 228 229 23.2 21.9
0. 430 -0.89 0. 930 27.8 287 23.3 22,9 23.0 23.4 22.1
0. 473 -0. 92 1,000 27.9 24.8 23.4 23.0 23.2 23.5 223
0. 300 -0. 94 1. 030 27.9 24.8 23.3 23.1 23.3 23.7 22.4
0.523 -0. 96 1. 100 27.3 24.7 2335 232 23.4 23.8 226
0. 330 -0.98 1.1%0 27.3 24.7 23.% 23.3 23.5 =23.9 227
0.573 -1.00 1.200 27.2 24.6 236 23.4 236 241 229
0. 600 -1.01 1.2%0 27.1 24.6 23.6 235 23.8 24.2 230
0. 625 -1.03 1.300 27.1 24.6 237 236 239 243 232
0. 630 -1.04 1.3% 27.1 24.7 23.8 23.7 240 24.4 233
0.679 -1.03 1.400 © 27.1 24.7 23.8 23.8 241 246 23.5
0.700 -1.06 1.450 27.1 24.B 23.9 23.9 24.2 24.7 234
0.723 -1.07 1.300 27.1 24.8 24.0 23.9 243 24.8 23.7
0.730 -1.08 1.950 27.2 24.9 241 240 244 24.9 239
s B 1.600 27.2 24.9 24.1 241 243 250 24.0
pad e 1.630 27.1 24.9 24.2 24.2 24.6 252 24.2
o 830 B 1,700 27.1 250 24.3 243 248 253 24.3
P B 173 27.0 250 26.4 244 24.9 254 24.4
o 908 a2 1.800 27.1 251 24.4 24.3 250 255 24.6
o 999 s 1.8%0 27.1 251 24.5 24.6 251 257 24.7
o 950 s 1.900 27.1 29.2 24.6 24.7 25.2 258 24.9
o 999 B 1.9%0 27.1 253 =26.7 =24.8 253 239 290
1 o000 e 2000 27.1 253 2.8 24.9 234 260 251
1 300 s 2,100 27.1 25.4 24.9 231 236 263 29.4
1. 200 i 2,200 27.1 253 231 293 238 265 256
1 300 Tie 2.300 27.1 2.6 25.2 25.3 260 - 267 29.9
1. 200 e 2.400 27.1 23.6 253 23.6 262 268 26.1
1 300 i 2300 27.1 257 254 298 263 27.0 263
1 600 -4 2.600 27.0 25.8 253 239 265 27.1 26 %
1 700 -+t 2.700 27.0 23.8 236 260 26.6 27.3 26 6
1. 800 i te 2.800 220 29.9 297 261 267 27.4 268
1. 900 4 2.900 27.0 259 258 262 2.9 27.6 27.0
2 000 e 3.000 27.0 26.0 25.9 263 27.0 27.7 27.1
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ﬁl

é: TABLE 22a TABLE 23a

m: 22 vs. Z. (Ho=30, Qo=0, Tg=1&) 27 vs. Z. (Ho=30, Qo=0, Tg=16).

9, z 0.90 0.70 0.30 0.30 0.13 0.01 0.8% z 0.90 0.70 0.% 0.30 0.15 0.01 0.85

!

L1 0.004 1.4 150 147 13.1 11.5 1:0.7 9.7 0.004 13.3 134 13.4 127 11.5 109 10.1
0.030 209 20.5 20.1 18.3 16.8 161 151 0.03%0 19.4 19.3  19.1 18.1 16.9 164 135
0. 100 22.% 22,0 21.3 195 181 17.6 16.6 0. 100 21.3 21.2 209 19.6 18.3 17.9 17.0
0.1%0 23.4 228 22,2 201 18.8 18.4 17.4 0.13%0 22,3 22.3 220 203 19.1 18.7 17.8
0.200 24.1 2335 22.7 20.5 19.3 19.0 18.0 0. 200 23.5 23.2 227 208 19.6 193 18.4
0. 2% 24.6 240 23.0 20.8 19.7 19.5 18.4 0.250 24.2 23.9 23.1 21.1 200 19.8 18.9
o. 25.0 24.4 23.2 21.0 200 19.9 18.8 0. 300 2.8 24.4 23.4 21.3 204 202 19.2
0. 730 25.4 24.7 23.4 21.2 203 202 19.2 0. 3% 2.3 24.8 23.6 21.5 206 20.6 19.6
0. 400 25. 6 24.9 23. 4 21.3 20. 3 20.5 19. 4 0. 400 235. 6 235.0 23. 6 21. 6 20.8 20.8 19.8
0. 430 258 250 234 21.4 207 208 19.7 0. 430 25.8 29.2 23.6 21.6 21.0 2.1 200
0. 300 26.0 251 233 21.4 208 21.0 19.9 0. 500 2.0 253 23.% 21.7 21.1 21.3 20.3
0. 330 261 2%2 233 21.5 21.0 21.2 20.1 0. 350 2.1 253 23.% 21.7 21.2 21.1 204
0. 600 26.2 232 23.3 213 21.1 21.4 203 0. 600 26.2 293 2.4 21.7 21.3 21.6 206
0. 630 2.4 253 23.3 216 21.2 2.6 20.5 0.63%0 2.4 254 23.4 21.8 21.4 21.8 208
0. 700 2.5 234 233 21.7 21.4 21.8 207 0.700 268 25.4 23.4 21.8 21.5 21.9 20.9
0.730 267 254 233 21.8 21.3 22.0 209 0.7%0 26.7 235 23.4 =21.9 =21.6 =221 211
0. 800 26.9 25. 5 23.3 21.9 21. 6 22.1 21.0 0. 800 26.8 25. 5 23.4 21.9 21.7 22.2 21.3
0.850 27.1 2% 6 234 21.9 21.8 22.3 212 0.83%0 27.0 2%.6 234 220 21.8 =22.3 21.4
0. 900 27.3 255 233 220 21.9 2.5 21.4 0. 900 27.2 235 23.3 20 21.9 225 21.%
0. 950 27. 4 2%. % 23.3 22.0 2.0 Q2.6 21.5 0. 9%0 27.3 254 23.3 22.0 22.0 22. 6 21.7
1. 000 27. 6 25. 9 23.3 22.1 221 2R2.8 21.7 1. 000 27.% 2%. 4 23.2 22.1 22.1 2.7 21.8
1.0%0 27.7 3.9 23.3 22 2 22.2 22.9 21.9 1. 090 27. 6 29. 4 23.2 22.1 22.1 22.9 21.9
1. 100 27.8 23%. 4 23.3 22.3 22. 4 23.1 22.0 1. 100 27. 6 25.2 23.2 22.1 22.2 23.0 22.1
1.1350 27.9 25.3 23.3 22. 4 2.9 23.3 22.2 1.1%0 27.6 25.1 23.1 22.2 22.3 231 22.2
1. 200 28.0 25.3 23. 4 223 22.7 23.5 22 4 1. 200 27.7 25.0 23.1 22.3 22. 4 23, 2 22.3
1.2%0 281 233 23.5 227 229 237 226 1.2% 27.7 250 231 223 225 23.4 225
1.300 28.2 253 23.6 228 23.0 23.9 228 1. 300 277 249 231 224 226 23.% 226
1.3%0 2.2 233 23.6 23.0 23.2 241t 230 1.3%0 27.6 247 =231 22.4 22.7 23.6 22.7
1. 400 28.3 253 238 231 234 24.4 233 1. 300 276 246 231 224 228 23.7 22.8
1. 450 26.4 254 23.9 233 23.6 246 23.% 1. 4%0 27.6 246 231 225 228 23.8 22.9
1. 300 2835 254 240 234 238 248 237 1. 300 276 2435 231 226 229 23.9 23.1
109%0 2006 255 241 236 240 250 239 1550 27,7 246 231 226 230 240 232
1. 600 28.4 255 242 237 241 252 241 1. 500 274 248 231 2207 =231 242 23.3
1. 630 281 234 242 238 243 253 242 1. 630 27.1 24.4 232 228 23.3 24.3 23.5
1.700 28.0 254 242 239 244 233 244 1.700 26,9 24.3 23.2 22.9 234 24.4 23.&
1.7%0 27.8 253 24.3 240 24.5 256 245 1. 7%0 268 243 233 230 235 246 23.8
1. 800 27.8 233 24.3 241 2846 237 247 1. 800 268 243 233 231 236 24 3. 0
1.83%0 27.7 253 24.3 241 247 258 24.8 1. 830 268 244 234 23.2 23.8 24'3 :“ 1
1. 900 27.7 253 24.4 242 248 259 24.9 1. 900 268 245 235 234 239 251 43
1.9%0 27.6 2353 24.4 242 249 260 250 1. 930 269 245 236 2335 261 25 24' s
2000 27.35 253 244 243 24.9 261 232 2. 000 268 246 238 23 ; -3 2%
2100 272 252 244 2484 251 263 254 200 gt e =S -6 23 :®3 AT
2. 200 27.0 251 24.4 2435 232 26.4 256 2. 200 2.7 24.8 24 2 2.6 238 23.9

2 X . X 4.1 24.1 24.9 261 234
2. 300 267 250 243 245 253 266 258 2300 265 248 243 283 2% 2
2. 400 263 249 24.%5 246 254 267 260 2 300 203 248 263 245 :’, 2.4 z:. 4
2. 300 26.3 24.9 243 247 255 269 262 2 300 262 248 248 24 2. 2.6 233
2. 600 26.0 249 245 248 256 27.0 264 2. 600 260 248 28 6 234 268 262
2.700 25.9 248 24.6 24.9 258 27.2 267 . . ; -3 287 26 269 264
2. 800 238 24.8 24.7 2% 0 259 27.3 26.9 : ;gg g: 3 247 24.9 2.8 23.7 27.1 26. 6
2. 900 256 248 247 251 260 27.5 27.1 : ) 2.7 246 W9 238 27.2 2.8
3 000 254 308 248 252 oes 7. ara 2. 900 255 24.7 246 230 2359 27.3 27.0
& 3. 000 25.2 24.6 246 251 260 27.% 27.2
. TABLE 23b
TABLE 22b
27 vs. Z. (Ho=100, Qo=0, Tg=9).
22 vs. Z. (Ho=100, Go=0, Tg=9).
b 0.90 0.70 0.%0 0.30 0.15 0.01 0.85
b3 0.90 0.70 0.% 0.30 0.15 0.01 0.85

0. 004 13.1 13.0 12,6 11.&6 11.0 10.7 9.9
0.004 15.2 147 13.2 11.4 10.9 10.3% 9.6 0. 0%0 19.0 18.9 18.1 17.0 165 16.2 154
0.0%0 208 20.1 18.4 169 163 159 150 0. 100 21.0 207 19.7 18.4 17.9 17.7 16.9
0. 100 22.4 21.5 19.7 18.2 17.6 17.4 1.5 0.130 22.3 21.8 204 19.2 1B.7 18.&6 17.7
0.1% 23.3 222 203 18.9 18.4 18.2 17.3 0.200 23.3 22.5 20.9 19.7 19.3 19.2 18.3
0. 200 240 227 207 194 19.0 18.8 17.9 0.2%0 24.0 23.0 =21.3 201 19.8 19.7 18.8
0. 230 24.5 231 21.0 19.8 19.4 19.3 18.4 0. 300 24.5 23.3 21.5 204 =201 20.1 19.2
0. 300 24.9 233 21.3 20.1 19.8 19.7 18.8 0.3%0 24.9 235 =21.7 207 204 20.4 19.%
0.33%0 25.2 23.4 21.4 204 201 201 19.1 0. 400 25.2 23.6 =21.8 209 206 20.7 19.8
0.400 233 23.3 21.6 20.6 203 20.4 19.5 0. 450 23.4 23.7 =21.9 21.0 208 20.9 20.1
0. 430 257 23.6 21.7 20.7 20.5 20.6 19.7 0.500 25.5 23.7 220 =21.1 2.0 2.1 203
0. 25.8 23.5 21.7 20.9 20.7 20.8 19.9 0. 550 25.6 23.6 220 21.2 21.1 21.3 20.%
0. 330 259 23.%5 21.8 21.0 209 21.0 20.1 0. 600 25.8 23.6 220 21.3 21.3 21.4 207
0. 600 26.1 23. 5 21.9 21.1 21.1 21.2 20. 4 0. 650 26.0 23.7 22.1 21. 5 21. 4 21.6 20.8
0. 6%0 26.2 23. 6 2.0 21.3 21.3 21.8 20.6 0. 700 26.2 23.8 22.2 21. 9 21.5 21.8 21.0
0.700 26.4 23.7 221 21.4 21.4 21.6 20.8 0.7% 26,3 23.7 222 =21.6 2.7 21.9 212
0.7% 26. 4 23.7 221 21. 5 21. 6 21.8 20.9 0. 800 26. 4 23.7 22.3 21.7 21.8 22.1 21.3
0. 800 26.5 23.7 2.2 21.7 21.7 22.0 21.1 0. 830 26. 6 23.8 22'3 21.3 31‘9 22': ;1‘ s
0. 8% 26.7 23.8 22.3 21.8 21.9 22.2 21.3 0. 900 26' 7 ;3' 8 22‘ 4 21.9 22' [ 22, 3 21‘ I's
0. 900 268 23.8 224 21.9 22.0 22.3 21.4 0. 930 268 238 22.4 220 221 22.3 21.8
0. 930 26.9 23.8 22.4 2.0 =221 2.3 21.6 1.000 269 238 225 221 223 226 21.9
1.000 27.0 23.9 =22.5 22,1 223 226 21.8 1.0%0 269 238 22,35 =22.2 22.4 227 220
1.0%0 27.0 24.0 22.6 223 225 228 21.9 1.100 2.8 237 22.5 22.3 22.5 22.9 22.2
1.100 267 239 227 224 226 230 221 1.1%0 26,3 237 22.6 22.3 226 230 22.3
1.15 265 23.9 22,8 225 228 23.2 223 1,200 262 236 22,6 22,4 227 23.1 224
1.200 265 239 22.9 227 23.0 23.4 22.5 1.2%0 261 23,6 227 22.% 22.8 232 225
1.2% 265 240 23.0 22,9 231 23.6 2.7 1. 300 260 23.6 22,7 22.6 229 23.3 22.7

1. 300 26.5 24.1 23.2 23.0 29.4 23.8 229 1.3%0 260 237 22.8 22 X X X
1.3%0 2.6 242 23.3 23.2 23.35 24.0 231 . ' X X 7 wo :#s :28
1,400 267 244 23 1.400 26,0 23.7 22.8 228 231 236 229

.8 23.4 23.8 24.2 23.4 Pt
1. 430 26.9 4.5 23.7 23.6& 24.0 2435 23.5 130 261 27 29 28 B2 W7 A0
1,300 27.0 247 238 238 242 247 ooa 1. 500 261 238 230 229 23.3 23.8 231
X . X °
1.390 271 248 240 240 243 249 239 Vi ey B, B ;O ;R e 23
2 2
1. 600 27.2 249 241 241 245 250 24.1 l.eop 261 235 231 231 223 240 234
1 630 271 250 242 243 . 1.6 26,4 23.9 23.2 232 23.6 242 23.%
24.7 25,2 24.3

1. 700 27.1 250 243 24.4 24.8 254 24.4 1.700 261 240 2.3 234 288 243 2.7
1730 271 231 244 245 249 255 246 1.7%0 261 24.1 23.4 23.5 23.9 24.3 23.8
1. 800 271 251 28.% 24.6 250 256 R4.7 1.800 261 242 233 236 241 246 200
1.830 271 252 =266 247 251 237 24.8 1850 262 243 23.6 238 242 228 241
1.900 271 252 244 24.8 25.2 258 24.9 1.300 263 244 238 239 244 250 243
1,930 271 283 247 248 253 259 250 1. 950 26.4 2435 23.9 241 28.6 231 24.5
2,000 27.1 253 247 24.9 254 260 231 2000 264 246 241 242 247 2.3 247
2,100 27.0 253 248 230 25.3 262 29.4 2100 265 248 244 243 251 257 250
2. 200 569 252 24.9 251 257 265 258 2. 200 266 250 246 248 234 260 29.3
2.300 269 25.4 =250 283 258 265 257 2.300 26.64 231 24.8 29.0 236 263 256
2.400 26,9 234 251 254 259 26,6 259 2.900 267 253 249 232 258 265 238
2,300 269 255 =252 255 261 268 261 2.500  26.8 23.4 23.1 254 260 267 260
2600 26,8 293 253 256 262 269 263 2.600  26.7 2.4 232 25.5 261 268 262
2700 267 236 254 258 264 271 263 2.700 266 235 23.3 237 263 27.0 26.4
2800 2.7 256 258 20.9 268 27.2 26 6 2800  26.6 23.5 23.4 238 26.4 27.1 263
2.900 268 25.7 256 2560 266 27.4 268 2,900 26,6 25.6 23.4 239 26.5 27.2 26.7
3.000 268 2358 257 261 268 27.5 27.0 9.000 266 256 295 260 2.6 27.4 269
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