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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.

Key words: GALAXIES-EVOLUTION - SPECTROPHOTOMETRY - STELLAR CONTENT -
ULTRAVIOLET SPECTRA — SPACE TELESCOPE

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 19834) 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 1983c¢) 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 II1, 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,[A#(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. #(2) is
also a function of Hy and g, (see below). If one ob-
serves this source at redshift z, the amount of energy
received at wavelength X inside the wavelength interval
d\ will be the energy emitted by the source at wave-
length A(1 +z)! inside the interval (1 +z)™' dA, dim-
med by the effect of the distance to the source. Com-
monly, observations are performed through a filter of
response function R(X). Thus the total energy received
from the source through this filter is given by

2
Iy
ER(z) = E, [T]

where

1+ zo Tglz, t(2)]
1+ z TR[Zo,t(Zo)] ’

&)
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TABLE 1
PHOTOMETRIC SYSTEMS*
System ‘ Colors Filters Aesf(A) AN(A) Reference
UBV U-B=U, -B, ‘ U, 3652 201 1
B-V=B,-V B, 4448 363
B, 4417 362
| 4 5505 367
U*J*FN U+ -J* Ut=1lla - J + UGS 3606 223 2
J*-F J*=1Ila — J + GG385 46217 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 B275

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).

© Ngr= FARID / FROVAN . (AN? = O Agy? RN / ROV .

(a+ 2™ TRlz,t(2)] = 1+ 2)™*

X R+, @IRON, @

represents the energy transmitted by the filter, / is the
luminosity distance from the source to the observer
(Weinberg 1972), and E, is the energy received at some
reference distance J, with corresponding redshift z,.
Expressing this energy in a magnitude scale,

l
mgp(z) - Mg = Slogl— + 2.5log P
) ()

~25log M , (3

TR [20,2(20)]

where mp(z) = -- 2.5 log Ex(z), and Mp = — 2.5 log Ej, .
b) Distance Modulus

For z =z, (3) gives the distance modulus, namely

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

mR(Z) - MR =42384 — 510gh

1,
qz+ @-DI0+ 20021 o

2
+ Slog 9

21+ %) g0 =0.
@)

The numerical factor in the right hand side of (4) is
equal to Slog(c/Holp); Iy has been taken as 10 pc, and
h=H,/100. In this case My is the absolute magnitude
of the source in the given band.

¢) k and Evolutionary Corrections

The k-correction gives the magnitude difference
between a source observed at redshift z and a source
with identical spectrum observed at z=0. The spectral
evolution that takes place in the intervening time is
neglected. Thus (Peebles 1971)

e

TRz, (0)]

= 2. — 2. 1 .
k(z) = 2.5log (1+ 2z) —2.5log Te[0.70)]
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TABLE 2 R(z) - R(0) = kg(2) + egr(2), ®)
EX OF TABLES ) .
MNDEX O and R represents any of the bandpasses in use. This nota-
i Tabl P tion emphasizes the fact that the difference in th; absolute
Quantty o P magnitude to be assigned to a galaxy at redshift z and a
4 3 I nearby galaxy is due both to evolution and redshifting
B@) 4 of the spectrum.
V — CORR(2)* 5
?(zz)) 2 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-1V @ 9 given by
w*-J"@2) 10
J*—F) () 11 "
F-N) (@) 12 ' (1+ 2g42) 3
(V- R) () 13 Hot(qo,2) = + 49020 - 1)
V-K) (@) 14 (1-2g0)(+ 2)
V-K)(@ 15
H-K) () 16 | |3
- —z
B(z) - B(0) 17 I x COS-! 17¢d-9] ©)
V() - V(0) 18 qo(1+ 2)
F(z) - F(0) 19
K(z) - K(0) 20 ‘
14(2) 21 1L Where COS ™! (X) = cos™ (X) if go > 0.5, and
22 }
%38 23 COS™'(X)=(-1) % osh (X)ifgo <0.5.Forq,
V() 24 2 S
(14 - 17) @) 2 I =0.5,Hot(qo,2) = 3(1+ 2)7°".
17 - 22) (2) . 26
22-27 () 27
(27 - B) (2) 28 ‘
8;7 —V,;)( (i) %(9) For any cosmology the age of the universe is given by
- V4

(*) 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) =—2.5log Talz. 70)] .
RLZ,

(6

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

)
mp(z) — Mg = 5log l_ +kr(2)+ eg(2) )

0 .

The combined correction kg (z)+ er(2) 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 Af(go,z) from z=0 to
redshift z is given by

Aq0.2) = 1(qo,0) — 1o, 7). (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,(A) at zero redshift observed through a
filter of response function R(A) 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, A,g¢, and half-
width, AA, were computed from
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T ARO)AA
)\ef = —o
F ROV

and

I 0= Aep? RGN

I RO

co

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 O40-2 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 H, in km s™ Mpc™'. In both
cases the units will not be indicated. The age of galaxies
is denoted by t,, and, as before, 7 always refers to the
t;me 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 Hp =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 tg =16. Table
(b) with Ho =100, go =0, and #;=9. This is the same

notation used in the previous papers. In the table headings,
Ho=H,, Qo=qo, 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 I

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 Hy, = 50
cosmology. For typical colors of B— V=1.0 and
V — K =3.3, this corresponds to B, =—22.0, and K, =
—26.3. In the F band an absolute magnitude Fj, = —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 H, = 100 the galaxies are in-
trinsically fainter by 1.5 magnitudes than for H, = 50.

b) Results from Paper III

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: p-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 u,
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 H, =50
cosmology. The corresponding V, magnitudes were
assigned according to a procedure described in Paper II1.

I want to thank Drs. Hyron Spinrad, Ivan King, David
Koo, and Richard Kron for interesting discussions; Dr.
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S.T.F.0.C. filter response functions before publication.
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Berkeley Astronomy Department, the Consejo Nacional
de Investigaciones Cientificas y Tecnoldgicas (CONICIT,
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TABLE 3a
B(Z) vs. Z. (Ho=30, Qo=0, Tg=i6).

I c 0.70 0. 60 0. 5% HB1 HB2 N.E.
0. 000 3.0 3.0 3.0 3.0 3.0 3.0 3.0
0. 023 14.0 14.0 14.0 14.0 14.0 14.0 14.0
0. 050 15.6 13. 6 13.6 13. 6 19. 6 15. 6 15,7
0.07% 16.6 16. 6 16. 6 16. 6 16. 6 16. 6 16.8
0. 100 17. 4 17. 4 17. 4 17. 4 17. 4 17. 4 17 5
0. 12% 18.0 18.0 18.0 18.0 18.0 18.0 18.2
0. 150 18. 6 18.6 18. 6 18. 5 18. 6 18.5 18.8
0.17% 19.1 19.0 19.0 19.0 19.0 19.0 19 3
0. 200 19.9 19.9 19. 4 19. 4 19.9 19. 4 19.8
0. 2235 19.9 19.8 19.8 19.8 19.8 12.8  20.2
0.2%0 20.2 20.2 20.1 20:1 20.2 20.1 20.5
0.27% 20.3 20.3 20.3 20. 4 20. 9 20. 4 20.9
0. 300 20.8 208 207 20. 6 20.8 20.7 21.3
0.32% 21.1 21.0 21.0 20.9 21.1 21.0 21.6
0. 330 21.3 21.3 21.2 21.1 21.3 212 21.9
0.37% 21. 6 21.9 21.9% 21. 4 21.6 2.4 2.2
0. 400 21.8 21.7 21.7 21. 6 21.8 21.7 22.%
0. 425 2.0 2.0 21.9 21.8 22.0 21.9 22.8
0. 450 2.2 2.2 221 22.0 22.2 22.1 23.0
0. 473 2.5 22. 4 22.3 22.2 2.5 22.3 23. 4
0. 300 2.7 2.6 22.9 22.3 2.7 2.5 23. 6
0. 323 23.0 2.9 2.8 22.9 2.9 22.7 23.9
0. 350 23.2 23.1 23.0 22.7 23.1 23.0 24.2
0.9573 23. 4 23.3 23.1 22.8 23. 4 23.1 24.5
0. 600 23.7 23.5 23.4 23.0 23. 6 23.4 24.9
0. 623 23.9 3.7 23.% 23.1 23.8 23. 6 25.1
0. 6% 24.1 24.0 23.7 23.3 24.0 23.8 23. 9
0. 675 24. 4 241 23.9 23. 4 24.2 24.0 25.7
0. 700 24. 6 24.3 24.0 23. % 24.5 24.2 26.0
0.72% 24.8 24.5 24.1 23. 3 24.7 24 4 26.3
‘0. 750 25. 1 24. 6 24.2 23. %5 24.9 24.5 26.6
0.77% 23.3 24.8 24.3 23. 6 2%.0 24.7 26.8
0. 800 9.9 24.9 24. 4 23. 6 2.2 24.9 27.1
0.823 2%.8 2.0 24.4 23.7 23. 4 2W.0 27.4
0.8% 26.0 2.1 2435 23.7 2%. 6 232 27.7
0.873 6.2 23.2 24.3 23.7 23.7 2%.3 27.9
0. 900 26.3 25.2 24.3 23.7 23.9 234 28.2
0. 923 26. 4 2%5.2 24.4 23.6 26.0 2335 26.4
0. 9% 26.6 25.2 24. 4 23.6 26.1 23. 6 28. 6
0.97% 26.7 2353 24.4 23.6 262 2%. 7 28.9
1. 000 26.9 25.3 24 .4 23. 6 26.3 2s.8 29.1
1.100 27.1 2%. 2 24.3 23.%9 26.6 26.0 29.9
1. 200 27.2 230 24.2 2335 26.9 26.3 30.7
1. 300 27.4 24.9 24.1 23. 4 27.1 26.9 31.4
1. 400 27.7 24.7 23.9 23.3 27.4 26. 6 2.2
1. 500 28.0 24.6 23.8 23.3 27.6 26.9 32.8
1. 600 28.5 24.3 23.7 23.2 28.0 27.1 33. 4
1. 700 28.8 24.2 23.% 23.1 28.2 27.3 33.8
1. 800 29.3 4.0 23.4 23.0 28.3 27.3 34.2
1. 900 29.9 3.9 23. 4 2.0 2.8 27.8 34.5
2. 000 30. 4 23. 9 23. 4 23.0 29.1 27.9 34.8

TABLE 3b

B(Z) vs. Z. (Ho=100, Q@o=0, Tg=9).

z 4 0.70 0.60 0.5 HB1 HB2 N.E.
0. 000 3.0 3.0 3.0 3.0 3.0 3.0 3.0
0. 025 14.0 14.0 14.0 14.0 14.0 14.0 14.0
0. 0%0 15. 6 15.6 13. 6 13. 6 13. 6 15. 6 15.7
0.07% 16. 6 16.6 16. 6 16. 6 16. 6 16. 6 16.7
0. 100 17. 4 17. 4 17.3 17.3 17. 4 17. 4 17. 9
0.12% 18.0 18.0 17.9 17.9 18.0 18.0 18.1
0. 1% 18.5 18. 3 18. 4 18. 4 18.5 18.5 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
0.22% 19.8 19.7 19.6 19. 5 19.8 19.7 20.0
0.23%0 20.1 20.0 19.9 19.8 20.1 20.0 20.4
0.273 20.4 0.3 20.2 201 20.4 20.4 20.7
0. 300 20.7 0.6 20.%3 203 20.7  20.6 21.0
0.323% 21.0 208 207 203 21.0 20.9 21.3
0. 3350 21,2 21.0 20.9 20.8 21.2 21.1 21. 6
0.373% 1.5 21.3 21.1 21.0 21.% 21.4 21.9
0. 400 21.7 21.% 21.3 211 21.7 21,6 221
0. 425 21.9 21.7 21.% 21.3 22.0 21.8 Q2.4
0. 430 2.1 21.9 217 21.% 222 220 227
0.475 2.4 221 21.9 21.6 224 22.3 23.0
0. 500 22.6 2.3 R.0 2217 22.6 22.% 23.2
0. 523 2.8 225 2.2 21.9 228 2.7 235
0. 330 23.0 2.6 2.3 20 23.0 2.9 23.7
0.573 23.2 2.8 R.4 21 3.2 23.1 24.0
0. 600 23.3 23.0 2.6 222 3.5 23.3 243
0. 623 23.6 23.1 2.7 223 23.7 23.5 24.5
0. 630 2.9 23.3° 22.8 22.4 23.9 23.7 24.9
0. 675 24.1 23.4 229 R.%5 24.1 23.9 2a%.1
0. 700 24.3 23.5 23.0 229 24.3 24.0 254
0.725 234 235 23.0 22.6 24.4 232 256
0. 750 24.6 23.6 231 22.6 24.6 24.4 259
0.773 24.7 3.7 23.1% 22.7 24.7 24.% 26.1
0. 800 24.8 23.7 23.% 22.7 . 4.8 24.6 264
0.825 2%5.0 2.8 23.2 227 250 24.7 26.6
0.8s0 2.1 23.8 23.2 228 25.1 24.8 268
0.873% 23.2 23.8 23.3 22.8 252 24.9 27.1
0. 900 25.3 23.9 23.3 228 233 250 27.3
0. 923 25.4 23,9 23.3 22.9 2%5.4 231 27.%
0. 930 23.5 2.9 23.3 22.9 2535 25.2 27.7
0.97% 25.6 240 23.4 22,9 236 253 27.9
1. 000 25.7 24.0 23.4 23.0 . 25.7 25. 4 28.1
1. 100 26,0 24.0 23.4 23.0 26.1 25.8 28.9
1. 200 26.4 23.9 =23.3 23.0 2.4 26.1 " 29.6
1. 300 26.7 23.9 23.3 23.0 267 26.4 30.3
1. 400 27.2 23.9 23.4 231 27.1 26.7 31.2
1. 300 27.6 3.9 23.4 231 27.4 27.0 32.0
1. 600 27.9 23.9 233 23.2 27.7 27.2 328
1.700 20.4 239 23.4 23.2 28.0 27.5 33.4
1. 800 29.0 3.9 23.5 23.3 28.4 27.7 34.0
1. 900 29.35 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 34.9
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TABLE 4a
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SPECTRAL EVOLUTION OF GALAXIES 69
TABLE 6a TABLE 7a
F(Z) vs. 7. (Hom30, Go=0, Tg=16). K(Z) vs. Z. (Ho=30, QGo=0, Tg=16).

2 € 070 060 0.3 HB1I HB2 N.E z C 070 0.60 0.3  HB1 HB2 N.E.
0. 000 1.2 t2 1 1.2 1.2 1.2 2 0.000 -1.3 -1.3 =-1.3 -1.3 -1.3 -1.3 -1.3
0,025 121 121 121 121 121 121 .1 0. 028 95 935 93 95 95 95 %6
003 136 136 13.6 13.6 137 13.6 %3 0.0% 11.0 11.0 11.0 11.0 11.0 11.0 11.0
0.079 1.6 14.6 146 14.6 14.6 146 .6 0.073 11.8 11,8 11.8 11.8 1.8 11.8 11.9
0.100 132 13.2 152 13.2 132 13.2 .3 0.100 124 124 124 124 124 124 129
0.12% 158 138 137 13.7 158 13.7 9 0.125 129 129 129 129 129 129 1279
0.1%0 16.2 16.2 16.2 16.2 16.2 16.2 .4 0.1%0 13.2 13.2 13.2 13.2 13.3 132 133
0.173 16.6 16.6 16.6 16.6 16.6 16.6 .8 0.17% 13.5 13.3 13.5 133 13.6 13.3 13.6
0. 200 16.9 169 16.9 169 169 16.9 .1 200 13.8 13.8 138 138 138 138 139
0.22% 17.2 17.2 17.2 17.2 17.3 17.2 s 0. 223 14.0 14.0 14.0 14.0 14.1 14.0 14.2
0. 2% 17.9 17.8 17.9 17.9 17.8 17.9 8 0. 2% 14.2 14.2 14.2 14.2 14.3 18.2 14. 4
0.273 17.8 17.8 17.8 17.7 17.8 17.7 1 0. 273 14.4 144 144 124 143 134 146
0. 300 18.1 18.0 18.0 18.0 18.1 18.0 . 0. 300 14.6 146 1446 14D 146 1446 148
0. 323 18.3 18.3 183 182 183 16.2 6 0. 323 14.8 147 147 147 148 148 130
0.3% 18. 8 18. 3 18.9 18.4 18. 9 18. 8 .9 0.3% 14.9 14.9 14.9 14.9 1.0 14.9 18.2
0.3739 18.7 18.7 18.7 18.6 18.7 18.7 1 0.379 15.0 130 130 150 131 150 133
0. 400 18.9 10.9 18. 9 18.8 18.9 18. 8 .3 0. 400 15.2 18.2 19.1 15.1 15.2 18.2 18.8
0.4235 191 19.1 19.1 19.0 19.1 19.0 e 0. 429 15.3 153 153 132 154 153 13.%
0. 430 19.3 19.3 19.3 19.2 19.3 19.2 .8 0. 430 15.4 154 13.4 154 155 154 138
0.473 19.3 19.3 19.4 19.4 19.5 19.4 . 0 0.473 153 13.3 133 153 136 1583 139
0. 500 19.7 19.7 19. 6 19. 6 19.7 19. 6 .2 0. 300 13. 6 15. 6 19. 6 18%. 6 15.7 13. 6 16.0
0.525 199 19.9 198 197 19.9 19.8 X3 0.525 157 157 157 137 158 157 1&.1
0.5%0 20.1 =20.1 20.0 19.9 20.1 200 .7 0.8% 138 158 138 13.8 159 1358 163
0.57% 20.3 20.3 20.2 =20.1 20.3 20.2 0 0.57% 13,9 159 159 159 160 139 1.4
0.600 20.5 20.4 20.4 20.3 203 203 2 0.600 16.0 160 160 160 161 160 163
0.6235 20.6 20.6 20.5 20.4. 20.7 20.% .4 0.625 161 161 161 160 162 161 166
0. 650 .8 20.8 20.7 205 20.8 20.7 .6 0.650 162 162 162 1481 163 162 167
0.673 21.0 20.9 20.8 20.7 21.0 20.9 .8 0.679 16.3 163 16.3 162 16.4 163 16.8
0.700 21.1 21.1 21.0 20.8 21.2 21.0 .0 0.700 16.4 16.4 163 163 169 164 16.9
0.725 21.3 21.3 21.2 21.0 21.4 2.2 .3 0.729 163 164 164 164 166 163 17.0
0.7%0 21.5 21.4 21.3 2.1 21.6 21.4 X 0.750 163 165 163 163 167 165 17.1
0.779 2.7 21.6 21.3 21.3 21.8 21.6 .7 0.779 16,6 16.6 166 163 168 166 17.2
0.800 21.8 21.7 21.6 21.4 21.9 21.7 .9 0.800 167 16.7 16,6 166 16.8 167 17.3
0.823 22.0 21.8 21.7 =21.3 22.0 21.8 .0 0.825 168 168 167 167 169 168 17.4
0.8% 221 21.9 21.8 214 221 21.9 L1 0.8%0 168 16.8 168 168 17.0 168 17.5
0675 22.2 221 2.9 2.7 223 220 .3 0.87% 16.9 169 169 168 17.0 169 17.%
0.900 223 22.2 220 21.7 22.4 222 . 3 0.900 17.0 17.0 169 169 17.1 17.0 17.6
0.925 22.4 223 =221 21.8 223 223 .7 0.925 17.0 17.0 17.0 17.0 17.2 17.0 17.7
0.950 22.5 22.4 2.2 2.9 2.6 2w.4 .8 0.95% 17.1 17.1 17.0 17.0 17.3 17.1 17.8
0.979 2.7 2.9 2.2 2.9 2.7 2.9 .0 0.97% 17.2 17.1 17.1 17.1 17.3 17.2 17.9
1.000 228 226 2.3 2.0 29 R.& 1 1.000 17.2 17.2 17.2 17.1 17.4 17.2  18.0
1100 23.2 2.9 2.6 222 2.3 23.0 .8 1.100 17.3% 17.9 17.4 17.4 7.6 17.3 18.3
1.200 237 2.2 2.8 224 228 29.9 .6 1.200 17.7 17.7 17.6 17.6 17.9 17.7 18.9
1.300 241 23.5 23.0 229 24.2 23.9 .3 1.300 17.9 17.9 17.8 17.8 18.1 17.9 18.8
1.400 24.9 23.6 3.0 2.6 24.6 24.3 1 1.400 18.0 18.0 18.0 18.0 18.3 18.0 19.0
1.300 24.9 23.7 23.1 22.6 250 24.6 .0 1.500 18.2 18.2 18.2 18.2 18.4 18.2 19.3
1.600 23.1 23.6 230 226 23.2 24.9 .6 1.600 18.4 184 18.3 18.3 186 18.3 195
1.700 234 23.35 229 225 256 252 .3 1.700 18.6 18.5 183 183 168.8 185 19.7
1.800 256 23.4 228 2295 257 254 . 0 1.8600 18.8 18.7 18.7 18.7 19.0 18.7 19.9
1.900 257 23.3 22,8 2235 259 256 . 6 1.900 189 18.8 188 18.8 19.1 18.9 20.1
2,000 237 232 227 229 259 256 .9 2000 19.0 19.0 19.0 19.0 19.2 19.0 20.3

TABLE 6b TABLE 7b
F(Z) ve. I. (How100, Go=0, Tg=®). K(Z) vs. Z. (Ho=100, Qo=0, Tg=9).

2 © 070 060 0.5 wel w2 NE z € 070 0.60 0.5 HB1 HE2 N.E
0. 000 1.2 1.2 1.2 - L2 12 12 0. 000 1.3 -1.3 ~-1.3 -1.3 -1.3 -1.3 -1.3
0025 12,1 12,1 121 : T 127 21 0.025 9.5 9.5 935 95 95 93 96
0.0%0 136 19.6 13.6 o "6 136 13.7 0,050 11.0 11.0 11.0 11.0 1.0 11.0 1.0
0.07% 146 146 146 '3 ‘e 146 186 0.073 11.8 11.8 11.8 11.8 11.8 11.8 11.9
0.100 132 192 1.2 ‘2 ‘2 152 1.3 0,100 12,4 12,4 124 124 12.4 124 129
0125 137 197 157 % '8 157 139 0.123 129 129 128 128 129 129 129

; . : : : : : : 0.1% 13.2 13.2 132 13.2 13.2 13.2 13.3
°°‘ {3‘; 1.2 ::-3 ::3 -3 -2 162 ::3 0.17% 133 135 135 13.3 13.6 13.5 13.6
0.200 169 169 169 '8 ‘e 169 171 0200 138 138 138 13.8 138 13e 139
0225 17.2 17.2 172 7.1 17.2 17.2 17.4 0.225 140 180 180 140 141 140 142
0.2% 17.3 17.5 17.4 4 ‘s 17,8 17,7 0.250 142 142 142 142 143 142 144
0.273 17.@ 17.7 17.7 17.6 17.8 17.7 18.0 0273 144 144 144 144 145 144 146

. X . . ; 3 X % . 1.6 146 146 146 148
0.300 180 18.0 17.9 .9 .0 18.0 18.3 0.300 14.6 144
0.325 18.2 18.2 181 108.1 .3 18.2 18.6 g~ g’;g ::z :: z ::; ::; ::: ::z ::-“’

. 3 e. 4 18.4 3 X 3 g g d d g g .
S39 187 iee a8 3 '3 e 199 0,373 15.0 13.0 150 150 131 130 13.3
Sae o7 195 e iee a7 %% i G433 135 123 133 133 iva 133 138
0.425 19.1 19.0 18.9 ° . 9. 19.5 - . . - 3 - - -
0. 430 19.2 19.2 19.1 . 0 ; :9. g 19.7 0. 430 15.4 154 134 134 133 154 188
0.473 19. 4 19.3 19.3 ¥ .8 19. 4 19.9 0. 473 1.9 19.9 13.9 19.9 15.6 13. 3 19.9
0.300 19.6 19.3 19.4 ¥ 7 196 201 0.500 13,6 136 134 1%.&6 137 13.6 16.0
0.525 319.8 19.7 19.6 . 8 .9 19.7 20.3 0. 5:: 13.8  13.7 :g’ 13.7  13.9 !;-: ::;
0. 950 200 19.9 19.8 .6 .0 19.9 20.6 0.5 13.9 15.8 .8 13,9 160 15 .
0.575 20.2 200 19.9 8 "2 20,1 20.8 0.575 160 159 159 160 161 160 164
0.400 20.3 202 20.1 .0 'a 203 21.0 0.400 161 160 160 160 162 160 18
0.625 205 20.3 20.2 .1 6 208 21.2 0.625 161 161 161 161 163 161 166
0.6%0 20.7 20.5 =20.4 .2 .7 0.6 21.4 0.6% 163 162 162 162 164 162 187
0.673 208 20.7 20.9 .4 .9 208 21.6 0.673 163 163 163 163 163 163 16.8
0.700 21.0 20.8 20.7 .9 1 209 218 0.700 16.4 164 164 164 163 164 16.9
0.725 1.1 20.9 20.3 .6 ‘2 21 220 0.72% 163 163 163 163 166 1693 17.0
0.750 21.3 2.1 20.9 .8 .4 2.2 W2 0.790 166 166 166 166 167 166 17.1
0.773 213 21.2 211 .9 L6 A4 2.4 0.77% 167 16.6 166 16.7 168 166 17.2
0.800 21.6 21.3 212 .0 17 ais 229 0.800 167 167 16.7 16.8 169 167 17.3
0825 2.7 2.5 21.3 1 .8, 2.6 227 0.825 168 168 168 1468 169 168 17.4
0.850 21.8 21.6 21.4 2 .9 218 228 0.8% 169 169 169 169 17.0 169 17.8
0,875 21.9 21.7 21.% .3 .1 2.9 230 0.875 17.0 17.0 .0 17.1 169 17.3
0.900 2.1 21.8 21.4 .4 .2 220 23.1 [ 17.0  17.0 1 17.2 17.0  17.6
0.925 2.2 =21.9 21.6 4 .3 2.1 23.3 0.925 17.1  17.1 L1 17.2 17.1 17,7
0.95% 22.3 22.0 =21.7 s .4 222 23.4 0.9%0 17.2 17.2 .2 17.3  17.1  17.8
0.975 224 2.0 2.8 .6 .8 22.3 23.9 0.973 17.2 17.3 .3 17.4  17.2 17.9
1.000 22.5 221 219 .6 .7 22.5 23.7 1.000 17.3 17.3 .4 17.3 17.3 18.0
1.100 23.0 224 221 .9 1 22.9 24.3 1.100  17.6 17.6 L6 17.7 17.6 18.3
1.270 23.4 226 223 .0 .s 23.4 250 1.200 17.9 17.8 .9 18.0 17.8 18.9
1.300 239 22.8 224 .2 .0 23.8 236 1.300 18.1 18.0 1 183 181 10.0
1.400 24.3 23.0 22.6 .3 3 243 26.4 1.400 18.3 18.3 3 185 183 19.0
1.300 247 23.1 22.7 .4 .9 247 27.1 1.300 18.35 18.3 1.7 18.3 19.2
1.600 250 231 227 .9 1 249 @7.6 1.600 18.7 18.6 18.8 18.6 19.9
1.700 25.3 =23.2 2.8 .6 5 232 288 1.700 18.8 18.9 19.0 18.8 1%.7
1.800 2535 23.2 22.8 .6 .6 234 289 1.800 19.0 19.0 19.1 18.9  19.9
1.900 256 23.2 22.8 .6 '8 25.4 29.5 1.900 19.1  19.2 19.3  19.1  20.1
2000 236 23.2 =228 .7 .8 2%.6 29.8 2.000 19.3 19.4 9.9 19.3  20.3

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



| TEIRNIRBIRRNNSRSRNRCERSRARIATRABERORRIDINISINGTINRY | B22YFRBIIARA AN 2SR RINRENSYNRASIRNALRRRRIRYLISENES
P D R R R R S R S e e e e e e e L L L L L L L L L R L L R L T L L TR Z| OO mmmm ot e s e O OV O OV O OV O O N O OO NN OO
.
§|20885433798582 30258 25333RRE08E 28R TIIRRANNIILTY 3| 58229/ I2IT5ERE359 33523 SRARNARIIEIRIRISREIONARS
P R R B D L L T T R R R e R e R Y - ) P O S N e i e e B L L e R R R R e D ]
-~ -~
< [3
ile BN S NIl ng Y0 nRLRE I NSRS RRASRINONZILHED - 8 BB EB YN0 R BTV ISIRRERERRRYIRIYBITNEBAARIIRE
" O.O.LLLLLLLLLLLLLLLLLLLLLLLLLLLLZL N U v ot e ot ot ot 0 s O.O.O.LLLLLI.LLI.L“LLLLLLI.LLLLLLLLLLLLLLLLLLLLLI.LLLLLLLLL
5 §
« 1la|pssrasoennssnseIensnnesyoyoeRsseas2883528RR05580883 o §|%| ¥BPYCNRRNARARRR 835 RARFESTINTISHRLITARK288533533
(= e o 0.1.LI.LI.LLLLLLLLLLLLLLLLLLLLLLLLL!.LLO.O.O.O.O.O.O.QQQO. 30000.0 (<} - O.QO.L!.I.Ll.l.L.n.l.....LLLL!.LLLO.O.O.O.D.O.0.0.0.0.0.0.0.0.&0.&&0.0.0.0.&0. 360000
E ”0 WW- w . g B .Wﬂ—_
m S
2 §|s|essannzaanssnaseryoscunsiannaRsens Anerertassssesy o 113 BRESIRRANIIIRARARARSRAII2BIRIRIRRITASL 2R22TIATIEE
< E 3 P I R B L e e R L L e R R R T L LT M T 6| OO0 mvivimmarmrmrin i a e =" G0006G6066606G0
a =
Nel 230N BE R s 2o n NN IS RN REFRRBIINBRIROSIBENRRN8EY vlel $PEE NN ooRE SN aNasnRReoRAAN ERRERRRYSRNEB388RE
". oo« .I.LLLI.I.LLLLI.LI.L,LLI.LLLI.I.LLLLL?.LLLLLLLLLLO.O.QO.O.O.O.O.Q.O. " -] VO.LLLLLI.LI.LLLLLLl.LLLLLLLLLLLLLLLLL,LO.QO.O.O.O.O.O.O.O.QO.O.O.QO.
w o| TY2RAREINGIITAAIRRLRAILN 9mumnmnu«uu«uuuuwuuwnaw *q M ol BEYNRREIOS ARSI IRANSRRIENRERRNESERREITIRITRIARS
O.LLI.I.I.LLLLLLI.LLl.LLl.LLlL!LL?Zilllll.‘.lz&-‘.liiLLL NN O.O.LLLI.I.LLLLLLLLLLLLI.I.LLLLLI.LLLLLLLL.LLLLLLLLLLLLIZ.ZI
nENnoNnonOn NERONQBONONANONONSNONINAN NEOQONONQYNON PONONONONENONONONONONONON
.| 88888888 2RARARARSH50802084SC8RRNERRLSRECS22R2282828 .| 8882880 2RRR2RRe580358R89SR8RRRRAERANE8R8858888
GE666666666666660666666666606666606666606-A-ddd--nn 6666066660666 6660600000G066666000000000G0mmmurmanasn
<
-
<
=]
N
=)
-4
M
&)
. o0 o9 n Nhw n - NN OMeANNOD O =0 0= ¢+ 90 - .
u| RRRSS3IRSBRERRLAIBREIRANASRGRRERRITRECENRRARINEZS IS L L TR L R A L L LR R LR PR EE R EREE £ 3
Z| 66606660 gga i dddiNdNN LSS annte0c0e] ] Z| 666006 G00606060 A imirimaAnridrdddddddiddddnndinii 6650
§| 28383339930235058070RRCRGRIRRRIIBIGTILAIIRAAARN LD §|523358834955538RBaIFRRGRISRAN2225282 88 BRS8NSR s
. 6600666060 066660060666650660566660689997797079779¢7° 660066666666 66GGC6G666666666600060066666566666¢6¢¢SS
< ;
3 <
§|§|285%2253250857580838538 0N IRIRNNARAINILG555822308R Ll5|593950852533438 2580 FERIPIRRANNINNRRRAAIZIVANARAN
- 6666666666606 6606--<--663033665660060000§§000000000 - 6606666666666 0000=6-66666006660666666666666666660G0
¢ $
g I2|33332a2503Y4RNEREBRIBISNSSRRATRIININERTABREBERIRIRS o &|8|5IIRANANENRENOT83520RR099NBYNRIRRYISERSNDF2EBIRTRS
mogl| Batibidi it iidiiiaaadd AAR AR AR AR RARARARAAAAN) o g|s|sssssscssssdsdacsgeeeeeRFRITRITIITTITIIIIIIIIIIIGS
: m
B 1|8|R33Y528523%RUEE83NTS50ER00RTSRAITATIIRRREIITANA LS 2 1[3|2529R3RRR839YTLTRRRRNBNANINISIBRARREBIALERRRLRRALS
. =
“|R| 9335822 RRUSIARRNARTILBIRISUARBILHATRREB AL Rl 3a2es8sRTLRAS TN RNYBEBRI8IRARERARYSIRAILUBEISRNSY
$|0| 6666688500866 G-aiiiiidiidd68088dg¢PFFTTTTTTTITTINNT $|6]5665606666656566666666556589FFFFF5FF¢FFFFTFTFTTFTT
[ . .
5 ]o|R23338833XRE00RRRASSARANIHIIRRAITITHIVILNAVIRTSRRES $lolnnResnanensrannonaYes oS T RTNIR2L22NR3ISRISRERRYERRR
C060666000C000<mddmdrdrldridrddddddddrdddriridda-amnnnnnnn GGG 00C0GC0O0GC<rinmaririni""000C0000CC00C660CO=NNBMNEFEwn
NENONILONn QN SSSSSSOSSSSSMSSMMMMWWMMM NOPONONONONONONORONENONONONONONONONONON
.| 8888282 8RREARARTILIRALIAILANRRANECITALAIRRLAGRANE .| 888288828 RRRERRREE2033803350BRAREREREEREERREE3R88
6666666606666 6666666006660000600666666600--rrrriddan 6666660060600 60G666600600066G600000600C000<=mmicummninn
=)
~

d€9 "7 '8 T VWHNHEBGT

Data System

1CS

Provided by the NASA Astrophys

2

dad Nacional Autonoma de México ¢

1versi

© Un



g€9”

n

@o=0, Tg=16).
0.50  HB1

(Ho=30,

TABLE 11a
0. 60

z.
0.70

J'-F vs.

N.E.

HB2

SPECTRAL EVOLUTION OF GALAXIES

Qo=0, Tg=16).
0.30  HB1

(Ho=30,

TABLE 10a
0.60

z.
0.70

ut-d* vs.

'8 VWHNHEBGT

HB2
1.07
1.11
1.17
1.22
1.28

34

SRRBI RN AFRONIBRRICSITOO8INBRAGNRYAIONG2S

REe8RIRS

$SA8TNIBIN3B8BECYsRS

1
1
1
07

2.
3.
32
3
a3
3

cennHOND

55338838223 8BBRISARRINRLNZBABRN2888

CRRRRORYL R RE88NaNE 2858588208 RRBENIRRIARANREST

28478¥433Raa8 8820 2ngax ]

10
07
17
19
23
29
21
18

NSRBI N IR NN N IR AR RN NINRYRIR8 8RR8I ARNRRISE

000
023
030
079
100

RECRRIRRAERERECARRLLGNS

8385222RRITALEREIRISIIIZLRR

NROMENNIVPODNNO Vo> ON
"7 TOOOO 9”90&00””2”‘2”22

15
96

-
o

~
o

R RLRNRE283 2528 NBARRBIANS

BT RE8SESNNTIRRARRSYSIBRREERSS

22933855 IRRAINBITRSNRARAARCN

R2R§RBREHELRRIREY

0. 650
673

SREISRINRANIABIRABLBIN

“499

17

RENEBLRBRANN58838588 A

< NN
RI3aY¥RR2RAT

ommo
252388

ARNYTOMINADCTO0
CON—DMNONN~NN~

TABLE 11b

z.

TABLE 10b

z.

Qo=0, Tg=9).

(Ho=100,

J'=F vs.

(Ho=100. Qo=0, Tg=9).

vs.

(EN)

0. %0 HB1 HB2

0. 60

0.70

HB2

HB1

EEPERRR SIS P H AR BERRRRRE PR R R I TR EE T M T R - H

QNN TODDONDITIDDONT TN
NO4OND® 99”909”990000“

DNReOND ANODOOO
S¥5INOII2BRNBTRILR

se8EE8R8R88R8E8NEY8E RN

2.21

PRB8RRG8IINNEBIIILTS

a3
74
72
64
64

BEFEEEREREEE PR R E AR 11
Iz
2

ERPRRREEES RIS PRSP PR PR R R R PECEEEEREESE S R
-

0. 11

EREERERRREPIRE TS 2001 F RPN PR EEEEEEEE Y TS 311
Ept

§8858R2RRRENARRRETSLERR044302RRREAALRNNE2RRTRT28R8
coco

ISR BARRENNNIBNAERTORINRREN RIS
c

1.41

NRINBEEERESNAIANSSNBRRAISIIFARE
EEE-T-]

-l7Bl.2233024019174436M3966973179“9°‘5 Mn‘l QNN ~NDO
VOINRANRRDOCOCCOO~~~ONNMOMNNN~OrCORRNOOONN ODODTORRNINANED

3339523053585 IRARSO338NRRYIRRISRTRENIBRREREARNGS
$6856550500565865608 857907 PPPTeiTrrrreTrPTTseeeYS
BRRRERERGERRRIBSRYIRE25ENRRESIEI3RRRRRGIEAEEERRSS
AL L LD L LA S L LA S SR AR AL A AL R S A A
BERRRE RSPy g s BB SN ISNLELINAIAASITIREEBARNRS
0000000000001lllOllOOOOOOOOOOﬁﬂWWWW%%ﬂWﬂWWWWWﬂW%W%4
CEPEEREEE R HE LY NS EEELEERT ELETREE DR LT

nom non n n NONONONONn non n n n n non 5m m ooomom
8BBR8ARRERRRERRRe 08 RRR3R88RARGREESNENE8R8883888
6060000000000 00C000000000000O0O0O0OCO0COOO00 mweo oot riviwivd

Data System

1CS

Provided by the NASA Astrophys

2

idad Nacional Autéonoma de México ¢

1versi

© Un



W| BFRIPESBORRAIGERBRSEINRNARRRISIRIINIRNELEIRE228 S Wl S85EF RN N CRSeIIRREER IR RIR2RESISRRYIIRITILENRY
Z | © G GO GG i i ok i i i 4 14 0 1 4 0 O O 6 N OO T 656 6 0D Z| GOGOGCOrrridrddviririvirsivrirmiririn N NNNNNGNNNNNNGGARAAAGE
¢ 3858 NP8 AR IR SR BI85 08B FBRRs85TNARIATIENERN O B E R RINAR O SN R AR NRIRIRIB ISR IBIRERNRIANT
) P T L R O B B B B P P P P pE R P R P ) L e B S S R R S P S B I R O S S S S S S g i O S e P P T T R e e pE g,
2 P
<
18| 385807888 NRReRINRGBE5 50 80BR 88 88N IRAASRRABERURSS £ : SO 8B00EooaNeeYSRRBR 28 3030 3RRRECSTRIBRIAIRA
- L R R R R L L L L LD L L LT L R s P R L L e re e e e e e R L L L L L R R R R L DL L R
< © 2 %
o 38| BRIRIRIBNRASIBYINRGII 2B INBIGNBNRNRIISRACIRIYNASY M g |g| BEEossBNnE B oRRSRSSA0INRARTRS229558RRRSNNIRIIVARRSS
- AL L L L R R Rt R R e R e e e e R L L L e T L - L L m g P R L L R R - puppu e e g i e e e e e e R E L L L E R LR R Y P L E Y
m g M8
B L8| EFRRREsEnANRL SRR NRYBNEIBRTRRSNRRATRRRANIARAGS IR OB SRR N55083%350833 20027 RITIRISESART
B el e e e Y S e O g O D e o e e D Y P DI Y O B p g M T | 5| COGOGGEEOmrinidririmivirivirmimimimminimrrr st "G660666GGG
[ ]
N R BE T RR R NN NN RN RS RR N S PR YBR8BENERTTSAERIRER Nl 38nBEr RN STs SIS RR e RRTIRRIRRSRESIIIILETINSUTSERAN
u O OO OO0 R rrmrrmrd AR A AR AR A A NNNNNNNNNN -~ ~CCOO0G O u P T P L T FE R g B B g g g e R R e e R L L e EE L R LR LT 1)
Tlo|ssnpenssoeReesBenyss2 R ERE 208222 4RRRIRERIRESERS Il 28nBerarssoNaAResSoN BRI 2835008 RIORRISRERSBRRENR
P i e B B o e e e R B e e P e e p DA e s Y ey e e e e M MU D R QPP PP IR R
§85882RZRERAAARSLITARACTILARERRRALINEE 838888 R8R2R8R8RET838RR3352RRREGACINILEERRIRCRERE
~| 8885882 ERARANRNSHSCENETSTSCRRRRERB ISR 32838382888 MEEREES RS SN PR P RS T HT I B .
66666666 666666606666666666660666666660600-="minknirnmint GG66G666660606666060000060000666660GEE000mEmmElwsddd
<
-
<
jon]
N
=)
-1
m
&)
u| 8BFEREEEISEIRANAIRIIIINERARBIRARRARARARARINARABINE | #BSEEENRRRS922R3 8585 35RRBE238255838088233782RAN
2| OO0 000000 rmrrrrmmrrR AR A A= NN NNNANNNNANNNNNDONOONO pr QO.O.QO.O.O.O.O.QLLI.LI.LLLLLLL...LLLLLLLa.a..‘.z.az.L.‘.aazmtazaaa&aa
§| B33nddFRTIEBLINNONRARIIIBITARBREIRFRERINIFEIBBELERE 8| 8323398882558 2R 88R5AB533RREICUISURISNAREFFNIR
G0C06686660mmmmmridddddddddddddddddd i dannin=—— L3 [ebrtipebriebri N S S R P S e B P N R P
2 ~
T o Beann8ssr 2t s NS8O eRI NSRRI RRRI2RIRERNIRET $l=|gax armgEeeno oD NN RSSO RS S50RIR0 TSRS
LR Bttt e i i At S BV B o oD coo
= 60660060600 mddddddddrdddddddddrtad i -ddd s P G CCG0C0GG0Erritrinriniridririrdddriddddd i adddiddddd
< S o .w
S ¥/3|355822372883222%N RB80 RRITLINREIRARRNIIITRIZENIIRG S }lz|soussessaseprsuss82neiRRREATYTIARRIASIRRIRBILTRRYAR
° GOGOGGCGErmnidrdrdiddd i dcdrkidiiiiG66660 | podwBOOBEF s s 00 A A A A A DA N I b i
<2 ] ° ] 6| 6000060066600 C ==
2 §|3|ssesresszazannenissnytatiseeanInsabaLEaaFRABERRLS B I|3|os25222550255388202R88ARTIISNGS3IIIT5RARARISRREBIND
< Z|6| 660660000 Rmridririridrmrmmmaddiadrtidddddddddddrddidddddccs < z pell bbb bbb i AN N A N R RN N R R R R R MNP P PR
b= 3
iR BBBRFFRR25TSY R NRRARIIRIIRRREBIIELICSISNNARIBINGALS vlolgsEsares R ssENRnRARsnoRNNBTIRRRANRSRISNRR2RENRSS
sio PP T TP L e e e g pepe g e e e e e e e e e R R R R Rk ils GGCCGCCGGGOChrrrdddvivivivrirrrididdrdddriddddddiiiidcccco
I|o|8ses22022538%22NRRNEIR333RRERNREE283538538 BRRARSES Tl,leess8srsressssun2R38589553353R58532888585280328R883
P T P e e g g e e R L L L LT L L LR L L L L L L QO.O.O.O.O.O.O.QQO.LLLLLLLLLLLLLLLLLLLLLLLLLLLLLL!I!&!II!...1
PONONONONONOBON o nognonon sms 5msmsm mmmmo mmm nonQnOn ° non sms non sms sma mm..msm mmmmmwmmm
.| 88832822 EREREAARTILARIRTAALINAREARCECITAIRRIRTRANS .| 888888223 RRRERER405280823390RRERNECHFRCRERRNAIRARE
66665660666666666606660600666666606G0EGT--nmn-a-ad GGG66660666666666666666606606660600G06600w murimdddid
N
7

d€9 "7 '8 T VWHNHEBGT

Data System

1CS

Provided by the NASA Astrophys

éxico ¢

de M

dad Nacional Autéonoma

1versi

© Un



o
~
W35 ER8 N AN eI SIRR PR AR R BRI B3GR FRIIREBRRA2SRS Wl 35S R8T RN N Y SLIRNRRARERNBIBRAGBERRFNSTNRARNIR
z o v s ot ot v o o o o o o o e o o OOV OO OV OGO I RS S AN N JE NS S NS S NS i e e e R e e e R e L e L E R R R DL L LT T
IR T ERE RS AR RN S R MR R R PR B - S 2 FPEECEE R R M IN SE RN S R R MR TR PEER T
o RS S NS NN NS JE S S S S U S S S PR e S S B b he ke R R e L L L X RTINS SN S S PR S S S S S S U S G G g - g g g g e S S SR P L L L L
3 =
e PR R PR S SIS RIS TR P RS E PR S S SR T ] W H PR ERFESTPY R R LTI R E SIN ST R R T R R R
s RTINS N SN NS SN S N S NS S U S S0 - PE-pe g e pU SR PO R PR L L L L L ] ot vt v o ot o v " 4 o 4 o 4 4 o o o o4 o 4 e e ol OO
5 1
3 AL R T PR LR R e N S FE M LR R R R E 1T T S &|3|93LRAMBYIABARITTIIRN NRRERRRRRRRRRRRRRRRRRRRRRRRR
- ®ls NIRRT SIS SN NE T NS RS S5 S5 PO S Pe J0 PR B0 JS P R e e R R ke R L L R L L R R — W o RIS TSI SRS PSS SRS N N S S E-JU- JU S0 B U S SR S B R e R e e ke R R e L R R R R R R
ST S
B SEIET MEFI TV EELDY 33 S GINIS TR R R R FEEF T T3 33 1 2 2 83 3 300 = 53 93 eRABR e a3 3RR NN RARERR 3 NNRED383802053 3833338
w z o 1.Ll.LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLZ,!.?, “ Sio LLLLLLLLLLLLLLLI.I.LX.LLLLLLLI.LLLLLLLLLLLLLLLLLLLLLLLL
= N [
SRR L L P PR NSNS TR R e e I R LR R SRR LTI PR AL L N RGINIS FR P LR ER TR EE T 3 30 83
u o I NI S L S REIE TR S g S pe S0 S SO Pe J0 B g e e e R R o R R R R R L L LT u o R I S RS S NSNS JE S 0 g P S B B e e R L L L L L L L E L L L R R T
x x
3l 350ne8n9s2at303035NRRARRREERR 025588883222 RA IS PLIY PR LI FPE L RS IR S RINS S - R EEE R R T R ]
w1 LLLL.LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL&&ZZAll R S S S O SN SRR U 5 S R e L L R L R L R T ]
2
NONONONCNONONINONONONONONOD NOPONONONON o nonon Sma -dmm NoONONON vas o Qosms 5m905m0mmmomommm
Z .| 8888888 R8RRRER8RE550882039808RRRRAL2NAT8RR2 888 .| 888R8RRRERRANRNARINRCERENGAITENRAGUELANLABRT ISR
M 6660606660000 00066C060G06000000C00000C00000m=mmmuadaan 6366666666600 0C06G0666600600C000000G00000w=mrmmmunn
&)
<3
o
Z
]
S
=
jen]
-
@)
>
¢4
& Ul RSB IR NR B n R RN NRAT NS RIRARSEEIRAIRRAISED Wl NETRS IR N O o NI NS RaR S INAYRIRGBARITIRETBIRES
I 2| BN OO T E MNP BN B O NN GIIICIIIIINNNNRNNRNGBOEESS = ~nitin z ialllalattttl&k&l&&l&il&ia&&&&&&&&Q&AIIIIIQQQIQQQLL
m 2 FERES- RIS TS LEER R RS T LML BRSNS oo A1 S SRR ER PR o] BRSNS A RS R Y SNSRI NEEORAIINDYBIIRART
[ MO OB OO N NN B ONBRNNPPNNIIIIIGIGIONRNNRNNNNNNN z alaalllllll&At&tmtlll4.l&lll&&&111&&&&&&&&&11111111
wl ~ -
<2 [
k] Ao BL oS RaN IR ORr RSN RINSEZABRSIRBARATSLRARRR -2 L P M TR LR M LR AT R PER SR T R P R E RN R L
- OO E NN NENNNBOENIIIGGIFIIIEINNNNNRNRNRNN = 111&111114&&&Q&&Qt&&a&&&&&&&&&&alit&&&.&&&Qllllllll
N S
Ke 1
< M S NSNS NRIN PS8 RERILAARISRRRGREIDRORNRBLIRIBARIRD D 23| 389230r8BR s NN oS REER288S5888355282588558B5RYRERRS
— T L L L T g P PR F T T L L L LA A D L L DD R R X X X — W °c 1&11113111&&&tt&tkllklQtli&&&ll&&&&illl&l&mtt&htall
w8 [ -1
O L g 3oNEaRBssRATRER s RSIARYSNRERRBE0%ARSSRRYRICRARIRNRR M 19| RSsoeo RS Re I sInNg a8 nRRRNIARBITRITLIIBNETRIIASR
u T | G NN OO E B DO OB BENN I IIIIIIIIINNNC e < Zlo 111111111{&&&&&k&lt&lal&&&&&&it&&lailll&a&liktt&lkl
= . =
N e 8953r80s RRo NP CNNTS A0SR RES2RABIARIRNEBNENISNRREER Nl AR RONE s oRAY RIS OCNRASROYRS5YRSRNRREBAGFENIBALBIYS
n O OO E OO BE RN BN NN IIII 090000 I0I0GInmnnne w o JJ111111&&&t{&&&&&al&lila&1&&1&&&&19&&15559535lmktA
x x .
Y P P TP I PEL FEELE LT DEREIN FPEEREPEIIN PP RS S 1 118 Tl reose08252R703850 8% R878R33RRUBRYSNRRBTRIBILNRRNYS
OO MO MO OB OO NNONONBIIIIGIGIIINNRNNNRNNRNNNNN OO OR OO C A ECHENOBNNNOONNNNNANIIITIIIIINRRNRRARNRR
DONONONONCNONONSCNONONONONANONONONENON NEOOOO NONONONONONONONQYNBONIN SWS noon 5m505m5°5° 0000 Ooom
.| 888588228 RERERRRF503RR039388RAREEE020R082888088888 .| 833888822R3R3R808380308040CRRARRACENACIINALRARAN
6660666660060 006060000C00000000000C000000mmmmmmmmuan 0600006600000 000CG0C000066000 COOCOOCO0O0O0O0CO mmmemtet ot od it ¥

d€9 "7 '8 T VWHNHEBGT

Data System

1CS

Provided by the NASA Astrophys

2

idad Nacional Autéonoma de México ¢

1versi

© Un



g€9”

RTAREe R L o AR R RIBEATIRERAARE82RRIRINITAR

N.E
0.
0.
0.
0.
0.
0.
o
1
1
1
1
1
1
1
2
2.
2
2
-
2
3
3
3.
3.
3.
4
4
4
4
4
S.
S
S,
3.
L]
S
6
3
6.
6.
7
7
8.
8.
9.
o
9.
9.
9.

IHYRISNARNISRBEIFBBEREIS

HB2
00
o8
18
27
38
49
59
69
87
95
10
19
24

1

43
49
&5
735
1.83
92
2.04

211

Tg=16).

CONDMO~NARODNN =
RDOCOC~NNMOCTnN

HB1
00
09
19
30
a1
s2
73
as
94
03
12
29
33
43
49
57
64
74
82

1.93
2.02
212
2. .26
34
49
%8
37

4

34
%8
67
77

Qo=0,
0
o
[
0.
[
[
0.
0.
0.
0.
1
1
1
1
1
1
1
1
1
1
1

88%Res3R8BR88 Y

24
34
37
44
47

0. %0

B8 8L520RRT LAY TATR2NRRALS
(-]

(Ho=30,

24

4
2%
21
22
21
17
o8
98
a89
a1
73
b6
23
86
92

ooooooooool......1lllllll......Lz.z:.?a:::a:zzlllxllooowow..........

3| 82887031288 TNRILIATILTRELL
-]

2.

TABLE 17a

8RR YNENDIB e RRINRIRARINE22YRRRBIBRLIIRAONSIIRNRES

0.70

0| B2RAVISRELBoNBRIRRINBRINISSIRIRIRLRBRLINSNBESRIN2R

B(Z)-B(O) vs.

.| 8885882 ERERSRENSESCERARSATBRANEFILEFALB2RR 383248

G. BRUZUAL A.

N H EE P T L L LT

N.E
o
0.
o
0.
o
o
o.
o
o
0.
[+2
[J
o
0.
o
0.
o
o
o
o
[}
0.
0.
o
[
0.
o
2
.
0.
o
o
o
[
.
2
[+2
o
[
o
o
o
1
1.
1.
1.
1.
1.
1.
1.
1.

ELERREEER R E NS SR PEN Y i s s s e e 2 £ 1 11 -1-E 4 44

HB2

113:71592651365,0357
EEEPREET R R E NS SR PERE A G $ £ o4 S S S H F 43X F 1115 # 44

Tg=16).
HB

GQo=0,

LIRELEELER R RIS T T NS e 834 4444333 2 #8133 33 F 44
°

(Ho=30,

3 HAn PN E N RN BN RIRDR R 22222280008 88802
-]

TABLE 16a

CEE RS PRI PR RIS T ] F 3 4+ S N Y S 33310 F-H Y

0.70

H-K vs.
c

EERPREEE R RIS FHEPE R S e et e s e SR S RIS S 11113 ¢

~| 888888 2RRRANRARCEIILRARNSIC2RRRIG0258088888838888

74

'8 VWHNHEBGT

TABLE 17b

TABLE 16b

(Ho=100, Qo=0, Tg=9).

z

B(Z)-B(0) vs.

(Ho=100, Go=0, Tg=9).

z.

H-K vs.

HB1 HB2

0. 3%

0.70

HB2

0.70 0.0 0.5

c

EEETRIN TFRRER M PR R R TR S RPN EEEE TR R R

EEREERE R RS IS SR REERENES B R RN R RPN RIS PRS- B L
.............. BTN et et

QO OMECO00CDORMARNN-DREEN =0 non -
EEELERR IS TR R PR SRR R R S T R R R 4
..22

EEAEEEREEME NG S PR E R R EINS R ERPRERE R P e R

o.o.od.o.odoooooooooooooooooooooooooooooooooo*wn_:w.ww........ll

i
8 RAIG AL BRI PBB2NRIRLARRAARNNISIPNEGIRSIAIRIBANGNS

oooooooooooooo.o!llllI.11lI.l.l.lll"lOOOOOOOOOOWW*wwﬂ!‘

)
8RNt ACREBR83 2 NRABICA AT ORNNELYNRRITHRANDRALESS

03
1
1

70

38

62

EEoRRTSRYIRNRT USSR HRRB28S

00
09
19
29
39
50

0
70
80
89
%8
06
12

9

23
32
39
48
53
64
71
a1

A2R2NRR3RARER5L8R083308RRRRAREI 0B B2RR8R88888

. 000
. 029
030
075
100

SOECtaRR0dSRRAREBDELBERFFIRRITIITIRITIINRR 3580

FRRLaAE U8R T RRNIERERR T RRIIFIIIIINRIIIIRENIRNLAS

NDEMAN~00790 < onNe NN o NNMMNeeTeeTeTeveTTeeNnNaOn
EEERPFEEL R IR ST PHET TR S 3 2 S 2 2 2 0 13 F 38 3414

EERRE PRI IIEREF T EE PR e  h d e T

NN R3OS NRRRERRLERIDRIRINIIRLAI2RRRARIARER AR

SRR A RE SRR BRRFNNRRITIIIIIIIIIIIRRAREE 88

858088 RN2RRRAAAREISLIRRNSAIRARRRIABLIORL32RRIFIRA28

Data System

1CS

Provided by the NASA Astrophys

éxico ¢

de M

onoma

1 Auté

idad Naciona

1versi

© Un



g€9”

75

TABLE 19a
Z. (Ho=30, Go=0, Tg=16).
0.70 0.640 ©0.30 HBI  HB2

F(Z)=F(0) vs.

SPECTRAL EVOLUTION-OF GALAXIES

Tg=16).

Qo=0,
0. 30

{Ho=30,

TABLE 18a
2.
0.60

0.70

V{Z)=V(0) vs.

'8 VWHNHEBGT

Wl 88822

OO mwmE DN
000000000

8853335552 5A 8RN 49ISII3RARELILIS3485852355RBIRALS
ggzazedgnas

28523858 NaARNROITIILNSENNNERARIIIRAAARIL

ol 883NN ONNN SRV IS AYSREFRS2ERNTENASIRANRIIANITARRS

.| 838888 RRRERERRR2ISDRANEATERRNEEECINALESRRIFTRANE

CNNAROR5 SRR FEBNRSAYRERE2AALINYNETBANRATRIB

40

CEEEEEPREER IS ISR R S3RIGIISILL

43
O
93

-

11
a
0.17
1

PED=NOCTOIMN=DONN
2:“‘4‘5W67939°°

79

MTVOINN=MDID =
anoa‘bm599’8

2n2258835728 835 5355 I RIARANARAAARA2EIE:

70
39
47
24
89
o
35
10

IR PR SEREE R RIS SRS LRSS S EE FREEEET ERRENEREER 2N
...................................... SRR Ie b A S

97
o3

OO0OO0O0O0 = w = TNIN DD

WI—J‘ ax-;#.“ww.nv-‘alv

NEYOM=NETNOMNT T E
W00“0l1123345679

DAREON N ~OPARNNPNONCTD~NOEMAOTONONNNINONT N ~ahlaD
W”“OOWI‘H“M‘SG-I WO \12-‘”1—33 < 5“677777797539740246
oree

< nnoM ~NOIo0 VP eOrMOrTONEND QN X N )
SN SE oYY O RRASAIIRRIRRINRSEINA%8ERESRES

« CECORNNIINENOINDNI~TETORTANNNNDNIODO~CNDODNT D
W”O“W”“l?%:l’“wla’ ll—d”33“‘43667890]2234360“21000110

520342088 RRS5808580885888888888
nneo “667”77 u889999 MW”6739W
o

TABLE 19b

18b

TABLL

(Ho=100, Go=0, Tg=9).

z.

F(Z)-F(0) vs.

(Ho=100, Qo=0, Tg=9).

z.

V(Z)=V(0) vs.

N.E.

HB2

0. 60

0.70

0.60 0.%0 HB1 HB2

0.70

8083 N RN IaRo3RE B8 NS IRIRETI2RIRRIZRINGIGENEE 2R

ooocoo CO0O0O0O00O0000O0O M-ttt it 1t 1 NN NNOANNNNNDOIOETTON OO0
COwmNTIONONNEMO MmO COVONARNDNwrID~NONCND nn
O00CO0O000~——==aN 333““566778%91011”2“3 44"“30&"”““ ﬂ

8888888583558 2225 HAABRSYITRASTILIBBATIIIRISANIIRS

0000000000000 0O0O00O000

88858805 N LRI ANSeIInRIISRNRINIBLEREERBRIRTARISN

0.17

13

88553838520 N NRRARAIITS3S3RRIBIBS88BININNAIBRERRRAS

REIJRBRAGY

27
31
335
41
43
47
33

~n NOr<¢tOoOQNDTOrD omne
BISTIISNRIERS82R

NRRORRIBRA

DR ~O®0 ] CHDIOINODINMOININN—DDO
W‘56”901v”‘”“79 9°W123‘56n3m«n23‘

~0NeORONOODNNO PNONY~NOTCr TN QNRDCIONDRODDNTED O
583852028 BYSB3RBRR3 -2 ALTRIIBAVSRRIR SHBSRIAXRNALR
G600 C00O0000000000C000mmmmmArma AN NGNNNNN
one OCMDNTONCCRINN~RMNEYOITDEINDUDEO LT ONCPNVOCNINON Y
883388208% EREES PGP R R SRR E R E R T PSR- RER T T RT3
o

- NOROMONNN €OV ~NONOMTINPOCOCCVDDDORRNINEONNNNNADING OO N
WMO-N..O‘OOOWI...::MM43 QIARRRNRNNNR 7777m7777777643101”437

W1234 -0

enNo onoo —-en NNNONETINNINIJC~NENAD
©000 B Rekad 29‘Q”ab775““999“Wm000000000000976‘2102

24

-0. 41

oo
34‘5677399”000

3

- n n n N TRD=NEN=NIPNDINNIM
346WWHW&” YERINRERS uwwmm%:mu:axll444208733102
- 9

n

~

o

Data System

1CS

Provided by the NASA Astrophys

2

idad Nacional Autéonoma de México ¢

1versi

© Un



. 63B

.8..

1983RMKAA. .

76 G. BRUZUAL A.
TABLE 20a TABLE 2la
K(Z)-K(0) vs. Z. (Ho=30, Qo=0, Tg=14). 14 vs. Z. (Ho=30, Qo=0. Tg=16).

z €C 070 0.60 0.5  HB1 z 0.90 0.70 0.3 0.30 0.15 001 0.85
0.000  0.00 0.00 0.00 0.00 0.004 151 145 141 122 105 97 8.6
0.025 -0.07 ~0.07 -0.08 -0.07 0.0% 20.6 19.9 19.4 ‘17.4 138 152 140
0.0%0 -0.13 ~0.13 -0.13 -0.14 0.100 22.1 21.4 208 18.6 17.2 167 185
0.075 -0.22 ~0.22 -0.22 -0.20 0.130 23.0 222 2.3 19.3 180 17.6 164
0.100 -0.28 -0.28 -0.29 -0.26 0.200 23.6 229 220 19.8 18.6 18.2 17.0
0.12% -0.33 ~0.3% -0.36 -0.32 0.23%0 24.2 234 224 201 190 18.8 17.5
0.150 -0.41 ~0.42 -0.43 -0.38 0. 300 24.7 23.9 22,7 20.5 - 19.5 19.3 18.0
0.179  -0.47 -0.47 -0.49 -0.43 0.3%0 251 24.3 23.0 208 19.8 19.8 18.4
0.200 -0.%2 —-0.53 -0.54 -0.48 0. 400 25.5 24.64 231 21.0 202 =202 18.8
0.22%5 -0.57 ~0.38 -0.60 -0.32 0. 430 25.9 290 23.3 21.3 206 =20.7 192
0.2%0 -0.61 —0.63 -0.64 -0.36 0. 500 26.2 233 235 21.5 209 21.1 19.&
0.2735  -0.466 ~0.67 -0.49 -0.60 0. 350 265 255 237 21.8 21.3 21.5 200
0.300 -0.69 ~0.71 -0.73 -0.63 0. 600 26.8 237 23.8 2.1 21.6 21.9 204
0.325 -0.73 -0.7% -0.77 -0.66 0.6% 27.1 260 24.0 223 21.9 22,3 207
0.3% -0.76 g -0.69 0.700 27.4 262 241 225 222 =226 210
0.37%  -0.80 -0.72 0.7%0 27.6 263 242 226 224 228 21.3
0.400 -0.83 -0.7% 0. 800 27.8 26,4 242 228 225 23.0 21.5
0.4235 -0.86 -0.78 0.830 28.1 265 243 228 227 23.2 21.7
0.430 -0.89 -0.80 0. 900 28.2 26.4 242 229 228 23.4 21.8
0.47%  -0.91 -0. 82 0. 930 28.3 264 242 229 229 23.% 220
0.500 -0.94 -0.84 1.000 28.% 26.4 24.2 23.0 23.0 23.6 222
0.325 -0.9¢ -0.86 1.050 28.6 263 242 231 231 238 223
0.3%0  -0.98 -0.88 1.100 28.7 26.2 =241 231 232 3.9 225
0.875  -1.00 -0.90 1.1% 287 260 =24.1 232 233 281 226
0.600  -1.02 -0.91 1.200 28.7 260 241 232 23.4 202 228
0.625  -1.04 -0.93 1.2%0 287 260 =241 23.3 23.5 243 230
0.650  -1.03 ~0.94 1.300 28,7 239 241 233 236 245 221
0.675  -1.07 -0.93 1.3% 28.7 237 24.1 234 237 246 233
0.700 -1.08 -0.96 1.400 28.6 256 241 2335 238 247 234
0.723  -1.10 -0.97 1.4%0 28,6 256 241 235 239 248 239
0.7%0 -1.12 -0.99 1.500 28.7 25.64 241 236 240 249 23.7
0.778 -1.13 -1.00 1.8%0 28,7 2564 242 236 240 250 23.8
0.800 -1.14 ctot 1.600 28.3 255 24.2 237 281 232 24.0
0.825  -1.16 -1.02 1.6% 28.1 29,4 24.2 238 242 233 241
0.83%0 -1.17 -0z 1.700 27.9 253 28.2 =239 243 254 243
0.875  -1.18 -1.03 1.7% 27.8 253 242 239 24.4 255 244
0.900  -1.19 -1.04 10800 27.7 =252 242 24.0 245 256 249
0.925  -1.20 -1.03 1.8% 27.64 253 =24.3 241 246 258 247
0.9%0 -1.21 -1.06 1.900 27.6 293 24.3 242 248 259 24.8
0.975  -1.22 -1.07 1.9 27.6 25.3 24.4 24.2 24.9 260 250
1.000  -1.23 -t.07 2,000 27.3 233 245 24.3 250 261 291
i.100  -1.27 -t.10 2100 27.3 29.3 24.5 ‘24.3 232 264 234
1.200 -1.32 cL14 2.200 27.2 253 2606 246 2353 266 297
1.300  -1.36 -1.18 2.300 269 23.2 247 248 2535 268 260
1.400 -1.42 -1.22 2,400 267 252 247 249 236 269 262
1.500 -1.48 -t.27 2. 300 26.6 232 24.8 230 298 27.1 264
1.400  -1.31 -1.30 2,600 263 251 248 2351 259 27.3 266
1.700  -1.51 -1.29 2700 26,1 251 249 292 260 27.4 269
1.800 -1.50 -1.29 2. 800 26.0 231 249 233 261 27.3 27.1
1.900 -1.31 -1.29 2.900 25.8 23.0 26.9 253 263 27.7 27.3
2.000 -1.39 -1.36 9.000 25.6 2350 290 254 264 27.8 27.93

TABLE 21b
TABLE 20b
14 vs. Z. (Ho=100, Qo=0, Tg=9).
K(Z)=K(0) vs. Z. (Ho=100, Qo=0, Tg=9).
z 0.90 0.70 0.5 0.30 0.15 0.01 0.83
z € 070 060 0.5 HB1  HB2 N.E
0.004 15.2 143 12.4 106 9.9 93 8.4
0. 000 0.00 0.00 000 0.00 0.00 0 00 0.0%5 20.6 19.6 17.6 160 183 130 13.9
0. 0235 -0.07 -0.08 -0.08 -0.07 -0.07 -0.0% 0.100 22,1 21.0 18.9 17.4 168 165 13 4
0.030 -0.13 -0.1%3 -0.13 -0.13 -0.14 -0, 11 0.130 229 21.6 19.6 18.1 17.6 17.4 163
0.073 -0.22 -0.22 -0.23 -0.20 -0.21 -0.16 0.200 23.6 221 200 18.7 1B.2 18.1 169
0.100 -0.29 -0.29 -0.29 -0.26 =-0.28 -0.21 0.230 24.1 226 =204 191 18.7 186 17.9
0.123 -0.33 -0.36 -0.36 -0.32 -0.3% -0,25 0.300 24.6 228 20.7 19.3 19.2 19.1 18.0
0.150 -0.42 -0.43 -0.41 -0.30 0.3%0 25.0 23.1 21.0 19.9 19.6 19.6 18.4
0.173 -0.48 -0.49 -0.47 -0.34 0.400 25.4 233 21.3 203 200 =201 18.8
0. 200 -0.53 -0.%4 -0.53 -0.37 0.430 25.7 23.6 21.6 206 205 =203 19.3
0.2235 -0.38 -0.%% -0.58 -0.40 0.%00 261 23.7 21.9 21.0 20.9 20.% 19.7
0. 2%0 -0.63 -0.63 -0.62 -0.43 0.530 264 239 221 21.3 21.2 =21.4 201
0.275 -0.67 -0.68 -0. 66 ~0.45 0.600 267 24.1 22,4 21.7 21.6 21.8 203
0. 300 -0.71 -0.72 ~0.70 -0.47 0.630 27.0 24.4 227 22.0 =21.9 22.1 208
0.325 -0.74 -0.75 -0.74 -0.49 0.700 27.2 24.3 22,9 22.2 2.2 22.4 21.1
0.3%0 -0.78 -0.79 -0.77 -0.50 0.790 27.4 24.6 23.0 =224 2124 22.7 21.3
0.375 -0.81 -0.81 -0.80 -0.31 0.800 27.5 24.6 3.1 22.6 226 2.9 21.3
0. 400 -0.83 -0.84 -0.82 -0.92 0.830 27.6 24.7 203.2 227 22.8 231 =21.8
0. 423 -0.86 -0.87 -0.83 -0.33 0. 900 27.7 247 23.3 22,8 22.9 232 21.9
0. 450 -0.88 -0.89 -0.87 -0.34 0. 930 27.8 24.7 23.3 22.9 23.0 23.4 22.1
0. 473 -0.91 -0.92 -0.90 -0.93 1. 000 27.9 24.8 23.4 23.0 23.2 23.% 22.3
0. 300 -0.93 -0.94 -0.92 -0.56 1.0% 27.9 24.8 23.% 231 23.3 23.7 22.4
0.525 -0.93 -0.96 -0.94 -0.36 1.100 27.5 24.7 23.5 23.2 234 23.8 22.&
0. 3350 -0.97 -0.98 -0.96 -0. 1.13%  27.3 24.7 23.5 233 235 23.9 22.7
0.573 -0.99 -1.00 -0.98 -0.57 1.200 27.2 28.6 23.6 3.4 23.6 241 22.9
0. 600 -1.01 -t.01 -1.00 -0.57 1.2% 27.1 24.6 23.6 235 23.8 242 23.0
0. 623 -1.02 -1.03 -1.01 -0.57 1.300 27.1 24.6 23.7 23.6 23.9 =24.3 23.2
0. 630 -1.03 -1.04 -1.03 -0.37 1.3% 27.1 247 23.8 237 240 24.4 23.3
0.673 -1.05 -1.03 -1.04 -0.37 1.400 27.1 247 23.8 23.8 241 24.6 23.5
0.700 -1.06 -1.06 -1.08 ~-0.57 1.450 27.1 24.8 23.9 23.9 24.2 247 238
0.723 -1.07 -t.07 -1.07 -0.%6 1.300 27.1 24.8 2640 23.9 243 248 23.7
0.750 -1.08 -1.08 -1.08 -0.3 1.930 27.2 24.9 241 240 24.4 249 239
9.7738 -1.09 -1.09 -1.10 -0.86 1.600 27.2 24.9 241 241 24.5 2350 24.0
0. 800 -i.10 -t.10 -1.11 -0.36 1.630 27.1 24.9 4.2 240.2 246 252 24.2
0. 825 -1 -1 ~1.12 -0.5% 1.700 271 250 24.3 24.3 248 253 24.3
0.830 12 - -1.13 -0.53 1.750 27.0 250 24.4 24.4 249 254 244
0. 872 ci12 -2 c1.14 -0.54 1.800 27.1 251 244 24.5 250 255 246
o500 e Ci13 -0.354 1.8%0 27.1 251 243 286 251 257 247
o 950 i s Y - 1.900 27.1 25.2 24.6 24.7 252 258 24.9
s Tiie i1 it - 1.9%0 27.1 253 247 24.8 253 25.9 250
1 000 Iis e e o 2.000 27.1 253 24.8 24.9 294 260 2.1
1500 iis Tl - 2.100 27.1 25.4 24.9 2351 296 263 2954
1 200 D7 e Tlie Coes 2.200 27.1 253 231 293 238 265 23.6
1 300 i1e “i1e TS oee 2,300 27.1 256 232 299 260 - 267 29.9
1 200 Tz -1 19 T1is Coes 2.400 27.1 256 253 296 262 268 261
1 %00 rae o e o 2,500 27.1 25.7 254 298 263 27.0 263
1 000 13 o Tl3n oes 2600 27.0 25.8 233 259 265 27.1 268
1 700 izE o e e 2.700 27.0 25.8 5.6 =260 6.6 27.3 26.6
: : : - 2800 27.0 25.9 257 261 267 27.4 26.8
1. 800 -1.20 -1.19 -1.3t1 -0.37 ;
1 900 ile cite I3 oa 2.900 27.0 25.9 258 262 269 27.6 7.0
2 000 120 -1 19 1% o 9.000 27.0 260 25.9 263 27.0 27.7 27.1
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TABLE 22a TABLE 23a
22 vs. Z. (Ho=30, Qo=0, Tg=16). 27 vs. 2. (Ho=30, Qo=0, Tg=16).

z 0.90 0.70 0.% 0.30 0.13 0.01 0.83 z 0.90 0.70 0.5 0.30 0.15 0.01 0.85
0. 004 19.4 150 147 131 11.5 10.7 9.7 0. 004 13.3 13.4 13.4 127 11.5 109 10.1
0.0%0 20.9 20.5 20.1 18.3 16.8 16.1 151 0. 030 19.4 19.3 191 18.1 16.9 16.4 15.5
0.100 22.% 22.0 21.3 19.3 18.1 17.6 16.6 0.100 21.3 21.2 20.9 19.6 18.3 17.9 17.0
0.1% 23.4 22.8 22,2 20.1 18.8 18.4 17.4 0.1% 22.% 223 22.0 20.3 191 18.7 17.8
0. 241 23.5 2.7 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 19.3 18.4 0.250 =24.2 239 =23.1 2t.1 200 19.8 18.9
o. 25.0 24.4 23.2 21.0 200 19.9 18.8 0.300 =24.8 244 234 21.3 20.4 202 19.2
0.7%0 2%.4 247 23.4 21.2 203 20.2 19.2 0.3% 253 24.8 236 2.5 20.6 206 19.6
0.400 25.6 249 234 21.3 20.% 20.5 19.4 0.400 25.6 2350 23.6 21.6 208 208 19.8
0.430 238 250 23.4 21.4 207 208 19.7 0.4%0 29.8 252 23.6 =21.6 21.0 21.1 200
0.300 260 2%1 233 21.4 208 =21.0 19.9 0.500 260 253 23.5 21.7 =21.1 21.3 20.3
0. 550 26.1 2% 2 23.3 21. % 21.0 21.2 20.1 0. 530 26.1 25.3 23. 5 21.7 21.2 21.4 20. 4
0.600 26.2 =2%.2 23.3 2.3 21.1 21.4 20.3 0.600 262 293 2.4 21.7 21.3 21.6 20.6&
0.650 264 253 23.3 21.6 21.2 21.6 20.5 0.650 264 254 23.4 21.8 21.4 21.8 208
0.700 26.3 254 233 21.7 21.4 21.8 207 0. 700 26.5 25.4 23.4 21.0 21.5 21.9 20.9
0.7% 26,7 234 23.3 21.8 21.3 220 20.9 0.7% 267 255 =23.4 =21.9 21.6 2.1 211
0.800 269 255 233 21.9 21.6 221 21.0 0.800 268 255 =234 21.9 2.7 222 21.3
0.8%0 27.1 25. 6 23. 4 21.9 21.8 22.3 21.2 0.8%0 27.0 2%. 6 23. 4 22.0 21.8 22.3 21. 4
0.900 27.3 235 23.3 220 21.9 225 =21.4 0.900 27.2 253 23.3 220 =21.9 22.5 21.5
0.9%  27.4 2353 23.3 220 220 226 =215 0.9%0 27.3 25.4 23.3 22.0 220 .6 21.7
1.000 27.6 235 23.3 221 221 28 2.7 1.000 27.3 254 23.2 =221 =R21 W7 218
1.050 27.7 233 23.3 22,2 222 22.9 21.9 1.0% 27.6 254 232 221 221 22.9 21.9
1.100 27.8 25.4 23.3 223 224 23.1 220 1.100 27.6 252 23.2 221 222 23.0 221
1.150 27.9 253 23.3 224 225 23.3 222 1.1 27.6 231 23.1 222 223 23.1 222
1.200 28.0 253 23.4 225 227 23.5 2.4 1.200 27.7 230 =23.1 223 =22.4 23.2 22.3
1.2%0 28.1 253 23.5 227 229 237 26 1.2%0 27.7 250 23.1 223 22.5 23.4 22595
1. 28.2 253 23.6 228 230 23.9 228 1. 300 27.7 24.9 231 224 226 23.% W6
1.3%0 2.2 253 23.6 23.0 23.2 24.1 23.0 1.3%0 27.6 24.7 23.1 2.4 22.7 23.6 22.7
1 28.3 253 23.8 231 234 244 233 1. 400 27.6 24.6 231 22.4 228 23.7 22.8
1.430 28.4 254 23.9 233 236 28.6 23.% 1.4% 27.6 24.6 231 223 228 23.8 22.9
1.500 28.35 254 240 234 238 248 237 1,300 27.6 2835 231 22,6 22.9 239 23.1
1.9% 286 255 241 236 240 250 239 10330 27,7 286 231 226 230 240 232
1.600 28.4 255 24.2 237 241 252 24.1

1.600 27.4 245 231 227 231 242 23.3
1.630 281 234 242 23.8 243 253 242 165 27.1 244 232 228 23.3 243 23.5

1. 700 20.0 23.4 24.2 23.9 24.4 253 24.4 3 ' X ¥ : X
1.700 26.9 24.3 23.2 =229 23.4 24.4 236

1.7%0 27.8 253 24.3 240 245 256 243

1.790 26.8 24.3 23.3 23.0 23.5 24.6 23.8
1. 27.8 25.3 24.3 24. 1 24. 6 25.7 24.7 1. 800 26.8 24.3 23.3 23.1 23. 6 24.8 24.0

1.8%0 27.7 2353 24.3 241 247 258 24.8 . ; 3 3 3 ) |
1.8%0 26.8 24.4 23.4 23.2 23.8 24.9 24.1
1.900 27.7 253 24.4 242 248 259 24.9 1900 268 243 235 234 239 251 243
1.950 27.6 253 244 242 249 260 250 1. 930 269 24.5 23,6 23.5 241 253 24.3

2. 000 27.3 253 24.4 243 249 261 292 3 : X 3 ; ; ;
2300 373 oo o o4a o4 2 2.000 268 24.6 23.8 23.6 24.3 255 24.7

. . . . 251 26.3 25 4

2 200 e 2.100 267 24.7 24.0 23.9 24.6 258 25.0
. B 25.1 24 4 24.5 2% 2 26. 4 25. 6 2. 200 26.7 24.8 24.1 24.1 24.9 26.1 2%. 4

2. 300 267 250 2435 245 253 266 258 . ) . : ; ) ;
2300 2635 24.8 24.3 24.3 251 264 257
2.400 2635 24.9 245 24.6 254 267 260 2400 263 248 243 245 253 266 259
2.300 263 249 243 247 235 2.9 262 2500 262 248 2484 245 254 268 262
2600 260 24.9 24.35 24.8 256 27.0 264 2600 260 248 2435 247 236 269 264
2. 700 259 248 246 24.9 258 27.2 26.7 2. 700 2s 247 243 248 287 27.1 266
2. 800 23. 8 24.8 287 25.0 23. 9 27.3 26.9 2‘ 800 28.7 24’ 7 24' &6 2" 9 25' 8 27' 2 25' 8

2. 900 256 24.8 247 251 26.0 27.5 27.1 . . : . . : 3
3000 254 346 o4 oos oo Y o 2.900 235 24.7 24.6 250 259 27.3 27.0
: - - : 25 6.2 2 7. 3.000 232 24.6 246 231 260 27.% 27.2

. TABLE 23b
TABLLE 22b
27 vs. Z. (Ho=100, Go=0., Tg=9).
22 vs. Z. (Ho=100, Qo=0, Tg=9).

z 0.90 0.70 0.% 0.30 0.15 0.01 0.85

b3 0.90 0.70 0.0 0.30 0.15 0.01 0.85

0. 004 131 13.0 12,6 11.6 11.0 10.7 9.9
0. 004 19.2 147 132 116 10.9 10.% 9.6 0. 050 19.0 18.9 18.1 17.0 165 16.2 154
0. 050 20.8 20. 1 18. 4 16.9 16. 3 15. 9 15.0 0. 100 21.0 20.7 19.7 18. 4 17.9 17.7 16.9
0.100 2204 21.3 19.7 18.2 17.6 17.4 16.3 0.1%0 223 =21.8 20.4 19.2 1B.7 1B.6 17.7
0.1%0 23.3 22,2 203 18.9 18.4 18.2 17.3 0.200 23.3 225 20.9 19.7 19.3 19.2 18.3
0.200 24.0 227 20.7 19.4 19.0 188 17.9 0.2%0 24.0 23.0 =21.3 20.1 19.8 19.7 18.8
0.250 24.5 23.1 21.0 19.8 19.4 19.3 18.4 0.300 24.% 233 =21.% 204 20.1 0.1 19.2
0.300 24.9 23.3 21.3 20.1 19.8 19.7 18.8 0.3%0 24.9 2335 21.7 207 20.4 20.4 19.%
0.3%0 2%.2 23.4 21.4 20.4 201 20.1 19.1 0.400 2%.2 23.6 21.8 20.9 20.6 20.7 19.8
0.400 253 23.35 21.6 20.6 203 20.4 19.5 0.430 294 23.7 21.9 21.0 20.8 20.9 20.1
0.4% 237 23.6 21.7 20.7 20.% 20.6 19.7 0.500 25.5 23.7 220 =21.1 21.0 =21.1 20.3
0.%00 2%.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.%
0.530 25.9 23.3 21.8 21.0 20.9 21.0 20.1 0. 600 23.8 23.6 220 21.3 21.3 2.4 2.7
0.600 26,1 23.3 21.9 2.1 21.1 21.2 204 0.650 26,0 23.7 22.1 21.5 21.4 21.6 20.8
0.6%0 26,2 23.6 220 21.3 21.3 21.3 20.6 0.700 262 23.8 22.2 21.% 21.5 21.8 21.0
0.700 264 23.7 2.1 2.4 2.4 21.6 208 0.7%0 263 23.7 22.2 2.6 21.7 21.9 21.2
0.7% 264 237 22,1 2.5 21.6 21.8 20.9 0.800 264 237 223 =21.7 21.8 221 21.3
0.800 2635 237 222 21.7 21.7 22.0 =21.1 0.8%0 266 23.8 22.3 =21.8 21.9 2.2 21.5
0.85%0 26.7 23.8 22.3 21.8 21.9 22.2 21.3 0. 900 26.7 23.8 22.4 21.9 22.0 2W. 3 21. 6
0.900 268 23.8 22.4 21.9 R0 223 214 0. 930 26.8 23.B 22,4 22,0 =22.1 22.5 21.8
0.9%0 269 238 224 220 221 225 2.6 1. 000 26,9 23.8 22.%5 22,1 =223 226 21.9
1.000  27.0 23.9 229 201 223 226 218 1.0%0 269 23.8 22.5 22.2 224 227 220
1.050  27.0 240 226 223 225 228 219 1.100 263 23.7 22.5 22.3 225 229 222
1.100 267 23.9 227 224 226 230 221 1.1%0 263 23.7 22,6 223 226 23.0 22.3
1.1% 2635 23.9 228 22.5 228 23.2 223
1209 262 1.200 26.2 23.6 22.6 22.4 22.7 23.1 22.4

. . 23.9 229 227 23.0 23.4 22.% 1
1390 %% 2 .2%0 26,1 23.6 227 225 228 23.2 229

: - 4.0 23.0 2.9 23.1 23.6 R.7 1.300 26,0 23.6 227 226 229 23.3 227
1. 300 265 241 232 23.0 23.4 23.8 229 1.3%0 260 23.7 228 22.7 23.0 238 22.8
1.3% 2.6 24.2 2.3 23.2 23.3 240 23.1 1. 300 260 237 228 22.8 23.1 23.6 22.9
1. 400 2.7 244 23.5 23.4 238 232 23.4 1. 450 261 237 229 22.8 23.2 23.7 23.0
1. 430 26.9 285 23.7 236 240 245 2393 1. 300 261 238 230 229 23.3 23.8 231
1. 300 27.0 24.7 23.8 23.8 24.2 24.7 23.8 . . g . X ' ' X

. : J 1.8%0 261 23.° 23.0 230 =234 239 23.3
1.950 27.1 24.8 24.0 24.0 24.3 249 23.9 :
. g g 1.600 261 239 231 =231 233 24.0 23.4
1.600 27.2 24.9 24 241 s Y
: 24. 2%.0 241 1.6% 26,1 23.9 23.2 23.2 23.6 242 23.9
1.630 27.1 250 24.2 24.3 247 252 24.3 1. 700 ' g : ; ) : '
1.700 271 250 24.3 244 248 254 244 : 2% %9 3 2ma 238 M3 B2
1.7% 271 231 24 1.7%0 26.1 24.1 23.4 23.3 23.9 243 23.8
.4 243 24.9 255 24 6
1800 27,1 231 24 1.800 26,1 24.2 23.3 23.6 201 24.6 240
.3 24.6 25.0 23.6 247
1.8% 27.1 252 24.6 26.7 251 257 248 1.8%0 262 243 0.4 238 242 248 241
1,900 27,1 282 246 248 - - 1.900 26.3 24.4 23.8 23.9 24.4 250 24.3
y . 2%.2 238 24.9
1.9% 27.1 253 =247 24.8 253 25.9 230 1.3%0 264 243 205 241 246 231 245
2000 27.1 253 24.7 249 234 260 291 2.000  26.4 24.6 24.1 242 247 253 247
2100 27.0 25.3 248 230 25,35 262 294 2.100 255 248 24.4 243 281 287 25.0
2.200 269 253 24.9 251 257 263 255 2.200  26.4 25.0 24.6 24.8 24 2.0 29.2
2,300 269 23.4 230 253 258 2535 o599 2,300 266 251 24.8 250 256 263 296
2.400 269 254 251 234 259 266 239 2.400 267 2.3 249 232 23.8 263 238
2300 269 255 232 255 261 268 261 2.%00 266 234 231 284 260 267 260
2,600 268 253 253 256 262 269 263 2600 267 254 252 255 261 268 262
2,700 26,7 236 234 298 264 27.1 269 2700 266 233 233 1.7 203 27.0 2.4
2.800 6.7 256 2585 2.9 265 27.2 26 6 2.800 266 25.5 25.4 2358 264 27.1 263
2.900 268 257 296 260 266 27.4 268 2.900 26,6 256 254 2399 263 27.2 26.7
3.000 268 258 237 261 268 27.5 27.0 3.000 266 256 253 260 26.6 27.4 2689
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