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Nlustrating the evolution of the luminosity function of extragalactic radio
sources with steep and flat radio spectra with redshift (or with cosmic epoch). Note
that these luminosity functions are presented by per unit comoving volume so that
the changes in the functions are over and above the changes in number density
associated with the expansion of the Universe (Dunlop and Peacock 1990)
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g 43

The cosmological distance ladder, showing the range of distances over which different distance
indicators have been applied. The lower half illustrates the indisputably primary methods; the upper
half the secondary and tertiary methods. The supernova method has been placed here arbitrarily, since
there is still some controversy about its validity as a primary method.
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FIGURE I.7D

Period—luminosity relation Jor Cepheids in the Galaxy, Large and Small Magellanic Clouds, M31,
and NGC 6822. (a) Absolute blue magnitude Mg at mean light, corrected for interstellar
extinction, versus log P. (b) Absolute visual magnitude My, at mean light versus log P. (From [$3].)
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TABLE ¥.S°

Comparison of Local Group distance moduli.

Authors LMC SMC M31 N6822
Adopted g, 18.70 19.12 24.25 23.77
(Huy = 3.30)*
d, kpc 55 67 710 570
Sandage and Tammann (1974) [S7] 18.59 19.27 24.16 23.95
(e = 3.09)
van den Bergh (1977) [B8] 18.43 18.82 24.02 23.64
(.tuz =3.03)
de Vaucouleurs (1978) [V3] 18.31 18.62 24.07 23.73
(Huy. = 3.29)
Humphreys (1983) [H10] 18.6 19.0 23.2
(Uny = 3.03)

* Corrected for line blanketing, Ay = —0.15.
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TABLE T4
Comparison of recent estimates of the distance modulus to the Virgo cluster.
Method Ho Authors
Resolution difference 31.56 £ 0.50  Sandage and Tammann (1976) [S12)
3115+ 0.50  Mould et al. (1980) [MS5]
Luminosity class 31.70£0.11  Sandage and Tammann (1976) [S12]
30.91-31.35  Kennicutt (1979) [K2], Mould et al.
(1980) [M5]
Luminosity index 31.2540.14  De Vaucouleurs (1979) (V6]
HII region size 31.99+0.30 Sandage and Tammann (1976) [$12]
30.93-31.47  Kennicutt (1979) [K1], Mould et al.
(1980) [M3]
HII region luminosities 31.4£0.25  Kennicuet (1981) [K3]
Globular clusters 31.4540.50 Sandage and Tammann (1976) [s12]
31.70 £ 0.30  Hanes (1979) [H3]
30.90%+0.30  Harris and Racine (1979) [H5)
Velocity ratio 31.75%0.42 Sandage and Tammann (1976) [S12]
31.17£0.35  Mould et al. (1980) [M5]
Color - magnitude diagram 30.73+0.39  Visvanathan (1978) [V9]
Color-magnitude- L method  31.52+0.16  Visvanathan and Griersmith (1979) [V12]
Supernovae
Type I, compared with M101  31.81 +0.85 Sandage and Tammann (1976) {S12]
Type I, Baade - Wesselink 3291 £0.80 Sandage and Tammann (1976) [S12},
Branch and Pachett (1973) [B11]
Type 1, Baade - Wesselink 31.73+0.62  Branch (1979) [B10], Mould et al.
(1980) [M5]
Type Il 31.35*X0.80 Sandage and Tammann (1976) [S12]
30.53£0.80 Carney (1980) [C1]
Magnitude - surface brightness  31.04 £ 0.56 Holmberg (1969) [H7], Mould et al.
relation (1980) [M5]
21-cm infrared method 30.98 £ 0.09  Mould et al. (1980) [M5]
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Some of the causes of the difference between Sandage and Tammann’s “long” (H, - 50)
and de Vaucouleurs’s “short” (H, ~ 100) distance scales.

Sandage and Tammann

de Vaucoulenrs

Method or factor 1970-1974 1982 1976- 1979
Interstellar Low values High values
extinction law
Internal extinction Neglected in some applications Included

Cepheids
RR Lyrae, novae

Local Group distances

Brightest red stars

Brightest blue stars

HII region diameters

HII rings

HII velocity dispersion

Brightest globular
clusters

Tully - Fisher
method

Supernovae

Luminosity class or
index

(bright stars, N2403 cepheids)
Use period - luminosity - color

relation

Used to justify py,, =

3.03

Based entirely on Cepheids

Not used

Application to
M101 involves
extrapolation

Systematic error
present; application
to M101 involves
extrapolation

Not used

Not used

Used to confirm
scale

Used to confirm
scale

Used to confirm
scale

Sole tertiary
indicator

Sole secondary
indicator

Not used

Not used

Not used

Not used

Not used

Type I superno-
vae sole tertiary
indicator

Not used

Uses period -
luminosity relation

Given equal weight
to Cepheids

Based on several
methods, including
secondary methods
(1.e., circular)

Used

Used

Sandage - Tammann
error corrected

Almost all galaxies in
which indicator has
been studied are
involved in calibra-
tion

Extrapolation in
application to M101

Used

Used as lincarity test

Used as lincarity test

Main tertiary
indicator (with
isophotal diameters)
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FIGURE TI, 272

Velocity—distance relation for groups and clusters of galaxies. Velocities corrected Jfor galactic rotation.
Data are taken from Table 4.15. Straight line corresponds to Hy, = 67 [Eq. (6.3)].
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FIGURE T[.23

As Fig. 6.1, but velocities corrected also for our Galaxy’s absolute motion in space (taken to be 546
km 571 toward 1 = 261°, b = 39°; Table 5.3). Straight lines correspond to Hy = 67 [Eq. (6.3)],
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Velocity—distance relation for brightest cluster galaxies. Velocities corrected for galactic rotation and
for the Galaxy’s absolute motion in space.
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TABLE IL.%

Factors contributing to uncertainty in H,.

Possible systematic errors in primary Impact on Local
indicators Group distance moduli
(mag) (mag)
Distance to Hyades 0.1 0.08
Main-sequence correction 0.15 0.12
due to Hyades abundance
Interstellar extinction 0.12 0.12
Internal obscuration =0.12 =0.12
Abundance effects in Cepheids ~0.08 AY/Y =0.01
~—0.06 AZ/Z +0.06
(+similar effects for RR Lyrae stars)
Net uncertainty in mean Local Group distances 0.2 mag.
Net uncertainty in M81 group distance modulus 0.3 mag.
Net uncertainty in Virgo group distance modulus 0.4 mag.
Net uncertainty in distant groups and clusters 0.5 mag.
Uncertainty in H, due to uncertainty in absolute motion of our
Galaxy =5%

Net uncertainty in H, *23%



— M6

0o filGu wus ausse Saude , shen ws-lefhs
Aoden Loulsgrese Mw% 2w hendlon . Ea vEy 2.
) Bdaa WG} ewew wuleitnfbge Hagad o e (Space

e \,j:? dow Lok vee M, 1sglud (V- Gouau Rl

5.2 Ueﬁ%(aﬂ- — Koleasduichugpo —Ee%«‘e&wuﬂ
wud BAemspaiumele

Y

T‘«M‘L&.aexxzémkws ace euds ou a uble of uuceai,
Ard Wmi%;o. ffai&,@a dofnihon,, o W very ceule]
ol {0 oBcesval vou. We lewow Sur wwinedpale Vieighles -
oed +alder u}hw@. Wi mueuwgdkx‘auca) M\@«@dgx
Yodos | and Sados +ap:dly. Q)@lua%, e yealh dhe Aiug
)@Mwa — o dieq) Lini of sus elbatspes e,
e Wegaure é\«dows/aw(we MWWQ&L%\% oxerg
od. uilzaurauou @MWW‘—MSCMC@% kepse
eube\anlial !

-

E. duddle (49265

k@&%ﬁmww*\l@ , Baas s dwdh wiinen \lo
dor Zeefadlumgen w\% lsdion Jendiunge. éﬁ%%
(Rg 4) wd (35> (R D Forsbon sdunibarer \lc@Zxﬁ(‘a,L
wmd ‘ | bew . Weldousbohwug wnd Calse,
duidbuns , wpgld Secu Sllle , dov Rvewspaaumele, 4,
un foas g, . Dise \JAjf\«% wwodon Lovdo i,
NS

Vol Savdage kal srd lavge del daruu. Gew il
i Bevbaddowgen Ao -z M&ﬂ;g«\jl&e@ e 2y’



~ A}~

w@auie« (alaxien austudolmen y wur e A@%%mé@
beun den Lineans (4} (,'133‘45 N f%{tww.%l. T %ﬁ.zs 22
W,—= —Daleu «?‘z Az Wellolew E—baloxey, veu 9=
Wdeu Goadegggelen. Tim Ao choibaen Ulliqece.,
urdon uebon den K~ aseldin (ode po60) Usdy 4eder,
Kextelduusn %MLfb&m%ﬁW Buovtn gele.,
Az Meﬁﬁ\z%z&% (2.8) 4% wsdvrdous Uede voe,
4o-

0

[ | I |

- N [6,]

o

log 2z

, corr

T.0.25 . Benduug gedon sduidns (leaswagioded) Viguetty,
Blanlud '\?W‘ vy el

ot Klvven fuin vewdiatel ‘dﬁ%@ L;;l(ﬁﬁm%‘

8) T kit , A Sowdage uud T W&LPM/

Ap-J. 224,333 (4939)




—448 -

Acws o Al O ssdlest. | davs die Resbadlungp-
dalen Wit gedaliew , 2u Beslsunuon, 66 4o Gdusel ool
\Woinen abs /= €L "Des verlundel awsedow 2iug
o zyielle (dusduglel “Daa WAL, s 00u fon 621k
@MLO(IA(A@« Galaxren L W\/W Qu Leueq
291&(4/&9%%44} s ssh. Azse Uu Vesed, 2u Lo
wlou Sedaxten awﬂ e Lol O&MMCL%\L%M»
Aadsum befanden. Nau o\ sasdl | bon €iflluss po,
&%ﬂa@dm af &s Vellslel wd deoa
lwm Fu berodardilssen® o wiscen albey e Ae
el dex Galas e, e besoudowe and, LW%?WQ
zuwmg)ww&m (bege i Woedldages G, 24
Qe B Tespiel 2o Losludiven Kosellun whaws
douw Bawon 26 wd 22 sl WMW
Qs [\EL] A /
SurndDed WL La winglid , dirdele Tofarualon e,
Ao @L@M Box gl@tu(y%Lm w Galariey I
b , 2 3. M&O\MM%m lade 5524 Teudldan
da P G e -
doy Bebsitlibor 1o AU e e
houlssn Egeburscen Gefilob . NGy dow Space Wllnlyy
woh 21 wselloshl w@@% Sein , Gathen in Walslabu,
Qv W Quditnen.

g) 37\\{»@@2/&\3&%({39.]—. 132 L9z (1932

©) e wihilige Wslle dake; doy “qalalls b Vleihe _
Guoe phse Vol Aisfle doles do gl



o/

% L-23

REOSHIFT

REDSHIFT

— g —

T

0.50
0.40

T

0.30

0.20
0.15

0.10

0.05

0.02

001 -

v T v T v T

LUMINOSITY EVOLUTION
NOT INCLUOED

0.50}
0.40

¥

0.20}

(O A3 o

010

005

002

0.01

Y 1 \J T Y T 2 4

LUMINOSITY EVOLUTION
INCLUOED

{0

o Qu



_20—

 Ndbew dod we-2—Rens susde aub bi Ablangs-
L) (2 deo Balddwdiwsses vives %@dZL(eq vew Loy
%W@@Wﬁ wik Beobabbendo dalew segdue . £,
el el v Ry 29 Gererl i beldr Dusdwsaes
bau Galaxr W&&LWM-)@&%‘L@@\M%

o] l | | l l "

0.6 —

log 6{')
—_——

0.0— 1.0
05

’\ 0.0

-0.6 -
| i I 1 | |
-1.6 -1.3 -1.0 -0.7 -0.4 -0.1

logz

FIGURE U .23

Angular-diameter—redshift diagram, log 6 versus log z, for clusters of galaxies. 0 is in minutes of
arc. Theoretical curves are labeled with the deceleration parameter, q,, assuming A = 0.
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Die Massenzunahme in der Milchstra-
fle, die ja auch zu den Spiralgalaxien gehort,
Lifit sich aus den Bewegungen von Kugelstern-
haufen im ,,Halo* unserer Galaxis, von Koh-
lenmonoxid-Wolken und den Magellanschen
Wolken abschiitzen, deren mittlere Entfernun-
gen bekannt sind. Nach den bisherigen Beob-
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schwindigkeiten in unserer Galaxis zwischen
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Fiir die Sonne wurde eine Geschwindigkeit von
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Blitz von der University of Maryland in College

Park bestimmte die Geschwindigkeiten der
Kohlenmonoxid-Wolken fiir mittlere Abstiinde
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