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The Hubble constant is the constant of proportionality between recession velocity and 
distance in the expanding universe. It is afundamental property of cosmology that sets both 
the scale and the expansion age of the universe. It is determined by measurement of galaxy 
radial velocities and distances. Although there has been considerable progress in the 
development of new techniques for the measurements of galaxy distances, both calibration 
uncertainties and debates over systematic errors remain. Current determinations still range 
over nearly a factor of 2; the higher values favored by most local measurements are not 
consistent with many theories of the origin of large-scale structure and stellar evolution. 

T h e  birth of modem cosmology took place of the universe, which affects the observed 
in the early decades of this century with the absolute sizes, dynamical masses, and lumi- 
combined discoveries of the curvature of nosities of extragalactic objects, but it also 
space-time by mass-energy and of the gen- provides an estimate of the age of the 
era1 amarent recession of ealaxies. These universe. The Hubble constant has the 

L L - 
naturally led to the now commonly accept- 
ed description of the universe in terms of 
the Friedmann-Lemaitre models ( I  ) . In 
these models, the universe today has a finite 
age and is generally dynamic; that is to say, 
it must be either expanding or contracting. 
The observation that galaxies are red-shift- 
ed-have spectral features shifted to redder 
wavelengths in an apparent Doppler reces- 
sion-strongly supported the expanding 
universe model. Confidence in the Fried- 
mann-Lemaitre models was strengthened 
further when Edwin Hubble discovered a 
linear relation between red shift and dis- 
tance in 1929 (2). The constant of propor- 
tionality is now known as the Hubble con- 
stant and is usually expressed in terms of 
kilometers per second per megaparsec (3). 
The Hubble parameter is defined as 

units of inverse time. An estimate of the 
age of the universe is the Hubble time, 
1/H,. This is the approximate age of a 
nearly "empty" universe, one where the 
expansion has not significantly been slowed 
by its mass-energy content. In the models 
currently most favored by cosmological the- 
orists, the gravitational binding energy of 
the universe exactly balances its kinetic 
energy. These models are called S1 = 1 
models. where S1 is the ratio of the uni- 
verse's mass-energy density to the critical 
value required for binding. In these Fried- 
mann-Lemaitre models, the expansion rate 
of the universe approaches 0 as time ap- 
proaches a, and the current age of the 
universe is ( 2 1 3 ) ~ ~ - ' .  The exact equation 
in models without a cosmological constant 
is 

where R(t ) is the scale factor of the uni- 
- q,( - 2qo)-)/' cash- llqo - ()) 

verse. The Hubble constant is the current 
value of that parameter, 

Velocity 
Ho = H(now) = - 

Distance 
(2) 

and is estimated by measuring the velocities 
and distances of extragalactic objects. The 
Hubble constant actually changes with time 
as the expansion rate is slowed, for exam- 
ple, by the self-gravity of the matter in the 
universe. This general, uniform cosmologi- 
cal expansion is called the Hubble flow. 

The Hubble constant is ~ e r h a ~ s  the 

where the deceleration parameter, q,, is 
(1/2)S1, the ratio of the universe's mean 
mass density to the closure density. An H, 
of 100 km s-' MpcP' in an empty universe 
roughly corresponds to an age of 10 billion 
years, whereas an H, of 50 km s-' MpcP' 
gives an age near 20 billion years. 

Hubble's original crude value for H, was 
>500 km s-' Mpc-'. This led to an un- 
comfortably short age for the universe of 
only -2 billion years, which was smaller 
than the best eeoloeical estimates then for " " 

most important parameter in cosmology the age of the earth. Since then, consider- 
because it not only gives the physical scale able effort has been put into improving the 
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tematic effects that might bias the determi- 
nation of the global value of H,. 

Measurement of Galaxy Distances 

It is generally possible to measure the ap- 
parent recession velocities of all but the 
nearest (and thus lowest velocity) galaxies 
with a relative precision better than 1%. 
The majority of the error in the determina- 
tion of H, comes from errors in the mea- 
surement of galaxy distances, provided that 
the galaxies so surveyed are sufficiently dis- 
tant that their apparent velocities are pri- 
marily due to the cosmological expansion. 
The large galaxy nearest our own, M31, the 
Andromeda nebula, is actually moving to- 
ward our galaxy because M31 and the Gal- 
axy are gravitationally bound. Similarly, 
some galaxies in the core of the Virgo 
Cluster, the nearest rich cluster of galaxies, 
appear blue-shifted because their orbital 
motions about the cluster eravitational DO- - 
tential are greater than the cluster's cosmo- 
logical, or Hubble flow, velocity. Such 
gravitationally or otherwise induced devia- 
tions from the smooth Hubble flow are 
called peculiar velocities and are discussed 
in detail below. Currently, peculiar veloci- 
ties are not thoueht to exceed a few thou- - 
sand kilometers per second, so the accurate 
measurement of distances to ealaxies at - 
velocities of a few tens of thousands of 
kilometers per second should yield a value 
for H, accurate to 10%. 

Hubble, his successor Sandage, and 
their co-workers developed a detailed 
scheme for obtaining distance measure- 
ments of distant galaxies called the cosmo- 
logical distance ladder (4). There are sev- 
eral steps to the process, which generally 
involve the calibration of absolute luminos- 
ities for "standard candles" or absolute di- 
ameters for "standard yardsticks." These are 
single objects (usually stars) or collections 
of objects (star clusters, parts or whole 
galaxies) that can be identified at moderate 
to laree distances and that have an absolute 
brightness or size that is invariable or de- 
pendent only on other observable parame- 
ters, such as color or pulsation period, but 
not directlv de~endent on distance. The , . 
first rung of the distance ladder is occupied 
by Cepheid variables, pulsating supergiant 
stars for which luminosity is a function of 
pulsation period and a weaker function of 
surface temperature (as measured by color). 
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These stars are sufficiently bright to be visible 
with large ground-based telescopes to approx- 
imately 50% of the distance to the Virgo 
Cluster of galaxies. The absolute calibration 
for the luminosity of Cepheids comes from the 
measurement of distances to star clusters in 
the Galaxy and is currently accurate to about 
the 10% level, with only small corrections 
necessary for chemical composition (5). Sig- 
nificant improvements to the zero point as 
well as the elimination of systematic effects 
due to chemical composition and absorption 
by dust have come through the use of mea- 
surements at longer wavelengths. The RR 
Lyrae variable stars, typically 100 times as 
faint as the Ce~heid variables. have also been 
used to confiA the Cepheid distances to the 
nearest galaxies, especially the Magellanic 
Clouds and now M3 1. 

The second rung of the distance ladder is 
composed of measurements of several types of 
objects that have included the brightest stars 
in galaxies; the luminosity functions (numbers 
of objects per luminosity interval) of globular 
star clusters (GCLF) ; the sizes, luminosities, 
or internal velocity dispersions of giant HI1 
regions; novae (luminosity at maximum light 
versus rate of decay of the brightness); and a 
number of relations between integrated prop- 
erties of galaxies and their luminosities. The 
crudest of these last is the luminosity class or 
luminosity index (6), which, because of its 
large uncertainties, is not currently in signifi- 
cant usage. The two most prominent are the 
Tully-Fisher relation and its variants at differ- 
ent wavelengths (7), which are correlations 
between the rotation rate of a spiral galaxy 
and its luminosity and size, and the correla- 
tion between the central velocity dispersion 
and luminosity or size for elliptical galaxies 
(8), now often called the D, - u relation. 
The infrared Tully-Fisher (IRTF) relation has 
been applied to particularly large data sets for 
nearby galaxies and more distant galaxy clus- 
ters. It is ~ossible to derive calibrations for a 
few of these techniques, such as novae lumi- 
nosities from expansion parallaxes for galac- 
tic novae and the GCLF in the Galaxy, but 
the calibrations in external galaxies are pre- 
ferred. A number of these techniques have 
lost and gained prominence in the last two 
decades; for example, the brightest stars are 
currently thought to be difficult to use even in 
nearby galaxies, whereas the use of the GCLF 
is gaining adherents (9). 

In addition to the secondary distance in- 
dicators. there are also several tertiarv indica- 
tors that require calibration in systems beyond 
the reach of Ce~heid and other ~rimarv mea- 
surements. These include the luminosities of 
type Ia supernovae (SN Ia) and the brightest 
galaxies in clusters. The D, - u relation for 
elliptical galaxies is sometimes considered to 
be in this categorv. as Ce~heids are not - ,.  
generally found in early-type galaxies. Of the 
tertiary indicators, SN Ia are perhaps the 

most useful (10) and may soon become 
secondary indicators when Cepheid calibra- 
tions become available for the two nearest 
galaxies that have had SN Ia, IC4182 and 
NGC5253. It is also possible that, with the 
development and empirical testing of de- 
tailed models for the detonation of SN Ia 
that predict absolute luminosity, they will be 
considered "global" distance estimators. 
Global distance estimators include expan- 
sion parallaxes for supernovae of type I1 (SN 
11), application of the Sunyaev-Zeldovich 
effect to distant rich clusters of galaxies, and 
the measurement of the time delay between 
the different images of gravitationally lensed 
objects. These are discussed in more detail 
below. 

Several reviews and conferences describ- 
ing the state of the distance-scale debate in 
the early 1980s (1 I) as well as a popular 
account of the activities of Sandage, one of 
the leading researchers in the field (12), 
have been published. 

Systematic Effects 

Perhaps the most important work on the 
distance scale in the last decade has been that 
on understanding and measuring two impor- 
tant systematic biases. The first of these is the 
Malmquist effect, which causes one, for ex- 
ample, to generally overestimate the bright- 
ness of distant objects in flux-limited samples 
of finite dispersion and thus to overestimate 
the value of the Hubble constant. The ampli- 
tude of this effect depends critically on the 
dispersion, u, of the parameter used as a 
distance indicator (scatter caused both by any 
intrinsic variation about the mean as well as 
by measurement errors); the correction to the 
derived absolute magnitude is approximately 
AM = 1 .4~2  (1 3). Perfect measurements of a 
perfect standard candle require no correction; 
however, if one uses a technique such as the 
blue Tully-Fisher relation from a sample of 
galaxies with a dispersion of a factor of 2 in 
luminosity about the mean relation with 21- 
cm line width, correction factors near 2 may 
be required (14). Much of the debate over 
different estimates of H, during the last dec- 
ade made by different applications of the same 
technique has centered on the amplitude and 
direction of the Malmquist bias (14, 15). The 
severity of this effect has prompted renewed 
efforts both to understand and minimize the 
scatter for several distance estimators and to 
develop new techniques for distance estima- 
tion with very small dispersions (see below). It 
should be noted that distance estimators with 
large dispersions are not only biased but are 
also difficult to calibrate accurately, because 
the number, N, of calibrating galaxies for 
most relations is very small, and the error in 
zero point only decreases as <N. 

The second systematic effect is the exis- 
tence of bulk peculiar motions or large-scale 

flows in the vicinity of the Local Group. The 
observed velocity, uo, of any galaxy consists 
of two components, the object's true Hubble 
velocity, V H ,  and a peculiar velocity, up, that 
might result from local gravitational distor- 
tions of the universe's expansion: 

Although distortions of the Hubble flow in 
dense systems such as groups and clusters of 
galaxies have been known for 50 years, the 
suggestion that the perturbations are suffi- 
ciently large to affect the determination of 
H, (16) did not gain credence until the 
solid detection of the microwave back- 
ground dipole anisotropy (17) and the de- 
tection and measurement of the infall of the 
Local Group into the Virgo Cluster (1 8) at 
a rate somewhere between 0.2 and 0.4 of 
the cluster's apparent velocity. Such an 
infall velocity directly affects the value of 
H, derived with any indicator and will 
increase the correct value of H, by 20 to 
40% if not corrected for. Further work on 
more distant samples of galaxies and clus- 
ters of galaxies has uncovered evidence for 
even larger perturbations of the Hubble 
flow on larger scales (1 9). These discoveries 
point to the need for detailed mapping of 
the velocity field, the determination of the 
scale on which peculiar velocities no longer 
contribute significantly to the error in the 
determination of H,, and the accurate mea- 
surement of distances on that scale. 

Biases in distance estimates can also be 
caused by the presence of large-scale struc- 
tures. Sampling biases such as the Malm- 
auist bias can ~roduce both underestimates 
and overestimates of the Hubble constant 
(14, 15) and can significantly affect the 
determination of non-Hubble velocities 
(20). With knowledge of the sample prop- 
erties and the spatial and velocity distribu- 
tions of the galaxies used, unbiased esti- 
mates can be derived (1 5, 18). 

Recent Developments 

Since the last maior reviews of the cosmo- 
logical distance scale, there have been sev- 
eral developments worth noting. The most 
basic of these is the successful test of the 
linearity of the velocity-distance relation 
(21). This result not onlv refutes several ~, 

arguments about the basic cosmological 
model (22) but also  laces limits on the . , 

existence of extremely large scale flows. 
The second fundamental development has 
been the use of array detectors [charge- 
coupled devices (CCDs)] and infrared pho- 
tometry to significantly improve the detec- 
tion and measurement of Cepheid variables 
in nearby galaxies (5, 23). There are now 
Cepheid distances to over a dozen galaxies, 
of which six are large spirals suitable for 
calibrating several secondary distance indi- 
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cators (Table 1). In particular, two groups 
have used these distances to derive new 
calibrations as well as estimates of the 
intrinsic dispersion of multicolor Tully- 
Fisher relations (24, 25). The zero points of 
the calibration of absolute magnitude versus 
line width in the B. R. I. and H bands are , , ,  

essentially the same as most previously pub- 
lished results; the scatter in the R, I, and H 
relations is extremely small, less than 0.3 
magnitude, and perhaps as low as 0.15 
magnitude at H, such that the uncertainty 
in the zero point of the H-band relation is 
less than 0.08 maenitude. or 4% in the 
distance scale so dirived. ' ~ l t h o u ~ h  there 
amears to be environmental de~endence in . . 
the B-band, if these results are universal, 
the Malmquist bias is not significant. The 
application of these calibrations to existing 
high-quality data sets (spirals of regular 
morphology, high signal-to-noise 2 1-cm 
line profiles, and well-determined and large 
inclinations, i r 45") for the Virgo Cluster 
and the Ursa Major cloud, including infall 
velocity corrections, yields values for H, 
between 80 and 90 km s-I Mpc-'. 

In the last 4 vears. two new and inde- . ,  , 

pendent distance estimators have been dis- 
covered. The first of these is the surface 
brightness fluctuation technique (SBF) 
(26). This technique is based on measure- 
ments of the surface brightness fluctuations 
in elliptical galaxies and spiral bulges. The 
amulitude of the fluctuations deuends on 
the number of giant stars per unit solid 
angle-nearby galaxies will have fewer stars 
per unit area (per pixel on a CCD array) so 
that the variance in the number of photons 
per pixel will be larger than that for more 
distant galaxies. This technique has been 
used to derive H, = 82 +- 7 km s-' Mpc-' 
from measurement of the distance to the 
Virgo Cluster (27). It shows promise of 
being able to derive 5% distances to early- 
type systems as far as 4,000 km s-' from the 

Table 1. Cepheid distances to nearby galaxies 
[from (5), (24), and (25)]. The Wolf-Lundrnark- 
Melotte galaxy is denoted by WLM; m - M, 
distance modulus in magnitudes. 

m - M Distance 
Galaxy Type (mag) ( ~ p c )  

LMC 
SMC 
NGC6822 
IC1613 
M31 
M33 
WLM 
Sextans A 
Sextans B 
NGC3109 
NGC3OO 
NGC2403 
M81 
MI 01 

Smlll 
IrnlV-V 
IrnlV-V 
I rnV 
Sbl-ll 
Scll-Ill 
ImlV-V 
IrnlV-V 
IrnlV-V 
SrnlV 
Scll 
Scdlll 
Sbl-ll 
Scl 

ground and to 10,000 km s-' with a cor- 
rected Hubble Space Telescope (HST) . 

The second new estimator is the use of 
the luminosity function of planetary nebu- 
lae (PNLF) (28). Planetary nebulae can be 
identified relatively easily with narrow- 
band interference filters and CCD arrays. 
Tests of this technique have shown it to be 
relatively insensitive to Hubble type, and 
its application to the measurement of the 
Virgo Cluster distance yields values of H, in 
the ranges 81 +- 6 to 94 +- 6, depending on 
assumptions about the infall velocity into 
Virgo (29). The measured distances to the 
Virgo Cluster and to several intermediate 
galaxies and galaxy groups show excellent 
agreement among the IRTF, the SBF, and 
the PNLF techniques and moderately good 
agreement with relative D, - a distances. 

Promuted bv detailed observations at mul- 
tiple waielenihs of the type I1 supernova 
1987A, researchers have developed improved 
models for the expanding atmospheres of 
these objects and have measured expansion 
parallaxes to SN I1 in the Virgo Cluster and 
beyond to derive Ho = 60 + 10 km s-' 
Mpc-' (30). This is somewhat higher than 
earlier determinations (3 1). The current situ- 
ation for the application of SN Ia, despite the 
promise of these objects as global calibrators, 
remains somewhat confused. There are four 
different possible calibrations for the maxi- 
mum luminosity of these objects, based on (i) 
SN Ia in our galaxy, (ii) theoretical models of 
their light curves based on 5 6 ~ i  and 5 6 ~ o  
decay, (iii) the brightest star distance to 
IC4182, the nearest galaxy with a well-ob- 
served SN Ia, and (iv) the Virgo distance (3 1, 
32). Values of Ho derived from SN Ia range 
from 40 to 100 km s-' Mpc-', and a new 
calibration of the distance to IC4182 suggests 
that the value of H, based on calibration (iii) 
should be 86 +- 12 km s-' MpcP' (33). In 
addition to supemovae, an intensive search 
for novae in Vireo Cluster ealaxies has been 
made at the ~anada-~rancer~awai i  telescope 
(CFHT). The analysis and a reanalysis of 
these data gave values for Ho of 69 + 14 and 
58 + 12, respectively (34, 35). The CFHT is 
on Mauna Kea. an astronomical site with 
exceptionally small atmospheric turbulence or 
seeing, and is equipped to take advantage of 
these conditions to produce sub-arcsecond 
images. Observational programs to image gal- 
axies out to the distance of the Virgo Cluster 
to search for Cepheid variables and identify 
the brightest stars should have a significant 
effect on the local calibration of the distance 
scale. 

Since the discovery of large-scale flows 
(18, 19) a decade ago, there have been 
substantial studies of the local velocity field, 
including measurements of galaxy distances 
and peculiar velocities (36-38) and the local 
density field (39), as well as attempts to 
produce detailed models and comparisons of 

the measured and expected flow fields (40). 
These studies remain crude compared to what 
is required for an accurate local determination 
of H,. Galaxy distances are known to fewer 
than 2000 galaxies, and accurate distances, 
with errors smaller than lo%, are known to 
fewer than 100. Density-field maps are pri- 
marily based on samples of galaxies discovered 
by the Infrared Astronomical Satellite 
(IRAS), which can more easily probe low 
galactic latitudes, but these maps undersample 
the density field both locally and at distances 
greater than -5000 km s-' owing to the 
relatively low space densities of strong infrared 
emitters among all galaxies (39). 

Global Measurements 

Most of the previously mentioned determina- 
tions of H, are "local" because they only 
measure distances to objects at relatively small 
red shifts. This means that almost bv defini- 
tion they can be affected .by local velocity 
anomalies, such as our infall into the Virgo 
Cluster or into larger superclusters such as the 
Great Attractor, or, more generally, can be 
biased by any density inhomogeneity, positive 
or negative, on those scales. For this reason, 
there is also considerable interest in "global" 
determinations of H,. Supemovae of type Ia, 
discussed above, have the potential to be 
observed at maximum luminosity to very great 
distances (red shifts > 0.5), but so far the 
necessary searches with very large telescopes 
have not been initiated. Two other global 
techniques for the determination of H, have 
recently been applied with some success. The 
first of these is the measurement of the Sun- 
yaev-Zeldovich effect. This is a decrease of 
the cosmic microwave background tempera- 
ture in the direction of a rich cluster of 
galaxies caused by the inverse Compton scat- 
tering of the background photons off the hot 
intracluster gas. The angular diameter dis- 
tance DA of the cluster can be estimated from - 
measurements of its x-ray flux Fx, the radio 
brightness temuerature decrease AT. the clus- - 
ter gas electron temperature T,, and its angu- 
lar size 0: 

Although the Sunyaev-Zeldovich effect has 
been known for many years, the first moder- 
ately successful application of it to the mea- 
surement of Ho for the rich cluster Abell665 
was completed last year and produced a fairly 
low value of 40 to 50 2 12 km s-' Mpc-' 
(41). This technique, although independent 
of all of the local calibration, depends on a 
number of assumptions regarding the cluster 
gas geometry, temperature, and density distri- 
bution as well as on background source con- 
tamination and the cosmological model. 

Another global measurement of Ho results 
from the determination of the time-delay and 
path-length differences between multiple im- 
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ages of gravitationally lensed objects. For a 
given mass distribution. the time delav ex- - 
petted is roughly inversely proportional to Ho. 
As for the Sunyaev-Zeldovich effect, this 
property of lenses has been known for a long 
time but has again only recently been effec- 
tively applied to the data for the lensed quasar 
and lens 0957 +561. A simple lens model that 
accounts for its imaging properties yields an 
estimate 

uv At -l 
H o = ( 9 0 2 1 0 ) (  390 km s- ' )2(-) 1 year 

where av is the velocity dispersion of the 
central lensing galaxy and At is the mea- 
sured time delay between the A and B 
images (42). The time delay had been 
estimated as near 400 days. An observa- 
tion of the galaxy's velocity dispersion was 
combined with the smaller value of the 
time delay to estimate a value of H, of 50 
2 17 km s-' Mpc-' (43). This estimate 
may be high because the time delay is now 
thought to be closer to 500 days (44), but 
it may be low if cluster contribution to the 
surface mass density has been underesti- 
mated. 

Current Limits and Future 
Prospects 

Table 2 is a compilation of recent (since 
1986) determinations of H,. This listing is 
not meant to be complete, as it is approx- 
imately limited to one reference per re- 
search group per technique, but is meant 
rather to present the flavor of the current 
debate and the directions in which research 
is proceeding. In addition to the measure- 
ments discussed above, Table 2 lists several 
recent and often conflicting derivations - 
based on the application of the optical and 
IRTF relations (36, 45-50), the D, - a 
relation (51, 52), luminosity classes (53- 
5 3 ,  novae and supernovae (56), and the 
velocity dispersions of giant HI1 regions 
(57). The last six entries present efforts by 
several researchers to synthesize "best" val- 
ues for H,, either at conferences or in 
review papers (58-63). Many of the authors 
whose results and summaries are shown 
here quote internal errors only. When a full 
accounting of external errors is given, al- 
most all of the results overlap within 2 
standard deviations (61). 

\ ,  

Since the reviews of a decade ago, both 
the bounds and range of quoted values of H, 
are decreasing; no recent determinations 
exceed 100 km s-' MpcP'. Values are still 
clustered about two numbers, but those 
numbers are now 50 and 85. A preponder- 
ance of the newest local estimates favors 
the higher value of 85 km s-' MpcP'; the 
agreement between widely different tech- 
niques with different systematic biases is 

extremely encouraging. On the opposite 
side, SN Ia need a firmer calibration, but 
the agreement between the two global mea- 
surements is also encouraging. The dis- 
agreement between the global and most of 
the local measurements is disturbing and 
may be pointing to a problem with our 
assumption that the local universe is repre- 
sentative of the universe as a whole. 

What does this mean for cosmology? If the 
value of H, is indeed >75 km s-' Mpc-,', as 
the best recent local measurements indicate, 
the age of the universe is less than 15 billion 
years. If the ages of globular cluster stars are 
indeed near 15 billion years, then the cosmic 
mean mass density is likely to be small, R = 
0.1 to 0.3. It is possible to construct a cosmo- 
logical model with a small R and a moderately 
large Ho that meets almost all observational 
constraints. This, however, is in serious con- 
flict with the precepts of the inflationary 
model, which essentially requires R = 1 (64). 
Such a matter-dominated, low-density model 
is also one in which galaxy formation is 
difficult (65). 

If Ho is 85 km s-' Mpc-' and the oldest 
globular clusters are 18 billion years old, a 
serious problem exists. One possible expla- 
nation that has been attracting attention 
lately is the possibility that the cosmologi- 
cal constant A, proposed and then rejected 

Table 2. Some recent measurements of H, (in 
kilometers per second per megaparsec). In 
several of the below cases, the published val- 
ues have been restated in terms of a mean 
value and a range. 

Optical Tully-Fisher (45) 85 2 10 
Optical Tully-Fisher (46) 5 7 ?  I *  
Optical Tully-Fisher (47) 68 + 8* 
Optical Tully-Fisher (48) 92 % 20 
Optical Tully-Fisher (49) 56 2 13* 
IR Tully-Fisher (50) 88 ? 35 
IR Tully-Fisher (36) 9 0 2  15 
L-u (5  1 ) 85 + 5* 
L-a (52) 67 2 10 
Planetary nebulae (29) 8 7 +  12 
Fluctuations (27) 82 ? 7* 
Supernovae 1 1  (30) 60 2 10 
Supernovae la+ll (31) 57 + lo* 
Supernovae la (32) 8 7 +  12 
Supernovae la (33) 86 2 12 
Novae + SN la (56) 7 0 +  15 
Novae (34) 6 9 2  14 
Novae (35) 5 8 3  12 
Giant HI1 regions (57) 8 9 +  10 
Luminosity classes (53) 105 2 11 
"Sosies" (54) 9 9 %  15 
Sc l galaxies (55) 4 2 +  11 
Sunyaev-Zeldovich (4 1) 45 ? 12* 
Gravitational lens time delay (43) 50 ? 17 
Summary (58) 90 ? 20 
Summary (59) 45 ? 3* 
Summary (60) 6 6 +  10 
Summary (61) 70 ? 20 
Summary (62) 73 2 10 
Summary (63) 92 ? 30 

*Quoted with internal error estimates only. 
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by Einstein (66), is nonzero. A positive A 
could make up the difference between the 
actually observed R,,,,,,, which is 0.2 to 
0.3 (67), and the RtOtal = R,,,,,, + A/~H,' 
= 1, as predicted by inflation (68, 69). In 
models with a positive cosmological con- 
stant, the age of the universe will be longer 
than Hop' (66, 68). Observational tests of 
this hypothesis have yielded mixed results 
(70, 71 ) , but a high value of Ho and a large 
globular cluster age will require a cosmolog- 
ical constant even if the inflationary hy- 
pothesis is incorrect. On the other hand, it 
is also possible that the local measurements 
of Ho are severely affected by large-scale 
flows or that we live in a oarticularlv un- 
derdense region of the universe. The latter 
is somewhat unlikely given the linearity of 
the velocity-distance relation (2 1). Neither 
hypothesis can be ruled out at present. 

Directions for future research are both 
clear and difficult. Improved calibrations for 
the low-dispersion distance indicators, 
IRTF, SBF, PNLF, and possibly SN Ia (71) 
and the GCLF, must be obtained with 
accurate Cepheid distances from a repaired 
HST. These techniques must be used to 
map the "local" velocity field (v 5 15,000 
km S-I). This will have the by-product of 
producing a more global determination of R 
if the density field is also well mapped. The 
use of global techniques must be developed, 
including the identification of additional 
suitable candidate gravitational lenses from - 
quasar surveys and Sunyaev-Zeldovich clus- 
ters from Roentgen Satellite (ROSAT) and 
Advanced X-ray Astrophysics Facility 
(AXAF) studies. The Hubble constant de- 
bate is far from over, but new developments 
in distance indicators and our knowledge of 
the distribution of matter in space are mak- 
ing the path to its r'esolution more clear. 
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