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measure for measure

In the early twentieth century, a class of 
celestial objects known as spiral nebulae 
attracted attention because of a remarkable 

trend in their spectral-line wavelengths. 
From a list of 41 spiral nebulae compiled 
by Arthur Eddington in 1923, there were 
36 with redshifts and five with blueshifts. 
If the wavelength shifts were interpreted as 
Doppler shifts, the mean radial velocity of 
the spiral nebulae would be 540 km s–1. As 
Eddington wrote1, “The great preponderance 
of positive (receding) velocities is very 
striking.” Although the distances from 
the Earth to spiral nebulae were initially 
unknown, in 1924 Edwin Hubble calculated2 
the distances to the spiral nebulae M31 
(the Andromeda galaxy, pictured) and M33 
as “about 285,000 parsecs”. (One parsec, 
abbreviated pc, is equal to about 
3.1 × 1016 m.) These distance 
measurements convinced 
astronomers that spiral 
nebulae are large, 
distant galaxies 
comparable in size 
to the Milky Way; 
the rival hypothesis, 
that spiral nebulae were 
tiny, nearby satellites of the Milky Way, 
was abandoned.

By 1929, Hubble had found the distances 
to 24 spiral galaxies. Plotting the velocity 
v versus the distance d for these galaxies, 
he found they could be fitted with a linear 
relation of the form v = H0d, consistent with 
a homogeneous and isotropic expansion 
of the Universe3. The expansion parameter 
H0, later named the Hubble constant, 
was calculated by Hubble himself to be 
H0 ≈ 500 km s–1 Mpc–1. To determine the 
distance to galaxies, Hubble used the 
standard-candle method, based on the 
inverse square law of flux giving an estimate 
of the distance to a light source — the 
‘standard candle’ — the luminosity of which 
is assumed to be known. Hubble’s standard 
candles were actually more luminous than 
he thought; thus, he was overestimating H0. 

By 1958, Allan Sandage had corrected 
some of Hubble’s erroneous assumptions, 
finding a value for the Hubble constant of 
H0 ≈ 75 km s–1 Mpc–1, corresponding to a 
time scale H0

–1 of about 13 × 109 years4. (The 
value of H0

–1 provides a ballpark figure for 
the age of the Universe.) In 1974, Sandage 
and his collaborator Gustav Tammann 
worked on an improved determination 
of the value of H0 and arrived at 
50 km s–1 Mpc–1 with an error of 10%. At the 
same time, however, Gérard de Vaucouleurs 
was also attempting to determine the value 
of the Hubble constant. Studies by de 
Vaucouleurs and his collaborators 
generally led to 

H0 ≈ 100 km s–1 Mpc–1, also with 
quoted errors of order 10%. From the 
1970s, through the 80s and into the 90s, 
the long-distance scale of Sandage and 
the short-distance scale of de Vaucouleurs 
remained unreconciled.

New observational input came from 
the Hubble Space Telescope, the launch 
of which in 1990 was partly motivated by 
the so-called Key Project, which aimed 
at determining the extragalactic distance 
scale using Cepheid variable stars as 
standard candles. The final result of the Key 
Project, published in 2001, was a Hubble 
constant of 72 ± 8 km s–1 Mpc–1, refined to 
73.24 ± 1.74 km s–1 Mpc–1 in 20165.

It would be satisfying to end this story 
with an embrace of the golden mean 
between Sandage’s value and that of de 
Vaucouleurs. However, there is still a 
conflict today between the two values of H0. 

In addition to the direct method used by 
Hubble himself, there are also indirect 
methods for measuring the Hubble constant. 
For instance, the observed temperature 
and polarization fluctuations in the cosmic 
microwave background are dependent on 
H0, as well as other cosmological parameters. 
Observations of the cosmic microwave 
background by the Planck satellite imply 
the value H0 = 66.93 ± 0.62 km s–1 Mpc–1, 
assuming a ΛCDM cosmology in which 
space is flat, dark energy takes the form of 
a cosmological constant Λ, and the bulk of 
matter is cold dark matter (CDM)6.

The small error bars in the 
current ‘67 versus 73’ 

conflict produce a 3σ 
tension between the 
direct and indirect 
methods for measuring 

H0. The disagreement 
may hint at interesting 

physics. There are degeneracies 
between different cosmological 

parameters in the analysis of the cosmic 
microwave background: decreasing the sum 
of masses of different types of neutrinos, 
increasing the effective number of neutrinos, 
and decreasing the so-called equation-
of-state parameter w of the dark energy 
all result in a higher value of H0. Clearly, 
in order to settle the matter, we must 
first thoroughly understand the different 
systematic errors that enter into the direct 
and indirect methods for measuring H0.  ❐
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A constant conflict
Narrowing down the value of the Hubble constant has been problematic — probably a manifestation of 
the dark-energy mystery, writes Barbara Ryden.
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