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Edwin Hubble

Hubble’s first 
breakthrough was to 
measure accurate 
distances to nearby 

galaxies
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Astronomers already knew how to measure the velocity of 
galaxies 

Breakthrough came when comparing these velocities with 
Hubble’s new, accurate distances…
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corrected for solar motion. The result, 745 km./sec. for a distance of
1.4 X 106 parsecs, falls between the two previous solutions and indicates
a value for K of 530 as against the proposed value, 500 km./sec.

Secondly, the scatter of the individual nebulae can be examined by
assuming the relation between distances and velocities as previously
determined. Distances can then be calculated from the velocities cor-
rected for solar motion, and absolute magnitudes can be derived from the
apparent magnitudes. The results are given in table 2 and may be
compared with the distribution of absolute magnitudes among the nebulae
in table 1, whose distances are derived from other criteria. N. G. C. 404
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FIGURE 1
Velocity-Distance Relation among Extra-Galactic Nebulae.

Radial velocities, corrected for solar motion, are plotted against
distances estimated from involved stars and mean luminosities of
nebulae in a cluster. The black discs and full line represent the
solution for solar motion using the nebulae individually; the circles
and broken line represent the solution combining the nebulae into
groups; the cross represents the mean velocity corresponding to
the mean distance of 22 nebulae whose distances could not be esti-
mated individually.

can be excluded, since the observed velocity is so small that the peculiar
motion must be large in comparison with the distance effect. The object
is not necessarily an exception, however, since a distance can be assigned
for which the peculiar motion and the absolute magnitude are both within
the range previously determined. The two mean magnitudes, - 15.3
and - 15.5, the ranges, 4.9 and 5.0 mag., and the frequency distributions
are closely similar for these two entirely independent sets of data; and
even the slight difference in mean magnitudes can be attributed to the
selected, very bright, nebulae in the Virgo Cluster. This entirely unforced
agreement supports the validity of the velocity-distance relation in a very
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The Universe 
is expanding! 









Measuring 
distances in 

astronomy is hard



Deneb

Vega

Altair

…25 light years away

…16 light years 
away

…about 2500 light 
years away

(Estimates range 
from ~1500 - 3000 Ly) 



How bright the star 
appears

How bright the 
star really is

How far the 
star is away



• Henrietta Swan Leavitt (at Harvard 
College Observatory)


• Discovered a an important fact 
about variable stars…


• How fast they pulse depends on 
their intrinsic brightness 
(‘luminosity’). 


• If you measure how fast they 
pulse (which is easy!), you can 
work out their luminosity… which 
gives you their distance

Standard Candles





Wait… how was this relationship discovered? 
  

Wouldn’t we have to actually know the distance to 
some Cepheids first?



Parallax



Nearby star

Distant stars

Parallax



Nearby star

Distant stars
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Parallax limit

Cepheids

Normal stars



‘The Cosmic 
Distance Ladder’

(This will be important later)
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corrected for solar motion. The result, 745 km./sec. for a distance of
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can be excluded, since the observed velocity is so small that the peculiar
motion must be large in comparison with the distance effect. The object
is not necessarily an exception, however, since a distance can be assigned
for which the peculiar motion and the absolute magnitude are both within
the range previously determined. The two mean magnitudes, - 15.3
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dv H0=



Velocity Distance

Hubble’s 
constant

dv H0=
(Hubble’s law)



Hubble’s Constant

• Is the way astronomers measure how fast the 
Universe is expanding 

• Measured in kilometres per second per megaparsec 
(km/s/Mpc) 

• (1 megaparsec = 1 millon parsecs, or about 3 million 
light years) 

• i.e., is in units of speed per distance
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First 
measurement 

(1920s)…

H0 ~ 500 
km/s/Mpc



km/s/Mpc
Distance Per time Per distance

The units of the Hubble constant are 1/time



• The units of the Hubble 
constant are 1/time


• 1/H0 will give you… the rough 
age of the Universe!


• Hubble’s original value of 500 
km/s/Mpc results in a 
Universe just 1-2 billion years 
old… younger than the Earth

From Hubble to the 
Universe



‘Type I’

‘Type II’
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A bit of strange history…
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The Cosmic 
Microwave 

Background

A new way to measure H0…









Size of pattern on the sky
Big Tiny

Strength 
of pattern





Size of pattern on the sky
Big Tiny

Strength of 
pattern

Set by 
geometry of 

Universe, 
including H0
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from the CMB
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nearby galaxies



CMB: Hubble constant is 
67±0.6 km/s/Mpc

Nearby Universe: Hubble 
constant is 73±1 km/s/Mpc



What is going on?
Is there a ‘crisis’ in cosmology? … maybe



What is going on?

- Solution 1: we are seeing evidence 
of new physics


- Solution 2: there is a mistake 
somewhere



What is going on?

- Solution 1: we are seeing evidence 
of new physics


- Solution 2: there is a mistake 
somewhere



Early time
Late time



‘Early time’  
CMB data

‘Late time’  
H0 prediction

(Evolve using 
known 

physics)

‘Late time’ 
measurement 

of H0



‘Early time’  
CMB data

‘Late time’  
H0 prediction

‘Late time’ 
measurement 

of H0

(Evolve using 
known 

physics)



Early dark energy? 
Time-dependent dark energy? 

A curved Universe? 
Interacting dark matter? 

New particles? 

… something else?



What is going on?

- Solution 1: we are seeing evidence 
of new physics


- Solution 2: there is a mistake 
somewhere



‘The Cosmic 
Distance Ladder’

(This will be important later)



Parallax

Cepheid Variables

Type Ia Supernova

Size of whole Universe

A small error 
here…

Means a big 
error here!

Near

Far
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Fig. 10.— Complete distance ladder. The simultaneous agreement of pairs of geometric and

Cepheid-based distances (lower left), Cepheid and SN Ia-based distances (middle panel) and SN

and redshift-based distances provides the measurement of the Hubble constant. For each step,

geometric or calibrated distances on the x-axis serve to calibrate a relative distance indicator on

the y-axis through the determination of M or H0. Results shown are an approximation to the

global fit as discussed in the text.

Complete distance 

ladder

From Reiss et al. 
(2016)




