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Distance	
  Measures	
  
•  Distances	
  to	
  nearby	
  galaxies	
  

measured	
  with	
  Cepheids	
  to	
  107	
  pc	
  
•  Tully-­‐Fisher	
  relaJon	
  for	
  spirals	
  

relates	
  rotaJon	
  to	
  luminosity	
  and	
  
type	
  

•  Fundamental	
  Plane	
  for	
  ellipJcals	
  
relates	
  luminosity	
  to	
  size	
  and	
  
velocity	
  dispersion	
  

•  Allows	
  galaxies	
  to	
  be	
  used	
  as	
  
standard	
  candles	
  for	
  distance	
  
measurement	
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What	
  Hubble	
  Found	
  
•  Spectra	
  of	
  galaxies	
  show	
  

Doppler	
  shiA	
  reflecJng	
  
radial	
  moJon	
  relaJve	
  to	
  
Sun	
  

•  Distant	
  galaxies	
  show	
  
redshiA	
  increasing	
  with	
  
distance	
  

ASTRONOMY: E. HUBBLE

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

PRoc. N. A. S.172
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Hubble	
  Constant	
  
•  Best	
  measurements	
  

•  Use	
  redshiA	
  	
  	
  	
  	
  	
  as	
  
surrogate	
  for	
  distance	
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h = 0.71± 0.03

� = (1 + z)�0

z

v/c = H0D/c =
(1 + z)2 � 1
(1 + z)2 + 1

⇠ z



Cosmic	
  Expansion	
  
•  Isotropic	
  recession	
  
means	
  we	
  are	
  in	
  
center?	
  

•  Expanding	
  Universe:	
  All	
  
distances	
  grow	
  

•  Every	
  observer	
  finds	
  all	
  
others	
  recede	
  

•  Hubble	
  Flow	
  
superposed	
  on	
  peculiar	
  
moJon	
  

•  Valid	
  for	
  unbound	
  
objects	
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D(t) = D(t0) (1 + H0(t� t0))



Big	
  Bang	
  
•  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  means	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  for	
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D(t) = D(t0) (1 + H0(t� t0)) D(t) = 0

t = t0 �H�1
0

H�1
0 = 0.01h�1 1 Mpc

km/s
= 0.01h�1 · 206265 · 1.49598⇥ 1017 s
= 3.1h�1 ⇥ 1017 s = 9.8h�1 Gy = 13.8 Gy



Space	
  and	
  Time	
  
•  RedshiA	
  	
  	
  	
  	
  determines	
  distance	
  
•  Also	
  determines	
  lookback	
  Jme	
  

•  Note	
  

•  RedshiA	
  can	
  be	
  thought	
  of	
  as	
  cosmological	
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z D = zc/H0

tem = t0 �D/c = t0 � zH�1
0

�em

�abs
= (1 + z)�1 ⇠ 1� z = 1 + H0(tem � t0) =

D(tem)
D(t0)



Credits	
  
•  Hubble Expansion Data: E. Hubble, PNAS 

March 15, 1929 vol. 15 no. 3 168-173 
http://www.pnas.org/content/15/3/168.full.pdf
+html NASA/GSFC 
http://cosmictimes.gsfc.nasa.gov/teachers/
guide/1929/guide/universe_expanding.html 

•  Expansion Animation: NASA/SNAP 
http://snap.lbl.gov/multimedia/animations/ 
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