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Hubble’s Law relates the distance and velocity of receding 1

galaxies using a constant known as the Hubble Constant. H_o X 1000 = age of universe in billions of years Hubble Constant H, was found to be

This lab activity calculated the Hubble Constant and Methodology 610447 km-s_l-l\/loc_l (kilometers per second-
approximated the age of the universe using publicly \ U T 4.

available data, using Edwin Hubble’s original principles.t Galaxy images were evaluated for angular size and light megaparsec), with a universe 16.4 £ 1.3 billion years
spectrographs analyzed for the shifted wavelengths of three old. Uncertainty was calculated in Excel by the least-

| spectral lines, Ca, H and Ca, K (calcium) absorption lines and il count-squares method.

| . hydrogen) emission lines. Visual point-and-click analysis too : : :
distance d and the Hubble Constant H,. This makes the (
Hubble Constant the slope of the graphoof distance plotted were built into the webpage, provided by the University of DlSCUSS|On and COﬂClUSIOn

against velocity. Washington’s Astronomy Education Department. The galaxy was [ Results are consistent with the currently understood
v = Hyd ' measured along the long edge, and the wavelength values taken range of the Hubble Constant? (upper 60s to lower

for the appropriate peaks on the spectrographs. Below is 3 : <1 =1 -
To determine the Hubble Constant, “standard candles” o p. ) ; o 70s ot .km > | MpCn Ui el S i
such as a type of galaxy, supernova, or other event with sample of the images ahalyzec for galaxy NGC 3627. B the universe is reasonable, as the oldest stars known

well-understood size and magnitude is used. This study CH Y AT ; GG 3627  Hydrogen a (B5628%) are 12.5 billion years old.
used galaxies approximated to be 22 kiloparsecs across. f R ! } ; Additional systematic error may be present due to

2.0

d Assuming galaxies of size 22 kiloparsecs (1 kpc = 3.26 X b e | : : the analysis method, which involved the observer

o

103 light years), trigonometry with the small angle A : 2 15 | B clicking on the edges of each galaxy. As the galaxies
approximation can be used to calculate distance of galaxies i - v : have no hard edge, this necessitates interpretation.
0 radians in angular size: . e : | B Galaxies may also not all be 22 kpc across.

pypotenuse (1Y7) opposite (opp) . 5t Note that a high degree of variability exists in modern
[ ? : S ' | | ' ' determinations of the Hubble Constant using
different standard candles and methodologies.

Theory

The Hubble Law relates a galaxy’s velocity v with its

adjacent (adj) < . £500  BESD BEOD  BBE0 8700 EB7FEA &RA0

| 0022 MpC . . Wavelength {Angstroms) | | | | | | |
sinf = — =0 = Despite the limitations of this study, this mirrors the

h d : . .
: g . yf | RESUItS theoretical methodology of Edwin Hubble. His
earranging r1or Istance d, this gIVesS. : i r : : o
. Galaxy Velocity vs. Distance c.scov.e v of an expanding mwerge nelped af |.m
' P Einstein’s theory of general relativity and drastically
changed cosmology by disproving the widely-helc
notion that the universe was static.

- 0 milliradians

Velocity v can be determined by examining the redshift z
of spectral lines—places on the light spectrum where
common elements like hydrogen and calcium absorb or
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where A, oqsureq 1S the measured wavelength of some
spectral line from a moving galaxy and A, is the
stationary, lab-determined value for that spectral line’s

Data sourced from the University of Washington at
https://depts.washington.edu/astroed/HubbleLaw/galaxies.html
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