Dark Matter

Friday, October 16

The Sun goes around the center of the
Milky Way Galaxy on a nearly circular orbit.

Orbital radius = 8000 parsecs = 26,000 light-years
Orbital speed = 220 km/second = 490,000 miles/hour
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Sun moves on a (nearly) circular orbit rather than
a straight line because of the mass within its orbit.

or star!

A satellite will have a circular orbit if its

initial speed = circular speed (v )
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1 = radius of Sun’s orbit

M = mass within sphere whose
circumference is the Sun's orbit.

Question of the day: What is M, the
mass required to keep the Sun on its
orbit around the Galactic center?

This requires a little math.
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r = 8000 parsecs = 2.5 x 1020 meters
Veire = 220 km/sec = 2.2 x 10° meters/sec
G =6.7 x 10" Newton meter?/ kg?

M =2 x 104 kg = 9.5 x 10'%solar masses

(Mass of stuff = 95 billion times the mass of the Sun.)

The Sun is “anchored” to the
Milky Way Galaxy by a mass
equal to 95 billion Suns.

1t hypothesis: Inside the Sun’s orbit,
there are 95 billion stars, each equal in
mass & luminosity (wattage) to the Sun.




Observation: inside the Sun’s orbit,
the wattage is 17 billion (not 95 billion)
times the Sun’s luminosity.

95/17 = 6.3 Solar Masses per Solar Luminosity.

2" hypothesis: Inside the Sun’s orbit,
most mass is provided by “dim bulb”
stars like Proxima Centauri.

Observation: In the Milky Way Galaxy,
Vire Of stars is nearly constant with
distance from the Galactic Center.
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This is very different from the behavior
of planets in the Solar System.

§ U ey Vcirc_drops steeply
Bt with distance.
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Why the difference? Let's ask Newton.

In the Solar System, 99.8% of _ #
the mass is in the Sun. @ y

cire =
r
As r increases, M is nearly constant:

decreases with distance from Sun.

1
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In the Milky Way Galaxy, v is
observed to be nearly constant.
GM
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As rincreases, v is constant:
M must increase linearly with r.

r = 8000 parsecs — M = 95 billion solar masses
r = 16,000 pc — M = 190 billion solar masses




Out to the edge of its
visible disk, the Milky
Way Galaxy contains:

200 billion solar masses,
but only
20 billion solar luminosities.

Conclusion: There must be dark matter
in the outer regions of the Galaxy.

Dark matter = stuff that doesn’t
emit, absorb, or otherwise interact
with photons.

Other galaxies
are found to have
dark matter, too.

The new view of galaxies:

bright stars

dark “halo”: nearly
spherical distribution
of dark matter







