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Topics for this week

Describe the Milky Way Galaxy
Describe the Standard Candle method of determining

distances and how Cepheid variable stars are used as
standard candles.

Describe how astronomers measure the distribution of mass
in a galaxy and what they find.

Describe the various types of galaxies and how they differ
from the Milky Way.

What is Hubble’s law?  How is it measured, and what does it
tell us about the Universe?



Standard Candle Method

We can use the formula F = L / 4π d2 to determine the
distance to a star (d) if we can guess its luminosity (L)
and measure its flux:  d2 = L / 4π F

For Cepheid variable stars, we know that two stars with the
same period of variation have the same luminosity.

We can determine the luminosity of a nearby Cepheid
variable by measuring its distance from its parallax:

d = 1/p, then use L = 4π d2 F.
Then we know that the luminosities of other Cepheid

variables with the same period are the same as the
luminosity of the nearby Cepheid, so we can use them
as standard candles.



Groups of four

Form a group of four students.
Choose one student as the discussion leader and one as

the scribe.

Answer two questions:
1.  What method could you use to map out the distribution

of people in this room?  You can invent measurement
devices, but you cannot leave your seats.

2.  What difficulties or biases in your results would you
encounter?

I will ask several groups to report on their methods and
expected difficulties.



Distribution of Mass in the Milky Way

At least for other galaxies, we can measure the distribution
of luminous matter by simply taking a picture.

But is that a fair sample of all of the matter in a galaxy?
Some stars emit much more light than others.

We can measure the distribution of mass in a galaxy by
observing how fast stars orbit in the galaxy.

They orbit around whatever is inside of their orbits – black
holes, stars, gas, dust, ???

We can use Kepler’s 3rd law to determine the mass of
whatever is inside of their orbits.

M(inside orbit) = a3 / P2





There is mass where we see almost no stars

We conclude that Minside of radius r α r.
This means that there is as much mass between 11 and 12

kiloparsecs from the center as there is between 1 and 2
kpc.

This is surprising because there is much more light coming
from the stars between 1 and 2 kpc from the center.

The amount of mass we calculate is also surprising.
It is several times more than the mass we calculate of the

stars we can see.
Most of the mass in the Milky Way must be dark.



Mass in the center of the Milky Way

On your homework you will do a calculation I did when I
was a student to determine the mass within 1 pc of the
center of the Milky Way.

You should get about 3x106 Msun.
I also observed gas clouds orbiting about 0.1 pc from the

center, and concluded that there was nearly 3x106 Msun
inside of their orbits too.

It appears that most of the mass in the center of the Milky
Way is very close to the center, even though the stars
are pretty uniformly spread over the central parsec.

We suggested that the mass is in a 3x106 Msun black hole,
but we couldn’t prove it.

More recent observations are more convincing.



The Center of the Milky Way (a radio picture)



The Center of the Milky Way (my infrared picture)












