What properties can you deduce about
a star, based changes in brightness?

Measuring Brightness Changes with Time
Study the ABCs of Astronomy:
Aliens: Planets can be inferred around other stars if their orbits intersect our line of sight and the planet
moves between the star and us causing a periodic dip in the star’s apparent brightness. The size and
orbit of the planet can be inferred from these observations.
Projects look for non-random, unnatural variations in starlight that could arise from light signal
communications or orbiting megastructures created by extraterrestrial intelligence.
Black Holes: As matters falls into supermassive black holes at the centers of galaxies, it heats and glows.
When different amounts of matter fall in there can be variations in the light. The speed of the variation
can be used to infer the size of the black hole.
Cosmology: A type of massive star at the end of its life goes through a phases where its surface pulsates
causing a rise and fall in its brightness. The period of these pulsations depends on the absolute
brightness of the star, which can then be used to determine the distance to the stars. This is critical in
mapping out the locations of galaxies in the Universe.
A special type of binary star system allows matter from one star to flow onto another making it unstable
and causing it to explode in a supernova, bright enough to be observed across the Universe. Measuring
the rise and fall of the brightness of these supernova can be used to infer the distances to them. The
distance is critical in determining the expansion rate of the Universe.
The AfH activities look at the A & C of these ABCs...

Exoplanets:

25 years ago, these were the only known planets in the Universe.

Astronomers expected that there were countless planets orbiting other
stars. However, finding those planets was difficult.

Searching for the
reflected light of a
planet in the
blinding glare of its
parent star is like
trying to see a
firefly next to a
lighthouse lamp.

The light of
other planets is
too dim to be
seen with our
current
technology.

Transit Method

Watching the faint dimming of the
parent star by the transit of a
planet we can use Kepler’s 3rd Law
to determine the semi-major axis of
the planet’s orbit.

Using the orbit size with the
transit timing and depth
allows us to determine the
size of the planet.

Follow-up observations with the
Doppler method gives the mass of
the planet as well.

Kepler Mission
• Imaged 150,000 stars simultaneously
• Every 30 minutes
• For 4 Years
• Brightness Precision: 0.01%

Determining the Size of the Planet
with the Transit Method

Transiting Exoplanet Survey Satellite (TESS)

surveying 200,000 nearby stars

Other Methods
Transits are the primary way of finding
exoplanets (thanks to the Kepler and
TESS missions)
Radial Velocity (Doppler) is the next
biggest method and used to confirm
transit detections.
Microlensing using a GR effect on light
and has found nearly 100 exoplanets.
Direct Imaging is possible in IR for giant
planets orbiting far from their star. (Rare)
Timing Variations in pulsars led to the
first exoplanet discoveries in the 1980s.
(Very rare.)

Exoplanet Stats

The latest data suggest that this rate is 1!
There are as many planets in the Galaxy
as there are stars.
Not every star has planets. Many stars
have multiple planets and some stars
have no planets.

So, what about habitable worlds?

What makes a planet habitable?

Habitability
The Earth has many wonderful features that make life possible and keep it protected:
• Plenty of elements needed for organic
chemistry
• Liquid water
• Several energy sources
• Protective Magnetic Field
• Protective Atmosphere
• Large Moon to stabilize Earth’s spin
• Sun that is not too variable
• Jupiter is near enough to deflect many
asteroids/comets from the inner Solar
System, but far enough not to destabilize
our orbit.
• Quiet galactic neighborhood without too
many nearby supernovas or AGN

Habitability
Most of these factors are still difficult to determine for exoplanets. But one important observation
about life on Earth is key: Everywhere there is liquid water there is life.
Extremophiles thrive in acidic, basic, hot, cold, and radioactive environments all over Earth. They live
where there is no light and no oxygen. Spores and seeds can survive ages of drought and then live
again when exposed to water. Liquid water is a key for the chemistry of life.

So how can we search for planets that could have liquid water?

For life on Earth, liquid water is required.

If a planet is too close
to its star, water can
only exist in a gaseous
form.

If a planet is too far
from its star, water will
likely be frozen as ice.

For a planet to be considered habitable it must be able to sustain liquid water.

For every star, we can define a region about it where the temperatures would
allow for liquid water to exist. This is the Habitable Zone.

This artist's concept depicts Kepler-186f , the first validated Earth-size planet to orbit a distant
star in the habitable zone

Potentially Habitable Worlds
growing list of worlds now known to be potentially habitable (rocky with surface
temperature suitable for liquid water)
can make statistical estimates for the whole of the Galaxy.

20% of stars in the Milky Way are host to a potentially habitable exoplanet.

The Milky Way contains
about 200 Billion stars
Therefore it also contains
~ 40 billion potentially
habitable planets.

Distance

Size and Scale of the Universe

There are two basic methods for measuring astronomical distances: the
standard rulers and the standard candles...

1) The Standard Rulers
•
•
•

Use knowledge of physical and/or geometric properties of an object to relate an angular
size with a physical size to determine distance
Examples: Parallax, Moving Clusters, Time Delays, Water MASERs
Considered to be a direct or absolute measurement
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d = R/Tan(θ) ≅ R/θ

Distance: Parallax

For P = 1 arc-second (1/3600 degrees),
d = 206,265 AU ≡ 1 parsec
When the parallax angle is measured in arc-sec, the distance in parsecs is simply:

Distance: Standard Candles
Use knowledge of physical and/or empirical properties of an object to determine its Luminosity, which

yields distance via the Inverse Square Law of Light

• Examples: Cepheid Variables,
Supernovae, TRGB, Tully-Fisher
• Considered to be relative until tied to
an absolute calibration

Henrietta Leavitt
(1868 – 1921 CE)
United States of America
In the early 20th century Harvard University in Cambridge,
Massachusetts employed a group of women who analyzed
telescopic observations. They were called “computers” for their
often numeric analysis.
Henrietta Swan Leavitt at about 30 years of age.
Popular Astronomy, v. 30, no. 4, April 1922.

Henrietta Leavitt focused her study on variable stars in the
Magellanic clouds. She noted that brighter stars have longer
periods of variation.
Giant stars whose surface pulsates in and out with a regular
period: Cepheids & RR Lyrae

Distance: Pulsating Variable Stars
The Period of pulsation is related to
the size of the star.
The Luminosity of the star is
proportional to the size.

One of our closest neighbor galaxies, the
Large Magellanic Cloud contains hundreds of
Cepheids, all at the same distance.
A robust determination of the
Period-Luminosity Relationship

White Dwarfs in a Binary System
Most stars are in binary systems and Mass exchange can occur. Two stars in orbit about each other have a "sphere of
influence" about them in which their own gravity dominates, but outside that sphere the gravity of the other star
becomes important. We call these spheres of influence, Roche Lobes.

When one star bloats up into a Red Giant it can
fill its Roche Lobe and the matter on the surface
can be more gravitationally attracted to the
companion star. Matter Flows on to the
companion which in turn can now evolve faster
due to the increased mass.
If the smaller companion star is a white dwarf (a
long since dead star) and the other stars begins
to fill its Roche Lobe (i.e., become a Red Giant),
matter will flow onto the White Dwarf's surface.
It doesn't fall directly onto the surface but misses
and spirals down onto it through an accretion
disk.

White Dwarfs in a Binary System
The material falling onto the surface is heated considerably by
friction in the disk and the collision with the surface (very dense).
This generates a large luminosity. The matter on the surface can
actually undergo nuclear fusion in a great explosion.
This explosion lifts some of the white dwarf surface away and
brightens the star considerably for a short time. We witness
a Nova (Latin for "new star").

The star brightens by a factor of 100 - 106 in a few days or weeks;
then fades over months or years. The process can recur.

Supernovae: Exploding Stars
Previously "normal" star suddenly (~few days) becomes much more luminous (~1010L)! Rivals entire galaxy in
brightness for a few weeks! Fades over months to years.
1054 AD: Crab Supernova - seen by Chinese ("guest star"), Native American, African observers. Bright as the full Moon
for several weeks. Could read by its light at night. Visible during the day.

Type I: No Hydrogen Lines visible in Spectrum, seen in all kinds of galaxies
Type II: Hydrogen Lines Visible, seen usually in the arms of Spiral galaxies
only (where there are a lot of massive stars).
There are other differences as well (e.g., shape of light curve).

Subrahmanyan
Chandrasekhar
(1910 – 1995 CE)
India, United States of America

People had previously supposed that degenerate stars, like white
dwarfs, could only grow to a certain mass before gravity would
overwhelm the degeneracy pressure.
Chandrasekhar (when he was still a graduate student) realized that
to calculate the limit, you needed to account for special relativity.

As electrons in the star are forced into higher and higher energy states their velocities would begin to approach the
speed of light. That means their mass would increase from their rest mass, enhancing the gravitational crush.

White Dwarf Supernova
In situations where there is a white dwarf in a binary system accreting mass from its companion, or a binary system
with two white dwarfs that merge:
If the mass of a white dwarf should exceed 1.4MSun (Chandrasekhar Limit), then the star will become so hot as to begin
nuclear fusion again, but this time it will not be a controlled reaction. The entire star will begin fusion all at once (no
envelope above to keep it in check), a runaway of nuclear chain reactions occurs and a huge amount of energy is
released all at once. The star EXPLODES and is completely obliterated. Probably takes out its companion as well as any
planets left in the system from its earlier life.

Heavy elements are synthesized via rapid neutron capture during
the chain reactions from Carbon, Oxygen, and He (but there is
little hydrogen in this star -- hence no hydrogen in the spectrum)
and are flung out into space. ~ 0.6MSun of radioactive 28Ni56 is
produced,
28

Ni56 --> 27Co56 --> 26Fe56 + energy

Hubble’s Incredible Discovery

Example: How far away is a galaxy whose redshift is measured to be z = 0.003?
z = v/c --> v = cz = 3x105km/s * 0.003 = 900 km/s
d = (900 km/s)/(71 km/s/Mpc) = 12.7 Mpc.

The Expanding Universe
All galaxies are moving away from us. The Universe is
P A ND

EX

ING!!!

Are we at the center of the expansion?
NO! There is no center! The ultimate step of the
Copernican Revolution…
Imagine an "infinite raisin cake" expanding
uniformly. As the dough rises (expands) the raisins
move away from each-other. The raisins farther
away from you move a greater distance away than
do the raisins near you in any given time period.
Thus, they must be moving away from
you faster than the ones nearby.
A 2-D example is the surface of a spherical balloon

The Expanding Universe

Age of the Universe
If the expansion happens at a constant rate (i.e., expansions never slows or speeds up) then we can
estimate the age of the Universe from the current expansion rate (Hubble's constant).
We know that d = vt. And v = Hod. Therefore, the age of the Universe is to = 1/Ho.
If Ho = 71 km/s/Mpc then,
to = (1/50)·(Mpc/km)·s = 1.4x10-2s·(1 Mpc·3.086x1013 km/pc· 106pc/Mpc /km)= 6.17x1017 s ·(1 yr/3.16x107)
= 13.8 billion years.
This is called the Hubble Time.

Accelerating Expansion
Our calculation of the Hubble time assumed a coasting Universe. One with no matter in it. If we add
matter, we expect that the expansion would slow with time due to gravitational attraction of all the
matter. That would make the true age of the Universe smaller than the Hubble Time.
Two teams of astronomers, both with Berkeley members, had set out to measure the rate of the
deceleration of the expansion. They used white dwarf supernovae as distance indicators.
Imagine their surprise (and everyone else’s in 1998) when they found the opposite. The Universe is
accelerating!

