Physics 5A Lecture on Gravity, Galaxies, and
Dark Matter

Q23. Suppose Earth had no atmosphere and a
ball were fired from the top of Mt. Everest
in a direction tangent to the ground. If the
initial speed were high enough to cause the
ball to travel in a circular trajectory around
Earth, the ball’s acceleration would

/ Mt. Everest

\
|| launch

/  direction

1. be much less than g (because the ball

doesn’t fall to the ground).
2. be approximately g. Answer
. depend on the ball’s speed. 2

[

Q24. A pendulum bob is suspended from a long
pole somewhere on the northern hemi- Q25 ﬂle MOOH does not fa” to Earth because
sphere. When the pendulum is at rest, the
combined action of gravitation and Earth’s
rotation makes the bob 1. Itis in Earth’s gravitational field.
2. The net force on it is zero.
: 3. It is beyond the main pull of Earth’s
A P gravity.
\ =/ 4. Itis being pulled by the Sun and planets
T as well as by Earth.
1. point straight down toward the center 5. all of the above
of Earth. ]
2. deviate toward the east. 6. none of the above
3. ate toward the west.
4, ate toward the north. Answer Answer
5. deviate toward the south. 5 6
6. none of the above

Stellar Motions in Spiral Galaxies

stars in disk move together
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Dust in the plane of edge-on spiral galaxy
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makes it hard to see the center in visible light
from:our position in the disk

lliptical galaxies
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There’s a supermassive black hole at the
center of our galaxy...

Looking toward the center of our own galaxy
Modern large
telescopes can track
individual stars at
galactic center
+ Use infrared light
to penetrate dust.
+ Use adaptive
optics to achieve
high resolution.

and have been
observing for past 10

Keck, 2 pm Ghez, et al.
years...

=
10 light days

Motions of stars
consistent with
large, dark
mass located at
Sgr A*...

Ghez, et al.

Schodel, Genzel, et al. 2004

[—
10 light doys

Velocity vs. distance from the center r in
. ® ® the plane of our galaxy shows that most
s & . of the mass is invisible
.
. = . .'
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Rotation
Curves

Solar System

Milky Way

v="GM(<r) /1 ~ constant
=  M(<r)ocr

Galaxies are held together by dark matter
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If mass were
distributed like light,
density distribution
would look like this

Prodicind density

E

[2] and rotation curve
would look like this
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[3] Actual rotation curve

" Indicates
invisible
matter at

large radii
Distance from galaxy center —=

Cbsorved velocity

Distance from galaxy center

“The Case
of the
Dark

Matter”

from World Book
Science Year 1990

h

by Joel R. Primack

STARS IN GALAXIES
ORBIT AT ABOUT THE
SAME SPEEPS NO MATTER LIKE CARS WITH THEIR
HOW FAR THEY ARE FROM THE CRUISE CONTROLS SET
MASSIVE GALACTIC CEMTER. S0 AT THE SAME SPEER
THERE MUST BE MUCH MORE
MATTER IN THE OUTER REACHES
OF THE GALAXY THAN IS5 VISIBLE,

LIKE CARS
TRAVELING AT
PIFFERENT SPEEDS.

THE PLANETS NERREST THE
SUN ORBIT FASTER THAN
THOSE FARTHER AWAY.
THIS 15 BECALISE THE SUN
ACCOUNTS FOR ALMOST

ALL OF THE MASS IN

Most of the Mass is in the
Dark Matter Halo

Normal luminous
matter galaxy

Dark matter halo (denser in center)
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The Milky Way Within Its Dark Matter Halo

Galactic halo —_

300,000 light-years

[ 100,000 light-years |

lobular clusters
aetic bulge
Sun

Galactic disk

27,000 light-years

Magellsnic clouds

jects are not good dark matter suspects

JUPITER-SIZED OBJELTS
ARE NOT GOOP SUSPECTS.
THERE PROBABLY COLLDN'T BE
OBJECTS MAPE OF ORPINARY
MATTER OUT THAT FAR FROM
THE CENTER OF THE GALAXY. THEY'D
HAVE FALLEN IN TOWRRD THE
CENTER THE WAY THE VISIBLE

STARS AND GASES HAVE.

Photon, Z, and Higgs Supersymmetric Partners
(Photino, Zino, Higgsino) are Prime Suspects

THE BEST SUSPECT

APPEARS TO BE THE

" MIRROR IMAGE" OF
AN ELEMENTARY PARTICLE,

MY PEAR WATSOM.

Gravitational Lensing Confirms
Dark Matter in Galaxy Clusters

LIGHT COMING FROM A DISTANT GALAXY
1S BENT BY THE GRAVITATIONAL FIELD
OF AN OBJECT BETWEEN IT AMNP EARTH.

THE DISTAMT GALAXY'S LIGHT
APPEARS AS ONE OR MORE ARCS,
AS SEEN FROM EARTH.

Black Holes are not good suspects either

An Open or Shut Case

IF THERE IS5 NOT
ENOUGH MATTER, THE
LNIVERSE WILL CONTINUE

TO EXPAND FOREVER LINTIL
ALL THE STARS BURM OUT
THIS IEY ENPING WOULE
BE THE B/6 CHILL.
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IF THERE 1S ToO MUCH
MATTER, THE LINIVERSE'S
EXPANSION WILL EVENTUALLY
HALT TLE TO THE FORCE OF
GRAVITY, AND THE UNIVERSE
WILL BEGIN TD SHRINK
UNTIL |T COLLAPSES [N

WHRT 15 CALLEP
THE BIG CRUNCH.

stardust

stars

Modern Cosmology

» We now know the cosmic recipe. The earth and its inhabitants -
are made of the rarest stuff of all: stardust (0.01%). Everything
that we can see makes up only about 1/2% of the cosmic

density, and invisible atoms about 4%. Most of the universe is
invisible stuff called “nonbaryonic dark matter” (25%) and

“dark energy” (70%).

* The ACDM Cold Dark Matter (“Double Dark”) theory based on this
appears to be able to account for all the large scale features of the
observable universe, including the details of the heat radiation of the
Big Bang and the large scale distribution of galaxies.

« Constantly improving data are repeatedly testing this theory. The
main ingredients have been checked several different ways. There
exist no convincing disagreements. Although there are possible
problems on galactic scales, these may be due to the poorly
understood physics of gas, stars, and the massive black holes at the
centers of massive galaxies.

« But we still don’t know what the dark matter and dark energy are, nor
understand in detail how galaxies form and evolve. Maybe you can
help answer these guestions!

to be
published in April 2006 by
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