ASTRI PHYS 1 060 g

T he Unlverse
Final Exam Review

December 9th
8:00am
JFB 101 (this room)

Start with an
observation or idea.

Pick up midterms from Mirna

st fasifies | Perform atest, [ Testsupports TA-led review tomorrow from
3-6pm in AEB 320

hypothesis or additional
choose a new one. observation.
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Exam Format

2hr time limit: 8:00-10:00am
counts 33% more toward your final grade than a midterm, so the exam will be
roughly 33% longer (2hr should be plenty of time in other words)

Multiple Choice Questions
60-75% of total score

Short Answer Questions
40-25% of total score
may require calculations, but calculators not needed (or allowed)
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Seasons and Moon Phases: it’s all just perspective

top view When viewed from Earth’s North Pole,
© Mercury planetary orbits—as well as the rotation
of most planets and the orbits of most
moons—are counterclockwise.

Rotation ' \

of Moon \

. wr Rotation
side view = of Earth

North Pole

Sl ’
- _---..-*.d-.&----

orbital
plane

Earth’s orbit Moon’s orbit /

" top view
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Kepler’'s 3 Laws

1st Law: Orbits are elliptical 2nd Law: equal areas in equal times

PLANET

One Month

\ rV"V".‘v“\
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SUN AT ONE
FOCUS

PATH OF
ORBIT

Planet’s Orbit

3rd Law: period depends on distance

(Period of Planet [in years])2

(Average Distance of Planet from Star [in AU])3
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Newton’s 3 Laws

1) Law of Inertia: Objects at rest stay at rest, objects in
motion stay in motion (Galileo figured this one out)

2) Motion is changed by unbalanced forces
acceleration = force / mass

3) Forces always come in pairs and those pairs are
always equal In strength but opposite Iin direction
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Newton’s Universal Law of Gravitation: =G

mq mo

two objects.

" Gravity is an attractive
that acts along the line between

™
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More [[IEES  product of the two [JEEEES

' The is proportional to the

means more sl(e=].

e— —O

Greater el o]y

means |less |{sl(el=

|

elliptical orbits

U < Ugge = BoOund U= Ugge =™
ipti ' Unbound orbits |
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Unbound orbits

|
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Electromagnetic Spectrum
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Visible light . Long-wavelengt
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Any small net spin of the collapsing cloud is
amplified as it becomes smaller

As gravity causes E3 Rotation slows collapse Eventually the clump
the collapse of a perpendicular to but not collapses from the inside

' ¢ slowly rotating clump, parallel to the axis, so out, and an accretion
Q"‘ it rotates faster. the clump flattens. disk and protostar form.

y o/ P =

Axis of rotation —<|': n

z
Protostar__ | “Accretion disk

*.‘
e ”

e ——

Conservation of Angular Momentum: L =mvr
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Mass Distribution in the Solar System

m Outer Planets
0.134%

Sun
99 . 85 O/ 0, - Terrestrial Planets

0.001%
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HR 8799

How to find
planets

/ Direct Imaging

* |mage the planet

* Detect them directly e Detect its atmosphere in a spectrum

Kepler 6b
/ Transit Method
. . . { e Measure light blocked from the star when
e Detect their influence on their star L the planet eclipses it
L

e Measure the star’'s motion due to the
planet’s gravity

TN

C

Phase (hours)

A

observed

A
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Luminosity depends on
Temperature AND Size

Stefan-Bolt Law: I il .. <o : hot
clan-morzmann tal: | star is more

A square meter of a hot | luminous

, | .
star’s surface radiates than a cool
more energy than a atar of the
sguare meler of a cool same size
star's surface...

Wien’s Law:

Blue stars are hot,
red stars are cool.

|~ o

Measure luminosity

from distance |

and brightness. Caleulate
how big

/—" the star
must be.
Measure temperature
from color.

Intensity

\Wavelength
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'High-mass main-  [407 Mass determines the

location of a star along

sequence stars are \

hot and luminous. the main sequence.
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proton-proton chain
burns H —> He, releasing
neutrinos and positrons
(gamma rays)

The triple-alpha process begins
when two “He nuclei fuse to
form an unstable ®Be nucleus.

L—)

\

If this nucleus collides with
another "He nucleus before (D
it breaks apart, the two will
fuse to form a nucleus 4Ho
of carbon-12 ('°C).

Triple-alpha process,
burns He —> C
In Horizontal Branch
phase

ASTR/PHYS 1060: The Universe
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colliding protons create
deuterium [¢H].

In the first step, ]

The energy released is

g|ltl=’°!—- Acl step,
pratons collide with

dautenum nucla to
croduce helium-3 (°Ha).

nuclei callide ta create

3 In the final siep, halium-3
bzlium-4 ("He).
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carried off both by the
motion of the 'C nucleus
and by a gamma ray.
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NGC‘Z&ES_? h + x Persei

@B | hese clusters are .
very young. h + x Persei
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The remarkable agreement

107 between observations of
stars in a cluster (dots)...
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the H-R diagram (red line)...

\

Visual luminosity relative to Sun
-
N

‘.b . »
- )
'.‘ .
'1 . i —
~ “" "o u
b
I' bt

stellar structure and evolution.
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...until it overfills its
Roche lobe and begins
transferring mass onto
its companion, star 2.

Star 2 gains mass,
becoming a hotter,
more luminous main-
sequence star.

When star 2 evolves
pbeyond the main
sequence, it too
overfills its Roche lobe
and begins transferring
mass onto its white
dwarf companion.

Different possible fates
may await star 1, including

explosions and possibly
complete disintegration
iIn a Type la supernova.

ASTR/PHYS 1060: The Universe

White Dwarf <—> electron degeneracy pressure

r

.

Hydrogen collects on
the surface of a white

dwarf in a binary system. Degenerate

If mass exceeds Chandrasekhar
limit (1.4 Msun)

carbon white
dwarf

Hydrogen skin
accreted from
binary companion
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Not even electron degeneracy
pressure can stop the collapse
of an iron ash core,

STAR H burning to He

in convective core up to Fe ("'On) |n |tS

S e Massive stars burn /"’“‘*-\
/ \"\

€ A massive Nonl::urning .' \: | ’
in- envelope n ’
rsrt‘::’nbﬁfr?su e C O re th e n g O , ‘ ol / Iron nucleus S
: ? Neutrinos ron care of evolved @ S
hydrogep ina ‘ streaming from R T Gamma rays o ®
 convective core... | He burning to G SuU pern ovae (Type I I) collapsing core : ) A / o < 8 . P
H burning to He e N, v P ol ® ° 8.
o = Q “Weea
*,

Nonburnin T |
- envelope 9 " - B3 As the core collapses, the core ® " N eutrOn Star < — >
o | temperature climbs so high that \,
' phatons photedisintegrate iron. ..

=
"

i.riv;tn';zgiately- ' P
egins burning 5&/ I | neutron degeneracy
as it leaves the ‘ Electron

main sequence. f vd‘ ’ N O@tmn p reSS U re

o

...and the core becomes 30 dense

| J . ‘
C burning to ”"E‘T r ?.T?tiﬁﬁmﬁaﬁ;ﬁﬁ;bﬁiﬁoﬂfm O/ , "l
Na, Ne, Mg o it ) and releasing neulrinos. Proton '*) Neutrina (v)
He burning to C Ny \ /\&Xi ’
H burning to He L o % o 1 N
Nonburning -t A '@ Photodisintegration and

envelope R o electron absorption reduce
- *' the prassure in the core.
The collapse accelerates... - /
The ash of one reaction
becomes the fuel for the _
ol .0

next as the star evolves |
a layered structure.

Neutron star

...until nuclear forces suddenly become
repulsive. The overcompressed core
5 baunces. driving its outer layers

\]l, outward through the star.

-

Degenerate Fe core
S, Si burning to Fe
O burning to S, Si
Ne burning to O, Mg

C burning to Na,
Ne, Mg

He burning to C
H burning to He

—Nonburning
envelope

HIGHLY EVOLVED

MASSIVE STAR N

collapsed ramains of the

a ...and leaving behind the
cora, a nautran star.

Type Il supernova. ..

, The shock continues through]

[ .. blasting forth in a J

As in a low-

mass red giant, the outer layers of the star...

B The enc oo e i e
A degenerate iron 0.01 Ro . y: Tha expanding shock is strengthenad
its withi e > region at the by the pressure of a hot bubble of
Sor? SIS \:" n 1,000 Rp center of the trapped neutrinos from the cora.
onlonllkg shells of giant bloated
progressive nuclear star.

burning. | ‘ J Fall 2019: Final Review 17




Neutron Stars

Black Holes
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The Hubble tuning fork is a way
of classifying galaxies but is not a
physical or evolutionary sequence.

Irregular “
galaxies

B Stars in the disks of spiral

Barlike galaxies move together...

bulge

Arms become more
open and knottier.
The bulge becomes
less prominent.

Spiral arm———

. F) ...onnearly
Unbarred \ / | circular orbits.
spirals  °

SO

Elliptical > Galaxies become
galaxies more elongaled.

E) Bulges of spiral galaxies
are like elliptical galaxies:
stars move in irregular orbits
in all directions.
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Hubble’s law demonstrates that the universe is expanding

7y

\

~Hy =70 km/s/Mpc

30,000
( Modern measurements of |
expansion of the universe use

e galaxies many times more e
% — 20,000 \ distant than those used by Hubble.) : :
O e .
° £ .
& B o °
O X ®
‘n © .
N
8 D 10,000 p
e : The slope of this line is

> the Hubble constant, H,,

0 =
0 ““Hubble's 150 300

original plot
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Distance Ladder

Parallax Spectroscopic

Parallax

PaA= Pg=

1 arcsec /2 arcsec /
Earth today N Fixed direction in space

The remarkable agreement

S 10’ mE between observations of

(e.qg., a view toward a very distant star) stars in a cluster (dots)...

1 arcsec 1/5 arcsec

Star B 105
Star B is twice as far away as star A. q HoriZontal - —
LAN-  branch

Earth 6 months later - . :"A;-Red giant

0 N ’ . ¥+ branch-..

1 g _ B ...and calculation:
107 S - evolved stars sho
‘ : the H-R diagram (

Cepheid Variables

Visual luminosity relative to Sun
-
no

les strong support
Inderstanding of
tructure and evolution. |

Luminosity N

e 107
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Surface temperature (K)
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Cosmic Microwave Background -
leftover radiation from the big
bang

Cosmic microwave background
radiation has a blackbody spectrum.

" >

_——Dblackbodv spectrum,
T =2.73 K

COBE measurements
of the CMB L

horizon

i

The uncertainties in
the measurements are
much less than the

kthickness of the line.

Brightness

ol o : '{
e tf‘":"#’f

_opaqu

0 1 2 3 a o
Wavelength, A (mm)
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Expansion History of Space e

-
Q,
A 0.7 p-== —WMAP data
I
r I
The cosmological constant} :
opposes gravity. |
) ' forever
| | . i Expands 1009V~
O _ Actual density of a universe ) _ . ! Recollapses eventually
Mass = Critical density of the universe A nonzero cosmological constant i Q, %f o
) . can cause a universe to expand : % N Oseqy
The fate of a universe controlled faster and faster... T '
b e . \ ! 0 0.3 1 2
y gravity is determined by the )
density of that universe divided (2nass
by the critical density. .
: | Q)\. > O
Gravity is too weak
to stop expansion: the /
' !
universe expands forever. _ !
- . Q,=0 ’
\ Big II
Bang 4
- - 4
Compare with the €2,= 0 o
[ Borderlnne expansion slows, but never stops curves in Figure 16.10. V4
S ,I Q, =0
- ¥ 4
3 8 2
B g 7 ¥ 4
T @ Blg ,l
= §= Bang — ~
R _~|---and can even prevent
g 9 [ Gravity stops expansion and the universe collapses 7 th'e collapse of a universe
8. g / \ ""ﬂ'" \Wlth Slmasg) 1k |
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. o pamnnnnnnt e,
: e es Ya,
Big ” 2 , ‘oo,
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The amounts of different

elements produced in the Big

Bang were determined by the
I density of normal matter.

If the density of normal
matter in today’s universe
lies in this range...
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| ,Habitable zone

Mass of star relative to-Sun

Mars
Earth

| V.
Methane tetrahedron Los 8 Venus

. »
RO
»

0 g - 10
| : o |
Radius of orbit relative to Earth’s

n.x:Extxt xk

The number of The rate of formation The fraction of The number of planets, The fraction The fraction The fraction of civilizations The length of time
technologically advanced of stars in the galaxy those stars with per solar system, of suitable planets of life-bearing planets  that develop a technology that such civilizations release
civilizations in the planetary systems with an environment on which life on which intelligent life releases detectable signs of detectable signals

Milky Way galaxy suitable for life actually appears emerges their existence into space into space

Life needs:
- organic molecules
- water

- energy f,,  The Drake

J N\
e |

The number of technological The number of habitable The likelihood of a

|
species that have formed planets in a given volume technological species arising E u at I 0 n
over the history of of the universe on one of these planets

the observable universe
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