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Foundatlon stronomy o o

Week 10: ISM & Stellar Remnants

HW8 due Thursday

Read Ch. 16.1-2, 18
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Interstellar Medium (ISM)

Hot Dust (far IR) Neutral H (21cm; radio)
All the diffuse stuff in b/t

stars and other compact
objects in the MW

Balmer line n=3->2 (656.3 nm) CO (2.6 mm; microwave)

Stars (visible)

" Gas (ionized, neutral, molecules), ¥ *
Dust (large molecules, singly or in
clumps), & relativistic components

(magnetic fields, cosmic rays)
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Dust blocks starlight: Extinction
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Extinction messes up magnitudes AND colors

F)\ — F()y)\e_T — F()’)\G_nar

Mobs = C — 2.5log(F)
= (' — 2.5log(Fp) — 2.5log(e™ ")
= mg + 2.57loge
— mgo + 1.0867
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Correcting Magnitudes

Mobs(A) = mo(A) + A(N)

Correcting Colors

(B — V)obs — (B — V)() -+ (AB + Ay

A
R = v

E(B—-YV)

Fall 2020: Week 10

~ 3.1



Detection of gas Is generally more direct

Absorption & Emission Lines
(Kirchoff’s laws)

Stellar line

Intensity

b Wavelength

Neutral H “spin-flip”: 21cm emission line

Electron

g

roton

Parallel spins

Emitted
photon

A

Antiparallel spins
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ISM also contains very hot gas heated by SNe

Face-on disk view Edge-on disk view
i LC= Local Cavity
CC=Cygnus Cavities
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All these gas “phases” are In pressure equilibrium

Cold Molecular Clouds:
IT'~10K, n~109m=
Cold Neutral Medium:
T~100K, n~108m:-s
Warm Neutral Medium:
T~7000K, n~10°m-=s
Warm lonized Medium:
T~10,000K, n~105m-3
Hot lonized Medium:
T ~1,000,000 K, n~104m-

P ~ nkT ~ const.
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Stellar Remnants:
White Dwarfs,
Neutron Stars, &
Black Holes
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Degeneracy Pressure

As stellar evolution proceeds, cores are supported by “degeneracy pressure” when there is no
fusion to provide the necessary pressure to support the core against gravitational collapse.
—> acts as a “pressure floor”

Source of this pressure come from the rules of QM — Pauli exclusion & uncertainty principles

AxAp > h

Material getting maximally compressed, so electron momentum/velocity driven by that compression,
NOT the temperature of the material!

k'l
2
Pth — nekT ~ NellleViyy b/c Uith ~
Tr
Ap fm}z/g 1/3 i81/3
Vith ~ —— v b/c Ax ~V ~ N,
r Me
5/3
hzne/

Pdegen ™ neme<AU)2 i

Me
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White Dwarfs

Leftover C core of a low mass (M < 7ish Msun) star

h2n§/3
Pdegen ™ neme(AU)Q ™ .
s (M 53 /0 N\
e m, 3 Solve for R

/

R & /AN ~ 0.01R M o
Gmem?2 \ 'my, N0 M

p
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+— Settheseequal —> P~

GM?
R4

More massive WDs are smaller!

Why?

Also, because they have M~Msun but
are 100x smaller, their surface gravity
Is much stronger, producing strongly
pressure-broadened absorption lines
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Can a White Dwarf have any mass?

72 5/3

Tle

Pdegen ™ neme(Av)Z ™ "
e

As a WD becomes more massive, the pressure has to
increase — what will cause the pressure to max out?

AV ~ ¢

ﬁSS 1/2
MChN( - ) ~ 2M..

3,4
Gmp

Called the Chandrasekhar mass
Modern calculations give 1.4 Msun
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Initial mass of star WD type

M < O5M@ He
O5M@ < M < 5M@ C/0
OMo < M < TMg Ne/Mg

Fall 2020: Week 10 11



Neutron Stars are supported by neutron
degeneracy pressure

More massive than the Sun

Neutron Star
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l. As a massive star nears its end, it takes on
' an onion-layer structure. At this point in its
u pe rn Ovae t evolution the star 1s hundreds of millions of
kilometers in radius; only its inner regions
are shown here.

2. Iron does not undergo
nuclear fusion, so the core
becomes unable to generate
heat. The £4as pressurc
drops, and overlying
material suddenly rushes in.

‘ Hydrogen 3. Within a second, the Neutron-

Helium core collapses to 77 % rich core
nuclear density. ‘
Inward-falling
material rebounds
off the core, setting
Iron up an

Electron degeneracy pressure fails outward-going

Pl‘t‘\\lll‘(‘ wave.

Carbon
Oxygen
Silicon Pressure

wavce

Shock wave

Electrons absorbed into protons in N - ‘ ,_
huclel creating neutrons ‘ - | Neutrino-

heated
gas bubble

D+e — N+ e

. 1 - : ¥ \\l)n\\'mlr;lfl of
Outer layers bounce off of forming B i Wl sweeps throughiRa cool gas
NS (Or preSSU re Wave), CaUSing Star £ Flrc - bl()wmg It 4Py - 1 4. Neutrinos p()llring out of the
developing neutron star propel the

to ex IOde shock wave outward, unevenly.
P NTYEN
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Historical SNe are now Supernova Remnants
(SNRs)

Crab Nebula Cassiopeia A Tycho SNR
1054 ~1680 1572
(not clearly recorded)
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Can watch them expand!
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SEERE  Neutron Stars / Pulsars

WW\N\NNNN WW\N\NNN

X U V | R G X U V | R
(a) Ground-based image (b) Visible-light image

>

'Filarr]énts of gas " _' ‘3 S8 A 3 & Synéh[E)tron
ejected by the R - - emission from
. supernova explosion 2 " pulsarwind

Exploded 1054
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Fall 2019: Chapter 13
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http://www.youtube.com/watch?v=t5uA1RJsDhw&feature=related

Neutron Stars are born
with strong magnetic
fields (get stronger as

the core collapses)

B Electrons and positrons moving in the neutron star’s As the neutron star

&) Neutron stars have enormously
strong magnetic ficlds. magnetic field produce radiation that is beamed away rotates. these beams

from the poles of the neutron star. sweep around like the
beam of a lighthouse.

Field accelerates
electrons and positrons,
which causes them to
emit radiation across
the spectrum

We see the beam once
or twice each time the
Lighthouse beam

star rotates

_— Magnelic
field

Rotation period

/\f\f\ | _ 47
5
. \ r -
Of £ ﬂ As the beams sweep past an

/jr.}’(f);}f observer, the neutron star appears

?{ lo pulse on and olf, eamning it
the name pulsar
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Primary pulse

Primary pulse
Secondary pulse

Secondary pulse

Brightness —

Time —»
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Pulsars emit pulses at all wavelengths

When formed, rotates with a period of ~1s
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Realistic simulation of the
magnetic field of a pulsar:

https://www.youtube.com/
watch?v=jwC6 oWwbSE

Millisecond Pulsar:
https://www.youtube.com/
watch?v=MPpDTvYL5ik

Black Widow Pulsar:

https://www.youtube.com/
watch?v=-SoZ1xvCpMw
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