The Deaths of Stars
Z26E T




EE%?-£(<O4M ) 4

:E]Ei/
ﬁ::l:

e FARHABEE R

> %’&ﬂﬁ_

9

E R

F&E > TeEbREE

‘l

BERAMN > MAERS

N\

‘l\

=WIFE R

] =
O 7

= ALy
= i
% E AR |

2

E

‘l

FfiF » S0 & % F 2

o
it

.::—:El:. ( Jé\‘\::é}[ﬁt =

na
T




“EE (04t08My ) IEE oL &

Hydrogen shell fusion 310N

. Planetary n=buli
Core helium

: Asymptotic
fu5|\on | giant branch
Horizontal | Horizontal

branch 2 branch }
— /’/ ’

O]
=1
P
—
n
o
=
£
=
-

—h
<
N

16,000 10,000 6000 3000 16,000 10,000 6000 3000 16,000 10,000 6000 3000

<— Surface temperature (K) <— Surface temperature (K) <— Surface temperature (K)
a b c




“FE (04108M, ) E R BLE Il

- KEEKFAXWEE HROVCEELA2E K> TR
MFE 6 & K B’J@”—”\%\H’Jmé/\)iﬂé
- FrLL#| T carbon-oxygen core
- ARERE 2 EHBREK - ARF W/E
e XE ERERBEREAN > HILEAN
asymptotic giant branch (AGB) #iTF & &
* BREARNGEEWAGB EX R XKEHE > HRE 107L
» After being an AGB, the star becomes a supergiant (#& F % )
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Luminosity (L

1. The star shines by
shell hydrogen fusion:
The inert core shrinks
and the outer layers
expand.

3. Core helium fusion
begins with the helium
flash (*).

*

Red-
/ giant
. branch

2. Luminosity increases and
surface temperature decreases,
S0 the star moves up and to the
right on the H-R diagram (along
the red-giant branch).

L

Before the helium flash: A red-giant star

S

6,000 10,000 6000 3000
~<— Surface temperature (K)




4. The star now shines by shell hydrogen

fusion and core helium fusion: The core
expands and the outer layers shrink.

6. Eventually all of the
core helium is used up
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Luminosity (L

5. Luminosity decreases and surface
temperature increases, so the star
moves down and to the left on the H-R
diagram (into the horizontal branch).
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After the helium flash: A horizontal-branch



7. The star now shines by ;f

shell hydrogen fusion and
shell helium fusion: The
core shrinks and the outer
layers expand.

branch).

-— Surface temperature (K)
After core helium fusion ends: An AGB sta

© 9. Eventually the star

sheds its outer layers
to form a planetary
nebula.

8. Luminosity increases and surface
temperature decreases, so the star
moves up and to the right on the H-R
diagram (along the asymptotic giant
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Dormant hydrogen-
fusing shell

Carbon-oxygen
core (no fusion)

Central regions Helium-fusing shell

of an AGB star
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* Triple-alpha process B JE AR 8RR (e.g., PP chain rate oc T4;
triple-ooc TY), REBEFrm—8 > A XELEME >
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—> thermal pulses
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Mira Variables ( X32% 2)

* Mira (“wonderful” in Latin)
A pulsating red giant (M < 2 Msun) on the AGB
 P>100d, 1~3 mag variations €= size and temperature changes

e Significant mass loss (120 km/s), eventually becoming a
planetary nebula

Mira by HST
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e Subrahmanyan Chandrasekhar ,
1990 Nobel Prize winner




Low-density gas High-density gas
(nondegenerate) (degenerate)

@ Brocks/Cole, Cengage Learning



R E (Sirius) WHEZBBEHZE -
Sirius A (11,000 K), Sirius B (30,000 K)

An optical image of Sirius A and Sirius B

aken by the HST.Sirus 8 s seen tothe lover [

left. The difiraction spikes and concentric An X-ray image by the Chandra Observatory. Sirius B is seen to
rings are instrumental effects. the lower left. The diffraction spikes and concentric rings are
http://hubblesite.org/newscenter/archive/releases/2005/36/image/a/  instrumental effects. Sirius B is the brighter source.
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— @A TF 43 (3% each)

(1) brown dwarf; (2) limb darkening; (3) eclipsing binary; (4) Maunder diagram;
(5) instability strip; (6) horizontal branch ; (7); proton-proton reaction;
(8) interstellar reddening; (9) Population I star; (10) H Il region

A star can be classified into one of the stellar spectral types of O, B,A,E G, K, M, L, or T.

(a) How does one tell which spectral type a particular star has? (b) What physical
quantity does the spectral type sequence correspond to? (c¢) What is the spectral type of
our Sun? (d) Whatis the luminosity class of the Sun? (20%)

Sol: (a) The spectral type of a star is determined by the stellar spectrum,

by relative line strengths (type) and line width (luminosity class). (b) It is
a temperature sequence, from the hottest O type stars to the coolest T.

(¢) The Sun is a G2 V star. (d) It is of luminosity class V, i.e., a main
sequence star (also called “dwarf).



(a) Draw a Hertzsprung-Russell diagram. Clearly label and explain the physical quantity

associated with each axis.

diagram. (c¢) The Sun is estimated to be 5 billion years old. How is this known?

(b) Draw the main sequence and mark where the Sun is in the

(d) From

our knowledge of the stellar evolution, the young Sun should be fainter by 30% than the

current luminosity. Explain the physical reason of this inference.

)

=1 being taken as

ndard of comparison
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(20%)

Sol: (a) and (b) are as seen on the left.
(¢) The Sun is estimated to be about 5
billion years old, from the dating of
materials on the Earth, from the Moon,
and from the meteorites. The age is also
consistent with our knowledge of stellar
evolution. (d) The young Sun has more
H than He in the core. With more
particle numbers, there would be more
thermal pressure to support, hence a
lower energy output from, the core.



(a) What is the energy source of the Sun as a main-sequence star? State one piece of
observational evidence to support your answer. (b) Stars like our Sun, after their main-
sequence phase in evolution, will engage in an explosive event in their cores, called the
“helium flash”. Explain what a helium flash is, and why such an event occurs only in the
core of a star with mass greater than about 0.5 Me and less than about 2.25 Me. (20%)

Sol: (a) The energy source of a main-sequence star is the thermonuclear
reactions in the core. Such reactions produce, in addition to energy, also
neutrinos, which are detected. (b) Near the end of the main-sequence
stage, the core contracts to become degenerate. Because the pressure of the
degenerate matter does not increase when heated, unlike the normal ideal
gas, the He core, when heated to 100 wmiillion K, is ignited in a violent way,
This releases lots of energy in a short time, hence termed “helium flash’.
(¢) The helium flash happens only in stars with masses in a certain range,
because for a higher mass star, the core density is lower so it does not
become degenerate when He burning starts, whereas for a lower mass star
the core temperature never becomes hot enough to initiate the He fusion.



Earth to the same scale
(radius = 0.0092 R )
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Nova (#7% ) isa close binary containing a white dwarf. The
ordinary companion star fills its Roche lobe so deposits fresh H
onto the WD.
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Nova Herculis 1934

“during explosion (-3 mag) 2 months later (+1 ag)
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7. Sun’s age:

50,000 years older
than Stage 5

Luminosity (L)
2 & 2
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about : 5. Sun’s age:

N\

8. White Dwarf
Age ~100,000 years
older than Stage 7

1. Today MS

3. He Flash
12.23 Gyr

Sun’s age: 4.56 [ \ 2 Red Giant

billion years
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2> 2 #7% B% (supernova explosion)

- When a supernova explodes, it may outshine the entire
host galaxy.
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Jupiter’s orbit

Central
regions of a
supergiant star

I .
Hydrogen-fusing shell

Helium-fusing shell
Carbon-fusing shell
Neon-fusing shell

Oxygen-fusing shell

Silicon-fusing shell

Iron core (no fusion)
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(D~3000 km, collapses in 0.1 s)

Evolutionary Stages of a 25-M, Star

Central Central Duration
temperature (K) density (kg/m?) of stage

Hydrogen fusion 4 x 107 5% 103 7 X 10° yr
Helium fusion 2 X 108 7 X 10° 5 X 10° yr
Carbon fusion 6 X 108 2 X 108 600 yr
Neon fusion 1.2 X 107 4 x 107 1yr
Oxygen fusion 1.5 X 10° 1 X101 6 mo
Silicon fusion 2.7 %107 3 x 1010 1d
Core collapse 5.4 %X 10° 3 X 1012 0.2s
Core bounce 2.3 ¢ 1019 4 x 10" milliseconds

Supernova explosion about 10° varies 10 seconds




S8 3 4 K 2% 5 billion K » & 5 8 & Hygamma rays J¢ ¥ 7% s8 &
7% % & f%& (photodisintegration)
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B R Z W F (neutrinos) o R F ] HF B 7 $L3E 30 4
-2 ¥ F 3| (core bounce)

= & H E )&% (supernova explosion)
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1. As the massive star nears its end, it takes on
an onion-layer structure. At this point in its
2 % 10% km evolution the star is hundreds of millions of

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

Neutron-
rich core

3. Within a second, the
core collapses to
nuclear density.
Inward-falling
material rebounds
off the core, setting
up an outward-
going pressure

wave.

Pressure
wave

Shock wave

Neutrino-
heated
gas bubble

Downdraft of
5. The shock wave ps thr cool gas

the entire star, | . .
4. Neutrinos pouring out of the nascent
neutron star propel the shock wave

outward, unevenly.



(stwoNews Messenger is scheduled to plunge onto Mercury
on April 30.

2015/4/30 MESSENGER Comes To a Crashing End on Thursday | Daily Planet | Air & Space Magazine

AirSpaceMag.com

MESSENGER Comes To a Crashing End on Thursday

studying for

With its mission over, NASA’s Mercury orbiter will slam into the planet it’s been

years.

2015-04-28 05:54 UT

An 1llumination map of the south polar region of Mercury, based on data returned by MESSENGER. Black areas are in permanent
shadow. (NASA/Johns Hopkins University Applied Physics Laboratory/Camegie Institution of Washington)




NH LORRI OPTICAL NAVIGATION CAMPAIGN 3
m m‘/‘/m PROPER MOTION - IMAGE DECONVOLVED

Pluto Joorm 23

2015-04-12 03:27:00 UTC .

DISTANCE: 111,179,688 KM
CLOSEST APPROACH: 83.35 days

New Horizons is expected to arrive at Pluto July 14, 2015.



Homework 150430 due in a week

Write an essay about the Messenger project, about the
spacecraft, its mission goals, schedule, and outcome.
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(OB association in Scorpius-Centaurus 72 g & 4
HIPEREHBR <150 G4 » BB AR ERE)
1054 AD =+ B & #T E '
1572 Tycho supernova

1604 Kepler supernova
T—1&?

Chandra SN1604
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Chandra SN1572


http://www.arikah.com/commons/en/1/14/Tycho-supernova-xray.jpg
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http://www.astrographics.com/GalleryPrintsIndex/GP1614.html

The Expanding Crab Nebula
1973 to 2001
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The spectrum of the Crab nebula, obtained at Lick Observatory by N. U.
Mayall with the Crossley reflector. The spectrograph slit was aligned with the
major axis of the nebula (here vertical), to record velocity differences along
that axis. These are best shown by the necklace shape of the 3727-angstrom
oxygen line. A laboratory spectrum of palladium, tin, and lead flanks that of
the Crab to give a wavelength scale; nebular lines are identified at bottom.
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Supernova Type la Type Il
3] ¥ ¥ Chandrasekhar | X8 18 £ (b
TR EZRERR | WAER
> 2EEEME | FEEERK
K | WHER HRE | TEAER
il T & A AR
W BS —19 to —20 —17
FolIRESEE S 5 x 10%3 joules 104 joules
EREnER 05M,, I
L ES 10,000 km/s 5,000 km/s




(a) Type- | Supernova

: * =
. White f
dwarf
Planetary
Binary star system nebula

(b) Type- Il Supernova

Heavy elements

\ Hydrogen
— ¥

Helium, carbon

- Hydrogen
\ %

Normal star fusion

Massive star imploding‘

Accretion
dls'k

Red  Growing
giant white dwarl

Hydrogen

&/

Core rebound

~ I

Remnant Shock
core  wave
Explosion

- |
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« —H14M, WEBER#A K R~15km (twgtE2HFE)
7

* E,...=GM2R=6.6 x10"11 Nm#kg? x (1.4 x 2 x 10°°

grav

kg)2/ 15 x 103 m = 4 x 10*° joules

e S0, the gravitational energy Is sufficient to power an SN.
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A ﬁ! Fe 1 Hel
4* Fe Il (a) SN 18B7N (la), t ~ 1 week
o Ca I (b) SN 1987A (), T ~ 1 week
’ :.u a

() SN 1887M (Ic), t ~ 1 week
{d) SN 1884L (Ib), t ~ 1 week

8000 8000 10000
Rest Wavelength (&)

B E B H s (Filippenko 1997, ARAA 35, 309)
Useful web reference
http://www.arikah.com/encyclopedia/Supernova
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radioactive isotopes , e.g., nickel & % %, cobalt
c EWMCABHAR (AWERY) BEBTHAERE

« A Y FEI4 36 £ B Type laSN » 4 44 4
# 25 Type Il SN

* AREREI AT ERE B NSRBI E ..




c A AVEFTERSG S "HBAAL,  —ERHBRSY
ZE ERMARNHAZR

* la type supernovae may have very similar intrinsic
luminosities. If so, they will serve as good cosmic
‘standard’ candles that allow us to measure their
distances (and the distances of their host galaxies) on

cosmic scales.
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MErcury Surface, Space ENvironment,
GEochemistry, and Ranging

(MESSENGER) spacecraft impacted the
surface of Mercury, as predicted, at e T
3.26 p.m. EDT (3.34 p.m. ground time) SRSV Sas
on April 30, 2015. .

estimate as of 24 hours
MESSENGER Orbit before Mercury impact

Mercury impact estimate
3:26:02 pm EDT near
54.4° N latitude
210.1° E longitude

Mercury's surface

Elevation relative to 2440 km Mercury radius (km)

-3
19:25:30 19:25:39 19:25:47 19:25:56 19:26:04 19:26:13 19:26:21 19:26:30
Time on 30 April 2015 (spacecraft UTC)

http://messenger.jhuapl.edu/



http://messenger.jhuapl.edu/

