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~ Lives & Deaths of Small Stars
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The Lives of S’rars

& S’rar BII"‘H’\ 9/10/26
.. (® Nuclear Explosuons Contained by Gravity

% Lives & Deaths of Small Stars: 9/17/26 |
(% Planetary Nebulae and White Dwarfs

- % Deaths of Large Stars: 9/24/26
® Super'novae Neutron S’rar's and Black Holes

| f* Black Holes: 10/1/26
@Spaghe’r’nfnca‘rlon :
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e Fusuon & Thermodynamlc Balance

% The Sun |
) Sunspots, Solar Wmd Solar S’ror'ms Aurorae

% Death Throes: Red Giant S’rages e
7 Planetary Nebulae & Whu’re Dwarf Stars
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-i‘f Star ||fe on the Maln Sequence

s Fusnon & Thermodynamlc Balance

@ The Sun | | |
). Sunspo’rs Solar Wmd Solar' S‘rorms Auror'ae G

_ 'iff DeaTh Thr'oes Red Giant S’rages
: ﬁr Plane’rar'y Nebulae & Whl’re Dwar'f S‘rars__

Photo by Marc Staves 2011 * | @ o = & g L



| Cloud Collapse to
solar system




‘Star Birth in Orion

II ' :

~ Protoplanetary Disks HST - WFPC2
Orion Nebula

" PRC95-45b - ST Scl OPO - November 20, 1995
- M. J. McCaughrean (MPIA), C. R. O'Dell (Rice University), NASA

Edge-'On' Protoplanetary Disk
Orion Nebula

PRC95-45¢c - ST Scl OPO - November 20, 1995
M. J. McCaughrean (MPIA), C. R. O’Dell (Rice University), NASA

. .

Photo by Marc Staves 2011



Wha’r Makes A Star7

*Nuclear Fusuon | |
- (% Light elements combine to make heavier

elements.
| v Froton
i = I-_rl:] I!II.
| HYdr'ogen M Froton il Faositron:
/ . i
fuses to | " S A
Helium

Helium-4

S Frofon
MNMautrings

o
Proton



Energy Of Fusion: Solar Power

1 kWh = 3.6 million Joules
: COHV@I"T 1 k9 Of H to He - = power to lift 1 liter of water 224 mi ilesll

OFhi=7 grams) becomes energy

byE=mc? - ek =

(O OO7 kg)x(3 0 X 108 m/s)2 = 630 trillion Joules
- .= 175 million kWh

Fusmg 1 kg of Hydrogen to Hellum
< W - wolUldyield- . \
175 MILLION kWh

of energy,

- worTh $22 7 mllllon at 13¢/kWh .



What Makes A Star? -

*Nuclear Fusion

% Light elements combine to make
heavier elements.

Helium-4

 Helium S
 fuses to
Carbon, |Rards

Helium-4 .~

#f Carbon-12 "

i Nitrogen ..




What Makes A Sw‘cv”7 o

~ *Nuclear Fusion

»
e ®.Light elements cn { @* g&
- heavner elemp
| l \®\ , Cﬁ’ Rt

‘ I
- @\gﬂ@)
& _N|1'r\ : > _



SubsTance Of Life

XLife requures H, C O,&N

@ All elements of ife came from stars
that lived AND DIED before The sun
- formed.

® Sunisa2“o r' 3'”0' genem‘rlon s’rar
) 1ST stars were pur'e hydr'ogen and helium)

_“\1// Jr’/ Tne matrrer or the COSIMOS
P 080 . iy

wn r»m lat m J fun T
;) J

- Carl- Sagan



Ou’rlme

| * Revnew S’rar Birth

"'g* Star life on the Mam Sequence

- ® Fusuon & Thermodynamm Balance

~ (% The Sun |
45D Sunspots, Solar Wmd Solar S‘ror'ms Aur'or'ae |

e Death Throes: Red|Giant Stages
: ,i‘x Plane‘rary Nebulae & Whu’re Dwarf S‘rars ;



Main Sequence Life

e Hydr'os’ra’rlc Equilibrium Fusmg H ’ro He o
. ® Gravity pullmg Myards S
" D-weight of upper Iayer's tries to compress star

% Pressure of heated gas pushing outward
e nuclear explosmn fries to expand Frep
<D balance lost

i when fuel runs out \: - - /éravifv- | -
Ul’rlmaTely e

- gravity will
wm'

Photo by Marc Staves 2011 o .



Sol. -
% Fusion core is.~ 257 of: radius
% 99% of enengy, firom inner2d7zof Sun

Re, = 696,000 km
_1‘2'50, = 433,000 miles fusion
core

LLLLLLLLLLLLLLLYL

Rfus,o,,_- 108,000/ ki
Rfus,bn = 67 000 miles

e REaMh 3960 miles
Rfusnon "-v 17 REar‘rh

So scale
it

Photwmﬁunjfuses ’rhe mass of the Ear"rh every 316,298 years



| Sol turns 45 Alr'cr'af‘r Car'r'ler masses of-H
- fo pure-energy each second ... every second!

Photo by Marc Staves_ZOﬂ e



The sun

| '*62 V- normal dwarf, 5800K e

(% Small compared to giants

- (® Big compared o mos’r stars e
(% Youngish - 5 by old < % age of universe
® Lots of meTals inits spec‘rr'um (eg Fe)

*Data | NG
%R, =696 x 105 ki (~ 700 OOOkm) : -109!2@
® Mo =199 x 100 kg = 333,333M;,
@L@_390x1026w 8



"The Sun

BA¢ Large compared to most stars
- ¥ Small compared to largest stars

!
ACHERMAR

~ RIGEL

FORMALHALIT
()

CASTORA 7

" ALDEBARAN

Absolute Magnitude




iThe, "
Sun

";Todqy '

Curren’r
- Solar -

~Images ..

ffr'om NASA

Photo by Marc Staves_2011 e

£ a s.s

Earth is 1/100
the diameter

of Sol
Jupiter is 1/10 the diameter of Sol

They're HU@EI

Some
Sunspots!



http://umbra.nascom.nasa.gov/images/latest.html
http://umbra.nascom.nasa.gov/images/latest.html
http://umbra.nascom.nasa.gov/images/latest.html
http://umbra.nascom.nasa.gov/images/latest.html
https://spaceweather.com/

Solar' Wind

K Charged par’rlcles from Sun's surface
Stars = nuclear explosions contained by gr'aw’ryl

‘ifr Steered to poles by Earth's mag. field
(% Can cause aurora by ‘coll|d'|_ng with a_’rmospher'_e' |

Aurora on
11/20/03,
= Zagreb,

- Croatia. |
' Photo by
Hrvoje
w4 Horvat

www.spaceweather.com ~

Phot by Marc Staves _2011 o



Solar Wind

s Charged particles from Sun's surface
~ Stars = nuclear explosions contained by gr'aw’ryl

7 Steered to poles by Earth's mag. field
| | atmosphere

www.spaceweather.com







~ Coronal Mass
EJZCTIOHS Solar N
STorms ..

2003/10/26 06:42

Associated with
giant spots and
auror'al dnsplayS'




~ Sol's Magnetic Field |
- *Field of a bar magnet

% Lines go from no_rTh_ to south (by definition)

S 2
W s e
i V33 an% N TS ./~
& Q&S A OR® 258337 4 5/ “‘WWM,\’ ,'{,,’3::,{ ,}x. -
N vy N 3 ARG IS S 't Lsterang. \‘, m.’/,;;{.(; 3
e NN A e SRR SRS 1 s,
o
Al RO 13 SRS o SR .
N s
oMo ONRE Ve & ot 2a 8% ".}"(,
: . "‘3?“ $ DR R A Lok 4
D DLW I D4 AR S
- it e "
L SR e R AR e
b
RSP 2 aars o0 R
{.?”"“’ 1y 2958 SACING
5 % , 0.
e FIARIN
/ A / $¢ 85« N w" 2 ? £
5% 4 9/ /g B KRT R g
V220800 4 E:’ $< .”, xo’"
LR A TN
LA K ? e
‘0% 2
.Q’MA

NN
o 4 '; Fi3i 2
oo SIANN,
NS
\\.\‘:.:‘.} s

£
v,
oo
08 g >



‘Sunspots from Magnetic Field
~ % Sun has differential rotation

® Equa’ror' rotates in about 24 days
- (% Poles rotate in about 30 days L

'* Magnetic field _I_mes wrap up

After 2 rotations After 3 rotations




- Sunspots: Magnetic Hernias
A Wrapped magnetic field bulges out from surface e

% charged particles travel up along field lines
) removes energy from surface, cooling it |
" ) Sunspots are darker than surroundings Magnetic field

T

#/ﬁ;ﬁ\“ '




Sunspot Cycle

IR Sunspo’r number varies over 11-yr cycle

% Fairly Constant except for Maunder Minimum

D Cold in Europe = Link with Sunspots
D Canals in Holland froze regularly in debate

400 Years of Sunspot Observatlos

Modern -350
Maximum 300 =

1 |

iy =

ARTAAN by

| X R RN Sdboie. e - | | | |
1600 1650 1700 1750 1800 1850 1900 1950 2000

Dalton
Minimum

X

; X
# Maunder ;.-
* Minimum -5 > A

X O N H O K XK




Sunspot Cycle # .25

% We're past Solar Max 2024- 2026
% Another dud of a Solar Max

SOLAR CYCLE PROGRESSION

Zoom: Default All _— '
Space Weather Prediction Center Numbering On/Off

Solar Cycle Sunspot Number Progression

a
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e
e
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| hTTpé:./ / wWw_;swpc.noaa.gov/ products/ solar—cycle-proéression-


https://www.spaceweather.gov/products/solar-cycle-progression

Sunspot Cycle # .25

% We're past Solar Max 2024- 2026
% Another dud of a Solar Max

SOLAR CYCLE PROGRESSION

Zoom: Default All Numbering On/Off

Sular Cycle Sunspot Number Progression
A ﬁeﬂrh
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https://www.spaceweather.gov/products/solar-cycle-progression

Solar Storm History
* September 1859
. (® Telegraph wires [
US & EU r'O pe ) lh_tulml IEL 2003 MNewly 1'111;':""'_-'1“':-
DCaused fires [
& Auroral dlsplays
ln N & S : .I_t.l._l_il-'ntltili I_IIIIIH"»:'».'IE'E .
® What would |k
happen foday?  Eeusese

Science Solar Superstorm
@NASA

Direct to Poopls! S clentists are beginng to understand a lustoric solar storm

‘Sci e_nce@NASA:

avana and Hawan, with simmlar e



http://science.nasa.gov/

F-..

N\a

rch 13 1@89 3

.~ sh %
J_"_'. "
C -4
- B
5
g

fm, | aity

s &

| h
LW B

L J}*f

\ A U_E O]"GWS eSS | . . at the South
o Quebec*‘bl@kwfﬁ’

-
-
..,-.
P
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http://science.nasa.gov/
https://www.astronomy.com/science/the-aurora/
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-* Star life on the Maln Sequence

s Fusnon & Thermodynamlc Balance

- ® The Sun | |
) Sunspo’rs Solar Wund Solar S‘rorms Aurorae

‘ 'i‘«’ Dea‘rh Throes Red Giant STages
: iﬁr Plane‘rary Nebulae & Wthe Dwarf STars..



~ First Red Giant STage
| *Core fusion stops
" = He Core conTracTsundergravuTy |
= Shell of H around core keeps fusing
'. ) adds He to core, incrlea.si'ng mass & gravity
| ) further heats H shell, jncreasing fusion & heat
‘= Fusing shell heats envelope
= Envelope expands
- = Outer surface cools
= Outer surface turns red

A Red Giant is "hnwni- |



 Sol as a Red Giant
#* Sol as red giant will engulf ¥ and $

The Sun as a main-sequence star

(diameter = 1.4 = 10" km = e ALl EXPGndlng OUTZI" |GY€I"S
100 ,

Hydrogen fusing shell
heating ou‘rer' layer's

Shr'mkmg He core
becoming
degenerate
electron gas

" Sol may.
~engulf
gearth -

ey
The Sun as a red giant

{diameter = 1 AL



Photo by Marc Staves 201

Core of a Red Glan’r

¢ DegeneraTe e gas

% atoms packed as close as possuble

D electron clouds packed together
) all

" Normal Gas - Atom et Degenerate e Gas

X

5@
YOO

'No'h'ea’r -

@ does hot expand on hea’rlng B leac: valvell - w

e keeps absorbing heat from fusing H shell -
® aT 100 Million K, He fusion begins |

). en‘nr'e core begins fusion at same time .
—

= Cor'e explodesI Hae;;u v *1as

;1.-_



Helium “Flash”

*Core heats to ~100 million K

% Helium fusion begms in entire.core at once
- = Core explodes within star o
= Core becbmes.normal gas fusingHe to C, O, N




Post He- Flash STars

& Hehum fuses to C and O (and some N)

1 @ the carbon in your fongue came from one of
~* these that died before the sun formed! -

¥ Star shrinks slightly, lasts ~100 million e

I"" F00 mullion km

Dormant hydrogen-
fusing shell

Carbon-oxygen
COre

11111
il |

Helium-fusing shell
Earth’s orbit



- 2" Red Giant S’rage

* Hellum fusmn has built C & O core

@ C & O coreisa degeneraTe e gas
Y-Can't fuse

- ) He-fusing shell forms

D Outer layers swell

5 )] 2nd Red Giant: S’rage
‘Y’ Lasts ~a few mllllon
- more year's |

@ Ou’rer' layers hea’red

) Swell away from cor'e
)) No Carbon flash!

Red Giant Star

Photo by Marc Staves 2011 * . ht_fps:l/ffden-'2~.p"hys,..uaf.edu/webprojlz12_‘spring_201 5/Katie_Aikens/Katherine_Aikens/StellarEvolution.html


https://ffden-2.phys.uaf.edu/webproj/212_spring_2015/Katie_Aikens/Katherine_Aikens/StellarEvolution.html
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"7)* Star life on the Mam Sequence

s Fusnon & Thermodynamlc Balance
- ® The Sun # |

)) Sunspo’rs Solar Wmd Solar S‘rorms Aurorae Tk

% 'i‘«’ DeaTh Throes Red Giant S’rages
: _.ifr Plane’rary Nebulae & Whl‘re Dwarf S’rar's



Plane’rary Nebula

% Outer star Iayers continue expandmg

@ He fusmg shell runs out of fuel
" D-sputters, pushmg thermal waves through star

% C-O core exposed as outer layers expand
) stellar winds from core sculpt outer layers:
< UV from core ionizes & illuminates layers

#* Outer layers become Plane’rary Nebula
: @ He C O, N blown m‘ro ISM (In‘rer'S‘rellar' Medlum) _

j.* Core left as White Dwarf Star

(%) Carbon - Oxygen degenem’re e gas
@ 1 cm3 would weigh a Ton on Ear"rh



N. Am. and
Pelican Nebulae
o X

 Planetary
Nebulae

S~
i:*’*Vega /%*
€ ¢
I/ Lyra
* / Shelial
C*/f B | 557 Ring Nefhula
J
Veil Nebula Alberio
* Summer Triangle
ulpecula
Dumbbell Nebula 4+
Delphinus

Rt
W \Scutum
Wild Duck *\*
\ Eagle
Nebula

7 B

Ring Nebula in Lyra



Astronomy Picture of the Day
Each day a different image or photograph of our fascimating universe is featured, along wath a briaf explanation written by a COTET. a I
2026 March 4

Puc‘rure of the Day

https://apod.nasa.gov/apod/

N. Am. and
De

Pelican Nebulae
o o

Northern CoalsacK

*
) f

Veil Nebula

Dumbbell
Delphinus
71\%\\;%

\
Y

White .Dwarf & Companion Star’
orbit each other every 2.9 days
within planeiary nebula!

Shapley 1: An Annular Planetary Nebula
Image Credit & Copyright: Peter Bresseler; Text: Keighlev Rockeliffe (NASA GSEC, UMBC CSST, CRESST IT)

ymmetric planetary nebula. Shapley 1, also known as the Fine Rir

the southern sky constellation of the Carpenter's Square (Worma). The nebula is the result of a star near the mass of our Sun running out of fuel and sheddi uter lay oxygen from
those expelled layers makes up the circular halo. The bright central point is actually a bman a white dwarf. the remaining stellar core after the outer la are expelled into space, and another
star, orbiting each other every 2.9 Shapley 1°s annular shape is due to our top- stem and provides insight into the influence of central stars on plan nebula structures.

Explanation: What's looking back at you isn’t a cosmic eye, but Shapley 1, a beautifully


https://apod.nasa.gov/apod/ap260304.html

Plane’rary
Nebulae

NGC 6369

of .



PlaneTary
Nebulae

Splrogr'aph Nebula

; The Siou:"l'hgrn Ring Nebulq" ;




Bmgh’r star orbl’rs
white dwarf,
"stirs" nebula

g Nebula — NGC 3132 @ HUBBLESITE.org

'Ring Nebula®
Whl’re Dwarf =\ N
abandoned core

JWST NIRCam (Near IR Camera) Image'



Hen 1357. PlaneTar'y Nebulae

Hourglass Nébula

- -
>
e
™y \
. W
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. Stingray Nebula



Helix Detail

, o
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Neb

Photo by Marc Staves 201 1

Helix Nebula



~ Plonefary Nebulae
Helix Nebula in Aquarius o

< . F £
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Plane’rary Nebulae
Egg Nebula "

2 ROTTenEgg Nebula

“ The carbon & nitrogen
-' ~ 4 atomsyoure made of
BRI, y2rz 9ncz in o2 Of
. . thesell

Photo by Marc Staves 2011 ° | ©



 NGC 6826

We are all
made of .
star stuff!


http://www.spacetelescope.org/images/opo9738d/
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http://www.spacetelescope.org/images/opo9738d/

- Exploring the STARS!
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