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iy Anatomy of a Sun-size star

internalis e ® CORE: fusion engine (25%
Inner core R )
Subsurface flows sun

radiative zone
convection zone
® RADIATIVE (25-75% R
CONVECTIVE (75-1 ocw Rsun
LONES: ’rronsfer energy to
surface

® PHOTOSPHERE: photons are
free, see naked eye (peak
emission)

‘CHROMOSPHERE see with
glpha

» see during




_ A star’'s engine - fusion

® HYDROGEN:

> Most common element

> Proton-proton chain most
Important

a0 needs immense
to overcome

oS + fime

wikipedia.org




wikipedia.org

A star’'s engine — fusion, cont’'d

® Otherreactions occur too
(eg. C-N-O Cycle)

() Positron

Y  Gamma Ray

YV  Neutrino

® At center of our Sun, energy
production ~280 W/m?3
(lower energy density than
human metabolism)

y Energy rate varies with core
ensity, bigger star = denser
= More energy

R density & temp.
er elements 1o
N —iron




The big balancing act

fusion driven
radiation
pushing
material out

.
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hotter + bigJ% :




Star formation process

i

1 pc

Dark cloud cores

d) t~10°-10%yr

¥/

Z YN\

100 AU

T Taur star, disk, outflow

Y

10 000 AU

Gravitational collapse

> B

100 AU

Pre-main-sequence star,
remnant disk

Hogerheijde 1998, after Shu et al. 1987

Protostar, embedded 1n

8000 AU envelope;
disk; outflow

50 AU

Main-sequence star,
planetary system (7)




‘T ol begms with a cloud

® dqu Iones IN Iv\||I<y Way =
dust/gas clouds

® good place to look for star
formation

Stellarium screen capture
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y(Cloud + star forming = emission nebula

Visible [DSS/D. De Martin)
A T o

.

Visible/Infrared [DSS/ IRAC)

s

= Infrared [IRAC) Infrared [IRAC-MIPS])

ock & Tim Pucket,
tropix.com R

* . " New Views of the North America Nebula Spitzer Space Telescope ¢ IRAC « MIPS
. NASA / JPL-Caltech / L. Rebull [SSC/Caltech) ssc2011-03a




(_loud + star forming = emission nebula
‘ sl CosaonliElle

ESA Herschel space
observatory (IR)




How we use “colour” to see
1010 Black-body spectrum
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we use “colour’ to see, cont'd

- . - .. 00 g e . * ~
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energize

Intensity

Hydrogen Helium Helium Oxygen Helium, Hydrogen
A VAVAVAVAVAVAVATITNII
R 1 v U X Gj




\(Cloud + star forming = emission nebula

.

. J Th‘ompéon .




(loud + star formmg em|SS|on nebula

| MGTIJO Pozqewc

M42 Orion Nebula i o .‘.' WthrdsTro com

NASA/JPL-Caltech/UCLA, WISE (IR



GrcMTy .make me some g\obs

Sk : CF; Espen@k'-'
g -‘, www dsfrroplxels com -
; (ngc2237) :

'V-J...-Thompson (ngc281)

S e ST T . MitthewT: Russen
TR e RO S e 'www’relescopes ole
= e s el T (ngc7000).

J. Thompson (M8)



Gravity...make me some globs
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NASA / Hubble Heritage
Team (IC2944)




GraviTy.,.mqke me some glolbs

J. Thompson
(M16 Eagle Nebula)




D ...And a liffle bit hofter now...

In-falling material
heats up as GPE
converts to kinetic
energy

angular @ I'

momentum of . e
original cloud | “
conserved

Protostar LRCL 54361

NASA and ESA - STScl-PRC13-04a




And a little bit hotter now..

celestialbodies.wikispaces.com/Protostar (Orion) IRAS 20324+4057 (Cygnus) ‘NASA/ESA/ Hubble
visible band Heritage Team (STSc| /AURA) :

| HH-46/47 (Vela), NASA-JPL/Spitzer, NIR-band
- HH-34 (Orion), ESO/FORS?2, visible band



you In or oute — T Taurl stars

magnetic field of
disk & forming core
guides material into
polar jets

A by GPE (artist rendition) www.ralf-schoofs.de
“We|\%5
_m.}




you In or oute - T TAuri stars

CoKu Tau1

500 AU

DG Tau B

~

Haro 6-5B

.

IRAS 04016+2610

IRAS 04248+2612

N

»>

IRAS 04302+2247

» ’ -




- TN

200 AU - :
HK Tau

XZ Tauri

you In or oute - T Tauri stars

HH 150
HL Tauri

¥

V1213 Tauri

I)/ »

HH 30




p Pre-main sequence star

as finished accreting material, but still no fusion

a7 of original globule material left in
sI< (proplyd)

of® e, raising femp. in core until




_ Fusion & the “"Main Sequence”
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pusion & the "Main Sequence”

® ~1910, using spectrometer
& parallax data, Ejnar
Hertzsprung & Henry Russell
discovered link between
star temp. & brightness

108

.l

10
104

10°

@ all stars in hydrogen fusion
stage of life lay on the
“Main Sequence’ line

102

10

1

'H-R diagram also shows link
Refween star mass, size,
RUr, and lifetime
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104

6,000 3,000

decreasing 5
temperature

10,000

surface temperature (Ke|vin)




Eusion & the "Main Sequence”

Protostar shrinks and Copyright @ Addison Wesley
heats as gravitational

potential energy is _

converted into £

thermal energy.
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Shrinking slows and

surface temperature

fises as nuclear
begins.
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Clump of gas becomes
protostar when radiation
can no longer escape

) from interior.
Fusion rate . 9 :
increases until 4 '

gravitational equilibrium
stabilizes star.
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surface temperature (Kelvin)




here are the green starse

' Star brightness vs. temperature

Beta Centawsi
a:uu

Adhars L
, ' T, e Canopus

astronomy.com
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brightness (solar units)

108

10°

104

103

102

10

1

0.1

102

1073 |—

10+

Barnard’s Star @ 0.1 MSun

Proxima Centauri ..

surface temperature (Kelvin) decreasingr N

< increasing
T

P oserving with Herfzsprung & Russell

® From city you can

observe
examples from all
across the H-R
Diagram

@ High brightness
stars by eye,

yOfhers with

B noculars or
felescope




i or a long life size matters

al structure of star changes with mass:

fully convective interior allows all available hydrogen
along life on main sequence (trillions yrs)

anvective outer layer, only hydrogen in core
nedium life on main sequence (billions yrs)

are + high temp. accelerates rate of
AMNain sequence (millions yrs)




i here be giants!

ar has finite “accessible” supply of
ible hydrogen

| runs out, star moves to
on — ifs giant stage

Alion pressure




eventually have onion-like

T h e re b e g iO n -I-S ! series of shells with fusion of

different elements in each shell

fusion of H in shell + He in core
starts, radiation slightly expands

& cools outer layers
- - .
as more heavy elements are created,

g gets denser & continues to collapse,
g fusion of even heavier elements

core heats enough for C
fusion, He & H fusion in
continues in shells




There be g|0 HTS! luminous blue variable

blue super giant

3

Loaminosity (Sun = 1)
=1
@

10 ®

10 ¢

9,
Wolf-Rayet

star

yellow hyper giant

L — red super giant

red giant

asymptotic
giant branch

Temporature (Kelvin)




AH gOOd Things°°° neutron star or black

when fusion stops hole + debris nebula
core collapses very quickly

C or O-type white dwarf
+ planetary nebula




All good things...PN’s

top row: J. Thompson

- bbell M%7 Owl ngc2392 Eskimo




All good things...PN’s

top row: J. Thompson

ngc/048 ngc/293 Helix




. All good things...PN’s

top row: J. Thompson
. e

ngc7662
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All good Thmgs SN remnams

R20/6995 Vel




All good things...SN remnants

J.Guimond s
astrosurf.com




This Is the end my friend

JOh overview of stellar evolution
information online if interested

Qole objects to observe from




_Before you go

. Saturday, May 14, 2016

astronomy event af

Biih public &

OAWS#14 Telescope Clinic ‘




