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The Lives of Stars

% Star Birth: 9/10/26
i ® Nuclear Explosuons Contained by Gravity

% The 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

_-itf Black Holes: 10/1/26
@Spaghe’r’rlfuca‘non |
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Nebulae
N Fuzzy blurs _
- % Gas & dust clouds, s‘rar clusters, galaxms

@ Messuer Objects
) Charles MeSS|er' in 1781
) “uninteresting” non- come‘rs -
“ D eg. M31 = Andromeda Galaxy M42 Or'lon l\lebula '

® NGC Objects

D) New General Catalog by Dr'eyer' 1888
- D all Messier objects + additional ObJ@CTS -
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Types of Gaseous Nebulae

e Emlssmn (bmgh’r) Nebulae
3 ® Glowing clouds of gas
. (% Show Emission lines

% Heated by nearby s‘rar's embedded s’rar's
D often assocuaTed with star clusters |

: @ eg.-O'r'lon,‘ng_qon, Tr'lf|d,_ Eagl_e, N. Am., -

Photo by Mar h’rfps://as’rrobackYard.‘com/orion—nebdId/ _ https://astrobackyard.com/m8-lagoon-nebula/ _h‘r‘rps://as‘rrobuckyar.d.éam/mlé-eagIg—nebula/



Types of Gaseous Nebulae

*Absorp‘rlon Nebulae
~ (® Dark clouds blockmg light from behmd

s Cool gas not heated by stars
®eg. Hor'sehead Coal Sack Great le’r

h:I‘TpS:/ /en.wikipedia.org/ wiki/ Horsehead;Ne_bu‘la e hT’fps;/ / eOV.WiIk'ip'e_,di,d..qr"g/ Wlkl/ Gpéa‘r_-_Rifﬁ(ﬁs‘rrpnth) .



~ Emission & Absorp’rlon Nebulae

% Show spec’rr'al lines
@ composmon can be determined

@ some complex molecules found

) .1028 fifths of alcohol in Orion
) amino acid guanine in Orion

PG
3’ end Cytosine [™
Guanine 5 end

: . https://study.com/academy/lesson/guenine-structure-definition-quiz.html

H',-'-r_1r|:-::.]r:'er' Helium H-— n Helium Oxyg I— elium, Hydroge


https://study.com/academy/lesson/guanine-structure-definition-quiz.html

Outline -
| * Nebulae -

4 In’rers’rellar Cloud Collapse
. ® Star & plane’r formation theory
(%) Star regions obser'ved | '

| _i‘f Nuclear Fusion in: STars
) Fu5|on Power =
@ Fusuon Pr'oducTs and Llfe

Photo by Marc Staves_2011 :



InTer's‘rellar Clouds

s Mos’rly Hydr'ogen
ifr Some heavy elemen’rs molecules e
'_ .713( AII atoms attracted to others by gr'avn’ry




Cloud Collapse
s Collapse heats center of cloud
. (B Core becomes pr'o’ros’rar'

i‘x Cloud begins rotfating
@ Dusk forms around center

Photo by Marc Staves 20 I



Cloud Collapse

~ *Fac'e on

' _ 7 “Edge on
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Pro’rosTar T-Taur'l S’rage

_i* Hea’r causes ou’rflow

(% UV & X-ray radiation

'® chdrged particles
Tt Accretion disk |
forces flow along axis

® Her'blg -Haro objects

@ T-Taur'l S’rar's

HH 211 APOD 9/19/23
i + https://apod.na sa aigpy v/a p od/a p230919 html .
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https://apod.nasa.gov/apod/ap230919.html

Cloud Collapse
e Collapses under own.gravity

- (% some ’rhump initiates collapse

@ denser regions collapse fas‘rer'
) cloud fragmenTs |

Molecular
cloud cores
. . = B /\
- » - "y
. K -

Photo by Marc Staves 2011 P
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https://apod.nasa.gov/apod/ap230919.html

Cloud Collapse :

: * Star forma’rlon

- % At 10 millionK S e
- protostar becomes star _

D Hydrogen begms fusmg l
o ofo Flzlium o e

ks ) S’rellar' wind clears '
- remaining gas O 1

| @ Planets & Pr‘o’roplﬂneTs @

‘ remam i




| Cloud Collapse to
solar system
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. * Nebulae |
3 i‘( In’rers’rellar Cloud Collapse

- (% Star & plane‘r formation Theory
- (% Star regions obser'ved | '

¢ Nuclear Fusion: in S’rars

) Fu5|on Power' hie
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Photo by Marc Staves _20ll '
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‘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



S’rar' B|r'Th ln Or'ion
| * NY Tlmes Vldeo
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https://www.youtube.com/watch?v=Q7MG-LahuX4

- Starbirth In The Eagle Nebula
.T‘_\-\ 'i'arazed / | '_ "

Delpl‘}inus AlTair/-/ _ _Aquila

ANy
SagrTTarius -
(The Teapot) \,

Canton's southern sky at 9 pm, September 15 or 7 pm, October 15
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| * Nebulae
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- Outline

ar.Cloud Colldpse
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-_* Nuclear Fusion in STars
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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
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o
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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 ..




| * Nebulae

3 * In’rer's’re
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- Outline

ar.Cloud Colldpse

olanet formation ’rheor'y

-~ (® Star r'eglons obser'ved

o ¢ Nuclear Fusion m S’rar's o

| @ Fuswn Power' T |
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Photo by Marc Staves 2011 * |



: Fusion Releases Energy

. “Massof 4Hatoms = 4 x 1.007940 amu

&0 hp s el e 4031760 amu
. %Mass of 1 He atom = 4.002602 amu
*leference (Ioss) = 0.029158 amu °

¢ <O 7.7 of H>
O 7% of mass [)ISAPPEARS| ‘
Wher'e does it go" "

- E - mc2 —> Energyl




Energy Of Fusion: Solar Power ,

Conver"r 1 kg of H to He |
o 075 (=7 grams) becomes energy
by E=mc?, - Pk '
(O OO7 kg)x(3 0 X 108 m/s)2 = 630 trillion Joules
.= 175 million kWhr'

Fusmg 1 kg of Hydr'ogen to Hellum would yueld
il 175 MILLION kWhr of energy““ .

. T'kWhr (Kilo-Watt-hour) = 3.6 x 10¢ J (Jotiles)
.. =power fo lift 1 kg of water 224 miles!! = .



Energy Of Fusion: Solar POW%I:
- lkgof H o He = 175 x 106 KWhr pumes
use = 2375 X 1012 BTU |

U s \TATE% =

696 x 10° KWWhr for NY

= 3978 kg Oof H to supply NY FF enhergy!

! kg H = 11 112 m3 at STP Hmdenbur'g carmed 200,000 m3

3,978 kg H 1.1 m? 44150 m* (1 Hindenburg
1kgH ) NY FF's | 200,000 m’

... That's not very much hydrogenl!

):22 7% of Hindenburg|

NY FF's


https://www.eia.gov/state/seds/data.php?incfile=/state/seds/sep_sum/html/sum_btu_1.html&sid=NY
http://www.eia.gov/state/seds/seds-data-complete.cfm?sid=US

Energy Of Fusion: Solar Power
- 2021: NY got 5.7 Trillion BTU from Coal
1 kilowatt hour = 3 412 British Thermal Units
| 57x10” Bt ( 1 KWhr ]: 1.67 x 10° I<Whr *

2021 NY Coal use 2021 NY Coal use

3412 BtU

» Kilowatthour generated per unit of fuel used:

' ' - i - e 1,927 KWh per ton, or 0.96 kWh per pound, of coal
1 Ton Of COGI Y'elds 11927 kWhr‘ e 99 kWh per Mcf (1,000 cubic feet) of natural gas

e 578 kWh per barrel, or 13.76 KkWh per gallon, of petroleum

B 167 x10° kWhr |( ton of Coal _ 866,930 tons of Coal §
Il 2021 NY Coal use )| 1927 kWhr 2021 NY Coal use

(o oo, That's 8,670
100-ton train
cars of coalI S

US. STATES ==



http://www.eia.gov/state/seds/seds-data-complete.cfm?sid=US
https://www.eia.gov/tools/faqs/faq.cfm?id=667&t=2

Energy Of Fusion: Solar Power
- 2021: NY got 5.7 Trillion BTU from Coal . *
: .2021 NY used 866 930 million tons of coal

2.32 tons CO,
1 ton coal

LeTs _work o develop fusnon SO we can use
- one ton of hydrogen ms’read” ‘

. 866,930 tons cpal( j 12 m|ll|on ’rons CO

Independet Statistics & An a.f_}u

! U.S. Energy Info
ela Admmlstrg,)l;on i

Tha’rs 8 670
100-ton train
cars of coalI S



http://www.eia.gov/environment/emissions/co2_vol_mass.cfm
http://www.iter.org/
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~ Products Of Stellar Fusion
. ¥Early universe was
LB/, 257 He . -

s AII oTher elements
Lo dre the products
- Ofs’rarsl '



What Makes A Stan>
“Nuclear Fusion g\%
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What Makes A Sw‘cv”7 o

~ *Nuclear Fusion
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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



- Exploring the STARS!
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