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Some Important Numbers

1 AU (Astronomical Unit)- Earth-Sun distance ~1011 m

1 ly (Light Year)- distance light travels in 1 year ~1016 m 

1 Parsec ~3x1016 m 

Distances:

Energetics:

LSun~1026 W (Power)
0 K ~ -273 C
eV ~ 10-19 J~104 K
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Parallax  in astronomical terms
is the apparent shift of an 

astronomical object due to 
the motion of the earth

it is measured in arcseconds

A parsec is the distance at 
which the semi-major axis of 

the Earths orbit would sub-tend 
an angle of 1 arcsecond

Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Lecture Problems

Sitting on the beach at the equator on March 
21st/Sep 21st (spring + autumn equinoxes), the 
Sun is overhead at midday. What power from it 
in photons do I receive at this time?
(see slide 2)

Sitting on the beach at the equator on March 
21st/Sep 21st (spring + autumn equinoxes), the 
Sun is overhead at midday. What power does 
my 15m x 15m x 15m water tank receive in 
neutrinos at this time (I brought it on the 
beach with me!)?
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Type Prominent spectral lines colour
average 
temp Examples

O He, H,O,N,C,Si
Blue

45,000 K Regor

B He, H,O,N,Fe,Mg bluish white 30,000 K Rigel

A H, ionised metals white 12,000 K Sirius

F H, Ca, Ti,Fe
yellowish 

white 8,000 K Procyon

G Ca, Fe, Ti,Mg, H some 
molecular bands yellowish 6,500 K The Sun

K Ca,H,molecular bands orange 5,000 K Aldebaran

M TiO,Ca, molecular bands red 3,500 K Betelgeuse

Types of Stars
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Stars: Evolution Theory

H2

T<10 000 K
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Stars: Evolution Theory

H

T>10 000 K
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Stars: Evolution Theory

H

T>1 000 000 K
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Stars: Evolution Theory

H
H

T>10 000 000 K

Takes ~50 Myr to form from the 
Molecular Cloud
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Stars: Evolution Theory

H
H

T>10 000 000 K

Burns for the next  ~10 Gyr during 
this “stable stage” of its life
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Stars: Evolution Theory
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Stars: Evolution Theory
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Stars: Evolution Theory

Hertzprung-Russell Diagram
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Star Formation
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Star Formation: Observational Evidence
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Star Factories: M42 GMC in Orion

M42

The Orion nebula is an intense region 
of Star Formation. Most of first protostars 

were discovered here aswell as many 
interstellar molecules
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M42

The Orion nebula is an intense region 
of Star Formation. Most of first protostars 

were discovered here aswell as many 
interstellar molecules

Orion is a well known constellation to all of us. Watch 
out for it at about ? 2nte. 

Orion region is divided into two MC complexes Orion A 
and Orion B. 
Part of Orion A in Orions sword is the famous Orion 
nebula or M42 Home to the massive trapezium stars. 
Only GMCs house massive stars. Nearest place in our 
galaxy where high mass stars are being formed.
See the map of CO in the complex M42 is located in the 
densest part. 

near-infrared image bottom right. 1,000 young stars ~ 
1Myrs old. 

Star Factories: M42 GMC in Orion
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Molecular Clouds: Star Making Factories
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The Molecular Clouds (some Giant!) which make up a substantial fraction of the interstellar 
medium are the birth places of the stars. They are the Stellar Nurseries of The Universe

Molecular Clouds: Star Making Factories
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The Molecular Clouds (some Giant!) which make up a substantial fraction of the interstellar 
medium are the birth places of the stars. They are the Stellar Nurseries of The Universe

Molecular Clouds are massive (107 times the mass of The Sun), largest (50-100 pc) and 
coldest (on average 50 K) objects 

Molecular Clouds: Star Making Factories

Friday, 1 March 2013



The Molecular Clouds (some Giant!) which make up a substantial fraction of the interstellar 
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1 pc ~ 3 lightyears
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The Molecular Clouds (some Giant!) which make up a substantial fraction of the interstellar 
medium are the birth places of the stars. They are the Stellar Nurseries of The Universe

Molecular Clouds are massive (107 times the mass of The Sun), largest (50-100 pc) and 
coldest (on average 50 K) objects 

1 pc ~ 3 lightyears

0 K ~ -273 Celsius

Molecular Clouds: Star Making Factories

Molecular Clouds are composed of a cocktail of molecules (H2, CO, NH3, ethanol) and DUST a 
vital component
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The Molecular Clouds (some Giant!) which make up a substantial fraction of the interstellar 
medium are the birth places of the stars. They are the Stellar Nurseries of The Universe

Molecular Clouds are massive (107 times the mass of The Sun), largest (50-100 pc) and 
coldest (on average 50 K) objects 

1 pc ~ 3 lightyears

0 K ~ -273 Celsius

Molecular Clouds are divided into 2 types. Small molecular clouds (SMCs) are colder and 
are distributed throughout the galaxy. There are some 4,000 giant molecular clouds 

(GMCs) in the Milky Way. They are confined to the spiral arms have average temperatures 
closer to 100 K. 

Molecular Clouds: Star Making Factories

Molecular Clouds are composed of a cocktail of molecules (H2, CO, NH3, ethanol) and DUST a 
vital component
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Are Protostars Observed?
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Morphology + Spectra

Friday, 1 March 2013



Protostellar Jets the Most Spectactular Manifestation 
of the Star Formation Process

Friday, 1 March 2013



Friday, 1 March 2013



Friday, 1 March 2013



Lecture Problems

The Sun’s temperature at its surface is 5500 K, what is 
the corresponding mean energy per photon? 

Nuclear fusion inside the Sun was able to commence 
once its core temperature had reached 10 000 000 K, 
what was the corresponding mean photon energy for 
this temperature and what is its significance in terms of 
particle physics?
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