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The Formation of Stars 

Stars are born in regions of high-density interstellar clouds. (I.S.M.) 

I.S.M. (Inter-Stellar Medium) 

 Two phases: 

 Gaseous ï 99% of ISM 

1. Largely ï Hydrogen (~73%) 

2. Helium (~25%) 

3. Everything else on the periodic table (<~2%) 

 Solid ï called ñdustò ~1% of ISM ï mostly heavier elements such as Fe, silicates (sandy 

materials) 

Consider a large cloud (big!) of 100-1000M
¼
, a temperature of 20KĄ100K, and a density of 

about 10 atoms/cm3. So roughly speaking 

it is huge and cool. (dim? Blackbody?) 

Two processes are acting to change 

its shape. 

 Thermal Energy (Kinetic) ñheatò 

is trying to disperse the cloud. 

 Gravity tries to force contraction. 

So these two processes are acting in 

opposition to each other. Which wins?  

Figure 1: A very large cloud fragmenting into smaller 
ISM clouds from nearly 1 solar mass to possible 100s 
of solar masses. The smaller cloudlets will then form 

many stars as it to fragments further. 
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Well, at least sometimes gravity must win in order for stars to ever form. 

Stars are born from the collapse of a large cloud with many smaller additional collapses or 

ñfragmentationsò taking place during general collapses (0.08Ą50M
¼
). 

In order for a cloud to collapse: Itôs mass, radius, and temperature must be suitable to allow 

gravity to take over. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Possible Star Forming Scenarios 

Spontaneous Collapse 

The cloud just by circumstance happens to finally find itself in the proper environment to begin 

a gravitational collapse. 

Forced Collapse 

A nearby event of interaction with the could can ñpush it over the edgeò so that it can begin a 

collapse. How might this occur?  

Figure 2: The Orion Nebula - This is one of the nearest regions of very vigorous 
star formation. The nebula is a giant gas cloud illuminated by the brightest of the 
young hot newly formed stars. The Orion Nebula, 1,500 light years distant, is 
located in the 'Sword' part of the constellation, just below the three stars that 
comprise Orion's belt. It is perhaps the most famous and most photographed 

nebula in the night sky. (Image: Courtesy of David Malin & AAO) 
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 Cloud to Cloud Collisions: Two clouds of various size and temperature may actually 

collide with each other causing the combination, one, or both clouds to collapse 

gravitationally because during the collision their repective density increases. 

 Supernovae Shock Waves: The violent death of a nearby star (or stars) can literally blast 

the cloud into the correct conditions for a collapse. 

 Density Wave: Within galaxies material (stars, clouds, etc) seems to clump in areas where 

the density of material is greater. These areas may interact with clouds to cause collapses 

as well. 

 

Letõs Make a Star!!  

 

(Follow the steps and notice the path on the HR Diagram.) 

1. Cloud begins to collapse. (Dč,Tč) The density and temperature begin to rise! 

(Strangely, during the very first moments (read years to centuries) the cloudôs 

temperature actually cools briefly before beginning its rise upwards.) 

2. Core of the cloud heats up to about 1000K Ą 2000K. Cloud material begins to 

increase its density further. (Dč). 

 

 

 

 

 

 

 

 

 

Figure 3: The dark spots in the above picture are examples of IR 
Cocoons called Bok globules. Bok globules are small dark clouds 
made of gas and dust that are typically condensing to form a star or 
stars. These forming star regions look dark in optical wavelengths, 
but are in fact giving off warmth from the forming stars in infrared. 

(Courtesy of AAT) 
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3. ñDustò and outer regions of the cloud become dense enough to absorb radiation and 

begins to glow more in the infrared. (Hint: Remember about blackbody radiation: - any 

heated dense object will produce its own electromagnetic radiation and it is only 

dependent on the temperature of the object.) 

4. This ñprotostarò is a warm core with 

a surrounding I.R. cocoon. It has a 

high luminosity (because of its 

extremely large size -

several103R
¼
), but it is still a 

relatively cool object. As the 

protostar contracts, it emits clumps 

of gas along its rotation axis. These 

are called Herbig-Haro Objects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: An IR Cocoon. The protostar is 
forming deep within a dark cloud that is still able 
to trap and contain the protostars heat and light. 
The protostar will soon be hot enough to drive 

off the surrounding cloud. 

Figure 5: A typical Herbig-Haro object, a protostar adjusting while under the 
collapse of gravity. According to current understanding, as material continues 
to fall onto the disk it is heated and blasted back out along the disk's axis of 
rotation, forming a pair of high speed jets. This Hubble Space Telescope image 
shows two nebulosities at the ends of opposing jets from a young star. The 
bright blobs at either end are where the jet material has slammed into 

interstellar gas. (Image: Courtesy of HST) 



Stellar Formation 

Lecture Nine  Page 113  

 

5. Core continues heating up! (Dč,Tč) 

6. (Luminosityč,Tč) The luminosity from the warming core begins to drive off the outer 

cocoon, exposing the hot core. As the protostar begins to ñturn-onò its brightness can 

vary and its shape and surroundings can be filled with leftover cloud material. This 

type of object is called a T-Tauri Star. 

7. Core continues to collapse and heat up until it reaches about 10-15 million degrees 

Kelvin!! This is very hot. 

8. When this temperature is reached in the inner most portions of the protostar nuclear 

reactions begin occurring and we now say that ñA Star is Born!ò 

9. Pressure that is now being generated in the core by these nuclear processes is 

enough to halt the gravitational collapse of the star. The star is surrounded by gas and 

dust and this may now be the epoch where any remaining materials can collect 

gravitationally into planets. Planet Formation? 

10. Star is on the ñMain Sequence.ò 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: The Cone Nebula ï The tip of this darkened ISM star 
forming region is beginning to reveal newly formed stars and 
sputtering to life T-Tauri stars. This cloud is just brimming with 

stellar birth. (Image courtesy of NOAO/NASA) 
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How long does this process require? (Contraction ï to form a ñMain Sequenceò star?) 

 0.1M
¼
  Č 1 billion years 

 1.0M
¼
  Č 30 million years 

 2.0M
¼
  Č 8 million years 

 15M
¼
  Č 160,000 years 

 

The higher the mass of the protostar the less time that is required to reach the main sequence 

and for nuclear reactions to begin in the core. Why? The bigger the cloud the greater the 

gravitational collapse. 
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Some added detail to the ñbounceò between (7) and (10). 

(a) Luminosity goes down because size decreases. 

(b) Nuclear reactions begin so luminosity suddenly increases 

(c) The star ñsettlesò itself and adjusts a bit slightly 

decreasing in luminosity again. The star ñsettlesò onto the 

Z.A.M.S. (Zero-Aged Main Sequence). The star is brand 

new. 

(a) 
(b) 

(c) 
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Figure 7: The Eagle Nebula - These eerie, dark pillar-like structures are actually columns of 
cool interstellar hydrogen gas and dust which incubate for new stars. The pillars stretch out from 
the large interior wall of a dark molecular cloud like giant fingers. They are part of the "Eagle 
Nebula" (also called M16 -- the 16th object in Charles Messier's 18th century catalog of "fuzzy" 
objects that werenôt comets), a nearby star-forming region 7,000 light-years away in the 
constellation Serpens. (Images: Courtesy of David Malin & HST) 

Figure 8: Stars, the Sun included, were 
born within clouds of dusty gas such as the 
Trifid Nebula. Measuring some forty light 
years across, this nebula contains enough 
gas to make many thousands of stars. The 
hottest newly formed stars cause the gas, 
mostly hydrogen, to emit its characteristic 
red light. Interestingly, near the red 
emission nebula the gas contains many 
fine dust grains which preferentially reflect 
the blue component of starlight, and to the 
top of the nebula can be seen a bright blue 
star which illuminates part of the dust to 
create a region of blue reflection. In some 
parts of the nebula there are so many dust 
grains that they hide the glowing gas, 
producing the dark lanes. (Image: Courtesy 

of AAO and David Malin) 
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The Orion Star Forming Nebula! 

These are Hubble Space Telescope images of four 

newly discovered proto-planetary disks around young 

stars in the Orion nebula. Gas and dust disks, long 

suspected by astronomers to be an early stage of 

planetary formation, can be directly seen in visible light by 

Hubble.  

Disks around young stars contain about 99% gas and 

1% dust. Even that small amount of dust is enough to 

make the disks opaque and dark at visible wavelengths. 

The dark disks are seen in these images because they 

are silhouetted against the bright backdrop of the hot gas 

of the Orion nebula.  

The red glow in the center of each disk is a young, 

newly formed star, roughly one million years old (compared to the 4.5 billion year age of the Sun).  

As they evolve, the disks may go on to form planetary systems like our own.  

Each image is 167 billion miles, or 257 billion kilometers across (30 times the diameter of our 

own solar system). The disks range in size from two to eight times the diameter of our solar 

system. 

 

 

 

 

 

 

 

 

Figure 9: Protoplanetary disks 
found in the Orion Nebula star 
forming region using the Hubble 
Telescope. (Image: Courtesy of 
Mark McCaughrean (Max-Planck-
Institute for Astronomy), C. Robert 
O'Dell (Rice University), and 

NASA) 

Figure 10: The Pleiades star 
cluster, M45, is one of the 
brightest star clusters visible 
in the northern hemisphere 
(near the Taurus 
constellation). It consists of 
many bright, hot stars that 
were all formed within the 
same large cloud of 
interstellar dust and gas. The 
blue haze is due to very fine 
dust grains remaining from 
formation that preferentially 
reflects the blue light from 
the stars. (Image: Courtesy 
of ROE/AAO and David 

Malin) 


