
Main-sequence lifetimes
213

 Stars arrive at the main sequence chemically homogeneous 
because of convective mixing during the protostellar phase.

 The time of arrival on the main sequence is known as the 
ZAMS – zero-age main sequence.

 “Where” it ends up depends only on mass and chemical 
composition.

 Approximate MS lifetimes:   𝜏𝑀𝑆 ≈ 1010 𝑀/𝑀⊙
−2.5 yr

 Stars of all masses live on the main-sequence, but subsequent 
evolution differs enormously. 

 Most of stars form in clusters, open and globular. Because they 
born at same time, age of cluster will show on the H–R diagram 
as the upper end, or turn-off of the main-sequence.

 We can use this as a tool (clock) for measuring age of star clusters. Stars with lifetimes less 
than cluster age, have left main sequence. Stars with main-sequence lifetimes longer than 
age, still sit on the main-sequence.



Globular cluster Messier 55 H-R diagram
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Stellar Evolution from observations
214



Stellar 
Evolution from 
observations

Different globular 
clusters have different 
age, and accordingly 
different turn-off 
points.

21
5215



Stellar Evolution from observations
21
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 An interesting effect can be observed in 
young star clusters. 

 Recall, the time needed for a protostar to 
reach the ZAMS depends on its mass. 
This time is basically the Kelvin-
Helmholtz contraction timescale. Since 
contraction is slowest when both R and L
are small, the pre-main sequence lifetime 
is dominated by the final stages of 
contraction, when the star is already 
close to the ZAMS. 

 An estimate of the PMS lifetime is  
𝜏𝑃𝑀𝑆 ≈ 107 𝑀/𝑀⊙

−2.5 yr

 Thus, massive protostars reach the ZAMS 
much earlier than lower-mass stars, and 
they can even leave the MS while low-
mass stars still lie above and to the right 
of it.
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Figure from Prialnik



Pleiades, a young open star cluster 
21
7

Massive protostars reach the ZAMS much earlier than lower-mass stars, and they can even leave 
the MS while low-mass stars still lie above and to the right of it.

Pleiades, a young open star cluster, ~108 yr:
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Tracks
218

Stellar evolutionary tracks are trajectories 
of individual stars in the H-R  diagram, 
which trace the evolution of a given mass 
star as a function of time.

Consider stars of different masses but with 
the same age. Let’s make a plot of Log(L/L⊙) 
vs. Log Teff for an age of 1Gyr. The result is 
an isochrone.

Describe evolution of a single star with time.

Tables of stellar parameters as function of T: 
(luminosity, temperature, surface gravity; 
core temperature, core composition, current 
mass, etc, etc). 



Isochrones
219

An isochrone: a curve which traces the properties 
of stars as a function of mass for a given age.

Don’t be confused with an evolutionary track 
which shows the properties of a star as a function 
of age for a fixed mass.

Isochrones are particularly useful for star clusters 
- all stars born at the same time with the same 
composition. 

Consider stars of different masses but with the 
same age. Let’s make a plot of Log(L/L⊙) vs. Log 
Teff for an age of 1Gyr. The result is an isochrone.

The best way to check stellar evolutionary 
calculations is to compare calculated isochrones 
and an observed H-R diagram of a cluster. 

Important - think about what we are looking at 
when we observe a cluster. We see a “freeze-
frame” picture at a particular age. We see how 
stars of different masses have evolved up to that 
fixed age (this is not equivalent to an evolutionary 
track).

Meynet, Mermilliod, and Maeder, 1993



Convective regions on the ZAMS

Occurrence of convective regions 
(gray shading) on the ZAMS in 
terms of fractional mass 
coordinate m/M as a function of 
stellar mass, for detailed stellar 
models with a composition X = 
0.70, Z = 0.02. 
The solid (red) lines show the 
mass shells inside which 50% 
and 90% of the total luminosity 
are produced. 
The dashed (blue) lines show the 
mass coordinate where the 
radius r is 25% and 50% of the 
stellar radius R. 

We can distinguish three types of 
ZAMS stars:
 completely convective, 

for M < 0.35M⊙

 radiative core + convective 
envelope, 
for 0.35 M⊙ < M < 1.2 M⊙

 convective core + radiative 
envelope, for M > 1.2 M⊙.
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(After Kippenhahn & Weigert)



Evolution During the Main Sequence

During the MS phase H is converted into He in the core. The 
temperature in the core can only change very little, because fusion is 
a strong function of T with ε~T 4 for P-P chain and ~T 18 for the CNO-
cycle. Even a small change in T would result in a large change in ε
and in L, which is not allowed by the hydrostatic equilibrium 
requirement. So nuclear fusion acts like a thermostat in the center of 
the star. The CNO cycle is a better thermostat than the pp chain.

Even while on the main sequence, the composition of a star’s core is 
changing, thus μc increases.                                     a Sun-like star 
Recall, when Z is negligible: μ = 4/(3 + 5X)

For the solar abundance X=0.73, μ =0.6. 
When all H gets converted into He, we then have μ =1.3. It more than doubles! But

If Tc remains constant during the MS-phase but μc increases, 
then Pc/ρc ~ Tc/μc must decrease. So, either Pc decreases or 
ρc increases as more H is converted into He. It turns out that 
both effects occur. Actually, Tc is also slightly raising. 
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Stellar Evolution on the Main Sequence

 In H.E. the central pressure is 
set by the weight of the layers 
above. 

 So, as the central pressure 
decreases during the MS 
phase the outer layers of the 
star must expand.

 So, when μ increases in the 
center the radius must 
increase.

 At the same time, the nuclear 
energy generation increases 
and then so does the 
luminosity (μ-effect).

 This causes a slow increase of 
the star's luminosity over the 
whole MS phase.

 Because R2 increases more 
than L, the effective 
temperature decreases. This 
implies that the stars move 
up and to the right in the HRD 
during H-fusion in the core.
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Gradual change of the Sun’s parameters

223

 How much has the solar luminosity 
changed over time? Calculations show 
that the Sun's ZAMS luminosity was 
about 25-30% less than it is today, which 
has/had implications for the Earth.

 Hence stars of a given mass but different 
ages populate the main-sequence with a 
width of ~0.5 dex.

From Christensen-Dalsgaard (2008)



Change of the Sun’s parameters
224



Gradual change in size of the Sun
225

Now 30% brighter, 12% larger, 3% hotter



The main-sequence 
phase of the Sun

• 50% of mass is within radius 0.25R⊙

• Only 1% of total mass is in the convection zone and above
• Pressure increases steeply in the centre



Post-MS evolution through helium burning

After the main-sequence phase, stars are left with a hydrogen-exhausted core 
surrounded by a still hydrogen-rich envelope. To describe the evolution after the 
main sequence, it is useful to make a division based on the mass. Note that all masses 
are approximate, boundaries overlap depending on definition.

 Red dwarfs: stars whose main-sequence lifetime exceeds the present age of the 
Universe (estimated as 1-21010 yr). Models yield an upper mass limit of 0.7M⊙ of 
stars that must still be on main-sequence, even if they are as old as the Universe.

 Low-mass stars: stars in the region 0.7 ≤ M ≤ 2 M⊙ . After shedding considerable 
amount of mass, they will end their lives as white dwarfs and possibly planetary 
nebulae. We will follow the evolution of a 1M⊙ star in more detail.

 Intermediate mass stars: stars of mass 2 ≤ M ≤ 8-10 M⊙. Similar evolutionary 
paths to low-mass stars, but always at higher luminosity. Give planetary nebula 
and higher mass white dwarfs. Complex behaviour on the AGB (asymptotic giant 
branch).

 High mass (or massive) stars: M >8-10 M⊙. Distinctly different lifetimes and 
evolutionary paths, huge variation.
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The Terminal-Age MS and Subgiant Branch

228
The cores of 1M⊙ stars become He rich. Fusion 
is most efficient in the centre, where T is 
highest.
• As He content increases, core shrinks and 
heats up → He rich core grows
• The T is not high enough for the triple-α 
process
• H-burning continues in a shell around the 
core, and as T increases, the CNO process can 
occur in the shell
• As εCNO~T 18 energy generation is 
concentrated in the regions of highest T and 
highest H content (in shell T ~ 20106 K)

• The envelope expands using the gravitational 
energy released during core contraction and 
thermal energy generated by efficient H shell 
burning.
• This expansion terminates the life at the 
main-sequence
• Luminosity remains approximately constant, 
hence Teff must decrease, star
moves along the red subgiant branch.



The red-giant phase of a Sun-like Star
229

 The shell source slowly burns, moving through 
the star, as the He core grows in mass and 
contracts. But the star cannot expand and cool 
indefinitely.

 When the temperature of the outer layers 
reach <5000 K the envelopes become fully 
convective.

 This enables greater luminosity to be carried 
by the outer layers and hence quickly forces 
the star almost vertically in the HR diagram. 
Despite its cooler temperature, its luminosity 
increases enormously due to its large size.

• The star approaches the Hayashi line, and a 
small increase in the He core mass causes a 
relatively large expansion of the envelope.

• It is now a red giant, extending out as far as the 
orbit of Mercury.



The He-flash and core He-burning
230

 The helium core does not reach threshold T for 
further burning as it ascends the RGB, and as it 
is not producing energy it continues to 
contract until it becomes degenerate.

 At tip of the RGB the e– in core are completely 
degenerate. P is due to degenerate e–

pressure, which is independent of T.

 T is defined mainly by the energy distribution 
of the heavy particles (He nuclei). Gravitational 
collapse is resisted by e– degeneracy pressure.

 At T~108 K, triple-α reactions start in the very 
dense core. They generate energy, heating core, 
and kinetic energy of He nuclei increases, 
increasing the energy production. Energy 
generation and heating under degenerate 
conditions leads to runway - the He flash.

 During the He-flash, the core temperature 
changes within seconds. The rapid increase in 
T leads the e– again following Maxwellian 
velocity distribution and degeneracy is 
removed. The pressure increases and core 
expands. The luminosity actually drops as most 
of the released energy goes into expansion.

The star finds a new equilibrium configuration with 
an expanded non-degenerate core which is hot 
enough to burn He. The H-burning shell source is also 
expanded and has lower T and density and generates 
less energy than before. The star sits in the Red 
Clump (metal rich stars) or the Horizontal Branch 
(metal poor stars).



Observations of these evolution stages
23
1

Can we observe these evolution stages in real stars?   Yes!
Look at the H-R diagram for the globular cluster M80:
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The AGB and thermal pulses
232

 The triple-α reaction is even more T-dependent 
(ε~T 40), hence energy generation is even more 
centrally condensed. Note, 
the H-burning shell is still generating energy.

 The core will soon consist only of C+O, and in a 
similar way to before, the CO-core grows in mass and 
contracts, while a He-burning shell source develops.

 These two shell sources force expansion of the 
envelope and the star evolves up the red giant branch 
a second time - this is called the asymptotic giant 
branch (AGB).

• For high metallicity stars, the AGB coincides closely 
with the first RGB.

• For globular clusters (typical heavy element 
composition 100 times lower than solar) they 
appear separated.



The stellar wind
233

 Large radiation pressure (and dust formation) at tip of AGB probably drives mass-loss. 
Particles may absorb photons from radiation field and be accelerated out of the gravitational 
potential well. Observations of red giants and supergiants (more massive evolved stars) give 
the mass loss rate in the range 10-9 to 10-4 M⊙.

 Mass-loss is generally classified into two types of wind.

1. Stellar wind: described by empirical formula (Dieter Reimers), linking mass, radius, 
luminosity with simple relation and a constant from observations. Typical wind rates are 
of order 10-6 M⊙ yr-1

ሶ𝑀 = 10−13
𝐿

𝐿⊙

𝑅

𝑅⊙
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𝑀
M

⊙
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2. A superwind: a stronger wind, leading to stellar ejecta observable as a shell surrounding 
central star

 The existence of a superwind is suggested by two independent variables. The high density 
observed within the observed shells of stellar ejecta, and relative paucity of very bright stars 
on the AGB.

 The latter comes from the number of AGB stars expected compared to observed is >10. 
Hence a process prevents them completing their movement up the AGB, while losing mass at 
the Reimer’s rate.



The planetary nebula phase
234

 This is a superwind which removes the envelope mass before the core has grown to it’s 
maximal possible size. Direct observations of some stars indicate mass-loss rates of order 
10-6 M⊙ yr-1. Probably this is due to pulsational instability and thermal pulses (unstable He 
shell burning) in envelope e.g. Mira-type variables.

 Superwind causes ejection of 
outer layers of gas which 
form planetary nebula.

 The cores collapse into 
C-O white dwarfs.

 Core mass at a tip of AGB 
~0.6-1 M⊙ and most 
white dwarfs have masses 
close to this.

 Planetary nebula nucleus is 
still burning H in a thin shell 
above C-O core.



The Death of a Low-Mass Star
235

 Planetary Nebula is 
ejected (25 - 60% of mass 
ejected) and expands for 
about 105 yrs before 
dissipating into the 
surroundings.

 An envelope is about the 
size of our solar system.

 The ejected envelope is 
ionized by the hot white 
dwarf and glows.

 Planetary Nebulae are very common (20,000 to 50,000 in 
the Milky Way).

 Planetary nebulae can have many shapes.

 As the dead core of the star cools, the nebula continues to 
expand, and dissipates into the surroundings.



The end point: white and black dwarfs
236

 Once the nebula has gone, the remaining 
core is extremely dense and extremely hot, 
but quite small.

 It is luminous only due to its high 
temperature.

 Core is all carbon, very dense – degenerate.

 Carbon ignition never occurs

 As the white dwarf cools, its size does not 
change significantly; it simply gets dimmer 
and dimmer, and finally ceases to glow.

 Estimated cooling time for the white dwarf 
is longer than the current age of the 
Universe => no black dwarfs yet.
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Summary of 1 M⊙ evolution
238

Approximate typical timescales:

Phase                              T (yrs)        Steps →

Main-sequence             9×109                   1-4

Subgiant                          3×109                   5-7

Red Giant Branch         1×109                   8-9

Red clump                      1×108                   10

AGB evolution            ~5×106                   11-15

PNe ~1×105

WD cooling                  >8×109
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The evolution of massive stars



Convective regions on the ZAMS

The cores of massive
stars on the ZAMS are 
convective.

Occurrence of convective regions 
(gray shading) on the ZAMS in 
terms of fractional mass coordinate 
m/M as a function of stellar mass, 
for detailed stellar models with a 
composition X = 0.70, Z = 0.02. 

The solid (red) lines show the mass 
shells inside which 50% and 90% of 
the total luminosity are produced. 

The dashed (blue) lines show the 
mass coordinate where the radius r
is 25% and 50% of the stellar 
radius R. 
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From the main-sequence to He burning
241

1. The cores of massive stars are convective, hence newly formed He is evenly mixed 
in the core.

2. As the hydrogen is consumed, the core contracts and also shrinks in mass.

3. The convective core becomes exhausted of hydrogen homogeneously, while it 
contracts to a smaller volume and becomes hotter.

4. The star also develops a H-burning shell around the He dominated core.

5. The temperature at the bottom of the hydrogen envelope is too high to sustain 
hydrostatic equilibrium. The envelope expands and the star becomes cooler, 
moving to the red region of the HRD. It becomes a red supergiant star.

6. Due to the rapid drop in temperature throughout the outer atmosphere, the 
criterion for convection is reached in this region and a convection zone develops, 
reaching deep into the star.

7. It dredges up some of the material from the original convective core. 
This core material can appear at the stellar surface in the atmosphere of the red 
supergiants.



High-mass stars create heavy elements in their cores

⚫ Unlike low-mass stars, massive stars (M > 8 M⊙) can go through all phases of nuclear 
fusion, up to the Fe-core.

⚫ The internal evolution goes by a series of successive fusion-phases, ending with a shell-
like structure, consisting of shells of different compositions.

⚫ Massive stars of course spend most of their lives on the main-sequence, and illustrative 
timescales for 25 M⊙ - stars given below. 
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From He burning to core-collapse

1. The He burning core is surrounded by a H-burning shell.

2. The triple-α process liberates less energy per 
unit mass than for H-burning (~10%). 
Hence the lifetime is shorter, again around 10%.

3. There is no He-flash as densities in the He-core 
are not high enough for electron degeneracy.

4. We have now core of 12C and 16O, surrounded 
by He and H burning shells.

5. The core will again contract and the temperature 
will rise (~0.5-1.5 billion K), allowing C and O 
burning to Mg, Ne, Si.

6. Neutrinos from pair annihilation contribute 
a substantial amount to the luminosity 
(energy loss), even more than the nuclear burning.

7. So, the star contracts to make up the loss with 
gravitational energy.

8. The photons released in above reactions have such 
high energies that they can photo-disassociate surrounding nuclei.

9. Silicon burning sets in through interactions with alpha particles.

10. This process continues, with increasing Z, building up heavier and heavier elements until the iron group of 
elements of Ni, Fe and Co are formed. 
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The core is surrounded by a series of shells at lower T, and lower ρ.
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Schematic description of the evolution of massive stars

245
The evolution of massive stars have the following general 
characteristics and differences to lower mass evolution:

1. The electrons in their cores do not become 
degenerate until the final burning stages, when iron 
core is reached. 

2. The external evolution of massive stars proceeds 
mostly along horizontal lines in the HRD, i.e. about 
constant luminosity, because the star does not 
develop a degenerate core and most of the mass is in 
radiative equilibrium.

3. Mass-loss plays an important role in the entire 
evolution. Stars above 30 M⊙ typically lose about 15 
percent of their mass during the main sequence 
phase so the products of nuclear fusion appear at the 
surface right after the MS phase. The mass-loss time-
scale can be shorter than the main sequence 
timescale. 

4. The luminosity remains approximately constant in 
spite of internal changes. The track on the HRD is 
therefore horizontal. For a 15-25 M⊙ star there is a 
gradual red-wards movement. But for higher mass 
(or stars with different initial compositions) the star 
moves back and forth between low and high effective 
temperatures.



Supergiants on the H-R Diagram

⚫ As the shells of fusion around the core 
increase in number:

⚫ thermal pressure overbalances the 
lower gravity in the outer layers

⚫ the surface of the star expands

⚫ the surface of the star cools

⚫ The star moves toward the upper right 
of H-R Diagram

⚫ it becomes a red supergiant

⚫ For the most massive stars:

⚫ the core evolves too quickly for the 
outer layers to respond

⚫ they explode before even becoming 
a red supergiant
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The evolution proceeds differently in 
three distinct mass ranges

247

1) The stars with 8 < M < 25 M⊙ become red supergiants (RSG) in their H-shell fusion phase. 
(This is similar to the RGB of lower mass stars, but their He-core is not degenerate.) During 
their He-core fusion phase they make a leftward loop in the HRD and temporarily become 
yellow supergiants. (This is similar to the HB of low mass stars). The later fusion phases are 
all spend as a RSG (Hayashi limit). In the end these RSGs explode as supernova (SN). 
So their evolution track in the HRD is quite similar to those of stars of M>4 M⊙ but they 
never develop a degenerate core.

2) The stars with 25 < M < 50 M⊙ also become RSG, but their mass loss rate is so high that after 
a short time at the Hayashi limit they have lost most of their envelope and move to the left of 
the HRD. (This is similar to the post AGB evolution of lower mass stars, but they do not 
become WDs). When they are in the left of the HRD they have a very high mass loss rate and 
their atmospheres are dominated by He, N and C. These are Wolf-Rayet stars (WR-stars). 
They explode as SN in the WR phase.

3) Stars with M > 50 M⊙ become instable due to radiation pressure in their envelope 
immediately after the MS, because they are very close to the photospheric Eddington limit. 
They become Luminous Blue Variables with high mass loss rates and occasional eruptions. 
They stay on the blue side in the HRD where they become Wolf-Rayet stars and explode as 
SN.



Mass-loss from high mass stars
248

Large amount of evidence now that high mass 
stars loose mass through a strong stellar wind.

 The winds are driven by radiation pressure 
- UV photons from a hot, very luminous star 
absorbed by the optically thick outer 
atmosphere layers.

 atmosphere is optically thick at the 
wavelength of many strong UV transitions 
(resonance transitions) of lines of Fe, O, Si, 
C (and others).

 photons absorbed, imparting momentum to 
the gas and driving an outward wind.

 It leads to wind velocities of up to 
4000 km/s and mass-loss rates of up to 
5  10-5 M⊙ yr-1.

 Huge effect on massive stellar evolution -
the outer layers are effectively stripped off 
the star.



Stellar Winds

249

Hot Stars possess dense 
outflows, or stellar 
winds, which are 
produced via radiation 
pressure which 
influence their 
subsequent evolution –
e.g. Wolf-Rayet Star 124.



Wolf-Rayet Stars

H-deficient massive stars. Spectra show either high abundances of He+N or C+O.

These are products of H-burning (CNO cycle) and He burning. Likely there is a 
relation between initial mass and final WR star produced.

Possible evolution scenario:

main-sequence star →
blue supergiant →
red supergiant →
lost of the envelope and WR star.

On the right: NGC 3199, in the constellation 
Carina, which is the wind-blown partial "ring“
around the WR star WR 18 (= HD 89358), 
the easternmost (leftmost) of the three bright 
blue stars near the center of the 2MASS image. 
NGC 3199 and WR 18 are at a distance of about 
3.6 kpc from us.
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The death of a high-mass star: 
supernova explosions

251

 Nuclear reactions in a high-mass star stop at the iron group, and the last 
reaction is 52Fe capturing an alpha particle to make nickel. 

 Further reactions would require energy to proceed. 

 The star dies in a violent cataclysm in which its core collapses and most of 
its matter is ejected into space at high speeds.

 The luminosity of the star increases suddenly by a factor of around 108

during this explosion, producing a supernova.

 The matter ejected from the supernova, moving at supersonic speeds 
through interstellar gases and dust, glows as a nebula called a supernova 
remnant.

 Leaves either a neutron star or black hole behind.



In 1987 a nearby supernova gave us a close-up look at the 
death of a massive star

252

Before the star explodedAfter the star exploded Light curve



The evolution of SN 1987A
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Summary of the differences between 
high- and low-mass stars

254

Compared to low-mass stars, high-mass stars:

 live much shorter lives.

 fuse Hydrogen via the CNO cycle instead of the p-p chain.

 die as a supernova.
 low-mass stars die as a planetary nebula.

 can fuse elements heavier than Carbon.

 may leave either a neutron star or black hole behind.
 low-mass stars leave a white dwarf behind.

 are far less numerous.
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The initial mass function 



The initial mass function (IMF)
256

How many stars are formed at each mass in a 
star cluster, or a star forming region? 
Is it always the same distribution ? 
Is it constant across environments and galaxies?

Define the number of stars formed at a given 
time within a given volume, with masses in the 
range (M, M+dM) as a function solely of M:

dN ∝ M−αdM

This was the form originally adopted by Salpeter 
(1955), who determined α = 2.35 by fitting 
observational data. Over 65 years later, this 
value is still considered the standard for stars 
above 1 M⊙.

However, this function diverges as it approaches
zero.



Upper mass limit for stars

 How big do stars get?
Is there an upper mass cut-off?
What are the masses of the most massive stars?

 The most luminous stars in the Galaxy have 
inferred masses of ~150-300 M⊙ but this value 
depends on estimate of log L/L⊙ and Teff. 
The former requires distance, reddening, 
bolometric correction and the later requires 
reliable model atmosphere.
Probably uncertain within a factor 2.

 The IMF was determined for the very massive 
Arches cluster (Figer 2005, Nature, 434, 152), 
which is massive enough that there is a 
reasonable probability that stars of masses 
>500 M⊙ could exist in cluster, if they form.

 Most of the bright white stars near the centre
of the image have M~120 M⊙.
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IMF is constant at different Z
258

 Solar neighbourhood composition: 
X=0.70, Y=0.28, Z=0.02.

 The Large Magellanic Cloud (LMC): 
Z=0.5Z⊙

 The Small Magellanic Cloud (SMC): 
Z=0.2Z⊙.

 Star formation of massive stars 
proceeds independently of 
metallicity.

 Local Group galaxies SMC and LMC 
are excellent laboratories to study 
massive star populations.

No evidence for environment 
influence

 Whatever the star-formation rate, 
the IMF seems constant,

 Starburst regions, “normal” young 
clusters, low mass clusters in Milky 
Way, LMC, SMC, all similar.

 IMF not measured well beyond the 
Magellanic Clouds.



Summary
259

 We have covered qualitative description of the evolution of star from 
modern calculations.

 The theoretical HRD in general, and 1M⊙ and 25M⊙ stars in detail.

 Time-scales for evolutionary stages: 90% of massive star’s life is on main-
sequence. Final stages of C-burning and beyond last few hundred years.

 Massive stars loose mass - most massive become WR stars, with final 
masses significantly less than birth mass.

 The main-sequence stars should have upper mass limit.

 The initial mass function (IMF) implies significantly less massive stars 
than low mass stars born - implications for galactic evolution.



Summary of Star Lifecycles
260

 The formation, evolution and death of stars is a cyclical 
process.

 Starts off with big cloud of gas.

 Cloud collapses under gravity until it becomes hot enough to 
burn and shine.

 When the fuel runs out the star dies.

 Massive stars end in supernova explosions which returns 
material to the interstellar medium.

 This is recycled into new stars!
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