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Formation of helium by proton-proton
chains or the CNO cycle
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When radiation is no longer an efficient means
to .ﬂ?m_zm_ug\ﬂ energy, matter starts to move,
like water boiling in a pan: this is convection.

Low-mass star  High-mass mﬁmw,
(< 1.3masses (> 1.3 masses
of the Sun) of the Sun)

Because the intensities of their nuclear
reactions are very different, low-mass stars
do not have the same structure as high-mass
stars: radiative core and convective envelope
for the former, convective core and radiative
envelope for the latter.
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We observe the surface of stars, but
everything that determines their
evolution takes place in their core. This is
heated to several million degrees by
gravitational contraction, which is hot
enough to trigger nuclear reactions.

These reactions sustain the star
because the energy they generate
produces a pressure that counteracts
gravity. The nuclear reactions that
transform hydrogen into helium (see
TUIMP 14) sustain the star for 90% of
its life. Smaller mass stars fuse
protons togetherto form helium
(proton-proton chains). Stars of larger
mass use the nuclei of carbon, nitrogen
and oxygen as catalysts (CNO cycle),
which enables them to generate much
more energy, but with a much shorter
lifetime.
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The nuclear reactions
of successive phases
take place deeper and
deeper in the cores of
massive stars. At the
end of their evolution,
stars have an onion-
like structure of
multiple layers.

All the heavy elements are produced in
stars. This table shows in which type of
star (after C. Kobayashi 2020)
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We've long wondered what makes
the Sun shine. Does it burn coal?
Does it undergo chemical
reactions? We finally realised that
the Sun shines simply because it is
made of very hot gas, which is
luminous in visible light.

Depending on their temperature,
bodies peak in luminosity at
different wavelengths. The diagram
opposite shows luminosity as a
function of wavelength. Stars shine
brightest in visible light.

Living beings are also luminous, but
in the infrared. If we compare the
energy that a cat emits per unit
mass, it is 5,000 times larger than
that emitted by the Sun per unit
mass, because chemical reactions
(our metabolism) are more efficient
in producing heat.



‘2O ssepP siung ay |

‘suelsayg ||e

40 9,3 L°'O Auo quassuds. sassew Jejos g
ueyq 240U JO SUeqs 95343g ‘408 U] ‘asaJed
sya aJe sieqs g pue O ‘G 01 O WoL

S90b sseo Yoe "1S3|000 01159990y
WO ‘N Y ‘g ‘O d(unojoo uisya
suoja4847 puE) sungeuaduwsgy soejuns
J134a 4O uorouny e aJue yoiym (0 JNINL
293) saul| [e1goads uiBya Jo Aqisusqul pue
soussaud syg Aq pauysp ‘o2dl je.agoads
JiBYya. 01 Buip.ioooe payisselo aJle siels
‘as9990Y

ayq osje aJe sJieqs shoulln| 4sou 34yg
sungeasduwisg pue Aisounun) usamasaq
Ul e S1 84843 ‘Sueqs 450U JoS eyl
smoys siy | ‘2ousrbag ulg aya pajjeo sul
|euobelp ab.e| e uo 31 LByl Jo %406 18yl
295 am ‘aungedaduwisy snsusa RAisouiun)
Jo wieuBelp e ul sueas ayg qoid am usypp

Gravity (g) causes the star to contract.
The gas heats up and generates a
pressure (P) that counteracts the
gravitational force: this is the
“hydrostatic equilibrium’ phase.

The colour of stars indicates their
surface temperature. The hottest stars
are blue, the coolest are red.

25000K  10000K 6000k
Rigel Sirius Sun
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Answers

On the diagram, the positions of
the Sun, Sirius A, Betelgeuse
and Canopus are represented by
the letters S, A, B and C.

Answers to questions:

1) Betelgeuse. Sirius A.
2)1,2,10, 20 solar masses.
3) The Sun and Sirius A.

4) Betelgeuse and Canopus.
5) The Sun.
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The Universe in my pocket No. 29

Sylvia Ekstrém, from Geneva Observatory,
is the author of this booklet, written in
2025. The booklet was revised by
Grazyna Stasifiska from Paris
Observatory and Stan Kurtz from IRyA
(Morelia, Mexico).

Cover image: A glimpse inside the Sun. The
superheated core generates energy
through nuclear reactions. The envelope is
stirred by convection like waterin a
saucepan. All the images in this booklet are
by Sylvia Ekstrém, except for the reaction
chains on page & (Wikimedia Commons) and the
photo of the cat (nttpss/iwwwtacebookcom!
FLIR/poste/happy-intemationalcatday/2476717149041777/).

To find out more about this
series and the subjects
covered in this booklet visit
http://www.tuimp.org.
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Translation: Stan Kurtz
TUIMP Creative Commons
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It's a big ball of hot gas.

Because it is so massive, gravity causes
it to contractin onitself, and this
compression of the gas heats it up: the
gas reacts by shaking the atoms of the
star, producing a pressure that
counteracts the gravitation. The more
massive the star, the strongerthe
gravity, and the hotter and brighterthe
star.

Visually, a hotter staris bluish, like the
star Rigel in the constellation Orion,
while a cooler staris reddish, like
Betelgeuse, also in Orion. Our star, the
Sun, at almost BO0OO0'K, is yellow.




