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Prologue — Toward 


Infinity

The night sky resembles an alchemist’s workshop 

where stars are born and die every day. Our eyes see 

thousands of points of light, yet most of the grand 

phenomena are hidden in the deep darkness of 

intergalactic space. Stellar Alchemy is a tale of how 

everything arose from simple atoms: the elements in 

our bones, the air we breathe, planets, galaxies, and 

the astonishing order of the Universe. It is a journey 

from the smallest scale—the atomic nucleus—to the 

boundless expanses of the cosmos.

 

Since the dawn of time, people have tilted their heads 

back and searched for patterns in the star-studded 

sky. Rock paintings in the caves of Lascaux, ritual 

stone circles, and legends of constellations were 

united by one theme—curiosity. The Egyptians 

aligned the pyramids with the Pole Star, the Maya 

built observatories at Chichén Itzá to track the 

motions of the Sun and Venus, and Aboriginal peoples 

told the story of the Emu Spirit traced in the dark 

clouds of the Milky Way. That primordial wonder set 

in motion a chain of events that led us to build 

telescopes and send probes beyond the Solar System.

 




As civilization advanced, our observing tools—and 

the questions themselves—changed, but one thing 

remained constant: the feeling that when we look at 

the sky, we gaze into a mirror of our own existence. 

This sense of kinship with the cosmos resounds in the 

words of ancient philosophers and modern poets; it is 

the thread that links knowledge with myth. This book 

invites you to walk along that thread, joining science 

with imagination, history with the future. Immerse 

yourself in the alchemy of stars and discover how 

every photon reaching your eyes tells a million-year 

story of a journey through time and space.

 

In the chapters ahead we traverse the era of the Big 

Bang, the stellar laboratories of element synthesis, 

enigmatic black holes, planets that seem impossible, 

and philosophical reflections on infinity. Each chapter 

blends hard scientific data with a poetic meditation 

on our place in the Universe. From the very first pages 

you will encounter remarkable facts that not only 

enrich knowledge but also awaken the desire for 

further discovery.


Quick Facts to Start

•Walking to the Moon on Foot would take 

about nine years. A surprising fact, given the 

mere 384,400 km between Earth and the 

Moon.

•Temperature on Mercury ranges from about 

−173 °C at night to over 427 °C during the day. 




Such extreme differences are due to the lack of 

an atmosphere that could distribute heat 

evenly..

These two examples show that even in our nearest 

cosmic neighbourhood, hidden phenomena can both 

captivate and surprise.





Chapter 1 – The Birth 

of the Atom


The Big Bang and the First Seconds of the 


Universe

The Universe was born about 13.8 billion years ago in 

a violent expansion known as the Big Bang. During 

the first fractions of a second, temperatures and 

densities were extreme. Energy transformed into 

elementary particles—quarks, leptons, and photons. 

Within the first minute, the simplest atomic nuclei 

began to form: hydrogen and helium. The Universe’s 

“alchemy” already had its first creations, though 

heavier elements would emerge only in later epochs.


Timeline of the Formation of Matter


	
The First Seconds – Quarks and leptons form; 



gamma rays interact intensely.

	
3 Minutes After the Big Bang – From a 



mixture of neutrons and protons, nuclei of 

hydrogen, helium, and small amounts of 

lithium form.

	
380,000 Years After the Big Bang – Matter 



becomes cool enough for electrons to combine 

with nuclei; the first atoms form, and the 

cosmic background radiation (the cosmic 

microwave background, CMB) propagates 

freely through space.





The First Stars


The first stars, the so-called Population III, appeared 

around 200 million years after the Big Bang. They 

were enormous, short-lived, and consisted almost 

entirely of hydrogen and helium. Within their 

interiors the synthesis of heavier elements—from 

carbon up to iron—began. The supernovae of these 

stars dispersed the newly formed elements into 

space, seeding the solid matter of future planets and 

other celestial bodies.


The Planck Era and Baryogenesis


Before the first second of the Universe had elapsed, 

there reigned a chaos unlike anything we know. In the 

Planck epoch, time is measured in unimaginably small 

units—about 10⁻⁴³ seconds (the Planck time). 

Temperatures reached trillions upon trillions of 

degrees, and gravity may have been unified with the 

other forces into a single super-force. Physicists 

conjecture that quantum fluctuations in the vacuum 

gave rise to a foamy structure of spacetime. Next 

came baryogenesis—a process in which a slight 

asymmetry between matter and antimatter meant 

that, after their mutual annihilation, a small excess of 

matter remained. Thanks to this asymmetry, all the 

atoms observed in the cosmos today could form.


Cosmic Inflation and Background Radiation


One of cosmology’s puzzles is the smoothness and 

uniformity of the cosmic microwave background 




(CMB) that fills the entire cosmos. To explain this 

uniformity, physicist Alan Guth proposed the theory 

of inflation: in a fraction of a second after the Big 

Bang, the Universe expanded exponentially, 

increasing its size by many orders of magnitude. 

Inflation smoothed space and stretched tiny quantum 

fluctuations, which became the seeds of future 

galaxies. After inflation ended, the energy of the 

inflaton field transformed into particles and radiation. 

We see the echo of that era today as the CMB, 

discovered in 1965 by Arno Penzias and Robert 

Wilson. Subtle temperature irregularities—on the 

order of one ten-thousandth of a kelvin—encode a 

map of the Universe’s earliest structures.


Nucleosynthesis of Light Elements


During the first few minutes after the Big Bang, a 

series of nuclear reactions forged most of the 

Universe’s hydrogen and helium. This process is 

called primordial (Big Bang) nucleosynthesis. As the 

temperature dropped to billions of degrees, protons 

and neutrons combined to form nuclei of deuterium, 

helium-3, helium-4, and trace amounts of lithium-7. 

The hydrogen-to-helium ratio observed today in stars 

is one of the strongest confirmations of the Big Bang 

theory; had the matter density been different, the 

amounts of these elements would have been 

markedly different. This cosmic “cooking” supplied 

the base ingredients that stars later processed into 

heavier elements.



 




Chapter 2 — The 


Evolution of Stars: 

From Birth to Death


Birth of a Star


Stars form in cold molecular clouds, where dense 

fragments collapse under gravity. The contracting gas 

heats up, and a protostar takes shape at the center. 

When the core temperature reaches about 10 million 

kelvin (K), thermonuclear reactions ignite: hydrogen 

fuses into helium, releasing immense amounts of 

energy.

 

Fun fact: Although stars seem to twinkle, their light is 

essentially steady; turbulence in Earth’s atmosphere 

makes them appear to “wink.”


Main Stages of a Star’s Life


	
Main-Sequence Phase – A star fuses 



hydrogen into helium. Our Sun has been in this 

phase for about 4.6 billion years.

	
Red Giant Stage – When the core’s hydrogen 



is exhausted, the star expands, burns helium, 

and produces heavier elements.

	
Supernova or Planetary Nebula – Massive 



stars end their lives in spectacular explosions, 

dispersing elements into space. Lower-mass 




stars form planetary nebulae and leave behind 

white dwarfs.

	
Stellar Remnants – Depending on the mass, 



the remnant will be a white dwarf, a neutron 

star, or a black hole.


Alchemy Within Stars


The interior of a star is a gigantic nuclear reactor. 

Through the fusion of hydrogen into helium, energy is 

released that sustains its light and heat. Heavier 

elements—such as carbon, oxygen, and iron—are 

forged in successive burning stages. The heaviest 

elements—gold, platinum, uranium—are created 

during cataclysmic events like neutron-star mergers 

or supernovae. Without these processes, there would 

be no ingredients to build planets or living bodies.


Stars by Mass


The lives of stars unfold differently depending on 

their initial mass. Stars with less than half the Sun’s 

mass burn hydrogen slowly and can shine for 

hundreds of billions of years. Red dwarfs recycle 

hydrogen throughout their entire volume, making 

them the longest-lived stars. Medium-mass stars, like 

our Sun, will after billions of years expand into red 

giants, then shed their outer layers to form planetary 

nebulae, leaving behind a white dwarf. Massive stars 

burn fuel more quickly, reach higher temperatures, 

and produce heavier elements. They end their lives in 

violent supernovae, leaving neutron stars or black 




holes. The most massive stars explode as hypernovae, 

producing gamma rays.


Late Evolutionary Stage: Pulsars and Magnetars


When a star with a mass of several Suns collapses 

under its own gravity, an extremely dense neutron 

star forms. If it spins very rapidly and emits regular 

bursts of radio waves, we observe it as a pulsar. 

Sometimes the magnetic field of such a star reaches 

trillions of gauss—about a hundred trillion times 

stronger than Earth’s field. Such an object is called a 

magnetar. Magnetars can generate powerful flares of 

X-rays and gamma rays that disrupt radio signals on 

Earth.


Binary Star Systems


Most stars form in multiple systems. When two stars 

orbit a common center of mass, their evolution can 

influence one another. In close binaries, mass can 

flow from one star to the other, forming accretion 

disks and producing X-ray emission. This process can 

trigger a nova when a layer of hydrogen ignites on the 

surface of a white dwarf. Binary systems are also 

sources of gravitational waves when two white 

dwarfs, neutron stars, or black holes merge.


Stars as Cosmic Clocks


Pulsating stars, such as Cepheids and RR Lyrae 

variables, vary in brightness regularly. It was found 

that the pulsation period is linked to luminosity—the 




longer the period, the brighter the star. This relation, 

discovered by Henrietta Swan Leavitt, allows 

astronomers to measure cosmic distances. By 

comparing a Cepheid’s observed brightness with the 

brightness predicted by the relation, astronomers can 

estimate how far away a galaxy is. In this sense, such 

stars become “clocks” and “rulers” that help map the 

Universe.

 





Chapter 3 — The 


Mysteries of Planets


The Solar System: Extraordinary Diversity


Mercury – The closest planet to the Sun has 

extremely varied temperatures: they reach about 427 

°C during the day and drop to −173 °C at night. The 

absence of an atmosphere prevents solar energy from 

being distributed evenly.

Venus – Although it is the second planet from the 

Sun, its surface temperature is the highest in the Solar 

System. A dense atmosphere rich in carbon dioxide 

traps heat, raising the temperature to about 462 °C. 

The greenhouse effect on Venus is an example of a 

natural process that occurs on Earth on a much 

smaller scale.

Earth –is the only planet we know of that possesses 

stable liquid oceans and an atmosphere composed 

mainly of nitrogen and oxygen. Its specific distance 

from the Sun, together with a magnetic field that 

shields it from the solar wind, has allowed life on our 

planet to flourish.

Mars – The fourth planet from the Sun, known as the 

“Red Planet” due to iron oxides that give it a rusty 

hue. Mars hosts the Solar System’s largest volcano—

Olympus Mons—and the vast canyon system Valles 

Marineris.




Jupiter – The largest gas giant could contain all the 

other planets and still have about 70% of its volume 

to spare. The Great Red Spot is a vast anticyclonic 

storm that completes a rotation roughly every six 

days.

Saturn – Famous for its most spectacular rings, 

composed mainly of ice and dust. Although it is less 

massive than Jupiter, its system of moons and rings 

continues to surprise researchers.

Uranus and Neptune – They are ice giants. Neptune 

has the moon Triton, which is the coldest known 

object in the Solar System: its surface temperature is 

about −235 °C.


The Moon and the Planets as Laboratories for 


Scientific Research

In recent decades we have sent numerous probes—

and people—to the Moon. It turns out that of more 

than 9,100 officially registered lunar surface features, 

only 421 are not craters. The dominance of craters 

attests to a rich history of meteoroid bombardment.

 

It is also noteworthy that the International Space 

Station orbits Earth roughly every 90 minutes. This 

means the astronauts on board see sunrise and 

sunset a dozen or so times each day. To leave Earth’s 

pull at all, a spacecraft must reach an escape velocity 

of over 25,000 miles per hour (about 40,000 km/h).





The Cosmic Perspective


Did you know that light from a star 31.7 light-years 

away takes about a billion seconds to reach Earth? 

When we look at the night sky, we are always looking 

into the past. That’s not just a poetic statement—it’s 

physical reality. The cosmic scale also astonishes: if 

the Milky Way were the size of a tennis ball, the 

Andromeda Galaxy would be about 1.7 m (5.6 ft) 

away.


Planetary Interiors and Geological Phenomena


Each planet has a unique internal structure and 

geological history. Earth consists of a metallic core, 

mantle, and crust, and convection in the mantle drives 

plate tectonics. Mars shows remnant magnetization 

and hosts enormous volcanoes, but lacks active plate 

tectonics. Venus is cloaked in a dense atmosphere and 

exhibits lava plains and vast coronae—structures 

linked to heat rising from the planet’s interior. The 

interiors of the ice giants, Uranus and Neptune, 

contain “hot ices”—water, ammonia, and methane 

under high pressure that form exotic states of matter. 

Studying planetary seismology—for example with the 

InSight lander on Mars—lets us peer into their inner 

structure.


Ring Systems and Moons


Jupiter, Saturn, Uranus, and Neptune have rings and 

numerous moons. Saturn’s system is the most 

spectacular, but Jupiter’s ring is composed primarily 




of dust produced by micrometeoroid impacts on its 

moons. Each moon is a world unto itself: Europa and 

Enceladus harbor subsurface oceans beneath ice; Io is 

the most volcanically active body in the Solar System; 

and Titan has hydrocarbon lakes and a dense 

atmosphere. Understanding the dynamics of moons 

and rings helps explain the origin of planets and the 

conditions conducive to life.


Formation of the Solar System


The Solar System formed about 4.6 billion years ago 

from a protoplanetary cloud known as the solar 

nebula. Gravity caused the central part of the cloud to 

collapse, creating the proto-Sun, while material in the 

disk began to coalesce into planetesimals. The 

warmer inner regions favored the formation of rocky 

planets, whereas in the outer regions ices and gases 

condensed to form the giant planets. Planetary 

migration theories suggest that Jupiter and Saturn 

may have moved through the disk, disturbing the 

orbits of smaller bodies and shaping the system’s 

architecture. The remnants of this formation—

asteroids and comets—are time capsules from the 

Solar System’s beginnings.
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