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1 — Origin of time, space and natural laws

[image: ]


The current cosmological model describes the universe as being approximately 13.8 billion years old. In the past, the universe was much more compact, hotter, and denser. Since its primordial phase, it has been in continuous expansion: matter proliferates, but space itself also expands. This means that the "Big Bang" was not an explosion in pre-existing space, but rather the starting point of space and time as we know them.

A key piece of evidence supporting this model is the cosmic microwave background (CMB). This faint, uniformly distributed radiation, observed throughout the universe, is a remnant of the early universe, approximately 380,000 years after its formation. Its discovery in 1965 strongly supported the hypothesis of a hot, dense early universe.

During the early stages of cosmic evolution, the lightest elements formed, primarily hydrogen and helium. Heavier elements, such as carbon, oxygen, and iron, formed later in stars through nuclear fusion. When stars die and explode, these elements are scattered into space. As a result, all matter on Earth, including the human body, is made up of "stardust," in the truest sense of the word.

Modern physics rests largely on two theoretical pillars: general relativity and quantum mechanics. Albert Einstein's theory of relativity describes gravity not as a classical force, but as a consequence of the curvature of spacetime. Massive objects, such as planets and stars, warp spacetime, which induces curved trajectories on other objects.

This theory predicted, among other things, the existence of black holes. A black hole forms when a very massive star collapses under the effect of its own gravity at the end of its life. Around a black hole is the event horizon: a boundary beyond which nothing, not even light, can escape. What lies inside this boundary is invisible to the naked eye, making black holes one of the most extreme objects in the universe.

When two black holes interact and eventually merge, gravitational waves are created. These are ripples in the very structure of spacetime. They were predicted theoretically by Einstein but were only observed experimentally in 2015 by detectors such as LIGO. This discovery confirmed the validity of the theory of relativity.

Besides describing matter and motion, cosmology also raises fundamental questions about time itself. In some solutions to the theory of relativity, time seems to lose its meaning under extreme conditions, such as in the vicinity of a singularity. A singularity is a state in which the density and curvature of spacetime become theoretically infinite, and where current physical descriptions are no longer applicable.

In some models, the Big Bang is also described as a kind of limiting case where classical physics loses its validity. This does not necessarily mean that there was "nothing" before the Big Bang, but rather that our current theories are insufficient to describe this phase.

The history of science reveals a clear concentration of major theoretical advances. During classical antiquity, relatively few laws of nature were explicitly formulated, while there was a sharp increase in systematic physical descriptions, particularly in the 18th and 19th centuries. In the 20th century, attention turned once again to more fundamental and abstract theories such as relativity and quantum mechanics.

A central philosophical question then arises: why is nature mathematically describable? Natural laws seem to obey a coherent, often highly precise, structure, as if reality possessed an underlying order that human knowledge can approach. Whether this order is an intrinsic property of nature, or a consequence of our way of perceiving and modeling, remains an open question in both science and philosophy.

What is certain is that the history of cosmology is a process of increasing refinement in the understanding of these structures. From classical mechanics to relativity and quantum physics, a deeper level of description is reached each time, without all the fundamental questions being definitively resolved.
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2 — From stardust to a living planet
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Earth is approximately 4.5 billion years old and formed through the same processes that shaped the rest of the solar system. In its early days, Earth was an extremely hot, largely molten planet, its surface scarred by violent impacts and intense volcanic activity. Only gradually did Earth cool, allowing the formation of a solid crust and the emergence of the first continental landmasses.

A major turning point in Earth's history was the formation of the oceans. When atmospheric water vapor condensed and prolonged rainfall began, the first large bodies of water formed. Today, the oceans still cover more than 70% of the Earth's surface and play a central role in the climate system. They function as a thermal and chemical buffer: they store heat, transport energy through currents, and enable chemical interactions essential to life.

In the early days of Earth's history, the atmosphere was devoid of oxygen. The first life forms consisted of simple microorganisms, probably bacteria that evolved in water. It was only later, about 2.5 billion years ago, that cyanobacteria triggered a fundamental change by producing oxygen through photosynthesis. This phenomenon led to what is known as the "Great Oxidation Event," during which the atmosphere was gradually transformed, making the emergence of complex life forms possible.

Following this initial biological transformation, life gradually became more complex. Around 1.8 billion years ago, the first single-celled organisms with more complex internal structures appeared. Much later, during the Cambrian period (around 540 million years ago), the diversity of life forms experienced a remarkable acceleration. In a relatively short geological period, most of the major animal groups present today emerged. This phenomenon is often referred to as the "Cambrian explosion," a period during which ocean ecosystems underwent significant growth in complexity.

Earth's geological history is often divided into eras, each characterized by specific changes in climate, biodiversity, and continental configuration. During the Paleozoic Era, life continued to develop in the seas and then began to colonize the land. In the Mesozoic Era, the age of dinosaurs, ecosystems underwent radical transformations, and the continents began a slow shift toward their present positions. In the Cenozoic Era, the most recent era, mammals, and later humans, continued their evolution.
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Geological time and biological significance (integrated synthesis section)
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Rather than a picture, geological time is best read as a succession of transitions during which different life forms and dominant environments emerge each time.

The PaleozoicThe Permian period (approximately 541 to 252 million years ago) was characterized by a rapid development of marine life, followed by the colonization of land. During this time, complex ecosystems emerged in the oceans, followed by the first forests and the first terrestrial animals. This period ended with the Permian extinction event, during which much of life disappeared and ecosystems were completely restructured. The first complex life forms in the seas.

·Development of fish, insects, and the first land plants

·Formation of large forests during the Carboniferous period

·Ends with thePermian mass extinction (±252 Ma)
→ Approximately 90% of marine species are disappearing
→ Cause: suspected volcanism + global warming + ocean acidification

The MesozoicThe period from 252 to 66 million years ago is often called the Age of Reptilians. The climate was warmer for extended periods, and the continents were still partially connected in vast landmasses like Pangaea. During this era, dinosaurs, the first birds, and the first mammals appeared. It ended abruptly with the mass extinction at the end of the Cretaceous period.

·The Age of Reptiles and Dinosaurs

·The supercontinent Pangaea collapses

·Warmer climate, many shallow seas

·The first birds and the first mammals appear

·Ends withCretaceous extinction (±66 Ma)
→ meteorite impact + climate shock
The CenozoicThe Pleistocene (since 66 million years ago) is the age of mammals and, by extension, of the human species. After the extinction of the dinosaurs, mammals underwent considerable diversification. Climate changes led to the formation of modern ecosystems, grasslands, and glacial cycles. In the late Pleistocene, successive glaciations played a major role. The rapid evolution of mammals

	Formation of modern ecosystems

	The grasslands and savannas extend

	Major glacial cycles of the Pleistocene


in the distribution of species and the formation of landscapes.

Pleistocene (2.6 million – 11,700 years ago)

	Repeated ice ages

	Migration of animals and early humans

	Major landscape changes (glaciers, valleys, sea level)


The HoloceneThe last 11,700 years or so constitute a relatively stable climatic period, conducive to the development of human civilizations. During this phase, the Earth has been increasingly influenced by human activity, which some researchers consider a possible transition to a new geological era.

·Relatively stable climate

·Origin of agriculture and civilization

·The growing human influence on climate and ecosystems

This long evolution did not unfold in a linear and gradual manner, but was interrupted by multiple mass extinctions. One of the best known is the end of the Permian period, about 252 million years ago, during which a very large part of life on Earth disappeared. The end of the Cretaceous period, about 66 million years ago, also marked a significant transition during which non-flying dinosaurs became extinct, probably due to a combination of meteorite impacts and climate change.

Continental drift played a crucial role in this evolution. Once, all the landmasses formed a single supercontinent, Pangaea, which subsequently broke apart. These upheavals influenced the climate, ocean currents, and biodiversity. The oceans also constantly changed shape and position, such as the Tethys Ocean, which played a significant role in sedimentation and fossil formation throughout different geological periods.

Besides biological evolution, climate has also played a crucial role in the development of Earth. During the Pleistocene, over the last 2.5 million years, cold glacial periods and warmer interglacial periods alternated. During this time, glaciers experienced repeated advances and retreats. This phenomenon had a major influence on the dispersal of animals and plants, and later on human evolution.

The current era, the Holocene, began approximately 11,700 years ago, after the end of the last ice age. This relatively stable climate allowed for the development of agriculture and civilization. Vegetation patterns shifted, tundra gave way to forests, and animal populations adapted to the new conditions. Humans became an increasingly significant factor in the planet's ecological dynamics.

From this perspective, the Earth can be seen as a dynamic system where geology, atmosphere, oceans, and life constantly interact. Any change in one of these elements has consequences for the others. In this context, the biosphere is not an isolated element, but an integral part of the planetary system.

What this long history highlights is that complexity is not an immutable given, but the result of continuous evolution over immense timescales. From a young, hot, and inhospitable planet to a world with oceans, ecosystems, and conscious life: Earth is the product of a long-standing interaction between physical processes and biological development.
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3 — Myth, religion and the construction of meaning in humans
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Alongside the scientific description of the cosmos and the Earth, humanity has always sought to make sense of the world around it. Even before the advent of modern science, myths, religious narratives, and symbolic systems emerged, attempting to explain natural phenomena and the experiences of life. These narratives are not scientific models, but rather attempts to find order, direction, and meaning in an often unpredictable reality.

Myths constitute primitive forms of worldview. They connect cosmic events, natural phenomena, and human experiences into a coherent narrative. Thus, stories of creation, flood, or the origin of the world from chaos or water appear in various traditions. The myth of the Flood, notably present in the biblical story of Noah, illustrates a symbolic way of interpreting major natural disasters and social upheavals. These narratives often reflect the experience of human vulnerability in the face of the forces of nature.

Religious systems have developed these mythical structures into more elaborate worldviews. They connect human existence to a higher order, where ethics, meaning, and cosmology converge. In many traditions, reality is perceived not only as a physical process but also as a morally or spiritually ordered whole. This does not mean that religion and science answer the same questions, but rather that they sometimes approach the same reality from different perspectives.

Throughout the history of thought, attempts have also been made to interpret future events or the hidden patterns of the world through prophecy or prediction. Figures like Nostradamus are often cited as examples of
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