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Chapter 1: Introduction to the Unknown

	The quest for cosmic understanding

	The timeline of cosmic understanding is a fascinating journey that spans centuries of human observation, exploration, and scientific discovery. Here is a simplified timeline highlighting key milestones in our evolving comprehension of the universe:

	Prehistoric Times:

	
		Ancient cultures observe and document celestial phenomena, creating myths and stories to explain the motions of the stars, planets, and the changing seasons.



	Ancient Greece:

	
		Around 6th century BCE: Greek philosophers such as Anaximander propose early cosmological models, suggesting that celestial bodies are governed by natural laws.

		2nd century BCE: Aristarchus of Samos proposes a heliocentric model of the solar system.



	Middle Ages:

	
		Ptolemaic geocentric model dominates Western thought, positing Earth as the center of the universe.



	16th-17th Centuries:

	
		Nicolaus Copernicus introduces the heliocentric model, challenging the geocentric view.

		Johannes Kepler formulates his laws of planetary motion, providing mathematical descriptions of planetary orbits.



	17th-18th Centuries:

	
		Galileo Galilei makes groundbreaking astronomical observations using telescopes.

		Isaac Newton formulates the laws of motion and universal gravitation, revolutionizing our understanding of celestial mechanics.



	19th Century:

	
		William Herschel observes the structure of our galaxy, the Milky Way.

		James Clerk Maxwell formulates the theory of electromagnetism, unifying electricity and magnetism.



	20th Century:

	
		Albert Einstein introduces the theory of general relativity, describing gravity as the curvature of spacetime.

		Edwin Hubble's observations reveal the expansion of the universe.

		Big Bang theory emerges as the leading explanation for the origin of the universe.

		Cosmic microwave background radiation is discovered, providing evidence for the Big Bang.



	Late 20th Century:

	
		The development of radio and space telescopes allows for detailed observations of distant galaxies and cosmic phenomena.

		Inflation theory is proposed to explain the uniformity of the cosmic microwave background and the large-scale structure of the universe.

		The concept of dark matter is proposed to explain galactic rotation curves.



	21st Century:

	
		Advancements in technology enable more precise measurements of cosmic parameters, leading to the discovery of dark energy.

		Large-scale surveys and experiments probe the distribution of galaxies and the nature of dark matter.

		Multimessenger astronomy involving gravitational waves, neutrinos, and electromagnetic radiation opens new avenues for understanding cosmic events.



	The timeline of cosmic understanding is an ongoing journey, with each era building upon the insights of the past. As we venture deeper into the mysteries of the cosmos, we continue to uncover new layers of knowledge that shape our understanding of the universe's origins, evolution, and fundamental principles. 

	Observations that challenge conventional knowledge

	Dark matter observations have played a crucial role in understanding the hidden components of the universe that cannot be directly seen or detected through conventional means. While dark matter itself remains elusive, its presence is inferred through its gravitational effects on visible matter and light. Here are some key observations that support the existence of dark matter:

	Galactic Rotation Curves:

	Observations of galaxy rotation curves, particularly in spiral galaxies, revealed unexpected behavior. According to Newtonian mechanics, the outer regions of a galaxy should rotate more slowly than the inner regions. However, observations showed that galaxies maintain roughly constant rotational speeds far beyond what could be explained by the visible matter alone. This discrepancy suggests the presence of unseen mass, i.e., dark matter, providing the necessary gravitational pull to maintain these higher rotational speeds.

	Gravitational Lensing:

	Einstein's theory of General Relativity predicts that massive objects can bend the path of light passing near them, creating gravitational lensing effects. Observations of gravitational lensing in galaxy clusters, where the light from background galaxies is bent by the mass of the cluster, indicate the presence of significant unseen mass, which is consistent with the distribution of dark matter in those clusters.

	Cosmic Microwave Background (CMB) Anisotropies:

	The cosmic microwave background radiation is the residual radiation from the early universe. Precise measurements of the temperature fluctuations in the CMB, carried out by missions like the Planck satellite, have provided crucial insights into the structure and content of the universe. The observed patterns of these temperature fluctuations are consistent with the presence of cold dark matter, supporting the prevailing Lambda Cold Dark Matter (ΛCDM) model.

	Large-Scale Structure Formation:

	The distribution of galaxies and galaxy clusters in the universe is not random but forms a web-like structure, known as the cosmic web. The emergence of this large-scale structure can be explained by the gravitational influence of dark matter, which acts as the scaffolding upon which visible matter accumulates over cosmic time.

	Bullet Cluster:

	The Bullet Cluster is a famous example of a merging galaxy cluster. During the collision of two galaxy clusters, the hot gas associated with visible matter interacts, causing it to slow down and lag behind the galaxies. However, gravitational lensing observations of the Bullet Cluster revealed that the mass distribution, as traced by gravitational lensing, is not aligned with the distribution of the visible matter. This observation provided strong evidence for dark matter's existence, as it was shown that most of the mass remained separated from the visible matter during the collision.

	Galaxy Cluster Mass Estimates:

	By studying the dynamics of galaxies within galaxy clusters, astronomers can estimate the total mass of these clusters. Comparing these mass estimates with the mass calculated from the visible matter (galaxies and hot gas), it is clear that there is a significant discrepancy. The mass derived from visible matter is much lower than the total mass calculated from gravitational effects, indicating the presence of unseen dark matter.

	These and many other observations continue to support the notion that dark matter is a fundamental component of the universe. Despite its elusiveness, its influence on the cosmos is undeniable and central to our current understanding of the universe's structure and evolution. Further research and exploration are essential to uncover the true nature of dark matter and its role in the cosmic drama.

	The birth of dark matter and dark energy theories

	The emergence of dark matter and dark energy theories is rooted in the efforts to explain and understand the discrepancies between observations and the predictions of existing theories, such as Newtonian mechanics and General Relativity, respectively. Let's explore the historical development of these theories:

	Dark Matter:

	Early 20th Century: The concept of dark matter can be traced back to the work of Swiss astronomer Fritz Zwicky in the 1930s. He studied the Coma galaxy cluster and found that the visible matter in the galaxies was insufficient to explain the high velocity dispersion of the cluster's galaxies. He proposed the existence of unseen "dunkle Materie" (dark matter) to account for this discrepancy.

	1960s: The idea of dark matter gained more traction when astronomer Vera Rubin observed the rotation curves of spiral galaxies. She found that stars at the outskirts of galaxies were moving at unexpectedly high velocities, defying Newtonian gravity, and implying the presence of additional mass that couldn't be accounted for by visible matter.

	Late 20th Century: Over time, numerous other observations, including galaxy cluster dynamics and large-scale structure formation, further supported the idea of dark matter. Astrophysicists proposed various candidates for dark matter particles, such as Weakly Interacting Massive Particles (WIMPs) and Axions, and experiments were conducted to detect these elusive particles.

	Dark Energy:

	1990s: The concept of dark energy emerged relatively recently when astronomers were trying to determine the fate of the universe's expansion. In 1998, two independent teams of researchers studying distant supernovae made a groundbreaking discovery. They found that the universe's expansion was not slowing down, as expected due to gravity's attractive force, but instead accelerating.

	The Cosmological Constant: To explain this unexpected acceleration, cosmologists revived Einstein's cosmological constant, which he had introduced in his equations of General Relativity to allow for a static universe (prior to Hubble's discovery of cosmic expansion). The cosmological constant, represented by the symbol Λ (lambda), acts as a form of energy that permeates space and counteracts the attractive force of gravity, leading to the observed cosmic acceleration.

	Alternative Models: Although the cosmological constant (often referred to as "Lambda") provided a simple explanation for dark energy, other theoretical models were proposed to explain the acceleration, such as quintessence, which involves a dynamic scalar field that evolves over time.
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