A chronological blueprint of
the universe’s expansion,
planetary cooling, and the
chemical dawn of life.




Peering into the Past A
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+ Immediate Surroundings
j& 2 Objects in our immediate surroundings
+ are seen instantly in the present time.
ook
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*
*
*

Light Years

. Stellar Distances

Stellar distances are measured in light
years. Emitted light starts its journey
millions of years back from trillions of
kilometers away.

When we look at stars, we are looking
back in time.




13.8 BYA: The Singular Explosion

The universe is almost 13.8 billion
years old. The Big Bang theory
describes a singular, unimaginably
huge explosion that birthed a vast,
expanding universe.

Expansion = Cooling. The
physical expansion of the
universe caused temperatures
to drop, creating the necessary
conditions for matter to form.
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From Gases to Galaxies A
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Step 1: Element Step 2: Gravitational Step 3: Galaxy
Formation Condensation Clusters
Hydrogen and Helium Gases condense Condensed gas and
form as the universe’s under the relentless dust clouds form the
ambient temperature force of gravitation. massive galaxies of

comes down. the present-day

universe.

Considering the size of the universe and these huge clusters of galaxies, the Earth is relatively only a speck.




4.5 BYA: The Molten Speck a

-

In the solar system of the Milky
Way galaxy, Earth was formed

about 4.5 billion years back.
S - PO L PSR, SRS LSRRI

NO ATMOSPHERE

Unlike today, the early Earth had
absolutely no atmosphere to protect
it. It was a hostile, molten mass.



Baseline: Primordial vs. Modern Earth

State of Matter

Atmosphere

Surface
Temperature

Presence of
Life

L
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Primordial Earth (4.5 BYA)

‘ Modern Earth \

Molten mass

Solid crust with liquid water

None (Vacuum)

Nitrogen/Oxygen rich

Extremely Hot

Temperate

Sterile/Lifeless

.

Abundant Biodiversity

The gap between these two states was bridged by billions of years of
chemical and geological evolution.



Outgassing from the Molten Core Vo
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As the molten mass churned, it released a specific cocktail of gases that
covered the surface.

Carbon
Dioxide

Ammonia

Methane
Water Vapour

(H,0)




The Atmospheric Engine: UV Breakdown A

Hydrogen (H,) is lighter
and escapes into space.

Water vapour (H,0) is

broken up by UV energy.

Input: Unfiltered UV rays
from the sun bombard

Oxygen (O,) remains

the early Earth. trapped in the
developing atmosphere.




Chemical Recombination A
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The Reaction: Oxygen aggressively comb-
ines with existing outgassed molecules.

! Ammonia e Nitrogen Gas The Products:
(NHs) e & Wate - This
recombination
yields water,
CO,, and
- - other
Carbon Dioxide | atmospheric
(co,) &« water gases.

Quick-Tip: This chemical chain reaction fundamentally altered the composition
of the gases surrounding the Earth, setting the stage for the ozone layer.




The Great Cooling & The First Oceans A
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The Ozone layer forms, shielding the planet from intense solar radiation.

| 3 ,,

[ The Earth's surface temperature slowly begins to cool.

>
s "

Water vapor condenses and falls as relentless rain.

¥

Rainwater fills all massive surface depressions,
forming the first oceans.




4.0 BYA: The Appearance of Life A

500,000,000 Years

\

Context:

Life appeared 500 million years after the formation of
the Earth.

The Milestone:

Almost four billion years back, the hostile, molten speck
of Earth had transformed into a water-rich environment
capable of hosting the unique event of life.




I Synthesis: The Blueprint of Life A
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Physics: Cosmic Expansion & Cooling (Universe drops in temperature, allowing matter to condense)
Geology: Volcanic Outgassing (Molten Earth releases H,0, CH,, CO,, NH,)

Chemistry: UV Reactions & Rain (Ozone forms, planet cools, oceans fill)

= Biology: Origin of Life (4 Billion Years Ago)

Life is not an isolated event, but the inevitable consequence of a 9.8 billion-year cosmic preparation.
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