How the Sun
Makes Its Energy

The Physics of Nuclear
Fusion and Stellar Power

At the heart of our solar system lies a
massive thermonuclear reactor.
Understanding how stars generate their
Immense power requires looking at the
smallest building blocks of matter: the
nucleus.




THERMONUCLEAR FUSION é

What Fusion Means
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Requires >107 K to overcome repulsion More tightly bound system
The Principle The Physics The Catalyst
When two light nuclei fuse to form a The fused, larger nucleus is more tightly Requires immense kinetic energy to
larger nucleus, pure energy is released. bound. Less total mass is required to hold overcome the repulsive Coulomb barrier
the system together, creating a mass between positively charged particles.

defect.



FUNDAMENTAL COMBINATIONS

Three Example Fusion Reactlons
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THE OVEN CONDITIONS
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Driven by interior temperatures of m
1.5 x 107 K, hydrogen burns into helium
releases gamma rays.
Step 3

The deuteron captures another
proton to form Helium-3.
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Two Helium-3 nuclei unite to
form ordinary Helium-4,
ejecting two protons.
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The Net Reaction: Equation (13.15) A
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1 Helium atom + 2 neutrinos
4 Hydrogen atoms + 2 electrons + 6 gamma rays
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Four hydrogen atoms combine g0 e e o
S ~ Total Energy Released: 26.7 MeV

to form a Helium-4 atom.




STELLAR LIFESPAN 55

Why Stars Keep Shining

The Past: 5 Billion Years The Future: 5 Billion Years
Hydrogen burning efficiently Enough hydrogen remaining to sustain the core

The Core Fuel What happens when the fuel runs out?
The fuel in the sun is the hydrogen in its core. It has been Once hydrogen is depleted, the core cools and collapses
steadily burning into helium for 5 billion years, establishing a under gravity. This collapse radically raises the temperature,
stable energy output. expanding the Sun's outer envelope until it turns into a Red

Glant.



SUMMARY !!

Key Takeaways

“ The Source: The Sun generates energy through thermonuclear
fusion—combining light nuclei into heavier ones.

« The Physics: Heavier nuclei (like Helium) are more tightly bound.
The resulting mass defect is converted into pure energy (E = mc?).

The Chain: The Proton-Proton cycle overcomes the Coulomb barrier
at high temperatures to burn hydrogen into helium.

The Net Result: 4 Protons combine to form 1 Helium atom, releasing
exactly 26.7 MeV of energy.

The Timeline: Our Sun possesses enough hydrogen fuel in its core to
continue shining for another 5 billion years.
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