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Introduction to Astrophysical Processes
Key concepts, typical mechanisms, and their relevance to the study of the Universe.

1. What Are Astrophysical Processes?

Aspect Description
Definition Physical mechanisms that govern the behavior of matter and radiation in
astronomical environments.
Scope Include gravity?driven dynamics, radiative interactions, plasma physics, nuclear
reactions, and particle acceleration.
Why They shape the formation, evolution, and observable signatures of stars, galaxies,

Important?  nebulae, and the inter?stellar/inter?galactic medium (ISM/IGM).

2. Fundamental Forces at Play

Force Role in Astrophysics

Gravit Drives collapse of clouds ? star formation; orbits of planets, stars,
ravity _
galaxies; large?scale structure growth.

) Controls plasma behavior, magnetic fields, radiation emission/absorption,
Electromagnetism . .
charged?particle acceleration.

Strong Nuclear o )
. Powers nuclear fusion in stellar cores and supernova nucleosynthesis.
orce

Governs beta decay, neutrino production, and core?collapse supernova
Weak Nuclear Force )
dynamics.

3. Major Classes of Processes

3.1 Gravitational Dynamics

e Free?fall collapse — Jeans instability criterion, (M > M_J).
e Orbital motion — Keplerian disks, elliptical orbits, N?body interactions.
e Tidal forces — Stripping of gas and stars in galaxy encounters.
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3.2 Radiative Processes

Typical _
Process ) Key Equations
Environment

.. Stellar (B_\nu(T)=\frac{2h\nu"3}{c "2\frac{1}{e™{h\nu/KT}-
Black?body emission
photospheres, dust 1})

Hot ionized plasma
Bremsstrahlung (free

*free) (H?Il regions, (\epsilon_{ff} \propto n_e n_i TA{1/2} e™N-h\nu/kT})
clusters)
Relativistic jets,
Synchrotron radiation supernova (P \propto \gamma”2 B"2)
remnants
Line Nebulae, stellar Radiative transfer: (dl_\nu/ds = -\kappa_\nu |_\nu +
emission/absorption atmospheres j_\nu)

Accretion disks, X? Energy shift: (\Delta E/E \approx \frac{4kT -

Compton scattering
ray coronae h\nu}{m_ec"2})

3.3 Plasma & Magnetohydrodynamic (MHD) Processes

e Ideal MHD equations (mass, momentum, induction, energy) describe magnetized fluids.

e Magnetic reconnection — rapid conversion of magnetic energy to kinetic/thermal energy
(e.g., solar flares).

e Alfvén waves — propagate disturbances along field lines; transport energy in stellar winds.

3.4 Nuclear and Particle Processes

Process Setting Outcome
Hydrogen fusion (pp?chain, CNO cycle) Main?sequence stars Energy generation, neutrinos
Helium burning (triple??) Red giants Carbon & oxygen production

r?process & s?process Supernovae, AGB stars Heavy element synthesis

**

Page 2 | Back to Ynet StudyHub


https://ynetstudyhub.com
https://ynetstudyhub.com

