
The Physics of Heliophysics

All the heliosphere is a stage,
And all matter and classical fields are merely players;

They have their exits and entrances,
And each, in their time, plays several parts.

A Very Short Introduction

Tom Bogdan
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Symmetry

𝑡 → 𝑡′ ± 𝑡

𝒙 → 𝒙′ + ℝ𝒙

ⅈ → 𝑗 𝑗 → ⅈ

Energy Conservation

Entropy Conservation

Momentum Conservation

Angular Momentum Conservation (!)

Parity Conservation (!)

Mass Conservation
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𝑬′ = 𝛾 𝑬 + 𝒖 ⤫ 𝑩        − (γ − 1)(𝑬 ⋅ 𝒖)𝒖 / 𝒖 2 
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Unreasonable 
Effectiveness of 
the Macroscopic 

Description

“If you conserve all the things that need to be 
conserved and you ensure that left to its own 
devices, entropy always increases, then 
things will often work out far better than one 
might have any right to expect. (…usually)”

“Always be certain that N is huge, and the 
physical system has both the time and ability 
to sample lots and lots of its available 
microstates consistent with a specified 
macrostate.”

“Always evaluate interactions between the 
matter and the classical fields in the comoving, 
i.e., rest-frame, of the material.”

“Solve your equations in any frame you like.”



We at some times are minions of our theories,
The fault, dear Brutus, is not in ourselves,

But in our stars, that we are underlings.

The Unreasonable 

Effectiveness of the 

Macroscopic Description
A Very Incomplete Introduction
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