How the world makes electricity
Hŷpercast tool showcase · handout
Four equations
In 1865 James Clerk Maxwell wrote four equations that explain every motor, generator and power line, and predict light. Three maths engines here (SymPy, SageMath, Maxima) each derive c = 1/√(μ₀ε₀) = 299,792,458 m/s.
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Faraday’s law and the right-hand rule (TikZ)
Make
Almost every power station spins a magnet inside coils of wire.
[image: /home/claude/elec/showcase/assets/ch2/blade.png]
Wind turbine blade, parametric (OpenSCAD)
Move
Transformers raise the voltage for distance and lower it for homes. Inverters turn solar and battery DC into AC.

How a transformer works (Excalidraw)
Mix
In 2025 the world made 31,772 TWh of electricity: coal 33%, gas 22%, hydro 14%, nuclear 9%, wind 8.5%, solar 8.7%.
Store
Lithium-ion batteries hold lithium between layers of cobalt oxide.
[image: /home/claude/elec/showcase/assets/ch6/licoo2_pymol.jpg]
LiCoO₂ crystal (PyMOL)
Sources
· Our World in Data, energy dataset (CC BY 4.0)
· WRI Global Power Plant Database v1.3 (CC BY 4.0)
rId20.png
Faraday’s law of induction Right-hand grip rule

current [

A

magnet moves in B circles the wire
|| Qe (5

changing flux ®p

_d%p

ol
B =Ml
dt

the mi ign is Lenz's |
(the minus sign is Lenz's law) Smr




rId24.png




rId28.svgz
    
      @font-face { font-family: Virgil; src: url(data:font/woff2;base64,); }         iron core                                    230 V in  primary: 9 turns          ~100 V out  secondary: 4 turns                                  changing magnetic flux Φ  Vout / Vin = Nout / Nin  →  4 / 9 × 230 V ≈ 102 V  AC only: a steady current makes no changing flux, so nothing comes out


rId33.jpg
®
v " - . % .
3". 3". ‘3‘. .
"o &

R IF PP g




