Magnetism
Known to the early Chinese in 12th century, and in some detail by ancient Greeks who observed that
certain stones “lodestones” attracted pieces of iron. Lodestones were found in the coastal area of
“Magnesia” in Thessaly at the beginning of the modern era. The name of magnetism derives from
magnesia.
William Gilbert, physician to Elizabeth 1, made magnets by rubbing Fe against lodestones and was first
to recognize the Earth was a large magnet and that lodestones always pointed north-south. Hence the
use of magnetic compasses. Book “De Magnete” 1600. The English word "electricity" was first used in
1646 by Sir Thomas Browne, derived from Gilbert's 1600 New Latin electricus, meaning "like amber".

Gilbert demonstrates a “lodestone”
compass to ER 1. Painting by
Auckland Hunt.

John Mitchell (1750) found that like electric forces magnetic forces decrease with separation
(conformed by Coulomb).
Link between electricity and magnetism discovered by Hans Christian Oersted (1820) who noted a wire
carrying an electric current affected a magnetic compass. Conformed by Andre Marie Ampere who
shoes electric currents were source of magnetic phenomena.
Force fields emanating from a bar
magnet, showing Nth and Sth poles
(credit: Justscience 2017)

Showing magnetic force fields
with Fe filings (Wikipedia.org.)

Earth’s magnetic field (protects from
damaging charged particles
emanating from sun. (Credit:
livescience.com)

Magnetic field around wire carrying a
current (stackexchnage.com) Right
hand rule gives the right sign of the
force (stackexchnage.com)

Magnetic field generated by a
solenoid (miniphyiscs.com)

Van Allen radiation belts. Energetic
charged particles travel along B lines

Electric currents (moving charges) generate magnetic fields but can magnetic fields generate electric
currents. Answer (Faraday) YES. Moving magnetic fields can create electric currents. Duality between
electricity and magnetism.

Magnetic force field must be moving.
The sense is such that it would
oppose the change.
Magnetic flux is the product of the
magnetic field and the area.
Changing flux generates the current.

Note sense of current induced
opposes changing magnetic flux.

Generating electric currents
(macao.communications.museum)

Forces on wire
field

carrying a current due to B

𝑭𝑭 = 𝒒𝒒𝒒𝒒 × 𝑩𝑩
Right hand rule:
direction of RH

rotate v to B and F is in
screw

Credit: http://hyperphysics.phyastr.gsu.edu

Cyclotron

Credit: http://hyperphysics.phyastr.gsu.edu

DC Motor

Credit: http://hyperphysics.phyastr.gsu.edu
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Giant Figure in Magnetism

Michael Faraday (1791-1867),
humble origins, no math training but
developed concept of force fields,
became assistant to Humphrey
Davies and later senior position at
Royal Institution famous for lectures
to nobility. Declined the offer of a
knighthood. (Picture by Thomas
Phillips, 1842.)

Christmas lecture at the Royal
Institution (1856)
I am no poet, but if you think for yourselves, as I proceed, the facts will form a poem in your minds.

Why, sir, there is every probability that you will soon be able to tax it.
•

Faraday's purported reply to William Gladstone, then British Chancellor of the Exchequer
(minister of finance), when asked of the practical value of electricity (1850) as quoted in
Democracy and Liberty (1899) by William Edward Hartpole Lecky, p. xxxi , and in Discovery Or
The Spirit And Service Of Science (1918) by R.A Gregory, p 3.

World’s most powerful DC magnet

Outer 11.5 T superconducting magnet
Inner powered magnet 33.5 T.
30 MW

Costs $1500/hour to run 4000 gals/min cooling water

35 ton 22 ft high Cost $M14.5 to build (1999)

