Electromagnetic Induction (Chap. 10)
E. M. induction was discovered in 1831,
by Michael Faraday (London, England)
and by Joseph Henry (Albany, NY), independently.

Faraday’s discovery (one of his many demonstrations)

Close the switch =) a temporary deflection of the galvanometer needle

Open the switch == a temporary deflection of the galvanometer needle

When the magnetic field CHANGES, there is an induced electric current in coil C2.
But the induced current is a secondary effect.




Electromagnetic Induction: When the magnetic field B changes (by closing
or opening the switch) then there is an induced electric field E that curls
around the change of B.

A time-dependent magnetic field
B(t) exists around the ring. As it
changes (in time) an electric
field curls around the ring.

The induced electric field is the primary effect.
If there is a conductor present, then E will drive a current in the conductor;
but the current is a secondary effect.




Two additional concepts that are used in the
theory of Electromagnetic Induction

e Magnetic Flux

e Electromotive Force




Magnetic Flux
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The flux CB can change in several ways ...
e dB /dt ; electromagnetic induction; curl E = -dB/dt
e S could move or change shape ; motional e.m.f.
In either case, there is an e.m.f. around the boundary curve C.

E.M.F. = Electromotive Force
EMF is a tricky concept.
It does not have the units of force; it is Work/Charge = [N*m/C] = [Volts]
Three concepts that can be confused:
EMF, potential difference, voltage
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Faraday’s Law
put into mathematical terms

by James Clerk Maxwell

(1) 2 _ _

VXE = SBF
Meaning: if B changes in time, then there
must be an electric field E that curls around

the change of B.

(2) Consider a surface S with boundary curve C.
(The directions of the normal vector n of S, and the
circulation around C, are related by the right hand
rule.) Then,
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(3) EMF due to the electric field in electromagnetic

induction
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