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1 Problem

In 1914, Blondel [1, 2] performed an experiment in which a solenoidal coil was coaxial with
a region of static magnetic field, such that the magnetic field on the conductor of the coil
was negligible. The conductor of the coil 7' (D in the right figure) could be wound onto
an auxiliary drum 7" (D;), such that the magnetic flux through the coil T (D) was time
dependent. What was the reading of the galvanometer G (V') when the conductor was in
motion?
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2 Solution

Because the magnetic field on the conductor is everywhere “zero”, there is zero J x B force on
the conduction electrons, and no EMF is induced in the circuit containing the galvanometer
(voltmeter), which therefore has zero reading even though the magnetic flux through this
circuit is changing.

This “fHux-rule exception” [3] illustrates that one must be cautious in interpreting Fara-
day’s law as implying that, when moving conductors are present along with a changing
magnetic flux, the only EMF present is that induced by the latter. Indeed, Faraday com-
mented on this in secs. 114-119 of his first paper on magnetic induction [4].!

1Other discussions of “flux-rule exceptions” are given in [5]-[57]. Section 2.4.4 of [58] includes additional
discussion by the present author of Blondel’s experiment.



This delightful problem is only rarely discussed [16, 26, 42, 50]. It has, however, been
recently misinterpreted [51] as providing evidence for the “reality” of the vector potential.

For a subtler example of possibly surprising behavior in the “zero-field” region outside a
long solenoid magnet with a slowly varying current, see [59].

A Appendix: Time-Dependent Electromagnet

In the analysis above we assumed that there was no magnetic field from the electromagnet
E at any point on the conductor of the test circuit. This is a good approximation when the
field of the electromagnetic is constant in time.

Suppose, however, the field of the electromagnet varies with time, such that the flux
through any turn of the coil on drum 7' is ®4(¢).?

Because the drum T is rotating, the number N of turns of the coil that link this flux is
time dependent. That is, the total flux linked by the test circuit is,

O = N()® (1) (1)

What is the reading of the galvanometer /voltmeter now, supposing that the total resistance
of the test circuit is R = Ryire + Rmeter !
Here, the EMF induced in the test circuit is nonzero, so a small current,
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flows through the meter, whose reading is then,?
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It remains to identify the EMF in the test circuit. A direct application of Faraday’s flux
rule implies that EMF = —d®/dt = —d = —N@; — N®,. However, Blondel’s experiment
reminds us that Faraday’s flux rule does not always apply to moving circuits. In particular,
we have argued that if ®; is constant then the EMF is zero when N changes. That is, for
the variant of this Appendix, .

EMFo~ —Nb,. (4)

But, there is a small correction to eq. (4) because the sliding conductor moves through the
small magnetic field that exists outside the coil due to the small current (2) in the test
circuit. This small motional EMF is similar to that when a bar slides along a U-shaped
wire in a transverse magnetic field. As a rough estimate, suppose the length of the wires
between drums T and 7" is L and the wire that does not contain the galvanometer moves

2Ref. [16] makes various doubtful claims.

3This variation is posed as prob. 14.22 of [42], where the solution appears to be in error.

4We suppose that the characteristic frequency of the time dependence is low enough that the associated
wavelength is large compared to the size of the test circuit. Then, radiation can be ignored, and it is
relatively straightforward to predict the response of the meter. For a discussion of what voltmeters read in
high-frequency applications, see [60].



transversely with velocity v. Then, the magnetic field B on the moving wire, due to the
current I = EMF,/R in the fixed wire (that also runs between the two drums) is,

pol
B~ — 5
2rx’ (5)

when the separation between the two wires is . The resulting motional EMF (whose sign
is the same as that of EMF)) is,

po N 0L
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