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1 Problem

In 1969, Hooper, pp. 53-54 of [1] (see also [2]), considered two antiparallel magnets equidis-
tant from a conducting wire, as shown below.

In any quasistatic configuration, the conducting wire would be an equipotential, with
zero potential difference between its two ends. This includes the case that the two magnets
move towards, or away from, the wire, always keeping the same distance from it, during
which motion the magnetic field along the wire is always zero. However, if one measures the
voltage difference between the ends of the wire during the above motion of the two magnets,
a nonzero result is observed.

How can this be so?

2 Solution

This example illustrates that even in “classical” examples, the act of measurement can
influence the observed result.

To measure the voltage difference between the ends of the wire, they must be connected
to a “voltmeter”,! which includes a resistor R, and an ammeter A, together with two “leads”

attached the ends of the wire, as in the left figure below.?

voltmeter test wire
The loop consisting of the (blue) wire and the voltmeter has nonzero magnetic flux
® = [ B - dArea through it, which increases when the two magnetic dipoles m and —m

! General discussions by the author on “voltmeters” and “voltage” are given in [3, 4].
2The right figure is from p. 198 of [5].



move towards one another. An EMF of magnitude € = d®/dt is induced in the loop during
this motion, and the observed voltage drop across the wire is,

R
Vxf—, 1
= 0
where R is the electrical resistance of the wire and R, is the (much larger) internal series
resistance of the voltmeter. In practice, this effect is small, and a signal of only 3 4V was

reported in the experiment described in [2].

2.1 Isolated Wire

This section added April 2, 2022, based on a comment by Dennis Allen Jr.

If the wire between the two magnets (which are approaching one another) is isolated, the
(weak) horizontal magnetic field inside the wires changes with time, such that a small electric
field is induced in/on the wire according to Faraday’s law, § E - dl = —(d/dt) [ B - dArea,
which leads to an accumulation of positive charge on the “left” end of the wire, and negative
charge on its “right” end. When the magnets are moving, a small current flows inside the
(resistive) wire, which is therfore not an equipotential.
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In particular, consider the loop shown by the dashed box in the sketch above, which is
in a “vertical” plane that includes the axis of the wire. This loop is “below” the axis of
the wire, and the magnetic field is out of the page there. As the two permanent magnets
approach one another as in the figure on p. 1, the magnetic flux through the loop increases,
which leads to the electric field E to the “left” as shown at the “bottom” of the wire.
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