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The inverse Wiedemann effect, nameiy the effect that, when a ferromagnetic wire
conducting an electric current is twisted, it is longitudinally magnetised, has engaged the
attention of many investigators, since it was found by Wiedemann in 1858. Hcwever, as
far as the author knows, observations of this phenomenon were made with thin rods or
wires, and the results have always been given in relation tc the angles of twist. In the
present investigation, the measurements of the inverse Wiedemann effect have been made
with comparatively thick rods of about one inch diameter, and the results are given with
respect to its dependency upon the torsional stress.

Phenomena of this kind—the effects that the susceptibility and other magnetic
qualities are altered by mechanical stresses-—though themselves very interesting subjects
of investigation to physical students, are generally considered to have no direct bearing on
any of the applications of magnetism. The reason why the author publishes this investiga-
tion in this Report is to open the way for the applications of this phencmenon to the in-
vestigations of elastic properties of ferromagnetic metals.

For instance, the observation of the variation of the lengitudinal magnetisation as the
curves shown in Fig. 19 enables us to predict the apprcach of the yield point, without
actually continuing the test until the rod yields. The method explained in the last part of

this abstract readily shows us the existence of after-effect of torsional stress of two
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kinds corresponding to the hysteresis of strain and to the fatigue of elasticity, which can be
detected by no other means. Further, the inverse Wiedemann effect can be applied with
great advantage to the measurements of torque, as well as quick variation of torque, acting
on an iron rod, either rotating or at rest. The author has succeeded in measuring the torque
and recording the variation of terque of a ranning shaft rotated by an automcbile engine,
sending longitudinal current by means of contact brushes, and observing the current in the
coil wound over the part of the shaft between the brushes. A full explanation of this
experiment will be published in the future number of this Report.

The inverse Wiedemann effect was measured with soft iron, mild steel and steel rods
of 2.5cm. diameter and frem 50 to gocm. in length, and by both ballistic (reversing the
longitudinal current) and magnetcmeter metheds. Fig. 1 (3 1 [B on page 410.) shows the
arrangement for the cbservation. The results of the measurements with low carbon mild
steel reds of 2.5 cm. diameter and 50 ard 9o cm. in length obtained by the methcd of reversing
longitudinal current, leaving the ends free, are given in Fig. 2. The results with the same
rod sunk in a massive ircn yoke are given in Fig. 3. Fig. 4 shows the results obtained by
magnetcmeter methed with the same rods.

When a cylindrical rod is twisted and traversed by a longitudinal current, the lcngitu-
dinal magnetisaticn varies from axis to the surface. In crder to avoid this ccmplicaticn,
measurements have been carried out with an ircn tube of 2.5cm. external diameter and
.126cm. thick by sending the longitudinal current thrcugh a copper wire stretched alcng
the axis of the tube, and sinking the tube in a yoke. ¥rom the results of these measure-
ments, the magnetic induction in the longitudinal directicn or in the direction perpendicular
to the magnetic field can be calculated for the magnetic field and shearing stress. The relations
between these three are given in Figs. 8 and 9. From these curves we can find the value
of magnetic induction at any point in a sclid red, which is under the action of a certain
torque and conducting a certain current, because we can calculate the magnetic field and
shearing stress at that point. When this magnetic induction is integrated cver a crcss
secticn, we get the longitudinal magnetisation due to the inverse Wiedemann effect. The
values calculated in this way were tested by being ccmpared with the values measured
with a solid rod of the same material as the tube, and were found to coincide with each
other satisfactorily. It can be deduced from this fact that in two cylindrical rods of the
same material and different diameters, the lorgitudiral magnetisaticns (total amounts of flux)
are proportional to the squares of the radii, if the lcngitudinal currents passed are propor-
tional to the radii themselves and the torque applied proportional to the cubes of the radii.
Therefore, the longitudinal magnetisation of a rcd of any thickness for any amocunt of
longitudinal current and torque can be found by calculation, if we have a ccmplete set of

results of measurements with a rod of any one diameter of the same material.
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If, moreover, the magnetisations of the tube in the circular directicn, o.r in the direction
parallel to the field, under different amounts of torsion and magnetic field are measured,
(shown in Fig. 10.) the results, together with Figs. 8 and 9, enable us to calculate the total
gr resultant magnetic induction and its inclination from the direction of the magnetic field,
when soft iron is acted upon by a magnetic field and a shearing stress simultaneously. These
values are given in the table on page 425, for shearing stresses of 100, 200, 300, 400 and

500 kg./fcm.2 and for fields of 1, 2, 3, 4, 6, 8 and 10.

When the measurements are made leaving the ends free, the influence of the free
poles induced at the ends of the rod must be eliminated. The methods of elimination are
discussed, and the methcd adopted gives quite close results, when the magnetisations are
measured with rods of different lengths and reduced to the endless case, and measured by

putting the rcd in a yoke.

The results with a rcd of Swedish Lancashire ircn (with many small slags) are given
in Figs. 15 and 16, and those with a high carbon steel red in Fig. 18. (Diameter is 2.5 cm.

for both. The measurements were made by sinking the rod in a yoke.)

Fig. 19 shows the results of the magnetcmeter methed with a rod of Lancashire iron
of 2.5 cm. diameter and 70 cm. in length, (ends free) when it was twisted up to, and nearly to,
the yield point. Fig. 20 (Methed cf reversing the longitudinal current, rod in a yoke.) and
Fig. 21 (Magnetcmeter methcd, ends free) are the curves cbtained by sending heavy
currents throcugh a copper red inserted in and held ccaxially with the soft iron tube, which

is under going torsicn.

If an ircn rcd conducting an alternating current is twisted, an alternating current of
some form (nct of sine curve) is prcduced in a coil wound over the rod. Fig. 22 is an
oscillogram showing the wave form of this alternating current, in a case where a mild steel red of
2.5 cm. diameter and 50 cm. in length was twisted to 10 m. kg. and an alternating current of 30
amperes was sent thrcugh it. The sine curve superimpcsed gives the phase of the
longitudiral current. When we measure such alternating currents under different torques,
we get curves as shcwn in Fig. 26. If the rod is magnetised longitudinally, (not twisted)

we get an oscillogram as shown in Fig. 28.

If a mild steel roed of 2.0cm. diameter and 70 cm. in length, cenducting an alternating

current of 25 amperes, is twisted up to

imkg,. . .. .......... wegetan oscillogram as shown in Fig. 29;
5 m. kg., ard then untwisted too, . . . . . . . . . . . . .. . we getFig. 30;
15 m. kg., and then untwisted leaving 1m. kg., . . . . . . . . . we get Fig. 31;

15 m. kg., and then untwisted too,. . . . . . . . .. . .. . . we get Fig. 32
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Fig. 29 is the same kind of curve as Fig. 26. The curve in Fig. 30 is that of the
after-effect of the torsional stress, and has the same form as Fig. 29, which is the curve
under actual torsion. This kind of after-effect is produced even by a small terque, and
easily vanishes if the rod is tapped briskly. Therefore, this may be called the “temporary
after-effect of torsional stress,” and corresponds to the hysteresis of strain. This rod yields
under the torque of 20—25m. kg. Hence, I15m. kg. is about 2/3 of the limiting torque.
When such torque is once applied, the rod acquires such a property as to produce the curve as
shown in Fig. 32. The curve in Fig. 32 is entirely different from that in Fig. 29, and has
long narrow protuberances on the opposite sides of the projections of the curve in Fig. 29.
This after-effect does not disappear unless the rod is twisted in the reversed direction by a
torque of nearly the same amount as that first applied, or is heated in a furnace. Therefore,
this may be called the ‘permanent after-effect of torsional stress,” and corresponds to the
fatigue of elasticity. In this way, the after-effect of torsion due to both hysteresis and
fatigue of elasticity in an iron rod can easily be detected, if an alternating current is
passed through the rod and the current in a coil wound over it is observed by an oscillo-
graph. The above phenomena can be observed statically by measuring the variations of
longitudinal magnetisation by a magnetometer, when the strength of longitudinal current
of direct current is successively altered.

A full account in the English language is published in the Japanese Journal of Physics,
Vol. V,, No. 1.
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