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The present paper is a continuation of one published some-
time ago under the title ¢ Combined effects of torsion and longitudi-
nal stress on the magnetization of nickel.* The results there de-
seribed were only for a single specimen of nickel, and moreover the
range of twist to which the wirve under examination was subjected
was always the same, namely, £ 45 per em. length of the twisted
wire. The main facts established in that paper were as follows :—

When the nickel wire is twisted in a constant magnetizing field,
the magnetization curve obtained during torsion and detorsion under-
goes a gradual transformation as the amount of longitudinal stress
acting on the wire is increased. Under low tensions, the 'magnetiza-
tion increases on twisting, and decreases on untwisting. The nature of
the hysteresis is such that the ascending branch of the curve is always
above the descending branch, and the curve is quite symmetrical on
both sides of zero twisting.  On increasing the longitudinal stress,
the magnetization curve hecomes gradually deformed, while at the
same time, there is great decrease of magnetization. Eventually when

the loading reaches a certain value, one end of the wire acquires

* See this Journal Vol. IT. pg. 283,
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reversed polarity, and the curve which was double looped transforms
into a single looped curve,

Now the question naturally sunggests itself, ean this ecurions
phenomenon of the veversal of polavity as well as other remarkable
characteristies in the magnetization of nickel he still observed in
wires taken from different sources, and also for different angles of
twist?  The objects of the experiments now to be deseribed are to
fill in these gaps. and also to extend the investigation to the case
of 1ron.

The method of procedure was exactly the same as in the former
experiments.  The intensity of magnetization was measured by the
divect magnetometric method from the amounts of deflection of a
magnetometer mirror.  The wire was placed vertically within a
solenoidal coil, and its upper end was magnetic east of the magneto-
meter mirror. A constant magnetic field was maintained within the
solenoid ; and as the wire was subjected to the given cyeclic twisting,
the deflections on the magnetometer scale were noted. The fwist
was applied by means of the twisting apparatus described in the
former paper. The effects were examined for two specimens of nickel
wire obtained from difterent manufacturers.  They were of different
diameters, being 0°86 mm. and 1 mm. thick respectively. The latter
was the one used in carlier experiments.  Liach wire stadied was firat
annealed by gently passing it over the flame of a spirit lamp three or
four times.

As the obhject of the investigation was merely to examine the
changes of magnetization, T have not thonght it necessary to reduce
the ohserved readings to absolute units: and consequently the num-
hers given are simply in terms of the scale unif.  The reversal of
polarity and other accompanying changes are so complicated that [

have examined only a few particular cases, and most of the experi-
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ments for nickel were performed under low tensions.  The effects of
torsion on magnetization are much simpler for iron than for nickel,
yet in Doth there exists quite a curious change in the hysteresis ax will

appear hereafter.

Effect of Twist on the Magnelization of Nickel.

The effect of cyclic twisting on the magnetization of nickel wire
iy itself a function of the magnetizing field and of the range of twist-
ing, and pusses through a distinet gradation of changes as this range
is gradually Inereased.  For small twists these changes are marked
by many peculiar and interesting characteristics; and most of my ex-
periments ave linsited to cases in which the twist 1s not very large.
To examine the effect of longitudinal stress on the magnetization for
ach range of twist and for each magnetic field would be a matter of
immense labour. I have therefore examined only a few cases in
which the load was varied, and have noted some of the gencral
features.

Changes of magnetization for the twist of + 0286.—The smallest
amount of twist producing changes in magnetization, which could be
measured with certainty, was about 029 per cm. A nickel wire, 0.43
min. in radius and 35 cms. long, was well annecaled, and placed in posi-
tion, the longitudinal stress acting being only the weight of the small
twisting rod and the brass wire connecting this rod to the lower ex-
tremity of the nickel wire.

The first experiment was performed in a field of 0.34 (C.G.5.
electro-maguetic unit). The wire was twisted through =+ 30° (0786
per cm.) on hoth sides of the initial unstrained position. After the
changes in magnetization became cyelie, the following readings of

the detlections were taken.
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Twist (positive). | Deflections.] Twist (negative). | Deflections.

¢ 125 1095
10 1074 10 1104
20 - 1101 20 1200
3 121 50 1324
20 1179 20 . 1288
10 L1180 10 1222

0 1095 0 1137

The examination of the curve (IMig. 1, Plate XX VIL) will shew
that on twisting the wire in the positive direction, there is a slight
diminution of magnetization till the angle of twist amounts to about
10° then the magnetization gradually increases up to 307 On un-
twisting, the magnetization diminishes, but at a somewhat slower
rate than it had just been increasing, so that the return curve lies
above the other until the wire is nearly all untwisted. The same
things happen during negative twisting and untwisting. Thus in
the present instance, the course of the change of magnetization is
quite different from what was obtained in my former experiments
under like circumstances.  There I found that when the nickel wire
was twisted 1425 per cm., the magnetization rose gradually till the
maximum twist was reached, but on untwisting diminished at a
somewhat quicker rate than it had just been increasing, so that the
return curve lay below the other.®

Reversal of hysteresis.—Comparing these two experimeuts, we find

that there iy true lagging or hysteresis in magnetization when the

*In my former paper, I spoke of Fig. 5 (P1. X VL) as being exactly the reverse of Thom-
son’s curve for iron, but I was mistaken ; had the course of the curve been as for the twist of
0°.86, it would have been so, but not otherwise.

Compare also Professor Wiedemann’s curve (Fig. 4) in his paper Magnetische Untersu-
chungen (Wied. Aun, Bd. XX VI, 1886).
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range of twist ix small, but that when the range is large there is a
‘priming’ in magnetization rather than a lagging.*  Now we are
quite warranted in using the word hysteresis in both senses, just as
acceleration in dynamics includes retardation.  We may speak of
positive and negative hysteresis; and express the phenomenon just
described as a reversal of hysteresis, occurring probably at some twist
intermediate to the two just named. How this reversal of hysteresis
is affected by various conditions such as the guality of nickel, the
strength of the nmgnetlzmg force, the amount of twist, &e., is a very
obvious matter for investigation.

Iiffeet in stronger fields—With the saime wire and other conditions
being the same, the field was taken stronger and stronger.  Very
similar effects were obtained as may be seen from Iig. 2, which
corresponds to a field $=11.9. In Fig. 3, however, a change
begins to shew itself. The field iy now 13.8, and the particular
wire examined was a new piece cut from the same spacimen.
It will be noticed that the range of change is much diminished,
but that the character of the hysteresis is still the same as before.
When the strength of the magnetizing force is increased to 18.7
units, the magnetization curve (Iig. 4) wears quite a different aspect.
On first twisting, the magnetization diminishes as in the former
cases, but it never passes a minimum, although the rate of fall be-
comes very slow towards the limit of twist. Un untwisting, there is
gradual increase of magnetization, but it is always smaller for the
same angle of twist, than it was during the operation of twisting.
Thus there is hysteresis in the proper sense of the word. Iurther
twisting in the opposite direction produces a similar succession of

chszres, although the curve is not qulfe ~) mmetrical about the line

* [ was not aware, until my owa experiments were all completel, that this phenpomenon
had been observed by Mr. Imagawa.  Sce the preceding paper, by Dr. Knott.
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of zero twist.  The curve of magnetization for stronger fields (Fig. 5)
are similar to the aboves, the range of the change of magnetization
becoming apparently greater as the magnetizing field is increased.
Lieversal of polurity for the tiwist of 0°86.—The next wire used
was taken from the same specimen as before. A weight of 5 kgs. (881
kg. em™®) was strung to the end of the brass wire attached to the
lower extremity of the nickel wire. After the wire was brought to
the eyclic condition by repeated torsion and detorsion in a field of

0.3+ unit, the following deflections were taken.

Twist (positive). “ Deflections. | T'wist (negative). ‘ Defiections.
0 BT 9 ST
10 S 10 195
20 — 8 20 29
30 17 30 Y
20 — 9 20 i 33
10 ' 0.6 10 o2
0 10 0 1.5

These readings shew that, in the given field, the amouut of lon-
gitudinal stress was sufficient to produce the phenomenon of reversed
polarity.  The maguetization curve (Fig. 6) when compared with the
corresponding curve for the twist of -+ 4°5 again indicates how the
chauges of magnetization differ in these two cases.  In former expe-
riments, there was always increase of magnetization on fiest twisting,
and decrease on untwisting, the hysteresis being negative. In the
present instance, there is steady decrease of magnetization during
positive twisting, and increase during untwisting. Besides, as the
twist at either extremity begins to be undone, the magnetization lags
hehind, o that the hysteresis is positive,

These experiments sutficiently prove that the reversal of polarity



BFFRCT OF TWIST O THE MAGNETTZATION OF NIOKEL AND TRON. 195

takes place in difterent specimens of nickel, and alzo for different
amounts of twist. The curve representing the changes of magneti-
zation when the polarity suffers reversal is, as already noticed, single
looped, whereas we get double looped curves in cases where there is
no reversal of polarity, that is. in cases in which the longitudinal
stress is sufficiently weak. IHence in the present case we should ex-
peet that, by gradually increasing the magnetizing foree, until the
longitudinal stress of 5 kgs. weight is insufficient to cause reversal
of polarity, we shall be able to transform single looped into double
looped curves. The experiment when made fulfilled the expecta-
tion, as may be seen from Iig. 7. IHere the field is 5.0 units ; the
curve has ceased to dip below the zero line so that the polarity is not
reversed. At the same time, the curve, thongh unsymmetrical with
respect to the line of zero twisting, turns out to be double looped.
On further increasing the field the two loops become more and more
symmetrical (see Fig. 8).  Thus the question as to whether a given
curve will be single Iooped or double looped seems to depend on the
existence or non-existence of the phenomenon of the reversal of pola-
rity.  What has been stated in my earlier paper with respect to the
form of the magnetization carve for the twist of & 4°5 per em. is
also applicable for that of & 0°.86 per em. There is, however, a
remarkable difference in the change of magnetization which may he
expressed by saying that there is reversal of hvsteresis between these
two different twists.

LReversal of lysteresis for the twists of &= 1°.5 and + 1°.8.—In the
next series of experiments, the twists were taken larger. A wire
40 ems. long and 1 mm. thick was set in varions magnetizing fields,
and twisted throngh a total range of =+ 60° or through a twist of
+ 1°5 per em. The only longitudinal stress acting was the weight

of the twisting rod and the brasy wire attached to the end of the



196 H. NAGAOKA.

nickel wire. Out of the many curves obtained in this series, I give
only three, those namely which correspond to fields of 2.8, 15.3, 21.1
units respectively. The first two curves (Fig. 9 and Fig. 10) have
the same characteristics as those obtained for nickel twisted through
£ 0°.86 per em. There is still true lagging on untwisting. But the
third carve (Fig. 11) for $=21.1 is not similar to the corresponding
curves represented in Fig. 7 and Fig. 8. The curve in its general
form is like those obtained for smaller twists, but the nature of the
hysteresis has been changed. The hysteresis which has been positive
for the two former curves becomes negative for this strength of the
magnetizing force.  The magnetization diminishes on twisting till
the extreme limit of torsion is attained, and on untwisting it gra-
dually increases. If the magnetization had tended to lag behind, as
was found to be the case for the smaller twist, the return curve would
have been the lower. DBut this 1s no more the case; the curve on
untwisting passes above that of twisting, and thus there must have
been reversal of hysteresis for this strength of the magnetizing force.
It is at once apparent that the strength of the magnetizing field is
one of the principal factors affecting the phenomenon of the reversal
of hysteresis.

In order toinvestigate this change more thoroughly, a new wire
was taken from the same bundle, and examined in fields $=16
(Fig. 12) and $==20.8 (Fig. 13). The former curve shows that there
is decrease of magnetization up to a certain amount of twist, but on
further twisting there is increase.  This increase, however, is so
small that it is barely sufficient to attain the original intensity even
at the exireme limit of twist.  On untwisting, the magnetization
gradually diminishes hut increases again, passing through a minimum
value before the wire is completely brought back to its initial posi-

tion.  This peculiarity of a minimum on untwisting had never been
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noticed hefore for the smaller twists.  On increasing the field to
20.8 units, another change takes place in the magnetization curve.
The points of minimum magnetization on both twisting and untwis-
ting have vanished altogether, the magnetic intensity always diminish-
ing in the former, while it increases in the latter. At the same time,
the original double looped curve becames contorted, and the going
and returning curves cross each other.  But as soon as this stage is
past, the increase of maguetizing force makes the four loops of the
maguetization curve collapse into two, and hereafter the curve wears
the general aspect as shown in Fig. 11.

Diminution of mugnetization by twisting in strong magnetizing fields.—
The fact that the maguetization diminishes instead of rising when
twisted in high maguetizing fields, can he explained from the natare of
the carves of magnetization for different twists.  Inmy former paper,®
it was shown that heyond a certain strength of the field, the suscep-
fibility of the twisted wire diminishes more rapidly than that of the
untwisted, so that the magnetic intensity is in gencral smaller for the
twisted than for the antwisted.  Thus we should be led to expect a
diminution of maguetization on twisting, and increase on untwisting,
and the carve will have the appearance as in Figs. 7, 8, and 11, Bat
this does not throw any light on the reason for the change of sign of
hiysteresis between the cases represented by IFigs. 10 and 11.

Leversal of lysterests occurs in lower magnetizing fields as the twist is
taken larger.—"The preceding experiments for the twist of 1°.5 led me
to suspect that the strength of the maguetizing force as well ax the
amount of twist formed a chief cause of the reversal of hysteresis,
and is not due to the difference in nickel.  To test this, a thin wire

35 cms. long was twisted through = 1°.7 per em.  The carve (Fig.

* Magnetization and retentiveness of nickel wire under combined torsional and longitudi-
nal stresses.  This Journal, Vol. 11,
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14) obtained in =0.34 shews that the nature of hvsteresis is similar
to the two former results for smaller twists and is the reverse of that
for the twist of £ 4°.5 perem. Bat in the stronger field of = 2.4, the

amount of hysteresis was greatly diminished as may he seen from the

curve shewnin Fig. 15. For §==35.1, the deflections were as follows :—

Twist (pesitive). | Deflections. | Twist (negative). ! Deflections.

0° 422 0 426
10 a2 10 bt
20 183 20 473
30 505 30 407
40 515 40 512
ol 522 20 olh
60 D27 ou 224
50 521 50 518
40 512 40 208
30 497 a0 492
20) 174 20 466
10 11 10 35

0 426 O 422

The curve as plotted in Iig. 16 shews what change has taken
place.  There is inerease of maguetization on twisting till the extreme
limit of torsion is attained.  On untwisting there is diminution, and,
for the corresponding angles of twist, the intensity of magnetization
ix always less than on twisting.  In other words, the magnetization
has no tendency to lag hehind on untwisting, but rather the contrary.
There is negative hysteresis for this particular combination of twist
and agnetizing force. In fact the nature of hysteresix is similar
to that for the twist of £ 4°.3, hut veverse to any so far obtained for
smaller twists in low magnetizing fields.  As the magnetizing field

is increased, the same order of things comes v, and the course of the
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magnetization curve is opposite to what holds in weak fields for the
same angle of twist, as will he seen from Fig. 17, These experiments
sufficiently prove that the veversal of hysteresis not only depends
on the amount of twist, hut also on the strength of the magnetizing
field, the phenomenou appearing in lower and lower magnetizing
fieldx as the twist is taken greater and greater.

The above statement is confirmed by further experiments made
with 1 mm. wire, the range of twist amounting to = 2°. The curve
(Fig. 18) for $==0.34 has the course usual for small twists, so that
there is true lagging on untwisting. DBut when the field strength is
increased to 7.3 units (see Fig. 19), the going curve lies above the
veturning curve, and thus the hysteresis turns out to be negative.
Thus for this amount of twist, the magnetizing force was sufficient to

ause the reversal. ’

Form of the curve when the reversal is about to take place.~—~One im-
portant point still remains to be investigated.  We must examine
what form the curve takes just as the reversal of hysteresis is about
to occur. I had the satisfaction of obtaining the desired curve by
subjecting the wire to a twist of = 2°5 per emi. under the action of
the vertical component of the terrestrial magnetic force. The curve
just on point of reversal (see Fig. 20) is no more double looped, but
hecomes more complex.  Iixamining the changes of magnetization,
we notice that on twisting, there is always increase of magnetization
till the extreme limit of twist is reached, while on untwisting, the
curve, instead of going below the former path. goes above it for a
certain distance but before returning to the line of zero twisting, cros-
ses the course taken in going, and finally passes below it. Thus the
curve is four looped.  The appearance of four loops marks the trausi-
tion in the nature of hysteresis, and any further increase of the mag-

netizing field produces rveversal of hysteresis, the curve hecoming
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again double looped as in Fig. 21.

Curees for large twists.—When the range of twist is increased to 3°
or 47 per cm., a reversal of hysteresis by increasing the magnetizing
force is not obtained,  The curves are generally of the same character
as those already deseribed for the twist of 4°.5.  Kven for such large
twists ax 97 or 107 (see Fig. 22 and Fig. 23) the above remark holds
true, the hysteresis heing such that the going always passes above
the returning curve. To give detailed deseription on this point wonld
be merely repeating the earlier paper, and I feel no need of entering
into the discussion of the resalts for these twists.

Fifect of twist in strong magnetizing fields.— Another thine which
calls for remark is the hehavionr of nickel in strong magnetizing fields,
during eyclic twistings. It was already noticed for the twist of 2= 1°.3,
how the magnetization diminishes on twisting, and increases on un-
twisting and how a particular complexity in the curve precedes the
transfercnee into such a state. The same curve of transition is also
observed when the amount of twist is =0 large that the reversal of
hysteresis takes place in a low magnetizing field.  This is well ex-
emplified in Iig. 24, which was obtained for $==20.8 with a thicker
wire twisted 2= 2° per em.  Bat owing to the reversal of hysteresis,
the course of the curve is different as the comparizon of Figs. 13
and 24 will shew. The general character of the magnetization curve
in strong magnetizing field, during cyclic changes of torsion, is
shewn in Iig. 25, which is given as a type of such curves. It
was obtained with a wire of 0.43 mm. radius in a field of 24.7. There
1s constant decrease of magnetization during twisting, and increase
during untwisting up to a certain angle of twist, where it reaches a
maximum. [t then diminishes, and returns to its former value when
the wire is hrought to the initial position of zero twisting. The in-

tensity of magnetization is always greater during untwisting than
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during twisting. It will be afterwards shown that the curve is
analogous to that of iron subjected to large twists.

Reversal of polarity for different twists.—With regard to the rever-
sal of polarity for different amounts of twists, another set of experi-
ments was performed with a thin wire for a twist of &= 1°.7 per cm.
On loading the wire with a weight of 5 kgs., the longitudinal stress was
sufficient to produce the reversal of polarity when placed in the field
$=0.34. The magnetization curve thus obtained is represented in
Fig.26. This curve is single looped, and has the same characteristic
as those obtained for the twist of & 4°.5 in weak magnetizing fields
under high tensions. The hysteresis in the present case is negative, and
is opposite to that for the twist of &= 0°.86. (Compare Fig. 6 and
Fig. 26). The difference of hysteresis for these two twists must be
due to the difference of twist. To test this more fully, 2 new wire was
placed in the same condition as hefore with regard to the longitudinal
stress and the strength of the magnetizing field, and subjected to two
different twists of == 1°.2 and == 1.°4 respectively. The curve obtained
from the former was similar to that for 2= 0°.9, while the one given by
the latter agreed with that for = 1°.7. Thug, for the above longitudi-
nal stress and $==0.34, the reversal of hysteresis must take place
hetween the twists of = 1°.2 and % 1°4. This result indicates that
tho'hys’reresis is influenced by the difference of twist although the
wire is subjected to high tensions.

The next point to be examined is how the double looped curve
is transformed into a single loop when the opposite polarity is about
to appear.  This interesting point was examined by increasing the
strength of the magnetizing force.  For §=2.5 and 7==+1°7, the
opposite magnetism is completely effaced, while at the same time the
curve (Ifig. 27) hecomes double looped.  Although the loop formed

during posifive twisting is very thin, it is quite certain that the
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curve becomes double looped simultaneously with the vanishing of
the opnosite polarity.  The newly formed loop gradually widens as
the magnetizing force is further increased, as will be seen from Fig.
28.  The experiments made for the twists of = 0.°86, = 1°.7, &= 4°.5
all show that the eyclic curve of magnetization is gradually trans-
formed from a double looped to a single looped curve, when the wire
heging to shew opposite polarity.

Large twists applied to nickel do not seem to affect the pheno-
menon of reversal of polarity. After observing the changes in mag-
netization as shown in g, 22, T loaded the wire with 1 kgrm.
weight,  The longitudinal stress thus applied was already sufficient
to cause the veversal of polarity and the curve as shown in
Fig, 29 was obtained. It is single looped and similar in character
to those observed for the twist of £ 4°.5. The results thus
far obtained by varying the amount of twist from =+ 0°.86 to = 9°
per em. prove that the phenomenon of the reversal of polarity always
takes place however the twist may vary, provided sufficient longitu-
dinal stress be applied. To examine more particularly into these
intricate relations between twist, longitudinal stress, and magnetization
wonld mean an amount of labour, which the importance of the subjeet

hardly seems to merit,

Effect of Twist on the Magnelizalion of Iron.

This subject was first investigated by Sir William Thomson, and
the experiments to he deseribed are to a great extent merely a repeti-
tion of his. The effect of twist on the magnetization of iron is not
of so complex a character as it is in the case of nickel. In iron,
the effect of the longitudinal stress combined with twist does not
produce any reversal of polarity, nor are the changes of hysteresix

s intricate as in nickel.  But when the twist exceeds a certain limit,
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there is the same curious reversal in the hysteresis.

Lepetition of Thomsow’s experiments.—1L shall first of all describe
some of the curves obtained for small amounts of twist, being merely
a repetition of Thomson's experiments.  An iron wire 0.66 mm. thick
and 40 cms. long was well annealed by means of a spirit lamp, and
arranged in the same way as the nickel wires had been. The wire
was then twisted through 180° in both directions, the strength of the
magnetizing field being kept constant. The curves thus obtained
during cyclic changes of torsion are shown in Figs. 30 and 31. The
former was obtained under weak longitudinal stress in the magnetizing
field § =2.9.  The latter is plotted from observations made in the
same field, the Jongitudinal stress amounting to 1800 kgrms. per sq.
cm.

The effect thus produced by twisting iron is not so complex as
for nickel, and the change in maguetization is but a small fraction of
the whole.  The curves obtained under various loads are nearly all
similar in shape, and for the most part agree with those giveun by
Thomsoun.

New experiments were made by using a wire of the same length
taken from the same specimen, and twisting it through + 3607 (&= 9°
per cm.). The curves thus obtained in different magnetizing fields
ave plotted in Figs. 32, 33, 34. The hysteresis in these magnetiza-
tion curves is such that in the returning branch the curve is lower
than in the going branch. The comparison of curves subjected to
twists of &= 4°.5 and = 9° will shew that everything remains the same
except in a single point.  As the twixt is increased, the ascending
and the descending branches of the curve tend gradually to approach
towards each other, although the hysteresis has the same sign in both
cases. Thus the amount of hysteresis in ivon is atfected by different

twists, while the increase of the magnetizing force seems to cause no
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essential change. If the twist be still more increased, two cases are
quite possible; either the going and the returning branches of the
curve will continually tend to approach, or the going will ultimately

lie below the returning branch, so that reversal of hysteresis will

declare itself.

Reversal of hysteresis—To solve this question, a wire 27 cms. long
and 0.66 mm.thick was treated in the usnal way, and twisted through
+ 360°. The twist thus applied was very large and amounted to

13°% per cm.  After a number of twistings and untwistings, the fol-
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lowing readings of deflections were taken for $=2.9.
o S

Twist (positive).

0°
40
80
120
160
200
240
280
320
360
320
280
240
200
160
120
80
40

Deflections. | Twist (negative). | Deflcctions.
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By examining the curve (Iig. 35) we see that on twisting the
wire, there is constant decrease of magnetization, while on untwist-
ing, the magnetization rises steadily till it reaches a maximum, after
which it returns to its original value at the initial position of zero
twisting.  Thus in the returning branch the curve is no more
lower than in the going branch, so that the course of the magnetiza-
tion curve is opposite to that for the twists smaller than and up to
+ 9°.0.  As was already noticed in mnickel, there is also reversal of
hysteresis in iron. So far as my experiments go, the strength of the
field or the amount of longitudinal stress does not seem to produce
any remarkable variation on hysteresis, as the curves (Fig. 36, 37,
38) will shew.

Tt is thus established that the hysteresis in iron becomes reversed
when the range of twist exceeds a certain limit. This must evidently
lie between the twists of + 9° and == 13°% per cm. But it is not easy
to determine the exact critical twist, even by experimenting for twists
intermediate between the two. For a twist of 12° per cmn. the
difference between the going and returning branches of the curve
diminishes to a certain extent as will be seen from Iig. 39. Ior
a twist of 10.°4 (Fig. 40) the two branches of the curve are separated
by a still smaller interval; but still the former lies below the latter,
so that the hysteresis is opposite in character to that for the twist of 9°
per cm.  Judging from these experiments, it can safely be inferred
that the curious phenomenon of the reversal of hysteresis in iron
takes place when the range of twist amouuts to about £ 10° per cm.

Comparison of resulls for iron and nickel.~——Comparing these results
for iron with those obtained for nickel, we find some analogy between
the two. As was formerly remarked, the changes in magnetiza-
tion in nickel due to cyclic twistings are opposite in character

to those of iron. But when the amount of twist as well as the
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strength of the magnetizing force is varied, we find gradual trans-
formations taking place. The magnetization curves in nickel for
small twists and weak Jongitudinal stresses are opposite in charac-
ter to those in iron for moderate twists. When the twist in
nickel exceeds 1°5 per cm., and the magnetizing force is sufficiently
strong, the magnetization curve loses its opposite charvacter to that
of iron under moderate twists, and acquires a form similar to that for
iron subject to very large twist, as the comparison of Figs. 25 and
39 shews.

Summary.—1 shall in conclusion summarise the results obtained
in the present experiment.

In nickel under feeble longitudinal stress, there is reversal of
hysteresis when the range of twist is moderate. This phenomenon
takes place in lower magnetizing fields as the twist is increased.
When the amount of twist exceeds 3° per em., nothing of this nature
is observed. The reversal of polarity, on the contrary, is a phenome-
non comwon to all twists, provided the longitudinal stress applied
be sufficiently great.

In iron, so far as my experiments go, the magnetizing force does
not alter the character of hysteresis, but reversal of hysteresis takes
place when the twist exceeds 10° per em., and the magnetization curve
bears a close resemblance to that of nickel in strong magnetizing
fields for moderate twists.

The effects of twist in irou and nickel, and especially in the lat-
ter, are so complicated that it is impossible to give anything like a
true explanation coordinating all these fucts. The magnetic qualitiex
of these two metals with regard to stress are generally opposite.  Not
only do twist and longitudinal stress produce opposite effects in mag-
netization, but by twisting the wire in the magnetizing field we ob-

tain transient currents in opposite directions for these two metals and
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it can scarcely be doubted that these sets of phenomena are closely
linked together, The occurrence of a mazimum current for moderate
amounts of twist and other peculiarities will be discussed in a

future communieation,
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