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ABSTRACT. ‘I'hc resistances of nickel and Niiron permalloy have heen studied under the
effeet of an alternating magnetie field alone and also under the effect of an alternating and a
direct magnetie ficld simmltancously. It has been observed that the application  of a gradually
imereasing alternating field in the absence of a direet field produces no change in the resistance
of the specimen, until it has a value equal {o the coereive field of the specimen ; and if the
allernating ficld is increased heyond this value the resistance inereases in the same way as it does
in the case of the direet field.  In the presence of o direct feld, the alternating field first causes
a decrease in the resislance and after a certain value bas been reaclied, corresponding to
which the resistance is minimum, the resistance begins to incrcase as mspal. A definite
relation lias been obscerved Letween this particalar value of the alternating ield and the direct
field, Twmiher, it has been observed that the resistance of the specimen increases beyond its
original value at zero allernating field, only when the alternating field is greater than the sum of
the direet ficld and the cocreive field of the specimen,  Theoretical explanation of the above

observations has heen given,

INTRODUCTION

The magneto-resistance change of ferromagnetics in an unidirectional field
has been the subject-matter of investigation of various workers ; but as far as the
author is aware very little work has been donce relating to magneto-resistance
change in alternating magnctic fields, Some recent workers L2 have shown that
the passage of alternating current through a ferromagnetic wirc alters to a
considerable extent its electrical properties. This change in the electrical pro-
perties is a complex effect and may be partly due to the passage of alternating
current as such through the material, partly of the naturc of skin cfiect due to
the permeability changes in the ferromagnetic caused by the alternating magnctic
field of the alternating current and partly due to the alternating magnetic field
‘itself, It is the purpose of this work to throw some light on the effects of an
alternating magunetic lield on the resistance of ferromagnetics as separated from
the effect of passing an alternating current through the specimen and the conse-
quent skin eflect.
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EXPERIMUENTAL ARRANGEMENTS

It is known? that the resistance of a ferromagnetic wire undergocs no change
duc to the passage of a direct current within moderate limits. For this rcason,
a constant direct current of the value of o'1 Amps, as read by an ammeter placed
in scries with the specimen, was used for measuring the resistance of the wire,
throughout the whole cexperiment. For mmeasuaring the resistance, the well
known Kelvin’s double bridge was used and with this arrangcment, a resistance
change of the order of 10 micro-ohms could be determined with accuracy, which
was found cnough for the purposc in view. ‘I'he specimen in the form of a wite
was pluaced longitudinally in the centre of i solenoid, the length of which was
much greater than that of the wire, so that the fuil wire could be sui)jected to
an uniform magnetic ficld.  ‘T'he solenoid consisted of two sections of wires wound
one above the other, through one of which a dircet  current could be pe"assed and
through the other, an allernating current, and in this way, the spccimeﬂ could be
subjected cither to a longitudinal dircet magnetic field or to a longitudinal alter-
nating magnetic ficld or to both simultancously. ‘I'wo specimens of wires were
investigated. One was of pure nickel and the other was of Ni-iron permalloy of low
coercivity. The coercivities of the two specimens were determined by the usual
magnetometer method

RESULTS
Tanrr L.
Nickel.
Coercive ficld—7-80 Gauss. Length of the wire—57-5 cms. Diameter of the
wire—o-048 cms. Resistance of the wire=—o"336 ohms.

| irect TabE | Direet Longitudinal Tield - | Direct Longitadinal Lield—
. Nil 19°3 Gauss, 306 Ganss.
Alternating ' - . o _ -
Longitndinal T T AR dueto T dR due to
Tield in i ANctnatin R Alcrnating
] { alng . 2 R Total dR
Ganss. . dRA _+ | held alone | l()ta¥ 4R ) ficld alone 1. 01” 8 % 10 *
|1n Ohms x 10 .I in Ohms x 10 * | ™ Ohms x 107"} in Ohms x 10+ in Ohms x 10” %,
0 0 0 514 J 890
2.75 (¢} . e
362 o L
543 . 0 514 . e
10013 144 0 514 0 8-40
14747 270 0 514 o 8-40
Y 1714 0 514 —-0-36 804
280 576 1°08 602 —072 768
30018 700 342 8-50 —o0'59 7-86
S0 1152 (689 171°98 1°56 g6
PET) 1404 10710 15730 468 13'08
O 16°50 12770 17°84 6:4% 1488
10R-54 19°62 16-20 21°34 918 17°58




205

C.

Magneto-resistance Change of Ferromagnetics,

i
o5 3 : ‘< J o7 gh.tc 3.7 AN < Qf 3 ¥ wo1
£9.¢f g 13.-¢ ol s 1507 gh.:c LAY of oz | o8sf ¥ N0
g1 mm z..c s sy uT.S1 £¢ 37 z1.se , gL =% og.0z i oS gf | 5..0@
S b Sy RO 5011 £5.9% rr.Iz ES 33 1522 0 Sf39 | feel
1163 I £R.Iv <6 15.7¢ of.51 ot,1¢ Trgz Togrel : It ts
uM\ : Al e e - .. ' - : ck.Sh
152 mm...m| vl °< Itlc ) _um,:n. ,.m,..Hw n.w..\.n “ d“mw
B gt i— - - : gaz€
6.6 iy - Itz gc.t gh.Sz 11.2T €lgr bz zm.m,u
o o ” . - £¢. 5
Irle f3.h— _ e,
15.57 oY v— 1ree fr.ce £l . g9lyr b f1 or oz 1l1z
5.5 . 11, . _ e
NT.@H e . . e ) D—H
(L ol gt HEEES | <.0 to Lt o1 K S of.sT
e or _ ! 2 tx
o vl _ lgro— ’ : i Lot
N <. - ! +H H Tl
. G2.71 alg o”.nu | 6; o
g1 =t . ) " ) . : @m..,”
.- , 12 uz 51— Zotr P 1— : 0y L
. 11.5¢ I} Pl l9.0— i gt ¢ o el Py
. S ' an ) ses . rl.u..v ﬂm.Hl .ee | Nm.v
e . aea ) I‘C m.H ATWA.Ol v . e 1 wo.m
11.zz | o - £E 5 , 16.1— 1Y | 79.€
- , i : N o 69.8 | B
, | i o A TR o 90.z 181
. . _ A .. , o i 9z 1
g1.z¢ o , 1122 i o . It 81 o _ 9c.s o ! o __ o
' : i ]
R ! T —— _ _ S . ——— —_—
i ) !
.01 x SO { .00 x sy $-01 x SWL() “ ,
§ OI x s ol QUOLE | ‘4 _OI x sty I AUO[B " O x iUl UramIe |y 0L x SWH)  “p_OI »x SW)
ur PIPg ! g P29 841 ' PISY ot - Wi auc[e piag ) $-0I x STy .
ar Buneuranjy ap | SunRBmIdY Hp Funeniayy | qp Supeuidy[y | W YP ssnes) nmm WWW
B0 0} 2n B}0 ! 03 an . BIOT, vyanp ¥gp ! 1810, ¢y anp 9P , jeurpniL
[LELAS 1°0p ¥p _ 1830], 3 =np Jp 1 P ¥p » _ Sanenisiy
' V . 1IN PPRLA
‘ssmes) 9 §F-- p[aYy ‘ssnen) € 61—piay ‘ssnes) §g 6—plag _ ‘ssnes) 85 F—paL lfeupny8Buory
[euipndusT 33314(] | [euipnjiSuor] 33111 [BUIpONSTLT P3G [BUIPMIBUCT R | PRI
|

SswyQ) L9 1—
3104 21} JO JUEISISAY S STo'o—allm oY) jo 193dumrel(] SO §°ES
- {o[[BULIag WOII-IN
II T1Ev],

2I11m A1) J9 Y380’T  -ssnex) ol I—P[3y dAIDI30])




206 S. Sharan

Tables I and IT give the results obtained with nickel and Ni-iron permalloy,
respectively.  The second column in both the tables gives the resistance change
of the specimens when subjected to only alternating magnetic field. The other
columns represent the mecasurements taken with a simultancous application of a
direct and an alternating magnetic field. The results are best appreciated with

reference to fiigures 1 and 2 which are graphical representations of the results
obtained.
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It will be seen that when a ferromagnetic wire is subjected to a gradually
increasing alternating magnetic field alone, the resistance of the wire undergoes
no change in the beginning till a certain value of the alternating lield is reached
and then if the field be further increased, the resistance increases practically in
the same way as it does under a direct maguetic ficld. The particular value of
the alternating field after which the resistance begins to increase, which we shall
call H,, agrces with the coercive field H, of the specimen, as will appear from
table I1I. The magnitude of the change of resistance with alternating field appears
to be of the same order as that with a direct field as table IV shows. The smaller
resistance change with alternating field merely points to the fact that a poition
of the alternating field perhaps goes to overcome the cocrcive field of the specimen--
and hence the resistance changes in alternating field refer to smaller fields than
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IFicore 2.

the corresponding direct fields given in table IV. The tables 1T and TV arc
merely analysis of the data given in tables I and IT and the curves of figures 1 and
2. Sofar concerning resistance change under the eflect of alternating licld
alone.

Now let us consider the resistance change under a simultaneous cffect of
direct and alternating fields. When a direct field is at first applied, there is a
consequent increase in the resistauce of the specimen, as given in the tops of
colummns 4, 6, 8 and 10 of tables I and II. If now an alternating field he
superimposed on the direct ficld, a decrcase of resistance first takes place and
then after reaching a minimum value, the resistance again increascs, passing
through the value it had at zero alternating field and finally rcaches nearly the
same values as it did under the effect of the alternating field alone. For the
purposc of ncatness and clarity no account is taken in figures 1 and 2
of the resistance change of the specimen due to the ditect field, but this is taken

into account in the columns 4, 6, 8 and 10 of tables I and II.
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TaprLx 111

! [
Specimen, in I(]‘.l;lu.ss, i in](I‘-':Aus.s Hu /T | in ({]mu in ({xrl(ms III;I,;ITUI&
| f I
Ni-Tron Permalloy o ; 1.50 Lo1go 140
Do 482 400 : 121 6-00 140 682
Do 465 745 | 1°30 | 1200 : 1740 11°05
Do 19°50 15-00 1.30 : 21°50 E 40 | 20mgo
Do 38-60 29°50 1°31 44°50 | 1+40 4000
Nickel 0 - i (40 A 7-80
Do. 1930 25700 3 780 27°10
Do. 3960 30°00 1°32 44°50 poo7Bo 4740
Tasre 1V.
teld value ; ke . '
Specimen, Altcr}‘u‘lttg;:g"(‘:lult)irut‘t (i /l\"iltl'(ltll"nt”m dR i:],]:a‘:,l:.:thl‘:i:il(l
in Gatiss. Ohms x 10 1,
Ni-Iron Permalloy ! 4-82 630 5 5736
Do. 963 12+00 14T
Do. 19°50 10750 2211
Do. 38+00 2000 44016
Nickel 19-30 380 51
Do. 3960 8-0on Reqo
!
DISCUSSION OV THL RESULTS
If,
H,,= the alterhating field at which the resistance has a minimum value,

H, = the direct ficld,

H,= the alternating field after which the resistance finally begins to
Increuse,

then Lwo very remarkable results can be noticed fromn table I11. -

H,=H,+H. : e (1)
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H,;/H, = 1-30 nearly =constant (2)

]

The relation (2) has a very significant meaning in the light of the following
observations. The alternating field that is created by the passage of an alterna-
ting current through a solenoid is a fluctuating field passing through a masimum
in one direction 50 times per second just like the current. Now as it is the root
mean square value of the current which is read by an A.C. mmmeter, it is the
root mean square value of the alternating field that is obtained when calculated
from the alternating current and not the maximum value.  Tf it is supposed
that the resistance is minimum when the maximmum value of the alternating
ficld is equal to the direet ficld, the relation 1T, /TLa==1"30, shows that the crest
factor of the current used is 1:30 which is near the correct value.

I'he relation (1) again points to the fact that the direet ficld applied hehaves
just like the coercive field in this case and unless the alternating ficld is more
than the stm of the coercive field and the direet licld, no inercase in resistance
takes place.

Another important observation should be made in this conneclion,  ‘The
magnitude of the maximuam decrease in e resistance of a ferromagnetic wire
duc to the superimposition of an alternating ficld over a direct ficld increases with
the value of the direct field applied.

I'he above remarkable observations are capuble of beiug explained on the
veneral theories of magneto-resistance change. Tt is known that there is always
an increase of resistunce, whatever be the direction of the magnetic field applied.
The inereasc in resistance, therefore, in an altering magncetic field similar to that
in a direct longitudinal field is quite expected, and is a sort of average of the
varying resistance changes during a cycle.  ‘The fact that the resistance does
not hegin to increase until the cocreive field is overcome by the alternating field
has also a parallel in the case of the direet field if we consider a full resistance- -
hysteresis cycle.

I'he effects of the supcrimposition of alternating and direct ficlds can be
similarly explained. An alternating ficld helps the direct field during one half of
the cycle and opposes it during the other half. ‘There is an increase of resis-
tance, therefore, m half the cyele when the two ficlds are helping each other
and a decrease in the other half ; but the increase of resistance is necessagily less
than the decrease as is clear from the nature of the magneto-resistance curves.
The net result thercfore in a complete cycle is that there is a decrease of resis-
tance. ‘This goes on till the peak value of the alternating field equals the direet
field and then the maximum decrcase in the resistance takes place. It is clear
that the maximum deercase in the resistance will be greater, the greater the value
of the direct field applicd. After this point is passed, an increase in the alternating
field increases the resistance of the wire and the usual form of the magneto-
resistance curve is obtained.
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A part of this work was carriecd out in the Physics ILaboratories of the
Science College, Patna, and the author is thankful to the authorities for kind
perission, and to Prof. K. Prosad, 1.E.5., specially who has shown a very kecn
interest in this piece of work.
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