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ABSTRACT. TJiC' r<'si ,̂tancc.s uf nickel aiul Ni iron pcnnallnv Inivc liccn .Ktndicd umlcr the 
f>f an altcninling niagnelit' field alone and also under the cflccl of an alternating and a 

fhreet magnetic field siinnltanenaslv. 11 has been oltsevvcd that tlu’ application of a gradually 

iiiereasing alternating field in the ahsenct' of a direct fadd produces no change in the resistance 

of tlu  ̂ specimen, until it has a value etjurd to tlie coer(‘ive field of the specimen ; and if tiic 

alternating field is inci eased hcy- jiid this \ nluc the resistance increases in the same way as it dtX'S 

in the case rif the direct field. In the presence of a direct field, the alternating field first causes 

a decrease in the resistance and after a certain value has been reached, corresponding tf> 

which the resistance is minimum, the resistance begins to increase as usual. A definite 

relation has been observed betwien tin's particular value of the alternating field and the direcd 
field. Inn Iher, it has been obsi rvt'd that the resistance of the specimen increases beyond its 

original value at zero alternating field, only when thi* alternating fiehl is greatci than the sum of 

the direct fii ld and the coc reive field of the specimen. Theoietical explanation of the above 

obser\ atioiis has been given.
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r N T R 0 D V C T 1 ON

T h e  n ia g iic lo -r e s is ta u c e  c h a n g e  of fc r r o n ia g n c lic s  in an u n id ire ctio n a l field  
h as been th e s u b je c t-m a tte r  of in v e s tig a tio n  o f v a rio u s w o rk e rs ; b u t as far as th e  
a u th o r is aw a re v e r y  little  w o rk  h as been d o n e relatin g  to m ag n eto -resista n ce  
c h a n g e  in a lte r n a tin g  m a g n e tic  fields* S o m e re ce n t w o rk e rs  ̂ h a ve  sh ow n  th a t  
th e  j)assage of a lte rn a tin g  cu r re n t th r o u g h  a fe rro m ag n e tic  w ire alters to  a  
co n sid e rab le  e x te n t  its  e le ctrica l i)roperties. T h is  ch a n g e  in th e electrical j>io- 
p e rtie s  is a c o m p le x  effect an d  m a y  be p a r tly  du e to  th e p a ssage of a lte r n a tin g  
c u r r e n t as su ch  th ro u g h  th e m ate rial, p a rtly  of th e  n atu re of sk in  effect d u e to  
th e  p e r m e a b ility  c h a n g e s  in th e fe r r o m a g n e tic  cau sed  b y th e  a lte r n a tin g  m a g n e tic  
field  o f th e  a lte r n a tin g  c u r re n t a n d  p a rtly  due to th e a lte rn a tin g  m a g n e tic  field  
itself* I t  is th e  p u rp o se o f th is  w o rk  to  tlirovv som e lig h t  on th e effects o f an  
a lte r n a tin g  m a g n e tic  field on th e resistan ce o f fe rro m a g n e tic s  as separated from  
th e  effect o f p a ssin g  an a lte r n a tin g  cu rren t th r o u g h  th e  sp ecim en  an d  th e  consc-, 
q u e n t sk in  e ffe ct.
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It, is kiiovvir'  ̂ that the resistance of a ferromagnetic wire undergoes no change 
due to tlie passage of a direct current within moderate limits. For this reason, 
a constant direct current of tlie value of o i Amps, as read by an ammeter placed 
in series with the specimen, was used for measuring the resistance of the wire, 
throughout the whole experiment. For measuring the resistance, tlie well 
known K elvin’s double bridge was used and with this arrangement, a resistance 
change of the order of io micro-ohms could be determined with accuracy, which 
was found enough foi the purpose in view. The specimen in the form of a wiie 
was iilaced longitudinally in the centre of a solenoid, the length oi,̂  which \vas 
much greater than that of the Avire, so that the full wire eould be subjected to 
an unif(jrm magnetic field. The solenoid consisted of two sections of wires wound 
one above the oilier, through one of udiich a direct current could be passed and 
through the other, an alternating current, and in this way, the specimen could be 
vSubjecled either to a longitudinal direct magnetic field or to a longitudinal alter­
nating magnetic field or to both siiniiltaiieou.sly. 'l\vo specimens of wires were 
iiiA^e.stigated. One was of pure nickel and the other was of Ni-iron permalloy of low 
cocrcivity. The coercivities of the two specimcii.s were determined by the usual 
niagnetonieter nietliod

R V  S t; f  T S 

T atu.ic I .
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Tables I and II 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 measurements taken with a simultaneous application of a 
direct and an alternating magnetic field. The results are best appreciated with 
reference to fiigurcs i and 2 which are graphical representations of the results 
obtained.

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 field is reached 
and then if the field be further increased, the resistance increases practically in 
the same way as it does under a direct magnetic field. The particular value of 
the alternating fiek\after which the resistance begins to increase, which wc shall 
call H oi agrees with the coercive field of the specimen, as will appear from 
table III- 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 coercive field of the specimen- 
and hence the resistance changes in alternating field refer to smaller fields than



Magneto-resistance Change oj Ferromagnetics, <S*c. 207

the corresponding direct fields given in table IV- Tlie tables 111 iind IV are 
merely analysis of the data given in tables I and II and the curves oi figures i and
2. vSo far concerning’ rCvSistance change under the elfecl of altemaling field 

alone.

Now let us consider the resistance change under a sinmltaneous elTecl of 
direct and alternating fields. When a direct field is at first applied, there is a 
consequent increase in the resistance of the specimen, as given in the tops of 
columns 4, 6, 8 and 10 of tables I and II. If now an alternating field be 
superijuposed on the direct field, a decrease of resistance first takes place and 
then after reaching a minimum value, the resistance again increases, passing 
through the value it had at zero alternating field and finally reaches nearly the 
same values as it did under the effect of the alternating ijeld alone, hor the 
purpose of neatness and clarity no account is taken in figures j and 2 
of the resistance change of the specimen due to the diicct field, but this is taken 
into account in the columns 4, 6, 8 and to of tables I and II,
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D T v S C U S f i T O N  O V  T H E  R E S U L T S

If,

Hui- the alternating field at which the resistance has a niininnun value,
H,/ = the direct field,

the altcnialiiig field after which the resistance finally begins to 
increase,

then two very remarkable results can be noticed from table III.

= (i)
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1-30 nearly =  constant (2)

The relation {2) has a very sipnificaiil meaning in the light o[ the following 
observations. The alternating field that is created by the jia.ssage of an alterna­
ting current through a solenoid is a fluctuating field ])assing Ihrougli a niaxinmtn 
in one direction 50 times i)er second just like the current. N o w a sii is Ihe root 
mean square value of the current which is read l>y an A .0 . ammeter, it is tlie 
root mean square value of the alternating field that is obtained when calculated 
from the alternating current and not the maximum value. If it is supposed 
that the resistance is minimum when the maximum value of the alternating 
field is equal to the direct field, the relation II,,/II„,-  r30, shows that the crest 

factor of the current used is t'.̂ o which is near the correct value.
The relation (i) again jioints to the fact that the direct field applied heliaves 

just like the coercive field in this case and unless the alternating field is more 
than the sum of the coercive field and the direct field, no increase in resistance 

lakes place.
Another important observation should be made in this connection. Ihe 

magnitude of the maximum decrease in the resi.staiice of a fciioniagnetic wiie 

due to the superimpositiDii of an alternating field over a direct field increases with 

the value of the direct field aiqdied.
The above remarkable observations are capable of 1)eixig cx])lained on the 

general theories of magncto-resist.ince change. It is known that there is always 
an increase of resistance, whatever be the direction of the magnetic field applied. 
The increase in resistance, therefore, in an altering magnetic field similar to that
in a direct longitudinal field is quite ex])ccted, and is a smt of average of the

varying re.sistance changes during a cycle. The fact that the resistance does 
not begin to increase until the coercive field is overcome by the alteinating field 
has also a iiarallel in the case of the direct field if we consider a full.resistance- - 

hysteresis cycle.
The effects of the superimpo.sition of alternating and direct lields can be 

similarly explained. An allernaling field helps the direct field during one half of 
the cycle and opposes it during the othei half. There is an increa.se of resis­
tance, therefore, m half the cycle when the two fields are helping eacdi othei 
and a decrease in the other half ; but the increase of resistance is necessatily less 
than the decrease as is clear from the nature of the magneto-resistance cm ves.
The net result therefore ill a complete cycle is that tlicie is a decrease of resis­

tance. This goes on till the peak value of the alternating field equals the direct 
field and then the maximum decrease in the resistance takes place. It is dear 
that the ina.ximum decrease in the resistance will be gieatei, the gieater the v.ilne 
of the direct field applied. After this point is passed, an increase in the alternating 
field increases the resistance of the wire and the usual form of the ma(,uieto- 

resistance curve is obtained.
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