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A comprehensive study of low{0—-16.5 kOg¢ and very high-field(0—-200 kOg¢ magnetoresistance
Apl/p(H,T) and magnetizatiom (H,T) has been carried out between 4.2 and 300 K on substitutionally
disorderedy-Fe;,_Ni,Cryg (14<x=<30), austenitic stainless-steel alloys near the multicritical point. Interpre-
tation of magnetoresistan¢®R) data and correlation between MR and magnetization have been emphasized
in this paper. All the alloys in the low-field regime show a negataeomalous MR below 50 K, except for
the antiferromagnetiCAFM) alloy with x=14. In the latter the MR is positive at lower fields but becomes
negative beyond thepin-floptransition due to the canting of the AFM spins. Above 50 K all of them show
Kohler-type(quadratic inH) normal MR. In the low-field regime below 50 K, the MR data of all the alloys
(except the AFM are well described by an empirical relatidmp/p= — «(T)H" with distinct values ofx and
n for the different magnetic phases. In the case of the spin-g&GSkalloy (x=21), the MR correlates very
well with M asA p/pxM?® over a wide range of temperature and field. For the SG alboysl9 and 2] with
no long-range ordering the isotropic MRAp/p)iso] and M satisfy an empirical relatiof(Ap/p)iso]l =
—a[M?(H)]. As the system approaches the long-range ferromag(iekiy ordering passing through the
re-entrant spin-glasdkSG regime, a distinct deviation from the above relation has been observed. Finally, in
the case of the long-range FM allox£30), the relationship of(Ap/p)iso]= — a[ M2(H)—M?2(0)] holds
well. The observation of the upturn in the negative MR in these Fe-Ni-Cr alloys at low temperatures and in
very high fields beyond 40-50 kOe has been attributed to the poitrena) contribution having a quadratic
field dependenci(Ap/p),~aH?]. The negativéanomalouscontribution is found to appear mainly from the
suppression of the spin-flip scattering in all the magnetic states. At very high fields, deviation from the simple
guadratic dependence of the negative MRMrhas been observed in the concentrated $619) alloy. The
contribution to MR fromquantum interference effecis found to be very small compared to the other
contributions[S0163-18208)00514-1]

I. INTRODUCTION tary information in relation to magnetization on a semimicro-
scopic scale {1).
The magnetotransport stufinagnetoresistand®R)] of In the case ofcanonical spin glasse§CuMn,?® AuFe*

metallic alloys is a powerful probe of its electronic transportAuCr, and AgMn(Refs. 2,5 with (0.5-10 at. % of & im-
processes. Generally in metals and alloys with weak poterpurities| a general correlation

tial scattering, the dominant contribution to the MR is essen-

tially a band effect. This is positive, quadratic in field, and p(H.T=p(0T) Ap _ ~BM2=—By2HZ (1)
follows within certain limitations Kohler's rufe[Ap/p, p(0,T) Po Xo
=f(H/pg)]. In nonmagnetic amorphous alloys one generally

. o : was obtained in a wide range of magnetic field)(and
sees a negative MR arising from the suppressionweék . ; )
localization temperature T) below their spin-freezing temperatures. It

The magnetoresistance of a magnetic system is one su{has been argued by Senodstiat anM® dependence of the
Y 9 y R supports a homogeneous model for the magnetization in

probe where the transport properties are coupled with th pin glasse$SG). In an investigation of the correlation be-
magnetic ones. It is a convenient tool to investigate local ween MR and magnetizatioM in AgMn and AuMn at
spin correlations which otherwise get averaged out in the,iarmediate fields, Majumdaobtained a good agreement of

bulk magnetic measurements such as susceptibility, magngse gata with Mookerjee’s modelor the MR of spin glass,
tization, etc. It is also to be noted that unlike the bulk mag-gjyen by

netic measurementdR is less sensitive to domain effects if

their size is greater than the mean free pailine isotropic Ap J? gugH )
MR of magnetic alloys is predicted to be sensitive only to p_oz_(WN tanl‘( KT )+2?’M
changes in the magnetic correlations on a scale of the order

of the electron mean free path)( whereas the magnetiza- HereV andJ are the Coulomb ang-d exchange potentials,
tion depends on both short and long-range ferromagnetig is the splitting factorug is the Bohr magneton, angis a
(FM) orders as well as on the rotation of the FM domain inconstant. This model was derived within the framework of
response to an applied field. Therefore, the study of MR ofhe Edwards-Anderson model where the local spins interact
magnetic materials can provide very useful and complemerthrough the conduction electrons via thal exchange cou-

. (2
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pling, neglecting the complication of spin dynamics. Sherlethe MR is zero when the applied magnetic field is perpen-
kar et al.” computed the MR of ternary spin glasses by in-dicular to the sublattice magnetization.
cluding higher-order terms and obtained a better agreement In this work we have carried out systematic measure-
with experiments as compared with Mookerjee’s theory. ments of longitudinal [(Ap/p),](H,T) and transeverse
Generally the alloys around the percolation threshold (Ap/p), J(H,T) magnetoresistances and magnetization
have strong competing interactions and they are found t&(H,T) in low (0—-16.5 kO¢ and very high(0—200 kOg
pass on to a phase where long-range order coexists with thield ranges at temperatures between 4.2 and 300 K in
spin-glass ordering, as predicted by Gabay and Touldusey-FEg, ,Ni,Cry, (14<x<30) austenitic stainless-steel al-
The irreversible effects associated with the magnetization ofoys in the fccy phase. The magnetic phase diagtafihad
spin glasses are also observed in this phase. MR studies reeen established in this alloy system through dc
veal that the slope of MR(1/p)(dp/dH)] increases as the magnetizatiot® magnetic neutron scatterify, and ac-
system enters a mixed phdsefrom a FM one. This in-  susceptibility measurements. Due to the strong competing
crease is associated with the increase of random, uncorr@ychange interaction between different kinds ofd 3
lated components and the breakdown of FM order whichignsition-metal magnetic atom@earest-neighbor interac-
results in an increase of high-field susceptibility. A number;q, is either FM or AFM with positive or negative values of
of reports on AuFe alloys with higher Fe concentratlonexchange integraly;;), this system of alloys undergoes a

(>13 at. %) (Refs. 2,9,11-1Bconfirmed the coexistence of itional ph t ition f long- AEM
both the SG and the FM phases in the re-entrant phas(('\aOmpOSI lona’ phase transition from fong-range (

through studies of MR, susceptibility, etc. NiMn alld$* =10-14) to SG17-21, to mixed FM and SG23-26, to

: long-range FM ¥=30) order within the same crystallo-
I how the re- h low 25 at. % of (lker- ) .
ijgtfonom:eghrgwentrant behavior below 25 at. % of( graphicy phase. In the mixed phase alloys<23—-26), the

The commonly observed low-field ferromagnetic anisot-co€Xistence of long-range .Fl\/lzzand SG ordering was_con-
ropy of resistivity (FAR) in different crystalline and amor- firmed through magnetizatiéh®* and magnetores|s'tan?6e
phous FM alloys have been explained well by Smitsmeasurements. This is in agreement with the
modet® which is based on spin-orbit interaction ased ~ Gabay-Toulousemodel of mixed phase.
scattering incorporating parallel current conduction. This MagnetoresistancéMR) measurements are supposed to
model has been extensively used by Cambell, Fert, anthrow new light on or confirm the proposed magnetic phase
Jaol® to derive a relation which holds for many crystalline diagram in the sense that each of the above phases has char-
Ni-based alloys. At high fields the suppression of scatteringicteristic field, temperature, and orientation dependence of
due to spin waves leads to a reduction in resistivity and conMR. Conversely, the present system of concentrated alloys
sequently a negative MR above their technical saturation. forms an interesting set where one could study the detail MR

There have been very few MR measurements in antiferbehavior of almost continuously varying magnetic phases
romagnets, possibly because of their small values, which i@figinating from competing interactions within the same
some cases may be beyond the resolution of measuring ighemical constituents and crystal structure.
struments. Nagasawahad observed that Nd, which has a We have reported earlier preliminary low-field magne-
complicated spin ordering with two antiferromagnetic phasedoresistance measureméfton a few of these alloysx
at low temperatures, shows a positive magnetoresistance 30, 23, and 2JLin the field range of 0-16.5 kOe without
sufficiently low temperatures whereas as the temperatur@ny detailed analysis. In this report we extend the low-field
rises it becomes negative at the temperature where one of théR and magnetization measurementsxte 26 [another re-
antiferromagnetic phases disappears. This suggests that @ftrant spin glascRSG], 19 (pure SG and 14(AFM). Also,
such metals with oscillatory spin orderings the magnetic fieldhigh-field (till 20 T) magnetoresistance data in the RSG (
does not simply suppress the fluctuations of spins, but may 26) and SG x=19) are presented, analyzed, and also cor-
as well increase it leading to a positive MR. Yamada ande€lated with the corresponding magnetization data already
Takadd® have calculated the MR of antiferromagnetic reported> The motivation and emphasis of the present work
(AFM) metals due to electron-spin scattering with localizedare on meaningful correlations between magnetotransport
spins throughs-d interaction, using the molecular-field ap- and magnetic properties in different magnetic phases. Some
proximation. For AFM’s the direction of external magnetic important new results are as follows:
field is taken to be parallel or perpendicular to gtaggered (@ Functional relationsAp/p=—a(T)H" between MR
magnetization and the latter(perpendicular case includes andH with distinct values ofx andn have been found for
the spin-flop stateThe external magnetic field is assumed todifferent magnetic phaséexcept the AFM.
be weak (. r<1). They have shown that the MR is positive  (b) For the AFM (x=14), the positive LMR at lower
in the AFM state when the field is parallel to the sublatticefields is correlated with thepin-floptransition observed in
magnetization in contrast to the negative MR in the FM andV (H) at 10 kOe.
paramagneti¢PM) cases. In the FM and PM cases the mag-  (c) For the SG k= 21), Ap/pM?>over a wide range of
netic field increases the effective field acting on the localizedH andT. The isotropic MR for the SG’&=21 and 19 goes
spins and suppresses the fluctuation of spins which leads toas [ (Ap/p)ise] = — @[ M?(H)] whereas for the FMx= 30)
negative MR. On the other hand, in an AFM state with par{ (Ap/p)iso]= — a[ M?(H) —M?(0)] holds well. The RSG’s
allel field, the fluctuations of the spins of one sublattice may(x=23 and 26 satisfy the latter only roughly.
be suppressed whereas it might increase in the other. The (d) The very high-field(20 T) MR has normal positive
MR is determined by the net spin fluctuations in the twoand anomalougmagneti¢ negative contributions. The mag-
sublattices, and this may lead to a positive MR. For an AFMnetic part of the MR in the SGx(=19) does not correlate
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FIG. 1. Magnetic-field K) dependence ofa) longitudinal  at various temperatures for §&liz(Cr,o (FM) alloy confirming the

[(Ap/p),] and (b) transverse[(Ap/p), ] magnetoresistances at presence of large spontaneous moment.
various temperatures for Efi;(Cr,g (FM) alloy.

: 2 . . , o varies slower tharH below 50 K. Ap/p), at 11 K and a
with M~ (as incanonicalSG’s). The contribution to the MR field at 16.5 kOe is only~0.17%. Above 50 K the MR

from quantum interference effects is found to be negligible.necomes positive and shows a normap(p~H?2) magne-
toresistance behaviofKohler type till 300 K. It can be
Il. EXPERIMENTAL DETAILS clearly seen thdf(Ap/p), | is always greater thalfA p/p),|,

. o ) i.e., a small but finite anisotropy is indeed present Till
Sample preparation and characterization, low-field mag—gqg k. The typical value of the anisotropy of the MR

netoresistance and dc magnetization measurement techniques\r) here ELI(Aplp)|—1(Aplp), |]) is 0.01% atT
have been described elsewh&tre.The very high-field(till =11K and atH,,=0. This value of anisotropy of MR in
20 T) magnetoresistancBAp/p(H)] measurements were y_ 30 (FM) is very small in contrast to the much larger

carried out in the temperature range between 4.2 and 60 K),es for a homogeneous FM. The origin of such an anisot-

using the standard ac technique and a water-cooled Bitt%py term (\p,—Ap, )/p, at the lowest fields and tempera-
coil magnet(2-T and 2-Y typesof 52.5 mm bore and a 10 s can be associated with the domain orientation in ordi-

MW power supply at the Francis Bitter National Magnet nary FM’s like Ni and also in NiMr(21 at. % Mp alloy near
Laboratory, Massachusetts Institute of Technology. The datg, percolation threshofd.

acquisition is done through a PC/AT in both continuous
scanning increasing and decreasing field moc_les. The te eratures(isotherms for x=30 has been presented in Fig.
perature of the sample was measured by a calibrated carbéy i 0 a field of 16.5 kOe. We observe a clear tendency
resistor and was controlled by a glass-ceramic capacitanggyards saturation but true saturation is not achieved even at
sensor and matching electronlcs: T_he stability of temperaturg, o highest field16.5 kO at the lowest temperatufa9 K).
during the measurements was withirL00 mK and the reso-  The field dependence of magnetization at 19 K is found to be

The field dependence of magnetization at several tem-

lution in Ap/p was about 1 part in 10 given byM «cH%%in the field range of 2—16.5 kOe. With the
increase of temperature, this alloy becomes a Mit<{H)
Ill. RESULTS AND DISCUSSION beyond 200 K as clearly seen from FigaR The Arrott plots

[MY2 ys (H/M)Y7], keepingB=0.5, andy=1 (the mean-
field values for x=30 is shown in Fig. &). We find a set of
parallel lines having both positive and negative intercepts on
(a) In Figs. Xa) and ib) we have shown, respectively, the the M? axis from whichT, can be estimated to be 135 K.
longitudinal (LMR) [(Ap/p),] and transeverseTMR) (b) In the case of the alloy witkk=26 (mixed phase or
[(Ap/p), ] magnetoresistances of the alloy witk- 30 (FM)  re-entrant phagéoth the LMR and TMR in the temperature
in the temperature range of 11-150 K and up to a field ofange of 11-75 K and up to fields of 16.5 kOe are negative
16.5 kOe. The MR in both the orientations is negative anduntil 75 K and varies slower thad (not shown. (Ap/p), at

A. General features and comparative study of low-field
magnetoresistance and magnetization
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11 K and a field of 16.5 kOe is*0.18%. Several isothermal 100 K
M-H measurements were taken in the range of 19-250 K. 0.0000 1
The plot at 19 K and fields up to even 16.5 kOe has a lot of
curvature indicating lack of saturation of the magnetization.
The functional dependence of this plot was obtained from the ~0.0010 0K
fit to MocHO% in the field range of 2-16.5 kOe. The Arrott
plots (not shown hereshow large positive intercepts on the
M? axis which confirm the FM ordering below 60 K. ~0.0020
(c) In a similar fashion the alloy withk=23 (another
mixed-phase alloyshow a negative MR, almost isotropic Fee:NisoCrao, Spin glass
(FAR=0) and its magnitude increases with field and de- ~0.0030 3——r——1——
creases with temperature in the range 11-50 K. The MR at H (kOe)
100 K and above becomes positijgormal magnetoresis-
tance. The value of the negative TMR at 16.5 kOe and at 11 Feq;NiiCrzo, Spin glass
K is 0.35%. It varies slower thaH and depends strongly on
temperature below 50 K. This kind of behavior is similar to
that of concentrated AuF€l8 at. % Fe¢ (Refs. 11,13 and
NiMn (21 at. % Mp alloyst®!*in the mixed-phase regime.
This is in contrast to the low-fielt?> dependence of MR in
AuFe (2.9 at. % Fg? This is also different from those of
conventional FM’s where MR is linear i and shows FAR.
With the decrease of Ni concentratior)(the value of the
FAR decreasegi.e., as the composition moves away from of T
the critical concentration for long-range FM ordering, the H (ko)

aniSOtro.py vanishes o FIG. 3. (8 Magnetic-field H) dependence of longitudinal
The isothermaM vs H plots for the alloy withx=23 [(Ap/p);] magnetoresistance at various temperatures for

(mixed phasghardly shows any saturation even at 19 K andge ni, Cr,, (spin glass alloy. (b) M-H isotherms of FeNiyoCrap

at 16.5 kOe. This behavior is comparable to those of AuFgspin glass alloy at various temperatures in the field range of 0—
(17 at. % of F¢ (Ref. 29 mixed-phase alloys. Toulouse had 1.5 koe.

found theoretically that in the coexistence regirfmixed

phasg, the field dependence of magnetization at low fields issemperatures for the alloy witk=19 (SG) are shown. Its
given byM«<H®¥7. This was derived considering the infinite value at 11 K is~0.26%. At the lowest temperatutep/p
range Ising model of Sherrington and Kirkpatrick and in-varies slower tharH. However, at higher temperatures it
cluding an average FM interaction. In contrast, from ourvaries faster thaid. This kind of behavior has also been
M-H measurements, it is found that fo= 23 (mixed phasg  found in AuFe alloys(8—13 at. % of Fg'2 The MR above
at 19 K,M=H%?2even at fields extending up to 15 kOe. The 100 K becomes positivénormal MR).

positive intercepts of Arrott plots fax=23 (not shown as TheM-H plots[Fig. 3(b)] of this alloy (x=19) resembles
well confirm the presence of FM ordering in the coexistencehose of x=21. At the lowest temperatur¢l9 K) M
regime. Had it been a pure SG there would not have beerH%4° The Arrott plots of this alloy do not have any posi-
any positive intercept. The SG freezing of this mixed-phasaive intercept on thé\1? axis even at the lowest temperature
alloy has already been established from the thermomagnetionfirming the absence of any FM ordering.

/o),

(a) 25 K

16 20

M (emu/g)

100 K

150 K

300 K

15 20

history dependence of dc magnetizatidrSo we conclude (f) In Fig. 4@ we have shown the field dependence of
that in the mixed-phase regime, SG and FM orderings indeefoth the LMR and TMR[(Ap/p) vs H] for the alloy with
coexist. x=14 (AFM) at 4.2 K. Initially the LMR increases with field

(d) The field dependence of the LMR and TMR at severalfollowed by a maximum and ultimately it becomes negative.
temperatures for the alloy witk=21 (SG show identical In contrast, the TMR is negative for all fields from 0 to 14
(completely isotropic, FAR 0) behavior within the resolu- kOe. As mentioned earlier, as the magnetic field is increased,
tion of our experiment. The curves at 100 K and above showhe LMR of polycrystalline AFM metals should change from
positive normal magnetoresistance. Below 50 K, the MRpositive to zero and finally to negative values and the curve
varies slower thai. The value of the TMR is=0.4% at 11  is rounded by domain-wall and polycrystalline effects. In this
K and at 16.5 kOe and is rather large in comparison withAFM the field dependence of the LMR exhibits a similar
those of the other alloysxj. From the field dependence of behavior which is consistent with studies on other AFM al-
the magnetization ok=21, we find that at the lowest tem- loys, viz. Nd by NagasawH. The development of a negative
perature(19 K), the M-H plot does not show any tendency LMR indicates that this alloy undergoes a field-induseth-
of saturation due to the strong competing interactions beflop transition from an AFM state to a canted FM state.
tween FM and AFM exchange couplingalso seen in, say, The M-H curve of the alloy withx= 14, which has an
AuFe with 4-8 at. % Fe impuri}y?”® At 19 K, MxcH%*till AFM ordering belowTy=26 K, shows a striking change of
15 kOe. The Arrott plot of this alloy at 19 Kno positive  slope at around 10 kOe at 4.2 [fig. 4(b)]. This abrupt
intercept on theM? axis) rules out any FM ordering at this change of slope is more pronounced in ¢Hd/dH vsH plot
temperature. [Fig. 4(b)] which shows a peak at 10 kOe. However, it van-

(e) In Fig. 3@, the low-field LMR[(Ap/p),] at several ishes completely at 35.3 Kot shown. This change of slope
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0.0008 . TABLE I. Values of the parameters anda(T) and alsoy? for
0.0004 - //(—V\‘\\\ T=42k the fits to Ap/p=—a(T)H" at various temperatures for
1 Fesp_«Ni,Cryo (14<x=<30) alloys in the field range of 2—-16.5 kOe.
0.0000
@ ~0.0004 ' Long. Alloy T a(T) X2
E —o000e ] (X) (KY n  (10%kOe™ (1079
00012 | (=) . 19 11  0.80 2.8 5.0
oot | FesNinCra [rens. (Tsc=12K) 25 1.07 0.8 3.9
{Antiferromagnet . 40 1.40 0.2 6.0
-0.0020 4+— — T 1 21 11 074 4.9 15
H (iOe) (Tsg=10K) 15  0.77 4.0 31
(b) T=42K | 19 0.76 3.7 9
6.0 <728 30 0.78 2.6 18
N g 40 073 0.6 82
& . - 23 11 0.66 6.0 6.4
g0 g . r 1 (Te, Tse=35,20 K 17  0.66 55 7.0
s = 20 0.66 46 2.4
20 53 25 0.65 4.7 9.8
a9 2 30 0.64 3.9 18
FegeNi Crag oo
Antiferromagnet e, 35 0.65 4.6 8.7
00— p 13 45 065 3.7 12
H (k0e) 26 11 054 4.3 6.0
FIG. 4. (a) Magnetic-field H) dependence of longitudinal (Te, Tsc=60, 7 K 15 033 4.0 9.0
(Long) and transverséTrans) magnetoresistances at 4.2 K for 19 048 3.6 8.5
FeseNiq4Cry (antiferromagneticalloy. (o) M-H anddM/dH vs H 40 0.52 2.2 8.8
plots for the same alloy at 4.2 K. THd-H plot shows a striking 60 0.27 21 12
change of slope around 10 k@shown by an arroywvhered M/dH 75 0.19 14 21
shows a peak. This has been attributeggn-floptransition at this 30 11 0.74 24 25
field. (T.=135K) 20 067 6.7 19
30 0.60 1.4 50
in the M-H plot and the development of a negative LMR at 50 0.10 1.3 11
4.2 K should have the same origin, namely, g@n-flop = — — >
transition arising from the canting of the AFM spins. x“=1INZ;_ [ Yi(data)-Yi(fit) /[ Yi(data)“.

magnetic fieldB=1T at 10 K is going to be negligible
[Aplp~(we7e)?~107°], compared to the observed nega-
tive MR [~103].
The magnetic-field dependence &p/p of all the alloys In Table | we have summarized the valuesnofa(T),
under investigation have been fitted to the relation and 2 till 50 K for all the alloys in the magnetic-field range
of 2—-16 kOe. The values of?(~10®) are consistent with
Ap our experimental accuracy. From this table we observe that
—=—qa(T)H" (1) for the alloy withx=19 (SG phasg the exponent of
p H, n=0.8 at 11 K. The value of increases with tempera-
ture. Above the ordering temperatufesg), n increases con-
using a nonlinear least-squares-fit program. We have alstinuously to values between 1 and 2. This indicates the exis-
estimated the contribution to the MR from Lorentz forcetence of short-range correlations since in a completely
normal MR and find that it is negligible compared to the paramagnetic statey is 21?8 In canonical SG's(Ref. 2
magnetic term for all the concentrations in the field range ofwhere spin freezing takes place because of random bond
1-16.5 kOe and temperature range of 11-50 K. Above 10frustration(magnetic impurities are indirectly ferro- or anti-
K the MR of all the alloys are positive where the normal MR ferromagnetically coupled to each other via the Ruderman-
dominates. The normal MRKohler) is essentially due to Kittel-Kasuya-Yosida(RKKY) interactiong, the exponent
band effects and is given byp/p~(ws7e)?, Where w, (n) was found to be 2 with almost temperature-independent
=eB/m, is the cyclotron frequency and,, the elastic- coefficienta below their freezing temperatures. In this alloy
scattering time. At a magnetic fieB=1T, w.~10"s™t.  (x=19) where the SG phase arises not due to RKKY ex-
Using various data for these Fe-Ni-Cr alloys from our earlierchange interaction mediated by conduction electrons but due
reports?®?” namely, conductivity at 10 Koo x~10*s/cm),  to the direct competing FM and AFM exchange interactions
mean free patlil ~a few tens of A, average electron veloc- (concentrated SGthe value ofn<1. This kind of observa-
ity (vo~10"—1C° cm/s), and elastic scattering timery( tion was also made in NiMn alloy%(only qualitative study
~10 *s) we expect the MR in such a field to satisfy thein the SG phase near the critical composition for ferromag-
condition,w;7.<<1. In our alloys the normaKohler) MR in  netism (25sx=<28).

1. Magnetic field, temperature, and composition dependence
of magnetoresistance
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(2) In the case ofx=21 (spin-glass or cluster-glass 00038
phase, we find thatn=3/4 and is temperature independent
as well. Here also we finah different from 2 unlike the
canonical SG'¢. There are some recent reports on 0.0030 1
AugFeis, 't AugsFers,'* and Auy(Fey_Cry)1s (Ref. 29
alloys with 15<x=<25 which find the same value of the ex-
ponent,n (=~0.75*=0.04) below thel 5g,cgphase. Moreover,
they have referred our valffeas the only available one for
comparing their data for the concentrated alloys in the 0.0014
SG/CG regime.
Since this alloy x=21) is very near the mixed-phase or @
re-entrant SG phase regimex=23-26), it must have 000% 35 2
cluster-glass-like(CG) ordering belowTgg,ce. Hence the
MR will have contributions from both intercluster interaction T NiCh
which is of spin-glass-type and intracluster interaction which 6 T e
is ferromagnetic. The unique value of the exponentHof
(n=3/4) results from the above combined effects for all the £
alloys in the SG/CG regime. §
1

Fego-2NiCrep

0.0022

- (&/p) I

24 27
Ni Conc. (x)

0.7

T

(3) For the alloy withx=23 (mixed or re-entrant phage
the exponent oH is 2/3 and is independent af up to 50 K
which is above botfTs; and T, . This value ofn is different
from the value of 6/7 found for AuFEL 8 at. % F¢ (Ref. 13 (b)
for T<Tgg. There it depended strongly on temperature for ) ‘ s
T>Tgs. However, a recent study on gyFe, ,Cr,)qg al- 18 30
loys for 0.05<x=< 1% which show RSG behavior, the value
of n is found to be 0.67 £0.02) or=4% in the temperature FIG. 5. Ni concentrationx) dependence df) longitudinal MR
range of 4.2—200 K and in the field range of 2—45 kOe. It isat 5, 10, and 16.5 kOe magnetic fields afly o and n for
interesting to note that in all these alloys the range of fit ofFeo-«NiCry alloys at 11 K.

H?® dependence af p/p extends beyond the respective Cu-

rie temperatures. Moreover, in the same sttitlfhey have RSG regime §~2/3) can be attributed to the fluctuations
rechecked the data for AgFe;5 (RSG alloy and found that due to the formation of large clusters along with the spin-
the value ofn~% only between 140 and 160 K which is glass freezing.

close to itsT, (150.7 K). Below Tgg, n~0.8+0.2. They (5 In the case of the alloy witx=30 (FM phasg, n
have also referred our valtfeas the only available one for varies strongly with temperaturex(T), the coefficient of
comparing their datd in the case of concentrated alloys in H", is the strength of the MR. It decreases with temperature

0.6

24
Ni conc. (x)

the mixed-phaséor RSG regime. in all the samples. As mentioned in the earlier section, a
According to Balberg, the field dependence of MR of asmall but finite anisotropyFAR of 0.01% is found in the
weak ferromagnet at high fields is given?By very low-field region(0—200 Og¢ and at high field916.5
kOe) as well.
(1-a)IBs In Fig. 5@ the composition dependence afg/p), has
Ap=—H ' been shown at 11 K for fields of 5, 10, and 16.5 kOe. It can

be clearly seen from the figure that the magnitude of the MR
provided (wH/kT)>|1—-T/T,|, where u is the magnetic is maximum in the SG regimélose to the critical concen-
moment of the iong the specific heat exponerg,andsare  tration regionx~x.). In Fig. 5b) we have shown the com-
the critical exponents for spontaneous magnetization angosition x) dependence of the coefficient (Table ) and
critical isotherm, respectively. In the case of AuRRSG  the exponentn at 11 K. The value ofx increases withx,
alloys, magnetizatiofi and nonlinear susceptibilty mea- reaches a maximum at= 23 and then decreases as the alloys
surements near the critical temperature show that the criticalpproach long-range FM. The value mfdecreases witlx,
exponents are similar to those ofl Heisenberg systentd.  reaches a minimum at=26 and then increases with

Putting the values of these critical exponents,[~(1 The temperature dependence dfp{p), for x=30, 26,
—a)/B4] is found to be 0.64 which is very close to the 23, 21, and 19 at fields of 5, 10, and 16.5 kOe have shown
value found for our RSG alloys<3). that above 50 K the sign ofAp/p), changes from negative

So our present study along with the studies mentionedo positive (not shown here The decrease of thgA p/p),|
above reveal thah p/p —H?? could be claimed as a char- with the increase of temperature indicates an enhancement of
acteristic feature of re-entrant spin glasses or mixed-phaske amplitude for spin-flip scattering of conduction electrons
alloys in the field range above their technical saturation. from localized moments of the magnetic ions.

(4) For the alloy withx=26 (RSQ, the value ofn is So we observe a definite trend of MirRand n with com-
found to bej in the temperature range of 11-50 K and is position as the Fe-Ni-Cr system evolves from long-range
temperature independent. This particular alloy is very closéAFM ordering to long-range FM ordering passing through
to the critical concentration for long-range FM ordering. Thethe critical concentration regior{(x~xX.) where the maxi-
different value of the exponent compared to that in the mum change of all the three quantities occurs.
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There are reports on MR of NiMn allo}f** with about Bl P e —
21-30 at. % Mn(which are very near the critical concentra-
tion regime for FM orderingin SG, RSG, and FM phases. In
all these phases they have also found the field dependence of
Aplp to be slower than linear. However, no quantitative
study has been made on those alloys.

In this low-field region (gugH/kgT<2, where H
~10 kOe below the respective transition temperatures the

FegoNiz Crey, Spin glass

log I'Ap/pl

most rapidly varying part of the negative MR of these 343 - 5
Fe-Ni-Cr magnetic alloys is caused by the freezing out of the * log M (emu/g) ’
spin-flip s-d scattering due to the alignment of localized 0.0040

Correlation between (80/Pluo

magnetic spins with the applied magnetic field. .
_and M for Feao-o)NiCrep

0.0032
2. Correlation between low-field magnetoresistance

and magnetization T=20K

0.0024 -

In this section we have studied the magnetization depen-
dence of the magnetoresistance of the Fe-Ni-Cr series. To
find out any meaningful correlation betwedmp/p and M,
we have carried ouk p/p(H,T) andM(H,T) measurements ]
under identical conditiongat the sameH and T) for each 0.0000
composition. Eliminatingd between the two sets, namely, °

0.0016 -+

|80/ 150

0.0008 4+

)

10 20 30 40
M (emu/g)
FIG. 6. (&) Log-log plot of transverse magnetoresistance and

«H" and MxH", magnetization at different temperatures forJ\8,,Cr,, (spin-

glasg alloy. The slope of the plot givd$A p/p),|~M?>. (b) Cor-
one gets relation between £p/p)iso, and M for Fegy_(Ni Cryg alloys at T
=20K clearly showing a gradual evolution of MR as one goes
from the long-range FM ordering towards the critical region (
~X.) close to the SG regime.

3

Ap ;
r MMM at any temperaturd . (3)

Thus we can find\p/p vs M at any temperatur& with- Equation(4) can be rewritten as
out using any theoretical model. Figuréashows IfAp/p|
vs In|M| plot for x=21 at various temperatures from 11 to 30
K. Fitting the data to a straight linexf~10°) yields
AplpxM?5 over a wide range of temperature and field. (6)
However, the data above 30 K do not fall on this curve. In
the case ok=23 (mixed phasgsuch plots yield the values
of the exponent oM varying from 3.1 to 2.0 a§ changes
from 19 to 45 K, thus showing no correlation betweken/ p
andM. Forx=30(FM), Ap/p (H) is strongly dependent on Ap
temperature, whileM(H) has a weak temperature depen- — (H)=—a[M?(H)—M?(0)], )
dence forT<T; making the attempt of correlation meaning- P
less. So for the FM alloy and also for the alloys in the RSGwhere M (0) is the spontaneous magnetization in units of
phase such a dependence &f/p on M [Eq. (3)] is not . /ion (estimated by extrapolation from measurements in
observed. This is a very important observation because #trong enough fields to align the domains
shows that the MR of the RSG is more like that of a FM than \We have seen in earlier sections that in all our allgyd,
that of a SG. RSG, SG, etg.in the vicinity of the critical compositionx
For canonical spin glassés.g., AuFe, CuMn, ettwhere  ~x), the anisotropyf | (Ap/p),|—|(Aplp),|] is weak and
indirect RKKY interaction (rkxy) between magnetic impu- there is a comparatively large isotropic contribution to the
rities dominates, it is known that MR. We have made an attempt to correlate the isotropic part
of the MR of each alloy with their magnetization. In any
Exszsz 2 for zero-field-cooled (4) pqucrygtalline mr_:\gnetic. materi_al wit_h random initial domain
p orientations, the isotropic MR is defined by

_(Aplp)y +32(Ap/ph ' ®

TP(H)Z—a[M(H)]Z for homogeneous SG alloys.

In a similar way, for homogeneous randomly canted FM’s
with nonzero spontaneous magnetic moment, Sendussi
suggested that

and Ap
¥

iso

A—poc(mr+)(H)2, for field-cooled states, (5)
p In Fig. 6b) we have plotted Ap/pliss(H) vs M(H),

wherey, H, andm, are, respectively, the reversible suscep-eliminatingH from both, for all the alloys under investiga-
tibility, the applied field, and the remanent magnetizationtion atT=20 K. For the lower concentrations corresponding

(irreversible pait to the SG alloys X=19,21), [Ap/pliso IS €Xactly propor-
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TABLE IlI. Ni concentration dependence ef M (0), andaM?2 0.016 ‘ ‘ ‘ :
as obtained from the fit to Eq7). Fes4NizCrao, Mixed Phase
. . 2 0.012
Ni concentration a M(0) aMg
(x) 10° (emu/g) 2 (emu/g (1074
0.008 |- &

19 1.40 0 0 o %-\gf
21 1.19 0 0

Ap | W & |
23 0.84 10.1 8.5 (520 oo . ;fff%
P &
26 0.36 18.2 11.1 / gf Ve
30 0.23 34.0 26.1 0.000 s .
F%%\ o P

v ;;/ Kz
—0.004 | ° 4
tional toM?(H) showing that the alloys behave more or less ¢ ng/ ’
as homogeneous spin glasses confirming the results of )
Senoussf.However, forx=23 (mixed phase or RSGthere —0008 » w0 7 ST ——

is a weak departure from thmz. behavior. This be_cor_nes FIG. 7. Magnetic-field H)H g‘é)ﬁ%ndence of longitudinal
more severe fok=26 (RSG. This change of behavior is a [(Ap/p);] magnetoresistance at various temperatures for

precursor to the FM orderin_g. Fin_ally,_ in the casexef 30 _ FeyNinCry (mixed phasgin the field range of 0—200 kOe.
(FM) one observes a behavior which is almost characteristic

of a homogeneous canted FM stgkm. (7)] or at least the the temperature range of 4.2—60 K and up to a field of 200

state has started to set ir_1. F_itting the data to &9 one 5 |n'the earlier section, the MR plot for the same alloy
obtains a value oM (0) which is very close to the value of until 16.5 kOe was found to be negative having a typical
M where one observes technical saturation inNhéd curve o110 of 0.18% at 16.5 kOe at 11 K. Figure 7, where the
[F'%' ?(a)].f_ Ids ali f . q id i same plot has been extended up to 200 kOe, shows that
t ow Tields algnment.o omains produces a rapl '.n'[(Ap/p)H] is negative at low fields, passes through a mini-
crease inM without affecting the resistivity as the domain a1 and becomes positive at higher fields. At higher
size 1S much greater than Fhe eIectron mean free. path. '%mperatures the depth of the minimum reduces, the value of
hlghe_r flelds(beypnd technlcal saturatlbronc_e a slngle- i shifts towards lower fields and the MRAp/p),] be-
domain structure is established, the progressive alignment omes more and more positive. It should be noted that above

individual moments of canted spifirhich is manifested in o ;
. ) ; 75 K, [(Ap/p),] becomes completely positivas found in
the high-field slope of thé-H curve, Fig. 2a), beyond the 0 aarjier low-field studyat all fields. This observation is

technical saturatiopdominates the MR behavior and tv? also consistent with the current high-field studies at higher
dependencéEq.. (1] . temperatures. In Table Ill, we have given the values of the

We 2have fltged the data to Ed7), viz Ap/p(H)= depth of minima andH .
—alM (.H)._M (0)] for all the. samples atT=20 K To the best of our knowledge no theory has been devel-
[shown in Fig. €b)] and the best fitted parameters are sum-,,e 4 tor any magnetic system so far which could explain the
marized in Table II. We find that for=19 and ZKSG)’_ the  ghservation of an unknown positive contribution to magne-
values ofM(0)~0 as expected. For=23 and 26(mixed (g esistance dominating at higher fields. Generally, with the
phase or RSGand 30(FM), theM(0) values are very close gppication of a magnetic field, the amplitude of the spin-flip
to their values at technical saturation. The valuesrale-  gcattering(s-d interaction of the conduction electrons by
crease with the increase of Ni concentration as the systemp,o magnetic ions gets suppressed because of the alignment
approaches long-range FM ordering. of the magnetic spins. As a result all magnetic systéexs

We thus conclude that the RSQ’s=23 and 26 are the cept AFM) show negativeAp/p (H). With a higher field,
precursor to the FM ordering. In the cor;centrated 8G  more of the canted spins will be aligned. But beyond a cer-
=19 and 2] alloys, [Ap/p]is, varies asM” as expected in field this anomalougnegative contribution will be
(supporting the homogeneous model for the magnetization agyajier compared to the norméohler) MR which origi-
found in canonical spin glas_s)esFor x=30, the homoge- . hates from band effects. With a highB;, «. and hence
neous canted FM pha_se sets in. For the RSG alloys there IS@ p/ p) normas Will be higher and ultimately the latter domi-
short-range FM ordering on the scale of electron mean fre@ias ‘at the highest field.
path (~10—20 A). Figure ) clearly shows a gradual evo-  gq the MR can be thought of as composed of one positive

lution of MR as one goes from the long-range FM orderingand one negative term which can be expressed as
towards the critical regionx=Xx.) close to the SG regime.

A
7’) =aH?—bH". 9

a

(H)= +

n

B. High-field (till 200 kOe) magnetoresistance
and magnetization

Ap
p

Ap
p

We have also carried out longitudinal magnetoresistanc@he first term is due to the normé&Kohler) MR and the
[(Ap/p)y(H)] and magnetizationM (H)] (Ref. 23 up to  second term is the anomalous of@es discussed earliera,
fields as high as 200 kOe in the temperature range of 4.2—60, andn are temperature-dependent adjustable parameters.
K for Fegy_yNiyCryg (x=14, 19, 26, and 30alloys. In Fig. 7 In the low-field studiequp to 16.5 kOg we have already
we have showfi(Ap/p),] vs H for x=26 (mixed phasgin  observed the dominating? dependence of the normal MR
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TABLE lll. Temperature dependence of depth of minimum of MR, strength of field at which minimum
observed H,,,), and the parameters obtained from the fit to &.for Fe-Ni-Cr alloys.

Depth of a b Range of
minimum  Hpn T (1078 (107t P field
Sample [Aplp(%)] (kOe (K) (kOe)?  (kOe)™" n (1074 (kOe)

FesaNixeCrayg

(mixed phasg 0.702 50 4.1 0.585 0.375 0.433 5.1 0-200
0.620 45 8.1 0.605 0.358 0.375 9.7 0-200
0.315 35 20.1 0.448 0.229 0.173 7.0 0-200
0.046 13 60.1 0.380 0.002 0.100 7.5 0-200

FesiNizoCra

(spin glasy 0.50 60 8.1 0.279 0.294 0.386 8.7 0-190
0.21 45 20.1 0.312 0.138 0.458 1.7 0-190

for all the alloys above 100 K. In this high-field investigation can be well described by E¢9) within the experimental

it is found that the positive contributiofH? dependent resolution. As it stands we can assign the negative contribu-
dominates only at higher fields>50 kOe at 4.2 Kat low tion essentially to some magnetic origin.

temperatures. In Table Ill, we have listed the values of the In Figs. 11a) and 11b) we show the correlation of
fitting parametersd,b,n), x2, and the field range of the fit anomalous(negative contribution of MR |(Ap/p),| with

to Eq. (9) for x=26. Figures 8) and 8b) show the field magnetizatiorM at several temperatures in the field range of
dependence of the individual contributions from the normal30—200 kOe, eliminatingl from bothM vsH (Ref. 23 and

and anomalous magnetoresistances, respectively at variol(&\p/p),| vs H curves for the alloys withx=26 (mixed
temperatures. phasé¢ andx=19 (SG). Employing a nonlinear least-squares

In Fig. 9, the high-field (Ap/p),] plot has been shown fit to all the curveqgFig. 11(a) and 11b)] using a function
for the alloy withx=19 (SG) at 8.1 and 20.1 K. These are |(Ap/p)./=BM" we obtain the exponents=2.65, 2.4, and
the best fits to Eq(9). The field dependence of individual 1.06 and3=(0.8, 1.6, and 83X10 ® (emu/gm) " at 4.2,
contributions (normal and anomalous MRare shown in 8.1, and 20.1 K, respectively for=26 (mixed phasg In the
Figs. 1@a) and 1@b), respectively. The fitting parameters are case of the allox=19 (SG), the above parameters are found
given in Table Il to ben=1.5 and 1.3 ang8=(4.4, 13)x10 ® (emu/gm) "

So we find that the high-field MR data fer=26 and 19 at 8.1 and 20.1 K, respectively. From the above results one
can conclude that at very high fields the simple homoge-
neous model of quadratic dependence of the negative

. o (anomalous MR on M is not strictly obeyed for the concen-
0020 FessNisCrao fﬁ 1 trated SG k= 19) alloy.

Beal Monod and Weinéf had suggested that for very
high magnetic fields and low temperaturegugH/kgT
=4), the localized magnetic spins get completely aligned
with the magnetic field; the conduction-electron scattering
amplitude becomes the main source of variation in the MR

0.025 T
Normal (Kohle;') Magnetoresisltance 0“9’5

0.005

0.0070

40 80 120 160 200 Feg1NijgCrap, Spin glass

0.0035 -

(AJ) 0.0000
o/l
Fe54Ni26Cr20 00035 i
Anomalous Magnetoresistance
_0015 1 1 1 L
0 40 80 120 160 200
H (koe) 700070 1 1 L L
0 40 8 120 160 200
L I H (kOe) N
FIG. 8. Magnetic-field dependence @ normal andb) anoma- FIG. 9. Magnetic-field ) depéndence of longitudinal

lous contribution to MR for FgNi,sCr,q (mixed phasgalloy at  [(Ap/p),] magnetoresistance at 8.1 and 20.1 K fog;Ré oCr,q
various temperatures in the field range of 0—-200 kOe. (spin glasgin the field range of 0—200 kOe.
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0.012

0.010

0.008 |
(%9)”04006 -
0.004 |

0.002

Normal (Kohler) Magnetoresistance

Feg; Nij9Crao

()

i 1

0.000
0

0.000

40 80 120 160

H (kOe)

—0.002

-0.008 +

-0.010
0

T T T

T

Fef,]NilgCl‘zo

Anomalous Magnetoresistance |

40 80 120

H (kOe)

200

As mentioned earlier, a part of the negative MR contribu-
tion can come fromquantum interference effectQIE) at
low temperatures as observed in many structurally disor-
dered metallic glasses. So one might argue that the nega-
tve MR in these disordered alloys [psn0 k
~(100-130)u Q) cm] (Ref. 26 might arise from QIE. The
magnetoresistance due to electron-electron interaction effects
(EEJ) is positivé* and so our observation of a negative mag-
netoresistance can not be explained through EEI effects.

The MR due to weak localization is generally negative
the absence of any spin-orbit interactiom the presence of
a magnetic field the time-reversal symmetry between the two
time-reversed pathsveak localization pictunebreaks down.
The electron waves traversing the two otherwise equivalent
paths acquire a phase difference proportional to the enclosed
area and the strength of the field. This destroys the construc-
tive interference between the two counter-propagating waves
giving rise to a negative MR just as inelastic scattering pro-
duces a negative TCR at finite temperatures.

The magnetoconductance due to weak localization effect
can be estimated using relations theoretically predicted by
Kawabatd® and Altshuler and Arono¥ It is given by

2 e 12

o ym

h

e

[Ao]w = 5777 (10

FIG. 10. Magnetic-field dependence &) normal and (b)
anomalous contribution to MR at various temperatures for

Fes1Ni;1oCryg (spin glasgin the field range of 0—200 kOe. ~0 9\/ﬁ slcm, (H in kOe

with H but the exact theory is yet to emerge. At high enough (1D

fields the anomalous contribution to MR may be expected to
saturatgd Figs. §b) and 1@b)] in all these magnetic Fe-Ni-Cr
alloys.

We estimate the contribution to the magnetoconductance
due to QIE at 50 kOe using the above relation and get
Aoy, ~6.3 s/lcm. At 50 kOe and =4.2 K, the typical ob-
L served change in conductivityo for x=26 is 77 s/cm. Thus
the contribution from the quantum correction term to the MR
is very small(if present at a)l compared to the magnetic
contribution. Moreover, a very important point should be
mentioned here that the presence of any small ferromagnetic
impurity can destroy weak localization. In all these random
magnetic alloys Ni is ferromagnetic and there are also strong
FM interactions among some other pairs as found from in-
elastic small-angle neutron scattering by Men’shilenal 3’

It is very unlikely that weak localization can persist in these
magnetic alloys. So one has to be very careful in invoking
QIE in these Fe-Ni-Cr alloys.

00135 1 sorrelation of ‘(épe).,“ with M

in Feg4NizgCrzp (Mixed phase) ,

0.0105 -

‘(_A;E)GEJ.OWS o

0.0045 -

0.0015 n 1 L L ) 1
24 26 28 30 32 34 36 38

M (emu/g)

0.010 T T T T

Correlation of |(%£)ﬂ with M

IV. CONCLUSIONS

0.008 - in Feg; NijpCrzo (Spin glass)

In this work we have performed systematic studies of low

0.002

(b)

(0-16.5 kOeg and very high field0—200 kO¢ Ap/p(H,T)

and M(H,T) in the temperature range of 4.2-300 K. The
most important observation made in the low-field magnetore-
sistance(MR) studies is that all the alloys show negative

(anomalous MR (with large isotropic pajt[exceptx=14
(AFM) alloy) below 50 K. Above 50 K all of them show
Kohler-type(quadratic inH) normal MR. The magnitude of
the negative MR reaches a maximum near the critical con-
centration regionfx=19,21 (SG)]. At the lowest field and
temperature the FMx(=30) alloy does show a small FAR
because of the domain orientation. The magnitude of the
anisotropic MR[(Ap/p),— (Ap/p),] decreases as this sys-

0.000 I°° 1 1 1 1 1
o 4 8 12 16 20 24 2
M (emu/g)

FIG. 11. Correlation of negativéanomalous MR [(Ap/p).]
with magnetization ) at various temperatures fon(a)
FesNi,Cr, (mixed-phasgand (b) Fe;;Ni;oCryq (spin-glass alloys
in the high-field(30—200 kOg regime.
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tem moves away from the long-range ordered phdses and finally in the case of long-range FM alloy=€ 30) the
=30 (FM) or x=14 (AFM)]. relationship[ (Ap/p)iso] = — a[ M?(H) —M?2(0)] holds. We

The low-field magnetization studidg@rrott plots) in the  thus conclude that the RS&=23 and 26 phase is the
mixed-phase alloy$x=23 and 26 show conclusively that precursor to the FM ordering. For the RSG alloys there is a
the long-range ferromagnetism coexists with the spin-glasshort-range FM ordering on the scale of electron mean free
ordering belowT o¢. path (~10-20 A). For the FM alloy X=30), a homoge-

In the low-field regime below 50 K, the MR data of all the neous canted FM phase sets$w. a gradual evolution of MR
alloys have been well described by an empirical relationoccurs as one goes from the long-range FM ordering to-
Aplp=—a(T)H" with distinct values ofx andn for differ-  wards the critical region(x~x.) close to the SG regime
ent magnetic phases. In the case of the concentrated SG alloy At low temperatures and very high fields beyond 40-50
(x=21), n is found to be3 whereas for the mixed-phase kOe the observed upturn in the negative MR in these
alloy (x=23) it is 4 and they remain temperature indepen-Fe-Ni-Cr alloys has been attributed to the positimerma)
dent below 50 K. From these results we claim that these areontribution having a quadratic field dependefi¢ap/p),
the characteristics of the field dependence of MR in concen-aH?]. The negative (anomalous contribution mainly
trated SG and re-entrant SG phases, respectively. xFor arises from the suppression of the spin-flip scattering in these
=26, n=3 but this RSG is too close to the FM regime. alloys in different magnetic states. At very high fields the
Definite trends of MR« andn with composition &) have simple quadratic dependence of negative MRMnis not
been obtained as the Fe-Ni-Cr system evolves from the longstrictly followed for the concentrated SG 19) alloy.
range AFM ordering to the long-range FM ordering passing The contribution to MR from QIE is found to be very
through the critical concentratiork£x.;) where the maxi- small compared to the other contributions in all these
mum change of all the three quantities occurs. Fe-Ni-Cr alloys. To our knowledge, very few MR studies

In the case of the SG alloyx&21), the MR correlates have been done on similar type of highly resistive crystalline
very well with M asAp/pxM?® over a wide range of tem- alloys. More work is needed to understand anisotropies, QIE,
perature and field. The isotropic part of MRAp/p)iso] cOr-  magnetic effect, etc. in these magnetic alloys.
relates withM in distinct fashions in different magnetic
phases in the presence of either short or long-range ordering.
For the SG alloys with no long-range ordering it correlates
very well with M satisfying an empirical relation Financial assistance from Project No. SP/S2/M-24/93 of
[(Ap/p)isa]=—a[M(H)]?. As the system approaches the the Department of Science and Technology, Government of
long-range FM ordering from the SG and RSG regimes, dndia and NSF grant INT-960 2975 is gratefully acknowl-
distinct deviation from the above relation has been observeddged.
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