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The nonlinear dynamics of an antiferromagnet in the intermediate state, in which a collinear and a flopped 
phase of the antiferromagnet can coexist, is investigated theoretically. The motion of an individual interphase 
boundary is considered with account taken of the magnetic dipole interaction. The scattering of two domain 
walls and their bound states are investigated. The steady-state motion of a domain wall is studied with 
account taken of relaxation under the influence of an external magnetic field. The possibility of observing this 
phenomenon in experiment is discussed. 

PACS numbers: 75.30.Kz, 75.60.Ch. 75.50.Ee 

It i s  known that in  ant i ferromagnets  (AFM) t h e r e  
can exis t  180" domain walls  (DW) that have many fea-  
t u r e s  in  common with the domain walls  of fe r romag-  
nets.  The mos t  substant ial  difference between the DW 
in these magnets is that  the 180" DW i n  AFM a r e  not 
topological DW and a r e  there fore  metastable .  

However, a s  shown by V. Bar'yakhtar ef n l .  near  
f i r s t -o rder  t ransi t ion points t h e r e  can exis t  in AFM 
a thermodynamically s table  domain s t r u c t u r e  with 90" 
DW (intermediate s t a t e  of AFM). These DW a r e  of 
g rea t  interest  p r imar i ly  because they a r e  separa te  e s -  
sentially different phases  of the AFM (the col l inear  
phase a,, andthe flopped phase a,). Since the suscep-  
tibilit ies of these phases  differ substantially, when the  
external  magnetic field (o r  s o m e  o ther  external  pa- 
r a m e t e r )  is changed, the phase-equilibrium condition 
i s  violated and the 90" DW goes into motion. Thus,  the  
question a r i s e s  of experimental  and theoret ical  study 
of the dynamics of the interphase boundaries in AFM 
under the influence of a n  external  magnetic field. 

Investigationsof this  kind a r e  being quite intensively 
pursued in recent y e a r s  in connection with the study of 
the motion of DW in fe r romagnets  and in f e r r i t e s .  
However, the motion of DW in AFM has a number of 
fundamental differences. It was  shown in Ref. 2 that 
the limiting velocity of a 180" DW in a n  AFM i s  of ex- 
change o r d e r  of magnitude (-~a/ t i .  where  J i s  the ex- 
change integral)  and exceeds considerably the limiting 
velocity of DW in ferromagnets .  At the s a m e  t ime ,  in  
the s implest  model of a purely uniaxial AFM without 
allowance f o r  the magnetic dipole interaction, con- 
s idered by I. Bar'yakhtar and the author,' a 90" inter-  
phase DW cannot move a t  a l l ,  i . e . ,  i t s  l imiting velocity 
is zero .  

T h i s  resu l t  i s  understandable, s ince  a 90" DW separ -  
a t e s  the phases  @,, and @J,, in which we have respec-  
tively m = 0 and m = m,n + 0 ,  where  n is a unit vector 
along the chosen ax is  of the  c r y s t a l  (the z axis) .  Con- 
sequently, when the DW moves  a change should take 
place in  the value of t h e  z-projection of the totalmag- 
netization I, = Jm,dx,  namely I, = VM,. At the  s a m e  
t ime ,  I, commutes with the Hamiltonian of the uniaxial 
AFM without allowance f o r  the magnetic dipole inter- 
action o r  the anisotropy in the basa l  plane [ see  (3)],  
i. e .  , I, = 0 ,  which leads  to  the  condition I.' = 0 f o r  a 
90" DW. Thus,  to  study the motion of a 90" DW it i s  
necessary  to go outside the framework of the model of 
Ref. 2. 

In the p resen t  paper  we consider  the dynamics of a 
90" DW in a uniaxial AFM with account taken of the mag- 
netic dipole interaction. We obtain a solution that de-  
s c r i b e s  a moving DW, and an expression for  the limiting 
velocity of the DW. We investigate the study-state mo- 
tion of the DW under  the influence of an external  mag- 
netic field with account taken of the relaxation. We ob- 
ta in m o r e  complicated solutions, which descr ibe  the 
interact ion of the 90" DW, and a l so  dynamic ant i ferro-  
magnetic solitons. 

1. EFFECTIVE EQUATIONS OF THE 
MAGNETIZATION DYNAMICS 

We consider  a n  AFM with two equivalent sublattices 
whose magnetizations will be  designated M, and M,, 
IM, I = IM, I =M,. It i s  convenient to descr ibe  the non- 
l inear  synamics of the AFM in t e r m s  of the normalized 
vec tors  of ant i ferromagnet ism 1 and magnetization m: 
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which a r e  connected by the obvious relations 
Im=O. 12+mz=l. (2) 

We write down the energy of the AFM in t e r m s  of m 
and 1 in the form 

Here 6 and a,  a '  a r e  respectively the constants of the 
homogeneous and inhomogeneous exchanges, 8, P', and 
b a r e  the AFM anisotropy constants; h=H/M0, H i s  
the external field, which we assume paral lel  to the z 
axis;  hm i s  the field of the magnetic dipole interaction, 
which is  determined by the equations of the magnetostat- 
ics. Inasmuch a s  for a flat domain wall Mi =Mi (x - vt), 
hm in the form 

h,,=-linm,e,. (4 ) 

The character  of the ground state of an AFM and static 
DW i s  determined by minimizing (3). It i s  easy to ver-  
ify that a t  H < H, the collinear phase of the AFM a,, i s  
stable, corresponding to  the value m = 0,lIIH. At H 
> H,, the flopped phase a1 is realized, in which I 1  H, 
m =  m,n#O. The fields H, and Hz a r e  defined by the 
formulas 

We assume henceforth that b6 + P(B - S f )  > 0; the phase 
transition @,,=a, takes place a t  H = H,, (H,, i s  the tran- 
sition field), 

Ht,=Afo[ (P-B'-b) (26-$-PI) ] . 

and i s  of f i r s t  o rde r ;  a t  the point H =  H,, therx can be 
realized 90" DW which separate the phases @,, and al. 

The magnetization dynamics equations a r e  determined 
by the functional (3) of the AFM energy (see Ref. 4) and 
can be written in the form1) 

mlgM,+ (a-a') [lAl] + ( a f a ' )  [mAm] +[mh] 
+[P-pl-26 (1-I,?) ]l.[ln]+ ( $ + $ I )  rn,[mn] -8nm,[me,] =0, (5) 

ilgM,+26[ml]+ (a-a') [mAl]+ ( a i a ' )  [lAm]+[lh] 
+[$-8'-2b(1-1," ]Il,[mn]+($+P')m,[ln]-8nm,[le,]=0. 

(6) 

It will be convenient to proceed a s  follows. Assuming 
that m2 << 1% 1, and using Eq. (6),. we can express m 
only in t e rms  of the vectors 1 and 1, namely (c8): 

[h-l(lh) / l ' ]  + [ I ,  ll/gMoIZ 8nh 
nl = +---l=lz (ex-IlJ. 

26+p ros 28-p' (26)' 

When writing this equation we have assumed that b 
<< p, /3'; P- 0'- 4n, and confine ourselves to t e rms  of 
order  (P/6)' l2 and ( ~ / 6 ) ~ / ~ ,  since it i s  precisely with 
this accuracy that i s  necessary to write  downthe 
equations in-investigations of the AFM near the phase 
transition %,, =@, (Refs. 1 and 2) (we recall  that in 
this case  H =: H,,). Since ( 0  - a) I a 1  I << (P - P') in 90" 
DW (see formula (16) below), no account was taken in 
(7) of t e rms  with specialderivatives of 1. 

Eliminating m f rom Eq. (5) with the aid of relation 
(7), we can obtain the equation of dynamics of AFMin 
t e rms  of only the vector 1. It i s  convenient to write  
this equation in t e rms  of the angle variables for  1: 

lz=l cos 0, l,+il,=l sin Be", 

in which it takes the form 
(gM0)'26(a-a') [A@- (Vq)'sin 0 cos 81 
- [o-ip2 sin 8 cos 81 -2gHip sin 8 cos 0 

+sin 0 cos 0g2(H2-H,:) -2B (q) sin 20 cos 28=0, (9) 
(gMo)'26(a-a') V (sint 0Vq)-[sinz8(cp-gH) 1'  

+ (4n/6) (gH)' sin2 8 cos" sin q cos q=O. (10) 

The dot denotes here differentiation with respect to  
t ime,  andthe following notation i s  introduced 

2B(q) = (gM,)'[b6+(H2/26M,") ($+4n cos") 1 ,  (11) 

o r  a t  H = H,, 
B(cp)=B(l+ecos2q), B =(gMJzIb6+p($-P') I ,  E = 

4n(B-B') 
b6+B(B-Bf) ' 

(12) 
We assume that B > 0; the transition i s  then of f i r s t  

order  and 90" DW can exist.  ' The parameter  c > 0 char-  
acterizes the intensity of the magnetic dipole interaction 
in the AFM. It i s  seen that a s  H - 0 we have c - 0 [see 
( l l ) ] ,  but near the phase transition the value of the pa- 
rameter  c depends essentially on the value of the fourth- 
order  anisotropy constant b. Without allowance for  b, 
the value of c i s  determined by the rat io of the relativis- 
tic constants ( E =  471//3) and can be ei ther  la rger  o r  
smal ler  than unity. On the other hand if p2/6 << b << P, 
then c = 4?r(P - ~ ' ) / b 6  << 1. Since we have no data on the 
value of b in rea l  antiferromagnets, we shall analyze 
the equations for a n  arb i t ra ry  value of the parameter  c. 

2. MOTION OF SOLITARY 90" DW 

The motion of a solitary DW corresponds to a solu- 
tion of Eqs. (9) and (10) of the type of a simple magneti- 
zation wave, i . e . ,  O =  O(x -zit), where 21 i s  the DW 
velocity. The interphase 90" DW boundary exists  a t  the 
phase-transition point, i . e . ,  a t  H =  H,,. It i s  easy to 
verify that a t  H = H,, Eqs. (9) and (10) have a solution 
corresponding to cp=  const, 0 = 8(x -vt) .  In fact, if it 
i s  assumed that Vcp = cp = 0,  then Eq. (9) takes the form 

2x2(1-u'/c2)8''=(1+~ cos2 q)sin 28 cos 28, (13) 
xo2= (g.111,)Z6 (a-a') 12R-6 (a-a') /2[b6S P (P-P') 1 ,  (14) 

where xo coincides with the thickness of the 90" DW at  
rest, '  ~ = ~ ~ , [ 2 6 ( a  - a')]"2 i s  the minimum phase velo- 
city of the spin waves of the AFM a t  H = O  and coincides 
with the limiting velocity of the 180" DW.2 

Integrating (13), we can  easily obtain 

where xo(cp) i s  the thickness of the moving DW, 
x,(cp) =x,l(I+e cosZ q)'". (16) 

allowance for  the factor 1 -v2c2 in the 90" DW would be 
an exaggeration of the accuracy. 

Substituting the relation (15) in (10) we find that the 
lat ter  becomes algebraic and determines the depen- 
dence of the angle cp on the DW velocity v. The func- 
tion cp(v) can be written in the form 

E COS 29=- (u/ooxo)'+[ ( D ~ / o ~ ~ x ~ ~ - E ) ~ - ( ~ v / o ~ x ~ ) ~ ] ' ~ ,  

o,=2BlgH=g.Wo[ b S + $ ( m ' )  ] [26(P-P') I-'",  
(17) 

where w, coincides with the frequency of the homogen- 
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eous antiferromagnetic resonance at H = Hi, and c = 0. 
It i s  easily seen that a DW at rest  corresponds to two 
values of the angle cp, namely cp = a/2 and cp= 0. The 
magnetization m at. the center of the DW i s  correspond- 
ingly parallel to e, [the minus sign in (1711. In analogy 
with DW in ferromagnets, we shall call these 90" DW 
quasi-Bloch walls (cp = n/2) and quasi-N6el DW (cp = 01, 
respectively. 

Analyzing (IT), we easily find that the velocity cannot 
exceed v,: 

which has the meaning of the limiting velocity of the 
stationary motion of a 90" DW of an AFM. This velo- 
city v, is much less than the limiting velocity of a 180" 
DW at H=O, and vanishes at E = O .  

Calculating the energy of the moving 90" DW, we 
easily obtain 

E=Eo(l+c cos2 v)'", Eo=M,Z( (a-a ' )  [bs+P(P-1') 116)"; (19) 

here E ,  is  the energy of the 90" DW at rest ,  and the 
~ ( v )  dependence i s  determined by expression (17). It 
is  seen that the energy more favored a t  a given value 
of the velocity is  the quasi-Bloch DW, which corre-  
sponds to a lower value of a magnetic dipole energy. 

At low velocities, expression (19) becomes much 
simpler: 

1 
E ( 0 )  = Eo + - nz.uZ, m. = 

(bS+B(P-B'))'h 
2 2ng2(S  (a -a ' )  )"" 

Here m, i s  the effective mass per  unit a rea  of the 90" 
DW, which at b = 0 i s  (P6)''2/4n times larger than the 
effective mass of the 180" DW of the AFM at H =O. The 
expression for rn* [see (ZO)] differs from the expres- 
sions given earl ier  (Refs. 4 and 5). 

The expressions obtained above corresponded to the 
motion of 90" DW "by inertia" without allowance for re- 
laxation processes and for factors that cause this mo- 
tion. Such a factor can be the difference between H and 
H i  It isof interest to calculate the dependenceof the 

FIG. 1. Velocity of interphase domain boundary (90" DW) as 
a function of the external magnetic field. Positive values of 
the velocity correspond to motion of the DW towards the phase 
@ ,,, and negative towards the phase aL. The solid line cor- 
responds to a stable quasi-Bloch 90" DW, and the dashed line 
to an unstable quasi-Neel 90" DW. 

velocity of the steady-state motion of a 90" DW under 
the influence of an external field, i .e . ,  at H #H,,. We 
take the relaxation processes into account phenomeno- 
logically, by introducing into the Landau-Lifschitz equa- 
tion the dissipative term in the Gilbert form 
0%) ,=-(AIM,) [M<M,I.  (21) 

Allowance for dissipation leads to the appearanceof a 
viscous-friction force that acts on the moving DW. 
Equating this force to the magnetic-pressure force 
acting on the DW a t  H+H,,, we get the velocity of the 
steady-state motion of the DW under the action of an 
external field with account taken of the relaxation, i. e ,  
v(H). It can also be verified that the condition that the 
forces be equal coincides with the condition that the 
system (9), (10) have a solution a t  constant cp. For 
v(H) we easily obtain 

u = - 'U' ( A H )  { I 
h 

The minus sign corresponds to a stable quasi-Bloch 
DW, and the plus sign toan unstable quasi-N6el DW, 
and a plot of v(H) i s  shown in the figure. It i s  easily 
seen that the stationary motion of the DW exists only 
for small deviations of the field H from Hi, (AH < h) ,  

i. e .  , a t  I Hz - H:, I < 2aM,H,,. At larger values of AH, 
there i s  realized a nonstationary motion of the typeof 
the Slonczewski oscillations in ferromagnets (see Ref. 
6), o r  the structure of the moving DW becomes more 
complicated. 

3. INTERACTION OF INTERPHASE BOUNDARIES 
IN AFM 

In the preeceding section we considered the solution 
of Eqs. (9) and (10) in the form of a solitary wave. 
This solution corresponds to the condition cp'= cp=  0, 
which describes a solitary 90" DW. However, Eqs. 
(9) and (10) admit of the approximate existence of a 
larger class of solutions, including two-soliton solu- 
tions, which describe the interaction of two 90; DW. 
As will be shown below, at H - H,, we have (ti, 0 2 w,, 
i.  e .  , (P, <<gH [see (17)j. We can then leave out some 
time derivatives from Eq. (9) and (10). 

It can be verified that in this approximation these 
equations have a one-dimensional solution of the same 
type a s  was obtained in a ferromagnet8 

cp=q,(t), O=O(x, 1). 

This solution can be written in the form 
tg Cp=-lg Cpo tll ( C ~ / J ,  (c )  ) , 

where xo(v) is  determined by formula (16), and the 
parameters cp, and21 a r e  connected by the relation (17). 

It is easy to verify that a s  t - -03 (or t - +m) this sol- 
ution describes two DW in the phase &,,, which come 
closer together (or move apart)  witha velocity v. In 
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fact, a s  t - -a3 we obtain two 90' DW moving towards 
each other with equal velocities 

At t =  0, the DW stop, and the distance between them 
depends on their velocity. The distribution of the mag- 
netization a t  the instant of the maximum approach of 
the DW i s  determined by the formula 

The DW next begin to diverge, and a s  t - +m the solu- 
tion (23) describes two DW that move apar t  in opposite 
direction with velocity 21. 

The distance a x  between the DW a t  the instant of 
shortest  approach (t  = 0)  i s  determined by the velocity 
of the DW 

A.1 =x, 1111 ( c )  w,,x, ros rp,,/u] 

If a x  >> x,, then a t  the instant of the closest  approach 
the DW do not lose their  individuality, and their form 
i s  little distorted. In part icular ,  if c << 1, then for  
Bloch DW that approach each other a t  a rb i t ra ry  velo- 
city we have Ax 2 x, l Ins I >> x,. On the other hand if 
Ax 2 x,, then the DW become strongly deformed a s  they 
come closer  together and lose their  shape i s  restored 
a s  t -  +a. 

It i s  similarly possible toobtain a solution that de- 
scr ibes  the interaction of two 90" DW in the phase 9,. 
It i s  of the form 

This solution can be investigated in analogy with (23), 
and we shall not dwell on i t  further. 

It can be verified that the energy corresponding to 
the solutions (23) o r  (26) is  equal to 2E(zl), i . e . ,  i t  i s  
la rger  than double the energy of the DW a t  res t .  
Thus, these solutions describe the scattering of two 
90" DW. Making in solutions (23) and (26) a formal 
limiting transition to imaginary values of the velocity 

it  i s  easy to obtain a solution corresponding to the 
bound state of two DW in the phases ih,, o r  dl. In this 
bound state,  the magnetization of the AFM executes 
periodic motion with frequency w, and i t s  deviation 
&om the equilibrium value i s  localized in space. 

Thus, these solutions describe localizedantiferro- 
magnetic solitons in the phases +,, o r  9,. For  the 
soliton in the phase a,, we easily obtain 

where the parameter  52 i s  connected with the frequency 
of the soliton by the relation w = wo[52(52 + c)]lf2 and 
varies in the interval ( 0 , l ) X s  52 - 1 the frequency w 
approaches from below the limit of the spin-wave f re-  
quencies in the AFM at  H = H,,, i. e .  , w - w,(l + c)"~,  

and the amplitude of the soliton tends to zero  like 
(1 - 52)'". On the other hand if 52 -0,  which corre-  
sponds to w - 0,  then the solution (27) describes the vi- 
brational motion of two 90" DW that move periodically 
away from each other to a distance ax-x,  llna I .  At 
the instant of closest approach of the DW, which the 
condition sinwt = 0 corresponds, the character  of the 
solution depends on the parameter  c. If E 2 1, then the 
DW approach each other to a distance of the order  of 
x,, and become strongly deformed. On the other hand 
if E<< 1, then the distance between the DW at  the in- 
stant of shortest  approach i s  of the order  of x, Ilnc I 
>>x,, and a t  52 << c<< 1 the DW does not lose i t s  individ- 
uality in the course of i t s  oscillations, and the distance 
between the DW var ies  periodically in the range from 
x,IlncI to xoIln52 I .  

The solution describing the soliton in  the phase +, 
i s  obtained from (27) b y  making the substitutions 
w - -w and tan0 - cote; i t s  analysis i s  s imilar .  

Notice must be taken of the substantial difference 
between the interaction considered in this  section of a 
90" DW, and the interaction of a 180" DW. In the col- 
linear phase of an  AFM, a t  H = 0,  the solution describ-  
ing two 180" DW that move towards each other with velo- 
city v i s  described by the formula2 

9 c sh(otlx.(u)) 
cp=const, 

t g - = ~  2 ch(x/xn(v)) ' 

where c =gM0[26(ol - a!')]112 i s  the limiting velocity of 
the 180" DW, x,(v) i s  thethickness of the 18O0DW, x,(v) 
= [ ( a  -ff - Pf ) ( l  - v2/~2)]112. 

This interaction must be interpreted a s  interpenetra- 
tion of DW; in part icular ,  a t  t = 0 the angle 0 = 0 a t  a l l  
values of x, i. e .  , the AFM i s  in a homogeneous state 
(the memory of the DW remains only via the derivative 
of 0 with respect  to t ime,  which i s  maximal a t  t=O). 
In contrast ,  a t  the instant of closest approach of 90" 
DW (at t = 0) they stop [see (25)], and then begin to move 
in opposite directions. Thus, in contrast to 180" DW in 
AFM, one must speak not of the interpenetrationof DW, 
but of scattering of 90" DW by each other. Analogous 
differences can be revealed a lso  in the propert ies of 
antiferromagnetic solitons in the a,, phase at  H = 0 [see 
formula (48) of Ref. 21 and a t  H = H,, [see (27)]. 

4. DISCUSSION OF RESULTS 

The reported investigation has demonstrated the sub- 
stantial difference between the nonlinear dynamics 
of AFM in the region of the existence of the intermed- 
iate state,  from the previously considered case2 of weak 
magnetic fields. This difference manifests itself both 
in the dynamic properties of an  individual 90°DW, and 
in the interaction of two 90" DW. In part icular ,  the 
limiting velocity of a 90°DW v, i s  determined only by 
relativistic interactions [see (18), in the est imates that 
follow we assume that b=O], and i s  smal ler  by a fac-  
t o r  (P6)'"/4n than the limiting velocity of the 180" DW, 
the effective mass  of the 90" DW i s  substantially la rger  
(by a factor  ( ~ 6 ) ' / ~ / 4 a )  than the mass  of the 180°DW, 
and so  on. 

A preceding paperg dealt with the motion of inter- 
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phase boundaries produced in orthoferrities in the case for helpful discussions of the work, and I.V. Bar'yakh- 
of spin reorientation, H = 0. The corresponding equa- t a r  for help and discussions. 
tions a r e  Lorentz -invariant, and the characteristic 
velocity coincides with the minimal phase velocity of 
the spin waves c .  In our problem there must of nec- ')[mhl ~ m x h ,  etc. 

essity be present a strong magnetic field that upsets 
the Lorentz invariants of the equations and leads to a 
nontrivial dependence of the DW structure on i ts  velo- 
city. 

An important singularity of the problem of the motion 
of 90" DW i s  that when the external field deviates from 
H,,, induced motion of the DW must arise.  Thus, it i s  
possible to investigate experimentally the dynamics of 
nonlinear waves inAFM, and this can be of interest for 
the physics of antiferromagnetism. Such an experi- 
ment can be carried out, e .  g. , in accordance with the 
scheme proposed by Chetkin e t  a1. ,2 the only difference 
being that the AFM sample should he placed in a con- 
stant magnetic field close to H,, (e. g. , 8 kOe for 
CuC1, .2H,O o r  94 kOe for MnF,). The DW velocity 
i s  linear in AH a s  AH - 0, but when AH i s  increased 
the velocity ?)(HI saturates,  i. e .  , nonlinear motion of 
the DW should set  in. The transition to the most inter- 
esting nonlinear regime occurs at  sufficiently low value 
of ( H  -H,J - nWl ,  [see (22)], e. g. , a t  H - H,,- 10 Oe, 
if A -  lo-, and M,- lo3 G. 
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MnBi alloys in the mictomagnetic state were obtained and subjected to x-ray-diffraction, microstructural, and 
differential-thermal analysis. The electric, magnetic, and elastic properties were investigated, as well as the 
effect of high hydrostatic pressure (up to 10 kbar) on the temperature dependences of the magntization. It was 
established that the mictomagnetism arises in two-phase system consisting of the high-temperature MnBi 
phase and Bi. New data were obtained on the magnetic phase transitions and on the influence of hydrostatic 
compression on the mictomagnetic and superparamagnetic properties of MnBi. Exchange interactions in the 
investigated alloys are discussed on the basis of these new data. 

PACS numbers: 75.30.Kz, 75.50.Cc, 62.50. + p, 75.30.Et 

INTRODUCTION radically f rom those hitherto known (for MnBi) and re -  
call the mictomagnetic Cu-Ni and Au-Fe systems that 

The physics of magnetic phenomena has recently been 
enriched with new concepts (spin glass, mictomagnet- 

were extensively investigated by Beck. ' According to 
his ideas, mictomagnetism is  determined by the pre- 

ism,' speromagnetism, asperomagnetism2) that de- sence of fer ro-  and antiferromagnetic clusters that a r e  
scribe various disordered states of a spin system. De- 

randomly frozen in a nonmagnetic spin-glass matrix. 
spite the intensive theoretical and experimental inves- When the temperature i s  lowered in the region of To 
tigations, many aspects of the magnetic behavior of (the freezing temperature of spin glass) a transition 
these systems remain unclear, to a considerable degree from the superparamagnetic to the mictomagnetic state 
because of insufficient knowledge of the mechanism of takes place. The characteristic symptoms of this state 
the exchange spin coupling in each concrete case. a re :  a )  the absence of hysteresis o r  saturation of the 

We report in this paper the production and investiga- magnetization; b) very large changes in the magnetic 
that of MnBi alloys whose magnetic properties differ parameters,  depending on the magnetic annealing of 
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