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Magnetization processes in antiferromagnets with several mutually perpendicular 
antiferromagnetism axes were investigated theoretically and experimentally for an FeG, single 
crystal. It is shown that for a magnetic field H oriented along the antiferromagnetism axis both 
reversible and irreversible displacements of interdomain walls are possible. Parameters are 
introduced for describing the magnetic hysteresis and the H dependence of the reversible and 
irreversible susceptibilities. 

1. As shown in Ref. 1, magnets with several mutually 
perpendicular antiferromagnetism axes exhibit anisotropy 
not only of the magnetic properties but also of the processes 
which determine them. That is, in the case of magnetization 
along a direction that is symmetric with respect to the anti- 
ferromagnetism axes, irreversible intradomain processes oc- 
cur, while in the case of magnetization along one of the anti- 
ferromagnetism axes both reversible and irreversible 
displacement of 90-degree interdomain walls occur together 
with intradomain processes. In Ref. 1 a theory is constructed 
for irreversible magnetic susceptibility. The results of this 
theory have been confirmed experimentally for FeGe, tetra- 
gonal single crystals, in which at temperatures T <  T,  
( T, = 265 K )  two mutually perpendicular ( 1 10) axes lie in 
the basal plane. It was also found that both irreversible and 
reversible displacements of walls occur in this antiferromag- 
net. 

In the present paper we present and interpret the results 
of further investigations of experimentally observed regular- 
ities governed by irreversible processes. 

2. Measurements of the magnetization I and the differ- 
ential susceptibility xdif and its components-the reversible 
susceptibility x"' and the irreversible susceptibility x"'- 
were performed along the antiferromagnetism axis on a vi- 
brating-coil magnetometer in fields of up to 18 kG. The stan- 
dard deviation of the measurements was less than 0.1%. 

Figure 1 shows magnetization curves I, (H) at T = 77 
K of a single crystal of FeGe,. The index a = 1 corresponds 
to the virgin curve (curve 1 ), measured after the sample was 
cooled in a field H = 0 from a temperature above the NCel 
temperature T, = 290 K down to T =  77 K. The index 
a = 2 corresponds to the descending branch of the hysteresis 
loop (curve 2), measured with the magnetic field intensity H 
decreasing down to zero from values at which on the virgin 
curve the dependence I,(H) is already linear. The index 
a = 3 corresponds to the ascending branch of the hysteresis 
loop (curve 3). 

It is obvious from Fig. 1 that the virgin magnetization 
curve I, (H)  is nonlinear. However the curve does not con- 
tain any indications of homogeneous phase transitions, 
namely, the transition from nonlinear to linear curves is 
smooth. 

Figures 2 and 3 show curves of the reversible 

and irreversible 
x, = x:f sxr 

susceptibilities as a function of H. HereX$= is the differential 
susceptibility, determined from the relation xZff = AIa / 
AH,, where the value AH, = /AH I on the virgin curve and 
the ascending branch of the hysteresis loop and 
AH, = - I AH I on the ascending hysteresis loop. In deter- 
mining ;y,"'AH2 = - AH,. For measurements on the virgin 
curve I AH I = 30 G, while for measurements on the branches 
of the hysteresis loop IAH I = 60 G. 

The important characteristics for analyzing the curves 
X: (H) shown in Fig. 2 are the values ofx: at H = 0 and in 
the limit H- w and the fields H in which X: reach the 
maximum value. 

It is obvious from Fig. 3 that x r - 0  holds in both limits 
H- 0 and H-+ w . The distinguishing feature of these curves 
is the existence of the critical fields H t  , in which the suscep- 
tibilities X, reach the maximum value. 

3. We recall1 that in the hypothetical case when there is 
no domain structure and the magnetization is in the direc- 
tion of one of the antiferromagnetism axes, we have 

FIG. 1. Magnetization curves of a FeGe, single crystal at T = 77 K: I- 
virgin curve, 2-descending branch of the hysteresis loop, and 3-ascend- 
ing branch of the hysteresis loop. 
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FIG. 2. Reversible differential susceptibility x"' as a function of H: I-on 
the virgin curve, 2-011 the descending branch of the hysteresis loop, and 
3-011 the ascending branch of the hysteresis loop ( T =  77 K ) .  

if the antiferromagnetism vector L is initially oriented per- 
pendicularly to H and 

I=xIIH, X=XII for HGH,, 

Z=XLH, X=L for H>H,, 

if initially LllH holds, where 

2K4 Ht=-. ( 3 )  
XI-XII 

The reversal field Ho is insensitive to structure. It is 
determined by the constant K, which characterizes the crys- 
tallographic magnetic fourth-order anisotropy of the per- 
pendicular and parallel (with respect to the field) suscepti- 
bilities X, and xll  , which are fundamental constants. 

It follows from Eqs. (2)  that at H = Ho, in the latter 
case, a first-order homogeneous orientational magnetic 
phase transition occurs and the antiferromagnetism vector 
jumps from the state LllH into the state LlH.  

We now examine the case when the antiferromagnet is 
initially (for H = 0) divided into domains. We introduce the 
concentrations of the magnetic phases rill and n, of the do- 

FIG. 3. Field dependences of the irreversible differential susceptibility 
xirr at T = 77 K: I-on the virgin curve, 2-on the descending branch of 
the hysteresis loop, and 3--on the ascending branch of the hysteresis loop. 

mains separated by 90-degree walls. In what follows a 90- 
degree wall will be referred to as simply a wall. Each phase 
can be homogeneous or it can contain domains separated by 
180-degree walls, which are not shifted by a magnetic field. 
In these phases the antiferromagnetism vector is parallel and 
perpendicular to H, respectively. 

If the walls between the phases are pinned, then wall 
displacements occur together with intradomain processes. 
Walls in which a phase transition should occur H = H, with 
increasing H are absorbed by energetically more favorable 
domains of the second phase. In the case when absorption 
ends in a field H < Ho, which happens in FeGe,, a first-order 
homogeneous phase transition is not realized. A heterogen- 
eous magnetic phase transition occurs. This analysis shows 
that domain structure exists in FeGe,. 

We now give a theoretical description of the magnetiza- 
tion processes. The free energy of the two-phase system un- 
der study consists of the free energies of the magnetic phases 
in the field of the external forces J (F,, ) , d K., the volume 
internal magnetoelastic anisotropy energy J (Fin ) ),d Vi ,  and 
the surface energy of the interdomain walls 

where yik is the wall energy density and Sik is the area of the 
wall separating these phases in a unit volume. The indices i 
and k characterize the phases: i is the phase in which LlH 
and k is the phase in which LIIH. 

When the wall is displaced by a distance an, the total 
work performed by the pressure produced by the difference 
of the free energies of the phases (F,, ) i  - (F,, ) ,  , should 
cover the increase in the internal energy Fin and should com- 
pensate the change in the surface free energy. As a result, we 
obtain for the total change in energy accompanying virtual 
displacements of the interphase boundary Sn, (Ref. 1 ) 

Here, as a simplification, we have omitted the phase indices i 
and k in the quantities yik , Si, , and nik and we have intro- 
duced the quantities 

Equilibrium occurs when S@ = 0. The equilibrium is 
stable if as AF,, increases the quantities 

for each element of the surface dS also increase. When these 
quantities reach their maximum values, the equilibrium is 
destroyed for each element of the surface and irreversible 
Barkhausen jumps can occur. 

For the case when the external force is the intensity of 
the magnetic field we have 

Barkhausen jumps will occur for some local values of 
the critical fields Hy,. In real antiferromagnets there is a 
distribution of fields H yo, around a critical field H O, in which 
irreversible processes will be most pronounced. A maximum 
should be observed in the curve of the irreversible suscepti- 

698 Sov. Phys. JETP 74 (4), April 1992 Vlasov etal. 698 



bility at the field H = HO; we observed this experimentally. 
In order to estimate the critical field H 0  we introduce, 

instead of the values of (Mi ,  ),,, , (dy/dn), , ,  , and ( d S /  
an),,, the average values over the surface S. Then, using 
Eq. ( 5 ) ,  we obtain 

- -  
B,, ( ~ 7 ~  =-. ( 6 )  

X I - X I I  

where 

It is obvious from Eqs. ( 6 )  and ( 7 )  that the critical field 
HO,  characterizing the irreversible displacements of the 
walls, is sensitive to the structure of the crystal. It is deter- 
mined by the nonuniformities of a )  the internal stresses, b) 
the concentrations of foreign impurities or components of 
the alloy, and c) the distribution of inclusions. 

We recall that the reversible susceptibility x"' consists 
of two terms' 

xreV = xi,, + x:sV , ( 8 )  
wherexi, is the susceptibility governed by intradomain pro- 
cesses 

X i n  = X I ~ ~ + X I I ~ I I ,  ( 9 )  

andx:: is the susceptibility governed by reversible displace- 
ments of the walls 

where n, + rill = 1 ,  

n,={l + e x p  [-[ (H/H')a-a] I)-', 

n1nr='lZ { I  + ch [ (H/H')z-a])-' ,  
( 1 1 )  

and ny , ni , and S O are the initial concentrations and the area 
of the interphase wall (at H = 0 ) .  The averaging is per- 
formed over the entire surface separating the phases. Ac- 
cording to Eqs. ( 8)-(  1 1 ) , the field H * and the field Pax, in 
which xreV is maximum and irreversible displacements oc- 
cur most actively, are related with one another by the rela- 
tion 

where 

and ~ ( 0 )  is the reversible susceptibility at H = 0.  
In the derivation of the relations ( 1 1 ) it was assumed 

that the integration constant a does not depend on the mag- 
netic field intensity. However, because of the existence of 
irreversible processes, the integration constant can depend 

on H. For this reason, the relation ( 1 4 )  holds only for the 
case a = const, and the theoretical dependences (8 )-( 1 1 ) 
forxrev ( H ) ,  in the general case, can describe the phenomena 
only qualitatively. 

The field H *, in contrast to H O ,  is sensitive not only to 
the crystalline structure (2) but also the magnetic structure 
(n: , S o )  of the initial state. 

According to Eqs. ( 6 )  and ( 12),  the fields H * and H 0  
are related to one another by the relation 

We note in passing that in contrast to ferromagnets, in 
which xre' usually decreases monotonically with increasing 
H, the antiferromagnets maxima are observed in the x,"'(H) 
curves. According to Eq. ( 81, the existence of these maxima 
is associated with the existence of maxima in the xZ: ( H )  
curves, since xi,, increases monotonically with H while we 
have x;; - 0  for both H - 0  and H -  a. The susceptibility 
~ 2 :  drops to zero as H -  UJ because of the presence of the 
factor n, rill , since n, -0  for fields H S H  *. But HZ: -0  as 
H - 0  because of the factor H / H  *. This factor appeared be- 
cause, unlike ferromagnets, in which H acts on the spontane- 
ous magnetization, in antiferromagnets the field H is also 
necessary for producing the magnetization. 

4. We now discuss the experimental results. 
We found experimentally that the formulas ( 8 ) - (  1 1  ), 

with the corresponding parameters, accurately describe re- 
versible processes on the ascending (a  = 3 )  and descending 
(a  = 2 )  branches of the hysteresis loop. The agreement with 
the experimental data on the H dependence of the reversible 
susceptibility on the virgin curve (a  = 1 )  is achieved by tak- 
ing into account the H dependence of the integration con- 
stant a. Using Eq. ( 1 5 ) ,  we estimated the value of a for a 
given field H, from the value of ~ ( 0 )  on the descending 
branches of the partial hysteresis loops measured up to the 
field H, . 

Figure 2 shows the theoretical x,"' ( H )  curves. For con- 
venience, the experimental data are presented only for 
x Y ( H ) .  It was found that on the virgin curve we have H 
= 1.8 kG, H : =  1.55 kG, and ny = n i  =0 .5 .  On the de- 

scending and ascending branches of the hysteresis loop we 
have HF = 0.96 kG, H y  = 1.9 kG, HT = 1.5 kG, ( n y ) ,  
= (ny ), = 0.88. 

Comparing the values of H,* with the values of HE 
estimated from the plots in Fig. 3 we conclude that the values 
of H ,* and HE are close to one another for each value of the 
index a. 

It is obvious from a comparison of the plots presented in 
Figs. 2 and 3 that XT >x:. 

The irreversible susceptibility is maximum in ferromag- 
nets in fields equal to the coercive force H, . Accordingly, the 
coercive force can be taken as the half difference of the fields 
in which the irreversible susceptibility reaches maximum 
values on the ascending and descending branches of the hys- 
teresis loop. For this reason, the analog of the coercive force 
for antiferromagnets can be taken as the half-difference of 
the critical fields in which the irreversible susceptibilty is 
maximum on the ascending and descending branches of the 
hysteresis loop 
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It  was found that H, = 270 G. 
By analogy to the concept of residual magnetization in 

the case of ferromagnetism, we introduce the concept of the 
residual concentration of magnetic phases n"\ expressing it 
in terms of the concentration of the magnetic phase (ni  ) or 
(ny ), in the field H = 0 on the descending or ascending 
branches of the hysteresis loop [ (ni  ), = (ni  ),I, 

The factor of 2 was introduced in order that nres vary over 
the s a r e  limits O<nres < 1 as does the relative residual mag- 
netization in the case of ferromagnetism. 

We determine the concentrations of the magnetic 
phases for H = 0 from the values ofx, (0)  according to the 
relation 

The quantities H, and nres determine the shape and 
area of the magnetization hysteresis loop. As n " L 0  the 
area approaches zero, and the branches of the hysteresis loop 
close into a straight line, which is a continuation of the func- 
tion I(H) = X, H (for H) H *) into the region H < H *. The 
area of the loop is maximum for nres = 1. It was found that in 
FeGe, we have n"" 0.24. 

The fields H ,* were found by the least-squares method 
from the relations (8)-( 1 1 ), where all other parameters 
were determined experimentally. 

We now discuss why the fields H ,* and HE are close to 
one another in magnitude. 

We first study qualitatively the case when H O and H * 
are determined by the nonuniformity of the internal stresses 
on which the internal magnetoelastic energy depends. 

Real antiferromagnets contain regions of stretching 
and compression. Consider a plane-parallel structure of do- 
mains, separated by walls whose planes are perpendicular to 
the x axis. Let the intensity H of the magnetic field and the 
internal tensile stresses (u>O) or compressive stresses 
(a < 0) ,  which vary according to the very simple law 

be oriented along they axis. Then, from symmetry consider- 
ations, it follows for the isotropic magnetostriction in the 
basal plane that 

where A is the saturation magnetostriction in the basal plane. 
When the wall is displaced along the x axis by the dis- 

tance Sn = Sx, according to Eqs. (7)  and ( 13), we obtain 

Using also Eq. ( 16), we obtain 

In order that this ratio be close to unity in accordance with 
the experimental results, the condition dS O=: 1 must be satis- 
fied. This condition is satisfied, if the half-period d of the 

change in stress is equal to the dimensions D of the domains 
or groups of domains in which the antiferromagnetism vec- 
tors are parallel to one another, 

since, according to estimates of D and So ,  it follows that 
DSO- 1. 

The condition (24) is satisfied if the initial domain 
structure is governed by the distribution of internal stresses, 
since in this case the walls are located where the stresses 
change sign. 

The second consequence of the relation (23) is that the 
fields H0 and H * must have the same temperature depend- 
ence. In Ref. 1 it is shown that the experimental temperature 
dependence H * ( T) can be explained well, if it is assumed 
that the field H * is determined by the nonuniformity of the 
magnetoelastic energy. From these two independent cir- 
cumstances it follows that the initial domain structure 
(H = O), at least in the antiferromagnet investigated, is de- 
termined by the distribution of internal stresses. The "ampli- 
tude" of the internal stresses can be estimated starting from 
Eqs. (6)  and (22), whence 

Since at T = 77 K we have X, - xII  - 8- loW5 emu/cm3, 
A-loW5 (Ref. 21, andHO-15.102 Oe, weobtainuo-10' 
ergs/cm3. The anisotropy caused by these stresses is equal to 
Aao-  lo2 ergs/cm3, while the crystallographic magnetic an- 
isotropy constant is K,- lo4 ergs/cm3 (Ref. 1) Thus we 
have K4)Aao, and therefore the directions of the antiferro- 
magnetism axes are determined by the crystallographic 
magnetic anisotropy, while the internal stresses only distin- 
guish the "easiest" ones. 

It follows from the relations ( 12), (22), and (24) that if 
the initial domain structure is determined by the distribution 
of internal stresses, then H * and therefore, according to Eq. 
( lo),  also the reversible susceptibility, governed by the dis- 
placement of the walls, should not depend on the initial area 
of the interphase boundary, i.e., on the disperseness of the 
domain structure. 

Finally, we study the case when the fields H O and H * are 
determined by variations of y and S. The coordinate depen- 
dences of y and Sshould satisfy at least two conditions in this 
case. First, when the initial susceptibility is calculated the 
walls should be in the initial state. Second, y and S a t  other 
locations should have their maximum values. This require- 
ment is used to calculate the critical fields. In the simplest 
case the functions 

meet the above requirements. Then, according to Eqs. ( 161, 
(7) ,  and ( 13 ), we obtain correspondingly, 

2% 
and ($)' ==. 

In order that (H */HO) be close to unity in accordance with 
experiment, the conditions d,S O - 1 and d2S O - 1 must be sat- 
isfied. But there are no reasons for the periods d, and d2 of 
the changes in y or S to be related to the dimensions of the 
domains. This circumstance also suggests that the initial do- 
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main structure is governed by the nonuniformity of the mag- 
netoelastic energy. The nonuniformity of this energy also 
determines the displacement of the boundaries. In addition, 
it was shown in Ref. 1 that the variation in y cannot explain 
the form of the temperature dependence of H *. 

The above model, however, does not make it possible to 
understand the mechanisms responsible for the irreversible 
processes. 

This model does not explain the reasons for a )  the dif- 
ference between the quantities Hi and H; (which deter- 
mines the coercive force), b )  the difference between the 
fields H: and H :, and c )  the relation x"' >xWr.  

This model also does not explain a )  why even for mag- 
netization along the antiferromagnetism axis, the residual 
concentration nres is less than unity but at the same time 
greater than zero; b) why the formulas ( 11 ), determining 
the H dependence of the reversible susceptibility with 
a = const, quantitatively describe the experimental depen- 
dences x?(H), obtained on the branches of the hysteresis 
loop, while for the virgin curve of magnetization the agree- 
ment is only qualitative. 

In order to answer these questions, we examine a more 
realistic form of the function o(x) .  

Suppose that the antiferromagnet contains tensile 
( o >  0)  and compressive (o < 0) internal stresses in the di- 
rection [ 1101 which alternate along thex-axis, which is per- 
pendicular to [ 1 101. In addition, assume that additional ex- 
trema are present in the stretched and compressed regions 
(Fig. 4). If, for example, we have A < 0, then for H = 0 in the 
compressed region (region 11) the vector L will be oriented 
parallel to [ 1 101 axis and in stretched regions ( I  and 111) the 
vector L will be oriented perpendicular to [ 1101. The boun- 
daries between the domains will be located where a = 0. 

In the case of magnetization along [ 1101 the domains 
initially located in the stretched regions (regions I and 111) 
will grow by displacement of walls at the expense of the do- 
mains initially located in the compressed regions (region 
11). 

As the field H increases from the value H = 0 the wall 
initially in the position 1 will move continuously until it 
reaches the position 2. As the field is increased further the 

wall jumps into the position 3. Then the wall moves continu- 
ously into the position 4, jumps into the position 5, and final- 
ly reaches, in a continuous manner, the position 6 [the great- 
est extremum of o (x )  ], where it encounters the wall moving 
continuously from the position 11 into the position 6. 

If, in the process, domains where the vectors L are ori- 
ented parallel to one another were present in the regions I 
and 111, then the colliding 90-degree walls annihilate one 
another, and there arises a single domain in which the vector 
L is perpendicular to H. If, however, the L vectors are anti- 
parallel, then the colliding 90-degree walls form a 180-de- 
gree wall, separating domains with antiparallel vectors L. 
This unique wall, existing only in quite strong fields, should 
not be confused with the 180-degree walls which are also 
present in the absence of a field (H = 0) .  It is a two-dimen- 
sional seed for magnetic reversal occurring as H decreases. 
The term "magnetic reversal seed" is introduced in order to 
distinguish such nuclei from nuclei [ 180-degree walls exist- 
ing also in the absence of a field (H = 0)  ] of a transitional 
domain structure in magnetically uniaxial antiferromagnets 
with increasing H.3-7 

As H decreases further this two-dimensional nucleus 
once again decomposes into two 90-degree walls moving in 
opposite directions. One wall will move from the position 6 
continuously not up to the position 5 but rather up to the 
position 7, from which it jumps into the position 8, etc. As a 
result of this the magnetization will change according to the 
curve shown schematically in Fig. 5 and consisting of a col- 
lection of microhysteresis loops. The other 90-degree wall 
will return continuously from the position 6 at H = 0 into 
the initial position 11. The collection of microhysteresis 
loops from all domains forms the resulting hysteresis loop. 

The difference of the quantities H: and H: on the as- 
cending and descending branches of the hysteresis loop is 
apparently associated with the fact that some reversible sec- 
tions, which pass through walls in the process of magnetiza- 
tion along the ascending (10-2,8-4 in Fig. 4) and descend- 
ing branches of the hysteresis loop (5-7,3-9), are different. 
For this reason, the average quantities and therefore H: 
on the ascending and H: on the descending branches of the 
hysteresis loop are different. 

The difference between the quantities H; and H; on 
the ascending and descending branches of the hysteresis loop 

FIG. 4. Schematic distribution of the internal stresses along the x axis, 
determining the character of the displacement of interdomain walls ac- FIG. 5. Schematic magnetization dependence corresponding to the model 
companying cyclical changes of the field from zero to H. of Fig. 4. 

701 Sov. Phys. JETP 74 (4). April 1992 Vlasov eta/. 701 



is associated with the fact that the location of the additional 
extrema in o(x) ,  at which abrupt changes of the magnetiza- 
tion occur, and their values on the ascending (position of the 
boundaries 2 and 4) and descending branches of the hystere- 
sis loop (positions 7and 9) are different. For this reason, the 
average values of B,,, and therefore H: and H: are differ- 
ent. 

The resulting changes produced in the magnetization 
and therefore also in the susceptibilities by the irreversible 
processes are less than these values in the case of reversible 
processes because the number of regions in tension and com- 
pression, where additional extrema are present, is apparent- 
ly smaller than the number of regions in which these extrema 
do not occur. 

Thus two irreversible processes occur: Barkhausen 
jumps, caused by nonuniformities of the antiferromagnet, 
and annihilation of interdomain walls. 

In order for the first process and the irreversible suscep- 
tibility and hysteresis associated with it to exist, the function 
U(X) must have additional extrema in the regions of com- 
pression and tension. A collection of these extrema is neces- 
sary in order for a hysteresis loop to form. 

We now discuss the consequences of the second reason 
for the existence of irreversible processes. 

The number N,, of wall pairs formed by nuclei of mag- 
netic reversal and the number Nan of pairs of annihilating 
walls are related by 

where N is the total number of 90-degree walls. These quan- 
tities are related to the residual concentration nres by 

For Nan = 0, we have nre" 1, which corresponds to a hys- 
teresis loop with the maximum area; for N,, = 0 we have 
n"" 0, which corresponds to absence of hysteresis. 

The value n"" 24 obtained for the residual concen- 
tration in the experiment indicates, according to Eq. (23), 
that in the antiferromagnet under study in the initial state 
there exist both walls which annihilate with increasing H 
and walls which form two-dimensional nuclei of magnetic 
reversal for H% H *. Apparently, even the necessity of taking 
into account the dependence of a on H in the formulas ( 11 ) 
in order to give a quantitative description of the virgin curve 
of magnetization is associated with the fact that as the mag- 
netization changes on the virgin curve annihilation of walls 
occurs, while such processes are absent on the branches of 
the hysteresis loop. 

In magnetically uniaxial ferromagnets, in the process of 
magnetization two 180-degree walls approaching one an- 
other can annihilate if their polarization is parallel, or they 
can form 360-degree n-walls if their polarization is antipar- 
allel, in which case they can act as two-dimensional seeds for 
magnetic rever~al .~ In ferromagnets (for example, in co- 
balt ), however, in contrast to antiferromagnets, the relative 
residual magnetization is close to unity if the magnetic rever- 
sal in them occurs along the axis of easy magnetization. This 
difference is apparently determined by the fact that as 90- 
degree walls in an antiferromagnet approach one another a 
repulsive force arises between them owing to the nonuni- 

formity of the magnetoelastic energy, while in the case when 
180-degree walls approach one another, because of evenness 
of the phenomenon of magnetostriction no repulsive force 
arises. Accordingly, 360-degree n-walls become unstable in 
fields H < 0, while two-dimensional seeds for magnetic re- 
versal in antiferromagnets are stable only in fields above H *. 

5. Thus our work, including also Ref. 1, has established 
the following. 

We have observed experimentally magnetic hysteresis 
arising through irreversible displacements of interdomain 
walls, the possibility of which is mentioned in Ref. 8, in anti- 
ferromagnets with several equivalent mutually perpendicu- 
lar antiferromagnetism axes with magnetization along one 
of the antiferromagnetism axes. In fields H y  and H: 
maxima are observed on the curves of the reversible suscepti- 
bility X? and irreversible susceptibility x:, respectively, as 
a function of H on the virgin curve of magnetization (a = 1 ) 
and the descending branch (a = 2)  and ascending branch 
(a = 3) of the hysteresis loop. The form of the dependences 
x?(H) is determined by the fields H,* and the initial con- 
centrations (for H = 0) of the magnetic phases (n(: ), . The 
form and area of the hysteresis loop are determined by the 
coercive force H, = (Hi - H: )/2 and the residual con- 
centration of the magnetic phases nre". 

From analysis of the observed experimental fact that 
the ratios of the fields H (which are sensitive to the nonuni- 
formities of the crystal structure) to the fields H ,* (which 
are also sensitive to the magnetic structure) are close to uni- 
ty and do not depend on the temperature and from analysis 
of the form of the temperature dependence of H T it follows 
that the initial domain structure is determined by internal 
stresses, and the displacements of the walls are caused by the 
nonuniformity of the stresses. The magnitude of the magnet- 
ic anisotropy from these stresses, which is estimated from 
H 7, was found to be significantly smaller than the crystallo- 
graphic magnetic anisotropy. 

The existence of hysteresis (differences in the values of 
not only H: and H i ,  but also Hz and HT) are associated 
with the existence of additional extrema in the coordinate 
dependence of the internal stresses in both regions of tension 
and compression in the crystal. Annihilation of 90-degree 
walls as well as formation of two-dimensional nuclei of mag- 
netic reversal from them (unique 180-degree walls existing 
only in fields H s  H * ), which occur when the walls approach 
one another as H increases, lead in FeGe, implying that even 
in the case of magnetization along the antiferromagnetism 
axis the residual concentration of magnetic phases falls in 
the range O<nE" < 1. The limits of this interval correspond to 
maximum area of the hysteresis loop (nre" 1) and absence 
of hysteresis (nres = 0) .  The irreversibility owing to the 
annihilation of the walls, in contrast to the irreversibility 
determining the Barkhausen jumps, is manifested only for 
magnetization on the virgin curve. 
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