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Bremsstrahlung of relativistic electrons in a plasma in a 
strong magnetic field 
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Institute of Radiophysics and Electronics, Armenian Academy of Sciences 
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The bremsstrahlung of relativistic electrons in a plasma in a strong magnetic field is considered, with 
effects of dynamic screening and of a new mechanism of transition bremsstrahlung [A. V. Akopyan and V. 
N. Tsytovich, Zh. Eksp. Teor. Fiz. 71, 166 (1976) [Sov. Phys. JETP 44, 87 (1977)l taken into account. 
It is shown that in a strong magnetic field the effects of dynamic screening strongly diminish the intensity 
of ordinary bremsstrahlung at high frequencies o < o,,,; here om,, = 2S20*, where w* = w,c/v,, w, is 
the electronic plasma frequency, S/ = e/m,c2, e is the energy of the relativistic electron, and v,, is the 
mean thermal velocity of the plasma electrons (v,(c). The angular. distribution of the bremsstrahlung 
spectral intensity and the total intensity are studied in detail, both for the usual bremsstrahlung 
mechanism and for transition bremsstrahlung. 

PACS numbers: 52.25.P~ 

1. INTRODUCTION: GENERAL STATEMENT OF THE 
PROBLEM 

B r e m s s t r a h l u n g  i n  a plasma which  is i n  a v e r y  s t r o n g  
magne t i c  f i e ld  h a s  r e c e n t l y  b e e n  in tens ively  s tud ied  i n  
connect ion wi th  t h e  problem of i n t e r p r e t i n g  t h e  r ad ia -  
t i on  of pulsars. '"" Actually,  as w i l l  be s e e n  f r o m  
what  follows, b r e m s s t r a h l u n g  is a l t e r e d  b y  a magne t i c  
f i e ld  even  at re l a t ive ly  small f i e ld  s t r e n g t h s  (but f o r  
sufficiently small f r equenc ie s ) .  T h e r e f o r e  b r e m s s t r a h -  
lung  i n  a magne t i c  f i e l d  is also of i m m e d i a t e  i n t e r s s t  
f o r  l a b o r a t o r y  experiments on  the  magne t i c  conta inment  
of a plasma. 

I n  t h e  papers a l r e a d y  r e f e r r e d  to, C1-6' and  also inc7*'l, 

t h e  inf luence of a magnetic f i e ld  on  b r e r n s s t r a h l u n g  was 
not ana lyzed  complete ly ,  a t t en t ion  be ing  given mainly  
to t h e  case of nonre l a t iv i s t i c  particles in a quant iz ing 
magne t i c  field.  At t h e  same time, as w e  s h a l l  show, 
t h e  e f f ec t  of a plasma on  b r e m s s t r a h l u n g  is more im- 
p o r t a n t  i n  a s t r o n g  magne t i c  f i e ld  than  wi th  no field.  
T h e  results w e  s h a l l  g ive  p r o p e r l y  apply not only to 
plasmas, b u t  to o t h e r  m e d i a  as wel l ,  namely  in  all 
cases i n  wh ich  t h e  plasma approx ima t ion  c a n  be u s e d  f o r  
t h e  d i e l e c t r i c  constant .  

In  cons t ruc t ing  a more or less complete theory  of 
b r e m s s t r a h l u n g  i n  a nonequi l ibr ium magnetoact ive  
plasma it is n e c e s s a r y  to t a k e  in to  account  at least four  
ef fects :  1) s c r e e n i n g  by  t h e  plasma of t h e  f i e lds  of col- 
l id ing  particles, 2) e f f ec t s  of t h e  plasma on  t h e  propa- 

957 Sov. Phys. JETP 45(5), May 1977 0038-5646/77/45050957$02.40 O 1978 American institute of Physics 957 



gation of the radiation and the type of waves emitted, 
3) allowance for the new mechanism of transition 
bremsstrahlung, and 4) allowance for the quantization 
of the magnetic field. 

Earlier has largely included the quantiza- 
tion of the magnetic field and partially allowed for the 
influence of the plasma on the propagation of the waves, 
[items 2) and 411 but has completely neglected other 
plasma effects [items 1) and 3)]. A general theory of 
bremsstrahlung in a plasma with no magnetic field has 
been constructed, [""I which has taken consistent ac- 
count of items 11, 21, and 3) in the limit of the quasi- 
classical description. This description corresponds to 
frequencies A w << E and does not involve any serious 
limitation, since the plasma effects a re  usually impor- 
tant for relatively small frequencies. The problem of 
the present paper is the extension of the results of"O*"' 
to the case of strong magnetic fields. 

We shall assume that both the thermal electrons of 
the plasma and the superthermal relativistic electrons 
move strictly along the lines of force of the constant 
strong field. Furthermore these electrons a re  subject 
to an attractive force from the ions, which results in 
their having an accelerated motion and radiating without 
departing from the lines of force along which they move. 
In this connection it is appropriate to make the follow- 
ing remark about item 4), the quantization of the mag- 
netic field. 

Beginning with the work of Chiu and Canuto, [1'41 
bremsstrahlung in a strong magnetic field has been 
considered fo r  the case in which all the particles a re  
in the lowest Landau level Virtamo and 
~ a u h o [ ~ ]  showed that the Chui-Canuto formulas hold only 
for the radiation exactly along the magnetic field, and 
that for an angle of the order of a radian there is an ad- 
ditional term in the radiated power which is much larger 
than the result of"] and makes the main contribution to 
the total power radiated. In the case of a strong mag- 
netic field the total radiated power a s  found inci1 is 
smaller than that found inL7] by a factor u2/wie << 1 
(o,,=e~/m,c is the precession frequency). Further- 
more, the analysis shows that the result found by 
Virtamo and Jauho"] is completely quasiclassical and 
does not contain Planck's constant, nor, by the way, the 
magnetic field intensity H. As we shall see, this re- 
sult is easily obtained from the quasiclassical treat- 
ment we give here of the bremsstrahlung of particles 
which move exactly along the lines of force, if we ne- 
glect the influence of the plasma. Thus in a certain 
sense the quantization of the magnetic field plays no par- 
ticular part in the bremsstrahlung, since the result 
found inc7' is in fact quasiclassical. 

In the case in which the lowest Landau level is not the 
only one populated, the result involves the total density 
of electrons in all of the levels. A more essential and 
important assumption i s  that the motion of the electrons 
is one-dimensional during the emission process. This 
assumption i s  in this sense a more general one than that 
about the quantization and the lowest level alone being 
occupied. Therefore the present treatment includes all 

of the four points we have noted a s  necessary for the 
analysis of the bremsstrahlung in a plasma in a strong 
magnetic field. We remark also that whereas in the ab- 
sence of a magnetic field the spectral intensity of the 
radiation depends logarithmically on the maximum 
momentum transfer, fixed by the limit of applicability 
of the quasiclassical treatment, with a strong magnetic 
field there is no such dependence, i. e. , for tiw << E the 
effect is a purely classical one. 

We shall here confine ourselves to the assumption 
that the superthermal electrons a re  ultrarelativistic, 
i. e., 

since i t  is precisely in this limit that the plasma effects 
influence the bremsstrahlung most strongly. The con- 
dition for the use of the assumption that the motion of 
the electrons is one-dimensional is W<<W,,/~ (see 
also15]). For  simplicity we shall also assume w >> w,,. 
In other words, we shall consider the bremsstrahlung 
in the plasma in the frequency range 

For relativistic particles the value of w,, can reach 
the maximum frequency m,c2y/E only for H- 1014 G. If 
the inequality is not satisfie.d, in the frequency range 
w >  w,,/y the bremsstrahlung will occur with a particle 
momentum change perpendicular to H. At such frequen- 
cies quantization can become significant. 

2. FORMULATION OF THE GENERAL THEORY 

The construction of the theory is similar to the pro- 
cedure in our earlier paper. ["' Therefore we indicate 
here only the more important points of principle. Since 
the ions of the plasma can be regarded as  motionless 
during the emission process, without loss of generality 
we can treat  all of the particles of the plasma, which by 
hypothesis a r e  nonrelativistic (v,,<< c, where v,, is the 
mean velocity of the thermal electrons), and the rela- 
tivistic emitting electrons a s  moving exactly along the 
lines of force. lnC1ll two parts of the Green's function 
were used, longitudinal and transverse, but in our pres- 
ent case there is a unique Green's function. Its struc- 
ture can be seen easily if we write down from the Max- 
well equations the connection between the Fourier com- 
ponents of the electric field and of the current. 

Taking the z axis along H, we get 

where the indices z and 1 denote the components of vec- 
tors along and transverse to H, j, is the total current 
density, and k is the wave vector, k = {k,, k,, w/c). 
The one-dimensional dielectric constant E::' which ap- 
pears in Eq. (3) is determined from the kinetic equation 
and i s  given by 

958 SOV. Phys. JETP 45(.5), May 1977 A. V. Akopyan and V. N. Tsytovich 958 



where fx' is the distribution function of particles of 
type a, and the summation is over all types of particles 
in the plasma. 

According to Eq. (3), the zeroes of the Green's func- 
tion determine the linear modes: 

where 9 is the angle between k and H (the angle of prop- 
agation of the waves). Substituting from Eq. (4) the val- 
ue ci:'= 1 - w;Jw2 into Eq. (5), we get for w>> w,, 

In the general case Eq. (5) gives two modes, one of 
which is almost longitudinal (w- w,,), and the other, Eq. 
( 6 ) ,  i s  practically transverse for w >> w,,. Analysis 
shows that for  the latter mode the deviation of the po- 
larization vector from transversality gives only small 
corrections to the integral intensity of the radiation for 
W >> w,,. 

The presence of the coefficient sin29 with w:, in the 
approximate expression (6) for the frequency is ex- 
tremely important; i t  results in there being no Ter- 
Mikaelyan density effectc14] (see also['51) in the present 
case; this effect for a plasma with no magnetic field 
was analyzed in detail incB1. In fact, from (6) we have 

1 2 
z- 

1 
w-ku cos 8 w l / y1+8z ( l+wp .2 /wZ)  ' 

This last  relation is written for  small angles of propa- 
gation 9 and shows that the effect of the plasma reduces 
to a term in w:Jw2 which is small compared with unity; 
i. e., for w << yw,, there is no density effect. Without 
a magnetic field the corresponding expression had a dif- 
ferent den~minator '~ '  

and the ordinary bremsstrahlung is strongly suppressed 
for w << yo,,. However, the analysis which is to follow 
shows that in a strong magnetic field there is a more 
powerful suppression of the ordinary bremsstrahlung 
of an ultrarelativistic particle. Here the frequency 
yw,, is no longer the critical value below which the 
bremsstrahlung falls off, as  in the zero-field case. As 
the critical frequency we have the large quantity 2y2y*, 
where w* = w,,c/v,,, which is associated with the Debye 
radius. 

The two points we have discussed-the one-dimen- 
sionality of the Green's function and the absence of a 
density effect-give in principle the main differences in 
the bremsstrahlung processes when there is a strong 
magnetic field. 

All calculations of matrix elements a re  made by the 
method and we present only the final results. As 
in C1ll, we represent the probability of bremsstrahlung 
emission of transverse electromagnetic waves in the 
form @ = I )  

where M"' and M't' are  the matrix elements for ordi- 
nary and transverse bremsstrahlung. Starting from the 
equation of motion and the kinetic equation and using the 
electric field in the form (3) we get in the Born approxi- 
mation 

Here n is the recoil momentum given by the electron 
(9) 

- 
to an ion with charge ei and c::'"' is the electronic com- 
ponent of the dielectric constant. With the approxima- 
tion that the ion is infinitely heavy, c,!:""= &"' , . The 
diagrams corresponding to the matrix elements (8) and 
(9) have been presented inC'']. We shall hereafter con- 
sider separately the contributions made to the brems- 
strahlung by each of the matrix elements (8) and (9). 

3. EFFECT OF THE PLASMA SCREENING ON THE 
ORDINARY BREMSSTRAHLUNG IN A STRONG 
MAGNETIC FIELD 

Although, a s  seen from Eq. (7), the two mechanisms 
of bremsstrahlung interfere with each other, by using 
their different frequency dependences we can in limiting 
cases consider them separately. From Eqs. (7) and 
(8) we have for the spectral intensity of the radiation 
given by ordinary bremsstrahlung, referred to the range 
sin9 d9, 

dl:) (@) 2r:eiac o' sinZ t-t 
d o  youS (w-ku cos 6 ) '  

1  - i 1 ' [ l idz+(w-ku cos t?)2/uz x + ( o - k ~ c o s ) ~ / u ~  (lo) 

where re is the classical electron radius, x ,,, is the 
maximum momentum transfer, and d =v,Jw,, is the 
Debye radius of the plasma. 

It follows from Eq. (10) that the intensity of the radia- 
tion is symmetrical around v and vanishes in the direc- 
tions along (9 =0) and opposite to (9 = n) the velocity. In 
the ultrarelativistic case, according to Eq. (6), at fre- 
quencies w >> w,, the radiation intensity (10) a s  a func- 
tion of 9 has a sharp maximum at angles near 

For  weak screening of the field of the ion by the plasma, 
which holds for very high frequencies 

the ordinary bremsstrahlung of an ultrarelativistic par- 
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ticle occurs entirely within the angles given by Eq. (11). 

In the frequency range 

corresponding to the case of strong screening of the 
ion's field, Eq. (10) shows that there is also a contribu- 
tion to the total bremsstrahlung from emission outside 
the cone of directions (12). In the nonrelativistic case, 
according to Eq. (lo), the waves a re  emitted isotropical- 
ly relative to the direction of motion of the electron. 

For  v- c, neglecting small terms, we get from Eq. 
(10) for the total spectral intensity of the radiation 

X arctg 
i+o'/4y'o'2 w' 1 + 0 . ~ / 4 o ~  

(o* = w,,c/v,,). At the high frequencies (12) we get from 
Eq. (14) the following simple expression: 

Accordingly, a t  frequencies w >> 2y2w*, correspond- 
ing to the vacuum limit, the intensity of ordinary 
bremsstrahlung decreases a s  the inverse square of the 
energy of the ultrarelativistic particle and is indepen- 
dent of the frequency. For the case of no magnetic field 
i t  was shown incg1 that the bremsstrahlung in a plasma 
at frequencies (12) is that given by the Bethe-Heitler 
formula, i. e., the intensity depends logarithmically on 
the frequency and on the energy of the particle. 

The decrease with energy of the intensity of the 
bremsstrahlung of a one-dimensionally moving ultra- 
relativistic electron can be explained in the following 
way. In the presence of a strong magnetic field the ac- 
celeration of the electron in the Coulomb field of an ion 
occurs only in the longitudinal direction. A transverse 
displacement of the electron in its interaction with the 
decelerating quanta is forbidden. On the other hand, i t  
follows from the equation of motion of the electron that 
the momentum change in the one-dimensional case i s  
smaller than that in free motion by a factor y2. The 
bremsstrahlung of a f ree  (unmagnetized) electron oc- 
curs through changes in both the longitudinal and the 
transverse momentum components. This is the basic 
difference between the bremsstrahlung of a magnetized 
fast particle and that of an unmagnetized fast  particle. 

The result (15) can be compared with the result of 
Virtamo and Jauho, [I1 derived for the nonrelativistic 
case. In this case, according to Eq. (101, we must re- 
place the factor y-' in Eq. (15) by c/v. This gives ex- 
actly the result ofc1'. In precisely the same way, our 
result in this limit is one-half of the result found incz2'. 
This is due to the fact that Loskutov and ~kobelev"~'  al- 
lowed transverse displacements of the electron, which 
in the nonrelativistic limit make the same contribution 
to the bremsstrahlung as  the longitudinal ones. The 
most important criterion is the inequality (12), which 
gives the limits of applicability of the results 

which neglect the influence of the plasma polarization 
on the brernsstrahlung. This criterion is very severe 
at large energies of the particles. 

Let us  now consider other frequencies (13) at which 
screening is important. For  

we get from Eq. (14) 

For the frequency range 

we get from (14) 

Comparison of Eq. (15) with Eqs. (17) and (19) shows 
that the ordinary bremsstrahlung of a magnetized 
charged particle in a plasma goes most effectively at 
the high frequencies (12). At the lower frequencies the 
intensity decreases both with increasing energy (- yy-') 
and with decreasing frequency (- w2). This is due to the 
increasing importance of screening of the virtual quanta 
by the plasma. We emphasize that when there is no 
strong magnetic field, as  was shown inCg1, the drop in 
the intensity of ordinary bremsstrahlung in a plasma 
begins not at frequencies ws  2y2w*, a s  in the present 
case, but at frequencies w< w,,. 

4. TRANSITION BREMSSTRAHLUNG IN  A STRONG 
MAGNETIC FIELD 

As we have previouslycg1 emphasized, transition 
bremsstrahlung is due to the transitional scatteringC181 
of virtual quanta produced in collisions of the particles, 
into electromagnetic waves. The spectral distribution 
of intensity obtained from Eqs. (7) and (9) i s  rather 
cumbersome in the general case: 

l a -  V c p  
- ( ( 4 a ~ - b ' ) - ( b - 2 ~ c ) ~ ) t  + - ( (4ac-bZ) MtZ + (b-2pc)  

IGM 
bL,s 

x (lOac+2pbc-2p2c2-3bZ) t+c (8ac+4bpc-4p2cz-31) ) I} 1 , 
'mxn 

where (20) 

It follows from Eqs. (10) and (20) that for one-dimen- 
sional motion of the ultrarelativistic electron and the 
thermal electrons of the plasma there is no bremsstrah- 
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lung in a strong magnetic field in the directions along tion bremsstrahlung, i t  is unimportant because of the 
and opposite to the velocity of the electron. different dependences of the matrix elements (8) and (9) 

on frequency and on the energy of the particle. 
With weak screening of the virtual quanta we get f rom 

Eqs. (20) and (21), for  frequencies (12), the formula 5. DISCUSSION OF THE RESULTS 

d l ( )  2r2ei2 a'' sin26(1+yz sin'6) 
-=-- 

do 7"' (I- ( v l c )  cos 13) z ' 

The bremsstrahlung of a fast  particle in a plasma in 
(22) a strong magnetic field depends on the frequency of the 

It follows that for high frequencies (12) the bremstrah- 
lung also has a sharp forward directionality inside a 
cone with the narrow aperture angle (11). The result 
of integrating the intensity (22) over all angles does not 
explicitly depend on the energy at high energies: 

A comparison of Eqs. (1 5) and (23) shows that under 
conditions of weak screening, i. e., in the high-frequen- 
cy region (12), the bremsstrahlung is mainly ordinary 
bremsstrahlung. 

If the screening is strong, for  the frequency ranges 
(16) and (18) we have from Eq. (20) the respective re- 
sults 

dl."' (6 )  4r,le,' sinz 6 
do y2 l+y2 sin2 6 ' 

Equation (24) shows that a t  frequencies (16) the waves 
a re  distributed over angles in the same way both inside 
and outside the directionality cone (11). In this case the 
main contribution to the total bremsstrahlung comes 
from the radiation propagated outside the range (11) of 
angles. Equation (25) shows that the transition brems- 
strahlung at comparatively low frequencies (18) has a 
sharp maximum near the plane perpendicular to the di- 
rection of the velocity, in a range of angles 

For the total bremsstrahlung the main ,contribution in 
Eq. (25) is from emission occurring outside the range 
of angles (26). 

Integrating over all angles, we have from Eqs. (24) 
and (25) the respective spectral intensities 

Thus, comparing Eqs. (27) and (28) with (17) and (19), 
applied under the respective conditions (16) and (181, we 
come to the conclusion that in a plasma in a strong mag- 
netic field bremsstrahlung in the frequency range (13). 
occurs mainly a s  transition bremsstrahlung. In partic- 
ular, in the spectral region (18) the emitted wavelength 
X >>do Therefore the thermal electrons of the plasma, 
which give the dynamic polarization, radiate coherently 
when they scatter virtual quanta, and this gives the 
maximum intensity of the radiation. 

emitted wave and the energy of the particle. Only in the 
frequency region w>> 2Pw* is the radiation governed by 
the ordinary bremsstrahlung mechanism; i t  is here that 
the intensity reaches i t s  largest value, although it  de- 
creases with increasing energy of the particle [ ~ q .  (16)]. 
In the frequency range w,,<< w << V o *  the main effect 
is already the transition b r e m ~ s t r a h l u n ~  arising from 
scattering of virtual quanta by the dynamic polarization. 
A comparison of Eqs. (15) and (28) shows that in this 
case the maximum intensity level is smaller by a factor 
9 than that a t  frequencies w >> 27~~w*. 

From a comparison of Eqs. (17) and (27) we find that 
the transition bremsstrahlung dominates for a frequency 

which is in the range (16). In the other frequency range 
(18) the transition bremsstrahlung is always dominant. 

These results can be transferred easily to the case of 
a relativistic plasma, which is of interest for the inter- 
pretation of the radiation of pulsars. ["] Here we must 
use instead of w,, the value of the plasma frequency in 
a relativistic plasma, w,, ["' and set  v,," c. The value 
of the plasma frequency varies over a wide range in the 
magnetosphere of a pulsar, and near the surface i t  can 
reach rather large values, s o  that the frequencies cor- 
responding to the frequency (29) will be 

where C is the mean energy of a plasma particle. The 
distributions of particles in pulsars a re  most probably 
nonthermal with tails extending fa r  into the high-energy 
region. Under the condition (30) the total transition 
bremsstrahlung intensity of all the particles will be 

and can lie in the optical and x-ray regions. At large 
optical thicknesses induced processes a r e  important, 
and give pumping of the electromagnetic w;iires. How- 
ever, in the x-ray and optical regions the optical thick- 
ness is small. 

Equation (31) gives a power-law spectrum of the ra- 
diation and allows determination of the density of par- 
ticles for which the calculated radiation power corre- 
sponds to an observed value. 
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Study of the magnetic structure of the system 
Fe6,(Ni,-,Mn,),, by methods of magnetic scattering of 
neutrons and the Mossbauer effect 

8. N. Mokhov, V. I. Goman'kov, V. A. Makarov, T. V. Sakharova, and N. I. Nogin 

Central Research Institute of Ferrous Metallurgy 
(Submitted April 20, 1976; resubmitted January 3, 1977) 
Zh. Eksp. Teor. Fiz. 72, 1833-1844 (May 1977) 

The magnetic structure of the system Fe,(Ni,-,Mn,),, with x =0.14, 0.28, and 0.37 was investigated by 
the methods of magnetic scattering of neutrons in the temperature interval 4.2-700 K and the Mossbauer 
effect in an external field 45 kOe at 4.2 K. A joint analysis of the results shows that in the case of a 
concentration antiferro-ferromagnetic transition there is observed a broad spectrum of magnetic 
inhomogeneities, constituting the interacting regions in the antiferro-, ferro-, and paramagnetic states, 
and possibly also regions of "spin glass." The parameters of the ferromagnetic regions are determined and 
their polarization character is demonstrated, the Nee1 temperatures and the average magnetic moment per 
sublattice of the regions with antiferromagnetic order are estimated. 

PACS numbers: 75.25. +z, 75.30.Kz, 76.80. + y 

INTRODUCTION 

The study of the magnetic structure of the system 
Fe,,(Ni,,Mx&),, is of considerable interest from the 
point of view of the onset of the magnetically ordered 
state. As established by Shiga, ''I these alloys a r e  
ferromagnetic a t  x < 0.3 and antiferromagnetic a t  x > 0.3. 
It is still unclear, however, how the magnetic order 
changes in this system, although this question has been 
the subject of a large number of studies. Thus, the 
presence of exchange anisotropy in the system and the 
temperature dependence of the magnetization have given 
grounds for the authors to suggest the coexistence 
of paramagnetic and antiferromagnetic regions a t  criti- 
cal concentrations. At the same time, investigations of 

experimental investigations of the magnetic structure 
in the transition region of the concentrations a r e  neces- 
sary. 

In a preceding study, "01 magnetic scattering of neu- 
trons was used to confirm the assumption that regions 
with ferromagnetic and antiferromagnetic types of order 
coexist in alloys with x =O. 28 and 0.37, and the polar- 
ization character of the ferromagnetic regions was 
demonstrated. The present paper i s  devoted to a fur- 
ther study of the singularities of the magnetic structure 
of the system F~,~(NI,,MN~),~ at critical concentrations, 
by the methods of magnetic scattering of neutrons and 
of the Massbauer effect. 

the magnetization in strong fields and a t  high pressures 
and investigations of the low-temperature specific heat 1. MEASUREMENT PROCEDURE AND SAMPLES 

- 

and of the spontaneous magnetostrictions a re  treated Neutron diffraction was investigated with a diffrac- 
inC4-1 1 under the assumption that the alloys a r e  weak tometer with a wavelength X = 1.07 A in the angle inter- 
homogeneous collectivized ferromagnets. The Mass- val 10 " < 2 0 < 55 ". Small-angle scattering of the neu- 
bauer spectra of the Fe5' nuclei, C8v91 to the contrary, trons was investigated with a diffractometer with X 
show that the magnetic structure of the system is in- =l. 59 A. The measurements were carried out on cy- 
homogeneous to a considerable degree. Thus, direct lindrical polycrystalline samples of 8 mm diameter and 
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