
SOVIET PHYSICS JETP VOLUME 19, NUMBER 1 JULY, 1964 

ANT/FERROMAGNETIC RESONANCE IN CoC03 

E. G. RUDASHEVSKii 

Institute for Physics Problems, Academy of Sciences, U.S.S.R. 

Submitted to JETP editor July 17, 1963 

J. Exptl. Theoret. Phys. (U.S.S.R.) 46, 134-136 (January, 1964) 

Antiferromagnetic resonance in cobalt carbonate was investigated in the frequency range 
10-35 kMc and in the temperature range 4.2-1.5°K. The frequency dependence of the res
onance field was obtained. No line shift with variation of temperature was observed. 

IN the antiferromagnetic state (TN= 18.1°K), 
cobalt carbonate ( CoC03 ) has a weak ferromag
netic moment. [tJ The magnetization vectors of 
the sublattices M1 and M2 and the ferromagnetic 
moment u lie in the basal plane. The spin-wave 
spectrum of such a magnetic structure consists 
of two branches:[2,3] 

el = nwl = v f.12H(H + H D) + E'Pa2k2, (1) 

e2 = nw2 = V2f.12HAHE + f.12HDH + 8 2a 2k2 , (2) 

where H is an external magnetic field applied in 
the basal plane, HD is the Dzyaloshinskil field re
sponsible for weak ferromagnetism, HE and HA 
are the effective exchange and anisotropy fields, 
a is the lattice constant, and ® is the exchange 
constant. 

Equation (1) shows that in the first branch of 
the spin waves there is no gap at H = 0. This 
makes it possible to observe antiferromagnetic 
resonance in fields of the order of several kOe 
at frequencies in the centimeter region. [4J At 
k = 0, the vectors M1 and M2 oscillate in the 
basal plane, the angle between them remaining 
constant. The second branch of the spin waves
as in normal antiferromagnets-has a compara
tively large gap. 

Static measurements, carried out earlier by 
Borovik-Romanov and Ozhogin, made it possible 
to determine the quantity HD = u0 /Xl, which is 
27 x 103 Oe for CoC03. 

The purpose of the present work was to carry 
out experiments which would allow a quantitative 
check of Eq. (1) by observing antiferromagnetic 
resonance in CoC03 in the uniform precession 
case ( k = 0 ). 

Antiferromagnetic resonance was studied using 
single crystals of cobalt carbonate obtained by the 
hydrothermal method of Ikornikova. [5] l> The 

1Yrhe author is grateful to N. Yu. Ikornikova, of the Cry
stallography Institute, U.S.S.R. Academy of Sciences, for 
kindly supplying the single crystals. 
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CoC03 crystals were in the form of quite trans
parent red plates, 0.5-1 mm in size and 0.1-0.5 
mm thick. The single -crystal state and orientatiOn 
of the samples were checked by x-ray diffraction. 
Resonance was observed using a magnetic spec
trometer similar to that used by Borovik-Romanov 
et al. [4], and microwave power was obtained from 
klystron oscillators covering the frequency range 
from 10 to 35 kMc. 

Antiferromagnetic resonance was observed in 
the temperature range from 4.2 to 1.5°K. The 
samples were placed in cylindrical resonators in 
which H011 oscillations were excited. The static 
magnetic field and the microwave field were al
ways mutually perpendicular (which is the condi
tion for the excitation of the low-frequency branch 
of the spin waves [s J). The static magnetic field 
was in the horizontal plane. The measurements 
were carried out for two orientations of a crystal: 
1) the microwave field in the basal plane of the 
sample; 2) the microwave field along the three
fold axis, perpendicular to the basal plane. 

In the former case, the value of the resonance 
field obeyed the formula Rres = H0 I cos q;, where 
H0 is the resonance field in the basal plane, and 
q; is the angle between the basal plane and the di
rection of the external magnetic field. In the sec
ond case, the orientation of the crystal allowed us 
to observe the crystal anisotropy in the basal plane. 
No such anisotropy was found. 
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The results obtained for the frequency depend
ence of the resonance field are given in the figure 
(the dashed line represents the paramagnetic fre
quency v = yH ). These results are described 
satisfactorily by the formula 

(v/y)2 = H (H + Hn), 

where the value HD = 27 x 10a Oe was taken from 
static measurements. [ 1] The curve plotted using 
this formula deviates by not more than 2% from 
the experimental points if the value of y is se
lected to correspond to g = 4.0. This deviation is 
due to the error in the determination of the posi
tion of the resonance line maximum. 

It was found that the line width varied strongly 
with the frequency ( ~ 100 Oe at 10 kMc and ~ 500 
Oe at 35 kMc) but not greatly from sample to 
sample, although the shape of the line was differ
ent in different samples. As in the work of 
Borovik-Romanov, C4J the observed lines con
sisted of many components which were less clear 
than in the case of MnCOa. [ 4] At intermediate 
frequencies, the line structure became complicated 
and this was the reason for the uncertainty in the 
determination of the line position. The line struc
ture may have been due to the same factors as in 
the case of MnCOa. [4] The line width and shape 
are being studied at present. 

In contrast to the results for MnCOa, the line 
position did not vary with temperature between 4.2 
and 1.5°K. A calculation, similar to that carried 
out by Borovik-Romanov et al, [4] shows that, be
cause of the smallness of the hfs interaction con-

stant of CoCOa (specific heat measurements give 
A/k = 0.004°K for CoCOa and A/k = 0.013°K for 
MnCOa C7J), the shift of the line position on vary
ing the temperature between 4.2 and 1.5°K, i.e., 
during the magnetization of nuclear spins, should 
not exceed 10-15 Oe. 

In conclusion, the author expresses his deep 
gratitude to P. L. Kapitza for his interest in this 
work and to A. S. Borovik-Romanov for his con
tinuous interest and direction. The author is also 
grateful to L. A. Prozorova for her helpful advice 
and 0. N. Trishkin for help in carrying out the ex
periments. 
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