
Soviet-era science, translated into English

Physics
E. N. Yakovlev

1960

SovietRxiv

View the original and related papers at https://sovietrxiv.org/items/ru-196001.84987

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the original.

https://sovietrxiv.org/items/ru-196001.84987


Abstract
Full Text
Physics

E. N. Yakovlev

On the Excitation of the Spin System of a Fer-
romagnet by a Spatially Inhomogeneous Electro-
magnetic Field
(Presented by Academician N. N. Bogolyubov, 12 IV 1960)

In the present note we consider a ferromagnet in which an inhomogeneous elec-
tromagnetic wave propagates. Such a formulation of the problem arises, in
particular, in the analysis of magneto-optical phenomena, since in this case the
system of spins is certainly situated in an inhomogeneous electromagnetic field.

Below it will be shown that in an inhomogeneous field, in addition to the reso-
nant frequency

Ω = min 𝜀𝑞
ℏ = 𝑔𝜇

ℏ 𝐻 (1),

the frequency of infrared radiation

Ω = max 𝜀𝑞
ℏ ∼ 𝐼

ℏ

is “suspect”for resonance (𝜀𝑞 is the energy of a spin wave, 𝐼 is the exchange
integral).

Consider the Heisenberg model of a ferromagnet, described by the Hamiltonian

ℋ = −𝐼
2 ∑

𝑓, ⃗𝛿
S𝑓S𝑓+ ⃗𝛿 − 𝜇𝐻 ∑

𝑓
𝑆𝑧

𝑓 , (1)

where S𝑓 is the spin operator of an atom located at the site f (S𝑓 is in units
of ℏ/2, 𝑆𝑧

𝑓 = ±1). The summation is carried out over the sites f of a simple
cubic lattice and over all ⃗𝛿, which connect the site f with its nearest neighbors.
In all there are 𝑁 atoms in the lattice, and they occupy a cube of volume
𝑉 = 𝐿3 = (𝑎𝑁1/3)3, where 𝑎 is the linear size of the elementary cell. 𝐼 is the
exchange integral, 𝐻 is a constant magnetic field.

The Zeeman interaction energy in the alternating magnetic field
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ℎ𝑥(𝑓𝑧, 𝑧) = 2ℎ0(𝑓𝑧) cos(Ω𝑡 − 𝑘′
𝑧𝑓𝑧), ℎ𝑦 = ℎ𝑧 = 0 (2)

has the form

ℋ′
𝑡 = exp(−𝑖Ω𝑡)𝑉Ω + exp(𝑖Ω𝑡)𝑉−Ω, (3)

where

𝑉Ω = −𝜇 ∑
𝑓

ℎ(𝑓𝑧)𝑆𝑥
𝑓 ; ℎ(𝑓𝑧) = ℎ0(𝑓𝑧) exp 𝑖𝑘′

𝑧𝑓𝑧.

Under the action of the perturbation ℋ′
𝑡, the component of the magnetic mo-

ment 𝑚𝑥
𝑔 = 𝜇𝑆𝑥

𝑔 receives an increment 𝛿𝑚𝑥𝑔 (2,3). In this case the rate of change
of the energy of the spin system is expressed in the form

𝑑𝐸
𝑑𝑡 = ∑

𝑓
ℎ𝑥(𝑓𝑧, 𝑡) 𝑑

𝑑𝑡𝛿𝑚𝑥𝑔(𝑡). (4)

Representing 𝛿𝑆𝑥𝑔 (𝑡) in terms of the retarded Green functions found for the
Hamiltonian (1) in works (4,5), we obtain for the average rate of change of the
energy the expression

(𝑑𝐸
𝑑𝑡 )

𝜏
= 1

𝜏 ∫
𝜏

0

𝑑𝐸
𝑑𝑡 𝜏 → ∞

= −𝜇2 Ω
ℏ

𝐿𝑁
𝜋 ∫

𝜋/𝑎

−𝜋/𝑎
|ℎ(𝑞𝑧)|2 Im

⎧{
⎨{⎩

1
Ω − 𝜀𝑞

ℏ + 𝑖
𝑇

− 1
Ω + 𝜀𝑞

ℏ + 𝑖
𝑇

⎫}
⎬}⎭

𝑑𝑞𝑧, (5)

where 𝜀𝑞 is the spin-wave energy, and 𝑇 is the relaxation time of the spin com-
ponent 𝑆𝛼

𝑔 (𝛼 = 𝑥, 𝑦) (6)

ℎ(𝑞) = 1
𝑁1/3 ∑

𝑓𝑧

ℎ(𝑓𝑧) exp(−𝑖𝑓𝑧𝑞𝑧), ℎ(𝑓𝑧) = ℎ0(𝑓𝑧) exp 𝑖𝑘𝑧𝑓𝑧.

On passing to the limit 𝑇 → ∞ we have

(𝑑𝐸
𝑑𝑡 )

𝜏
= 𝜇2Ω𝐿𝑁{|ℎ(𝑞𝑧𝑠)|2 + |ℎ(−𝑞𝑧𝑠)|2} 1

∣𝜕𝜀𝑞/𝜕𝑞𝑧∣𝑞𝑧=𝑞𝑧𝑠

, (6)

where ∣𝜕𝜀𝑞/𝜕𝑞𝑧∣𝑞𝑧=𝑞𝑧𝑠
≠ 0.
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𝑞𝑧𝑠 is a root of the equation Ω − 𝜀𝑞/ℏ = 0, which in our case has the form

Ω − [4𝐼(1 − cos 𝑎𝑞𝑧) + 2𝜇𝐻] 1
ℏ = 0. (7)

When ∣𝜕𝜀𝑞/𝜕𝑞𝑧∣𝑞𝑧=𝑞𝑧𝑠
→ 0, as is evident from (6), (𝑑𝐸/𝑑𝑡)𝜏 → ∞. Thus, at

frequencies Ω ≃ extrem 𝜀𝑞/ℏ the absorption may increase sharply. If

Ω ≃ min 𝜀𝑞
ℏ = 2𝜇

ℏ 𝐻,

we have the classical resonance first considered by L. D. Landau and E. M.
Lifshitz (1). For

Ω ≃ max 𝜀𝑞
ℏ = 8𝐼 + 2𝜇𝐻

ℏ

a resonance in the infrared region is possible.

An estimate of the magnitude of the effect was made under the assumption that
all the calculations are also valid for the half-space 𝑓𝑧 ≥ 0 and that the magnetic
field has the form

ℎ(𝑓𝑧, 𝑡) = 2ℎ0 exp(−𝑘″
𝑧 𝑓𝑧) cos(Ω𝑡 − 𝑘′

𝑧𝑓𝑧). (8)

The ratio of the absorbed energy to the incident energy in the present case is

(𝑑𝐸
𝑑𝑡 )

𝜏
/ ̄𝑆𝐿2 ≃ 𝜇2𝐼1/2

ℏ3/2𝑎2𝑐 𝑇 1/2, (9)

where ̄𝑆 is the time-averaged flux density of electromagnetic energy, and 𝑐 is
the speed of light.

For example, for 𝐼 ∼ 10−14 erg, 𝑎 ∼ 10−8 cm, and 𝑇 ∼ 10−6 sec, the ratio

(𝑑𝐸
𝑑𝑡 )

𝜏
/ ̄𝑆𝐿2 ≃ 10−4,

and the effect is still within experimental possibilities.

We note that an anomalous increase of absorption at Ω ≃ max 𝜀𝑞/ℏ was found
in works (7,8) on nickel. However, the connection of the effect observed in (7,8)
with that set forth above requires clarification on the basis of the theory of
magneto-optical phenomena (9).
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