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: AUTHORS: KW&;;Krnnaska:hckov, M. M., Markovakiy, Ye.A. |
TITLE: On the effect of nucleéar radiasions cn the propurties of metallic aljoys.
SOURCE: Struktura i svoystva litykh nldavov., no.l, Inst. lt, proizv, AN UQSR.
Kiev, Izd-vo AN UkrSSR, 19¢2, 67-175. s:
. TEXT: Tha paper provides a discussion based on a literature survey, pr arily —

of English-language Western publications. It discusses the effects of nuclear?
neutron radiation on metallic alloys in the sense of the Seits and Brinkmann tieories.
The effects of neutron radiaticn on the hardnesas, tensile strength, and yield gpiat of
various steels, including SAE 1018 and 1395, stainless steel 304 and 316, and®
ASTM-A212B and -A242 with various grain sizes, aro summarized in severgl
cxtensive tables. Radiation impingement on cast structural steels, especially when
in the normalized or annealed state, can substaniially increase the strength of such
materials, affording them a strength that approaches that of work-hardened steel,

It 1s suggested that investigations be porformed to establish the changes in the
propertics of irradiated cast mate rials versus the radiation dose and to asce rtain
the minimal radiation dose that affords the desired effect. it appeavs advisable
also to undartake an investigation of the effect of neutron radiation on the hea:
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On the effect of nuclear radiations on the ... $/743/62/000/001/004/008

treatment of cast alloys.  There are | figure, 4 :ables, and 23 references (9
Russian-language Soviet, 13 Ruesian-language translations of English-language
original papers, and | English-language original: Harries, D., J. of Iron & Steel
Inst., v.194, 1960, 289).

ASSOCIATION: Institut liteynogo proizvodetva, AN USSR (Institute of Casting
Production, AS UkrSS.R,).
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KOCHEGURA, N,M,, insh.; MARKOVSKIY, Ye, A., kand,tekhn.nauk

Using radioisotopes for checking the density of foundry
molds, Mashinostroenie no. 2353-54 Mr-Ap ‘64, (MIRA 1735)
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KOCHRGURA, K.M., insh.; MARKOVSKIY, Ye.A., kand, tskhn, navk

Using beta rediation for checking the moisture content in
6i)m'{k 1812)

molding sands, Fashinostroenie no,5:38-39 S-D !
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AUTHOR: _Markovskiy, Ye. A.; Krasnoshchekov,” M, M,; Kochegura, N, M, .~ i;,/
{

¢ ( "‘:_“ . - A
ORG: Institute of Youndry /‘&h&,*'m UkrsSR, Klev (Institut problem 1it'ya mﬁ

UKrSSR)

. TITLE: Changes in the entifriction and strength character{stics of structural

meterials subjectad to neutron irradiation O

~ - SOURCE: - Fixiko-khimicheskeys wekhaniki ﬁié’i‘i{n’w; v. 1, no. S, 1965, 352386 -

. b,.s e

TOPIC TAGS: steel, copper, antifriction msterial, antifriction metal, neutron

irradiauion nuclear rescior materisl , cast iron, irradiation effect, fabricated
structural wetal, metal phyeical property, stress relaxation V’**

- ABSTRACT: This work studies the changes in the a_nmmum_mmn)\ of some
- Structural metals and alloys subjected to various degrees of neutron irradistion

in an operational neutron resstor. Simultaneously, the changes in some of tha
strength characteristics of the materisls are also detarmined, The matariale
studied were steal No, 45, various types of cast iron, copper, and $B-30 lead

- bronze, The results obtained give grounds to conclude that the accelerated proe
~ cess of stress relaxation under the effect of irradiation may take nlace not only ]
. for 'i;t;ll.d materials but also for metastable hardened structures. An attempt

; 1/2
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to irradiation, but it is not sufficiently grounded, Further experimental work

successfully used in friction joints. Work in this field, according to the
present suthors, should be directed toward the study of the wear resfsteace and
setting of materials under neutron irradiation, in vacuum, at high temperatures,
and in special media, Orig. srt, hass S figures,

SUB CODE: 11, 18 / SUMM DATE: 130ctéd / ORIO REF: 002 / OTH AZF: 001

lntifﬂcﬂon materinls
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is made to explain the time~dependent dcétun.in the strength of steel sudbjected
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i» required, The work performed showed, however, that the materisls tested, after
undergoing a stage of relative decrease in strength, obtain under prolonged neus
tron irradistion satisfactory antifriction and strength characteristics and may bc;
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_ XOCHGURQY, P.P.,putevoy obkhodchik
My kilowster is alwvays in excellent condition. Put i put.khos
n0.12128 D '58, * Tk 12:1)
1. 17-ya distantsiys puti Yushnoy dorogi, stantsiya Solntssvo.
(Solntsevo-~Bailroads~~Track)
W
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80V/144-59-7-13/17
AUTHORS: Chuchalin, I.P. (Cand., Tech. 8¢i., Direztor of S8cientifio-
Research Institute); Bel'tysgv, Yu.N. (Assistant);
égchegurov, V.,A, (Aspirant); Knznetsov, V.M, (Senior
ginesr)j; doustin, B,P,, (Junior Scientifin‘ﬂbrkor); and
8trazdin, V.A, (Engineer)
TITLB: Parallel Connection of Valves f{or Swin:hing Large Pulse
Currents
PRRIODICAL: Izvestiya vysshikh uchebnykn zavedeniy,
Elektromekhanika, 1953, Nr 7, pp 9%-92 (YSSR)

AESTRACT: The basic requirements for sat!sfas%-i'y parallel operation
of thyratrons, ignitrons, et<, ares simultanecus firing
and equal voltage drops., These twc faztsrs are considered
qulte separately for the oclrcuit in Pig I, used for
switohing the charge from a bank of ccndensers to an
electromagnet producing an intense nagnetic fleld., Fig 2
shows the simpler case of two thyrairons connested
direatly to strings of condensers., If T, fires first
Co will discharge more slowly than Ci. iig 3 shovs the
variation ir voltages of Fig 2. The anode of the second

Card thyratron remains positive until the instant t; when

1/3 [Ua DU, If Ts fires a negative vcltage appears at

' the first anode since UHUzHU+U;., T; extinguishes and
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Parallel Connection of Valves for 8witching Large Pulse Currants
the load transfers to Tp,. The exchange process repeats
itself rapidly as shown In the oscillogram of Fig &4,
To prevent the anode voltages becoming zero the circuit
is modified by the introduction of the 2-core dividers
shown in Fig 1. Fig 5 shows a convenient method of
firing parallel-connected thyratrons. A suffioiently
uniform distribution of current among the thyratrons is
guaranteed by feeding their anodes through z-winding
transformers, interconnected as in the equivalent circuit
of Pig 6 where the aro voltage-drops are represented by
different e.m.f's, It i3 supposed that the latter are
independent of current as are also the anode induotances.
The increase in current in all the branches can be
calgoulated as the transient arising from switching the
e.m.f's across lossy inductances. The tasic
differential relation is Eq (1) and the solution for a
particular gurrent, ij, is Eq (8). If it is required
that the unbalanced current through any valve does not
exceed a given amoun: then the necessary anode

Card 2/3 inductance is given by Bq (14). Confirmatory results
have bsen obtained using type TR1:15/15 thyratrons.
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- 30V/144-59..7..13/17
Pzrallel C;lrlm:otion ;rr‘ilalves for Swit:hing I.arg)e9 }Zullsje/ 1éurmnt.s
6Te are TesS a » g
Soviot aea’1 Kgglish.nd J referances, of which 2 are
ASSOCIATION; Nauchno~1ssladovatel'skiy instltut, Temskiy
_golitekhnicheskiy institut (Scientific-Raseazch
Fnstitute, Tgmsk Polytoctn!vcal Institute):
1zlko-tekhnicheskiy falilitat (Paysie:-Technieal
Depastionas}, Tomskiy politekhn! teskiy institut (Tomsk

o

Polytachnical Instituts)

Card 31/3
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TITLE:
PERIODICAL:

ABSTRACT:

Rasin, V. M., Candidate o Technical 80V/105-59-8-12/26
Soiences, Chuchalin, 1. P., Candidate of

Technical Sciences, Kochesurov, V. A., Engineer

Deaign of Anode Current Dividers
Elekérichestvo, 1959, Nr €, pp 54 - 57 (USSR)

This 18 an analysis of the three-anode current divider shown by
figure 1. It is assumed that the voltage drop across the gas
tube at the limit of the rermisaible maximum current is in-
dependent of the magnitude of the anode current. Hence the fol-
lowing approximations ocan be made: (1) Negleot of the ohmic re-
sistances and the core losmes of the current divider coils.

(2) Negleot of the influence of the anode current divider and

of the $ubes upon the processes in the main circuit, and (3)

the magnetio leakage between the windings. This iaplies that
each winding has the same inductivity, and that the mutusl inductivi-
ty is half the inductivity of one winding. The latter condition
is satisfied if either the windings are sigzag connected, or,

if each leg carries one winding, by providing for small air gape.
Anode current dividers must be designed as to sesure ignition
of each tube and a distribution of the mean and peak anode cur-
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Design of Anode Current.Dividers 80Y/105-59-8~12/20

rents vhich is uniforms within a certain limis. The requirements
for satisfying the first condition are investigated under the
above assusptions. The formulas for the ignition. of she fired,
sacond, and third tube aro given, and formula (10) 1is derived
for the case of n banked fubes in the circuit. The system of
differential equations (11) holds for the sismultaneous opera-
$ion of all three tubes. Formula (15) specifies the average
ourrent carried by one tube, and formula (17) the mean current
deviation. The irregularities of the distridution of the average
anode currents are expresned in relative units (18), whereas
foraula (19) gives the induotivity of the divider windings for
three, and (20) for the snme,the latter when the circuit con-
sists of n parallel branches, The control pulses arriving at
the Sfube grids must have a very short rise time in order to re-
duce the ignition straying. The circuit shown in figure 2 ap-
pears $0 be best suited for this purpose. If the pulse repedi-
$ion frequenoy is small, the irregularity of current disiribu-
$ion should de estinmated 1ot from the average value, dut from
the peak value. The induoctivity of the divider is, for this
casae, given by formula (21). The authors also made expariments
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Design of Anode Current Dividers - S0V/105-59-8-12/28

on a parallel operation of tubes with multi-legged anode cur-
rent dividers in a simple ningle-phase rectifier and with swo-
legged anode current dividors and separate capacitors for a
conmutation of the discharge current of the condensers. In bosh
cases, favorable results wore obtained. Under normsl operating
conditions none of the tubns showed ignition failure. The oscile
lograns of the $otal current and of the stube currents are shown
by figure 4. There are 7 figures and 3 Soviet references.

ASSOCIATION: Tomskiy politekhnicheskiy institut (TomskPalyteahnionl Institute)
SUBMITTED:  May 31, 1958 ' ’
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EOCKEGURA, V.V.; SBOLPQ, L. Yo,
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(Rocks, Igneous—Mangetic properties)
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 KOGHEQURA, ¥ AR SHOLPO, L, Yo,

Paleomagnetio muuuuon of Far Kestern basalts. Uch. sap,
1av no.286:160-16? (MIRA 14:3)
Soviet Far !nt--lhgnouc properties)
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8/169 62,/000/001/081/083

D228/D302
AUTHOR: Kochagura, Y. V.
TITLE: Paleomagnetic methods of rock age correlaticn

PERIODICAL: Referativnyy gzhurnal Geofizika, no. 1, 1962, 30-31%
o tract 16221 (Sov. geclogiya§no. 4, 1961, 247-59)

TEXT: The main hypotheses of paleomsgnetiom are discussed, and
three methods are examined for the age correlation of Tocks. The
first method is constructed on the ute of o definite scheme of mi-
gration for the earth's magnetic poles, thie being drawn up from
the data of paleomagnetic research. The broad application of thie
method at the present time is not ponsible on a~scunt of the toc ;
approximate and too fragmental xnowledge about ihe history of the
earth's magnetic field. The second mathod ig 8 method of atrati-
graphically correlating sections and is based on compilation of
zones with normal and reversed magneiization. This method include?
ihe methods of correlation according to the disruptive field, mag-
nettc susceptibility, and 80 forth. The described methods enable

Card 1/2
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Paleomagnetic methods of ... D228/D302

detalled differentiation and correlation to be made, but they do
not permit determination of the age ol rocks without introcducticn
of other data. In the third method the degree of demagnetizaticn

of a rock is employed as the main parameter determining its age.

A positive aspect of the method is that it does not require the se-
lection of oriented specimens, and alliows geologic collaecticne and
core material to be used for age measurements. Por obtaining re-
liable conclusions about the age of a rock, however, it 13 neces-
sary to measure a rather large number of specimens of this rock

and to take into account the effect ol a number of external fa-tors
-~ for example, vibration, heating, etc. -~ whose action leade 4¢

a ~hange in the magnitude of remanent magnetizaticn., 27 referen:er,
/ Abstractor's notes Complete transla-ion. /

3
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Paleomagnetio methods for age correlation o
geol geogr 16 no.1182-95 Ja-Mr 162,
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KHRAMOV, A.N.; PETROVA, O.N.5 KGMAROV, A.03.; XOCHEGURA, V.V.;
Prinimali uchastiyes DIAFOV-KLOKOV, V.T.3 PIGHTKOVSKIY,
S.84) TANOVSKIY, BJN,, nauchnyy red,; RUSAKOVA, L,Ya.,
vedushchiy red.j GENNAD'YEVA, I.M,, tekhn,red

(Methodology of paleamagnetic inventigations] Metodika palecmag-
nitnykh 1ssledovanii, Leningrad, fios, neuchn,=tekhn.isd=vo neft,
i gorno-topliwnoi lit-ry, Leningr. otd-nie, 1961, 130 p.
(Loningrad, Vsesoiusnyl neftianoi nsuchno-issledovatel'skii
goologorasvedochnyi institut, Truly, no,161) (MIRA 1417)

1. Vsesoyusnyy neftyanoy nauchno-issledovatel!skiy gaologorasved-
ochnyy institut (for Khramov). 2, Moskovskiy gosudarstvennyy
universitet (for Petrova). 3, Vsnsoyusnyy nauchno-issledovatel'-
skiy geologicheskiy institut (for Komarov, Kochegura). 4. In-
stitut elemsntorganicheskikh soyedineniy (for Dianova-Klokova).

5o Institut fisiki Zemli AN 83SR (for Piontkovskiy)., 6., Len-
ingradskiy universitet (for Yanovsidy).

(Hagnetism, Terrestrial)
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© YANOV, E.N,; PREDTECHENSKIY, N,N.; POLEVAYL, NI
e e 3 . 0' m.‘ 0.‘.
, MIRKINA, 8.L.; ISKANDEROVA, A.D,; YEPIMOV, K.P.; '
CHEN' YUY-VEY [Ch'8n Yi-wei]; TITOV, N,.Ye.; PANTELEIEV, A,I,
KOCHEQURA, V.V.; GIRPANOVA, O,M.; ZUYEV, A.V.; NIKOL'SKIY, Yu.I.;

p Vels

Problems of the methods of geological i tigati rudy
VSEGEI 92491-98 163, cetent Timestlgntions. gmu ‘im)
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Paleomagnetic comps: scn of effusive complexcs ¢f the Far Zas
t.
Trudy VSEGE] 134:118 128 164, {MIRA 18:1)
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SOURCEs RZh. Pizika, Abs. 1A352

L4

AUTHOR: Kochegurov, V. A.; Kuznetsov, V. M.; Chuchalin, I. P.
S AR o SRR
TITLE: Ionic switch for the excitation of the electrcmagnet of an

accelerator with unipolar pulses -
CITED SOURCE: Isv. Tomskogo politekhn. in-ta, v. 122, 1962, 116-118f '

TOPIC TAGS: accelerator, accelerator magnet,‘ accelerator magnet
pulse supply, ionic rectifier, ionic controlled rectifier, unipolar
-excitation pulse, pulsed capacitor charging. pulsed capacitor dis~

charge

! TRANSLATION: To increase the efficiency of an accelerator with

{ pulsed magnet supply, it is proposed to use current pulses both to

;_charge and to discharge the capacitor bank.
—

The corresponding change
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BEIE 1

in the polarity of the windings is effected by means of two pairs
~ of controlled jonic rectifiers, so connected that pulses of the same
: polarity are excited in the electromagnet winding. Each pulse can

! be used to accelerate the particles. The energy losses in the cir— !
i cuit are compensated by a rectifier whose polarity also is reversed
; in synchronism with the reversal of the polarity of the capacitor-
| bank voltage. V. Kanunnikov.

g
3

|.bATE Acos O3Maré4 '8UB CODE: PH, 8D picLs 00

}
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BELLEN, Zygmunt; KOCHEL, Irena

Determination of small amounts of acetaldshyde in some organic
:lvonta. Chem anal 6 no,21195-199 161, (ERAT 10:9)

3, Strussynski Analytioal Department,
Warsav,

(Acetaldehyds) (Solvents)

Institute of General Chemistry,

(Organic compounds)
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BELLFN, Zygmuntj KOCHEL, Irenaj

Polarographic determination of terephthalic acid and its
potal:g:-ptilta in the presence of phthalic, toluic, and
bensoic acids and their potassium salte. Chem anal & no.3!
411-413 163,

1. M. Struszyneki Analytical laboratory, Inatitute of General
Chenistry, Varsav,
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O0RCs Institute of Semiconduotors, AN UkrS3R,

currents
SGURCES Firika tverdogo tolay Ve

TOPIC TAGSS semioonductor band struoture,

| semiconductor with thickness 2d (-d

of eloctrons belonging to various troughs
rent, If the intortrough rolaxation time
laxation tine,

Lorns of the type (

Aralysis of the 1imiting case whore

E is applied in direction Ox o

| Cod 32

APPROVED FOR RELEASE: 09/18/2001

TITIEs Domain structure of 8 pultitrough semiggnductor during passsge of strong
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AESTRACTt lany somiconductors ard semimetals have & multitrough band
. bacause of the anisotropy of the eloctric

+ considerably exceads

the spatial distribution of the oarriars
tom of associated diffuslon equations in which tho scattering betweon troughs & and

the churactoridioalongth

E > Ej, 1s glvon.
Sy d)is considered to which
The boundary conditions for sleotron

2, Kiev (Institut poluprovodnikov AN UkrSSR)

~

somiconductor carrior

structure, and
conductivity in esch of the troughs, fluxos
aro orientnd at an angle to the total our«
the intratrough roe-
can bo dotermined from & sys=

aB’ Undor those conditions, an ossentisl
o8, ¥Dr . The characteristic field is
a nondogonerato and a degenorate gaB.

An infinito plate of & monopolar
an electric field

fluxes of each of

[T S S e ot st o e bt i e . A Shr i e 1 4

CIA-RDP86-00513R000723430001-1"



- TN S UALENPEHTT  CEOARRE G a e sty e

. L it ""
L o=y

» ACC NR: m%?ié‘ R

| 13 the sppearance inside the plate at E-ee of singular po
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balance., Orig. art, hast 1 figure and 2 formulas,
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i Lz = 1B d by moans of diffusion equations .

5: 12‘3 »Ixf;/d‘ :;.n:n:?:lyud‘ b{ A characteristic feature of almost all the cases considered

case where

ints (domain boundaries) st
are differont the position

of theso points 1s determined by the conditions of the generation-recombination
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AUTHOR: Gribnikov, Z. 8.} Kocholsp, V. A.; Rashva, E. I. ¢e

ORG: Institute of Semiconductors, Acadesy of Scionces, Ukrainian S5R (Institut polu-
provodnikov Akademii nauk Ukrainskoy 8SR)

TITLE: Appearance of domains in "many-valley" seuicGnductorn during the passage of
strong currents

SOURCE: Zhurnal eksperimental'noy i teoreticheskoy fizild, v. 51, no. 1, 1966, 266-200

TOPIC TAGS: semiconductor band structure, semiconductor carrier, carrier density,
electron distribvution, semiconductor conductivity, electron scattering

ABSTRACT: The nonequilibrium density distribution of e‘fcc_:tronn in a mary-valley semis

conducting plate is analyzed for the {imiting case of strong ficlds, which greatly
disturb the carrier distribution in the valleys practically throughout the entire
plate. Only many-valley semiconductors in which the intervelley scatiering time is
the longest relaxation time and 1s much longer than the characteristic times corres-
ponding to all the intravalley relaxation processes are considered. The analysis
shows that when a current giving rise to a strong electric fleld passcs through a DALY’
valley unipolar semiconducting plate, the electron currents in each of the valicys are
directed at an angle to the electric field. The conditions of continuity of these
currents in the interior and on the surface give rise to the splitting of the plate.
into several domains with boundaries parallel to the surface of the plate. 7ae ef-
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1 rects which appear in many-valley unipolar gemiconductors in strong electric Ticlds
and give rise to the splitting of plates into domains are: nonlincarity of the voli-
ampere characteristic, the appearance of & transverse electric {ield, & considerable
rise in the transverse resistivity, rectification of the current in the case of wi-

! equal scattering rates and unequal glopes of the valleys, anisotropy of tne conducti- .
vity, and partisel or complete deletion of some electron valleys. Each domaln contains
as a rule only the electrons that belong to one valley, their nurber bein; such 88 4o '!
ensure electric neutrality. The mumber of domains is equal Lo or less +tnan Lhe number
of valleys; if there are fever domains than valleys, the clectrons rot included in the
domaing are always concentrated in a thin layer next to one of the surfaces of the §
plate and the surface electron density ig greatcr than the cquilibrivn valug. “he !
sequential order of the domains is governed by the angles that the principal axes of
the electric conductivity tnesors, corresponding to0 the different valleys, maka with E
the surface of the plate. The number of domains and the positions of their boundaries
depend on the ratio of the intervalley geattering rates in the {nterior and on the
surface of the plate. The extent to which the simplifying asswaptions made are satis-
fied is discussed. It is suggested in conclusion that the splitting of semiconductors
imto domains may csuse other effects not considered in the paper, as vell as appreci-
able changes in the galvanomagnetic properties. Orig. srt. bas: 6 figures, 64 fore
mulas, and 2 tables. . :

GUB C(DE: 20/  BUBM DATES 3wm66/'."' ORIG REF: OO4/  OTH REF: 00T |
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AUTHOR 1 Koohelayev, B,I,

TITLE: The effect of optical osoillations on paramagnetis spin-lastice
relaxation in ionio crystals

PERIODICAL: Referativnyy shurnal. Pisika, no 5, 1961, 176, abstract 5V346 (V
sb, "Materialy 1.y konferentsii molodykh nauchn, redotn, g. Kazani,
Piz..tekhn, 1 matem, sektsiya", Kasan', 1959, 63 - 67)
TEXT: The author detects the part of optioal oscillations in the mechan-
1sm-of spin.lattice relaxation; Kronig sechanism 1is acnsidered, * As a crystal the
1inear chain of atoms of two types is taken, in whosg elementary cell are con-
tained: & paramagnetio atom with mass my (spin s = x) and & non-magnetic atom
with maas m4: Only two.phonon processes are ocneid , since in single.phonon
processes orliy audio frequancies play a part, It is assumed that m, 3> my. Under .
these conditions, in aase of high temperatures (room) the centribution to the pro-
bability of relaxaticn transiticn, due to optical oscillations, is equal to the
contribution from sccustio oscillations in order to magnitude, V., Strigutskiy
[Abstracter's note; Complete translation.]
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AUTHOR: Kaghelayev, B, 1.

TITLE Effest of optical vibraticns upon the paragagnetic spin-
1attize relaxation in icnic cryatals

PERIODICAL: Referativnyy zhurnal. Khimiya,6 no. 6, 106, 11 - 14,
sbstract 6184 (6B84),. (st. "Materialy °-y konferentsid
molcdykh nauchn. rabotn. 4&. Kazani, Piz.-tekhn. { aatem.
poktaiya™, Kazan', 1959, 63 - 67)

TEXTs A study hag been made of the effrct o¢ coptical vibrations nupon

she establishment of equilibriua batwean a syatex of nlectron apins and
erysta} lattice. The author has axamined the nage of a one-dimensional EZ
srystal containing two atome of differcnt massea in '8 call. An equation
ras been derived for the probability of relaxation ‘ranaition, which showe
{tat contributicns of optical and acoustic vibratiens are in the sanme

order of magnitude. It 18 noted that the Detye approxization for higher
tegqperatures {of the crder of roan vepperaturs) is net sufficient for a

study of relaxatiocn procesmnes, i&ba!racwr's nete: Complete zronalauon]
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KOCHELAYEV, B. ley Cano PHYs~-MATH SCty “CERTAIN PROSBLENS

OF THE THEORY OF SPIN=LATTICE INTERACTION," Knartxov, 1961,
(Min oF HiaMER AND Sto Speo Eo USSR, KMAR!xOovY ORDER OF

LABOR RED BANNER STATE UNIY 14 Ae M, Gon'kiv). (KL, 3-61,
204),
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AUTHOR: Jochelayev, B. 1. 807/56-37-1-37/64
TITLE: On the Theory of Spin-lattice Relaxation of Nuclear 3pins in

Ton Crystals (x teorii spin-reshetochnoy relaksatsii ysdernykh
spinov v ionnykh kristallakh)

PERIODICAL: 7hurnal eksperimental‘noy 4 tecoreticheskoy fisiki, 1959, Vol 37,
' fr 1(7), pp 242 - 248 (USSR)

ABSTRACT: The present paper presents & theoretical investigation of the
spin-lattice relaxation of the nuclear spins caused by quadru-

pole interactions at high “emperatures. At first, an operator
of the spin-lattice {nterantion is derived, the fora of which
is a 1ittle more convenien than the fora derived by J. Van
Kranendonk (Ref 2). The aushor then investigates the case of &
pure ionic bond. As in the afore-mentioned previous plp.!'(llf 2),
1t is assumed that the relaxing nuclei are contained in squiva-~
lent orystal fields, and that the influence of magnetic dipole-
dipole interactions on the quadrupole relaxation can bde neglect~
ed. Under these assumptions, the interaction of a single nucle-
us with the slectric field of reflecting ions is calculated.
Due to the modulation of tais interaction by thermal vibrations,

Card 1/4 transitions between the iniividual spin states are induced. At
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On the Theory of Spin-lattice Relaxation of Nuclesr 80V/56-37-1-31/64
8pins in lon Crystals

firsd, & rather extensive expression is written down for that
part of the Hamilton funciion which desorides the quadrupole
interaction of the nucleus with the orystal field. In order %o Q¥
obtain the operator of the spin-lattice interaction, the com--
ponents of the gradient (a tensor) of the electrio field {shich
is formed by a shifting of ions due to theraal vibrations nust
be deterained. The rather extensive expression resulting after
some arithmetical operations for the operator of the spinelat-
tice intersotion is explisitly written down. The next part of
the present paper deals vith the time of the spin-lattice re-
laxation. The further caloulations are carried out for orystals
of the NaCl-type. The resialting expressicus for the transition
probability and for the rslaxation times for the cases I = 3/2
and I = 5/% (rather extensive) are explicitly written down. The

values ‘l“ caloulated by these formulas (in sec) for the spin-

lattice relaxation are compiled in a table together with the
corresponding experimental values. The caloulation results of
other authors (Refs 3,4) are also indicated:
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On the Theory of Spin-lattice Relaxatiop of Nuclesr 80Y/56-37-1-37/64
Spins in Ion Crystals

acc.to acc.to Present

Ion Experiment K.Yosida WikneraniDas Paper
otal. (Ref3) (Ref 4)
B’ tnxBr 026 193 0.88 0.52
3% 40 0,039 0.24 0.21  0.01
pr!? 1n 1aBr  0.026 0.20 0.086 0.031

According to the results of the present papers, the Dedye model
is not suitable for an explanation of the relaxation effects of
the spin systems in the orystals at roos tesperature. A further
more precise interpretation of the theory i1equires an accurate
determination of the amplitudes and of the speotral density of
the natural vidbrations of the lattice, and the consideration of
the-influence exerted by tie covalence on the relaxation effect,
This influense of the covalence on the relsxation is only unim-

APPROVED FOR RELEASE: 09/18/2001 CIA-RDP86-00513R000723430001-1"
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On the Theory of Spin-lattice Relaxation of Nuclesar 80V/56-37-1+37/64
Spins in Ion Crystals

portant. The relaxation tims derived here is such longer than
the experimental one if spias of another kind (which can relax
more rapidly) are present in the subdstance investigated. The
author thanks 8. A. Al'tshuler for the subject suggested and
for his interest in the present paper. There are 1 table and
15 references, 6 of which are Soviet.

ASSOCIATION: Xazanskiy gosudarstvennyy universitet (Xasan' State University)
SUBNITTED: February 12, 1959
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2¢.9900 B006/B070
AUTHOR: ‘_KLOOh.l"." B. 1.
/M 7
TITLE: The Theory of Spin-Lattice Relaxation’ of Paramagnetic lon

in XYg¢ Complexes

PERIODICAL: Fisika tverdogo tela, 1960, Vvol. 2, No. 7, pP. 1423-1427

paramagnetio spin-lattice relaxa

‘PEXT: The purpose of this work was to investigate theoretically the 4/

tion in orystals in which a parazagnetic

ion X is surrounded by six diamagnetic particles Y arranged in the fora
of an octahedron. In the introduction, Van Vleck's theory is discussed,
and it is shown that one of the fundamental assuaptions of this theory
is not correct in most cases, including such as have been dealt with by
Yan Vleok. This assumption is that any change in the distance between
X and Y is due only to amcoustic Debye waves, that is to say, that the
Y-particles are bound to X and the surrounding particles with forces

of the same order. Spectroscopic
in molecular crystals retain the

Card 1/3
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¥he Theory of Spin-Lattice Relazation of 3/161 60/002/007/001/042
Paramagnetio lons in XYg Complexes - BO06/BOTO

~ of the orystal 1attice is to be considered only ss & perturbation. This
is true, for exemple, of the cosplex cr(#,0)6, which retains slmost

unchanged its ohsr.utorintio'fthncncy_ot.»45.1o3c-" i different
compoundsy relative tozito_ncighborl. however, it oscillates with & b*/

frequency of PO 5)010201"1 The spin-lsttice interaction in such
orystals 1s theoretiocally studied, For thien purpose, {1t is assumed that
the interaction is due to electric foroes hietween X and Y. An expression
for the spin-lattice intersotion operator :is derived, and its satrix
elonments are deternined. Later, spin-lattice relaxation is jnvestigated
for high touporaturoo where the two-phonon processes are already of
importance; formula (6) 1s given for the probability of relaxation
transitions, The pumerical data sgree for potasaium chrome alum,
Finally, the repults are disoussed, and coapared with those of Yan Yleok,
and some i-portnnt_difforcnocl are indicated. sae ratio of .ptn-ltttieo
relaxation times for alum and corundusm, according to Van Vieck, for
single-phonon processes is ::;gg 1070 * for tvo-yhonon processes at
or
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~..__.___.._.____\\

tudisal relaxzation of muclear spins 8f superlov tempers~
::ﬁ {n & paramgnetio orystal. Lhar.eksp.d m:.tt:.) 38
20.31999-1000 M 160, (MImA 1317

. Knsans sudarstvesnyy uaiversitet.
1. Tasameily 0 (Baolear epis)
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ADTHOR: _Kochelsyev, B, 1. 8/020/60/131/05/018/069
- . B013/B007
TITLE: The Influence of the Imperfections of o Crystal Upon Spin-lattice
Relaxstion !

PERIODICAL: Doklady Akademii nauk S3SR, 1960, Vol 131, Br 5, pp 1053-1056 (ussr)

TEXT: The soattering of waves by the defects of a orystal causes small amplitude
changes of the oscillations, and may cause relative shifts of the nearest atons
which are many times larger than those due to Dedbye waves. In his calculations,
the author used the theory by I. M. Lifshits (Refs 1, 2) of the oscillations of
non-ideal lattices. The operator of spIn-qutioe intersction is s function of the
spin-coordinates and of the shift of the atom with spin relative to the surround-
ing particles. Here, only the relative shifts of such particles aust be known

as are symmetrically arranged around s paramsgne tic center. The suthor considers
only the nearest particles. The gingle-atom orystal lattice is assumed to have &
defect at the point with the radius veotor R . An expression for the amplitude

of the relative shifts of two particles cauged by a plane wave is given. There
follovs an expression for the influence of the cryctal-defects upon the spin-
lattice relaxation. In two-phonon processes, the influence exerted by the defects
may be insignificant. In direct processes, the above-mentioned condition is Lx/,/'
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The Influence of the Imperfections of a Crystal Upon  8/020/60/131/05/018/069
Spin-lattice Helaxation BO13/B007

nearly always satisfied. The defectiveness of the orystal is sssumed to conaist
in the faot that in one of the atoms all interastion coefficients are replaced
by a certain quantity § . The author then investigates, as & conorete example,

the relaxation of the 1on'0r’* in an ootahedral surrounding. The corresponding
operator of spin-lattice interaction is explioitly written down, For the
probability of a relazation transition with the produotion of one phonon,

2
qu - 2% q”| <p nlz._llq, n+1? l holds as usual. Here ¢, denotes the
speotral density of the lattice oscillators, n - the quantus nuaber of the

osoillator, p and q - the apin levels, 1;.1 is the operator of spin-lattice

interaotion. After so;o intermediate caloulations one finds: .
4
.M_d_n_% - 2[‘#2)2 IX(” 2]
bpq LI | SEHQ2yT 2P -1 "pa ! "poa " F1ll%p ‘ * ¥pq I *
o

lpla)|2 , |y(5)]2 , [x(6) 2] .
+ 82“!" + prq l + ‘tpq ‘ . Here » deaotes the frequency of the "spin

quantua®, Q - the density of the orystal, and v, = V=V v holds. This
Card 2/4 ¥
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Spin-lattioce Relaxation B013/8007

transition probability depends also on the distance between the paramagnetic
atom and the defest, whioh osuses a dependence of the relaxation time t on the
concentration of the paramagnetic centers. vith he KKT the frequency~
dependence of the *"gpin-quantua” vanishes. BSomewhst uore complicated is the case
in which the paramagnetic atom {taelf represents the defect. The influencse
exerted by the orystal defects upon the spin-lattice relaxation of the nuclear
spins is of especial importance. In the interval of from 14 to 20° K, the
dependence of 1t on T and also of their value on T Ray easily be explained by
tvo-phonon processes. However, at 2 to 4° X, 1 is more than 10 times shorter
in the case of a orystal povder than in that of a single orystal, mor does it
depend on magnetio field strength. This may be fully explained by the above
formula for Apq. Yor the final oclarification of the influence exerted by the
defects in opgn-lutttoo relaxation, special experiments are necessary. The
author thanks S. A. Al'tshuler for his advice as well as for discussing the
results. A. W, Prokhorov and A. A. Manenkov are aentioned in the paper. There
are 6 references, 3 of whioh are Soviet.

ASSOCIATION: Kazanskiy gosudarstvennyy universitet ia. V. 1. 01! anova-Lenina
(Kasan' State University imeni v. I. Ul'yanov-lenin
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PRESENTED:  Decesder 14, 1959, by 1. Ye. Tann, Academician

SUBMITTED: December 11, 1959
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AUTEOR Xoohelayev, B. I. '
7 _ Roohetaye s T 2

TITLE: flelaxation absorption of sound in a parasagnetis

PERIODICAL: 2Zhurnal eksperinmental'noy 1 teoreticheskoy fiziki, v. 41,
no. 2 (8)' 1961. 42,‘428

TEXT: S. A. Al'tshuler, who developed the theory of resonance absarption J‘L‘ d
of sound in a spin system, was the 24rst to investigate the effect <f the
generation og sound waves on the spin aystea of a parasagnetic. The
present paper deals with & theoretiocal study of asound absorption in pars-
magnetic crystals due to relaxation between the spin systes and the thermal
lattice vidbrations. Caloulations were performed in a semiphenomenclogical
manner with the use of a method developed by L. I. Mandel'shtam, N. A.
Leontovich, and I. 0. Shaposhnikov, by shich the behavior of systexs
subjected to time-dependent perturbations can be snalyzed in a thermc-
dynasical manner. It is assumed that the paramagnetic can be divided into
two weakly interacting subsystesms, i. ., the spin system and the systen
of the remaining degrees of freedon. The thermodynasic state of the latter

(the lattice) is assumed to be independent of the state of the spin systenm,
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1. e,y the spin-lattice relaxation tino‘t)f;v vhere T. is the epin-spin

relaxation time., 1In addition, the temperature of the paramagnetic a
assumed not to de too low., 1In thermodynasic equilibriua, the spin systen )\
is characterized by 1‘-‘1‘1“ and by the externsl field H. The author ocn-~

siders a small orystal range, whose linear dimensions, L, are small
compared with the sound wavelength (L&A), but is large encugh to be :cn-
sidered in a macroscopic manner. It is furtker assuzmed that during sound
propagation, both subsystems pass through a series of sucoessive

equilibrium states. This sssumption requires a sound frequency much greater
than w41 t'.. The sound waves are assumed to propagate along the z-axis,

80 that only one component of the deformation tensor guat be taken into
account u’z-u-uoeonqu)oi“‘-u'o W', At emall scund amplitudes, the

deviations from the equilidbrium state are assun-d to be small, 80 that
calculation in linear approximation with respect to the aul} uantities
u 48 possidle ((-6- Oy G-T-To, 61“-'1'1.‘-'}0)3 o-d(u,B.'l‘)-- 7:3!:. where
iy ,

is the free energy of the spin system in the presence of an H-field,
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and 0 io a generalised force. /u -g - f’- 1;", j'nnd f" are real
quantities. The amount of ene¥gy absorbed per unit time ia given by

L« %W{"(u')z. The amount of heat JQ excianged between the spin aystem
and its neighborhood is composed of the azount of heat J'Q'--xa(r-‘rl“)dt
.-x1(6-81“)dt transferred to the lattice during the time dt, and of the
amsunt of heat /Q" » -dt!div(o){,‘,gndr)dv transferred to the rezaining

opin system. )(, is the heat-conduction coefficient between spin systnfn
and lattice, and x% is that of the spin syretem. The relation JQ"-A%?V‘S

holds for L&A(L are the dimensions of ¥). The lattice vibrations may be
considered to be adiasbatic at any point. Then, the texperature deviantion

of the lattice is @ . = -Bu, and one obtains €. T(Y'ru)o1“'3'1]{;"'°h*5‘5ﬂ'

where oy indicates the specific heat of tie epin system at constant H.

The following expression 1is thus obtained for the imaginary part of
sonic susceptibility per unit volumey
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2
T (V) (1 + X0 /v¥c.)s BC (V) we
f“ -» -[ Tu Q 2 : 3 1‘—!2 L -—Ill-ﬁ.—- (8)' where
(1 +r,Tu /'108) + W't
T- cn/x1 is the spin-lattice relaxation time, and C; is the specifio

heat; y-'Y/V. The sound absorption coefficient per unit voluze is then
found to be

1 A ‘

—s—o— 1 A A

o= 32 3 2 [sPioF .= BP%O 3p FJZ —?Lz— (13). Next,
pvikT7C, g n 1+ Pt

the author presents som¢ numeriocal estimates off for typical

paranmagnotics. The estimates are made fur paramagnetic ion salts (doa
spin S)1/2 and S « 1/2) and finally discusesed. In the first case,

dn107%n"" 1s obtained at wa 3.1076ps, 7.300%, Ho0, snd T 0.5 10-Cec.

In the second tase (H-jo4oa)|o(z1o°5cn'1. It 1s concluded that the <

theoretically investigated effect must be experimentally observable., 3.
A. £1'tshuler-1s thanked for discussions. There are 7 references: 5 Soviet
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and 2 non-8oviet. The reference %0 the English-l
«lan
reads as follows: J, H. Van Vieok. Phys. gov., 21.‘:;2: ?;:éf“t“n

ASSOCIATION: Kasanskiy gosudarstvennyy uni
University] niversitet (Kesan' State

[

SUBMITTED: Pebruary 3, 1961
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241800 (1683, 1009Y, 148 3) 2125/B104

AUTHORS: Al ttshuler; 8. A., Kochelayev, B, I., Leushin, 4. K.

TITLE: Paramagnetio sound absorption
PERIODICAL: Uspekhi fisicheskikh nauk, v, 75, no. 3, 1961, 459 - 499

TEXT: This is a reviev of papers on parasagnotic sound &bsorption,
published in the years 1951 to 1961, It is divided into the following
chapters:s introduction; parsmegnetic resonance absorption of soundj
ocrystals containing onn of the iron groupj iona with the effective spin
8>1/23 eftect on Ni¢* ions on an MgO crystal; ions with the effective
spin 8! «1/2; crystals containing ions of rare-earth elements; crystals
containing paramagnetic ions in the S-statej Waller's mechanismj acoustic
paramagnetic resonance and apin-lattice relaxation in ionic orystals; aetals;
experimental studies of eleotron-induced acoustic paramagnetic resonancej
nuclear acoustic paramagnetic resonance; experimental studies of nuclear
acoustic paramagnetic resonancej shape of the asoustic paramagnetic
resondnce linej pulse methods used to investigate acoustic parasagnetic
5:;3“?73.' non-resonant paramagnetic abdbsorption of sound; some conclusions
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of the authors: All the effects under oconsideration are similar to the 3
action of an r-f eleotric field on paramsgnetice. All the principsl J(
effests produced by an electromagnetic field in parsmagnetios (resonance,

spin induction, spin echo, relaxation abuorptiong can be obtained by means

of a sound field. Paramagnetic sound absorption may occur in almost every
gubstance in which also parasagnetic abgorption of an r-f electromagnetis

field is observable. There are no indications of spin-pbomon interaction

in solid, free radioals. In liquid and gaseous paranagnetics, paramagnetio
sound adasorption ie weak. Studies of paramagnetic sound absorption 2pn

give additional information on the properties of matter, espacially on

the properties of spin-phonon interaction. The selection rules to be

applied to acoustic paraasgnetic resonance are different from those to ba

uged for transitions induced by an electromagnetic field. In general, effecis
produced by sound are by aeversl orders of magnitude stronger than effedte
induced by an eloctroma netio field. The authors refer to Ye.X. Zavoyskiy,

B. 1. Kochelayev (P17, 2, 1423 (1960), DAR 8SSR 121, 1053 (1960)), A. B,
Kessel' (ZhETP 36, 14N (1959)). There are 5 figures. 5 tables and 68
refarenzes; 28 Soviet and 40 non-Soviet. The three most recent references
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p104/B112
AUTHOR: . Koohelayev, B. 1.
TITLEs Resonance rotation of the plane of polarization of

sound waves in a paramagnetic patarial
PERIODICA: Pizike tverdogo tels, V. 4, no. 6, 1962, 1599 - 1563

TEXT: An investigation of the resonance phenomena during the pasosge )2’ '
of transverse sound waves through & paramsgnetic crystal reveals & :
resonance rotation of the plane of polariszation of the waves. The
dependence of the angle of rotation on the frequency. of the wave and on.
the strength of the magnetio field is studied. The angle of resonance
rotation is estimated, and it 1s shown that the effect must de
experimentally observable in most salts of the metals of the {ron group.
It should also be possible to observe the rotation of the plane of
polariaation in metals. This appears to be of importance for the -
jnvestigation of the absorption and dispersion of the electrosagnetic
field produced by a skin effect.
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ASSOCIATIORJ ’é’{’f;’}:ﬁi.ﬁﬁﬁmuﬁﬁi' Statel University imeni . /
i Y. 1. Ul'yenov-lenin) | o v
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SUBMITTEDs  Janusry 29, 1962 \
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AUTHORS s Asinov, L. K., and E:gf:i:!gzlag. Ie

TITLEs Spin-lattice interaction in orystale containing individuel
paramagnetic ocomplexes

PRIODICALY  Fisika tverdogo tels, v. 4, no. 11, 1962, 3273 - 3276 /

TEXT: Corrections accounting for the inhomo eneity of a crystal (different
atoms or complexes, different binding torcug are calculated for the spin-
lattice interaction Hamiltonian, The considerations are based on s bi-
atomic chain in which only the interactions between nearest neighbors are
taken into account. The Hemiltonian for the Dedbye model of oscillations

1. (hlolz)z vl
has to be multiplied by a faotor K = a(asd) s, (1 + p/d) :’5—- tor
opt

* single-phonon processes, and by ‘2 for two-phonon processes. aand b are
the distances between the particles of one cell and the nearest particles
of the neighboring cell, v is the phase velocity of the low-grequency
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Spin-lattice interasotion in... B108/B102

sound, d and ﬂ. rcepoctivolf, are the coupling constants for particles

within one cell and for particles of two adjacent cells. The corrections

to the relaxation times of single and two-phonon processes are then

A1) L) k2 gna 42) o ¢f2) g4, 1¢ tne temperatures are not too
ebye Debye™ ° P

high fand the optical vibrations still low) these approximations agree well

with experimental results.,

ASSOCIATION: Kasanskiy.gosudarstvennyy universitet ia. V. I. Ul'ysnova-
Lenina (Kasan' State University imeni V. I, Ul'yanov-lenin)

SUBMITTED: June 29, 1962
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2'f, %0

Aminov, L. K.y xbchelayev, B. 1.

idditional spinespin interaction due %o phonon field effect
in paramagnetic ocrystals

PSRIODICAL:  Zhurnal txsperinental'noy 1 teoreticheskoy fiziki, v. 42, j
no. 5. 1962, 150}'1306 '

2:x?: The spin-spin interaction in paraaagnetics is norcally regarded as
an cffect of exchange and zagnetic dipole-dipole interaction. The foraer
i{s a contact interaction and the latter occurs by way of a photon field,
since, however, the spins are also relatad to the phonon field, an
interaction through that field must exist. This 1is investigated here by
usirg the gquantun field theory. The energy of opin-spin interaction is
atated for the case in which Tetardation can be negloctad. The matrix for
interaction of paired spins is obtained through the application in second
approxization of the bonds of the scattering matrix in which averages of
the phonon state were uged. It is connected with the perturbation energy
Ly the relationship .
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sgi) n - 21;111156 (*)‘x:.:‘:1 + ho 'n')' where & represents the phonon frequencies
?he enorgy operator of direct spin-apin interaction by the phonon field ia
given via s : .
Uh= A 3 saeataF (S)F'(S). A =R Qud)Y  (5); VJ'
4, By .

here E‘(E-‘:) are spin “i';m'otions. t-.a charaoterizes the spin-phonm interaction,
{s the distance between i-th and the j-th lattice point B ia the

zansion of the complex exanined (R{A, the phonon wayelength), ¢ is the
v3tal density, v is the veloocity of sound and s « f(T/r), being of the
raez‘ of unity. The effect of the interaction under consideration is
stinated and 1%s effect on the shape of the para=magnetic resonance lines
et

¥4

erzined., It is sho-n that the part played dy this interaction is an
izportunt one, (AV)? bteing from 1 to 2 orders of magnitude lower than for
& rosonance line caused solely by magnetic dipol-dipol interaction. This
wpzlies to most ions of the elements in the iron group. To suz up, an
additional bonding energy between the orystal ions oxists and can ba
brought into play by the interaction of orbital apin of bound electrons
via a phonon field, 1If the separation of energy levels is less tlan the
Caxd 2/3
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Debye temperature, the bonding energy is considerable. S. A. Al'tshuler
is thanked for discussions.

ASSCCIATION: Kazanskiy universitet (Kazan' University)

SUBMITIED: Dacembexr 10, 1964 f
1
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KOCHRLAYEV, B.I.

onance rotation of the polariszation plane of sound in a para-
:::nouo. i3, tver, tela 4 no,6119%»1563 Je '62, (MIRA 1615)

1. Kasanskiy gosudarstvennyy universitet imeni Vv.1.U1l'yanove-Lenina,
(Polarization (Sound)) (Paramagnetism)
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AMINOV, L,K.; KOCHELAYEV, B.I,
N

Bffeot of spin-phonon interasction on paramagnetic resonance
spectrum, ‘&s.ﬂt‘nr. tela 4 mtmeoa-lém Je 162, (MIRA 1635)

1, Kasanskiy gosudarstvennyy universitet imeni V.I.Ul'yanova-
Lenina,
(Paramagnetic resonance and relaxation) (Muclear spin)
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AMINOV, L.K.; KOCHEIAIEV, B.I.

Spin-lattice interaction in orystals containing evolved

. . . tela 1113273-3276
Pu'-z:gnotio complexss, Fis, tver. tela 4 no.ll: GRr 15112)

1. Kssanskiy gosudarstvennyy universitet imeni

« Ul'yanov nina,
v.1. 0 (:::;ugnotic resonance and relaxation)

(Crystal lattices)
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KOCHELAYEV, B.I.

Antiferromagnetism dus to spin-phonon interestion. Zhur. eksp, i

teor. fis. 44 n0,11235-239 Ja 163,

(MIRA 1635)

1, Kasansxiy gosudarstvennyy universitet.

(Nuclear spin)
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| SoURCE:  Ref. sh. Piuike, Abs. yO26s -~ T
Y AUTHORY - :-G.1 Ko
TITLE: Shape of ti;o curve for the nuclear inductim ”al';nal

’

CITED SOURCE! ~ 8b, Itog. nauchn. konferentsiya Kasansk. m-:’ %e 1962 g. Kazan',
Kaun.kc u“"t' 1983. “"5 7 4‘{__ .
TOPIC TAGS: nuclear physics, nuclesr resonance, resonsnce absorption, resonance
line . ,. .

TRANSLATION: The w propose an explanatica for the oscillating decay in the
nuclear reg : 1 based on the resonance sbsorption line g{v) in the forw

-1 glv) = A(a® « v&)F, where A and a are constants. angular
#/ | pand av R Yul'met'yey;

SUB comEs we .

The curva for g(v) is rect
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5% Ve
AUTHORs Kochelayev, 8. I. , 4
-t T

4
4
ORG: an State verwity im. V. XI. Ul'yanov-Lenin (Kazanskiy gosudrestvemnyy fj
universitet) 4

TITLE: Spin-spin interactions through conduction electrons in semiconductors
SOURCE: Fizika tverdogo tela, v. 7, no. 9, 1965, 2659-2080

e, Uy T 20 o0, 58T

, ] > :
TOPIC TAGS: semiconductor theory, spin vawe theory, conduct lon clictjm

ABSTRACT: Exchange interection of localized spins with conduction electrons leads to
indirect spin-spin exchange (Kittel-Ruderwan interaction). The magnitude of this ex-
change decreases with distance as r 3, oscillatiog with a period deterw{ned by ths
vave vector on the Fermi surface. These cacillations are due to a logarithmic singu-
larity of the Fourfer transform in the womentue gpace for spin susceptibility of the
degenerate electron gas at the point p = 2pp (p,, is the vave vector of an electron on

the Fermi surface). It was previously shown that this singularity is emcothed out by
blurring ¢f the Ferm{ distribution level with scmentary {nteraction betwesn electrons(—
In thia case, the relationship between {ndirect exchange and distance is somevhat .
weakened. Blurring of the ferwmi distribution level when the temperature i{s increased

s 10
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h ACCESSION NR: APS5024708 UR/0056/65/049/003/0862/0866
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AUTHORt Al'tshular, 8, A.j Kochelayev, B. I. 57
TITLE: Shift of the fine structurs components of the Raylefight
scattering line in parsmagnetics .

‘ ~WJL~*-imspﬂgC
SOURCE: Zhurnal eksperimental’noy i teoreticheskoy fiziki, v, A9,
no. 3, 1985, 862-866

TOPIC TAGS: fine structure, Rayleigh scattering, parsmagnetic
_material, spin phonoq intersction, laser, paramagnetic ion _

= ,AiEIIIEtzi:rhi:!i?Iitih-ﬂcaetcrin;;nfftt;*Vii*iu-d to study the apin
: i~phcnon,lnt-tluttonﬁin'ﬁlfi-igudcléi;*inking it possible to svoid the |
ususl experimental difffcult{es associated with generation of sound at. -
phonon frequencies (101%0-—jpil cps), vhen observation of the scoustic |
Paramagnetic resonance is {mpossible due to line broadening. A shife] .
in the fine structure components of a Rayleigh 1ine wase postulated IJ

'a Tésult ot frequency coincidence of a scattexing phonon and ona of

the divisions of epin levels of a paramagnetic ion. _As an exgmple of
the postulated effect,an Hg0 crystal, doped with N(2%t ga4 rel {whose

ool _ :
Card _1/2 : .
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crystals containing V7' cxt¥, and T
can be observed puucullrly well in crysts
earths with an aven number of elactrons, and
the shift in the velocity of sound 18 ptopottlonll to the difference .
of spin level populations, the greatest shift can be expected at b
jov temperatures, when the {utensity of Rayleigh scattering i¢ |tcoely¢

{reduced, For this reason, the use of a laser as 8 1ight source ie v
varranted, Possible experiments for observing the scattering of P
1ight with simultaneous saturation of the patu-cgnotte resonance 1ined
are discussed. Oris. art. hast 10 formulas. B % S

. ~
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' ur, P EX
ure of the Rayleigh line for scattering of light in &

‘ Zh'ﬁ—' W’
TITIE: H rfine struct
.:parmasmt%c qysiﬁ

5——“ b ¥ ] 4

'iSOURCEt AN SSSR. Doklady, v. 166, no.
hypprﬁm structure,

;mimnitet)

4, 1966, 833-835

1 .
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ABSTRACT: A mumber of phenomena which take place in & paramagnetic crystal dus to in- °
teraction between the spin systes of the M‘tic material and lattics vibretions
are theoretically analysed. The thermal capacity of the lattice acts as & thermostat
vith respect to that of the spin system since the former {s wuch greater than the lat~
| ter over a wide temperature renge. The spin-lattice {nteraction results in energy &~
changs so that any axcitation of the system disappears after a certain relaxation time| -
without any significant change {n the state of the phonon gas. Continuous excitation |-
of the spin system gesults in energy disippation by the excitation source due to thess}
{rreversible processes. Q\nnt\--nelmiul expressions are given for calculating the |
absorption of energy in = alternating magnetic £ie¢1d parellsl to & constant fielde |—
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Only that part of the abscrption shich i{s caused by spin-pnonon interaction is con-
sidered. The {nteraction between spins and lattice vibrations gives a besis for us
sound as the source for excitation of the spin systes. The absorption of scoustic
energy in the paramsgnetic saterial dus to {nteraction between spins snd thersal pho~
nons as well as spin-spin interaction is calculated. It is shon that the polariza-
tion plane is rotated vhen a transverse polarizad acoustic wvave passes through the
amagnetic crystal. This phenomencn displays resonance properties. An operetor is
derived for spin {nteraction through a phonon field. Some problens associated with
parsmagnetic resonance saturation are discussed. Orig. art. has: 68 formulas.
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TITLE: Twelfth All-Union Conference on Low-Temperature Physics

SOURCE: Uspekhi fisicheskikh nauk, v. 89, no. 4, 1966, 719-723

TOPIC TAGS: physics conference, low temperature physics, Mossbauer effect,
electron speotrum, EFR spectrum
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ABSTRACT: The Twelfth All-Union Conference on Low-'l‘emgs rature %Eica.
held 25—29 June 19885 in Kazan', dealt with inves gations {usIng resonance
methods) of condensed systems at 1ow temperatures. More than 100 reports

-were presented at the conferance, which was attended by approximately
300 Soviet ascientists. The introductory address was given by P. L. Kapitsa,

\ The work of the conference was divided into four sections. Section 1
-wasg concerned with electron spectra in non-conducting crystals; Section 2,
with dynamic phenomena in non-conducting crystals; Section 3, with the
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Mossbauer effect; and Section 4, with resonance phenomena in metals and '

_semiconductors.

Electron Sgcg:a in Nog-Condugting gxsgals

- particular attention was given to investigations of the microstructure of !
impurity crystals involving electronic and paramagnetic resonan:¢ (EPR and
NMR) methods and optical spectroscopic studies. A large body of reports was

“devoted to the study of the structure of the environment of rare-earth ions in
CaF ,-type crystals.

, M. M. Zaripov, V. 8. Kropotov, and L. D. Livanova reported on
their discovery of the superfine siructure of the EPR spectrum of the Mn2t
and Co?? fons in MgF, resulting from fluorine nuclei,

, and A, L, Orbell reported on their
methods for the stabilization of free atoms in molecular-type media at the '
temperature of liquid nitrogen. :

S. A. Al'tshuler and B,_M,_ymmm:coverad a ferromagnetic-type e
exchange coupling between NiZT fons in zinc fluosilicate. From an analysis
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of the EPR spectra of various types of exchange pairs they determined the
value of the exchange integral.

| Dynamig Phenjomena in Nog-Coqductin;thystpls

discussed
' um establishment in spin-systems was
in de'f:iel P'Wémd that & two-staged process of spin-lattice

' pelaxation takes place, In such a process, the excessive heat of the spin-

f the rapid
d 1o thermal lattice oscillations by means o
:z:;i:i; S:?l:l:e'f::mmge pairs." 8. A, Pukovat&kizabxnvuug}t:z :h:;erhal
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) ﬂoaabauex Effect, .

Included in the NPE ts given in this section were studies of the aniso-
tropy of the ct in single crystals of white tin over a wide
temperature range, the inversion of the anisotropy effect and possible causes
for this phenomenon, and the phenomena occurring when the Mossbauer

effect is under the influence of some additional electromagnetic or sonic
field. ‘
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‘Resonance Phenomena in Metals gx_\d Semiconductora

and L, | M, Fisher diécussed their experiments on the
production and observation of a focused electron beam {n metal.

Many of the reports were concernad with experimental investigations of ;
‘the energy spectrum of conduction electrons with the aid of resonance methods. -
L. A, _Fal'kovgki¥, in a theoretical investigation of the energy spectrum of
| current carriers in bismuth in a magnetic field, showed that at an arbitrary
| direction of the magnetic field, the spin-splitting of the energy levels in bismuth },‘.
}
!

».\ considerably exceeds the spin-splitting ‘of 1evels of free-electrons.
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