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A RAMAN STIMULATED BACKSCATTERING FEI, ANALYSIS L

v

SPERANTA COLDEA*

ABSTRACT. The Free Electron Laser (FEL) 1s a feasible radiation source over
a broad spectrum from millimeter to optical wavelength A simplified analysis
based upon a linear theory 1s presented in the first part of this work, for the
Raman regime FEL process The two parts of the paper. discuss a type of a
FEL which 1s based on the stimulated Raman backscattering of a magnetostatic,
pump wave from a cold, dense, relativistic electron beam The results of a
non-linear theory of the Raman FEL will be discussed m the second part of |
this work »

1 Introduction. The conventional lasers are troubled by lack' of energy
storage, highly selective level excitation and low efficiency Several far infra-
red lasers have achieved an output power of 1 MW, as an exemple being the
CH,F-system which radiates at 4961, Raman-like The conventional lasers pre-
sent a narrow, stable line-width and excitation of just one (or .a few) cavity
modes Compared with the classic lasers the FELs are not only tunable radia-
tion sources but could be used as amplifiers In a FEIL, the bandwidth for
positive gain 1s very large and many cavity modes are excited. The FEIL
systems are very sensttive to the fluctuation in the electron beam energy.

The linear and non-linear theories have been developed for two regimes
of the FEI, operation [1] — [12] for a monoenergetic. electron beam in the
Compton regime, where the space charge effects are neglected, and in the Ra-
man regime, where the space charge effects are considerable.

The 1nclusion of these effects 1n the FEI, simulation have been made in one-
dymensional analysis [13] — [14] The usual general linear theory will he not
presented here but a sumplified discussion of the Raman regime FEL inter-
action will be done.

2. The analysis of the Raman regime FEL operation. The FEIL  dis-
persion relation obtained from a linear theory of the relativistic electron beam
and a static hellically polarxzed wiggler tield interaction [15] is of the gene-
1al form:

[# (57 “3)”2]'[(“% —\i)z— e
c® YoC* vy v ToY: ,
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)
where @} = 4r ne*/ym, F = o,/0, is the filling factor associated with the radi-
ation field (o, and o being the cross-sections-areas of the electron and radia-
tion beams), 1, =17, [l (¢/ds[mc?)?] 2, with ¢, = (1 — vi[c?)~Y2 being the
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relativistic factor of the electron beam and f_fm-the wiggler field, in the case

when |44} >> |Agl, Az being -the Tadiation filed -

In the Raman regime, the beam-plasma Irequency 1s sufficiently hlgh
that the coupling between the electromagnetic wave and the two beam waves
can be considered independently The two beam vawes correspond to the
negative and positive energy modes which could be described by a special dis-
persion relation for their interaction The effect of the positive energy beam
mode on the coupling 1s weak and in this case {k — [0 — 00 ko +

+ [ ( '{A/ To)[vx} 15 Teplaced by + 2w/ szzo\/y(, 1 the dlspersmn relation .
[k ——(m —F .22 )1/2 /C:l . {k —[w + vk, + ‘QL]/% =

Yo ' Y:‘/CYu
= = 7, 1500 /20 (1.2}
where a? = ( — ) B - P R, (13)
‘ 2y 46t
The maximum Raman growth rate occurs when 2, = %, 1e.

. (@ —F  abfyo)fc = k,
and has the folowing form.

. /1I2 . ' ‘
I'=Imo = B F1 - (ﬂ%‘“) (1 4)
- 4\/’1 of
This is possible only 1if: -
Bw < Bt:nt ! (1 5)
where Bou= F=12  (20,c2fvirl2 - ik, )12 (16)

For the Compton regime ‘(hlgh—gam) FEI interaction the condition 1s the
reverse of the equation (1 5) .

. Bm > Bcnt } (1 7)

The Raman regime could be dls’crmguished f1om the Compton reglme by defy-
ning a critical beam-plasma density

\

'

v 2 i
Wpert = F ("‘Zi) V/T() ‘;g@?ﬂ)zokm/z (1 8}

If o, » op,y the FEIL 1s in a Raman reglme 1 o, € opee the FEL
operates m high-gain Compton regime

If a stimulated backscatterng Raman proces (SRB) 1s considered (a
parametric ipstability) 1n a magnetostatic pump field and a cold, dense, rela-
tivistic electron beam system, a detailed analysis of such a FEL interaction
can be made The Stimulated Raman FEI, 1s a system, 1n which an electron
plasma (longitudinal) wave mode and an electromagnetic scattered mode feed
on the energy of the pump with frequency «,. This type of FEIL uses such
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a convective instability which can amplify an electromagnetic signal Such a
device can operate in three ways

(a) as an amplifier for noise (the superradiant model),

(b) as an amplifier for a coherent signal, and

(c) as an oscillator
We will develop a simplified analysis for the case of a SRB — FEIL amph—
fier for a coherent signal

The result of the simplified linear dispersion relation of the FEI, mter-
action 1S the solution for the real part of this equation giving the backscattering
frequency or the stimulated backscattered mode wavelength.

@o ~ @Yy <

— T wlt g
ST T a e Te o (1 9a)

. and , .
" A = 1/2¢; ' ’ (1 9b)

with o, = 2nf, ¢/l = 2nvfl and B, = v.ofc

In the small signal approximation and weéak pump regime the backscattered
wave will grow exponentially along the rippled region of the magnetostatic
field (wiggler or undulator f1eld) The simphﬁed growth rate obtamned from eq.
(12) — (14) 1s of the form.

T — Ime = ( )" —( © 1 )”~2 " (110)
. w0y =Sf—f -
mo dmy, .

!

where w; = eB; /mc is related to the pump amplitude B;.

As a matter of fact, there 1s another collective mode of the electron beam-
the cyclotron mstability which is a transverse mode, with ‘the frequency gi-
ven by

g — Q;/Y - .
I - . w, e R 2

where , = eB/mc

In the situations where there 1s an mhomogeneity of the pump ampl-
* tude, transverse to the B, field there develops a space charge oscillation at
the frequency €, which 1s driven by the ponderomotive force of the pump
field and the scattered Raman wave. It 1s possible to show how the gam of the
space charge mode varies with the beat frequency between the pump and signal
waves When this beat 1s at the frequency o, the gain is very large, having a
stimulated Raman emission (a Stokes mode) When the beat 1s at —a, we
have a stimulated Raman absorbtion (an antiStokes mode) There 1s Some
gam due to the finite-length—two-wave beat i off-threeswaves resonance case
However, the net gain for the FEIL laser system off-three-waves resonance
is negative [16] The three-waves resonance has a finite bandwidth characteris-
tic to the parametric processes Aw, ~ Imw Usually the efficiency of a FEL
device 1s bounded by a pump depletion phenomenon, but the non-hnear satura-
tion mechantsm 1 the FEIL s will mfluence this etfictency (when the beam

u
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fluctuation amplitude 3% ~ #, which is the beam density) In the considered
case the effictency will be.

y

~ 5% (1.12)

K 2"’0Yz
There is a distinction between the efficiency of the laser and of the amplifier:
if one limits the efficiency to energy conversion for a single, this mode 1s given by i

® 1/2 o !
n 2] et g, (113
The laser has less efficiency than the amplifier, but the laser oscillators have
other interesting properties, like the frequency stability

3 Conelusions. Other theories have uncovered some interesting effects :
1t was found that the span of the unstable wavenumber 1s very broad for high
amplitude pump and high relativistic factors y,, high density electron beam
‘117] Theoretically, one might expect high gain Raman FEI, amplifiers But
when two-dimensional effects are comsidered in a numerical discussion [18]
another difficulty occurs the stimulated Raman forwardscattering appears
at a sufficiently high pump amplitude and long wiggler, as a low frequency
absolute instability, which can grow to high amplitude and destroy the back-
scattering process

Some comments upon the effects of the finite beam enercy spread on the
gain, could be made Excitation of the collective beam mode occurs only i
the scattered wavelength exceeds the Debye length of the beam (A, > 2p)
and this fact requires a condition on the parallel beam energy spread.

AT;) 1 1 (wb)
Sl o 28
( = 2 v e ) 1)

s

If this condition 1s not true, the gamn 1s reduced an order of magnitude -

P:I'Hi(ﬂng—'—il—z*—‘— . (22)

) ' A
where vy 1s the spread of electrons’ energies v, = cl Y‘) v:* The relation

(22) is the stimulated Compton gain result

The influence of the beam energy spread on two- and three-wave’ lasers
consists 1n a decreasing of the gam 1f (Ay./y,) € 1/N, where N is the number
of ripple pertods of the wiggler, the thermal effect will not change the gain too
much This fact suggests that an optimum system may be a short sectlon of
a wiggler with high gain

With regard to the beam energy spread there 1s the possibility of a hot-
cathode source or the preparation of a cold beam usmg appropiate diode geo-
metry

If the SRB-FEIL operates with an exponential gamn the two-wave
gain also becomes large only if the beam 1s dense, the pump field is strong, and
the length of the wiggler 1s well chosen. The analysis of high, two-wave gain
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case must include the beam thermal spread The theory suggests that FEI,
efficiency could be high and some more experimental work must be done The
stmulation method applied to the FEL process in 2D-and 3D-realistic beam
geometries could help to understand this complex mechanism of a ¥EL-ope-
ration

o Uk WO N —
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THERMISTANCE SEMIREFRACTAIRE, EN MICROSERIE DE'; '
+ LABORATOIRE

~ v : ' - N -
‘e

N €. CODREANU¥*, T. NICOLAU*¥, \S. CODREANTU*** .

Resumé. — Sur deux microséries dé laboratoire on a €€ étudié et etabli- .
le régime thermiqite du viellissement artificiel qui “a condwuit 2 .une themis-'
tance fiable et stable, avec le coefficrent tllermkque de la res1stence d’environ

. 29%/°C jusqu’a 160°C . i . i ~

r

- i

1 Introductwn Siipour des temperatures pas trop élevees (100°C) il existe
une grande’ diversité des thermistances commercialisées, dans le domaine 'des
températures plus elevées, l'offre est beaucoup plus faible. En effet, en.ce cas
la réalisation d’une haute fiabilité et stabilité des paramétres physiques et fonc-
tionaux-des thermistances éxige une technologle de pointe. -

Nous avons réalisé une thermistance-perle; protégée- en-verre, dont la sub-
'stance active est lune céramique CoO—MnO-=Al,0y—LaB,, cuité & 1600°C, en
faisceau LASER, smivant une technologie brevetée [1], dont.les caractéristiques,
thermique R(T) et stathue courant-tension I (U9, sont présentées sur les,figu-
res (1) resp (2) : )
8

-~ -~ ! - - - - - - -

:

.1'6

i

14

; ) OC A : ; ! N » - . ‘—‘*]I-(A) .

1.
0 100 200+ 300 400 500 0 - 05. . ., 10

Fig 1 La caractér1st1que thermique Fig. 2 ‘La caracténstique volt-ampérique
typique In R = {(T) de.la thermistance ‘]stathue typique(avec effet— relais) de la ther-
) - mistance, e _air calme & 100°C

] . .

* Instr!  Polytechmque Cluy-Napoca -
*% Iust National de Melrologte Bucurests . i soter R PE—— Yoo
*** Université Babes- Bolyas, 3400 Oluz-Napoce, Roumanie -~ ) i
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Les principaux paramétres sont résistance nominale R, = 102 — 10% kohm,
¢oéfficient thermique de la resistance «, = (3,5 — 5,0) 9%/°C, énergie d’activa-
tion thermique AE = (1,1—1,8) eV, constante électronique B = (5000—7 000)
K, 2] '

Le fait le plus important c’est que «, se mentient aux valeurs assez éle-
vées meéme pour des températures supérieures & 100°C, ce qui permettrait I'uti-
lisation de ce modeéle de thermistance dans ce domame de température

2 Eapérument et discussions Dans ce but nous avons réalisé deux micro series de 100 thermis-
tances chacune, quiont ¢té soumises a un régime de vielhssement artificiel, en observant I'évolution
de la dxspersxon de la valeur dela résistance nominale, comme critére de la stabilité des parametres
et de$ propriétés physiques des thermistances

Le traitement thermique de viellissement 4 été réalisé sous deux variantes, 4 et B, A savoir:
— premiére phase choc thermique a 400°C, 150h (var 4) et a 330°C, 1000 h (var B),

— deuxiéme phase cycles de rechanffements-refroidissements entre (25—330)°C (var A) et
entre (25—250)°C (var B),la durée de chaque période ,,chaude” étant de 1000 4

Toutes les opérations ont été effectuées dans des conditions métrologiques standar dt

Inmitialement les thermistances ont éte rangées dans des groupes de dix exemplaires, dont les
valeurs de R,;, aprés le choc thermique, sont données sur le tabl 1, pour les deux variantes A et B.

\ Tabl 1
R, (min) et R,s(r\nnx)
var 177 50,8 1486 1967 2280 2437 2695 2970 3348 4548
A 47,2 139 186,56 2226 2420 2680 2956 3340 4222 1036
var 30,1 65,2 75,8 80,7 85,1 88,7 91,8 97,2 102,8 131,2
B 63,0 746 7955 845 887 917 972 1028 1281 1651

Amns1 comme on observe, la variante B condwit a une reduction de la dispersion de st- de
1018 kohm (var A4) jusqu’a 135 kohm (var B)

Ulteireurement, de chaquefgroupe nous avons sélectionné 3—4 thernustances, dont la disper-
sion de la R,; est tres faible, tabl 2

s Tabl 2
R,;(min) et R, (max), apris le choe
A =
var 38,2 182,9 199,5 212,6 138,2 238,0 268,0 292,8 331,0
A 38,3 187,5 202,2 212,9 147,7 2429 - 2729 295,5 334,0
var 60,2 65,2 78,8 81,2 86,7 88,7 91,8 98,9 104,4
B 63,0 66,1 79.1 . 825 87,3 89,5 - 93,7 100,6 107,9

\

qui ont été soumises i la deuxiéme phase du viellissement, en suivant la vaniation relative AR/R pour
chaque thermistance, en fonction de temps Comme titre d’exemple, nous présentons les résultats
typiques seulement pour une seule groupe de chaque variante 4, B, sur les Fig 3 resp 4

3 Conclusions. En analysant toutes les groupes 1l en resulte qu’on
obtient la stabilisation des propriétés physiques aprés 4—S5 cycles rech -refr-,
aprés quot on observe une tendence de croissance de la dispersion relative de la
résistance nominale

1A I'Inst National de Metrologie Bue '
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. 02¢
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1 Z. WS 0 1 2 3 4 5 6103h
i 1030
‘1g. 3 La vanation relative AR/R, au cours du Fi1g. 4. Lavanationrelative A R/R, aucours

& Vviellissement forcé (premier groupe) du viellissement forcé (deuxiéme groupe)

La dispersion finale de la R, stabilisée, correspondrait a4 une erreur de
(O 5— 3)°C pour la variante A et de seulement 4-0,1°C, pour la variante B
au cas ol la thermistance serait utilisée comme thermometre; ce qui représente
une véritable performance

Avec un «, assez grand, une caracténistique statique U(I) avec effet de
relais et une trés bonne filabilité et stabilité des paramétres, ce type de ther-
mistance est trés recommandable dans des differents schémas de mésure et con-

trole de température jusqu'a T,,., = 160°C. -
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‘ ULTRASOUND ABSORPTIO\T I‘\T ETHANOL + P XYLENE SYSTEM

. AP t
i ILEANA’ 'LEN‘AI‘:].““"!J 'AURELIA__ CIUPE*, D. AUSLANDER®* - ot i

- 'l [N
‘.
‘.

- i

ABSTRACT. The nature and intensity of intermolecular interactions 1n mixtu-

- res formed of a polar component — ethanol "— and a non polar one — p-kylene
— were studied by the ultrasonic method The data on the propagatiop velo-
city of the ultrasound and the density, previously presented, as well as the results

- of the measurement of ultrasound absorption and of dynamucal viscosity have
permitted to calculate the relaxation absorption, the volumic viscosity and the

. iviscosity relaxation times- The ultrasonic perturbations of the molecular equi-
librium cause structural aud thermal relaxation absorption, and also the desac-

fivation of the moleculés, Beéing 1n excited $tate of vibration The variation

, of these magmitudes with the increase of ethanol concentration in mixtures, was

correlated with the modlfrcatrons of the interactions between the molecules of
the components’ - -

- ' +
% L

-

-

RV ! , - PRI S 1 R

.

1 Introduetlon. The study of ‘the molecular acoustic. ,propertu;s of the .
ethanol 4 p-xylene- sys’gem was dealt with'in a prevrous work [1], by determl—
ning the concentration dependence of thé gltrasound propagation Ve10011:y, adia;

batic compressrbﬂrty and of the free 1ntermolecu1ar distance and avaﬂable
volume, respectively .-

3 '
v .t o ¢ a

Followmg the researches; [2 [3] on, ‘r,h'e' system form'ed of a polar, compo-
nent with associated molecules, »and of.a' nonpolar one, we aim at . correlating

the ntermolecular 1nteract10ns with, the relaxatlon processes by ultrasound

absorptlon measurements» oy p Con

f

2 Theory Accordmg to\‘the Vrscoelastrc theory, by ,adrmttmg the additi-
vity,of attenuation constants. and neglecting the non-s1gn1f1cant ones JAin, ﬂulds
i:he ultrasound aB$orp’r,10n 13 expressed by. . !

\ . A T WD f LI B .
T - ! teg 1) am
uve 2,.:2 4 HEL L S EER I By
(3’7+7’V , oo oo (D)

- ’
, ot

T : 7T T fR e

) where oc,, p i the- attenuatlon constant by absorptlon of the Vlscoelas‘mc theory,

f and &'the frequency ‘afid-the ultrasound propigation vélocity, ¢ thé density,

9 and 7wy the dynamical viscosity and the ‘volumag- vrscosrty of the liquid, Tes-
pectively,

onf. ST arty e o
The calculable térm ° o . )
[SIERNTRTS SR A Dhelpe ¥ ) -
' - 2a. . P N R 1<
- ] Ve O ; 82 . _«-,{ IO IS L SR o
- o T e ] .y 2)
s R N ‘. ’ .
v ’ll . s
Tepresents the vis¢osity absz)rpfron and the ter :
ORI g ‘vf.anw*fm, P LA Cogd
L e - B AT ca"ﬁ-,’h’w I U A S R S 1(‘)
NS S RN Yo e ,',}"’*',' ’.,)v‘-‘i- R I N T Lo te 1

B PR . . - - A 4 ‘
* Unsversity * Babes- Bolya,- DEpattiient lof Phﬂ?ts‘,v-é"-lﬁxb-'béu]m}mrh, Ronjmh R S
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which is not calculable due to the volumic viscosity, represents the contribu-
tion to the absorption of the relaxation processes correlated with the properties
of the compressibility modulum If one admits that the totality of_relaxation
processes 1s described 1n terms of viscosity relaxation, we shall have

. %o '
N = (4}’
and thus, from the relation (1) it results '
( ’ ' pc® %erp %uis
N = 9= (7— - _fz—) (5)

By correlating the relaxation miechanisms with the properties of the com-
pressibility modulum thé relaxation time 1s obtained:

v = Bs(2n + ) © o (6)

Bs being the adiabatic compressibility coefficient

3. Experimental. All the measurements were carried out i the comperents
of the system as well as in a sertes of concentrations, under constant tempeia-
ture conditions, at 20° 4 0,05°C temperature. The dynamical viscosity was
measured by means of a Hoppler viscosimeter, and the attenuation constant
of ultrasouns — by the impulse method on the basis of the repeated echoes at
a fixed distance, at 8 MHz frequency.

4 Results. By using the experimental data of the previous measurements
of the density and of the ultrasonic velocity, together with the above mentio-
ned ones, we calculated the values of viscosity absorption at different ethanel
concentrations on the basis of the formula (2): )

Fig. 1 shows the absorption variation obtained by calculation, and the
variation of experimental absorption with the increase of alcohol concentration.

The viscosity absorption increases from p-xylene to alcohol along a curve,
the slope of which progressively increases, especially in the field of high
alcoho! concentrations.

The experimental absorption, having much higher values than m the case
of the calculated one, is characterized by a pronounced maximum at y, = 0.1.

The relaxation absorption expressed by the relation (3), calculated from z

& )

. B a}’f is presented in Table I One can observe the value off
the relaxation absorption:in p-xylene, which 1s about twice higher than that
corresponding to the ethanol.

The specific relaxation absorption of ethanol:
1 Ax
o . _J‘c‘:i , where Aa,, = &, (syst) — Erelp-xyleme)
varies with the concentration along the curve of Fig. 2.
Since at concentrations superior to the fraction x, = 0.54, Greisyst) < Erap-xylenc)s
in this range the specific relaxation absorption will have negatlve values.
The values of some absorption parameters are shown in Table I
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’ a F1g 2 The variation of specific absorption of
Fi1g 1 The variation of the absorption (—2) 1 Da,
. ’ i
against, the mole fraction of alcohol ethanol (—); ’ i ) against the mole frac-
/ N tion of alcohol.
Table I_
c %ex p 7 108 np  10° ny Jrd | qou
onc —
}ethanol yisca,, (Ns[m?) (N'sfm?) m (283m_‘)
0 . 8,73 0,659 6,09 9,241 594 '
0,100 13,81 0,661 . 10,22 15,460 10,51
0,345 8,52 0,733 6,79 '9,270 7,44
0,585 5,56 0,850 4,81 5,661 5,61
0,760 3,98 11,013 3,58 3,338 4,41
0,894 3,15 1,205 3,01 2,497 3,93
0,950 2,70 1,318, 2,57 1,950 3,47
1,000 2.14 1,492 1,96 1,317 3,07

'

The curve of Fig 3 illustrates the variation of the relaxation time with
the ethanol concentration, the values being calculated from the relation (6).
After an increase up to a maximum placed at about ¥, =03, the relaxation
time linearly decreases till y, = 0 6, at higher concentrations displaying a ten-
dency toward a. concentration imdependence! '

5 -Discussions. The relaxation absorptions result from ‘the mechanisms of
‘energetical exchanges accompanying the re-equilibrating of the system pertur-
bed by the wave through periodical variations of pressure and temperature.

. H
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, The equilibria are determined, by tlhe
intermolecular 1interactions corresponding
to the properties of the molecules ot the
propagation medium

The components of the studied system
arc characterized by different molecular
structures the p-xylene molecules, with
zero dipole-moment are characterized by a
molecular mass and sizes superior to that
° ’ of the other component, having a plane
21 - configuration, they lorm relatively coimn-

' pact arrangements Van der Waals disper-

. e ston torces are acting between these mole~
u 02 04 06 08 1 cules at the level of methyl radicals.
’ Taking into account their polar character,

. besides imteractions of the hydrocarbonate
" fgemmet the mole Tractton af aieshol  Tadicals by Van der Waals_tofces, the
ethanol molecules form by means of

hydrogen bounds, dimer, respectively trimer associations [4]{ [51, 16].

In the mixture, all the intermolecular torces, which are specific to the com-
ponents, undergo modifications due to the interactions between the molecules
of different species After the disappearance of hydrogen bounds between the
“alcohol molecules and of the interaction of p-xylene molecules by dispersion
forces, the dispersion and mduction forces between p-xylene and ethanol mole-
cules are settled, together with the increase of ethanol concentration, owing
to the strong polarizability of the benzene ring, by the contmuing increase of
‘ethanol concentration, the hydrogen bounds are re-established, forming alcohof
molecular associations - .

, The ultrasonic perturbations of molecular equilibria, accompanied by volume
and entalpy varnations bringing about the structural and thermic relaxation
absorption, are correlated with the compressibility of the system, formed of the
sum of a structural term and of a vibrational ore

The studied system 1s characterized by three principal mechanisms of rela-.
xation absorption 1 The structural absorption resulting from the perturba-
tion of molecular association = disassociation equilibria, 2 Thermic relaxation
caused by the energy exchanges between the externdl and internal degrees of
freedom ; 3 The disactivating of the molecules being 1 an excited vibration
state by non-elastic collisions bet}veenbthe molecules of the components, this
mechanism contribttes to the decrease ot *absorption

The first process, characteristic to ethanol, 1s the result of the phase ditfe-
rence of energy exchanges between the system and the wave, imposed by the
ultrasound frequency

In the very diluted mixtures, the pronounced dimmution of the imtgrac-
tions contributes to the favouring of the mechanism 2, manifested by the pro-
nounced increase of relaxation absorption The increase' of alcohol concentration
limits the mtensity of thermic relaxation through the setting of polar-nonpolar
interactions, simultaneously with the setting of the effect 3 Finally, the con-

+ xetanol

[ .
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'

tinuous increase of alcohol concentration has as result the prevalence.of the .

mechanism 1 - - v N
. 'The relaxation time calculated frorn the formula (6) renders a general value

of the times corresponding to all relaxation processes -
For a single relaxation process

- “rel

f2

| NEr

where 4 1s the relaxation amphtude, and f and f, are the ultrasound frequency,
and the relaxation._ frequency respectively, for the given experimental condi-

tions . ]{ -0, therefore - 4 ; ,
Taking into con51derat10n all the relaxation processes : ;
. . .
%rer _ Eﬁ A; ' -
e AT |
s N 1 1+ ( ) !
¢ fo )

' -

one can obtain the corresponding times, ilaving values superior to that resulting
from the relation (6) ;
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THE, ULTRASONIC STUDY OF N-PROPILIC AILCOHOL + O-XYLENE
AND N-BUTYLIC ALCOHOL + O-XYLENE SYSTEMS

AURELIA CIUPE,* ILEANA LENART*, D. \USLANDER,* L. MIRCEA*

ABSTRACT. — Ultrasonic veloaity and attenuation constant by absorption,
dynamic viscosity and density measurements have been carried out in u-pro-
panol ortoxylene and n-butanol + ortoxylene mixtures The results concer-
ning the calculated values for the adiabatic compressibility, the internal pressure,
the disponible volume, the volumic viscostty, the classical and the structural
absorption, the relaxation frequency as well as that of some excess quantities
give structural information about the studied muxtures .
The experimental results allowed the evaluation of intermolecular inter-
actions and their change with concentration in function of the polar configura-
tion of components’ molecule and the length of carbonic chamn

Theoretieal considerations. The previous research [1], [2], [3], [4] of &
series of ‘binary muxtures of organic hiquids emphasized the reflection of struc-
tural properties at molécular level by means of ultrasonic propagation constants.
The present study shows the results of the research carried out in n-propanol -
o-xylene respectively n-butanol 4 o-yxlene mixtures

The ultrasomic velocity and adiabatic compressibiity being defined by:

: 2 =(3_f’) (1_)*\

og s ) - .
1 (Vv
= 2
[ o=~ {5, (2
results
1
- B.=—" (3}
¢

.

"¢, p and V bemng the density, the pressure and the volume.
From the Van der Waals internal pressure

= =—pt=aq, - (4}

where a, = a/M?® factor [o] characterizes the measure of attractive forces bet-
ween molecules mc]uded in 1/M fraction of mass unity, M being’ the molax
weight

From the relation (1).

PR £
‘ ‘ ¢ XM(@VJT

\

& Uwiversity Bdbes-Bolyar, Department of Physics, 3400 Clii)-Napoca, Romania ,
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by makmg some s1mp11fymg operatwns for 4 limited temprature range we obtam :

‘ ‘ p=" = _ )"

2y

% being the ratio of molar heats at constant pressure and constant volume res-
pectively. ‘
From (4) and (5) results. )

> - -

= - ! ' C

= 6
I g T e R ©)
The disponible volume is calculated based on the relation [6]
T - Vd'= V( - J o - (7

\ - -
where . ¢, = 1600 m[s represents the ultrasonic limit velocity in an omologue
series of organic liquids for M — oo.

The ultrasonic absorption n liquids is given by the expressmn

- yoee -3 22 -
- \ —_—=— ' = 8
e LT pca( n+nv) ) .8
where:' & 15 the attenuation constant,, f — the “ultrasonic frequency, 1) — the
dynamic viscosity and ny — the volumijc VlSCOSl‘ty

The two terms in (8) represent the classical absorption, respec’cwely the
relaxational one - .

A, -
%orp o Foisc %el - - (9)
T | f2 IS

which permits the calculation of volumic viscosity :

.,
| ,

' . o [ %exp "Eyise A y
, ' Ny = ot ( e - 72 T (10)
,  The relaxation frequency is given by L
. . L . :
; Jfr=o—— - SRR ¢
. ’ -7 2mfs(2n +np) Lo e '
Experimental. Determinations were carried out at _constant and controlled temperature of

20+0,05°C

For the density and dynamic’viscosity measurementsan mixtures and in the pure compounds
capillary 'picnometer respectively Hoppler viscosymeter were used
- . Ultrasonic velocity was measured by the optical method ,of difffaction at f= 4 MHz frequency.

For, ;mea.surmg attenuatwn constant through absorptlon the method of repeatedx echos at
fixed' path ‘of -8 MHz impulses ‘was used.

P ]

Results. The values of ultrasomc velocity in the two studied systems are
included in Table 1.

' Using the data in Table I and the valtes of expenmentally determined
densities, based on formula (3) it was calculated the concentratlon dependence
of ad1abat1c compress1b111ty, presented m Fig. 1
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Table 1 .

n-propanol 4 o-xylene

n-butanol 4 o-xylene

¥

v

Zglc

c

g

P

ot

, X ¢
, sy e - (m - s71)
\ =~ , s ~
0 136105 | 0 1361,5
0,079 13444 0,065 1338,6
0,288 . -T13914 0,25 \ 13189
.- 0,519 1259,9 0,470 13045 ,° \
. 0,708 1277,3 0,666 1297,5
0,866 - 12608 0,842 1285.8
0,935 1251,7 v L 0,923 1283,1
1 1257,0 1 - - 1279,4 s

v and the variation of the d1spon1b1e “volume (7) with concentration, presented .
m Fig 2
The a, factor, calculated from experimental data by means of formula (6)"
varies with concentration along the curves from Fig. 3
From velocity, ‘density and viscosity data classical absorption was calcula-
ted, and from the results of absorption measurements, based on expressions (9)
and (10) relaxational absorption respectively volumic viscosity were obtained
~the results being presented in"Figs 4 and 5, respectively in Table 2. -
Viscosity relaxation frequency, calculated from formula (11) varies with

alcohol concentration, i the system along the curves from Fig 6 vt
, - oy "olg
’ 8,20 - ‘

e n-propanct
% n-buthgnol

204

Vd-103( n3 kmot™)

e n-propanol
. x n-buthanol

16+

gy w2
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”
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JFa1g’1 Vanation of, adiabatic compre551b111ty (Bs)
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Fig., 2 Vanatmn of dispomble volume (V,z) .agamgt
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Table 2
n-propanol 4 o-xylene n-butanol 4~ o-xylene
conc ' 103 conc 7 - 100
' (Xgsc) (N s-m7%) (Xate) (N s m™)
0,0 7,14 ' 0,0 7,04
0,079 9,76 0,065 10,93
0,288 ' 6,82 0,249 7,29
0,519 5,30 0,470 6,08
0,708 " 4,30 0,666 5,53
0,866 3,49 , 0,842 - 5,23
0,935 3,24 0,923 5,01
1,0 3,11 1,0 5,72

Al

Diseussion. The investigated systems are formed from components with
different molecular structures: o-xylene molecules, having a dipole moment
different from zero, interact by Van der Waals forces at metyl radical level,
they are characterized by plane configurations, what confer them a compact
arrangement

Alcohol molecules form dimer and trimer associations by means of hydro-
gen bonds, with a higher occurence frequency in propanol Between ludrocar-’
bonate radicals of alcohols Van der Waals forces also act, their intensity increa-
sing with the number of carbon atoms in molecule )

These equilibria undergo changes in o-xylene + alcohol systems owing to
the interactions.between the component molecules Thus, the establishment
of some Van der Waals forces between the component molecules have the
effect of breaking of hydrogen bonds between the alcohol molecules. This meca-
nism 1s favourized in the case of o-xylene + n-butanol system owing to the
higher intensities of Van der Waals forces between the CHjy groups as well as to
the lower degree of association by hydrogen bonds N

In the range of low concentrations, the screening of alcohol molecules by
those of o-xylene hinder the remakmg of hydrogen bonds, concomitently, with
the diminution of Van der Waals forces between o-xylene molecules, the confi-
guration moves towards a less compact structure This process continues, at
concentration increase, with the tendency of elimmating o-xylene — orxylene
interactions and of progressive settling of hydrogen bonds between alcohol mole-
cules '

The dependence of ultrasonic magnitudes on intermolecular interactions
is generally, neither direct mnor exclusive, the specific caracteristics origmating
from their base as well as from some eventual concessions concerning the rigour,
become manifest through the reflection of some different aspects of the equili-
brium of the mtermolecular forces, respectively of their secondary effects.

Thus, a direct dependence characterizes ultrasonic velocity, adiabatic com-
pressibility and ,,a,” factor Structural consequences of the interactions are
given by the dispouible volume, the dynamic viscosity and the viscosity absorp-

t
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s

tion Complex secondary mechanisms, Having an energetic character, are reflec~
-ted by the relaxational absorption, the volumic viscosity and the relaxation -
Irequency :

The ultrasonic velocity and the compressibility of systems functlons of
media elasticity, depend on the intermolecular forces, as well as on the space
configuration of molecules The variation of compressibility with alcohol con-
centration and the differenciation of these ‘values in the two -systems corres—
ponds to the specified evolution of imteractions.

; “The maximum of compressibility at h1gh concentration of propanol probably
comes from ° P

a) the d1sappearence of xylene — xylene Van der Waals forces
b) the restriction of n-propanol molecular assoc1at10ns by alcohol — 1y1ene )
Van der Waals forces, |
c) a looser molecular configuration

~The—,,a,” ~factor represents a measure of attractive forces m a Van der
" Waals l1qu1d the calculation of the expression imposing some approx1mat1ons:
Its varation; with concentration relieves the presence, at low concentrations,
of orto- xylene — alcohol Van' der. Waals interactions and of those of o-xylene
— o-xylene interactions in excess, and at high concentrat1ons o- xylene — alco- |
hol Van ‘der Waals interactions and folecular associations of alcohol in excess.

A mminium value of the attractive forces 1s situated approximately at
the concentration corresponding to the maximum comptessibility in the o-xylene
+ n-propanol system -

The disponible volume results from the use of limit veloc1ty of constant
value, obtamned by the extrapolation made, based on an empirical model.
Its variation-with the concentration reflects as compre551b111ty does, the evo-
lution of the system, under the, 1nf1uence of interaction change, towards a -
" loosé structure An analogue process 1s illustrated by the negative deviation

from linearty of dynamic viscosity owing to the mcrease of the free wolume
in the mixtures .

The differentiation of a,, V, and ™ behax 1our in connectlon w1th the
nature of alcohol corresponds to the d1fferences concernlng the interaction inten-
s1ty of respective molecules

- The connexion between ultrasomc absorption and 1ntermolecn1ar interactions
perm1tted the- classification’ of liquids based on the value of CoxplOmse Tatio.
According.to this criterion, o-xylene belongs to the group of hiquids with weak
mteractions, for which .3 <C a,,p/00, << 400, and the alcohols belong to the
group of those with stronger interactions for‘which 1 < otpup/ttotse < 3

The variation of the absorption ratio with concentration shows an increase
until a maximum at .. = 0,08, followed by a diminution untd 1ts value in
alcohol. Therefore, the systems belong to the group of liquids with weak inter-
actlons till the concentratlon YLae = 0,8 after which they have:a behaviour cha-
racterized by strong interactions If the. change of a4, with concentration is
. determined by the dynamic viscosity ’change the contribution of the structural
component of ‘absorption results from the_ ‘wave energy transmission processes
to the external and internal*degrees of freedom followed by relaxat1onal phe-
n’‘omena characterlsed through different frequencies, -

v -
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Besides these, at higher alcohol concentration, association-dissociation rela-

xational processes of molecular grouping can occur, they being disturbed by
the propagation of ultrasonic wave in the medium

The mtermolecular collisions 1n the case of extreme concentratlon ranges

between the two compounds can also affect the intensity of energetic exchan-
ges between the degrees of freedom, thus contributing to the change of relaxa-
tion freduencies, respectively of the ultrasomic absorption values

—
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THERMOSOLUTAI, INSTABILITY OF A COMPOSITE ROTATING
PLASMA IN THE PRESENCE OF THE SUSPENDED PARTICLES

MIRCEA VASIU*

ABSTRACT. The influence of the suspended particles on the onset of Bemard
convection 1s studied in the presence of a vertical magnetic field and of a uni-
form rotational motion The effect of finite Larmor radiug (FLR effect) of a
* composite plasma 1n the presence of the uniform solute gradiemt 18 also studied.

/

Introduction In this paper we have generahzed the results obtained in [1]-1471.
"The plasma consists of a 1on1zed component and a neutral component. The ionized
component is incompressible, viscous, with finite resistivity (flmte magnetic

' wscos1ty) in uniform rotational motion with - angular velocity Q(O 0, Q).

Also 1t 1s under the mfluence of a uniform vertical magnetic field B (O 0, B )
and at the same time under the influence of the gravitational acceleratlon

2(0,0, — g) The neutral component is asstmed to be incompressible and viscous.
Consider an infinite horizontal plasma layer of thickness d heated from below
and subjected to a uniform gradient temperature and a uniform solute gra-
dient. In the present study we have investigated the role of viscosity for the
plasma and at the same time the collision interaction between the charged par-
ticles(ions) and neutral particles

Perturbation Equations Taking a small® perturbation of the steady-state,
we get the linearized MHD equations in the form

% =——= (vsp + v3p)+ vAu + S(v — )+ eh(u, — ) + (ay—ablg +

+ 2 x @ +——(y x 8B) x B (B
HoPo

. a;” = V% (7_’2» - 7:) + V»A;n (2)
(1_8_ + 1 17=22 3)
\ V;=0,V';n=0 )
2 (3B)=v x (@ x B) + v,A35 ‘ )
(a—i — AA) 0= fu, (6)
—3% o A’A) T= B’MZJ [ (7)

i
* University Babes-Bolyas, Department of Physies, 3400 Cluj-Napica, Romanta
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’

I=d - - i -
where u(u,, #,, u,), u,(u,,, %,, %,), 3B(3B,, 3B, 3B,), (vt, v,,7,), Bp 3P, 0, r
denote perturbatlons m velocity of the, lonized component, velocity of the
neutral componet, magnetic field, velocity of the suspended particles, pressure
of the plasma stress tensor, dens1ty of the 1onized component, temperature and
concentration, respectively, A = y?
The change 3p m density caused by the perturbatmns 0 and v 1s given by

3p = —p(ab — a'y) ’ &)

The quantities B, E', u, o', x, ®’, denote, respectively, the temperature gradient,
the solute gradient, the thermal coefficient of expansion, solvent coeffictent
thermal diffusivity and solute diffusivity.

For the vertical magnetic field, the perturbations SP for the stress tensor
P have the components

‘ ou u ‘ n u
k23 VO\P ay + Ox = Vop 3y + Ix

3P, =0, 3P

tod

Oty Ju,
SPy.’r = SP:y = 2V0p('a—x —*—E-) y BP

P ou ot
=3P = r o7y oy,
3 (22 vOP[ Ox 3y ) » ( }'

31; u
= '_p_' — —2 Y et 3
o= vop(?/‘z T*_ay)

12

The perturbations have the form
3o(x, v, 2, t) = @%(z) exp J(ek,x + 1k y + i), (10)

where ¢*(z) 15 the amplitude, %,, &, are the wave number along x and y direc-
tions and # 1s the growth rate. Usmg (10) and an adequate mathematical method.
. 12], the equations (1)—(7) can be brought to the form

(D? — a2 — p1o) @ = —(B—f]w (11)
02— — o)t = — (£5) w B

v

(D2 — a? — 65)7Z = —(.\%] (2D? 4 @?) DIW——(ﬂ

14

) DX —[ 204 ) DW (13)

(D2 — a2 — p,8)K = [ : )DW ' | (14)

(D? — @ — o5)(D? — )W = ( Yol

v

| @D* 4 @)Dz + (ﬂ) 220 — (“_gd_J al —

p

_( Bod’(D — @)DK _}_(2Qd3JDZ : (15)

HoPV

Vi

(D?— a2 — po)X = — ( B“‘iJ Dz, (16)



!
THERMOSOLUTAL INSTABILITY OF PLASMA ! 29

where~v, is the gyroviscosity (vo = const [, ©, is the 1on’ gyratmn frequency)
v,, is the electrical resistivity of the'ionized component v 1s the kinematic vis~
cos1ty, po 1s the den51ty ‘of the 1omized componen‘é D2 = drld, B2=FR + K,
= (VXu)z, £ = (VXSB) , W), O(z), T'(2), Z(2), X(2), K(z) are the amphtudes
of the perturbations-#, 9,v, C, &, 3B, respectwely, cs have the' form : o5 =
= ngd?/v, where:
~ o - ! ~ A I
: . .-
R vee ) . dnv - EVevy R , )
'8‘ ( + nT +')1 n 4+ v, + v,k? ) N
where ¢ = p,/p, p, 15 the density of the neutral component, v, is the ion-neutral

collisional frequency, § = ep/7; €, = pp/p 15 the mass concentration of the sus-
pended particles (p, 15 the mass density of the suspended particles, & is the
relaxation time). Introducing the quantities .

5 )

nyve + vy i2

.
1

a . Bod ,._ B
Cl='ﬂ_, 022?,,63:—0-;64:}—0,05‘= od C—(agd)a,
*x ? KopV veovd Vi
~ 2 § : B
c7=(Lgd2)ﬂ2, Cg = v°d,cg= L C = /T/d cn=4T4d, U_
v -y Vil
o = nd?v, V = 2Qd%v,, p1 = v[x, Pz = v/vm, Py = Vw05 = nsdz/v, (18)

(]

-

where a? = k2d° and the operators ,
0= Dz—a2 O = D2——¢12—cri,~,0——D2—a2 P16, 0y = D% — a? —ps0

0y = D2 — a2 — py, O, —2D2+a2 A . (19)
the equations (11) (16) can be reduced to thé form > s
0,(0) = —e,W -~ 7o (20)
O, = —c, W (21).
L OZ= ~c40 DW — ¢;DX — ¢, DW (22)
0,K = —c,DW (23).
O0W = ¢,0,DZ +-¢,® — c.T' — ¢ ODK + cuDZ (24):
, . 0,X = —¢DZ ’ (25),

Dispersion Equation. Usmg a' proper mathematical method [5] we obtain
the dispersion equation.! By elimmnating the functions @, Z, K, T, X frorn equa-—
tions (20)—(25) we ob’cam the followmg equation ,

(D — & —'py0)(D% — @ = 03) — QD¥[(D* — a* — py0) (D — @* —
—p30)(D? = a?))[(D? — a® — ch)(D° — @ — 05) — QD% + ¢
+ (D? — a® — P, c)az[R(D" —a2 pao) — S(D2 — a2 — p,0) ]}W = ~(26)),
= ULV + (20 4 @D — @ oD — @ = pro)(D? ‘
© — a® — pyo)D*W o
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where Q = B2d?/uypvv,, is the Chandrasekhar number, R = «fgd*/xv is the
thermal Rayleigh number, S = «’'B’gd*/x’v is the solute Rayleigh number.
“The equation (26) generaliszes the dispersion equation obtamed by Gupta and
Singh_[4], Vasiu [3], [2]

For stationary convection (n =0, ¢ =0, #;=0, 65 =0, v, =0) we have

0=05;=0,=0,=0;=D?— a*
and the dispersion equation (26) can be reduced to the form

[0(0* — QD2 4 {0* — QD?)(Ra? — Sa?) W = —U(V + 2D + a?)*0:D*W
A ' ' (27)
[V
where 02 = (D? — q?)?
Consider the case of a plasma layer with two free surfaces Then the boundary
conditions at z=0 and z=d are

‘ W=DW=0,0=0"=X=DZ=0
The proper solution of equation (26) characterizing the lowest mode 1s
. W = E, s (rz) (28)

where E; 1s a constant
» Substituting (28) 1 (27) and letting x = a?/n?, Ry = Rjnt, S, = S/n%, Q, = Qnd,
V,=V/=?, we obtain the modified Rayleigh number R,

Ry =(=E2) 10+ 02 4 0] + UERZEITU T 1S, (29)

[(L+ 2) -+ Q1] g

where x = (a/n)2 = (kd[m)?
This relation 1s identical with the relation obtained by Gupta and Singh [4].
From (29) we obtamn

av, #(d + Qu)
dR, _ A (V,— By
dU w4+ Q)
dR, _ 1,
s,
where 4 = (1 + %)?, B=2 — x We observe, dR,/dV > 0 for ¥ > 2, so that,
for x > 2, the effect of rotation 1s always for the stabilization of the system
and dR /dU> 0, dR,/dS; > 0 for all values of ¥, and » The FLR effects
and solute gradient have a stabilizing influence on the thermosolutal nstability.

AR, _ A 2AVy— B)
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ISOTOPE ANALYSIS OF MARS GASEOUS COMPONENTS
DUMITRU RISTOIU,* DANIEL URSU,** NICOLAE LUPSA** NICOLAE GLIGAN** VADIM
GLEBOVICI ISTOMIN®**

ABSTRACT. In the case of Mars, as well as in the case of the other planets,
the knowledge of the atmosphere composition and especially of 1sotopic ratios
1s very useful for the explanation of the genesis and evolution of the atmos-
phere The importance of the physical and chemical processes which are playing
a majot role 1n the state of the atmosphere, can be outlined by 1sotopic data

* The mass spectrometry is the most important and versatile method for
1sotopic ratios measurements Taking account of the advatanges of quadrupole
mass spectrometers [1,2] and those of double collectors magnetic mass spectro-
meters, a twin quadrupole mass analyser device is presented

4

Introduction. The use of mass spectrometers devices in the planetary missions
was very useful for the study of planetary atmospheres of the Earth, Venus,
Mars and Jupiter [3—6]

Very valuable, for the trends of explanations of the evolution of the 'whole
planetary system and of the planetary atmospheres, are the isotopic data.

Taking account of the accuracy of double collector methods, used for the
mass spectrometer 1sotop1c analysis, a device consisting of twin quadrupole
mass spectrometers is presented.

The device. The double collector method 1s realised by the simultaneous use of a pair of
quadrupole mass spectrometers Such a mode of operation of the device can resolve some problems
like those appearing in the case of quick commutation of the range of ionic current measuring
systems, quick temporary varations of the pressures and bulk variations of the electronics.

The construction of the device 1s presented 1n Fig 1

The geometry of the twin quadrupole mass spectrometers 1s identical

In order to tune one of the quadrupolar mass spectrometer on the mass s the potentials +(U 4

-+ V-cos wt) are apphed on the rods of mass analyzer For given a and ¢ — operating parameters
— the magnitude of U and V can be deduced from the relations (7]
) 8eU 4eV.
a= 2 q=
mryw? mraw?
In these relations ¢ — electron charge, », — radius of the quadrupole field, w — operating

frequency of the mass analyser

For the tuning of the other quadrupole mass spectrometer on the mass m + k the ‘potentials
(U’ + V’cos wt) must have U’ = U(1 + kfm) and V' = V(1 + k/m)

Until the contributions of the ions havmg masses mm + k— 1 and m + &k + 1 does not give
remarkable contributions to the peak of the ions of mass m 4 k, one can decrease the mass reso~
lutions 1n order to obtain higher i1onic currents

The operations of device 1s done and controlled by microcomputerized electronic umt.

The microcomputerized electronic umt (Pig 2) comsists from

— power supply of the 1on sources (ASI),

— two 1dentical radiofrequency generators (GRF,, GRF,),

— pilot oscillator (OP), -

® Umnisersily ,,Babes- Bolyay”, Department of Physics, 3400 Cluj-Napoca, Romanta
*® Fustitute of Isotopic and Molecular Technology, P O Box 700, 3400 Clus-Napoca, Romanta
se¢ Space Research Institute, Moscaw, C S I
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-

— two identical measuring chanuels for the iomic currents (EM,, EM,),

— microcomputer system (MC),

— general power supply bloc (S4) b

The potentials (U ) on the electrodes of the both 1on sources (SI,, ST,) are given 1n parallel
from common voltage sources From separate current sources are obtained the currents (IF,, IF,)
for the filaments of the 1on sources Each current source 1s commanded by the system of emissiom
regulation In this mode 1s assured the highest identity of operation conditions for the both 1om
sources

Microcomputer system controls and regulates the emission current (IE;, IE,) and the energy
of 1omzing electrons (which must be identical for both 10on sources)

The potentials' furnished by the two radiofrequency generators, applied to the mass analysers
(AQ,, AQ;), are controlled independently by the microcomputer system, in such a manner that a
imass: analyser 1s tuned on mass m and the other on mass m + k

The jonic cusrents, detected by the collecting systems (SDIy, SDI;) are measured by electro-
metrie systems (EM,, EM..) and the valués are fed to the microcomputer system for futire pro-

cessing of data.

Bassed on stored programs, the microco mp uter system can assure the commutation of the
device on 1onic or on meutral mode of operation In 1omic mode, one measures the 1onic compo-
nents of atmosphere, the filaments of the ion sources being cut-off Also the microcomputer
system assures the choice of scan mode,for both quadrupole mass spectrometers This mode 1s useful
for diagnostic of operation and also for collection of informations relating the composition of atmos-

- phere By telecamands there 1s the possibility for the installation of other modes (not previously
installed) of operation of the device.

Considerations on isotopic measurements. During the preparation for Mars
missions, 1n order to test the apparatus, 1t must be exploited 1n s1mu1ated martian
atmospheie Taking account of the acquired data by Mariner — 4, Mariner 9,
Viking —1, Viking —2, Mars —2, Mars —3, Mars —5 and Mars —6, [8—101],
was considered a \/Iars atmosphere compositicn like that presented m Table 1.

In Table 2'are presented the mass spectra of the most immportant com-
ponents of martian atmosphere The spectra are calculated for the case of ter-
restrial 1sotopic abundances. In the last column, under the name Sp M 1s pre-
sented a composite mass spectrum by combmmzc?r the data given in Table 1
and 2 The data of Table 2 are showing that there are many SUperposmons of
different fragment ions at the same m/z ;

Lowering the energy of ionizing electrons, one could obtain only the most
abundant ions of.mass spectra [10] In thése conditions one can avoid a lot
of superpositions and consequently the mass spectra are much simpler Such
mass spectra are shouwn in Table 3 In Table 4 are pressented the iomization
potentials of considered compénents

Taking account of the ionizing fotentials, on remaiks for, 0.5 eV sprea(i
"of electrons energies, that for electron energy of about - ; ’

— 10 ¢V, one obtains peaks at the masses 142 and 143 for CH,I, 34 and
35 for PH,, 93—96 for CH;Br, and 94—97 for CH;Br, Assuming that the
martian 1odine and phosphor, are monoisotopical, one can deduce the ratio
H|D Bassed on the ratio H/D, considering the peaks from the range 93—97
one can obtain informations on bromide isotopes Despite of very low con-
centrations of implied neutral spec1es there is the chance of almost equal con-
centrations;

— 11.5 ¢V one obtains peaks at ‘che masses 50—53 for CH,(Cl, 49—-52 for
CH,Cl, and 80—82 for HBr The reduction of these data perrmts to obtain
useful informations about chlorine and bromide isotopes, ’



The abundatices of Somé ceintfiotientts of artlan atmosplhate

Table 1

C co2” N2 Ar 02 HBr CO H20 CH3Cl CH31- PH3 CH3Br CH2CI2 CH2Br2 ’° HCN N20
%] 93 4 2 13 1 07 06 005 004 003 003 003 .002 .001 001
. Table 2
The ,,terrestrial,, mass spectra of the components of the martlan atmosphere
mlz co2 N2 Ar 02 HBr CO H20 CH3Cl CH3I PH3 CH3Br CH2C12 CH2Br2 HCN N20 SpM
-1 14 01 02 .0002
2 7 00 58 100 .0076
12 277, 471 330 05 50 290 419 27724
13 03 ) 05 -5 44 61 91 583 174 .0315
14 520 8 46 95 211 9 36 167 12 98 2245
15 02 7238 1281 46 62 11 ol 05 0068
16 6 35 513 172 90 84 15 54 504 6 3617
17 ! 21 20 v - 0l61
18 01 01 * 100 % 01 0775
19 11 -
20 20 0001
26 ’ 16 60 0002
27 * 100 % 0011
28 655 % 100% % 100 % 150 1083 10926
29 08 74 116 08 1083
30 01 2r 3122 0140
31 3210 : - 13 0012
32 % 100 % 1270 .06 1402
33 08 3310 0012
34 41 % 100k 0038
35 6 20 04 11 57 0007
36 34 160 210 0074
37 198 370 0002
38 06 51 s 67 0014
40 % 100 % . 2 1305
44 % 100x - % 100 % 100
45 120 77 1 1954
46 41 - 21 4093
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The ,,terrestrial,, mass spectra of the components of the martlan atmosphere (continued)

Table 2 (continyed)

mjz  CO2Z N2 Ar 02 HBr €O H20 CHS3CICHSI PHS CH3Br CH2C12 CH2Br2 HCN  N20 Sp M.
47 ,01 7.10 16,83 .0057
48 3,44 8 43 - 0009
49 13 57 - % 100 % .0040
50 * 100 % 378 .0055
51 476 -30 26 .0012
52 31.63 .35, .0017
53 - . 37
79 . 4501 6,12 27.40 .0492
80 % 100 % 155 _ 371 1077
81 43 80 595 26 66 .0479
82 97 29 , 151 .59 3.61 1048
83 01 190
84 58.10 0019
85 188
86 ' 36 98 .0012
87 - 62
88 590 .0002
89 07 .

91 N 6.53 12.93 .0005
92 391 5 30 0002
93 26 45 3% 100 % 0030
94 % 100 % 616 0034

195 20.68 85 05 0025
96 , 93 59 98 0030
97 - 109

127 37 80° 0016

128 “ 273 0001

139 _ 450 R 0002

140 397 . 0002

141 14 12 0006

142 * 100 % 0043

143 1.16 ]

158 77

160 304 -

162 - 373

164 146

170 21
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The ,terrestrlal,, mass speetra_of the components of the martlan atmosphere (éontlnued)

Table 2 (continued)

m|z

coz2

—r

N2  Ar 02 HBr CO H20 CH3CICH3I PH3 CH3Br

CH2C12 CH2Br2 HCN _N20

Sp M

171
172
173
174
175
176
177

31
23 94
88
46 00
82
22 28
.26

0005
0010

0005

\ The ,,mass spectra,, of the prinelpal ions

Table 3

mfz

Ccoz2

N2 Ar 02 HBr co

H20 CHSC1

CH3I PH3 CH3Br CH2CI2 CH2Br2 HCN

N20

%k 100 %
" .066
204

* 100 % *100%
735 1158
.001 .205
002
% 100 %
075
,409

. %k 100%
044

* 100k
1503
004
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The ,,mass spectra,, of the principal fons (continued)

Table 3 (coutinued)

mlz cOo2 N2 Ar 02 HBr

H20 CH3C1

CH3I PH4 CH3Br CH2C12 CH2Br2 HCN N20

44 % 100%
45 1195

46 410

47 005

49

50

51

52

53 -

80 ' * 100 %
81 . 015
82 97 293
83 . .. - 014
93

94

93

96

97

42 - - S
143

' %k 100 %
* 100 % 1149
1164 31978

31978 368
368

220

% 100k
* 100 % 1149
1164 97 293

97 29 1118

- 1132
- % 100~ i
1162

* 100
773
206
002

The lonization potenslal’s of the principal lons

Table 4

C CO2 N2 Ar 02 HBr

CH3I PH3 CH3Br CH2C12 CH2Br2

HCN N20.

[eV] 1379 1551 1579 122 11.62 14.01

1117 ~ 949 998 1049 1135 1049

13 57 12.9

L
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125 ¢V one obtains peaks at masses 32—34 for O,, 18—20 for H,O

and 44—47 for N,O The reduction of these data permits to obtam usetul mtor-
mations about oxygen and nitrogen isotopes,

— 13 5¢V one obtains peaks at masses 27—29 for HCN, 44—47 for CO,

and 28—31 for CO Due to the very high concentration of CO, only informa-
tions about_carbon and oxygen isotopes can be deduced

N

[e BN Wi ]
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EFFECT OF THE MAGNETIC CORRELATIONS ON THE SPECIFIC HEAT
OF THE 2D HIGH TEMPERATURE SUPERCONDUCTORS

I. GROSU
J

ABSTRACT. The influence of the magnetic correlations 1n a two-dimensional
Fermi liquid 1s considered in order to find the low temperature specific heat
The specific heat has two terms corresponding to the electronic and the lattice
part The electromc specific heat has been calculated taking into éonsideration

: the electronic mass enhancement due to the spin fluctuations The low-tempera-
ture lattice part behaves like’ T2

i

Introduetion. It is well known that the enhancement of the electronic mass
in the Ferm: systems appears due to the interactions of the electrons with
different excitations as phonons, spin fluctuations, (paramagnons), or with
localized spins In the low temperature limit, the electronic part of the spe-"
cific heat 1s given' by \

ComoT =25 qyT - (1)

where ¥ ,1s the Sommerfeld constant of a two-dimensional non-interacting sys-
tem The evaluation of the enhanced mass #w* will be performed using the for-
mula

=1 =L NP, o) (2)

m »—0

where Y (pr,0) 15 the self-energy of the electrons, interacting with the spin
fluctuations Using (2) m (1), a complete formula of the electronic specific
heat will be determmated The result will contain corrections due to the spin
fluctuations The lattice part will be performed using a standard procedure

Eifective cleetronic mass and electronic specific heat. Using the standard
many-body method proposed by Fulde [1], the electronic self-energy will
be )

}

T (F s0) =~ %zgfp G ) RG—F, o, —iu,) ()

g = the coupling constant between electrons and the spmn fluctuations.

, Kz — the Boltzmann constant.
A

the Green func‘mon of an interacting electronic system.-

.

G(j) )H)
R (P — jb , 0, — 10,) the bosonic propagator.

\ 14
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Using the spectral representation *

+
G (', = \ dE
X (p Z(.t),,;) S —— (4)
R(Zb — P” 10, 1,(,),”) — g dE’ (p—p . E) (5)
§10) zwm — E
and conéidermg ‘
S@', E) ~ S(E — E,) o
Ey = ¢p + Re = )
7@ E)=——-ImR (¢ E) ®)
-
we find.
ZPF ©
m* B dg N ey "
m =1— g2N(0) - Py § = S dz - ImR/(q, Z) - Re [7,\11' (E + 15;)] ©)

where pp — the Fermi momentum

Y — the digamma function
an the case of the spin fluctuations formula (9) and the fmatrix method gives
In alternative expression '

21:F , !
" 1 — N(0) ﬁ g % S/dz - Imt (g, 7) - Re[ﬂl’”(%—l—z—;—{)] (10)
m TC 7 k17 7T
0
Here t{g, z) = —U? - Imy(q, ) : (11)

where U-1s the Coulomb interaction '‘and y 1s the 'dynamical susceptibility In
the Random Phase Approximation (R P 4) [2] the dynamical suscept1b1l1ty
of a 2D Fermi system 1s

Xo(ql Z)

1 (g 2) =Tm \(12)

The 1maginary part of‘)(0 has been calculated as [3].
Im¥,(q, 2) f (13)

1 — | ——

qu\/ ZPF

From (11—13) we get N
v Imig, 2) = N(O vz (1= UN(O))2 - ( N(O)Uz) . 1 -t
S\ ] SR
e 2PF 2pF

h , (14)
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\

Now using (14) 1 (10) B o
e ! UN(0) 2 , . Bz
~ 1—|—[ J 271:EF Sdz zRe['p‘I" ( +12n)]x

2n(l — UN(0))

'

(1+m \/_ =1t vita ’

1
1 1 1 2
=) e I =
] E‘(I+JI+A)—W\/I+\/1+A

-

S 5 -1 Nz ‘
e =1} V2 arctg = 15)
(4]'1+A‘ ] T+ d—1 A1 (',

where ! . . - . ,
4 =[~_U_N(°) Z_T (16)

- 2Ep(1 — UN(0)) '
From (15) the electronic mass m* decreases as the temperature T' increases

and from here: i , .

R ) Co=ro T =+(T) T ‘ . (17)

m
U

Two-dimensional lattice specific heat. Using the Debye method the spe-
cific heat of a two-dimensional periodic crystal lattice contaming N idenmtical
atoms at low temperature varies with temperature as 72. Indeed

.

~ - dU ’
C ===
1 dar ] (18)
with
. op 1
- | U:f e -ho - gle) b " (19)
; %, e KT _ 1
. 0
and glw) =S—'V°’—v, where S 1s the area of the crystal (1s chosen to be umity).
vz .
Thus 1 the low temperature limit .
=24((3) - N - K, oo ~ T (20)
- D
where {(n)-is the zeta Riemann function and -
0, = ﬂ';z/_;’i , N = — 3 — is the Debye temperature of a two-dimensional crystal.

e
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N 3
a

Conelusions./ The specific heat of a 2D high T, superconductor was calcu-
lated in the low temperature limit. We find that -

C=C,+C=yI) T+ AT @1

W1th a temperature dependent ,effective Sommerfeld constant” The tempera--

ture dependence’of the ,,Sommerfeld constant’ 1s connected with the tempera-
ture dependence of the etfective electronic.mass, which decreases with tempera-
ture in agreement with ciclotronic resonance and heat’ capac1ty measure-
ments

"
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. “IMHE FRACTAIL STRUCTURE OF THE ZEROSETS

Z. GINGL*, Z. NEDA**
i

ABSTRACT. We studied the fractal properties of the zerosets for 1, 2 and 3
dimensional random walks on square-type lattices We obtained the same D =
= 0 5 dimensional fractal structure 1n 1 and 3 dimensions, and a totally diffe- '
rent behaviour in 2 dimensions d = 3 is a critical dimensions, for the zerosets.

1. Imtroduction.- The aim of our paper 1s to study the fractal dimension of
the zerosets generated by random walks on* 1 dimensional (1d), 2 dimensional
square (2d), and 3 dimensional cubic lattices (34) We define zeroset as the set
containing the time-moments m which our particle intersect the origin For an
mfmite random motion this set could have a fractal structure on the real
axis, characterized by a D(0 < D < 1) fractal dimension. We proposed to
determine this D fractal dimension.

2. The Method. Taking account that our motions on the chosen lattices
will be 1 discrete steps we must use the number of steps as the time variable
One can mmmedjately observe ‘that a particle might be back in the origin only
after even number of steps The D fractal dimension.will be-calculated by exa-
mining the length distribution of the ntervals between the points of the zeroset,
using the following theorem [6]

TeEOREM The distribution of empty regions (holes) in a fractal of dimen-
sion D, scales as a function of thewr lmmear size with an exponent —D — 1.
The statement 1s essentially the following .

‘ n(e, As)‘ ~e=D-1 . de, 1)

where #(e, Ac) 1s the number of gaps (empty regions) of length between e and
e+ Ac .

The length distribution of the intervals between the points of the zeroset will
be studied analytically (14) and numerically using the following recursion for-
mula .

Q) = P(N) — ¥, Q@) + P(N — 1), @)

t=1

Q(+) : 1s the probability of returning f1rst time m the origin exactly after
2 random steps,
P(z) . is the probability of finding the particle tn the origin after ¢ random
‘ steps .

i
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Using simple combinatorics we found the P(z) values for our lattices - Now -
with Q(2) = P(2), and with equation (2) we are able to study Q(N). From equa~
tion (1) we have ) . N

QW) '~ N-p71, 3)

and 'so for N » 1 we can determine the- poss1b1e D fractal dimenstons
3 The 1d ease. For the 1 dimensional random walk

N\
| Lol
NJ2 4 .
. P =55, (4
and using equation (2) we éstabhshed an analytical - result for Q,(NV) )
i ol [N—2] 1 .
o= e Al w= (5)

Now it 1s easy to study analytlcally and numerically the asymptotical behaviour
ot Q,(N) Loganthmlng (5) and usmg the Stirling formula, we fdound tor

N > 1 that

0Ny ~ NS, - (6)
and so. ; Y

. =035 ; (7}
In accordance with the known hterature Iesults [2] [’7] we got the D, = 0.5

valte for this fractal dimension
4 The 24 case. For this random walk we have

Py(N) =5 [;éj;]z:Pl(N)z\ L ®

Unfortunately we did not find any analytical Iesult for Q.(N), aﬁd so we studied
1t only numerically ‘
Examining the [1#'Qy(N) — 1n (N)] plot we got —Dz(N) — 1, in functicm

-of N .The Dz value we are lookmg for 1s the asymptotical limit of —Dz(N) —

— 1{{(—Dz — 1) = limy,(—Dz(N) — 1)} -r
Now supposing that —Dz(N) — 1 convetge as ‘
—Dz(N) —1=(=Dz—1) - [1 —C . N=«], (o)

we can determine C, Dz and « with the Gaussian best fit method We
seached to calcdlate Q,(N) until N,,.. = 60 000, but the convergence was stilf
very weak (a <02) The best values we obtammed on the [N,../2, Nyl
mterval were « = 0 1315'and Dz = 0 0684 From this results, we conclude only
that for N < 60 000 the zeroset of a 2d random walk cannot be approximated
as a sumple Dz dimensional fractal, because D3(N) 1s not constant even for.
large N For the N — oo asymptoticals 11m1t our results suggest only that Dz
must be smaller than 0 07! e N
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5 The 34 case. In a cubic latfice -

i LIRS

Working exactly as in 24, surpisingly we found that the convergence of the
—De(N) — 1 sertes is good even for small N and the zeroset has the same struc-
ture as in ld, with the fractal dimension -

Dy=05 | (11)

It is worthwhﬂe noting that the convergence for —D4(N) — 1 is even better
that in 14 ’

. 6 Conclusions. We conclude that after four results, the zeroset of the 14
and 34 random walks has the same fractal structure with the D = 0.5 fractal
dimension The approximation for small N of the zeroset with a D =0.5 frac-
tal is better ;n 34 It seems that d = 3 1s the critical dimension and so for 4> 3,
© P(N) and Q(N) will scale in the same manner

Ny \

e

1d 2d 32
P(N)~ N~O08 N-1 NTi5 '
! (N~ N—18 (N1 088) N8

\

Unfortunately 1o 24 the approximation of 'the =zeroset with a Dz dimensional
fractal 1s wrong for N < 60000 For the N - oo asymptotical limit we obtained
only that Dz << 007 It would be interesting to study this problem in higher
dimensions too
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INFLUENCE OF THE DRIFT ON THE ABSORPTION OF
‘ ELECTROMAGNETIC WAVES IN THE LOWER
IONOSPHERE

$2,0CS GYZA* and SZOCS HUBA**

A BSTRACT. The absorption of the electromagnetic waves increases with increa-
sing electron-concentration of the ionospheric layers Investigation of waves
with specific wavelenght yields valuable information on the state of the somo-
spheric layers The 4 — 3 method at 185 kcps frequency has been applied
our observation Relationships between variation of the monthly averages of
L’ absorption coefficient and the magnitude and direction of the ionospheric
drnift were studied using correlation analysis

) l/

Electron concentration of the ionosphere 1s described by the continuity
equation

-

dN|ot = g — kN2> — div (Nv),

where ¢ 1s the time, N the electron concentration, ¢ and % coefficients of origin
and recombination of charges respectively, and v the velocity of convection.

e A

All these factors are hardly foreseen, the term div(Nwv) which is characteristic
for the, charge transport, has a special nmportance Hance the drift (1e the
fcharge transported by the eftect of .he geomagnetic field) plays an important
use in the electron concentration

The relationship between the drift and\‘che absorbtion of electromagnetic
waves has been analysed Wave absorption increases with predetermined wave
length field mformation and the condition of ‘che5 lower ionosphere.

In our studies the 4—3 method was applied, which is based on the. refle-
xion of the electromagnetic waves at imcreased imcidence Absorption of very
long and long waves 1s characteristic for the lower und upper layers of the lower
ionosphere, respectively Monthly averages of L' absorption was considered for
increased incidence of waves with f= 185 kHz(wave length = 1622m). The
transmitter was the Deutschlander, while the receiver was the Kuhlungsborn
(53.4°N and 12 6°E) The surface distance between the transmitter and receiver
was 195 km Measurement of absorption was determined at night between 100
grades solar zemith and 23 30 UT, while measurement of v(ms~?) and the incli-
nation angle ¢ characteristic for the drift was determmed between 23and
2330U0T : -

The monthly averages of L(dB) 1uV[m, the declination angle & for 1969,
the number of days of drift measurement and v monthly averages of drift velo-
city are given in Table I )

* ,Esderhdzsy Kdroly” Pedagogical College, Eger, Hungary
** ,Kando Kalmdn Technical College, Szekesfehervdr, Hungary
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Table 1
Nr Mounth L 14 U Day
aB mfs grade
1 I — — — —
2 F 22 48 64,75 ' | 20
3 M 21 40 226,75 16
4 A 22 42 186,25 20 -
5 M 25 44 214,11 17
6 I 25 41 185,50 20
7 I 24 45 191,05 19
8 A 24 41 172,66 14
9 S 21 44 248,21 14
10 (6] 19 39 230,79 19
11 N 19 42 118,50 25
~ 12 D 22 40 123,13 24
Medial 22,18 42,40 184,98 18,20

)

The absorbtion v 1s plétted in Fig 1, while L us @ 1s plotted in Fig 2 Ana-
lysts of the two graphs shows the trend of absorption and drift to be comparable.
Correlation coefficient between the two series of data 1s 050 ,

Fig 2 15 a hodograph of transport velocity against the declination angle.
Vector v 1s proportional to the section, while position is given by declination
angle @ 1n an East-North Coordunate System

The analysis resulted in the following conclusions

1 The value of correlation coeffictent # = 0 5 proves that the drift has a,
significant effect on the condition of the lower 1onosphere

2 Hodograph of the drift proves that the change of monthly average of
absorption 1s caused by a change m direction of the 1onospheric drift (taking into
account, that the magnitude of the velocity does not change considerably).

Fig 1

%
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'
4

3. Absorption is mfluenced by horizontal, and vertical components of the

4 In addition to the ionospheric drift motion, the electric charges are gover-

ned by the other factors That 1s, the lower layers of the ionosphere motion , of the
electric charge 1s also mfluenced by atmospheric turbulence |

S Multlple correlation computation renders a better understanding of the

different factors influencing condition of the lower ionosphere.

Note There are two points to be mentioned about the effect of the horizon-

“tal drift on the iomospheric absorption of the radio-waves On the one hand,

the effect of the horizontal drift, altholigh it generates a vertical charge notion,
is hardly demonstrated by a single resultant parameter like the absorption.
On the other hand, the 1onospheric absorption of radio-waves, by transaction
of the electron-density, 1s a function of the electromagnetic radiaton of the Sun.
At the observed frequency (Deutschland sender-Kuhlungsborn, 185 kcps) the
radio-waves are reflected at a height of 90 km (2 ¢ at the bottom of layer E)
where electron-density, 1n general, 1s governed by the electromagnetic radiation.

Thus the absorption varies according to the zemith distance of the Sun

(cxcept dor the winter months, due to the winter anomalies), while the drift-
velocity at the described height reflects the independent motion of the neutral
gases, which are able to carry the charged particles whose concentration are
lIcss at several orders of magnitude This 1s also proved by the direction'of
tke duft, which (in accordance with the crrculation at the level of the mezo- .
pause) 1s east-to-west 1n summer,mqnths a\nd west-to-east in winter months. e

[V XY
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THE SUPERRADIANT MODEIL FOR FEL

SPERANTA COLDEA¥*

1

ABSTRACT. A short analysis of the superradiant FEL operation 1s presented
The case where a Stimulated Raman Backscattering FEL operates as an ampli-
fier for noise 1s considered ‘

1 Introduction. The analysis of the superradiant (or superluminiscent)
FEL model 1s made based upon some theoretical study of the radiation
produced by the mteraction of an electron beam with a rippled magnetic field .
[17 — [8] From the imtersection of the Doppler-shifted negative emergy space-
charge mode and the cyclotron waves (1n the dispersion diagram) with the wave
-guide modes of the beamr,'excited m a SRB—FEL, the spectrum of resul-
ted radiation can be investigated Experimentally was established that this
radiation occus mn the 10—30 GHz spectral region Only the negative-energy
{Stokes) modes are unstable, the positive-energy (antiStokes) mode being stable.
“The analysis 1s complicated. by the existence of many wave-guide modes and
- the 'presence of the beam noise ) .

2. Diseussion Some intense submullimeter radiation produced by SRB
process from a strong microwave pump field was also discovered (4] In this
case we must admite that the role of the rippled field was also to produce a strong
pump wave 1n the electron frame, we will'simplify the study by considering a
short ondulator (wiggler) period which permits the generation of a radiation m
the millimeter frequency region

The mechanism of the superradiant process could be described as follows.
the ponderomotive force of the beat wave, produced by the pump, and the
growing scattered wave bunch, the space-charge of the electron beam and the
pump wave scattered from the periodic space-charge fluctuation reinforce the
scattered radiation [5] The present noise on the beam is amplified (the SRB
process 1s a convective instability)

, If a short-pulse, moderate dense electron beam (with 15us), v, = 2,
w,/2n = 2 GHz) 1s used, we can examine the dependence of power upon pump-
amplitude Usually, in the experiments the strength of the rippled field is control-
led by pulsed wigglers It was observed that the signal mutially achieves a thres-
hold, this will increase exponentially, the increasing coefficient bemng linear
in pump-wiggler amphtude The existence of a threshold i1s a characteristic
of the three-wave parametric processes, being related to the wave-coupling
mechanism [6]. . )

Two modes were 1dentified expertmentally. one due to scattering from the
space-charge mode, and another due to scattering from the cyclotron mode
[7]. The dependence of superradiant SRB upon pump amplitude is a linear
one

* Untversily ,,Babes-Bolyay’!, Department of Physics, 3400 Cluj-Napocs, Romania |
! ' ]
B \
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" The, growth rate of the. cyclotron mode Varles as © _rather than

and its dampmg rate varies as o} .
If the intersection of the beam dispersion line with the wave- -guide modes

is near the light line, it 1s clear, that single resonances will be produced If -,

"and «, suffer a varnation, the mode coupling’ process can be 1dentified

The study of the dependence of scattered radiation power on the ondulator

length reveales a .convective instability The power of the cyclotron mode will

be saturated, if the pump amplitude increases Probably the saturation nonlinear
process 1s caused by the beam-dynamics effects

. It 1s cleat that, when o, = eB,j/mc = v, (the pump wave frequency) or
®; = @, = Yu, — w;, the eff1c1qncy of three-wave scattering will be enhanced.
We could demonstra‘;e this by considermg a” helical wiggler (ondulator) with
the period [ = 18 mm tmposed over a small current electron beam (y, = 2,
I = 1EA), 1 the electron frame of motion Two resonances tn scattered radia-

', tion signal should be found, when the electron gyrates 1n the same sens as the

helical field When the B,, field 1s reversed no resonant effect 1s obtamed The

two “resonances correspond to Q, = y&, and Q, = o, = vo, — o,
As a conclusion we can observ that are many limitations i ‘the supperra-

" diant- FEI, operation the output radiaticn 1s dependent upon the noise pre-

sent at the beam mput into:the wiggler, alto the spectrum of unstable modes 1s
darger when the gam pump amplitude 1s increased (the finite bandwidth 1s given
by Aw, ~ “Im ), this phenomenon being observed expérimentally too In the

Raman regime FEI, operation, the line (bandwidth) 'broadening mechamism

is a' homogeneous one R
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CROSS-POLLARIZATION RATE USING A TIME AVERAGED
PRECESSION FREQUENCY

I. ARDELEAN*

ABSTRACT. A theory based on formalism of projection operator 1s developed
to describe the rate of thermal mixing Trs between two spin species, one abun-
dant (I), irradiated with a phase alternating radiofrequency field, and other
dilute (S) The cross polarization spectra 1s obtamed

1 Introduction. The introduction of the cross-polarization technique makes
possible to overcome the low sensitivity of dilute spms, and provides a mean
of observing the N'M R signals of those nuclei 1n solids [1] However, this met
hod cannot readily be applied to nuclet with low gyromagnetic ratios, such as,
57Fe, 103Rh 1870, because to achieve the Hartmann-Hahn condition
127 with those nucle1 very high values of #f power are tequired

A method to reduce the #f power requirements for the crosspolarization of
nucler with small gyromagnetic ratios, which i1s based on the tume average of
the precession frequency, has been realized by Takegoshi and McDo-
well [4] They have shown that by alternating the phase of the I spin loc-

king #f field, the precession of an I spm 1sochromat around the effective field
is t1me reversed

In order to design the efficient cross-polarization using a time-averaged
precession irequency process, the understanding of the spmn dynamic 1s essen-
t1al The present paper 1s concerned with a particular situation of current expe-
rimental 1nterest, one 111 which two different species of-nuclear spins, one (I)
abundant and the other (S) dilute, come to mutual equilibrium through a pro-
cess of cross relaxation in a time denoted by T

A schematic representation of the .cross-polarization using the time-ave-
1aged precession frequency (CP — T APT) 1s given mn Fig 1 The enhance-
ment of the S spectral line intensities 1s performmg by cooling the I spins first
8; > Bz, and then crosspolarizing the two spin systems in order to increase fs.

Here I spins are prepared by a 90, pulse followed by a phase-alternating
spin-locking #f field 4Y(—Y), one can control the angle .of precession of the I
spin around the effective field m a cycle tume ¢, = ¢, 4 ¢, As long as the cycle
time £, of the phase alternating sequence of the I spia- lockmg field is short
compared to the correlation time t, of the dipolar fluctuations m the tilted.
Totating frame, 1e 7, <7, the apparent precession frequency of the I spin 1sochro-
mat around the effective field felt by the S spins 1s the tume average one [4].
Then the new Hartmann-Hahn condition for cross-polarization using the time-
averaged precession frequency (CP —TAPTF) 1s

Qe = O (1)

* Polytechnical Insirtute, Physics Department, 3400 Clu;:l\’aﬁoca, Romama
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Fi1g 1 Pulse sequence for the CP-TAPF experiment, ¥ and —Y
represent the phases of the I spin-locking field

\

with @, = o, (t; — t5)/t,, where o, =1H,, o,;=+v,H,, Therefore the S
spin, 7f filed strength required for cross-polarization can be reduced by a sca-
ling factor (4 — 1,)/t, < 1 from that reguired to achieve the Hartmann —
Hahn condition
2 Hamiltonian and frame of reference. The most common spm system
encountered m the double resonance expertments contams ‘two spm species
I and S with different magnetogyric ratios +; and v, The sample, which con-
tains N; and N spins (V; > N|) 1s placed m a large static magnetic tield H,.
The field H, 1s supposed to be along the Z axis We discuss only the situation
in which we may neglect the relative motions of the spins, and all the spin
lattice relaxation times of both spin species are taken to be mfinitely long
The high field double-resonance Hamultonian in the laboratory reference

frame 1s
I H:HI+Hs+HI;+Hf(t) (2)
The Hamiltonian H, 1s defined as | \
H, = T Hu . (3) .
where \ - / N
H,; = —ogl, o =-+/H, represents the Zeeman term and H;; desciibes di~

polar magnetic interaction between I spis
The Hamiltonian H, which characterizes the dilute spin system 1s

H.S = HZS .—‘I— HS?
where H,, = —.,S, Because we are mterested in the behavior of spimn system
on a time scale small compared with the spin-spin relaxation time of the S

spins, we can neglect the term H_ in eq (4) P .
The Hamiltoman H,; describes the teracion between I and S spm

systems
The Hamiltoman H,,(!) describes the interaction of the spin system with

radio-frequency magnetic field of amplitudes H,;, and H,, and frequencies oy
and o, It has the form
H,(t) = —2w); I cos ot — 2w, Sy cos ot (5a)

1
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for +Y.phase of #f field, and
H ((t) = 20; I, cos ot — 2w ; Sy cos wt (5b)

for —Y phase #f filed Here w,; = y,H,; and o = ,H,, lor convenience we
have used n eqs (3) — (5) units i which # =1

The time evolution of the statistical ensemble, having an exp11c1tly time-
dependent Hamuiltonian, can be descriebed by a density operator p(f) which
satisfies the Liouville-von Newmann equation

7 )

1= oll) = LH, o)1 = Helt) - (6)

where H = 1H, . .]is a Liouville operator

A solution of eq (6) can be obtamed if we describe the statistical en-
semble m a new quantum-mechanical representatmn defined by the canonical
transformation [5]

err(f) = (TR) o(t) (TR)™* | (7)
here '
R=RR, Ryic ™% R —¢"% ' (8a)
and )
T =TT, T;=c*", T, =% (8b)

" chese defining ,tilted rotating frames”. In these reference systems the Hamilo-
man of I — S spin system 1s°

Hpp = (TR) H (TR)* + {TR(TR)* )

A concrete expre—sswn for Hrp can be obtained from eqs (9) and (2) — (5)
in which -we constder only pure dipolar coupling between the spins for +Y
phase, 7/ freld |,

Hir = —o,l; — 0,S, + P, (cos 8;) H}; + H; (10a)

and for —G phase 7f field o
Hig = oul, — 00,5, + Py (cos 0)HY + H, " (10b)

wheie the effective frequenmes are 0,7 = [0} — Awi]”? and o, = [0} +
+ Awl)?2 with Aw; = @y — o7, Aw; = 0y, — o,. Here Hj; — zero-order, ave-
rage of homonuclear dipolar Hamiltonian -

- Hfl = )—J b _:, J - BItZIjz) i . (11) l

. 1<7

—~

with the interaction factor
b, = tihrg P, (cos 8,
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The Hamiltonian H, describes I — S spin interaction and at resonance it
is given by

H = L bm; L'Y mY . N - (12)‘ i

1,m

with
bmt = —2 YIYS.Fl 7;”::P2 (COS em:)

In the above expressw}ns, the mdices (¢, 7) and m refer to the I and S spins,
Tespectively, 7., 1s the distance between 2 and 7 spimns, 0, 1s the angle bet-

ween the vector 7, connecting ¢ and 7 spins and the applied magnetic field
H,. The 0, ,angle is defined as 0, = tg™'[w,;/{w; — ;)] and to résonance
0; = =/2 .
In a CP—TAPF éxperiment we can replace the full Hamiltonian (10}
by a zero order average Hamiltonian [3] defined as
: :
! Hin = | Hexlt)

©

0
and we obtan -

= — 1
lgl‘R = \—U)glIz - E Hgl - messz + Hp (13)

where ®,; = 0,;(¢; — %,)/¢, 15 the time averaged precession frequency 1n accor-
dance with experimental results of Takegosht (4]
It is now possible to separate the spmn systems ivolved in a double-re-

sonance exXpertement into two subsystems characterized by the Hamiltonians
H; and H,; defined by

— 1
Hl =5 _wclIZ ——;Hlo[ (14)
H,= —.S, l

coupled by a Hamiltonian given by (12)

3 The computation of eross-relaxation rate. Thespin systems, which par-
ticipate 1n a double resonance experiment, can be described by their thermody-
pnamic coordinates which are represented by the quantum-mechanical average
of the observable operators. The time évolution of the thermodynamic coordi-
nates as a function of the condition of experimental preparation and the phy-
sical characteristics of the subsystems can be obtamed from the Liouville- von
Newmann equation (6) for the density operator of the whole system

In a double-resonance experiment, the subsystems are represented by I
and S spin systems The thermodynamic coordinates are defined by the
quantum-mechanical averages of the operators

e <H1>; = Tr{HlpTR(t)}

(15)
{Hy), = T_r{Hzer (t)} '
)
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An exact kinetic e§uation for the thermodynamic coordinates defined by
eq. (15), has been derived in an elegant manner using ortogonal operator expan-
* ston [5] and projection operator techmique The ortogonality of the operators
is' defined 1n the following sense

T{HH,} =0 | _ (16)

Defining the projection operator P on the subspaces of Hamiltonian ope-
rators H,; and H, are.

Hy
P= B TH, )b S TH, ) (17

From egs. (6), (10 (13) (15) for kinetic equation we obtain

Y

2(H, = —+ TAHBrxPorglt)) — T, HyaS(0) (1 = P) pral0)} -

‘ AN I A ® (18)
— S at'T {Hv HpxS(t — t') (1 — P) H4x Pere(t)}

0

where 1 = 1,2 and
§(t) = 6—1(1—-P)ﬁoTRt o (19) ,

1s propagator and in the lowest Born approximation we can consider tha
S(t) = S,(f). We assume here that the spin systems are prepared so that the
mitial dens1ty operator has a high-temperature canomical form

ere(0) = (1 — BH, — B,H,)/T,{1} ' (20)
where B, and B, are inverse spin temperatures
In the second-order approximation of the perturbation Hamiltonian when
a fast-correlation assumption 1s introduced for times ¢ > ¢, the limit in the
integral of eq. (18) can be replaced by infinity and we obtain

2y, = — { DA HeaSo(5) (1 — P) HinP oral0) 21
) .

Suppose now that we are interested in the cross-polarization dynamics
of dilute spms. From eq (21) the following equation can be written 1n this
case

0

4 . _SHax . CHDe
o Hov= g | e ClHy Hy, 0 + 28 s gd <C(H,, Hy,7)  (22)

f

}

4
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\where the correlation functions are defilied by
C (Hy, Hy, %) = TAHH,) So(x) (H,Hy)}, -
ClHy; Hy, =) = TAHH,) Sy(=)(H,H)},

for which the following reiatmn is valid
( &-1CH,, Hy, <) + C(H,, By, 1)1 =0

We can define new thermodynamic ccordmates by

Bi() = <H:»/T{Hi}, B,() = <Hy)/T {Hz} (24)

which in the high-temperature approximations have the dimension of inverse
temperature (¢ = 1) For these formal inverse spin temperatures, the following
equation is valid [5]:

. B Byl — Balt) '
_ 9
ot Trs (25)

where the cross-relaxation time which characterizes the cross-relaxation process
is .
=23
N

T3 =\ de TUE ) exp [, + B)e] (B H)} (26)
0

Using the particular forms of Hy, H, and 'H, we obtain
1
T = £y My si].(A,)

where the spectral density function which .describe the fluctuations in the ther-
mal bath represented by the abundant spin system are given by

L@:s«mm@m

with C,(7) the dipolar autocorrelation function

C {(E blm 13) exp [é HIOIT] ()J b‘m; 15 }/T{ Z bmz 12 }
and Aw, = wbs @,z

In eq (27) Mo s 18 the Van Vleck second moment of the magnetlc reso-
nance line determmed by the cross coupling dipolar interaction

From eq (27) we can observe that maximum cross-polarization rate is
obtained for w,; =0, (Hartmann-Hahn condition) in according with
experimental results of Takegoshi and Mc Dowell [4].

4
!
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'4 Conelusion. The heteronuclear polarization transfer rate in the case of
double resonance time averaged precession frequency have been derived The-
maximum transfer is obtamned for Aw, = 0 which verify experimental results.
[4]. Also have been obtained the variation on 774 with ®,; — «,, as a cross—
polarization spectrum
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THE AIR-QUALITY USING TO MEASURE THE BETA-RADIATON
FROM AEROSOLS IN CLUJ-NAPOCA

MARTA BAYER*, NICOLETA HIRISCAU*, E. MUNTEANU*

ABSTRACY. The nuclear activity contributes to the radioactive loading of
the atmosphere The radioactive materials contained by the air may irradiate
the man directly, by inhalation or immersion, or indirectly , through nours-
liment chain [2, 3]

The radioactive aerosols are formed by the scattering of the radiocactive
products 1n the air, their composition being variable and frequently very
complex

This paper presents the obtained result regarding the radloactxvxty of the
aerosols long-lrved constituent through ovefall beta measurings

The used working method [1, 8, 9, 107 was based on filtering a definite air
volume through FP P and ST F-21-50 with @ = 3 cm This was mounted
on a plastic or metallic holder and an air pump connected. The filtering lased
7—8 hours during this time, a quantity of 25—30 m3 air was filtered, beng
absorded by the FP P for aerosols and S F L - 2I-50 for the radioactive gases
special filters The total volume of air sempled can be measured- The filter is.
analysed to obtain the integrated radioactivity per unit volume of air By weigh-
ing the F P P filter before and after aspiration we can estimate the concentration.
of powders in air. Before the measuring, the FP P filters were kept in boxes.
for 3—5 days in order to eliminate the interference of the Rn and Th short-
lived products

!

Table 1
Date of Volume of Concentrations of Beta radioacti-
filtering air (m®) powder (ug/m®) vity after 48

hours (mg/m?)

1991

\
Jan 20 ’ 20 065 . ,284 22 4-4
Febr 25 24 656 333 13 +4
March 10 25 317 4060 30 +3
March 17 25 248 4120 24 +4
March 24 25 500 204 0 24 +4
March 31 30 134 2060 25 +3
April 7, 28 034 142 6 31 +4
April 14 27 162 1022 38 +5
Apnl 21 25 340 3433 13 +4
May 6 27 002 403 7 20 +4
May 25—26 45 674 374 4 22 +3
June 9—11 76 134 4426 26 +3
July 8—10 75 490 2450 18 +3

&

* I'nstiute of Public Health and Medical Research Clug-Napoca
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The radioactivity of the filters was measured by putting them on known
“fund salvers placed 1n an anticomeidence counter connected to an impulse-me-
ter. .

The reaults are presented in the next table From these F PP for aero-
sols filter after their’ measurement.of the. beta*— 1adiation and I—131 and
Cs—137 isotope contents will be determined, black smoke and the others pollute
substafices and correlation will be searched between these

In the first part of year 1991, the air quality in Cluj- Napoca by overall
Deta radioactivity and I—131 measurmeent was not- ‘worried’ - ‘

\
.
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BIFURCATIONS AND CHAOS IN A FAMILY OF LOGISTIC MODELS

-~

P. E. STERIAN, I. M. POPESCU*, V. NINULESCU*, 0. RANCU* /

ABSTRACT. A family of maps of logistic type 1s presented and analysed The
characteristics of such logistic maps are given by a classic analysis of this appli-
cation Discrete mappings are easier to handle The conclusion 1s that the simple
discrete mappings could have a complicated behaviour, with evolution chaos,
but following the universal routes

It 1s important that the presented applications’ family can be known and
investigated further

1 Introduction. The work deals with a family of one-dimensional discrete
mappmngs :

! 3 X1 :f<x¢ ’ tl’ 7’1, Fay < v s, 71;)
where x, characterizes the system at ,time” ¢ f 1s a differentiable function
that applies an interval into itself and r;, 7, , ¥, are parameters

Discrete mappings are easler to handle than differential equations which
can be mtegrated by iteration.
Sumple discrete mappings can have a very complicated behaviour, with
evolution chaos, but following universal routes
" 2 The family of logistic models. Let’s consider the simplificated model of
a population nonmteracting with others We denote by x(f) the number of
organisms at time ¢, the mcreasing average rate of the population on the interval

[t £+ =] 18 ‘

— (v(t + 1) — %)/~ 1 0(: —
#(£, 7) PEETTERE (Itm. O(, <) = 0)
=0

from which

so that ‘
' 28 = r{t) x(t) K ’

For small populations 7(£) = #, (the static birth rate) and the population is
exponentially 1ncreasing. When the population became large enough, the com-
petition between organisms can’t be ignored and r(f) <7, We consider Ver-
hulst’s effective (dynamic) birth rate -

N . ity =r,—ax(t), a>0

* Polytechnical Inststute Bucharest, 79585 Bucharest, Romania.
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The population evolution will be given by the differential equation
&'() = x(0)(ro — ax(t))
and — using a lmear transformation — by the corresponding discrete mapping
X1 = r%,(1 — %))

wh1ch is named ,,loolstm
The famlly of logistic models is [1]

(1) Hir1 = m,(l %), 0<% <1, 0O<r<4
(?) et = xexp (r(1 — %)) - ’
@ x,+1—-x(1+11——x,) .
4) Hr = {1+ (1 — %) + (H2)(1 — x,)2) o
6) - mn =4l -+ A = ) (YL — ).
©) Fir = xexp (L — ), 0<L <1 -
(7) - X1 = rxy
(8) Ti1 = %(1 — bln (ray))
© - lx,+1?|= ‘rx}_blexp (—x,) _ |
(10) . mp=x(1 — bln (rx) 72 exp (—x)
(1) - - Firr = aé,(l — bln (rx,) r;(l — %) .
(12) . Hyr=%(1—0ln (7 ) 7'2(1 — %, — x;[2)
(13) Ky = %, exp (2™t — rzx}’ N, 7, 7e>0, n > m>1
(14) - %y = (1 + 72 — r,2)), 7, 75>0, N > M >0

The deriving of models one from each other has been made by Mac
Laurin expansion, by transformations and combining parts of other models.
‘The model (3) is reductible to, (1) by the linear transformation x,= (#/(r + 1))x
rand by #—»7—1 As (2) by Mac Laurin expansion and retamning till lmear,
square or cubic term will give (3), (4) and (5), we reach the relationship
between (1) — (5) models. In (6) the linear transformation #,— (1/L)x, implies
(2) where 7> 7L < 7 ' ) o7

3. Models’ characterization ' -

a. Bifurcations diagram and routes 1o chaos. The study of the models wher
one of the parameters is varied shows these change from a regular behaviour to
an irregular one (chaos in (1)—(6), (8)—(14) models or’ unbounded evolution
(7)) : ,

The typ1cal behaviour is plotted in Fig. 1 where we have, considered

the model (1) with 0 < x, < 1 and 2,8 < 7 < 4. We got it plotting for each

o ¢ - - -

3
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Fig 1

7 the iterations from 100 to 150 The first 100 iterations were only compi-
ted %, = (0,1) 1s arbitrarly ‘

The model (1) has two fixed pemnts (solu‘uons of f(x¥) = x equation)
2} =0 stable for 0 < #<<1 and x5 = 1— 1/r, stable for 1<r< 3=
When 3 < 7 < 4 there are no stable fixed pomnts (|f'(x)| > 1 for x = fixed
point)
We will study the system for these values of » taking the second 1te-
rate of f -
fpr = fH#) = 73(x — (r + Da2 + 2r° —rat) (fr=fof)

This has evidently the previous fixed pomts and m addition the solu-
~ tions of equation

75— (r+ D+ 14 1fr =
namely ' N
ah = (r + 1A/ (r + 1)(r — 3)) [(27)

Because we have

\
Fra) =) =1"(x3) f(x3)
the stability of these two pomts is identical We have
F5) = /(i) = (f¥(x5) + /¥ (x3))2 =
=721 — (r + 1)(® + 23) + 32y + 27) — 27> + x9)) =1 — (r + 1)(/'— 3)
?.nd the stability "condition gives

<1 4f6=1r2
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With# € (rq, #,), aftera suff1c1ently high number of iterations, the sequeuce
{%,},en settles into a 2-cycle oscillation 3, x7, x5, a} S0, at r=r, =7
the system has a period doubling bifurcation

Increasing » beyond 7, ithe fourth iterate map f¢ has four stable fixed
powts 1n accordance with Figure 1 The bifurcation theory with doubling period
was obtamed by Mi1tchell J. Frigenbaum [2] who proved that the
system exhibits a sequence of bifurcations at

T - S 3,560045 .
and the sequence {7,},ey converges geometrically at a rate

: w — Ty 1
§ = lim—=2== = 4,669201 .

n—00 Yy — 7y
so that with'# not large wq" have
. ) ¥, X ¥y — C3"
. For > 74 the system 1s chaotic - .
On Figure 1 one can see a ,,window’” in a chaotic region This window
is plotted again in Figure 2 on.which its limits are clearly noticed.
We explamn the ,,window” — in accordance with Figure 3 — by the

existence for the iterate map f® besides the fixed pomts %} =0 and # =
= 1 — 1/r of other three pairs of fixed points. Each pair has one stable and one*

unstable fixed pomt formed at r =1+ "A/8, ‘the value of the knob # at which
the first’ bisectrix is tangent in three points at the f4 diagram.
The bifurcation 1s named tangent bifurcation. Related with this is Sarkov-
ski1 theorem [3] The natural numbers set is written N =4 U B where A =
={2 In>0,1>3 1odd} and B= {27 |m > 0} With the order relation
on N - ’ '

357 ...2- 325} ... 223 ... 22212} 1

Xt 1 00000E+00 | L0

\  [RETEETTT TR
PR

~ 4
-

0.00000E+00 s
38 13.85000E+00 39

Fig 2

>
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Fig 3 ‘

the theorem says that for every I R — R continous mapping that has a periodic
orbit ot period #, T has a periodic orbit of period # tof every m € N such that
n - m

So, the periodic orbit of period 3 mmplies the existence (for the same value
of 7} of ortits with arbitrary period Nevertheless, there is no general theorem
concerning the stability ot periodic orbits In Figure 2 one can see the interval
of stability of 3-period orbit and 3 2 bifurcations trom the family 3 2%k = N).

Model (7) 1s a singular case in considered family With f(x) = ra'-%, the
,Schwaizian derivative” [3]

Sf(x) = £ (D)If (9) — (7 (W) IF ()2 = b{1 — bj2)x—

s no negative defined so that the model hasn’t the sequence of period — dou-
blings To 1llustrate system behaviour we suppose r = 1 The map has the stable’
fixed pomt x* =1 for b = (0,2) (Figure 4 a,b) and lim x, = o0 for b > ‘2

t—»
Figure 4¢). |
b. Lyapunov’'s exponent The mappings considered.are one-dimensional, so
we have only one Lyapunov-exponent

n—1
2(r) = m =Y In| f'(x,, )]
n—o0 1 7=0
where %, = f(x,_;, #) and x, 1s arbitrary in the intervals of the models

Figure 5 shows a typical variation, of Lyapunov’s exponent for a system
that evolves to chaos and 1s i a good agreement with diagram bifurcations
(Figure 1) The values 7 < 0 mdicate regular behaviour of the system and the.
existence ot some stable periodic orbits, y = O m the biturcations points and
x> 0 for the chaotic behaviour The route to chaos with Pomeau— Man-
neville intermittences is 1llustrated too, moreover, one can see two k-

periodic orbits for » < 1 - \’/g at which appears the 3-orbit.
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¥4 (b)

| T=b=2

Xt
{c)
h=2

4, Conclusions, applieations.

The study of the family of logistic models emphasizes the similarity in beha-
viour, the routes to chaos by pertodic doubling bifurcations, except model (7),
when one of the parameters 1s varied ’

. The models are used 1m continuous or discrete forms in economy (inventions,
diffusion, forecasting of energy consumptions, m biology (the growth of an
organism, demographical problems) ete [1]
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NATURAI, GEOMETRIC SETTING FOR
( THE ANTI-BRACKFET

H. BALASIN*, L. TATARU**

»

ABSTRACI. Despite the fact that there 1s a natural symplectic structure in the
Hamiltoman approach even in the extended phase space (1), the corresponding
one 1 the Lagrangian approach 1s shill missing We present a geometnc\hsettmg
for the BRST construction 1n the Tagragian approach The nature of the anti-
bracket operation and 1ts connection tothe Schouten-Ni1jenhuis bracket
will be clarified Finally we present an extension of the geometric construction

+ to.nclude the ghost degrees of freedom

’

‘ 1 Introduetion. A physical system may be described by the space of alk
trajectories M, where the physical subspace M, 1s singled out by the action.
3nct1on SecC »(M) using the condition ¢S = 0 In the presence of a gauge

Oup G even M, ccnfams 1edindent 1011115 That 1s {o cay elements of M,

Tealize the same ph\ sical state 1f they are connected by a gauge transformatmn._
The physical subspace 1s given by M,/G and the physical observables become
Co(M,/G) To be defimte we assume G to be a Lie group that acts freely on
M. That is . /

.

group—mapping g, M- M Vg e G

orbit —mapping 3, G- M J,(e) = De(p)
R, (p) = G,(e) 1o, Yo} . basis of L(G)

[Ro, Rg] = fapRy ’

Since 1t 18 in general easicr to acess functions on M, we need some procedure-
to 1dentity the physically relevant functions The strategy 1s to implement the
above two step procedure mn gowng from M to M, and tinally to M, (G in terms
of the corresponding C*®-functions ‘Batalin and Vilkovisky (B V)
provided an algebraic construction to implement both steps. [2;3, 4, 5]

The passage from C*(M) to C»(M ) 1s accomplished by noticing that elements of
C»(M,) are in one to one correspondence with elements of C®(M) modulo func- '
tions that vanish on M, The latter are of the form X'9,S (under some regula-
1ity conditions) Using the Koszul resolution of (C*(M), {9,S}) [5] this may be-
stated 1 the torm H}(C2(M)® A (V)) = C=(M,), where the following nota—
tion has been used

@ T 1s the free vector space generated by elements {9; } ,

¢ 3 1s the Kesyul Leurdary cperator actirg cn the con plex

P(M) @ A (V) by its action on the generators

Institut fur Theorets sche Physic, Technische Umtersitut Wien, Wicdner HauptstraBe 8—10, A 1040, Wien, Austria.
* Unio B abes-Bolyar, Dzpt of Physscs, 3400 Clui-Napoca, Romania
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\
3F =0 VYF & C®(M)

8@; = 9,5, which has the property 8 = 0
® H§(c°°(M) & A (V) 1s the p-th homology space of 8

To achieve the acylicity of‘ S, which has turned out to be crucial for the exis-
tence of the BRST-action (see below), BV mtroduced generated {&J;} to kill

" the cycles, R*@* , by imposmng 3@, = R'D: (@z will be 1dentified with a basis
of L(G)) In order to describe the gauge invartant functions F on M,, we use
the fact that they are anthilated by the generators of the group action (ze

R.0F =0) Usmg Lie algebra cohomology this may be stated equivalently as
C»(M,|G) = HY(C>(M,) ® A(L*(G)), where we made use of

® L*(G) the dual of the Lie algebra L(G), where the basts elements will be denoted by {c*®},
© d the coboundary operator of the complex Cw(M,) @ A (L*(G)) defined on 1ts generato:s

dF = ¢*R\Q,F Vf = c°°(M,) p
dc* = 1 2 cPor

9 1By
@' = 0 because of the Jacobi 1dentity

® HH(C®(M,) ® A(L*(G)) 1s the p-th cohomology space of d

Putting the pieces together we find that C»(M,/G) = HY(HFC2(M)® A V) ® A
A (L*(G))) BV showed that 1t 1s possible i1dentify the latter with the zeroth
cohomology of complex Hj of the BRST complex C*(M)® A (V& L(G) @
@® L*(G)) with coboundary operator given by s = 5 4 d, with the property
s2=0 Smce s acts as a (graded) derivation on this complex, 1e 1t maps
,functions of the BRST complex into ,,functions’, it may be considered as
" some sort of ,,vector field”. Keeping this and the analogy to the Hamiltonian
formalism 1n mind, BV were able to construct a bracket structure on the BRST
complex, the so-called antibracket (.,.) and an element Spgsr of the complex
that generates the vector field sF = (F, Sprs) VF € Co(M) @ A (V @
® L(G) ® L*(G). |

The amm  of the present work 1s to shed some light on the underlying geometry
of algebraic BV construction (1e to identify the extended field space and the
antibracket as canonical geometric concepts ) In a second step we extend the
ratural structure to mcorporate the gauge symmetry ot the system Fmally we
briefly comment on the geometric significance of the B RS T condition sing-
ling out physical observables ‘

2 Batalin-Vilkovisky field space and the Schouten-Nijenhuis bracket. In
order to provide a natural geometric setting for the BV approach and its mgre-
dients, let us first disregard any symmetries that may be present 1n the system
under consideration Therefore we start from a manifold M, which serves as a
model for the space of all fields (M will be considered from the sheaf-theoretic
point of view. That 1s to say, the differentiable structure will be defined by
assuming M to be a Hausdorff space together with the correspondence U —
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»(U), for any open U C M, which defines the smooth functions over U.)
ocal coordinates on M will be denoted by {@‘} To set the stage for BV a-
proach we consider the supermanifold* M,, that 1s naturally associated with the
ingent-bundle TM of M [14] M,, 15 obtammed by extending the structure
1eaf C* of the manifold M to A &, where § denotes the sheaf of sections
(TM) of the tangent bundle Local coordinates of T'M obtained from {&'|}
‘e given by (@, &;) = (', 8,) With respect to these coordinates a function
1 M,, may be written as

S8, 3%) = f(B) + F(D)8, + pi WAl A A Dt e

hich may be interpreted as a section of § Functions with a fixed antighost
amber, that 1s a fixed power of &J;, are identified with p-vector fields over
I Owing to this correspondence we may take advantage of the natural bracket
ofined on p-vector fields This 1 the so-called Schouten—Nijen-
u1s (SN) bracket [., lsnv. [6, 7] Xn local coordinates 1t 1s given by

[, ] AYE) X_A%(S)> APH(S)

X, Y] = E_ﬂ—)q (—1p1XTv oY 0, A o, 4 (1)
| + (q_l o i (—me-0Y' -9, X" 5, A,
‘here / ‘
K © X e AME) Y & AY(E)
91y = %u A A 8, : :
I, =1, 1p (2)

In the particular case of p=¢g = 1 the SN-bracket reduces to the Lie
racket Interpreting A (F) as C®(M,,) we see that the SN bracket defines a
ihinear, odd (since 1t changes the degree by one) operation on C®(M,,) The
sllowing properties of the SN bratket are readily obtained from (1). '

® Lanearity 1n both arguments ' )
~ © Graded commutativity )

[X.Y] = (= 1)P[Y,X]
@ Dernivation property ) ‘ !
» [X.Y AZ)= [XY] A Z+ (—)P7YY A [X,2]
® Graded Jacobi identity -

[X, [Y,Z]} = (= )P [X,Y], 2] + (— )P~ DTy (X, Z7]

for the definmition of . supermanifold see the Appendix
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{The smgimicance of the SN bracket may be seen from the following examyle
Suppose we want to defime a Poisson bracket on A using a 2-vector tiled 4
and the defition {f, &} = 779,fo,¢ f, ¢ = C*(M) The condition for { , } t
satisfy the Jacoby identity turns out to be [/, 2]sy = 0 [8])

This raises the question if there 1s a connection between the canonical struc
ture defined by the SN biacket and the antibracket which 1s defined [12, 13
for arbitiary functions F, G of &, ¥* in the following manner

o F &G aF oG ' \

(F.6) =55 20; ~ 90; 200

Takmg F and G to be homogenous ot degree p and ¢ 1n the antifields respecti
vely {(1e 1identifying F, G with p, g-vectors) we obtan

1 57 "1 I
= — P . ¥ == — P
F p! A Qh ip P, X aIP:
_ Lyl A
G-—— q' 1 q@z, -@1,1 - q' Y ]a]q, (3
=L ax%s, —1  yile —— 1 xa 1 ooy, —
(F, G) p! 9,X pa’? (g— 1) YT 814—1 (p— X a’m—l g! 3,Y qa’q_
= (—1),[X, Y]Ipﬂ—lazpﬂ_l-

So we have 1dentified the SN bracket, which 1s a natural object from =
difterential geometric pomnt of view, up to a power of (—1) with the antt
bracket of the BV approach .

However, this means that we are in the same position as mn the Hamiltoniar
(BF) approach, which starts from an a priori given symplectic manifold £
which provides a Poisson‘'bracket on C=(S) The above considerations show
that Lagrangian (BV) approach starts from the supermanifold M,,, which «
canonically associated with A[ together with a skew Poisson structure. (ot
antibracket m physical terminology) on A &~ which 1s given by the SN bracket,

3 Incorporation of Symmetries. Let us now assume that the system under

consideration carries the action of a gauge group G More precisely let there

be a free right action of G on M. (In this way G- M :r'zW/G becomes a priw-
cipal fibre bundle) The Killing vector fields relative ot the G-action, which
corresponds to a given basis {y,} of the Lie-algebra L(G), will be denoted by

R, (D) = R,(@)d, Thewr commutation relations define the structure constants
[:RCU R‘.i] = fIBR‘{
Taking into account the previous section shows that we may follow the con-

struction used m the Hamiltonian (BF) approack, which extends the phase
space and the Poisson structure to the ghost degrees of frecdom Therefore
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ur aim has to be the construction of an extension of the canonical superman-
fold M,, and the SN bracket defined on C*(M,;) mm order to accomodate
he ghost degrees of freedom of the BV approach. Guided by the fact that
he ghost are odd degrees of freedom and that they belong to L%(G), our cons-
ruction will be the following
\t first let us define some extension M of the original manifold M which incor-’

orates the ghosts Obviously M hasto bea supermamfold In the next step let
1s pass to TM which 1s motivated by the way the previous chapter 1ncorpora—
ed the antifields @* Via an appropriate grading let us pass to the /\3!’ ,
vhich will serve as structure sheaf of JV.? .+ Finally by the extension of the SN
rracket to A (&*A) we will obtain the skew Poisson structure on C°°(Il//1\' o)

Che comnstruction of M 1s achieved by assoctating a vector-bundle E with stan-
lard fibre L*(G) to the principal bundle G » M 5 M|G This is achieved by
‘he following construction

E = wH(M x cL¥(G))

M X cL*G) = (M x L*G))/G,
where we take the G-action on L*(G) to be the coadjoint action, which is
defined by

(Ad*(g)o, O) = (o, 4d(©)0) Ve<G o< L*G), L = L(G) )

(4)

Finally we use the pro]ectlon MM /G to pull back the associated bundle
M X ¢L*(G) to a bundle E over M. Let us now use the bundle E, or more

precisely the sheaf of its sections e = I'(E) to define the supermanifold M to
be (M, Ale)) This object will serve as generalization of M 1n order to include
the ghost degrees of freedop A general element of C®(M) will be ot the form '

18,0 = @) + i) + ..+ L (@)

P !

with respect to a Jocal coordinate system (@, ¢*) In the next step we identify
the BV antifields with the tangent vector fields (4,, d,) given by this coordi-

nate system To this end we have to comsider the tangent bundle T i and
the sheaf of its sections &, which 1s defmed to be the set of all derivations of
C»(M). Explcitly, we have: )

v e F = (fg) = v(f)g + (—1)"f(g) Vf, g = C=(i)
v(3, ¢) = v(J, ¢)d, + v*(D, ¢)d,

ith respect to local coordwmites (J*, c%).

(5)
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’ ' - - Yoa 1A
This construction suggests the definition of M,,= (M, A (§)), where the ext
rior product A s, taken w1th respect to the gradation ’

) /\1)\_( 1)(1+v(1+v')v A v -

. =03, N3 =—0 A0, C
|_=>a|/\aa:aﬂ/\az
, ‘ © =l 0 A = I A Oa , )

The generalization of the SN bracket may be obtained from (‘1) by - simpl
taking into account the’ powers of- (—1) that arise from pulling the basis of tt
left term through the components of the rlght term. The extended SN brack

* is therefore convemently written as - {

i _ 1 Iy 14 1 I
- [X; Y] - (—1)X+‘ (mX -1 a P 1) /\ (-;T aAY qa[q) - . (’
° [ - i
1 I, 14 1 I
PR G B} 40 € 3 M RN YA B P — 7o .
] e A DY PR N P
where the index 4 denotes either ¢+ or « and I ‘1s an arbitrary collection of

\

(X, Y) = (—-1)¥1X, Y]

The properties of (7) are obviously generalized from the properties of (1) b
. replacing- p with X in the-exponent of (—1) Together with the extension 0

the SN bracket to p-vectors oyer M ths construction gives our geometr:

model of M,,, the extended field space as a skew Poisson manifold with :
skew Poisson structure given by the extended SN bracket

A ppendix.l . ‘ )

Tlus secuion 1s devoted to Lhe to basic sheaf-theoretic notions used 1n the theory of supermanifolds
In order to define the concept of a supermanifold [9, 10, 11] 1t is useful to take a different point o
view on an ordinary manifold M That 1s, we consider M to be topological space together with a1

+ assignment of a ring of continous functions to each open subset U'of M (1e U —@U) < C(U)

Moreover the family & = (A(U) U < M open) obeys the followmg cond1t10ns
e U<V open, fe a(V)=f| = A(U)
acl o

¢ V=U_;Y, U, open I some 1ndex set, ngaV) andg[Ua—fIUa Ve € I=> f=y

¢ V=U,;U, U open I some 1ndex set [ AU, VYV, =15t

fa|UanUa=falUunUs Vapesl=ifeV floa=to S '

® toevery pE M there 1s an open neighbourhood U < M, that 1s homeomorphlc to Rn Lel
the components of this homeomorplusm be denoted by y‘ U— R, ‘then

~ ' a(U): = CP(RY) (X P, "), -
Locally the elements of A‘(U) have the form f= f(32, . , yn). -
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Tﬁe first three conditions make the fammly & into what 1s mathematically known as a sneaf. It
is called the structure sheaf of M Usually one writes M for the Cw-manifold instead of the pair
(M, @) ' In the same way one may define a vector bundle E over M by ‘a sheaf e of free modu-
les over the structure sheaf @ of M ¢ 1s 1dentified with the sheaf of sections of the vector
bundle E

The passage to a supermamfold 1S now accomphshed by tensormg @ with some exterior product
of a vector space V More premsely . .

- - !

to every P e MEIU < M open st a (U) =~ a(u) ® AVY,

This defies the extension & of a Locally a function 1n a’(U) becomes
’ N V2

- ’ 1
g [= 70,0 =N+ L0+ 4t L P ay g
where {c«} denotes a basis of V. Stated differently, a sﬁperma.mfold is-obtained by generalizing the
notion of the structure sheaf of an ordinary mamfold

A superm'amford M= (M, &) may be constructed t;y using a vector bundle Ve E— M over

M ‘and declaring a= A (), where e denotes the sheaf of sections of E This construction wilt
mainly be used 1n our work Using the sheaf-theoretic point of view it 1s easy to generahze the

S
notion of a vector bundle to a supervector bundle We simply define’1ts sheaf of Sectwns cto be

a sheaf of free modules over the structure sheaf @ of 1ts base superma.mfold b1 A supervector - -

bundle that 1s canomically associated with every superma.mfold M 1s the (super) taugent bundle
T It s defined to be the sheaf of all graded derwvations § of @ (Bxplictly » € T v(fg)
- 8-

» U

v(fg) + (— 1)f”_fv (&) Vfg € @) This bundle 1s locally generated by {a, ; 3
v cx
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