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STUDIA UNIV. BABES-BOLYAI, PHYSICA, XXXV, 1, 1990

THEORETICAI, APPROACH TO GAS TRANSPORT THROUGH
METAILILIZED POLYMER MEMBRANES

T.A. BEU*, P. MERCEA** and D. SILIPAS*;

»

ABSTRACT. — By using a )fuute difference techmque, a two-dimenstonal ‘Lap-' .-

lace type equation of the gas transport through a metallized polymer membrane - T
was * solved numerically, in conjunction with a specific set of boundary condi- ,
tions The obtained concentration profiles were used to determine the flux
of gas which permeates throngh an whideal metallized polymer membrane The
influence of the membrane thickness and of the size of the pinhole-shaped defects !
in the structure of the metal layer are also discussed These theoretical results
A are compared ngh experumental ones, obtamed for'the permeation of He, CO,, - "
Ar and N, at 50°C .through a poly (ethylene terephtalate) membrane metallized'
with palladiim, i ‘

'
'

Introduetion and Background. Products made of polymeric matetials may
be coated, or plated with a thin, continous and adherent’layer of metal by
vacuum depos1t1on [1], chemical [2] or electrochemical [3] plating. Most of
the commercial metallized polymer membranes (MPM) are produced by vacuum
deposition and are widely used for packing, for winding to form capaators,
as superinsulating materials for thermal blanketing, as gas and vapor barriers
and for decorative purposes. There 1s a wide range of polymenc substrates
polyesters, polypropylene; polycimide, polycarbonate, polyethylene and cellophane,
on which Al, Zn, Au, Ag, Cu and N1 ate deposited [4]. Usually, MPM are pro-
duced commerc1ally 1in reel-to-reel' machines, 1n which the polymer membrane
is transversed at low speeds, about a few meters per second, above the metal
held molten 1n resistence-heated boats '[5]. In laboratory, MPM are produced
individually in small vacuum chambers [6]. The ratio of the deposited metal
thickness to the polymer membrane thicknes$ 1s  usually about 1. 1000. This
very thin coating has a strong influence not only on the optical and electrical
properties, but also on the gas permeability of the polymer membrane. The
structure properties of alumimzed polyester membranes was studied by light
and scanning electron microscopy [7]. It was found that the deposited Al
layers, both by reel-to-reel and.by individual techmques show up to about
103 defects/mm? These defects are mainly caused by the presence of. dist- parti-
cles on the polymer membrane surface during metallization which, subsequently,
become dislodged and .leave an unmetallized shadow Damage bv scuffmg ot
particles can also produce defects which are often observed as ,,runs’ It was
reported [6] that Ni, Pd and Cu ldyers, deposited by means of an 1ndividual
technique on poly (ethylene terephtalate) (PET) membranes, showed cracks in
their structure as well These cracks probably appear as a result of the diffe-
rence between the coptraction coefficients of the polymer and the metal.

* Umverszty of Clus-Napoca, Depariment af Phystes, R—3400 Clus-Napoca, Romama
** Institute of Isolopsc and M olecular Technology, P.0. Box 700, R—3400 Cluy-Napoca, Romanta
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The gas-barrier and gas-selective properties of the MPM were studied experi-
mentally elsewhere [6—10]. It was found that for gases which are unable to .
dissolve in the deposited metal layer, the actual gas-barrier propert1es of .the
MPM are governed by the defects which are inevitably produced in the®metal
layer durmg the preparation andjor testing of the MPM. Depending on the
quality of the deposited metal layer, the gas-barrier property may determine,
a decrease of the overall rate of gas transfer through the MPM with up to more
than two orders of magmtude [8]. - /

' On the-other hand,\the gas-selective property of an MPM depends essen-
tially on the fact whether a given gas 1s able or not to dissolve i, and di-
fuse through the metal layer itself. Among the gases studied in refs. (6, 10
and 11], only H, had the ability to dissolve.n Pd, and to a smaller extent
1n Ni Tt was found that the select1v1ty for H, ot a PET membrane metallized
with a 1000 A thick’ Pd layer is with up to more than éne order of magni-
tude larger than that of a_bare PET membrane [10] The above mentioned
properties of the MPM may be explamed in terms of a phenomenological model
of the gas permeation [6] -

A theoretical treatment of gas transport through an MPM has been given
-[12] In order to derive an analytical expression for the flux of gas which
' permeates through an MPM it was assumed that _all defects of the 1mpermeable
metal layer ‘are circular pinholes of radius r, and: that there are # pinholes
per cm2 The steady state flux of gas through a single- pinhole MPM 1s given by

’
to

; Q,=—D S 2mr dr (0c[02),, ‘ - , (1)

0 v
i

where D is the diffusion coefficient, ¢ is the gas concentration in the polymer
z and 7 are the coordinates of the cylindrical coordinate system with the ori-
gin at the pinhole center, Fig. 1 Hence, the total flux per cm? is Q = #Q,

\

L Provided the pinholes are smal-

Pinhale ler 'than the thickness of the poly-

‘a t metalized membrane : — -
ussocnor:e% vovaeo = - me.r’ l' 1;e A= l/'}’O > O 3! an appro
ane pinhole ximate . analytical °, expression for

c(z, ) was derived by solving the
twodimensional Laplace equation

o2 or® - (1)) dcjor + &%c]oz2 = 0

- -
-

, \ (2)
with the boundary conditions
Py '
mymmeermb‘rune +7 s - {,(0,7’) = CZ fOl' Ve < 7’0 (3)
[ N ' ,
Fig 1 Geometric framework of the FDA, (0cjdz) + =0 forr>7, (4)
showing the assumption of isolated pinholes and ’
associtated polymer cylinder . _ -7 c(l,r) = (1 for all » ) . (5)

\

-
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'Using 'a graphical integration method, it was shown that Q can be expres--
sed to a good approximation as ‘

0 = DO(1 4 1181) (c; — ¢;)/l provided 0 < 1+ - (6)

Where 0 = n2 n1s the fiaction per cm? of the polymer surface that is not
metallized, and ¢, and ¢, are the concentrations of the dissolved gas just below
the downstream and upstream surface of the polymer, respectively EHq. (6)
shows an interesting feature The flux of gas which permeates through a bare
polymer membrane ,of ‘thickness -/ and area 6, which is the so-called “free”
surface of the previously mentioned MPM, 1s given by:

\‘ B QU = DO(c, — ¢;)[! . - 7).

Therefore, {rom Egs (6) and (7) one may notice that, in the limit of large
A, Q can become many times laiger than Q;. Qualitatively this result is under-
standable the thicker the membrance compared to the sizé of the pinhole, the
more the diffusing gas spreads in the polymcr membrane On the other hand,
the total [lux per cm? through a bare polymer membrane, @, 1s given by [13].

‘ Qo = Dy — &)/t (8)

It follows that the ratio Q/Q,1s a function of geometlrical parameters only, such
as membrane thickness and pinhole radius and density Additionally to the !
and 7, dependence showed by Q/Q, in Eqs (6) and (8) ot [6,10 and 11] 1t was
found that.Q/Q, depends on the nature of the penetrant gas as well This fact
seems to indicate that the gas transport through an MPM is a mole complex
process than that simultated-in [12] for,the experrmental confirmation of Eq
(6), by means of a simple electrical analog In order to explain the experimental
evidence, one can assume that a selective molecular flow through the smaller
defects of the metal layer, a surface diffusion and an additional flux of gas
which diffuses through preferential paths along the metal grain boundaries,
may have a contribution to the overall rate of gas transfer through an MPM.

Another techmque to calculate the flux of gas which diffuses from a pin-
hole through a polymer membrane 1s the finite, element approach (FEA) of
[7] The bams of the FEA 15 a two-dimensional net of points representing the
cylinder depicted in fig 1 At each point of the cylinder the equation

Wilha + wn+lcn+1 + Wyt2Ch 42 + wn+36n+3 bl (wn +-wn+1 + Wy 42 + wn-}ks)cg (9)

'is applied, where ¢, ¢, , ¢ny3 Tepresent gas concentiations, ¢, berng at the,
point under cousideration, aud w,, . , w.4; aie weightings that allow two-di-
memnstonal iepresentation of the three-dimeunsional problem Eq (9) creates a
wew” array ol points, and the equation 1s repealedly applied until the system
converges, The 1nmitial array of points was chosen so that c(z, 0) shows a constant
-gradient'and ¢(0, ) is set up as’ a-logarithtnic decay from ¢(0, 7y) = ¢, to some
assumed value at the outer surface of the cylinder

As an example, . for an MPM with a thickness / ='12 pm, and a density
of- ptaholes 7 = 40) pinholes/mm?, the results obtained by means ot the theo-
retical models mentioned above can be compared in terms of the relative flux ,
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L, e e e Q]Q; dependence on.r, (Fig °2)
. | . where @, 1s the gas flux which
.{ ‘ permeates through # pinholes

60 | // 4 " with g =1 um ‘
Barrer (141 / ‘In Fig 2, the obtained re-

[ \ ! 7/ + sults are also compared with

K / 4 approximate calculations [14]

f / for the outwards diffusion from

' T I the center of a sphere:
o : ;s o ,
N i ‘ — J— —_—
5 ‘ / //elemenleupprouch Q - 4nD(CZ Cl) ab/(b a)

< J o/ (10)
e ' ) ,/ where a and b are the 1nner and
% . / . outer radii of the spherical shell
2 ol : // Prins & Hermans | . and they can be approximately
' ' - ‘ (2] 7 | related to 7, and /. Eq. (10) 1s
g /2 g appropriate only for pinholes
= ' . -7 ’ of diameter considerably smaller -
TR ' _O/"‘Y/D'/\ 1 than . Even for small diame-
e T s This work 4 tefs’Eq (10) tends to overesti-
O 2vranitl e i mate @, as 1t really assumes a-’

. 3 | 10 20 ; " hemispherical volume of poly-
" d (pm) ~  mer behind the pinhole rather

than the sheet of polymer 1itself ~

ng’ i Relative I;ermeabxlxtms of metalhzen{ polymer The fact that the relative flux,;
ne

* thembidnes, calculated as functs f pinhole di t
o b ; crom o piithole GIAMEEET 010, derived - from Eq (6) 1s

” o . . smaller than that given by the
FEA seems 'to indicate that, in tlus latter case, the considered boundary con-
ditions lead to an overestimation of the volume of the polymer cy.inder as-
sociated with each pinhole or/and that the concentration gradient considered
along the'z axis 1s not the real ome

In fig 2 we also show the dependence of the rat1o Q/Q1 o1L 7y, calculated

in the present work by means of a fimte difference appioach °

lete Difference Approach. In order to deternmune theoretxcally the flux
of gas which permeates, due to a pressure difference Ap = p, — P, through a
MPM let us make {he following assumptions
e I‘1rst we will assume 1hat 1he defects 1n the structure of the impeimeable
‘metal layers of the MPM afe all circular pinholes, with diameters d; The size
and distribution of the dis _ can be established expersmentally, for example,

. .by means of scenmng elcction . microscopy [7, 10] We will aléo assume that

the pinhole spacings allow for the additivity of the single-pinhole permeation

Jluxes. Let us cell such an MPM, an “tdeal” MPM, and assume that the gas

permeates through the pinholes of 1ts metal layer only
Then, there will by imposed no restriction on-the thickness of the metall

Tayer, which will have an influence-on the gas permeation through the MPM,

onlyin those cases wheie the pinhioles act, esscuhally as channels- When these,

Il
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channels are comparatively long, the rate of the permeation process may be
determined to a certain extent by the flow recr1me of the permeatmg gas in
the channels, o

We will finally assume that a steady state d1ffus1on has been established
through the MPM, in which the concentration of the penetrant gas the up-
stream and downstrdam boundaries of the polymer substrate are ¢, and ¢,
respectively. For some stmple gases, such-as, He, H,, N,, Ar and CO,, ¢, and
¢; will be determined by the pressures p, and P, on etther side of the MPM. -
It is generally accepted that for the above mentioned gases and for p; < py=
~ latm, ¢, and ¢; obey Henry’s law [15], which states that the, pressure and
the concentratlon are proportional to  each other. Moreover, in these cases one
can assume that D 1s independent of concentration and ¢; = O. -

Depénding on the way the MPM was prepared and dlsposed 1nto the expe-
rimental set up, one may distiiguish between thiee cases -

. Case I. The MPM shows a smgle impermeable metal layer deposited on

a nonporous polymeric substrate, and the.metal layer faces the upstream
chamber of the experimental set up

Case II. Same as above, but the metal layer faces the dowust1eam cham-
ber of the set up.

Case III. The MPM h'LS been made by deposmng on each surface of the
polymeric substrate a metal layer. For the purpose of our discussion, it is
immaterial whether these metal layers have or not the same th1ckness and are
made of the same material or not.

In this paper we will mainly concentrate on the gas permeation through
an MPM 1n the first case

The geometri¢ framework used for the calculation of the flux of gas through
a single-pinhole MPM 1s the one  presented in Fig. 1 We associate to each
pinhole a circular metal layer area of diameter @, which results from dividing
the total aréa of the MPM by the total number of plnholes N = }317,, where 2~
spans the distribittion of the pinholes according to size (see, for example, Fig 1
of [107). - :

‘ The above assumptions lte ‘al the basis of our finite difference approach,
FDA, used to calculate the [lux of gas, Q, which permeates through a single-
pmhole MPM Knowlug the size and distribution of pinholes, we can then deter-
mine the overall flux of gas by summing up the contributions from all pimholes.

In order to calculate @, we solve Eq (2) subject to boundary condltlous
(3—5) and placing two addmonal boundary conditions .

. (2c]or)io =10 . forall 2 . (11)
(2¢]87)y s = O for all z ¢ )

The Dirichlet-type boundary conditions (3) and’(5) prescribe the value of ¢ at
the free upper and lower boundares of the MPM, respectively The reflectiye
Neumann-type boundary conditions (4) an (12) prevent the gas to cross the
metallized area of the MPM and the outer boundary of the ecyiinder, respect;-

vely Condition (11) prescribes the natural symmetry of the concentration _pro-
files with respect to the Z-ax1s,,

4 [y
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" In order to solve Eq (2) in conjunction with this extended set ot boun-
dary condrtions, a finite difference techmque was chosen Actually, we solvcd
numerically the more general problem of the-two-dimensional Poisson equa-
tion 1n cyl1ndr1cal comdmates !

L a4 (1) gler 4 32/84-]_)‘(2 ¥) = glz, ¥ (13)

Details of the discretization schemes and the algonthm used 1n this work can
be found elsewhere [16]

Results, and Discussions. A [irst set of our -calculations concern the pet-
meation of He, CO,, Ar and N, through a 30 pm thick PET membrane metal-
lized - with one 500 A thick Pd layer The permeability of tlus MPM at 50°C
and Ap ~ 70 cm Hg and the distiibution ot pinholes according to size were
determmed previously [10] It was found that for the MPM i question, ihe
mean number of pinholes per mm? N, is 172, yielding a total pinhole area
of about 76x 1073 pm?/mm? Therefore, as already mentioned, to each pin-
hole one can associate a cylinder which has a diameter ® ~ 43 um, and by
means of the FDA one can determine -the [lux: of gas, Q,, which permeates
through this cylinder The total flux per cm? @, which permeates through the
MPM, 1s then g1ven by Q 2Q,n, : oo v

Table 1

E\pcflmen(ul und , calculated flux of gas which' permeates at ¢= 50°C and
Ap ~ 10 em Hyg through a 30 pm thick PET membrane metalllized with

500 A of Pd
Gas Qarrat Qarpa(a . Qarpar(b) Qprrle
cm3fem?®s X 10-7 ) N
He 292 . 20 000 350. 49 00
CO, 044, 6 10 0 60 8 10
Ar! ., 028 0 66 036 ~ 510"
N, 016 0 40 021 310
(a) Ref [10] )

(b) As calculated from LEq (6) of [12]
(c) Refs [6] and [10] .

The theoretucal results obtained tor-the MPM and gascs mentioned above are
summatized 1n Table 1 One can compare these results with those calculated
by means of Eq (6), which was modified 1n order to take imnto account that the
pinholes may have ditferent radu 7, [10], and with the experumental results
i [6 and 10] For He and CO, the calculated fluxes are about 20 times smaller
than the expeiimental ‘ones lor the bare PET membrane The situation is
réversed when one compares the fluxes calculated from Eq (6) with those
.in [10] there 1s a quite good agreement for Ar and N,, but a rather poor one
for He and CO, These d sagr ~cinents may be caused by the fact that the
gas fluxes determined wih {he FDA, the FEA and the model given 1n [12]
depend on the geometrical parametcis of the MPM only, and not on the
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F1g 3 Calculated notmalized concentration profiles for
a) I =30uwm, ro=lwn, b) I=230pum, 1, =9pwn,
ey I=15pm, 19g=lpm, D) I=18pm, 1o=9pm

nature of the penetrant gas, as discussed above Nevertheless, the FDA offers
the possibility to determine, for a given pinhole dls‘cnbution the order of
magmtude of the gas flux through an MPM
. As part of our FDA 1t 1s possible to determine the gas concentration pro-
files 11 the polymer associated with any particular single-pinhole MPM  geo-
metry, both 1n Case I and Case II Such calculations were performed for mem-
brane thicknesses ranging from 5 to 30 um, apnd pinhole diameters ranging
trom>2 to 18 pm TFig 3 shows, as examples, the calculated normalized con-
centration profiles tor some MPM geometries
In Figs. 3a-d one can see that the distribution ol the penetrant gas into
the polymer matrix 1s strongly dependent on both r; and / Therefore, 1t is worth
determuning the dependence of the relative flux Q/Q; for am MPM of a given

thickness / with the pinhole radius 7, In Fig 4, Q/Q, 1s pldtted versus r, for,

three particular values of the MPM thickness

In Figs 2 and 4, the flux normalization was accomplished relative to the flux
corresponding to a pinhole with radius 7o = 1um In Fig 4 one can notice
that 1n the linmit of large 7, the gas flux decreases with 1ncreasing of the polymer
layer thickness

On the other hand, Fig 5 present plots of Q| Q, as function of 7 for three
different values of », An 111terest1ng fact evidenced in Fig 5 is the compara-
tive 1nsensivity of the permeability with respect to the polymer membrane
thickness, especially for small pinholes For the typical pinhole radius of 1 pm,
the predicted barrier properties are Virtually‘ mdependent of / A consequence

{

-
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15 — T 1 ! i ' .
. ¢ {
. :12 pm ‘ A - i
¢ . N
20pm h
161 =5 [y ]
- N
<)
~
1=30pm S
st 300
35 ; . &=
% 9 . +__k=>um
fre4 | s :6 [y e . , E
v Q
E o
3 ! - 5=Tpm
2 i ‘ , all”
M ! . Il [l J.
0 TR T - 10 20 20
o lpm) ' ({pm)
Fig 4 Relative flux dependence on . Fig . 5§ Relative flux dependence on the
thé pinhole radius, ' - polymer substrate thickness

of the behavior p1esented in Figs 4 and 5 1s that 1if the gas-barner performance
of an MPM is expressed 1n terms of the 1mplovement ratio, that 1s, the ratio’
of the permeabilities of bare to metallized mémbrane, then the ratio will have
meaning only for a fixed substrate thickness It also follows that, tor a given
metallization quality, the improvement ratio 1s depend*nt on the reciprocal
of the film thickness-

' Relative concentration profiles along the ‘0z and Or directions are plotted
in Figs 6 and 7, versus relative membrane thickness, z //, and relative asso-
<:1ated cylinder d1ameter 2r0]®, respectlvely

One can find from fig. 6 that the relative concentiation along the Oz axis 1s
influenced both by 7y and /. For small.pinholes, the concentration profile 1s espe-
cially steep just below the edge of the pimhole and its steepness increases -
with / For example, ifi a 30 pm thick MPM with 7, =.1 pm, ¢ drops to half
of 1ts 1mtial value, ¢,, at a depth smaller than the radius of the pinhole As one
may observe from the ‘plotted concentration -profiles, the case 7,— oo, ie.
Afro—0, will lead to a constant (dc/dz),—¢, which is characteristic for a bare
polymer membrane. , '

The dependence of the concentration on #, and ! along the Or axis shows
some interesting features, as' well (Fig 7) For small pinholes, the profile 1s
very steep near the pinhole and shows little if any dependence on the thickness
of the MPM -For large. pinholes, the concentration profile becomes less steep
in the vicimty of the pinhole and, at the same time, the gas spreads out more
into the thlcker MPM. Flgs 6 and 7 seem to suggest that the gradlent .pre-
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0 02 04 06 08 10
b ) Vo
. , ,‘
6 Relative concentration profile along Fi1g 7 Relative concentration piofile

Fig
. - the Oz axis
I

along the Os axits
1 i

séné‘uous used for the FEA calculations [7] represent a rather rough appro-
x1mation, which, even’cually, leads to an.overestimation of the overall rate of
the gas transfer through an ideal MPM (see Fig. 2) .

Fig: 8 shows in Case I the  dependence
of 2z, the Z axis distance where the concen-
tration drops to half of its imtial value, c,,
on both [’and », One can easily observe
that, for a given 7y, 2, is relatively 1nsen-
s1t1ve to I. Ou the other hand, for a given',
I, zy» increases almost linearly with 7,

" The FDA was also used for gas flux -cal-
culations 1n. Case II For this purpose, Eq. (2)
was solved subject to an appropriate set of
boundary conditions :

(0p) =c¢y for all » (14)
_\c(l,r)‘z ¢ for » slrl, , (15)
'8¢/ 82)sms = 0O for ¥ > 7, (16) .

(8c]0¥)ymy '= O for all z (17)

(8¢]97)sme;z = O 'for all z (18)

Finally, it was found that for a given r,and
I the gas flux 1s the same as in CaseI This
result 1s 1n good agreement with those found
expertmentally [10] for the permea‘aon of He,
N,, Ar and CO, through PET membranes de-

. l

!

2,/2( P

!

:
o
7
|

|

= Tum”
’_,.,——--—n—-—-'-‘“ v I

1

2 30
lxpm) |

~

Fig 8 ‘Dependenée of the: z axis dis

tance where the concentration drops to
half of 1its upstream value, ¢,, on the

MP)M thickness and on the pmhole i

. radius- -
P N

1



12

T lum)
— .
. -
0 20 - 40
e T = ;
el | P———— U9
o . - - “
o
52
- <3| 095 ;
2 B Los \os
< | s >
N [s] Cpdpm
~

A

Fig 9 Calculated normalized

concentrationl profiles for the pei-

meation of a gas through a MPM
i Case 11,

posited with Pd Moreover, this result’ may be of practical walue, because it
allow$ one to deposit the metal layer 1n such a way as to be protected iroia

any chemical or mechanical damage.

tion profiles, one obtains the constant value 1

The concentration piotiles lor a MPM
withgeo metrical parameters / = 15 ym and 7y = 1 pm _are given 1n Fig. 9 Let
us compare Fig. 9 with the Concspondmc figure i Case I, 1e Tig 3c.

One can observe that by reversing Fig 3c with fespect to the Or axis, and by
‘summing up the relative concentratlous cfc,y, at every point of these concentra-

We have plotted in Fig 10 the concentration profiles tor the gas 1)Clmea~
tion through an MPM in Case ITI The geometrical parametefrs employed

were

7o = 1 um for both pinholes, / = 15 ym and the center of the pinhole of

the downstream metal layer 1s located at ®/4 from the Oz axis

Howeveér, these results should be considered as qualitative Since our two-
dimensional approach to thé solution of the Laplace equation 1mplies a 1evolu-
tion symmetry ot the solution with respect to the Oz axis, the three-dimensional
representation of the downstream metal layer defect deplcted in Fig 10 would
.be a circular groove, rather than a pinhole Thus, the flux of gas which 1s allo-
wed to cross the MPM will be overestimated Reliable results 1 Case I1I could
only be obtained as part of a consistent three-dimensional approach

Conclusions. The FDA calculations used 1n order to solve the two- dimen-
stonal Laplace equation tor ¢(z,7),

the permeation of gases -through MPM.

Fi1g 10, Calculatéd normalized

concentration profiles for the per-

Jneation of gases through an MPM
i Case III.

Z (pm)

yielded some interesting 1esults concerning

1
N

_Flpm)

<2

Direction of

dif fusion

PlnhOlF‘

29 40

/

/ Yoy

fo= 1P”"  Pinhole
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Takmg into” account the features of the metal layer deposited onto the
polymer1c substrate, the geometrical parameters of the MPM and the thermo-
dinamic working conditions, there have been determined with satisfactory
accuracy the tluxes oi gas which permeate through an MPM.

At the present stage ot development of our theoretical model, it seems that
the relative discrepancies between the theoretical and the expenmental data,
besides the causes already mentioned, might' be due to the insufficient accu-
racy 1 the determination of the pinhole distribution atcording to size. As
" discussed in [10], this distribution has been established for' a 30 cm? MPM
from a 5X5 mm area

The ccncentration profiles of Figs 3, 9 and 10 validate the assumptlon
that the penetrant gas does-mot diffuse beyond the cylindrical boundary of a
single-pinhole MPM Generally, the gas concentration at this boundary 1s very
low, less' than 19, from its largest value, ¢,

‘From Fig 4 one may draw a conclusion with a practical value the 1mpro—
vement ratio, for the permeability of an MPM, with many large ' pinholes,
may be incteased by increasing the polymer membrane thickness. Howe-
ver, the gas flux does not decrease proportional to the increase of /..

Figs 6, 7 and 8 demonstrate that the barrier properties of the polymerlc
substrate 1mmed1ate1y beneath the metal coatmg are critical 1n determmmo
the perineability of the MPM. As discussed in [7], under some c1rcums’cances
the barrter properties of this part of the polymer membrane may be made
dissimilar to the bulk of the MPM For example, where the membrane 1s la-
quered with a less permeable mater:al and then metallized over ‘the laquer,
‘one can reduce drastically the rate of gas transfer through the MPM On the
other hand, when there 1s a thin coating, made of a more permeable polymer,
on the polymeric substrate, then the flux of gas which permeates through the
MPM can also be altered

M t
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GENERALIZATIO\T OF LAGRANGE'S EQUATIONS OF THE
FIRST 'KIND -

-

CONSTANTIN TUD OSIE"

Received: January 25, 71990

¢ ABSTRACY. — In this paper Lagrange's equations of the first kind are gene- \
ralized with the aim to establish i system of equations that allow to determine °
the igher order accelerations, by determiming their solutions The established
mtegro-differential equations y1e1d Lagrange’s equa.txons for n =3

: ) )

1. Introduetion. The higher order accelerations occur directly in thé dyna-
mics of all complex phenomena with a very fast evolution Their determination
by the method of successive derivations most ofen leads to great ~difficulties
of mathematical calculation. A direct method to determine these accelerations,
of any order # > 2, is possible by, passing from the differential equations of
the classical mechanics to the ‘equations of the matheratical physics.

In this paper, Lagrange’s equations of the first kind are gemeralized with
the purpose of establishing a system of equations in which the higher order
accelerations mught be obtained by determimng their solutions. For the order
of the acceleration comnciding with the order of the derivative, % is called Zero
order acceleration, and x first order acceleration.

2, Establishment of the equations, It 1s known that in vectonal form
JLagrange's equations of the first kind are [3] !

)

[y
'

. o ko ‘
/ 7”17-;G :\Ft (tJ 7’1)7,1) + E }‘]V1f]x (1) '

7=1
. =123 ..,N),
where, ‘ ' : !
- ) | o
V=t + 9 a,+' 621

s "“the nabla operator” and M) — “Lagrange’s multiplications®.
System (1) and Egs (2) describe:the motion

’

) ' S f Ty T e Fa) =0, , @
(7=123,...,5h).

‘ In the scalar form, \(1) and (2) make up a system (Q) of BN + % equations
with the same number of unknown functlons {x » vu(B), 2(8), M)}

* Polytechmic Inshtulc,‘3400_ Clyj-Napoca, Romania '
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The second order accelerations are written under the form :
1 L. .
- , C,
k - . n—3('+0)

2 R oyt (e “
B A e L )
{ _ A . 0 - . -
where B ' . N
) '

71 = CP,,,,(t), (/L‘: 1) 2:\3; LS ] N):' (’ﬂ’= 3: 4; 5; . )
From (1) and (8) 1t follows - ‘

¢ 2 ! ) ‘
7 : Eulti) — SK,,(t, §)Guals) ds'=0, . (4)
/ . )
* - (+=1238 ,N), (n=234,5..), ) ’
where . , : T s
3 ' . N - s)n—3 .
K,,(t, s) = o .

O) —.
!
=0 s

E,(t, 7, 7) = (m)? [ (t, 7,, 7,) +. 2

] n—3 (2+a) It

. . A
The integro-differential equatlons (4) represent’ “the generalization ef Lag-
_tange’s equations” of the lirst kind, 1 vectorial form, In scalar form, “the
generahzatlon of Lagrange’s equations™ results from \(4), [2]

i

.. Xt %, %) — ( Kot 5) %,4(s) ds = 0,

Oy

l ¢ B
$ Yolts 3 9 = (Kl s) 20(s)as = 0,
v < 0 (5)
. . r ¢
Z,,r, 2, %) —SK,,(t s)z, ,(s)ds = O,
\ ' 43 s »
(=128 ...,N), (©=38,45,..), )
'where ) l ' M
Xpult, 1) — ()2 [ 2.0 L B SR
‘1,11( ’ x,,x,) — (7711) { ( Xy xl E a‘h :L,__jo, X, (O gl 3 «
' ! 7n—3 {(2-+0) ‘tc
Y. .l vy = (m, )ﬂ[ ’ )+ E L ] E Y (O)G—' y
c=0
. } af] n—3(2+0) ta
ZN%%FﬂmﬂP%% )+ 3 L Y' O
! N 7=1 %1 =0 ¢
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The equations associated to Eqs. (5) result from (2) N

f] (t: X1, Y1, %10 X9y Yo, %2 - » XNy Y ZN) = O’ ) (6)
(=123 . 5.

In vectorial form, Lagrance’s equations (1) are obtained from the general
ones (4), for » = 3 The problem of the higher order accelerations (# = 3, 4, 5,
. ) can be solved by Egs (5) and (6). '

3. Applieation. Let us determine the fourth order acceleration of a heavy
point, ot mass m, mobile without friction on a plane which rotates with the
constant angular velocity @ about the horizontal axis Ox, contained in the plane
At the 1mitial moment, £ = 0, the mobile plane 1s horizontal, with conditions
%(0) = %o, ¥(0) = ¥o, 2(0) = 0,%(0) =0, y(0) = £-, £(0) =0

AN

Solution Firom the equation of the mobile planc

flty,2) = ysin ot — 2 cos ot = 0, (7)
it follows ,
g _ 0, U — s w?, Y — _cos wt. (8)
ox ady 102 \

Considening the Cartesian trihedron Oxyz with the axis Oz vertically ascen-
dant, the differcntial equations of the motion of heavy pomnt are

& =0, mj = Asmaf, mz
For 1 =1 and » = 4, Eqgs.

— (mg + A cos wi) - )
5) become

(=]

where

1 (2+of io
A4(t)=—§)xo - (11)
(°+°) to
By(t,\) = (m)txsinewt — 2 y(o) — > (12)

2 -— Physica nr 1/1990

\

N
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1 (2 0) t“

Cy (¢, n) = —(m)™L (mg 4+ X cos wt) E

(13)

ol

By substituting (9) in the second order derivative of Eq. (7), onc obtains

A, y, &) = —m [g cos wf + 20 (y cos wt 4 £ sm wf)] (14)

By eliminating # between Eq (7) and its first derivative, 1t follows
y{,y,y) =—m [g cos of -+ \240( Y 4oy ot ]) : (15)

\ cos wl cos:’*mt
By substituting (15) in ( 2), one obtains
1 2+c) o

Dyt y,9) = — [E sin 20¢ + 2m(ytgmt—i— oVilgot) + E y(o ! ] (16)

By climinating y between Eq (7) and its first denivative, it follows
At 2, 2) = —m [g cos wt + 2@( F - w2 cosm)]. (17)

sin of su?wé :

By substituting (17) in (13), one obtalns

1 ( 4T
Gult, 2, 2) = —¢ stfol + 20 (2 ctg ot — oz ctg? of) E z{o) — . (18)

K3 ’

O]
The accelerations y and 2, (¢ = 0, 1) are wiitten under the form

0 = 355100+ { i (19) 34 (9 ds, (19)

yl) =33 500 2 + [0 934 (9) s, (20)

A = 355002 + {9 5 9 as 1)
) i) =3 ?Z"”—"l CACEEAOLY (22)
where : /

B =20, o) =452

" By substituting (19) — (22) 1n (16) and (18), it follows

~
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P 1 (249) 4o 2 (1 () o
L) = - {; sin 20 £ 3 5(6) 7, + 20 tg of LEzoy( + ote mny ]+

; ,
+ [otga [(t _s) + 20 tgof - Hy(, s)] (s) ds} . (23)
) { | .
. 1 (246) 4o ) 2 ’t“
Pyt) = —gsin* ot — ¥ z(0) — + 20 ctg ol {E f—l - coctgmtE ] +
. a¢=0 ¢ =0 6=0
.t ) . - “ . .
+ 3 o ctgot[(t = s)P 4 2uttg wiH, (7 5)]z,(s) ds (24)
_— 0 . ‘ o
Taking into account (23) and (24),' systemn (10) becomes ' . -

C A — (B 9wl ds =0,

' _;) * f
. 1 2 ) 1+ ) s
U,¢8) = —{—i—sm 200t +[E y(0)+ 20 tg mtEy o) + 2m2tg @tzy ]t }

a=0 \
i : ' © (26)
o ! 1 +o) I
Vt=——51n2mt o) — 2 ctg wt 22 --ct =
l4() g [g ngsz + © Cgmtz:z —
. ‘ , C(27)
- ! ‘, . o
Nyt, 5) = Ky, s). + o tg ot K2, 5) [,1 + 2 tg ol Ky (1) ] o (@8)
Su(t,5) = Ky (6 9) + o ctg of K3 ¢, 9 [1 + 2 ctgof K, ¢, s)]. (29)
By making use of (14) and the derivatives A and %, from the Egs. ( )
it follows dlrectly and by derivation, for # = 0, the constants N
! (o)

C o %(0) ="O,' (6 =2,3,4),"5(0) =0, 5(0) = —2 g, . |
5a(0) =0, 2(0) = g, +£7(0) =0, 2,(0)'= —4 2. ‘

\
!

{
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Eqs (25) are “Volterra ty.pe linear integral equations” of the first kind [4].

Determination of the solution of equations (25) The solution of the first
equation 1n (25) 15 x4(f) = 0, which also results from the first equation in (9).

The sccond and the third equations 1in (25) are solved by a method of nume-
rical integration On the interval [0, 4], 4 > 0, one applies a method analo-
gous to that of the polygonal lines The interval [0, a] 1s diyaded through the

ponts £, = k%, k =1, m, by using the quadrature formula [5], [6]

N

Sf(s)dszif_‘,f(v_ (k'=1,23 ..., m),

\
for the approximate calculation of the integrals For the second and the third

equations 1n (23) systems (Q,) and (Q,) are obtained, having m algebric equa-
tions wilh s unknown qu'ln‘mtles

, U4( L) 25NN (;;_a, Vi}yk(vi)‘:(), (30)

~ M gkm M m ~

v, (sz) < ES4(k—, V_Jz4 vy;:)=o, " (31)

v=1

(k=1,2,38, ..., m).
The unknown quantities of the two systems ate

y4[7—i)' Ya (Z‘H‘J: oo Vala),

2h

\
z4(i), 24(21], oo zia)
m m

The variation diagrams of the functions y,(/) and z(¢), constructed thro-
“ugh the pomnts #,, (k =1, m), represent the graphical approximation of the
' solution of the two equations in (25), on the interval [0, a],a >0

In numerical values, the solution of systems (30) and (81) is determined
by the known methods [1] .

The module of the tourth order acceleration of the heavy point 1s
1
\ la,(6)] = [¥i() + #2(8)1%, .
and vectorially -
dalt) = ys0)f + 2O,
7,7, E being the unit vectors of the Cartesian trihedron Oxyz.
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ON THE ELECTRONIC STRUCTURE: OF La CuO4 ‘.

to b
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and A, VASARHELYI* '
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Recerred September 12, 1989 o ’

ABSTRACT — Usmg the Haydock resvrsion method the den51ty of states
for the La,Cu0O, high Tc supercondictor was computed The resulls are m
agreement paitly with the band strncture calculations — the peak ]ust below
the Fermi level and paitly with the clustei-lype calculation,— the gap m the
density of states on Cu atoms

[ -~
.

Before startmg any discussion on the mechamsm ot superconductlwty in
the high T.’s, one of the most basic question one must address.concerns their
,electromc structure and the naturc of the states at the Fermi level when the
oxygen stoichiometry is changed and some atoms, are replaced by.others--

*  Several reports of the application of band theory to the new copper oxi-
des 'have ‘already appeared [1—5]. While several aspects of the band structus
res of the 2—1—4 system [I—5] correlate well with experimental data such as
the Fermi surface nesting [1,2], the posmon of the van Hbve singularity
'with a rigid band model for T,[3] the tfansport properties and the am-
sotfop of the Fermi velocities [6], some discrepances have been noted Leung,
Wang and Harmon [7] and Sterne et al. [8] have failed to produce a stable
antiferromagnetic ground state within the local spin demsity approximation

On the other hand, recent experiments have revealed several new aspects
The photoemission experimenls have confirmed a strong Coulomb repulsion
about 7 ev at Cu-site [9—11] A basic question 1s that the h1gh T, s belong
or not to the class of strongly correlated systems.

¢+ The d density ot states (DOS) 1n tha lugh T, ’s 1s spread out over a large
energy range 6—7 eV, sugcrestmcr that for these, states the band width may
be small compared to the Coulomb :interaction However, 1f the band struc-
ture 1s 1mvestigated one can:see that the broad density of states results to a
large extent {rom splittings due to the crystal freld and not to the translatio-
‘nal symmetry In these systems the Coulomb and the exchange interac-
tions, the 0(Zp) — Cu (3d) hybrid: sation, the multiplet structure and the CLys:
tal field spl;tting -are 1mportant [12, 13] : . ~

. Better approaches ta describe'the electionic structure of these systems
are mmpurity -and cluster conf1gura‘c1on mteraction model calculations {14, 15]

+~ Assuming that superconductlwty i the high T materials takes. place 1n
the CuO, plaues ‘one then studies #a Cu impurity 1in an oxygen band or a
cluster of th> type (CuO )87, (Cu0,)8 (CuO )10‘ .

y o
P

'Umuerst,ty of Cly Vrp;cz, D:peein-1' of Piygsrcs, 31)) Clug Naprci, Riynv'e
1 \ -
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Because there is a large number of similarities between . CuO and high -

T.s, in many papers CuO 1s considered as a model material for the hlgh T,
compounds [17].

Results and Discussions. The dens1ty of states (DOS) for the 1dea1 La2 CuO4
compound ' was calcula’Ced with parameters®

¢ (2 — 5% =0 S0 e (p) =0

]

7

’the obtained results being shown is Figs 1 and 2 For €32 — ) =0 an

important maximum 1n DOS has appeared at the Fermi level which was done
by the out of plane (apex). oxygens The DOS for Cu (322 — #2) = 0 has two
peaks, the Fermi level bemng on the highest in energy peak

The Cu (%2 — »2) orbital has a veiry small contribution to the DOS at
the Fermi level. The in plane oxygen has two'large peaks in the same- region
as the Cu (x® — »?) DOS and a sharp peak at about 15 eV below the Fermi:
level Oune can see fiom Fig 2a that the system hhs a metallic character - °

For ¢ (322 — #2) = —1eV, the DOS for Cu (22 — 3?) and 1n- plane joxygen
Temain unchanged the ape\ oxygen has a sharp maximum at the Fermi level

IS Al esr=00 - T
£ %o . Eev €13 =% 500
' R |
025
0 .
//,, YRR £ /‘

g " ////// o
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- . - E(3ZI-F2;:— 10 eV
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and the Cu (322 — 7?) hasa gapat
the Fermi level as one can see from
Figs 1b and 2b. The Fermi level
shifts towards the lower energy

The changes in the shape of
DOS when ¢ (322 — #%)1s varying are
«» shown 1 Fig 3. The A peak beco-
mes sharper and starting with (34 —
+—r¥) = —1eV._a new-peak C appe-
-ars, which is shifted to the lower
energies when (322 — #2) is decreased
(I' g 4) The peaks B remain unchan-
ged One can see from ¥ig 4 that
starting with e(32% — %) = —2eV
DOS for Cu (322 — #?) has no contri-
bution above the Fermi level From
this model one can see that the cor-
relatlon eftect can be simulated con-
sidering two orbitals on Cu atom
and-one orbital for each ‘plane and
apex oxygers. '

The obtained results are in agreement with the band structure theory having
a peak just below the Fermi level and dt the same time i agreement with
- clusters-type calculation in which the DOS for copper atoms has a gap, at the

Fermi levél.
Y (

!

& A larbitrary units)

o

£(3219:00 ‘
,\____ \

£(32%-rt}=-10
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€13 251520
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ADBSTRACT — Uslug Haydocl-. recursion-method the density of,states for the
oidered vacanctes 'model of Alario Franco for ¥YBa,Cu,0,_, was computed
With the oxygen vacancies concentration the changes of tha,shape of the
density of states was observed Due to 1solated units of Cu—O—Cu from the
‘chawns, for y 2 025 at E—Ep ~ 4eV,, a sharp peak in the density appeared,
in qualitative agreement with optical experiments

ot

5

The high temperature supeiconducting ‘naterials prepated to date comam
in varying degrees; structural disorder, mamfested as [1] grain boundarics or
extended detects or [2] compositiondl disorder associated with random’ atomic
substitution, oxygen vacancies, spinodal decomposition etc In parucular
YBa,CuyO;_, has been shown to exist 1 a large compositional range exten-
ding between ¥ Ba,Cu0g and Y Ba,CuyO;.

It was shown that the . oxygen stoichiomet1y changes the superconductmg
temperature from about 93K for y =0 to 60K at y = 0.5 If the oxygen
defictency 15 larger, the superconducting ptoperties vamishes [1], the  matenals
are antlierromaguets with Neel temperature mcreasing with y [2], the higher
value, 500 K, being reported tor y =1 Other reported results show that
the slow extraction of oxygen at about 600°C:the orthorhombic superconduc-
ting phase can, exist down to at least y =07 [1]

.. The 'oxygen vacancies also affect-other properties of these materials For
1astance, the ,dependence of res1st1v1ty on the oxygen content at 120 K shows-
an increase wnh the 1ncrease of y probably due to the’ decrease of the carrier.
" density ‘[3, 4] The maxtmum 1n resistivity was achieved probdbly because of
orthorhomblc to tetragonal transition ~

. The thermal conductivity for ¥ = 0 analogous to that of ‘ordinary super-
conductors contaminated by impurities [5] 1n which the general part of the
thermal conductivity 1s due to the phonons scattered mainly by the electrons.
It was found that y decreases with increasing of y at any temperature above
T, The maximum at 120 X at the same value of y as for the resistivity and for

s

_the thermoelectric power has been found. It was done by the structuial tran-

sitian from the orthorhombic to tetragonal lattice at about y = 06, or by the
Mott. transition due to the small carrier density and disorder in the oxygen
vacancies distribution. !

Using O—X X ray emission and Cu— I, }s. —ray self-absorption spectro-
scopy F. Burgazy et al [5] showed that the valency of copper depends strongly
on the oxygen content. ~
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At the same time, the diffusion rate of oxygen in these ceramics de-
pends on y [7] Detailed work by Xishio et al. [30], among others, [4, 6],
shows an almost : liear dependence of ¥ on oxygen pressure Cat each tempe-
rature. < .

Structural properties. The first element of the YBa,CuyO,_ —y series’ with
v =0, crystallizes 1n the orthorhombic system with the space group Pmmm
and lattice parameters a, = 38193 A, b, = 38852 A and ¢, = 11 6873 A Be-
cause the a and b parameters are qulte equal 1n the calculations of the density
of states we neglect this small distorsion. The end of the series, y = 1, has a
tetragonal symmetry with the parameters g, = 3 8870 and ¢, = 11 8104 A.
In the 123 oxides the Cu (2) — O layers in the a — b plane form a mamly squ-
are, two dimenstonal Cu lattice with oxygen atoms situated midway between
each nearest neighbour pair These layers are separated by Y layers that contain
110 OXygen The Cu (1)»— 0 atoms form chains onthe b axes between two Ba—0
planes When oxygen is removed from the sample, it 1s'the O(1) site in the
Cu (1) — O chains that is depleted Tor y greater than about 05 the layer 1s
further depleted of oxygen, an ‘orthorhombic to tetragonal t1a1151t10n takes
place, and superconductwlty is lost

Recen‘cly, X ray — absorption, study [11] has shown that the distances
between., Cu atoms other from the wunit cell '1ncrease only slightly from 5 to
600 K, except for the shorter of the two Cu—Ba distance, Cu (2) — Ba, which
decreases with increasing temperature, results qualitatively consistent with
the structural measurements. Simular features are observed for both- ortho-
‘ thombic and tetragonal samples No significant anomalies-are observed versus
temperature. The X-ray absorption near - edge structure supports the conclu-
sion that-the Cu(l) becomes monovalent as is ,Cu,O with a limear O—Cu—O
structural configuration and~a 3d' electronic conf1gurat1on when y goes from
7 to 6 . The valence for y ~ 0 consist of a combination of Cuy and Cuyy

Khachaturyan and Morris [12] argued that the orthorhombic phase with
intermediate concentrations of vacancies 1n the range 0 to 05 1s not stable
and the system tends towards the two ordered structures (y =1 and y = 0).
They have proposed a phase diagram according to which an off-stoichiometric
compound: with 0 <y <1 should under equilibrium conditions .split 1nto a
mixture of the two structures with y = 1 and y = 0 Also they have allowed
for the possibility of this decomposition to proceed through a series of interme-
diate homologous ordered structures having oxygen stoichiometries 7—
. — ((n/2n 4 1)) where # 1s a positive integer Chen et al '[8] observed vacancy
ordered'domains 1n -three dimensions by electron microscopy experiments.
Similar domains were observed by Weider et al (13] -the dimensions being
100—500 A along the b direction, 15—50 A along the a direction and'11 A
[161, or 150 A [15] along the ¢ direction These domains were estimated to
form 1n about 3to 109, of the volume samples The above observations were
done on prepared oxygen deficient samples without thermal ageing. In the
samples with equalibriiim structures obtained by thermal ageing the decomposi-
tion and ordering were observed for y = 027 [8] and y = 022 [15] For in-
,stance in samples aged 672 hours 15% 1s in tetragoail phase with y = 0.85
the remamg ang in orthorhombic phase with y = O 11 [15].
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Raveau and coworkers [16] pointed out that in the 123 ceramic oxides
there 1s a mixing of superconductive Y Ba,CulCulO, regions and of insulating
regions of YBa,CullCul!Oy and. that in average T 18 proportlonal to the
Cuy:/Cuy total ratio.

Based on electron diffraction experiments Alario F Fanco et al [17]
proposed ordering oxXygen vacancies models for ¥YBa,CuyO,._, where v = 0 125n
and 0 € # £ 8 TFor # =12 and 3 the unit cell has the same parameters

a=242a, b= 2«/5()0, and ¢ = 3a,, The stiuctures were obtained by elimi-
nation of one, out of every eight oxygen atoms of the basal plane for # = 1
two and three for n =2 or # = 3

For #n =4, (y = 05), the consecutive fourth oxygen form the same row
were taken and the umt cell parameters became a = 2¢, b = 0 and ¢ = 3a

' For » = 56 and .7 the structure was oblained replacing the oxygen atoms
by oxygen vacancies and vice-versa the rcsulting tetragonal umit cells having®

the paraincters -q/Za, X 2\/211, X ¢, where subindices “t” refer to the tcira-
‘gonal cell For #» =8, 1e' for ¥YBa, Cu; O4 a tetragonal cell results, coires-
ponding to the total absence of oxygen in the basal plane of the structure
with the parameters a, X a, X 3a,

It seems important to notice that the 123 compounds have a structural
phase transition at 220 K, which lower the symmetry to Pmm2 as was revealed
by ultrasonic measurements [29], and that the orthorhombic to tetragonal tran-
sttion at 970K is believed to be an order disorder tramsition [7].

Optieal properties. Electron spectroscopy has provided most of the direct
information about the electronic configurations in this class of oxides [18—20]
From photoelectron spectrescopy, resulted that the density of states at the
Fernu level 1s, surprisingly, very'low for all these materials. A valence band is
about 5eV wide and 1s centered at 4 eV below the E; All of these materials
show distinct peaks at 95 eV and 12 5 eV. No sharp Fermi edge 1s observed and
the density ot states near Er appears to be consistent with a semiconducting
behaviour 1n the normal state. In YBa,Cu, 0, the band centered at 4 eV 15 de-
composed 1n two features located at 23 and 4 5 eV This two compeonents are
attributed to Cu 3d and O 2p features the study of the cross-section of the
tywo wvalence bands features showed that there are strong covalent interac-
tions between the Cu 3d ang O 2p levels It was reaveled that the Coulomb
correlation of Cu 3d holes is about 6 eV. At the same time, it 1s known that
the correlation energy of two 02p holes on a single site 1s grea‘ru than 8
eV [21] and on different neighboring ligands 1s about 4 5eV These results
1mply that correlation effects domuinate in the ¥YBaCuO that means that one-
electron theories of the electronic structure are not able to adequately describe
these materials X-ray photoemission and Auger imeasurements [22] support
the same 1dea A large number of papers reported optical reflectance and ellip-
sometric measurements [23—27] In YBaCuO7 compound three bands at
28,41 and 47 eV were found The substitution of ¥ atoms by other lantha-
nide atoms do unot significant by change the spectra, except for a red shiut of
the 28 eV baunl with 1onic radius of rare earth element With decreasing the
oxygen content the 28 eV band shifts to lower position and the spectra are

|
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dominated by two rather sharp structures at 175 and 4.08 eV. The 4 08 eV
decrese linearly 1n intensity,{and shifts to higher energy with increasing the oxy-
gen content At low temperature lumit three satellites at 3 95 and 3,73 appear
The 175 eV band intensity -decreases with y, and appers only as a weak
shoulder as 1n the rellectivity measurements [28]

The computational model, results and diseussions. The superconducting
properties of the this new class seem to be entailed by the special arrangement
of, copper and oxygen in planes and rows. Itt was shown that the oxygen va-
canctes appeared 1 0(l) positians from the b axis. The oxygen vacanctes orde-
ring is a subject of study both of theorethical and cxperimental points of view
Is was shown that for some values of oxigen content; the oxygen vacancies
ordering, ‘as a thermodynamical property-is not forbidden The experimental
evidence, jespecially that of electron.diffraction, shaws an oxygen vacancies
ordering and a supercell behaviour.

The density of states was computed for the ordermg vacancies model of
Alario Franco [17]. Detailed- band structure calculations [18] show a.remar-
cable stmple band structurc near Ep Four bands, cross the Ferm1 level Two
of them, strongly dispersed, consist of Cu2 (4 12_,,) O (p,)—0O_(p,) combina-
tions and haye a 2D character. The Cul (d,. —2)—0 (p,)—0 (;by) antibonding
band shows the 1D dispersion expected from the Cul —O CuA linear chains.
" The II bonding band formed from the Cu2 (d,._,:) —($.)—O (p,) orbitals 1s almost
entirely occup;ed for the y =0 compound lies just below the Fermu level
and give$ rise two peaks in the demsity of states near the Ep, making the
density of states at Ej, very sensitive for the oxigen vacancies concentrations,
Using these informations 1n order to compute the density of states near the
Fermi level, we used only the orbitals involved 1n the interactions ,which
have' contributions at the Ep. Atthe same time, because the distances d (Cu—
—01) = 1.85 A and d(Cu—02)= 2303 A the interaction Cu—02 were neglected,
"which means that the chains and the planes are enterely decoupled.

In the recursion method the local density of states defined by

N(E,R) =|<nleR>|¢d(E—Eg)

where |#n> and E are eigenfunctions of the system and |«R> a localized orbita
o, located at R, was computed using the Green function

\

1

N, R) = —EIm < aR |G (E + 10)] aR>

‘The c;rtogonal basis |#} was generated by rrieans of a recursion algorithm
H |1} = a,|n} — by — 1} + b,yy |2+ 1}
in which \ .
- ; 0} =]0>. - -
A tight binding hamiltonian was used !

! ! ;
H=) li>t, <jl+ X alize <i| -

\
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where #, were computed -in Slater—XKoster approximation The orbitals i
are d,_, and ds;»_,.for Cu atoms and p,, ‘p'y or p, for' oxygen atoms. The self
energies for the copper atoms were ¢ (Cu(l)) = 1 LeV T :
e (Cu(2)) =123eV - '
e (0(1)) = €(0(4)) = «(0(3)) = 0, Bullet. [32] \ :

The diffraction cxperiments show a low correlation 11 oxygen vacancies orde-
ring 1n the ¢ axis That 1s why in computation we used two independent pla-
nes and one ‘chain which have an uncorrelated behaviour

The results are shown in Figs 'l and 2 The Ferm: level 1s moving to
higher energies, which shows that as we cxpected the oxygen vacancies act
as dopants The density of states at’ the Furmu level hase two maxima, one
for y = 0250 and one for y = 0750 The tnst maximum appeared becagse at

‘this concentration of vacancies one Ci1 atom becomes 1solated from other atoms

‘{from the chains, which gives a sharp peak in the density of states at Ez.The

general feature is _that the antibonding statcs are below the!Ep with a small
contribution at the Ep and the antibonding states have the maximum in the
vecimty of Ep but tor Ep > E

The density of states for VBa,Cuy0;.., are generally 1n qualitative agree-
ment with band stucture calculations, The shape of the DOS for' Cu(1), O(1)

. and O(2) are almost the same 1n band structure calculations as 1 our 1esults

The Cu(l), O(1) and O(2) started as 1 the band structure calculations below
the Fermi level, the Bands having a width of about 8 eV. The peak from
w bonding appeares in both methods between —2eV and O
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One major difference was, found The —0.5 eV peak from band structure
calculation was not obtained in our calculation, and 1t seems that our results
are 1n better agreement with Fujumori’s optical experiments [19]. . :

- As the oxygen vacancies concentration increases a sharp peak at E—Epx

~ 4eV appeares. This peak, which appeared only in compounds with oxygen
vacancies 1increases in intensity as v 1increases and at the same time shifts

to lower energy. Our results, (Fig.

2), in qualitative agreement with optical

experiments, show that the 1solated units of ‘Cu—O0~—Cu from the chains are

responsible for this!

The density of states at the Fermu level varies with' oxygen vacancies con-
centration, as in Fig. 3' At the same time, the.Ferm level shifts towards the

higher energy, as the oxygen vacancies .increase,
mental and theoretical [3] assignments.

L
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' ABSTRACT. — Tlus paper presents a complete caleulus Shethod for a varactor
tuned IMPATT oscillator We have followed the Eisenhart and Khan calculus
“method [1], for a single: post monture, extended to two posts, one for the IM-
PATT and the second for the varactor diode The theoretical bandwidth for
this oscillator was determined by means of a computer program ILxpertmental
_ we have obtained a 03 GHz bandwidth, 1n good agicement with the expery”

rimental value " - .- ~

Theory. It 1s assumed a rectangular vaweguide stricture as shownin Fig. 1.
Both the IMPATT and the varactor diodes are disposed along the x axis.
Following the Osman procedure [2], the two posts are considered as two coup-
led antennas. Taking into account.the contributions of all the armonitc modes,
for each 7 spatial harmonic, a coupling network may be postulated In this way
the complet equivalent circuit will consist of an infimt number ol such coup-
ling circuits, corresponding to all values of #, from zero to infinit (Fig 2a).
The T coupling networks are prefered because of the better physical insight of
the problem. In concordance with- these, i1t may be defined the following
Z,, = the seiies impedance of the T couplmg network corresponding to the
#n-th spatial 'mode,

\

Z,, = the shunt arm 1mpedance of the T coupling network, .
Z,, and Z are the following expressions* .

: ; . % K- Ki & K. K
Zl]; N — : P’: £ ! (1)
@ (2 §)K m=2,4,6 1mn
) b Ko K : .
‘ Zow = ) — — L5 (—1)m+1 g2 i3 . (2
] B am ,7 @ (2 _ 8,,)]( s ( ) pm/ g&n (
vd o
» -u-vif‘ - - ’
T'ig 1 Parallel type varactor- )
tuned IMPATT oscillator (gene- N | ) |
ral structure) o ' gl- T —L}
- - - - ! r — !
—-
o S s X
- R ~ (H!— —

~ '
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E‘ln o2

(c) N {d)

Fi1g 2 a) = coupling networks for all # > 0, b) T network couplmg for the two gaps for n = 0,
c) Rearranged T coupling netwok for #» = 0, d) Complet equvalent circuit and the coupling net-
work for all # modes

i

1, for u =0

\Vhéfe If:&—i: I(*L_ﬂ, K,‘\:EJ 8;;——" -
’ b @ 0, for £ 0 '
Ii?’" = sin I<1S sin Orm , I{gn — COS I<g'h sin On 3 I(Z)‘
Om On .

r

o= (K3 + K — K3, @, =276 g, = 20

2b 2a

. ZV*‘A — 3766.
€9

For the dominant mode TFE,,,

= I{z,”
Zy=71"3 = (3)
m=2,4,6 Fmo
and
1 2b . K . b X m KPm
Zgg = 5 [7 gy ITO]K;I + ]7); ]mE=2 (—1)m+ —I‘mo, (4)

First term of the Z,, expression is real and represents half of the characte-
ristic 1mpedance of the guide, referred to the post position as shown in Fig.
2b If 1t 1s interpreted as being the parallel combination of the impedances
presented by the guide at the plane Z = 0 for both directions of propagation
the network may be redrawn as in Fig Zc.

o
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According to the above representation this 1mpedance term may be repre-
sented as a termination of the mount, this permitting to consider the mount
as an obstacle 1n gmde

Using the coupling network presented in Tig 2a, a single network with
shunt and series admitances may be obtained as shows Flg 2d, having the
followmg expressions . , |

s bK—-K
YEZZ(]-IIG Hnr—ay

) n=1

2 I( I}I(I{ }l) .
; P [4 ) ) (5)

1,3,5 mn

k 2 — I\) ki -Kpm/[(gn
el g,

=1 =2,4,6 wn
2 b K% — _K3 > ‘K;’mlljfzgn -1 6 '
— (20— ——F— —T (6)
* m=13,5 mn

The network presented in Fig 2d, after' AJY transformation becomes as may
be seen in Fig 3, where

Iy Z,
o = 27, + Z i @)
Z3y
“n= 270+ 7, : ®)
Zy = Zy + Zy, )

where Z is the second term in the expression of Zyo considered as an obstacle,
the mount 1mpedance is given by.

1
Z s =3\,§zb + = (Z T ) (10)

where Z, 1s the impedance of the devices assumed 1dentical In the case when
the gaps are open, Z, will represent the gaps static capacitance

Both for the IMPATT and varactor diodes we used a simplified equlvalent
circuits represented 1n Fig 4
' Replacing Z,, with equivalent circuit of the IMPATT diode and Z,, with
the equivalent circuit of the varactor diode, 1n the equivalent circmt shown 1n
. Fig 3, we will obtain the complete equivalent circmt

‘o

)

—L.Cp

RP - &,

»..4-““ .

Fi1g 3 Equivalent circuit after A/Y trans- Fig 4 a) Bqugvalent circuit for IMPATT
formation device, b) Equivalent circuit for varactor
device




36 D IANCU, D STANILA
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© bognplermer

Fi1g 5 Tinal equivalent crcuit F1 gl 6 Osallator configuration

If the post diameter is greéter than 1 mm, the effect of the phase vanation
of the field across the posts 1 the Z direction 1s more evident {3]. In account
of this effect, a new reactance %, may be insert 1n the equuvalent circuit, thus

the final equvalent: ciicuit may be seen mm Fig 5 \
The expression of %, 1s given by. '
‘ 2 .,
Xy = —27— (ﬂ—dJ sin? 72| (11)
g lLa a

referied to the center of the guide

Experiment. On the basis of the above theorctical discussion we have been
realized an oscillator presented in Fig 6

The values of the Z,, 7, and Z, impedances as a function of the micro-
wave length have been determined by means of the computer} program The
plot of these functions, for different values of the post diameter, are shown
m Fig. 7

A
(mm)
37+
36
35
34
33t
32
n
301
23
28
27
2
25

WO BN 17 a5 95 a0 2 27 23 3025 26 27 78 79 30 3 3 33 34 35 36 31 Iz
. ()

s -
F'1g 7 The plot of microwave length as function of Z,, Z, and Z, for different
values of post diameter
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There have been used as active devices, two diodes with following’ para-
meters . o . o e e
L(nH) CpnH) Rp((Q) ~Ry(Q}  Cp(pF) = Cpy(pF) CpulpF)

IMPATT - 4 © 06 03 pF -2 052 g

VARACTOR , 06 03 pF 1 108 323
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Following the general method used to determine the resonance condition
for the network presented in Fig. 5, we found the resonance frequency f; =
= 10909 x 10 Hz for C, = 1.08pF and f, = 1.0526 x 10 Hz for C,, =

= 323 pF Taking into account these values of the resonance frequences, the

bandwidth will be B = 383 MHz.

—— Dower
- N —%—x~= freguency =
T
- v o
:2 R ’-r k/_x_fa.. . m
S x
o ' -
S ' " B,
X
% 7 -
M
/ |
. le —85 -
S - ] — 1 1
-5 10 . <15 N 20 v

N Experimental,
' 300 MHz bandwidth for a zero 1o

i

we found a
twenty "volt tnangular voltage,
actoss the varactor.

1

Fig 8 presents the photog-
raphy of the oscillator, and Fig 9
shows the plot of the microwave
power and the frequency as a func-
tion of the voltage acioss the vaia-
ctor diode, drawn by means of the
curve drawer PROCESSOR TYPE

—4910/9.
Conelusion. On the basis of the
expertmental measurements, we

may couclude that the above men-
tioned theory provides a fairly

- /

Fig 9 a) The plot of the power as a functin of ' g00d method to characterize the
he voltage across the varactor diode, b) The plot
of the frequency as a function of the voltage across

_ the varactor diode

’

parallel varactor-tuned waveguide
IMPATT oscilator.



VARACTOR TUNED VAWEGUIDE IMPATT OSCILATOR DESIGN 39

N

REFERENCES

1 RL Eisenhart and P J Khan, IEEE Tians MTT, vol MTT 19, pp 706719,
Aug 1971 ’

2 T, Osman El-Sayed, IEEE Trans MTIT, vol MTT 22, No 8, pp 769-776, Aug
197 4

3 N Marcuvitz, “Wavegmide Handbook” (MIT Rad Lab Ser, vol 10), New York
McGraw-Illl, 1951, pp 258 —262

4 R Baican, ,Osclatort st amplificator1 de microunde cu dispoztive semiconductoare”, Ed.
Acad RSR, Bucuresti, 1979, p 67

’



[

STUDIA UNIV BABES-BOLYAI, PHYSICA, XXXV, 1, 1390

\ -

'

DEPENDENCE OF THE ELECTRICAI RESISTANCE OF THE ZSM-5
TYPE ZEOLITE CONTAINING CHROMIUM ON THE ATV[OSPHERIC
| PRESSURE

V. CRISTEA*, ELEONORA TRIFY, DORINA 'STRUGARU*, It. RUSSU**,
/ GABRIELLA GIHEORGHE** and IULIANA GROZ.A*** .

Recenned  October 10,1989
i

' -

ABSTRACT. — The paper picsents the influence of the atmospheric pres-
sure and of the thermal tieatment upon the electrical resistancg of the mixtures’
of HZSM—~35 zeolite and various contents of CrO, The dependence R = R(p)
changes from R = Rpy* for parent HZSN-—S5 zeolite to R= R, — aln p
for mixtuzes y% CrO; -+ HZSM—35 and suggests that in the later case there
are two or more contitbuting ecffects to the electrical conduction The
parameter « 1ncicases wlhen' the concentration of the oxtde increases and
can be taken as a measuie of the electrical conductlblllty

, -

! -

1. Introduetion. Owing to wvarious utilizalions, the aluminosilicates, of
zeolite type stand in attention of many research centers in the latest decades
Great attention has been devoted to the synthesis and to the physico-chemical
properties of new types of zeolites crystallized 1 the presence of organic bases
Among these materials, zeolite ZSM—5 containing polyvalent 1ons has become
a matericl of high commercial importance, especially in the conveision ot metha-
nol 1nto hydrocarbons Increasing interest has been devoted to:ZSM—5 zeolites
containing chromium (S1/Al = 47 2)

/

The 1ntroduction of chromium 1ons in cation sites 11as been cairied out
by solid state reaction between HZSM—5 zeolite and C10; oxide

The migration, the distuibution and the val®nce of the chromium ions 1s
interesting irom both the theoretical and practical vicwpoint [1—-3] Our
study describes the influence of the atmospheric pressure and of the thermal
treatment upon the Clectrlcal resistance of the ZSM—5 zeolite containing chro-
mium - - L

2. Samples preparation. Homogeneous mechamical miatures ot HZSM—5
zeolite and vaitous contents (0%, 1%, 5°/, and 109 wt) of CrO; oxide were
prepared These mixtures weie then compacted as pellets under a pressure of
3x 108 N/m? Some pellets were obtamed from mixtures caleined previously
at 1073 K Ou cach pellets, the Ag ‘electrodes weie deposed by vacuum evapo-
ration The pellets equipped with Ag electrodes: wete keeped 1n air at room tem-
perature

* Unaversity of Clug-Naosacy, ™D vuvtn ab of Paystes, 313D C’uj Napoa, Rona1 1a -
, "% ICITPR, 2000 Ploiestt, Romanta
b Sccour’my School, 3360 Copdcent, Roranta
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3. Results and Diseussion.' The expe- . | .
rimental procedure has been described 1 -
oar earlier work [4] Owing to the depende
ence of {he resistance on the applied ten-
ston, all fneasurements were performed by
maintainung a constant value of the ap-
plied tension (100 V) K/

In Fig 1, the variation of the resis-
tance with pressure for the parent zeolites
. (0% CrOy) 1s shown, 1n bolth' the semilo-
garithmic (a) -and the doublelogarithmic
scale (b) It can be scemthat the experi- 1y
mental pomuts descitbe, 1 a quite ‘good
aproximation, a tme of the type:

InR=mmRy—alnp ‘1)

( .

or : R} = R, (1) 1

where R0'= 257 x 1923Q and « = 105. .

In a previods study [4] we obtained

or Y type - zeolites a relat1onsh1p ol the
form

InR

112 RIQY

. Rp = coust. (1) ' . npiN/mY

? i .
whichis sinular to the- (1“) one, whena = 1 Pig. 1 The pressure dependence of the
The relationship (1) shows the de- electrical 1esistance far parent HZSM—35
creasing of the carriers moblhty with pre-  zeolte a) semilogarthmic scale b) dou-

ssuré diminution] which 1s accompanted 3 blelogarithmic scale '

by 'water ' extraction from' the pores of

the samples. The value of « = 105, close to umty, obtained for HZSM-5
zeolites shows that the previous interpretation is valid also for the ZSM—5
type zeolites .

The pressure dependence of the resistance for samples containing 1%, CrO,.

1s plotted in Fig 2. In the high pressure range the experimental p01nts descnbe
a straighline ,,¢”’ of the type

'R=R, — alnp’ o .- 2)

A similar’ behaviour, line ,,d” 1s obtained for samples heated previously
at 1073 K- and keeped then 1n air, at 1oom temperature during five days The,
Values of the parameters R, and « were found to be: R, = 1.55 x 10°Q

=123 x 108, R, =322 x 100 Q and «, =275 x 10° respectively

"For samples containg higher concentrations of C10j, the experimental results
are presented in Fig. 3, namely .

e) for uncalcined mixture of ZSM—5 and 9% Cr0y,,

f) for caleined mixture at 1073 K of ZSM—5 audyS% CrO;;

g) for uncalcined mixture of ZSM—5 and '10% CrO;.

°\



49 . V. CRISTEA el al

At pressuies higher than p > 166 mmHg, the experimental points describe
straighlines corresponding to Eq. (2), with the parameters: -

R, =254 x 108Q Ry =129.x 10"Q" "R, =474 x 10%Q

@, =188 x 108 =100 4, =379 x 108 :
It can be dbserved that the values of the parameters R, and « depend on the
concentration of CrO, oxide and on the thermal treatment history.

4 Conelusion. The pressure dependence of the electrical resistance of the
parent zeolites can be described by relation Rp* = R, (1')

For mixtures of HZSM—5 with CrO, oxide the pressure dependence of the
clectrical re515tance is changed compared with 'than of the pure HZSM—35.

The experimental pomts lie on the

straighline, Ri= Ry, — alnp (2).

5710 . ' In the case of the gparent sample
i ] ' ‘ in a limited | range of pressure only,

530 ie 36316 ;,: < p < 98715 Njm?,
Lo : ‘ , the function (1') may be appro-
Lol , \.° RW ximated by the straighline (2) ha-
1 +, ving the parameters R, = 3x 108Q
Rl R #2710 and « =25 X 107 For samples
st . containing 1% CrO,, the parame-
7 TTLll. 1 ter o increases by an order of mag-

.t ~ nitude,ie, «, = = 1.23 x 108. By
blr 136 increasing the content of oxide,

- 34 the parameter @ increases but its

31 . 32 order of magnitudeis not affected:
¢ . compared with samples containing

ro A é; B 19, CrO,. This 1ndicates that only

33 ' 18 a limited number of metallic ions

b6 _ contributes to the conduction.

29t ~2'[‘ The change of the function
" : R = R(p) from R = R,p~« for pa-
e rent HZSM —S5 zeolite to R = R,—

25} 2+ —oalnp for mixtures y9 CrO, +
i1g + HZSM—5, suggests that in the

; ‘ ' later case there are two or more

Ct 6 - contributing effects to the electri-

, - cal conduction One of this 1s the 10-

% L nic conductibility accomplished by
Stz 3 b s e 12 chromium -ions- (Cr2* and Ci%) as
In pint . charge carriers. The ions migrate

Fig 2 Th denend ¢ the electrical " from outer surface of the zeolite
1g € pressure depen ence o e electrica 3 P 1 N
reststance for 19 CrO, + HZSM-—5 mixture c) for mtp the pores of zeolite Whein the
uncalcmed mixture d) for mixture heated previously solid-state l_ntefaCtlon occurs bat-
at 1073 K. ween H-zeolite and CrO,; oxide The
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solid-stdte interaction may occur

slowly at room temperature also &) B ]
Hence, by EPR we detected [3] . 710f o e T -
1solated 1ons for mixtures pre- pin)| st m—————— r RiA)
paited one year ago According o8l B =
to the EPR results, the 1u:cre- . N y
ase of the parameter «, by at A S e — 13610
least one odrder of magnitude 6. 434
tor calcined ‘samples, indicates O |
a greater number of 10ffs entered v , T, 7
i canals and cavities of the =y ) 17°
zeolites 178
The [ormation of the Cr,O, -5k 126
crystalline compound evidenced o , -
by DRX, from CrO, in excess, ! “ '
not 1nteracted with zeolite, can 45F o : 22
also contribute to the increase Lo ‘ 1 {20
of the « parameter value when ol : ’ g
ncreases the concentration of . » o ,
" the CrO; oxide 1n the mixture T T T T T 1
For all investigated ‘sam- Pyt R AR
ples, a marked variation of the S0 inplNmd

electrical resistance was observed ) .
11 the normal pressure vicimty Fig 3 The pressure dependence of the electrical rest

- stance for e) uncalcined mixture of 5% CrO; 4 HZSM -3,
Thus indicates that the HZSM—5 5% 1 04’ ivenre of 59 CrO, 4 HZSM- 5, g) un.

zeolite may be dehydrated easier clactned muxture of 10% CrO; + HZSM—5
than'the Y type zeolite. These

résults are in agreement with those obtainde by thermal analysis [5]. Indeed
the value of the endothermic peak has been obtained at T = 120°C for
HZSM—5 zeolite and at T = 220°C for Y-type zeolite, respectively.

Our results suggest that the parameter « can be a measure of the electrical
conduct1b111ty .

v
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ABSTRACT. — The gravific coupling between two bodies has been studied m
two cases For the isolated system consisting from two bodies 1t 1s generally accep-
ted that the system has a natural (inertial) moton,, thus it was studied i fact a
motion without constrains There.are few investigations of the case in wlnch
one of these bodies (the source body S) has an imposed motion

In thus paper we study the gravific action on the body S on the second
body P which 1s considered without ~coustramns We showed the existence of

the traming effect which appears when the body S has an accelerated motion

-

—

! 1. The system consisting from two material points. Lel us consider the

vectors ¥ and v denoting the position and the velocity of the material pomt P
» The same vectors for the material point S are given function of-time, and will

. be denoted by X () and V() The 1est masses of the two bodles are respectively

mq and M.

~ If we are content with a second oider appioximation the stmplest possi-
bility to describe the motion of the material point P 15 given by the Fock-Fich-
tenholtz Lagrangean [1]. From this Lagrangean we keep only the terms which
are-necessary for the description of the studied effect :

L:_,,,OCZ\/l_.j; SR G T 4+ G DG O+

'

(1)

where < .
AeH - X, n = 22X )
c2 ¥ !
The Euler- Lagrange equation '
S "L 4 (O\_ o i (3)
, ' - a;: qt a;f . °
gives the motion equation of the material point P - ,
' d me _Tmed 3 Ty
— = vV o (n, Vi + ..., (4)

dt e
s
. c2

’
'

where we keep only the ‘terms which contain: vV =4.

* Umversity of Cluy-Napoca, Department of Physses, 3400 Clup-Napoca, Romania
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r .

From the Eq (4) results the existence of a training effect. The force asso-
ciated with the effect has two contnbutions The first one is acting on the
imposed acceleration. The second contribution has a radial direction and is

sensitive dependent on the component (x, 17) =Ad,0of V for 4, <0 Tespectively
A, > 0 the matenal point S 1s acting with a traping, respectively repulsion force
on the material point P.

We also have to mention that ,

"a) the component of the second tiaimng force in direction of A has the
positive expression '

mo 2 , ®)
4 |V I ,
b) if we denote the traiming force by 1_5,,, from (4) we get
(3, F) =222 1 7), (@ x F) =222 x V) (6)

¥ ‘ r

We also note that the coeffictenls from (6) have positive values.

2. The system comsisting from two rigid spherical hodies. We consider now
the case when the body P has a spherical shape with the radius ‘@ and the
rest mass m, (the distribution of the rest mass 1s umform) which interact with
a central spherical body S with the radius 4 and the rest mass M, (the dis-
tribution of the rest mass presents a spherical symmetry) The origin ol the refe-
rence system will be considered 1n the centre of the body S, which has a rota-

tion motion with” a wvarnable angular velocty ?l(t) (the rotation axis crosses
the origin) We will denote the position vector and the velocity of the center
of the body P by % and v

a) The rotatwon-translation traimng effect In this case from the Lagrangean
of the system we will consider the terms [2]

L=—me\/1- & -2 050 + .., (7)
, c? 37"’ )
where b
i
o = %—, and I, =5 w(r)rrdr
2 0
(i being the mass density).
From (4) and (2) we get
d ., mo_’v _ 4dngrdz a(ﬁx?c') + .

a | - B ' 8)
\v e oo

The material point in trained by a force which is acting 1n direct sens.
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.b) The rotation-rotation trarming effect From the Lagrangean which descn-
bes the system we keep the terms, [2] |

~

-

L= gt 4 A0 o) w4 [(O, ay* — 3@, Do, D] + ... (©)

(o being the angular velocity of the body denoted by P)

Using the equation of motion

d’ ai - 3L ;
—t(a—a)_(mxgg , ‘ (10)
we get : !
N . \ B \ \
\ a:_—%a[_f)rz—S(ﬁ, 0 x] A+ ... (11)
~ 1 - -

From the Eq." (11) we get the relations: ' )

(£8) =20 (i 6), G x ) = — 2L 0 (3 x ). (12)
¥ , 33 \

\

I

The radial component of Q gives rise to a tramning effect 1n the pos1t[1ve sens

(direct.sens) while the transverse component of this quantity (perpendicular on %)
producés a tramming effect in the negative sens The resultant effect 1s obtained
-from the superposition of the two opposite training effects-

¢) The ' rotatron-rotation trawmmg effect 1n the case,of the wnternal Tlm'rmg
effect If the rest mass M, 1s distributed umformly on the sphencal surface of
radius 4 and with the center in the ongine (0), and the rest mass, m, is dis-
tributed umformly, 1nside of the sphere with radius @ and the center in O,
we have [3]° ’ ’

SRR (13)

’

i

N
w =

[9=)
mly

In this case we have a ,,pure” effect (ZS and Q have the same direction) thé

obtained training being in the positive sens

3 Conclusions. For a gravific coupling between two bodies, the body having
an 1mposed accelerated motion 1s acting on the second body by a training
effect. t ‘

In any cases a direct training is obtained namely translation-translation
‘training for the maternal points,-and the internal Fhirring effect In the case
of the rotation-rotation training the effect is sen51t1ve to the geometry of the
system because. in this case two contrary effects are competing’
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Excepting the quantities ¥, , the effect is also influenced by the dimension-
less quantities 2/r, Afr, but no dependence of m, has bcen observed.
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ABSTRACT — It wos obqervcd at resonance mcidence that the absorbtion of

laser radiation on metdiitc surfacé 18 highly amphfied, both withn and outside |

the urradiation spot "Tlis has a particvlar interest in obtamning better energy

coupling from a high-intensrty laser radiation to metallic samples.
| |

N

, Introduetion. The occurrence of SPS (surface periodical structures) was
shown to be a very general phenomenon [1-+4]. A possible classification could
divide the SPS thdat occur on sample surfaces' as an effect of h1gh—1nten51ty
laser 1irradiation into i) resomant surface per10d1ca1 structures” (RSPS) that
"form during laser action and their charactemstics can be related to the inci-
dent laser-beam parameters and, 1) non-résonant surface periodical structures
(NRSPS) which appear mn the molten rhatenial afier switching off the laser
and seem to have geometncal characteristics with no relation with the incident
laser beam_ parameters ‘[1], [8—10]

RSPS erther induced on the surface of various materials under the action
of high intensity laser irradiation, or preexisting on the surlace as a result ‘o
a prior processing, was given a great dea] of attention in connection with théur
influence on the optical' characteristics of the surface The possible changes -of
the superficial absorbtivity A,/may have large 1mphcat10ns in any other phy-
sical processes on the- 1rrad1ated surface.

It was shown that RSPS formed in the case of metals, result as an inter-
ference ‘between the 1cident laser wave (ILW) and,the surface electromagnetic
waves (SEW), which are induced and propagate across the sample surface

We. shall review 1n this paper some recent results concerning the supple-
mentary energy transfer from the laser radiation to RSPS metalic surfaces

As for the mechanism involved in RSPS formation by high intensity laser
irradiation of solid samples one can refer to [3], [4], 6], ([11] [12], [13]
[15].

" Theoretical pwdleuons. We have examined [16] the interaction of a lases
beam of rectangular cross—sectlon XoVe, with RSPS-riddled, metallic surface of

a pegiod A = AN with'a simusotdal profile, z(x) = lsm (gx), where 7 1

1 —sin 0

the amplitr_lde depth of RSPS, g 1s the RSPS 1nverse vector, g = 2—; and k= —

~

r

¢ * Economic Lycewm, 3400 Cluy-Napoca, Romama’
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the wdve vector of the ILW We have con51dered that RSPS are covering only
the irradiation spot. -

The laser radiation 1s linearly polarized 1n the incidence plane with electri- -
cal field, E, of the ILW normal to RSPS grooves. -

We emphasize the following characteristics which aré due to the laser radia-
tion absorbtion on the RSPS riddled surface, both within the limits of the 1rra-
diation spot and outside it on the planar surface.

a) The fraction p of the,incident power (energy) which SEW evacuates
along the Ox axis from the irradiation spot 1s given by

p(xo, B) = M = C(h) Fy(ax,) / (1)

oq

. . \ . N
where M < 11s a dimensionless constant very close to unity in case of metals:

! 4h2h2
{ Clh) = —/—° . 2
! | ’ (") (h* + hf)* : (2)
Fofaxy) = (1 — e—an)2/(2ax,); (3)
and . T
oc—ocd—l—ar-—ocd(l—}—}) C 4

is the SEW. attenuation coeficient, taking 1nto account the heat dissipation
into the metal «; and out51de it, «,.

4

. We suppose :

o x af; =0 (5)
Ak .
. o, = — —_ . - ..
¢ 8» =n . (6)

A, is the absorptivity of the planar surface of normal incidence, % and # are
the absorptive index and refractive index .of ‘the metal. ¢

" b) The fraction p of the power (energy) taken by SEW off the irradiation
ispot is disstpated as heat on the planar syrface of the target. The absorpt1v1’cy
determined 1n this case outside the 1rrad1at1on spot is [16] '

/ AZ(xO; xT; k) = (O(./tld) (h) Fz(axo) [1 _ g—Zad(rT_ra)]» -
S . ~ p(xg, 27, B)[1 — ¢ 720779 ‘ (7)

Whenever the followmg condition 1s fulfilled ]
Xr — xO = 1/(20&d) . (8):

we have 1n the case 4% > A2 . o
%o =~ 1,26/¢.(h) ‘ 9)

the absorptivity A,(%o, #) — Amex (h) ~ po..~ 0,8 1e. as much as 809, of the
incident laser power (energy) 1s evacuated by SEW outside the irradiation
spot where 1t 15 completely absorbed into the sample

i

4 — Physxca nr 1/1990
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c) SEW excitation determines also a supplementary, absorpt1v1ty in, the
limits of the irradiation spot, A,: - .

Ay(xo, B) = C(h) Fyfaxy) - (10

where
1

Filaxg) ~ (2axy — 3 + de—er0 — o—2)[(2azx,) (10)
if %> 1)(20) . we have F,(ax,) ~ 1, and F,(ax,) =~ O. '
++  Therefore, from Egs (7) and (11) we 'getl

. ) Ay(5g, B) ~ Ay(h) = MC(h) g

) Ay(%g, %, ) 20 (11))
i.e. SEW do not succeed to evacuate power (energy) outsuie the irradiation spot
d) In the case we have , . LT
o axy < 1 or
‘ axy << 1

Al(xOJ k)‘ < Az(xo: X, h) (12)

i.e. the incident laser power (énergy) absorptivity outside the irradiation spot
can largely exceed the absorptivity within the limits of the irradiation spot.

Conclusmns. When the laser radiation is falling upon a RSPS riddled meta-

lic sample the laser radiation absorption 1s governed by some important features.
1) A supplementary laser radiation absorption takes place, inside and out-
side the 1rradiation spot.

2) Both supplementary absorptivities of the mcident laser power (energy)
inside A, and outside A,, the irradiation spot depend not only on the ampli-
tude dep’ch %, of the RSPS, and also on spot dlmenswn %, while A depends
only on tarcret dimension «;.

is ‘easy to show that we get: 4

3) When we use an optimum choice of 4, xo and x; we get maximum
values of A; and 4,. ) . \

'
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RESUME. — On a étudié un prototype-thermustance a échauffement indirect,
eh utilisant une thermistance originale miniaturisée sémi-réfractaire Nous avons
,présenté les- charactéristiques R(T) et U(I), de méme que' les principanx para-
metres - R,y,, AE, B, ar N

Int oduetlon. On utilise ce type de dlsp051t1f electromque dans les cas ot
lon exige une séparation électrique entre le aircuit de commande, d'une part
et le circuit commandé, d’autre part comme, par exemple — la télécommande
des systémes mécaniques, la protection de surcharge des circwits électroniques,
dans 'anémométrie etc Ce fait est possible par I'entremise d’'un microréchaud,
placé au voisinage immédiat du corp actif de la thermistance, de sorte que la
chaleur dissipée par celui-1a peut modifier le régime d’équilibre thermique de la

thermistance.
“Expériment. Nous avons realisé une thermistance prototype en utilisant une thermjstance
sphérique mimiaturisée (d=1,2 mm), munie de sorties en fil PtIr,’ dont le matériel est un sémi-

. conducter céramique (\InO CoO—1LaBg), a partir d'une phase coulée, par une teclinologie

spéciale [1]

Le microréchand spiralé a une résistance nominale R, = 2,90 Les deux éléments sont intro-
duits dans une ampoule cylindiique en verre, remplie d’air sous *pression normale, ayant quatre
sorties (contacts), comme on le voit sut la figure 1

Résultats et diseussions. La caractéristique thermque expérimentale R,(T),
(g 2), correspond trés bien. & la lois theonque [2}

'

Ry(T) = Tr, exp B ( = ) ‘ '

ot Ty = 293K, Ry, = 278,046 kQ.

En analysant les fonctions R (T)I et In R, = f(1/T), (fig 2), on a évalué
les quelques principaux paramétres de la thermistance, présentés dans le tableau A-

! Tablearr A
Résistance nominale l Ry, ¢ (kQ) 278 o
Constante électronique’ , B {x )' T 4833 y
Energle d'activ therm . -, AE (eV 0,8 :
i
Coeff thermique de Ry or (%/K) (5,6—1,5) ‘l ‘
Temp max admise Tmar (X) . 570
Fig 1

* L'Instist Polytechnique de Cluz-Napoca, 3100 Clug-Napoca, Roumanie
** L'Universite de Chyy-Napoca, 3400 Cluy-Napoca, RKovmanie
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.D’aprés les valeurs de AE et ar on peut

d’'une part, que la conductibilité

électrique du matériel estidu type extrmsé-

que, et d’autre

part, que la thermistance

conserve une sensibilité thermique assez bonne
méme a des températures relativement élevées.

La caractéristique

R,(P;), ot P,

de I’échauffement
est la puissance électrique

dissipée en Rz, est pidsentée sur la figure

3 On remarque
linéaire jusqu’a P,

_tion dR;JdP, = 0,

une dépendance presque

= 300 mW avec une varia-
5 kQ/mW. ¢

Eu considérant P, (max) = 600 mW, on

obtrent une résistance

mistance, R, = 5

“chaude” de la ther-
kQ, d’olt en résulle que 'le

cocffictent du ‘couplage theumque K = P,/P,

a la valeur 0,08 (8%))

ot P,=U,1; =

49 mW est la puissance qu’on doit dissiper
en R, ainsi que R, = R,
Les caractéristiques statiques U,(I;) ont

été relevées pour-de différentes valeurs de

la température extérieure et du courant élec-

trique d’échauffage I, Sur la figure 4 est .

présentée; partiellement, la famille des cour-
bes obtenues, expérimentalement,

/
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Dans toutes les variantes ‘étudiées on obtient I'effet relais, pour des valeurs
‘relativement faibles de P, (20—25) mW, fonction de 6 et I,, e qui. permet
un choix assez large des variantes d’utilisation du dispositif obtenu On rémarque,
par exemple I’équivalence 'des modifications de la caractéristique statique U(J)
provoquées soit par la varnation de I, (200 400) mA, soit, par la variation cor-
respondante de T (50—80)°C o

Conelusions. On peut dohe conclure que le prototype reallse pourrait étre
utilisé efficacemént dans de différentes schémas de télécommande ou de télé-
réglage, surtout dans les cas ol lon dispose' de valeurs assez élevées de P,,
sans une préamplification. . : ‘

BIBLIOGRAPHIE \
Y )

i

"1 ¢ Codre anu, I-Cosma, M Vancea, Brev ' inv 68105/1979 ,,Plocéde et dlsposltlf
pour le confectionnement des thumbtanccs—type mimmaturisé ”’ .

2.G N Dulney, ,,Teploobmen v radioelectronnih ustrotstvah', Mosc — Len, 1963 P 9

i

-1



, .

STUDIA UNIV iBABES—BOLYAI. PHYSICA, XXXV, 1, 1990

\ . ' “

SOME ASPECTS OF THE CORRELATION BETWEEN SUNSPOTS AND
CYCLONES

A. KOSA-KISS* and I SZOCS**
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’
\

7 ABSTRACT. — The present coriclation analysis is based on our own observa-
tions which cover two decades We deduced an indirect interdependence bet-
ween the sunspots which flfil certamn conditions and the meteorological cyclones
The physical relationship 1s matertalized tnto a directed effect The indirect cause

- 1s the sunspot, while the effect is the polar cyclone The phenomenon will be
called correlation, the .respective sunspot will be called coirelational sunspot,
while the.meteorogical formation will be called corielational cyclone* In the
coirelational process, the mntermiediary factor (modulator) 1s the solar plasma'
(solar wind)} ejected from the sunspol, which heats the teresirial atmosphere,
favouring the meteorologlcal effect the atmospherlc changes start, having as
consequence the constitution of the cyclone

.

Some meteorological researches proved that, during certain time 'intetvals,
the air temperature and the quantity of precipitations change parallelly with
the relative number of sunspots, for instance, maximum values of the air tem-
perature and rainfalls correspond to the maximum valies’ of the sunspot number.
Such peériods are followed by asynchronous intervals [6, 7]. The American resear-
-chers Roberts and Olson have examined since 1964 those days when the geo-
magnetic activity showed appreciable increases in intensity According to their
supposition, the causes are solar They have also studied the behaviour of the
cyclones which start from the bay of Alaska and pass over the North—American
‘land, establishing that during an increased geomagnetic activity the cyclones
are generally stroriger than usually [8]..According,to the analysis of the data
provided by three méteorological stations in Central Europe, as a consequence

- of violent solar flares, ten days after, the atmospheric thermal values exceed

. considerably the average of several years. This correlation 1s based on the
analysis of 30 studted phenomena But there are remaining the following problems
which is the origin of the warm air masses which cause the weather heating?
Which i$ the path of these ones? What 1s the latitude up to Wh1ch their mflu—
ence can be tiacked?

The above analysis 1s based on solar flares. But a solar flaic 1s a pheno—
amenon which appears suddenly and ends rapidly Only the corpuscular and
electromagnetm radiation “directed towards the Farth 1each our planet, produ-
cing various effects [1—5]

I-Iavmg in view these comsiderations, we dwelt upon the particles ejected
by the sunspots and transported through the solar wind Due to the relative

* Water Tireatment Station, 3650 Salonfa, Romasia
** Engwmegring Institute, 4800 Bawz Masrs, Romania
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motions of the Sun and Farth, the Faith can cross several times thc flow of
particles ejected .by one and the same sunspot

Our observations concerning the extent and position of the sunspots with
respect to the central meridian (CM), as well as the weather conditions, started
m 1971 [9, 10] We used a 15 cm reflector and took a particular heed of the
morphology of the clouds [11] In this way, 1t was possible to perform a com-
parison 'between the positions ot the sunspots appeared between 1971—1985
in the CM region and the beginning of the precipitations from the clouds which
covered the sky g
; "The analysis we petiormed showed that the respective clouds were not of
local onigin , they were belonging to a cyclone which affected most of our con-
tinent. The precipitation system of the cyclone 1eached Salonta the days when
the sunspots crossed CM (obviously, on a statistical average, there were devia-
tions 1n time) .

Table 1 lists the features of the solar events, piovided by our observations
compared with the observations performed at 1mportant centres of solar data
[24,25]. The heads of the columns signify No = current number of the corre-
lational event, DCM = day when the sunspot crossed CM, So = heliographic
latitude of the sunspot, MIC = P S Mclntosh’s class1fice|1tLon; SGA = area
'of the sunspot group i nmullionths of solar area [25], No. B = current number
-of the sunspot group according to [24], the notations in the last “column are
A for authors’ observations, B for observations made 1n Bucharest [24], € for
observations made in Catamia [25]; the symbol “—” in SGA and No. B
columns indicates the lack of data. (See pag 61.) '

1

The statistics of the correlational events is gtven in Table 2 .

' - Table 2
) ‘ '
! “Huirted” cyclone iLate” cyclone \
Deviations Af (days) -3 -2 -1 0 +1 +2- 43
' Frequency of cases N B 3 7 14 37 14 11 5

S

In most cases thé deviations are of :};1 day, namely the cyclone comes
m Salonta one day sodner (the cyclone 1s “m1 a hurry”) or later (the cyclone
is “late”) The 2—3 days deviations are more scaice. The value'0 represents
the most outstandmg cases “The correspoudlng histogram 1s gn en 1 F.g 1

On the basis of the data listed 1n Table 2, the Gauss curve has the- expres-
sion , ! N

3

N(Af) = 0.341 exp (—0.29(Al)? + 0,365 &), ' .

with At-= 0 03 and o = 131, 839, from cases lie 1nto the range 20, while 99%:
from cases lie 1nto tha mnge 36 The prob1b1hty ior a devxatmn of 4 days 1s
p = 0.516%,

! \
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The correlational sunspot

" appears generally into a group.

Such sunspots appear especi-
ally in the years of maximum
solar activity, but they were
also observed 1n years of mi-
nimum solar_ activity, and
even isolatedly The extent
and compactness of the um-
bra from the sunspot penum-
bra proved to be 'decisive
According to our observations,
the sunspot umbra has a mi1-

. mum diameter of 20-000 ki

and a homogeneous, compact
structure, with ummportant

ch'mges of shape during the 12 days in whlch 1t can be observed The evolution
of some correlational sunspot groups is plotted.in Fig 2

The sunspot’penumbra has a diameter of at least 30 000 km The ‘correla-
tional sunspot can exist dunng several solar rotazions. According to Waldmeier

i d - i e -7

f~ h RN
a - 24 JUNE 1977 15 45 (UT} | d- 29 JUNE 1977 12 53
. b - 25 JUNE-1877 15 40 ~e,- 3 JULY- 1977 15 25
/ c- 20 JUNE 1977 13 15 f - 4. JULY 1977 15,30
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a sunspot group of maximum longevity was observed between August 23, 1966
.and January 8, 1967 (139 'days), interval in. which the Sun performed 6 rota-
tions [12] Accordlng to Kuveler’s opinion, the stable sunspots are formed in
less’than 7 hours [13]. We observed that at the beginning of‘“the formation of
'a correlational sunspot group only two pores can be seen, passing after three
,days mto the form “D” (according to P S McIntosh’s class1f1cat10u), in the
fourth day 1t appears under the form of the type “E”; this active surface
appears again under the same form at the next rotation. In order to reach
the Earth, the solar particle must originatein sunspots whose optimum position
1s East or CM into a zone. lying mto the Eastern extremity of the solar disk.
In the data provided by the artificial satellite Solar Maximum Mission, data
concerning the intensity of the solar radlatwn [14], there were found mintmuam
valucs ., just when the sunspot total area on'the solar disk was maximum It
seems that the maximum decrease of the solar constant ‘'occurs just in the period
of rapid apparition of a great number’of sunspots. Accoiding to Pap [15], this
change of the solar constant takes place along some days and can be connected
with the presence of stable sunspots covering wide areas The plasma which
teaches the solar surface 1s acceleratedly propelled by the Alfvén waves towards
to the corona. The close connection between the sunspot and the corona was:
proved by the space observations performed by means of Apollo Telescope
Mount [16], according to which, shortly before the sunspot -apparition, one obser-
ves coronal luminous points above the ulterior active zone. The coronal pheno-
mena occur always in an active region of the solar surface [17] It i1s matter
of a vertical space, of the form of a column, having at 1ts base a sunspot group
The local maghnetic field cominected with the sunspot group rises appreciably ’
above the photosphere, penetrating 1nto the K corona At the extremity 'of the
corona, in the region of the coronal hole, the magnetlc field 1s open, from here
1apid flows of plasma go into the 1nterplanetary space. A coronal hole lasts about
six solar rotations, this stability being connected, in our opinion, with the corre-
lational sunspots Tn August 1971 and July 1981 there was ohseived the appari-
tion of coronal holes which crossed.CM (18, 19] In these intervals we observed
correlational events 1 the low atmospheric layers (correlational events 19, 47
and 48) A large sunspot group crossed CM on August 10, 1979 (sunspot -“a”),
" while two large. active zones crossed CM in July 24, .1981 (sunspot “b”) and
July 28, 1981 (sunspot “c”), respectively In'the case of the sunspot “a”, the
researchers from the Zagreb,Observatory observed the filament phenomenon,
the sunspot “c” caused a second type solar flare, this last one being the cause
of radio d1stu1bances and polar light. !

Accordmg to Parker [20]; the plasma travels with a speed of 500—800 km/s
under the form of the solar wind, and reaches the Earth’s magnetosphere after
2—3 days. When the plasma reaches the Earth, it is still consistent enough
to increase the temperature of the different 1onospheric layers above the North
Pole. One knows from data provided by mefeorological rockets that a UV radia-

tiom is produced, which reaches the stratosphere and is absorbed by this omne.
During-this absorption, a heating of the stratosphere takes place. In the solar
effect mechanisin, the intermediary part 1s now played by the warm air resul-
ted from the heating due to the plasma: According to Palmén [21], the vertical

’
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r

v flow of air from the warm stratospheric zones reaches the troposphere through
the tropopause funnel. The hot air which reaches the inferior atmospheiic layers
cools. sensibly and, under the form of a descending jet, exerts a pressure “on
the ‘cold air masses of the polar region. The air jet which reaches the polai zone
causes a strong turbulence. Pettersen et al. [22] showed that the cold air, mas-\
ses from the polar region reach low latitude zones only through a strong cyclo-

* mic circulation Since the equilibrium, even 1n the case of small atmospher:c
perturbations; 1s concretized into undulatory motions, the air travels Southward
under the form of a cold atmospheric front. During this travel, the air depres-
sion becomes more and more deep and turns into cyclone

In order to 1llustrate the phenomena, let us examine the development ol
the event 53 An E-type sunspot group appeared-at —8° heliographic latitude
on October 12, 1981 and became of F-type the next day The penumbra of
the directional sunspots was ramified The length of the active zone reached
196 000 km On October 17 it contained 81 umbral zones On October 19, CM

' was, redched Till October 20, the greatest umbra of the sunspot group perfor—
med a 15° clockwise rotation, and 39° more till October 22 On October 24
it redched the opposite side of the Sun This wmbra kept about the same form
during its vistbility This was the second rotation of the active zone, the first
one being performed on September 22 According to our ground obselvatlons
on October 20 the Cuwrus fibratus clouds mark the arrival of a cyclone with
outstanding cold front Cuwrrocumulus lenticularis clouds were also formed “The -
cloudy system of the cyclone reached Salonta on October 22, constituting simul-*
taneously the beginning of the correlational phenomenon, because i the same
evening the precipitations started The precipitations from the low altitude
Numbostratus clouds became, abundant-on~October 24. The temperature maxi-
mum was +18°C, as against 422°C on,October 22 On October L26 we mea-
sured —1°C (first frost). The meteorologmal situation is glven m Fig 3

According to our observations, the cyclone which followed the correlational ~
event consists of a cloudy system covering a zone of ahout 4000 kin and tra-
velling rapldly due to the temperature dlfferences between the North-West

_(cold air) and South-East (warm dir) extremities 'According to Zverev [23],
the travelling of the cyclone is influenced by the ‘cold wind normal-to the
front We observed that the correlational cyclone travels' generally along the
Van Bebber trajectory of the third kind This cyclone was featured by a strong
cold wind accompanied by a ‘pronounced decrease of the air temperature, snde.
pendently on season. The Rossby planetary wave ring which suirounds the
pole and has a length of 5000—10 000 km is able to change, according to our ,
observations, the form of the frontal surface at extremities * the air flow which
travels West-East along the latitude circles can change it$ direction 1n a rela-
tively short interval, due to ‘the correlational cyclone, mto a meridional air flow.
During the maximum solar activity of 1979, the summer semester, we could
often record cumulative clouds resulted from oceamc and arct1c fronts (Cumulus
.and Cumulommbis) 1—2 years after -the maximum sqlar activity, there were

inundations in Central Europe as.a comsequence of abundant precipitations.
(summer 1970, 1980 and 1981) The intensity of the correlational cyclone depends
on the atmospherlc situation in a certain site:

1
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SUNSPOTS 16101881, METECROLOGICAL STUATION 20.10 1981.

| ) g , ‘
\i W
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- = -l ‘@ N
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EE '
- THE BIGGEST UMBRA XX = TEMPERATURE

mmm - COLD FRONT
@ — COLD AIR STREAM
' DIRECTION
3 ! ' ! v/4

RAINFALL

SUNSFOT No.670. p 75[24] DURING THE ISUNROTAT!'ONS 1703-1716
19.10 1981,  SUNSPOT IN THE CENTRAL MERIDIAN-
22101981 IT BEGINS TO RAIN =

Fig 3

a) if above the Atlantic Ocean theie is & cyclone in the Iceland depression
cone, the correlational effect 1s evident (precipitations, winds, temperature
decrease) ’

t b) if above the Atlantic Ocean there 1s an anticyclone, the coirelational
cyclone has the appearance of a cold and dry front (with reduced precipitations),

c) 1t along the latitude of 60° there is a seiles of cyclones, the correlation
1s 1llustiated by a “cut-off” cyclone ;

During a solar cycle, the number of coirelational sunspots is small as against
the total number of active zones. Between September 10, 1978 and January 7,
1989, out of 658 cyclones which passed over Salonta about 80 were correlational.

The correlation between the solar activity and the terrestrial weather is
apparent durning short time intervals. The study of the sunspots and correla-
tional cyclones 1s not difficult’, it can be systematically performed [24, 25] The
study of synoptic maps has a particuldr importance From this point of view,
we emphasize the essential results of N Topor [26] obtained on the basts of a
close analysis of synoptic maps, establishing 7 different possible meteorological
situations Out of these! ones, the sixth situation is the most adequate for our
correlational event; this one ensures the circulation of cold and humid polar
air masses, transported by strong winds over the Western and Central Hurope,

hence over our country, too.
1
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‘ ! Table 1
Coorrelational sunspots \

No ~ DCM So (°) MIC  SGA No. B Source
1 24 Aug 1971 —13 b3} 1682 251 c
2 22 Oct 1971 7 F 1503 295 c
3 5 Aug 1972 13 ‘G 1143 220 c
'y 6 Jul 1973 12 c — 93 B
5 2 Jul 1974 —11 C — ' 90 B

‘6 4 Jul 1974 —14 F — 92 B
7 15 Jul 1974 -9 H — ‘96 B
8 22 Jul 1974 —16 D — 104 B
9 10 Sep 1978 - 31 , D 234 . c

' 10 2 Dec 1978 —18 E ~403 . 425 (o

11 12 Dec 1978 20 E 729 — C
12 25 Jan 1979 —3 ho) - — A
13 8 Feb 1979 —10 D — — A
14 26 . Mar 1979 18 . F — - A
15 _ 2'Apr 1979 —186 F 153 128 c
16 ~ 29'Apr 1979 187 E 1012 168 C

17 2 May 1979 15 D 811 175 c

18" 13 Jun 1979 —17 E 67t 260 c
19 19 Aug 1979 —24 E 760 407 c

20 28 Sep 1979 15 E 372 — c
21 21 Oct 1979 15 P — — A

22 9 Nov 1979 —14 F 463 603 c

23 6 Dec 1979 —14 b} 401 — c

24 30 Dec 1979 ~14 E 118 — c

25 11- Jan 1980 —12 D 833, 18 c

26 5 Feb 1980 ~—16 ¥ ~1014 54 c

27 11 Feb 1980 —12 E 486 . 65 c

28 8 Mar 1980 —10 E 336 94 c

29- 1 Apr 1980 "2 D . 461 126 c

30 24 Apr 1980 —13, E 1090 153 c

31 6 May 1980 20 E 569 178 ' c

32 13 May 1980 ~ —18 D . 539 197 C

33 3 Jun 1980 —20 J 170 2927 - c

34 20 Jul 1980 —25, H 813 334 c

35 30 Sep 1980 . —17 D 81 486 c

36 14 Oct 1980 . —11 E 1056 514 .C

37 23 Oct 1980 —18 D 1256 548 c

38 12 Nov 1980 —11 r 2439 585 c

39 18 Dec 1980 6 L " 597 4 c

40 7 Jan 1981 —14 D, 64 30 c

41 14 Jan 1981 6 D 92 45 C

42 3 Mar 1981 —12 E 510 117 c

43 8 Mar 1981 —4 E 590 125 -C

44 20 Mar 1981 9 c 296 156 c

45 15 Apr 1981 9 D 282 224 C

46 I Jul 1981 ' —15 o) 933 378 c

47 24 Jul 1981 —8 H 1588 ,439 c

48 28 Jul 1981 . —13 F 1774 443’ o]

19 18 Aug 1981 —15 F 1074 492 c

50 2 Sep 1981 : —13 E 500 534 C

51 10 Sep 1981 ‘ 10 F —_ 572 B

52 15 Oct 1981 —18 F 1838 660 , C

53 19 Oct 1981 —11 F 1823 . 670 C
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: Table 1 (continued;

SGA No B Souzce

=
=
(@

No DCM o So(°)

54" 5 Nov 1981 > T2 P 1463 T 710 C
55 1 Dec 1981 v —9 r 623 766 c
56 1 Peb 1982 —14 ¥ 1005 38 c’
57" 10 Feb 1982 ry —10 F - 1792 53 ¢
58, 18 Feb 1982 3 i) 849 . 66 o
59 - 2 Mar 1982 , 14 H ' 499 84 C
60 11 Mar 1982 R , 5 ) 409 105 C
61 17 Mar 1982 - P E 1156 120 c
62 - 29 Mar 1982 11 E 1236 134 ¢
63 13 Apr 1982 : 12 J 244 173 C
64 26 Apr 1982 12 D 535 200 o
65 31 May 1982 b , -3 B 400 265 c
66 9 Jun 1982 ) ' —9 X, 908 . 281 c
67 12 Jun 1982 —18 E 606 287 c
68 20 Jan 1983 N —13 D 252 29 c
69 3 Feb 1983 . —17 H 879 43 c
70 9 May 1983 - —13 D 136 140 - C .,
71 24 May 1983 17 D' 433 153 c
72 5 Jun 1983 -9 F 1160 -~ 169 c
73 + 11 Jun 1983 o -9 E' 694 171 ¢,
74 2 Jul 1983 - —8 J 155 192 c
75 19 Jul 1983 v13 J 127 211 c v
76 3 Aug 1983 -9 .. F 850 - 235 ]
77 14 Aug 1983 - —~6 E' 453 ¢ 246 ¢
78 16 Jan 1984 . —16 E 530 2 c
79 12 Peb'1984 - , —13 D 587 14 C
80 11 Mar 1984 , —10 D = 24 B
81 .2 Apr 1984 —15 E 429 ) 55 c .
82 16 Apr 1984 8 E 616 68 o
83 - 29 Apr 1984 : —12 F — 80 B
84 31 Aug 1984 -7 D 446 175 C .
85, 26 Nov 1984 ' —12 E 452 207 c
86 12 Dec 1984 ‘ =12 D 188 - 214 c
'87 29 Mar 1985 ’ 6 - C T25 13 c
88 ' 26 Apr 1985, . . ‘ 4 _ E 776 20 C
89 14 May 1985 - —12 LH 381 26 c
90 7 Jul 1985 .- —15 D 596 - _ 56 C .
'91 22 Oct 1985 4 c 320 78 c

v 3 Vot ) ,
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EXOTIC STATISTICS IN THREE, FOUR AND HIGHER DIMENSIONS

E. VINTELER*

Recieved  April 3, 71990

ABSTRACT. — I conjecture that the central extension’ of the local algebra of (
observables Diff (S¢~1) adunts as ntegrability structure the d-simplex equation

and with this assumption I show that the statistics of d-membranes 1s determined

by the extended braid group

In this article we describe exotic statistics for “extended particles”-D-mem-
branes Also for them we .can define the notion of “locality”, but then in this
“local” quantum field theory we have specific properties. If in two dimensions
(algebra of observables 1s Diff(S?)) we have a limar dependence between pro-
ducts of 2 fields space-like separated .

! F,Fy = R,F,F, ~ (1)

* then 1n d dimensions (algebra of observables 1s Diff(S~')) we will have a limar
dependence between products of d fields

F1F2 . Fd = Rm a'FdFdle'—Fl / (2)

For relation (1) the consistence condition 1s Yang-Baxter equation for sta-
tistical matrix R [1] and for relation (2) 1s d-simplex equation [2] In this way
we show that the algebra of observables Diff (S¢-!} admits as integrability struc-
ture the d-stmplex equation and the statistics of d-membranes 1s determined by
the extended braid group [3]

In the local quantum field theory [4] the observables act as self adjoint
operators on a Hilbert space of physical states H By definition, superselection
sectors are orthogonal subspaces H, of H such that the observablesrmap each
sector 1nto 1tself ‘

A, H—~H, - , (3)
The set of observables with property of locality
[A,Bl=01f 4= A(l), Be AI') (4)

where I and I’ are relatively sp'lcehke make up local algebras of observables
A(I) In our case the algebra of 'observables 1s the central extension of
Duitf(S4-1), 1n two dimensions 1s Vuasoro algebra [5] .

Besides observables we introduce fields which carry charges They make
transitipns between different supefselection sectors We make up algebra F ol

* Unwersity of Clug-Napoca, Departinent of Physis, 3/00 Cluz-Napoca, Romania



EXOTIC STATISTICS IN THREE, FOUR AND HIGHER DIMENSIONS 5

all field operators adding to algebra of observables A the localized morphisms
p of the algebra A.

The superselection sectors carry imequivalent irreducible positive energy
Tepresentations m, of the algebra of observables A If vacuum sector H, carry
representation =, then morphism p; A— A will have the property

7, mg0 g, with (g 0 p)(d) = mo(p(d)), 4 = A (5)

The morphism p 1s localized 1n domain [ if.
e(d) = 4, for A= A(I') (6)

whenever I and 1’ are localized relatively spacelike

The morphism p, =,— w, can be defined by means of the unitary trans-
formation V, H,— H,

or(4s) = V,4,V* 7
The charged field F, : Hy— H, implement the localized morphism p, mn—m,:
3 _
) AF, = F,p,(4,) ‘ (8)
where A, 1s the observable which act on H,, or using (7) relation (8) became.
A,B, = B/A, (8

with B,: H,—~ H,, B, =F,V, ’
The field algebra &;.. 1s generated by observables A € Aand by elements
FF,.. .F A4, A& . )

The free field algebra .. is not faithfully represented on Hilbert space H,
and we have some additional conditions which restrict &Fre. to the physical field

algebra & ny. These extra conditions are determuned by the existence of inter-
twiners T. ' '

By defiition, an intertwimer T between morphisms p and ¢ 1s an obser-
vable T'e A such that -

To(d) = o(A)T, A = A (10)

T with property (10) spann the linear space Homm (p, o).

It 1s ‘easy to show that if 7 & Homm (p, ), S € Homm (g, 7) then ST
€ Homm (p, v) and T = Homm (p,v, 6o 7), 7(7) = Homm (r0p, T 0 o)
Let’s find the intertwiner T, such that. )

F,F, = T,,FF, : (11). :

<

From (8) we have: - .
AF, = Fp((4), AF,; = FszSA) — T (12)
then .
AF\Fy = Fypy(A)Fy = F1Fy(py 0 0,)(4) (13)

5 — Physica nr 1/1990
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and
BF,F) = Fapy(B)F; = F,F(p; 0 p5)(B) (13)
From (10) we have ' ‘
"Tip(A) = p1(A) Ty, Thp(4) = o(4) T, (14)
" Through some, calculations we obtain: )

P1(A)F1F291(T2)TTEIPZ(Elj = F1Fp1(T2) T1Tpo(T1) P10pP20 pa(4) (15)
If 1in (15) we replace p,(4) by B we see that (15) coincide with (13') if

Filool(To) T1T3%e,(177) = FoF, (16)
hence 'from (11). :
Ty = PI(T2) T1T§192(T1’1) (1’7)

The relation (11) is valid 1n two dimensions for the observable algebra
Diff (SY). If instead of (11) we want to fulfill (2) knowing that A4 1s a C*-
algebra (we do not approach the case of von Neumann algebras related with
subtle considerations about Haag duality [6]), we consider that the products
* of the form (17) do not take place in the observable algebra A, In other wdrds
this means that we restrict the two-dimensional physical field algebra F g even
more The restriction 1s analogously to that in the Sine-Gordon theory where
are obtained new minimal conformal series at criticality [7]. In our case through,

~ the restriction we obtain the conformal theories 1n higher dimensions

Now we can write FyF,F, 1 two different ways
FyF o Fy = p5(T12) Tr1aps(Tos)F1F o C (18)
or :
FyFoF, = T2392(T13) T, F \FoF, (19)

where T, 1s the intertwiner from Homm (p, 0 g, p, 0 p,) and we obtain the
braid equation

) 03(T12) T13p1(T ) = To302(T13) Tz \ (20)
For p;, = p, = py = p (20) became
(T e2) Tonp(Ton) =T 2p(T'o2) Ter (21)
Another relation 1s [5]
Toop (Ter) = ¢*(Toe) Ton ' (21)
. The braid gioup B, acts on p*(4) through the application
si=> Ty, = p(T,a) : ' (22)

- where T, Homm (g2, ¢?)
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Then the defining relations’ for B, are:
$i8,418 = Si418:8141 - (23)
" , 5,8, = §8,, |t ~ |\ . 23)
If we note by A(d, the observable algebra in d dimensions we, can obtaine
Ay from Ay, eliminating the 1ntertw1ners T, from Honm (p, © py,

.0 P, P10 Py -+ O pg). On this way the intertwiners in A will obey the

d-simplex equation. For example in three dimensions FyFoF, = T,,F FoF, and
as we have not the intertwiners T,,'1instead the braid equation we will have
the extended braid equation

If we want to generalize the relations between intertwiners to higher dimen-

sions, instead of equations (18), (19) we will suppose that exists an intertwiner
so that: N 1

»

F\FoF, = TFF\F, — T*F,F,F, @
The generalization is straigthforward:
FF,...Fypy=TF4F\F,...Fy= ... =TF,F, F,.F, (25

The equatlon (24) gives us the deflmng relations for the extended braid group
Bz

) $1Sg = $383 = 3331 ‘ (26)

For B, we have #n — 2 versions of equation (26):

sPIs{) = s{isf) = s{s( 1<t <sn—2
* and':
\
s = s{+D 1<i<n—38 i (27)
o T s+ s = sB s , 1 £k 277

It can be easily-seen that B, @ coincides with B,,'

' From the equation (25) we have the defining relations for the extended.

*braid group B iy -

AS
$1Sg . . Sg==SpSg .. Sgy1 = S3S; .. Sa41S; = . = Sz11S; ... Sg (28)

Anajllocrously to B, ¢ for B, ; we have n — d Vers1ons of (28), and the equat10n§
(27 ‘

It 1s known that the part1cles which satisfy an exotic statistics are respon:
sable for different interesting phenomena . the fractional quantum, Hall effect,
the high temperature supercondetivity (anyors) and so on I think that the
particles which satisfy the extended braid statistics B, may be responsable
for confinement in the quantum chitomodinamics.
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SPECIFIC HEAT JUMP FOR 2D-HIGH Tc
' SUPERCONDUCTORS

I. GROSU* and M. CRISAN*

Recowed + February 23, 1990 I '

ABSTRACT. — The, temperature dependence of the order parameter mn a two
‘dimension superconductor has been calculated. The specific heat jump at the
critical temperature was evaluated and the result will be discussed in connection
with the bigh—temperature superconductivity

e

!

1. Introduetion. One of the most important features of the Imgh-tempe-
rature superconductivity (HTS) is the two dimensional (2D).character of the
electronic states. For a square lattice, in the tight-binding apprommatlon the
energy is.

S

. K

e(P) = —2t (cos p,a + cos p,a) Q)

is the 1at’c1ce constant and “#” the transfer integral.

»

where ,,a

In the half-filled aprommahon the densxty of states is:

N(e) =2_t L 0(4L — €) KW'l —_(s/4t) ) - )

where K {(x) 1s the complete.elliptic 1ntegral of the first kind and 6(x) is th
- step function. If we copsider w, the maximum energy on the energy scale and

Q—: < 1 the equation (2) can be approximated as [1].°

1
1

N(e) ~C - In % : ' (3)

- where D =44 and C'is a constant - 4

The two dimensional behaviour of the HTS described by (3) has been
analysed by Crisan [2] and 1t was showed that 1n the weak coupling litmit
the ratio —=2 s different from the BCS l1mit.

KBTC

The critical temperatule Tc in a 2D- HTS has been calculated by Crisan
and Vacaru [3] using the Coherent Potential Approximation (CPA) and 1t
was showed that ' is sensitive to the dimensionality of the electromic system
In this paper we will consider the influence of the energy-dependent density -
of states on.the specific heat jump.

}

* Unwersity of Gluy-Napoca, Dsplnrlmenz of Physies, 3400 Cluj-Napoca, Romaniq
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" In order to calculate’ the specitid heat jump we have to evaluate the
temperature dependence of the order parameter A(T) near the critical tem-

perature. !
2. The order parameter The equation for the order parameter has the

torm . .
+op .
1= ZSds- e tanh":w) (4)
2 452+ AT) ( 2K pT .
_mD !

" where V is the attractwe interaction, wp the Debye energy and T is the tem-
perature -’

Using the relation:

i

A - ‘1

tanh — = 4x z: _—

. 2 = w3 (20 4 1% !

the equation (4) can be approximated by

+mD . +wp Y\
r oy ¢ 2 A“(T)
L . 6
S-d e U e + of B S E * + of)? ( )
. _“’D ] ' —0n .
1
' =5 1 _—
where O nKpgT (2n —}- ) and B =TT
"The equation (6) 1s valid mear T¢ and will be rewritten as:
- +mD i ) +op .
Ne) | 2v ®  AYT)
1=+ Sds = . tanh 2 — TSda : N(e)g_—(aer o (7) -
~“D; ‘ ~“p ) / &
The equation for the critical temperature T¢: . _[
; top | .
) ‘ o1 =C(" . cm2 . tann P '(8)
' 2) ¢ el 2 .
, —CI)D - P
has' the form ‘ , '
._l_z A - In? 2KBTc ‘ , (9)
e N D

8

( A= %laud using (9) we get from (7):

. 'tKBTczil T 1 g = 7 _e'ol - N
S e = [ de-Bam] oo

Tc Be
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From this equation we calculate the order parameter as.

AY(T) = 2T (1 — }T—C) Yoan
where :
\
A(4rKp)? 111( )
g 9K 5T,
o = B¢ (12)

D 8, & m2n 1
7¢(3) [1 +IH(WKBTC) ~ 7@ ”z‘lo o 1) ]

t

With these results we can calculate the specific heat jump near the criti-

cal temperature

3 The speeific heat. In order to calculate the specific heat jump we will
use the general result [4}

+wD
Cs —Cy=K, B "’i) de N(e) - eBce 13
op T e (13)
G_BC_(')D 1+ eBce)

This equation can be transformed us1ng (3) as:

" Beop : .
cs—cN_KBBc LM% tannd + tennlz22 ) (20 (14
X i -IKBTC wp _
Bc 0
and using for the gap the equation (11) we get:
BC“’D >
Cs — Cy = cazTc{S nhZ +tanh( ] - ln[—]} (15)
OI{B C wp
[ !
The specific heat for the normal state is:”
"e2's gBe ‘
— 9 2 . LS 16
Cy=2K, B Sde N (16)
and using. for the density of states the equation (3) we get.
Cy=2CKy® - T ‘ (17)

where *

:{(@QD)Z-[1n£+ 1] (1 —tanh B“’D)+2[1

7 ]} (18)

With these results we can calculate the spec1f1c heat ratio for T'— T as

Elc“’D ' :
Cs—Cn __ _F(Tq) {S tan hZ —}- tan h( ) < 1n [21} (19)
CN 2@(Tc) ¢ X ZI{BTC ( (.OD

? , a

!
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' g A (4np In ( ZKDT ]
F(T) = 2o

(20)

D 8 < lIn (2 + g
7¢(3 1 — . -
) <) [ + ln(“KBTc) 768) Wm0 (2n+ 1P }

Using now the parameters ° .o

L “wp 600K, D x500p; T 30K; Boop> 1

_we_ get :

) Cs=Cn o9 ‘ . (21)
N _ _ CS i

:

4" Diseussions. The dimensionality effects in the specxhc heat have’ been
) calculated in' order to understand the/anomaly in the hightemperature super-
conductors. The ratio Ac/cy depedds on the parameters D and wp 1 ag1eement

with the previous result [2] obtained for KZA; However, for realistic para-

’ : 5Tc .

meters we get (see 21) small deviations from BCS:
. \
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THE 'ASYMPTOTICAL BEHAVIOUR OF DISCRETE DYNAMICAT,
o SYSTEMS IN CHAOS .

- ZOLTAN TOROCZKAT*

Recewed February 72, 7990 . , - o "

ABSTRACT. — Tlus paper discusses the formation of the attractois of, one-
- dimensional, discrete dynamical systems and their stability properties usmg the '
most general way that i1s possible and its purpose 1s the description of the
phase space stiucture’s formation during the evolution of dynamics To be able
to reach tlus purpose I ntroduced a time dependent quantity (the natural
‘procent), which led to the discovering of new properties ceitamn chaotical domi-

¢ nions as intermittency for example (see section 3)

The described method — which can be called fluctuation-analysis —
renders possible a new experimental approximation in the imverstigation of
chaos (see the last section) . , -

' !
N

1. Introduction.’ The notion of natural measure is linked to a probabi-
lity property-of the attractors. According to this property to the different
regions of the attractor belongs different “visiting” frequencies along the tra-
jectory, or otherwise they have different probabilities This property is mainly
used 1n the defimtion of the natural measure dimensions which1s a part of the
attractors’ characteristical dimensions. (1,2) (the' generalized Rényi dimensions
for example) Following ref. [1], the natural measure” is that probability
measure (defined on the attractor) which is defined in the followings : let us
take a limited volume C (cube) from the phase space and an %, point from the
basin of-attraction of the attractor. The natutal measure which belongs to the
cube C referrmg to the.trajectory Wh1ch was started from. x,, is:

C) ! ~ (D)

' @ (%, C) = hm (%o,

! ' . =00
where p,(%,, C) is the time fraction’ spent in the volume C by the trajectory.
The natural measure gives the relative probability of different regions of the
attractor as obtained from time averages. ‘

1.1. The notron of natural procent Being confined to case of one-dimensio-
nal, discrete maps, let’s transcribe (1) using other notations. Let us consider the
attractor in the [0, 1] mnterval (the maps which are in the class of MSS® func-
t1ons have this property). Now divide the interval [0, 1] into N intervals whicH
have equal length (¢.= 1/N). The it interval (which coresponds to the cube cy

s. [re, t(e -+ 1)] where 1+ =0,1,2, ... N. |

\

N

* Unwversity of Clw-Napoca, Daparlmmi of Physics, 3400 Cluj:Nakécq, Romana
\ ! !
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We define — »along a trajectory — a quantity called natural procent
referring to the it interval as:
t,(1q, KX) ’
(%9, K) = ——= 2
Pi(%o, K) % (2)

f

where %, 1s the initial point of trajectory, and ¢(x, K) 15 the nuniber of ite-
ratons which are exactly in the stt interval from the whole KX number of
iterations,

Of course * p,(xy, K) < 1 for any %, < [0,1], K& Nandt < {0,1, . N}.
We can notice that

T, (%) = lim p,(xo, K) ' 3)
k=0 -
15 the natwal measure of the #tt interval with the assumption thal the above

linut exists Further on we are going to wuvestigate the asymptotical behav-
1our of the (2) quantity.

2. The asymptotical stability of the attractors.
— after T iterations

v

tt(*u, T)
(xg, T) = 2o 1)
- bi{x,, T) \ T

— taking K iterations but starting from xp this time-

Plrig T 4+ ) =l T+ e 1)+ 6(Xn K)

r+ K T+ K
SO
plr T4 K) =[b(50, T) + 7 p X K)| (1) n
let’s introduce - |
filwo, T K) = b, T + K) = bl T) )

quantity with fluctuation character, which will chaiacterize the asymplotical be-
haviour of the natural procent (T > 1).

— using (4) -
K
6
K+ T (6)
In practice the limit in (3) can’t be calculated using ananalytical method, so
the investigation of the probability distribution on the attractor will use’ the

asymptotical values of Lthe natural procents.
Let’s fix the value of K (optionally), and let’s increase 7T unlimitedly.

Now using (4) we get the following important expression - ' ‘

f1<x0J T' I{) = [ﬁt(xT: K) _?z(xo: T)]

b /(3 T, K) = lim { pfunK) = pulso, T) gy =0~ 0)
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Determining the natural piocents for every itk interval near 7 '» 1, then
representing all these, we get the figure of the probability dJstnbqun _(see
fig 1d)

But a question exists how much differs the distribution figuie 1n the case
when we iterate with a given T - K > 1 value from the one in case we 1te-
rate until 7 € 1° The (7) equality gives the answer * the difference between the
two curves can be coasidered a very little value, 1if T 1s high enough, due to the
fact that K 1s fixed and the factor K/(K - T) decreases unlimitedly with the
mecreasing of T So we can enunciate :

THEOREM L. The probability measure which 1s formatted on the aitractor (natural
measure) 1s asymptoircally stable taking wnto consideratron the lmuted numbercd
teralions, so (with the assumption that (3) exits):

fil#g 0, Ky =0 for any %y [0,1], Ke N and 1 {0, .., N}

If we want to detect the changes of the procent p, along'a trajectory, then the
tume interval of the experiment (or iteration number) must have a same scale
(order) than the one of the distribution which had formated until that moment
The detect of fluctuation goes using (6) If K ~ T, then the factor above
,doesn’t have any importance at all and f, 1s measurable Further on we take
"the T = K case 1n the calculations just as in the measuréments

21 Scaling properties In this section T’ o going to present another aspect
of the asimptotical stability 1in the respect of the titne intervals’ largeness (K)
Tet’s take the following measurement series, in which the measured quantity
1s the p,(x, K) natural procent in the stt interval and the time interval 1s K:

Polxo, K) Pulay, K) Po(#(n—1) K)
> . > ety
Yo Xp Yag Xk ’
let
~ 1 n—1
< pulwo K) > = = T pu(%, K) (8)
# 5=o0

Let’s assume that we have made # measurements We can write 1n this
case .

< ﬁ (xo I{) S0 — b(xg, K) + (s, K) 4 o oo + (v (n—1)p, K) _ ty(2g, nI)

n K N nI
then l ,
pio, K) >0 = p (x5, nK) ©)
To the whole trajectory (n = o)
1 n—1
< p:(%,, ) >% = hm — ?P Xy K) = im< p,(%0,K) > ™

tak ing 1nto consideration (9) and (3) 1t follows:
/ < ?z\(xo: K) >= = m (%) (10)
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A

Fig 1 -Probabxlhxty\dlstnbutlon on the attractor of the logistical map at » = 3,6 for different iteration numbers a) K = 102,

by K.=5 10 ¢) K=230-10% d) K =200 10%, (N = 300) -
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so this is independent of K, — of the time—and it’s just the natursl measure
of the str interval. [ (" L -

Tet’s devplop the vénance' ’ ’
N 1 #d , .
a, (>xo, K) = — 25 B K) — <pi(xo, K)>WP (11)
1=0 , .
using (8) and a suitable index exchange .
0,00 (g, K) = — APy, hy)y APy, Be)o (12)
by, e hy=0 ) o
where

\ ~

AP (hy, hy)g = D2 p K) — Pz(xh b K) l‘, 13) .

The (13) quant1t1es can be taken' for the eleiments of a matrix(nxn type). Let’s
call this the fluctuation-matrix and let’s mark it with f (%o» K-

Cr 0 - puxg K) — pulw, K) .
- D%y K) — pilxe, K) . O .
f*(xo» K)n = . '

v

!

-t

) 4
I we make °

‘o0 measurements on the trajectory, then f 1s a matnx with
infinite rows’and columns.Using (12)
!

\ ¢
1

2 1
0'(‘") (xo, K) =, — 73— 2 {f xo, "}hayh:
» L h,=o

where {73(%,, K),,} marks the %,4; element of the fz(xo,

K), symmetrical matrix
Let’s mtroduce the & linear functional defined on the linear space of
the # X # symmetrical matrixes,

with the next relation:

&(A4)

—1 - L
E @, where A =la,], 1,j=0un—1
1,3=0 \

Us1ng these marks the variance w111 be

14
x
!

ol (50, K) = —— 8(F (30, K),) a4
on the whole trajectory - I
: % (5o K) =lim [~ = 8(Fi(z0 K) | (15)

' B ”;w;a * '
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[

Now let’s choose a new 1T = >mK "> > 1, m e N, “time-unite” on the discrete
time-scale. Let’s calculate the above quant1t1es and express thém with the
corresponding quantities which are concerning the Kt~ measurements It’s
valid .

-

m—1

D%, T) = pi(%, mK) = ; }: pil e, B '). (16}

7=0 !
and

1 m—-1 r
pulrin T) = — z 2 (Zpmass K) (16))

if we have made » measurements
1 am—1

< ﬁ'(xw T)>(”) = Z ﬁ X, I{) = <j7,(x0, )>(mn) ’ (17)

nan
namely, the same average.f From (9)
< pulxg,TY <™ = p(xynT) = p,(xnmk) (18)
Let’s study the variance

. , 1 n-1 .
D e, T) = Y [pin, K) = <py(re, T) >0

=0

Since the # measurements with 7 time-umt contains m#n measurements with
K untt ; . )

1 nm— 1

o (o, T) =%, Bl K) < y(xo, K)> 0

nim

f ’

. rom (16), (16"), (17), (18) result -

T o0R(xg, T) = gl (0, K) ——"E o (1,7, K) (19)
expression which gives the searched relation between the varnances measured
with different time-units The second expression on the right of the (19)1s exactly
the average” of the m variance' started from the different x, pownts (j=
=0, »—1 with K time—umt. On the whole trajectory - ‘

N

n—1 - \
ol(xo, T) = oi(xo, K) — hm L3 oi(,1, K) (20)
, \ E ' ’ noo00 N 70
‘ approximetmg the average 1 (19) with the first element -
oy, T} = 509 (x0, K) — o™z, K) @1)

and taking this to/th'e whole trajectory’
‘ : &i(xo:T)’g o%(%0, K) — o (%, K)

5
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We can observe from (19) that ¢(x,, T) < ol (x,, K) which means that the
variances (the “width” of the fluctuatlons) decreases while increasing the time-
umt Since lim o¥(x,, K) = 6}(xy, K), so1l m—co then o}(x,, T)—0 which is

" — 00 ‘

exactly another expression of the asymptotical stability. We can enunciate.
Theorem. 1#creasing the tume-umt of measurements, the width .of the natural

procents’ fluctuations 1s decreasing and
Ilim 6¥(xy, T) =0 (23)
S T

Observations - 1) using the formahsm imtiated in the (12)—(15) expressi-
ons we can observe that the matrix-language can be able to describe |the natural

procents’ fluctuations. If we put the (14) compact expression of the variances
into (19): \

1 =2
R (_3'f1 (xO: T)n -
[l .
and also into the (21)

1 =2
a (—;ﬁ(xo, T), ~
k3 ’72

—1

58 e )= 0

17 =2
ma,f1 (xOJ 71m

:]H

73

1 f(xOJ [{)nm + f(xo, I{)m) ~ (

we obtain the above equalities. This formahsm w111 be investigated 1n the
nearest future; -

2) we can associate the following physical meaning to the asymptotical
stability which was expressed in the 1 and 2 theorems: the formation of
the structure ot the phase space 1s going on as the system .was linked to a
termostat which 1s characterized by the equations of dynamics and by the
attractor 1n geometrical sense It’s due to the fact that the dynamics is given
with determimistical equations,

3) we were confined only to the one-dimensional discrete systems and
to the existence of (3) but the above study can be generalized to #- dJmen-
sional dynamicswith the same valid theorems,

4} 1t’s not necessary to chose a T = mK. For any T > K exist m and ¢
so that T = mK 4 ¢q, g < K The calculated quantities are differing only in an
neghgible term from the former ones and the 2 theorem is also walid.

3 The fluctuational-analysis as an experimental method. This section pre-
sents a numerical application’ on the wellknown logistical map. The measure-
ments were made with N = 300 using a fixed divistion of the [0, 1] interval
(e =334.10%.

On the 1. a—d figures the probability distribution on the attractor is represen-
ted for different iteration-numbers and with the.same x,= 0.3 starting pount
using a fasten controllparameter value » = 36 We can observe that the diffe-
rence betweenthe I a andI b figuresis much more accentuated than between 1. ¢
and I d figures in spite of the fact the difference between the proper iteration
numbers 1s 4 10° 1n the former cases, and in the last ones this value 15 170 103,
so much more bigger This fact 15 equal to the statement ofthe Ist theorem To
be able to detect a measurable ditference from the distribution which is answe-
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Fig 2 'The natural procent’s fluctuation dlagram Pl xark, K) vs

" nfor K =30 10% corresponding to the cell which contams the

S, supertrack for different control parameter value(r) m the

intermittency zone a) s = 382700, M = 546% D) » = 3 82770,

M =829% .c) r = 382825, M = = 1505% where M ="<p

(%9, K)<() = py(xy, nK) For each diagram was” made in total -
- nK =17500 102 iterations.
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ring to the I d. figure, the length of the trajectory which founds the new distri-
bution must be at least doubled: 2K = 400 - 103.” But according to the 2
theorem this difference will be also much smaller than in the case of the first
pair of figures and 1s decreasing while increasing the K. Let’s’perform now the
measurements presented in the 2¢¢section: p,(%y, K), p.(xk, K), .. 4, Do(¥ux, K),
.... If we represent p,(%.x, K) vs. » we get the II. a—c fluctuation figuies. I
investigated those intervals (C cubes) that contain the singularities of the pro-
bability density function of the map, ie. those that contain the supertracks
(3, 4, 5). The numerical analyse was made on the supertrack S; because this

was the most accentuated but the behaviour of the natural' procent which
belongs to the other supertracks was calitatively the same asin the case of the S;.
I investigated the dominions of that control parameters which are qgnite be-
fore the periodical windows i the intermittency zones.

In the periodical windows the fluctuations certainly don’t exist but they appe-
ar in the intermitteficy zones and they Hecome more accentuated while de-
creasing the control parameter.

The investigation of the fluctuations result in the following qualitative sce-
nario . -

chaos “entire” intermittency periodical window
dominion chaos

the fluctuations of the  chaotical quasiperiodical and no

natural proc. fluctuations periodical fluc. fluctuations

Observations. 1) the fluctuation figures were made using K = 30000, be-
cause in this case the natural procents approximate the natural measure faith-
ful enough, with 19%. Increasing N, certainly KX also has to be increased;

2) the method depends of an experimental parameter which is K, but we
are interested in such measurements which supply such informations which are
caracteristical to chaos, so are independent to that experimental parameter.
We can easily demonstrate that the periodicity of the fluctuations is exactly an
information of this kind (using the (8), (9) equalities). If T = mK and if we
assume that the signal is periodical and its period is P (in K units), the perio-
dicity will remain, but the new period (in T units) is:

P = (—PP—)where (P, m) denotes the greatest common divisor of the number
, 7

P and m.
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TIME INVERSION SYMMETRY- AND QUASI-ENERGY STATE

DEGENERACY
LI. GERU* .
' Recerved  March 7, 1990
~ il
ABSTRACT. — A geometric interpretation of time inversion transformation and

Kramers' theorem for the case of stationary energy-states based on a theoretical
and group-like approach 1s given It 1s shown.that a traditionally, performed
expansion of point symmetry group to magnetic.symmetry group 1s true only
for systems with mtegral total angular momentum J. With semu-integral J
such expansion should be done by means of 4-fold cyclic group {k, k% A%,
k* = ¢} (& — time mversion operator) that gives rise to four groups of mag-
netic symmetry (mstead of 58 for integral J) which are isomorphic not to
Shubnikov’s but to Belov’s lower groups of four-colour- symmetry.

Quantum-physics systems simultaneously having symmetry with respect to
both the time mversion and the time translation are considered It is demon-
strated that Kramers’ degeneracy of quasi-energy states is present (absent) at
semt-integral (integral) value of J An additional-(compared with Kramers' one)
degeneracy of quasi-energy states 1s found for the cases which time inversion
operators does not commutate with time translations operators, -

¢ ' .-

. Introdietion. Time inversion symmetry for stationary states of quan-
tum~physics systems gives rise to the presence of magnetic symmetric groups in
addition to Kramers degeneracy 58 point groups of magnetic symmetry [1, 21,
which are known to be isomorphic to Shubnikov,s groups of antisymmetry, are
referred to systems with integral total angular‘momentum J [3] only.

At semi-integral . J totally 4 point groups of magnetic symmetriy are pos-
sible which are 1somorphic to Belov’s lower groups of four-colour symmetry [3]
but not to Shubntkov’s ones

Time 1nversion symmetry by itself for non—statmnary states does not lay
additional restrictions on quasi-energy states compared with the case of sta-
tionary states However, a simultaneous account of time inversion symmetry
and time translation symmetry causes additional restrictions on quasi-energy
states, compared with the case 0f stationary states. However, a simultaneous
account of time inversion symmetry and time translation symmetry causes
additional restrictions on-quasi-energy states, since each individual operator
of both the time inversion and the time translation does commutate with “Hamil-

toman” - H-= H(t) — o/ % and does not commutate with each other for the

common- case _
The present paper demounstrates that depending on the commutating pro-

perties of tune 1nversion and translation :operators at any-entire number of -

periods, the quasi-eneigy states of a quantum system can be either non degene-

* Moldawvian State Universsty, Physics Deparlmlmf, 177003 Kishiney, Moldova.,

'
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rated (when these operators commutate with each other) or 2-fold degenerated
(when operators specified do not commutate with each other).

2. Time inversion' symmetry for stationary states,

The Hamiltonian of N-partial gquantum physics system commutates with the
Wigner time-inversion operator in the absence of magnetic field

N

v ﬁcyﬂ : KO' ' (1)

n=1

w here G,» is the Pauli 1magmary matrix that is relevant to #— partlcle with
spin 1/2; K, — the complex conjugation operator [4].

- When adding the elementary angular momenta to form up systems with
angular momenta J, (which 1n 1ts turn form up a system with integral angular
mumentum J) the operator can be represented as [5]

b
K =] UyK, = UK,

ye=1 -

where U, represents the'unitary parts of operator K in (2Jy4 1) — dimen-
tional spaces of angular momenta. Matrices of unitary operators U, are consi-
dered to be antisymmetrical with matrix elements on secondary 'diagonal,
being equal to +1 and —1 in turn and with other matrix elements edlial to O
Matnx U, is symmetrical ‘with respect to'its reflection in the center of secondary
diagonal “at integral and it is antisymmetrical at semi-integral value of J |

Transformation- of time 1inversion for N-—partial system with angula:
momentum - J has the following geometrical meaning The state with angular mo-
mentum J in a functional (2] + 1) dimensional discrete space coiresponds to
the point that makes an antirotation about an axis passing through the origin
of coordinates under the effect of time inversion transformation When [ 1s
scral-integral this antirotation is carried out through an angle of /2 and the
system returns to the initial state of wave function with initial phase after four
consecutive antirotations of such kind in one direction. When J is integral, the
svystem passes into the initial state after two, antirotations through w-angle’
In this case the second antirotation is reverse to the first one. The transforma-
tions described are geometrically represented in Fig. 1 for instances when K
1s equal to 1/2, 1 and 3/2. The antisimilarity operation is consistent with the
tra nsition to a complex-conjugation wave function.

The varying geometrical behaviour of systems with integral and semi-
mtegral J at time inversion is related to the above-mentioned property of unitary
operator ‘U. In order to be assured of it, it is necessary to plot a (2] + 1) —
dimensional unit cube inscribed into (2] + 1) — dimensional umt sphere with |
1ts center in the origin of coordinates. Initially, this cube should take a position
such the coordinate axis pass through the middles of 2]—dimensional planes.
,‘ Then it is réquired to turn the cube so that the top’s position selected on the
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+

sphere is. defined by (2] 4+ 1) values of functions playmng ‘the role of coeffi-
cients 1n the expansion of N-—partial wave, function

\L(J)('rl’, Ty - v Ty) with respect to the base spinors "¢ :

RN a=+7 ‘ N N
\EP(])(T]_, 1'2, ey 2 8 Tl, TZ, ey Tlv) ‘CLJ) (37)

! o=—7 ' -

which satisfie normalization conditions :
N o=J - - — — CT )

) > S 18(71, T2p ooy )P Ay drp ... Ay (4)
. o=—] \ .
. It 1s obvious that time inversion operation involves antirotation of ,state vec-
tor” directed along one of principal diagonals ot (2] + 1)- d1mens1onal cube
with transition on the other principal diagonal (Fig. 1)

A pomt -behaviour ‘analysis which describess ihe state’ “of a system under
consecutive. trapsformations of time ,inversion made on,it, has ‘allowed to
clarify a geometric meaning of Kramers theorém’ on addltlonal degeneracy of

~
§

c)

l , . KAy
, ' ¢ i -
| K¥cker A : -

4

Fig 1 a) J=1/2; b) T =1, ) J = 3/2

—~ -
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energy levels attributed- by time inversion symmetry. It consists in the existence
of a sole:pair of mutually. orthogonal diagonals (with accuracy of up to move-
ment group) in the (2] + 1)-dimenstonal Euclidean cube when ] 1s semi- 1nteg-
ral and 1n the absence of such a pair, when J is integral [3].

Abelian group of symmetry 2" = {K, K? = ¢} 1s used to expand classical
crystallographlc groups of magnetic symmetry 1, 2] However, due to peculiari-
‘ties in the structure of operations U, such expansion, as it was said, 1s fea-
sible for systems with integral total angular momentum only. None of the
58 black-and-white groups of magnetic symmetry can be used to investigate a
magnetic structure of systems with semi-integral total angular momentum. In
the case of systems with semi-integral J the expansion of classical groups up
to the group of magnetic symmetry should be carried out by means of a cyclic
4-fold group U’ = {K, K2, K3, K* = ¢} [3]. When J 1s semi-integral, operators
K? shall meet the requlrements as follows )

. K= Kt=—¢ K= —K

Due to a higher symmetry of group 4" in comparison with group 2’ the number
of magnetic symmetry groups with semi-integral J is considerably less than
that withintegral /] The Ref. [6] reports about groups of generalized symmetry

' on the basis of expansion of 32 crystalic classes with the help of these very

crystalic classes. Using the results of this woik one can find out that there
are only 4 lower groups of magnetic symmetry when J is semi-integral (ins-
‘tead of 58 groups with integral J). These are Belov’s point groups of four-
colour symmetry 4%, 4(s  4@9/m0 and 4/@9@m [3] where a small line
on the top indicates a mirror rotation and a dash means an antirotation

Along with antirotations forming up the group 4’ one can take into account
the other elements of generalized symmetry of the square with two similarly
coloured, diagonally opposite tops This square 1s placed in the plane perpendi-
cular to the antirotation axis (reflections m{) in diagonals and antireflections
m) in straight lines passing:through Centres of opposite sides, + = 1,2) Expan-
sion of classical point groups of symmetry up to groups of magnetic symmetry
1s possible then by meafis ot group 4'm’'m In the latter, the transformation of
time 1nversion can be represented asa produc’c of reflectlon type #y, by relevant

antireflection, type m;,. - ; .

YK =\m'(1)m(‘r) = —m(’)m'(") o —m'(?hn(t) = fm,(i)m'(") ‘

(5)

m (")m(‘v) + m(ﬂr}n () = m(ﬂm'(]) 4+ 11;'(.1 11;(1) — -_-{:-n,

where 9, =0, 7. = 2K, 1,7 = 1,2 (i # 7). Only groups 422, 4mm and 42m out
of entire 32 point groups admit expansion by means of group 4'm'm. In this
very generalized case there are also 4'p01nt lower groups of generalized symmetry

(4) o g (mep) 450y (75),, (7o) (40 o ()

1.e. groups of four-colour symmetry 4

m) '«y) and 4(4;) 2(’”%) 2(’"xy‘) [31. _. p
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3. Time inversion symmetry for non-stationary states

Non-stationary states of particles (quast-particles) 1n an external periodic field
of high intensity are described conveniently by means of the notion of quasi-
energy [7,8]. Feasibility of such a description 1s attributed by the fact that
the Hamiltonian of the system in the presence of a time-periodic field with
frequency o has the property of time periodicity.

ut+¢y— H(z, t), v==. . , ®)

’i‘hg time-dependent Schrodinger equation can be solved as follows
) t

v
’

T—:St . ‘ ) 7
Yo7 8) = S e B : @)

where , : N ' . \
S(x, t) = S(# ¢ + ). ' 8)

Here, § — is the system quasi-energy, x includes both the spatial and the
spin coordinates A time-periodic wave function S(x, ) is quadratically integrable
and is consistent with the Schrodinger equation

[ng—m;F@ﬂzEﬂzﬁ~ 9)

Time translation operators T, (m =0, +1, 42, ..) commutes with operator
H(x, t) — ok % and st up the Abelian group of unspecified symmetry repre-

sentation which can be characterized by means of quasi-energy values 8(r is
fixed and given by an external source)

> 1 [ '

_K“

] o - ' N 10
. : T, Fs(x 8) = Ws(z. ). (10)

In the general case, a coun‘cable set of wave functions belongs to the given
value .
Slm(_x’; t) fl( )gtmmt [ '(11)5
(=12 . .;,m=0,41, 42, .).
The functions Sy, (x,#) ‘can be regarded as state vectors in generalized
Hilbert space & + § (functions f£,(%) are defined m space &, while exp (tmwt)
1s decfined 1n space §[9]). The operator —ifi Em space & -+ § 1s Hermitian

and therefore Hamultonian #® = H(f) — % ai1s Hermitian too 1n this space,

- J * i — .
and due to it each quasi-energy value is real while functions S,,(x, ¢) belonging
to different values of quasi-energy, are orthogonal.

/ -
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. If 8 and $§(x,¢) are 'a proper value (quasi-energy) and a proper function
.of operator % correspondingly, then - t ’
. L

8 =84 mhie, S'(F, 1) = S, et ' (12)

are a proper value and a proper function of operator % for any integral m
too. An entire wave functmn of the system 1s not changed in this case

—_&’t t —— 8lt ’ .
! ! ' — ; 4 13
Y SGE e T =S, fe ‘ (13)
As a consequence of (13), all solutions {12) are phys1ca11y equivalent at any 1ntegral
m. Existence of equivalent states of qua51 energy makes 1t possible to bring any,
value of quasi-energy to the pomnt in “a reduced zomne of quasi-energy space”
(snmlar to the first Brillouin zone of one-dimensional penochc lattice).

It is lca‘rned out with the help of a real number_ E for which

E——fo<8<E+lo ’ (14)

-

/

Zone selectlon ic selection of E is arbitrary Iet us mak clear the how functions
at time imverston are transformed The Equation (9) 1s not invariant under
operator K from (1) and (2) since [K, H] # 0 Nevertheless, one can define such,
operator K under which o6perator % is mvanant .

\
o K%K, = %. - T (1)
For thls purpose ]et us define operatm I, by analggy with 1nver51on ope-
rator i a cooidinate space , ‘
s ) It = —t, I} =1." - (16)
OperatorlI ,transtorms function F(¢), obviously dependent on time, into function
! F('—t) A B T L *

LF(y=F(I %) = F(It) = F(—‘t)

Since the states S, 1) = f,(%) exp (wzmt) aud Uf* (%) exp (—imot) belong to
one and the same value of quasi-energy §, the operator of tiume inversion for

systams W1th quasi-energy spectrum assumes the followng form with recrard
£ (13)

(17)

S ' K, = UK, - (18

The first reduced zone in a quasi-energy space has two special points r
(in the center) and A (on its boundary). Let us consider consequences attributed
to time 1nversion symmetry with spin not taken into account
A- Point T' The star (I’ consists of one point & =0. The point group C, {e1};
> % (Qo) =2 (where Q, 1s. a symmetry element converting 8§ mto —§) is a

Qo i
symmetry group to which this pomt I’ belongs too This 15 the case (a) by VVJg

'
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ner [4], i e. when an addmonal degeneracy caused by time 1nvers1on symmetry
18 not present.

B. Poifit A. 8, = =k i[x differs from* —nli/r by “the vector of inverse lat-
tice” 2nk/~

The group of A — point symmetry‘is C,, E x(Q%) = 1, case (a).

With - account of spin as 1 the case for statlonary states, an additional
degeneracy of quast-energy levels 15 possible due to time inversion symmetry
at U2 = —e¢ and K} = —e¢ With the presence of a ciystallin field 1t 1s required
to define operator U 1n the space of basic functions of representations of crys-
tallograpliic point groups. An explic1t view of this case 18 reported m [5].

AN

4. A mmuhaneous cxammdtmn 0'1' time mvelslon and time translation
tlans[mm‘luons

'Hamiltonian H 1s Slmultaneously invariant under both the ‘clme inversion and
the time translation transtounatlons

[y -

1

(H,K,]=[H Ty:]=0 X (19)

Let us c01151der a new group of transformat1ons created by operators KT,

This new expanded group of transformations is not an Abelian one, compared
~with the time transforma’uou gioup, because

TmrI - ILT—H;T ’ ' (20)

and’ therefore; 1n the general case (apart from, below considered exception),
we have ' - , ’
’ [K, Tyl # 0 o (21)

The Hannltoman of the system commutes with any two operators of
transformations which do not commute W1th each other, the spectrum of pro-
per values of Hamiltoman falls apart mnto “multiplets of degenerated states”
[10] Since operator K, 1s antiumtary, safety precautions are required when '
gcuerahzmg these results dor lhie cace of inequation (21) _

Let us consider any proper function of Hamiltonien H which 1s stmulta-
neously considered {o be a proper function of operator T,. with proper value

—-;— mée ) - N B :
. _ .
K i 1
Hig > = 8§ >, . (21a)
, -:7 moT . ) ' ' " (Zlb)
Ty &> = ¢ 18>,
where the following notation 1s used for quasi-energy states to- )
8> = Ws(4, £) = fi(x) exp'{4,(mo) — ?)t} . - (22)
. o . .

r - \

-

)7
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Then
C HE,|8> = 8K,6>,
T,..K,|6> = T,,,,I UK 6> = I, T_,,,TUK 6> =

1
_mbt @>’ ‘ 21c

= UKL,T _ef&> = UKol i (21c)

from ‘which it follows that
_.;_ms—. (21d)

Lo Tm:l<t|8> =e " Ii;]8> " !

Thus’the spectrum of eigen values of # operator consists of degenerated state
’ :I:-%-HZUT .

doublets that are eigen functians of operator T,,. with eigen values e
Both these states pass trom one to the other during time inversion K, In this
case, the commutator [K,, T,.] 1s defined by the followmg eXpression

(K, T,.] = 2vsin (m‘—ST}K,. : *(23)
- - 7
Particularly, for I = 1, the expression is as follows '
- : _{31 ) z(mm —.q’_‘)t' N (24) .
l ! - Iol> - (le(x t) _fl(x)e » - '

The action of commutator (23) on the state [8,> (with regard to f1(x) function
reality and thl}mut regard to spin) produces the following expression

(K, T8> = 2 sin \’mﬁf 18, > - (25)
: . i) : )
Accordmg‘ to (25) at J . ,
) - !
S K K—0 1, +2, . ' (26)
Lo 2m -

' operators K, andl‘T,,,_, commutate
[I<h Tmr] = O; i : (27)

ie, in this' case the quasi-energy state [8;> is an'elgeu function of operation
[K,, T,.] with an eigen value being equal to zero, that i1s counsistent to the
presence of “singlets” (instead of “doublets”) of quasi-energy. '

On the bosis of formulae (25)—(27) one can conclude that-a quasi-energy
spectrum 11 the non—degenera’ced energy spectrum consists of quasi-epergy singlets,
if 'the ratio of quasi-energy 8 to quantum energy %o 1s a rational number.
. When this ratio appears ‘as an irrational number, each quasi-energy level 1s
doubly degenerated Since the power of a set of rational numbers is much less
_ than that of irrational numbers, then it physmally means that a quasi-energy

- K
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v - '

spectrum in the system with non-degenerated energy spectrum is composed of
quasi-energy . doublets.

It is worth noting that states (1 4 K,)o,.(%,t) and¢(l — K)om(x, t) with

integral total angular momentum are simultaneously eigen functions of opera-
tors H and K|, creating a real basis of eigen functions, whereas such real basis
does not exist for systems with semi-integral total angular momentum because
operator K, does not have any eigen functions in thls case that gives nse to
Kramers degeneracy of quasi-energy states.

\

10 C. L1pk1n, "Quantum mechamcs”, Moskva, Mir, 1977, p 502
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TE\IPERATURE DEPENDENCE OF 584 cm™ DEPOLARIZED RA\EAN
LINE WIDTH OF 2 FLUOR TOLUENE

T. ILIESCU* and V. SMARANDACHE**
LY v

Recesyed  April 17, 1990 toe N (

ABSTRACI. — The temperature depé'ndence of depolarized Raman line width
for 584 cm™! vibrational liaustions of 2 fluortoluene was studied The reorten-
tational times and potential energy bairier were determmiued

. ‘
LI

- Different spectroscopic techmques (I R. depolarlzed Ray1e1gh Raman, NMR)
are used for the study of molecular dynamics 1n condensed phases [17]. The con-
tribution of rotational and vibiational relaxation can be separated on the one

.+ hangd, by the analysis of isotroptc and anisotropic Raman line at only lone tem-
perature [2], and on the other pand/ by studying the temperature dependence

. of Raman. depolanzed line width [3]

The total half-width Iy, of depolarized Riman lines is chv1ded m two
parts of which one 1s, independent of temperature .and 1§ called the 1n‘cr1nsec’
width 3, determined by vibrational relaxation, and the other one T'(7), 15
temperature  dependent and expresses the contribution of the chaot1c mot10n
of the molecules [4]

Thus )

A} ) 0 h

Py = 8, + (1), T(T) = = (1)

. / U 4
where 7, 1s the time of reoiientation given by Debye’s equation
“t,. = 4madn[(BKT) ) ) (2)
or Frenkel’s equation ' -
. . . T, = To €XD [Ulél/(I{T)] (3)
a — 1s the effective 1ud1us ol :molecule, 4 — the viscosily coeflicient, K —
Boltzmann’s coustanl, T= — absolute temperature, v, — period of osallation

of the molecule 1n the equilibrium- Josttion, Uy, — acfivation energy for the
transition of the moluculc for the eduilibrium posﬂlon to another one

In the piesent paper. we study the temperature dependence of width for
depolarized Raman line 584 cm™t (4", p = 0,148) of 2 fluor-toluene"

The expeiimental details were given 1n [5]

’

T e Univasily of Cluy Napcoa, Department of Physics, 3400 Cliy-Napoca, Romania
s %% Chemustry Lnstuute, 3100 Cluy-Napowa, Romania
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The spectral shit width was 0,35 cm™, so the fintte shit width effect on the |

expertmental data could be neglected 2 fluor-toluene from “Merck” was used
after distillation . .

Fig 1 shows the’ exponential dependence of the w1d‘ch from temperature
Using the formulae (1) and (2) one obtamns equation -
Tip=38,+ 3KT/(47:2a3cn) ' C (4)
Fig 2 shows the linear dependence of Ty vs.1/n The values of v15cos1ty
coefficients were taken from Iandolt-Bornstein tables [6].

Assummg 1/n— 0 when the mobility of the molecules does 110 Jonger influ-
ence the line width, one can find from this diagram the intrmsic width, 3, =

= 2,25cm™ From the formula (1) we obtan t,(f = 7,5°C).= 7,86 p.s., ot = . -

= 75°C) = 3,72 ps For 2 fluor-toluene, which bellongs to pont group Ci, 1
extremely difficult to .study rcorientational motion about any specific axis of

the molecule The intrinsic width cbtained from isotropic Raman’spectra of this

Tine [7] show a little temperature depcndence and was appioximately 3 cm™.
This difference 1n the intrinsic width 1s probably determined by vibrational
dephasing which was neglected 1n the first method.

Using the formulae (1) and (3) one can obtain the equation’

Tip = 8o — ——exp (—Uo/(KT) (5)

TCTy

T
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i From logarithmic plots of (T, — 3,)
. versus 1/T, the values of the potential
energy barrier of molecular reorientation
in hquid, Uy, are obtained These depen-
dences are shown in Fig 3 and the value
of Uy, was 21 Kcal/mol
According to Frenkel [8] the temperature
dependence of the viscosity 1s given by

7 = const exp (Uy/KT) (G)

from which the U, value can be obtained
This value (2 62 Kcal/mol) 1s, 1n the
32 3L Itmit of the experimental errors, 1n a good
- i agreement with the U, value
103/‘( ) The potential energy barrier U, can be
considered as a characteristic feature of
g 3 Logarithmic plots of (Typ— 3,) the medium in which molecular motion ta-
vsi/T. kes place Thus by using different solvents,
the 2 fluor-toluene molecules can act as
“probe” of thermal motion of the solvent molecules

The Raman line width measurements 1 various solvents and at different

105

03

28

g

temperatures for 2 fluor-toluene using the correlation vibrational and rotational
functions are presented in another paper [7]. °

1

O o WO N

3

t
\

REFERENCES

S Bratos and R M Pick (Hds), “Vibrational Spectroscopy of Molecular Taquids”, Plenum
Press, New York, 1980

F J Bartoly, T A Lttovitz, J Chem Phys, 56, 404 (1972)

A V Rakov, Optica v spectioscopra, 7, 202 (1959)

I Bratu, T Iltescu, I Milea, J of Molecrdar Liqueds, 30, 231 (1985)

I

.I Bratu, X Klosterman, T Iliescu, S Astidean, J of Molesular Liquids, 45,

57 (1990)

.Landolt-Bornste1n, “Zahiwerte und Funktionen” 5§ Teil, “Tiansport Phaiomiene” I

(Viscositat und Diffusion) Springer-Verlag, Berlin— Heiderlberg—New Yoik, 1969

T Iliescu, S Agtilean, T Veres, I Bratu, “XX-th European Congress on Mloe-
cular Spectroscopy 25—30 August 1991”, Zagreb

Y I Frenkel, “Kinetic theory of Taquids”, Moscow, 1945



STUDIA UNIV BABE§-BOLYAI, PHYSICA, XXXV, 1, 1890

GROWTH CONDITIONS INFLUENCES ON THE COMPOSITION AND
v PROPERTIES .OF: HgCr,Se, CRYSTALS

L. YA, P:\SEI\‘KO?‘, K. G. NIKIFOROV* and S. I. RADAUTSAN*

Recerved  March 25, 1990 ,

-ABSTRACT. — The mfluence of the transport conditions on th¢ chemical
composttion and physical propert1es7of the HgCr,Se, crystals growth by che-
mical transport vapolr has been analysed

Introduetion. The megnetic semiconductor spinels ACr,X, (where A=C(C4,
X Cu, Zn, Fe, Co and X= S, Se, Te) have been studied intensively Ths
1uterest Has been caused by the cocxistence of interconmected ferromagnetic
sordering and semicondiictor properties which induced a number of specific effects
[1, 2]. The nonstoichiometry possibility 11 a spinel structure leads to the evident
dependence of the crystal properties from the giowth conditiond [3—5]. On the
other hand, the thermodynamical analysis demonstrates the real control of the
vapour composition over growing crystal [6—8] But the lack of mformation
about the'crystal composition made the ‘use of this control difficult.

In our work we studied the correlation between the transport conditions, '
crystal composition and physical properties for HgCr, Se4 the one of the more
interesting [9] magne‘mc semicondiictors.

Crystal growth and eomposition analysis. The polycrystalhne HgCr,Se, has
been synthesized by the solid state reactions from HgSe, Cr and Se (and doping
material, 1f necessary) at 800°C for 300 h [5] 7The crystal growth has been
performed in the closed quarts ampoule using- AlCl; as a transport gas source
(see Tab. 1,-2).

The chemical comp051t1on of the grown crystals has been analysed by the
electron probe mycroanalysis (EPMA) method using the “Camebax” 10

Chemieal eomposmon. The results of composition analysis are presented
in Table 1 and Table 2 For all undoped HgCr,Se, crystals the cation-to-anion"
mole ratio is less than 0,75 expected for the stoichiometric substance (Table I).
The selen 1ons form a dense packed structure of the crystalline lattice Subse-
quently their interstitial implantation (i.e. selen excess) turns out to be prac-
tically impossible [3, 11] while cation A vacancies formation seems to be quite
possible, ’

The ca’clon B-to-cation A mole ratio is less than 2 'in all cases that may
be explained by the chromium vacancies (Cr 1ons have preference to the, B sites
therefore HgCr,Se; crystallizes '1n the normal spinel structure). Nevertheless -
the use of the AICl, léads to the crystal contamination by Al (0,2 ... 0,3 at %)
which can substltute Cr 1n B sites decreasing Cr/A rat1o

* Institute of Applied Physics, Academy of Science of the SSR Moldova, 277028 Kiskinev, USSR
’ ‘ j
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e Tabel 1
€. cw'h conditions and chemical eomtposition of the undoped HgCi,Se, erystals 0 ,
‘ ' Al Atomic rat ]
No o coment | Tx oo xatio
(mglem?) (°C) ) (°C) Cr/Hg (Hg+C1)/Se  Se/Cr
1 27 655 635 . 183 072 216
2 31 650 - 600 196 069 . 217
3 16 700 . 670 191 069 220
e 50 700 670 1183 073 213 )
5 70 690 670 189 071 217
6 70 690 670 182 071 218
7 70 700 660 - 186 072 213
8 122 - 660 615 196 072 209

Notes a) svnthesis with Hg excess,
b) crystal Hg annealing, '
¢) repeated homogenized syuthesis

For the understandmg of the HgCr,Se, vacancy nature we use the follo-
.wing results The synthesis with Hg excess or the additional homogenwat on
.of HgCr,%e, by.the 1epeated synthesis leads to the Hg content increase 1n a
formula umt (Table 1) The diffusional annealing of grown crystals in Hg vapour
has the analogous effect These facts demonstrate the existence of considerable
quantity of the Hg vacancres in HgCr,Se, (in contrast with CdCr,X, crystals
where the anton X vacancies are predominant [3,11] Chromtum distiibution
11r the crystals is more uniform 1n comparison with the Hg or Se distribution,
that demonstrates the relative stability of this (Cr) element in-such compouynd

"The increase of the transport gas source value leads.to the decrease of the'
Hg and Se contents in the HgCr,Se, crystals It is possible that such’'Hg con-
tent decrease 1s connected with the ratio change between Hg, Cr, Se-content
components 1n the vapour-gaseous phase at growth [8, 12] On the other hand
we stggest that the above mentioned Se content reduction can be conditioned
by CI substitution of Se 1ons during the growth process [11] “This assumption
may be confirmcd by our experimental data showing simultaneous content chan-

.ges: the increase of Al (ie. Cl) and the decrease of Se

The wo>rk1ng temperatures have less influence on the crystal comp051‘c10u
because tempetature dependence for vapour-gaseous phase composition 1s lower
than that of transport gas concentration [8] However 1t can be noted that the
tendency of Hg content increase takes place when the average transpoit tem-
perature becomes grcater (at relative stability of Cr, Se contents)

The impuiity concentration in all doped HgCr,Se, crystals 1s less than 1n
the-imtial polycrystdls (Table 2) . The evident tendency of cation A content
'increase and Se content decrease in such:crystals cgn be mentioned as- well

" This may be explained by asswning that the doping 1ons do not subsiitute A
cations, ‘but occupy the vacant A sites at crystal growth. g

a

’
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Table 2

popmg (at ‘%},)

Atomic ratios

Nominal fact Cr/A - (A+Cr)/Se ) Se/Cr
1 Ga 2,0 0,444-0,12 1,93 0,76 2,01,
2 In 5,0 2,904-0,18 1,86 0,75 2,04
3 Ag 1,0 - 0,69+0,13 1,89 0,74 2,07
4 Ag 2,0 0,89+0,08 1,88 0,73, 2,09
5 Au 2,0 0,614-0,09 1,85 0,73 - 2,10
6 Cu 3,0 2,93+0,36 1,81 0,74 2,09
7 Cu v 5,0 3,364+0,29 1,81 0,72 2,15
Notes sa"mples 1, 8, 4, 5 grown at '1‘S=650 669°C, T, = 620 630°C, = 4 mgfem?, '
samples 2; 6, 7 giown at Ty = 710 720°C, ’I‘g = G680 690°C, = 4 mg/cm?

Some physieal properties. In this part should like to give & short survey
on the correlation between the above mentioned EPMA results and some typl—
cal properties of the HgCr,Se, crystals. |

To begin with, the diffusional -annealing in Hg vapour leads to the well

known [2—4] metal like conductivity (in the ferromaguetlc phase) - The con-~
ductivity dependence on the Hg vapour pressure
Py, values (Fig. 1) Probably, such annealing “heals”

(Py,) is stronger at small
the Hg vacancies (accep-

tor action) but dpes not eliminate the Se vacancies (dondr action) The satu-
atlon effect 1s caused by the limitation of Hg vacancy healing process.

" The'reduction of the typical low temperature maxima of the ferromagnetic
resonance linewidth 2AH (in 100 direction) takes place when the doping con-
tent increases (Fig 2a) Itis well known that such maxima are formed by tetra-
valent chromium ions arising from Mg vacancies influence [13, 14]. Therefore
the above mentioned etfect demonstrates the filling of the Hg vacancies by

the doping ioms.

The analogous FMR linewidth 2AH reduction has been observed as a result-

of the decreasing of the transport gas concentra’uon at growth (Fig 2b). This
lact can. be explamed by the decrease of the Hg Vacancles quantity.

1

Fig 1 Qoxiductlv{ty dependence (at 77 X)

for annealing HgCr,Se; crystals
vapoul pressure

7 — Physica nr. 1/1990
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tion increase (from 52,8 to 53,1 Gsicm®.g™! at 4,2°K) due to the total spin

L YA PASENKO, K. G<NIKIFOROV, S I RADAUTSAN

} 240 kve)

| 2 aH (kOe)

Ho Il <100)
f=9.1 GHz

b)

TIK)

K

Fig 2 FMR lmewidth temperature dependence for HgCr,Se, crystals

,a) I — undoped, 2 — 1 at 9%Au doped, 3 — 2 at %Au doped,

b) grown with AICl; concentration equal to 27 (1) and 12 2 mgfem? |
(2) respectively

v

50

The additional ho}nogen1zed synthesis 1csults in the HgCr,Se, magnetiza-

moment rise [15, 16] caused by the Hg vacancies (1.e. Cr%* 1ons) quantity de-
crease. However the Hg annealing reduces the HgCr,Se, magnetization (from
52,3 t0 51,9 Gs.cm® g™t at 4,2 K) which is caused by the Hg/Se ratio increase

due to the Hg vacancies “Healing”

formation :
Conelusion. The presented results of the HgCr,Se, studies confirm both
the close correlation between growth'conditions, chemical composttion and crystal
properties, and the real 1)0551b111ty to control the charactenstlcs of the crrowmg
crystals.
It should be noted that the synthesis with Hg excess or the repeated‘
homogeneous synthesis is useful for stoichiometric improvement
Our results have proved the necessity to use the growth condition change
critically due to the possibility of the crystal composition degradation..
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ELECTRICAT, AND PHOTOELECTRICAL, PROPERIIES OF
. Me-SEMICONDUCTOR/As,Se;—Al HETEROSTRUCTURES

¢

\ V. V. BIVOL*, M. A. IOVU*, M. S."TOVU* and E. G. KHANCHEVSKAYA*

] Recerved  March 15, 7990 -
: y .
ABSTRACT. — The mfluence of the metallic eleclrode to the Me-In,S,;/As,Se;-Al .«

and Me-InP/As,Se;-Me heterostiuctures-on the current-voltage characteristies
and photoconductivity ~spectial” distribution was investigated. It 1s shown,. -
that the polarnty of applied field changes the shape of the lux-ampeie and

- photocanductivity chatacteristics also The interest 1n such structures has been

ineréasiung because of the search for new pliotosenstitive cells with an enlarged

! region of spectral photosensitivity for different applications . 4 '

asz

N

- '
v

Introduetion. Inthe previously papers [1, 2] was shown, that the material
electrode exhibit an esséntial influence on the electrical and photoelectncal
'properties on the heterostructures based on the calcogemde glass thin films'
This 1nfluence 1s 'conditioned by the energetical barrier on the interface metal-

“calcogemde glass, the magnitude of which depends on the used materials and

by the curvature of bands at the sermconductor/chalcogemde glass interface.
Influence of rhetal electrode, contacting with a defect (In,S;). and amorphous
(As,Se;) semiconductors, on the shape of current-voltage, lux-ampere characte-
risties and photoconductwlty spectral distribution of the Me—‘InqsalAs Se3—A1

.and p-InP/AsySe,-Me heterostructures was studied

Experimental The heterostructuies were obt,émed on a glass substiate coveied with lower
metallic electrode by means of subsequent thermal deposition 1 vacuum of defect semiconductors
(In,S;) chalcogenide vitreous semiconductors (As,Se;), layers and top electrodes (Al and Au) Thin
films of Au, Al Cr, Ni, Bi, Sn metals and SnO, were used for electrodes A thin layer of a
Zn, Ini—« '\lloy 1s used as an ohmitc contact to the sigle crystals of p-InP

Results and diseussions. The effective resistance of the heterostructures
Me —1In,S;(p-InP)/As,Se;—Me 15 greater than summary resistance of the com-

ponent thin films. The similar effect was observed for the heterostructure
Sb,S;/As,Sey [17. , '

The current-voltage characteristics for all used electrodes are non- symme-
trical and display a rectification, the magnitude of current for negative -polanty

.to the top electrode is greater than for the opposite polarity. For the hetero-
“structure Me—1In,Sy/As,Se;—Al the ohmic region of forward cuiient-voltage

characterstics 1s followed by the power low behaviour (Fig 1), that seems to
be linked with the space-charge-limited current in As,Se;. From the analysis
of current-voltage charactensucs for Me-In,S,/As,Se;— Al heterostructures with-
various electrddes . the structure conductivity was seen decreasing with the
metal work functlon cpm 1ncrease,. . ‘

This can be associated both with current flow at the I11283/A528e3 interface
and _with” the specifical properties of the Me/In,S; interface. Moreover, from

* Institute of Applied Physics, Academy of Srw,_xc'es of the SSR Moldova, 277028, Kishinev, USSR
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the lower clectrode 1—SnQ,, 2—Al, .3—Au, The photoseusltxwty region ‘' The applied
ckness of, In,S, film — 0,3 um  The thickness of | bias U =075V at the posxtwe pola—
K IAsgSo3 film — O_G pm T = 293 K . 11ty to the giumination top, electrode

-~ ' Temprature T, K 1-295, 2--313,

B . 3 — 337 F — Ilght strenght The tha

ckness of In,S, fllm - 03 pm, the thi-
ckiuess of AsySe; film — 06 wm

N 4 ’

he experlments measuring the drift mobility, the InzS3 semiconductot was
2en to possess a bipolar conductivity. ‘

The polarity of ap};hed field exhibits an essential effect on pho‘coelcdncal
haracteristics'of the Me —In,S,/As,Se;— Al hetciostructure: Thus, the lux-ampere
haracteristics exhibit a power low behaviour with the power index less than
nity, the slope of winch decreases with increase of temperature on the positive
olanty to the top electrode (Fig 2) and increases at the opposite polarity

This behaviour of lux-ampere characteristics may be interpieted by Rose
10del [3], which assumes an “exponential distribution of localized states 1n the
srbiden gap of the amofphous semiconductor_ IA‘,-.‘ .

s ,

K - N(E ) =N, exp (— E/kT) ‘ (1)
7iith the parameter of this dlstnbutlon T,

According to this model the concentration of nonequlhbrlum carrier n(p)
ersus-light strength F is given by

. 1
4 - '

' n{p) = BF?, | 2)
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where B — 1s temperature independent, and the power index « depends on
temperature
0,5 <« < —° =10, @
14T,

According to (3) « decieases with the temperature increase If the drift mobi-
lity of amorphous semiconductors depends on light intensity, the 'relations (2, 3)
are more complicated

The spectral distribution o! photoconductivity of the Me—In 2S5/ As,Se,— Al
heterostructures 1s characterized by a wide 1egion of photosensitivity, due to
the participation of amorphous and detect semiconductors of difterent gap
widths (E; for As,Se; 15 1,76 eV, E, tor In,S; 15 203 eV) It should be noted,
that the Me—1In,S;/As,Se,—Al he’LLrostructures are photosensitive both 1n the
reverse and forw ard directions, and photosensitivity depends on the used mate-
rial electrode to the In,S; (Fig 3)
The sharp lowering of photocuirent observed in the short-wave region-is due
to the process of the surface recombination at negative polarltv %o the top
tluminated electrode

OnFig 4a spectral distribution of photoconductivity of p-InP/As,Se;—Me -
heterostructures are given under reverse bias

The he’cerostructures with an Au electrode to As,Se; are characterized by
a wide interval of spectral photosensitivity from 09 to 24 eV, while for hete-

rostructures with an Al electrode to As,Se, this interval 1s narrowed do“n to
14 eV

Iph/eNo T T T T 1
107 |

o -
—

o)
16° F i
. ' . 01!’//
: . ,Cl( t 1 | lP 1 1 1
TR 2,2 T 2 .
hJ,eV

F1g 3 Photocurrent spectial distribution for the Me—In,S,/

As,8¢, -.Al heterostructure with the SnO, (1), Al (2) and Au (3)

electrodes at positive (4) and negatnve (b) polauity on the 1illy-
minated top electrode.
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The maximum open-circnit voltage is equal to U,, = 0.6 eV, the short-
cuit current I, = 4.6 mA/cm?, the fill factor 1s 0.5. .

Conelusions. Analysis of the electrical and photoelectrical results may be
cen 1nto account and used for creation of recording media for holography.
pecially, 1n the presence of electrical field and illumination on the surface of
worphous semiconductor of the used heterostructure may appear the mecha-
:al deformations, which change the reflectance and transmitance of the struc-
re. The magnitude of this modification depends on the photocurrent density
ross the heterostructure. In this peint of view, the heterastructure Me—1In,S,/
99eg—Al with the SnO,, Sn, Cr and N1 lower metalic electrodes, characterized
th a maximum of photosensitivity, appears to be the most favorable. The
:erostructure p-InP/As,Se; may be useful for constructing semiconductor
»des, photodiodes, and other solid state devices with amorphous semicon-
ctors.

)
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Tn cel de al XXXV-lea an (1990) Studia Universitatis Babes—Bolyai apare in urmatoarele
serii :

matematica (trimestrial)

fizicd (semestrial)

chimie (semestrial)

geologie (semestrial)

geografie (semestrial)

biologie (semestrial)

filozofie (semestrial)
sociologie-politologie (semestrial)
psihologie-pedagogie (semestrial)
stiinte economice (semestrial)
stiinte juridice (semestrial)
istorie (semestrial)

filologie (trimestrial)

In the XXXV-th year of its publication (1990) Studia Universitatis Babes—Bolyai is issued
in the following series :

mathematics (quarterly)

physics (semesterily)

chemistry (semesterily)

geology (semesterily)

geography (semesterily)

biology (semesterily)

philosophy (semesterily)
sociology-politology (semesterily)
psychology-pedagogy (semesterily)
economic sciences (semesterily)
juridical sciences (semesterily)
history (semesterily)

philology (quarterly)

Dans sa XXXV-e anné (1990) Studia Universitatis Babes—Bolyai parait dans les séries
suivantes :

mathématiques (trimestriellement)
physique (semestriellement)

chimie (semestriellement)

géologie (semestriellement)

géographie (semestriellement)

biologie (semestriellement)

philosophie (smestriellement)
sociologie-politologie (semestriellement)
psychologie-pédagogie (semestriellement)
sciences économiques (semestriellement)
sciences juridiques (semestriellement)
histoire (semestriellement)

philologie (trimestriellement)
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