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STUDIA UNIV BABEŞ— BOLYAI, PHYSICA, XXXI, 2, 1986

MICROSCOPIC THEORY OF THE TOWER CRITICAT FIETD OF 
SUPERCONDUCTING ATTOYS

SI. CRIŞAN* and T. VERES»

Xecetveâ February 2, 1986

ABSTRACT. — The BCS model for a superconductor has been used for lower 
critical field HC1 of superconducting alloys The method can be generalized for 
antiferroinagnetic and the spm-glass superconductors

Introduction. The lower critical field Hcl is one of the most important 
parameters for type—II  superconductors, but until now its temperature depen­
dence has been calculated using the phenomenological theory given by Abri­
kosov [1 ]

The purpose of this paper is to give a general method for calculating 
the criticla field Hci for superconducting alloys using the microscopic model 
in the version of the Gor’kov equations The superconducting alloy is considered 
as a type—II  superconductor m the mixed state, containing a finite number 
of vortices The flux and the currents associated with an isolated vortex line 
are extended over a distance XL(XL — the Tondon penetration depth) The re­
gion over which the order parameter A (r) varies from zero to its full value 
A is called core of the vortex Caroli et al [2] have shown that the core of the 
vortex line contains low-lying energy levels for single electrons, rather like in 
a normal metal. Futher on, this justifies treatment of the core as a normal re­
gion. The existence of these quasi-normal excitations in the core has been con­
firmed by many experimental results

' Recently, the theory on mixed state magnetic superconductors hás been 
reconsidered by Tachila et al. [3] and Matsumoto et al [4], using a semi- 
phenomenological theory The most important result obtained in [3—4] is the 
possibility of a new transition near Tm (Tm is the critical magnetic temperature) 
from a type—II superconductor to a type—I The calculation of the lower 
critical field H^ in this case has been performed by usual thermodynamics.

In  Section II  we will show how the thermodynamic potential can be cal­
culated using the Gor'kov equations, which will be solved in Section I I I  in 
am approximation imposed by the calculation of Hci. In  Section IV we show'1' 
this general method can be applied for antiferromagnetic superconductors and 
for spin-glass superconductors. "■

The general Method for Calculation of the Lower Cnti'cal Field The tempera­
ture dependence of Hci has been measured for superconducting materials, but 
it has been calculated through phenomenological theory.

University o f Cltij-Napoca, Department o f Physics, 3400 Cluj-Napoca, Romania



4 М CRIŞAN, Т VERES

The aim of this paper is to show that can be calculated using the 
microscopic model and the method of Gor’kov equations We will proceed 
with the simple thermodynamical consideration concerning the mixed state.

If we denote by E x the energy of one vortex, the mixed state becomes 
unstable at

# n = ^ E x (1)
Фо

where Ф0 =  hej2e is the flux quantum, and E x is the energy of one vortex 
which is well approximated by a normal cylinder of radius (coherence length) 
within which order parameter Д (r) vanishes, and beyond which it has its full 
value denoted by Д The region where A(r) varies from zero to its full value 
is called the core of the vortex and the energy of the vortex is in fact

E x =  Ev -|- Ec
where

E  — 0c 32тЛ^

and Ed will be calculated from the microscopic model.
This energy can be defined as

E d =  E„(Д) -  F 0(A) -  j  E r  Ç &2Иа~ - A d ( 1 )  (2)
0

where g is the coupling constant from the self-consistent equation for the gap, 
and is given by

-  = — £  ---------------
g (2я)» V  J r  o 2 +  e3(£) +  Д2

with w =  izT^n -f- - i j .

From Equation (3) we get

. 4 М = Л ( Д ) ^ ;
I g J Д 2л » E3

where
E2 =  w2 +  Д2.

From Equation (2) we obtain the vortex energy E„ as

Ed =  2tc J àA^r ir  A2{r)~ A* A (A) 
0 0

(3)

(4)

(5)

(6)
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and if we use

А И  =  A +  A x(f) +  . . .

Д2(г) -  Д2 s  2Д(Д(г) -  Д) (7)

Equation (6) becomes

Ev =4TtJdAj rir^[r)Â{b) (8)

where correction Дг(г) m the order parameter is due to the presence of the 
magnetic field Using this approximation we will take the important contri­
bution between XLlk and XL (X̂  is the London penetration depth, k(T) Gm-z 
burg—Landau parameter) neglecting the contribution from XL to oo including 
m Ec the contribution of the normal part.

In  the next paragraph we will calculate Ev from the Gor’kov equations 
The Gor’kov Equations The superconductor m an electromagnetic field 

described by a potential vector A(r) can be studied using the equations

0 {Д , A[r))G{r, r ' , со) =  Щ г - 7 )

where

0 =
ico -j---- (A — геА(г)2 +  [r, Д (r)

2m

—Д(r) , —ico -|---- (A +  ieA (r))2 -)- p
2m

and the Green function

G{r, r ' , со) ; 
F+(r, г; со);

—F(r, r ' , со) 
—> —¥

G(r, г; —со)

with

G+ (r, r ' , со) =  G[r, r ' , —со) 

F{r, r’ , со) =  F[r, ?, —со) 

The order parameter defined as

AW =  gnT  E  F{r, /  , со)

(9)

( 10)

( И )
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eau be obtained from a self-consistent equation written under the from of 
(3) The solution of Equation (9) can be obtained by a general method given 
by Jacobs [5] as a series

CO
G<H>(r, r', со) =  — [ d3 rx G° (г, r3, со) 0„-m {r3) №> (r3 r , со) (12)

J m = 0
/ч —*

where G0 is the Green function for A =  0 
Using this general result we have

G(r, r ' , со) =  Ga(r, /  , со) +  — C d3r3 G}(r, r3, со) (Â(r3) -^-\G(r3, r , со) —
m J V 8r3 J

—  ̂d3r3G>{r, r3, со)Д1(/'3) G(r3, r , со) (13)

where A^r) has been defined m (7)
This equation contains only the linear terms m A{r), but m order to calculate 
the correction A^/') we have to consider the second order correction m which 
it will be proportional to A 2(r) The linear terms m A(r) do not appear in 
A 1(r) because divA(r) =  0

The Fourier transform of (13) contains the first order corrections given 
by the diagrams

—?■
p

r  -*
G (pU)Öz(p A i q ))

A 0
G ("p UJ )

where

ô°(p.4j) Î A jq iê 0 (p+q.^)

F ig  1

and Ax(q) =  A(q) — A
The second order correction in the Green function will be given by the diagram

b  ip, p - = ->- ■ :L >_
p ♦ qi

q?
■u £ - ?lS(q- qi'-qj ) 
p * q,+ q-» □

q

F i g  2

p- q
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If we wiite now A^r) as

Ai(>') =  gT™ 12 [G[r, r , со) — G0(r, r , со)] (14)
П

and consider the second order correction m A2 to G we get for the Fourier 
transform

[ё~г -  Т  Е  $ (G(p, со) G»{fi, со) -  F°(p, u>)F°(p +  q, *>))] Ax(r)

= (“ )s r Ç  S £  S { m )  [iÄ  S j  lFFF+
+  GGG — GFG+] S(q -f- qx +  q2) (15)

The integral over cPp — mp^dedicos 0)dcp can be performed and using relation

|n 2(Лд
2тг2 Д(0)

we get for (15)

where

Д1 (?) =  ^ ^ - L 2(q, qv q2)AQ2)b(q + q1 +  q2) (!fi)

Ш  = 1 2 ^ г  f 1 -  2 arctang (17)
n E  у qvE 2E  J

with E2 =  со2 -f- A2.
For q -f- q1 +  q2 =  0, L2 has been calculated as

Ш  =  A M T E ^ j «  - й { [ ^

] fl — — ) — — ----
J ( E 2) E 3 (2i£

1__________
vq\x)(2iE +  vq2y.)

1

+

(2 iE  — vg\i){2iE +  vqs (i) iE  +  1/(1?!) [ziE — vy.q2)

(18)

In  the following we will consider penetration depth hL as being higher than 
coherence lenght i;0 (Eiondon superconductors) and we will approximate 
L2(q, ÿj, q2) ~ L2(q) Equation (17) becomes

m  = T Y ; ^  (is)

and (18) will be

i 8(?) =  -?—*o
Д
3

(ev)2 T  £  »
1

£ 3
(20)
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Using these approximations Equation (16) will be written as

ОДДЛ7) =  - L f O ) A 2{r)
which gives

and

where

A i (r) =  -
(evA (r)2

ЗД 'Elk] [Ş ir
Д.ИЖД) =  ^  Л £ -E2tt 3 n /)л3

(22)

(23)

(21)

7) =  1 + -  s  4 -  =  J dQ iF (0) i^1 - cos 0)■ V“ 2+  A2

Equation (23) has been obtained using transfoim Д -> у;Д w -> т)Д and taking
r - l -1

Ttr •
With these approximations (23) becomes

ДгМ^(Д) =  ™ d A(T) tanh ( A ( T )
32e2r2 dA(T) ' ' ( 2 Г

where a — пеЧ^/т is the conductivity and A(r) has been approximated as

A (r) 2eXr КхЬПь)

Energy Ev given by (8) will be

Е„ =  А З [Д (Г )  t a n h ^ j l n / f ( r )

and

The lower critical field HE can be calculated from (1) as

НЛ{Т) = 477 ^ ( A m t a n h ^ n ) l n  ЦТ) ФЙ
32л2 X2

(24)

(25)

(26)

which is the general equation for type*—II superconductors.
Lower Critical Field for an Antiferromagnetic Superconductor. In order to 

apply these results to a antiferromagnetic superconductor we will write Equa­
tion (23) as

Дх(г)Л(Д) mPo д Т4 tevA(r)Y
£ § (27)

.and E2 — со2 +  Д2(r) -j- M 2{T) where M ( T ) is the sublattice magnetization [6].
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Equation (27) becomes

^(r)A(A)  ~  Ш г ) А ( А)) + ^ Д Т̂ ( Г ) Я Е  i  (28)
бтг h Lj

where we denoted Д2 =  Д2 +  M 2
A last summation can be performed and we get

Аг(г)А(А) =  Дх(г)Л(Д) -  ^  Axtr{evA(r))2M 2{T) +
бтг

t a n l l а д |
Д(Г) ЙД(Г) I Д(Г) 2 Г  j

and the lower critical field Нал ( T) becomes

iC,=fl“+K(iiiiM(r)Ftii,ĥ ] (29)
where Hcl is given by (26)
The generalization for the spin-glass superconductor can be performed, if xtr 
is considered for a random spin distribution in a superconductor and r ^ 1 will 
be averaged using the method given by Crişan et cil [7]
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DIMENSIONS OF THE GENERALIZED BAKER’S TRANSFORMATION

STELIANA CODREANU* •* and CONSTANTIN CODREANIT*

Received February 72, 1086

ABSTRACT. — An efficient method for computing the dimensions of the att­
ractor associated with Baker’s transformation is presented

In this paper we report a rapid method for computing capacity dimension 
dc, and information dimension d, [1] of the attractor associated with genei ali- 
zed Baker’s transformation

The generalized Baker’s transformation is defined by the map

-^n +  1

ax„ if y„ <  c

+  bxn if y„ > c ,

y n+i —
1

1 -  c (l

if y„ < C

c) if yn >  c ,

( 1 )

where 0 ^ x„ ^ 1 and 0 < yn sg 1
Figures 1 (a) and (b) illustrate the action of this map on the unit square, 

with a, b, c ^ “  and b ^  c Figure 1 (c) shows the result of applying the
map two times to the unit square We can see from Figure 1(c) that if the
X — interval [0, я] is magnified by a factor l /я, or if the x — interval
[1/2, 1/2, -)-&] is magnified by l/b, one onbtains a replica of Fig 1(b) Each
part ot the obtained map is equivalent to the original map This self similanty 
property of the map may be used to obtain dc and d,

By examining the construction of Figure 1(b) and (c), one observes that 
we are m the process of constructing a Cantor set along a Hence the attractor 
is a product of a Cantor set along x and the interval [0, 1] along y  Thus 
the capacity dimension and the information dimension are m the form

dc — 1 -|- dc, d, — \ d, (2)

where dc and dl are the dimensions of the attractor m the a — direction.

* University of Cluj-Napoca, Department of Physics, 3400 Cluj-Napoca, Romania
•* Polyt Inst of Cluj-Napoca, 3400 Cluj-Napoca, Romanţa

\



GENERALIZED BAKER S TRANSFORMATION 11

To obtain dc and d, for this Cantor set one uses the 
relations indicated by Shau— Jin Chang and J  Me Cown 
[2], for Feigenbaum attractors

И

£?> =  1 (3)

and

d, =

П

1 =  1

1

P i

i = l
1

q,

(4)

where qt(i =  1, , n) are the lengths of subintervals
of the X — interval [0, 1] on Figure 1(b), and p t is the 
probability of the attractor to be m the subinterval q, 

Thus from (3) one finds

ad‘ +  ьле =  1

which is the equation for dc, and from (4) one finds

H(c)d, =

l  l
cln — +  ( 1 — c) In-------

c 1 — c
1 1

cln  — +  (1 — c) In — a b
1 1

C III — +  (1 — c) In — a b
where H(c) is the binary entropy function

These results coincide with those obtained by J  D 
Farmer et al [1] by the box counting method

I t  is interesting to remark that relations (3) und (4) 
can be used to calculated the capacity and the informa­
tion dimension of an asymmetric Cantor set [3] Tet the 
Cantor set be made by deleting the third fourth of the 
interval [0, 1], then deleting the third fourth of each 
remaining piece, and so on (see Fig 2)

This Cantor set is self-similar, l e each of its subi­
ntervals is identical to its original interval up to a sca­
ling

By using (3), the capacity is found from equation

F i g .  1 The generali­
zed Baker's transforma­
tion The action of the 
map on unit square (one 
iteration) is shown from 
(a) to (b) The result of 
applying the map two 
times to the unit square 
(second iteration) is 

shown m (c)

о

о

о

2
и

1,

3Tus gives

dc
f«J_618 =  0  694  

In 2

F i g  2 The geomet­
rical construction of an 
asymétrie Cantor set.
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To calculate dc by the box counting method if one uses the considerations 
made by J.D. Farmer et al. [1], one finds the same result and not log 3/log 4 =  
=  0,792 as is indicated in the paper [4]

For dt, by using (4), one obtains
2 3 l
— In — +  — In 3 

,  3 2 3
2  1
— In 2 -f — In 4 
3 3

which coincides with J.D. Farmer’s result [4].

H
( Í )

hi 2 =  0,688
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e l e c t r o n ic  s e m ic o n d u c t o r  r e z is t a n c e  m e a s u r e r  b a s e d  o n
IMPULSE EXCITATION

F. PUSKAS*, S. SELINGEU** and F. F. PUSKAS***

Reecetved October 13, 1986

ABSTRACT. — An electronic instrument is presented, that uses impuls excitation 
for semiconductor rezistance measuring The method eliminates the errors caused by 
thermo-, photo-electrical, contact and polanzation phenomena, which sometimes may 
occur between electrodes and semiconductor sample..

The instrument presented below, using double polar impulses, avoids 
rezistance measureing error possibilities due to thermo-, photo-electrical, contact 
and polarization phenomena.

I t  is a perfected model of the electro-mechanical appliance described in 
[1—4], by using solid state devices instead of electro-mechanical components.

Operating principle. To the measuring circuit (Fig. 1) we apply the im­
pulses given by a square-wave oscillator. I t ’s waveform is shown in (Fig. 2). 
The R standard adjustable rezistance is crossed by the same current as the P  
semiconductor sample. The Сг and C2 capacitors are alternatively charged 
through ̂ K1 and K 2 electronic switches to UR and UP charging voltages.

A В F i g  1 Measuring circuit.

—  LI
—  О
- - - I I

F i g .  2 Waveform given by tile im­
pulse generator

The polarity of UR and UP is not changing, because while the К г and 
K 2 switches are swiching in and off the polarity of the alternating current 
mains is changing simultaneously. I t ’s easy to understand tha t if C3 is short- 
circuited and UR =  Up then the G galvanometer is crossed by a current.

* University of Cluj-Napoca, 3400 Cluj-Napoca, Romania
•* I T C —Cluj-Napoca, 3400 Cluj-Napoca, Romama

*** I AU C  — Cluj-Napoca, 3400 Cluj-Napoca, Romanţa
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B I L A T E R A L  A N A L Q G  S W l T C E S

F ig  3 The block diagram of the electronic circuit

The UR = Up condition can 
be reached by modifying R, in  
this case the G galvanometer will 
indicate no current, because the 
Cx and C2 capacitors are connected 
to the same voltage, thereby the 
galvanometer will indicate no charg­
ing or discharging current Na­
turally, the condition of this state 
of balance equilibrium is R =  P. 
I t  is proved [4] that this condi­
tion is unchanged even if C3 is 
not short-circuited and the probe 
head introduces contact electricity.

The block diagram of the 
electronic instrument is shown m 
(Kg 3)

The rectangular impulses were 
generated by the help of an in­
tegrated oscillator 555NT), combin­

ed with a schematic of transistors, and an IC—CD4016 was used as switch.
The sensibility of the bndge grew by incresmg the frequency of the 

rectangular impulses By changing the frequency from 1 kHz to 10 kHz it 
was found out a certain increase of the measuring field from 100 kil to Mii.

R E F E R E N C E S
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3. T M. D a u p h i n e e ,  S. В W o o d s ,  Rev Sei Instr, 26, 693 (1955) 
4 F P u s k a s ,  Gh I l o n c a ,  Studii şi Cerc de Fizică, 19, 165 (1967)



STUDIA UNIV BABEŞ—BOLYAI, PHYSICA, XXXI, 2, 1986

STATISTICAL EQUILIBRIUM OF METASTABLE STATES

M. CRIŞAN*

Received October 20, 1986

ABSTRACT — A procedure is outlined for the general condition of the statistical 
equilibrium of the systems described by the h'okker-Plank equation The method pro­
vides a definite prescription for the study of the equilibrium for the metastahle states 
near the saddle point

1 Introduction. The classical theory for a metastable state has been given 
m 1935 by Becker and Doring [1] for the system consisting fo supersa­
turated vapor This theory has been generalized by Landauer and Swanson 
[2] and generalized for superfluidity by Langer and Fisher [3] and supercon­
ductivity by Langer and Ambegaokar [4] In the last two quantum phenomena 
the states of nonzero superflow are metastable and, as the supersaturated vapor, 
may undergo spontaneous transitions to states of lower current and greater 
stability

The statistical theory of metastable states has been generalized by Langer 
[5] for the systems which have and own dynamics described by

dxt (t)
dt 8xf ( 1 )

where xt(t) are the relevant variables (average magnetization the superconduc­
ting order parameter, density) and A %] is an antisymmetric matrix.
The distribution function P(x, t), where x = [xx(t) . . .  xn(t)) can be obtained 
from the Fokker—Planck equation

8P(x, t) 
8t

Y" sJ lL J a * dx\ (2)

where / ,  is the i’th  component of the probability-current density and is expres­
sed as

L  = - T ï M A f . p  +  k T m
1 [8xl dxt) (3)

where

M t] — Г‘ §,,, A,,KT (4)

The equilibrium solution of (2) having the from
P 0(x) ~ exp [~E(x)jkT] (5)

University o f Chtj-Napoca, Department o f Physics, 3400 Cluj-Napoca, Romania
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(corresponding to J,  =  0 for all i) describes the stable states. The stable and 
metastable states occur near the position of the local minima of E(x) and the 
important tranzition is between such two minima. This transition between two 
minima is most likely to pass across the lowest saddle point of the function 
E(x). Generally this saddle point, denoted by % will describe a configuration 
which is identical with every state where the initial metastable state except for 
the presence of a single localized fluctuation In the case of the supersaturated 
vapor this is a droplet or a vortex ring for a superfluid. Once x  reaches x 
a greater stability has been attended and x describes the fluctuations which 
nucleates the phase transition.

The problem which appears now is to demonstrate the existence of another 
solution for (2) which is different from (5) and describes the finite probability 
current flowing across the saddle point x.

2. Necessary condition — the equilibrium. We will look for a condition of the 
statistical equilibrium in the imediate neighbourhood of the sadle point x. 
Tanger [5] pointed out that a Fokker—Planck equation near the saddle point 
can be obtained if we perform the transform

where D is an ortogonal transform which has been chosen so that near x =  0 
the energy E(x) can be expended as

where E  =  E(x) and X„ are eigenvalues of the matrix d2E/dxldxJ evaluated 
a t x. These eigenvalues are sensitive to the symmetry of the system but near 
the saddle point x these is always a nonzero eigenvalue which is negative. In 
fact the saddle point is a bounded, finite-dimensional subspace of x-space. 
In  the new coordinate system the current (3) becomes

yn = I 2 Dnt{x, — z,) (6)

(7)

(8)

where

(9)

The steady-state solutions of (2) can be obtained from the equation

(10)

equation which will be written as

(П )
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where

K Â y ) = j p ă . . * ^  (12)

A solution of the equation (2) satisfies
0 < P(y, t) <  oo (13.a)

 ̂dmyP{y, t) =  1 (13.b)

The last equation shows that P(y, t) is normalizable in 31 m i.e. P  has to be a 
function in L\(3l,„) The equation (10) will be written as

-  £  Ç d”y  f  w*(y)p i p  =  £  й ^ кТ  f dmy p  (14),7= iJ 8У» J j L i  J 8y»dyn.

which can be transformed in

where

f d»‘yS P 2(y) =  £  IiPMnn> f d»y i f  i £  
J Ы  3 8yn 3y,,

S = S(y) =  £ ag,„(y)
dyn

(15)

(16)

The left side of the equation (14) is bounded from above by applying the 
Holder inequality

r í  ж\_2_ ( 2l» \m— 2
-  f dmyS(y)P2{y) ^  [ d’-'y |S IP2{y) < f dmy  |S |т I» f d y P ^ ) " ^  1“  (17)

where О is a subspace defined as : Q = {y (Z <&,„} such that S < 0. From (12) 
and (16) we see that this is an agreement with the existence of a subspace 
so that any eigenvalues X{ are negative. The right side of the equation (14) 
is bounded from below by applying the Sobolev inequality

w с о  ( 2m \w-2
Ss cm^ d " ‘z | / | ^ j ~  (18)

where

cw =  2~2+^ л 1 + '^(т2 -  m) » (19)

к
Taking f =  P(y) and xn =  ^  (M 1 )п,ьУк orie obtains

£  kT M nX [ d»y —  | f - >  c„M [f d'»yP(y)2»I/(»-2) j 
»X^I ’ J Ъуп°Уп' U /

where M =  (det M ^ )1/»«.

(20)

2  — P h y s ic a  2/1986
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Strict inequality is indicated in (19) because P  is defined as function in 
I,+(&»,)• From (14), (17) and (19) we get the equilibrium condition as

^d»y |SÍ*j"> ~  cmM (21)
a

From (19) we get
Cm >  4 • 2699 (m — 2) if m ^  3

and

lim =  4 • 2699
f)i—too m

Discussions. The condition (21) assures the existence of the solution 
for the Fokker—Planck equation near the saddle-pomt associated with a meta­
stable state. This inequality is satisfied if S <  0 and sufficiently large in absolute 
magnitude for Q(ZSlm On the other hand m the expansion (7) we need a ne­
gative eigenvalue to be sure that S <  0, and we have a solution if (2) is m 
the immediate neighbourhood of the saddle-point x
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ABSTRACT. — The influence of the phonons and electron-hole excitation has heen 
studied in the superconductivity given hy a nonphononic interaction Particulary, 
this mechanism is given Ъу the concentration waves which may appear in the Ъшагу 
ordered alloys

Introduction. We consider a periodical-spatiaUy ordered alloys Ä xB t_x 
where the concentration of the atoms A is c(r) and of the atom В  is 1 — c(r) 
This system can be described by fermionic operators of(r) and v.Jr) which 
describes the creation and destruction of an atom of kind A in the point 
r 'm the sublattice ,,г”. The Hamiltonian which describes the concentration fluc­
tuation has the form

H =  i £  WÇ -  ?) Sc(r) Щ7) (1)

where

sím  =  ^ c { i  -  c)(V w  +  îw i (2)

and

If we introduce now the operators

Ъ(г) = o f (?) a2(r) b+(r) =  o f  (7)^(7) (3)
the Hamiltonian (1) can be transformed as

н с =  E  7  c(l -  c)W[k) [2bi bt  +  bf* +  bf+ bt  -  уЫЪЦ (4)
7 8

where W{k) is the Fourier transform of W(r — r'), c is the concentration of 
the atoms in the sublattice A and (J. is the chemical potential This hamilto- 
nian has been diagonalized [4] using a umtar transform and

HC = J2 ыД)  eye- (5)

University o f Cluj-Napoca, Department of Physics, 3400 Cluj-Napoca, Romania
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where the operators c i and ck describes the bozonic excitations due to con­
centration fluctuations and ac(k) is the energy of these excitations given as

V? -  ^ (1  -  o)W[k) i - Г

If one defines the number of ’’bosons” due to the fluctuations N s =  
the energy (6) has been expanded as

(k) ~ -  c(l -  c)W{k) -  p
4

or if we introduce

~q =  k — ks, W{q) s  W(ks) +  у f  

the equation (6) becomes

“ e(?) =  A +  ţ  c(l -  c)T?2 (7)

where

Y  s y o № ) I .  A £ 4

The interaction between this excitations and electrons can be described by the 
Hamiltonian

я . _ е =  J  &  ç  [VA(r - R ) -  VB(r -  R) ] Ç +  (r) ţ  fr) Sc(7) 

which becomes

H e_ c =

where

(8)

(9)

gQ) =  ~ J c ( l  -  c)(Va(Ï) -  VBQ))

The Hamiltonian (9) contains terms with q =  ks which will give a state simi-
—► - ►

lar with “superfluidity” and terms with q Ф ks which may give rise to an effec­
tive interaction

H „ f =  £ и Cl-? * Cl~?, Cl~? U-? k + q k — q k К

which becomes attractive if s(k +  q) — z(k) <  —coc(q).

(10)
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In  order to describe the superconducting state we have to define the Green 
function for the quasiparticles associated with the concentration fluctuations. 
If we define the operator

the Green function

c ( l  -  c) (<p+(tf, t) +  9(1?, t)) ( П )

D(rt; r't') =  <ТФ(г, t)<b[r't’)y 
with the Fourier transform

D{q, ci„) o (l g*(q)
( 12)

2 P (i(0«)2 — (?)

will describe the free quasiparticle associated with the concentration variation.
Eliashberg Equation. We consider the electron-phonon, the Coulombian 

interaction and the interaction between electrons and quasiparticles associated 
with the concentration variation. Following the standard procedure [2] we get

00

а д д (ы )  =  {dz'[Kph{z', Cl) +  K c(z\ Cl) -  K m(z', 0 )1] Re(4-(g/l sign*4 (13) 
J  (у ,? '2 — A2( / ) J

— оо

со

[1 -Z(ci)i]A(ci) =  - ^ d z ' [ K ph{z', Cl) +  K c(z’, ci) -  K m{z', œ)0 F g |A-g g | ÿ |(14) 
—  00

where the general form of the kernel K  (z, ci) is 

00

K,(z\  ci) =  ^dz£{z)Fl{z)±
z ' z z’ Z ■

tanh —  — coteh —  tanh —  4- coteh —  
2T 2 Г 2 Г 2 T

a +  z — z' +  iS M  —  z  +  z’ +  iS (15)

where “i” denotes the phononic contribution, the contribution of the concen­
tration and the contribution of the magnetic fluctuations studied by Berk and 
Schrieffer [3].
In  order to calculate the critical temperature we consider the weak — coupling 
limit and (15) can be approximated as

K t{z', 0) = 2 $= 2 \ d z  g‘WjF‘W -  tanh — =  bt tanh
2 T 2 2T

(16)

The parameters 1~P)„ l m have been given for conventional theory of the strong­
coupling superconductors and

X. ==  2m  j dz •ÍWRW
2

(17)
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where
2ас(z)F(z) = р Г ^ 7 (с) Ы р, р )  |*8(л — «о

) vp J  vp

- 1
(18)

/ (с) = £ Í L i ^

The equations (13—14) have been solved in the weak couphng approximation 
using the ansatz

! \ l l  [«  I <
Дс |со I <  co0 (19)

Д„ ы0 <  IG) I <  Oiw 
and the critical temperature becomes

T0 =  1.134 exp Г - - - - - - - -------- 1 (20)
L XPh + Xc —

The parameter Xm has been calculated a T  =  0 m the t-matrix [3] approxi­
mation as "км =  aUcN(0)ln I

1 -  UCN(0)
(21)

where a =  2 if UCN(0) £  1 and a =  1 if UcN(0) 4  1.
These results are similar with the recent results obtained in [4] but for Xc =  
=  0 and Xm =  p*.

The effect of the concentration fluctuations on the critical temperature.
The equations (13—14) will be written on the imaginary-frequency axis and 
(13—14) becomes

Ф(шя) =  fT0 i t  tM(«< -  “») +  *»-» +  Ъп+т+Л (22)
“rn

%(îw») — 1 H------ [ +  2 X,„
“ L 1 .

where

(23)

З Д  0) (24)

=  V  +  f =  S [m, со)
and we introduced Д(ш„) =  Ф(ш )/Z(ico„) where X„ is expressed by

“  áO 4»(0)^ Л (П) “ а)? {Ü)Fc{Q) 

ü 2+  [2nmTcy
(25)
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If we consider the phonons and concentration contributions having the same 
order of magnitude and introduce the parameter

00

X =  — [ dQa2(Ü)F(Q) (26)
(2кТсУ- J  

0

this is a small parameter for 2izTc > Q.
The solution of (22—23) becomes

А(Шп) =  £  ^ 7  [ M K  -  <■>») +  *(/(c) +  1)4-0 .(27)
,Ьо 2,я + 1

where

s>i,m

1 -  Sti,m

(п  — m ) 2
+

1

(n +  m +  l ) 2

and let us consider

Д(гсо„) =  Д(гсос)(1 +  S»), |S„| 1

(28)

(29)

The critical temperature will be calculate taking S„ s  S0 and we get after 
some algebra

J± =  exp Г 4 057x(№ + l) - 
Tc0 P [ l  -  1 545x{f{c) +  1)

where T°c is the critical temperature defined by
0

1 =  к ы  £  - Ц -
•n=0 m  4-  —

2

(30)

and we used

fB=>0 jn  +  —  
2

m = 0 m  _|_
2

The temperature T® can be considered as the critical temperature of a 
superconducting state mediated by the dinamycal spin-fluctuations and the 
equation (30) shows the influence of the concentration fluctuations on the 
critical temperature Tc for an ordered alloy AXB ^ X.

Conclusions. We showed that in the model for the superconducting pairing 
in  a crystalline ordered alloy AXB 1̂ X the concentration fluctuations can give 
rise to a decreasing of the critical temperature. The effect is similar with
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the thermal phonons. We neglected the influence of these fluctuations on the 
pseudopotential because in this model a separat analysis for this problem 
is necessary, but we considered the electron-hole scattering which may be 
important in this alloys
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ABSTRACT. — The V—Pe solid solutions m a and cr-phases were investigated from 
a magnetic point of view between 100 — 1300 К For the samples containing 91, 88 
and 79 at % V the magnetic susceptibility is temperature independent, l e this sam­
ples are Pauli paramagnets For the other samples containing 72, 68, 55 and 46 at 
% V, the temperature dependence of the reciprocal magnetic susceptibility is not hnear 
and obey the Néel law for the paramagnetic susceptibility of the fernmagnetic ordered 
materials The effectiv magnetic moment determined per iron and vanadium atoms 
are m good agreement whith the values obtained m pure iron and for V+2 ion, at 
low temperature, the last sample exhibits the mixed valence characteristic, perhaps

Introduction. The V-Fe system of alloys has a continuous a solid solubi­
lity, excepting the central a phase below 1200 °C, and the iron narrow у phase 
region [1, 2] According to phase diagram [1], a phase is mcludid between 
38 at. % “V and 58 at. % V. At the equiatomic concentration a FV mterme- 
tallic compound is formed. The a solid solutions are ordered with FV inter- 
metallic compound crystalline structure.

From a magnetic point of view, the iron rich solid solutions are ferromag­
netics, and concentration dependence of the Curie temperature is reported on 
both phase diagrams [1, 2] but on the phase diagram [2] the concentration 
dependence is extended over the a — phase until T =  0°C. For vanadium 
concentrations higher than 30 at %, the Curie temperature of alloys depends 
on the cooling rate, and for the quenched alloys is higher than for the unquen­
ched alloys [2].

The magnetic behaviour of the cr — phase solid solutions yet is not clear 
enough So, the 47 6 at. % V alloy become ferromagnetic bellow 203 K, while 
the 60 at % V alloy is not ferromagnetic even bellow 43  К  [3]. For the 
high vanadium concentrated solid solutions the results reported in [3] are much 
different from those reported in [4, 5].

Experimental. The samples were prepared by arc melting ш pure argon atmosphere from high 
purity metals The melted samples were anealed at 900°C for 336 hours m vacuum of 10~6 Torr.

The magnetic susceptibility was measured, usmg a Weiss-Forrer equipment with 10-8 em’/g 
sensitivity [7], in the temperature range 100 — 1200 К and magnetic field intensity of 4,820 Oe. 
The samples concentration is given in Table 1, and the order number is written on the tempera­
ture dependence curves of the reciprocal magnetic susceptibility (Figs 1 and 2)

From the seven mvestigated samples five are a — solid solutions and two are о — solid 
solutions, i e 46 at % V and 55 at % V

Results and discussions. As it is well known, the pur vanadium metals is 
a Pauli paramagnet type with a quadratic temperature lowering of the magnetic 
susceptibility [6]. Nevertheless, in some mtermetallic compounds and alloys

University o f Cluj-Napoca, Department of Physics, 3400 Cluj-Napoca, Romania
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vanadium has partial or whole localized magnetic moment [6, 7, 8]. From this 
point of view, the magnetic behaviour of the vanadium alloys and interme- 
talhc compounds with simple or transition elements may be very different, 
depending on the heat treatment, or on the crystalline structure

In our case, when the iron concentration increases m the vanadium solid 
solutions, the magnetic suceptibility also increases, as one can see from the 
Fig 1.

For the solid solutions with the vanadium concentration 91 ; 88 and 79 at. 
% V, the magnetic susceptibility is practically temperature independent, l e. 
this alloys are Pauli paramagnets.

For the less vanadium concentrated solid solutions (72 at % V, 68 at % 
V etc.), the magnetic susceptibility become temperature dependent, and the 
reciprocal magnetic susceptibility as function of temperature is not linear (see 
Fig 1). This means that the observed paramagnetism for these samples is 
a paramagnetism of localized, magnetic moments, for both a and a — solid 
solutions. The general aspect of the curves 1 /x(F) suggests that the temperature 
dependence of the magnetic susceptibility may be described by the Néel low 
for the paramagnetic state of the ferrimagnetic ordered materials,

l

X
(1)

where —, 0, cr, are the constants depending on the molecular field coeffi- 
Xo

cients, and C is the Curie—Weiss constant, correlated with the atomic effec- 
tiv magnetic moment.

The agreement of the Néel low with the experimental results is marked 
on the figure by full line. One observes a systematic deviation from the Néel
low only at the low temperature part of the curves — [T), connected with

x
the transition from paramagnetic state to ordered ferrimagnetic state.

For the sample with 46 at. % V, the temperature dependence of the reci­
procal magnetic susceptibility, given in the figure 2 has a particular shape.
At low temperature the curve — (T ) has a broad minimum, specific for the 

, X
mixed valence system [9—11]

The numerical values of the Néel law constants are listed in Table 1.
Table 1

Sample
number %at V C M  ■ V-B Ш 4 • 2)a +  

+ M 3 87)*]1/'

1
— . io-* 
Xo

a -10-4 0, К

1
2
3
4

91
88
79
72 0 032 4 01 3 96 17 756 306 28 10

5 68 0 0363 3 92 3 97 17 8 1 125 50
■6 55 0 0397 4.08 4 02 15 176 1 641 4
7 46 0 0396 4 078 4 053 11.212 2.481 90
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Fig 1
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From the Curie—Weiss constant value we have determined for the last 
four alloys the effective magnetic moment values, which are in very good 
agreement with those calculated using the formula

M  =  U f, (4-2)2  + / v ( 3 .8 7 )2,] i/2) (2)

where f Fe and f v are the molar fractions for the alloy components. In this 
formula we have used the whole localized magnetic moment values 4.2pjB/Fe 
and 3.87Pb/V which correspond per iron atom in pure metallic iron, and per 
V+2 Usually, the vanadium magnetic moment is not localized, but in this 
case it is really well localized, as it can be see from the values given in Table 1.

Conclusions. The a and a vanadium-iron solid solutions presents interes­
ting magnetic behaviours. The rich vanadium solid solutions are Pauli paramag- 
nets with temperature independent magnetic susceptibility. The others solid 
solutions, including (7 — solid solutions are ferrimagnetic ordered, withe well 
localized vanadium magnetic moment, corresponding to V+2 ion magnetic 
moment value. In the a phase, the solid solution 46 at. % V and 54 at. % Fe 
exhibit mixed valence characteristic expressed by a broad maximum in the 
temperature dependence of the magnetic susceptibility at low temperature, 
perhaps.
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ABSTRACT. — The application of tlie methods of reflectance infrared spectroscopy 
for the observation of the polystyrene and poly (methylmethacrylate) films on copper, 
steel and nickel surfaces is presented. Both specular reflection and internal reflection 
measurements have been used m order to find the optical constants of the polymeric 
films. The thickness of the polymeric films on metals has been obtained from the 
interference fringes in the specular reflectance spectra.

Introduction. The reflection of the radiation on the interface between a 
medium with refractive index n0 and an optical absorbing medium with the 
complex refractive index n =-n — ik are described by Fresnel complex indexes 
уp and у« corresponding to the two components of the radiation that are para­
llel and respectively perpendicular on the incidence plane :

Z — l~ I *iSP _  » cos 9o -  «о cos 9
Yp — \Yp I e — ~--------------------- r

n COS Фо +  W 0 C O S ф

~ 1 ~ I «5s «0 cos Фо — n COS ФTs = l ï s k  = т г -------— - ----Y
n0 cos ф0 n cos ф

(1 )

(2)

where cp0 is the radiation incidence angle, cp is the complex refractive angle, 
defined by Snelhus’refraction law • Sp and 8S are the phase differences of the 
two radiation components after reflection

Rp and Rs reflectances corresponding to the two radiation components, 
defined as the ratio of the reflected radiation intensity to the incidence radia­
tion intensity, may be expressed allowing for the relationships (1—3) as such:

R p =  Ы 2 =  

R s =  lys I2 =

(n — г/г)2 cos фо — n,о V  (« - ik f я; sm290

(n — г/г)2 cos 9 „ -f- и0 V(w — ~  1!0 smJ 9o

n0 cos <p0 — n0 ej (rí — ik)2 — «J sma ç 0 '

n 0 C O S ф 0 +  n0*J(n — lli)2 — «5 sin* <?0

(4)

(5)

We can consider with a good approximation that for the natural unpola­
rized radiation the reflectance is the arithmetic mean of the two reflectances 
for both components [1]

R = l ( R p +  Rs) (6)
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According to these relationships, as a result of the modification with the 
wavelength of n and k optical constants of the surface, due to dispersion, the 
intensity of the reflected radiation changes thus giving the reflection spectrum.

Knowing the reflectances Rp and Rs or R from the reflection spectra, we 
can compute the optical constants of the reflection surface.

Up to this point both the specular reflectance spectra, when the medium 
of incidence is the air, and the internal reflectance spectra, may be used 
when the incidence medium has a greater refractive index than the reflecting 
surface and the angle of incidence is greater than the limiting angle.

In order to find the two unknown values n and k we need at least two 
reflectance measurements I t  can be measured

— Rp and Rs for the radiation polarized at one angle of incidence ;
— Rp and Rs or RPIRS for the radiation polarized for two angles of inci­

dence ;
— R for the natural radiation for at least two angles of incidence
R and S can be also measured for the depolarized radiation at a small 

incidence angle.
The S value is found from the whole spectrum R =  /(v) based on the Kra­

mers—Kronig integral [2]
In order to find the optical constants from reflectance measurements for 

at least two incidence angles, graphical methods can be used [3, 4] thus 
avoiding complicated calculations In this way one can find respectively the 
optical constants of the metals from the reflection spectra and the optical con­
stants of the polymeric films on metals, from ATR spectra observed for the 
film covered metal surface

In the case of thin polymeric films the reflection spectrum has a weak 
resolution This can be improved if the angle of incidence on the polymeric 
film from a medium with refractive index n0 >  n1 is greater than the limiting 
angle If the medium on which radiation reflects is optical nonabsorbing, a 
total reflection is obtained and in the spectra ranges where the medium is absor­
bing the radiation is partially absorbed so that there will be an attenuated 
total reflectance spectrum (ATR)

The polymeric film thickness can be determined from the interference 
fringes in the specular reflection spectra The spectral ranges (2000—2600) cm“1 
and (3200—5000) cm-1 should be used, where most polymers do not produce 
absorption bands that overlap the interference fringes.

From IR  radiation reflection spectra performed at an cp0 angle of inci­
dence on the polymeric film, assuming that this film is transparent, and with 
the aid of the refractive index n the film thickness can is calculated by mea­
suring the number of interference fringes N which occur on the spectral range

Because, as m most cases, m the relationship for computing the film 
thickness

d =  ^ ____=  (7)
2 K - — v2) Vw* — sm2 <p„

the film refractive index value is not always accurately known, we suggest 
the use of measurements made at two incidence angles <p01 and <pC2
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By measuring the number of fringes N and M m the spectral ranges Av 
and Av' from the specular reflectance spectra, recorded at two incidence angle 
cp01 and <p02, the film thickness for each individual case can be found

d = _______ N _______

2Av Vй3 — sm2 9oi
d = _____ m_____

2Av' *Jn2 — sin3 ф02
(8)

Because the measurements are made m spectral ranges which partly overlap 
each other, we consider that the film thickness and refractive index are the 
same for both measurements By eliminating the refractive index between the 
two relationships (8) we obtain the fim thickness

d =
2AvAv

^-= Ди A \/ ţi
M 2Av* -  iV2Av'2 

sm2 901 — sm2 <p02
(9)

The relationships (8) can also be used to find the average value of 
the film refractive index on the common Av and Av' spectral range. By elimi­
nating the film thickness between relationships, (8) and (9) we obtain the 
refractive index as

n =  т / ^ Д у^ ш2?O’ — -A/2Av'2 sm фра q q \
V M 2д72 -  AAV2

Experimental. The coppei, nickel aud OLC 45 steel samples on which polymeric films have 
been deposed, have been cut from bulk metal to the dimensions of 45 x  22 x  5 (mm) and then 
ground and polished with abrasive paper up to 12 gram The surface has been further polished 
with No 2 „Presi” Italia metallographic jpaper

The sample was washed m water and absolute ethyl alcohol The (PS) polystirene and (PMMA) 
poly(inethylmethacrylate) films were deposited from the polymeric solutions m benzene and tnchlo- 
romethane during spinning the samples, under conditions similar to those reported by other authors
[5, 6]

The IR reflection spectra have been recorded with UR-20 (Carl Zeiss Jena) spectrophotometer 
m natural light In order to record the specular reflection spectra we used the specular reflectance 
attachement for 20 ° and 550 incidence angles

ATR spectra at 45° and 55° incidence angles have been obtained with ATR unit ICRS-5- 
crystal

Results and discussions. The reflection spectra can be used to identify 
the polymer on a metallic surface due to the resemblence with the transmi­
ssion polymer spectra The reflection spectrum of the polymer film on the 
metal can be considered like a transmission spectrum because the radiation IR  
crosses the polymer film twice as a result of the reflection on the metal sur­
face The ATR polymer films spectra although they are not real absorption 
spectra ressemble very much with the transmission spectra if they are regis­
tered m certain conditions [4].

We used the graphical method m order to determine the metal optical 
constants We plotted on the same graphic the reflectivity variation curves 
as the absorption coefficient k m accordance with the relations (4—6) for 
different values of the refractive index n The curves family R =  f(k) obtained 
for the incidence angle of 55° is presented m figure 1. These curves'have been 
plotted on the basis of the values given by Vasicék [3] From this-plot the
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F i g  1. The reflectivity variation curves depending on the absorb tion 
coefficient for different values of the refractive index n at the incidence of 55

pairs of values n and. k corresponding to the reflectivity value from the reflec­
tion spectrum for the respective incidence angles are obtained. The ,'same way 
is used for the pairs measurement performed at the incidence angle of.20°. 
Then, the two pairs of curves n =  f[k) are represented on the same graph, 
like in figure 2. The cross point of the two curves has as coordinates the
two optical constants of the surface n and k corresponding simultaneously 
to the pairs of values of the reflectivity measured at the two incidence an­
gles. The complex refractive indices 
of the metals determined in this way 
in the range IR  at 2200 cm-1 are : 

и =  1.96 — i.8.7 for copper, n=
=  2.16 — i-5.3 for nickel and

n =  2.63 • i.4.8 for steel ORC —
—45. The values obtained are in ac­
cordance with those reported in the 
literature [4].

In the same manner the optical 
constants of the polymers films from 
the ATR spectra, obtained in the 
range IR  at 2200 cm-1 were deter­
mined as follows : n =  1 24 — i-0,02 
for the polystyrene film and n =
=  1.2 — i-0.01 for the methyl poly­
methacrylate film.

The polymer films thickness was 
determined with relation (9) by using 3

F i g  2 The curves n =  /(ft) corresponding to the 
measured reflectivity for steel OI<C 45 at v =• 

- 2200 cm-1.

3 — Physica 2/1986
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F i g  3 The specular reflection spectrum of the film of PMMA on the steel OLC-45 at the inci­
dence angle of 20°

the reflection spectra of the polymer films on the metals In Fig. 3 the range 
(1600—5000) cm-1 from the specular reflection spectrum of the polymers films 
of PMMA on OI/C—45 steel is presented For the film of PMMA, the film thick­
ness obtained on the basis of the proposed calculus relationship is of 4,2 [im 
and the refractive index of the film computed with the relation (10) has the 
value n 1 =  1.15. The error in calculating the film thickness is of about 
0 2 [j.m if the spectral range between two interference bands is measured with 
a better accuracy than 50 cm-1. Because the interference bands are measured 
in the spectral range where the film does not present absorption bands, (/гг =  
=  0), in the relations (7—10) only the real part of the film refractive index 
n 1 =  nx — гкх can be considered.

Conclusions. The IR  reflection spectra of the polymer films on the metals 
are similar to the transmission spectra of the polymers and therefore they 
can be used for polymer identification on different solid supports.

The optical constants of the metals can be determined in the IR  range 
from the specular reflection spectra at two incidence angles

The polymer film thickness is obtained from the interference bands in 
the specular reflection spectra of the film on the metal. The calculation of the 
film thickness, based on two spectroscopic measurements at two incidence 
angles, avoids the necessity of knowing the film refractive index in the investi­
gated spectral range.
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ABSTRACT — In high, temperature low density tokamak plasmas, radiation cooling 
by impurity atoms an be can important energy loss mechanism [1, 2] since radiation 
is not reabsorbed The coupled set of time-dependent diffusion equations for ionized 
impurities is solved in conjunction with a simple model for neutral impurities The 
resultant density distributions are used m the subsequent computation of the related 
energy losses Results are presented for oxygen.

Introduction. The ideal magnetically confined fusion plasma would consist 
only of hydrogen isotopes, helium ions and the neutralizing electrons, well 
separated from the material walls of the reaction chamber by suitably shaped 
magnetic fields. In practice, high energy plasma particles leak across the mag­
netic field, strike the walls and liberate wall material, which diffuses into the 
plasma, where the impurity atoms (such as carbon, oxygen, iron, nickel, molyb­
denum) are ionized and excited. Ionization and excitation are accompanied 
by radiative decay and radiative and dielectronic recombination which lead to 
unwanted energy losses m addition to the bremsstrahlung radiation. These 
radiation losses lead to the cooling of the plasma [1, 2].

Eqations. The model adopted for the neutral /impurities assumes ,that 
these flow into the plasma a t thermal velocity V 0 and their density, n0(r), 
decreases rapidly through ionization as the impurities penetrate the plasma. 
Using the coordinates indicated in Fig. 1 we have

2tt tt/2

«0M =  ^
0 - tt/2

cos ф exp (1)

where is the average number of neutrals leaving the unit area of the walls. 
MRS units are used throughout the paper, except where specifically mentioned, 
etj is the ionization rate for the neutrals and nc is the electron density. V0 
is approximately given by the following expression

V0 =  4 X IO-™(T0/msy/2
where T 0 is the temperature of the neutrals in eV and is the mass of the 
impurity.

The density distributions of the ionized impurities are calculated by taking 
into account classical and anomalous diffusion and the ionization-recombination
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P 1 g 1 Coordinates employed in the model for neutral impurities

process The radial density distributions are then given by the following set of 
coupled differential equations :

—  +  -  — (гФ*) -  ».[( 1 -  ад«***., -  («*+1 +
dt r  dr

Pä)wä “h ß*+i**+i[l —  %}.'ine(x.1n0
(2)

k =  1, 2, . . . ,  N ST,

where пк is the impurity ion density in the к th  ionization state, aA is the 
ionization rate for the passage from the (k — 1) th  state to the k th  state 
and ßft is the total recombination rate for the passage from the k th  state 
to the (k — 1) th  state. NST represents the total number of ionization states 
and 5 is Kronecker's symbol.

The flux of the impurity ions in the k th  ionization state is given [4, 5] 
as

Ф* =  —ynDkdnkldr YwWhnh (3)

on the assumption that the impurity ion density is low enough for the effect 
of mutual collisions to be neglected. The Pfirsch—Schlüter diffusion coefficient 
Dh and the inward diffusion velocity due to friction with plasma ions Wk are, 
respectively, given by

£* =  (! +  g2)p

Wh = kDh I -  i p
«, dr

dj\\ 
2 Г , dr Í

(4)

(5)
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where yD and yw- are the anomalous factors. The safety factor q, the Larmor 
radius pA and the collision frequency of impurity ions with plasma ions vft, 
are defined as follows :

pï =  6 25 X  1018̂ i  ^
Bt Ä*

vk =  2 765 X  10~тп,{т ,ут  In ЛА/(т,Т?/2)
Here Rt is the major radius of the reaction chamber, Bt and Bp are the toroi­
dal and the poloidal magnetic fields, respectively, n, is the plasma ion density, 
In Ah is the Coulomb logarithm, T, is the plasma ion temperature and Tk 
is the impurity ion temperature in eV The effective ionic charge of the plasma 
is defined as follows

f  N S T  \

Z = \ n ,+  J2 №пку п е 

and according to charge neutrality
N S T

n, =  nc — knk
k=\

The diffusion coefficients depend on the impurity ion temperature Tk, 
for which we use a simple model •

Th
const (k =  0)
T t for xeq ^  t, (к Ф 0)
mm [Г„ ГА_! +  (Г, — Tk_x)xjxeq] for xeq >  x,{k^  0),

where x, =  l/(aA+i +  $k)nc and =  l/2vA. We used the ionization rates given 
by Lotz [6]

“a
N SS

67 è
A = 1 т-3/2

1
Pi It ,

where
oo

E i(x) =  ^exp (—y)ly]dy
X

is the exponential integral, Pf is the binding energy of the electrons in the 
г th  subshell (in eV), qk, is the number of equivalent electrons in this subshell 
and a), and c* are fitting constants tabulated in ref. [6] NSS stands for 
the number of subshells considered

Taking into account the radiative recombination rate [8] and the dielec- 
tronic recombination rate [9], the approximate expression for the total recom­
bination rate is ß* =  ßA +  ß*
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Equations (2) are solved under the following boundary conditions : 
[n0(r)\-^Tp =  given constant

[»*M3r=r# =  0, A =  1, 2, N ST,

Г—*1 =  0, k =  1, 2, . . . ,  N S T
L Sr J r = o

and in considering the time-dependent _ cases one adds the initial conditions 
n(=°(r) =  n°k(r), k =  1, 2, . . N S T

The energy losses by ionization, recombination, bremsstrahlung and exci­
tation due to the presence of the impurities are approximately given by

Í о \
p t =  1 6  X  i o - 19 È  j p *  +  -  r eJ +  p m

N S T

P,ec= 1 6  X 10"“ E
A = 1 2

Pbr =  1 5 X 10-™Zn]TlJ2
N S T - 1 L

Pex=  1 73 X 10- 317 7 1/2 », E  ** I > „  exP ( — — )
A = 1 / = 1 l  Te)

T i g  2 Input piofiles for nc, Tc and Г ,, output profi 
les foi nz and Z
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where Pex is the excitation potential. The coefficients ckl are tabulated in 
ref. [5].

Equations (2) were approximated by simple finite difference schemes
Results. Calculations were made for oxygen impurity ions. Fig 2 presents 

our input profiles for the electron density ne, electron temperature Tc, plasma 
ion temperature Tt and the output profiles for plasma ion density nt and for 
effective ionic charge Z  Our input data correspond to a typical experiment 
m the hydrogen plasma of the ST tokamak.

Fig 3 shows the resulting impurity density profiles The figures attached 
to each curve denote the ionization state of the impurity (the neutrals are 
labeled with 0, the simple ionized oxygen with 1, etc ) Fig 4 gives the radia­
tive energy losses obtained with the impurity density profiles of Fig 3. Our 
results seem to agree fairly with those of Tazima et al. [5].

The algorithm and the program based on it have been presented in a 
previous paper [10]

F ig  3 Output oxygen impurity density profiles. F ig  4 Radiative energy losses obtained 
with the impurity density profiles of fig 3
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ABSTRACT. — ESR study of y-irradiated Na2Se04 ш powder form indicates the 
existence of SeO,T, SeOJT and SeO -̂ radicals The identification of radicals is made 
on the basis of their g tensors The radical SeOj- appears m ESR spectra at 77 К 
only The activation energies involved in process of recombination of SeO^” and SeOJp 
radicals are evaluated

Introduction. Sodium selenate belongs to a large class of substance as 
NaNH4Se04, K2Se04) wich presents ferroelectric transition [1—2]

This paper presents ESR investigations of y-irradiated powder of sodium 
selenate Na2Se04, at both room temperature and 77K The study of the ther­
mal annealing of deffects produced by gamma irradiation m Na2Se04 in the 
range of temperature from 60 °C to 170 °C is also presented.

Experimental. Paramagnetic centers m Na2Se04 were produced by -[--irradiation of the samples 
to a 60Co source for 100 hours

Electron spin resonance (ESR) spectra were recorded by a JES-3B type spectrometer, m the 
X band, by direct detection usmg a magnetic field modulation of 100 kHz The temperature m 
the resonant cavity was controlled usmg a JES-VT-2 type installation and measured by means of 
a copper-constantan thermocouple The samples of Na2Se04 were used m powder forms

Results and discussion. Gamma-irradiation of Na2Se04 produces paramag­
netic deffects identified as SeOjU SeOg", SeOj\ The identification of the species 
is based on the g-factors and the hiperfine coupling constant of 77Se (I =  1/2).

The ESR spectra of this species m powdered Na2Se04, at 300 К  and 
77 К  are shown in Fig. 1. The values of the g-tensor obtained from analysis 
of these spectra are given in Table 1

Table 1
g tensor for S e0 2, Se09 and Sc04 radicals m у -  irradiated Na2SeO

Radical gT(K)
Six gyy gzz

Se07 300 1 9970 2 0272 2 0073
77 1 9949 2 0260 2 0088

SeOj 300 2 0136 2 0136 2 0025
77 2 0181 2 0181 2 0015

Se0 7 300
77 (A) g =  1 9660, (B) g =  2 0356

-

TJnwersity o f Cluj-Napoca, Department of Physics, 3400 Cluj-Napoca, Romanţa



42 I BARBUR, L STÄNESCU

At room temperature the principal Íme (II) is atnbuted to the radical 
SeOy, which has been detected earlier m K ,Se04 [2, 3] and NaNH4 • Se04 •
• 2H20  [4]

According to our measurements, the g-tensor is axially symmetric for 
this radical.

The xial value of the g-tensor gxx =  gyy =  2 0181 is greater than for SOj- 
(g =  2 0036) and is atributed to the large value of the spm-orbit coupling 
constant for selenium [4]
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F i g  2 Annealing lsoterms for SeO,
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j The radical SeOr has also been observed m a variety of y-irra diate d sele- 
nates and selemtes [2—4]

The g-tensor for SeOr shows rhombic symmetry and there are not great 
differences between g-values at the room temperature (300 K) and at the low 
temperature (77 K).

The radical SeOy was first observed in y-irradiated K2Se04 at 77 К  [2]. 
The radical disappears by warming the sample up to the room temperature 
and it has been used as a probe for studying the ferroelectric transition in 
K2Se04 [3], NaNH4Se04 • 2HzO [5] The BSR spectrum of SeOr, at room 
temperature, is masked by the radicals SeOif and SeOy According to our 
measurements (Fig 1), two rhombic components A and В of the radical SeOy 
are observed at low temperature (77 K) The g-values of these components 
(Table 1) are m good agreement with the same values observed for SeOy m 
NaNH4 • Se04 • 2H20  [4]

F i g  3 Annealing isoterm for SeO,
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The temperature stability of the radicals SeOjT and SeOF was studied in. 
the temperature range from 60 °C to 160 °C by measuring the variation of the 
FSR  signal (amplitude of the line) at different temperatures In Fig 2, the 
value I-L — I \ t tjli is plotted against time, where I x is the initial amplitude of 
the component for SeOF and I lit is the amplitude after t  minutes of heating. 
Figure 3 represents the annealing isoterms for SeO~.

No changes m the intensity of the ESR lines were observed for both SeO”  
and SeO^ radicals, below 98 °C

By increasing the temperature, a continuous decrease of the signal is obser­
ved corresponding to the recombination process of the radicals

The activation energies in the recombination process of SeOF and Sc OF 
radicals were calculated using a phenomenological method [6] and are 0 265 eV  
for SeOr and 0.195 eV for SeOF.

By investigation of the structural changes which appear m Na2Se04 a t 
the transition point evidenced by the properties of the SeOF radical, the stu­
dies of the possible incommensurate state m Na2Se04 are m progress

R E F E R E N C E S

1 A l e k s a n d r o v ,  K S ,  A l e k s a n d r o v a ,  I P ,  Z h e r e b t s o v a ,  R I ,  Z a i t s e v a '  
M P ,  A n i s t r a t o v  A T ,  Ferroelectrics 2, 1 (1971)

2 A t k i n s ,  P W„ S y m o n s ,  M C R ,  W a r  d a l e ,  H W,  J Chem Soc, 5. 5215 (1964)
3 A 1 к î, К , J Phys Soc Japan, 29. 379 (1970)
4 R a m a n  î, K ,  S r i n i v a s a  n, R ,  Mol Pliys, 44, 125 (1981)
5 R a  m an  i, K , S r i n i v a s a  n, R ,  Proc Nucl and Solid State Phys Sjmp , (DAE), ban­

galore, C, 16, 367 (1973)
6. C ă l u ş a r  u. A,  B a r b u r ,  I ,  Ur s i i ,  I ,  „Chemical Effects of Nuclear Transformation”,  

Vol. II, IAEA, Vienna, 239-313 (1965)



STUDIA UNIV BABEŞ—BOLYAI, PHYSICA, XXXI, 2, 1986

MAGNETIC PROPERTIES OF COBAI/T CADMIUM-BORATE OXIDE
GRASSES

I. ARDELEAN*, GH.ULOiVCA*, O. COZAR* and V. SEVIANU*

Received November 12, 1986

ABSTRACT. — Tlie results of magnetic investigations on xCoOfl — x) [2B,03 CdO] 
glasses with 0 <  x <  50 mol % are reported These show that the cobalt ions, are 
m bivalent state The atomic magnetic moments of CoI+ ions decrease from a value 
of 5 173 pb f°r the 3 mol % CoO to a value of 3.893 рв f°r 50 mol % CoO. These 
variation can be attributed to a statistical average of the cobalt distribution states.
The magnetic susceptibility data suggest the appearance of the magnetic superexchange 
interactions for x >  5 mol %.

Introduction. J u z a  et al. [1] reported magnetic investigations on a 
series of cobalt alkali-borate glasses by varying the alkali-metal oxide (NaaO, 
Ui20) content If has been determined that the atomic magnetic moment of 
Co‘2+ ion decreases when the alkali-metal oxide concentration increases The 
decrease in the magnetic moment takes place at about the same content of 
the alkali-metal oxide at which the colour of the glass changes. V e r h e l s t  
et al [2] have reported that the cobalt aluminosilicate glasses show Curie— 
Weiss behaviour with large negative paramagnetic Curie temperatures and reveal 
a  very noticeable trend in the magnitude of the atomic magnetic moments as 
a  function of composition. We have investigated the cobalt m lead-borate [3jJ 
and potassium-borate [4] oxide glasses, keeping the B20 3/Pb0 and B20 3/K20  
ratio constant In these glasses, the cobalt ions are in bivalent state, having 
the atomic magnetic moments constant in agreement with those obtained by 
E g a m i  et al [5] for cobalt phosphate oxide glasses.

Experimental. In order to obtain further information on the magnetic behaviour of cobalt 
ions in oxide glasses, we have investigated the x CoO (1 — x) [2Ba0 3 • CdO] glasses, with 0 <  x  <  
<  50 mol % Initially the glass matrix 2Ba0 3 • CdO was prepared by mixing H3B 03 and CdC02 
and then melting this admixture in a sintered conruudum crucible, using the technique previously 
reported [3, 4] After cooling, the glass matrix was crushed and resulting powder mixed with CoO 
"before final melting at T =  1200 °C for 1 h The structure studied by X-ray analysis did not reveal 
any crystalline phase up to 50 mol % CoO

The magnetic measurements were made between 80 К and 320 K, using a Faraday type 
Balance

Results and discussions. The temperature dependence of the reciprocal 
magnetic susceptibility of the various glasses is presented iu Fig. 1. For the 
glasses with a CoO content < 3 mol % the Curie law is observed. This suggests 
-that up to 3 mol % in these glasses, the cobalt ions are magnetically isolated. 
For a CoO content higher than 3 mol %, the reciprocal magnetic susceptibility 
■obeys a Curie—Weiss behaviour, with a negative paramagnetic Curie tempera-

University o f Cluj-Napoca, Department of Physics, 3400 Clvj-Napoca, Romania
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F i g  1 Temperature dependence of the reciprocal magnetic susceptibility.
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ture For these compositions, the 
high temperature susceptibility data 
indicate that the cobalt ions in the 
glasses undergo negative exchange 
interactions and are coupled anti- 
ferromagnetically The antiferro­
magnetic order is formed at a short 
range only and may be described 
by the so-called micromagnetic type 
order [4] A similar conclusion was 
reached for Co2+ ions m alumino­
silicate [2] and potassium-borate 
[4] oxide glasses

The composition dependence of 
the paramagnetic Curie tempera­
ture, bp, is presented m Fig 2.
The absolute magnitude of the 
values of bp increases almost li­
nearly for # >  3 mol % în  gene­
ral, the exchange integral increases 
together with the concentration of 
the transition metal ions in the 
glass [6] This reflects a gradual 
increase m the magnetic interactions m the system and is due to the increa­
sing of the number of cobalt ions which are participating in these interactions.

To determine accurately the values of the Curie constants, CM, and atomic 
magnetic moments, p^, corrections due to the diamagnetism of the glass 
matrix and Со О were taken into account. The composition dependence of the 
Curie constants, CM, and of the atomic magnetic moments, p^, are presented 
in Figs. 3 and 4. For the glasses with x >  5 mol %, the experimental values 
obtained for Curie constant, which are proportional to the ion concentration, 
increase with cobalt ion concentrations but less rapidly (Fig. 3).

The experimental values obtained for the atomic magnetic moments, p^, 
therefore decrease from value of 5.173 pB for 3 mol % CoO to a value of 
3.893 p for the 50 mol % CoO (Fig. 4). A similar conclusion was reached by 
V e r h e 1 s t  et al [2] in their study of Co2+ in aluminosilicate glasses. These 
values are higher that the values of the magnetic moment of Co2+ ions in free 
ion state : Pc2+ =  3.87 pB when only the spin moment is active. When, in
addition, there is full orbital contribution, we have p == +  1) =  6.63pB,
with gj =  1.33 for Co2+ ion with electron configuration 3<P in 4F9/2 ground 
state [7]. The experimental values for high-spin Co2+ complexes lie between 
4.4 pB and 5 2 pi [8].

Our results suggest that the cobalt ions exist in divalent state in 2B20 3 • CdO 
glasses, as was also observed in alkali-borate [1] phosphate [5] and alumino­
silicate [2] oxide glasses.

I t  can be shown from the energy level diagram of Co2+ ion [lţ] that a 
lower magnetic moment is to be expected for the octahedral coordination (A

F ig  2 Composition dependence of tlie - paramag­
netic Cnne temperature
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F ig  3 Composition dependence of the P i g  4 Composition dependence of the 
Curie constant. atomic magnetic moment

ground state) than for the tetrahedral coordination (T  ground state). The 
observed magnetic moments in our glasses must be the result of a statistical 
average of the cobalt sites distribution [1]. Thus, at the lower CoO content 
the tetrahedral coordination prevails, while at the higher those of the octa­
hedral coordination. In  the intermediate concentration range a statistical ave­
rage over these coordination types is present. Similar results have also been 
evidenced for №2+ ions in the lead-borate oxide glasses [9]. But we do not 
exclude the presence of one type of coordination of Co2+ ions for which the 
local distortion varies at different CoO concentrations [10].

I t  is interestmg to remark that in the case of Co2+ ions in lead-borate [3] 
and potassium-borate [4] oxide glasses, the atomic magnetic moment is inde­
pendent of cobalt ion concentrations.
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ABSTRACT. — The paper presents a method of growing pliotoconductive PbSe thin 
films on glass substrates by chemical deposition, using sodium selenosulfate as sele­
nium ion source, and lead citrate complex The influence of reaction conditions on the 
film quality is investigated Films obtained using this method are as good as those 
using selenourea

IntrodRCtion. The detection of IR  radiation at room temperature m the 
spectral range of 3—4 jim may be achieved by photoconductors with maxi­
mum optical absorption in this range The use of PbSe films as high sensitivity 
IR  detectors in the above mentioned spectral range, m gas-analyser type or 
other electrooptical devices is but one of the numerous applications which keep 
up contmous scientific and technological interest for these films

For the mentioned spectral range the specialised reference material reco­
mmands PbSe films deposited on substrates by one of the following methods : 
vacuum evaporation, epitaxial deposition or chemical deposition from aqueous 
solutions (1, 2, 3)

The purpose of this work was to prepare PbSe films m a chemical way 
by homogenous precipitation on glass substrates from aqueous solutions. The 
formation of PbSe films from these solutions on a substrate, is determined 
mainly by the manner of carrying out the chemical reaction between Pb2+ 
and Se2~ ions When the reaction is developing slowly enough, the controlled 
formation of the films takes place This may be accomplished by the severe 
regulation of component concentrations

In order to stabilize the concentration of Pb2+ ions they are taken m 
the form of stable complexes (as oxalate-, tartarate-, or citrate complex) m 
an alkaline medium (pH 10—11). There are two basic methods to achieve 
homogenous precipitations, which differ in the agent that furnishes selenium 
ions Earlier this used to be selenourea, or its derivatives (4, 5), and later 
sodium selenosulfate (6)

This latter method was used for the carrying out of the present work. 
The paper deals with the technology of producing PbSe films by chemical 
deposition using sodium selenosulfate as a source for selenium ions

II Experimental details. II 1 Preparation of sodium selenosulfate Sodium selenosulfate solu­
tion of a given concentration may be obtained by solving elementary selenium m a sodium sulfite 
solution [7, 8] The solubility of selenium at a certain temperature is pioportional to the concen­
tration of the starting sulfite solution (ш the range of 0,2 — 2 M)

At a constant temperature and at a certain value of pH the ratio of S e / S O m  the solution 
is constant Higher values of pH increase selenium solubility m the solutions of sulfites

The concentrations of the solutions prepared by us were m the range of 0,05 — 0,15 Ы

•  Institute oj Isotopxc and Molecular Technology, 3400 Cltij-Napoca, Romanţa
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II.2. The deposition of PbSe films from solutions containing selenosulfate. 
Fofanov and Kitaev (6) have analysed the deposition conditions of different 
metal selenides from aqueous solutions containing sodium selenosulfate

Using sodium selenosulfate Ghstenko (9) et al. obtained mirrorlike films, 
but the obtaining of any photoconductive films, by this method, was not 
reported The procedure described m the present paper made it possible to 
obtain photoconductive PbSe films Some physical properties of these films 
are reported in (10, 11)

The deposition of PbSe films from aqueous solutions may be achieved 
after the following diagram

D i a g r a m  Technological diagiam for PbSe film deposition from 
aqueous solutions

The concentration of the prepared lead acetate solution was 0,1 M, the 
same as the concentration of the sodium citrate A lead citrate complex has 
been prepared by pouring together these two solutions and setting the pH at a 
chosen value with 1 M ammonia solution The calculated amount of sodium 
selenosulfate solution was added to the complex, and after mixing, this con­
stituted the deposition bath for the previously cleaned glass substrates.

The growth of PbSe films on the glass substrates has been accomplished 
in a simple laboratory setup shown m Fig. 1 A laboratory vessel (2) contai­
ning the lead complex solution with the value of pH previously set m the range 
of 9,5 — 11,5 is placed on a magnetic stirrer (1) with heating facility. The 
solution is heated to 60—80 °C, after which the previously cleaned glass subs­
trates (3) are introduced The 24 x 24 X 0,17 mm substrates are fixed on spe­
cial supports After the substrates have been introduced the sodium selenosul­
fate solution is added either continously using the burette (5) or all at once, 
depending on the experimented variant

The thermostatation of the reaction mixture is used also at lower tem­
peratures and longer reaction times In this case the reaction vessel is placed 
in the enclosure of an ultrathermostat

A tipical composition of the reaction mixture we used consists of the 
following amounts of solutions in a vessel of 150 ml.

50 ml lead complex solution 
40 ml distilled water



52 AL DARABONT, P FITORI, L P BlRÛ

F ig  1 Laboratory setup for chemical deposition of PbSe films on glass substrates

3—5 ml 1 M NH4OH solution (depending on the chosen pH)
15 ml sodium selenosulfate solution
Deposition time ranges from 5 to 60 minutes When thermostating the 

reaction mixture at lower temperatures (i.e. 30—40 °C) reaction times of several 
hours were used

III  Results and discussions. Using the procedure described above, we 
obtained films with a good quality In order to control deposition technology 
we have studied the influence of some factors on the quality of the films obtai­
ned

— the addition time of sodium selenosulfate solution : at temperatures 
near 80°C, and pH in the range of 11,0 —11,5 reactim  speed is relatively 
high The continuous addition of the selenosulfate solution favounzed the for­
mation of adherent and quite thick films When using reaction times up to 
60 minutes the thickness of the deposited films ranges from 0,4 pm to 1,6 pm 
I t  was found that adding the selenosulfate solution all at once at lower pH 
values (10 — 10,5) immediately triggered the process of precipitation even at 
the temperature of 13°C

— deposition time has a direct influence on the thickness of the films 
obtained Under identical conditions films of 0,4—0,5 pm were obtained in
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30 minutes, while in 60 minutes film thickness reaches the value of 0,9— 
—1,4 pm.

— the pH value of the solution the thickness of the film strongly depends 
on the pH of the solution I t  increases with the stronger alkalinity of the 
solution, but optimum deposition takes place only m the range of 10,5—11,5

— geometrical conditions and the stirring of the solution it was found 
that the thickness of the films depends on the position of the substrate holder 
relative to the sense of rotation of the liquid m the vessel. Due to the inclu­
sion of the larger crystallites formed m the volume of the solution, the two 
faces of the deposited substrate are not identical. The face which is protected 
from including the crystallites formed m the volume of the liquid is of a better 
quality.

— the concentration of the reactants m order to control the dimensions 
of the crystallites forming the deposited film we tried two methods

— the decrease of reactant concentrations
— the use of lower reaction temperatures

In these cases, in order to obtain the same thickness that resulted in the case 
of undiluted solutions and high reaction temperatures it was necessary to increa­
se deposition time.

— the influence of temperature : at lower temperatures (30—40 °C) the 
reaction would not start easily, deposition is slow, and due to these reasons 
longer reaction times of the magnitude of several hours must be used to achieve 
a thickness of 1 pm

— the age of the solutions • it was found that the age of the solutions 
influences deposition A newly prepared lead complex solution reacts rapidly 
and produces thinner, mirrorlike films. A few days after having it prepared 
reaction rate is lower and deposition produces thicker, good quality films A 
month after its preparation the lead complex solution begins to show pheno­
mena of ageing, which result m thinner films of a poor quality.

IV. Conclusions From our experiments we may conclude that the chemical 
deposition procedure of PbSe films is a complex process, which may be con­
trolled only if all reaction parameters are strictly kept under control

Sodium selenosulfate is prepared more easier than selenourea which asks 
for organic sinthesis and the use of hydrogen selenide, a highly toxic substance. 
Sodium selenosulfate has a greater stability m aqueous solutions than selenourea, 
so longer reaction times can be achieved more easily.

The properties of the films grown by this method by using sodium sele- 
nosulfat are . the qualities of the surface, its thickness, photoconduction, etc. 
are as good as those obtained on deposited films using selenourea.

The most important factors conditioning the quality of the films are : pH 
of the deposition solution, the concentration of the reactants, bath tempera­
ture, and deposition time.
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ABSTRACT — The paper shows how effective ferromagnetic lmewidth, in polycrys- 
talline Tb, Y, Yb garnets is broadened by the presence of pores. This fact is impor­
tant for the use of these garnets when are applied to microwaves filters in a larger 
or smaller band of frequency m function of necessities.

Introduction In  polycrystalline garnets consisting of randomly oriented 
crystallites, the angle between the applied field and the crystal axis, varies 
through all values. The effect of this is broadening the resonance absorbtion line. 
Similarly, the demagnetising effect, voids, stresses, which can be produced during 
the sintering process, or inhomogeneous regions also broadens the resonance 
[1 ]. In this paper we take into account only the dependence between the effec­

tive resonance lmewidth and the average diameter of pores, [2] m polycrysta­
lline rare earths. The porosity of samples may be controlled by pressing the 
material before the sintering process.

Preparation of samples. The powder of the constituent materials, rare earth 
oxide R20 3 (R may be Tb, Y or Yb) and hematite Fe20 3 with three nine purity, 
were mixed in the proper ratio with an organic liant, in water, for six homes. 
Then the mixture was warmed up until complet elimination of water. Then 
the obtained mixture was pressed at various degrees of pressing varying bet­
ween 20 and 100 Kgf/cm2.

After having pressed them, the samples were sinterised in an oxidant 
atmosphere, according with the following thermal diagrame (Fig. 1). In  this 
way were obtained cylindrical samples of the two milimeter diameter and two 
milimeter highness with different porosity.

Results. By the analysis of ferromag­
netic resonance m а ТЕ0ц mode cylindrical 
microwave (Y-band) resonant cavity of rare 
earth samples, the dependence of resonance 
linewidth versus volum of pores is presented 
in Fig. 2. For small porositys, from the figu­
re, an almost linear dependence may be seen. 
Here the resonance line broadening is pro­
portional to the product of volume fraction 
of effective porosity, and 4nMs, the satu­
ration magnetization [3]. For largèr porositys, 
the low becomes almost nonlinear. Through

*  University o f Cluj-Napoca, Department of Physics, 3400 Cluj-Napoca, Romania
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F i g  2 Linewidth dependence as a function of the F ig  3 Schematic of the microstnp struc- 
porosity for TbIG, YIG and YbIG ture used m measuring of the absorbed

power as a function of the applied d c. 
magnetic field.

incorporation of the samples into the (X-band) microstrip line (Fig. 3) absor­
bed microwave power, in function of d.c. magnetic field, applied parallel 
to the rare earth garnet samples axis, appear on Fig. 4, Fig 5 and Fig. 6.

F i g  4. Absorbed power dependence as a function of the applied d c magnetic field for the TbIG.
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P ig  5 Absorbed power dependence as a function of the applied d c magnetic field for the YbIG.

P ig  6 Absorbed power dependence as a function of the applied d c. magnetic field for the YIG-
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ABSTRACT. — We have designed and set up a generator for linear sweeping of the 
detecting-oscilators frequency used in the equipment for differential recording of Quad- 
nipolar Nuclear Resonance (QNR) signals The generator can be succesfully used for 
sweepmg of the magnetic field and the frequency in the equipment with linear display 
of high resolution Nuclear Magnetic Resonance (NMR) spectra At the same time the 
generator has been proved as a first hand accessory m the equipment for the study 
of the metal-dielectric-semiconductor (MDS) structures

General account. As it is known [1, 3, 1\\, usually, the obtaining of a 
linear varable voltage (TVV) is the result of charging or discharging of an elec­
tric condensor across a dipol The charging or discharging dipol is a circuit 
which must ensure a charging or discharging current for the condensers The 
principle scheme, most often used, for generation of T W  is presented in Fig. 1, 
and is set up on an integrator of the analogic signal.

J/es,.t

_ . . - - , t

If the imput signal is a direct voltage or has a rectangular form, the 
output voltage is given by the integral of the imput signal

=  i  j  %dt (1 )

From (1) results that a constant charging 
current is maintained during the whole active 
course.

Combinations of integrating and compara- 
ting circuits are used for the generation of 
linear variable voltage [4, 5, 6] (Fig 2). The 
combinations can be performed with one or

jj------------- J  Comjoorc'for

Г

-------------  /nYet/z-c/o/-
- T U T -  1--------------------------J / \ / Ч

F i g  2
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more operational amplifiers. The comand of amplitude, period and shape of 
the signal at the output of the integrator can be achived in several ways :

— The rectangular voltage supplied usually by the comparator, coman- 
ded by the le'vel of the output voltage, is applied at the imput of the operatio­
nal amplifier. I t  depends on the elements of the circuit whether the LVV is 
symmetric or asymmetric with respect to zero

— The imput of the integrator is fed with constant voltage and the return 
to the initial state is ensured by means of a comand device which acts like 
a rely, or an electronic commutator which shorten, at a particular moment, the 
condenser C discharging it in a very short time With such a comand of the 
integrator a positive or negative LVV is ontained. (The discharge time is 
neghjable as compared with the time of the useful course)

The time of the active course of usual LVV generators may vary within 
a rather wide range, from 0,5 • 10 ~7 s to 1800 s [2, Vi). The upper limit of 
this period of time (which is of interest for us) is determined by maximum 
values of the capacities of the condensers with convenient size and weight, 
by the maximum values of the resistens of the charging resistors (including the 
losses) and by the minimum currents at which the active elements are still 
satisfactory functioning [8, 9]. The integration precision is determined mainly 
by the losses in the condensers which are small m condensers with synthetic 
dielectrics (polystyrole, polycarbonates, polyetilenterephtalate) which have 
pizoi >  1012 ihm.

The main problems we had to solve in order to set up a LVV generator, 
having a long enough active sweepimg time and a degree of nonlinearity as 
low as possible, can be summarized as folows

a) to build up a constant current generator with high imput impedance 
and high stability of the suplied current,

b) to build up an electronic commutator for the condenser discharge which 
shunts the integrating condenser as litle as possible during of the the active 
course ;

c) to devise an integrating condenser of high capacity, with small loss 
current, at convenient size and weight,

d) to find condensers having good time stability as well as against the 
temperature variations ,

e) to ensure a long time stability for the functional parameters of the 
apparatus and against temperature variations ;

f) to reduce the external influences on the functional parameters of the 
apparatus.

Description of the generatior. The punciple scheme of the LVV generator 
is presented m Fig. 3. I t  consists of the following functional blocks :

1) the capacity multiplier built on the operational amplifier AOx working 
as an integrator; 2) the nonmveisor follower stage AOz , 3) the A 03 compara­
tor , 4) the matching circuit in TT L  logic (Dv D2, H J ; 5) the electronic 
commutator Tj, popeily comanded by the gioup consisting of the tact genera­
tor (H 3, Hţ), the bistabile I 1 and the commutator-comparator AOi , 6) the 
constant current generator (AOc, T2), fed with a double stabilized voltage (Is
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is the second stabilizer) ; 7) the output amplifiers (AOe, A 07), which also 
regulate the range of the output voltage.

The scheme of the stabilized voltage supply at ±  15 V and respectively 
at -J-5V is given in Fig. 4.

At the basis of the generator functiomug lies the charging of the group of 
Сг — C5 condensers by the current supplied by the constant current genera­
tor and the obtaining of vanable voltage of very low degree of nonlinearity 
at the output of the operational amplifier 0 гА To get rid of the influences 
which the output load might have on the integrator characteristics its output 
voltage is fed to the comparator A 03 and to the output amplifiers A 0a and 
A 07, by means of the nonmversor stage follower OA2 At the moment when 
the voltage reaches the threshold level, established with the trimer P 1( the 
comparator swiches To avoid the „anchorage” of the electronic commutator 
in an undefined regim we have introduce the state determining group, consis­
ting of I v H  g, H i and 0 A 4, which alows to take over the state from the data 
imput of the bistabile I x and transfering it to the electronic commutator Тг 
in the corresponding logic (closed or open) At the predetermined time the 
commutator Тг alows the rapid discharge of the condenser group Сг — Cs 
and taking again the work cycle
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The capacity multiplier. Since the electrolytic condensers of high capacity 
do not satisfy the requirments in items c) — e) above, we made use of the 
following trick. In the C1 -y Cs group we have used polyester condensers whose 
individual capacity does not exceed 2 \lF, but together with the operational 
amplifier 0 A 1 forms a capacity multiplier. When the amplification of 0 А г 
is much biger then the unit (this requirement is easily fulfield by any operatio­
nal amplifier) the imput impedance of this scheme is

_ Д А  J 1 t Д3
h  R i  4- R 3 JtàC-L R x -f- i?3

(2)

where we supposed that onfy the C± condenser is introduced in circuit If one 
choses > R3 we have

A, = R 3 + l (3)

One can see from (3) that the imput impedance of the circuit consists of the 
R 3 resistor, of very snail value connected in sene with equivalent condenser

Се = ^ С ,  (4)
-л-3

of vary large capacity, whose reactance is X Ce = 1/Сеы. The multiplier factor 
is, evidently, the ratio -R1 /-R3 which can be made quite big

Naturally, the amplified equivalent capacity C manifests itself only in 
dynamic regim In stationary regim the charge stored by the condenser remains 
equal to C1U1

In order to reduce the effect of the lagging current of the operational 
amplifier the value of the resistor R2 has been chosen equal to that of P x. 
The value of the multiplier factor R J R 3 may be modified according to the 
necesities, by means of the P* potentiometer The value of the multiplied charge 
is chosen by means of commutators К г — K B.

Constant current generator. As for the chosen working variant a single pola­
rity of the output current is needed, we have built the constant current (c c) 
generator on the operational amplifier 0 A S and the MOS transistor T2

The imput impedance of the c c. dipol is of the order of hundreds of MO, 
i.e m agreement with the requirement stated above, m item a). In fact, the 
stability of the c c. generator depends only on the refference voltage supplied 
at the imput of the operational amplifier OAB, since I  =  Eieif /P 37 For this 
reason we have resort to : 1 ) a double stabilisation by means of the I 2 stabili­
ser , 2) mentammg the gait-sourse voltage at a value near to zero , 3) usage 
of some metal thin film risistors.

The electronic commutator. The rol of the electronic commutator Tx is 
played again by a MOS transistor. During the time in which the gait vol­
tage is negative ( —10 V), and it coincides with the logic level D at the output 
Q of the bistabile I lt the Cc condenser will be charging m a c.c. regime. The 
very large drainesourse resistens (hundred of MÛ) of the MOS transistor m 
blocked regim is in paralel with the condenser, which strongly attenuates the
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sunting effect, as well as the alteration of the charging characteristic of the 
condenser When the voltage across the MOS transistor jumps from the negative 
( —10V) to the positive (-f-10V) value, a value which is equal with the level ol the 
logic H at the Q output of the bistabile, the transistor opens (the saturation 
is reached) and the condensor is rapidly discharging through it (the drain-sourse 
resistence has low value) The charging time of the condenser is much longer 
then the discharging time

As we have mentioned above, the TTT logic adaptor, the formation gate 
Hx, the bistabile I x and the tact generator H3, H it have been introduced m 
order to rigurously determinate the states of the electronic commutator, in 
agreement with the states of the A 0g comparator as well as for an automatic 
starting of a new integrating cycle

The tipping level of the comparator is regulated by means of the trimmer 
potentiometer P x and was set to supply a maximum voltage of -|-5V at the 
OA2 output

The output amplifiers Ori6 and OA7 alow the selection of the variation 
range of the output voltage, of maximum amplitude (10V), between — 10V 
and -f-lOV The choice of the working domain is done by P3 and P 4 potentio­
meters, while the level of the output voltage is selected by P 5 and P 6 poten­
tiometers

The amplitude of the linear variable voltage suplied by the generator is 
adjustable whithm the range of h=10 V and sweeped during a period of time 
between 0 1 — 4 • 103 s The generator also allows the control of the output 
voltage amplitude, independent of its sweeping speed The nonlinearity of the 
output voltage is less then 0 15% for all amplitude and duration ranges

R E F E R E N C E S

1 P J V a i n e ,  Electronique de impulsions, Tom 3 , Les générateurs de impulsions, Pans, 1970
2 Gh M i t r o f a n ,  Generatoare de impulsuri şi de tensiune liniar variabilă, Er] „Tehnică", Bucu­

reşti, 1969
3 R L M o r î s, J R. M 1 11 e r. Proiectarea cu circuite integrate TTL, Ed „Tehnică", Bucureşti, 

1974
4 J G r a e m e ,  Application of operational amplifiers Third-Generation Techniques, New-York, 

1972
5 D R a n a ,  В К D i s p a k ,  К.  P r o d i  р, Voltage-controlled oscilator provides symetrical 

triangular and square waves forms. Electronic Design 24, 1976
6 W J W o o d w o r d ,  Inexpensive tnggered-sweep generator up-dates recurring-sweep scopes. 

Electronic Design 23, 1976
7 Gh M i t r o f a n ,  Generatoare de impulsuri şi de tensiune liniar variabilă, Ed „Tehnică", Bucu­

reşti, 1979
8. A Z a g r u b s k n ,  V A D o v i t z i u s ,  V V P e t r o v ,  Pnborî î Tehnica Experimenta 1, 

128, 1980
9 B F A l e x e e v ,  A I M a n r i k m ,  Pnborî l Tehnica Experimenta 5, 281, 1976



STUDIA UNIV BABEŞ—BOLYAI, PHYSICA, XXXI, 2. 1986

BLOCH EQUATIONS IN MAGNETIC RESONANCE SPIN IMAGING

; AI. NICULA* and S. NICULA*

Received November 18, 1986

' . 1 ’ l 1 J
ABSTBACT. — The paper presents the Bloch equations as hemg apphed in magnetic 
resonance spin imaging technique Both, constant field gradient and dipolar field where 
used. The Bloch equations were resolved for the stationary and unstationary states 
A special attention is accorded to the dependence on the dipolar field or on the 
field gradient of the absorbted power, which also depends on the spm moment con­
centration

Introduction. In a previous páper ’we contributed to a study of EPR spin 
imaging using, as adiţional magnetic field, a dipolar field produced by a per­
manent magnet or by a coil, háving 'a  proper ■ magnetic1 moment m In  the 
same paper we used also, a liniar field gradient for studying spatial EPR  of 
DPPH and a glass containing molibden paramagnetic ion [1].

In both cases the, Hamiltonian for an isolated spin m a magnetic field, 
including dipolar,;or gradient, is

H  = .  li(ù0Sx -f- TiS • F  ■ r ( 1 )

where F  is a tensor . comprising nine components and which for field gradient 
is written as '

dB* 8B X 8 B X

d% '8y ' 8 i

'дВу ( 8 B y * 8By

8% 8y 8z

8BX, 1 ^
 

to Ih 8BZ
dx 8y 8z

The product F • r can be transformed into a vector field A В with three 
components along the principal axis. When the main static field В =  kB 0 
is added, the components ABxi and &-Byj  can 'be discarded provided that 
B 0 > |AB |. Upon examination of the relation (2) we see that discarding these 
components is equivalent to retáinmg the battom row only of F  in Eq. (2 ), 
and the product S • F  becomes S,F, where the vector F  has the components 
Fx =  dBgjdx, F  у = дВ./ду, F. =  ôBJdz. In  the case of dipolar field the tensor

* University o f Cluj-Napoca, Department^ o f 'Physics, 3100 CluyNapoca, Romania

5  — P h y s ic a  2/1986
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F  from the second term of Eq. (1) becomes a vector field Вл which is connec­
ted with the magnetic moment m by the relation, [2 ]

B, = 1*0
4тг

m  ß  (m r) • r (3)

where r determines the position of an isolated spin If the magnetic moment m
■ »у

is parallel with the mam static field kB 0, the relation of Eq (3) becomes

Bd = ~  —  (3 cos2 6 - 1 )
4tt í'3

and

B'i =  — — cos 0 sm 0 (4)

in spatial transitions being important the first î elation of Eq (4), conside­
ring again that B 0 p  Bd

Bloch Equations of the Spin Sistem. We shael restrict our discussion of 
imaging techmques to noninteracting, or weakly interacting spin system In 
this case the spin magnetization behaves classically and is described by Bloch 
equations [3] m which relaxation processes are added

We consider the vector form of the Bloch equations [4] The total magne­
tization vector in the laboratory frame is

M = r i E S ,  (5)

The Bloch equations m the laboratory reference frome becomes

— * =  у[B,My -  BJÆ,) -  ^
dt T 2

=  у (BXM; -  BtMx) -
dt Г2

— ' =  у{ByMx -  B xM y) -
dt T ,

(6)

where Bx, By and Bz are the components of vector В  which has the form

В = kB'0 + B^t) (?)
with Zeeman term field as

B'o — B 0 + F - r
and M 0 being the thermal equilibrium magnetization The terms Тг and T2 
are the spin-lattice and spin-spin relaxation times respectively The radio
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frequency field B^t)  rotates with angular frwquency со close to the spin Earmor 
frequency and has the from

Bi(f) — гВ1 cos coi — ^B1sincoi (8)

The expanded Eqs. (6) may be written compactly in the matrix form as

—  = L M +[-¥*-} (9)
dt ( J

where M  is naw a calumn matrix and the laboratory frame evolution matrix 
L =  N  +  D is gibven by

I h
- T  B'a

—уВх sin coi

-fB'0 уB 1 sin oii

— — уЛВ cos oiiT '
уВ л COS i ú t ----------

Гг ■

(10)

where N  and D are the nondiagonal and diagonal parts of the matrix L res­
pectively.

We define и to be the component of [Mx, M y) which is m phase with 
the Bx field and v to be perpendicular component wich is 90° aut of phase. 
In matrix form the transformation equation can be expressed as

where

Г МЛ =  и ' и 'X

му V

U = COS tó í

—sin tóí
— sin Ы
—  COS tó i

and bjr inversion of the matrix, we obtain

и' =  и - 1 \¥* .
. v | m J

( П )

(12)

(13)

Applying this linear transformation 17 1 to a new reference frame rotating 
about the z axis at angular frequency w the Eq (9) becomes

' и и

V
м, = Q V

M s

d
dt

M0 (14)
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where Q has the form

Q =

- - ----- д ы о
т,,

Д ы ----— —со,
тг

0 tùj' -  —
L  J

(15)

The unknown simbols in this matrix are Аы' =  ы(, — ы, ых =  уB1 and 
«0 =  Чв 'о

The steady-state conditions imply that u and v as, well as M z are constant. 
In  this case we simply solve the equation

Q V
M,

—"I =  0
Ti

(16)

If we use relation (13) and the third Bq of (6), and making same simple 
algebric manipulations, [5] the steady-state solutions of Bloch equations in 
the laboratory frame are

■̂'2(^0— со) 25^ cos (at -j-* 2Bt sin lût
X "2" °Y 2 ‘ I - K - o o )  '

 ̂ J\/[ ' ® 1 cos (at — Th(coq — со) 2В1 sin cùt
■ У 2 0Т 2 , Ца>'0 -  со) „ .

М„ =  М 0 1 “)1
Ц< — и)

(17)

where £(ы£ — ы) =  1 — угВ \Т гТ 2 +  Т|(ы' — ы)2. We see that stady-state solu­
tion depends of B'a which contains a linear gradient field AB  or a dipolar 
field Bd

Energy Absorationin in Spatial Magnetic Resorance. Let us analyse 
power absorbed by sample form the В г field. The mean rate of energy absor- 
btion, per unit volume of sample, which contâmes N  spins, is given by

+  П К  -  “ )2 +  Y ^ í b b
(18)

If ы0 =  ы0, namely уB'0 do not contains field gradient or dipolar field being 
equal with B 0, A goes through a maximum as would be expected The power 
absorbtion can b,e expressed in terms of y" susceptibility and it is find that -,

A =  2ыВ2у" (19)
where

„ 1 T,у = — УпЬъп- -------------- 1-------------
2 1 +  А В ‘ XjXs +  Г§(со„ -  со)

(20)
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Xo is the equilibrium static susceptibility defined for the spin 1/2  case by
M 0 N ilz 

Xo B 0 k T

We devive our expression for power absorbed containing the line shape function 
g{(ù), [6 ']. The population change caused by induced transition between the 
—1/2  and + 1/2  states is

P[n+ — n_) =  j j 2B2g(a) (n+ — n_) =

=  + е д » ) Ц ( 1 — — í 1 — =  i  у2B2g(<i>)
kT ) 2 { k T )  4 ‘ 1&K kT .

(21)

Since each of the net upward transition requires the absorbtion of a quantum of 
energy h'j we write

A =  -  v2B2g{<») Av
4 1 kT

(22)

We see from this equation that energy absorbed depends of N, the number of 
spins per umt volume. If now B 0 is changed by adding a field gradient or a 
dipolar field we can map, using a computing system, the density of spins from 
sample. In this case A becomes a function of w', namely of B'0 and in the 
same time it is a function of N.

If и and V as well as M z depend on time we have to aslve Eq. (14) which 
is a differential equation of Bernoullin type Noting with P(t) the colomn matrix 
of Eq. (14), it is helpful in considering the solution of Bloch equations in this 
case, to split Q into two parts, i.e., Q =  A +  T, where the first term involves 
no relaxation terms and from Eq. (15) is given by

' 0 —Aco 0
A -- Ды 0 —COi

. 0 “ l 0

and the diagonal relaxation term is simply
1

tI
0 0 '

T  = 0 l
T*

0

0 0 1

TÍ.

with these remarks, the Eq. (14) becomes

(23)

.(24)

=  QP{t) +
dt

(25)
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and the solution of this equation is
P(t) =  e*E{t)x(t)P(0) +  M 0( 1 -  E t) 

where E(t) is a relaxation type matrix given by

E 2 ' 0 O '
E{t) =  eTt =  0 E 2 0

0 0 E lm

(26)

(27)

n which E x — e-‘lTi, E 2 =  e~‘!T' and %(i) =  e~TI e~At е& since A and T  do 
1not comute in general [7]. The term P(0) is the intrai value of P(t) at t =  0.

1 A l N i c u l a ,  S N i c u 1 a, h  G i u r g i u ,  I TJrsu,  E PR  spin imaging using dipolar fields, 
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ABSTRACT. — A brief account is given on the method of analyzing tritium ahun- 
dences from the samples collected in Cluj-Napoca between 1978—1984 The measure­
ment results point to seasonal variations of tritium concentrations, with maxima in 
summer, as well as to a recurrent trend towards the level extant before the first 
thermonucleary weapon experiences

Results of the measurements for 1978—84 period are presented.
A proportional gas counting method is used for the measurement of low- 

level tritium activities Firstly, the water samples are distilled to dryness. 
"Then an isotopic enrichment procedure by electrolysis is aplhed. The electro­
lytic cells (cathode of mild steel and anode of stainless steel) containing 250 ml 
■of 1% NaOH solution are operated at the same current intensity and tempera­
ture After an adequate chemical treatment [1] a protium-tritium separation 
factor ß of 11 — 12 is obtained. The separation factor is calculated from the 
relation lg ß =  1 ,4  lg a, where the protium-deutenum separation factor a is 
measured by mass-spectrometry When the electrolysis is over the samples 
are neutralized with PbCl2 [2] and redistilled.

Completely labelled ethane is used as internal gas sample for the propor­
tional counter. The ethane preparation consists of three steps [30 :

(1 ) preparation of acetylene
2H20  +  CaC2 -> C2H2 +  Ca(OH)2

(2) water hydrogen conversion at 600 °C
H20  +  M g ^ H 2 +  Mg0

(3) ethane synthesis in the presence of Pd catalyst
C2H2 -p 2HZ —► C2H6.

In  this way all six hydrogen atoms of the filling gas molecule arise from the 
active sample. The counting sensitivity of 0 5 1 counter filled at 1 atm is 
about 1 cpm/TU (1 TU =  10-18 T/H). With a multifilar guard counter [4,] 
operating in anticoincidence and by shielding with 2.5 cm Hg and 15 cm Pb 
the background of the sample counter is about 2  cpm.

The block diagram of the electronic equipment is shown in Fig. 1.
The count-rate from the tritium channel, total main counter and guard 

counter are printed every 20 minutes. In a total counting time of 24 hours

Instituie of Isotopic and Molecular Technology, 3400 Cluj-Napoca, Romanţa
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the accuracy obtained is about 18% for a sample of 25 TU and up to 8 % 
for a sample of 50 TU.

The results of the measurements are represented m Fig 2 
In  the first two years (1978—79) the tritium activities were monthly measured 
and then only once for each quarter of the year. From these data we may 
conclude the following

Firstly, it is easy to see the well-known seasonal vanation of the activi­
ties, the summer values corresponding to a greater transport rate of the rain­
falls.

F i g .  2
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Secondly, the most important fact is that the mean values up to the begi- 
mng of 1984 are tending to the natural concentrations measured before H-bomb 
explosions in atmosphere
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A MICROPROCESSOR SYSTEM IN DIDACTIC PURPOSE

G. VARGA*, G. D. POPESCU"

ABSTRACT. — Getting familiarized with the functioning and world-wide use of micro­
processors is often ressented with necessity The paper presents a microsystem which 
can be used in educational purpose As units to be used together with standard chips 
of a (iP system some easy to build and interpret circuits are described

Within the last years the microprocessors have continued to be used in 
the most varied fields of activity. As it has become a basic element in physics 
too, in the automatization of data processing and in the work principle of 
measuring and control apparatus, the microprocessor must be known by its 
future users — the students Here we present a simple system made with the 
aim of illustrating the functioning of the microprocessor.

As a central processing unit (CPU) the Z—80 microprocessor has been used, 
one of the most widespread and performant of the day Its inner architecture 
(Fig. 1) as well as its functional features (soft and hardware) have been dealt 
with in many books of which we note [1—6]. In  the works [7, 8 ] are described 
some systems in didactic purposes, namely that of learning the functioning
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and usage of microprocessors, also made up with some other types of p P ’s. 
The possibilities of getting into interaction with Z—80 are marked m Fig. 1 
with 0  (control and command bus), @ (data bus) and 0  (address bus). 
Consequently we proposed and achieved the system in Fig 2 The commercia­
lized component units are marked with solid hnes, that is Z—80 CPU, ROM, 
RAM and PIO. With interrupted lines are delimited the functional units of 
own conception whose brief presentation is done in the following hnes. Figure 
3 shows the display unit on which by help of some 7-segment UBDs the contents
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of address and data buses can be read together with the data at Port A access 
of the PIO The display is made m hexadecimal system (common in the pP  
technique) with the characters pointed on the right side of the illustration. 
The characters are formed by a ROM memory which supplies the missing seven- 
segment to four bit driver m hexadecimal code The activation of one of the 
lines of the command and control bus (M 1, MREQ, IORQ, WR, RD, INT, 
BUSRQ, BUSÁK, HART, RUSH, WAIT, MS  ̂ ÏÔS, COMP, RESET and 
NMI) is put into evidence by the lightning of a LED drived by a logic inverter. 
The next unit, presented in Fig 4, is used in order to generate the command 
signals RESET, NMI, WAIT and the general clock signal Ф The switching 
of K 4 enables ns to get over to a manual clock running, where the Ф pulses 
are generated by help of key K4 The solution adopted for the clock generator 
takes into account the Z—80 u.P feature of not permitting a longer period 
than 2ps for the zero level of the Ф pulse The TEST selector makes it possible 
to stop operation runmng at the appealing to some lines of command and con­
trol bus specified in the figure The STEP mode implies the waiting of the 
microprocessor at each machine-cycle, a state out of which it could be taken 
by the hand actioning of K4 (In this case K 4 must have the automatic clock 
position). The K3 switch serves to keep the processor in the WAIT state

Pig  4
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when the selection of the TEST mode is made By actioning EL2 the RESET 
line is activated, that is the initialization of the processor An identic circuit 
is employed to generate the NMI signal The circuit with transistor at the 
output of the clock generator serves for obtaining the pulse shape required 
by the producer Fig 5 gives both the memory selection and allocation circuit
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4  - BIT

Ô Ô Ô Ó

F i g  7

and the circuit for the selection of I/O clnps The selection is thus organized 
that it should permit the usage of the whole assembly as a developing system. 
By help of the К  switch, inaccessible from the front pannel, the MONITOR 
Programm contained in ROM can be allocated m any zone of the memory. 
The EL' switch is meant to match the selection m the case of some different 
memory capacities ( 1 — 16 kbyte) In Fig 6 we show a modality of achieving 
an interface adapted to the pursued purpose I t  allows for introduction of data 
and instructions in the memories and m the system by the two ports of the 
PIO The access through the interface is software-commanded by the MONITOR 
programm At last, Fig 7 exhibits the scheme of a circuit attended to the 
debugging of the hardware piogrammes

It must be mentioned the use m the presented system of the low-power 
Schottky ТТ1/ m order to avoid overloading of basic circuitry The achieved 
implementation enables the system to be interconnected to other \xP systems.
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