


1. INTRODUCTION

The dynamics of the processes in the nuclear systems with
very high angular momenta is a subject of a considerable in-
terest because of its relation to the heavy-ion reactioms.
Here we study the simplest questions concerning it: (i) the
description of the '"secular equilibrium” of rotating nuclei
or, in the language of nuclear physics, description of the
nuclear yrast states and (ii) the analyses of small oscilla-
tions around the equilibrium configuration (i.e., of collec-
tive nuclear modes).

Both these questions have been studied earlier: the shape
of rotating nuclei is studied, e.g., in refs.”1=?® using in
some or another way the nuclear liquid drop model (LDM); the
collective modes in rotatlng nuclei are treated in the random
phase approximation (RPA) in refs.4®/. 1In contrast to earlier
papers on the subject both parts of the problem are treated
here on the basis of the same model which has some semblance
of RPA and of LDM. It was developed for studying the nuclear
structure at low spins in refs.”® 8 and given a name "dis-
torted-Fermi-surface model"., Its formulation starts with the
introduction of a distribution function f(r,V,t) giving the pro-
bability of finding a nucleon inside the nucleus at time t
near the point © with the velocity close to v. Then the kine-
tic equation of a Viasov type for the distribution function is
formulated. Then the moments in nuclear velocities are taken
from the kinetic equation Lo genexrate equations for the nuc-—
lear denslty n(rt)- [ I(F9,t)adv, and current j(T,t) =
= [[(T.¥,t) Vd¥, To solve the equations which ensue we use the
mathematical methods developed in the theory of rotating self-
gravitating masses

2. THE MOMENTS' OF KINETIC EQUATION

We generalize the methods”” 8/ and start from the Vlasov

equation in the reference frame rotating with angular velocity
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Here 1_{(?) is the potential of the Coulomb and nuclear for-
ces;[3,B). is the vector product, m is the nucleonic mass,

3=22 The multiplication of Eq.(1) by 1, v; , vjv5... and

intégtrat-ion over v leads, respectively, to the first, second,
third,... moment.
The first moment coincides with the equation of continuity
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where ui(?,t) is an i~th component of the mean nucleonic velo-
. - _L -+ = -+
city: uw(f,t) = = S ovg f(r, v, t)dv,
The second moment is known as the equation of motion:
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where
Byj@t)=m [ wiwjr(}',\}',t)d\?

is the pressure tensor, w;=V;—Uj.
The third moment is the equation of energy-mass transfer: .
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Here e¢ify 15 the Levi-Civita symbol; —d-(:—'é -‘-Q-t;-—-+k§_11ik—§-};—kw

The Eqs. {2), (3) can be simplified after some natural pth—
sical assumptions. We shall neglect the integral [ w;w;wfdv
as it was done in ref.”®’. Also let us consider the nucleus as
a drop of the ideal incompressible liquid. Then it follows

. 3
from the equation of continuity, that RZ g-i—k-a 0. Introduce
=10Xy
the tensor
ki = Pij = P8y »
where p, 1is the pressure in the infimite nuclear matter,

B/
2 .
p0='1 mng <v¥ 3 . We consider the case P>k » when the

distortions in the velocity distribution of nucleons intro-
duced by the surface and Coulomb forces and by oscillations
are small,



So we have simplified Eqs. (2), (3):

du i M
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where p=m.n; ) lies along xg,and is constant; K“=-—2n<1%
Kio=Boyi=ky-r99. Kyg=Kgy =—rng . Kop=2xyp Kpg=Kgpunyg . Kgg=
When @=0, Egqs. (4) and (5) coincide with the correspond-
ing equations of 8/, We use the method of the tensor virial/®/
to solve Egs. (4),(5).
Eq. (4) will be replaced by the virial equation of the se-
cond order, i.e., the second coordinate moment of the equation
of motion:
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T, a%—fpuiujdr, L= foxxdr, If=fF; df;
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Uj’j:%k,ég;é 7 =Py dxp dxg, is the surface-energy tensor;

Qij"%" Iraid i) ( ll:xi'if’zjs_x}) afai™ 1s the Coulomb energy ten-
r—T

sor, q(?) is the charge density in a nucleus; U= U(T)dr

U{) is the average field of a nucleus. Its form Tollows the

form of the mass distribution, so we assume U(¥) to be a

square well. Unlike®’/, we do not neglect the average field,

the surface and Coulomb forces. The virial method enables us

to take them exactly into account.

3. SHAPE OF ROTATING NUCLEUS

Following/m/, we consider the nucleus to be an oblate sphe~-

roid with semiaxes:

afn a§=a;"(1+ %—8 ), a%: 302(1-— %—8),
where & is the deformation parameter and a; is fixed by the
volume conservation condition: alazag_R =1, SA Iy = 1,18 fm
(as in ref. 8/ }, A is the nucleus mass number.

The shape of a rotating nucleus in the state of secular
equilibrium can be determined from Eq. (6), which under these
conditions looks as
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It is the balance of the surface, centrifugal, Coulomb and
nuclear forces and of pressure., Eq. (7) gives a unique rela-
tion of semiaxes a; to (2.

Tensor II;; is diagonmal. Really, if @=0, temsor B =
=mfvyv. fdv, and the function f is even in V as Et fol-
lows from the definition of uj. Hence, Pyj =P 8j5 . Py(r) =
= ]’vizf ¥  is the pressure along an i-th axis, and the dis-
tribution function does not depend on time in the state of
secular equilibrium. We deal with spherical nuclej - they
deform due to the rotation only. There is no any distinguished
direction in such a nucleus, so assume the pressure to be iso-—
tropic: P1=P2 =P3 f_"P. Hence, Hl] =5ijr P (?)dl:’E 5in-

"~ The pressure in the interior, immediately adjacent to the
surface 8 is given by Laplace’s formula: P-Tdiv 3, where &
is the unit outward normal on § and T is the surface tension
coefficient, which is proportional to the parameter b=17 MeV
of the Weizsicker formula: "I‘=——~---4 brg"' Under these conditions

kra
the surface energy tensor looks like: aija}«T rj’(‘o‘ij-sisj)ds,

If we use ellipsoidal configurations, afl the off-diagonal
components of Eq. (7) vanish identically. The three diagonal
components are:

2
Q'L =20y,~Q,, =1+ T),
2
0= _2033 —<Q33 - (II+ U).
The first two are identical, as 3‘1‘3‘3' The expressions for
ix

Q;; and »;; can be found in the Appendix. Using the last equa-
tion to eliminate II+U we have the equilibrium condition

2
BTy =200y -055) (9= Q5 ), (8)
which is identical to that for the liquid drop/1®/ The substi-

3
41?;R:p‘3.2i into Eq. (8) leads to
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tution of o, Q. and L =

where e=(1- ::1132/::\?)1/2 is an eccentricity; the expressions for
ij » Bjj  can be found in the Appendix; q2=0,0665z=-M-9.Y Z is
A% 57
0



the number of protoms in the nuc-
leus, The typical dependence ()
following from Eq. (9) is -shown
in Fig,1 for two nuclei from the
B-stability line with different
fissility parameter X.

]

ig. .The dependence of the defor-
mation parameter 8 on the angular
velocity @ : I - 168Er(X - 0.56667);
II - Z =114, A=300(X=0.89472);
o Tl 07 G, how, =414 Mgv.

4. QUADRUPOLE-QSCILLATION EQUATIONS

To study normal quadrupcle oscillations, let us analyse
the reaction of a nucleus upon the infinitesimal perturbation.

The necessary information can be found from the Lagrangian
variation of Eq. (6):

. ’J+——-{p(uf :uf)dr f(u—§-1+u --—jgl)dl‘arfo dr+ (10)
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Here A means the Lagrangian variation; ¢ (Ft)=4%;, V,.() =

= [af; xdr . _V”+V , AU(T)=0.

We are 1nterested in small oscillations about the equilib-
rium shape. So, T« 0 and only megn velocities corresponding
to small displacements §;, 1.e., £; remain nonvanishing:
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Axij(ﬁ’=0) can be found from the Lagrangian variation of Eq.(5}):

3t Ryj = pﬂat (-é-;—+8.x = 2QAKij
The Laplace transformation is a convenient method to solve
this system:

2~ -~ - 2] - 3 g >
A Vi,jerKij drs+ Q%(1-6 3)V ~2x0 E Eiakfpkajdl'-

-2A7; +AQ, +292 ioe Vi @O+AY (0)""’1,,- 0), (12)
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AAK A«U (T, 0) = ~PoA (= )= -20AK . i
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where ﬁ(x,;\): [F(x,t) e-M dt. The solutign of system (13) gives
the formulas for Ak;. in terms of £, .The substitution of
them into Eq. (12) leads to the system of nine equations for
Vi ..

J’I‘he frequencies of normal modes of oscillations do not de-
pend upon the initial conditions, SO we suppose E (F,0)= {(r 0)=0
and, hence, V;; (0)= V 1 (0)=0. Ak (T,0) requ:Lres a spec:lal
analysis. It was shown that Py ('r't)za P(r) if 0=0. So, we
have by definition:

Ay, F0) = AP, (£0)= (r+£0) (?,o)maij[P'(ELE)-P(i')]gaijAp(a.

Here P (r 0} is the pressure tensor, correspondlng to the
perturbed dlstrlbqtlon function f7(f,V,0), which is even due
to the condition ¢; (f,0)=0. The specification of AP(r) in terms
of f requires some supplementary assumtpion concerning the
physical nature of the oscillations. For the incompressible
fluid rf is required to be solenoidal in order tc preserve
the total volume:; divé =0. If we supplement the system (12}
w1th this equation, we may dispense with the evaluation of
AP(r) and eliminate it from the system,

We restrict ourselves to the quadrupole 05c111at10ns, s
the Lagranglan displacement can be parametrlzed

j=r 77
where L are nine unkpown functions of time (their number

is equal to the number o% equations in system (12}). It is
easy to show that L; "'""g‘vu for ellipsoids, where M=mA,

With all slmpllflcatlorils, system (13) becomes:

My (EA) = =Ap g _:291_\"1{ij (E2), (15)
5 v,
where i z—ll( 4-

—-—2—’—<). The right-hand side of the equa-
af -
tion is symmetrlc in the indices i,j, hence, AKij has the same

symmetry: o
- RRA(uyy ~pge) = ATy

- _ 2 4 _1a02
AK12=AK21—- a0’ by A% #1602
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AHxII+A~K22 =2AP(_I‘)/P\-|:.¢-H ~Upg AL

5 _
A~K3 =A~K =-:Mﬂ§. R A2¥_492
1 i3 ’\2 +4Q,2
- - 20 -a2
Ak,, =A% =__.._§fil§_ﬁ_52§.. A2 o —40®
2 728 2,400 _
AT‘sa =AP@®)/A-uyg, A0

By taking appropriate linear combinations of equations (12)
three noncombining systems can be formed. The first two con-
tain the functions V;; ., which are even with respect to the
180° rotation of the reference frame about axis x,. They deter-
mine the positive signature’!! modes of oscillations:

.2 = = -~ ~ - = -~ ~ N _AC
(g =@V = Voo )= [ (B yy = Aot = 20AV,, + 2(B0y -0, )~(8Q) -AG, -0,

2§ o ATOAT, T, ~2GE Y, saAs, —28Q_=0, OO
B, ~2 [ Bkyg AT+QA(TV ) ~Vo) 2TV, 4440, ~28Q,, =0,
2. o~ - ' i - ~ =
A _ _ _
-2-(V11 + Voo= V55 )~ [ {Axy + Ay —28kg )T + 204V, =V, )
(n

_® (V4 Voo 14280, + Ao, -280, )~(AQ,, +AQ,,~2AQ, ) =0
o~ = - -
AV Y )=V}, +Vy,)=0,

A2 - ~

5 Gy = Akgadr+2Aoy, -A Q.= 0.
And the last system determines the negative signature modes:

2%, - - vl 2~ ~ ) — B
AV = Ak dr=20AV, -0V 4200, -4Q,. =0,
25 ~ g2 5 _a2¥ ~ _AQ -
BT, | - s 2ma ¥ 0%V, w287, -dQ, -0,
(18)

2V (A T —AQ =
ATV, o =Mk dE + 200, -AQ, =0,

2 ~ — - ‘~ -
A V3'2-= [ AK32GI+2A0'32 _AQBE 0.



Expressions for A}l and AQ are shown in the Appendix,

It is useful to note that Eqs (16)=(18) can be used to
describe the quadrupole oscillations of classical charged li-
quid drop, if one supposes pg=0.

In the theory of self-gravitating masses the normal
modes of oscillations determined by the systems (16), (17),
(18) are known as the toroidal, pulsation and transverse-—
shear modes, respectively. In nuclear physics the first two
are known as the y~:and B-modes; we shall name the third one
the g-mode.

9/

Insertion of Ak , A;ij and Aiﬁr into system (16) gives:
— 2 —
V- V 2" (“—+"")'\' e 0P D)4 +Vip (5 B8 -20A) = 0,
A4 1602 A% 41602
- 2
v, -V H@an SRy, (h.ﬁ.’.\._fi__: 202 + 2D)-=0.
11 2241 92 AR 41602
Here 5P 7,273 2R3 15 2
u'—‘;é?"“(-‘_}'ﬁ) ( » D-——-p—h—-—T(ili—-nq Bll)'

The characteristic equatlon of this system is

2 2
A A 0% ,.D)? L 0% (--—E--«-‘l) 0.
2 as160° + 1607
I1f we replace A* by ~w? (the real w is a necessary and suffi-
cient condition for the stability of modes), two equations
follow for the frequencies of y -modes:

w3t 60+ 25 (50% -Doy) 3 8Q(D-023-0. (19)

The roots of these two equations differ only in sign and are
physically identical. So, we deal with positive » only, The
dependence of three real roots of Eq. (19) is shown in Fig.2
(y —curves), Two roots of Eq. (19} become complex at 1={
which is the least root of the equation

[

2(Q%+4+D)% = 2702 Q244 -D)E, (20)
Hence, every infinitesimal perturbation of the configuration
will increase exponentially in time if Q>0 ., i.e., the mo-
tion becomes unstable. This is the reason we break off all the
curves at 2=, . One of y -modes becomes neutral (m =0) at
Q-D* (see a part of Flg.Za in a larger scale). It is a point
of bifurcation. The continuous transition from the sequence
of spheroids to that of ellipsoids is possible herd!%The lo-
cation of the point of bifurcation does not depend on the Fer-
mi-momentum and is determined by the Coulomb and surface for-
ces as in the liquid-drop model.

8
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Fig.2. The dependence of the z-.8-. y -oscillation

spectrum of nucleil on the angular velocity Q: a - '68Er
(X=0.56667), b = Z = 114, A=300 (X=0.89472); hay =
= 41A-BMey.

Let us substitute AKI , and AQ ij into system (17).
The last equation involves Aly(f') We omit it to supplement
the system with gthe solenoidal requirement (see page 6),
which looks as 2 Vi /3»2 =0 for ellipsoids. So, we have

J =1
(V,, + )(-+u,-n +E)=V (7 +2u+ @)V -V, )202=0,
¥, +V,, )-n,\-_:(vh2 - y-af 20,
(Vg + Vg Y+ v Vgg=0-

Herev;af/ag s EE-}R—'[ 15T (& +$13—: 28,1 -7q B ];



3
Gz %13.-[—158—1%(2@3 -8By +B,)-217 q2B33] . The characteris—
3

tic equation of the system gives the formula for the frequen-
cies of B-modes:

2= - =2(8u+ 0F tE+G /1) /(142 /) (21)
( 8 —curve in Fig.2). _ -
Insertion of %x ij 1 A"'ij and AQ,; into system (18) yields:

27 Ap. v v T 7 v 2437
Vs +)\-——£‘—§,‘+ ToEM WV gt Vg 428GV, o Vg 1200V, i (H-02)T = 0

23 A A, VoLV HoQ2VY
J\Vz.s+—-—-———Ag+402[)\(VV2'3+V3,2)~2Q(VV1'3+Va’1)]+29)tv1‘3+(1‘]—9 Woe=0

25 Ap. vV, +V v+ v
Av3’1+Ae?+492“(""1,3+V3,1)+2Q("V2.3+V3,2)]+HV13=0

2z A, VLG y HYV -
XV, +-—..L.__A2 s (A Vy g +V, 5)-20V, ¥ )T+ HT ~0,

where Haz—-:‘-a(%!l‘@m-n quls ). The characteristic equation of
this system is:

fwb-o?[ 50° +4H2u 1)+ 02l (W(1+v)+2H2 «

_ (22)
+20220% +8Hu -5 )i - 0%k (1-0)+4H]1? }(u2~0 )0 ? 0.

The roots w®=0 and =% have been analysed in ref.”1%/

they do not indicate instability. The Q dependence of the
rest of pisitive roots is shown in Fig.2 ( a~curves). One a~—
mode becomes neutral (w=0), when 4H=y(v-1) (see the fragment
of Fig.2a in a larger scale). The form of Eq. (22) implies,
that < does not change sign, when the function 4H+yu(1-v)
changes sign. Therefore, no instability occurs at this point.

3. GIANT QUADRUPOLE RESONANCE (GQR)

In a nonrotating nucleus all nonzero roots of Egqs. (20)-
(22) are equal to

10



oV 2GD) =B+ 2T Srdl % (23)
as o 15p

If one neglects the surface and Coulomb forces, the energy of
quadrupole oscillations

ﬁ2 Gr

1ﬁt 647 MeV
sph \/2 g A

E,=fo =)
is the same as in works 7%/  and is in fine agreement with

the GQR experiment (Fig.3). One can see that the Coulomb and
surface forces give rather small effect (the agreement with
experiment can be improved by increasing t, slightly). Fig.2a
shows, that these forces do not effect very much the GQR ener—
gy in rotating nuclei also.

The increase of { splits the GQR (see Fig.2). This phenome-
non is analogous with the well known fact of GQR splitting in
deformed nuclei. But here the deformation is not static and
appears because of the rotatiom. The static quadrupole deforma-
tion does not eliminate the degeneration of the GQR state comp-
letely: the modes with the projection of angular momentum K
and —K (|K|=1:2) on the axis of symmetry have the same ener-
gy. The presence of Coriolis forces eliminates this degenera-
tion in rotating nuclei. Hence, in our model there are five
GQR states every one with its own quantum number K.

Fig.4 shows the spectrum of quadrupole oscillations of the
liquid drop (py=0 in all equations). One knows that the li~
quid drop model is not capable to describe guantitatively the
collective states of nuclei at =0 (see the dashed curve in
Fig 3). But the qualitative changes of normal modes in the re-
gion of small @ are the same as for the GQR (cf. Fig.4 and

Fig.2}.

6. SOFT MODES

There are two low-lying collective modes in our model,They
are different in sign of signature. It is interesting to es-
timate these frequencies for small . For the positive signa—
ture mode ( y;mode) we have:

w =480 (m:ﬁ
Y wsph :
where 4 is the frequency of GQR in a nonrotating nucleus
(Eq. (23%), and msph is the quadrupole oscillation frequency
of a nonrotating liquid drop.
For negative signature mode we have:

ma':.g(l—u+4H/u,) /(1+V +2H /u.-).

11



Fig.3. The GQR energy of non-

] rotating nuclei from the g-sta-
bility line: the solid curve -
the Coulomb and surface forces
are taken into account, the dott-
dashed curve — without these

1 forces. The dashed curve -~ the
energy of quadrupole oscillations
of the liquid drop. Experimental
values are borrowed from’8/,

045}

0.1

005}

0 003 R/,
. .
‘Fig.h. The dependence of the a-,
¥ 8-, y -oscillation spectrum of the
' liquid drop on the angular veloci-
ty{: a - Z-68,A =168 (X=0.56667,

_ _ b -Z=114, A=300 (X= 0.89472);
0 01 Rfw, hoy- 41 £3%ey.
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The effect of the Coulomb and surface forces that determine
the value of H is rather small (Fig.2a), so H/u<<1l. If the
more strict condition

Hip<<1~y (24)

is fulfilled, then
Q 2 ,,2 aBa

w,, = Q(1~ag/a) /(1+as/al)=wy .

where "

mw=0[(31 _'}-3)(']2""‘]‘3 )/(JIJE)]

is the frequency of wobbling oscillations of the rigid-body
rotator with moments of inertia Jy<Jp<J3.Hence, the distor-
tions in the velocity distribution of nucleens (the Fermi-sur-
face deformation® ) lead to the appearance of the oscilla~
tion mode, that is typical for elastic bodies. Inequality (24)
becomes wrong, when =0 because of 1-v~Q%2. So, the diffe-

rence between o, and @ can be arbitrary large for these Q.

7. CRITICAL ANGULAR MOMENTA

The critical angular momenta, which lead to the instability
of nuclei, are the object of great interest in the nuclear
fission theory. The limiting values {Q, are determined in our
model by Eq. (20). The analogous condition follows for the li-
quid drop if one puts =0 in this equation. For a nucleus
we have p>D, so the region of stability with respect to the
quadrupole oscillations is much larger as compared with the
liquid drop. One can see in Fig.5 the angular momenta corres-
ponding to these (g calculated for nuclei from the 8-stabi-
lity line (curve I) and for the liquid drop (curve II). The
results of Cohen, Plasil and Swiatecki’l for the axial confi-
gurations (without restriction to spheroids) eof the liquid
drop are shown too (dotted curve). This curve is rather close
to the curve I for A<25. And our curve moves rapidly away
from the dotted curve to the region of big angular momenta for
A> 25, But one must have in mind, that this region of I is
the region of very large eccentricities e. It has been pro-
ved’10/ that the sphercids are not expected to be adequate
approximations to the exact figures of equilibrium, when
e> 0.8745. The dashed curve in Fig.5 corresponds to the angular
momenta, at which e=0.8745. It seems, we must conclude, that
the instability of nuclei with respect to the fissionm is not
connected with the instability with respect to the quadrupcle
oscillations.

13
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y Fig.5. Critical angular momen-
200 . 4 ta, where the instability with
, respect to the y —oscillations
. appears in the nuclei from the
, Bstability line (curve I} and
, in the liquid drop with the

! same A,Z7Z (curve II). The dashed
G curve - angular momenta, when

[’ e= 0.8745. The dotted curve -
ok 1 | the results of’V for the axial

liquid drops.
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8. SUMMARY

The results we have obtained are useful in two aspects.
First of all the model enables us to predict the character
of the collective modes in rotating nuclei, and second, it
can be used as a basis for new approaches in describing the
dynamics of the nuclear systems with high excitation energy
and high angular momentum.

The model of nucleus we use is rather simple and describes
perfectly the well-known experimental GQR data. Its results
on the deformation of rotating nuclei are in agreement with
the results of the liquid-drop model. They are reliable for
heated nuclei and allow the specification with respect to
the shell effects’®,

This model predicts the splitting of GQR modes in rotating
nuclei, when spins are moderate, and sharp changes in the
spectrum of these states, when §l1+{l, . -The similar conclu-
sions about GQR in rotating nucleli have been done earlier on
the basis of the schematic microscopic model’*%/, Characteris-
tic values of Q, which give rise to sharp changes in the GQR
spectrum, are close in both the models, but the functional
{} ~dependence of energy in separate branches of GQR is diffe-
rent, '

The model predicts the appearance of two soft modes in the
spectrum of quadrupole oscillations of rotating nuclei. Ome

14



of them is similar to the wobbling mode of the rigid-body ro-
tator. The second mode is close in energy to the first one;
and its symmetry type is the same as for 8-and y-modes. Note,
that in the model of refs.”*®’  only the first soft mode is
presented.

It is necessary to mark great potential possibilities of
the virial method we have used to solve the equations of the
model., The use of it requires rather simple computating means.

However, the spheroids are not very good approximations for
the shape of rotating nuclei and are not adequate for study-
ing many actual problems of nuclear physics. It shows the ad-
visability of working out the virial method with more realis-
tic assumptions on the shape of rotating nuclei.

APPENDIX

The expressions for tensors of the Coulomb and surface
energy and their Lagrangian variations in terms of semiaxes
of the ellipsoid can be found in refs.’®10/

6 - P
Q;; =n2q?R%a2A,8/15; oy =R T(@+QY, (i4i# b

3
203

3 ]
Mgy =128,V -0y Vi (@ + By )/a% 1.15R* T /(40)

‘2 2 2 2
Bij=Ai - Aji =Aj—aiAij . Aij(ai "aj)=Aj "'Ai .

B, =@ -, - @24

ij - ﬁ’ij(aiz«a?)=ﬁj ;.C'fi ..

For oblate spheroids (a;=a,>a,) one has:

2 -8 2 2
4210, = 4@, - ag @, 3a3@33=4@3—2a1@13,

2 2 2 2
4alA“z3A1—a3A13, 3a3A3313A3—2a.1A13 s

Al =A,= (a6 )—3 {aresine —ey 1~62),
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A3= 2(:119)_3 +[e(i-e 2)-'1/5 —arcsine],
@, =@, =[(1+eParthe —e]-(2atey ",

@3.'[(1-e2)_1 ~e ! arthe]-(a'i‘e?‘)"i; ef1-afm? .
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