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1. Introduction

The influence of the shell structure on the binding
energy of the atomic nucleus has been extensively studied
in many publications (see the references inthe review /1/).
Strutinsky ’?/proposed a method which allows one to take
into account these effects in an accurate manner.In this
approach the total energy of thenucleus is divided into two,
parts. The first one, 1i , depends smoothly on the number
of particles and, therefore, does not show any shell ef-
fects. The second one, 31 , is.the so-called shell correc-
tion. It depends only on the level density near the Fermi
surface and can be calculated from the shell model single
particle energies. Within the shell model, it is impossible
to calculate the smooth part of the energy with a reason-
able accuracy. One rather substitutes the energy U“,M of
the liquid drop model for U

He Uy gy + 81U,

LD
This method turned out tobe sufficiently accurate and very
convenient for the investigation of U .as a function of the
particle number and the shapeofthenucleus, so it permlts
a study of the static properties of the nucleus.

The investigation of the dynamical bekaviour of the
nuclear shape-is a very important but much rmore compli-
cated problem, which has recently received an impact
from: nuclear fission studies. Such calculationsareusually
carried -out in the adiabatic approximation. The energy
of the. collective motion is consldered to be the sum of the
kinetic energy T and potentialenergy U , W=T+ U ,
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where T is a quadratic form whose coefficients-are call-
ed mass parameters. One possibility of calculating these
quantities is the generalized cranking model /1.3, In this
approach one enforces a slow change of the shell model
potentinl and calculates W as the sum of the energies of
non-interacting particles (or quasiparticles in the BCS
approximation) in this time-dependent potential. In the
adiabatic approximation one can introduce single-particle
energies in this potential, which dependontimeas a para-
meter. In a number of papers it is shown that the shell
structure has a significant influence on the mass parame-
ters /I:%4/  Due to the above-mentioned representation
of ¥ as the sum of the single-particle energies, itis
possible to generalize Strutinsky’s idea about the division
of the energy U into two parts to the total energy W and
therefore to T . The partition of T leads to the corres-
ponding division of the mass parameter into a smooth
part and another term which we prefer to call shell con-
tribution, because it can amount to the same order of
magnitude as the smooth part (see Section 4).

One can hope to improve the accuracy of calculating
mass parameters using different approximations for the
smooth part and theshell contributions, because the motion
of the nucleons may influence the two parts in a different
way.
In the calculations of Baranger and Kumar’% an ana-
logous idea is used. In their work the mass coefficients
also consist of two parts. One part, which is similar to
our shell contribution, is obtained by means of the cranking
model with account of only the states of about one :major
shell around the Fermi level. The other, smooth part, is
a phenomenological expression. However, such a division
becomes rather arbitrary at larger deformation, when the
levels of different spherical shells are no longer separat-
ed. Therefore a division by means of Sirutiksky’s avera-
ging procedure seems to be preferable. .

In order to make a first step in this direction, we in-
vestigate the suggested division in the simple case of the
moment of inertia § of deformed nuclei calculated by
means of the cranking model 5/, We show that the division
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into the smooth part 4 and the shell contribution 39 is
unambiguous. We investigate the dependence of § and
&89 on the number of particles and the nuclear shape.
We compare our expressions withthe classical expression
for the moment of inertia and the moment of inertia of a
heated nucleus at different temperatures. The magnitude
of 5§ at the equilibrium deformation is examined in
detail. We suggest some conditions for the case where the
influence of the shell structure on the moment of inertia
is rather strong.

2. Definition of the Averaged Moment of Inertia and
the Shell Contribution to the Moment of Inertia

In this work we consider only the moments of inertia
of even-even axially symmetric nuclei rotating around an
axis perpendicular to the symmetry axis. We do not con-
sider the residual interaction between the nucleons.

Let us consider a system of non-interacting nucleons
in an axially symmetric external potential, the 2 -axis
being the axis of symmetry. Within the cranking model the
moment of inertia J;y  with respect to the x -axis can
be extracted from the energy li,, in the body fixed
frame of reference rotating with the angular velocity «
around the x -axis. The moment of inertia is defined
by the quadratic term of a perturbation expansion into
powers of o

o=

@ a=0
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The total energy ('l:m is simply the sum of the single
particle energies ¢; of the occupied levels. The energies
ci"’ are the eigenvalues of the single-particle Hamilto-
nian H,, of the nucleons ir the rotating frame of referen-
ce
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where j* denotes the x-component of the single particle



operator of the angular momenium, and Hgy is the shell
model Hamiltonian of the system intheabsenceof rotation.
As we are interested only in the secondterm of expansion
(1), we need ¢; “ only in the second order of perturbation
theory startmg with the eigenvalues (° of Hgy
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The total energy U,, can be written ﬁown i'n terms of the
occupation numbers nSM | which are equal to 0 above the
Fermi level and to 1 elsewhere By making use of eq. (1)
we obtain
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This expression is valid only for small enough values of
@ when there is no crossing of levels with the Fermi
level and oM does not depend on « . We introduce. the
averaged mdment of inertia § in the following maaner.
The eigenvalues ¢ of the Hamiltonian H,, are charac-
terized by their denslty g (¢). By means of Stru-
tinsky’s averaging procedure we divide this density into
a smooth part §%(¢) and a ghellcorrection 5g“{¢) .
Thus we get the smooth energy U, . andtheshell correc-
tlon 50,71 . By expanding U, into powersof «
we deﬂne the averaged moment of inertia as a_coefficient
of the quadratic term. In order to calculate 3 , we use
the occupation number representation of the Strutinsky
procedure /1 which is especially suitable for our purpo-
ses. Following ref. 79/ we have

-~ d -~
Eci‘"ﬂ?= U,~v E}TU"’ . )
The averaged occupation numbers n can be expressed
in terms of the funcuon n{x) defined in ref./
- - A9 L
w
n’=n ( i) (6)



where y is the averaging width. The chemical potential
is fixed by the particle number N

PhsN @
We substitute (3) into (6) and expand it into powers of
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In this expression ;;’ standsfor n(x) at x= -—'l-;m—*--,

(% °)' is dn{x) /dx with th¢ same argument, and 2
o

dx
and d——~2 are the solutions of eq. (7) and its derivative
w

at «= 0 ., Differentiating (7) with respect tv y and w?
we obtain the derivatives of A° and can express the third
term in the following manner

W _ o~o 2(f -1y _d_ de® .
2%(i ni—2§¢ini+2u;(l )dy) %—(—i:-—nl )
By comparing (5) and (8) we obtain for the averaged mo-
ment of inertia
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One gets an identical expressicn for Sas the linear
term in the expansian of the averaged expectation value
of the angular momentum operator. The shellcontribution
to the mcment of inertia & is definedas the difference-

8 « .flqM -4 - an

Thls expresslon can be written down ln the same form
as (4)or (1) uzing. 5, o4 ?M —n®. .
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It is interesting to compare J with the classical mo-
ment of inertia of a system of non-interacting particles,
which is given by the rigid body value

Swe =M Sdredp/[drp, ‘ 12)

where M is the total mass, p denotes the density of
particles, and r is the distance from the axis of rotation.
We use the shell model value for the density

[ _ SM - 2

pSM(r)—Ei ng [lﬂi(r) l%, (13)

where ¢.(T) are the eigenfunctions of th2 Hamiltonian

Hgy . The respective moment of inertia is denoted by

ﬂ?:c . In addition, we define the moment of inertia
q by means of eq. (12) and the averaged density
RIG A

7(¥), which is obtained from eq.(‘lael with the averaged
occupation numbers i{ instead of oM,

Without any special discussion we quote the known
expression for the momentofinertia Jrof a heated nucleus
at the temperature T/1/It is given by expression (10) with
the occupation numbers nT of a Fermi gas in a potential
well instead o% LNE !

- 0
n'{anF(—)‘-uT—-‘—i—»), nF(x)=(1+exp(x))—1. (14)

Here AT is obtained from eq. (7) with the analogous substi-
tution of the ocecupation numbers. The expansion (3) (and
consequently (4)) is applicable only in the case where
ho is small compared with the distance between the
single particle levels. The expressions for g and .‘]T are
valid under the less stringent conditions

fw<y =% @, ) ’ (15)
and %e<T, respectively, where tw; means the inter-
shell distance. The condition (15)can be derived in analogy

to the case of statistics, which is discussed, e.g., in
ref. /7, Asimilar discussionfor U canbefoundin ref,/}/



3. Numerical Investigation of the Plateau Condition

The main part of our calculations is done with the
Woods-Saxon potential. .The parametrization of the nuclear-
surface and the method of solving the eigenvalue problem
are described in refs. /8:9/  The potential parametersare
taken from ref./10/The calculations are carried out for
the nuclei of the rare earth reglon The energy levels
are calculated for the basic nuclei 2Er and %91ig. The
single particle spectra of neighbouring nucleiareobtained
by interpolation assumlng the same dependence on the
mass number as that for the harmonic oscillator. In order
to test our numerical method, we carriedout some calcu-
lations using the anisotropic harmonic oscillator as the
shell model potential. The degeneracies of the oscillator
levels did not permit a direct application of our computer
code. To avoid these difficulties, we introduced a slight
spin- orbital perturbation and a weak anharmonicity of the
type Rt , R being the spherical radius coordinate.

By means of Strutinsky’s averaging procedure we
introduced the averaged momentof inertia ¢ (10). Inorder
that this conception be defined unambiguously, § mustbe
independent of the averaging width y with » reasonable
accuracy wheny takes on the order of the intershell
distance. This is the plateau condition formulated by Stru-
tinsky for the averaged energy \' 2. We calculated § as
a function of y using fourth and sixth order correction
polynomials for thc proton and the neutron systems, res-
pectively. The results are- shown in Fig. 1. As regards the
definition of the corrections polynomials, we refer to
paper ! It can be seen that in the interval 1.0%w, <y~ 1.5 fiwy
the averaged moment of inertia hasaplateau indeed.When
the number of particles is less than 100, the deviations
from the constant value are of the order of 1%. When the
particlz number is about 114, the plateau:becomes some-
what worse, the deviation- amounting to 5%. This is con-
nected with the approach of the Fermilevel to the unbound
levels of the interpolated spectrum. The calculation inthe
transuranium region with the basic ‘nucleus 2% Py shows

that for these nuclei the uncertaintiesof § atthe plateau
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Fig. 1. The averaged moment of inertia as a function of
the averaging width y (into, uniis). The lower part
shows the moment of inertia of protons the number of
which is indicated above each curve. A 4th order correc-
tion polynomial is used. The upper part durlays the mo-
ment of inertis of neutrons the number of which is also
indicated. The different curves refer to different correc-
tion polynomials. The .order of the polynomial is indicat-
ed by the type of the curve and is shown at N= 114, The
deformation of the average potential is ¢ =0.28.
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Fig. 2. The moment of inertia of the neutron system as
a function of the neutron number N, The different kinds
of the momeat of inertia are defined in the text,SO=0
means that the spin orbit coupling of the average potential
is set approximately equal to zero. The deformation of
thelmrue potential is ¢ = (.28. The averaging width
y=1 e ’
[



are smaller than i%. By comparing with thelarge fluctua-
tions of Jg, (see, e.g., Fig. 2) one can conclude that the
averaged moment of inertia is determined with a good
accuracy.

4. Discussion of the Behaviour of the Averaged Moment
of Inertia and the Shell Contribution

In Figure 2 we compare the averaged moment of iner-
tia § with the rigid body value § nc- The calculations
show that the difference between 934, and J,,. (the
definitions are given in Sec. 2) is so small that they would
be difficult to distingu.mh on the_scale of Fig. 2. The small
difference between Jpj. and J;; is due to the weak
influence of the shell structure on the particle density.
As can be seen from Fig. 3, the difference between f and

is smaller than 1% for N<100 and it amounts to 3%
for N>100.Therefore the two moments of inertia coincide
within the limits of accuracy of . ‘This conclusion does
not depend on the spin orbit coupling, as shown by the
example with a negligible small constant of the spin orbit
coupling ( S0=0 ). The difference between J and Jpic a
little bit increases and both moments increase with the
particle number somehow more slowly. The calculations
show that with a further increase in thenumber of partic-
les,§ oscillates around Jgic.

One can consider the averaged moment of inertia from
another, physically more transparent point of view. Stru-
tinsky /2/ “suggested that the usual averaging over the
spectrum of the basis nucleus isapproximately equivalent
to averaging over the particle number. In this sense we
suggest to understand ¢ as the mean value of the moment
of inertia of a number ofadjacentnucleiof the same shape.
The averaging interval is about the number of particles
of one shell: . - : . e e e

‘Now we -discuss the deviation 59 -of the moment of
inertia from its 'mean value. Figures2and 3 (the case with,
T=0 ) show the neutron and the proton paris of the"moment
of inertiadsy as a function of the number of neutrons N
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Fig. 3. The moment of inertia of the proton system as
a function of the proton number. Z.The solid lines show
the moment of inertia Jr calculated at different tempe-
ratures. The value of the temperature measured in MeV
is denoted by the numbers. The broken line displays
the averaged moment of inertiad.The dash-dotied line is
the moment of inertia in the BCS approximation. The
expression for and the value o} the strength of the pairing
constant are taken from ref.’V, The deformation of the
average potential is "¢~ 0.28. The averaging width
y=Ll0ha, . S
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and protons Z, .respectively. The intervals considered
approximately correspond to one shell. It can be seen that
the shell contribution 8§ =J5y—J  hasasharpmaximum
‘at the beginning of the shell which is due to the states
Q=1/2 and Q-3/2 descendlng from the spherical
subshell h;,,; in the case of protons and i in the
case of neutrons. (We denote by @ the projec{i?on of the
angular momentum on the symmetry axis). At the end of
the shell 45 becomes smaller than J ,The examples
shown correspond to a prolatedeformation( €=0.28 ), For
oblate deformations the maximum is shifted to the end
of the shell and 59 becomes negative at the beginning.

Consequently the shell contribution is anoscillating functi-
on of the particle number with a period corresponding to
the total number of particles in one shell *.

The amplitude of the oscillations depends on thedevia-
tion from the spherical shape. With increasing defor-
mation &4 decreases, because, as discussed in
ref./1/ “each stateinthe sum (4) couples with an increas-
ing number of other states distributed over a larger and
larger energy interval. On the other hand, withdecreasing
deformation 44 increases, because the selection rules
for the angular momentum become approximately validand
the distribution of the angular momentum is reduced to
only few states near the Fermi surface, i.e., the rotation
loses its collective character. In the limit of vanishing
deformauon,ﬁ'] becomes infinite reflecting the failure of
the perturbation expansion (3) for the determination of

J sy . However J remains finite and equal to the rigid
body value. Similarly, in a deformed nucleus there exists
a moment of inertia §,, for rotation aroundthe symmetry
axis,as the corresponding moment also exists in a heated
nucleus, which approaches the rigid body value.‘hu(; at

* The moment of inertia ma & exceed the rigid body
value because the nucleus consists of particles with their
own angular momenta, i.e., of quantal gyroscopes.
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high temperatures. We discussed the reasons for that
analogy at the end of Sec. 2. The decrease of 5§ with
increasing deformation is also shown in some figures of
ref. 1/ . The ratio Jg /dg;c  plotted there approximately
equals 1 +89/J . "The fission of a nucleus into two
nearly spherical fragments is a good example for studying
the relation between the shape and the magnitude of 39
The results are shown in Fig. 4. It can be seen that 5§ is
very small at large deformations, but it steeply grows
when the fragments approach a spherical shape.

In Figure 3 we show the dependence of the moment of
inertia on nuclear temperature. One can see that in the
case of T=3 MeV the influence of the shell structure
on the moment of inertia completely vanishes. This ref-
lects the already mentioned result that in the limit
of high temperature r . tends to the rigid body value.
The difference between J and v at T= 3 MeV is
connected with the fact that the hightemperature limit
of the moment of inertia is the rigid body moment corres-
ponding to the particle density in the heated nucleus,
whereas ﬂ corresponds to the cold nucleus., Therefore
it is not quite accurate to call §;-J  theshell contri-
bution in a heated nucleus, but the difference between

and Jr_zp.y is small and lies within the limits
of the accuracy of determining § .

1t is known thatheavynuclei ?ﬁ? no longer in the super-
fluid state at T % 0.7 MeV’ "/ In the case of rotating
nuclei the transition temperature decreases withincreas-
ing angular velocity/ 1% In the region above the transition
our calculations have a direct physical meaning. The
magnitude of the shell contribution 5§ in the region
of superfluidity can be estimated very crudely from the
amplitude of the oscillations of §r at the transition tem-
perature. To illustrate this, we have plotted the moment
of inertia in the BCS approximation in Fig. 2. An expres-
sion for it can be found in ref.”!/, from which we have
also taken the parameters of the BCSmodel. The ’average
value’’ of the moment of inertia in the BCS approximation

(this quantity is not determined in this work and should



FiMev ') Frrey-2
300

200

202

0o

Fig. 4. The moment of inertia of the neutron system as
a function of the neutron number atdifferent deformations.
The solid line corresponds to § the broken one to Y, -
"‘he deformation parameters are: ¢ -~ 1.0 and upper Thee
ay = -0.05; upper right o3 = 0.0; lower left oy - 0.05;
lower right «,- 0.10. In the right corner of each figure
& cross section through the symmetry axis of the nucleus
is shown. As for the definition of ¢ and «, see ref. .
The averaging width y =1.0%q, . 1



be understood in a heuristic sense) lies considerably
below J .

5. The Shell Effects at Equilibrium Deformation

Now we shall discuss the relation between the shell
contribution to the moment of inertia and the equilibrium
deformation. In the case of the anisotropic harmonic
oscillator potential one can prove that at those values of
deformation, where the sum of the single particle energies
of the occupied levels has a2 minimum or a maximum, the
shell model value 'ﬂsm is equal to therigid body moment

3;“:6 (a closed shell is an exceptiony!?, As the

differences between SSM

RIG ! ‘(]RIG

very small,we expectd to be approximately equal to 0 at
those equilibrium deformations.Figure 5 shows that this
result of Bohr and Mottelsor is obtained witha good accu-
racy.The remaining differences should be connected with
the slight perturbation of the oscillator potential and the
uncertainties in the determination of g « The shell model
value J5y  shows the typical jumps connected with the
crossing of Ievels.In the case of the realistic Woods-Saxon:
potential the difference between the minimum of the sum
of the single particle energies and the point where 3 va-
nishes is somewhat larger than for theoscillator potential.
According to ref./! one should calculate the equilibrium
deformation from the minimum of the shell correction
to the energy 8U for the neutrons and the protons plus
the liquid drop energy. In Figure 5 5U for the neutron
system iIs also shown. Ome can see that all the minima
are shified to a somewhat larger deformation. If the
liquid drop energy is taken into account, this eflect is
compensated for to some extent. To summarize this, one
can say that at the equilibrium deformation the shell
contribution to the moment of inertia is finite though not
very large. The pairing causes an additional reduction
of the shell effects. Hence we can expect that the moments

and § are
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Fig. 5. The averaged moment of inertia 3, the shell
model value of the moment of inertia sy, the sum of the
energies of the. occupied levels U, and the shell cor-
rection to the energy 51! as a function of the deformation
¢. All quantities refer to the neutron system with N-100.
The so0lid lines correspond to the (=lightly disturbed).
harmonic osciliator, the broken ones to the Woods-Saxon
potential. The arrows indicate the minima of U gy and

58U and the crossi ints - The averagi
width  y=1.0%0 . e peints §.=9. aging



of inertia of the even-even nuclei in the rare earth and
actinide region are mainly determined by the nuclear shape
and the strength of the pair correlations, because for these
nuclei the minima of the shell correction 3U ofthe neutron
and proton systems are close to eachotherand U p, plays
a relatively insignificant role.

There arises the question as when one can expect lar-
ger values of 5. We would like to point out to some
possibilities.

1) A classical example from atomic physics is the
magnetic moment of the electron cloud of4 rotating mole-
cule. The magnetic moment c2an be calculated using the
cranking model in analogy to the moment ofinertia. It has
been found experimentally that the moment deviates from
the value corresponding to therigid rotationofthe electron
cloud 715/,

2, One can expect an increase of 5 with increasing
difference between the deformations, at which the shell
corrections U to the neutron and the proton systems
have their minima, Such a situation may exist in the case
of shape isomers

3) If two nuclei are very close, theCoulomb interaction
polarizes the nuclei and their shape does not correspond
to the minimum 6f 5U. This situation, whichis somewhat
analogous to case 1), can be encountered in the fission
process or in the scattering of heavy ions.

4)In the case of high spin states the equilibrium defor-
mation deviates from the minimum of3U ,and, in addition,
the gair correlationsare reduced by the rotation.Of course,
one cannct introduce the moment of inertia by the pertur-
bation theory, but rather one ‘has to take nonadiabatic
effects into account.

5) In -the case of large deformations (fissioning iso-~
mers), there are two compensating effects, On the ore
hand, as the numerical investigations of ref. v ow, the
zero poiiits of 8 (inref./l/Jg /Gpic* 1 + 33/ is
plotied) and the extrema of SU-become uncorrelated at
large deformations. On the other hand the munitude ‘ot
59 is strongly reduced 4! these deformaﬂons (see above).
For a more accurate estimate one should Carry oit detall- :
ed calculations.



6. Summary and Conclusions

By means of Strutinsky’s averaging procedure we pro-
posed a partition of the moment of inertia into an average
part 3 anda shell contribution 5. We carriedoutnumerical
calculations demontsrating that § (and therefore 54 ) as
a function of the averaging width y has a plateau. This
means that the conception of the averaged momentof iner-
tia { is defined unambiguosly. This is a new resuit,
because the expression for the moment of inertia deviates
considerably from that for the binding energy. The moment
of inertia has the form of a double sum containing an
energy denominator, which restricts the sum only to
states near the Fermj surface, Therefore it is possible
to calculate gy and{ within the shell model with suffi-
cient accuracy in order to be able to speak about their
physical meaning.In this sense the situation with the mo-
ment of inertia substantially differs from that with the
averaged binding energy. -

By analogy with the binding energy, § canbe interpre-
ted as the average value of the moment of inertia of

a group of nuclei of the same shape. This mean value
coincides with the rigid body value with a very good accu-
racy. This coincidence permits the interpretation of the
investigations, in which the rigid body value is used, as
those relevant to the average behaviour. For instance,
in ref. ‘17 the nuclear shape of a rotating nucleus is
investigated. In this paper the energy is assumed to
consist of the potential energy of a liquid drop and the
kinetic epergy corresponding to the rigid body moment of
inertia. The equilibrium shape is found as the minimum
of the total energy at a given angular momentum. In this
way the yrast line Eii) is found. Now we can interprete
this calculation in the following way. The calculated
yrast line describes the mean behaviour obtained by ave-
raging over the large (1 shell) number of nuclei of the
same shape. The real yrast levels in each nucleus may
be widely scatiered around this value '8 |

In this work we consider only the division of J5y cal-
culated in the cranking model, into and 59, but we hope

20



that an analogous partition is also possible inother models.
The coincidence otB with the rigid body value justifies
the suggestion that one can calculate § with the usual
approximations employed for a large system, e.g., for
nuclear matter. It is known that the moment of inertia
of a gas of non-interacting fermions in a large cubic box
equals the rigid body value /!9/Long range correlations
of the RPA-type do mot alter the result’ ?¥Only short
range correlations of the pa.lrinF ?pe considerably reduce
the moment of inertia (refs./ 2l=23/ ), but the influence
of the pairing correlations is not investigated in this
work systematically.

In a finite system the moment of inertia even without
pairing differs from the rigidbody value. The shell contri-
bution 84 is an oscillating function of the particle number,
as well as of the parameters determining the nuclear
shape. However this fluctuating behaviour is difficult to
observe: it is shown fer the anisotropic harmonicoscilla-
tor that the difference Jo, -4gi. ~ 8§  vanishes at the

eqailibrium ;detorma'tion’ 12/.0ur calculations show that

this is approximately valid also for the realistic Woods-

Saxon potential with spin-orbit coupling if thedeformation
is not too large (¢ < 0.4). At large deviations from the
spherical shape the correlation gets loose. But one can
expect a significant influence of the shell structure on the
moment of inertia under certain circumstances, some of
which are discussed at the end of Section 5.

As was mentioned in the introduction, we consider the
investigation of the moments of inertia as a first, simple
step in the study of the mass coefficients of other collec-
tive modes. Finally, we would like to discuss the general
conclusions that can be drawn for the mass parameters
from our investigation of the moment of inertia.

The main difference between the moment of inertia and
the other imass parameters consists in the fact that the
latter ones have the form of a sum whose terms are
divided by the difference of the single particle energies
in the third power. This leads to 2 more rapid reduction
of the contributions of the levels with their increasing
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distance from the Fermi surface.Therefore the shell cont-
ribution becomes of still greater relative importance.
However we hope that the averaging procedure is appli-
cable to other mass parameters with the same success
as to the moment of inertia. In the case of the moment
of inertia the averaged value of ¢ is "equal to the
rigid body one. As regards the other typesof mass para-
meter, it is unclear both what kind of average behaviour
should be expected, and what role the interaction between
the particles plays.

As is shown, e.g., by the calcuhﬂons in ret , the
oscillating dependence of the mass parameters on the
particle number and nuclear shape is a general feature.
However the osciliations of the mass parameter of the
fission mode are.in another way correlated with the shell
correction to the binding energy.

In the case of the moment of inertia the amplitude of
these oscillations rapidly decreases with inreasing defor-
mation, but after tission the magnitude of 53 isdetermin-
ed by the deformation of the two fragments. This distinc-
tion of the spherical shape is probably restricted to the
rotational motion. The damping out of the shell effects
with increasing temperature is certainly 2 common featu-
re of all mass parameters.

The authors would like to thank Professor V.G.Solo-
viev for' his .permanent interest in this work, as well as
Professor Z.Bochnacki and Drs. R.V.Jolos, 1. N.Mikhailov,
L.Munchow and N.1. Pyatov for numerous useful discussions
and remarks.
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