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P~

Fauilibrium forms and stability of charged drops

“ "

Introduction.

Atomic nuclei are examples of uniformly charged drops.
Althouph aquantum coffects are important in the study of
atemic nuclei, the average effect of treating them as uni-
formly charged incompressible liquid drops (drop model of
the nucleus) is quite important in the investigation of the
fission of nuclei and in the study ¢f nuclear encounters in

general,

The equilibrium form of a uniformly charged drop at
rest under the action of the surface tension (which keceps
the positive charges from flying apart) and the Coulomb

repulsion is a sphere,

A hollow sphere with spherical symmetry is o possible
form of equilibrium but it can be shown that this kind of

equilibrium is unstable,

It will be shown that the spherical form of a uniformly
charged drop is only stable under certain conditions where
a parameter ¥ known as the fissionality parameter does not excceds
the value one, This fissionality parameter is defined as
the ratio betiween the Coulomb energy to twice the surface

energy of the spherical drop.
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When the drop is not at rest, but rotates with a given
constant angular momentum, then its equilibrium form will
no longer be a sphere, but another complicated form, Neglec-
ting ihe Cofilomb energy (when the drop is uncharged) then
1ts equilibrium form under rotation can be exactly computcd
(15 ). Increasing the angular momentum the drop finally
takes an annular form and then becomes unstable under what

is known as saussage deformation.

On the other hand on neglectiing the surfacc cnergy of
the drop and using gravitational attraction instead of
Coulomb repulsion, then under rotation the drop (planets,
stars, etc) takes the form 6f an exact oblate ellipsoid of

revolution {known as Maclaurin's ellipsoids).

Increasing the angulor momentum the drop can tnke either
the form of a Maclaurin ellipseoid of revoluticn or as an

exact triaxial ellipsoid (known as Jacobi ellipsoid).

We shall however concentrate in this thesis on tLhe
investigation of uniformly charged drops at rest., Apart
from the stable equilibrium of spherical form, we shall
investigate another unstable equilibrium form known as the
saddle point shapes where the form is described by more
than one parameter and the deformation is stable for cer-
tain variations of these parameters and unstable for other
variations (investigation of the different modes of defor-

mation). These saddle point shapes are quite important
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for the investigation of stability of the charged drop.

We shall follow the energy method in our invesiigaticn,
either to obtain the saddle point shapes or the unstable
deformation of the drop starting from the saddle point

shapes,

The investipation of these unstable deformations
will reveal the possibility of the fission of the drop

in to several fragments.

Numerical computations are quite important in these
investigation and full analytical expressions will be given

which can facilitate further investigations on the subject.

Ther 1s however & lot of inﬁestigutions carried out on
the prohlem of gotabillty cof uniformly charged liquid dropu
mainly by Swiatecki, w.J and hig ecollaborators ( sce for cx-
aple Ref o 1,2,7,08,9,060 ) o In thelr investigntlona Lhey
congidered the deformed drop 1o bhe given Ly nn axionlly symn-
metric fipure described in terms of 180 deformulion parwmet-

ers uvdaing polar cecrdinates nefndescribe the surface . Such’
Inveplirantiona althourh they described exuctlykﬁhc aaddle
point shapes , they failed to describe the dynamics of the
drop strating from the saddle point chapes .,

In addition the computation wng quitc.huge + We have

considered the description of the wuxially symmetric deformed

Central Library - Ain Shams University




drop by using small deformalionsaboul an ellipooid of Yoevol-

ution , either prolate or oblute .
Thig procedure was gucceasful in describing the suddle

point ahapes in tcring of only eme big paramcter { Lthe cem~

major axis a of the ellipsoild )

ard s numher of small deformation parameters describing the
deftormation about the ollipnoid .

In  this way the eqﬁntions of motion apbo ubt the onddle
point shapes could be oucccosfully carried out nnd golved
civing the dynamic behoveiour of the shape of the drop at
sicceasive inagtants of time ,

Uince this procedure is new { cee Ref. 4,5,6 ) .+ A full
Invegtipation on increnging the number of deformation para-
meters and thelr comparigon igo careflfully carried oul in ch-

nrter four 4n this theois .

In chapter I of thin thesis the powsibilily of fission
into several fragments ia investigabed on using a closed form

‘far the mutunl potenlial eneryy of Lwo ellipsoid of revolution.

This wusg elreudy achieved by A.Sabry and 5,.S5halabi (poe Hef. 7

and 30). The seme result is wused to inveatigate the atabllity

of a bubble droep.

In chapter 1I the saddle point shapes of a uniformly

charged drop is carried out. 1his includes correclionsg in

a previous work (see Ref. 4) and an extension to more defor-
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mation paramelers. An investigation which is very dmporban

for cstablishing the present procedure with regards Lo

olther methods,

In chapter III invesltigationg of roltating drops,

using the present energy melhod with numerical wupplicultiunhy
vere carried out,

finolly 4n chapter IV, wo montiunod bufore the dynamics of

the uniformly chargod dropa ins fully investigaled

In the whole thesis it was found for complelencus
Lo repeat writing seme equations elready sppearcd in ouv
previous investigations. This was found necessary te have
An understandable background to the numerous numerical
applicotions corried ouwt and aloo Tar ony further invouti-

antion to this new procedure.
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CHAPTER (1)

PRELIMINARY INVESTIGATIONS ON THE STABILITY
OF CHARGED DROPS
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CHAPTLR i

Preliminary investigations on Lhe stability of

charged drops

In this chapter abrief investigation of the stability
and the possible form of fission of a wnifeormly charged

spherieont drop is qjiven.

We Tirsl summarize briefly the known resulls of limits

ot stability of o spherical unifTorwly charged drop,

In the secend section the case of a heollow drop is
investbigated on Lhe assumption Lthal the inside and outgside
houndaries have the form of ellipsoids of revolution. The
energy method is then applied to investigate the stability
of the hollow drop, with the result that there always exist

an unstable wode.

An approximate and easy investigation of ithe possible
forms that an excited uniformly charged drop can have just
after the fission is carried and together with some nume-
rieal results for these forms having different fissionality

parameters.
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