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Methodological Notes

LECTURE DEMONSTRATION OF PONDEROMOTIVE FORCES IN ELECTROSTATICS

WITH THE AID OF A SOAP FILM

L. N. KAPTSOV

Usp. Fiz. Nauk 79, 741-742 (April, 1963)

1 HE idea of using soap bubbles for the demonstration
of ponderomotive forces acting on the surface of a
charged conductor is not n e w ^ . However, in realiz-
ing such a demonstration under the conditions of a
large auditorium the experimenter meets a number of
difficulties due to the low degree of stability of soap
bubbles. It is practically impossible to communicate
to a soap bubble blown at the end of a tube a sufficient
electric charge to enable one to observe an increase
in the diameter of the bubble. The difficulties are
considerably reduced if for such a demonstration one
uses a soap film consisting of a large number of spher-
ical segments (Fig. 1). Such a film can be easily ob-
tained in a laboratory bowl filled with a solution of
soap and water by blowing through a tube lowered into
the solution.

FIG. 1

For the demonstration of ponderomotive forces the
bowl with the soap film is placed on a well insulated
stand, for example made of ebonite or porcelain. An
electrode connected to one of the poles of an electric
induction machine is lowered into the bowl. The other
pole of the machine is grounded. If suitable precau-
tions are taken one can utilize instead of the induction
machine some other form of voltage of the order of
10—30 kV. At a height of 10—30 cm above the bowl,
or at approximately the same distance beside it, one
should place grounded metallic objects having the
shape, for example, of a rod, a sphere or a disc. .

On turning on the induction machine the soap film
is charged and under the action of the ponderomotive
forces the convex portions of its surface begin to
stretch noticeably in the direction of the grounded

objects. An example of such stretching of a film is
shown in the photograph of Fig. 2. As the charge on
the film is increased further its most strongly de-
formed portions, which assume the shape of a point,
break. The photograph of Fig. 3 shows the film an in-
stant before it ruptures. This photograph clearly
shows the "soap needlepoint" that is formed. Droplets
of solution and small soap bubbles detach themselves
from the needlepoint in the direction of the metallic
objects and follow trajectories close to the lines of
force of the electric field. Thus, it turns out to be
possible at the same time to demonstrate the leakage
of charge from sharp projections of a conducting body.

When the experiment is demonstrated in a large
auditorium the general illumination should be switched
off and the bowl containing the film should be illumi-
nated by one laboratory lamp from above and by an-
other from below from the side of the audience.

A quantitative interpretation of the experiment is
very complicated, but it is sufficient to give a quali-

FIG. 2

FIG. 3
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tative explanation of the exper iment . Under the con-
ditions of a l e c t u r e demonst ra t ion one can r e s t r i c t
oneself to the following explanation. The following
forces act on the surface of the uncharged film: a i r
p r e s s u r e within the segment bounded by the film d i -
r e c t e d outwards; a tmospher ic p r e s s u r e p a and the
p r e s s u r e ps due to the sur face tension of the film.
The p r e s s u r e p a and p s a r e d i rected towards the
i n t e r i o r of the segment. If the film is sufficiently thin
then the force of gravity may be neglected. The enu-
m e r a t e d p r e s s u r e s come into equi l ibr ium for a given
radius of the segment and this equil ibrium is stable '-2-'.

When the film is e lect r ica l ly charged then to the a l -
ready exist ing p r e s s u r e s t h e r e i s added the p r e s s u r e
Pe due to the ponderomotive forces which act s on the
external sur face of the film considered as a conductor.
The p r e s s u r e p e i s d i rected outwards and is equal to
27ГСГ2 where a i s the surface charge density. The e l e c -
t r o s t a t i c repuls ion due to <r and, consequently, p e is
g r e a t e r on the m o r e strongly protruding p a r t s of the
film than on i ts other p a r t s . Therefore , the p r e s s u r e
p e is maximum in the middle por t ions of the external
segments and these p a r t s of the film a r e s t re tched out
which leads to a further i n c r e a s e in the charge density
a at those points . However, as the segment is
s t re tched out the r a d i u s of curva ture R of its c e n t r a l
port ion is diminished, and this leads to an i n c r e a s e of
the p r e s s u r e p s = a / R w h e r e a is the coefficient of
surface tension. An i n c r e a s e in p s within c e r t a i n l i m -
its compensates for an i n c r e a s e in the p r e s s u r e p e .
There fore , the s t re tched-out por t ions of the charged
film a r e s o m e t i m e s able to r e t a i n the i r shape for fairly
long per iods of t ime before they a r e ruptured.

If the auditorium has a s o u r c e of c o m p r e s s e d a i r it
is eas i ly poss ib le to show the following var ia t ion of this
demonst ra t ion which can be descr ibed a s the " b o m -
b a r d m e n t " of a meta l l ic s p h e r e by soap bubbles.

A g la s s tube is provided with a p a p e r t ip on which
a r e wound s e v e r a l t u r n s of copper w i r e . The wi re is
connected to the grounded pole of the induction machine.
A meta l s p h e r e (or d i s c ) placed on an insulating stand
is connected to the ungrounded pole of the machine. The
g las s tube i s inser ted into a rubber tube connected to
the s o u r c e of c o m p r e s s e d a i r . Then the p a p e r t ip on
the g lass tube is lowered into the soap solution and a
weak s t r e a m of a i r is admitted into the tube. As the
open end of the horizontal ly held tube i s brought n e a r
to the s p h e r e soap bubbles a r e expelled from the tube
and projected towards the s p h e r e . Sufficiently l a r g e
bubbles a r e appreciably deformed under the action of
the ponderomotive forces as they approach the s p h e r e .
The s ize of the soap bubbles can be easi ly control led
by varying the r a t e of flow of a i r from the tube and the
dis tance between the tube and the s p h e r e .

I. E. T a m m , Osnovy t e o r i i e lekt r iches tva (Funda-
menta l s of the Theory of Electr ic i ty) Moscow, G o s t e -
khizdat, 1954.

2 Stre lkov, El ' t s in, and Yakovlev, Sbornik zadach po
obshchemu kursu fiziki (Collection of P r o b l e m s for a
General Course in Physics) , 2nd edition, P a r t 1, ex-
planation of problem 475, Moscow, Fizmatgiz , 1960.

T r a n s l a t e d by G. Volkoff

A SIMPLE DEMONSTRATION OF THE ADDITION OF HARMONIC OSCILLATIONS

B. Sh. PERKAL'SKIS

Usp. F iz . Nauk 79, 743 (April, 1963)

JTOR a s imple and cheap method of showing the addi-
tion of harmonic osci l lat ions one can uti l ize for the
osci l la tor a p iezoelement from a sound r e c o r d e r
(1 x 3.5 c m 2 in d i m e n s i o n s ) . The piezoelement is
attached to a board of d imensions 5 x 5 x 1 c m 3 . In
the s ide of th is board t h e r e is cut a depres s ion into
which a p iece of r u b b e r i s i n s e r t e d and t h e p i e z o -
e lement P is set on it. It is p r e s s e d against the r u b -
b e r by a thin s t r i p of wood held by two wood s c r e w s .
The leads from the piezoelement a r e connected to two
sockets . A double col lar С made of sheet i ron ( c o n -
sis t ing of two c o l l a r s soldered t o g e t h e r ) is placed on
the piezoelement. A s teel s t r i p V of length ~ 10 cm

cut from a watch spr ing (of width ~ 5 m m ) is inser ted
in the col lar . A smal l m i r r o r M is affixed near the
top of th is s t r i p in a so ldered holder ( o r the m i r r o r
is s imply glued to the s t r i p ) (Fig. 1).

About 100 V a r e applied to the piezoelement from
an audio osc i l la tor or from the ac power l ine. If an
audio osc i l l a tor i s used, then i ts frequency is var ied
until the resonance frequency is obtained at which the
amplitude of osci l lat ion of the s t r i p will be maximum.
If the voltage is obtained from the ac l ine, then r e s o -
nance is obtained by varying the length of the s t r i p
protruding from the col lar . In o r d e r to reduce the
frequency of natura l osci l lat ions one can attach to the


