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We report the results obtained in the discharge of an electrostatically charged dielectric when the
surrounding air pressure diminishes. Due to the fact that the dielectric has only one electrode
nearby, the streamers have substantial freedom of movement. It was observed that some of the
streamers stopped advancing and in fact reversed their propagation and returned to the dielectric.
Our calculations show that this is can be attributed to the pulling force of the image-charge at the
ground plane. As this effect is equivalent to having an anode present, we call it virtual anode.

1. Introduction
It is a well known fact that in experiments with
pulsed electron accelerators a sheet of electrons
propagating between two grounded planes can
experience retarding forces from its electrostatic
images. In fact this force can be so strong that it can
stop the displacement of the electron cloud
altogether and send it back. This effect is known as
virtual cathode effect [1, 2]. The electron cloud can
not only be completely stopped and reversed but it
can be made to oscillate periodically between the
two electrodes if the right conditions are met [1].
At atmospheric pressure the streamers emitted
from a point electrode show considerable branching
and follow the applied field lines. As the pressure
decreases the branching disappears and the single,
diffuse, surviving streamer propagates along the
main field line with increased diameter [3].
In the upper atmosphere streamers propagating
through long distances over wide variations in air
pressure are known to grow in size in direct
proportion to the air density n while the electron
density varies as 1/n2 so combining these it becomes
evident that the total charge at the head should vary
as 1/n [4].
2. Experimental set-up
The experiments were carried in the large
vacuum chamber shown schematically in Fig. 1.
Inside the vessel a disc of Mylar 60 cm in diameter,
was placed parallel to a grounded metallic plane
also circular in shape. The dielectric was charged
during several hours using a positive corona
discharge. This was generated by a triangular set of
wires to which a DC voltage of +30-35 kV was
applied. The charging of the dielectric was carried at
the relatively high pressure of 400 torr pressure in
order to avoid premature breakdown. Once the
dielectric is charged the corona is switched off to

avoid interference with the dielectric’s own
discharges.

Fig. 1 Layout of the vacuum chamber and its main
components.

A photomultiplier tube was placed at one of the
viewports of the vessel in order to detect the first
light produced by the discharge. The pulse of light
from the photomultiplier tube was used to measure
the duration of the discharge and to trigger the fast
camera. This was an intensified CCD camera
(Andor iStar 334) with delay and exposure
controlled internally. Most of the images were taken
using a wide-angle 28 mm Nikkor lens.
At the bottom of the chamber a broadband short
mast antenna, 11 cm long, was placed. Its signal
pickup was employed to detect the presence of deep
penetrating discharges. Industrial-grade dry air was
used in all of the experiments.
3. Experimental results
Once the dielectric was fully charged, the
vacuum pressure in the chamber was steadily
reduced with a vacuum pump. As the pressure
decreased, self-triggered discharges were observed
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around the dielectric. Depending on the pressure
these could be a spark between the dielectric and the
ground plane or downwards propagating streamers
initiated at the lower face of the sheet.

Fig. 3. Loop described by a propagating streamer. This
departed from the bright discharge on the surface of the
dielectric, above right. Included in the figure is a 2-cm
marker, as a reference. Pressure: 45 torr. Gate: 50 µs. The
shadowed part of the figure represents the dielectric.

Fig. 2. Long streamer reaching the bottom of the chamber.
Pressure: 36.6 torr. Delay: 0s. Gate: 50 µs. The edges of
the dielectric sheet are outlined with solid lines as the
image was taken looking up, at an angle.

Many of the streamers produced were seen to
depart from the surface of the dielectric crossing the
chamber all the way down to the bottom. Figure 2
shows one example of this instance. In this case the
long streamer can be seen propagating downwards
and disappearing from the field of view of the
camera towards the chamber’s bottom. Above the
dielectric an arc and other types of discharge
activity can be seen in the gap between the dielectric
and the ground plane.
In some cases the streamers were seen to bend
backwards and to return to the departing plane
forming a loop. Figure 3 gives an example of this
type of behaviour. From the marker included in the
figure it becomes apparent that the radius of
curvature of the loop is 2.36 cm. The image was
taken looking up at the lower face of the dielectric.
The streamer departs from the bright spot that is one
end of an arc discharge bridging the upper side of
the dielectric with the ground plane.

In some of the shots it was observed that out of
several streamers produced in the same discharge,
some of them would return to the Mylar while other
carried on propagating downwards. Figure 4 shows
an example of this behaviour. (The arch above the
returned streamer is the reflection of the former in
the polished surface of the Mylar.) Apparently not
all streamers emerge with the same velocity and
charge as sometimes in the same discharge one of
them would escape while the other did not, as
shown in Fig. 4.

Fig. 4. Instance of a returned streamer and another
propagating downwards. Pressure: 4 torr. Gate: 50 µs. The
solid lines indicate the edges of the dielectric.

3. Discussion and conclusions
When the pressure in the vacuum chamber was
gradually reduced the charged dielectric discharged
in several steps within the pressure interval ~100
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torr down to 0.03 torr. There are several regimes of
the discharge: at high pressures a spark between the
dielectric and the ground plane is observed. At
intermediate pressures, of the order of tens of torr,
streamers appeared propagating downwards from
the sheet in addition to the spark in the main gap. At
even lower pressures ~1 torr or less, a diffuse
discharge was observed in the lower side of the
vessel.
As shown in Fig. 1 some streamers escaped to the
bottom of the chamber while others were returned,
as in Fig. 2. Initially it was thought that the
deflection of the streamers could be caused by the
Earth’s magnetic field as the camera was initially
pointed in the north direction. But subsequent
experiments with the camera pointed in the eastwest directions demonstrated that the Earth’s
magnetic field was not the agent causing the
streamers to curl.
Having discarded the magnetic force as the agent
that deflected the streamers the attention was turned
to electrostatic forces. It is here postulated that if the
charge in the streamer head creates electrostatic
images at the ground plane and the walls of the
chamber then the force of attraction between them
could be responsible for the deflections observed. It
may be paradoxical but the stronger is the streamer,
i. e. the more charge it has at the head, the more it
would be deflected. In this way strong streamers
have less probability of escaping and would be
returned while weaker streamers might escape more
easily.

axis then the force of its images on the vertical walls
would cancel out so that the main force might come
from the image at the upper ground plane which
applies a force that is basically vertical. This is not
always the case obviously; often the lateral images
also apply radial forces that make the streamers
travel with a horizontal component that drives them
towards the vertical walls.
A field calculation was carried out using the
program Comsol. Figure 5 shows the results of the
field lines obtained for a point charge placed at a
position z on axis indicated with the label q. When
using the image-charge method the ground plane is
removed and an image q’=-q is placed at a position
z behind the ground plane. The static field of the
charged dielectric was included in the calculations.
The arrows in Fig. 5 show the field pattern and not
the local intensity. In this particular case the
magnitudes employed were: surface charge density
on the dielectric: 0.3 µC/m2, point charge: 3.79 nC.
The results shown in Fig. 5 show that in most of
the space below the dielectric a streamer’s head
would experience a field with a downward direction
but near the axis the field reverses due to the effect
of the image charge. This exerts a pulling force,
upwards in the vertical direction. This is what makes
the streamers, initially moving towards the bottom
of the chamber to stop and then reversed, describing
the closed trajectories shown in Figs. 2 and 3. The
image charges play the role of an additional anode
placed on the way of the positive streamers,
stopping their propagation. For that reason we call it
virtual anode.
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