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SOME PHENOMENA IN PHOTOGRAPHIC EMULSIONS
IN STRONG ELECTRIC FIELDS

Introduction

The formation of the photographic latent image is

generally acknowledged to be electrical in nature,

although the details of the process are still in doubt.
According to the most commonly accepted theory, that of

Gurney and Mott, (6, pp.lf>l-l67) an electron is freed
from the halide ion of the silver halide crystal by the
absorption of a quantum of energy.

This electron moves

through the crystal lattice until it is trapped by a
center, most likely a speck of silver sulfide, near the
surface of the silver halide grain.

This trapping center

then has a negative charge and attracts silver ions in
its vicinity.

The silver ions move to the trapping center

by ionic conductivity, neutralizing the charge and becom
ing neutral silver atoms.

These groups of silver atoms

then constitute the latent image, serving as centers for
the deposition of metallic silver in the development
process.

The primary mechanism involved in this theory - the
freeing of an electron Into a conduction band by the
absorption of a quantum of radiant energy - suggests a

comparison with the phenomena associated with lumines
cence in crystals.

2

Ordinarily, luminescence in crystals results when an
electron is raised to a higher energy state by the absorp
tion of a quantum of radiant energy and later emits an
equal or lower amount of energy in the form of visible
light when it drops back to a lower energy level.

If the

re-emission of energy takes place within the mean life of
an energy state of the electron, about 10-8 seconds, the
phenomenon is knotm as fluorescence.

If, on the other

hand, the electron is somehow trapped in its higher
energy state, so that luminescence results at some later
time, up to hours or even days later, the phenomenon is
known as phosphorescence.
Luminescent crystals, called phosphors, usually
respond only to radiation of certain wave lengths, that
is, having energies in certain bands, which are charac
teristic of the crystal.

However, Destriau (4, pp.700

739) found that certain phosphors would luminesce when
subjected to a strong, changing electric field at ordi
nary alternating current frequencies as well a.s the high
frequeneie$ of electromagnetic radiation.

On the basis

of the results of extensive experiments, Deatriau hypoth
esized that luminescence would result whenever the field
in the crystal was strong enough to accelerate an elec

tron, within the length of its free path, to the energy
of a quantum of visible light.
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Extensive investigation of electrolum1nescence has
resulted 1n a new insight into several aspects of the
behavior of phosphors, as well as some practical direct
applications.

Because of the basic similarity 1n the

mechanism of phosphorescence and the formation of the
photographic latent image, it seems logical to investi
gate the possibility that blackening of the silver halide
grains in a photographic emulsion might be instigated by
the action of an electric field in a manner analogous to
the electroluminescent excitation of phosphors.

Investi

gation of such a phenomenon, if dtscovered, would at
least provide another avenue of approach to the details
of normal latent image formation.
This paper is a report of some attempts to find out
if an ordinary photographic emulsion would be blackened
by the action of a strong electric field alone, and a
qualitative discussion of the results obtained when
photographic plates were subjected to strong electric
fields.
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PRELIMINARY INVESTIGATION
The first experiments in this study were carried out
by the writer in collaboration with Arthur R. T1nes of
the Oregon State College Physics . Department during the
summer of

1955.

They were of a simple "try it and see

what happens" nature, the thought being that the results
might indicate whether further, more careful, investiga
tion was warranted and, if so, might give some suggestion
as to the direction such an investigation should take.
All of the first experiments were done with DC fields.
The procedure was to place a glass photographic plate
(Kodak No. 1 or No. 2 speetographic plates were used)
between electrodes consisting of polished copper sheets,
enclosing the parallel plate capacitor thus formed in a
light-tight box, and connecting the electrodes to the
output of a high voltage power supply unit.

The poten

tial difference between electrodes ranged between 2,.500
volts and .5,000 volts in the various experiments.

Other

arrangements, such as the introduction of a clear glass
plate or a sheet of paper to separate the electrode from
the emulsion, were also tr·ied.

Among the more interest

ing experiments was the pr1nt!ng of a photographic image
by

placing a plate, previously exposed 1n the spectro

graph and developed, in contact with the unexposed
emulsion and then placing both plates in the electric
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field.
~he

Some quite good reproductions were obtained.
developed plates from these experiments present

1n general a blotchy appearance, usually with pattern

features which were often quite puzzling.

It soon became

evident that much, it not all, ot the blackening was
caused by luminous discharges in the air layers between
the glass, paper, or other separators that were used and
the emulsion.

A large number ot subaequent experiments

was performed in efforts to pin dow.n the exact cause ot
the etfects produced and, in particular, to find any evi
dence of blackening which could not be attributed to the
light from such discharges.
Most ot these experiments were carried out with the
electrodes and plate or film in the open on the darkroom
bench, both tor convenience and tor observation ot the
light produced by discharges.

On the premise, again by

analogy with eleotroluminescence, that any effects pro
duced directly by the electric field would more probably
result trom an alternating field, the DC power supply was
replaced by a high-voltage transformer.

Exposures were

made with effective potentials between electrodes ranging
from about 1000 volts to 7000 volts.

First tor compari

son and later, when no appreciable difference in results
was observed, 1n the interests of economy, film (Kodak XX

35

mill~eter

and some Ansco Triple-S cut film which

happened to be available) was used instead of glass plates
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for most of this group of experiments.

Di:fferent elec

trodes, suitable to the particular arrangement desired,
were also used.

They included small copper, brass, and

aluminum plates, pieces of brass screen, and tran.s parent
cells filled with a saturated solution of sodium chloride.
The screen and transparent gells were used in an
effort to observe dischai"'ges that took place other than at
the edges of the electrodes, but the results were not very
satisfac't·o ry.

Discharges large enough to blacken the

plate could be completely hidden from the viewer by the
wires of the screen, and in the case of the cells,
fluorescence (or electrolum1nescenoe) in the salt compli
cated the questions further by adding an additional source

or

light.
Although many interesting observations were made 1n

these preliminary experiments, many of them were not
really pertinent to 'bhe principal questions, and a
detailed discussion of the results scarcely seems justi
fied as a part of this paper.

Some which do seem signifi

cant, especially in comparison with later work, are
included in the general discussion of results which
,follows.
Three general conclusions were drawn from this pre
liminary investigation:
1..

In no case could it be definitely e.s tablished
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that any observed blackening of the emulsion could not
have b•en caused by light, but the large number of incon
clusive cases and unexplained results justified further
study.
2.

Complete elimination of all luminous discharge-s

was probably the only method of obtaining any conclusive
evidence of blackening caused by the field alone.

3.

Very slight changes in the experimental set-up

produced such widely variant effects that some sort of
standardized and definitely reproducible arrangement ·o f
electrodes and emulsion was essential to any meaningful
comparison of results.
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APPARATUS AND EXPERIMENTAL PROCEDURES
Upon consideration of the preliminary experiments, it
waa decided that the beat possibility of eliminating the
luminous discharges would be in making the exposures
either 1n a vacuum or in air or some more inert gas at
pressures higher than atmospheric.

It was thought, too,

that even if such procedures did not eliminate the dis
charges it might change their nature enough so that a
comparison of the results obtained in different atmos
pheres would lead to an interpretation of some of the
effects produced.
For a standardized arrangement that could be used
conveniently either 1n a vacuum or in a pressure chamber,
a box to accomodate two inch square lantern slide plates
was constructed of l/8 inch Micatlex, a molded mica pro
duct consiattng principally of ground mica 1n a shellac
matrix.

This material was selected both tor its high

resistivity and ita good vacuum properties.

The aides

ot the box flt loosely between double walls on the lid,
forming a light trap that would still allow fairly free
paaaage of gas into or out of the box.

Semicircular

grooves were filed in the edge of the light baffle and the
sides of the box to provide a pump-out path where these
fit closely against the top and bottom of the box.
The copper electrodes were cut from l/4 inch by one
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inch bus bar stock, milled flat and polished with a_ cl oth
buffing wheel.

Their finished size was 25 x 26 x 6mm.

'f o

reduce corona, the corners and edges were rounded to about
one mm radius by sanding , before polishing.

Lead wires,

of no. 32 enameled copper magnet wire, were soldered to
the centers of the electrodes.
The box was cemented together with Inaa•Lute cement,
a commercial cement which dries in air to form a porcelain
like substance with good electrical and vacuum properties.
The electrodes, carefully centered, were cemented to the
top and bottom with the lead wires emerging through l/8
inch holes drilled in the Micatlex.
Because the cement was slightly translucent, all
seams were painted with red Glyptal as additional insur
ance against light leaks.
The box was, in genepal, quite satisfactory.
Although not light-tight, it prevented any significant
fogging of the plates 1n the usual experiment.

As a

first test for light leakage a piece of panchromatic film,
with a film speed approximately five times that of the
plates generally used, was placed in the box and the box
left sitting on a sheet of white paper in a normally
lighted room for forty minutes.

Upon development, this

film showed very slight fogging, with a maximum density or
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0.30 1 •

In a later check a lantern slide plate which had

been handled just as it would have been in an actual
experiment but not exposed to the electric field, was left
1n a day-lighted room for tour hours, then processed and

compared with a developed plate which had not been exposed.
No measureable difference was found, although both plates
had slight storage

togg~.ng

along the edges.

(The maximum

density measured was O.J.4.)
At the time the box was built, it was felt that, as
long as the position of the electrodes with respect to the
emulsion was reproducible and the spacing could be quite
accurately determined, the additional time and expense
necessary for precision machining
essary.

and fitting was unnec

In general, this was true, but valuable addi

tional information might have been obtained with optically
polished electrodes, placed accurately parallel, with one
mounted on a microme_ter screw for easy and precise adjust
ment of the distance between them.

In this work, the gap

lphotographic density is a measure of the amount of silver
deposited 1n the image. It is defined 1n terms or the
amount of white light absorbed by the negative 1n the
following mannerJ
If I 0 is the intensity of the incident light and I is
the intensity or the light passing through the negative,
the ratio I/Io
T is the transmittance, or transparency.
The inverse ratio, 1/T = 0 is known as the opacity.
Photographic density is the logarithm, to the base 10,
or the opacity. (11, p.l64 and p.817)
A visual type Eastman densitometer, calibrated 41rectly
in densities, was used for all density measurements 1n
this work.

=

ll

between electrodes was determined by the height of the
light baffle, which rested on the bottom of the box and
supported the lid with its attached electrode.
Micrometer -measurements of the completed box showed
that the electrodes were not parallel, the top electrode
having a slope so that the resulting gap between elec
trodes ranged from a mintmum of 1.046 mm to a maximum of

1.298 mm.

The lantern slide plates measured averaged

0.988 mm in thickness, with a maximum deviation from the
average of

o.oo5

mm.

Thus, a lantern slide plate resting

on the lower electrode should leave an air gap between
emulsion and upper electrode surface ranging from 0.060 mm
to 0.312 mm.
This spacing could be increased by placing spacers of
the proper thickness under the light battle, but no provi 
sion was made for decreasing it.

Later, to decrease the

air gap when using film or when actual contact between
electrode and emulsion was desired, a brass plate 0.86 mm
thick was placed on the lower electrode.

This plate was

the same size as the electrodes and was cut from sheet
brass, the edges and corners rounded, and the surfaces
hand•pol1shed by rubbing on crocus cloth lying on a flat
surface.
The equipment used for shadow-casting electron micro
scope specimens provided a readily available vacuum system,
which was used for all vacuum experiments.
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For higher pressures, a chamber was constructed from
an eleven 1neh length of six inch steel pipe.

A 3/16 inch

steel plate, welded on, closed one end, while the othel"
end was threaded for a standard pipe flange.

A half -1nch

steel ·p late, sealed with a flat rubber gasket, was bolted
to the flange.

Two 1/8 inch Hoke valves and a pressure

gauge were installed in the closed end.

Two spark plugs

with tne ·gro\ltld electrode removed were used for high
voltage leads through the wall of the chamber.

All

threads were coated with Glyptal before assembly, but
when it was found that the joints still leaked they were
simply resealed with a fillet of sealing wax.
c·ommeroial nitrogen was tbe only gas, other than air,
used in the experiments.

The usual procedure was to

connect the nitrogen tank to one of the valves on the
chamber with copper tubing.
through a
cal pump.

pe~ent

'l'he other valve was connected,

manifold, to a Cenco•Megavao mechani

After the box containing the photographic plate

vas in place and the face plate bolted on the chamber,
pumping was started with. the filling tube open to the
chamber.

When the prea.s ure in the tube was reduced to

about two to three inches

or

mercury, as indicated by a

pressure-vacuum gauge on th:e nitrogen tank. the tube was
closed at the chamber, filled with nitrogen to atmospheric
pressure, and then again pumped out to about the same
pressure.

The valve on the chamber was then closed again
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and the tube refilled with. nitrogen at atmospheric pres
sure.

It was left this way while evacuation of the

chamber continued.

This procedure was adopted to avoid

the necessity of attempting to get a high vacuum in the
long l/8 inch filling tube but still assure reasonable
purity in the nitrogen which was used to fill the chamber.
Because of the small valve opening, evacuation of the
chamber was very slow.

Pressures were indicated by a

thermocouple gauge on the pump manifold.

The amplifying

circuit and meter used with this gauge most of the time
and the factory calibration of the gauge indicated a mini- .
mum pressure in the manifold of about one micron.

A later

check with a different circuit gave corresponding readings
of the order of 10 to 12 microns, which seems much more
reasonable.
Pumping was continued for about half an hour af·t er
this minimum gauge pressure was reached, to compensate for
the probable difference between chamber and manifold
pressures.

The valve to the pump was then closed off, the

chamber filled to atmospheric pressure with nitrogen, and
again evacuated in the same manner.

After this evacuation

nitrogen was admitted to the desired pressure and the
photographic exposure made.
The nitrogen pressure, with the apparatus used, was
limited to 50 pounds per square inch (gauge) by the
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regulator on the nitrogen tank.

Although the chamber

should withstand much higher preasures, prudence would
require some careful testing, with due regard tor safety
requirements, before exposing 1t to higher pressures in
the open laboratory.

The pressure used seemed to satisfy

the immediate requirements of the study, so no attempt was
made to increase it.
For the few exposures made 1n air above atmospheric
pressure, the chamber was simply connected to the com
pressed air supply line in the laboratory.

Gauge pressure

in the line was 36 pounds per square inch, so all of these
exposures were made at that pressure.
The high voltage transformer providing the field was
the same as that used 1n the preliminary work.

The pri

mary was connected to a Powerstat, a variable auto
transformer, which allowed adjustment of the primary
voltage from zero to 135 volts when supplied from the
regular 110-volt, 60-cyole source.

The Powerstat

transformer combination was calibrated by measuring
secondary voltages with a Simpson meter.

The secondary

voltage was found to be accurately linear with Powerstat
settings up to the 5000 volt limit of the meter; it was
assumed that extrapolation of the same line would give
sufficiently accurate settings for higher voltages.
A single snap switch controlled both the transformer
and a Standard electric timer, which indicated exposure

l.$
times to hundredths of a second.
I

(The timer was not used

for the vacuum exposures, which were all one second or
longer .. )
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HISTORICAL REVIEW
The experiments performed in this study do not pro
vide any conclusive answer to the primary question con
cerning the direct effe·c t of an electric field on a
photogJ-aph!e emulsion.

A careful study of the results

does, however, throw some additional light on the whole
complex problem of electrical effects on photographic
materials • a problem which has never yielded any satis 
factory ·s olution, despite 1ts long history.
Two general conclusions may be dra:wn from the litera
ture on this problem:

1.

Many investigators (particu1arly

and understandably the earlier ones) either were not · aware
of previous work or failed to relate earlier discoveries
to their own studies.

2,.

There is a tendency to treat as

isolated phenomena different effects which, by the simi
larity of the method used to produce them, would seem to
be closely related.

In an effort to avoid these pitfalls, it seems
ad.v isable to introd.uce the results of the present 1nvesti ...
gation with a review of some of the earlier work.

Since

the results may all be classified as various types of
I

"discharge figures", the review should begin with the
discovery of such figures, antedating the devel,opment of
photography.

Dr. Lichtenberg discovered the figures,

which ·o ften bear his name, in 1777.

He introduced an
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insulating plate between a grounded metal plate and an
electrode connected to one side of a spark gap and found
that if a capacitor were discharged across the gap and
then fine powder were sprinkl$d on the insulating plate,
a very striking figure was produced.

He also discovered

that reversing the polarity of the capacitor produced a
distinctly d1f:terent figure..

(14, p.769)

In 1888 J. Brown, studying the sparks from an induc
tion coil by photographing them, conceived the idea of
allowing the spark to make its own record.

In a dark

room, he placed a photographic plate on a grounded metal
plate, touched a w.i re from the induction c o·il t .o the
emulsion, and tripped the breaker on the coil manually,
so that a single spark resulted.

When developed, the

plate revealed a Lichtenberg figure, although it was
apparently not until some time later that figures produced
1n this manner were recognized as the same as those dis·

covered by Lichtenberg.

(1, pp.502-50J)

The publish,ed reproductions of Brown's plates show
that the figure resulting when the electrode on the emul ...
sion is positive consists of many fine, sharp-edged lines
extending out from the electrode position and forking
repeatedly, so that the figure resembles a clump of many·
branched, leafless trees,

The negative figure, on the

other hand, has only a few curving tttrunk" lines, each of
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which separates into several short branches.

Each branch

terminates in a number of tine, straight linea, extending
radially from the tip of the branch and all surrounded by
a slightly less densely darkened area, giving the whole a
palm-frond effect.
From Brown's work, the following additional results
seem particularly noteworthy:
When both terminals of the induction coil were con
nected to electrodes on the emulsion side of a plate
resting on a grounded base, the result was a single
crooked line connecting the positions of the two

elec~

trodes with branches near the ends showing the polarity
of the electrode at that end by the characteristic pattern.
In the absence of the grounded base, a broad, straighter
line with a light center and without branches resulted.
In this case, many very fine lines surrounded the broad
line, arching along paths which, if extended, would join
the positions of the two electrodes.
When metal toil was placed on both sides of the
photographic plate and connected to the induction coil tor
a short time, the developed plate presented a general
blotchy appearance, "probably due to wrinkles in the foil",
with sharp, dark lines marking the edges of the top foil
and the edges of initials which had been cut in it.

A

single gutta-percha tissue between the foil and emuleion
decreased the density and sharpness of these lines, while
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four layers o:f' tissue eliminated them completely.
( 1, pp.$03-50$)

Brown stated that, although he could not explain how
these effects were produced, he did believe them to be due
primarily to a dir.eet electrical action on the emulsion,
with the luminosity o:f' the discharge playing a minor role,
( l, p,505)

Alfred

w.

Porter, reporting on a number of experi

ments with discharge figures 1n 1910, published a direct
contradiction o£ this view:

"Experiments of J. A.

McClelland and Mr. Oampbell Swinton seem to render cert•in
that the figures are due to the luminosity of the dis
charge and not to direct electrical action."

(15, p.l42)

Un:tortunately, he does not describe the experiments or
discuss them .f urther, nor does he give any reference to
their publication.

No published reports have been located,

and the original publication of Brown's work,

summarize<!~

1n the reference cited above, has not been available.
In 1914, A. Palme reported as an accidental discovery

a new method of' producing images of coins, medallions,
etc., which consisted of laying the object on the emulsion
of a. photographic plate ·which, in turn, rested on a flat
lead plate, and connecting the coln and lead plate to
opposite sides of the secondary
former for a very short time.

or

a high-voltage trans . .

The result, a beautifully

sharp image, Palme explained as being due to ultra-violet
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radiation produoed 1n a. glow discharge between the two
metals, the action being strongest for those parts of the
design closest to the emulsion .

He mentioned a possi ...

bility ror the study of corona 1n the streamers surround
ing the image of the coin, and noted that the pictures
could be produced as well if the transformer were replaced
with a charged Leyden jar or other large capacitor ..

(13, p.598)
Apparently unaware of these earlier reports, Karl
Hansen, in 1916., published the results of experiments.
which essentially . duplicated those of Brown and Palma.
He used an induction coil to produce Lichtenberg figures
and images of coins, and noted that the polarity of the
coin was revealed by the appearance of the characteristic
positive or negative figures in the "halo" surrounding the
image of the coin.

As to the cause of these effects,

Hansen states it had not been definitely determined, but
that the experiments indicated first an electrical effect,
followed by a chemical reaction.. . ( 7, pp.610-6ll).
In 1917,

s.

Mikola reported a study of Lichtenbe.r g

figures, and ann.o unced the discovery of an entirely dif
ferent type of figure, produced by placing a small
electrode on the glass side of the photographic plate and
separating the emulsion from a large flat electrode with a
very thin layer of air.

He also advanced the th6ory that

the t1gures were produced by

high~velocity

electrons and
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ions, the lines of the figures indicating their tracks in
a manner analogous to the cloud-chamber tracks of
Wllson.

(12, pp.l62-165)

c. T. R.

In supporting arguments for

this theory, Mikola noted the significant facts that the
figures were only produced

by- a

sudden change 1n the

charge on the electrodes; that this change could as well
be a discharging or the capacitor formed by the electrodes

and the photographic plate as the customary charging; but
that in this case the typical positive and negative
figures

we~$

reveXtsedJ that is, if the electrode ne.x t to

the emulsion were slowly given a positive charge and then
suddenly allowed to discharge through an external circuit,
a negative figure would result.

(12, p.161) ·

Although the cause of discharge figures was not
detinltely determined, these and many other studies did
establish the fact that certain characteristics of the
figures always indicated some definite reature of the dis
charge, so that discharge figures evolved from an object
of study to a method or study of the voltage pulses that
produced them.
The Klydonograph was developed as a standard method
of produc1ng discharge figures for the ,s t.udy of high
voltage surges 1n electrical circuits, and has become a
familiar tool of the electrical eng1ne·er, used both for
laboratory pesearch and for recording .s urges 1n power

transmission llnes in the field.

Using small,

22

hemispherical electrodes, it produces circular figures
whose diameter is determined by the impressed voltage.
Positive figures .consist of many fine, crooked, and often
branching lines, while the fewer lines of the negative
figures are shorter, broader, and straight.

In addition

to what was probably the first detailed voltage calibra
tion of Klydonograph figures, .J. F. Peters reported, in
1924, the following s1gnificant facts:

1.

The number of

lines, that is, the over-all density of the figure, indi
cates the rise time of the high-voltage pulse •.

a.

Exposure to repeated pulses of the same kind do

not alter the figure, but merely increase the density ..

.3.

The figures produced by simultaneous pulses

applied to two electrodes close together do not overlap,
but if one pulse follows the other 1t produces a normal
figure covering part of the one produced by the first
pu-lse.

4.

An alternating voltage produces a small, dense

figure with very lit tle fringing around the edge.

5 ~.

Voltages exceeding a certain lim1 t for a given

instrument pr.o duce asymmetrical figures, like those dis 
covered by Br,own, which defy calibration and are therefore
undesirable from an engineering standpoint.

(14, pp.769

773)
Most of the subsequent study of discharge figures
seems to have been concerned with the interpretation and

2.3
calibration of Klydonograph figures as representations of
high•voltage surges in electriaal circuits.

One important

exoeption is the work of K. Gorbatsch1tf, who studied
figures produced with a hot electrode in 1926.

He found

significant changes in the structure of the figure when a
hot wire was used as the negative electrode, but none when
the hot electrode was positive.

(5, pp. 79-84)

For comparison ·with the present study, it should per·
haps be emphasized that .a lmost all of the work included in
this summary was done with a single high-voltage pulse to
the electrode, while either alternating voltages or longer
exposures to DO fields were used 1n tQe present work.
Also, almost all. of the experiments described in this
early literatUre were performed in the more or less stan
dard manner of producing Lichtenberg figures - with a
small electrode on or just above the emulsion or the
photographic plate, which rested on a much larger elec
trode •. usually at lea.s t as . large as the plate .
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RESULTS

The results of this investigation are best presented
by illustration,

A number of plates which show typical

patterns or serve as examples of particular exposure con•
ditions are reproduced in the following pages.

It should

be emphasized that these reproductions are positive
prints, using the plates as negatives, so that light and
dark areas of the original plates are reversed in the.
illUStrations.

Since it is quite customary, in photo 

graphy, to speak of light "blac.k ening" the film 1n an
area which appears light on the finished photograph, it
should not be too oont'us!ng to find a light area of the
illustration referred to as a "dense" or "black" area on
the plate.
In explanation of th.e rather poor quality of some of
the reproductions, it should perhaps also be mentioned
that the prints were made 1n whatever manner seemed to
best present pattern details, with little attention being
paid to tonal values.
A study of the plates exposed 1n the various condi

tions reveals six distinctly different effects or patterns.
For easy reference in discussing the results, it seems
advisable to label these six types of pattern, which are
illustrated by reproductions of typical examples in
Figure 1.
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Type A is a variation of the spark discharge figures
discussed in the preceding historical review.

In this

study, it appeared only on plates exposed in a vacuum,
with relatively long exposure to the AC field, and when
the "standard" electrode arrangement was used.
Type B is a quite uniform blackening with variations
in density, but without any pronounced pattern, except

that 1 t was often marked with small, dense spots, sur
~ounded

by a lighter area.

'l'his type was found on plates

which had been exposed at atmospheric pressure, with pax-t
of the electrode in contact with the emulsion and a short
gap separating electrode and emulsion ·in other places.
Type 0, if very dense, looks like an over-all
blackening, but close examination reveals a mottled pat
tern, made up of small dots arranged in chains.

It some•

times also shows light spots with black spots in their
centers.

Type 0 also appeared on plates exposed at atmos

pheric pressure, but with more space between electrode and
emulsion than 1n the arrangement resulting in 'l'ype B.

It

was sometimes t'ound to result t'rom exposures in air at
greater pressures, but not in nitrogen.
Type D, consiating of small, sharp, dense spots,
without any surrounding 'lbaokground" blackening, appeared
when the same electrode arrangements were used as those
producing Type B, but when the pressure was higher than
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atmospheric.

Whether the gas was air or nitrogen seemed

to make little difference.
Type E also appeared on plates exposed 1n either air
or nitrogen at higher pressures, but with the standard
electrode arrangement, or 1n other cases where the gap
between elect.r ode and emulsion was relatively large.
These small, star-like figures, which, with higher fields
or longer exposures, often overlap to produce a dense
pattern resembling a matted mass of thread, are the most
striking characteristic of high-pressure exposures.
Type F consists of circular dots, of varying den.s ity
but very uniform in size.

This type of pattern was first

noticed in the preliminary experiments and, either as
isolated dots or as maase.s or lines formed by many over
lapping ones, it appears on many of the plates, regardless
of the conditions of the exposure.
Several of these types of pattern are often found on
the same plate.

In most ot the plates, the edge of the

electrode is marked by a dense border, which may be or may
not be made up or one or the typical patterns.

It is

often too denae to determine any pattern, but usually
shows streamers or the Type E hairs along the outer edge.
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Type A

Type B

Type C

Type D

Type E

TyPe F

Figure 1.

The six basic patterns observed on the plates,
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Palme's method of obtaining the image of a coin was
first repeated, out of curiosity, during the preliminary
investigation.

The attempt was quite successful, as is

evident by Figure 2F.

When it became evident that the

distance from electrode to emulsion with the standard
exposure box was uncertain because of lack of flatness ot
the electrodes and non-parallel mounting, it was decided
to use a coin as one electrode for a comparison of results
under different exposure conditions.

With the coin rest

ing on the emulsion, distances were always reproducible
and could be accurately determined.
Some of the results of the comparison are shown in
Figure 2.

Figure 2A resulted from a half-second exposure

to an alternating potential between electrodes of 4000
volts rms, in air at atmospheric pressure.

As is evident

from the print, this was an extremely dense image, but the
resolutt'on
good.

~f

It ls

details . ot the design on the coin is very
~o~ed

by the uniform Type B blackening, with

greatest density where the distance to the emulsion was
least, except for the clear
it.

r~

and the area just inside

The entire area of the square electrode resting on

the coin was extremely dense, except for the ring which
appears faintly in the print a short distance outside the
coin image.
The corresponding plate, exposed in nitrogen at
atmospheric pre.s sure, was very

s~ilar,

but, unfort1.mately,
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was too dense and low in contrast to print.
The effect of increased
Figure 2B.

press~e

is illustrated by

This plate was exposed to the same potential

as 2A, also in air, but at a gauge pressure of 36 pounds
per square inch.

The separate dots forming the tmage and

the Type E atars are quite evident.
The Type E pattern was much more evident when the
atmosphere was changed to nitrogen and the pressure in
creased to 50 pounds per square inch.

Figure 2C shows the

result; potential and exposure remained the same.
Figure 2D is also a print from a plate exposed in
nitrogen at 50 pounds per square inch, but with the poten
tial between electrodes raised to 5000 volts rms.

The

border is a particularly good example of the matted thread
appearance resulting from exposure to higher potentials at
increased pressures.
Exposure to a DO field is illustrated in Figure 2E.
The exposure was made in air at atmospheric pressure, the
measured potential between electrodes being
the exposure one minute.

4240 volts and

There is very little difference

in the coin image on this plate and that shown in Figure

2A, except tor slightly lower density.

In this plate,

however, the outer edges show only scattered spots, and
the fuzzy "halo" on the AC exposure is replaced by faint
rays that are definitely the familiar negative Lichtenberg
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figure resulting from a round electrode on the emulsion
surface..

Considering M1kola 1 s observation that Lichten

berg figures result only from a sudden change 1h the field
between electrodes, it is interesting to note that these
rays are just the same on a plate exposed to the same
field for only one-half second, but the coin image is only
faintly visible.

This seems to indicate quite decisively

that the coin tmage is something quite different from the
regular Lichtenberg figures.
The image of the penny, Figure 2F, is included to
show the remarkable sharpness attained.

One of the pre

liminary results, this plate was exposed to a DC potential
of approximately 2500 volts for 15 minutes.

The plate was

a spectrographic analysis plate and was separated from the
lower electrode by an additional sheet of glass, so that
t~ere

was a total of about 1.6 mm of glass between the

electrodes instead of the approximately one millimeter
used 1n producing the images of the dime.
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B

D

E

Figure 2.

F

Coin images produced under various conditions.
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Some particularly interesting examples of the Type E
pattern, are shown in Figure .3..

The reproductions are 8x

enlargements of the original plates.
Figure 3A shows a portion of the same plate repro
duced in Figure lE.

This plate was exposed in nitrogen at

a gauge pressure of 50 pounds per square inch.

The stan ...

dard electrode arrang·ement was used, so there was a gap
between electrode and emulsion ranging from about 0.06 mm
to about 0.31 mm.

The AO potential between electrodes was

5600 volts rms, or about 7900 volts peak.
This figure illustrates the extreme sharpness of the
lines forming the star pattern and presents a good example
of a common arrangement ot: these patterns:
11

one or more

stars" surrounded by a ring of others whose rays tend to

follow circular ares with the first as a center.
A smaller and less striking example of this arrange
ment appears near the center of Figure )B, which is an
enlargement of a portion of the same plate shown 1n Figure
20.

As previously noted, the potential here was about

4000 volts rms; the exposure·, 0.5 seconds.

The rim

or

tbe

coin was in. eont.a ct with the emulsion, l .e aving a gap of
about 0.05 mm to the lettering and an average

or

0.16 mm

to the background, which shows black in the illustration.
Figure 30 shows the interesting result of placing a
piece of film (Kod.a k XX, 35 mm) and a lantern slide plate
between the electrodes at the same time.

The emulsions

33
were together.

Although the film was thick enough to fill

the normal gap between the plate and tne electrode, it was
quite stiff and had a tendency to curl, so it may probably
be assumed that there was actual contact between emulsions
only along the edge of the .film, wh.ich shows as a sharp,
straight line to the left of center in the illustration.
The forked "lightning flash" at the left has the
general appearance of a positive Lichtenberg figure.

Most

of this figure is, of course, outside the area covered by
the film, but it should be mentioned that even the lower
branch shows on the film only as a hazy general darkening,
without any of the sharp lines evident on the plate.
Also, on the film, there is e. single, broad, very dense
line leading to the position of the center of the figure,
which does not appear on the plate.

Same of the Type E

pattern which appears in the illustration was also evident

in the film, but was, in general, less dense and less
clearly defined.
This illustration also shows another common arrange
ment of the Type E patternt

small figures arranged in

rows, with either all the lines or the longest lines on
the

same side

or

.t he row.

This arrangem·e nt appeared (only

at times} when the gap between electrode and emulsion was
wedge-shaped, with a small, uniform slope.

The rows

appeared perpendicular to the slope, with the lines from
the figures running 1n the general direction of
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increasing gap .
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Figure 3.

A.

A part of the pattern
resulting from exposure
with the standard
electrode arrangement.

B.

A part of the coin image,
made with exposure to a
rather low field .

c.

The result, on the plate,
of placing a plate and
film in the field
together.

Some examples of the Type E pattern, all
resulting from exposure in nitrogen at a
pressure of 50 pounds per square inch.
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Figure

4 shows Type F dots on three different plates.

A careful study of these plates leads to some quite defin
ite conclusions as to the cause of this pattern.
uniform size of the dots, as shown in Figure
attracted attentton.

4A,

The
first

lly careful measurement of a large

number of the dots, they were found to have an average
diameter of 1.41 mm, with a maximum deviation from the
average of

4.6%.

The measurements were made with a

traveling microscope, and since a photographic image
never has microscopically sharp edges, this deviation is
easily attributable to error in measurement.
The three plates reproduced in Figure
the same enlargement.

4 were

given

The evident variation in size and

sharpness of the dots was found to depend on the thickness
of the photographic plate.

It was also found by observa

tion and confirmed by microscopic measurement that these
dots are formed on the bottom of the emulsion layer, next
to the glass.
These observations led to the obvious assumption that
the dots were formed by light coming through the glass.
If a point source of light were located at the bottom sur
face of the glass, only that light incident on the other
surface at less than the critical angle of total internal
reflection would pass through the surface.

Hence, the

light reaching the emulsion would be lfmited to a circular
area whose size was determined by the critical angle and

37
the thickness of the glass.
The glass in the three plates was the same.

Its

index of refraction, as measured with an Abbe refracto
meter, was 1.514, giving a critical angle, for a glass
to-air surface, of arc tangent 0.86.

(This assumes the

index of refraction of the emulsion is 1.00 which, while
probably not strictly correct, should not lead to too
large an error for a rough calculation.)
Using this critical angle and the measured thickness
of the plates to calculate the size of the dots to be

expected from points of light on the bottom surface of the
plates gives very good agreement with the size of those
measured, as shown 1n the following table:

Figure

Thickness
of plate,
millimeters

Computed
diameter,
millimeters

4A

0.79

1.35

1.41

4B

0.99

1.70

l .• 75

40

1.22

2.10

2.19

Measured
diameter
(average),
millimeters

The decrease in sharpness of the dots with increased
glass thickness is probably due in part to the tact that
any deviation from a point source of light would be empha
sized in the thicker plQtes.

In the last plate, at

~east,

it is more probably due to an increased gap between the
electrode and the glass, so t .hat the light was not
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confined closely to the glass surface.

Although this

pattern appeared on many of the plates, to produce it,
unobscured by any "front surface" pattern, in any parti
cular circumstances, proved to be an exasperating task.
Figure

40 represents the best result from many attempts to

get a number of measurable dots on a thick plate.

It was

made with a coin for the electrode at the glass surface,
leaving a larger air gap than that present 1n the other
two cases.

Measurement of the dots on this plate was

obviously difficult.

However, only those with the

sharpest outlines were measured, and the diameter given
is felt to be a tair average.
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A.

Plate thickness:

0.79 mm

Average dot diameter:

l.l|l mm

B.

Plate thickness:

0.99 mm

Average dot diameter:

1.75 mm

C.

Plate thickness:

1.22 mm

Average dot diameter:
2.19 mm

Figure l±.

An illustration of the variation in size of
Type F dots with plate thickness.
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CONCLUSIONS

It is extremely difficult to draw any definite con
clusions from the observations made in this study.

The

hypothesis offered in the last section 1n explanation of
the cause of the type F dots seems to be the only one
which can be supported by any conclusive evidence.

It is

evident that there if a& general or simple answer as to
the cause of the various patterns observed, and it seems
certain that neither "light" nor "electrical action" alone
is satisfactot'y.

Some of the blackening of the emulsion

was obviously caused by the light from luminous discharges;
'

1n some cases there are at least strong arguments for some
kind of direct electrical action on the emulsion.
In attempting to consolidate the many observations
made (some not previously discussed, as well as those men
tioned in the preceding pages), it seems advisable to
divide them into two catagories:

those supporting the

view that the blackening is caused by light, and those
offered as arguments for effects from direct electrical
action.
The following are evidence that some of the blacken•
ing is caused by light:
1.

In many of the preliminary experiments, luminous

discharges were observed.

If light was present, it would

certainly blacken the emulsion, and 1n no case when the
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emulsion was affected could it be proven that there was no
light present.
2.

The evidence previously mentioned in explanation

of the formation of the Type F dots.

Furthermore, if this

explanation is correct, a part of the "front surface"
pattern must be formed by corresponding points of light on
the emulsion side of the plate.

As previously mentioned,

the circular dots were found on plates exposed under all
conditions; similarly, tiny black spots, which would be
the expected result of points of light at the emulsion
surface, may be seen on almost all of the plates.

3·

On long exposures, pattern details tended to

disappear, and often the whole plate, including that out
side the electrode area, was blackened.

4.

In one experiment, pieces of plates were placed

around the edge of the exposure box, surrounding but not
touching the plate between the electrodes.

They were

blackened in a manner indicating the presence of light at
both surfaces of that plate.
Observations supporting the view that a part of the
results are due to direct electrical action in the emul
sion include the following:
1.

The extreme sharpness of many of the patterns on

the plates.

Light from a luminous discharge above the

surface of the emulsion would be expected to travel out
equally 1n all directions, so that that striking the

emulsion woUld result in a pattern with gradually decreas
ing density toward the edges rather than one with uniform
density: and sharp edges·, like those o£ten observed.

A

large number of luminous discharges would be expected to
produce a general blackening, without any definite pattem
detail.

The fact that suoh general blackening is observed,

but as a background for a sharp pattem, merely emphasizes
the distinction; the light or the discharge probably
causes the background, while the pattern itself is the
result of direct electrical action.
2..

The differences in ·e ffect on two emulsions

placed together, like the film and plate discussed 1n
connection with Figure )C.

Light occurring between the

two emulsions would be expected to have the same

on both, but in this case many of

the

ffeet

pattern details on

the plate are mi ssing on the film, and the general density
of the plate is greater, despite the fact that the emul
sion on the film is more sensitive to light.

J.

A photographic emulsion is not necessary to pro

duce at least some of the patterns observed.

Lichtenberg

figures, coin images, and the similar uniform Type B
pattern have been produced on clean glass plates by the
method of Lichtenberg:

after exposure to the electric

field , the plate is covered by a very thin layer of a fine
powder, or held in the steam above a vessel of boiling
water.

The particles of powder or droplets of condensed
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steam are distributed on the plate acco:rding to the dis
tribution of electrical charges on the glass surface.
Light would certainly n.o t be expected to play any part 1n
this process.
Assuming then that the blackening is the result of a
eomb:ln.a t1on of the light from. luminous discharges and
direct electrical action on the emulsion, the nature of
the electrical phenomena involved remains to be explained.
In attempting to form a hypothesis to explain these
phenomena, the following additional facts should be con
sidered:
l.

Any direct field effect would be expected to be

a probability function of the field strength.

Unfortu

nately, this means little, since the probability of the
occurrence of a gaseous discharge would be a very similar
function of the field.
2.

It was noted that no blackening occurred when the

electrode was in direct contact with the emulsion, for
example, on the rim of the coin.

This could be an indica

tion that there was simply no opportunity for a. discharge
to take place; it could, however, also indicate t.he result
of a weakened field due to direct conduction between
electrode and emulsion.
).

Although moat of the

experi~ents

involved the

generally uniform fields between parallel plate conductors,
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it must be recognized that the plates were not perfectly
smooth and that very small points on the surface would
produce extreme local variations in the field.

4•

The nature or the surface nearest the emulsion

had a decided effect on the resulting blackening.

Marks

on an insulator made with a substance which was a better
conductor, such as pencil marks on paper or collodion or
ink on glass appeared as darker parts of the photographic
image, while if the background material was the better
conductor, the marks appeared l!ghter than the surrotm.ding
area.

This, again, might be the result of changes in

f!eld due to alteration of surface irregularities, or it
might indicate changes in discharge phenomena due to
differences in conductivity.

5.

Silver halides are ionic conductors, almost all

or the current being carried by the positive ions.
(ll, p.l42 and 16, pp,,S'5-56)
This last fact provides a key which, combined with
Mikola's basic hypothesis, that ,Lichtenberg figures are
caused by high-speed movement of ions and electrons
(12, p.l62), leads to possible explanations for the
observed phenomena.

These explanation.s are offered with

advance acknowledgement of their incompleteness and the
lack of any conclusive evidence:
Excluding the round Type F dots, which, it seems,
have already been adequately explained, there are
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essentially only two basic phenomena involved Lichtenberg figures, represented by Type A and Type E, and
the dots and uniform blackening of Types B, C, and D.
Accepting the basic hypothesis that the movement

or

charged particles causes the blackening, these, in turn,
simply result from different directions of travel or the
charged particles:

Lichtenberg figures from particles

whose principal motion is parallel to the emulsion and
the rest from particles moving in paths perpendicular to
it.
If the distance from electrode to emulsion is very
short, a general discharge takes place at atmospheric
pressure. resulting in the uniform blackening designated
as Type B.

A sharp point on the electrode could cause a

sufficient increase in field strength to produce an arc,
even in the short distances where the secondary ionization

ot an arc discharge would not otherwise occur.

Such an

arc would produce a dense spot on the plate, and the high
current would reduce the field in· the surrounding area,
leaving a lighter "halo" around the spot on the plate.
This situation might occur at atmospheric pressure under
almost any of the conditions of the expertments, account
ing for the appearance of such spots on many of the plates.
At such very short distances the ions bombarding the
plate would strike the emulsion before they could be sepa
rated by smaller local variations of the field, resulting
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in a fairly uniform blackening.

When the air gap is

increased, the separation due to these variations becomes
more evident, resulting in the mottled pattern which was
designated as Type 0.
At higher pressures, particularly in nitrogen, the
mobility of the ions present 1n the gas is reduced to such
an extent that the over-all blackening of the Types B and
C patterns disappears, or is at least greatly reduced.
The field 1n the emulsion produces a current, carried by
silver ions.

At lower pressures, those ions reaching the

emulsion surface promptly escape, and either reach the
electrode or are neutralized 1n the gas layer.

At higher

pressures, they cannot escape so easily, but some are
neutralized on or near the emulsion surface, forming
silver atoms which become development centers.

Concentra

tions or such ions would naturally occur where the field
was greatest, and, if not promptly neutralized, would
build up a local positive charge that would force succeed
ing ions away from the small center, resulting in the
larger Type D spots instead of small ones, like those 1n
the Type C pattern.
When the distance from the electrode to the emulsion
surface is increased, the relatively inert gas layer be
comes a quite effective insulator, preventing the neutral
ization or spots or positive charge.

In the abaence of

current between electrode and emulsion, this accumulated
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charge results 1n a greatly increased field strength when
the electrode is negative.

The chal'ge increases mtil the

field is strong enough to force a current across the gap,
in the form of a disruptive discharge.

The result is a

small Lichtenberg figure, centered on the center of

posi~

tive charge, and formed by the scattering from that charge
of the positive ions formed in the gas by the discharge.
Similar reasoning accounts for the formation of nega
tive Licht.enberg figures when the exposure is made in a
vacuUill.

ln that case, there is nothing to prevent those

positive ions rea.c.hing the surface of the emulsion from
crossing the gap to the electrode, and no other positive
ions present to neutralize the negative charge left in the
emulsion.

Henoe, the accumulated charge is negative, and,

although it is much more difficult for a discharge to
occur in this case, if a chance increase in gas pressure
or the slo:w · outsaasing of the emulsion makes one possible,
the disruption of this accumulated negative charge forms
a negative Lichtenberg figure.•
(In this connection, it shoUld perhaps be mentioned
that all of the vacuum exposures were long ... five or six
minutes -whereas the other AG exposures were usually for
less than one second.

Also, only- four "flash" discharges ·

were seen 1n twenty minutes of observation of an open
electrode arrangement set up in the vacuum chamber in a
darkened room.

A very- short exposure in a vacuum would
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only by chance produce any blackening.)
These explanations, even tf basically correct, are no
doubt oversimplifications of complex phenomena.

They at

least serve as a means of consolidating many observations
and ideas into a logical structure.
Without any

r~petition

of the arguments, or any

.further attempts at explanations of details, the following
may be listed as quite well established conclusions of
this study:
l.

Light is nearly alway.s present, and some of the

blackening of the emulsion must be caused by light in
nearly every case.
2~

Light alone does not easily account for some

pattern. details or figures which can be produced on clear
glass plates by Liohtenberg' s method; tbis much of the
blackening must be attributed to direct electrical action
on the emulsion.

:h

The electrical action involved is most probably

1n the form of ion bombardment or the movement ·Of high

energJ ions through the emulsion.

Direct action of the

field on the silver bromide crystals is not precluded by
&nJ of the observations made, but !t .a ppears mlikely that

such action was

~

significant cause of any of the results

obtained in this study.
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