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ABSTRACT

Investigations into corona-discharge photography show that

subjects placed in a high-voltage field exhibit corona that may be

reccrded photoqraphically. The corona formation and structure depend

cn the applicd field strength and gradient, the type of film uscd,

and the waveform and the pulse repetition rate of the applied volt-

age.  Specimen properties affecting corona formation include res-

istivity, geometry, and moisture content; other factors may also

be important. The discharge mechanism is similar to that of

classical point to plane studies. CD Photography is Successfullv

usod to study temper -ure dependence of skin hydration in distilled

water and saline solutions. Evidence indicates that variations in

certain physiological parameters may be used to determine response

to psychological stimuli via corona discharge photography.
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SECTION I

INTRODUCTION

This report describes the results of three months work under
ARPA Order 2812 amd 2. (MDA 903-75-C028). The project, "Invest-
igations Into The Reliability of Electrophotography - Phase III"
is the final phase of our studies into Corona-Discharge Photography.
This work began on 25 June, 1974, and has been funded in its entirety
by the Advanced Research Projects Agency (ARPA), Depar*ment of
Defense.

Durirng this period, there were four main areas of work.
(1) Experiments and theoretical analysis to tie together the work
of the preceding year, (2) Design and construction of an apparatus
to allow the study of some frequency-dependent characteristics of
corona, (3) A preliminary evaluation of possible applications, and
(4) Studies of the corona signatures of human finger tips.

The results of Phase-II1 are summarized in Section II. Section
III is a brief review of corona-discharge photography as developed
during our program. Sectior ; IV and V describe the experimental
results and apparatus of Phase III, and possible applications are

discussed in Section VI.
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SECTION II

SUMMARY OF RESULTS

2.0 GENERAL RESULTS

When we began investigations into corona-discharge (CD) photog-

raphy, little was known in the U.S. about the phenomenon. Russian

workers had reported, superficially, the results of several experi-

ments, and had implied an in-depth investigation of theory and applica-

tions. In this country, perscns, primarily psychologists, had

attempted to investigate CD photography (commonly referred to as
Kirlian photography), but were mostly unsuccessful in obtaining

anything other than irreproducible results and speculative conclu-

sions.*

During the course of our work, LTS has been able to develop a

general model for the CD-photography experiment that explains most

all of the CD-photographs taken at LTS and elsewhere. We have been

able to explain, on the basis of our model, every example of

"mysterious or parapsychological” photographs that we have invest-

igated as the result of special and/or uricontrolled experimental

conditions. The fact that we mention this early in our discussion

here is not intended to reflect the main emphasis of our work, but

rather to deal with the considerable and widely publicized mis-

informaticn on CD-photography, discussed under the name "Kirlian

Photography".

*A single exception was work by D.G. Boyers and W. A. Tiller
(J. Appl. Phys. Vol. 44, No. 7, July 197 ) in which some basic
features of the CD photography experiment were investigated.

-2~
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In the CD-photography experiment, a subject is photographed
in a high-voltage field that produces a corona discharge about the
subject. The recorded image is referred to as the corona signature.
The characteristics of the recorded signature depend on the char-
acteristics of the applied field, the recording medium, the
position of the subject in the field, the environment of the subject
(including the apparatus and atmosphere), and the physical (and to
some extent the chemical) properties of the subject.

The applied field and the apparatus can be controlled suf-
ficently to use the experiment to extract information about the
subject. Those subject properties which we have found to have the
greatest effect on corona signature are geometry, electrical
resistivity, capacitance, and H20 content.

In addition to making further investigations of the way in
which corona signatures depend on basic experimental parameters,
we have designed and performed three experiments that show how CD
photography might be useful in the biological sciences. The exper-
iments were examples of the use of CD photography to investigate

(1) In vivo, detailed structure and mechanisms

(2) Response tec gross physiological changes in human
subjects

(3) Physiological response to external and "psychological"
stimuli.

These experiments were designed primarily to investigate the
feasibility of CD photography as a tool, rather than to derive

comprehensive information about a specific problem. Nevertheless,

in one case (1 above) the method was so successful that we were

-.3—
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able to determine specific and useful information about skin

hydration in human subjects.

In aeneral, we have found strong evidence that CD photography

nay be useful as an analytical tool in two areas:

(1)

Nondestructive testing of materials and certain types of

assemblies and components, and

(2) Determining, in vivo, biological properties that depend

Oon water content and/or impedance.

e b o o e Celdil 0 g s b il 1
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2.1 SPECIFIC RESULTS

2.1.1 Frequgncy-Dependency

We have designed and constructed a high-voltage CD

power supply that allows us to vary pulse repetition rate,

wave-shape, and pulse width. We have shown that, under

Certain conditions, corona-streamer range varies inversely

with pulse repetition rate. This is the first reported

data to support any investigation of the frequency
dependency of the CD photography experiment. Because of

time and funding limitations, we have not been able to

conduct further investigations. However, we strongly

recommend further examination of frequency responses as

@ prerequisite for the full understanding of CD photography

2.1.2 The Influence of Moisture

We have found that the bresence of even small amounts

of moisture can reduce the extent of and even inhibit the

formation of corona about a subject. Water appears to

interact with the film surface to alter the electric
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field about the subject to produce streamer curvature
and inhibit streamer formation. When subjects are
moist, the field on the reverse side of the film may be
sufficiently strong to initiate corona there. This may
be recorded as a fuzzy "secondary image" or as red to
yellow corona when transparent film is used. The color
occurs because the chromic layers of the film are
exposed in reverse order. It is this effect that is
responsible for many of the spectacular red flares seen
in some photographs of human fingertips.

2.1.3 Skin Hydration

The moisture sensitivity of the CD photography has
allowed us to design and conduct an experiment to invest-
igate, in vivo, the hydration of human skin. CD photog-
raphy is well suited for such un investigation, and 1
further work along the lines we have begun should allow

the development of an improved model of mass transfer

across human skin. :

2 o e ey
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We have shown, to date, that the skin acts as a
selectively permeable membrane, which will pass hydrated
Nat* and C1™ ions and water molecules. Water molecules

appear to require less energy to pasc through the membrane,

and the rate of hydration depends on temperature and con-

centration gradients as predicted by thermodynamical

el s by A B

considerations.




2.1.4 Physiological Investigations

We have shown that there is a corresondence between
subject GSR and the corona signatures of human fingertips.

We have also shown that hyperventilation will reduce the

[

density of corona streamers. These effects appear, under

the conditions of our experiments, to be due primarily

to varzitions in the water content in the subject's skin.

2.1.5 Responses to External Stimuli

Experiments with several subjects have shown that

stresses, such as a loud noise, will cause a reduction of

Streamer density in CD photographs. This appears, under

the conditions of our experiments, to be a result of varia-

tions in moisture content of subject's skin.

2.2 7.PPARATUS

One of the major problems in the rigerous study of the

corona signatures of subjects has been the development of an

apparatus to apply a high-voltage electric field with charac-

teristics that can be varied and controlled. The latest in the

series of power supplies we have designed, constructed, and used

overcomes many of the problems associated with previous equip-

ment. With this apparatus we are able to vary voltage, wave-

form, pulse width, eXposure, pulse repetition rate, polarity,

pulse rise time, and several other parameters with accuracy

and reproducibility. The apparatus is suited for _ne study of

materials and human subjects.

e




2.3 APPLICATIONS

Evidence indicates that corona-discharge photography meri:s
further investigations as an analytical tool for the kiological
and physical sciences. It may be useful for the nondestructive
testing of metals, composites, and other materials; for the
determination of water content in foods, coal, €films, and
dessicants; and for the testing of printed circuit boards and
wiring for electrical continuity. In the biological sciences
it may be useful for experiments based on moisture content
such as those described in this report. The sensitivity to

impedance and moistu.e may also be useful in the examination

of cell structure and mass transfer through membranes.

All of these suggested applications are speculative. Yet
it is reasonable to assume, based on our work to date, that

they could be developed. Whether they will be sufficiently

accurate and convenient to compete with existing techniques
or offer capabilities not now avzilable remains to be answered

by further research, both basic and applied.
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SECTION III

REVIEW OF CORONA-DISCHARGE PHOTOGRAPHY

GENERAL

In this section we briefly review corona-discharge photograph;y

Our efforts have

Spanned a 1 1/4-year period, during which time we have been in-

in the basic physics of the experiment.
3.1 HISTORY

CD photography, as investigated by LTS, is an advanced

version of the experiments reported by the Russian scientists

Semyon and Valentine Kirlian in 1958. This work was first

disclosed in the U.S. in the popular publication by Ostrander

and Schroeder (1970), "Psychic Discoveries Behind the Iron

Curtain". Because of the emphasis of the Russian work and the

manner in which it was introduced, most of the early work

in the U.S. was done by parapsychologists.,
Our interest arose out of the novel feature of using
Ihotography to record a corona induced around a subject. We
felt that the Ccharacteristics of the corona might be related
in a useful way to the properties of the subject.

In general,

our researches have supported this hypothesis. At no time
during our investigation have we found any evidence to support
claims of connections of the electrical discharge with any

parapsychological phenomenon. On the contrary, we have been

able to show that many such claims have been due to faulty

experimental procedure or misinterpretation of results.

~8=-




3.2 THE CORONA-DISCHARGE PHOTOGRAPHY EXPERIMENT

The basic corona-discharge photography experiment is
performed as indicated in Figure 1. The applied voltage is
on the order of 10,000 V, and the current across the electrodes
is from 2 to 10 mA. The voltage signal may be dc, modulated dc,
or ac. Pulse frequencies may vary up to 10 kHz. (Higher
frequencies have been used, but we have vyet to find any utility
in employing very high-frequency voltages). Exposure times may

vary from one 1/2-ms pulse up to several seconds. When two elec-

G e

trodes are used, the subject-to-ground electrode distance should
be on tlie order of 0.2 to 5 mm.

Most any type of photographic film may be used to record
the image, but the corona characteristics depend strongly on
the film type used. Corona onset may be observed as spikes on
the oscilloscope trace of the electrode voltage. Other corona-
recording techniques may be used including electrostatic chart
paper and CRT like devices.

The dielectric insulator is used to pravent spark formation
and currrnt passage and to control the elec.cic field. We have

used plass plates, bakealite, and ceramics, from 0.15 to 0.65 ;

| a
cm thick.

3.3 Mechanism of the Corona Discharge

The term "corona-discharge" refers to the transfer of
charge concentraticns through a gaseous medium with the emission
of light, initiated by ahigh voltage gradient. In the CD photo-
graphy experiment, the onset of corona is governed by the voltage

gradient from the electrode to ground, the gap between subject

and electrode, and specimen properties. Other factors that are
~0-
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(b) One-Flectrode Configuration

Figure 1. Basic Arrangerients for CD Photography 3
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important variables in CD photography expeiriments are the
chemical composition of the gas, temperature, pressure, and

electrode configuration.

At any given instant, there will be a small number of free
electrons present in the air; these may be caused by ionization
of gases due to background radiation and ultraviolet radiation.
When a voltage gradient is imposed, these electrons are ac-
celerated towards the anode. If the gradient is large enough,
the electrons will ionize (remove electrons from) molecules in
the gas. These ionized electrons will, in turn, be accelerated,
collide with gas molecules, ionize further electrons, etc.

Thus a cascading effect occurs, and large numbers of free
electrons are produced. 1In general, electrons are created by
ionizing collisions, photoionization of gas, ion bombardment of
the cathode, or by photoionization of the cathode. Electrons
are captured by the electrodes, the surrounding atmosphere, or
ionized and unionized gas species.

When an accelerated electron collides with a molecule,
it may not remove any electron but only raise electrons to
a higher energy state. The high-energy state has a short
lifetime, and the electron will drop back to its ground state
with the emission of electromagnetic energy. 1In air, this
energy is visible or ultraviolet radiation, and is the source
of some of the light emitted. The emitted radiation may be i

reabsorbed by other molecules, resulting ir photoionization

or other excited (high-energy) electron states.
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When the discharge occurs in air, the srectral distribution
(and thus color) of the discharge is determined primarily bv
the emission spectra of nitrogen and OXygen. These are mostly
in the blue-visible and ultraviclet regions of the spectrum.

In a classical high-voltage point/plane-shaped-ground
electrode experiment, corona formation will depend, among othar
things, on the relative polarity of the electrodes. When the
high-voltage electrode is posi“ive, the discharge is initiated
within the gap by electrons accelerated towards the positive
electrode. The ionization procedes towards the anode (positive
electrode), and creates a positive-ion cloud that extends into
the gap and away from the electrode. As this positive cloud
moves toward the cathode, the Streamer channels observed ir
CD-photography are formed. A dense collection of filaments
which extend only about 1 or 2 cnm from the anode may be

Observed as a steady, glow-like corona.

When the high-voltage point electrode is negative, a
fluctuating glow region, called the Trichel pulse region, forms
about the point (cathode). 1In this case the positive ions are
attracted to the high-voluage point and the visible discharge
is localized there. At sufficiently high fields (voltage
gradients) filaments will extend out from the glow region.

In the CD photography experiment, the high-voltage elec-
trode is a plane, rather than a point. The result is that a

fairly uniform field is created across the electrode gap.

~12-
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When a specimen is placed in the field, corners and other high-
curvature parts of the specimen act as high-voltage points, to
initiate corona discharge. 1In the single-elzctrcude case, the
field is not as unifcrm, but the specimen plays a similar role.
Both positive and negative corona occur in CD photography.
These can be observed from the corona characteristics and as

positive and negative corona spikes on an oscilloscope.

3.4 BREAKDOWN VOLTAGES

Breakdown or corona-onset occurs as a1 sudden rise in current
across the electrode, accompanied by a luminous discharge. This
occurs when the electric field is strong enough that more elec-
trons are generated in the gap than are lost (the Townsend
condition). Breakdown depends on the local field strength (the
voltage gradient) rather than the total voltage drop. Thus it
depends on gap width, insulating materials (including film)
prasent, and subject geometry and permittivity. Breakdown volt-
ages in CD photography are fairly close to those reported in
pvoint-to-plane experiments. Breakdown voltage also depends on
the rise time of the applied voltage. The longer the rise time,
the lower the onset volta

We have alsoc observed a "conditioning" effect in breakdcwn
voltage values. It appears that during a CD photography, a
static charge forms on the surface of the sample or film to
raise its potential. Thus a second discharge initiated shortly

after the first will require a smaller applied voltage.

-13-
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3.5 CHARACTERISTICS OF CORONA SIGNATURES

Three general types of corona are observed most often.
(1) positive streamers
(2) positive glow

(3) negative glow

The corona generally follow the geometric outline of the
specimen and are initiated at points of high curvature (e.g.

edges, holes, scratches, and corners). Streamers radiate

outward from the specimen. Glow corona form about the specimen,

but do not extend as far as the streamers.

The color of the corona is blue. Photographs of other

colors can be obtained, but these aie the result of secondary

pPhotographic images, and are not the actual color of the corona.

"Secondary" images refer to corona formed on the side of

the film opposite the specimen. 1In certain caces the field

strength on the reverse side of the film is strong enough to

initiate corona. Unless the film has an opaque packing, it

will be exposed by such secondary corona. Because the light

passes through the film in reverse order, redish-orange images

result, rather than the actual blue of the corona.

3.6 OTHER SOURCES OF FILM EXPOSURE

Other sources of film €Xposure may also occur, but only

under special conditions or to a minor degree. There may be

some exposure due to electron bombardment of the film. Many

,1
types of film are exposed by pressure. :

Under a voltage gradient, there may be an electrolytic

chemical transfer from the subject to the film. It will yield

-14-
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a color that depends on the particular chemical species. 1In

some cases there may be vaporization ard icnizaticn of chemicals
in the subject which yield corona characteristic of the vapor-
ized species.

3.7 FACTORS AFFECTING CORONA IMAGE

Three general types of factors affect the corona signatures of

a specimen: (1) the nature of the applied field, (2) the
properties of the specimen, and (3) the particular experimental

arrangement.

3.7.1 Applied Field Characteristics

(a) Voltage - Intensity and streamer range increase

as the applied voltage is raised above the breakdown

value,

(b) Polarity - When the applied voltage is rectified

positive, the corona consists of streamers and glow
about the subject. When the voltage is negative,
mostly spot and glow corona occur.

(c) Pulse repetition rate - As the pulse repetition
rate increases, streamer length decreases, and the
extent of totally exposed film about the periphery of
the subject decreases (after the first pulse).

(d) Exposure time (number of pulses ) - Each pulse
Creates a complete corona formation event; thus as

the number of pulses increases (greater exposure time),

the number of streamers and corona density incre

St

ase.

reamer lengths decrease sharply after the initial

pulse, gradually increasing with subseguent pulses

_15_




until they equal the initial length after long

exposure time,

(e) Voltage waveform - In general, the slower the
voltage rise time, the shorter the streamer range is.

3.7.2 Specimen Properties

(a) Geometry - The general outline and particular
site of corona formation follow the edges, corners
ard other high-curvature points of the specimen.
(b) Impedance - A decrease in streamer length.
Thus, subject permitivity and resistivity play a
part in corona signature patterns.

(c) Potential of specimen - Some experiments have

indicated that the potential of the specimen relative

to ground may affect corona. The sensitivity to rela-
tive potentials across a specimen is not known.

(d) Chemical/Physical specimen of properties - In addi-
tion to the resistivity and permitivity of the Specimen,
other chemical and physical properties may affect the

| corona. Moisture influences Streamer length and causes

streamer curvature indirectly via interaction with

the film. Other properties such as ionization poten-
tials may have some minor affects, but these have not
been determined. Also, the transfer of chemical

species under an electrical field may cause color

eéxposure of film depending on the particular species .

-16~
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3.7.3 Experimental Procedure

(a) Recording medium - The recording medium plays an
important role in determining corona characteristics.
Opaque-backed film will not generally show colors other
than blue, nor will secondary corona be observed. The
extent of variations in corona, in response to varia-
tions of specimen or field parameters, will also depend
on film type. Electrostatic paper images of corona
will also differ somewhat from the optical images.

(b) Dielectric isolator - The dielectric constant and
the thickness of the dielectric isolator will shape the
applied field. The dielectric can be selected to in-
crease the horizontal field component and increase
streamer range.

(c) Gap distance - Specimens in contact with the film
give considerable flairing of streamers, due to the
initial field direction and interaction wi_h the film.
When there is a gap between the film and the specimen,
more information is obtained on details within the
specimen outline. For appreciable gaps, the streamer
extent is reduced.

3.8 COMPLEX SUBJECTS

Experiments with complex subjects such as human fingers
have shown that sufficient control may be exercised to
allow the observation of a single subject parameter. Those

parameters with which we have had the most success to

date are geometry and moisture content. The e, of course,
may be related directly to more complex subject properties.

-17-
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For instance, by measuring moisture content of human fingers,
A

f we have been able to show correlations between CD photo-

|

4 graphs and the psychological stimuli.
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SECTION 1V

EXPERIMENTAL EFFORTS DURING PHASE IiT

4.0 GENERAL

The experimental work during this final phase included the

areas:

l. Improvement of apparatus

Ll ale o

2. The influence of moisture

3. Studies of characteristics of corona signatures

a4 et e

4. Studies of skin hydration

5.

Effects of external stimuli

The original research plan, as proposed, included a Phase IV which
would have been devoted to further investigation of corona discharge
(CD) experiments that are suggestive of practical application. The
efforcs of this phase were to have been devoted to: (1) the design
and construction of apparatus for use in Phase IV, and (2) the
identification of, and preliminary work on, areas for further

experimental work. The emphasis was to be on biological/human

subjects.

Despite the fact that the option for Phase IV was not exercised

we have followed the proposed research plan for Phase III. The

emphasis has, however, been somewhat different than it might have

been had further work been planned. ILess emphasis has been placed

on the development of apparatus, and more on the study of the corona

of human fingers and possible applications. As a result we are able

to make a better estimate of the future of CD photography as a

practical tool in the biological and physical sciences.

_19_



; In this section we describe and discuss all the experimental

work of Phase III, except the design and construction of the

apparatus; it is discussed in Section V.

4.1 STUDiES OF CHARACTERICTICS OF CORONA SIGNATURES

1 Throughout the program, a substantial portion of our work

has been devoted to interpretation of the details of corona

signatures. During this phase, we investigated (1) the influ-

ence of moisture, (2) the influence of pulse repetition rate,

t (3) factors affecting streamer range, and (4) secondary images.

] 4.1.1 The Influence of Molsture
3

-~ Background -

L We had previously*reported that two effects are ob-

served with wet subjects.

]
l. Some streamers are curved

2. There is a marked reduction in streamer formation

o e e,

Streamer curvature does not occur and there is less reduc-

tion in streamer formation when electrostatic paper

is
g used as the recording medium or when a thin film of mylar |
is placed between the wet subject and the film. It is .

therefore reasonable to hypothesize that the curvature ;
and diminished corona activity are related to an inter-

action of water with the surface of the film.

*Logical Technical Services Corp,

Final Technical Report Phase II,
Investigations Into the Reliabili

ty of Electrophotography, Sec. 4.3
_20_
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- Experimental -

CD photographs of fingertips show a correlation with

moisturz on the finger as measured by sweat count and by

s e el

galvanic skin response techniques. Sweat count is a

1 technique of ohtaining a rough comparision of the amount
of moisture on the finger tips of subjects. The finger
is coated with a mixture of polyvinyl formal, ethylene

dichloride, and butyl phthalate after the method of

Sutarman and Thomson*.

The film drys in about one minute. The hardened film

is removed from the finger tip and examined under a 23X
microscope. Sweat-active pore sites appear as discontin-
uities or holes in the film; the number of sites corresponds
to the number of sweat-active pores, and their size cor-
regponds to the degree of activity.

In general, streamer activity varies inversely with
sweat count. For example, 'igure 2 is a CD photograph of
the fingertips of two subjects. Subject A had a high sweat
count and subject B had a low sweat count. It can be seen
that there is virtually no s“reamer activity around the
finger of subject A, while subject B exhibits considerable
corona and streamer activity. That corona that does appear
around the finger of A is what we have called "secondary"

corona. The formation of secondary corona is discussed

**Sutarman, M. L. and Thomson, M. L. "A New Technique for Enumgrating
Active Sweat Glands in Man' J. Physiol. (London) 117, 52, (1952)

-21-
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EXPERIMENTAL CONDITIONS:

Supply: LTS 001

Waveform: AC, See Figure 18

Repitition Rate: 50 pps

Exposure: 24 pulses

Peak Voltage: -18 kV

Isolator: 1/4 in.glass plate

Film: Polaroid 55

Subject: Index Fingers, right hands of LTS Subjects A and B

Streamer Curvature

Notes: (a) Subject 3 had a higher sweat count than Subject 1.
(b) The film used has a transparent backing

Figure 2. Comparative Finger Tip Corona

-22
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later, but in the context of this discussion it should be

noted that the secondary corona occurs on the back of the

PR it e

film., If film with an opaque backing had been used, this
corona would not have exposed the emulsion on the front

of the film, and there would have been little or no corona

B Mg S T S e e

pPhotographed around the finger of subject a.

Experiments in which measurements of GSR were taken !T
also support the observation of water-induced streamer 3?
inhibition. When GSR measurements are low (on the order
of 10 kilohms), sweat activity as determined by sweat count
is high. When GSR measurements are high (on the order of
100 kilohms) the sweat count is found to be 1low.
2 The correlation between the density of corona/stream-
| ers and GSR holds over a limited range of GSR values.
Relatively high GSR's are independent of sweat count. Also,
the correlation of GSR with Sweat-count is better for
variations in one individual than across different indi-
viduals over a limited range.
In a series of experiments in which the corona activity
of subject fingertips are compared with GSR readings, the
density of corona and streamer activity correlate with GSR
over the range that sweat count correlates with GSR; i.e., ﬂ
subjects with high GSR (and thus "dry" skin) exhibit ex-
tensive corona with marked streamer activity; under identical
conditions, subjects with low GSR (and thus "moist" skin)

exhibit little corona or streamer activity.

-23~
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CD photographs of a finger replica (see Section V

Experimental Techniques and Apparatus) covered with wetted

(distilled H20) filter paper show a marked decrease in

Streamer activity compared to CD photographs of dry

replicas. The same effect is observed with saline solutions

and tap water.

In one experiment, a finger replica was photographed

with dry filter pPaper, then with wet filter paper, then

photographed again with dry filter paper. As expected, the

corona signatures of the wetted rep.ica were diminished and

showed more streamer curvature than those of the dry replica.

However, the third CD photograph in the sequence - covered

with fresh dry filter paper - also exhibited streamer curva-

ture and diminished corona, although to a lesser extent

than the wetted replica. Apparently, che moisture absorbed

by the wooden replica when covered with wet paper is suf-
ficient to modulate the corona pattern.

Another effec%, noticed with the CD photographs of

human fingers, was an increase in the corona activity of

subsequent photographs of a subject when taken less than

one minute after an initial photograph. This suggests that

the corona discharge "drys" the subject somewhat.

-~ Discussion -

Wet subjects produce diminished CD photographs with

increased streamer curvature, but only when there is direct

contact with the film. This Suggests that the observed effect

is due to an interaction between the film and H 0. A corona

~24-
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discharge "drys" a specimen, and water absorbed in the

,? wooden finger replica affected the corona signature. It is
3
- 2 apparent that there is physical transport of water molecules

f
E during the corona discharge.

S A tentative mechanism can be proposed to explain these
E effects of moisture. If moisture is absorbed in the film

| gel close to the subject, ionization and ion mobility in

E the moistened film region would be expected to increase.

A rough indication of the extent of this moistened area

may be obtained by pressing a finger on a clean glass plate.
Moisture condensation can be observed around the finger at

a distance close to that observed for the secondary image

in Figure 2. 3

The increased ionization and ior mobility in the film
gel will increase the conductivity of the gel in that
region, and its potential will approach that of the finger-
tip (Ground). This situation for a positively charged

finger is shown in Figure 3. !

+ inger or Wet Subject
+ ++ +++

Field Lines [F—Film (Thickness T,)
Region of "Secondary" |

) . - Dielectric Isolator
Corona on Back of Film (Thickness (Tz) T2 >>T1

Q\High-Vol tage

Electrode

e R o e b e

-——

Figure 3. Moist Subject
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The electric charge and reduced potential in the
region around the subject creates a low field region in
which corona are not formed. The boundry of this charged,
moist region is a relatively high--field area. This field
may be strong at the back of the film and corona may occur
there. Because of the field direction and because there
is limited air space for the Streamers to propagate through,
they tend to be short . Since the corona light must pass
through the transparent film backing before exposing the
emulsion, the secondary image is usually fuzzier or more
diffuse than the images of primary corona occurring on the
front of the film.

Primary corona are sometimes observed at the edge of the

charged moist region, but less frequently. This is probably

because there are few sharp peints at the edge of the
"moist" region and the field is directed downwards.

The curvature characteristic of streamers occurring
around the moist area can be explained in terms of a model
of the streamer propagation. The streamer head is a region
with a net positive charge and from which high energy
photons are emittec. This energy will photoionize other
molecules around the head, releasing electrons. These
electrons will be c&ttracted to two regions: the streamer
head and the pos.titively charged region of the film.

This results in higher ionization within the head and
on the side adjacent to the positive charge region. Thus
there is a force vector acting on the streamer head and

pulling it toward the boundry of the moist region. There

-2 6-




are also the repulsive forces between the positive streamer
head and the positive moist region, and the resultant is
a curved streamer propagation path, traversing the region

where there is a sharp change in surface charge concentra-

tion.

4.1.2 Secondary Corona

- Background -
By "secondary" corona we refer to corona believed to
be formed on the back of transparent film and resulting in
an exposure of the film surface. We have discussed these

when examining the effects of moisture.

- Experimental -

The finger of subject A in Figure 2 is surrounded by
secondary corona. The corona signature of subject B in the
same photograph also includes a region of secondary corona.
In general, as in these two cases, secondary corona appear
where there is little streamer activity. This is not, how-
ever, a universal result, and in some cases there appear to
be secondary corona beneath regions of streamer activity.

Secondary corona are observed only with film that is
transparent. With opaque-backed film such as Polaroid 52,
we have not observed secondary corona.

In some cases we have observed streamers originating
from an area of secondary corona; these are assumed to be
"primary" streamers occurring on the front surface of the

film. The primary and secondary corona are most distinctly

-27-
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differentiated when using colored film.

]
g_
|

The characteristic color of corona is air is blue.

We have produced pPhotographs with red to vyellow corona

images caused by blue corona with unfiltered UV content

T T

occurring on the back of the film. This light passes

F through the color filters in the film in reverse order,
exposing first the red, then green, then blue emulsions,

to yield red, orange, or yellow rather than blue images.

Violet has been obtained from exposure of both red and

3

F

]

|

E blue emulsions (both primary and secondary corona).
3

E

F

- Discussion -

The formation of the high-field region on the back
of the film and the characteristics of the secondary
] corona are discussed in Section 4.1.]. "The Influence of
% Moisture". These corona are most often observed with moist

subjects which create an corona inhibiting region on the
front of the film and a high-field region on the back.
h

A word is appropriate here about photographs taken by

amateurs and others in which blue images are associated ;

with a subject in the "normal" state, and red/orange/

Yellow streamers in some psychic or otherwise heightened

state. The most likely explanation for these corona is

that in the "heightened" state the subject is changing

skin moisture content and this results in the formation of

red secondary corona.

-28~




4.1.2 Pulse Repetition Rate

- Background -

One area of interest in studying the formation of CD

images is the =ffect of the frequency of the applied voltage.

Because of the difficulty of constructing variable-frequencyv
apparatus at the high voltages used in the CD experiment,
little work has been done in this area. We have examined
the effects of variations in the pulse repetition rate; such

experiments yield information usefwl in determining frequency

- N i o S e o e et e -
e e e e i -
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effects.

- Experimental -

Figure 6 shows the corona of a finger replica taken at

PR ,"_“_Wb ptii s
y A xR e

three pulse repetition rates. As the repetition rate
increases there is a decrease in streamer length and density.
The length of the longest streamers (formed pon the first
pulse) remains about the same, but the range of succeeding
streamers decreases, and the extent of the totaly exposed
area around the periphery of the subject decreases. 1In
most cases it is observed that the average streamer length
decreases.

- Discussion -

One possible explanation of the reduction in streamer
activity and length upon an increase in pulse repetition
rate assumes that a charge builds upon the film surface
with each pulse. The corona and streamers occurring at
the first pulse will not depend cn the pulse repetition

rate, as there is no preceding pulse to affect them.

-29-




EXPERIMENT CONDITIONS:
Supply: LTS 001

Waveform: AC, See Figure 18
Repitition Rate: As shown
Exposure: 20 pulses

Peak Voltage: -18 kV

Isoiator: 1/4 in, glass plate
Temp: 23 C

R.H.: 50%

Subjects: Finger Replica No. 1
Fiim: Polaroid %=

Pulse Repitition Rates: 5.5 pps for 1 and 2
14.3 pps for 3 and 4
50 ppsfor5and 6

Note: 1-mil mylar isol~tor used with 2, 4 and 6.

Figurc 6. Variations in Pulse Repitition Rates
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Therefore, the length of these first pulse streamers chould
be the same for all pulse rates.

The first pulse may build up a static negative charge
on the film. This charge will attract the positive streamer
head, restricting its radial extent. The amount of charge
on the film will depend on how much time there is between
pulses for the charge to leak off. Thus faster pulse repeti-
tion rates would mean more negative charge, and shorter
range for streamers occurring after the first pulse.

Confirmation of this proposed mechanism would require
some knowledge of the amount of chiarge on the filwn and the
time-rate of decay. But, within these restrictions it is
consistent with observations.

After a sufficiently long period of time, the streamer
length appears to approach that of the first strike. This
may be occurring because the increased corona activity
neutralizes the charge buildup on the film. Another relevant
factor may be the accumulation of ozone in the electrode
region.

4.1.3 Other Factors Affecting Streamer Range

- Background-

Several other factors reilect the streamer range, and
further studies were made of these during this phase. These
include film type, subject impedance, and the type of
dielectric isolator used.

- ZXperimental and Discussion -

We have previously reported that the impedance of the

subject affects the corona pattern. 1In Figure 7, we have

-31-
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Waveform: AG See Figure 18
Repetition Rate: 50 pPpPs
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plotted the change in streamer length against the value of ?
resistance inserted between the subject and ground. With

the LTS 001 supply, the percent change was found to vary {
linearly up to about 1 megohm, where it was from 10 to 20

percent. With the LTS 100 supply the change is about 10%

at 1 megohm. However, with experiments with human subjects

with the LTS 001 supply, at a frequency of about 4 kHz (rise

time 64 us) no significant change in streamer length was
noted with a 300 kilohm variation in subject GSR.

An attempt was made to employ a dielectric isolator of
3 very high dielectric constant. A sample of ceramic material
: was obtained from Corning Glass Corp. with a dielectric
constant around 7000. It was hoped that the use of this
material would allow a lower electrode voltage to be used
since the smaller voltage drop across the dielectric would
mean a larger voltage drop across the specimen.

However, when the high-dielectric-constant material is
1 used the corona streamers are very short. This is probably
; due to the severe mismatch of dielectric constants between
the boundry of the film and the isolator. This discontinuity

tends to draw the field lines in towards the specimen, thus

confining the radial extent of streamer propagation.

It has also been observed that streamer propagation
varies somewhat with film type. 1In general, variations in
Streamer length ~re more pronounced for Polaroid Type 55
film than for Polaroid Type 52. This appears to be true

for the effects of moisture and pulse-repetition variaticns.
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4.2 STUDIES OF BIOLOGICAL, PHYSTIOLOGICAL, AND PSYCHOLOGICAL

PARAMETERS

Three groups of eXperiments were performed as prototypes

to determine the applicability of CD photography to studies of

living systems. One experiment, an example of in vivo biological

studies, was to determine the absorption of moisture by the

human skin. A second experiment was conducted to relate

physiological changes to CD photographs. Finally a series »>f

eXperiments were conducted to relate responses to external

stimuli and psychological states to changes in €D photographs.

4.2.1 Skin Hydration

- Background -

Because CD photographs are particularly sensitive to

the amount of moisture on a subject's skin, it appears

reasonable to use CD photography to investigate skin

hydration. It has been suggested* that the skin acts as a

selectively permeable membrane, and that absorption of water

depends on temperature and the concentration of solutes in

the absorbed water.
- Experimental -

Further initial experiments were performed to

establish the relation between skin moisture and corona

signatures. Figure 8 is a CD photograph of the index

and middle fingers of the same subject. Three exposures

*Buether, K. J. K. "Diffusion of Li

quid Water Through the Skin"
J. App. Physio, 1959, 14, 261-268
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EXPERIMENTAL CONDITIONS:

Supply: LTS 001

Waveform: AC, See Figure 18

Repitition Rate: 50 pps

Exposure: 24 pulses

Peak Voltage: -18 kV

Isolator: 1/4 in. glass plate

Subject: Index and Middle Finger of LTS Subject A
Film: Polaroid 55

Immediately after
1-min soak in tap
water at room
temperature

Alcohol-washed

J‘ . Finger
(.F

Notes: (a) Images 2, 4, 6, are of the control finger, which was
untreated throughout; 1, 3, 5 are images of the test
finger. Exposures were taken in the order 1 & 2, 3 & 4,
then, 5 & 6.

Figure 8. Effects of Hydration on Fingertip Corona




were made. In the first exposure, one finger was washed
with alcohol to remove water from the skin. The alcohol-
dried finger exhibited a more pronounced corona. For the
second pair of photographs, the alcohol-dried finger was
soaked in distilled water for 1 min. The corona around
the soaked finger is markedly reduced when compared to the
same finger dry.

The corona around the other (control) finger is more
pronounced =nd has more streamers than the first photograph.

This effect is due to the drying action of the initial

corona.

The third pair of CD photographs were taken 1 min.
after the second pair; the fingers were not treated in any g
way. The drying action of the corona discharge on the
water-soaked finger was not sufficient to reinitiate sub-
stantial corona.

Next a series of experiments were performed to
examine the moisture absorption as a function of temper-
ature.

A solution of 20% by weight (4.2N) NaCl solution was
prepared. Three photographs were taken of the index and

middle fingers of the subject. For the first photograph,

both fingers were washed in alcohol to remove moisture.
Before the second photograph, one finger was soaked in the
20% NaCl solution, and the other was soaked in distilled
water, both for 1 min. Both fingers were wiped dry with
paper toweling, and the second photograph was taken. After

a waiting period of 1 min., both fingers were photographed

-36-
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again. Three such series of photographs were taken at
approximately 10° c, 23° ¢, and 35° c. The experiment was
performed on three subjects. Figures 9, 10, and 11 are the
results for one of the subjects. The CD photographs for
the other two were similar.

- Discussion -

At the low temperature, (the photographs in Figure 9)
the presence of coruna for the NaCl-soaked finger and
absence of corona for the distilled-water soaked finger
indicate that mositure was absorbed by the distilled water
finger, but not by NaCl soaked finger.

The room-temperature photograph (Figure 10) indicates
that moisture was again absorbed by the distilled-water
soaked finger. A slight reduction in corona around the
NaCl-soaked finger indiacates that some water was absorbed,
but not as much as for the distilled-water soaked finger.

The high-temperature photograph (Figure 11) indicates
that water was absorbed by both fingers. Some estimate of
the relative amount of water absorbed at the three tempera-
tures may be made by examining the third exposure for all
tnree cases. For the distilled water photograph the amount
of corona around the third exposure decreases slightly from
the cold- to the high-temperature case. This indicates
that at higher water temperatures the following corona
drying is less effective and therefore more water is
absorbed by the finger. Supporting this also, is the

total absence of corona image for the second exposure,
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EXPERIMENTAL CONDITIONS:

Supply: LTS 100

Waveform; Modulated DC, See Figure 20
Repitition Rate: 50 pps

Voltage Rise Time: 300«s

Duty Cycle: 25%

Exposure: 20 pulses

Peak Voltage: -11 kV

Film: Polaroid 55

Subject: Index and Middle Fingers of LTS Subject D
R.H.: 53%

RT.. 23°C

1 and 2, after
alcohol wash

3 and 4, after 1-min
soak and wipe dry

5and 6, 1 min after
3 and 4, no treatment
Streamer __-
Curavture

Notes: (a) soaking solutions were at 8 C. (b) Saline solution
was 20" NaCl by weight in distilled water.

Figure 9. Skin-Hydration Experiment: Low Temperature 4
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EXPERIMENTAL CONDITIONS:
Same as Figure 9.

1 and 2, after
alcohol wash

)

3 I Distilled
Water
Soak 3 and 4, after

‘ A e 1-min soak and
L wipe dry
8

5 and 6, 1 min after
3and 4, no
treatment.

Note: Soaking Solutions were at 22.7 C

Figure 10. Skin-Hydration Experiment: Room Temperature

-39~
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EXPERIMENTAL CONDITIONS:
Same as Figure 9.

1 and 2, after
alcohol wash

E Distilled 3 and 4, after 1-min
s Water " soak and wipe dry
Soak -

5 and 6, 1 min after
3and no treatment

-
LS.

Note: Soaking Solutions were at 35.5 C

IFigure 11. Skin-Hydration Eype:iiment: High Temperature
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after high-temperature soak. For the room-temperature aad
high-temperature soaks, the third image for the NaCl-soaked
finger exhibits more corona than the image of the distilled-
water soaked finger, further indicating that the distilled-
water soaked finger absorbed more water,

The conclusions to be drawn from these experiments are:

1. Moisture absorption by the skin increases with

increasing temperature

2. Moisture absorption by the skin decreases in

saline solution.

These conclusions are consistent with a model in which

the skin is treated as a selectively permeable membrane.
The tendency of water to move through the membrane depends
on the relative chemnica, potentials of the solutions
internal and external to the membrane. The chemical
potential is dependent on the temperature of the solutions
and the concentration of solutes in each.

With the approximation that the solution internal to
the membrane is at body temperature (x37° C), temperature
tends to make the chemical potential internal to the mem-
brane greater than the external potential, except for the
high-temperature case for which the temperatures are
about the same.

For the saline solution, the NaCl concentration of
the saline solution (4.2 N) tends to make the chemical
potential of the external solution greater than the

internal solution ( 0.1 N NaCl). For the distilled

A




water case, the concentration tends to make the internal-
solution chemical potential greater.

The system will tend to equalize the chemical poten-
tials on the two sides of the membrane. Aside froﬁ temper-
ature changes. two mechanisms are of interest: migration
of water molecules, and migration of hydrated Nat and C1~
ions. Strictly speaking, the Na'* and C1- ions will not
diffuse in the same way (the Donnan effect), but for the
purpose of the very rough model used here they will be
assumed to behave identically. The water molecules will
have a higher mobility than the hydrated Na‘t and c1-
species, and will thus pPass through the membrane more easily.
Thus at the low temperature, when the external solution is
4.2 N NaCl, water will tend to pass from internal to
external and hydrated ions will pass from external to
internal. The lower mobility of the hydrated ions will
inhibit their transfer, opposing skin hydration. Also,
the higher internal temperature raises the internal chemical
potential, reducing the forces across the membrane. For
the distilled water-case, hydrated ions internal to the
membrane will tend to move out, and water molecules will
move in. Fecause of their greater mobility the water
molecules will tend to move more. In this case the tem-
perature and concentration gradients work together, to both

raise the internal potential and lower the external

potential.

-42-
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For the room temperature case, the situation isg
similar, except the temperature difference is smaller and
has less effect on the potentials. Thus there will be
more hydration during the external-saline solution soak.
In the high temperature case, the internal and external
solvtions are at approximately the same temperature, and
hydration will be predominantly concentration dependent.
Thus there will be significant hydration for bott the
distilled-water and saline-solution soaks.

The other factor affecting the hydration will be
diffusion rates. As mentioned, these depend on the
species mobility. Generaily for a given concentration
gradient, diffusion rates will increase with increasing
temperatures. Thus it is expected that hydration will
increase with increased temperature, as shown by the
experiments. The mechanism for hydration probably involves
imbibitation by the stratum corneum, which may absorb up
to 2000% of its dry weight in water (Buettner, 1959).

4.4.2 Hyperventilation and GSR

- Background -
In an effort to investigate the use of CD photography
is measuring gross physiological changes in subjects
two types of data were obtained: CbD photographs as a
function of GSR measurements and (2) CD photographs before
and after hyperventilation.
- EXperimental -

The relationship between GSR readings and CD photographs

is discontinuous. There is positive correlation at low
..43..




(10 KR) and high (100 KQ) GSR readings. At low readings
the corona are of low density, and at high readings they
are more dense. At intermediate values, corona cannot
be predicted by GSR levels.

The index (alcohol washed) finger and middle
(not washed) finger of six subjects were CD photographed
before and after hyperventilation. First the pair of
fingers were photographed and the subject hyperventilated
for 1 1/2 min, breathing at 30 cycles/min. A CD photograph
was then taken. After a 1 min rest, a third CD photograph
was taken.

Figure 12 is the result of one hyperventilation exper-
ment. In the first exposure the alcohol~-washed finger
exhibited substantial corona, the unwashed finger exhib-
ited none. In the second (after hyperventilation) exposure,
the alcohol-washed finger exhibited corona that was reduced,
compared to the first exposure. 1In the third exposure,
both fingers exhibited corona.

Of the six subjects tested, five exhibited similar
results. The sixth subject's corons signature after
hyperventilation was not reduced.

GSR is also related to hyperventilation; hyperventila-
tion causes an initial drop in GSR followed by a return
to baseline. 1If the intial GSR (before hyperventilation)
was relatively low, the deep breathing substantially
reduced corona. If the initial GSR was relatively high,

hyperventilation had a smaller effect on corona.
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EXPERIMENTAL CONDITIONS:

Supply: LTS 001

Waveform: AC, See Figure 18

Repitition Rate: 50 pps

Exposure: 22 pulses

Peak Voltage:-18 kV

Isolator: 1/4 in.glass plate

Film: Polaroid 55

Subject: Index and Middle Fingers of LTS Subject A

Untreated
Finger
(1and 2)

After 1 min
> Hyperventilation

Alcohol
Washed
Finger
(2and 4)

Notes: Subject had one finger washed in alcohol and
exposures 1 and 2 were taken. Then subject hyper-
ventilated for 1 min, and exposures 3 and 4 were taken.
After a 1-min wait two more exposures were taken, but
are not shown above.

Figure 12. Hyperventilation
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Under the conditions of this experiment the CD

photographs were probably measuring the correspond-

ence of palm sweating with hyperventilation. As discussed
earlier, there is a correspondence between subject restiv-

ity and the CD signature. However, under the conditions

we ised; this effect is not as pronounced as the effect of

skin moisture.

Figure 12, shows that the unwashed finger was moist

enough to inhibit corona formation. Because of the drying

effect of the corona, it would be expected that the un-
dryed finger would have exhibited corona upon the second
éxposure. However, some moisture removed by the corona
discharge was apparently replaced by hyperventilation.

The second pair of exposures both attest to skin
moistening. The fact that the third exposures both
exhibit greater corona than the first is also of interest.
Some effects of hyperventilation (increased gas content and
drop in partial pressure of CO, in blood) should extend

beyond the actual act of hyperventilation (HYPV) itself. How-

ever, during hyperventilation there is an initial vascodiala-

tion (sweating) followed by vascoconstriction (no sweating).

After the drying action of the post-hyperventilation

CD photography, little moisture appears to be generated in

the skin.

The skin-moistening response to HYPV may have a relatively

high threshold, or may occur only while the lungs are being

il Bt o e il
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overactivated. Another possibility is that the physical
activity associated with HYPV is responsible for some palm

sweating. Any further conclusions depend on future investi-

gations.

4.2.3 "External" Stimuli

In order to evaluate the utility of CD photography

as a tocl tor certain inveetigations of peychophysical

behavior, a series of experiments were conducted to
investigate CD photographs under conditions of mild stress.
Once again, the experiments were designed so that skin
moisture would be the determining factor.

- Experimental -

Three "stresses" were studied: mild pain, noise, and
mental activity. The mild pain consisted of a light pinch
by forceps administered to the hand of the subject; the
noise was 1.5 min. of 80 dB (SPL) white noise followed by
10s 100 4B (SPL) 1000 H, tone, and the mental arithmetic
consisted of counting backwards from a 3-digit number by
increments of 7 or 17. Since the purpose of these experiments
was only to determine whether any correlation exists between
the stresses and corona, little effort was made to control
the stimuli precisely.

S5ix subjects were tested, and the stimuli we-e applied

in random order. For each subject, one finger was alcohol-

dried, and a control finger was not dried. The two fingers 1
were photographed, and then the stimulus was applied. At
the same time a second €Xposure was made. After a2 1 min-

"rest", a third eéxposure was made. Figure 13, 14, and I’s.,
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EXPERIMENTAL CONDITIONS:
Supply: LTS 100

Waveform: DC, See Figure 20
Repitition Rate: 50 pps
Voltage Rise Time: 300 s
Feak Voltage:-11 kV

Duty Cycle: 25%

Exposure: 75 pulses

Film: Polaroid 55

Subject: Index and Middle Fingers of LTS Subject B

Notes: Exposures 1 and 2 were taken first. The subject was §
lightly pinched just before exposures 3 and 4;
Exposures 5 and 6 were taken 1 min after 2 and 4.

Figure 13. Stimulus: Pirch
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Exposures 1, 3, and 5
aro the alcohol-washed
finger

Exposures 2, 4, and 8
are the untreated
tinger
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EXPERIMENTAL CONDITIONS:

Same as Figure 13.

Notes:

Exposures 1, 3, and 5
are the alcohol-washed
finger

Exposures 2, 4, and 6
are the untreated
finger

Exposures 1 and 2 were taken first. The subject
performed mental arithmetic requiring concentration,
before 3 and 4. Exposures 5 and 6 were taken 1 min after
3 and 4.

Figure 14. Stimulus: Mental Arithmetic

-49-
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EXPERIMENTAL CONDITIONS:
Same as Figure 13.

Exposures 1, 3, and 5
are the alcohol-washed
finger

Exposures 2, 4, and 6
are the untreated
finger

Notes: Exposures 1 and 2 were taken first. The subject was
exposed to a tone burst just prior to exposures 3 andi 4.
Exposures 5 and 6 were taken 1 min after 3 and 4.

Figure 15. Stimulus: Tone Burst
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are the results for one of the subjects. Figqure 16 is a
table presenting the results for all six subjects.

In response to mental arithmetic, the change in
corona was none or small. Upon pinching 5 of 6 subjects
exhibited changed corona. 1In response to the noise 4 of
the 6 subjects exhibited a reduction in corona.

- Digcussion -

It was expected from published works that all of the

] stimuli would result in an increase in sweating. All of
' the subjects gave a CD-photography measurable response to
at least one of the stimuli. The level of the response

was loosely tied to initial sweat count.

Among subjects, different responses were

greatest and least. For example, one subject's CD

photograph showed no response to noise, but was sensitive

to pain, another showed greater response to pain than to

noise. This variation is probably due to differences

Q among individual response to stimuli type, but may be

due to variations in the conditions of and intensity of the

stress. Further experiments are required to determine

which.
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0: No Significant Change in Streamer Range

Stimuli MA: Mental Arithmetic 5: Small Change in Streamer Range
M: Medium Change in Streamer Range
P: Light Pinch L: Large Chaige in Streamer Range

-: Film Exposure Not Acceptable
N: Noise

HV: Hyperventilation

MA P N HV
SUB.TECT
A Control 0(:) M L -
A Alcohol Wash 0 M L L
B Controi S M M -(:>
B Alcohol Wash S M M M
¢ Control 3 ol 0 la
C Alcohol Wash 0 0 0 M
E Control S L al S
E Alcohol Wash 0 L 0 S
F Control O<:> M M M
F Alcohol Wash 0 S 0 0
G Control 0 = - —(:)
G Alcohol Wash S L M L

Notes: These experiments were performed under the conditions described in
Figure 13. Each subject sat for four experiments which were conducted as
described in Figures 12, 13, 14, and 15. A rest period of approximately 5 min. ]

was provided between experiments with the subject. The order of experiments was

"randomized"; the (:) indicates the first experiment for each subject.

Figure 16. Results of Six Subject's Response to Stimuli
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SECTION V

EXPERIMENTAL TECHNIQUES AND EQUIPMENT

5.0 GENERAL
In this section the power supplies, experimental set ups, sub-

jects, and experimental procedures are rzviewed. Further information

on these subjects can be found in earlier reports under ARPA order
2812,

5.1 HIGH-VOLTAGE SYSTEMS

In Phase III, we have used two high-voltage systems:

the LTS 001 and the LTS 100.

5.1.1 LTS 001

The LTS 001 is shown in the simplified schematic in

Figure 17; the output waveform for this circuit is shown

in Figure 18. The impedances Rlp' RZp' C and C2p are

lp'
associated with a high voltage probe. The effective

F
shunt capacity is about 25 PF, and the resistance is !

500 MQ.

Gon | coosiman D) i cos s an

TR -

The voltage leveloped across Ryp is monitored by the
y channel of an oscilloscope. The voltage across R, which

in effect measures current in phase with the supply voltage,

is coupled either to the y channel of a scope when time

IR A T o WY

dependence is of interest, or to the x channel (the sweep)

when a direct display of the voltage-current characteristic ;i
3

is desired. The latter Scope presentation is particularly
useful when corona current and voltage are to be related. ]

The other circuit parameters which are important in
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determining voltage relationships, are Cse, the subject to

electrode capacity (with a glass isolator thickness of

1/4 inch this capacity is close to 1 pF) and C stray

SH'
shunt capacity (associated with leads and subject) which
may be as high as 20 pr.

The basic'waveform is a decaying resonant oscillation
in a high voltage coil, activaged by capacitive discharge.
Any number of oscillations can be triggered repetitively
at a repetition rate of 60 per sec. The peak voltuge of
this supply is variable from 6 to 25 kV in either polarity.
When the voltage is rectified by a shunting high-voltage
rectifiér the waveform has the basic characteristics
shown in Figure 18b. The waveshape is the same in either

polarity. The waveshape of the first voltage swing cor-

responds to a fundamental frequency of about 4 kHz.

5.1.2 LTS-100

A block diagram of the LTS 100 system is shown in
Figure 19. The K100 function generator and the K110 high-
voltage amplifier provide the voltage waveform for the
electrodes. This system is a modification of the system
reported in the final report for Phase III. The modifica-
tions were introduced to simplify the system by removing

some of the planned capabilities to allow time for more

extensive experiments.
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The power supply is modular, with waveform genera-

tion and control lugic in a single unit. Controls are

both variable and preset, and the system is capable of

remote programming. Safety features include blanking of
the biomedical measurements during high-voltage pulses,
current limiting in the power supply, a voltage-limiting
crowbar in the power output unit, and interlock controls.
The high voltage cable is PVC shielded and bolted to a
support table at 3 positions; during experimentations sub-
jects are grounded between the point of high-voltage
exposure (the finger) and the remainder of the body, to
short any current paths past the subject hand. The di-
electric isolators, mylar, and film on the electrode limit
current to less than 3 mA at a pulse repetition rate of
125 pps.

The system specifications include:
Voltage: 0-to-11 kV 5%, continucusly variable
Pulse Repetition Rate: 0-to 200 Hz +1%
Minimum Pulse Width: 200 us
Duty Cycle Variation: 10-50%, interval
Carrier Frequency: 17 kHz
Rise Time: up to 300 us

Waveforms: Triangle, sine wave, ramp, square-
wave, sawtooth

Figure 20 s a scope trace of the output voltage pulse as

used in the experiments discussed in Section Iv.




Figis:

ie

20.

scope Trace of LTS 100 High Voltage,
as used in Experiments in Section IV
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5.2 EXPERIMENTAL ARRANGEMENTS

5.2.1 Armrest
In using the LTS-100 system an arm and hand rest

was constructed to provide pressure and pusition control

for the photography of fingers. The rest is shown in

Figure 21.

5.2.2 Subject electrode arrangements

The subject electrode configuration used with the
LTS-100 system is shown in Fiqure 22. The tinger replicas

referred to in Figure 6 are shown in Figure 23.

5.3 Experimental Procedures

Experimental procedures are outlined in the captions of
the CD photographs showing the results discussed in Section 1IV.
During this period we generally used Polaroid 55 or 52
film. Film processing was carried out under controlled condi-
tions. Ambient temperature and humidity were recorded but not
controlled beyond the use of a standard air conditioning unit.

During photographs of human fingertips skin temperature
and/or GSR were often recorded.

The general purpose of experiments during this phase was
to determine the feasibility of CD photography as a tool in
biological studies. Experimental controls were exercised to
allow identification of those parameters wnich relate to the

corona signature, but were not sufficient to allow quantitative

interpretation in most cases.
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SECTION VI

APPLICATIONS

One of the requirements for Phase IIT was the selectior of one

or two possible applications of CD photography that would have been

further investigated had Phase IV been instituted. Not only were

we able to identify several such possible applications. but we were

also able to investigate several of them to a limited extent. 1In

one case, skin hydration studies, we were actually able to carry

out the application to obtain results that are useful, independent

of the CD photography technique.

We have considered applications in two broad groups: (1) Bi-

ological sciences and (2) Materials Sciences. Several possible

applications .n the materials sciences are described in the attached

letter to Dr. 1 dward van Ruth, of ARPA's Materials Sciences Office.

The possib.e biological applications that are merit investi-

gation are based on the experiments described ir Section IV. In

addition to appli:atlons based on the experiments described there,

it would be worthwhile to investigate CD photography as a tool in

examining cell structure.

In general, prewmising biological areas for investigation

include studies and diagnosis of skin and diseases of the skin; the

relation between skin condition and other physiological conditions;

general physiological conditions and their relation to body

impedance; measurement of responses to physical and psychological

stimuli, and the study of tissue.
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It should be pointed out that although these possible uses are
suggested by the work we have done to date, they have been neither
developed nor proven (with the possible exception of skin-hydration

studies, for which we have strong evidence of the success of CD

photoyraphy as an analytical tool)
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LOGICAL TECHNICAL SERVICES CORP.

(212) 741-8340

71 West 23rd Street  New York, N.Y. 10010

September 2, 1975

LTS reference Q-206

To: Dr. Edward Van Reuth
Material Sciences Office
Advanced Research Projects Agency
1400 Wilson Blvd.
Arlington, Virginia 22209

Subject: Corona-Discharge Techniques for Materials Testing and
Quality Control

Last Wednesday (27 Aug. 1975) Dr. G. H. Lawrence of ARPA's
Human Resources Research Division telephoned you to mention that
results of our work under ARPA Order 2812 on corona-discharge
("Kirlian") photography may indicate applications and further
research of interest to you. Since you stated an interest in
discussing the matter with us, we are submitting here a brief
outline of our findings relevant to the analysis and testing of

certain materials. This should serve as a convenient basis for
our discussion.

Since June 1974 LTS Corporation has been investigating the
interaction of various materials with high-voltage electromagnetic
fields. Under the appropriate conditions, visible corona form about
the subject. Our researches have shown that the shape, intensity,
threshold voltage, and streamer length of the corona are dependent
in a complex manner on physical and chemical properties of the
specimen in the EM field. Relevant specimen properties include
capacitance, dielectric constant, conductivity, H70 content, and
topography and continuity (visible and subvisible). Relevant EM
field properties include the nuuber and rate of pulses, voltage rise
time, pulse shape, and polarity. Also, in most of our work, the
corona have been recorded on photographic film. Thus the corona-
signature also depends on the film type used.

Because of the number of interacting variables and the
limited amount of research to date, it is impossible to state
with certainty what applications or uses corona discharge
photography will have. Nevertheless, some of our observations

GSa




Dr. Edward Van Reuth
September 2, 1975
Page 2

indicate that the method merits further investigation as a
quality-control or testing tool:

l. Physical imperfections in a specimen can act as a
preferred site for corona streamer formation.

2. Specimen impedance variations, which may be caused by
deviations in internal structure, change the corona onset voltage.

3. Moisture content of certain subject types will determine
the length and number of corona streamers.

These observations and some possible applications are
supported by photographs taken in our laboratory. 1In many cases,
the photographs also illustrate some of the prnblems ir
discrimination and corona interpretation that must be over come
during further research. Copies of the actual photographs are on
file in our laboratory. These and a detailed description of how
the corona-discharge experiment is performed will be made
available upon your request.

One experiment illustrated macroscopic imperfection
detection via corona-discharge photography. The subject was
a piece of tin foil cut into the shape of a leaf and scribed
with a pointed instrument to simulate the veins of leaves.
The applied pulse was positive rectified with a fundamental
frequency of 8 kHz and a voltage of approximately 13 kvV.

This photograph was taken early during our research,
and its primary purpose was not to demonstrate the effect of
topographic changes on corona signature. Nevertheless, it
illustrates that the indentations scribed on the tin foil are
all clearly visable as corona formed along the scribes.

Applications taking advantage of the tendency of
discontinuities to serve as corona sites might include field
checking small parts such as firing pins for fractures, the
inspection of uninsulated wire by rapid reeling through a
corona-forming field to identify burrs or dents, or of an
insulated wire to identify exposed metal.

Another experiment illustrated the effect of a change
in subject impedance on a corona signature. The specimen was
a wooden finger replica constructed for the investigation of
the corona-signatures of human finger tips. The applied field
was 8 kV at 32 kHz, and there was a 99-mil thick bakelite
isolator between the film and the high-voltage electrode.

The film was Polaroid Type 52. Two exposures were made on
the same piece of film. In the second exposure a 1 megohm
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resistance was placed between the specimen and ground. This
has the efrfect of increasing the subject impedance without
altering any other properties. In the photocraph, it can be
seen that the impedance reduces the streamer length. The
average streamer length decreased about 70%, from 23 to

7 mil.

This type of effect may be useful in several
applications. It would be worthwhile to investigate whether
cell discontinuities in metallic honeycomb structures would
change the impedance across the structure sufficiently to
allow corona-discharge identification. It might alsc be
possible to examine graphite-reinforced polymides and similar
composite materials for regions of low graphite fiber content
Dy operating near the corona onset voltage. A combination of
impedance changes and physical discontinuties is also the
basis for a potential technique for examining printed circuit
boards as was shown by a further exneriment.

A photograph was made showing the corona of a printed
circuit (PC) board taken at 17 kV with a rectified positive
pulse having a fundamental frequency of approximately 8 kHz.
The board had a layer of aluminum foil attached to the
reverse side with EKG paste, was separated from ground by a
1/4-in. glass plate, and separated from the film by a 7-mil
mylar sheet.

A few plated-through holes on the board were "opened"
by breaking the contact between the hole and the circuit lead.
The corona around these "opened"” holes are diminished when
compared to undamaged holes.

Work to develop this process is of particular interest,
since the testing of PC boards usually requires either
complex and sophisticated equipment or slow and laborious
manual/visual checking. It is a quality control problem
common to both manufacturers and users of PC boards.

Work has aiso been done on the effect of surface
moisture on the corona signature of a dielectric specimen.
One specimen was a finger replica constructed for the
investigation of corona of human finger tips. The applied
field was a 17-kV rectified negative pulse with a fundamental
frequency of 8 kHz. Polaroid 55 film was used with a 1/4-in.
glass plate between the specimen and ground and a layer of
aluminum tape between the subject and the film.

Corona were recorded for dry specimens and the same

specimens with about 2 cc of water absorbed | the surface
material. There was a marked reduction in streamer extent
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for the wet replicas. Further work has shown that with
moderately moist subjects, the occurrence of a first corona
tends to remove surface water with an efficiency at least
comparable to that of an alcohol wash and air dry. Thus a
series of two photographs established a "dry" baseline for
for the measurement of the amount of water present in a
Specimen.

Besides applications in which the amount of surface
moisture is the parameter of interest, this technique might
be applicable in conjunction with other procedures, such as
& porosity measurement taken by determining the amount of
moisture adsorbed by a specimen.

It is not currently possible to utilize any of these
features practically. Not only is too little known about the complex
subject/field interaction, but results are not always reproducible,
critical and noncritical flaws can not always be distinguished,
and the interpretation of corona patterns is difficult. It is

Experimental results to date and the potential applications
do, however, justify further investigations. Corona-discharge
photography might serve as a laboratory and/or field tool. It has
the potential to be small, portable, fast, and simple to use.

Determination of the utility of corona-discharge Photography
for applications similar to those discussed here would require
further investigations including:

Further study of the physics of the experiment:
Effects of the frequency of the applied field
Real-time formation of the corona
Detailed and systematic investigation of the effects
of variations in specific subject varameters

Further study of the kinds of apparatus used to perform the
experiment:
Effects of applied field characteristics
Physical placement of the subject in the field
Comparative analysis and interpretation of corona
signatures
Recording media
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Further investigations of Specific applications:
Determining discrimination and sensitivity
Effects of external parameters
Optimum operating conditions

Development of an engineering model .

In summary, our investigations have shown that corona-
discharge bhotoaraphy merits further investigatior ag a tool for
the study and testing of certain Classes of materials., However,
such research must be considered "speculative"., Rather than go
1i.to any more detail here we would like to contact you this week

and arrange a date for our discussion of the general technique
and its possible applications.

Yours truly,

LOGICAL TECHNICAL SERVICES CORP.

Graham L. Gross
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SECTION VII
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