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RADC-TN-59-311

ABSTRACT

The major effort during the current quarter has been con-
cerned with the design of experirnen;s to determine the neural ef-
fects of microwaQeso Experiments, based on previous work, are
being conducted to determine peripheral neural effects using ani-
mal subjects and to provide data on steady (d.c.) potentials as
related to integrated activity or beha\;ior using human subjects.

Microwave equipment to be employed includes sources
operating at 1.25 cm., 3.0 cm., and 10 cm. wavelengths. The
experiments are described in the present report. Initial results
from the peripheral nerve experiments indicate that previous re-
ports of neural effects by various investigators may be explainable
as effects due to local heating of peripheral nerves rather than
to excitation of the central nervous system. Both experimental

programs are to be completed during the subsequent quarterly

period.
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RADC-TN-59-311

THE NEURAL EFFECTS OF MICROWAVE IRRADIATION

1.0 INTRODUCTION

The subject of research under the present contract is the
relationship between microwave radiation and neural systems.
Other investigators are currently concerned with biological effects
of microwave radiation at various wavelengfhs 1-anging flrom 1.5
meters to 1l cm. | The effects observed generally can be attributed
to gross overall heating; however, indications of untoward neural

! the investigators

effects have been reported in the literature:
at the University of Miami and University of Rochester have observed
neural effects in chickens and dogs; neural effects in monkeys have
been observed at the National Institutes of Health {(Sven A. Bach, M.D.,
Shirley A. Lewis, R.N., and Maitlénd Baldwin, M.D. ); and various
observers have commented on neural effects in bi‘rds° The group
at Tulane University is studying the effects of various wavelengths (e. g.
1.25, 3.0, and 10 cm. ) of microwave irradiation on the nervous sys-
tems of both warm and cold blooded animals.

During the period from the start of the contract through
March, 1959, experiments designed to separate thermal from athermal
neural effects were performed. Refrigerated cold-blooded animals were
2

irradiated with 3 cm. microwaves at a lower level of 45 milliwatts/cm

for various lengths of time. The principal effect observed (viz. increased



activity of the experimental animal) was found to be temperature
dependent. (See: ''Neural Effects of Microwave Radiation, '' initial
progress report, Contract AF30{602)-1965, December 15, 1958).

In addition, experimen ts at the same waveléngth ard poner density
were conducted on isolated nerve preparations. The most important
result of these experiments was that every observed effect of micro-
waves on isolated nerves can be duplicated by use of convective heat
or infrared radiation.

To provide a more camplete understanding of neural activity,
and in particular of integrated activity, a literature search was com-
pleted on the role of steady potentials in the central nervous systermn.
Relationships between the typical all-or-none response of the neuron,
the graded response of the non-synaptic intracellular junctions (e.g.
dendritic summation), and the charge distribution in the supporting
electrolyte are discussed in this survey.

- In repeating experiments by earlie.r investigators with
chickens, webecame interested in determining whether neu‘ral effects
observed were peripheral rather than central. The studies using
chickens are described in the monthly progress report for December,

\

1958, and subsequently in the quarterly report for January, February,

#

and March, 1959,

# This report was initially prepared as a bi-monthly report, but
was revised to cover the January-March Quarter.’




Based on the background of information obtained in the

literature search mentioned above, measurements of steady poten-
tials in the central nervous system were made using the cat as the
subject animal. Measurements were made on animals subjected
to microwave as well as infrared irradiation and animals not irra-~
diated.

Concurrent rectal temperature measurements indicated
a relationship between temperature and the steady potentials. In
these experiments measurements were included to develop infor-
mation on tile relation between power and steady potential measure-
ments in the central nervous system (CNS).,. Network theory applied
to the analysis of measured data provides results re-affirming the
reported non-linear characteristics of neural tissue. The theory
of the significance of direct current flow in the CNS is c.'onsidered
in relation to lesion generation and to the characteristics of the
CNS as a source of electromagnetic radiation.

During the present‘report period.the work, steady potential
measurements on catg has continued, and has recently been extended
to human subjects. Furthermore, the literature on peripheral neural
effects has been reviewed and an investigation of peripheral effects

has been initiated.




2.0 EFFECTS OF MICROWAVE IRRADIATION ON. PERIPHERAL
NERVOUS SYSTEM

2.1 Background

Various investigators have observed behavioral changes

3, 4, 5, 6° The ob-

in animals subjected to microwave irradiation
served effects include: avoidance of the radar beam, confusion
and staggering within the beam, syncope, and convulsions; also,
changes in blood pressure and in the rate and depth of respiration
have been observed. These effects have 'often been found to occur
prior to an elevation in gross body temperatufe, measured rectally
or intraperitoneally, and, in fact, occvur almost instantaneously after
exposure to a high intensity beam of 1.25 cm. electromagnetic ra-~
diation. Furthermore, the effects appear to be more pronounced
for localized irradiation of the head than for irradiation of other regions -
for example, the lumbar region. ! Also, the orientation of the animal's
head seems to be of importance.

Most interesting are the reports that animals are aware
of some type of painful stimulus when irradiated3' 4; in fact, the
stimulus may be sufficiently intense to arouse the subject from anes-
thesia. Although a great many effects of microwave irradiation may
be based on an overall rise in body temperature, and thus attributed

to microwave heating, the neural effects, by reason of their rapid

onset, seem not to fall under this general pattern.




In an attempt to reproduce effects observed by others with
chickens, localized heating of the peripheral nerves was suggested
by the work of Grutzner and Heidenhain in 18788. These workers,
in studying vasomotor reflexes, observed that withdrawal or nocicep-
tive reflexesﬂ‘ were brought about by heating a peripheral nerve.
C. Von Euler9 recognizing their work and that of others, |
utilized the nociceptive phenomenon as an aid in determining the
proportion and kind of fibers contained in a peripheral nerve. Prior
work by Ranson10 showed that pain and temperature sensations elicited

o
at temperatures over 40 C,. are principally carried in the unmyelinated

# A nociceptive reflex may be defined as a reflex which comprises

movements for protection or defense, or for the ‘withdrawal of the

part from the noxious agent, They are prepotent, other less urgent |
reflexes being for the time inhibited, and they are imperative. A

nociceptive reflex may be accompanied by alterations in the action of

the autonomic nervous system. Perhaps the autonomic response |
may be in_cluded with the nociceptive reflex, inasmuch as the fright

or flight responses involve involuntary activation of visceral mus-

culature, glandular substance, vascular tissue, and respiration

action which are related to protection and defense.




fibers making up the afferent group of a peripheral nerve. He showed

that nociceptive reflexes were most easily elicited from skin areas

which were richly supplied with unmyelinated fibers and that in nerve

regeneration nociceptive sensation returns at the same time the un-

myelinated fibers have grown out. It is generally accepted now that

the unmyelinated fibers are specifically located at the point of entrance
into the spinal cord where they pass tothe tract of Lissauer and the
substantia gelatinosa Rolandi. At the point of entrance into the spinal
cord the unmyelinated fibers become differentiated irom the myeli-
nated fibers and lie in the lateral section of the root bundles, while
the myelinated fibers enter in the medial section. Severing the
lateral section of the spinal root, and thus severing the unmyeli-
. iy s 11 ..
nated fibers, Ranson and Billingsley = thereby eliminated the nor-
mal nociceptive response to strong Faradic stimulation of the dis-
tal end of this root. These nociceptive reflexes’ were, however,
still present if only the myelinated fibers were severed by a medial
incision in the root and the distal end stimulated.
12 .
Ranson found that the unmyelinated fibers ascend ventro-
laterally to the tract of Lissauer and the substantia gelatinosa Ro-
. 13 . )
landi. Ranson and Hess found that the tract of Lissauer and

the substantia gelatinosa Rolandi form an organ for the reception

and intersegmental conduction of afferent pain impulses. Some



impulses from this region, passing over the spino-thalamic tract,
would reach the cortex and find expression as conscious pain;
while other impulses, ascending and descending within it, would
produce pain reflexes, that is, nociceptive reflexes. In their
studies on the vasomotor reflex arcs, Ranson and Billingsley
also showed that both pressor and depressor reflexes can be
transmitted by the unmyelinated fibers but that their intraspinal
tracts are differentiated.

The nociceptive impulses are conducted by unmyelinated

: 14 . 6 15 . Vv e
C fibers ~, and by the fibers of the group ~, and, in addition,
. : 6’ ] 8) 1
by the thinly myelinated nerve flbers1 17,1 99
. : 1Y . .

Finally, according to Sjoquist ', pain impulses in the head

region are probably conducted by the thin myelinated fibers in the

trigeminal nerve of man.

2,1 The Response to Thermal Stimulation of Mammalian

Nerves
Von Euler's experiments on thermal stimulation of mammal-
fan nerves were undertaken in order to develop a means of determining
the ratio and amounts of myelinated and unmyelinated nerve fibers
making up a peripheral nerve fiber. He was abie to correlate the no-
ciceptive response obtained with the kind of nerve studied and with

the actual anatomical count of the number and ratio of the different



types of fibers which make up the nerve.

In his experiments, Von Euler used decerebrated cats in
order to study the spinal reflexes which are involved in the noci-
ceptive response. The decerebrated animal is ideal ia this respect
for two reasons:

1. The animal may be anesthetized with ether, decerebrated,
and allowed to come out of ancsthesia. Decercbration prevents the
néed for a central anesthesia and allows spinal and medullary reflexes
to operate unsupressed.

2. The decerebrated animal exhibits strong extensor tonus
which causes the animal .to assume a stiff, liimbs outstretched, po-

sition. The back may be arched dorsally. 'This tonus can be over-

come , however, by a strong stimulus which in the conscious animal

would appear to cause behavior indicative of a painful stimulus, i.e.

a nociceptive response. This stimulus in a decerebrate cat is pre-

potent over extensor tone and causes marked flexion in the ipsilateral
limb and hyperextension of the contralateral limb.

Von Euler exposed but did not cut the nerve under investiga-

tion and placed over a short section of the exposed nerve a thermode which
consisted of a ''emall lacquered metal container with a cross section

like a shallow U forming a deep narrow groove for the nerve.'' A

thermode 1 cm. long was preferred: the temperature of the thermode




was regulated and either increased or decreased by by means of

circulating water, the temperature of which was measured by means
of a thermocouple.

The rate and depth of respiration, b;ooa pressure, and
pulse pressure were measured and recorded simultaneously with
the temperature of the thermode. As the thermode was warmed up
to between 42 and 45o C., a strong nociceptive reflex was produced.
Note that the temperature is about 110° to 113° F. » and local appli-
cation of heat at this temperature would not in general be thought
c‘ritical to any physiological function. In particular, this local
warmth would hardly be expected to produce the following nociceptive
response which i-s described by Von Eulerg.

""The animal responds as to severe pain. Flexor contrac-
tion occurs in the ipsilateral leg and extensor contraction in the
opposite one. The body vends ventrally, and the head is pulled back
towards the trunk. The breathing is greatly affected, but varies from
animal to animal. As a rule, the amplitude - is decreased even down
to apnea; the frequency either increases or slows down. The blood
pressure measured in the carotid artery rises steeply. In most cases,
the increase is between 60 and 70 mm Hg . , . "'

It seems possible that there may occasionally:result during

microwave irradiation of man and experimental animals situations



in which sensory nerves lying close to the skin may rapidly heat as

a result of irradiation. The local heat may be retained locally if

the nerve is embedded in and overlaid by relatively microwave-
transparent fat which would act, however, as a thermal insulator.
The relative avascularity of neural and .fatty tissue would inhibit
local cooling by the blood. It is possible that a local telrnperature of
112o ¥. may be reached at and within the nerve while the surface

of the skin overlaying the nerve may reach a lower temperature, due
primarily to loss of heat from the skin surface. In addition; the
mean temperature of the systemic blood may not have time to reach
the level necessary to trigger the hypothalamic temperature com-
pensating response. If such a situation should exist, the subject may
experience a nociceptive reflex, including an elevation of blood pressure
and perhaps a sensation of pain.

In order to illustrate the possibility of such a nociceptive
reaction occurring with microwave irradiation, and to explore the
possibility of side effects resulting from microwave-heat induced
nociceptive reflexes, the experiments reported in this section were
performed.

2.2 Experimental Procedure

To provide relatively intense radiation at the subject nerves

with a 3 cm. source of limited power output, peripheral nerves of the




subject animal are exposed by reflecting overlaying sk{n leaving
the nerve sheath intact. Furthermore, this proc'edure allows a
temperature measurement to be made with the nerve. For this
measurement, a thermistor probe is placed beneath the exposed
nerve and all other portions of the animal including areas adjacent
to the nerve are shielded by use of an aluminum foil shield with
an aperture. The 3 cm. equipﬁent provides a 1000 pps pulsed out-
put. In the pilot stages the subjects are placed in the near field
(approximately 4 cm. from the horn) and the a{rerage power den-
sity is roughly estimated to be on the order of 200 milliwattez/cm2
at the nerve.

The animals are anesthetized with ether and decerebrated,
the brain being removed as far back as the tentorium. The sciatic
nerve is located and exposed but kept moist with normal saline.
The carotid artery is cannulated for blood pressure.measurement.
The cats are allowed to recover from ether anesth~esia, buF as a
result of the decerebration remain unconscious. |

The animals generally develop good decerebrate rigidity
with strong extensor tone and stiff limb exter;siona It is necessary
to apply considerable force against the feet of the cats while sup-

porting the shoulder or back in order to flex the limbs.

~11-~



A

Measurements of respiration, pulse rate, and blood
pressure are obtained, before, during, and after irradiation.

2.3 Status of Work

The experimental program is to be completed during the
next quarter., Initial experiments with cats during May and June
demonstrate the withdrawal or nociceptive response. These ex-
periments involve irradiation of the exposed sciatic or radial nerve.

In the several experiments completed the following pattern

. .
is characteristic:

a) Immediately after the 3 cm. equipment is turned on,
the animal remains quiet with the nerve temperature below 45° C.

b) At the time that the nerve reaches 450 C., a distinct
reflex occurs, generally involving flexure of the ipsilateral limb,
further extension of the contralateral limb, and motion of the head,
back, and forelimbs.

c) Following the first observed movement, the blpod pres-
sure increases from 40 to 50(mm. Hg) above the base value reaching
a maximum in frorﬁ 5 to 15 seconds. Concurrently, the respiratory
system generally follows a pattern of apnea and subsequent increase

in rate and depth (Figure 1),

# The results of the experiments have been reported subsequent to the
quarter by R. D. McAfee in a paper entitled "Ne\ir0physiological Ef-

fects of Microwave Irradistion, '' presented at the Third Annual Tri-
Service Conference, Biological Effects of Microwave Radiating Equipments,
August 25, 26, 27, 1959, University of California, Berkeley, California.

-12-
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d) The effects noted above are reversed by turning the

microwave equipment off. With the temperature of the nerve
dropping, the blood pressure decreased to the base value and limbs
are re-extended.

e) With repetitive cycles of irradiation, the subject ani-
mals exhibit an increasing delay in returning to base conditions
(Figure 2). Eventually, after about ten cycles, the blood pressure
becomes depressed, the pulse rate increases, and the pulse in-
tensity decreases. At this point, an additional irradiation cycle
often results in the death of the sﬁbject. ?

2.4 Continuation of Experimental Work

The initial experiments to characterize the peripheral neu-

ral response are to be completed in August. The experimental

series includes:

a) Microwave irradiation of exposed sciatic and radial nerves;

b) infrared irradiation of sciatic an'd radial nerves;
c¢) microwave irradiation of the sciatic nerve with cooling;
d) microwave irradiation of the zygomatic branch of
the facial nerve and the trigeminal nerve;
e) microwave irradiation of skin areas with a high density
of sensory fibers;

f) microwave irradiation of skin areas having relatively

-14-
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few sensory fibers;

g) microwave irradiation of feet and forelegs of the de-

cerebrated cat - a region with a plentiful supply of
pain fibers;

h) microwave irradiation of the ventral SLJ:rface of the de-
cerebrated cat - a region poorly supplied with pain fibers;

i) microwave irradiation of the cranial skin 6f the decere-
brate cat;

J} microwave irradiation of the exposed scfatic nerve with
administration of sympatholytic drug (dibenamine), with
chloralose and with nembutal.

The design of an improved remotetemperature sensing device

is to be completed and an adapter to the wave guide to localize the

field is to be constructed.
3.0 STEADY POTENTIALS MEASURED USING SURFACE ELECTRODES
AND HUMAN SUBJECTS

Changes in steady potentials in the central nervous system
(CNS) of animals can be measured using deep electrodes. Steady po-
tential measurements have been completed using the cat a; the subject
animal.(See: Quarterly Report, January - March, 1959, Contract

AF30(602)-1965). An experiment has been designed to relate possible

changes in CNS steady potentials to humans using surface electrodes.

-16-



To review the basis for the interest in steady (d.c.) poten-

tials, we are concerned with understanding the effect of microwave
radiation on integrated human activity or performance. A study

of the neural pathways, considering the all—o.r-none response of

the neuron as the primary information carrying unit, does not
readily provide an explanation for overall human activity or behavior.
Furthermore, measurements demonstrate that the normal central
nervous system of the mammal is electrically polarized.

Two forms of this steady potential are evident: a ""resting''
potential present in the absence of stimuli, and a second potential that
is apparently due to incoming sensory volleys. Tﬁe importance of
these potentials is emphasizeci by the d.c. shifts associated with
external and locally applied stimulation; these shifts are also intrin-
sically linked with such phenomena as paroxysmal seizures, spread-
ing depression, and cortical -reticular formation ""arousal''. A re-
view of the literature 21 confirms the original assumption that steady
potentials are involved in some way with practically every process
occurring ‘in the central nervous system (CNS).

The earlier work by Pinneo and K«asselman22 and the many
reports cited in the d.c. review indicated that two parallel lines of
investigation would be most I;roductive: (1) Further ‘study and analy-

sis of the power-producing capability of the CNS, and (2) the corre-

lation of other physiological data with d.c. shifts.

-17-



The first is designed to learn more about the basic mecha-

niém of the direct-current potentials; the second, to relate the d.c.
phenomena to variables being studied by other investigators in the
microwave effects program. Actually, the two approaches are
inter-related and touch at a number of points. that serve as inves-
tigative checks.

Initial experiments under the first apptroach were performed
at Tulane in January 1959. An anesthetized cat was prepared such
that two electrodes were just beneath the surface of the cortex in
the white matter and two were above, lying on the pial surface. The
electrodes were so placed that one surface, below-surface combina-
tion was on one hemisphere and a particular functional area, while
the other surface, below-surface combination was on the other
hemisphere and at a different functional area. Potential differences,
current-flow, and internal d.c. resistance was thep measured be-
tween each set of electrodes and each combination of electrodes; in
addition, the electrodes were combined in an externa'l circuit such
that 21 different readings of power were available. (See: Quarterly
Report, January - March, 1959, Coatract AF30(602)-1965). Further-
more, it was shown that more or less power was available depending
upon the particular combination of electrodes used. Thus, electrical

power generated in the CNS and tapped at different points simultaneously



tends to add algebraically. Network analysis of this data indicates

that the addition is non-linear, suggesting that capacitive, inductive,
or semiconductor elements may enter into the distribution of current
flow in the CNS. D-C potential measurements were made from cat
cortex during whole body irradiation with 3 cm. microwaves (0. 011
watts/cmz) and with infrared. Shifts were inversely proportional
to time of exposure and to body (rectal) temperature. i |
The state-of-the-art review and recent work in other neuro-
physiology laboratories indicate that at least one aspect of the neural
elements in the changing potentials is due to shifts in pyramidal cell
depolarization; these, in turn, are involved in corticr:.tl "factivation'!
and other CNS phenomena. éuch activity would appear to be highly
correlated with psychological ''activation'', and it is within this
context that experiments under the second approach hav.e been conducted.
Psychological activation or ''arousal'' is the concept that be-
havior increases as an inverted-U function of bodily (i.e., physio-
logica) activity. Thus, when at one end of the ''activation'' continu-
um, the organism is asleep and physiological variables such as heart
rate, respiration, EEG activity, palmar swe‘ating, muscle potentials,
etc., are low in amplitude and rate. At the other end of the continuum,
these same variables are high (as in a convulsive seizure or when in a

state of anxiety under stress). Again, behavior, as measured by ability




to perform a given task, will be low because of the incapacitating,

disorganizing effects of the high levels of physiological activity.
The implication here - and one borne out by experiment - is that
there is an optimum level of physiological activity for' the most
efficient level of performance or behavior.

The reasons for using this concept in the stp.dy of d.c. po-
tentials are two: first, d.c. potentials in the CNS have been shown
to underlie cortical-reticular formation ''arousal'' or activation in
lower animals; in man, experiment has suggested that cortical-
reticular formation activation is the neural substrate for the psycho-
logical activation described above. Secondly, the techniques em-
ployed in studying psychological ''activation'' in man lend themselves
to a direct comparison between variations of physiological adivity
and direct-current potential shifts in the CNS.

3.1 Experimental Procedure

A normal human subjgct is prepared for physiological re-
cording. This includes two silver-silver-chloride electrodes placed
unilaterally on the scalp over the dominant frontal cortex for the
measurement of cortical d.c. potentials. Other appropri;ate electrodes
are placed for recording the electroencephalograph (EEG), the heart
rate (EKG), changes in heart rate (ECTG), respiration rate, and

four surface muscle potentials are all amplified and recorded and

-20-




electronically integrated every four seconds; the d.c. potentials

[y

are applied to a chopper circuit and monitored by the electroencepha-
lograph.

The primary recording mechanism is a Grass Model IVA
eight channel electroencephalograph, with sensitivities of 1 micro-
volt per millimeter. This recorder gives instantaneous records
for all muscle activity and the EEG. The EEG record is fed
through three band-pass filters (2-4, 8-13, and 17-30 cps), and these
outputs and the muscle potentials are then'integrated, and recorded
on the eight channel machine with an integration time constant of
four seconds. Both perceptual and learning functions are corre-
lated with physiological activity; by ''driving'' this activity to vari-
ous levels, d.c. potentials can then be compared with perception,
learning, and physiological activity of the human organism. Both
male and female subjects are to be used. The cortical d.c. is chopped
at approximately 8 per second and the resting potential balanced with
a balancing potentiometer.

A sufficient length of recording is obtained after the subject
is relaxed in order to obtain a resting record.‘. The subject is then
allowed to go to sleep and remain that way for 15 minutes, after
which time he (she) is rudely awakenéd with loud noises and flashing

lights. When base recordings have again been reached (after same

-21-



minutes of relaxation), then the subjects will be instructed to squeeze
an electronic hand dynamometer. This pressure deforms a set of
balanced strain gauges mounted on tempzred spring steel. The out-
put of the strain gauges works into a bridge circuit, the differential
being amplifed and ?,pplied to a double-pole,, double-contact meter-
relay. Constant frequency audio oscillator signals are fed through
these manually-set contacts such that' if the subject squeezed the
- dynamometer too hard he will hear a high tone; if he does not squeeze
hard enough, he will hear a low tone. His task is to maintain a null
conditon. The experimenter can manipulate the meter-relay con-
tacts such that the tolerance between high and low is narrow - or wide -
and can move both contact such as to-change thé amount of pressure
required. Thus, the experimenter can ''induce'' as much muscle
tension as he wishes and make it harder or easier for the subject
to maintain a given tension, no matter how slight. The purpose of
this is to gradually shift the subject's tension and other physiological
processes higher - that is, to progressively higher ''steady'' states
that are opposite in intensity with r'espect to base from that of sleep.
When satisfactory levels have been reached, or after 15 -
minutes, the subject is again allowed to relax and return to base.

Thereupon, his electrodes are removed, the skin cleaned, and the

session is complete. About 1-1/2 hours is required for preparing the

-22-




equipment for the experiments and 2-1/2 hours for the experiment
itself, or 4 hours per subject exclusive of data analysis.

it is projected to run one male subject and one female sub-
ject 8 times each for test -retest reliability, then 8 males and 8
females twice each for individual and sex variations; and, finally,
the same group once each on the second series of experiments.

This series does not include the sleep period but rather an auditory-
foot tracking task to be performed while the muscle tension is being
induced. For this group ECTG and blood pressure will also be re-
corded in addition to the other measures used earlier.

Means and standard deviations will be obtained from repre-
sentative samples of the direct-current data and plotted as a function
of level of ''activation'' or ''arousal'' as indicated by the various other
physiological measures. Time changes of the d.c. potential will alsob
be graphed. Upon completion of the experiment, we will know the
level and direction of correlation of the d.c. potentials with activation
or "'arousal'', other physiological measurements, and psychomotor

performance.

3.2 Discussion of Work in Progress

These experiments are currently being conducted and there-
fore the results have not been analyzed. However, preliminary exam-

ination of the records has shown definite d.tc. cortical shifts associated

-23-
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with other physiological changes brought abouf by these techniques.

One difficulty has arisen in their interpretation: the d.c.
electrodes are placed directly over the skin of the scalp; this allows
a partial amount of the recorded potential to be contributed by the
skin of the scalp. |

To eliminate th@s possible artifact, a teghnique is being
tested which should discriminate between those potentials due to the
skin and those due to the ;mderlying brain. Five electrodes are em-
ployed: three placed on top of the skin and two - effectively - placed
under the skin. (This is done by piercing the skin under the elec-
trodes a number of times with a sterile needle). One surface elec-

trode is placed on either side of a subcutaneous electrode as follows:

e ¢
( V1 ‘\) v2
\__,/' Q
" 1 Meg I l{Meg 1 Meg
A Jomrm
N N N Y
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Potentials are measured with a Hewlett-Packard 425A

Microvolt Ammeter. V1 and V2 represént the skin potential as-

sociated with each of the two subcutaneous electrodes. The odd sur-
face electrode, S2, serves to cancel out side-to-side gradients along
the skin. V3 represents the potential between the two subcutaneous
electrodes alone. In ordinary biological media, V3 is isopotential;
therefore, any current flowing will be due to cortical currents de-
rived from the brain under the skull. Therefore;, shifts in the asso-
ciated potentials reflect shifts in the cortical d.c. and are indepen-
dent of any skin potential gradients or changes. It is hoped that law-
ful relations exist between V1, V2 and V3 so that the data collected
earlier can be correctly evaluated in terms of the cortical-direct-
current alone.

Final analysis of these potentials will show what, if any,
relationship exists between the CNS d-c shifts and other physiological
variables. This information can then be used for assessing (1) the
basic relationships between d.c. brain activity and visceral-peripheral

activity; (2) the probable relation between d.c. potentials and micro-

wave irradiation; and (3) greater insight into the fundamental mechanism

of the d.c. potentials themselves.

3.3 Plans for Continued Study of Steady Potentials.

Plans for future work in the two approaches we have taken
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include the following: For the animal approach, determination of

d.c. potentials and power capability at different levels (i.e., skin
to white matter, skull to white matter, durz;, to white matter, pia
to white matter, white matter to white matter and lower centers to
white matter; measurement of potentials and power capability be-
tween different functional areas; measurements <;f these areas using
chronically implanted electrodes such as the calomel half-cell;, de-
termination of the nature of the non-linear elementé inherent in thg
CNS direct-current and the characteristics of these elements; the
measurement of the effects on physiological variables and learning
performance in animals with external ''loading'' of the CNS direct-
currents; and the study of d.c. pofential’ shifts as a function of per-
formance on learning and/or perceptual tasks,

For the human subjects a parallel experiment on d.c. shifts
associated with learning and perception of various types is to be

compared with the animal work.

4.0 FUTURE WORK ON NEURAL EFFECTS
The experimental program planned for the next three months
may be divided into two categories, continuation of peripheral nerve

studies using animal subjects and measurements of steady potentials

using surface electrodes and human subjects. The nature of these




studies is presented in the previous sections of the present report,

A proposal for continuing studies of neural effects for an
additional year is to be submitted in September, 1959,

In particular, the present investigators are interested in
extending the studies of peripheral neural effects using 1 cm. radia-
tion as well as 3 cm. radiation, and, by calculating the depth of
penetration and relating these data to the distribution of neural tissue,
determine which other frequencies are likely t;) cauee such effects,
and to what extent. This would relate to the work of other investi-
gators using the various frequencies.

To provide more precise data, improvements in the meas-
urement techniques for energy absorbed and temperature are required.
Appropriate instrumentation is to be designed.

The initial survey of steady potentials strongly suggests
further experimental work with animals using deep electroc,}es in
addition to the present behavioral studies with human subjects using
surface electrodes. -

Fu_rthermore, analysis of the power jrnea.surements made
in the central nervous system indicates the need for a more complete

analysis of the non-linear characteristics of neural tissue.
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