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Absence of Electromagnetic Pulse 

Effects on Monkeys and Dogs 
F. G. Hirsch, M.D. and A. 
Bruner, Ph.D. 1/7,,-30¥-i.3 

The advent of increasingly small 
solid state electronic components such 
as integrated circuitry has been accom
panied by an increased vulnerability of 
electronic devices to atmospheric elec
tromagnetic fields, especially when 
they are subjected to such fields in the 
form of brief pulses. Electromagnetic 
pulses occur frequently in nature dur
ing lightning discharges and in outer 

These pulse generators are impres
sive devices and are getting bigger all 
the time. Figures 1 and 2 show two 
Electro Magnetic Pulse installations 
which are currently in operation in the 
Albuquerque area. The second is large 
enough to accomodate a 12 story 
building between its antenna array and 
the grouncl plane. The first p~lser has 
been frequently operated at 1 .0 mega
volt and the second at three. 

I • 

• space as the result of cosmic ray 
bombardment and other nuclear phe
nomena. 

It has become necessary to study 
the effect of electromagnetic pulses on 
electronic systems to make them invul
nerable, or at least substantially less 
liable to disruption, by employing 

The basic electrical circuit em
ployed by these generators is show in 
Fig 3. A number of wires are sus
pended rather like guitar strings above 
a grounded metal grid. A Van de 

Graaff generator is used to charge up a 
bank of large capacity condensers. 
When these are discharged a pulse of 
electrical energy travels down the wires 
and sets up an electromagnetic field in 
the space between them and the 
ground. The field is distributed evenly 
in space so that its density at any par
ticular point depends on where the 
field is located. Near the ends the 
density in the devices used is in the 
order of 500 to 600 kv/m and is less in 
the center. 

The electromagnetic field is com
posed of two mutually orthogonal 
components, the electric field and the 

shielding or other so-called "harden
ing" techniques. In order to conduct 
such studies electromagnetic pulse gen
erators have been developed, and con
cern has been expressed by industrial 
hygienists and occupational medical 
people about possible biologic hazards 
associated with exposure of workers 
who operate in and about electromag
netic pulsed fields. 

That there is concern can be easily 
understood when one realizes that the 
electromagnetic fields generated are 
measured in terms of hundreds of 
kilovolts per meter and total energies 
which are developed are expressed in 
megajoules. Just the size of the num
bers involved is sufficient to occasion 
anxiety. 
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Fig 1. - Aerial view of the "ALEC" EM pulsing facility. 
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Y t.f; magnetic one. They move in a dircc-

. . Ii ! . . . tion governed by the resultant vector 

; .., J' · I ! · · as shown in Fig 4. The electric field is 

~.;.":;.~f ';'.-tS-.~--- ... .u,.,,.:;:.;,,. -~ : ..• ~-1- ,,. ·"'. tn i . . .,:,:-,-,,fJ o primary interest in its impact on !i·f~:.t"1" .. ,,.liJ1..;...,·----- 11 ~ .· I I I I : I ti . ~-..:...1 ! f . . . . 

..... ·' ,.,._._.,,,.-.•~r.- .. ,-s'~'.A~~,--;~-·:·-·· ·. ~t-.~lfi•h#.,,~,~=i',·"'·~--~ . -:":::'-j'l-•,r::. -~ electronic systems. 
The wave form is characterized by a 

rapid rise time to peak which occurs in 
about 3 nanoseconds. The decay is 
exponential, and results in a total time 
for the event in about 1 second. A 
somewhat idealized graph of the pulse 

1.;;.it.~,,ff-.J;.;..,.,..,, •• 1 .. ,.(fl;~~&,eJ,l,.~1N•.-•,·•··"'"""··"··,~--·~,!.., ... ~~ ·· · · · .. · .. ,"·"' is shown in Fig 5. 
Fig 2. -The "ARES" EM pulsing facility. Ordinarily about 5 to 7 minutes are 
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Fig 3. - Circuit diagram and equivalent circuit of a typical EMP geferator. 

Where: E = electrical field intensity vector. ,..., 
~=magnetic flux intensity vector. 

~ = "Poynting Vector" i.e., direction of energy flow. 

E, 8, 8 S are mutually orthogonal i.e., E 1. 81. S. 
,..._, ,..._, "' r,.J ,.....,,, ,....,,, 

Fig 4. - Vector diagram of ii typical·field resulting from an.EM pulse. 
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required to recycle the pulser. The 
time is a function of the recharging 
time of the condenser bank, and the 
desired peak voltage. 

There is very little in the way of 
auditory or visual accompaniments to 
the pulse. In the daytime nothing is 
seen and one hears a crack similar to 
the sound of a small caliber firearm. 
At night there is a visible corona 
discharge with beautiful blue and 
lavenders which resembles St. Elmo's 
fire {Fig 6). 

The field intensity is linearly re
lated to the peak voltage generated by 
the condenser discharge (Fig 7). These 
curves are for the vertical distance 
between the antenna wires and the 
ground plate at which we worked on 
the two devices with which we have 
been involved. 

In order to fully appreciate the 
difference between a field situation 
which we have, and another type of 
circuitry which is characterized by a 
current, it has been useful to me to 
regard the field in terms of atmos
pherics. There is a strong analogy 
between what happens in the case of 
electro magnetic pulsers, and the elec
tric field which always exists and 
which changes quite dramatically dur
ing lightning discharges. 

On a fair day we are in an electric 
field of probably 100 to 200 volts per 
meter. When a thunderstorm is build
ing up this field increases in intensity 
by several orders of magnitude. When 
lightning discharge occurs there is a 
transfer of electric charges which 
creates a pulse rather like we have 
been discussing, and which is shown 
graphically in Fig 8. One can see that 
there is some disagreement between 
numbers among atmospheric physi
cists, but there is general agreement on 
the shape of the curve. The similarity 
to the shape of the EM pulse curve is 
readily apparent. 
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Fig 6. - View of an EMP at night. 
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Fig 7. - Curves showing relationship between peak voltage and field density. 

Depending on where one is in rela
tion to the location of a lightning bolt 
one is exposed to a pulsed EM field of 
varying intensity. Fig 9 illustrates the 
situation and points out the various 
parameters which apply to control and 
intensity of the field accompanying 
the lightnjng stroke. These are the 
height of the thundercloud, the height 
of the thundercloud above the earth 
and the distance of the object of 
interest from the point on earth where 
the lightning strikes. Fig 10 depicts an 
equation derived by D. J. Malan.4 

When th is equation is solved for 6E 
the curve presented in Figs 11 and 12 
results. The second curve is a plot of 
the close-in data. It can be seen that 
close by a lightning discharge results in 
field intensity measured in hundreds 
of kilovolts per meter and that these 
are somewhat comparable to the fields 
experienced when a person is in the 
field generated by a pulser. 

The point of all this, is of course, 
that most, if not all of us has at one 
time or another been close to a light
ning bolt. If we were not hit by it we 
suffered nothing more than a bad 
scare. 

There have been a few reports in 
the literature of some temporary dis
ruption of the ability to perform 
recently learned somewhat complex 
activities such as piloting an airplane 
or driving an automobile. 1 Thus to 
look into the possible effect on some 
such activity in an experimental ani
mal seemed to be a promising place to 
look for an EMP effect. 

Seven albino female rats were 
trained to run a conventional maze the 
design of which is shown in Fig 13. Fig 
14 depicts the maze as it was em
ployed in the field. After the animals 
had learned the maze-running to a 
point where they routinely turned in 
errorless performances, they were also 
conditioned to running in the field 
environment. They were subjected to 
three pulses of 600 kv/m and a decre
ment in performance was observed as 
illustrated in Fig 15. It can be seen 
that maze-running had become upset. 
The effect was temporary however, 
and within an hour the animals all 
performed at their prcexposure level. 
No other evidence of physiplogical or 
psychological disturbances were appar
ent.2 

Subsequent to the rat study 
additional efforts have been made to 
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Fig 8. - Curves showing radiative electric field due to lightning stroke as-calculated by several authors. 

Fig 9. - A diagram showing the electrical situaiion prior to a lightning stroke. The symbol € is the potential 
difference in the air between the thundercloud and the sky. The + and - symbols indicate the relative charge 
situation. The symbol h is the height of the cloud above the ground. The parameter R is the distance of an object 
of interest from the stroke and is a function of the angle 0. 
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determine the existence and nature of 
EMP effects on other animals. 

Monkeys 
The first primate subject was an 

adult, male stumptailed macaque, 
(Macaca sepciosa) weighing about 14 
kg. Although not trained for any 
specific task, the animal's customary 
behavior was well known to his hand
lers, as he had been in the animal 
colony a long time and had been 
subjected to a variety of previous 
experiments. The monkey was con
fined within a roomy wooden cage at 
the test site and exposed to eight 
pulses of from 300 to 600 kv/m 
spaced at 10 minute intervals. Follow
ing each pulse the animal was ap
proached by his handlers who offered 
pieces of fruit and looked for unusual 
behavior of any sort. 

The second pr: mate tested · was a 
male rhesus (Macaca mu/ata), weighing 
about five kg. This animal had been 
previously trained on a shock-avoid
ance task whereby a pressing response 
was required on one of four plastic 
keys, whenever illuminated, or on a 
fifth key when a tone (200 to 20,000 
Hz) was presented. Failure to respond 
within five seconds of stimulus presen
tation resulted in a brief, neck-collar
shock of 1 0 ma. Th is animal was 
thoroughly overtrained prior to EMP 
exposure and always responded imme
diately with virtually no errors or 
omissions. The monkey's wooden test 
cage and response panel were discon
nected from all electrical circuits dur
ing each EMP. The performance task 
was run continuously except for brief 
interruptions prior to and following 
each pulse. Motion pictures were taken 
of the animal's behavior beginning 30 
seconds before and for 150 seconds 
following each pulse. Ten pulses were 
administered successively, spaced 
approximately at 10 minute intervals. 
The first five pulses were about 300 
kv/m, the next three were 450 kv/m, 
and the last two were 600 kv/m. This 
exposure series was repeated at a later 
date under similar circumstances, with 
the addition of a wire mesh floor on · 
the monkey's case to connect him to 
the EMP ground plane. 

Dogs 
Four, untrained, adult dalmatian 

dogs were exposed to EMP's to deter
mine whether hematologic or bio~ 
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Fig 10. - The equation derived by 0. J. Malan to calculate the charge transferral during a lightning stroke. The 

• average stroke transfers 33 coulombs. Using the parameters dericted in Fig 10, the equation can be solved for• ·-1::. 

CHARGE TRANSFERRED TO GROUND BY LIGHTNING 

60 = 21TE'o _ h 6E = 5.55 x 10-5 x -.--- x 6E ~ h
2
+R

2 J h2+R2 

sinarctan (R) . sinarctan (~) 

Where= 

h = height of charge center above ground (Km) 

R= distance from stroke to target (Km) 

6E = vertical field cfiarge ( V/meter) 

60 = charge transferred (Coulombs) 

from D. J. Malan 

Fig 11. - Electrical field density ( -U vs. distance from a typical lightning stroke. 

chemical changes occurred. Blood 

scrum analyses were performed with 

an SMA-12 automatic analyzer on the 

four dogs prior to and following EMP 

administration. Two baseline 

SMA-12's were done, respectively, two 

weeks and one week prior to exposure. 

On each of three successive days pre

exposure, the dogs were adapted to 

the holding box in which they were to 

be pulsed. The box had four separate 

compartments, one per dog. Two of 

the compartments had wire mesh 

floors to provide contact between two 

of the animals and the pulser ground 

plane. The other two dogs were insu

lated from ground by a wooden floor. 
The dogs received four EMP's of 

about 3-30 kv/m, spaced at 10 minute 
intervals. At 1-hour postexposure, 

blood was drawn and an SMA-12 and 

routine hematology were performed. 

The blood sample and tests were re

peated 24-hours later. 

Results 
No behavioral alterations were ob

served in either the monkeys or the 

dogs following exposure to the EMP's. 

The stumptail monkey continued to 

accept bi.ts of food readily and per

formed such manipulations as banana 

peeling with his customary dexterity 

when fed immediately after each 

pulse. He appeared alert and respon

sive and appeared completely normal 

to the veterinarian at later examina

tions. 
The rhesus monkey continued to 

perform rapidly and without error on 

the avoidance-discrimination task fol

lowing EMP exposure. The only visible 

changes for this animal were startle

like responses at the instant of pulsing, 

which were probably associated with 

the loud cracking noise of the dis
charge. The "startle" responses did not 

interfere with the animal's quick reac

tion times on the key pressing task or 

with the accuracy of his discrimina

tions. Study of the motion pictures 

suggested that what appeared as startle 

may actually have been a quick, lung

ing movement toward the response 

panel triggered by the pulser noise and 

the flashbulb used as an event marker 

for the film. This is shown in Figs 16 

and 17. This animal was so overtrained 

that any quick sound or visible move

ment would tend to initiate an ap
proach to the panel. For_ example, the 

monkey would begin pressing the 
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audio key when the public address 
announcement was heard advising per
sonnel to clear the area. 

The second test occasion, where the 
moneky was connected to the ground 
plane through the mesh floor of the 
cage, likewise produced no detectable 
EMP effects on behavior. Observations 
by the veterinary staff revealed no 
untoward effects. 

No noticeable changes were seen in 
the dogs' behavior at the time of, or 
following, any of the pulses. The 
SMA-12 andd hematological tests re
vealed no changes in blood chemistry. 
Veterinary examination of the dalma
tians likewise showed no alterations. 

In contrast to the earlier study 
using rats, the present investigation 
demonstrated no observable behavioral 
or other changes in two monkeys and 
four dogs. Aside from species differ
ences between the two studies, numer
ous procedural differences exist which 
obfuscate any conclusions of whether 
EMP's affect animal behavior to a 
measurable degree. The absence of 
effects under the present test condi
tions implies that the EMP's are more 
innocuous than dangerous. It should 
be stressed, however, that the present 
m 1niature experiments investigated 
only single pulse exposures, with few 
repetitions, and over a short period of 
time. 

Of more ctrncern to health physi
cists are the possible effects of chronic 
exposure ·to high repetition rates re0 

ceived daily by such persons as the 
· pulser mafritenance staff. Some in
formal observations along these lines 
have been made at the Air Force · 
Weapons Laboratory Dipole Facility 
by Capt. Kenneth Evans, USAF-MC 
and Capt. George Schwartz, USAF-MC 
(personal communications, 1970). In 
discussions presented at a symposium 
on EMP effects held recently at the 
Lovelace Foundation, Capt. Evans in
dicated that no adverse physical or 
psychological effects were found in 
personnel who had been variously ex
posed to EMP's (11 kv, 12/sec) over a 
long period,of time. 3 

The present state -of knowledge 
regarding EMP effects is inadequate. 
We feel with some confidence that 
single or a few exposures to field 
densities as high as 600 kv/m can be 
endured safely. We underscore the 
need, however, for experimental deter
mination of the effects of long-term 
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Fig 14. -A photograph of the maze used in the rat experiments. 

SUMMARY OF MAZE RUNS 

Dote Animal Preexposure Pulse Postexposure 
No. Runs Na. Runs Remarks 

Time Errors Interval Time Errors 

11-16-67 14 3 0 
3 0 
3 0 

I immed. 16 0 "'Startle"' 

2 immed. 5 0 ··s,artle'" 

3 immed. NC NC '"f,aze .. at starting gate. 

30 min 6 1 Frequent hesitation at decision points. 

1 day 4 0 
2days 4 0 
3days 5 0 
4doys 4 0 
5doys 3 0 

11-17-67 7 5 0 
7 I 
4 0 

1 immed. NC NC ··startle'". Made wrong turn out of 
box. Returned to box. 

.. 2 immed. NC NC Did not leave box·. Turned 180' 
end foced entry door. 

3 immed. NC NC '"Startle'". Did not leave box. 

30 min 12 0 Hesitant at decision points and 

I day 4 seemed ''cautious''. 

2doys 4 

3days 3 
4doys 6 
5doys 5 

Note, All times in seconds. 

Fig 15. - A table showing the results of two representative rat experiments. 

Fig 16. - Photographs of the operantly conditioned 

monkey performing in the pulsed field. 

EMP exposure on animals lest the 
well-being of human personnel is jeop
ardized simply because no obvious 
deleterious, effects have been docu-. 
mented to date. 

Planning is currently taking place to 
explore the matter of chronic expo
sures somewhat in depth using several 
species of animals. These studies will 
include both physiological and psycho
logical observations. Hopefully at their 
conclusions we will have a better 
understanding of whether or not there 
is any biological hazard associated 
with exposure to electromagnetic 
pulses. 

Supported by Grant PH-05531 from the 
Department of Health Education and Wel
fare, National Institutes of Health, US Pub
lic Health Service. 
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