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MEMORANDUM FOR OASD(PA) FOIA 
ATTN: CDR. LANGERMAN 

SUBJECT: 89-FOl-2208 (PROJECT PANDORA) 

AS YOU REQUESTED DURING OUR MEETING ON 21 DEC 1989, THE FOLLOWING 
INFORMATION IS FURNISHED, IN ADDITION TO THE DOCUMENTS CONCERNING PROJECT 
PANDORA, FOR RELEASE TO MICHAEL DROSNIN TO SATISFY HIS REQUEST UNDER SUBJECT CASE. 
(ATTACH A) 

THE TERM PROJECT BIZARRE IS NOT A SEPARATE PROJECT, BUT WAS A CODE NAME FOR 
A SPECIAL ACCESS CATEGORY WITHIN THE PANDORA PROJECT. 

AUL OTHER DOCUMENTATION RELATING TO THE PROJECT WAS TRANSFERRED TO THE 
ARMY (WRAIR) AS OUTLINED IN THE "AGREEMENT TRANSFER OF PROJECT PANDORA" 
(ATTACH 8) 

ALSO FORWARDED IS A COPY OF DARPA LETTER DATED 15 SEP 1977 IN RESPONSE TO 
SENATOR MAGNUSON'S LETTER. WHICH MIGHT FURTHER SATISFY MR. DROSNIN'S REQUEST. 
(ATTACHC) 

FRED KOETHER 
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FOIA CASE NO. 89-FOl-2208 

ATTACH A: 

1) MEMO FROM B. W. AUGENSTEIN TO DR. BROWN & DR. FUBINI, 13 MAY 65 

2) MEMO FROM R. S. CESARO, A/DIR., ADV SENSORS TO DIR., ARPA, 15 OCT 65 

3) MEMO FROM R. S CESARO, TO DIR., ARPA, 15 DEC 66 

4) MEMO FROM R. S. CESARO FOR RECORD, 20 DEC 66 

5) REPORT BYE. V. BYRON, JOHNS HOPKINS UNIV, OPERATIONAL PROCEDURE FOR 
PROJECT PANDORA MICROWAVE, OCT 66 

6) 

7) 

8) 

9) 

1 0) 

11) 

1 2) 

13) 

1 4) 

1 5) 

1 6) 

REPORT BYE. V. BYRON, JOHNS HOPKINS UNIV., PROJECT PANDORA, NOV 66 

MEMO FROM R. S. CESARO, TO DIR., DEF R&D, 27 SEP 67 

MEMO FROM HERBERT POLLACK TO R. S. CESARO, 2 JAN 69 

REPORT BY J. F. KUBIS, THE SARATOGA STUDY, 8 MAY 69 

MINUTES OF PANDORA MEETING OF 17 JAN 69 

MINUTES OF PANDORA MEETING OF 21 APR 69 

MINUTES OF PANDORA MEETING OF 12 MAY 69 

MINUTES OF PANDORA MEETING OF 18 JUN 69 

MINUTES OF PANDORA MEETING OF 16 JUL 69 

MINUTES OF PANDORA MEETING OF 12& 13AUG69 

LTR FROM RAND, REVIEW OF PANDORA EXPERIMENTS, 4 NOV 69 

1 7 ) PRELIMINARY REPORT ON THE EVAWATION OF DATA ASSOCIATED WITH PANDORA BY J. 
F. KUBIS, 4 DEC 69 

• 1 8) MEMO FROM IDA REVIEW PANEL TOR. S. CESARO, 14 JAN 69 
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1 9 ) LETTER REPORT ON AO 791, 15 FEB 69 

2 0 ) PROGRESS REPORT BY B. H. COHEN, JOHNS HOPKINS UNIV., 28 FEB 70 

2 1 ) FINAL REPORT BY K. R. BRIZZEE, TULANE UNIV., 16 SEP 70 

2 2) REPORT BY R. J. GAVALAS, UNIV OF CALIF AND D. 0. WALTER, ET AL, EFFECT OF LOW 
LEVEL, LOW-FREQUENCY ELECTRIC FIELDS ON EEG AND BEHAVIOR IN MACACA NEMESTRINA 

2 3) MINUTES OF PANDORA MEETING, 12 JAN 70 

2 4) FINAL REPORT BY ZARET FOUNDATION, INC. 

ATTACHB: 

AGREEMENT TRANSFER OF PROJECT PANDORA 

ATTACHC: 

LETTER FROM DR. HEILMEIER TO WARREN G. MAGNUSON, 15 SEP 77 
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Mr. Michael Drosnin 
458 West Broadway, 5th Floor 
New York, NY 10012 

Dear Mr. Drosnin: 

Ref: 89-FOI-2208/L 

This responds to your December 5, 1989, Freedom of Informa
tion Act (FOIA) request to the Office of the Secretary of Defense 
which was received in this Directorate on December 12, 1989. Our 
interim response of December 21, 1989, refers. 

The Defense Advanced Research Projects Agency (DARPA) has 
determined that the documents at enclosure 1 are responsive to 
your request pertaining to Project Pandora and have been granted 
in full. Project Bizarre was not a separate project, rather, it 
was a code name for a special category within the Pandora 
Project. All other documentation relating to Project Pandora was 
transferred to the Walter Reed Army Institute of Research (WRAIR) 
per enclosure 2. The letter to Senator Magnuson at enclosure 3 
may serve to answer any further questions you may have. 

This office referred your request to the Services as previ
ously indicated in our interim response. The Department of the 
Navy response of January 10, 1990, and the Department of the Air 
Force response of January 4, 1990, both correctly inform you that 
they are unable to assist you in your search for documents. 
WRAIR, under the Department of the Army, now has cognizance of 
this information as indicated in the previous paragraph and 
should be able to provide you a more substantive response. 

After deleting 100 pages as an "other" requester, the charge
able costs of processing your FOIA request consisted of 365 pages 
of office machine reproduction (with the documents provided in 
our interim response and this final response) at $0.15 per page. 

Please indicate the FOIA reference number above on a check or 
money order made payable to the U.S. Treasurer in the amount of 
$54.75. Send the payment within 30 days to this office at the 
following address: 

" 
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Enclosures: 
As stated 

Office of the Assistant Secretary of Defense 
(Public Affairs) 

Directorate for Freedom of Information 
and Security Review 

Pentagon, Room 2C757 
Washington, DC 20301-1400 

Sincerely, 

w. M. McDonald 
Director 
Freedom of Information 

and Security Review 

CYT:LANGERMAN:mml:89-2208 ltr:900117: gr_pk __ ye __ wh 
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OFFICE OF THE 
WASHINGTON, D. C. 20301 

MEMORANDUM FOR DR. BROWN(---i(((({~ 
DR. FUBINI 

ANO ENGINEERING 

13 May 65 

SUBJECT: ARPA and Moscow Embassy Radiation 

In the advanced sensor program, ARPA is entertaining proposals 
to investigate possible clinical effects, primarily neurological, 
of continuous microwave radiation with either CW or pulsed wave 
forms . 

The CIA and a special USIB Subcommittee have become interested 
in this problem for the following reason. The radiation intensity 
on our Moscow Embassy exceeds, by a factor of about 100, the 
safety level specified in Soviet microwave specification standards. 
These Soviet standards are considerably more stringent than ours. 
Specifically, the Soviet standards are: to not exceed 10 microwatts 
continuously and, in no case, to exceed l milliwatt for even very 
short periods of time. 

I understand that the average radiation intensity inside the windows 
of our Moscow Embassy is on the order of l milliwatt. Consequently, 
a considerable amount of interest has been generated by the CIA and 
by the USIB in reviewing existing data in this field, which is very 
scanty at these radiation levels, even though the possibility that the 
radiation is intended to produce neurological effects on embassy 
personnel is probably relatively low. On the other hand, since we 
have no real idea of what the radiation is intended for, it has been 
the feeling, in the USIB and the CIA, that this possibility should not 
go unexplored. Unfortunately, there is some past unsavory history 
of experiments of this kind in this country which has made a number 
of people rather leery of further experiments in this field, and which 

LB!I I LB 8!841ff&Efl UJiJ 
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has resulted in the setting of standards of safety which are 
approximately 1,000 times looser in this country than in the Soviet 
Union, with our standards being set primarily by thermal damage 
thresholds. Effort has been going on by the Director of Clinical 
Research, Neurology, in NIH on lower level radiation to see if 
neurological effects can be detected but, even in this case, the 
effort has not been apparently officially sanctioned as a NIH project 
because of the circumstances noted earlier. 

ARPA now has some proposals to conduct meaningful experiments 
in this range in which the intent would ultimately be to experiment 
not only with the average intensity of the Moscow radiation but also 
with a close simulation of the wave forms used. However, there 
seems to be some internal resistance in ARPA to the suggestion 
that ARPA proceed with these experiments, probably because there 
is a feeling that at one time it certainly attracted a number of crack 
pots. The proposal which makes considerable sense now is a pro
posal to use Air Force primates as subjects in a carefully controlled 
series of experiments, with the intent being to detect neurological 
or synergistic effects. My feeling is that we should carry through 
these experiments, if these can be accomplished at reasonable cost, 
because of the following considerations: 

a. There is definite USIB and CIA interest in this propo
sition, and I believe that a USIB recommendation that such research 
be carried on can, or will, be generated. 

b. The existing U.S. experience in this particular energy 
range does not seem to be very satisfactory in quality of research. 

c. The pragmatic fact ·exists that the Soviet Union is 
irradiating our embassy in Moscow with radiation which exceeds by 
a factor of 100 their own safety standards, and which would give us 
a lever for protest if we wished. 

d. Unless, and until, other explanations are found for the 
purposes of the Embassy radiation, this should not be left an unexplored 
possibility . 

I l 
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For these reasons, I believe that ARPA should be encouraged to 
do this research as part of the advanced sensor program under 
the assumption that a reasonably contained, high quality, and not 
unduly expensive program can be formulated, I do not think that 
the past history of this particular subject, which apparently makes 
many people suspicious about the scientific content of such experi
ments, should be allowed to impede a sound research program in 
this area, for the reasons mentioned earlier. 

.--
,, ,,, !,~;/,_ .. ,...~~-.. / 

B, W •. Augenstein 

3 



• 

r.r , 

i • DE:; !Sll 

15 October 1965 

MEMORANDUM FOR THE filRJ!l;TOR1 ADVANCED RJJB~ PROJ&:TS AGENCY 

SUBJECT: Justification MemorandUlll for Project PAI'l'IX)RA 

The purpose of this memorandUlll is to explain some of the backgrou."'.td 
requirements and justification for the AFPA Program Plan 562 relating 
to Project PANDJRA. 

Background. For several years it has been noted that the American 
Embassy in Moscow has been radiated with low level electromagnetic 
signals on a more or less continuous basis. These emitting signals, 
in the "S" and "L" band spectrum, have been of complex modulation with 
seemingly random variations. 

The White House has directed through USIB that intensive investi
gative research be conducted within the State Department, CIA and roD 
to attempt to determine what the actual threat is and stop it. The 
National program has been coordinated by the State Department under 
code name project "TUMS," AFPA is represented and has been requested 
to initiate a selective portion of the overall program concerned with 
one of the potential threats, that of radiation effects on man. 

Discussion. A program has been outlined to irradiate a group of 
primates under carefully controlled conditions simulating the dosages 
and complex modulation of the threat, This effort is known as Project 
PANIX)RA. The trained primates will be carefully observed under varying 
and controlled irradiated conditions in an attempt to determine if any 
changes in their behavior or physiological condition can be detected. 
This effort will be carried out on behalf of ARPA by the following 
organizations. 

1, The Air Force will select, procure, and monitor the 
electrorragnetic generating equipment and control the environment thus 
produced. An initial study of equipment was made under AFPA Order #'757. 
They will integrate above resources into a system and provide an aero
space medical doctor to assist the other medical team members in the 
test program. 

2. The Applied Physics Laboratory will provide scientific 
consulting services and technical assista.~ce in the design and fabri
cation of the laboratory, its electromagnetic environment and test 
facilities pertaining thereto. 

( 

rJPM1ff1t !Hl J 
R~ ta.rs ... a. 
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3. The Walter Reed Arey Institute of Research will provide 
laboratory quarters, primates, biological monitoring and data reduction 
capabilities. 

4. In addition, Mr. Mark Groves, of the Wright Patterson 
Avionics Laboratory will act as ARPA monitor and coordinator for this 
project. Additionally, other consultants which will be utilized include 
Drs. Nat Baldwin, NIH; Ross Adey, UCLA; Milton Zaret, Zaret Foundation; 
J. Johnson, CIA; and H. Pollack, IDA. 

Recommended Action. It is recommended that ARPA initiate the 
required ARPA Orders as covered in the Program Plan attached. This 
memorandum, being of a sensitive nature) willr-be retained in the Office 
of Advanced Sensors and act as justificationii1 depth for above referenced 
future Program Plan and ARPA Order. \ ( \ \ ~', 

'l-6d\~~}:~)S\W 
Ji.\~rd s:; iesaro 
Acting Director 
Advanced Sensors 
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OPERATIONAL PROCEDURE FOR 

PROJECT PANDORA MICROWAVE 

TEST FACILITY 

MRT-4-045 
QM-66-071 

Prepared by 

E. V. :Syron 

October 1966 
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ABSTRACT 

MRT-4-045 
(11-66-071 

This report describes the operational procedure for the Project 

Pandora microwave test facility. It is intended primarily for non

microwave oriented technical personnel to enable them to operate the 

facility with a minimum of training. Included is the Turn-On, Turn

Off Procedure, the procedure for measuring transmitted power and p=er 

density, and a description of the power monitors. 

-i-
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I. INTRODUCTION 

II. 

This report describes the operational procedure for the 

Project Pando·ra microwave test facility. It is intended pri

marily for non-microwave oriented technical personnel, to 

enable them to operate the facility with a minimum of training. 

Section II of this report del,neates the basic turn-on, turn-off 

procedure for the equipment. Section III describes the procedure 

for determining which of the "add-on" sections of the expandable 

conical horn to use, and the power requirements for a desired 

power density, Section IV describes the power monitors in the 

microwave anechoic chamber, 

The microwave equipment for Project Pandora is assembled in 

the four equipment racks illustrated in figure l. Rack No. 1 

contains the Spectrum Analyzer R.F. and Display sections, Rack 

No. 2 contains the auxiliary low-power microwave generation and 

modulation equipment. The equipment in this rack is not inter

connected (nor is the spectrum analyzer}. Rack No, 3 contains 

the primary low power microwave generation and modulation equip

ment, and the necessary monitoring and recording equipment. Rack 

No. 4 contains the high power microwave amplifier and power sup• 

p Hes. The interconnection of these two racks, with the "expandable 

horn" transmitting antenna in the anechoic chamber, is shown in 

figure 2 which is a functional block diagram of the microwave sys

tem. 

EQUIPMENT OPERATION 

The following instructions pertain to the operation of the 

equipment assembled in equipment racks 3 and 4 with reference to 

figures land 2. 

For operation of the various individual pieces of 

equipment, refer to the manufacturers' operation 

manuals which are available at the test facility. 
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A. Preliminary Turn On Procedure 

. , 

• j 

~: Connect the proper transmitting hor~ section for 

l. 

2. 

the required frequency and power densjty as outlined 

in Section III of this procedure. 

Equipment Rack Number 4 

a. Turn on water supply. Pressure should be between 

15 and 50 psi. I 

b. Turn on low voltage A.C. power supply. Set Heater 

Voltage to 6.3 volts. 

c. Turn on D.C. power supply (solenoid power). Set 

to 33 volts • 

Under no circumstances should the solenoid 

be operated without water cooling or perma

nent damage will result. If the over current 

light is energized, the door interlock is 

open or there is insufficient water pressure 

or solenoid current. 

d. Set the Cathode Voltage switch on the high voltage 

power supply to the Burn-in position and turn on the 

high voltage. 

~: There is a 3 minute delay before the high 

voltage comes on. Allow 15 minutes warm-up. 

Equipment ~ Number 3 

a. Turn on A.C. power to rack number 3. 

b. Turn the Grid Control on the Alfred 5-6868, 10 watt 

TWT amplifier to -250 volts. Turn Helix Control 

completely CCW. 

c. Turn HP692C Sweep Oscillator to Standby position. 

d. Turn on power to all equipment, allow 15 minute 

warm-up. 
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e. Zero all HP431C power meters. For maximum ac-· 

curacy, the power meters should be "re-zeroed" 

periodically. Refer to the HP431C instruction 

manual. 

f. Turn Sweep Oscillator Output Attenuator and TWT 

Output Attenuator completely CW (max. attenuation), 

g. Set HP692C to desired frequency and connect for 

desired modulation. 

h. 

Note: Refer to the instruction manuals of the HP692, 

HP8403A, and the HP3300A for the possible 

modulation options and their settings. If 

the auxiliary low power R.F. generation and 

modulation equipment is to be used, refer to 

the appropriate instruction manuals for pos

sible interconnections and operating instruc

tions. 

Turn HP692C to Operate position. 

Operational Turn On Procedure 

l. 

2. 

Equipment~ Number 4 

a. Set Cathode Voltage switch to the .l/3.3KV position 

and observe high voltage and current meters. 

Do not allow high voltage to exceed 3250 

vclts and the current to exceed 560 ma. 

b. If necessary, adjust high voltage screwdrive adjust

ment for high voltage meter reading of 3250 volts. 

DO NOT EXCEED 560 MA. CURRENT. 

Equipment Rack Number 3 

a. Turn Helix Control on Alfred 5-6868 TWT completely CW. 

b. Turn Grid Control on Alfred 5-6868 TWT completely CW. 
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Adjust Sweep Oscillator Output Attenuator for 

maximum power output as observed on TWT Monitor 

Power Meter. Lock in position, 

d. Adjust TWT Output Attenuator for the required 

transmitted power as observed on the TWT Monitor 

Power Meter. L,•ck in position. 

e. 

The transmitted power required for a desired 

power density can be determined from figure 3 

and Section III of this procedure. 

The transmitted power can be determined from 

the meter reading and figure 4; {High Power 

Monitor, - Meter Reading vs. Output Power). 

DO NOT EXCEED 250 WATTS TRANSMITTED POWER FOR 

EXTENDED PERIODS OF TIME WITH THE INITIAL TUBE 

SUPPLIED. 

Set the monitor switches on the monitor switch panel 

to connect the desired function to be monitored to 

the strip chart recorder. The normal setting of these 

switches is TWT Monitor to the recorder channel No. 2, 

and Monitor Chsnnel No. l to recorder channel No. 1. 

f. Connect "Available Inputs" to the scope or the HP415 

as required. 

C. Turn Off Procedure 

1. Equipment Rack Number 3 

a. Turn 10 W TWT Output Attenuator max. CW {max. 

attenuation). 

b. Turn Sweep Oscillator Output Attenuator max. CW. 

c. Turn Grid Control on Alfred 5-6868 10 Watt TWT to 

-250 volts. Turn Helix Control completely CCW • 
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d. 

, e. 

Turn HP692C Sweep Oscillator to Standby position. 

Rack power may now be turned off. 

Equipment ~ Number 4 

a. Set the Cathode Voltage switch on high voltage 

power supply to Burn-in position. 

b. Turn off high voltage. 

c. Turn off low voltage A.C. power supply. 

d. Turn off D.C. power supply. 

e. Turn off water supply. 

III. PROCEDURE FOR SELECTING HORN SECTION AND OUTPUT Pa,/ER FOR DESIRED 

PCMER DENSITY 

A • Design Frequency Range for ''Expandable" Conical Horn 

The microwave facility was designed such that a suitable 

quiet zone - minimum dimension, 3' wide by 2' high by 1' deep 

for two "test samples" side by side - would be illuminated 

uniformly a + 1.0db power variation in the quiet zone was 

the design goal. The quiet zone, as discussed in this report, 

starts at a transmission length of 23.0 feet and is symmetric 

about the chambers horizontal and vertical axis. These quiet 

zone dimensions, therefore, set the beamwidth characteristics 

of the t'ransmitting horn; and a conical transmitting horn with 

"add-on" section was designed to give maximum gain with the 

required beamwidth over the S-Band frequency range. Under 

these conditions, figure 3 shows the "design frequency range" 

for the appropriate sections (D
1 

through 0
6
). This figure is 

2 
a plot of power density (in mw/cm) per watt transmitted - Pd/W • 

versus frequency, for each of the born sections. It can be seen 

-2 2 ., that, for the design frequency ranges, Pd/W ia 1.6x10 mw/cm ± lOn. 
watt 
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quiet 

for 250 watts transmitted, 
2 zone is 4.0 mr.1/cm :!; 10%. 
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the power density in the 

1. To determine specifically the transmitted power required 

for a desired power density (at a given frequency in the 

design range): 

a. Determine Pd/W for the known frequency and horn 

section from figure 3. 

b. Solve: 

c. Example: 

Pd/W x Power = Power density 

Power = Power density 
Pd/W 

At 3.0 GHz, a power density of 2mr.,/cm2 

is required. (Horn Section D4) 

Pd/W = -2 1.58x10 from figure 4 • 

Power = l~SSxl0-2 = 126 watts 

-----·---

2. To determine power density from a known transmitted power: 

a. Determine Pd/W for the known frequency and horn 

section from figure 3. 

b. 

c. 

Solve: Power density = Pd/W x Power 

Example: At 3.5 GHz, 200 watts are transmitted (Horn 

Section D2). 

Pd/W • l.56xl0- 2 from figure 3. 

-2 2 Power density= 1.56xl0 x200 = 3.13 mw/cm 

Horn Section for a Reduced Quiet Zone 

To increase the versatility of the test facility, additional 

· "add-on" horn sections were designed to uniforms.Uy illuminate suc

cessively smaller quiet zone volumes with increased gain. The 

determination of the quiet zone volume is dependent upon the beam• 

width of the various sections and is beyond the scope of this re

port. Suffice it to say that, at the upper end of the frequency 

band (3.95 GHz) horn section D
10 

will essentially illuminate uni-
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formly a quiet zone large enough for a single test sample -

1.5'W x l'H x l'D. At this frequency, »10 gives the maximum 

power density obtainable for the system. As the frequency is 

decreased, horn section D
10 

will uniformally illuminate a 

proportionately larger volume with reduced gain. 

1. The power required for a desired power density can be 

determined as in Al ~bove. 

a. Example: 2 10 mw/cm power density is desired at 

3.95 GHz (Horn Section D10) 

Power = Power Density 
Pd/W 

Pd/W = 3.83 x 10- 2 from figure 3 

Power = to -3 ° 260 3.83 x 10 m watts 

MlCRCMAVE PGIER MONITORS 

In addition to the high power TWT monitor, there are 3 power 

monitors in the anechoic chamber. Two of these, Monitor #1, a 

standard gain horn, and Monitor #2, a sleeve dipole, are connected 

to the HP431C power meters in rack number 3. These two monitors 

may be switched to the Mosley 7100B strip-chart recorder (see figure 2). 

The third monitor, alternate monitor number 1, is a sleeve dipole and 

has an available output as shown in figure 2. 

A. Monitor Number l 

Monitor number 1, the standard gain horn, is the primary 

"down stream" power density monitor. Power readings on the 

Channel No. 1 power meter can be converted to power density 

,!!! the point of measurement with reference to figure 5. 

Note: It must.be reemphasized that this monitor, in conjunction 

with. figure 5, measures the power density,!!! the point 

where the monitor .!,s placed .!.!! the chamber, and not the 

power density at the center of the quiet zone as determined 

in Section III. 
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These monitors are available to measure relative power 

density and for the observation of signal waveforms at any 
' 

point in the chamber. 

By placing monitor number 2, with its alternate monitor 

line connected, at a point of known bower density (previously 

determined as in Section III or IV A above), and placing alter

nate monitor number 1, at any other point in the chamber; a 

gross measurement of power density can be made by observing 

the relative readings. Due to the nature of the chamber re

flections, the power density measured in this manner can be in 

error by± 2 db; however, as a "gross" power density measurement 

technique, these monitors are useful since they are lightweight 

and easily movable. 
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ABSTRACT 

This is the final report on the Applied Physics Laboratory's 

contribution to Project PANDORA• specifically, aid in the implementa

tion, and the evaluation of a microwave test facility at Walter Reed 

Army Institute of Resear;:h. An "expandable" conical horn transmitting 

antenna, and monitor dipole receiving antennas were designed for use in 

the anechoic chamber constructed by Emerson and Cuming, Inc. A mechan

ical field traversing mechanism was designed and constructed for the 

chamber evaluation, the microwave equipment was functionally assembled, 

and the completed facility was thoroughly evaluated. The evaluation 

included the me,uurement of power variations in the quiet zone with and 

without the sample container (with and without the test sample) in the 

required position, and the mea3urement of the power density in the quiet 

zone usir,g the Microwave Associates !:iigh pa,er TWT and the appropriate 

transmitting horn sections. 
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I. INTRODUCTION 

This is the final report on the contribution of the Johns 

Hopkins University Applied Physics Laboratory, to Project PANDORA -

specifically, aid in the implementation and the evaluation of a micro

wave test facility at the Walter Reed Army Institute of Research, Forest 

Glen Section. APL 1 s responsibilities were divided into roughly three 

areas: (l) aid in determining the suitability of the microwave equip

ment to be procured, and the funct!~nal assembly of this equipment (2) 

the design and fabrication of necessary specialized equipment, - trans

mitting horn, monitoring dipole antennas, a field traversing mechanism, 

etc., and (3) the evaluation of the microwave anechoic chamber, the 

calibration of the measurement equipment, and the test of the completed 

facility. The test and evaluation of the completed facility included 

the measurement of the power variations in the quiet zone of the anechoic 

chamber with and without the sample container (with and without the test 

sample) in the required position, and the measurement of the power den

sity in the quiet zone, 

In addition, a familiarization session was conducted for Army 
(l) 

personnel scheduled to operate the facility. A companion report d~-

scribes the operational procedure, the procedure for determining the 

po1,er requirements and which "add-on" section of the expandable conical 

horn to use for a desired power density, and a description of the ~oni

toring equipment. 

The commerically available microwave equipment was specified 

and purchased by the Air Force Avionics Laboratory (AFAL), Wright-Patterson 

AFB, Columbus, Ohio - the program managers. The microwave anechoic chamber 

was designed and constructed by Emerson and Cuming, Inc., Canton, Mass, 

The high power microwave traveling wave tube was designed and built by 

Microwave Associates, Burlington, Hass., with the associated power supplies 

furnished by Alto Scientific, Inc., Palo Alto, California. 

(1) 
"Operational Procedure for Project PANDORA Microwave Test Facility" 

APL/JHU Report MRT-4-045; (QH-66-071) dated October 1966 (li) 
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II. DESCRIPTION OF THE MICROWAVE FACILITY 

The microwav~ test facility implemented at Walter Reed con

sists of a microwave anechoic chamber, an expRndable conical transmit

ting horn attached to one end wall of the chamber, and the microwave 

control and monitoring equipment installed in four equipment rRcks 

which are housed in the c?ntrol room adjacent to the transmission end 

of the chamber. Also, a standard gain horn power monitor, and two 

sleeve dipole monitoring antennas are installed in the microwave chamber. 

to operate at S-Band, with conver-
' 

The facility was designed 

sion potential through X-Band, such that a suitable quiet zone - minimum 

dimensions, 3' wide x 2' high x 1' deep, for two test samples side by 

side - would be illuminated uniformly; a power density of 2 nrw/cm3 .:!: 1.0 db 

over the frequency band waa the design goal, with a potential for a power 

density of 10 mw/cur over a reduced volume and a: fixed frequency. 

A. MICROWAVE ANECHOIC CHAMBER 

The microwave anechoic chamber (Eccosorb Anechoic Chamber No. 

650) is approximately 15' wide by 15' high by 35 1 long. The proposed 

four foot cubic quiet zone is symmetric about a point 25 feec from the 

transmitting end wall, and equidistant between the floor, ceiling and 

side walls. figure l is a photograph of the chamber; figure 2 is the 

general arrangement drawing, and also shows the mounting detail for the 

transmitting horn. 

The design requirements for the chamber specified that the power 

variations should not exceed± .25 db superimposed on the transmitted gain 

"droop" measured in the quiet zone.with an absorber backed dipole over the 

frequency band of interest. As noted in Section III of this report, 

these values were not realized, and power "amplitude ripples" as great as 

± 1.0 db were observed, The chamber evaluation showed that for the minimum 

quiet zone dimensions - 3' wide x 2 1 high x 1 1 deep, - power variations of 

11<~RE$* 
, a .. er• 
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over the S-Band frequency range. When a stan• 

as the field probe instead of the absorber backed 

dipole, considerable improvement was observed; amplitude ripples were less 

than.:!: 0.25 db. This is discuosed further in Section III. 

B. MICROWAVE EQUIP}lENT 

The microwave equipment is assembled in the four racks shown in 

figure 3. Equipment rack number one contains the Spectrum Analyzer R. F. 

and Display sections. 

microwave generation 

Rack number two contains the auxiliary low power . t 

and modulation equipment, and some and llary equip• 

ment, in addition to the control panel for the field traversing mechanism. 

Rack number three con ta ins the primary low-power microwave generation and 

modulation equipment, and the necessary monitoring and recording equip

ment. Rack number four contains the high power microwave amplifier and 

associated power supplies and R. F. power monitors. 

The equipment in rack number two is not interconnected (nor is 

the spectrum analyzer). The interconnection of racks number three and four 

with the expandable conical horn is shown in figure 4 which is a functioc.al 

block diagram of the microwave system, Also shown in this figure are the 

"downstream" power monitors in the anechoic chamber. 

All of the equipment assembled in racks number two and three are 

commercial "off the shelf" units (traveling mechanism control panel ex

cepted) and constitutes the best and most versatile, in terms of possible 

R. F. modulations, microwave equipment available. This was particularly 

necessitated by the unknown nature of the desired signal for an experimental 

facility, These units were specified and purchased by the program managers 

(AFAL). Compatabili ty and suitability of this equipment was monitored by 

APL and the equipment was functionally assembled and tested at APL and de

livered as a unit to Walter Reed. 

The high power microwave amplification equipment in ra~k four 

was purchased under separate contract (from AFAL) to Microwave Associates 

and was delivered as a unit . 
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C. TRANSMITTING HO&'l 

The transmitting horn characteristics were dictated by the 

dimensions of the qui.et zone to be uniformly illuminated. This de

sign rationale and the test results are discussed in Appendix A of this 

report. In order to provide a constant gain and beamwidth over the de

sired frequency band, "add-on" sections were provided as depicted in 

figure 5. 

The first section of this "expandable" conical horn incor

porates a rectangular to circular transition obviating the need for a 

separate rectangular to circular waveguide transition. 

Gain measurements and antenna patterns were taken for each 

horn section at the center, and at the low and high ends of the S-Band 

frequency range. The results of these measurements are summarized in 

figures 6, 7, 8, and 9. Figure 6 shows the absolute gain of each of 

the sections across the frequency band. Also shown, is the design fre

quency range for each section. Figures 7 and 8 show the E and H plane 

3 db beamvidth respectively, and figure 9 is a typical E and H plane 

pattern (section D3) in its design frequency range. 

D, POWER MONITORING 

' 

One of the prime requirements for the microwave test facility 

was the ability to accurately determine the power density in the quiet 

zone of the anechoic chamber and to observe the transmitted signal, within 

the limits afforded by commercially available test equipment. 

Three monitoring channels were incorporated in the system, and 

several couple~ outputs are available for observing signal wave form, 

either on an oscilloscope (detected outputs), or directly on the spectrum 

analyzer (see figure 4). 

1. Transmitted Power Monitor 

To measure the transmitted power, two coaxial directional couplers 

and a thermistor mount were installed in the high power equipment rack (fig

ure 4). The thermistor output is connected to the HP 431C power meter in 

rack number three. The loss in this coupled transmission path was measured 
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over the S-Band frequency range. The resultant calibration was incor

porated with the measured loss of the output cable and the waveguide to 

coax adapter on the trans~itter horn, to plot the transmitted power curve 

shown in figure 10. This curve is a plot of corrected power meter reading 

versus transmitted power. Included in this figure is the legend for deter

mining transmitted power from the corrected meter reading, and conversely, 

the method for setting the, transmit red power by observing the meter reading. 

This figure in conjunction with figure 11 (Power Density per Watt Trans

mitted for Each Horn Section) can be used to determine the on boresight 

power density in the quiet zone. This is explained in greater detail in, 

section II E. 

2. Standard Gain Horn Monitor 

The standard gain horn monitor (monitor number l in figure 4), 

is the primary "downstream" power density monitor. The gain deviation ver

sus frequency curve of the standard gain horn, and the measured loss of the 

connecting cable and waveguide to coaxial adapter were incorporated into 

one frequency correction curve, shown in figure 12. This figure is a plot 

of the power density as a function of the corrected power meter reading. 

The power density thus measured is the power density at the position where 

the standard gain horn is placed in the chamber, and not the on boresight 

power density alluded to in the section above. It is possible to measure 

the power density in the anechoic chamber directly, only if the horn moni

tor can be physically placed at the desired position without interfering 

with the experiment in progress. If this is not possible, then the power 

density can be determined by extrapolating the measured power density, to 

the power density at any other position in the quiet zone by using the 

known gain-beamwidth characteristics of the transmitting horn section. In 

a similar fashion, the on boresight power density determined fro~ the meas

ured transmitted power can be extrapolated to any point in the quiet 2one. 

The determination of power den3ity for other than on boresight (and meas

ured) conditions is discussed in Section II F. 

·c:=!!» 
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In addition to the standard gain horn monitor, two sleeve di

pole monitors are available in the chamber for the observation of signal 

waveforms. These dipole monitors are shown in figure 13. The design 

dimensions and the measured results are discussed in Appendix B. 

It was originally intended that these dipoles would be cali

brated and used to measure. the abso:ute power density at any position in 

the chamber. Unfortunately, the rather large amplitude ripples caused by 

the reflections from the chamber walls, precluded this possibility. (The 

standard gain horn integrates the ripples over its considerably larger 

area and, consequently, was substituted as the prime power density monitor.) 

However, since the dipoles are light-weight and easily movable, they were 

retained for signal waveform observation, and for the "gros,a measure" of 

power density. Since the two monitors have identical characteristics, by 

placing one at a region of known power density, and placing the other at 

any desired position, the power density at any position can be determined. 

This is a "gross measurement" because the amplitude ripples can cause an 

error as great as 2.0 db. 

E. SELECTION OF TRANSMITTING HORN SECTIONS 

As stated previously, the microwave facility was designed such 

that a suitable quiet zone - minimum dimensions, 3' wide by 2' high by l' 

deep for two test samples side by side - would be uniformly illuminated; 

a::!: 1.0 db power variation in the quiet zone was the design goal. The quiet 

zone starts at a transmission length of 23.0' and is symmetric about the 

chamber horizontal and vertical axis. 

1. Design Frequency Range 

As discussed in Appendix A, the quiet zone dimensions set the 

beamwidth characteristics of the transmitting horn; and a conical trans

mitting horn with "add-on" sections was designed to give maximum gain with 

the required beamwidth over the S-Band frequency range. Under these condi

tions, figure ll shows the "design frequency range" for rhe appropriate 
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sections (Dl through D6). This figure is a plot of power density (in rrr~/cnf') 

per watt transmitted - Pd/W - versus frequency for each of the horn sections 

at a transmission length of 23.0 feet. These curves are obtained by plotting 

the expression: 

p 
1 GT Pd r = .. A X 

4rrR" r PT w as a function of frequency, 

where GT is the measured gain of eal.h of the transmitting horn sections, 

and R = 23.0 feet is the transmission length. Thus Pr 
A r 

l is the 
X 

power density per watt transmitted when PT is the transmitted power. 

It can be seen from figure 11 that, for the design frequency 

.a mw/cma + 10''. ranges, l'd/W is 1. 6 x 10 ,. For 250 watts of transmitted watt -

power - the recommended upper limit for continuous operation of the high 

power TWT - the power density is 4.0 mw/crl ± 10%, which adequately meets 

the design goal of 2 mw/cm3 in the quiet zone. 

Neglecting reflections in the chamber, the power.density vari

ation for angles off boresight is dependent upon the transmitting horn sec

tion used (the gain), the frequency, the angle, and the transmission length. 

The change in relative amplitude versus frequency for angles of 2, 4, and 6 

degrees for each of the horn sections is shown in figures 14 and 15. The 

change in relative amplitude is defined as the maximum relative power ampli

tude at a designated frequency (the gain at boresight1 minus the relative 

amplitude at the off boresight angle indicated, at the same frequency. The 

curves were obtained from the measured antenna patterns. Thus, the curves 

in figures 14 and 15 show the change in power density, for a fixed trans

mitted power and transmission length, at the angles indicated for each of 

the horn sections. For the minimum quiet zone dimensions, starting at a 

transmission length of 23', the maximum off boresight angle, in the H plane 

(vertical polarization) is: 

= + 
l 

1.5 = :± 3.75°, and in the E plane 0E ~+tan 
23 

• 'fa+#,. 

l 
23 

0 = + 2.5 . 
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It can be seen from figure 14 that in the design frequency range, the 

maximum change in relative amplitude is 0.75 db, which occurs for horn 

section Dl at frequency 4.0 GHz, (H plane, 4 degrees). Adding another 

0.4 db due to the change in transmission length in the quiet zone (one 

foot deep), the total change in relative amplitude, and hence the change 

in power density for a fixed power transmitted, is 1.15 db(::,,± .6 db) 

which is well within the+ 1.0 db goal set for the quiet zone. 
-. ....., 0 ,_,. 0 

For a quiet zone 4' wide x 3' high x 11 deep (9H= ± 5 , SE=.::!: 4.0 ), 

the power density would be within± 1,0 db (neglecting reflections). This 

was borne out by the chamber evaluation discussed in Section Ill. 
' 

2. Horn Sections for Higher Power Densities 

To increase the versatility of the facility, additional "add-on" 

horn sections were designed to uniformly illuminate successively smaller 

quiet zone volumes with increased gain. Thus, at the upper end of the fre

quency band (3.95 GHz) horn section D10 will illuminate uniformly (as± .5 db) 

a quiet zone large enough for a single test sample - l.5' wide x l' high x 

l' deep. This can be determined from figure 15 where for DlO and 0H• ± 2°, 

6 ,. + lo, !:.A ,. • 5 db. 
E -

sity obtainable for the 

3.95 GHz, Pd/W,. 3.83 x 

At this frequency, DlO gives the maximum power den

system. 
2 

From figure 11, for horn section DlO at 

10· and the power required for a power density of 

10 mw/cm" is: 
3

_
83 

x 
10

_a "' 260 watts which is obtainable from the high 

power TWT in the system. 

10 

F. DETERMINATION OF P~ER DENSITY 

As discussed in Section II D, the power density can be determined 

by direct measurement using the standard gain horn monitor and figure 12, if 

the monitor can be physically placed at the desired position. The on bore

sight power density can also be det~pnined from the measured transmitted 

power and figure 11. From the discussion in Section E above, it can be seen 

that this value will be correct to better than+ 1.0 db for any point in the 

quiet zone in the design ranges. 
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In using the larger section to illuminate the 3' wide by 

2 1 high by l' deep quiet zone, the power density at any position can 

be determined from the on boresight power density/watt transmitted 

curve (figure 11), and the AA curves given in figures 14 and 15. 

As an example, for horn section D10 with 200 watts trans

mitted at 3.95 GHz, the power density at boresight is Pd= Pd/W x 
:! 

power transmitted. Pd/W = 3.83 x 10- from figure 11, therefore, 
. l 

Pd= 7.66 llf'w/cm2
• At the edge of the 3' quiet zone, 0H =.::!:tan- 1.5/23 = 

0 
.::!: 3. 75 • Interpolating from figure 15 for D10, SH = .::!: 3. 75; AA is ap-

proximately - 2.25 db= 601. of the maximum amplitude, and the power 

density is approximately 7.66 x 60% = 4.56 rrr;,/crrf' at the quiet zone edge. 

In a similar manner, the on boresight power density can be 

determined from the measured power density at any point in the quiet 

zone. Actual values measured during a preliminary experiment are used 

as an example. The standard gain horn monitor was placed 2.5 1 off bore

sight in azimuth, and its meter reading was 2.4 dbm. From figure 12, at 

3.2 GHz (the transmitted frequency) the frequency correction term is 2.2 

db. Thus, the corrected meter reading is+ 2.4 dbm + 2.2 db= 4.6 dbm, 

which (from figure 12) corresponds to a power density of 3.1 mw/cm3 at 

the point of m~asurement. The monitor horn position gives a SH=.::!: tan 
0 0 

2.5/23 = .::!: 6:1, and from figure 14 for ~H = 6 and horn section D6 

(the horn section used) 6A = 1.9 db= 65%. Therefore, the on boresight 

power density is 3.1 mw/cm2 x 6;% = 4.78 rrM/cm2 • For this experiment, 

the measured transmitted power (210 watts) gives an on boresight power 

density of 4.72 mw/caf (from figure 11) which is in good agreement with 

the above calculated value (4.78 mw/cnf'). 

III. EVALUATION: PROCEDURE AND RESULTS 

l 

The evaluation of the microwave test facility was divided in three 

phases: (1) the evaluation of the reflection from the walls and ceiling of tb, 
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empty microwave chamber as measured with an absorber backed dipole and 

a standard gain horn, (2) the measurement of the reflections from a 

single sample container (both occupied and unoccupied) in the quiet zone 

and (J) the measurement of the power density in the chamber using the high 

power source and the various horn sections. 

A. MICROWAVE CHAMBER EVALUATION 

The results of the evalua~ion of the microwave anechoic chamber 

are summarized in Table I. It can be seen from this tabulation, that for 

the required minimum quiet zone dimensions - 3' Wide x 2' High x l' 

a total power variation of:!: 1.75 db is possible over the frequency 

Deep. 
' 

band of 

interest. At selected frequencies, adequate quiet zones with± 1.25 db 

variations are possible. The measurements, performed with an absorber backed 

dipole, indicate that the power variations are primarily due to "amplitude 

ripples" caused by reflections from the chamber walls. Maximum ripples as 

great as.:!: 1.0 db were observed. Figure 16 is a typical example of the 

power variation due to reflections. This data is for a 25' transmission 

length at F = 3.25 GHz. 

The values obtained with a standard gain horn at 3.25 GHz (gain= 

16.5 db) are also shown in Table I, (from figure 21) as an example of the 

optimistic conclusions resulting from the use of a large area receiving 

antenna. The horn integrates the reflected ripples over a _receiving area 

considerably larger than that 9f the dipole. }~ximum ripples as observed 

with the standard gain horn were less than.:!: 0.25 db. 

The chamber was evaluated by taking horizontal cuts, through the 4 

foot cubic quiet zone which is centered equidistant between the side walls, 

and the floor and ceiling; a distance 25.0' from the transmitting end wall. 

The horizontal cuts extending+ 2.0 1 from this quiet zone center, were taken 

at elevation increments of± 1.0', ± 1.5', and± 2.0' for each transmission 

length increment of± 1.0 1
, :!: 1.5', and+ 2.0' from the 25.0' center point. 

These measurements were repeated at each of the six different frequencies in 

the design range of eoch of the horn sections. Relative power as a function 

of horizontal distance was recorded on an X-Y recorder, equipped with a roll 

chart adapter, for each of the measurement increments. 
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Frequency 

Quiet Zone Volumes and Power Variations 

Volume Dimensions for Power Variations of: 
(Horn Section) ,±1.0db ±l. 25db :!:1.Sdb :_!:l.75db ±2.0db "'±2. 2: 

~ ..•. 

None None 2'Wx2'Hx3'D 4 'Wx3 'Hxl 'D 4'Wx4'Hxl'D 4'Wx4'H: 
2.6GHz ==-...:· 

3'Wx3'Hx3'D 4'Wx3'Hx2 1D (2. 7 5, 
.(D6) 

4'Wx2'Hx3l,'D 

3'Wx4'Hx2'D 
... 

2'Wx3'Hxl'D 4'Wx3'Hxl'D 4'Wx3'Hx2'D 4'WJ<3'Hx3'D 4'Wx4'Hx4'D 

2.8GHz 3 'Wx2 1Hx2 10 3 'Wx4 'Hxl 'D 3'W:<l,'Hx3l_;'D 
(D5) 

2 'Wx3 'Hx.2 'D 3'wx;;'Hx3l,'D 3 'H>: 3' Hx4 1 D 

2 'Wx4 'Hxl.;'D 2 1Wx4 1 Hx2 'D 2'\./xl,'Hx4'D 

--· 
3'Wx2'Hxl,'D 4'Wx2'Hxl'D 4'Wx3'Hxl'D I, 'Nx3' Hx2 1 D 4 'Wx4 'Hxl 1D 4'Wx4'H: 

' 3.0GHZ 3'W'3'Hxl'D 3'Wx3'Hx2'D 3'Wx4'Hx3l,'D 3'Wx4'Hx4'D (2.Sd 

(D4) 3'Wx2'Hx3'D J'Wx2'Hx4'D 3 1Wx3 'Hx4'D 

2'Wx4'Hx2 1D 

·--· 
3'Wx2'Hxl'D 4'Wx2'Hx2'D 4'Wx3'Hxl'D 4 'Wx4 'Hxl 'D 4'Wx4'Hx2'D 4'Wx4 1H 

:.2SGHz 4'Wx2'Hx3'D 4'Wx3'Hx3'D 4 'Wx3 'Hx4 'D (2. 25 

(D3) 3 'Wx2' H.-:3l_; 'D 4'Wx2'Hx4'D 3'Wx4'Hx3'D 

3 'Wx3 'Hx4 'D 

3.25GHz 4'Wx3 1Hxl 1D 4'Wx4'Hxl'D Great r..any 4'Wx4'Hx4'D 

(DJ) 3'Wx2'Hx2 4'Wx3'Hx3'D options 

Standard Gain Many others 
· Horn 

None None 2'Wx4'Hxl'D JJ:Lx4 1 Hx1 'D 4'Wx4 1 Hx2'D 4'Wx4'H 

3.45GHz 2'Wx2' Hx2 'D 3 'W:<2 'Hx3:l; 'D 4 'Wx2 'Hx3 'D (2.25 

(D2) 2.'Wx/1 'Hx2 'D 3'Wx3'Hx4'D 

2'Wx3'Hx4'D 

2'Wx2'Hx)s'D 3 'Wx2 'Hxls 1D 4'Wx2 1 Hxl 'D 4'Wx4'Hxl,'D 4'Wx4'Hx4'D 

3.8GHz 2'Wx3'Hx2'D 3'Wx2'Hx3 1D I+ 'Wx3' Hx4 'D 
(Dl) 2'Wx3'Hx4 1D 

-
W = Width H = Height D = Depth 
Notes: 

(1) All quiet zone volumes start at a transmission length of 23 feet and are 
symmetric about the chamber width and height center points. 

(2) Underlined are the volumes with minimum variations whose dimensions are 
;,,minimum required values (3'Wx2'Hxl'D) 
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At each frequency, the measured power is relative to the hori

zontal and vertical center points, at a transmission length of 23.0 feet. 

Relative power levels were not maintained from frequency to frequency. 

The resulting reams of data are summarized in seven tables, based 

on frequency, shown as Figures 16 through 22. Analysis of the seven tables, 

using the crosshatch patterns shown in the NOTES section of these figures, 

resulted in the summary pr~sented in Table I. 

The chamber evaluation, usi~g a standard gain horn instead of the 

absorber backed dipole, was performed in an identical manner. These results 

from figure 21, are also summarized in Table I. 

The aforementioned crosshatch patterns, and the summarized results 

in Table I, are subject to the following arbitrary rules and definitions in 

order to keep the analysis manageable and to not unduly complicate the re

sulting quiet zone options. 

l. All summarized quiet zone volumes start at 23.0' and are sym

metric about the chamber vertical and horizontal center points. 

2. The lowest minimum power level in the vertical distances sym

metric about the center point determines the crosshatch pat

tern. For example: in figure 16 for a transmission length of 

23.0 1 in a horizontal distance of± 2.0', the minimum power 

levels for the symmetric distances UP 1.0' and DOWN l.O' are 

-2.25 db and -0.75 db, respectively. Both of these points, 

then, are assigned the crosshatch pattern associated with 

-2.25 db, which is the minimum power level in the vertically 

symmetric distance of± 1.0' (UP 1.0' and DOWN 1.0'). 

3. The maximum ripple is the maximum positive and negative per-

turbation (in db) from the average power level curve (the 

"smoothed" curve) in a horizontal traverse. 

4. The underlined volumes in Table I are dictated by the mini

mura volume required for two test samples in containers placed 

side-by-side (3 1Wx2'Hxl'D). 

5. All power level values are rounded off to the nearest 0.25 db. 

Although the data taking procedure does not preclude the possibility 
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of missing "worst point" cases, it is felt that the very large number of 

data points measured represents a good statistical sampling, and the con

clusions summarized in Table I are represennative of the chamber behavior. 

B. EVALUATION OF TEST SAflPLE CONTAINER AND TEST SAMPLE IN THE CONTAINER 

l. _Test Sample Container 

Tests were conducted with a single test sample container in the 

quiet zone. For the container havir~ no microwave "absorbing liner, fairly 

large amplitude ripples resulted (greater than:!: 5.0 db). With the container 

almost completely lined with a microwave absorber (the "radiation window" ex

cepted), these variations are reduced to approximately _:t 3.5 db. Removing 

the plexiglass 

from the back) 

back that was on the container (the container is irradiated 

and replacing it with a thin plexiglass back 

further reduced these variations to approximately_:!: 2.5 db. 

(l/16" thick) 

By absorber 

lining certain braces that are within the radiation window (and cannot be 

removed), the perturbations are reduced still further, to approximately 

:!: 2.0 db, however, portions of the radiation window are blocked. In any 

event, the test sample in the container perturbs the field in some different 

manner and the question arises as to what constitutes a valid set of measure

ments: the sample and container immersed into an unperturbed field, or the 

sample placed in an unperturbed field within the container (if this were 

possible). In either case (the test sample and container, or the sample 

alone), complex multiple reflections result. 

Consideration should be given to the possibility of constructing 

a suitably lossy microwave container with a radiation window of the desired 

dimensions. 

2. Evaluation Procedure 

The evaluation of the test sample container in the microwave cham

ber was performed by mounting the container in the center of the four foot 

cubic quiet zone (at a transmission length of 25.0 feet) on the horizontal 

traversing mechanism. A monitor dipole was placed at a transmission length 

of 23.0 1 on the horizontal and vertical center point. Received power was re

corded as a function of the horizontal traverse of the container in the quiet 

•· KfPf' 
rt r:i.l C 
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zone. The dipole was then moved toward the container in 3-inch increments 

and the measurement repeated. This procedure was repeated for several dif

ferent elevations of the monitor dipole and several different frequencies. 

The test sample container was moved behind the dipole monitor, rather than 

the monitor being moved in front of the container, because, in the latter 

case, the traversing mechanism would "shadow" the container. Typical re

sults of the container evaluation are shown in figure 24. 

To mount the container at the proper elevation level, the travers

ing mechanism was fitted with an absorber pedestal, upon which the container 

was placed. The pedestal by itself (and the traversing mechanism) was evalu-
' ated as described above with negligible perturbations of the R. F. field re• 

sulting. 

3. Test Sample 

The evaluation of a single test sample in the test sample container 

was performed in a manner identical to the procedure described above. Results 

of these tests show that the sample in the container does not greatly increase 

the magnitude of the field perturbations over those observed for the container 

alone - :!: 2.88 db versus:!: 2.63 for the two cases respectively - however, the 

phase of the reflections is changed such that where a maximum was obeerved 

without the test sample, a minimum might now exist. Table II, below, is a 

summary of the evaluation of the test sample and the test sample container. 

A. 

B. 

c. 

TABLE II 

Summary of Sample Container and Sample-in-Container Measurements 
Test Condition 

Sample Container Alone 

Absorber Lined Container 

" " " 

" It ,, 

(3/8' plexiglass 

(no back) 

( 1/ 16" plexiglass 

Sample in Sample Container 

back) 

back) 

Absorber Lined Container ( 1/ 16" plexiglass back) 

Sample Alone¼>< 

Field Variation 
(Worst Case*) 

+ 3.63 db 

+ 4.88 db 

+ 2.63 db 

+ 2.88 db 

+ .88 db 

'* Worst Case~ greatest maximum to greatest minimum power variation in 
the quiet zone, for all positions of dipole monitor (see 
figure 24). 

•• '"''"•b•<ioo, ao, oo =o• aloo,, coo<aio,, aod dieot, 
monitor . 
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TJ,t. <klNDMa~ fOCt.t.i .. informMB affK'W:lf \M e..tlo:Ml d•f•- cf UM Uni.ttd St.alee witb1a th. :neub.11 ol tbe E,pioup t..-, Titla II 
ti.S,C., ~ 111 and TN. ni,. \t'aMm....00 ct U. ,-nl.atKHt ol ita c»ol.at.e IA uy mno.t to - uuu,borl.Nd ~ it prolublt,t,d b:, LI•, 



• 

• 

fMa Jol'o.-i, tlopkim Uniw.,.tlty 
Af'l"LIED """"" u.aoaATO•Y 

5,;1-,,.., Sp,Jnp. ~l..-.d 

C. POWER DENSITY 

·•ailt a • 
HRT-4-046 
Q:,,t-66-072 
Page 15 

The final evaluation phase of the microwave test facility was 

the measurement of the power density in the quiet zone, utilizing the com

plete microwave chain. 

The power density was measured with the standard gain horn monitor 

as outlined in Section II F, for various frequencies, and for values of trans• 

mitted power between 200 and 300 watts with the appropriate horn sections. 

These measured values were compare~ with the power density calculated from 

the measured transmitted power and the i;;ain of the horn sections. The re

sults are summarized in Table III. 

Freq. 

(GHz) 

2.6 

2.7 

2.7 

2.8 

2.9 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.6 

3.6 

3.7 

3.8 

3.9 

3.95 

4.0 

TABLE II! 

Measured versus Calculated Power Densities 

Tx. Horn 

Section 

D6 

D6 

DS 

D5 

D5 

D4 

D4 

D4 

D3 

D3 

D2 

D2 

Dl 

Dl 

Dl 

Dl 

Dl 

Dl 

T:x:. Horn! Measur.id 
Gain T:x:. Power 

(Watts) 

99.6 

105.0 

91.2 

95.6 

102.0 

89.0 

93.5 

100.0 

93.5 

100.0 

91.2 

102.0 

89.0 

95.6 

100.0 

105.0 

110.0 

112.0 

228 

226 

220 

216 

210 

236 

234 

232 

226 

232 

232 

236 

245 

260 

278 

250 

250 

250 

Cale. Power 
Density -mw/cm2 

(PTGT/4nrf) 

3.40 

3.55 

3.0 

3,09 

3.20 

3.14 

3.27 

3.47 

3.16 

3.47 

3.17 

3.61 

3.27 

3. 71 

4.16 

3.93 

4. 12 

4.19 

NOTE: For these measurements R = 24.0' 

Measured I A~ 
Power Density Cale.· 

mw/cm2 Meas. 

3.70 

3.90 

3.0 

3.2 

2.9 

2.85 
13.l 

3.35 

3.0 

3.45 

3.0 

3.6 

3.6 

3.6 

4. 15 

4.0 

4.35 

4.25 

-0.30 

-0.35 

o.oo 
-0.11 

+0.30 

+0.29 

+0.17 

+o.12 

+o. 16 

+0.02 

+0.17 

+0.01 

-0. 33 

+o.11 

+O. 01 

-0.0i 

-0.2~ 

-0. 0! 
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D. CONCLUSION 

The microwave equipment at the Walter Reed facility is capable 

of producing a power density of approximately 4.0 mw/cnf in a quiet zone 

adequate for two test samples side-by-side (3'W x 2'H x l'D) over the 

S-band frequency range, with a transmitted power of 250 watts - the 

recommended upper limit for continuous operation of the high powered 

traveling wave amplifier, 

For reduced quiet zone volumes, a power density of 10 rm./cm2 

is possible. 

When evaluated with an absorber backed dipole, total power 
' 

variations of+ 1.75 db were observed in the 3'W x 2'H x l'D quiet zone 

over the S-Band frequency range, primarily due to reflections from the 

chamber walls (,:!: 1.0 db). Using a standard gain horn as the field 

probe reduces the observed "ripples" to less than± 0.25 db. 

For a single test sample in an absorber lined test sample 

container, field variations of± 2.63 db were measured. The movement 

of the sample alone produced variation of+ 0.88 db in the power 

measured with the dipole antenna. 

~ ... _._,i_ 
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ULlnVl P(llft uvtL (4b) 

JR HOltUONtAL Dll?ANCU OP 

:::::~:t:~:J~::::: 
:::,:.::,:::::,.:::_::::: 

:;;o:~::::: 

::;1:n::::: 

-· Jllf,U 

+o.2) 

.. Q.25 

+<U 
-0,> 

+O.> 

-0.S 

+0.S 

.. o.s 
•.· , ::.'.Q;:s:·· +o .. s 

:CE5 :::· -0.> 

HIR .... 
~ ::..:o;'.S::::.+o.s 

;~::::~,,-•?'i•_:.::lu,',1.~'_.·<.·:·~•·r::,,..·::::;;j::•i"'.:.Jlc,..~>:-'1~~: ;.:1 ;:s:;::: ::: ;s 
.::::e::i::,:::::::: .• ,,,, ~ -o.> ~. 
HL&TIVI P<Jlllt UVlt. (dh) 

'N KGiUOlrrAL D%St.\NC!8 or r ),(Q. 

!Wt 

KIN .... 
HIN -l.5 -2, 5 .... -LO -t.O 

1<1• -2.2S -2.0 .... -.1.0 ,t.O 

HIN -2. 2S .,.o .... -t.5 -U 

HIN •2. 75 -2,15 ..... 1--=- ·/{{::: -t.5 -1.S +o.75 

HIN -).0 -2.S -0.75 

lWI 

KIN 

' 

UU.TIVI IQIU Ll'Vn (db) 
IM HO&UOtlUI. DIITAIICBI Of k.U. 

: :..:o;-o::. 

: :.: 1:;s: =

: :.:n.·o::: 

lltUTlVI l'Oolll l.lVIL (db) 

HHI.I 

+0.15 
-0. 5 

+O.S 

-0,S 

+<U 
~o.s 
+O.> 

.. o. 2'S 

+O.S 

-0.S 

+o.n 
-0, 25 

+O., 

IM MOU:tfflTAL OllT.LMCU Ole KU. 

IU'PLI 

➔ O, 75 

-0. 15 

~?:1-•-:l:'.:-":c..+-"-:'~·:c"'-t-'"cc·..:'-t 
-2.5 ,.:z,o .. o.s 

HI.JS 

-1.JS •2.75 -0.75 

. ;1-.:.· ,,,1.c1.•i.•-1-..:•:1l~. '"''-I-•"'"'"·..?... '-I 
,'.1/ -J,O -l,0 -0.25 

,z ~ -1.S -1.S •0.7S 

e. 
UU.TIVI """11 UVIL (db) 

lN kORHONnt..OIITJJICH Ill IWI, 

·:,'1'f,l,,;!;:, .),0 .,.,, 

::;:1;n::: :it~o::::: 

}-u•'""' .:~o;s::· :.:a.:,::::: J ""~:· ,tc·o::::, 
❖ .. ~o:is: :;o..:u::: 

1 . . :~o:s=::: :~'1.:s::::: 
=i2;a::: -.. ...-,::· 

lint.I 

♦O.S 

-o.s 
+o,! 

+0.5 

-o.s 

<'(.;.W ::;.,:;o: :a.·o .. ., +-0. ,5 

•:~2;0;:: ,~2-.:0::::. -o.') 

-1.5 -L"- +0.5 

•:.~jJ/:::: - l.O -? .15' -0. 75 

➔O,S 

-0,S-

UU.TIVI ""° UVI~ {db) 
lW DOUtClrfJ.L OtlTANCU Ofl lffl• 

,±l,S' +t.o• llffl.l 

+o.> 

-l.O -!.O 

-0. S 

♦O, JS 

.... _,_._o_+,.·,,'.,.·o :: ✓,.... 

-0.S N ij; 
.. ,.:: -0~5, 

-0. 7S ·' :~}~·,: ' ,. +o. 7S 

1--'''-''-'-''-'''--+~;;-~':,;•'..,<~~··,.;1,:~~~: -0.1, 
:--:<r.-:.e:-~ -:: <~,,.,: f-0. ') 

.).0 

-1.0 

-3.0 

+n' 
-0.5 

rip;ure- 18 
CUAHREA EVALUATION 

FREQUENCY: _..;;2.;.;·
8
:..

0c.."z=-----
TRANSMITTING HORII SECTION:_;;,::os_ 

RECEIVING ANTENUA: Al><uob« 

b.a.cltl.'d dil'ul~ 

OAT[: ---'-'"..;:2..;31,.;:6,;..6 ______ _ 

NOTES: 

• 0,0 .. 2.0 db•! t.o db 

• 0.0 - 2,S db•! l.7S db 

• 0,0 - l.0 db • ,t LS db 

• 0,0 - J.S db•!: 1, 1S db 

• 0.f!" 4.0 dh '",! ~-0 db 



tCAI, 

AIIC! -2.0' 
KIM 

l:S' 
KU 

KIN 

KU 
1.0• 

l!IH 

KU .. o •. o 
KIN 

!IA.I 
1.0• 

"'" ... .t. ,, 
111N 

2.01 
KU 

"'" 

(C:AL 

\NCI 

Mil 
2.0• ••• ... 
1.S* 

lflN 

Mil 
l.0' 

lflK 

twC 
it o.o 

"'" 
1.0' 

,.,.. 
1!1N 

t.S 1 ""' 
HIN 

2.0• HU 

l!lN 

-
Ut.lTIVI. ea,n UYIL (db) 

JR HOI.UmrTAL DtlTUCU 0, Md. 

'·' ~ ·" l~:i~S:Wtl! 1:-;;~Jk:1,; 
~ w,~~I ~i#t 

,, 

IUPPU 

+o.s 
.o.s 

+o.s 
.. 0.2> 

+o.s 
.o.s 

"'·' -0.S 

.o.s 
.o.s 

nA!11!111SS101! IJUIC'tll • 16, .. 

llEUflVlt l'<>ln UVI.L (db) 
M HORlZONTAL DISTANCl9 01: HAI. 

+2.0• 

.. 0.25 

TUNSHllllON ut,;TI • 2),,• 
ULUIVII ...... LIVIL (d>) 

IN HOIUOHUL DllliHCU Of Kll. 

±2.01 ::1.0 1 

::~l-. 5o: 

:,;: 
·:\HJ~~i::ii ·;J,~f> 
:])~~~~~;!\ : )~~iYt 

\j~Q)/jf•! ~~~f • 
:tf~~~~t 

RtPVLI 
+O~S 

-o.s 
+0.5 

.o.s 
+o~2s 
-0.25 

"'· 5 
.. o.s 
+-0.2s 

-0.2S 
+o.15 

-o.s 
+0.5 

-o.s 

'nWl&JalSION LIHC'ffl • 26. 5 1 

IU!UflVI l'OIU UVIL (db) 
UI HOUJ.OHTAL l)tlUNCH OJ' i 

-

-0.15 

+-0. s 

.. o,.5 

m.AttVl e1S111. UHL (dbl 
lN llOJllCffl'4L DIIIUCU or HAI. 

-3.S 

+1.0 

• l.2S 

.0.25 

.o., 

.o.s 

-
uunw ...... UVIL (dbl 

II HOUl(ICUJ. DIITANCU Of: kd, 

figure l", 

ltnul 
♦0.5 

.. o.s 
+o.s 
-0.25 

+-0. 5 ... , 
CHAKBER iVAUIATlON 

FREQUENCY: __ 3_.o_c_,n_, ____ _ 

TRANSMITTING HORN SECTION: 0• 

RECEIVIIJG ANTENNA; Ahmbu 

baclwd dipole 

OAT£; __ ..:8::.12::'::.1"::'-------

NOTES: 

■-•oas .. 
• o.n ... 

. • o.n .. 

' ·, : :::; : 
• o.u -
.. 0.2' -

2. n • ,t t.Odb 

1.7' • ,! l~.tW:b 
J.U • j: t,}d'b 

S.JS·•t t.ndt. 
•. 25 - 1 2.o.tt, 

1,15 • ! t.tSdb 

!.2, • i 1,l<lb 



-
!CA.I. 

ULATlVll POIID UVIL (4b) 
lR JiOAUOlftAL DIITAJICltl 01 KU. 

'""" _tl+O 

HAI 
J.01 ,.,. 
1., .. -Kl• -,. 0' 

MI• -tl o.o 
KIW 

IIAJ 
l.0' KIN 

.1. ,. 
.... 

t.o• .. o.so 

-
TRANltSSSIOH WICTII • H.I' 

[CAL 
IW.Tl\ll POOH UVEL (db) 
fl 80li.1ZOKTAI. ,1l1S1'4NC!S OP: .... 

\NCI 
♦2,0 1 ,!:l,j' ;tl.0 1 RlPl'U - -2.1$ :..:L1s::: ::~·z~:tt· +0. 7S 

2~01 

MIN -4.5 ;-:4~:5;::; :~;,;,;:: -o, 75 

""' '/ 
/,'/ 0'. ;,_,u,, +O.S 

l.S' ,.... ,1 1/, ;~V,,W/2 -,-,~/2 .o,s - ,;, 

'-~ 
+o,s 

1.0• 
MIN .• < . 
IWI /L. ,o,s 

ll 0,0 . . 
-0.S ,.... ;, , n ,, 

..... / ,.c;, ~ +0,5 
1.0• :.;._ ✓) 7: :.c .... ~~ • .. o.s •, IUN 

1.1 1 IWI 

0 1/,~/ ~~ ,<), '.I' 

MIN i:;~ ,O,! 

.· MU - 2. 7S :.:i;n::· .• :2.1 sc:· tO.S 
2.0' 

• s,"""' ::,4;2· MIH' :.·4:2').:· s cc -1.0 

: 

r !:..n r. ~ . ~., 
" ·' 

' ,..KJ 1 ... -

TUJISHtlllOB l.DCTII • U.J' 

ULA?lVll - UVl1, (4b) 
IH HDI.UON't4L J>tlTJ.NCU 01 KAI. 

llPPt.11 

'tO, S 

'n\AltSHI5SION LIHCTH • 26.St 

ULATIW PCMEI uvn (db) 
lN ltORJlONTAL DHUHClf 011 MAI, 

:!:,2,0 1 

- 2. 5, 

-2.1s 
_,.. 15 

±l.0' llPn& 

-2. -2.5 +o, 7S 

- 2. 75 

-4. 7S -4.0 

-o. So 
+o.s 

¾-0. 7S 

-0, 75 

+O, 7S 
.Q.1S 

-0. JS 

+o.s 
-0. S 

• 

TUJfSHtlllOII LDC1\I • J1 .o• 
UU.flYI fCIIII l.lVIL (4.bc) 

tN HORUOKT,U. Dllt.UCl:1 Of HAI, 

,!_t .O' ±l,J' ±_l.O' IUl'I.S 

_, 0 ., . . , , ,s +o., 
... 1.2.S -3.0 -'..LO -0.S 

:::..:1.;5; I¼ "~1//. ¼VA¼', +O. 15 

·:::1::.:s : Vi .-;i{-0 /".ft':~%' -0. 75 

/,,(f/11 V, 1/, ;0'0 ~,, ... v'.. / +0,1S 

1//4. r½ ',; ".7/ ~ 1//, //, ,,C: 
·" >< 

·% " , ½ C(J {/, / ,, ½ •<U 
!/'.. / / ,:.,u,:. 1/,,;' '/ ½ -0.S 
'//,,; y .,,/ / :,, 

♦0,5 

[;'?, i0,. ·' ,,;;;:, ,~ .... ;,; % -0.5 

. : :..:2: n.: % ~ .. .½ o/-£ V/, +o. 1s 
'::.;C.:1:i -~«/1, 1/,{4, 1//, .. o.so 

-2.75 - 2, 75 -2, 15 ♦O, 15 

-'.:1.0 -i •. 1 -4.0 " -0. 1$ 

-
ULATJft NlllD UftL {4b) 

U BC8.U<:W'tll. DltUNCU OP: KU. 

+1.0• 

rtgure 20 
CHAMBER EVALUATrON 

llm.l 
+O, 7S 

-0. lS 

,0, s 
-0. 5 

♦0.5 

-0,5 ... , 
-0.S 

<-0,5 

•0.15 

+, 2S 

-.2S 

FREQUENCY: --"'1,_.,_, .. , .::;Cl::.,ll'----

TRANSMITTING HORN SECTION:-'-•-' -

RECEIVING ANTENNA: __ •_••-"-'"'-'--

DATE; ----•-"1"'"'"'>1-'•"-·--'•"-l.:.il~l.,;;;6/,;,._ __ 

NOTES: 

t■: :o::s ~ ::: : ; ::~/:. 
,, . J. S • ~ l. '> db 

,, •05-4,0•::tl,]Sdb 

• u:'> • '-.S • ! 2.fl db 

.. t' . .., ~ S.O • .!: ! !'> Jb 



-
TUNBKISllON LDCft • 21,0' 

'.Al, 
Uunva pa,n uv1t. (d.b) 

11 HOl.llONTU DtttANCU OV MAX. 
lltAffVl POIIA t.lWL (db) 

IH HOlltONt.l.L DtlTANCU KAI. 

lCI 
;tl,S' RIP1LZ Rlm.E ... 

2.0• 

"'" ... 
l. :5 I .,. 

MAX 
. t.0' ., . ... +o.125 
l 0.0 

l<lN -0, U5 ...,. +. l2S 
1.0• 

111• 

MAJ. 
J.J* 

MIN 

2.01 

TliNlitlUStON l.!NGTH • 26.•' · 11WISK1SB10N UNCTU • 26. $ • 

>AL 
11:!t.ATIVE PCll!R L!VIL (db) 
N ilOltUWTAL DISTAliC!S DI': MAX~ 

UUTII/I l'OIElot.lVIL (db) 
tN llOlll%0NTAL b?ITANC11 OVt .... 

ICI ltlPPLI - ;!2.0' ±t.'' ti.o• RilPU .... 
i.o~ 

MIN ...,. 
1.,• 

HIN 

lWt 
t.Oj 

"'" 
""" i o.o 
KIN 

1.0· >WI +.l2S 

MlN ·, 125 

l.S' -KIN 

t.O', ..... +.us 
HIN 

UUTIVII ..... LIVIL (d~) 
UI HORUOHUt. D-ll'WICH u; MAX. 

+2.0• :!:l,!* 

:::t~:\:~jf:f \::::~~:~f;:::: -:::::~XX~ +o. us 
:::::::~i~i::::::: _::::::i-z::::o:.::::· -:);;.f~::s::::: -0.125 

x::::;:i'.~:s::::::: :::::::::~:f:J:::.:- ::::~:j::::s: 
::•:/-:'.f~:i.t:- ::::::::•.:::f~:~;:;:: ~:::X:b:O\:::::: 
r._~-!.."lii- • •½~<:>il'.',:: 

UUtlVI ,GllR LIVIL (db) 
tN uoau.DNTAL 011tANCu or Md. 

;!2,0' ;:tl.S' IUPLI 

·;.;1;u: 

. ::...:-i.75: 

+.no 
~,'2',0 

+, 125 

+, l2S 

~. \25 

+, 125 

-
ULlftVI fOlln tlftL (db-) 

IN BCllltCIITAL DIITAKCII Oft MAJ. 

fl~Ufl~ 21 
CllAM8£R EVAUJAT!O!C 

RIPPLI 

+O.US 

-0. 125 

+.12S 

~. 12'> 

FREQUENCY: _.;.3...;·
2
.;.5_c•...;"----

TRANSIAITTING HORN SECTION:._.;..03
:__ 

RECEIVING ANTENNA: St .. ndard Caln 

· DATE: ---...:.:81
..::
2
.;;
11

.:.':..
6 
------

NOTES: 

■ . . 1 t 

"0.5•?.5 

• 0.5 w ),00 

" 0.5 ~ ). 5 

• 0. 5 w !..O 

• ! LO di:> 

• ! 1,~5 Jj, 

•!l.5db 

• + I. 7j dh 



TtCAL 

TA~CI? 

HAX • 2.ot 
HIN 

'"" • \,5t 
KIN ... 

p \.0' 
MIN 

!Wt 
to o.o 

KIR 

!WC • 1.0' KIN 

HAX • J., 5 I 
KIN 

• 2.0' "'"' kW 

rxc,11.. 

TANC! 

"""' f 2.0' 
MIN . .., 

l.S' m• 
,WC 

? 1.01 
m• 

""" !'l!R o.o 

• 
' 
• 

-
'IUJ'lSMISBtON LDCffl - u.o· 

Ul.A'l'lVI POWEJI!. t.!V!i. (db) 
u.i ffOlUZONtAL DJSTANCES OP 

!:2. O' 

'StEt.ATl\l'! PQ.l!~ L!vtL (db) 
U HORIZOtlTAt. t!tSUNC!S o,: 

MAX, 

!UPPLE 

+o.1'l 

-0.~ 

+o. 75 

~o.15 

+o.15 

.. o. 7'> 

~o.s 

~o.n 
-+O,S 

-0.S 

Rlri'Lt 

40, 15 

-0, 75 

+0,7!:, 

-1.0 

+O. 7S 

+o.s 

-0. 5 

10. 75 

-0.15 

MI.An'II! l'(!U .. U'll!L (4b) 
111 ltORUOllt.U. Utit.\NCH or ""'· 

!l. s • ,t_i __ . o_·.,._•_1_,._u:-l 
,...;~<l:. ?> '.'.i:l;O::: ,::;:;.~:.r~£l{.•

1 
_+,.ct:.:,O'-l 

~J.:,"i· "".·. :'.~j;i;:- :/:+:?'.:J:'{:'.: ~LO 

.. .,_ ~~: }I::, . ~.o: J't. ~:r:7•.I -.,-,'". ,--,-; 
~:- ;~x :: .. :lift: ::..:;::~i57 ~u.,s 

;: J~ :~::, ~.••·•·•·.••.•······~o··•·•·:~.·.•··········•···· ~;:, ',,: 
~::; -·◊· ::~O;ti'.i w 

V->~ ~"- ::.;.:i~D :::~i}.Q':::{ -0,5 

.. .,. ::r;:~s -\'.:;:;u'.:if:· 40.s 

-
11U.NSHISS10ff U'NC'ttl • 24.0 1 

llUUVI ffll!t !.!VIL (dbl 
rn ltOUtoNT.AL DtSTANCU ol 

\\o·::i::::::::: 
•-::_:_~::t;)'~/·. 

R.8.LATIVI POWIR. IZVIL (db) 

..... 
llHt.1 

+O. 75 

-0.H 

+o. 5 

-u. s 

-0.) 

lN HOllll~TAL 01ar.we11 o, KAI. 

!_LO' 1tlPPLI 

.,,,;.:,;,;,:"':....:.2:(t: ,;,, >J.0, '> 
. ~:i; 2.'.i .. o, .S 

-o. ;s 
+o.s 
-0. S 

+0.5 

-0. S 

+O.S 

-0.S 

+o. 75 

H'UTlVI N1Jl:I Ll:Vzt. (db) 
!ll ff(IUZOO?At litSTAJtCIS 01': 

:,::;;~:•(< ;;:::~f> ~).,:,_·_._,,.:.· "'~;..· -.· 1-·.:0.:.· ;.;"~ 
1::~;:':..:i; '.:::~l::1:::1::.1:."1::· -l.O 

'❖);:::,::'., ·'.:,;);~~: -)·.') +LO 

:z.:t.n .. \\:}~/?f -+U.5 

, • • 1' 0 :):,i;i$:> • O,' 

•,-~ -~~--:-:~-~-• .... ~t:~I~""J"'t~t=~t(}f}+:~"'-::,;c=::: .... ~-:-:-:-1 

::;oiJ~: </{0:{it:/}fi}is\: •1.0 

fi"Hf~• 22 
CJIAMKf.K EVAU1A flC)t; 

F REQUE HCY: __ .;;.3:.:· '.::.' .::":.:'";...· ___ _ 

TRANSldlTTUIG HORN SECTION: ''' 

RECEIVmG ANTE!l~A: 

DAT£: ____ ~_,,_,_,•_• ____ _ 

IIOTES: 

IITlITIIIiiil • +o ' 2 > -
~J " +O. :: S -

• ..,,,1 -
• ♦(', '.'S • 

,. +-!J, !'i , 

2.n "! L.!$ Jt-

2,;~ •.!LS \!t-

_\, ;~ - ! :: .,1 Jr-

• •. :: ~ - -+ ::.::s ,J!, 



!CAL 

llttl 

2.0 1 

t.S' 

ti o.o 

1.0· 

J.. s· 

!CAL 

,\IICI 

t • .S' 

1,0 1 

?Jt 0.0 

1.0' 

l.'. 
2.0' 

KIM 

"'" 

""' 
KlH -""' .,..,. 
NJ,r .... 
KI• .... 
KIN 

""' 
HIN ... 

TRANSMISSION L!NC'nl • 23,0 1 

R!UTlVI POWEil Ll'V!t. (db) 
tM KORitO'NTAL t)l$TANC!S 07 MAX. 

uu.ttVE l'<MH tzV'ZL (db) 

Olm.I 

~0. 75 

+o. JS 

•0.5 

-t-0.2:S 

-0.25 

+0.25 

-0.25 

+o.s 

-0. s 

N HO.RltOtn.\l, DISTANCES OP': MAX. 

!2'.0' :!;l,0' 

+0.1S 

-0.1) 

+o. 1~ 

-0. 75 

+Q. 75 

-0.50 

+o,n 
-o. ;s 
+o.15 

40, 50 

+<). s 
-0. '5, 

.;o.s 
-0.7S 

RELA.TtVI 10.l!R LIVEL (db) 
tM HOR110NTAL Dt&T~NCIS Of 

::-.. ::«;: -~ 
l"/~V:/1 ✓ "),, I~ 

:'( 2<1 . .:; 

"" },!i;if,, 
~-,CC\);,F: 

:'< :iii/if 
& :.:,;;;,f: 
~' 
~ ::j_0'.:'.:7$:':' 

.·.·• 

R£UnVE ffllH UfV&L (dt,) 

!Wt. 

Ul'PU! 

+0.) 

-0.5 

"'· 5 
-0.5 

->-0.S 

-0,S 

-t<J.5 

-0. 1'i 

->O., 
~0.25 

+0.5 

-0. S 

-+O, 25 

-0. '.!S 

IN HOlUIOWT4L Dil'UNCS:B 01 t MAX, 

:!:;2.01 -+1.S' +t.0 1 

, . -~ ~·.y %'~"'"'.71//. V /kf/jt./,1 -tO. 15 

:.:..'):,'.75:: (./. _,,;. ~1<:"!'.'.:i.;,; -0.J'; 

-0. j 

. 

-
TIWlSMUSION LlllCTH • 24,0' 

lllLA'rtVI P<:V!'ll uvtL (db) 
lN ROR110HTAL DISTANCU 0 

+2.0' ±l.5 1 

40.2'> 

-0. 50 

"'· 5 
-o. 5 

TRIJiS'NlS!itOll thCTB • 21.0' 

Jt!UTIVI P!':IIEl U!VlL (db) 
114 HORUOMTU 01STANCII 01 KU. 

1U1'ttJ. 

-+Q. J'i 

s+0.5 

.o . ., 
+O, 7S 

-0. 1'> 

+0.5 

+0.5 

~0.7'> 

+0,5 

-
1.tt.ATIVI PCllft llvtt. (db) 

IM natz~rAL DtSTANCtS 0~ ...... 
!2.0' 

<0.5 

-0.15: 

"'·, 

-0. S 

f'ie,ur(! 23 
CHAMUF.R £\IAU!ATION 

FREQUENCY:---'·-'-"-"'----
TRANSMITTING HORN SECTIQN:_n_, _ 

RECEIVING AN TENN A:_..,,"""'"''"""-"''..:.', __ 

DATE: --'""-''"""-I("',,. _______ _ 

NOTES: 

■. . . 
~-

B 
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APPENDIX A 

Transmitting Horn, Design and Test Results 

HffRODUCTION 
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The anechoic chamber specifications originally called for a 

four foot cubic quiet zone; however, it was determined that a quiet zone 

3' wide x 2' high x l' deep would be suitable for two test samples in con

tai.ners side-by-side. Wit!\ a minimum transmitted power of 200 watts, a 

power density of 2 nrw/cm2 ,:!: 1.0 db wa& required in the quiet zone. To 

allow for a margin of safety, a uniform illumination (within.:!: 1.0 db) in 

a 4 11-' x 3'H x 2'D quiet zone was the design goal for the transmitting hor)'l 

antenna. 

A conicai transmitting horn antenna design was chosen because it 

has an H plane to E plane beamwidth ratio close to that required (4 to 3), 

without the narrower beam in the intercardinal planes associated with the 

pyramidal horn antenna. 

Because gain and beamwidth vary with the wavelength, the horn 

design incorporates "add-on" sections for the various incremental band

widths. This is discussed further under beanrwidth considerations. The 

first section includes a built-in rectangular to circular transition ob

viating the need for a separate waveguide transition. Figure 5 in the main 

section of this report is an illustration of the transmitting horn. 

BEAMWIDTH CONSIDERATIONS 

The geometry for the horn illumination of the quiet zon2 is shown 

in the following sketch. 
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The chamber specifications called for a maximum of .5 db(± .25 db) 

change in amplitude due to reflections from the walls, This value, added to 

the .75 db(± .)7 db) change in amplitude due to the change in transmission 

length (1?1oss), dictated that the change in amplitude due to the beamwidth 

of the transmitting horn could not exceed .75 db in order to meet the design 

goal of ::!:: 1. 0 db change 

above sketch, then, the 

in power density in 

.75 db beanwidth is 

the quiet zone volume, 
l 

e - 0 2 2 = 2. tan l_ = 9.2 . 
25 

From the 

Fron 

the figure in reference 3, the ratio of the .75 db beamwidth to the 3 db 

beamwidi::h is • 5,. Thus, 

SH(. 75 db) 

eHc 3 db) 
= .5 9.2 

= -- = .5 
18.4 o 

The S-Band frequency range from 2 to 4 GHz was divided into eight 

·increments, each representing approximately 10% of the band, in order to keep 

the bearnwidth (and gain) nearly constant. To compensate for this ten percent 

bandwidth, the design beamwidth was increased by ten percent, resulting in a 
0 

desired H plane 3 db beamwidth of 20. 

The horn aperture diameter in wavelengths(D/X) was determined frora 

h . i f h H l beam••'dth (4 ) t e approximate express on rom t e pane w~ 

~ 70 
9H(3 db)= D/t. 

0 
For 0H(3 db)= 20, D/X = 3.5. Starting at 2.0 GHz, the approxi-

mate 10% incremental freque.ncies, wavelengths, and the diameter of the horn 

section computed from D/i. = 3.5 are shown in Table Al. Also shown in this 

table are the lengths of the various sections computed from the geometry in 

the following sketch. 

_____-j ~}' = phase error f'! J in wave lengths 

\J ~ L ""' 

D '. t 
I'! I 

,'-a::__ spherical 
/ phase fronC 
' L..,_ ___ L_, __ - -_ -1.-~-s:-.i,~

7
,..S,_'=' =-t_n __ ..,~..i 

L = 

(chosen) 

(3) 
(4) 

The Microwave Engineers Handbook and Buyers Guide 1966, Page 174 
Antennas J. D. Kraus ~ft~ll 1950, Page 381 

-· - . •-•-•-- .••.. ,,.4.J S:. "•· -~ ..... . . . . . ~ I •'t.• _ ••• :._ ~~ <'t.w e-~.'.•"-- '.,._ "l':,L •• 
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~ Thus L = 81. determined the lengths of the various sections 

as tabulated, 

TABLE Al 

Horn Dimens io:1_s 

Freq. ).(in.) Diameter (in.) Section L (in.} D = 3.5>,. Designation n 

2.00 5.8 20.0,1 DB· 21.5 

2. 20 5. 35 18,75 D7 17. 5 

2.45 4.80 16.75 D6 14.0 

2.70 4.35 15.25 DS 10.S 

2.95 4.00 14.0 D4 7.50 

3.20 3.70 13.0 DJ 5.25 

3.55 3.35 11. 75 D2 2.25 

3.90 3.05 10. 75 Dl 0 

The recommended frequency range for $-Band WR 284 waveguide is 

2.6 to 3.95 GHz, therefore horn sections larger than D6 may not be required. 

However, should higher power densities be needed (over smaller areas) horn 

sections D7 and DB, and two additional sections, D9 and DlO were constructed. 

The diameters for D9 and DlO are 22. 5 "and 24. 5", and the lengths are 26. 75 
ti 

and 31,75 respectively, based on the same criteria as the other sections. 

GAIN REQUIREMENTS 

The above analysis assumes an aperture with sufficient 

gain to provide a power density of 2 rrM/cm2 for a minimum of 200 watts 

of transmitted power. Reference 5 gives the gain of a conical horn as 

,, 

4TTA 
G (db)= 10 log{~). L,where Lis the loss term (in the reference figure) 

versus the phase deviation at the aperture edge. For the selected phase 

deviation of A/4, L = 1.5 db; and for D/~ = 3.5 

nD 2 

G = ("'f") - l.5 db= 20.85 • l.5 = 19.4 db 

(5)Antenna Engineers Hanrlbook H. Jasik, Ed. McGraw Hill (1961) Chap 10-4 
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The power 

Pd = 

density is 
pr PTGT 

Ar = 4TTR~ 
where P = 

T 
200 watts (min) 

19.4 db = 87 

R = 24 ft 

Pd= 2.6 mw/cm~, which is adequate. 

MEASURED VERSUS CALCULATED VALUES 

~ 
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The calculated gain(,above) was 19.4 db at the design frequencies, 

which included a l. 5 db loss d.ue to efficiency and phase error. The meas• 

ured gains at the design frequencies are tabulated below along with the dif

ference between the measured and calculated gain (llG). 

TABLE A2 

Measured versus Calculated Gain 

Horn Design I Measured Calculated 
llG Section f'requency Gain Gain 

D1 • 3.9 20.3 19.4 +0.9 

D2 3.55 20.0 19.4 +o.6 

D3 3.20 19. 7 19.4 +0.3 

D4 2.95 19.7 19.4 +o.3 

D5 2.7 19.6 19.4 +0.2 

D6 2.45 19.4(est) 19.4 +O.O 

. 

From this table, it can be seen that the measured gain is very 

slightly higher than calculated. This is due in part to the beamwidth being 

slightly narrower than the design value; and in part to the phase deviation 

at the aperture edge being less than A/4, and consequently, the loss due to 

phase error and efficiency being slightly less than the 1.5 db allotted. 

Table A3 below compares the measured and calculated 3 db beam• 

widths, which again are in good agreement. These values 

expression for the H plane 3 db beamwidth is more nearly 

for the E plane I\; ':;;' 55/D} .• 

indicate that 
~ 68 

SH (3 dij = D/'t. 

the 

and 
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- TABLE A3 

Measured versus Calculated E & H Plane Bearnwidths 
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I 
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Horn 
Section 

Dl 

D2 

D3 

D4 

D5 

D6 

Frequency H 
(GHz) 

3.9 

3.55 

3.2 

2.95 

2.7 

2.45 

Calculated 

Plane 3dbB.W 
70 

eH (3db )=nn. E Plane 3dbB.W 
(Degrees) (Degrees) 

Measured Measured 

18.9 20° 15.8 

19.3 20° 15.7 

'19. 7 20° 15.7 

19.6 20° 15.5 

19.5 20° 15.S 

19.5 200 15.5 

"' :z:-MRT-4-046 
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Calculated 
60 

8E(3db)=nT 
I. 

170 

170 

170 

170 

170 

17° 

C:£CB!i7 
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APPENDIX B 

Sleeve Dipole Antenna 
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A dipole was chosen as the field probe antenna for the chamber 

evaluation in order to observe virtually all of the reflections from the 

walls (and the ceiling and floor), which contribute to the perturbation of 

the field in the chamber. The sleeve (or skirt) dipole design was selected 

because of its natural configuration for an upright power monitor of aver

tically polarized field, and becaus~ 0£ its ease in construction utilizing 

the APL 5-spline semirigid coa~ial cable which was available; the dipole 

probe tip simply screw5 into the cables hollow center conductor. The di

pole is illustrated in figure Bl. This figure gives the pertinent design 

dimensions which were arrived at e,:,pirically using the basic tenets set 

forth by Silver(6)_ 

Figure 13, in the main section of this repor½ illustrated the 

fixed monitor version of the sleeve dipole used as a power monitor in the 

chamber, 

Figure B2 illustrates the "gooseneck" version used to evaluate 

the chamber. 

The VSWR of both version; is shown in figure B3. These value$ 

include the mismatch from the Type N to 5-spline cable transition. A sur

prising feature of these dipoles is that the VSWR was less than 2:1 from 

2.6 GHz to 11.4 GHz (the lireits of the then available equipment). 

(G)Microwave Antenna Theory and Design S. Silver, Ed. 
MIT Rad Lab Series, Vol 12 McGraw Hill (1949) Chap 8.2 
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APPENDIX C 

Field Traversing Mechanism 
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The field traversing mechanism used to evaluate the anechoic 

chamber is shown in figure Cl. It is capable of moving the probe antenna 

(either the dipole or the standard gain horn) in azimuth and in elevation 

a distance of~ 2.5' from the center at variable speeds. The entire 

mechanism was moved manua;ly along the transmis~ion length of the chamber 

during the evaluation. 

Incorporated in the mechanism are voltage readouts proportional 

to the distance (in both azimuth and elevation) which are used to drive an 

X-Y recorder. Also in~luded are syncro po5ition indicators on the remote 

control panel. Limit switches at the azimuth and elevation extremes set 

the motor brake until the movement direction is reversed. Figure C3 is a 

wiring diagram of the mechanism and its control panel. 

The "mast" is readily removable for ease in transportation and 

storage. For the "sample container" measurements, the mast and its "super 

structuren, and the entire elevation" drive mechanism were removed, and an 

absorb~r pedestal was placed on the movable azimuth base. The sample con

tainer was placed on this absorber pedestal and moved ± 2. 0 feet in azilll1.1 th 

behind the fixed dipole monitor. During all measurements, the exposed super

structure is absorber lined. 

Figure CZ is the wiring diagram for the Field Traversing Mechanis~. 
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~ENDIX I 

CALIBRA.'l'ED MICRCWAVE FACIUTY AT WALTER Ri'IBD ArcECHOIC CHAMBERS 

Irradiated Test Section 41 X 2 1 X lli,1 

BASIC SIGNAL 

S-Band - Consists of Signal I and II operating at the same time and 
superimposed. 

Signal I 

L Carrier - ).OJ GHz 

2. Noise - FM-Eodulation - "white" noise band limited - 0-5'00 Hz 
20% of total energy is in the modulation products. 

). 1 and 2 above are swept with a 440 cycle square wave at 
+ 2 MHz bandwidth, 

Signal II 

1. Carrier - 3.06GHz 

2. Noise - FM-Kodulation as above except 80% ir,stead of 20:t 
in the modulation products. 

J. Sinewave - FM-Modulation 25KHz single frequer,cy, a small amount 
of this sienal is in the modulation product·s. 

4. l, 2 and 3 above, are swept with a 440 cycle triangular wave 
form+ 10 megacycles from center frequency carrier 
(3 .06-GHz). 

The total average power per unit area arrivir,g in the test region where the 
specimens are placed is about 5 milliwatts per square centimeter • 

' :rci·:,:;~/T::;'/fi~~(C 
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TABLE I 

Monkey working 7 days/week; 10 hrs/day for 79 days prior to radiation. 
ALL TESTS conducted on one mol;!<ey. 

DATE RADIATION -
29 Oct X 

30 Oct X 

31 Oct X 

l Nov X 

2 Nov X 

3 Nov X 
T 

h Nov 

5 Nov X 

6 Nov X 

7 Nov X 

8 l1ov X 

4 

9 Nov 

10 Nov 

ll llov X 

12 Nov X 

13 Kov X 

1h Nov X 

15 Hov X 

T 

"• ,;• •• ,,,-_., •••• -~•••·rno•••,••• ... ~• 

KO RADIATION 

X 

X 

X 

E:<'~7ECT }!OTED 

}!o effects to this point 

Yes Function "A" 

Yes Complete stoppage in all functions, 
monkey in sleep 

Yes " 

Yes n 
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TABLE I - continued 

16 Uov X Yes Stoppage same as during radia-
tion, Stoppage of monkey work. 

17 Nov X Yes II 

18 Nov X Returns to normal 

19 Nov X 

20 Eov X 

21 Nov X 

22 l!ov X 

• 
2J Nov X 

T 

24 liov X 

25 l:ov X 

26 Nov X 

27 Hov X 

28 Nov X 

29:;ov X 

JO llov X 

1 Dec X 

T 

2 Dec X 

3 Dec X 

4 Dec X 

- 5 Dec X 

6 Dec X 
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TABLE I - continued 

7 Dec X 

8 Dec X 

9 Dec X 

10 Dec X 

11 Dec X 

12 Dec X 

13 Dec X 

T 

14 Dec X 

15 Dec X 

End reporting period 

Total number of radiation days - 28 

Two complete cycles of stoppage: 

One - recovering is normal 
One - not yet recovered 

Yes Function 11A11 - slowed dm-m 
rapidly 

Yes Complete stoppage of monkey -
all functions 

Yes II 

Yes II 

Yes II 

Yes II 

No recovery as yet 
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ADVANCED RESEARCH PROJECTS AGENCY 
WASHINGTON 25, D.C. 

MEHORAl!DUH FOR THE DIFRCTOR, ARPA 

SUBJECT: Project PANDORA - Initial Test 

I. BACKGR:UND 

In excess of five years, the American Embassy in Hoscow has been 
radiated with low level electromagnetic Si'.s!lals (the Moscow Signal) on 
a more or less continuous basis, These signals, in the 11S11 and "L" 
band spectrum, have been of cor.1plex modulation with seemingly random 
variations, 

The White House has directed, through USIB, that intensive in
vestigative research be conducted within the State Department, CIA and 
DOD to attempt to determine what the actual threat is and stop it, The 
?'ational Program has been coordinated by the Sta,,e Department, ur.der 
code name, 11 TUHS, 11 ARPA is represented and is conducting research on 
a selective portion of the overall program concerned with one of the 
potential threats, that of the effects of low level electromagnetic 
radiation on man. This memorandum sunmarizes the initial test results 
obtained from this program called PANDORA. The extrenely sensitive 
nature of the results obtained to date, and their impact on National 
Security, has resulted in establishing a special access category for all 
data results and analysis, under code name 11 BIZAPJ'.E, 11 The code name is 
unclassified. Results can only be discussed with or conveyed to in
dividuals cleared for this special access through Nr. Daniel J. Sullivan, 
ARPA, 

II. StJl.'}!ARY 

The most important results obtained to date, after 28 days (not 
continuous) of radiation of a primate at 5 milliwatts/cm2 with a sum-
lated Moscow Signal, have been two repetive, complete slowdowns and stoppages of 
the monkey in carrying out his test w~rk functions. The monkey works lO hrs/ 
day, 7 days/week. At stoppage, the data strongly su,:;gests the monkey went 
into deep sleep. The second breakdown occurred sooner than the first, in
dicating that pre-stressing due to the radiation environment had occurred, 
There is no question that penetration of the central nervous system has 

. __ _._ .. ___ ~··.--;-•1 
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been achieved;either directly or indirectly into that portion of the 
brain concerned with the changes in the work functions and the effects 
observed. 

Events leading to these breakdmms were as follows: On the 12th 
day of radiation (10 hrs/day), a definite slowdown was recorded in the 
monkey's ability to time his work functions, On the 13th day of radia
tion, the monkey further degraded and finally stopped working, For the 
next two days of radiation, the monkey's condition remained uncha.~ged -
complete stoppage - at which time the radiation was terminated. Three 
days later (without radiation) the monkey returned to normal operation 
in his work functions. For five additional days {without radiation) 
the monkey maintained a normal work pattern, Radiation was turned on 
after this period and after eight days of radiation slowdown in work 
functions was again recorded. On the 10th day of radiation, complete 
stoppage occurred, The stoppage continued for the next three days at 
which time radiation was terminated, The next two days of recordings, 
up to 15 December 1966, reveal the monkey had not returned to normal. 

At all times when the monkey ceased to respond, the measured deep 
core temperature dropped 1,2 to l.5°F from normal with a latency of JO 
to 60 minutes. It stayed at this level for the rer:iainder of the 10 hr/ 
day. This data and direct observations on a TV monitor stronely suggest 
the monkey was in deep sleep. 

III, DETAILED TECHJ:ICAL DISCUSSIOl-:S 

A. Signal 

1. The radiation intensity on our Moscow Embassy exceeds, by 
a factor of about 100, the safety level specified in So~iet microwave 
specification 2t:mdards; specifically, 10 microwatts/cm - not to exceed 
l ~~lliwatt/cm for short periods of time (15-20 minutes). The average 
steady level within the "oscow Embassy has been measured at values in 
excess of l milliwatt/cm2• The U.S. safety standard is 10 milliwatts/cm2, 
Laqe ainounts of Soviet technical literature discuss non-thermal neuro
physiological and neuro-circulatory e~fects of microwave raration at 
levels below the U.S. accepted standard of 10 milliwatts/cm. There has 
been essentially no U.S. data covering this Soviet area of investigation. 

2. The signal used in the PANOORA radiation experiments is a 
simulated portion of the Hoscow Signal and its co:~plete characteristics 
are shown in Appendix I, including a photograph of a spectrum analy-zer 
display of the complete signal and an oscilloscope recording of the modu
lation signal amplitude characteristics. Generally, the signal is centered 
around ).0 GHz (S-band) and is frequency modulated, The average power 
density impinging on the monkey is approximately 5 milliwatts/cm2, 

6" 5 8 J- S ., b ':( .i I 
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1. All testing, to date, has been ccnducted on one monkey. 
The monkey established a base of performance over 79 days prior to test
ing in the radiation environment. A male rhesus monkey was restrained 
in a chair in the anechoic chamber and trained in place to establish his 
base level performance without the radiation environment. Henkey work 
functions are broken down into a ~hree-part s::hedule: (1) Function "A" -
is cued to t:ie monkey by a tone of 3300 cps, This function is designed 
to establish a base level of time response dependent upon internal clock, 
or the ability of the animal to estimate time. The monkey is required 
to wait for a period in excess of 50 seconds after the auditory cue then 
respond by closin5 a switch. A response before 50 seconds requires the 
monkey to re-cycle. The monkey is rewarded with a food pellet upon cor
rect delayed response interval; (2) Function "B" - is cued to the monkey 
by a tone of 1450 cps. In this mode the monkey must sense change in tcne 
from 3300 cps to the new sigr:al of 1450 cps wi1ich results L'1 the monkey 
carrying out a new function. This new function is to delay response 
until the tone goes off; (3) F=ction 11 C11 - starts when the tc-ne of 
1450 cps stops and the monkey now must press a lever for each food pellet 
which is delivered only after the appropriate geometric proiressions in 
number of switch closings • 

2. The pro~ression is as follows: 

Step No. of Switch Closings 
~ 

1 40 

2 80 

3 160 

4 320 

5 640 

At the end of Step 5, the program is re-cycled, 

IV. TEST RESULTS 

Pellets Delivered 

1 

l 

l 

l 

1 

A, Function "A" - Results presented in Figures l through 4 show 
the following: In all figures, the black curves represent the normal 
average response for this animal with time, without the radiation environ
ment. The vertical black lines mth horizontal "pips" represent the entire 
date point range of 79 days of pre-exposure results. The red line indi
cates the performance level for the day indicated. Figure l represents 
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perfonnance after nine days of accumulative radiation exposure •. This 
curve does not deviate from nonnal. Fi~ure 2 presents results after 
fourteen days of accumulative radiation exposure. The red line shows 
a slowdown·in the animal's timing behavior. Figure 3 presents results 
after eight days of no exposure preceded by twenty-three days of ex
posure, sequenced as shcmn in Table I. This data indicates the monkey 
returned to normal perfornance. Fi;ure 4 presents results after twenty
six days of cumulative exposure and shows a marked decrease in the timing 
behavior (red curve). 

B. Function n E,11 

data renorted above. 
Essentially no change observed iI1 all of the 

C. Function "C" - After twelve days of radiation exposure, the 
time for completing the geometric progression showed a tendency to in
crease (slowdown). Or, the thirteenth day, the time to cor:ipletion was 
clez.:,,ly greater than norr;;al and 5 hours and 29 minutes from the start of 
this session, the monkey stopped responding altogether at the progression 
function requiring 640 responses. The next two days (14 and 15), the same 
pattern was seen with the monkey stopping 5 hours and 56 mi.J,utes into the 
10 hour session. The next two days, because of equipment failure, no 
radiation of the monkey occurred - although the monkey stopped working 
completely (all functions) and did not recover until the third day of no 
radiation. Complete cessation of all work function occurred for a total 
of five consecutive days during this run. 

D. Function "D" - The same effect was repeated on the 24th, 25th 
and 26th day of radiation, At this re;oorting, recovery is not established. 

V. OT'tlER 5FFECTS 

At all times, when. the monkey ceased to respond, the measured deep 
core temperature dropped 1.2 to l.S°F from normal with a latency of 30 
to 60 minutes and stayed at this level for the remainder of the 10 hours. 
This data and observations on a TV monitor _strongly suggest the monkey was 
in deep sleep. 

The next key step in the program will involve rep8ating these ex
periments with a new monkey. Confirming previous results at this stage will 
neA-t require extremely careful experimentation and measurements to begin 
to understand the mechanism involved and identify supporting laboratory re
search that must be conducted. 
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ADVANCED RESEARCH PROJECTS AGENCY 

WASHINGTON, 0. C. 2030t · 

20 December 1966 

lIEHOl',1-!DUM ?OR THE RZCOlID 

SUBJECT: Project PA!WORA - Initial Test Results 

Reference: PIJ1DORA-BIZARJE Test Results - Memo dated 15 Dec 66 

I. BACKGROUHD 

For more than five years, the American I:moassy in Moscow has been 
radiated with low level electroma.~netic signals (the Moscow Signal) on 
a more or less daily basis for several hours a day. These si6-nals, in 
the "S" and "L" band spectrum, have been in part recorded and are of 
complex modulation with a pnttern of variation, some of which seems to 
be random. 

The i/hite House has directed, through USIB, that intensive in
vestigative research be conducted within the State Department, CIA and 
DOD to attempt to determine what the threat is. The l!ational !'rogram 
has been coordinated by the State Department, under code name, "Tln-IS, 11 

ARPA is represented and is conducti .. g research on a selective portion 
of the overall program concerned with one of the potential threats, 
that of the effects of low level electromagnetic radiation on man. 
This memorandum summarizes the initial test results obtained from t!us 
program called PANDORA. 

II. S\J11i•IARY 

The most important results o~tained to date, after 28 days (not 
continuous) of radiation of a prL~ate at 5 milliwatts/cm2 with a simu
lated l-!oscow Signal, have been two repetitive, complete slowdowns and 
stoppages of the monkey in carrying out his test work functions, The 
monkey normally works 10 hrs/day, 7 days week. At stoppage, the data 
strongly su~gests the monkey went into deep sleep. The second break
down occurred sooner than the first, suggesting that pre-stressing due 
to the radiation environment had occurred. There is no question that pene
tration of the central nervous system has been achieved, either directly or 
indirectly into that portion of the brain concerned with the changes in 
the work functions and the effects observed. T:'"' :1r:,,·· .•. ,. __ ,; :-· .,, 
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Events leading to these breakdowns were as follows: On the 12th 
day of radiation (10 hrs/day), a definite slowdown was recorded in the 
monkey's ability to time his work fW1ctions. On the 13th day of radia
tion, the l!lOnkey !'urther degraded and finally stopped working. For the 
next two days of radiation, the monkey•s condition remained unchanged -
complete stoppage - at which time the radiation was terminated, Three 
days later (without radiation) the monkey returned to normal operation 
in his work functions. For five additional days (without radiation) 
the monkey maintained a normal work pattern. Radiation was turned on 
after this period and after eight days of radia~ion slowdown in work 
functions was again recorded. On the 10th day of radiation, complete 
stoppage occurred. The stoppage continued for the next three days at 
which time radiation was terminated. The next two days of recordings, 
up to 15 December 1966, reveal the monkey had not returned to normal, 

At all times when the monkey ceased to respond, the measured deep 
core temperature dropped 1.2 to l,S°F from normal with a delay of 30 
to 60 minutes. It stayed at this level for the remainder of the 10 hr/ 
day. This data and direct observations on a TV monitor strongly suggest 
the monkey was in deep sleep. Detailed results of tests contained in Ref 1 • 

III. STATUS 

Only one monl,ey has, so far, been tested. It cannot be stressed 
too strongly that, at this time, conclusions as to what may generally be 
expected cannot be drawn until at least another monkey has been sub
jected to the sa.~e sequence of radiation and nor-mal environments, and has 
shown similar effects, 

IV, PRESENT ARPA ?ROGRII}! 

A. Repeat test on second mon!ceywhich will be instrumented to 
detect various body chan;es. 

B, Based on these results, a new design of tests will be con
structed to determine the gross mechanisms involved in producing the 
effect observed, 

V, IllPLICATIONS 

The central nervous system of one monkey has been affected by low 
level microwave radiation. If tests on another monkey display similar 
results then: 

1. Attention must begiven to initiating a i·!ational Program 
to investigate thoroughly these effects, since only isolated investiga
tions have heretofore been carried on in the U.S. By contrast, the USSR 
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2 

,~--~a 12·:u -. 



' 

• 

• 

• 

E. s G 11 Z:I 
has had an intensive national program in this area for more than 10 years. 

2, The U.S. microwave radiation safety sta.~dards should be 
examined and overhauled to take account of tre non-thermal damage poten
tial. 

J. The potential of 
behavior by low level microwave 

exertin~ degree o~ntrol on human 

codia on m ," b~rrlly inrestis0t.d, 

, . t .t l ,./ \~;_1,,:~ 
chard S, vesaro 

Deputy Director 
Advanced Sensors 
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MEMORANDUM FOR DIRECTOR, DEFENSE RESEARCH & ENGINEERING 

SUBJECT: Project BIZARRE 

References: l. Memorandum to Director, ARPA, from Deputy Director, 
Advanced Sensors, dated 15 December 1966, subject: 
Project PANDORA - Initial Test Results. (Top Secret) 

2, Memorandum for Record, signed by Deputy Director, 
Advanced Sensors, dated 20 December 1967, subject: 
Project PANDORA - Initial Test Results. (Top Secret) 

3. Memorandum for Director, R&E, from Deputy Director, 
Advanced Sensors, dated 28 June 1967, concerning 
Projects PANDORA and BIZARRE. (Top Secret) 

4. CIA Memorandum for Deputy Director, R&D, dated 
13 September 196 7, subject: Summary of TUMS Power 
Density Measurements - 13 September 196 7. {Secret) 

5. Memorandum from AF Avionics Laboratory to Mr. Cesaro, 
dated 15 August 1967, subject: Power Level Measurements -
TUMS Radiation. (Secret) 

SUMMARY 

1. The central nervous system of primates has been penetrated 
directly or indirectly by non-thermal modulated microwave radiation at 
power densi;!y levels from 4. 0 milliwatts per square centimeter down to 
LO mw/cm (these levels are below present U. S. safety standards). 

2. At similar radiation power densities and non-modulated low 
microwave radiation the primates performed normally. 

a-~~···~ ,c,3.:t+1 -- . _...__ 
ARPA-AS-TS-67-20 
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3. The recent low level BIZARRE tests at . 008, . 05, 

[i It[~ ii I I !( 

z 

z 
. 01 ~w/cm 

power densities under modulated microwave radiation did not cause the 
primate to degrade in conducting his work tasks. 

4. The latest data collected on the Moscow data indicates energy 
densities no greater than . 05 mw /cm2 in the Moscow Signal 

DISCUSSION 

This memorandum is a progress report on Project BIZARRE. References 
1, 2, and 3 report in detail on the ARPA experimental results of primate 
tests in Project BIZARRE and related research and development. The 
tests so far have established that the central nervous system of primates 
was disrupted direct\[ or indirectly after exposure to low level (non
thermal) 4-5 mw/cm modulated "S" band microwave radiation for periods 
between l O and 19 days. When the primate tests were conducted at the 
same low level (4-5 mw/cm2 ) radiation, without modulation, the central 
nervous system was not disrupted for test periods up to 30 days as 
reflected by overt performance measurements (references l and Z). The 
electromagnetic frequency and modulation used for these preliminary 
tests simulated a portion of the "Moscow Signal. " The intent of the 
"Moscow Signal" has not been established by the experiments conducted 
to date. 

New measurements with ARPA instrumentation of the "Moscow Signal" on 
site has now been completed. These data of the "Moscow Signal" cover 
a recorded bandwidth of 50 me as opposed to the original bandwidth data 
recordings of 3 me. Also, a partial mapping of the power density has 
been completed (references 4 and 5 ). A thorough analysis of this new 
signal data should now be undertaken to define the "Moscow Signal" 
characteristics. No further "on-site" electromagnetic measurements ,.ae&- r;J,c. 
...-1"!' required. 

The latest data on power levels recorded in the Moscow Embassy were 
always below 50 microwatts/cm2 (. 05 mw/cm2 ). The recent BIZARRE 
tests have completed one experiment on primate behavior at power levels 
of. 008, . 05, . 01, and 4. 6 mw/cm2 . These data showed no overt 
primate performance degradation at levels below I. 0 mw/cm2 . It must 
be emphasized that these initial investigations were only concerned with 
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the overt primate performance measurement. Information on other 
biological indicators such as EEG, EKG, genitic effects, anatomical 
abnormalities, neuro chemistries, or sophisticated blood chemistries 
(endocrine, steroid levels, chromasomal abberations, etc.) will be 
obtained in the next program phase of BIZARRE. 

The Soviets have reported in the .opim literature that humans subjected 
to low level (non-thermal) modulated microwave radiation, show adverse 
clinical and physiological effects. The experiments with modulated 
microwaves on primates conducted by ARPA show repeatable histories 
of measured degradation of primate performance under laboratory 
conditions. In the United States there have been no experiments with 
microwaves which directly relate primate performance with human 
behavior. In certain other types of experimental medicine (e.g., blood 
chemistry, drug screening, etc. ) effects which show up on Rhesus 
monkeys bear a strong relationship to effects observed in humans. The 
ARPA BIZARRE program will establish methods which should permit 
us to relate the ·behavior of sub-human primates to man under conditions 
of microwave exposure. This may require direct testing with humans 
under controlled conditions . 

Serious impact of this research centers around the foUowing general 
considerations: 

1. Hazards to humans from low level microwave radiation may 
exist below the present U, S. safety limits. These hazards must be 
carefully explored and established. Latent, long term effects on biological 
systems must be investigated. 

2. The ARPA test results have demonstrated the feasibility of 
causing adverse biological effects on the central nervous system of 
primates. The potential of exerting a degree of control on human 
behavior by low level selectively modulated microwave radiation should 
be investigated for potential weapon applications. 

Significant results obtained from theFiRR 

be periodically reported as soon as \es/I~! are a 
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THIS DOCUMENT HAS BE;::,; DOvVNGflADEO 
MEMORANDlU~ TO: Mr. R. S. Cesaro, ARP/\ TO·-··-- 0 1.l.NCLAS!!.:.r.,:;;~ ........ 9.:_.Q.~!_!9?.!,. 

FROM: ,fierbert Pollack Per-1..JJ(<?d,rv' JJ.ilf'::f£L/..L1_·cc,.·,_· ,_ 
SUBJECT: Report of Visit to u.s.s. Saratoga, December 31, 1968 ti} 

L The visit to the Aircraft Carrier Saratoga was accomplished 

or. December 31, 1968. The personnel were most cordial and cooperative. 

2. The Chief Medical Officer is an alert, well inforrr.ed, and 

effective physician. We discussed the possibility of a retrospective 

study of the health records of deck personnel as compared to other 

groups of sailors. 

3. The engine room crew, because of constant exposure to high 

temperatures, have a specialized series of complaints that make it 

difficult to evaluate their health against deck crews. Sailors in 

the supply division would serve as better controls. 

4. The medical records while adequate for the routine health 

supervision may not be complete enough for our purposes. Commander 

Pratt, the C,M.0. of the Saratoga,has offered to try to get a 

comparison of sick call rates between deck crews and other divisions 

and to list the frequency of various complaints or presenting symptoms. 

5, The Operations Officer in charge of radar pointed out that the 

"lookouts" are in the direct line of sight of the search radars for 

four hours at a time. These men are selected frcm the gunnery crews. 

6. The executive officer speaking for the Captain expressed their 

interest in the problems and will extend all help if the CNO or 

CINCIITl,AN approves a request to have two observers aboard the 

Saratoga to get base line readi.ngs on selected members of the crew. 

The carrier is scheduled for a training cruis0 in the Carribean for 

February and it was suggested that the last part of that t!lOnth would 

be most conveni.ent for them. ..., 
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7, It is suggested that a protocol be developed for the purpose of 

making measurements of "vigilance" reactions on selected m~:nbers of 

the crew. These measurements will be repeated on the same people 

after several months of operational activities. It should be pointed 

out that the Sar<'j,toga has just undergone extensive rehabilitation and 

has been tied to the docks for one year. Hence none of the ship's 

complement have had any exposu!'e to micro-waves during this time. 

The subjects selected for the study should be divided into two 

groups: a, veteran members of the crew whose duties allowed them 

to be radiated by the micro-waves and b, new recruits with no history 

of previous exposure to micro-waves. A log will be kept of the duty 

stations and hours of the selected subjects. 

HP/nr 
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.EMORANDUM ro: Mr. R. s. Cesaro, ARPA 

0ROM: IDA Review Panel 

·90J;;T 

January 14, 1969 

SUBJECT: Flash Report of Pandora/Bizarre Briefing (S) 

(S) In response to a request from Advanced Research Projects 

Agency (ARPA), a special panel was convened by the Institute for 
Defense Analyses (IDA) to review the research techniques, results 

to-date, and to make recommendations for the future of the Pandora/ 
Bizarre program. 

(S) The IDA Panel personnel were as follows: 

- 1. Lysle H. Peterson, M.D., (Chairman) Univ. of Pennsylvania 
2. Joseph E. Barmack, PhD, C.C.N.Y. 

3. Joseph F. Kubis, PhD, Fordham University, N.Y. 
4. BG Frederic J. Hughes, M.C., Walter Reed Gen. Hospital 
5. Herbert Pollack, M.D., Institute for Defense Analyses 

(S) Observers present were 
1, Richard S, Cesaro, OSD/ARPA/AS 

2. James P. Deck, Colonel, Wright Patterson AFB, AFAL 

3. Daniel J. Sullivan, OSD/ARPA/AS 
(S) The briefings were presented by 

Col. J. Brady, M.S.C. - WRAIR 
Maj. J. Sharp, M,S.C. - WRAIR 
Capt. Mcilwain, M.C. - WRAIR 
Mark Grove, AF Avionics Lab - WPAFB 

(S) The panel met at 0900 on Friday, December 20, 1968, in the 
Forest Glen Annex of the Walter Reed Army Hospital. All persons 
present who had not done so previously signed the Pandora/Bizarre 

-clearance forms. Briefings and an inspection of the physical 
plant lasted until 1230. The panel and the briefing team drove 

to the Institute for Defense Analyses where they reconvened at 
C80•·,·· ··{l;~L. 2 .. (A. ;,.es ' - !. 
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.ours. Further discussions were carried on until 1500 hours, 
when the panel thanked the briefing team and went into executive 

session. 

(S) The terms of reference~for the review panel as presented by 

Mr. Cesaro called for an initial flash report based upon the brief

ings of the day. Mr. ~e'.saro indicated that he expected the panel 

to operate on a continuing basis until the project was completed. 

It is expected that the panel would be enlarged in the near future 

as soon as clearance procedures permitted. 

(S) The flash report was to be the response to the following 

questions posed by Mr. Cesaro: 

1. Does the panel consider the research procedures reported 
at this briefing scientifically sound and capable of supplying the 

data required to satisfy the stated objectives? 

-
2. Does the evidence presented support the stated deductions 

conclusions? 

-

3. What future plans and procedures should be adopted in view 
of the findingsto-date? 

4. lxles the panel consider it necessary to develop a ''real 

time" data processing technique to facilitate the identification of 
those components of the "synthetic signal" which are responsible 

for the observed biological effects? 

5. Does the panel wish to express an opinion as to the mecha

nism of the action of the electromagnetic radiation on the intact 
animal? 

(S) The panel was unanimous in its opinion that the use of multi

schedule programs for operantly conditioned monkeys was a sound and 

acceptable technique to assess degradation or acceleration of work 

patterns. That the monkeys exposed to the specific "synthetic 
Moscow signa~•in field strengths from l mw/cm2 up to 4.6 mw/cm2 

showed degradation of work performance after 10-hours-a-day exposure 

for from 11 days to 21 days. This degradation in performance may 

be regarded as a "vigilance function degradation," The effects 

• 
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to be grossly functionally reversible. There is some evi-

dence that repeated series of exposures sensitizes the animal and 

shortens the latent period before signs of vigilance degradation 
' C appear. 

(S) The WRAIR inves;igators attempted to develop techniques with 

more rapid response.'times in the hopes of being able to facilitate 

the identification of the elements of the synthetic signal respon

sible for the bio-medical effects. These took two directions. 

One was a study of alteration in reaction time response in the 

primates after exposure to the micro-waves. The other was to implant 

a series of specially designed electrodes into specific areas of the 

brains of monkeys and to record the electro encephalographic changes 

before and after radiation, 

(S) The studies on reaction times are inconclusive to-date. More 

data would be needed to express an opinion as to whether this ap

proach should be pursued further or discarded. 

(S) The E.E.G. approach has been carried out in association with 

The Brain Research Institute at the U.C.L.A. School of Medicine. 

The problem of artifacts and analysis of wave forms makes interpre

tation difficult. Further work in this area should be supported. 

To do this effectively, the analysis of the E.E.G. recordings should 

be on a "real time" or approximately "on line" analysis. This will 
require a computer availability and capability. The computer may 

be an in-house special purpose one, or a connection with a central 

computer programmed for this analysis. A cost effectiveness assess

ment of the alternatives should be helpful in the decision. 

(S) The panel was of the opinion that the help of Dr. John Tukey 

of Princeton should be obtained. He is considered an outstanding 

expert in the field of wave form analysis. 

additional facets of (S) The WRAIR research workers presented two 

the work. These were attempts to determine if 

tectable morphological changes in the tissues. 

rected toward a study of the chromosomes of the 

there were any de

One effort was di

circulating blood. 

The two animals studied to-date were reported as showing no changes. 
r, , { f 'r' ,: { ( c < c· s..c.s d. _a3 ,,. 1-:'.·.,(. 1 - ...( .a.Z .. •1.-.1_~_,i.<..'t( 
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s uff ic ient number of animals 

have been studied to give positive assurance that the non-ionizing . 
radiation does not have any effect on chromosomes. The other was 

,~ '" 

the histo pathological studies of the central nervous system tissues· 

taken from animals that h¥l been radiated. This study is being 

carried out at Tulane under contract. At the time of this briefing 

only one monkey brain had been studied. 

that this brain was "different" from the 
The contractor had reported 

controls. (The study is 

a blind one to avoid prejudice.) In view of the suggestive but in

adequate evidence, additional effort must be made to further this 

aspect of the program. 

(S) The panel recognizes that Col. Brady is a professional leader 

in the field of animal behavior studies and has added substantially 

to the credibility of the work . 

• The response to Question #3 takes into consideration the total 

.. lem, including the animal findings as presented, and the time 

and cost element in extending animal studies to provide a more com

plete spectrum of response. In the absence of significant adverse 

findings in the chromosomal and histo pathological studies mentioned 

above, the future course of action~ include a study of human 

response to non-ionizing radiation in low level fields and with the 

specific modulations employed in the primate exposure tests. Animal 

studies are only able to provide a limited spectrum of responses. 

The human with his ability to describe subjective changes can ex

tend the response gradient through the levels: 

a, Feelings, attitudes, fatigue, moods, etc. 

b. Health, physical and mental 

c, Performance and stamina 

The animal studies are focused on c. but may include b,; they cannot 

measure a. 

(S) Over a period of years humans have been exposed to micro-wave 

Aradiations at much higher field strengths than are proposed in this 

Wwork. The U.S. personnel in the Moscow Embassy have been exposed 

to the micro-wave signal over a period of many years. The panel 

were not given any evidence of impaired health of these people. 

Ud(:r:r c q., .I t~/- · c L/ < , r, r'c ZZ.d. 
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1. To determine the~. immediate or short time effects on humans 

of the synthetic Moscow. s_ignal in use at W.R.A.I,R. on the three 

aspects mentioned above,; This should be given a high priority. 

2. To provide for follow-up observations of the subjects. 

3. The study should contribute to the understanding of the 

effects of micro-wave radiation on man in general as well as the 

specific Moscow signal. 

(S) The protocol should be developed by the responsible group. 

This panel will stand ready to review the proposed protocol and 

offer such advice as they see indicated when asked to do so. 

(S) It is suggested that the program provide for: 

a. Biochemical laboratory analysis of blood and urine for a 

variety of substances including steroids, enzymes, trace metals, 

•

tc, 

b, Cardiovascular evaluation such as E,C.G., blood pressure, 

etc. 
c. Chromosomal studies of lymphocytes cells 

d. Appropriately sensitive and reliable studies on behavior 

(S) Subjects selected should be normal, healthy, young male adults. 

Exposure periods should be at lease 90 days unless significant 

changes occur earlier. Subjects should be divided into 3 groups: 

1. Controls 

2. Subjects with a history of exposure to micro-waves 

3. Subjects with no previous exposure to micro-waves 

(S) The panel at this cime has no basis upon which to suggest the 

mechanism involved. 

(S) It is recognized that the findirgsto-date were presented to 

the panel in an orientative way and the format of the presentation 

A was qualitative. The panel suggests that the data be prepared in a 

• statistical format for better scientific evaluation. The panel 

would like the opportunity to examine the data in depth. 
/,' , ' fl!Ph:it.-zt ___ (.J P _ u<c., . :k •~ 
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PURPOSE 

l. To determine i! seamen, groupsd ~cording to amount ot exposure 

experienced during work schedules, vould dilfer in performance o:a a 

broad batteey of cognitift1 sensory-perceptual, and psychomotcr tests, 

2. To prOYide baseline performance data for seamen under dock:Bide and at-sea 

conditions. 

J. To establish the reliability of tbe meuures iuied uruter the ordinary 

working conditions of a seaDIIIJl. 

RATIONAIE 

It Wal!I anticipated that sailors _.king on the night Deck would receive more 

exposure than sailors working below deck (specil'ically, the Hangar Deck). Though 

differing in exposure, these two groups are relatively equivalent in terms of work 

loads and work schedules, and could be made equi.Talent on a lml!lber of background 

variables such as age, education, and general ability, 

lookouts at the 09 Deck Level were considered to be highly exposed. On the 

buis or conversations with the perscmnel 1n the OS and OI groups, both involved 

in lookout operationa, the former (CS) vaa judged to be more 8J!POSed than the 

latt-er (OI). Sailors .frOII\ the 4th Division were selected as a control for both 

the CS and OI greups. These sailors had no eJg)Osure of the sort experienced at the 
I 

09 Deck IJrvel, but their work du.ties were "im:IJar te those ot the CS and OI groups. 

'l'hree, sets or a.naly:ses ware suggested: (l) to ffaluate the difference• 1n 

test pertonnance between the Plight Deck (exposed) and the Hangar Deck (non-, .. ~ .~ 
•U!ICLASSlFlED" 
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·exposed) crew; 

Di"fision groups, which represent, a gradient of expo!!Ur9 .fl'Ol!I maxiJnal to minimal; 

(.3) to evaluate the test perfOl'l!lance of the CS, or, and 4th Division groups 

1-diatel;y atter a YOl'k assignment. Since each or these groups were to be tested 

during a non-work (i.e. non-exposed) period, the retesting illllnediately .following 

a vork assigmnent (during which th& cs and or groups are subject to exposure) 

would test for immediate a:posure eff'ects. 

A broad spectrulll of b:mnan tuuctiona vu selected on the basis of potential 

sensitivity to the expos'lll"e conditions anticipated aboard the Saratoga. These 

are categoriced belaw. 

A. Psychomotor 

l. Choice Beaction Time 
(Wa;rette dffice) 

2. Rotary Parsuit 
{Lai'a;yette photoelectric apparatus) 

B. Sensory-Perceptual 

c. 

l. Visual Acuit.y (Far and Near) 
(Vision Tester - Titmus) 

2. Vertical and Lateral Imbalance 
(Vision Tester - Ti:tau.s) 

J. Stereo-Depth 
(Vision 'l'ellter - TiQIU) 

li. Color Veaknes11 
(Vision Tester - 'litmul!I) 

;. Flick«!' 1\lsioa 
(Lafqette apparatus) 

CognitiVlt 

l. Word nW!IIICJ' 
(Word lndi np Test) 

-
' 'I J -• C'. ' / 'J ' '),' 
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2. Number Facility 
(Addition Test) 

3. Memory 
(Audi to1"7 Number Span Test) 

4. Speed of Closure 
(Concealed Words Test) 

5. Perceptual Speed 
(Number Compari110n Test) 
(Identical Pictur9 Test) 

'" ,. r. -_; : . • 4 • 

In addition, a hand dyna:mometer wu used to test hand grip. This test pro

vided superficial face validity to a procedure which, in its directions, 

emphasized "fatigue" as an important factor under stuey (cf. Appendix A). 

SUBJ,g()TS 

Subjects were selected for membership in each of the experimental and 

control groups on the b&81B of educational level, prior test perfonnance, and 

time remaining in service. 

The m:in:iJnua educational requirement was completion of the 12th grade. In a 

ffnl instances a 12th grade equivaleney diploma was substituted for the high school 

graduate requirement. 

, · .... , 

Prior testing on the OCT and ARI provided an added check on the educational 

criterion. A combined score of 95 on these two tests was the cut-of! score, with 

neither the OCT nor ARI below 45. The educational requirement and the test criteriDr; 

filtered out those subjects who would have difficulty in reading or understanding 

the directions in the experimental test battery. 

Finally, no seaman was selected who was due to leav,e the service in less than 

12 months. This criterion made it possible to retest. subjects after an extended 
~ 

tour of duty and, therefore, aft.er extended exposure. 

"' ,; .• ; .. ,<,, ·~ .,. .... . ~ .: 
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'lhe conditions under which the tests wre administered are described in 

Appendix A.. 

STATISTICAL CONSIDERATIONS 

The data were corusidared to meet the requirements of classical. tests of 

significance. Analyses of variance of s:l.ngle and ll!Ultiple classification and 

repeated measures designs were utilized. Pearson produ,ct-moment correlation 

coefficients were used to estil!late test-retest reliability. 

RESULTS 

4 

As indicated in the SUl1llllal'J table of Appendix B, the statistical analysis 

presents a picture of overal.l insignificance. 'lhe few significant results (test

retest situation) present no meaningful pattern. 

In particular 

l. There are no Meaningtulq signiticant differences between the test 

performance11 of the Flight Deck and the Hmgar Deck crews. The one -
significant difference is in the Reaction '1'1me score which lacks 

adequate reliability. 

2. There are no signi.f'ieant differences in performance among the wokout 

groups: CS, OI, and 4th DiTi.sion • 

.). There are no significant differences in performance among the Lookout 

groups when tested illmediately after a work (e:x:poBUre) session. 

4. The reliability of most of the test instruments proved to be adequate 
~ 

tor the conditions under which they were used; .Reaction 'ti.me measures, 

however, wre 1ll'll'eliable. :Kamary Spm appeal"s to be an 1nadequate as 

well Bill an um'elisble measure ot the memor,- function. Word Endings, 
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lower than expected. 

CONCIDSIONS 

1. lfo exposure effect wa• demonstrated. 

2. Reliability ie adequate for most test measures. 

DI.SCUSSIOB 

In view of the short period or exposure du.ring the sea trials of the Saratoga., 

the Flight Deck, the CS, and the OI groups were not eiq;,ected to dil'fs- signi

ficantly in test performance fl-om their control groups. Consequently the 

obtained results, which indicated.general non-significance, were not surprising. 

Bowever, upon careful check, conaiderable doubt now exists as to whether azv 

exposure diff«!l'ences (as assumed by prior considerations) actually existed aboard 

the Saratoga during the sea trials. In view or the strong probability far this 

position, the obtained negative resultll tend to generate confidence in the adequacy 

of the test procedures and the care with which the criteria of selection were 

applied. 

The adequate reliability of most test measures obtained during the ordinary 

work day or the seaman and under actual operating conditions (eg. ambient noise, 

Vibration, and motion aboard a ship in restless seas) gives further confidence 

in the use of such test procedures aboard vessels during routine sea operations. 

REX:OMMENDATIONS 

l. Reaction Time, Memory Span, Far Acuity, Word Ehdings, and Flicker Fusion 

11hou.l.d be renam:ioed and appropriately modil'ied to meet higher reliability 
: ... . ,./ 

2. An ongoing search program elwuld be undertaken to identify behaVioral 

functions potentially susceptible to the exposures alluded to in this st~. 

•UNCLASSIFIED" 
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). Exposure situations or sites of the type alluded to in this stud,y should 

be examined to see if 

a. they produce e:xposure of sufficient intensity 

b. the cposure intensities can be monitored so as to provide a 
record or an;,- changes in rate or e:xposure 

c. a su!!icient uumber of subjects are subjected to the exposure 
intensity 

d. a measure or subject-exposure-time can be developed. 

4. In Tiew oi' the di!ficul.ties experienced in this stuey relative to the 

use or external electric power {ct • .Appendix A.), instrwnents for the 

evaluation of psychollotor :tlmctions should be supplied with independent 

power sources where i'easible • 



• •u11cUSSIFIED• 

APPENDIX A 

... .,. 



• 

• 

• 

•• < • ,1' • i :; 

'/ •. ,,-1;,,•,·,··"·~-~,. ~- .... 
FATIGUE STUDY 
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I, PRKPARATORY STAG.I!: 

A. Selection of Abilities to be Tested 

Aiming 
Depth-Perception 
Memory Span 
Perceptual Speed 
Response Orientation 

Speed of Closure 
static strength 
Visual Acuity 
Word Fluency 

B. Contracted Services with BioTechnolof!Y Inc. 

c. 

D. 

E. 

1. To obtain tests 
2. To duplicate test materials 
3, To prepare direction and recording forms 
4. To train a field tealll in the u.se or T.JJa test battery 

'i.'rair. ing Program 

l. At BioTechnology Inc. 
2 • 1-23-69 through 1-24-69 

Per:ionnel 

l. Preparatory Stage 

Dr. Joseph V. Brady 
Or. Thomas W. Frazier 

2. '.I.raining Stage 

.ENS, Loren Appelbaum 
CPT. James P. Flanders 
CPT. J. Ronald Gentile 

Direction! and Qu.estionnaire 

Confer Appendix 

Dr. Joseph F. Kubis 
Or. Herbert Poll:\ck 

Dr. Joseph F, Kubis 
CDR. Thomas J. Sullivan 

il.. USTll-lti S'fAGJ,, 
, 

A. 1J11 Boanl - Dockside ( 1-27-69 through 1-30-69) 

l. Facilities 

a. Initially, Ward 2 and the Qu.iet Room 
b. Later, because of blood work and TB e:x:sminations, 

testing was conducted in the Isolation Ward and the 
Qu.iet Room 

•UNCLASSIFili:D1 
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a. ENS Appelbaum, CPT Flanders, and CPT Gentile -- testing 
b. CDR Sullivan --- liaison and scheduling 
c. DI.". Kubis -- liaison, personnel records analysis, 

coordination 

3. Work Completed 

67 individuals were tested 

B. On Board - At Sea (1-31-69 to 2-10-69) 

1. Facilities 

a. Initial.l:y, the Isolation Ward and the Quiet Room 
b. Later, because an active case of TB had to be isolated, 

testing was limited to the Q.uet Room 

2. Personnel and Duties 

a. ENS Appelbaum and R. Deimel -- testing 
b. III'. Kubis -- liaison, scheduling, and coordination 
c. (Mote: R. Deimel was trained in test procedure 

by ENS Appelbaum.) 

3 . Work Completed* 

n. 92 rcrsons were tested 
b. 47 of these were retests 

i. to obtain a reliability estimate 
ii. to evaluate the effects of watch or lookout duty 

* To be rechecked during reduction and analysis of data 

C. Ackno,;ledgments 

To CDR II. Pratt i'or outstanding cooperation and help in 
providing testing and liVing space; and for layine the 
groundwork for the genuine acceptance of the project. 

To CDR T. Sullivan for outstanding cooperation in keeping the 
testing program moving smoothly and far providing Robert W. 
Deilnel as psychometrist for testing at sea. 

To KNS Appelbaum, R. Deimel, CPl' Flanders, and CPT Gentile for 
enthusiastic devotion to the demands of ar9uous duty. 

To all officers and to the men who were tested far their 
wholehearted participation in the program. . . 
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1. Noise level 
factor 

since continuous, probably not a critical 

2 • Occasional announcements over public-address system 

3. General quarters 

4. Occasional intrusion into testing room 

5. Variable line power 

6. Breakdown in the controls on the timer for the rotary 
pursuit and reaction time apparatus 

E. Resolution of Problems 

1. Data influenced by extraneous and undesired intrusions 
will be analyzed separately. 

2. 'lbe apparatus for the rotary pursuit and reaction tine tests 
was to be returned to BioTechnology for repair. These units 
were removed from the Saratoga, January 30, 1969, by CPT 
Flanders and CPT Gentile • 

F. Disposition of Apparatus and Test Material 

All remaining apparatus and test materials were to be removed 
from the Saratoga, Monday Feb. 10, 1969, by ENS Appelbaum and 
R. Deimel, to be returned to Dr. T. Frazier. Apparatus 
should be rechecked by BioTechnology. 

III. fGCCYu,ENDATIONS 

A. All apparatus to be rechecked and recalibrated, if necessary, 
before any additional testing is to be done. This task should 
be referred to BioTechnology. 

B. Scoring of tests. Since "local" problems can be best interpreted 
by the men who did the testing and since there are not too rnaey 
tests involved, it might be most economical to have ENS Ap~elbaum, 
R. Deimel, CPT Flanders, ar.d CPT Gentile do the scoring or to 
closely supervise it. Recording format should be compatible with 
card punching requirements. 

c. Reduction and Anal~is of Results. Some preliminary analysis 
should be completebefore further retesting is undertaken. 
The first phase of the retesting should be scheduled sometime 
within the period of April 15 to April 30, 1969 during which 
the Saratoga will presumably be in :t-'~ort. It is recommended 
that the personnel involved in the Dockside testing in Philadel
phia conduct the testing at Mayport. 

D. Blood on a li,;cit.ed sample should again be taken at fayport 
during the April 15-JO period. 'O\JNCLASSIFI.£D0 
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F. Tbe problem of variable power on the Saratoga in relation to 
the rotary pursuit and reaction time tests should be discussed 
with BioTeohnology Inc. 

J,F,K. - (2-18-69) 
Walter Reed lbspital 
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GENERAL INSTRUCTIONS 

When men are tired, sleepy, or work under heavy stress loads, 

their per:formance usually suf:fers and they tend to make more errors. 

We want to measure how human e:f:ficienoy is affected by long 

working hours, hard work, and different work-rest schedules. 

We will do this by giving you a. number of tasks and activities 

that will involve sensory, perceptual, and motor :functions. 

Accuracy and time will be measured. 

rlake sure you understand the instructions before you ber,in, 

Instructions :for each task will be given by the examiners. 

'!'he results of these tests will have no bearing on your naval 

career and will not become a part of your service r;,cord, 

'!'hank you for your cooperation. 

. ' 
, 

pi 

AV 
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• 1. lbw tired do you !'eel? 

Very ___ 1-bderately ___ Slightly ___ Not at all __ _ 

2. lbw sleepy do you !'eel? 

Very ___ Moderately ___ Slightly ___ llot at all __ _ 

3. lbw long did you sleep? ____ hours 

4. When did you awake? _____ AM (PM) 

5. What activity were you engaged in just before coming here far testing? 

6. How long were you involved in this activity? hours 

• 1. Ilwe you ever worked around X-ray machines? 

8. Have you had aey X-ray examinations in the last year? 

If so, was it stomach 
Chest 
~ad 
Arm or leg 

9, Are you taking any drugs regularly? 

Which? 

10. Are you taking aspirin? 

HOii much? How often? 

-
~IJ~CLA3SIFIED• 
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., . '" .. ata Collection F·orrri 

Name Date --------------
Service No. Tl me ----------- --------------
Rate Examiner --------------- ------------
Division -------------
Critical Flicker Frequency (in flashes per second) 

lA 

6D 

2D 

7A 

3A 

80 

4D 

9A 

5A 

101) 

Choice Reaction Time (practice 3 each color) (in milliseconds) 

lH 

7B 

3B 

!JG 

4G 

UH 

Botary Pursuit Test (30-second trials) (time on target in seconds) 

1. 2. 3. 4. 5. 

Grip Strength (kilograms} 

n L R L R L ---- ---- ---- ----
Comments: 

I 

" J -·, 
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l. 
~- 2.~~~: FJJ.:::;:1t '\'3 h.-::n~c:r. 
b. 3.:I?.: Ol va CS v:; l\Jurth 

2. 'i11ctiu!; o-::cc.c1or!t: (TO) 
3. '.i'.:.tt~ ~: ',.\) :t1~::nr..::,::t3.on 

B. 0:1.J:,~ Fn ~i:C,:,'. : ... :.'!:: tlie:;1 1 D.i."O thc·;-1n 

C. V:.::-~·:n,1c.nt r•.:::::1:t:i-un \:ith r\':l:8~_;t:s .:c\r,-::il~bJ:): t-:.:!t'O: (.:.v~lyt:,:~tt c:::i.11g 
/,J':.O'V":4-.. 1:ich l:'.af,;.!::tc,J 1.:.;u.::;n::.:.•~ c:w:~ te~;t-r,:~t:0r:t 1.·013.;"')5.lft·.=.:-:c 

D. D;::-.~:,;-~_:nt r.:.:::....!t.u::et: uitht•ut. t·,:!tC:it, n:.::",'.'!J.y t"n.::ct::.r,n tL1::·~ ::r-::·J 
put·::::.dt l"ctor,, -,-.~~~re r:,t.:..~~1-i .. :1:1Ie: only· en 1:-1.~.;.::~1t: t:,::i H:'.r;.:,;r.r t)'..'.:,-:zb::::.nto, 
end thrrn i.;;;:s:~ n1v1ly·:-:aJ unin.z: on<,-1::.:r t:~~rv.\ cn:1.d 1,·,:t\_·,::::n-t,:1.:-l 
re li2bil:l tic ll 

IC l',:;.~;lt1 tih,:"l·.-1i:;3 f ... valtr.~o foA.~ ell rol,~v.:.~t~t 1;•0 iu r;tv..::a £01· ~,;);;r-.~.:1.tlvuct!: 
b, lc,:3r l<;fl: corn~ .. -

• 
II. 1.~_.:o~-.:i.: .. l.-ccults 

• 
A. •r::c,,~::'".'J~'tt <'.~/cct~ i>~rt.'3 r;.!Jt f:oun.rJ f.n 2.".:2 C'.1.:' 3::-:2 A.,:-.J\1.'..,:;. (:f:~ 

~(;·;..~€·\(~~-< •. ?\S:!t·-,1:::1 fa)~~l'.d 1.,l ov.:.,.1:~ll e~;:l o[ t,•·.:-::~ ):,~-~~:-i::.:_,:,n t:1.r-~ 

n. 

c. 

1n~c:::.~.14..:,, in~~icc,::ir(t ehol:t!;.::: l~c:·.ct:i.t•n t:!'..s .. ::::: ft,x- r:;.t~!tt ti!:·;~ h(·.:·.:., :7 
<Jc("~~ 1:·.-: ,1b.:;:u. t~i:.~:.:.t:.V: tl-.;:j°.'i.°! \7::;:; only o;: .. :~ ::::::.:·,:;i.f:c:,;::: l':-:-,·::.:-.i.:.;•.~ 
cf:,::ct of ~:.',, the: 11:,:;t r~!~.;_·;Ja:~hJ_:-; i',.i.:.i?::i ::.::t::;~·it .! :i.r. t~:: r: tL:: 
coli.tcry fJ•d:i.li.J J.o ll ch:'"t!':.:C f:iu~~~.n~.. ',1.1·\:!; uli~ ,· : . .i ~;.:.'. 1. 
11,t:1.!::pt·t~te:Ll l1il f.1!:'.Ic,·t::i.\1~~ no <:.'.:i.f.fa:.:::ct::-.:c:; c::t:.:l !·.:..:; 1 .": ••• H t- · ~~- ,n;:. 
cr-ou1:~ (•n th·.".::-:'.3 to.nt:.L:,. 
l'.l:tr.:·::-.~ct:ic:,1 c.ff,:.~t:~ "t::;re t:-:>t fuun.:1, i:;:ltc.:.:i:{E~ tJ-1::,t rJl l!..'!!r.t:. .• c.:i-:t 
.~ ... ~,.n ... ~.~~ .. ,.,;--::,~cf•.~•1 in tl"'i ..... ... , .. -.... r. 11.-.•~ l.,.. t',>• 1·.-.,~ .. ,_ ::.--.·,·. ~ .. ·, ,·•-".,·,·.'··(•'·'·''• g~.Cl'";.·•.i ,,,._,.:.t .. , • .1.L\., 1,,,,,..,1 -~# '-'•···•"" .... ,J ,.,., l.,. , \,... ... . -

Thz.:.t :to, tr,nt: ... t·3:t•Jot dif.f:Cl.'\')l.~~e :;~orc3 ~~:'.::.:; of U:-~ t .::: -~ 1,•:.:__,yl~1.1~~.! 
eri:l ,~ircctlon for nll trc:.::tr:.~.:nt !~):ou:~n. 
Fi,g, citnific.:!nt tcet c.~•·>:.;.i.0~1 cf:I:'.:::cts corn fo1.:.~·:J. 'i.'i,c,. fulJc·;;lng 
o.rct'~~nta c;.1p1Nrt th~-p:rJi:ac:ition t~~.:!i r..~mdn~f:1Jl :i.n.tc::p:::.:t.:r tiwn 
of tl1~a'.! .ff.\'a cffc:ts io tl.:)t rocr.iill~. 

1. / .. reu;,,:nt c.:cinet ctro11.3 TO cf~cctn.. 0:.1l7 fiy~ of £?. 'J'() cLf..:..ct:.:: 
,:~re ci~::1:tfic:·.:.1t:.. In c.11 f:;_\.,J c,:;.;~,c t~Es ~-;.:-_-:: .. :.r.tcr.,·.:: cf:£,:::t'.'..!:: 
fou;-H.l i~,l t:l1~ 2:-:2 ! .. ~·.'JVl;.:-, f:::tJ:~:1 lo c,i.~~:'-'.J,n in t:1,,~ 3::.Z l~>J•·-•-..:-;• 
'11th F lC311 th.:n l in tlL'C•l of tl,o H.,•,i c,:::W. 

2. L?::::,u:ncnt cr;:1i11~t n B:!t~~rcl ccnci:)ter:it Tn crr""';-:t. l!o r~e1:~::cl 
conoi:Jtcnt crr~ct O ftoin:, r..t C~:l OC('.\t,;:t~cd> ::htt!C: .::. c;:t~:r::·_;~icnut 
p~rfo:."lnrn,":.c~ in-=1.·c:n.;.1nt ocetii':.'..':d on t!:::c~ of th~ t(;:1to -..:liJ.~ n 
&iCrtific~.:.i.t 1'.':!l.'"fo,:::.;•~t11.CO t1~ct•,:•r:::::nt CJCCU~"~:cJ (lh l',:J tc:-, t;.:., 

3 'r.c,u•r."'\-.t ,..,.,,..,.:..,~t ,.- ... ~..-,.{T">nr.111 <'i::.-:.,,. .•. ,., .. ~ .... -., ir1'•,·,•····•· 1;,,'·i0· • .,. ·J \,;_.u \. . ._:, .... ,,,.,~.., :.•,·~•.~•-'-r;,,:,1. l J.). ..... .,,•1,,.1.-.,1..vU ·'-·. J..L,t•·~· .. ,-..,., ;.t.,. 

Sine:? t:::ir.~ ct c.r!t! hir:.;_~~~--~J \:l!t'fcl".::m.-cc Dn t1:~:.: r:;:.~,:•.~-:~~-:J
pcne5.1 tc~i:::; end :i.ap;;:o~.;:.<l F:!rJ:'ot:.:•::n,:;.:1 on t·::.:., 0~:l,::: t•:~:._:t~:> it 
-1~l1t b, --: ......... ,.,,., (·~i{':'f,.,•.-,,~•,•1~t'1,..,. 1"0:.•"'·•-,,r,~1 1~~· ·1 c~ t"'••:·) t-:, , •. Ml ..., .._. 1,,;. ... 5......... "" -,,_ ..... J.\,;~l __ ...., .,.. u ,t.; ...... ,,._._,. ........ .J... '••H- .... ... 

the i:c:;ult:J c.::.n t:;.1:::i1in:,,::;11y be irit:,!i"j,'.'l•;~tc:J t~: .. :~_1,.:: r~ :;:::: ... ::.i·a:.1-
p~n::i.1 V3 !'~on-p;1~-.~i: ... L:.t.~-1::r~~:tl k::.1)'] of t,.J::t.. :;~i:,".~5.~<~J:,tl 
dif f:f':~~nt5 . .:.::,.~cl i ·11t:~::i·::c ,-:-: !: 1: t1.o~t 'rt:.•1·.tir.:!3 c r} :--.. :: ~~:.:~:; :. ·:: .: r~::r,,_~ .. :i 
ro.~con f.."l~ the t::o ldr.-].J <.d7 tc~:~t,: to l·;) ;!1:1~~ .. ~-;::::.:~ 1.:;i.i:.~ .. ,:.htJ.y 
b:, bc.5.t13 r:t c~-:1. Ho t.uch r~:~.:)n i:;.: ~··:-•i:c:~::. 1:,J::,:.,!,~·~~:, 
onc'o t~'.):~ir.J to co out c11 a lf.r.1h t0 1:·.t·,-.:.:;:::.:::: tl\.-:·;:: f·~_:, ·.:· .,_'. is 

•UNCLASSIFili:O• 
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-

• 

-

D. 

. ,.., ... ·• ~· ',,,; ,,:~ 
LJl~Cil• 

·. ':7'- ~ ~ .~ ~-
' ' '. . .' 

n ' ' I ' 

•' .q, -

,,4.J,l' 

B2 

'. j :: •; ... • ! 
.. \l ~ .,..) J ' 

,:~c.kcr~::cl •c-;:tll thn r~\·1,11::ation thct c.11 fiv..) fi!:•~~~.r<;r; !'.::f.1.G:1. 
t-o ch!::.~:~·,1 in t1 1 c :;:~2 ff~~ily;.: ... t~. 

'•• Art,1'1"<,-.::.:it c:;.:•,;_n":i: 1:1:::t.:!1.t:~lttlr·.::cs <.-n tl·"l br:.~:t~: c,r: :::·!.: .. ;1;.L'.~".,:'.:e. 
It r::3.tl!t l:u: r,:.. .. ~•;;.r;;ti i:1:.:-lt t~;;;::tJ::.l th~ fJ.vt~ c::.ffu,ct:; ,:::i.''-'l i:: :: ... U.:-
ic~;.H:., thC':y r.-:~.::. r.;:::::1!.n3f:.;t; tv ~:;~:~') t;~'.',f:..•.-;,.;. l:)".::1·v,.::,.:., b~;.;'J:~ 
r.citli.1~ ct~:01·._,; r;:)r t;•:!t~:JJ.st:rr,::.:, th~ G:~.r,~d.f1.r; ... nt f{r:.•.'.ir,~·:::: :.:::-::. 
1-~"t .,..,,••i"""' ,·:0,,--1.., in"''"l"',tf'··' "" {'l1n·s•,> f'·l-•·'·'.··-··--· ,--~--:1,J•V lt..,TY t•--U ,.,Jh-• ,.. U ,.I \.,•.,,,~. •-- _..,l lw>-7 • 1.-.1•~-..,. •• _, • ...t.~~ ~•'#S, • ...t-..,..,,. -•✓ 

Ty[,.:l r c-.·:.:-o:::!., Go5 .. n:~ out: o:i n 1:t.:,h to cr . ..:at:?: c.:1 c.::.,:.11 -.;1.-,::~~.c:.1 
f:01: th:!i.:rJ fb.:liu~s ,•I.::.:.~-t:rl in 1,::-,r,.:n: cont:i:::,t: ·c.,uJ_;J v:.v:.'..nt~ 
co::~~:1 c.:mt:e, £:f;.d t:h.:.1.;~v-~l."' th:.t'e ir,. Cl conflict: L~tt;:.·r;Il 
t·:!eth:,Colc3S.er;l rnlno and cc:.::.,::in ~~H:;a, cv,:::,;;.,:::. rc~·::1J r::.:..ct rrev.~:~ 

f~_1:_:.:.:;\!:;-:,.Ej: j;J;O"'l1\~ 1.:0.r:.~J.t.::., /0::'JVA ylol~~ :-.J ii \"·J t:,~.~ni.f:7.~:,_at :i::-.~~-Jin:;c 
of 68 1::.1;:;,eiUJ.il t:i . .::;nli;:;,,::·:;.~:.,t f:i1::J:i.r;~n.. l!clr::1 1t.:,it:Lr,.i• ::.::~.>-<; 110L 

c.:in~iatcnt. tl!e!:(} fir:J1.r::;::i n;:~ LJ:.:;t ir..t.:::;pr.\;t,:.J co ct1::r~:'!o cff•;~ta~ 
f',:H:dbly 'fYlm I orrors, 

III. P..•!!!.cbil}.tic3_ ro:- c·u.lit!:!'itn of EA13 or: othi:r t(\Jnt:l,·~ly 0 r1i::n 11 

tcr;tc. t:cJ.:1.:.:-.bilitio~ of , 65 c::d up :::::a chJ~i:.: r.ll t11;'.~-: ct:1 bo 
c~;-~:.::.ctoJ nt p:i.~ec~,;:i-tt. If t.110 1~;:lir.;hility of r: L:t"\;·.:.11 t:::.::.t ::.c 
le:::; t:h~n thin f:i[}.!l.'C, 1.·:;:;c,Jr,·,,';·,::ntl t·~jc,.:ti'.r:~ $.t: l·::J.c :..;3 ~•;l';,chtlft"/ 
cr:n b~ rcd.ci,,-:U. pon:.dbly u:ni.r..3 rc;-:vz:::,~i.:r:J:J:t:fon.a L,::1.c·H. 

lV. P..t'.;.::o~;.;..:imL1::.tic-ns 
A • 

B. 

l1r ~- .:n•--.r1i~t~-f"-.!OC1.l t,1cto 
1. I<~~-nt:i.c.cl p:i.c~:ui:'~:_;,. nt·:·-1h:•T <.:rf.Y:p::r;.r,,.,n:t• c,:;:.' ... >:-:~ 1~,.J \:-,::,J, .::~.J 

c,:,c.U.tiun tc:>t: l.";:l:: .• :1biiiti£:.•:1 .:.:::...::: :.~:.' :;:"'L'.~~:;~ fi:,r t·J:::~!l,. ·11 J:·:t.:. -~ 
utth tc.ct at'lrl r-~t~:..;t 1-2 t·::!c·!-.o t;p~:-t. 

2. lbt'd e::1~anzo toGt rQl:L::.bilit:y ic lc:,:.1. ?:.> ,,u~t,(.i:;.::l.c1:.1c for 
im!:.:r.o\·..:;;:.: lttt. 

3. l{1s:t{hor r:p.:~n is too u11.ralitb!1J for fut\',~il u:.;c: :.h1. p:-:,,!.r;~r.t: fu::.:l. 
Hoi;~,·~~,, r.:i.nc~ aoc:t: c~rbjc::tn ,:1:;cz:ll01J ,1.::-,,:,;y f.::u c.:::. 1.::,:::1.~•:-:.::, it 
ia rccc~·.-:::-;.;u1-:-.d th::J:. itCi~1:; 1:.-J li~e&~n.tc~l ia o:.<·:~t· ,,f i:.::.-.;;_~,-,c::.;in::: 
<liffiC!.tlty, H.t·.I!J tiif;.:i.t o).;:-,n :::.ubt-:.~"t of th:ttJ t~.i: .. :1 ir.: rr:lJ::blc. 

F.lcct1:ic:1l cp::•,:U.\-.:tuo. l!,1co;.t:.::.:1~:J t~ t-;~tln.z,; ,:itl1 cl-·1c~i:':!,c~.l 
c.pp:.r:-,tu~ b~ init;~atcd tu1.til li't.o vult:r:~_,~ flt.11~t;.~::t:(,;·.:: h~,v .. 1 1·::.-:!n 
chccto<l b~.rore t<!:;tl.1!i {,rd fotn.:,d to t:: . .:.i; t:1.t~1 c:,~,1·0\·.11.. r::a:::c!:'ls:~ 
th:..·vt1~::..:,,1t t:::t:~ir~~ .oln.> ne!Zo::;::- :::s:y. h:.:r.•.:.:.::-:·;;:;;_1~1 e ::. :: <: f "J:.:..J-~. ::o !:-:::!' 
a-c lin~ r.1t:1nitvr. 

c. Violon tccto 
1. C!!F .:::ntl viait:>n tar.;t rolidbilitior: .r,:r,13 <i:.tit.:: l,:;:; by· rhyn:i rllc,:-;tc 

teet ct!tnc!cr,t1. r .. ccv!:·:r.~ud cliz::in~:t:t~1s tu.:::.:o ,t!c:-c.: rc..J.::::~,;.~_iti 
ce::1u1ot b~ r::ic:!:l to.80 by chccl;!.n3 li:.:·:: ,·oltc:;;o ,:nd c:~;.;.~:1::r• 
dizin3 \·::!~jrli:3 of gl~:;::~~ for tho .t~:-;ta. 

2. i'L'ln:t,rn r,!c.,:;r:::..:t,,:ndn cl:t.::iln3tin~ Yicicitl. t'-1:,t:u ~, 3, 5,. 6. 10, 
nniJ 11 ,,'i!,-h ,!~ ll'.J~ ,.(,),"·t' 'o ,--·~1-1 •'ir.,, .... ,,,,. (,, .... ,, ..... 1.•,.-,Jy) .,,. • \.l ,~...,. '--..,. '- .., ..... , ... ,I ~ J.,~ '- ,.._. L.~.,,;,,.«<' \,, •'·- J..a..,-,.-.. •• " 

ioforn:~tioa 1.n r.C:,atfon to tc::to 1. I;, 7 • 9, , ·.I:.l J.2. 
3. Re;ct:.:!'.'t:::1ncl c,.it.i:tn::,ting r.::;n .. F:;eft:fi·1~{;d :::;:ip t<:::t.. T,".!1i,_~ld.l.1.ty ic 

lc~;:~r th:ta r,:::-cf0!7t{'zJ. t;t·i.p teat c.::1 th:.!r~ ~-:'1-.. ,;i: i~ ·,thfr.r~ \;-:1::.ci1 
uon-pr·::.fc.:...-~<1 iuJici!tCa in ~~dit:i.ou tv 1.::::;:.· ... ::.•!-",::..::. 

•uNCLASSIFiill9 
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11 1 !, 

5., Rcr:;:,:\::::1:j t:.~,:'!.~_;.1:tP:_: "t:-:-.:.tl,,:~•: c :·.,i·:,l<··~ .1~.,i:;·_·.~•:·,,...:·.;t..-r.:.:~;;t:~.€;:l r:·;:."J 
01: r..~J,;::1~ r:,::·.~;:i::i.,~'rl L::;. :) ,· .. :::.::r:::.:! ~.:; i:~ •. ::·:::.\..,,_~-~. lf ,: :::~:.!;:J.~ 
r::-::·.•.::.:;~.o1l l:::r.·,'l t~-:i -:'1 ~~l::i.t:•~111.1 i.~ t,,~ :.··;~.,:,.:•!, ~:-"/.~n:···:·'.'.i;.J 1:0~ ·.~i:j•J:l 

tJ.r;'.l t,~:;!\- \:J:_:h rJ.r,:l~~ b:::.t::;~i: :tt; _ _..;:t: :. ···i c.!t:::1;:;: i-.i::y.. If t'~"::1pJ.ct~: 
ju,~ :::.·:.: .. 1Ht:-1; .,;- :~~t l:.:,::. ~.:: .'.O r-c :: .:. ;'it::.: a ( -~.' :;5. ~:-::~1, t·c ,::::::-_·-. :r~ '..-J i: .. ·:.:;·:~-.:. r.3 
}'.'t!:'1.:.::;'.;f;t: :::c~·-;;~icn L~! •:l t:.'.:.-~·~, ,:~"!:1.•~~-, :,:,~;:.:.•;i.::o:·J t·..:v.:.::::, .. ~1 Li..·2.Z·:-r~nt 
r:,;:::.·::::ir,:::u: to tJ c•··~'..!. r.;:;:-:1 (;::..-:-~ ;"/t:"s·,~:-:i:~•::: \.lt:!1 t11.: 't;~,;:~·:.'H:; t,:--~!: 
:1::; li1::J: cot:::•r 1.::.:,:;,;:_·<.•:;:t..:;·;:, .• L,,,>' l';~.:::7.tt•~")r!• c0!c'!':' 1>:·.~1'.'.:-:::•~·::.()ll of 
key" ('.11-:l i:::ci~::'.!)ly :.: ..... :0 ··: j:_·.:·:-~: .. .'.·.:..:::.J. :E::.::;t:, .. ·::·~ C>J c.r::-:.~•.::n:t;:~·;;J. 
~l~.t:,:: (.\''." ,;,n. r.:t:-~~11. r .it;':~ li..t ,:;; _, -~ 1 t ~ ':.l.:.; :1 t.:h~J r·:.:;: ·:;;:t: t ::::: :::. \,:\;·l, 11 
b: u:,:!_r,t·:~:..~~ -~ :..:t ::l;:!.c v _:, th~1t. t:. <:::t;;t~ .::::., i; c, ~::. ·: ::- ).~·-·,:~:; :: :·.,::.:.; tfrn~::i. 
At:.v:.-.~:tr:.:,;:. .;,;,f: tL,1 1:·:,,.·. :-:::'.~.;. 1-::::·::>~.:1 i:, t~·i:t -5.t t:.:~-~_.ht L:: 1 .. ·:<:.:<·. 

ct.~t~·:-:~.ti\·~1, l:;.:t.: •.::.:.:~_')1,c-zy \~,:.~-~.J t:, -.:::>:---:::_--:~·,.' c:7.,:::::0 t:;.? r:x.c~;,'7~:!:;; 
c::,.:,J ~-;'-•ltf-.}t!.i! ·.~ :-,d:. O:",·,;l:_j:::~1y 1..1::J.,:_;~;;_;: t•.i: 1 :~c, (;:t:· :: ··:: :; l'. ;: .l l 1n~ .~ :i.\ :. -i :h1 
r.cr,r:~:J.X;~ to t1H? Lf.Lr.:::.~:.:•.t ,; .. )1:·)::t:. U:-~:;,_,:;) D!:~:.::t.; j'..!ct:i·:::~.-::;:tion 
c:..-,:i.ct:) f(1): ~. cc.~.t~·::1.~:; t:::.r ~;: Ii ,.:::c (;:. -.: . ..: :.!~~ ::.t~1. r,.:1~::(.J c-;.: ;~:.::.:.:.; 
t~~.:~-~~ c..::J. r-::c::;t:l1.t (:1.~'.'" .·:1-7:.::; !n t~,'.j l,:~tt-.:,:..-./) • ).'(~f_~.-•~·::1·:;1_,_ l 

., 

D. r,1:::-~i.J.t ~ .. :,:;t-0:;:- t::;-.r_,:;~~.:t; :.: h;·n ~(;,)J 1:,;l:1.·:~:,;i.1.:i.,;_·_-y-. Y.:•:'!!'V". ·:·:::·-,J L.-,.:~~:::tr:.3 it., 
r:.. G':."!·::.:-:..·-:.; l '.:.·.:.::~:..,:.-: .. :·::.:-.-: ,:;:: ::: .;; ; ~.:1 

1. l"'.•::S:_;,',::~~"i•J ::r-:~;.:;:).f:t.~: fr:.-:to:;:,'- H~~(1H •:,:~fch t-:..,:.1:G 1:,,:) t(• l·~. 
(:::. !:..'.'.~::.~; :·:,:., 1. 

2, r.·:--e:-,.: ·,~_:l c··,11:1.:_t' :.:~:;_ ·1·i:::~ u. ·.·., ~~ 1~:J i'.h r.-. ::(,·J :· 1···1 ; · -i.: 
l~•~~'.71.'.. r.:.~ L·.:-:~~•-<:~ 11;,1.,·::·x:::·\•; l!;: __ •".~'.'.'.J c•? :-::--:.· 
h> ;·.Jth-:~::.!~::_; .-::U7f,, :.:,:·_,•,,:: nc·:·:,;{:,; \:~· ·::i ~,-... · 

'-~ t• -· ,~. 
...... ·,, 1' ,· .~ .l 

',f_ l l 
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APPENDIX C 

Field Traversing Mechanism 

The field traversing mechanism used to evaluate the anechoic 

chamber is shown in figure Cl. It is capable of moving the probe antenna 

(either the dipole or the standard gain horn) in azimuth and in elevation 

a distance of+ 2.S' from the center at variable speeds. The entire 

mechanism was moved manua!ly along the transmis~ion length of the chamber 

during the evaluation. 

Incorporated in the mechanism are voltage readouts proportional 

to the distance (in both azimuth and elevation) which are used to drive an ·, 
X·Y recorder. Also included are syncro position indicators on the remote 

control panel. Limit switches at the azimuth and elevation extremes set 

the motor brake until the movement direction is reversed. Figure C3 is a 

wiring diagram of the mechanism and its control panel. 

The "mast" is readily removable for ease in transportation and 

- storage. For the "sample container" measurements, the mast and its "super 

structure", and the entire el.eva_tion_ drive mechanism were removed, and an 

absorber pedestal was placed on the movable azimuth base. The sample con

tainer was placed on this absorber pedestal and moved +2.0 feet in azimuth 

behind the fixed dipole monitor. During all measurements, the exposed super

structure is absorber lined. 

Figure C2 is the wiring diagram for the Field Traversing Mechanism . 
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·. ~ f:l~:r ?1 ~1f£:-'°7; 
. M 'c..il!.t!t':.:.:~_;.•-:..;.~:id 

Meeting Convened: 0945 

...,.. IDA Rm. No.: l0K.5 

DA 
Present a.m. and p.m.: 

Science Advisory Committee 

General Frederic J. Hughes, Jr. 
Dr. Joseph F. Kubis 

Walter Reed Army Institute of Research 

Colonel Joseph V. Brady 
Dr. Thomas W. Frazier 

Dr. Lysle H. Peterson, Chairman 
Dr. Herbert Pollack 

Major Joseph C. Sharp 

• 

( : ' D:r. Joseph E. Barmack absent due to illness 
M:r. H. Mark Grove, Wright-Patterson AFB 
Commander Hugh S. Pratt, MC, USN 

(C.M.D. USS Saratoga) 
· Rear Admiral Frank Voris, MC, USN 

·. Present p. m. only: 

·_ .. Dr. 
Mr. 
Dr. 
Mr. 

Joseph M. Aein, IDA 
Richard S. Cesaro, OSD/ARPA/AS 
James T. Mcilwain, MC, USA, WRAIR 
A. Rubenstein, OSD/ARPA/AS 

., 

1 .. Dr. Pollack reviewed considerations relative to the USN-ARPA 
study to be carried out aboard the USS Saratoga currently in 
Philadelphia Naval Yard in preparation to join fleet opera
tions. 

2. Rear Admiral Voris and Commander Pratt commented on operational 
considerations of the study from money_point of view. 

3. Colonel Brady, Dr. Frazier, and Dr. Sharp commented regarding 
Walter Reed army considerations. 

__ 4. Mr. Grove commented regarding physical measurements and en
. ,. · gineering considerations of shipboard radar measurements and 

:: •/•;
0
,: monitoring. 

· · . Summary of Discussions: 

•. ;, Dr. Pollack :reviewed need for definitive data on effects of 
· .:radiation on physiological and psychological (particularly 
· "behavioral) functions in man. Primary areas to be looked at 
· appeared to be (a) physiological, (i) formed blood elements, i.e., 

•

. . genetic alterations, (ii) cardiovascular and (iii) neurological 
:and (b) psychological :regarding task performance and group be-

. . havio:r. Regarding general plan involved selecting a population 
of ship's crew subjected to shipboard :radiation (radar) and to 

- pr~ 
i ' -- ·f :J;tfv. i :-

.. 
•'"• 
',- . 

':-:.. :- ,. 

-



.~tre them with a group below decks and not exposed to radia
~n. It ap?eared that_plane han~l~ng crews on the hanger_ . 

oecks and flight decks involved similar enough tasks and living 

• 

conditions that comparisons could be made so as to reveal any 
major or gross differences. Dr .. Kubis and hit> team with the 
support -Of Commander Pratt and his staff aboard ship would re
view the personnel records of the two crew populations and select 

• 

from them appropriate groups. They would receive physical and 
ps>1chological tests during the approximately two weeks that the 
ship was scheduled to be docked in Philadelphia. Repeat tests 
would be made at intervals while the ship was underway and at 
certain scheduled ports-of-call during the following six weeks, 
a specific protocol was to be developed. 

Discussion centereq on selection criteria and upon what tests 
.would be given to the selected groups .. 

Physical examination (including a general physical exam): 

1. 
2. 

3. 

Blood specs for leucocyte genetic evolution 
Blood pressure and pulse rate (on arising and after work 
cycle) 
Discussion related to sending selected representation 
to the Philadelphia Naval Hospital for EEG evaluations. 
Also, a "microneurological exam" was described which 
might be· included · .. ,·' 

Psychological examination was designed by Dr. Kubis and 
associates. Dr. Kubis indicated procedures would relate to cog
nitive, psychomotor, physical efficiency and sensory perception 
testing. 

Three phases to protocol: 

I. Ibckside - two weeks 
II. Toward end of .ten day shakedown 
III. Three to six months later 

Meeting adjourned at 4:30 p.m. on January 17, 1969. 

Minutes respectfully submitted by Lysle Peterson, Chairman 

me· 
··.r✓ . . 

Date Typed - May 15, 1969 
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-DISTRIBUTION: 

Panel Members 
Briefing Team 
Mr. Albert Rubenstein 
Dr. Robert Fox 

ADDENDUM 

Joseph Barmack 
:, 
/ ' : . j : \ 

t 'Le. ( ,-1 .. (.-t-<.:- • ] 7-/ i->Jt,,, ( i:.,, 
: Frederic Hughes ,1 } 

. J 

l L'---- t...__ .:~ \0 cL&. CiL, (. 
Herbert Pollack '-

January 17, 1969 

The final results of the examination of the chromosomes 

obtained from the peripheral blood of one monkey, previously ir

radiated with the "Moscow signal" at a field strength of 4,6 mw/cm2, 

indicate marked aberations in 40 percent of the cells, The tests 

are being repeated, 

I I f ,' 
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SUMMARY OF PANDORA MEETING 

HELD: April 21, 1969 

I. 
., 

_Detailed minutes 
tions; 

attached, Same classification and instruc-. 
II.". Meeting organized in three parts: 

),. · Review of "Big Boy": · 

, 

A.· Purpose: Elucidate effects on man of microwave 
radiation (radar) by comparing ship's crew groups 

·,:apparently exposed to radiation to groups protected 
from radiation (below deck and remote stations).· 

,_Studies on USS Saratoga in two stages (i) dock side 
in preparation for shakedown and (ii) shakedown, 
i.e., underway and operational. 

B. Findings: No significant differences in psychological 
tests performed on the apparently exposed and control 
groups.· Also, no apparently significant differences 

·on genetic (leucocyte) and physical findings. Thus, 
studies generally proved negative. Detailed report 
due from Dr. Kubis. 

C. Radiation Findings: Detailed survey of on-board 
radiation levels revealed that levels were consider

.ably lower than anticipated, i.e.,~ most cases 
levels varied from 0~3 to 0,03'mw/cm. and in no case. 

: greater than l mw/cm • Radars were operating 80 to 
90 percent capacity. · · 

D. ·: Summary and Conclusions To Date: Saratoga study 
verified testing procedures and provided useful in
formation for developing human radar-field testing. 

· However, studies were negative since exposures were 
·.:very low.. \;~-- '.:·:, 

' General discussion of ARPA contracts relative to bio-
medical .effects of microwave: · · ·._.':/ :. './ ,,;-

A. 
.,~ . 

Dr. Brazies• studies of CNS tissue exposed to micro
wave radiation reviewed. Recommendations: to 
accelerate contractor's efforts as urgent and to 
extend samples. Attempt to get reports from. 

··· .. · r;;:r:rxfT 
·, #_ LL w .. LL--"'-' · * 

. " ·-\ '·'• 

- .. ,.: 
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;1iiH'il'; ~. 

Jli.;~;Jii,,~11t]contractor for inclusion in general report to 

• 

.. : . 
r ·, 

. .:._ .. 

B. 

panel as soon as possi.ble. 

Contract with Dr. Ross Adey reviewed. Recommenda
tions: Although Dr. Adey's efforts bear on the 
general problem of the effects of radiation and 
fields on CNS functions, they are not directly 
contributory to priority ARPA questions. Since he 
is furnishing valuabJ.e EEG evaluation services as 
well as contributing to the general field, it was 
suggested that he be encouragedto deal more directly 
with priority questions and also to continue support 
for present. As Walter: Reed capability developes, 
if contractors interests tend away from ARPA in• 
terests, support should be phased out. 

-· . . , c: New England Institute for Medical Research (Dr. Heller) 
program regarded as not contributing directly to 
ARPA high priority question although the contractor 
has capabilities in the area. 

D., · Work at Milton Zaret Foundation attempting to con
: ·firm or reproduce u. s, s. R. work. Review for 

information to panel . 

E·. The Lilienfeld studies conducted several years ago 
were reviewed, since a new proposal was being devel
oped to extend the earJ.ier studies. It was con
cluded that, due to the size of the Baltimore area 
mongoloid population and incidence, the scope of the 
study could probably not be increased by more.than 
50 percent. It was recommended that (i) scope not 
be extended beyond the Baltimore region, e.g., 
Washington area, (ii) that the program be regarded 

· , as a multiphase effort and that Phase 1 should be 
·, · funded. If findings of Phase 1 indicated that 

_ .. further studies would be promising, then later phases 
··: could be CCDnsidered for funding. Thus, proposal 

· · .. , should include in-depth follow-up of original cases 
.. ·as well as new cases uncovered. See detailed minutes. 

F. : .. Studies of Dr'. Dordario ( Johns Hopkins), Dr. Sol 
· Snyder, and Dr. Justison were reviewed for informa

.· · .. tion. 

·3. · General Discussion 
.. - ,. .-. 

A'. •Priorities of ARPA interests in the microwave field 
· -were reviewed. High p!'iority still assigned to 
· . evaluating the significance of Moscow Signal and 

· : ... : . also, in the general context, the biomedical effects 
,' of microwave radiation on humans such that mean-
, ingful safety standards can be set. 

5 seor:J · 
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Uf.~/3!'Q 5JSTMl.""Tf9N > 
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. · ADl~A::~r~ $i~,~°-??m'!~~T?'GTED. 
B:. It was agreed that there is at present insufficient 

evidence to draw conclusions. In answer toques-
. tions about whether or not other studies (aside 
. from those supported by ARPA) are likely to or have 

shed light on the problem, it was concluded that the 
only known study not included herein was that of · 
Dr. Jacobson (George Washington School of Medicine) 
on young women exposed to Moscow Signal. Findings 
may indicate abnormal genetic activities in some of 
the women. Significance is not established. There 

. .- was general discussion of chromosomal aberrations . 
.and.its causes.· , . 

. ·, .. : .. - ~·•.. ;.; 

:\'·C, ·rt was··recommended that further studies be developed: 
. -· . 

-.:.~ .·· -~-:·. .. . .. • . - ···'\-(·' -. ·_.-:.:.-.. -. 
:<,.~ ,l, .: . Walter Reed facility and program advancement be , 

. . · .. , . .::!/•;:~\::encouraged.· Extend animal studies and initiate. · 
·' . . ::,<: • y;- human .studies. Suggestions for protocols were 

• 

·. ·:, . . ··(:,,·.• :i'·•made, e.g., study include four men involved for 
. .:':··.·:?.>-:°,•<,.'.'six to eight months.· , Study to be in two groups 
. ,,.:/r.::·, and double-blind. ... . . ,·,:-:\.:, .. :, > 

·;: .. -:-~·•.:~ . .;. .. : •.. ·. • .. -: ··~.: . 

. <: ,2 / ' Programs. to be developed to. take ·advantage of 
· .. · '.·;:.,.;· ;•'; land-based radar installations. 

·, ! • ·. ·,.. . ·.· '.. . .I, ,, , . 
• •, •.; ~ • ·.'- a ' • ._; J;• • 

· •.~·: 4, · · It. was recommended that the Walter Reed group prepare 

:., . 

· and present a detailed review of the field, i.e., their 
activities·with reports of their findings, protocols, 

. etc., since projects were begun. Also, a review of 
relative contract work supported by ARPA and related to 
Walter Reed efforts·as well as any related studies of 
others· in field.'.·:-'•· . :. i .. >.· ,. : ·'. ,· ·. · · ·,•. .. ... ,.• 

,·: . ··_·f'.<i.=:::' ·, i":;. ·: .. 
-.-·:,:/:. ·:~. : .. / ., ···- , _·.:'~\..-:·~ ... , ~t•-.< ... ~; ... ;1./f:~.: .. :,~...... . ... · ~ "'.\'" ·-·., ·:·.,.. . . .: ·- ... .. ~-· .. . .. ·•·-· . .;: 

• .. -;,· :~·~i? . . :_ ~-·:.·/-r_·:.-. :~:·, . . -~' ~ ' ., . . 7·• • • .:: "\?~-~ft:~1~/;-. :: .:;.: ;-.~--- ·?: 
<::"\;.Respectfully submitted by Lysle .Peterson, Chairman .,.· · · 

. . :)tl:;~~ . .. . 5f'_sii:,rJ;:t;fa~\t'. /;{:: :::' ,.::t: ': ; .. ·· . .': .; •.. ·. tj;,.;;t;t~\: '/'.{<:' .. 
• .. · i·, Date Typ

1

e1, (~ir.t~!;/;969 . , :,.:</_:. :···:.'.,:.~.·.···:_•:;·~.',::~.'.:.~.·.•.•.·.•.~.;.:·•·:·,.•.: .. :··,:···~ ... r.•.~.•-•·'..· .. ·.:_,.:::\.~~ ... ~.:~.:.~. : .. · ·.··.·,··'.··.· .. ::,·':··.·•.•·:·· . (~t . : ' ~t.;;.;c;,~::f \t." t• . : i ; ? ·\• '. ' . ' . ;' 
· .. ·.~,..·,.·· .. /::·:.'... _._, :·.t.,_ ·,:,:\:,·1··.-···'· .;.,,.•:: .. 
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-
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DETAILED MINUTES OF PANDORA MEETING OF APRIL 21, 1969 

Meeting Convened: 0930 

IDA Rm. No.: lOKS 

Present: 

Science Advisory Committee 

·nr. Joseph E. Barmack 

Walter Reed Army Institute of Research 

Colonel Joseph V. Brady 
*Dr. H. Allen Ecker Dr. Thomas W. Frazier 

-., 

General Frederic J. Hughes, Jr. 
Dr. Joseph F. Kubis 

*Mr. T. Daryl Hawkins 
Colonel Merrill C. Johnson 

Dr. Lysle H. Peterson, Chairman 
Dr. Herbert Pollack 

Major James T. Mcilwain 

' *Mr. 
: Mr. 
Mr. 
Mr. 

John F. Collins { CNO), USN 
H. Mark Grove, Wright-Patterson 
Albert Rubenstein, ARPA 
Harris B. Stone (CNO), USN 

AFB 

.;:-" ' 

Dr. Pollack reviewed events since previous meeting. He 
noted the formation and meeting of a new committee (ERMAC**) 
from the Office of Emergency Planning and chaired by Gen
eral James D. O'Connell to consider microwave radiation. 
This panel resulted from legislation setting HEW as the 
responsible agent for microwave radiation health considera-
tions. He also noted that a document had appeared by 
Mr. Rexford Daniels under contract to the Office of Tele
communications Management. This document has been classi
fied. He then noted that "Big Boy" shipboard exercize had 
been·completed insofar as the dock-side and shakedown cruise 
activities ·aboard the Saratoga. Dr. Kubis would be sub
mit~ing a report of activities and findings to date. 

Dr. Kubis reviewed "Big Boy" objectives and events to 
date: 

• 
. •,,, 

A. Objective: To study certain behavioral and physical 
functions of selected crew aboard the Saratoga in 
order to ascertain effects of microwave radiation 

. on man regarding shedding light on effects of 
Moscow Signal, i.e., nonthermal effects (if any)· 
of radiation of radar origin. 

**Electromagnetic Radiation ~~g;:¢ctvisory Council 

\ 
\ 

\,. 
'• 
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Procedures 

l. Three groups of ship's crew were selected: 

a) Flight deck crew (eight in number). 
Highest levels of exposure expected. 

b) Hangared deck crew (fifteen in number). 
: Low. ·levels expected . 

·:+, ' 

.... < .: ·, cf Look-;i:it c;ews ( ei;ht 
. , . ,' ·' '' .·.'"' exposure expected. ' ' - . ., 

in number) . · No . -' 

~·. I . {_ .. 

·-2. · .. Dock-side control tests conducted from Ja~./ 27 
. ·, .. ,: through Jan .. 30, 1969. Five-man team under 
:·'-·'.';' Kubis with excellent cooperation of naval 

, .; .. 
. -•·. I.". •·· 

~.,>ii-~::_::-
..,·- . ' 

··· medical personnel. {Details will. be included 
.. in· Dr. Kubis'. report.) Batteries of tests <, included performance (e.g., aiming, depth,· .. · 
perception,' etc.) and written procedures •. '·,, 

-: Also, base-line physical exams were given.,: 
... , . i:.' .. r •• 0 , • ,. , • • • • •• • 

Se~going.tests were performed.while 
under way for shakedown cruise Jan. 
through Feb. 10, 1969. 

,1\ •• ~:. ;·;'. : 

ship was .. 
30, 1969, 

:.:.,_:·,·4, . Summary: . Sixty-se~en tests were perform~d in 
·c··· ·. three days at dock-side, and ninety-two tests 

, . were performed at sea. Forty-seven tests-.·' 
.• ::: represented retesting of control material, · · 

·There were a number of disturbances regarding 
shipboard routine, etc., e.g., high noise levels, 
P-A system.interrupted activities in "quiet 

-room;" general quarters, intrusions into i::est 
.areas due to routines, variable line voltage 

"•'c•-~·'·•which affected equipment.·. Three dock-side test 
· days conducted by five-man team; · eight sea,: 

" : ;', : .},{:\:: • . :;:;!r~:as b~o~~c:~i~y t~~~e;;;:~e~;~g w!~ was . 
· · 'it .. . satisfactory and that· the interruptions were 

.•. 
. - ·• . -~-. ' 

•··_.-·.•,.,· 
',. 

. :,, .. 

• .:/;\);:. not significant. Most test procedures were . 
good (0.9);-some were poor (greater than.a ·1). · ,/ :~ ,.- _, . -·- _-____ < ,>~.:: '.: > ~ _:~;: 

·s·; ·,•Findings: There .:iere no significant differe~ces 
•'·.· in the dock-side tests, i.e., among groups, 

and there were no significant differences among 
°':groups. in the under-way tests, i. e;, about 
,so percent showed some increases in performance 
. ·scores. and about 50 percent showed some decreases. 
.It was recommended that isolated power supply 

. , .. ·,;:.for instrumentation be developed if further work .• 
· ·is ·to·'be done aboard ship. · · ·- · ··,,.,,"" · · 

~·{:;; "'::, . ::,~t ,. . 
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• . ·.. ABfi!l g~~~~idi~~~ ~mmo 
Mr. Mark Grove reviewed the measurements and monitoring ~ ~ 

of shipboard radar levels. The ship was swept re two primar:i,: ,, ., 6 ~ J ,i..-

radiation sources, i.e., SPS-30 (S-band radar} and SPS-43 f,/1 tt..:, /,:,i,,,. 
(UHF} search radar. It was expected\from a naval electronics "---._+ 
lab report that there might be greateb than 10 m w/cm2 on at ,:,.j r;,

1 
/ 

least 80 percent of the surface of the\deck (data from destroyers}. J,., d J 

Mr. Grove and Dr. Kubis were on ship at 't;he same time but wcrked •'-"-..{~: 
independently. Used RAMCORE dosimeter, H~ power meter with ½:t; ! 
thermistor bridge (re S-~and) from island to bow, 9 decks. . ,:if;,/. 1 

,. Find~~gs: In no ~ase did measured lev~ exceed l 6i~/cm2 ~ 1' 

with radar operations at 80 to 90 percent of u~lization·rate, 1,;.,;t, c.,.,.,,L, 
Ranges of findings were in most cases less than . 3 to 0.03 • · •· d' {/ ·, · 

fWd/cm2 . It was noted that verbal reports from sh1 board en- · O.r.()S-
g'ineers, i.e., engineering center and ship's hazard group, had , 

-

indicated these findings. It was suggested that sue reports r~ 
had been made to the SEC .. 

,. ·. 0/1S:~ . ' ( 

c. 

' ' 

Discussion: 

1. ·. Cover story considered appropriate and \\Ork well 
(Robert Stone). · 

2. Aircraft radar and HERO effects were discussed;· 
Effects and indications were insignificant. 

3. Radiatiori from radar generators considered, i.e., 
50 to 100 'J(;J X-ray generation from tubes. Con- . 
sidered that lead shielding was adequate. t-~ Q__· 

4. · Mr. Rubenstein indicated that there were seve:~1 0, Oo~~ 
excellent land-based radar sites which might be_ 

.'appro_pr_i~1:e as study sites.. . . . . ·.. . .. , ..-.:. . . -~ 

5 •. , Blcod · studie; from Saratoga crew were· discussed-~ · : · · C,i,,,"'-
: Colonel Johnson reported that twenty-one samples () 0 were recovered at San Juan. Seventeen successful ' OJ 

•: cultures· obtained with 288 spreads photographed. /'? . 
· ,. These were coded for dcuble-blind studies. Code I(~ 
• .':':not yet reve.aled. Although twc abnormalities were ---re;.. .. 

. '·,.found; they were regarded as in normal range. tP, t,· ~ 

6. · Several discussions of genetic aberrations of leuco·-~-'~ 
cyte nuclei covered several areas: . . · · 

• I • . :· . • 

· a) Colonel Brady's three monkeys exposed to date ~ .-i:..,,. · 
at Walter Reed ( thirty days) to special signals. ~""-. 
One of these was the initial one showing '¾,.., 

.,, · •· abnormal chromosomal changes. Plan now is to ·cf;, ' 
. get samples during exposure and with larger . y · grou~ of ao~m;_ ~ 6,~ ~~;-
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b) Dr. Pollack reported the studies of Dr. Jacobson 
at George Washington University who has studied 

·· young women returning from embassy in Moscow 
(State Dept. contract). One hundred forty blood 
samples were examined over a four-year period 

. _of time. These specimens were identified only 
·· by code numbers. Four of these reportedly 
. showed serious chromosomal abnormalities. 

•·.\•.•-Colonel Johnson reviewed these reported find
... \" ings with Dr. Bender of Oakridge. _ The latter 
·, \ expressed the opinion that the evidence was -
·-·-~t·\_based upon weighted data which may not be ac- · 

· ;:~tp.ta,b~e ~ a~,e-~perts i: th_e fiel_d. ' _ , r::: ?,<'' /i:·-'·· 
· c) Dr.: Johnson described the general character of · · -i 

o, •. ··c11romosomal abnormalities re probabilities,. 
, . stillborns, mongolism, chemicals, and drugs,"'.···. 
·/]:,.etc;: __ .;It .was described that while bone marrow, .. 

" "" testicular tissue; etc.; might be better tissue · • 

' .. ~ ' .. ·' · . . ,: ~ . ., . 

to study_ (higher rates of replication), most·.··. .. 
'::knowledge is based .upon leucocyte _studies; ·, ,.·. · / . 

. ,,_···.~·•~:·:;, :!<·::-··\ · ... ·, . · .. ·- . .,':- -r'.;<',, :.· './''", :·~·:;:·-:::··<·•:;·: ·:·;_\:~. ✓,-.,~ 
: d) . The older Lilienfeld (Johns. Hopkins) studies · . ; 

;,i;j.'-;1'.'were of 'Korean and WW II veterans relative to · •· 
·-,'/ -:/ 0 ·.\the incidence of mongoloid children born to them. 
· ·:·,:-:·. }o' It was concluded that the earlier study was ·not 

, . ·: _, .:·. . J well designed to reveal data regarding current 
:_::-,~_,.--_.:_,..;interest. -,Study indicated that eighteen of· · 

. • 1;· · ·'_'j·._ twenty-five mongoloid children had fathers who 
. ,•.:_, 

· ' · ,:.had been .exposed to radar. It is now proposed 
· ·· to expand the, study. in Baltimore and possibly · ; . ·• 

in Washington:., It is likely from the .incidence 
. and population-of mongolism that ,the ,number:.1>'·."·.: 
cannot be increased beyond SO percent,' i.e.\· .

twenty-:-five to_ about thirty-six.··. It was -· .. 
.. .. suggested that th_e original twenty-five and _. 

·::· . addi:tional·cases should be studied in detail, · < 
., -t • ' '. . " .., .. ·.> ,>',;' i ;·e ;· ,". cytogenetic ·studies of testicles and·. · · .:. :. : : .,, · 

C:.-', _· .·'-i' .. ,·.';;'·lymphocytes .. It is. ·also concluded that the :' · .. _ ,: · < ·t- · _ --
Y:'~:~'t_:,''/H 1; study. may not answer_ the question. It was :,-, .. ,, __ ,.' ·, ·? 

--'"''' ... ,,_.·;~.- ::.\-:·_.';'_l?roposed that the _study should cost $100,000; . -·.: · .. ·•. 
,· ·. _,-s~;"._';>;:·.;_$50,000 from ARPA and $50,000 from NIH. - The ' - .. ·.-- .. 
· • .. · _, ... ,,, ·_objective should be to validate the earlier . 

study; i.e., cross-validation seems appropriate, _. 
The study. may be. regarded as in three phases. , '· : · · ·; : 
Phase l may be supported.,· ,tater phases should. :::' :·_·: ·· -

. ·not be funded unless Phase l defines an appro- , -.·· ..... :· 
,-,'.priat:e study, i.e.',:a milestone decision should.:·:~-·.::;·: 

~. ~IEf ·h•~~~'.;J/it~1-~~\~tit;i::., 
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,., ll"t''r\i·l ; •'-"·'~f 7. General discussion concluded that additiOnc\l work 
is required to investigate whether or not appro
priate radiation levels and type have genetic 
effects on man. Shipboard versus land-based 
studies were discussed. 'It was concluded that 
land-based radar studies sr~uld be seriously con
sidered and planned if appropriate. Details of 
George Washington University study were lacking 
to the group. 

• 

•• 

8. Dr. Brazies• (New Orleans) studies on material 
sent from Walter Reed are not completed as yet. 
Contractor does not know what the exposure is•nor 

·-";· . in which animals. (Does know that it is microwave.)·· 
He reported that one monkey (exposed to special ' 
signal) showed significant changes in the auditory 
and visual cortex but not in deeper structures. 
He is now studying two other monkeys and four dogs. 
These reports are. due this year. 

It was concluded that the contractor should be urged 
· to proceed as rapidly as possible, i.e., with 
· urgency • 

·. 9. It was concluded that more animals should be ex
posed and studied. There was discussion of the 
new facilities developing at Walter Reed. They 
are expected to be completed soon. 

lo.· Contract with Dr. Ross Adey reviewed. Adey's 
studies have been concerned with modulated A. M. 
(3 to 10 cps) and C. W. (4.6, 2 v/meter) and S
band radar modulated with EEG. He is continuing 

·monkey studies regarding EEG and reaction-time. 
·. He has a contract with Northrup for the study of 

reaction times in electrostatic fields. It is . 
felt that,although Dr. Adey's work is not directly 
concerned with the important questions of tne ef
fects of VHF on CNS function and that of excilu8ing 
the electrical effects as artifacts, his·work is. 

· related to the general field of the effects of 
radiation and CNS function. Also, he is assisting 
Walter Reed with EEG evaluation and data processing. 
Current level of support is about $135,000 annually, 
It was concluded that Dr. Adey should be informed 
that his own priorities-and work trends are not 
entirely matched with those of ARPA. Although 
his work is related to the general field and is of 
considerable assistance to the Walter Reed effort, 
it is thought that his support might be phased out 
in a ·year or two after the Walter Reed facility is 

.better developed. · . , 

·t'~·,· .. e g .·· . . ·, .. . '~. ' . 8fJ :.:::::.,~ .•: 
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11. A contract already funded by ONR with New England 
Institute for Medical Research (Dr. Heller) was 
reviewed. It was suggested that the·content of 
this work is not directly appropriate to this 
subject although that institute has a microwave 
facility. 

12. A contract with the Milton Zaret Foundation of 
Scarsdale,. New York, was reviewed. Contractor 

:also uses facilities of Brooklyn_Folytechnical 
.. ,, .. Institute. Work primarily in 700 p.p.s. (1-·lO u. 
''/' sec.) range. Is attempting to confirm or r·epro-

.. duce Myrra, Czechoslovakia, work, i.e., production 

.:. of differences in heart rate at subtherrnal .levels. 1 

•, ., . This review was for information . .. :. ·,· 

·, 'i3 .:· . ., Othe~-: _contracts were also reviewed: · 

.:, a) D;;, .torda~.,of John~-~opkins· in A. ~~-; L M., 
-: .. · ,'. C • . .,W. ,: S-band frequency work on monkeys. 

,.,_·. 
:: ;) -~~ Sol Snyde;··of J~~s Ho;ki~; ~;; ;tudy:ing 

. ··":·: .. :_ 

· · neuropharrnacological effects, e.g., turn-over 
.rates of norepinephrine and serotoni~. 

. , . . 
c) Dr:· Justison (Kansas City, Missouri) using· 

· microwave. Tappin oven is studying hypnotfr: and 
•·.soporific effects of low power level micro-

waves. It is thought that the geometry of the 
oven may provide higher power levels than 
.predicted. . · · · .- ' · ; . 1·,::: .. '; . ,.· 

: 14. , It was est~~ted that .·current f,;d~~g in the area 
·- • is. $500,000 .outside and $200,000 in-house (does 

,:- . . . not include reconstruction and development costs 
.. ~: at W.alt_er Reed or computer facility). 

· It is,·r~garded that the new facility providing 
three·chambers and data processing including 
(Hewell.Packard) general purpose computing, record 
and reproduce capability for time series, coherence, 
cross..- and auto-correlations, etc. , and real time 
capability will be ready between mid-June and August. 

.. ·•··. ·. ;·i .: 

· .. ,16 •. :.The priority of .questions of interest.to ARPA was 
· ··: discussed. It was reiterated that the elucidation 

· : .. ·· ;; of the Moscow Signal remains as a high priority 
.. .: · ..... ·:··question within the general field of the effects · ,•., ·, :>~ .of .microwave radiation on man in order that safety 
.. ,. ·'_;_:. standards may be rationally developed. It was 

' .. '/'_:•_:·also noted that, aside from the work of.Dr. Jacobson, 
. • ·:: .-: there was apparen;tly no other relative work being 

., '::·, :, .. conducted by Fed#i'iiPfJl'lf;~, > . •,'.... . 
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• 

17. The need for information on humans in addition 
to the accelerated animal studies at Walter Reed 
was emphasized. Therefore, it was urged that the 
Walter Reed facility develop a human program and 
start immediately to develop Phase 1, i.e., to 
develop a plan and protocols. 

a) Suggested putting the human aspect into the 
Pandora program rather than in the Walter 
Reed stress program. 

b) Estimated that human subjects would be re
quired for six to eight months and that they 
could be obtained from Ft. Dietrich. 

c) controls should also include as many variables 
as possible including IQ, memory and performance 
testing. Control period should be less than 
sixty days. One or more should go through the 
entire procedure without exposure, and one or 
more with alternating exposure plan. Study 
should be double-blind with protection of 
eyes and gonads. Shielding of testicles is 
recommended. · 

d) Panel would like to review protocol before 
enactment .. 

18. Land-based radar station human study program should 
be developed to replace or supplement any on-
board studies at sea • 

. Respectfully submitted by Lysle Peterson, Chairman 

. me 

Date Typed - May 16, 1969 

~-.·~ 

; 
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· Present: 

Science Advisory Committee 

Dr. Joseph E. Barmack 

Walter Reed Army Institute of Research 

Colonel Joseph V. Brady 
Dr. H. Allen Ecker Dr. Thomas W. Frazier 

.General Frederic J. Hughes, Jr. Mr. T. Daryl Hawkins 
Dr. Joseph F. Kubis Colonel Merrill C. Johnson 
Dr. Lysle H. Peterson, Chairman 
Dr. Herbert Pollack 

Major James T. Mcilwain 

• 

-

Dr. John F. Collins (CNO), USN 
Mr. H. Mark Grove, Wright-Patterson AFB 
Mr. Albert Rubenstein, ARPA 

(S) The primary order of business was the preliminary protocol 
proposal for human studies which was requested at the previous 
meeting on April 21, 1969. The protocol had been distributed 
toward the end of the previous week and, therefore, had not been 
received by many of the panel. Time to pursue the proposal was 
taken before discussion began. 

(S) Dr. Brady noted that the proposal had been the combined 
effort of himself, Thomas Frazier, Merrill Johnson, and Daryl 
Hawkins and d.esired the advice of the committee on the ninety
day protocol. Dr. Brady noted that they had considered two 
basic strategies: (i) assumes that there is an effect of the 
signal (based upon previous experience) and the protocol is 
designed to maximize the yield and (ii) assumes that there may 
or may not be an effect (nue hypothesis) and the protocol would 
include "extreme" operations, i.e., high-forcing functions and 
large 11n 11s. If an effect is seen,. then fine responses are 
defined. 

(S) In view of previous experiences and evidence available, 
the first alternative was chosen, i.e., based upon the assumption 
that there is an effect. Therefore, protocol is an attempt to 
optimize economic considerations, use small "n"s and primarily 
to define the effects of the signal. · · 

(S) The panel discussed the over-all strategy and alternatives 
and agreed with Dr. Brady. Also, re human experiments, this 
approach regarded most defensible as a prerequisite to more 
demanding studies, if needed. 

, 

, • _, I 
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(S) It was noted that a major question regarding any such study 
relates to the evaluation of behavioral effects since the spec-
trum of possibilities is so broad compared to physical evalua-
tion. Thus, the major part of the discussion related to 
behavioral aspects of the program. It was also noted that any 
energy form, if large enough, will produce biological effects. 
It was agreed that the signal used would be the special signal 
at the levels developed and used with the primates, i.e., 
between 4.5 and 5 mw/cm2 . Discussion revealed several distinct 
questions: 

(i) Because the "n" is small (eight subjects) there, the 
question was raised as to whether the protocol will permit the 
characterization of the individual, i.e., the individual as his 
own control and at the same time to also permit the characteriza, 
tion of the group, i.e., significance of the findings in in
dividuals in a small "n" group. 

(ii) To what extent is the instrumentation appropriate to 
carry out the objectives of the experiment, e.g., signal beam 
incidence, range of power levels, polarization, etc. The protocol 
had not detailed the electromagnetic aspects of the experimental 
design. Also, what are the effects, if any, of the signal on 
the instrumentation, e.g., EEG electrodes? 

(iii) What are the dependent variables re behavior? 

(iv) What are the considerations relative to 
physical (biomedical) parameters re two purposes: 
of the subject's general health and as scientific 
of signal? 

monitoring the 
as a monitor 

data re effects 

(v) What are the classification considerations of the pro
gram re its management and scientific effectiveness? 

(S) The discussion provided consensus regarding these points as 
follows: 

DOD regards the general line of effort to aquire human-based 
data on effects of the signal, with appropriate safeguards, as 
a high priority. ARPA believes that the entire effort should 
be classified for several reasons. It was urged that DOD provide 
written security specifications and guide for the program. 

(S) An appropriate cover relates to the purpose of the program 
to evaluate the validity of U. S. s. R. reports that nonthermal 
effects of nonionizing radiation are significant. 

(S) It is urged that the special signal (or any improved signal, 
i.e., to better simulate the Moscow signal) be used. Currently, 
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special signal-producing2available equiprnent can develop 
less than 10 or 20 mw/cm . Monkey studies have been done at 
4.6 mw/cm2. Also·recommendation to use same carrier frequency. 
While polarization can be varied, it was urged that the same 
polarization (radiation beam toward back of animal and verti-
cal) be used in humans but that absorbent seat and gonadal 
protection be provided. While posterior presentation is 
utilized, protection of eyes should be considered . 

(S) It was recommended that a medical examination function 
be established as a separate entity from the research function. 
Thus, the physical well-being of the subjects would be ascer
tained and reviewed periodically by medical expertise, which 
is not directly associated with the purpose of the effort. 
This medical examining function would not be privy to Pandora 
but would be given the cover story. It was noted that this 
separate examination procedure, if properly defined, could 
provide useful data as well as a safety check for the program. 
General Hughes thought that such a medical evaluation function 
could· be arranged through the new commander of Walter Reed. 
In view of the fact that the morphological changes (cytological) 
which have been found in the CNS of animals exposed to the 
signal appeared in the visual cortex (as well as other areas), 
flicker fusion studies should be incorporated into the medical 
examination. Also, slit lamp and visual field checks should 
be made and audiograms done. It was also recommended that a 
separate psychiatric evaluation should be accomplished before 
and after the study. It was not resolved as to whether there 
should be separate psychiatric screening in addition to the 
research program screening procedures. This separate medical 
function or task force may be referred to as the "medical 
monitoring task force." It was recommended that a specific 
chain-of-command be established to be certain that in the 
changing personnel structure of Walter Reed, the appropriate 
responsibilities are established,and thus, the research team 
will know whom to work. through re the medical monitoring 
function. It was recommended that the medical monitoring 
procedure include: 

slit lamp examination: initially 90 days, 180 days 
visual fields examination: initially 90 days, 180 days 

*audiogram: initially 90 days, 180 days 
ECG: once per week 

""''Physician perform general check-up once per week 

*At end of day 
M:Have responsibility to be certain that all data are entered 

on record 

ZCERET M 
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ment, as defined by the protocol, might result in findings 
which would be difficult to characterize as definite indica
tions of effects of the signal on man, i.e., the problems of 
characterizing changes in each individual and as his own control 
and of satisfying criteria of group statistics. It was recom
mended that at least one of the subjects and perhaps two go 
through the entire procedure except that they not be exposed 
to the signal. The fact that there are ·to be two rooms would 
facilitate this approach. 

, 

(S) There was also continuing concern expressed regarding the 
effects of the signal on the measuring system itself, i.e., 
signal artifacts. The panel recommended continued scrutiny 
of this problem. The panel requested an up-to-date bibliog
raphy of the effects of microwaves on biological systems. It 
was noted that there is a recent article in the Canadian 
JOURNAL OF MICROWAVES. 

Respectfully submitted by Lysle Peterson, Chairman 

Date TYPed - June 4, 1969 

I 

, 
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MINUTES OF PANOORA MEETING OF JUNE 18, 1969 

Meeting convened: 0930 

Meeting Adjourned: 1700 

IDA Rm. No.: lOKS 

Present: 

Science Advisory Committee 

Dr. Joseph E. Barmack 

Walter Reed Army Institute of Research 

*Dr. James N. Brown 
Dr. H. Allen Ecker 

Colonel Joseph V. ·Brady 
Dr. Thomas W. Frazier 
Mr. T. Daryl Hawkins 
Colonel Merrill C. Johnson 
Major James T. Mcilwain 

Dr. Lysle H. Peterson, Chairman 
Dr. Herbert Pollack 

"Dr. Lawrence Sher 

-
Mr, Richard S. Cesaro, ARPA 
Dr. John J. Collins, (CNO), USN 
Mr. H. Mark Grove, Wright-Patterson AFB 
Mr. Albert Rubenstein, ARPA 

*First Attendance 

Absent: Dr. Joseph Kubis, Science Advisory Committee 

• 

Dr. Joseph C. Sharp, N. Y. State Dept. of Health 
Mr. Harris B. Stone, (CNO), USN 

(S) The minutes of the previous meeting (May 12, 1969) 
were discussed. Dr. Peterson explained that the questions 
regarding the WRAIR protocol were stated as thos·e which were 
raised for discussion at that meeting. The discussion asso
ciated with these questions resulted in a general agreement 
that the protocol in general provided an appropriate initial 
approach with human subjects. Furthermore, the nature of 
the problem together with constraints of available time, 
facilities, personnel and funds, and the scope of the approach 
result in statistical problems from the use of a small "n." 
A protocol using significantly more subjects would be more 
desirable but would delay the program considerably. It w·as 
agreed that for the first approach, the small "n" would be 
acceptable. The primary purpose of this meeting {June 18, 
1969) was to consider the approach in more detail and to 
hear reports from ARPA and WRAIR regarding broad approaches 
to the solution of the Pandora and related problems: 

' 
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· and high priority which ARPA assigns to the Pandora program; 
it is important to make major advanc·es in solving the problem 
in FY 70; the Advisory Committee was invited to give as much 
attention and creative thinking to the problem as it can. 

• 

• 

He defined the Advisory Committee's role and that its ef
fectiveness would be enhanced by maintaining a close and con
tinuing association with the Walter Reed group. His view 
of the overall problem was summarized: 

1. Investigcttive programs should be designed to 
take major bites at the problem to achieve 
definite indications of whether or not there 
·are effects on humans of microwaves under con
ditions simulating, as closely as approp~iate, 
the Moscow signal. Furthermore, he urged that 
the experimental programs be relevant to the 
Pandora problem and provide significant re
sults, negative or positive. He reminded the 
Committee that, conversely, it would be inap
propriate to follow paths which while they 
might be interesting scientifically, would not 
be relevant to the problem . 

2. While there is evidence that low energy (less 
than 10 mw/cm2) R.F. radiation does penetrate 
to the CNS in primates, a significant and 
relevant question is how the penetration occurs, 
i.e., the mechanism remicrowave characteristic 
and biomedical engineering principles. Such 
questions relate to whether or not the Moscow 
signal is unique and to whether the Soviets 
have special insight into the effects and use 
of athermal microwave radiation on man. The 
WRAIR experience indicates that C. W. has no 
effect, but modulation does. 

3, There appears to be interrelationships of signal 
time and biological effects, which should be 
evaluated, i.e., biological on-off effects phased 
to the on-off character of the signal, i.e., 
short response times, intermediate and long time 

. effects together with intermittent and long 
exposures, i.e., at least nine combinations 
possible. 

· 4. The biomedical effects may include (i) physio
logical, (ii) behavioral, and (iii) genetic. 
Each general class re short and long time effects 
should be evaluated, 
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Man should be emphasized as the object in the 
investigations both because he is the obvious 
recipient and because he is in many ways a 
more effective reporter of effects. 

6. Behavioral investigations should include at
titudinal (subjective) considerations and 
measures. 

(S) Discussion centered next on details of the WRAIR 
protocol. There was a·concensus among the WRAIR and Committee 
members that the general approach of the protocol is appro
priate and that in the initial stages of the effort, many 
"on-the-spot" decisions would have to be made becaus,e of the 
uncertainty of aspects of the program. As these uncertainties , 
are clarified, the protocol would become better ¢tefined. The 
areas considered which require initial exploration to provide 
better definition are: 

1. Exposure: It was the concensus that the aim 
should be to duplicate or simulate the Moscow 
environment as much as appropriate to solve the 
problem. Since exposure to the Moscow signal 
tended to be over an eight- to ten-hour period, 
it is thought that the exposure of subjects to 
the Special Signal should approximate that time 
frame. Furthermore, the primate findings were 
based on a seven-day, ten hours each day, 
exposure. It is suggested that the protocol' 
indicate exposures up to eight to ten hours 
each day rather than the one-hour cycle pro
viding four hours total·per day. 

2. The instrumentation artifact question re possible 
E. E.G. recordings be explored vigorously. T'ne 
differences between primate and man with respect 
to head dimensions, effect of beam incidence, 
etc., must be reviewed and analyzed. 

3. The physiological and medical monitoring include 
the array noted in the minutes of May 12, the 
matrix presented by Dr. Mcilwain, portable ECG 
for continuous monitoring and the utilization 
of lower-body, negative-pressure plethysmography 
(LBNPP). It is recognized that the Soviet · 
literature refers extensively to cardiovascular 
effects of microwave radiation. The nature of 
the reported behavior of the cardiovascular 
system requires relatively continuous monitoring 
to characterize significant effects from normal 
variations. Also, it is recognized that LBNPP 
is an accepted and relatively sensitive measure (' .. _ 
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of cardiovascular "deconditioning" (in the physio- · 
logical sense). In addition to the special 
tests, the medical monitor would be responsible 
for the routine physical examination, regular 
daily inspection of subjects and to adhere to 
the responsibilities associated with AR 70-25. 
These procedures would be worked out through 
the Office of the Surgeon General, Dept. of the 
Army, and jointly with WR.AIR operational group 
and relative to security requirements defined 
by ARPA. ARPA agreed to present, in writing, 
the security requirements for the program, 

(S) The Committee recognizes that a period of uncertainty 
exists in the early phases of developing such a program and ' 
that the program director will require a degree of latitude 
in conducting pilot experiments before finalizing a detailed 
protocol. The Advisory Committee· agreed to work closely with 
WR.AIR in considerations of refinements of the protocol. 

(S) The Committee agrfed to conduct "brainstorming" sessions 
relative to the general Pandora problem in the context of ARPA's 
interests and responsibilities. The Committee expressed a need 
for more,yet manageable, literature review and information 
relative to the problem especially re the Soviet literature 
and from whatever sources useful information could be obtained. 
It was agreed that Dr. Pollack and Dr. Mcilwairi would assemble 
a "package" of useful documents to .be distributed to the Com
mittee. , There was general discussion about various docu.T.ents 
kno,m to the attendees. It was agreed that several documents 
were relevant and appropriate, e.g., the IDA analysis due out 
soon, a document by Dr. Robert D. Turner, U. S. A. Standards 
document, the ER.MAC report, a report by Castlr and Dodge, one 
by Castle, one by Thompson, and the Presman su.T.mary. It was 
also agreed that ARPA would make available, to the Committee, 
any information that is relevant.to the problem. It was also 
agreed that the agenda of the Advisory Committee would auto
matically include a call for a progress report and new, rele-
vant information from Committee members, WRAIR, and ARPA. 

{S) Dr. Mcilwain and Data Corporation representatives 
presented a demonstration of the BEER project: and application 
of a computer-based information storage and retrieval system 
to provide rapid access to files on microwave related informa
tion. It is expected that user needs and responses will.. ·soon 
be tested by ARPA and WR.AIR. 

(S) A correction of the minutes of May 12 is noted, i.e., 
that Dr. Mcilwain participated as a principal in developing 
the WR.AIR protocol. ' · 1 1 

" 

• 
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(U) The next meeting is scheduled for July 16, 1969. 

Respectfully submitted by Lysle Peterson, Chairman 

me 

Date Typed: June 30, 1969 
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MINUTES OF PANDORA MEETING OF JULY 16, 1969 

Meeting Convened: 0930 

Meeting Adjourned: 1700 

Meeting Held: 0930 to 1330 at Building 503, Forrest Glen 
Annex of the Walter Reed Hospital 

1400 ·to 1700 at IDA Rm. No. lOKS 

Present: 

Science Advisory Committee 

Dr. Joseph E. Barmack 

Walter Reed Army Institute of Research 

Colonel Joseph V. Brady 
Dr. James N. Brown Dr. Thomas W. Frazier 
Dr. H. Allen Ecker Mr. T. Daryl Hawkins 
Dr. Joseph Kubis Colonel Merrill C. Johnson 

Major James T. Mcilwain Dr. Lysle H. Peterson, Chairman 
Dr. Herbert Pollack 
Dr. Lawrence Sher 

• ,, 
Mr. Richard S. Cesaro, ARPA 
Dr. John J. Collins, (CNO), USN 
Mr. H. Mark Grove, Wright-Patterson AFB 
Mr. Albert Rubenstein, ARPA 

*Dr. Stanley Marder, IDA 
Dr. Joseph C. Sharp, N. Y. State Dept. 

•"· of Health. 

·*First Attendance 

Absent: Mr. Harris B. Stone, (CNO), USN 

• 

(S) The meeting was convened at 0930 at Building 503, 
Forrest Glen Annex, Walter Reed Hospital. The purpose of 
the meeting at Walter Reed was to review the developments 
of the facilities and programs re site, to review schedule 
for completion of the program and to give new Committee 
members the opportunity to see the laboratories. 

(S) Major Mcilwain and Mr. Grove led a presentation 
of schedules to complete the development of the facilities: 

,,, 
' ' 

I 1. 
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Generator Equipment 

Amplif. Equipment 

Other Related Equipment 

Anecholic ch (3):

Building 

Delivery ( ) ) 

In Operation ( ( ) 

'.»-----K 

i 
1-r ____ _,,< )>--..-----;--< ----

H. P. 2116B, 

(S) Discussion included estimates of signal stability, 
flexibility, and obsolescence of system. Mr. Grove indicated 
that satisfactory stability could be expected re 15 ft. cube, 

· that the system was modular and could be expanded, and that 
range extended from 250 megahertz to 10 gigahertz . 

(S) Discussion then focused upon the relevance of the 
signals to the Moscow signal. It was stressed again that the 
signal used in the forthcoming experiments should (i) be com
parable to previous experiments at the laboratory, (ii) be 
relevant to the Pandora problem, {iii) the signal characteris
·tics be calibrate_d periodically as referenced to a standardi
zation technique and (iv) possible signal artifacts {i.e., 
signals recorded from biomedical transducers due to direct 
effects of the microwave input in contrast to microwave input 
effects on the biomedical system) should be elucidated and 
evaluated. 

(S) Discussion also focused upon the software program, 
i.e., the evaluation of data via· computer system. Mr. Grove 

·and Major Mcilwain defined three software areas: (i) that 
developed by Ross Adey at U, C. L.A., (ii) that developed 
for the internal logic of the equipment to be delivered 
(H.P. 2116B and related system), and ( iii) software needed 
to extend and interface with (i) and (ii). The U. C. L.A. 
program had been developed to test an array of statistical 
parameters re EEG signals on the equipment at U. C. L. A, 
vlRAIR has selected from the total U. C. L. A. program certain 
aspects which were felt necessary for the WRAIR needs, e.g., 
auto- and cross-correlation, auto- and cross-power.spectra, 
average transients and certain standard statistical process
ing. These were packaged into the logic of the equipment 
being delivered by Hewlett Packard. WRJIIR felt that there 
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were aspects of the U, C. L. A. programs (e.g., coherence 
functions) that were not needed. To duplicate the 

• 

• 

U. C, L, A. software program would have been too costly 
and would require too extensive a hardware package. Thus, 
the special computer package approach was· taken. It was 
not anticipated that extensive, additional software would 
be needed but that if so, contracting would be more appro
priate than developing extensive in-house programming 
capability. 

(S) In summary, the WR.AIR presentation concluded that: 

1. 

2, 

3. 

The facility (at least two chambers operational) 
would be ready for experimental work by mid
October unless unexpected delays occurred. 

The signal characteristics would be comparable to 
previous work and that a calibration procedure 
would be adopted, 

(NOTE: Discussion indicated that the calibration 
question related to defining the charactet'istics 
to be calibt'ated rather' than to capability to 
calibrate, i.e., to define spectt'al and energy 
characteristics to be measut'ed for calibration 
and standardization.) 

With the planned progt'am and facilities, the ex
perimental artifact question could be approached 
within the inherent uncertainty levels. It is 
known that EEG experimental artifacts do occur 

. and that the question remains as that in a given 
experiment how much of the recorded response is 
artifact, i.e., in levels at different EEG 
frequencies, to what extent is the living brain 
required. It is expected that the autospectral. 
analogies will be helpful. A two- or three
month program using monkeys is planned. 

(S) The Committee reconvened in executive session after 
lunch at Room l0KS in IDA to review the present status of 

. the program in the light of Mr. Cesaro's charge to · the 
Committee. It was agreed that the Committee would partici
pate in certain working sessions devoted to specific problem 
areas and, whenever appropriate, do so in subgroups relative 
to the particular· expertise involved, would conduct "brain
storming" sessions relative to the overall Pandora question 
and the various components of the program, and structure 
agenda for periodic, approximately monthly, meetings such 
that orderly progress should occur. Furthermore, contributors 

. . ' . 
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. to the agenda would be invited as early as possible and . • 

• 

• 

notified of the material requested. A list of possible 
agenda items for the future was developed, and it was 
expected that this list would be considered appraised by 
Committee members and an agenda for the next meeting de
fined on or about August l. It was agreed that the next 
meeting would be scheduled for August 12 and 13. 

(U) The meeting was adjourned at 1700, 

Respectfully submitted by Lysle H. Peterson, Chairman 

me 

Date Typed: July 31, 1969 
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MINUTES OF PANDORA MEETINGS or AUGUST 1?. and 13, 1969 (U) 

Meeting Convened: 0900 on August 12 and 13 

Meetinq Adjourned: 1700 on August 12 
1300 on August 13 

I 
I 

Meeting Held: IDA Room No. lOKS on August 12 and 13 

Present: '. ' ' 
3cience Advisory Committee 

..... _ -~.- l -· 
The followincr attend,:,d Auer. 12 onlv: 

Joseph E. Barmack 
Ja'!les N. Brown 

Mr. T. Daryl Hawkins, WRAIR 
Major James T. Mcilwain, WRAIR 

H. Allen Ecker 
Joseph Kubis 

1'Mr. Daniel Sullivan, A.~PA 

Ly •. Peterson, Chairman ' 
He Pollack, Executive Secretary 
Lm· ce Sher : . 

*First Attendance 

Absent: Colonel Joseph V. Brady, WR.AIR 
Mr. Richard S. Cesaro, ARPA 
Dr. John J. Collins, ( CNO), USN 
Dr. Thomas W. Frazier, vlRAIR 
Mr. H. Mark Grove, \</right-Patterson AFB 
Colonel Merrill C. Johr.son, WRAIR 
Mr. Albert Rubenstein, ARPA 
Dr. Joseph C. Sharp, N. Y. State Dept. of Health 
Mr. Ha;;,ris B. Stone, (CNO), USN 

(S) I. The· minutes of the July 16 meeting wer7 approved with 

minor modifications, such.as the omission of the fact that 
' 

•the Committee had requested a written summary of the WRAIR 

program ,t? date and·an oral presentation of the basic data. 

Dr. Peterson reviewed''the purpoce of the meetings (August 12 

andl3) as principally 'that defined at the previous 

I' , 

! 
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of the Pandoril of J,ugu,;t _ 12 and 13, 1969 

A. To have a detuiled, full review presented by WRAIR 

of the background ~nd findings of the Pandora/WR.AIR 

primate studies from their inception to present. 

Specifically: 

(i) A review of 

the ·program. 

I 

' .' 
the background for the development of 

· {ii) Considerations of the expected sensitivity and 

relevance of the tests used in the program. 

( iii) Revie1·1 all findings from all expeviments, 

(iv) Review current protocol for future program. 

. • B. To hear Dr. Ecker's report on.,the ~:ork of his sub

committee, which was asked to look into the hardware 

systems being developed for future work in the program 

at WR.AIR . 

. C. To discuss follow-up of Big Boy project. 

The Committee was then; in the remaining time, available 

to conduct "brain sessions," as requested by Mr. Cesaro. 

,) .III. Major Mcilwain presented his analysis and conclusions of 

the WR.AIR/Pandora program. It is noted that although 

Colonel Joseph Brady, Dr. Joseph Sharp, and Mr. Nark Grove 

were invited, they were unable to attend this meeting. 

Also, Messrs. Cesaro and Rubenstein were unable to attend 

• 
because of conflicting duties; however, they were represented 

by Mr. D,m Sullivan. The Committee's summary of Major Mc

Ilwain I s review is as follows: 

... .. ' , I 



The experimental 

by Drs. Brady and Sharp with Dr. Sharp being assigned 

primary, direct responsibility for the operational conduct 

of the experimental program. The earliest studies were 

pilot studies. The same signal has been used throughout 

the study except for ,varied strength. This signal was 

selected from the "l1oscow signal" tapes by a group repre-

.. senting various agencies. !1r. Mark Grove has had a ·major 

responsibility for providing the hardware to generate the 

selected "special" signal for WRAIR. Primate behavior 

measures were chosen 

• of an effect o:f: the 

by WRAIR as the primary indicators. 

special signal. Studies comparing 

• 

exposed ·and unexposed behavior were divided into three 

groups: 1. Reaction times, 2. Detection, and 3, Multiple 

schedule studies. 

J.. Reaction Time: Two types of experiments were performed 
. 2 

on· two monkeys at 4.6 mw/cm; 

(i) Shock avoidance (No. 682) 250 trials/day in midday 

. period and ( Animal No. 683) · 500 trials/day; both 

a.m. and p.m. periods. 

Results: 

(a) No significant differences between experimental 

(exposed) and nonexposed periods, and no .signifi-

' cant differences between a.m. and p.m. trials. 

> 

' 
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Conclusi.on: Special signal ( in \-/RJHR program) 
! 

has no si.gnificant effect on reaction 
I 

time under the shock avoidance test 

procedures. 

(ii) Food Reward:. Animals No. 782 with 

. and 783 with 30 days' exposure 4.6 

33 days 1 exposure 

2 mw/cm . 

Results: No effects on median performance and some 

tendency for the interquartile range to 

change, Discussion: Previously the cha.n,re 

_in the interquartile range was interpreted 

as an :effect i,hich "slowed down" the monkey, 

presumably due to the special signal. 

Dr. Mcilwain, however, concluded that with 

a more complete analysis, the finding could 

be interpreted as an effect of the experi

mental program itself and not necessarily 

due to the signal. 

Conclusion: The effect of the WR.AIR signal on 

. reaction time under the food rew2.rd 

test procedures was indetem.iriate. 

2. Detection: In this stimulus substitution design, the 

animal, trained to one stimulus, is then trained to respond 

conditionally to a second stimulus. An attempt was made 

to train the animal' to respond to microwaves as the second 

stimulus.· Shock avoidance was the response. One monkey 
i 
i 

~r.:;::: > 
i ~= 

. 
. ' 

' ' 



of the Pandora Meetings of August 12 and 13, 1969 

intervals. 

Results: No significant detection elicited by either 
i 

monkey. 

Conclusion: The animals showed no response· to the microwave 

signal at least in this regimen. 

3. Multi;::,le Schedule: This was regarded as the most 

critical aspect of the experi,nental program and in-

• 

volved learr.ing performances for nine sessions on four 

. . monkeys, using a progressive, fixed ratio reward (PRL) 
I; , i,,l<. · · I ! !, I ,: r· ;, · ! · I l ·· l , 

1 ' 1 and alternating with 'a differential reinforcement o:f 

low rutes (DRL). Six measures were examined using 4.6 

. I 2 mw cm as average field strength of the signal: 

(i) DRL distributions 

.(ii) Latency of the DRL 

(iii) Average number of time-out responses 

(iv) Average time per time-out 

(v) Average pause ·time for each ratio step 

(vi) Average running time within each ratio step 

Of these, the only measure that showed any possible signifi-

' 

• 
cant effect was the DRL distribution measure, but the data w,:;re 

internally contl'.'adictory. A fut'thet' analysis was made 
' 

of ( i) the number of unintet'preted pauses exceeding ten . . 

minutes, (ii) work stoppages fol'.' any l'.'eason, including 

~i;__ 

. i 
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equipment 

earned. 

Results: In two of the nine sessions in which the full

power special signal was used, uninterpretable data were 

obtained either because of equipment malfunction or the 

use of reinfo1'cement "schedules (which reward certain types 
. ' 

' 
of stoppages) were recognized as contributin\J themselves 

to work stoppages. · I!1 two of the nine sessions, there 

' was no effect of the signal; in three (or four) of the 

nine sessions, there were eff_ects, but they were not 

cummulative; in one or possibly two sessions, there were 

unexplained work sto;,pages which, in the light of the 

total experience, appear to be random variations found 

as often in control as in exposed session0. 

Conclusions: There is no convinci.,-;; evic·2C1ce of <111 

effect of the special signal on the perfo,;:,21:ce of mon::.eys. 

· In addition, Dr.: Mcllwain c.1c~:.r.o•,.;l•:t:·_:•::d t:1at th0 

studies had primarily involved bc:1,:·;:c:·.:: .·,:c.12:,•:;;::; ,-,ith 

little effort made to analy,:e p!1;1~ io:,:-_;: c., ~ :c:,::::tio:-,3, 

e.g., cardiovascular. 

I 
1 1 •• .. ,_ 1 I - - • • • ' • °' h • .: r • ~ The Committee was to), t:, 1 ·' '· • -··-· ·- ··• ··"·· .. ,, 

had the opportunity to pr,•::,·i:•: 1~1~ .1.;· .. 1:-,~.;.:~ .i:;d co:-1-

. clusions to Drs. Sharp a11,\ \\r.,-:!:: .,:::c:, .. ;:, ,, .. :,.,•.; !::-ic,~l:,• 

and informally conferred 
- . -- .. 

. Committee had not prcvio1 1 'I',' ! • ..... • 

L__ . , ~-



analysis of the \•/RAIR program findings, it was apparent 

that the conclusions :presented earlier by Dr. Sharp were 

significantly different from those of Dr. Mcilwain. 

The Committee felt that because of the importance 

of these differences; the ~/RAIR program principals, 

Drs. Brady, Sharp, Mcilwain, etc., should attempt to 

resolve the inconsistencies of their conclusions. The 

significant differences are, of course, whether or ne>t 

there are established effects of the special signal on 

primate behavior as evidenced from the l'JRAIR program. 

• It was also noted that no technical report had been 

written regarding the progra.m to date. Dr. r!cilwain 

agpeed to furnish the Committee with a written summary 

of his presentation .. 'l'he Committee expressed the desire 

to analyze the raw data themselves. 

~S) IV. Dr. H. Allen Ecker presented the findings of his sub

committee on the functions and characteristics of the 

instrumentation being developed for the expanded \-iRAIR 

program. ( See minutes of July 16.) A written summary 

of Dr. Ecker 1s report is appended (Exhibit A). In dis

cussion, it was concluded that the capacity of the in

strumentation exceeds present requirements, but the 

ratiOn,,l that if t_he · progrum is expanded and extended, 

that added requirements will dcvelope, is probilbly sound. 

Discussion regarding the special signal was withheld 

until after Dr. Eckcr's present.:ttion although this 
, {l Ir, ,.., __ 
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· Minutes of the Pandora -~e 8 

consideration related to Dr. 1'lcilwain's presentation as 

well. The Committee felt strongly that the character 

of the signal itself should be reviewed in the light of 

previous events. The Committee thereby requested in

formation concerning the analysis and logic, which led 
.. 

to the selection of the particular "special" signal 

developed for and utilized by the WR.AIR program. It 

appeared that complete_ analysis of the Moscow signal 

had not been accomplished prior to the selection. It 

was the opinion of the Cornrni ttee that a thorough spectral 

analysis of the MoscO\~ signal was tephnically and economi-

.• cally feasible and should be undertaken for the following 

reasons: 

-

1. To establish a sounder basis for the design of a. 

· signal to be used as the "most significant and 

rele•;ant" components of the Moscow signal to test: 

the biomedical effects of the signal. 

2. To permit proper choice of in,strul!\entation and ., 

equipment to simulate the signal in experiments. 

3. In the event of nJgat:ive findings in initial experi

ments, to provide ;a basis for defining alternative 

signals or for reproduction of the Moscow signal 

it:self-. 

Thqs, if there is reason to believe that particular 

forms of 1~icrowave signals hold the "key" to the bio

mediccil effects (if any) of the Moscow signc1l, then any 

I 

·' 
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analysis. To date, the analysis has not, apparently, 
I 

been thorough; a defi~iency in the Pandora effort. 

Mr. Daniel Sullivan of ARPA was requested to see 

whether the signal analysis could be made available to 
i 

the Committee. " 

( S) V. A brief review of Big: Boy reminded the Committee that the 

results of the Saratoga study were essentially inconclusive 

• 

• 

although the testing technology and programs were worked 

out and proved feasible and reliable with certain suggested 

improvements. (A ~eport has been written of the Saratoga 

effort.) A possible reason for the inconclusiveness of the 
I 

Saratoga study was that the levels of microwave radia-
' . 

tion measured at sites where tested personnel were located 
I 

were found to be extremely low and the exposure time very 
; 

.slight. The Committe·e recommends that the approach of 
; 

using established, op'erational radar stations to test the 

effects of micro1s•aves on humans be followed-up. Dr. He·· 

. Ilwain indicated that he and Mark Grove had looked at 

the possibilities of several ground-based establishments, 
! 

such as those at Mon1r:outh, White Sands, Fort Sill, Hawk 
; 

missile systems (e.g.°, El Paso), etc. Their conclusions 

are that populations of men exposed to radiation are 

too unstable to be effective for tests. It was also 
' 

noted that the Navy has at lca5t seven communications 
i. 
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ships broadcasting in the 10-meter band rather than S-bar,d, 

i. e, , similar in character to the Voice of America station. 

The Committee concluded that further consideration 

be given to the use of ground- and ship-based nlicrowave 

generators for further studies. 
i 

(S) VI. The Committee spent· the better part of two days on the 
! 

• 

subjects noted ubove: and only had time to introduce addi-

tional topics. It· was again concluded that biochemical, 

physiological, and ":Nell being" studies should be carried 

out at WRAIR or elsewhere. These should include cardio

vascular responses, morphological and biochemical studies 
. ' 

of peripheral blood.: It was also concluded that the 
' 

· findings 1·e cytogenetic studies should be carefully re
! 

viewed. , 

(S) VII. The Committee felt that the first order of continued ef

fort by the Committe_e should be based upon a resolution 

-

' 
of the apparent differences in the interpretation and/or 

analysis of the WRAIR primate program. 

( 

Respectfully submitted bf Lysle H. Peterson, Chairman 

me 

Date Typed: August 27, 1969 

Attc1chrnent: f;xhibit A--Instrurncntation Review 
by Dr. H. 7\1,len Ecker 

! . 
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On 31 July 1969 Dr. J.:nr.es N. Brown, Mr. Mark Grove and Dr. H. Allen Ecker 

met at Georgia Tech to review the planned instrumentation for the new 

facility at WRAIR: Since the schedule for completion of equipment was 

discussed at some length at the.last Pandora Panel.Meeting and J.s recorded 

in the minutes of that meeting, further discussion of the schedule did not 

appear necessary. The two major items that were reviewed are (1) the Signal 

Generation Equipment and (2) the Data Recording and Processing Equipwent. 

.Neither the variables to be measured, the method of their measurement nor 

software requirements was discussed. 

Data Recording and Processing Eauiprnent 

.A .• ified block diagram of 

fo new facility is shown 

the Data Recording and Processing Equip~ent 

in Figure 1. Hewlett-Packard is the prime 

, 

contractor for design and installation of this.system and a very flexible and 

well-coordinated system which offers excellent data analysis capability has 

been designed. The use of pre-programmed analyzers such as.the new Hewlett

Packard · 5450 Fourier Analyzer provides pre-·programmed analysis techni']ues 

and; therefore, reduces the initial software requirements. Both analog 

and digital data storage equipment is included. Care has been taken to 

provide calibration and monitoring capability throughout the system. Since 

the variables to be measured and analyzed were not defined at the tirr.e of 

equipment design, it appears that· the money available for this instrumentation 

was used wisely to provide a very flcxibl~ data recording and processing 

system. 

A suggestion for increased.capability is the use of a Honeywell Visicordcr 

in place of the currently .Planned HP 7878 Ink Oscillocraph. The visicorder 

offers a bandwidth. of 5 KHz with an extension to 10 KHz with reduced nrnpli

t.hcreas the HP Ink Recorder has a maximum bandwidth of 150 Hz. In 

any system in which input vari.:iblcs arc unknown, bandwidth can be a limiting 

factor en the flexibility of the processing oystem. 

I 

I 
·' 
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complishcd in house with Litton Industries providing the special high voltage 

power supply. A preliminary block diagram of the bade compon~nts of the, 

system is shown in Figure 2. The basic RF oscillator is an HP 8690 Swee;:, 

Oscillator. The frequency modulation signal is generated by su~.ming the out• 

put from two Hewlett-Packard 3300 Function Generators and a General Racio 

1390 Noise Generator; current plans do not call for amplitude rodulation. 

However, a PIN modulator could be inserted between the b_asic oncillator and 

the first amplifier as indicated by X on the block diagram. A PIN modulator 

is an easy and flexible way to provide amplitude modulation with miniu:-Jm 

interaction with the desired frequency modulation. 

A two stage drive section in the form of sequential l watt and 10 w.stt T:-lT 

•

Hers is part of the present design. TWT's with 30 dB gain are_ co=:::::.'ln; 

efore, in a conventional system1 drivc;:,: separated by only 10 d3 in out

put would not be an efficient system; the desire for extreme linearity prc;,:;,ted 

· the choice of this configuration, 

Provisions are made to monitor the power level and the frequency spectrum 

after the 10 watt TWT. The results of this monitoring will be availn'.,le 

to the Data Processing System. 

The present plen5 call for Klystrons to am;:,lify the signal to a l-to-2 

kilo~att level. An amplifier of this type in the frequency range of interest-· 

would have only approximately 5 MHz bandwidth with 40 dB of gain. Since 

only about 23 dB of gain uould be required to produce 2 kilowatts from a 

10 watt drive, it would be possible to stagger tune the Klystron amplifi;;;:: 

sections and increase the bandwidth at the expense of gain; perhaps as 

much as 15 or 20 }!}lz bandwidths could be achieved. A major des ien item 

•

he Signal Generation System 

ed protective circuitry for 

is the high volt2nc power supply and asso~ 

tlte Klystron amplifier. At preocnt, a 10 

kilovolt-1 amp power supply ic.·.beini; d~!.igncd. 
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After th_e Klystron nmplificr, monitoring of the output power w'Hl" bc"j>::ovidcc 

.as well llG isolntion frcm undesired or reflected signals. The trancmittin,; 

antenna will be a Scientific Atlc.ntn Standard Guin Horn with approximntely 

16 dB gnin. The three dil beamwidths in the E and H planc.c arc 23° and 22" 

respectively. A probe antenna and associnted thermistor mount and po-;.;cr 

meter are provided down range for monitocing power levels at that point, 

.The signal generation system as proposed provides a flexible source fo:: a 

frequency and aoplitude modulated RF signal with the exception of the final 
' Klystron amplifier. Octave bandwidths are cou.mon practice i.n 'IWT amplifiers 

whereas Klystrons usually exhibit less than a one percent bandwidth. If one 

is a~sured that the signal to be simulated will never exceed the bandwidth 

limitation of the Klystron amplifier, then the proposed system will be ade-

•

te. However, if the possibility of a larger bandwidth requirement exists, 

search for broader bandwidth and perhaps higher powered output tubes should 

be made. Both Hughes and Varian advertise 1 KH GW !WT am,,lifiers in the fre-

quenc,; range of interest. A recent advertisement by Vari.an i.n the !-larch 1969 

Hicrowave Journal indicates that 10 KW CW 'IIIT's have been built and delivered. 

Also, recent developments in CH cross field amplifiers could provide a very 

· efficient and reasonably broadband final transmitter stage. Both Ratheon and 

SFD have made significant advances in the development of cross field ampli

fiers. It should be emphasized that the system was originally conceived hefore 

the above tubes were catalog items. Also, cost and scheduling can be limiting 

factors. 

The choice of a standard gain horn for the transmitting antenna provides a 

simple method of coupling to free npace. However,' the far-field criterion 

must be satisfied to establish a uniform plane .,,ave over a region in space. 

If a lariP.r nrea and a more uniform wave is desired, a lnrge collimating 

reflector type antenna could be substituted for the standard gain horn • 

• course, a large reflector. antenna would be much more expensive. 

Concluding Rcr:1.:.1rks 

The results of the review of 'instrumentation indl.cntc that at this point 

' ,, i "-:..! ~-~ -~ ~ - -.. Ft 
'., L._,,1,-1.~ --~,, ,.-,,--



both the Data Recording and 

System have been well planned, However, two pressin!l issues must be resolved. 

·(1) It is imperative that rapid decisions'bc made on the variables to be 

measured and on the desired methods of analyses to permit determination of 

niquired software. (2) A more, thorough analysis of the RF signal to be 

simulated is necessary. The bandwidth requirements of the output amplifier 

hinge on the results of that analysis, 

Respect folly submitted, 

fJaeL ~-,_ 

H. Allen Ecker 

' I 
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SANTA MONICA, CA. 90-l0f, 

September 12, 1979 

Director 
Defense Advanced Research Projects Agency 
1400 Wilson Blvd. 
Arlington, VA 22209 

Attention: Mr. Fred A. Koether 
Management Information Systems Division 

Dear Fred: 

Your request put our Records Vault management to 
the test with such limited document description but 
they came through with flying colors. The letter 
you wished is enclosed. 

Please sign and return the enclosed classified 
material receipt. 

CRC:eh 

Enclosure as noted. 

Sincerely, 

~~-~---C-(-_: -
Claude R. Culp 
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REVIEW OF PROJECT PANDORA EXPERIMENTS 

Following our recent discussions I have gone through the data 
on the ·Pandora Experiment as they have been presented by Major 

A Mcilwain. Maj. Mcilwain has done a superb job on reassessing 
-----the-material of the last.few. years and presen1ing.1t.Lri an easily under

stood form. During the course of this review I spent approximately 8 
hours (October 22, 1969) looking at the material and in related discus
sions. In brief, I am forced to conclude that the data do not present 

-

any evidence of a behavioral change due to the presence of the special 
signal within the limits of any reasonable scientific criteria. There is 
evidence of behavioral change in some cases but this change could be 
attributed to a variety of causes or systematic measurement errors all 
well within the limits of experimental methodology. Evidence of other 
effects such as EEG, histology, and chromosomal analyses have not 
accumulated with either adequate detail or control to tell whether effects 
due to radiation are present. 

One should not infer from these statements ·that there is no value 
to the work done; there is unquestionably considerable value in develop
ment of protocols and facilities and the possibility of extending this to 
a variety of useful work which I will discuss later. 

The primary experiments have been to look for the effect of the 
special signal on specially trained monkeys at intensity levels comparable 

P'J'.i~l'(crdESl2P(fic 1·22u 6 rmTsmbsr JOBS ·-·--·--·----· 
~o~r 1 1:;:.;ed ... It om a t :mat jg 
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~o ~especial site environment. As I recall the data, there have been 
four operant conditioned animals which have been exposed in total 7 . 

_times to the special signal, 2 times to a square wave, l time to a tri
.angular wave, and l time to cw. The intensity generally used has been 
4.6 mw/cm 2 which, l mi,ght point out, is probably in excess of the special 

--Site-environment. Exi/eriments are not run at higher intensity since this 
is the maximum possible for the equipment using two carriers. At least 
one animal was run at very low intensities correspon~ing perhaps closer 
to the action site ranging from ~,.,w/cm 2 to l mw/cm but I recall nothing 
particularly significant for this run compared to the others. The basic 
parameters measured were the PR (prompt response}, DRL (differential 
reinforcement of low rate) and the latency time to go into DRL. 

I will not attempt here to detail the various particular runs generally 
of 20 to 30 or more days in duration but rather give my general impressions. 
There were certainly individua 1 days where differences were observed which 
were statistically significant in terms of the individual day's experiment. 
These behavioral changes, however, were well within the limits of causes 
other than radiation such as change of the animal from one room to another, 
day/night variations, or perturbations caused by malfunction of equipment. 

--~rticular there seem to be a considerable number of malfunctions in the 
.pellet-feeding gear. In the case of one animal who was exposed at two 

different times approximately two years apart, it was interesting to note 
that the variation in his behavior during the 2nd exposure where he had 
the opportunity for long continued training was much smoother than the 
first period. It is also important to note that while a large number of 
performance degradations were noted most of these occurred either in the 
form of very small variations from a normal count (i.e., number of food 
pellets obtained) or occurred the day following a significant equipment 
malfunction. There may have been one case (animal number 673) where 
there was a performance time-out of some significance. 

In general one would consider the unexposed animal or a period 
of nonexposure to be the control; I would also say that in view of the 
problem associated with the special signal an equally significant control 
would be the cw signal. However, as mentioned above there was only 
one case of this sort of run and this quite a few years ago. It was diffi
cult for me to see how one can have a viable protocol for any stimulus 
when the stimulus intensity has not been brought ta a level which creates 

· -a positive effect and this then compared to the required operational level . 

• 
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For example, such a level might be in excess of 10 mw/cm2 . The 
equipment used in a combined single-mode manner could certainly 

. produce approximately .this level of power. 

Another type of experiment that could be classified as behavioral 
was the reaction time studies. Four animals were used here, two with 
food reward and two using shock avoidance. The basic concept here is 
for the animal itself to adjust his reaction time to a comfortable value 
and to look at changes in this as a result of various stimuli or environ
mental conditions. Of the four tests run three showed no effect, one 
did show an effect but this effect could be either eliminated or empha
sized by a change of the timing program. I believe,in general, these 
reaction time studies have been used in the behavioral field primarily 
for relatively short-term changes. Certainly there was some indication 
of statistically valid variations over a period of months but this could 
not be correlated to on/off times of the signal. It might be noted also 
that negative results were obtained for a tone substitution versus the 
microwaves for shock avoidance. 

In summary, you could say that there are some changes in the 

• 

'distribution of the various parameters at various times but there were 
few or .none uniquely correlated with a special signal. There were cer
tainly no trends observed, any statistically valid changes were single 

• 

day, and there was certainly no evidence of anything that could be 
described as a catastrophic effect. 

The effect of low frequency modulation on the EEG has been 
reported a number of times by this project. Implanted electrodes are 
placed into various brain regions of the monkey and the resulting EEG 
tapes were analyzed off-line by Dr. Adey's laboratory in California. 
The time delays intrinsically involved in this process may be significant 
in explaining some of the experimental procedures followed or not followed. 
If the animals are irradiated by sine wave modulated at various low fre
quencies in the alpha region the autocorrelated power spectrum analysis 
shows reinforcement of the modulation frequency in various portions of 
the brain. At this date there is no convincing evidence that this effect 
is not an electrical artifact of the procedure. There are several varia
tions of protocol which could determine this using an on-line system. 
I believe a fast-fourier transform analyser is on order for purposes of 
going on-line. Experiments were run with the animals' head shielded, 
under anesthesia, killed during the experiment, and even with a perfused 
brain. However, none of these were satisfactory for positive elimination 
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A,f the possibility of an artifact. In fact, variations of head position 
9,ersus autocorrelation spectrum did tend to lend some evidence for an 

antenna action for the probes. 

Additional programs are underway for chromosomal analysis using 
karotyping of cultured lyrr,phocytes and for testicular and brain histology 
but no substantive res1,1lts have been reported yet other than a few isolated 
observations that cannot be considered significant until placed in the con- " 
text of systematic data. 

As stated earlier, the value of the behavioral protocols, procedures, 
and equipment should not be summarily dismissed. In addition not only 
does the present working facility represent a substantial capital equipment 
investment but also the new facility nearing completion is a magnificent 
laboratory indeed with three additional exposure chambers and all the 
various ancillary histological, biochemical, and conditioning laboratories 
that could be required, at least for studies in the microwave region. The 
issue of determining whether or not there is a biological effect at relatively 
low levels below the 50 to 100 mw/cm2 levels which constitute directly 

_observable hazards is not limited to the question of the special signal. 
Failure to have absolute scientific evidence of the presence or absence 

~fan effect and its threshold region can leave the U.S. vulnerable to a 
- w,;;ampaig·n-against tne""iise· of surve1llance radai's"·fi:freign·and"domestic, 

military and civilian, as well as high powered communications equipment. 
A possible public and consequent Congressional reaction on scare material, 
particularly if encouraged by inimical forces, could result in a catastrophic 
impediment to the use of various equipments essential for the national 
security. 

It would appear that the problem should be viewed on three 
security levels. First, the compartmented signal and data derived from 
it should be put aside under adequate security protection for the present; 
if there is to be any understanding of this, the present program is probably 
wrong to start with. 

One should start with an examination of various basic wave forms 
and then the combinations resulting in possible intermodulations and 
demodulations by biological tissue. A program that might look at possible 
behavioral implications from. the point of view of a weapon or interrogation 
device could be handled on a SECRET level. The more pressing issue is 

. the safety problem and that could be handled on a CONFIDENTIAL or OUO 
level during acquisition of data with eventual declassification as the goal. 

• 
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- As an example of a protocol one might consider starting at a fairly high 
level, 10 or 20 mw/cm2 then looking at 5 mw/cm 2 and 1 mw/cm2 for-cw, 
and 50%, 1%, and 0.1% .pulsed duty cycles with equivalent average power. 
t do not mean to imply by this that either I or ARPA should design the 
experimenter's protocol, but rather that one should start with a level high 
enough to get some o):fservable effect and then continue to look at real 
world levels and modulations. The new facility is certainly adequate to 
handle the microwave problem, still leaving currently urgent problems of 
ULF and HF /VHF. 

-

The important objective now should be to determine at what level, 
modulation, and exposure regime (chronic, intermittent, etc,), a biological 
effect as distinguished from a hazard exists. These two terms should not 
be confused. If an effect is observed at that time an adjudication of 
various opera tiona I situations should be made to determine what hazard, 
if any, exists. 

s 
Research Council 

SK/bt 

cc: Augenstein, Mcllwain, Tamarkin 

-~~·;:!1;1:;:W:" - ' 
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Colonel W. H, Meroney. MC 
Department of Ea:perlmental Paycholoay THIS DOCUMENT HAS BEEN DOV/NGRADED 
Walter Reed Army tn.tttu.te of Re1earcb TO "l.l!iCLASSIFIED• 8 • OCT 1979 
· :::::::' :.~,a~~cal Center '}1re~lW.& Iii~... ·-

r 
.Dur B111: 

Reference la made to J01U' letter, dated 10 September 1969, 
·r ·. • and to our 1ub1equem conver&tton relative thereto. 

~· .. 
. A■ a re1ult of ~v letter, our recent converaatlona, and event, 

la the Pandora pl'OIJr&m ludlna up to wr exchange of lda.11 l have 
tried to herein ■um"Dllrlse those manaaement poUcl••• actlolll, and 
proaram d.lrectlons·we have hotb 41Ru1ed and mutually concluded 
wowcl represent lmpol't&at ma11a1ement mp• to take to aeaure the -~ :'1!:.',,-r? •:r-; , 

- ncc:e11ful conduct of the Pandora prosram. If you aaree with the 
. followlna approach, I would Ubt to 111gge1t we u.ee th11 memo a, 
the ba1ll for a Joint "Letter of Underlt&ndlq'* ln the management 
of the F'llndon. pro1ram. "-" 

•• WRAJR: It baa beco111e easentlal to conduct the Pandora 
pro1ram IUlder the WRAIR orpnlaatlon (provldlns you can &ri-ange lt) 
eubJectln1 it to all of the manaaement control.I, technique,, and pollclea 
;ou have •et up for the normal conduct of project, under W.RAJR. I 
fully coacur la thl• 1tep and completely npport It •• an excellent 
mana1ement move to take. l hope you can con!f_nce your management 

· of the nec•••lty for thl• and I wUl a11l1t you. In any way yoo aee nt. 

b. · Secvlty1 I believe the tteed for a major revlelon la the Pandora 
. propam aecu.rlty, control, and dellnlUon ln vi- of the preaent etatua 

u4 flttu,e tin• planned ,. ·••entlal. I llllJS••t the tollowlna -
_ , .. ••pt4ellM11,". If yoo •1ree, I will proceed to obtain vallda.Uon of them 

from. appropriate aecurlty authority. 

·,· 

' ' .. , . 

TM. citlglnal purpo1e aDII backgro1111d leading to the lnltlatlon of the 
F'ilndQra proal'am lnclwllng the e.nct data on the •peclal •lSnal and 
lb hlnory DUllt be contbmed at a TOP SECRET•Umlted Dlatrlbutlon 

' •• ~ ....... ,,;~..r '""'-~ 

11hX' ~-; ~: · _'_ .• . . :;:.~'.J:J.O l 
.:. ~, .:.,L :::'., ·;t 1':..?:' L':. 

Mr. Rubenstein ----
C 
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(TS•LD) level. Speclflca.Uy, the electromagnetic wave form data 
and the specified data on the three different modes of the special signal 
(only one of which we have simulated and used to date) is to be held at the 
TS-LD security category. The history and the back.ground in!or• 
mation on the· special signal ls also to be held TS-LD. The fact. 
however. that ARPA-Walter Reed le conducUng research using low 
level microwave environment• ozi. monkeys and ln a test chamber la to 
be considered unclaeslfl.ed. The data derived from all experiments 
in the microwave facility ls to be considered uncl.asslfied. Thia in
cludes data obtained with the special signal providing the detailed 
wave forms of this signal awl its structure are not revealed since 
they are TS-LD. The !act that experiments are being run at level11 
of 4. 5 mwicm·2 and lO"Wer £or both CW and modulated wave Corms is 
unclaas:li'led. The lacillty and all test lnstrumentation11, equipment 
contained thel'el.Jl, and data derived from the planued man experiments 
are unc:la11sJ.fled except when the character of the special signal and 
the detailed information of the sigual'e structure and characteristics 
are to be revealed. Uncla11e1.fl.ed information on the microwave 
Bi.gna.1 used for experlments with the special 11lgnal wlll be limited 
to the fact that the level ls 4. 5 rn:w/cm.•Z and below and that it ls a 
modulated complex signal wave form. Summarizing the suggested 
!Security policy for Pandora: 

(1) The original purpose and background history of the initiation 
of the Pandora program and the exact data en the special signal must 
be continued at a TS-LD level. 

(2) The project at WRAIR will be unclassified - with the exception 
of (l) above. 

(3) The fact that WRAIR is carrying on o.xperimentatl.ons in 
low level microwa,ie radiation i11 unclassified. 

(4) The buUding and microwave test Cacillties at WRAIR are 
unclaasilled. 

(5) Result. of tei;ts are unc:l.a11111ifled even those results obtained 
when the 1peclal signal ie utilized providing the special signal 111 not 
identified beyond what ls atated previously. 

(6) Aulyels of the data Including the raw data. obtained from 
experlmtlll&e 1• u.ncls11silied • even that of the spoclal lllg.oal providing 
the si:,ecial 1lgMl ltseU la not identified • 

z 
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(7) The "man" experlmente will be llnclasslfied with the 
previously stated ground rules relative to the i,pecial signal. 

It is thought that WRAIR and ARPA can readlly support and 
explain their reasons for conducting the Pandora program based 
on exploring whether or not anl.mals or men subjected to low level 
microwave radiation may be affected to where temporary performance 
degradation ls experienced even though this effect ls recoverable 
to those exposed. 

ARPA Advanced Sensors unclassllled interest in the support and 
conduct of the Pandora experimental program centers around the 
fact that the Department of Defense has a larger number of radar 
syetems ol both low and high power where per,ronnel are performing 
important functions in the radar environment. The degradation in 
human perfor·mance, U it occurs, under tow level exposures over 
prolonged periods, could af!ect the operators and thereby aflect 
the overall systems performance and efficiency while the effects, 
if they exist, mu.st be explored. ARPAiAS claaai.£ied interest in 
the prQgram remains the same and is still under the Rl!rD TOP 
SECRET-Limited Distribution Category. 

c. Visits - the necessity ior controlling visits to the Pandora 
facility is recognized as an essential step in maintaining good 
program management. Uncontrolled vltltora not only consume 
valuable time but may go away with information on the results of 
raw test data that hae not been analyzed and as such, if reported, 
co1dd misrepresent the true experiments being conducted. Accordingly, 
I would like to suggest with your concurrance that your office be 
the control center for all vlslt11 to the Pandora facility at Walter Reed, 
These vi11ltB should be m11tu.al1y agreed to on the part of both our offices 
as to visitors ''need-to-know", timeliness and acheduUng. I look 
to you to assume this focal point ot visit control for the program. 
Included are visit■ by committee members, by IDA personnel, ARPA 
personnel, and all other outsiders. 

d. Relation• of the Sciontlflc .Advisory Committee with WRAIR· 
ARPA/AS• ARPA/AS views the formation and operation of the 
Pandora Scientlflc Advisory Committee to be an esaentlal part ol 
management lnplltll needed !or the overall Pandora program and 
lts relatlonsblp to other US Government activities in this field. 
I know you alao feel that thia outside, objective, profe,sionally 
competent, committee ls a valuable management tool tor Walter 
Reed ~swell aa ARPA. Several ad hoc panels have been formulated 

3 
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within the Pandora Scientific Advisory Board to review certain 
findings obtained to date inorder to reestablish valid, technical 
criteria for conc:luslons that might be reached, The first ol these 
groups, to be beaded and chaired by Dr. Kubis, will be charged 
with determining whether or not the data can support that there 
have been microwave effects obtained so far in the Pandora program. 
This step ie essential, ae you have already concluded, in revali• 
dating any conclusions that might be reached to date. Before this 
group can !unction, it will be necessary to have Dr. Kubie alt 
down with you and ex:plaln hie method of approach for the review 
of the data and obtain your assistance in its methods and in carrying 
it out. This same procedure will be followed with any other sub 
panel that the committee advises in any other area, i.e. the question 
of the signal. As we discussed, I concur in your establishing an 
internal WRAIR Sci.entlf1c Advisory Board to maintain a continuing 
technical review of the Pandora experln~ente already conducted as 
well as experlment11 to be conducted by WRAIR and all o! its 
subcontractor11. 

Any committee actlon requiring participation with WRAIR 
personnel and all relating data from e:,cpel'iments in the Pandora 
program will be coordinated and arranged through your o!fice 
prior to any actions being undertaken. 

e. ARPA/AS WRAIR Relations • 1 have found our written discussions 
and program review to be exceedingly valuable to me ln the future 
planning and conduct ol the Pandora program. I would suggest that 
you and I arrange a monthly meeting to provide !)rogram review and 
take any actions that may be necessary. · 

1 bell1!,ve the suggested management changes in the program for 
the conduct of Pandora outlined within to be mutually beneficial and 
will result in providing a wide base from which to work in conducting 
these most dil!icult experiments. 

Richard S. Cesaro 
Director 
Advanced Sensors 
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ON THE EVALUATION OF DATA ASSOCL\TE::l UITH PAlIDO:!lA 

(PreliJr~nar;r Report) 

Joseph F. Kubis 
12/4/69 
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ON Tl!E tVALUATI01l OF DATA ASSOCIATED \/l'l'II l',\.llDOM 

-· Section· 1: Introduction -
BACKGROUl!D 

In ~ letter dated October 29, 2969, nr. I;;:ilo H. l'atcr::ion invited me 
to help ill 11 dcvclopin::; criteria for the evtluation of d:.1 ta· :i::; ::ociated · 
with Pandora." I ag:reed to talk with the project :L1\V•J:;~ir::.1t0 :

3
•. m:..'1minc 

uhatever records were available, and preuare 11 i·cpor~ ol' 1:iy f:in<linc;s and 
recom:iendations. • 

?-ty' p~ose_ :in meeting with those intir.!atcly conncctcd•with~ths pro~ect 
was to solicit ideas on how they felt the d:i.tn shoultl he cv:i.lu.::i~od. Th
e:xlllllination of b~sic and derived data was not only to g;:iin .m ur.:ler
standing of the analyses already r.:nde but aJ.::;o to rcco=c;nd addi·l;ional 
procedures the structure of the data might su6cc::it. 

Finally, I suggested t.'1at uhatever findinis::i ,:i.Ild rccc::-.r.:endation.s I 
would ;::ake be reviewed by Dr. Peterson, who irith the a::;::i:.tance of 
Ill'. Pollack, would decide whether i'urther effort on l'i/ p;:u-t tiouJ.d be 
desirable. 

'l'.OBLE!-1 

T'ne underlying problem which led to this ronort 110.:, tho c:d.stence 
of two different approaches to the analysis of P~:iora dat:i -- . one lrJ 
Dr. J. Sharp, the other by Haj. J, Hcllmun. In rr:-. S!:~,rp 1

:i v:i.mi! 
although reost of the experiments produced negative r~:.ults, ccrt~'.l.."l 
aspects of the data (IRT changes and work stop:-i:,cc:.) :ire ~r,rccstrr~ or 
an exposure ef.fect due to the vlRAm signal. Ac.-:-.itt:ui:; th.'.lt :.o:r.c cn.anges 

-

in the a.nir.lalls behavior could not be e:,rolaincd b7 [ll'ti.fo.ct:::, 1:aj. !,cil1;:1in 
believes that t.l-tere is insufficient consistcnc,• L"l t::.e do.ta to scrio·.isly 
entertain the notion of an exposure effect d..io to tl:e speci:il 11,1.,1.m signal. 

The evidence adduced by Dr. Sh:irp was a scrie::: oi ;;:-aph:, and a . 
catalogaing of the instances of work stonoar:e:1 at-::=l!;t:t0d to the s::.,ec::.al 
signal.Haj • l:cilwain I s position is that thc;e :ire clcric::.l en-ors in one . 
of the graphs and that the sequence shouing :i. :;hi.::t L"l tb!l DtT distribution 
is a function of the days selected £or ;;r:i.phin~, J:-:1 11'.l.:i pro,;cnted ;;rnph:i 
from baseline periods that ;.:.re oir.dJ.ar to the r,:-;::;-::::.: in t!!'l IltT :::equencc. 
A:J for work stoppaees, ~'1aj. He. nwain noted th:i t a. nu::ibnr or thor.i could . 
be associated with mech.:mic.:::l and other f;tllu:-c:i. ;V;J:no:1lcd,ji.rl;; that such 
dilficulties li.":1.it inti:irprctation:i, nr. s11::irp b:l.:.c·,.-::; ··t1:.:.~ t!:c~? ore some 
runs that are artifact-free and that thc"e :;hoUJ.d ~nd~rco wtcn:.:i.vc 
analysi::;, 
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· VISITS' 

• Appointments were made with.the following individuals associo.ted 
with Pcndora: 

Col. J. Bt-ady 
Col. E. Buescher 
Mr. R. Cecraro 
.Maj. J. He llwain 

Col. W. Meroney 
}!r, A, Rubenstein 
Dr. J. Sharp 

During these visits a number of reports were exa..·nir1ed· as well as 
the basic and derived data fro::i the e:qieri,~ents. A description of the 
visits made and tho ,..aterials e~ed may be found in Appendi,:'°s A 
and D, 

Section 2: Cor:monents. of the Problem 

As·stated in Section 1, the problem seems simple enough, Ibt.ever, 
it is embedded in a mosaic of cor.ponents, which, il clearly understood, 
will place the problem in proper perspective. 

PROJECT AS A WHOLE 

• 

-

Essential to a proper evaluation of the problem is t.ie consideration 
of how tr.a project as a whole was viewed, Dr. Sharp interpreted his task 
as exploratol:"'J in nati:re -- a series of pilot e:r.:periments to search for 
leads that might prove fruitful in a tr.ore extended research effort. An 
e=ination of the e:;q:,eriment protocols does support this interpretation:' 
maey experilnents ,;ere tried, l1'..:m;)" conditions were tested, and r..any changes 
in procedure were introd'.i.ced du.""ing the experiinent<ll prog:rrun. 

The inevitable outcome of a pilot program is an accumulation of a m.de 
diversity of data, fractionated into blocks obtained under various 
oo;;ibinations of conditions. ExperL-:iental outcomes, uncontaminated by 
chanees in condition or possible influence of several factors, are hard 
to come by •. A particularly pertinent exar.:ple from the Pandora experiments 
may be found in Appendix C. 

A· second consequence of a pilot program is that conclusions car,not be 
asserted with er-eat confidence because of the limited nuriber of observations 
that are available. Statistical test:; perforeed on oven prod.oinc; se;::;r.:cnts 
of data might very well lead to insignificruit results because the S!:l:lple 
size is Sll'.all, :. 

Fro:n tb.a nature of the case, then, the conclusions r,encrated fron the 
Pandora expez-;..Jnents :i.t '.'/il.AJn must be consid.ered as tentative and nu:::;:;estive 
except for ser,ments of data ::ni.fficicnt:cy- nurr:crous and free from the 
cont.:uni=tine mfocts of chan&es in condition or intrusion of uncontrolled 
factors. 
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· : The WllAm experimental pror,ram contnins an j.m;:ir,inntivc co:nplcx of 
procedures which tnp various bchavior:il f1u1ccions t>w:b arc urd.quely 
packaged into a uell-motivatcd uork day for the 1wnkcy. A description 
of the vru-ions "jobs" comp2·isin0 the monl:ey•1:. uork day mzy be fou.nd in 
Appendix B. 

As structured at present, the c::-qierimcnt::11 proi;ra.'11 c;cncr:itc,:-; data fro;n 
the Sn:!:1c monkey .. c:xposcd to n vo.riety of conditions. ;~ ~ ~:.-:~·.:.:::: l:.".,; ,;.:; ·.;...:~ ........ - ........ 
-t..:~· ~ -:-.~~-:: .... -:J v.1. c ....... ,.::~::. _ ·,. At t:L"":1e3 he :Ls c::=!;oscd ·~o a sicnol, at time:::; 
not. Each monl:cy is his o,m control. Tlli:i is = efficient dcsicn provid.1'.!d 
that a mirri.F.ally· vnry·in~ baseline can be c\Chicvcd, thc.'t the b~colir10 io GtZLblc 
over relatiycly lon,; period:; of tiJ1e, th.1t tho behavior observed is sen::;iti,;o 
to the e:i..'J)erimental "intrusion, 11 and tmt sh'ict control ove1· most of the 
con.founding conditions c;i.>1 be maintalned throue;hout the expe:.:ir.:cmt. Hlv:m 
these conditions cannot be easily met, the design can benefit t,ppreciably 
.fro:n the inclusion of control subjects. 

Fro:n an interpretative point of' vimr, it is felt that tho results of 
the Pr-.nclora exoer:i.msnts uould have been r:ore discr:L-:d.nati-ve 1ii th '!:,he 
addition of control animals, In p.'.rticu.lar, it ,,oulcl lu,:ve been desirable 
to cont.ol for the ef.fects of "isolation" and "confi.."lor::ent. 11 0-rnr a long 
period of· tir..e, say several 11onths, it is po::,sible that continued 
isolation and confinement could bring about an errotic. temporal pattern 
in the monkey's performance. 

One .further point about procedure. The cor.iple;-:ity of the present 
task routine r..akes inevitable a long tu.rn-arou.."!d-ti.l,:e fo:c a single 
animal. !-1':l requires a long training period and is subjected :for a long 
time to a stitr.:tlus uhose moos.urable e:ffcct r..ay be lone del:ry8d. L'1evito.bly 
this means t,hat the c::qi!lriment is based on a small sa.'llple with an effect 
that ma;,,· be l:eak or ephcmeral. In turn, this leads either to very lir.1ited 
generalizability or to :inconclusive statistical results. At ,10rst, it 
cm1ld lead to uccepting as sir:nifico.nt results that reflect long-range 
and unlmo1m flu.ctua.tions in the an:Lm.al•s condition :1n no way related to 
the e:-..-perL":lzntal sienal. Expanded :facilities, of course, 1-;ould help s:L'1c0 
more experi.'Tiental and :rr.ore control a.nimils C0\1.ld be used. In .:tdclition, 
the use of tasks or a...'1.imals with a shorter tu.,.-n-arou.--id-ti:::e shou.ld also be 
considered. 

CIL\l!G3S DI TEST COHDITIONS AHD BASELil/E 

• 

As mentioned earlier, test conditions were chaneed relatively 
frequently. Some changes were due to limitations of to::.t i'aciJ.itics, for 
e:x:amplc, havine the animal to::.ted or trained in the "ice box" and then 
tcstcd irt the r,ncchoic ch=bor. In otl:cr c1cc;:i, cktnr;cs 1:erc introduced to 
detcnnine if a :facilitating or dcbilitatinr; effect 1:oW.d en:mc, as, for 
er...::i.m;,le, cho.nr:inr; t.he chru-actcr or strcn,:,th of sicnal exr,,o::;urc. L, ruiy 
event, th:J ereatcr the mmbcr of cl::m~:c::i in condi-.:,ion::: (cGpccially if ti:;o:1 
in co:rrbination), the smaller the ch.:mcco that an adequate hi\::;cline uould 
be obt.:iincd to tc::it for the specific cf.feet under con::iideration • 

..., 



r •Hi''•':,~·.rr-. • .rr;f'; ~-,, c:~~i ·:<;, 
Az illu:itratctt in A;,ricnd:i.z C, the Miln;:,.l 11aa cxpoccd to a nu.mbor of 

·" di.f'.fcrinr, condition::; in v.:u:ion::; combin::tt:Lon:; within a rcla:tiv,:ly ::;hort 
· pcriO'd of ti.Jr.a. The::;c were: nir;ht v::; day ,.orl:, alone vs 1::i.th nno~hcr 

-

· an:L-:t:i.l, "ice box" vs anechoic ch.::.:nbcr, wru,m ::;ii:;ntl on v::i 1-!H,\IR ::;ignal of.r, 
nc.1 choir, ntm lever, llCH cpc::.kcr V3 old cl1a:i.r, old lever, old r;pon.kcr. 
Good ba.scliner> for tcstine the effects of D.11 th00c ch.mge3 rr-~cht prove 
irnpo::.:~iblo of att:1i:nrr1<;nt.. 

Adequacy of baseline is a ::;crions but not hopeless pro;:ilc;n in the 
URAill c:-::nerir.cnt:i. Tho basic ::;hortco:ninr; is. thot tha number of obscrva- · 
tions i'or the appropriate bnseline nay be small. 

HALFU!!CTIOllil!G SYSTD1 

• 

.e 

The usual t10chanical diffic'ultie .. • were e:icperienced during the course 
of thB Pandora c;-:porimcnts: feeder j .,;i, e1c·,tc• feeder, ink failure, etc. 
Power fluct,.1ations and circuit mzilfun,:::ti.or, [1lso occurred. 

One of the obvious results of ::;uch malfunction is loss of dat,a. Th·:i 
problc;n, however, is more cc;:;plicated. It is V(J'ry liJcely t,hat the .finely 
trained anir..al r,,...9.y have had his habit patterns dist=bed because of th::i 
inappro,;:-iate cues o~ inad.equ.at3 food renards. tis 11 con.fusio:n1t 2nd 
altered r;;ot:i.vntion may have:, affected hia behavior for the rem:iL>-1der of ·~he 
day and possibly for a day or more after the malfnnction. '.fuc fund2.J11ental 
quest.ions are: Subsequent to the identified malfur.ction, how nn1ch data 
should be discarded as 1.1!'.rcliablc? Ho~r reliable is the data :i.J1::;:ediatoly 
before the a,fficulty 1oas i.d'3nti.fied? 

Relevant criteria for tl:Gsc situations !!'.ay hav0 been developed b-<J the 
laboratory i.'1 the course of its experience. In a."7:f event, an in.for:c.ed 
opinion to corrobo:;:-ate the adequacy of cuch criteria shou.ld be obtained 
from a.-i outstanding expert in the .field o.f a:nimal e:;::perimentation. It is 
suge;estcd that such information be obt.:tined from Col. J. Brady. 

HODEIS A!lD AHP.LYTIC PROCEDURES 

-

Interpretation of data is strongly connected to the. r.odcl assu:med to 
u.nderly the data. Sil11ilarly, thG rr,ock)l 1:ill tend to tlete1--::;ine tl1e ch:a·c,ctcr 
and direction of tl1c statistic2.l procc:durcs one ,•:mtld <?:m!)loy to nnc.J.yze 
the data. As a siwple exE!!Tiple, the r.:od.nl may specify· t1ut the el:::10.Gu:rc 
sieno..1 er,..h:lncos vho fu::1.cti~ning of tho oi~eanism., or that it cau:::;cs a 
deterioratio:.1 i.'11 its functioni~, or that it crihanccs r.::o:~e functions and 
brinr;s about a deterioration in others, or that it h:i:i no _observable effect 
at all. 

The analysis ruid interprotation of the Pandora e;q:,erirr,ents uill 
depend, then, on the ch:.rnctcristic,:; of the nodcl one con:;ider:i ;:sppropriate 
for .the dat;:i. For exo.m::,lc: Is the effect cttrc.ul.~.tive (or non-cu:nu.b.tivc)? 
Io the effect reversible (or irrcver::;iblc)? Is the effect cplwr:icrtl, :io 
that it r;encrally ob:;crv;:iblo only m1dcr direct cxpo:;ure? 

' w:::.u .(].,~.,.,; '· _ _.; ~ ; ~ , .... : , .. ; . '~ • 



But a3 one teo- v::J r.iorc ~d r.ioro 1:r;niothose:, 11i o. ~he :;.1.mc ::;ct of d,rt:i, 
.. ono· nu::;t tal:e into account that tho level of :::;ir,n:Lfic,:rnco for tho 
· ntat.i_Stic:.!.l tests is no lonr.cr the convcntion;il · one ar;rccd upon. In a 

• 

· simil;:ir vein, as ono tests more and r..orc relatively indcpe:1dcnt vo.riables 
11ithin tho :iame cxporincnt, one i:::; likely to ott.:1:i.n so::ie r<":::;ults t!nt 
scer.i to point to a stat:i.:.;tically s:i.r;nif:i.c.'.L.rit effect 1:i1cn, in reality, 
there is 110110. Thin is :..L'l:i..lor:ou:J to the tr.:1clition2.l urn r,roblen 
(containing, for ez __ ·u1;:,le, 95 ,rhite and:~ red bills) in 1-:hich the probability 
of picking a red b:ill in one c!J.•aw is .05. Yet tho probability of 
obtaining a red bill increase::; rapidly a:i I milrn many successivo d.r::n-1s 
from the urn (replacel'.'.ent r.,odel) • 

The Pandora ex:oerir.1ents reflect a 1:nD.tiv;:iriate model embedded in a 
time series. Al thour;h tho nultivariatc tir.:o series 1codel i:::; no·~ 
rcco:mnendod for the present set of P,,ndora c-··_)eriments, son3 thought 
might be given to its use when a criV.cal aid definitive set of e::-..--periments 
is decided upon. 

Section 3: Reco!".l1en::lations 

THE BASIC ISSUES 

Uork St.ounap;e. A rele-:rant scale naeds to be developed for the applic2.tio:i ---=~-~ of t.his concep'c. Lri 1-:aj. J-'.cihrain 1s analyses an ~nw.al 1-:llo "stopped 1:ork 
a.'1d did not recorrs-:ience within ten minutes of the end of the d:i;y- 11 is said 

• 

to have encaged in a 1:ork stopro.ge. As used in a noni.n:!.1-scale situation, 
a work stoppage of ll minutes is equivalent to one of several houxs. 

It is recomr::end8d that, the distribution of the lengths of ,ro:~1: 
stoppages be cOJ11piled so tiut the paramstcrs of the distribution can be 
estimated. This should help in establisr.ing a 11eighting procedure t:r.ich 
would give more weight to longer than to shorter 1-:ork stoppages. (Oftsn 
in the case of t:L-:ie variables, a logarith.':1:i.c transforn.ation provides an 
adequate solution.) 

IRT Distribution Shift. In his presentation of a series of overlc.ys 

• 

(exposure data) co,,,,,ared to a di::;tribution of baseline datCt, Dr. Sheu.-p c= 
be chtllenr,ed concerni.."lg the criterion he u.se.d to select his ·t:is.e poj_nts. 
If this criterion had no theoretical justification, then dir;tribution'.:o.t 
other ti1,1e points could ha--;e been tal:cn just as Hell. \Tnat It-, Sh::rrp 
w.mtcd to sho:·r is a f!,lobal trend of the distrlbutions 1-:ithout the ncc::::ssity 
of processin~ all the dat.:i. I:aj. Ecil11ain 1G "counter ex,:1.t1ples 11 tal(cn fro:a 
baseline data, thour;h pictorially effective, m.:iy ::;uffer from a s:i.mil:::r 
selection bias. 

1\ro analytic approaches seem to be feasible: 1) :;tucJ:,,·in0 the ch::mc;e 
in the distribution as a uholc over ti.mo; 2) t:.tili zin1s :ievcr2.l appropri,:rce 
parQr.1ctcrs of the di::;tribu-t.ions and studying their trend over time. 

A first approach tm-1;:irds cvalwitin:; the clivnr:c in the di::;tribution as 
a liholc over ti.r1e mir;ht consider fract:i.c>natin,: a ti.Joie period into succ,,::::;i•rn 
~ct:r.1c:nt.s and then constructinr:. an 11 .:ivcr~gc 11 di:;trilnrt.icn for each .:::;cr,r10nt. 
Tho cliffcrencc::; bet:-:ecn di:::tribution:, co,Jld be tc::;tcd by a Kob,or,orov-C::cirnov 
typo of statistic. 'i'hi::; tc,:; I; procedure co11ld he :i.:o,,rovcd by the dcvclo!1;c,,nt 
o.f a Studcntized ra11[\e type of :; bti.:::tic .for total di::;trilmtion::l a11alc,:;ous 



... , . . ' . ~,. ' .. :, .. 
to th:it dovcJ.op·Jd .i.or the co:r:t)o.:ri0on::.: a::;on.1 ~ trcntrnr.:nt r::ctU10.. lbrc 
ccno:i-. .tlly, a tir,,e series solution to problc1:1s of tot,!l d:i.::itribut5.on:.: would 

· be roquircd. 

be 
In tho second .'.lpiJro.:tch mentioned abovn ., 0ov0:r\:ll b::tsic p:1.1•n.nctcrs woulJ 

estimated for c:1ch distribution ut each ti.mo point.. 'The 1~.cd.i2.11 and 
intcrc]1.47 .. rtile ran;;c 1:ould be appropriate. l'hc di:Jtribntion of these 
statistic3 over ti.'T:e Hould be o.vail.:i.blc .for o.nal:,rsis.. Often cn-:rn.sh, tho 

· h;;rpothc~is under tc::it i!:i rclativel:r s~Lrn-;-1lc, n.s, fo1"" C✓:t..:~:plc, th2..t the 
m~tlio.n (or intcrqi:t.:irtilc r,1.1;.;:e) incrc~ses over t:irv::?. cu.1~,.re fitt:L.-ii; 
prooechu·c:; could be ,,.sod to test tJu:; or li1orc co:.1plcx .f\\nction:;. Orthor,ono..l 
polynomials also could be utili::;cd in te::;t:i.n3 for trend. 

Either of the two o.pproacl:es should be uoed. Of ttese, the t2'end 
nnaly!::is uould seer.1 rno.t"C fcasibJ~e, at lcn!".::.t :~t1itinlly·. Tl:e stati::;t,ics 
· (median and int9rquartilc range) nx·c :vlll.:.hle nnd tt.e test. procedure is 
croractcrizod by ease of computation :.-,1d i;:··· c,rpretation. 

R'\.SELillE PROBLE!:S 

• 

Fro;:i an ex::r::~nation of tl,e do.ta and th:'l gr;.phs based on th3 do.ta, it 
would be a question~blc procedure to uso r.:a':ly of the oi-·ieino.l bc:selin:3s to 
evalu-:i te the effects of the HiU\.IR ::;izr.al. For o,:o.r.:plc, tho baselirn:e 
developed in the 1'icebo:i:" is not relevant to test .for the effect of the 
signal in the a_~ccho:i.c char::ber. SS.::~ilarly, a ba::;0li11c develo;:sO. on a 
nieht Hshift 11 Cal4"'10t be used to test the effc:;ts o! tb::> 1/:"i"L"1wIIl sir,1~tl giv-cn 
during the day. DiscoD.raged L~,r the probl8:a or i:Jl aG.~qUz:tc bas0line, 
Haj. J!cn,~ain hzs ;cefrxL"1ed. frc.:-n usi.t1g baselines in his analyses of the 
exposure periods. 

It is rcco:rs1end~d that the initial period of ori0ri.t.1t,ion to ID1'f 
char1gc in condit..5.oa h3 considered as a so~·,.rce for ba3elinc For 
c:x:..1.mplc, after transfer fro~ the 11 ic0box11 to the .1r1echcic cbar.·:b-:::r, t!:e 
animal is usually te:;ted for a rr~b-::r of d~ts ,;,;ithout e:.q)osurc to the 
lllilli si£,rn~. A portion of this ucln.ptation period, onco tho p'.:rt.\n~bo.tio:1::; 
sot-Lle tlo11n, could be used. e,!3 the bo.!:3c ae;ainst 1':hich the effect:;; of the 
signal nhould be evalunted. ~spite the fc-•i,.;0r nu.."':lber of.:points c.vailablc, 
they GhouJ.d be used as baseline data for the pro:ticuJ..?r cc:,1pari::,::,:, under 
consideration. 

The i!3sue pointed 1.1:.u in this discussion is that th-~re is no gcnertl 
baselll18 for all co:r::biru.tions of test situ,:-.tion:z. Ch,1.nr;cs in test. 
sitll.3.tions see;n to produce more pronou..."tced effects than c;q:,osurc stir.roli. 

DIV1S10l! OF EXP03UllE FERIOD 

• 
In the ext:mt an::,,.lyr;es, l'.:tj. J.:cD.,min has cU.viclcd the exr,o:::ure 

period into tL·o equal $8[7,iGnts. Ee ha~ :r~c,'"'.~oncd that. :Lt' the ef.t·cct is 
cumul,?.tivc, the avcr:icc vetluc of the t:10 ccr:n:cnts should di.ff er -- the 
C1,"eatcr effect bc:i.nr: ob~crvcd in the occoncl .l::tlf of the c:9osurc period. 
'fhin o,no.ly~io lor;cs so::--.c vo.ln.::.i.blo irifor;:-.;d;ion. In the first place: it 
ci,vcs no :in.forr.,,tion ;.bout tho co"'pxri:::on of the o:-:p,o:;iu·e period v:ith tl:e 



ba::;ol:l.no period. Secondly, it m:wka the trend o:r tllo c.f.1:cct over time. 

· .'.\:t :i.3 reconm:cndcd that the cxr,03ure period be divided into more th:tn 
two scemcnt::;. In p::ir~icular, r::lncc it ir: ,'.,nticipated that the new baseline 

A ·periodo 11ill not cont:i.in many point::, (confer discussion in the previoun 
W section), it would be adv.:mt.1ccous to divide tho cx90:::m·e period into 

soeincnts equal in size to the ba:,eline period. 'i'he ru1cuyses, non
par.1metric analogues o.f antlyois o.f vari,:mcc, will h:wc tho follm:inr; 
advantacci:;: (1) a comparison with ba::;elinc: d:,.ta ,rill be ava:i.l:1blc, and 
(2) a trend would be more tliscernible ,md easily tested. 

STATISTICAL COliSID?:ll,\TIONS 
,, 

\·/here hypothenis are specific and direc, ~ontl; one-tailed tests 
should be uoed. T'no possibili·t:r, of ar. cnhai,·c(;lrnent effect on some 
functions under cxpozure ohould not be di::;c,,mted. Tue-tailed testo in 
these situations 1:ould leave the issuo oper. ended. 

It is reco=.endcd that the personnel at HRP.m continue using non
parai'Tietric statistics wherever .feasible. These ara the statistic:;; of 
choice since the distributions of r:12.rrJ" of the statistics uzed in 
bahaviorcl. measurcttent:J have no 1:;-io~m par.:i-.metric rcprc.santation. ~ther, 
they have &ood efficiency and the-.f are s:L"7il)ly and ec:sily calculated. 

It is also rec=endcd that the1'e calculation:; be done by clerical 
personnel trained a.nd supervised by Haj. 1-:cil1min • 

• TIONS AllD CO:!SULTAlITS 

• 

It is urecd th.'.\t the operational definitions of releva."lt concepts 
(ex. pause), thz specification of models, evaluation of effects of 

. malfunction, re,jection of inadequat(,; cl.at-a, and other such problmr.'> be 
discussed ,dth the e;q,ertiso available in-house at \·IRAIR. In particular, 
the services of Col. J. Brady ohould bs s~cured, since he is ::!l1 out
stand:L.,.g authority in behavioral r.1attcrs, especially those pertaini..."1g 
to animal behavior • 
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APPEUD.D:Es 

A, DOCU!-lE!!TS AND l·lATSRIALS EX!J-Ill:ED 

B, TASK SEQTJJEl;CE DUR11!G ,Uf.l:liA1 1S !.'ORK DAY 

C. E.l'.Al-lPI.:S IL1USTRATI?!G Cii'J:GBS 111 T"'d3T CO;?DITIOt!S 

D. VISITS M,'D CG:llll:,iTS 
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Al'PEIIDIX A 

• DOClJl•;I,:NTS AlJD Vu'.TEHIALS K{,i.1:IlmD 

I lfil. TI, CESARO I S OFFICE 

A. · Reports of pr. J. Shorp to ARPA 
1. Tiro b:wic series of r:;rnphs. These ,.,ere presented at the first 

briefing Dr. Shxcp gave to the Co:r.c1ittce late in 196B. 
2. Method rationale. 
3. Hork-stopp2.;;e descriptions 
4. An over ill description of the bch.::,vioral pro;;r-2.n, (Confer section 

relating to Dr. Sharp)• 

B. Reports of Er. Ccsnro based on Dr. Sh0rp 1s reports 
These included reproductions of th8 17aphs and rc;:,resent2.tive 
su:mnaries of the substantive material in Dr. Sh:,rp I s reports. 

II WALT&1 lli':SD - FOREST GLEN 

• 

• 

T'ne materials concisted of 8 note books contaL'1ing original and 
partictlly proces;;cd do.ta obtained from th~ various experi..--:1ents 2.ssoci:i.tcd 
with P2.ndora. T:1ese fell into ti-ro classes, fo'..U' not.ebool:s in e2.ch: · 
13::1:•;ic D-?.ta 1;ote E::,ok.3 t-.nd D:it.a AnoJ:vsis Eotc Books. The latter GJ.'"O'i.tp, 
prepnred by Laj. Ee ll1-:JJ.n, contain a ca.rc1:ul w1d t.norough analysis of r.1uch 
of tho beis:i..c data in the for:n of graphs and stntistical tests of' 
cign.i.ficance. 

Haj. HCIJ..1-:ain is continu.in[; the a...~alysis uhich, at present, is 
emphasi:;,inG co::iparisons behmen the first arid ::;econd h?.lves of tLc 
radiation period, The model under analysis 2.s:Jumcs the accumulation of an 
effect over the rad.int.ion period, .. ::··.:. '. -. : ~:-;~;.~ ::,_;,....;..,_ ........... ..:...:~ __ -... .. ...: 
-... .... ..:..:. .... ~.:..._ .. ~ 1-_ .... .:. .... ~, with tha effect increasing as the radiation continu:~s. 
l{J.j. HcTI'!-7.'.li...."l feels that, because of vm~im.LS technical change3 c::.nd 
dii'ficultic:i, th3 pre-radiation bJ.:::;clines do not ri:eet. str:L11~ent crit2ria 
for adx11.1acy and, consequently, hav,:i not been compared 1rith the :r·adi;;.ted 
periods. 

A. Basic Data l:ote Books 

l. D;,l rr0action Ti..1ne 

2. 

3, 

Genta.ins d::rta i'ro:n mon]-:cys 602, 683, 782_, and 7B3. Thora is 
some processinG (data reduction) in th,; f oli1 of means, n:cdi[L11S, 
vari:mces, m:d interqu:irtile ranees. 

D53 Jlnlti.nlc Schc<lttlc (P.-~ol: l) 
lhta book l'or animal::; J.'/0, ~.LG, 3')7, 673, nnd 9hG. It is indi
cated that non--e::qioscd D.P.iJ.nl:i 216 .:md 9U4 died. There is 
occasional cht:i reduction in the form of Q . 

DSh Mt!l t:i.nlc .SGhcorlt!lc (r.1nk, 2) 
iJcitci book lo:c o.rci.r.s'.11:: l'., 1, <;/J, 651, 700 c.ncl for tho tuo non
cxpo:,ccl aniTi!.'.tl!J, ill ;'Jill 675, 1:ho ,li.c:d tlurin::'. the e:-:porir.:cnt. 
There i:i ,;o~cc procc:;~in;:,: of tho cbta j11 tho for.J:1 of Jn;cdi,.m and Q. 

F•--··.~~ .. ~f - .......... • -~· -· ·, • • r· ,··,, ·••··•··•···~·-· .. ~ 
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l(cpc,i·fscb.ca "obt:cincd during the poriod l April 6') to 13 July 69. 
Reduced data is presented in the fonn of (')_, <½, Qy 

D. Data Antlysis !:Oto Books 

1. 15h 
Histol~.f of rnonfo:y fro:n Anril 66 to lfa.r 60. Book contains old 
data and old graphs to::;ethcr with n,m cr;:tphs and a larr;e rr.JJ:1b,:;r 
of stati::;tical tosts usuo.11:r co,,';)n.ri.ne tho first lulf ,;i th the 
latter half of the expo::;ure period. 

2. 673 
"iiisto:ry and analyzed da'ta f:rcm 3 Feb. 66 to 20 Oct.67. This 
a..l'"Ul:l.'.U uorkcd u:1dcr a large nll!i:ber of stirr.ulatL~g conditions: 
C\·T, the Wi'.A:Gl at .oo-5, .01, .1, 1.0, and 5::r.·r/crr.2. 

J. 681 

4. 

!ti.story arid analyzed data f:ro:;1 30 Aug.66 to 13 July 69. 
Ill'. S:1al"p rs graphs are coITI?ared ui th ovorla_ys prepared by 
llaj. J;cil,:ai.:1; and Dr. Sharp 1s ov2rlays are co;;:parecl with 
control data. 

V700 
Data, graphs, analyses, 
contains data frc;;i 683; 
statistical analjrsic. 

and statistic~l tests for V?OO. Also 
but this- data i·:a:::; not subjected to 

II DR. J. SE!.RP I S OFFICE 

• 

The last doc-cllllent prep:ired for ARPA 1,,J Dr. Sha..7J uas eo;npleted around 
Cctober 1969. It gi-v-es a succinct D.Ild clear sur7.12.17, .. of tJ1e t:,tpes of 
expcrL~ents he p~rf~3d, the results he obt~incd, and the rcco~-~en
clatior1s he r.iad~. 1%1zt of the results ,;ere negative. Ho"";-;2ve:c, t~;o 
phenorr.ena -- l:ork stor,::,~ce and IRT clist::-ibution sh:Lft -- were su.ggestizc 
of o.n effect. clue t.o r.:1cU.2.tion. 11 \·.1hi.l0 t!1e co.rlicr sto?:;:,.":.3es r.12.;-r ho.ve 
been questioned c:,,s related to an I e;,:plain2.ble 1 2.rtifact, the cur.:.ul~tivc 
evidence stronc;ly $Uer;csts c.?.ution i11 .::i.ccepti r1g this i11terpre:t.::t,J.on. L~ 
2.clclition, an in::;r.:cction cf -the then old d:itll stron:?ly su0r.·estcd to :::.e 
that the inti:r-~rCspons3 ti:-:-:3 (IIl'r) cl~ta fro:·.; th8 D~L co~p;ncnt 1;c-_3 shff.-:il1c; 
a sld .. ft l'ro::i the lbasc-li.n~ 1 level to .:i slo;-;er pGrfor:::ance p2.ttern 
folJ.mmd by a return to 1b::,,se-line I upon ce::;sation of exposure." 

Dr. Sharp sur;c;es:ts th.:it these prclininJ.ry f:LtdinGS be checked out on 
more monkey::; and i..'11 other 12.bo:-o.torics. Fer thG data q..t h~1.r1d he rccorr.r::cnds 
the u~e of a ba~elinc utiliz.jng ir.:111 d,1,ta gcnsr.:i.tccl after trair1i.n~ and 
bei'o~·e ey:po:.1.u-c 11 

r ,--, ..... -,_, __ ,. ·-
• _: : . .: :· • . • '. 1 • ' a 
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• TASK SEQUEl:c;:; mmn:G AHD-,AL 1S \-/OUK D,\Y 

Time Lirni t.:; Reward (Food) 

~yclo .....___ . S-:t1ucnco Task H:i.n i,.,_ 1..l Emcctcd Cu:n • l•;;,.-p • Pellets Cunulated 

1 1 TO 10 1 12 1 121 
2 ffi 10 1 15 I 27 1 5 5 
.3 TO 10 1 12 I 39 1 

1. D!U, 5 I 20 1 59 1 5 10 

2 5 TO 101 12• 12 1 

6 PR etc, •. 
• 

etc 

~XPLtJ.JATION 

• 

• 

1. TO: TiJ-:e OJ.t Period ( t•::ith !}31M.v Contin:ene:r). The a.nir:-tl I s 'Hork d3y 
hagins Hit:.1 t~u ri'O period 1:tlicfi.-i~ ch.::u~i:..ct,crizcd b-.f n. 3j300 hz ton-:!. 
His task is not to res,-;ond chtrin't the 10 minute noi'iod. If he doea 
respond (::•rit.'Fla bar pr'ess), the 't.j..:r:er is rczet a..;d t.he 10 n,inute 
period begins all over again, If the Mir.,tl does not respond for a 
completf3 10 nLtutc p·3riod, the tone ~oes off ~d a red. light cc:r:.0s on 
as a signal. Ez is then in the PR period. 

2. PR: Prof,I'cssivo l¼tio Period. The animal nou has to co::Qlcte LO bar 
presses to e;u-n one pellet o.t· food. }ihen thi.a pellet is delivered, he 
has to press 80 t:L'::<Js for the nc~:t pcllr,t; 160 tw.os for the thi::.·d 
pellet; .320 tir:,es for the fourth pellet; and 61,o tir.:cs for th0 fifth 
and last p0llet in this phaGe. ',i,mn the animal earns the fifth pellet 
of food, the red licht (?R sicni.ll) goes off o..~d tho 3,300 hz tone 
(1'0 nientl} co:-:1.es on asnin signtlling the n.ni."71al th:.1.t he is aca:in in 
the TO p(u·iod • 

.3. TO: Til::c 0' .. tt, P.:::ricd (-:;ith Dzl:1v Con-t.:tnr.:c1ic:v·). l!i0 t,?;.5k, as bBfore, 
Is to reJrain i'ro:n ren_:)onding lb.:'X p~"C!J:JC!S) for o. period of 10 vi.:.~utsn. 
As he co:npletes this TO phase :rnceessfull;r, the .3,JO·J hz tone ch:mr;es 
to a 1,400 hz tone. This nm1 signal alerts tlm ani.'ZUL that he is in 
the DRL period. 

h. DRL: Diffcrcnti:u. Rcinfo:,:ccnm:t (Iou !l,:,to) Period. In this phase 
tho anil;ml is to c~-:)lu..y fr.:.:: re::;pon3c, a G~ press, for a min:L":'luin of 50 
seconds. A resoons0 p.iven before the tcrminotion of t!'!o 5o sccor,d in
ter,r:u. would re:;>.'.)t th<J tir.:cr, ::rtartilit; a ne;1 50 :iccond i.nti,rv::u durin0 
11hich th<:! anirr.1.l hc.d to :-cfr:iin from re:;pontling • 

J.f the al1i.m,:tl did dcl:w for 50 
ol thcr of t,:o events occw."l'od; 

~ccon13 nnd then Jn::tdz h.i.3 rc:::pon:ic, 
tbm·e .,;,\:; a brier .fl;:;:;h of li,.;ht to 

r r"l-.r""!w;,~•'"'•"~.., •···· ••·, T':' - . .· . . . '. • 
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:indic::ito th:.t hi::; rosno;:::;o u:1::; :ldc,1u.:<tc or he rcco:ived :i poJJ.ut of food. 
l.i'hc rcluti\·o 1'rcqw:,w~- of light:. to food TI'ci:c: 2 :l, proc,x•x01n~d l.J.l• a 
15robabilit;)' 1:;cncr:itor. '.i'hus, ono thinl of tho correct, rcs11onscs 11crc 
rcu.:irdcd 1rith i'ood. 

This proccclttrc continued until the rutl1.cl received a tot:u of 5 pollcts 
in this (D;iL) portion of the cycle. 0.1 tha avc::-;:,,;o, then, thor,, 1:crc 
J.,5 succcs::iful responses durinr, a l)JL _sc:::;::::ion ar.::l 5 o:r these verc 
rcw:i.rded by food. 

/..fter receipt of tho fifth pellet thG l,hOO h:; to;io (Dill:. sic;mil) 
cha.need to on2 of 3,300 h~ ('rO sicn..tl).. This siQ1.:1.l :indicated t.o tt'..!3 
~..:i.l tha",;;. he t-ras than in a J.lO period. 

,5. TO: T:imo C\lt Period. (This:; inH .. o,ted L,o second cycle, ic.oatictl to 
tlie oneco::7?lete<l a£ Step 4 abov:,. SUc:1 cyclin~ continued 11until the 
animal receive<l its da.ily food 1•;,,• .• ion , . · until 10 Lc;:.;rs had elapse:J .• 11 ) 

:;o:-:MENTd 

• 

• 

1. One cycle is appro::,;::in,~tely one hoi.:r i.'1 dur'1tion. 

2. The r.tonkey 1 s 1,1eicht deterr.:inzs th~ nur.bcr of pellets ~ssisnsd. fo;:- hi~ 
daily ration. T'neso could rDnge, roughly, fro::. 70 to 100 peD.ets. 

,3 • Thus, tl:e r.!Onkey 1rith the heaviest 1-:orl< 102.d (roq-..dred to e2.rn 100 
pellot,s) could be c;:pzcted to fir:.i:;h 1ritl:.in 10 hourc. It, also 
.follOi"TS t!:at. the n:.onl~C--f 1•;-ith the lightest work loud (rcq'.ti.TCd to 
earn 70. pellets) would be eexpected to ,:ork about 7 hours per ck;:; • 



.. ' APPEIIDIY. C 

• EXAHPLE IIJ.USTRATil:J C!L\l!GBS 

Ill TEST co;rnI'l'ICI:S 

Place of Tim3 of Alone or 
'.i'ime Ep:Jch Test.in:; Testinr; ·with Others Other Conditions 

llFeb llEar "Icebox" Day Alon:J 

12Hnr 3Apr Anechoic Night Hith ft'673 

hl,pr - lliay Anechoic Day Alone New chair, new lever, 
new speaker 

(llApr - lJJ,!,J.y) WRAIR Signal 

2Hay - 25!-:ay Anechoic Night With /,1673 

(lll:ay - 6J1.L'l8) Control 

•- 6June 
11 Icebo:;:11 .Alone 

CO!'JHENTS 

• 

1. In order to :indicate the ch(ll1ges made in the envi;.non,-:mntal conditions, 
the time epochs, as presented, necesvarily overlap. 

2. A larc;e 
animal: 
ruri.mal, 

nw.ber of conditio!l~ uere varied during t:le testjng of thi:: 
"icebox" vs an-echoic, day vs night, alone vs ;-:ith another 

WRAIR signal OH vs WR.Alli sicno.l OFF. 

3. As a result, one could not attribute ~n effect to a sLri{;le factor 
uncontani.nated b:,' changes in te:it conciitions • 

nn"!'1:•-.•-t-.--· ..... •··1~c·z~ ... FF"-'~'? • 
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,.,. :.um CCT:-SllTS 
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3 I!ovcmbcr 1?69 n. Ces,iro, A. Rubenstein (Pcntacon) 

1. Yr. CcsaJ.'o nrr;cd a thorough ox.:i.rs.ination ·or the d'.l.tD. to determine 
what o.dditional r;.nalyses uerc nccess.:u-y to clarify the critical 
issu0s in the problc:n: 
a. whether an effect had bc•Jn ovtaincd 
b. uhcthar aIT.f of th:, nppro~,chcs 1:sed shoucd any pro:nise. 

2. Hr, Rubenstein sugi:::estetl n t: ?Jrchs:,:::ivc nnD.lysis of the baaelinc 
data and the develop;r.cnt of : .;,delo ::or the evaluation of an 0i'fcct. 

3. ARPAI S file on Pando:ca was :m:ide available for e=ination. This 
included the pror:;rcss reports and graphs prep.-ired by Dr. S!1a-rp 
and other administ.ra'C,ive :--oport.s pre9ared by Er. Cesa.1."o ut:iJ.i•t,ing 
Dr-. Sharp ts r.--~terial.. (Confe1' Appcn~"'{ A) 

14 lfovember 1969 

1. Col. E. &lcscher, A. Rubenstei.'1 (:'/alter Recd) 
a. Col. 1:eroncy could not nttcnd the t:Betina but appointed 

Col. Buescher to re~resent him. 
b. The purpose of tt'~r v"i.sit 1Jas discussed 1rith Col .. I!'w.es:chcr 

r:ho assured r;,,e and 1".!r. ftiJ.b0~1stein that thore uoilld be i\Lll 
cooperation from ~"!cJ.to1 .. Reed perso:t.!31 .. 

2. Col. E. Buescher, A. Rubenstein, Col. J. Brady, l,:Uj. J. liclluain 
(Haltc1· Reed) 

Col. &acly nnd J.'.aj. licil·,m.in joined the r:>.eetilir; and were 
briefed on l~h~t i;a:::: cli:;:cussed.. '.U1.cy indicated that the'/ 
would help in any ,ray the-/ could. 

3, llaj. J. ?-,clluain (1!alter Reed; Forest Glen) 
In this cecting, ;:aj,. Ecll,-;2in preser.ted the Y~ious 
analyses of the data he had completed. 

20 l!ovenbcr 1969 (I/alter Recd, Forest, Glen) 

Thia day 1:ns spent OY,.r! .. 1?inin13 th~ dut.-~ obt.:iincd duxine the variou$ 
o,:pcrir:-:cnts o.s::;oci:itcd i•:ith Pc.:1dora. The bo::ic d0.ta, the derived 
data., the r;r.::.phs ~d te(it~ of 5i;~nificon~c 1:cre includ8d in eight 
(0) D,lTA J;O'i'li: B(XJl:S. (Confer il.pr,cndix A) 

?.h 1'.ovc:,,ber 1969 ,1. Sho.rp (!J.bany) 

1. Dr. 5'1;:,rp strc:;:;cd the fact tlut the 3Cric::; of c:;~1crfr1crrt3 
contlnctr.d by Jllm ;;ere Jll'•)l:irc.1.n:cry in n·,ttu·c pilot c::-:pcri-
r.:cnt!::. Con::;0.qur::ntly i:c con:.:i(lc1.·•::d lz.i;; rc.:port::; on tl1e:::;c 
cxpcr i.:::cn t,~ o.~ il1(Uc:1t:i.11r~ pr-0 1101; ,'\ t.i vo not cJ.1;fi.r.i ti Ye trc nd:l. 

··l L ...... . .. ~ , .; 
, 'I 

l A ~•- : •,. 



.. 

• 

/ 

• 

• 

·, ~2 . . . 
• 

Ad'~'·'·•" ,.·,;·~ ....... "~••"""'"""~*'IT•·''"···-••.,-,,--•-,-•- ----,.......,.~,.,~~•"-1.+ .. ii""" .. ~--~~i; -v\~i, .. ... : ...... 4 _1, 

lb fcelt that ::;::,~c of the rnn:J HlLi.ch wore free of nrtif;ict.3 
point.,:;d t.o nrr ch3.n::;cs ~nd Work St.o;,p~r,cn o,;; pos.:;ibly dur.: to 
cxpo:::nil ... C, 1•t1:;:;c, l:o sur;ccJtcd ::;hould bo co.rc[ully v.r1.1J..y7,c(l 
and rc-plicatcd, if po:;::;iblc, by independent invc:;tica.tor::;. 
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PAc/00:U MEETING OF JANUARY 12, 1970 (U) 

Herbert Pollack, M. D. 
iiarch 23, 1970 

'7h.-... P~✓ 

Minutes Respectfully Submitted by Lysle Peterson, Chairman 
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- MINUTES OF PANDORA MEETING OF JANUARY 12, 1970 

Meeting: Convened: 0930 

~ Meeting Adjourned:. 1600 

DA IDA Rm. No.: lOKS 

Attendees: 

Science Advisory Committee 

Dr. Joseph E. Barmack 
Dr. James N. Brown 
Dr. H. Allen Ecker 
~eneral Carl Huqhes 
Dr. Joseph Kubis 
Dr. Lysle H. Peterson, Chairman 
JI'. Herbert Pollack, Secretary 
Dr. Lawrence Sher 

(approx:imately) 

Walter Reed Army Institute of Research 

Colonel Joseph V. Brady 
Dr. Thomas W. Frazier 
Mr. T. Daryl Hawkins 
Colonel Merrill C. Johnson, 
Major James T. Mcilwain 
Colonel William H. Meroney 

Mr. Albert Rubenstein, ARPA 

Mr. Richard S. Cesaro, ARPA 
Dr. John J. Collins, (CNO), USN 
Mr. H. Mark Grove, Wright-Patterson AFB 
Mr. Harris B. Stone, (CNO),.USN 

I. Background of this Report (U) 

(S) Certain events presumed to be threatening to the national 
interest served.as. a basis.for ARPA's support of project Pandora. 
WRAIR was.given funds and responsibility in early 1965 for research 
to evaluate the threat, since it appeared to have strong behavioral 
and biomedical implications. ~he WRAIR charter included in-house 
and extramural contract'activities. The intramural program was 
largely, but not exclusively,directed toward evaluating behavioral 
end points using the WRAIR (special) signal on primates. The ex
tramural support was largely biomedical. 

(S) Prel:iminary analyses of in-house results presented by 

•

Joseph Sharp of WRAIR in 1967 encouraged the belief that the 
ial signal altered primate behavior. Moreover, preliminary ex
ural cytogenetic and histological studies of the brain suggested 

that comparable energies were damaging to tissue. 

... 
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(S) The Pandora Scientific Advisory Committee (SAC) was appoinced 
in 1908 to provide advice for the development of the research prog:-am. 
The initial presentation of the in-house ~IRAIR data to che SAC consisted 
of the citation of selected cases and samples of the raw data. Requests 
wJre made by SAC for a fuller presentation of the material, since a 
choice of future strategies and methodology depended on the validity of 
the reported findings. By this time Dr. Sharp had left the Project,and 
an efforc to be responsive to the Commiccee was made by Dr. James Mc
Ilwain of WRAIR. Dr. Mcilwain's analyses suggested, in contrast to the 
initial analyses, that if the signal had an effect .on behavior, it was 
so modest as to be obscured by effects of experimental,procedural varia
tions, which were a result of the exploratory character of the early ex
perimental program. Furthermore, continued extramural cytogenetic studies 
did not confirm the earlier reports of changes in tissue exposed to the 
signal. 

(S) The apparent differences of initial and later experimental 
findings are significant from a research management point of view and 
should be assessed within the context of the following concurrent events: 

l. The realization that .research in this field is comparatively 
costly in equipment and effort and that large sums of money 
have already been allocated to equip a new laboratory at 
WRAIR and at Johns Hopkins University. Further, management 
of this highly technical facility and the experimental pro
gram requires high level behavioral, biomedical, and engineer
ing capability. 

2. Definitive research in this area will also require work with 
human subjects, and ethical procedures for working with hu
mans may conflict with security needs. 

3. The prescription against OOD support of basic research, unless 
it can be shown to have relevance to national defense and the 
recent general drying up of research funds generally. 

( S) In ·.view. of these considerations, research progra.11ming decisions 
are particularly dependent on whether the early WR.AIR reports (to the 
effect that the.signal does affect behavior) are correct or whether the 
later analyses refuting these·reports are more credible.· Because of 
his special competencies in statistics and experimental design, Dr. Josepl 
Kubis, a member of SAC, was asked to do an intensive evaluation of the 
procedures, the protocols, the data, and the assumptions on which sub
sequent interpretations of the data were made by Dr. Sharp and"Dr.·Mc
Ilwain. 

(U) What follows in Section II is a summary and elaboration of 
Dr. Kubis' report agreed upon and accepted by members of the Scientific 
Advisory Committee. 

,!:"',t"-;"'- ....., -.~ 
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II. The Committee's Resume of the Kubis Report (U) 

(S) The earlier demonstration that the signal has an effect on 
primate behavior relates mainly to the procedures Dr. Sharp applied. 
To make the allegation credible, it should be demonstrated that a 
statistically significant rather than a chance difference exists be
tween experimental and control conditions. Dr. Sharp's treatment of 
the experimental and control conditions can account for some part of 
the difference in effects.. However, for understandable reasons, to 
be elaborated below, Dr. Sharp's evaluation did not adequately demon
strate the difference defined above. 

(S) Dr. Mcilwain's treatment of the data and associated experi
mental procedures was detailed and critical. However, if the error 
of obscuring an effect which may be there is to be avoided, certain 
additional statistical treatments are suggested. Moreover, it is 
SAC's judgment that any signal effects that can be teased out by fur
ther statistical treatment will, at best, be minor in comparison with 
effects generated by a host of procedural manipulations, some of which 
are intentional and some unintentional, which is characteristic of 

llllii.,_st exploratory or pilot studies. 

• (U) The differences between Dr. Sharp's and Dr. Mcilwain's analy-
ses are summarized below under the following headings: 

A) Assumptions and Criteria; B) Contamination of the Control 
Condition; C) Contamination of the Experimental Condition and D) 
Statistical Treatment Problems. 

A; Assumptions and Criteria (U) 

(S) Both Drs. Sharp and Mcilwain assumed that the effects (if any) 
of the signal on performance would be deleterious. Dr. Sharp was look
ing for performance impairment on any subject and in any temporal form, 
i.e., sudden, progressive, et cetera. This approach is advisable for 
an exploratory effort. However, with small numbers of experiments, 
subjects, and varied procedures, the dragnet approach makes the investi
gator vulner·able to confusing a random variation with a significant one. 

( S) Dr. Mcilwain assumed. ,in most of his analyses that the effects 
are cumulative and that performance could be worse in the second half 
of the exposure period than in the first half. This is a reasonable as
sumption, but the data do not support this assumption of how the signal 
might function. The signal might indeed affect behavior and animals se
lectively, but if it does, then stable baselines are essential for such 

Afects to be demonstrable. The lack of stability of the baselines is 
W, scussed later. 

B. Contamination of the Control Conditions (U) 

(U) Dr. Sharp's and Dr. Mcilwain's approaches differed on the nature 
of the control conditions employed in these experiments. Dr. Sharp 
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used baseline data obtained from all sections of the extensive ex
perimental protocols so long as they were "after training and before 
exposure." Dr. Mcilwain assumed that with so many changes in experi
mental procedures, no adequate baseline could be established. As a 
result his analyses were confined only to the experimental condition. 
As mentioned before, these analyses rested on the assumption of a 
cumulative effect. 

(U) When changes in situational conditions produce. pronounced 
nonexperimental effects, it is rather clear that baselines following 
such changes become heterogeneous. Lumping them together does not 
provide an adequate base for evaluating specific experimental effects. 
Thus, Dr. Sharp's findings cannot be supported. On the other hand, 
Dr. Mcilwain's negative findings cannot be entertained with confidence 
unless an analysis of available protocols is made to show that there 
are insufficient data points to provide an adequate baseline. 

(S) What is critical, moreover, is the unknown effect on base-
lines produced by the numerous changes in the experimental environ-

•

t (icebox vs. anechoic chamber, night vs. day, alone vs. with other 
mals, et cetera). It is a problem to determine when that baseline 

reached asymptote after it has been sharply shifted by the changes 
in the experimental environment. When these shifts in baseline are 
much more pronounced than any changes by the experimental signal, one 
is inclined to view the effect of the signal itself either as "subtle" 
or of doubtful, practical significance. 

(U) In addition, the cyclical nature of both the control and ex
perimental conditions (which is necessary when working with a single 
animal who serves as his own control) can be self-defeating if the ex
perimental condition produces a cumulative and permanent effect. Un
der such conditions the control (absence of signal) period becomes 
contaminated by the lingering effect of the previous experimental con
dition, thus making subsequent comparisons between the two conditions 
nondiscriminative. 

(U) Under .the conditions of these experiments the problem of base
lines is beset with theoretical difficulties. However, the possibility 
of their use can be evaluated on the basis of the data available for 
each specific change in environmental condition. 

C. Contamination of the Experimental Conditions (U) 

. (S) Neither Dr. Sharp nor Dr. Mcilwain regarded the experimental de-

• 

itself as a significantly limiting factor in the analyses of the 
. Dr. Mcilwain, for example, divided the experimental condition 
equal time segments and tested for differences in effect between 

the first and second halves. There is, however, a possibility of con-
tamination of the experimental condition in terms of its interaction 
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with the changes in the environment under which the testing was done. 
Unless the interaction effect is explicitly planned for and evaluated, 
the experimental condition may be producing effects magnified under 
some conditions and reversed under other conditions so that a "dele
terious" effect could be inferred in the first situation and a "bene
ficial" effect in the second. Such paradoxical results may be the 
outcome of continued analyses where the possible interaction effect 
has not been isolated and explained. 

(U) Both control and experimental conditions could be contami-
nated by the presence or absence of a ''Weekend effect," when a signifi
cant change in the level of the background noise occurs in the laboratory. 
The data were not analyzed to determine whether this condition affected 
the experimental and control conditions differently. Similarly, equip
ment malfunction disrupted performance during .control and experimental 
conditions, but no statistical analyses were provided to determine 
whether this was a differentially significant constraint. 

D. Statistical Treatment Problems (U) 

• (U) Dr. Sharp's and Dr. Mcilwain's approaches each provided some 
statistical analysis of the data. Dr. Mcilwain's statistical treatment 
was more extensive and utilized some relatively simple but effective 
nonparametric procedures. 

( S) Dr. Mcilwain seems to have shown that there are no consistent 
differences between the first half and the second half of the exposure 
period. According to his assumption that an incremental increase in 
effect should be expected, the results are negative. The possibility 
that there was an initial effect which persisted at about the same 
level during the exposure period is not to be ruled out by Dr. Mcilwain's 
analysis. 

(S) There are selection and computing problens associated with 
Dr. Sharp's pres~ntations. On the basis of these difficulties it can
not be asserted that Dr. Sharp had established the existence of an ef
fect due to the experimental signal. No written report has been produced 
by Dr. Mcilwain due to the pressure of time. The conclusions herein 
expressed are based on limited visual examination of notebooks contain
ing such data, charts, and graphs. 

(S) From the overview available to SAC of both analytical approaches, 
SAC has concluded, regarding the experiments considered to date, that if 

•

there is an effect of the signal utilized to date on behavior and/or bio
edical functions, it is too subtle or insignificant to be evident. 

III. Summary and Recommendations (U) 

(S) A. The research effort mounted by WRAIR to date has been ex
ploratory and consequently diffusely programmed. No definitive answer 

"' ;,er \1-\ -~- i l ,f , 
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to the question of whether the original signal has any effect on the 
performance of operantly- conditioned monkeys has been provided to 
date. However, since no clear and strong effects have become apparent 
with the v/RAIR signal, the findings thus far can be regarded as nega
tive. Any plan to renew an animal (primate) study should be care
fully reviewed and critically evaluated by an expert scientific and 
research management body •. 

(S) B. The WRAIR signal is composed of selected components of 
the original complex signal. The negative results may be considered 
as due to the fact that inappropriate aspects of the signal were repli
cated. If additional major research were to be mounted regarding' 
Pandora, attention should be given to the original signal. 

(S) C. Consideration has been given to the matter of planned 
human experiments using the WRAIR facility and signal. SAC concludes 
that, based upon existing information, there is no evidence that no 
permanent, deleterious effects are to be expected. Also, it appears 

•

hat security and ethical questions have been resolved. However, SAC 
lso concludes that it is likely the results of human experiments would 
e indistinct in the same way as those of the animal experiments. Thus, 

additional expensive and time-consuming human experiments might raise 
the same questions as raised by the animal experts, including the ques
tion of the appropriateness of the selected experimental signal. There 
are, however, differences between the human and primate, for example, 
the size and shape of ~he skull. Furthermore, it should be recalled 
that little investigation was performed in the animal experiments re
garding biochemical and clinical effects. The animal experimental end 
points were essentially behavioral. 

(S) D. A decision about whether this field as a whole warrants 
a high priority cannot be made in isolation from a knowledge of other 
problems involving threats to the national interest. SAC has not been 
privy to other efforts. It may be assumed that continued medical 
follow-up of personnel exposed to the original signal has been de
veloped, but no details on such a follow-up have been provided. There 
do seem to be certain investigations which could be performed that 
might shed further light on possible effects of the original signal. 
If,however, such work is not being done, we believe it useful to sup
port a study to consider such activities. For example, individuals 
assigned to selected posts are examined before they leave and at six
month :intervals. The exa~ination should include comprehensive bio
chemical, medical, biomedical, and psychometric performance tests that 

•

uld plausibly detect any changes. A control group would be essential. 
on the basis of such a systematic study significant differences ap

ared, we would recommend the focal research cited abcve be given a 
high priority. 

Respectfully submitted by Lysle Peterson, Chairman 
me 
Date Typed; March 23, 1970 
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March 31, 1970 

Mr. Richard S. Cesaro 
OSD/ARPA/Advanced Sensors 
Rm. 3E189 
Pentagon 
Washington, D. c. 20350 

Dear Mr. Cesaro: 

The minutes of the Pandora meeting of 
January 12, 1970, contain a grammatical error 
of a double negative on page 6, paragraph C, 
line 2. 

The sentence should read, "SAC concludes 
that, based upon existing information, there 
is no evidence that anv nermanent, deleteri-
ous effects are to beexpect:ed" rather than 
"SAC concludes that, based upon existing in
formation, there is no evidence that~ per
manent, deleterious effects are to be expected." 

Yours truly, 

?J?c~-yJ (lu:i.,,1d,-:_ 
I 

r~orilyn Chanda 
Secretary to Dr, H. Pollack 

\ 
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SUDJECT: Project PAlmORA - Prelimin:iry Aercemcnt for Transfer Plan~ to U~S. 
Army 

Over the past four years, All.PA suppo1·ted tho initial rese:irch on Pro;ject 
I'ANOORA on a high urcency basis. Durinr; this period quick II fix" labora
tory facilities were procured and inatalled for early Pilot Experiments 
at WllAIR. Subsequently, ARPA provided funds for establishing a new re
search facility at WRAill for observation of biological effects caused by 
electro magnetic radiation especially those in the micr~.avc region of 
the spectr\llll. This facility has a photo laboratory, a ncuro-chcmistry 
laboratory, a neuro-ph}•siology laboratory, a behavioral laboratory, com
puter and auxiliary software as well as other essential elements to carry 
out the important scientific work. 

ARPA has now cornplctcd the role it normally plays "in the ron as regards 
to mm rc~carch activities. He have also observed that your interests, 
competence and participation as Ail.PA 1s Ao;cnt in this area of reoearch, 
all indicate that you should continue to carry on future worl: in this 
field. Accordingly, when AllPA phases out of tho project in FY-1971 H 
is proposed to transfer all the equipment and t,he new facilities at HRAIR to 
the U.S. Army, provided that the U.S. Army agrees to accept the responsibility 
for tl-1e opcrating,_the facility and for the conduct of R&D on the effects of 
microwave radiation on living systems • 

Preliminary agreem,mt between U.S. Army and ARPA is necessary so that all 
formal action for transfer of the project and associated facilities at 
WRAIR can be effected at an early date. This document is a preliminary 
step to be followed by formal transfer. 

COORDINA 
I! A ·EHT'\. \ 

,JZ\)>1j ~~ 
Richards. Cesaro 
Director 
Advanced Sensors 

Date: 20 Mar 1970 

Will::: ((l!?.:1 
Colonel, MG, USA 
Director, ~ffiAIB 
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Agreement Transfer of Project PANDORA 

The Advanced Research Projects Agency and the Department of the 
Army have established an agreement for transfer of the ARPA PANDORA 
Project to Walter Reed Army Institute of Research. The PANDORA project 
includes all work executed or being executed under ARPA Orders 791, 79b 
945 and 1508. The preliminary agreement entered into by ColoneITvilliam ·-.. K:feroney (U.S. Army/WRAIR) and Mr. Richard S. Cesaro !ARPA/Advanced 
Sensors) for the transfer of project PANDORA is hereby incorporated as 
part of the final transfer plan. In addition, the following items apply: 

a. ARPA will transfer $ZOOK in FY-71 as final funding of the oper
ations at the WRAIR. This will cover residual PANDORA testing, and 
other important microwave experiments on bio-life systems as well as 
the utilization of the new laboratories and instrumentation which were 
procured by ARPA funds. 

b. The extent of the FY- 70 and prior year funds committed by ARPA 
Orders l 508 and 791 constitute the total commitment of ARPA except for 
the aforementioned $ZOOK. Any residual unexpended balances applicable 
to these Orders may be applied by the Army to extend existing contracts, 
as necessary, or should be reported to ARPA (Program Management) for 
withdrawal. Funds committed for payment of unliquidated obligations 
against ARPA Order 792 (Electronic Instrumentation for Biomedical Tests) 
being executed by the Air Force Systems Command Avionics Laboratory, 
and ARPA Order 945 (Electronic Support) executed by the Army Missile 
Command will remain at these agencies for ~upport of the PANDORA and 
follow- on efforts. 

c. All equipment and facilities procured by WRAIR for the PANDORA 
Program with ARPA funds to be transferred to WRAIR. 

I 
d. Security: Special limited distribution documents are to be retained i / 

by WRAIR. At such time as these documents are no longer required, they ·( 
shall be destroyed with appropriate accountability as set forth in the regu- / 
lations. 

c. No personnel or personnel spaces are to be transferred from 
ARPA to the Army for the accomplishment of the subject project. 

"'LIIS r,,.., ...... -"r l1~S r,•T•., ,.,,, .. · ... :·,.J 
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It is agreed that funds for the microwave research on biological systems 
and the support of the new laboratory and related facilities will be provided 
by the U.S. Army in FY-1972 and beyond. 

This transfer plan shall be effective on I July 1970. 

E. Rechtin 
Director 
Advanced Research Projects Agency 

1 5 JUI/ 1970 

2 
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A. V-l. :Setts 
iA. General, USA 
Chief, Research and Developrnent 
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.While the public’s understanding of the effects of unnecessary ion¬
izing radiation the increased, controversy as to the effects of ionizing
radiation at low levels continues among the scientific community. All
of these problems should be of immediate concern to the medical pro¬
fession, the consumer, the taxpayer, and the Congress.

Today the committee expects to be informed of the research con¬
ducted on the possible effects of nonionizing radiation on human
health and the environment. Preliminary work undertaken by the
committee indicates that this is a highly controversial subject.

Today we will hear from several experts from the military and State
Department and learn their views on the present state of knowledge,
the research currently being conducted, and their views on the ade¬
quacy of present standards.

Unfortunately, several experts who have previously testified as to
findings of potentially hazardous effects are unable to testify today.
Nevertheless, the committee is interested in hearing from all inter¬
ested parties, and if necessary, supplementary hearings on these issues
will be held at a later time.

The first witness this morning will be Herbert Pollack, M.D., Ph. D.,
Office of Medical Services, Department of State, Washington, D.C.
STATEMENT OF HERBERT P. POLLACK, M.D., Ph. D., OFFICE OF

MEDICAL SERVICES, DEPARTMENT OF STATE, WASHINGTON,
D.C.
Dr. Pollack. Thank you.
Mr. Chairman, members of the committee, your letter of invitation

stated that you were particularly interested in receiving a brief sum¬
mary of the Russian irradiation of the Moscow Embassy and a brief
discussion of the study to be performed by the Johns Hopkins Uni¬
versity. In addition, you continued, “The committee would appreciate
receiving my views on the current knowledge of and research being
conducted on the effects of microwave radiation.”

These are two distinctly separate topics, and I will leave it to the
chairman’s discretion as to whether he wants to ask questions on the
Moscow situation at the completion of that part of the presentation
before going on to the discussion of the second topic. I would, in fact,
prefer this procedure.

Your letter of invitation was addressed to me directly and I shall
respond in that vein. My background in the academic world is seen
by my title of professor emeritus at George Washington University.
I am an independent medical consultant who has been associated with
microwave bioeffects programs for over 15 years. Because of this
background, I am a charter member of the Electromagnetic Radiation
Management Advisory Council (ERMAC) and continue to serve on
this Council.

I am not a career employee of the State Department but an inde¬
pendent consultant. The views that I express are my own and not
necessarily those of the State Department.

I am in hopes of clearing up much confusion and misinformation
about this situation.

In the early 1960’s, the Advanced Research Projects Agency of the
Department of Defense put a requirement on IDA to review the then
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current status of the biomedical effects of microwave radiation. Being
the only medical man in the institute, the requirement was placed on
my desk. My life has not been the same since. From the very first look
at the situation it was apparent that there was an abundance of Soviet
literature in the field which was difficult to interpret. A study was con¬
tracted to collect and review all relevant Soviet publications.

About that time, the then “secret” story of the microwave radiation
of the U.S. Embassy in Moscow was revealed to us. Although it seemed
highly unlikely in view of the signal characteristics but in view of the
backdrop of the Soviet publications and in order to leave no possible
stone unturned, amongst the list of possible reasons why the Soviets
were carrying out this activity was the question as to the effects on
man. With this question in mind, the Department of Defense devel¬
oped the Pandora program, which basically was to expose monkeys—
trained in certain procedures—to a synthetic Moscow signal, much
stronger than the actual one in hopes of speeding up any effects, and
then to see if this exposure altered their learned behavior. There were
many problems with this experiment, but the final conclusion of the
review committee was that under the conditions of the experiment
there were no observable effects on the behavior pattern of the irradi¬
ated monkeys.

Now to get back to the actual story of the Moscow signal. While it
is believed that the signal may have existed from time to time as early
as 1953, it was not until the early 1960’s that the State Department
had the appropriate equipment on site to adequately verify and begin
to characterize the signals’ parameters. By early 1963 a recorder was
monitoring the presence or absence of the signal on essentially a 24-
hour basis. The maximum level of the incident radiation was less than
5 microwatts per square centimeter.

To achieve maximum exposure an individual would have to stand
in front of an open window in the strongest part of the beam for all
of the time the microwaves were being transmitted. It is evident that
nobody had maximum exposure. As a matter of fact, the Moscow wind
is very cold and I question whether people even opened their windows.

These radio waves originated from a single source west of the chan¬
cery and were focused on the upper floors of the central portion of the
building. The records show that the responsible officials of the De¬
partment of State including the successive directors of medical serv¬
ices from the very beginning investigated the possible health effects
from exposure to this level of microwave. Consultant medical experts
assured them of safety, and medical record reviews supported their
point of view. Since no known health hazards were involved, staff
were not officially informed of the presence of these “waves” at that
time. I was one of the medical experts consulted at that time by the
then Medical Director, Dr. Woodward. His memo to that effect is
still on file.

I will give the specific frequencies and other details so that these
are available to anyone who wants to assess the situation. The origi¬
nal signal which continued until May 1975, consisted of usually mul¬
tiple microwave signals, transmitted in any one of three different
modes. These were in the range from 2.56 to 4.1 mega hertz, with occa¬
sional variations. The modes were typically assumed in sequence, with
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each mode being on the air no more than about 6 hours and the signal—all three modes in sequence—was never transmitted for more than about
48 hours continuously. The radiation level between August 1963 to
May 1975 remained at approximately 5 microwatts per square centi¬
meter at the strongest point of the beam on the west face of the Em¬
bassy building. Over a 1-year period this signal was on the air about
one-third of the time.

In January 1973, another Moscow signal similar to the first one
was detected. These transmissions were discontinued on March 2,
1973, and reappeared briefly on February 1, 1974. Most recently, on
May 28,1975, the latter signal wasagain redetected.

This signal originated from the east, whereas the first signal source
was from the west. The newer signal is an unevenly distributed, wide¬
band, noise-modulated, microwave transmission. The second mode ex¬
panded the frequency coverage from approximately 0.6 to 9.5 giga¬
hertz. In August 1975, another signal originating from the south was
detected. These two signals displayed equivalent spectral modes and
have been present almost daily since that time.

To monitor these signals and determine trends in radio frequency
power levels and activity patterns, both signals are continually re¬
corded. The monitor system records equivalent energy levels in dis¬
crete bands. Initially their activity averaged about 10 hours per day
and for several months increased to a maximum of 18 and 20 hours
a day.

Since February 1976, the activity periods have decreased to the
present average, typically about 8.5 hours a day during the work week
with only minimal activity on weekends.

Present modal power can be separated into the following general
frequency bands:

Mode1, 0.6 to 2.2 gigahertz.
Mode II,1.8 to 3.8gigahertz.
Mode III,4gigahertz and above.

Modes II and III are the most often observed modes for both the
east and south signal sources. Both signals had originally utilized
mode I. At present the southern source transmits in mode I, II, and
III simultaneously and only in 30 minutes to1hour segments.

The technical evaluation of the signal for potential health hazard
characteristics was concerned with identifying the physical parameters
of the RF signal for discernible modulation, pulse train content, and
trends in RF levels. When the source of the radiation shifted from
the west to the east and was supplemented in August 1975 by another
signal from the south, the resultant maximum incident radiation was
measured to be as high as at 18 microwatts/cm2 at times. Pulsing or
instability of the signal appeared for a while—in contrast to the con¬
tinuous wave present since the beginning. This combination of cir¬
cumstances resulted in a reassessment of the situation at that time.

A complete review of the medical records of the staff and their de¬
pendents was repeated at this time. This review in December 1975
again resulted in finding only the usual health problems of a small
population group. The decision was made to brief the officers and
staff and dependents about the existence of these microwave non¬
ionizing radiations. The incident radiation at its maximum did exceed
the Soviet occupational standard of 10 microwatts/cm2, though—and
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please remember this—it was far below the United States and Western
. European standards which are1,000 times higher.

It was decided that installing protective screening would attenuate
the radiation intensity to miniscule levels within the chancery, thus

attempting to alleviate the anxiety which might arise from the knowl¬
edge of the presence of the signals. I reemphasize that at no time has

there been any evidence of health problems related to these very
levelsof nonionizing radiation. . , . -

The screening was installed during the period of escalation of the
intensity of the incident radiation purely as a prophylactic measure> as
we did not know how high the Soviets would go. It should be recalled
that any incident radiation above the Soviet occupational
was objected to by Embassy personnel regardless of the U^S. standard.
As I will point out later, the Soviets are currently reassessing their

standards.PAfter the screening was installed, the S?Ve^,
the intensity to about the 2 microwatt/cm2 level inside the build
ing—and the screens reduced the inside level to less than one-tenth of

^/view'of expressed concerns about possible, effects of exposure to
microwaves, it was decided to support a biostatistical ®Plde™^study of the staff and their dependents who had worked or lived m
the Embassy since 1953 even though the focused beam was first
identified in 1962. For comparison, employees and their dependents
from some of our other Embassies in Eastern Europe also. were to
be studied. It is to be expected that such an epidemiological study will
bring out any differences in health and longevity. It may be possible
to differentiate radiation effects, if any, from other environmental
factors. Our other Eastern European Embassies have not had any
radiation to the best of our knowledge. They have J’een checked.

A contract for such a study was signed with the Johns Hopkins
University School of Public Health, to be carried out mThe^Depart¬
ment of Epidemiology under the general guidance of Prof.Abraham
Lilienfeld. Such an epidemiological study is confronted with many
administrative problems such as the difficulty m locating persons w
have resigned and are not on the pension lists-FSO’s are not on social
security but have their own retirement system.

The military attaches, the marine guards, the Agriculture Depart
ment attaches, the USIA personnel, all have different
systems. Each one has to be learned before we can locate the Pommel
assigned to Moscow. In any event, these problems are being solved
slowly but surely, and by April 1978 is it hoped that a final report
will be received. This report will be made available to any and al
interested parties. It will not be kept classified.

One advantage of thisstudy over others isthat:
In the Moscow Embassy, owing to the 24-hour consta,nt recordi g

of measurements of the radiation locations and levels, it is possible
to make a good estimate of the maximum microwave radiation to
which an individual may have been exposed since 1962. Prior to
that time, the assessment would be very gross. None of the remote
apartments or the Spaso house have been irradiated. In Moscow about
half of the personnel live in apartment houses apart from the
chancery. About half of them live within the chancery. Within the
chancery complex including the two wings, the radiation was focused
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above the sixth floor, and from. 1953 to May 1975 was limited to
the west facade. The measurements indicated that the radiation was
not uniformly distributed and varied considerably even in these areas.
Fortunately, we have records of the variations.

From June 1975 to date, the radiation has been directed at the
south and east facades. By locating the work area—office—of the
staff person, and the living quarters—whether at the chancery and
which floor and side of the building, or in an apartment away from
the chancery—there is enough information to estimate the levels of
radiation, if any. The numbers of those who encountered maximum
Moscow radiation are small, but if there was any impact on health,
it should be seen in the statistics developed by the Johns Hopkins
study.

Since early February 1976 and through the present time, members
of the staff of the American Embassy in Moscow and their dependents
have voluntarily submitted for serial blood counts. The counts and
duplicate smears have been evaluated in Washington, D.C., by an
independent laboratory as well as by our laboratory in Moscow. The
original purpose of this program was to see if serial blood counts could
be used as an indicator of pending health problems.

A review of the blood counts showed that about one-third of the
people, regardless of place of work, residence, or date of arrival in
Moscow, demonstrated a benign, mildly elevated lymphocyte count
compared to several hunderd Foreign Service personnel who had come
through Washington from other posts. Foreign Service personnel are
subject to the same type of vaccination procedures. We had to comparewith those people who had been essentially through the same pro¬
cedures. The absolute counts as we obtained them were only slightly
beyond a broad range of variations found around the world.

There have been no medical ill effects observed in individuals whose
lymphocyte counts have been elevated. The condition disappears after
departure from Moscow.

The elevated lymphocyte count noted is similar to blood changes
seen during periods of acute viral infections. However, clinical
symptoms of viral diseases have been variable in the community during
the testing period, and this explanation thus cannot be confirmed.
Other potential causes, such as pesticides, water contamination,
giardiasis, et cetera, also have been closely evaluated as the cause of
the elevated lymphocyte counts. There is the possibility that giardiasis
mav be the guilty party.

To analyze any possible relationship to microwaves, the blood counts
were prouned into the followingcategories:

A. People who were working and living in Moscow prior to Febru¬
ary 7, 1976—the date that radiation was reduced and the protective
screening was installed. Subgroups were analyzed as follows: One,
those living away from the chancery versus those living in it; two,
those on the seventh floor and above, and those working and/or living
below the seventh floor ; three, those working on the seventh floor and
above, and having west window exposure, and those having east and
south exposure before May 21, 1975; and four, those having east and
south exposure from May 1975 through February 7,1976.

B. Those who arrived in Moscow after February 7, 1976, when
radiation in the chancery was miniscule.
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Analysis of the data showed no difference between any of the
above groups.

Blood counts in children are quite different from those over 21
years of age. While we continue to check the blood counts of the in-
iants and children, they are studied as a group independent of the
adults because their counts are so different and. fluctuate so widely.

Another group of people also were checked to evaluate long-term
effects: the returnees from Moscow to Washington, D.C. It was found
that all counts were at the same level as all other Foreign Service
personnel after the returnees had been in the United States of America
for over 2 weeks and up to 1 year. These tests proved that, whatever
the cause, the lymphocyte elevation was completely reversible and
benign.We have further evidence to that more recently.

In an effort to confirm further that the observed phenomenon is
a Moscow-wide anomaly rather than confined to Embassy personnel,
we have offered to perform routine blood testing on American and
other nationals living and working in Moscow not associated with
the U.S. Embassy.

Before leaving the Moscow story, there is one more ghost I would
like to lay low. There have been allegations to the effect that many
people have been evacuated from the Moscow Embassy for health
reasons and in particular two children with a blood disease. In spite
of the State Department releases to this effect, I have not seen a retrac¬
tion of this story. The actual factsare as follows:

Two children in June of 1976 were brought back to the States with
their parents because, in the course of the routine blood counts just
described, their counts deviated somewhat from the rest of the people.
You will recall I said earlier, children’s counts fluctuate and are
different. The Department of State paid for their air fares and ex¬
penses involved in consulting any physician of their choice. One child
was examined very thoroughly at a major university-affiliated hospital.
The complete examination failed to reveal any abnormality but only
an excess fluctuation which can occur in children. The child was re¬
turned to Moscow and is in good health.

Examination of the other child revealed a congenital defect m the
bone marrow which interfered with the production of one type of
white blood cell. This early detection may well have saved her life
as she was developing skin infections. As of a few weeks ago, she was
well and happy.

In the course of the next several months, two other parents developed
some anxiety about their children. The Department arranged at the
parents’ request for one of the children to go to the Mayo Clinic.
There she was subjected to a large battery of tests from bone marrow
to chromosomal studies. All were entirely negative. The child is back
in Moscow very healthy. Another family home on leave took their
children to a university hospital in Florida, arranged for by the
Medical Division of the State Department. Again, the extensive ex¬
aminations were negative. -

In conclusion, I repeat that to date there have not been established. •
any radiation-related health problems in the personnel who have
served in the U.S. Embassy in Moscow. If there are any effects
associated with that environment for any reason which we have
missed, we expect the Johns Hopkins study to show them up.
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Mr. Chairman, may I submit to questions on the Moscow situation
before proceeding?

Senator Ford. It will be all right with me, Dr. Pollack.
I have a few questions on Project Pandora which you have said

turned up no observable effects on monkeys exposed to the simulated
Moscow signal. As I understand from the unclassified documents
which I have seen, preliminary analyses led analysts to believe that
the signal altered primate behavior and the studies of the brain
suggested some energies were damaging to the tissue.

Later analysis refuted these reports. But I am curious. Why was
the project classified ?

Dr. Pollack. Because the question of alarm. Of course, I didn’t
classify it. That was classified by DOD. Perhaps I shouldn’t speak
for DOD, who did the classification. I was merely one of the workers.
It was my understanding this was kept classified because they did
not want to create any panic or any alarm in the personnel in Moscow
who had not been briefed as to the presence of the waves.

Senator Ford. What were the problems associated with the research
design ?

Dr. Pollack. The problem was basically in establishing a baseline,
which the personnel did not carry out successfully in continuity. The
baseline was changed. Therefore, the readings were very difficult to
interpret. You made a statement that the initial findings suggested
alterations. I would suggest that you look at the final paragraph.
That is a quote from the minutes of the first meeting of the Pandora
Review Committee. You will find in the final paragraph of those
minutes a statement to the effect that the Committee would like before
giving any opinion, to review the actual data itself rather than
taking the verbal presentation of one of the laboratory workers. This
is in the minutes per se.

That statement that there were effects came from the verbal
presentation of one of the workers and not the final opinion of the
Committee. The Committee subjected the data to extensive analysis,
as you will see, as part of the Pandora report which was sent to
you. There is an entire appendix by Dr. Kubis on the statistical
analysis. From this, the Committee drew its conclusions that there
were no observable effects.

Senator Ford. Well, Doctor, we understand and have seen the Com¬
mittee’s report. Why were the major reports containing useful data
destroyed ?

Dr. Pollack. I beg your pardon,sir ?
Senator Ford. The actual data that the Committee studied we

understand is not available.
Dr. Pollack. No, sir.That is not available.
Senator Ford. What happened to it ?
Dr. Pollack. I don’t know. That was in the hands of the Depart¬

ment of Defense and not in the hands of the Institute for Defense
Analysis where I was associated. When we looked for them more

Recently, we found this data was no longer available. As you know,
it is Government—Government files are not kept permanently. They
are disposed of routinely from time totime.

Senator Ford. What is “routinely,” Doctor ?
Dr. Pollack. What is that ?
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Senator Ford. What is “routinely filed or destroyed,” not kept,
burned? What is “routine”? Two years, five years, ten years?

Dr. Pollack. I am not fully conversant with that, not being an
administrative type of person and not being a full-time Government
employee. All I know is what I have been told by the Government
people that this is what their procedures are.

Senator Ford. I will get to the next witness then and see what they
know about it.

Dr. Pollack. Okay.
Senator Ford. Roughly how much did the project cost ?
Dr. Pollack. Pandora ?
Senator Ford. Yes,sir. ... .
Dr. Pollack. I have to separate the equipment and facilities, which

are still in use and which are now a national resource. This part of
the expenditure, as I say, is still in use. It is a national resource. It
exists at the Walter Reed Army Institute out at the—in the Maryland
area. That part of the equipment, as I remember, ranges about $1.5
million, and as Isay, is still in use.

The actual operating expenses, that ran to a matter of a few hundred
thousand dollars over the course of theexperiment.

Senator Ford. Have any of the findings or technologies developed
in Pandora found their way into present unclassified research?

Dr. Pollack. Yes indeed. There is no classified research going on
at the present time to the best of my knowledge. I think I am fully
aware of it at the facilities at the Walter Reed Army Institute for
Research. As a matter of fact, they are rebuilding the equipment at
this present moment. It has gotten into general use by all means.
It is, as I said, a national resource.

Senator Ford. Can you speculate as to why the Soviet Govern¬
ment would want to irradiate the U.S. embassy in Moscow ?

Dr. Pollack. As I said, we have a whole laundry list of possibilities.
I just don’t know why they are doing it.

Senator Ford. Do you want to give a few reasons from your laundry
list?

Dr. Pollack. Mr. Chairman, I would prefer not to because my
experience is in the biomedical field. I don’t want to get outside of
that competenceat this type of hearing.

Senator Ford. Well, you said you were here on your own. You have
been involved in it. You might be able to speculate a little, couldn’t
you? You said you had a long laundry list. Apparently you have
seen it.

Dr.Pollack. Yes.
Well, the reasons go anything from basically related to intelligence

problems, I presume. At least that would be the evident reason.
Senator Ford. Do we use anything like that? The United States?
Dr. Pollack. No, sir, we do not. We do not have any positive

microwave emanation techniques of the type that the Soviets are
using here. We know about them. We can analyze them. To the best
of my knowledge, they are not in use.

Senator Ford. You said the level of microwave radiation, I think,
to which the employees and their dependents in the Embassy in
Moscow were exposed, is not harmful. Of course, you said that you
installed the screens which, in case the intensity of the signal were
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increased, would provide protection. With the screen installed the
intensity was reduced. Then why did you instigate the Johns Hopkins
study?

Dr. Pollack. Because of the questions that have been raised and
because of the anxieties that have been manifested in the reactions
of many of the personnel who were on the staff, the Embassy staff
over the period of time that the microwaves were in effect. They have
written many letters in. It is difficult to convince them directly of the
harmlessness of the levels to which they were exposed. As I pointed
out, we can tell you, generally speaking, within a very small range
to which levels they were exposed at any time.

So to have on definite record a positive study that would answer'
their questions, we have instituted the Johns Hopkins study, which
will bring out anything that we may possibly have missed.

Senator Ford. Let me ask you this question. Why was the decision
finally made to brief the personnel in the Embassy in Moscow, about
the existence of microwave irradiation of the Embassy? Why did the
State Department behave differently in this situation than it did in
the 1960’s when it decided not to apprise Embassy personnel of the
microwave situation ?

Dr. Pollack. The levels of microwave radiation in the 1960’s were
minuscule, as we pointed out, a maximum of 5 microwatts. As I said, in
order to achieve maximum, you had to stand undressed in front of
an open window practically all day at one point in the beam. So that
the rest of them were receiving an average of 1 to 2 microwatts over
a period of several hours.

When the Soviets started escalating and pulsing, then we were
in the dark as to iust what their direction of activities was going
to be, and it was thought it would be a much safer procedure to be
prepared if the Soviets were going to get drastic in their radiation
levels, so the screening was put in at that time. As I pointed out,
it was prophylactic in anticipation or to prevent the possibility of
damage from elevated- levels and also because the anxiety level of
the people in Moscow, who were thoroughlv familiar with the 10
microwatt standard of the occunational standard of the Soviets, did
not want to be exposed to anything over the Soviet standards in spite
of the fact that our standards are1,000 times higher.

So we had to do something to protect them from this anxiety state,
if vou want to call it that.

Senator Ford. ERMAC has recommended conducting epidemiologi¬
cal studies but as you noted such studies pose horrendous problems.
You queried, “What are the end points, what are the health effects to
look for?”

Dr. Pollack. Yes; that is in the second part of the testimony. I
intend tocover that.

Senator Ford. I thought that was in the first part. We will get to
that then.

Dr. Pollack. I pointed out in the first part, Mr. Chairman, that
the Moscow situation was probablv a little bit easier to handle than
any of the large-scale epidemiological studies in this country because
we had defined parameters and excellent estimates of the radiation
to which the people were exposed. We had the time, the duration, the
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living, et cetera. These are problems which will come up in further
discussions on the epidemiological studies potential in this country.

Senator Ford. You say that responsible officials from the very begin¬
ning investigated the possible health effects of the exposure to micro¬
waves and that consultant medical experts assured them of safety.
You also note that the Soviet literature was abundant, and I quote
you, “But difficult to interpret.” On what basis were these assurances
of safety given ?

Dr. Pollack. On the basis of health record, the examinations, and
on the basis of the experimental work in this country. Basically, it was
on the health records and physical examinations of the people per se
in which, as I pointed out, I participated as early as 1964.

Senator Ford. When were the assurances given ? In 1963 ?
Dr. Pollack. Well, it would have been about—well, the question

was raised in 1963 and reviewed, and the detailed studies were started
about 1964; yes.

The levels were so low that there wasn’t any pressure; 1or 2 micro¬
watt exposures, sir, is what you are getting here sitting here right now.

Senator Ford. Better turn the lights off then, hadn’t we?
Dr. Pollack. Could be. I believe some of your earlier testimony that

I heard, EPA reported, for instance, the Sears Tower was getting 60
microwatts and that’s 30 times greater than what they were getting
in Moscow.

In this country we have a few areas where the levels are higher, but
we will go into that in the second part of the testimony.

Senator Ford. You say in 1975, with the addition of a new signal
originating from the South, pulsating, a reassessment of the situation
resulted. Why? What was so peculiar about the situation in 1975 that
a decision was made to inform the staff after keeping information
from them for the previous12 to 22 years ?

Dr. Pollack. At that time the levels were escalating from the low
levels of 5 microwatts. It had gone up to 18 microwatts. The signal
was beginning—was pulsing, and a pulse signal was a much greater
biological activity than the so-called constant wave. In view of the
rising or the incremental increases, it was decided to brief the people
to let them know, because the screening was going up to protect
them. You couldn’t put screening up without letting the people know
why it was going up. As I say, this was a prophylactic measure. If
we hadn’t done so, we would have been remiss.

Senator Ford. Doctor, was not the real motivation for briefing the
Embassy personnel the fear of public exposure from the Moscow
radiation situation?

Dr. Pollack. I do not know, sir. I was not privy to those discussions
in Washington.I was in Moscow at that time.

Senator Ford. Do you have any sense about the motivation, any gut
reaction to it?

Dr. Pollack.The reason for the briefing?
Senator Ford. Yes, sir. .
Dr. Pollack. Well, as I iust pointed out, the decision to put up the

screening had been made. It was obvious that the people had to know
why screening was going up. And so they were briefed to let them
know why screening was going up.
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I repeat again, the screening was a prophylactic which we would
have been very remiss if we had not carried out.

Senator Ford. Is it your opinion, then, that from observations and
studies done on Embassy personnel that they had exhibited no effects
which can be attributed to microwaves ? • •.

Dr. Pollack. No physical health effects have.been demonstrated to
date; none that we have been able to find. I personally spent several
weeks in Moscow reviewing all of the medical records of these people,
and I have reviewed the blood counts, too. I can assure you that my
professional reputation is at stake on this. I am not loath to put my
reputation at stake on this one.

Senator Ford. Are there any behavioral effects associated with
microwave radiation ?

Dr. Pollack. Behavioral ?
Senator Ford. Yes, sir.
Dr. Pollack. Yes, of course. Of course, there are behavioral effects.

These are, as we have seen them, a normal anxiety stateof the unknown.
Mind you, these people who are not familiar with microwaves, this is
something coming through the air which is unknown. They are told
about it. It is very difficult for them to grasp the concept, particularly
when the word “radiation” was used.

The word “radiation” is a bad word. This is what has provoked so
much of the misunderstandings and controversy, because the word
“radiation” is a generic term for the transmission of energy through
space without the use of hardware or hard substance.

Now, ionizing radiation, which is what people were accustomed to
hearing about, is confused almost immediately with nonionizing
radiation. Most of the questions we had thrown at us were related to
the Hiroshima and Nagasaki experiences of radiation. I can assure
you,sir, that there is no relationship.

As you have heard in previous testimony, the levels of energy in
the microwave are quantum, a billionth less than the level of energy,
less than1quantom of ionizing radiation.

These just are two entirely different things.
Senator Ford. Doctor, do you want to get on to the other portion

of your testimony ?
Dr. Pollack.At your pleasure.
Now, let me shift gears and try to answer your second question.

Again, I repeat, as you know, I have been a member of ERMAC since
it was convened. For over 50 years I have had a broad interest in the
impact of environmental conditions on health. For the last 15 years
this interest has been focused on the health effects of nonionizing
radiation. Over this long period of timeIhave served on many advisoiy
councils, boards of directors of voluntary health agencies, as an indi¬
vidual consultant, and in other similar capacities. I say this by way of
background.

First, I will give my reaction to what I have heard in the course of
these hearings and to other questions which have been posed. There has
been a good deal of discussion about the differences between Eastern
and Western safety standards and research. In fact, you have heard
that the U.S. and Western European scientists disregarded the pub¬
lished research on nonionizing radiation from the Eastern European



279

countries. Many U.S. and Western investigators have carefully studied
Soviet research and have written extensive reviews. The American
journals have published translations of Soviet reviews.

We were not guilty of overlooking the Soviet work, but we were
trying to be objective. Much of the Soviet research on nonionizing
radiation has been criticized for its poor experimental design, lack of
adequate controls, and drawing conclusions from inadequate evidence.
Most important was that the information available to us from their
publications was very limited. However, nobody was willing to dismiss
offhand the work of the country who launched Sputnik or did such
excellent work on biological effects in the field of ionizing radiation.

In fact, it has had a real influence on recommendation and current
U.S. research program. Some of our early efforts and resources were
diluted attempting to duplicate the Eastern European research. Their
publications did not give the full story of their laboratory procedures;
hence, it was impossible to duplicate them. Until recently there was
very little direct contact with the Soviet scientists to bridge the gap.

In the Soviet system, there are at least three separate categories of
laboratories and research workers in this field of health effects of
nonionizing radiation :1, industrial and public health; 2, the military;
3, other institutes of the academies of science, including the Academy
of Medical Sciences.

Parenthetically, it can be said that the Soviet military are not bound
by their current safety standards, but the U.S. military are bound
by ours. This is important to bear in mind if new standards are
promulgated. It is difficult to imagine that the Soviet military could
function effectively under the restrictive natures of their current
limits. As a matter of fact, there is good evidence that the Soviets are
currently reassessing the scientific basis for their current standards.
The Institute of Biophysics under the Soviet Academy of Sciences is
undertaking a research' program for this purpose. Recently two U.S.
scientists were invited to participate in a seminar at this institute
devoted to this subject.

Current U.S. research is two-pronged:1, the theoretical and experi¬
mental search for mechanisms; 2, the pragmatic—studying effects
directly on the intact animal and man.

A complete understanding of mechanisms of interaction could facili¬
tate our ability to predict biological effects. There is adequate prece¬
dence for the pragmatic approach—as, for example, in the use of peni¬
cillin. This drug was used successfully for 20 years before the
mechanism of its action was understood. There is evidence now that
research in this area is gaining momentum. The development of
methodology and instrumentation for measuring absorbed energy
instead of just using incident radiation is opening new vistas in the
laboratory. This approach may serve several purposes: (a) a method
of finding the mechanism of interaction, (b) a method of translating
findings from animals to man, (c) relating external to internal fields,
(d) relating a known amount of absorbed energy to an observed
response.

Other developments involve the renewed interest in, and acceptance
of, the concept of specific frequency and resonance phenomena, in¬
cluding “hot spots” and their corollary that bioeffects are frequency¬
dependent.
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There are fields of research that have not been explored adequately
as yet. In its early meetings, one of the recommendations of the
ERMAC was to conduct epidemiological studies on the effects of non¬
ionizing radiation. Last year OTP requested ERMAC to give the topic
further consideration. Discussions were held with a number of knowl¬
edgeable groups and individuals. The problems, however, are hor¬
rendous; they focus in two main areas:

I. What are the end points? What are the health effects to look
for? At present these have not been established, and this makes the
design most difficult.

II. The other is even more difficult—defining the exposure levels
of people and identifying potential groups for study. For example,
as EPA has reported, environmental levels are generally very low
and vary widely. Furthermore, they are influenced by such factors
as terrain, construction material such as metal siding and insulation,
et cetera. In addition, there is the mobility of the American popula¬
tion to consider. Finally, there are other multiple environmental
factors, such as air quality, to be taken into account. We continue to
believe that such studies are important. Further effort must be made
to design useful research in this area involving special and specific
occupational groups.

Another part of this problem which as a physician/physiologist has
disturbed me a great deal is the use of the “average field strength” as
the indicator of exposure over the wide range of frequencies. This is
an engineering term. In measuring incident radiation, many portable
instruments integrate power densities of multiple frequencies into
a single sum. Furthermore, with modulated—pulsed—radiations, they
will average over time the peaks and the valleys. Thus we may read—average over field strength is 0.1 mW/cm2, when there may be
a peak of 350 mW/cm2. Sometimes the peaks are missed be¬
cause the instrument lag time is too great to pick up very fast pulsed
(nanosecond) radiation. While peaks frequently are in minute frac¬
tions of a second, their biological effects have not been studied ade¬
quately. I am uneasy about the widespread reliance on average field
strength as an adequate measure of exposure, but then I am a physician
and not a physicist._ I note there is talk of creating one agency for research and regula¬
tion of all radiations. I believe the concept of a single agency has
many scientific and administrative drawbacks. You have heard, and
undoubtedly will hear more, about the several ongoing research pro¬
grams. These are basically oriented toward the mission of each of the
agencies supporting the programs.

It is difficult to see one single agency carrying out sufficient research
for the many frequencies and other EMR conditions which will meet
the needs of all the agencies involved at the same time. Research under
a single agency can lead to a lack of flexibility in new approaches
and scientific innovation which are badlv needed in this field.

The progress to date in this field in this country is due in large part
to the cooperative attitudes of the investigators from various institutes.
In ERMAC, interagency and scientific meetings have seen a free inter¬
change of information and an exchange of experiences.

Progress in research is dependent primarily on people, well trained,
informed, and supported adequately. I place the primary focus on the
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individual researcher. The people we need are those with innovative
ideas and thegift of deductive thinking. . .

Let me illustrate this latter point: An obscure medical student
in Germany in the mid-1800’s carried out a routine experiment which
had been done by hundreds before. He removed the pancreas of a dog
to study its digestive functions. Minkowski, however, noted that the
urine of this dog attracted swarms of flies. This simple observation
laid the basis for our modern concepts of diabetes and led directly
eventually to the isolation of insulin.

Research today in nonionizing radiation requires a little more than
the simple laboratories of yesteryear. The equipment for generating
the radiation, the devices for measuring, and the precautions and con¬
trols in exposing animals are elaborate and expensive. However, the
keystone of the effort is still the scientists, albeit a multidisciplinary

The understanding of the biomedical effects of nonionizing electro¬
magnetic radiation is a developing field. It is wide open. It needs a
multiplicity of inputs from a variety of disciplines. The physicist and
engineers have dominated the field as the physics of nonionizing radia¬
tion is a very complex subject. Now that the emphasis is shifting to
the biological and medical effects, the biologists, physiologists, and
physicians must enter the field. The living man and animal react very
differently than the inert material which engineers are accustomed to
handle. The living organism has compensatory and feedback mech¬
anisms which allow them to adapt to environmental changes. Thus a
piece of meat in a microwave oven will accumulate heat at a predictable
rate; on the other hand, a rise in body temperature in a living animal
is a poor guide to the amount of absorbed energy from microwave
exposure. The homeostatic mechanisms play their part just as soon
as there is a change in the environment and within reasonable limits
permit the organism to adjust. These same mechanisms come into
consideration in comparing long-term chronic exposures to acute ones.
The necessity for the input of the environmental physiologist is self-
evident. Developing a working knowledge of the interdisciplinary
aspects as well as the communication problems is a long and arduous
process. I know—I have had to learn the hard way.

You ask for recommendations for future research. It is easy enough
to make up a “laundry list” of necessary work. This has been done
by the ERMAC and many other groups and individuals. The high
priorities for research should include both pragmatic studies for ef¬
fects and theoretical and experimental investigations for mechanisms.
The theoretical and experimental studies should be carried out to in¬
sure complete understanding of all mechanisms of interactions between
electromagnetic fields and living systems. The pragmaticstudies should
emphasize chronic low-level exposure—less than 10 milliwatts per
centimeter squared, impact of peak powers, and epidemiological
studies of selected groups of people exposed to various levels of micro¬
wave energy.

The current coordination mechanism is working successfully, and
to change it would disrupt the ongoing programs and seriously delay
the progress, as would the formation of a new consolidated agency.
The effectiveness of this coordination is largely due to the open, sup-
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portive, and noncompetitive role of an office at the level of the Ex¬
ecutive Office of the President, and the dedicated efforts of the per¬
sonnel on this task. . . .

Nonionizing radiation research is coming into its own. It is be¬

ginning to attract well trained scientists in the biological as well as
the physical disciplines. There is no present crisis of environmental
pollution insofar as health is concerned from this modality. Any neces¬
sary regulatory action must be based on research findings and demon¬
strated need. It is important that we do not stifle this emerging field
by administrative controls set in the concrete of a rigid bureaucracy.
You have inferred the urgent need for answers to the question of haz¬
ards. The most effective way of speeding up the research program is

to create a climate which will attract scientists into the field and then
support their work.

Senator Ford. Just a couple of brief questions, Doctor, on your sec¬
ond statement, or the second portion of your statement.

I believe you said that nobody was willing to dismiss offhand the
work of a country who could launch Sputnik. I believe by your own
account, 1963 was the first time anyone considered examining the
abundant Soviet literature, which presumably was amassed during
the1950’s. The fact that you had to contract for a study to collect and
review all of the Soviets publications indicates that, in fact, that re¬
search had at least been ignored, if not dismissed. In 1963, the Tri¬
Service program, which came up with the 10 milliwatt standard, had
been completed.

Presumably the military researchers had not looked at the Soviet
work. Do you think present American researchers are paying more
attention to their Soviet counterparts?

Dr. Podlack. Sir, may I correct a misunderstanding which I think
exists there? There is evidence in the Tri-Service—in the records of
the Tri-Service meetings that the Soviet literature was taken into con¬
sideration. When I say that we started our interests, that is because
that was the time I was drawn into the field. I was not discussing
what had occurred previously. I was expressing my own experiences,
and the experiences of my associates.

The contract for the study of the Soviet literature that I discussed
or mentioned was let because this was the time we were drawn into
the field wholeheartedly. I repeat that there is evidence in the Tri-
Service reports which came out in 1957, 1958, and 1959, that the
Soviet literature was evaluated.

You must recall the Soviet safety standards were first set in 1958.
The question of comparison of standards historically, then, originated
from 1958, when the Eastern bloc, Eastern European countries, be¬
gan to establish standards. And it was shortly thereafter that Miss
Healer and I wrote a complete review of all the standards established
around the world. That was the time we were invited in to discuss and
review this matter.

Senator Ford. We have talked to Dr. Allen Frey, who just returned
from Moscow, who discussed the Soviet’s reassessment of their stand¬
ards. Are U.S. standards being reevaluated ?

Dr. Pollack. They are under consideration and reassessment, yes.
At all times they are being reviewed continuously.
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Senator Ford. A continuous review ?
Dr. Pollack. Yes. The ERMAC people periodically review the

situation. The question of change in standards has been mentioned
several times.

Senator Ford. Can you foresee any change in the U.S. standard?
Dr. Pollack. Sir, as I said in my statement, standards must be set

based upon experimental work and demonstrated needs. At the present
time, there is no demonstrated need for the change, and when there
is a demonstrated need, people are prepared, EPA has already said
that they are prepared to reestablish or to redefine standards.

I believe they testified to that effect here last Thursday or Friday.
Senator Ford. Doctor, I do not believe I have any further ques¬

tions. We appreciate you coming and spending so much time with us.
We may have some further questions which we will submit to you
in writing.

Dr. Pollack. Thank you, sir.
[The following information was subsequently received for the

record :]
Department of State,

’Washington, D.C., September 13,1977.
Hon. Warren G. Magnuson,
Chairman, Committee on Commerce, Science, and Transportation, United States

Senate.
Dear M®. Chairman : Thank you very much for your letter of August 15. In

response to the additional questions listed in your letter, summaries of reports
are submitted as enclosures.

If I can be of any further service, please let me know.
Sincerely,

Herbert Pollack, M.D.
Medical Consultant

Office of Medical Services.
Enclosures :

1. Replies to 9 questions
2. Appendix A
3. Appendix B
4. Appendix C
Question 1. You have stated in your testimony that there were many prob¬

lems with Project Pandora. You mentioned the difficulty in establishing a con¬
sistent baseline. Other than this cited problem, what were some of the other diffi¬
culties with the Project? Do you believe these difficulties were so serious as to
render the experiment inconclusive?

Answer. Pandora was funded by Advanced Research Projects Agency (ARPA)
in early 1965 for research to evaluate a threat which appeared to have strong
behavioral and biomedical implications. Preliminary incomplete analysis of the
in-house work at Walter Reed Army Institute for Research (WRAIR) encour¬
aged the belief that this special non-ionizing microwave signal altered primate
behavior. Preliminary extramural cytogenic and histological studies of brain
suggested that comparable energies were damaging to tissue. Detailed analysis
of the data and subsequent experiments failed to support these preliminary
results.

The project, conducted at WRAIR and supported by ARPA.of the Department
of Defense, refers to 4.6 milliwatt level of incident radiation in the “synthetic”
signal. This was “accelerated” testing and is very much higher than the actual
Moscow signal which was approximately 5 microwatts maximum at that time.

The term “synthetic” as applied to the signal indicates that the signal was
constructed for experimental laboratory purposes, not as an effort to precisely
duplicate the radiation levels actually encountered in Moscow. The memo of
January 14, 1969, entitled “Flash Report of Pandora Bizarre Briefing.”1 referred

1The unclassified minutes referred to are reproduced infra.

96-475 0 - 78 - 19
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to a very preliminary flash report on the study given under stress. Two para¬

graphs later the memo stated that the study on reaction times was inconclusive
The final paragraph of that memo noted that the presentation was qualitative a d
suggested the data be prepared in a statistical format for better scientific evalua¬
tion5 The panel which reviewed the study expressed the desire to examine the

d Th^minutes of the January 12, 1970 meeting shed additional light on this
issue Paragraph II of Section 1 of the minutes reviewed the preliminary analy¬

sis presented by Dr. Joseph Sharp which encouraged the belief that the syn¬

thetic signal altered primate behavior and that cytogenetic and histological

studies suggested that comparable energies were damaging to tissues The next
paragraph referred to the Pandora Scientific Advisory Committee (SAC), which

was appointed in 1968 to provide advice for the development of the research pro-
gram. The Committee recognized that the interaction of electromagentic fields
with living tissues is determined by a great many factors, and it is virtually

impossible to draw any meaningful conclusion from the relationship between
simple measurement of incident radiation and biologic effects in a test object.

The statement is made, “In contrast to the initial analysis, the complete analysis

concluded that if the synthetic signal had an effect on behavior, it was so modest
as to be obscured bv the effects of experimental procedural variations which were
a result of the exploratory character of the early experimental program. Further-
more, continued extramural cytogenic studies did not confirm the earlier reports
of changes of tissue exposed to the synthetic signal.”

Section II of the January 12, 1970 memo explains why Sharp’s earlier treat¬
ment of the data did not adequately demonstrate the differences defined pre¬
viously. Paragraph II and the remaining sections of the memo provide further
explanation of this discrepancy as well as additional pertinent evaluation of
the data. _ , . , ,

Section II of the report, containing the summary and recommendations, states
in Paragraph A that “. . . since no clear and strong effects have become apparent
with the Walter Reed Army Institute of Research (WRAIR) signal, the findings
thus far can be regarded as negative.” . .

The actual measured radiation in Moscow never was higher than 18 microwatts
(or .0018 milliwatts) and then only for a limited time in a limited area.

The more recent development of the ability to measure internal electrical
fields and absorbed power may enable the research workers to better understand
reactions and translate animal reactions to man.

At the time of Pandora, we did try to determine any central nervous system
effects on the crew of the carrier Saratoga. Details are in the Pandora files, a
summary of which is given here.

April 21, 1969—Big Boy—No significant differences in psychological tests per¬
formed on apparently exposed and control group. Also, no apparently significant
differences on genetic (leukocytes) and physical findings.

Detailed survey of on-board radiation levels revealed that levels were in most
cases from 0.3 to 0.03 mw/cm2in no case greater than1mw/cm2.

Pandora—August 12-13, 1969
1. Reaction time study

Shock avoidance—no difference
2. Multiple schedule for operant conditional primates

Two of five sessions—Data not interpreted because of equipment ma^unction.
Use of re-enforcement schedules which reward certain types of stoppages were
recognized as contributing to work stoppage rather than the exposure to micro¬
waves.

Question 2. Do you have any knowledge of any subsequent attempts by inde¬
pendent researchers or researchers within the military to create a similar test
situation to verify or refute Pandora’s results?

Answer. At present I know of no experiments to duplicate the “Pandora” using
the multi-frequency Moscow signal. There are several experiments using single
frequencies which relate to central nervous system and behavioral effects.

Question 3. You mentioned in your testimony that certain embassy personnel
objected to incident levels of microwave radiation above the Soviet exposure
standard. Please specify just which of the embassy personnel objected.

Answer. The most recent expression of objection was published in the Foreign
Service Journal, Volume 54, No. 8, August 1977, Page 36, a copy of which is
enclosed as Appendix A.
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Question 4. In your prepared statement, you referred to the observation of

various embassy personnel and stated that, ‘‘It was obvious Uiat the
changes in blood count bore no relationship to microwave radiation. Why v as
th& obvious? Is it not possible that there may be a long latency period asso-
ciXd with such effects, and that they will show up in thefuture? Are you

aware of any research programs currently underway to detect such delayed

^Answer. The statement that the blood count changes were not related to micro-

wave radiation was based on the observations that the same changes were found
S those whc> had arrived in Moscow after February 1976 when the radiation

levels were minuscule as on those who had been there for two years. Also

the same changes were found in those who lived away from the chancery and

worked on the ground floor. This latter group did not receive any radiation.
The epidemiological study by the Johns Hopkins University group is designe

t0
Question Do you believe that Johns Hopkins’ epidemiological study will be

able to conclusively answer questions such as those posed above.
Answer. The Johns Hopkins University study should be able to unearth delayed

^Q^esUon^ Why”18 Walter Reed currently rebuilding the PanJ?ora
facilities? What unclassified research is being conducted at the Walter Reed

^Answer. The Walter Reed facility, as I stated, is now unclassified. It is being

rebuilt and modernized and will be available to selected
rentlv the facility is under repair and not operational. The animal faculties
particularly are being modernized. The work of Dr. Albert at George Wash¬
ington University for example utilized the "Walter Reed exposure facilities.

Question 7. To the best of your knowledge, does the embassy in Moscow have

any positive microwave emanating equipment which is used either for intelligence

PUAnswer°Vam noTprivy to^any microwave emanating equipment in the Moscow
Embassy beyond the normal communication systems. The times I have observed
the electronic “sweeping” of the chancery for microwaves, I never saw any

evidence of such emanation in the building except from a communications aerial
and the extremely low frequency waves from the 50 cycle motors and electrical

X*8. In your testimony, you indicate that there are horrendous Problems
with conducting any epidemiological study. Why then do you believe that the
Johns Hopkins study will be determinative of whether or not the health problems
incurred by Moscow embassy personnel were the result of exposure to microwave

Answer. In my testimony I was referring to epidemiological studies of general
population groups. The problems of dosage calculations are most complex, i.e.

mobility of population in and out of field; geography of area, hills, valley, etc.;
presence of reflecting surfaces ; use of aluminum vapor barrier insulation will
reflect microwaves ; aluminum siding of houses ; age distribution; presence
of air pollutants and other etiological factors. In Moscow there was constant
recording of radiation over 24 hours since 1962. Enough data is available to
give a good approximation of the radiation received by different groups. Ine
mobility of the population is known so that the uncontrolled factors present m
populations are controlled in the Moscow Embassy situation.

Question 9. During the hearing, you discussed possible causative factors of
the elevated lymphocyte counts among embassy personnel. The 1976 OTP annual
report noted similar effects related to nonionizing electromagnetic radiation.
The OTP stated that such an effect was of interest because of the relationship

to the bodv’s total immune defense system. Are you aware of research that has
been conducted since the publication of the OTP report or since the presentation
of your testimony before this Committee? If so, please provide the Committee
with appropriate citations to such studies. Are you aware of any research in
which the possibility is explored that microwaves in and of themselves may not
cause harm but that in conjunction with other environmental agents might
prove harmful through their impact on the immune system? If so, specify.

Answer. There is abundant ongoing research to determine the influence of
nonionizing radiation on the body’s total immune defense systems. Appendix B
is a very brief summary of nine relevant projects in this area. There are several
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more reports scheduled for the forthcoming URSI meeting on October 31-Novem-
ber 4, 1977. A copy of the seminar program is enclosed as Appendix C.

The synergistic effect of other environmental agents to microwave radiation
is being researched now, especially ionizing radiation coupled with nonionizing
radiation in the treatment of cancer. This is a new field and I have not seen as
yet any final reports.

With the help of the Naval Medical Research Institute (NMRI) at Bethesda,
the National Institutes of Health and the National Cancer Institute, we have
carried out specific immunological and cell differentiation tests on 10 Moscow
personnel to date. Surface markers for both T and B lymphocyte iells were
quantified by several techniques. Mitogen stimulating studies were carried out
as well as liver enzymes, human antibody, serum electrophoresis and immuno¬
globulin quantification.

The interpretation of the findings clearly indicated that these were not mono¬
clonal in origin and hence definitely not pre-leukemic status and that hepatitis
was not a factor. The elevation of IGA was considered significant in three
subjects. This is usually an indication of an intestinal infection or infestation.
Since giardia is so very common, the presumptive interpretation is that
giardiasis may be responsible for the elevated lymphocyte count in one-third of
the employees. Further work is being done to test for cytomegalovirus and
Epstein-Barr virus as those may also be involved.

Appendix A
[Foreign Service Journal-Aug. 1977]

Committee on Extraordinary Dangers

During the past year the Committee focused on two main topics: (1) our policy
with respect to terrorism and particularly how we deal with kidnapping and
other threats against our employees abroad; and (2) the problem of the con¬
tinued bombardment by the Soviet Union of our Embassy by microwave
radiation.

(1) TERRORISM

AFSA continued to urge the Department of State to review the current policy
towards terrorism and, specifically, to make the necessary changes which would
better protect Americans subject to kidnapping or other terrorist threats abroad.
A number of studies have been done by outside experts which are critical of the
way in which the Department handles terrorist situations. We believe that a full
evaluation should be made of these criticisms and necessary improvements im¬
plemented on our present policy. We hope to work with the new Administration
toward thisend in the coming months.

Some progress has been made on the terrorism issue. The CED pressed strongly
to have the government take action against those countries that harbor, support,
or release terrorists. In particular, AFSA was concerned about the punishment of
a terrorist that attacked the US Embassy in Cyprus in 1974. The alleged at-
Unfortunately, the killers of our Ambassador to Lebanon and FSO Waring
tackers have been arrested and are now standing trial for their terrorist activi¬
ties. Unfortunately, the killers of our Ambassador to Lebanon and FSO Waring
remain, to the best of our knowledge, unpunished.

The Committee continues to urge perservance on the part of the United States
government to bring to justice these individuals and to take action against any
governments that support terrorists that threaten American employees abroad.
It is our hope that we will be able to obtain from the new Administration support
for a strong stand against terrorists and increased efforts to apprehend those who
have attacked American employees abroad, together with appropriate assistance
to the victims of terrorism.

(2) MOSCOW RADIATION BOMBARDMENT

AFSA has taken the position that there should be total cessation of beaming
microwave radiation at the US Embassy in Moscow on the part of the Soviet
Union. We have had a number of interviews with Department officials and made
it clear where we stand on this matter. The Department of State has agreed with
us that radiation should cease but has so far been unable to have it completely
stopped. At AFSA’s rging, the Department has undertaken an epidemiological
study of American personnel in Moscow’ to determine whether or not there have
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I. INTRODUCTORY OVERVIEW EXPOSITION AND DISCUSSION

Overview. Dr. Thomas P. Stossel, Chief, Oncology Division, Massachusetts
General Hospital, Fruit Street, Boston, Mass.

Discussion. ,
Capt. Kenneth W. Sell, MC, USN, Commanding Officer, Naval Medical Research

Institute, Bethesda, Md. .
Dr. W. Ross Adey, Professor, Departments of Anatomy and Physiology and

Brain Research Institute, University of California, Los Angeles, Los Angeles,
Calif. ...

_
. , , „

Dr. Ralph Smialowicz, Experimental Biology Division, Environmental I ro-
'■ectionAgency, Research Triangle Park, N.C.

Dr. Charles Liddle, Experimental Biology Division, Environmental Protection
Agency, Research Triangle Park, N.C.

Dr. Andrew T. Huang, Duke University Medical Center, Durham, N.C.

Afternoon

Dr. Philip E. Hamrick, National Institute of Environmental Health Sciences,
P.O. Box 12233, Research Triangle Park, N.C.

Dr Richard H. Lovely, University of Washington, Seattle, Wash.
Dr. James W. Frazer, USAF School of Aerospace Medicine, Radiobiology

Division, Brooks AFB, Tex. ,

Dr. William Leach, Bureau of Radiological Health, Division of Biological
Effects, Rockville, Md.

been any adverse medical effects from radiation exposure. This study is being

conducted by Johns Hopkins University, but it has experienced considerable de¬

lays and AFSA has been pressing for completion of the study as soon as Possible
since only after the results are known can we determine the e^ct degree of h^
ard to the health of Americans who were exposed to this radiation. The Co
mittee is in regular contact with the Moscow Chapter with respect to actions

AFSA should take with the Department to persuade the Soviets to cease total y

th^7^“ who were exposed to this radiation. The Committee is in regular

contact with the Moscow Chapter with respect to actions AFSA should take
with the Department to persuade the Soviets to cease totally the radiation
attacks. At present these levels have been reduced from a maximum of 18 micro¬

watts down to a fraction of 1microwatt. •
It is the view of AFSA that in the light of the unknown health effects of

such exposure, all such radiation attacks should cease. In addition, there is

a maior problem with respect to the precedential question in that as a matter
of principle, Foreign Service employees abroad should be immune from exposure
to deliberate acts on the part of host governments which could endanger their

AFSA will continue to press the Department of State for the completion of
the Johns Hopkins epidemiological study. We have nominated Dr. Lawrence
Plumlee as our representative on the review committee to examine the efficacy ot
the study. Dr. Plumlee will also consult with AFSA with respect to this, whole
problem area. This is the first time that AFSA has had expert advice m ta
field from a highly regarded environmental scientist and doctor. We also will
pursue the question of what medical rights American employees should have as a
result of exposure to radiation in Moscow of which they were not informed.
Finally, we will be working with our AFSA Chapter and with management
officials with respect to what strategy we should pursue to get the Soviets to turn
off all radiation in Moscow, which currently continues.

APPENDIX B

Electromagnetic Radiation Management Advisory Council Agenda for Work-
shop/Seminar on Nonionizing Electromagnetic Radiation Effects on
Immunologic Systems and Responses

December 15, 1976, 8:30 AM. Office of Telecommunications Policy, 1800 G
Street NW., Room 730, Washington, D.C.

Morning
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Dr. P. Czerski, Institute of Mother and Child, Warsaw, Poland. (Visiting sci-

^Cap^Kenneth W. Sell, MC, USN, N^val Medical Research Institute, Bethesda,

^Dr. W. Wiktor-Jedrzejczak, Military Institute of Post-Graduate Medical Edu¬
cation, Warsaw, Poland. (Visiting scientist/NMRI )

III. GENERAL DISCUSSION AND COMMENTS

Harold Gauper, Jr., Electrical Engineer, Electromagnetic Compatability, Cor¬
porate Research and Development, General Electric Company, Schenectady, N.Y.

Dr. William T. Ham, Jr., Professor and Chairman, Department of Biophysics,

Medical College of Virginia, Virginia Commonwealth University.

H. Janet Healer, Consultant, Bioscience Programs, Office of Telecommunica¬
tions Policy, Washington, D.C. .

Dr. Samuel Koslov, Special Assistant for Research, Office of Assistant Sec¬
retary of Navy, The Pentagon. . . v T

William W. Mumford, Engineering Consultant, Morris Plains, N.J.
Dr. Herbert Pollack, Professor Emeritus of Clinical Medicine, George Wash¬

ington Universitv, Washington, D.C. Medical Consultant.
Dr. Charles Suskind, Professor, College of Engineering, University of Califor¬

nia at Berkeley. , x ty • -4. *Dr. Arthur C. Upton, Professor, Department of Pathology, State University of

New York at Stony Brook, Stony Brook, N.Y.

Invited Specialists

Dr. Thomas P. Stossel, Chief, Oncology Division, Massachusetts General Hos¬
pital, Fruit Street, Boston, Mass.

Capt. Kenneth W. Sell, MC, USN Commanding Officer, Naval Medical Research
Institute, Bethesda, Md.

IMMUNOLOGIC STUDIES, A SUMMARY: 6 AGENCIES, 9 RELEVANT PROJECTS

Relevant projects Total projects

FPA 2 17
Hew NIEHS —- - - Z 6

BRH - - •
1 19

NIOSH — - •
0) 2

non A ir Fnrrn 3 13
Navy_._ -

__ "" 1 43

Total — — 9 ...
.

i See Air Force.

Investigator

J. Elder (EPA) and A. Huang (Duke
University) .

R. Smialowicz, C. Liddle, C. Blackman
and (EPA).

D. McBee (NIEHS)

P. Hamrick (NIEHS)

P. Czerski (Poland) W. Leach (BRH)

S. Klainer (Block Engineering)

J. Frazer (AF)

Title/frequencp

Effect of Exposure of Chinese Hamsters
in the Radio and Radar Frequency
Range on Chromosome Anomalies in
Circulating Lymphocytes (2.45, 9
GHz).

Effect of MW Radiation on Immune De¬
fense Mechanisms (2.45, 9 GHz).

Effects of 2.45 GHz on Embryonic De¬
velopment and Immunological Re¬
sponse (2.45 GHz).

Effects of 1-10 GHz MW Radiation on
Cell Systems (2.45, 5, 10 GHz).

Effect of MW on the Response of Mice
to T Lymphoid Cell Dependennt and
Independent Antigens (2.45 GHz).

Effects of RF on Biological Mocromele-
cules : Mechanisms of Injury (100
MHz).

Biological Effects of RF Transmitter
Fields (25 kHz-100 GHz).



289

A. Guy/R. Lovely (University of
Washington).

Comparison of RF Field Delivery Tech¬
niques and Measurable Results in Cul¬
ture and Whole Animals (20-500
MHz).

J. Bollinger (Southwest Research In- Biological Effects of VLF Band EMR
(25 kHz).stitute).

Barnes (University of Colorado) Effects of MW on the Growth Develop¬
ment and Behavior of Biological Sys¬
tems (2.76 GHz).

MW Stimulation of B Cells in Spleens
of Exposed Mice (2.45 GHz).W. Wiktor-Jedrzejczak (Poland)

Chronic Microwave Irradiation and Its Effect on Lymphocyte Function:
A Preliminary Study

RALPH SMIALOWICZ, EXPERIMENTAL BIOLOGY DIVISION, HEALTH EFFECTS RESEARCH
LABORATORY, ENVIRONMENTAL PROTECTION AGENCY, ENVIRONMENTAL RESEARCH

CENTER, RESEARCH TRIANGLE PARK, N.C. 27711

Investigators in the Soviet Union and Eastern European countries have sug¬
gested that the immune system of man may be affected by non-ionizing electro¬
magnetic radiation. Changes in the metabolic and functional integrity of lympho¬
cytes obtained from microwave exposed animals have been reported. These find¬
ings suggest that the lymphocyte may be a target for microwave radiation. In
light of this we have initiated studies to determine if chronic microwave ex¬
posure of rats affects lymphocyte function. We have employed a chronic regimen
of exposure in an attempt to mimic the type of experiments performed by Soviet
and Eastern European investigators. ...

The in vitro phytoheamagglutinin (PHA)-lymphocyte stimulation test is

widely used as an indicator of cell-mediated immune competence. This technique
was used to assess the proliferative capacity of blood and lymph node T-lympho-
cytes obtained from rats chronically exposed to microwave radiation. The incor¬
poration of 3H-thymidine into newly synthesized DNA was used to follow PHA-
stimulated lymphocyte blastogenesis.

Time-bred rats were exposed, in a temperature-controlled environment, to
either 2450 MHz or 425 MHz microwave radiation. One group of pregnant rats
was exposed at an incident power density of 5 mW/cm2 to 2450 MHz(CW) in an'
anechoic chamber. Another group was exposed to 425 MHz (CW) in a Crawford
cell transmission line at an incident power density of approximately 10 mW/cm*.
The pregnant rats were irradiated for four hours a day seven days a week until
parturition. The subsequent offspring were then irradiated, following the same
regime, through 40 days of age. At 20 or 40 days of age, rats were sacrificed and
lymphocytes from blood and lymph nodes were cultured. Exposure of rats to
either frequency resulted in little change in the percentage of lymphocytes or in
the number of leukocytes circulating in blood compared to sham irradiated con-,
trols. The PHA-response of lymph mode lymphocytes from rats irradiated at 425
MHz was consistently found to be significantly increased over the control re¬
sponse in several experiments. Furthermore, blood lymphocytes in one experiment
with animals exposed to 425 MHz microwaves gave an increased PHA-response
compared to controls. Changes in the PHA-response of lymph node lymphocytes
from rats irridated at 2450 MHz was also observed.

The results of this preliminary study suggest that chronic in vivo exposure to
microwaves affects the mitogen-stimulated lymphocyte response. The means by
which these changes occur and the implications of these changes are not known
at this time. Studies are presently in progress to verify these observed changes
and to investigate the possible effects of microwaves on the functional integrity
of the immune system.

Effects of Microwaves on Antibody Production in Rodents

CHARLES G. LIDDLE, EXPERIMENTAL BIOLOGY DIVISION, HEALTH EFFECTS RESEARCH
LABORATORY, ENVIRONMENTAL PROTECTION AGENCY, ENVIRONMENTAL RESEARCH
CENTER, RESEARCH TRIANGLE PARK, NC 27711

Studies are being conducted to evaluate the circulating antibody (B cell) re¬
sponse of animals exposed to microwaves during the period of antibody response.
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Six groups of four mice each were innoculated with Streptococcus pneumonae and
irradiated for 2 hours a day with 9 GHz pulsed (1 gsec pulse width,1KHz pulse
repetition rate) microwaves at an incident average power density of 10 mW/cm2.
Antibody titers and hematological parameters (red blood cell, white blood cell,
hemoglobin, hematocrit, differential) were measured on the day following irradi¬
ation. The titers in the irradiated animals were significantly higher (p=.O4) than
in the sham irradiated animals, but there were no significant alterations of any
of the hematological parameters. Also, three groups of fifteen mice each were
irradiated with 2450 MHz CW microwaves at an incident power density of
10 mW/cm2 in a similar manner. There was no difference in antibody titers be¬
tween irradiated and sham irradiated animals.

A preliminary study of twenty four rats exposed in utero from day six of gesta¬
tion until twenty days postnatally (5 mW/cm®, 4 hours daily) was conducted
using 2450 MHz CW microwaves. The antibody titers in the irradiated animals
were somewhat higher than in the controls (p=.10).

Lymphocyte Transformation

Induced by Microwave Radiation

(By A.T. Huang, et al.)

Effects of microwave radiation have been examined in blood lymphocytes from
Chinese hamsters irradiated for 15 minutes on 5 consecutive days at 2450 MHz
(CW) with power densities from 5 to 45 mW/cm2. Absorbed dose measurements
were determined by twin-well calorimetry. One hour after irradiation, blood
lymphocytes were obtained from orbital hemorrhage. Cells were cultured for one
day if unstimulated or for three days if stimulated with phytohemagglutinin
(PHA) to induce mitosis. After termination, lymphocytes were processed for
morphological and cytogenetic analyses with a brief colchicine treatment to arrest
cells in metaphase. Microwave radiation caused a transient, reversible and dose-
related (5-30mW/cm2) increase in blastic transformation of unstimulated lym¬
phocytes. However, frequency of cell divisions from PHA-stimulation decreased
in irradiated samples. Both effects were evident at 5 mW/cm2. Autoradiography
of cells labeled with [3H]-thymidine showed no evidence of radiation-related
DNA repair. Cytogenetic analysis of the irradiated samples demonstrated no
significant chromosomal aberration within these power densities.

Studies at NIEHS Relating to the Effect of
Microwave Radiation on Immunity

Fertile Japanese quail eggs were exposed to continuous wave microwave
radiation at an intensity of 5 mW/cm2 (50 W/m2) and a frequency of 2450 MHz.
The absorbed power density was determined to be 4.03 W/kg. The eggs were
exposed throughout the first twelve days of the normal incubation period of 17.5
days. Non-exposed control eggs were incubated in a chamber identical to the
exposure chamber. In our first series of experiments, the quail were carefully
examined and sacrificed at the time of hatching. Major organ weights (heart,
liver, pancreas, adrenals) and blood parameters were compared between exposed
and control birds. The only significant differences found were in the hemoglobin
concentration (4% increase) and in the monocyte percentage (decrease). The
birds appeared normal in all other respects.

In our next series of experiments on the quail, the exposure conditions were
as before but after hatching the exposed and control quail were not sacrificed
but were reared in the conventional laboratory manner. Weekly body weight
measurements were made to compare the growth patterns of exposed and control
quail. The weights of the exposed male at the ages of four and five weeks were
12 and 7 percent, respectively, less than the control males. These differences ap¬
proached statistical significance (P^0.05). At five weeks of age the quail were
challenged with sheep red blood cells (SRBC) and the levels of the anti-SRBC
antibodies, determined four days after antigen challenges, were of the same
magnitude for both the exposed and control quail. Following this assessment of
humoral immunity, the quail were sacrificed and the bursa of Fabricius and
spleen were removed and a comparison was made of exposed and control birds.
The weights of the bursa of Fabricius and spleen were not altered significantly
by the microwave exposure.

In our most recent series of experiments (not completed), the quail were
exposed as in the previous two series but were allowed to develop to 22 weeks of
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age. At this time the birds were sacrificed and organ weights compared and somehistological sections, taken. Although the studies are not complete, there appearsto be some changes in the liver and in the bursa of Fabricius of exposed femalesthat are not observed in control females.

In addition to the above in vivo study relating to immunological function, ratlymphocytes have been exposed in vitro to continuous wave microwave radiationat a frequency of 2450 MHz at intensities of 5 mW/cm2, 10 mW/cm2 and20 mW/cm2. The corresponding absorbed power densities were determined tobe 0.7 mW/gm, 1.4 mW/gm and 2.8 mW/gm. The lymphocytes were exposed for4 hours, 24 hours or 44 hours either with or without the addition of the mitogen
phytohemagglutinin. The transformation of lymphocytes into lymphoblasts was
monitored by the addition of tritiated thymidine. No significant differences(P=.O5) were found in the uptake of tritiated thymidine between exposed and
control cultures under the conditions tested.
Response of Lymphocytes In-Vitro to 30 MHz Radio Frequency Exposure

Richard H. Lovely, Arthur W. Guy and Thomas J. Sparks, Bioelectromagnetics
Research Laboratory, Department of Rehabilitation Medicine, University of
Washington School of Medicine, Seattle, Wash.

Freshly obtained primate lymphocytes (M. mulatta) are suspended in culture
media and stimulated with PHA mitogen immediately prior to a 20 minute
exposure to 30 MHz RF fields. The preparations were exposed to electric field
strengths of 5 V/cm with magnetic field strength of 3.77 a/m (within the media)
at a controlled temperature of approximately 36.5°C (±0.08 SE) in the exposure
system described by Guy [1]. The exposed cultures are then routinely incubated
in a 5% CO2 environment for anywhere from 48 hours up to 96 hours for different
cultures obtained from the primate population. Stimulated cells are blocked at
metaphase wTith colcemid and harvested 30 minutes later. Following staining with
Giemsa, slides are then examined for the percentage of blast cells present and for
the mitotic figures to determine what if any, effects relative to standards, sham-
exposed and other culture controls, the RF exposure has had. Expressing either
the percentage of blast cells or the mitotic index (percentage cells blocked at
metaphase) as difference scores from the appropriate control cultures, we have
found no significant differences between RF exposed cells or control cultures in
terms of peak mitotic figures or in terms of the distribution in time of the
mitotic index. Similarly, we have found no significant differences in the blast
cell, data, although these are much more variable. These findings appear to hold
both within and across primates tested.

On the other hand, it has taken us nearly a year to collect a rather minimal
amount of data. Re-evaluation of our culture outcomes in terms of success rate
(obtaining viable cultures from which the appropriate data can be garnered)
has revealed that a significantly higher number of lymphocyte cultures fail to
grow following 30 MHz RF exposure, viz., when harvested at different points in
time there are simply not enough viable cells in the RF exposed group to make
the appropriate determinations relative to the various control groups—which
do produce viable outcomes.

More recently, we have had a higher success rate in obtaining viable lympho¬
cyte cultures from the RF exposed groups, but preliminary evidence still suggests
that the total number of cells available for evaluation is far less than the number
available in the control groups, and that this is the case immediately following
RF exposure when stimulated first by the PHA mitogen.

Finally, some very preliminary data on the immuno-competence of rats exposed
to approximately 1000 hours, 915 MHz microwaves will be presented.

Reference

1. Guy, A. W., “A method for exposing cell cultures to EM fields under condi¬
tions of controlled temperature and field strength,” URSI Proceedings, Radio
Science Supplement, 1976.

Lymphocytic Response in Mice Exposed to 2450 MHz Radiation

P. Czerski,1 L. J. Gillespie,2 W. M. Leach, and T. P. O’Neill, U.S. Department of

i FDA Visiting Scientist, on leave from the National Research Institute of Mother and
Child, Department of Genetics, Warsaw, Poland.

2 Retired.
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Health, Education, and Welfare, Public Health Service, Food and Drug

Administration, Bureau of Radiological Health, Division of Biological
Effects, Rockville, Maryland 20857

Lymphocytosis of the peripheral blood has been reported in guinea pigs exposed
to 2950 MHz radiation (L) and in monkeys exposed to 10.5, 19.27, and 26.6 MHz
radiofrequency radiation (2). Lymphoblastoid cell effects in body organs
(thymus, spleen, liver, and Imyph nodes) have been reported after exposure
of mice to 3.105 MHz radiation (3), and to 2950 MHz radiation (4). Lympho¬
blastoid transformation of human lymphocytes exposed in vitro to 2950 MHz
radiation has also been described (5). A parameter common to most of these
cited studies in that multiple repetitive exposures were employed.

The present studies were undertaken to explore the dose-response relationships
of the lymphoblastoid response in mice. Adult CF 1 male mice, weighing between
21-35g, were exposed individually to 2450 MHz radiation in an environmentally
controlled waveguide apparatus, described elsewhere (6). For one-time expo¬
sures 116 mice were used ; or three-time exposures, 107 mice were used. Untreated
control animals were used with each experiment to establish a normal blood
picture ; sham-irradiated animals were used as controls for irradiations. At
intervals after exposure, blood was taken from the tail vein of mice, and
hematological routines were performed, including microhematocrit and total,
and differential white blood cell counts on Wright’s stained smears.

Results from the studies on mice exposed one time are summarized as follows:
1. Exposure of mice in the range of whole-body absorbed average power

(W-B AAP) of 10-35 mW/g resulted in appearance of lymphoblastoid cells, de¬
fined as cells which correspond morphologically to lymphoblastoid cells induced
in vitro by mitogenic substances, 6-8 days after microwave exposure.

2. At 10 mW/g W-B AAP, a 5 minute microwave exposure resulted in the
blastoid response in approximately 50 percent of animals, and a 20 minute
exposure resulted in the response in 100 percent of animals. At 20 or 35 mW/g
W-B AAP, 100 percent of animals showed the blastoid response.

3. Lymphoblastoid cells may be observed as early as 2 days after microwave
exposure, but the data indicated that the response was not consistent.

4. Transient neutropenia and neutrophila was observed during the first 5 days
after both microwave and shamp exposure of some animals, particularly after
exposures to microwaves in the range 40-95 mW/g W-B AAP.

The results from the studies of mice exposed for 30 minutes at three times
to 10 mW/g W-B AAP are summarized as follows :

1. Mice exposed on days 0, 3, and 6 showed lymphoblastoid responses similar
to those following a single exposure, in that the first appearance of the lympho¬
blastoid cell was about 6 days after the last exposure.

2. Mice exposed on days 0, 2, and 5 shows consistently lymphoblastoid cells
b6 24 hours after the last exposure, and a peak of the cells about 2-2.5 times
higher than that of animals exposed on days 0, 3, and 6.

3. Amplitude nodulation (12 Hz) by a 3310A Hewlett Packard function
generator failed to affect the obtained results.

In either of the studies, lymphoblastoid cells were not observed in control or
sham-irradiated mice.
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Waveguide'irradiation Facility. IEEE Trans on Microwave Theory and Tech¬
niques. Vol. MTT-21, 837, 1973.

Effect of Low Dose Microwaves on the Immune Response of Mice

Capt. K. Sell, MC, USN, Naval Medical Research Institute, Bethesda, Md., Dr. W.
Wiktor-Jedrzejczak (Poland), visiting scientist/NMRI

CBA/J male adult mice were exposed to 2450 MHz microwaves (Amplitude
modulated 12 Hz) at a forward power 0.6 watts for 30 minutes in an environ¬

mentally controlled waveguide facility. The absorbed dose rate was computed
from measurements of forward, reflected, and transmitted power and was about

14 mW/g body weight of the animal for each exposure. The experiments were
carried out with two groups of mice. One group received a single exposure for 30
minutes, the other group a total of three exposures of 30 minutes each at three day

intervals. Sham exposed animals served as controls. .
A single exposure to microwaves in such conditions produced a significant

increase in the frequency of a subpopulation of B lymphoid cells bearing a
receptor for complement (CR+). Triple exposures not only enhanced this effect,
but also significantly increased the total frequency of Ig-]-B cells in spleens
of exposed mice. The effect was pronounced seven days after exposure and was
independent of cell proliferation since the total number if spleen cells and
the incorporation of 3n-TdR (DNA-precursor) , 3n-Uridine (RNA-precursor)
and 3n-Leucine (protein precursor) by spleen bone marrow, and peripheral
blood lymphoid cells of the exposed mice remained unchanged. This effect could
not be related to the arrest of further maturation of B cel s in CR+ stage, since
seven days after a single exposure the number of cells spontaneously forming
IgM antibody also increased as evaluated by the plaque assay. Moreover, the
functional immune capacity of these mice was evaluated by the response of
their spleen cells in vitro to B cell-specific mitogens dextran seulphate lipopoly¬
saccharide, poly I.D., and PPD-tuberculin. While there was no significant
increase in their ability to respond to dextran sulphate (which stimulates
neonatal B cells), there was a significnt increase in their ability to respond
to the other B cell mitogens used.

The proportion of T lymphoid cells (theta-positive) remained unaltered
similarly as their functional capacity as evaluated by response of spleen cells
in vitro to the T cell specific mitogens-phytohemagglutinin and concanavalin A
and to allogeneic stimulator cells in mixed lymphocyte cultures.

Groups of CAB/J male adult mice were injected on day “0” with 0.5 ml of saline
or 0.2 ml of T lymphoid cell dependent antigen (i.e. requiring the cooperation of
T cells for the production of antibody)—sheep red blood cells (SRBC) or 100 /xg
of synthetic T cell independent antigen (i.e. B cells produce antibody without
cooperation with T cells)—DNP-lysine-Ficoll. On days 1, 2, and 3 the experi¬
mental groups consisting of four animals each were exposed to 2450 MHz micro¬
waves. Controls consisted of mice which were sham-exposed. Exposures were
performed in an environmentally controlled waveguide facility with a forward
power of 0.6 watts to the average absorbed dose rate about 12 mW/g bodv weight
for each exposure. On day 4 mice were sacrificed and their spleen cells were
assayed for antibody by the modification of the direct plaque assay of Jerne.
Cells from SRBC immunized animals were assayed using SRBC as indicator
cells, while cells from DNP-lys-Ficoll immunized mice were plaqued against
SRBC coated with appropriate antigen determinant—trinitrobenzene sulfonic
acid. Cells from saline injected animals were assayed against both these
indicators.

While the number of IgM antibody secreting cells increased in non-immunized
(saline) microwave-exposed mice as compared to non-immunized sham animals,
the ability to form specific antibody against both T-^rwn^nt nnd T-indenendent
antigen decreased in microwave exposed animals. The difference was, however,
statistically significant only in the case of their response to the T-independent
antigen.

These results suggest that while microwaves stimulate non-specific reactivity
of B lymnhoid cells, they simultaneously decrease the number of antigne reactive
cells specific for both thymus dependent and independent antigens. These exposure
conditions of microwaves in vivo seems to be weakly immunosuppressive. Further
studies on the mechanism of this reaction are currently in progress.
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Some Effects of Electbomagnetic Radiation on the Immune System

(James W. Frazer, Ph. D., USAF School of Aerospace Medicine,

Radiation Sciences Division, Brooks AFB, lex.)

Relatively high values of specific absorbed radiation (SAB) have been found

in the extre exposed to frequencies below their geometric

resonance frequency with field electric vectors paralleling the extremity. ot£®rinstances^ tiw close apposition of the base of the brain o the dwlectn dis-
continuity offered by the floor of the cranium insures higher than average
car in this region also. Both of these circumstances predict some effect on the

maturation and liberation of bone marrow elements, as^as effecte on release
of pituitary hormones with secondary effects on the reticulo endothelial system.

Frequencies utilized in the series of experiments reported range from 25
kHz to 26 MHz. Fields employed were sufficient to produce appreciable
fields, but insufficient to produce measurable hyperthermia e?c.ept

In fields of 25 kHz, 15 kV/meter, it was found that tritiated thymidine

incorporation into DNA of animals exposed for 1 hour a day continuously

increased over a period of approximately three months. Littermate contros
showed no such increases. A survey for parasite infestation revealed no qualita¬

tive difference between the groups of animals, though both groups were exten¬
sively infested with round worms present at the time of arrival. Cells tested
were removed from marrow and cultured so that most cells were marrow

yin another series of experiments, it was found that lymphocytes removed
from monkeys (Macaca mulatta) 3 days following a single exposure to fields of
10, 19, or 26 MHz fields, 5880 V/m, 17 percent duty cycle responded to addition of

phytohemaglutinin 3-5x as much as pair handled controls. Culture of cells

extended 96 hours after removal from the animal. Lymphocytes were cultured
in the presence of RBC. Hyperthermia, measured by rectal temperature and by
radiometer surface scan, was only produced at 26 MHz. . .

Rats exposed daily to 19 MHz fields in the near-field synthesizer with electric
and magnetic vectors coincident at 8 kV/m and 50 Amp/m had a depressed
lymphocyte count when sampled on the 4th day of radiation,,and demonstrated a
small increase in plasma alpha 2 globulin content. No significant changes were
found in plasma cortisol, serum aldosterone, or 24 hour excretions of 17 hydroxy
or 17 ketosteroids or aldosterone. Animals brought to the same rectal temperature
by exposure for a similar period of time to a warm environment demonstrated
an increased aldosterone excretion as expected.

Rats given a single acute exposure to 19 MHz, 3400 V/m fields resnonded
with a decrease in circulating lymphocytes reaching minimum 7-12 hours post
exposure and returning nearly to normal in 24 hours. Another group exposed to
1700 V/m showed no such response.

A large series of molecules was exposed in solution to frequencies ranging

from 10 MHz to 100 MHz. Evidence of alteration in molecular structure was
obtained from Raman or Fourier transform infrared spectrometry. Molecular

. species ranged from glycine, through several nucleotides. t-RNA. chvmotrypsin
to calf thymus DNA. Lower molecular weight compounds did not demonstrate
alterations in structure under the carefully thermostatted conditions used. E.
coli t-RNA gave evidence of hydrogen bond disruption and increased P-0 stretch¬
ing amplitudes. Chymotrypsin behaved as if there was a “Stiffening” of the
peptide chain. DNA showed little evidence of perturbation, other than equivocable
evidence of change in hydration.

We believe the data indicate, though do not prove, the existence of 2 effects
of the application of the fields utilized. One is a response similar to that
expected from hyperthermia ; i.e., a transient glucocorticoid release and lymph
depression with a time course similar to that shown to occur in higher frequency
fields by Michaelson, and whose consequences to lymphocytes was demonstrated
many years ago as part of the “Alarm” reaction.

The other effect is more subtle, depending on direct interaction with a set
of macromolecules either in the releasing sequences, or in the lymphocyte itself.
This effect is expected to occur at low fields, and should be investigated in
pulsed fields.
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1977 INTERNATIONAL SYMPOSIUM

On The

BIOLOGICAL EFFECTS OF ELECTROMAGNETIC WAVES

GENERAL

From October 30 through November 4, 1977,
the URSI, Commissions A and B, and the USNC/
URSI, Commissions A and B, with the cooperation
of the IRPA, will conduct the INTERNATIONAL
SYMPOSIUM on the BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC WAVES at Airlie, Virginia,
U.S.A. The URSI General Assembly of 1975, held
in Lima. Peru, adopted a Resolution which indi¬
cated a growing concern with biological effects of
electromagnetic radiation and the need for the co¬
operation of physical scientists with biomedical
scientists and organizations to address this inter¬
disciplinary topic. This first INTERNATIONAL
SYMPOSIUM on the BIOLOGICAL EFFECTS OF
ELECTROMAGNETIC WAVES is the direct result
of the activities of the URSI Working Group in
support of the Resolution and of the activities of
the U.S. Commissions A and B of the USNC/URSI
to foster interdisciplinary exchanges of informa¬
tion and viewpoints on an international scale.

LOCATION

The 1977 INTERNATIONAL SYMPOSIUM on
the BIOLOGICAL EFFECTS OF ELECTRO¬
MAGNETIC WAVES will be held in the self-
contained conference facilities of the Airlie House,
Airlie, Virginia, U.S.A., located in a lovely country
setting of the foothills of the Blue Ridge Moun¬
tains. Although only a few miles and minutes re¬
moved from national and international air termi¬
nals and the busy urban scene of the national
capital city, Washington, DC, these facilities pro¬
vide the'protective isolation for SYMPOSIUM par¬
ticipants to meet together formally and informally
with maximum ease and minimal distraction. A
description brochure of the Airlie House confer¬
ence facilities accompanies this announcement.

The SYMPOSIUM will have exclusive use of the
Airlie House conference facilities during the week
of the meetings. The main building, Airlie House,
will be used for registration, ail technical meetings
and dining (three meals daily, including the
Banquet). Lodging for the first 190 registered par¬
ticipants will be provided in nearby residence at
Airlie (Silo House, Farmer’s House, Carriage
House, Groom’s Cottage and Lake Cottage).
Lodging for additional registered participants will
be arranged in nearby motels (Warrenton, VA)
with transportation provided to and from the
SYMPOSIUM and all meals taken at Airlie House.

Because the Airlie facilities will be so fully oc¬
cupied by the SYMPOSIUM, the Committee will
not make lodging and dining arrangements for
non-participants. Participants that plan to be ac¬
companied by family members must make their
own arrangements for lodging and meals. A listing
of nearby motels is provided, without any endorse¬
ment by the SYMPOSIUM, solely to accommodate
those that register for the SYMPOSIUM but wish
to make their own arrangements for lodging.

The Airlie facilities include a large number of
small sized conference and meeting rooms in Airlie
House and the resident houses. These can be made
available during the week for use by small groups
of participants when technical meetings of the
SYMPOSIUM are not tn session. Prior arrange¬
ments for such use can be made by contacting the
ON-SITE ARRANGEMENTS CHAIRMAN or,
during the SYMPOSIUM, by contacting the
SYMPOSIUM OFFICE, Foxes Den, Airlie House.

A Publicity-Press Room will be maintained in
Airlie House during the period of the SYMPO¬
SIUM.

ADVANCE REGISTRATION

The advance registration fee ^$8o\he Ad¬
vance Registration form and the Application for
Lodging form accompany this announcement. The
completed forms and the registration fee must be
received on or before Monday, September 19.
1977, for United States. Canadian and Mexican
residents, and Monday, October 3, 1977, for over¬
seas residents. The registration fee after September
19 (domestic) and after October 3 (overseas) is
$100.

The Advance Registration form, the registration
fee and the Application for Lodging form should
be mailed to the FINANCE CHAIRMAN in the
envelope provided.

Those registering in advance by mail may pick
up their registration materials (badge, program
notices, etc.) at the Advance Registration Desk at
Airlie House (Board Room) at timaof arrival.

Advance registration for less than the full
period of the SYMPOSIUM will not bo honored.
Only those cancellations received on or before Oc¬
tober 3, 1977, will be honored.

ON-SITE REGISTRATION

Advsnce registration by mall Is strongly recom¬
mended. The registration fcoot the SYMPOSIUM
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will be $100 and registration for any one day of
the SYMPOSIUM is $30. The Registration Desk at
Airlie House (Board Room) will be open from
1400-2000 hours. Sunday, October 30, 1977, and
will be open after 0730 hours on subsequent days.

Attendance at all technical sessions, meals and
other uses of the Airlie House conference facilities
during the SYMPOSIUM will require registration.
Access to conference rooms and dining under the
SYMPOSIUM arrangements will require that the
registration badge be shown each time.

The SYMPOSIUM will make an effort to ar¬
range lodging for those registering on-site for the
period of the SYMPOSIUM. This will be on a first-
arrwal basis starting at 1400, Sunday, October 30,
1977. Again, it is urged that lodging be arranged
well in advance of arrival since lodging capacity at
Airlie House and inWarrenton is limited.

One-day registrants will have to make their own
arrangements for lodging. Meals will be provided
on a space-available basis at the "day guest" rates
charged at Airlie House (breakfast, $5.75; lunch¬
eon, $8.50; dinner, $10.25; Banquet, $12.75, plus
4% state sales tax).

PUBLICATIONS

Each participant registered for the SYMPO¬
SIUM will receive one copy of the 1977 INTER¬
NATIONAL SYMPOSIUM PROGRAM and
ABSTRACTS at registration. Extra copies of this
publication can be obtained at the SYMPOSIUM
for $5.00 at the registration desk. Board Room,
Airlie House. After the SYMPOSIUM, copies of the
PROGRAM and ABSTRACTS can be obtained
from Mr. Richard Y. Dow, USNC/USRI. National
Academy of Sciences, 2101 Constitution Avenue
NW, Washington, DC 20418.

Each participant registered for the SYMPO¬
SIUM will also receive one copy of a volume of
refereed papers from the 1977 INTERNATIONAL
SYMPOSIUM* that will be published as a special
supplement to RADIO SCIENCE in 1978. Profes¬
sor D. R. Justesen and Dr. R. C. Baird will serve as
the co-editors of this volume. Extra copies of this
volume can be ordered at the SYMPOSIUM at the
pre-publication rate of $13.50 at the registration
desk. Board Room, Airlie House. After publica¬
tion, the cost of the volume will be substantially
higher.

Participants that are registered for less than the
full period of the SYMPOSIUM will not receive a
copy of the 1977 INTERNATIONAL SYMPO¬
SIUM special supplement to RADIO SCIENCE as
part of the registration fee but can place an order
for this volume et the pre-publication rate of
$13.50 at the registration desk, Board Room,
Airlie House.

SYMPOSIUM INFORMATION

Prior to October 29, general questions concern¬
ing the conference may be directed to the SYMPO¬
SIUM COMMITTEE CHAIRMAN. Dr. Moris L.
Shore. Questions concerning program should be
directed to the TECHNICAL PROGRAM CHAIR¬
MAN, Dr. A. W. Guy; those concerning registration
to the FINANCE.CHAIRMAN.Dr. Th. C. Rozzell;
those concerning publicity to the PUBLICITY
CHAIRMAN, Dr. P. E. Tyler; and those concerning
conference facilities, lodging, meals and transporta¬
tion to the ON-SITE ARRANGEMENTS CHAIR¬
MAN. Mr. E. L. Hunt. The addresses are listed else¬
where in this announcement.

During the period of the SYMPOSIUM, the
Registration and Information Office, located in the
Board Room, Airlie House, will be open from
1400-2000 hours, Sunday, October 30, and from
0730-1800 hours on subsequent days, closing at
1400 hours, Friday, November 4. Telephone
messages for participants will be accepted at (703)
347-1300 (or 273-6554 from Washington. D.C.
area) during these hours. A message board and a
lodging directory will be located in the Board
Room, available during the hours that Airlie House
is open (0700-2300 hours).

AUDIO-VISUAL EQUIPMENT

Projection equipment available for the technical
sessions (Federal Room, Airlie House) will be 35
mm and viewgraph (overhead) projectors. Persons
needing other types of equipment should make
special arrangements well in advance of the meet¬
ing with the On-Site Arrangements Chairman.
Note: Visual aid materials should be prepared with
clarity and visibility in mind. Use oversize lettering
and heavy lines. Be sure to number and identify all
visual aid materials.

TECHNICAL PROGRAM

Times listed in the program for technical papers
will be followed. Because of the arrangements
made for serving meals, closely scheduled with the
meetings,, adjournment of sessions just prior to
Luncheons and Dinners will be rigidly followed.

Each technical session will be co-chaired, with
one of the chairmen being an overseas participant
of the Symposium. The co-chairmen for each
session will be announced in thePROGRAM AND
ABSTRACTS booklet.

There will be no concurrent sessions. The main
meeting room (Federal Room) will be augmented
by a satellite meeting room (East Room). The
second meeting room will be outfitted with video
monitors, audio speakers and a microphone to pro¬
vide means for full participation.



299

ROUND TABLE SESSION

In addition to the full schedule of technical
sessions, a special round table on a current research
topic of wide, general interest will be convened on
Tuesday evening, November 1. Topic and speakers
are listed at the end of the Technical Program.

SYMPOSIUM BANQUET

A reception and Banquet will be held at Airlie
House for SYMPOSIUM participants on Wednes¬
day evening. November 2. with Banquet service to
start at 1900. There will be no additional charge to
participants for the Banquet. The program and
speaker will be announced.

TRANSPORTATION TO AIRLIE, VIRGINIA

A map of highway routes from Washington,
D.C. and from Dulles and National airports, to
Airlie, VA, is contained in the descriptive brochure
of Airlie House that accompanies this announce¬
ment. Travel time from Washington, D.C. by auto¬
mobile is approximately one hour.

Scheduled Trailways buses operate from Wash¬
ington, D.C. to Warrenton, VA several times
throughout the day. with a one-way charge of
slightly more than $3.00. Information on trans¬
portation to Airlie from Warrenton may be obtain¬
ed by contacting the SYMPOSIUM by telephone
(347-1300).

Transportation from Dulles International Air¬
port or from National Airport can be obtained by
taxi and limosine services. The limosines are oper¬
ated by Greyhound Airport Service from a dis¬
patcher desk located centrally at Dulles and in the
main terminal at National. From Duties Airport the
price for transportation arranged by the SYMPO¬
SIUM on Sunday afternoon and evening, October
30, will be $5.50 each, cash, and from National
Airport. $7.50 each. To help coordinate transpor¬
tation from both airports to Airlie, a SYMPOSIUM
official will be located at the dispatcher desk at
each airport. Participants wishing to take advan¬
tage of this coordination are to inform the SYM¬
POSIUM, using the postal card form accompany¬
ing this announcement titled "Arrival Information
for Sunday, 30 October." This should be mailed
for receipt by October 24 to the ON-SITE AR¬
RANGEMENTS CHAIRMAN. Those traveling
from Washington, D.C. and vicinity can take ad¬
vantage of this service by using the postal card
mailer to inform the SYMPOSIUM of the time
on October 30 that they plan to get to an air¬
port by surface transportation. Coordination of
Greyhound airport limosine service to Airlie will be
provided by the SYMPOSIUM only as indicated,
on October 30. Travel from Airlie to the airports at
the end of SYMPOSIUM will be arranged for Fri¬
day, November 4, and participants should watch

for an announcement or inquire at the Registration
and Information desk, Board Room, Airlie House,
on Thursday, November 3.

LODGING; MEALS AND LOCAL
TRANSPORTATION

The arrangement for lodging and meals for the
SYMPOSIUM is by the American Plan and, because
of the limited capacity, will be made available for
only the first 350 registrants. The rate for the
SYMPOSIUM participants is $27.50 per day

C ($137.50 for the 5 days) plus a 4% state sales tax,
''Payment to Airlie House in cash dr by check (no
credit cards) is due on departure on Friday,
November 4. Adjustments will be made for late
arrivals to 1000 hours, Monday, October 31, for
missing, in progression, Sunday evening dinner, one
night's lodging and breakfast on Monday, and for
early departures Friday morning, November 4,
missing Friday lunch. No adjustments will be made
for meals made available but not taken during the
rest of the SYMPOSIUM period.

Registered participants who make their own
arrangements for lodging during the SYMPOSIUM
will be offered meal service at the SYMPOSIUM
rates if pre-paid at the time of .registration. This
rate is $17.00 per day ($85.00 for the 5 days) plus
a 4% state sales tax ancl with adjustments available
for the first two meals and the last meal that might
not be taken during the period of the SYMPO¬
SIUM.

Participants who register for less than the full
period of the SYMPOSIUM or who do not wish to
take advantage of the prepayment for meals at the
SYMPOSIUM rate will be charged at the "Day
Guest" rate for each meal taken. These rates are:
breakfast — $5.75, lunch—$8.50 and dinner—
$10.25, plus 4% state sales tax. Meals for such par¬
ticipants will be provided on a space-available basis.

Double occupancy lodging is standard for the
Airlie facilities. At an additional charge of $7.00
per day, plus a 4% state sales tax, a limited number^

~6f single occupancy rooms will be available in
'motel facilities reserved in Warrenton for the’
SYMPOSIUM. Assignment of each participant’s
Toommate wilTbe made by the SYMPOSIUM in
making room assignments except where both par¬
ticipants prearrange the assignment. Each must
indicate this preference for the other registrant at
the time of registration or on the "Application for
Symposium Lodging" form submitted with the
"Advanced Registration" form. Both formsand an
addressed envelope ready for postage and mailing
accompanies this announcement. If the applicant
has no preference for a roommate assignment, the
appropriate blank on the application should state
"no preference" or be left blank. Room assign¬
ments will be made on a first-received (advance
registration) or first-arrive (on-site registration)
basis. Residence space at Airlie will be assigned
first, with applicants after the first 190 assigned to

96-475 O - 78 - 20
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motel spaces reserved for the SYMPOSIUM in
Warrenton.

SYMPOSIUM participants who are lodged in
Warrenton motels by arrangements with Airlie
House will be provided free limosine service to and
from their motels, scheduled to deliver participants
at Airlie House in time for breakfast and to return
late evening. This transportation will also be avail¬
able during the day according to need {consult
Information Desk, Board Room). Free parking is
available for participants who employ their own
vehicles for transportation.

MEAL SCHEDULES

Only the eating facilities at Airlie House are
available locally for the SYMPOSIUM (Commercial
restaurants on RT 211 are three miles, or more, in
distance from Airlie House). Meal times are
scheduled as follows:

Breakfast (all mornings): 0715-0830
Luncheons; Monday-Thursday: 1230-1330

Friday: 1245-1345
Dinners; Sunday: 1900-2030

Monday, Tuesday and Thursday: .
1830-2000

Wednesday:(Banquet): 1900-2100

All meals, except the Banquet, are served buffet
style. A Coffee/Tea Break (no cost) is scheduled
mid-morning and mid-afternoon during each day of
the SYMPOSIUM. A bar will operate at Airlie
House (Studio Room) after adjournment of each
day’s technical sessions through the dinner period
and two additional bars (Silo House Tavern and
Lodge Bar) will operate through the dinner and
evening periods. A standard charge will be made
fordrinksand set ups.

ANTICIPATED WEATHER CONDITIONS

Early November at Airlie, VA, is a transitional
season of the year. It usually is sunny and warm
during the day (75 °F) and very cool during eve¬
ning and night .times, requiring sweaters or light
covering. Rain, or even light snow flurries can

occur at this time of year and participants, accord¬
ingly, should come prepared for such a con¬
tingency.

LOCAL MOTELS

This listing of motels, all located 3 miles or
more from Airlie, VA, is provided (without any
endorsement by the SYMPOSIUM) for information
to participants registered for the SYMPOSIUM
who need to make their own arrangements for
lodging. These motels are listed alphabetically and
the number of single and double rooms each has
for rent is indicated.

Name and Address
Cavalier Motel
Warrenton, VA
(703) 347-4333
Holiday Inn
Manassas, VA ’

(703) 361-0131
Howard Johnson
Warrenton, VA
(703) 347-4141
Jefferson Motel
Warrenton, VA
(703) 347-4000
Lee-Hi Motel
Gainesville, VA
(703)347-3414

Ramada Inn
Manassas, VA
(703) 361-0221 (or -1424)

Rip Van Winkle Motel
Warrenton, VA
(703) 347-7272
Terrace Motel
Gainesville, VA
(703) 347-2427
Warrenton Motor Lodge
Warrenton, VA
(703) 347-2600

Number of Rooms
10 single, 20double

9 single, 120double

28 single, 28double

10single, 18 double

3 single, 8 double

123 double

23 double

14 single, 4 double

22double
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TECHNICAL PROGRAM

MONDAY MORNING, OCT. 31, 0830 1000

OPENING SESSION
Chairman: Don R. Justesen, Veterans

Administration Hospital, Kansas City, MO 64128

Symposium Welcoming and Special Announcements

Physical-Science Keynote Address
Interdisciplinary and International Contributions
to Electromagnetic Bioeffects Research: Past Per¬
formance and Challenges for the Future. Professor
Curtis C. Johnson, Chairman, Department of Bio¬
engineering, University of Utah, Salt Lake City, UT
84112.

Blological-Scioncc Keynote Address
Some Perspectives on the Biological Response to
Non-Ionizing Electromagnetic Radiation. Dr,Joseph
C. Sharp, Deputy Director, Life Science Division,
NASA-AMES, Moffett Field, CA 94305.

1000-1025 Coffee/Tea Break

MONDAY MORNING, OCT. 31, 1025-1225

INSTRUMENTATION
Session A

A-1 An Investigation of Thermistors for Tern-
1025 perature Mapping of Biological Specimens

during EM Radiation: J. Toler, E. Burdette,
J. Seals, and F. Cain, Georgia Institute of
Technology, Atlanta, GA 30332

A-2 A Fiber-Optic Probe with Semiconductor
1035 Sensor for Temperature Measurements In

Electromagnetic Fields: Douglas A. Chris¬
tensen, Department of Bioengineering, Uni¬
versity of Utah, Salt Lake City, UT 84112

A-3 Inexpensive Nonmetallic Differential Tern-
1045 perature Probe for Microwave Dosimetry:

Richard G. Olsen and Efrain A. Molina,
Naval Aerospace Medical Research Labora¬
tory, Naval Air Station, Pensacola, FL 32508

A-4 Viscometric Thermometer: An Instrument
1055 for Temperature Measurement In EM Fields:

Michael M. Chen, Charles A. Caln. Jeffrey
Mullin and Katherine Loh, Department of
Bioengineering. University of Illinois at Ur¬
bana-Champaign, Urbana, IL 61801

A-5 Response of Insulated Electric-Field Probes
1105 In Models of Finite Heterogeneous Biologi¬

cal Bodies: H. Mousavinezhad, K. M. Chen,
and D. P. Nyquist, Department of Electrical
Engineering and Systems Science, Michigan
State University, East Lansing, Ml 48824

A-6 Carbon Electrodes for EEG Measurements
1115 In Microwave Research: C. K. Chou and A.

W. Guy, Bloelectromagnctlcs Research Lab¬
oratory, Department of Rehabilitation Med¬
icine RJ-30, University of Washington
School of Medicine, Seattle, WA 98195

A-7 Analysis of the Accuracy of Electromag-
1125 netlc-Components Measurement In the Near

Field: Tadeusz M. Babijand Hubert Trzaska,
Technical University of Wroclaw, Wroclaw,
Poland

A-8 Variability in Measurements of Power Den-
1135 slty: G. J. Hagan, G. L. Donovan, and R. L.

Carpenter, Bureau of Radiological Health,
Division of Biological Effects, Winchester
Engineering and Analytical Center, Win¬
chester, MA 01890

1145-
1225 Discussion

1230-1330 Luncheon

MONDAY AFTERNOON, OCT. 31, 1330-1500

EXPOSURE SYSTEMS
Session B

B«1 Miniature Anechoic Chamber for Chronic
1330 Exposure of Rodents to Plane-Wave Micro¬

wave Fields: Arthur W. Guy, Bioelectromag¬
netics Research Laboratory Department of
Rehabilitation Medicine RJ-30, University
of Washington School of Medicine, Seattle,
WA 98195

B-2 Circularly Polarized 2450-MHz Waveguide
1340 System for Chronic Exposure of Rodents:

Arthur W. Guy and Jack Wallace, Bioelec¬
tromagnetics Research Laboratory, Depart¬
ment of Rehabilitation Medicine RJ-30,
University of Washington School of Medi¬
cine, Seattle, WA 98195

B-3 Improving Far-Field Uniformity in Nonideal
1350 Microwave Anechoic Chambers by Adding

Absorptive Collar to Feedhorn: Richard G.
Olsen and W. G. Lotz, Naval Aerospace
Medical Research Laboratory, Naval Air
Station, Pensacola, fL 32508

B-4 Long-Term Microwave Exposure of Marino
1400 Animals: Donald I. McRee, National Insti¬

tute of Environmental Health Sciences, Re¬
search Triangle Park, NC 27709 and Howard
Wachtel, Duke University, Durham, NC
27706

B-5 A System for the Exposure of Large Num-
1410 bers of Small Laboratory Animals to 60-Hz

Electric Fields: W. T. Kaune, J. R. Decker,
R. D. Phillips and D. L. Hjeresen, Battelle
Pacific Northwest Laboratories, Richland,
WA 99352

B-6 A System for Continuous Exposure of Mln-
1420 iature Swine to 60-Hz Electric Fields: M. F.

Gillis, C. H. Allen, J. L. Beamer, T. W. Jeffs,
J. R. Decker and R. D. Phillips, Battelle Pa¬
cific Northwest Laboratories, Richland WA
99352

1430-
1500 Discussion

1500*1525 Coffoo/Tea Break
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MONDAY AFTERNOON, OCT. 31, 1525-1610

BIOEFFECTS OF MILLIMETER WAVE
RADIATION

Session C

C-1 Possible Detection in vivo of Latent Viruses
1525 In Tumor and Bacterial Cells and Their In¬

duction by Millimeter Microwaves; Sydney
J. Webb, Department of Physics, University
of South Florida, Tampa, FL 33520

C-2 Microwave Effects in Drosophila melano-
1535 gaster: M. Dardalhon, Fondation Curie-

Institut de Radium, Section de Biologie, 26,
rue d'Ulm, 75231 Paris Cedex 05, France,
A. J. Berteaud and D. Averbeck, Groupe de
Recherche “Organisation Moleclairet Macro-
moleculaire” du C.N.R.S., 2, rue Henry Du-
nant, 94320 Thiais, France

C-3 Effects of Millimeter Waves on LIvingTIssue:
1545 O. P. Gandhi, D. W. Hill, L. M. Partlow, C.

C. Johnson, and L. J. Stensaas, University of
Utah. Salt Lake City, UT 84112

1555-
1610 Discussion

MONDAY AFTERNOON, OCT. 31, 1610-1710

PHYSIOLOGICAL EFFECTS I
Session D

D*1 Electromagnetic Waves Affect the Wingbeats
1610 of the Housefly: Sheldon S. Dandler and

Andrew Voyatzakis, Bioelectromagnetics
Department of Electrical En¬

gineering, Northeastern University, Boston,
MA 02115

D-2 Absence of ECG and Respiratory Changes In
1620 Turtles and Tortoises Exposed to Microwave

Fields of Low Density: W. F. Flanigan, Jr.,
W. R. Lowell, and R. L. Seeley, Naval Ocean
Systems Center, San Diego, CA 92152

D-3 Heart-rate Modification in vivo from Irradl-
1630 ation by Electromagnetic Energy: Edwin S.

Eichert, III and Allan H. Frey, Randomline,
Inc., Huntingdon Valley, PA 19006

D-4 Interaction of the Neuron with Alternating
1640 Current Fields: Jan Musil, Institute of Hy¬

giene and Epidemiology, Srobarova 48, 100
42 Prague .10, Czechoslovakia

1650-
1710 Discussion

TUESDAY MORNING, NOV. 1, 0830-1000

PHYSIOLOGICAL EFFECTS II
Session E

The Effect of Electromegnetic Energy on
0830 Spontaneous Contractions of Smooth Mus¬

cle: Ernest R. Whitcomb and Claude M.
Well, Health Effects Research Laboratory,
US Environmental Protection Agency, Re¬
search Triangle Park, NC 27711

E-2 Effects of Microwave Radiation on the Rat's
0840 Pituitary-Thyroid Axis: Shin-Tsu Lu, Nancy

Lebda, and Sol M. Michaelson, The Universi¬
ty of Rochester, School of Medicine and
Dentistry, Rochester, NY 14642

E-3 Effects of Hypophysectomy and Dexameth-
0850 asone on the Rat’s Adrenal Response to Mi¬

crowave Irradiation: W. Gregory Lotz, Naval
Aerospace Medical Research’ J_aboratory,
Naval Air Station, Pensacola, FL 32508, and
Sol M. Michaelson, The University of Ro¬
chester, Rochester, NY 14642

E-4 Growth Hormone Levels of Rats Exposed to
0900 2450-MHz (CW) Microwaves: W. Gregory

Lotz, Naval Aerospace Medical Research
Laboratory, Naval Air Station, Pensacola,
FL 32508, Sol M. Michaelson and Nancy J.
Lebda, the University of Rochester, Roches¬
ter, NY 14642

E-5 Effects of Handling and Surgical Treatment
0910 on Convulsive Latencies and Mortality of

Tumor-Bearing Rats to 2450-MHz Micro¬
wave Radiation: Don R. Justesen, Robert A.
Morantz, Martina Clark, Dennis Reeves, and
Michelle Mathews, Neuropsychology and
Neurosurgery Research Laboratories, Veter¬
ans Administration Hospital, Kansas City,
MO 64128

E-6 Cataractogenic Response of Rabbits to
0920 Pulsed Microwaves of High-Peak Low-

Average Power: E. S. Ferri and M. E. G.
Foti Bureau of Radiological Health, Divi¬
sion of Biological Effects, Winchester Engi¬
neering and Analytical Center, Winchester,
MA 01890

0930-
1000 Discussion

1000-1025 Coffee/Tea Break

TUESDAY MORNING, NOV. 1, 1025-1225

THEORETICAL DOSIMETRY—I
Session F

F-1 Radiofrequency Radiation Dosimetry Hand-
1025 book: Description of the Second Edition: C.

H. Durney, C. C. Johnson, P. W. Barber, H.
Massoudi, M. Iskander, Departments of Bio¬
engineering and Electrical Engineering, Uni¬
versity of Utah, Salt Lake City, UT 84112,
S. J. Allen and J. C. Mitchell, USAF School
of Aerospace Medicine, Aerospace Medical
Division, Brooks AFB, TX 78235

F-2 A Technique for Calculating Absorption of
1035 Radio-Frequency Energy in Models of Man

at and above the Resonant Frequency: M.
F. Iskander, C. H. Durney, P. W. Barber, and
H. Massoudi, Departments of Electrical En¬
gineering and Bioengineering, The Universi¬
ty of Utah, Salt Lake City, UT 84112

F*3 Absorption Characteristics of a Prolate
1045 Spheroidal Model of Man at and near Reso¬

nant Frequencies: H. Lee and V. K. Tripathi,
Electrical and Computer Engineering Depart¬
ment, Oregon State University, Corvallis,
OR 97331
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F-4 Indexing Absorption of Electromagnetic En-
1055 ergy by Biological Objects with Prolato

Spheroidal Models: James C. Lin and Chuan-
Lin Wu, Department of Electrical and Com¬
puter Engineering, Wayne State University,
Detroit, Ml 48202

F-5 Application of Impedance-Boundary Condi-
1105 tions in Problems of Microwave Dosimetry:

Leonard S. Taylor and Tuan H. Dao, Elec¬
trical Engineering Department, University of
Maryland, College Park, MD 20742

F-6 Geometrical-Optics and Exact Solutions for
1115 Internal Fields and SARs in a Cylindrical

Mode) of Man as Irradiated by an Electro¬
magnetic Plane Wave: Habib Massoudi, Carl
H. Durney, and Curtis C. Johnson, Depart*
ments of Electrical Engineering and Bioen¬
gineering, University of Utah, Salt Lake
City, UT 84112

F*7 RF-Encrgy Absorption by Biological Models:
1125 Calculations Based on Geometrical Optics:

G. Ian Rowlandson and Peter W. Barber, De¬
partment of Bioengineering, University of
Utah, Salt Lake City, UT 84112

Some Recent Results on Deposition of Elec-
1135 tromagnetic Energy In Animals and In

Models of Man: O. P. Gandhi and M. J. Hag¬
mann, Departments of Electrical Engineer-

• Ing and Bioengineering, University of Utah,
Salt Lake City,UT 64112

1145-
1225 Discussion

1230-1330 Luncheon

TUESDAY AFTERNOON. NOV. 1, 1330-1430

DOSIMETRY-THEORETICAL STUDIES—II
Session G

G-1 A Computer Model of Temperature Dlstrl-
1330 bution Inside Lossy Spheres after Microwave

Radiation: W. S. Janna, E. P. Russo, Uni¬
versity of New Orleans, LA 70146, and R.
McAfee, V.A. Hospital, New Orleans, LA
70146

G-2 Numerical Calculation of Electromagnetic
1340 Energy Deposition In a Realistic Model of

Man: M. J. Hagmann, O. P. Gandhi, and C.
H. Durney, Departments of Electrical Engi¬
neering and Bioengineering, University of
Utah, Salt Lake City, UT 84112

G-3 Numerical Calculation of Electromagnetic
1350 Energy Deposition In Models of Man with

Grounding- and Reflector-Effects: M. J.
Hagmann, O. P. Gandhi, and C. H. Durney,
Departments of Electrical Engineering and
Bioengineering, University of Utah, Salt
Lake City, UT 84112

G-4 Induced EM Fields in Human Bodies and
1400 Heads: Kun-Mu Chen, H. Mousavlnezad,

Sutus Rukspollmuang, and D. P. Nyquist,
Department of Electrical Engineering and
Systems Science, Michigan State University,
East Lansing, Ml 46824

1410-
1430 Discussion

TUESDAY AFTERNOON,NOV. 1, 1430-1545

DOSIMETRY—EXPERIEMENTAL STUDIES
Session H

H-1 Far-Field Microwave Dosimetric Measure-
1430 ments in a Man-Size Phantom: Richard G.

Olsen, Naval Aerospace Medical Research
Laboratory, Naval Air Station, Pensacola,
FL 32508

H-2 Development and Use of a Calorimeter to
1440 Measure Specific Absorption Rates in Small

Laboratory Animals: Stewart J. Allen and
William D. Hurt, Radiation Sciences Divi¬
sion, USAF School of Aerospace Medicine,
Brooks AFB, TX 78235

H>3 Absorption of Electromagnetic Energy by
1450 Phantom Muscle-Spheres and by Birds of

Differing Size: C. K. Chou and A. W. Guy,
Bioelectromagnotics Research Laboratory,
Department of Rehabilitation Medicine
RJ-30, University of Washington School of
Medicine, Seattle, WA 98195

H-4 The Number and Spacing of Animals Simul*
1500 tancously Exposed to Microwaves in a Free

Field Affect the Dose Rate: James B. Kinn,
Health Effects Research Laboratory, US En¬
vironmental Protection Agency, Research
Triangle Park, NC 27711

H-5 Pulmonary Diagnostics with Non-lnvasive
1510 Microwave Methods: M. F. Iskander, C. H.

Durney, D. J. Shoff, Departments of Elec¬
trical Engineering and Bioengineering, and
D. G. Bragg. Department of Radiology, Uni¬
versity of Utah, Salt Lake City, UT 84112

1520
1545- Discussion

1545-1610 Coffee/Tea Break

TUESDAY AFTERNOON. NOV. 1. 1610-1740

DEVELOPMENTAL EFFECTS
Session I

1-1 Developmental Effects of Microwaves In
1610 Tenebrio molltor: Experiments to Detect

Possible Influences of Radiation Frequency
and of Culturing Protocols: William F. Pick¬
ard and Richard G. Olsen, Naval Aerospace
Medical Research Laboratory. Naval Air Sta¬
tion, Pensacola, FL 3250B

1-2 The Effect of Microwave Power Level on
1620 Teratogenesis in Tenebrio molltor: D, R.

Green, Jr., F. J. Rosenbaum, and W. F. Pick¬
ard, Department of Electrical Engineering,
Washington University, St. Louis, MO
63130

1-3 The Influence of Microwaves on Develop-
1630 ment of the Rat: Sol M. Michaelson, Ronnie

Guiilet, and Franklin w. Heggeness, The
University of Rochester, School of Medicine
and Dentistry, Rochester, NY 14642

1*4 Repeated Exposure to Microwaves and Envl*
1640 ronmental Temperature Affect Body

Growth of Neonatal Rats: Shin-Tsu Lu,
Susanne Pettit and Sol M. Michaelson, Do*
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partment of Radiation Biology and Bio*
physics. School of Medicine and Dentistry,
The University of Rochester, Rochester, NV
14642

1*5 Effects of Pre- and Post-Natal Exposures to
1650 918*MHz Microwave Radiation on Develop¬

ment and Behavior In Rats: R. B. Johnson,
S. Mlzumori, D. E. Myers, A. W. Guy, and
R. H. Lovely, Bioelectromagnetics Research
Laboratory, Departments of Rehabilitation
Medicine and Psychology, University of
Washington, Seattle, WA 98195

1-6 Embryotrophic Effects of Pulsed Electro-
1700 static Fields: Hana Pafkova, Institute .of

Hygiene and Epidemiology, Srobarova 48,
100 42 Prague 10, Czechoslovakia

1710
1740* Discussion

TUESDAY EVENING, NOV. 1, 2000*2200

ROUNDTABLE ON 8LOOD-BR AIN-BAR RIER
PERMEABILITY EFFECTS

Session RT

Chairman: D. R. Justesen, Veterans Adminis¬
tration Hospital, Kansas City, MO 64128

RT-1 Studies of Btood-Braln-Barrler Permeability
after Microwave Radiation: James H. Mer*
rltt, USAF School of Aviation Medicine,
Brooks AF8, TX 78235

RT-2 Effects of Microwave-Induced Hyperthermia
on the Rat Blood*Braln Barrier: Carl H. Sut¬
ton, Department of Neurological Surgery,
University of Miami School of Medicine,
Miami, FL 33152

RT-3 Reversibility of .the Blood*Braln Barrier:
Ernest N. Albert, Department of Anatomy,
The George Washington University Medical
Center, Washington, DC 20037

RT-4 Determinants of Brain Uptake: Kenneth J.
Oscar, US Army Mobility Equipment Re¬
search and Development Command, Ft. Bel¬
voir, VA 22060

Discussants: To Be Announced

WEDNESDAYtMORNING,NOV, 2, 0830*0915

FIELD SURVEYS
Session J

J-1 Measurement and Standardization of Elec-
0830 tromagnetic Fields In Czechoslovakia: Jan

Musil, Institute of Hygiene and Epidemiol¬
ogy, Srobarova 48, 100 42 Prague 10,
Czechoslovakia

J-2 Measurements of strong Electromagnetic
0840 Fields In Industrial Environments: P. G.

Galliano, Istltuto Elettrotecnlco Nazlonale,
Galileo Ferraris, Corso Massimo D’Azegllo
42—1 10125—Torino, Italy

*3 Measurement of Electric- and Magnetic-
0850 Field Strengths Near Industrial Radio¬

frequency Heaters: Malla Hletanen, Plrkko-
LIIsa Kalilomakl, institute of Occupational

Health, Helsinki, Finland, Penttl Llndfors
and Juha Ristlla, General Direction of Post
and Telegraphs of Finland Radio Labora¬
tory, Helsinki, Finland, and Kalevi Kallio-
makl, University of Oulu, Oulu, Finland

0900
0915- Discussion

WEDNESDAY MORNING, NOV. 2,
0915-1030/1055*1225

MULTI-LINGUAL SESSION*
Session K

•This period Is reserved for late European submis¬
sions. The official languages for this session will bo
English and Russian

1030*1055 Coffee/Tea Break

1230*1330 Luncheon

WEDNESDAY AFTERNOON, NOV. 2, 1330*1500

RF-HEARING AND OTHER
NERVOUS SYSTEM EFFECTS

Session L

L-1 Threshold Energy for Hearing Microwave
1330 Pulses of 10* to 500-MS Duration: C. K.

Chou and A. W. Guy, Bioetectromagnetics
Research Laboratory. Department of Re¬
habilitation Medicine RJ-30, University of
Washington School of Medicine, Seattle, WA
98195

L-2 Middle-Ear impairment and Microwave
1340 Hearing: C. K. Chou, Bioelectromagnetics

Research Laboratory, Department of Re¬
habilitation Medicine RJ-30. University of
Washington School of Medicine, Seattle, WA
98195, and Robert Galambos, University of
California, San Diego, School of Medicine,
Department of Neurosciences, A-012, La
Jolla, CA 92093

L-3 Eighth*Nerve Derived, Single-Neuron Re-
1350 sponses to Acute Microwave Radiation of

the Head: Robert M. Lebovitz and Ronald
L. Seaman, Department of Physiology, Uni¬
versity of Texas Health Science Center,
Dallas. TX 75235

L-4 The Effect of Microwaves on Crayfish Neu-
1400 rons: G. Matsumoto, Research Institute of

Applied Electricity, Hokkaido University,
Sapporo, Japan, and 1. Yamaura, Electro¬
technical Laboratory, Tanashi Branch,
Tokyo, Japan

L-5 Microwave Effects on Nerve Vitality:
1410 Donald I. McRee, National Institute of En¬

vironmental Health Sciences, Research Tri¬
angle Park, NC 27709, and Howard Wachtel,
Duke University, Durham, NC 27706

L-6 The Visually Evoked Electroco'rtlcal Re-
1420 sponse of the Guinea Pig After Microwave-

Induced Hyperthermia: Virginia Bruce-
Wolfe, Michelle Mathews, Department of
Psychiatry, The Kansas University Medical
Center, Kansas City, KS 66103. and Don R.
Justesen, Laboratories of Experimental
Neuropsychology, Veterans Administration
Hospital, Kansas City, MO 64128
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1430
1500- Discussion

WEDNESDAY AFTERNOON, NOV.2, 1525-1730

SUB-CELLULAR AND CELLULAR EFFECTS
Session M

M-1 Models of Long-Range Order In Cerebral
1525 Macromolecules: Effects of ELF. VHF and

UHF Fields in Calcium Binding: S. M.
Bawln, A. R, Sheppard, and W. R. Adey,
Environmental Neurobiology Laboratory,
UCLA Brain Research Institute, Los Ange¬
les, CA 90024

M-2 Two Parameters Affecting Radiation*
1535 Induced Calcium Efflux from Brain Tissue:

C. F, Blackman, J. A. Elder, c. M. Weil, S,
G. Benane, and D, C. Eichinger, Health Ef¬
fects Research Laboratory, US Environ¬
mental Protection Agency, Research Tri¬
angle Park, NC 27711

M-3 Activity of Membrane-Bound Enzymes Ex-
1545 posed to Amplitude-Modulated 2450-MHz

Radiation: John W. Allis and Madeline L.
Fromme, Experimental Biology Division,
Health Effects Research Laboratory, Envi¬
ronmental Protection Agency, Research Tri¬
angle Park, NC 27711

M-4 Effects of Microwave Radiation on Erythro-
1555 cyte Membranes: Li-Ming Liu and Stephen

F. Cleary, Department of Biophysics, Vir¬
ginia Commonwealth University, Richmond,
VA 23298

M-5 Injury of Cell Membranes in Normal and
1605 SV4Q-Virus Transformed Fibroblasts Ex¬

posed In vitro to 2450-MHz Microwave or
Water-Bath Hyperthermia (43°C): Marek
Janiak and Stanislaw Szmigielskl, Center for
Radiobiology and Radioprotection, 00-909
Warsaw, Poland

M-G A Comparative Study of the Action of Two
1615 Types of Microwave Irradiation on Lipid

Metabolism In Mice: A. Deflcls, J. C. Du¬
mas, J. Laurens, and G. Plurien, Ministere de
la Defense, Delegation Generale Pur
L’Armement, Direction des Recherches et
Moyens D'Essals, Service des Recherches,
Groupe 9: Biologle et Sciences Humaines,
75996 Paris Armees, France

M-7 Comparative Effects of Water Bath- and
1625 Microwave-Induced Hyperthermia on Cell

Survival and Sister ' Chromatid Exchange
(SCE) in Chinese Hamster Ovary (CHO)
Cells: G. K. Livingston, C. C. Johnson, De¬
partment of Bioengineering, and L. A. Deth-
lefsen, Department of Radiology, University
of Utah, Salt Lake City, UT 84112

M-0 Effects of Microwaves on Spermatozoa and
1635 Observation of Motility by the Laser Light-

Scattering Technique: Hideaki Shimizu,
Kenjiro Sakurai, and Gen Matsumoto, Elec¬
trotechnical Laboratory, Tanashi, Tokyo
188, Japan

1645
1725- Discussion

THURSDAY MORNING,NOV, 3, 0830 1015

BEHAVIORAL EFFECTS—I
Session N

N-1 Facial Irradiation of the Freely Responding
0830 Macaca mulatta by 9.3-GHz Pulsed Micro¬

waves: A Long-Term Investigation: R. Mc¬
Afee, V. A. Hospital, New Orleans, LA
70146, R. Gordon, Tulane University Medi¬
cal Center, New Orleans, LA, A. Longacrc,
Jr., J. May, and S. T. Elder, University of
New Orleans, New Orleans, LA 70122

N-2 Skilled Performance by Primates in "Un-
0840 safe" RF Environments: Dennis M. Scholl

and Stewart J. Allen, Radiation Sciences
Division, USAF School of Aerospace Medi¬
cine, Brooks AFB, TX 78235

N-3 Performance by Squirrel Monkeys of a Ro-
0050 pcated-Acquisitlon Task After Microwave Ir¬

radiation: T, D. Nelson, Naval Aerospace
Medical Research Laboratory, Biomedical
Division, Naval Air Station, Pensacola, FL
32508

N-4 Operant Behavior and Colonic Temperature
0900 of Squirrel Monkeys During Microwave Ir¬

radiation: John de Lorge, Naval Aerospace
Medical Research Laboratory, Biomedical
Division, Naval Air Station, Pensacola, FL
32508

N-5 The Effects of Psychoactive Drugs and
0910 Microwave Radiation on Operant Behavior:

John C. Monahan and W. W. Henton, Bu¬
reau of Radiological Health, Division of Bio¬
logical Effects, Rockville, MD 20852

N-G Videotape Observation of Rats During Ex-
0920 posure to 2450-MHz Microwave Radiation:

Michael I. Gage, Ezra Berman, James B.
Klnn and George E. Anderson, Health Ef¬
fects Research Laboratory. US Environ¬
mental Protection Agency, Research Tri¬
angle Park, NC 27711

N-7 Conditional Hyperthermia Induced by
0930 Microwave Irradiation or Footshock In Rats

Is Highly General and Resistant to Extinc¬
tion: R. I. Bermant, Department of Psychol¬
ogy, University of Kansas, Lawrence, KS
66045, D. Reeves, and D. R. Justeson, Vet¬
erans Administration Hospital, Kansas City,
MO 64128

0940
1015- Discussion

1015-1040 Coffee/Tea Break

THURSDAY MORNING,NOV, 3, 1040 1210

BEHAVIORAL EFFECTS—II
Session O

O-1 Operant Behavior of Rats Following Over-
1040 night Exposures to Microwaves: Michael I.

Gage, Health Effects Research Laboratory,
US Environmental Protection Agency, Re¬
search Triangle Park, NC 27711

0-2 Behavioral and Physiological Effects on Rats
1050 of Chronic, Low-Level 915-MHz Microwave

Radiation: J. A. D’Andrea, O. P. Gandhi, J.
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partment of Radiation Biology and Bio¬
physics, School of Medicine and Dentistry,
The University of Rochester, Rochester, NY
14642

1-5 Effects of Pre- and Post-Natat Exposures to
1650 918-MHz Microwave Radiation on Develop¬

ment and Behavior in Rats: R. B. Johnson,
S. Mizumori, D. E. Myers, A. W. Guy. and
R. H. Lovely, Bioelectromagnetics Research
Laboratory, Departments of Rehabilitation
Medicine and Psychology, University of
Washington, Seattle, WA 98195

1-6 Embryotrophic Effects of Pulsed Electro-
1700 static Fields: Hana Pafkova, Institute of

Hygiene and Epidemiology, Srobarova 48,
100 42 Prague 10, Czechoslovakia

1710
1740- Discussion

TUESDAY EVENING, NOV. 1, 2000-2200

ROUND TABLE ON BLOOD BRAIN-BARRIER
PERMEABILITY EFFECTS

Session RT

Chairman: D. R. Justesen, Veterans Adminis¬
tration Hospital, Kansas City, MO 64128

RT-1 Studies of Blood-Braln-Barrlcr Permeability
after Microwave Radiation: James H. Mer¬
ritt, USAF School of Aviation Medicine,
Brooks AFB, TX 78235

RT-2 Effects of Microwave-Induced Hyperthermia
on the Rat Blood-Brain Barrier: Carl H. Sut¬
ton, Department of Neurological Surgery,
University of Miami School of Medicine,
Miami, FL 33152

RT-3 Reversibility of the Blood-Brain Barrier:
Ernest N. Albert, Department of Anatomy,
The George Washington University Medical
Center, Washington, DC 20037

RT-4 Determinants of Brain Uptake: Kenneth J.
Oscar, US Army Mobility Equipment Re¬
search and Development Command, Ft. Bel¬
voir, VA 22060

Discussants: To Be Announced

WEDNESDAY MORNING,NOV. 2, 0830-0915

FIELD SURVEYS
Session J

J-1 Measurement and Standardization of Elec-
0830 tromagnetfc Fields in Czechoslovakia: Jan

Musil, Institute of Hygiene and Epidemiol¬
ogy, Srobarova 48, 100 42 Prague 10,
Czechoslovakia

J-2 Measurements of Strong Electromagnetic
0840 Fields In Industrial Environments: P. G.

Galliano, Istituto Elettrotecnlco Nazlonale,
Galileo Ferraris, Corso Massimo D’Azeglio
42—1 10125—Torino, Italy

J-3 Measurement of Electric- and Magnetic-
0850 Field Strengths Near Industrial Radio¬

frequency Heaters: Malla Hletanen, Plrkko-
Lllsa Kalllomakl, Institute of Occupational

Health, Helsinki, Finland, Penttl Llndfors
and Juha Ristlla, General Direction of Post
and Telegraphs of Finland Radio Labora¬
tory, Helsinki, Finland, and Kalevi Kalllo¬
makl, University of Oulu, Oulu, Finland

0900
0915- Discussion

WEDNESDAY MORNING, NOV. 2,
0915-1030/1055-1225

MULTI-LINGUAL SESSION*
Session K

*This period is reserved for late European submis¬
sions. The official languages for this session will be
English and Russian

1030-1055 Coffee/Tea Break

1230-1330 Luncheon

WEDNESDAY AFTERNOON, NOV. 2, 1330-1500

RF-HEARING AND OTHER
NERVOUS SYSTEM EFFECTS

Session L

L-1 Threshold Energy for Hearing Microwave
1330 Pulses of 10- to 500-ps Duration: C. K.

Chou and A. W. Guy, Bioelectromagnetics
Research Laboratory, Department of Re¬
habilitation Medicine RJ-30, University of
Washington School of Medicine, Seattle, WA
98195

L-2 Middle-Ear impairment and Microwave
1340 Hearing: C. K. Chou, Bioelectromagnetics

Research Laboratory, Department of Re¬
habilitation Medicine RJ-30, University of
Washington School of Medicine, Seattle, WA
98195, and Robert Galambos, University of
California, San Diego, School of Medicine,
Department of Neurosciences, A-012, La
Jolla, CA 92093

L-3 Eighth-Nerve Derived, Single-Neuron Re-
1350 sponses to Acute Microwave Radiation of

the Head: Robert M. Lebovitz and Ronald
L. Seaman, Department of Physiology, Uni¬
versity of Texas Health Science Center,
Dallas, TX 75235

L-4 The Effect of Microwaves on Crayfish Neu-
1400 rons: G. Matsumoto, Research Institute of

Applied Electricity, Hokkaido University,
Sapporo, Japan, and I. Yamaura, Electro¬
technical Laboratory, Tanashi Branch,
Tokyo, Japan

L-5 Microwave Effects on Nerve Vitality:.
1410 Donald t. McRee, National Institute of En¬

vironmental Health Sciences, Research Tri¬
angle Park, NC 27709, and Howard Wachtel,
Duke University, Durham, NC 27706

L-G The Visually Evoked Electrocortlcal Re-
1420 sponse of the Guinea Pig After Microwave-

Induced Hyperthermia: Virginia Bruce-
Wolfe, Michelle Mathews, Department of
Psychiatry, The Kansas University Medical
Center, Kansas City, KS 66103, and Don R.
Justesen, Laboratories of Experimental
Neuropsychology, Veterans Administration
Hospital, Kansas City, MO 64128
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1430
1500- Discussion THURSDAY MORNING, NOV. 3, 0830-1015

WEDNESDAY AFTERNOON, NOV.2, 1525-1730

SUB-CELLULAR AND CELLULAR EFFECTS
Session M

M-1 Models of Long-Range Order In Cerebral
1525 Macromolecules: Effects of ELF, VHF and

UHF Fields in Calcium Binding: S. M.
Bawin, A. R, Sheppard, and W. R. Adey,
Environmental Neuroblology Laboratory,
UCLA Brain Research Institute, Los Ange¬
les, CA 90024

M-2 Two Parameters Affecting . Radiation*
1535 Induced Calcium Efflux from Brain Tissue:

C. F. Blackman, J. A. Elder, C. M. Well, S.
G. Benane, and D. C. Eichinger, Health Ef¬
fects Research Laboratory, US Environ¬
mental Protection Agency, Research Tri¬
angle Park, NC 27711

M-3 Activity of Membrane-Bound Enzymes Ex-
1545 posed to Amplitude-Modulated 2450-MHz

Radiation: John W. Allis and Madeline L.
Fromme, Experimental Biology Division,
Health Effects Research Laboratory, Envi¬
ronmental Protection Agency, Research Tri¬
angle Park, NC 27711

M-4 Effects of Microwave Radiation on Erythro-
1555 cyte Membranes: Li-Ming Liu and Stephen

F. Cleary, Department of Biophysics, Vir¬
ginia Commonwealth University, Richmond,
VA 23298

M-5 Injury of Cell Membranes in Normal and
1605 SV^-VIrus Transformed Fibroblasts Ex¬

posed in vitro to 2450-MHz Microwave or
Water-Bath Hyperthermia (43°C): Marek
Janiak and Stanislaw Szmlgielskl, Center for
Radiobiology and Radioprotection, 00-909
Warsaw, Poland

M-6 A Comparative Study of the Action of Two
1615 Types of Microwave Irradiation on Lipid

Metabolism in Mice: A. Deficis, J. C. Du¬
mas, J. Laurens, and G. Plurlen, Ministere de
la Defense, Delegation Generale Pur
L'Armement, Direction des Recherches et
Moyens D’Essals, Service des Recherches,
Groupe 9: Blologle et Sciences Humaines,
75996 Paris Armees, France

M-7 Comoarative Effects of Water Bath- and
1625 Microwave-Induced Hyperthermia on Cell

Survival and Sister Chromatid Exchange
(SCE) In Chinese Hamster Ovary (CHO)
Cells: G. K. Livingston, C. C. Johnson, De¬
partment of Bioengineering, and L. A. Deth-
lefsen, Department of Radiology, University
of Utah, Salt Lake City, UT 84112

M-8 Effects of Microwaves on Spermatozoa and
1635 Observation of Motility by the Laser Light-

Scattering Technique: Hideaki Shimizu,
Kenjiro Sakurai, and Gen Matsumoto, Elec¬
trotechnical Laboratory, Tanashi, Tokyo
188, Japan

1645
1725- Discussion

BEHAVIORAL EFFECTS—I
Session N

N-1 Facial Irradiation of the Freely Responding
0830 Macaca mulatta by 9.3-GHz Pulsed Micro¬

waves: A Long-Term Investigation: R. Mc¬
Afee, V. A. Hospital, New Orleans, LA
70146, R. Gordon, Tulane University Medi¬
cal Center, New Orleans, LA, A. Longacre,
Jr., J. May, and S. T. Elder, University of
New Orleans, New Orleans, LA 70122

N-2 Skilled Performance by Primates in '‘Un-
0840 safe" RF Environments: Dennis M. Scholl

and Stewart J. Allen, Radiation Sciences
Division, USAF School of Aerospace Medi¬
cine, Brooks AFB, TX 78235

N-3 Performance by Squirrel Monkeys of a Re-
0850 peated-AcqulsItion Task After Microwave Ir¬

radiation: T. D. Nelson, Naval Aerospace
Medical Research Laboratory, Biomedical
Division, Naval Air Station, Pensacola, FL
32508

N-4 Operant Behavior and Colonic Temperature
0900 of Squirrel Monkeys During Microwave Ir¬

radiation: John de Lorge, Naval Aerospace
Medical Research Laboratory. Biomedical
Division, Naval Air Station, Pensacola, FL
32508

N-5 The Effects of Psychoactive Drugs and
0910 Microwave Radiation on Operant Behavior:

John C. Monahan and W. W. Henton, Bu¬
reau of Radiological Health, Division of Bio¬
logical Effects, Rockville, MD 20852

N-6 Videotape Observation of Rats During Ex-
0920 posure to 2450-MHz Microwave Radiation:

Michael I. Gage, Ezra Berman, James B.
Klnn and George E. Anderson, Health Ef¬
fects Research Laboratory, US Environ¬
mental Protection Agency, Research Tri¬
angle Park, NC 27711

N-7 Conditional Hyperthermia Induced by
0930 Microwave Irradiation or Footshock In Rats

Is Highly General and Resistant to Extinc¬
tion: R. I. Bermant, Department of Psychol¬
ogy, University of Kansas, Lawrence, KS
66045, D. Reeves, and D. R. Justesen, Vet¬
erans Administration Hospital, Kansas City,
MO 64128

0940
1015- Discussion

1015-1040 Coffee/Tea Break

THURSDAY MORNING, NOV. 3, 1040-1210

BEHAVIORAL EFFECTS-II
Session O

O-1 Operant Behavior of Rats Following Over-
1040 night Exposures to Mlorowaves: Michael I.

Gage, Health Effects Research Laboratory,
US Environmental Protection Agency, Re¬
search Triangle Park, NC 27711

O-2 Behavioral and Physiological Effects on Rati
1050 of Chronic, Low-Level 915-MHz Microwave

Radiation: J. A. D'Andrea, O. P. Gandhi, J.
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L. Gehrlch, L. Astle, c. H. Durney, J. L.
Lords, J. Nelson, and C. C. Johnson, Univer¬
sity of Utah, Salt Lake City, UT 84112

0-3 Behavioral and Physiological Effects on Rats
1100 of Chronic, Square-Wave Modulated Micro¬

wave Radiation: Richard H. Lovely, D.
Myers, Departments of Rehabilitation Medi¬
cine and Psychology, Thomas Sparks, and
Arthur W. Guy, Bioelectromagnetics Re¬
search Laboratory, Department of Rehabili¬
tation Medicine RJ-30, University of Wash¬
ington School of Medicine, Seattle, WA
98195

0-4 Combined Effects on Behavior of Low-Level
1110 Microwave Radiation and Dextro¬

amphetamine: J. R. Thomas and Georgia
Maitland, Behavioral Sciences Department,
Naval Medical Research Institute, Bethesda,
MD 20014

0-5 Comparative Study of the Action of Three
1120 Microwave Fields upon the Behavior of the

White Rat: B. Servantie, J. Gillard, A. M.
Servantle, J. Obrenovttch, G. Bertharlon, J.
C. Perrin, B. Creton, and G. Plurlen, Hoital
Ste Anne, CERB, 83800 Toulon Naval,
France

0-6 Behavior of Chicks on an FT-30-Sec Sched-
1130 ule of Reinforcement when Exposed to

Low-Power 450-MHz Fields Amplitude
Modulated In the EEG Range: P. M. Sagan
and R. G. Medici, Environmental Neuro¬
biology Laboratory, Brain Research Insti¬
tute, University of California, Los Angelos,
CA 90024

1140
1210- Discussion

1230-1330 Luncheon

THURSDAY AFTERNOON, NOV. 3,‘ 1330-1530

LOW FREQUENCY FIELD EFFECTS
Session P

P-1 Hematologic and Serum-Chemistry Evalua-
1330 tions In Rats Exposed to SO-Hz Electric

Fields: H. A. Ragan, M. J. Pipes, W. T.
Kaune, and R. D. Phillips, Battelle Pacific
Northwest Laboratories, Richland, WA
99352

P-2 Chronic Exposure of Primates to ELF Elec-
1340 trie and Magnetic Fields: J. D. Grissett, Na¬

val Aerospace Medical Research Laboratory,
Naval Air Station, Pensacola, FL 32508

P-3 Behavioral Sensitivity of an Avian to 60-Hz
1350 AC and to DC Magnetic Fields: Rex L.

Clarke, Department of Psychology, Univer¬
sity of Kansas, Lawrence, KS 60044, and
Don R. Justesen, Veterans Administration
Hospital, Kansas City, MO 64128

P-4 Effects of ELF Fields on the Slime Mold
1400 Physarum polycephalum: Evidence for De¬

pression of Cellular Function and for a
Transferable Factor: B. Grecncbaum, E. M.
Goodman, and M. T. Marron, Division of
Science, University of Wisconsin-Parkside,
Konosha, Wl 53141

P-5 Biological Effects of 60-Hz Electric Fields
1410 on Growth and Metabolic Status of Rats: R.

D. Phillips, J. H. Chandon, L. Lang and D. I.
Hilton, Battelle Pacific Northwest Labora¬
tories, Richland, WA 99352

P-6 ECG and Heart-Rate Response of Rats Ex-
1420 posed to 60-Hz Electric Fields: D. I. Hilton,

J. H. Chandon, and R. D. Phillips, Biology
Department, Battelle Pacific Northwest Lab¬
oratories, Richland, WA 99352

P-7 Behavioral and Physiological Effects on Rats
1430 of Chronic Exposure to Strong 60-Hz Elec¬

tric Fields: M. Smith, J. A. D'Andrea, O. P.
Gandhi, and C. C. Johnson, Departments of
Electrical Engineering and Bioengineering,
University of Utah, Salt Lake City, UT
84112

P-8 A Behavioral Response to High-Strength
1440 60-Hz Electric Fields: D. L. Hjoresen and R.

D. Phillips, Biology Department, Battelle
Pacific Northwest Laboratories, Richland,
WA 99352

1450
1530- Discussion

1530-1555 Coffee/Tea Break

THURSDAY AFTERNOON, NOV, 3, 1555-1755

HEMATOLOGIC AND IMMUNOLOGIC EFFECTS
Session Q

Q-1 Long Term Follow-up of Macaca mulatta
1555 Exposed to High Power Levels of 15-, 20-

and 26-MHz Radio-Frequency Radiation:
Jerome H. Krupp, Radiation Sciences Divi¬
sion, USAF School of Aerospace Medicine,
Brooks AFB, TX 78235

0.-2 Effects of Radio Waves on Growth, Hema-
1605 tology and Histology of Mice: James C. Lin,

John C. Nelson, Merlin E. Ekstrom, and
Song H. Nam, Departments of Electrical En¬
gineering, Comparative Medicine, and Path¬
ology, Wayne State University, Detroit, Ml
48202

G.-3 Response of Lymphocytes in vitro to
1615 30-MHz Radio-Frequency Fields: Richard

H. Lovely, Thomas J. Sparks, and Arthur W.
Guy, Bioelectromagnetics Research Labora¬
tory, Department of Rehabilitation Medi¬
cine RJ-30, University of Washington
School of Medicine, Seattle, WA 98195

Q-4 Differential Effects of RF Radiation on
1625 Subpopulations of Murine Lymphocytes:

Robert P. Liburdy, Radiation Sciences Divi¬
sion, USAF School of Aerospace Medicine,
Brooks AFB, TX 78235

Q-5 Chronic Exposure of Rats to 425- or 2450-
1635 MHz Microwave Radiation: Effects on

Lymphocytes: Ralph J. Smlalowlcz, James
B. Kinn, Claude M. Weil, and Thomas R.
Ward, Experimental Biology Division,
Health Effects Research Laboratory, Envi¬
ronmental Protection Agency, Research Tri¬
angle Park, NC 27711

Q-G Alteration of Cell-Mediated Immunity to
1645 Local Microwave Hyperthermia (43 C) of

Guorln Epithelioma In Rats: Stanislaw
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Szmlgielski and Marek Janiak, Center for
Radioblology and Radioprotection, 00-909,
Warsaw, Poland

Q.7 Further Characterization of Microwave*
1655 Induced Changes in Subpopulations of

Lymphoid Spleen Cell's in the Mouse with
Particular Reference to Complement*
Receptor-Bearing Lymphocytes: Wleslaw
Wlktor-Jedrzejczak, Postgraduate center,
Military School of Medicine, 00*909 War¬
saw, Poland, Aftab Ahmed, William M.
Leach, Przcmyslaw Czerski, Howard Cyr,
and Kenneth w. Sell

Q-0 The Relationship of Thermal Stress to Im-
1705 mune-Systcm Response in Mice Exposed to

2.6-GHz Radio-Frequency Radiation:
Jerome H. Krupp, Radiation Sciences Divl*
slon, USAF School of Aerospace Medicine,
Brooks AFB. TX 70235

1715
1755- Discussion

FRIDAY MORNING,NOV. 4,0830-1015

HYPERTHERMIA- -APPLICATORS
A^D TECHNIQUES

Session R

R-1 Design of Aperture Sources for Deep Heat-
0830 ing by Electromagnetic Energy: Henry S.

Ho, U.S. Department of Health, Education,
and Welfare, Public Health Service, Food
and Drug Administration, Bureau of Radio¬
logical Health, 5600 Fishers Lane, Rock¬
ville, MD 20857

R-2 Applicators for Inducing Hyperthermia by
0840 RF Energy in Embedded Tumors: Kun-Mu

Chen and Sutus Rukspollmuang, Depart¬
ment of Electrical Engineering and Systems
Science, Michigan state University, E. Lan¬
sing, Ml 48824

R-3 Design of Miniature Microwave Applicators
0650 for Clinical Hyperthermia: A. Y. Cheung

and G. M. Samaras, Martha V. Filbert Radia¬
tion Center, Department of Radiology, Uni¬
versity of Maryland School of Medicine,
Baltimore, MD 21201

R-C A 915-MHz Exposure System for Hyper-
0900 thermal Treatment of Cancer: C. C. John¬

son, H. Plenk, and Carl H. Durney, Depart¬
ment of Bioengineering, University of Utah,
Salt Lake City, UT 84112

R*5 Experimental and Numerical Studies of
0910 Temperature in a Human Leg Heated by

Diathermy: A. F, Emery, Department of
Mechanical Engineering, J. Stonebridge, De¬
partment of Rehabilitation Medicine, M.
Seklns, Department of Mechanical Engineer¬
ing, and J. F. Lehmann, Department of Re¬
habilitation Medicine, University of Wash¬
ington, Seattle, WA 98195

R-G A Study of Leakage Fields near Therapeutic
0920 915- and 2450-MHz Applicators as Applied

to Models and as Used In Human Exposures:
Justus F. Lehmann, A. W. Quy, and J.
Stonebridge, Department of Rehabilitation
Medicine RJ-30, University of Washington
School of Modlclno, Seattle, WA 98195

R-7 Localized Embedding of Labelled Micro-
0930 spheres by Microwave Heating in Tissues of

Hypothermic Dogs: V. Popovic and Pava
Popovic, Department of Physiology, Emory
University Medical School, Atlanta, GA
30322

0940
1015- Discussion

1015-1040 Coffee/Tea Break

FRIDAY MORNING, NOV. 4. 1040-1245

HYPERTHERMIA- CANCER THERAPY
Session S

5-1 The Effects of Hyperthermia, Microwave
1040 Radiation, and Ascorbic Acid on the Metab¬

olism of Ehrlich Ascites Carcinoma Ceils in
vitro: G. £. Piontek, C. A. Cain, and J. A.
Milner, Department of Bioengineering, Uni¬
versity of Illinois, Urbana, IL 61801

S-2 Effects in vivo of Combined Microwave and
1050 X-Ray Treatment on a Transplantable

Mouse Mammary Adenocarcinoma: Barbara
J. Clarke, Department of Biology, The
American University, Washington, D.C.
20016

S-3 Combined Effects of Pulsed Magnetic Radin*
1100 tlon (Diapulse) and Chemotherapy on

Tumor-Bearing Mice: Brian West and Wil¬
liam Regelson, Medical College of Virginia,
Virginia Commonwealth University, Rich¬
mond, VA 23298

5-4 The Response of Pig Skin to Combined X-
1110 Irradiation and Microwave Heating: S. B.

Field and J. W. Hand, M.R.C. Cyclotron
Unit, Hammersmith Hospital, Ducane Road,
London W12 OHS, England

S-5 Destruction of Solid Tumors by Heating
1120 with Radio-Frequency Energy: J. A. Dick¬

son, The University of Newcastle Upon
Tyno, Cancer Research Unit, Department of
Clinical Biochemistry, The Royal Victoria
Infirmary, Newcastle Upon Tyne NE1 4LP,
England

S-C Treatment of Tumors with 69-cm Dlather-
1130 my; h. Ollendiek, Ludwfgstrassc 19, 6350

Bad Nauheim, Federal Republic of Germany

S-7 Techniques and Results of Using Micro-
1140 waves and X-Rays for the Treatment of

Tumors In Man: William T. Joines, Electrical
Engineering Department, Duke University,
Raymond U, Radiology Department, Duke
University and V. A. Hospital, Thomas K.
Nooll, Lowell S. Miller, Radiology Depart¬
ment, Duke University, and Kent T. Wood*
ward. Radiology Department and V. A. Hos¬
pital, Durham, NC 27706

S-0 Effects of 434-MHz Electromagnetic Waves
1150 on Human Cancers: J. A. G. Holt, Institute

of Radiotherapy and Oncology of western
Australia, 21 McCourt Street, Lccdorvlllo,
W.A. 6007, Australia

1200
1240- Dltcujslon

1245-1345 Luncheon
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Senator Ford. Thank you very much.
The next witness will be Capt. Frank H. Austin, Jr., Assistant Di¬

rector, Environmental and Life Sciences, Office of the Director of
Defense Research and Engineering.

STATEMENTS OF CAPT. FRANK H. AUSTIN, JR., MC USN, ASSISTANT
DIRECTOR, ENVIRONMENTAL AND LIFE SCIENCES, OFFICE OF
THE DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING;
MAJ. LAWRENCE E. LARSEN, MC USA, CHIEF, BIOPHYSICS, DE¬
PARTMENT OF MICROWAVE RESEARCH, WALTER REED ARMY
INSTITUTE OF RESEARCH; CAPT. PAUL E. TYLER, MC USN, DI¬

RECTOR, EMR PROJECT OFFICE, NAVAL MEDICAL R. & D. COM¬
MAND, BETHESDA, MD.; AND JOHN C. MITCHELL, CHIEF, RADI¬
ATION PHYSICS, RADIATION SCIENCES DIVISION, U.S. AIR FORCE
SCHOOL OF AEROSPACE MEDICINE, BROOKS AIR FORCE BASE,
TEX.

Captain Austin. Mr. Chairman, we would like to be a panel.
Senator Ford. Of course each of you may submit your prepared

testimony for the record. If you wish, you may highlight your pre¬
pared statements.

I would hope that each of you would identify yourselves as you
start your statement.

Captain Austin. I am Capt. Frank Austin. We have provided a bi¬
ography to your staff of each of the people who are going to be present
today. We have also submitted written testimony. Our oral testimony
today will be much shorter than that. We decided not to use the view¬
graphs. Each of us have made copies of the graphs that are in the
testimony we have submitted. We have extra copies to pass out to you
right now.

It is a privilege to report to the committee, Mr. Chairman, concern¬
ing the DOD program for research and development on the biomedical
effects of electromagnetic radiation—EMR.

I am Capt. Frank H. Austin, Jr., MC USN, from the Office of the
Director of Defense Research and Engineering. With me today are
Major Larsen, U.S. Army, Captain Tyler, U.S. Navy, and Mr.
Mitchell, U.S. Air Force. They will describe for you the integrated
triservice research and development program, and respond to your
questionsconcerning it. My preliminary remarks will be brief.

We understand that the thrust of these hearingsis to:
(a) Determine whether there exists any evidence that current reg¬

ulations for EMR are inadequate to protect exposed persons from
deleterious health effects;

(b) Survey the present state of thescientific knowledge;
(c) Review on-going research ;
(d) Hear expert opinions regarding potential deleterious effects of

various radiations; and
(e) Hear opinions as to what further research may need to be done.
Our statements have been directed to provide some answers for

these concerns from the viewpoint of theDefense Department.
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[The following information was subsequently received for the
record :]

Questions of the Committee and Answers Thereto

Question 1. During your testimony you described radio frequency radiation
effects on “cell mediated immune defense mechanisms,” such as decreased in¬
flammation and lymphocyte count. If these effects occurred in humans, what
would be the observable effects? Would this render a person more susceptible to
disease?

Answer. Testimony given to the Committee described possible effects of
radiofrequency radiation on cell-mediated defense mechanisms in the rodent.
The studies to investigate impairment of immune function are in progress. As
a result, radiofrequency effects on disease susceptibility, with regard to the im¬
mune system, are not characterized in the rodent as yet. Without data from at
least one model system, i.e., the rodent, the extrapolated case for man cannot
be characterized with certainty.

Question 2. You suggested that radiation is preceived as a “simple stress phe¬
nomenon accompanied by steroid release.” Since steroids are a type of hormone,
does this mean that microwaves could affect the emotions?

Answer. Investigations show that only microwaves of sufficient intensity to
produce a heat load act as a stress in the rodent. Steroid release due to stress
is a biological response to help an animal adapt. In general (“Stress in Health
& Disease,” H. Selye, Butterworths, Boston, 1976), the emotional state is char¬
acterized as more alert, highly responsive, more demonstrative, and possessing
heightened awareness and perception.

Senator Ford. Captain Austin, I have a few questions about Project
Pandora, if I may. I did not receive complete answers from the previ¬
ous witness. Let me ask this question. Why was the project classified?

Captain Austin. Well, sir, I would like toask Dr. Larsen to address
that. A lot of this work was done in the Army. He can address some
of that.

Senator Ford. Dr. Larsen, can you respond to that question?
Major Larsen. Mr. Chairman, I would like to preface my remarks

on the basis that the Pandora project was done at the Walter Reed
Army Institute of Research under ARPA guidance. Microwave re¬
search was not acquired by the Surgeon General of the Army until
1971. So, the period in which these events took place is one on which
the Army Surgeon General was not directly involved.

I was present at the Institute in 1970 when Project Pandora was
winding down. In terms of your original question, why was the proj¬
ect classified, I can honestly say that I can’t answer that question.

Senator Ford. Who should we ask the question of ?
Major Larsen. ARPA,sir, I would suggest.
Senator Ford.I guess we will ask them.
Since you were in on the winding down or the closing out of the

project, can you tell me how much it cost ?
Major Larsen. In terms of capital investment,my understanding is

that the facilities cost was in the neighborhood of $2^ million, that
the additional expenses on top of that in terms of contracts and so
forth were in the neighborhood of another $200,000 to $300,000.

Senator Ford. Roughly $3 million?
Major Larsen. I would say so, sir. That’s a very rough estimate,

though, Mr. Chairman.
Senator Ford. Would it be in the ball park?
Major Larsen. Yes, sir, I believe it would.
Senator Ford. Why were major reports containing useful technical

content—I am going to use the word—“destroyed.” The committee’s
report is available but the technical data is not available.
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Major Larsen. Well, sir, I can’t answer that question fully. I can
say that some results from that study were removed from the building
at the time that I was first present; namely, in the period of 1970.1
knew that those reports were removed, but I didn’t know their fate.
I understand from what has happened that they were destroyed, but
I have no direct personal knowledge other than the fact I witnessed
them being removed.

Senator Ford. Any particular reason?
Major Larsen. Well, sir, I think that it was a question of things

rolling off the end of the time frame, where documents were outlived
rather than anything else. That is just a guess.

Senator Ford. Captain Austin, Dr. Perry has written a response
to the committee’s questions stating that the Defense Department has
a high degree of awareness to the potential health hazard associated
with the development of weapons systems that emit electromagnetic
radiation.

What are the potential health hazards he was alluding to ?
Captain Austin. We discussed many of them today, Mr. Chairman.
Senator Ford. Give me a laundry list.
Captain Austin. I don’t know whether a laundry list would be a

very good term to use.
Senator Ford. The first witness gave us that term. I am beginning

to think the information is laundered before it is passed on tosomebody
else.

Captain Austin. All of the research that we are doing is looking for
some sort of bioeffects. I think that I would sum it up to say that we
have not found any bioeffects at the levels where the standards are
now set.

So, we are looking—doing experiments to look at very low levels.
We are looking at new pulse waves and various other modes of trans¬
mission. And sort of on a treasure hunt, if you will.

The potential effects obviously have been discussed here by the
various' people, the cataracts at very high levels of radiation can be
caused in animals. I suppose there is—obviously most of the effects
are due to direct heat like the oven that was mentioned before. These
levels are caused at such extreme levels of radiation that they are way
above what we would see in the environment today.

Senator Ford. Well, the heat was mentioned a few moments ago,
35° Celsius.

Captain Austin. 45°.
Senator Ford. 45° ?
Captain Austin. That was measured in the lens itself when meas¬

ured inside the lens.
Senator Ford. How hot is 45° Celsius ?
Captain Austin. 113° Fahrenheit. It is very hot. It must be rec¬

ognized that that is inside the eye and that would be—if you tried to
do that with heat itself, it would be a very hot environment. It focuses,
of course—these rays, that’s the problem as mentioned by Dr. Larsen.
The rays focus inside

Senator Ford. Is there any classified research being done at DOD ?
Captain Austin. Absolutely no classified medical research on EMR

is being done in the military departments that we are aware of at
this time. We do not have any. We have declassified all of the past
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Defense Advanced Research Projects Agency,
Arlington, Va.

Hon. Adlai E. Stevenson,
Chairman, Science, Technology and Space Subcommittee, Committee on Com¬

merce, Science, and Transportation, U.S. Senate, Washington, D.C.
Dear Senator Stevenson : Thank you for your letter of May 20 requesting

information relating to radiation health and safety research. During the perod
from 1965 to 1971 we supported Project Pandora which was concerned with
reviewing the safety levels associated with microwave radiation, and I have
enclosed a summary of this project.

Since the programs of our Agency are directed toward advancing technology
for future military systems, we do not normally support research associated with
radiation health and safety. In the future, we do not plan to undertake
programs in the area of radiation health and safety research, and the specific
questions you pose are not ones to which we can contribute meaningful infor¬
mation.

I hope this information will be helpful to you and the members of the com¬
mittee.

Sincerely,
George H. Heilmeier,

Director.
Non-Ionizing radiation

HUMAN HEALTH EFFECTS
Title: Project Pandora.
During the period 1965-1971 Defense Advanced Research Projects Agency

sponsored Project Pandora which was concerned with the biological effects of
microwaves and investigated the adequacy of established safety levels for normal
working exposure to radio frequency radiation. When it became apparent that
established U.S. standards for radiation exposure were adequate and that no
new effects could be observed, the project was terminated.
Funding:

Fiscal year 1968 $925,000
Fiscal year 1969 464,000
Fiscal year 1970 367,000
Fiscal year 1971 200,000

Director of Defense Research and Engineering,
Washington, D.C.

Hon. Adlai E. Stevenson,
Chairman, Science, Technology and Space Subcommittee,
U.S. Senate, Washington, D.C.

Dear Senator Stevenson : This is in response to your joint letter with Senator
Wendell H. Ford of 20 May 1977 concerning federal radiation research and
regulating programs. I understand that the individual Military Surgeons General
were also requested to respond on this subject and my staff has coordinated this
response at the working level to avoid providing you duplicative information.
Specifically, the Services will supply the detailed matrix data requested by your
enclosure, since these data represent the total of the DoD effort. Attachment 1
contains my response to the four questions posed. Each Surgeon General may
provide supplemental answers in areas of unique Service concern.

Should additional information be required, please contact me. I will be pleased
to designate a witness to testify for all DoD at the hearings in June if you so
desire.

Sincerely,
William J. Perry.

Attachment.
Responses to questions posed by Committee on Commerce, Science and Trans¬

portation, U.S. Senate regarding federal research and regulatory programs.
Question (1) What changes in jurisdiction between 1968 and 1977 have affected

your organization’s responsibilities (i.e., inception of new agencies, transfers of
regulatory authority, etc.) ? How have these changes affected your overall efforts
in the radiation area?
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August 12, 1977 

Dr. George H. He11meier, llfrector 
Defense Advanced Research Projects Agency 
Architect Building 
1400 Wilson Boulevard 
Arlington, Virginia 22209 

Dear Dr. ffeflmeier: 

In recent.oversight hearings on radiation health and safety conducted by 
1:hfs C011'1!1ittee on June 16th to 17th, 27th to 29th, 1977, several questions 
were raised which the DOD witnesses testifying at that hearing were unable 
to answer. These questions are enclosed with this letter. The Collll!ittee 
\IIOuld appreciate your providing the C01T1T1ittee with written responses to the 
~-iest1ons !':.closed with this letter. We would appreciate receiving your 
written responses by September 15, 1977. Please submit five copies of your 
written responses to the C011'1!11ttee staff in Room 233 of the Russell Senate 
Office Building. If you have any questions or any further clarification of 
these questions, please do not hesitate to contact Sharon Nelson at 224-0411 
or Alan Hoffman at 224-9351. Should the discussion of any of these ques
tions raise security problems, please contact Mr. Hoffman, who has a top
secret clearance. 

Thank you fn advance for taking the time~ respond to these questions • 

• !ncerely 

\.\\REN 6 
Chairman 

.-.· -·;'-,··sN:lcs 

.·. ~~J Enclosure 

• 
d -1 
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~QUESTIONS 

l. What -.ere the reasons for classifying the research project tnown as 

*Project Pandora•? 

2. Vhat was the cost of Project Pandora? What wre the costs of the 

Walter Reed facilities and of the research projects undertaken within 

the facility? • 

3. What has happened to raw data amassed during Project Pandora? 

4. In testimony before this Corrmfttee witnesses from the Department of 

Defense were unable to tell us whether or not the relevant data from 

Project Pandora has been destroyed or whether or not 1t still exists. 

lf the data st111 exists, 1s 1t still classified? If the data does not 

exist, what happened to it? 

• 

5. The wftnesses testifying at the hearing tentatively guessed that the 

data were destroyed. If the data were destroyed, what were the reasons 

for 1ts destruction? How often are documents containing data such as 

those involved 1n Project Pandora routinely destroyed? Please describe 
;,~·- -

frocedures for such routine destruction. 
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PAGE TWO ., 
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.fi. ·?lease provide the COnrn1ttee ~ descrfptfon of the project currently 

being undertaken at the Walter Reed fac11fties wh1ch were originally·bu11t 

for Project Pandora. Dr. Herbert Pollack, in h1s testimony before the Com-

1111ttee. stated that the Walter Reed facilities were currently being rebuilt. 

'1i1Y are these facilities befog rebuilt? At what cost? 

7. Are there nciw, or have there ever been, research projects on the bio-

1ogica l or behavioral effects of non-ionizing radiation, such es Project 

Pandora, which have been classified? 

Ooes y~c::- agency see the need for such research ever agafn to be clas

sified? 

9. Are there now, or have there ever been, research projects classified or ,( 

--.::.'---
unclassified conducted under the auspices of the Department of Defense 

which would have probed possibilities of utflfzfng·mfcrowave radiation as 

a fonn of what 1s popularly known as "mind control•? 

10. Several of the w1tnessse alluded to •novel utilization of the spectrum". 

tlo you foresee the (levelopment, either by our own forces or by adversary 
-~:...-,;-

.. ·-.: ~ forces, of weapons using microwaves and actively being directed toward al-

,,-_ terfng nervous system function or behavior? ,: ., 
' 
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PAGE THREE • 
• 

11. Is the Onfted States involved 1n developing any directed energy 11fcro

wave weapons? 

12. Is there any evidence that Eastern Block research on microwaves is 

being actively directed toward altering nervous system functions from a 

weapons point of view? 

-
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DEF'ENSE ADVANCED RESEARCH PROJECTS AGENCY ~ 
1400 WILSON BOULEVARD ~ 

. ARLINGTON, VIRGINIA 22209 • 

15 September 1977 

Honorable Warren G. Magnuson 
Chairman. Com.rnittee on Commerce, 

Science, and Transportation 
Washington, D. C. 2.0510 

;:.ear Mr. Chairm.an: 

Reference is ma.de to your letter dated lZ August asking a 
number of questions concerning Project Pandora. 

In response to these questions, the following information is 
furnished: 

1. Project Pandora was classified at the direction of the 
Department of State and the United States Intelligence Boa.rd 
because of the sensitivity of the radiation problem of the 
umted States Embassy in Moscow at that time. 

Z. The total cost of Project Pandora was $4,615,000. A detailed 
breakout of the costs of the Walter Reed facilities and of the 
projects undertaken within the facility is not available. 

3. All the raw data of Project Pandora was amassed by the 
technical researchers with only technical progress reports being 
furnished this agency. We would have no knowledge of what 
disposition was made of the raw data. 

4. This agency has available a number of technical documents 
identified as "Minutes of Pandora Meetings" as well as several 
technical reports. These documents have been declassified. 

·5. This agency has no knowledge as to whether the data collected 
at Walter Reed we].'e destroyed and, if so, the reasons £or its 
destruction, Documents containing research, development, test 
and evaluation information or data are handled by this agency in 
accordance with the requirements of the Federal Records Act of 
1950, Public Law 754, 81st Congress, as implemented by 
Department of Defense Instructions. 
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6. Project Pandora was terminated by DARPA in March 1970 and 
all assets were transferred to Walter Reed Army Institute for· 
Research {WRAIR) for disposition. Since that tune, there has 
been no DARPA interest in the work being carried on at WR.Al.R 
and consequently we would have no knowledge as to the project 
currently being undertaken, or that the facilities were being re
built, the reasons for rebuilding and the cost. 

7. With the e::i'.ception of Project Pandora, this agency has not 
sponsored any research projects, either classified or unclassified, 
on the biological or behavioral effects of non-ionizing radiation. 

8. As stated earlier, classification of Project Pandora was a 
foreign relation rather than a national security matter. While it 
is likely that the technical aspect of such research efforts would 
be unclassified, the determination of a security classification 
must consider the potential application of the research and its 
effect on our national security . 

9. This agency is not aware of any research projects, classified 
or unclassified, conducted under the auspices of the Defense 
Department, now on-going or in the past, which would have 
probed possibilities of utilizing microwave radiation as a form 
of what is popularly known as "mind control. 11 

10. We do not foresee the development, by DARPA, of weapons 
using microwaves and actively being. directed toward altering 
nervous system function or behavio.r. Neither are we aware of 
any of our own forces or possible adversary forces developing 
such weapons. 

11. Although this agency is not presently involved in developing 
any directed energy microwave weapons, we do know that the 
United States, in the past, has conducted research and e::1'.ploratory 
development on the generation of high power :microwave radiation 
.and its effect on electronic components. 

12. This agency has no evidence that Eaatern Block research 
on :microwaves h ·being actively directed toward altering nervous 
system functions from a weapons point of view. 

incerely, 

... - -·~·. -- - ,,,. 

2 

• I 
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Office of the Department of State decided in June of 1969 against 
renewal and extension of that study. The State Department also 
accepted at that time the judgment and conclusions of the previously 
identified independent specialists to the effect that the 'Moscow 
Viral Study" had not established any genetic or other adverse bio 
logical effect on employees and dependents attributable to microwave 
irradiation of the Moscow Embassy. It should be noted that the 
study was also unable conclusively to establish that no adverse effect 
could be present. 

PROJECT PANDORA 

PURPOSE 

This project was initiated in early 1965 through funding to the 
Walter Reed Army Institute of Research (WRAIR) provided by 
the Advanced Research Projects Agency (ARPA). It's mission was 
to investigate possible behavioral and bioeffects (primarily the former) 
on primates when the latter were irradiated with microwave signals 
simulating the exposure of Embassy employees in Moscow. Toward 
that end, a "special" signal was established which contained, as far 
as it was then believed practical, the structure of the actual Moscow 
signal with respect to such parameters as frequency, modulation; 
and continuity. In order to accelerate potential conclusions, the 
intensity of the signal was set to the maximum useful capability of 
the laboratory equipment then available, which yielded an exposure 
intensity of between 4 and 5 milliwatts per square centimeter com 
pared to the average intensity of a Moscow signal which generally 
measured between 2 and 18 microwatts per square centimeter. The 
program was classified, according to the record more to avoid publicity 
as to the purpose of the investigation than to protect the research 
or scientific values that might emerge. 

Included in the ARP A funding was a contract with Allied Research 
to perform a comprehensive survey of East European scientific litera 
ture detailing experimental work containing indications of behavioral 
effects on animals attributable to microwave irradiation. That effort 
produced a complete bibliography of such work dating back to the 
early 1930's and nearly up to the date of its publication in December 
1969. Both the State Department and the Institute for Defense 
Analysis considered it important to know whether or not the Moscow 
Embassy irradiation was able to influence in any way the behavior of 
persons subjected to it. Even as this report is prepared, there is little 
scientific evidence of such effects, although a number of investigators 
are performing research in this field with small laboratory animals. In 
the midsixties, virtually nothing was known about such possible ef 
fects, except that East European studies had reported such indications. 
These had not been verified by U.S. scientists. In that period there 
was hardly any open scientific interchange among U.S. and Russian 
scientists, and little of the work published in the Eastern European 
countries had been translated or abstracted in English. 

INITIAL ACTIVITY 

The record of what was done during the course of this program is 
scattered and incomplete. The experimental program was severely 
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hampered by the absence of established laboratory techniques and 
procedures for such experiments at WRAIR. There existed no com 
prehensive protocol for the conduct of the experimental program. The 
principal investigator, Maj. Joseph Sharp, viewed it as an explora 
tory study to identify effects that might justify experimental research 
thereafter. 

The results of these studies were ambiguous and controversial. The 
experimental methodology led to inconclusive results. No comprehen 
sive project report was ever prepared. Portions of the project record 
consisting of certain classified documents were destroyed in Septem 
ber of 1973, about 2 years after the project was terminated. Efforts 
by the Committee during the hearing in June 1977, and in subsequent 
briefings by the Departments of State and Defense were unable to 
ascertain any reason other than routine disposal of records which had 
no further value. Remaining unclassified notebooks, graphs, and mate 
rial pertaining to animal acquisition, feed purchases, etc., devoid of 
useful scientific significance were turned over to the Committee in 
January 1978. Copies of remaining classified documents (records of 
what had been destroyed) were provided on June 29, 1978, at the 
request of the Committee. 

PROJECT MONITORING 

In 1968 a designated Pandora Science Advisory Committee was 
established to guide and advise on the continued conduct of the 
Pandora Project. This Science Advisory Committee (SAC) was made 
up of a number of scientists from a broad spectrum of activities and 
involvement in the field, the majority of them from outside the Gov 
ernment. This Advisory Committee included: 

Dr. Joseph E. Barmack, Professor of Psychology, Fordham 
University; 

Dr. James N. Brown, Electrical Engineer, Wright-Patterson 
Air Force Base; 

Dr. H. Allen Ecker, Electrical Engineer, Georgia Institute of 
Technology; 

Dr. Joseph Kubis, Behavioral Psychologist, Chief, Department 
of Psychology, City College of New York; 

Dr. Lawrence Sher, Associate Professor, Bio-Physics, Univer 
sity of Pennsylvania; 

Gen. Carl Hughes, Commanding General, Walter Reed Army 
Medical Center; 

Dr. Lysle H. Peterson (Chairman), Professor of Physiology, 
University of Pennsylvania and President, University City Sci 
ence Center; and 

Dr. Herbert Pollack, Professor of Medicine, George Washing 
ton University; Medical Consultant, Department of Defense; 
Senior Staff Member, Institute for Defense Analysis. 

The principal findings of the project thereafter are contained in the 
minutes of the SAC project review meetings, commencing December 
20, 1968 through January 12, 1970, involving WRAIR project staff, 
representatives of the sponsoring agencies and SAC. Hig hlights from 
those meetings follow. More complete details are available in the 
published record.' 

+ The minutes of these meetings are included in the published record (Serial No. 95-49) of the Committee 
Oversight Hearings on Radiation, Health, and Safety, June 1977. 
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FINDINGS OF THE INITIAL PRINCIPAL INVESTIGATOR 

ln the December 20, 1968 meeting, the WRAIR project staff 
presented a summary of the experimental procedures and selected 
findings of the work accomplished up to that time on primates. The 
findings reflected the principal investigator's (Major Sharp's) inter 
pretation of the experiments to the effect that learning behavior was 
impaired by extended exposure to microwaves. He cited results with 
two monkeys exposed to the "Special Moscow signal at intensities 
from 1 to 4.6 milliwatts per square centimeter. They showed degrada 
tion in previously learned work performance after 11 to 21 days of 
such exposure at 10 hours per day. This behavioral degradation was 
reversible. However, the calendar time to achieve such degradation 
decreased somewhat with repeated series of exposures which would 
suggest some cumulative effect. The foregoing findings were not 
supported by subsequent experiments. Further discussion of these 
contradictory results is provided in a following section which reviews 
project work at WRAIR. 

NEED FOR HUMAN SUBJECTS PROJECT "BIG BOY" 

Discussion of the project goals led the Pandora Science Advisory 
Committee (SAC) to conclude that experimentation with human 
subjects was essential due to fundamental limitations in any animal 
studies relating especially to behavior. 

A key limitation was recognized by the SAC: Although alteration in 
learning and performance capability might indeed be detectable and 
even measurable in a properly conducted experimental program with 
animals, it might forever be impossible to detect and measure signifi 
cant subjective effects relating to feelings, attitudes, moods, etc., 
which have such a dominant effect on human behavior. Obviously, it 
would require human subjects to help identify, describe, and charac 
terize such possible effects which could then be correlated to the 
intensity, duration, and other parameters of the radiation to which 
they had been exposed. Accordingly, the general outline of, and 
criteria for, a study protocol was suggested based on utilization of 
human subjects. 

During the following Pandora meeting of January 17, 1969, the 
SAC reviewed what was then known about the effects of microwave 
radiation on the physiological and psychological functions of humans. 
This led to selection of criteria applicable to both physiological and 
psychological effects to be observed and measured in an experimental 
program involving crew members from the U.S.S. Saratoga. This 
proposed study would involve two groups of Navy crewmen from this 
ship, of which one group was regularly exposed above deck to ship's 
radar and the other group regularly assigned below deck and effectively 
isolated from _any significant _microwave exposure. Responsibility for 

direction of the experimental study was assigned to Dr. Kubis and 
his team with the support of Commander Pratt and his staff from the 
Saratoga. The program would include recurring physical examinations, 
as well as psychological examinations of the various crewmen in the 
two groups. The study was named "Big Boy." 
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FINDINGS OF ''BIG BOY" 

During the review meeting of April 21, 1969, the activities and find 
ings of the foregoing study were evaluated. Crewmen from the Sara 
toga had been selected and classified into three groups: Those with the 
highest levels of expected exposure, those with low expected levels, 
and those with no expected exposure. Dockside control tests, as well 
as seagoing tests, were conducted with the subjects in the three 
categories indicated. In spite of the difficulty of conducting tests under 
actual operational conditions compared to tests conducted under lab 
oratory conditions, the testing was regarded by Dr. Kubis as satis 
factory. The key findings were these: 

(1) There were no significant differences discernible among the 
three groups, either in the dockside or underway tests with respect 
either to task performance, psychological effects, or biological 
effects. 

(2) Although it was initially expected that maximum micro 
wave exposure intensity would be as high as 10 milliwatts per 
square centimeter over 80 percent of the carrier deck, measure 
ments in fact disclosed a maximum of 1 milliwatt per square 
centimeter, and generally less than one-third of that maximum. 

(3) Blood studies revealed two conditions requiring further 
analysis which were subsequently determined to fall within the 
normal range. 

PLANNING FOR LABORATORY STUDIES WITH HUMANS 

The results of the experiment with crewmen aboard the Saratoga 
led to refocusing of the attention of the SAC on the experimental 
work underway at WRAIR and at other laboratories and universities 
dealing with microwave radiation. This included a review of the find 
ings from WRAIR's work with primates, the findings then reported 
from the George Washington University 'Moscow Viral Study'', and 
an earlier Johns Hopkins study of Mongoloid children born to veterans 
exposed to radar. Review of all these studies confirmed to the SAC the 
impossibility of drawing any reliable conclusions without additional 
scientific study. WRAIR was requested to develop a protocol for an 
expanded study based on human subjects. 

In its meeting of May 12, 1969, SAC reviewed WRAIR's proposed 
protocol for a classified study involving eight human subjects to be 
exposed to the same synthetic "Moscow" signal previously established 
for the WRAIR primate study. This protocol provided for special 
protective measures to be applied to safeguard the health of the sub 
jects. Included would be an independent medical function to monitor 
the physical condition of the subjects and to provide regular psy 
chiatric screening. This responsibility would be executed independent 
of the research project with medical personnel having no involvement 
in the experimental program and no commitment to its findings. In 
addition, the protocol provided an array of safeguards established to 
correct previous experimental deficiencies in the primate studies. 

In the SAC meeting of June 18, 1969, the urgency of proceeding 
with the experimental program was reaffirmed by ARPA. Emphasis 
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was again placed by ARP A on the need to know whether or not the 
Moscow radiation could significantly affect personnel behavior, and 
if so, what characteristics of the signal, e.g., intensity, modulation, 
etc., were the most significant parameters in affecting such behavior. 

In the July 16, 1969 meeting, SAC concentrated on a review of 
the required facilities and resources for the proposed WRAIR pro 
gram. These included anechoic chambers, computer software and 
hardware, etc. In addition, the proposed program schedule for imple 
mentation was reviewed. SAC also requested early preparation of a 
complete summary of the WRAIR studies to date. 

REEXAMINATION AND REVIEW OF ALL PROJECT WORK AT WRAIR 

The August 12 and 13, 1969 meetings of the SAC were devoted 
to a complete review of the earlier WRAIR primate work previously 
deferred to allow the second principal investigator, Maj. James T. 
Mcllwain, to study and assess earlier laboratory records, and to 
conduct additional tests. One series of experiments involved two 
monkeys which were subjected to signals of 4.6 mW/em and 20 
mW/cm, respectively. Neither of the primates showed any discernible 
effect of exposure or nonexposure during 250 to 500 simple learning 
tests performed each day. Another phase of the experiment expanded 
the study to four monkeys subjected to 4.6 mW/cm2 and included a 
multiple schedule of learning tests and rewards, Again, no significant 
effects could be identified which could confirm earlier findings. In 
general, these findings and assessments presented by Major Mcllwain 
differed markedly from those reported in the December 1968 meeting 
by Major Sharp, 

During the December 4, 1969 meeting of SAC, a detailed report 
was given by Dr. Kubis who had been requested, subsequent to the 
previous SAC meeting, to conduct a detailed personal study of the 
Pandora project effort. In particular, he was asked to reconcile the 
difference in interpretation of those earlier results by Dr. Sharp, the 
initial principal investigator, and Dr. McIlwain, the second principal 
investigator. 

The essence of Dr. Kubis' report was this: Dr. Sharp interpreted 
the initial assignment as being exploratory in nature. It was a pilot 
experiment seeking leads of possible significance which would warrant 
experimental research. The most one can draw from such experiments 
are suggestions, not scientific conclusions. The base line data from 
which to assess changes in animal behavior was weak because no 
control animals were employed. The sample was too small to permit 
delineation of effects attributable to external factors versus effects 
that might be attributable to changes in radiation exposure. The 
experimental work was hampered by excessive mechanical equipment 
failures involving laboratory equipment which could have had more 
effect on animals' learning patterns than the radiation. 

CONCLUSIONS OF THE SCIENCE ADVISORY COMMITTEE 

In the January 12, 1970 meeting of the SAC, the Kubis report as 
above summarized was reviewed and discussed in detail. The SAC 
came to the following conclusions. 
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(a) The Pandora primate study did not provide an acceptable 
answer to the question as to whether or not any effects, either be 
havioral or biological, could be caused by microwave radiation of the 
intensity and characteristics contained in the synthetic "Moscow" 
signal. This failure to provide an answer was due to: 

(1) Assumptions and criteria underlying the experiments were 
appropriate to an exploratory study to define appropriate research 
experiments, not to provide scientific results. 

(2) Contamination of control conditions precluded establishment of 
acceptable base lines from which to judge departures in behavior of 
the subjects. 

. (3) Contamination of experimental conditions by equipment mal 
functionings and variations in procedure precluded assignment of any 
observed effect to such conditions or to changes in radiation exposure. 

(b) Reliance would have to be placed on future experimental work 
to be done at WRAIR and elsewhere, primarily with human subjects, 
even though grave questions as to the ethical acceptability of such 
studies were still unanswered. 

Project Pandora was terminated on March 20, 1970 without further 
investigation. Its extension to proposed experimentation with humans 
was never carried out because of the DOD's concern about ill-defined 
requirements then emerging for fully informed and consenting sub 
jects for human experimentation. 

STUDY OF LYMPHOCYTE COUNTS 

SCOPE AND DURATION 

This study was undertaken by Dr. Thomas P. Stossel, Chief 
Medical Oncology Unit of the Massachusetts General Hospital, and 
Associate Professor of Medicine at Harvard University. It was author 
ized by the Medical Services Office of the Department of State and 
initiated in February 1976 and completed in June 1978. Blood counts 
taken by the Embassy resident medical officer as part of a general 
health survey on Moscow Embassy personnel had indicated a higher 
than average lymphocyte count. It was the purpose of this study to 
determine the health implications, and in particular, whether or not 
this higher than normal count could be attributed to the irradiation 
of Embassy personnel. Since it was well known that children have 
hig her lymphocyte counts than adults, and the counts observed in 
children associated with the Moscow Embassy were not statistically 
significant from those generally published for children in the United 
States, it was decided to limit the detailed scope of the study to adult 
employees of the Embassy, including dependents to the extent possible. 

CHARACTERISTICS OF LYMPHOCYTES 

Lymphocytes are a class of white blood cells capable of recognizing 
and destroying various types of foreign matter within cells such as 
viruses, fungi, protozoa, and bacteria. The lymphocyte count in 
peripheral blood samples is variable because it is in dynamic 
equilibrium with other body lymphocyte compartments, any of which 
may encounter varying intensities of foreign matter. It is, therefore, '.: 
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A!}STRACT 

In an epidemiological study of the parents of children with Down's 
syndrome born from Jani.:.:iry l, 1946 1:0 September 30, 1962 and parents of 
rr ... 'ltchcd cont:i:ol children, a significc1ntly larger pcrccnto.gq of fathers of 
Down's cases reported rad.ir e;-:posurc than control fathers. . Moreover, 
~ l.::i.rger pcrccnt.:1~e of the fathers of Down •s cases .. reported having be2n 
in military service· (63.1 percent versus .56.6 ;,crcent for cont::-ol fothc,rs), 
althoug:1 t:h is di f fe;-cnce w~s not st.1 tis tically s ignifi.cnnt:. he cause of; 
the possibl~ implicat:io:1s of these fir.clings with rega::d to the ri.sk of 
Down. 1 s syncl"to:-ne ~r!cl possibly oth2r g1::1·~tic C2.~gc tv p.ccgeny) as WC!ll i!s 
somatic damage in exposed individuals, a new (CU1US:•:T) series of parents 
of mongols and matched control childnrn is being studied in a:, effort to 
replicate the original study. 

Interview info=~tion has been obtained in the CL1illENT series-Father's 
Interview Schedule, sup1>lcr.iented with additional questions on radar exposure 
both in and outside of military service, as well as more detailed questions 
on military service, service number, duties, etc. Follow-up of all subj~cts 
in the ORIGINAL series, irrGspective of whether military service was reported, 
to requestion on mi!itary service is being carried out by a co~bination of 
telephone, personal.visit, mailed questionnaire, etc. Military service 
records are being validated for both ORIGINAL and CURR:::NT series by sea-rch 
of U.S. government.military records for nanes of all fathers (whether o:: 
not service was i:eporced, whether or not follow-up obtained) for sei:vice 
record dates, }:OS classifications and other pertinent data available. 
Chro:nosoe1e studies am baing carried out on all fathers in the ORIGl,';AL and 
CURRENT series who reported exposure to radar and the unexposed fa:hers 
m.1tched to them. 

Thus far, after ascertainment of over 145 e1ongols from 27 public enc 
private agenc~es and hospitals, tracing and interviews have baan carried 
out on 238 r.iothers and 235 fathers of the mongols a:i.d their r::atched cont::oJ.s 
in the CURRENT series. Tracing and interviewing is co~tinuing as well as 
search of hospital records for validation of diagnos·is and search of c!eath 
certificates on deceased index subjects (mongols and ·their matched controls, 
their parents and sibs, as they are identified). .To date 49 deaths have 
been searched. 

Military service follow-up by phor.e, mail and personal contact has been 
carried·out on 366 of th.e 432 fathers of the.ORIGINAL series, with simila~ 
information obtained by interview on 235 fathers of the CURRENT series. These 
data are being coded and punched to be· forwarc!ed for sea~ch of governrr.ent 
records, with the remaining to be sent as soon as available. Arrangements 
have been completed with another agency for search of service recoi:ds and r:os 
numbers. 

Chromosome studies on radar exposed fathers and unexposed matched 
fathers are in progress: .92 blood specimens have been collecced, including 
repeats on culture failures and questionable observ~tions. At this date, 
karyotypcs have been completed on 40 ar:d 15 more cour.ted. An ~ t te,:ipt will 
be made to obtain an add~tional specimen on all culture failures as well 
as to collect initial specimens from the radar exposed fathers and their 
matches not yet sampled. 

i 
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.. Completion of coding, punching nod :innlysis of results will be car::icci 
ou~ 'after .:ill the rern~ining clat.:i h.:ive bc~r. collected. 

, 
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Introductory Xote 

As indicated in.the first Quarterly Progress Report, August 29, 1969, 
this project is jointly fonded by the Envirom:iantal Control Ad:ninist::ation, 
HEW ($21,885 for 6/69 through 5/70) and the Advanced Research Projects 
Agency, Office oi Secretary of Defense ($64,706 for 6/69 thrcugh 5/70). 
The progress of 'the total study caanot be frac:ionated into a seg~ent 
supported by ECA and another by AR?A, since, except for the chro=oso~e 
studies which are supported entirely by ARPA funds, the rer:iainder and 
primary study is organized as a single project to percit the ~~st effi
cient utilization of person~el, supplies and funds. Therefore, the 
progress reports constitute summaries of the overall progress of :he 
project with the understanding that each agency will recognize chat its 
funds have contributed in appropriate proportion to the overall accom-
plishments. ~ 
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- STATEHENT Of Pl\Olll.EH: 

Purpose: To determine whether the p.:trcnts of roo~gols-·<liffe::- fro::, the, 
parents of ,mo.tchcd nor1:1.:il controls with t(.!g.J.r<l to exposure ::o 
rudar and/ or ionizing rad ia ti.on ar.d to t::(;:mi.ne the chro~oso~cs 
of those r.idar .. exposecl p<1rcnts and co:rcspon<ling p;.'.;:-cnts f:-o:-:i. 
the 111.1tch'tl<l series for any di.scerniblll diffcrcr.ces and/or 
abnormai'itics. 

Specific Air:1s: 

1. To compare the parents of mongols vith those of cont~ols with 
regard to reported radar axposure, occupatio~s ~nvolving 
radar exposure or exposure co any sources of radioactive s~o
st.:tnces or radiation. 

2. To compare mothers and fachers of Dow~ 1 s syndro=•~ Cases with. 
mothers and fathers o: r.utched controls with regard co metlical 
radiation exposure (diagnostic and/o::- therapeutic). 

3. To compare th!= parents of mongols ar:.d of controls wi::h regard 
.to other factors (socioeconomic status, religion, menscn:e1l 
and m.adical history, marital history etc.) recognized or 
suspected to be associated with the occurre:1ce of Down's syn
droilie and to exami~e their possible incaraction·with radar 
and/or ionizing radiatiOn exposure. 

4. To examine the chromosomes of the fathers with a history of 
exposure co radar and the fathers of child=en t:'...atchad :o the=, 
and co compare them. 

BACKGROUND OF STUDY A~D U~DERLYIXG RATiOXALE 

In an epidemiological study.of the parents of children with Down's 
syndrome born from January 1, 1946 to Scptem~er 30, 1962 and parents of 
tr.atched control children, a significantly larger percentage ff) :a::hers 
of Th)w,1 1 s cases reported radar exposure than cont::ol fathe:-s .... ~-!o~eove:-, 
a larger percentage of the fathe::-s of Down's cases reporte:! haviag bee:'.!. 
in roilitary service (63.1 percent versus 56.6 percent £or control fathers), 
although this difference was not statistically significant. Beca1.:se of the 
possible implications of these finditigs with rega,:-d to ti.e risk of )own•~ 
syndrome and possibly other genetic dam;;,ge to progcrny, ·as well as so:::ati.,c 

' 

dama~e in exposed individuals, A new (CURREi-:T) series of 2arents of r..ongol and 
matched control children is beinz studied in an effort to replicate the original 
study. · 

1 

-
Sigler, A. T., Lilicnfeld, A. N., Cohen, :S. H., and Wes:lake, J. 
Radiation exposure in parents of children with mongolism (Down's 
syndrome). Bull. Hopkins Hosp., 117 (6): 374-399, 1965 (Dec.). 
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The further studies underwkec consist of: 

(1) An independent replication of the previous study utilizing 
families of Down's cases born in 1945 and between 10/1/62 and 12/31/63 
called the CURRENT interview series. This invoives the collection of the 
sa~e data ~s in the ORIGINAL series, with supple~e~tary porcions on ~ili
tary service and _~adar exposure to determine whether the s,:.me patterns 
appear in an independent replication and at a different period ir. ti~e. 

(2) Follow up of the ORIGINAL interview series for ~ore detail~d 
information on military service and radar exposure. Follow up is bein2 
carried out by a combination •of phone contacts, mailed questionnaires, 
and personal visits. 

(3) Chromosome Study - All fathers in the ORICI::l:.\L and Cu:~~EXT 
interview study series reporting radar exposure and unexposed fachers o= 
children matched co the children of those radar ex?osed fathers are being , 
followed up and samples of peripheral blood examined for chromoso::,e ao
norw~lities. In addition, the chromosome study group includes radar 
exposed fathers ascertained for the ORIGINAL and CL"'UE~'T series but not 
in the final interview study series because of unavailability of the 
complete WAtched pair for interview. For these unmatched radar exposed 
fathers (un~atched in the interview series) a new unexposed match is 
being obtained for chroll!Osome analysis. 

In addition, since the initiation of.this presently ongoing phase o~ 
June 1, 1969, certain opportunities co extend the scope of this investiga• 
tion have become apparent both in regard to obtaining ".ore objective 
validation of the military service and radar exposure on all fathers -
ORIGINAL and CURRENT series - irrespective of reported service and/or ex
posure (a fourth phase of the study); and also in regard to increasing 
the size of the CUR.'lENT study series. · 

(4) Validation of military service and exposure - Through consulta• 
tion on procedures for checking military service a:1d rac'-'r exposure fro:: 
government military files a plan has been designed for documen:acion of 
military service and radar exposure. This is to be carried out along 
with supplemental interview information by partial follow•u? reinterview 
of the original series. Y.oreover, even in the absence of available reinter
view data, validation procedures wil.l be ap~lied. Thus th<l_ .. search o,;' aove.rn:: 
ment records on fathers in both the ORIGINAL and CUR.'IBNT series will be 
entirely independent of whether or not service or radar exposure was reported. 

Increased size of study series: It is now apparent that a larger 
study series than expected ~ill be available. Whereas it was esti~~ted 
that the families of approximately 95 cases and 95 controls would be avail· 
able for the current study, more comprehensive methods of ascertain=ent, 
probably improved diagnosis and more complete case•finding by coCllllunity 
and private agencies as well practicing physicians, has made it possibi~ 
to identify over 147 cases for study, thus a 50% larger sample. 

The likelihood of attaining more definitive results would be con• 
siderably enhanced both by being able (1) to incluce the total scucy series 
available rather than the previously estiWAted SWAller study group, and 
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(2;i.' to carry out more intensive search and validation of military service 
records and radar exposure. 

.For these purposes, therefore, an extension of the time schedule 
beyond the originnl date and additional funds will be required to accc::no
d;1tc the 50% laq;~r sample. A budget for supple.,r.entary fonds has b~en 
sabmitted. It should be noted also that while the ch,rnging circu;r.stancies 
leading to i::1p::oved asCcrtainment in the tir:,.e interval between the o::ig
ina.l and currc.:;.t investig.:ition has ::ia<l~ possible an increased yield of 
cases, other change_,,s, such o.s those pertaining to residential pat:erns of 
f.:tr::·.ili(:s of children born in raecropolit.an B.:1ltirr.o::c hospitals l:ave 1n
crca!h?<l the tra.vel time and cost per case studied, as axpla.ined in the 
first Quarterly Progress Report (Septc~oer 30, 1969). 

ln the extended· plan, both the docc.mentation of military 
records and addition of the larger series for study are to be 
within the framework of the existing project design. 

se:-vice 
incorporate<:: 

APPROACH TO THE PROBLEM 

The approach to the problem constitutes the three aspects described 
in the initial proposal (l} Follow-up of the OR!Gl&\L study series, 
(2) Independent replication in the CURRENT study series, (3) Chromosome 
study of all radar exposed fathers ascertained in either study series and 
of unexposed fathers matched to them; and another aspect, (4) Valida
tion of military service and radar exposure (insofar as possio~e) from 
government records for all fathers of mongols and of controls in both the 
ORIGINAL and ClJll.RENT study series. Moreover, the series ascertained is 
larger than expected and an attempt is being made to extend all phases 
of the investigation to the larger study series. 

The METHOD OF PROCEDURE thus follcws the overall design proposed and 
approved for the project at the awarding of the contract, with the supple• 
mentary aspects designated above. 

I. Subjects 

Selection of cases: Children with a diagnosis of mongolism meeting the 
criteria already described for the "original" series (1) and born in the 
greater Baltimore area between 1/1/45 and 12/31/45 and also those born 
10/1/62 through 12/31/68 are included. Sources of ascertaini::ant for the 
ORIGINAL series and for the CU'ilRENT series have been indicated and are 
described below. 

The CURRE.'IT .interview sample is being confined to those years for 
which cases were not ascertained in the ORIG!NAL series. In that previous 
study, 421 cases born from January 1, -1946 to October 1, 1962 were collec
ted, with 288 meeting the study requir~ments and 216 available for 

1 Sigler, A. T., Lilienfeld, A. M., Cohen, ll. H., and Westlake,::. 
Parental age in Down's syndrome (mongolism). J. Pediat. 67 (4): 
642, 1965 (Oct.). -
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interview. At tbo same rate of 1.4 per month r.1ceting reqcirement.s and 
1.07 per rr.unth available for interview, it was csti~~ed t!iat ap?rOA
im'1tciy 105 additional mor.gols would be found in the 'Baltirr.ore area fruc:: 
October 1, 1962 t.o January 1, 1969, ••ith at least 80 available for final 
study. If 1945 were a<ldc,d, 13 to 16 more c<1ses would be available, chc:s 
npprox imn te ly ?-'; c<1ses in all. 

Because of the incrc.:.1s\:!d number of sources of ascertainment as well 
as better <li.:ignostic procedures ti.nd case finding techniques among phy .. 
sicinns, priv.:tte and public agencies, .:Lnd possibly also improved se.:irch
ing tcchniques 1 it has been possible, as stated above·, to obtain a 
larger study series than previously nnticipated, i.e. about 147 cases of 
Down's syndrome and an equal number of matched controls rather than the 
95 of each previously estimated. ~ 

Diagnostic 'criteria for cases 

The following physical findi~gs in Down's syndrome, based on pre
viously reported findings are conside::-ed "primaryri criteria for dia;nosis: 
1) Brachycephaly, 2) Slanted palpebral fissures, 3) Epicanthic folds, 
4) Palmar simian lines, 5) Malformed ears, 6) Broad and/or short neck, 
7) Malformed fingers and/or hands, 8) Nasal abnorrr.ality, 9) Hypertelorism, 
10) Abnormal palate, 11) Brushfield spots, and 12) Broad and/or short 
trunk. 

Each available case of Down's syndrorr.e, or the case record, will have 
been examined by a qualified pediatrician. Diagnostic verification 
required for inclusion of the child in the study is as follows: 

1. At least seven of the above pri~~ry c,iteria actually listed 
by a qualified observer on a medical record; or 

2. Five primary signs plus chrorr.osomal studies; or five primary 
. signs plus evidence of either congenital heart disease or 
·abnormal hip angles - the heart disease and/or hip angle 
evidence either docl!lllented in medical records or determined 
by personal inspection by a qualified physician approved 
by the principal investigator; or 

3. Six of the above listed primary signs as indicated by 
personal inspection of the child by a qualified physician. 

Selection of control subjects: ·Birth certificates of the children 
with Down's syndrome are being located, and their place of birth and other 
vital information verified. ·control subjects are selected by rigidly 
matchingt in a systematic manner, each case with another certificate for 
(1) hospital of birth (or at home), (2) sex and race of child, (3) ~acernal 
age at time of birch of child and (4) dace of birth. 

111 eacl1 case, the best control is a child whose birth date was closest 
to that of the Down's child of the same llCX born in the sarr.e hospi:ai to 
a mother of the same nge, If the best cor.~~ol on the basis of established 
criteria either has left the state or cnnnot be located, the next best 
control is selected (i.e., with sligi1tly great<!r difference in birth da:es), 
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the other criteria rerriaining the sune. 

Th<! hospital recor;Js as well as birth certificat'es of all control 
children arc ex.:1mi:ie<l to be cert~in that the 11 nor.t.al 0 control group 
contains no ca5es of Down's synciro~e. 

I 

II. Data Bein~ Collected 

Records. Birth records (certificate and hospital) and other 
available hospital and medical.records are examined for pertinent infor
mation. 

Interviews. Mothers and fa:hers are being interviewed to 
obtain further infor::iation. Where mothers or fathers are deceased, in~or
mation is obtained insofar as possible from the surviving parent. If both , 
parents are deceased, and necessary infor~ation is unavailable, the sub
ject is to be excluded from the :::atched series. 

Interview data include: 

l. Complete names and addresses of each parent, index child 
and sibs. 

2. Child's sex, place of birth, physician, and history of hos
pitalizations and medical conditions. 

3~ Mothers' educacion; r~ligion; and histories of_ residence, 
occupation and marriage. Medical data will include histories of r.,enstru
acion} pregnancy} hospitalization and d~tails of radiation exposure. The 
latter will include diagnostic X-ray, radiation therapy, fluoroscopy, 
and injection or ingestion of radioactive substances. 

4. Father's education; recigion; residence; occupational history. 
with detailed infom.ation about military service; r.-.arical history.; .nu::iber 
of offspring; illnesses; medical and hospitalization histories; and othe= 
pertin<:ht data. ·· · 

The mother and father are usually interviewed independe~tly at ho::ie. 
The approach to both the families of the mongols and contro:s is unifor::i; 
the interviewers are not infor::ied which are cases and controls and recog
nition of the mongol's family is usually not known until the actual in
terview is conducted, if then. Questions about radar and radiation expo
sure, medical conditions, and occupation are phrased without reference 
to che birth of the index child. Insofar as possible, dates of exposure 
are obtained, however, so that the time-relationships relative to the 
index child can be examined in the analysis. 

Validatio.n of findings derived from interview data is being a:teopted 
by independent and simultaneous examination of several characteristics of 

· the parents of mongols and of controls as we:.l as through independent 
search of hospital records • 

Validation procedures for military service/radar exposure include the 
above described independent ascertainmen.t of da:a through search of mili
tary files on all fathers, irrespective of whether they reported such 



• scrvice/cxpvsure or not. 

-
III. Chromo;:;ome Studies~ -

The chro~oso~es of fa:hers who report a history of radar ex?osure are 
b~ing examineC to C2yer~ine wheche~ aay aberrations) s~ch as eneu?loidy, 
trans locations> d:.ce:ntrics or other abarr~tions or eviCence of bre,;.!<3, 
etc., are observed. As a comparison group, the chro:,osomes of unex?osed 
fathers of the children matched to those whose fathers indicated radar 
exposure are also being studied. 

ln the series already published(l) 18 fathers of children wi:h 
Down's syndrowe and seven fachers of control children reported definite 
radar exposure with several additional fathers (about eight) having 
questionable exposure. These fathers and the fathers of children r.1.:atched 
to those cases and con.:rols are being located and blood drawn for chro.::o
some analysis. 

It was esti~4ted that the CURRENT study series (based on cases born 
Oct. 1, 1962 to Jan. l, 1969 and 1945 in the Baltimore area) would yi.eld 
at least 11 additional exposed fathers and 11 matched fathers, making a 
total of 72-80 fathers on whom chromosoille studies would be carried out. 
That estir.ate assuoed that the rate of Do·.n's syndrome, ascertaini::ent, 

• 

and radar exposure would be similar for y'ears to be studied with those 
years already studied. With the larger CURRENT study series available 
and including chose who had w~rked near radar, it is nm estir.4ted that 
60 co 70 fathers may be found to be "radar exposed". Thus, with the 
matched unexposed fathers, the estir.~ted number of persons on whom 
chromosome studies will be performed has now increased to abo~t 120 to 140. 
With deaths and ·refusals, a conservative estimate of 100 to 120 is more 
plausible. 

RESULTS AND DISCUSSION OF RESULTS: 

The results necessarily constitute a review· of the project progress 
to date. Because of the larger than expected sample size,ascertainment 
in the CURREh'T series and problems of dispersal of the· population to out-

\ lying areas, interviewing is not yet complete, nor is the identification 
\ ·, of all radar exposed fathers and unexposed matched fathers or the 

collection of blood specimens from those fathers. Therefore, the cumula
tive progress to date will be reviewed as such, with analysis of results 
and conclusions necessarily deferred until completion of data collection. 

l 

• 
Sigler, A. T., Lilienfeld, A. M., Coh<;i:i, B. H., and Westlake, J. E:.; 
Radiation exposure in parents of children with mongolism (Down's 
syndrome). Bull. Hopkins Hosp., 117 (6): 374-399, 1965 (Dec.), 
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• Pro~ress to F~bruarv, 1970: 

Sta.ff recruitment: has been co.nplcted and i.s now s-tabilize<l t:o co!1sist 
of a coordinator, secretary, junior cler:~ ty?isc, nurse-blood technici~n, 
cytog~netics technici~n, and seven clat~ processors including resea~ch 
technicians, clerk specialists ar.d trccers who &r~ handli~3 various 
duties involving hos~ital reco~ds, vital statistics, codi~g, c~~cing, e~c. 
Wheri!aS there have been up to five pii::t ti.:-:.-z in:erviewers in the field 
si::iultaneously,, thi!re are currently three i:1te:-viewers on the staff, 

The design of basic orocedures and forms has been completed including 
special follow-up letters, and questionnaires on military service-radar 
exposure, etc., as well as special coding sheets and code fores. 

Codes have been established for military service records search as 
well as for coding of int~rview data on fathers, ~othe~s, index cases 
(Down's syndrome and matched controls) and sibs of indices. 

Ascertainment of cases of Down's syndro~e has been complet~d with 
checking out of l is cs from schools, hos pi ta ls, care centers, public a::d 
priv.:ite agencies indicated in' the first report. Baltimore City Public 
Schools from which ascertainment was delayed until opening of the fall 
semester have been screened, and additional new cases obtained thercf=c~ . 

• 

,Thus far 230 cases have been ascertained, of whom about 140-150 appear to 
be eligible, according to our current criteria. Ninety of the 230 have 
been excluded for various reasons: e.g. rejected on basis of current 
residence out of stace (or beyond 5alti~orc and surrounding me~ropoliten 
area), birth certificate check indicated not born in Balti~ore, date of 
birth inco:crectly given (outside study ?eriod, etc.) , family :requested 
no referral, diagnosis not confinned from nedical recorcis;or thus far 
cannot be located. The sources of the sample on the CURRE1'T series are 
specified in Table 1. Where a case was ascertained fro~ mul~iple sources, 
only the initial source is indicated. 

Control matching has proceeded and controls have been matched to 
cases in accordance with the standardized matching procedure of the study 
previously described. 

"·~ Tracing and interviewing of mothers and fathers of identified Down 1 s 
cases and controls have continued. As indicated in previous reports, 
further follow up and different individual approaches are planned for 
refusals; and it is hoped that partial or complet~ interviews ~ay be ob• 
cained on some of these subjects. Often several calls are required to 
complece interviews even on cooperating res?onCents, both because of the 
length of the interview and because every e~fort is ~~de to adjust to 
the convenience of the respondents. For the readily located =espondents, 
completion of interviews has involv~d over 17.5 miles p.e:c call and well 
over 50 miles per completed intervccw at current estimate. This includes 

• 

hos1>ltnl record checks ar.d vitnl records secc~;::h and also blood collection 
wllere indicnted. No estimate is yet available for the difficc:lt to locate 
group, still being traced. 
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• The completiO~ status of inte~viewing on the CUR.~ENT series is su~z=- · 
ized in Table 2. A !:otal of 473 inte::::-v1e~,-1s have been partially or tot2lly 
com;,letecl o:i pa::ents of r:10:1gols a:1d ~heir rri.atched contro~s. It h-'3.s ni:-t 
bee~ possi~le to loca~e t~ree fathers th~s far; 21 fathers and 23 ~others 
have refused to be interviewed, with a very slightly higher refusal rat~ 
a~o~g case fa~ilies than arnor.g control f~~il:~s. It should be noted ho~
ever that w~e~eas moj1gols were ascertain~d through age~cies with info::::a
tion on them after birth and were thus re~atively locatable despit~ fahlily 
sit!.lation, con::rols ~-iere matched th'.:"cugh bi-:th certificates and therefore 
more difficult.to locate, but when locatec possibly less likely to be in 
a situation leading to interview refusal. To be noted also is the fact 
that many of the fi:::-st matched ,controls had to be replaced becatcse of 
inability to locate. 

Record validation: As the deaths become known thro·ugh interview, death 
certificates are being requested on all deceased index cases, parents and 
sibs. Validation of medical information and any questionable information 

.is being attempted through sea:::-ch of hospital records and contacts with 
physicians. 

The deaths to indices, parents and sibs -of mongols and matched controls 
in the current series are tabulated in Table 3. Thus far there are 37 
deaths reported in.the interviews of mongol families and'23 deaths in the 
control -families. For 48 of these, death certificates have been obtair.ed 

• 

and are being coded; the re::-:ainder are being searched. 

Follow uu - suoolementary militarv service and exoosure data.on ori~~ 
inal se~~es: In orCer to obtain Supplementary information for the origir.ul 

j 
i 
\ 
' ' \ 
.\ 

series, in particular on military service ar.d radar exposure, a follow up 
plan has been designed to incluie a co~bination of personal visits, phone 
contacts and direct ;,:ailing. This has been initiated, but because of the 
time interval since last contact and the recent mobility of the Caucasian 
population from urban to suburban areas, tracing problems have decreased 
the rate of progress. Table 4 su=arizes progress with regard to follow 
up. 

Of the 432 fathers of mongols and of matched controls in the ORIGINAL 
series, contact has been made and follow up data obtained on 366 fathers. 
Thus far it has not been possible to locate three fathers• registered 
letters havir.g been returned by the postal service. ,Further attempts at 
search, are being made. In addition, 44 tr.ailed questionnaires have not 
been answered or returned. Some of these may turn out to be refusals or 
unlocatable. 

Validation of military·scrvice and exposure 

As a result of consultation on procedures for checking military ser
vice and radar e,:posure _from government military files, a plan has been 
designed far documentation of military service and radar exposure. This 

•

. is to be carried out in conjunction with supplemental partial reinte,:view 
i of tile original series, though the search of government records will be 

' . 
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cn"tirely independent of whether or not service or r~dar exposur.e was repo::t
cd, .. 

Necess~ry ~rr~ngemcnts have been made between the School of Hyg:e~e 
and ~pp~opriate agencies for chis search. For this pur~ose, the latest 
military service ,fnforn'-2.tion avsilable on follow U? is being coc!-2d a:-.d 
tr.:insferred to pu:1ch cards to be used as an aid in identification of 
fathers in the study. Wherever possi~le military service nu::0ars have 
been obtained and included. Thus far records for 362 s~udy fathers are 
ready to be forwarded for government military record search - 269 from the 
original series and 93 from the current series (Table 5). In addition, 97 
more from che original series and 143 more from the current series are 
being prepared for punching to increase the total by 240 to 602 fathers. 
The remainder are still being followed up or processed, or, if in the 
current series, are yet to be interviewed. 

Chromosome Study: 

The methodological approach of the chromosome study is described a~ove. 
The chromosome study group now comprises 43 radar exposed fachers from the 
ORIGINAL series - 27 fathers of ~~ngols and 16 fathers of controls - along 
with 43 unexposed matched fathers - 11 fathers of mongols, 21 fathers o: 
controls, plus 11 fathers who are "new aiatches"* (five to replace unex
posed fathers of mongols of original series and six to replace unexposed 
fathers of controls). From the CURRENT series there are 16 radar exposed 
fathers - 8 fathers of mongols and 8 fathers of controls • and 13 unex• 
posed fathers - 6 fathers of mongols, 6 fathers o:f controls, 1 11n.aw m.atch'! 
and three unexposed father matches to be identified. Other CUR.~ENT series 
radar exposed father and unexposed fathers ~~tched to them will be adced 
to the chromosome study group as they are identified in the CURR~NT series 
interviews still in progress. 

The distribution and the number of specimens of ~lood collected in 
the chromosome study are summarized in Table 6. According to the last 
count, 92 blood samples have been obtained on 75 fathers from the two 
series. Two of the fathers have been dropped from the study because they 
were found not to have been radar exposed, leaving 73 study fathers from 
whom blood has been collected. 

* Replacements are used for unexposed fathers who were initially ~ztched 
to exposed fathers buc who are not svailable because they are deceased, 
moved outside the Maryland study area, unable to locate, their matc~es 
had refused interview in Original ·or Current Interview Series and/or 
11i-e unavailable for other reaso:is. Replacements are thus unexposed 
"new matches" to radar exposed fathers . 

9 
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On 63 subjects~.,_) ortly on2 sample h.:1s b(!~n obt.:1.incd; 0:1 8, t:wo sa:ar,lcs 

t1~1d on 4, thrQC s.1mplcs. To <late there havt: beer: .:irp-::oxim.:ttcly 27 cult;;:-c 
failur~s i:h.Jt required (or still rcqui"!:t:) a seco:1cl blood s.;nr::ple or a t!lircl 
blood sample c.nd on oac subject:> .:1 fou~th sa:r.2lc i~ :10H re~ui.re:d_. w:;.c:1 .:ir:. 

addition~l speci~~n is obtained becausQ of culcur~ failure, the s~~c code 
l~ttcrs are retained 2s tha failur~. How.:av~r, \-1he:1 an· abnonn.:ility iz ::;us
pcctc<l .:l :=cpe.:i.~ sp.aci::1c:i is vbt.:i1:2<l fro::1 th~ subjs;:cc with nct•J cocl:c:: lct~e:rs 
assigned. This is forwarG-.::d to t:h;a l.::borat:or:,r elor.g with routi::~ i:1itial 
speci:r.ens, so that the koryot:yr,e c.n.J.lysis is cn.-::-:ie<l o~c inC:ep3nCe:--,tly 
(blind) by the cytOgenetics laboratory. 

At tho pr~sent time, approxir.~tely 45 more s?ecime~s are to be obtained 
in order to replace culture failures and to screen s~bj8cts nor yet sa~pled, 
in addition to 28 repeat "blind" sa!T.ples for checking. In view of the rate 
of culture f.:1ilures to this ti:::e> it is quftc li!.~cly that the num':;ie:-- of 
additional speci~ens to be collected and analyzed is as great or greater 
than the nu!Tber already processed. , 

The latest repo~t from the cytogenetics laboratory is su~•~=izcci in 
Table 7, Cytogenetics Laboratory Report Surr=ry. An average of 20 cells per 
patient (ranging ire~ 7 to 50 cells per patiant) is beini cou~ced, A~o~g 
the 55 karjoty?es counted thus far, 28 sau1ples will require further 
study. Every effort is being macie to keep t:he st::.;dy objective a.'.ld to .rr.c.ke 
certain that the laboratory on receiving and analyzing blood sp9ci~ens is 

A not aware of the parental exposure status, etc. 

W, . An efforc will bd r.-.ade to trace the etiology of abnormal karyotypes ~n 
chromoSo~a stuCy fs.t:hers insofar as possible i~ o~cl2r to prov~Ce n•:>t: o:-..ly 
the case-control statistical ar.alysis a3 plann2C, but also ~or~ specific 

· insight into sources and causes of abnormalities> if and where founC. 

SUNM.~RY, CONCLUSIONS A;:.;D RECO}l?·'"'ND.-\T!O:-,S: 

A summary of the current status of the project opcr~tio~ has bean 
presented above. It should be no~ed thac at the initiation of the p=ojact, 
it was estimated that approxi=ia.tely 95-105 facilics of ~ongols ~vuld be 
available for study, based on the experience of t:1e previous series. Hcwever, 
generally improved ~ethods of diagnosis and ascertain~ent techniGues have 
made available for stc:.dy appro:dmately 147 - or about 50% rr.o::e thar. expected. 
Since investigation of a larger group would considerably incr.:iase the likeli
hood of obtaining ::tore definite answers to the c;uescions under study, a 

'- renewal of the contract with additional fonds has been suggested by this 
investigator. Accordingly, for maximum efficiency of project operations, 
interviewing, collection of blood specihle~s and other field phases of the 
study were extended into the additional series by reallocating funds pr.:iviously 
designated for analysis of tha s:r.aller .series. Thus, at this po~:·.t in time, 

.although no completed or near complete sur..:-.aries of the data content are 

.• * including 2 fathers later eliminated from the study (Table 7) 

10 
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a.vnilablc) numerical.counts based on field wo:rk, folL-ow up, concu:-rent 
cocling and blood speciffiens in v~~ious stages of p~occssing hav~ bee~ picsent~C~ 

Arr.:ttigement~ f}i'.tva already been r:-,ade for the ~earch oi: govern:ncnt ;.'"Ccords 
o::. all fathers whe'cher or not reporting servicc~~.,..~.~hether or :-tot rcpor 
radar e:-::posura> to obtain ~s much infor:n.:!tion z.s po.s:sible co:-:.ce:-ni;1g ~~1ese 
r..att~rs. In ·ad¢Ji:ion> as described above in the chromosome study) t._frtC;:'l. any 
ab~rrancies are suspectcC 1 aqditional specimans are being obtai~cd, given 
new code letters and sent for independent analysis to confir~ or rejec~ the 
initial findings. Every effort is being ~~de, to obtain as co~pleta ar.cl as 
accurate inforlTI.3.tion as possible as well as to utilize multiple and varied 
approaches to dis·cern probable causation, or at least gain as much supple:::e:'l-
tary inform.1tive data as possible. 1 

While this investigacion is scill in progress, it is ~ost i~portant to 
extend the observations to as large a sample as is reasonably ascertainable 
in order to incr~ase the definitiveness o.f any fi~dings obtai~H!d 1 anC, to 
validate the observations insofar as is possible. Toward these goals, hope
fully funds will be made available as requested • 

Although this is one relatively s=ll st~dy to examine possible effects 
of microwavas, not only its findings per se but also che significance of this 
whole area of re.Search on radar: and microw1ve eff(:.ct:s must not ba overlooked. 
It is, therefore, i:o?ortant to deterni:i.e whether the p:-evious interview 
findings of higher fre~Jencies of ~ilitary service·and rada= exposure a~ong 
£.;i thers of children with Down I s synd ra:::.e are coniitmed by an inCeper:.cle71 t 
replication of the •Origin.al study, and by r,;~ord validacion of both the 
ORIGIN:AL and CURR~! study serios. At a ti1:1a ~hen military and inc:J~~::ial 
uses of radar and 1:1icrowavas, and even household ex;,osu::es to microwaves, 
are continually expanding, the impo:-tance o:f inves::igacing this prot>lem 1r.ust 
not be underestimated . 

11 
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SU.l:·t•!.t-.R Y 

The p:v}2ct plan thus ir.:.:lucic.:s the following; 

ORIGr-:.\:.., series 

t. To l\)catQ the feith\!rs of cn.5e$ .J.ncl controls in th.:: o:!'.."i~~.:1.:d. 
January 1, i94U. t1..1 '9ct0b0r 1, 1962 serit2::. .:i:1J bring t!-:cir r<:-co!.~d!.: 
up to date, obtJ.ining r.:orc dct.:1iled inforr::ution on. milita:::y service 
.:incl rada::- expo_s1..:.:r0 a~ w·cll .:i.s t!\c.:i~ c:-;p~rience !_;ir';CC our l.'.ls!.:. 
contact. 

II. To vbt~in fr-o:n the radar exposed fathers of cases .:ind co:1.trols a:id 
the unc:-<pvscJ fath'1rs m.:ttched to the ro.dar exposed subjGcts blood sanples 
fo::- chromosar:e: studies and to c.:i.rry out co;:nplcte chromoso:ne anelysis on 
these fathers in the O'.UGIXAL se::ics. 

CIJRRE'.\T series 

!II. To identify and trace parents of children with Down's syn<l'::"o;:-.2 
bon~ in the B.:.11::i~orc a:;ea from October l, 1962 to Janu£-ry 1, 1969 as well 
as from Janu~ry 1, 1945 to Deceob~r 31, 19~5 and: 

A. Verify diagnosis. 
E. Search birth c~rtifica:es o~ th~se a£:ccted ch~ldren. 
C. Select cvntrols: r..atched to cases on hospital of birt:1, Cat.a 

of birth,rr...1..ter~al age, race and sex of infant. 
IV~ To c~rry cut inte=views of parents of Down's cases of cu=reat 

ser i.e.s. 
V. To trace the ~atched controls o: the current se:::ies and interview 

their parer.ts. 
VI. To validat.:: selected port:io::.s o'.: the data. ob:ained ~y inte::view 

ag~inst meCical records in current series. 
VII. To o:Jtain blood sa;:nples and carry out ch::o;;:oso:ne: ana~ysis on al: 

fathers repo:::c.ing radar ex.posc.:-re _:'lnd 0:.1 the co::r-espcnding fe~he~s of 
child~e~ ~~tched to those. whose pareats were exposed in tr.e c~rre~t se~ies. 

BOTH seYies: 
VIII. To validate paternal military/rada:: history by ind~p~ndent searah 

of gova~nment ~ilitary files on all fathers irrespective of se~vice/~adar 
report (as ~ell as carry out chromoso~~ studies inGicated ab~.2 ande~ II 
and VII respectively). 

IX. To follow through on any chromosome abnorrr~litics observed in an 
attempt to trace their etiological bases. 

.1"2 
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Ti\!E.,'S l 

Dc::p:1:r~;::cnt o:' lic::i.l th "'.' 13:iltir:ior•~ City 
H:incU d1 i ldrt;"n 
11 to .. ·•·:');;.~ ... ;.,, ,...r 
;_t~ , • ..,_,., ... ;:;..,.,.""'S 

Baltimore As;:;ociatio::i: for Hetarded Chilc.lren 

Rosewood State 

Sc:irchli.<:,ht School 
Scl1ool of Chimes 
St. Frar.cis 

Baltirrore City ?ui.>lic Schools 
Clare:nont School (B~ltimore City) 

Balti~o~e Cou~ty Public Schools 
Rolling Road School 
Batt.le r<t,. School 
Rid~e Road School 

}iospltals 
Johns Ho~kins· - IBr,~ ::..isting 

~r ohns Enpk ins hozp,i tal Medic?l Records 
St. Josephs 
St~ Agne;; 
Bon Secours 
Franklin Square 
Lutheran 
South Baltimore General 
Greater Baltittore m@~1~ai. Center 
Baltirwre City 
U:1iversity 
!✓-aryland Ger.eral 
Me!"CY 
Church Ho:nc and Hospital 
Union Memorial · 
Sinai 

- 13 

21 
5 

18 

5 

2 
2 
3 

l 

4 
3 
3 

6 

1;. 
e 
l, 

3 
1 
l 
4 
9 
2 
3 
7 

10 
3 
6 
9 

147 



- TA!lLE 2 

Stntus of Interviewing in Currant s0ries (~s of Fcb~uary 1970) 

Mothers of r.:0:;gol!;i 
Fathers of mongols 

I 

Mothers of controls 
(including new m . .:ttches 
when unable to locate) 

FatherB of controls 
(including new matches 
when unable to locate) 

Total 

-

-

No. 
U:1.1blc 

to 

Locate 

1 

2 

3 

Stil::. 
Inter- Xo. beir,g 
V iei-J.C:l Re!':used nrocesscd 

118 13 1& 
118 12 16 

118 10 19 

117 9 19 

473 44 68 

To~.:11 

1,,7 
147 

147 

141 

ses 



- TAilL~ J 

Death~ of l~cicx, Parents, and Sibs in Current S.cries 
; 

D;:!at:h::; (on intu::-vicws returned) 
/ 

Mongol~ 
Moth0rs 
Fathers 
Index subj~cts 
Sibs (including stillbirths) 

Total 

Controls 
}~others 
Fathers 
Index subjects 
Sibs (including stillbirths) 

Tot.al 

-

-

4 
l 

17 
15 

37 

2 
3 

18 

23 
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, 
Tot.:il Nu!r'.tcr of .fach~rs or t'::.ongols .::.nd controls .::.scctt~:£.n(.!tl 

Contact m~de ~nd inforr.:ation obtained 
Re £us.:1 ls 
Unable to locate to date 
Questicnneires still out 

Deceased ... ~ ..... 9 • ~ •••• ~ •• ~ ••• ,. •••••• ., ... ~ ~ ,. ....... ~ 36 

. lA 
7 

10 
12 
{L 

4~-
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Process i:-.& for Governml;;'.!;1t Record Sacre~. ot Nilitnry Service: 

f 

Punch2~ a~J to be sent for 
govern~ent record s~arch 

Coded and ready to be punched 

Total 

0::-iginnl 
Series 

2&9 

97 

366 

Cu:::-runt. 
sc~!"ies 

93 

143 

236 

Lote;l 
~,,, "; 
.)Q_ 

240 

602 

' 



E:-:po:•t;;d f:1.{:hcTG of:: 
H .. 1nr:;o ls 
Cot1Lxols 

Number 
F:1ther:.;. 

2 7 
15 

U:1.:~.~:p1)st.:.<l f.:t the rs o(: 

Hont;ols li 
Cont:·rols 21 
~ie:· .. 1 ;.1.:_ttch,;s 11 

Totnl unc:xpo:.acd 

Ex~o3cd fathers of: 
~-to~1gols 
C1..rnt.rols 

Total exposed 

Cnexposcd ~athers of: 

8· 
8 

16 

NumUcr 11f spec imcns oDtu I.nc<l 
bt ZL1tl 3rd 1,th 

-~-----... -, ...... __ _ 
11, 
ll, 

28 

,, 
19 

5 

28 

5 
6 

11 

2 
5 

7 

1 
t, 

5 

-

1 
l 

2 

1 
2 

2 

- - - - - - - -

1-;o:,go ls ,. 6 4 
Controls 6 2 
:-k:w ma tchcs 1 
Vnidcnclfied (to 

be obtained) 3 

Total upcxposcd 

Tota.l Chrorr.osorr.c 
Study 

·--
16 

118 

6 

73 12 t, --

-

:·:timhce of fatl1cri>: 
DcccaacJ J..ivinei out 

-~···---.. o.f fktlt:i.iw.>r:c 

2 

2 

l 
2 
2 

5 

- -

l 

l 

8 

- - -

3 
1 

3 

3 

7 

Unable to 
locate 

2 

2 

2 

Refusals 

(j 

l 

7 

2 
3 

7 

-
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Cytog0r:.etics Labo::a:.:ory i-.cport St!r.:mary - Fcb:-~'7-ry 1970 

I 

Blood s?ec:.rr.e:-:.:; received; 

Different co<le numbe~s: 

Status of Chromoso~e ana)yses: 
' 

Com?lcted with ka:-yvtyp;:; 

Additional countec/;. and pbotogrD-phed 

Additional counted11 dot' phocographed 

To-:al cocinted 

Sam?les received but sti.11 to be counted 

40 

14 

l 

55 

12. 

67 

{,;' 7 to 50 cells per paticnted counted, average 20 cells pa:- par::.~nt. 

* This involves 75 fathers, 3 fathers havir.3 bee:1 given ::1ew cociG! 
nurr.be:"s for blind checki.1g of <luplicate sacples. Of the 75, 2 
listed as radar- exposed were su::)sequently dropp~d from the s::uciy 
because of lack of confirmacio~ of radar exposure . 
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10. tnS'TFn_OVTIQN $!ATCME..NT 

Dist;U, .. cion of this i;locc.;nent is to be limicei;l to ::he USA:'r:wc. 

; \Z-~ ':"'0~:._:';•~1.~~ '·~;i..\' ... ~:.~.,.,c :~ :1 TY r ..: ,: .: ,.. -:-
} l.:t .... 1....,1,; 4-;;i,.. .. cc ............ ~ .. g 0 ............ 1;.; 

W.::ltc!." Recd Army )k!clic.:?l Can!:c:' 
Washington, D. C. 2031.3 

Ia an epidemiological study of the parents of childran with Down's syndrome 
born from JanC\ary l, 1946 to September 3C, 1962 and parents o: matched control 
children, a sigr.ificactly larger percentage of fathers of Down's cases re~orted 
radar exposure than control :athers. Moreover, a larger percentage of the 
fathers of Down's cases reported having been in milita~y service (63.1 ?ercent 
versus 56.6 percent for control fathers), although tbis di£fe;cecce was not 
statistically significant. Because of the possiole implications cf these find
ings, a new (CURRENT) series of pare~~s of mongols and u".atched control childrea 
is being studied in an effort to replicate the original study. 

Interview information has been obtained in the CURRENT series wi:h Father's 
Interview Schedule supplemented by additional questions on radar exposure both in 
and outside of military.service, as well as more detailed questions on military 
service, service nw:iber, duties, etc. Follow-up of all s~bjects in the ORIGINAL 
series irrespective of whether m~:itary_service was reported - to requestion on 
military service - is being carried ou: by a combinacion of tele·phone, personal 
visit, mailed questionnaire, etc. Military servica records are being valiCatad 
for both ORIGINAL and CURRENT series by search of U.S. government military 
records for names of all fathers (whether or not sarvice was repor:ed, whether 
or not follow-up obtained) to obtain service record dates, MOS ciassifications 
and any other pertinent data available. Chromosome studies are being carried 

~ 
(Continued) 
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• AilSTRACT (Con;: inued) 
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out on all fa.ti1crs i:-: the ORIG!~:\L .::nd CLl;\REXT series who r(;)port:~C e;•;?OS:.:rc 
to ra<l.3.r anC the u:i.e:,q)osed f.Jthers m.:icchecl to chem. 

Thus [a!.~, aft:~: asce::.:-Cair.f:'le:1t of ave::- 145 mongols fro::: 27 nubi..ic,e:1d 
private agcncit=s and hos?itals, tracin;; e.:1d intC!rvie\;S have been ~::!r.ri~ci out 
on 238 r.1others .:ind 235 fn the rs of the mo~gols a::ci the:ir .n.:2tched ccncrols in 
the CURRE~T series. >'"':Cr acing and in::ervi12v1ing :.s continuing as well &:.s sca;:ch 
of t1ospit~l r~cords fo= v~lidution of diagnosis a~d search of death cercific~cus 
on dcce.:ised ir:.d<..?:'\ subjects (rr.ongols .:iad thci::- r:,atchcd controls, their ?a:;;e~ts 
anc! sibs, as th~y ar.:! identified). To da::c 49 deaths have baen searched. 

Military service follow 7up by phone, mail and personal contact has been 
carried out on 366 of the 432 fathers of the O?.IGINAL series, with similar info~
mation obtllined by interview on 235 f::,thers· of the CURRE~:T series. These da~a 
arc being coded and ~unchcd to be forwarded for search of government recorcs, 
with the rcr..aining t:o be sent as soon as ava il.2ble. Arrungcr.ients have been 
completed with anothar agency for se.:rc~1 of service records ~nd HOS nutt1bars: 

Chromosome studies on r.:td~r exposed £.:..th.::rs .:incl u.:1exposctl w.n.tcbc::cl fath~:-s 
arc in progres$: 92 blood spcci~1cns h~ve been collected, i~cluding rcpaa:s on 
culture f.'.lilures n.nd [iUestionable findings. At this dote, ka::yotypes have ba&n 
completed on 40 and 15 more counted. An attcmp: will be made to obtain an 
additional specimen on all culture failures as well as to collect initial speci~ec 
from tha radar exposed fathers and their m.:itchcs not yet samplc:d. 

C1.1mplction oi coding, punchi~g und .:1nalysis of: rcs~lt:$ wi:.l b.::? carried Ci.!:: 

after all th~ remaining data have been collected . 
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• the ,earlier progress report we also reported preliminary observations 
on effects of microwave irradiation on cell packing density in neurons of the 
somatosensory area (area 3) of the submolecular laminae of the rat cerebral 
cortex. Only 3 irradiated and 3 control specimens were available for that 
study. In the period since that report we have obtained additional cerebral 
cortical tissues from 6 irradiated and 5 control animals from the same group 
of a'dult rats described previously. The irradiated animals were exposed to 
a total ,of about 12. 6 rr.,,,/gm in 12 exposures. The brain tissues were fixed in 
10% formalin, imbedded in Paraplast, sect'ioned at 20µ and stained with a 
quadruple method employing gallocyanin-chromalum, iron hematoxylin, acid 
fuchsin and ponceau de-xylidene. Cell counts were carried out on these 
tissues by the same method as described in the previous progress report. The 
results of these cell counts are presented graphically in, figures 5,6, and 7. 

Neuron packing density was not significantly different in irradiated and 
control series although the mean value in the irradiated brains was lower 
than in controls. In both of these groups peak values were observed at relative 
cortical depth levels 4-6 ( internal granular layer) and 14-18. ( multiform layer J. 
Counts of glial nuclei, on the other hand revealed a higher packing density 
in the irradiated than in the control group (Fig. 2). The difference between 
the two, considering mean values for the entire depth of submolecular cortex, 
proved to be significant at the . 05 level. The ratio of glial to neuron, 
packing density (Fig. 3) was also significantly higher in the irradiated than 

•

e control group (p < ,05). The greatest difference be~~een the ~;o 
s appeared be~•een relative depth levels 7 and 12 corresponding to cyto-

r Ltectonic laminae IV (~nternal granular lamina) and V (internal pyramidal 
lamina) and levels 18 to 20 in the deeper part of the lamina VI (multiform lamina). 

- , 
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n a;aother · phase of the program fourteen timed pregnancy albino rats 
ague-Dawley strain) were injected intraperitoneally with 1 µ,c/gram H3-
idine. The animals were then exposed to microwave irradiation at 100 

milliwatts per cm2 body surface for 5 minutes. Fetuses were then taken at 
hourly intervals up to 24 hours, with one additional sample at 36 hours follow
ing. the initial thymidine injection. In the interval between sacrifices, the 
laparotomy incisions in the abdominal wall of the, dams were closed with 
loosely sutures. No more than 3 such Cesarean deliveries were made fro~ each 
dam at one hour intervals and each of them was thus under anesthesia for only 
two hours. Control animals were subjected to the same pru::edures but ui.th 
sham-exposures to the microwave irradiation. The brain tissues were fi>:ed 
fo Bouin's solution, imbedded in Paraplast, sectioned at 6µ and 2µ and 
prepared for radioautography by dipping in NTB-2 liquid photographic emulsion. 
The tissues were exposed in 11,ght-tight. containers for 6 weeks at 5-6• C, 
then developed and stained with hematoxylin and eosin. Only prelimi.nary 
studies of the control animals have been carried out thus far. These initial 
observations indicate that the duration of the cell cycle in control rats is 
10 hours, G2-2 hours, M-1 hour, Gl-3 hours and S-4 hours. However, the irrad
iated tis3ues have not yet been processed. The microwave exposures, sacrifices, 
and tissue fixation procedures in this phase of' the program, were carried out 
in the laboratories of Dr. Don Justesen, Veterans Administration Hospital, Kansas 
City, Missouri. 

In another series of experiments, several pregnant albino rats of the 

•

a,nie-Dawley strain were exposed to microwave irradiation at doses of up to 
/cm2 for periods of from 10 to 40 minutes. The microwave exposures were 
ed out in the laboratories of Dr. Joseph Sharp, New York State Department 

of Health, Albany, New York. The brains were exposed to irradiation on 
gestation day 13 and sacrificed on gestation day 19. They were fixed in Eouin's 
fluid, imbedded in Paraplast, sectioned at 10µ and stained with her:iatox:ylin 
and eosin. One fetus of the group, which was exposed to the highest dose level 
for a period of 40 minutes, revealed severe tissue distortion and aberrations 
of the cerebral hemisphere with re-duplication of the hemisphere and primordial 
cerebral cortex on one side. Several other brains of the same group showed 
similar tissue distortion without re~duplication of the hemisphere. However, 
no rosette formations, which are .c=nonly seen following ionizing irradiation, 
were observed in these brains. Further studies on these brains are underway 
at the present time. 

In addition to the above, a number of fetal brains, from the original 
microwave series described in a previous progress report, have been subjected 
to further study. In the earlier studies we determined the mean depth of 
primordial cerebral cortex in these animals. In recent investigations we 
have plotted the total cross-sectional outline of the primordial cerebral 
cortex in both right and left hemispheres by ·•means of a drawing tube mounted 
on a Leitz Ortholux microscope. The sections from which these projection draw
ings were made were located at the ros trocaudal midpoint of the cerebral hemis
phere. The total cross sectional area ofthe primordial cerebral cortex will 
now be determined by means of planimetry. The mean values for the cross 

•

·onal area will then be determhrnd for each gi:oup of irradiated animals 
ontrols. In investigations involving ionizing irradiation, on another · 
ct, this experimental end point has revealed differences in radiation

induced diminution in primordial cortical tissue much more effectively than 
mere measurements of mean depth of the primordial cortical cell layer. 



• The original table from the earlier progress report outlining the data on 
dosages, numbers of'available fetuses and nean values for depth of primordial-
cerebral cortex (cortical plate) is given below. ' 

GROUP 

I ( control) 
II 
III 
IV 
V 

GROUP 

I 
II 
III 

• 

• 

Table I 

No. of fetuses measured to elate 

10 
6 

11 
15 
24 

Mean depth of cortical plate 

114. 36µ 
148. 59µ 
157.042µ 
157. 841µ 
133. 840µ 

10 seconds•sham exposure 
10 seconds, 1 watt 
10 seconds, 10 watts 
10 seconds, 100 watts 
20 seconds, 100 watts 
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- S1.fr£{ARY 

Exposure of adult nionkeys · to microwave irradiation did not res•Jlt 
in any statistically significant alteration in neuronal or glial cell popula
tions in precentr.al or postcentral gyri (hand-face area), superior or middle 
temporal gyri or in visual cortex. Dosages and conditions of exposure are 
available from Dr. James Ncifoain,UA.J ,HG-Chief, Behavioral Radiology L,eb
Department of Experimantal Psychology-\falter Reed Army Institute of Rese.arch-
Washington, D.C.. ' 

Exposure of adult.albino rats to microwave irradiation (about 12mu/gm 
body ,,eight) resulted in no significant alteratioi:i in the. neuronal population 
(somato-sensory of cerebral cortex, e.g. cortical'area' 3), but resulted in a 
small but significant (p < .05) increase in the glial population. These , 
results suggest that microwave irradiation in this species, at the dose levels 
employed, may stimulate immature glial cells, known to be present in the cortex, 
to proliferate and mature. 

Teratologic alterations were observed in fetal rat brains from animals 
exposed to microwave irradiation on gestation day 13 and sacrificed on gestation 
day 19. Dosages and conditions of irradiation are available from Dr. Joseph 

•

arp,pepa1;tment of Experimental Psychology- Halter Reed Army Institute of 
rch-,/ashington, D.C .. 

Cytokinetic experiments are underway to determine effects of micro;,ave 
irradiation on the cell generation cycle in the primordial ependymal lay2r of 
the fetal cerebral hemisphere in the rat . 

• 



• . . 
A the previous progress report the mean values for neuron and glial packing 
.ty in' the auditory and visual ai:eas of cerebral cortex were reported 
for 6 adult monkeys (!). mulatta} which had been exposed to microwave irradiation 
at Walter Reed Hospital, }'our control monkeys Pere processed in the same 
manner with the exception .of the inicrowave exposure, 

·we have now extended that investigation into the, precentral. and postcE!nt:ral 
gyri in the same bruins~ Techniques of tissue preparation, staining. and cell 
enumeration were the same as descriLed in the previous report. The actual 
values, in terms of number of cells per counting chamber (volume of countin.g 
chamber:32, 000 µ3), are given in tab.le I. The menn values for each c,f the 20 
equally spaced, submolecular depth levels in the precentral gyrus (hand-face 
area) are given in figuref 1 and 2 for neurons and glia, respectively. 

It "ill be observed th-1t mean neuron packing c1;,asity decreased from level 
1 to level 6, then maintained about the same level throughout the deeper 
layers. In the same preparations the glia density increased from about level 
l to 8, then maintained essentially the same levels throughout the deeper 
levels of the cortex, No significant differences were observed between the 
data from control and •irradiated animals ( p > . 05) in either the neuron or glial 
population. 

In the postcentral gyrus (Fig. 3-4), values for neuron packing density 
were much higher than in the precentral gyrus. However, the two curves 

•

ared somewhat similar in that the neuron packing density decreased from the 
superficial levels to _level 6. In the postcentral gyrus this level was 

tained to level 14, below which the packing density again decreased 
soroewhat to level 20. The glial population in the postcentrnl gyrus increased 
from level l to level 12, then maintained essentially the same mean values in 
the deeper levels. The differences between the cell populations in control 
and irradiated animals in the post-central gyrus were not significant ( p >. 05). 

Details of microwave irradiation exposure are available from Dr. James 
Mcilwain, MAJ,NG-Chief, Behayioral Radiology Lab-Department of Experimental 
Psychology-Walter Reed Army Institute of Research-Hashingt en, D. C. · 

-
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• . Sum:unry 

A series of e;xperimcnts h~t been done to i'lSScss the cffcCl$ · 

of low-level, low-frequency electronic fields on the behavior 

and EEG of monkeys. Three monkeys i-ie.re implanted ,-:ith subcortical 

Dnd corticDI EEG electro;:Jcs and trained to press a pon<.!1 on a 

fixed intc,·val-1 ir.1i tcd hold schedule. The monkeys w,cre rewarded 

for pressing the panel once every five 5cconds within a 2.5-

second enoble period. After the animals viere perforr.iing well, 

they 1-1erc tested under low-level electric fields (2.8 volts p-p); 

the volt.:igc ~ins n1>plied to two large metal phites 40 cm. apart 

so that the monkey's head was completely 1-lithin the field . 

• ields frc'luency 1-ws set at 7 or 10 Hz, 1·1ithin the range of 

typical EEG recording (0-33 Hz). Four-hour daily tests of fields

on 1·1ere randomly interspersed with four-hour runs ,,ith fields-off. 
, 

Under the 7-Hz fields, the monkeys shov1ed a significantly' foster 

intcrrcsponsc time in 5 of 6 experiments. Hean differences 

between fields on and fields off v1erc ·.11 seconds or gr~~-ter.· 

Jhe JO-Hz fields did not produce a reliable cffecl on behavior. 

Analysis of the ECG datz: sho1-1ed a relative pccik in po1-:er i'lt the 

frequencr of the fields (10 llz and 7 Hz) for the hippoc.:impus in 

all lhree rnonkeys. Similar peaks were seen less consistently in 

the amygdal~ and tt1c centre medinn~ 

-

' 



- EFFECT OF LO'..1-LE\!CL, lOH-FREQlJENCY ElECTR IC FIELDS 
ON EEG Al,W (;EII.I\VIOR !fl l',AChC/1 NEMESTl\lll1\ 

R.J. Gav;:\las, D.O. 1/nlter, J. Hamer, and W. Ross Adey 

A series of prel imin.iry expcriment_s has l,cen done in rm 

attempt to determine 1-,hether or not 101-,-level electric fields 

hove an effect on behavior and/or patterns of electrical .:ictivity 

in the brain of monkeys.' 

Very few studies of this kind ·hav~ been done on either 

animals or man. Experimentally produced chtnges in reaction time ' 

in h,nnans exposed to low-1 eve 1, 101-1-frequency ( less thiln l 2 Hz) 

fields havebeen reported by Hamer7 and Konig and Ankermuller9 . 

Changes in human reaction tiroe have also been observed under 

ew-frequer.cy modulated mognetic fields (Fr.iedman, Beck<er and 

Bachman
6
). Wever 19 has described the rr:odificiltion of circadian 

periods of activity in man under 11eak 10-Hz electric fields. 

It was not kno'"n ,-,hat kind o'f pr imote behavior, if any, ,-,oLild be 

sensitive to field effects so that selection of a suitable 

behavioral task was a first consideration. Earlier pilot studies 

in this laborritory suggested that subjective time 
0

eHimation 

in humans w.:is influenced by the presence of fields. In the 

present s_tudy, 1-1e attempted to devise an analogous time estim

ation task suitable for use 1-,ith mont,eys, so thrit electrodes 

implrinted deep in the brain could monitor brain electrical .:ic-

tivity throughout tho experiments. It is kno•,•m th,,t scheduling 

•

f reinforcements 

r:itc of response, 

for a sin~le lever press can alter an animal's 

or the timinn of thnt respon,c, or both. In 

the present study, ,monkeys wore tr.:iined to prc5s a lever under 
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• 

v.:iriat.ion 

ent. Under 

of n fixed-interval (timing) schedule of reinforce-

this schedule there arc no external cues or signals 

presented to the animal; he must "time" his responses from the 

occurrence of his Dl'm lust res;:,onse·. It is a schedule 1·1hich 

·has been widely employed in studies of animel behavior and lws 

been especially useful i·n detecting effects of small dosages of 

drugs (Sidman
13

). It was expected that if there were an effect 

of the fields it would be seen ns a shift in the distribution 

of the monkey's intcrrcsponsc times. 

Other questions of research strategy arose; it was not 

obvious 1-1hat brain structures, if any, would shm·1 an effect of 

the presence of tl1e fields. Nor was it clear what kind of 

ahanges one might expect to see in the EEG--other than a possible 

.irect driving by the applied field--or how to assess such 

changes. Consequently, an array of seven bipol~r cortical and 

subcortical electrodes were im;:,lar.ted in the first monkey. A 

sligl,tly different array was implanted in a second monkey ar.d 

electrode sites for the third monkey v1e,re selected on the basis 

of results froc; the first t>10, Computerized spectral analysis 

of the EEG ,,~s done, and some special statistical tests ,-,ere 

devised to c,::;n,p,:,re ficlds-on vs. fields-off changes in EEG. 

L01,-Jc1,,l (2.8 volts p-p) fields 1<ere used at tv10 fre-

quencics, b'11.h v,i thin the rans_ie of frequencies usu.:-il ly cvalu.?ltcd 

r ,, .. I ' in EEG \•1orl· ,0-J) ! -~, · In so~c of the expcrimcntvl runs, 

10-Hz fie J,I·, "'"'' .i·,,ccl, to correspond to Homer's cilrl ier ex-

-crimcnl', 1,:.,,.,.,- ") · In ntli<.:r runs, 7-Hz fields 1·1cre uscd 

I 
·,,,., '. I ,., ~ !••.: because t ,,: / · r,," .. W or .hippocc1mpc1l theta (11-7 Hz), " 

char 0ct,,ri•,,i· · l,·t.:r;,_:il •1ctivlly or the bri1in th<1t h,i--~ been 
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.01-m to be 

Radulovocki 

impor·t.Jnt in orienting and discriminuting responses 

10 17 
and Adey , Walter, Rhodes and Adey ). 

Methods: Expcrin,cr,t~l Desi on, Rch~vior~l D~ta An~lysis, nnd 

EEG Analysis. 

I. Expcrimenti.ll Design. 

Three pigtailed macaque~ were implanted with cortical and 

subcortical bipolar electrodes, and were adapted to Foringer 

mon!<ey chairs. They were then trained to push a panel in front 

of them on a fixed interval-drl (differenti~l reinforcement of 

low rates} 1 imi ted hold schedule of reinforcement; (drl-h 

schedule}. The animal v1as gradually ·conditioned to v,ait 5 seconds 

between pushes, and to push l'lithin a 2.5 second re1·1ard-en;:ible 

-terval, If the animal pushed l'lithin the specified time 

interval, he was rewarded with a squirt of 2pple juice. If he 

pushed too early, or too late, he did not receive a ·reward, and 

the timer recycled to the beginning of another 5 second interval. 

•The behavioral task v1as completely automated 1·iith ·1ogic,modulcs 

manufectured by B.R.S. Electronics. The monkeys 1sere maintaine,d 

throughout training and experiments on a standard controlled diet 

of monke)' pellets, fruit, and restricted fluids. A liquid 

reinforcer was chosen in order to eliminate chewing artifacts ir, 

the EEG. The animal was trained until he was pcrrorrning at a 

high rate of accuracy (70-80"/4) and his performance ""s relcJtivcly 

stcJblc from one da)' to the next. All of the training WcJS done 

- an isolcJted and sound-proofed booth. Ta~k electronics and 

recording ,1pp-1r.:itus were in an outer room und the m,,nkc,y's 

bchuvior ;.,.:,5 continuou~.ly rwnitorc:d on clo~,,d-circuil TV, 
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After the ilnimal was performing 1-,el l; his behavior.:il records 

a 211-hour period 1-1cre cxc0rnined to determine periods 

of free responding during the day, and a four-hour segment of 

time was selected for scheduling daily experimental runs. Tl1e 

101-1-Jevcl (2.8 volts p-p), low-frequt,ncy fields .iere administered 

by applying the volu,gc_to t1-10 larger nwti'.ll plates, 1:0 c·m. apart, 

i,!,ich 1·1ere f.-:,stened to the monkey's chair so that thq head of 

the animal was completely 1-1ithin th_e fields. Four-hour daily 

tests with the fields on .iere randomly interspersed with four

hour daily control runs without the fields. A total of t1·1enty 

such tests .iere done on the three well-trained monkeys. All 

monkeys were given tivo tests 1·1ith 7-Hz fields and t1-10 comparable 

control tests without fields. Two of the three monkeys were 

-lso given tv:o tests 11ith 10-Hz fields and t1·10 control runs 

without the fields. EEG and behavioral data were continuously 

monitored througho~t all runs. In addition, EEG 11as moni·tored 

in one monkey during t1·10 four-hour nonperformance runs (7-Hz 

fields-on and fields-off) before he was trained to the drl-h task. 

II. Data Analysis of Behavioral Changes. 

lnterresponse time data (lRTs) were collected by the computer 

for each experimental run; each response of the animal was 

tallied us a function of time elnpsed since the immediately pre-

ceding response. T1·10-tenths of ,a second bin 1-,idths 1vere used; 

144 bins were counted and interresponsc times greater than that 

.._,ere tallied as 144 (28.8 

~ions were calculated for 

seconds). Mean and standarcl dcvia-

coch "four-hour run, nnd t tc5tS h'cre 

used to comp,,rc IRT. distrihutic,ns for oxpcrini,,ntnl runs and 

1 



.he appropriate matched control runs. 

Ill, Data Anal.,,sis of EEG Changes: Spectral lntcnsit\', 

Coherence, Discrimln~nt Analysis. 

EEG <fota 1-:as cont inuous,ly recor.d_ed on a Gruss poly'gruph 

and iln Ampex ilnalog tVl)C recorder, In the first monkey (J.) 

EEG \,as recordd from the lcf.t hippocampus, right hippocampus, 

right arnygdala, midbrain'reticular formation, right visual cortex, 

left vi sua 1 cortex and motor cortex, In the second monkey {7,) 

HG was monitored from the right hippocampu's; left hippocan,pus, 

left centre median, right visual cortex, and right amygdala. 

In the third monkey (A,) records were taken of the electrical 

activity of the right hippocampus, left hippocampus, right 

-ntre medi~n, left centre median, -right am)'gdala, and left 

amygdala. 

Four sets of E£G data from co~1parab le epo=hs from ea=h 

day's run \1ere selected for computer analysis. A set of correct 

.(i.e., properly timed) responses was selected from the begin

ning of the run and a second set from the end of the run; 

similarly, a set of predominently incorrect responses was sar,1pled 

from the beginning of the run and a comparilble set from the end 

of the run. Each epoch was ;;,pproximately 80 seconds in length. 

These epochs were spectrally an.:,lyzed in consecutive 10-se;cond 

samples and then averaged over the total BO secot~s. 

The selected data epochs were converted to digital form 

• 

the SDS 930 computer system of this 1.:,boratory and 

alysis of this data 1·1as performed, using the BH!lX92 

spec trill 

progr.im 

and the HlM 360/91 computer of the H~illth Sciences Co:r.pu_tin9 

1 



· ~aci
0

lf~y. Spectral resolution wos set ot 2 tlz over the range 

--28 llz for survey pu,·poscs; Spectra un<I coh,,rences (H.ol tcr, 

18 
Rhodes, Brm-m and t,dey ) ~,ere nver,,ged for evch structure, 

6 

~,!thin condition, and plotted; spectra v1ere conterted before 

~lotting to relative units (by dividi~g by the total intensity 

in that structure in tha_t condition} in order to con:pens.:ite for 

day-to-day variations in total intensity; the result is called 

· "percent power" at each frequency, 

Spectral Intensity. A specialized statistical test for 

the effect of the imposed field on recorded activity was devised 

as fol lo,·.'s. In the frequencies from 4-20 Hz, at least, the 

spectra were close to exponential in shape, in the absence of 

fields. If this were exactly true, the logurithm of the spectral 

-rve s1ould be a linear function of frequency, over this range. 

Then any activity contributed by the field would be <1bove the 

line containing· tho'se points not at the field frequency (dr its 

harmonics). Accordingly, we tDbulated the statistic: ("peak 

quotient") for the 10 Hz field. 

When the field v1as at 7 Hz, more cure ,~as required. The 7-Hz 

signal appeared both in the filter band centered at 6 Hz and 

(to a lesser extent) in that centered at 8 Hz. We chose to test 

only the value .it 6 Hz, and to c.ompiirc it 1si th the li nc bused 

on 4 llz and 10 Hz; thus, the peak quot lent for the 7-Hz field 

became 

• The spectral es~imntcs hnve a sampling distribution like 

chi 2/cl.f., ,vilh d.f. c<>lculcitcd by the: progr,,m (,,ccordi11s to 
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-~ormuli.Js ndilptcd from Slacb",m ur1d Tuk<::y
4

) as ;;pproxir.wtcly 200 

·•n our CiJSc. Thus, the nat11ral lognrithm of a single spectral 

intensity has ,m approxim,,tcl)' normal distribution, with 

variance 2/d.f., end a coefficient of skewness of -0.1 (Abramowitz 

and Stcgun
1
} •. Our peak quot·icnt statistic, then,. is close to 

normally distributed 1·lith varinnce ,0l. Its response to'ap-

pl ication of the fiel<l in the tv,o experiments for each onimal 

could be tested by the t-statistic,wit_h the tv,o fields-off 

values providing the mean corresponding to the nu\l hypothesis 

of no effect of the field. 

Coherence. An additional parameter calculated by the 

spectral analysis program is the coherence between the imposed 

field <1nd the activity in each structure, as well as betv;een 

-he brain structures themselves. It is ess_ential ly analcgous 

to the squared coefficient of correlation, and hence, a measure 

to the linear predictabl 1 i ty ben:een the t1·10 1-1ave torr.is, .tnking 

into account spectral intensity, frequency and phase lag: 

Although the purity of the i:n;,osed sinusoidal field invalidntes 

the usual distribnional assumptions about the coherenc_e statistic, 

we felt these results migl1t be suggestiv~. 

_Discriminant Analysis. In seeking for less obvious field 

? 
effects, we applied step-wise discriminant analysis (Anderson-, 

1 1 
Rao ) to 5pectral and cross-spectral parameters, with the 

exclusion c,f ·the frequency band containing the field frequency, 

or else of that bnnd und ,11 l bands co11tninin9 any hcirmonics of .at frequency. Applic;,tions of this computer progr.:,m, Discan 

s {based on BMD 07H, Dixon) lo spectral analysis of EEGs have 
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·-een described previously (\./alter, Rhodes and Adey 17 ; l\hodes, 

Waller and /\dcy
1
\ Hanley, \✓ alter, Rhodes and /\dey9 ; Oerkhout, 

/\dey and Campeau3). 

Results 

Ochavioral data. Consistent differences in interr6~ponse 

time distributions \✓ere observed in the 7-Hz experiments .. The 

10-Hz field condition failed to produce a reliable effect on 

the beh&vior, For one animal (Z.) the mean intcrresponsc time 

was unchanged by the 10-Hz fie_ld; responses v1ere slightly 

faster (but not significantly so) in tl1e replication. In animal 

J., int.erresponse times were f.ister in the first 10-Hz exper-

.ment M:d slo,>'er in 

Under the 7-Hz 

the second. 

condition, however, rathc1· large and con-

sistent differences were observed in all animals. Animal z. 
• I 

showed a shift- in n,ean interresponsc time toward shorter .IRTs; 

the difference was approximately one-half second in the first 

experimental-control run, This finding was replicated In a 

second experiment (See figure l) and these differences were 

highly significant statistically (p = .01 or better). In 

general, the \✓hold distribution was shifted to1✓ards faster 

responses, while overall number of responses did not increase 

or decrease consistently. For the second animal (J.), the l~T 

mean shifted-significnntly in the direction of foster responses 

in the first 

.ated in the 

experiment; f1owevcr, this difference w~s r1ot rcpli-

second experiment. The ·chi rd aninwl (II.), like 

the first, sl101·1~d" shift in the direction of L1stcr responses 

under the, 7-flz fiefd. :O-his difference WilS su,tislic.:dly signific~nl 



-nd wc1s repl icc1tc<l in the second experiment. Percent of correct 

responses (those f,1lling l,eti-,een 5 .ind 7,S seconds) did not 

differ signific<>ntly under fields-on conditions for monkeys 

J. anti Z.; monkey A., who had il l.:irgc number of very. long IRTs 

in the fields-off condition, sho•,ied"gains of 16% correct and 

21% correct ,-,hen the fic_lds 1,cre on. In swr,,,ary, five of the 

six experimsents sho1•1ed ".shift to significantly fester inter

response tlmcs under the 7-Hz fields co!"pared 1•1ith fields-off 

performance. Al I of these mean differences 1-iere .4 seconds or 

greater. Shifts in modal values illso occurred in .:,11 5 experiments 

and were all .2 seconds or greater. The distributions and means 

for el 1 monkeys are sh01·m in Figure 1. It may be o::iserved that 

•

e overall output of responses ar.d 

_sponses differs considerably from 

the variability of those 

monkey to monkey. Never-

theless, the direction of the mean shift under the fields Is 

remarkably consiste'nt and the size of the shift is relatively 

EEG data: Visusl inspection of the EEG data during.the· 

experiments did not reveal any marked effects due to the fields. 

/111 examination of the percent .Pm·mr graphs, however, revealed° 

sma! 1. peaks in po1•1er from some brain structures at the fields 

frequency, for epochs of predominantly incorrect responies near 

tho end of the run. A s;:imp le of EEG data and percent p01·1er 

9r11phs i5 shown in Figur.:c 2. 

Peak quotients (as described in the methods section) were 

.p,,rcd via t-tests for these epoch, in fields-on versus fields

off cund1tions 1 for ci,cl1 onimnl ~nd for cnch structtirc. (See 

Fi9urc 3). In the first ,mim-11 (J.). signific,:nt differences 
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-ere observed in the left hippocampus, lhe right hippo~ilmpus nnd 

the right ann;d.:,l;, for both the 7-H.! i:nd the 10-Hz condition. 

In the third Dnimal (/\.), 7-Hz fields only ,.,ere tested. Di ffcrenccs 

at the .OJ level or better were observed in right hippocom;,us, 

left hippocmnpus, and left centre rr:cdi,m. EEG records wore also 

evaluntcd for this anim<!l while he was sitting quietly and before: 

he had b~en trained to do thi drl-h task. Differences in peak 
. . 
quotients for ~Hz fields-on vs. fields-off were observed in 

four of six structures tested; right hippocampus, right centre 

median, left hippocampus, and left amygdala. 

Coherence measures between the, 7-Hz sinusoidal •,1ave form 

and the responsive EEG structures v1ere ah,ays higher for the 

.ields-or. condition th,,n for the fields-off condition. Sn::1ple 

measures are st:01-111 in Figure 4. Coherences bet1·:een responsive 

brain structures did not reveal a consistent pattern of change. 
, 

No effects on EEG at non-field frequencies were visu·al ly 

noticeable, but the discriminant annlysis program Discan {see 

Methods) was applied to the data of on~- animal (J.), anJ iden

t_ified strong driving {increased intensity and increased co

herences) at harmonics of the field frequency. Although such 

harmonic response is perfectly compatible 1vith biological trans-

16 · 15 duct ion (\la l ter and Adey , Van der Twee l .ind VcrduynLunc 1 ) , 

·it does not exclude artifoctual transduction. Further appli

cation of Diicon, this time excluding all bands containing any 

harmonics 

-abi Ii ty 

of the field frequency, still shm-1cd a clear discrim

of fields-on fron fie_lds-off HGs, principally in that 

intensity was r,1ised in tf,r; fields-on condition, even in non-

hnrinon i c f t·cqucucy bvnd~. 
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•riisc,,r.sion. The beh.:ivior,d results Sl199cst that imposina 

- 7-llz field on the performing anim.:,l r·csultcd in shorter 

interrespon»c times. P.esults 1·1ith 10-!lz fields v1crc not re

liable. Experimcntal/contro.l differences for the 7-Hz runs 
. . 

were statistically slgnificont for r1·ve of six experiments, and 

these differences could be observed in ill I three monkeys. In 

spite of· lilrge differences in total output of rcspon~es from 

monkey to monkey, the shift in interrcsponse tii:1es 1·1as very 

consistent (to1,ards faster responses) and rather lilrge (.4 

seconds or greater). 

Increases in EEG intensity (peak quotients) at the frequency 

of the fields were observed in all three animals in the hip

pocampus, and less consistently in the amygdala and centre 

.edian. These differences v,ere observed both in the 7-Hz and 

10-Hz conditions. Coherences between the sine wave and responsive 

brain structure ;:,t'the fields frequency 1·1ere always higher in 

the fields-on condition. 

The analysis of the EEG data presents special pro6fcms. 

The difficulty of isolating effects of biological transduction 

from those of transduction at the electrode/tissue-fluid 

interface is considerable, being almost purallel to the Impos

sible question of "v1hat the tree looks 1 ike when no ont'l is looking 

at it." Nevertheless, the discriminant analysis program has 

provided preliminary evidence of subtle EEG changes at non-field 

frequ~ncies that cannot be casi ly explained as electrode/tissue 

.ti foe ts. 

lhe concordc1nce of evidence for a ficlc!s e:ffcct on bch.:,vior 

and on electrical activity of the brilin is encouri1(.li11~.- \·le 
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intend to pursue add it ion.:1} dcmonstrwtions of these sumc kinds 

os well as others. One nc,-, technique to be ,,pp! ied is a 

frequency "s1-1eep" from 5 to 20 llz, with ,,nough time spent at 

evch frequency to al lo,-, coherence cstimotes to be reliobly m.:,de 

there; our prediction is that, 2s o;c·urred v1ith c1holebod)' 

vi brot ion in the monkey .(\-la l ter and Adey 
16

), and as seems to 

occur v,ith sinusoidally mc,dufated light stimulation in the human 

(van de·r 1weel and Verd~ynLunel 15) there 1,i l 1 be a band of in

coherent driving. It may even be possible to establish some 

specific non-linear model, along the lines successfully pursued 

'- S I . . 14 f h . I uy pe,re,JSe or t e v,sua ·system, 
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l 
I 
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j; 
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• FI GU RES 

Figure I, Behavioral data showing shifts in interresponse 

time under 7-Hz fields. The abciss,:i• sho,,s time betviecn 

responses in .2 sec. bins; the ordin.;:fc shc,•.-,s per

cent of total responses at each interval. (Note 

thDt only bins 15:45 are plotted; bins 0-11i4 were 

used in calculation of means and standard deviations}. 

Figure 2. Sample records of EEG and percent, po,1er gr<>phs 

before conve,·sion to pe·ak quotients. 

Figure 3 •. Significance levels for EEG peak quotients: fields

on vs • f i e 1 d s -off . 

• Figure 4. Sample records of HG and 7-Hz sinusoidal s1ave fo~m 

with corresponding coherence tables. 

-
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• SAMPLE EEG FiCCORDS f'!ELD ON 
(7 Hz) VS, FIE:'.LD on~ 

A. MONKEY Z 
FIELD ON 7Hz 

.. 

SN.\PLC Pl:.RCC,\'T f'OIY:':i': 
SPEC'ffV'\l. IN7ENSrTY. 
fH;;:U) ON (7H:d VS, 
FJELD OFF. 

RESPONSCS -----"'>r-·- --·~------------

• 

\ l : t 
R. AM YG. fy .. .,.\,,\ .. • . .:,""'1\.,•r-/Vy"-,•/.,._r/r;,\•,,\,,:,~~•,,,,•...,,,1.,;,~, .... t.,~'.'r, t. \\-!'t.,l,',-1Vrt/'f\ .,•'' ~-/ ,;,"\\\;/ -1:;"l•t 

(RJ=ITf5PJ ~~ \ N"r-~: \Mi", .. ~;..,.~~ ....... "'.·'.,;/ l.":'A; /1, "t\A. l\../'V-\' t ;)'I. 1,.:;t,J.; i)i'l,"'I 1) 'i'1t',•J,-.•,/.._,j k ~•1 ,/ ~•""1'1i•,· -~ 
' ' 

CODE !1~-llt,'--·'·!!~- -\~f--r\- ·lV- -\~,\~'r-~'l1'-i,).'r--\.r-1.1n--¥.Y--!i1tr 
i.•·,t.• )\1;.1,.A,:1..•.·,J 1,,•h,:,.,l•lJ-/· ,.,,..,.,.,J_,•J, ,,,it \,. L. HI PP: V';f1. ,,.•,;,: .,\i .. ,t,'<,-v ,;!t'l""~.l\'H'IV, 1,,1 ,.-1

1,1
11~..: "i'•"'" t•, ,. ,,J,.t,:•f:J/i•i ,11,•,"' r,""4•,,,.'i.',,\',-_ 't,/ · r 1' , , .. •- , 1 • , 1 - • 'I"' 1· r 1 · 1 l' · 

LCM '\~~-,,,-..•,--,,-ly,.,~.,_.,,,._..,._,......,.,,,• .. ,>f,,,fv-"A-"-i-''~,,,-,.,, 

FIELD OFF 

'l,"'----.t;_ll,...---,;;J'-------i;,;.-----+''i-------l''?r--

8. MONKEY A 
FIELD ON 7 Hz 

RE.'SPONSES 

MONKEY A 

50r--;=::=::::,
IR HIP? Ii 

• 

LHIP?. 

CODE '------\''J','------'/f~-----1.',·'',------'-e'------·1?'-,--·---

LC', I•(' ,1 1 l I ' • ' -., 1..1 'I ,: '·\"""' ·;d ( , ,Jt t I " It,,.. ,· ., I ,., 11'1 '·i' t~ ,\/,7-',:,,,•,.~ ,~~\r,..•.J_~ f/f-'+Y". ,.\\'{'~'• ,;y•ff\ 1,.,-~•,',11 ,;,.., r'\i"' ~P';",'."'.,'•"h1t' •n •:•-',,,,.J,.~n 

RCM :~\P~("";,,/:...,, ....... ~ .• : ... •.r~~/•1··~·•·l•.,,,.t;.,..,..,,,,~,.,;,..._,,.,•~ ... :"✓..1v.,,,.~·t·~~,\t'•'~-1',d 

R. AM YG. •,/~t '·\, ,_.t. ,!',/-!';Y.,.) "/V0•\/ •••)t(""" 't,'"', ~! ~•• t•./J.I;;..,_ ,( ~ "-. .;;.,,'I'~ <riV"i.4,w,~J,,r\"'• ,..,,1.-':',.J\ y~,~\~i.,,.,.\ 
L Al'v'\YG. ~~v1--r--.:,.-...;..,.,-f"", ...... ~--...J~~..,...,-.. , .. r' •• ,.., .. l'tf',,.,.,,,., ....... ..,,y,,.,.,-...,-:,,',,,)r,, ... •,l.,,,,,,,,...,.,...,_l'#~•,J-

! I ' 

FIELD OFF 

l l 501' 
JR HI??. !•, ............ ~......,._ ..... ~,,~ ..... ~..,.._..~_, ... ._1 ... >r\....., ........ ., 

-~~~--./'~ . j 
-1:f.----rr~ 1~-----~~----t.f--~---~~-

yJ,:,'(ti, .-1,,:.'~'i~'<i "-.d, i-ft,lt-.' ('~;,-:i'; A ... '!--·t1'f 1,n;(,',,'.~·1,, t;\'A-:.;.,\. ', ~ ·i't';•t•'l,\ ,"! :'1-llt r: •:~·~ \•,'4-_·rv j 
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IJI ..,1.v'l\•r.//\1,.,:.: tVA ,'f'\ ._;w { ... ,: \.,"•""f; ... ,I 1..•.; •• ./,1.,,. .... ·) •~'\, ~,:1, "'";-"\",'-'f '/ ~.1~•·\ 1,, •\'· '-...,.,.•\ 1 ! 
~<l.W·,,J;...,,,~./w•.v-,.,..,J..,-,.,.._,,iN.-,;.,~....,,, .• --..-..vJ,•-.y:-.••.._,,,,.._.~.,;•.,,.. .. .,, ..... \_.,..v/~ t~')CiJV \-·-.... _ .... 

I ..--.- 2 1·• ,., ••,-.•• '>• 

I r.:c. 0 ~·B 



' t •, •• 
EEG PEAi< QUOT! ENTS 

FIELDS ON VS. FIELDS OFF 
PROBAB!LlTY OF OBSERVED DI FFERE~JCES 

(T -TESTS) 

Performing DRL task. 80 sec. segments near 
end of the 4 hr. runs. Combined data from 
2 C>:psrimentcl-control runs 

r ·o•11/r-y J V1 l\J I\ C.. ----- L. HI PPOCA,MPUS 
R. HI PPOCAMPUS. 

R. AMYGDALA 
(OTHER STRUCTURES 08SERVED: 
LMBRF. L.V. ex. R. M. ex, RV. C>:) 

R. HI PPOCAMPUS 

L. CEi~TRE MED I Ai~ 

7 CPS 
On vs. Off 

p = .048 
p = .00 l 
p = .003 

p:: .006 

p =. 00 I 

JO CPS 
On vs. Off 

p= .025 
p='.011 

p = .001 

--
p = .020 
1;:: 00! t"' • • 

----------------·-------'------ ,.,_ ___ _ 
(OTHER STRUCTURC::S OOSERV:O:D: 

AUD ex. R.V.CX, R.AMYG, L,HtP 0 ) 

-;0-. -N-l<_E_Y_/.-~\--··--R-_-H_I_P=POCA~'-., P_U_S _ __,_pp_: ___ oo-.-.oo-,1-.,.,~-o run l 
L. HIPPOCAMPUS - I~ .. 

L. CEf\JTRE MEDIAN p:: .059 
(OTHER STf'!UCTURE OBSERVED: 

L. Aiv\YG) -----~-~--------·-----------£ . -,:• 
l\!on •performing: Sitting quietly -, 

MONl<EY A R. HIPPOCAMPUS 
L. HI PPOCAfvl PUS 

R. CENTRE MEDI AN 
L. AMYGDt\LA 

.,__ ____ (0-THEn STRUCTURE:$ onsr:nVED: 

LCM'" n, AMYG) ~--·-----...... _.,,...,..._.., 

7 CPS 011 vs. Off 

p = .001 
p = .036 
p = .045 
p = .003 

.. 
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Sample EEG Recocds 

FIELD ON 7Hz 

• 
, 

FIELD OrF 

• 

, .. 

. . 

., 

Sample Coherences of 
Averaged Doto 

Hz Coherence 

2 .038 , 

4 .014 

1

6 .146 
1!;!.,1f.:,tj> Li3C----"'....c...;c..._, . .016 

10 
12 

14 

16 

I 
Hz 

2 

.005 

.008 

.015 

.012 
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Director 

15 February 1969 

Document No. 9G61-2 

Advanced Research Projects Agency 
Washington, D. C. 20301 

Reference: 

ARPA Order Number: 
Program Code Nurr.ber: 
Name of Contractor: 
Date of Contrac:t: 
Amount of Contract: 
Contract Number= 
Principal Investigator: 
Contract Expiration Date: 
Short Title of Work: 

Gentlemen: 

791 
8Ml0 
Allied Research Associates. Inc., Concord, Mass. 
1 August 1968 
$53,899.00 
DADA! 7-69-C-9021 
J. Healer 
31 June 1969 
Review, Analysis, and Classification of Litera
ture on the Biological Effects of Microwave 
Radiation 

This letter report is a resume of work performed during the second three 
months of the referenced contract. 

Information Base Source Material 
'· 

During this period a continuous search, acquisition and review of pertinent 
foreign and dorr1estic material on biological effects of radio-frequency radia
tion has been carried out. Approximately 700 relevant documents have been 
identified. Bibliographic cards have been prepared for most of these, and 
those items currently available in this country have been acquired. An 
unedited preliminary bibliogi-aphy covering new material added to the system 
is included as an Appendix to this report. 

Approximately 50 requests from Allied Research for information, abstracts 
and/or translations of foreign reports, and original language sources have 
been processed in this period by the Aerospace Technology Division of the 
Library of Congress. 

Preparation and Revision of Data Sheets 

New data sheets are being continuously prepared, with a total of about 135 
· completed to date. An additional bioscientist has been recently added to the 
project staff, in order to facilitate an accelerated rate of data sheet prepara-
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tion and information processing during the remainder of the contract period. 
Sixty-two sets of completed data sheets and associated source documents 
have been forwarded to the contract monitor during this period. 

Application of Data System 

While as yet not enough material has been fully processed to enable use of 
the data collection acquired under this contract in its desired final automated 
form, the information assembled to date, including reports, preliminary 
computer printouts of bibliographic listings and completed data sheets, has 
proved exceedingly useful in meeting various requests for information from 
the projec~•s technical monitor and from other concerned military and 
civilian activities. 

Data System Plans 

During the next quarterly period it is intended to accelerate the rate of 
effort on this project, including more rapid processing of information, 
preparation of data sheets, and preparation of data cards and citation-index 
cards. Selected data cards will be prepared to serve as a model for pre
liminary testing of the data system. 

· JH/se 

Very truly yours, 

.. Yd~~~~ 
Janet Healer 
Biosciences 
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ALLIED RESEARCH Asso·clATES, INC. 

APPENDIX 
' 

Bibliographic Listing 

The following listing is a preliminary unedited printout of bibliographic 
information from foreign and domestic articles, books, and reports dealing 
with the subject of biological effects of radio-frequency radiation, which 
has been prepared under the subject contract. This listing consists of 
entries supplementary to the bibliography on this subject prepared under 
the preceding contract (ARA Document No. 319-3-1). It is a working copy 
only and has been included as a convenience to potential users in order to 
make the information available as soon as possible. No items from the 
previous bibliography are repeated here. 

This working bibliography has been printed automatically from punched 
cards. Each reference bears the document number assigned to it for 
retrival and identification purposes. References are arranged in alphabeti
cal order according to the name of the first-listed author, then in order of 
year of publication, and then alphabetically by second author. Each refer
ence contains complete bibliographic information in a format which departs 
from conventional reference form as follows: 

The format is similar for each type of reference. In the case of journal 
articles, the first line includes the name of the first-listed author and the 
journal information. The journal title appears as a four-letter code. It is 
followed by a series of digits separated by commas. The first three digits 
indicate the volume, the next two are the issue number, and the following 
four digits are the page number. The page number-is followed by the last 
two digits of the year with no intermediate separation or punctuation. 
Following the year of publication is a separate notation of total number of 
pages. The second line of the reference contains co-author's name(s), if 
any, followed by the article title.· 

For books, the first line of each reference retains the form previously 
described with only minor variations. The word BOOK appears in the posi
tion allocated to the four-letter journal code and zeros fill the field where 
volume, number, and page are found in the article references. The year 
of publication is give,i. by the last two digits of the digit series. The second 
line contains co-author's name(s), if any. These are followed by the title 
and publisher. 

Reports follow roughly the same format as books; .The code REPT replaces 
BOOK. 

Sections of books are identified by the code SECT and a page number may 
appear in the digit string as well as a the year, 

In addition, a separate line with one or more four-digit numbers occurs 
after many of the references. These number codes represent the affiliations 
of the authors. Where several authors of an article have different affilia
tions, the corresponding affiliation codes are presented in the order of the 
author listing, separated by commas for different authors. Foreign litera-
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ture references and all reports have one additional line which consists of 
English translation source(s) and availability information in the case of 
foreign material, and report identification numbers in the cas·e of reports. 

Conversions of the four-letter journal codes and of the four-digit author 
affiliation codes are presented at the end of this bibliography . 
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- A nur:iber or Soviet studlr:s hnve reported that low-level 
mlcrouave irradiation, at. or below 10 m'J/crnj., alters the henrt 
l't\l::'? of h'J'!!n.nii en:!. '.'ln1:1t,1J.s. Iri on"' of the h"st controlled nnd. most 
fully reporte<l of these studies, Presrnan and Lev1t1na:L 1rrncJ1,<.i.ted 
var1ous parts of th-e body of rabblts with continuous microw:::w~s 
at 1ntens1tl.es of 7 to 12 m'.-1/crn'-, 'I'he largest effC!ct observ<'d 
was an 1ncrense 1n heart re.te dur1ni:; nnd after 1rrnrl1ntion 
of the dorsal aspect of the head. ±he next larRest effect was a 
decrease in rate durlng and after irradlation of the wh0le vent::--,,1 
surface of the body. Smialler chan;,;es in rate nccompnnier, irradia
tion of the bsck, of the tot?.l dorsal surface, of the ventral aspect 
of the head, and of the apdomen, 

The purpose of the present study was to replicate the procedure 
used by Presman find Levit1na for dorsal 1rrao1at1on of the head 1 
1n order to co:..lP-ct enoup;h additional d-ta e1ther to conf1:rm the'.r 
results or to establish that the differences 1n heart :rate are a 
manifestation of var1abil1ty rather than a consequence of irradiation. 

l1eth.od 

Subjects The subjects were 12 albino male rabbits weighing 2.0 to 
-•O kg. 

Ani:m.r!'.tus ,~icrowsve power· was obta1necl. from a. CW, air-cooled nagnetron 
with a.notn;put of 1,3 kW, an anode volta:::;e of 2 kV, and an operatins 
frequency of 2.409 Gr~ (A= 12.5 c~). This tube, manufactured by 
Deutsche M1krowellen Gesellschaft, exhibited exceptional stability 
durin:;; the exposures. Power fro::i the tube was conducted throu:,;h 
a waveguide to the irradiating horn (F1,;. 1). Most of the GJ!tr£netron 
output was dissipated in a high-power load, and only about 1oi was 
used to irradiate th~ animal, 

The microw~.ve horn was placed in an anechoic charaber w1 th 1 ts 
main lobe directed downward, so that the animal was ir:rajintec. fro::i 

::i. A.S. Presrn!ln and N.A. Levitin.a, Byull, Eksp. Biol. Med. 53, No. 1, 
41-44 (1962); Engl. Transl., Bull. E·ptl. Biol. Hed. 53, J6-J;i 
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above. The horn• s aperture was 7 J.l...1n. by 5 11n., its axial 
J2 8 

length wn::; 15 1n., sn:'I its cst11~atc-d power gain was 19.54, The 
anima.J. • s head was 29 1 n. from the horn.· This distance ·was 
uell within the far-field region, which b'.:5an at about 12.9 in. 
fro;n the horn. Fro:n the cstiruatc<l gain of the horn, it was 
calculated th"lt a total of 35 H le<J.vlng the horn produced the 
measured power density of 10 mW/c~1:i. in the vicinity of the 
animal's head, 

The power density was 111easurcd 1-rith a Ramcor 1250 A densiometer 
with a calibrat-::d low-gain rectan;ular horn antenna, A Hewlett 
:Packard Nodcl 431-:a power-meter ,,as connected to the waveguide to 
monitor the power rlurin3 irradiation. The powt'!r-:neter readins; 
correspondl.n5 to 10 m'.-1/co;,. at the ani::a:•s head wns determined 
and used for settin,; the 1ca3netron anode current. This cslibr-e.t'io:1 
procedui-e \·ras conducted with the cage and .,nioal not present in 
the anechoic cha:nber, It was observed that the rep;ion of uniform 
power densl..ty was sufficiently large that considerable variation 
in the place!!:.ent of the cage would still give the same power 
density, 

A The anechoic chanber had interior dimensions of 40:in. by 40 in. 
~ 61.i- in., and was l1ned with type cv-4 microwave absorber panels 

, mdnufactured. by E::ierson-cu::ing, This material is rated to have 
!reflections less than 20 db below the incident power level at 
·2.0 Gllz; at 2,4 GHz the reflection is even lower, A plate of this 
material was used to shield the anical's back during irradiation of 
its head, 

Proced~ The rabbit was restrained-in a wooden box, whii;:h was 
placed below the horn antenna in the anechoic chamber. r!eec.le 
electrodes w0re inserted for EKG recor11n:s. After the animal hod 
been in position for 15 min., its ~KG was recorded once c9.ch ::i n'ltt'! 
for 10 min. before the ons~t of irradiation. Then the rabbit's 
head was irradiated from above with continuous 12.5 cm microwaves at 
a power density of 10 mw/cm;i. for 20 min. During irradiation the 
EKG was recorded every 2 min, After the power was turned off, the 
EKG was recorded every minute for 10 min. Ea.ch EKG trace was re
corded for a 20 sec duration. Exactly the same procedure was 
followed during the control sessions, except thr.<t the animal 
was not 1rrad1ated. Each animal was irradiated t1•1ice and served 
as a control twice: once before and once after irradiation, 

- J 
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• (lcr;ul ts 

Chc,n.c:es l.n 11~ 9 rt; rc1\".e w,,,.,. ,,.,Jr.11lntrtl In t.he m4nnE":r clescrlbed 
b:,• Presman anrl Le·,ltin" "" followr;: (a)For eBch trBce recordccl 
durin~ end after irradlati•>rl, thn tleviation fron the mean hellrt 
rnte befo2·c 1rredl:it.1on w,,-: cnlculnt!,rl, (b)'i'he corresponclini; 
deviations were calcul~tcd for thn dnta from tl1e control secsions. 
(r.)-:I'he relnti V'!. chrincrc in rnt•~ for eflch record in<, period ,:as obtc1\ncd 
by subtracting ~he ~enn nevintlon for thn control condition fro:~ -
the·-correspon,lin::; dcvl:ition for the 1rrad1ntion con:11 tlon, 

_, 
FAch of the three 11;r,p.phs in :'l~. 2 represent the mean differences 

1n heart rate between- ei::-:ht irrnrlH1tion sessions an:i eir.cht control 
sessions. The results f;r the first four rabbits thRt ~ere exnoserl 
show a reletlve 1ncre13 se in hcnrt rate both durin; and after i~radi
ation, The ave_•a,ze datR. for the, next fo·:r rabbi ts show a decre'ls,, 
dur1nr,; the fir,;t io min of 1rr:d int ion and no consistent chanc:e 
thereafter. The last four nnlmqls exhibited a decrease d~r1ni the 
first 8 min followed by on incrcnse over the laat 18 min of the 
session. All 12 animals recctverl the si,me dorsal irradiation of the 
head, and the division into three groups is entirely arbitrary. 

A The ave.rage res~lts for all 12 animals are summarized in Fif,, J. 
9."ie dots represent the dnt:=:i of th'! present expeT1:11ent, based on 

21f irrad1.'3.tion n!1d 24 control se';slons. A smP..11 decrease in 
heart ra.te durlnz the fir:,t 8 '.llin was followed b:; a lar;er increasa 

I over the rercain~r,:; 22 r.iin. The crosses in Fig. J indicate the r1;sults 
, of Presman and Levi ti r.a, base~ on 16 1rrB.dl.e.tion and 16 control 
: trials with 8 r!l bbl ts The rel ct ti ve chan:z:e in heart rate was 
i generally po!::i ti ve, a;c-l this i ncr'~Ase \·7as both larger and more 
: ·variable than the rc,~ults in o•ir e:.:peri1::ent. 

'!'able 1 lists the r:;e3.n number of beats per 20 sec durin,<>; 
successive 10 min oerl.ods of the control and the irraaiation 

, sessions. The anl.;n'l.l:; were J.rrn•liated during the middle 20 min 
of.the irradiation con~ition. ::heh entry in the table 1s based 
on the results of 24 sessions. H<:::'lrt rate was highest du::-li:::; 
the first 10 .::in of both conditions and generallly decreased 
over t1me. The an~ly:;is of vorlance summarized in Table 2 
shows that the vari,it1on over time was statistically significant, 
as \•:ere in:Uvld~el differences nnd the interaction bet·,1cen radi
ation and tir.::e. Thr: difference b-~tw~en irradiation and control 
condition3, however, was ~cncrqllY less than 2 beats per 20 sec, 
and this difference was not stRtictically si~nificant, 

-
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Time, min. 

--------Irradiation ----------,;'><t-(--J.fter irradis. ti on -:i' 

Fig. 2. Relative change in 
on the dorsal aspect of the 
of 12.5 om wavelength at 10 
the mean difference between 

-
heart rate of rabbits irradiated 
head 'With co!ltinuous microwaves 
mw/cm2 • Each point represents 
8 exposures and 8 control sessions. 
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--------Irradiation ---------.....:»'l;---After irradiatiou••·-;> 

Fig. 3. Relative change 1n heart rate of rabbits irradiated 
on the dorr;al asoect of the head with continuous microwaves 
of 12.5 c:n ·wavelength at 10 cm/c:n 2 • Each dot represents the 
cean difference between 24 exoosures and 24 control sessions 
of the prei:::ent experi:nent. Tiie crosses reprecont the? results 
of Presman and Levitina based on le exposures and 16 controls. 
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Control 
Irratliation 

• 

-· 

Rediation 
Time 
Subjects 

· B x T 
R X S 
'l' :r. s 
Flx'l'xS 
Error 

Table 1 

Nnan Nm,1ber of BeR t!' ner 20 Sec 

1st lo m\n 

63.94 
63,56 

2nrl 10 :ni n 1rd 10 ~l.n lfth 10 min 

61.95 
62.83 

63.79 
63.31 

61.7) 
63,34 

Table 2 

.f,nalysis of Variance 

~ _£_[_ 

?.80 l 
69.07 J 

..!!.§.... 

7.80 
23.02 

10,507.23 11 955.20 
36,89 J 12.23 

113,96 11 10.36 
95.12 JJ 2;88 
86.98 33 2.64 

J,661,43 96 J8.14 

.L ' , ' 

<l 
? • 991

' 
25,0l,·l< 

4.66* 
<l 
<l 
<l 

* Significant at the .01 level 

. ~--•-· -·---~-• . .......... ··---·-·----

Presman and Levit1n3. ,iev1sed. the ratio K, which they called the 
co-efficient of the chronotrop1c effect, to describe the effect of 

,lrradiatlon on heart rate, 

K = 
100 + l!li 

100 + md ' 

where m1 and ma_ are the respective ch9nges in the percenta~e of 

cases with rates increased or decreased from the control values. 
An increase in rate is indicated by K > l, and a decrease by K < l, 

•

cir results for ciorsal irracHation of the hearl were K = 1.3 
rln~ 1rrad1nt1on, ~nd K = 1,42 after 1rrad1at1on, The present 
sults were K· = .84 dnr1ng 1rrad1ot1on and K = 1.19 after 

irrod1ation. 

., 
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D1scui::s1on 

There were six condltlons in the experiment of Presmnn and 
Levit1na,. 1n each or which n different pqrt of the body was 
irrnd1atC'c1, One condition (dorsal aspect of the head) produced 
n relative increase 1n he'3.rt rate durln;:< end nfter 1r:!:ad1at1on, 
Another cond1 tion (whole ventre.l surface) showed a decrease durin::,; 
ond after irradiation. The other four conditions were accomvan1cd 
b:i"·sll)aller and less consistent cni:i.nges in rate. The results· of 

j tl1e present experiment su~gest that such effects are due to chance 
~arlatlon from one set of trials to another. 

The variation from one sample to another under the same conditions 
1 
of rcJ.diation 1:" illustrated in Fig. 2, One set of data shows an 

i increase in relative heart rate; another shows cl decrease follow~d 
I by no consistent change; the third, a decrease followed by an 
: increase, When these three sets of data were eJeraged, as in Fig. 3, 
I the variability from minute to minute became less, and the relat1v~ 

-

an~e ln heart rate became smaller, The lar5cst chan~e in the 
·craged data is about 2 beats per 20 sec, which is only 3 % of the 
,erD.3e heart rate of 63 beats per 20 sec. 

It is our tentative conclusion that the chan~es in heart rate 
· I th.i:i.t Presr.ian and. Levi ti n<i at tr1 bu ted to irrad1a tion of diffc::.·ent 

parts of the body were simply due to the variation from one small 
: sample of trlals to another, We are still collecting data on the 
: effect of dors,-,.1 irradiation of the head at 10 rr-'.-1/cm:i., If the 
effect continues to ap~roach zero as our sample size increases, 

'this conclusion will be confirmed, 

Future Research 

We plan to run four more rabbits under the conditions of the 
present experi~ent, If we still observe no effect of radiation 

· e.t 10 m',1/cm.,,, we shall proceed to higher p01-1er dens1 ties, 1n 
order to determine the m1n1~um levels at which effects are 
observable. 

Ke are presently developin~ procedures for recording body 
temperature and respiration ri:.te, simultaneously with heart 
ra.te, \•rhile the aninu,l is irradiated, Temperature will be 
recorded with a needle thermistor probe inserted subcutaneously 

•

st outside the area that 1s irr:ci.diated, Respiration rate will 
recorded by means of a sensor th~t detects chan~cs in chest 

rcu:nfercnce, We nntic1pate that these recording procedures 

8 
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shoula be standardized by 1 September 1969, whereupon we shall 
he~in B F=:f'!"'!~~ cf ~::-:po~ 11ycs to d~tcr~inc 1r::-6.:!~cti:->n tt:-cs!1old~ 
for all three indicators. 

The first power density 1n the series will be 100 mW/cm~, a 
level which shovld produce evidence of therwil stre!'S, S'.l.Ch as 
hyperventilation or hypertherm1a. On subsequent exposures we 
shall decrease the power level until no effect 1s produced, 1.e,, 
unt.1] heart rate, respirntion rate and temperatu::-e are the same 

, durin 6 irradiation as durin.<2; the control sessions. If respiration 
. or temperature 1s affected at lower po·,rer levels than heart 
rate, that would constitute further evidence a,,a1nst th!l thesis 
tba t 10~1-power microwave fields produce non-ther:nal effects on 
cardl.ac act1·,1ty via direct action on the central nervous 
system, 

• 

• 
9 



- APPElIDIX I 

Su!llmary of Tir:,.w n~ t,i 

Nu,,~b~r ~f ~~":'. t-:- ~~~ .. 2~ s~~ .. 

"RABBIT :i: Itl\BBIT 2 flA BBI'r 3 nAnfilr I• . , 

1i·1E,'J"'l' l 2 l 2 1 2 l 2 
( i·i n; t C R £ I! £ R C c £ -n £ R C H £ R 

1 ' 60 63 62 62 64 63 54 54 62 59 61 60 59 57 59 50 
12 57 61; 53 52 65" 61 58 59 61 6J 60 59 57 59 56 i2 
ti 59 58 51 53 63 56 58 56 62 61 61 60 57 61 59 '8 

56 58 .51 56 6J 59 62 54 59 61 62 62 62 58 56 55 
5 60 57 56 59 6J 58 60 57 59 64 62 60 60 .58. 57 49 

' 6 .59 54 57 54 61 59 62 55 61 6J 62 62 59 6:J 5? 62 
' 7 55 57 .51 .56 62 61 60 56 62 62 62 62 57 59 57 58 
,8 .55 57 65 53 64 62 60 60 60 62 61 60 56 59 55 59 
9 .56 57 55 58 68 64 60 54 62 62 61 61 58 59 57 59 

10 · 55 60 56 58 66 60 58 57 59 61 62 60 58 62 57 56 

• 58 62 62 63 66 63 59 63 59 60 61 62. 52 59 61 56 
54 62 59 58 6J 64 64 70 59 60 62 62 51; 62 61 "~ ~~ :; .J 

16 51 64 59 53 60 60 60 65 59 60 59 62 55 59 58 56 
iJ.8 61 61 .53 .56 62 60 58 60 60 59 62 62 52 62 57 49 
20 58 61 50 56 63 63 57 61 59 60 61 6J 52 61 54 6J. 

22 54 62 52 64 58 67 58 56 59 60 60 62 54 61 511 54 
24 59 58 55 66 56 64 57 57 59 60 60 61 57 61 54 51f 
26 53 61 58 55 55 72 57 52 58 61 58 61 52 60 56 55 
28 56 60 57 63 64 77 56 54 58 62 58 61 55 60 52 45 
JO 55 57 55 62 60 66 64 55 62 61 59 62 57 62 .56 56 

31 63 61 60 59 6J 67 64 53 61 59 61 64 55 59 55 56 
32 64 59 59 58 61 74 68 53 60 6?. 60 64 53 58 52 56 

5l 58 58 58 56 56 65 67 52 60 6:;. 59 61f 55 58 50 58 
58 63 56 54 59 60 63 54 62 65 · 59 60 56 60 54 55 

3.5 57 61 58_ 58 58 64 62 53 62 62 58 61 52 59 61 61 

36 54 56 56 53 .59 63 61 52 60 62 58 62 52 60 64 56 
37 57 63 53 54 61 63 62 56 60·60 58 62 54 58 58 53 
JS 57 59 53 54 62 62 62 54 6J 60 58 59 57 60 58 55 
39 57 60 56 56 64 65 60 52 61 58 58 62 57 60 51 56 
40 60 58 54 53 60 61 60 54 60 60 58 59 56 58 48 60 

- C=Control 
R=llild.iatlon 
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§ummo.r:v or R<iw DA tq · 

·llfil1ber of BeRts per 20 S,~o.· 

,:__Rt, BB!T 5 R/\B:\T'i' L RI\ 'BllIT 7 RABBI'l' 8 

J. :,: ?:N'I1' 1 2 1 2 1 . _2 ; 1 2 .' 
:(::1,T· c· n £ R C R £ 11 Q R £ 11 £ I! £ R 

I li8 i:.4 70 68 ~o · · 42 62 69 76 82 68 75 69 68 62 63 
2 66 62 69 67 8 46 61 70 76 80 69 71} 69 69 6!J 61 

l 66 62 69 67 51 l,o 62 6!3 76 78 72 74 70 70 62 60 
62 62 68 68 47 40 63 67 74 77 69 74 65 71 63 60 

5 62 65 $7 68 lt7 44 61 67 ';'5 77 71 76 69 68 , 63 62 

" 
6 6l 62 64 68 46 43 62 67 75 73 70 76 69 69 64 62 
7 6 62 70 66 44 43 62 67 76 76 77 74 70 66 66 60 

.8 62 60 66 69 44 41 64 70 75 77 70 78 73 72 65 62 
9 62 61 70 69 43 42 60 68 ?6 ?7 72 74 72 71 64 53 

• 60 64 68 65 46 47 62 69 75 76 71 74 ?l 78 62 62 

67 60 68 66 Li4 41 61 66 75 74 71 7i · 70 72 67 63 
4 66 ~8 65 67 43 4) 61 69 75 71 69 7 71 71 66 61 ., 

. ,6 65 59 66 63 47 41 63 68 75 71 70 73 71 69 65 62 
.G 67 59 65 70 52 40 61,66 75 71 69 72 73 70 67 62 
0 64 62 67 66 46 42 61 64 77 74 71 73 73 68 66 62 

2 62 61 65 68 44 -44 63 69 75 76 70 73 74 70 62 62 
I 62 62 63 65 43 41 60 65 73 73 66 74 73 69 61 62 ,lt 

16 62 61 73 65 43 39 63 64 74 74 65 75 74 69 63 64 
. ' !8 60 61 67 65 41 39 63 63 75 79 68 71 72 68 61 62 

fo 64 58 63 66 40 40 60 62 75 78 69 7.J 71 70 60 59 

;l 64 59 65 66 42 41 57 68 76 78 68 74 · 70 68 57 58 
;2 62 58 66 66 46 44 57 64 7L~ 80 68 76 72 68 62 61 

:i 
62 58 · q4 66 · 40 40 57 64 75 so 7h 74. 70 68 57 60 
62 58 64 65 t.;o 40 57 62 · 74 78 72 74 .74 68 57 60 

;5 65 57 64 66 44 40 57 60 ?4 79 68.74 75 69 56 61 

;6 62 58 65 70 43 J8 58 65 74 76 71 80 70 69 58 60 
;7 62 60 67 67 4J J8 58 62 75 75 70 73 72 70 58 62 
18 60 58 64 66 41 L;6 57 66 80 74 72 75 68 69 56 61 
19 61 59 60 64 42 40 63 62 76 74 67 71 72 71 64 6L; 
,(I 64 59 68 64 ,~7 44 61 63 71 72 68 70 73 70 61 65 

•. C=Control 
R=Rad1at1on . 
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RABBI·r CJ. - . 

~~lIJ.:EN"r l 2 , u,r,) c . ~ .. ~,_ - .E c~ - -
l 76 78 '76 76 
2 77 78 7g 73 :i 80 80 7 73 

78 Bo 71; 7J s 77 77 .71 7 

,6 78 72 75 76 
7 76 72 69 77 

., .... ,. 8 77 70 74 77 
'9 80 76 73 68 
10 BJ 72 70 77 

• 78 67 75 75 
80 78 79 75 
75 76 76 76 

LB 74 79 73 7.5 
l!O 

. 'I '70 79 75 73. _ 

:2 . 69 77 75 75 
!4 71 78 75 75 
:6 73 77 76 74 
:6 72 78 76 7J 
.o 77 79 73 73 

1 ?3 82 72 74 
2 71 78 72 72 
J 71 77 70 ?O 
4 69 75 68 76 

_5 69 76 75 71• 

s 66 76 69 ?2 
7 76 .76 71 67 
' 76 76 65 ?If ) 

r 79 76 69 77 
) 80 78 70 ?6 

-Control 
Radiation 

>\PPENDIX I· 

R!,BBI'l' 10. 

1 2 
Q E £ .u . . 
80, 75 73 77. 
80 75 74 78 
79 72 72 76 
80 75 72 76 
81 84 72 78 

. ' · .. 
80 68 72 77 
79 74 71i, 78 
79 72 74 76 
79 75 74 77 
7J 74 74 76 

79 72 74 77 
80 74 74 74 
80 72 70 73 
80 72 75 73 
79 63 74 73 

78 70 75 74 
78 73 74 72 
78 74 71 75 
77 73 72 74 · 
76 72 67 74 

78 72 63 74 
77 72 69 74 
78 70 76 74 
78 72 75 ?2 
79 70 71.72 

80 71 70 72 
76 ?O 72 72 
76 76 70 73 
76 74 68 71 
?6 75 66 71 

• 
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RADBIT 1'.1:, RABBIT '8_ 

1 2 1 2 
Q ll Q Ji .£ B Q R . . . 
60 69 56 41; 64 59 64 61; 
58 63 5S 44 63 59 65 68 
62 64 56 4L; 64 63 59 67 
62 60 61 43 62 63 59 62 
62 61 58 52 62 62 61; 66 

: . .. . ' . 

64 64 58 46 59 64 62 68 
58 62 54 54 57 60 64 6U 
59 67 51, 40 58 58 58 .54 
60 60 .52 42 61 59 57 64 
60 68 ,52 41 62 60 60 65 

60 59 48 44 61 58 66 67 
63 60 50 42 62 57 61.; 64 
61 58 52 50 61 54 62 61 
62 62 51 48 62 61 63 66 
61 60 50 4J 59 72 68 55 

61 63 56 1,2 57 65 60 56 
61; 62 43 42 56 59 60 64 · 
57 64 44 4J 56 60 63 64 
50 61; 44 45 59 68 60 64 
61 61 41 41 57 59 58 58 

61 61; 41 42 57 58 62 66 
60 63 42 42 55 57 62 61} 
56 63 4J 41 58 58 62 70 
60 62 40 46 59 56 61 65 
60 62 48 45 62 56 62 68 

59 60 46 io 63 59 64 67 
60 62 46 '2 58 60 62 69 
61 60 46 46 64 60 64 65 
61 58 38 44 64 64 64 69 
64 62 JS JS 64 66 60 6J 
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ABSTRACT 

MRT-4-045 
QM-66-071 

This report describes the operational procedure for the Project 

Pandora microwave test facility. It is intended primarily for non

microwave oriented technical personnel to enable them to operate the 

facility·with a minimum ~f training. Included is the Turn-On, Turn

Off Procedure, the procedure for measuring transmitted power and power 

density, and a description of the power monitors. 
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I. INTRODUCTION 

This report describes the operational procedure for the 

Project Pando·ra microwave test facility. It is intended pri

marily for non-microwave oriented technical personnel, to 

enable them to operate the facility with a minimum of training. 

Section II of this report delcneates the basic turn-on, turn-off 

procedure for the equipment_. Section III describes the procedure 

for determining which of the "add-on" sections of the expandable 

conical horn to use, and the power requirements for a desired 

power density •. Section.IV describes the power monitors in the 

microwave anechoic chamber. 

The microwave equipment for Project Pandora is assembled in 

the four equipment racks illustrated in figure 1. Rack No. l 

contains the Spectrum Analyzer R.F. and Display sections. Rack 

No. 2 Contains the auxiliary low-power microwave generation and 

modulation equipment. The equipment in this rack is not inter

connected (nor -is the spectrum analyzer). Rack No. 3 contains 

the primary low power microwave generation and modulation equip

ment, and the necessary monitoring and recording equipment. Rack 

No. 4 contains the high power microwave amplifier and power sup

plies. The interconnection of these two racks, with the "expandable 

horn" transmitting antenna in the anechoic chamber, is shown in 

figure 2 which is a functional block diagram of the microwave sys

tem. 

II. EQUIPMENT OPERATION 

The following instructions pertain to the operation of the 

equipment assembled in equipment racks 3 and 4 with reference to 

figures land 2. 

Note: For operation of the varioµs individual pieces of 

equipment, refer to the manufacturers' operation 

manuals which are available at the test facility. 
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Preliminary Turn On Procedure 

~: 

l. 

2. 

Connect the.proper transmitting horn section for 

the required frequency and power.density as outlined 

in Section III of this procedure. 

Eguipment'Rack Number 4 

a. Turn on water supply. Pressure should be between 
I 

15 and 50 psi. 

b. Turn on low voltage A.C. power supply. Set Heater 

Voltage to 6.3 volts. 

c. Turn on·D.C. power supply (solenoid power). Set 

to 33 volts. 

Note: Under no circumstances should the solenoid 

be op7rated without water cooling or perma

nent damage will result. If the over current 

light is energized, the door interlock is 

open or there is insufficient water pressure 

or solenoid current. 

d. Set the Cathode Voltage switch on the high voltage 

power supply to the Burn-in position and turn on the 

high VO ltage. 

Note: There is a 3 minute delay before the high 

voltage comes on. Allow 15 minutes warm-up. 

Equipment ~ Number 3 

a. Turn on A.C. power to rack number 3. 

b. Turn the Grid Control on the Alfred 5-6868, 10 watt 

TWT amplifier to -250 volts. Turn Helix Control 

completely CCW • 

c. 

d. 

Turn HP692C Sweep Oscillator to Standby position. 

Turn on power to all equipment, allow 15 minute 

warm-up. 
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e. Zero all HP431C power meters. For maximum ac-· 

curacy, the power meters should be "re-zeroed" 

periodically. Refer to the HP431C instruction 

manual. 

£. Turn Sweep Oscillator Output Attenuator and TWT 

Output Attenuator completely CW (max. attenuation). 

g. Set HP692C to desired frequency and connect for 

desired modulation. 

~: Refer to the instruction manuals of the HP692, 

HP8403A, and the HP3300A for the possible 

modulation options and their settings. If 

the auxiliary low power R.F. generation and 

modulation equipment is to be used, refer to 

the appropriate instruction manuals for pos

sible interconnections and operating instruc

tions. 

h. Turn HP692C to Operate position. 

Operational Turn On Procedure 

1. 

2. 

Equipment Rack Number 4 

a. Set Cathode Voltage switch to the. l/3.3KV position 

and observe high voltage and current meters. 

Note: Do not allow high voltage to exceed 3250 

valts and the current to exceed 560 ma. 

b. If necessary, adjust high voltage screwdrive adjust

ment for high voltage meter reading of 3250 volts. 

DO NOT EXCEED 560 MA. CURRENT. 

Equipment Rack Number 3 

a. 

b. 

Turn Helix Control on Alfred 5-6868 1WT completely CW. 

Turn Grid Control on Alfred 5-6868 TWT completely CW. 
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Adjust Sweep Oscillator Output Attenuator for 

maximum power output as observed on TWT Monitor 

Power Meter. Lock in position. 

d. Adjust TWT Output Attenuator for the required 

transmitted power as observed on the TWT Monitor 

Power Meter. Lt•ck in position. 

e. 

Note: The transmitted power required for a desired 

power density can be determined from figure 3 

and Section III of this procedure. 

The transmitted power can be determined from 

the meter reading and figure 4; (High Power 

Monitor, - Meter Reading vs. Output Power). 

DO NOT EXCEED 250 WATTS TRANSMITTED POWER FOR 

EXTENDED PERIODS OF TIME WITH THE INITIAL TUBE 

SUPPLIED, 

Set the monitor switches on the monitor switct panel 

to connect the desired function to be monitored to 

the strip chart recorder. The normal setting of these 

switches is lWT Monitor to the recorder channel No. 2, 

and Monitor Channel No. l to recorder channel No. 1. 

f. Connect "Available Inputs" to the scope or the HP415 

as required. 

C. Turn Off Procedure 

l. 

• 

Equipment Rack Number 3 

a. Turn 10 W 1WT Output Attenuator max. CW (max. 

attenu.ation). 

b. Turn Sweep Oscillator Output Attenuator max. CW. 

c . Turn Grid Control on Alfred 5-6868 10 Watt TWT to 

-250 volts. Turn Helix Control completely CCW. 
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d. 
) ' 
f ( 

Turn HP692C Sweep Oscillator to Standby position. 

. e. Rack power may now be turned off . 
' ' 

Equipment Rack Number 4 

a. Set the Cathode Voltage switch on high voltage 

power supply to Burn-in position. 

b. Turn off high voltage./,. , 

c. Turn off low voltage A.C. power supply. 

d. Turn off D.C.· power supply. 

e, Turn off water supply. 

III. PROCEDURE FOR SELECTING HORN SECTION AND OUTPUT POOER FOR DESIRED 

POWER DENSITY 

- A. 

-

Design Frequency Range for "Expandable" Conical Horn 

The microwave facility was designed such that a suitable 

quiet zone - minimum dimension, 3' wide by 2' high by 1' deep 

for two "test samples" side by side - would be illuminated 

uniformly a + l.Odb power variation in the quiet zone was 

the design goal. The quiet zone, as discussed in this report, 

starts at a transmission length of 23.0 feet and is symmetric 

about the chambers horizontal and vertical axis. These quiet 

zone dimensions, therefore, set the beamwidth characteristics 

of the transmitting horn; and a conical transmitting horn with 

"add-on" section was designed to give maximum gain with the 

required beamwidth over the S-Band frequency range. Under 

these conditions, figure 3 shows the "design frequency range" 

for the appropriate sections (D
1 

through D
6
). This figure is 

a plot of power density (in rnw/cm2) per watt transmitted - Pd/W -

versus frequency, for each of the horn sections. It can be seen 

-2 2 
that, for the design frequency ranges, Pd/Wis l.6xl0 mw/cm + 10%. 

watt 
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Thus, for 250 

quiet zone is 

watts transmitted, 
2 . 

4.0 nrw/cm :!:: 10%. 

the power density in the 

1. •· To determine specifically the transmitted power required 

for a desired power de_nsity (at a given frequency in the 

design range): 

a. Determine Pd/W {or the known frequency and horn 

section from figure 3. 

b. Solve: 

C. Example: 

Pd/W x Power = Power density 

Power = Power density 
Pd/W 

2 At 3.0 GHz, a power density of 2nrw/cm 

is required. (Horn Section D
4

) 

Pd/W = -2 l.58xl0 from figure 4 . 

Power 2 - -2 
1. 58xl0 

126 watts 

2. To determine.power density from a known transmitted power: 

a. Determine Pd/W for the known frequency and horn 

section from figure 3. 

b. 

c. 

Solve: Power density = Pd/W x·Power 

Example: At 3.5 GHz, 200 watts are transmitted (Horn 

Section D
2
). 

Pd/W = -2 l.56xl0 from figure 3. 

· -2 2 Power density= l.56xl0 x200 = 3,13 nrw/cm 

Horn Section for a Reduced Quiet Zone 

To increase the versatility of the test facility, additional 

"add-on" horn sections were designed to uniformally illuminate suc

cessively smaller quiet zone volumes with increased gain. The 

determination of the quiet zone volume is dependent upon the beam

width of the va.rious sections and is beyond the scope of this re

port. Suffice it to say that, at the upper end of the frequency 

band (3.95 GHz) horn section D
10 

will essentially illuminate uni-
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formly a quiet zone large enough for a single test sample -

l.5'W x l'H x l'D. At this frequency, n
10 

gives the maximum 

power density obtainable for the system. As the frequency is 

decreased, horn section n10 will uniformally illuminate a 

proportionately larger volume with reduced gain. 

1. The power required for a desired power density can be 

determined as in Al ~hove. 

a. Example: 2 10 rrrw/cm power density is desired at 

3.95 GHz (Horn Section D
10

) 

Power = 
Power Density 

Pd/W 

. Pd/W =- 3.83x 10- 2 from figure 3 

Power = lO -3 ° 260 3.83 x 10 = watts 

MICROOAVE POWER MONITORS 

In addition to the high power TWT monitor, there are 3 power 

monitors in the anechoic chamber. Two of these, Monitor #1, a 

standard gain horn, and Monitor #2, a sleeve dipole, are connected 

to the. HP431C power meters in rack number 3. These two monitors 

may be switched to the Mosley 7100B strip-chart recorder (see figure 2). 

The third monitor, alternate monitor number 1, is a sleeve dipole and 

has an available output as shown in figure 2. 

A. Monitor Number 1 

Monitor number 1, the standard gain horn, is the primary 

"down stream" power density monitor. Power readings on the 

Channel No. l power_meter can be converted to power density 

.!!: the point .£.! measurement with reference to figure 5. 

It must be reemphasized that this monitor, in conjunction 

with. figure 5, measures the power density at the point 

where the monitor.!! placed.!.!! the chamber, and not the 

power density at the center of the quiet zone as determined 

in Section III. 
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B. Monitor Number 2 and Alternate Monitor No. l 

These monitors are available to measure relative power 

density and for the observation of signal waveforms at any 

point in the chamber. 

By placing monitor number 2, with its alternate monitor 

line connected, at a point of known power density (previously 

determined as in Section III or IV A above), and placing alter

nate monitor number l, at any other point in the chamber; a 

gross measurement of power density can be made by observing 

the relative readings. Due to the nature of the chamber re

flections, the power density measured in this manner can be in 

error by± 2 db; ~owever, as a "gross" power density measurement 

technique, these monitors are useful since they are lightweight 

and easily movable . 
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Fig.3 POWER DENSITY PER WATT TRANSMITTED FOR 
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ABSTRACT 

This is the final report on the Applied Physics Laboratory's 

contribution to Project PANDORA - specifically, aid in the implementa

tion, and the evaluation of a microwave test facility at Walter Reed 

Army Institute of Research. An "expandable" conical horn transmitting 

antenna, and monitor dipole receiving antennas were designed for use in 

the anechoic chamber constructed by Emerson and Cu:,ing, Inc. A mechan

ical field traversing mechanism was designed and constructed for the 

chamber evaluation, the micro~ave equipment was fun~tionally assembled, 

and the completed facility was thoroughly evaluated. The evaluation 

-ncluded the measurement of power variations in the quiet zone with and 

without the sample container (with and without the test sample) in the 

required position, and the measureraent of the power density in the quiet 

zone usir,g the Microwave Associates high pcx,er TWT and the appropriate 

transmitting horn sections. 
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.. I. INTRODUCTION 

This is the final report on the contribution of the Johns 

Hopkins University Applied Physics Laboratory, to Project PANDORA -

specifically, aid in the implementation and the evaluation of a micro

wave test facility at the Walter Reed Army Institute of Research, Forest 

Glen Section. APL's responsibilities were divided into roughly three 

areas: (1) aid in determining the suitability of the microwave equip

ment to be procured, and the functional assembly of this equipment (2) 

the design and fabrication of necessary specialized equipment, - trans

mitting horn, monitoring dipole antennas, a field traversing mechanism, 
, 

etc., and (3) the evaluation of the microwave anechoic chamber, the 

calibration of the measurement equipment, and the test of the completed 

facility. The test and evaluation of the completed facility included 

the measurement of the power variations in the quiet zone of the anechoic 

with and without the sample container (with and without the test 

in the required position, and the measurement of the power den

the quiet zone. 

In addition, a familiarization session was conducted for Army 
(l) 

personnel scheduled to operate the facility. A companion report d~-

scribes the operational procedure, the procedure for' determining the 

power requirements and which "add-on" section of the expandable conical 

horn to use for a desired power density, and a description of the moni

toring equipment. 

The commerically available microwave equipment was specified 

and purchased by the Air Force Avionics Laboratory (AFAL), Wright-Patterson 

AFB, Columbus, Ohio - the program managers. The microwave anechoic chamber 

was designed and constructed by Emerson and Cuming, Inc., Canton, Mass. 

The high power microwave traveling wave tube was designed and built by 

Microwave Associates, Burlington, }lass., with the associated power supplies 

furnished by Alto Scientific, Inc., Palo Alto, California. 

(l) 

• 

"Operational Procedure for Project PANDORA Microwave Test Facility" 
APL/.IBU Report MRT-4-045; (QN-66-071) dated October 1966 (U) 
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II. DESCRIPTION OF TilE MICROWAVE FACILITY 
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The microwave test facility implemented at Walter Reed con

sists of a microwave anechoic chamber, an expandable conical transmit

ting horn attached to one end wall of the chamber, and the microwave 

control and monitoring equipment installed in four equipment racks 

which are housed in the control room adjacent to the transmission end 

of the chamber. Also, a standard gain horn power monitor, and two 

sleeve dipole monitoring antennas are installed in the microwave chamber. 

The facility was designed to operate at S-Band, with conver

sion potential through X-Band, such that a suitable quiet zone - minimum 

dimensions, 3' wide x 2' high x l' deep, for two test samples side by 

side - would be illuminated uniformly; a power density of 2 mw/cm2 .± 1.0 db 

over the frequency band was the design goal, with a potential for a power 

density of 10 mw/cm2 over a reduced volume and a' fixed frequency. 

•. MICROWAVE ANECHOIC CHAMBER 

The microwave anechoic chamber (Eccosorb Anechoic Chamber No. 

650) is approximately 15' wide by 15' high by 35' long. The proposed 

four foot cubic quiet zone is symmetric about a point 25 feet from the 

transmitting end wall, and equidistant between the floor, ceiling and 

side walls. Figure l is a photograph of the chamber; figure 2 is the 

general arrangement drawing, and also_ shows the mounting detail for the 

transmitting horn. 

The design requirements for the chamber specified that the power 

variations should not exceed.± .25 db superimposed on the transmitted gain 

"droop" measured in the quiet zone.with an absorber backed dipole over the 

frequency band of interest. As noted in Section III of this report, 

these values "Were not realized, and power "amplitude ripples" as great as 

.± 1.0 db were observed. The chamber evaluation showed that for the minimum 

quiet zone dimensions - 3' wide x 2' high x l' deep, - power variations of 

• 



T~ Johni Hopki.,. Unh, .. nity 
APPLIID PH'Ulca uao11,no•T 

Sil_;. Sprir,a, ~ .f 
+ 1.75 db were possible over the S-Band frequency range. 

•£cact• 
MRT-4-046 
QM-66-072 
Page 3 

When a s ta.n-

dard gain horn was used as the field probe instead of the absorber backed 

dipole, considerable improvement was observed; amplitude ripples were less 

than± 0.25.db. This is discussed further in Section III. 

B. MICROWAVE EQUIPMENT 

The microwave equipment is assembled in the four racks shown in 

figure 3. Equipment rack number on• contains the Spectrum Analyzer R. F. 

and Display sections. Rack number two contains the auxiliary low.power . , 
microwave generation and modulation equipment, and some an:illary equip-

' ment, in addition to the control panel for the field traversing mechanism. 

Rack number three contains the primary low-power microwave generation and 

modulation equipment, and the necessary monitoring and recording equip

ment. Rack number four contains the high power microwave amplifier and 

associated power supplies and R. F. power monitors. 

• 

The equipment in rack number two is not interconnected (nor is 

he spectrum analyzer). The interconnection of racks number three and four 

with the expandable conical horn is shown in figure 4 which is a functional 

block diagram of the microwave system. Also shown in this figure are the 
11 downstream" power monitors in the anechoic chamber. 

All of the equipment aasembled in racks number two and three are 

commercial "off the shelf" units (traveling mechanism control panel ex

cepted) and constitutes the best and most versatile, in terma of possible 

R. F. modulations, microwave equipment available. This was particularly 

necessitated by the unknown nature of the desired signal for an experimental 

facility. These units were specified and purchased by the program managers 

(AFAL). Compatability and suitability of this equipment was monitored by 

APL and the equipment was functionally assembled and tested at APL and de

livered as a unit to Walter Reed. 

The high power microwave amplification equipment in rack four 

was purchased under separate contract (from AFAL) to Microwave Associates 

and was delivered as a unit . 

• 
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TRANSMITTING HORN 

The transmitting horn 

dimensions of the quiet zone to 

characteristics were dictated by the 

be uniformly illuminated. This de-

sign rationale and the test results are discussed in Appendix A of this 

report. In order to provide a constant gain and beamwidth over the de

sired frequency band, "add-on" sections were provided as depicted in 

figure 5. 

The first section of this "expandable" conical horn incor

porates a rectangular to circular transition obviating the need for a 

separate rectangular to circular waveguide transition. 

Gain measurements and antenna patterns were taken for each 

horn section at the center, and at the low and high ends of the S-Band 

frequency range. The results of these measurements are summarized in 

figures 6, 7, 8, and 9. Figure 6 shows the absolute gain of each of 

the sections across the frequency band. Also shown, is the design fre-

•

uency range for each section. Figures 7 and 8 show the E and H plane 

db beamwidth respectively, and figure 9 is a typical E and H plane 

pattern (section DJ) in its design frequency range. 

D. POWER MONITORING 

, 

One of the prime requirements for the microwave test facility 

was the ability to accurately determine the power density in the quiet 

zone of the anechoic chamber and to observe the transmitted signal, within 

the limits afforded by commercially available test equipment. 

Three monitoring channels were incorporated in the system, and 

several couple~ outputs are available for observing signal wave form, 

either on an oscilloscope (detected outputs), or directly on the spectrum 

analyzer (see figure 4). 

1. Transmitted Power Monitor 

To measure the transmitted power, two coaxial directional couplers 

and a thermistor mount were installed in the high power equipment rack (fig

ure 4). The thermistor output is connected to the HP 431C power meter in 

.ack number three. The loss in this coupled transmission path was measured 

dJ.iJl@• 
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over the S-Band frequency range. The resultant calibration was incor-

porated with the measured loss of the output cable and the waveguide to 

coax adapter on the transmitter horn, to plot the transmitted power curve 

shown in figure 10. This curve is a plot of corrected power meter reading 

versus transmitted power, Included in this figure is the legend for deter

minin& transmitted power from the corrected meter reading, and conversely, 

the method for setting the• transmit..-ed power by observing the meter reading. 

This figure in conjunction with figure 11 (Power Density per Watt Trans

mitted for Each Horn Section) can be used to determine the on boresight 

power density in the quiet zone. This is explained in greater detail in, 

section II E. 

2. Standard Gain Horn Monitor 

The standard gain horn monitor (monitor number l in figure 4), 

•

s the primary "downstream" power density monitor. 

us frequency curve of the standard gain horn, and 

The gain deviation ver

the measured loss of the 

connecting cable and waveguide to coaxial adapter were incorporated into 

one frequency correction curve, shown in figure 12. This figure is a plot 

of the power density as a function of the corrected power meter reading. 

The power density thus measured is the power density at the position where 

the standard gain horn is placed in th, chamber, and not the on boresight 

power density alluded to in the section above. It is possible to measure 

the power density in the anechoic chamber directly, only if the horn moni

tor can be physically placed at the desired position without interfering 

with the experiment in progress. If this is not possible, then the power 

density can be determined by extrapolating the measured power density, to 

the power density at any other position in the quiet zone by using the 

known gain-beamwidth characteristics of the transmitting horn section. In 

a similar fashion, the on boresight power density determined from the meas

ured transmitted power can be extrapolated to any point in the quiet zone. 

The determination of power density for other than on boresight (and meas-

.red) conditions is discussed in Section II F. 
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3. Monitor Dipoles 

ln addition to the standard gain horn monitor, two sleeve di

pole monitors are available in the chamber for the observation of signal 

waveforms. ·These dipole monitors are shown in figure 13. The design 

dimensions and the measured results are discussed in Appendix B. 

It was originally intended that these dipoles would be cali

brated and used to measure. the abso·: ute power density at any position in 

the chamber. Unfortunately, the rather large amplitude ripples caused by 

the reflections from the chamber walls, precluded this possibility. (The 

standard gain horn integrates the ripples over its considerably larger 
' 

area and, consequently, was substituted as the prime power density monitor.) 

However, since the dipoles are light-weight and easily movable, they were 

retained for signal waveform observation, and for the "gross measure" of 

power density. Since the two monitors have identical characteristics, by 

•

lacing one at a region of known power density, ~nd placing the other at 

ny desired position, the power density at any position can be determined. 

This is a "gross measurement" because the amplitude ripples can cause an 

error as great as 2.0 db. 

E. SELECTION OF TRANSMITTING HORN SECTIONS 

As stated previously, the microwave facility was designed such 

that a suitable quiet zone - minimum dimensions, 3 1 wide by 2 1 high by l' 

deep for two test samples side by side - would be uniformly illuminated; 

a ;t 1.0 db power variation in the quiet zone was the design goal. The quiet 

zone starts at a transmission length of 23.0' and is symmetric about the 

chamber horizontal and vertical axis. 

l. Design Frequency Range 

As discussed in Appendix A, the quiet zone dimensions set the 

beamwidth characteristics of the transmitting horn; and a conical trans

mitting horn with "add-on" sections was designed to give maximum gain with 

the required beamwidth over the S-Band frequency range. Under these condi-

.ons, figure 11 shows the "design frequency n,nge" for the appropriate 

--;~ 
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sections (Dl through D6). This figure is a plot of power density (in mw/cm2 ) 

per watt transmitted - Pd/W - versus frequency for each of the horn sections 

at a transmission length of 23.0 feet. These curves are obtained by plotting 

the expression: 

p 
l r 

X = 
A PT r 

where GT is the measured 

and R = 23.0 feet is the 

GT Pd 
4nR" "' w 

gain of ea~h 

transmission 

as a function of frequency, 

of the transmitting horn sections, 

length. Thus pr l is the 
A 

r 
X 

power density per watt transmitted when PT is the transmitted power. 

It can be seen from figure 11 that, for the design frequency 

' 

2 

ranges, Pd/Wis 1.6 x 10- mw/ cm
2 

+ l0%. 
watt -

For 250 watts of transmitted 

.ower - the recommended upper limit for continuous operation of the high 

power '.!WT - the power density is 4.0 mw/cm2 ± 10%, which adequately meets 

the design goal of 2 mw/c,j in the quiet zone. 

Neglecting reflections in the chamber, the power.density vari

ation for angles off boresight is dependent upon the transmitting horn sec

tion used (the gain), the frequency, the angle, and the transmission length. 

The change in relative amplitude versus frequency for angles of 2, 4, and 6 

degrees for each of the horn sections is shown in figures 14 and 15. The 

change in relative amplitude is defined as the maximum relative power ampli

tude at a designated frequency (the gain at boresight), minus the relative 

amplitude at the off boresight angle indicated, at the same frequency. The 

curves were obtained from the measured antenna patterns. Thus, the curves 

in figures 14 and 15 show the change in power density, for a fixed trans

mitted power and transmission length, at the angles indicated for each of 

the horn sections. For the minimum quiet zone dimensions, starting at a 

transmission length of 23', the maximum off boresight angle, in the H plane 

(vertical polarization) is: -H = + tan 

1 

1.5 
23 

= ± 3.75°, and in the E plane SE= 
l 

+ tan l 
23 

0 = + 2.5 . 
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It can be seen from figure 14 that in the design frequency range, the 

maximum change in relative amplitude is 0.75 db, which occurs for horn 

section Dl at frequency 4.0 GHz, (H plane, 4 degrees). Adding another 

0.4 db due to the change in transmission length in the quiet zone (one 

foot deep), the total change in relative amplitude, and hence the change 

in power density for a fixed power transmitted, is 1.15 db(,.,± .6 db) 

which is well within the± 1.0 db goal set for the quiet zone. 
, , ....., 0 - 0 

For a quiet zone 4' wide x 3' high x l deep (9H= ± 5 , eE= ± 4.0 ), 

the power density would be within.± 1.0 db (neglecting reflections). This 

was borne out by the chamber evaluation discussed in Section III. , 

2. Horn Sections for Higher Power Densities 

To increase the versatility of the facility, additional "add-on" 

horn sections were designed to uniformly illuminate successively smaller 

quiet zone volumes with increased gain. Thus, at the upper end of the fre-

•

ency band (3.95 GHz) horn section Dl0 will illuminate uniformly (,., ± .5 db) 

quiet zone large enough for a single test sample - 1.5' wide x l' high x 
0 1' deep. This can be determined from figure 15 where for D10 and 0H= ! 2, 

0 
SE=! l , AA= .5 db. At this frequency, Dl0 gives the maximum power den-

sity obtainable for the system. From figure 11, for horn section Dl0 at 

3. 95 GHz, Pd/W = 3. 83 x 10-
2 

and the power required for a power density of 

10 
10 mw/cm2 is: 

3. 83 X lQ-2 = 260 watts which is obtainable from the high 

power TWT in the system. 

F. DETERMINATION OF POWER DENSITY 

As discussed in Section II D, the power density can be determined 

by direct measurement using the standard gain horn monitor and figure 12, if 

the monitor can be physically placed at the desired position, The on bore

sight power density can also be dete.rroined from the measured transmitted 

power and figure 11. From the discussion in Section E above, it can be seen 

that this value will be correct to better than+ 1.0 db for any point in the 

.iet zone in the design ranges. 
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In using the larger section to illuminate the 3' wide by 

2' high by l' deep quiet zone, the power density at any position can 

be determined from the on boresight power density/watt transmitted 

curve (figure 11), and the 6A curves given in figures 14 and 15. 

As an example, for horn section DlO with 200 watts trans

mitted at 3,95 GHz, the power density at boresight is Pd= Pd/W x 
2 

power transmitted. Pd/W = 3.83 x 10- from figure 11, therefore, 
. l 

Pd = 7. 66 m;i/cm2
• At the edge of the 3' quiet zone, BH = ± tan- 1.5/23 = 

0 
+ 3. 75 . Interpolating from figure 15 for DlO, BH = ± 3. 75; 6A is ap-

proximately - 2.25 db= 60% of the maximum amplitude, and the power , 

density is approximately 7.66 x 60% = 4.56 m;i/cm2 at the quiet zone edge. 

In a similar manner, the on boresight power density can be 

determined from the measured power density at any point in the quiet 

zone . 

• 

s an 

ight 

Actual values measured during a preliminary experiment are used 

example, The standard gain horn monitor was placed 2.5' off bore

in azimuth, and its meter reading was 2.4 dbm. From figure 12, at 

3.2 GHz (the transmitted frequency) the frequency correction term is 2.2 

db. Thus, the corrected meter reading is+ 2.4 dbm + 2,2 db= 4.6 dbm, 

which (from figure 12) corresponds to a power density of 3.1 m;i/cm2 at 

the point of m~asurement. The monitor horn position gives a 0H =±tan 
0 0 

2.5/23 = ± 6. l , and from figure 14 for 0H = 6 and horn section D6 

(the horn section used) 6A = 1.9 db= 65%. Therefore, the on boresight 

power density is 3.1 m;i/cm2 x 6;% = 4. 78 m;i/cm2
• For this experiment, 

the measured transmitted power (210 watts) .gives an on boresight power 

density of 4.72 m;i/cm2 (from figure 11) which is in good agreement with 

the above calculated value (4.78 mw/crrf). 

III. EVALUATION: PROCEDURE AND RESULTS 

l 

The evaluation of the microwave test facility was divided in three 

phases: (1) the evaluation of the reflection from the walls and ceiling of the 

-

6 .. -
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empty microwave chamber as measured with an absorber backed dipole and 

a standard gain horn, (2) the measurement of the reflections from a 

single sample container (both occupied and unoccupied) in the quiet zone 

and (3) th~ measurement of the power density in the chamber using the high 

power source and the various horn sections. 

A. MICROWAVE CHAMBER EVALUATION 

The·results of the evalua~ion of the microwave anechoic chamber 

are summarized in Table I. It can be seen from this tabulation, that for 

the required minimum quiet zone dimensions - 3' Wide x 2' High x l' Deep -
> 

a total power variation of,± 1,75 db is possible over the frequency band of 

interest. At selected frequencies, adequate quiet zones with.! 1.25 db 

variations are possible. The measurements, performed with an absorber backed 

dipole, indicate that the power va:ciations are primarily due to "amplitude 

•

. ripples" caused by reflections from the chamber walls. Maximum ripples as 

reat as:!: 1.0 db were observed. Figure 16 is a typical example of the 

power variation due to reflections. This data is for a 25' transmission 

length at F = 3.25 GHz. 

The values obtained with a standard gain horn at 3.25 GHz (gain= 

16.5 db) are also shown in Table I, (from figure 21) as an example of the 

optimistic conclusions resulting from the use of a large area receiving 

antenna. the horn integrates the reflected ripples over a _receiving area 

considerably larger than that 9f the dipole. Maximum ripples as observed 

with the standard gain horn were less than+ 0.25 db. 

The chamber was evaluated by taking horizontal cuts, through the 4 

foot cubic quiet zone which is centered equidistant between the side walls, 

and the floor and ceiling; a distance 25.0' from the transmitting end wall. 

the horizontal cuts extending::!: 2.0 1 from this quiet zone center, were taken 

at elevation increments of:!: 1,0', .± 1.5', and.± 2.0' for each transmission 

length increment of:!: 1.0', .± 1.5', and:!: 2.0' from the 25.0' center point. 

These measurements were repeated at each of the six different frequencies in 

the design range of each of the horn sections. Relative power as a function 

-f horizontal distance was recorded on an X-Y recorder, equipped with a roll 

chart adapter, for each of the measurement increments. 
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Quiet Zone Volumes and Power Variations 
MKI- 4- U<;t:, l'age ll 

aRLA 

6GHz 
D6) 

8GHz 
D5) 

OGHZ 

D4) 

25G 

D3) 

25GHz 

,D3) 

,rd Gain 
,rn 

45GHz 

;02) 

.8GHz 
;ol) 

= Width 

)tes. 

(2) 

, 'l ' 
+l.Odb 

None 

2 'Wx3 'Hxl 'D 

3'Wx2 'Hxl,'D 

3 'Wx2 'Hxl 'D 

4 'Wx3 'Hxl 'D 

3'Wx2'Hx2 

None 

2 'Wx2 'Hxl;'D 

H = Height 

Volume Dimensions for Power Variations of: 
+l.25db ;tl.5db +l.7Sdb +2.0db 

None 2 'Wx2 'Hx3 'D 4 'Wx3 'Hxl 'D 
3'Wx3'Hx3'D 

4'Wx4 'Hxl 'D 
4 1Wx3'Hx2'D 

4'Wx2'Hx3\'D 

3'Wx4'Hx2 1D 

4'Wx3'Hxl'D 4'Wx3'Hx2'D 4'Wx3'Hx3 1D 4'Wx4'Hx4'D 

3 1Wx2'Hx2 1D 3'Wx4'Hxl'D 3'Wx4'Hx3\ 1D 

2'Wx3'H~2'D 3 1Wx3'Hx3\'D 3'Wx3 1Hx4'D 

2 'Wx4 'Hx\'D 2 'Wx4 'Hx2 'D 2'Wx4 'Hx4'D 

4'Wx2'Hxl'D 4'Wx3'Hxl 1D 4'Wx3'Hx2'D 4'Wx4'Hxl'D 

3'W'3'Hxl'D 3'Wx3'Hx2'D 3'Wx4 1Hx3\'D 3'Wx4'Hx4'D 

3'Wx2 1Hx3'D 3 1Wx2'Hx4'D 3'Wx3'Hx4'D 

2'Wx4'Hx2'D 

4'Wx2'Hx2'D 4'Wx3'Hxl'D 4'Wx4'Hxl'D 4'Wx4'Hx2'D 

4'Wx2 1Hx3'D 4 1Wx3'Hx3'D 4'Wx3 1Hx4'D 

3'Wx2'H.x3\'D 4'Wx2'Hx4'D 3'Wx4'Hx3'D 

3'Wx3'Hx4 1D 

4'Wx4'Hxl 'D 

4'Wx3'Hx3'D 

Many others 

None 

Great many 4'Wx4'Hx4'D 

options 

2'Wx4'H:xl'D 3'Wx4'Hxl'D 4'Wx4'Hx2'D 

2'Wx2'Hx2'D 3'Wx2'Hx3\'D 4'Wx2'Hx3'D 

2~Wx4 'Hx2 'D 3 'Wx3 'Hx4 'D 

2'Wx3'Hx4'D 

·3•wx2'Hxl;'D 4'Wx2'Hxl'D 4'Wx4'Hxl;'D 4'Wx4'Hx4'D 

2'Wx3'Hx2'D 3'Wx2'Hx3'D 4'Wx3'Hx4'D 

2'Wx3'Hx4'D 

D = Depth 

:i,,:tz. 25db 

4'Wx4'Hx4'D 
(2.75db) 

4'Wx4'Hx4'D 

(2.Sdb) 

4'Wx4'Hx4'D 

(2.25db) 

4'Wx4'Hx4'D 

(2.25db) 

All quiet zone volumes start at a transmission length of 23 feet and are 
symmetric about the chamber width and height center points. 
Underlined are the volumes with minimum variations whose dimensions are 
;;,minimum required values (3'Wx2'Hxl'D) -- . •'vm 
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of missing "worst point" cases, it is felt that the very large number of 

data points measured represents a good statistical sampling, and the con

clusions summarized in Table I are represen~ative of the chamber behavior. 

B. EVALUATION OF TEST SAMPLE CONTAINER AND TEST SAMPLE IN THE CONTAINER 

1. ,Test Sample Container 

Tests were conducted with a single test sample container in the 

quiet zone. For the container havir~ no microwave absorbing liner, fairly 

large amplitude ripples resulted (greater than,± 5.0 db). With the container 

almost completely lined with a microwave absorber (the "radiation window" ex-
' cepted), these variations are reduced to approximately,± 3.5 db. Removing 

the plexiglass back that was on the container (the container is irradiated 

from the back) and replacing it with a thin plexiglass back (1/16" thick) 

further reduced these variations to approximately± 2.5 db. By absorber 

•

ning certain braces that are within the radiation window (and cannot be 

moved), the perturbations are reduced still further, to approximately 

± 2,0 db, however, portions of the radiation window are blocked. In any 

event, the test sample in the container perturbs the field ,in some different 

manner and the question arises as to what constitutes a valid set of measure

ments: the sample and container immersed into an unperturbed field, or the 

sample placed in an unperturbed field within the container (if this were 

possible). In either case (the test sample and container, or the sample 

alone), complex multiple reflections result. 

Con5ideration should be given to the possibility of constructing 

a suitably lossy microwave container with a radiation window of the desired 

dimensions. 

2. Evaluation Procedure 

The evaluation of the test sample container in the microwave cham

ber was performed by mounting the container in the center of the four foot 

cubic quiet zone (at a transmission length of 25.0 feet) on the horizontal 

Aaversing mechanism. A monitor dipole was placed at 

• 23.0' on the horizontal and vertical center point. 

corded as a function of the" horizontal traverse of ·the 

a transmission length 

Received power was re

container in the quiet 
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and the measurement repeated. This procedure was repeated for several dif

ferent elevations of the monitor dipole and several different frequencies. 

The test sample container was moved behind the dipole monitor, rather than 

the monitoi being moved in front of the container, because, in the latter 

case, the traversing mechanism would "shadow" the container. Typical re

sults of the container evaluation are shown in figure 24. 

To mount the container at the proper elevation level, the travers

ing mechanism was fitted with an absorber pedestal, upon which the container 

was placed. The pedestal by itself (and the traversing mechanism) was evalu-, 
ated as described above with negligible perturbations of the R. F. field re-

sulting. 

3. Test Sample 

The evaluation of a single test sample in the test sample container 

•

was performed in a manner identical to the procedure described above. Results 

of these tests show that the sample in the container does·not greatly increase 

the magnitude of the field perturbations over those observed for the container 

• 

alone - + 2.88 db versus+ 2.63 for the two cases respectively - however, the 

phase of the reflections is changed such that where a maximum was obeerved 

without the test sample, a minimum might now exist. Table II, below, is a 

summary of the evaluation of the test sample and the test sample container. 

A. 

B. 

C. 

TABLE II 

Summary of Sample Container and Sample-in-Container Measurements 
Test Condition 

Sample Container Alone 

Absorber Lined Container (3/8' plexiglass back) 
II II " (no back) 
II " " (l/1611 

Sample in Sample Container 

Absorber Lined Container ( 1/ 1611 

Sample Alone** 

* Worst Case= greatest maximum to 
the quiet zone, for 
figure 24). 

plexiglass back) 

plexiglass back) 

greatest minimum 
all positions of 

Field Variation 
(Worst Case*) 

+ 3.63 db 

+ 4.88 db 

+ 2.63 db 

+ 2.88 db 

+ .88 db 

power variation in 
dipole monitor (see 

** Perturbations due to Sample movement alone, container and dipole 
monitor ~~ 
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• 

• 

, 

C. POWER DENSITY 

The final evaluation phase of the microwave test facility was 

the measurement of the power density in the quiet zone, utilizing the com

plete microwave chain. 

The power density was measured with the standard gain horn monitor 

as outlined in Section 11 F, for various frequencies, and for values of trans

mitted power between 200 and 300 watts with the appropriate horn sections. 

These measured values were compare~ with the power density calculated from 

the measured transmitted power and the gain of the horn sections. The re

sults are summarized in Table lII. 

Freq. 

(GHz) 

2.6 

2.7 

2.7 

2.8 

2.9 

2.9 

3.0 

3.1 

3.2 

3.3 

3.4 

3.6 

3.6 

3.7 

3.8 

3.9 

3.95 

4.0 

TABLE III 

Measured versus Calculated Power Densities 

Tu. Horn 

Section 

D6 

D6 

D5 

DS 

D5 

D4 

D4 

D4 

D3 

D3 

D2 

D2 

Dl 

Dl 

Dl 

Dl 

Dl 

Dl 

Tx. Horn 

Gain 

99.6 

105.0 

91. 2 

95.6 

102.0 

89.0 

93.5 

100.0 

93.5 

100.0 

91.2 

102.0 

89.0 

95.6 

100.0 

105.0 

110.0 

112.0 

Measured 
Tx. Power 

(Watts) 

228 

226 

220 

216 

210 

236 

234 

232 

226 

232 

232 

236 

245 

260 

278 

250 

250 

250 

Cale. Power 
Density -mw/cm2 

(P TGT/4rrR"') 

3.40 

3.55 

3.0 

3.09 

3.20 

3.14 

3.27 

3.47 

3. 16 

3.47 

3.17 

3.61 

3.27 

3. 71 

4.16 

3,93 

4.12 

4.19 

Measured 
Power Density 

mw/ cllf 

3.70 

3.90 

3.0 

3.2 

2.9 

2.85 

.- ! 3. l 

3.35 

3.0 

3.45 

3.0 

3.6 

3.6 

3.6 

4.15 

4.0 

4.35 

4.25 

A = 
Cale.
Meas. 

-0.30 

-0.35 

0.00 

-0.11 

+0.30 

+0.29 

+0.17 

+o. 12 

+o.16 

+0.02 

+0. 17 

+0.01 

-0.33 

+o. 11 

+0.01 

-0. 07 

-0.23 

-0.06 
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The microwave equipment at the Walter Reed facility is capable 

of producing a power density of approximately 4.0 mw/cnf' in a quiet zone 

adequate ~or two test samples side-by-side (3'W x 2'H x l'D) over the 

$-band frequency range, with a transmitted power of 250 watts - the 

recommended upper limit for continuous operation of the high pwered 

traveling wave amplifier, 

For reduced quiet zone volumes, a power density of 10 mw/cnf

is possible. 

When evaluated with an absorber backed dipole, total power , 

variations of+ 1.75 db were observed in the 3'W x 2'H x l'D quiet zone 

over the S-Band frequency range, primarily due to reflections from the 

chamber walls (± 1.0 db). Using a standard gain horn as the field 

probe reduces the observed "ripples" to less than::!: 0.25 db. 

• For a single test sample in an absorber lined test sample 

container, field variations of::!: 2.63 db were measured. The movement 

of the sample alone produced variation of::!: 0.88 db in the power 

measured with the dipole antenna . 

• 
rJ¢~---- ..... . 
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Oz 11.75 

01 10.75 
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<- INDICATES FREQUENCY RANGES FOR 

3'W l z'H.i 1' 0 QUIET ZONE 

- . ----1--+--+-

' 

~ 20 ... .. 
Q -

• 18 l--"'-'N::---+--P-..:-+---lf--"""'l<::---+-+'""-i.-t--t--+"""""+-+--1 
::s 
<; ..... 
cc 

:g 16+--P-...:-t--lf----f""-;.:-+-.., 

8 +---1----1---1----+--+--4---1--+---!---l---+--+--=~-----i 
010 

- .-i2.-6-+--2+-.8---;--3-t.0--+----3t-.2--t--3-t-A--+----31-.6--t---3-t-_9--t----t4,Q 

FREQUENCY- GHz 

Fig.8 H PLANE 



:mil\t I 
.,.....: . I I 11 
J L~-1 , 1~-,~~---r :_ r1 .11, 1 I t ; 
-I-j I ; i_ Ii 1_ 'I! i' ! ! ; : ! I I I : I : 
··1·.·1-1 -· ·-' i T T'i,-1·'1 

' i ! I I,' I I ; 

I I I 
' 

, I , . , 
i I , , 
iTi, -· 

f : j - _:.... ,. .. 
: I t I 

L. 1,. 
.. ., i ; 

I I : ,, __ 
'. ,-

1 ; ; ., 
I 

i I 1 ! . ' ., -

' i 

I i 1 I 

I ' : ! 

J, , _, 

. 
' .. ~ ·- , 

' : ' ' .. : ·r·-, -- ~ ,,, 
' , 

' 

' 

.... 

I //. I 
; ,,: 1 

'I 
I 
I 
•' 

! 

I < 

j ! 
.•.• ..;,.. I. I 

I ; ' ' ; ! i : 

: J tl _t 
I ' 

I l ! l 

I I 

' . 
IJJ.: 
11 l ! ,1 
, I I 

l i I l ! 

1 -;-!-r I 

! l ; 

i ! 

i I 11 I :·h, 
iii.!! 

! t : , 

j j ! I 

1.'il\.4"""r-V"'tV 

QM-66-072... . 
Page 25 

'I ,j_ L ·r-
' ' 

, ' ' , ; I i I I i I i I I I 1~- ~· j I i I ! 11 
; ·i"TTh- +-1-r1 r -11- -f\· ,~ ·Hii1· .,_ . I I I I I I I I I I I, .. 

: , 1: i 'I : I I 1 ~ 1, I i I \I~ i I '. r-i ; ~ i''":f: 77fr 'y-r I :++·-1-+-IH-' ' . ' " I I I • I I 

, i I I i I i I j i 11 j i I , I I ! 1.1 

-~ , r nn+1t 1i r•:r [] \\ 1 ~ 

A:>;GLE . · I I 



• 
1.0 

~ 

.... t 
~ , __ 
ll! .a 
~ .7 
.... 6 
:a: 
2 .5 
t; A .., 
~ .5 
8 .2 

.I 

0 

• 
+a 

-e 
.Q 
~ 

7 

' 
5 

4 

5 

----z 

I 

0 

• s 

4 

5 

6 
~ 

--sttl\\t 1-· . MlU•'4-•\J4.0 

QM-66-072. 
Page 26 

Fig.IQ HIGH POWER TWT MONITOR - METER READING Vs. 
. TRANSMITTED POWER 

FREQUENCY CORRECTION CURVE _,.,,,. 
~ 

.; -=-
~ 

- --
-;i_~ 

- - - ~ ..;;a 

""""" 
;;,e'-

i:x, 01ple- .-:,,,;,,. ~-
-

. . ' . . ' . . .. 
2·.1 2.7 z.e 2.t 3.0 S.I S.2 SJ S.4 S.5 S.6 S.7 5.8 S.9 4. o 

FREQUENCY (GHz} 1 

TO MEASURE TRANSMITTED POWER: 
ADD CORRECTION TERM TO TWT MONITOR POWER METER READING. 

Example: AT 2.7 GHz, THE .CORRECTION TERM : .38 
POWER METER READING : 2 .00 

CORRECTED METER READING 2.38 dbm =:o 140 Watts P7 

TO SET TRANSMITTED POWER: 

----

-- ... 

~ 

I, t I 

SUBTRACT CORRECTION TERM FROM CORRECTED METER READING WHICH CORRESPONDS 
TO DESIRED POWER. AD.iUST POWER TO OBTAIN THIS VALUE ON TWT MONITOR POWER 
METER. 

CORRECTED METER READING Vs TRANSMITTED POWER 
~ ;c: 

;,,e-
-

::;a 
~ 

= 
~ 

--- --· --- -->-- >-- -- -- --- - -~ 
~ I 

- .. i ~ ~- i 

L2 =-- !"'" - "' 
Example 

~ - i - ; -
.. I . 

I 

! 
- ' I 

i 
'' ' ' " ' I ii, I "' ' 

. . . ' .. .. . , ... ... 



• 

-= 3.Q I 10•2 ., 

• T 
fJ 2.91 10•2 ... ... 
:i 
<II z 
er 
a:: .... 
~ 2,0 110·2 

o.~ 

.... 
!:i' 
3 
a:: 
~ 1.5 l 10"2 
.,. ,__ 
in 
z .., 
Q 

a:: .., 
3 1.0 110·2 
0 
<l. 

2 

-
/ 

MRT-4-046 
QM-66-072 

Page 27 

Fig. I I POWER DENSITY PER WATT TRANSMITTED FOR 
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Hgure l7 
CtlAHSER EVAWATlON 

FREQUENCY, __ 2;...·_• _0".c.'---
TRANSMITTING HORN SECTION: 0• 

RECEIVING ANTENNA: ••••••., 
backvd dlpot~ 

DATE: --..:c•·:.a2.;;2·:.;cM;;._ ____ _ 

NOTES: 

-t-0,S to •l.5 • ,!l.Odb 

• +o.S to -2.0 • j;Ll'Sdb 

• +O.S to -2.S • !1.Sdb 

• +O, 5i to - l.O • !L 75db 

• +o,5 to -l,5.• !2,0db 

• +o. 5 to -1...0 • !_2.2Sdb 

._ __ .1,• +o,5 to -5.0 • ,!::.iSdh 
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CHAMBER EVAWATrON 

FREQUENCY: _ _::1 ·::::•..::c::::••:.... ___ _ 

TRANSMITTING HORN SECTION'••--=.05'-

RECEIVING ANTENUA: '"'0
'"" 

backed dip!Jle 

DATE: __ ...::.8:.:12:;:;':.:' •:;:;6 ______ _ 

NOTES: 

; 

• 0.0 - 2.0 db•!: l.O db 

• (), 0 - 2, S db • + l. 2' db 

: ::: : ~:::::I ::!/:b 
• 0.0 ~ 4.0 db•;!: 2.0 db 
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Flguu 19. 
CHA.HBER EVAWATION 
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., ).2' ,;. ! l.SA 

\t O 2• - ),7' • !. l.Udb · • o:u .. ,.2, • !, 2.04) 

• o.n .. 4.7' • :!: 2.2w1:, 
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Ftgun 20 
CRAHllER EVALUATION 

FREQUENCY: ---"-1"'.1"-;-"c:.::•"'---
TRANSMITTING HORN SECTION:,_;oc,;.1 _ 

RECEIVING ANTENNA!_..:;,:::••:,•:,,;'"'=' __ 
bselted dtpoh~ 

DATE: ----""''"''"u"'••:-..:B::..l::.n::..1"'••'---

NOTES: 
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• 0 S. Z,S • ! \,0 db 

• o: S - l, () • ,! L 2S db 

• O.S • 3.$ • ! 1,S db 
• O.S • 4.0 • +· l,75 db 

• O.S. 4.S • ! l.('I db 

• 0,5"' S.O • .,! ?.2S db 
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Th~ anechoic chamber specifications originally called for a 

four foot cubic quiet zone; however, it was determined that a quiet zone 

3 1 wide x 2' high x l' deep would be suitable for two test samples in con

tainers side-by-side. Wit~ a minimum transmitted power of 200 watts, a 

power density of 2 mw/cm8 .:! 1.0 db wa& required in the quiet zone. To 

allow for a margin of safety, a uniform illumination (within.:! 1.0 db) in 

a 4 1W x 3'H x 2'D quiet zone was the design goal for the transmitting hor.p 

antenna. 

A conical transmitting horn antenna design was chosen because it 

has an H plane to E plane beamwidth ratio close to that required (4 to 3), 

without the narrower beam in the intercardinal planes associated with the 

•

yramidal horn antenna. 

Because gain and beamwidth vary with the wavelength, the horn 

design incorporates "add-on" sections for the various incremental band-

widths. This is discussed further under bearnwidth considerations. The 

first section includes a built-in rectangular to circular transition ob

viating the need for a separate waveguide transition. Figure Sin the main 

section of this report is an illustration of the transmitting horn. 

BEAMWIDTH CONSIDERATIONS 

The geometry for the horn illumination of the quiet zone is shown 

in the following sketch. 

r,eAt.. 
~IZl'IT✓ON 
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The chamber specifications called for a maximum of .5 db(± .25 db) 

change in amplitude due to reflections from the walls. This value, added to 

the .75 db(+ .~7 db) change in amplitude due to the change in transmission 
1 , -

length ('ir'loss), dictated that the change in amplitude due to the beamwidth 

of the transmitting horn could not exceed .75 db in order to meet the design 

goal of± 1.0 db change in power density in 

above sketch, then, the .15 db beanwidth is 

the quiet zone volume. From the 
1 

2 8 2 = 2. tan- l_ = 9.2°. From 
25 

the figure in reference 3, the ratio of the .75 db beamwidth to the 3 db 

beam;,idth is . 5,. Thus, 

6H(.75db) 

0H( 3 db) 
= .5 

' 
0 (3 db'= H , 

The S-Band frequency range from 2 to 4 GHz was divided into eight 

'increments, each representing approximately 10% of the band, in order to keep 

•

the beamwidth (and gain) nearly constant. To compensate for this ten percent 

bandwidth, the design beamwidth was increased by ten percent, resulting in a 

desired H plane 3 db beamwidth of 20°. 

The horn aperture diameter in wavelengths(D/A) was determined from 

th ' t i f th H l beamw1'dth (4 ) e approxima e express on rom e pane 

~ 70 
0H(3 db)= D/'A. 

0 
For 0H(3 db)= 20, D/'A. = 3.5. Starting at 2.0 GHz, the approxi-

mate 10% incremental frequencies, wavelengths, and the diameter of the horn 

section computed from D/'A. = 3.5 are shown in Table Al. Also shown in this 

table are the lengths of the various sections computed from the geometry in 

the following sketch. 

_____..-\ 7' = phase error 
\ t in wave lengths 

\ 9,.:; L "" 
'. /' 
I 
,~ spherical 

/ phase front 

D11 
For D,:,; 4A (chosen) 

~ L "'5'6, 7S''-' _L._" _ __.~.i, 
L = 

(3) 

(4) 
The Microwave Engineers Handbook and Buyers Guide 1966, Page 174 

Antennas J. D. Kraus ~~¥1 ::~:•~_:age 381 

4 
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Thus L = 8).. determined the lengths of the various sections 

as tabulated. 

TABLE AI 

Horn Dimensio':!s 

Freq. 1.(in.) Diameter (in.) Section 
L (in.) D = 3.5).. Designation n 

2.00 5.8 20.00 D8 · 21.5 

2.20 5.35 18.75 D7 17.5 

2.45 4,80 16.75 D6 14.0 

2.70 4.35 15.25 DS 10.S 

2.95 4.00 14.0 D4 7.50 

3.20 3.70 13.0 D3 5.25 

3.55 3.35 11. 75 D2 2. 25 

• 
3.90 3.05 10. 75 Dl 0 

The recommended frequency range for S-Band WR 284 waveguide is 

, 

2.6 to 3.95 GHz, therefore horn sections larger than D6 may not be required. 

However, should higher power densities be needed (over smaller areas) horn 

sections D7 and D8, and two additional sections, D9 and DlO were constructed. 
I• 

The diameters for D9 and DlO are 22.5 "and 24.5", and the lengths are 26. 75 
ii 

and 31. 75 respec,tively, based on the same criteria as the other sections. 

GAIN REQUIREMENTS 

The above analysis assumes an aperture with sufficient 

gain to provide a power density of 2 =/cm2 for a minimum of 200 watts 

of transmitted. power. Reference 5 gives the gain of a conical horn as 

4TTA 
G (db)= 10 log (7) - L,where Lis the loss term (in the reference figure) 

versus the phase deviation at the aperture edge. For the selected phase 

deviation of X/4, L = 1.5 db; and for D/).. = 3.5 

:rrD :a 
• G = (T) - 1.5 db= 20.85 - 1.5 = 19.4 db 

(5)Antenna Engineers Handbook H. Jasik, Ed. McGraw Hill (1961) Chap 10-4 



• 

The power 

Pd= 

density is 
pr PTGT 

Ar = 4TTR2 where PT = 200 watts (min) 

GT = 19.4 db= 87 

R = 24 ft 

Pd= 2.6 nrw/cm2 , which is adequate. 

MEASURED VERSUS CALCULATED VALUES 

911 21 EI m 
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The calculated gain(;ibove) was 19.4 db at the design frequencies, 

which included a 1.5 db loss due to efficiency and phase error. The meas
' 

ured gains at the design frequencies are tabulated below along with the dif

ference between the measured and calculated gain (AG). 

TABLE A2 

Measured versus Calculated Gain 

Horn Design Measured Calculated 
AG Section Trequency Gain Gain 

Dl 

D2 

D3 

Jj4" 

DS 

D6 

slightly 

slightly 

• 3.9 20.3 19.4 +0.9 

3.55 20.0 19.4 +o.6 

3. 20 19.7 19.4 +0.3 

2.95 19.7 19.4 +o.3 

2.7 19.6 19.4 +0.2 

2.45 19.4(est) 19.4 +o.o 

From this table, it can be seen that the measured gain is very 

higher than calculated. This is due in part to the beamwidth being 

narrower than the 

at the aperture edge being 

design value; and in part to the phase deviation 

less than A/4, and consequently, the loss due to 

phase error and efficiency being slightly less than the 1.5 db allotted. 

Table A3 below compares the measured and calculated 3 db beam-

widths, which again are in good agreement. These values 

• 
expression for the~ plane 3 db beamwidth is more nearly 

for the E plane SE= 55/DA. 

indicate that 
~ 68 

SH (3 div = Df';. 

the 

and 



TABLE A3 

Measured versus Calculated E & H Plane Beamwidths 

70 
Horn Frequency H Plane 3dbB.W eH (3db J=nn. E Plane 3dbB.W 

Section (GHz) (Degrees) (Degrees) 

Measured Calculated Measured 

Dl 3.9 18,9 20° 15.8 

D2 3.55 19.3 20° 15.7 

DJ 3.2 '19. 7 20° 15.7 

D4 2.95 19.6 20° 15.5 

D5 2.7 19.5 20° 15.5 

D6 2.45 19.5 20° 15.S 

• 

• 

Sf il'RE I 
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Calculated 
60 

8E (3db )=D/A 

170 

170 

17° 
170 

170 

1'70 
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A dipole was chosen as the field probe antenna for the chamber 

evaluation in order to observe virtually all of the reflections from the 

walls (and the ceiling and floor}, which contribute to the perturbation of 

the field in the chamber. The sleeve (or skirt) dipole design was selected 

because of its natural configuration for an upright power monitor of aver

tically polarized field, and becaus<. c-f its ease in construction utilizing 

the APL 5-spline semirigid coaxial cable which was available; the dipole 

probe tip simply screws into the cables hollow center conductor. The di

pole is illustrated in figure Bl • This figure gives the pertinent design' 

dimensions which were arrived at empirically using the basic tenets set 

forth by Silver(6). 

Figure 13, in the main section of this repor½ illustrated the 

version of the sleeve dipole used as a power monitor in the fixed monitor 

-hamber. 
Figure B2 illustrates the "gooseneck" version used to evaluate 

the chamber. 

The VSWR of both versions is shown in figure B3. These values 

include the mismatch from the Type N to 5-spline cable transition. A sur

prising feature of these dipoles is that the VSWR was less than 2:1 fro~ 

2.6 GHz to 11.4 GHz (the lin:its of the then available equipment) . 

• 
(6)Microwave Antenna Theory and Design S. Silver, Ed. 

MIT Rad Lab Series, Voi 12 McGraw Hill (1949) Chap 8.2 
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or Soviet studies have reported that low-level 
mir.rowave irradiation, at or below 10 m'J/cra'-, alters the heA.rt 
r'lt,e of h'l'!!<:>.ns an:! c1nict9J.s.· In on1>. of the h"st controlled and m<'.lst 
fully reporter! of these studies, Presman and Levitlna:L irradiated 
various parts of the body of rabbi ts with continuous ml.crow::l.ves 
at 1ntens1tJ.es·or 7 to 12 m':1/cm:i.. The largest effect observed 
was an 1ncreRse in heart rate durinc; and after irn:irli,:,_t;\.on 
of the dorsal aspect of the head. ihe next largest effect was a 
decrease 1n rate during and after irradintlon of the wh0lc ventr,,l 
surface of the body, Smaller ch<Stn7,es in rate !lccomnD.nied irra,lia
tion of the back, o( the tot?.l dorsal surface, of the ventral aspect 
of the head, and of the apdomen, 

The purpose of the present study was to replicate the procedure 
used by Presman and Levitina for dorsal irradiation of the head, 
1n order to co:..lFlct enough additional d~ta either to confirm the".r 
results or to establish that the differences in heart rate are a 
manifestation of variability rather than a consequence of irradlation. 

Sub,)ects l'he subjects were 12 albino male rabblts weighing 2,0 to 
3.c;3:, 

~tu§_ ,Horowave power' was obtained from a CW, air-cooled Bagnetron 
with an output of 1,3 k'd, an anode '701tage of 2 kV, and an operatin5 
frequency of 2,409 Gt!z {A= 12,5 cm). This tube, manufactured by 
Deutsche i'ilkrowellen Gesellschaft, exhibited exceptior.al stability 
durin3 the exposures. Power fron the tube was conducted thrcus;h 
a waveguide to the irrad iati n.; horn (Fig. 1). Host of the magnet1·on 
output was dissipated in a high-power load, and only about J.Ot was 
used to irradiate the animal, 

The microwave horn was placed in an anechoic char.iber with 1ts 
ma1n lobe directed downward, so th."l.t; the animal ~;as irrajiat,ed from 

:i. A,S. Presman and N,A. Levitin.a, Byull, Eksp, Biol. Med. 5J, No. 1, 
41-44 (1962); Engl, Transl., Bull, E·ptl, Biol, l>ied, 53, J6-:.n 

- l 
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Fig. 1. Schematic diagram of the apparatus. 
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-above. The horn• s aperture was 7 11...in, by 5 1 in,, 1 ts ax1o.;t 
J2 . 8 

length was 15 in., a:1d 1ts esti1:atc>d po1·1cr gain was 19,51;. The 
unlma.J.•s head was 29 in. from the horn. This distance was 
well withi11 the far-field region, which bD;an nt about 12.9 1n, 
from the horn. Fro;n the estimated gain of the horn, it was 
calculated that a total of J5 W lcqving the horn produced the 
measured power density of 10 mW/c~1-- 1n the vicinity of the 
animal•i:. head. 

The power density was measured with a Ramcor 1250 A densiometer 
·W1 th et cali bra tod low-gain rectano;ular horn antenna. A Hewlett 
Packard Hodel 431-B power-meter was connected to the waveguide to 
monl.tor the power during irradl.ation. 'l'he po,•rc,r-meter reading 
correspondins to 10 rr.'..i/cm::. at the ani:r.a:•s head was determined 
and used for setting the magnetron anode current. This calibret~on 
procedure ~ras conducted wlth the cage and anl.nal not present l.n 
the anechoic chambe:::-, It was observed that the re~1on of uniform 
power density was sufficiently large that considerable variation 
1n the place:!!!ent of the cage would still give the same power 
density, 

.• anechoic chamber had interior dimensions of 4oJn. b:;' 40 in. 
by in,, ll.nd was lined with type CV-4 microwave absorber panels 
manufactured by Emerson-Cuming, This material is rated to have 
reflections less than 20 db below the incident power level at 
2,0 GHz; at 2,4 GHz the reflection is even lower, A plate of this 
materl.al l,as used to shield the animal's back during lrradia ti on of 
1ts head, 

.!3:Pcedlli:.£ The rab::iit was restrained .1.n a wooden box, whi9h was 
placed below the horn antenna in the anechoic chamber. Needle 
electrodes were inserted for E"G recor:lin<>;. After the animal hod 
been 1n position for 15 min., its SKG ~ras recorded once each ~inute 
for 10 min. before the onset of irradiation. Then the rabbit's 
head was lrradiated from a.bove with continuous 12.5 cm microwaves at 
a power density of 10 mw/c:,1"' for 20 min, During irradiation the 
EKG was rec;,rded every 2 ml.n. After the power ~ras turned off, the 
EKG was recorded every minute for 10 min. Esch EKG trace was re
corded for a 20 sec duratl.on. Exactly the same procedure was 
followed dur1ng the control sessions, except that the animal 
was not 1rrad1a ted. Each animal was lrradia ted t.·..r1ce and served 
as a control twl.ce: once before and once after irradiation. 

J 
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ChRno:cs l.n h~;;rt; r

8
.t.c, .,,,,.,. r.<il<'.11lntr.,1 l. n t:l,c m"<nn0r described 

by Prcsinan e.nrl. Levi ti rm ;1:-: rollo·,1::;: (a) ?or e11ch tr::.ce recorued 
dui·in,o;, and nftcr irradir.tf:i'><l, thr: rlcvi11tlon froi:1 the r:ican he'lrt 
r:Jte befoi·c lrr,:d.lation ""'" crclculntt,rl. (b)'i'he correspondlng 
deviations were calculated for the rl.ata from the control sessions. 
(c}'.I'he rclativc ch,..ncrc 1n rr,t,~ for C!iCh rccortli11~ period. wn;s obt"•'.ncd 
by subtractin;:, •;he ;;icctn rlevint'.l.on for thr: control co,~dition fro::: • 
thcr-correspondin::; deviation for thl! 1rradintion con,litlon. 

_, 
Fach of the three grRphs in ~l~. 2 represent the mean differences 

in heart rate between eicht lrrndiatton sessions and cicht control 
ses~lons. The results f~r the flrst four rabbits that ~ere exnosed 
show a relative 1ncre3se in henrt r£1te both rlurlnes ann after irradi
atl.on. The avc,:ar.re data for thr: next fo·,r rabbi ts show a decrcas~ 
during the fir~;t io min of i::-r:i:Hntion 8.nd no consistent chansc , 
thereafter, The last four ctnimnln exhibited a decrease durln~ the 
first 8 min followed by an increase over the la3t 18 min of t~e 
session. All 12 animals recf:ivcrl the same dorsal irracUatlon of the 
head, and the division 1nto threr, groups is entirely arbitrary • 

• 

average res,.llts for all 12 anir:!Ells are summarized in F'ie;. J. 
Th ts renresent the dAt~.1 of th~ present exp9:ri:nent, based on 

I ' ' '1 2; adl11tion £'.nd 24 control s,1ss1ons. " sma.~ decrease in 
heart rate durinz the fir:,t 8 r:iin was follo\-:ed b;; a lar;er increase 
over the :rer.;ain~;,

3 
22 r:iin. The crosses in Fig, J indicate the results 

of Presman and. Levitir.a, 1.,,,sej on 16 irre.dli:>.tion an::l 16 control 
trials with 8 rabbits. The rel~tivc chan~e in heart rate was 
generally positive, acc'1 this 1ncr,~ASC •.1as both larr,:er and more 
~ar1able than the results 1n our experiraent. 

'l'able l lists the nean number of beats per 20 sec durinp; 
successive 10 ~in oerio1s of the control 11nd the irra~lation 
sess1ons. The anl.r.ir,il;; were irrnrJLatcd during the middle 20 min 
of.the irradiation condition. fhch entry in the table 1s based 
on the results of 24 sessl.ons. HeRrt rete was htghest du:-i:13 
the first :a nln of both com!1Glons a.nd genera.llly decreased 
over time. The an:,;.lysis of vurlr.,r.ce sucn:narized in Table 2 
shows th3.t the v-3.riH~ion over ttme was statistically significant, 
as were in:Uvldual dlfferences F1!1d the intcractl.on bet•,:een radi
ation and ti!'::e, Th~ difference b<:tween irradiation and control 
conditions, however, was Rener~llY less than 2 ~eats per 20 sec, 
and this difference w3s not st;,itint1cally sii;nU icant • 

• 



--------Irradlation------------'~>:.,;.(--.After irradiation---:,> 

Fig. 2, Relative change in heart rate of rabbits irradiated 
on the dorsal aspect of the head with co:itinuous microwaves 
of 12.5 cm wavelength at 10 mw/cm 2 • Each point represents 
the mean di.~ference between 8 exposures and 8 control sessions. 
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---------Irradiation ----------':><E---After irrad:i.ation- ·•·> 

Fig. 3. Relative change in heart rate of' rabbits irradiated 
on the dorsal asoect of the head i-:i t!l continuous microwaves 
of 12.5 c~ wavel~ngth at 10 mw/c~ 2

• Each dot represents the 
tiean difference between 24 exposures and 24 control sessions 
of the present experizent. The crosses represent the results 
of Presman and Levitina based on 16 exposures a11d 16 controls . 
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• Table 1 

Mnan Nuwber of BcRt~ ner 20 Sec 

1st 10 rnln 2nrl 10 ml n 

63.79 
63.31 

Control 
Irradiation 

_, 

63.94 
63.56 

Sn'J. ~r.e of Varh1~1cri. 

Radiation 
Tie!C 
Subjects 
R x T -s s 

1' X s 
Error 

Table 2 

61.7) 
63.34 

Analysis of VariRnce 

....filL .iJ_ .J:lli__ 

7,80 1 7,80 
69.07 ., 2),02 _, 

10,507.23 11 955.20 
36.89 J 12.23 

113,96 11 10,36 
95.12 33 2;88 
86.98 JJ 2,64 

J,661.43 o' J8.14 ,0 

* Significant a.t the .01 level 

lfth 10 m'ln 

61.9.5 
62.83 

.L 
<l 

7. 99 1* 
25.oiv:c 
4,66* 
< 1 
(1 
<l 

, . 

Presman and Levltlna devised the ratio K, which they called the 
co-efficient of the eh:ronotropic effect, to describe the effect of 
1.rra.diation on heart rate, 

K "' 
100 + rn1 

100 + rod 

where m1 and l\l. are the respective ch9nges in the percentaa;e of 

cases with rates increased o:r decreased from the control values. 
An increase in rate is i nd.icated by K > 1, and e. decrease by K < 1. 
'!'heir results for dorsal irradiation of the hee,rl were K = 1.J du. 1rrB.d1ation, l'lnd K = 1,42 after irradiation. The present 
re s were K· = .84 dnrlng irradiation and K = 1.19 after 
lrra iation. 



• 
D1scuss1on 

The:i.·e were six cond1t1ons in the ex"l)criment of Presman a.nd 
Lcvit1na, in e;1ch of which a different part of the body ,~as 
irradiated. One condition (dorsal aspect of the head) produced 
n rehitive increase in her3.rt rate clnrln;,. and nfter ir:radia~ion. 
Another condition (whole ventrB.l surface) showed a decrease durin,:,; 
nnd after irradiation. The oth:'!r four conditions were accor.rnanled 
by·sn:taller and less C0!1Sistcnt changes in rate. The results· of 
tl1e present experiment su!gest that such effects are due to chance 
~arlatlon from one set of trials to another, 

The variation fro:::i one sample to another under the same conditl.ons 
of radiation ir ilhi.strated in Fig, 2. One set of data s~ows an 
increase in relative heart rate; another shows a decrease follow~d 
by no consistent change; the third, a decrease followed by an 
increase, When these three sets of data were cJera;ed, as in Fig, J, 
the variability from minute to mlnute became less, and the relative 
ch~rn;e 1n heart rate bees.me smaller, The largest chan~e in the 
av.ed data is about 2 beats per 20 sec, which is only 3 % of the 
a· e heart rate of 63 beats per 20 sec, 

It is our tentative coriclusion that the ch,rn~es in heart rate 
th.at Pres man and Levi ti n3 at tri bu ted to irraclla tion of di ffc:c'ent 
pB,rts of the body were simply due to the variation from one small 
sample of trials to another. We are still collecting data on the 
effect of dor3al irradiatio:1 of the head at 10 ~~/cmi, If the 
effect continues to approach zero as our sample size increases, 
this conclusion will be confirmed. 

Futt,re Research 

We plan to ru:1 four more rabbits under the conditions of the 
present exp;::rln::e:-it, If we stlll observe no effect of radie.tion 
at 10 mW/cm', we shall procee~ to higher power densities, in 
order to determine the minimum levels at which effects are 
observable. 

We are presently develop1n;:;; procedures for recording body 
temperatur0 and respiration re.te, simultaneously with heart 
ra,te, while the anim::,l is irradiated. Temperature will be 
recorded with a needle thermistor probe inserted subcutaneously 
just outside the area that 1s irr:<1diated, Respircition rate ~rill 
be ~rded by means of a sensor that detects ch,i,nges in chest 
ci'W ercnce, We anticipate that these recording procedures 

8 
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• 
shoula be standardized by 1 September 1969 1 whereupon we shall 
he:?:i n 8 ~~ri ~~ cf e)';.po f':ll.-r-~s to dt:> t~rT.i r!C 1 r:::--:'.:=l.;;. ti :>n t:t:-:c sh.olds 
for all three indicators. 

The first po~er density in the series will be 100 mW/cm?, a 
level which should produce evidence of thermAl stress, such as 
hyperventilation or hypertherrr:ia. On subsequent exposures we 
shall decrease the power level until no effect is produced, 1,e.,
until heart rate, respiration rate and te;nperature are the same 
during irradiation :;i.s during the control sessions. If respiration 
or temperature is affected at lower power levels than heart 
rate, that would constitute further evidence against th0 thesis 
tllat 10~1-power microwave fields produce non-thermal effects on 
cardiac &ct1vity via direct action on the central nervotts 
systeru • 

• 

• 
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• APPEHDIX I 

Su!nmar:, of fh1·1 na tc,. 

NH!~b~r ~f ??.-:-. t~~~;..-- 2:) ~-.-.. .......... ., 

·RABBIT :i.: RABBI'l.' 2 ___llABBI'r 3 RAl}BJi' I• 
. ' 

:1\fEt•:·T l 2 l 2 1 2 l 2 r·~.;-u --·- f. R Q 1l .. l:li}• C R £ .Ii C f.. C !i f. R £ ll 

l ' 60 63 62 62 61} 63 54 54 62 59 61 60 59 57 59 50 
~ 57 614 53 52 65· 61 58 59 61 63 60 59 57 59 56 52 
?, 59 58 51 53 63 56 58 56 62 61 61 60 57 61 59 48 

56 58 51 56 63 59 62 54 59 61 62 62 62 58 56 55 
5 60 57 56 59 63 58 60 57 59 64 62 60 60 58 57 49 , 
6 59 54 57 54 61 59 62 55 61 63 62 62 59 60 5'? 62 
7 55 57 51 56 62 61 60 56 62 62 62 62 57 59 57 58 
8 55 57 65 53 64 62 60 60 60 62 61 60 56 59 55 59 
9 56 57 55 58 68 64 60 54 62 62 61 61 58 59 57 59 
.0 . 55 60 56 58 66 60 58 57 59 61 62 60 58 62 57 56 

.2 - 58 62 62 63 66 63 59 63 59 60 61 62 52 59 61 56 
),' 54 62 59 58 63 64 64 70 59 60 62 62 5l, 62 61 "" -- ;., ) 
.6 51 64 59 53 60 60 60 65 59 60 59 62 55 59 58 56 
.8 61 61 53 56 62 60 58 60 60 59 62 62 52 62 57 1•9 
~o 58 61 50 56 63 6J 57 61 59 60 61 63 52 61 54 61 

~2 54 62 52 64 58 67 58 56 59 60 60 62 54 61 54 54 
~4 59 58 55 66 56 61J· 57 57 59 60 60 61 57 61 54 51> 
26 53 61 58 55 55 72 57 52 58 61 58 61 52 60 56 55 
28 56 60 57 63 64 77 56 54 58 62 58 61 55 60 52 45 
JO 55 57 55 62 60 66 64 55 62 61 59 62 57 62 56 56 

Jl 63 61 60 59 63 67 64 53 61 59 61 64 55 59 55 56 
32 64 59 59 58 61 74 68 53 60 63 60 64 53 58 52 56 

5l 58 58 58 56 56 65 67 52 60 64 59 61, 55 58 50 58 
58 63 56 54 59 60 63 54 62 65 59 60 56 60 54 55 

35 57 61 58_ 58 58 64 62 53 62 62 58 61 52 59 61 61 

36 54 56 56 53 59 63 61 52 60 62 58 62 52 60 64 56 
37 57 63 53 54 61 63 62 56 60'60 58 62 54 58 58 53 
38 57 59 53 54 62 62 62 54 63 60 58 59 57 60 58 55 
39 57 60 56 56 64 65 6b 52 61 58 58 62 57 60 51 56 
40 60 58 54 53 60 61 60 54 60 60 58 59 56 5S 48 60 

.ontrol 
R=fladiation 
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• APPF.MDIX I· 

§ummnrv or R.ci.w n,,t'l. · 

· Numbs,:c or BcBts Pe:t' 20 S::!C. « 

_Rt,BBIT 5 Rtl B:lIT 6 RI\BBTT 7 RABBI'i' 8 

J.i'•:~:N'r' l _L. l 2 1 _2; 1 2 r-7:f7lT · £ n £ E Q. R Q. E £ .a Q R Q !! £ R ··--
l: 68 64 70 68 50 · 1}2 62 69 76 82 68 75 69 68 62 63 
< 66 62 69 67 48 46 61 70 76 80 69 71+ 69 63 64 61 
3 66 62 69 67 51 40 62 68 76 78 72 74 70 70 62 60 
4 62 62 68 68 47 40 63 67 74 77 69 74 65 71 63 60 
5 62 65 S7 68 1}7 44 61 67 75 77 71 76 69 68 63 62 

' 
6 63 62 61+ 68 46 4J 62 67 75 73 70 76 69 69 64 62 
? 64 62 70 66 44 43 62 67 76 76 77 74 70 66 66 60 
B 62 60 . 66 69 44 41 64 70 75 77 70 78 73 72 65 62 
9 62 61 70 69 43 42 60 68 76 77 72 74 72 71 64 58 
0 60 64 68 65 46 47 62 69 75 76 71 74 71 78 62 62 

2 • 67 60 68 66 lf4 41 61 66 75 74 71 73 70 72 (>7 63 
If 66 58 65 67 4J 43 61 69 75 71 69 74 71 71 66 61 , 

65 59 66 63 47 41 63 68 75 71 70 73 71 69 65 62 D 

D 67 59 65 70 52 40 61.66 75 71 69 72 73 70 67 62 
0 64 62 67 66 46 42 61 64 77 74 71 73 73 68 66 62 

2 62 61 65 68 44 -44 6J 69 75 76 70 73 74 70 62 6? ,_ 

11 62 62 63 65 4J 41 60 65 73 73 66 74 73 69 61 62 
6 62 61 73 65 43 39 63 64 74 74 65 75 74 69 63 64 
8 60 61 67 65 41 39 63 63 75 79 68 71 72 68 61 62 
0 64 58 63 66 40 40 60 62 75 ?8 69 73 71 70 60 59 

1 64 59 65 66 42 41 57 68 76 78 68 74 ?O 68 57 58 
2 62 58 66 66 46 44 57 64 7l~ -80 68 76 72 68 62 61 · 
3 62 58 fi4 66 40 40 57 64 75 so 71; 74 70 68 57 60 
4 62 58 64 65 l+O 40 57 62 74 78 72 74 .74 68 57 60 
5 65 57 64 66 44 40 57 60 71~ 79 68.74 75 69 56 61 

6 62 58 65 70 43 JS 58 65 74 76 71 80 70 69 58 60 
7 62 60 67 67 4J JS 58 62 75 75 70 73 72 70 58 62 
8 60 58 64 66 41 lf6 57 66 80 74 72 75 68 69 56 61 
9 61 59 60 64 42 40 63 62 76 74 67 71 72 71 64 6l, 
0 64 59 68 64 IJ.7 44 61 63 71 72 68 70 73 70 61 65 

.• ntrol 
diation 
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Summ::i.rv of Rriw Dil. t,:,. 

Number of Beu.t-s n~r ?.0 Sec~ 

R/tBBI'P .2' R!.BBIT 10. RABBIT 11 RAB3I'I' 12 

~i I:·,~ E ?·lf l 2 l 2 l 2 l 2 
..Jl\fil c B C-R Q R £ .!1 £ H £ B Q R C R ;;7 - - -

' 
76 78 '76 76 l so. 75 73 77. 60 69 .56 41, 64 59 64 61) 

2 7'1 78 7i 73 80 75 74 73 58 63 56 41, 63 59 65 68 

J 80 80 . 7 73 79 72 72 76 62 64 56 41, 64 63 59 6? 
78 80 ?4 75 80 75 72 76 62 60 61 4J 62 63 59 62 

? 77 ?7 .71 78 81 84 72 78 62 61 58. 5~ 62 62 61} 66 .. ' . . . 

6 78 72 75 76 80 68 72 77 64 64 58 46 59 64 62 68 
7 76 72 69 77 79 74 74 78 58 62 54 54 57 60 64 61.l 
8 77 70 74 77 79 72 74 76 59 67 51, 40 58 58 58 51, 
9 80 76 73 68 79 75 74 77 60 60 52 42 61 59 57 64 

.0 BJ 72 70 77 73 74 74 76 60 68 52 41 62 60 60 65 

.2 78 6? 75 75 79 72 74 77 60 59 48 44 61 58 66 67 /, eso 78 79 75 80 74 74 74 63 60 50 42 62 57 6!+ 64 

.6 75 76 76 76 80 72 70 73 61 58 52 50 61 54 62 61 

.8 74 79 73 7.5 80 72 75 73 62 62 51 IJ-8 62 61 63 66 
0 70 79 75 73. _ 79 63 74 73 61 60 50 4J 59 72 68 c' .,o 

2 . 69 77 75 75 78 70 75 74 61 63 56 1;2 57 65 60 56 ,. 71 78 75 75 78 73 71, 72 61, 62 43 42 56 59 60 61+ .,. 
6 73 77 76 74 78 74 71 75 57 64. 44 43 56 60 63 64 
8 72 78 76 73 77 73 72 74 · 50 61, 44 45 59 68 60 64 
:) 77 ?9 73 73 76 72 67 74 61 61 41 41 57 59 58 58 

l 73 82 72 74 78 72 68 74 61 64 41 42 57 58 62 66 
> 71 78 72 72 77 72 69 74 60 6J 42 42 55 57 62 61, 
3 71 77 70 70 78 70 76 74 56 63 4J 41 58 58 62 70 
~ 69 75 68 76 78 72 75 72 60 62 40 46 59 56 61 65 
) 69 76 75 7!; 79 70 71.72 60 62 48 45 62 56 62 68 
, 

66 76 69 72 80 71 70 72 59 60 46 50 6J 59 64 67 ) 

' 76 .76 71 67 76 70 72 72 60 62 46 42 58 60 62 69 
76 76 65 7l, 76 76 70 73 61 60 46 46 64- 60 64 65 

,, 79 76 69 77 76 74 68 71 61 58 J8 44 64- 64 64 69 
80 78 70 76 76 75 66 71 64 62 JS J8 64 66 60 63 

C=.ol R= tion 
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