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ABSTRACT

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, Turen-
. Off Procedure, the procedure for measuring transmitted power and power

¥ ' density, and a description of the power monitors.
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INTRODUCTION

This report describes the operational procedure for the
Project Pandora 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 delireates 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. 1
contains the Spectrum Analyzer R.F. and Diéplay sections. Rack
No. 2 contains the auxiliary low-power microwave generation and
modulation equipment. Tﬁe 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. & 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.

EQUIPMENT OPERATION

The following instructions pertain to the operation of the
eduipment assembled in equipment racks 3 and 4 with reference to
figures 1 and 2.

Note: 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

Note:

Equipment Rack Number 4

Connect the proper transmitting horn section for
the required frequency and power density as outlined

{n Section III of this procedure.

\

a.

Turn on water supply. Pressure should be between

15 and 50 psi. /

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

Voltage to 6.3 volts.

Turn on D.C. power supply (solenoid power). Set
to 33 volts,

Note: 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.

Set the Cathode Voltage switch on the high voltage
power supply to the Burn-in position and turm on the

high voltage.

Note: There is a 3 minute delay before the high

voltage comes on. Allow 15 minutes warm-up.

Equipment Rack Number 3

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

Turn the Grid Control on the Alfred 5-6868, 10 watt
TWT amplifier to -250 volts. Turn Helix Control
completely CCW.

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 Yre-zeroed"
periodically. Refer to the HP431C instruction

manual.

f. Turn Sweep Oscillator Output Attenuator and TWT
Output Attenuator completely CW (max. attenuation).

B. Set HP692C to desired frequency and connect for

desired modulation.

Note: Refer to the instruction manuals of the HP692,
" HP8403A, and the HP3300A for the possible
modulation options and their settings. 1If
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.

B. Operational Turn On Procedure

1. Equipment Rack Number &

a. Set Cathode Voltage switch to the .1/3.3KV position

and observe high voltage and current meters,

Note: Do not allow high voltage to exceed 3250

velts 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,

2. 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.

Adjust TWT Output Attenuator for the required
transmitted power as observed on the TWT Monitor

Power Meter. Lcock in position.

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 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 Ne. 2,

and Monitor Channel No. 1 to recorder channel No. 1.

Connect "Available Inputs'" to the scope or the HP415

as required.

C. Turn O0ff Procedure

1. Equipment Rack Number 3

&a.

Turn 10 W TWT Output Attenuator max. CW (max.

attenuation).
Turn Sweep Oscillator Output Attenuator max. CW.

Turn Grid Control on Alfred 5-6868 10 Watt TWT to
-250 volts. Turn Helix Control completely CCW.
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d. ~ Turn HP692C Sweep Oscillator to Standby position.

-e. Rack power may now be turned off.

Equipment Rack Number &

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.

I1I. PROCEDURE FOﬁ SELECTING HORN SECTION AND OUTPUT POWER FOR DESIRED
POWER DENSITY '

1

. 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 transmitting horn; and a conical transmitting horn with

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

reduired beamwidth over the S-Band frequency range. Under

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

for the appropriate sections (D1 through DG)' This figure is

a plot of power demsity (in mw/cmz) per watt transmitted - Pd/W -

versus frequency, for each of the horn sections. Tt can be seen

. that, for the design frequency ranges, Pd/W is 1.6x10°

2 mw/cm2 + 10%.

watt
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Thus, for 250 watts transmitted, the power density in the
quiet zone is 4.0 mw/cm2 + 10%.

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: Pd/W x Power = Power density

- Power density
Power Pa/w

c. Example: At 3.0 GHz, a power density of 2mw/cm2
is required. (Horn Section DA)

Pd/W = 1.58:{10-2 from figure 4.
+ = ——-—2 . =3
. - Power T.58x10 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. Solve: Power density = Pd/W x Power

c. Example: At 3.5 GHz, 200 watts are transmitted (Horn
Section DZ)'

Bd/W = 1.56x107 > from figure 3.
Power density = 1.56#10'2x200 = 3,13 mw/cm2

B. Horn Section for a Reduced Quiet Zone

To increase the versatility of the test facility, additional
-"add-on" horn séctions 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 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., will essentially illuminate uni-

10
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Iv.

formly a quiet zone large enough for a single test sample -
1.5'W x 1'H x 1'D. At this frequency, D,, gives the maximum
power density obtainable for the system. As the frequency is
decreased, horn section D10 will uniformally il1luminate a

proportionately larger volume with reduced gain.

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

determined as in Al above.

a, Example: 10 mw/cm2 power density is desired at
3.95 GHz (Horn Section DIO)

Power = Power Density
Pd/W

Pd/W = 3.83 x 1072 from figure 3

10

o
Power = 3.83 x 10—3 = 260 watts

MICROWAVE POWER MONITORS

In addition to the high power TWT monitor, there are 3 power
monitors in the anechoic chamber. Two of these, Monitor ff1, 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. FPower readings on the

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

at the point of measurement with reference to figure 5.

Note: It rmust be reemphasized that this monitor, in conjunction
with figure 5, measures the power density at the point

where the monitor is placed in the chamber, and not the

power density at the center of the quiet zone as determined

in Section 1II.
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Monitor Number 2 and Alternate Monitor No, 1

These monitors are available to measure relaéive 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 peint of known ﬂower 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 cbserving
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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Fig.3 POWER DENSITY PER WATT TRANSMITTED FOR
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A nunber of Sovliet studles have reported _that Jov-level

microwave irradiation, at or below 10 mW/cm®*, alters the heart

rate of humans ani animals, In ona of the hest controlled and most

fully reported of these studlies, Presman and Levitinad irradiated

various parts of the body of rabblts with continuous microwaves

at intensities of 7 to 12 mi/cm, The largest effect observed

was an increcase in heart rote during and after irradiation .

of the dorsal aspect of the head. The next largest effect was a

decrease in rate during and after irrsdiation of the whole ventral

surface of the body. Smaller chanzes in rate accompanied irrsdia-

tion of the back, of the total dorsal surface, of the ventral aspect
. of the head, and of the abdomen, : '

The purposes of the present study was to replicate the procedure
. used by Presman and Levitina for dorsal yrradiation of the head,
4n order to coilect enough asdditional dota etther to confirm tha'r
results or to establish that the d@ifferances in heart rate are a
manifestation of variability rather than a consequence of irradiation.

Method

Subjects The subjects were 12 albino male rabblts welghlng 2.0 to

{‘IIP.O K.
A

pparatus dlcrowave power vas obtatned from a CW, alr-cooled magnetron

_ With an output of 1.3 k¥, an anode voltace of 2 kV, and sn operating

P frequency of 2.409 GIz (A= 12.5 cm). Thls tube, manufzciured DY
Deutsche Mikrowsllen Gesellschaft, exhibited exceptional stability
during the exposures. Power fron the tube wvas conducted tnrousn
g vavezgulde to the yrradiating horn (Fis. 1). lost of the magnetron
output was dlssipated in a high-povwer load, and only about 10% vas
nsed to irradiate the animal, :

The microwave horn was placed in an anecholc chamber with 1ts
| main lobe directed downward, so that the animal vas irrailated from

4 A.S. Presman and N.A. Levitina, Byull. Eksp. Biol. Med. 53, No. 1,
Li-44 (1962); Engl. Transl., Pull. E-ptl. Biol. Hed. 53, 36=39 ‘

o
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above. The horn's aperture was 7 31 in. by 5 7 in., its axial

: 32 -~ 8 N
length was 15 in., and its estirated power galn was 19,54, The -
animal's head was 29 in, from the horn.  Thils distanrce vas
vell within the far-rizld region, which began at about 12.9 1in.
from the horn., From the estinated galn of the horn, 1t was
caleulated that a total of 35 ¥ lesving the horn produced the

measured powar density of 10 wW/cn® in the vieinity of the

animal's head.

The power density was measured with a Ramcor 1250 A densloneter
with & calibrated low-galn rectanzular horn antenna. A Hewlett
Packerd liodel L31-B power-meter wWas connected to the wavegulde to
ronitor the power during irradization. Thes power-meter reading
corresponding to 10 mu/cn® at the animal’s head was determined
and used for setting the magnetron enode current, Tnis calibration
procedurs vas conducted with the czge and aninmal not present in
the anechoic chazter, It was observed that the reglon of uniform
pover density was sufficiently large that considerable variation
in the placezent of the cage would still give the same power
density.

The anechoic chamber had interior dimensions of 40idn. by 4O in.
y 64 in., and was lined ¥with type Ccv-b4 microwave absorover panels
manufactured by Emnerson-Cuning. This material is rated to have
reflections less than 20 db below +the incident power level at
‘2.0 ¢Hz; at 2.4 GHz the reflection 1s_even lower, A plate of this
material was used to shield the anirmal's back during irradiation of
its head, :

Procedure The rabblil was restrained .in a wooden boX, which was
placed below the horn antenna in the anechcic chamber. Needle
electrodes were inserted for EXG recording., After the animal had
been in position for 15 min., 1ts TKG was recorded once each minute
for 10 min. before the onset of irradiation, Then the rabbit’'s
head was lrradiated from above with continuous 12.5 cm microwaves atl
a pover density of 10 mw/cn* for 20 min., During irradiation the
EKC was recorded every 2 min, After the power was turned off, the
FKG was recorded every minute for 10 min, Fach EKG trace was re-
corded for a 20 sec duration, Exactly the same procedure was
followed during the control cessions, except that the animal

was not irradiated. Each animal was irradlated twice and served
as a control twice: once before and once after irradiation.

@ ;



Chanses in heart rate w

by Presman snd levitina an
@urins and after lrradiation, the deviation fron the mean heart

rote before lrrsdiation wnrn cnleulated,  (b)The corresponding
deviations were ealoulnted for thne data from the conirol sessions,
(c)The Telative chanece in Tate for each recording veriod vias obtalned
by subtracting %he nean devinhlon for the control condition fron
the-corresponding deviation for the irradiation conditlon,

)

Fach of the thrce graphs in Fiz. 2 represent the mean differences
in heart rate between eight jrradiation sesslons and eight control
sessions. The results for the first foOuT rabbits that were expoged
show a reletive increase in heanrt rate both durinz and after irradi-
gtion, The ave_ azge data for the next fo'r rabblts show a decreasn

during the first 10 ain of yrradintion and no consistent change
.15 exhibited a decrease durlng the

thereafter. The last four anias \
 first B min followed by an increase over the last 18 nmin of the
scssion. 411 12 animals recclved the same dorsal irradiation of the

head, and the division into three groups 1s entirely arbitrary.

.l The averace resalts for all 12 anirals are summarlized in Flg. 3.

Rcnults

are calenlated in the manner described
followsn: {(u)¥or each trace recorded

e dots reoprasent the data of the present experiment, based on
24 irradiation and 24 control seustons, A small decrease 1in
.. heart rate durinz the first 8 min was followed by a larzer increase
1ovcr the remaining 22 min. The crosses in Flg, 3 indlcate the results
| of Presman and Levitina, based on 16 irrediaiion and 16 control
| trials with 8 rabbits, The relative chanze in heart yate was
Egenerally positive, and this yner=ase vas both larzer and more
,'variable than the results in our

Table 1 lists the mean number of besats per 20 sec during
successive 10 min periods of the contrel and the irradiation
. sessions. The animnls wern 1rrafdiated dquring the niddlie 20 min
of the irradiztion condition. tach éntry in the table 15 based
on the results of 2L sesslons. Heart rate was highest during
the firs: i0 mim of both conditions and gemerallly decressed
over time. The analysis of variance sumparized in Teble 2
shows that the varintion over Lime was statistically sizniflicant,
ns were indlvidusl dlfferences and the interaction between radl-
ation and time. The differecnce between irradiation and control
conditions, hovwever, ¥Was gcncrally less than 2 beats per 20 sec,
and this difference was not statistically significant,

o ~

experinent,
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. Relative change in heart rate of rabblts irradiated
on the dorsal aspect of the head with continuous microwaves

Each point represents

the mean difference between 8 exposures and 8 control sessious,
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