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I INTRODUCTION

This report describes the work performed on Phase I of a program to

investigate the possibility of cataract generation in stumptail macaques

by chronic, low-leve l exposure to electromagnetic radiation at 2.45 GHz .

Present exposure standards for nonionizing electromagnetic radiation

imply far-field conditions , i.e. , unidirectionally incident plane waves.

However, the use of o m n i d i r e c t i o n al l y  i nc iden t  radiation is probabl y the

most practical approach toward investigating the effects of chronic , low-

leve l exposures. With this approach , the difficulties and problems in-

volved in constra ining or training experimental animals such as monkeys

to face a specific direction for long periods of continuous irradiation

(e.g., up to e igh t  hours per session) are avoided . The electromagnetic

f i e ld  w i t h i n  a mul t imode , mode-s t i r r ed  microwave c a v i t y  large enough to

accommodate a suitable monkey cage of low-loss dielectric materia l and

excited (at 2.45 GHz) by a properly coup led , controllable magne tron source

should constitute the equivalent of an omnidirectional l y incident irradi-

at ion source . Accordingly, the objective of Phase I was the design , fab-

rication , testing, and calibration of a microwave-cavity exposure module

for housing a single stumptail macaque , with the module to serve as the

prototype for the exposure units to be constructed and used , under Phase II,

for carrying out the cataractogenesis investigation .



~

. -~~~~~~~~~~~~~~ - - - ~~~~~~~~
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II SUMMARY

The module developed under Phase I basically consists of a powered

multimode, mode-stirred microwave cavity that contains a cage of site

consonant with the National Academy of Sciences/National Research Council

recommendations for housing sing le primates weighing up to 15 kg . The

cage is constructed of dielectric materials having low loss-tangent va l-

ues at RF, and is designed to withstand the activities of an unrestrained

stumptail macaque . Power at 2.45 GHz is fed into the cavity/cage unit

from a magnetron source , and the requisite ancillary components and in-

strumentation are prov ided for setting , measuring , and automatically

maintaining constant RF power levels.

Initia l calibration of the prototype module entailed calorimetric

measurements of the energy deposited in cy lindrical bottle s containing

*
0.15 N saline wate r  as f i r s t  approx ima t ions  fo r  the RF loads  p r e s e n t e d

by monkeys. The energy measurements were taken for various values of

wa ter mass , b o t t l e  location within the cavity/cage unit of the m o d u l e ,

and surface configuration of the water. The data were normalized to the

values of total energy absorbed by the c a v i t y/ c a g e  u n i t  and i ts c o n t e n t s .

“Whole-body ” absorption dose rates and mean values of the powe r flux

d e n s i t y~~throug h the s u r f a c e  of the  w a t e r  were c a l c u la t e d  b r  t h e’ values

of ne t  RF power fed in to  the c a v i t y/ c a g e  u n i t .

*
‘‘Norma I’’ or ‘‘ phys io log ica l ’ ’  sa l i n e  , i so  ton ii- w i til hi oud (9 . ‘u g ol  N i C  I
per liter of water .)

t
~ Powe r f l u x  d e n s i t y ” is de l m e d  he re  in ~t s t hu r at  in t n t  th~ rite  ol  u- n e r g v
en te r ing an abso rb en t bod y to its sti rt ic i I r t ;l , a n d  i -; h e ’nce ’l ‘r i b  , i l n t i ~~u - —
v i i t e ’ d to  “ powe r d e n s i t y . ”

~

- -
~~~~~~~~ S_~~~~~~~~~~~ _. “- -. — .  ~~~ - —- -- --- f - .~~
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This calorimetric work was supplemented wi th a number of measurements

of absorbed dosage and the distribution thereof in macaque carcasses ir-

radiated in the module , using the section ing techniques developed at the

University of Washington (Seattle), in conjunction with scanning infrared

thermography . Also , measurements of temperature variation with depth in

the eye were attempted on an anesthetized macaque . using a micropipett u-

thermocouple technique also developed at the University of Washington .

For these purposes , the module was transported to the University of Wash-

ington, and representatives of the U.S. Air Force , Army, Navy, University

of Washington, and SRI p a r t i c ipa ted . Discuss ion  of th i s  supp l e m e n t a l  work

is not  inc luded  in this  r e p o r t .  I n s t ead , v a r ious aspects thereof are being

documented separa tely by the participating Service representatives.

Subsequent to the completion oi the work on Phase I, 12 modules in-

corporating a number of significant design improvements were constructed

by SRI as part of Contract 68-02-2248 (SRI Project 4407), entitled “Be-

hav io ra l  and Electroencepha lographic Responses of Squirrel Monkeys Exposed

in Utero to 2450-M1-iz Electromagnetic Radiation .” with the Environmental

Protection Agency (EPA) . Calorimetric measurements were performed with

these modules , using bottles of saline water having masses approximating

those of squirrel monkeys and saline-filled rubber dolls of comparable

size . In addition , the dolls were irradiated at variou s orientations

re lative to the direction of the electric vector of 2.45-Gllz p lane w a v e s .

using a power source and an anechoic  chamber  a v a i l a b l e  a t  SRI . The re-

su i t s  of t h e se e x p e r i m e n t s  p r o v i d e d  an ap p r o p r i a t e  f o r m  of t he rma l e ’quiv-

a lence  
- 

be? t ween c a v i t y  and p l a n e - w a v e  i r r a d i a  t ion l e v e l s  b a r  th i.s spec ic’s

I t  s h o u l d  be n o t e d  t ha t , because  a ca v i t y  pr ey  ides omn i d i re c  t j o n a l  who I c —
bod y i r r a di a  t i on  and a u n i d i r e c t i o n a l  p l a n e  — W av e  s o u r c e  doe -s no~ , w i d e  l v
a p p i  i c a h i e  b i o l o g i c a l e q u i v a l e n c e  he twee ’n the  two types at i rradia t I on
would  he d i b  f i c u l t  to d e f i n e  unamb iguo u s l y .  D e l i  i l i t io n s  at equiva lence

based on b i o l o g i c a l  end p o i n t s  re- i av a n t  to t h e  purported p livs i HOC ica I

3
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of primate . A brief summary of this work is included in this report be-

cause we believe tha t the concept and techniques used can be adapted to

other animals , such as the stumpta il macaque .

In Section III the development of the prototype module is discussed

in d e t a i l , inc luding  the c a l o r i m e t r i c  measu remen t s  with saline-filled

bottles. Also, significant improvements incorporated in the 12 modules

produced for the aforementioned EPA program are described where appro-

priate .

Section IV embodies our conclusions and Section V our recommendations

for future work on cataractogenesis .

effects under investigation are- . :ipp r o pr i a t e  if their imp lernenta t ion is
practical. However , results involving such definitions should be ana-
lyz ed criticall y, because  i t  may he p o s s i b l e , in some cases , to ob ta i n
the same biological end point by differen t mechanisms or eff~-cts from
the’ two methods of i r r a d i a t i o n .  Therma l equivalence based on the use
of calorime try with a saline—filled doll was take-n to  be a r e a s on a b l e
f i r s t  a p p r o x i m a  t i on  to hio logica l equiva  I cu e . - b o r  c h r o n i c  i rrad i at  i o n
of f e t u s e s  in u t e r o  in s q u i r re l  monkeys .

4
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I I I  DEVELOPMENT AL WORK

A.  P r e l i m i n a r y  M icr ow~iva C a v i t y Des i gn and Pe r fo rmance

To o b t a i n  bas ic  o p er a t i o n a l  c h a r a c t e r i s t i c s  of a m u l t i m o d e , m o d e—

stirred cavity having d imensions sufficientl y large to contain a cage

adequate for housirg a stumptail macaque , a cavity of preliminary desi gn

was constructed and tested , without an internal cage. The shape chosen

tar this first cavity was cubical , about 33 inche s on a side . Figure 1

is a photograph o2 this cavity . To distribute the microwave power enter-

ini~ the Lavity broadly among the variou s possible modes and polarizations.

we decided to feed the power into one corner~~ f the cavity , with tha t body

d ia g o na .t of the cube as the symmetry a x i s .

Most  of the tests at low power levels discussed below were performed

with an Alfred Model 605-204 Microwave Oscillator and a Hewlett-Packa rd

Mode l 8410A Network Anal yz er, which has a polar impedance (Smith chart)

oscilloscope display. Polyethy lene bottles containing specified quanti-

ties of 0.1.5 N NaCl were used as RF loads within the cavity.

Two me thods of exciting the cavity in the manner described above were

tested. The first entailed the use of a coaxiall y fed E-fjeld probe in-

se r t ed  in the corner  in a l i g n m e n t  w i t h  the  bod y d i a g o n a l , and having an

insertion length tha t could be varied (up to about a quarter of a wave-

l e n g t h )  fo r  coup l i n g - c o e f f i c i e n t  or impedance-m atching p u r p o se s .  In t h e

seco nd m e thod  a shor t  s ec t i on  of wav egu ide w i t h  i t s  c e n t r a l l o n g i t u d i n a l

a x i s  a l i g n e d  w i t h  the  body d i a g o n a l  was used in con j u n c t i o n  w i t h  a s n i t a h l e

impedance-matching device .

‘t e s t s  of the  c o a x i a l — p r o b e . c a v i t v — e ’ x c i t i t i c n n me thod  we ’re p e r b o r m e ’d

by swe ep in g t h e  osc I I I  a tor th rough a t req t i n  1 a m i  iid t ron? 2 .40  t o  2 . 50 

~~~~~~~~~~~~~~~~~ ~i.st 
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CHz . The results indicated t h a t  the probe  cou ld  not  be a d j u s t e d  to yield

acceptabl e values of voltage standing-wave’ ratio ( VSWR) u n l e s s  an a u x i l i a r y

matching device (e.g., a double-stub tuner) was inserted in the l ine ; even

w i t h  a d o u b l e - s t u b  tune r , low VSWR v a l u e s  (-
~-- 1.1) c o u l d  he o b t a i n e d  o n l y

a t  a few i so la t ed  f r e q u e n c i e s , b u t  the “ average ” VSWR over the  hand  c o u l d

not  be reduced below abou t 2 . 0 .  For the wavegu ide method  of  c a v i t y  exci-

t a t i o n , we decided ( f o r  reasons  d i scussed  l a t e r )  to use a w a v e g u i d e  h a v i n g

inner dimensions of 2.84 by 1.34 i nches .  These d i m e n s i o n s  are  the 530e

as for  Type WR 284 waveguide , w h i c h  is n o r m a l l y used f o r  the frequency

band 2 .6 0 - 3 . 9 5  GHz b u t  is s a t i s f a c tor y  f o r  2 . 4 5  GHz because it h a s  a cut-

o f f  f r e q u en c y  of 2 .08 GHz . For m a t c h i n g  pu rposes .  we i n s e r t e d  an E- I1

tuner in the waveguide at the entrance to the c a v i t y . W i t h  t h i s  a r r a n g e ’-

ment , we obtained excellent matching--i.e. , a maximum VSWR of about 1.2

over the entire band swept. Based on this result , we adopted this method

of cavity excitation . (It also appeared possible t h a t  the coaxial-probe

method of cavity excitation could be improved to o h t a i n  satisfactory per-

formance , hut this approach was not pursued further.)

Tw o f o r m s  of m o t o r - d r i v e n  m o d e - s t i r r e r s  we re test ed. ‘Ilie b ett e r of

the two is shown in Figure 2. Basically, it consists 01 t o u r  3 -b v - 4  inch

rectangles of brass sheet mount ed at various angle’s relative’ to one anothe r

a long  the periphery of a dielectric disc. A dielectric dowe’l b a st en e ’d to

the d i sc  (on I t s  ax i s )  serves  as  t i l e ’ r o t a t i o n  sha f t . wh i d ?  is h r o ug hi

t h r o u g h  a r ad  iopaque (wavegu ide —be l o w — c u t o  I f m  h o l e  l o c a t e d  n e a r  t i l e  C u ’?? te’ r

o f one of the  side w a l l s  ol the  c a v i t y . An e ’x t e r n , u  I v a r i a h l e — s p ~~~d u o t ’ i ’

coup ie ’ d t n t  ti l e ’ p r o t r u d i n g  d i e l e c t r i c  s h a l T  t is used to r o t a t e ’  t i l e ’ disc.

‘Jo obse rve t h e’ u t  t a c t s  ot mode ’ s t i r r i n g ,  we loaded the cay i Lv w i t h ?  tw-

i ll i 5  I r e qu e ’n cy  ex d i l rs  l O t ?  i i  lows abou t - i s  m a n y  d i  I I e ’r e nt  maclu ’S 01 c i\’ 1 t V

r - s ’ ? l . i I ? e - u to  he’ e ’xC ited as would i t t ’ ,it , i  I j x e ’d lr eqit e’ti cv bit t w i  t l i  a

niude’ st irre’ r in nn J )u’ ra t ion .

7
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10-lb bottles of saline water , adjusted the E-H tuner for the l o w e s t  max-

imum VSWR while the cavity was being excited at 2.45 GHz and the mode

stirrer was rotating, and photographed the resulting variation of comp lex

input impedance disp layed by the Model 8410A Network Anal yzer. Figure

3(a) illustrates a typ ical result. The complicated trajectory traced as

a result of the mode-stirrer rotation is a qualitative indicjticn that

many modes are successively excited. It is also significant tha t the

entire pattern of comp lex reflection coefficient lies within a circle

corresponding to a VSWR of about 1.3. At this point , we decided to per-

form a pre l iminary experiment to determine qualitatively the effects 01

redistributing the saline water load within the cavity . For this purpose .

we attached a string to one of the two bottles, passed the string throug h

a smal l  hole in the top of the c a v i t y,  and pho tograp h ed t u e  im pe d a n c e

p a t t e r n  o b t a i n e d  w h i l e  the b o t t l e  was be ing  r a i sed  tn t the’ t op  01 the cavity .

This was done w i t h  the s e t t i n g  of the E-H tune r  unchanged and the mode

s t i r r e r  rotating as before . The resulting pattern is shown in Fi gu re’ 3 (h ~~.

A l t h o u g h the pattern is far more complicated , most significant is the

f a c t  tha t the p a t t e r n  is l a r g e l y c o n f i n e d  w i t h i n  the  c i r c l e  co r r e ’spond ing

to a VSWR of abou t 1.5.

Because E - H  t une r s  are r e l a t i v e l y  e x p e n s i v e , we i n v e s t  iga  ted s e v e r a l

simpler form s of a d j u s t a b l e  m a t c h i n g  d e v i c e ’ . One such device consisted

of a sliding inductive iris in close proximit y (i.e.. virtuall y cop lanar)

w i t h  a s i m i l a r  c a p a c i t i v e  i r i s , bot h of  w h i c h  c o u l d  he ’ ~td jei ste ’d h ide ’ —

pende ’n t l y .  This  device ope r a t e d  w e l l  1-nit t WOIt  Id have  r u - I l u  I red a d d i t i o n a l

d e v e l o p m e n t a l  work  to e n s u r e  f r e e d o m  I r ot t i  a r c  ing  a t  p e i i l l  t s of  p o o r  R E

co n t a c t .  A n o t h e r  d e v i c e  cons idered was t i le a d ju s  t i l t  I t  i r i s  I ormed by

a to ra 1 ly t r a n s  1.i t ing one’ sec r. ion o I wa vegu fe te ’ , re 1~i t  i vu ’ to in ad ja C I I ?  t

se c t i o n ,  in a d i r e c t  ion p a r a l l e l  to ti le ’ broad  w a l l s  I - r  i n d u c t i v e ’ t i t h i ng

and pa ra l le l  t o  ti le ’ n a r r o w  w a l l  t o r  c i p l e - i t  iv e ’ L u l l  lug. ‘ i b i s  t v p~- ol

e l u v i c u  w a s  not e ’vaIu ~~ted because - an e ven simp l e- i- l , ’rii - I  ad~~u s t . i l - I -  i r i s
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(bI WHILE REDISTRIBUTING SALINE W A T E R  LOAD
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FIGURE 3 POLAR PATTERNS OF COMPLEX IMPEDANCE OF CAVITY AT 245 GHz
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proved satisfactory and was adopted . In the latter device , adjustment is

effected by rotating one section of waveguide relative to an adjacent

section about their common central longitudinal axis. Unlike the pre-

v iously mentioned devices, the rotationa l device has only one adjustable

parameter , the relative angular disp lacement. However, adequate matching

is achieved within its angular adjustment range. The s t r u c t u r e  of t h i s

iris is shown schematically in Figure  4 .  The a d j u s t a b l e  p a r t .  F igu re  4 ( a ) .

is of 1/16-inch-thick brass sheet and has the requisite 2 . 8 4 - h \ - - l .3 4 - i n c l i

waveguide opening . This part is interposed between ti-ne triangular flat

section , Figure 4 ( b ) ,  and the external waveguide feL’dline . The h a t  Sec-

t ion has a 3 — 1 / 2 — i n c h — d i a m e t e r  hole  ( i . e .  , larger t h an  the d i a g n t n . i l  u I

the waveguide opening) and a concentric array of lo screw holes b r  m o u n t -

ing the wavegu ide  l ine a t  any  g iven f i x e d  o r i e n ta t i o n  w h i l e - p e i ’ i t t i i i g

r o t a t i o n  of the a d j u s t a b l e  p a r t  to provide  the r e q u i r e d i r i s  o p e n in g .

The mounting screws also serve as perimeter guides during rotation .

Thi s  f i r s t c a v i t y  was  a l s o  used to  i n v e s t ig a t e  a n u m b e r  ol o t h e r

properties at powe r levels comparable with or hig her t h a n  those  t n t lIe’

used for monkey irradiation . For convenience in performing such tests,

we used a Con ing Moore, Inc ., Model 4003/4006 Microwave Powe r Source

a v a i l a b l e  a t  SRI , capab le  of yielding 0 to 1~~5 kW a t  24 50 50 > l I l a .  I b i s

system is also equipped with the requisite hidirec tional coupl er and  i t i -

c 11 l a r y  i n s t r u m e n ta t i o n  f o r  m e a s u r i n g  I orward and  re t  l u - c  t e d  p e \ ~’u ’ r .  . l nd

o t h e r accesso r i e s  such as a water—cooled 1 in - i d .  A d i  S t  i n c  t j  ye  l u - i t i l l , - ol

this syst em is the use of WR 284 wavegu ide dim e -u s ions ( 2 . 8 - n  by 1 . 1 +

inche s) for a l l  i t s  m i c  rowave’ C0l?l ~~0h1Cll  t s  . Wlie ’ r c a  t h e ’ st .inda rd w . n ’  ~ n a i  ide’

types for 2. ‘n ~ Gh Iz a r e  Wi ( 340 ( 3 . 4 0  by I . 7 1.) inche’s and WR 4 10 -~~ , 10 b\

2 . 15  inches). in addi tion to t I n  i a r u u ’r p h v s  i t - i l  s i ze s  (and hei~ - hi ghe r

costs) n i t  WR 141) and  WR 4 1( 1 , comp unne - tt ts such . is  b l d i r e - ct i o l ? , l l  c e t I l p I e - I S

having t he  re’quir eei powe’ r—Ii a li d l m e  e’ i p . i I ’ i  l i . t i , - s  (~~ 
1 LW) w e - r u -  nnu ’ht ,i jnabl ’- .

p r n - s t i i u ~~h I y  l , t - e - . i t i s ’  t he -  c o m m e’r c i . t l  m a r k e t t a r  - a i c l t  n t - \  l e  t - I~ i s  n e ’g i  i n’i h Ie -

A e ’c e ,r c i  i h i g l y ,  we’ e i , ’cj de ’d  t I ’ work w i t h  (It , WR 2 $ - n  cI t i - I ? ’ . 1 1 1 1 ? ’ , .
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A pre l iminary design of a radiopaque viewing and ventilation window

was tested. We rep laced a 14-by-30-inch area of the front wall of the

cavity with a brass grille cf 2-inch square s having a depth? of 3 inches

(see Figure 1). With several watts of power flowing into the cavity, we

used a Narda Model 8300 omnidirectional power-density probe to measure

the power density just outside the window and just within the cavity by

passing the handle of the probe outward through one of the grille holes.

The window attenuation (ratio of interna l to external power densities)

was found to be abou t 24 dB. This value would probably be satisfactory .

However , as indicated later , we decided to adopt b r  the protot ype a

g r i l l e  size c o n s i s t i n g  of 1-inch s q u a r e s , 1-1/2 inches  deep .  h a v i n g  an

attenuation of abou t 37 dB.

B. Cav i t y/ C a g e  U n i t

1. Cavi ty, Mode S t i r r e r,  and I r i s

In designing the prototype unit. the cubical form of cavi ty

was retained , but the sides were increased from 33 to 35 inches (inter-

nally) to acconnnoda te the cage r e a d i l y and to provide adequate room for

the mode stirrer and for the use of a triangular flat section (Figu re 4)

a t  the mic rowave - feed  corner. Figure 5 is an internal view of the’ proto-

type cavity, showing the node stirrer , the previousl y mentioned rotation-

ally adjustable iris a t  the m o u t h  of the  waveguid e ’  o p e n i n g , and t h e  d i  -

electr ic tray for anima l waste collection . Th e walls of tile protot Ype-

c a v i t y  were f a b r i c a t e d  f rom g a l v a n i z e d - i r o n  s h e et .  However , i t  prove ’ d

more economical to form the 12 EPA c a v i  t ie-s  by welding t oge t h er sta j l l l e ’ s S —

s t ee l s h e e t s  of  p r o p e r  Si Z e ’ s .

Also s e e ’ ? ?  in F igure’  5 a ret ti l e’ rad i e l p a ( h t l u -  W indows p rn ’\’  i de ’d in

t h e  door  and  top pane ’ 1 oh t ii~’ ca v i t y .  ‘ihe-s e - w ind ows a r~- at  I — i n c h — s q u a r e ’ ,

1 — 1 / 2 — i n c h — d e e - p  g r i l l e  ( u t  brass in t u e  p r - t o t v p e -  and ot - il u m i n u i m  in the ’

1 1

_ _ _ _ _ _ _ _  
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EPA m o d u l e s ) ,  occ u p y i n g  a r e a s  30 inches wide  b y 24 inches high in the door

and 30 by 18 inches in the top panel. The reduction in the grille size

(from 2-inch squares in the initia l cavity) ensures that the monkey will

not  be able  to poke i ts  arm th rough  any opening ; the new size also pro-

vides abou t 37 dB of a t t e n u a t i o n. The door is hinged. Bery llium-copper

finger stock was used initially along its periphery to ensure good RF

contact when the door is closed. However, when severa l fingers had broken

off through frequent use of the door , it was decided to replace the finger

stock with a suitably designed RF choke mounted along the entire perimeter

of the cavity opening and to use a pair of toggle clamps to ensure t igh t

clos ing  of the door. After these modifications , RF leakage at the door

seal was neg ligible with powers in excess of I kW fed into the cavity.

Additiona l modifications to the door seal , primaril y in the  d e s i gn of the-

RF choke configuration to permit easier fabrication, were used in the EPA

modules.

2. Dielectric Cage

The dielectric cage consists of a rectangular box internall y

abou t 26 inches wide , 30 inches tall , and 24 inches deep. on legs abou t

2 inches high . Figure 6 is a photogra ph of this cage’ . The fron t and top

panels of the box are’ of “Fihergrate , ” a pol yester-resin/fiberglass ma-

terial in grille form having ce- il dimensions of 1 by 4 i n c h e s  and abou t

1 inch deep. These panels provide adequate vi e -win g, illun?ina tion. and

ventilation capabil i ties (in conjunction with appropria te ’iv dc’s ignc’d

r a d i o paq u e  w i nd o w s  in tile ’ corresponding c a v i t y  wa l  i s )  . ‘i’he ’ bottom panel

of the  box has t h i s  same g r i l l e -  c o n s t r e i c  t i n i l ) . p r i n i a r i l v  to pe’ rm i t  t i le’

pa ssa ge a I w a s t e s  to the- r , - mnt \ -  - I b he ’ d i t ’ I cc t r i c t r a y  ~ I a ce’d eind e ’rne ’a tb the’

cage- .

*
i -I . inu t ic tuned by Fihengra te’ C o r p .  . P .0. Box 1~~i l 4 n , I ) , t  h i s , l e ’xa s 7 2 14

I t
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The front panel has a centrall y located door (of the same grille

material , about 8 inche s wide and of full cage height) tha t can be raised

along a pair of dielectric slide brackets to permit transfers of the monkey

for eye examinations or to and from a holding cage during periodic cleaning

an d s t e r i l i z a t i o n  of the c a v i t y  and cage . The door was  de s igned  in t h i s

manner so tha t the cage cannot be opened (by monkey or human) unless the

cage is pulled forward partially out of tile cavity, thereb y p e r m i t t i n g

the  h o l d i n g  cage to be brought  f l u s h  a g a i n s t  the f r o n t  of the  dielectric

cage fo r  the transfer.

The F i b e r g r a t e  m a t e r i a l was chosen fo r  the s t r u c t u r a l  m e m b e r s

described above because of its excellent mechanical strength , immediate

a v a i l a b i l i t y  in g r i l l e  l o r m  a t  r e l a t i v e l y low c o s t ,  and low R F - l o s s

characteristics. I t was  se lec t ed  a f te r we h ad p e r f o r m e d  r a p id se ’miqua n t i -

t a t i ve t e s t s  o f t he RF absorption characteristics of various candidate

materials.

The r ea r  and two s ide p a n e l s  of t he  cage are ’ op t i c a l l y  opaque

sheets , made originall y of polyv inyl chloride (PVC) but now o h  pa in t ed

lucite . Lucite ’ was chosen because , in preliminary cage- tests within tl?u ’

cavity, the PVC tended to warm up when the cavity was d r i v e -n a t  h i g h

power l eve l s  ( e . g . .  I kW) f o r  s h o r t  t ime per iods  ( h i v e  t n t t en  m i n u t e ’s ) .

ind ica t ing  tha t the RF loss t a n g e n t  o f  PVC may he too high?  f o r  a cage ’ to

be used f o r  ch ron ic  i r r a d i a t ion .

Two cylindrical bars of lucit e we ’re  i n s t i l l e d  horize - n nt ,ihl v across

t he cage ’ as  p e r c h e s .

No p r ay is ion was made for  f - ~-d ing S n ) l i d  food  t O  110’ monke y dt i r  in g

R F e ’xposure ’ ; such food is t n t  be p r ’v  j de’d be twe - e’n i r r a ei i II  t i n ’?? p~’ r iods  . t I S  i h l ~

s t a n d a r d  me ta I t r ay s  h u n g  on t h e  t ron t p a r t  it f t he ’  cage  ( w i t  h i t h e ’  c ay  i t  V

doo r  e)p ehl ) . Appa ra tus I e r  , i f l i ? ? ? , - i I - i c - cu ss t n t  I iq i i i el s (w .lte ’l or  i a ? l g ) durin g

i r r ad  i - i t ion (as we’ i i  as  1)0 twe ’e’n i r r  id  i - I t  i on  
~~~~ 

F l  a d s)  w a s  u h t ’ve I ape d . Tile
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li quid is dispensed , from a bottle supported outside the-  ca v i ty , t h rough

low-RF-los, tubing to a small lucite dish mounted within the cage. Sev-

era l arrangements for controlling the flow rates were devised and tested .

We adopted the use of a timing circuit tha t actuates a solenoid valve’ for

a d j u s t a b l e  p r e d e t e r m i n e d  pe r iod s so a s to pe r iod ica ll y d i s p e n s e  a p p r o p r i a t e

increments of liquid . The soleno id is encased in acoustic insulation to

dampen the clicks caused by its actuation. When occupancy of the cavity !

cage uni t by a stumptail macaq uc (without microwave power) revealed the

need to drain excess urine and spilled water from the floor of the c a v i ty .

one of severa L simp le methods for doing so was implemented.

Ny lon screws were  u 5e d to a s s e m b l e  the cage and to mount  a ny

o the r  st r u c t u r a l or f u n c t i o n a l componen ts  w i t h i n  the c a v i t y  ( such  as  th~’

slides for the cage door , the lucite perch bars , and the drinking trough).

Figure 7 shows the cage set into the cavity . ‘l’o s li de the  cage

door open , the cage is pulled forward until the door clears the top of

the perimeter of the cavity.

To conserve laboratory floor space , the improved modules for

t he EPA p r o j e c t  were  des igned  for  v e r t i c a l  s t a c k i n g  in p a i r s .  A t y p i c a l

p a i r  of modu le s  is £hown in F i g u r e  8. A l so , eac h cage -  was  d i v i d e d  i n t o

two equa l compartment s to permit irradiation of two s q u i r r e l monke y -n

concurrentl y in each unit. An opaque (painted) lucite- sheet was installed

v e n t  ica I l y ,  extending from front to re-ar f ar  t h is  p u r p n t  se , a n d  the  ceo t r i  I

door of the cage was rep laced with a pair of similar elOn )F5 , one’ on each

s ide’ of  the centra l partition.

C. ~‘1 i c r ow n i v e -  Pow e’ r Compone ’n t s

1 . ~‘1agnc’ t re-ui -i and  it aw-~ r ~~r p p i~~

l~O perfo rm expo sure ’s a t  v a r i o u s  pOW c ’i I t  t,’~~’! s a.c we’ll ,i to

p e r m i t  t e , - d b ; t e k  contro l n i t  a n y  g i v e r ?  powe r In-vt - I , a i i i  e F i ’ W , iV ’  nn t I I r ~~
- e ’ wa -n

1$ 
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needed  whose o u t p u t  power could  be var ie- d over  a w i d v  and c o n t i n u o c i s  r a n g e -

and y e t  be re’ l a t i v e l v  in expens ive ’ . M a g n e t r o n s  f u l f i l l  th e - s e- r e q u i r u - u ? u ’ n t ’ n

well (hence , t h e i r  w i d e  usage  in m i c r o w a v e  ovens) . A f t e ’ r a number  of

hel p f u l  d i s c u s s i o n s  w i t h  severa l m a n u f a c t u r e r s  of m i cr o s - a v e  o v e n s , ? le ’ t . n h L v

L i t t o n  ( b o t h  in San C a rl o s  and  Mieu ?le ’zip olis ) and Cer ling M oor e ’  (Palo A l t o )

we found  i t  more economica l  to p u r c h a s e  a L i t t o n  Model  416 n i e r n t s ’ a v e - O V e ’ !)

and u t i l i z e  many of its components thai-i tn t buy the individua l components

sepa ratel y .

The magnetron used in the Mode- I 416 is a Type 2>15 3 , which has

an i n t e g r a l p e r m a n e n t  magne t  and o p e r a t e s  a t  a c a t h o d e - t o - a n o d e  vol  t a g e - ,

~~~~ of approxima tel y -4 kV (with anode grounded). T t s  p e r ?  n u an c e  c h a r t .

which is t y p i c a l  f o r  inexpens ive ’  m i c r o w a v e  oven ma l’ ? l n - ?  r n ’n S , 15 shown i n

F igu re  9 for operation with unfiltered , feil l-wav~- -rn -et i fi~-d ac. I t  is
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seen tha t a lmost the entire output—powe r range ’-- I . e . ,  ~ ) I I )  t n  M n )  W — — i s

o b t a i n e d  fo r  onl y a b o u t  a 5 — p e r c e n t  v.i r i ,nt ion ( i  r n - u !  • . 0 to 3. k\ ’ I o f

peak V
CA 

(ca lle ’d “ anode-  v o l t ag e ” in F i g u r e ’  0)  ; titus nlagne’tr n ’ i ~~~~n - r i  n ’ n ’ ~ 0cc

H is very sensitive to t h e va l ue of

Under ful 1—wave ape ’ r,I t ion , t i le ’ m a g n e t r o n  w o u l d  to -  ~s’ i t e h e d

and  o f f  each 60-Hz h a l f  cy c l e  ( i . e .  , 120 t ime s pe r  s e c n - I ? d  I n u t  t h e  vet l t a g e -

poin ts corresponding to the onset and ce’ssat C ! ?  of a sc i  i l a t  I n ~!l .  ICt s’ e - v e - r ,

a g a i n  p r i m a r i l y f o r  economic  r e a s o n s , t he L i t t o n  Mode l n i b  I . n s  W e - I l  as

most microwave ovens for home use ) utilize ’s a h a l i - w a v e - — d o u h l e - r  c i r c u i t - -

i . e . ,  t he m a g n e t r o n  is s w i t c h e - d  01-i a n d  o f t  o n l y  ( i ) )  t ime’ s p e r  S c e n t ? ? 2 .

I f  a t y p ica l  s i n u s o i d a l  hig h— v o l t a g e - tr nlnst o r :u e -r h e-re- us ed b r

e i t h e r  f u l l — w a v e  or h a l f — w a v e  op n - r n l t i o n . t i le ’  i ? i s L , l f l t n l n u - n n i l - i  o u t p u t  pet s’ n - r

du r i n g  the  m a g n e t r o n  “ on ” pe r iods  would  r i s e ’  and  f n i  I I  shni rp lv  wi  t in t h e

s i n u s o i d a l  t e t p s  of the  re -c t i t  ic ’d ha I f  cy c l e - s  b e c a u - n e -  of tile - a ta re’ment ione-d

se n s i t i v i t y  to V
CA

. and  wou ld y i e ’ i d  la rge’  peak—to— ave ’r nge ’ et ?i tput I-u°’~ 
r

r a t i o s .  For  t h i s  r e a s o n  the’ h i g h — v o l t a g e ’ t r a n s b n r n ? l e r s  Conl?rno ? l I V U S e ’d h , t r

?fli c rowa ye a v t - os  a r e  at ! tile ’ fe  r r a r e ’ S n t f l L t  n - i t  k i r id , CI c’S 1-0 ? ~-d to V I e -  1~ 1 ma n t I e —

field sa tel m t  i on  at high c u r r e n t  1 e ve’ Is ~i n d  th i ~’ r e  by e l i  n - c t  I vu ’ i v  “ I m i t  t e ~~1 ”

the sinusoidal tops to a sig i l i t i c a n t  d e g r e e - . II?  t h i s  W, I V , t h e ’  v , n r i n i t ion?

C)  f Lhe I n s t a n t a n e o u s  o u t p u t  powe’ r ove r e a c h  r n - c t  i f  i e’d ha If eve In- i s re’—

d u e  e d  c o n ? - ?  i d e ’  m i  1) 1 v . th u s , t i- i ge-ne ’ m i  1 , nI l  C!? n t  r on i  ap e’ m l t  i 0? )  eind e’ r ci  t h i n - r

f i n i — h i v e  or half—wave r u ’ n , t i f j e ’ , I t i e t ? )  w i t i l  1 I e’m n n t n u ’ s n t ! ) , l ? ? t  t r , n n s l n - n ’! l ? - r

~‘ i t - i n l - n  a spec  i i  f o r m  O h  m o d u l a t e d  cori t j C l l ? n t ? l 5 — \ s ’ , I V e - ( L W )  po Wt n . W i  thi a

I unid n!u , - ?! t , n  I mo elc ilat t on  f r e - q i t en i cy  i l l  120 or 6( 1  lIz , , ri - -IN -ct j v n ’ l y .

W~ ’ co l ? d n c t e ’eI i ’ p n - r I t  l n ’ ? l , I  I t ’’n i s to e’ompa i n  t In  i ? , l  I f w . i v e ’ — e i e ’ n i b l e r —

I - m n ’ r -  n O I ? , i ? l t  ~~~ 10 1 1 1  t r e ’!’?o \’ t 2 f m ’ ! ! ?  the ’  M~’ d - i l~ 0’Je!? w i t h  , i  I u i  I — i s ’.i~ ’ e

I 0 ? l l t i  e r  c I rc~ i i t , .m e1 d I  ‘ 4 e n t n ,’n ’ r e -e I I i t i m - - , i f a ny  • I ‘ -c l i i i  j e l l  - I ? l f ) t - 1  t a r  i t  y

t a r  t h e -  l i t t e r  t n t  w a r t  t n t  i t — n  nI l - p t  i o n ? . ‘- I o r , - n t v n - t ’ , t i l t  n n m t t u - ? n e  i t s  I n t l  the-

I1a i I — w I \ - n - — i l n n i I t l ~~- r  c i n n - u i t  i i i ’  ‘ni g n i f i e . i ? n t  I C  1I ’ ’ ?  I ’ X p e ! ? ’ - i i \ ’ t ( S I t u  u -  t h e y  I n
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used in large numbers for home-use microwave ovens) . Concurrentl y , we

also considered magnetron operation with dc values of V to obtai? i Un-
CA

modulated CW . However , most magnetrons are not designed for dc operation

and would be subject to the possibility of gradua l electron emission

buildup and runaway (i.e., at the end hats) if operated in this manner.

(Special-purpose magnetrons having p latinum end hats to minimize e’mission

therefrom have been developed bu t are quite’ expensive.) In addition , We :

considered magnetron operation w i t h  m u l t i p hase power s u p p l i e s  ( e . g . ,  wi th

a 12-pha se- , 60-Hz rectifier) and found it prohihi tive’ l >- e xpensive . Fl -

nall y, we decided that from the- viewpoint of therma l effects on tissu e ’in ,

operation under modulated CW c o n d i t i o n s  Would  d i f f e r i n s i g n i f i c a n t l y  fr a u !

unmodula ted -CW opera tion because the the’rma I t ime cons m i n t s  of  mac inn-

scop ie- t i s s u e s  or o r g a n s  such as the ey e ’ are- much -i larger i bnm n t I l e  1/60-

second periods corresponding to 60-Hz modulate’d-CW ope ra tion. Consc ’-

q u e n tl y ,  we dec ided to use the f e ’r r o r e s o n a n t  h a l f - w a v e - - d o u b l e r  c i r c u i t

f morn the  >lael e 1 4 16 oven. 1 shou ld  b 1- c’mp lla siZed , h o w e v e r , 1111) U W~ a

awa m e ’ tha t n Ont i l e’ rma 1 biological c f  f e- c  i s  f r o m  t h e ’ CISc ’ of mod- a  m t  n d  1 W

have be - e n  postu lated , at-id that t i l t s  ~ O j i l t w i l l  he full y en ’ ? i s i d e ’m e ’d i n

ana ly z i n g  the ’ rn - s t i l t s  to be ohia ine’d in subsequent phase -s of  t i l e ’ c l i i  m, n e ’ t n ’ —

g e - n e s is  i n v e s t i g a t i o n .

2. RF C om p o ne ’n l t s

A s  i n i d i c . i t n ’eI e a r l ?  r , t h e ’ I l ? 1 , l \ ’ , i i l , l h i l j t V  of “ u t l  f — t I i e ’ — s l i e ’ l t ”

C O n l p ’ ? ? n ’ ? ? t S  or t h e ’ hi gh cost o f  e ’ j ) e c  Int l lv des i g ? l n -nl  e om p an c -n i s  i n  WH I

W I I V e ’ g l l i e i n - 1 U Z e ’ ( i n ? t , - ? n , n l  t r , I ? l ’ - i v n - r s n - d j ! ! ? e n s i o n  3 - + i i  (iv I .  ; ( (  i n i c l i n - s )  S i tu h

I I S  b i n l  i r e - c t  i o n n i l n i ’ ? i j l i  r s , I e ’rr j U t ’ c i i ~ n i l , i  t , ’ m s , l ) e ’ l ld S , t i c ’s , i n t l  I I~ ‘:j  (s it’

‘n - c t 1 i 1 ? 1 5 , It ’d  ? 1 5  ?~~~‘ .iniop t , p m o v i e . i o n n m l l v , t h ~ WI ~ 2 ” ~~4 W , i \ ’ n C ’ , i l I n l L ’ S i Z e ’ l i ! ?

t u - n n , l l  t r . i n i s v e ’r s e - ei i !!?, - ? l - I i n ’ n - 4  2. K 3  n y  l~ j ? ? n l l -  1 , IInmi , i i i -  t~~ . !? I11 V

0 I ? I~ - WR 2K nil i c  n - - ‘s- a vi - e c e n I j i t  rn  n I h  -i s I i t u ~e n i  i i i  1’ j 01 it ’ 10 5.15 ?aI, - nI I t  n n —

I i ’  h a! ? t I I I  m a n y  0 I t ii , - te- .1 nn W i  ti n lh~- p n ‘t u e I Vp- - !li ’ n i l l  . Rut I , 2 di n c t l v  t i n

2 1
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the magnetron waveguide launching Section (which is not vj ~~I b l e ’ i n  this

view but is dj cus ’ne’d below) ar e :  a Me-rrirna c industries Mn ’de l  F C W —  1521

f e r r i t e ’ c i r c u l a t o r  w i t h  i t s  s ide’  po r t  t e r m i n a t e d  ti -i a h i g h - p o w e r  RF load ,

a Ge ’r l i n g  > I e o r e - b i d i r e c t i o n a l coup l e r , a 1— s h a p e d  H — p l an e  be nd ( t W i n  0

bend s b u t t e d  t oge the r ) , a n o t h e r  C e r l i n g  Moore b i d i  me ’ct iona l coup l e r , and

a I l e ’x t b l e  sec tion of waveguide tha t connects the’ second bid t i e  c i  iona I

coup ler to t h e ’ RF entrance - of the c a v i t y  ( t h r o u g h the  a dj u s t a b l e - i r i s ) ,

Crystal det ectors are ’  c o n n e c t e d  to the a u x i l i a r y  n ? e . lt p e l t  p a r t s

n ’{ one of the ’ bidirectiona l coup lers f a r  measuring fo rwa rd and reflec t ed

power  value ’ s when p r o p e r l y ca l i b r a t e d . l’he n t h e r  bid  i r e - c t  tona l coup [er

p r o v e d  u s e f u l  in p e r f o r m i n g  the - c a l i b r a t i o n s , as d e s c r ib e d  l a t e r .

In the Model 416 oven , the output probe  ( an d  s u r r o u n d  c u e  g l a s s

— d ome )  of the 2M5 3 m a g n e t r o n  is inserted in a WR 340 s i  Se ’ wav e gu i eI e’ launch-

ing section of proper design . We ’ g a v e - some- cans  i cIa  ra Lion tO  eli ’S i gn  i r ig  a

launchi ng section in WR 254 s iz e , h u t  de ’c j e ie ’d t h a t  i t  would he - m o r n - , co—

nomica I in cost an-id time to cit i Ii Zc’ the La rgc’r ~R ‘1) Launci ling S n e t  ion

f r o m  the ’  oven ? a n d  to f a b r i c a t e’  a s imp le’ t r n m n s i  t ion S e e ’ t l & ’ ? ?  b et  W i n  n t he’

L i n e n  w av e g u i d e- s i zn ’s  . I - I ow evn -r , a simp l e RF t i - n t  i nd j e l l  t e d  t i l l 1  t i f  i i i , -

W R 340 l a u n c h i n g  s e c t i o n  is  mere l y b u t t e d  d i r ec t  I > ’  t n t  a s e c t  ion o h  WR 25

w a ve - g u i d e  t e r m i n a t e -el i n a ma tc l l c’d load , t h e ’ m agmi n -tro n w i n i n l e l  ‘1 ’ I e n - a \ ‘SWR

v n m l ue We ’l l  he l c w  tine ma x,imnim pt rm j t t cci by t h n ’  rn,igr-i C ir a ? ?  sp-  -c i i i  c a t  i on s .

h i l l s , no t r a n s  I U ton ! e ’n .’ t i c - u n was  115cC1 i n  ti l e ’ pm ot ot V p e .

I n  S n d sn ’ q ? r e ’n t I V  p r o c i n n c  i n g  t i l e ,  12 n r n e n d n t i  C ’s I~~- r  t i n e LI t ,\ p i n t  ~i ’ct

n ”d)~ ’??S  l ’nO’ n - iw ? ? u ’ ’ i e  ia  I c o m p o n e n t  -n s u c h  m s  t i l t - I - - r n  I i ’ c i r e ’ n i l n t  ti -r , t i n ,  t i , ’i ’

b i e h j r n ’ e’ t j i m i , t I c o u p le r s . md t b ,  i n i g i n — p i - w - - r  I n n , RI  5 , - r n ’ I n ~~? m i s t - i l .  I n n ?  - id .

i t  p i n ’ ’ - ; - - n i  f l i t  h a , ’C n i ? n i ’ f l n j c n l l t i m  ‘ I c ’S i n n  .i~~d l a I n r j  c I t e ’ a t  SR I  t h e -  m l e n n - 5 , , i t V

RI ” c’ etlf l pomne ’ !? 1 ,-n i n  W R 3 e l I  ~~~i v - i n i i n - S I - - - , i n c  I mid i r ig  I T m -  i ii 2 1 n e  t t i m . !

e i t e n p l n ’r . , t u n i  ? -  ‘nO t t h e -  c i r e l i l , I t - - r  ml i i i  i i - a n l . F i n - t i m e  I l  ‘n h ’ s - s t i l e  W , i V i  —

CII I ni e ’ - m — ; — ; -u?h I y t n I I ’ ? ? ’  a t  the ’s ~ - ‘ tn  t I n  I - - - ;

b. - -~
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3. C o n t r o l C i r c u i t r y

‘l’he method imp l emente ’ d t e n r ‘ n e t t i n g  t h e ’ me a n  e n n t p u t  p owe r [ e v e ’1

of the magnetron to any desired value is phase--ang le variation. Re-call

tha t with the half-wave-doub lc’r power supp ly, the magnetron is turned on

01 - i c e -  d ur i n g  c’ach 60—liz pe r iod fo r  a time ’ i n t e r v a l Sn)? lne ’Whl.i t shorter tha n

half a pe’riod or 1/120 second . In the al -use-n - ice of a n y  contro l ci rcuit rv ,

the mean RF p o s e r  ( p e r  pc -n od) w o u l d  c o n s t i t u t e ’ t h e  f e i l l — p n n i s ’ n r c a p a h i  i i —

t ie ’ s of  the  spe ’c i f i c  m a g n e t r o n  and power s t ipp l> - u sed .  Ph a s c ’- , i n e l e ’ v a n  -

a Lion  is a t e c h n i que ’ fo r s h o r t e n i n g  the ’ d u ra t m e n  c-ui t i l e ’  “ i o u ” N i  l e e d s  by

any desi r e d  a m o u n t  w i t h o u t  s i g n i f i  c n i n t l y z f f n - e t i n i e  t i le ’  peak h i g h v o l t a g n

app l i ed  tel t h e  magne t ron .  In e ’s sem ce~ t i l e ’ p e r i o d s  l i r e - S l ? nn m t , t ) ’d by dn

l ay i n g  the  t i m e  ( i n c r n - a s i n g  t h e  p hase -  , m n g le)  t n n  t h I n - o n s e t  n ’ f  r f lLlgnle - t ii ’??

o s c i l l a t i o n .  ‘fh i s  t c ’chn i que ’ p e r m i t s  Se - t i  ing  t h e  o u t p u t  pnn s’ n r l c ’ ’ nO ’l  t n ’

esse n t i a  11y any  value ’  w i t h i n  the  r a n g e ’ f r o m  f u l l  p n n w n ’ n  tin Z e n ’

Another f u n c t i o n  r equ i  red n-u f t h e ’ contro l c i r e - u i  t r y  i s  to lien hi

constant the net power f l o w  i n t o  the- c a v i t y  and i t s  c o n t e n t s  , m f t c ’ r  set-

ting the phase—ang le contro l to y i e l d  t i le ’  d c - s i r e d  l e V e l .  This t une -i ion

is  pa r t i cu la n y impo r ta n t for  it l V e s t  I g l i  I i ons e ’n t . l  ii iti g irr.id t a t  i o n s  o f

nu n ima ls over long per lnd s nO t m e ’  , bee -a n i s e  f r n - c - mo v e-me n is  of i i ? ?  a n i m a l

within a u n i t , as we ’l l  as  spu r ious  fa c  L e n r s  sue -hi as 1 ine’ — v n t l t n m g n -  V . I i  L a —

tions , could nithe ’rw i S e ’ a I t e n  the’ dose m1m L i ’ arid L i t  a 1 d~-s~’ s I gni f j e , i m l t  I>’

\~:i r ioei s  c i  r e - u i  t s I or imp ln- ~ ?, ! ?  t I n p  t , nhs  - I n V ’  I s n - i t  i i n g by p h ,i Se ’ —

,mng le n m n i  I U ’n t ? ? ? e’ii t hive hc’e’n d c v i  no- i l , i t u n - lu m h i n g i ? l n ”l~~t ? n S  1 CO I i  g u t  ci i ?flme ’ n S

t~’r home’ usn - . Howe ver - , i r i co  rpo r nl  I l n ’ r l  n i l  t h e ’ i i n s  - n —l i e n  I n )  i ? ?n ~ I l i m i t - U t  c n n  i i i

e’ m i s s e ’d ab ove mn ’ q n i i  r e -cl t h i n ’  d e s i g n  o h  a ‘n p i ’c 1 , 1 1  I - n ’ e h h , i n k  c i  r e - u i  t t h , m t  \s’n n n n l n l

s e n s e - . m ? n y  e’h n i t i g n ’ i n - i  t I ? n  p i n - se t  R I ”  L v i i 1 m m 1 .il n ~- t t i n - - p h . iSn - — .m n ?i’ . i t - n i ’  . 1 5

i nn me ’ L n i t n  the ’ RF l~’v n ’ I .  (I n tr m l i i i  jnt , m l  W a s  I n ’ n i  ‘I~~~0fl 1 c i r c u i t  ( l i i i

w o n n i d  f u r r n n i  t h i n ’ c h i l i  i - r i m e - n - h~ ’t  50- - n i  t i n , n - n i t  p i t t  ‘ C i  n ’ ? n , l m r  I r - i ’ t t t  t i n e -  I i ’ t s ’ , n t ’el—

m et m e l  I e c t - n i — p i t w - n  c r v s t , i I  n l n ’ t c t n ’r s  e e n i  t i l e ’  m m l i  n c t  i t t : n , m l  e u n i u p l t - 1  , i t m n l

27
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app ly this difference signa l throug h a feedback loop to vary the phase

ang le so as to keep any preset n e t  ( f o r w a r d  m i n u s  r e f l e c t e d )  RF power

f low into the cavity constant. However , the RF loading of the- cavit y by

the presence of tile cage (both with and without bottles of saline water

inside the cage) proved to be such tha t the r e f l e c t e d - p o w e r  va1u~’s ne ve r

e~n x c e e d e d  a bout  3 p e r c e n t  of  the  fo rwa rd p o w e r ;  c o n s e q u e n t  l y ,  v a r i a t i o n s

of reflected power could be ignored , with neg ligible ’ error. Thus , in

the contren i unit implemented , a de’t e ’c t o r  s igna l p r o p o r t i o n a l to onl y the’

f o r w a r d - p o w e r  l eve l  is used  f o r  fe e d b a c k  c o n t r o l .

A b lock d i a g r a m  of the  c o n t r o l u n i t  dc -v i sed  is p r e s e n t e d  in - i

F i gure ’ 12. The m a g n e t r o n  w a v e g u i d e  l auncl l i ng  s e ct i o n  is shown c e - n o n e-c t e d

to t i l e ’ bid ire -c tiona 1 coup ler. The dire-ct RF throughput port of t he ’

coup l e r  f e e d s  the c av i t y  through the - p r e ’v io cn s l y desc n ih e-d  a d j u s t a b l e  i r i s .

A H e w l e t t - P a c k a rd (HP) Type 420 c ry s t a l d e t e c t o r is c o n n e c t e d , th ren ugh a

10—d R co4lsia I pad , to t h e  f o r w a r d — p o w e r  o u t p u t  p o r t  of t he ’ b i d i  re’c t tona l

coup ler , and the o u t p u t  of the d e t e c t o r  is fed to a 200 -
~ ga in  n - p e rIl-

tiona l amp lifie ’r , which in turn is connected to t h e  fors’ ni rd - pe n wc ’r in d i c a -

t e - u i .  This indica tor consists of a l0O—~,~\ dc meter and an  adjustable twin-

range ’ resis tor ic ’ two rk f o r  r e n d e ri n g  t i le - m e t e r  d i r e c t — r e a d i ng  a t I kW and

100 W f u l l — s c a l e - . The ou t p u t  s i gna l of  the o p e r a t i o n a l  amp h i  f i e r  i s  a l s n n

fed to one  i n p u t  te’ r m in a  I of a 10 go in-i d i  f f n ’ r e - n c  a amp I i  f I n I  , a n d  a t?  a d —

j u s  t a b l e ’  dc — rn f e ’r e ’ n i e - e ’ vc, I t age  is ap p  I i  ~‘d to t i l e ’ a them i r l p t t t  t e’rm i  n a  1 i t t

the ’ n i i f f e ’re ’n cn ’  amp l i f i e r .  I ’hus , t i le ’  o u t p u t  s i g n i ~i l  I re-u rn t h e ’ c h i l l  n i , ? l e n ’

amp  [i f  i e ’i i S c-S Se ’?? t i n t  I L y p r ope n n i  ona I t n  t i l e ’ d i  f t c  re ’n?c n ’ b e t  so n n ?  ti l e ’ ni c ’—

I i - e ’ t n ’ d f o r w n t r e l — p o w c ’ r l e V e l nin e 1 t i u , - r n - I  n ’l’ n ? l c n ’ i n ’ V n ’ l  . th is d i  f t  c r e o l e - n  s i g —

n a  I i s  f ed  to . m Ve - c l r a  I “i ’ i I,lse - t m o l ”  5CR (,iLe ’ l ) n i v n ’ r M o d e l  \ ‘ I t I I  5001°-  1 1 5 -  l ,-\ ,

t i n e - n , ’ by  e a r n  t ree Ii i ng t h e  t u m t i — u n n i  i r i s  t . 1 1 1  or ;)hl.m Sc ’ n ib In ’ I d n i  i i  ne n i  ch  I n O l — I l . ’

e y e - i n ’) o f  .m t l n v r i s t u ’ r  c n n m p n i ’ u i ’ n l  a t  .m 1 m m  o f  G e - f l n - n i l E l n ’ e t n i c  I v i t , - ( :2  100

l h i e o m n  et , r n i n e n l l e d  n n ’ e t i l  l e n ’ n  ( S C R ) . I l u - S C R s  a t -  i i i  - n i ’ i j e ’S wi th l i i i ’

p r i n r n a r v  t e l  t i l e ’ il i g h ? — v n e l t 1 l g i ’ i r 1 l t i n - i t n t n n u n - t  I i i ’  t i l e ’ mag t ? e ’t  ron , s i n  ? n i t  t h i n

‘
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circui t controls the duration of the magnetron “on ” p e r i o d s , as dis-

cussed previously.

In operation , the dc-reference level is adjus ted with -i a po-

tentiometer , denoted the “Power Set” contro l, until the desired value - ef

fo rward  power is obta ined , as indicated by the forwa rd-power meter. Any

subsequent spurious departure from this RF power value then results in a

corresponding change in the output signa l from the difference ’ amplifier ,

automaticall y yielding a corrective adjustment of the phase-ang le’ shift

and hence a compensa t ive  change in the RF outpu t of tile m a g net r o n .

The me t e r i ng  c i r c u i t  fo r  i n d i c a t i n g  r e f l e c t e d - p o w e r  v a l u e s  is

s i m i l a r  to tha t for forward-power readings but without the feedback loop.

Thus, the required value of net power is obtained by adjusting the Power

Set contro l so tha t the forwa rd-power reading is higher tha n the net

value by the amount indicated by the refLected-power meter.

The contro l circuitry box (with protective cover remn -uvn ’d) of

one of the EPA modules is shown in Figure 1.1. F i g u r e ’ 13 shows t h e  con-

t ro l pane l  of t h i s  module .  In addition to the f o r w a r d -  and  r e f l e c t e d -

power meters and the Power Set contro L , the panel includ e’s: a t ime r let

p e r m i t  o p e r a t i o n  of the ’ m o d u l e  f o r  p r e d e t e r m i n e d  t ime  p e r i o d s  tha t c o r n

he t e r m i n a  ted by automatic shuto ff; an elapsed-time meter to re en ’  n i l  cetnli u-

la tive operationa l diina lion; and the re qCn i s i t e ’ swi tchc ’ s and  f e i t i c t  i o n -

i n d i c a t i n g  l i g h t s  f o r  Power  On , S t a n d b y ( a c  power  on , h u t  i n n - I  RI - ’) , a n d

Microwave Powem On. l’li n ’ con tro l circuitr y a Iso i n c l u d n ’s ,m n ae i t o n m a t i c

e’ i g h t  — second t ime’—dc La v re’ l ay  t n - u  a 1 low th~’ trI l l g n ? n ’ i re-m n I i  i a m en  I tn t Wa rm up

s u f f i c i e n t l y  p r i o r  t e n  t h e  n i p p l i c n i t i o n  of t i l e ’ h i g h ve t i t ni gn ’, a n d  ann i ti t n ’r

lock sw i t ch  ten t h e ’ door  at the ca vi t V • mouti ted Si n tha t c n p e ’n I ng t i lt ‘ n l n ’ n ’ I

shu t s  n f l  t i n t ’  m a gn i ’t  r on  power  and enper ti t o r . m e - i  ielT? i n ?  r~- q u i l  r , - eI tn t i n ’ S t n ’ i’t ’

powe r a t  t e r  the door  has  he e t m rec 1n’ se - el
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4 .  RF Power  C a l i b r a t i o n  Pre n ce - de ir , -

For economic  r e a s o n s  re ’[a ted to  tile’ c a s t s  of f u t u r e ’ tnod e i l e s ,

the’ decision was made earl y in the’ program to use cr~’ s L . n  I d e t e c t o r s  a t

the  au~~i l i a r y  o u t p u t  p o r t s  of t i-i c b i d i r e c t i o n a l coup le’r f o r  m e a s u r i n g

forw a rd and rn ’ f l i ’cted powers . at-id to ca l i b r a t e  the se’ d et e c t o r s  a n d  as-

soc i a te d  m e t e r i n g  c i r c u i t s  by u s i n g  a p r e c i s i o n  RF power  we -t e n  such as

the HP Mod el 432 as the r e f e r e n c e  s t a n d a r d . A s u b s t i t u t i o n a l  t e ’c i nn i que-

ba s e d  on the use of two b i d i r e c t i o n a l c o u p ler s , as sho wn i n  F i g u r e  Id ,

p roved c o n v e n i e n t  in c a l i b r a t i ng  the p r o t o ty p e  m O d U L e ’ . (O ne’ b i d i r e c t i o na l

r coup I cr  was  p u r c h a s e d  w i t h o u t  c r y s t a l d e l i -c t a r s  e n r  o th e r  RF powe ’ r s enso r s

to pe ’ r n n i t  t he  use  of  a n  HP Model  +3 ~ powe r t un tc’r equipp ed wi th an HP

Model 8-~n 813 b o lom e t e r ;  it will be cal l e d  t he ’ ‘‘ pr ima nv ’ coup l e r  f o r  t N

p u r p o se ’s o f  t h i s  d i s c u s s i o n .  The o t h e r  b i d i r c ’ct t o n a l  coup l e r , d n  :~~ - t  ~-d

t he’ “ seco n da r y ” coup l er , was  a u n it  removed t e n m n p o r a r i l v  I noon SRI ~-n b~ - r L  i ng

Moen r~- Model  4003/4006 M i c r o w a v e ’ Power S a u ? r c e - . i t  is  similar t n ’  t i n e ’ P I ’~~ —

Inlet l v  coup  I cr  b u t  has in t e -g m m  I e r y s  tu  1 d~~t e ’c t i n  nt - u t im t bach b e e n  c a l i b r at e d

in c o n j u n c t i o n  w i t h  the  s i d c — i n v — s i d e  P a i r  o f  m e te r s  se - en  in  l- ’ i g u r n - 10.

Fi r s t , the ’ HP l v p e ’ 420 c r y s t al .  d e t e c t o r ( a n d  i t s  m e t e r i n g  c i  n e t m i t  a n d

f e e d b a c k  l o o p ,  d e s c r i be d  in the  p r e -v i o e i ’n  s e l l n S e ’c t i a n )  w a s  d i  5 c d n n n e ’e t n d

f r o m  the ’ f o r w a r d - p o w e r  o u t p u t  po r t  of  the pr ima ry c o u p l e ’r a n d  t i l e III’

b o l o m e t e ’ r and powe r m e t e r  we rn - s u b s t i t u t e - d .  A l s o , a d ig it.n I vn ’ i t e n t i ’m

(DVM) was connec  te’d t the f o r w a rd — powe - r o u t p u t  pi n it ( l i t  n ’~~ m m  i c i_ v n t  .n

d c t e - c t c n r )  of  the’ s e c o n d a ry  c o u p l e - r .  [‘l Ie ’ RF powe ’ r wa .s n o t  t n n  p r n - n b ’ t c ’r ’ n m i ti ii

C m mne ”’ v a l u e ’s i s  m d  ica t e d  o n-i tN ’ - + 3 2  mc- t e n , ,n nd tEic’ e - C i i i e ’ s p e n n i c i  i ng in  m l  i l l s

a t  t h e ’ I ) V M ( i n  e - on v c n i e’nt  a r b L t r a r~~— s e n i  I c ’ u n i t s )  we ’ re ’ r~ - e - i n r , I ,  J .  l i e  111 t

c r 1 - S t I l l d e t e c t o r  nmr n d as soc  j a t ed  c’ j n n -u  I t  ?~v We ’ ie ’ tine ’?? suhs t i t n t ?  , , I  I n n  t I l e ’

b e - ’ l o m n c ’ t n ’r inch  power  m e te r , i n c h t i n e -  I n ’ r w n i r c i — p e ’w e ’ n p a t i e ’ [— m e t n r  r e l i c )  j n i b

e’orr- t ’spond i nig t n t  Lin e ’  OVM va h it’ wit - n m e n  t e d . [‘ Ii  [in p n ’t ’n - n - n h t i m e ’  p c ’mm i [ I n i l  p ht ’I —

t i r ig a grap h (1 1 p n n n e - I — m e t e - n re ’ .t d I np, s i s  a l i m e  I i c e ? ?  c l  “ t 1 - n u t ’ I n n  n s ’~ n i d  —

r va I r u ’  5

32

_ _ _ _ _ _ _  



A s i m i l a r  t e c h n ique was  use ’ 1 for calibrating t i l e ’ r e ’ f l c ’ c t e ’ d —

pow er p -n n e l  n le t er .  H o w e v e r , w i t h ?  abou t b i n d  W of  fo rwa rd powe r fed  i n to

the’ c a v i t y/ c a g e  u n i t , t he  r e f l e c t e d  power  d i d  no t  e x c e e d  a b o u t  20 1,’ . To

o b t a i n  a ca l i b r a t i o n  over  the r ange  f r o m  0 to 100 W , re cour se  w a s  had to

r eme vu l of the c a g e , i.e., e s s e n t i a l ly u n l o a d i n g  t h e  c a v i t y  and  t h e r e by

inc rca s i n g  the  r e f l e c t i o n  coc’ f f i c  i e n t.

D . [‘ ru be M e - n  su i r em e n t s  g i t h i n  a C a v i t y

E a r l y  in tile ’ p r n ’et r am fl  we a t t e m p t e d  to d e t e r m i n e  wha t v a r i a t i o n s  o f

powe’ r d e n s i t y  w o u l d  be o b L ~ t o e d  a t  a f i n o - d  l n ’e - a  L i o n  r e l a t i v e  Ic ’ the s u r —

f a c e -  o f  a b o t t l e  n n f  s O l i n i e ’ w a t e r  when the’  b o t tl e  is d i s p l a c e d  to v a r i e n e n s

po s i  t tom - i s cc i t h i n  t i l e -  cavity. nn neI e ’~ conch i t i o n s  of c o n s t a n t  n e t  pow er f ln ’\e ’

i n - i t o  t i le  c a v i t y  - l’hc’ v , I  I d e - s  o f  the ratio of p o w e r  d e n s i ty  to net pn -u w c’r

f l o w  would  L i l n i l p i n e i d e  a f i r s t  a pp r o t ~t ima  t i o n  In )  the ’ re - l a  t ionsh  ip  b e t w e e n - i

ti le -Se’ L I n e )  q u a n t i t i e n n , a rid t h e ’ s p a t i a l  v a r i a t i o n  of t h i s  r n m t i e ’  w i t h  b o t t l e -

l o c a t i o n  w o u l d  pro v i d e  an initia l a s s e s s m e n t  o f  d e n s e — ma t e -  v a r i a t i e t n i  with

p o s i t i o n  f o r  n n

l it r t i l t s  p u r p o s e’ w e-  had p l a n n e d  to mount ,  a s e n  i t  n n b le  ( I .  e . ,  nc n ni I t e -r —
t e n r b  I ng ) RF p ro be en I a f I ‘cccl b e - a t  ion -i  n n r r  t I n e - ho L i  Ic ’ an d  to s l i t  f t  t h e ’ n l s ~

semh ly to a p p r o p r i a te ’ b e - a  t i o n s  wi  t h i n - i  t i l e ’ c a v i ty .  Ilowe ’ve’r , \,e I n n t t r’id

t inni  I W e ’ w e r e -  s e v e r e ’  l v  h a m p e ’ r n - n l  l i e ’ ti l e ’ Ini e’k i n  I od e -qua  t e ’ e’n O t l ~ k - r e  i i  I 1 1 i 5 ?  n u n

r n e n t en t  i i ’ n .  A l t I u n - u g h  a N u n  r , O : m  t - l n a l ,  I 53~ I o )  en mnniI d i n’ n -e ’L  i n ’ i i i l  p r n n b e - s n i s  . lV.I  i i  —

a l i i  e’ • W e  I c a  n- nun - ni  Lila t no n e-h p ? n ’ l i e ’S  1 in e’q e i i [’ n e d  w i t  hi n n n e n i p c ’ i Lu ri - u i r ig  i i i  gh—

m a n ;  i s  tnt I-ice ’ In ’ - n I  ( f - u i )  k~~ 
/ f t  I C l i n t  t e X t  e m i l  i ’ l l  1 v I ’ — I / ~ [ l i e  l i n O i l i  i n ’  t i l e ’ i n n t n n l  i n ’

.1 s lI nn ’ , n s u i t - nt I m it t  I 0- ce - mn t e n  ci I I l i - p i n - t - st i r I n ’ n i n e 1  i ng Ill e’ S e n t - c i t . ,\ t

t h i s  pi ’ i n ? i  w i t h i n  t i n e , I n a n i e l i n ’ , ti l e  i e n m n N  , m r -  m i n e -el in ’ n ’ ’ t ? V e ’ t i i i t ’ n . i  c m i i —

d u e l i i n ~~ h e - a n t s .  ( n - t n s n ’ q u i c ’ n t  l v , we- e n ’ n n i n l  ~t t i th e’ oni lv ,i m e - g i n - n i  w i  t l n i m n  l ilt

e ;n v i  l v  I y i t n e  u sh ee i’t e i i s t . m n n d n  I morn t i l e  f n n n l ? t  n . m e i i o p ; l q ? nn - w i n n n i t ’ w . t ile - I n  —

l i - m e ’ , We ’ n i n C ’ l i n e ’eh a r , - l . i t j v e ’ I y  s i n n n p le ’ ‘ n t ’ h e ’  c n n n l s i ’ ; i i r u g m l  t h r e e -  ‘ n u n t n u a l l v

0 1
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p e r p e n d i c u l a r , thin—wire d i p o l e ’s , n O e l ?  m ac m e - il  S l l e n r t e ’i t h a n  a h a l t  s’l i v n ’ l n - l u ; ’ t h l ,

and  e x c i t i n g  a T ype -  1N 4 -’c54 d iod e’ . ‘l ’he- t h i n -c d i o d e -s cn ’ e ’rc ’ e m n n n n - c ?  e d  in

se r i e s  ( f o r  dc p u r p o s e s  on l y)  b y h i g l i — r e s i s t a n e n - ( 2 0  k t ’
~, m i )  t~ - ;n d s , a n d

a long  pa i n  o f  tile ’ same k i t - id  of l e a d s  w as  used I n  i e - c t i i m ? e -e - I lOg thc en-

s e m b l e ’ to an  n ’ n c t e r n a l load of 2 M’~ , a va h u e  m u c h  h i g h e r t h a n  the I’e in. ; i ii-

ing  r e s i s t a n c e  in  the ’ c i r c u i t .  ‘[‘bus t h e ’ r e c t i f i e d  c e n m n n - n i  ~~e ’ f l e ’ i t  t e d  ‘ c’

t h i s  RF sensor  w o u l d  y le -I d  nu v o l t a g e ’ o u t p u t  l i e - r e t - n - n  t i n e - load  L h i a t  i s

v i r t u a l ly i n d e ’pe ’ nd en t  of  L l i n  I n - a d  le n g t h s .  A l s o , s i n c e  t i l e ’ cu r r ~- t u i s

f l o w i n g  th rough  the d t a d n -s wou ld be ve ry s m a l l , a sq u a r n  - i , m ’,,’ mn - s p a n s n ’

w o u l d  be a s s u r e d .

l i n e  senns i t iv i  Lv at - id a f l e e - L i v e  otnnid  i r c ’c t i e n~n I i tv  n ’ t i m  i s  p i n ’ le e ’ c,’~ in ’

i n v o s t i e , a t ~-d by u s i n - ~ the ’ om i c r o w n i v e - f i e l d  n i t  t i m  m c i l n t l l  e n 1  a w . u v e ’g u m i d e ’

h o r n  h a v i ? i g  a t a p e r  f r o m  2. Sb by 1.34 i n c h e s  L m t  S 1) 1-’ h l t ? e - i l e S  i t  t I m e

fl l l ) t , it l l  and c’Xe- i ted a t Lh~’ no r r m i w  end w i t h u  2 - + : n  — b i l z  peiwe’ r . ~, ‘[‘b e - e ’ l e e - i  m l  c —

f i e l d  \‘e’e ’ t a r s  at the ’ m o u t h  of  t-~neh ni i l or t  u n re e ’ S n , e : n  1 Id  11’,’ pa n~ I I n I  te-

IN-  n o r  r n n e n  d i m e - n i s  l o t u s .

W I  t i n  t h~’ p r o b e - ~t t  .1 f i ~~:e ei a n g u l a r  n n m i e ’n ? . a t i i n i m  to  t h e ’  O n - m n  ~n n u t l l ,

nre ;i sureme ’ ? l t s  ci f t i n , ’ O u l t p c n t  v I l L a g e ’ I l e - i n n i n s  t h e’ 2 — ~ l ’~ l i d  \‘e’i l;S t N  in

i n g s  a t  t he  N n i r n l n i  5 101) ‘i - 1 , - i  en\ , ’ m ’ a s u it , i b L -  n’ ,a i ,~ e ’ i f  pn Os ’ e ’i I~ - ’ _ ’ e - i s

y i e ’ l d n - n l s i n h s t n m n t i . i l l v  I i n e - , i r  p l o t , i u n l t c ’ a t i ? l . ~ n x p n ’ e - t - -el  sq - I nn; — [ n w  api -no ,—

I j m n n i  e e l  t i n e - d j i ’nles . l l n n c s ’ e ’’,-’ e ’r , t h e ’ p I ’ n ’ l n ~~- was  i n n u i n c l  i n ’  havn - a 5 i ~~ I t I c ,nu t

d e g r e e ’ i n )  . l n i i s O t i u i p V — — i . c ’ . , i t  a I I X n ’el p~~’,’ , r I~ - e ’~’l , r n n t a t  i o n  m ’ ?  t i l e ’ ‘n I n e -

(a  h e u t u t  i t  - ;  m m m l, L i i  c I n - t i  L e n )  v I c ’ I e l n ’el , n  ra i I n ’  e l  , i  b”uit 1 n n  I N t m , , e t i  ma i —

niiti n n ,l ll e i n u n  i mum rn - l I d  i n n g s  . N -  ve ’ i t h n e ’ l e s s , , i  f t , - r - nn ’n i , - m i n o r  i ?rm [e in ’ve ’ot - - ’l I S .

In ’ n p i O e - e ’ - ci - t I  tn i t  hI t i l e ’ t? ln ’ ,i s~ n n -  -l nn n ’nl C a I epa  t i a  I v a n  i , m ’ lou i s a I p c~ n r ei n ’nls i t o

;~‘ l i i i  i n n  Ole ’ e - : iv  i Lv . A l  I l n n n i n ~~l n mn ’)tn - ,m tab I n ’ n I , i  t , m  wi n i - I n t o i n i l - u  I n  , the ’ i a t n - n  —

p r - -tat h -a cf ‘- ; u m i - l l n l , i t a nin nVe’ nl - I I I  t i e - m i t  ‘ce ,i lm n i t t  t i n e ’ p n n  n o - n i e - ,  , t m

I : , i r l - u t n n i — m - ~~e r n ’n ~t n n i t n  ‘ I l e t  ~~‘ii , ‘ i . m i n n u i . n n I r n m a ’ n l  n v  i ’ o l y ? t i - t i c n  ‘ ) I C ’ i ” , [ t - n n . l ’ e n [ v to n ’ n
( i - r ; ’ - ’  ? , n t i n t ? t , [‘i, - ceh j nn ~ ’ , i’ n - ? n ? n s V l t , , I - l i , l .
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m u l t i p lei r e f l e c t i o n s  be t w e e n  the b o t t l e  cc l  w a l e r  an d  the ’ c ; u v l t v  w a l l s

and  t h e  c h a n g e s  in such  m u l t i p le ’ m t  l ec t i on s  w i t h  b m n t t l e  p o s i t i o n ?  in  thi e~

c a v i l’,- . In  f a c t , the r e s u l t s  l e d  u -s to q u e s t i o n- i  the  e ’ ;u l i d i t  e’ of  re ’g ~n r d

ing d i p o l e - — p r o b e  m e a s u r~’ m ? ? e ’ n t s  c lose’  to a s u r f a c e’ as  ad e ’q c i a t e lv  m c p r n ’ s e n t —

ing t h e  power  d e n - n i  t v  v a l ue - s  a t  L i m i t  s u r f a c e’ . ‘l’hcre i n ’  ic , t h i s  l i n e ’ n i l

i n v e s t i g a t i o n  was  d m c n p p e d , a nd L I l a  c a l o r i m e t r i c  miu e - n n s u i ’e ’ t i i n -n l s  d i s c m m s s c ’d

be low we I c ’ p m - rio mu n ch

E .  Ca l o r i tn e t r ic  M e a s u r e nn e r n t s

As w a s  done  in Cak  ing the’ p i n ’b d ’  Inc a snI i n t t n ’ l i  t s n hove - , pm ’ I C e ’ t h y  I ~‘n e

br e t t  l e n - i  I~ itdn ’ nl w i t h - i  p r c n d e t e ’rminc ’d q u a n t i t i e s  ( b y  ;n ’ e ’ i m l n i ~ e ’ I  ( 1 . 1 5  N N , i b l

s e - u l u t i o n  w e r e ’ u s e d  a s  f i r s L  appn ’n - ’c innLu t i n - ; i ’ -i t n f  t i n -  RF  i n ’ , i d s  ‘ m e  sn - ni t ed by

rn onk~- y s  . For  c-on e- c -m i  i en ce  • t h e  l n, - i t l e ’ nu u s ed  W a l e ’ c v i  [i - id  i i  c ,i  I an d  a I

sc ’ n ,’e ’r ;i 1 mad ii , an d  I On ‘ n l e  n - mi t’e ’e l Ct ’ l i  i n n  i n n  j e l l  t — i n n  — I t  e l i  us ta L I c’s l e e ’ n’ e’ m i i i —

to in - i t ’d bn- ’ I 1 1 1 1  u g  tIle bom L le t s to t h’uc ’ m n q u i s i t e’ l e v e l s .

t I l e ’ c’ a I a n ’ im e t n i c  Lc ’c l n f l i q n m n ’ n ’ n ’u t eu i b e ’d i l n ’ l l S t i i n Ole ’ O L S  e ’t  e~’ .m i c ’n tci flpe’ t l —

tin me - with a rap i ci  — in  sponse  thc ’rrn u onn e i c r  ~m Ye ’ 11 ow Spr  in g s  I n n  s i n ’m n ; t m i - n t  s 1 ~‘S I

~i n ’ n I e ’ I  + 2  SC l’ n ’l e I ’ l?  t ’ n ’ u n n t t t n ’ l e ’r l  i m t i r e ’ d i , i i c l e ’  l-u ~- f n ’ i ~- am? d a t  I ’ m  d r i v i t n ~ i b m

cl u V i t e -  s’ [ t l l  a ~ pe’e’t~ L e e !  C o l l I e - n ’ f  u i e i i np u t  ‘cm’ , n , P . In - u n a spe c- i n  I c  t i e ,

i t e ’ i V , i  I , I ( n ’qln i C - , n l e n t  t t n  t e n d  j m u g  I o t a  I eme rge’ 0 = P t  I t i t , - t i e  c m v i  ~~~

J u s t  p m  j n t r  t e n  m O c oisli m i n lg wa i c r  t n ’ : ? ? l t c  i.I Inure ’ ( i . c’. , I ??lm mlm ’e l i ll  Ic ’ l v  h i m  I n ’ ?  e ’ m i d

1 t I e r 1 i d n l n ’ e ’ t’ t’Ilti I , e ’lld ’ll boLt he ’ w ;m ~m n i g i n  a In c h  
~I° te’k l v  t n ’  e q e t  I h i l i i i i n ’ i t

e’n t m u t e ’ m n t : .  i n n  mnn i nit; n i ze ’ t h e - m i m i I i n ’ s ’ n n ’s n i n n i ’i ng  tO t - pi ece - n  m n u n l s , t o e -h  ln e t t t i e

was m ’ ? n , i I e’n n ’nl n - n i i n n ’ 1 ’ .’ i n ~ 2 — i n c h — h u e-k ‘ ; t v m n n f n t ; m m .  l i n t  ? n ; ’ ? p n ’ t . n t u i ~ l i S t - ,

• m i d  Lhe ’ 1,- n t  - m t i n s - n , >1 , inn n m  in - t i t l e ’ W e- i - t h n ~~i l i s t - el t i n  c m  i e m m l . m n  -
w

• tint’ - in’ I gv .1 !tsn t r l i m ’n i by tilt ’ wn i t m - n ’ , 1 ml I f l ’  , t tm I i - n e - t i  l e n i - I  t lie t t - t n i l
1” Is’

I nt p m u t - n t -  n ‘ ‘ . t i n  i s e n n u i - n t  i m n i t  - -~ l . ‘[‘in ,’ c - n m l i m e ’ e e l I’  = I ’ . f t  I ‘‘1’ - , i ,  I i  imo t t I n  a t
Is’ Is’

un I i n ’ r r u i n  - ‘ml I m i n e ’  m I l l  5 , 1 ;  1 . u k , - ii l i t  m l )  re ’; - t n t  I t in wl im t I n ’ — i t t - e l y  - I I - - n I ‘t  i t t Ii

- I ,  t o . - i , i  i -- l i t  F t l n , n  t il l in

I ‘t



A l t h o u g h ?  t h i s  calorimetric m~’thod e-annetu , provide any inf omnna t ioni

a b o u t  v a r ia t ion s ot  power d e n s i ty  ac- c- n  the ’ s i m r f n m c c ’ enf a b o t t l c ’ 01 W d t c i ,

the’ 1usd ’ of b o t tI ~ -s of si m p l e  g e o m e t ry  ( e ’ . g. , c y l i n d r i c a l)  pe’r r n i t t e’d t h e

c n u l c u b a t ion of the  m ean - i  power  d e n s i ty , F , def it iet d li v P / S  ( E / t S ) ,- W -

w h e r e  S i s  the su r f a c e  a r e a  of the  w a t e r .  A l s o , tim e- ratio c a n  bet cli l ee-

b at e d  fe ir  each  v a l u e  of w a t e r  mass , N , to o b t a i n  e s t i m a t e ’s 0 1 t i le’  v a l u e - s
W -

of  P r e q u i re d  ten o b t a i n  p r e n d m .t t e r n n i n n e ’d v nm I d le ’s of F .

F a n ’ some of the ’ ca l o r i n n u e t t r i  e- r uns , p a r t  i c u l , n  n v  t i l e - u s e , in  r f n n  i t i ; e ’ n I

d u r i n g  t i l e ’ e’a r t i e r  p a r t  of the  p r n - u g r a n n , I l l e ’ C e - r i  i ?i~~ N~~n t m’c Nod e ’ 1 ~1(O3 / a H

M i c r o w a v e  Powe r S o u r c e  was usc’d Le n d m i v ~- L ll~’ c . m v i t v  . F c r  t h e’ I c O n  j r d n - r

in f the run i s , Chic ’ in t eg ra  1 2M5 3 ti n l n g n e ’ troll powe r s c u m  i c e  n-u f tile’ pi’ en l et  I c - I n c

mo d u l e  was  u s e d .  U s u a l l y , t he ’ Ce - m l i l m g  Nu n nn n ’ e ’ n i n i L  Ie l l S m m s n -d I n ’ n t t t t n n  in ?

power  v a l u e s  of I kW and h l g I i e ’m ’ . an d  tile i u i t n g m . m l  ! ; t , ; m n m n  t i n y ?  u n i  C w a s  u s e d

f o r  lower  power  v a lu e s ;  m i  a i t h u e r  case • t l i t  r u i n - i  d u r a  l i o n s  We ’ n e ’ i u s c t a  1 l v

c i m e n s e n  t n  y i e ’I d  w a t e r  L e ’i i ip e ’ m l m  t c u r e ’ m i - n c ’S ( ~~t ’ I n n t  ,m b c n u t  10 0 o r  t t m n ic . ‘l ’hus

t i l e- c-xpe ’n i m e n t a  I c - r i m - u n  of  C i i i  s e l m  1cm m e t r i c  I n ’c h n i q u i c ’ I -n es L i m o  te ’d in ’ he

e q u i v a l e n t  to a b o u t  - 0 . 5 °C in \0 an d m e - n e - c- n u b n i l l t  ‘5 i~ n - m c~ n u t  f n n r  ~~-‘  v a h n i ~’s

m l  10 °C cn n  large-n.

I i i  som e en f t h e ’ n u n  s , in i ng h e ’ l i m i t  t I n ’s We ’ me - u s e d  ; i n n  n n t h e ’ ms • I Is’m ’ m e n  LI it - s

cen t i -e l lt Iu I n - n l  the’ I e i ;id .  In  [i e -t t h  iv p n ’S n ’ ?  t’ u u n s , p I J c’ n ’m m? d ’n t  n -f thin ’ hi e n h i Ii ’s

was  e- , m n j e ’d ii’ .lSine ’Sin tile ’ e f f e c t  m l  t e i n i d  I e c ’,l ti n ’ii n i t - i d  e l i s t m i h u l i i t n n  1,- i L i u m

C h i c -  m o d u l e ’ . Th e ’ i f l i p i e r t . I u ? i m~e - s u l i s  o f  n m l t  tile -s e ’ t’m i?lie ,Ii ’e’ d m s ~ di SSi - n I ‘n [etc, .

I. lii i~~’ c 2  t i l l  n i t  .1 ‘a i$,l~~~J1fl n . f 1 J ? m i  W I i - ei m n W s  Vt!_ece ’kn - ,I (

S - c o - n i l  [ t i l t  1 , 1 1  m n u n m s  W e - i n  t d l , ! , - s ’ [ t l m m ’ n m i  t h i e ’ i - _ m i - _ c i n n s i ,~ t i , -~l . I n ’

e l I  t nt I t io I - .m  n v  m l  t h e - n  I l l -u -n 11) 1 t - in l- ~ tn t t5y - u in I n ik  i -n - n e - m [ t t  iN  Is, i t  - n hi i t  i I a S  ‘I m i n i

l i i i ’  c - i c ’  I t  v l i n t - m t - ce ’ ., . l i n e  - se mu n n ’ ;  t,’~ ii - n t - i ,  n i  - - w f t  h a n; I n n  m ’ I - ‘ n - I I I - a t n oh i n n s

r 1 .  a c nni n , y f ? l m i  n n ~’, 0. 5/ k i ’ a t - u i  I t I l e ’ \e’ . i t i - l  I i . ‘ . , I h i d  I i ’  ‘ m N i  i t t

i n l ’ f . / n t - i l l . l i n t ’ i t t - I t  I n ’ I”. m i n  p i e  i - e l  I t  t h e ’ e - ’ t i t  - t i~ I I lie d ,IC ’ i t \~ • Cs’ l i i i



t h e  base  of the b o t tl~’ e ig h t  i n c h e s  abac- c the c a v i t y  f l o o r .  The re ’ s e u h t  n;

we’re ’ s u r p r i s i n g  in tha t onl y ab o u t  80 p e r c e n t  of the  i n p u t  crn e - r g v  w , m s ab-

so rbed by the w a t e r , i . e . , the c a v i t y  losses  a p p e a r e d  t e n be much h i g h e r

t h a n  d ’~~pe ’c Led . Leakage  nad ia t i o n  t h r o u g h  t iue  rad i o p aq u d - w i t id o w s  eslm s

hypo thesized , but probing the oeutside oh  t i le w i n dows  w i t h  a N a r d a  M ic re -u -

wave R a d i a t i o n  M o n i t o r  d id  no t  a p p e a r  to c’ieb d  a n y  s i g n i f i c a n t  p aIn e -n

t r n n n s m i s s  m u m . Howe ’vc ’ r , i t was  soon d i  scoc’ e ’r n -ei t h a t the w I ti de -c ,’s • p .u m l  i c u —

la r k-  the top one , b e c a m e ’ q u i t e ’ wa rm to t I l e  t o u c h ?  d u r i ng  a r u n .  ( ‘ib i s

f a c t  was  l a t e r  c e - u n f i r m e d  by p l~i c i n g  n ’n e - n n p s u b a t e d  l i q u i d  c ry s t a l  she ’ c’ t s

in c o n t a c t  w i t h  the  w in d o w s .)  The s i g r u i f i c n i n t  RF powe r n n h s o n i - u i  jn ’O c a n ,t s—

ing  s ench  h e a t i n g  was  i m d i c a t i v e ’ m ’ f  i . m t n l t v  w i n d e n w  n n t t u s l r u c l  i o n .  ‘cs s t , m i i - d

e a r l i e r , t h e s e ’ w i n d a w s  n u m n ’ m l  1— i n c i l — s q u a r d ’ , 1 —  1 / 2 — i n c h — d e e p  ‘m a i n s  c t - r i 1  I ’ ,

o c c u p y i n g  a r e - o s  30 i n c h e s  w i d e ’ b y 24 i n c h e s h i g h in  tile da m n , ar I d  30

i n c h e s  by 18 i nches  in ti-ic’ Ie np pane l i t t  t i n , - c a v i ty ,  i N - v  Is’c in  f n u h m i e - . n t n  el

b y cu t t  i m i g 3 / 4 —  i n i c h — d e e - p n o t e -h e’s i n - i l ’ - I — 1/+ — i n c h u — C s ’ i d d - - u r n  in s S t n  ‘~~ 
.11

I — i n c h - i  i m l t e r v a  Is ,u nd  a n u s e n h i  ing  s t r i p s  o f  prd ’ l -u e  n [e ’n l g i l l  t n t  fe n m nmm t I l e ’  g r i l l e .

t o  c’n sL i r e -  goe-ud RF e’ ctn ? t u n e - I  Ot  t i l e  e a r n e r s  c’ I t h e ’ sqt i ~m ic ’ s , nu n i e n m u  t m n \  i e’ nin ’ I d e  r

pa S le ’ h a v i n g  a me’ I t  ing t e m p e ra l u r e -  e e l  30 I” was  h r u i s i l e ’d c - u n t o  m ’ , l e - hl i d - u i n i

a r i d t h e ’ g r i l l~ ’ weu s h e a t e d  to - ‘+80 1-’ l n ’ r  30 m i n n u t , - s . H e n m s ’ n - n , ’c r , 1 mn ot t h e

re - s u I t s  a b o v e - , i t  was  c ’v i d e ’n ’u t  10, 11 t h i s  smi l ei e’r i n l e t -  p r d t d - e ’ss W a s  n m n s a t i n u —

t O e -  L n t  iv , i nd that t i le w [ndiows WellI Id  r e ’q uI  i r ’ - m n ’pa i r . I’ m ’ p nov !n ie ’ h , 1 - n e ’ n l , m  t o

I i ’ m - e l m - i n ’ r u m  in  m u g  Cs’ I u m i n e w  qua I i  L v  a t  l e t ’  re ’pa in ’  • We’ L l? m ’fl h i  n n e - k e ’d t h i n  ~‘ i  i n n h m ’ c c ’c

n C ? I n m t  r . n  r i Iv  wi  t in  mc ’ 1, 11 s i n n -e ’t s a m i d  pre ce ’ todi ~‘d W I  t l n  t he  ca he m m i n t - t n - i  i l d  t U n I S

Sn ’’,’e-t l r u i n s  W e - t n  t O . n e h n  1s’i t h i  t h i n ’ r od  i c n p n l q e i n - W I l i e l n O s ’S i l i n t e N’n h n m n i n i

W l i i i  t h e ’ eo m g c ’  nit - u I i l l s  t m  II c c i . ‘ t n t ’  R i n n u  I , m m s i i i , ’, i n ’ i ’ , - t  I I e ’ c a t . i  i i i  rug . S

k - -  It I - c , i  I c r  w a s  p i m n n  d m t  t h e ’  ce n t e r  cc l  t i n -  m m c i  Iv , S [ r u e - l i e  in n m b m n v c  ? I n ,

I l i t t e r  ( ms i n -  I m ’ i c  1 , i n c h 1 . 11 kW ( t i - - I  I wa s  I ed i n l et  ? I t ,  c m v  I L v  I n ’  u 5 ni I t - l i n t  n’s

i i n i t n  2 - - i i  in in j m nni  [n n r c - x e - m p h tha t m Int ’ l t I e ’ e’i ’ iu t m u iu ’u i  ng  I I n ’  s n n i u m -  q u m m n i t i i  V wm m n-i

p I e - - I  m t I I n - ’  i n l i t - t ? m ’ l n e i g h i  e l m  t i l e -  I ,  I t — I  t a i n t  c t t l ? i e ’r r e t  t i m e - e. m c- j I c  I n i i . u n ~ —

o n t o  I Iv i ’ i t ; t i - - ;  I n - t i n , -  i tO  I t i p u n t  — —  ‘ u n - n ’ I I n I l  Fe’  - -u I , n i n e 1  t i n e  i n t l  I I - - m u  t i n e ’  e - -  - t t  m l
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was re -m o v e d .  Run 3 was s i m i l a r  to Run 1 e x c e p t  t n n r  th e’ use’ en 1 3. 15 k g

of w a t e r  (a  b o t t l e  o f  the same radius but filled te l a he i g ht  of 2 2 . e cm)

and an in p u t  power of 0 . 9  kW . Run 4 was  a g a i n  s i m i l a r  to Run - i  I e x c e p t

-
‘ 

f o r  the st -ill Larger quantity e n t  w a t e r  (4 .36 k g,  h e i g h t  2 4 . 0  cm) a n d  l I m e

h ighe r i n p u t  power  ( 1 .9 kW) u s e d . In Runs 5 and b , t w n ’  l n m ’ l t l e ~5 e ’ f  t i l e ’

same radius , each containing 3 .57  k g of w a l e - n , we ’re ’ used to a-c e - c-itO inn h u e

e f f e c t s  of  va rying the spa t ia l distribution of water. For Run 5, tile ’ i1,’ e n

bo t t l es w er e - p l aced  to ge ’ther  a t  the -  c e ’ n l e ’r of  the  c _ m e - i l v  a t  t i l e ’ sa me he’ i g i n t

and a l i g n e d  a p p r ox i ma  t e l y w i t h  the’ d i r e ’ c t  ion en I the RF l e e c h ; i n ?  Run  6 , t l Ic

two b o t t l e s  were  w i d e l y  spaced , one’ I l e - c u r the-’ I~’ f t  I r o n - i t (d I a  omi ,m l l v c p —

p o s i t e  the RF i n p u t)  and the -  o t h e r  t i c - a r  the ’ l e f t  mn -nu n c i  t i l e ’  c m l v i  l v .

Run  7 was s i m i l a r  to Run 5 e x c e p t  fei r the  use  of 4 . 1 5  k g n - u I  wmu t~ -r  i n-i

e a ch  b o t t l e .

‘f ab le ’  1 shows the  re s u l t s  m - u f  t i n e - s e ’ 5e ’V e ’il run s , l l in l n e h  i n  en r d e ’r

n n f  i n c r e a s i n g  w a t e r  m a s s .  The v a l u e s  of the’ f r a c t i o n - i a  I e’ m ’ue ’r gc ’ , E / 1- 1 ,- w
absorbed  by t h e ’ w a t e r  i nd ica  I i ’ t ha t t i l e ’ r u i n — t o — r u t i  v a r i a t i o n s  we ’m , - s i t u nu  11

and w i t h i n  t h e  l i m i t s  of tOm e ’ e s t i m a t e d  e x p e ’r i n u e n L a h  e’r r en r .  N , - v c r m l n  1 , - s -n ,

we- e’xmimin e’d ti le ’ d n u  ta f o r  t r e n d s  b u t  could n-ic-u t d I s ee ’r n ? a d c - l i t - i  i t  c’ c-un ce ’nu—

s i s  t e n t  d e p e -n d e ’ ?? ce of  t h e s e ’ va n a t  i m i n s  on wmi tc ’r iou s s .  S p c’c I t i e - , i  1 lv  , tile ’

yn ur iat l enmis cit E / i -  w i t h  N we - r d  n n ’t  m o n l a t e m i e -  fm- u n Lin e ’ s i n g l e - — m o l t Ic ’ n
_ m i l l s ,

w w
leer  th ~’ twe-u—bo t I l e  r u n s , e -u r f o r  l n t  t h u  nec I t - n  of  r u i n s  c o n s  1, 1  m r , - n i  m m n m u in i ?l~~ hn ’

g r e n u i p .  Al snt , Lhe ’re ’ was nun ’  di sc ’ n - m n u i h l e -  n- ,’lat io m i s i n i p  ine ’lwe ’ e -n I / O  v , m n i u m —

I loui s a n d  ho It  he p h ,u c- c’muu e ’ n I :  R u n s  I m u mid 1 , d I ? I n - t i  t n g  t n  I v  i n n  i l i e ’ l m i e . i  i i  ‘t l

n - f  t i n e , s i t i g i e ’ h ot  t h e ’ n m n ’ n i  • y I n ’ l d n ’ el e’’H t - l e f l I  [.1 1 lv  t h u e ’  n. . l ? i ? e ’  c’ ,i hue’. I n? kn urn 5

w i t h  lw n t hee l i l e t - n , R e n t  t i e ’ A , win c l i  was  ~ I n ’sc r t e n t h u t ’ Rh ” i n i p t u  I t l n n m m n  lOo t  11, ’ 13 ,

e’xiiib i In ’ ,I a l i n g e r te’mpe -mmi tu u’ e’ i’ i Sc’ m i n e !  l i t t le , - a l i  ii ’, - F c m i  lue ’  c 1  I I lul l?

hIa tt 1, 13 , win - n ’ ’ i s  t I m , - e’ n n n i e ’ m ’ m e ’  was  I. i l u , ’ I n n  n On ’i l i e --u ~~~ I t - ? n i  I l u - i  R u i n  I

w h i c h  d i l l  I e ’m , ’ n i m m c m i  R u n  5 cm l v  i n n  t i le ’ q t m n i n n t l i v  o n  m , ’ , m t t  n’ m m s c ’d .  F i n n ’  m u

t h c t - n ’ n , - , i ’ u n ’ ? r - ; , We ’ e - m ’ m n n I u i e l e ’d t h a t  tile’ i n m n n — I , ’— I n u : i  c h i l i  I n f l n e  n ’ l  I
Cs’ 

n t  i n I  I v  m l i i i ’ - - , .  ‘ l i l a  m e a t ?  \‘, I l u i e ’  t n t  i-: / 1 -  l i - i  t i ? ~ m ’c t \’ n ’ t n  u n i t - i n c 1 .- is
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with a standard deviation of 0.03. Insensitivity ni l O / E  to w a t e r  m a s s

and bottle location would I’—: expected when t h e’ water is the p r i m a r y  RF

load within the cavity, which was true in each of thense ’ cOSe’S.

I f  the same v a l u e  of i n p u t  power were ’ used in a l l  the’ rum-is,

t hen  one would  e x p e c t  tha t the v a l u e s  e n f  mean  power  d e n s i ty , F , w o u l d

d e c r e a s e -  w i t h  i nc reas ing  w a t e r  mass , Su . Since the v a l u e’s of 1’ us~ ’d in

Runs 3 and 4 were different from those used in t h e  o t i i n -r  r un s , we n o rmm mmu L-

ized the values of F to their respective’ Leve ls n -f F.
w

For cy lindrical bottle - in, it is e a s y  ten show tha t h u e ’ s u r fa c e

area , S, of the  water within is given by

S = 2~~r + 2 N / D r  , ( 1 )

where ’  0 is the d e n s i t y  of w a t e r  ( a b o u t  1 g / c m
3

) a m i d  r i s  t h u e  r a d i u s  of

the  c y l i n d e r .  I t  t h e n  f o l l e - u c n t h a t  the-  n e l a n . i e n n s l u i p I n n  tC,’n e l l  P / F  ( n ’ n

F /1’) and  N is
w w

N 
I U

P 0 / 2 - 
e~’ I1 2 t i r  +—  I . ( 2 )

F 0 D r J
W w

l’ he Se -c e -u n-id r e l a t i o n s h i p  shows tha t f cn r e - n ’ n s t , m u ’u t  va L i n e s  n n l  0 / F  a n d  f e - i

b e i t t i e’s m e t  f i x e d  r a d i u s , n ( 7 . 5  cm ii i  the-se  r e i n s ) , P/F in h u n n u l d  len’ I i u —
W

m ’ , l n l v  r m ’l,a I n c h  Ia >1 ( w h c ’r n -  t h e ’ r an ge ’ n i f  N v mu I n c ’s i s  oht ,i j n ie ’d  i n c  c- , m n v I i n n ’ ,
w W -

the ’ heig ht en f L i n e ’ w a t e ’n i n  t h e ’ I n n ’  I t  Ic’) . u\ p [n - u t m e l  t h e -  e x i l e ’ r I m n n e m n  t ,l I c m  1 tie ’s

n ’ t  P / F  as mu m m c i  j u a n  m e l  51 f n ’r  L l n n ’Sn ’ S n ’v d ’n i t u n i s  i s  ~-, i v e ’ui i l l  I - ~e u t  - I - n
w w

i’ e’[ n e le’d p u t i m i t s )  , t l u r m - u m u g i n  w h i c h  1 st r a i gh t t i t l e ’ c-nun I m ’ p a i - ;se ’dt . ten w i t i u i n n

t i n e ’  e’xp e ’ i i u t m t ’ t i i - u  I cnnn ’r. ( I t  i ’ ih i n ee t l eh  he ’ m n e ’ t e ’d , i u t t~*’i -c- n -u’ • t h a t f m n n  c’ - u n i , n i  i m ’ t m n c

m ’f ‘I liv t r im ’ ’ ‘- i d , l  L i  ng— — j . m ’ . , it c’ l i n e  u’ i n n  I t ug  n i l  I ci i t i te ’ n n s  a t m - c  m n i  t I i  - ‘ 1  1 1 e t-u c’

tite ’ m m mc ’ , i n n u n u n m n t  I n i ’ e ’’c pe ’ct  l y e ’ ~~l i t s  s i n , i j n - — — i ~/ i ”  won I I  c m l v  , m t ;  51 ’ 
~~~~~

- 
‘ - t1,L ________________“ -
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2 POINTS U H n n C  3 , n n n n l  81
2 -  —

A O

O’~ — 2 POINTS (Runs 1 ,t t t n l  21

1 - 
0 RUNS 1-7 . WITHOUT CAGE . BOTH RA IH O 1’A OUF WINDOWS B t O C~~E t )
,~ RUNS 8-10, WITHOUT CAGE , FRONT HAD IOPAQUE WINDOW IJ NBLOCK E-D

0 RUNS 11-15; W iTH CAGE, BOIH RAD1OPAO UE WINDOWS ONI(LOCI~t I )

0 I I I I I I I I
0 1 2 3 4 5 6 7 8 9

M k g
C’s - A i!’17 H

FIGURE 14 P/ F w PnS P~ FUNCTION OF Mw

2 .  ( m i n u s  W j  t h e e u t  Cn u g c ’  ( R mi d i n n p n I g n u n ’ l s ’ i : m n I n ’ t , ~~~~t ’ m u I n 1 e n c k n - u H

i’ ; ,m e - i u  F ue l  i n n p ~ m n i n e n ’  window was n_ i- I t _ i rn -ni bc pm t ’ - t ’ san n el i t n e -  ti le u l l  In ’

; n l n n n n g  i t s  i n u s i n i e ’ p i m m u i c ’ I r e l a t i ve ’  I n ’  t i l e  c l v i  t e l  a n , i  s m n l n i e r i n i c ’  n ’ ,l e i u  j ti tn -F -

s e c t i o n  i n t h i v j e h t i m I I L c ’  w i t i m  t n S i n — e - m t r t ’ ( t U /  i i )  ( S n i ’ I n )  s i - i n k  u .  Is’, th i n -u - i t- n . l - i m

sm - c ’ e - u , m I  n’ t i i i s w i  t l i u n u i t  t b -  ‘- 1 g m -  m m m l  1 1 , -ni . I I n ’ ’U w i t h u  m ’ n n  l v  E l m ,  I n t - i t  W I  t n ’ h t ’n.’

i u u i b l o e ’kn - u I  m l n n e i  t i n e - n i  Wi tim b o t h  n. j n n m h t ’ w s  c u m u l i  luee ’ke’d

b i t - 2 shows t him ’ rn - s u m I i s  u - n r R u n n n ~ 5 - m  , mi n d I U . I n k ,  in  w i t  in

otn i c- t i n e ’ I r i ’ n n i  w i n d n t n . ’  ti~~I , 1n n c k n - n I. R imn i S w,nn-m si t - n i l l i t ’ I ’  R u i n  I ( ‘ 1  w i n i e - h i

i n ie th w j t n d o w i - ;  w e - u - - l n l e t e ’k e ’e h )  in ch  t h e ’  n - - n h  I s  o’ - u -  i ’ s ’ C , - t - n t  i , i L I c ’  I i i -

4 1  
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Also, the- window remain~-d coo l , indicating tha t its repair was successful.

Runs 9 and 10 were then pe r formed to ascerta in the e f f e c t s  of using two

b o t t l es , one h a v i n g  h a l f  the ’ q u a n t i ty  of w a l e r  in the -  o t h m e - r b o t t l e’ . Fa r

Run 9 t h e -  b o t t l e s  we ’r e  p l a c e d  in t i u e -  c e n t e r  of  the  c a v i t y  a long  the’ RF

f e e d — d i a g o n a l ( a s  b e f o r e )  , with the b o l t  I c ’ h a v i n g  L l l c ’ I a r g c ’r a mo u n t  enf

water (G) closer to time - RF input. In Run 10 the  two b o t t l e - s w e - r e  w i d e l y

spaced , with the smaller bottle (L) ne -mi r t il e  left—fron t corne r (diagona11 ~-

opposite the RF i n p u t )  am i d  the ’ Lar ge r he-uttle (K) ne-mm the ’ l eft—rear corner.

The va lues  of  P /F  as  a f u n c t i o n  c- uf tn n t n m l w a l e - n  mas s >1 b r  t h e  Se ’ t h r e e-

r u n s  a r e  shown as
W

t r i a n g ie n s in  F i  n m r n ’ l~~. I t  i n  See ’fl tha t L i m e - t i n  V a l u c ’s

a r e  c o n s i s t e n t  w i t h  t luo sc - f r o m  R un s  1, t h r en e u g l u  7 .  As e’>:p e- c t e -d , ilenn.’e’c’ er .

in Runs  9 and 10 the ’ L a r g ~-r  bü l t i c  a b s o r b e d  the ’ l a n g e -n f r a c t i o n  of  t ile ’

i n p u t  e n e r g y .  ‘the re ’ was  so nne - r e in— t o —  run d i i  i c ’ rc ’nce ’  i n  It - / i .  ca  iDe ’ I n  -

tile’ l a r g e r  b o t t l e ’ ( 0 .5 7  cot rupared w i t h  0 .50) , b u t  it is difficuLt t e n  n u s—

c r ih e  any  s i g n i f i c a m -u c c ’ to t h i s  re s u l t , especial Iv s i n c e ’  t i l e  s i t n n i  I L m - r  h n t l l e ’

e xh ib i ted a nu e ’ g L i g i b l c ’ n u n — t o — n u n  d i f f e t ’e- n e - e .

[‘l ie ’ data obtmi m e d  f o r  t h i n ’ r u tu s  p , r f o r m e d  w i t im lien thu r , m d  i op a q c i e ’

windows unblocked (and withou t Ibm ’ c m m g m - i n s ta  I It’d) we’re’ e l n n  ‘ t u n n l  c m i  h e l m  l e S S

mi nd we’ r e’ d u s e - m u  rde ’d because  e f  the  s u b s e q u e n t  d iSCe’vn t’V • ~i l on i g  a nd  F ’ I th I n

b o u n d a r i e s  of t u e  top  w i n d o w , m n l  a f i n e ’ c rac k  t h r o n i g h w h i c h  a s i ,n ’ih  t i c a t i t

powe r f l o w  c a n t  Id l ie -  de’ te e- ted with n Na  rda p u i ’ i n ,  . [‘ii i s e’ r , m  e’k w,i 5 1, g i C e d l

ar i d W i ’ p r n n c n ’ n ’ d e ’ n .t with the’ reins in h n rm i~ Fn -55 wi ti-u t h i n ’  e - , i c- i i n s t m i  l i e d .  ( i t

ci m l  n o t  ap p c -~m r w m i r t h w l i  ~ Ic ’ tt t ’n - p i - n i  t h u n - t ’U F l S  w i  Ih t n u  t t h ~ - c a g e-  le e e , m t u s e ’ mh n u n —

ing  r m i t m - ;  w i t h  t i l e ’ c i g e ’ t i m e ’ I n i p  ra d i n p n n m h n m m - w j n i e i m n w  m Xii j u l  t ~- nl  i n ’  s i c i n  I t j e - , i n t

t i - t t l p n - t ’ l t n u r d ’ u i m c e - , i t u d i c m i t i r i g tha t i t s  n n - p~m i n ’  was ,i[n cen s n i e - c e - i n n i t i t l  .1

It shet ci Id lie’ li m I n - el t h,u t m inis  ci i nn n h m’n. ’ p i t e h i  enum W i  t h i  t i l e ’  ~~m n ’ t n t  
~~~~~~

macin I ,,’ w a -n  nm c-I’ I liii i l l  t h e ’ 1 2 I - i ’A t r i n ’ n l  i i  ii - ‘-n by i i i  v i n n  g- t I n ,  w i  t - ie ie n ws  d i p — h i m i :

bc i uu ceut s id e’ S i l e n i t  th ni t ‘c ia e ia l i / n ’s iii - n n i , l i  t n  n b m m n n ’  I t’ n’ v . 

-‘
_
“ ~~

‘- -
_

_ 



3. Runs with Cage Installed and Both Windows V i i h l c i c k m -d

After fixing the aforementioned crack and e n s u r i n g  t iini l t o

o ther  s i g n i f i c a n t  a r t i f a c t s  of a s i m i l a r  n a t u r e  were -  p r e sen t  (by exp l o r i n g

the outer surfaces of the cavity with a Narda probe), we - p e r f o r m e d  Runs  11

through 15 with the cage installed . ‘time results are pr e sented in - i Table ’ 3 ,

again in order of increasing water mass.

The f i r s t  poin t  to be noted  is tha t the f r a c t i o n  of the ’ e n l e - r g v

absorbed by the water is relativel y small , ranging from about 20 in , 50

percent (compared with about 87 p e r c e n t  w i t h  tim e cage a b s e n t ) .  [ c - i d e a L l y

the  cage constitutes a relativel y large RF Load despite t i m e  f a c t  tha t i t

is constructed from low—RF-loss materials. On re’flc ’ction , this result

can be accounted fo r  q ua l i t a t i v e ly by the r e l a t i v e - i c ’  l a r g e ’ mass  of the ’

cage ( a b o u t  40 kg) and the d i s t r i b u t i o n  of i t s  mass  a ve r  a lm i rge ’ s u r f a c e ’

a r e a  beca use of i t s  grille configuration. Iii e s s en c e ’ , c- i  r t ua  l i v  n u l l  t h e’

cage mass  is a f f e c t e d  by the r a d i a t i o n  b e c m u e m s e ’ the  c a g e - is  t h i n n e r ( a t

a l l  l o c a t i o n s )  than  the skin  d e p t h  a t  2 •4 5 Gi-iz f o r  l ime ’  m a i n  r i n u l s  e m s c ” d .

Second , un l ike ’ the  r e s u l t s  f o r  Runs  I t h r o u gh 10 , the ’ I r , m e- t m n ’ i l

E / E  of  the input  ene rgy  absorbed  by the ’ w a l e ’r is se ’c’u to incl’ e - mm s e ’  w i t h-i

t o t a l wa te ’m mass , w h i c h  is a iso c n - u n s i  s ten t  w i t h  tile ’ p ne ’sc ’ml ce’ mn f  l i me ’  l a r g e ’

f i x e d  RF load pr ese n ted b y t he c n l g - . I f  t h i s  cot - is i d e - r a t i o n  is i n m c  l u d e ’ el

in a sinup le cy l i n d r i c a l — b o t t l e ’ model , t h e n  the ’ r e i a t i n ’n s h i p  he - t i n e  ‘ ‘ i i  P/i”

and  ~‘i would not  be L i n e a r h u t  w o u l d  e x h i b i t  mu dc ’cr n ’ n i s i i n g  s l op e .  ‘l’his
w

behavior caui be d isce’rnie’d I n ’r  t i m e , cx p e n i nu n e’n ta  I vt - i lue ’ s , sheewn m i s  s q c u m i  rn ’s

j im F j g i u t ’n ’ 14 .

[‘II i i n i , c m n t l n p m r i s m n i n  01 lh ,  n~’ s u L i s  I n - u t ’  R n u n n s  i i  m m n m e I  14 , w h i c h  in’ ye

s im i  [m r I n n  t i l e’ a n t m t t h e ’r exe m p t  f m n r  h i a t t  Ic ’ p l a c e - t a - I n n , s i n , n w s  t h n , u t  t i m e - l a n  en

b o t t le ’ , ih’n n i ’ b n , -eI t i m , ’ g r e -a I r  t r u u c ’t i m n n  c i i ’ Ih d ’ c ’n,’ru ’, v i n  cane -h e - n u n - ( m i s  w i t h

[ u u n n t - n  ‘~ mm md 10) , b e u t  t i t n i  t t h e m , - was nec s i g n  i I I n  i - i l  cii I I c t ,  ne - i 15 d m i h c . i h I t ’

t ne bot  t i e ’ p  lmi e’t’nnent wi t i m  i n  m i i i - m nee e i u l  e ’ .

4 4

- ‘ ‘

~

‘- -  ~~~~-  ‘ - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~



-
s ’--- - -~~~~~~’-’~~~~~~~~~~~~~~~~ ’ ---- -‘

C —
-n C ‘.4 ‘S

I-’ l-~ C I- t-. C u-’
-C, C I-. C C It ci 0 C C
u-n J,I C, ~i C C

Cl) C C CT I~)  C C C CT ci C
C C, C ~~~~~‘—, -‘-
0 en 0 C , ’ C  ,‘—‘ ,-“
-- i--i In, C P -~ i--i- IC
4,1 C C C i - J C C  ‘—‘~~~—‘ C C C C C
‘.4 -— ‘4 4-’ C C
‘C C °  ‘ “ C e ’  U

C ‘~ ‘ ‘ (1, ,—‘ C, lU 0 C iT — C,
Q 0 C, C ci I-’ C et C C C
O — — ,—4 It CC C, 0

a,n 1,1 n_n i— n-n n’-’ n-- , C-n I—, C,
4,1 C-I C,C C, C n-’ on -,n C

O 0 0 O o n  O n - n -n ~~~~~Ce’i .01 .0 .01 C ,‘‘ ‘C n_n 0’ .Q tC ,-,
en~~~ C , , n  ,.u C

U ~~ — C-i en 0’ (N — — C-i 0 C-
S

Z
C)
Ci- In-. “ - ‘ ‘  C- C-

— I/S — ~~ N- — nfl ‘C CC C’o C, “-, C’- CO C’S (N C’ ‘C Cf NJ C-i C C

CC “ -ti ‘C
_~~~_~~

‘

_
‘C nfl eOn ‘C

C,-’ C-C NJ C-n C-i

N- — C’ CC Q CC C-i C’ ‘C N’
=, NJ NJ ,-. (N NJ (N — — — —

C NJ C- C- C-
1—’ Cl) C j ’—’ (N C U — C’ (N — -‘ C . C-i -n
C en “ ‘0 ‘C CC C’ eOn CC C’ ‘C cC C-i

C-’ N’ —ti -CT N- — -n- N- — - i- -ti C’— — (“-I — C-i — —‘ f i n
CC _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _

CI cit -=-

ci CT “. C C CC C’—’ nfl ‘C -0 C - n  CC 11’~ ‘C
f-n IC ~n-t- ’~ C-I C” N J - ’ )  C~~~~ , ’ C  C - J N J ’

-~ C C C C C’ C C’ C C C C
-C”-Ct-

- 
-,~~~~~~ C ‘- ‘ C C -

IC - ‘~
‘ - ‘ C l  C’ N- C N’ ‘C C’ -C ,-, C’S C”

i-Ct —‘ “ - — C — — C--I —‘ c’ c- -n ,— — c -n  

C’ C C 0 C C C’ C C C C

H
I—, C-i i- n ( I

-i nOn C U  ntS~~~~~~ CC Q - , (N i f l C C  d
‘C ‘ CC IC’ C — C C’ —‘ C’ -Tnt- CO 0)

CC ______ _________

~~~~~~

-

~~~~~~~ 

_,
C-.

IC CT C C C’ ‘CC’ CC -C ‘C ‘C
C-

CC ‘— C C’ -C’ C C

c-n ,—~ C’ C’ T CT C C
C’, n— n i/I C C’ — C- I— ’

‘C CC ,T C’ -C nt -

_ _ _  _ _ _ _ _  

I..: ~
‘S U ,

C C - - - -’
— ‘— , C-

n - U / fl C’ ,C- C) en~ C- ” - ’ — - .-  - -
i- - ,t-~ C— I rS nfl - ‘ - n n C - n - I CC C’ i-i

— — CT — - i i  — —‘ it-
I

-

c—i - , - n, ~~~ - n  - , CC it
_____ _________ Cf

C NJ C’S

CC n ’ ~ — — — — — (‘ I

—.-‘————-= ‘- ‘ -- - ‘ - - - -  ~~~ — --- - - -



L a s t , we found  tha t a g raph  of P /F  as a f u n c t i o n  of ~‘1 can be
w w

useful for coarsely estimating the RF powe r requirements for future mod-

ules. To illustrate this point , suppose tha t the snmalle’st monkey to b~’

ch ron i c a l ly  i r r a d i a t e d  a t  an F v a l u e  of 10 mW/ cm
2 

has  a we i gh t  of a b o u t

5 kg. From Figure 14, the c o r r e s p o n d i n g  v a l u e  of P / F  is n u p p r o x i n m a l e l v
2 

W

5.2 kW per W/cm , wh ich yields a value of 52 W for the net power requir c ’d .

kc-g mirdin g the relativel y large RF load presen ted by the cage ,

we were concerned tha t the cage may become too w a r m  d u r i ng  p r o l o n g e d

irradiation periods. ‘l’he-re’fore , a run of about e i g h t  h o u r s  m i t  an  i n p u t

power of 1 kW was made under norma l room ventilation conditions with a

representative salitme-watcr load within the  c a v i ty / c a g e  u n i t .  A L  t h e 1

end of the run, the cage was barel y warm Lc the touch , i n d i c a t i n g  tha I

excetssive cage heating would not be a problem.

4. Summa ry of Calorimetric Work on T imer no a l E q u i v a l e n c e -  fc n r

Sq u i r r e l  Monkey s ’1’

As indicated in t he f o o t n o t e  on p .  3 , it is difficul l ten use ’

b i o l o g i c a l  end p o i n t s  as a bas i s  for  u n a m b i g u o u s l y de f i n i n g  nnw , r-de’nsjlv

equivaLence between cavity and u n i d i r e’c t i o n al l v  i n c i d e n t  p l a n e - -Co ve ’ ir-

rnmdia lion , and W e ’ therefore- resorted Ia a fo rm cif the rma l e’q t i i c ’m i  m i m e - n ’

ba s e d  on calorimetry . The specific o b j e c t i v e’ w a s  i n ’ elc ’Ie ’rmi flc’, for

plane—wave power densil ic’s e f  10, 1 , a n d  0. 1 m W / c m
2

, tile ’ c e n r r d ’ s p m n n l d  i ng

For  t i m e ’  p u r p o s e’s e n t ’ t h i s  e ’x amplc ’ , m n ssunme ’ tim a t, t h i s  c’, m l u e ’ n ’ ‘
w ~ t-’

time mmmi L I  v e’qu i va I c’n t , mis deli ne’d in - i S m e -  t ion I , t i n  10 nnW / cnn 2 o f  atm i —

d i ri - c t i n n i m m i l l y i n c id e n t  p l a t m e ’—wa ” e ’ i r ra d i a ~ i c e n . I n  p r n c t i c n - , t i l e ’  t i n e - n i - n i l
e’qU iva I e’nl e’ c’ rc - l i t inm t isim i p li e’ tw t , ’c’nl the two In n  u-Itt - -n a i r n , n d  i t - i L i o n  w e n n i  Id h~-
d e t e r m i n e d  e’ x p e ’ r i m e n m l n i l L y f i r s t , a n-id l i n e ’ de ’t ’i c ’ , i i  v ; i l n n i ’  n e t  ‘

t-~
, e’ m n r r e - s p o t m d —

in’mg to the ’ dc’s i r e - c l  p 1mm f l n ’ —w mi ye powe’ r dc -n si Ic’ w e - n i  Id I l i e n  i-i c’ u sc ’d

P e r f o r med m i n i  C e n t l t l ’ , n e - t  Nm ’ . (n8_ O2_ .t 2 ’n ,~ (~~E i  ~ r n i j e ’ c’t  4 4 1 1  ~ w i t h  t ih’

h i s  autnnma rv  i s  i n c l u de d  m m  t h i s  re -por n  h - ’ c ’ n n u s m ’ i t  f t  5 rt -ln-c - ’ - m u n n - e- In n time ’

f u t u r e ’ i m s e ’  o f  such n n n n ’ n i n u t e ’ s  I m r  c m m t , u  t- , ne ’ t n -n ’ e’ile ’sjs m v -  - n gal i n n n m s .
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va t i l e s  n e t  pow e r ,nbso  rb cd by e n m c l m  of two s q u i r r e l  innonik e ’y~ c o n c u r r en t ly

s u b j e c t e d  to w h o l e — b od y i r r a d ia t i o n  in-i n n l e ’  o f  t i m e  p a r t i t i o ne d  c a v i ty / c a g e

u n i t s , am i d  to r e l a t e  e’n n e h  power  a b s o r p t i o n  v a l u e  to t i e  i e ’t power  f l o w

i n t o  t h e ’ u n i t .  S ince  p e r f o r m i n g  c a l o r i m e t r y  en n n e - t n n n n l  s q u i r r e l  m o n k e y s

was (am - id  s t i l l  is)  not  p o s s i b1~ - , we used cy l i n d e r s  c o n t a i n in g  600 g a n-id

dolls containing 1000 g of 0 .1  N N n n C l  s olu t i o n .  Fl i e -  d o l l s , w h i c h  had

r u b b e r  skin-i s a b o u t  2 mm t h i c k , p r o v i d e d  a b e t l~ -r  n n p p r a x i m a t i o n  to l i m e

ge ’amc ’t r v  of s q u i r r e l m o n k ey s ;  t h u s  onl y the  c a l c r i mc t r v  r e s u l t s  i n i  th ti’m c’

do l l s  a r e  p r e s e n t e d  be low.

fe p r e v e n t  lien t loss  f r o m  the ’  d e n t Is d u r j j i m ~ t i m  e - , n  ln -u rim e’ trv runs ,

each  was  enc losed  in a c o f f i n — l i k e -  i n s u l n m t i n i g  box c u n s t rin c t e d  of 2 — i n l c l l —

t h i c k  s t y r o f a e nm  sh e ’ et-t . l r n m ed i a t~~lv  he i n ’  C e - a nd  a f t e r  t i l e ’ r u n s , t i m e  d o l l s

were  shake-n v igorous  lv and te ’mpera lu re  m n e a s u r em e n t s  of the ’ si-i l e-r  we -r - -

t aken  w i t h  the YSI Mode I - ‘+2 SC Ta le ’ I ’h e ’ r i f le -m e- I c  r .

‘l’wo i d e n t i c a l do 1 Is we ’re’ used I n n  C tile c m i  l or i t n e ’t r i c  we-u rk i n  the

cay i t y/ c a g e  i t t - i l l , on-m e- in e’3 c’h ha I f  of th~’ pn m r t  i Li armed c,nee - . I n - u  c’ i m e ’ e’k i n ’ r

p o s s ib le ’ r e ’g ionmn l ya r i a t i , ot ms  of nib sorbe-el i- u, n \s ’ e - r  w i t h i n  t i l e  c a V i t y , We

p l n m c e ’d e a c h  d o ll  in d i f f e r e n t  rc ’ l n n t i v e -  posii ions  a n d  a r i e - n i t d t i o t i s  w i t h i n

e ’ ,n ch ha I t  n s f  the c n m ge fe- u r c ’Zi cl-i rein and t’n e - nn rded time’ pci sit ions. li-i a

r n -p re - sen tat i ye- 5c ’ C ies  e n f 16 r u n s  a t  a l i e - I  ponwe- r en f 2 . 05 kW i l lte )  t i le ’ Ull i I

f a r  t i - i nn  m i n u t e ’s , mm me-atm te’n i n p e- rmiture - incr ,-m ise ’ at 13. ~ 2. Ot i ’t-C s’,Is n n h t n n  j t l e e i

in  eac h do l l , cn r r c ’s p o n d i ng  to m m l i n e - o r  t c - n n n p e r n i t n m r e ’ — r i s c - 1 , n t m - en f n .7 t ’ / mj n i .

( l i n e ’ tempe ’ r n m t u r c - v a r n i t i o n s  frennn L i n e ’ me -ann , n p p rn ’- -:imatn -l v I S f in - m e n I i  . C n n - r n -

c n m n i s ~- - i  p r i m a r i l y by I h e -  mm f n n t ’n ’ n m i e ’ nt  i~~rme ’ei c h m i n g n - t--i m m  t i n e ’ re - I n i t i v e - p c s  i l i i n t m s

m m nei or! c l i  t n t  Lions n-u f ti-ic’ two e l m ’ 1 1  s

‘l ii 5 in - c i m n m i q t t e ’ ne rig itma l k’ \e~ I S  U S n ci h~’ A .  n \ n l I U , “ S e - m i t t  c l i  i n n ~ n i l m e l  Ai i ~~n ’ i p —

ti e - ni t n t M icr n iwmmve ’s ln ~’ ) i s t - m i p m m t E v e ’ O l e - I ,  n ’ i t ’i c  ( i h j e ’n i s: i ’it n ’ l i i o i i g i e - , n I

S i  n’ , n n i  I c m i t l c ’ e ’ mm m d il; n -i,i rd- -n tt-ci N,nnk i mid .’’ i n c  t n ’  i i  1~ I ) i  c m : t  - n t  1 t e a l , l ’ n m i  - n t  - t v
t e l  i’~’nn l5v  I c i i i  L i  , i 1j i  i i  mmci n -I ph 1 ,1 , i’ i\ . N[[S i o n  e m n i nn i n I \‘n - . ‘i i )  — n l ) S ~~ ’ I
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For the p lane—w ave - ca l c -u r imet rv , one - 01 the ’  t i n e ’  d o l l s  si- is i r —

r a d i a t e d  in a 20 x 12 X 8 - f t  m i c r o w a v e ’  ,n n c ch o i c  c han i th e r  l i m l e d  w i  t i n

i - l c coso r h T y p e  V 1IP— 12 and cV- -~+ p y r a m i d a l  m i c r o w a c - e’ a b s o rb c ’r. M i c  r n an ’ , n c ’ e

power f r o m  the L e n  i n g — M e - u o n  e Ma de - I  40 0 3/ -’+D u a  power  s e n u r c e  “ i - m s  t e-d i nt -

t i m e  c h a m b e r  th roug h a spe c m l  s i d e w a l l  m a n i  f o l d  p a ne - I con ta  m i - m g  a ‘n\ ’R 2 -~

w a v e g u i d e  s e e - t i m e - .  T i n e - w a v e - g u i d e -  was  t e r m i n a t - d  in a f l a r ,  2 , re-c t a n l g u l i r ,

unf  l O n g e d  , s t a n dn i  r d — g d  in  f e e d  h o r n .  The [— f i c  Id po Ia r i z a  t ice n wmm s c’ n - r t  i c m i i

Forwa rd due l  r e f  I e ’C t e n t  mic  rowave ’ powers  we rt -- me-a su rc ’d us ing  mm h id  i r e - c t  h m n n n  I

coup l e r , bo lomc l. e- rs , m i n d  lIP po w - n r  m e t e r s  ( L v p e  + 12 - ’, f o r  fe -ms ’ m n r d  pe n s- e r  mi t - id

‘i’y p c’ 43 IA f e  r re- f l e e  l e e 1  power )  . t i l e -  cool) l -~- r p u n -v  i n ’ t f  - m l  \‘ had l - u e - e’n c , n  I i  —

in  m m  le ’d a e’cura te ’ Iv  on m n n  UP -~ f l -+ 2 B , \n i  t m e - t e n  I f e  N e  t i - n ’  rk  n\ t - imm I r’z c r .  I h d ’ d e n  L I

( i n s i d e -  i t s  s t y n n ’ f o a m  i n s u l a t i n g  box~ was  p o s i t i o n e d  v m - r t i c - , i l l v . I~ n e - i n g

t h e  h c i m n m , 63 .5  cm ( 2 5  i n m c l i e s )  f r o m  i Ls mid p l n n i n - Ic ’ I l - i c’ l d e ’ n - n n f  t i n e - i m c n t’ni ,

w i t h  thet c e - n i t e - r  e e l  t li~’ d o l l  a p p m n n : . n i n u a t e l y c- a l l i n e a r  i - i  t i n  tile h o m n m  , i t -- m i  5 .

i t c e - : n u s e -  t h i s  d j s t , n n e - c - is gr e - a l e-n ’ t im mm n 5 w , m v e ’ l c - n n i l h s  ,t-t 2 . -. ’ CHz , t h e  d e n l l

wnn  s len r a I I  i n t e n t  -t - , n o d  ç iurpa  Se -S , sen h l _~e’c i~ n - n t  L en  p l , n i i c — e-: , m ’ ,- - n , n n t  i n t l j o n .  n\

se’ r i e ’s n ’ I  ft m l l — p n ’ w n r - - : }n ~ - r  i - i - - m I t  1 r u n s  ( n n p p r c n x i n n m i t c - l v  ln 1 n
~l ) _ W  n e t  pOi-n ’c’r

I i  m e - -n’ t e ’ tile ’ f e e d  I m c i r t n )  y i e l d e d  mm me - min i  t n t i n p e r _ i t n m n ’ ~ C i S n - i n  t h ~ d e n l i  eel

2 .  S h  - C mn v c ’r a l ’ i — n n n j n n m l e ’ n ’ ’ m p n n s m n r c ’ , e a r n ,  spei l ld  ing  ti n a t - ‘ - t p m ’ r m n t u r n - — n i  Sc ’

r a t e - o l  0 . 8 5 7  C / m i m i .

i-’ar t u e’s ’ f imi L—p e n wn ’r m i n n n s , t h e -  l s e n w n - r  d e n s  i i ’ , n i t  m n  I n i c m t t i a n  i - I

ti le ’ chill was I n n n ’ h m i g i n  te n rne ’ m m s n n r n - w i t h  t-i N , m n , i a  ‘- l nn d e ’l ~~I O i )  P m nin ’ e n D e n s i t y

~- ln - t c m  by i n - d e m c [ n n g  ti le t i n t m mcc - r ten i i i  i t i ’ n t - t  I n n  l i t  ~i i e -  t i c  n e - i - n  r dt ’niSi iv

w i t i n  i ni t i m e -  n appe r n- i f l g i ’ in  I op  rat i l - u n - i c -u I ti m ’ - N t  t~ci ,m m e t  n - n , Cs ’ , n e - n i  m i  n o o k ,  nm

s t - u  j e ’’i n t
’ l i n c n m s t n n  -t-n ’- n - its m ’ t  t h e  t i n t n i - i n - C  I - 1 te n ti l e ’ 1w- n - - n  c m - C  f n n ’ t m I l u g  I n ’

L I te ’ i - ”~’~ n em -u t--i i t  c- mit l i i i ’ l i n e _ i  t i n i t - i  n - i  I i n -  ct ’ n m l m t n ’ I t i m e ’ b 1 1 i i i  i I —; m i l e —

sn - ned ’ . W e ’ I In - ‘ i i  cn n I c n n  1 , 1  1- , cell , i  p t n  - n u n  t i n  - n . m  I li -i in I s , I i i . ’ pt  ‘w e- d i  in nt -I t V

I t  mci mml i rk n f I t - - - S t e in inn - i t u r n  I ti c ,, m m ’ . , Wa I t h u m , P - , - n - m , m  c h i n s  - n t s. 

— “ -  -‘-- 
‘-——--



for the  calorimetric runs with the eie ’lI , and o b t a i n e d  t u e  c -nm lue  175 t-nli’/ cm
2

( f a r  0 .857~~C/ m i n ) . Ther e f o r e , by p r o p o r t i o n a l i ty  ag~n i n , -m p lane -wave ’

power d e n s i t y  of 10 m W /cm we im l d  t’ i e - l d  t-n t empe r a t u r e - - r i sc  r a L n - o f

-i 4.90 \ 10 
2 °C/ m i n .

Based  on the-  6. 7 °C / m m  v a l u e  o b t m t i n e d  in the  cavit y in’ ~t ii  2 . 0 5  k’~’

n e t  pe e-ic r f l o w , a te - t i - up e’r a t u r e — r i s c ’ r o t e  e n f  4 . 9 0  ~ 10 
2 e-(/tnin i-c’e u nm l d r e —

q u i r e -  onl y 15 W of t - iet  power i n to  the  c a v i t y  u n i t .  T h u s , te n t ’ a p a i r  n i l

s a l i m m e - s i m u l a t e d , 1000-g s q u i r r e l  monkeys , t h i s  nc - i  powe r v a l u e  i s  t a k e n

to be- t he therma l en q u i v a l e ’n l  of 10 mW/cnu af  p l a n e — w a v e  rad i a t i o i s  a r r i c ’ i I ig

- - 

- frontall y, ful l face- , atid with the ’ E — v n c t n n m  p i n ’  l I e - I  t i n  t ime  sy n mm e - t rv  p lan e -

of I he- m n on i k c ’v ‘ s lr un ik . Simila r 1 \‘ , l i m e ’ e- q u m I v mm I c - m n  i s  I n ’  r 1.0 a n d  0. 1 it-t ’n \ ’ - 
c t u

a r e - 1.5 and  0. t~ In ’ , m ’c -’npe ’ct ivi -lv . 

-“-‘—‘--— ~—-—- -‘---— - ----—-  -



IV CONCL U SIONS

The work described in  Se-ct ion I I I  s-mi t ’ rt -n n ls  t i l e , f o l  I c’s- i n i t  -ce a n i c i u s  I o l in - i :

(1) The prima ry objective of Phase’ I of t h i s  c a t a r a c t e n e c -ne - s i s
i n v e - s t i c t - u t i o n - - t h e  d e v e l o p m e n t  and calibration at a pm oto-
ty pe , RF—powered microwave’ cavi t v /c ani -m ’ scsi em for chn ron i cm uil c ’

i r r a d i a t i n g  no n h n mtna n p r i t n i a t e s  as  l a r n :e  as s t u , n n n n p t a i  I i- t-m : i q n m e ’ s — —

was a c h i e v e d . T h i s  sy s t e m  n - t i - b o d i e s  t h e ’  l o l l o w i n g  b a s i c
c h a r a c t e r i s t i c s  p e r t i n e n t  t e a  i n v e s t i gations n - - g i m i  r i n g  c h r o n i c
exposures of atiinm ials:

• The’ RI powe r inp imt I n s  tim e ’ e - :m v itv t - nn mni i t s  e - e - l i t m i i t S  ( c a g n -

and aninnal) can be s e t  t o  t - iny p r c -e i e - i e’ r m i n e - e i va I n m e ’  I m p  t n - u
abo e mt  600 W (the’ nmpp e’ r 1 m l i i i  de ’ t n r t u i  n e i l  i s v  t i m e  I v p n ’ e n I

ma gnc ’ t ron used)  . Any p r e set  ce-i i n c  s- i t i n  i n n  t ime ’  r a i n  n t-’ - i s
aum toma t lea  I ly ma i n l a  m c d  cons  t a n - i t by in f c ’e ’dba e ’k 1 n u n - u p .

• Th e’ radiation -i c’tlv ir cn t ln i im ’nt c’xp e’r I n ’ n i e - e - d  b ’s - m i n i  m m m i i  nma I s-i t h i n
the’ cavil c’ /cmm ge ’ unit is c-s i - c - n t  imm l Ic’ onn nnidjn ’n -e - t j e nt m, ’mi and

r a m m d o m l v  p o l a r i z e d , h e - c a i t s e ’ t i m e ’  l a r t - m -  s i t - u ’ m t  t h m , - e-mm c’ i t

r e m t  ive’ I n S  t h e  save’ Ie ’nn t -t h pc - m u  t ~ mn t I t  I i : t n s i h e  mode - ‘- I i n - r e - n h

ape’ rat m m  t -nt 2 . ~u5 Cilz , ‘i’hnn re’ I ent ’e’ , t i m e - an  in ia I l i e ’ , i i  i n n e t  be-

c o n s t r a i n ed  ( o t h e ’r t i m a n  cool  i i s c ’ i t t i - n m t  t e  i t s  ni - i n ’ , - ’) d t m r i  og

long pe’riods n - u f  I r r ad i a  I i o n .

• Based atm c a l o r i m e t r i c  s- i ’ n b  w i t h  s-m i n m - - — f j  i U d  i’ma m i t ; u i n un - l ’s
n-i r v i n g  as first appi’oxiniua t ions at t i m ,  RI I nn ni ei s p 1 , ~~,

I) c’ nina mi k e  c’s , ti n e ’ ‘‘who I n  - —h od ‘,- ‘‘ dose’ n , ’i t m ’ mm t a ~ i \‘m ’ t i m ip i i t
BY — p ow e r I e v i l is i n s e ’nl  -i i t \ ‘ n- I t - u  I ce- m m n i t i i  w i t h i n  t~ u ,  i t-t t-n - .

• Si nil  Ia r c- t-n i on’ i n u t  r j e ’ s-a r k  j t id i c - m i t  c -el , m i s  - ‘:~nn ’e I i - i i , I l i n t  I t
I I  ~: n -d  i n p u t  I -  c’, 1 , h i m  s - h i n l n - — i n n n , i y  m u m — n ’  i m i t i ’ t n - n  an

mm ti i nnna 1 is it svi - m s t ’i c’ ni p ~ , b , - n t  t e n  i t s  c’, m i h i . ‘ I ’ h n e i , I n ’ n n ’
in m n - m r t m ’ pno n c ’idn - t ine ’ ‘ hi - s f re-e l ‘ I n n s - I n t l - , n I i ,  i n i p m nt

Ii - 
~ ‘ ‘ 

- 1 nm S t  uit ’ St I , 
n - t ‘ ii n i e c e -  m i  i n  a 1 c’ .

( e - )  Thu se m h s ~ - q n  t i - i n n - u n i t ri me ’t i - ’ n m  m ’ t  I , ’ i ’ t m n m i n m  it ’ s i n n s - e l  t -u t i t b
p F n  I - t :p - a net  t i n ,  i r t i s - - i n  n - tm rant i t  I i i t - i m i  f i t  I ‘ n m  n I s q i l  I i n
m m m n n nkn ’ c ’ s I i ’ i  m i n i  El ’ \ ~~n n ’ t ’ n n m t ’ -  - m m i i  l i - i l  s i - n i t  I c u t e -  i m - p i  -c t - - , n n t s

1 m m  n i - -n i an n  i n t i m i  I n  e r  i c a t  i i ntl t ‘ n h t i  i q n m t - s . h e - n u t  “ i n  I ( I n n in

t i n  t n m r -  - nt -m n n  n m  n i n ’ s  cml  t i  I ’, - i~, n 1 1 i n - -n d i  I ‘,‘ m i nd - n m i l l n ~ t j ’  - I 1 1 v



(3) The therma l equ i va le -n u c e b e t w e e n  p lane - —s-ave and cavE t v

irradiation , determ ined calorime -trica l ic’ te a r squirrel
monkeys , is a use fim i concept that Cn mn be ex t  e n d e d  I n s

o t h e r  a n i m a l s , p a r t i c u l a r i c ’  to  tiie ’ l a r g e - n  p r i m a t e ’s cinder

consideration f n n r  t h i s  n - ni t a r , - n c t o g t ~nc ’s is  p n o g m e - m n : . h u m ’ —
eve r , co n c u m r r en t  i n f r a r e d  t h e u n t o g r a p u u i c  wor k i s  n e e - c’Ssa  rv

to determin e’ dist r ibtmt Ions 0 1  c’lner gc’ ab s o r p t i o n  and  t h e i r
r e l a t i o n s h i p  to  tile’ h i o i o g i e - a I  o b j e c t i v e s  of  t i m e - p r c lgr a m .
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V RECOMI ’li-,N D A T I O N S  FOR Ft ’TURi - :  WORK

For the next p’nas e’ of  il-ic’ c a t a r a c to g e ’n a e - s i s  p r o -~’ m a t ~ , m i d -  r e c o m m e n d  t i m e ’

p cmrsui t oI the ’ following major aspects:

• Chronic irradiation of a groemp of animals at t h e’ plane-wave’
e’quivalent of 10 mW/cm 2 and  c o n c u r r e n t  sham i r r a d i a t i o n  o f

a group of control animals , bo th to be performed in cavity

mod u les  s im i l a r  to  those  a lre ’adv c o n n s l  r i t e - t e d . Ev e ’ e ’x an r n in a  —

t ions of bot h-i groumps of animals to be made- by qum a l I f ln ’ n i

op h m t h a lm o l o g i c a l c o n s e m i t a n t s  as f r e ’qu t e ’n l l v  as is i n n - c c - S i - a n y

d u r i n g  the ’  i r r a d i a t i o n  re ’gimen .

• I r r a d i a t i o n  of groups  of a n i m a l s  a t  powe ’r-e l e’ n s i l c -  l e v e l s
covering a sum i table range  above (and  be low , 1 t necessary)

t I m e ’ 10 mW/cm 2 va lue , to d e r i v e  a re - l a t  i o n sh i p b e-I cnn -c-n pos-e-r
densit y at-id the time interva l to the onse t of e’ve e ia t :ma m ’ e ,

and to dc- I e’rmi n- ic’ l i i  c- r e - from s ine ’  t h i c - r  a thre- simo I ci f u n  r e’vm ’

danmage ex i s t s .

• Postexposmnrc’ examit -iations for l a t e - u t c f f e ’ct  s ni v n -r a n~e ii I —

able’ period of t ime , if t h i n ’  r e s u l t s  o t  thin ’ t i m — k s  above ’ in-
dicate ’ the’ Importance o f  do i ng it- ’ .

In pun rs u i ing such a program , i t  s-an ild hid ’ ye rv din ’ si rah i e’ i n ’  use ’ mm

large’ rmt tnnb er of an inia ls , which wont I d  r e - q n m  i Ic ’ m l e n - u r n ’ , -s pot-id I nig Iv Im i rgn-

nntmb e ’ r nSf c-c - c’ exam it-ia t i o n s  a S W e ’l l  m i s  t h i n ’  cons t r i m ’ I i o n , opn ’rm i  I i n - u n , a t - i - i

mainti’nanc n- of time ’  ne ’e’e’ssa n’ -,’ n n o d n n l  m i - . i l m n i n m ’Vu l’, si t im e l eme’ n’n d o g n i I i o n  t o

probabl e - fu nmm d in e ’. limi m i t  ions , w e’ h ave ’ p m ’mn p n n ’ ; m -d , i n n e l e ’t ’  ~- pn n u ’ a m  n - n e - c u t ’ ,

a m i n i m a l program t lm, i t s -n- h - u i - I  I m ’\’ n ~‘ot m 1  d \ ‘ i n ’ l n i  Si cdi i l i e - m i n t  1- n - s i n i t s .
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