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MICROWAVE CATARACTS - A CASE REPORT REEVALUATED

Frederic G. Hirsch, M. D.

1. INTRODUC TION

In 1952 Dlr John T. Parker and I reported on a case of b11atera1 cataracts S

whxch occurred in a techmcmn who. operated a rad1o frequency power source - |
whose output was in the mlcrowave port1on of the electromagnet1c spectrum

At the.tlme, for a nurnber‘of reasons, 1t was not possible to pub_hsh a meaning - |
ful estimate of the:_rnagni'tude of his _expos.ure,»» so that the indictment of .rnicro-

wave radiation as etiologic inthe case perforce rested on circumstantial -

evidence. In the first place,_.'much of the data on .wh_ich an estimate of dose "

rested was at that time. subject to security restrictions. A _second',' and more

. important reason was our inability (at that time) to determine d'osage due‘ to the

’ rud1mentary state of the body of knowledge of the 1mpact of mlcrowave energy

on b1olog1c systems. Now, after seventeen years have gone by, the f1rst :
impedirnent has been removed- and the second has prof1ted'by the research

of many workers in the Umted States, the Un1ted ngdom, and the USSR

‘ Indeed the b1b11ograph1c reference f11e wh1ch I have mamtamed since I f1rst I

-became 1nterested in the subJect now contams hundreds of entnes

Assistant Director of Research, Lovelace Foundation for Medical =
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T am contmually amazed at the .contmued 1nterest in this case over v
the past seventeen years and into the present It‘seemed useful there-
-fore, to take advantage of tlns forum, prov1ded by the Blue Grass Chapter -
.of the Health Phys1cs Soc1ety, for a reevaluatxon of the case ut111zmg the

'-__freedoms resultmg from the llftmg of secunty restrlctzons and takmg

advantage of the present state of ‘the art In domg so my purpose is three-
fold.. F1rst I would l1ke to present my own evaluat1on and some unpublrshed
N stud1es wh1ch make that evaluat1on poss1ble Second by presentmg the data

~on wlnch dosage calculatxons can be made, others can make thexr own estima.

‘ ,t1ons and dec1de for themselves whether or not my conclus1ons can stand

’ f1nd1ngs as of the present time and to equate the: changes with the pas sage of
: seventeen years.
.II_'. HIGHLIGHTS OF THE CASE HISTORY
The patlent was a 32 year old wh1te male electromcs techn1c1an who
operated a m1crowave RF power source for a year pr1or to the onset of h1s

v1sual d1sturbance For the. 1mmed1ate three days prlor to the onset of -

) symptoms he had worked the apparatus on a more or less contmuous basxs

geometry w1th respect to his head This per1od of 1ncreased risk amounts
“to somethmg approx1mat1ng 24 hours w1th 1ntervals of 16 hours separatmg

each 8 hour per1od at r1sk F1gure 1 dxagrams h1s relat10nsh1ps to the

output of the power source,

head 1n close prox1m1ty to the rad1at10n commg out of the horn antenna for :

It w1ll be apparent that the l1m1ted space- ava11ab1e placed the pat1ent 5 -<

S el e o e,

| cr1t1ca1 scrutiny. Th1rd 1 th1nk it will be of 1nterest to present ‘the ophthalrn.,

T e
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durmg most of each workmg day w1th the antenna horn arranged in a pecuhar ‘, ;
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in its usual configurati‘on as shown' in 'position A, ‘he had to cross in' front

- of the beam many times durxng the course of his act1v1t1es and as was -
- end of the antenna horn to gauge from the heatmg effect on h1s hand whether
~or not the source was radxatmg power However, it was p_robably the

. exposure incurred. 1n‘v’the three days when he worked in 'position B that,.:- i

" his head, but was not 'uncvomfortable | He did not1ce that h1s eyes were

somewhat "blood shot" at the end of each workmg day HIS v1sual d1s-

.last workmg day Please note that the left s1de of his head is closest to

:b radiant energy, notably Duke Elder 2: The large swollen “foam cells" _.

ns

- what must have been ‘ai"_good sharer o'f':the time. . When the antenna horn was

‘ noted in the or1g1nal report he had the hablt of st1ck1ng his hand into the Opr

.

caused his lesions to develop. He was aware of a sensation of heat on -

turbances developed qu1te suddenly durmg the- n1ght two days after. the

the antenna horn As w111 be pomted out the les1ons in the left eye werej

s"ubstantiallybr_nore severe than in the r1ght.

" In October of 1_9511'_he was. first seen complaining of'blgrred visionz_.‘

 which had developed between retiring on'Sunday night and awakening on -
‘Monday morning. He.was found on examination to have moderately ad-
“vanced bilateral cataracvts,"_'chorioretinitis in the left eye, and nnmerous

‘opacities in the vitreous humor of the left eye.. The nature and extent of

the left_ retinal les'rons'found are shown in Figure 2 B I R | -

Figures'3 and 4 are' histologic se'c'tiOnS' which show changes in the -  Figurs
 lenses at a time later than the or1gmal examination. These» are quite o L oe

: 1dent1cal to those reported by others in cases of cataracts resultmg from

!

are characteristic.’ The left lens was completely cataractous at the time O

o e g e
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F1gure 2. Art1st s rend1t10n~of Ieft fundus showrng p1gmented 1es1ons
'of retina- and choroid which are surrounded by p1gmentat1on and y‘:eﬁf
_oedematous areas in ret1na. e - St e
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 "itS.femova]-ih;MéFch“1953;§fThé‘rétfhalﬁahd'V%tredus;JeSiéhstsfabiIizédgf

with the paSéage?pf,timéEéhd°tréatméﬁ£fbyﬂcqrticbfﬁtéroids.”'
fitted with an-appropriate contact lens ‘and has. functioned since without ' -
.z§ighi%f¢aht viﬁQ;]ihandicap,féifhodgﬁ;ﬁé;ha$ alEfddbjesome'cﬁfpnic uveitis,

prqbébjy.asso@iéfea‘Witthfsma11 amodﬁﬁ;@f retained.lens.matefjal.- A

recent. followup. examination established that the'cataract in the right .. .

'1en$:has'rémajhédHStab]é §yefjthe-baét}fjfteéh'yearS.A'Thaf'jsﬁtp'éay,‘;ig ,

it has neither prbgre$$eactogéomb]eteJobécificatibﬁ:nor has it regressed ;

T

'sti1l be seen,and they Caqgef§¢otomata és ¢an be - seen’ by the.‘isda]‘ o

A

 fieJH?ﬁap which_isfshown1jn;fjgure 5;;{Figdre 6 is a recent phbtbgkaph; ;?zﬂ"

.Offthe?Ieft.fuhausféhowing:ihé;preseht,aﬁpearénée_of}the‘o]dllgsipns;kiZgg

vHoﬁ”hﬁEhi0f th¢;bre$ént'actjyjfy:qf:ﬁhéACQQrioretiﬁitis is due to the = ;.

persistent uveitis is conjectural. .My own feeling heavily indicates - RPN
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'isidiﬁéétly prdpdntioﬁanfﬁltﬁé?ehefgjfabébrbEdfsééﬁé1tO be ‘altogether

IL. - ESTIMATE OF DOSAGE AND ITS RATIONALE : =475

ALgipfbrder‘fo?f?adiant'énérgyﬂtd'bfogu¢é?é”bioibgféa].effeéf;aﬁéfé?'&

~ quantity to produce functional of ‘structural”change in a tissue or organ,

whether it be simply by :PfQ“dU'cihgi ,damég'_'i»ng‘ 'ter_npver"'aturé elevati ons or

whatever e]ée.;fM§ purpo$éf}ﬁfthé£iwhicﬁ,?blToWS?ié only to establish "% "

o - ST
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, .The .RF.po..wer' source“‘inuthis‘ case was a "C" band magnetron _ ..

i : whieh. was 'conneeted'by wave guides to .a standard "S”‘han.d 'rectangular_

| ' ,_horn antenna | . The output of the oscxllator was at a. frequency between k

; 5000 and 4000 Megahertz correspondmg to a wavelength between 6.0 and

| ' -7 5 cm. The apparatus was operated on a 50 percent duty cycle w1th a
‘peak power output of 500 Watts, and an average power output of 250 Watts.

A vt

: dxstance

The peak power densxty in a plane at the rim of the ‘horn was 0. 9 Watts /cm’,

"',‘The area of the aperture of the .horn was 120 in? or 792 5 cm - The ef-g

fective area of the antenna was 550 vc:'m"2 . The gain factor of the antenna
was 123, These para_rn’eters'_are shown in Table Lo

~ An RF power source such as this has certain characteristics which

: aredgermane t'ov our Ipre”se'nt considerations and which are shown diagram- _
_matica'lly in Figure 7. There is a zone extendmg.from the r1m'of the horn
‘out into space wh1ch is cornrnonly known as the “Fresnel" or '"Near F1e1d” |
. VZone. The d1mens1ons of th1s Fresnel Zone depend on the area of the
'antenn_a‘, the peak:powe.r, and the wav_e_,length of the r_ad1at10n. The 1ntens1ty

“of the radiation is not uniformly distributed, but is more intense in the :

center of the beam than at the':edges. Further, there are finger-like -

. concentrations of intensity distributed throughout, with those in the center

being more intense than those at the edge as diagrammed in Figure 8. - The

radiation in the Fresnel Zone i's.roughly eollirnated to the dimensions of

vthe horn and does not d1m1n1sh in strength in th1s zone w1th 1ncreas1ng B
3,4
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TABLE"I. nPARAMETERS-AFFECTING DOSE CALCULATIONSf}.‘r

Magnetron (C Band) Wave guldes to a standard “S” G
band horn Duty cycle 50%. | L '

N Wavelength—-60to 7 5 cm.,
B Frequency 5000 to 4000 megahertz/sec

o 'Maximum Peak 'Power — 500 Watts.'_': .

Average power -- 250 Watts. -

:'Power den31ty at plane of rnn of horn O 9 W/ cm?

...__Power. 500w 09W/cm
: .»’Effect area 550 cm

- Area ofhorn 10” x 12” or - o .
~25.4 cm x 31.2 cm (120 inZ or 792.5 cm2) o

Effective area of horn = 550 cm? (10”x 8.5”) .
~ Gain of antenna — 123

ve 2525 x 550 =123.02

B VAR
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Figure 8. A diagrammaficurepresehtation of the finger-Tiké projectfohs_

of energy concentration.in the Fresnel zone of a radiating antenna.
The shading represents relative intensities, the blacker, the more
intense. ’ : ' S : v : S
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| ;'_the length ofﬁthe.Fresne'l Zone ean:he_.estimated by the ,equation:
' where::” o |
| R = Lenéth of_f"resn_el Zone in feet.
A= Area of antenna horn in sq ft.
; RN -= Wave length in feet
In the case in pomt the area was O 83 ft , and the wave 1ength was O

ft. so:
' : 833 : ' ' ' ’

R = 0. 25 X 23 v O 905 feet or about 30 cm.

Th1s means. that the pat1ent operated in the Fresnel Zone whenever he was

w1th1n l foot or 30 cm of the front of his antenna

As prevmusly ment1oned the power 1ntens1ty in the Fresnel Zone is

~unevenly d1str1buted At the center axis the: 1ntens1ty is approxxmated by

. the equatmn

.'2" 'Wc = EXP
where: | _
| ’ ._Wcl:z _vPow'.ervdensity atvcenter. a.xisr (W/lft.zi)f.':
: P = Power 1n Watts | |
A = : Area of the antenna horn in square feet

At the edges of the horn the power den31ty is approx1rnate1y glven by

" the express 1on

I—)“u

.3. o We :‘:' 3A

where:

'\.\::y
e |

We = Power density at the edges of the.Fre.snel Zone.
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In this instance we: obtain values for the center axis and edge powers as

: follows: T

{ . 3x250

w 250 100 Watts/ft | R C
! eT'3'x"8'33 e o | P

In summary, whenever the pat1ent was a foot or Iess in front ‘of the horn

‘and six 1nches or 1ess to one s1de of the center ax1s of the horn, he was in the

‘Fresnel Zone where the f1e1d was between 100 and 900 Watts/sq ft

e L S

: ‘Extendmg from the .--_far end'of.the"Fresnel Zone vont into space‘the rad.iated.

! energy becomes more coherently orgamzed _This is known as the ”Frau_nhofer .:-

‘Zone' or ”Far Fleld " Between these two zones there is a "Crossove'r Zone"

——ie

_for Wthh there is no sat1sfactory mathemat1cal express1on The 1ntens1ty

-
/]

of the rad1at10n ava1lab1e for absorptlon in- space in the Fraunhofer Zone
“can be calculated by several'equations one of which is shown in Figure 7.

Since the-.case in point involves an'exp‘osure which took place in the ""Fresnel"

and "Crossover' zones for the most part, no more consideration will be given-

to the "Fraunhofer":bzon'e.'_':"

One is probably justified in assuming that one can use Fresnel Zone

o ey h Ba A st W Phbas O 4 KA e Wbl e A7 oy TSR e o

calculations for as much as a foot in front of the antenna horn'in estimating - |

“this patie'nt'svexposure.- Certainly it can be said that the field in front of o

e e L O P E O

3

<

the horn extendmg almost to the hand rail of the platforrn was well above
the accepted 0. o1 W/cm Thxs bec‘omes apparent when one uses Bov1ll's

Cquatlon5 for calculatmg safe d1stances in the Fraunhofer zone:

Uk N oM e

4. R (p xG/4xL)2

e

PN

=]
o

where' L

EE S T L R e

RN eafom MACUL K] S giien e B LALLM e
"

S So-called_ Msafe -distance" (cm)..

Radiat_‘ed power (Watts). -

(continued) . .

B
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L ; Maximurn 'permisvsibl‘ve ‘exposure_ :te\/;el I(lOm W/'c,»%. .‘On the ‘;

Sl.lb.s,titu:t.ing' the appr‘opbriate nurnb.ers in Eqnatlion 4 we have: o | v'Jas- af:

| R= (250 x 123-/1;2'566 ;;»10)’_, =49.47cm. - | strike :

So we can add the length of the Fresnel Zone (30 centxmeters) tovthe | H "‘was co*
length of the unsafe distance in the Fraunhofer Zone (49 5. cent1meters) a.n.d' ; Field..I._:

find that the length in front of the horn where the patlent was-expose_d to haz:; = A numt‘

SR

~ was about 80 cm or 2.6 feet‘.;..-, These.calcula_‘tions do not take into considerati; value o

the intensity or length of_'the_' Trans';lti'on_ Zone. We know its intensity is some-é‘ S E
_what less than.in the Fresnel Zone and greater than in the Fraunhofer Zone, cow's e
so something more must be added to this e'stirnate of the hazard zone. I hav the equ

arb1trar11y elected to add 0.4 feet wh1ch makes the hazard zone extend one ~in cow

'yard in front of the horn . '_ R » L S - the ey'ee

- In order for rad1ant energy to have aitraumahc or blolog1c effect ab- numer?:
'sorptron rnust take place.v. Accordmg to Maskalenko, »6 the absorptlon of. . B F
radlant .energy by t1ssue can be calculated usmg the express.lon e ’ of,i»rrae
5 Pin ;~.' Pthru X e?a% L o - ,' . C - densitf

| wheré L . St e : - 'd_iffér'éz

E Pm = »I.nCi-dent power ‘(W/cmz)' : o - - in gelah

Pthru = - Unabsorbed power which passies.through}_ - the ante

R 'eZaz » =Factor of absorption. z in the.exponent is the . L Ic
thickness of the irradiated object. a is 2 com- - diminis;

~plex function which has in it the dielectric con- ' tance be
stant, conductivity, frequency, and other entitic o0 cm.
A simple set up was used to measure the power whieh._ passed through - at 39 pe

freshly excised cow's eyve.»-- The veye wa-s sdspended by thread in a square of - Maskale
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lucite in which a hole had been cut larg_e enough' for the eye to pass through.
"On the front surface_of the__‘lucite square ia.good thickness of lossy mater_ial'

~was affixed which also had a hole 'in it so that. the'.'incident energy.could

strlke the eye In back of- the eye a small rece1v1ng horn was placed wh1ch )

was connected through a cahbrated attenuat1on network to a-Hewlett - Packard

_ Field Intens1ty Meter | The power passmg through the eye was measured

A number of such measurements showed that the quant1ty ¢ had a numer1cal

i'value of L. 64 in the case of the cow's eye

Elsewhere I have reported on. the use of spheres havmg the dimension of a
cow's eye made of 35 percent gelatm as a s1mulant v In order to estabhsh
the equ1valency F1gure 9 is. presented 'In all my work where temperatures

in'cow eyes were compared w1th gelatln spheres the max1murn temperature in

the eye was 12 percent hlgher than that 1n the sphere Measurements of the

numerical value of e .Z in gelatm spheres showed that 1t too was about l 64

Flgure 10 shows the ternperature reached as a functlon of the duration

of irrad1at10n It w1ll be noted that thlS curve shows the data when the power

dens1ty was 1ncreased to: l >0 W/cm2 Th1s was done to compensate for the
d1fference between the temperatures measured 1n cow eyes and those reached
in gelatm spheres,ﬂ and was. accomphshed by reduc1ng the effectwe area of .

the antenna horn'- o

In experlments using gelatm spheres thelr absorptlon was measured at

d1m1n1sh1ng levels of 1nc1dent power Thls was done by 1ncreasmg the d1s-.

'tance between the antenna horn and the sphere over a range from 2 0 cm to

30 cm. It was found ‘that the percentage absorpt1on was’ surpr1smgly constant

at 39 percent Furthermore the agreement w1th calculated absort1ons usmg

‘Maskalenk'o“s _'equat_ron‘was good These data are shown in Table II.
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3.0 cm wave length

- Power density 15/Wem?2 -
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’- TABLE II

POWER ABSORPTION BY 35% GELATIN SPHERES R P

. Distance from - [.Incident'Power . Power Passed o - Percentage :
~ Antenna (cm) B (Watts)

_through (cm) - Abs_orbed

-Durmg those times when hls head was. in the Fresnel Zone, and he was facmg

-parameter of t1me whlch is always of the essence in dosage calculatlons, and tim

enucleated cows' eyes were placed in a perfus1on apparatus Wthh caused a

.These preparatwns rema1ned apparently viable for as Iong as twelve hours as -
‘ ev1denced by fmdmg actlve m1t051s in the corneal epxthehum at the end of that‘
' per1od ot' t1me A bead therm1stor was placed at the back of the lens and

temperature was’ measured versus. t1me A typ1cal result is presented in

2. '-."_.3_68'" o 224 o 39 !

4“',' e kﬁ'fh‘f- Cos6 . o 'd39 BRI

"5 minz

aa e s 39

If one can accept the as sumptxon that the human eye and the cow eye have .

es sent1a11y the same absorptmn character1st1cs, then one can say that the E

\'

the horn, h1s eyes probably were rece1v1ng between 39 W/ft (0 04 W/cm ) anc

351 W/ft (0. 38 W/cm ) of RF energy | . This does not take 1nto cons1deratlont

per se 1s meanmgless unless the rate of absorptlon is: known

v In order to mveshgate the rate at Wthh RF. energy was absorbed freshly

mod1f1ed nger s solutlon to c1rcu1ate through them at a temperature of 37° C.

Table III.

S 1 St
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Cbyac:

' pat1ent in thls case absorbed about 39 percent of the 1nc1dent energy on hlS eyes. g
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""TEMPERATURE RISE IN LENS AS A FUNCTION OF TIME T Ty o

Time - . - Temperature -~ Temperature Rise

Sminutes o490 T d2e

10 minutes o 7 B2 o o - 3°

' If one.make‘s.fiv‘e a'ss'umptions then he can estimate the rate of absorption |

by a t1ssue mass. These assumptmns are:

: have - . , , : R o .
l 8 R T J-The rate at wh1ch the rad1ant energy is bemg dehvered is constant.'

Co2. 'I‘he _rate_at .whi.ch the ‘lens temperature iner-eases;is directly..

g

yes _ . -
p(‘ o AR proportional-'to the rate of radiant energy absorption.

._.') andi{ 3. s The_peroentage of energy absorbed is con'stantv.j_'- a
.‘ 4. 'The temperature reached in the lens is d1rect1y proport1ona1 to -

the amount of absorbed energy

. : s
S rm——

- As tlssue damage progresses, repa1r also commences, and
‘ that repa1r contmues dur1ng h1atuses between exposures The
i o 1mp11cat1on of th1s bemg that the amount of tiss St damage is

l ST o S m1t1gated by repa1r Pprocesses to the end that the- elapsed t1me

of exposure probably does not truly reﬂect resultant effect

gat. :
i L e One should, 'therefore, use some funct1_on of t1me in dosage’

A s A ¥

~ calculations. A common one in current use by radiobiologists -

TN

l . . is the square root of time.
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Using these assumptions _éhe_‘ can set up a relationship which states th.
: "the absorbed power is equal to the incident power times the percentage
absorption multiplied by the square root of the duration of exposure. ‘Such §

B i
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a relationship woul}dhav‘e the form: .~

6. P = P x A xVE
- T bs .
where: :
P_= Powerahe.orbed..: (W./cmz', min).
P, = Incident power. (W/cm)
A, = Percent of P, absorbed. (%)

= Time v(minutes).

Thxs data is presented graphlcally in F1gure I1.

In the exper1ments prev1ously descr1bed it was noted that opac1f1cat1or

the lens began at 47°'3C, 50 add1t10na1 exper1ments were performed usmg

 several other methods of determmmg the. cr1t1ca1 temperature for coagulatxh

e.g. plac1ng exc1sed lenses in a water bath whose temperature was graduall:

mcreased. , That 47° C was the threshold temperature for opacxf1cat1on of -

~ the bovine lens was conflrmed
In the Fresnel Zone of the antenna 1nvolved in the present case we ha’s .

~seen ‘that the power den51ty var1ed from 900 Watts /ft in the v1c1n1ty of its

center axis to 300 Watts /ft at the edges This amounts to 1.16 W/cm’ and

| 0 39 W/cm respectwely Integratmg the energxes over a plane co1nc1d1ng
w1th the rim of the horn can be practlcally accomphshed by d1V1dmg the

peak power by the effectxve area of the antenna horn, i. eb._ :

7 Po » _Pa
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 Power density=0.9 W/cm?
in the Fresnet Zone.
Wave length=7.0cm -

B Cotdroct Th‘reshold

S 0.75

05

" PreSéhf MPL for Incident Radiation

ol

10 1520 - 25 30
' g Time (minutes) B =

'J_ Figure 11. A plot. shOW1ng the ca1cu]ated probab]e absorbed dose as a

funct1 on of time.
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- given period of t1me When thxs is: done and plotted one obtams a curve whxc

136

B Po._=' 'Peak-power_ (Watts).*
e Aéfff = Effective area of the'antenna (sz)

- P " Average power dens1ty (Watts/cm ).

In this 1nstance the peak power was 500 Watts and the effectwe area of%

the antenna was 550 sz’ so:

It is now poss1ble by usmg Equatlon 6 to calculate the probable absorbt o

dose when the pat1ent's head was in the Fresnel Zone facing the horn for any j. |

i

f .

is shown in Flgure ll If one also plots th1s data on log -log paper (Flgure h

one obtams a stralght lme from whxch an equatxon can be derwed Wthh relato .

5,
A

a stralght lme Th1s plot is. shown in F1gure 12. 1Itis now posmble to dern’

an expressxon whzch descnbes the slope of the line deplcted wh1ch has the g :

form: - P
i

o _wf“’.*

. w
CLU .

absorbed power to time of exposure ’ Th1s equat1on has the form: = g
497 O P
8 _Pabs 35t S ‘
- Pab = Absorbed power (Watts) i
t= T1me of exposure (mmutes) _ o » r
In an earl1er graph (Figure 10) the. relat1onsh1p between temperature N
t1me was delmeated By comb1n1ng these two sets of data one can now plot
absorbed power versus lens temperature, s1nce the parameter of tlme s L
v L F]guyfe
common to each of them When one does th1s on semi- log paper, one obtairt:

- Sk
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The same data as in ﬁgure 1 p1otted as - a 1og 1og re]atmn-- -

ship; - the slope of the line is described by the equation shown.
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' ':_ when a lens reaches 47° C opac1f1cat10n starts One sees from Fxgure 13

"'were such that th1s s1tuat10n d1d occur and frequently The fact that the

_cataracts and chorio-‘retinal lesions'resulted from absorpt‘mn of the micro- .

..9'.” T= 5l (P )33
where"f B
T= | Lens. temperature (‘Dbegrbee.s C) -
| Pab ;»— Absorbed power (Watts)

Cogan9 has stated that when an eye has absorbed about 0. 75 W/cm of

power»development of opa01t1es beg1ns. My own measurements 1nd1cate that :

| tha.t when the lens temperature has reached 47 degrees, v O 66 W/cm of ;

"_"vrad1ant energy have been absorbed To conclude that there is a range betweez ;
0.65 W/cm and 0. 75 W/cm of absorbed power wh1ch is. suff1c1ent for the _' —‘ j « :

':development of a cataract seems Just1f1ed o 7' - o S ..

'SUMMARY

'Using the "da'ta'»'athand o'ne see's that when the pati'ent"'s Ihea‘d was in the -

I Fresnel Zone for as l1ttle as five minutes damagmg amounts of power were

' probably absorbed by his lens t1ssues The-c1rcumstances of h1s exposure

left s1de of h1s head recelved a greater exposure to energy than d1d the

rr1ght s1de, coupled w1th the fact that the damage to the left eye was greater

' seems to be very sxgmﬁcant
Although one is unable to der1ve a s1ngle number wh1ch descr1bes his -

'gabsorbed dose of- rad1ant energy, there can remain but llttle doubt that h1s

wave energy to wh1ch he was exposed

I want to’ be emphat1cally clear that the magmtude of the exposure to ra

iant energy 1n th1s xnstance is umque, and is not of a sort l1kely to be duphca
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in the usual occupatlonal or operatlonal situation.

S Dondero, R L "Determmatlon of Power Den51ty at M1crowave

140

however, to 1llustrate what can happen when an excess1ve amount of RF '

energy is absorbed by the human oye.
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