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The purpose of this note is to evaluate the effects of large pulse

"wblfields, such as’ will be produced by the Siege 1.2 and Siege II generators'
:={f0n personnel 1n the vicinity of the Siege array A survey of availablef@ﬂj‘1
ﬁ;;;literature on biological effects of electromagnetic radiation has been">

v‘”<iimade and is summarized below.; In additlon, the voltages and currents

ﬁc;induced in -an average~size man are, computed and presented ';, E h." _;.:;c_fljﬂ"jsk

'*hll'i‘EFFECTS og?ELECTROMAGNETinFIELDsjﬁ S e e

s

,g The effects of electromagnetic fields reported in the literature

SR N IR
may be d1v1ded into two categories., R

o (1);nHeating, which 1s associated primarily w1th radiation e
'5g at frequcncics above 10 MHz or w1th very high long—b

‘,duratlon currents at low frequencies ‘and

W

'{”3(2)c58hock' which is associated w1th low-frequency current

flowing through the body.inq'

Generally speaking, an electromagnetic ‘wave w111 penetrate deeper

.into the human body as the frequency 1s decreased ThlS is illustrated
E,tlin Figure l where attenuation is plotted as a function of penetration ‘
' X '8

tidistance and frequency 1n brain material ‘ In addition to the losses

\

'“ﬁ'w1thin the tissue, there also w111 be losses caused by the reflections = L,fh

f:of the propagating electromagnetlc wave at each of thc boundary 1nter-"

T“faccs of the various tissue, such ‘as the interface between ‘air and skin.”"

. . .. * References are listed at the end of this note.
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.hELFigure 2 showslrelatlve penetration and powcr disslpatlon verbus fre-.

'vquency 1n a spec1flc model of forehead and bra1n. blngle reflectlons

“fat each 1nterface were con51dered as well as the losses w1th1n each ::fi J;Qf
",tlssuefln determlnlng the depth of penetratlon by lO percent and 20 ;l7 i
V:percent of the power 1nc1dent on the forehead The results shown 1n
';iFigure 2 1ndicate a max1mum penetratlon 1nto the brain at about 1000 MHz:
"fm?fwith a. frequency band of greatest penetratlon from 300 MHZ to 1500 MHz.-&f'
Fb:vMuch of the 1ncident power is- reflected at the lower frequenc1es, the':ij}'
'~'propagat1ng power is more readllyrabsorbed by the varlous ‘tissues’ at

‘:,the higher frequen01es.?5V“'

vrcrease the body temperature through conver51on of the electromagnetlc
'energy into thermal energy.e If the rate of electromagnctlc energy in-
t,put exceeds the body s ab111ty to dlss1pate the heat through normal

"‘blologlcal processes (that 1s 'resplratlon, blood c1rculat10n, and,;,<>}'“};;t"

‘T_ persplratlon) the body temperature w1ll 1ncxease. Exce sive body tem-ﬂi ff"“!
.”'perature may result 1n locallzed t1ssue damage. Thc most sen51t1ve parts,?t
-4of the body appear to be the eyes for Wthh damaged tlssue cannot bel}

'regeneratcd and the testes, where natural LOOllng lS less efflclent and

t1ssue damage is more llkely;,g T R 43«

-‘the measuxe of radlatlon efiect 1s the temperature 1lse oi the body (or

:, parts thereof) The temperature r15e is related ‘to the average power»‘

\'wtdeliveled to the body by the electromagnetlc f1eld Insofa1 ‘as heatlng
“"bthe body is concerued 1t does not matter 1f the power is dellvered

':t lcontlnuously,‘as a ser1es of RF pulses,'or as a setles of unldlrectlonal

'g{pulses,’as long aa avexage power 15 the same for all three forms and the

: thermal lag of the body is 1ong compaled w1th the tlmc between pulsee.:fitfﬁsf

f}The body is moxe efilclent 1n absorblng radlatlon at h1gh frequenc1es,

R T
[ N

Y

1ot T ) . L A

High—frequency’radiation~incident on the human body*tehds to in-
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bince body heatlng is. the prlmary effect of hlgh-Lrequency radlatlon,
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however, where the body is of the order of a quartex~wavelength or longer.

(that is, at frequencies above 40 MHz for a 2-meters-tall man). This
effect is because larger currents are 1nduced in the body by these- fre—
quencies and the body is more lossy, -or more efficient in converting

the electromagnetic energy into thermal energy. At frequenc1es 1n the

microwave range the body is a partlcularly good absorber of electromagnetic

energy.

At‘frequencies'well'below 40 MHz, on the other‘hand;'the pody is

not efficient in-absorbing electromagnetic radiation because the currents

induced in the body are small and decrease with decreasing frequency.'
Thus, the average power absorbed bylthe body (heating)‘from a series of
unidirectional‘field pulsesbwould be much less than that absorbed from
a series of microwave pulses of the same average power density and rep—
ititlon rate. That. is, the tolerable average incident power den51ty,

from a heating standp01nt, is much greater for unidirectlonal pulses

than for comparable high-frequency pulses.

: The recommended safe radiatlon ‘level for long—term exposure to high-

b

' 2 13 o
vfrequency radiation is 10 mW/cm or.less. (Recently the Department of o

Health, Education,‘and Welfare recommended that emission from micro-

« ’ : 2 14
wave ovens be limited to 1 mW/cm . . Some 1ndustr1al concerns, notably

General Electric.and Bell Telephone, have specified this limit in their
laboratories for some time.) Power densities COnsiderably greater than
10 mw/cm2 can.be tolerated ‘but the 10 mW/cm2 represents a generally
accepted safe limit fox extended exposure. Based on temperature rise,
for- which the body can compensate, the perm1551ble incident power den51ty

2
has been estimated to be 100 mW/cm for the body, 155 mW/cm for the

9 o

-eyes, and 5 mW/cm for the testes tor exposure exceeding a few minutes.

Electrical shock:is_produced when current. flows through the‘body.

'The”degree of shock‘is a function of the amount of current flowing and



ranges from the threshold of perception with about 1 milllampere of cur-
rent through let-go currents of 7 to 15 milliamperes to ventricular
fibrillation (usually fatal loss of effectlve heart action) at currents
:of 50 milliamperes or greater (for adults in normal health) 15 Larger
currents may produce deep burns, damage the nervous system or 1nh1b1t
the respiratory system. The: data available on ‘electric shock are prima--

rily for dc or poWer frequencies (50 - 60 Hz), although some data on

. the variation of these effects w1th frequence indicate that shock effects

. such as. threshold of sensatlon, let—go, and soon, are most serious. (that
is, occur at the lowest currents) in the frequency range of 10 to 1000 Hz,

‘with larger currents tolerable at frequencies outside this range.

| Most shock data have'been'obtained for current durations of a few
: tenths of a second to several seconds., Some data are available for cur- '
rent durations of 8 milliseconds in dogs, but very little systematically
obtained data are available for very-short duratlon currents (that is,

1 to 100 mlcrosecond pulses) 15-17 The implications of the long-duration
data are that the tolerable current varies as 1//T, where T is the du- |
'ration of the shock_current.. Thus for dogs, the minimum flbrlllating
'.current increasesifrOm\O Oéiampere.mith'av5-second shockwto.0.7 ampere:}
tw1th an 8-m11115econd shock.- (Flbrillatlng current is roughly propor— 1,.
tional to body welght for mammals,) 17 Many people have experienced veryf*'
lnhigh currents for very short durations in the course of discharging
thcmselves after being charged by walking on curpets or sliding across
automnobile seat covexs.‘ The'body'can be' charged to 10 to 20 kilovolts
through such action, and u51ng the typlcal body capac1tance and re51stance &
‘(500 pF, 5000 ohms’) peak currents of 2 to 4 amperes with duratlons of

2. 5 microseconds are pxoduced

'In addition.to body heating and shock, several\novelty and special

effects’of high voltage and'high‘frequency radiation have been noted.




Effectsvof expoSure of linemen working on1130- and 345 kV transmission

lines to GO-Hz electric fields and currents have been determined from

a series of tests ‘on which an electric fleld recognition level of 250

.kV/m was, demonstrated 18-1? This level presents a sensatlon 11ke that

- of a gentle breeze blow1ng ‘on the skln (effect of electric f1eld on the ‘.
l‘hairs of the sk1n) ‘Similar effects are often demonstrated with laboratory -

o

Van de Graaff generators.

Duriné the'high-Voltageitransmission line tests,19 medical exami;’
nations were given to-ll.linemen'by'the Johns Hopkins University.over a
period of 33 years.20 ‘Theﬁlinemen"mere exposed to currents‘as large asi
0 5 mA and to fields as. large as the corona threshold -of 3 000 kV/m '
‘vConclu51ons of the medical findings were that -the health of the 11 line—"
men»was_not»affected by,thelr exposure to high-voltage lines. Also, ‘no

evidence of malignancy was found.

Radio frequency burns are not uncommon among personnel working w1th‘f
‘ radio transmltters and power 050111ators.21 Accldental contact w1th
energized RF terminals produces a penetrating buxn at the p01nt of- con—f.
tact that is slow in healing; apparently because tissue is damaged well
below' the surface by heating in the vic1n1ty of the point of contact,
Those who have experienced RF burns 1nd1cate that the pzimary.sensation-”.
is tho»heating at'thelcontact:point; the tingling sensation characteristic
-of a power_frequency.shock apparently does not occur. TheiRF burn is -
thus apparently a special caSevof‘yery localized RF heating.*

]

’In man, sensory effects (espec1ally v1sua1 - and'somatic effects?4li
havegbeen rcported for magnetic field strengths varying from 900 to |
sevexal thousands gauss.. In experiments performed at the Naval Research
' Institute, mice” surVived a l hour exposure to a 120,000 gauss magnetic

5
field. lhe survival of a mammal in a 120, OOO—gauss f1eld for 1 hour

'encourages hope that 1ncidental exposure to 20 OOO—gauss, as is generally



: o 28
. blood coagulabilityf - It has also been reported that low-frequency

accepted, does not represent the limit that man can tolerate for a

short time, . .
Electric anesthesia is accomplished using milliampere average cur-

grents at frequencies ranging from 50 to 5000 Hz (normally 100 Hz)

Rectangular pulses,'one or more milliseconds in width, are commonly used
A current density induced in the center of the brain of typically 10 |
A/cm2 is required to produce electrical anesthe51a.27. For induction
by a time—varying magnetlc field, a flux of rate of the order of 6X106

gauss/second is required,

Typ1ca1 _weather pains" of amputated peréons often manifest them-

. selves in a short—wave diathermic tield and in art1f1c1a1 100-Hz field

strengths of 100 V/m.‘ Four of 17 human subjects exposed to alternating-

current f1elds (10 to 5000 Hz and 5 to 15 kV/m) exhibited 1ncreased ’

L  29-30 - . v
atmospherics had some effect.on the reaction time of some humans., . »

* These reactions however, refer to long exposure periods.

111 EFFECTS OFvSIEGE RADIATION

A summary of the characteristlcs of the Siege pulse- generators ‘is |

: given in Table I. The peak and average power densities under the Slege

v.array, the peak voltage induced on an average man insulated from the

ground, and the peak current induced in the lower extremlties of a man

‘with his feet grounded are tabulate .

The field strength'under'the array'is an exponential pulse of the

form

e(t) =Ee |
’ [o]
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Table I

PROPERTIES OF. SIEGE ARRAY
' 'ELECTROMAGNETIC RADIATION

RPG Siege 1.2 | Siege IT’
Peak field strength (kV/m) I B ¢ 7100 600
Duration (us) _'a' L ”, ‘ : 1. S 50
S R o 3 4
Peak power den51ty (W/cm ) o 1T 2.65X10 9,.6X10
Average power dens1ty (mW/cm ) - 2.3 0.09 24
Repetltlon Rate (s) R - 60 _ 0.07 0.01
Frequency spectrum (MHz) “ : -~ 0-80 0-80 0-80
.Peak potential 1nduced on o N ] .
man (kV) o 19 , 1 67
* (Insulated from ground) 2t : B |
Peak current induced in man (A) . ‘ ‘
(in feet with feet. grounded =10 _ -5.8 -0.69
zero rise tlme) ' ’ a IR

where - Eo is the peak value of the f1e1d strength and T 1s the decay tlme
'_constant of the pulse (thls is the duratlon tabulated in Table 1),

E/H ' 120 X under the array, the peak power den51ty is E /120 7w and the

average power den51ty is : : o

3

P = -
av _‘24011'1‘-

whepehT is the time-betWeen pulses,"

The‘peak volfagefiudUQedvoh‘a,man'insulated from ground
- v '~ C
: h
V..= E = 2 ,
o o 2\C +C
A a b
8

“w——

is

Slnce




: Where C is the body capa01tance exclu51ve of the capac1tance at the
" soles of the shoes, and Cb is- the capac1tance of the soles: of the shoes.u'

For a typ1cal man wear1ng typ1cal shoes the body capacltance is of the-;

order of 25 pF and the capacitance between the bottom of the feet and

ground is 200-500va. _The-factor Ca/(Ca_+ Cb)-ls thus 0.13 to 0.048,

',The current,that-will flow through a man's feet if they are grounded

is
dV
1 t
( ) dt‘ 3
',where - B
C=C +C
-a- b
- and | :
-t/
V==VC /
e
_thus v
' o ~t/T

"igﬁ) ;,;tc e ) 2

for a pulse.having 2ero'rise time.

" The values of peak and average power density are presented in Table I

for the’ pulse characterlstlcs shown in the table. The peak voltage 1n-

- duced on a man 1s calculated for a 2-meters—h1gh man u51ng the 20Q pF

. foot capac1tance (largest peak voltage) The current flow1ng in the man

is computed u51ng the larger foot capac1tance (500 pF) and the peak

'voltage V computed with smaller capac1tance.' The posltlve splke 15,
'computed for a 10 ns linear rise t1mo uslng the 500 pF capac1tance. “In .

‘_all cases, fleld strengths.dlrectly under the array were used.

The voltages and currents 1nduced in a man by the RPG and the Slege

1.2 fields directly under the array. are comparable to those produced by o

walk1ng on a carpet 01 slidlng across an auto seat, except that only a

_'fract1on of the currents induced by the S1ege array flow through the,



‘torso, whereas almost a11 of- the dlscharge current in the carpet or seat

case. flows through the torso.‘ Personnel wearlng shoes would probably not

'-be aware of these pulses 51nce the res1stance of the shoe soles would be.‘.

suff1cient to limit the current well below -the conservatlve peak value‘j

-tabulated The induced voltage has no effect unless 1t can be discharged

;through the feet or some other path. The 11 kv induced on a man standing

_under the array by the Siege 1. 2 would not be expected to arc through

" the shoe sole or. upper leather to ground although badly worn shoe soles :

might be marginal in holding off this voltage.,,

The 67 kV induced in a ‘man standing under the array by the Siege II'

generator mlght ea51ly produce arcing through the shoe sole ‘if the _man
'.were standing on a good conductor such as the array ground screen..kThey'
;short c1rcuit current must be presumed to flow through the feet and spark

to ground ‘in’ this case. The current 1nduced in the man is smaller ‘for

the Slege II generator than for the others, but it lasts much 1onger ’.lf; S

. the lﬁ/T 1e1at10n for sen81t1vity to shock as a function of pulse w1dth
holds for pulse w1dths as short as 50 us, the minlmum flbrillatlng cur-
'rent f01 the Siege II pulse shape should be over lO amperes The 0169
ampere conservatively calculated for the man standlng under the array
is over an order of magnitude less than this minimum value. (The“fact

.'that these computatlons have ‘been made for conditlons under’ the array

v.does not imply that personnel should be permitted under the . array when

¢

" the generators are operatlng. Personnel should be absolutely prohiblted R

t under the array when the pulse generators are operating because of the

',very serious hazard ol becoming the dlschaiged path for the ent1re gener—,‘”

at01 energy eithcr through contact with the uppei grid or through an arc

) channcl triggered by the presence ‘of the body in the 1argc fields under ’

- ‘the array).

10
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L of 10 mW/cm , but most of the Siege II power density is in' the spectrum

e well below 40 MHz.f ThlS is 111ustrated in Figure 3, where the average

j_RPG is greater than that of either the SiegeII or Siege 1.2. All three

If this extrapolation is valid for times as short as 50 us, the 4
'-currents produced by the Siege II array should be at levels approachingl‘
R the threshold ‘of perception. The validity of extrapolating the data
:ntwo orders of magnitude in duration is questionable, however, and one
hesitates to make an unqualified predictlon that the Siege II currents

qare at or below the threshold of perceptaon.

The average power den51ty 1evels under ‘the array for the RPG, and

) Siege 1 2 generators are well below the generally accepted safe level

‘power den51ty 1n the spectrum above a frequency f is plotted as a function

- of f for the pulse repetitlon rates and magnitudes shown in Table I.

r.

It is~ interesting that above 100 kHz the average power density from the

S 2
sources: produce average power densities well below the 10 mW/cm Air
o 2,
Force safe level and the 1 mW/cm "HEW spe01f1cat10n for microwave oven

f_leakage in the frequency range above 10 MHz.

The average power den51t1es in the spectrum above a frequency f

—_—

”1are computed from f‘

“where. .

' Ew H w 1\
p (w) ( ) ( ) o ) .
. T‘ . 120 T 2 lZ

. N ‘v .
*“‘. T s L e T
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AVERAGE POWER DENSITY IN SPECTRUM ABOVE f - mW/cm? .

-0

10 - : —— —
Bl SO S N U R AN B R AR R DR B l _TI:H,IH I\IIIIH] T lirﬂn_j
- ' o S R " o 10 mW/cm? AF SAFE LEVEL. -~ —
"\ __PROBABLE SAFE INCIDENT - .. —
R POWER BELOW 4Q MHz - o « e
N -
) \ . .
i -
o 1 mW/cm HEW _ASPEC|F|C.AT!ON :
SIEGE ¥ . o —
0.1 —]
o1 L1 rin (AN IREERIN S N e i
104 ' 105 107 108 ’ - 100
) FREQUENCY f - Hz h . ’
— - S ' _ L TA-7995-128
v FIGURE 3 - AVERAGE POWER DENSITY SPECTRUM OF SEIGE ARRAYS
Fo S : . . ] ) )




i

absorbed by the-body is

'under the array is safe for any of the three pulse generators and pulse

The average.powerfdensityfinfthe spectrum above f is then -

p(f) 2. -(n/2 -,tan-1 2nfT) . | IR e

120 T

As 1ndicated in Flgure 3, the tolerable 1ncident power from a heat—

ing standp01nt probably 1ncreases below the quarter—wave resonance fre- -

fquency because the antenna is- poorly ‘matched to 1ts load and only a

small, frequency-dependent fraction of the power can be absorbed Iff” B

: the effective body resistance is R the low-frequency power that can be

oo fEm\y .22
L e o WwCR
St ' 2/ 222
" 1+wCR

‘where c c + c and n is- the man s helght (Zm) - When WCR << 1, this
' power is proportional to the square of the frequency. "For eXample, the

incident power that can be absorbed by the body at 10 kHz is only one— o

hundredth the power that can be’ absorbed at 100 kHz.< Thus, from the

standpoint of body heatlng, the 1n01dent power density that can be toler-"“

('ated at. 10 kHz is 100 tlmes that whlch can be tolerated at 100 kHz.. Based:;“"

-

- on these consideratlons therefore, the average power denS1ty d1rectly

R

o repetition-rates considered, s

VA The concern that erposure to the Siege 11 envixonment w111 1nduce . T
helectrical anesthesla or some other sensory and somat1c etfects does not
r "appear to be founded on experlmental evidence. 'Exposure of personnel to.
vh'the RPG radlation has resulted 1n no reports of ill effects. The averagehij'

vcurrent induced in man by the RPG rad1ator, 0.42 mA, is below the milli— Af'

ampere average levels used 1n electrical anesthe51a. The average currents

*Typically C = 225-525 pF and R =1 ohm-and WCR = 1 when f is 3 to 7 MHz, -

13 o




of the Siege 1, 2 and Siege id radiators are at least an order of magnitude

- less than the average currents of the RPG radiator, and the repetition l
rates are three orders of magnitude lower than those used in electrical‘
anesthe51a., ‘It is also doubtful 1f the: current in question concentrates
.at the center of the brain, since the skull forms a low conductivity
shroud over the brain. (One of the problems in applying electroanesthesia
'_;6 medical purposesvis in-getting'current through'the,skull'into'the \
" brain.) o ) | |

IV " CONCLUSIONS

The radiation produced by the Siege pulse generators does not
appear to be hazardous, based on established safety standards for high-
frequency radiation power den51t1es.' The high—frequency radiation di- )
rectly under the Siege array when driven by these generators is well _
.below the safe levels established by the Air Force and the U. S. Depart- ' : o ;4-_‘

.ment of Health Educatlon, and Welfare.

The voltages and currents produced by the RPG and Siege 1.2 pulses
will not produce serious effects, and it is doubtful that they will
fproduce effects approaching the threshold of perception. (There have o
been no known instances where perception ‘of currents or voltages.have
been reported by workers in ‘the v1cinity of the RPG ) The effects of
‘voltages or currents 1nduced by the Siege I generator are less predictable.
Extrapolating the pulse magnitude and duration data to the Siege I
domain, one is~ led to expect that the induced currents would probably
be below the thxeshold of perception. :dn‘the other handh'the-induced
'voltages directly under the array are iargé.enough to produce sparks
through or around the shoe sole. It would be surprising if such sparks

(1f actually produced) did ‘not’ produce at least the mild shock one obtains

- from auto seat covers or carpets. Therefore the full Siege II env1ronment

hould be approached gradually to determine what effects these fields

14
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L pulse should be v1ewed w1th ‘some skept1c1sm.

L

freally do have on personnel The extrapolation of existing data on

threshold of perception and ventricular fibrillation to the Siege II

However the env1ronment ‘

oy a few meters from the array should be no more severe than that reported

o 18-19
.for the high-voltage transm1551on line ‘studies discussed earlier. :

: There does not.seem to‘be .any real ba51s for expecting sensory or
~ somatic effects from the Siege pulses. ;
' to pulse repetition rates of 50 to 5000 pulses per second at levels .
sufficient to affect the nervous system (that is, above the threshold
of perception) . Neither the current levels nor the repetition rates

Lpare available in’ the Siege 1 2 and Siege 11 fields, and experiences w1th

the RPG does not suggest that these~effects are'present.

15

These effects are usually related

:
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