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respectively. Rl and R 10 are the dlstances in the far fxeld where
the power densities are 1 rnw/cm2 and 10 mw/cmz respectively.
Figure (3) is a nomograph des1gned from equahoné (3), (4), and '~

(5).

£

(2), and (3) are ‘._ats. follows. »

Figures (1),
' rt

from F'lg}ﬁ'res'(l) or (2.) usmg

a. Determme W
“If wmax falls below

given data or data calculated. from given data.
hazardous limits no further ana1y51s is reqmred Wt
5 . ¢ aw,

S,

.,g.,
,..n “

b. Determme Rl and/or RIO from Fxgure (3) as;

follows: '

(1 Usmg the operatmg frequency and physmal

area, determme Gt'

5. ‘-‘;

(a)) and Pt (radxated

(2) Using G¢ (from part
or transmitter power) find Rl and/or RlO

s

oy g

Examples: L

'
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tion Facility
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3 mw/&mz{\v
ma

power density is 1

e

12,500 feet

eaddlens

is 12, 500 feet.

sy

3,900 feet.

[ =By

ARV

B

85 Feet (Par‘abolic Dish Antenna)

Figure (2) to determine: '

x(4 mw/cm

If it is necessary to find the distance at which the -
mw/cm2 use’ Eigure_(3) to determine:

The distance at which the power density is 1 mw/crn2
It is worth noting that the above paramecters, if
to determine R4 without using -step 1 of the procedure, give:

It must be pointed out that such a determination-is
correct in that the far field function from which the nomograph was
constructed is valid only to the distance where w
was previously determined to be between 3 mw/cm

Therefore, it is possible to find Rl an

procedure indicates W .
respectively.

21 mw/cm

Jet Propulsmn Laboratory, Deep Space

Instrumentation Facility.

10 Kuowatts,:

¥

960 Mcgacycles .

and 4 mw/cm2 .
10 °nLy if step (1) of t

or Wy > 10 mw/cm




As_ before: A =
LR : p

L 2 : L2
‘3 mw/em” < Wpyax <4 _rr\»j{(cm
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5,680 ft.‘z

From Figure(2): ) ‘ '

. N . L - Lt
FromFigure (3): © . "7 .
. P i = .

G, =

T
(= 5-37x10% T

R, = 5450feet . %
c. - Given: ,

P,'= 5 Kilowatts *

£ = 1,000 Mggacycle's“v

d =

' ’ 2 . - -
S a~
Ap- -,T R ".‘v'."'

20 Feet (Pvarat‘:qli.c. Dish Antenna)

— :
A, = Tx400/4
A 2

314 Ft. BRI
p v .

From Figure (1}

w >10 rnw/cmZ
max

From Figuré (3)
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G, - 1.2 x 103 w
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Tin 1 mw/cm2
GoTtai'xe 'antenna, therefore,

in- practlce.v One reference (Reference 17) shows that,the po
‘'density is multiplied by a factor less than two:when reﬂectxonS'
exlst Assummg the possxbxht) of reflectxon emsts at -some

two, Rl and “10 as' dele.rmmed for any spu.xflc proolc,m snuuld
be mcreased by the’ factor V : g :
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CONCLUSIONS

It is concluded that: v
1. Aircraft transiting radio and radar beams of
average power density 10 mw/cm?® or less are safe,
provided no electroexplosive devices are aboard. - For
guaranteed crystal protection, avionics items equipped
with T-R (Transmit-Receive) tubes -must be kept in
POWER ON condition, T

- ro

2. Aircraft carrying electroexplosive devices are’
safe in fields of average power,(de'risit'y‘..l mw/cm2 or less
when proper wiring procedures.and maximum shielding

» e

efforts are used, ' - ] N T
N e . il B T
3. With regard to-electroe xplosive devices, progress
by the military gives promise of yielding less restrictive

limits in the near future. ' IR .

-

4. The variety of high pow'ei" ir_xsté.llations precludes
setting a single distance limit, and charts included in this
report provide a rapid and simple ‘means of converting from
power density to distance along the antenna beam axis.

5. Power density calculations{in_dic‘ate that AT(% radars
‘have maximum power densities less than 10 mw/cm
(Appendix II). .
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RECOMMENDATIONS
. . .
1t is recommended that: ’
’ * " Ly . ey

‘guaranteed crystal protection, avionics items equipped .-* 4 @

1. Aircraft {not carrying electroexplosive devices) ,;
be prohibited from transiting electromagnetic fields in :

excess of average power density 10 mw/cm2 . For

A

POWER ON condition. R AR

Ty e

with T-R (Transmit;Receive)ﬁ‘tubes must-be kept in = ¢ TR

.
.

2. Aircraft carrying electroexplosive devices, which
are properly wired and shielded, not be permitted to transit

radio and radar fields in excess of average power density” 7

lmw/cmz. IR C e

: < +

3. Future progress of the military services on electros"v
explosive devices.be monitored by the Research Division by : :
attendance at, and limited participation in, meetings of the .. . ' -

HERO (Hazards of Electromagnetic Radiation to Ordnance) ., DR

Program with a view to-establishing less restrictive limits - ¢ <o
. s . e f PR Lo

as soon as possible. . . S

4. Future studies in the area of radiation hazards should *.
investigate the possibility of hazard to transistorized (solid
state) avionics items being introduced into aircraft.

5. Experimental data be provi.ded on the avionics items
containing crystal rectifiers, using operational configurations.
Tests should be made with T-R (Transmit-Receivc) tubes in
both active and quiescent states with frequencies compatible o
with tube bandwidth characteristics. ;

-6 Experimental verification be made of the power density
values. calculated for the ATC radars in Appendix 1L,
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~+ .{. APPENDIXI .
| < POSSIBLE RADIATION HAZARDS
' WHEN-BLASTING NEAR AIRPORTS"
. . . B T “’v L § ..v“" ; "A‘

'

A problem related to'aircraft and electroexplosive devi
is given.as follows: A N T

.

ok
ot v PEN

Blasting operations are taking place near a runway and 2
aircraflt with transmitters-operating passes overhead tausing’.

RNl
an electromagnetic field to which the EED on the ground is L

‘exposed. D_’etermine'the_~possibility of accidental ignitio_ri"i?{' ’

: the EED under such'circumstances. ‘ e b
R .. L i ; s
.. . - The body of this report suggests 1 mw/cm? average power

. density to which aircraf{t with EEDs may be safely exposed,

¥

provided precautions’as per Reference 11 are taken. : The. 4 e
. situation in the problem being considered here indicates: that -

precautions may nof be-taken, and the possibility exists that

. . . . i o . G.‘fi“\‘ .‘,
lack of knowledge of the radio frequency energy hazard may = 7 .o 3 ':c;’{
lead tc setting up the blasting cap in a configuration which .= ey 3 {ﬁ‘fgi
would be very effective in extracting energy from a radio ; e T 3}:& '
. e e AN
In calculating an estimate of power de‘nsity'required for! -7 .. .

accidental ignition, conditions which make ignition more | et
likely are assumed: : B

; . -

1. The EED is sensitive - current for firing is
.25 amperes and bridge wire resistance is . 5 ohms.

,

_ 2. The blasting cap is attached to wires with a
configuration of a half-wavelength dipole.

3. The wires are oriented to match the field .
polarization. ° . ' ‘
Now:,’ ‘W= .fi l(For any receiving antenna) ' )

where: W is thg field power density




A
W’

P is the power received . .

A is the effective area of the antenna for absorptioﬁ,

. +
»

Now: -P.,_=:' r?‘a’. - S

e t

.

. where l is the squxb fxrmg current o oL
‘ . R is the sq\ub resxstance ] t
% . e et

e ?—5) ( 5)

"

. P'

4

3k 25 mxllxwatts (requxred‘for cap lgmhon) 3
A NEEN

]

P

If matched condlnons prevaxled' that is, if ‘the br1dge_

wire resistance were 72 ohms,.rather than 0 S ohms, the
. ’r I

effective area would be: .
A = AT

N

The power recewed under unrnatchedacondxtxons can ‘

be determmed frome

)2 AW
u _ ua ;
P A W,
m m
, Pp = P A
u m _
r' Am
) where:

P, is power‘ re cexved under unmatcél::ed condxtxors e

LI .(.. ‘y\’;..,

i

is power recewed un&et matche comhnons:
:{_\ Lt B e .

ey of

‘is ‘the eifec&we area under unmatched comhnons
: b ,: .
RG MR

matched condztmns. .

: ‘v[

Rl

-
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In genefalz

2 e
A = a Rok : . (Referen
(amf L - 1/2 'ﬂ'fC)2 + (R + R;__)Z oy

-

where:

oot T

. R, is the antenna resistance

" R, is the load resistance
"k is the characteristic impedance

L is the antenna inductance

kY

'C is the antenna capacitance

St } ke
f -is the frequency. s
. v e " ‘.‘}‘ r e . .t B
.. d"isthe antenna length o S
I A by N Lo . B
. For a resonant antenna,* the reactive part of the’equation. ¥t

vanishes and” |




Since h £

where . f

then W =

.=r ogeiating.,f:e'dﬁe
vélocity of light/;
., 2R '+ Rr)m p
: A u
: 3 R 'R_c 2 "
o r

For the specific problem gi\}én:

R
r

RO

P

F0pth wnlerrt s Vg 8 56 ) S YL
Y] ‘{’5' ,cg "“i Kolty GHEAY

o
Ut
ine

o aTMRgr R

[
H

u

- Therefore:

w =

i

]

o A2
3Ry Rr’_A» o
lc r R

'y

H

72 ohms
0.5 ohms o
‘31,25 milliwatts o

¢ e

2 2
27(0.5 + 72)  (31. 25) £ milliwatts
' 0 2
)

cm

3 (0.5) (72) (9) (10°

1,05 x 10727 ! mw

.
A
T

N A

Y

PR E
A s e

L
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txons. As a pra.ctlcal matter, however, the wire's attach

the EED in"a dipole conhguratxon proba.bly “wéuld be 11 i

length Assume a 15 foot d1pole is attached to the EED
: : ? . e ‘§

et
e

=
.

The power densxty produced at the electroexplosxve devig;
from a half- wavelength ~antenna aboard the axrcraft, is gwe_

i kY 5 . .
_ where ‘P is t.he transmxtted power -
G xs the antenna'" gam. ,' . ,\,4




W
If: W = .0015 > = . 115 — '
cm m
' 2 . :
r = { . PG )l/ meters
: 4 (0.115) -
o m ‘ R
A 2 x 2000 1/2 e,
r -_3.28 (.4)‘.115 .-)'- feet v
r = 172 feet o

The aircraft transmitting 2 kilowatts at 33 mc. must be
within 172 feet to produce a power density required for ac- k :
cidental ignition of a sensitive EED attached to a 15 foot half- ..
wavelen'gth dipole.

4 4 *

A somewhat more realistic' case is the consideration of
very high frequencies (since EED wires can more easily be
placed in sensitive.configuration's). " At 300 mc:

v L

T lo - < .
c . 3x 10 cm
A.S. 3x10 cm _ .2

cm
8
3x100 . -

[y

¥ '

1)‘ | | B

—_— 50 cm (20 inches)

1t

2
For 300 mc. , s
. 1 2
w = 1.05x1077 x9x10'6m¥_ g
. H‘_".,l
W = .95 mMwW__
cmz 5

R L

About 1 mw/cm?® is required for accidental ignition at
300 mc. Aircraft may carry VHF transmitters capable of
producing 200 watts: - ’

”

PG 3

W o= - :
4"r2
AT ¢
v ‘ v . hA ¥
. , . Lt . R .t s
s ‘i iR v V“. A o )
[ o

N
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" also half- wa.ve!ength

' '.(Reference

e

7 #a, o R
W ey

v meters. .. o

' SRR :

, feet % . v

. 5 8feet : - co
. E 3 - '

For/an-axrcraft transmlttmg 200 watts on its V:{F cxrcuxt
(half-wavelength dxpole) and an EED attached to a 20 inch dxpo}e, LE
.the plane | must be within.5. 8 feet to- cause,ﬁ.‘@;

"t

accidental, xgmtmn. The ‘greatest danger seems to be in the hxgh Fila
4

2 il

.frequency range (frequ.encxes between 3 and 30 megacycles) ': s
Aircraft should stay about 250 feet above blasting operahons m :
which EEDs are being used. For blasting operations not’ uvmg
‘electroexploswe devxces, no danger ex1sts from radxo waves

.210) ‘ Nl o

L e,
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e , . . Lo .
: : o v . 4
- a i ki
. T e N 5
* e . " f‘. o0
. v P A Y !1% 1
: U]
&k v + . B o
v ) R R
. E -G
* ki
‘ H -
> :
)
f
‘.
i
*. T
\ H N
. d L
. e
| . ) . E
N v .. ,

) 6Below the H-F. range transmxtter powers decrcase and the
-~ ‘antenna eff1c1enc1es dec"ease radlcally.,

‘a}w@u #
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Trcnsmltted (or tranomltter power)

o haad3?

1cal area of antenna .

) c
ﬁg ' R
0 %
h ‘
A [ s ‘b .;;J'Q ! . ',' P . A
3 ; e o

e

The antennas con31dered in thxs appcndxx have pubhshed G
values. which will be used with.calculated G (equal to ATA f /

values to determme specxhc k values.

o,

Using published data, ‘Wmax is calculated for eagh a.ntenna , _'*.‘fi'
type, and a tabulation made. One complete calculauon w111 be, v
- made exp11c1t1y on the ARSR 1A !

P

-

1~

151 . 4 . Lh
360 pulses per second
u;x\



5 KR o e
N . L PRI S L o
, 1'“ Fa \
‘ SRS L P
. - ’ ¢ ‘. ‘l
Pulse Width = 2 microseconds .
= 40 x 11 square feet

Reflector Dimens ions

Reguired:
Ga’ Gt' k, Pt (a\'erage), a‘nd Ap.

1y

a. G, = 34.2 decibels

34.2 = 10log Ga -
Gy = 2630 N
DI NN GO BT S
b. Gt = E . . : ) .
Y He o ‘
. Lo B 2 2 18
: 4T x 30 x 11 x(2. 54)2 x(12)° x(1.3) x10
Gy = —
Vo 020 .

, T 9x1
t ) .“.v ) . _“‘ H '~<' b
Gt o 9640 - " ., w ¥ “‘-" )
e K Gal G, a ‘ ERIN l
x = 2630/9640 | o i E

" .o

= Pt {peak) x Pulse Recurre
x Pulse Width -

hce Freq. ‘ §

= 3920 x 1o3x 360 x 2 x 1-0‘6x 103' o E
milliwattS' ‘ oL . ;

- ) 6 *
= 2.82 x10. milliwatts
» -+ ol o 2'141 Z . o . .
e. AP= 40 x 11 x(2.54)r”,x(v12) . , _ . .

! -5 - f_“.'
4.07 x 10 (céntimegers)

P

RIS SRS -
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o oL . Using the information from calculations (3)
-~ through (5) PN - :
. P T = ‘j._Z"73 x4 x2.82 % 106 mw X .
, a0 max T 5 T
: e R 4007 x 10 cm . i
. ) .',“f,\.'ssﬂx’nww - L
A P emE L T
> L ¢ E : » ) ) . R
R 3 '

1. Circular Aperture. For a uniformly illuminate

Al
S lﬂi‘

3,

circular aperture, the power density function (VW) is os,cilla.tp_fyz;:},i}:'g;;im ‘
from the antenna to some distance (R,) where the function: bergi;'i‘é"?;_‘f’a;

to fall with distance (R) according to the llR2 law.  The function® ..\
“has a;‘m’xrqb'ér of maxima (all .equal) and 2 number of minima -
(all zero). - Figure (4) is ‘a sketch of the function. ' .
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Figuré {4). <. The powef d'en.:‘;i?tv')(W) as a function of distance (R) .
for a uniformly illuminated circular aperture. R, is the distance

at which the far field begins. Ro can be found as follows:
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At R, the fai' field function is a maximum and is equal ' v
to the near field function. Therefore, ' o ' , -
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Figure (5). ’I‘he power densxty as a Iunc on of dlstance for.a
rectangular aperture. “
oscxllatory. ‘From R




Since for a circular aperture )
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- linear énfenna; fiirqenéiorfs respectively. For the ARSR-1A -
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The maximum power density anywhere in.the field of
the ARSR-1A radar is 7.58 mw/cm?® and this value exists at
points between the antenna and 63 feet from the antenna along
1 the line of maximum gain, . N
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.+ where d j ‘'and d; are the smallest and largest. '
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Alth‘oeixgh 1t is not p0551b1 “in th\s case to determme the ’
‘exact chstance at whxch w=1 mw/ émz the analysis shows that Tty
- the distance'is less.‘» l’xan'892 feet. iWhen w. at R, is greater than .
1 mw/(‘mZ itiis ‘pos: ible to- Im he dlstance (R, ) at whlch the- .
-power densxty is l mw/cm -

h”,/,

‘W = 1 mw/cm®

oL 1/2
Rl - ROZ ( R,2 ) '

. “Table 1. gives Wma'x ol’ ,R 02 ,W 2 (power densxty at R 7_)
and R, for a number ‘6f ATC radars. ,For the ARSR-1A ‘the maximum
power density is 7.58 mw/ cm2 from ‘the-aftenna to 63 feet.. . From 63 -
to 892 feet the maximum power densxty varies. from7.58 to’ :

.8 mw/cm2 For all the antennas,: the region | between the feed -
horn and the: reflector’ is a hazardous one smce power densxtxes

greater than 10 mw/cm?% will emst t‘nere._ .
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TABLE L. Som
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. ' wmax is the maxxmum power densuy in the fleld
R, is the distance at, w):nch the field oecomes ‘part near and p

. fleld Wmax. emstsﬂ‘at pomts between thes ‘_nt enna and’ Rol
';‘._’” ‘Rg2 15 ‘the distance at!w}nch ‘thé fxeld becomes purely Iar fi
WRo2 :is the power den51ty ‘at Roz A

Rl is the dlstance at ~wh1ch ithe> powekr densxty~
R fE -»E, 3
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