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linprdtred 'NIKE-HERCULES - Personnel  S a f e t y  - Microwave Radia- 
t i o n  - Case 27675-2 

A p r i l  27, 1960 

I 

MEMORANDUM FOR FILE 

The Improved NIKE-HERCUUS system g e n e r a t e s  micro- 
wave power l e v e l s  t h a t  approach o r  exceed t h e  recommended 
s a f e t y  l i m i t s  e s t a b l i s h e d  by the American Telephone and Tele- 
graph Company,' t h e  B e l l  Telephone Labora to r i e s ,2  and the 
U, S ,  Army3 under c e r t a i n  c o n d i t i o n s  of f requency,  p u l s e  
w i d t h ,  p u l s e  r e p e t i t i o n  f requency  and d i s t a n c e ,  The s a f e t y  
l i m i t s  have been establlshed on the b a & h  of the most r e c e n t  
medical  r e s e a r c h  and r e p r e s e n t  the concur ren t  op in ion  of 
many d i f f e r e n t  agencies  and i n d u s t r i e s .  

The s a f e t y  l i m i t s  e s t a b l i s h e d  f o r  t h e  B e l l  System 

(1) Power l e v e l s  of 10 rnw/crn2 a r e  considered 
p o t e n t i a l l y  hazardous and pe r sonne l  should 
n o t  be permi t ted  t o  e n t e r  a r e a s  where they  
may be exposed t o  such l e v e l s .  

Power l e v e l s  between 1 and 10 mw/crn2 a r e  
s a f e  f o r  c a s u a l  o r  i n c i d e n t a l  exposure.  

a r e  : 

(2) 

(3) Power l e v e l s  under 1 mw/cm2 are safe f o r  
i n d e f i n i t e  exposure.  

The Army d i r e c t i v e  only  i n c l u d e s  i t e m  (I) above. 

'Le t t e r ,  "Microwave Radia t ion  - P o s s i b l e  Hazard t o  Personnel ,"  
by R,  R ,  Hough, A s s i s t a n t  Chief Engineer ,  ,October 24, 1957. 

2 L e t t e r ,  "Microwave Rad ia t ion  - P o s s i b l e  Hazards t o  Personnel ,"  
by J, P, Molnar and W, C.  T inus ,  January 31, 1958. 

'Department of t h e  A r m y  D i r e c t i v e ,  AR-20-583. 
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The above recommended s a f e t y  l e v e l s  a r e  based on 
average  power and are c o n s e r v a t i v e  t o  i n s u r e  a r easonab le  
degree  of s a f e t y .  

lishments and p r i v a t e  i n d u s t r y  a r e  a c t i v e  today  i n  i n v e s t i g a t -  
i n g  the e f f e c t s  of microwave r a d i a t i o n  on an imals  and human 
be ings .  The ' T r i - S e r v i c e  Conferences on B i o l o g i c a l  Hazards 
of Microwave Rad ia t ion '  sponsored by the A i r  Research and 
Development Command Headquar te rs  a t  Griffiss A i r  Force Base, 
New York has done much t o  b r i n g  a l l  the v a r i o u s  i n v e s t i g a t i n g  
groups t o g e t h e r  f o r  common d i s semina t ion  of i n fo rma t ion  on 
the problem of microwave energy. 

e f f e c t  of microwave energy on l i v i n g  t i s s u e  i s  the heat gen- 
erated by the average  r a d i a t e d  power, Consequently,  ex- 
posure  t o  microwave energy should n o t  r e p r e s e n t  a hazard un- 
less o v e r h e a t i n g  i s  p o s s i b l e .  The f i r s t  s e n s a t i o n  of micro- 
wave energy  i s  g e n e r a l l y  body h e a t i n g .  I f  a person reacts 
t o  such  h e a t i n g  by removing himself from the source ,  no 
o t h e r  harm should occur .  Diathermy r e p r e s e n t s  a c o n t r o l l e d  
b e n e f i c i a l  e f f e c t  of microwave energy. Microwave r a d i a t i o n  
should  n o t  be confused w i t h  n u c l e a r  r a d i a t i o n .  

Many medica l  groups,  u n i v e r s i t i e s ,  m i l i t a r y  estab- 

Medical r e s e a r c h  t o  date  s u g g e s t s  t ha t  the only  

The p o s s i b l e  e f f e c t s  of peak power and p o s s i b l e  
non-thermal a s p e c t s  of microwave r a d i a t i o n  are a l s o  be ing  
a c t i v e l y  i n v e s t i g a t e d .  The medica l  r e s e a r c h  t o  date  i s  n o t  
c o n c l u s i v e  i n  t h i s  a r e a .  

The h e a t i n g  e f f e c t  of microwave r a d i a t i o n  i s  a 
f u n c t i o n  of the average  power of  the microwave energy.  This 
i s  u s u a l l y  expressed  i n  m i l l i w a t t s  p e r  squa re  cen t ime te r .  
It i s  a l s o  a f u n c t i o n  of t i m e ,  s i n c e  t o t a l  h e a t i n g  i s  an 
i n t e g r a t e d  e f f e c t .  The dep th  of the h e a t i n g  e f f e c t  i s  a 
f u n c t i o n  of the f requency  of the microwave energy,  Fre-  
quenc ie s  i n  the r eg ion  200 t o  900 mc p e n e t r a t e  deeply; 
whereas f o r  f r e q u e n c i e s  above 1000 mc, h e a t i n g  is  developed 
a t  o r  n e a r  the s k i n  s u r f a c e .  

The h e a t i n g  e f f e c t s  a r e  (I) a g e n e r a l  r i se  i n  the 
body t empera tu re ,  s imi la r  t o  a f e v e r ,  o r  ( 2 )  something more 
l o c a l i z e d ,  a k i n  t o  cooking i n  a r a d a r  oven, depending on the 
f requency  I 

It has been e s t i m a t e d  t h a t  the human body i s  ca- 
pab le  of d i s s i p a t i n g  1000 watts of s u r f a c e  absorbed power. 
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The c i r c u l a t i o n  system of the human body i s  very  e f f e c t i v e  
i n  d i s s i p a t i n g  h e a t .  Consequently,  the microwave hazard may 
be somewhat g r e a t e r  on - h o t  days when t h e  human body's  c i r c u -  
l a t i o n  system i s  working n e a r  i t s  maximum c a p a c i t y .  
f o r e ,  p r o t e c t i v e  c l o t h i n g  t o  minimize sun h e a t i n g  i s  bene f i -  
c i a l  i n  an R.F. r a d i a t i o n  environment.  C e r t a i n  a r e a s  such as  
t h e  eyes ,  t e s t e s  and hollow v i s c e r a  a r e  more c r i t i c a l  be- 
cause of t h e i r  lower c o o l i n g  a b i l i t y .  Again, the  d u r a t i o n  
o f  exposure i s  an impor tan t  c o n s i d e r a t i o n  e 

There- 

I n  r e g a r d s  t o  the Nike f ami ly  of radars ,  a p rev i -  
4 ous  MMF by the writer p r e s e n t s  pe r sonne l  s a f e t y  d i s t a n c e  

cu rves ,  power l e v e l s  and sample c a l c u l a t i o n s  f o r  the Nike 
r a d a r s .  A summary of t ha t  d a t a  i s  given i n  Table  I, 

The d i s t a n c e s  given i n  Table  I f o r  t h e  d i f f e r e n t  
Nike r a d a r s  a r e  f o r  a co l l ima ted  beam i n  free space and do 
n o t  i nc lude  the e f f e c t s  of ground r e f l e c t i o n s  o r  r e f l e c t i o n s  
from a d j a c e n t  b u i l d i n g s ,  
p o i n t  the p o t e n t i a l l y  hazardous a r e a s  should best be checked 
w i t h  a f i e l d  i n t e n s i t y  meter. 

With t h i s  t ab le  as a s t a r t i n g  

The s e l e c t i o n  of a t e s t  ins t rument  should be given 
c a r e f u l  c o n s i d e r a t i o n  t o  i n s u r e  a c c u r a t e  da ta .  The i n s t r u -  
ments must be adequa te ly  sh i e lded  t o  prevent  s t r a y  R.F. pick- 
up. 
Three in s t rumen t s  on t h e  market designed s p e c i f i c a l l y  f o r  
microwave power d e n s i t y  measurement are5: 

There a r e  many types  of commercial i n s t rumen t s  a v a i l a b l e .  

"Broadband Power Dens i ty  Meter," Model NF- 
157, Elnpire Devices ,  Amsterdam, N, Ye cover- 
i n g  the frequency r ange  from 200 mc t o  
10,000 mc w i t h  three d i f f e r e n t  R.F. pick-up 
probes ,  

2 r e a d i n g  i s  one mw/cm2 t o  1 watt/cm . The 
claimed accuracy i s  1 db  a t  midscale. The 
weight i s  11 t o  13 pounds, 

The power d e n s i t y  f o r  mid-scale 

4 ~ - 6 0 - 6 4 & 2 - 2 ,  "Improved NIKE-HERCULES Microwave Radia t ion" ,  

5Unpublished Report  - W, W, Mumford. 
by R. B, Bagby, February 29, 1960, C o n f i d e n t i a l .  

--. . 
-_  . 
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TABU I 

R.F. RADIATION RANGE SUMMARY - NIKE RADARS 

R .F . RADIATION DISTANCES 

Range t o  (Ft . )  

NIKE Radars 

Improved NIKE-HERCULES 

RIPAR ( N o t .  Scanning) 
HIPAR Scanning) 
LOPAR t Not Scanning) 
LOPAR (Scanning) 
TTR (Wide Pulse) - 
TTR (Short Pulse) 
TRR (Wide Pulse) 
TRR (Short Pulse) 
MTR (HERCULES Mode) 
MTR (MAX Mode) 

NIKE-RERCKWS 
ACQ ( N o t  Scanning) 
ACQ (Scanning) 
TTR 
MTR (HERCULES Mode) 
MTR (AJM Mode) 

NIKE-AJAX 
ACQ (Not Scanning) 
ACQ (Scanning) 
TTR 
MTR 

Max. w 
2 

(mw/ca ) 

59-2 

19  38 

28.88 
2.88 
7.23 
1.45 
6.94 

16.64 

- 

c 

19 38 

2 0 8 8  
6 -94 

16 -64 

39 978 

9.82 
28.28 

- 

- 

wo 
2 

(m/cm 1" 

27.7 
27.7 

9.68 
9.68 
6.5 
0.55 
1.63 
0.29 
1.74 
3.48 

9 -68 
9.68 
0,72 

3.48 

19  39 
19 39 

2.46 
5.89 

1.74 

2 
10 mw/cm * 

level 
1 m/cm2* 

leve l  

2400 
160 
740 
38 

1120 
325 

1000 
410 
560 
810 

740 
38 

365 
560 
810 

1050 
70 

380 
610 

*At M i d  Frequency and mid-PRF 
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( 2 )  "Elec t romagnet ic  Rad ia t ion  De tec to r " ,  Micro- 
l i n e  Model 646, Spe r ry  Microwave E l e c t r o n i c s  
Company, Clearwater, F l o r i d a .  Three u n i t s  
are a v a i l a b l e  t o  cover  three bands (2700 t o  
3300 mc; 5400 t o  5900 mc and 8200 t o  
12,000 me), w i t h  three d i f f e r e n t  an tennas .  
The range  of power d e n s i t y  i s  1 mw/cm2 t o  
20 mw/cm2 w i t h  10 mw/cm2 a t  midsca le .  The 
weight  i s  about  8 pounds, 

"Densiometer", Model 1200, R a d a r  Measurements 
Corporatfon,  190 Duffy Ave o ,  H i c k s v i l l e ,  N,Y 
It cove r s  f i v e  bands w i t h  4 d i f f e r e n t  anten-  
nas :  T i F  (200 mc - 225 mc); UIIF (400 mc - 
450 mc); S band (2600 mc - 3300 mc); C band 
(5000 mc - 3900 mc) and X-band (8500 mc - 
10,000 mc), The power d e n s i t y ,  f o r  midsca le  
r e a d i n g  i s  10 mw/cm e 

two pounds, It comes w i t h  a hand? "exposure 
meter" type  of c a r r y i n g  c a s e o  

2 The weight is  about  

These dev ices  which r e l y  upon an tenna  pick-up probes 
a l l  have three l i m i t a t i o n s  i n  common: They are f requency  
s e n s i t i v e ,  t h e y  are d i r e c t i v e  and they respond t o  only  one 
s e n s e  of p o l a r i z a t i o n .  The f i e l d  measurement must t a k e  these 
l i m i t a t i o n s  i n t o  accoun ta  

It i s  i n t e r e s t i n g  t o  c o n s i d e r  t h e  wors t  p o s s i b l e  
c o n d i t i o n  f o r  the Improved NIKE-HERCULES System, with a l l  
r a d a r s  focused on a common p o i n t  such  t h a t  the maximum-$s- 
s i b l e  microwave power d e n s i t y  i s  ob ta ined ,  Under these con- 
d i t i o n s ,  the Improved N I K E - H E R C X E 3  system could g e n e r a t e  a 
t o t a l  of 131.33 mw/cm which i s  s l f g h t l y  less  than  the heat 
produced by the noon day sun at the  equator,, Ac tua l ly  t h i s  
c o n d i t i o n  i s  Rot p o s s f b l e  because of system i n t e r l o c k s  and 
s i t i n g  requi rements .  

2 

Because PO two s i tes  are  e v e r  p h y s i c a l l y  the same 
i t  i s  n o t  p o s s i b l e  t o  have an a l l  i n c l u s i v e  s a f e t y  d i r e c t i v e .  
Each i n d i v i d u a l  s i t e  must be examined by i t s e l f  t o  set  the 
system s a f e t y  requi rements  f o r  i t ,  

The fo l lowing  o p e r a t i n g  and procedure safety r u l e s  
can be e s t ab l i shed  f o r  any NIKE s i t e :  
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All per sonne l  should be made familiar w i t h  
the recommended safety l i m i t s  and d i s t a n c e s .  
S t r i c t  observance of these safety r u l e s  should 
be enforced j u s t  as i n  the c a s e  of the e v e r  
p r e s e n t  high v o l t a g e s .  

Operat ion of any r a d a r  a t  f u l l  power should 
be l i m i t e d  t o  the necessa ry  t a c t i c a l  opera- 
t i o n  and maintenance and ad jus tment  pe r iods .  

C e r t a i n  adjustment  and al ignment  procedures  
r e q u i r e  the t r a n s m i t t e r s  t o  be a c t i v e .  Most 
of these procedures  p r e s e n t  no r a d i a t i o n  
problem because the an tennas  are e i ther  ro- 
t a t i n g  or can be e l e v a t e d .  These i n c l u d e  
power measurements, t r a c k  AFC ad jus tments ,  
c r y s t a l  checkout ,  e t c .  Two areas p r e s e n t  a 
somewhat greater  problem; use  of the RF T e s t  
S e t  du r ing  b o r e s i g h t i n g  and r e c e i v e r  checks,  
and command c a l i b r a t i o n  of the missiles,  
p a r t i c u l a r l y  when the b o r e s i g h t  mast and 
launching  a r e a  l o c a t i o n s  are  a t  a lower ele- 
v a t i o n  than  the  B a t t e r y  C o n t r o l  Area. I n  
these i n s t a n c e s  a l l  pe r sonne l  must be a ler ted 
t o  the ope ra t ion  t a k i n g  p l a c e  and access  t o  
the a r e a  immediately i n  f r o n t  of the an tennas  
should be r e s t r i c t e d ,  i n  accordance w i t h  the 
at tached T a b l e  I. 

A t  the p r e s e n t  t i m e  no s imple  device  t ha t  can be 
worn by a person i s  a v a i l a b l e  t o  i n d i c a t e  microwave radia- 
t i o n  l e v e l s .  S ince  microwave energy i s  p o l a r i z e d  the o r i -  
e n t a t i o n  o f  a warning device  t o  the microwave energy i s  v e r y  
impor tan t  s i n c e  the wrong o r i e n t a t i o n  could g i v e  a fa l se  in -  
d i c a t i o n  of sa fe ty ,  Devices such as neon bulbs  which re-  
spond t o  peak power may n o t  be opera ted  i n  the environment 
of pu lsed  r a d a r s .  The common X-Ray and n u c l e a r  r a d i a t i o n  
badges are  n o t  s e n s i t i v e  t o  microwave r a d i a t i o n ,  I n  any 
e v e n t ,  no  warning device  w i l l  s u b s t i t u t e  f o r  educa t ion  and 
pe r sonne l  a l e r t n e s s .  

While a p o s s i b l e  microwave r a d i a t i o n  hazard exis ts  
f o r  the Nike r a d a r s ,  common sense  and s a f e  working h a b i t s  
w i l l  permi t  the system t o  be opera ted  and maintained i n  a 
safe mannere 

6? Q. 43@ 
R. B. BAG 

Copies t o  
(See Next Page) 
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