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It has been proposed  th a t  t h e  l ocal  in t en s i t y  of t~to
a t~-iosp1ieric e lec t r i c  f i e ld  could  be ua~~ 1 ;ia , r l e a a uro  of the

v u l n e r a b i l i t y  of an individual  to ti le e f f ec t s  of indirect  f i r e .
.~ucii a teChni (’uo would be ba:~e 1 upon t h e  f ac t  th  t the ~t i . Ioa !~~1eric

elec t r i c  F ie l d  v .r ie~ ~ccordiri~ to taic 1e-~ ’oo of o le c t r os t . - t i c

~.niol~~i~1G pro vi h o l  L y bu i ld itiG’; , w. .li :; , vcGicl o: e t c.  ‘or oaai ~ 1 c,

if  ~:old icr ~~. ni. iii open t c i rn in , A L i a heli.ic L i eco ; 0:: Lie

ca tr ol li Ly oi ’ :in oro ,r , .~iic  pro Lru --io n~ Lte d e c  ~,-ic field atr” i~~L;t

at  t ..~ .tpe:: bei nG , r e ;t t l y  i n t en s i f i e d . Convoracly, if the  we t re r

i. over ’ lL a - .lo’ .’ ( - I L ) y . COflIIII Ct3VC object , -u~~n e- a buildin , Or
l.ir G o veh ic le , ~~~ .~o lm c t  Ia  now in t ALC G Geit or ’ of a larGer

orofraphic  p ro t ru3ion . ~‘h us , the f i eld 9tr O f l~~tn  i~ reduced . ‘or

extrer .-ie caSes , such as wilen Lb ~.‘o:~i’ or is wi th in  bui ldinG or tt

the b o t t om  of .~~ f oxhole , the f ie ld  st ren~;tii  fal l s  to a very low

value.

Grom the above , it is apparent that t h e  outpu t of a helmet

mounted field sensor will bear some relationship to the extent to

which tile wearer is exposed to the out side world. In the presence

of indirect fire, therefore , one can anticipate a reasonable

statistical relationship between sensor output and the probability

that the wearer will be either wounded or killed .

It is tIle purpose of this  r eport  to examine the charac teristics

of helmet mounted SOflSOl-5 , and to assess their e f f ec t iveness  as a

mean s whereby r ea l i s t i c  individual 1:ill probabili t ies can be

established. The body of the report is divided into four principal

sections, numbered II through V. Those sections cover th e basic

properties of tne .ttmosp heric field, fields in the vicinity of

orographic protrusions , measurement of the atmospheric field, and

preliminary sys tem design .

In the discussion of basic propert ies  of the atmospheric field

it is shown that  t u e  so called Tfa i r  weather field ’ prevails  for

about 90% of the time. Causes of f luc tua t ions  in the fair  weather

field can be Grouped according to the s ize  of the areas over which

their e f f ec t s  are l ikely to be reasonably uniform. On a jlobal

scale there are annual fluctuations of about ± 15~ combined wi th

diurnal fluctuations on the order of ± 2O~... Over areas in the

1 — 10 1~n range there are local two cycle p~ r day f l u c t u a t i o ns

associated with the turbulence cycle , to L,e ther  vi th  the mot ion  of

large cloud masses .  In the ranGe of 100 — 1 ,000 m.~ters there are

A-3
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variations duo to  the  d r i f t  of low a l t i t u d e  c l o u l a  of space c iL ~~r~~e.
‘1110 collectivo e f f e c t  of these f l u c t uat i o ns  is such t ha t  1

co:-ipoiisated field sensor would experience anomalies in excess of

± 30~ for  perhap s 1O~ of the  t ime dur i i i~ fai r  weathe r . ,ly

compensa t ion  vi a f ixed  f i e ld  r e f e r ence  sensor , such afloat

would be reduced to an RMS value of  b r a  t :i~ t t  10 pe rcen t  of the

sle.m field . .~~Ii’j . L ,~ ~ — 10 percent  o C  the t i n o , uher faj i -  m-e ~ t hor

condi t ions  do X I O L  ~.revail , fluetu~ttion.s nd reversals of the Field

are such tn ~t vuln o r- ib il i  ty assess i  ~nt  ~ould  becoMe unrol i : :ble .
‘~lC l i5C~~ S a i O b b  p resented  iii .ection JIIJ deal w i t h  th ree

clas:~os of ore r . ~ic p r o t r u s i o n ;  these  beiai[; l.ar .;e t o p o r - .Ghic

feature ;, at tall .opo:;r apnic feature s, abal : an ~iaed o b j e c t s .  :•  an

ona .ip le of a l - -r  :e f e a t u r e, the f i e ld  stron ~~t hx  on a typ i c ’.l
, bount a in  r idGe j a  shown to be abou t 75~. .;re: t er  than tna t for  l evel

terrain .  .i t i-a cir.. z of sai::il opo .~-ra~)anc features , 
r.n an~i ly2 i s

i ‘~ presented of the field s wilith  surround :i three . teter  ~-rall • it is

snown tnat , r e l a t i v e  to an upr iGht  I .~~UI in level te r rain , the f i e ld

s t r e nG th at  d i s tances  of 6 r.iet er s and 1 .h m e t e r s  f rou the wal l  ar c

O. f and 0.~ r oap ec t i v e l y .  .Jiriilarl y ,  -f o r  a crouchinG or ~a~oolia[,

man at  d i s tn~icea of ~ . ietor s  -and 0.F meters , the field stre::~ G e

are about  0 .~~ nd fl~~1 re. p o c tiv ol y.  ~‘iie analysL of i m o i r ced . . a

si.:od o b je c ts  i:~dic tes  ~, a -’t , for an individual p r o t e c t e d  by a,

fo aiiole or a:.n-ll t rench , the  r e lat i v e  f i e ld  s tr ~ :ij ch is r e lu c e d  to

the ran ,-fo 0 .0~ to 0 . 2 ; t u e  o: :tent of t u e  r ed uc t i o n  Gcpenli:ia; ~I 1~O l b

th e c~,rce to ‘:~~iC ±ndiridu :. 1 ‘~~~ he lmet  ac ,~‘~ des r-bovo h.c-

~ TOU.2l ;~l h O .

Gac’ t oc h n i-u c :  b y ’ :~~Ich tar’ a 1  t o -:~ -~~oi’j c f i eld  c :n be

are deal t mT i hl in ~oct ion  l~ ’ .ore , ~ .ie u se  of a. r ad io .  c~~ivc

coll.ec tor Ia C:: a. m e l  for t~ :r’ odes of opo r . t i o il ;  i l L  m e ly  cad ce a

nii~> l if i e r  mode aLll t h e  p0 tdI~c ial oc t ia li :c’r ro le . ~i. a i~- sho~ ’a t G a a ,

for  tao curren t ode , Lie in f l u enc e  of l u Ct u : t io i lS Ia. loca l ‘i . :

v e l o c i t y  are such  as to c u r e  p: :ohib it i~m b l o l a c ’. ~~~ I~~ .n’I’

I! pC~~~~~ b C C  ~ o~~onti::l o~ u;ili:.cr i-iodo c:n ove~’co!1 e thi s )~‘Ob iC’ -1 .

. owcver, for ::Iinil:Ium noise , it is inportunt t iL t the co lboc t i .u~..

~n-obc be desi,,ned with electrostatic mirror symmetry about plane

whi ch is perpendicular to the f ie ld  and wii.i c~i pa sses throuGh tbe

center of th t o  c ol lo c t o r,

The discussion of preliminary systet i CIOSIG’n deals b o t h  w i t t i

sensor probe desiGn and with the design of associated electronics.

:~ desiGn is presented for a compa ct  and ru~ god probe which tieets

A-4 
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I
all of t h e c,r-tt ir oi.toii tt : derived in t h e  precedi~i;; sections of t h e

r epo r t , in c o r p o rat e d  ill t h e  desiGn is nit tnnul:r r ad i o a c t i v e

collector ~:i Lb n I j  c exit ~ii u’~I rii~~,:-- for contro l of ieakx-t:;e

conduct . tire • I, I shxol,T1 t b~~t t . I i . l1 : li  : i eu of ’ thi a cobuluc trace

in tin ’ :‘c -eaco of : ceuniu l’ ; t e l  di r t  ot t  t o  e:: ten or su r f ace s  of

t..e Grobe “e r’e’;e:x t ’~ a cni Lical  f e a t u re  of both mechanical au ]

electronic desi , ii . fwo alternate circuits eI.tployinh insulated

;. to fiold cyfect transistors itt the inpu t s t a~~es re discu~~.sed.

.aotit circui t ; inc lu-Ic id ;b voltaGe f’oodba.c : drivers , whereby ta.e

potential difference between the collector and its G’uard r in Gs  is

l:or t snai l  • i:tslly, vj t ~~ r e s p e c t  to the possible use of electronic

fi e l d  a tren,fth cot t i e:1sa.tion via a fixed field i.ioni toninG s to tioti ,

i a is au ,Gestoi aha. t CUC b S co r rect ion  i ’h i t  be included in th e

dosi~~~ation cod e employed by the indirect fire sit :u la to r,

~‘ItA ’R1BL7~~~~~~~~~ 
- 

. S.
’
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11 .,~~~h f i s h . m ’iL~~~uI ~
‘ , ~V~~~ 1 1’~~:1 I ,

‘0 c’-~~ ;Lir ~~.: L i ’ Ic a-’ibility o f ’  u i r i i i , , t ao ’  1’hc ’t ’ i~ e 1( c t ’- i ’-
fi e ld  inc ‘- er  ~- i - ’ ’ a t s  h e r  L i e  ;c-,50~-- s h l e T i  t el t r r soruisl lxn’~’: l,j ii t ,i

it is necea a t r ~ ’ to CX it t i n e  t h e  fwid: i c i t  i i  r an ;  r~~c i -r i  S t i c  ‘- of’ - ‘ue ~~

f’ie lds . L i e  i :ruitude o f ” ti e h e l l , to , t~~ r w i L t :  the r ’ f f ’u ’ c t j ; ’ e

imp e dan c e  o f’ t - .a Ia ;o le l er e  d c !t or In h u l c  a t e r e - u i. i’ r- ’l  ‘ .C~15 I L i  V i i . y ‘ r i d

input i i ’ tp od  r u e ’ of C e  I d - u ‘t r i x l :~ d e vi c e . i ii . ri :, . .  r e a l i s t i c

tr:ux . f a r ’  fum e  t io .i , i - -.~creb y vari.i Lions in loc.~i field stron , , t~ . r i

rr’l~ ted to dif’foreitt. dejre~~s of v ul i n - r - t L ~
j ]  I t~~, ; r ru ; - t be no r  I ac ’

f r om  an ox i i :  - t ie s  of t , a -  de 1n-n cu te ’:  of t a r -  h i ,  ‘- I d  up on  ore . .  i s

pro tr’t - I O C - .. ~ o :~~~‘‘ aa  t~~e -~ t .. , tj  t i c i l  crur cy of’ ~~x c : ; ,  y~~ t e i

it iS  a C C t ’ : ’ S ’ l . ~o c-’t , Lliu- L t ee  i.  a im i  to  of  h o t , ; : ~~~~ t t ,

lon , cern f l r ~ t a u ls a i n  i t t  t o  i’iold . I L  i~~ ‘ j 4~~ O~~ 5~ t e , t a r  ~

C L - a t  L a S  a r i a ’  e U(Si i ‘hi ~~”a ion - oh  a -  ‘ . I ] S C , . O h t ~ C’c , , ’ U ;  n - i  , c~-

- i n -  i n  - o i l ] La ~ t’ oL ’ c i t  b y d oe cr i p a i o , i  o f ’  ta.ni h , :  is  p ’ o~ e r Li , r -

of  L a ’  St a r) - -~ , -~ - j n ’  - 1 , - c t  n c  i ’ I i : l d , o r  t a l . s  p u r p o s e  r ’ - n.h a’ i .

by  de v e l o p i nG  an ;r :ro :’:i: . te ci te l .  fo;  t a  so called f ‘jl’ a-: t , n-;

i”i ‘ i - I ’ ’ . sic  ; :L i l  L,e I ’o l l o~- ’ ;- by 51 e;:r ,t , ;j a a t io n  of t~~e i~ , , a itu  a

S i b  ?r n. . tcxic :~ i i ”  o - c :iri’ ;u : lC - i’or ~ incLa. u ic,,: jil tjre Field .

- - .  sir a: ’ - t o’s 5011 I L L  i on ’-

ifl the  c on t e x t  o f  thi s report it i: t o t  forCe .-- ry to ce.ip l o y

v e ry  so p hie-  t i c: ’  ted mode l  ef t i e :  r o r i r t uc t i v i -  p r o c eF  O C S  in ta~ ; C

tsOs~~~ara i . ‘ ‘e r e’ n o t  ir it e r eat ’ ’d , fo r i i i .  t - cc , I~ i t i n ’  t e t ~~ild ]

ma n s  l is t ri b u tc e a  rL c u r re ’i L c ; .r ry in d  1 , 1 ’ :; . It i~ ’ ‘u n l i c l e l i

.ier oiy to sot b~~’t~~. i:’ - upon t a c  i o u;  1oxi..ity ’ ’~~il ‘i 0oa tao  ef f e c  L i”

10; : n ob i l i  L y .  ‘~leo , ac are i n ter e s t ed  on l y  u i  t h j O  t i c l : l  c l o s e  to

t i e r  o;~~ t~~~’ s ‘- : ir f ac e  • ~ i t a- r ead e r  r e q u i r i nG  t ior o  detailed in1’o~ :t io n

sh ould r e f e r  to  the n n - : l y a e s  c o nd uc t ed  b y fas ir -ic ra  1 , ~ srs~~l a l t  1

Doles sj ok J.
In aciditi es to tiiO siiup lifiecl n a t u r e  ci’ the r;oclel , tee o u - -.;i~~ ;

d i scuss ions  of ;ctmo spher i c  p r o p e r t i e s  w i l l , for  th e r.iost p rt ,

be conf ined to t h e  c o n d i t i o n s  i d e n t i f i ed  p e n e ru l l y  :ie “f a i r

weather ” • lit thi s context the term “fu r w e at h e r ” r e fe r s  to ttxo .--c

occasions when the electric field vector is directed t ow a r d  t h e

earth and wh en there is no precipitation or electrical storr.,

activity in the area. Niere is a hiGh de~;ree of correlation bctv~~”:;

the meteoroloGic al rind the electric field definitions of fair

weather. c~owever , as will be rioted in th e subsequent (Ijsc’useioIi
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of  sh o r t  t r r t . i  t ’ l u c t i t , tt i o r i s , t i n ’ l i e u ] c i t  o c c - : c ’j a : u - - I ly r e ver  I ’

dun n , i . e  L eo r o  In  i c . - I l y fa ir  we ; - . t hor  • ( - ~~‘ c ’ r -  C l i ’ -  ‘ ci u i  t Iricit t 1
- Si te e] ~t . I t ( ’ -  f t  it -  a-ca t t i e r ’  i’ L - ct rj c  f i l l  : n r i ’ b j  tj r , t a  can be

a n t i c ip a t e d  fo r : u t  l e . t s t  9(1 of  L i i i ’  t i r - .’.

i’Lt  :0; i t  i C - t I c ’  oh . W o ut  30 ~- :c .t L ] e  co nilci c i iv i  t y oh’ tin-

itniosp hiere i; -~u f f ’ i c i ct i t  i y  i i i .  -~ i to  j i - c ’ vc n  C t H y  a j I a ’ r - r ’  I Wi

p o t e n  ti:ul ~‘, r . t i 1  eta  C r -  • i ’i i i  a coridcic t i v -  re - j e l l  i eser :’ 11 y rd er t ’ c - d

to as th e e l oc t r o a p h io r e . ‘htti: ~ , i i i  i tS  s i c ip l e t l i r t , 1 , 1

at m o s p he r ic  el - a c t i-i c  f i e l d  c - u n  be re , , r — i r ’ t  OS L~~,;t I. :-.j j i C h i  cxi st:-

between tice electrodes of a co n c e n t r i c  -hic ’ll spherical cap- ci tor

where in  the inner  and outer shells are repro sec t  t e d  by t h e  earth’s

surface and t u e  e lcr r t r o sp ]iere  r e s h ) o c t i v ( u l  y .  j ut ’ po t e n t ia l  of ta t’

e le c t r o s phere  i~- approxam- ;tel’,- J50 hv  i o : :i ti v e  w i th  r e s p e c t  to  t i t O

ear t h ’ s c ur -f .  so . ..owover , s i n c e  th i ’  f in i  t n  c o ndu c t iv i t y  of t h e

a t m osp h e re ixlci ’e ; ,ses  w i th ;  a l t i t u d e, t e i s  potonti; i difference is

far from uniformly distributed . ~t t oe  c:urt li ‘5 s u r fac e  t h e  f i e ld

is usually Greater t it an 100 .‘,/n ;  f a ll .in , - rap i d l y  to les s than

10 V/r;c with in tIre first 10 kn.

The c o n d u c t i v i t y  of th ;e  u p p e r  at n c o— d  he r e  is d omi n a t e d  by ions

wh i c h  are formed by cosmic rays. Over len d the  r a t e of ion i e~: t ion

up to an altitude of about 1 km i s ,-~ovornod by su r face  r a d i o a c t i v i t y .

Over the oceans cosmic  ray  i o n i z a t i o n  p redomina tes  at all a l t i t u d e s.

..ither source of radiation ro - .ultr. in the formation of electron , ion

pai r s .  In the  lower at m o s p here e l e c t r o n s  are qu ick ly  a t t ached  to

neu t r a l  m o l e c u l e s ;  thereby producing no :ative ions.  Go t h  t h e

n ep at iv e  and the  p o s i t iv e  ion:: so produced are more comp lex t ie -n:

single charTed molecules of’ oxy ;en and ni Lro’Ten. f , ic  lo i r e  wh i ch;

provide the principal contribution to atr.tosp lieric conductivity -:rc

called “small’ ions end .rc’ belie~’oc] to consist of from four to tour

molecules bound in a clunter by the pol :nrisation forces exerted sy

the i n i t i a l ly siu;:;le cii .  r[;e’] icrple molecule4. LarGer lor is , f o ri t e d

when small ions a t t a c h  to ae roso ls  c r  dus t  p a r t i c l e s, br avo

relatively low r , io b il it i e s  anti c o n t r i b u t e  e i j n lf i c a nt ly  o n l y  to the

net space chrar ,;e, ‘l’he r~tobilities of srtall ions fall typically

within the range 1O~~ —2x10~~ rn 2/V— s , in our later discussions of

sensor design , where the local atmospheric field is auGmented by ~

conductive protrusion, we shall encounter fields in the range

1000 — 5000 V/rn. Thus, in considerations of ion drift in the

neighbourhood of sensors , the mean velocities of interest will fall

in th e range of’ 10 to 100 centimeters per second. The typical

concentration of sr’ial l positive ions in the  vicinity of the grow’id
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v in  i es fror i o t t  ~~~~
) ( o r  cubic sen1 In ter t i n  r h o  of T1 ~

positive ions to am. .11. ire , ,;ttive ions fall a i i i  C i t e  ranGe 1 • 1 to I •

In fair weatner’ re j ons  the electric curren t between tin-

ea r t h ’ s s ur f , ic c  aid t i e  ci cc trosphere i - ce rn  ed by Chi c  cot
e f f e c t  of doi: .io ’- :r cl  n l o v in i y  p o s i t i v e  j o l t :  t u G  upt r : ird  novi: r;  r :e ,- y t i v r r

ions • o n - ’ir e: i n : it ~ c o n d u c t e d  by Lrna l :ev  ik and] Clark 6 i i;cl icatt ’  t ;u ; . t

the current rleii; ,i ty  is essentially indepo:~ 1ei;t of a l t i t u d e  t i ir o c r .’ t—

o u t  the  lot’s -- h or t i o . r  of’ t h e  a t r . iosni ierc .  I ho val u e  of t ij i :  curr ’--n t
cie n sj  ~y lj e s  ~vp i c - . i i y  u . i th i i : i  Li ’.’ ran- n 10 id to t1X~~~ 

12

.‘or ci t tc- Ij.~~; c u r r e n t  cloi ia-a j  ty  of hxl (Y’1 •~ ../n’~ and not h u r t 1

eloctror r h ’ u’e potc~it i- -tl of ~~5ti I v thc ’ to  -,o- ’l resistance of a

vertical colci; in of etnos’haorn It ; \’i:;,’ cro:;a  section; of one ora l .rc

t ot er  i ,ecor -i c - c. 1 .7 x10 17 chit s . a~ 10 m aj o r  ‘ ,o rt i o  ; of t h is  to tel

resistance i ij - -  lii t~~c’ loi’er  : at n u a p h i e r n ;  t rC- typ ical reoistan r- e

o F ouch a co l i t ,  or close to t . t ’  e a r th ’ s sun a - e r ’  Leiri on the erti r -r

of s10 1? 0 . 1 . ,

h~~’ aLit ’.’ o r’- :is Lace , cot thitrod i:t Li a c u r r ent  lensi  C; of

:~x 1O 1’~ n : , ::iei.lo a typic ; I f’~~e1d of liii) ‘,7i-i -tear t - ! t o sc tr I ’ : er ’ . -
~~~~

, 1;ac e an  , ‘r ~ ’: c ’r ca : t r ;e ‘100 i t : - , ~~~, is .f iVOl ;  ~ ‘~~‘ E = — Lo E
the ca r e  ~1c-;: it;’ o,i ~ a- - o r :  .~cc of Lao 

- n h  is o.i C O O  c a r - I d - e~
c r a l’, i~ a’- . . L the :;~~:,t o I  c ur r e . I L  f~~j ;~~i.. ~.rC ~. ‘:r i e - i  ‘ Cr ’ ~~~~ F - a

to  not lt i — - -.1i  c :  a c ..cr i l l  be o:u the o r — G e : ’  of i i ( t  S C ~~~o , a , ~

~ .o ’ :O 5- t c ~- 1 c i ~~ c’:r Led rn h -h i ’lujcn -:cco:etts For t.~e

t u i n t cn a i l c c  o IL:- ‘ Cn n ;:.’ e r i e  or -  Ca. , ca : 0 : 1 1 1  Ir ’ C a r t ta t ’  C - 1’ 0

i ros : ip .l led b~~ C . . . i n ; -  ‘ • ; - ~~~~~
‘ to :’: oC I l v I  t o.  c -‘i \-e r n . , c- ; l ’.n i c r  O~

L , t u l r i d ’ - F Ct O F . . :‘::ic i ro :, C t t’.0 0t ~r,- t i n t’  OV C a  i- a c  entire

su r f a c e  of’ t h e  e .,~~ t~~ iS h , n’aa : : i :  ta ’ly 1. -O ( i ~ t ; ;t  I :-; LI c- .i r ” ;ide : i c”

ir ;d i c- at ec  t~~~t , on ; . vo : ’ra ’ , o , or ac civ :-  , ; h t i i r i d e r c l  on t i-il I p r o v ide

cur ren t  on the o r l e r  of 1 ,.ta ,~~ - curren t  of 1 lao - - i ;t p -o aver ’ . , e

over the s u r f . a c~ of C - -c ’  o r ~m w ould provide a curi ’cat d e n- i  Ly U I

• 5x 1  0 1 
~~ t p / t . I~~ . , ‘sch a fi -

~~ 11’ir is in fair u l ’C O l t C I l  t 111 t i i  th e

r .ueasurei  va lue .

,,t any s p e c i f ic ’  ins tant in tine thic world w i d e  Li j u nde r st o ri t

activi ty n ay vary si , g nific r o rt l y  f ror,i t he  averaGe value. nince I 110

t ime constant  o F  t h e  at m o s p her ic  ch arge i:~ only ci few mi n ut e s ,

such variations in 11 ho of in cport~tnco in ostr i hl is l ii ni : t i t O  field

measurement criteria employed for vulnerability sensin .;. ~~ wi.il

be shown in ~ub3ection IL., these fluctuations 
exhibit both; diurnal

and random c o m p o n e n t s .
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—--
~ “ 

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

if we Ic’ Ii ire Cite - u Li,io :.;)lieri C cOlIhuc t.ivi C y as 1 n .r h o j  i i , t h en

tie can w ri t e

~~~~
where  1 Ia Le l ’i c i  - ,ot c I ~ is I a n  ii ti tuc he i ndependen t  c u rr ent

dens i ty  i i i  at p ~- - n - n u t  ,~ r e  - ac t or . I t u :  , l ot- T’(’’ ’jot;s close to

lev e l  o a u r f ,u c , ’ , C a c  ci cc ti - ic I jel l is  ; h > I r0~ i t : ) .  ( t e l ) -  p r o p or t ion ~t l

to the local l t t , , 0 0 i ) t l ’ l ’j (  u’ c- -- -- j s t i~~’i  I , .

.‘.s ri o ted pr’c’vl cois I ;‘ , t h a n  d e c  t n - ic  ~‘i~ o l d  deer e :  :es subs C - u t  t in i l y
wit; ;  . l l lC r F O I a a i r t , , i i t I Cu t e ;  .1. .0 . ~E ~ 0 • Gra s , t h i ~ j ie t

c har t’ ~~~~~~~~~~~~~~~~~~~~ ~ , a iv eur  lay

C = 6. ( v . E )  (2)
must .  ni ne b~ : ; o n t — a e ro • ~

‘or flol ’t l ;l ~ - t i r  wea the r  condi tj ori s the

1 ’’er nt tn-iOap, ci’c’ c ’ , r r ’ is  ‘ a net positiv . cla: r ,e~ ron mensurosionts

node by ion true -i:- ,’n i t ud e  of ’  t n l~ excess  I ’o: - i  tiv~ charge woul’b

seem to h o  ox ; the order of 10 1 co u l o m b / r i o .
i si:i~~ the :-.bovo uni ts  for cilargc ’ de:i.:ity, the  ra te  r t  t r . i i ch

tire electric field decreases x.’J. ti; altitude can be appronimatrn d by:

= — i . 1 4 ~~ io ”~ (v_ ,
~ ) (3)

Gron t I r e  above it becomes apparen t that tile reduction in

f ield n.’Ith altitude ~~ati be ignored 1-ziaeli calculating the field

augmenta t ion  duo to emai l  obj G ct s  such ac personnel , vehicles or

low ‘~ui idings . . oi?cnVOn’  the reduc t ion  nu~~t be taken i n t o  account

wh en comput ing  t i re  eugrae ’-r t n -t ion  due to modest hills or tall

buildings

,rarjatjofls in :‘ield .t r cn gt h

Ilajor fluctuations in the atmospheric  e l e c t r i c  field must be

taken into accoun t in the dcsign of any sensor which; responds to

tire magni tude of t h e  f i e ld .  ot only are Fielci  reversals  observed

during thunderstorn.i activi C; ,  but wide variations occur in tire

fair weather field. Juchr variations exhibit a wide range of time

scales. 3uperimposed upon auirrual and claily v a r i a t i o n s  are

fluctuations having periods ranging from hours to seconds. .‘i l eSe

latter fluctuatiou r are essentially random in nature.

In the con tex t  of v u ln e r a b i l i t y  sensors , the f l u c t u a t i o n s  i t t

electric field con be divided into three classes. first there arc

the long term variations which ; can be p r eu l i c te ci  w i t h  a f a i r  tl c ’ , ; roe

A- 9
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oh ’ ac c u rac y .  do ’ t ’a ’ , u : : a t i oil f o r  t h i l a  ~~l a c ~~ :.  cou ld  Ij c ’ ;t c hj ~~v cn d j u t  -a

r e in  Ci vt ’ly  a Cr a i,’ ,lt I- f’orwnr’ I t u rn e r  • j t~~’ 
- -( ‘( ‘0 101 c i  ass  In c  lii i ’ ’ -

fiuctnta t iottn’ a u f r i c~~ C at a L ; l o t  be Itredictol -
‘
i
. ira t ’ 1 ’ . .trio - ~ 1 Li~~’i r

OCCi1 i ’ I ’ t ’1lC0~ h u t  O~1 i C . t  I O X L I - ) i t ( l  O V ’ ’ i ’  0 I t -  , c ‘ r ’ r ’ - . •  u t  . .

tj” a rt be d e t e c t — I  b~~’ a t , t ; ; : . t e t ’  fj :-a’ T - o u t - c’ S ‘0 i;, i —
~~~ 

—, n - c ’  . 1 tire-

co rr - c t i O . t  t ’act . or  c u r l ’ !  ho -  - !c ’u - j ’.’cd. i i i ! ’ , t i c ~ t i l l  b c ’  a-

C m l ’  n~o, ’a t ’  f i t c C l . u . t t  a, :; w.jcnI: ‘s iih j I, n e - i  o, or t. -‘‘ ‘ a r ’ ; : l  to n’ ‘

con n ’ e l o t i a ) , t  i i ’:- , ; :  ; o : t - . o r5  i,’d c, ,  :‘ at’ ; : ‘u , ~~’ - - ’ b y d i  a t  .n ’ ’ - , .

or I o n .’ of a t , : t  ‘ t r ’C ~’ I  ‘ a C t  ,-a o r ’  : 0 0 - , . i t  C : ,  i t l i ’ ’- Iv C a r t  :~, t v

Ce. e- ,:r’ u , , i c a . a  r r , : n . I d  a ’ r - ’’c~ c - L i s  ‘ - ‘ a!

,,,i-).,

cr ‘ i’ ’ , j - h ’ ’  - ~‘. t c , l c n:o I~~t ‘ c t ~~~~~~ , , ’ , I ’ i . a , ( ’ i a i  f c ’.o, r- -:  t a r ’ , ,  ‘n . . ’’~~~

fi .cn l ‘ v, n . - j a ’ t a , i - a i i a t ;  no i .  i t  C — ,  bc j : ; : ’ i t ,  ‘~~~1 ‘ a - - j t . , U o.-i ‘a i” , ,

dc . n ~ ’i b e o  th~ 
‘ aol . ’ a ‘‘1 .1 :

(~4~
S a- r n - n ’  ‘ a -  I ’: ’ , ,  it ’ aid 1 -  ~~~~ ‘ -  r -’ - i u a C t \ ’ i L \ ’  U L t d

noiaa.. oF O r ’

.. .~~~~, 
L o x  co i n  ; .t  .,‘,.~~‘ , . I a ,  .~~ . oL ’c e r’Gu ’~a :nInrJac c , :ad

‘ I t  ‘ r - , a .)  .iI~~r:” .tc c- ~~~
- , V7 1.01 ~ .0’

L I - , ~~~( ‘ I~ ~ , a, - , , - ‘  “,~~~~~~~~‘
_ ‘

E = (v/ ~~ ) fr)
S ~ ‘ac ‘ i i  ( ‘0 0 ,1 Cl, I & ’  n. I ~. a r ’ c’ - ‘- - c c l .  .,o ~.Ia c r .  a I divide L’

e( UtO 1100 ( ) n : n ’  o - L ’  i.a:

= L 4Y~ L Li - .L ~E S,~ V.,. j~~

0’ will be : :0- 0 , t.,c cori’elsitio:Ti oe .uc ’O:u t l i r tn d er n  to rn  ~c .ivi  ;‘

:‘j ol po t en t i a l  na ,I i c ’ : rt  is good . ‘‘ir u s , in o’oin-tionr (h ) too firs t

t e rn , wh ich clcscn iL ’os  ~‘anIc ’nt iono  in ol e et r o s phero p o t e n t ia l ,

include::; bo th  anon: 1. and diurnal  f l u c t uat i o n s  iii tire field .

. olrever , this  te rm Is dominan t only over the  o c ean s , t i re  p o lar ’

regions , and i s o la t e d  con t inent a l  regions.  ;ror m o s t  inclustri .;l :i . - c ra l

ar o0n.a there  arc e f f e c t s  due to cn.t t : iooph eric  po l lu t ion  which c o r r e la t e

wi t h  local t ime .  I1CII  e f f e c t s  are caused by low a l t i t ud e v o n i  L i o n s

in the r e s i s t i v i t y  and can be assigned to t i re  second te rn  in

equation (a). f i t o  t hird tert ;i  is as s o c ia te d  w i th  changes in t h e

to toil coiuru i~n.r ra,; is tnuico , and can be :.igu;i .‘ican t in th e vicinity

of clouds iravin’; 1.ar ;e vertical and hiori zonitn.l extent.

In a d d i t i o n  to tire low freduoncy fluctuations described by

e - : cj , ’t tj on  ( 6 )  t i t r ’r r ’  a r e  f l u c t u a t i o ns  I r a v i r i g  per iod s of a few t our
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of second s to a [en.: ttixru t or • [hose hatvo boon ,gt0~~.i; a , 9,  10 to be

assoc iatoci  w i t  I t  d i ’j l ’t i n r  c touds  of a pac e  ca r ar g e ;  the  cm -i f t

velocit y bei xi : d on - ely correlated with loc al ~1in(l velocity.

Ol loL ’i .t  t i n ; b r i e f  ( lU Z i l i  t~ t ive rhi :1 cu~~sj on tie alan -l i notr

examine b o th  long  ;u ~~I s h o r t  t e r m  11am- t u nt i on s  in :t ;un .u it it i ’at i V e

F a s l r i o a : .

I • ~,o it , , Lewi . f iuc t u ;r t ior i : a

0;; a. wo r ld wi d e  b n . a s i ,  t h e  ::tF.cosp ror ic  f i e ld  exh ib i t s  two

di s t i n c t  f l u e  t i ;: t i on  p e r i o l ;  namely  n.us inual arid d i u rna l  •

ainnu a,n. l f l u e  L w - L i o n  n’s-present :. a - ir a :  ‘ t o  c’:cie wh ich  ;a r o vi des  a’.

r-r n.u:inun f i e ld  in , a”., n . n : , x’y s_nd :a sinS : tu: - in - u i  • ‘‘a l e  c’,t : np l i  tude  of

t ir e  annual cyc le  in x’rpproait .tat el- ;  ± i~ of tile m ean .

or n o t e d  pr e v i o u s l y ,  cor re la t ion  between ta r e  world w i d e  d iu rnal

toun ,l or z t o  -‘: 1 -, c tj v i t a , ’  and t~ro da i ly  cycl a i a n  the atn on an i r e r i c

f i e l d  is good . o tt : .  p r e s e nte d  by hi pplo and acrasc 1 ~~, r h i c i .  i~
reproduced in i ,it re 1 , i l l ust r a t e s  the oa ’tcnt to n . J r icj ;  th e se
funct ion s track in b o t h  analitude  :1_nC! pha s e .  ‘i gure la give s tire

global diurnal  v a r i a t i o n  of the  a- .tnio sp .ieric f i e ld  as derived from

.,rctj c  and ocela .nic t ea su r em e n t s .  :‘igur . lb  shows :  tire corresponding

diurnal var ia t ion  of thunder s to rm e x p e c t a t i on  for  in d i v idu al

continental  are a and for  the c o l l e c t i v e  l and -area of  the globe.

In bo th  Ci cures th e  aio ’.xe sca l e  is a : , a ca , l  ;jmo:; -~.r eoxn- ,’icn : :e- _n ‘i: t o .
_ “ro n i  .i~~rre 1 a it is ~‘.Op0’.’L’ii t  t .’r n t  th e ‘lj un ,’r;al . fluctua , ;  Clan is

s l I ;ht l”  less Chaxi ± .,0~
I c  sa:ou ld ho :‘.o ’Cod , 1 oi ’ever , C a n t C . o  : 1 :  C of .i:p lo ‘ a id

ci’ase is i, ::,sc,1 ‘1; s a  ye  . flf  a’aci,’a’’ c-  • G r u e , s u t ~r n r i r  tposo c ’i  open

those  da ta  one n. ,’o r n l d  o::pCC C to  ern .coun: ’lCer  s: t’ ’ ’.C i:,a t ic:r l f ine  L a , x ; :t i o a

s’or in st a n c e , i ’ we ass:sua’n’ _ :n.~ a the nnor ’
~ 1 wi .lcn ;‘ ,vcn ’a , -c’ t i nt th em of

1 ‘
~-OO t iuu .nclerstor’: 1.5 ro~r r 0 S d n C s  t’~~~’ ‘ t o ,  .0 va lu e  of a’ - ‘ori ,tr . l d in  c m i —

bution, t hen  the s ’t andan’cl d cvi :  Cio . i  bccno; ic’s ~I2 o rt or t  t a~ or about

, .owevor , I C is iSl e].’.’ t:rat ; l our— ; ’ . a t d o t . , but  poo r ly  n n : a i u .’:’at o o d ,

in f l u en ce s  ‘a-i l I ;ioid a so; en , - a , ’ : t  lam a ’r s: ,,_ n,iax’ :I alevici ’. j O , .

2 , Lhort  tcrr.i f l u c t u a t i o n s

Over an. I nr ,;o fm n r c  L ie : ;  ci ’ t i re  ;zorl. ’I ‘ a l suu i  ar C  : p ;rr ’t i ,cn . i l : ur ly

in indu s t r i a lS  ‘ cr ’ . :1’O.  a~ C to  F luc  t t t ,  u t ,~ r s : r ; ~ i i i  t :aso : .p l t s n’i c f i e ld  ‘.rc

far r .ioro do :  tel a: - ;- : t L i : u i  C’ I t o  so (, f l C C c U . I ’I ; c’~’c’i over t i n ’  o ceo_na  • Iii I t , ’n ,’;~

cases there ex,’ t, ;t s  a ’ two cycle per ~I r;.’ v:nr ,ia Lion wh i ch  is

syiicii,roni:’.ed w i t h  loca l  tin -;” . r i ch  U c ’ , x , a v , i , o unn ’  is usu a l l y  e ;uu ~~cd by
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(a) G ioba f diiirrwt i variation of atmo~ph~ric potent ia’
gradient from Arctic and oceanic m~dsuren 1ents
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ii - ‘ ;  rn - . , _  I - ‘ 10  t~~l i i i  1 i’ t.~~u ’ s a d  it-
l a , : : ( . - t a  ‘ I I : ;  lu  J -

,~~i - 1  -,: i ’ I : -  t i i ’ t ’ a’, ’;s l ‘‘ ,; r i  t a; - “> 1, ’ u ’ l . - c C , i c

d i ~ . 1 - ’ 
~,,r’ : , , t , :  - t~~ ’.. ~~~~~~~~~~
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d r i f ting at i : to;ap i t c r i c  poll u  C l e a t .  ‘ i n ’  prc- ns ern c e  of p o l l u t i o n  tends

to i:icroa-m~o t ir e  loc ; :l  r es i s t i v i t y;  the reb y in f l u enc i ng  tire local

field via t u e  second terra In  e ciu atj oj ;  ( 6 ) .  flose to industrial

areas t i r e - r e  lo” ,:l C l u c tu at i o t i r n  :o’ ,n L ,’ ; i i r : a l i y  1 :.r,, c’ r- t i i .xi t I n ’

w o p i t i t ide : I L r ; Z  1 : -  . 1  diurnal  c y c le s :. o r ’  in C :0Cc , iii t i r e  io - :t don

arc . t I r e  :.ioao 1, t n . :  .1 L i t : i ’ I u  rc- , ,J , s L i ’ c i L ’  is i s ;  t j i u c : ;  tire ,, ,loiF 1

-i vcr s_ge .
‘a; t oe  di ,  ,,, .;r c o  2i ’ou ,u an j~~~’. it.t ;L r i a i l : a a o  i . .  increased , :.o La.c’

.Iagn i tuci c ci’ t h e  p o l l ut i o ’a  induced  d ai l y  cy c l e  decreases.  (-ve r

la-tnci ‘ rose r:a.ic~, an.’ n re’ t o t o  f ro m ks_Ui C:; ci oar , ,nd in idu s tr y , L u t O

conduc C lv i  ~~~~
- s::,oc:u C r:s r e l : u  ci v e l y  :.i: plo daily oscillatio n ‘si to

,‘ : : , l ;w.’inut n v r n i t : c  no .~~a ’ - 1 a ; ,r l  and a r .t ifl±t ’ tut ; va lue  ian m i d — a f t e r n o on .

fIre  osc illa t io : :  is controlled UI” too c on c e n t r a tion of particu late

in c  c ar  r rt i np e ’id ed  j u t  the a tm o s p here and by tire concentration of

raclio :;ctive fa:;ea. ‘ hose , in turn , are af f e c t e d  by t:ro local dai l y

cycle  of turbn. ; ,lorice .  ~~j i  these  n;lorc renote  , rect:r t i re  f ie ld

f l u c tu a t i o n s  induced by t ine  local  c o n d u c t i v i t y  e f f e c t s  appear

superimposed upon ’. L I r e  wor ld  n.-,’ido annual rand diurnal cyc les  •
an no ted ear l ie r , the  presence  of c ;r t cn i si vo  cloud can in f luence

the t o t s_ i  coLa e,a.r r e s i s t an c e . if such c louds  ca r ry  a space caa:’:;c’ ,

tn i 3  also will  a f f e c t  t Ir e  ion. ,’ a’a,l ci tucl e fie ld . - ornever , us ing  ;roun d

based i n c - s u r e :  n o ; r t s  —n o ne it  ‘. -ou ld b e di i f fi c Ult  tao u l i f f e r on t i a n te

b cn t r ,- coan.  the two e f f e c t s . . t n m n fe l low i t 
~,.- ns : r e ’, :surrd the s u r f a ce

field be:rc:atir ,1r if c i ng cloud s . f s i n.; o bs orv a l  ~~OA1 s i t e s  s e p a rat e d

by 3 — ‘7 is;, ~o observed to u npor a n l c o r re l :a tion  t ii . ies ranging from

abou t :~ to fO ‘n i ;u it c n . ‘‘ypi ca , a l ,  spa t ia l  c o r r e lat i o n  clista.r ices were

on t i re  order or io it.  i -m a cu t ;- ,Ll” t in e ac tual  t inec’ and d ist ances

for  ran g s”o c i f i c  s i t uat i o n  would depend ul o ur  s i r -n e , a l t i t u d e  anti

c!ri nh~ ve loc i ty of t i n e  cloud . ~ owever , it would  seer.; t ha t  th is

effec’C will  always provide  f l u c t u a t i o n s  at  re in  Clvc - la ,’ 10’,: f reu— a , i o n c l e s

and which e~;tond over areas of a k i l om e te r  on..-’ mor e . firu s , ind iv id u a l

sensor compensat ion via a nonasrby ca l ib ra t ion  sensor should be

feas ib le .

more t r roub lc ’n : or ’te  source  of  loc, i f l u c t uat i on s  l ies  in ;  tn c

presonce of low a lt i t u d e  clouds of space ch t a r Ie which d r i f t  w i t h

the wind . :I e -  s ur e nr en t s  of t ine  power spoctrurn and corre la t ion

distance have been conducted by several workers ’ ~~~~~~~~~~~

~ onsurements  undertaken in ~ng1an d by Lzrr I :o , us ing  probes at sea

elevation of 7 r t et or s , indica te  th a t  the t yp ico l  a*~p l i t udo  of S U C u 1

f luc tua t ions  is abou t 10 V/rn ; t i re  avcr ; ’ge period being ~0 seconds.

L
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iri ilatr ite-asuror ica t a I irido by r’or: and ,Joirn’;on :;t an clevnn tioir of

1 rioter above an airfield in I iclnig: ji y i e l d e d  a r ican  s tand:  rd

dev i a t i o n  of 10 :/ u . i  to ;etlier wi tit a: :.t :r,ul u i’d d ev i a ti o n  sp r e r t u l  of

6 — 19 ‘‘/ ‘ r: t . ‘I ’irC : l e vitt correlation tine auul mean correlation (I iS ta f lCC

for tire 1- iclriga’an li e:- surer ion C’; was 6:.~ ‘ oc or e l , : :-,nc] 701 t i i ,

respectively, hi ’ o :r t n ’ o i n e  a ’apr e : (l in correlation tine r a t s  3 .  — 1 17

seconds . ~hi~ a r a t ’ c , i t -  . . ) 1 C , : ( I  ~, I i  L a O  r a  ‘a-el L io n  u i i - a C : u r c e  n ’  S

os tin ran t ccl c I to  1 , — ‘:27 a r ,

ii; a i i d i t .~oa to  toe .fiuct’tn a-tio n - di~~ e - n n , ~~ ed above t h e r e  n ,’t’ ,

even ia; a”arir ‘so Cho” , OC c . t n . ,  i , or ’ a- l o x tr e  so ,‘asr,’;rsjoi n -a in Clip field;

so; to of sufficien t a a ‘ni t u i d r ’ .  to c:m i :-o ‘r ri - 1 1  - ‘a \‘c-r va ,-nl • 1.0’ : i u r ’ C” 0 t C a:

conchtc Cod by L0ff0l arid .111 I ‘ ‘r i c h cx L r~~: : I l o  1 over a. p e r l e !  Ci

nineteen Cl ,a en..-od four periods of f i , e l u i  u’cv -’rs:’ l ;;; , :r .’o of r:’ - i r h

coincid ed n.:i i~~a “en’i n ’! v v  of jin’ccipi t ‘tI’u .n . ~.oa ’g is  of their ‘lawn.

indicates Cliv , C n a u e : , f i u n l  ‘I ‘C ’VOI’a - i ; .] , a ’  o c cur  he~
- p e n . ’ ’i s  C for  I 05:4

than 1~~ . of L I n e  L ot a l  v i n e . loco rd io , ;. a a l e  over a ~n ..’o y e a r -  u ’ r i l , i i

s_ ta  i’en n s a c o l s n . , . iori, 1n 1~ j a t - l ’ L c a a t o u l  fi e l d  revere-a l a’ f o r  ic- -s C,;; an 5
of th r e  t i n e. i t i L a n . ’  r e c on ’ d i~’r g :a-  r r r a i c  si o r io l  “, ir i n u i ’ r  yic- i lad

reversals for 1 ~~~ , of t he  t it te in 1959 ‘n- i .7~, of toe tin to in 1 ” I ’ U .

11 . ‘rospec vru or con u u i S l S, ;  tion

u:’ t ;a’ vlsi:’. - the prococli :i , uliScn.n.ssion. , ‘ :..f  , or ta~ ,c

rio: .rent , ign.r ow in ,~ co.nu :l j  t b , ;;; o,I’ field revr”’ ;-a l , we ca :  group  L~~c

fluctuation me e T_ n a s a l : ; :  us  s_ c c o ra l i_ n g  to the si -c of h r o  , ;r er  a over ‘- ,i ch

their effects - ‘t’c’ li - ely cO bo re~~oo:n.rn.biy uniCo rns.  ( :; a. lob, : l

sc::le we l Ic ’Vo f t c  :sa _nu , ~ . ± 1 5~: fluctu:n.’cioan cru - iT -n l ancd  in t l t  the

diurnal ± 20~ f lue  Ca t s ;  tb ;;. u-yea a rca’s: i,; the 1 — 10 ‘~~n r snr l , , c ‘a’

can include the l o ca l  two cyc le  fi uc  C a n a l .  ~o:r induce; ’ by po llu t i on ,

the local single cyc l e  f l u ct a t r a r t i on  assoc i.;  to r i  wit , ~~~

cycle, and t a r e  , ;oi !oa of l:n.n,’,,o cloud :.t sees . C l an toe rr’sl pa of

100 — 1 ,000 U ‘. rc  , ; n r a t  c o : n , : : i r I O ’ a ’  L~~e dj ’i~ ’i; 0 ’ low s_i ~!in,n’Io cl,oa-,I:- ~~ 0

space cIis_t’, - a .

l’or most coocj,;oi;L:-i, a-’-cnz,: h o  l c r n : .1. ‘ac,:] a’ line or tiorn . ‘“ a

iar”ely a irs _ a r - n c - r i  b’- local effects • .‘l~u.. , nsa, or cc :~ us a - ~io:r .~or

tho se Clue Cu’ t a l o n ’ .  c o l np o n l en t s  s_ lose would  : a c . : l ov e  l i t t l e .  ‘~~c I,:’

coi.ibined s_mph Cr i t i c  of ± 35~.,  hon r c - ’cr , . ‘, P o u l u i  be t a a ’ en is’t to con’.—

sidora,n.tion n-hen en.; C - ,U l i n a l i i n n ’ : the  d y a ; a ’ J u i c  n . ’ s_ n : .o of sensor  elect ronnie:;.

Iror areas in; L i l o  i n t er nodi at e  range L~~c .I rn r ,’o st  fac t o r  - t rae -st

continental ~itcs n:ili be th e  severe f l u c t u at i o n  in r e s i s t i v ity  u n  -

to low :1 Citudo pollution . flie i . i a gn i t - i & I e  of cinese fluctuations cain
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be v e r y  , l r u ’ - u~~~; i~~n~~ p - ;r - I r ,o a 1 (1 :1 • ( r ’n v ’ - r , Lrce botii ~,,

c o r r o 1 . i t i . o i~ J n ,  , t C ~~~ ,, i t t  p r - a  t o - i - , - n’ - i i  el , C ’  C i - - 1 r ’

local i ’ i c l l  u u e ~~~-j I er’ , u I l u I  1 - r u , n-i , l ,. I , e -  j u ’e y ’ t t ,  i u , n .  i t c - r p  . ‘ - r y  l e t

‘i t , . e i ’  c o n I ~~ j , I t t i  o r  , - r i o r l ic  ( ‘ o n u t u l - r ; ’ tj e , ’ , l ’  j e - l i . j  I t t  ‘ 1  ‘ ( ‘ u )  5 5.

1 - i  t i e  I’  i i  a ’ , - a -u ii . s’;’,a; o i t i  P I t  , t L i c i ; t~~ ,~ , V C ’f , C

f i el d  f l : i u t r t  , ; j O a l  01 ’ s t I l t. 1 () , n RJ’iS , 1 : t c- I s  “j u .  us c’ c t r e  ‘ I r j j L .

~.O’ - ’ u ’Vu ’r , I t n  ‘ t o -u :  C I  L ; , n ’  5t a’iti~~- t i r .  I ‘ t n ’ ~ .O ‘- of’ t . , O  v u i n n e r  1 1 ,111

‘ n n . , n -  or , n t - I  L i i -  1; r ‘ r - t t i o  ef  i t n . x i - n  l u  u j , i j : - t j t n ; v ” t l n t ’ ._ u n ’  t~j 1it,

- i  ‘ r n , I  ‘, it is a r a l n i o ’ l y 1.~ 1 a atoi nv e ad, u i  of t a d ,  l u .  i tj . t n i d r -  s i l l

I-rove troubl ’ - - ‘s t e . u r t i , t ’r , .i ; a r u -  1 - a r  a f l u i c t u a ’, n : i o a a v  1 , - m d r:~~ l~e

.a ;- soc i - t u e - I  u n I T , t l ac ’ i t -  ~~
- t ,  ~‘ or r e i a t i o a  . i l a n t S n C O S , s ’t i y  Ion .: 01

cor1 p OI ;— n t io~r I” .i~~ I u l . C- ’ i o n ’  t . n ~ - 1 l u t a ’ t u , l . i o n r  v’ n ’ a ’ O C i  t O ’  v i I 1 ~ p O i I ’ t t j u e a

pir on o r i on s .  n :iil. re n a I I. ’-n u )  reduce iltO ef ‘ac ti ve  - . u t ~~l i t r r d e  of’  r ;0 i:~ .’

l i nde  coil b 1’ s p  u - s  is: - ‘ e  - ri I t  • 
a

an ru C - - a n n  - L i v e  C ,  L a ’  -~u s n t i r . a i e  I ( J r  i c r - i t -  l i e  r o :u u p u u o -  t i m

vi’, “. b c .  1 f i r .’ l l  m oni t or , it t a t  ~~ro’,’e s- t t i . - I ’~~c tor y  to t ! C ’ C u”~~~~L -

degree of  e r rs :-  on .1 5 L a t i. t i c ; , 1  U - s in ;  • 0u’~~~ i a : .~ t snncc , t I n e  I ’s_j r

we ‘it irer f i e l d  sue a ru  a e a ! t o x a  t S ‘ a n  le U y e n - ,, - - t a d  J e l a n  s o - n  1 ~~ ar t - our ,, to r ,

- i c ir i ;  a i r  e ’ a a a i h i  C u ” . 5- .-O ~ prob Li 1 i I . I ” si’  l ’i. c’ 1.ui ~~ b e t u - .’een t h e  ii it s  of

100 ‘, ‘1a . t -md 17 :  “ , u . flni’~, I’ a t ’  t a e j r p: at ,i ’ ;:n i; i l o s ’  L i o n , i t  n - o~~1, u !

s een ’] t . 1  ;t t . t c -  i r ” l - l n o n ’ , a ( ~ a!’ n , I , - I_ C u-u ’ as -n Id bo - l -s f’i:n ’ti an 1 ,.~~ -
‘ a t

wi  t i n  an a. u c cu r : - a’v 0 1 - ~
‘ 
. ~ L a C e  ‘‘ i’ u r o n : c u ’r i i ’ - . l vj t~~ vu l nt c ; ’  hj l i u

r ; ’r t i o s  of l a r , r - l  t e r n  to one a ,,~~ui g r u - t o t ’ , ‘1 - c ’ ’ ’ ; t a , 1 - :  a n n  esso:’n t i ; ; i  l y

r s_ndoi -t  e r r o r  o n ,  i a r u -  u ; ’u l e r  c - f  !~Y , C r ;  s_ c c u-j- L a . L 1 e . ‘h’n ’ t : ,j n ; l v  , an.; ’ ‘ Cii,,  C L n ;~ i

d ita ott f i e l u I  : s t r e n t , ’, t n n  - Irn u l .l L u ’ . ,~, s tt I r e r o d  fron’ the ‘are. s

t a r e  p r o po 5 c- - I  -‘- y a L e:: ’ is  to  us- dcn ru l o )  c-ti . i f  sac’, .; c l - a t -  wore t o  c’- ; t - n t u l j  ‘di

that tlt~ error; ,‘ s ‘ o c i : nt  ‘ I  i.’i 1: ,; u i ; c O r t p e n r : a t e - i  s ensors  - n r c  a - c O o l - C .  Ui  a ,

then t ir e  sy s  t e r -  w o u l -  I be gre.  t h y  s i t n ip l i f i eu l .

-‘i~n a l l y ,  tu n’ r n i , ; ,  to  C i t e  probl-’nt.; of field reversals , i t  ~ e~ t

l i k e l y  t h r , t  ‘nr ~ ’ ’. y r t u a  i of vuh r ior  - bi ll  t y  - en n s i nn ,,, ‘- ‘cuLl be c o i au e

u n r e l i a b le  du r i n t , ,, p er i o db  of i :n t o r i  t i t  ten t l i e L i  rc’vcr-a 1 • I, au l e ’

SUC h (li vitUrbe ul I’jr’l,’ I r onu . l it i on o -  a J ’j xu ’d  1 o r . .l f i e l d  m o n i t o r  e o u i l  - l

be emp loyed to di:; Cue tire v u l n u ; - r , . I u j h j  t ’- n ; u s r n . - i n r ~~ run i c t i op  of

individual a e n i : ,;ors . L l r u ~~ , for  peri r ; ’np s 3 — 10 percent of t ire  t i : u ’

the v u l n e r a b i l i t y  L a s  to r  would  be foree , i  to r e v e r t  to  a f i xed

p r o b a b i l i t y .

A l ~~ 

-~~~~.- ~~‘ - - . - ,-‘~~~ ~~~.~~~~~~~~~~~~~~ -- ‘-~~~~ - ‘-‘---
~~~~~- - . 



i l l  ~“ l . L f  1 ,  L , ,  uT i - ”l .l ,j, I’ a C i a  0 1 ( 1 C U . . 1C j t ((j t’~~L , J U ,

corn t I r e  ‘ i u  u p b e ~~L s o r t s  i - l e r ; i t i o r n  of  t i r e  .r t t : i o plne r i c  f i e ld  in t h e

presence of n o n — f ’ l  t t er r  a i ! n  i t  is e v i d e u t t  that there will be a

degree of c o r r u - l  1,, urn between t h e  b c  ~l f i e l d  st r e n ’ ; t ln  .incl t it e

degree of oxpo - - r i r e . f in e  f i e l d  or ;  t ir e  - unai r n i t  of “i hill will be

r eat e r than t I t ; r t  I a c, n e ighbo ur ing v ~ll ey .  ~irn il ar ly  the f i e ld

measured in the shelter of a wal l  or vehic le  wi l l  be less than tha t

above nearby open ground .

To e s t a b l i s h  design c r i t e r i a  for  a r e a l i s t i c  vu lnerab i l i ty

sonsor it is necessary to develop a quantitative model for the

...tmosp ireric field in tire presence of various topographic features.

Toward this end ‘t iO shal l  begin by deriving a. general expression for

tine p o t e n t i a l  in; t ir e  v i c i n i t y  of an orOcraiuliic protrusion. ‘fIn s

will be followed by a discussion of computer solutions for tine field

in the presence of bot~r large rind small terrain features. Finally,

we will examine the field augmentation which occurs in the vicinity

01’ a helmet mounted  sensor probe when tine wearer assumes vn~rious

postures

In the derivation of a basic  express ion for  the ruti iospheric

p o t e n t ia l  it is convenient to follow the approach of Leffel and

a ,i 1 15. ia’or thi s purpose we shri l l  rewri te  equat ion  ( 2 )  in the fo rra t :

V
a

U. ~~$ 
( ‘i)

which is loisson ’s eciuntion for tine potential , U. , in terms of ~.nae

charge density, e and t i re  d i e l ec t r i c  constant , C ,,
fire divergence of the current density within tire atmosphere is

assumed conventionally to be zero. ‘flius:

0 (%~)
~u b s t i t u t i nL , for  f rom equation (1) yie lds :

~~~ ~~~~~~~~~~~~~~~~~~~ + ‘~~ç. ~ _ (
~
)

which is t r o r e  c o nv e n i e n t l y  w r i t t e n  in t ire  fo rm :

v .~~~ ~
. o

11 we now assume t ha t  t u e  c o n d u c t iv i t y,  ~1 , varies on ly  i ;i t a

elevation , 3 , then we can write:

• E )iJ~,3 ~ E ~ (t.~i) (H)
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I
r;ubstituti;rl, l’ro m e q u a t i o n  ( i i )  in e q u a t i on  ( 1 0)  we ob ta i n :

+ E)~~~(~Pi ’1) — 0 c•s)
‘,‘ritin , eu ~l n a t t i o n  ( 1  ) in t e r m s  of th e  p o t e n t i a l, U. , now

y ie lds

V a U. Lt~ ’) ~ii~ ( )
~~~1r

;ince , over l i a :ai ted  r a n : , ;es , t Ine  la rr i  ~~L l o n  of c o n d u c t i v i t y  w i t h

ii Ci tude  can be ap p r o x i m a t e d  c lose ly by r a n ;  exponential function ,

we have:

‘8 ~~~~~~~ (.i~)

or, alter :aatively;

-~~ (~.~‘I) ~~. (i s)

Fina l ly ,  by substitution of equation ( 1 5 )  in enuat ion  ( 13 )  we

obtain:

v
2-

u_ + ___ — 0 (i i)
~~~3r

,,everal idealized computer solutions have been obtained for

equations (13) and (ill,.). i wan;; has derived an ana ly t i c  so lu t ion

of equation (13) when applied to tire contours of typical mounta ins

in tire eastern .‘ .~~~~. ‘wo dimensional solutions of equation (16)

have been obtained by ~oppel~~
6 for a triangnlar mounta in  and a

c l i f f . ,‘.t John s - ophins U ni v e r s i t y2 computations employing equation

(16) inave beer; pe r fo rmed  for  a wall , a wi re  fenco ,and ran upr ight

pole. 11i0  ensuin’, discussions of large anti slaIn11 topographic

features are based upon the  results of these computer studies.

Large Lopo , ‘r r n l u i r i c  i-’eat u re s

The specific mountain r id~;c employed  by Kwan g Yu in his two

dimensional computations was a section of .,outh i- ountain north of

~iarper~ s Ferry. ‘t’inis example was clno sen for two reasons. First ,

i ts  contour is typical of moun ta ins  in tine eas te rn  U. ,.. ~ econcI ,

its actual contour can be approximated closely by a convenient

A-17
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boundary condition expression . ‘(‘lie contour employed in tire analysis

appears as tire lower curve in Fi~~~re ,~~. The computation of electric

field was based upon a ground level field of 100 V/rn at an infinite

distance from tire mountain. ‘i’he ground level conductivity, 1,, and

the exponen t , ~ , were given arbitrary values of 4.55 x 10~~~
(mho,m) and 2.I:~ x iO~~ (nn 1

) respectively. t’lie surface is assumed

to be a p e r f e c t l y  c on d u c t i n g  boundary plane.

bearin in . n i ind  L i r e  a n t i c i p a t e d  magni tude  of f l u c t u a t i o n s  in

t ine  f i e l d , it is p r o b a b l y  imp r a c t i c a l  to d e t e c t  t i re  b to 7 V/rn

reduction iii f i e ld  st ren ; , t l :  associate :I w i t h  t i re  concave  approach

to t i re  . i o u n n t , . i r r . ,,oweve r , the vulnerability in such a location a

should :ro t be much liflercnt fronau tl n ,.nt on level  ground. Un t he

otiner Irairci it would n o t  be u i i f fi c u l t  to  r egi s t e r  t i n e  , , r e at l y in-

creased fiat -i wi LI rlan 100 m r  o f  t h e  c r e s t . ‘f I r m s , in t i r e  region whe r e

vu l :ne rr ’,b ih i  t ’. I - ‘ c - : a . : n n ~~’e- I by t i n e  ri sh of si l l no uot  C l i n g ,  an i n d iv i d’r a l

a - a r:- :’ ray ‘atom ‘ -~ a o a n 1 ’ I  U - ’  c n i r - a b lo  of pr o v i d~~i’i - , a no cli f i e d  kill

~ rob ,u i.ili t’,,’ wel , irti :;, - f~,c t o r

• a 11 O p O ’ ;r •; fCc - s -a t u r e s

I ‘.‘-j l  n e ’ - Will ty is in - l a c e  by t in e  p r et o c t i o n  of

Lu; i l - I ]  :ngs wal l  a or vc-i : i  -a I c -s  • I’it c f i .  el-.I u:i thin; a concluc t i v e  a lto ; .  t i r

is zero  • Hnu . , t i n  ou t pu t  ~ rs” ’a n’n :enia;or l oca  t ed  w i th i n ;  a bu i l d ing

or  n i l  ‘ a r n u o u r o  v eh i c l e  m u s t  be z u - r o  • r’o establish appropriate

v u l n e r a b i l i t y  w e i g h t i n g  f a c t o r s, t h e r e f o r e, we must equate zero

field with the protection afforded by enclosure within a building

or veinicbo. Intermediate levels of protection are provided by tire

shelter of walls etc. i-or instance, in an indirect fire situation ,

the close proximity of a substantial wall should reduce the

vulnerability to shrapnel by about 50~~. it is of interest to

determine the exten t to wliiclr tine field is reduced in such a

location .

lir e .Lr~nlytic work at Johns - .opkins University5 has provided

potential contours for a; wall having a height of 15 meter ;. and a

thicI~iess of 2 meters. .Jince we are interested in walls of a lore

modest height tirose data have been scaled down to those which

correspond to a wall wh i c h  is 3 meters high and 0.3 meters thick .

.;uch scaling is quite ~‘~~1id for low protrusions 
since the change

of conductivity with altitude ( ~ 2.22 x i0~~~rn~~~ ) can be neglected.
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Thus, for  tire sai- e fi e ld  s t renGth , t ine v e r t ic a l  and h o r i z o n t a l
p o t e n t i a l  , ‘r a d io n ts  r ot la in  iden t ica l  pr ov ided  t ire  ranges and heights

r t  w i r i c ir  t ine i’ield is me a s u r e d  are a l so  d i v id e d  by a factor of five

r’iro gener t i  foritn of t i re  s ca led  po t e n ti a l  con tours  are  shown
in i ,1,zre U . f I n e  ;rouncl level field at i:rfiirity inn taken to be

100 , 1 r . n . I ron t n e ’; n ;tpo of tire - ‘ - uipote:ntial p lanes it is .aj’ u p r n r e ;r t

t l ; ; a t t , ;0  i i  d’~~ i : u o ; a : , u ; ” n ’ - I L v  a s e n s o r  in the vicinit y of tire wail 1

aust be ft-j ea n - l ea nt upon ;  L , > o  o r i e n t. at i o rr  of t i ~~c- s e n s o r.  ‘or rn h o l i t o t

O n i a n t c a , 1  a -r s i , s  a; .~ - l -~~n ’~1I - r i , , I ;t  i n i d i v i u l u n u l , f
_
ha au n ’ ,i,iont;,tio :r effect ,

, f i e i a  ‘ai ll be ti-i -‘- m i s ’ s - - I  in; ‘let n i l L at e r , is .au zca L a s t tIne 1101,1

‘no, ’ m r s - f  I c  O s 5 O; a t i  l i v  t r e  v e r t i ca l  e o m a n o a o , a t  Of tlte fiolc.l .

on :u .’vor f o r  a - , cr o ir c ia . is, an , l a -  - anign.e-n nt > t loan C i i  act is loss

n - a ’ a z n u ’a ’ z i ;C cu l . _L~o a rroucf;irn - a t a n : ;  is  i i , . bl c  to ~no l. u f  iri s , i c ’ .’d  , , ;

1, oss ‘ n ~ a n ’ i r  m t  0 :31 .1 ,0 , ; . h u m , l i L  ‘ a i — n c >sa r care , nra  sha l l. co ;r s i ’i ’ ’i ’

- r . ,r ;c u; ” f b i - I  a i r ?  ; L ~~. . - ;  t i r e  1 ’ a n - a:-;’ h a  it c O r a ’c a a : ; a o n ; . i I . l , , 0 t

vsn’LiC.J Coan 0:1 ‘ann , a n i  L . .  ‘ mi-p er li ui~ cn r r c- s; u : I d i n a l  to tao

;.‘oetor sni r n oF l~~,a va-St ~c;,l “ar - I bsr’.u ano :nt .>l components .

,ir -t lot an :; ca;a .~Id~~r’ ‘a n  u~~ri  ;In i .  t i n  .;;,aan’o ._cining t~Ie n-r ai l .

~‘or th i s  purno r- ire ‘:1,11, :aaau ra .te t ara t ~• ‘ e pro ) ( ?  I ~oui tt ~~d on ;  t o p  of

u~~e fe lniot is ‘ -:g’ro: :i. a n n f n - 1 ’ - P r io t e r s  ;Lo-~’d’ L a o  ;ronn’nd. ‘or la’rr a

.ii~~t,’~;ces from tIne n:,;] 1 tine vertic,, 1 field is 100 / 1 1.  ~.t a r s n l ’ ; e

of 3 meters froci ~irc center of Lao ;,‘ail, t i n e  f i e l d  wi l l  drop to

79 U/n. ~
‘or convenience , let us :ns:- rr u- te a linear relationship

between detected field and vulnerahila~ty we igh t ing  f a c t o r .  U s i ng  a

compensated sensor , ni drop of abou t ~o’/ in tire f i e ld  s t rength should

be de t ec tab le , ,,‘aus , on average , t ine  p red ic ted  vulnerabi l i ty at two

scale  h e i g h t s  f rom t ine  wa l l  would be set  at  about  80ç. of t hat  for n-n

man s tanding  in open level terrain . ,.t 1 .’ meters from tine center

of the wall the ve r t i ca l  f ield drops to 60 V/rn . huch a i’i gure

would seem to be in f a i r  agreement  with our f i r s t  e s t i mat e  of a

50~ ‘,,rlnerability reduction for positions close to the wall.

For a crouciring man we will assume that the sensor ireight is

1 m e t e r.  ,\,;rritr , at lar , ci distances from tire wall the field will

be 100 V/ta i . .~ t 6 meters range i t  drops to PU v/rn ; i.e. essentially

ident ica l  to tha t for  -n 2 m e t e r  e levat ion at the  san e range . it

0 .8 m e t e r s  f rom t ire  c e n t e r  of t i n e  wall t ine hori:’aontal  f i e ld  becomes

dominant and , by tire a .  r l i e r  d e f i n i t i o n, the d e t e c t e d  f i e ld  w i l l

fall between 1 ’ > and U5 V/rn. .~gn in , using a linear response , 
such

a measuremen t “sum ] irdli cn rt c’ ‘n f ac to r  of 3 to ~ 
reduction in
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\~ilnorability wi tlr respect to at c rou ci ni :r , :  r a n  in open t er r a i n .
i’ire greator reduction in v ul rt e r a . Li l i  t y  cot pared with tha t for the

upri ,:irt m-m: ur s teinra from two fac ;orm- - • ir .  - t , t i n O  r e l a t i v e  m el: - l i t

oF the c-all 1?- iLi C li , r c a’n t e n ’ . 1’ as a u i ~ L i t e  ~ v n i i ,  b l e  u l a a t ’ n  fo r  at 1

a s - t a r  e leV’ : t i O  t n , j - j ’  s- n r e u l  t c ,  co rr e s ’s,a - l  I s ho rt e r  r -> ,n~~s from tire

cCnts-r of tare na il .

It ;a;o ’ n]P be a ct e d  a n t  t I n  ~,. i r : 1  t h a t ~ll o2 L i n c i  field;. IL’,—

‘ ‘ni n’, s u , ’ .l :0  t’ nr sre throve ‘ ,‘ini u : a ,  ;,‘oui .I i t > -  a e n - :  ;i’—ed by nra ideal I’j>”lu I

a r t ; - ;’. 1,10 ,1 1 nc-tO;’ -Iofl s , n o l ~ j - e c - ;u r d  t . n a i  l o c a l  fb i - I , and i t s

:n ,~ :o:n t m, t j o n n  i ’ , ; r t e a  a L a  n a -  ,I I to he c - n t  t ’ -  • ‘, heli.rca t inou~~tec1 sensor ,

on tine other m ail-i , is stronfly irnflueirmoul b y tito geometry of its

conductive supjuort; i • e• tire w e;t rer .  ~~s n~~ 11 be sinonra in tire next

;.aibsec~~ionr , ram -nu a,tei;tatio;n factor I or  - i l  u p r ig h t mIlan Is ;nj - p ] r o n i —

‘i ,-:L,”ly ‘f .’4 ’5 t i - t o m  ti~ .t of a crouciri:L; n - a -an . .U.u s’ , for  a c ro ’u c aod

j-o;.i tion :ioat to tao wall, the field ru e - - an’trecl U; a he lm e t auonmn icc]

sensor would be between ~ anti l ’~ times sa u.,llor tI:::,; tirn ’nt associ ted

wi th ~n U~nrip.:t :1:,:; in open terrain. ucIn a factor night prove

~~eator  than nh’c r a t i o  of co r resl onding ~~r l n erm hi l i t io s;  t h e r e by

neco - r i tat i ng  sor .ne degree of non linear co’rprossion inn the sign ;l

pro cc s a ing .

It is interesti-if to no te  that  the ve r t i cal  f ie ld n , t  t’, p o in t

0.5 meters above the center of the sn-all onceeds ~i50 V/rn . ,orrebocly

should iiaaVO warned •ur’ipty iurnpty.

Leffe l  and ~,ill~ have made field i.;easuretients in tine vicinity

of wel l s , fences , and small i so la ted  bui ldings .  In all cases t Ine

behaviour of tine f i eld n -n-as in agreement wi th  p red ic t ion. ‘ ‘heir da ta

for a steel mesh fence , 3..” m e t e r s  h i m , as -roes well with the fi- ’raros

p o s t u l a t e d  above fo r  a 3 me t e r  ni ,’ ; r  sin- li.

C. I an sinned Objects

rUnc - most practical design for an e l e c t r o s t a t i c  v u ln or a nb i l it ;

so:;; or would i i O O i  to  tn-r,I:o tire form of a; su .1 , 1 probe cnxtendii:n .’,

vertically from tIre wearer ’ a lnelr.ie t • P >c - p robe , t h e r e f o re , s o:i 1 1

a r e a su r e  tire field at t i re  upper  e x t r em i t y of a coi;ductian ,, lnrotrtnsion

co::iprised of Lie helmet ‘aid its wearer. ;~ t r  e x a c t  n a t a n r e  of’ t~ra

id ’] inn tire v i c i n i t y  of a protrusion of .uiml; r u t ;  ap i a: : a ; I l a a I s - ’  is

extremely di 2,’isuil L’ to cor :j;itte. ,Io::over , I -
. n: c ’ c o in s iu l e r  t ine stai n , u i u ’i

I> , i s h ei r  a’t n - a s  I’ l li n; - m ,’ ith in  tire envelope of an prolate Ite rni i- tatora i - I

n a i t i n  i t~ u - aj o r  ax i s  v c ’r c i c a u l  , we ru n  ofjll- t ft a m a  t i n  of isa or a a i :’
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to minor axi s so n - r a n to ap ’ aro:: i t r r :t e  t i n t ’  ,ro’- ’ i LUl I - ”Ut ~, Oi’ l 1 . a r C

Ivant’ C a ;  o~~’ . r c . >  a ’  v ” ”cr ii a a : C i r r u ; a ,, a he n-n eon b1, a m  - :  1 a a’ ,~ l u :a ( u >

, n i o l a t c i  , ‘ u~~~~n-’ .a ‘ n ’., a ;r o iu l i s .  ni c ] u ’ u - t r i c  Fie ld . ~~ St

5~~~~1’ i’O L i  in - . o ; ’ i c : nt c S  a Lin t its rnn jo a - a~~~ is  li e  - ‘ sr >1 l”l to L r

e l n c L , ’ Ic  . ‘ia ’lti , h n n ’; i  f ,  , c2 f i e l d  l i > a  u ’ ”  a c-u ? , , 5, u ( ’ a c - j u n  n ’ i t a :‘(-‘‘n~~-c’c t 1,0

- .  p 1:_ac na n i c > >  b L oc ~~t 1 the s i - a n e r o i d  : - _ ,- 1 t o  a s i c,  t~~ n m . r . t j o r  . c- :i S I

eerp e i rc l i cu l n r .  i_ r c a  f - I r i s 1- 1~~a a c  t n t  l,~ an ‘a ui f (’ttelrti :tl s ’m-~~n- rc c’,
it c .r; be ;‘O~~i’;cc’ul i’y ‘a eolitlucti.n - 

- - m r - a ’ ce ; i . e . t n r c  c on du c c i , 
-

, ;u r’ .’, ,ce  of  150 C’, ;’hr . ,hrtr; , f - i s -  c -ic -ca Li-ic I’beld n-nt the pen-: of t i C

> ‘o1m ’~~ ! ;e m i s r u ,n e s ’ o i u I  CaL L be described by L a s -  st ,indard  form :

£ a z~ E~
— 

, 
_ _ _ _

~~a. -c.
551cc-c I S  > , : O i , t i. for ;  I f i o lu l  s n - , , i c h  wou lu l  caist  if t I n e  condric LLa

s~~~to ; ’ o l n i  c-ac-c so a p:’°seflt , 5. it)  ~. nO 501 ni . iajo r  n - a l l i s , U i s .  n o  se a  a i —
- -

r i i nor  :a:a s, an> c -
~ 

( a, - —e  - )
If n,’c de fi  no t i r e n.u~~ ion t a nt i o n , A , n - nO -  t ir e  r at i o  E/E., n c  c’  ; t

‘n-rite:

— (,~)— 

2..P.v~’c. + 
t~~ , ( &

4~~C)

Ti’lro :grocm e:’nt be tween  t ;cory and o n - n - h - a r i a  c - n t  n ’,. n - a r ,, t he prolate

sp nero i ( f  appro::ir t nt i o n  is sit rpr isingl ;  good.  ‘or i n s ta nc e , , ra a n f ; e \ i t :

F and hoppel 1 ’ , ar o a . c u r i rn g a t rniosp l i cr i c  e l e c t r i c  fields from a ‘ a;s~ ’

h C — i 2 i  ai rcraft ,found e x por ir i on ta i l y  th a t  t h e  augm e n t a t i o n  of f - I d

f ield at t i re  niing t ip s  sn-a s IP .2~ . Usm:’’; t ine  sp he ro id  rpproxir .ia t ion ,

nrhere tine ma jo r  anis , Ira ’., r ep resen t s  the nni:n~; aapan~~and the  minor

axis , Pb , is the thic ancss of the  fuse l age , one ob t a i n s  a; v:, luc of f l .

. .~inco s-re n- .rc i n t e r e s t e d  oaily in the proportions of the c o n d u c t i ve

envelope sac ca> ; en-n -pr ess .  t i i s -  anug insc in t at i o i ;  in t e rm s of a !:—factor

wh ere  1: a/b .  ‘ y :a tzbs  L i  t utj n n  in entratjon ( 12) nrc ob ta in

2.
— 

— 2 (
~

‘ — + ~ (~L k — (k~
> — I) /*.

,‘i ‘n-nrc 1~ s,,o’as auguaneiitn-ation V(’T’ a a l I S  I : — : .  o to r  for  k — f a c t o r :-  in

the range I — 10 . hor an upr igh t  n ua m t i r e  a’nc ’ua n i r: a n-a ,j o r  and ser . sir ar i : lo r

axes of tine sph eroid can be taken as 1 ,73  ta and 0 .25 m r e s p e c t i v ely ;

yielding n-n k — f a c t o r  of 7 • l ’ r orn  ~- ‘ipure  h , t ira t a; 1. — f ac t o r  c o r ro sp o r ’aa ls

to an augmentation of 29.0. L i n u s , If tire n on—perturbed field ..t

A - 23
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ground level is 100 .‘/m: i , t i r e  f i e ld  at  t ine  apex of t ir e  I r o l net  for
au ’~ upr ig ir t  u rn-u n sr i  11. be n n a p ro aiu n t e ly  , 

u u ( i Q  >‘/t~~. ir u i l ar ly ,  f o r  a ’

!rnce h ap’ on— crouci  - i n n  ‘ i n n  u r  , s n - i r e  u-c  t . m e  o r . I j u  I;’ j O r  j n t l  e l ,u i lauj f lor  - t ~~ 05

a nan y be t n - u n - c a :  - n :  1 .0 t . t  rind 0.13 rn- n r e a l ’  ec t i v e ly ,  t i n e  f ield at  the
apex o >“ tIrc Inch te>; rn-ill be n-tppro;ziun:; f-ely 1 ,050 V/i . >tuns , - - hine :,r
sensor sy s t em  would ind i c a t e  tha t tire vulnerability of tire upr ight

mn-u n is about  P .75 t i r . t o a ;  grouter -  than t h n ~~t o f is crouching or

kneeling counterpart . It  would seo~ t t l t n - n  I,’ - ‘ r i c h  a r a t i o  provides

fa i r  ag reemen t  n:itk tIne ran-il vulner :- bil,ity r a : t i o  for  some t ypo;; of

i n d i r e ct  fire .

a n- i on .’ v u l a r er ;t i a i i . i  Ly pon-a Lure  le t  u na consider sr j n n ch iv i ch i a l

protec tech by : i’o::.roie , or nar row E a e , u  C L , suci n tha t ordy hi: , a C ’ l l u C l .

oro t rudos  above 150 gro:n.;u .l ;a i a n l e . n - l ie .—~‘yc f-or for  su nc  a pro—

t r usi orr  is apnro:::L- a’ I s- I ;’ 1 • 13; givi::, an , t u g ’ r . r e n i ; a t i o n n  01’ 1 3.  .

o n  at 1,1110:;;- ‘- cs i h o , i~~ri a po s t u r e  v - m u l c h  lie ..‘ ssi , m o d  s,

b i li  >
~
y n- -h a tch  ins ‘ ‘e n a t t  cig h n L ’ ai ! mc ’ s l e a -s  Isa_a t an t of act :ncri [;ni ‘at,a: n

on level  t er r ;a i ;n . c 
~
‘ lire a macn in tao  fon - a r o l o  non: lowers  ~ is m end > 0

tha t the top of ,a a i :u > > e l r , m e t  b e c omes  f l u sh :  sn - i t , ,  the gr ound p lane , the

h — f : ’ c  b r  sn-ill a;pro:ac~a nero ; ,;ivi:l , , a n a l  ‘a ’ n t  uc ~ tt ;atio:n 0 > ” u,fli ~~,‘.

this  point  h is  vu,ni , , a an n abili Lv ‘Ivas s an-ga:’ f ,a c  ~.or r e in ’  live to lan e

u,,i’i p. nt n;n; n on a l evel  t oi— r ,-ni:i be come a 2>) n-n- i , en-: has cd upon 1,1 l i ,nc ’  n- ;r

sen sor r espo: Isn-’ .
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1V L n’~ l-WRFI > E,.T (il’ £ 1 111 ,‘afI.(i,Ii’ ,h ~JC l”ILI.L)

1’he nitm osp hieric electric field is usually r,nentsure d ci tlrer

wi t ir an electric field fril l or witir a radioactive probe connirecte (1

to a irigit iuijrocl ance vol tmeter . h field s t i l l  u -m e a s u r e s  t h e  bound
cha rge upon a t  c onduc to r  wi n i c i n  is  a l t er n a t e l y  cxpo~~od or s h r i e l u l p u !  b y

a r o t. rt in :;  s~r u t t e r . ‘‘be r e s u l t i ng  i nduced  c u r r e n t  is p r o p s -r t i o > t r n l

to t ir e l o cal  f l e l u l . u c i t  ins t r un r e in t s  n > a n v e  been m i , ; ~~ci extensively 13 , 19 ,

and a re ~ui te  r e l iab l e . oweve r , t i r e y  ;r r e  u ’x p n r n s i v o  m u ]  far  too

b u l k y [‘or uc’ e iii t h e  pr e s e n t app h i c - ;  t i o , i .

in r c e  t I n e  - - dve:n t of I i i , :Ir i u r J > - i  t i a i ~ ’e ’ i n u n c e  e l  i l  a . > ta n t o  c i r c u i t ry ,

thne m o s t c o nv e n aic ir t  s i !  c c t a  u j , : - cat  rc ’tlrod ior r m ” l ~u r i n n  t i i i ~ a t I::o ’~j~~n er i c

fI e ld  in n s  b e e t r  t h e  r a n u l i r n , u c t i v s ’  c oh l o c  f - o r .  u ’ltc I’ i’ob e , o r  c o i l  a c t o r ,
In a-~ ich S s v n :  I s- i a C0 t , I ~) n”i n - s-s n-a r ad i o  a u n t in ’s -  source o 1’ :1 j’ > r  - p a c - ti m l o am .

l ir e  i on l ’;i t i o a l  n - , r d~r c n - !  b y t, v- ’ i p i ra  ,v a u ’ t i c l e a a  j > l ’ ( )  a i r , :  a n  is - ca i i : ’ ’

r eu l i n c  f - l o a n  i n n  t~~c’ n - a t  r o a n , ,  ‘-ic I a l u P u, , a a C u ’ ;  t i r e reb y , - : — o v i ’ l i t r , ,  - .  a l i t ,  T a lc ’

coup l i n g  b e t w e o ut  t i e  :, t I  r o s I - n er e  rui~ >3. a iu ru t; l a n ce , ‘lc s-  t r o t - m e t e r .

‘in n -’  p re s e n ce  of t t ~~’ i o i r i~~od n - ao ’ r c  a l - a u  s-”r s ’ c a  to s - m n h a a ’ n ’,ce  t ad iosnic

c u rr ’ cn n t

li n n - ’  pin)’; ic.,l p , ‘ . l o : ’ n c : l a n  - s so ci , t on 5- ,’j t , .  C- a m ” r ’ s - a : t  n r :r  1. j  ) ‘n - ’ i t n  -

r:n’lio;,ctive c ol  l ee  t o r a  V S l u O d i l  ox - a a i n , o d  b y 11111 ,a~>l ~~~~~~~~~ 
o

Tlroi r  work oni L i n e  a a p p l i c — i t i o u r  of i’n - , i i o , ctj v e  c ol  I a c t o r :  to tn,c

~~t n - ’ b j 1j Z n - n t j O i t  of RPV ’  a a : : : : ’ led to  a -un n-in I y t i ca l  ra o ’alei s P u d :

satisfactoril y ~accousts f’or tIre effects of s:i :rd v e l o c i t y ,  cx t e ’r n . -h

e le c t r i c  f ie l d , - , n c - I  t i e  s t m - e , r ,; th  of t he  n’ ,n u i i o a c t i ; ’ c ’  tso ’trc ’ e . -i :nce

the  Hil l  arid i ioppoi  mode l  is d i r e c t l y  ap p l i cab l e  to t i r e  u s e  of

r a d i o n c t i v e  co 1 l ec tor ~ in v u l n e r a b i l i t y  s e r ns o r~- , the  c n s u ni np

‘nn~d yses of cu r r ent  and p o t e n t m n - r i  probe c l r a r n - n c t e r i n - ’  f - i c , ;  s- ,’ill

lar rg e l y  f o l l o w  tn i e i r  npp ro~.c I n .

I.. Characteristics of Ionized Current  j ou rces

fine most satisfactory explanation of current 1~enneration by an

radiocative source is as follows . ‘l’he length of tire ionized track

caused by the passage of an alpha particle through air is a well

defined function of initial particle energy and air density; tire

statistical spread being quite small. Tine source employed in niost

radioactive collectors is polonium 2 10. ,i in ce  t ine  alpha  en i scion

from this material is essentially monoener~-;etic , ti-ne re sultirr ,-
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envelope of i rn i  . , & t i  on w ir i c in  s u r r o u nds  t i r e  source  in still a-jr h a t s

a well d o f i n u o r l  b o u nd ar y .  In t he  p r e s en c e  of run e x t e r n a l l y  im a r l , o 3 en l

e l e c t ri c  f i e ld  , c h r a ’r g e  sepa r a t i o n  w i l l  o c c u r  s- ;it ln in  t ire  bound: r y .

ions of’ Ofl e , ol m - i t y  w i l l  J ’low i n t o  t i n , ’  cjr’c;uj t c~~n~~ec tod to f - i , ”

ionizer . [ours of t.,t- opp on it i> polarit y will flon-, outwarn,l to f’orimn

a s1r i e ldhin~, l ay e r o I’ c l n a m r g o  w i n i c l i  gr e a t l y  r educes  t h e  f i e ld  wi th tir r

tine boundary. ,~h te  , 1, i o l d iu n ’  l ’ -y  or is oquiv~ lon t to tIre su r fa c e

ch arge which fora a a r t  t i r e  ir n t e rt ’ a-rce b e t s - ,su er t  re,, iorr s of hi , ’J . a, n t d  l ow

conductivity; thereb y creu tai urg a discontinuity in tir e electric field

z’tcro,- s the bon-rnn (!- :ry . In n  p e r r e ct ly  st i l l  ~ ir ~ si - tall anton-e l y— - t to

c u r r e n t  w i l l  [‘low b e t w e e n  t he  i o n i z e r  t u r d  t i r e  surroumrdi,i ,’ , a r t ’  tosp~1ore.

a In a n ro , ,l  t m n o  p s-ore t n n c ’  cu r ren t is due p r i u : m u u ’ i h y  to  t i n - c ’  c o > n t i r n u o ’ ns

r o a m o v n l  of t i r e  sh ield ing  clnar ,,, e by u n n a t u r a l  vontil,~tion. ~a, air

mo t ion  i n c r e ases , cira rge removal  b e c o r m r e 5  more  ef f e c t i v e ;  r esu l  t i n t ,,

in an increased p en e t rat i o n ;  of tine electric field.

The cond i t i ons  sur roun ding an i o n iz i ng  source , w i th  and

without ventilation , are sh ot-Tm scln ea-m ,ntic nr lly in ,-‘i glure 5. .ot,a

illustrations i t_ a v e  been reproduced direcci g fronam — t report by ij i l l

and Whyte~~. fi gure 5a i l l u st r~~tes  t h e  ap p r ox i r ’ ; >  f - c  c h i - u r , ;e > . n !

p o t e n t i a l  d i s t r ib u t i on -n f o r  a c o l l e c t o r  ‘ r o n t m n t o d  1 mn .‘bovo ‘.110 a

in s t i l l  si r .  - ‘i r e  c o n d u c t i m u  , p n - r t a n  t o  I a-  o ar t h  i s  , > s ~ > ’ m a  a t ; ! t o  h a - v ’

a resistan ce our tine or’ler of’ 10’ oi .t a , ,, a m 1 ~ 1 nP , - ext u r a n - a l  electric

field is 100 ‘,T
,/ 5,1 • ‘h ose con ”tdi tionrs Iirou’hrce a: P1 , , , a c onceal  r u f - i s - m r  of’

negative joins at tIn e ou te r  U o s m n r ’ I : r r y  of t a n s -  j o i n / e l r”  , i o n n .  ‘or n-n

polox-niuri 210 source the line r dinn ten asi ort o 2 1 he b u m  e l  ‘one i s

about 3.0 cnn ; tIne size of the zone 1)01mg a n-a) ;,,c’r’st.ed l’or claris,’ i t :

the f i g u r e .  fi e ld  l ines a s s o c i a t e d  ~,‘j t ~~ tIne ex t em-n t a ml f i e ld  f - e r a  1:1,-re

on tinese ions. a ’i iU S~ t i re  j on  s h eat h  a c t s  as an e lec t ro st  a t i c  sP i el !

surroundini ,, tao ni l  )r ly  c o n d u c t i v e  air  w i t h i n. ,n e  i i  lais L i ’ n L o l

values  of sp a c e  ch ar g e  and e l e c t r i c  [‘j el l - re t y p i c a l  o f  t n - n o - -c ’

w l u i c h t  s iouid appe i n -  on t u e  v e r t i c a l  ax i s  ci’ s:,a m a i l r r t  r ’ t r u > m i , , , n t . a ’

cen te r  of t i r e  col f - s - c t o r .  h o e sets” of t i t a ’  1 i c -  s- s p a n - C o  c’ i s - ’i ’ gr” st  f - . m e

top of t in e  i on i zed  aone ,t in o  f i e ld  inn t a o  ~‘icj xti L~ o t ’ t i r e  c o l l e c t s - m -

is reduced to a few percent  of t i n e  external fielui . m urder th e

influence of t h i s  s-:eak f ie ld , p o s i t i v e  loins in tine v i c i n it y  of t i r e

collector will drift downward to c r e a t e  n-u cur rent  f l o w  t l r r ouag r t I r e

a load resistor. owever , -5irnce t i re  f I e l d  inn tire re,,,io:n of cirar ,;r’

deposi t ion is 5 1 0 a m ! : , t i r e  resultant curren t wil l be sruahi.

-
~~~~ I 
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If’ s-me trosa introduce strong Ventilation arounnd the collector ,

tiro situation c h r a r n p o s  to t h a t  shown i in i- ’i:-’u r e Sb. -~ sirielding

layer of space charge still forms t r t  tire outer boundary of tine

conductive n-olne . ouiover , tire ‘he irs it y oh ’ t i r e  sja ’ -’tee charge it ’s

roduce”l by r a p id i’c’a’ u ov n -r l of no;, t i v c’  io ’rs by ve :ntilatiorr . ‘I’i ~ i:

occurs  b e c ;m n i s e  t h e  m i o b i l i t y  o f ’  t I m e  i u o 1 1a , tj ’ : c’ ions  in tire presence

o f an e lec t r i c  2 i e l d  iai  o r n l y  our tine order oh ’ 1(~
_ . 1 

— ‘ y ~~~~
( t .~’~~ V— a’. ) .  ~‘n c - n a ’ a , L i n e  m o t i o n  of j onas is doa La st e d  by g r o- s  - in’

,uoversent  even; a t  m o d e s t  l e v e ls  01’ v e n t i l a , t j o u n . ‘.rc reduced s ; ’n -n - c o
charge  r e s u l ts  i n n  :1, larger l’r a ’-t  j o i n  of t A n e  I’ jeld l ines  p e n e t m n - t t i i n g

to tae  c oll c c  to n - . h i c  i n c r e a s ed  fi eld  in - n  t i r e  nd ‘ l r b o u r h x o o d  of t h e
c o l l e ct o r  p r o d u c e s  a , ; r e - n- t e r  r a t e  ci’  iot a dc’pOSitiOfl riand , ii. t u ri n ,

n-n lnan - ,~ er v o l t; ,  ‘e d r o p  , c ro s a , t i n e  load re  i,,n t n r .

- r ca a t i n e  n b o v c  discussion i t  b e c o i n a , ’ -- :~~ :~ren t t h a t  L u t e  o’i t p r r t

of a ct t i ’ro:r t  C c”l . o m -  iS  l i J ’l y t o  be in -’i I ’ l a n e  a - u ’s-I by f l ue  t m n a ’-, t j on a ,  inn

t i n e  do ‘roe of v u - a n - t i m - a t l oan .  h r  at  o u td o o :-  e n v i  r o n ,u c ? n n t  t h e r e  n - a r e

a l’~ :-y m i l d  br o o , ’ o~ or c onv ec  t i v o  o ld i e - . ‘ P r I o r  L uir a t e l y ,  fo r  tac’

vc ,at i l n - n t i o n  r at e s  ‘m r, ---oc i s  r a e ’ I  - - i t h  per  -o u r o l  vu l ;ner - ’ab i l i t y  s enso r s ,

t ine  f l u c t m n a a  L i o n - n a  u n  d e n s i t y  of ’  thno n-a ja ,;Ce c h n , r , e shield are auCf ’icieunt

to cause n ano’:erc’ a n - s - i ;  e i m’o~ ’1 c’: ;~~

Pi l l  a>n ’l ‘h y t a an - ar - r i e r i ’,-ec h ,~~~; exprc ’  ~sion for f - a r e  cu r rean  t

c o l l e c t e d  by a f l a t  a f -r i  i o n ia t -r  i n n -  t n - C  presence of trann a -,vei’so

ventillation. .x- ‘titration of tIn s oxh l’c: sion shows that tine c u r r en t

is proportional boh to the  external field md to tine sir velocity

for non—zero velocities up  to abou t 5 — 10 rioters per second . .t

jri~ in air velocities t I n e  c u r r o an t  cease’- to be dependent upon velocity,

but becomes a f u n c t i o n  of extern,~l field and ionizer source strength.

_,xperimental results obtained in a wind tunnel are in remarkably

good agreement w i tu r  t h eo ry .

The typical ventilation velocities in the vicini t y o f a

personnel vulnerability sensor s-,ould fall within  t ir e  range fo r  n P - l e a

signal current is proportional to velocity. It : i u at  be concluded ,

therefore , that a-n i on iz ing  c ol l e c t o r  ope ra t i ng  in t t e  curren t n o d e

would prove prohibitively noisy.

D . l’o t e n t i al  i robes

‘fo overcome tine noise inineren t in cur ren t  sensing devices  i t

becomes necessary to ualovise  n-n sys tem w in i c l r  measures  p o t e nt ial.
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ra ther  than curront. i”urthnor , as will be sirowii , even a p o t ent ia l

probe must employ a geometr ical ly  tai lo red  i on iz at ion  zone to
r ui.nii,’-ii o tire anoiso induced by f l u c t ua t i o n s  in t ine  level of
vein t ii a ti onr .

‘~n-r idoa1 potential probe n~~uld have - ia n ianfini te inpu t ii-ipedance .

owcver, tire properties of an ideal probe c;’a be ro- lized L y a.

device Iraviur ,; a fin-ni L o  ir .mp o clanc e  sn -h e n L.~e e f fcc  ~iv~’ ir t p e - 1 ;~nce  of

t ine  co l l e c t o r  is s i n - l i  cor ipn - ’nr o ct  sii t h t  t i i C  i n - t ; ”.l t i; npeu i -ain ce On” t. a

nuoun itori ung electronics • fo exataine the b eh av i o u r  of a ’ m c t  n-a s-robs-

let us consider in- ne c;l i ;r dr i cn - i l l y  s~ ”, a ’  m e t r i c  c o - n 1 ’I ur  tion ahiom ,’an Ian

‘i ‘u;-o o . - ,erc’ t h u .’ i~~ .or cyl ian der  r ep r e s e n t s  th e  r r ’rh ioa c  i ve

colloc f-or n- -n - rd  t n - c oun fn-er cy linnde~ ‘is-fix es- tire h a n  f - m a of tIre io:nized

a’, nOa’, ,,ha~ 1;; the Iu~o -’n-li:,eu1 probe are curren t i’lon-:as in - i tie v o l tag e

s c - an a l . ;  , ci r cui t . ‘an n - a , fo r  a :;uu’faco of ay n  n o t r y,  s,’c cai n ~-,ri t s- :

= 0 (20)

If 1n-h , o probe I a .  su r r ’o i nn u i e d  by a a s-v i a l  ;as :j , i ica c a r r i e s

chsr’,e ‘!onsi Cay, € a’u n d  si ,n-ich n a n - n - :  a v loci ty, V
~ , , parallel to tare

probe , ‘:n - i s , ‘in -he ,. ~..c currea t clensi 1n-y 1.5 iiver. lu :’

= ~ e~~. (al )
is  t , :c co~ n-”,:c ai ’ i c~ ’ .

:‘or a cyl ia ;c ir ic;a l  - b n - a t  i ca; su r i P a c o , c oa xi  I ‘‘i t , ,  u.n - ’s ’i 01’ ‘l i L, a t l Y

lar er dia n ot e r  C a I r n - ni ‘t i re c o l l e ct o r , V~ n,nd - re ; ‘orp en -n u . C i c u h  r . a

a ,,o .n- ot  c :nclo .~ c charge i- ’ q,  t a u n t  be , ‘e ro ~iaacs :

~~~~~~~~ = 0
-‘u~”t her , Pnec ;,u se  ta re con ( luc tn - n -L v i t y s-i l l  be con’: i n - , L 1 t  OVO~~ ~

u r fac e  el’ a ny n n a t e  t r y ,  t he  c in n - a ” gc  oar t i le t o ’ - half of the  cy linder nan ’ t

be equa l and op a)o :l  to to t ha t  orr t i e  Lot  ton half . f u,is , t hno

collector assumes tIre correct eouilibriur.r potenti n-n-l . ,e~ ative

~pacc charge removed by tire wind from tire t o p  hal f  of t Ine  cylinder

is balanced by n-ui equal amount of pos i t ive  charge renu oved  fror . n t i ne

lower half. If :m,n initial charge is carried by tine collector , or

if a charge is imparted to the probe , it n’ill dissipate rapidly

through the conductive sheath w i t h  a tine cons tant equal to G

h avinG collected at the boundary between tine conductive siren-itin and

the low condu c t i v i t y  atmosphere, it wi l l  be removed by the wind.

If , in contrast to the above situation , the ionized s ineat ir  is
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non—symmet r i c , th e re  wi l l  be distortion of the equipotential a
surfaces . e’onsiclor , for example, tire ease of a cylindrical probe

wherein the radioactive material is distributed such that tire

ioxnj::ed - ;hie , at h n ext onnu l a only in tire u pr ~r”nrd direction. .,ucir n-tn

arran gem en t sn-ill re -alt in distributions of equipotentials and

field lines i-In -Ic ,, ir ’ i ’  n o t  synnrr me t r i c  s.’ it h r  r espec t  to tine probe.

-~~ain , let us c o n - r - ’ i u l s - i ’  n-n- cyliridricn-.l G a n u F - ’:Ian surface of slightly

i -ar , or d i n - a a n c ’ t er  ta~~r tire probe . If sac define t h e  c o n d u c t i v i t ie s

Can t I n e  t op  ar id bo t a t o a m p o r t i o n s  of the  s-h en - i th r  as ~~~ ,, a n-nd “1~ r ea I ) e c—

t i vc - l y ,  then we c :u i s-n-r i t o :

c ~~~~~~~~~~~~~~~~~ ~
‘S T ~ — (

~
)

~,‘In i c h r e r l u c es  to:

(~ 4)

n-n-here 
~~~~~ 

and are t ino verag e  f i e l d s  over the  top  and the bottom

respectively. ~‘ire inequality bets-n-eon tire fields results in a field

distortion of t i r e  form slroirn in higure 7. The distortion of the

e l e c t r i c  f i e ld  n’ Js-t br — i t c h  th at  tIne r e su l t ing  space charge clistri—

bution c’ausec -cr0 net cirarge removal in the presence of tine wind.

.o mai n ta i n  tIn-i s cond i t i on  in the presence of a fluctuating n-n-m d

velocity, requi res  t ir at  co r re spond ing f l u c t u a t i o n s  occur in tine

charge and p o t ent ia l  d i s t r ib u t i o n.  These l a t t e r  f l u c t u a t i o n s  in-ill

appear an’ spurious p o t e n t ia l  changes , or noise.

fIne above argurientu illustrate the impor tance  of maximum

symnetry in the  p hy s i c a l  geometry of radioactive collectors. In

particular it is importan t that probes designed for the measurement

of vertical fields er.iploy ionized zones which exhibit mirror

symmetry about a horizontal plane which passes through the center

of the collector.

“0tn -n’
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I a n Icc f - i o n -  I II of’ n - I n 1  s r e po r t  s,’o I n- a a ’s- o~ ‘ m u -ned the  bas ic

a , . r c Le i ’j a ;~~ juas - of as- ‘n - t i o , ,~ ,;c’.:’IC ~
‘jeid . ‘l , n -  lu a r ti c u la r , a- n -c a’

o - Ca I i  i- . cd t ics r r a ’  a n n -  1n -Uu le of’ fi ic tan - i  n - I , o n i  i rs  t , a r ’  f iel d  - n - s  a f’:n n ct i o r n

of L , n - o  p e n ’ i u ~ u I ‘ n - a u  ,ir’o: oven- Srinl e n -  soc. fluc tu.rn-’ a. ion -n -s can-n ho ‘ : n - t i c i —
: u -  tc’~~ . u n - a  cc n-ion -n - m ,n sn - c  a- VS oat  h i . i ~~ - cd the i t . nr’aamr j ar w n -r i c .

oro a” ‘ ‘,, n -Ic ~ m -s - n - v : n a n - i o t n s  in~”lu o ;i r cm n-In c b c ,  l field aatrea 1~ - t a . :i .‘i tam ’

cc, :  C a n - n - a n -  t o~’ 
~~C’r: o n - s - r d  vnn l .n er n bih i  ty  n - - c  .na “0 derived m~u :i.ititaatjve

em I in - i ‘ten - of n - l i e  ,l’icld t r o a ; -t . a  f o r  a v ar i e t y  of ~ ost ur o s  5flCi for

di .~fo:~c.:~ los- tio.aa- ’-i tar ren -apec n- to  ‘n - .n - n - L c l u a i i n, ,  obj ec t s .  In .ec t ion

1, ’ a’o havc  en , ’.  m u - u n- .,ne behaviour  on -’ p robes  e r np J .oyirtg r a d i o a c t ive

coh n-- c Cot’s .e.a operan-tec i in either hte current or tine p o te nt ir ]~
‘ ioniC.  s i n - a g  I~ ne in - n  ~‘o r:atct ion p a c c o a n -t e d  in -a ,  these e.~rlior sections,

i n - C  arc’ .10’: in - a , f-n poa;i tion to discu s ~u rc l i  i iaasr;  design spec i f i cs  t i ons

for a vuln-iei’an-bihit ; seas-in,; syste m . The ciiscan,sn-aion n--n-ill be divided

iar~ o ti?o ~):n-rt’.; t.o ‘irst deali,r n-n- jta probe des Lyn, anal t h e  second

win-h the associated d c c  n-rolnics .

rob e  u e :i ~~~ n

:~~o t yp i c- -i  ~‘jcld n - n - n - i ch  n - ’ ih i  bo c- , -,co un-i t an - - ed by ‘ an- a mn - :’livi’.la:n-n-l

so,’n- :n - or  v i i i  he t ,r~~t -as ;ocis, tccl ‘‘it . .  a:: :npri ‘ .it n- a-a cn n open-i leve l

Ps- ‘a’l a .ifl~ ..‘r n-nina ,~ierited f i e ld  of 1 () r ’
1 ~ , to t,ot i ier  vi IP. a

.~~l , m s - t  a a o : a n - n - t - a ” l  s e n s o r  I. ” v i n - n , ‘n - n - s,a.n ,, a ,’ea t-: n-ic. ’. c tor  of  n-’bon - it 0 ,

‘n - n - c  field st thr ’ as-’:, or ‘‘ounlrl ho on t he  or Icr of 1, ~0O 
n- . ’,

’ , t .  Pho

, ‘,::j:im :n- s fa in -’ ‘“r n - h e - ’  i’n - L c i d ,  I n-id ci’’ to  b ’  ca n - co u nt e r ed  ‘‘on-rid coi’r’ala :oncl

to - .n-n- an ri an , a n - - a .  on -a ‘ .,ill  ~ Oc isa t n - n e  p~” o s o a nce  of a polluted

in-- ; r n - n - z n -~~ , ‘.- ‘ cn - :’ ~~,. ‘ - c c:rc,a. ’, m - t - ,:ec-n- n-cn a,ta:ar.n, ;x ,nas.rtcc n- fin-a l l  n,ai ,- .c ; ‘.~

~~ O .~n- ’a n - .  lt n - o:n 1 . ‘Is - i - ’ in - ,  on -a c es ’ ;  of Las v a i n - r e c a n - i : .  ova ’.” I n - n d

n- :a-:’ ’ .n - i a :  ‘‘i~,,.i.: .n - e , ‘,i . l ; in- - a  - C a r l  h i a nn l  . onan - au , ., .n -ot ‘o  n o n -  1.1 -51 1’ ‘to

in- . a , :oo-t ,a ,rrc ’ oa ,iC t ’  a . . r t (ue t ; ’( ’a’  • , i n - C  a n . m : a i n - ; u ,  , u - n - . u c n - t a : L i u un

n - - o n - n o e l  - C a r - i ‘ H . ,. C a r s - .’ I : s - u u a r L c ’ r ’  a ;  c ,,h ., nc e  n - . r c  above f i e ld  CO C a . a c ’

, , s-I , . n-b o a ar a o o ’l  oI  s - ( a  i • ,, , ai ’ n- , . at r o n n  ar  f i e ld ’;  n~~y exi n-- t  i n - i - C r c

ton --rain r e l at s -  ‘ i n  ‘ “a t, ion is  e a n - c c c u t i o a t  -11; h igh ; on t Ire  top  of

a roc n- yin -an ci ‘ , f o r  o ,: a I n~ o m , ’cVc’~’~ t I ne  500 ~‘/n ,s n-’igulrr sect- a to

be :ara ’n ct i c .l - al e , i ca i., lihrly -to be exceeded only under rn-ire

cocsb inat io .n : :  of c ir c u nst a -.ncr”  • air thIs bas i c , using an ~ i i i e x’t t , u t j O n

f a c t o r  of JO fo r  n - l i  i n ;  r i  ;ht  rn - an , s-c  c a n  a nt i c i p a t e  maximum semis -or
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fiold.n- inn t i i C  r e g i on -n  o~ 15, 000 ~‘/tni .

.‘Y i u i c a n - l  hi . ,.. i n - n - p u t in pod -n ce  3011 1 n- e ob o e  tr o r ,n et er  c i r c u i ts

C a n - n -  I n - - n i u l t e  inpu t l u  a. en ’iti, I nn - of :150 — j0 0 v o l t s  s lj t . t  re  p e ct  in -c

c a n - s o  s-ri - s- r I • ii  C l ”  u ’ s - c ’ s  t i n - i d c c  I r o n - a t a t n - i c  vo l  t ” n o t u ’a” c n - ’~~- : u L l  n- oh ’

n -n a a i dh i~~g j n p r ( 5  u n - u  L u u  ± 500 v o l ta  li- n - ’, Ucse, n b u i l t,  I,’,’ t o n i’ s -h er , g 1

O ’’C’ - ’ Oa ’ , t n - n i  - h ’ vj c ’  i i  - l o u t , l l i O u I  b r  n-i l a n - n - i ,  null of 01111’ ~ ~1~P) vol  t m-u

for  0 ac h  inpu t • , n - a ,tn - - , in t I n s - c ’ o n r L o a : t o d  a s ’ a n l ne r a n - b i l i t y  :n- e ran -or ,

‘.‘incn - a’ei.a it I. u ! C  j n - ’  m ,j c to u sc  t .n r ”  htelrio t aacn rf ’ - -ce St iS case “round ,

t n - n - n o  1 r p m  ~ii n ’ l ” c ’n - r ’ ’ n -  H .  1 c a n - a b i l i t y  O m n - ’e r a n -  n - .o  ‘ s u l v : u t t n - a O . - ‘or a

probe ithich p r o ” m u i u m  a - n  o u t I n - n  e of ~0() n-’o it iti a.Incn - : r o a n - o n c e  of ann

n - n - m t a t e  i t o d  ‘ic? 1 a I . r ” :n -  ;ch of 13, 000 ‘j”u i , n - l i e  e ffe c t i v e  el e c t r ode

“ “ —n - a’ t i o m n  a n  - C a  ba 2 c,’.i tiaic’te’-’ n- . l o s -  a - u c l a  a o’n - , ,ra~~ion t he ou t -p a t h -

,-,n - ’ r o c i a n - c - a ’ ‘a i t I ,  i t o -c coa in n - ca r l ’, ’ o ni c oa i nt er cd  h - i  c l - i ’  ( 
~~

‘ ‘ — 3, f ) O h  ,“ n - n - )

‘‘n-i l l  fa l l  hoCa”.’ a ” c a a  I t )  :an-d 100 vo l t :n .

ron - a t i n - c ,  - hi . c n t n - a , io a -. of u ” o i l oc ’n-oi’ cbn -n -’ a” c t can - v . n -t i c :  in •c c t ’i ,o ’n

l ’l ,’, i t  i ’  - : ‘  re , n- t t a n - i ,  t n - I n - c  i o : u i a ou i  - a r i as-  ‘i - , , o- , n h a i  by svm in -’ ’,et i-i cal

‘n-’it:r respect tn - a t , , c” e-’ ’r i p o t o :r t ’i a l  pian o a : a n n - i c h  r n - s a n - s - e s  C a i i r o u z ,’;i n -  t , . e

cen t e r  of t n c  co i. loc n - o r .  on - .’Cv CV , it ’ t I ne  fi e l d  i n -  to be a ten - ,a aa n -i ’e l

ov er o. n -liz an-nic e a n-a - ’- s nort a as- 2 cu r a t i n m o t s - r a , t . ac ’  i o ,n - . i a a i : n~, r an-ide o f

la , n - n - n -  p a n - ’ t i c l o n -  ( n -n -bou t ‘I c~. i )  pi ’n c i m u d c , -~ t n - ’ ama a o of a :pI.cr i c a h i n - ’

a a n-s t n- ’ iC  ion -n -i - t ic , , a - o n - i c - . or “n n - a ; .  t o n - a  m n - - n -  ‘n - i ’ m - i . ,  n - arc ’  ,.na ,’n- ’ , a c e  ot ’ a -

n- e l. n - c t  r e - r o s e n - t n - a  ‘h- . r c r c -n- c ’ a so , a cc  plan-n-c, t a c ± 10 -  1 i o n - n - i n - : -’ t i o m ;  n - ac )  n - C

i n - o u l u l  n - n - n - I n - c  t n - , a o  I’o : ’n - of a : n - S n - i n - n -  cl-vials:- Ii, ‘n - c ; n -h r  a n -n - is o ’ th e  d isc’

bc- i n - n  pen -.-p o a n a h i cu l a . a - ’  to  t in -c i  ln c l n t cn - L - a~~n - ’ fn - ’r n , an-a- t i n - c  :o p n -n m ;  t i o n  b ct m : o o n

dis c - ad he lr,net beLa - ‘1 c e n t im e t e r s

a ’ o achieve the icc- an - a n - ar; ianpnz t impecl’nan-cO it is necessary t n - i  Can- n-i

condu c hn-ive shield be used to i a ;o l  n - n - ’ a  t~~e ‘am - I  lec t o r .  y nnn-siat ’.aL n-ti :n-,;

the  a n - b id at  On-a , e . n - t i n - ’ l l y  in - , , o  n - a an- p0 n - n - i  n - n - i . a bc c o l lec t o r , -

lea - I ::: e curren t un- , S ’OU n - l t n - n e  i , n - , , ’ n - l n - a  t o -- s  .n - n - a r ro ’ I , a ’ l i n - l, t . e  col  ~Iec  t or is

‘:0 c C  to  a”, :,rj fl± n- ’i’,.l- .i . o n- - e ve r , sin-ice t .n-c 5 . aj . C l ’i  in - i~~~ t ’  n - a e lev :’, t cd

vol t age n - r i t a ’. reo l ju u ’c an- to t.nc t n - r ’ i.  n - c t , i t is n - n - e c cn : ” n -, r ’,’ Ca , : ,  I i t  be

p h y s i c a l ly  ia i , - c c c a  ; H,.-1 .o dmir in ’ .,, n - n o r -  ~~n - 3.  ‘i n-a-c. Jt in-u cIe’- j~ ‘able t,a ’,t, the

radioac t i ve so’,:rce a ~ s-o be r e ed s  -0 ( 1 a ; a r c , ~ t n - I r a. i t  i~~ a r o t o c te d  fr on i

direct  handl in,;.

•‘. design sa-it i s  l’y in n ,, the above r e q u in n a aaa - a a n t s ,  w h i l e  also

providing a s-u, , led - n - na - I  co r n -p a -re t  pad -age , is i l l ust r a t e d  in cross

~ection. in .“igurc 
2. A v e r t i c a l  sn-n-is of rotational -‘yu in -m otry l i e,

in the  pian o of th1c paper . The scale is a’a pp r ox in s at e l y I .F t im e .-

ac tua l  si ze.

To provide a n - t I n - i n  n-tnular  d i sc  of i onj , ’n - it io sn  a : c y l in - -a c l r i ca l
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GgPY AYNIADLE TO DOC !~2ES NUT
PERMIT FUlLY LEGIBLE P~OUbCT1O~

rad i o a c t i v e  c o i l s - r n -  t o r  na hn - b een - i  r ecessed  d e e ply  b o t n z e c n  t ine

anija-acoant in su lat or  • n- i n c re -in ] tin , ion -n -i :ationi a:one , :,‘hlch O n - n - t n - - r u l e ,

about  1 cent i. tc~~cn--aa into t n -ca n - t t n , t o s p~ o ’n’o , i n - -  , , , n o a n - m t in c r o m  . s-ec tj o f l

b’, - ‘ n - a n - n - e d  l j n - n s -  - i n - i  Figure . ‘n - n - c  r a i n- r i ’  an- h- in - a :  n-’.O:lrCd it calf is-

cii n - i :,a ion -n - c ’ l  a an - I ’ I. .  ,‘a l n - a ” n - j l u  ( n - , ’ a i o t n - n l i i c  n - ’ o a l a’n - n - t cI . ” -u l  by i’io: n an-i n - t b

co :n duc  t in -- u ’ con a’ a la a . n - t  I. ,n - r  :n-~~~’ ip ,ri-ry of ~,, c’ cc- , n I n - r a i l co]  i s - c  t i .  a

c i c c ,n -r o c ] c .

a n o n - n - i  ‘n-,r a  ‘ ‘ 1  a , n - i  s-id ~~ con- npriaec 1. 0- ’ u n - n - ,’O ; : i r t n -” ; n . , t O  n-~1~ I ’

~ p on -- n - . . on -a  br ’ ’n. ,. an - Sl a I n - i c  ( u s- C , a an - I ‘ C a . a o  b a  ‘‘‘a ’ C a n - c a i n - a  - n - i i .n- ’n - c gn -a’’ I j  
.
~ n-

., l u .i a l a n - c - n - n - ”. .,:c ’ on-z n-an- a o n - n - t n - o n -  i l i u m , ’ n-u ,I n - , n -’’ ‘an ~‘- l ‘ii, ’c n-n-- a’ s - c  ‘ v ’ c u n - n - ’ n - c r m ui

to  n-- a n - n - u ’ s - n - a t  cc i,den n - n - ’,l CO n -n - m a n - C C  ,ritl’ c a t - n - n - n - n 1 ob Jecn - ’ • .1 :c~:s-a c’l

cont ac t  ‘s-c ’ — ‘ ‘c - n - n - ’ n- .rc n - n p ’cr n- i , inci  i o n - ” '’ ’ ‘m,: n -- b n- n -in -n -cs , could IJC - 
- -o ’,”j ” cn-

by c u n- ’ i. , tc s- . ,u .a  . n - - t ’.’ c ’ h - -  , - ‘n - c ’-:, i , a  - C a . n - r o s -~~~~n - a  l a . n - c  ,i , . n - t n -”--n - ’ u a i r  1, - n i ”  or:.

coI , l s-c~~o”’ ‘n - ] u ’ c t ’ v v ”' . ‘llc”:”.n-:r’n n- ol.’am ’ n-r ot ’. ‘ , h - , , ”m c o n - n - h - n - ’-
. ‘ia,cn-ro n-To ‘s- fl. - n - - ” n-t ., n - ,  ,i.n- c l o c n - -,tc 1 i, ., o i - - H u , i n  ,n- n -’ n-, ’ ’ ( ’ n - n - , ,  1 , 0  “' un -d 1. - c t n - j n - ’
a’~~~,I  C a n ”' ,j’. t - ’ . ‘ n - n - a  a : ’ ~~-c .  - u t i o a a  oh - ’ t ’ac “ n- s n - i  n-’r ’ ’s-cs p - n - r h - i ,’ to

1 ’ o ~~o a ’ ,’m- c ioc n - n - ” o .  h - n -,laic hi’a’,inQh-r ’ n-n-jt ,a “rn - ’n - iuo c  t, to  n- ..e c o l l e c t o r, - n - n i

n- i ;  to  , a’o ’a’n -Lr le  ccc n - n -n - iota i n - - o l  n -j o a n -  be n - ’ ,’Ocn- :’t t u e  c o l l e ct o r  sau l

tac cn - :pon -uc c l  c a n - ”'’ of h -h e  inn su l : ,t or .  . on-ieve” , it  t a n - - ;  p i ’ovr  t” n-.”n -n - c t ic  .1

h e  o ,n i ,  a. h - I n - I : ;  p o r t i o n - -n -  oh ’ the  guard ; t l n n ’ n - ’ rb ; ;n - in , t u l if)’n -mnn n- t in e  dcci  an - s

in. n - ’ a l n - n -’n-i. n- , body of ia ro probe :~~ould be rn -a do of a n - u O n - n —

n - n - c ia n - i n ; ,  h i ’a :‘c .n - i saa t ivit y , . a n - m t e r i : nl  such n - na - , n - c f lon .  . .sr - et tb ly

dct,.iis sh ould Un-n- n -nrc~. i~ n - ha no connc lnct ivc ’  f a n - a n - t enors in -n - (aerfei ’e v i t : n -

t,.c overall cicctrostatic s a n - n - m a t e  cr” ’ of the nrolmet / g u n - n - r n - I  r i n , .’ 
~~

‘

collector gcon- retry . .‘H:s , tIre lon-ier stcuncl—off portion of tine

insulator should n-act onia” n-,s c’, ‘as-acer. a r is o lat i on  n - n - n -’ sin-er a,ncl

:-ct : .ianin; nut a-a - ,, tire bottom n ca-n- ti-er-i, by of h- .o ion-n-er guard In - c s -a C a l ,

cou ld p rov ide  a-n-n e f fec t i ve  no -a-a s for  a sa e i ’b i y .  n - i a t i l a”.r ly ,  t inO

top cap insu la to r  should n - n o t  employ  scren- .’:— • , ‘,

srrn-”ngenn-ie:n-t should be ‘n - de n - u n - a t e .  l ’- ecn t i se  of the guard a’ings , one

is no t  concerned a-b ou t s u m : -  ii sur f ace lc-’a ’n - - ’ n- -e currents on t ine

O~~t~~j cic o h ’  t I n - c  st a n d — o f f  p o r t i o n  of t ine  ia i su ln -nt o r .  i’hn -iS , i t  n ay

be possib le  to sin-  np iit’y t I n - c  n - t  i n - i d — o f f  dc -j ar b y el imi n a t i o n  of

the external convolutions.

‘l’lre radioactive foil employed in tine collector should contain-i

polonium h - I t O .  n - lace  the  rosidual ventiletion noise increases w it h

the activity of tIne radioactive source , tine amount of polonium

should be sufficient only to provide a s,,tisfactorily low coup i in -’n n-~
ir-i poda-mnco t oge t h e r  a n - i t h i  some tolerance for  natural decay . b s i n n ; ,  an

hcr,nja-plrcri cn -n-1ll on-n-posed ‘Lit source, l,o fh ” oi and 1Iill ~ have fourr d
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t ,n . ‘n. tine ‘on - -ce n - n - Cai’r’.n,)a.a c - n - s r  be reduced  Lao —‘n-bout 10 iicrocurio
‘‘iti oni tn- : nf h ’c ’c t i n , either tine ..ccuracy of n - n - n - c potential ro”ndman ~ or
in to  rn-’ ’ n- n - o n - n -c I ‘n - .  no o L ~ t I n - c -  ins-  t a -ui  n e n i t  • ia .cc ’  t ine  pr op o ’ o d  p ro b e

con - n -  m, i,.~ ’ t . n - c m  c f h ’e c  a . i v u n -  n-n bc 0, ” cc t i a s l oa n in -n on -n o p1 tn-c h-o
asb o a m ,  I ’ll d - , . n-~’eca ” , h - . n - -s- , , o n t n - ’ c e  n-n- n - i ’ cn -n ; a t , ,  m u st  be i a n - c r o a n -a n -accJ  by n-n- n - n -  c h- or
o -
‘ n - in -on-i t c’. s - a n -  La o , ‘ c n n - i c ’ v c n -  n - i n - c  n - a n - -, . ic j o a  n- ’ air  produc Lion - : s -n - IC  in -r  t .n - O

n - . t n - t n - m  ‘ ,.c:’n-’, , , ‘u.n - , t n - u ”  t i n - n - u ,  u.n a- n - n - u n - -ce - n-n-c,’ I ,n - n -.’ot1] . (1 be n- .b out  70
inc or u i .~ lb i, i n-,~ on-  “ n o  o Lie por .~o o.n- 1 h - n -  1 icr  n-
n-,, n -e in - l i  1n -i , i l  source a-n- t’ r o n n - g t i t  s h o u l d  be 1 ‘~~) — In-Ui ) n-iiCrocur ie’..

,i O C u . , ’ u n - i C ‘eSi n-~

‘ I n - n - n -  o b o e  L a ” o , a i s - s  s - s n -  o cj , . t r ’s-l m n-i t . ,  a’-. t a m o n - a p l n c r i c  f i e ld  C a- r ob e s  u - a u ’  i.

-n -~~.1hi Ca on - :  t r e  e ly  s- i, - - i n - n - p u t ia u I . c ’ ( i ’ n- n - r n  c on -  b in -n - ed  a ,’it!r t in - n - ’ n - n - bi ll  t ;

to , . : n - n -  h - i n - n -  , n - i  12 vol  n~ge ~-j  , n- n - , 1n -n - . ‘ n- i C  o n ’fect ive  c o a ’~~1ixn - ,’ j r n p e d a n - n c e

o n -” a’ , n - i j o , , cti ’:c’ co i loc~~o r n - .in - n -~ Uo c ,r  o n -- n - i n -  : s - t~~d 1 , ‘~ t -, ‘ -‘ri on.ns v’ I nca -

r ’ a i ’ , i n - a ”, f r o a n -  . an - zo ~ ;n - o.n . n- . or t n - a ’ ’  1o~’ n - n - c t ’ i v i t y

‘ - h id  I c - I  c o l iu a ”'ct o” of n - . I n - e  p ’ s - a s -  en - I  dc’ n-n-n- i, , , n - n - n , it ,  SOCi  :5 ro a n -o n - n -  . ,b l an -  nn - o

-‘ a; u n - c  a-, cous-i : i n - n - t  i : n - -  s-i n-,an-co of 10 1 n - , ,n -  n- o~ lea ‘a . n- In - ils~ for

o pe rn -’ n -j o n - a  in - n -  n - I n - c  ~a o n-. s - n - n -  t i n - n - i  n o - i c  n - n  o n- - l a i n -  n - i n - a pa’ -an - n - I  l iI”icr  I n - n - p u t  s - I ,” ‘

,n - o n - i 1  I s - aa V O  a ’s - 1, in - ;p’an- i , a j n - !’ -.n c o  of lo i n - i  o . n . ’  a” '  ~ n - - s  - i c - n- - ’.

I s -  ci, ‘ca n - it an - con - jar, - t n - n - n - c  ‘ab o v e  cia- i n - - a n - - i a -  . n - a’n - s  b oo n - n -  u -  cc i

- u c c o n - s - fu l ly  U; c-n-- , ; n - - ad  O a r n a ;o n 10 , , n - ’
~

’ s -n - n -p l o )  i ’n , ,  - a i~~su l -  tC’: , ,a’ate

~I i a n - i I  e f f e c t  Er :  a s - i a” t o r  ( . n -  .1. ’, ,  n - )  in tan -c in-ipu In- an- t . - , e , t in e - ’  c laim to

ach i e v e  n -m n Inpu t ir.ipedn.’mn ce  i rn -  e n -n - c o n — s Oi ’ l O t -n- Os-i , . ‘inn-cia probe

ou t pam’h a is conin -oc tocI  ~irec  h-i ;  la o h -no g a s - t O  of n - n - , n - o  la’n- , - n - n - , i h I  . ‘ n- .

o’’e’”a r , s- in -n - c s -  t .,c ,,n t n - n -  I:’ in ’. vo ] t , r ’O i n - n -  on n - a l e s - i  m : j t , , n -  r e s~~~un - c  , ha

n - l e v i  cc bi’ an -- n--, ’ c i o ; . ’n-n - , a. , .cn- - n - a n - V C  i n-n - c o rp o ra-t e d  ‘: ,h-’codb .  c a n -  aa-’ ”'mn e’ s-n - ’ a.

: s - n - C . n -  t .n-n--t tan -c i n - a n - a n t  I , ‘.~~~
‘ is ~ n- n-’~b~~ean-i o n ly  to n - , n c  an-n- c n - n - l i  di

vo l t a  , , e b e t n - ’ o c n - n  t .n - a a -  p:-obc n - o L ’onh - I—.i n-n - a d  tn-as oa, n - h - ’ ’,n ha of tn - , c  ‘ s - n i t ;

in - n -  - n - i c c  n -a - -o : a c t o r  c i i ’cui tn- . h - I n - i  t n - n - e n - jr oa : t n - e rm: l C n - i t~ i a ’ n-c’ p ’I’O bC’ c o n - . - i  ‘- h a s - u I

o h’ a: p : an -. n-ivo co ”per a m e n - n an ten -n a n -n a ; , s-nd no ;,‘ln- arci r’i,n-, 3 n - n - o r e  (a a I ’ l n - .) ,n- un-

tue  ou t 1u t  volta-a,;c boin -ig’ n - app l ied  omi ly to t n - r e  i n - r u n - a m  n-n - 1. Ca, ‘. ‘ ‘or

rn-’,dj,on-’cti’n-’c colloc h-or of t I n - c m t ypo  proposed fo r  vu lrn ca ’r ,’a b i l i  1- i- ’r- n - n -~ i , n -  -

the feedback would be app lied to n - ln - e  g”u n-n-rci ri n -n - ;s a l s o .  i ,n c o r !’oan- t i n ,,,,

this ,iinor c l r n -n -an - i,,,c’ , n--i bloci: diagram of the  s ysto n  ma -ouhcl be ‘S - - , n - 0 ’ ,’]l

in n- ‘i n- ,,,i.iro 9n - n . In a p r ac t i cal  vulnerability sensor tine 0Ut;’n - m l t  fro  a

tIn-a high volta , ,e stan -s -n -c -iould be foci  to an ad j u s t a b l e  ; n - l u  s t n - n -  C.

‘inie dcts-ii~ of ,n su i tab l e  c ircu i  Ca arc n- 3nLOWfl in n- ’i ,~ .irc “U . , ‘hrc

three principal stages of t In e  a lec t r or i o tor  coupr i an-a c a pro ‘i np il n- ’a i c ’ 1
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a driver , and n-ui ou tpu t  stage.  The preamp l i f i e r  incorporates  two
IhI”h-T ’s, Qi and Q’- , connected as a source follower . fino cinarrn-ictor—

isticn-s of such at p aean -a m p l i f i e r  haVo been n - a n a l y s e d  by ~j n - a mr a i , d ‘ n ]

n-o cr ” - - . ‘ u P on - -  u . n - u n - n- n - e l y ,  t ino  p resent  a. an - u t hor  i t s -  a in - co in -  u t n - a ’b l  n - n - La o

o b t a i n  .1 cO pa’ oh ’  t n -c .’ ‘n - n - n - , , ]  )‘Si n-n . n - . o n - .’ s-’.’c.n - n-— , i t  i n - u  u rn -icr : ;  ,n - o o l Ps-or a b ,n -e

r ep o r t  of ‘n - e s -n - ,  - n - _ a 1 j a n n - n a ’ n-i n - n -  t I n - n - n -t u .s -c ’  - - I n  lg’n -~ i - ‘ n- a ,n - O l-I n-’ n - I t o pro’ ’  u n- a l ,~~ f in - - n - a ’

u ) n -,a n-, ’fli t vol. h-a n- n- h -n Can- ca’ - linear fun-n-c h - n - L o s -  o h ’  t ,n inpu t v o l t . ,  , e . - n -a

- i n - - i -n- - a ” - ’  n - a t  , , , us- i i i c l n - ’ n -’ c’ - n - a ”  n - n - n i , ,~~n- an- r’ :n- Q ’ n -  , .n- acj Q!n - . - n - t i n - n -  a n t , - -‘n- pro’.’ai P’

u . n - n a ’  r n -n -mi ’ on in -  , , .n - i~ t no  ‘ n-,a i r n - ’ai,l ‘n - n - n - drive n - u n -  n - n - ,j~ , ,.  a s - i  n- n - a c  n-n- a . a ’ , C . -

n - u n - i n - n -u t  a ’ h -,,a ,,,, s- i , a i a’ l a_n n- ’ c” n-s- n-a’ I nn-- an- c i t ~~~, , n -  ‘ ‘ a l - n - - n - ’’  tar n - a n - n - i a n - t o r a~~, I - ’ ,

s - i  Q; .  .‘s- ’n - n - ,n- .i. h - o n - ,’ h-~-~ 1. o ,: s- , ’ . , h - n - :u a ‘n-, :j n - , n - , cn - :- n- ’o l b o ’c ’ n-,’; ‘
,,,

‘n - i n - n -~~ .. , , - n - n , r h - I.n- ’ms- 7 ~ ~n- ,h - a ,  •p a”.n - n - - r ~~:- n- , a  Cs- ’ 1 - ,; ’ : : -  ;, c cur—cu ,’it I, ’ C I

n - -’s - n -j e~ ’n- ’n- ’, n-n- n- Or a O n-~ n - , t , n - n - i h- ‘ a7 n-~n-’ - c o , n , - ’la : . : n - ~ c u l l ’ s - a n - t a .  a - on - i l n -’Ci” .
‘c s n - n -  c o . n - d ’ u c n - , n - , a P a  ‘C s -,,, ,n - m n - 7  j o . n, , ’ r,n - a  on - n -  - - c i ” ’ : ’nj t ’ a ; i n n - 1 1 ’, n - ’  to

t n - a ’  n - C  u l e n - n - n - c r j b o c l  , ,Can - c,u ”,’o ho’ ,’ed n - h n - n - n - t, iI’on -” i n - a n - n - i t t  1 ’ a o t n - n - a a  h - i n - i n -  i n - n -  t he -  - - a n -  a”

5 — 2 ,5n - ’) ‘a’o l ham — , - : , s -  “ ' a n - i ’ s -v n-,’ol ’tn - a ;e ~‘n- -e arls-, - a n - e r o s - -’- tn - i n - C  i n -n -p u t  1’ . ‘ I’ - ’

‘-“ ‘n - ’i e a -  i ,~ on -n - l  ~ O ‘ n-i l l i;’ol  L a ’ .

n-d n-, ua’ a’ c ” ’, ’I o i r n - n - n -1~~ m i en - n  n - j o n - i n - - I  dj ffon-’e : i  t i n - n - i  d evj c c ’  deaai ’nocl b y

o n - n - i  ,n -h o r ’ - 1 is n - o n  t o’, ’. a n - n - t  r u o n - ’ o  s o p ln - i st i c s- t e c i  n - n - n - n -, I r  t i t a t  desc r ibed

n - - I n - a u ’n- ’e. - 0a :cn-v CF, ‘in - ;  ; a i i n - c i p n -  1 of opei” . n - i o n - n  ~~t is ve ry  n - muc h  n - n - . n - e  n - ; r , n- n - s -~~

‘ a d i f fc r en n - i a n -1 dev i ce  i t  c o n t a i n s  two sn - epn -~r : n-t c  e l e c t r o n-a c t o r

circuits; t u e  o u t p u t s  of n - m a i d . are fed in -n - p n - ar n -n - l l e l  i n to  di f for on - ’n - c i a r ,,,,

n-n-nd suralraiinL; n - ’ s i n i i fj er n -n -. ~ owcvor , if only one of tin -c e l ec t ron  m ot o r

c i r cu i t s  n--rere un-n -cd in conjunction with the difference amplifier

output sta’n- jes, tn -nc resuih-ing circuit sh ould be ideal for use in tine

proposed vulnerability sensor. ilsed in thi s m anner , t i re  second

input of t Ine  d i f f e r en c e  amplific r would be referenced to the syst em .n -

dTourld; n-i .e. i n - n - n e  r-ietal sin-eli of the helmet.

gin-n-ce the basic  e l ec t romete r  emp loyed in the differential

device is so well suited to the present application , a copy of

l:on-n-i~~ berg ’s detailed paper on its design and opera t ion  t ri l l  be

attached to this report. It is  understood via  private con,inn-nunica’ationr

t in-at the paper in-as ye t  to be publ ished;  the a t t a c h e d  copy having

been dup l icated from an internal  Johns Hopin-ins U n i v e r s i t y  report .

In comparing the h :onigsberg circuit w i t h  t in -at  ecn-p loyen-l  by

“org and Johnson , there are two fea tures  associa ted  wit !- tine foraaier

which render i t  more a t t r a c t i v e  os tin -c basis  for  the inpu t st a tges  of

a vulnerab i l i ty  senan-or .  I-’irst , tine I :oni , - ; n ---b en -- ,-; c i r c u i t  t ires-dy

inco rporat es  n-n-n ad j ust ab lo  gain amplifier permitting the full scale

r esponso  to var y  over a f i f t y  to one rn -un -g e .  Cont inuous  ~~~~~~~~~~~

adjustment could be ~,c1njevecI by r o p l an - c i t i g  th e  n - a i x  ‘i xen-i feedback
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LI I

ro s in -n - to n ’s by n-n- 00 Ko im potentiorn-meter in series with a 10 Kohi m

r e s i s t o r, ~ lano , in -n - t ij o  on± gsberg circuit thnc inputs of tln-o

S 
n- - i n - -  , ‘ s arc jiro~~oc L o I  frotn -m on-~ccssive inpu t c u r r e n t s  by the ir.clusion

On -’ -s- 1 ‘-.rgc rea ,in-;ta ’:nce in an-orates with tito input nodes. As addition-n-al

~r o toct i on  it  i-:ould sceta m reasonable  to pia.co at slain-n t of an-bout i09

oh-n o between h - h - n - c  c o l l e c t o r  arid the a-n -niolc,l of tine probe. :itn-:,in

hahn - c  (lOaaig’fl Vol . La ’; a.’ r n -~a l ; O  h -no la i g in ; a n - i n - i  of h- n - a ” inpu t CG. .  ( ~ 105)

would c an - u n - n - c  u.s -c a an r , a - ’e an - t  r e s i n - n  ha sn- ce  o~’ h-he ‘n - n - es - n - n t to be i,n- c - a - a m - o n - a n  of

lo l l  oh - s - n ;  i.e . n -n -over  P. o rde r s  of a n - , a ,~n-i h -u de ; ren - , -. t o r  t n - n a n - n -n L , n - C  in-robe

co.rta ’ct n--en-is h - - n - n - cc. n - n - n -  n-an -n - ovordr ivc .~ c on d i t i o n-n -, hon-:0vcn , n - n -no ‘n-..uat
C

n - n - o n - t i n -n- mn - v s - on - ac ,  i ’n - n - s ~e rn - ], v n - n - ]  n - nc.’ o h -’ I O ”
n- 

os-i n- . ~mn- ’ico t , i i n - , - ion --icr v in - n ’ ;
j o  Much ic-a n n-, n - a ’ ,; n - n -n- n-n - cont,,n-,c -- in pod -an -n - en , t ,ie co l l e c t o r  p o t e n - n t i n - ’, l

a ’oulua i oc gn- ’e ”~’c” a h - n - n - n - h  n-,”o, - n - -i n -al a: n -n -i ,ni f ica’n- n - i. tl y  n -abov e h a , . ,, in- o n-h-’ t n - n c

i n -n - n o ] ,  h - c d  , ,ro ’r:n- ’l .

- .ti ,’; , n- ,in on - n - h-_ re p s- a. of h- In -n - ’ i n - a , u L  n-
n- h-.. j a d e in - ir n -n -b i c  h a , ’, “ 0  f a’r

an-s-a n - h - j o  a l i on - n - a n - h i] c ic h n-n-n- e co .a  I n - n c  h - a  , ,n - cO U s - h - n - n - e o~” tn - h - , s- coi lau cton- ’ r n - rn - i  i ts-

3 , n -n - L C l n -,I is-  diroc  n-,i , pn - ’o p o i - h - i o i ; -n - ]  La o u.s -c s- i .n - .  ‘0 - chaha eve t i n e  h n - a ’ s i r e n -’l

n -pu t  in - n -p en - i  n -nec  o i o~~ o . n - n  n - n - n - i t n - n -  - - ‘ i n - n -  o ’ i ( ’n-~~~, the t o t - 1

los-h a - -c ’ co ’ n -d ’ic ha n - ..:cc an - i s- C ho i ( i - ho or lo a -~~. ,,~ ‘nic:n-i P n - n -’ n - n - n - p - n - u.

7~~( ‘ t s- : j n - ,’,’O j n -n - u n - .,t  c o n - n - d ’ n - c n - n - s - n - c e  o n -’ i O~~~ n - n~n - o.  C a n n r s , i t  aLa .n - O 1

. lj f fj c s - , i tn -  to ~~~~~~ n- a n - u i i 2 i c -~ ’n-- u . n  n - a n - un - is - fl ,, ha,.i nan- ’ n - mn - i s- n-n - mon t . 0’s- an-- ‘ n- n - ’ - ,

to n- n - a ’, i a a i n -  in - n -  h- ,,ha a, ion - ’ v.’, 7 . n- m n -a ’ o n-’ con - a - hn - r ct - n - - n - cc in-a n- .n-c a a r e s -n - ’. a r c  Cu ”

an-ccua ui  n - t o n - h  n - i n - ha “ha ci:. ian - a r  can - na - o n - n -  j.,a”;l.n-” ton - a ’  n- ’ , n - - ’ h- ’ . e n-n-- s of’ h - n - n - c ”  p”a ’n-,,e -

be u’n - uj t c  di m fj ca n - l  ha . I - fl h - . n - i s -  - in - ’obl e ’, n ’ -.n i s c n - a, i n -  c a n  in-c i i  n-i.anja,acn- , n- i.n-

n -h -n -roe n - a n -  y:n -~~ , a a aaan -oiy bn -n -’ n - h a n - n - c n n -,; a n - n - i , ,  ‘ nh -IC , ‘a n - ha. ; , by u n - s i . n -, :  n - o n - -c i , n h - -” I ’ , un-’

r -c l io”ct i ’- ’a n-n o n -.’,”cc to  ion -n -e r  t , e co n - n - n -  ,c h- I, n - p c  1- .n- n - ce , .,n - a b ‘n-n-- ,, CCC s-n -i

lover r a n -j o  of i ;n -j ’ a t  I a n- n - a~ n- n- n - n - ,, n - c c  to  co n - a  u. ,c i n - pa n - mn - In -  n - n - c e . .s-

accop t n -  h i - ” co n- b in -n -  , n - n - L o s - n -  on - h -  h a - n - o s - c  - n-a- ,n-n- ’ a n - m n - a ’ c  a a - . , o , ; i n -~ n - n - n , .n- ”, cn- u.s-c l i o n - , n - i n - n -

l e hn - a ,Tin- e coa n-duct , s ,c o  10 i.iCr ~ n - n - n - -n - e  by “an - n -  l n- n-a n- ’s -n n-n- n-s-n- n- o n - - C a i r n -’ oh-’ n- n - n - n - i  in - - n - n -  h - c .

f ian- ,i co n - a : O , : u .  ,abon -n -ha h - n - n e  , o n - , i  -bc’ ,,- - ci: -cn -n -ih - cn .n - c r a -:. a ’ L n-s-- - 
a ’a s - r

con-i’-u,,n-p haioal . n - . &  ) n - Zs-’ ”n-~~ n - n -  n - l O s- I  ,n -n - c onn -n - ’n - i , :C’ n- l~ ‘ ‘ at t n . ~~.- ‘.‘ n- ,. ’,

ch’~L’_ei ‘ ,,. n - u,n - n - , h - n - i, ,‘n-L g’m’’’a n -n -o t7, n- be c n - t n -  to - U n - u - i n - .  O.u.n- ‘, ~~~~ .

h -h e cs- n - a , n - n a  j ’ ;t i o’n- ’n sn- n o n - t i c ]  be n- ’r u l t m c c u l  ‘ui-~ n - e n -’ i n - ’  p o s - ’ ib i e . fl c ’ a ’ n - n -  in -a n - ’ ’

-n - n - n - c  n o n — o ’n - t i t iu n , n step—up i’ h a l o  of t a n - n - c m  n-am- s - n - a n -  fo i ’n n - en -  i n - n  t n - n - c ”  n- n - re ’  o n - n - la

do~ i n-n should be cor rec  n - n - cd .

c i r c u i t  oh- ’  h - h - n c ”  hon-nj ;cn-bc’r ,, t y p o  n- ’o’il, l pro ’t’ ici c ’  an- n - i o min - pan t- a : n - i c . n -

i s- n- . ’oil  sui tc i  f o r  u - c  a - n - ’  n-u v n t ln - r o r n -n - l ) i l i t y  n - s - n -i - n - t i  i n - n - , ,  m a c t o n-’ . l a o ,

tin-C adjustable gain -n- out pu t  f n - - c i j , j t a a- t e n - ;  i n - o h - I n -  cn -’n-iibr’- - t ion - r n-nd c s- i s - d i e

a~dJuca t i ion t n -a  to c o r r e ct  fo r  changes in - n -  the locarl , n-,tnno spn -ie ri c field.

on-rover, tin-ore is n-no a’n-utornrrtic gain control n- ’In -ic l r could be o s o r , n - t e n -~

in conjunction mu Ch a c or n -n -p e n n -n a t i o n  inpu t h- norm n-n- loc-,1 n-’n -t I i O r -l n -I ’tcrl C
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h-’iold m -~onj to r , ~ n- ’ n-~~r n --  ‘n~~toc1 n - it the and of ;oction ii, it is f r

f r on t  cor t - ’n in t n - i  at ‘m n - t o n i - n - t i c  co in -n -p omrs an -t ion  wi ll , be ronuj rod . ~‘ n - - i a n - ,’ ,
- - fin- :od ,;n i n - n - n- ”- c t t m n - n - g  brm sed upon the n - n - an t i c i p a ted f i e ld  s t r eng th  for
C O i n- ds-y u - i a n - ha ’ n-n-rove cuito mn-doqun-tto. .oirovor , if it should devolo’,

t m n - n - , h a ’JOr ’iO fora m of cori t’j u.n-uous correction-n- is rornuired , then i t  n - ’ o u lu i

scorn - tn - n - n -n -C n- inch am, correction-i could be included in tine designation

con-Ic en’mploycd by the inn-direct fire n-aaim iulator.
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RELATIVE VALUES OF COMPET ING SYSTEMS

A. DISCUSSION

In t e r n a t i o na l La ser Sy st ems , I n c .  is required to provide
analyses  of systems perf ormance and r i sks  and  systems t r a d e o f f s
as a part of Contract Item 0004. ILS has lumped these require-
ments together under the title “Values ” . System costs are
estimated separately.

The ourpose of the systems is training of trooos in the
avoidance and use of indirect fire. The positive values must all
be reflected in effectiveness in traininq. The pejorative factors
are :

• Complex i ty  and cost of acquisition and maintenance;

• Numbers  and costs of pe rsonne l  r equ i red  to operate
the sys tem;  and

• Negat ive  f ac to r s  in t r a i n i n g  e f f e c t i v e n e s s  such as:

• Unrealistic times between call for fire and del ivery
of effect;

• Unrealistic 
~k versus wea pon type and exposu re or type

of tarqet;

• Excessive inadvertent advance cueing by any system element;

• Inadecxuate audio or visual cueing -- a phychologica l  f ac tor
tha t is ha rd to evaluate ;

• Confusion of cues , for examole , use of the same snythetic cue
for direct—fire near miss and indirect-fire audio cue .

• Inadequate accuracy of placement of fire-effects simulation ; and

• Either excessive or inadequate area coveraqe of indirect fire
“ inc ident ” simul at ion .

Notably ,  the pejorative factors far outnumber the single
posi tive fac tor of e f f ectiveness in troop tra in ing . Howeve r , the
can cons ider several posi tive var iabl es , most of wh ich can only
be oredicted without initial field experience as suggested for the
“Concept Evaluation Program ” as fo l lows :

• Do troops react with suprise and consternation to an unexpected
audio or k i l l  s ignal ?

B— 3
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• Does the  v i s u a l  cue en gender the proper responses f rom troops
and t h e i r  commanders?

• Do t roop s behave in a more proper  and pos i t ive  manner  a f t e r
havinq been exposed to s i m u l a t e d  i n d i r e c t  fire effects?

• Is traininq in the use of simulation system devices (lasers ,
vi s u a l  cues , position—finding equipment) easy and is proficiency
n -n -uickl y acquired by men of o r d i n a r y  ab i l i t i e s?

Ac tu a l l y , w i t h o u t  some experience , it is possible only to
r o u q h l v  p r e d i c t  these  p o s i t i v e  va l ues in the li ght  of past expe r-
ience w i t h  d i r ec t  f i r e  s i m u l a t i o n  tes ts  which  have been l a rge ly
f a v o r a b l e .

B .  T lr - TH OD

In  Con tract  I tem 0002 , the m i d — t e r m  progress report , ILS
an -r -a rnoseai a scheme of assigning a numerical value to each system
based on the ane jorative factors on the assumption that the positive
facn-~ s-rs :ire n-i cien -a~~ite. This excluded costs which are estimated
ser: c n r s - t n -- lv .  ‘. c i n -n-h minor modifications , th is scheme is used in
n-~ n - - ’,’en- 1naa jr ’n - n -  ~he  following System Values Summary . The value assess-
ment scheme is repeated here for completeness.

VALUE ASSESSMENT SCHEME

The value assessment ratings described in the following
have been designed to give a figure—of—merit less than 1.0 for
any but a perfect system of simulation . The values are all posi—
tive and do not consider system acauisition or operating costs .
The rati ngs are no t necessari ly prooor tional to real values , but
rather an attempt to rank systems in terms of net positive values .
As a result , adding a favorable feature needs to be weighed agains t
its cost.

Value Assessment Scheme

= area fidelity factor (mm value 0.3)

FV = v u l n e r a b i l i t y  f i d e l i t y  f a c t o r  ( m m  value 0 . 3 )  a l l  f ac to r s

1.0 = perfect
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F,n- 
= p r o tec t i v e  measures  f i d e l i t y  f a c t o r s  ( m m  va lue  0 . 3 )

V
F 

- 

\
~JFA 

F
V 

F = fidelity value  ~l.

M u l t i p l y  by 0 . 5 0  if  not accompanied by l a rger
area  a u d i b l e  cue.  Make t h i s  f a c t o r  0 . 3 0  if
the  cue i f  not  d i s t i n c t i v e.

T
1 

Time from call of fire to execution of kill effects
factor , 1.0 if realistic , prooortionately less if
lonqer.

‘ 2 
= ~‘ n - i c t o r  for time from becinninca of execution of

k i l l  e f f e c t s  to comple t ion  of e f f e c t s  fo r  one
round . 1.0 if 2 sec . or less , proportionately
less if longer. Minimum value 0.02 if very long .

T
36 

= Factor for time from beginning of execution of
kill effect to completion of effects for 36
rounds , one target area/battery/cuer. 1.0 if
equivalent to 6 tubes delivery time , proportionately
less if greater . Minimum value .02 if very long.

= time from call of fire by F.O. to first
visual effect. 1.0 if less than 4 minutes
proportionately less if longer: cuer
displa cement required = 1 km.

t
2 

time f rom visual  ef f e c t  to second
visual effect: 1.0 if less than 3 minutes ,
oroportiona tely less if  longer. Displacement
required = 600 meters .

t
6 

ti me f rom call  of shell smoke s imulation to
completion of execution of 6 rounds coverage ,
assume 2 km dis p lacemen t needed. 1.0 i f 5
mi nu tes or less , proportionately less if grea ter .
Displacement requi red = 2 k m .
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2
T36 

K ~~ , , V =

( t i m e  v a l u e s)

T”:t,,’ n - l V a l u e  Score = V V~~ 
~‘n-

(This gives greater effect to kiji fidelity than to the
n-me factors)

Values of K , K
C V

Fl ,, Inadvertent cueing factor:

Mi ke K
~ 

= 0 .6 if v isua l  cuers m u s t  move about
in f u l l  view of t roop s look ing  toward
enemy . M ake K = 0 . 7  if they move
about onl y in ~ he r ea r  or i n t e rmixed
w i t h  t a rq et  forces .

= 1.0 if visual cue is f u l l y  v :s ib l e  f r o m  4 k M
with intervening trees close t o  cue , 0 .7  if
l i m i t e d  to 2—kM .
(a l l  back grounds , ira presence of smoke at same range)
0.5 if limited to 1—kM .

Multiply K
V

so obtained by 0 . 6  i f  no n i g h t - v i s i b l e  cue.

C. ESTIMATIO~—l OF VALUE FACTORS

The comp onents  of the “ f i d e l i t y” f ac to r  VF

• area f i d e l i t y  , F~n
-

• v u l n e r a b i l it y  f i d e l i ty , F
~

• Protective measures fidelity F

are  g iven  equa l  weigh t in V
F 

F
V 

F .

In ord er t h a t  any scheme which  works  at al l  sha l l  not have zero
u l t i m a t e  va lue , we t ake  a m i n i m u m  va lue  of each of these  factors
as 0.30 . (as noted previously, this analysis is merely a scheme
for  r a n k i n g  the system concepts in t h e i r  values as training sys-
tems . It  is i m p o r t a n t  tha t  the  r esu l t s  not  be i n t e rpr e t ed  as an
accurate , linear measure of value , but only very approx imate ly s o .)
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1. ~~~_~~ ,gt0rs

The RF mu ittlateration scheme , as envis ioned  w i t h  pr a c t i c a l
ba n d w i d t h s , wou ld  desi g n a te  a si qna l  decodable  area which  is some-
w h a t  l an e for most of the weapon t ’i~,n - e s .  In  others , the designation
poin t would need to be rapidl y s h i f ted to cove r a lar ge are a in
s e q u e n ti a l  s i q n a l  t r a n s m i s s i o n s . Because of t e r r a i n  contours ,
s i in a l s  o f t e n  wou ld  be rece ived  over a p a t h — l e n g t h  of p ropaga t ion
e :.n -ceedinq the  t h e o r e t i c a l  l i n e — o f — s i g h t , w i t h  a r e s u l t a n t  s h i f t  in
the  d e s i g n a t i o n — p o i n t  f rom the i d e a l .  These f a c t o r s  lead us to
as s ign  F

A 
= 0.5 , w h i c h  is somewhat  b e t t e r  than  the min imum f o r  the

RF system concept.

In Systems 1 and 2 , the  concept of “ A r ea ” is e n t i r e l y  syn—
thetic -— that is , laser operators will signal a certain number of
“ v ic t ims ” r e g a r d l e s s  of t h e i r  ac tua l  locat ion . We ass ign

= 0 . 3  = the  min imum .

In Sys tem 3, loca t ion  c a p a b i l i t y  of opera tors  a l lows  them
to use judgement in modification of the instructions of the SNCS . a
I f  t a rge ted  elements have evacuated the t a r g e t  area , no k i l l  e f f e c t
would be anolied. This leads to assignment of F

A 
= 0.4.

In System 4, with favorable aspect , the actual lethal area
is illuminated by the laser scan and area fidelity is good , but
often asnects may be poor . T h e r e f o r e , we a s s ign  F

A 
= 0 . 7 .  In

System 4—A , with an elevated laser , area fidelity will be excellent ,
but  locat ion accuracy may be somewhat less than  System 4 .  We
assirin F = 0.9. These values fo r En-

A 
for  Sys tems 4 and 4-A carry

through these systems w i t h  added v uln e r a b i l i t y- a s s e ss m e n t  subsystems
and separate distinctive audio cueing .

2 .  F
~~~

Fact or s

In t he  RF scheme and in System 4-A with high elevation
aspect of the  t a rge t  area , virtually every target element within
the desired area will be signaled. These elements are assigned a
value of F = 0.85, because they wi~~l be able to decode all weapon-
tyne signaYs and respond with the proper probability . System 4
is ass igned F

V 
= 0.75.

In sys tems 
~i 

and 4-A ( 1) ,  where this weapon-type decoding
is not done in troop equipment , but  ra ther  the p r o b a b i l i t y  of k i l l
is introduced by intermittent signals during scan , the vulnerability n-n- ,
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is a ~uncti on of d e n -  rn- ’ssion —ar a-n - I n - -  and c o n s i d e r a b ly  more or less
h i - n - t h e  - I ’u p u n - r  proportion of t a rg n - t  s may be “ k il l e d” . These  a re

a s s ig n - i t ’d  
~
‘
V 

= 0 . 6 5 .

3. F F a c t o r s
—p

I n  the f a c t o r s  f o r  effec tiveness of protective measures ,
Systems 1 and 2 do not offer any means of introducing the F~ f ac tor.
The y a re  assigned the minimum value of 0 . 3 .  In Sys tem 3 , the
o ff- ct of evacuation of a t a r g e t  a rea  in response  to fire adjustment
cues is e f f e c t i v e  and we assi gn F = 0.45. In System 4 and 

~ (l) 
the

effect of taking a prone or defiladed position is such as to reduce
the p r o b a b i l i t y  of i l l u m i n a t i o n  and so a f f e c t s  the 

~ k realistically .
We ass ign  F = 0 .6 0 .  In Systems 4—A and 4—A

(1) 
, the hi gh e levat ion

works a g a i n s t  t h i s  f a c t o r  and F~ = 0 . 4 0 .  When we add the vulner-
ability subsystem to these , we should get a great improvement in

and so we ass ign  F~ = 0 . 8 5 .  When we add the d i s t i n c t i v e  audio
cue , t h i s  is f u r t h e r  improved to 0 . 9 5 .  The F~ v a l u e  fo r  the  RF
s y s t e m  is a lways  very h i g h (provided  the v u l n e r a b i l i t y - a s s e s s m e n t
subsys tem is used)  and F~ can be t aken  as 0 . 9 5 .  T a k i n g  the  cube
root of the uroduc t s  of FA~ 

F and F we ob ta in  the va lue  f a c t o r s
VF for  the “ f i d e l i t y” va lue . p

4 .  Weapon-Effects Time Factors

The components of the weapon—effects time factor value , V
T~are the time from call-of—fire to execution of kill-effects sig-

naling T1, the time from beg inning to completion of single—round
effects , T2 and the time from beginning of kill effects simulation
to comple t ion  of 6 salvos of 6 rounds from one battery , T

36
.

We assum e here  t ha t  there  are a d e q u a t e  numbers  of equipments
and personne l f i e l d e d  and t ha t  they have adequate  t r a n s p o r t a t i o n
for the type of terrain (jeeps , motorcycle and the like , as needed)

For all of the systems considered T1 = 1.0. For all systems
except 1, 2 and 3 , T 2 can also be t aken  as 1.0 (see F igu re  B -l)
For the latter systems , the deliberate illumination of a number
of t a r g e t s  is u n r e a l i s t i c a l l y  l o n g ,  so we take  T 2 = 0.20. These
l a t t e r  s y s t n - n - r an--n- a lso have an e xt r ~’riro ly long t ime to e x e c u te  the
effects of 36 rounds over an ex t  i n - n d  od area , so we take T36 at t he
minimum 0.02. This very low value is taken because the operator(s)
moving  about  to achieve this effect would be very obvious and the
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t r ’ ai n i nq  v a l u e  is c o n s e q u e n t l y  very  poor . All other T2 and T36
n- . ’ duos are well within the limits required and are taken as 1.0.

5. cue Time Factors

~- ‘er  t h e  v i s u a l  cue and shell smoke simulation , us ing the
- -ommc -nde d schemes and again assuming adequately rapid transpor-

ta’ ion and the use of the recommended position—finding gear , a l l
of the t 1, t 2 and t6 values should be unity.

6. Inadvertent Cuein~ and Visual Cue
Visibility Factors K

~ 
and

For all systems except systems 1, 2 and 3 , the k i l l  cuers
can maintain positions relatively remote from targeted elements
and are not very obvious to troops doing their proper jobs. The
VisUal cuers need to be closer , they are equipped with smaller
dev ices  and a re  not very  obvious  un le s s  they  mus t  move forward
o: troops to place visual cues. We can assign a value of 0.7
for F< n-~ to all but systems 1, 2 and 3. In these systems , the “kill

-
~~~si-:Tnators

’ and visual cuers must both move about ; the former quite
ra:)idlv and very obvious -- a poor situation for good training .
To these we assign K

~ 
= 0.2. For the 4—A systems using helicopters ,

the no’,’onents and sounds am - - so very visible and obvious that we assign
K c = 0 . 3 .

assume here , a l so , t h a t  the v i s u a l  cue w i l l  he a w e l l —
d u - v e l o n - c-d round . However , the  a c t u a l  v i s u a l  and a u d i b l e  e f f e c t s
will be Tuch smaller than in the case of real rounds and in some
cases w i l l  not  be used in a way such as to s imula te  the real  f i r e s
(such as massed f i r e s )  . We assign a value of 0.7 to th i s  for  a l l
sy -~~ 

> ems .

The n , \ / K C 
K =  0 . 7  fo r  a l l  systems except sys tems 1, 2 and

3. For the latter ,\/K
0 

K
~ 

= 0.374.

D . RESULTS

The results tabulated in Table B-i show , from a traininq
\ ‘alue viewpoint , a clear performance for System 4 with full de-
coding capability and vulnr~rahil itv assessment with a separate ,
distinct audio cue . The Helicopter mode , System 4-A , with its
obvious inadvertent cueing, is relatively quite poor . System 

~ (l)’w i t h  the  u n m o d i f i e d  troop equipment and synthetic 
~k’ 

is notice-
abl y lower in va lu e than Sys tem 4 , but not extremely so.
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The cost f acto r in cho ice between Sys tem 4 (enhanced ) and
System 

~ (l) 
with a ratio of

0 . 5 5 5  
—

0 . 4 5 4  
— 1 . 2 2

will influence the choice which probably will have to be done
praqmatically.

Sys tems 1, 2 and 3 are quite low in relative system values
and not greatly less in actual costs because a great factor in
ove ra l l  costs is the cost of sys tem operation —— aporoximately
the same for  a l l  sys tems, except the RF multilateration scheme .
The latte r scheme has a r e l a t i ve ly  lower cost of oper ation because
kill-effects designators need not be fielded . However, the RF
system has a rather high cost of acquisition and maintenance ,
largely because it must be completely overlaid on the MILES system .
The RF system does have a quite good value factor , which is slightly
more than System 4 (enhanced) -

E. MODIFICATION OF BASIC VALUES FOR ADDITIONAL FACTORS

The variables not considered in the preceding analysis are:

• Night vs. Day visibility; and

• W e a t h e r .

Several things can be done to enable the systems to be
ef f e c tive ni ght and day. Weather conditions unavoidably attenuate
laser radiation , but have little effect on RF propagation. The
net m u l t ip l y i n g  f ac to r  for  the RF system thus can be taken as 1 .0 .
The laser systems are not of zero effectiveness at night , but the
accuracy of placement of Systems 4 and 4—A (all modifications)
is affected without some assistance by night—vision aids .

As noted by General  Tal (I s rae l i  Tank Commander in the
“S ix Day War n - ) ,  an act ive bat tl e f i eld is never rea l ly  dark because
of the number of f i res  tha t result  from many sources. This f act ,
coup led with the use of the new ni gh t vision goggles used typica l l y
for  nap of the earth (NOE) f l i gh t of he l i cop te r s  in low l ight
levels , a l lows an add-on set of components to (effectively) maintain
nearly full daylight effectiveness at night:

B-12
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• Night-vision goggles fo r  a l l  f i e l d e d  sys tem p e r s o n n e l .

• L o n g — b u r n i n g  s i m ul a t e d  “ b a t t l e f ie l d  f i r e s ” , t y p i c a l l y
an oil drum and burner using crude or refinery residual
oils as used by electric power plants .

This leaves the question of the weather. As noted , the
laser systems degrade as a function of atmospheric visibility .
R an ges become poor in fo g or snow and are degraded in r a i n .  It
thus  seems f a i r  to take a 0 . 7 0  ad d i t i o n a l  f a c t o r  for  the laser
systems unenhanced  by night vis ion  capability and 0.95 with it
for n i g h t  e f f e c t i v e n e ss  and 0 . 9 5  a d d i t i o n a l ly fo r  wea the r  ef fec t s .
Net f actors are :

• RE’ system : 1.0

• Enhanced  Laser Systems : 0 . 9 5  x 0 . 9 5  = 0 . 9 0 2 5

• Unenhanced Laser Systems 0.95 x 0.70 = 0 . 6 6 5

The value fa ctors for  the several systems , al l  f a c t o r s
considered, are summarized  in Table B — 2 .

Table 3-2. Value Factors for All Systems

System Vs

RF M u l t i l a t e r a t i o n  0.518
System 1 0.0745
System 2 0.0745
System 3 0 . 0 9 3 8
System 4 (Unenhanced)  0 ,3 16 5
System 4 ( V u l n e r a b i l i t y  Assess.  Added) 0 . 3 5 6
System 4 (V u l n .  Assess .  & Dis tinc t Audio Added ) 0 .369
System 4 (Vuin. Assess , Dis t inc t  Audio & N i g h t  Cap) 0 .501  2

System 4-A (Unenhanced) 0 .0 9 4
System 4—A (Vulnerability Asses . Added) 0.121
System 4-A (Vuin Assess. & D i s t i n c t  Audio Added) 0 . 12 6
System 4—A ( V uln  Assess . l  D i s t i n c t  Audio & Ni ght  Cap)

Nigh t  Cap) 0.170

System 
~~( l )  (No Vu ln .  Assess or Di s t inc t  Audio

Feas ib le )  0 . 3 0 1
System 

~ ( l )  (Wi th  Nigh t  Capab i l i t y  Added ) 0 . 4 10  3
System 4 A ( l )  

~~~ 
Helicopter—Borne) 0.086

System 4 A ( l ) (With  Ni gh t Capability Added ) 0 . 116
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C l e a r l y , from the viewpoint of value in training effective-
ness , the RF multilateration scheme is to be preferred , except in
hilly terrain where it is likely to be quite inaccurate. From the
v iewpo in t  of cos ts , it  must be remembered that the RF system must
be comple te ly  over lai d on MILES f o r  a l l  ta rgets, i n c l u d i n g  troops.
Fur ther , the developmental ri sks and costs w ill be h igh and an
es t imated  2 to 3 years would be requi red  be fore such a novel scheme
could be tested initially. The fully enhanced System 4 (not
helicopter borne) is not far behind in training value . It is well
within current state—of—the—art , and needs only minor modification
of M ILE S .

Without impacting MILES that is , not adding the vulnerabi-
l i t y  assessment and dist inct aud io cue , System 4 with night capa-
bility appears to have a value of about 80% that of the fully
enhanced sys tem.  I t  must be remembered , however , that this scheme
does not train troops to take individual protective measures and
the lack of a dis tinc tive aud io cue w i l l  be co n f u s ing .

The helicopter-borne system fares poorly because of the
severe inadver tent cue ing.  It is a fe asible mode , however , which
can be used in special circumstances.

B—14
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LASER WEAPON SIMULATOR - AREA KILL
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LASER WEAPON SIMULATOR - ARE A K ILL

A . OPERATIONAL CONSIDERATIONS

A simple way to effect an indirect—fire kill is to use a
laser in the ha nds of special oper ators in the f i r e  area to
tri gger a kL ll indication in the MILES system at the target.
This concept requires only a very limited number of operators for
the mechanized infantry battalion—versus—battalion exercise .
Appendix I deals with the deployment and use of the laser desig-
n a t o r .

The simulation fire message from the Net Control Station
(NCS) includes weapon code number (which identifies the pulse code
format) , weapon caliber and/or kill area dimensions and target
coordinates. The latter may be range and bearing when the opera-
tor ’s position is known by the NCS but could also be grid co-
ordinates (in which case the operator can visually identify the
target point and determine range , either by map or estimation , or
he can calculate range and bearing from his known position) .
Ther efore , essential data can be set into the laser as required.

The ope rator will always seek out the best van tage poin t
to achieve clear line-of—sig ht to target. An elevated position
is desired to minimize terrain masking and produce the desired
k i l l  area “ footprint” on the ground.

In addition to kill designation in a limited area , the
laser can also signal  a near miss over a larger area. A spec ial
code can trigger an indirect fire audio signal at the MILES target ,
r e q u i r i n g  only  the addi t ion of an audio generator  and simple cue
signal decode r to MILES.

B. OPERATIONAL RE QUIREMENTS

Operation within a company—size area and consideration of
increased masking at long range s indicates that 1 km is a reason-
able maxim um ran ge requ irement . Masking forces consideration of
short  ranges , say 0.1 km.

A desirable goal is to achieve the above ranges in weather
where the target point is just visible. However , it wi l l  be seen
t h a t  t h i s  is ~ design problem when coupled with an eye-safe laser
of r easonab le  d imens ions .

C- 3
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The weapons to be simulated are high explosive/frii qmenta—
tion rounds (impact and air burst HE) from 81 mm and 4.2 in.
mortars and from 155 mm and 8 in. howitzers , plus Improved Con-
ventional Munitions (1CM) such as multi-bomblet rounds from the
155 mm and 8 in. howitzer . The maximum letha l diameter (con-
sidering the equivalent circular area for unity kill probability)
f o r  these ro unds occurs  fo r  ex posed , stand ing troops and is g iven
in Table C—i .

The laser must be capable of simulating sirigla round or
vol ley f ire. The maximum number of rounds in a volley equals the
number of tubes in the mortar platoon or howitzer battery as
indicated in Table C—2 . The volleys may be delivered in the nor-
mal para llel shea f or in a converged sheaf or open sheaf as
defined in Table C—2 . Massed fire of several howitzer batteries
w i l l  be considered to fall in the same area as that for the single
battery .

The laser must produce a minimum of nine unique pulse
codes in the MILES code set to accommodate the following indirect
fires:

• Single round HE
Impact burst
Airburst

• Single round 1CM

• Volley HE
Impact burst

Para l l e l  sheaf
Converged sheaf

Airburst
Para l l e l  sheaf
Converged sheaf

• Volley 1CM
Pa ra l l e l  sheaf
Converged sheaf

Appe ndix N discusses the decodin g of these codes at the target to
produce the correct kill probabil ity 

~~~~
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Table C — i .  S i n g l e  Round Le tha l  Diameter
(Against Exposed Troops)

Lethal Diameter
Round

(— meters)

81 mm HE , airburst 16

4 . 2 i n .  HE , a i r b u r s t  21

155 mm HE , airburst 32

8 in .  HE , a i r b ur s t  40

155 mm 1CM 106

8 in . 1CM 158

Table C-2. Volley Fire

Weapon Parallel Sheaf Converged Sheaf Open Sheaf

3 ea. 81 mm 100 in x 50 in 50 in x 50 m 200  in x 50 in

4 ea. 4.2 in. 200 m x 50 m 50 m x 50 m 300 m x 50 m

6 ea. 155 mm 300 m x 200 m* ** 250 m x **

4 ea. 8 in .  ** ** 240 m x **

*Nominal area of battery emplacement.
**Data not available.

C-S
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The kill area for sing le rounds is a function of the code
(that is , type and fuzing) and caliber of the round . The k i l l
area can be implemented as an equivalent circle or square of dimen-
sions consistent with the 

~k 
level chosen.  For vol ley f ire it

should be adequate to limit sheafs to the parallel and converged
cases. The sheaf coverage varies with caliber and number of
rounds. Converged sheaf coverage can be adjusted to be consistent
w i t h  ass igned  round

Therefore , the laser must be capable of producing varying
kill coverage. Manual setting of kill width and depth is indica-
ted for the more numerous conditions of volley fire , but automatic
s e t t i n g  f o r  s ing le  rounds is des i r ab le .  A reasonable s imula t ion
is to produce the coverage relative to the laser sighting azimuth
(as opposed to the weapon firing azimuth)

The kill volume must also consider target heights of 0 to
2 meters  (prone or standing troops , vehicles , and the like).

Near miss cueing should cover the kill area plus an appro-
priate additional area. A reasonable value is an additional ±100 in
in width and depth.

The laser must produce the MILES 40 x 10-6 W/cm2 detection
level signal at the desired range and be eye safe at all ranges.

Optional hand-held or tripod operation is desired.

The battery pack must be replaceable in the field and
should be sized to support a heavy fire engagement of the two
mechanized infantry battations in the exercise.

The ammunition load for each mortar and howitzer is about
150 rounds.  Cons idering the most probable case of salvo f i r e by
each mortar platoon and each howitzer battery , the max imum number
of salvos per battal ion for a heavy f ire engagement is :

150 x 3 = 450 for the 3—81 mm mortars

15 0 x 1 = 150 for the single 4 .2  in .  mor tar platoon
15 0 x 2 = 3 0 0 k  ‘ ‘for the 2 to 3 howitzer batteriesx 3 = 450~

900 to 1050 to ta l  salvos per battalion

C-6
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Appendix  I discusses the use of 5 laser operators  per battalion.
The average  n umber of salvos per operator  for  t h i s  worst case
fire situation is:

900 to 1050
5 = 180 to 210 salvos per operator.

T h e r e f o r e , the laser  ba tt e ry  sho u ld provide 200 s imula t ion miss ions.

N i ght opera t ion  must be cons idered .  Obviously  a n i g h t
v i s ion  device is requi red  at n i g h t  and can be t reated as an
a t t a c h m e n t .

Extension to use in a helicopter should be considered for
increased mobility and vantage point.

C. DESIGN CONCEPT

The design concept is shown in Figures C—l and C—2 .

A laser design which is eye sa fe  at a l l  ranges r e s t r i c t s
powe r ou tpu t  to r e l a t i v e l y  low level (when compared wi th  megawatts
available f rom N d : Y A G  l a s e r s ) .  This  considera t ion, p lus  the need
for hi gh pulse rate and lightest possible weight , indicates the
use of a GaAs (gallium arsenide) diode laser.

The low power also restr icts beam s ize  at the ta rge t  to
small dimensions compared with area fire requirements , and th is
in turn indicates the need for beam scanning to cover the required
kill/cue areas.

To maintain maximum possible beam size at the target , in
order to minimize scan time , require s beam “ zoom ” control. Also,
a high power GaAs source is necessary to produce the largest possi-
ble beam size in or der to mi n imize scan time fo r the larger areas.
A un i form extended source of eye saf e radiance is produced wi th
an optical integrator . Use of an ad justable  ir is  a t the source
also allows smaller beam selection when requ ired for small area/
low aspect situa tions.

Scan control is complicated by variable laser height above
the target area;  —— that is , the greater the height , the larger
number of elevation scan bars required to cover the kill area.
Also , at the low aspect angles  to be encountered , the a n g u l a r
extent of elevation scan is not symmetrical about the center aim
p o i n t .

C-7
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The advent of the microprocessor has made it feasible to
produce optimum s c a n n i n g  and beam d ive rgence  as well as perform
code and s ing le round kill area look—up in memory. A micro-
processor is incorporated in the laser design to perform the tasks.

A depression ang le sensor in the laser allows automatic
setting of elevation scan limits for the given range and kill (or
cue ) depth , assuming level terrain in the target area. In addi-
tion , manua l override and sight display  of kill scan area al low
the operator to adjust coverage if desired to allow for terrain
v a r i a t i o n .

Kill scan and selected code pulsing starts at depression
of thL- fire button. The laser automatically transitions to cue
scanning and cue code pulsing. Scanning and pulsing terminate
a u t o m a t i c a l l y  when the cue area has been scanned.  Each new
miss ion  is preceded by a m a n u a l  reset ac t i on .

The s igh t  does not requ i re  m a g n i f i c a t i o n  for  t h i s  miss ion ,
wh ich  is also cons is ten t  w i th  ach iev ing  wide ang le v iewing
necessary for viewing the laser scanned areas at short range.
The sight includes:

• S i g h t i n g  c r o s s — h a i r s  and s t a d i a m e t r i c  r ang ing m a r k s ;

• Nagnetic compass bearing ;

• A z i m u t h  and e l e v a t i o n  k i l l  scan l i m i t3 ;  and

• Lasing indicator.

The weight of the laser exceeds the 2 lb limit normally
associated with hand—held devices ( such  as , b i n o c u l a r s)  and the
configuration shape and weight distribution are not amenable to
a shoulder configuration (such is , rifle or bazooka type) . The
selected con fi-iuration is a rnc) cic r~1te1y sized “box ’ , carried and
aimed with attached handi ns , and using an intearal , telescoping
monopod to support the ~n-.- - I - ; ht . Tht~ moderate weight of the laser
( 10 lb)  p e r m i t s  easy  h a n d l i n g  and f 5~st s e t — u p  of che monopod .
A headres t  is used to enhance  a i m i nq  s t a b i l i ty .  V t i l i z a t i o n
should be easy , fast , flex ibl n~- and a c c u r a t e .  An optional tripod
mode is also a v a i l a b l e  s imp ly by removing the monopod and attach-
ing the laser to a tripod.

C-i4
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D .  LASER DESIGN

1. GaAs Source

Ana lys i s  has shown that a 1 kW pulsed GaAs source is re-
quired to achieve satisfactory scan time for the large area ,
volley fire simulation. This is the most powerful source avail-
able from the leading supplier of GaAs diode lasers , Laser Diode
Laboratories. This source consists of an array of 110 diodes as
described in the data sheet of Figure C-3. Figure C-4 shows the
source configuration.

To produce a circular , uniformly emitting source , a clad
g lass rod w i l l  be added to the c o n f i g u r a t i o n  of Figure  C-4 .  The
rod w i l l  have a d iameter  of 0. 260  in .  to match the source diagonal
of 0 .255 in .  and al low some posi tioning tolerance. Rod l eng th
w i l l  be 2 . 6  in .  By means of total  i n t e rna l  r e f l ec t ion  th is  opti-
cal integrator spreads the source energy evenly over the exit
face and also produces a symmetrical radiation pattern . (The
integrator preserves the input angle of each ray relative to the
face normal , but can rota te  it to any posi t ion about the normal ;
in this manner rotational mixing of the inherently non-symmetrical
GaAs radiation pattern produces a symmetrical pattern.)

2 . Beam Forming Optics

a. Op t imiza t i on

The requirement is to produce 40 x 10-6 W/cm 2 at the
designated range. The governing equation is:

(P K T TA)/[1T/4(Ra )
2] = 40 x 10 6 (1)

where
= source power 10~ W

K = dera t ing  fac tor  for  high PRF and high temperature
= 0 . 6 4  (See F igure  C-4 for  maximum rating PRF and

Tc = + 5 5 ° C . )

= power co l lec t ing  e f f i c i e n c y  of the opt ics  (see
Fi gure  C — 5 )  , i n c l u d i n g  f/ l O  cen t ra l  m a s k i n g  for  eye
s a f e t y  (see pa ragraph  D . 2 . d )
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PACKAGE: COPPER BLOC K f CLA SS:
~~~~ ~~~~~~~ 

Structure TYPE L04 10

D E SC R I P T I O N :  Room temperature GaAs laser diode array mounted on copper heat sink
which is designed to interface w i t h  a flat surface. The copper heat sink can be
ta ilored to particular system size requirements. rsolated electrical terminals
are provided on the heat sink . The five port array consists of 110.9 mu GaAs laser
diodes in 10 paralle L 11 diode stri ps a ssemb led i n a V staircase on the heat sink.
The source depth is ,240 inch . ______ ______ ______ _______

CHA RACTFRISTICS :TC 27°c; f = 1 1~IZ; t~ 130 ns M m .  Typ . Max . U n i t s

Peak P~~er Output at ‘FM - 40 amp 
~
‘pk~ 

1000 1150 W

Threshold Current (Ith ) 6 10 20 A

Forward Voltage at 1FM (Vr) 150 V
at 50 ma 27 V

~nission Wavelength (,~
) 905 nm

Spectral width between 50% Peak Intensit y Points 2.5 nm

Half Ang le Between 50% peak beam in tens i ty  points
Plane normal to junction 8 degrees
Plane parallel to j u n c t i o n  7 degrees

E~nitting Area ______ 
70xl90 ______ 

mils

MAXIMUM RATINGS:

Peak forward current at To = 2 7 ° C (I FM) 40A

Max . Pulse Duration at T0 27 ° C T~~~ 200 ns

Repetition Rate at Tc — 27° C, I F~~ , T~~~~ 1 KHZ

Duty cycle at Tc 27 ° C 0.02%

Storage Temperature range -196°C to + 10 0° C

Operating Temperature range -196°C to + 75° C

Typ ical peak power outpu t VS . Total peali radlar l t h u e  vs . peak for-
pulse repetItIo n rate ward current

P U L ~~E L J R A T ~~~N T ~~- i 3 O N S

- $O n - $  NA R RATi NG -

! — -
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

_  _ _  1li ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1~~~~~~~~~~~~~~
I CD 00 20 30 40 50 eo 70 BO 90 00

PUt. SE REP E T I T I O N  R A T E  IKN ~ P E A K  F O R W A R D  C U R R E N T  I F P E R C E N T
OF M A X  R A T E D  F O R W A R D  C U R R E N T

~I ç~~ A T 2 7 C

F igure  C-3 .  GaAs Source Characteristics
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T0 = optical transmission = 0 . 8 3  (see Table C—3)

TA = atmospheric transmission

R range cm

= beam divergence radians
= d/f = d/D(f/s)

d = source d iamete r

f = lens focal leng th

D = lens aperture diameter

f/ # = f/ D

Table C-3. Optical Transmission

Optical Integrator 0.96

Folding Mirrors (2) 0.96

Lens 0.96

Gimbaled Mirror 0.98

Window 0.96

Total 0.83

The resul ting perfor mance equa ti on can be wri tten :

R
2
/TA 

(13.28xl0
3
)M5 D

2 
L

1 
(f/4~)

2 
(2)

38 .76x 1o E 
D
2 

~~ 
(f/%)

2

where
M source power density

= P/(~ /4 d2) = 2919 W/cm
2

To maximize  pe r fo rmance , the above equation shows that the term D
2

and i1 ( f / ~~)2 rust b1 maximized.
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Tne lens aperture diameter , D , is constrained by the de-
s i re  for  a r easonab le  hand-carried and hand—aimed configuration.
A r ea l i s t i c  m a x i m u m  is :

D = 4 in . = 10.16 cm

The power  c o l l e c t i n g  e f f i c i e n c y  ( r )  of the opt ics  is a
function of f/t as shown in Figure C—5. This figure was obtained
fro;i actual measured data for single junction , 3—junction and
4-junction GaAs sources , all in close agreement. Note that the
Jata are more conservative than vendor data. The value of

is shown in Figure C— 6 as a function of f/#. This figure
shows that an f/~ of 3 to 4 provides optimum performance. The
smaller f/ c  r e s u l t s  in the smallest configuration and largest
infinity-focused beam divergence (for fast scan). Therefore , the
selected va lue  is f/ ~ = 3 , r e s u l t i n g  in :

= 3.1

The optical integrator described in paragraph D.l. provides
better than f/ 3  col lect ion of the 1 kW GaAs power , and t h e r e f o r e
the f, 3 lens collection efficiency is the limiting factor.

The performance equation (2) therefore becomes:

R
2
/T

A 
= l.24x101° cm

2 
(3)

For the 0.9 ~m wavelength , atmospheric attenuation is given by ’:

—2.4 R/V 1 0
T
A 

= e

where V1 0  = vis ible  range of 100% contrast objects (against sky
background) . For the desired V 1 0  = R, TA = 0 . 0 9 0 7 .  In t ha t  case:

2 10 2
R = 0 . l l 2 x l O  cm

R = 0 .3 3 km

‘McC lat c h e y ,  e t . a l . ,  “ O p t i c a l  P roper t i e s  of the Atmosphere ’ , AFCRL ,
A D — 7 S 3 0 7 5 , Aug.  1972.
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Therefore , a GaAs laser optimized for fdstest possible
scan of the larcje volley fire areas (that is , emp loyinq the high-
est power GaAs array available) falls short of the desired
visibility—limi ted p e r f o r m a n c e  at 1 km. In fact , the 1 km ranqe
re-luires better than 10 km visibility (see paragraph E.2.). If a
lower power (100 P maximum ) stacked diode laser were used , thi --
source power density , M5, would be 10 times greater than f e r  the
higher power diode array . Therefore , equation (3) would produce
1Th time s greater range , but equation (1) would produce 1 1 0  t i me s
less beam divergence , which would produce as much as 10 time s
greater scan time . (This is a result of the iI O times less h - ~u’
hei-q ht f o r  elevation bar scan and /10 times less azimuth scan rate
allowed for the smaller beam.) That is , there is a tradeoff be-
tween scan t ime and range. But even more important is the fact
that the 10 times greater source power density produces a single
pulse radiance that exceeds the single pulse eye safe radiance
level for extended sources (see paragraph E). Therefore , in
actuality the source power density cannot be more than 3 times
greater than that of the high power array , resulting in ~~ times
oreater range at the expense of up to 3 time s greater  scan t ime
(and because the eye safety criterion becomes more restrictive
with longer scan time , the range improvement can be even less).
The selected design has minimized scan time at the expense of
some additional range capability in reduced visibility.

Actually, the V1 0  = R criterion is overly conservative. A
more realistic visibility criterion is that the operator be able
to discern normal terrain features of about 25% contrast. The
atmospheric attenuation for this V0.25 = R condition is:

— 2.4 R/V
1 0 

—2 . 4  R/ 1 .54  V
0 25

T
A = e = e

—1.56 R/V Q 25
= e  ‘ 0. 21

I

as discussed in paragraph E.2. Therefore , a nore realistic visi—
b i l i t y — l i m i t e d  range is:

R = 0 .51 km

The performance analysis in paragraph E.2. shows the longer ranges
wh ich resul t fo r  V

0 25 
> R.

C - 2 2
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Summariz ing , the optimum optical design is:

Aperture = D = 4 i n .

Focal length = f = D ( f / # )  = 12 in .

b. Beam Adjustment

When the laser is infinity—focused (optical integrator
ex it face  at the focal  plane ) , the beam divergence is:

= d/ f  = 0.260 
= 0.0216 radian = 1.24°

This produces a beam diameter of 21.6 meters at 1 km range . This
large beam diameter is desired for fast scan of the large areas
associated wi th arti l lery volley f i r e .  However , at short ranges
the beam d iameter becomes small.

To pe rmit a larger beam at short range the laser employs
defocusing . This is ach ieved by moving the source toward the lens.
Figure C-7 shows how the collection angle of the optics defines an
apparent source diam eter at the focal pl ane wh ich def ines  the beam
divergence angle. Symmetry of the source radiation pattern ensures
a circular apparent source and therefore a circular beam .

Equ at ion ( 1)  shows tha t maximum a l lowable beam d iameter
(Rc) at any range is determined by visibility (actually TA) - To
provide the minimum scan time permitted by visibility, the micro-
processor calculates the maximum defocus setting for input visi-
bility and range. The operator manually sets defocus to extinguish
an indicator in the sight. If a smaller beam is required for kill
area definition , the microprocessor also solves for that condition ,
and the indicator will not extinguish until that condition is met .
If the beam mus t be less tha n 0.02 16 radi an , an ir is provided at
the optical integrator exit face is brought into play (after minimum
defocus sett ing has been reached wi thou t  ex tingui sh ing the s igh t
indicator).

c. Beam Power Dens i ty  Distribution

The fo cused condi t ion produces un i f o r m  beam power dens ity
because the source is uniform . However , the defocused condition
produces non-uniformity. As indicated in Figure C-7 , erich radiating
poin t of the actual sou rce becomes a blur c i rc le  a t the apparen t
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defocused source. The resulting power density distributions of
the apparent  source fo r several defocus cond it ions  are shown in
Figure  C -8 a .  (These are f i r st order approx ima tio n for  un i f o rm
beam pattern.) The power density of an equivalent uniform source
hav ing the same diame ter as the actual apparen t source is shown
in Figure C-8b for two defocus conditions. The effective diameter
of the actual apparent source is seen to be approximately 70% of
the actual diameter; that is, the e f f e ctive beam d ivergence in
the defocus condition is only 70% of the full beam divergence.

d. Lens Selection

A sing le spher ical su r fa ce lens is limited by spher ical
aberration to a blur angle of:

0 . 0 6 7= rad ians  = 2.48 mr , for  f/ 3
(f/#)

A doublet lens can reduce this by a factor of 5:

= 0 . 5 m r

The l a t t e r  is consistent with the smaller beam requirements as
well  as good defocused beam def ini tion.  The refo re , a glass doub-
let lens w ill be used .

Several a l te rna t ives  were considered. A spher ic Fresnel
lenses have been inves t iga ted  for  GaAs li ght co l l ima t ion  in the
past and were found to produce an undesirable coarse ring pattern .
Plas t i c  lenses have border l ine  q u a l i t y  when good b lu r  p e r f o r m a n c e
is desired at f/3 and 4 in. aperture . A spherical mirror is a
suitable alternative , but requires greater packaging volume .

The optical path is folded as shown in Figure C-i to
ach ieve a good laser co n f i gura t ion .

For positive eye safety the central 10% of the lens is
masked , making it impossible to see the GaAs diode j unc tions
direct ly through the f/ l0  optical  i n t e g r a t o r .  On ly  the u n i f o r m
powe r density at the integrator exit face could be seen by an eye
at the lens.

L
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a. SOURCE POWER DENSITY PROFILE

1.0 - -

0.5 - 
~~~~~~~~~~ 

1.5 :1

1

0 
~4~~~~3~~~~2~~~~1

1
0 

~~~~~~~~~~i DE:ocus

RELATIVE SOURCE RADIUS

b. EQUIVALENT UNIFORM BEAM VERSUS ACTUAL BEAM

v-i 

\cT~~~~

-1 .0 0 0.67 1 .0

1.0 — 1 — _ _ _

4:1 DEFOCUS

-LO 0 0.71 1.0

RELATIVE BEAM DIVERGENCE P3192

Fi gure C—8. Defocused Power Density Distributions
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3. Gimba led Mirror

S c a n n i n g  of the laser beam is achieved with a g i m b a l e d
mirror as shown in Figure C-i. The outer g imbal provides the
large azimuth scanning required for volley fire , wh ile the inne r
gimbal provides the limit d elevation scanning required by the
low aspect ang les. Note that the conical beam produced for all
source defocus and iris settings is immune to the optical axis
rotation produced by the azimuth scan.

The gimbal incorporates DC torquers and potentiometer
p i c k o f fs  in each axis to achieve position control. In addition ,
t h e  a z i m u t h  a x i s  incorpora tes  a tachometer  to provide  ra te  feed-
back.

— IL-chanical caging is not necessary . Soft stops are pro-
in each axis to prevent damage while transporting , and the

U e r r -~Jn e r~t-magnet torguers are short—circuited to provide heavy
Jamping.

4. Electronics

The top level electronics block diagram is shown in
Figure C-2.

a. Controls

The controls are shown in Figure C—9 and the configuration
drawing of Figure C-i. Control operation is as follows :

(1) Set weapon code on the code thumbwheel switches.

(2) Set weapon caliber on the caliber switch (for single
rounds only) -

(3) Set target range on the range potentiometer.

(4) Set kill area dimensions on the volley ~‘ill width and
depth potentiometers (for volley fire onl y; fnr single
rounds , set potentiometers to ‘ single round’ , that is,
zero position) -

NOTE : The above four commands , plus the taroet .
azimuth (or target grid coordinates) , con-
stitute the fire message from the FDC .

L 
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(5) Approximate visibility is set on the visibility
potentiometer (will normally require only per iod ic
update).

(6) Verif y that the beam iris control is set to maximum
and that the elevation scan angle thumbwheel poten-
t i o m e t e r s  are in the center detent position.

(7) Switch ~-c-we r on when ready to sig h t .

( 8 )  Using the sight compass display , aim the laser at the
assigned azimuth and at a ground point whose estima ted
range is the assigned range (or aim the laser at an
identified grid coordinate point).

— ( 9 )  Press the data entry switch. (This allows the micro-
processor to solve for optimum beam size and scan
ang les .)

(10) Adjust the beam defocus control to extinguish the
sight indicator. (This sets the maximum possible beam
size allowed to maintain required signal power density
at the target range.) if the indicator does not
extinguish for minimum setting of the large beam con-
trol , remain at minimum setting and shift to the beam
iris control , ad jus t ing unt il the indicator exting uishes.
(This  sets the maximum beam s ize  consistent with single
scan bar coverage of the kill area.)

( 11) If the elevation kill—scan coverage displayed in the
si ght does not look cor rect because of target  area
terrain slope or terrain variations , the upper and
lower e leva t ion  l i m i t s  can be ad jus t ed  independent ly
with the thumbwheel elevation control potentiometers.

(12) Establish precise aiming on the target point and de-
press the fire switch. Maintain aiming and fire switch
depression until the pulsing sight indicator extin-
guishes.

C — 3 l

--- -- — - — - - - - - - -  - -5 - -



_______ — 
-~-1_-5-r_

__ -

b. Beam Divergence Sensor

Beam divergence anqle is given b y :

I = -~~ ÷I D

= 
d 1 

____

- ~~~~~~~~~~~~

f

wh ~ re
= beam ang le produced by the source iris diameter

when the system is infinity—focused 
~

- D 
0)

&
D 

= beam angle produced by the f/3 collection ang le
when the s y s te m  is defocused

d
1 

iris diameter = 0.2 6 0  in . maximum

ID 
= de focus  d i s t ance

f = focal length = 12 in.

T h e r e f o r e , app rop r i a t e ly  s c a l i n g  the po ten t iomete r s  which
pick off d1 and and summing them produces a beam angle sen sor
(see Figure C—9) - This analog summing avoids the necessity for
input of both d1 and 9 D to the microprocessor , which would exceed
the 8 channel capability of a single multiplexer in the micro-
processor in p u t  i n t e r f a c e .

c. Microprocessor Input Interface

Fi gure C-9 shows the microprocessor interface.

The code and caliber switches provide binary coded decimal
(BCD )  output in order to interface with the 8—bit data bus of the
microprocessor.

The analog data from the various control potentiometers
are converted to 8-bit binary data by t he  a n a lo g — to - d i q ~~ta1 (A- - ID )
converter. Also undergoing A/D conversion are the analog data
from : 1) the beam divergence sensor; and 2) the depression angle
sensor .  To u t i l i z e  o n l y  a s ingle  A D  converter , switching of the
analog inputs unde r microprocessor control is employed . The A D
c o n v e r t e r  is a single integrated circuit ( I C )  and the anaiou switch
(multiplexer) is a sing le  I C .
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Three discrete signals are also sent to the microprocessor:

• Data enter command (initiates computation cycle)

• Fire command (initiates scan cycle) ; and

• End-of-bar-scan signal (provides necessary data to command scan
cycle)

d. Microprocessor

The microprocessor is an Intel 8080 system. All elements
snown in Figure C—b are i n d i v i d u a l  ICs .

The heart of the microprocessor is the central processing
unit (CPU) which sequentially fetches program instructions from
the permanent memory (the ROM - Read Only Memory) and performs those
instructions. The CPU can perform a large list of instructions
and provides internal data storage registers to facilitate opera-
tions. External temporary storage is provided by the random access
memory (RAN). The ROM and RAM are addressed by the CPU with a
16-bit address bus. Data flow from the ROM and to and from the
RAM is on the 8-bit data bus. The CPU interfaces to the data bus
with a system controller IC. A crystal driven clock generator
p rovides the 0 .5  ~s clock cycle for the CPU.

The data bus interfaces to data inputs and outputs through
i n p u t/ o u t p u t  (I/O) ports. The ports are addressed by the I/O
decoder , the function of which is to decode the I/O port address
on the address bus and provide a discrete on/off signal to the
addressed port . The I/O ports st--ire data until re-addressed.
The system contr ol ler gener ates inpu t and output commands on a
single line running to all I/O ports. This additional address
al lows the same add ress on the address bus to address both an inpu t
port and an output port , thereby minimizing the number of I/O de-
coder s needed.

The basic program sequence is shown in Figure C-il.
Figure C-12 shows the program in the form that will be implemented.
Only two simple software arithmetic routines are required --
multip lication and divide . Details of the program are discussed
as follows :

C—3 3/34
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~ 
INITIAL IZE AT POWER-UP

_ _

I 
SET GIMBAL AZIMUTH AND
ELEVATION COMMANDS TO ZERO .

4
~ 
RECEIVE DATA ENTER SIGNAL I

4

I 
LOOK UP THE MILES CODE CORRESPONDING TO THE’
INPUT WEAPON CODE AND OUTPUT TO THE PULSE
GENERATOR . I

4

I 

IF KILL AREA IS SET TO SINGLE ROUND, LOOK UP THE 1
KILL RADIUS (rK) FOR THE INPUT WEAPON CODE AND
SET KILL AREA HALF-WIDT H AND HALF-DEPTH EQUAL TO J
rK. I

0 
_ _  _ _I 4

_________________ 

~ COMPUTE MAXIMUM BEAM
~ OUTPUT ON ANGLE AND COM-

1SIGNAL TO THE 
PARE TO ACTUAL BEAM ISIGHT INDICATOR 

~ ACT~ I
ACT > ~~~~~~

[jCOMPUTE 
EFFECTIVE SCAN BEAM ANGLE (

~ s )
~ 

STORE1

AND LOWER KILL
SIGNAL TO THE COVERAGE ANGLE (EKUC ; EKLC )
OUTPUT ON 

~ 

~~~MPUTE UPPER

SIGHT INDICATOR

~~~~~~~~~~~~

AND UPPER AND LOWER KILL -

SCAN GIMBAL ANGLES (E KUS; E KLS) I
EKIJS EKIS < 0?

(i.e., IS TUE BEAM ANGLE

BAR SCAN?) 
N SINGL~~~~~~~~

_
~
’

~ ~:TOO LARGE FOR EVE

P3~96 —
~~

Figure C—il. Basic Program Flow
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_ _ _

OUTPUT OFF SIGNAL TO THE
SIGHT INDICATOR

-4
[OUTPUT 

~KUC AND E KL C TO THE1
SIGHT DISPLAY; OUTPUT E
TO THE GIMBAL CONTROL .

-4
COMPUTE AZIMUTH KILL COVERAGE ANGLE (A
AND OUTPUT TO THE SIGHT DISPLAY . KC

4
COMPUTE AZIMUTH KILL-SCAN GIMBAL
ANGLE LIMIT AND ANGLE RATE (AKS; AKS)
AND OUTPUT TO THE GIMBAL CONTROL .

4
COMPUTE AZIMUTH CUE-SCAN GIMBAL
ANGLE LIMIT AND ANGLE RATE (A CS ; ACS
AND STORE FOR LATER USE.

F
COMPUTE ELEVATI ON CUE-SCAN UPPER
AND LOWER GIMBAL ANGLES (ECU ; ECL )
AND STORE FOR LATER USE .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i
ADD TO THE GIMBAL ELEVAT ION
ANGLE OUTPUT ( E )  AT TH E END OF
EACH SCAN BAR; DO NOT EXCEE D
E KU S . ALSO CHANGE POLARITY OF
A KS.

_!~!?~.( E= E KIJ S ? ~~~~~~~~

[OUTPUT CUE SIGNAL AT END OF SCAN B/~~ J ~~
P3196—2

Figure C-li. Basic Program Flow (Cont’d)
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0 4
OUTPUT Acsi Acs, AND Ecu TO
THE GIMBAL CONTROL .

SUBTRACT FROM THE GIMBAL ELEVATION
ANGLE OUTPUT (E) AT THE END OF EACH
SCAN BAR; DO NOT EXCEED ECL. ALSO
CHANGE POLARITY OF Acs.

4
~~~~ E E ~1~? 

—~~Y ES

F 
AT END OF SCAN BAR, REMOVE THE CUE
SIGNAL (TO STOP PULSE COMMANDS).

4
SET GIMBAL AZIMUTH AND ELEVATION
COMMANDS TO ZERO .

4
RETURN TO

P3196—3

Figure C-il. Basic Program Flow (Cont’d)
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1~ U RESETS AT POWER- B

0 _
SET GIMBAL AZIMUTH AND
ELEVATION COMMANDS TO ZERO ON
OUTPUT PORTS 6 AND 8.

______________‘Is
INPUT DATA ON INPUT PORT i]

YES IS THE DATA ENTE~~
’\ NO

L ‘s_,~~ SIGNAL PRESENT?

INPUT WEAPON BCD CODE ON
INPUT PORT 2; STORE .

3

I 
LOOK UP CORRESPONDING MILES
CODE IN MEMORY AND OUTPUT
TO OUTPUT PORTS 1 AND 2 (9 BITS).

ADDRESS THE MULTIPLEXER ON OUTPUT PORT 2 AND
INPUT CONVERTED ANALOG DATA ON INPUT PORT 3.
SEQUENCE THROUGH ALL ANALOG CONTROL INPUTS ,
PLUS DEPRESSION ANGLE , AND STORE ALL DATA.

4
YES IS AREA WIDTH SEToO? NO

(i.e. SINGLE ROUND)

LOOK UP SINGLE ROUND
KILL RADIUS (rK) AND
STORE AS KILL AREA HALF-
WIDTH AND HALF-DEPTH
(WK,2; DK,2)

0 
_ _ _

P3197-i
Figure C-12. Program Flow to be Implemented
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0 

_ _ _ _ _ _

COMPUTE MAXIMUM BEAM ANGLE (QMAX ):

(a) X 1 K2 (R/V ) 
~2 ~3 ~4

(b) 
~‘MAx (1 - X 1 + - + - ) (K 1/R)

STORE 
~MAX

I 1
ADD SIGHT INPUT ACTUAL BEAM ANGLE (cz
INDICATOR BIT ACT

ON OUTPUT PORT ON INPUT PORT 2, ADDRESS ING
2. MULTIPLEXER ON OUTPUT PORT 9; STORE.

4
~MAX~~~~~~~ i

~
.
~~_< 1ACT > K 3?

[SET SCAN -BEAM HALF SET SCAN-BEAM HALF
ANGLE TO: ANGLE TO:

~S/2~~4~ACT STORE . 
~S/2~~5aACT STORE.

I I
4

INPUT UPPER AND LOWER KILL COVERAGE
CORRECTIONS ( FROM THE THUMBWHELL
CONTROLS) ON INPUT PORT 3, ADDRESSING
MULTIPLEXER UN OUTPUT PORT 2.

II,
COMPUTE UPPER AND LOWER KILL
COVERAGE ANGLES:

E - E  
RE D +KUC - D - 

R+DK/2 
E
~U

RE D
- 1(/2

STORE.

0 
I

P3197—2

Figure C—12. Program Flow to be Implemented (Cont’d)
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COMPUTE UPPER AND LOWER KILL-
SCAN GIMBAL ANGLES:

= E KUC + K6/R - aS/2

E KL S E KLC + QS/2

S TORE .

YES~~~~~~ - EKI S ~~~~~~ 

NO

rSET SIGHT INDICATOR BIT
TO ZERO ON OUTPUT
PORT 2.

OUTPUT E KUC AND E KIC
ON OUTPUT PORTS 4 AND 5.

4
OUTPUT EKLS ON
OUTPUT PORT 8.

4
COMPUTE AZIMUTH KILL COVERAGE
ANGLE:

KC R

STORE ; OUTPUT ON OUTPUT
PORT 3.

4
COMPUTE AZIMUTH KILL-SCAN
GIMBAL ANGLE LIMIT AND ANGLE
RATE :

AKC - a512

AKS 1(7 a512

OUTPUT ON OUTPUT PORTS 6 AND 7.

I 
~o P3197-3

Figure C-12. Program Flow to be Imp lemented (Cont ’d)
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0 
~COMPUTE AZIMUTH CUE-SCAN

GIMBAL ANGLE LIMIT AND ANGLE
RATE:

A - 

WK,2+KB
CS R - a

512

ACS K g czS,2

STORE.

4
COMPUTE ELEVATION CUE-SCAN
UPPER AND LOWER GIMBAL ANGLES:

RED K
ECUS ED 

- R+DK/2 +K8 
+ 

~~~~
+ E6~ 

- a
512

ECLS ED 
- R D

~,2
K8 

+ E6L + aS/2

STORE .

4
INP UT DATA ON I N P U T  PORT 1

0 
NO

__< BIT PRESENT?

0 
_ _ _ _

F 
COMPUTE NEXT ELEVATION SCAN:

ENEXT = ENOW + 2a5,2

4
___________ IS THE CUE SIGNAL BIT 

___________

4 PRESENT ON OUTPUT PORT 2? 4
NO 

~
‘
~_

ENEXT >E KUS? ~~~~ ~~~4 ~~~ 
ENEXT <ECLS~I~~

.
~
9

SET ENEXT= E KUS J

‘0
P3197-4

Figure C—12. Program Flow to be Imp lemented (Cont ’d )
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o 4*
INPUT DAT A ON INPUT PORT ij 1

4 I
YES/~~ THL END-OF-SCAi ’\. NO

~%~ S IGNAL B I T  PRESENIL/ ’~

OUTPUT E NEXT ON OUTPUT
PORT 8 AND CH ANGE AZIMUTH
RATE POLARITY ON OUTPUT PORT 7.

0 NOK
~ 

ENE XT = EKUS~~>~
cS 

I

INPUT DAT A ON IN PUT PORT 1 (

YES 
(

~~ 
SIGNAL BIT PRESENT? 

NO

YES J’~ 
IS THE CUE SIGNAL BIT NO

1 
PRE~~NT ON OUTPUT PORT 

4[ REMOVE CUE
SIGNAL BIT ADD CUE SIGNAL BIT ON
ON OUTPUT OUTPUT PORT 2.
PORT 2.

4
~~RETURN TO® I [

OUTPUT ACSI Acsi
AND (E CU S+2a5,2) ON
PORT S 6, 7, AND 8.

4
SET EKUS=ECLS •

~S/2~~~S/2t o
P 31 97-5

Figure C-12. Prog ram Flow to be Imp lemented (Co n t ’d )
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( 1)  M a x i m u m  Beam Ang le C o m p u t a t i o n

From equation (1) of paragraph D.2. the maximum allowable
beam ang le 

~max~ 
is:

= K ~T / Rmax 1 ~.

wh~ r~
K

1 
= constant

- k 1 R/ V
T = e
A

= constant

This can also be written as:

/ -K
2 R/ V\

( K emax \ l /

where
K 2 

= k
1/ 2

Using a series approximation for the exponential results in the
implemented solution:

~max 
= ( 1<~/

’
~~~ (i 

- + ~~~~~~~~ ~ +

where
X
1 

= K
2

R/V

(2) Effective Scan Beam Computation

When the actual beam angle 
~~act~ 

is equal to or less than
the maximum infinity—focused angle K3 = 0.260/12 = 0.022 radian ,
the e f f e c tive scan beam is the square in scribed in the beam circle;
that is , scan beam azimuth and elevation angle (O.~~ ) = 0 . 7 0 7  aact ,
or half—angle 

~~~~~ 
K4 ‘act = 0.3535 ‘act~

When ‘act > K~~ , the non-uniform beam power density re-
quires a reduction in e f fective sca n beam ang le to as/2 0~ 7
(0 . 3 5 3 5  ‘act~ 

= 0 . 2 4 7  act K 5~

C-45
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( 3 )  K i l l  Elevation Angle C om p u t a t i o n s

The geometry of Fiqure c’-13 clarifies elevation ang le
•.~om:~~tations. The angles between aim point and the maximum and
minimum depth of k i l l  ( D K/2 ) are :

• E = E - t a n  + E
FUC 0 R + D

K 2

E
KLC 

= E
D 

- tan
1 

R - D
K/2 

+

• where E .0 and E .L are the corrections to the elevation kill cover-
age ang les which the operator can set on the thumbwheel controls.
Approximating the tangent by the angle for the small angles in-
volved , and vice versa , produces the imp lemen ted k i l l  coverage for
sight display :

E
KUC 

= E
D 

- 

R 

RE
D 

+ E .

RE 
— radians

E = E - 
D

KLC D R _ D
K/2 

SL

The upper and lower scan angle l imits allow fo r scan beam
angle and also allow for the target height (K 6 = 2 meters)

EKUS = EKUC + 1<
6
,”R — L s/2

E = E + a
KLS KLC s/2

(4) Kill Azimuth Angle and Angle Rate Computations

The az imuth k ill ang le cove rage is simp ly

~tan
1 
W~~~ 

____ - r ad ian s

where WK/2 = half—width of kill area.
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h = operator hei ght above target point

= R tan ED R ED
R = horizontal range to target point

E
D 

= aiming depressing angle — radians

D
K / 2  

= half-depth of kill area

Figure C-l3. Elevation Kill Angle Geometry

c—4 7



- - -
~~~ ,---- — ~~~~~~~~~~ ________

The az imut h k i l l  scan an g le l im i t simply  all ows for beam ang le:

KS 
= (A

KC 
-

Maximiiim allowed scan rate is proportional to effective
scan beam angle; therefore :

A = ~K ~KS 7 s/2

( 5 )  Cue Angle and Angle Rate Computa t ions

The elevation and azimuth scan limits for cue simply
correct for the additional ground coverage desired for cueing.
A constant (±1< 8) distance is added to kill half-depth and width.

The cue scan ra te can be fas ter than for ki l l ; therefore ,
a different constant of proportionality appears:

CS 
= ± 1<

9 ~s/2

(6) Wait-for-Fire-Command Mode

The program keeps recycling un til the f ire command is
given , providing the feedback for beam angle adjustment via the
beam defoc us and ir is controls and the ind icator lamp in the
sight .

(7 ) Scan Mode Opera t ions

Gimbal control initiates scanning when the fire command
is given. At the end of each scan bar the microprocessor program
steps the elevation gimbal command by an incremental angle equal
to the effective scan beam angle (a

~ 
= 2 

~s/2 )
~ 

The program cal-
culates the next elevation step while the gimbal scans the present
elevation command. The gimbal control generates the end-of—scan—
bar signal which tells the microprocessor to output the new
eleva tion step.
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~1• The scan pattern is indicated in Figure C—l4 . Gimba l
control responds to the gimbal ang les generated before fire corn—
mand (AKS, EKLS ) to position the gimbal for initiation of kill
scan at the lower left corner. After fire command the gimbal

• control responds to the azimuth rate command , sweeping the g imba l
to the right and maintaining the commanded elevation angle. When
the right hand azimuth limit (+AKS) is reached , the microprocessor

• senses end-of-scan-bar and reverses the polarity of the azimuth
rate command and steps the elevation command. In this manner
the kill scan is performed as shown. The last kill—scan elevation
command cannot exceed the value (EKUS) that defines the required
kill area.

After generating and outputting EKUS the microprocessor
waits for the end of this last kill scan bar. When the end—of—
bar signal is sensed the microprocessor generates the cue signal
to the code generator which changes the laser pulse code to the
cue pulse rate. The microprocessor then outputs the cue scan
azimuth limit , azimuth rate and upper scan limit (plus as). The
gimbal control responds by slewing the gimbal to the new elevation
command and increasing the azimuth scan rate. When the azimuth
limit is reached the gimbal control generates the end—of-bar signal ,
the nicroprocessor reverses azimuth rate polarity and steps the
elevation down by a

~~
, and the gimbal beg ins scann ing the def ined

cue area. In this manner the cue scan is performed as shown . The
last eleva tion command canno t be less than the value (ECLS) that• defines the required cue area. At the end of that scan bar the
microprocessor removes the cue command to stop further pulsing ,
generates g imbal ze roing command s , and waits for another data
enter indication (that is , another mission).

The 0 . 5  ~is clock cycle of the microprocessor should ensure
that all program functions will be peiformed fast relative to
operator adjustmen ts before f i r e  command and gimbal response a f t e r
f i re  command.

An accur acy study has not been performed to ensure that
• the 256 increment resolution of 8-bit data is adequate for all

computations , although it appears to be. However , even if  grea ter
accuracy were requ ired fo r some inputs , outpu ts, or computations ,
the inputs and outputs simply require some additional I/O ports
and the program is easily modified; the CPU already provides double
precision (16—bit) operations.
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I
e. Mic roprocessor Ou tput Interf ace

The microprocessor output interface consists of the 6
digital-to-analog converters providing the analog commands to the
gimba l and the sight display.

f .  Gimbal Control

The g imbal control block diagram is shown in Figure C-l5.
Az imuth and e levat ion posi tion control loops are provided , as
well  as logic to sense the end of a scan bar and generate the
end-of-bar scan signal.

In it i a l ly  the position commands are zero (boresight )
because the azimu th rate  integrator output is held at ground level
and the elevat ion command is switched to ground level (an o f f set
can be generated by boresight adjustment potentiometers). Upon
receipt of the Data Enter Command , la tch 1 is set , which commands
the azimuth loop to the negative az imuth limit and the elevation
loop to the in itial elevation command (see Figure C—14). The
Fire Command sets la tch 2 , which allows the azimuth ra te in tegrator
to begin generating the azimuth sweep command. When the azimuth
limit is reached , the threshold comparator generates the end—of—
bar scan pulse , which causes the m icroprocessor to reverse azimuth
rate polarity and step the elevation command . The azimuth gimbal
then sweeps back to the opposite azimuth limit. Scan continues
in this manner un til the Cue Command is removed at completion of
scan. At that time latches 1 and 2 are reset which returns the
gimbal to boresight .

A simple posit ion control loop is adequate for  elevation
using potent iometer p i ckof f  of gimba l an gle for  feedback and
cascade lead compensation to achieve stability and good time re-
sponse to elevation step commands. However , shaping of input
command is necessary to avoid torquer saturation for  the larger
angle-position commands. Best performance in azimuth is achieved
by creating an inner ra te  damp ing loop employing tachometer
p ickoff  of azimu th angular  velocity . The az imuth  position con-
trol loop is closed around th i s  inner  loop and is similar  to the
elevation pos it ion loop.

Time response in elevation for the smaller step commands
is 0.02 sec. Longer time is required for the larger step com-
mands because the command shaping limits the an gular  ra te to a
value consis tent  wi th linear opera tion ; however , the longer bar

C-5 1
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sca n t ime assoc iated wi th these larger steps permits  the longer
time response. The azimuth loop settles onto the ramp command
generated by the azimuth rate integrator in 0.10 sec. The loop
is des igned for  a maxim um scan ra te of 6 rad/sec , and the micro-
processor is designed to limit the rate command to that value.
As shown in para graph E, these performance parameters permit  less
than two seconds total scan time for most si tua tions.

This performance represents a reasonable t radeoff  between
scan time and system weight. The latter is impacted chiefly by
the torquer size , which not only adds weight directly to the sys-
tem but also indirectly :

• The elevation torquer weight adds to the gimbal inertia with
which the az imuth  torquer must contend ; and

• Larger torquers tend to require more power and , therefore , add
to battery weight .

The electronic implementation of the gimbal electronics
is shown in Figure C-16. The design includes dynamic braking
(shorting ) of the torquers to provide power-off loose “caging ” ,
which protects the gimbaled mirror (together with soft gimbal
l imit  s tops) .

g. Pulse Code Generator

The pulse code generator (PCG) of Figure C-l7 generates
the weapon kill and cue codes. The kill code is the MILES format
of 16 bits at 0.512 ms bit spacing (with only three bits active
in the first 9-bits of any one code and the last 7 bits always
set to zero). The microprocessor commands the kill code to be
generated. At receipt of the fire command the PCG loads the code
into the 16—bit shift register. The kill clock starts shifting
the bi ts out of the register at the 0.5 12 ms clock ra te when the
fire command is given. Feeding the register output back in to the
input keeps the code word circulating. Each bit clocked out of
the register is a pulse command to the laser driver.

Upon receipt of the cue command from the microprocessor
the circulation path of the register is interrupted , ki l l  code
pulse commands are inhibited , and the cue clock pulses are allowed
to start generating pulse commands . (Note that the register
empties during cue pulsing.) The cue code is simply a constant
PRF of 0.496 ms —— that is, 31 x 16 ijs as opposed to the MILES
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32 x 16 u s  = 0.512 ms. This one count difference assures no in-
terference with MILES codes. Upon completing scan the micro-
processor removes the cue command , which inh ib i ts f u r t h e r  pu l s i n g .

h.  GaAs Laser Driver

The laser driver is shown in Figure C-l8. The 10 rows of
GaAs diodes in the source array are driven in pairs -— that is,
there are 5 driver ports. Therefore , there are 5 identical
dr ivers , each consisting of the energy storage capacitor C1 and
the SCR (sil icon controlled rect i f ier ) pa ir which is t r iggered
to dump the stored energy into the GaAs source. The additional
control circuit shown produces the fast trigger input to the SCR5
and shuts off the 175 V supply during the short lasing period.
The drivers are co-located with the GaAs source to minimize lead
induc tance and produce the des ired shor t pulse.

i. Sight Display Dr ive

The sight display dr ive provides cont rol of the sight LED
indicator and the k i l l  scan angle display .

The LED control is included in Figure C-l7. The LED is
commanded on continuously whenever the microprocessor outpu ts the
sight indica tor bi t .  The operator adjus ts the beam controls to
remove this command before giving the Fire command. When pulse
commands are being sent to the laser driver the LED is commanded
to flash at 10 Hz.

Kill scan ang le is disp layed in the sight by motor-driven
cross hairs. A single drive positions the azimuth display , but
independent drivers are provided for upper and lower elevation
scan . Figure C-19 shows the position control for each channel.
The circuit simply provides motor polarity drive commands in re-
sponse to sensed angle error , with dynamic braking of the motor
(that  is , motor shorted ) at zero error. Hysteresis implementation
of the angle error sensor will avoid motor jitter in the near—zero
error zone.
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1
j .  Power Supply and Battery

The voltage requirements for the laser are as follows :

• Regulated
+5 V
—5 9
-9 V

+ 12 V
+15 V
- l5 V

• Unregulated
+ 15 V
+ 2 4  V

÷200 V

The power supply (regulators and DC-to-DC converters) is
shown in Figure C-2O. Input current and voltage requirements for
each voltage source are given in Table C-4. The duty time (per
simulation) associated with each voltage supply is also shown . A
realistic 20 sec control set—up time plus scan is allowed for the
operations described in paragraph D.4.a. Actuation time of the
3 sight display drive motors should not exceed 1 sec each. An
average scan time of 2 sec is assumed (see paragraph E.3.), during
wh ich the elevation torquer only operates br ie f l y  at the end of
each scan bar.

The battery design reduces to two candidates:

• Integrate the battery pack with the laser configuration to
avoid a powe r c~ ble to a separate battery pack. Choose high
energy per pound primary (throw-away) batteries to add minimum
weight to the configuration; or

• Use a separate rechargeable battery pack to reduce the battery
opera ting cost and to mai ntain minimum weight for  the laser

• itself.

The f i rst cand ida te has been chosen as the base l ine, but the con-
figuration design allows optional use of the second design candi—
date .
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(1) Lithium Primary Battery Pack

The l ith ium primary ba t tery  is the de f in ite choice fo r
the basel ine design because it provides the greatest energy per
po und and cubic inch than any other bat tery , requires  fewer cel l s
because of its hi gh ce i l vol tage , and has other excellent charac-
teristics (including temperature , shelf  life , and d ischarge cu rve ,
see Table C-5). In addition , the cost per W-hr is not much
greater than other primary batteries.

Table C-4 shows that the optimum battery would have taps
of 5.5 , 15 , and 25 V. The nominal voltage of a single lithium
cell is 2.8 to 2.9 V which indicates that a 9 cell tapped battery
pack could prov ide 5.6, 16. 8 and 25. 2 V. However , Table C-4 also
indica tes that the current out of the f irst  cells  provid ing the
5.6 V supply current and all other higher vol tage supply currents
is:

• Long term (20 sec) = 1.750 + 0.190 + 0.165 = 2.0 A

• Short term (2 sec) = 2.0 + 0.710 + 0.670 = 3.4 A

• Intermittent = 3.4 + 1.1 = 4.5 A

The 4 . 7 5  A peak cur ren t  reduces cell work ing voltage to 2 .1  V in
a standard “D ”  cell. Therefore , the f i rst tap must be provided
by 3 cells , producing 6.3 V (maximum load) to 8.4 V (open circuit).
The l ife of the “D” cell for the average 2.1 A drain is over 1.0 hr
at —20 °F to +125°F. The supply current requirements for the re-
maining batteries are :

• Long term (20 sec) = 2.0 — 1.75 = 0.25 A
• Short term (2 sec) = 3.4 — 1.75 = 1.65 A

• Intermittent = 4.5 — 1.75 = 2.75 A

The 2.75 A peak current reduces working voltage to 2.0 V in a
standard “C ” cell. Therefore , the second tap mus t be prov ided
by 5 more cells , producing 16.3 V (maximum load) to 22.4 V (open
circuit) , and the last tap must be provided by ano ther 4 cells ,
producing 24.3 V (maximum load) to 33.6 V (open circuit). That is ,
a 12 cell ba ttery pack is required . The l i f e  of the “C” cell for
average 0.38 A drain is more than 5 hr at —20 °F to +125°F.

The resulting weight of the 3 “D” celia (3.0 oz each) and
the 8 “C” cells (1.7 oz each) is 22.6 oz , or 1.4 lb.
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Battery cost is $4.95 per “D” cell and $4.15 per “C” cell
in juantities of 1 ,000, yield ing a total bat tery pack rep lacement
cost of $52 .20 . However , note that the “C” cell rep lacement rate
need only be 1/5 of the “D” cell rate , producing a possible
avera ge pa ck replacemen t cost of $22 .32.

The battery pack l i f e  of over 1 hr (as lim ited by the “D”
cell dra in) for temperatures of —20 °F to +125°F satisfies the
200 simulation requirement.

(2) Gelled-Electrolyte Lead—Acid Rechargeable Battery Pack

The “gel cell” is the choice for  the optional bat tery pack
design because it is the lowest cost (2 00 to 500 cycles at lower
cos t tha n the s ingle cycle lithium ba ttery) , eliminates the
tro ublesome “memo ry ” character istics of Ni Cd cells , produces the
highest cell voltage , resul ts in reasonable weight , and has other
good characteristics (see Table C—6).

A standard 6 V , 4.5 A-hr configuration maintains 5.5 V
output for approximately 1 hr at the average 2.1 A drain for the
first tap supply and maintains required voltage during current
peaks.

Two addi t ional 6 V , 1 A-hr configurat ions  main tain greater
than 5.5 + 2(5.5) = 16.5 V for over 1 hr at the 0.38 A average
dra in for  the second tap .

Another two of these same batteries maintain greater than
16.5 + 2(5.5) = 27.5 V for the final tap .

Therefore , 5 batteries are required , with the weight and
cost shown in Table C-7.

5. Depression Ang le Sensor

The depression ang le sensor is an off-the-shelf damped
pendulum with potentiometer angle pickoff. Figure C—21 shows
one candidate.
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Table C—7. “Gel” Cell Optional Design

Battery Type Quanti ty Wei ght Cost (10 0 quan t i t y)

6 V , 4 . 5  A—Hr 1 2 . 3 0  lb $11.75

6 V , 1.0 A-Hr 4 0 . 6 3  lb $ 6 . 3 3

Total 5 4 . 82 lb $37
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An economical standard pendulum available
from stock that provides unequaled preci-
sion and performance for its cost.

• Viscous damping
• 0.2° resolution
• Service life over 106 cycles

SPECIFICATIONS:

Power dissipation 0.5 watt at +130° F

Center tap ±0.25% of total electrical
travel from theoretical
electrical center

Accuracy ± 1 . 0 %  static error band

Damping 0 .1  to 0.5 damping ratio
from + 2 0 ° F  to +130°F

Natural frequency 3. 2 Hz

Temperature
Storage -65°F  to +160° F
Operating +20°F  to + 1 3 0 ° F

Weight 6 ounces maximum

Sealing no leakage at 24 in .  of
HG vacuum

Figure C-2l. Depression Angle Sensor
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6. Sight/Disp lay

The sight/display concept is shown in Figure C-22 , and —

Figure C -2 3  shows the d isplay  seen by the operator.

T he si ght includes :

• A lX telescope with aiming reticle ;

• Compass d isplay ;

• K i l l  scan ang le display;  and

• Beam setting/lasing indicator light .

The function of the lX telescope is to provide an aiming
reticle superimposed on the real world. The field-of—view (FOV)
of the telescope is smaller than the scan angle (±30° maximum in
azimuth) , but the operator has wide angle vision with his unaided
lef t eye. The narrower FOV seen with  his r ight  eye through the
telescope serves to provide a common real-world reference for
both eyes; that is , independent wander of the eyes is avoided.
There fore , aiming is performed with both eyes open , provid ing
wide FOV and a far-focused aiming reticle.

A compass is incorporated in the sight and through beam-
splitting is superimposed on the telescope image. Further beam-
splitting provides a scan ang le display superimposed on the
telescope image . The display is achieved with motor-driven cross--
hairs. Ambient illumination of the compass and scan angle display
is used to provide a display brightness competitive with the
telescope scene image.

An LED incorporated with the telescope aiming reticle pro-
vides the  indica tor for beam d ivergence adjustment and lasing
(pulsing light).

The sight eyep iece Sets above the remainder of the sight
to allow unobstructed azimuth FOV for  the le f t  eye and adequa te
elevation FOV . The telescope design is a standard erect image
design. The 1X requirement allows small aperture. FOV is ±6°.
The eyepiece is a sta ndard wide an gle E r f l e  to provide f u l l  scan
angle  disp l ay .
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Beamsplitters , mirrors , and a separate objective lens

~oc- ~s the compass card and the scan angle cross hairs onto the
ey)~piece front focal plane , thereby providing a f a r  focus  d i s p l a y
image superimposed on the scene. The compass card is transparent
with black military m il ;radations and is floated in a trans-
parent liquid. A window above the edge of th€ card allows ambient
illumination of the compass. The azimuth scan angle display is
pruduced by a pair of fine black wires supported on separate yokes
which are differentiall y driven by a common screw. The elevation
display employs similar yokes which are independently driven.
Although the azimuth and elevation wires must necessarily be in
different planes , the fineness of the wires produces neglig ible
focus difference. A window and 90°—fold mirror allows ambient
illumination of the angle display.

7. Configuration

The laser design concept is shown in Figure C-l (Page C—8).

The laser is designed for rapid “hand—held” use when
desired. Therefore , handles and handle—integrated controls are
p rovided , and certain information is displayed in the sight (the
compass and LED displays in the sight are necessary for hand-held
opera tion ). A cheek or head rest will be provided f o r  comfor table ,
steady aiming. Because the estimated weight of the laser is pro-
j ected to be 10 lb , support is necessary for hand-held operation.
Theref ore , a telescoping monopod is considered for attachment to
the bottom of the laser. The monopod would have a ball joint for
f r ee  pos it ioning of the laser and woul d pivot f l a t  agains t  the
bottom of the laser for carrying and transport (in a soft , padded
carrying bag)

The laser can also be tripod—mounted , when possible, for
maximum aimin g stabi lity.

All controls that are set before power turn-on and aiming
are posi tion ed on the lef t hand side of the laser .  The powe r
switch and post-aiming beam setting controls are on the right
hand side . The thumbwheel controls that permit override of the
nominal automatic setting of scan pattern are integrated in the
handles , as are the data enter and fire buttons.

An integral battery pack is shown . The battery is
divided into two packs because one group of cells requires more
frequent replacement than the other. The battery pack simply
plugs into the laser. Battery push-to—test indicators are pro-
vided for  each pack .
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Internally, the gimbaled mirror is located at the bottom
of the lase r so tha t the permanen t ma gnets in the DC torquers
wil l  produce minimal interference with the compass. Some perm-
alloy shielding will be required to trap residual stray fields.
The optical path is folded to produce the smallest possible con-
figuration. The GaAs diode array with optical integrator and iris
is mounted on a rack and pinion mechanism to achieve defocus con-
trol . A rigid bed is provided for the optical components.

As noted in Figure C-l (Sheet 3) , two large printed circuit
boards are stacked on the left side and a third board is located
at the back of the laser . The la ser dr iver mus t be located c lose
to the laser diode array and is therefore mounted on the side of
the sliding defocus mechanism , moving with the diode array .

The sight/disp lay is an independent module attaching to
the laser housing. Electrical connection for the LED display ,
night illumination , and angle display position feedback is pro-
vided. In addition , three mechanical connections provide the
flex-drive for the angle display. The three small permanent mag-
net -Dtors for the angle drive are located at the bottom of the
laser to avoid interference with the compass. Here , permalloy
sh ield ing will be req ui red to tr ap leakage f i e lds . Tw isted leads
are used to carry currents and special precautions in board layout
are used to minimize magnetic fields. One ground-point to the
case is used , and each compass/laser assembly will be indl-tdually
compensated.

An area on top of the la ser allows for ni ght sight mountin g .

The laser is sealed to provide a dry atmosphere for the
optics. The sight is separately sealed .

The laser hous ing  measures 8 in . N x 10 in.  H x 12 in.  D .
The sight increases height to 13 in. and handle-to-handle width
is 14 in .

Weight is app roximate ly  10 lb.

C-76 



- S. ~~~~~~~~~~~~~ 
~~~~~~~~~~~~~ ~~~- _____ - -.5-~~~~~~~~ -~~~~~~~~~~~~~~~~~~ 

— — -,

E. PERF O RMANCE

1. Eye Sa fe ty

Laser eye safety criteria are defined in TB MED 279 ,
“Control of Hazards to Health from Laser Radiation ” , 30 May 1975.
Figures B—i and B-2 of that reference give the eye safe criteria
for looking into collimated radiation (which produces a “point ”
source at the retina) and for looking at an extended source (which
produces an extended image at the retina). The energy radiance
from an extended source produces an energy density at the eye
according to the equation:

= L
1 (
~ 

d 2)(~4) = ~ 
~1 

( )
2 
(1) = 

2

where
M

1 = energy density at the eye -- J/cm2

L
1 

= energy radiance by an extended source - J/cm
2
/sr

d = source diameter
S

= viewing distance
-
~ = angular subtense of source - rad

Figure B—3 of TB MED 279 has used this relationship to define the
at which Figures B—i and B—2 are consistent. For convenience ,

Figures B—i through B— 3 of TB MED 279 are reproduced here as
Figures C-24 through C-26.

Now TB MED 279 has chosen to simplify calculations by
using Figure C—26 as the criterion to define an extended source
for which the eye safety criteria of Figure C-25 app l y .  However ,
this simplification can lead to unrealistic conditions as shown
in the following.

The (-A s source described for the preceding laser design
subtends an angle of

C. 260
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when the source is at the in f i n i ty focus position and the eye is
at the lens.  According to F igure  C-26 , th is  subtense a l lows ex-
posure times to 8 sec . (The actual lasing time can be longer con-
sider ing the un l ike ly  situation of a ma n star ing f ixed  into the
transmi tted beam at short range for such a long period and the
fact that lon g las ing times are accompan ied by large angular
scanning of the beam.) If the iris is used to reduce the source
subtense (tha t  is , beam divergence) , Figure C-26 would no longer
allow the extended source criteria of Figure C-25 to be used for
long exposure , but in f act the un i form energy densi ty ove r the
source area produces no greater eye s a f e t y  problem for  smaller
subtense because the energy density at the retina does no t change.
The same condi tion ar ises for  a fa r f ield observer. Al thou gh the
appa rent source subtense angle remains constant at all ran ges
because of the inf in ity focus condition , the observer ’s eye does
not intercept the collimated bundle from each source point and
the viewable source subtense can be less than the actual total
subtense . Therefore , again Figure C-26 would not allow use of the
criteria of Figure C— 25 , where as the energy dens ity at the eye has
not changed.

Because of this unrealistic constraint and the fact that
forced use of the criteria of Figure C-26 would severely constrain
performance , the extended source c r i te r ia  of Figure  C-25 will be
used.

Two extended source saf ety cr iteria must be examined :

• Figure C—25 allows 0.06 J/cm2/sr for sing le 200 ns pulses.
Correcting this by the 2.5 factor for 900 nm wavelength and
0.06 factor for 1,000 pps cue pulse rate (see Figures B—4 and
B-S of TB MED 279) , yields a single pulse safety criterion of
0.009 J/cm2/sr. For an exposure time of t sec , the total
exposure c r i t e r ion  is , the re fore ,

0.009 (1000) t = 9 t J/cm
2
/sr

• For a total exposure of t sec , Figure C-25 (and Table B-2 of
TB MED 27 9) also speci f i e s  an integrated exposure criterion of

25 ~t J/cm
2
/sr , fo r  t < 10 sec ,

where the 2 . 5  wavelength  correct ion f ac to r  is a g a i n  appl ied .

C-8l



- -  5- 

~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~-~~-- — —-o S. -_ 
_ -

These two c r i t e r i a  are equal at

9 t = 2 5  p~
’
t

or
t = 4 . 6  sec

For t < 4 . 6  sec the most demanding c r i t e r ion  is 9 t J/cm 2/ s r ;  for
4 . 6  sec < t < 10 sec the c r i t e r ion  is 25 /~ J/cm 2/sr ;  for  t > 10
sec the criterion is constant at 50 J/cm2/sr (Table 3-2 of
TB MED 279).

For t < 4.6 sec the individual pulse  sa fe ty  c r i te r ion  is
0 . 0 0 9  J/cm 2/sr as shown above . For 4 . 6  sec < t < 10 sec the
ind iv idua l  pulse c r i t er ion  (L ) is

p

L (1000) t = 25

or 2L = 0 . 0 2 5  tp

which is more demanding than the t < 4 . 6  sec c r i t e r ion .  For
t > 10 sec the ind iv idua l  pulse cr i ter ion is

L ( 1000)  t = 50p

or 
L = 0 . 0 5 0/ tp

which is even more demanding than the above c r i t e r ion .  Therefore ,
the integrated exposure criterion for the longest exposure time
is the design requirement for  exposures greater  than 4 . 6  sec.

Figure  C—5 provides the data necessary to ca lcu la te
actual  source pulse radiance (L v

) of annu la r  sections of the
source rad ia t ion  pa t te rn  according to the fo l lowing  equat ion:

C—8 2
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L = 
( P t / A ) T  (1

12 
- r~~~) 

— 

6.l 8x l O 4 

~~l2 
- e11) J/cm

2/sr
(~~ / 4 )  (D 

2 
- D 

2
)/f

2 
- 

1 
- 

1
2 1 

( f / # )
2
2 ( f / # )

1
2

where
P = 1000  W

t = pulsew idth = 2 00x lO secp
A = 7r/4 ( 0 . 2 6 0 x 2 . 5 4 ) 2 = 0.342 cm2

T = 0.83
0

~ll ’ ~l2 
= fractional power in a cone of f-number

and ( f / # ) 2 ,  respectively (exclud ing
the f/lO central blockage)

The source rad iance (L v ) is maximum along the opt ical ax is and f alls
off at angles off-axis; therefore , L~ is maximum at the edge of the
central  blockage :

(L ) = 3 . 2  x l0~~ J/cm 2
/srp max

According to the eye safety criteria  th is  allows an exposure time
of

0.0S0/t = 3 . 2  x

or
t = 15.6 sec

Th is is more than adequate for  all  scan times , and is really very
conse rvat ive because :

• The 1,000 pps pulse rate is used only dur ing cue , not dur ing
kill;

• The beam is scanning, making it impossible to dwell the ex-
tended source image on the retina for these long times; and

• An observer is not likely to look fixedly at the laser for
these long t imes .
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2 . Range

Range is constrained by v i s i b i l i t y .  V i s ib i l i t y  is nor-
mally  expressed in terms of meteorological vis ible  range , which
is defined as the range at which a 100% contrast object against
sky background is reduced to an apparent visible contrast of 2%.
McCla tchey , et.al. (op. cit.) gives attenuation data for various
wavelengths and two v i s i b i l i t y  condi t ions .  These data yield the
follow ing atmospheric transmission expression for the 0.9 ~im
GaAs wavelength:

-2 . 4  R/V 1 0TA = e

where
R = range

V1 ~ 
= met. range (as defined above)

The range equation is given as equation (3) in D.2.:

R 2 
= 1 . 2 4  x l0~~ TA 

— cm2

= 1. 24 x io 6 TA 
-

Therefore ,
— 1.2 R/V 1 0R = 1.11 x 10 e m ( 4 )

The solutions for this equation are plotted in Figure C-27 , which
shows tha t  the 1 km maximum range can be achieved in hazy to clear
visibil i t y .  The f igu re  also shows that V1 0  must exceed R for
V 1 0  > 330 m.

If a more realistic condition of 25% object contrast is
considered , R now exceeds V0 2 5  for  V0 2 5  < 500 m , as shown in
Fi gure C-27 .  The re la t ionship  of v 0~~25 to V1., 0 is derived as
fol lows :
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R
C C eR o

whe re
CR = contras t  at range R

= 0 . 0 2  fo r  v i sua l  detect ion th resho ld

C = object  contras t  ( R = 0 )
0

= atmospheric at tenu at ion coef f i c i ent for
visibil ity V

Considering C = 1.0 and V = v1 0
-c V

0.02 = 1.0 e 
1.0

o V
1V

1 -

e = 50

- — in 50 
— 

3.91
— 

V
1 0  

- 

V1 0

Considering C = 0.25 , V = V1 0 , and R = V 0 2 5 ,

0 
V0 2 5

0 . 0 2  = 0. 25 e

0 
V0 2 5

e - 
= 1 2 . 5

— 
in 12.5 

— 
2 . 5 3

a — —V 1 0  V0 2 5  V0 2 5

There fo re ,

2 . 5 3 
— 

3.91 
—— — 0V0 2 5  V1 0  V 1 0

or
3.91 

5AV 1 0  — 
2 . 5 3  ~ O . 2 S  — 1. V 0 2 5
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Substituting in equation (4) yields

R = 1 . 1 0  x ~~~ e
0 779 R/V 0 2 5

for which the solutions are plotted in Figure C—27.

3. Scan Time

Scan time is the most significant performance parameter
for the laser simulation of indirect fire . Scan time is the time
to simulate one round or one volley , and to keep this time within
a reasonable value has required the use of the highest power GaAs
laser diode ava i l ab le as wel l  as optimizat ion of beam dive rgen ce
through use of the laser ’ s mic roprocessor.

A simulation can range from a single small round having a
kill diameter of 16 m (81 mm mortar) to volley fire into a 300 x
200 m area (artillery battery parallel sheaf). Scan time in—
creases as the scan area increases , and scan time is also affected
by operator height above the target area , visibility, and range
(the latter two parameters determining beam size).

Figure C—28 shows scan time for the two extreme condi-
tions: 1) smallest caliber single round; and 2) large volley area.
For ground operation the depression angle will normally be small
( . -

~ 0.1 radian). If helicopter-deployed , the depression angle
will be at least 0.2 radian (15°) because a hovering or slowly
moving helicopter must remain above 400—700 ft (that is , 200 m)
for autorotation safety and because the maximum range (clear
weather) is 1,000 m; that is ,

—1 200
tan 

1000 
= 0.2 radian

The curves show that scan times are expected to be less than 2 sec
for gro nd oper - iti~~n , except for the large—area volley simulation
in ~oor visibility where scan t ime can be 4.5 sec. The curves
ilso show th ~~it f-~r helicopter-dep loyment (or high vantage point
ground operation), large area fire simulation demands clear weather

~nd ri-ar max imum ran -Tn if scan times are to be kept small.
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Table C-8 gives the beam divergence , g imbal scan ang les ,
and number of scan bars  fo r cond it ions of Figure C-28. These
are the parameters which the laser ’ s mic roprocessor computes .
Standoff range ~ width of cue area is assumed to yield a reason—
able footprint (see Figure C-29)
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V.H.F. TRILATERATION GROUND DESIGNATION SYSTEM

A .  O P E R A T I O N A L  R E Q U I R E M E N T S/ C O N S I D E R A T I O N S

1. General

Several import ant ooera tional requiremen ts for an e f fec tive
designation system for the Indirect/Area Fire Weapon Effects
Simulation System (I/AFWES ) must be considered . Some of these
requirements appear more important than others —— that is , some
characteristics/capabilities may be considered as desired rather
than absolutely required . The required and desired capabilities
combine to make a low VHF Trilateration designation system attrac-
tive for I/AFWES . The operational requirements fall into the
fo l lowing qenera l  categor ies :

• Geometry/Terrain

• Onerational time

• Env ironment (weather , etc . )

• Battle non—interference

• Mobility/Reliability/Maintainability

• MILES Compatibility/Interoperability

• Cost effectiveness

• Cueing

2 . Geometry/ Te rra in and Opera tional Time

The I/AFWES is required to cover battle areas as large as
15 x 30 km. These areas may be at various places in the world ,
including the U.S., Europe and Korea. Although typical areas of
h igh  ba tt le activi ty are probab ly closer to 6x6 km in area , these
smal ler  areas  can flow throughout the larger area. At any rate ,
desi gnat ion anywhere in the lar ge area with very sho rt or negligibl e
delay times between desiqnations is considered an operational
r equ i r emen t .

D-3
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Any type of terrain which may be encountered in the above
mentioned areas of the world , and the inherent terrain variations
to be found there , within areas of 15 x 30 km , must be considered
an operational requirement.

Capability in extreme and unusual variations in elevation ,
within 15 x 30 km areas such as ,(low desert to high mountain peak)
is considered as desired rather than absolutely required .

For effective operation of a ground RF designation system ,
it is required that shadowing and multi path be held to a minimum
regardless of the terrain.

Ninety—six hour simulated battle exercises are a definite
requirement , although seventy—two hour exercises may be more
typical. This operational requirement , of course , w ill a f f ect
equipment reliability (up-time) and prime power source fuel supply
requirements , as well as dictating night operation requirement.

3. Envi ronment

The environmental requirements are those typical of battle-
fields in the US , Eurone and Korea and temperature and humidity
extremes encountered there are definite operational environmental
requirements. Operation at temperature extremes of —55 to +130°F
must be considered requirements. Operation capability in tempera-
ture beyond these extremes is desired.

Operation in high and low humidity, high sun radiation ,
low and high cloud cover, fog , haze and heavy rain f a l l  (1 6 m m/ h r . )
is required. Operation in 25 mm/hr rain (cloudburst) is desired
but not necessarily required. Another important requirement is
oPeration in and through screening and other smoke often encountered
in battlefield areas.

4. Battle Non—Interference

This very important category of operational requirements
encomoasses a range of capabilities. These capabilities must allow
norma l battle operations and procedures . To the greatest extent
nossible , the I/AFWES should not tend to create artificial situations
or detract from realism in traininq mechanized infantry unit
personnel , indirect fire personnel , command and fire direction
personnel , and the like . Avoidance of distraet inq elements such as
hovering ai rial platforms , cont roller-’ump ire personnel , and overly

D- 4
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a r t i f i c i a l  cues is de s i rab l e .  Any f ac to r s  which  tend to d i s t r a c t
or cons trai n per son nel in pe r fo rminq the i r  du ties or in learn ing
to take necessary protective measures should also be avoided.
Likewise , operations which tend to artificially pre—warn personnel
of an impending strike or proximate strike should be avoided.

5. Mobility/Reliability/Maintainability

The stringent environmental and operational time require-
ments , as discussed above , dictate a highly reliable and rugged
system. A system which is easily maintained in the field and does
not require constant attention during operation , transportation or
storage is highl y desirable.

While a ground—only designation system probably does not
require mobility during actual operation (the simulated battle
exerc ise ), mobility in reaching desired station locations prior
to the exercise , and to move out after exercise completion is an
operational requirement. Also , the system should ho transportable
over lonq distance by norma l army means —— that is , rail , air , ship
and self transportation .

The mobility requirement tends to dictate use of trucks ,
or perhaps tracked vehicles for battle areas in very rugged terrain.
These should be of standard , existing design and should require a
minimum of modification /retrofit.

The reliability/maintainability requirements tend to dictate
use of well developed RF technology .

6.  MILES System C o m p a t i b i l i t y/ In t e r o per a b i l i~~~

Compatibility (non—interference) with the MILES is required
since direct fire simulation must continue to function normally
while I/AFWES is in operation .

No particular interference problems are envisioned between
RF transmitters and GaAs lasers . Obviously there will be no inter-
operability at the carrier electromagnetic energy level , that is -—
the MILES 0.904 ~‘m energy detectors will not be energized by RF
or Microwave irradiation. Also the GaAs laser energy will not be
received by RF/microwave receivers.

D-5
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Rece iver equ ipment shar ing ( interoperabi l i ty )  , to the
extent possible , is desirable. This is particularly true of
receivers/decoders carr ied by personnel since space , weight and
power considerations for personnel carried equipment is at a pre-
mium .

Some commonal ity in receive equ ipmen t can probably be
ach ieved by employing portions of the MILES receivers/decoders
at video (pulse) , and logic (information) levels. This is an area
requiring detailed study.

7. Cost E f f e c t i v e n e s s

A high degree of cost effectiveness is required. Equip-
ments already in inventory should be employed to the extent possible.
This inc ludes t ransmi tters , transce ivers , transport vehicles ,
computation equi pment and int e r f ace  equi pment.

Required computations should be simple and easily accom-
plished with existing military computers , with minimal new soft-
ware requirements. Alternatively, a newly designed , inexpens ive ,
fixed program mini computer could be employed . Costly, mul tiple ,
read time , precision posi tion loca tion sys tems , which mus t be
continuously operated throughout the exercise should be avoided .

As discussed previously, hi gh rel iabil ity and simple
ma in t a i n a b i l i t y  are required and this is an impor tant contr ibu tor
to low cos t of opera tion and maintenance ove r the pe riod of years
of ownership.

A VHF trilateration system is compatible with achieving the
cost effectiveness goals discussed above. In addition it would
emoloy only one transmitter (master station) and two transceivers
(slave stat ions ) . Mul t ilateration systems emp loying much hi gher
frequencies  ( for  example , microwave) would tend to require  more
stations because of complete dependence on line of sight trans—
mission and directionality of transmission.

8. Cueirzg

Audio and visual  cueing is required in the I/AFWES to
lend realism to simulation fire and to facilitate player learning
process , ( troops learni ng to avo id incoming ar ti llery or mor tar
rounds , and FOs learning to adjust fire) .
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Audio cueing to individual players on foot or in mechanized
equipment can easily be accomplished with a trilateration designa-
tion system by employ inq small audio devices such as those employed
in the MILES or IDFSS . Either of these already developed existing
devices could be employed .

They would be activated by the coincidence of the three
trilatert tion signals , designating a hit or near hit. Differences
in audio tones , sound amp litude , and the like , could be employed
to indicate ~Ii x ~ or proximate hits , based on how nearly simul-
taneous t n : -  three signals arrive at a particular receiver. Remote
audio cueing is somewhat more of a problem and further study is
required to synthesize suitable concepts in this area.

Effective visual cueing in the I/AFWES remains a problem
with an RF Trilateratior i system as it does with other designation
concepts. The viability of visual cueing concepts and ideas
ass--~ - i a t e i  wi th trilateration and other designation systems will
depend on trade—offs between realism , complexity and cost. (How
much is the user willing to expend in cost and complexity to
achieve realism?) This is particularly true of remote visual cueing
requirements.

B. CONFIG URATION

1. Basic Sys tem

The basic trilateration designation system consists of
three truck (or tracked vehicle) mounted stations deployed essen-
tially as shown in Figure D-l and controlled by the simulation
net control station .

Relative deployment is not critical but positions of the
stations must be accurately known with respect to each other and
the coordinates of the battlefield range . This implies an initial
survey or use of a sigh t i ng r ing and/or  othe r sighting (range and
bearing) equipment . The latter can probably be employed for
ra nges wher e a landmark position is accurately known with respect
to map coordinates.

From the standpoint of convenience and flexibility it would
be desirable tn be able to place the stations without regard to
t errain features . However , n r - tt e r performance will be achieved
and antenna height requiremen 4-s m inim i-7( - (~ by select ively placinq
stations tn tak i’ advantiqe of t e rrain hiqh places , t o  achieve line—
of— sight (LOS) to most i n s t r u m e n t - I  personnel m d  vehicles .

D-7
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Various pronaqdtion studies in the past and empirical
WIta  i n d i c a t e  t h a t  g r o u n d  wave occurs  in  the  f r e q u e n c y  reg ion
of 30 to 200 ~-li Iz , but for best performance in many terrain
Situations , LOS is important since the space part of the ground
wave propagates much better than t h e  surface part — such as in
commercial tele”ision .

Figure D-2 is a conceptual drawing of a truck mounted
master or slave ~— tation. Various other configurations are possible ,
including towed vehicles. The antenna elevating mechanism would
be similar to currently available commercial , hydraulically powered
Hi—reach devices. It would fold down when not in use. Other ele-
vating systems , such as Storable Tubular Extendable Members (STEM)
are available .

Basic configuration of the master transmitter and processor
is shown in Figure D-3. The processer determines the proper delay
times between the three transmissions required to ach ieve desig-
nation at a given location , that is —— between transmissions to
first and second slave stations and in transmission directly to
the designation receiver . These delays include propagation time
differences and two fixed delays which accomplish the following :

• Prevents confusion at the designation receivers , which would
occur if the signals actually arrived simultaneously; and

• Prevents simultaneous master station transmission to both
slaves when pro pagat ion paths are equa l .

The fixed delays are reinserted by the receivers to achieve the
designation time coincidence. All timing is thus accomplished
by the master station. The slave stations are simple transce ivers
which transmit immediately upon receipt of a properly addressed
si gnal from the master.

Th us, three signals arc transmitted by the master for
designation. The first , a coded address to the slave for which
the propagation path from master to slave to desi gnation ~loint is
greatest. The second , an address to the second slave ind the U h J r i

transmission is to the designation receiver. The pron~ILoa tio n path
from master to designation receiver is always the shortest of the
three path s .

D-9
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The designation recei-’ers may not require an address if
a clear channel is o r n o ) I o v~~d or i f  the trilateration signal is
significantly higher in amplitude than a ny  possible interfering
signal. In this case , only a single , narrow pulse need be trans—
m i t t ’ - : I  ~r I-I the slaves and master station for designation. If
desi - :rimt ion receiver address is employed only one address need be
ermnloy - -J f I r  a l l th r ee desi g n a t i o n  t r a n s m i s s i o n s  and fo r  a l l

~esi”snation receivers . The fixed delay (discussed previously)
‘-~~il 1 nrevent designation reception ‘ confusion ” even if a designa-
- ion ~ 1dress is employed .  I t  should  he noted t ha t  the more t ime -

~~~

spen on addressing, the longer the fixid delays must be since in
-:~ specific geometric situation one of the fixed delays minimum is
c o n s t r a i n e d  by address t ime . This w i l l  be shown subsequent ly  in
S ect i on C — 4 .

Following its designation transmission to the designation
locat ion , the mas ter  s t a t ion  t r a n s m i t s  weapon type i n f o r m a t i o n .
A r ece iver  which  is in the proper loca t ion  for  desi g n a t i o n  (t h r ee
signal coincidence) to occur , will receive and decode the weapon
type in~~o r a t ion . Any other receiver  w i l l  no t .

Figures D—4 and D-5 illustrate the complete system
addres s ing  and t i m i n g .  It  shou ld  be noted tha t  the s lave  s t a t i on
transmitters should be basically the same as the master trans- - -

m i t t e r  in so f a r  as t r a n s m i t t e d  power and an t enna  are concerned .
The only thing required of the master transmitter which is not
r- ’cuired of the slaves is transmission of a longer digital (or
other  e n c o d in g )  si gna l  g iv ing  weapon type i n f o r m a t i o n . However ,
the slave station transmitters would be capable of also transmitting
t h a t  message if  proper ly  d r i v e n .  On the  o ther  hand , the s lave
sta tions must have receive and address  decoding c a p a b i l i t y  which
the master does not require . While there ire detailed trade-offs
involved , it seems judicious to employ the sar’s~- basic (complete)
tran sceiver system for  all  stat ions , thus allowing any mobile
station to be used as a master or slave .

The computation , interface and communications equipment
could be a modular unit housed in a standard small shelter (or hut)
which could be placed on ann mobile  s t a t i o n  b e i n u  used as the
m a s t - -r .  Thus complete i n t e r c h a n g e a b i l i t y  cou]d  be achieved for
purposes of convenience and maintenance .

The slave stations would be unattended and probably solar
powered . The mnster station could —m lso be fully aute~e~t i c  b u t
operational stm tus should probably be monitored .

D-l2
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2. Advantages/Disadvantages

The basic Trilater~ition Ground Designation System , as
configured in this section , has the following advantages :

• Will operate continuously in any terrain , any climate ,
any weather and any battlefield peculiar conditions ,
including dense smoke .

• Does not require airborne platforms .

• Does not require continuously operating precision location
devices such as PLRS , RMS , PRRS , Beacons Inertial navigation
sys tems , Doppler navigation systems or any other navigation
systems .

• Requires only three stations. (One master transmitter and
two slave transceivers)

• Is hi ghly mobile (truck ct- tracked vehicle mounted) , but
does not need to move during simulated battle exercises .

• Is easily transportable by air , ra il , ship or road
(self transportation)

• Is non—interfering with norma l battle activities and procedures.

• Is compatible (non—interfering) with the MILES , and could
be interoperable with MILES at the video (pulse) and logic
(information) level , if proper account of this is taken in
MILES engineering development .

• Is highly reliable and should require little maintenance ,
since VHF technology and equipment is already in a long term ,
hi ghl y developed sta te , that is -- transmitters and transceivers
are l ike low powe r, mobile TV stations , and designation receivers
employ technology based on miniaturized commercial communication
systems such as paging and radio telephone systems . Overlay ing
this is the whole military ruqqedized communications technology
state of the art.

D-15
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• Can be cost effective by virtue of low initial cost per
copy and low cost of operation and maintenance over a
relatively long period . The low cost of initial ownership
stems from the relatively simple transmitters , transceivers ,
receiver/decoders and mobile transporters , and the minimal
computation/encoding interface equipment required. The low
cost of O/M derives from the hi gh state of development and
rugqedization of equipment in this general frequency band ,
Another factor is that equipments already in inventory, may
be available and could be modified/retrofitted at relatively
low cos t .

• Is capable of supplying effective direct hit and proximate
hit audio cueing employing MILES or IDFSS transducers.

• Requires relatively low average transmission power and
e f f iciency is such that pr ime power fuel  requ irement should
be low . Solar power may be employed , thus grea tly reduci ng
fuel requirement.

• Accomplishes , essentially an ‘instrumented range” w ithout
the need for permanent instrumentation . That is , by simply
emplacing the truck mounted master transmitter with a compu-
t a t ion/ in te r f a ce hut and two smal ler  tra nsceiver stations ,
the whole range is instrumented and operable. Following the
simu lat ion exerc ise , the three units can be moved out to
“instrument” anoth er r ange .

Thus the trilateration system appears to have significant advan-
tages as an all weather , non—battle interfering, ground designation
system for I/AFWES .

Along with the advantages , it appears also to have the
fo l l ow ing disadva ntages.

• It is not presently apparent how it can accomplish effective
visual proximate and remote cueing .

• Elevated antennas will urobahlv be required , in rr—ost simu1ate~l
battlefield ranges . If bean directionality is employed to
contain most o~ the enerqv in the range and achieve qain t e
minimize transmitter power , r’ertures may be fairly large .

D- 16
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• The frequency range at which operation is desired (low or
mid VHF) may pose frequency allocation problems (possible
interference with certain other military and with commercial
systems) -

• It requires separate (RF) designation receivers .

• In order to achieve high designation range (time coincidence)
accuracy, rel at ively lar ge bandwid th  and/or desi gna t ion
rece iver signal to noise ratio will probably be required.
Major design trades exist between transmission bandwidth ,
re ceiver processing , rece iver type , required transmission
power , transmission format and required designation accuracy.

C. PRELIMINARY DESIGN

1. Basic Design Factors

While detailed design of an RF Trilateration Ground Desig-
nation System is beyond the scope of this effort , certain basic
design factors must be examined to establish overall feasibility .
These include:

• propagation time and transmission time relationships;

• designation accuracy and bandwidth;

• clock rate;

• delay implementation;

• modulation format;

• designation receiver type ;

• approximate design and size/weight;

• transmitter power requirement -and receiver sensitivity ; and

• carrier wavelength.

2.  Propagation/Transmission Times

Figure D-6 dep icts master (M) and slave (5) stations
deployed for designation at a 15 x 30 km simulated battle area.

Range Rm is approximately 35 km. Propagation time from
M to either S is 35 km = 116 iisesc. For a desig n a t i on po i n t ,

0.3 km/~ sec
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D, at the edge of the range near M the total propagation time
from M to S to D wLll be about twice 116 usecs or about 230 ~ise cs.

7 For this case , howeve r, propagation time from M to D will be very
short , (in the order of 7 ~isec) , if M is located about 2 km from
D. For a D very close to a corner of the range near an 5, the
propagation time from that S to D will be very short , again about
7 secs if the S to D distance is about 2 km. All other total path
and single path propagation times will fall between these extreme
values .

Since maximum time for a desiqnation is about 230 usecs
pl us two much smal l e r  f ixed delays , it is obvious that successive
designations can occur very quickly . The minimum (7 sec) pro-
pagation times which occurs for extremely short ranges of S to D
or M to D should cause no prob lem i f ad dress transmission len gths
(times) are small. Short address times are also needed to keep
the fixed delay times as short as possible as will be shown sub-
sequently . Note that propagation time from master to slave stations
(which must be addressed) is always relative ly long . It is probable
that transmissions from slaves and master to designation points
(receivers) need not employ an address , this will also be discussed
subsequently .

3. Designation Accuracy/Bandwidth Considerations

It is desirable to have designation location accuracy of
about 30 meters radius for relatively small kill radius indirect
weapons .  Th is requires time coi nci dence of

3.0 x 10 m = 3 x 10 m = 1 x l0~~ = 0 . 1  isec
C 8

3 x 10 rn/sec

This is true whether it be one pulse in an address , a following
range/timing pulse or a single nulse used for the time coincidence
in case an address is not employed. This order of pulse time of
arriva l determination accuracy could require relatively wide signa l
bandwidth . It is desirable to hold down transmission bandwidth
in order to minimize bandwidth percentage of carrier frequency and
the frequency allocation band requi rement. Thus it is desirable
to accomplish as much ‘ pulse splitting ” or increase in time
measurement accuracy in the receiver as possible . Thirty meter
accuracy requi res a bandwidth of 10 M H z .  If a relatively low VHF
carrier of 45 Ml-Iz is employed , and the accuracy is achieved com-
pletely with transmission bandwidth , that is , pulsewidth , the
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req ui red pe rcentage bandw idth is 10 
— 22 2%

45 
.

This  is too h igh. If on the other hand , a carrier as high as
170 MHz is employed , percen tage bandwidth is 10 

— 5 8 ~-

170 
— . 8~~.

This is still relative ly high. Also , from the standpoin ts of
rece iver noise and frequency allocation it is desirable to hold
RF bandw idth to considerab ly below thi s . RF bandwi dth of I to 2
MHz (preferably 1 MHz) is desirable . This means that effective
pulse splitting of about ten times must be accomplished in the
receiver. This can be done by processing, if the signal—to-noise
ratio is high enough .

Figure D-7 shows the typical amount of “pulse splitting ”
or ran ge measureme nt accur acy improvemen t over RF pulsew idth , that
can be expected , as function of signal—to—noise ratio. In this
plot , T is the actual pulsewid th .  As shown , to achieve an effective
improvement (B) of 1/10 the actual pulsewidth , a S/N of abo ut 14 db
is required. If L~n imp rovemen t of ten time s can be ach ieved on a
single pulse basis , the 1 MHz RF bandw idth can be realized and the
30 meter designation accuracy can still be achieved.

The receiver process ing technique s employed would  t yp ica l ly
be early gate — late gate or leading edge d i f f e r e n t i a t i o n  or per-
haps double d i f f e r e ntiation . Th is of course adds moderate ly  to
designation receiver complexity and cost. If a 1 KHz transmission
bandwidth is employed (the bandwidth necessary for a 1 ~sec pul se
to rise), a superheterodyne receiver w i l l  require 2 MHz BW to
rece ive all  of the pul se power , because of the double side ban d
nature of the IF ampli f i e r .

If a cry stal video rece ive r is emp loyed , the inheren t ly
wide bandwidth  is avai lable  but the min imum sensi tivity is si g-
ni f i cantly less than typical narrow band superheterodyne receivers .
A lso , cry stal video receivers tend to have i n f e rior f ideli ty ,  even
with their wide bandwidth , because of the sq uare law (rather  than
linear ) na ture of the detection , which limits dynamic range . Again ,
noting the double sideband nature of the supe rheterodyne IF signal ,
the superheterodyne req ui res tw ice the bandwidth of the crys tal
video receive r for  a given frequency response. For low gain , hi gh
gain-bandwidth product can be obtained with the crystal video
receiver. However, it is difficult to achieve a wide dynamic
range , h i g h  gain video a m p l i f i e r .
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While crystal video designation receivers may be desirable
from a cost standpoint , it is iuestionable whether they would be
sufficient because of certain shortcomings , particularly dynamic
range , and they do not solve the b a n d w i d t h/n o i s e  problem . Trade-
offs do exist and further detail d study/experimentation would be
required to make a final receive r and receiver processing type
selection . For preliminary design a superheterodyne is chosen.

Alternatives to the sing le pulse or add ress fo l lowed  by
single pulse format transmission to designation receivers are
primarily , psuedo noise (spread spectrum) correlation and fre-
quency modulation (FM) - The psuedo noise correlation can yield
high accuracy and high immuni ty  to interference but it  requires
wide transmission bandwidth and adds to receiver complexity . FM
can probably achieve the desired accuracy but at the expense of
high required S/N and receiver processing. FM format is treated
more in a subsequent section .

To summarize the complex bandwidth/accuracy/required S/N
trade , it may be said that if the high rangin g ( t ime coincidence)
accura cy is absolutely requi red , i t  must be pa id for in transmiss ion
bandwidth (which involves frequency allocation bandwidth ) , and/or
receive r S/’~ (which involves transmitted power and receiver band-
width , and/or desi gnat ion  re ceive r processing complexity ) - I t  may
be t h a t  a compromise in designation accuracy is logical.

Designation accuracy reduced to 150 in or even 300 m would
still be competitive with or better than some other ground desig-
na tion systems .

4. Clock Rate, Addressing and Delays

Reinsertion of fixed delays Al-2f and .~2—Mf as discussed
in section B—l mus t be accomplished with accuracy equivalent to
the time coincidence accuracy required. As determined in section
C-3 , for 30 in designation accuracy , time coincidence must occur
wi thin 100 nsec. This means that the master transmitter must
transmit to slaves and designation point with timing between
t ransmiss ions , that is , f ixed and var iab le de l ay cont ro l l ed  to
100 nsec. Also reinsertion of these delays in the designation
receive rs mus t he accomplished t wi thin 100 nsec.

This is best  accompl ished  w i t h  a clocked sequ - n t i a l  di g i t i l
c i r cu it  ( s h i f t  r e q i st e i -) a c t i ng  as a delay l i n e . A 10 MHz c lock
( p u l s e )  r a te  would  be requi re d for  30 m accuracy . The numbe r of
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shift reg ister stages required is related to clock period and
des i red de lay  by

= n-l (T) , where . is desired delay
T is clock period
n is number of stages .

It is desirable to hold down total fixed delay required, in orde r
to minimize cost and size of designation receivers . On the other
han d, it is desirable to hold transmission bandwidth to the order
of 1 MHz as discussed previously. This means that transmitted
pulses would be 1 isec long.

Minimum slave station address times will be somewhat
dependen t on min imum pulse len gth . Addresses must be kept as
short as possible , since they will dic ta te the shortest allow ab le
f ixe d del ay ~l-2. A 2 pulse code may be employed for slave station
addresses.  One s lave can be set to respond to 2 pulses  separated
by 4 ~isecs and the other to pulses separated by 3 psecs . When a
desired desi gnation point in the same distance f rom ea ch slave
station the second address may consist of the se cond pulse of the
f i r s t  address and a second pulse following at the proper time in-
terval shown as follows : C

~~~~~~~~~~~~~~~~~~~~~~
This is the case which dictates the minimum fixed delay Al—2
which must be reinserted at the designation receiver.

A lthough the transmitter and its control computation/logic
cannot change the add ress of the slave sta tions , it has the choice ,
fo r the above case (t h at is , equal propagation paths) of trans-
mitting either address first. If the longer (5 psec) is transmitted
first and the shorter (3 psec) is transmitted second , the n the
minimum allowable delay , Al-2, is 3 usec.

The delay A 2—M is not critical because the master trans—
mit ter can take into accou nt the address ti me of the se cond sl ave
addressed in dete rminin g the ex act time of its direct t ransmission
to the designation point. In the interests of keeping fixed delay
time s down , to minimize designation receiver delay register length ,
a delay of 2 usecs is chosen. This means that total reinsertion
delay length must be 5 i~secs . The total number of stages (flip-
f lops ) required is , 

—6
= + ~ = 5 x 10 secs 

+ 1 = 51
T 1 x l0~~ sees
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This can be achieved by emp loyin i seven m i n i a t u r e , 8 stage TTL
solid sta 4

~ shift regist~-rs in series. The shift registe r and
coincidence gate confi quration is shown in FH lre D-8.

5. Modulation Format

D i scu ss i o n  t h u s  f a r  has  cente r -d p r i m a r i  l’s’ aro und trans—
miss ion  of pulsed addresses from master to slave stations and

~u l sed  addresses or a s i n-~ 1e t ime coincidence pulse  from slaves
and m a z t - r  t o  d e s i g n a t i o n  re ceivers . There is no good reason ,
howeve r , wh y FM noiv :- ot be employed , p a r t i c u l a r l y  for  the trans—
m i s s i on s  f rom slaves and maste r to desi gna t ion  po in t s .

~n t h i s  case a b u r s t  of VHF car r ie r  wave wou ld  be trans-
niitteJ from eich of the three stations at the proper time (controlled
by the mastc- r station) and the f r equency  would be s h i f t e d  w i t h i n
1 u sec at exac t ly  the ri ght time to cause time coincidence at the
righ t locat ion . This would  be analogous to t ransmiss ion of s ingle
sho t 1 ~sec p u l s e .  The transmission bandwi th employed at the
t ime of s h i f t  would  determine the sharpness  wi th  which  the s h i f t
would take place . Again , a 1 MHz bandwidth  would y ie ld  a 1 u sec
time to complete f requency  s h i f t .  A sharp  (100 nsec)  pulse would
be produced in the rece iver ne ar the middle  or the end of the
frequency shift time , thus effectively achieving the 30 meter time
coincidence accuracy .

Frequency s h i f t  may also be employed for  the slave sta tion
addresses. This would be accomplished by producing a br ie f  series
of “ zeros and ores ” as is done in various FM digital communication
sys tems — the so called f requency s h i f t  key ing (FSK ) - Tha t  is —-
transmitted frequency above carrier (center) frequency represents
a one and below carrier represents a zero .

I t should be noted here tha t the same time accuracy mus t
be m a i n t a i n e d  in t r igger ing  the slave s ta t ions  as in reception at
the desi gna tion rece i vers or designation locat ion accuracy wi l l  be
los t .  Ther e fore , the same type of “ frequency shift time splitting ”
or pulse sp l i ttin g , as the case may be , must be accomplished at
slave stations by receiver processing, if transmission bandwidth
is to be held down to about 1 ~1Hz .

6.  Receivers

Several factors affecting the types of receiver chosen ,
such as , functional requirements and basic design have been discussed
in foregoing s - - ~~H ons . Detailed design studies and breadboarding
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would be required to arrive at an optimum designation receiver
desi gn , tha t  would  t ake  i n to  account  ove ra ll sys tem desi gn factors
(modulation format , transmission bandwidth , required/desired
accuracy , transmitter power  and the like) , and receive r peculiar
factors such as weigh t , volume , sensitivity and po’-’or requirement.
However, the general confi guration and preliminary feasibility
design of the overall system , as discussed in foregoing sections ,
a l lows  gene ra t ion  of a preliminary baseline functional designation
re ceiver desi g n .

This is shown in Fi qure D — 9 .  I t  is an all solid-state ,
single conversion superhet ~rodyne (minimuril sensitivi ty 90—100 dbm)
IF bandwidth is about 2 MHz , (to receive a 1 sec pulse , or a
f requency  s h i f t  occur ing in 1 ~sec) - I f  pulse modulation is
employed the pu lse  de tec t ion  is accomplished w i t h  a l i nea r  envelope
de tec tor .  W i t h  a 1 u sec  pulse and 1 MHz t r ansmiss ion  bandwidth ,
the re ceived pulse  w i l l  be t r i a n g u l a r  and the pulse sp l i t t e r  w i l l
d i f f e r e n t i a t e  at the peak . If  f requency  modula t ion  ( f r e q u e n c y
s h i f t )  is employed , de tect ion is accomplished w i t h  a d i sc r imina to r
h a v i n g  r e l a t ive ly  l i nea r  c h a r a c t e r i s t i c  near  cross—over .  A sharp
pulse will be formed either when the frequency passes through
carrier (f0) or when the shift is complete . The narrow (approxi-
- iately 100 isec) pulse then enters the delay shift register and
is clocked through at a 10 MHz r a te . The clock circuit will employ
crystal control. The shift registe r will require 51 stages as
calculated in section C-4 above .

When the two delayed slave station pulses and the un-
delayed master station pulses appear simultaneously at the coin-
cidence gate input , i t  will output an aud io cue signal and remove
an inhibit to a storage (memory) register thus allowing the weapon
type digital message from the master station to enter the memory .
The weapon type message is transmitted following transmission of
the final designation pulse from the master station . Thus , weapon
type informa tion cannot be decoded , lethality determinel and kill - - -

designated unless time coincidence of the th ree des ignati on pu lses
occurs. The weapon type word length , i f  a bin ary n umber is
emp loyed , will be 6-bits long, if up to 33 di fferent weapon t~ -pes
must be identified.

Various miniature solid state pag inq rece ivers presently
markete d have much ot the capability required of the postulated
baseline designation receivers . They operate at the same general
-arrier frequencies of interest , employ low noise superheteredyne H
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receive systems and diqital discrete addressing. In addition
they h ave very low pr ime powe r drain and can operate for signifi-
cant lenqths of time on small , internal expendable batteries.

Typical of such Paging receivers is the Code 2, desi gned ,
produced and marketed by the Martin Marietta Corp., Orlando Div.
A schematic of this basic pager is shown in Figure D— lO , discrip—
tive material is given in Figure 0-11 and specifications in Table
D-l .  These rece i vers employ F M  f requency  s h i f t  k e y i n g  to produce
digital addresses. 16—bit words yield approximately 64,000 discrete
addresses. W i t h  minor  m o d i f i c a t i o n s  they could be adapted to the
des igna t ion  receiver r e q u i r e m e n t .  The m o d i f i c a t i o n s, e s sen t i a l l y
are :

• Widen t andwidth from present approximately 14 KHz to 2 MHz.
This is easily done primarily by changing filters in IF
stages. MN already has a new d~ sign pager receiver with
1 MHz bandwid th .

• Reduce required word length decoding from 16-bits to 6-bits
(weapon type information) and eliminate address decoding logic .

• I f  desired ca r r i e r  f requency  is not in the present  page r
hi gh ( 14 8 — 1 6 0  MHz )  or low (35—44 MHz) band , at aro und
100 MHz , change opera t ing  center  f requency by changing
small RF coil and L.O.

• Replace present pager very low gain internal antenna with
much higher gain external helmet mounted antenna such as
i l lu s t r a t ed . in Fi gure D — l 2 , thus g rea t ly  inc reas ing  low
si gnal  s t r eng th  pe r fo rmance  (range )

• Add pulse  (or f requency s h i f t)  s p l i t t i n g  c i rcu i t s  fo l lowing
video detector (or discriminator)

• Increase clock frequency to 10 MHz.

• Add delay shift register , coincidence gate , weapon
type decoder and lethality logic circuits.

• Eliminate beeper
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All  of the above changes w i l l  have l it tle e f f e ct on s ize , weight
and power consumption since they can be impleme nted wi th  solid
state LSI components and some of the present pager circuitry is
el imina ted. (Weight and volume are given in Table D-l.) A single
AA l.5v battery , internal to the case , powers the unit for 1000
hrs . with battery saving fe ature , or 350 hrs . without . Present
cos t of the pager is approx ima tely $22 5 . in lar ge q uant ities .
It is estimated that cost of these units as modified/redesigned
fo r designation receivers would be between $300 and $350 in large
qua nt ities .

Little need be said about slave station receivers , except
to reiterate that they will be required to receive and decode
short pulsed or PSK digital addresses , the ir clock rate for
measurement of received timing pulse must also be high (10 M H z)
and they must be capable of pulse (or frequency shift) splitting,
if designation point accuracy is to be maintained. They will not
require delay or delay r e i n s e r t i o n  capab i l i t y  since this is
accomplished at the master  s t a t i o n  and de s igna t i on  rece ivers .

7. Transmi t te rs

In order to determine requi red transm i t t e r  power it is
necessary to es tabl ish  required power density  at the receive
antennas , th e maximum range of receivers , and the maximum bat t le
area to be covered. Desired carrier frequency , weather capability ,
topography , and allowab le t ransmitter size ( primari ly an tenn a)
are important  fac tors .

In orde r to es tab l i sh  required power densi ty at designa tion
receivers i t  is necessary to take in to  accoun t cer ta in  des igna t ion
re ceiver pe r fo rmance  fac tors :

• E f f e c t i v e  are a of re ceiving an tennas  (see Figure D—1 2)  is
about 20 x 5 cm = 100 cm 2 .

• Receiver min imum sens i t iv i ty  m m )  is -90 dbmw .

• Re ce i ve r RF losses are 3 .0  db.

• Receivers will require a S/N of 14 db in order to achieve
the necessary 10 times pulse (or f requency s h i f t)  s p l i t t i n g
necessary for 30 m accuracy .

14 db = antilog 1.4 = 25 .
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Figure D-12. Designation Receiver Helmet Mounted Antenna
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Then min im um peak power density should be ,
A _ 9 _ 9

= (2.0) 25 (10 m w a t t )  = ( 10 ) (10 ) (50) watts

100 cm 100 cm

—14 2 —10 2DO x 10 w/cm = 50 x 10 w/m

Having determined required powe r density at designa t ion
receivers , certain factors and overall requirements of the master
(and slave) transmitters must be considered as follows :

• A t r a n s m i t t e r  must  cove r a complete b a t t l e  are a of
15 x 30 km.  I t  is des i rab le  to avoid transmitting
energy in to  areas outs ide  the range , to the extent
possible.

• Al l  areas of the 15 x 30 km range mus t be covered regardless
of topography (v a r i a t i o n s  in e l eva t ion)  -

• Weathe r condi t ions  w i l l  range f rom standard atmosphere
to heavy ra inf al l .

Since the a z i m u t h  beamwidth  f rom a less tha n isotropic
antenna has a finite width , the transmitting antenna should be
some distance from the end of a rectangular area to be covered
(illuminated) , as shown in Figure D—l 3.

ø-_--15 km— ~.1

I 30 km

T
TRANSMITTER COVERAGE AREA 15 km PLAN VIEW

P3244
Figure D— 13. Maximum Range Size Coverage Area (Azimuth)
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The 3 db be amwidth angular  covera ge of the xmtr anten na (as shown
in Figure D—l3) is tan [7.5 krn/l5 km] 2 = [tan 0.5] 2 = 26.56
2 = 53.13 degrees. This azimuth beamwidth and transmitter setback
( 15 km ) from the ed ge of the ba ttle simula tion area is a reasonable
trade—off. Furthermore , assume an elevation variation of 2 km ,
( t  1 km) , or 6560  ft. in the middle of the long dimension of the
battle area , as shown in Figure D—1 4.

2 km

TRANSMITTER ~~~~~~~~~~~~~~~~ _____________________________I VIEW
15 km ~~~~~~~ 30 km

P3245

F igu re  D-l4. Maximum Range Size Coverage (Elevation)

This is probably an extreme case for  most battle simul ation areas
in the free wor ld .  However, the elevation beamwidth required is
still much less than that required in azimuth . Since it is
desirable to employ a relat ively lon g wave len gth t ra nsmission ,
the rela tive ly narrow elevation beam , ~~~, as dete rmined below ,
would  require  a very large vertical aperture dimension.

3db = 2 tan 
( 

1 km “~ = 2 tan 1 1.9 degrees ( 2 )  = 3 .8  degrees
\l5+ 15 km/ 30

The 3 db width of a co l l imated  be am p roduce d from an aperture is
approximately 1.2 radius , where A is the waveleng th of the

d
electroma gneti c ene rgy an d d is aper ture dime nsion in the pl ane of
i n t e r e s t .  Thu s, d must equal approximately 1.2 ~

Sm. Wdth

As de termine d previously , the elevation beamwi dth ( -
~~

) should be
3.8 degrees = .066 radians , and the azimuth beamwidth (

~~~
) should

be 53.13 degrees = .927 radians . If a frequency of 100 MH z is
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employed  (~~=3m) , the requi red  h o r i z o n t a l  ape r tu re  dimension is ,

d = 1.2(3) = 3.88m = 12 . 7 3  f t
.066

The requi red vertical aperture dimension is ,

d = 1.2(3) = 54 . 5 3 m  = 178 .9  f t
.066

Obvious ly a 178 f t  v e r t i c a l  a p e r t u r e  dimension is imprac t i ca l  and
t h e r e f o r e  a s i g n i f i c a n t l y  larger  v e r t i c a l  ang le should be em-
ployed , even though more ene rqv w i l l  be spil led ove r , as in the
horizontal plane , where consi dera b le energy f a l l s  outside of the
assumed rectangular battlefield area. It should be recognized
t ha t  line-of—sigh t ( LOS ) considera cions are less important at
the assumed VHF band frequency ( 100 MHz )  than would be the case
at much higher microwave frequencies (L,S,C ,X or K bands ) , and
considerable space portion of the ground wave will exist , if the
antenna is elevated a few wavelengths .

Since it is desirable to constrain as much of the energy
to the range as is practical , particularly in azimuth , a square
aperture is postulated which would oroduce approximately 55 degree
azimuth and elevation beamwidths . This would achieve the desired
azimuth coverage (with the 15 ink set back) , and though the eleva-
t ion beamwidth is r ons ide rab ly  wide r than needed for  coverage , the
a n t e n n a  ver t ica l  d imens ion  would be no greater than the horizontal.

This aper ture  would be 150 f t  in area ( 1 2 . 2 5  x 12.25 f t )
would be 50% e f f i c i e nt an d have a gai n of 10db . I t  would  not
neces sa r i ly  be solid or he avy.  It wi ll be recognized that  various
types of antennas mi ght be employed at this wavelength to achieve
moderate directivity and gain. These include the types often
employed for comme rcial TV such as end-fire arrays of dipoles or
folded dipoles (yag is) , so—called supe r fans , l azy  Xs , and the
like . Detailed antenna design is beyond the scope of this study .
I t  may be desirab le to have 2 or more d i f f e rent an tennas wi th
di f feren t dir e c t i o n a l i t y  characteri st ics an d size/ shape to be
emp loyed for di f f e r e nt size/ shape s imula ted batt le f ield ranges .
Suffice it to say that for the order of directionality discussed
above , at least one dimension of the antenna will be ten or more
feet long. It will be shown that the antenna gain is not really
needed so far as transmitter power is concerned. The primary
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reason for directionality is to constrain the energy mostly to
the range . In fact , i f  an i sot ropic or semi-isotropic antenna
were employed the stations could be olaced just at the edge of
the battle range and the maximum range to designation rece ivers
would be less , thus cancelling part of any need for transmitter
power or antenna gain. At any rite , 10 db antenna gain (55.3
degree beamwidths) will be employed in the following calculations
of required transmitter power.

At the 3 m wavelength , atmosphere attenuation , including
heavy rainfall , will be negligible . Art approximately 3 db RF
loss will occur between the actua l transmitter (tube ) and the
antenna .

Requi red transmit ter peak powe r may now be de termined
u s i n g  the relationsh ip.

P’ A
P = P G  2
D req t t w a t t s/ r n

- -  2L
4.R  t

A
where  = peak power d e n s i t y  required

at the designation receive r
antenna = 5Oxl0~~-° wat t/ rn2

= required peak transmitter power

G
t 

= t r a n s m i t t i n g  antenna  gain = 10 db

L
t 

= transmitter RF loss = 3 db

R = max im um range from a
transmitte r (master or slave)
to a designation rece i ver

Again , assuming the 15 km setback from the near end of ~h
R is

- 

2 2
\ ( 4 r km)  + (7 .5 k m ) = ~ 2 0 8 l . 2 5  4 5 . 11 k m

= 45 ,i- ’ IT
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and R
2 

= 4.56 x ~~~ 
2 

= 20 .79 x io 8 
m
2

2
P
t 

= ~ R L
~ 

wa tts
req

G
~

= (5.0x10
9) 

(12.57) (2.079x10
9) 

(2) = 26.133 watts
10

a 10 db field degradation factor should be added to this , yielding
261.33 watts . For a duty cycle (on time/off time) as high as .01 ,
average power (Pt) is only 2.6133 watts. If an isotropic antenna
is employed , that is , no attempt is~.made to constrain much of the
energy to the range area , required 

~t 
wi l l  be 2 ,613.3 watts and

Pt will be 26.133 watts . Assuming the same antennas are employed
for slave stations as master station and setbacks are the same ,
slave station transmitted power requirement will be the same as
for the master. A functional diagram of the master transmitter was
shown in Figure D— 3 to facilitate understanding of the basic t n —
lateration system configuration and operation. This diagram is
conside red applicable for preliminary design and will not be
repeated here .

The prime power requirements to operate the transmitter(s)
for the conditions/situations considered above , including the 10 db
field degrada-factor , and assumi ng only 50% t ransmit ter e f f i c i e n c y
are :

for 10 db gain antenna and .01 duty cycle ,

2.6133 watts = 5.226 watts
0.5

for 0 db gain (isotropic antenna) and .01 duty cycle ,

26.133 = 52.26 watts
0.5

This is within the capability of solar cell power, on a 24 hr.
basis , in many parts of the world. Where solar energy cannot
suffice , the fuel required for prime power generators is obviously
minimal.
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I
TRILATE RATION GROUND DESI GNATION SYSTEM

GENERATION BREAKD OWN

Designation Receiver Systems :

I tem No. Reg ’d

Antenna (helmet cover mounted) 1
Case (with attachment) 1
Battery (internal or external to case,

non—rechargeable ) 1
RF amplifier circuit 2
RF mixer circuit 1
RF local oscil lator c i rcu i t  1
IF amp l i f i e r  c i r cu i t  3
Differentiator (or discriminator) 1
Digital clock circuit (10 M Hz) 1
Delay shift register (51 stage) 1
Coincidence gate circuit (3 inputs) 1
Inhibit/enable circuit 1
Storage register 8-bit 1
Digital decoder circuit (33 codes) 1
Lethality logic circuit (with set control) 1
Kill indicator 1
Audio designation circuit (transducer driver) 1
Audio transducer 1
Internal wiring
External wiring
Switch (on-off) 1
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TRILATERATION GROUND DESIGNATION SYSTEM

GENERATION BREAKDO’4N (Con ’t)

Master Transmitter (1 req ’d)

Item No. Reg ’d

Antenna (dipole or folded dipole or
array if dipoles/folded disoles or
“bedspring~ type ) 1

RF power amplifier 1
Modulator (pulse or FM) 1
RF source (approx . 100 MHz) 1
Driver 1
Slave station address encoder 2
Slave stat ion address encode r swi tch 1
Weapon type encoder 1
Mini-computer (digital-to accomplish

logic and tuning , coordinate conversation ,
timing control and slave station switch
control) 1

Communications receiver system (probably
di gital , but voice also if desired , multi-
channel , probably operating between 30
and 76 MHz. Capable receiving designation
requests from net control station and of
interf~-cing with mini—computer) 1

Prime power supply (solar or
petroleum fueled generator) 1
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TRILATE RATION GRO UN D DESIGNATION SYSTEM

GENERATION BREAKDOWN (Con’t)

Slave Transceivers (2 req ’d) :

Item No. Reg ’d

Antenna (same as for master Xrntr.) 1
RF power amplifier 1
Modulator (pulse or FM) 1
RF source (approx. 100 MHz) 1
Driver 1
Receiver system (with address decoder,
10 MHz clock and differentiator or
discriminator-superheterodyne with
RF ,IF and video similar to designation
receivers ) i

Transmit/receive switch 1
Prime power supply (solar or petroleum

fueled generator) 1



TRI LATERATION GRO UN D DESIGNATION SYSTEM

GENERATION BREAKDOWN (Con ’ t)

Trucks (3 req ’d)

Probably modified army 6 x 6

Small shelter (3 req ’d)

Probably standard small army shelter (hut)

Antenna mount and elevating device (3 req td) :

Elevating device can be hydraulically operated
“Hi-reach ” type, specially designed. Other
types possible.
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VISUAL CUEING

A. INTRODUCTION

The problem of visual cueing is to simulate the visible ,
and when used , aural effects of fictitious field artillery and
mortar rounds in a manner useful both as warning to the personnel
under f ire , as well as for spotting to forward observers (FOs).
In some systems concepts, an audio report may be required. While
“hard” requirements for such a device are not easily derived ,
several factors must be considered in selection :

• Fidelity/training value ;

• Utilization/Deployment;

• Safety ; and

• Development.

These four items will be discussed in the following paragraphs
and are applied to the system concepts identified in the main
body of this report , al though the emphasis is placed on the
Systems 4 and 4-A.

1. Fidelity

The authenticity to which the visual cue reproduces an
actual event is the prime determinant of its ultimate value in a
field exercise. With the exception of the audio report (which
could be used to provide the audio “cue” , a function performed
synthetically in Systems 4 and 4-A with a laser beam) , the visual
cue should possess the following characteristics :

• Point of burst initiation -- at called for altitude, or safe
minimum for ground burst and with lateral coordinates the same
as predicted point of impact (PIP) for single round or mean PIP
for volleys simulated by a single cue;

• Detonation/flash -- exhibit the same physical attributes , such
as temporal , spatial and spectral characteristics as would a
real round ; and

• Smoke cloud/debris -- the behavior of the cloud and to some ex—
tent , its visual appearance , such as shape and rise time , must
be authentic , a fact probably more important than the preceding
characteristic because the flash is only a transient phenomena.
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It was from these considerations that such techniques as flash
strobes of high power and common loudspeaker audio cue were re-
jected early in the study .

The device may be authentic , in that it rep l icates an
ac tual phys ical event , ye t may not be altogether useful in a
training exercise. That is , cer tain physical characteristics of
the device might need to be accentuated , somewhat at the expense
of realism and simulation fa ithful ness , to enhance the training
value. This accentuation would apply in particular to the use
of the visual cue for FO adjust and reg istration fire missions.
For example , the visual/audio cue operator might require enhanced
optical contrast or color (such as a yellow cloud ) to increase the
detectability by FOs.

2. Utilization

The disc ussion of the fidelity of a potential candidate
dev ice or technique cannot be realistically separated from its
intentioned use in the field. Ideally, the device should be
covert in its activation -- that is, personnel seen in transit or
in the process of implanting a visual cue device prior to actual
kill by laser or other mechanism might reveal the imminent pre-
sence of indirect fire . In addition , the necessity of having to
be in the actual location of the simulated round ’s impact may
impose unacceptable time constraints on the visual cue operator
(VACO), particularly in heavily forested , hilly terrain.

Pre-implantation of visual cues, which could be remotely
detonated , are attractive for a small area and where there are but a
limited number of pre-planned targets. This is a technique that
is commonly employed in the entertainment field , but is not con-
sidered feasible here because of the large area to be covered
and the certainty of unplanned , suppressive fires and large
shifts from known points.

The visual cue device/method must be compatible with the
system concept in which it is intended for use. In System 4,
for example , the activation of the visual cue must closely follow
the laser kill-cue operation . The visual cue could even occur in
the midst of an extended suppressive fire. Thus, coordination is
essential and it is desirable for the visual cue device to have a
var iable ballistic range to permit flexibility in selection of
the launch point.
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3. Safety

Under normal operating conditions , the device employed
mus t be sa fe , both to the ope ra tor and “victims ” , presenting only
imperceptible hazards from exploding fragments , chemical and
toxic materials , incendiary matter or from loud aural reports or
br ight flashes. Consideration must also be given to safety under
abnormal conditions -- for example , the danger to exposed person-
nel from impacting , non-exploding rounds (duds) must be minimized.
It is almost axiomatic that handl ing and use of pyrotechnic/
explosive devices require considerable operator caution and ex-
perience. This is impl icit in the work to fo l low and emphasis
henceforth is placed on the dynamical hazards. While it is not
within the scope of this report to determine safety requirements,
the comments wh ich fo l low set guidel ines which , if adopted , are
expected to ensure reasonable and adequate safety to both evalua-
tion and training personnel.

One of these guidelines is an energy of impact from un—
exploded rounds of less than about i02 slug—ft—sec 2, or equivalent
to that of a fast-pitched baseball. This makes the probability of
serious injury almost impossible , even if a person is struck. The
probability of a round striking an individual is variable and hard
to predict, but varies from about 10-2 for prone , exposed troops
in tigh t defensive formations in open t e r r a in , to about l0~~ for
standing troops under heavy tree cover. No value has been assigned
to the probabi l ity of encountering a dud (not expected to be any
worse than l0~~~). The probabil i t y  that  a dud f a l l s  among such a
tight group of prone individuals is probably no more than l0 2.
Therefore , the probability of a dud round st riking an individual
is no more than (10—4) (l0~~~) , or about 10—8 . If there are 1,000
cue ing rounds f ired dur ing the exercise , then there is one chance
in l0~ (one in 100,000) that a soldier will be struck during the
exercise.

A second aspect of safety is that the bursting round must
not cause damage to eyes or ears from bursts that are too close.
This consideration has to be controlled by the fuse delay time
for remote, ballistically projected rounds and from operator care
and t r a i n i n g  for rounds detonated in the proximity of troops.
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4. Development

A search fo r ex isting pyro technic devices su i tab le  for
the audio-visua l (A/V) cue has been unsuccessful. The principal
need is for an adequate-size smoke puff of good persistence. It
is deemed necessary to develop a new round and as noted in the
annex to this appendix there appears to be a feasible scope of
technology available. The specifications for ballistic and A/V
performance needed are not rigid , and a developmen t by industry
under the cognizance of appropriate Government agencies is cer-
tainly feasible along the general lines suggested herein.

B. DEVICES/METHODS

1. Actual Battery Use

Ideally, rounds capable of being fired from the pieces
themselves and possessing the same ballistic properties as the
roun ds cal led fo r woul d prov ide the most fa ith f u l  reproduc tion ,
particularly for the mortar rounds. The shells would be timed
to burst at a safe (100 to 200 ft) height , or allowed to descend
on a parachute , with a burst charge replacing the high explosive
(HE) in a f rangible case. There is considerable dan ger f rom
rounds that are duds. A 10 lb (81 mm ) or 25 lb (4.2 in.) pro-
jectile striking an individual at velocities > 100 rn/sec on the
head or body would probably prove lethal. Also , the debris from
rounds that do explode might be unsafe at low burst heights.
When the field artillery battery does not actually exist  in an
exercise , simulation of these weapons by this method is not
poss ible.  Th is f act, in addi tion to the sa fe ty  hazards  involved ,
has forced the recommendation tha t th i s  approach not be used.

2. Visual Cue Projector

a. Mortar

The next most desirable method of audio/visual cueing
would be to use a device capable of sa fe ly  and accurately placing
a round over the intended “kill—cue ” zone at ranges from about
0.10 to 1.0 km. These are the ranges at which the laser system
operator (System 4) is required to work and though the VACO is
not necessarily located with the laser system simulator , these
range requirements do serve as a basis for discussion. In the
other system concepts , a one km maximum range is estimated to be
that consistent with achievable accuracy.
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The device could clearl y assume many gradations of form
and complexity, but simplicity is desirable. For example , an
accurate and reliable proximity fuse would greatly enhance the
capability of most systems of this type. The device would also
increase complexity and cost and would reduce reliability.

In one forn , th.~ sys tem would  be no more than a small
mortar , projecting a finned round of about 1/3 lb to the required
range. For a f i x t ~ci t i m e  fuse , elevation angle and muzzle velo-
city would h a v e  to  he variable to achieve a nominal height of
burst between 75 and 100 ft. If the fuse time could be varied ,
either by ~re—set or proximity fuses , the muzzle velocity changes
as obtained by different charges , could be dispensed with.
E:rrors in elevation angle setting , changes in muzzle velocity from
standard, errors in fuse time , and winds will cause the projectile
to not explode directly over the intended point or at ~he design
height of burst (HOB)

Rounds having longer ranges require higher muzz l e veloci ty,
depending on the ballistic coefficient of the round . For a half—
pound , fin-stabilized projecL~~le of 40 mm-diameter hemispherical
forebody shape , the ballistic coefficient will be about l0~ ft , or
about one-tenth that of a 81 mm mortar round. A HOB of 100 ft at
a 1,000 m range would require a muzzle velocity of 750 ft/sec in
standard atmospheric conditions.

This firing creates a momentum of about twice that of a
large gauge shotgun . Unless the weapon launch mechanism is made
quite heavy , the recoil velocity will be dangerous for a hand—
held dev ice. The dif f i cul ty of quick ly  and e f f ic ien tly loading
a hand-held breech loading device, with variable charges , also
weighs heavily against this type of apparatus.

In addition , the accuracy with which a hand-held device ,
even wi th aux i l i a r y  sighting aids , could place a shot over a 1 km
distant target is suspect. At this range , a circular error probable
(CEP) of 50 m would not be unexpected , even in only moderate
(5 to 10 knot) winds. The only way to successfully use a cue
projector of this type without cumbersomeness , would be ground
emp lacement , use of firing tables , four  to f ive va r i able
charges and variable elevation angle for pre—timed detonations.

I
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The discussion thus far has neglected safety, principally
in respect to the ;~ r ob 1en  of unexploded rounds impacting near or
on personnel. To r- udoo~ the veloc ity of these duds to safe levels
at irnr te~~, (~iO to 80 ft1sec) re~ u ires that the ballistic co—

• •~fficient be mad e about 5 x lO~ ~ . To obtain the 1 km maximum
ranc;e with that cuefficient would require 31j unfeasible muzzle
veLocit; and make the round more susceptible to winds. In fact ,
the hazards would actuall y increase near the muzzle. Considering
the higher velocity, these rounds would  be unacceptabl e since
the letha l impact velocity should be much smaller than 750 ft/sec.

While this a:~proach (that is , ground emplacement as in
an actual mortar) has considerable merit and in its most useful
refinement offers accurate and relatively realistic placement of
visual cues that are useable both to FOs and victim troops and
alleviates macv cotential deployment problems , it has not been

• selected as the best candidate. This decision was made princi-
pally because of the extensive development required. In addition ,
since the dan~4er of impact of unexploded rounds is of great impor-
tance , their velocity should be less than 160 ft/sec at impact
with 60 to 80 ft/sec highly desirable. To achieve this goal , a
low ballistic coefficient is required of the projectile , so that
to reach 1 km requires much hi gher velocities than the 750 ft/sec
mentioned earlier.

b. Grenade Launche r

A second , and in ILS ’ opinion , more desirable method is
to use a round capable of fire from a 40 mm grenade launcher (M—79)
or other individual weapon. At least one such round , the M27A1B1
Air Burst Simul~~tor , already exists. It is 8.92 in. long, 1.88 in.
in diameter and weighs 0.58 lb. The simulator has a plastic body
with rounded nose , which is screwed into the aluminum fuse housing/
fin stabilizer. A propelling charge of 9 grains of smokeless
powder ejects the device out of the launcher at about 250 ft/sec .
After a time—train fuse burns for abo~.t six sec , the simulator
bursts , accompa nied by a bri ght flash, a puff of grey smoke which
is visible up to 3 ,000 yards , and a report audib le  at ranges of
at least 2,000 y a r d s .  The projec tile has a bal l istic coeff ic ient
of greater than 2x105 f t and can achieve ran ges of between 0. 25
and 0.30 km at elevation angles greater than 30° , but less than
45° and bursts at heights between 80 and 260 ft. There is no
convenient way of varying (shortening ) range because the higher
elevation angles give HOBs between 400 and 600 ft. These alti-
tudes are probably unuseable by either FOs or victim troops.

E-8
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If the launch ang le is reduced to below 30° , which  is a method of
increasing range , the probability of low and dangerous bursts
would be increased , particularly in uneven and hilly terrain.
Removal of some of the bursting charge may be required for use of
this round.

For launch elevation angles between 30° and 45° , the
velocity of an unexploded round at impact is about 140 ft/sec ,
which is dangerous with respect to physical injury to personnel.
Unfortun~~tely, as the ballistic coefficient is decreased , the
range also decreases.

Even if the launcher and round could be used “as is” , the
addition of an accurate azimuth sighting device is required and
changes to the range ladder sight are required.

An alternative is to use high muz z l e  velocities , but
higher drag coefficients , al lowing the rou nd to slow cons iderably
before impact. An example of a typical trajectory is shown in
Figure E—l for a 30° elevation launch condition. For a ~20%
variation in muzzle velocity (~~l0% is achievable) and a fuse time
of 2.5 0.5 sec , the range varies from 260 to 380 ft with heights
of burst from 80 to 150 ft. If a ±10° variation about the nominal
30° is assumed , the range varies from 275 to 360 ft if the muzzle
velocity is held to ±10%. The heights of burst are between 50 and
180 f t , where the nominal  values  are a range of 315 f t  and an HOB
of 120 ft. Noteworthy is the fact that the terminal velocity is
65 f t/sec , which is well into the safe zone for personnel.

IL S has engaged AAI , Inc. for study of a new grenade
launcher round for ranges of 125 to 150 ft, with HOB5 of about
60 f t . The repor t from AAI is contained in annex I of th is
appendix.

The precise design and performance parameters must await
a more detailed evaluation , and establ i shment of tradeoff  c r i ter ia
between the four fac tors ident i f i e d  at the beg in ning of this
appendix .

Another device , the M74A1 round is ava ilable , which is
fired from pyrotechnic pistol AN-M8 , giving a nominal HOB of
100 ft and a horizontal range of about 250 ft when fired at an
elevation angle of 45°. The round , which weighs about 0.3 lb , is
safer than the M27A1B1 simulator because it is lighter and per-
sonnel would be less immune from the effects of duds than with
the M27AIBI device . The principal effect of the M74A1 is an ex-
plos ive repor t . The smoke cue is very probably inad equa te .

E-9
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c. Site Projectors

One possible method is to use personne l to emplace the
device at the site -- that is , at the location of the simulated
round impact. This method suffers from a lack of covertness ,
where the individua l deploying the device might be seen by the
victim troops. This method uses devices that are available and
easily obtained. Of particul ar interest is the Army Simulator ,
Projective Air Burst: Charge , Smoke Puff. This device is used
with a smoke puff di sch cr~ c r  t o  simul ate the appearance of the
burst of an artillery pr ojectile :i’ . ar the ground by producing a
puff of white smoke , visi b le up ~o 3 ,000 yards by ground observers.
The simulator is placed into the ground , or in a tree , and is dis-
charged by pullin g l:in : trd , which ~iros a cap percussion primer.
Nothing is eject H ~ x c # : I ~h.. putt of smoke .

Lniie r • ‘ :  : tct 1o ILS , A.P.C. Fireworks Division and
Pyro Discda ; (/o. ,  iic . of Se L r coc , F1 .ri da , 1r. E. Vickers fur-
nished t h d e s i m.  t : . d  1 ye ce i xed c~;rotechnic devices
wh ich h Jemons r d . .. r~~s~~l~ S w r i  - i n  Lcu)ressive .

I n add i~~ion , a le is ’ me o v i c e  is a v a i l a b l e  commerc i a l l y .
The S herr’iuly (b: li: d) naici : i red Smoke Puff Rocket ejects a
lar .;e puff or brown smoke , a - . :‘u ar ,led h : a loud report and bright
fl i sh , .o al t it-i d . - o~ 200 o 1 ,000 ft , dependinq on elevation
an;le it t c r i n .i . This b - : i - ”  is . nsider ’. d quite hazardous.

C. ADDIT I f iNAL DI - :vEL OL~H :N T

To ob t  t i n  i nr ~ . t ive ~d~~.c s o u t s i d e  the  convent ional  eng i—
neeri:-~ channels , several corporac ions in the entertainment field
were consulted about t u e  visual cue problem. These included
Disney Enterprises (Anaheim , California) and Presentations—South
(Orlando , Florida). Appreciati ons are extended to Mr. Tom Craven
of Walt t~isney World and Nr. Bob Buck of Presentations—South for
their suggestions , which are hereby respectfully acknowledged.

D. CONCLUSIONS

The bes t v isual cue dev ice f rom the standpoint  of s a f e ty ,
fidelity and utilization would be a M-79 grenade launcher , fitted
w ith aux il i .y sights and using a new low ballistic coefficient
round of ~ tween 0.25 and 0.33 lb. A range of 0.10 km and a HOB
of 75 to 100 ft are the nominal specifications. With a ballistic
c o e f f i c i ent of l0~ ft , the impact velocity for duds will be less
than 80 ft/sec , which is well within the safe zone for personnel.

E-ll
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While current dev ices , both in commercial and military form ,
exh ibit desirable characteristics, none of them possess the
aggregate of the desired features. New devices require develop-
ment , but none require high risk , state-of-the-art extensions.
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AUDIO VISUAL CUEING SUBSYSTEM

FOR

IND IRECT/A REA FIRE EFFECTS SIMULATION

I. INTRODUCTION

Under contract to International Laser Systems , Inc . ,  PAl Co rporation

has conducted a concept feasibi l i ty  stud y o f an A/ V cueing syst em based on

the M-79 40mm grenade launch er.

Design goals for the system were:

o Event height of 60 ± 10 feet. -

o Visi ble-cue smoke cloud approxima tel y 15 feet in
diameter having a contrast of ± 2O~ with c loud ,
white smoke or tree ba ck ground .

o Audible to ranges of 2 kin while not exceeding 140 db
on the ground directly below the burst.

o High degree of safety both for shooter and troops in
the area . Low terminal velocity and self-disarm and/or
destruc t on ground impact.

Additionally , the M -79 grenade launcher was analyzed to stud y both

the feasibility and advisability of providing a safety which would inhibit

firing at elevation angles of less than 45O~

1
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II. A/V CARTRIDGE

A. Pro jec tile Design

The basic concept for the projectile design consists of a

frangible 40mm projec tile filled with a pyrotechnic mix and fuzed with a

simple pyrotechnic delay that is initiated by the propellant gases at launch .

Expiration of the time delay causes the mix to explode in mid-air producing

both visual and audible cues . The proj ectile body is of a brittle p lastic

material and is further prescored to ensure break-up into small pieces. In

the unlikely event that the delay fails to ignite , or burns out , the

frangible nature of the projectile will cause it to frac ture and spill its

contents on ground impact. This fracturing will virtually eliminate the

possibi lity of a subsequent explosion of the round and will also tend to

reduce the impact force should the dud hit a person or piece of equ ipment

in the field. In order to minimize the fragmentation hazard the projectile

should be as small and ligh t as possible consistent wi th the charge necessary

to produce the desired cloud size.  Likewise , the launch velocity should be

as low as possible , consistent with the altitude and range requirements , in

order to minimize the potential damage that could be caused by a dud.

A number of trajec tories were computed to determine the aero-

ballistic characteristics of candidate desi gns . eased on experience with

similar spotting and cueing rounds it is estimated that a round weigh t of

.2 to .3 pounds will be required to provide an adequate signature . A stand-

off range of about 125 feet was deemed desirable so that the shooter would

2
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not have to ac tually enter the area to be cued . Three munition concepts

were postulated - spin stabilized , tumbling, and drag augmented. The spin

stabilized round had a conventional 40mm grenade shape wi th an estimated

drag coefficient of .25. The tumbling round had an estimated C
D 

1.0, while

the drag augmented projectile had deployable drag vanes which increase the C
D

to 3.2. In all cases the reference area was based on the bod y diameter.

Pertinent results are tabulated in Table I.

It can be seen that for the weights of interes t a 450 
launch at

1.00 ips wi l l  produce the desired nominal burst hei ght and stand-off. Further ,

the time to the event point is nomi nally 2 seconds.

The tumbling projec tiles have somewhat lover termina l velocities

than their stable counterparts; howeve r, the random nature of the impac t may

make it more difficult to ensure a decisive break-up on impact.

It is interesting to note tha t except for the drag augmented

configuration the trajectory to the burs t point is insensitive to both

projectile weight and to whether or not the projectile is stable . Thus , the

desi gner has considerable freedom in this respect. Also , exact control of the

time delay is not important in terms of placement accuracy. At the summi t of

the trajectory the projectiles are traveling abou t 60 fps .

A simp le, inexpensive 2-second time delay will typically vary by

± .3 seconds. Thus , the projectile would have a horizontal placement accuracy

due to fuze tolerances of abou t ± 18 feet. The vertical change would be ± 2
fee t.

3
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The drag augmented version has the lowest impact velocity ; however

i t  requires a much hi gher nuzzle veloc ity and involve s substantially more

parts which will contribute to the fragmentation potential. The higher muzzle

velocity is probab ly a liability in terms of increased hazard near the muzzle

in the event of an accidental or low angle launch . At the present time the

potential disadvantages of this concept appear to outweigh the advantages.

Fi gure 1 illustrates a projectile concept. The bod y is molded

from polystyrene and includes a rotating band and a web in the base which

houses two pyrotechnic time delay trains with interrupter type safe and

arming devices. The dual delay trains provide redundant systems for initiation

of the smoke mix. The interrupter pins prevent ignition of the first fire mix

when they are in p lace. In the norma l loaded confi guration the pins are re-

tained by the walls of the cartridge case. Firing of the cartrid ge introduces

hot propellant gases which accelerate the projectile and at the same time

ignite the delay trains . As the projectile engages the rifling centrifugal

forces are developed and the interrupter p ins become bore riders. At muzzle

exi t the pins are free to fly out of their cavities thus exposing the first

fire mix to the delay column . Exp iration of the delay will cause it to flash

across to the first fire mix which will easil y igni te and propagate to the

smoke mix.

It will be noted tha t a stable configuration has been shown . There

are several reasons for this choice. Firs t , it will be necessary to engage

the rifling in order to prevent gas leakage leading to variations in muzzle

velocity. While a slip type rotating band is possible , the spin of the

5 
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projectile is useful as a means of arming the projectile by ejecting the

interrupter pins . Finally, the spin stabilized projectile will impac t in a

nose-down attitude if it fails to function in mid-air. Knowing the attitude

on impact should facilitate the design of a projectile which will break up

on in~ act. On the other hand , the stable and non-stable configurations have

virtually identical trajectories up to the event point. Hence, if other

considerations , such as an overly long round because of the amount of fill

needed , lead to a non-stable configuration it will have little effect on the

burst height or range.

AAI has developed a similar plastic 40mm grenade for use as a low

cost training cartridge. In that projectile the fill is a red powder which is

dispersed on impact. It was found that by molding a circumferential groove

which acts as a stress riser around the nose very reliable break-up of the

projectile could be achieved . The material used was polystyrene.

For the present application it is anticipated that several grooves

would be molded into the body in order to promote break-up into small pieces.

Elimination of fragmentation hazards to personnel directly below the burst

point probably represents the mos t significant design challenge in the develop-

nent of an A/V cueing round. Most , if not all , pyrotechnic mixes capable of

producing the desired signature are classed as low explosives when used in the

quantities envisioned here. Thus , given enough confinemen t, very substantial

explosive forces and subsequently high fragment velocities will be produced

.6
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Fi~~~re I

Desi gn Concept of ~.Ornin A / V  Cueiri g Round

Diameter: -~0rnrT’

W~~ght: .2 Lb .

Launch VeIociLv : ~~~ fps

Burst ~eigh~~: 60 Fr .

Pay load V~ lur~e: 3.7 In.
3

body Mate riai: Polyst\re ne

Interrupter Pin

/ ~~~ 
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~~~~~~~~~~~~~~~~~~~~~~~

Pyrotechnic Delay

\
First Fire 
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The fi gure below shows the velocity decay rate for a .25” x .25” x .080”

p lastic fragment for initial velocities of 2000 and 4000 fps.

Fragment Velocity
Decay Rate

4000

C-

4: 3000
>~.

-4 ::: 
60

Range - F t .

The fragment velocity is 13 to 27 fps at 60-foot range. A p lastic fragment

of this velocity should not prove hazardous to personnel .

Recommenda tion:

Ammunition development is an evolutionary process. One ’s first

attemp t at a new design is seldom a complete success. Recognizing this , the

primary recommendation regarding the projectile configuration is that a well

planned , comprehensive development program be anticipated and p lanned for.

8
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Based on the studies conducted on this program , a 40mm projectile fired

from an M-79 grenade launcher should p rovide a safe and adequate cueing

round. The projectile confi guration shown in Figure 1. is though t to 
-

-

represent a reasonable starting point for the round development . Salient

features are ~nolded plastic design , spin stabilized , pyrotechnic time

delay ,  weight .2 ib , launch veloci ty 100 fps , and launch angle 45°. -

I
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B. Pyrotechnic Mix

The pyrotechnic mix should produce an instantaneous, dense cloud

which provides some contrast to other white smokes. It should also provide

a loud repor t but not exceed 140 db on the ground directly below the burst.

Finally it is desirable to achieve these characteristics while producing the

lowest possible fragment velocities .

Several candidate mixtures are available. Since, to our knowledge ,

none of them have been used in precisely the manner now anticipated , i t  is

recommended that a test program be conducted in which the cloud size,

acoustic report , and fragmentation characteristics be measured. The follow—

ing mixtures are likely candidates :

Mixture A

Hexachlorobenzene 157.

Potassium Perchlorate 207.

Zinc dust 557.

Black aluminum 107.

Present use: 170 grain charge used in PAl tank gun fire simulator .

Mixture B

Potassium Perchiorate 387.
Iron Powder 457.

Aluminum powder 167,

Cab-o-sil 17.

P resen t use: 300 gram charge used in experimental AAI 105mm
spotting round. Produces orange cloud .

10
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Mixture C

Calcium Carbonate 507.

A.nthracene 16L

Potassium Chlorate l7’~
FFFF Black Powder I T!,

g

Present use: Recommended by Ga. Tech investi gators (E. K. Reedy,
et al , Indirec t Fire Instrumentation Study Final
Repor t , EES/CIT Projec t A-1697-000, Feb . 1.976)

Mixtures A and C when fired from shotgun shells produce white

clouds about half as large as the desired 15 foot diameter.  The 300 gram

charge of mixture B produces an orange cloud some 20 to 30 feet in diameter.

Thus , the 50 to 70 gram fill that a 40mm projectile can carry should produce

the desired cloud size.

The Ga. Tech investigators reported being able to hear the report

from their device at a range of 2 Km. The test conditions appeared to favor

the sound transmission, but the results are encouraging with regard to the

present application.

Recounnendation:

Conduc t test program using the mixtures suggested herein. Measure

cloud size , acoustic report, and fragment velocities. Achieving the desired

cloud size , contrast , and the acoustic report appear to be within the state

of the art using a 40mm size device.

S 
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C. Delay Train

A number o f delay train mixes are available. One which AAI

has used ~9ith outstanding reliability over a number of years consists of a

mixture of il , . zirconium powder and 897. barium chromate consolidated at

80,000 psi. A .2-inch long column provides a 2 ± .3 second delay. This

delay column is used in a tear gas grenade manufactured by PAl and has

proven ro e quite reliable.

Usually slow burning delays need to be fairly large in diameter

in order to insure comp lete propagation. In the present case we want the

smallest diameter practical because the larger the train diameter the thicker

the plastic parts and corresponding ly the greater the fragmentation hazard.

In view of the need for good reliability , a minimum delay train diameter of

.125 inches should be considered .

A somewhat more sensitive mixture may be needed as a first fire

to transfer the propellant gas flame to the delay train and also to promote

transfer of the delay train flame to the smoke mix. A mixture of 407.

zirconium -607. barium chromate will serve that purpose.

Recommendation:

A proven delay train mix should be used if possible. A .2 inch

long train , .125 inches in diameter composed of 117, zirconium -897. barium

ch romate consolidated at 80,000 psi should provide a reliable delay of the

proper duration. A dual train should be considered because of the desire

for exceptional re l iabi l i ty .

12
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III. WEAPON

A study was made to exp lore the feasibility of modifying the M-79

trigger group to inhibit firing at elevation angles of less than 45°. In

this study we considered gravity actuated safety mechanisms which were

effectively beyond the control of the shooter. That is, at elevation angles

of less than 450 the safety was automatically cammed into position while at

higher elevation angles it automatically moved to the fire position.

Figures 2 and 3 show two of the concepts that evolved from this preliminary

study. In each case a pendulum type device acts on a modified trigger to

lock it when the elevation angle is less than 450~

Consideration was also given to blocking the hammer or firing pin.

These approaches were abandoned because they appeared to create safety

problems . The M-79 grenade launcher has no charging handle as such . There

is a cocking lever which automatically cocks the weapon each time it is

broken open to insert a new grenade. Conversely, ther,~ is no way to

recock the weapon once the hammer has started to fall excep t to break the

weapon open . Opening the weapon with the partially fallen hammer being

restrained by a gravity operated cam or lock appeared to invite an

inadvertent firing of the weapon .

While the trigger locks shown in Figures 2 and 3 could be made to

work it is doubtful that they would add much in the way of safety to the

overall problem. First of all the impact velocity of a dud is only 10 or

20 feet per second less than the launch velocity. Thus , the damage potential

13
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of the projectile at muzzle exit is not very much greater than that of a

dud . If the duds represent an acceptably low threat to personnel , then

the round at ‘nuzzle exit is also probably acceptably low in threat level.

A second consideration is the re la t ive ly  small vo lume available and

hence the relatively small forces that can be generated by a gravity

ope rated device housed wi th in  the trigger group. I t  is easy to envision

a small amount of dirt fouling such a device. One would then have the

very unsafe condition of an operator thinking that it is “impossible” to fire

his weapon at low angles when in fact the low angle block was inoperative ,

or conversely, the block would stay on even though the weapon was properly

elevated.

While a more comprehensive investigation than was possible during

this preliminary study tnay lead to a design which does not suffer  from these

objec tions , at the present t ime it appears that the use of a safety based

on eleva tion angle should not be pursued. Rather , the operator should be

trained to properly aim his weapon. When the ladder sight on the M-79

launcher is extended and its sighting aperture is raised to the highest

position (375M) the weapon is essentially set for a 45° launch angle. The

sights should be fixed in this position and the operators trained to operate

in only the high angle ‘node.

Perhaps a more serious potential problem is not a low angle launch

but a launch at 45° from a position in a valley such that the burst point

is very near the ground on the adjacent hillside . In this case the projectile

would be exploding much closer than 60 feet to a person located on the

16
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hil ls ide and hence the possible threat of blast or fragmentation damage

is much greater. Short of prepositioning launchers before an exercise

starts it appears that the only way to minimize this threat is to properly

train the operator in the safe deployment of the device.

Recommendation:

A safety device to inhibit low angle firings is probably not worth-

while. The shooters should be properl y trained for high ang le firings .

I
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IV. COST ESTINA~TES

Based on past experience with similar 40mm ammun i t ion , it is

estimated that the cos t to develop a 40mm audio visual cueing round of the

type described in this report would be $100,000 to $150,000. This cost

includes development through operational testing .

It is estimated that the cost to produce the 40nm~ A/V cartridge in

quantities of 100,000 rounds per year would be $5 to $7 per round.

18
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V. SUMMARY OF FINDINGS AND RECOMMENDATIONS

1. A molded p lastic 40mm projectile weighing about .2 lb

and containing a pyrotechnic delay and pyrotechnic flash

mix should , when launched at 100 fps and 45° angle , provide

a suitable A/V cueing round for indirec t fire simulation.

2. Conventional pyrotechnics should be capable of providing

the desired signature and time delay .

3. It appears feasible to develop a round of sufficient

reliability and low fragmentation potential.

4. Modifications to the weapon are not recommended , rather

the operator should be thoroughly indoctrinated with

the proper deployment of this device.

5. The estimated cost to develop the A/V cartridge is

$100,000 to $150,000. The estimated cost in production

is $5 to $7 per round .

19
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APPENDIX F

SHELL SMOKE
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SHELL SMOKE

A. PURPOSE

Smoke operations are conducted to reduce the effective-
ness jf hostile , aimed fire , deceive the enemy as to the location
5 - t f l~~ activities of friendly troops and installations , prevent enemy
visual qround and air observation , increase the problems of ve-
hicular mo’..’ement , and of communic~itions , command and control of
enemy activities. Smoke is placed on enemy troops or installa-
tions , between the enemy and friendly troops and installations ,
or an friendl y troops and installations. In addition , signaling
smoke , such as the marking of friendly positions as the trans-
m i s s i o n  of s p e c i f i c  messages in p r e a r r a n g e d  color codes , is
likel y to be employed .

Depending on the tactical and operational environment ,
smoke may be developed by ground emplaced generators , pots or
- ir enades .  They can be de l ivered  in , or dropped f rom , f ixed  or
r o t a r y  wing a i r c r a f t  in the fo rm of bombs , ( bomblets)  or a i r  droDoed
smoke pots , or genera ted  by a r t i l l e r y  and mor ta rs . It  is the last
case that is of importance here.

The principle use of this type of fire is smoke obscura-
t i o n , where  the rounds are placed on ene’ y pos i t ions  to deny him
effective visual observation of friendly territory, or generation
o f smok e cur ta in s (screens) designed for the same purpose , except
that the curtain is used mainly at or near the forward edge of the
ba t t l e  area (FE BA ) , and is a dense , ver t ica l  development of smoke
rather than a horizontal blanket spread over an area . The curtain
requires less expenditure of ammunition and does not inhibit
friendly aerial observation and assault of enemy positions. For
a given weapon , the required spacing between rounds , and the rate
of fire is a function of the wind velocity and prevailing atmo-
spher ic conditions. For example , to establish a 500—rn smoke cur—
tam in a 13—knot following wind , under ideal inversion condi-
tions , requires about two—155 mm hexachioroethane—zinc oxide—
aluminum (HC) rounds-per-minute per impact point , p laced 27 m
apart. Weapon dispersion would increase the required rate of
f i re , or in actual use, the number of guns , because the round—to—
round dispersion of a single tube is greater than the desired im-
pact point separation. In this instance , the required expendi ture
of ammunition is large , and this is not a ciood smoke mission .

F-3
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B. PROBLhMS

The are.-i ‘ • be ‘o- .~~~r f w i t h smoke can be extensive — sev—
erul hundred met~~rs  lonu ~n .. 100 n deep, or as small as 25 m long .
For u iiven weapon , th~ imm -u nl t lun and d e l i v e r y  t echn iques  can be
~u~~te varied , lthou~~h nor t - ..~r smoke rounds are limited to white
phospherous (WP) o n l y .

It is difficult to cover and control smoke over large areas
w i t h  pots or g e n e r a t o r s , because they t y p i c a l l y  must  be spaced 25
to 50 m a p a r t  f o r  oood c ov er au e , c r e a t i n g  a po t en t i a l  deployment
: .rob lem.  However , in f a v o r a b l e  wind c o n d i t i o n s  —— t ha t  is , approx—
imately 5 knots parallel to the longitudinal axis of the order
covered -- one or two pots a l i gned pe rpend icu l a r  to wind direction
and downwind , are considered sufficient.

The weather effects , including wind velocity and inversion
conditions , have an impact upon how the smoke behaves and to a
lesser extent , determines the rate of fire o~ the battery whose
actions are to be simulated.

Beyond ~he di~~~iculty of covering the required area with
smoke is the aroblem of smoke interference. The problems discussed
.tbav~.. are those common to , and which exist wi th any field exercise
of this type - - th a t  is , how to safely generate smoke in a manner
th a t  has meaning in a field exercise. These factors are not new and
unique to this simulation and would aoply to all the systems dis—
cussed in  th i s repor t .

Unfortunately, the use of visible or near Infra—red (IR)
GaAs lasers present another problem to the simulation/training
exercise.  If a cal l  is made fo r m ixed h igh explosive (HE) and
Smoke , some coordination is required to prevent laser kill “degra-
da t ion from smoke attenuat ion of the  transmi tted laser code.

Safety could be a hazard in all of the devices and tech-
niques considered , because chemical hazards exist with both HC
and fog oil (SF0)  smoke , with the former creating the requirement
for  p ro tec t ive  masks for personnel  exposed to high concentra t ions
ove r long periods of time .

White phosphorus would not be used in any of the simula-
tions , because of the incendiary hazards involved and from the
toxici ty resulting f rom th e ensuing smoke.

F-4
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Several methods of uir dropping of smoke rounds ex i s t
(potu , bombs , honiblets) und ull have the clear advantage of allow—
m i  h .i~~h speed , reasonubly ac- :Turute , and q u i t e  ex te ns ive , smoke
dep lov:ient. Untortunately, these methods all carry a prohibitive
sufe tv risk to nersonnel under the flight path of the carry ve-
hicles. De’.elopment of new devices , such as drogues or parachutes
to lower  descent rite , thereby decreasing personnel risk , are not
considered worthwhile.

C . SOLUT I~)N

The only possible way to achieve a good smoke “ simulation ”
is by close coordinution with system net control station (SNCS).

~- or rounds  where  k i l l s  w i th  smoke are  requi red , other than  mixed
hi-~h explosive (H E )  and smoke , is white phosphorus (WP) only, the
timinu of kill-smoke will be controlled , with the kill designation
occurring first or alternatel y, for long duration screens. This
imp lies that the SNC S will determine and coordinate deployment
methods , consisting of 10 lb , Ni HC-filled (47% hexachlorethane ,
47% tinc and 6% aluminum) smoke pots , usea ble by bo th the v isual
cuers (VACO) and by separate smoke teams. In addition to the
smoke pots , the teams will have fog oil generators on jeep-towed
trailers. If available , specially equipped helicopters (“Smokey
the Bear ” )  can i n i t i a t e  and m a i n t a i n  a screen 700 m long and 100 m
deep for  about 3 . 5  minu tes  us ing  a 50 ga l lon  fog oil t ank 1 . The
helicopter must fly at speeds less than 90 knots and at altitudes
of 50 to 60 ft. The availability of the helicopter is suspect and
i f  a i r c r a f t  are used the Mark 12 Mod 0 smoke tank could be em-
ployed where compatible.

The system cont ro l , through i ts mon i to r ing  of forward
observer (FO) nets , will assess the smoke cal led f or and the be st
way to achieve a good simulation . The SNCS will then direct smokers
and/or visual cuers in the alignment and placement of pots or othe r
devices. This approach would apply to all the systems considered
in this report with the exception of laser designated systems.

1 Atomized fog oil is injected into the hot turbine engine exhaust
gasses to create the scr een .
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APPENDIX 0

LASER WEAPON SIMULATOR - POINT KILL (LWS-P)
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LASER WEAPON S I M U L A T O R  - P O I N T  KILL (LWS-P)

The LWS—P can be a simple adaptation of the MILES M—16 or
Controller Gun laser.

The ope ra t i ona l  concept considers  a s i ng l e  ooerator for
both audio/visual cueing and for laser kill designation of selected
trooo or vehicle/materiel targets . Audio/visual cueing is accom-
plished with an M-203 or M-79 grenade launcher and a simulation
cartridge (see Appendix E). Range is less than 400 meters . There-
fore , the MILES laser adaptation is feasible and straight-forward.

Figure G-l indicates the MILES dual barrel laser optics
configuration. Normally, one barrel generates narrow beam kill
and the other barrel generates wider beam near-miss. For the
LWS-P both barrels are the wide beam (4 mr) confi guration.

The MILES encoder n o r m a l ly  genera tes  two ser ia l  code words:
1) M a n — k i l l  ( the N - l6  k i l l  c o d e ) ;  and 2) near-miss. For the LWS—P
the near miss code is changed to :i direct fire kill code effective
against all vehicle/materiel targets .

Each laser optic ba r re l  is a l ready dr iven  on ly  by i ts  own
code in the  MILES  s y s t e m .  The re fo re , a l l  that  is required  is to
use a se lec tor  switch tha t  enables only  one barrel  at a time.
Such a switch is a l r eady  being imp lemented in the MILES Contro l ler
Gun . The operator selects either Troop or Vehicle/Materiel mode
deoending on the ta rge t  he is going to k i l l — d e s i g n a t e .

If it is desirable to allow the operator to designate for
audio cue , it is feasible to add a selector switch to change the
man-kill code to the MILES near-miss code or even another distinctive
code if  a sep ara te  d i s t i n c t i v e  audio  cue is imolemented at the t a rge t .

Fi gure  0-2 show s the LWS —P mounted  to the M — 7 9 .  For
m a x i m u m  s a f e t y  a mic rosw i t ch  w i l l  be i n s t a l l e d  at the M — 7 9  s a f e t y
lever and wired in series with the LWS—P fire switch . The LWS—P
fire switch will be a left-hand , thumb-operated push button . This
design achieves minimum possible probability of accidental firing
of a simulation round at troops . Of course , the  best s a f e t y
measure is dictated by operational procedure : load the simulation
round and pe r fo rm aud io/v i sua l  cue inq  only  a f t e r  comple t ing  the
kill designation ordered by the Fire Direction Center.

- 
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APPENDIX H

SIMULATION SYSTEM FIELD COMMUNICATIONS
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SIMULATION SYSTEM FIELD COMMUNICATIONS

During field maneuvers , personnel assigned to the field
simulation of indirect fire will be required to monitor appropriate
frequencies for the purpose of monitoring commands from the Bat-
talion Fire Direction Centers. They also must communicate with
personnel at the simulation net control station (SNCS). The SNCS
must be capable of signalling the need to switch receiver frequency .

The anticipated GFE to be used for these field exercises
would be the VRC—47 and the PRC Radio Sets. It is felt that the
required maneuverability of the field personnel dictates the use
of light-weight and less cumbersome radio equipment. The GFE equip-
me nt men tioned is cons idered too bu lky  for  th i s  app l ication , there-
fore , a sea rch was made fo r “state—of—the-art” off— the—shelf radio
har dwa re w ith a lower wei gh t/power r atio to m inim ize encumber ance
of field personnel. From this study, several equipment ca ndid ates
were found which qualify for the communications hardware. The fol-
lowing equipment , wi th associated specif icat ions , is recommended as
(otimum .

The SNCS will be equipped wi th a mobile/por table transm itter/
receiver. This station will also be equipped with encoders and will
be used to selectively call  any of 25 to 100 mobile/ portab le receiver
decoders. This equipment provides the SNCS operator with the cap-
ability of calling , ei ther individua l ly  or any number of combi nat ions ,
f o r  con fe rence  ca l l s .  The f o l l o w i n g  are the recommended equipments
and associated specifications.

• Repco mobile/portable transmitter/receiver (see attached data
sheets  in F i g u r e  H — i ) ;  and

• Bramco 225 and 2lOOA Encoders (see attached data sheets in Fig—
ure H—2).

I t  should be noted that the encoders perform the “paging ”
f u n c t ion di rec tly through the Repco transceivers.

A bes t packa ge for f ield use afoot could be assembled from
the Repco modules with the use of primary lithium-cell batteries in
lieu of the larqer and heavier nickel-cadmium rechargeable batteries.
This package could be worn as a back-pack or slung from a belt. A
special package of the Repco components with the liqhter and smaller

H-3 
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spedficaHons
General 30-50 MHz 132 -174 MHz

Vo ltage i Power Source (Veh c le) 13.8 vdc nominal 13.8 vdc nominal

Vol tage/Power Source P . , r t , , b l u i Nickel-Cadm ium . 12.5 vdc nominal Nickel-Cadmium , 125 vdc nominal

Batte ry ;Li~e (Porlablel 8 hours Duty Cycle 10% Xmit , 8 hours Duty Cycle 10 ° - Xmit .
b o b  Receive , 80% Standb y 10% Receive , 80% Standby

NO. of Channels 1 thru 5 1 thru 5

Frequency 30 MHz-SO MHz 132 MHz-i 74 MHz

Dimensions (Portable) 1 .87” x 6.5” x 8.9” r_ 108 .4 Cu. inches 1.87” x 6.5” x 8.9” — 108.4 cu. inches

Weight (Portable) 7 lbs. 3 oz. 7 lbs. 2 oz.

Transmitter Typ e accepted under parts 21 . 81 , 89 , 91 , 93.

RF — Output Power (Mobile) 50 watts 25 watts

RF — Output Power (Portable) 8 watts 8 watts

Spurious and Harmonics .63 do below carrier -63 db below carrie r

Freq. Stability .002% - - 30 C to - 60 C (25 ‘ C Ret) .0005% - 30 C to 60 C (25 C A r - ’  I

Modulation 5 KHz deviation at 1 KHz input frequency - 5 KHz deviation at 1 KHz input frequency

FM Noise 50 db ~.‘ 2/3 system deviation 50 db @ 2 ’, system deviation

Emission 16F3 16F3

Receiver

Selectivi ty 80db - 20 KHz EIA 2 signal method - 80db -‘ 30 K f-l z EIA 2 signal method

‘3~in s - i I v I t y  .35 microvo lts 20 db quieting method .35 microvolts 20 db quieting method
.25 m icrovolts EIA 12db SINAD method .2 5 microvolts EIA 12db SINAD method

Spurious and Image Rejection -85db below carrier level - 85db below carrier level

Freq Stability .001% from —30 C to —60 C .001% from — 30 C to - 60 C

Audio Output Power ( Mobile) 5 watts at less than 10% distortion 5 watts at less than 10% distortion

Audio Power (Portable) 750 mi ll iwatts at less than 6% distortion 750 mil l iwatt s at less than 6% disto rtion

Modulation Acceptance ±5 KHz deviation at 1 KHz input frequency - - 5 KHz deviation at 1 KHz input frequency

Squelch Sensitivity .15 microvolts .15 microvolts

Base Statio n Accessory — Specifications and Features

• Availab le in 120 VAC or 240 VAC 50/60 Hz • Four by six inch 5 watt speaker
• Automat ic external antenna connection • Built-in battery charger
• Safety designed interlock switch • Separate desk mike (810-204-01) also available
• Dimensions — 4 / 2” x 17” x 10 ’  Weight — 26 lbs. Specifications sublect to change without notice

.O . Bo 06 ando, Fl 32804 ~~~~~~~~ I!~OP3~~O
TWX 810-850-0120 A subsidiary of SCOPE Incorporated

Figure H-i. Repco Data Sheets (Sheet 2 of 4)
H-S
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Mobile... cam the handle... Portable !
‘r -‘ s~ ~ersat ie V HV - F M  transmitter-receiver No cables to disconnect , no batteries to connect and

ava able lulIri f ~Cj r crew i, j r  keep in tou ch wherever no switches to throw. Your mobile portable will come
~~~~ go ~~~~~ ‘~ or on toot w It h  the same high out of the vehicle as fast as you do - with no break

a ~p rad in comm unications

As a ~- radio trr s mobile portable powerhouse The handle of the portable serves to secure the radio

~ )d ~res f~~~ l r  ‘w~- r I I ~- 132-1 74 MHz) or fift y watts when used as a mobile unit. To return the radio from
32-5 0 MHz ‘ A F  ~, w e r  As a portable radio it pro- portable to mobile operation you simply slide your unit

‘1 ~( es ~
— q ’ ‘ wat ts into its mounting rack and cam the handle. Instantly

~~ren p i li  i~ ~- ~i- I c  the radio instantl y and au- you re operating as a mobile radio with twenty-five or
tomat ica lly convert s from mobile to portable operation fift y w atts of RF power .

- 
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Actual size

Figure H-i. Repco Data Sheets (Sheet 3 of 4)
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compact
po~erful
rugged

A true mobile ! Modular construction !

In mobile operat i on , your radio is powered by the vehi- Fourteen P.B C modules (plug-in block circuits) have
d e s battery. producing twenty- f ive watts of RF power been engineered into this radio to provide the ultimate
and f i ve  wat ts  of audi o power through an audio- in solid-state performance , reliability, d u r abi l i ty  and
amplifier-speaker-system perm anentl y mounted in the serviceability. Each seated module is a completely iso-
vehicle lated circuit If the radio ever stops working, the mat-
Miniatu r zed packaging eliminates the need fo r trunk , functioning module can be quickly located and re-
under seat and other cumbersome ~nd expensive in- placed with a fresh module in a matter of minutes For

- sta llations The radio is easily installed under the dash , easy accessibility , all components and PB.C. modules
on th e transmission tunnel or e lsewhere wi th in  con- are fully exposed by removing lust four screws and two
venient rea ch The equipment comes complete with covers.
roof top antenna , hand-h eld speaker microphone ,
mobile S wat t  ampl i f ie r -speaker  package . mobile
mounting rack and installation hardware kit

With additional mounting racks and antennas , you can
equip vari ous vehicles for the use of a single radio
When one vehicle is down for repairs . your radio can ~~~~~~~~~be operated in another An integral lock on the mount- -

ing ra ck protects  against unauthor ized removal  of
th e radio
While the radio is operat ing in the vehicle , its self- -

contained nickel-cadmium battery is being charged in
preparati on for portable operation Protective circuitry
automatically prevents overcharging. The unit can even , -

be charged by the vehicle ’s battery while the ignition
is turned off and the vehicle is unattended

A rugged portable !
The instant you disconnect from your vehicle ’s power
source , you ’ re automaticall y operating a rugged ,
li ght-weight , hand-held po rtable that produces a
full eight watts of RF power. The hand-held speaker.
micr ophone delivers 750 milliwatts of audio power from
the receiver.
Jus t  6 /�“ x 9” x 2~’ the radio can be operated in any
position and the full-swivel , telescopic antenna can
always be oriented tQ the vertical position for maximum
efficiency. Accessories.
The self-contained nickel-cadmium battery provides Shoulder Straps
eight hours of normal operation on a fully charged High Visibility Carrying Bag
battery. Although the battery will be maintained in a Noise Cancelling Microphone
fully charged condition by planned duty cycles in and Alternate Location Mounting Kits
out of the vehicle, it can also be recharged by optional Base Station Adapter (Shown Above)
AC charging units. Battery Chargers - A C .  120 240 V . 50’60 Hz
Designed for use in all-weather conditions. the radio Options
has been shock and vibration tested to meet tough Time-Out-Timer
military standards for performance and durability, and CTCSS Encode’Decode
meets or exceeds all EIA specifications CTCSS Encode Only
____________________________________________ Tone Burst 300-3000 Hz

Up To 5 Channels Tx & Ax
Al so, a mobile only version with the same out standir.g Multi-Tone Encode Functions
performance characterist ics , is available Dual Channel Scan With Multi Channel Tx

_ _ _ _ _
_ .J

Figure H-i. Repco Data Sheets (Sheet 4 of 4)
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Bulletin 225 8-76

New Model
225 Encoder . . . from Bramco
• Completely Sc.~!id- State

• Crystal-Controlled Oscillator 
-

• Attractive , Human-Engineered Package ~~~~~~~
- - 

-

• Compatib le with GE Type 99, Motorola Quik Call II ~~~~~~~~~~~

The new Bramco Model 225 Encoder may be used to .\ ‘ 
)

selectively ca l) any of 25 Mobile 1 Plus 1 ~ decoders. Sim- - - 
• . 

- - . 
-

ply select the two switches corresponding to the vehicle - -
-

~ -

code and press the Transmit button . The signaling tone ‘
~ ,

sequence is then automatically sent with proper timing A 
- - —

call can be completed in a little over three seconds. Group
Caf I is accompl ished by designating specific codes.

The Model 225 Encoder is completely solid-state , uses LIST PRICE $245.00
CMOS IC’ s and a crystal-controlled oscillator for high
stability . The Model 225 provides excellent value for the
small system user at an affordable price. DIMENSIONAL DATA

NOTE: For a 1 Plus I~ Encoder with 100 call capacity see
Bulletin 2100A. s. 

___________ _____ 
/

STANDARD SPECIFICATIONS -.

I DDD ~~O ~:ooo
Sig naling Technique: Individual or Group Call ;2 pulses of I

1 tone each with a 0.2 second space between
pulses. Signaling sequence automaticall y timed. —

Frequency Range ; See standard frequency availability in-
formation on reverse side. •~~U(,Tj .,.~~~~~~~.--’- 1~it~~~

Frequency Accuracy : tr 15% of desi gn frequency.
~LA* Vi l i l

Operating Temperature Range : — 30°C to +60°C.

Vo ltage: 0.5 volts RMS minimum into 600 ohm load . /
Power Required: 117V AC . ±10%, 50/60 Hz or 13.8V DC k,~ _______ _____

± 20%. -t it lo 0.C

DC Current Drain: 80 mA. idle. 120 mA. operating. u,~-.i 
“

~~~t~~~
clii.

AC Power Consumption: 5 watts.

B ra BPAMCO, A DIVISION OF I.EDEX , INC.
1711 Commerce Drive, Piquo, Ohio 45356/513-773 .8271

Figure H—2 Brarnco Data Sheets (Sheet 1 of 2)
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Bulletin 2100A 8-76

• New Model
i 2100A Encoder...from Bramco

• Complete l y Solid ~~ ite

• Crystal-Control led Oscil lator ....~~~ 
~~~~~~~~~~~~ ~~~~~~

.. 
-

• A t t r ac t i~ c Human-Engin eered Package ~~~~ 
-

• Compat ib lew ithGEType 99. Motoro laQ uikCa l l l l  
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

The ne’.~ Bramco Model 7100A Enc~ aer may be used to

S’~~pi , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
dIe code ar ’d ~~~~~~~ the T rrtsmit  button The signaling , 

~~~~
- - 

-
tone ;e~ ue~ oc is hen .i u :~~ i~’ ;,~ , i sent .s:~ ri~ -’)per t im - 

—.— _~_;~~ :_—~~

ing. A ua; can h~ c or ,i e t e.~ na -~ t e  ove r tnree u€~~onCs . . —

Group Call is ac com p i~~neC b~ ‘J~ -~~lg n a ti ng  spec~tic
codes

The M~co; 2 ~~ E~ .:c.~or is cO~~plete i~ ~o i d state uses LIST PRICE $395 00
CMC ‘~ IC s soc a -:- ~‘v~~ ‘ ‘ufli”) i ipd oscil lator for high
stab I I1 The M-  o-~ 2100A p’o’.ices excel lent va lue  fo r  the
medium size s~ st~ m user at an affordable p’ice. DIMENSIONAL DATA

7.37$—- —.

NOTE: For a 1 Pus 1 ~ Encoder with 25 call capacity see ;o~ ~~~
Bulletin 225. ~~~

— i11i111111 7 ~~~~~~
‘

STANDARD SPECIFICATIONS

Signaling Technique lnd ividualorGroupCa ll ;2pu lses of I 0E~~~~~~~~~u 
I

1 ton e each ,~ith a 02 second space between / ~oO

pulses Signaling sequence automaticall y timed. I

Frequency Ra— ~e ‘ ee standard frequency availability in-
formation on reverse side .

-. .. .

Frequency A c c u r a c y  15% of design frequency. - -.~~~ ~

Operatiog Temperature Range; — 30°C to ~60°C. 
~~ , ~~~~ 

——

Voltage 0 5  volts AMS minimum into 600 ohm load. \
Power Required 1171 AC , ~ 10%. 50.60 Hz or 13.8V DC I ~. , 2300

20° , - -
—- 

.
\~~- . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DC Cu~re~ I Drain 80 mA. idle 120 mA. operating. /
AC P.twpr Consumption . S watts ‘:~

C l i i.

B ra BPAMCO, A DMSION OF LEDEX , INC
1711 Commerce Drive, Piqua, Ohio 45356/513-773 . 8271

Figure H-2 Bramco Data Sheets (~~hrc’t 2 of 2)} J —9
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r - r ::- .,ir~’ lithium—cell batteries , canvas back—pack , and sneaker/
microphone/antenna assembly (817—098-01) is recommended as the
best approach for field use . The use of several of the Bramco
:~~‘~ii: ’ 1 2 2 5  encoders , working throuqh Repco transceivers at the

~~~~ to  page the ~ ie1ded personnel , is f e a s i b l e .  This  equ ipmen t
u se w o u l d  i nvo lve  the  t r a n s c e i v e r s  w o r k i n g  on the f r e q u e n c y  of

f i r e  d i r e c t i o n  ce:~,t . er ( FDC )  ne t s  n o r m a l l y  being moni to red  by
fielded personnel. A minimum of two such t r a n s c e i v e r s  would be
~u’eded fo r  t h i s  purpose , together with a Bramco encoder at each
o~.rr:unication t u o s it i on  in the SNCS.  This  amounts  to 12 encoders

and two paging t r a n s m i t t e r s  fo r  the  SNC S , in a d d i t i o n  to the norroal
communications sets for voice communication with the fielded per-
sonnel. Each of the fielded personnel will carry the recommended
Repco transceiver as specially packauc-d for  this purpose.

Crystal options , specifications and representative circuits
for the Bramco encoders are provided in the data sheets shown in
Figure H—3.
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SF:Ql’ F:N ’ l l . ~ !. I ( .)NF ~ J ) l - tiDl- R1 ()P’l’ION ~1 1 i ) — 2 - l9— i i l

I itt’ ‘qut’ntcil tone ilet-ode r - ro\- i i l i - -. -,i’ l i ’c t lv r -  call or - :tnv 1-ailic) —.1) equ ip~x’i I imi ~ ill ri-st ionil univ to t hi-
prope r two tOni’ s in the i- o l I ’ to’l sequence.  l ’ lil ~ :illott the o l i - r - :itiii ’ ‘i i - h o n - i ’  of i i - : i r - in-~ ot her ‘ u - h -. liv on
the t-hsnnc’ l I requt ’ncv or to lu -a r  only liii app rot ul - i :(t t ’ lv coiled sig n :uI~ - l ’hi’ oj i i - ta l ion; t l  ntouii i -liv t ~u c u t ~ - j t n ~ ‘ itt lion which ui- cu r - -~ ~u bi n the m icrop hone is t - i ’ n iOV ( ’ r t f i-oni i t ~ cun o — i up  l t i - ack i - t , ‘.1 hi-n Ihi’
button In the Ii:u’l~ it th u m i t - i  i i 1 u l uu inu ’  I ~rouni li’il al i’ u - t - ,t in iN. hang—up hr:ic-Lu ’ t ~ t he lonu- ili i’ i) l l i- l ’  u j i ’ i ’ id t
: i t—e . L i t l v i ’ . l~i’movirig t he microphone from it~ hang—up l , i a i I . i’ l I i - : u i - t i .  :ib-s t he toni ’  ( ‘ u i - l O t s  n i
ot her tr - ’ i nsu i t i ~~- - t i >n :ui . t i \  i t v  IC) hi.’ ol)s i’ r’,’ i ’ l . The foist ’  - i luui . lc h is i ro i i i ’ u ’ lc  u lj us t i ’ i l  l v  :u l l , : i nc i n~ liii’
-~ tut ’ Ic lu  c-onti-ol to t he point ~ch u’ i-c i ’ i ’ i . - i ’  ivu r md— - u- l l isa lul iu .- :t rs  afte r having r ’ u t ’rii,\’ t - l  t he mb’ j oi l iifl - I i-oni
i ts  hang—up u u ’ ku - t  i t t - I  ahile the I r- i’ i lui’ni-v channel is tru e of t ran sm i t t i - l  - lgn: i l u— .

The ~i’ilu -nt1 , t I  tone i h’i -odt’ i- I i i — 2  I l l— e l i  is a ct ivtI i .’iI by t he rec e pt ion of two tones in the pro pel - ~u’9 u i’f l i -u - .
.~!though ‘I icing i~. not l t d - i l  • a tone format of one seconil (‘ IN foi’ tone .-\ fo iloweil dv three —c i -o nt l -  of tone
B i~ r’ u’ ’o rnrn i . -ndi ii . I Iii~ t o .  i i ’ —. i’ornpat ibllilc - t t i t h the Bramco ‘ ‘1 ‘ 1 ’  ‘- V s l e n i .

ft c t one uc.i t i ’  holds the i’ec -& - i ca ’ r  in a ~qui’ Ic’hi ’ l c ondition until a car r ie r  is i- i- cc ’  ic- i-il -,‘. ith tw o  t o n e —  of Ihe
prope r frequency in ~u ’u ~u u’ni- u . . 1 hi- demou.lulateil tone is led to amplifier QI through (‘4 to reed ‘1. l’he
combina tion it c~ ~~~~~~ is :t Iii s t : t l Ic multlvihrator circuit . Initially ~ i i conduct ing, t hus gi-ouni.ling t he
bottom it t i e d  ° I u - i rn . t rc  - If tom -  x l  falls within the • 0 . ’ ’ ~ bandwidt h of i-eed ‘1 , t he tone i~ .qp l h - I  to
Q2. ‘l hc output - at ~~~~ i — ‘inip ic’ I thiough di; to CR1 , CR2 and ( ‘2 0  ci he rc’ the resultan t positive vol lagi’ is
applied to the la. -~’ of c~5 causing it to conduct . ‘(his cau.—e ’s Q4 to cut off , t hus ungrounding the pl- iln:tt ’v of
i c - e l # 1  and g i’ouniling th u p r imary  of ree d  ~2.

if :t tone of proper t r i ’ i luencv is t hen fed through Qi to C:l and reed #2 , a tone output will be applue’ I t h r o u g h
( ‘

~ to Q.:, ~the re it is amplified . T he amplil ted tone is fed through C9 to f i l t e r CRI , (‘114 and Clii , and the
re-u l t :int positive voltage is app lied to the base of Q7 thi-ough CR10. ‘I’his causes Q7 , initially cut off , to
conduct , t he i-eby turning off gate Q-r and subsequently unsquelching the receiver and turning on the audio
modu le. Thu t - uui ’ e lver will remain unsquelched as long as a carrier is present , even t hough the -econ t
tone may no longer he present.

When the carrier disappeai-s , a pos i t ive vo ltage is fed from the squelch module to CR11. ‘l’ his c’ausc~ the
let/ c’ of Q I to go positive and 1-esets Q-I to the conducting state . Also , the action of Q5 turning off  c’ause~ 1
posit ive voltage to develop it Is collector . T he positive voltage is foci through Cli- to the base of Q6 thus
turning Q6 on and Q7 o f f. This tu rns Qs on and squelches the receiver. With Q4 antI Q6 conducting, the
tone :tsse ntb lv is reset and conditioned to i lc ’ te t- t  tone ~ 1.

2 Q + 5 -

_ _ _ _ _  - -~~~-~~~ i— - ..---- -. - -~~~

.~ R8
‘ a  (~ C°2 RH

- 

~~
- -

~j .  - 
~~~~~ 

— 

R29

j  
: 

P 
3 F

r9 , CR4 R2~ I— I a ‘I - j i.. r~4 4R 33R jr~~~~” 
_

~t 
‘.‘W~~~~- I It

— — — -  8 ~~ I

I ~j a 
~°?‘ -~l’ 

~~
.(u a8~:~ H

—) ~ 
> ( P .  

1~~
i
~ 

I,~~R 2  i 
~~~ 

L - .~~~ —-4
- S ool ali -If-

-

~ ~~~~ 
:-~~ _______________________________ ______- - _ _

- 
~ ~~4 i 4 _~~~~~~~ SCHEMATIC 014 .IA ~~~C~~i - ‘.2~7 

I , TW O TONE SEQUENTIAL
L - ‘ t  _______ —_____________ DECODE ONLY

Figure H-3 Bramco Data Sheets (Sheet 1 of 4)
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TONE BUItS’l EN Ol)ER OPTION, M 1U—2 4 ~ —0 :l

(he Tone Burst I ncoder (“C’ Option) iulapts the Packset to radio systems utlil~ ing receiving equipment
wh ich is activated by a ti med tone code. in the tone burst system a single tone Is transmitted for :ioo
milliseconds when the iuus h—to—t al k sw i tch  is i tc ’ p resse d . T he tone signal unsquelches the receiver and
permits the transmission to be heard . The tone burst circuit operates In an audible range of 1000 to 3000
Hz and ut ili zes a resonant i- t i - i t  (-15— 03—003) for generating the tone signal. The resonant reed has a
response time of 25 milliseconds nominal to -11 ulfl voltage level and a de -ay time of ~00 mi lliseconds
nominal to —12 dB voltage level.

The tone burst circuit operates as fo llows: When the PIT switch is rlepressed , point 2A becomes posit ive
and this vo ltage is applied to the tu:ise of Q4 causing it to conduct and thus complete the feedback loop to the
luasu ’ of Qi w hich Initiates oscillation. ‘1 he output load Is h3ld constan t by the AGC circuit C9, (‘RI, CR2 ,
( 1 2 , Rl~~, 1119 and Q5. The tone signal is tut-ned off liv gate transistor Q2. When point 2A is made
pos i t ive , C5 is cha rged through l(~ and caused (

~~2 to conduct when the base to emitter voltage reaches
approximate ly ii . 7 vo lt. ‘Ihis turns off Q;t and stops the oscillation. The time interval is determined liv
(. 5 and R~ . R9 disc harges C5 when the PiT s~ii tch is released and thus prepares the circuit for the next
ope rational c y c l e .

Circuitry for the option (~ 10- l i2 1- ( i l)  is conta ined on a P. (‘. Board equipped with pin—p lug which mate with
soc kets located on the lower section of the Main P. C. Board. The 21— 05 — 002 sockets (Item l~ arc’ installed
in six positions as shown for ~10—2- l~ —0 1 (—02) on a preceeding page. The sockets and area utilized also
accommodate other optional tone systems anci thu s restricts the choice of tone options to a singular system.

Wit h the prope r reed plugged in anti the Tone P.C. Board mated with the radio, the sys tem operates auto-
mat ically without fu rther adjustments othe r than setting deviat ion limits . T he reed is secured with
5 10—310—0 2 hold—down clip (Item 2 ) , 2— 56 x 1/16” screw (Item 3) and washe r (Item 4) , A 2— 56 ~ :3 ~~

- ‘

scre w (Item 5) is installed from the module side of the radio ’s Ma in P. C. Board (beneath module 6) to
engage the threaded stud on the Tone Board and thus to anchor it into position.

The Tone Burst deviation adjustment is properly made as follows: Ver i fy  that the Packset’ s voice
deviation Is correctly set (see transmitter al.tgrtmeat sect iont, actuate the push—to—talk s’~ itc h and set 1113
to 3000—40011 Hz deviation as observed on a deviation monitor connected to the attenuated output of an in-
line watt  meter terminated into a 50 ohm load. The base of Q2 should he shorted to ground during the
adjustments. A sc hematic for the option is shown below.

UNSWITCHED • 5 i

C 
C 15

-
~~~ R6 RIO , C14 P15 TONE OUTPUT
- 

‘ Rl3 +
CS P20

1R4 r JI~~) ~~~~~~~~~~~~~~~~l

’ 

X M I T+ l5 V

_ Rh 
_ _ _ _ _  

—

~~~~~~~~~~~~~

—-<

QI C8 C9 CR2 RIB ~‘r Rl9

~~C l CR l ~~~ 

— — 
__

P3 
P5 P7 R12 ClO CI2 RB R9

~~Rl 

_ _ _ _ _ _ _ _ _

Fi gure H-3 Bramco Data Sheets (Sheet 2 of ~)
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( ‘ l (YSTA 1. 5 1> 1- . d l l-I C- ’t ’l IONS
I .~u u~uai t i  c rys ta l  i nn- - Iu i ’n i stu -i l  v. itIi Volt ,’ t r ; t r i s uu ’ i i ’ i’r l’epri’su’nt Ii~ hi i g h i u ’ st  qua l i ty obtainable . ‘1 Ire

r~~st a ls a rt’ :tg u ’ i l  anul then t e s t i ’ i t  ov ‘l’ a rangi- of temperatures to s s i j~ - ,- that a Iiri~ - isu ’  sta bility cha rac- —
I t - F i s t i c  u’ ,\is ts  to is-flIn t u - x :R - t i ng  u - i  r i - t i l t  comhienu’cation . ‘l’ he t : iu -h io - c- ‘ s ~i ia l i t i -  assu rance program reu lUif ’t ’ s
-ont lnuurig lu s t —  ho i’e rt lv t hat — pu-u i I i u : i t i on  ( ‘ OiI t i u lu:ur i i - u - is m:tintaineul . I t IE l- .t ,i b . 1P31EN’l spl- : t ii- D . -\—
I IONs tN\ ( ) l . \ f N (  I 1II-Q I EN( \’ s t  M)lI,l l 1’ 11(1- -~SsI: REJ) UNI V Ii- ( ‘11151 AI.S SI PPI_ IRI) BY
1 lIE M.-~N t t  A c t  t IlER ~~itl t H I s  I Al .s I- Ut t Nls l lF: i)  IIY 3i~~N ( l . -~~’ l  I’HER .-~PPHOVF: D S l P PLIEI(S i
A R E  .-~I)I)El) Oil lIE 1>1 lI ED tN t’ lIE I IEIJ’ .
2:l- l iu -uu i u , ‘I I{A Ns3ii l ’ l i - H  H \ S I . 1 I .  - i i;- - - , 1:12-1 7 i Mlii i l l - V S~

3ii l t t : i r v  ty pe ( ‘ l l—7 ~~/ I ’ u ;u: i r : u l h u ’ l  resonant) i ’ X i - u ’ 1 u t :

ii(’ — 25 I - u ’ s i - u )uI pin length of .1 1 .010 inch
1- requi’nc v: 7 . 133:133 to ti. 777 777  Mi t t  (Ca lcu t a tu -  us follows to s ix decimal places i

i i — ~~~ 3lt i i , ( t - v s t : t l dr’equenc-v = ~p~ i :uIin~ I- rei (uenc -v

132— I 7-I 31 liz, (‘ rvs ta l  i- ’ requenc-v = ~ pç rat ing F id ’ (J u u’ ni - (

Load ( : it ia c i tv :  20 pF

I- ru-i(u c ’f l cy ‘l’o leranc- e at 25° ( :  ,001~
2 : I— ) lu — l l l iT  RECE IVE R i- IRST OSc’II.I.Al’OR CRYSTAL — 132— 17-1  31Hz (Y G—Yl o )

Mi litary type CR-77 “U (series resonant) except:
Case : l h d — 2 5  ‘I except pin length of .157 ±.010 inch

F requency; :I~ , 35(11)0( 1 to 54. 13333- I Mlix (Ca lculate as fol lows to six decimal places )

- .  , Qpe rating Fi’equency#/O-7 ~~~~~~~~~~~i i h — s s  Mitt , Crystal I- i’cquencc- 
2

1:)2-I5o.s Mlix , Crysta l Frequency = 
Qperating Freguency~~ /O- 7 ~~~~~~~~~~~~~

- Operating Fi-egucncy -/O-7/-YN~~
_I ill . s — I i1 31 Liz , U rvs la l Frequency =

Dissipat ion; 1 milliwatt maximum

Frequency Tolerance at 25°C: + ,001~
2 : ( — u 9— n0’2 ltE(’EJ\’Efl SECONT) OSCILLATOR CRYSTAL (VII)

Mi l i ta ry type CR— 7 7 ‘U (parallel i’esonant) except:
( ase: t t ( ’— 2 5 ‘U except  pin length of .157 010 inch
F’ rc ’quencv : 10 .2 5 311 lz - 1(02 ” it +250C
Load (‘apacity : (iS pF

NOTE: Some i-ad io models uti l ize receiver’ second osc illator- c r y s t a ls with frequency specifications of10. 2 -I:t 31 lIz (23 — h O — i S I S , coded blue) or 10. 2-1 7 MHz (2 3—0 9— 004 , coded orange). In lhese ca— it’ s the IFfilters (Z I) have compatible band ~~~~ (‘haracte r- is t ics and arc pi-ovided with a matching color code .

OP ERATiNG 
______ OPERAT INGFREQUENCY- .-~~~~x % ISO MAX FREQu ENcy ~ ,~~~~~~ 8 so MAX (.i~~~

4
~
’) iSoMAX

~ . 40 2  ~~~ I 
~~~~ 402 ~~~ -~~~~- 4 O 2MAX I MAX I MAX

CRYSTA L L ~ 1 ~ CRYSTAL [
~~~ i 

t r ~i ~FREQUENCYJ ~ 530 FREOU ENCY/”J~ I I I
_ _ _  

~~~ oo;.

k 010 U t .oto U _ -ow
23 - 10- 006 

- 23’dO-O~~~~f 23 - 09-30 ~T’ ’
Figure 11—3 Bramco Data Sheets (Sheet 3 of 4)
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3lUl,’l I— 1( b ~~E Bt’I{S’I 0 1> 1 ION, ~I 0 — 2 5 I — xx

‘l’h e Tone But’ st Encode i- (Iii , 2 , 1 :1 , u -I anti 05 OptiOns) ola l its the handheld transce i ver  to radio ~y sti-iiis

uti liti rig ‘l one liii i-st Ik’r’ouk’rs ‘>r Oh- h a ii’ it -t i vaR- u i liv :1 tuned tone impulse . l-’ iy t-  basic r-onf igu rations ar t -

avai lable uhich ir-ovide l i’ont one to Ij \  c- individual tones and t O o — com 1>ata huil i ty u ith r i - c- i ’ ive i ’s  having
prO it > c hannel or -s ’ lc ’ c t iv c ’  — ig ina ll ing i-equirements . -I tone ‘‘UI- f ’  pos ition is included on t ls - tone

— ci it t - l i  t hus providing the cap :riu i l itv to address r - i ’c -e lca ’ rs cc Inn-Ic a r e  not equipperi wi th  tone sensing
c i rcu i t  rc ‘.c hilt’ t - xc I tn i i rn 3 those so equippc-d . In t he ‘l one Burst u k’si ribed lie re a single tone is transmitted

to ’  .t s 1 i t ’ t ll’It’ iI period cc hen t Ot’ put - d r—to—tal k ti i t c h is ic - t i c ’ ;tta ’il, ‘1 1)15 tone signal unsquelchr’ -s 1 ii’mote
I u’ t u’ i vu ’ r (s )  allowing t h e  subsequent trans nil ssion to lit - bi :t rrl. T h u  ‘Font- Bu rst ope rates In t Itt - I requencv

uigc - r ut ’ I — 1 0 1 — 2 5 5 2  liz . l locc evu -r , ot lur ’ i ’ I ru- i lu i ncies bet v u ’ u ’ n  0 ( 1—350( 1 Iii tot ’ :iv:uilal ulu ’ on sp u-c t a l  or b-i ’ .
-l he ac tua l f requt-ncv Ii’ pu n  I’— on t he tone mouiule ut i l ized .

I Or’ burst tone- noncina llv r t ’ac t i - s  511 ’ 01 the output level 1—0 dii) with in :i Pc- nod of 25 mill i s i ’u ’ i, n ,Is anti
i tu -c ’avs to — 12 uhli in 1i  mill ist ’conil-., - l his total perioui is variable over tile range 1 0( 1 milliseconds to 2
= u ’ i- i n ,l — it changing the value of compc >nents (‘1 or 1(2, The 1 one- Module (91 —l ~] — Il I~ contains thu
os c i llator anui tint- main f i’eqc iencv Ic Ii’ cmining components for the range 1=1 ( 11—25 52 lIz. Each of the five
Ii to -  I i’ ’9t0-n c’ lI ’s al-I- provii k’d ‘,r ith in ex It’ rnal si tting potentiometer w hich is sic itchc’d into circuit as
r ’u-u lu i u - i l . St ahui l i ty is within • u I ~ S Dvi i- t he range — :tui °c to - 000(’ trou l Iu a t tu - rv  voltages of 9—16 1 DC.
(‘un cut drain is norma lly lc- ~ s t han I mA at 1I Vi )(’ .

( ii’c’uitnv for the Multi—Toni’ Burst Option is c’ontaineul on printed circuit hoard 7 10 — 2I0 — xx  ~c hic- h is
t’(luippeu l with t O r t - ’ , ’ pin— p lcigs th:rt mate cc ith socket s centrally located on the (‘irc-uitrv ~itir ’ (opposite
modu le — i i l i -  I of the radio s Main P. C. Hoard . A t hreaded stand —off bushing is provided cc hit-h .sel ’ves as
an anchor’ poin t. The anchoring screw is ac cessi tu le at t i c i-emoving the number (I module. The tone’
module lr:rs four  pin—plugs lha l mate with appropriate sock et s on the 7 1h1 —2 16—x x P. C. Boar-c l. Special

‘~- t ’rsions may inc lude onc’ or two aulditional sets  of sockets for other tone modules covering othe r fr’equenc-v
sc ’g merits.

A l t u ’ r  t he Multi— ’l’one Bu rst circuit h:rs bc-en installed anti adjustments macic , operation is entirely auto—
matic’ . \~‘hen adbusting the Tone Burst Opt ion, Iwo px-ocec lures are required. (1) Tune the individual tories
to mes h with selected receiver tories. F’or eac h active position of the tone switch the related potentiomete r
( R21 thn.i 1125) is adjusted (with PTT switch activated) to the proper tone frequency while observing an
e lectronic frequency counter’. (2) Set tone amplitude . T his is accomp lished h’, activating the PTT switch
and then adjusting 1(13 to I0O(,I—- l I l ( hII iii deviation as observed on a d eviation monitor connected to the
attenuated output of an in-line watt  meter terminated into a 50 ohm load . The base of Q2 should be shorted
to ground during the later’ adjustment.

OP’l lON IDENTIFICATION AND DESCRIPTION

Option Part Tonc’ s P. C. Board Tone Adjustment
(‘ode Numbe r Provid ed Utilized Potentiometer-s

(II 51 ( I—2 51 — ( u I One 710— 216— 02 R21
02 , s l u u — 2 5 1 — 0 2  Two 710—2 16—03 R21, 1(22
03 s lO —2 5 1— 03 ‘l’hree 7111 —21 0—0 4 R21—t 12: 1
(14 510—25 1—04 1-’our 7 10—2 16—1)5 1321 — 112-I
( iS I s IO —2 51 —0 5 l ive 71 h i — 2 I 0 — i 5  112 1—1325

Stop—pins art ’  usc ’iI in t he front u-asi ng of the tone s w i t c h  to limit its rotation to the

~1~ - t’i fie ul numbe r of toni ’s provid ed . fOe i’Xt rerne (‘CIV position is ut ilized is the OFF p051t ion.

112 1 thni t t2 S (on P. (‘. Boaz-d 7 I u — -21 ) ;—xx ) per-mit t he various tones to be set cc ithin the range
i t ’ l s I h i ) — 2 5 5 2  i t - i when using the standard 915—1 sI—Ol tone morlult’ . Ot her s(n’cliil tone nioilules
are available for frequency segments in tile DII to 35(10 lIz  rang(- . t he tone modules ut i l ize
so llul state c’ it ’cuitrv and r r i u ’asuorc ’ .525 x .90 x .35 hIgh.

Figure 11-3 Bramco Data Sheets (Sheot 1 of 4 )
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SYSTEM LOGISTICS

LASER WEAPON ST~~I J LATOR SYSTEM

A. INTRODUCTION

This appendix describes the methods and procedures
followed to determine the logistics resources necessary to support
the employment of the Laser Weapon Simulator System in the simu-
lation of indirect fire. Section IV of the final report includes
comparative summations of the logistics resource requirements for
all alternate systems considered during this study .

B. PERSONNEL REOUIRED

From review of the overall oroblem of simulating indirect
fire, it was apoarent that some form of centra l control would be
necessary to control and coordina te the activity of the laser
weanon simulator operator(s) in the field.

An initial approach was to investigate the feasibility
of olacinq simulation team nersonnel in oarallel at each of the
mortar battery fire direction centers (PDC5) , monitor the f i re
requests and retransmit the data to a central control station ,
who in turn would relay aoDrooriate data to the field ooerator.
This method was rejectc ’ d as a redundancy of effort , and was not
in keeping with a d”sired goal of minimizing the number of simu-
lation team nersonnel in proximity to the maneuver forces.

Also rejected was the anoroach or000sing a seoarate
central control station for each maneuve r force in each respective
area. This method resulted in duolication of communications
equipment  and suooort  resources  and did not g ive e i ther  s t a t ion
control  of a l l  the op era to r s  in the f i e l d .

The concept of one central control station was therefore
adopted and is referred to as the Simulation Net Control Station
(SNCS) , with all monitoring functions performed in this area.
The following task descrinitions and job titles were arrived at
to nerform the required functions of the SNCS .

1—3
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• Field Ar til~~~~y~~~imulator

This person will monitor and respond to all norma l
artillc>r ’,’ fire requests i t c n u ’ r > a f ’d during the maneuver
exercise. To the maneu’~’u’r force , he will be the suppor-
ting field artillc-r\’ FDC - t:ci ’or batteries . He will con-
tro l the action of f i eld personnel by transmission of
imoact coordinates and weaoons data, lie will have the
f a c i l i t i e s  to monitor and respond to all normal FDC/battery
b oos and to command and communicate with field personnel.
He will act in concert w i t h  th e  S~;cs commander in the
p e r f o r m a n c e  of h i s  r e s p o n s i b i l i t i e s  P e r t a i n i n g  to opera-
tional constraints p’aced on the maneuve r forces . One
such position for each maneuver force is r ”ouired.

• Computer , Field Artillery Simulator

This person will assist the a’ield Artillery Simulator in
the performance of his t-isks . Because of the need for
the Field Artillery Simu l ’itrr to actively participate in
maneuve r force requests and -or decisions , this oosition
is considered necessary . He will maintain required
records of fire missions , current ammunition inventories
and compute all impact coordinates for transmission to
the field personnel. He will require no transmission
capabilities to the maneuver force - FDC b o o , but  w i l l
be able to monitor such transmissions . When directed ,
he will transmit data to field personnel in those situa-
tions where the Field Artillery Simulator is otherwise
occunied. One such oosition for each maneuver force is
requ i red.

• 4.2-Inch Mortar Simulator

This person will monitor all messages between the fire
requesting source and the actual 4.2-inch Mortar FDC .
He will convert all fire requests to grid coordinates.
He will maintain required records of fire missions and
cur ren t  ammunition inven tori es. He wil l  h ave decis ion
m a k i n g  a u t h o r it ’ , ’ fo r  a s s iqnmen t  of field personnel to
simula te  the e f f e c t s  of 4 . 2 — i n c h  M o r t a r  f i r e . He w ill
have the f a c i l i t i e s  to command and communicate  w i t h
field personne l and will transmit impai t coordinates
and weapons data tn field oersonnel. One such position
is requi red  for  each maneuve r  e l e m e n t .

1— 4



• 81-mm Mortar Simulator

This  person w i l l  m o n i t o r  a l l  messages between the fire
requestinq source and the actual rifle company FDC . He
will convert all fire req uests to grid coordinates, lie
w i l l  main t -t i n r e q u i r e d  records of fire missions and
current ammunition inventories. He will have decision
makinq authority for assiqnment of field personnel to
simulate the effects of 81—mm Mortar fire . He will have
the facilities to command and communicate with field
personnel and will transmit impact coordinates and weapon
data to field personnel . Three such positions (one ocr
company ) is requ i re d for  each maneuve r force .

• Maneuve r Display Operator

This  person w i l l  reposition symbols representing maneuver
force elements and simulation team members , forward ob-
server (FO) locations , and the like on a tactical data
disp lay boa rd. He w i l l  be posi tioned so he has direct
contact with the TDDB and will reposition the symbols
in accordance with information relayed by field personnel.
He will monitor and resoond to all field operator origi-
nated calls. Reauests for field operator origina ted
repositioning will be coordinated with SNCS commander
prior to approval.

• SNCS Commander

Th is person has overa l l  resoons i b il i t y  for th e conduc t
of the s i m u l a t i o n  e f f o r t  du r ing  the exercise . He w i l l
assure compliance by the maneuve r forces wi th  a l l  con-
straints placed on the maneuver forces via pre-exercise
briefings or operational olans -- that is , simula ted
repositioning of field artillery batteries after a pre-
detcrmined number of rounds/time of firing with a resultant
decreased f i r e  power fo r  the period of the reoos i t ion ing;
deactivation of specific batteries after ammunition
consump tion for a time commens urat e w ith nomi nal resup p ly
times; and the destruction of appropriate field artillery
batteries in those cases where positions have been com-
promised to the extent that opposite force artillery
would theore t i ca l ly  destroy it.

1—5



As a s ide e f f e c t  of the d e t e r m i n a t i o n  of s p e c i f i c  f u n c t i  orc;
to be oer formed in  the SNCS , a need for  a device to p i c t o r i a l l y
dLc;J 1 , 1’1’ the maneuve r area field oersonne l and maneuver element
r)ositioninq became apparent. Suggestions for implementation are
nr o v~~d~ d in Appendix  H .

A t t e n t i o n  then t u rned  to d e t e r m i n a t i o n  of the nurnh i ,’r of
f i e l d  oersonnel  r equ i red  to pe r fo rm the s i m u l a t i o n  of i n d i r e ct
fire using the laser weaoon simulator. Because an audio/visual
cue ( f l a s h - b a n g )  device must  be detonated in the imo~ic t  ar -a and
th-~- range of considered devices was considerab]y less than that of
t h e  laser weapon simulator , it became necessary to separate the
tasks of oroviding the visual cue and ooerating th’- laser weapon
simu lator. Separate personnel are there fore re ’ cuired for each task.

Due to the variables involved in the problem , the number
of field oersonnel required to perform the simulation of indirect
fire cannot be precisely determined. The proposed numbers were
arrived at by taking a tactical exercise and simulating the posi—
tioninq of field personnel to cover the exercise.

The exerc ise used was an extra ct f rom “Tactical Operations
Handbook ” , prepared by the Uni ted Sta tes Army I n f ant ry  School , at
For t Benni ng,  Georgia. See annex 1 to this appendix for the
per ti nent ext rac t s  f rom the exercise narra tive an d s i tuation map
showin g initial positio n in g of laser scanne r ope rato rs.  As a
result of this study a require d number of five laser weapon simu-
la tor opera tor s per maneuver ba ttalion wa s arriv ed at as a
suggested minimum . This number might  vary , depending upon maneuver
are a terra in  an d fol iage cove r , rapidi ty of ma neuver element
movements , wea ther  and amount or f i r e  to be s imu la t ed .

Due to the a fo rement ioned range of the visua l cue device ,
it is oro~ osed three visual cue operators be provided for each
two laser scanning device operators . This number is based upon
the be l ief  t ha t  these operators  w i l l  be required to change positions
more frequently than the laser scanning device operators . Eight
visual cue oPerators are orooosed per maneuve r battalion.

I t  is not like ly tha t  one group w i l l  be ph y s i c a l l y  cunab l e
of performing throughout an exercise which may las t  96 hours .
These nroposed numbers mus t be multiolied by three for eight
hour shifts or by two for twelve hour shifts to provide relief
fo r  she’ simulation team p e r s o n n e l .
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Total simulition tI-am personnel required are :

System Control Center 15 30 45
Laser Scanning Device Operator 10 20 30
Visual Cue Operator 16 32 48
Smoke Generator Personnel 8 l6~~ 24 ©

49 98 147
~~ 12 hour shifts

~~ 8 hour  s h i f t s

Task descriptions for the Laser Weapon Simulator (LWS)
ooerator and the Visual/Audio Cue Ooerator (VACO) follow :

• Laser Weapon Simulator Ooerator (LWS)

Determ ines pos ition by use of an observe r ’s sex tant and
specially programmed calculator . Monitors fire authori-
zation/reques t net of aooro pria te maneuver fo rce to
anticipate his positioning requirements . Communicates
wi th the Simulation NCS when commanded by pager device
or when requi red to furnish maneuver force posi tioni ng
information . Sets aporopriate controls on LWS from
inform at ion re ce ived from Simula tio n NCS and de termine s
range and bearing of “impact point” by use of the spe-
cially pro grammed calcul ator. Coordina tes opera tion of
the LWS wi th  actions of VACO.

• Visual/Audio Cue Operator (VACO)

Determines position by use of an observer ’s sexta nt and a
specially programmed calculator. Monitors fire authori-
zation/request net of aooropriate maneuver force to
anticipa te his posi tion ing requiremen ts.  Commun icates
wi th  the Simula t ion  NCS when commanded by pager device
or when requi red to f urnish maneuver force positioning
information . Fires visual/audio cue device in coordina-
tion with actions of LWS operator over “impact point”
determined by use of the soecial ly programmed computer.
Records “impact point” observations in accordance wi th
pre-operational briefing instructions .
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• Smoke  ‘~ t : ’nc ’r3  t , r ig  Team

Det , - r r d n e s  n o S i t i o ~ h ’~ ru ’ o : an ok,ser’i’,’r ’s su ’x t - in t and
sneci i i  ly ro~~ramr’i c- 1 calc u l i t o r .  D isoenses  smoke  (see
u~ir  o — : i - aoh D S - c t  L O f l  TV o ’~ the f i r - i l  r u ’ o J o r *, f o r  recori —
me: ’ ~a t io:’ ) t o  ~~‘‘ i - r s e P - c t -h lr ( - ,,i vi~1 da t~o r i - c e - i v e d  f rom

Coo r - : l c n u t c ,~-; a ct  L v i  t i es  w i t h  , hose of ~~~~~~‘ -  r,~-; t-~ and
‘, ‘ACO ‘~s r e ’ : u i  r ed .  To lay tu e  smo~:e in  as  expedit o- is l y
‘is~~~oss ib lo , a t ”h icle  d r i v er  and smoke disr,enser comprise

- t m .

NO T i~~ 1: A s th ,,- prooosed concept fo r  the s i m u l a t i o n  of
i n h i  r - c - t - f  i r e  does not r equ i re  the r ir e s ’nru of an a c t u a l
ar tt llerv un~~t , cons ide ra t ion  should be qive n to m a n n i n g  

t i r e  s u u p or t  o f f i c e r  (FSO )  p o s i t i o n  a t  each maneuve r
D u t a l l i o n  w i t h  a f i e l d  a r t i l l e r y  q u a l i f i e d  member of the
s i m u l a t i o n  team . This  w i l l  s imu la te  actua l condi t ions
and f r ee  the heavy mor ta r  p la toon  leader  for  the per for -
mance of his norma l tasks .

NOTE 2: Although not itemi zed as direct support personnel ,
normal Army support requirements will dictate the number
of oersonne l required to suoply the simulation team with
food service and minimal vehicle and communications equip-
men t repair during t h e  period of the exercise.

C. OPERATIONAL SCLNAP,TO

O o e r a t i o n al  emp loyment r equ i r ed  pe r sonne l  is described in
t h e  fo l l owing  p a r a g r a p h s .

A ca l l  for  f i r e  is received by the f i e ld  a r t i l l e r y  simu-
lator in th , SNCS . As he resoonds , according to standard procedures ,
his conv”rsation is monitored by his computer. His comnuter plots
the t h e o r e t i c a l  impac t  coordina tes  of the r o u n d ( s )  wh i l e  the
field artillery simulator is handling the standard communications
rarocedures.

By observation of the tactical data display board , an
aooronria ” -iy positione’d LWS operator and VACO are selected to
cover the event. Their respective discrete address code is
transmitte’d and recei’- -I  by the pager device that each field
opera tor carries. This command directs the paged operators to
r e t u r n  to a ored- ’-termined F re,’:ue nr’~ , wh i ch connects them to the
SNCS c o m m u n ic - i t i o n  n e t .

1-8
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Assuming approva l of the fire mission , the impact
coord ina t e s  are t r a n sm i t L e d  -ts part of an “event message ” , which
also includes LWS settings and number/duration of laser trans-
missions/visual cue firings required to simulate the fire mission.
This decision of “how ” to simulate the desired fire mission made
by SNCS is d~,’t ’-rm ined by referral to standard ooerating procedures
(SOPs) generated prior to thL- exercise .

The field : ‘ - r itors then determine azimuth and range to
the imp ’t ’-t : o i nt  Dv use of the hand-held calculator and observe r ’s

~e>:t int. Their orecise geographic position had been determined
pr i o r  to t h i s  t ime  by use of the same equipment .

The appropriate controls are set on the LWS , the device
o r i e n tu ’d to the Dro mer  d i r ec t i on  and the miss ion  is s imula t ed  by
triggerinc: the LWS and the visual all device . Coordination
required between the LWS operator and VACO is conducted via the
common communica t i on  l ink . The operators  record required  data
on forms provide d and leave the SNCS communication net to resume
m o n i t o r i n g  mane uve r force f requenc ies  to an t i c ipa te  repos i t ioning
requi rements for future fire missions . A time line of these
operations versus typical operational times is shown in Figure I-i.

Although all operational contingencies have not been
envisioned at this time , one does appear wcrthy of mention at this
ooint . It is highly conceivable that the impact point and target
person nel mi ght be in such a position (densely wooded area) that
a scanning laser could not penetrate the position and illuminate
the t a rge t  a rea .  Future  considera t ion sho uld therefore be given
to equipping the VACO with a MILES umoire weapon (controller gun )
which would enable h im to physically enter the area and disable
an aporooriate amount of vehicles/oersonne l , as directed by SNCS ,
by direct fire .

Additional considerations concerning LWS operator posi-
tioning and the simulation of Cannon Launched Guided Projectile
(CLGP) is included in the following oaragraohs .

D. LASER OPERATION ON THE GUN-TARGET LINE

It has been suggested that in hilly terrain , the lasers
should operate on the gun-target line . This is a problem in
actual use of artillery. Especially with the long—range
howi tzers  f ir ing in low tr aj ectories , the problem of attaining

1—9
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accu r ac-~’ on t h f r , d o w n h i l l  sloocs is seve re and o f t e n t i m e s
i: ra-:t ical , L,e’ uu~ ’ - t h e  s looes can exceed the angle of the tra—
je-to r- ’ . ~.-hu ,’n this condition occurs , the only choice is to f i r e
in hiqh trajectories. h’ -’en th -n , accuracy will suffer somewhat
be:,-iuse of “he’ slone - -; . The hi :h trajectory mortars are seldom
troubled by i na c ce s s i b l e  tar~~-”s on slors, ,-s . However , ome loss
of accuracy is inevitable .

In lis ’r sim ulation of artillery fire , the users of the
lasers must necessarily take an advantageous oosition , generally
hiu~ ‘r th a n  the targeted troops and vehicles , whenever feasible .
This position is desired to obtain the very useful depression-
-u n c l e  of t1

~ ‘ laser scan nattern for control of the depth of the
scanned area simulating the effective area of the incident being
simulated. The oroblems encountere d by real artillery because
of slooes may be considered as irrelevant to the problems of
si r— -u l ’ iting this condition . If it is desired to introduce the
error-effect of slopes , this condition can be introduced at the
net control station by calling the simulation at a point biased
frep the intended location. The point does seem relatively
unimportant , however , in view of the need for advantageous posi-
tionino of laser transmitters for good area simulation.

It must be brought out that the advantageous use of
terrain in actual warfare can be decisive . The requirements are
often at odds , however. Generally sfleaking, the use of defilade
an d  screening by vegetation , and the like is an essential factor
in avoidance of dire- ct fires for tanks , APCs , and the l ike .
Tvmically, in much of Eurooe , it wi l l  be ve ry seldom tha t direct
fires will he feasible beyond about 1 km , simply because such
vehicles will ‘- -ike every advantage of defilade an screening. The
location of direct—fire weaoons such as TOW on forward slopes
modifies this considerably , but it exposes such positions to
dire ’-~t count”-rfire .

Fire of such weapons as TOW from within the edges of the
forests typically f ound nea r the crests of European h ills is
feasible , but such areas are ususily brought under orecautionary
machir in-oun fire Dv advancing tanks and fire of a TOW should
e’x~~e’ct immediate resoonse of heavy machine-gun counter-fire ,
oossiblv followed by direct cannon fire . Indirect-fires can be
very useful in such situations to force tanks to button up, thus
greatly reducing the vision of the tank crews and imProving the
probability of success of antitank direct-fire weapons .

I— il 
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E . A N N o l~_ LA l’h c l11 - ; D GUI DED PP.O~TECTILE

Thu~ Cannon—Launched Guided Projectile (CLGP) is a “horse
of a different color ” . It is an indirect -fi>e ’ weapon with the
tar-ret-accuracy of a diru , -ct-fire weapon , or better. It can destroy
t an k s  movino at high speed.

The critical point in CLGP ooeration is that an observe r
L auipoed with -a laser designator must maintain his laser beam
accurately on the tank tari”iet during the term inal portion of the
CLGP trajectory . This operation should be simulated , because
it is likely to be the most effective means of attrition of an
ene’m~- tank force .

There are a number of schemes for accomplishing this omera-
tion with narrow-beam gallium arsenide (GaAs) lasers. The tanks
w i l l  be equipped with a “belt ” of MILES detectors. It is necessary
t h a t  the GaAs beam be s u f f i c i e n t l y  l a r g e  to span the space between
at least two of these simultaneously so that at least one is ii— - ‘
luminated (that is , a small beam could “land” between the detectors).
Therefore , dup lication of the size of the extremely narrow neodymium-
dmmeci , yttrium-aluminum-uarnet (Nd :YAG ) laser beam is not desirable .

The CLGP laser simulator should be a replica of the
a c tu a l  laser designator device , but Project a wide r GaAs beam .
Coordination of the simulated CLGP firing and target illumination
should be done in the exact fashion that the roal CLGP procedures
accomplish. The operator has only an approximate idea of tb:

~ime of ipoact of the CLGP , so he must illuminate the target with
the desi gnator (real) for an appreciable time . To simulate this
action , the GaAs laser CLOP simulatoi should be equipped with an
RF rece iver. This , upon receipt of a coded signal from the SNCS
at the simulated time-of-impact , would actually switc ’ the laser
to the transmit mode for about a second. The code transmitted
should be one (rivinj a high tank-kill probability in *~ie tank ’s
NILES eguloment. The laser operator should be notified with an
a u d i b l e  s igna l  f rom the s imu la to r  tha t  the miss ion  is completed.
Ficure 1-2 is a block diagram showing the CLGP simulator.

F. TRAINING REQUIRED

All field personnel will require organizational leve l
training in the use of the observe r ’s sextant and associated
soeci ally pro grammed calcul ato r . Forma l tra ining shoul d be
minimal because of the simp licity of the devices. The emphasis
on training should be in actua l use of the devices under the
field conditions likely to be encountered.

1—12
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SIGHT V IEW OF TARGET

__________ LASER BEAM (GaAS WITH

TRANSMITTER 
TANK-KILL CODE)

SIGNAL FROM NCS 
______________ LASER TRANSMIT SWITCH

RF RECEIVER 
______

AUDIO SIGNAL ~

OPERATOR ’S TRIGGER

NOTE: ENTIRE DEVICE SHOULD BE A REPLICA OF CLGP TARGET DESIGNATOR .
THE LASER TRANSMITTER CAN BE A STANDARD MILES DIRECT-FIRE TYPE.
TRANSMITTING A CODE CAPABLE OF SIGNIFYING TANK/APC KILL.

P3217

Figure 1-2. CLGP Simulator Block Diagram
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laser Weapon Simulator ooerators will require oYJaniza-
tional traininq in the use and field level maintenance of the
device . ‘~o extensive training requirements are anticipated. The
device is simple to operate and anticipated field leve l maintenance
will consist only of replacing a iuick— access batte ry pack upon
deuletion . Heavy emphasis should be placed on actua l operation
of the device under the field conditions like ly to be encountered.
In addi tion , SOPs should b - generated to ijovern the actions of the
operator under the myri ad o~ f i r e  simulation situations he will
encountu: r.

Personnel who man the morto r battery simulation positions
in the proposed SNC S should be proficient in determination of
qeouranhic coordinates from any of the forms the firu ’ - request
may take -- that is , shift from k n o w n  point , gridded thrus t line
or polar coordinat’-s . Organizational level training for these
personnel is suggested. Because t h e  field artillery simulator
must be an artillery office r , no specialized training is antici-
patE d.

No spec; fic train inq is anticipated for the visual/audio
cue operator i - -cause the u’do~~ted devi cc is an ticipated to be
fired from a weapon currently in the Army inventory . However ,
because of the safety factors involved, strong emuhasis must be
olaced on developing onerator awareness of the safety procedure s
ta be observed.

Because of tb ’ - coordination required between all memb e rs
of the simulation group , e:-:tensive dry-run exercises will bc~
pr r ijred prior to actual particination in initial maneuve r

-
- exercised.

Oncu:- a basic cadre of simulation team members is estab-
lished , reolacements , which will no doubt be required , can be
trained largely by “pairinq ” with experienced personnel in field
exercises.

G. GENERA L PLAN

Personnel assigned to the SNCS will moni tor u :iu ropriate
maneuver force frequencies to obtain the information necessary
to simulate the various mortar firing batteries . Field artillery
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battery simulators will be in direct communication with the
respec t ive mane uver fo rces an d wi ll make all responses/de cisions
normally performed by the Artillery Batallion FDC and batteries .1

Field personnel will be provided the capability to monitor
maneuve r force frequencies while maintaining a mobile posture
and be capable of communicating with personnel in the SNCS when
commanded by a pager device .

H. CflMMUNICATIONS

To nroperly perform their tasks , personnel in the proposed
SNCS mus t receive all calls for fire in as direct a manner as
oossible.

Because the field artillery simulator will be required
to actively participate in the normal maneuver batallion supporting
artillery FDC loop, he must be supplied with receive—transmit
equipme r~ compatible with the VRC-47 radio set normally employed
in that net. In addition , he must have the ability to command
specific operators in the field through a pager activation system
and communicate with them on a simulation net common frequency .
An encoder device will be required to provide the discrete address
capability to the various operators in the field. The field
artillery simulator comouter who assists the field artillery
simulator must be provided with the capability to monitor these
frequencies , but  transmi t only on the simulation net common
f requency .

The 4.2-inch mortar battery simulators will be supplied
with equipment capable of monitoring the normal VRC-47 communi-
cations net of the heavy mortar FDC . No ability to transmit on
this frequency is required. He must have the equipment necessary
to command specific operators in the field through a pager acti-
vation sys tem and communicate wi th them on a simula t ion net
common f req uency .

This situation is based on the assumption that field artillery
(FA) batteries will not actually participate in exercises. If
they do , the SNCS function is to monitor and then respond in a
f ashion s imi la r  to the ac tions of the personnel  s imula tin g the
mortar batteries.
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Because of the lack of adequate information , it is not

- 
noss i L - i -  to :ts - -r t a in whether or not information to the leve l
r ,- -- iu i r uc j to simul at 81—mm m o r t a r  f i r e  w i l l  be a v a i l a b l e  on the
VPC— 4 7 commar; -1 nc of the maneuve r company. If ShCS must Lu-
o r o v i - ,i - i  t h i s  da ta  v i a  t :-;e P R C — 7 7  company FDC-8 1 mm m o r t a r  , u t f -r ’z
net , rad io relay will probably be r e q u i r e d  because  of the
r’lat ,i ‘:e lv short range of the PRC—77 . Whicheve r - r n r o , <ch is
a bunted , this monitoring canability will be supol iod  to c-oct ’;
81-mm no ru ’-i r simulator. ho ability to transmi t on this fregu u -nc -,-
i s r” ‘ La iro l . Each must have  the equi pment necessary to comm :nd
speci  f i c -  ooerators in the field throuch a pager activatio n system
and cnm- :u ;i- ,’ate with them on a simulation net common frequ’ :c-,’
(se e F i cu r e  1— 3 )

It is mandatory that simulation team nersonnel be ero-
vided . comolete maneuve r force communica t ion  p l a n ’-; v ia  pre-
ex e r c i s e  briefings or operation plan data .

If communications traffic is heavy on the simulation
net common frequency , separate frequencies could be utili/~ d
for operators in each maneuver area. However, any ShCs p o s i t i o n
must have the ability to control any field operator to ensure
maximum utilization of field personnel.

Each field operator will require a lightweight portable
receiver/transmitter with preset channel selection capability
in tb operating range of 30 to 75.95 MJIz, with sufficient
range to maintain a communication link with the SNCS and the
maneuve r forces. In addition , each f i e l d  opera tor wi ll req uire
a discrete address pager device similar to that employed in
comme rcial telephone answer ing  services.  Ne i ther  of these items
are known to be in current Army inventory .

C 
I. TRANFl~ORTATION

To keen f i e l d  oersonnel  to a m i n i m u m , they mus t have the
canabilit-o ’ to move from position to position as tactical situa-
tions di --t : te . To periodicall y replace field personnel on site ,
transao rf -:ition mus t be available to carry relief operators to
th- ma flr— uve r ,iru:’a and r e t u r n  the re l ieved n er sonne l  to the he id—
quart e rs ir~ a.

- 
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“ Jeep ’ t r a n s p o r t a t i o n  app ears  s a t i s fu c t o r y  for  use by
the l a se r  weapons simulator operator. This mode of transportation
will provide room for carrying the required equipment , as we l l  as
the ability to move expeditiously over the majority of terrain
condi t ions  n o r m a l l y enco un te red .

Visual/Audio cue operators may be mounted in jeep or
motorcycle transportation. Jeeps would be pre f e r r e d  to s tandar-
dize unit equipment and may be necessary depending upon the number
of audio/visual cue rounds required to be carried.

Vehic les  should  remain  in the f i e l d  as operators  are
relieved.

Truck  t r an s p o r t a t i o n  capable  of c a r r y i n g  a m i n i m u m  of
lc ner sons will be r e q u i r e d  to p rov ide  t r a n soo r t a t i o n  fo r  r e l i e f
crews . Because f i e l d  pe r sonne l  in both areas should be relieve d
siru u~~t uneousl y, two such vehicles will be required.

Transportation requir cnlu nts -ire summarized below :

“ r ’ ~~P ” vu ’ hicIes 32*
T r u ck s  2
* 16 can be replac’d with motorcycles

T . F A C I L I T I E S

As s’ i i t naraqranh B , a nontral control site desig—
na 1 cd as ‘ ; -  ~- h C ~ is 1 e g - ii rel. Because of the communication nets
inyol”d a nd ru ’ su l ’  - ‘ - - j u i n m e n t - 1vi r in q  i n s t a l l a t i o n, a pe rmanent
or semi—t ’ - rmanen 1 si e is s~ rongly sur;este :i . Such a structure
would be so loc: u t ’- -~ w b u h i n  the  o v e ra l l  maneuve r area as to
mi nimi z’’ i n t ’r f e r ’n -c w h u ’h ’ maneuver forces and optimize
noru ru in i r ’ i ’ on c a oab i l i ~ cs. The floor are a of the structure
should be of suf” -icien size to permit overview of the tactical
data d snlay device by re :iuiru ’d nersonnel and provide sufficient
work sp i ce and c o m m u n i c a t i o n  eq u i p m e n t  locat ions  for  the per-
fe rm ,ince of ~asks.

The overall area of the site must also provide sufficient
facilities to sleep and feed the  e n t i r e  s i m u l a t i o n  group d u r i n g
the oeriod of the exercise. Minimal vehicle repair and refueling
capabi litiu ’s will be required.
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SNCS personnel will requi re an overall awareness of the
tactical situation as it develops during the exercise . Because
of the fluid situation , field personnel mus t change positions
periodically to maintain contact with maneuve r forces. To pro-
vide this awareness and field personne l control , a tactical data
display device is proposed.

Various alternatives are available for displaying the
necessary tactical information. One approach would be to locally
manufacture a horizontal disp lay device capable of being viewed
from above . The surface would be a representation of the maneuver
area. Elevation contour lines , grid coordinates , prominent land-
marks and planned targets would be displayed. The surface would
be suitable for grease pencil annotations and symbols indicating
field oersonnel and maneuve r force locations would be moved by
an operator in the SNCS through information received from field
personnel.

An alternate approach would be to use a vertically mounted
plexiglass board with operators writing in reverse grease pencil.
Annotations would be made at the rear of the board .

Although sui table , a cathode ray tube device with alpha-
numeric syrnbology controlled by a keyboard operator , appears too
costly a solution to display the required data .

K. EQUIPMENT/INSTRUMENTATION/SPARES RECOMMENDATIONS

All maneuve r force personnel will require MILES
instrumentation and an audio cue device to provide indirect fire
s imul at ion awa reness.

HO and HQTRS Co. 170
Rifle Companies (3) 534
Combat Support Co. 174
Tank Company 112

990 x 2 BTN = 1980

All vehicles in exercise wiji require
MILES instrumentation.

Armored vehicles 106
Other (trucks , trailers 140

and the like)
24i: x 2 BTN = 4 9 2

1— 19
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E u ’ -~t i Lh -~ ); - r l t o r -~.‘i11 r - l u i r e  an Ihi ’ device .
Mini m- in ~ onc r at o r s/B T g  x 2 B I N  = 10

E t- ,:h f i e ld  oa’- rat or will require an observe r ’ s
sextant and c il ’ulator ( includes smoke genera-
“ ion t - a r t s )  = 30

Bi n oc u l a r s  (hh’h or- , rators) = 10

Each fie ld o: - r at - , r will re juire invididual
t ranspo atit 100 (j- - u ’ p, motorcycle , Gamma—Goat) = 30

Truck transport -it ; en to carry relief
operatora to fic-ld. = 2

hart-able licrhtwei ght communications set
(GRE) (s e e  p~arauraoh F in Section IV of
t : ,~ final r-a)ort for recommendations) = 30

Launching -dc-vic e , A u d i o/V i s u a l  cue
8 onerators x 2 BTN = 16

Spare ba~~t ’;ries for I ’di device
Worst case es t ; r a L od at  one renlacement

oar dr’yi.re/shift (10 devices x 3
shitts x 4 d a y s )  = 120

Discrete pacier device
1 per operator in field
(see paragraoh F in Section IV
of the panel report for recommendations = 30

Spares , portable lightweight
Communications set (estimated) = 4

Spares for  I W S  d e r i c e
Reliability’ study performed on the LWS
device . Estimated spares based primarily
on only mechanical damage due t- c mishandlin g

l/BT:-~ per exercise x 2 BTN = 2

1—20
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Spares for observe r ’s sextant
Preliminary reliability study performed on
the observer ’ s sextant. Estimated spares
based primarily on only mechanical damage
due to mishandling.

2 BTN/per exercise x 2 BTN = 4

Communications Installation SNCS
Specific equipment not identified.
Requirements exist for following
frequency monitoring/transmitting
capabilities .

FREQUENCY NO. FUNCTION

1 RCV/XMT ARTY FDC Side A
2 RCV/XMT ARTY FDC Side B
3 RCV only , ARTY FDC Side A
4 RCV only , ARTY FDC Side B
5 RCV only , 4.2” Mortar Side A
6 RCV only , 4.2” Mortar Side B
7 RCV only , 81-mm FDC , COA Side A
8 RCV only , 81-mm FDC , COB Side A
9 RCV only , 81-mm FDC , COC Side A
10 RCV only, 81-mm FDC , COA Side B
11 RCV only , 81— mm FDC , COB Side B
12 RCV only , 81-mm FDC , COC Side B
13 Intercomm/All Stations
14 RCV/XMT All Stations-Field Oner Control Freg .
15 Pager Act ivation - A ll Stat ions

NOTE : From review of available information , the above
requirements could be met by use of the following
normally  vehi cle mounted equ ipment in a f ixe d in s t a l l a tion .

CH 7,8,9 (1) VRC—44 ;et
CH 10,11,12 (1) VRC—44 set
CH 1,2 (2) VRC— 43 set
CH 5 (1) VRC—43 set
CH 6 (1) VRC— 43 set
CH 14 (1) VRC-43 or VRC-44

Depending upon number of field operator
control  f r equenc ies  employed.

CH 13 Addition of audio frequency amplifier
CH 3,4 Paral lel  CKT of CH 1,2
CH 15 Commercial Equipment , Uns pec i f ied

1-21 
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S UMNA TI ON

Si mu l a c  ion f i e l d  Per s o nn el 34 Note  A
SN C S Personne l 15 Note A
M i r , b u T  I n s c r u r r i a - n t a t i o n , V e h i c le s  4 9 2
M L L E S , I n s t ru m e n t a t i o n  Personne l 1980
A u d i o  Cur” , ‘1 J les Interface , Personne l 1980
T a s u ” - r ~~‘ar ~on S im u l a t o r  10
‘ubserve r ’s Sextant/Calculator 30

B i n ocu l ar s  10
Field Team Transportation Vehicle 30
Relief Team Transportation (Truck) 2
Portable Communications Set 30
Launching Device , Visual/Audio Cue

( M— 7 ’- )  G renade  L a u n c h e r)  16
Discrete Address Pager Device 30
Spares , B a t t e r y  LWS Device 120 Note B
Spares , Po r t ab l e  Communica t ions  Set 4 Note B
Spares ,  LWS Devi ce 2 Note B
Spares ,  Observe r ’ s Sex tan t  4 Note B
R a d i o  Set VRC -44 , Fixed I n s t a l l a t i o n  2 ( 3 )
Ra dio Set VRC -- 43 , Fixed I n s t a l l a t i o n  3 ( 4 )
Audio  Frequency A m p l i f i e r  ( I n t e r c o m)  1

Note A - Mu l t i p l i e d  by 2 or 3 to a r r ive  at n umber requi re d to
suppor t  exe rc i se .

N ote  B - E s t i m a te  Only .

i — 2 2
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ANNEX 1

TO APPENDIX I

Excerpt from Tactical Oper ations Handbook prepared
by U . S .  Army I n f a n t r y  School , Fort Benning , Georgia ,
July 1968.
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13 . 1 7  TOP STEIn ~~. rssul: ORDI- ’ P . i f )  Ti  I- ’ ’  n et  w ith his co r : i r r : indcr; . 1 1  ‘- t a t  a 0’ a i O~arid t i~~ order was  i ssue d (OPOI-& D ~t 3 , pg 1 3 -4 0 ) .

a , The S~ or ien ted  t i ’ -  comn ande r : on th e a r ,-a of ape rations and 1,.- i -neniy SI

b . Co -I l — u , ~ tl.- n ‘ ,‘~~. - r . - ’ L  t i . f r ie nd l y - : t u C t i o n , ~~~~ ! l i  s p e c i a l  , t t , -  iofl to  t i . -  1st lid n i’  -
- i o n ; U l t C - : l  the n i i r- s i on  0f TF l o u’  p r e s e n t e d  t i ’ -  ‘

‘ oncept  of o p e r . i u~~r ;  issued Tr i S S i O f l S  t o  l i d
ex ,’C it i :~ a t a c t  C 1 i  role;. ii,ii c,,-.,- .-d c o o r I , r , .t i r i ~ i ns t ruc t ions .

c .  N - s t  th,- - 4 u ov.’r ,’.i adn,inist r . t i ,  ,nd log is t ica l  ma t te r s  ri ,t SOP and insur,-d h a t  C0
- - \ / l — 1  A r r , ,r  ( i n i  T A N S L I I ) w a s  ~Cru ii i ,r  ~~i t u ’ ,  i i , .  SOP of l _ u ,1 m l .

d. T f ’ -  S u t he n  os . -r . -d  co in , ,u_ ~~id ar i d i 0 rol it -n i s  -

e - F r , , , i 1- , , the FSCOORD and the S3 d i s c u s s e d  t i -  i r e  suppor t  plan Fo rwa rd  n i’ ’ r v . - rs  l i d
p r r  ,s i ,  been p r i . - i d .l i f, ,rm - it ,,n of p lanned o r - s  by ltde m d  Rn , h e nc e  the unit c,,rr r’ ’ind e r s  ts r,-
rot a i ve n  a comp leted t i r e  su ppor t  C L i n  at this t ime , or a t> - r t a t iv e  t a r g e t  list ‘ i c - i -  l~~v , a: may tt- ‘ion,- - 

U

- Thu it it  C imm,, r d  -i - S w e r e  infornit’d t i .t th y would ro e,-  iv,- a u opy of f ’ -  I- ir - Suppor
-‘a-, r c x  and a Check ,,irt Over lay prior to the at t ’ic k -

- CO TF I — f t  - ‘ t — t s  :- r i  hi: subordinates que t C on: - II, . ii: t ur . do te  rn. i r , d  ~ ‘h’  n i .
ssa s :,d e r - a - i o e  b y ;, s i ’ i n ~ qu~-s t i o ns .

h - Unit commanders ts e r r -  d i r , - i t - d  to p rov ide  the 53 with an. ,,uilit,.- of t h - i r  t a c t i c a l  u l u r s
o 30.

a; - , -~ n ov ; - ‘ t \ n s l - : R  or ‘ p r - . s : i - ; T A TL a S  DURING TH EE B R I i L a - ’iN( ’-. VARIES W I T H  COSt -

-\ t ” r  di s m i s s ing  the : 1  c o m m a rd - r s  , the commander and s ta f f  r e t i rned  to the TF CP .
i - -  - ‘ id , r I.e a -  r i ,  i > n  ,i~ r Io.- XC , t b -  p i Cnnin~ cont inued. TSe comrnandu’r and S3 de p a r t e d  to

n - , ’  r d r , , t , -  >0th 0 ,-  1. ’ 1 m i  and t I : ’ 1 — ’  7 m i  r ,- - p . - i ’ t i~-~ ly. A LO was i i ’ ip i tc ht -d  to  i - a I d -  HQ ss- i th

t o  ‘:-r p I.n ‘a i t 1 >  k ,- \ -  L,r -  I- S(.OOR D co rtu p l e t ed  the FO r e  Support Plan he coordinated
a - : 0  ‘he l - t  t~~e are 1 — 4 5  A r t y .

• t a ’  s r  a t . cups mu ’ vi~;: . Du ring t h is ‘i -p CO TF  I -66 s u pe r v is e s  the conduct oh the

it , .- — i-or is ‘iii, a t e d  - - low :

i. ‘1-. ’ - - ,- at O rd ,- r . ‘~i h,’n t im - r i r t i t :  co m p lete rur l iminarv i r - p . r u i : u i n s  before  ‘ . - p a r t t n 4
:ror-i ‘ h r  , j s s - ’ - r1\ - r r - , s  j r ir r ,-ni d i spos i t ions  for the LD , CO Ti” I - u t  s upe r v is e d , as ‘ - 5 > - m r .
,,, t C - r U t o Sue t i , ill,’ d i s pose  i t .  tore ,:  to  ‘ -,,nr- ,i t the i t t . ic k  -

( I  ) O - , s ’ - - at and C - - t i - a r t  at t~ , rc c s  . 5 ‘ic.- TV  I_ s r  s~- u s  in ,- c , t — , t  w it h  the ta - i — .-
.j “ -, -.. - n . - - .t it 0- , ,- to  t h ’~ , i r ’ - a  oh e r - l i o n s  W t ~~ ncc , - . i > a r v .  h ut> r , i11 of the a t t a c k  .,o’ i s - i . ’n

or ~ ‘0  • .5 c he ck  w a ,  mad - t o  — -c ‘ ‘ , ,t Co C w i :  re l i ev ing  ci, n- - n t :  of Oo 13 in zon e ,  that
r ’ - c - , n  r- lataon L , f  rn n e d  -n ‘- am i ty  it  lit . ri~ ht lank; and t in it Tn— , T A N ’  P occupI. La an ,in:’r” i i l- ,

-1 r ca Cr he 1 ,- i h u n k .  rm ,-\ L}- ,-\ was  ready , n line - Co B would r,-main in the I - f t  so , - t a r  it th e
a- . pr i ’ par ~ 0 10 . i s s L s t  ioth Co C ar,d T n  I,\NKi- P us t i r e .

2
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(.5 t i n a t I ‘ r C’ 1 i ~ ~~~~ ~ ‘ i t , ,  a - S u b . .  t~ as  n ,  0.  I - , - ‘ f - ‘ ,~~~‘ ‘ ‘  r ‘ -

Co r ut, , ;  on, t r a m  I’ , A a:.. - n ’ , u ~u t :m p:un’ .’ C h , -c ks  ‘.‘ , , r , t ,’ r !- ,,r : t ’. P ‘ ‘ rrr - ’  ‘‘ ‘ - ‘

t s . u s  accor r ip l is l - ~-d and t h i t  s ’ d r. l i n I t t ’  m u :  w r ’ r ,  p rep a r i n g  t i , - , ’ :’ j -- , - r  f r  t i , - ,t t ro . k .

( I )  Dc - : , - [ . j r , ’ - , - n t  ut n o-t i c 1 , - u t  at, . n -a lt . -  t I ’ -  fa ’ t f t  i - t  c i t ’ S - t a -  ‘ - ‘‘ . ,t : ’ i l l
,O’v,- l,up.’if the :i tu~~t ,  - o , ,  t i c  , ~~~~~~~~~~~~~~~~~~~ u r n’ s . ’  , , u s , ’  all r: ,- ; ur: ,- ’ -~~ i i u f , l . ’  t o  i- o -  t o  1 ,- n’
,.Ln ,t the ‘ nr-r ,,v ’ s ,t r , -r ~~th . l~ .: ,ta , ,  , , ‘~r - u p u — t t L u n , ,nd u f i s p a ’ - it ion ty e f o r . -  t ia ,- , t t , ,  nl. u ’ i , - e , r -

~.

(4) In. : t , ,t : , r - r ,- ~~,,r ’,t t , t i  I - i - -  - CO a F I — u ’  mnsu r , - i f  tIn - t  I ) , .  u r . - , , r , t u . , n  i t , - : un - - a -
u’ sc hedu led. ‘I’h~- n- rn rn : ,. , - ,:‘ - - : u i r u  ‘ - u t  ,i n t i n : c  1 1 — 1 0  m inut , -u -  s’.’oui,! c o n - i-  i f , ’- n~~ -. . t i - , ’ - ,’  i r —

r r - -’it d i s p o—  t i , r o  t i n t  t b ,  LI) .

N OT 5: FIn ’ i n ’t i ’ ,ri: taken ;, lu’ i ’ ,’e ‘ i y ’ .’ (‘~ ti , nin.-indcr r, - f l , -  t ‘ ‘ ‘ti ,,’ - of  t io., ri - re , - s s u - n  r m - i ’ -,,nr- : ‘ P t

f lOU )  be made d a i:,~ t i , -  p re pa r l t o r \  u n .  l u - r u ’  u r n , of c a  n — c , m..n\ 1,-u’ - i t , ir-
dot ,ii ls to  be s ’ m p u ’ r ’ .- ian d . The , ‘ : t , - n t  to  ‘s h i r t :  tin,- u ommandor ‘ - x ’ - r c u ’ - ’  d r - u t  nt - ,’ - r ’ i : ;’o
wil l de pend , utoo t :> ’ ahr- r thing - - itt t i ’ ,- t ime a - - ,  ulal ,l, - and the ek i  11 of In. - s t a f f ,

b. Inf l uence Cond uct of (~n e r , t t o n , As  the - o a t s  fi” ui ut .  to  move t ow a rd  t I’., LD , CO II I - , ‘ -

a s :ms t e d  b’. his staff , cont inued t i  s u p e r s - i : ~ , Init ia l l y,  he pos i t m ont - d  hinr - , ’- . - l J’ nut the halt a-, OP
unt i l the units c r o s s e d  th r-  LD and ts ,- r u- r.-uo s  ing to the i r  assau lt posit ions , T l c n , ’,e tI } t ~ c - , ’,nrr ’ ;d
group, he assumed a p os it i o n  behind Tnt A LFA . The commander t o r c s aw  no d ,f t  cu l t y  to  i a - u -  ma n’
f i r e  on this enemy unit if n e c e s s a ry .  By being c lose to Tm ALFA , the commander was in. 0’ 
po - .it ion to rece ive persona l i tai , r mat ion of th is in i t ia l  e ngagement  with the u-nt -mv  -

Conduct ol the Attar k. T h r o u g h out the conduct of the attac l- , C O TV  I -s t  ts ill “ - t a- ,  n ii,

r e v i s e  his es t imate of th c s i t ua t i on  and p lan of a t t a c k  as d i rve l op i ne nts occur -

( 1) Situation. (The s t a ’itioni is as shown on Sketch Map C. pe 1 3 — 3 7 ) .  The a t r a r i ,  “ rt : tnu-r- - u ci
as p laru’med. The enemy for ’ “ in the zone of Tm ALFA opened fire on t n u n t , ’, and was iy n , t n , ’ u ; m a t ,  ‘, t aLc ,-.
under f i re  by Tm ALFA . In thur m ea nt ime ,  Co C advanced in zon e and o ’ , t t  h i n G e  t In ’  t in - V. r ,, -t- , ii e

enemy fo r ce  rea lized their p reca r i ous  posi t ion , the y at tempte d to  v.- i t h d raw , but were can ~g ht u,, . t v - ,.,~~
the c ross  fire of Tm ALFA and Co C. Many casua l t i es  w e r e  i nf l i u t n -d on t he e n e m y .

(a ) The a t t a c k  p r o g r e s s e d ;  (‘ 0 Co C’ r”pnr ted that as t i n  u,,-;; “ r u t  t b ,  ri,” c -  sou: t f

of HILL 4 5 0 . 2 , it was taken under i- c by enemy at that posi t ion.  Hi: ~,t t ,  cL L, ’I been s i  i\:’C- ~f and t i ’ , ’.

rece ive d some casual t ies ,  Tm AL FA’ s a t tack  had bee r ,  s lowed down.

(b) Subsequentl y ,  CO Co C repor ted  that he obtained a hold on the n,d~~,- and ,,onti : ueu.
to  r e c e ive heavy f i re  f rom AR GO , lii’ p r o g r e s s  was slo w and there  w a n  st i l l  ~,a-n ’,n’ ,‘ru,-n~~ . r ‘ l v
pos i t ion.  He requested  addi t iona l f i res  and some ,‘u t - nok e be p laced on AR GO and at ,  a i r  ‘ - t r O  - .~r ’ t l . r
enemy armor located north of ther e  - CO Tm A Ll— A repo r ted  that hc comnn itt c’ d his r e s e r :  e and
s hou ld be able to reduce the enemy d e f e r s , ’ s  on HILL 4 1 5 .  I within app r ox imat i - ly an boor He ri-

que s ted an additiona l p latoon so that he could continue the a t tack  to se ize  Obj 20.

(c ) CO TF 1-66 told his FSCOORD to g 0u’ Co C more f i res and smoke , and I , -  also
to ld hus FAC to request  an air ‘- t r i k e  on the enem y north of ARGO.  Accord ing  to p lan , he ni -e rred
Tm TANKER to begin their movement to s e i z e  Ob3 30. Hr. a ler ted Co B to be prepared to i-na> a- -

hind Tm TANKER . The enemy re c o n  p l u t ’ i ~un wi t hdr u-w into the town of DA LE when Tm T A N K T P
approa c hed.

(d) As Tm TANKER neared ARGO , th u -v  rece ive d heavy f i re  from the , - n em n in that
vicinity. The additional a r t i l l e r y  lire p laced “n A t ’G O  did not reduce th is  enemy f i r , -  - The advanc e
s lowed down and CO Tm TA NI’O,I~ reported t h u  hi. unit could not bypa ss  t he area without re,  u n ty I n g

heav y casua lties . Fire ts ,,s also i a - m o e  rec e i v ed  t r o y , ,  DA L L  . His zone of act ion wa s u ’ i t e - c t i > u - i y
covered by the enemy lo. -~~t ,’ d in v i c in i t y  of ARGO and D A I . ’

(e) Repor ts  of CO TV I _ l b  indi cat r - ,t  that  the ‘r . ’ t in y had n,,t moved any of hi: ‘ nit: ,
and there fo re , he s t i l l  s s s u m e d  t hat HILL .1:5 v.a. : unoccup ied.  

‘ ~~ - -_ _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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II u — i -  ,~~t t ’~~l t ’ ’ ‘ u ~~, > ’  ‘ Is ‘ ‘ - ‘ i t - ’ ’, ‘ t t ’ i ’ ’  , -  ; ‘~~ i - - : ~~, .~‘ i ’ j ’  -

f - , , ’ ,’ n’ , r u , n i ’ - e  , ,t t , ’ ,, u ~p - ’ It !  I,!, - l ’ ,. ‘ n ’  ‘ f - . - ’ t :  u , , v u ,i’ Id ‘ l ,’ , i ’u , ’ , I, ‘ i - i ,  ‘ 1  ‘‘I

L I,,- ob j t’ ’ t i’ ’  I-i~ t ,nu u n , - i t . a m C - I ii.- n’ 55 , - r e  a, u, , l , ,  .‘ , t i ’ u n ’- t i n t  In , - - , ’ ’  0 5  s n , ’ ‘“ , up> ‘a-

fl. ,’ i ’ ’ ”’’’ V t , 
~t~ I i — u - u -  “ - O r  t o r  l ,,t , \ L l -5  I- ’ t~ u i , , , , -  . , , f n ; u y n i n u ~~

,’ nut , u  u r  — p . ,- , ’ ‘o,, f r, n u , . - ’ u s .

t , i i t t >  a r t , f  ~. c u - ’ n ps }IIL.L -i 5 hos’- ,  > . - , - , n , - t , , -. t i n ’ ’  t r , a , ,  A ! ”GO , , , o s t  Ic -  r , - ’ i , , , ’ ’ !  ‘ ,. I , , r’ - I ,  -

c ,~~ lul c u r t . ’ ~,i- 
.‘uidi o , ,i i n  - s  ,,n -5001) ,hui t - , t  O u , ,,r, , t , l m s i n  t h i s ;  ii, , r , - r , i r ,  - It I’,,’. - , r ’ , ’- r i - . ’ ’

t - ’ r  t i n , ’ c o r i t r , n , u ’O f , - r  io , , , ’ ,’ , , ;\  i t t ’ - t~i;un” .

( : 1  I i,, ,‘ ,‘ ‘1’m —t o: I , :  .\~ , -S - n  - t n :,d,It ’ i u , :t a i 1, h . , t , , , ’, ,  is ,’,: i t  laIr ,, ’ - ,  - (‘
~~ - ‘ i i  - ,

P t f ’ a.t t fn e  ta r, - — , on I i -  ,‘\ i.,,FA \ ‘ .nu:  . , i :a  , n ,  - , h n - h , - d  Ii’, ‘ f n ’ - i r  i’.i t i c  th , . ’ : ’ ’ r , :v  an i t , , - u r  i - an . 

k..> t a  S ,’,. - - ‘ ‘‘ ,, p’  n ’ s , ‘ t ’ , , ’ 1’ , inn,! t , ,  n u ,t ,—of - - ‘ n . ’ - n - i t - i n , , ‘ ‘ a ’ - 1111 .1 .  - 1 5  ,, n’’ t t ~,- , , u r , n r u a - ’ ’ ’ ’ - r  ,5,1 ut

“ - n  c , ’ ,-  r -j,,, t i n ‘ a, n > ,  -

(.5 (~~ n 11- I. ’ ’  , o r n s i u f i - n e , t u r, ’ ,-n i t i a Tm ‘1 n’ ’L t I u ’ ‘ ‘ ,  u t ’  I’ ;~ ‘, rf ‘- i -r i  a .  A l  GO I! ‘

- ‘ - r ,.r, - i-.’. ’ h i:,, . - - ‘ n • - r u i n ’ , - , , , s n t ’ c , n , n ’ u t  ,d i. ‘ ‘ n  - i - SI t C C)  i~. , ’ h -T n - ! ,  ‘,‘~~~
‘ ~Ft a- a- , I’ ’

.n - r - n  ,l , t ’, t i ,  T i -  - n - - i - , “.o l~f t , u r ,  n I f : , . : ’ ’ it , ’.- ‘ ,, n’ ,t l , ’ f r  a,’ t n - s n’! .- , tn , ’ n , ’ u -  ,,,i,, iv ~
, , ‘,p’

‘ i7~ f I n s n , : i s s t ’ , r n  v. ,’~~.’ t  rn - u t  a t O i -. li ’ , . ,t ’d ‘iv ‘ i n , n , , t i o n ,  CO TI ’ 1 _ l I  ru t ’  r’-d Tm ‘F A SS’ i  i,, ,t

- , c~ .APG- ’~ .

u~ co -r t- - - ‘ c a - n - i d - r e d  umsi rn C Ci .,  B , ii , ’- - ,:ut t nu l t ’ . n  r. - :’  r’.’ - - to  n , t t ,,, 3, A P C’ ,O II’

r’ - ,- a;l,n’ air.,  ‘hi’ ‘ 0- h.,t ’ ,, h,o r : ’ ’- li ft  lank v . -as il,- r, - -a’,s t  vuln,’r.a ’,l ’-  and I n s  ~‘, nu :  ,- a-. of t v ’ , -  rca : - , , ’
nl icing ‘ ‘ o B on tin ’ - :,-:: in add i t i on , he ( f l i t  t n t  , f , ’ > t r e  t, , commit hi’ r , - ’ ’ - n \ ’ ’ ’ n, L ’ a t t n ’ - t  an oh, ’ .1 n ,

I,.- d at t, ,.r cons id e r  d~- c i : ’. e

( 4 1  CO TV  i -~~~‘ d ” u ided tOut  Co C w a s  in, tb’ b” nt pos i t i on  to  r,’,f ,:n, - ARGO wt th c,, t t

.a I’ u - r , ’-a- ‘ r , us t i c aj v  1,1: o r e  u l  p ln. n 01 ,t t -a c~~, T inis w,,uicl mean an , t i n c C  ‘n ~~RG C) at  i t t : ’ ’’ ,

a, ‘us n , - c r ’ s n  a rv  - ‘n,,’ ,,t h’n r act ion , ta ke n had n,,t s i c ’ ,  - c r ied  - In ,‘ r ,f ’ - r  or Co C to a t t a c k  A LG O  an,f

n t ’ , ’ , -  th e .- ‘n ’,’’,’5’ ’,i G., : t  t b, ,  . - t ’rp hasis  a’,’.,t ’,’ rom Fm FA ’ ~K E P , ,u ’ f , fn t  i i, ,- : -  I — , ‘ ‘ ,  nt u, , ,.at h’ ,‘ s , . :  -

C o C .

(5)  S u e  S k e t c h  M.nt n Ii , Plan of A i lion (pt 13 -  ~~~

e .  A c ’ s  :,hn : i’ L ! i s sio n  ‘P h.- s e n - z - ,, r ’ -  of Ob i , -ct iv , -  30 aoo ld  not ,n n im c ’u t ’  t h a t  i n ’ -  ; s — , . u , .  In n- ,

been c omp in- t i .  accann p i i s he n  - f I ~ I - n - i -  must  u an:.Stdatt ’  and r’ or -e n ’, n i z u ’  a s  s oon as p r a ’  t t u  abi. - It - 
-

t n - a- 0,- p r epared  b r  a poss ib l e  en’ my c oo nt e  i - a t t a c k  - Bas , - d  un ,‘ ,r ,f ’’  r ’-  rec ’ - i s ’ ’ - . - I r,’n- br igad ’ , 1 F 
- 

-

1 an p repar ” ’  to con t inn ,a e t In,’ a t tack , re ’ ~ ‘- rt to r, -~~,- r s’u- - a s s i s t  ‘he p a s s a c ’  ol anoth ” r unit , i~r in

d e f e n d  ‘in the posit ion . 
-‘ 

-

( 1 )  1’. ~ r t in’,,- u t in , ,’ 3, ant A It G O  :n ,- Cn , tn , ,,, - nt , ’, i r u ’  ,‘u e a t t n ’  t T nt 1-A~ nInI Y I a.,’.: ru- ,l ‘aa- ,- - t u ’

a-an im al ly  - Tm TA N’t V P  cs:.t u - a d it: a t t ack  and s , - , i , - , f  ~)bt  30 aga ins t  l iken ,‘ nemy r e s i s t a n c e .  -
~~~

(2 ) Co C ~ain~-d a t’ ,,ith, ,ld in AR G C and v,’ as urn th ,- F’~~~~”55  of t rtopp’ng up the r,-”-,.a -- i

of tIn ,- ,‘nem , - t i l l  a the t ’ ,a ,n .

( 3 )  Tm ALF’A ‘ t:t nand  t~~ a t t a . k t ’ ,  ne / u ’ Oh, .1(1 ,

(- I n Co P. mmcc i  t,, a i ,i i ,cs’ inen n,o~ i ’ or, a , , - :t ut ,-\R GO ,nn,f a ,a s  p r - p a r e d  to  out l’t” ,-\F : l-: In

an, Obj 30 or t o  a s s : ’ ’ in s e i z u re  ,ut Obt 10.  -
~~~

(5 )  Tm -S P1.-S . a s s i - i ’ - u t  ‘v Tt rn TAP’L ’J ’ : t i r e , v-- a ’ -  ahi” to  s , ’ , u r ” Obj 2 0 .  P in’ a: Iii,

ms t rot, - Ohj ~0 sr , t f n r f n , - a -  ;,I,,tn~ ] t \ ~ Y t ,  t~~’ north’’’ .’- t .  - tn . - ’ a ,’ ’  ha re ’ - :  ,‘n Of ,~ l O s ’ .’ - : ,  s i t u , , ’ : — -

t i l l s’  ,‘n’.~~ -p ”’J .
It ,) Tm -r - \NKL R , ,,li,’ r i t  so ,  urv’i Ol,j ‘U’ , a t t , u~~k,’’I i’ t i m n , t r ’ ’ s  t b .’ . - n u ’ t ’ n y i n,- , ’ - :  ‘‘a OI ’ i  10.

‘ ‘-O i I- I — u i  r’’puirt.’~i t,, br iga’ i’ ’ l, ’’ . . ’ iu l uu n i rtn - r: t t n n u t  Ofi J 5’ I- ,,,’ I i’ ,, se iy .u’d ~ tnu ii- .,, TI’ “ -

wa  s ’ i L l  i,’n,ni,n~ ‘.ip t i c ’  r en i t i n unt s  ,uf n n  ‘ u ’ tnn in~ 1 - i - , ,  leO ii i t I n t -  a r ,- .. ii 1 — u - u  ‘s , , -  no. ‘ 1 ,  u,, r ,ul

‘ 0,: r - ,u c,,t: ’ ,t ’u’ ’ i t , ’  att ; ,’  k , uu ii w a s  pr~- p.  i- , -’ . IC. i s — a — i  it , ,  ,is’ ..u g,’ ,O. I — t i M lnf .

(a )  1,0 TE’ -. E l ,  t i n , r t  super’  it i ,- ci tine u ,,i~~o I i’ l , , t i ’ ’ rt  of h i , . -  r t ’ u , r g nut mi ~n nu t i u ’ n  on t i n ’ ’ ,,n, .t u u i i s  .

4 ’  ‘ - ,‘ sa m e t m r , u ~’, togeth er  wi th l.ms s t . t t , he (
~~-g.in cons id ,,- ra t ion  of i t t, ’ se quent ,-  , , h  du t i u , i t s t ’ , ’

a t ,  Pi us ,’  It , , - i t i i e r  , s br t ~ -, in r i - s e r v e  or to ‘ ontm nu mc’ the , ,t tac k .  Ot ,n c tim e’ u, i ij . ’ Ii: e haul

r, ,t , IF 1_ I l ,  w~m.i ld or ’ . ‘ . p- ’ ul, ’fu.-n,u m s- , ’ p o s m t m ’ , ,t t s  ,, ,u,n ,u ,s’ j i t  ‘,rdu’ t’ - - .
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LOW COST I~~DlRECT—F’IRE SIM LATION LOCAT I OL SUBSYSTEM

A. DISCUSSION

1. General

The use of rad io  f r e q u e n c y  pos i t ion  locat ion schemes
(such as RMS/SCORE) will be very expens ive . The c i ted system
can , w i t h  add—ons , do the  p a g i n g  f u n c t i o n  and data  t r ansmis s ion
f u n c t i o n , but t h u , ’ m a j o r  cost of the system is the  p o s i t i o n — f i n d i n g
capability. Q u i t e  c o n v e n t i o n a l  rad io  means of low cost are avail-
able for  the o ther  f u n c t i o n s .

Ordinarily , the thought of position—finding (self—fix)
by observation of angles to known objects with known map coordin-
ates , en—~enders visions of use of transits or aiming circles on
tripods and laborious graphical map resection. Until quite re-
cently this would have been the case , except that the use of a
“surveyor ’s sextant” - a hand-he ld  device — could be used for the
ang le measurement.

The new technique available is the result of the advent
of hand-held programmable  c a l cu l a to r s  of t r u l y enormous capabi l i ty
fo r  their small size and cost.

W i t h  such a device ava i lab le  to f i e lded  personnel  together
wi th  a ca ta log  of f ixed  ob jec ts  and the i r  g r id  coordinates, it is
only  necessary to enter  the six numbers represen t ing  the “ E a s t i n g ”
and “N o r t h i n g ” of three  such ob jec ts  v i s ib le  from a po in t , then
measure the two angles observable between the three objects , enter
them , press a bu t ton , and a f t e r  about  10 seconds the program is
complete . The observer ’s grid coordinates are read from the cal-
culator as well as the bear ing from grid north of the central ob-
ject. The whole function requires well less than two minutes with
a ded icated calc u la tor , and a trained observer. This is a quite
acceptable period of t ime . Accuracy  is f a r  bet ter  than map re-
section can yield — it is limited only by the accuracy of the
coordinate data (which can be very good ) and by the accuracy of
ang le measurement .

2 .  App l i ca t ions  to Real .t \ r t i l le r y  Problems

W i t h  a c a l c u l a t o r  w i t h  several  “ canned”  pros ra m s ava i lab le
by switch selection , an exceedingly versatile system of calculator
and sextant is available which should speed the efforts of forward
observers  and make fe asible , using r e l a t i v e  h e a r i n g s  of t a r g e t s

3-3
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f rom two or more observers at known locations , the use of FIRST—
F I R E - F O R - E F F E C T .  The locat ion of b a t t e r i e s  or i n d i v i d u a l  c a n n o n s
or m o r t a r s  can be f o u n d  e a s i ly  ( to g e t h e r  w i t h  a ccu ra t e  a z i m u t h
d a t a)  t n t  imp lement  HASTY-FIRST-FIRE-FOR-EFFECT — an exceedingly
v a l u a b l e  c a p a b i l it y  in mob i l e , f lu i d  b a t t l e f i e l d  s i t u a t i o n s .  I t
is in~’onceivable that this capability will long be ignored.

B. tMP1 ,EMI-~~’I’AT I~

1. Calculators

Ultimatel y, specialized calculat ors w i t h  “ c anned”  programs
are e s s e n t i a l .  These shou ld  cost l i tt l e  tO t ” -  t han  the exceeding ly
- :-‘rsatile “ r o n i r a n l t T I a h l e ” ha nd— hi ”ld c,.ilc ula I ors such as the Texas
Instrurrcnts SR—52 which currently ret ,:iils at slightl y over $250.00.
The latter has a disadvant ~i ’~~” in that tho proqra.-ns ‘ire “vo la t i l e” —

the’,’ disappear from “ program n~ ’oory ” when the device is turned “off” .

The p rog r am s , once keye ”~ i n t o  p r o n u - ar. , memory (up  to 2 2 4  pro—
rar’  key-strokes) can h€- recorded on sma l l  maqne~-ic  cards , and there-

after re—read into the calculator at any la ter  t ime fo r  use . This
takes only a few seconds , but c a r d - s t o r a g e  and reading is a nuisance
:~nd cards can be damaged by mishand linni . Further , such very versa-
tile calculators incorporate Pt-nny functions which are totally un-
necessary for the field uses envisioned as well as a number of auto-
matic internal programs which are unnecessary . A “dedicated” cal-
culator with “canned” orogram memory is ultimatel y to be preferred.
This is well within the capability of the producers of such de-
vices.

Another factor which is not adapted to field use is the
limited battery capaci ty of these devices .  For field use , the
usual battery pack (snapped into the back of the SR—52) should be
replaced by an a l k a l i n e  ba t t e ry  pack of at least  5 times the capa-
ci ty of the present very  smal l  Ni-Cad cells. Storage cell s of any
type , even though r o u t i n e ly  recharged always leave some u n c e r t a i n t y
of available “on ” t ime . Where grea t rel iab ili ty for  a d e f i n i t e
period is needed , frc’sh alkaline cells available as “spares ” are to
be preferred .

a .  S R — 5 2  Program for  P o s i t i o n  F i n d i n g

We have worked out a key—stroke program for the  S R — 5 2  to
perform the functions as noted above . It is included herewith.
Calculation involving eight numbers and solution of the dual—
obl i que t r i gonomet r i c  problem requ i red , is a “long ” process and 
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without “ sneaky tricks ” , could not have been keyed into SR-52 ,
2..~4-strc k” proqram memory. indeed , the program requires all but
one uf them .

A c r i t ico i l f e a t u r e  t s that the program mus t  work f rom any
\‘iewin~; ~ispect of the observe (i obju -cts (that is —— l o o k i n g  b a s i c —
‘t h y  south , north , east or west; indeed in any direction). This
is wha t c ause s  some of the “ s n e a k i n e s s ” and obscu r i ty  of the
;.‘r ’oram. It works quite well , however , provided the routine
is followed properly.

In  order to even come close to f i t t i n g  the program into
2 2 4  key s t rokes , i t  is necessary  to use a “decrement  and sk ip  on
zero ” s u b r o u t i n e , together  w i t h  i nd i r ec t  memory a d d r e s s i n g ,  to
e n t e r  the s ix  ob jec t  g r i d  coord ina te  data , and as a r e s u l t  they
must be entered in a fixed order as follows :

(1) First press “E” to enter a count of 6 coord ina tes  in
register 00. Starting with the most counterclockwise object in
view , l ook ing  g e n e r a l l y  toward the central one , enter first the
EASTING of the most counterclockwise object , press A , then its
NORT HIN G , again press A. This enters these data into memory
reg i s t e r s  06 and 05.

(2) Continue with the coordinates of the central object ,
f i r s t  EASTI LL , nex t  N O R T H I N G , p ress ing  A after each entry. These
numbers are thus entered in registers 04 and 03.

(3) Repeat the procedure for the most c lockwise  or r i g h t —
hand object , first EASTING , A , then NORTHING , A. These are entered
in registers 02 and 01.

(4) Enter the angle between the most counterclockwise ob-
ject and the central one in degrees and hundredths. Press B.

(5) Enter the a n g l e  between the c e n t r a l  and most c lockwise
(right hand) objects in degrees and hundredths. Press C.

(6) Run the program by pressing RUN . The qrid-north refer-
ence bearing of the central object appears displayed in MTT ,I-~. It
is also stored in register 12 and can be recalled by pressinq RCL ,
1, 2. If the disp ’ayed bearing exceeds 6400 , subtract 6-100 for the
correct value.

J-5



— — ‘ 
- - -  ~~~ 

~~~~~~ a-~~~~~~~-,-’---’

(7) TL~- ohst’r’:’~’r ’ s I-Jb n i I ’ iN C  is s tored in reg i s t e r 00 a n d ca n
Pu ’  :‘ ‘, ‘ , t l l ’ ’d  h’,, : ir e s s i nq RCL , 0, 0.

(~~) The c;Lser’,’,’r ’ s NflF.TIIING is stored in register 11 and
c m  he re ( ’ , i l i e d  b’:’ t n r  ess ing  R C L ,  1, 1. The r eca l l  f u n c t i o n  can
be used reneat ‘ -dlv. See Tabl .’ 3—1 for SP—52 user instructions and

‘dirini .

A f(u ,- i *’’ jre of t h e  p r o q r a m  is th-i t i t  r e t u r n s  to the po in t  of
e n t ry  ot the  an g l e  da t i so t h a t ,  as an observer  moves about , he need
nn ” t ’ r e - e n ter  the  ob jec t  c o o r d i n a t e  da t a , h u t  mer el y r e — e n t e r  new
relottive ~‘i n n i l e  d a t a  as measured  by the s e x t a n t , a lways  s t a r t i n g  w i t h
the least clockwise (left—hand) angle. Pressing RUN then yields his
new hearing and location data.

Of course , i f  one object is no longer visible , new coordinate
data must be keyed in using the proper order as noted or if the
left-to--right order of the observed objects changes as a result of
observer  m ov e m e n t , the  changed order of coord ina te s  mus t  be rekeyed
after first pressing 2ND C’~S to c lear  memories .

b .  Example  of Pos i tion ’-F ind ino  and Target  Poin t  Locat ion
(Figure 3- 1)

E:-:ample: The map used is “POR ~l of C-69” showing a recion
of 1’est Germany north of the Mosel River . The accuracy of the loca-
tions is pu r e ly  f i c titious as there is no way of ge t t i ng  such accuracy
from the map. The angles were measured with a protractor from arbi—
trary points.

Objects A: Church Spire in Sehlem , E=44775 , N=30470
B: S tand p ipe nor th  of Salmrohr , E = 4 5 7 0 0 ,  N=33 1l0
C: Stack in Pohibach , E=47420 , N=3l440

= 66.67°
= 51.92° (objects in above order)

Result: Bearing Standpipe at Salmrohr = 6291 ~
= 46025

N0 30083 on the slope east of the stream
Same objects in order Salmrohr , Pohlbach , Sehlem as seen from w e s t ,

= 4 2 . 7 °
= 55.5°

Result: Bearing of Stack in Pohlbach = 1810 ~z1
E 0 = 44077
N0 = 32140 on the slope east of the NE/SW road.

The agreement is excellent (see Figure .3-2 for proof prnblem )
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Table J-l. Obser’.’er Location by Relative Bearings (cont’d) 
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1.0, 6. 0 030 3
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1 — (OBSER V ER LOC ’S  C- i’LCLb~TED ARE EXACT
AND BOTH FIND TARGET IN SAME POSITI O N)

I I I I I E
0 1 2 3 4 5 6
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F igure  J -2 .  Proof  Problem for  Pos it ion  Locat ion Pr ogram and
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C .  Aux i1iar~ Calculator Program for Target P

The second useful calculator progral is a sur
first. It yields the range (meters) and hearing (mu
north) of a tarqet point from an observer ’s present
either the laser or visual cue operator ’s location).
for SR—52 user instructions and codini .

Having run the self—location pr :rar~, without
the calcula tor, side A of the second card is ~un thrc
reader by pressing “CLR , 2ND , READ ” . The procram is
as before by pressing E. Then enter the ET and NT co
that order) of the tarcet , pressing A after each. Pr
will then leave the grid bearing of the target from t
position (in MILS) in the display and stored in regis

S range to target from observer in meters is stored in
and the observer ’s E and N UTM coordinates have been
ster 18 and 19 res pec tively, with the central—object
to register 17.

If the observer changes position after having
plementary program , he must re—read the first card an
observed object and coordinates and bearings from his
because the critical memories have been re—used for n
Register 00 is a “special” register in the SR—52 havi
capabilities in the “Polar to Rectangular ” and “Decre
on Zero” subroutines used .

Observers should carry “ spare ” cards to avoid
one is lost or damaged . Cards can be reproduced by t
masters in a few moments with no difficulty. An obse
peatedly key in new target coordinates and read range
from any one position.

d. Second Supplementary Calculator Program f
Vantage Location

There is a second supplemen tary program to th
location program which can be used after running the
program is very valuab le , for it will all ow the field
personnel to locate a number of objects in the ir near
observation in advance for quick displacement to accu
positions. (They must , of course maintain a descript
of the poin ts with coordinates recorded.)
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This program , listed in Table J-3, involves the measure-
ment of the bearings of the desired target objects relative to the
central one used for self—location from two points or observation
stations whose locations are known .

The data may be acquired by sequential observation from
two stations by one observer or by simultaneous observations from
two stations by two observers , each transferring his coordinates ,
bearing from grid north of the (same ) central object as determined
by the main program , then measuring the relative bearing from each
station and transferring it. The two observer ’s computed target
or object point should agree quite well; accuracy and agreement
depending principally on the accuracy of bearing measurements.

This function has very obvious application to forward ob-
server ’s f u n c t i o n s  in real comba t, and can be very valuable .

It is to be noted that the 3 programs given herein are for
the Texas instrument SR—52 which has a total of 20 addressable mem-
ories. It is somewhat doubtful if these calculation s could be accom-
plished on the Hewlett Packard HP65 which has only half the address-
able memory capacity of the SR—52. The versatile scientific cal-
culators can be used in the field, but the need to read cards to
interchange programs is a handicap . If all needed programs were
stored in a non-volatile program memory , field use would be very
much simplified.

2. Procedure for Self-Location Using Calculator and Ob-
server ’ s Sextant

The observer is provided with the following:

• A catalog book (small) having on left page a very small schematic
map with descriptions of the marks or monuments and their loca-
tions in about a 6 km x 6 km region. The right page would give
the UTM coordinates of these marks;

• A hand-held calculator programmed to compute his position from
the UTM object coordinates and measured relative bearings; and

• An observer ’s sextant to measure the angles between objects.



Table J-3. Supplement #2 to Main Self-Location Program

Loca t ion (U TM coordinates)  of a point observed
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Table J-3. Supplement ~s2 to Main Self-Location Program (cont ’d)
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Table J-3. Supplement *2 to Main Self-Location Program (cont’d)
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On ar r iva l in the reg ion , the observer , using the catalog ,
will identif y at least 3 of the ca ta logued ob jec t s .  He w i l l  then
en ter the UTM coordi na tes of the th ree most convenient  ( l a r gest
r e l a t i v e  an gles and closest ob jects ) into the cal cu l a to r .  Then ,
using the sex tant, he will measure the left— most relative bearing ,
enter it in the calculator , then measure the right-most angle and
en ter it .  He then opera tes the “program run” function and can read
his present map coordinates and the grid—north bearing of the cen-
tra l  ob ject .

Should he now he required to laser—designate a position ,
given to him in UTM coordinates, he enters these target coordin-
a tes in to the ca lcu la tor, operates “ run” and reads range ( in  meters)
and bearing (in m ils) to the target in U~M reference values. He
can then either use the sextant or a compass (with proper correc-
t ion fo r va r iat ion ) to establ i sh  a l ine toward the target , and use
either stadiametric or split—image rangefinding techniques to esta—
bu sh the target-point location .

The observer can leave the object  coordinates stored in the
computer as he moves about w ithin a region as long as he can still
see the same objects and as long as their left—right order does not
change and he merely re-enters new observed angles to find his new
positions. He then maintains a given position of advantage. He can
designate different target areas by merely re—entering new target
coordinates and reading new range and bearing data. This is done
very quickly.

The above describes the operation using a special , dedicated
calculator with non—volatile memory. The temporary , experimental
use of the SR—52 calculator having volatile memory will be slightly
more complex. This is because using the supplementary target loca-
tion program by reading the magnetic card for it destroys the ini-
tial position—finding program memory while preserving memory of
present-position data . (Program memory is changed , but not data
memory .) Thus , if the observer moves to a new position, using the
SR-52 , he must re-read his position—finding card , and re—enter the
object coordinate data as if he had just arrived in the region .
This is quickly done , however , but it is less convenient than would
be the case with a special computer with permanently stored programs .

A fact which has long been recognized in use of the geo-
metric principles on which this technique is based is that there
is one geometric situation in which it is “ impossible ” to get a
“fix ” . This is known as a “revolver ” , and occurs when the obser-
ver ’s location lies on the circle through the three observed points.
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In this case , any point Ofl that circle is a solution. There is
no unique solution available.

The calculator doesn ’ t know this , however , and ex pe r imen t s
show it will qive an answer somewhere in the reqion , but not very
precise. It is easy to avoid this situation provided there are
more than three known objects observable. Note further that be-
cause of the extreme accuracy of the calculator , the si tuation
can be avoided , if it occurs , by movin c to a new location some-
what displaced from the first if a revolver is suspected .

The problem can be avo ided ent i rely if  the objects chosen
are in a st raight line (or nearly so ) or if the arc through them
is convex toward the observer .  I t  would be help f u l if , for a
given region , the object catalog “maps ” have circular arcs drawn
through ob jec ts which may be troublesome . This is not a ser ious
problem with the computer precision available. Even a small dis-
placement of the observer from the critical circle is sufficient
to get an accurate fix provided angle measurements are made care-
f u l l y .

3 . Range Prepa rat ion

a . Pr act ical  A spects

In a real European battlefield , almost inev i tab ly  many
accurately surveyed fe atures are always available within 2 to
3 km . *

The monument technique is well known , and has been used
by U.S. Coast and Geodetic Survey (USC&GS) and other agencies for
many years. The markers are distinctively shaped , usua l ly  painted
whi te , and mounted on posts. They are commonly made of wooden
slats for minimum wind forces. Typical shapes are snheres (crossed
c ircles ), pyramids in both normal and inve rted forms , cubes , and
combi na tions to give a dis tinct ive for m not l i k e l y  to he confused
(see Figure J— 3) . Such a prepared , surveyed range is not difficult
or expens ive to prepare to about one meter acc uracy.

* Precision survey for artillery purposes beqan in Europe in Na-
poleon ’s t ime , and has been continually updated by the French and
Germans in the Franco-Prussian WWI and WWII periods. The entire
file is now in the possession of the Army Map Service.
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The ~-r~~h -rn 0: n i q h t — t i m e  v i sib l e  m a r ker s  is d i f f e r o :~
b u t  v ery  s i m i l , i r  t t c h r i  i c ue s  f a m i l i a r  to N a r i n e r s  c an  he er ~p l oy e d .
S:-~ i 1 1 v o l t  f t - o -  ret. ~t i n q  f l a s h e r s  q i v in g  d i s t i n c t  i vc’ r n o r s e — c o~ie
•Tj~~]g will se rve  a’ r ich va r k er  ( f o r  exariole , k , - 

D , - - —-
~ 

- a n d h~ l i k t - )  - In  m a n y  a r e u r  t h e s e  could  f ’  pow ’red
fr - o n s~ oraoe  h a t  t r i e s char ~ed in dayl iqht  by a solar  p a n e l  to

avo~ - ~re ’aen L i t t e r y  r . - v l - ’ice m e n t .

The oreatest difficulty with this scheme is weather. I f
low c louds  ir e  f r equ e n t  in a mountainous or hilly region , it may
be necessary to avoid p l a c i n g  m o n u m e n t s  on peaks .  I f  poor visi-
bility is frequent , larqer numbers of monumen t s  may be needed . -

‘

The problem of deliberate smoke must also be considered.
In the more sophisticated and effective laser  weapon e f f e c t s  simu-
l a t i o n  schemes , the  users  wi l l  a lways  seek r e l a t i v e ly e levated
p o s i t i o n s  to c a r ry  out t he i r  f u n c t i o n s .  This , to some degree
avoids  i n t e r f e r e n c e  w i t h  monument visibility from low-level smoke;
however , a surplus of monuments is probably desirable. I f  we en-
vision a 30 x 40 km exercise region , about half of which is access—
ible f o r man euvers , we have an area of 600 km2. If m ( ouments
average 2-1/2 km apart , we wo u ld need 600 

= 96 monuments in the
region (see Figure J-4). 2.5

2

b 
2 1/2 km rJ

x x

x x x x

P32 16

Figure J-4. Example of Range Monument Distribution
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This ::-iy be an overrst i m a t e  ot  tb needs. A particular theater
weuld need stud y to jet cr0, inc tb~ real r e qu i r e m e n t s .  Acc uracy  is
enhanced by u s i n - q  c loser  !!on o~cnts and comparativel y large rela— V

t ive bearing angles. The e r ro r  in p o s i t i o n  should  average  no more
than 0.002 u f  the mean m o n u m e n t  distance which  is e m i n e n t l y satis-
f a c t o ry  for weav ’ o e f f e c t s  s i m u la t i o n  purposes .

b. R o t a t i n o  Beacons/Power Requirement for  Night Position
Find  m g

As noted elsewhere , the vassivi monuments w i l l  serve ade—
cuatel y for day t ime position—find ino , h u t  of course they are
ineffective in hours of darkness.

A wors t  case r ecu i r e m e n t  for  beacon b r i g h t n e s s  ( i l l u m i n a n c e
a t  a d i s t a n c e)  is t h a t  of sky bac~~oround  at about  the poin t  where
the s i l h o u e t t e  c o n t r a s t  of the pass ive  monument against dawn or
dusk sky becomes inadequate. This may he taken as at about 1/2 hr
after sunset at a sky luminance of approximatel y 5 x l0~~- cd/rn2

(ref RCA Hdbk., Fioure 6-10). At this point , the threshold illumi—
nance of a monochromatic point source for human eye detection is
about i0 7 lm/m 2 (ref Figure 5—3 , RCA Hdbk.). Allowing 6 to 7 db
of margin , such a source should have then 5 x lO-~ lm/m2.

A rotatinc beacon ’ s ontics would be about as depicted in
Figure J—5 (a) . The lamp can be silvered on its back hemisphere
to give 1800 of coded ill umination and a luminance increase factor
of -l .5. The gain over irradiance into 411 steradians for the 5°
beam is then , 1.5 x ~i/5° whe re c is the intercept angle of the
Fresnel lenses in the vertical plane . For f:1 lens see Figure
J-5 (b).

The relative output of small tungsten filament bulbs is
about 7.9 lm/W of input power (about 2400°k) - (Ref RCA Hdbk Fig-
ure 6—16.)

Now , if we wish , in cleao conditions to see this extreme
case with the above noted satety margin figure of 5 x i0 7 lm/rn2
at 3.5 km ,

1 m2 at 3.5 km subtends b = 
1 

= 8.1~ x l0~~ sterad ians
(3500)
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and the bu lb  rad ia tes i nto 4 11 s t e r a d i a n  wi th an outpu t ga in  of
15.94 with reflector and Fresnel lens.

The bulb ’s output is 7.9 lm/W , where W is the input power ,
so that is radiates a luminance through the optics of

7.9 W
4j1 

x 15.94 10.02 W lm/ster

and at 3.5 km , we would have

10.02 W x 8.16 x 10
8 

8.18 x l0~~ lm/m 2

V 
and we require 5 x lO~~ lm /m2 . Thus , a 1-W bulb should serve
adequa tely (input power) - This is with a 6 to 7 db margin over
the 1/2 hr after sunset sky .

We have considered here the whole spectrum . If we allow
the use of blue-green , yellow—orange, and red colored* beacons,
(Ref Figure 5-9 , RCA Hdbk.) a factor of about 3 should be added
for  the re la t ive  lum inous e f f i c iency for  the red (worst case)
beacon . Thus , a 3—W input bulb is needed. At l2V , this is a
250 mA drain on the source (see Figure J-6). The source will
be very brigh t in the hou rs of total darkness , and the current
dra in  can , on the average , be reduced to 200 mA (by solar cell
control) over the whole period of darkness , taken conservat ively
as 13-1/2 hr average/24 hr or 94.5 hr/week. Thus, the weekly
ampere-hour requirement for the lamp is 94.5 x 0.20 = 18.9 ampere
hours/week. If we allow a 1-1/2 watt drain for the drive motor ,
this is increased to about 40 amp—hrs/week conservatively. A solar
panel of about 6- x 12—in. (silicon cells) at Washington , D.C. could
furnish the energy to keep a battery charged under these condi-
tions.

4. Design Scheme for Obse rver ’s Sextant

a. Discussion

The device is called a sextant even though as conceived
it will measure angles only somewhat more than 900, and de l ibera te ly,
no very small angles. It is intended to measure angles -- in the
hor izontal plane -- between objec ts  of known locations wh ich genera l ly
may be well above or slightly below the hor izon as viewed .

* Really “ t i nted” : we anticipate use of a dichroic mirror in
the sextant and need a useful component of white. The color is for
v isual i d e n t i f i c a t i o n  onl y.
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The use of an or d i n a r y  sex tant  or a “surveyor ’s sex tan t”
has several ob jections. They are as follows:

• The use of a mirror edge is somewhat troublesome because only
1/2 of each of two scenes appear to the eye (with slight over-
lap bec ause of the proximity of the horizon m irror ) - The
“ trick” of read ing angles  w i t h  a sex tan t  is r ead i ly  learned ,
but never theless it is troublesome.

• Generally, the objects used wi l l  be wel l  above the horizon ,
yet the an gle mus t be measured in a hor izon ta l  p lane  to avoid
errors which may otherwise be ~ + 1/2°.

• The objects may vary considerably in angle above/below the
horizon , so th at means must be provided to al low the measurement
to be mad e conven iently  in the hor izontal pla ne without  loss of
one or the other image.

Thus , a rather spec ial dev ice is needed for  the intended
purpose —- that is , a device with the image stability of a sextant
to allow hand—hold in ~~, yet without the horizontally spl i t  image
and with large freedom of the effective vertical angle and a well-
adjusted horizontal measurement plane. The latter implies a damped
pendulous optical syster independent of the hand—holds and eyecup.
The first implies sextant-like optical geometry, and the avoidance
of a split i roiq€ im p lies , with sextant geometry , the use of a slitted
mirror with aperture su fficien t to afford an adequate image , and
very  close to the eye pup i l .  There w ill be no lenses in such a
system -- merely two mirr or s.

The device , as dep icted in Figure J—7 , can he thought  of
as an inverted sex tant (or octant) in which the movable mirror is
closest to the eye.  The measured  a n g l e, e is represented by + 1/2
O movement of the mirror from null.

b. Meas ur emen t of Re lative Bearings in a Horizontal Plane

The present problem of position-finding by relative bear-
ings on three objects of known positions ashore in non—level terrain
differs significantly from the usual ship—pilotage problem afloat,
using a sextant to measure the angles. Afloat , virtua]ly all
objects and the observer are close to the level of the sea and the
vertical angles are insignificantly small. Ashore , in typical tacti-
cal exercise terrain or in real tactical warfare , this is generally
not the case. Vertical angles from the horizontal to the objects
viewed may be as large as +20° to _ lO0 (this is from a study of
maps of Germany near the Mosel River) -
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Fi gure 11-7. Plan of Optics and Nature of View Through Slit
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If V3 1 is the measured relative bearing angle measured in
a plane elevated by an angle -~ above the ho r i zon ta l, then the
true angle u is given by :

0
1

Ie\ tan -j
tan 

~
)= ~~

Table J-4 illustrates examples of errors. It may be seen
tha t even a 50 error in the plane of measurement is quite objec-
t ionable for  accura te  position locations, while a 10 error has an
e f f e c t  less tha n the probable error of measurement  wi th  a s ex t an t .
Thus , it is essential that the instrument provide for measurement
of the an gle in a level plane . To do this , the f i n a l  angular
adjustment of the mirror must be done with the optical system sus-
pended as a (damped) pendulum.

Table J—4. Bearing Angle Errors for Elevations of -~

1 
1 - 2 0 ~=l5

° ~~~~~~~

90
0 

+3.56° 1.986° 0.877° 0.218° 0.009°

600 +3.13° 1.7 35° 0.7625° 0.189° 0.0076°

45° + 2 . 5 7 5° 1.422° 0.624° 0 .154° 0.0062°

30
0 

+1.830
0 1.008° 0.441

0 
0.109° 0.0044°

Note: The true angles are larger than the measured angles.

Another factor engendered by the elevations of the viewed
objects is the need to have means for observing objects elevated
well above the level plane , and somewhat below it simultaneously.

A study of various means for solving the vertical-angle
problem reveals that a decisive choice in terms of ease of use of
the instrument and avoidance of mistakes is to use a dichroic beam—
splitter plate instead of a “horizon mirror ” as the fixed forward
element of the optics. This type of mirror is transparent to half
of the spectrum (say to orange—yellow through red) and reflects
the other half of the spectrum (orange-yellow through blue appear-
ing greenish) . This will allow the directly viewed scene observed
through the slitted (rotating) mirror to appear in an orange—
yellow predominant color and the reflected scene in greenish color .
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Even so , the confused double-image may be somewhat trouble-
some in “finding ” the second (reflected ) object. Experiment shows
that this difficulty is entirel y avo ided i f the d irect v iew is
temporarily blocked by a dark-slide . Once havinq “ found ” and ap—
proximately centered the reflected object , the dark—slide (or
flip cover) can be opened and precision adjustment of one object
di rect ly  above , coi nc idental or below the other can proceed. This is a
very sensitive measurement capable of very good accuracy. The initial
adjustments can be made with the pendulous mechanism caged ” , but  

V

final a d j ustment should proceed with the system pendulous to as-
sure measurement  in a level p l a n e .

One further optical “trick” should be ment ioned . Ideally,
the eye sho u l d  be very close to the s l i t in the rota tab le  m i r r o r .
This is not very easy because of the angle through which the mir-
ror must rotate and the prese nce of the shaf t  bearings and hous ing
below the mirror. If we introduce a rectangular prism of bar ium
flint glass (index of refraction about 1.66), which is not much wider
than the slit and blackened on all but the entrance and exit sur-
f aces , the eye can be moved back apprec iably ,  yet the sli t wi l l
appear to be quite close to the eye . The apparent thickenss of
the pr ism is about 60% of its actual length. This allows us to
get brow-and-cheek clearance with a good angle of view through
the slit. For a 3.5-mm slit , the prism should be about 6-mm wide,
bu t rather hi gh to al low the eye to have reasonable vert ical  scope
(say about 1 in.).

To achieve good , repeatable accuracy , the worm and wheel
should be of good quality with the latter of the spring-loaded
antibacklash type . For the same reason , both worm and wheel should
be suspended in precision ball bearings with adequate distance
between centers  and wi th  a “preloaded pair ” at one end of each
shaft to remove any axial “shake ” .

The r e su l t ing  mechanism wi l l  have inadequate f r ic t ional
restraint without a “brake ” . An ideal solution to this is to use
a brake “shoe ” of “Delrin” bearing under spring load on the in-
side of the drum dial . This remarkable material is totally de-
void of “stiction” . The friction coefficients for low—speed ,
low pressure dynamic and static conditions are identical. This
allows very easy , yet stable adjustment of mirror angle with
precision .
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To avoid the rmal  e r r o r s  in t rod uced by differences of ther-
mal coefficient of expansion between the points where mirror sup—
port bearings and the preloaded pair establishing axial posi t ion
of the worm are located , this part , at least , of the framework
structure should be of the same material as the worm—wheel , worm,
and shaft -— stainless steel of the same type.

After assembly, the vernier of the dial can be set at null
easily by observing both images of a distant slender object coinci—
dent at zero degrees .

The largest residual errors will result from any inprecise
centering of the worm-wheel on its shaft and of the worm on its

s h a f t .  The vern ier can be read to 0.010, but the measuremen t
accuracy, considering human factors and inevitable mechanical
inaccuracie s, should not be considered to be better than + 0.030
or about + 2 mm of arc . This is normal for sextants.

A “trick” which ca n be used to ass ure best accuracy , g iven
the time , is to measure the angle repeatedly with the observed and
residual error (visual) first in one direction , then the other ,
and then to average the read ings .  This leaves l i t t l e  appreciable
error other than instrument error.

c. Concept for Improved Observer ’s Sex tan t

The foregoing concept for  an observer ’s sextant has two
factors which are somewhat inconvenient .

• The need to observe the images through a slit in the mirror with
the image of the slit in the field; and

• The need to use a high index rec tangular  prism to a t t a in  an
effective close-approach of the eye to the slit — somewhat
l imi ted in e f f e c t .

Exper iments with a cube type beamsplitter and mirror show that a
superior design concept for the sextant  optics is as shown in
Figure J-8 (see F’igures J-9 and J-lO for improved sextant concept
illustrations) . Here the beamsplitter cube is inclined at 22.5°
to the direct line—of-sight to the right-most object and a mirror
is mounted on a rotat ion axis o f fset  22 .5° from the midpoint of
the right face of the beamsplitter . With the mirror in the posi-
tion shown , the direc t and reflec ted images of a distant objec t
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are coincident (00). Rotating the mirror as shown permits measure-
V ment of angles (twice the mirror rotation angle) to about 1200

before the reflection of the cube interferes excessively.

With a reasonabl y tall beamsplitter and mirror , a large
vertical field of view is available , and the eye can he held quite
close to the cube.

The cube can be truncated as shown to save weigh t an d space.
The un used s u r f a ces of the beam spli tter should be b lackened with 

V

a lacquer of index close to that of the glass to avoid loss of image
contras t due to internal ref lect ions and entrance of unwanted li ght.
A one inch cube shou ld su f f ice , a l l owin g a qui te small and light
sextant to be produced. Accuracy will depend entirely on the quality
of bea r ings  and worm and wheel used to drive the mirror .

5. Fie ld  Records and Forms

Because it has  been noted as essential that fielded simu-
lation personnel maintain records of their actions , and bec ause
the actual operations of position—finding and object and target
location will be facilitated , tentative forms for the use of
f i e l d e d  personnel have been devised as shown herewith .

These forms w i l l  f a c i l itate the en try of dat a into the
calculator and laser weapon—effects simulator , and the recording
of position and bearing data . In effect , they are foreshortened
instructions , a procedural “roadmap ” and in use will serve as
records of simulated f ires , positions , and an accumulating record
of accurate locations of recognizable location for individuals ’
quick use to fo reshor ten  simulat ion f u n c tions.

The forms should be bound in spiral b inders in about 4 ”
x 6” format so as to easily fit in pockets. A ballpoint pen and
penl igh t wi l l  be u s e f u l  a d j u n c t s .

It is noted that the fixed—object data on the self—location
form (Figure 11-11) can usually be pre-entered in the calculator
so that initial self—location will usually require only entry of
the two measured bearings to find an initial primary position fix.

Given time in which no simulations are required , operators
can then observe a number of relative bearings between the central
object and observed , recognizable and accessible favorable vantage
points. V
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Upon mov i nq to a second pos i t i on  from which these points
are observable , the form for and use of the third program card
(Figure 11-13) and bearing measurement permits these points to he
accuratel y located in grid coordinates for possible future use as
laser or visual cue operating points. The second program card
and form (Fi-~ure J-l2) is used for range and bearing calculation
f rom pr e s e n t  pos i t i on  to reuuired weapon-effect central points fur

weapon simulation by laser operators and visual cuers. It also
provides for entry of data as received from the SNCS for laser
settings.

After some experience and accumulation of position data , 
V

the full complement o~ these programs may seldom need to be used
by an operator familiar with the ground .

This indicates that several days of familiarization and
data taking for field personnel would be very useful as a pre-
l imina ry to actual tr a in ing exerc ises.

The forms have been devised for use with the SR-52 programs.
Simplified forms and pr ocedu res would resul t f rom use of the
specialized calculator with non-volatile memory as discussed else-
where in th is append ix .

6 . Concl usion

The ult imate calcula tor should be set up to use ente red
angles in mils  and the “observer ’s sextant” gear , worm and scales
rev ised to suit. However, the SR-52 inputs are necessarily in
degrees with the limitation on program length , and the “obser-
ver ’s sextant” should initially be set-up as noted . The device
is smal l  and l igh t enough to be car r ied  in a belt  holster .

I t  is believed tha t  a concept-verification program is
needed pr ior to the spe c i f i cat ions of nev spec ia l ized  ca lcula tors
and sex tants. Since these will ultimately find their primary
app lication in real artillery and observer/target location func-
t ions , prac t i cal experience wi th prototypes is needed f i rst , and
the SR-52 with oversize battery-pack can fulfill this purpose quite
well. Cards for the SR—52 can be reproduced from existing cards
with an SR-52 , or can be keyed-in using the documents herein and V

then recor ded.
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SIGNATURE ________________________

STATION NO .
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— 
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SYSTEM “X”

A . GENERA L DISCUSSION

La te in th e s tudy  progr am , after the use of the grenade—
launcher visual cue device had become established as the best
approach , a concept of using the visual cue device as a kill—
designation signa l initiator was conceived . This concept is
based upon making a measurement at each target of the sonic
overpressure from the visual—cue burst. In th i s  scheme , the
height of burst and position must be accurately controlled by
the cuer. The sonic overpressure is a simple f unction of height
and horizontal radius from the burst point, and as such is a
measure of lethality at a given point on the ground when associated
with a weapon—code signal transmitted separately from a very
short—range RF transmitter immediately after the cue burst and
received by a simple receiver on each target . Both adequate
overpressure (some lethality) and the weapon identity code must
be received by a target in a very short interva l to effect a kill
cue which can be further modified by a 

~k analyzer which uses the
magnitude of overpressure and weapon identity code and target type
as inputs .

At first, this  scheme appeared extremely attractive , but
its application with any confidence depends upon using an over—
pressure sensor which is not also a microphone——that is, a unit
that is sensitive to small ove rpressure pulses, but not to
mechanical shocks or general white noise. Note that there is no
rea l way of r e s t r i c t i n g  the ra dius of the accompany ing RF signal
resulting in many inevitab le f a lse signa ls unless the overpressure
sensor problem is solved.

B. OTHER PROGRAMS

Efforts on another in—house program to solve the over—
pressure sensor problem have met with no succes s. The System “X”
approach is therefore put aside as currently infeasible . Never-
theless, if such a tr ansducer ever becomes available, the approach
has some mer it and might be considered for other purposes.

K—3
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POSI TION FI NDING SYSTEMS

A. ELECTRONIC POSITION/LOCATING SYSTEMS

1. Range Measuring System

The Range Measuring Sys tem (RMS ) uses the multilateration
technique for  determ ini ng the posi t ion of potential targets . The
system components of the RMS are shown in Figure L-l.

The RMS measures the ranges from a detected object to a
number of fixed stations at known locations.

The range informa tion is placed into a computer which
computes the position of the target.

The target is equipped with a transponder (called a B-
unit) that communicates with the fixed stations (A-Stations) to ob-
tain an accurate range figure.

B-Units may be positioned on soldiers , mobile vehicles
( tanks , t rucks , and the l i k e) ,  aircraft , or marine craft. Each
B-Unit transponder has its own unique address and transmits only
when individually interrogated .

The host computer (C-Station) controls the RMS by auto-
matically interrogating the B-units of interest and , in turn ,
computes their positions from the accumulated data.

Position data may be printed out on line printer units
and/or presented graphically on the system ’s display subsystem
for immediate ana lys i s .

The Basic components of the RNS as shown in Figure L-l
are defined as follows :

• A—Station -- Semi-mobile solar powered stations , either ground
or vehicle mounted . These stations are used to interrogate the
B-units for position data. They are unattended and do not re-
quire extensive site preparation .

• B-Units -- These are transponder devices carried by the mobile
elements in the field . They are used to determine position
and provide a data communications link between participants
of the exercise. 

V
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• C-Station -- Provides the control and communications link
between the various participants of the RMS.

• 0-Station -- Semi-mobile solar powered stations , either
ground or vehicle mounted . These stations function as
relay stations to extend the range capability between the
A-Stations and the C-Stations.

The operational advantages of the RMS configuration are
that the system may be rapidly relocated and set-up . It offers
a versatile software package that requires minimum or no modif i-
cation to accomodate a wide variety of operational testing and
evaluation tasks. The RMS also requires little manpower to operate
the system . The operating range extends to 64km with an accuracy
of 25 to 30m . One disadvantage of this system is the cost. The
following is an example of a RMS presently used at Hunter-Liggett
with relative equipment costs.

• One C-unit (master control station), van mounted , costs lOOK
plus dollars , not counting required computer .

• 64 B-units at 22K/unit.

• 14 A-units at 45K/unit.

• 2 0-units at 60K/unit.

2. Position Location Reporting System (PLRS)

The PLRS Communicating with a master unit is capable of
determining the exact location of troop units , aircraft and vehicles ,
providing information for making command and control decisions for
other systems attached to the PLRS network . The controlling ele-
ment of the system is the sheltered master unit which houses the
computer and communications control electronics. The master unit
also provides the position , identity and oerformat ted message
traffic to the tactical combat operations centers which use this
information to direct battlefield maneuvers.

The PLRS continuously monitor s and displays unit locations
and movements as they occur . Position accuracies are sufficient
to allow close fire support and to provide the PLRS user with
accurate range and bearing information for navigation on the ground
or in the air. Aircraft position accuracies are within a few feet,
with the position updates surpassing present-day radar capabilities.
The PLRS configuration is shown in Figure L-2.

L- 5 
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Currently, two PLRS EDM Sys tems have been designed --
one by Hughes Aircraft Company and the other by General Dyanarnics
Corporation. The Hughes system is a time-ordered PLRS that pro-
vides synchronized communications between individual users and the
master un it. The General Dynamics system is an interrogate/respond
PLRS that allows addressing of individual units by the master unit.
Both systems contain over 1,000 reporting slots for assignment to
individua l PLRS users.

To compute ranges by time of arrival of signals , critical
line-of-sight properties are required by the system . To achieve V

the required area coverage for system performance , each user
unit automatically per forms transmission relays to keep even the
most non-line—of-sight user in the network .

3. Position Reporting and Recording System (PRRS)

The PRRS provides accurate location information by using
mobile transmitters. Tiiese mobile units can be carried by troops ,
vehicles or aircraft.

A series of fixed antenn as detec t the signals from each
mobile unit and relay the signal to the computer terminal for
determining the exact location o~ the mobile units . The computer
sys tem also records the locat ion data on magnetic tape with timing
data. The location and identification data for each mobile unit
are displayed on a screen with a synchronized gridline for use by
test control officers and analysis personnel.

The PRRS consists of the following equipment :

• Mobile Units (MU) -- Transmits three unique frequencies in the V

1,600 to 1,800KHZ range . Adaptable to manpack , ground vehicle or
aircraft operation, with minor modifications . Powered by 28V dc
battery with continuous operation up to 10 hours.

• Basic Array (BA) —— These units are electronic packages mounted
on 150 foot steel towers. They are unmanned self—contained
systems monitored by the central processing facility (CPF) . Re-
ceives 600 frequencies from the mobile units and converts these
frequencies into UHF, then transmits to the central display unit.
Operates on commercial power , but has standby battery power.

• Central Processing Facility (CPF) —— This facility includes a
UHF transceiver , tone tracking receivers (TTR), general purpose
computer , a display generator and several computer peripherals.

L- 7
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The equipment operates on commercial power wi th standby
generators and batteries. Man-machine interface to the CPF
is through either the ASR-33 teletype or the video disp lay
terminal.

• Centra l Display Unit (CDU) -- Consists of a 17-in. CRT , a
projector and a 8X6 foot screen , a li ght pen and keyboard
controls. Primary purpose for this equipment is for test
support.

• Field Disp lay Units (FDU)-- Same as the Central Display Unit .

The preceding descr iptions of the various “position
f inding ” equipments were brought forward for information purposes
regarding existing systems and their highlights .

B . CONCLUSIONS

In conclusion, the position finding systems discussed
above demonstrate sufficient operational potential for the intended
application , but are considered too costly and bulky for the
optimum system.

L—8
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HIGH R I S K  AREAS

A . N GN -SE LECTED SYSTEMS

1. RF T r i la t e r a t i o n  Sy s t em H i g h — R i s k  Ar e a s

a . Ge n e r a l

The RF T r il a t e r a t i o n  Scheme , w h i l e  considered m a r g i n a l l y
t e c h n i c a l l y  f e a s i b l e, is expensi ’.’e to acqu i re , bu t  r e l a t i v e l y
inexpensive  to ope ra t e .  The o ther  p r i n c i p l e  object ion is that
it  mus t  be comple t ely  o v e r l a i d  on the MILES direct—fire simulation
sy s tem . I t  does sco r e ~~. c V r y  h i g h  in v a l u e  as a training system
(.3ee a ppendix B)

b. Prec is ion of Propaq_a t i o n  — Time MeasuremeV~t

The use of only  m o d e r a t e l y  h igh  RF f r equ e n c ie s , to al low
the use of the duc t i ng  of RF si g n a l s  along the i n t e r f a c e  s u r f a c e
between a tmosphere  and the E a r t h , has  been indicated as necessary
for system operation in hilly terrain. This requirement is
essential to ensure reception of signals . Such propagation
geometry introduces the necessity of accepting stretched Pronagation
paths (tine-difference stretching) together with distortion of V
pulse shapes. Both of these propagation—path phenomena introduce
inaccuracy of intended location of places where the weapon—effects
signals can be decoded . The areas in which decoding would result V

are both displaced and considerably enlarged as a result . This
result nay be considered a serious technical barrier , except in

~. heiters where transmission antennas can be high enough to reach
all useful points with line—of—sight propagation . Aside from the
MILES i~ terface problem and high acquisition/maintenance costs,
this technical oroblem is the orinciole reason for the rejection of
the RF nultilateration scheme until such time as adequate experi-
ments can indicate the operational feasibility of this approach .

c~ Frequency Allocation and Bandwidth

To make accurate time—of—propagation measurements, it is
essential that wide-bandwidth signals be transmitted and accurately
processed in receivers . At the relatively low RF center frequencies
need ed, it wou ld be rather difficult, if not impractical , to obtain
an adequate frequency/power/bandwidth allocation in the United
States and Europe . Unless assignments could be made within military

M- 3
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ba n ds , w i t h  the dispLicement of other military functions on a
t e m por a ry  r e g i o n a l  bas i s , th is would be a very serious problem
to overcome .

2. System ‘X ”

In the Sys tem X ” concept , the sonic overpressure from an
a c c u r a t e l y  p laced v i s u a l  cue tounci is used as a measure of distance
of a person or t a r g e t  from the  s i m u l a t e d  bu r s t . A n e a r — s i m u l—
taneous  low power RF s i g n a l  is used to i d e n t i fy  the round or
event . Both s i g n a l s  a r c  r equ i red  to c a r r y  out weapo n e f f e c t s
s i m u lat i o n . O n — t a r g e t  computation of vulnerability then deter—
n ines k i l l — e f f e c t s . The technical problem here is to assure an
accurate overpressure measurement , witho ut h aving the sensor also

V sensiti ’e to other types of sounds , or even more importantly to
inevitable mechanical shocks . Because it is impractical to control
the r ang e of the a u x i l i a r y  RF s i g n a l , the resu l t  would  inev i tab ly
be kill—effect generation at places widely separated from the
intended points . Intensive effor t to solve the identical sensor
problen on ano the r  program met with no success.  This system is
consequen t ly  considered as technically infeasible at  th is  time
and it is therefore rejected until such time as a sensor for
single—overpressure pulses can be produced that will discriminate
against other sounds and mechanical shocks .

B. SELECTED SYSTEM APPROACHES

1. Genera l

The selected scanning laser system approach and all
variants deemed practical make use of laser signals encoded so as
to sig n i f y  indirect—fire weapon effects . There are no real
technical barriers involved in any of these approaches. Th e r i sk
areas are associated with terrain and weather intervisibility
variables . These risk areas are discussed below . It is emphasi?c~i
that only practical experience in rea l terrain can give an adequate
evalua tion of the overall suitability of the laser approach to
indirect—fire simulation.

a. Basic Terrain Problems

The terrain ’s basic contour , together with the use of a
scanning laser transmitter , presents an obvious problem in well—
simulating the lethal area of a simulated direct—fire event . The
scanning laser transmitter concept allows the operator to adjust
the simulated effects area reasonably well in a gross sense, but
de tail defilade or contour can make some “targets ’ within the area

M —4
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“unavailable ” . To minimize this risk , a fairly large scope of
V standoff range is allowed (to 1 1cm) . This sta ndoff  r ang e allow s

V 
the operators to seek an elevated or otherwise favorable position
relative to deployed force elements .

h .  N a p — o f - t h e  Ea r th  Problems

D e t a i l  f e a t u r e s  of t he  t e r r a i n  such as vege t a t i on,

~ b u i l d i n g s  and o ther  c u l tu r ~ w h i c h  ex tend above the bas ic  ter ra in
also interfere to some extent with intervisibility between scanning

~~~

V lasers and targeted force—elements . Again , taking elevated or
V favorable positions will increase the operator/laser—target

intervisibility factor , but in some situations , nota b ly when force
V elements are in forested areas , the long-range standoff of the

scanning laser cannot be effective . In these cases , it is
necessary to use the deliberate siqnalin~ of individua l targets

V by aimed (MILES—type) laser transmitters encoded with proper
weapon codes . It is envis ioned t h a t  t h i s  V

V~~~ uld  be done by the
v isua l  cuers  in  resoonse to d i r ec t i o n  by t h e  SYS t V n net  cont ro l
s t a t i o n  ( S N C S )  on the bas i s  of decis ions made ~~1 V ~~ T h V . Generally,

V the location of such e f f e c t s  by fielded personnel can be quite
good , so t h a t  if the t a rge t ed  e l em e n t s  a r e  no ’~ i ’ t u i l l y located
near  the t a rge t  poin t s  as de s igna t ed , no c” - ‘~~~~~-~ would be ~ch ieved .
This is , however , a very svn t h ~~~ic proce-V - 1- V lre  an:1 ~~~~~~ h: aVe I

r e l a t i v e l y  low v a l u e  in term s of t r a i n i ru  ,V t f I L. t j .
~~ ( V f l , V : :~~~

c. Weather Problems (Visibility)

V 

Using the selected laser indirect—fire simulation scherres ,
weather effects on position—finding abilit~:, tar q€ -- -findinc ability
and laser effective range must be considered .

V With the sextant—calculator scheme of self—location ,
generally using objects of from 1 to 2 .5 km distance , the system
will obviously lose effectiveness when visibility is less than
this distance. However , the auxiliary method of position—finding,
by means of reference to recoried visible objects, permits good
self—location accuracy e~’en in severely deqraded visibility .

The ~-iser is aimed at th e target ooint either by map
inspection or magnet~~ azin~u t h r 1 n q e  estim~ t iori . Both techniques
require target area visibilit~VV .  Th e lase r max imum range of 1km
ind icates that visibility impacts ~arget—finding only when less
than 1 km . However , tI.~ 1 km maximum laser ranqc is achievable

V only in visibi li t iV s better than 10 km (see Figure c-27 in Appendix
C) and achievable range remains less than visibilit y for visibilit i~~s

M—5
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down to 400 m . Ther ef o r e , visibility most seriously affects
operation through its impact on achievable laser range (that is,
delivering required signa l power density at the target point)
For example, 1 to 2.’~ km vi sibil ity is adequate for position—
finding and target—finding , bu t only  permi ts a laser ra nge of
600 to 800 rn.

This vi sibil ity prob lem is probably more serious in
V Cen tr al Europe than in the Uni ted States. Only experiments in

the field can give an adequate evaluation of the degradation of
training effectiveness in poor weather .

d. Ni gh t—Time  Problems

In the hour s of darkness , cer ta in  d i f f i cu lties ari se in
operation of the recommended laser indirect—fire simulation
systems or variants:

• It is more difficult for field personnel to move about as
needed

• It is more difficult to aim and operate the devices with
V accuracy ~ and

• The recommended scheme of self—location requires light beacons .

The use of two addi tion a l componen ts as auxi l iary devices
will  great ly a l leviate the mobil i ty an d aimin g d i f f iculties and
also alleviate the self—location problem. There are:

• Night—vision goggles for all field personnel~ and

• Use of low—leve l battlefield illumination simulating battlefield
f ires.

This component can be oil—burning f l ames at places where
in ter ference wi th operation wil l  not occur while mai ntaining the
i l lumina tion leve l low enough to pr event ef fec t ive vis ion withou t
nigh t—vision aids .

The beacons used for position—finding can be filtered in
the near in f r a r e d  and use nigh t vis ion photocathodes which are
sens i t ive  to the near  i n f r a r e d .  This f i l t e r  w i l l  make the beacons
less obvious to t r a inee  troons .
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A fur ther difficulty incurred during hours of darkness is
operation of the hand—held calculators and record—keeping . A
smal l , helmet—mounted lamp will aid in the performance of these
functions , as it may be difficult to attain accurate near—focus
with the night—vision goggles. Th e use of lamps in the f ield for
this purpose may be objectionable . If the near—focus capability
of the goggles is adequa te, th e lamps used can be f i l t e r e d  in the
near infrared to avoid false cueing .

The ri sks involved in n igh t  operations ar e minor , but the
use of night—vision devices is less effective than norma l daylight
vision. It must be expected that some night—vision difficulties
will arise . Again , f i eld eval uations are essential to evalua te
the r i sks .

2 . Visible Cues

There appear to be no truly technical risks involved in
achieving a workable visual—cue system . The “r isks ” involved ar e
in achieving an adequately effective cue round design from a
psycholog ical viewpoint w i th in  acceptable personne l sa f e ty  limits.
A relatively long—rang e round which reliably actuates at a safe
height is desirable ; however , longer range implies high er muzzle
velocities and gr eater ri sk shoul d a round ma l func t ion or be f i red
into a too—low trajectory. A much mor e deta i led  study of this
problem is need ed , tog ether wi th exper iments  on e f f ectiveness of
smoke clouds as visua l cues. Sa fe ty studies and consul ta t ion wi th
the Office of the Surgeon General are also needed . Fur ther  studies
of alternate approaches to cueing trainees from the audio/visual
viewpoint are needed. It is likely that the pyrotechnic cue
would st i l l  be needed for f i r e ad ju stment purposes .

3. Shell Smoke Simul ation

For purposes of training troops in the use of shell—smoke
and its eff ectiveness in limiting the effectiveness of observa tion
and use of their direct—fire weapons, ILS believes th at t ru ly
ef fec t ive  smokes should be us ed when s imula t ing  the equiva lents of
shell—smoke fires. A ny attempt to merely “cue ” these ef f e c t s  is
bound to be ineffective for training purposes. The recommendation,
therefore , is tha t this be accomplished via surface—vehicle dep loy-
ment of M—l , 10—lb hexachloracthane—zinc oxide—aluminum (HC)
smoke pots in sufficient numbers to effect the shell—smoke
simulation . There are no real  technical risks in using th is  aporoach ,
but the adv ance cueing produced by the vehicular movemen t may be
objectionable from a training viewpoint.
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TARGET DECODER/P
k 

ANALYZER

A. GENERAL DISCUSSION

The use of a non-impacted MILES system on troop-targets
has the disadvan tages tha t trooo vul nerab i l i ty  cannot be varied
by weapon type or by the troon ’ s protective attitude . As a result ,
i t  is h ighl y desirab le to add an add itional decoder/P k assessment
subsystem to the MILES system . The subsystem requi red is est imated
roughly as out lined he rei n with  electronics elements and powe r drain
as no ted. In addi t ion , as a m inimum , the subsystem would require
abou t three damped mendulous switches as conceived by Georgia
Institute of Technology and described in Indirect-Fire Instrumen-
tation Study final technical renort EES/GIT Project A-l697-000 ,
prepared under Contract N00014—75-C-0320. The transducer would ,
wi th interconnects, no t exceed $20 .00 each .

B. TARGET DECODER/PROBABILITY OF KILL (P
1c
)

The MILES man-decoder presently uses the “large storage
bank aoproach ” . This approach removes the capability of interpre-
ting codes other than the man-kill code . The rationale here is
for  cost e f f e c tiveness , because there are greater  quant i t ies  of
man-worn detection systems . This is accomplished by including
the man-kill code along with every unique weapons code transmission
(I LS’ concept eliminates the added man-kill code) . Also , the MILES
concept decodes only f ive bits of the code word and no probabili ty
of kill is associated with the man targets . It is desirable to
increase the capabil ity of the MILE S system , (tha t  is , provide
decoding of 27 nine-bit weapons codes and include weighted proba-
bility of kill functions for both the man and vehicle targets)
Also included would be the man-oosition detection system which
detects the prone or standing position of the man .

Increasing the capability of the MILES aporoach would
requ ire the fo l lowing addit ional  hardware :

• 1 S h i f t  Register MC 14562
• 23 decoding gates

• Additional decode summary gates
• 2-4 Bit Magnitude Comoarators

• 2-4 Bit Decode Counters

• 1 osc i l l a tor  c i r cu i t ( 1 Ic , capaci tor , 2 res is tors)
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Using  the same MILES decoding ohilosoohy would be cumber-

some because the addi tiona l b its to be decoded would demand a
d i f f e r en t type of logic elemen t , thereby increasing the printed
circuit board area requirements (estimates show thirty plus inte-
gr ated c i rcu i t s  are required ) . For the decoding logic , it would
be better to go medium scale integration (MSI) and/or large scale
integration (LSI) low-power comolementary metal-oxide semiconductor
(CMOS) technology . This tyPe logic would reduce area requirements
and by us ing the low powe r CMOS technology , power can be held to
a min imum level (~~~ 10 mW)

Basically , the MILES decoding philosophy wil l  be used ,
but the decoding technique will be changed and the probability of
kill function will be added .

The weapons code data is shifted into the shift registers
serially and becomes parallel data at the outputs of these shift
reg isters (16—bit capability , but using only nine bits). The
nine bits are decoded in the two read-only memories (ROM) to give
unique probabil i ty figures for 27 possible weapon ’s codes. These
probability codes are compared with a free—running clock for com-
parison of equal to or less than coincidence which allows genera-
t ion of a k i l l  command .

For the man target , the vulnerability due to position of
the man funct ion is included to weigh the probabili ty of kill  of
a man in either the standing or prone position . This function
will be disabled for the other targets.

The audio cue code in this system is unique and can easily
be decoded at the parallel outputs of the shift registers .
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SYSTEMS COSTS

Th is appendix r e f l e c t s  a d e f i n i t i v e  cost breakou t per
sys tem cons idered  in the I n d i r e c t/Ar e a  F i r e  S i m ul a t i o n  Stud y.
rt reilects the co~ ts associated with labor, overh ead , ma ter ia l
G&A , direct government acquisition and development . Load ing
factors of A6 overhead and 18’ G&A are app lied as applicable.
These costs are extended over the quantities required by two
battalions in a typical training field of 30 x 15 km.

It should be noted that in purchasing large quantities
of eouipment (that is, radio communications) a significant
cost reduction will be realized .

Acquisition GFE costs are those incurred by the V

governme nt from a direct purch ase o f on the sh elf stock from
a f i r m  other th an ILS. Operational costs are those expendables
( tha t is , visual cue devices, and lithium batteries) which are
consumed in a typical 96 hour exercise.

Development costs are those incurred by th e government
in the development and test of a special use device .

Table 0—1 reflects the cost of System 1. This  system
overlays MILES. It uses the MILES dual purpose la ser trans-
mi tter , the M—79 g r enade  launcher , v i sua l  cue devices and a 

V

low f id el i ty no pager capabil ity commun icat ions ne twork . The
tota l cost for  a typical training field is $180,600.

Table 0-2 reflects the cost of System 2. This system
overlays MILES. The basic difference between System 1 and
System 2 is in the communica t ions network . The communica tions
network for System 2 is high f i de l i ty  and inc lud es a pag ing
capability. The cost for  a typ ical tr aining field is $212,200.

System 3 is similar to System 2, the d i f f e r ence being
in its position—finding capability . Two forms of position—
f i nd ing  are con sider ed —— RNS Posi tion Findi ng , Table 0—4,
at a cost per training field of $55,386,200 and Sextant Position
Finding , Table 0—4, a t a cost per tr a ining f ie ld  of $374 ,400.
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Various options have been considered in System 4.
Basically, System 4 overlays MILES, uses the ILS laser and
sextant position—finding. The first option has no MILES impact
Table 0—5 , at a cost of $687,700. The second option adds a
target decoder arid vulnerability assessment to System 4,
Tab le 0—6 , a t  a cost of $l , 6~iO , 000 . System 4A is ei ther of
these options and adds helicopter capability. The helicopter
would not be permanently assigned to the exercise, but  wou ld
be used only in special cases on a “borrow ” basis at an
approximate cost of $200/hour .

The VHF Trilateration Ground Designation System overlays
MILES. It designa tes audio/k i l l  e f f ect to a g iven set of map
coordinates. It requires a sophisticated receiving device for
RF s i g n a l s . Table 0—7 r e f l e c t s  a cost of $9,048,700 per V

t r a i n i n g  f i e ld .

Sys tem “ X ”  Sonic Overpressure  uses sex tan t  position
f i n d i ne , a sophisticated sensor and a high quantity of visual
cue devices. Table 0—8 reflects a cost of $409,700 per training
f i e l d .
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~V’.i , l~~ - - -st i m i t ” used her is ‘.h ~:USt per—round of
Ch (V visi t 1’.’ cues. ~-~ ‘-~~r , n~ t hc’ l sis thut costs should bear
s~~ri’.- r~ - ~s n - b lu r eI~i t i o n sh i ~~ t ( -  costs of :‘~i t - rials , t C ls  ~~~ 1
l i f e)  iri i 1~ 1 b r , I L~-; is - -~~ h~ ~ip i nj o n  i l - ) ’ ~~ AAI ~:tima t is
h i q h  L ’.- ~i t actor o~ ~ )‘ st t ’,-I - - T h i s  o p L n i o n  is r~)~ic- n th
b~ sis th~t t t h e  p€~ — r ~~~~Li cost  - i - ~~~~:- ~ ~- ‘  - is r o u - ~h l y  e q u i v a i i - n t  t o
the  r et~ii1  cost o f ho:-: of 25 h i  ~h — b r a s s  sr . - ‘ mr she l l s  and t h d t
a la rge p a r t  of t h i s  l a t t e r  cos’ is i~~ - to ‘h’- ise of about 33 oz
of expens ive  lead sho t .  It  is t r u ~ - tha’ ~h t ~~~n she l l s ~ r , V  made
in the m i l l i o n s  per yea r  of a t yp - , P it  they  ( r e  t r d - c0d on a ; t o —
~-at i c  m a c h i n e ry  under  s t r i nu e n t  q u a l i t - . - c o n t r c~~, Th IV ‘ j ~- rounds
shou ld  also be produced in the same m a n n e r .
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