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encee and Tec:hnol08J'-Textile and AppG'el Technology Center-Oflice of Weights and Meuurea 
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PRD'ACE 

This work is reported. in two vol.umes. Volume I 
contaiDs tbe description ot tbe exp!l'imental plan 
which includes the rationale tor tbe s1pal. 
selectioa 8DI1 classitication criteria. which ve:re 
employed.. Volume n contaiu the description ot 
tbe exper1Daesrtal equipaent aa4 eystesa conttguratton, 
tbe calibratioa proeed:area employed, tbe experimental 
result& and aoDCluaioD&. 

We a.cJmowledge the contributio.aa ot the :maw1D41Viduala 
which haw ma4a this project possible. Tbe collabora
tion ot A. GleDD Jeu, aD4 the entire lfAMDS statt ot 
tbe ESSA Research Laboratories is especia.J.:q a.ppreeia
ted. K. M. Grq, E. P'. Ainsworth, W. B. Truitt, 
P. G. Stein, '1'. B. Hall. tm4 J. H. MaGrath all 
coatributed to tbe deaip, de'Velo]llllellt, inat&Uation 
or opera.tion ot tbe experU.artal. equi~. c. L. 
Albright aDd. D. s. Grubb proT.l4ec1 a.eaistuce in clata. 
reduct10D au4 J. R. P1Do tuniebed easenttal. admin-
11tra.tive EID4 secretarial support. 
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Electramasnetic pulse aigaala traD certain clasaes ot 
nuclear events, 1A te1'1118 ot burst au4 41stance, have 
features which attord a meau ot recoga,ition. S1milsr 
features are also observed iu atmospherics, but these 
han a smaller normalized source tlmction amplitude. 
AD experimeDt was cODducted to 1Dvest1gate tbe teasi• 
billty ot meuuriDg the distance to uearby sterica uaiDg 
azimuth aDd amplitude d&ta observed at t'WO sites 
separated by a tev kilcmeters. K'Dovl.edse ot the distsDce 
to the source aDd the observed amplitude 'WOul4 permit 
calculation of the DOl'JIIa.1..ized source tunct1ou amplitude 
which m1gbt be used as a 41scr1m1nant. Data were also 
collected on tbe frequency ot siJmlltaneoua (withiD 
equipaent and prope.gation clel.a¥) observation at both 
sites, ot sigDala exceecl:iDs 10 V/m amplitude 10 V/m/IJ.S 
rate ot rise vbich persisted. tor one microseCODd. or 
less. 'l'r&IUiienta trom lightDiDg voul4 nat be expeeted 
to meet these criteria over propagation distances ot 
more thaD a :rev kilaaetera. 

The 41staDoe raD6iJlg experu.ut 41d nat yi&ld results 
vbicb wre witbiD acceptable 1:1m1ts 1D a.caun.o;r baaed on 
tbe loce.tiODB aDd 41aper~~-"'-D ot :fixes plotted duriD& a 
period ot &eti'Yity trta a ~s'.IID&.bq iaolated tbnnder
sto:na regiOZ& wbose poai ticm wu eatabllabecl by weather 
radAr. Results trom tlle spaced transient detectors wre 
tavorable &114 this techDique a.P,Peara sufticieutq 
prc.isiDC to varra:at turtller 11M!tst1gat1on UDI!er tbe 
HARDS program. 

JteltSI -

111 

SE81£T 

.... I pzii.Gif1ww .. 

DECLASSIFIED IN FULL 
Authority: 1::0 13526 
Chief, Records & Declass Div, WHS 
Date: MAR 1 2013 

r 



rrr:vrttill ·m m· n 

SECRET 
Saert£1' 

'S 

DECLASSIFIED IN FULL 
Authority: 1::0 13526 
Ch1ef. Records & Declass Div, W.H$ 

PREFACE 
Am'l'RACT 

I. Introduction 
II. Elcperimental Plan 

1. High-altitude or Space Ifuclear 
Detooation with1n LiDe-ot-sight 

2. SUrface Nuclear Detonation 
at < 500 .km Raage 

'· Atli)spheric Sigpala vs Bazlb 
S1gna.ls 

III. Equip!lellt Desi811 CODSiderat:tCXUI 
1. Site Selection 
2. station Coatigul'atiOD. 
3. Signal Procee&ins Losic 
REFERERCES 

I.IS'l' 0"1 ILUJS'mATIOBS 

FIGtm 1, LOCU5 OF FIXES wrrH EQUI-ACCDRM'E lWiGE 
DETnMIRATIOJr BASID 011 BIWWIG DATA 

Date: MAR l 2013 

7.IDURE 2. LOCI OF l!lQUI·ACCURACY RAIOB CIRClES BASED 
ON A } 4B DinERDCE Ill AMPLI!ltJDE DATA 

FIOliRE ~. PUlT SHOWIBG AZlMU'l'll DUP'ERDCE Alm 
AMPLl'1'tJl)g RATIO CIRCLBB 

.FIGURE 4. RECEIVED SIGNAL FR<Jt A 500 V /M A'l 1 laD 
SOORCI AT STA'l'IOI OJIBBRIIIBG TBB LARGER 
AMPL1'1'UDI: VAUJB 

S&!RBi 

SECRET 

..... 1• P'+'M' t •• ~. . 

-
I 



' I 

' 

-"'..---

SE£RET 
:!ECRE'i' 

I. Introduction 

The High Altitude Nuclear Detection Studies (HANDS) project vas 
established to investigate grOUDCl baaed. techniques :ror detecting 
geopeysical. effects proclucecl by nuclear explosions at high 
altitudes ao4 in space. It has been charged vith tb& .... -aponsi
bility ot prov1cling test facilities for evaluating possible bomb
detection equi}lllents, aod for the collection aod analysis of 
background. data obtained :from them. 

The principal HANDS facilities are located at Table Mountain, 
Colorado, about 13 miles north of Boulder, BD4 consist of a 
variety of collocatecl sensors together vi th autanatic data 
acquisition and data processing equipment& including an on-line 
cligital caaputer. Sensors selected. tor tbe HANDS f'acility 
include types which are responsive to optical, intraaoDic, 
magnetic, ionospheric aod electromasnetic disturbances. This 
report describes certain equi:pDe!lt and techniques which were de
veloped. for tbe investigation of electromagDetic pulse (IMP) 
disturbances. 

Ele~tic pulse techniques are considered. to be one of the 
more important detection metbods because ot tbe size of the 
llignal.a pne:ratecl and their earJ.y arrival. at a cletection station. 
Atmoapberic aignala (aterics) coapoae moat of tbe electromapetic 
pulae background noise and present a serious :recognition problem. 
Tberetore, the design ot observing equi:x:aents must atteJnpt to 
provide vaya of clistingu1sh1ns a bclmb from aterics. In tbe case 
of observations made tram a siugle site, this is a tormiclable 
problem tor vhich no satiatactory general sol.ution ia believed 
possible. 

The effects ot prop88ation over long d.iataDces telld to maat 
potentia.l.cy cliatinctive features in waveform and spectral content. 
Even vitbout these maaking effects, tbe vaveto:rm ot an electro
lllqlletic pulae or nuclear orig1n Tariea aCDeVbat vith yield. 8Zid 
coaeide:rably vith detonation beight. Thus, there is no "staDda:rd" 
shape of an elect1'Q11188Detic puhe tn. nw:l.ear detonations; 
instead., tbe:re ia an evolution of vave shapes vith beisht of burst, 
yield, clistance and bollb cleaip cha:racte.ristica. 'l'he peak ampli
tude ot tbe bOIIlb-iDIJuced DIP teDda to be sOIInbat larger tban 1'ram 
& ate:ric u observed trca a t1xe4 d.iataACe. Howver, there are 
repana of O"Yerlap, an4 aa. •ana ot e~~JtiJiatin8 distance ia 
nece••8Z'J tor this ch&racte:riatic to 'be -~ u a d.iacrimDut. 
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Tbeae canaiderationa iDfluenced the deaigD ot the experimental plaA 
tor electrca.gaetic pul.ae study ill tbe BAlmS proJect. The plan thst 
evolved 111111 based upon vhat appeared reucmable to attempt within 
the coaetraillta 1Jlpoaecl by the nCllllinaJ. aiDgle at.ation tacillt1ea 
concept. It vas baaed on the bellet tllat electl'CIII88Qetic pulse 
a1&;Dala tl'CIIl certa:ln claaaea (ill tema ot height, ;yield &D4 d.iatance) 
ot nuclear eventa could be recopized by vavetom teaturea. The 
chiet source ot talae aJ.a:ma was expected to be tral relati'Vely near
by aterica 1 therefore 1 some msaa.t ot ic1entif'yills tlleae nearby aterica 
voul.cl be requirec1. Two approacbea to tbe 1dentit1cation ot nearby 
aterics were illl:pl.eMented tbrough the use ot a short ba.ae-liDe remote 
station and high-speed. microwave data link. 

ODe approach wu baaed. on eatabllshiDs a }X)aition t1x tor nea.rby 
s:t'erica 8114 caap.ttiDg the no1'111&11zed source fwlatiaa. aaplltude tor 
ccapariaon with a reference value. • aeccmd. approach was baaed on 
coincidence comparison ot aigzaal.a exceed:ing amplitude BD4 rate-ot-riae 
criteria at both aitea. 

II. Exper1JDeJltal Plan 

The ori&iJlal plan tor tbe 4ea!ID ot tbe !IAIIM DIP exper!Mnt hu been 
reported bJ Jean 8114 Hornback!/ 1 aD4 111111 gu14e4 by the tollovia& 
philoaopay: 

1. Aea'UIIIIt that ~ uuhiel4ecl 4etoDatioaa v1ll OCC\Il"o 

2. uau.e tbat the JfAJDS atatioa 18 oaa atat1oa ill a 
Detvark ot atatiou 1 &n'1111&84 oa a 2000 lla grid. ad 
the area IIIOD1tore4 1a a cirale ot 2000 lla ra41ua 
centered. at !oW4er 1 COloracto. 

3. Sipal. cllaracter1atic d.etetrtora u4 J.osic circuits 
IU'e 4eaigaed to -.ttor chancteriatica ot boG aD4 
atmoapberic aipal.a u fol.l.owe: 

a. B1sh-alt11tule or apace "bunt vithill l!De-ot
aigbt. 

b. QZ'CNII4 bunt• at 41atacea s .500 a. 
a. srerica (toz> tbt Pll'J10H ot nJectiD& tbltH 

aipa].a). 

srr s m 
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Tbe claaaea of afsnala of nual.ear origin haw been partitioned pri
~ on the basis of diatinctiw feature. vhicb af'f'ord same 
opportUDit7 of recognition baaed 011 obaervatiou at a single atati011. 
SigDala troll these claaeea of events are expected to bave ralati vel)< 
large ampHtude with rapid rate of rise 8Dd fairl.1' abort duration of 
tba initial halt-eycle. ~ir detection 1iOUl4 be employed to alarm 
other nuclear detection aenaon which might reapond more slow!)< to 
bomb-1Dduced ettacta am would al.ao activate recordiag the output or 
equ11Jl1811t designed to record tbe azillluth, amplitude, vawto:rm and 
other pertiDeat inf'onlation on the DIP aigaaJ.. 

1. High-altitude or Space Huclear Detonations 
v1thU& .LiDe-of-a:lgbt 

Experililtntal data :i.IX.icate that elec:trc:casaetic pllaea ot large 
amplitude aDd wide spectra with eoerl1' peaka witbiJl the VLF region 
are :received haD detoDBtiona within l:l.De-ot-e:tsht of the receiving 
atati011. In vh&t tollowa, no diatinctiOit is l'l8de between liDe-of
aigh't to tbe detonation all4 liDe-of-sight to tbe region t'rall which 
the pulse is ge~~eratecl, ILl~ the tw mq be conaid.erably 
ditterent tor burst beigbta well above the D-region. Electromaguetic 
pulaea recozdecl at B&vaii hull the three hip-altitude detoDatiOIUI 
vllich were v1tb1D. l1De-ot-81pt of tbe recei'ViDI station, all greatly 
exceeded 10 V/m peak IIII!Plltude. It ia tbought that a threabold 
tnuer level of 1.0 V fm could be uaed to recei-re elect2:"<llii8&J1etic 
p.&].aea traa line-ot-s1sbf; d.etoaationa at ncaiaal yield at :raagea 
well in exceaa ot 21000 km. M1n1!11JJ1j ai~Plal Sllpl.itudea approachiDg 
this trigger level vou1.4 bet upecte4 to occ:ur tn. bunta occur.r1Dg 
at a diatence correapnnd1ng to the interaeet1011 of the null altitude 
with tbe mtn11!1J!11 line-ot-aisht aD8].e of elevation, or traa burata 
at napa ve17 greatq in exceaa ot 2000 km. 

Criteria tor recognition ot this claaa ot sigDal include: 

a. A rate of rise at the aipal. amplitude~ 20 V/m/JUJ• 

b. Duration of the tirat halt-cycle S 30 I'•• 

a. PW.ae amplitude ~ 1.0 vfa. 
Puln aaplituclaa sreater thiiA tau of V/a vau14 be 
1A41cathe ot a h1cb altitucla bunt. 
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2. Surta.ce Nuclear Detoaa.tiou at ~ 500 a Range 

'ne 1Dit1&l half-cycle of t.be e1e~1c ,w..e frail a eurta.ce 
ct·.,toaatioa ia negatiw az:'•. the peak amplitude of tbe grOWl4 wa:ve 
pulse f'rom a 10 kt detODat1ou is about 3 V /m ~t 500 kll. 

Criteria for recognition of this clue or signal 1Dc1u4e: 

a. Rate or rise of the 1D1t1al. hal1'-cycle ~ l V /a/ ,.a. 

b. Durat10D or tbe t1rat be.l.f-eycle ~ 30 J.lS• 

c. PUlse amplitude ~ 1.2 V/m. 

d. IDitial halt-cycle polarity negative. 

The eatimatea or dpal. 1'eaturea f'or ~: two cle~,,. ot b~ dpal.a 
·deacrtbed J'Qow a.re derived. f'rom JeanY, Ta¥1or3 4 1 Wait.2/, Korzu 
ILDd Latter!:?~ and tbe Final Report-ProJect VELA SUIIIIer Study 196' 
OD liMP. 

Tbe rate-or-r1ae criteria uaociated with tbe boa.b aigoala described 
&bon a.re ac:aevbat higher thaD tbe ftl.uea expeate4 f'rom .,.1; at.oa
pllerica, altllouah quautitatiw me~t• ot tbia par&~~~eter OD 

aipiticmt sample aizea dD DOt appear to be avdlabJe. Some 1Da1sht 
ou ater1o .rate-ot-riae characteriaUca cube ga1De4 floaa atatiatica 
ou r1H tiJDea reported by Mi 1Jmn2f 1 vbere tbe mean r1H tiM ot 
3(),000 ater1c:a exc:eed1Dc a 1.0 V/m u.plitud.e tbreabold vu 9·5 J.18 1 
azd tbe :18Ul riaa tiDe of 7000 aterica exc:eedi.Ds 2.0 V /• amplitude 
,.. e.o J.lS• :rna tbeae c\&ta it appea.n tbat ODl1 a 1111&11 traction 
ot a'taoapberic aigD&la, pr1JD&r1ly trca aearby source a, voul4 be 
expected to baw a rate ot rise as sreat aa 1.0 V/s/-.a. 

'!'be :tint balt•Cl'Cle durat1ou ot bQab ·~ teDda to be ac:aewb&t 
aborter thaa tb&t ot a large perc:eatye ot &tolloapberica, although 
a11Dit1C&Ilt cmtrlap ooaun. M1 uw/ re:porb that tba pereeatap 
ot ater1oa bav1D& tint halt-eycle 4Vat1oDa between 15 ILDd "' 1.&8 
1Dareue• 1Wa 78 perceat at propaptiQG diatuacea of leaa tbu 100 ka 
to 91 percent tor propasat101l 411Jtacea betwea 400 Uil 800 lal. T.be 

--- , , ... lkll • k; .... 
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decrease iD tbe percentage of a1.gD&l.a ba"f1ns first balt-cycle duratiooa 
leas thaD l' ~ 1a even JIIOl'e pTODOUDced, droppiDs trca 21 percent tor 
propagation diatancea of leaa thaD 100 km to 6 :PerceDt at the 400 to 
800 kll r~e. Clearly 1 the nearby aterica are moat likely to have 
teaturea a1m11ar to the claaaes at "bcab s~ which have been 
aelected IID4 aaae meau of 14ent1f71Dg nearby afer4 cs could :t'lmation 
as a usefUl d1aer1m1Dant. Precu:raar detection baa been sugpated tor 
this role, but wa rej~ in the !AII:S project because ot the lack 
ot a clear d1at1Dct1on betveen tbe steric ~801'8 BD4 atasin8 
spikes vbich Jll8l' be usoeiatecl vith a nuclear burst 1 aD4 &lao because 
ot tbe difficulty of properly aaaoe1ating precursors with the main 
stroke• ot ateries. 

Nomalized source tunction aaplitude appears to otter a pote!ltial..ly 
usetul baaia tor the po81:j!ve identification of a large traction ot 
nearby aterica. Mi J 1!!18D2 report• a -~'¥' amplitude tor sterics11 

DOl'malized to 1 Ian, ot 36o V /m• Taylor2/baa calculated a m1DimDII 

normalized nuclear source t\mction amplitude ot approximately 900 V /m 
tor a aurf'ace detonation ot 1 kt yield. Baaed on then data, a 
d1acr:1JI1Dat1oa lnel ot 500 V /m vu tctati~ selected. Ita 
illplealentation11 bowver, requirecl tbat the distance to tbe ateric 
source be determined, 11124 this requi.rea clata traa lii01'e thaD a aiDgl.e 
station. 

ni. Equi~ Desigll CoDaiderationa 

Jlonal.l7, data traaa at leaet three atatiOD8 11 employed iD radio 
poaition NxiDg; bowe·.rer, aiDce tbe coacern here 1a lna with 
abaal.ute locatioa than with l'&llp 11 leas reduDdaat •thocls were 
114opted.. 'l'haae iDYolw tbe uae ~ a aiDSle 11 abort bue-lille remote 
station with a line-ot-si;ht hilh-apeed data cOIIIIIImication 11Dk to 
the 'l'able McnmtaiD tac1l1 ty. The peak amplitude aa4 azilluth at 
aigl:aab exeee41Dc a preset tbreabol4 at tlla remte atation are relayed 
to tDe base atatioa. Tbeae data, together with a11111lar meuurementa 
on tbe s ... aipal obtalne4 at the bue statiOD, permit tbe caleula
tiOD ot J'IUI&II t~ stericl oceurriD& within a radius ot a~ 
100 lea. Tbe expe%1lDimtal pl.u COJrt.aplated ec.pleting these 
c&l.culatioaa cJuriD8 tl» one m:lll1aeacm4 ~ in1:en&l required for 
1ipal aapl.itu4e DOl'll&l:lzatioD, aDII the II)'Wtem tild.D& vaa eatabliahed 
ace~. 
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Re:fttrrin& to F1guft 1, a pair ot 41rect1011 f1DI11D& lltatiou an 
located at tbe poaitioaa deeipated X Uld Y. Tile 1'8Z14't to a aipal 
source -r be cleterm:bled 111 plott1Da a t1x uiDa tbe •uurecl 
azilmrtba at X ao4 Y, The re1ult1Da ~itiOD fix 1• JIIOat accurate 
tor sources vbich are loc:ated al.oD8 tbe bisector nol'Ml to tbe baH 
line. No nx is possible tor e'ftD'ta OOCIU'l'1n8 on tlJe bue l1De or 
ita extenaiowt beyond X or Y, Tbe locus o:r poaitioaa which :IIIII¥ be 
t1:x:ed. by pl.ottiDg az:llllutba aD4 which hae coutazat accuracy 1D terms 
ot percentage error 1n nmp is ahovn by tbe dotted line, 

It •i&Dal amplituCies an aeaeured at X IIDd Y, aDd uSUid.Dg aD 1DverM 
41at&DCe propagation lav, tbell Figure 2 ab&nni the loci o:r possible 
poaitiau trc:a which a COIWtmt 4itte:rence :1A ampl.ituae woul4 be 
observed. 'l'beae circles of. cOIUitaut aaplitude d1:trerence caD be 
emploJecl to establish a fix oD a aigaal ISOI.&l"ce b;y tormiDg the 1nter
aect1aa vith the azimuth obtaiDed. at tbe atatiOil obllel"YiDs the 
largest aiSDSl amplltu4e, 'l'bua, by eiiPlOY1D8 tbe appropriate 

· c0111b1Dat1oaa ot azimllth data aDd amplitude data, it 1a poaaible to 
obtain tiDe 1D ~direction trca obHl"Y&tiOIUI f'lua ~two st&tioaa. 
Tbe accuraey ot fixes obta.1De4 1D thb war is liJdted aD4 the cleaigll 
obJective vu to establish raage YithiD -25 percent aDd +4o percent 
at ranae• ot up to l'lO kll. 

l, Site Selection 

'l'lle site selected tor tbe Z'eiDOte station is located 1.4 mila west 
ot c.pi01l1 Col.oi:ra4Q aat 27.5 ka on a true beiiZ'iDS ot r;y;_(? hClll th. 
BAlmS tac1l1t1ea at 'l.'&ble MoUDtaiD. The Cl'iteria tor ita ael.ectiOD 
1ncluae4 a liDe-ot-sight path tar tile llicrovaw lilllt to Table lbmtaiD; 
terraiD au4 popoapbic&l su:rrow:lll:l.Dp u aim1lar u teuible to tllat 
at Table ~aizi.J 4illtance betwen 25 aD4 }5 a; sad reuonable 
acaesa to COIIIIIUCial power .ad. telepboM tacWtiea. 

2. station e<mnsuratioa. 

!aoh station ia 8flu1pped v1th m A'WRI uilmth 41g:l.tizer which 
operate• tl'aa Cl'Oeaed. loo:s- Uld a vbip aeue atemaa. The UD• 
oertaiDtJ' 1D 1D4icated azimuth 1a :reported to be 011 tbe cmler ot !:_2° 
beoauae ot 1utl'UIIII'JI'4al taatore. UAcertaiDtiu ctae to ~&tecl. 
aitiDS U'l"'Z'8 or horiJ.ODtalJ.T polariud. ~· ot aiiD&J,JI tzo<a 
aeazob7 atviu caD 1zt.cre ... tb:ls bJ a •~cat factor. Aa u:lJiuth 
a cl181tiud. within 2-'0 to 4-'0 ~ attv s-rat;1on ot a Mater tr1&&er 
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that ooaura a.thr receipt ot a aigu.l wbicll exceeda a preset aaplitude 
threshold (DOr.lllll:cy- 0.5 V /ta). Tbe variation in ~r..euurement tiDI ia 
a tuaction ot both w.veror. cbaracteriatica and azim.tth ot arrival. 
It tbe meaaurement baa not been completed within 500 lUI after 
trisgeriD.g, it 1a taken u Bl1 illdiaatiCll ot iuva.lid data ani an 
indicator bit ia set iD. the az:iauth data Wl'd.. Tha azilllutb data is 
expressed u a three clisit 1£.0 repreaentation reaolvecl to the neaftat 
degree. 

Tbe DOrth-aouth loops at both atationa are oriented. al.cmg tbe base 
l1De ratber than aloug a true D.Ortb-soutb direction. Tbia arrange• 
meD.t provides the min1Dm ditterence iD. the timea at vhicb azimuth 
measurements are ava.i.lable at the tw stat1ona and ailllpl1fies 
tr1angul.at1CIIl. 

Each station is also equipped with an analog-to-diptal converter 
which 1a gated on by tbe muter trigger tar a period. ot 6o lA*• ibe 
largest peak in liga&l amplltude which occurs during this 1D.terva.l 
is cl1gitizecl. Since IDIIpl.ituda ratioa are illlportaDt and a large 
~c raap ia dea1recl, a I.osaritbm.ic operation ia pertulmed. and 
tile quantization ia iD. terma ot decibels. Tbe resolution is 0.1 dB 
v1th aD accuracy ot +0.2 dB and a ~c taage ot ~.l dB. Tbe 
aaplltude 'llLlue 1D eli ia expreaafJCl aa a Dille bit biDazy Dl.lllber 
8114 1a a:ra:U.a.ble 3l 118 atter the eD4 ot tlle aampliJig aperture. 
SigD&l8 vhioh exceed tbe uper llm.t ot the ~c rage cause aD 

o'ftrloed. bit to be set m!icati.Ds tbat tbe amplitu&t data vol"d. 1a 
DOt va.lido 

Each station 1a al.ao equippecl vitb aD AWBil 'l'rausient Detector. 
Siga.alJt vhicb exoeecl a peak amplitude ot 10 V /m aDd bave a rate at 
l'iae ot at 1eaat 10 V/Ji/JJA vbicb cklea DOt persist tor IIIOft than one 
JDicroaecoDd cause a t'la8 bit to be set 1D the amplitude data word. 

Amplitude IDd azilluth data wrda &l"e tr&D.alllitted trca tbe remote 
atation to Table Mounta1D. b:y a mcrovava cl&ta caa.udcatiCIDII syatem 
operatia& at a rate ot 2!)0 kilobit& per seeoad. '!be aaplitude word. 
1& truaitted. tirat. Wilen it hu beel:l receiftd at the baae station, 
a p:riorit;y 1.Dtez'z'upt 1a geurated., anA that vol"4, toptber with the 
local.lJ •uurect saplitllde wl"d., 1• 1nplt to the OD.-liD.e SDS 930 
C<llllPlter• When the &&iall;tb 4Ata hu been recei'ftd, auotller iDteJTUpt 
occun ad tlle proce.. 1a repeated. Logical iDte:rloota are iD.corpor&
ted to 1DR1'e that oaq- data vbiab t~ co1Dci4ent&l vJ:tbia the 
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aperture reqUired to acc<liSIOC1.ate :propagation aa4 traumi .. iou needs 
1a :lnp.tt to tbe COIIIPlter. 

'· Sipal ProoeaaiDg I.ogic 

Figure ' ia a acale draviDa llhov1.ag tbe tvo atationa aa4 tbe circlea 
ot equal aipal. ampl1t\14e ratio (1D 4B) aDil equal azillll.tth ditterence. 
~ oae quadnnt ia sho1m beeauae ot SJ111118triea about tbe baae l1De 
rm4 thl!l perpmdiaular baae·l1De bisector. Tbe szilmrth aaglea relati'ftl 
to atatiCD lfo. 1 an 1Ddicatec11n 0.1 radian 1.JlcremeDta. 

It ia halpt\al to aonaidar vbat happens u a bJPo'tbetical aisnal 
source ia IDftd. owr this ant& ot :lnteren. .UaUIIIB th1a source 
producea aigu.aJ.a a:t tbe low llm1t or intel'eat, 500 V /m DOJ'JI&lizecl to 
l.O kill. 8ZII1 that tbe aigDal. aaplltu4e obeys a in'Vene distance lav. 
'fable I ahoVII tbe receiVI!td. aipal amplitUI!e aa a tuactiou ot a01D'Ctl 

.diataztce. 

Amp (ctB) Diatance (kill) 

30 lOO 

~ 89.4 

32 79.4 

'' 71.0 

34 63.} 

35 56.5 

36 ,0.2 

,., 4-4.9 

38 4o.o 

~I 

Amp (ctB) Diatance (kill) 

:59 ,.6 
'-<> 3J,.8 

41 20.2 

"-2 25.2 

43 22.5 

44 20.0 

45 l7o9 

46 15·9 

47 14.11 
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Amp (dB) Diat&Dce (kll) 

48 12.7 

49 ll.2 

;o 10.0 

51 8.9 

0 ctB • 0.158 v /a 
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Tbe received aipal ia given in decibeb so tbat cballgea in the 
critical DOl'lll&lize4 source t'uaction aaplitude can be aecCft!Odated by 
traulatiDg tbe 4B scale with reapect to dtatance or by Jll&k1Jlg a 
correapo""'"l chaDge ill the zero dB ret'e:reace level. 

Oains J'igu:re 3 aDil Table I, it i8 poaaible to cautruct a :tam.l.y ot 
curves eho1r1ng recei'ftd. aiSD&l amplitude ill dB u a function ot 
azilluth angle for various azilluth di:tte:nmce1 aD4 tor "fartoua aigD&l 
aapl.itude ratios expre88e4 1D o. Tbeae cunea are abawa. ia Figure ~. 
Tbe deoiaion prooeaa can be acca.pl.ilbecl by table look-up or by 
ccaputatiCD or by combiDatiou o't both. 

u tbe first step, a mDiber of detel"'liDatiOD.B of coaditiou are 
DeCftSMI';Y • Tbeae are llhoVD in Table ll 11114 Call be made f'.rOII the 
aaplitude aa4 azillluth data words. 

TABLB II. CO!iDITIOliS 

A. Bue amplitude available. 

B. Base u:plitude ~ 30 4B. 

c. Bue eaplitude averloa4ecl. 

D. .Rea:Jte aaplltuCle &Tailable. 

!. Rea:Jte amplitu4e ~ 30 4B. 

r. Remote aplltude OTerloll4ecl. 

a. :sue aplitude ~ raote aarp.Utuae. 

1. Bue aplitl.U - raote mplitude I ~ 2 c!B. 

I. Base aplitl.U - re110te aaplltu4e I~ 10 dB. 

J. Bue azillu.th an.Uable. 

K. .Riao'te azilluth a"Q.il.&ble. 

d&J\il -
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Given tbe above dete:rm:lllatiODIJ, se-veral illportaDt clecisioaa can be 
made. Tbe first of tbeae ia whether or not aaditioa&l ]lr'OeeaaiD8 
will be uaetul. Obvioualy at least tbree ot the tour meaauremeata 
muat be ava.ilable, 1. e. , 

{AADI\JAK) V (DI\JAK) V (AI\JAK) V 

(AA Dl\ K) V (AI\ DI\J) • 1 * (1) 

Tbere is DO need for turtber processing i:t the aigu&l is outaicle tlle 
rang1Da capability o:t tbe ayatea 11114 it ~ tbere:tore be i:&sediately 
claaa1t1ed aa U.Ddete:nlliDed. To be within :the rangiD& capability o:t 
the ayatea, tbe aaplJ.tude ratio JIIWit be equal to or greater tbm 
2.0 4B ar the azimuth di:ttereace llUSt be equal to or greater than 
0.2 r~aaa, i.e., · 

H V L • 1 (2) 

Tbere are add.:l.t:l.oaal OODBideratioaa wbaJI ODe o:t the meuuremeDta ia 
miaaillg. The raa1n1ng ~~e&IIUl'Bell'ta JIIWit meet the cODd.ition tor 
compxtabllity: 

(AA DAR) V (JI\ KAL) • 1 (3) 

There are two special eaaea, vhich can occur, that vill meet tbe 
above criteria, yet aot lead to a proper solution: 

AI\ DAJA KAlAB • 1 

AADI\JAKABAG • 1 

(4a) 

(4b) 

This occurs wbeJl the ampl:l.tud.e ratio circle ia a.roua4 ODe atatioa tm4 
the available azi.mz.l.th is associated. with the otller atatioa. WbeD this 
occurs, the aziliiUth 'V'IIator v1ll gaen1.ly intersect tbe 8mplitu4e 
circle ill tw places. 

* In t:bil equatiOD IID4 the oaes vbicb tollov, tbe losical "aDil" 
operator ia 1\, a.zd the lOgical "or" operator is V. 

... Sl IIB'l' 
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Otber special cues caD be reaolvecl v:f.th a m1n1"WD ot computation. 
A signal caD be ~atel,y id.dtitietl u a ateric (DOl'll&lize4 source 
tunction amplitu4e <500 Vfm at 1.0 lall) i:t equatioa (3) ia aatiatietl 
and :neither station observes &ll amJU,itude ~30 411. ~r coadition 
tor i.IIDediate identi:tication o:t a ateric ia a aaplltUIJe ratio 2! 10 dB. 
'!'be reuoniDS for this concluaioa.is u follova: UINIIII! a :500 V/m 
DOl'ZII&l.1ze4 source oo the bue l1De exteDded.. Ita 41atalsce ia such 
that tbe recei ftr dr1 vias tbe digital dB meter Juat saturates. The 
s;y.tem. hu been ~t so that this occure at a level ot 47 dB. The 
amplitude ratio Y1ll then be a little owr 9 dB, which is, therefore, 
the greatest aaplitude ratio that CBZl be ~hieved by thia source. 
Ollly aourcea having amaller ll0l'Ul.1ze4 aaplitudea can achieve higher 
ratioa. '!be caaditiODII :tor podti-ve s:teric 14entit1cat1oa CaD tbeD 
be expressed: 

[CBVL) ABAiJ v [r] • 1 (5) 

Two apeci&l. cues &lao can be used to iJIIIecUat~ cluait)' a aigua.l 
u a b<El: it the ligaal ia beyoad tbe a;yatema raDS11l8 ability &Dd 
bu a amplituda~ 30 cUI, or it botb 41sital dB meters indicate 
aaplltude ot 47 cUI (saturation) 1 .e., 

[ (HA I A (B v B)] v ( cA P'] • 1 (6) 
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Further CG'IIIpUtation must be :perfonled it equatiou ( 1) aG4 (}) are 
satisfied aDd it oeitber equatioa (4), (') nor (6) is satisfied. 
Tbere are seYeral ways ot e.cc~ishiDg tbe !Urtber computation aa 
sbo'VIl in Tabl.e UI below: 

~nr 

Cl. Uae base azimuth aG4 remote uilluth to QCliDpl1'te 
distance :f'rca base station, 8ZI4 uae base amplitude 
to compute IIOutt!: iDteDIIity. 

C2. Use base azimuth aG4 remote azi.Jmth to coap1te 
diatance f'ran remote station, aDd ue remote 
amplitude to COiilpute ~Wurce inteuit:y. 

C}. Detel"JJIiDe distaace trom tbe base .tatioa. to the 
intersection ot tbe bue statiOn azimuth line vi th 
the amplitu4e ratio c1rcle, which was 

determined trom the remote aDd base amplitudeJ 
and use bue amplitude to cCJBpite &oUl"ce inteuity. 

c4. Detel'lline 4181:1'-Aee 1'rcll1 tbe remote station to the 
interaection ot tbe remote station az :llluth l:l.De 
with tha amplitude ratio circle, wbich wu de
te1'11i11e4 trcm the remote aG4 baae ampl.itu&t; and. 
use remote amplitude to C<llllpQte source 1Dtenaity. 

H one ot the foUl' meaaurementa 1a miaains or out ot ruse 1 tben the 
choice ot a cauputatiOD&l method is fixed sillce tbere would be ~ 
one lletbocl which would Ule tbe available data. ~ all tour 
•UUZ'a~~Dt• are available 1 a choice IIIWit 'be made ot the cGIIl],'IUtational 
method which waul4 prob&b~ produce tlle JDOat re11able enewer. 'l'be 
rule which v1ll be uae4 ia: It tbe ampl.itudea ditter b7 lees thaD 
2 dB (I • 0), t:ben use COIIIJ!Ut&tion Cl; it the amplitudes di:trer by 
2 dB or IIIOft 8114 base uaplltw:Je 1s larger tbaD re1110te aaplituele 
(B • 1, o • 1), thftn use cc:aprtaticm c-,; it the ampUt'*• differ 
by 2 dB or more and. remote ampl.itude is larpr thaD base apl1. tude 
(B • 1, 0 • 0) 1 then uae cceprtatioa cJI.. 'Die tollovi.Da table 
au.anses all the coll&litioas tor which the 'nZ'1oua CCIIIPlt&tiOil 
•t~ are UM4, 1Dcl.u4irls equatiau (1) tbrou&h (6). 
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TABLE IV 

COHDITIONS ACriO! 

A 1\ B 1\ J 1\ K 1\ L 1\ ( D V ! 1\ ii 1\ I 1\ (~V F) V n] • 1 
CCMPU'l'E VIA 
MmHOO Cl 

AI\ DA EA JA KA L • l C<IIPtJ'.l'E VIA 
ME'l'HOD C2 

AA BA D1\ EA G/\ HA I A J 1\ (C V F) "' 1 
CCJaV1'S VIA 
MI'1'JII) C3 

AI\ BA DA EA G 1\ HI\ !AKA (cV F) • 1 CCI4Pf11'B VIA 
ME'l'HOD c4 

(<u V L)AB A i ]v(t] .. l mll'!m .AS 
A SFERIC 

[1/\LA (ltVz)] V (cAFJ ·1 
IDErr.rm .AS 
A 1018 

'l'be reaulta o~ tbeee computat1ou then eerve to generate one ot three 
po .. ible claaa11'1cat1ona tor tbe obaerved sia;nal.: 

a. S1.gnal ia identified as •~eric. 

b. Sigaal ia 14eDtitied aa bomb. 

c. Sisn&l ia und.ete1Winecl (beyoa4 ranging 
capabUitiee of eyetea or e .. ezrti&l c!&ta 
not available). 

T" SII!A&t -
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This infomation mq nov be employed in combinatorial logic circuits 
with tbe infonaation obtained troll wavetom feature measurements to 
inhibit the recording of signal.e which meet the acceptance criteria 
for sigaala 1'rGm one of the classes of nuclear events but vbich have 
been identified as a steric by tbe system. 

As noted previous~, tbe experimental pl.SD contemplated tbat these 
caaputatiorw would be made durtng the oua second millisecond. normal
ization del.q interval. It vu not ~sible to cOJJilllete the necessary 
p:rogre.DIIIing tor tbe HAIDS on-line ccmputer (SDS 930) in time tor use 
d'l1l'inl the 1967 sUJII!Ier tbu:Dderato:m season. Rather tban delay the 
exper1l!Jent, separate maguetic tape recording~~ were ma4e of amplitude 
BDcl azilutb data aa4 of vav.fo:rma selected by tbe feature extractioa 
method. These wre tben correlated &ad proce .. ed uaing the National 
&lnlau of S'taDd.arU c0111p1ter fae1l1t1H at Oa1 tbe:rsburg, Maryland. 
Tbe detailed descriptioa of tbis portion of the aet1v1tr is reported 
1n Volume II. 
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