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PREFACE

This vork is reported in two volumes., Volume I
contains the description of the experimental plan
vhich ingludes the rationals for the signal
selogtion and classification criteria vhich were
employed, Volume II contains the description of

results and conclusious.

We acknovledge the contridutions of the maxyindividuals
wvhich have zads this roject possible. The collabora=~
tion of A, Glenns Jean, and the entire BANDS staff of
the ESSA Research Laboratories is especially apprecia-
teds KXo Mo Gray, B. P, Ainsworth, W. B. Truits,

P. G, S‘hin. To By Hall and J, H, MoOrsth all
contributed to tbe design, dsvelomment, installation
or operation of the experimental equipment. C. L.
Albright and D. S. Grubd provided assistance in data
reduction and J. R. Pino furnished egsential sdnin-
istrative and secretarial support.
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Electramagnetic pulse signals from certain classes of
ouclear events, in terms of burat and distance, have
features vhich afford a means of recogniticn, Similar
features are also observed in atmoapherics, but these
have a smaller normalized source fimction amplitude.
An experinent was conlucted to investigate the feasi-
bility of measuring tha distance to nearby sferics using
azimath and amplitude data observed at two sites
separsted by a few kilometers. Knowviedge of the distance
to the source and the cbeerved smplituds would permit
caleulation of the normalized source function amplitude
vhich might be used as a discriminant. Date vexe also
collected on the frequency of simultamecus {within
equipment and propagstion delay) cbeervaticn at both
sites, of signals exceeding 10 V/m amplituds 10 V/u/us
rate of rise which persisted for one microsecond or
less, Transients from lightning would not de expected
to oeet these criteria over mropagation distances of
more than a faw kilometers.

The distanoce ranging axperiment 4id not yield results
viich vere vithin scosptable limits ia agcuracy based on
the locations and disper=’~n of fixes nlottad during a
period of astivity from a pres:mably isclated thunder-
storm regios whose position was established by weather
radar, Results from the spaced transient dstectors were
favorsble and this technique appears sufficiently
rromising to varrant further investigation under the

HANDS prograse

DECLASSIFIED IN FULL
Authority: EO 13526
Chief, Records & Declass Div, WHS

it mr a3

Date:




—

PREVACE

ABBTRAC?
I, Introduction
II. Experimental Plan

1.
2,
3

High=altitude or Space Nuclear
Detonation vithin Lite-of-sight
Surface Nuclear Detcnation

at ¢ 500 kn Range

Atmospheric Signals ve Bomb
Signals

III. Equipment Design Considerations

1.
2,
3o

FIGURE 1.

FIGURE 2.

PIGURR 3.

FIGURB 4.

Site Seleation
Station Configwration
Signal Processing Loglc

LIST OF ILLUSTRATIONS

10CUS OF FIXES WITH EQUI-ACCURATE RANGE
DETFRMINATION BASED ON ERARING DATA

ICCI OF EQUI-ACCURACY RANGE CIRCLES BASED
ON A 3 4B DIFFERENCE IN ANPLITUDE DATA

P1OT SHOWING AZIMUTH DIFFERENCE AND
AMPLITUDE RATIO CIRCLES

RECEIVED SIGNAL FROM A 500 V/M AT 1 k=
SOURCE AT STATION OBEXRVING THE LARGER

AMPLITUDE VALUR
<aEchm— DECLASSIFIED IN PULL
Authority: EO 13526
Chief, Records & Declass Div, WHS
Date: b ‘ m m
iv

—SEORET™

: : :Alll 22 ;
PPN+ . 2 A

A -



_SBoRET

I. Introduction

The High Altitude Nuclear Detection Studies (HANDS) project vas
established to investigate ground based tschniques for detecting
gsophysieal effects produced by mualear explosions at high
altitudss and in space. It has beem charged with the .caponsi-
bility of providing test facilities for evaluating possibla bamb-
detection equimments, and for the collection and analysis of
bagkground data obtained from thesm.

The prineipal HANDS facilities are located at Table Mountain,
Colorado, about 13 miles north of Boulder, and consist of a
variety of collocated sensors together with automatic date
acquisition and data processing equirments ineluding an on-line
digital computer. Sensors selacted for the HANDS facility
include types which are responsive to optical, infrasonie,
magnetic, ionospheric and elsctromagnetic disturbences., This
report deseribes certain equipment and techniques which were ds-
veloped for the investigation of electromagnetic pulse (IMP)
disturbances.

Blectromagnetic pulse .lechniques are considered to be one of the
more importsnt dstection methods because of the size of the
signals generated and thair early arrival at s detectiom station.
Atmospheris signals (sferics) compose most of the elsctromagnetic
pulse noise and present a serious recognition problem.
Therefore, the design of observing equipments must attespt to
provide vays of distinguishing a basb from sferics. In the case
of obsarvations made from a single site, this iz a formidable
problem for vhich no satisfagtory general solution is believed
possibla.

The effects of mropagation over long distances tend to mask
potentially distinotive features in vavefors and spectrsl content.
Even without these masking effects, the vavefora of sa elsctro-
magnetic pulse of miclear origin varies samvhat vith yield and
considerably with detonation height. Thus, there is no "stasdard"
shape of an electromsgnetic pulse from nuclear datonations;
instesd, there is an evolution of vave shapes with height of burst,
yield, distance and bomd design characteristics. The peak swpli-
tude of the bombe-induced BMP tends to be scmswbat larger than from
a sferic as observed frcm a fixed distunce. However, there are
regions of overlap, and scos ssans of cetimating distance is
Recessary for this charactsristic to be employed ss a discriminant.
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These considerstions influemced the design of the experimental plan
for electromagnetic pulse study in the HANDS project. The plan that
evolved vas based upon what appeared reasomsble to attempt within
the constraints inposed by the nominal single station facilities
concept. It was based O the belief that electromsguetic pulse
signals from certain classes (in terms of height, yield and distance)
of nuclear events could be recognized by waveforn features. The
chief source of false alarms vas expscted t0 be from relatively near-
by sferics, therefore, some means of identifying these neardy sferics
would bde requirsd. Two approaches to the idemtification of neerby
aferics vere implemented through the use of a short base-line remote
station and high-speed microwave data link,

One aprrosch wss based on establishing a position fix for nearby
asferics and computing the normalized source function =wplitude for
comparison with a refersnce valus. The second approach was based on
coincidence comparison of sigasls exceeding aaplitude and rate-of-rise
exriteria at doth sites.

II. Experimental Plan

The original plan for the of the SANDS RMP experiment has bsen
repoxrted by Jean apd Hormd ) and vas gulded by the following
philosophy!

1, Assume that only unshielded detomations will occur.

2. Assums that the EANDS station is one station in a
network of staticns, arrangsd ca & 2000 Im grid and
the area nonitored is a circle of 2000 km radius
centered at Boulder, Colorado,

3« Signal characteristic datectors and logic circuits
are designed to monitor charagteristics of bdomd and
atmospheric signals as follovs:

a. High-altitude or space burst within line-of-
lﬁmo

be Orowv bursts at distances < 300 im,

ae Hferics (for the purposs of rejecting timse
lim).
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The classes of signals of nuclear origin have been partitiocned i~
the basis of distinctive features which afford sarm

of recogniticn based om observations a$ a single station.
mmthuch-n-otm_ommtohwtnmﬁh

the initial halfecycle. Their detection would be employed to alarn
other nuclear dstection sensors which night respond more slowly to
btombeinduced effects and would also activate recording the output of
equipment designed to record the asimuth, amplitude, vaveform and
other pertinemt information on the EMP signal.

)t

1. High-altituds or Spacs Nuclear Detonations
vithin Lins-of-sight

Expariziental data indicate that electrumagnstic pulses of largs
saplitude and vide spectrs with energy pesks vithin the VIF regioa

. are Yeceived from detonstions within line-of-sight of the receiving

station. In vhat follows, no distinction is meds between ling-oi-
sight to the detomation and line-of-sight to the region from vhich
the pulse is generated, although the two may be considsrably
different for burst heights well adbove the D-regicm. Electromegnetic
pilses recoxded at Hawvaii fyom the three high-altitude detonatioms
vhich wvers within line-Of-sight of the receiving atation, all greatly
exceeded 10 V/m pesk tude, It 1s thought that s threshold
trigger level of 1.0 V/m could be used to receive electromegnetic
pulses fram line-of-gight detonations of nominal yield at ranges
well in excess of 2,000 me Minimm signal asplitudes apoaching
tids trigger level would be axpected to occur from bursts occwmrTing
at a distance corresponding to the intersection of the mull altitude
vith the minizm line-of-sight angls of elsvation, or from bursts

at rangss very grestly in excess of 2000 km.

Criteria for recognition of this class of signal include:
a. A rate of rise of the signal amplitude > 20 V/u/us.
b. Durstion of the first half-cycls < 30 us.
os Pulse amplituds 2 1.0 V/m.

Pulse anplitudes greater than tems of V/a would be
indicative of a high altitude durst.
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decrease in the percentags of signals having first halfe-cycle durations
lsss than 15 us i3 even nore promounced, dropping from
on Adistances of less than 100 km to 6 percent
in range. Claarly, the nearby sferics are most likely to have
features sixilar to the classes of bomd signals vhick have been
selected and sope means of idantifying neerby sfer‘cs could function
. as & useful discriminant. Precurscr datsction has bsen suggested for
this rale, but veas rejected in the HANDB mroject becauss of the lack
of a clear distinction between the aferic precursors and staging
. spikes vidch pay be associated with s muclear burst, and also becsuse
i of the difficulty of properly associsting precursors with the main
strokes of sferics.

Normalized source functiom emplituds appsars to offer s potentially
useful Yasis for the positive identification of a large fraction of
neardy sferics. veports & amplitude for sferics,
normalized to 1 Ym, of 360 V/m. Taylord/has calculated & minimm
normalized nuclesr source function amplitude of spproximstely 900 V/m
for s swisce detonation of 1 kt yield, Dasad on these dats, a
discrixination lavel of 500 v/. vas tentstively selacted. Its
implamentation, however, required that the distance to the sferic
sourcs de detsrmined, and this requires data from mors than a single

IX1. Fquipmest Design Considsrstions

Normally, data from at least three stations is employed in radio

t position fixing; bovever, since the concern here is less with
absalute location then with rangs, less rehundant methods were
adopted. Thase involve the use of e single, short dass-line reswote
station vith a line-of.sight high-speed data comxmmication link to
the Tadle Mountain facility. The pesk amplituds and asimuth of
signals exceeding a ;reset threshold st the remote station are relayed
to the dsse stabion. These Aata, together vith similar measurements
on the ssme signal cbtained at tde base ststion, permit the caleula-
tion of range tc sferics occwrring vithin a radivs of approximstely
100 kme The experimantal plan contemplated complsting these
calonlations during the cne millisecond delay {nterval required for
signal axplitude normalization, and the system timing vas estadlished
accordingly.
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that occurs afta:r receipt of a signal which exceeds & [weset amplitude
threshald (narmslly 0.3 V/m). Ths variaticn in reasurement time is

s function of hoth vaveform charagteristics and azimuth of arrival.
If the messuremant has not deen completed within 500 us after
triggering, it is taken as an indication of iovalid data and an
indicator bit is set in the azimuth data vord. The asimuth data is
expressed as a three digit BCD representation resolved to the nearest

dagree,

The nortb-south loops at both stations are oriented along the dase
line rather than along a true north-south direction. This arrange-
ment provides the minimm difference in the times at vhich azimuth
peasurements are available at the two stations and simplifies
trimgnhﬁm. :

Pach atation is also equipped with an analog-to-digital converter
vhich 1is gated om by the master trigger for s period of 60 us. The

. largest peak in signal amplituds virich ocours during this iaterval

is digitized. Since mmplituds ratios are izportant and & large
dynsmic rangs is desired,
the quantization is in .

vithnmmofﬂzdnunadywemofmld& The

§
g
i
E

Amplituds and agimuth data words are traasmitted from the remote
station to Table Mountain by a miaxrowave data coommications system
opmu..tarmoteaonmzumu

is transmitted first. Whem it bhas beon received at the base statiom,
ummtyiwhw and that word, together with the
locally msasured amplitude word, is input to the on-line SDS 930
computer, Vhen the aziwith data has been received, sncther interrupt
ocours and the process i{s repeated, Logical intexrlocks are incorpora~
ted to insure that only data vhich time coingidental vithin the
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aparture required to accommodate propagat bmnu-r needs
is input to the comprter. ion end ion

3. Signal Proocessing Logic

Figure 3 is & scale draving shoving the two stations and the circles
of equal signal amplitude ratio (in 4B) and equal azimuth &iffarence.
is sbowm becsuse of symmetries about the basa line
and the parpendicular base-line bisector. The azimuth angles relative

;
:

i stance,
TABLS T
Amp (aB)(Distance (km) {Amp (dB){Distance (im)|iAwp (dB)|Distence (im)
30 100 39 35.6 13 12,7
n 89.4 » Rn.8 k9 1.2
» 9.4 51 28,2 50 10.0
33 .0 he 25.2 1 8.9
b 63.3 b3 2,5
35 565 I 20.0
% 50,2 by 17.9
n .9 6 1.9
B 50,0 b7 1h,2 048 = 0,158 V/a
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The received signal {s given in decidbels 30 that changes in the
eritical normalized source function amplitude can be accommodated by
translating the 4B scale vith respect to distancs or by making a
corresponding changs in the sero 4B reference level.
Using Figure 3 and Tabls I, it is possibls to construct s fumily of
curves showing received signal amplitude in 4B as s function of
azimuth angle for varicus asimuth differences and for various signal
amplitude ratios expressed in dB. These cuxves are shown in Figure b,
The deaisicn process can be acocmplished by table look-up or by
computation or by combinations of both.
As the first step, a number of determinations of conditions are
necesssxy. Thess are shown in Table II and can be nade from the
anplitude and asizmuth data words,
TARLE II. CONDITIONS

Ae 3Dass amplitude svailable.

B. Dase amplitude > 30 dB.

C. DBase amplituds overloaded.

D. Remote amplituds awvailsble.

2. Remote smplitude > 30 a8,

¥+ Remcte saplitude overloaded,

G. Bass smplitude > remots smplituds.

K. | Bass smplitude - remote saplituds |> 2 dB.

I. | Bass amplitude - remote amplitude | > 10 4B,

J» DBase asimuth svailable.

K. Ramote asimuth available.

L. | Base asimuth - remcte asimuth | 2 0.2 RADIAXS.
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Given the above dsterminations, ssveral inportant dedisions can de
mada. The first of these is vhetber or not additiocnal processing
vill be useful, Obviously at lsast three of the four measurements
must be availahle, 1.0,
r’ (AADAJAK) ¥ (DAJAK) ¥ (AAJAK) v
(AADAK) Vv (AADAJ) w1 = (1)

b Thers is no nsed for further processing 1f the signal is outsids the
ranging capability of the system and it may therefure be immediately
classified as undstermined. ’rabcvitmthmmtyot
the system, the amplitude ratic must be equal t0 or greatsr thma

2.0 4B or the asimuth difference wust be equal to or greater than
0.2 rldim, 1.@ey

EVL =l (2)

There are additional considerations wvhas one of the messurements is
nissing. The remmining measurements must meet the condition for
computability:

(MMADAR) Vv (JAKAL) = 1 (3)

There are two special cases, vhich can ocour, that vill meet the
above criteria, yet not lead to a proper solutiom:

AMDAJIAZABATG = 1 (ba)
AADATFARARAG = 1 (k)
This occurs vhan the amplitule ratio cirele is around one staticm and
the available azimuth is associated with the other station. When this

occurs, the asimith vector vill generally intersect the amplitude
circle in tvo places.

+ In this equation and the oues vhich follow, the logical "and"
operstor is A, and the logical "or" operator is V.
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Othar special cases can de resolved vith a minisum of computation.
A signal can be 1dentified as a sfuric (normalized source
function qmmqoovzum km) if equation (3) is satisfied
and neither statica obeerves an amplitude >30 4B. Another coodition
for immediate identification of & sferic is s amplitude ratio 210 4B,
The ressoning for this conclusiom is as follovs: assume s 500 V/m
nosmalized source oa the base line axtended, Its distanes is such
that the receiver driving the digital dB meter just saturatss. The
aystem bas Deen set 50 that this occurs at a level of 47 4B. The
amplituds ratio will them be & little over 9 4B, vhich is, therefore,
the greatest amplitude ratio that can be aghieved by this source.
Only sources having smaller normalized aaplitudes can achieve higher
ratios. The conditions for positive sferic identificatiom can thea
be expressed:

[(xv L) A'iAl] v [1] -1 (5)

vo special cases also can be used to immedistely classify a signal
as & bomb: 1if the signal is deyond the systems rangiang ability and
bes an smplitude > 30 4B, or if both digital 4B meters indicate
aaplitude of 47 dB (saturation) i.e.,

[(iAIA(n v z)] Y [cAr] - 1 (6)
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TABLE IV
CONDITTONS ACTION
AA BAJA KA I.A[Dv xAiAIA(Ev!)vii]-l e A A
AADAEAJAKAL =1 : w&n
AA BA DA BA GA nA‘IfAJAV(EV?) =1 mc;n
AABADABATAEATIAKA (EVF = 1 mcxn
[(nv LIABA E]v[r] a1 mm?'zm
['ﬁAT.A (nvs)] v [cAr] -1 D A8

The results of these computations then serve to generate one of three
possible classifications for the obaerved signal:

L]
b,

Signal is ideatified as sferic.
Signal is identified as bomb.

Signal is undetermined (beyond ranging
capadilities of system or essential data
not available).
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This information may now be employed in combinatorial logic circuits
with the information obtained from waveform feature measurements to

inhibit the recording of signals vhich mset the acceptance criteria

for sigoals frcm one of the classes of muclear events but vhich have
been identified as a sferic by the system.

As noted previously, the experimental plan contemplated that these
computations would be mads during the one second millisecond normal-
. ization dslay interval., It was not possible to o te the nacessary

programming for the HANDS on-lins computer (SDB 930) in time for use
during the 1967 summer thunderstorm season. Rather than delay the
experiment, separate magnetic taps recordings wers made of smplitude
and asisuth data and of vaveforms selscted by the feature extractioca
nethod. Thess were them correlated and processed using the National
Buresu of Standards computer facilities at Gaithersburg, Maryland.
The detailed dsseription of this portiom of the activity is reported
in Volume II.
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7IG.3 PLOY SHOWNG AZINUTM DIFFERENCE AND AMPLITUDE RATIO CIACLES
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