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PREFACE

This work is reported in two volumes. Volume I contains
the description of the experimental plam which includes the
rationale for the signal selection and classification
criteria which were employed. Volume II contains the de-
scription of the experimental equipment and system config-
uration, the calibration procedures employed, the
experimental results and conclusions.

We acknowledge the contributions of the many individuals
which have made this project possible. The collaboration of
A. Glenn Jean, and the entire HANDS staff of the ESSA
Research Laboratories is especially appreciated. Don R.
Boyle, E.F. Ainsvorth, W.B. Truitt, P.G. Stein, T.B., Hall and
J.H., McGrath all contributed to the design, development,
installation or operation of the experimental equipment,

C.L. Albright and D,S. Grubb provided assistance in data
reduction and J.R..Pino furnished essential administrative
and secretarial support. '
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ABSTRACT

Electromagnetic pulse signals from certain classes of
nuclear events, in terms of height of burst and distance,
have features which afford a means of recognition., Similar
features are also observed in atmospherics, but these have a
smaller normalized source function amplitude. An experiment
was conducted to investigate the feasibility of measuring
the distance to nearby sferics using azimutl and amplitude
data observed at two sites separated by a few kilometers.
Knowledge of the distance to the source and the observed
amplitude would permit calculation of the normalized source
function amplitude which might be used as a discriminant,
Data were also collected on the frequency of simultaneous
(within equipment and propagation delay) observation at both
sites, of signals exceeding 10 V/m amplitude and 10 V/m/us
rate of rise which persisted for one microsecond or less,
Transients from lightning would not be expected to meet
these criteria over propagation distances of more than a few
kilometers.

The !4dstance ranging experiment did not yleld results
which were within acceptable limits in accuracy based on the
locations and dispersion of fixes plotted during a period of
activity from a presumably isolated thunderstorm region
wvhose position was established by weather radar. Results
from the spaced transient detectors were favorable and this
technique appears sufficiently promising to warrant further
investigation under the HANDS program,
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ELECTROMAGNETIC PULSE SIGNAL
CLASSIFICATION AND IDENTIFICATION
OF NEARBY SFERICS IN THE
HIGH ALTITUDE NUCLEAR DETECTIOR
STUDIES (HANDS) PROGRAM

VOLUME 1T
BY

R.T, MOORE
K.M. GRAY

I. INTRODUCTION

The rationale for the design of the experimental plan
to collect data for the classification and identification
of nearby sferics has been described in Volume I, NBS
Report 13A-101 (SRD), of this report.

This plan required the measurement of amplitude and
azimuth data on individual signals at two sites with a base-
line separation of 20 to 30 kilometers, Data from the
remote station were relayed by a high-speed digital micro-
wave link to the base station at Table !fountain where they
were recorded, together with locally obtained measurements
on the same sferic signal,

Additionally, signals meeting certain preset waveform
criteria were independently recorded at Table Mountain,

A brief outline of the equipment configuration which
wvas employed at Campion and at Table Hountain is contained
in Sections II and III, System Calibration is described in
Section IV, Section V describes the experimental results,
and Section VI the conclusions.

A sample of the data collected is reproduced in the
Appendix,
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II, REMOTE STATION EQUIPMENT CONFIGURATION

Siting

In the selection of a site for the remote station,
primary consideration was given to locations which were
within line of sight of the Table Mountain Facility and at a
distance of about 30 km., Secondary considerations included
accessibllity to power aud telephone lines and terrain which
was geographically similar to that at Table Mountain,

Several areas to the north of Table Mountain were
surveyed, and from these a site one mile west of Campion,
Colorado appeared most suitable, It was 27,5 km on a true
bearing of 26 degrees from Table Mountain and located just to
the west of the brow of a slight elevation that provided a
line-of-sight microwave path to the base station.

A small area approximately 100 feet north of the road was
leased and enclosed by a rope fence to keep cattle out. A
van housing the remote station equipment was positioned
within the. enclosure, together with a trailer mounted motor
generator and a small metal utility shack, Two meter whip
antennas for the AWRE transient detectur and the Digital dB
meter wvere mounted on swmall ground planes within the
enclosure while the crossed lnops and sense antenna for the
azimuth digitizer equipments were wmounted on a 15-foot high
wooden platform locatad about 100 feet northwest of the
enclosed area., Buried plastic conduit was employed to bring
the cables from the platform to the van withir the enclosed
area,

The antenna for the microwave data link equipment was
sounted on a six~-foot tripod fastened to the roof of the
equipment van and aligned with Table Mountain. The north-
south loops of the azimuth digitizer equipment was also
aligned in the sare direction, thus all bearing data was
relative to the bage line between the two stations.

Power for operation of the remote station was obtained
from the REA serving the area. Two power distribution
systems vere employed within the van, a utility system and an
instrument power system, The utility sysctem served 1lihts,
air conditioning and heating equipments ancd the convenience
outlets on the maintenance bench. The instrument power was
obtained from a 1.5 KVA electric motor generator nounted on
a small trailer, The motor generator was equipped with a
large flywheel and its ipertia would maintain the output
voltage to at least 105 volts for interruptions of motor




power having a duration of up to three seconds. The finstru-
mentation equipment was isolated from voltage transients and
momentary outages which are frequent during thunderstorms by
this arrangement, Under-voltage protection was provided by
automatically disconnecting the instrumentation from the
generator when its output was less than 105 volts,

A leased land-line between Campion and Table Mountain
vas employed for communications and remot: moanitor and
control functions. Unauthorized entry, excess temperature
and powver status at Campion were continuously displayed on a
monitor panel at Table Mountain, Primary power at Campion
could be turned on and off from Table Mountain and a limited
equipment calibration could also be remotely initiated.
Telephone signalling could be accomplished from either
etation, but monitor and control functions were disabled
vhen the line was employed for voice communications. This
capability for voice communications between the two statious
vas indispensable in establishing and checking out the
{ operation of the Campion equipment.

Equipment Description

The general configuration of the instrumentation at the
Campion station is shown in Figure II-1, With the exception
of the antennas and their cable drivers, the cquipment was
mounted in two standard 19-inch racks in the instrument van,

Incoming cignals exceeding a nominal threshold of

0.5 V/m caused a mastey trigger to b»e generated by the AWRE
Signal Normalizar. This trigger initiated the timing
sequence employed by the Jystem, The Digital dB Meter and
Azimuth Digitizer operations were started and the control
system vas reset, The Digital dB Meter was gated on for a
period of 60 us and the peak signal amplitude (either
polarity) observed within this period was stored. At the
end of 60 pe the stored value was digitized. Digitization
required an additional 60 us and the data was then trans-
ferred to the buffer and modem interface where bits were
added identifying it as an amplitude measurement and

. indicating whether or not a transient detector output had
also occurred. The data vord was then output serially to
the microwave squipment for transsission at ¢ vate of one

. bit each fouyr microseconds. The aziwuth data from the
azimuth dig'tizer is available no socner than 200 us after

¢ the master trigger. 1It, in turn, 1s transferred to che

: buffer for assembly with additioncl bits providing identity

and validation information and it is then treasmitted st a

time ranging from 20 to 200 us after the amplitude deta.
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A brief functional description of the major instrumen-
tation components shown in Figure II-1 follows:

AWRE Azimuth Digitizer and Azimuth Display

The Azimuth Digitizer and Display, supplied through the
courtesy of AWRE, was used for recelving the sferic signals
and digitizing their angle of arrival, Two crossed-loop
antennas and an omnidirectional vertical antenna are used for
signal pickup. The vertical antenna and its associated cable
driver have a bandwidth from 1000 Hz te 150 kHz, while the
crossed loops form part of a narrow-band tumed circult
centered at 11.1 kHz, The vertical antenna 1is used to
resolve the 180-degree smbiguity associated with crossed-
loop direction fiuding., The digitized azimuth, in the form
of a serial pulse train, is counted and displayed on the
Azimuth Display unit at the same time it is transferred to
the buffer. The equipment was set up to accept and process
sferic signals separated in time by four or more milli-
seconds,

Calibration signals could be applied locally or remotely
to the equipment, In the local calibration mode, any of the
eight quadrature azimuth directions may be simulated by a
selector switch, 1In the remote mode, only that azimuth
direction corresponding to a single position of the selector
switch may be simulated.,

AWRE Signal Normalizer

The signal normalizer, also supplied through the
‘courtesy of AWRE, is designed to generate a master trigger
when signals exceeding a preset amplitude threshold are
observed and to normalize the amplitude of these signals to
provide a peak output that is constant within 10 dB from
input signals having up to 50 dB variation in peak amplitude.
In the equipment configuration employed at Campion, only the
amplitude discrimination and master trigger functions vere
utilized.

Digital dB Meter and Display

This unit is used to measure the peak amplitude of the
received signal, It operates directly from a wide-band
antenna driver and produces a binary coded 9-bit number plus
sign vhich represents the peak amplitude, in dB, of the
received electromagneiic signal, The 0.1 dB frequency
response is 1 kHz to 150 kHz and response is down 3.0 dB at
250 kHz., Resolution is 0.1 dB over a 51.1 dB dynamic range

ISP




and accuracy is *0,2 dB over that range within the 1 kHz to
150 kHz frequency band, The unit is initiated by the
"Master Trigger” pulse and digitizes the peak amplitude
occurring within a 60 us time bracket referenn~d to that
trigger. The digitized amplitude and sign ar. displayed on
the display unit and at the same time a level change 1is
produced indicating the end of conversion and causing the
data to be trangferred to the buffer for transmission.

AWRE Transient Detector

The AWRE transient detector provides am output pulse
upon receipt of a signal having a peak awmplitude greater
than 10 V/m, A second output is provided by signals having
a rate-of-rise 510 V/w/us which persists for one microsecond
or less. A third output is provided when both of the fore-
going cxiteria are met, Each of these outputs is employed
to actuate one of three electromechanical counters incor-
porated in the equipment but only the output resulting from
signals meeting both amplitude and rate-of-rise criteria
vas relayed to Table Mountain.

Control

The control unit is activated by the Master Trigger and
produces a sequence of timing signals employed by other
portions of the systea, These include commands to transnit
amplitude data and transmit azimuth data. 1In additiom, the
control unit performs certain validity tests on the ampli-
tude and aziwmuth data and incorporates the results of these
tests in the transmitted messages.

Buffer

The buffer gates the digital information, representing
anplitude and azimuth, into temporary storage, and then,
under the command of the Control Unit, sequentially scans
the digital data, presenting it in serial form to the
¥Yicrovave Transmitter, The sequential scan rate is
controlled by a clock operating at 250 kHz., Two frames of
data are sequenced, one representing peak amplitude and the
other representing «azimuth., Each frame of data is 14 bits
in length, starting out with a double zero as the block or
frame identifier, then followed by a flag bit which is used
to indicate the type of frame, i.e., amplitude or azimuth,
The remaining bits are used for data. The logical ones and
zeros of the data word are as follows: two transitions per
bit time equal a logical one, and one transition per bit
time equals a logical zero.




Microwvave Transmitter

The microwave transmitter provides one watt output on a
carrier frequency of 1755 mHz., It is frequently modulated
and provides a base-band response from 300 Hz to approxi-
mately 750 kHz, The antenna is equipped with a four-foot
diameter parabolic reflector providing 25 dB gain, This
reflector is attached to a six-foot tripod and mounted on
the roof of the van,

III. TABLE MOUNTAIN EQUIPMENT CONFIGURATICN

The general configuration of the brse station equipment
employed at Table Mountain is shown in Figure III-1, The
installation was made in the ARPA building and the equipment
(excluding computer) occupled approximately five and one-
half standard 19-inch racks,

Facilities for measuring the azimuth and amplitude of
sferics and the detection of transients were identical to
the equipments used at Campion. - These data were diglitally
recorded using the HANDS SDS-930 computer, It had been the
intention to process these data in real time to identify
nearby sferics, but {t was necessary to modify this plan to
accommodate only on-line data recording with the computer,

The basic facilities for measuring and recording
azimuth and amplitude are supplemented by special equipments
for detecting signals meeting preset cowmbinations of wave-
form feature criteria, classifying these signals in

. accordance with the selected combinations of features and

recording the results on a high-speed transient recorder
independent of the HANDS computer.

A brief functional description of each of the major
equipment components which have not already been described
follows:

Microwave Receiver

The microwave receiver is the companion component of
the tranamitter used at Campion and has compatible perfor-
mance characteristics. The incoming signals are picked up
with an antenna equipped with a four-foot parabolic
reflector mounted on the roof of the ARPA building and in
"line of sight”™ of the Campion antenna. The incoming signal
is demodulated to obtain the 250 kHz data bit stream, This
signal is then input to the Computer Interface and Control
logic.
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N Computer Intarface and Control

The Computer Interfac: and Control accepts the output

of tha microvave receiver, rccovers the clock, decodes the

. bit stream into ones and zeros and strobes the data bits
into the asppropriate registcr for subsequent processing and
recording., The logic is arranged to detect a double zero in
the bit stream, indicating the start of the data frame, The
detection of the double zero opens a gate vhich accepts the
sext 12 bite, under clock control, to the buffer ragister,
There the data are assembled with a corresponding amplitude
(or asimuth) measurament obsarved by tha Table Mountain
aquipment. A computer priority interrupt is then generated
and the data is input to the SDS-930 computer and tagged
vith the time, rasolved to 'he nearest centisecond,

AWRE Normalizer

This equipment is used somevhat differently than the
norsalizar at Campion inasmuch as, in addition to producing
a master triggar or initiation pulse for the vhole systenm,
it also parforms a scaling operation on the analog vavefors,
The analog vavaform is simultansously applied to the
normalizar and a delay lina, While in the delay line, the
signal peak amplitude is measured, Bused upon this
mnsasurement, a series of "gated"” 10 dB amplifiers are set
ﬁl up. One millisecond later the analog signal from the delay

line is input to the "gated" amplifiers. The resulting
output signals are thus "coarse” norsalized to within 10 dB,

R

Aftar the coarse (10 dB) normalization of the signal,
the normalized signal is again scaled, or measured, to the
nearest unit of dB. The amplitude of the signal is then
displayed in decimal fora to the nearest unit of dB. A
further scaling of the analog vaveform is performed with an
additisnal delay line being used for storage of the vavefors
vhile the gain of an amplifier is adjusted digitally in one
dB steps. This operation yields :n analog waveform, delayed
in time by 2 ms from the master trigger, and norsalized to
the nearest unit of dB., This wvaveform is availadle for
recording by the high-speed transient recorder if desired.

Record Decision Control

- \ The Record Decision Control is used to control the
peripheral high-~speed transient recorder. The control is
operated from one or more sense lines from the various
squipments. When signals or events meeting preset criteria
occur, a record decision results and the high-speed transiem
recorder is enabled. The criteria employed to initiate
recording are described in Section V,

9




High-speed Transient Recorder

The high-speed transient recorder equipment is intended
to digitize normalized analog waveifnrms and record these with
appropriate header information on magnetic tape. It contains
a six-bit analog-to-digital converter operating at a one mHz
sample rate, a 1024 word covre memory, control logic and a
magnetic tape transport. Digitized snalog wvaveform samples
are loaded into the core memory at the sample rate, Header
information consisting of a date time group, identity and
flag characters and other data is then input to the memory
from buffer registers. The memory contents may then be
recirculated and output through a digital-to~analog
converter to display the stored wavefora ou an oscillosacope
or alternatively recorded on digital magnetic tape. Normally
this latter mode of operation wvas eamployed., Maximum
recording rate is approximately 30 signsls per second each
having a maximum duration of oune wmillisecond.

The tape unit is a standard 7-track tape recorder. Bit
densities of 556 BPI and 800 BPI can be manually selected,

Sferic Receiver and Waveform Analyzer

This equipment was built to NBS specifications and
performs the following functionsa:

A) Receivres atmospheric signals in the frequency range
of 1.0 kHz to 5.0 mHz, over a dynamic range of from 0.1 V/m
to 2500 V/m.

B) Exzmines the signal for certain presettable wave-
form features including amplitude and half-cycle duration
and determines 1if a processing sequence is to be initiated.

C) Measures the peak amplitude of the incoming signal
snd normalizes gsame to *1 dB over the full dynamic range
specified. One millisecond later the signsl is available
in analog form with a constant pesk amplitude of 5 volts

1 dB.

D) Determines if the signal pesk amplitude exceeds
10 V/m., Signals having peak amplitude greater than 10 V/a
are specially classified.

In addition, twenty-eight discrete values associated
with seven parameters of waveform teatures can be set up by
front panel controls. A digital output is produced for each
parameter value met or exceeded by thec analog vaveform (all
measurements are performed on either the first or second
half-cycle of the vaveform).

10
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The following parameters may be set up and subdivided
into signal ranges: waveform polarity; rate of rise; time
to peak; peak amplitude; multiple peak; early peak and half-
cvcle duration.

Certain other control signals are produced, such as
"data ready", "signal equality”, and "waveform ready to
record”,

All of these signals and controls are available on
separate lines and can logically be combined in other
equipments as desired,

Signal Classification Logic

The signal classification logic is arranged to accept
up to six digital inputs from the sferic receiver and wave-
form analyzer in three separate groups, Each group is
logically combined to produce inputs to the Record Decision
Control. The groups are identified by characters located
within the format of the record to facilitate analysis of
the data. In addition, the receipt of signals having peak
amplitude greater than 10 V/m by the sferic receiver and
wavefornm analyzer or a signal meeting both criteria of the
AWRE Transient Detector would also produce a record comwmand,

The equipment is also used to count the number of
signals not meeting criteria required for recording by the
transient recorder, The overflow of the event counter then
causes a record command to be produced,

Antenna Calibration Facilities

Facilities were incorporated at both Campion and Table
Mountain to calibrate the antenna cable drivers of the AWRE
normalizer equipment and the Digital dB meter. Signals with
known characteristics could be injected intcv the system and
the response measured, to assure proper operation,

System Timin

The basic timing diagram of the oversll system is shown
in Figure I1I-2, The entire timing cycle is referenced to
the "Master Triggers" produced at Table Mountain, Figure
II11~-3 ifllustrates the time frame diagram and shows the
tolerances or time spreads between the two stations, The
time correlated, two-ststion data, is always available
vwithin one millisecond of the Base Station Master Trigger,
This would persit direct correlation of signals with the

11
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sfaric receiver and waveform analyzer equipment in real time,
and would allow all of the signal classifications to be
performed within this time period. The basic system
resolution was limited to four milliseconds minimum between
signals by *he Azimuth Digitizer. The transient recorder
was limited to a recycle time of sbout 34 milliseconds,
however, by the digital magnetic tape tramsport.

IV, SYSTEM CALIBRATION

The effects of local environmental factors can normally
be expected to influence the apparent value of azimuth and
to a lesser extent, the amplitude of a signal as observed at
a given location. The unavoidable presence of conductors,
such as power lines, antennas, fences, etc,, in tke vicinity
of direction finding loops causes distortions in an incoming
wave front-which vary as a function of azimuth, For
accurate position fixing, it 18 necessary to determinc these
siting effects and to apply appropriate corrections to the
observed date. In this case, since range information wvas
desired rather than position information, the calibration
procedures employed were somevwhat different than those which
might be used in a position fixing netwvork.

Amplitude Calibration

As an initial step in the amplitude calibration process,
a flield survey was conducted.

Tvo Type NM-10A Field Strength Meters were calibrasted
by the NBS Radio Standards Laboratory. These were then set
up at the Campion and Table Mountain sites and on June 8 and
9, 1967, a series of simultanevus measurements were taken
of the fleld strength of VLF transmissions from Annapolis,
Panama, Havaii and Seattle. Following the observations, the
field strength meters were again recalibrated and the data
vas reduced.

Seventeen time coincidental observations were made at
each site. The average field strength of a given VLF signal
as observed at Table Mountain was )1.63 dB greater than that
observed at Campion. The mean vas 1.70 dB and the standard
deviation of the data was 2,00 dB.

Using the NM-10A as & tvo-terminal tuned voltmeter, the
transfer function of the whip antenna and receiver used to
axcite the digital dB meter was measured as -20,96 dR, with
a standard deviation 1,78 dB, in terms of V/m field strength
versus output voltage. Replacing the antenna with its
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calculated equivalent capscitance of 22 pf, and exciting
this with a signal generator, a value of -21,.,76 dB was
observed at 20 kHz., The latter value was adopted as
reference and the operational samplifier gain at Table
Mountain was set to provide an indicated output of 15,9 dB
on the digital d% meter from a 20 kHz signal having a
calculated amplitude equal to that resulting from a 1.0 V/a
field strength., The gain at Canpion was set 1.6 dB higher
to offset the observed average difference in field intensity
of distant VLF stations at that site,

To test the validity of these settings, a statistical
evaluation of the observed amplitude of sferic signals wvas
undertaken, Signals from relatively distant sferics
arriving from directions normal to the base line would be
expected to have the saxe average amplitude as observed at
each station, while the amplitude of signals arriviang froa
directions along the base line would be expected to be
slightly greater at the station nearest the source.

Figure IV-1 shows the average difference in amplitude
of 88,338 sferics plotted as a function of indicated
azimuth at Campion and 79,735 sferics plotted as a function
of indicated azimuth at Table Mountain, These data wvere
selected from signals having indicated amplitude at both
stations of 0.28 V/a 2 A 2 0.5 V/m. 1If a median source
function amplitude of 360 Y/m at 1 km and random geographic
distribution is assumed, an average range of approximately
900 km may be calculated, This would result in a displace-
meat of the theoretical equi-amplitude curve by about 0,25dB
alor, the base-line (N-S) direction as compared to its
valuves in directions normal to the base line (E-W),

The curves in Figure IV-1 shov an interesting
correlation in form but have an average displacement of
3.04 48 from zero, The average value of both curves is
shown in Figure IV-2 in polar coordinate form after sub-
tracting 3.0 dB displacement, the wedian difference in
amplitude, The standard deviation of the curve from the
median value 1is 0,30 dB,

The 3 dB displacement of the value of the ¢urve from
zero vas a source of immediate concern, It was discovered
upon reduction of the first data tzpes at NBS, Gaithersburg,
Md, in late October, 1967, Deata collection vas terminated
on November 3, 1967 and the terminal calibration check
disclosed that the response of the Campion amplitude
mcasuring equipment was 3,0 dB lass than that observed at
the time of the Yast calibration which wvas made on August
12, 1967 prior to the collection of presumably valid data.
It was caused by a malfunction in the cable driver.
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This alaoc affected the frequency response as shown in
Figure Iv-3,

As an aid {n evaluating these effects and their
influence on the experiment, the data bhase vas subjected to
further processing. The average difference in anmplitude was

Mountain for those signals arriving from azinuths vithin
5° of East and West. The results are shown in Table Iv-1
and Figure IV-&,

Table IV-)

Fleld Strength No. of Siguals 4 Amp, dB

CAM - Tv
2.5 = 1,0 v/nm 510s -3.21
1,0 - 2,0 v/ 750 -3,71
2.0 - 4,0 V/n 15} -3.83
4.0 - 8.0 v/p 16 -3.87
8.0 16,0 V/n 1 -5,.4

There appears to be a tendency for the difference !n
obhserved amplitude to increase with increasing signal
avplitude, This ig consistant with the obscrved impalrment
to the high frequency response at Campion.

Azimuth Calibration

during the 1966 thunderstorm tesson, efforts were made
to obtain azimyth calibration data to compensate for siting

Although some potentially useful data was obtained, the
process was not efficient, Other means were employed after
invslidation of this data base occurred vhen the crossed-
loop antenna at Table Mountain was destroyed by high winds,

The process was based on evaluating the average
difference in indicated azlmuth, as a function of azimuth
for a large nunber of moderately distant sferics, Tre
signals selected were o subret of those employed in
calculating amplitude differences, i.e., indicated
amplitudes between 9,28 V/m and 0.5 V/m, but excluded
certain time intervals vhen the station log records
indicated that azimuth dats might be invalid., 73,94} pairs
of azimuth observations were then processed ty computing the
average differcnce in szimuth for the Pairs associated with
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each 5~degree segment of azimuth as observed at Table
. Mountain. In computing these averages, any individual pair

having a difference in excess of 45 degrees was disregarded,
4,998 such instances occurred, The data wvere then repro-
cessed in a similar manner except exclgding any individual

. pair having a difference of more than ~15 degrees from the
average difference as previously calculated for that 5-
degree sector, 10,727 pairs of signals were excluded on this
basis. The remaining 63,234 pairs did not, of course, have
uniform distribution as a function of azimuth, The average
population is 878 pairs per 5-degree cell, the mean
population is 421 pairs and the minimum is 14 pairs.

The average difference in azimuth as computed above !
represents the magnitude of the cowmbined effects of siting
errors at both stations for infinitely distant signal
sources, Since the actual signals employed have an
estimated average range of approximately 900 km, a
convergence of approximately 1.7 degrees is indicated at an
azimuth of 90 degrees, The convergence would decrease
sinusoidally to zero at zero degree azimuth, The correction
for convergence has been applied to the average difference
in azimuth and the results are shown in Figure 1V-5,

station to the total siting errors shown in Figure IV-5, {t ;
is necessary to compare observed azimuth data with centers
of atmospherics activity in known locations. The U,S,
Weather Bureau disseminates radar summavries of cloud cover ! i
over the major portion of the continental United Statec at ; |
two hour nominal intervals. These charts were reviewed for { |
the months of September and October 1967 to determine time ;
intervals wvhen suitably isolated areas of activity were i
reported, Three such instances were noted and samples of *
the Campion and Table Mountain data collected during these
times was printed out and analyzed. In the one case in ;
which siting errors were large, it was found that the !
Campion contribution was at least twice the Table Mountain
contribution to the total siting error. The instances where
weather activity could be correlated with azimuth data as
described above occurred within relatively restricted
regions of azimuth 123° =~ 127°, 212° - 228° and 40° - 42°,
. Of these, only the first is in a region where total
azimuthal eiting errors were large.

ﬁ‘ In order to evaluate the relative contribution of each !
o
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As an aid in evaluating the effect of applying the total
szimuth correction to either station, Figure IV-6 was
constructed, This figure shows the apparent distance as a
function of Table Mountain azimuth to fix positions resulting
from a 12-degree convergence in azimuth, One set of curves
shows the total correction applied to the Table Mountain
indicated azimuth. A second set of curves represents
application of the total correction to the Campion indicated
azimuth, The difference in distance is indicated by a third
set of curves.

The greatest percentage error occurs in directions where
amplitude differences would be expected to be useful in
establishing range. An arbitrary decision was therefore made

to apply the total correction to the Campion azimuth data,

V. EXPERIMENTAL RESULTS

The installation of the equipment described in Section
I1I vas made by a team of engineers and technicians from NBS,
Washington, D.C., in June and July 1967, acting in collabora-
tion vith the regular HANDS staff.

During this period, it was ascertained that the original
plan involving real-time processing of the two-station
azimuth and amplitude data on the SDS 930 computer at Table
Mountain could not be implamanted due to unavailability of
the necessary computer programs and the unavailability of
personnel to generate them and integrate them in the existiug
930 operating system within the time constraints established
by the summer thunderstorm season,

There vas no reasonable alternative but to modify the
experimentsl plan to provide for digital acquisition only of
the tvo-station data wvith the 930 computer and to process
these data at NBRS, Washington, vhere they would be correlated
vith independently racordad data obtained from the sferic
receiver and vaveform analyzer,

Under this ar-angement, the two-station data could be
recorded along with datsa from the other HANDS sensors with an
acceptable amount of programming effort and minimum modifica-
tion to the 930 operating system,

The output or "RK" tapes from the 930 each contain
sevaral days of multisamsor data. They ara processed using
the central computar facilitias a2t Boulder Laboratorias. As
one of the procassing staps, arrangements were made to strip

23
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off the two-station data and rerecord this on separate
digital magnetic tapes which were then shipped to Washington,

Data frow the sferic receiver and waveform analyzer was
recorded on the high-speed digital transient recorder and
these tapes were then shipped directly to Washington without
prior processing at Boulder,

The first two-station data tape was received in Washing-
ton late in July and preliminary examination of printouts of
the raw data indicated the probability that equipment mal-
function had occurred, This probability was confirmed and
several equipment failures were located and corrected by
August 19, 1967, Data collection was again initiated but
almost immediately interrupted by a series of computer
outages and another failure of the AWRE azimuth digitizer at
Table Mountain, Following the correction of these faults,
two-station data collection was again resumed on September 6,
1967 (day 249) and maintained for continuous periods ranging
from a few hours to a few days duration until November 3
(day 307). The times at which data was collected which was
presumed (at the time) to be valid are shown in bar graph
form in Figure V-1 for the period from day 249 to day 268,
The operation from day 2069 to day 307 was more nearly
continuous but little or no local thunderstorm activity
occurred during this time,

The second and third tapes of two-station data were
received in late September and early October. They were
accompanied by sample print-outs of the raw data as shown
in Figure V-2, The format is described as follows:

HEADING Record No., Day of Year, Hour of Day, etec.

TIME CAMPION AMP TABLE MT AMP TIME
CAMPINN AZIMUTH TABLE MT AZIMUTH, etc,

TIME: The time word consists of 6 digits: minutes,
seconds and ceutiseconds.

AMPLITUDE: The amplitude word consists of 24 bhits
(8 octal 3131:-) encoded as follows:
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Flag - must be zero to indicate amplitude word
-= V/mfus bit - used 2aly im summary statistics
—- Overload bit - must be a 1 for valid dats
-e 9-bit binary amplitude data - LSB

equal to 0.1 dB, MSB = 25.6 dB

]
0X1 XXXXXXXZXX 0X1XXXXXXXZ¥X¥X

Same meanings

as first half of word
CAMPION AMPLITUDE —=— +TABLE MT AMPLITUDE

AZIMUTH: The azimuth word consists of 24 bits (8

octal digits) eacoded as follows:

-- Flag - must be 1 to indicate azimuth word
~— Validity - must be 0 to indicate valid data
~- Binary hundreds of degrees
-= RCD tens degrees
-~ BCD units degrees

R
1oxxxxxxxxxxiloxxxxxxxxxx

»

P

Same meanings

as first half of word
CAMPION AZIMUTH «— |»TABLE MT AZIMUTH

The first step in processing was the preparation of a

"yalid Data" tape by screening the rav two-station data
against the following series of tests:

A valid amplitude word must:

1) be associated with a valid azimuth word having
the same tire to %t.01 second, and,

2) the octal representation of each half word must
begin wvith 1 or 3, i.e., both flag bitas must be
0 and both overload bits must be 1, and,

3) have a non-zero value for the binary representation
of asmplitude,
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Any word not meeting these three criteria should be
rejected., A valid azimuth word must:

1) have & or 5 as the octal representation of the start
of each half word, i.e,, the flag bit must be 1 and
the validity bit must be 0, and,

2) contain no 1illegal BCD characters in the tens or
units positions,

Any invalid azimuth word should be rejected from further
processing,

This screening was intended to eliminate signals which
had been observed only at Table Mountain or only at Campion
rather than at both sites, and to further eliminate time
correlated palrs of signals when the validity of the data
was questionable because of overload, zero amplitude
indication, etc.

A program was then prepared to convert the information
to engineering units, compute the difference in observed
amplitude and azimuth for each signal pair and print out the
first twenty records after the start of each hour for
manual inspection, A sample of this output is shown in
Figure V-3, The time span covered by the first twenty
records of each hour i3 a useful indicator of the relative
level of sferic activity. It ranges from a few seconds
during active periods to a few hundred seconds during times
of low activity,

The "Valid Data" tapes were then processed to develop the

average difference in amplitude and average difference in
azimuth curves plotted as a function of azimuth for calibra-
tion purposes as described in Section 1V of this report.
The 3 dB offset in difference in amplitude was observed at
this time and identification of its cause a few days later
raised grave doubts as to whether or not anv valid conclu-
sions could be drawn from these data,

As a test, however, two sample time intervals vere
selected when there was moderate activity as indicated by
the data recording rates. Thecse were periods of a few hours
duration bLeginning on days 258 and 259, They arc designated
by wide bars in Figure V-1, An "Edited Valid Data" tape was
prepared which encompassed these time periods and in which
3.0 dB was added to each Campion amplitude wmeasurement,

This tape was processed with the R-45 tape from the sferic
receiver and waveform analyzer to extract information to
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prepare a "Coincidence" tape. The "Coiacidence" tape
contained measurement data made from signals which vere
positively correlated. Both time and Tahle Mountain Azimuth
were required to he in agreement from both source tapes for
the signal to be accepted for entry on the "Coincidence"
tape. A flow diagram of the selection process is shown in
Figure V-4.

The "Coincidence” tape was then processed to extract
only those signals which were indicated as being within the
potential ranging distance of the system. That is, signals
which showed 5 12° convergence in corrected azimuth or
5 2 dB difference in amplitude. Signals which did not meet
these criteria were considered unresolved as their
normalized source function amplitude could not be determined
with "acceptable" accuracy from the available data. The
flow diagram for this selection prucess is shown in Figure
V"So

The sferic receiver and waveform analyzer equipment was
arranged to initiate a record on the high~-speed transient
recorder (R-45 tape) under any of several conditions which
might occur individually or collectively, The circumstances
contributing to record initiation are indicated by the
contents of two six-bit "Identity" characters contained in
each record,

Recording was initiated under any of the following
circumatances:

a. Receipt of a signal having waveform features as
described in Table V-1 but provided also that the peak
amplitude of the first half-cycle was > 0.5 V/m and its
duration (or the duration of the immediately following half-
cycle was 3 10pys,

b. Receipt of any signal having a peak amplitude
> 10 V/m.

¢. Simultaneous (within propagation delay time)
triggers from the AWRE transient detectors at Campion and
Table Mountain,

d., The overflow of a 9-hit counter that is advanced by
one count for each signal accepted for processing by the
wvaveform analyzer, i.e., amp > 0.5 V/m, duration > 10 ps.
Each overflow indicates that 512 signals have been
accepted for processing.
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R-45 Tape Edited Valid
Data Tape for
Times Shown
Talley E Talley A
No. of Waveform No. of Two-Station
Analyser Entries
Entries
Time
Yes Coincidence
Tally B
No. Non-
Coincident
l in Time
Tally C
No. Unequal
Table Mt.
Azimuth Discard
1 -
Tally D Discard
No. Good Entry
Entries
J— Times
Write on DAY HOUR SECOND
Coincidence
Tape From 258 23 2925.42
To 259 6 3000,
From 259 20 5.3
To 260 o2 5180.

FIGURE V-4 - Flov diagram for the preparation of "COINCIDENCE" tape
fram tvo-station data and sferic receiver and wvaveform
analyser data.
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Read Entry

from
Coincidence
Tape
Correct Cam
Az. for Siting
Error per
Table
Azimith
£180°
T.M. Azimuth Cam. Azimuth
Minus Minus
Cam. Asimuth T.M. Azimth
L ]
Yes Az. No
‘312"
Print Out Tally P
2 Sta. and No. Unresolved
R-&5 Data Entries
Discard
Entry
Mgure V-5 - Flov diagram for preparation of

useful entries.
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e. The overflow of a 7-bit counter that is advanced by
one count each time the quantization of the vaveform
features of an accepted low level signal (0, V/m ?
amplitude Z 10 V/m) matches the features of the immediately
preceding signal and provided less than 200 ms has elapsed
since the receipt of that signal.

Table V-1

First half-cycle features

Class Rate of Rise Duration Peak Amp. Polarity
A S 1,0 V/m/us “ 30 us 1.0 V/m Neg.
B 520.0 V/m/ys < 20 us 5 1.0 V/m
c $10.0 V/m/us < 30 us 51.0 V/m

vl

v

The settings shown in Table V~1 above may be associated
with the classes of interesting events described in Volume I
of this report,

During the time interval from day 258, hour 23, second
2925,42 until day 259, hour 6, second 3000,.00, there were
18,439 sets of two~station amplitude and azimuth entries on
the "Edited Valid Data Tape”", During the same time interval,
there vere 4,567 entries on the waveform analyzer (R-45)
tape, Of these, 6444 were coincident in beth time and Table
Mountain azimuth on both records and these «sere transferred
to the "Coincidence Tape”.

Analysis of the "Identity" characters associated with
the 4,567 waveform analyzer records reveals the following:

a, 15,360 t511 signals were accepted for processing
by the waveform snalyzer,

b, 3,371 signals had peak amplitude 5 10 V/m and the
renainder, 11,989 511 had peak amplitude 5 0.5 V/nm.

c. 768 1127 signals had waveform features matching
those of a signal processed 200 ms or less earlier and were
discarded as multiple stroke sferics,

d. 1162 signals fell in one or more of the classifica-
tion levels shown in Table V-1,

e, 849 signals fell in Class A,
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f. 3 signals fell in Class B,

g. 266 signals fell in Class C.

h. & signals fell in Classes A and B,
i. 40 signals fell in Classes A and C.

j. No entries resulted from coincident triggers from
the AWRE transient detectors at Campion and Table Mountalin,

The 444 entries which were coincident with the two-
station data were reduced to 290 "useful data" entries by
the processing shown in Figure V-5, These 290 entries had
the following classifications:

a. 39 signals had peak amplitude 5 10 Y/m,

b. 159 signals fell in Class A.

¢, 78 signals fell in Class C.

d. 10 signals fell in Classes A and C.

e, 4 entries resulted from overflow of the signal
accept counter.

These 290 entries were printed out and are reproduced in

Appendix I.

The second time period, beginning on day 259, hour 20,
second 5,32 and extending to day 260, hour 1, second 41.00
contained 15,580 sets of two-station data and 3318 entries
of waveform analyzer data, Of these, only one was
coincident in time and in Table Mountain azimuth and wvas
tranasferred to the "Coincidence Tape",

Analysis of the "Identity" characters associated with
the 3,318 waveform analysis entries resulted in the
following summaries:

a., 15,360 ¥511 signals were accepted for processing by
the waveform analyzer,

b. 422 signals had peak asplitudes > 10 V/m,
c. 1024 127 sigoals had waveform features matching

those of a signal processed 200 ms or less earlier and were
discarded as multiple stroke sferics.

35

PRSP R A




d. 2,868 signals fell in one or more of the
classification levels shown in Table V-1,

e. 2,213 signals fell in Class A,

f. 48 signals fell in Class B,

g. 503 signals fell in Class C,

h, 7 signals fell in Classes A and B.
i, 97 signals fell in Classes A and C,

j. One entry resulted from coincident triggers from the
AWRE transient detectors at Campion and Table Mountain.
This was also coincident with one of the 7 signals falling
in Classes A and C.

The 290 "useful data"” records from time period one were
transcribed from computer tapes to a printed output for
manual examination and evaluation. This was accomplished
using a plotting table at a scale of 5 km = 1 inch., Fixed
azimuth circles with pull strings were centered over the
scaled positions of Table Mountain and Campion and curves
representing selected equal differences in amplitude were
laid out around cach station. The distance from Table
Mountain to a sferic source was determined by measuring from
the intersection of the azimuths and by measuring from the
intersection of the Table Mountain azimuth with the curves
of equal difference in amplitude.

The radar summary report for day No. 258 hour 23:45
shows only one area of cloud cover within 900 km of Table
Mountain, This is a small, well defined region of thunder-
storm and light shower activity extending from about 50 kr
north of Puehlo, Colorado to about 150 km north northeast of
Pueblo as reported by the Pueblo weather radar, There is no
complete assurance that there were not other regions of
activity outside of coverage of the weather radar network;
hovever, the recoras at Stapleton Fleld, Denver, Colorado
report light thunderstorm activity to the southwest to
southeast at that time,

The radar summary report two hours later shows the area
of activity to have spread considerably to the south and
east, Stapleton Field records do not indicate thunderstorm
activity for this later time.
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The 23:45 position of the active area as reported by
radar was centered at the approximate position represented
by an azimuth of 130° and range of 155 km to Table Mountain
as shown by the hatched outline in Figures V-6 through V-11,
These figures also show the plotted position of the "useful
data" fixes for six successive 10-minute i{ntervals beginning
at about 23:50,

The plotted fixes show an average range from Table
Mountain that is considerably less than the range to the
active area, In fact, rany of the fixes are at a range that
is less than the 50 km distance from Table Mountain to
Stapleton Field, Since Stapleton reported no thunderstorm
activity to the north, it seems unlikely that these fixes
could be valid,

In Figure V-6 the average range of the fixes shown is
about 60 km, The average amplitude is approximately 1.2 V/m
indicating an average normalized source function amplitude
on the order of 72 V/m at 1,0 km, Such a low value further
supports the conviction that the fixes are invalid and that
the sferic activity toock place in the region reported by the
radar summary.

The results from plotting these data from the selected
time periods are interpreted as confirming the invalidity
of the Campion amplitude data, In addition, they show
evidence of considerably greater variations in azimuth data
than had been anticipated., Because of these gross incon-
sistencies, no attempt was made to plot the remaining data
from time period one, and further processing of two-station
data from other time periods was terminated.

Jata from twvo of the tapes from the high-speed transient
recorder were processed independently to deternine the
number of entries which were initiated as a result of time
coincidental (within equipment and propagation delay limlts)
triggers from the AWRE Transient Detectors at Campion and
Table Mountain, These triggers were gencrated by signals
exceeding 10 V/m in amplitude and having a rate of rise of
at leasz 10 V/w/us which did not persist for more than one
microsecond. One tape covered the period from day 235
through day 238 and contained three entries; one each on
day 235, 237 and 238, The second tape covered the period
from day 255 through day 269. Sixteen entries occurred on
day 255 and one each on days 259, 260, 261 and 269. The 16
entries on day 255 were not considered valid as they wvere
not supported by dally counts accumulated on electromechan-
ical counters activated by the Table Mountain Transient
Detector. They are believed to have been caused by system
tests.
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Figure V-9
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A FIX BASED ON IRTERSECTION OF TWO AZINUTES.

® FIX BABED O INTERSECTION OF TM AZIMUTH
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Figure V-9
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Discussion of Results

The fixes of sferic activity shown in Figures V-6
through V=11 result from what is believed to be a single
area of thunderstorm activity located in the approximate
position of the hatch-bounded rectangle. The storm is
centered at an azimuth nearly midway between that at which
bearing information only could be used for establishing
fixes and one on which only azimuth-amplitude difference
fixing could be employed, In fact, its azimuth would have
been almost ideal for a comparative evaluation of thesge two
methods of obtaining range {f the Campion amplitude data had
been reliable, It is, however, slightly beyond the nominal
ranging capability of the system based on the design
assumptions of ¥1.0 dB amplitude measurement capability and
2$2° szimuth measuring capability and the "useful signal”
processing shown in Figure V-5, Had these original measure-
ment accuracy assumptions heen realized, most of the
"coincident" records from the time period should not have
appeared in the "useful data'" output but rather have been
reported as unresolved, Only 154 of the 444 coincident data
points were so classified. 290 records, nearly two-thirds
of the total, showed azimuth convergence > 12° or amplitude
difference 3 12° dB, Of the 104 records plotted in Figures
V-6 through V-11, 80 were based on an azimuth difference
5 12°, 68 were represented by an amplitude difference
2 dB and 44 met both criteria,

vl V

Because of the malfunction in the Campion equipment for
measuring amplitude, no conclusions can be drawn from the
fixes which are based on difference in amplitude inter-
sections with a single azimuth,

The fixes based on the intersection of two azimuths,
however, were obtained from equipment which was believed to
be functioning normally, These show a considerable
variation in range for events occurring on the same azimuth
as observed at Table Mountain., If the thunderstorm activity
is accepted as being in the area shown by the radar summary,
the dispersion in fix positions strongly suggests that the
uncertainty in azimuth determination is somewhat greater
than was anticipated. For example, the azimuth fixes in
Figures V-6 through V-11 on an azimuth of from 130° to 140°
at Table Mountain vere plotted from azimuths having an
average convergence of 15° but the range of convergence was
from 4° to 32°, Of the 42 sets of data in this group, 22
sets shov azimuth convergence that is more than #*2°
different from the average convergence, 15 sets show azimuth
convergence more than %#4° different from the average
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convergence, and 10 sets of data are more than %6° from the
average value of convergence, The rather broad skirts of
this distribution curve may have additional significance in
that these data were centered in a narrovw segment of azimuth
and since the presumed region of origin was moderately
distant compared to the inter-station separation, large
differences in the effects of polarization induced errors
would hardly be expected.

The data shown in Appendix I 1lists signal amplitude as
observed by the AWRE signal normalizer at Table Mountain.
These values correlate very poorly with the values obtained
from the Digital dB Meter at Table Mountain, Some
differences would be expected as a result of the differences
in bandwidth and sample time aperture in the two equipments,
but the variations appear to be greater than anticipated
from those factors,

Another anomaly in the data results from the low number
of data entries which were coincidental in both time and
azimuth, During the first time period there were approxi-
mately 18 thousand two-station data entries and about 15
thousand signals were processed by the waveform analyzer,
yet only 444 of these were coincident in both time and
Table Mountain azimuth., Considerable difficulty was
experienced in reading the magnetic tape from the waveform
analyzer and {t was necessary to ignore the parity check in
the tape reading process. The reading problems may accourt
for the small number of coincident records and probably are
the reason for the occasional instance where the Table
Mountain azimuth as derived from two record sources
operating from the same instrument differs by one degree,

VI, CONCLUSIONS AND RECOMMENDATIONS

The results of processing the data base sample as
described in Section V lead to only a few conclusions which
may be approached with confidence,

There appears to be no doubt that the malfuncticn of the
amplitude measuring equipment at Campion has resulted in
apparent differences in amplitude which may be as much a
function of sferic waveform as they are of sferic location,
Thus, it is not possihle to evaluate the effectiveness of
obtaining fixes from the amplitude difference technique
using the available data base,
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There is clear evidence from the data that variations in
the amplitude of signals received over propagation paths a
few nundred kilometers long were dependent on the direction
of arrival. The average combined magnitude of these
variations was on the order of one dB for the two sites
employed in the experiment. These variations appear to be
reasonably consistent and reproducible and could presumably
be at least partly corrected by a suitable fixed compensa-
tion curve,

The observed dispersion in indicated azimuth does not
permit establishing range from the intersectior of two
azimuths to the desired accuracy in even the most favorable
quadrants, Thus, even if the experimental design objectives
ragarding amplitude measurements had been obtained, the
results might have been satisfactory in quadrants centered
along the baseline direction but would have gtill been in-
adequate in the quadrants centered on 90° and 270°, Fronm
examination of the data observed during time period one, it
appears that the waveform characteristics shown in Table V-1
may be useful as discriminants against more than 90 percent
of sferics which have propagated over distances of about
150 km, It is significant that this discrimination ratio
could not have been materially improved by the two-station
system under any clrcumstances as the activitv occurred at
a distance heyond the design ranging limits of the system.
From this, it may be concluded that If all sferics within
a 100 km radius were correctly ranged and identified, there
would still be a false alarm rate of about 10 percent due to
signals which met the waveform acceptance criteria employed
but were outgside the ranging distance of this type of two-
station system,

It is interesting to note the ratios of signals which
wvere observed {in each of the three classes shown in Table
V-1. A high rate of rise appears to be a very powerful
discriminant even at amplitude thresholds as low as 1.0 V/m,
At 20 V/m/us rate cf rise, a rejection ratio of over 2000:1
occurred, Thls ia over 40 times greater than the rejection
ratlo observed at 10 V/m/us rate of rise,

The use of the spaced palir of AWNE Transient Netecctor
Systens is reported by Grubb* to provide a discrimination

* Grubhb, R,N,, Lightning Background Discrimination Fxperi-
ment3y Using a Spaced Pailr of AURE Transient Detector
Systems, Hands Group Note, 26 Nctober 1967,
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ratio of about 100:1 against lightning signals exceeding

10 V/m, During the two perlods selected for data reduction,
only a single coincident trigger was recorded from these
transient detectors, Based on the somewhat limited
experimental evidence, they appear to offer considerable
promise as a discriminator against high amplitude
atmospherics. Used in conjunction with other sensors
responsive to a high altitude nuclear burst within the fileld
of view, they should contribute to a significant reduction
in false alarm rates and to enhanced detection capability for
this class of event,

If the rate-of-rise criteria of the spaced transient
detectors were increased from 10 uV/m/us to 20 uvV/m/us, it is
believed that the false alarm rate should be reduced to a
value very close to zero. An experiment to verify this
conviction has been proposed to the HANDS group with the
recommendation that it be conducted during the summer of
1968,

It 1s also recommended that additional experiments be
conducted using the waveform analyzer aquipment., This
equipment includes several parameter quantizers ip addition
to those listed in Table V-1, and their potential as
discriminants has not been fully investigated.
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APPENDIX I
Single and 2-station Coincident Data Points

The listing of single and 2-station data points from time period one
follows the format described below:

Each page of the listing is headed with the day of the year (1967)
and hour of the day and the remaining data is listed in 13 columns.

Column 1 lists the time in seconds and centiseconds past the nhour
shown in the heading.

Columng 2, 3 and 4 show the indicated amplitude in 4B

(1.0 V/m = 15.9 dB) at Campion and Table Mountain and their difference,
respectively, The Campion values have been adjusted by +3.0 4B based
on the calibration procedures described in the report.

Columns 5, 6 and 7 show the azimuth observed at Campion and Table
Mountain and their difference,respectively. Azimuth data are
referenced to the baseline between the two sites and Campion values
have been adjusted in accordance with the correction curve shown in
Figure V-5,

Columns 8 and 9 show the amplitude and azimuth data recorded from the
AWRE Signal Normalizer and Azimuth Digitizer at Table Mountain.
Amplitude is indicated in 4B but is inverted in sense from data shown
in colums 2 and 3, i.e., decreasing values indicate increasing signal
amplitude and a value of zero indicates overload.

Columms 10 and 11 are flag characters. Flag 1 (column 10) was not
used. Flag 2 shows a value of 15 during periods of normal data record-
insl




Column 12 shows a coarsely quantized value of peak amplitude as ob-
talned from the Sferic Receiver and Waveform Analyser. A value of 72
reprerents a peak amplitude of approximately 0.5 V/m. Decreasing
values indicate increasing signal strength in steps of approximately
3 dB, e.g., 30 indicates approximately 1.0 V/m peak amplitude.

Column 13 shows a four digit value used for identification of signal

classification:

If daigit one
If digit one
If digit one

[l \V IR =N E

If digit two
If digit two
If digit two

If digit three
If digit three
If digit three

Digit four

=L

= 2

Signal is Class A¥
Signal is Class B*
Signal is Class C*

Signal amplitude > 10 V/m
Transient detector coincidence occurred
Not used

512 events have been accepted for
processing

128 signals have had matching wave-
forms

Not used

Not used

Summation is allowed, l.e., a value of 5 in digit one indicates a
signal meeting both Class A and Class C criteria,

* See Table V-1,
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