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ABSTRACT

Project 6.9 participation in the Tight Rope, Blue Gill, King Fish, Check Mate, and Star
Fish events was quite successful. The objectives of this project were to: (1) determine,
as a function of frequency, the time history, position in space, and the strength of all
radar echoes associated with these high-altitude bursts, (2) interpret military signifi-
cance of these results, and (3) use these results to contribute to the overall development
of a phenomenological model of high-~altitude nuclear detonations.

The UHF instrumentation for this project consisted of the following: ground-based
radars at 398, 850, and 1210 Mc were used at Johnston Island. Shipborne radars at 140
and 370 Mc were used in the magnetic conjugate area. A total of six 425-Mc AEW radar
aircraft were used in the detonation area and in the magnetic conjugate area.

In the detonation area, the radars located at Johnston Island obtained echoes from the
fireball/debris for each of the tests; these echoes are summarized in the table below.

UHF FIREBALL/DEBRIS ECHOES

Test Maximum Amplitude Maximum Duration
Star Fish 20 db 1 to 2 seconds
Check Mate > 50 db 6 minutes

King Fish >50 db 10 minutes

Blue Gill >50 db 25 minutes

Tight Rope 40 db { minutes

In addition, detonation-area auroral clutter was observed north of Johnston Island on
Star Fish, Check Mate, and King Fish. These echoes were generally weak and sporadic,
but persisted for quite long periods of time. The reflections generally cccurred at
heights between 80 and 500 km. The table below summarizes these measurements.

DETONATION-AREA AURORAL CLUTTER

Test Maximum Duration
Star Fish 5 hours

Check Mate 2 hours 39 minutes
King Fish > 2 hours 55 minutes

Increases in radio noise were detected on the Johnston Island UHF radars on Check
Mate, King Fish, and Blue Gill. The maximum temperatures and durations are shown
below.

RADIO NOISE
Test Maximum Temperature  Maximum Duration
Check Mate 10,000* K > 140 seconds
King Fish 7,000* K > 20 seconds
Blue Gill 3,000° K 100 seconds
5
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Observations of the radar effects made in the magnetic conjugate area obtained posi-
tive results on all except Blue Gill at 140 Mc, and on some 8hots at 370 Mc, The dura-
tions are shown in the following table.
CONJUGATE-AREA AURORAL CLUTTER ;

140 Mc 370 Mc

Test Maximum Duration Maximum Duration
Star Fish 240 seconds 170 seconds
Check Mate 360 seconds None

King Fish 740 seconds 110 seconds
Tight Rope 54 to 110 minutes None

These echoes were similar to the detonation~area auroral clutter in that they were
weak and sporadic in nature. Early-time conjugate echoes were used to determine the
actual magnetic conjugate point for comparison with the calculated magnetic point, using
Finch and Leaton coefficients.

The echoes and increases in background noise levels could have deleterious effzcts on
ballistic missile defense system radars. The increased sensitivity of such missile sys-
tem radars (as much as 44 db greater) over the Johnston Island radars would make the
detonation-area clutter seen on such a radar extremely intense and longer lasting than

indicated above.
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’ CHAPTER 1

INTRODUCTION

The detonation of nuclear devices at high altitudes in the
atmosphere produces complex and interrelated phenomena dependent
not only on yield, altitude, and ratio of fission-to-fusion yield,
but also upon geometry with respect to the earth's magnetic field
and time of day.

The ionizing radiations from the bomb itself produce wide-
scale effects which at high altitudes are constrained only by the
earth’s curvature, the earth's magnetic field and the denser air

Lelow. In addition, the lingering fission products are a signif-

icant continuing source of ionization effective for many hours.

Thirdly. tig deposition of large amounts of energy in the atmos-
phere produces large-scale motions in the atmosphere; shocks,
waves, and turbulence, which in the absence of the other two

direct ionization effects, would alcne be very important in re-

ey

arranging the natural existing ionization. :
There are two separate viewpoints from which radar measurements
during high-altitude detonations are important. Radar studics of
bomb-produced clutter are vitally needed to answer the immediate
needs of systems designers, and to fill in gaps in present knowledge.
From the second viewpoint, diagnostic studies are very much in order
to improve our understanding oi the phenomeinon itself. Only through

this latter approach can a good body of detailed knowledge evolve

which can be drawn upon in the future for systems as yet unconceived.

.

19

Y1 e sty L




- e — —_————— __-._.._1

9

1.1 OBJECTIVES
The main objective of Project 6.9 was the development of an improved
understanding of the radar reflection phenomena of high-altitude
nuclear detonations so that the military significance of such
phenomena on AICBM systems can be assessed. In addition, the
experimental radars assembled for Fish Bowl Project 6.9 have been
specifically designed to yield as much information concerning ;
the phenomenology of high-altitude nuclear bursts as is possible. ’
More specifically, the objectives of Project 6.9 are listed ;
below:
1, To determine as a function of time the strength, position
in space and variation as a function of radar frequency the radar
reflections associated with: E
{(a2) the fireball/debris
(b) the auroral clutter in the detonation area
(¢) the auroral clutter in the magnetic conjugatec area

(d) the tube of ionization passing overhead at the mag-

S

netic equator.

2. To correlate the radar reflection results with visual

et

phenomene seen looking at:

(a) the fireball/debris

(b) the auroral effects in the detonation ar~a

CShsae

(c) the auroral effects in magnetic conjugate area
(d) the tube of visual effects passing overhead at the

magnetic equator.
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3. To provide information concerning the earth's magnetic
field by observing magnetic conjugate effects.

4. To contribute information which will allow the assessment
of the effects of high-altitude nuclear detonations upon advanced
radars presently in use and contemplated for use with ballistic
missile systems.

5. To contribute as much information as possible to the
development of an overall phenomenological model of high-altitude
nuclear detonations so that all effects of such detonations at any
other yield and altitude may be predicted as accurately as possible.
1.2 APPENDED INFORMATION

Appendixes A and B contain information on radar performance and
data reduction. Appendix C contains a recommendation for radar measure-

ments during Operation Blue Rock. ~ Appendix D presents recommendations

for data acquisition and processing.
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CHAPTER 2

TIGHT ROPE . 3

2.1 INTRODUCTION
This detonation was expected to produce a well-contained

fireball which would expand gradually and rise slowly.1 The size

of the fireball at 1 second was estimated to be in

X diameter. It was expected to rise at a rate of less than 100

m/sec.
As the fireball should be of high electron density, extensive

radar returns were expected from it.

No auroral clutter was expected to be observed in the burst
area, Virtually no auroral conjugate effects were expected unless
the debris rose to an altitude Some effects
in the conjugate- area were‘expected as a result of gamma-produced
Compton electrons,though these effects were not expected to be

seen by UHF radars.

2.2 PROCEDURE

2.2.1 Johnston Island Radars,

Instrumentation. The Johnston Island instrumen-

tation for Project 6.9 consisted primarily of three UHF radars and
a seven-frequency HF pulse radar (sounder). These radars were
housed in three portable vans. Figure 2.1 shows one van being
unloaded at Johnston Island. The field site layout is shown in

Figure 2.1 of Volume 1, which is an aerial photograph of part of

1
See Volume 1 for a more complete discussion of the expected results.
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Johnston Island,

Each UHF radar was composed of a pulsed klystron transmitter,
gas tube duplexer, parametric amplifier receiver system, and syn-
chronizing and display equipment. All three UHF radars operated
into a common antenna, the 86-foot dish. Figure 2.2 is a block
diagram of the 398~Mc radar system; the 850-Mc and 1210-Mc systems
were essentially identical. Figure 2.3 shows the interior of the
van containing the 398-Mc and 850-Mc transmitters.

Each of the radars was calibrated by first measuring the trans-
mitter power output following the duplexer with a calibrated
directional coupler and a microwave power meter using a thermistor
mount, then by inserting a calibrated RF pulse from a signal gen-
erator back into the receiver through a directional coupler in
front of the duplexer. In this way, the radar sensitivity could
be monitored continuously at all times.

The antenna was a parabolic dish type with an elevation-
2zimuth mount, steerable in ail directions.and continuously
rotatable in azimuth. The dish was composed of an aluminum radial
truss-and-ring assembly, constructed around a steel-barrel truss-
and-tripod support. The dish was mounted on a surplus naval 5~inch
gun mount. The dish and mount were supported by a steel tower and
base frame. Figure 2.4 shows the mount being lifted onto the
tower. Expanded aluminum mesh tied onto the ring assembly formed

the reflecting parabolic surface, the measured rms deviation of
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which was abproximately 1/2 inch. The limited deviation and the
mesh size, 5/8 inch by 5/8 inch, ensured that the dish would perform
properly up to a maximum frequency of 3 Gc. Figure 2.5 shows the
dish being lifted for attachment to the mount,

The mount was driven in azimuth and elevation by 50~hp and
25-hp wound-rotor induction motors, respectively. The motors were
controlled from the control van. The dish drives, controls, and
position indicators allowed manual positioning to an accuracy i/
degree in azimuth or elevation. The azimuth speed control allowed
a continuous speed variation of 2~1/2 to 5 rpm (15 to 30 degrees per
second). The elevation speed control allowed a continuous speed
variation of 0 to 2 degrees per second. In addition to the manual
controls, an automatic programmer coculd control the dish in a scan
mode, wherein the dish revolved continuously in azimuth and moved
successively to preselected elevation angles. Any number of 36
elevation angles could be selected to which the dish would move and
pause at for one azimuth revolution before proceeding to the next
selected angle. This process continued until a lower limit was
reached and the elevation scan direction was reversed. The dish
would then proceed upward, pausing at the selected elevation angles
until an upper limit was reached and the scan direction was again
reversed.

A Q*ﬂiCOH TV camera with its field of view co-iinear with the

dish axis was mounted on the lower rim of the dish. A closed-circuit
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monitor in the van allowed the dish to be boresighted on any visual
object with an accuracy of 21/4 degree. A parallel monitor was
recorded by a movie camera.

The RF system for the dish consisted of a three-frecquency fced,
two three-channel rotary joints, and three coax lines, each 120 fect
long. Figure 2,6 is a view of the completed antenna.

Each of the three transmitters was composed of a pulse-modulatcd
klvstron amplifier with power supply, pulse modulator, driver, and
cooling system. In order to produce a pulse-modulated RF output from
the klystron amplifier without jamming the recciver, both the RF

drive and the klystron beam current were pulsed. The RF drive was

pulsed by gating all stages of the driver multiplicrs and ampli-

fiers except the oscillator stage. The klyst on beam current was
pulsed by switching the klystron mudulntxng'anodu betweon ground

and the beam voltage. This was accohplished by a pair of switching

units in the klystron modulator unit, The high peak-output power

was achieved by using a ~28<kv operating-beam voltage.

Each of the receiver systems was composed of a parametric
amplifier followed by a low-noise coﬁverter, blanker, and a Collins
51J4 communications receiver. The parametric amplifier used an
Adler tube, had a double-channcl noise figure of 1.3 db, and
operated very stably without adjustments. The bandwidth of the
system, determined by the communications receiver, was 6 kc. The

dynamic range of the receiver system without the tape recorder was g
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in excess of 50 db: the tape recorder limited the dvnamic range of
the rccorded data to approximately 30 db. The frequency stability
of the radar system was determined by the driver oscillator, the
converter local oscillator, and the communications receiver. The
critical oscillators were controlled by crystals in high quality
ovens, and the resultant stability was #3500 cps after warmup.

Each transmitter was separated from its receiver by a gas tube. The
TR~-ATR duplexer system was designed for prompt recovery time.

The data-recording equipment was composed of two magnetic-tape
recorders and three 35-mm cameras. The two tape recorders were
connected in parallel for backup pury.ses. The tape recorded A-scans
for the 398- 850- and 1210-Mc radars; sync; 398-Mc Doppler channel,
voice countdown; digital time: and antenna position.

In addition to the A-scan scope displays, there was a PPI
system composed of a sawtooth generator, sine-cosine potentiometer,
and three display scopes. Each of the scopes was z-axis-modulated
with the A-scan video signal from each of the UKF radars. In
addition, each scope had a 35-mm camera system, which photographed
one frame for each complete revolution of the antenna.

Accurate timing was provided by an Itek digital clock, which
was calibrated against WWVH daily. The output from the clock was
recorded on tape in digital form.

Echo Doppler information was provided by a separate receiver

channel in parallel with the Collins 51J4 receiver, which had an IF
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output of approximately 10 ke,

Radar timing was provided by a synchronizer that provided start-
and-stop trigger pulses for the transmitters, key pulses for the
drivers, scope sync, and range marks for the A-scan video signals.
The timing of the synchronizer was controlled by a 150-kc crystal
oscillator whose output was divided to produce various PRFs and range
marks. Figure 2.7 shows the interior of the receiving-recording

van, which also housed the 1210-Mc transmitter.

The equipment operating characteristics are shown in Table

Operating Technique. The mode of operation of

the UHF radar will ke described as the radar results are presented.
It is believed that better clarity of undersctanding will result fronm
this method of data presentation. In zeneral, the UHF radar .as
operated for several hours prior to an event so that the equipment
would have stabilized by detonat:ion time. For the Tight Rope event,
the radar was directed at the detonation point prior to detonation.
However, due to an interference problem, the transmitters were not
turned on until after the detonation. For the Thor launches, Blue
Gill, King Fish, and Star Fish, the UHF radar program tracked the
Thor missile from launch until just a few minutes before detonation.
Then the antenna was oriented at the expected detonation point, For
the XM-33~launched Check Mate event, the radar was oriented at the
detonation point at missile launch time., Because of an interfer-

ence problem, the 398-Mc transmitter was not turned on until
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after the detonation.

For about the first two minutes following most detonitions. ths

UHF antenna would remaln oriented in the detonation area. VUsually,

this was followed by azimuth-elevation scans through the visible

phienomena in the detonation region as viewed on the horesight TV
system. Finally, at about,H + 10 minutes, the antenna would be put

through a variety of scans, including the automatic programmed scan,

i A e

To search our all fossible e [reas.

2.2.2 AX™ Aivcraft Radars

Instywrentation. Six RC-121-D aircrafy par-

ticipated in the Fish Bowl series. These aircraft helong to the 552ad Ajr-
craft Early Warm}\g and Contiol REW and C) Wing at McClellan £ir Foree
Base. This element was under th: command of Lt Col H. T. Wagnon. Four
of the aircraft weve directly assigned to Projos: 6.9 under TV 8.1.3 while
two aircraft were assigned to TG 8.4 as airborne array control aircraft,
Sapport data, radar as well as other datz. were g&thered. ;

The RC-121-D aircraft are modified Lockheed Super Constellations
(C-121). Their normal function is the patroiling of the U. S. coast line in
order to detect any penetration of the Air Defense Identification Zone (ADIZ)
by unidentified aircraft. They operationally report to the Air Defense Com-~-
mand. In order to perform their normal mission they are equipped as shown
in Figure 2.6 of Volume 1 with the APS-45 X-band height-finder radar and

the APS-95 UHI search rader. In addition to their normal naviga-

tional equipment, these aircraft carry five ARC-27 UHF transceivers,

one 6.3-31 high-fregquency Al transcceover, a.ui onz 618~T7 nigh-
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frequency SSB transceiver. Stanford Research Institute (SRI) installed a
Collins 75-S1 SSB raceiver in the aircraft operating in the conjugate 2rea.
The aircraft is capable of up to 17 hours in the air and carries between 14
and 18 crew members on 2 normal mission. For the purposes of Operation
Dominic,only the APS-85 UHF radar was used. The nominal parameters
of the APS-95 are shown in Table 2.2.
These aircraft are normally equipped with PPI-scope cameras

taking pictures at the rate of one frame per antenna revolution.
A heading marker appears on the oscilloscope each time the L=2am
swveeps past thc nose of the aircraft. The scopes are north--magnetic

stabilized. For the purposes of Operation Dominic, SRI equipped five
airérafc with A~scope cameras which were mounted on the 5-inch A-scope
normally used to monitox various functions of the radar. The A~scope
also took pictures at the rate of one frame per antenna revolution,
ti 15 .ntegrating the amplitude~versus-r.nge information over the full
SoU~-degree sweep.

Operating Technique. For Tight Rope, only two

aircraft flew in the detonation area. One was a scientific aircraft
and the other a control aircraft., They flew in patterns shown in
Figure 2.8 at locations given in Table 2.3. Lambkin 1 was
located at magne:ic north looking a% the sdetonation. Abusive 1 was
located at magnetic cast looking at the detonation.

The actuai radar operating parameters are shcwn in Table 2.4,

2.2.3 M/V ACANIA Radars

Instrumentation. The M/V ACANIA, shown in Figure 2.4
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Volume 1, which housed all of the Project 6.9 equipment in

the conjugate area during Fish Bowl, was originally outfitted for

participation in Hardtack in 1958. The 140- and 370~Mc radavs (the

records of which are reported in this volume) were a part of this

equipment. Both radars operated simultaneously into a steerable

30-foot parabolicereflector antenna and are very similar in design

and complexity to the Johnston Island radars described in Section

2.2.1. The operating characteristics of the two radars are shown

in Table 2.5.

Operating Technique. The ACANIA was located §

according to the following criteria: ''go directly above the deto-

nation to H = 50 km, follow this field line to H = 80 km in the

magnetic conjugate area and locate directly under this point.’
The exact location of the radar equipment is shown in Table 2.3
Due to a failure of the azimuth drive on the 30-foot dish, the

ACANIA operational procedure was somewhai altered,with no resulting

loss of data. The ship maintained a constant heading with all

movable antennas pointing magnetically south., The ship then

changed heading from time to time,to give azimuth coverage. All
movable antennas were pointed up at an elevation of about 60

]

i

degrees so that the line~of-sight from the radar intersccted the i
5

i

E-region at right angles to the magnetic field lines.

2.3 RESULTS

j
2.3.1 -Johnston Island Radars i
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Fireball/Debris Clutter. Prior to the detonation,

the antenna was positioned in the direction of 83-degree elevation
and 204-degree azimuth. All three radars were turned off until
detonation and were turned on and up to power by H + 1 second. The
actual detonation location was about 2 degrees in elevation below
the radar beam. The visual fireball expansion and rise was suffi-
cient to move the edge of the fireball into the radar beam at about
H + 9 seconds. The fireball stayed partially in the radar beam until
H + 95 seconds, when the antenna was scanned about in elevation and
azimuth. Excellent correlation betweern radar echoes and the visual
fireball/debris was noted the entire time fireball/debris echoes
were observed. An example of this correlation is shown in Figure

2.9, After H + 15 minutes the antenna was scanned either

manually or with the automatic programmer for five hours following
the Tight Rope detonation.

Starting abruptly at H + 9 seconds as the fireball edge moved
into the radar beam, echoes at 398, 850, and 1210 Mc reached an amplitude
of 40 db signal-to-noise ratio (S/N). These echoes persisted at decreasing
amplitude until H + 95 seconds when antenna scanning was started. The
range-versus-time records of the echoes for the first ten minutes
are shown in Figures 2.10 and 2.11. The echo amplitude-versus- j
time records for the first five minutes are shown in Figures 2.12 f
through 2.14. The echo amplitudes versus time,with antenna-direction-

caused fluctuatrions removed,are shown in Figure 2.15. At H + 90
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seconds, an elevation scan was made which showed that the echoes

were limited to 80 to 87 degrees in elevation at that time. At

H + 180 seconds an azimuth scan was made which showed that the

echoes were limited to 175 to 260 degrees in azimuth at that time.

No detonation area echoes were observed after H + 6 minutes.
Figures 2.16 through 2.18 show the Doppler records for the

first five minutes following the detonation at each frequency.

All three records show no shifts or spreads. The 6-kc Doppler

w}dth corresponds to the 3-db frequency spectrum of the 150-usec

pulse length used during that test.

Auroral Clutter in the Detonation Area. No

auroral clutter was observed in the detonation area by the Johnston

Island radars.

Fireball/Debris Noise. No noise emission was

observed in the detonation area,

2.3.2 AEW Aircraft Radars.

Fireball/Debris Clutter. Lambkin 1, located

north of the detonation area, was not operational until H + 25
seconds. No detonation-~induced echoes were observed.
Abusive 1, located east of the burst area,observed weak echoes

from the fireball/debris from H = 0 until H + 28 minutes,with an

2

equivalent radar cross section of 0.2 m® (based upon a point target).

Auroral Clutter in the Detonation Area. No

auroral clutter was observed in the detonation area by the AEW air-

craft radars.
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2.3.3 M/V ACANIA Radars.

Auroral Clutter in the Conjugate Area. The M/V

ACANIA operated its 140-and 370-Mc radars during the burst and for

4

several hours afterwards. Tae antenna was positioned magnetically

south in azimuth and 60 degrees in elevation, with periodic eleva- i
tion scans being made. No echoes were observed at 370 Mc. The
range-versus~time records for the first 141 minutes are shown in
Figures 2.19 through 2.27. Echoes were observed at 140 Mc, at
120-km range, and at late times of H + 54 to H + 110 minutes. The

spatial location of these echoes is shown in Figure 2,28,

2.4 DISCUSSION

The somewhat unique features of Shot Tight Rope as observed in
the conjugate area were a complete lack of test-associated echoes
at the time of the event, and the onset of auroral clutter echcsec

which occurred not at early times, but at relatiwvely
late times-~ the 140-Mc echoes first occurred at H + 54 minutes.
(Auroral-type echoes were also observed on the 32-Mc ACANIA radar,

starting at about H + 40 minutes. See Volume 2 of this report for

et watd i,

details.) These echoes were at ranges of 120 km in the magn:tic

south direction. The 140-Mc echoes lasted until H + 110 minutes.

Atrfea

The direction (elevation, azimuth) and range to these echoes
indicates that they were due to reflections from magnetic ficid-
aligned ionization at about E-region heights. The fact tart this

ionization was about 60 km farther south than the ACANIA (&35 &7 wou.
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have to be in order to be seen,due to the geometry of having yo look
at right angles to the earth's magnetic field lines) indicates that
the source of the jonization was at least 40 km higher than the 50-km
point above the burst which was used to position the ACANIA in the
first place. This result might imply that the source of the ioni-
zation was 90 km over ground zero.

Optical data presented in Volume 4 of this report indicates that3
the Tight Rope debris reached altitudes of the order of 40 to 50 km
by H + 55 minutes. At these altitudes, the fission-product-decay

beta rays could escape to the southern conjugate region. The debris

had also blown to the north so that the field lines intersecting
the debris would have passed over the detonation point at an alti-
© tude greater than the debris height. The combination of these two
motions, coupled with the fact that, despite careful calcula-
tions and an empirical relocation for this event (see Appendix,
Volume 1 of this report), we do not know the magnetic field geometry ;
to better than a few tens of kilometers, may possibly explain the

| unique appearance of auroral echoes in this tropical region.
|
H

Considerable skepticism has been expressed concerning the

ﬁ existence of these aurora-like echoes. The echoes were received
from the magnetic meridian of the Tight Rope event, not from all

meridians satisfying the perpendicularity requirement,

RS TOVRNSY I
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The echoes were observed independently-on two rather different
frequencies (32 Mc and 140 Mc). Their time-and-intensity behavior
on the two frequencies was consistent with our knowledge of auroral
activity in arctic regions and on previous events of the Fish Bowl
series. Their observed geometry (range, elevation and azimuth)
tends to agree with the optical evidence acquired in the detonation

area.

We have concluded that these echoes were associated with the

Tight Rope event.

2.5 CONCLUSIONS

A Tight Rope event would have a seriously degrading effect on
the performance of a ballistic missile defense (BMD) radar system. To
evaluate this effect, a comparison has been made between the radars
used during Fish Bowl and the planned BMD radar systems.

The radars used during these tests were, in general, somewhat
less sensitiye than those being planned for use in BMD activities.
The advantage that a particular system radar would have over the
test radars is shown for variour scattering models in Table 2.6.

The comparisons were developed by scaling the system radar to its
nearest frequency counterpart used during Fish Bowl. For example,

the Ballistic Missile Early Warning System (BMEWS) radars were compared
with the 398-Mc Johnston Island radar, and the Nike-Zeus TTR radar was
compared to the DAMP FPQ-4 C-band radars.

In order to give the reader a better understanding of the degrading

35

e ateintd




effects of the Tight Rope event, an estimate of the effect on the
BMEWS tracking radar has been made, ignoring the fact that the
operating pulse length of the BMEWS radar is too long to observe
Tight Rope clutter at that range. If the BMEWS radar were located
at a range of greater than about 300 km (pulse-length resolution),
however, the Tight Rope fireball clutter would be seen, It would
be observed by BMEWS out to ranges for which the Tight Rope deto~-
nation would be over the radar horizon (approximately 650 km).

The BMEWS system was picked as an example,not to deprecate that
particular system, but because that system is operational, field-
deployed, and its characteristics are well known. Table 2.7
shows the comparison between the BMEWS track.ng radar characteristics
and the Johnston Island 398-Mc radar. The comparison was made
assuming the scattering was from a beam~filling target of range
depth of at least one pulse width (300 psec).

From the comparison, estimates of the strength and time dur-
ation of the clutter and noise effects are given below:

Fireball/Debris Clutter.

H+ 0 toH + 10 sec S/N = 0 to 80 db Main Beam
S/N =0 to 20 db Side Lobes
H+ 10 to H + 30 sec S/N = 80 db Main Beam
S/N = 30 db Side Lobes
H + 60 to H + 240 sec S/N => 44 db Main Beam
S/N=>04db ’ Side Lobes
H + 240 sec to ? S/N = 44 db Main Beam
S/N = 0 db Side Lobes
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Angular Diameter of Affected Region,

200 sec 10 degrees

Detonation-Area Auroral Clutter.

None was observed from Johnston Island. However, inasmuch as
auroral clutter was seen by radars in the conjugate region at late
times, one must surmise that if the Johnston Island Tight Rope
geometry had been different, then detonation-area auroral clutter
might have been seen and might generate a problem for BMEWS.

Fireball/Debris Noise.

None

Conjugate-Area Auroral Clutter,

Some might be seen.

From the above it is apparent that an area of 100 square
degrees would be obscured for a depth of at least one pulse leng:h
plus 10 km by the fireball/debris clﬁtter for a period of about
five minutes. Although the Doppler spread of the echoes is not
severe, the limited bandwidth of the 20-kc Dopplér channel used in
the Johnston Island radar does not rule out the possibility of there being
Doppler components at a velocity comﬁarable to the radial velocity
of an approaching ICBM.

The relatively limited volume of intense clutter produced by i
Tight Rope leads one to think of using spaced radars in a BMD
system, but that could be effectively countered by multiple Tight :

Rope’'s detonated simultaneously or spaced up to a minute apart,
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TABLE 2.1 OPERATING CHARACTERISTICS OF THE JOHNSTON ISLAND

RADARS
Frequency 398 Mc 850 Mc 1210 Mc
Peak Power 30 kw 30 kw 25 kw
Pulse Width 300 ps 300 us 300 us
Pulse Width (Tight Rope only) 150 ps 150 us 150 ps
PRF 60 cps 60 cps 60 cps
System Noise level 600°K 1000°K 600°K
Receiver Bandwidth 6 kc 6 kc 6 kc
Minimum Detectable Signal -130 dbm =128 dbm. -130 dbm
Antenna Guin 38 db 45 db 48 db :
Antenna Beamwidth 2° 1° 0.7°

Minimum Detectable o at 500-km range 0.2 m? 0.06 m2 0,02 m2

TABLE 2.2 NOMINAL CHARACTERISTICS OF THE AEW AIRCRAFT RADARS ;

Frequency 420 to 450 Mc f
Peak power 1.5 Mw é
Pulse width 6 to 9 pgsec %
PRF 250 cps 3
IF bandwidth 200 ke ’ 5
Noise figure 8 db
MDS =115 dbm
omin at 200 nm 10 m?
Beamwidth 10 degrees-~E plane 1
18 degrees~-H plane
Antenna rotation 6 rpm ;
Dynamic range 20 db
|
]
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TABLE 2.3 LOCATIONS OF AEW AIRCRAFT AND M/V ACANIA

DURING TIGHT ROPE

Longitude Latitude
Lambkin 1 169°12'W 18°11'N
Abusive 1 168°08'20''W 16°05'00"N
ACANIA 175°W 13°8

TABLE 2.4 OPERATING CHARACTERISTICS OF THE AEW

AIRCRAFT RADARS DURING TIGHT ROPE

L = Lambkin, A = Abusive.

L1 Al
Frequency, Mc 428 435
Peak Power, watts x 10° 1.25 1.6
Pulse Width, usec 8.5 8.9
PRF, c¢ps 280 280
MDS, ~-dbm 114 115
Dynamic Range, db 15 21
omin at 500 km, m? 20 13
TABLE 2.5 OPERATING CHARACTERISTICS OF THE

M/V ACANIA RADARS DURING TIGHT ROPE 3
Frequency 140 Mc 370 Mc :
Peak Power 50 kw 20 kw
Pulse Width 300 .sec 300 usec
PRF 30 cps 30 cps
Receiver Noise Figure 3 db 3 db
Receiver Bandwidth 6 ke 6 ke ;
Antenna Gain 21 db 30 db ]
Antenna Beamwidth 13.5° 5°
Minimum Detectable ¢ at 150-km range 0.2 m? 0.2 m?
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TABLE 2.6 RADAR CHARACTERISTICS OF VARIOUS SYSTEMS

Frequency Advantage Advantage Advantage ]
For a For Beam- For Volume- 1
Point Target Filling Scattering
Target Target *
Mc
BMEWS-DR 425 +51 db +44 db +44 db
BMEWS-TR 425 +40 db +40 db +40 db
N-Z AR 915 +13 db +17 db +17 db
N-Z DDR 1335 + 4 db +16 db + 8 db
N-Z TTR 5500 +21 db +26 db +23 db
ZMAR SEARCH 1300 - 2 db + 9 db + 9 db
ZMAR DISCRIMINATION 1300 -28 db ~-14 db -22 db
ZMAR TRACK 1300 -32 db -22 db -44 db

TABLE 2.7 .RADAR SENSITIVITY COMPARISON

Experimental Radar, Operational BMEWS

FR TR ONTIN

Johnston Island Tracking Radar :
Frequency 398 Mc 425 Mc %
Peak power 30 kw 10,000 kw ]
Average power 0.54 kw 540 kw 1
Pulse width 300 csec 2000 usec
Bandwidth 6 ke 0.2 ke
PRF 60 cps 27 cps :
Antenna Size 86" 84" :
Antenna Gain 38 db 39 db
System Noise Fig. 5 db 5 db
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Figure 2.3 Interior of transmitter van.
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CHAPTER 3

LUE GILL

3.1 INTRODUCTION

In general, this event was expected to be very similar to Shot
Orange of Operation Hardtack. ! That is, a well-contained fireball was
expected to occur, having an iaitial diameter of the oraer of 2 km,
The temperature in the fireball was expected to be of the order of
10,000 degrees K. The fireball was expected to expand gradually and
to rise due ro the buoyancy of the atmosphere. The rate of rise was,
in general, estimated to be of the order of 0.25 to 0.5 km/sec, and
the maximum altitude of the fireball was expected to be less than
100 km. As the fireball expanded, a torus shape was expected to
appear, as was seen in Orange.

Because of the geometry of the detonation with respect to the
Johnston Island r2 'irsg, auroral-type radar returns were not expected
during the Blue Gill event. At the expected detonation altitude

a fraction of the prompt beta rays were expected to reach
the conjugate area,giving rise to auroral-type radar activity in
that rezion. Rise of the firehall was expected to rapidly reduce
attenuation effects of the atmosphere for these beta particles, so
that by H plus a minute or so all L.%tas could escape to the magnetic
conjugate region. Compton-converted gamma rays ia the detonation
area were expected to produce radio and possibly radar effects in

the magnetic conjugate area,

! See Volume 1 for a more complete discussion of the expected resul‘s.
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Radar echoes from the dense, well-contained fireball and debris
were expected,as well as noise emissions due to its very high tem-

perature.

3.2 PROCEDURE

3.2.1 Johnston Island Radars,

Instrumentation. See Section 2.2.1.

Operating Technique. See Section 2.2.1.

3.2.2 AEW Aircraft Radars.

Instrumentation. See Section 2,2.2,

Operating Technique. Based upon the expected

results, the radar instrumentation was arranged to maximize the
.detonation~area results., For this test, four project AEW aircraft
radars were available as well as two control aircraft. Two of the
project AEW aircraft radars were located in the detonation area and
two in the magnetic conjugate area. Lambkin 1 was located so that
it was looking at H = 100 km above detonation point. Lambkin 2 was
located so that it was looking at H = 100 km perpendicular to the
magnetic field line passing through detonation point,as shown in
Figure 3.1. Lambkins 3 and 4 were located as conjugates to
Lambkins 1 and 2 respectively, as shown in Figure 3.2, All of
the AEW aircraft flew in patterns shown in Figure 2.8 at locations
given in Table 3.1. The actual radar operating parameters are
shown in Table 3.2.

3.2.3 M’V ACANIA Radars.
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Instrumentation. See Section 2.2.3.

Operating Technique. The ACANIA was located at

the calculated magnetic conjugate point of Johnston Island. Thus,
one-to-one comparison of the results from the conjugate and deto-
nation area could be made. The exact location of the ACANIA is
shown in Table 3.1. Tne radar operating technique is given in

Section 2.2.3.

3.3 RESULTS

3.3.1 Johnston Island Radars.

Fireball/Debris Clutter. Prior, to the detonation,

the antenna executed a programmed track of the Thor launch, and the
850-and 1210-Mc radars obtained skin echoes during a portion of the
trajectory, The 398-Mc radar vwas off until detonation, Shortly
before the detonation, the antenna was positioned in the direction
of 55-degree elevation and 193-degree azimuth, Just prior to
detonation, skin echoes from the R/V or the tankage were obtained
at 850 and 1210 Mc. The detopnation occurred about 1 degree in
elevation below the radar beam. The fireball expansion and rise
was sufficient to move the edge of the fireball into the radar

beam at about H + 2 seconds. The fireball stayed partially in the
radar beam until H + 105 seconds when the antenna was scanned about
in elevation and azimuth., Excellent correlation between radar
echoes and the visual fireball/debris was noted during the first

five minutes following the bomb burst. An example of this

71

Mt o ) Y ) R e I Gt 4l g RS




correlation is shown in Figure 3.3. The Johnston Island radars
were operated for eight hours following the bomb detonation,
Starting abruptly at H + 2 seconds,as the fireball edge moved
into the radar beam, echoes at 1210 Mc first appeared at an ampli-
tude of 40 to 50 db S/N. At H + 5 seconds; 850-Mc echoes appeared
at an amplitude of 40 to 50 db S/N. At H + 8 seconds,398-Mc echocs
appeared at an ampiitude of 10 db S/N. These echoes persisted at
fluctuating amplitudes until H + 105 seconds when the antenna was
scanned. The range-versus-time records of the echoes for the first
30 minutes are shown in Figures 3.4 through 3.9. The spatial
distribution of all the detonation-area echoes as well as the visual
fireball/debris is shown in Figures 3.10 through 3.353. The echo
amplitude-versus~time records for the first five minutes are shown
in Figures 3.36 through 3.38. The echo amplitudes versus time (with
antenna-direction-caused fluctuations removed) are shown in Figure
3.39. At H + 120 seconds an elevation scan was made which showed
that the echoes were limited to %5 degrees abouf the detonation
point and were well correlated with the visual fireball. At
H + 180 seconds an azimuth scan was made which showed that the

echoes were limited to the detonation point 230 degrees in azimuth

at that time. At H + 5 minutes an elevation scan was made. Echoes
at 398 Mc occurred from 90 degrees down to 45 degrees elevation,

.- and 850- and 1210-Mc echoes occurred from 78 degrees down to 50-

degree elevation. From H + 6 minutes the antenna executed a programmed

scan or was manually scanned. Sporadic echoes were seen on all frequencies
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from the fireball/debris until about B + 20 minutes. From H + 23
to H + 26 min.«tes an echo was found at each frequency at 83-degree
elevation and 159-degree azimuth wnich moved out in range irom 120
km to 230 km and had a nepative Doppler shift which corresponded to
a receding velocity of approximately 1 km/sec.

Figures 3.40 through 3.42 show the Doppler records for the
first five minutes following the bomb burst at each frequency. The
398-Mc record shows no spread beyond the 3-db frequencv spectrum of
the transmitted 300-usec pulse length, and very little shift. Both
the 850-and 1210-Mc records show a positive shift corresponding to
a 0.5 km/sec velocity for the first 10 seconds. Following that,
the records show a negative shift corresponding to a 0.25 km/sec

velocity for the next 60 seconds. Figures 3.43 through 3.45 |

ariy

shovr the Doppler rocer s »f the rising «oiig -Lzerved a- cach
frequency at about H + 23 minutes.

Auroral Clutter in the Detonation Area. No

auroral clutter was observed in the detonation area by the Johnston

s Mottt

Island radars.

Fireball/Debris Noise. Radio-noise emission was

b

observed by the 398-, 850-, and 1210-Mc radars looking at the fire-

ball/deb: 135. The noise level built up in amplitude slowly and
lasted until about H + 1~1/2 minutes. The maximum noise temperature

indicated was at 1210 Mc and was about 3000 degrees K. This amounted

AR ADA e b A U rartatd

to a noise-~level increase of about 7 db., The noise-level increases i
/

are shown in Figure 3.46. :
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3.3.2 AEW Aircraft Radars,

Fireball/Debris Clutter,

Lambkin 1. The first echo pneared at
H + 25 seconds around air zero (281 degrees magnetic (M) at 380 km). The
echo was 15 km wide and extended five degrees on either side of air
zero. By H + 40 seconds. the diameter of the echo around air zero
had grown to 35 km, extending 10 degrees on either side. Bv H + 60
seconds the most intense center was still located around air zero
with the same diameter and bearing spread as at H + 40 seconds but
with an extension of the echo to a bearing of 325 degrees M. By H =+
80 seconds the echo extended from 240 degrees M to 3235 degrees M with
the most intense center still around air zero with a width of 30 km.
By H + 125 seconds the echo had shrunk to.the approximate same
dimensions as it had at H + .10 seconds, u?th the most intense center
still around air zero. A weak echo, rapidly shifting in size and
intensity, remained until H + 180 seconds around air zero,at which
time all echoes disappeared.

Lambkin 2. The.electromagnetic pulse at
H = 0 was observed on the radar. A weak echo appeared at H + 8
seconds at a bearing and slant range of air zero (291.5 degrees M
at 414 km). The echo grew in size and intensity until H + 38
seconds when it remained strong until h + 88 secondsyas shown in
Figure 3.47. 1t then faded rapidly and was completely gone by

H + 150 seconds.
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Abusive 1. A weak.echo appeared shortly
after H = 0 at 255 km and a bearing of 78 degrees M. Air zero was
calculated to be as 78 degrees M at 184 km at H = 0, The discrep-~
ancy in range cannot be explained at this time. This echo remained
the same until about H + 40 seconds at which time it became more
intense, and its bearing spread increased,as sh~wn in Figure 3.48.
By H + 60 seconds the most intense center was at a range of 260 km
and a bearing of 85 degrees M extending from a bearing of 60 degrees
M to a bearing of 150 degrees M. It began to fade,and by H + 90
seconds it was as it appeared in the first 20 seconds. This echo

1omained for nearly thirty minutes and is assumed to be Thor tank-

age debris.
Abusive 2. The electromagnetic pulse was

observed at H = 0. An echo appeared at H + 2 seconds at a bearing

and range of air zero (229 degrees M at 172 km). This echo grew

slightly in intensity for 40 seconds. By H + 52 seconds it was

saturated, as shown in Figure 3.49. It reached its greatest spread

[N

in azimuth by H + 72 seconds,when it extended from 185 degrees M to
265 degrees M centered around air zero. By H + 120 seconds it was

back to the size and intensity it had at H + 12 seconds. This echo
remained for nearly 30 minutes,and it is also associated with Thor ]
tankage debris. At H + 98 seconds an echo was observed at a bearing
of 75 degrees M at a range of 320 km. This echo became more intense,
moving rapidly in a south-easterly direction, disappearing at H + 80

seconds at the edge of the scope at a bearing of 118 degrees M and a
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slant range of 530 km., The average rate of motion of this echo is
approximately 2.5 km per second. The origin or mechanism producing
this echo has not been explained at this time.

The radar cross sections of the fireball/debris clutter observed
by the AEW aircraft radars are tabulated in Table 3.3.

Auroral Clutter in the Detonation Area. No

auroral clutter was observed in the detonation area by the AEW air-
craft radars.

Auroral Clutter in the Conjugate Area, No

auroral clutter was observed in the conjugate area by the AEW aircraft
radars.

3.3.3 M/V ACANIA Radars,

Auroral Clutter in the Conjugate Area. No

auroral clutter was observed in the conjugate area by the M’V ACANIA

radars.

3.4 DISCUSSION

The lack of 398-Mc echoes at early time was probably due to lens
action of the fireball as well as absorption.

If it is assumed that the reflections are due to a volume
scattering, the S/N of 50 db is equivalent to about 10"12 m/m .
Interpreted in terms of a point target (very unlikely), this S/N
ratio of 50 db is equivalent to about 0.1 m®. If one computes the
electron density in the fireball necessary to give rise to incoher-

ent scattering of this magnitude (50 db S/N) then the electron den-

sity is between 10-° and 10** electrons/cc. This corresponds to a
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plasma frequency between 1000 and 3500 Mc. Since this plasma
frequency is greater than that of the UHF radars, incoherent elec-

tron scatter would not seem to be the cause of these echoes.

Critically overdense reflections,coupled with absorption on the

propagation path,is a likely explanation of these echoes.

3.5 CONCLUSIONS

The performance of a ballistic missile defense radar system
would be seriously degraded by the effects of a Blue Gill event,

To evaluate this effect, a comparison has been made between the
radars used during Fish Bowl and the planned BMD radar systems.

The radars used during these tests were, in general, somewhat
less sensitive than those being planned for use in BMD activities.
The advantage that a particular system radar would have over the
test radars is shown for various scattering models in Table 2.6
of Chapter 2 of this volume. The comparisons were developed by
scaling the system radar to its nearest frequency counterpart used
during Fish Bowl. For example, the BMEWS radars were compared with
the 398-Mc Johnston Island radar and the Nike~Zeus TTR radar was
compared to the DAMP FPQ-4 C-band radars.

In order to give the reader a better understanding of the degrading
effect of a Blue Gill event, an estimate of the effect on the BMEWS
tracking radar has been made. The positioning of a Blue Gill event
as ciose to a BMEWS site as it was to the Johnston Island radars
would mean that the clutter would actually be obscured by the long

operating pulse.
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We again stress that the BMEWS system was picked as an example not
to deprecate that particular system, but because that system is oper-
ational, field-deployed, and its characteristics are well known.

Table 2.7 of Chapter 2 of this volume shows the comparison between
the BMEWS tracking radar characteristics and the Johnston Island 398-
Mc radar. The comparisaon was made assuming the scattering was from
a beam-filling target of range depth of at least one pulse width
(300 ysec).

From the comparison, estimates of the strength and time dura-

tion of the clutter and noise effects are given below:

Fireball/Debris Clutter,

H+ 0 toH+ 1 min S§/N = 0 to 90 db Main Beam
S/N = 0 to 40 db Side Lobes
H+1toH + 5 min S/N = 90 db Main Beam
S/N = 40 db Side Lobes
H+ 5 toH + 10 min S/N => 44 db Main Beam
S/N =2> 0 db Side Lobes
H + 10 min to H + ? S/N = 44 db Main Beam
S/N=20 Side Lobhes

Angular Diameter of Affected Region.

60 sec 14 degrees
120 sec 18 degrees
240 sec 38 degrees

Detonation-Area Auroral Clutter.

Virtually none would be seen for the Johnston Island Blue Gill
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geometry., However, other geometries would allow auroral clutter to
be observed.

Fireball/Debris Noise.

Maximum 3000 degrees K for 100 seconds duration,

5 db increase.

From the above it is apparent that as much as 1500 square

degrees of area would be obscured for a depth of at least one

pulse length pius 20 km by the fireball/debris clutter for a period
of as much as 10 minutes. In addition, the 1500 square degrees of 3
area‘would be observed at a 5-db reduction in sensitivity at all
ranges at a 50-percent bandwidth for up to two minutes because of

the fireball/debris noise. Although the Doppler spread of the

echoes is not severe, the limited bandwidth of the 20-kc Doppler
channel used with the Johnston Island radars does not rule out the
possibility of there being Doppler components at the velocity of an approach-
ing ICBM.

The extended volume of clutter and noise produced br 3lue Gill
would make 1t difficult to avoid the clutter problem by using spaced
radars in a BMD system, and impossible in the case where multiple

Blue Gill events occurred.
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TABLE 3.1 IOCATIONS OF AEW AIRCRAFT AND M/V ACANIA DURING

BIUE GILL

Longitude Latitude
Lambkin 1 166°18'W 15°08'N
Lambkin 2 166°24'W 14°25'N
Lamokin 3 178°08'W 10°32's
Lambkin 4 178°28'W 12°00's
Abusive 1 171°15'45"W 16°20'30'"N
Abusive 2 168°16'30"'W 17°09'45"N
ACANIA 175°W 13°01'S

TABLE 3.2 OPERATING CHARACTERISTICS OF THE AEW AIRCRAFT
RADARS DURING BLUE GILL

L = Lambkin, A = Abusive.

L1 12 L3 14 Al A2
Frequency, Mc. 425 428 426 443 447 435
. Peak Power, watts x 10°  1.25 1.2 1.6 1.4 1.4* 1.4
Pulse Width, psec 8.4 8.4 8.0 8.0 8.0 8.9
PRF, cps 240 240 222 24~ 280 280
MDS, -dbm 114 113 113 114 114* 115
Dynamic Range, db 18 21 24 24 18 21
smin at 500 km, m? 20 26 19 19 20* 15

* approximate values

TABLE 3.3 AEW AIRCRAFT RADAR FIREBALL/DEBRIS CLUTTER FOR

BLUE GILL
Time from Burst Radar Cross Section ]
(sec) (m?)
Lambkin 1 80 6.6 x 10" ;
Lambkin 2 50 1.3 x 10° j
Abusive 1 55 5x10°
Abusive 2 72 2.3 x 10° 3
!
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Figure 3.47 AEW aircraft radar and PPI for Blue Gill; Lambkin 2, 50 to 60 seconds.
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CHAPTER 4

KING FISH

L

4.1 INTRODUCTION

In many qualitative ways, King Fish was expected to have a
behavior similar to Shot Teak of Operation Hardtack. ! That {s, a rapidly
expanding fireball was expected to occur, and, duz to the buoyancy of the
atmosphere, the fireball was expected to rise quite rapidly.

The initial size of the fireball was estimated to be about

The rise rate

of the fireball was expected to be between 2.5 and 7 km/sec., The
vising fireball was expected to reach a maximum altitude of about
' 500 km in a period of time of about 6 minutes.

The electron density in the fireball region was expected to
bs great enough to give rlse to UlF echoes, 1t was not certain’

L as to how long such echoes could be seen, due to the rapidly

L growing size of the firebnll which would decrease the overall
eiectron density.

The initial height oY the King Fish burst was such that prompt
heta auroral effects were expected in the area north of the detona-
tion and in the nagn:-tic conjugate area. It was believed that these
heta auroral regions would expand and move north in the detonation

area and »outh in the magnetic conjugate area. Thus, prompt burst-

area auroral clutter and conjugate-zrea auroral-clutter echoes

A
g were expected to occur,
! See Volume 1 for a more complete discussion of the expected results.
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As the rising fireball containing debris reached maximum
altitude, the spreading debris was expected to produce long-
lasting auroral clutter in the area north of Johnston Island

and in the magnetic conjugate area.

4.2 PROCEDURE

4.2,1 Johnston Island Radars.

Instrumentation. See Section 2,.2.1.

Operating Technique, See Section 2.2.1.

4.2.2 AEW Aircraft Radars.

Instrumentation., See Section 2.2.2.

Operating Technique, Based upon the expected

results, the four AEW aircraft radars? were located as shown in
Figure 4.1 so that the expanding and northward-moving beta-
produced aurovral area could be:t be uvissrved, The two contrel
aircraft,Abusive 1 and Abusive 2, were located by control criteria,
The project aircrait, Lambkin 1 and Lambkin 2,were located so as

to provide information on the rising fireball by observing the

beta aurora. Lambkin 1 was located looking at H = 100 km perpendicu-
lar to the magnetic field line above the detonation. Lambkin 2

was located looking at H = 100 km perpendicular to the magnetic

field line passing through H = 300 km directly above the detonation,

2 Due to operational decisions not connected with these tests, all AEW
aircraft were located in the northern area and none were in the

magnetic conjugate area.

129

oA

F0 ! GVVA,{"."Q'G o J 4.5 ‘_ B PO 1] O R G i
LS Q’,Obg‘ga,gh p ‘ AT 3 ) _ . 5 B >, CHp
> £, ML LW\ !‘59 N A N : .‘ ’ s f‘&‘~ ”. "“.z%‘p




P

A Tt e

All of the aircraft flew in patterns shown in Figure 2.8 at
locations given in Table 4.1. The actual radar operating
parameters are shown in Table 4.2.

4.2,3 M/V ACANIA Radars.

Instrumentation, See Section 2.2.3.

Operating Technique. The ACANIA was located

to look perpendicular to the H = 100 km point on the field, line
that passed tﬁrough the detonation as shown in Figure 4.2, The
ACANIA location was adjusted to take into account the difference
between the measured magnetic conjugate point and the computed
conjugate point that was determined from the previous tests.

The exact location of the ACANIA is shown in Table 4.1.

The radar operating technique is given in Section 2.2.3.

4,3 RESULTS

4.3.1 Johnston Island Radars.

-v

Fireball/Debris Clutter, Prior to the detonation, i

the radar executed a programmed track of the Thor launch, and the

PR VO S

850~ and 1210-Mc radars obtained skin echoes during the entire
trajectory, The 398~Mc radar was off until detonation. Shortly
btefore the detonation the antenna was positioned at 53° elevation and
192° azimuth. The detonation occurred in the rada: beam. However,
no echoes were observed until H + 2 seconds wiien echoes appeared at
all three frequencies simultaneously. At about H + 20 seconds all

the echoes faded out as the fireball moved out of the beam of the




stationary antenna, At H + 60 seconds the antenna was scanned up
in elevation to catch up with the firehall, At that time echoes
were observed at all frequencies from 60 to 900 elevation., Echoes
were observed on all frequencies overhead until about H + 200
seconds, During the first five minutes following the detonation
there was good correlation between the visual bright areas and the
UHF radar echoes. After H + 15 minutes the an;enna was scanned
either manually or with the automatic programmer eight hours
followinyg the detonation.

Starting abruptly at H + 2 seconds, echoes at 120-km range
saturated all three receivers at 50 db S/N. The 398-Mc echo
persisted until H + 30 seconds. The 850- and 1210-Mc echoes
persisted until H + 15 seconds as the fireball moved out of the
radar beam. The range-versus-time records of the echoes for the
first thirty minutes are shown in Figures 4.3 through 4.9. The
spatial distribution of all the detonation-area echoes as well as
the visual fireball/debris is shown in Figures 4.10 through 4.15.

The echo amplitude-versus-time records for the first five minutes
are shown in Figures 1.16 through 4.18. The echo amplitudes versus
time,with antenna-direction-caused fluctuations removed,are shown
in Figure 4.19. Starting abruptly at H + 3 seconds,echoes at i
250-km range reached amplitudes of 40 to 50 db at each frequency,
These echoes corresponded to a one-hop sea-reflection mode and
persisted only for 10 to 15 seconds. During the elevation scan

from 60 to 90° elevation following H + 60 secondsyseveral 40 db S-N
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echoes were observed at various ranges. The echoes observed until
H + 200 seconds comprised about 90 percent of the total number of
echoes seen in the detonation area. No detonation-area echoes were
observed later than H + 20 mim tes.

Figures 4.20 through 4.22 show the Doppler records for the

first five minutes f{ollowing the detonation at each frequency.

The 398-Mc record shows both positive and negative shifts and a
broad spread.during the first 20 seconds. Following that time the
echoes are much less disturbed. The 850- and 1210-Mc records show
smaller positive and negative shifts and a more narrow spread
during the first 20 seconds.

Auroral Clutter in the Detonation Area. The

Johnston Island 398- and 830~Mc radar saw extensive beta-produced
auroral clutter to the north of Johnston Island. The spatial
distribution of these echces is shown in Figures 4.23 through 4.34,
and are limited to height of 200 to 750 km. The 398-Mc auroral
clutter lasted until H + 2 hours 55 minutes. The 850~Mc auroral
clutter lasted until H + 96 minutes. No auroral clutter was observed
at 1210 Mc. The echo amplitude versus.time,with antenna-direction-
caused fluctuations removed,is shown in Figure 4.35.

Figure 4.36 shows the Doppler record of a strong auroral
clutter echo on the 398-Mc radar at H + 660 seconds. The record
shows -that the frequency shift is 1 kc or less, and the spread does
not exceed the 3-db frequency spread of a normal 300-ysec RF pulse.
Thus, the characteristics of the detonation-produced auroral
echoes are identical with naturally produced auroral echoes.
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Fireball/Debris Noise, Radio noise emission was

observed by the 398-, 850-, and 1210-Mc radaI;s looking at the fire-
ball/debris., The noise was most intense on the 1210-Mc radar and
was equivalent to about 7000°K. This amounted to about a 10-db
increase in background noise. The noise as seen on these radars
lasted until about H + 20 seconds, when the fireball rose out of
the beam of the antenna. The noise-level increases are shown in
Figure 4,37 for each of the frequencies.

4.3.2 AEW Aircraft Radars.

Fireball/Debris Clutter. Each of the detonation-

area AEW aircraft (Lambkin 1 and 2, Abusive 1 and 2) observed

echoes from air zero in the burst area as shown in Figures 4.38

through 4.43. The detonation-area echoes started at about H + 5

seconds and lasted until about H = 350 seconds. Table 4.3 gives

the duration of these detonation-area echoes and the equivalent

2

radar cross section in m (based upon 2 point target) and, when
2 3

applicable, in m /m (based upon a volume scatterer).

Auroral Clutter in the Detonation Area, Each

of the detonation-area AEW aircraft observed auroral clutter as shown
in Figures 4.38 through 4.43. The auroral clutter began at about

H + 65 seconds and lasted until about H + 195 seconds., Table 4.4
tabulates the times and radar cross sections for the echoes observed.

5.3.3 M/V ACANIA Radars.

Auroral Clutter in the Conjugate Area, The M V

ACAY¥IA operated its 140~ and 370-Mc radars during the detonation and
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for several hours afterwards. The antenna was positioned magnetically
south in azimuth and 60  elevation, and periodically elevation scans
were made, The adjustment in the ACANIA location mentioned earlier

was justified by the H + 0, 140-Mc, and 370-Mc echoes observed, as

these echoes corresponded quite closely to the magnetic field line
based upon previous test results, From H + 30 to H + 110 seconds,
370-Mc echoes were again seen at this position. The range-versus-
time records for the first 17 minutes are shown in Figures 4.44
through 4.47. The early-time (H + 0) 140-Mc echoes were equivalent
to a radar cross section of 2000 mz. From H + 20 to H + 160
seconds, the 140-Mc echoes had a radar cross section of about 600
mz. In addition to the 140-Mc echoes seen on the magnetic field
line passing through the burst location, 140-Mz echoes were seen at
250-km height from H + 7 to H + 220 seconds with radar cross
sections of 10 mz, and 300~km height from H + 130 to 7410 seconds.
From H + 200 to H + 600 seconds 140-Mc echoes were seen at heights
above 500 km, The spatial location of these echoes is shown in

Figure 4,48,

4.4 DISCUSSION
The Johnston Island radar returns of 50 db S/N correspond to a

12 2, 3 . .
m /m volume-scattering density (beam and pulse length

2 x 10
2

filling target). A point target of 1 m cross section at King Fish

range would give a 50 db S/N, 1If the 50 db S/N scattering were

assumed to be due to incoherent electrcn scattering, then a density

of 1011 electrons cm3 would be required., This electron densityv has
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a plasma critical frequency of about 2500 Mc. It is therefore
assumed that the observed 50-db S/N returns must be due to some
mechanism otler than incoherent electron scatter,

Likely candidates to explain the observed debris/fireball
clutter are critically overdense reflections with some path absorp-
tion, or possibly underdense, coherent reflections from blobs of
;arying electron density, similar to auroral returns but not field-
aligned, When the S/N ratio had droppeu to 30 db (about H + 2

seconds), incoherent electron scatter would require an electron

density of about 5 x 106 electrons/ cm3. This density corresponds

to a critical frequency of about 200 Mc. In this case incoherent
returns are possible at frequencies of 400 through 1200 Mc,

However, with a terribly disturbed magnetic field in the debris/

1
firetzll, field-uligned cluiter is 2also pnssible even (n 7~ the

3
undisturbed radar-magnetic field geometry would seem to have
~—ecluded this possibility.

4.5 CONCLUSIONS ]
To evaluate the seriously degrading effect of King Fish on the
performance of a ballistic missile defense radar system, a comparison 1
has been made between the radars used during Fish Bowl and the planned
BMD radar systems,
The radars used during these tests were, in general, somewhat
less sensitive than those being planned for use in BMD activities,

The advantage that a2 particular system radar would have over the test
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radars is shown for various scattering models in Table 2.6

of Chapter 2 of this volume. The comparisons were developed by

scaling the system radar to its nearest frequency counterpart used
during Fish Bowl. For example, the BMEWS radars were compared with
the 398-Mc Johnston Island radar and the Nike-Zeus TTR radar was

: compared to the DAMP FPQ-4 C-band radars.

In order to give the reader a better understanding of the degrading

effects of the King Fish event, an estimate of the effect on the
BMEWS tracking radar has been made, ignoring the fact that the
operating pulse length of the BMEWS radar is too long to observe

King Fish fireball/debris clutter at that range. The BMEWS system

was picked as an example not to deprecate that particular system,
but because that system is operational, field-deployed, and its 1
characteristics are well known. Table 2.7 of Chapter 2 of this
volume shows the comparison between the BMEWS tracking radar character-
istics and the Johnston Island 398-Mc radar., The comparison was made
assuming the scattering was from a beam-filling“target of range depth
of at least one pulse width (300 ,,sec),

From the comparison, estimates of the strength and time

duration of the clutter and noise effects are given below:

Fireball/Debris Clutter,

H+ O . S/N = 90 db Main Beam
S/N = 40 db Side Lobes
]
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Fireball /‘Debris Clutter.(Continued)

H + 1 min S/N = 80 db
S/N = 30 db
H+ 2 min S/N = 70 db
S/N = 20 db
H + 5 min S/N = 40 db
S/N = 0 db
2 S/N = 0 db
' S/N = 0 db

Angular Diameter of Affected Region,

3 sec 12°

20 sec 21°

60 sec 24°

1?0 sec 23°

Peonnt: v =dren Aur orel (laniern,
H+ 0 to H+ 3 hours S/N= 44 db

H - 3 hours to ?

Fireball Debris Noise.

Maximum 2000° K
20 seconds duration
3-db increase

Conjugate-~Area Auroral Clutter,

H+ 0 toH+ 2 min S/N > 54 db

H+ 2 min to H + ? ¢/N = 54 dh

Main

Side

Main
Side
Main

Side

Main

Side

Beam

Lobes

Beam

Lobes

Beam

Lobe

Beam

Lobe

From the above it is apparent that as much as 600 square degrees

of area would be obscured for a depth of at least one pulse length
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plus 50 km by the fireball/debris clutter for a period of as much as
5 minutes, In addition, the 600 square degrees of area would be
observed at a 3-db reduction in sensitivity at all ranges at a 50-
percent bandwidth for up to 20 seconds, because of the fireball/
debris noise, Although the Doppler spread of the echoes is not
severe, the limited bandwidth of the 20-kc Doppler channel used
with the Johnston Island radars does not rule out the possibility
of there being Doppler components at a velocity comparable to the radial
velocity of an approaching ICBM.

Detonation~-area auroral clutter would obscure considerable
area at a variety of ranges from 100 km to 750 km for a depth of
at least one pulse length for a period of up to 3 hours. However,
the Doppler width would be relatively nafrow.

Conjugate-area auroral clutter would obscure a relatively
small area at a variety of ranges for a depth of at least one pulse
length for a period of up to two minutes. Tue Doppler width would
be relatively narrow.

The extended volume of clutter and noise produced by King
Fish would make it difficult to avoid the clutter problem by using
spaced radars in a BMD system, and impossible in the case where

multiple King Fish type bursts occurred.
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TABLE 4.1 LOCATIONS OF AEW AIRCRAFT AND M/V ACANIA DURING

KING FISH
Name longitude latitude
Lambkin 1 166°16'W 14°53'N
Lambkin 2 165°35'W 18°08'N
Abusive 1 167°42'50"W 16°28'10"N
Abusive 2 168°44'00"'W 17°48 "10"'N
ACANIA 174°50'w 12°08'§

TABLE 4.2 OPERATING CHARACTERISTICS OF THE AEW AIRCRAFT
RADARS DURING KING FISH

I, = Lambkin, A = Abusive.

Ll L2 Al A2

Frequency, Mc

Peak Power, watts x 10° 1.25 1.5 1.4 1.4

Pulse Width, usec 8.5 8.4 9.0 8.9

PRF, cps 239 242 280 280

MDS, -dbm 116 113 114 115

Dynamic Range, db 21 21 15 18

omin at 500 km, m?2 12 20 20 15
4
]
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ABLE 4.3 AEW AIRCRAFT RADAR FIREBALL/DEBRIS CLUTTER FOR

KING FISH
Radar Cross Section
Time from Burst Point Target Volume Scatterer
(Sec) (m?) (m2/m3)
Lambkin 1 5 4.9 x 10* 18 x 10,
5 to 45 4.9 x 10° 18 x 10_
55 4.9 x 10° 18 x 10_,
Lambkin 2 15 to 35 & 2 x 10° 14 x°10 _
. 45 1... x 10* 0.3 x 10
55 2 x 10°
Abusive 1 5 to 25 1.5 x 10°
35 4.6 x 10?2
45 1.9 x 102
Abusive 2 7 to 27 75
37 7

TABLE 4.4 AEW AIRCRAFT BURST AREA AURORAL CLUTTER FOR KING FISH

Time from Burst Radar Cross Section

(Sec) (m?)
Lambkin 1 65 8.3 x 10°
75 100
85 50
95 30
105 15
Lambkin 2 85 10
95 25
105 10
115 35
125 - 195 100
Abusive 1 55 - 75 1.3 x 1072
Abusive 2 80 - 100 2
140 :

|

|
i
l i
|
i
i |
13
A y $, A ; IR TN S , .
RO ol Q% { ,7‘,“,‘~‘1 I IRIRT N, A y

R SRR B



/ , |
L o T ‘ <
: & 5 o
: €N o
.
47 + O E‘ =<
1/ z 8\$ .
y xX I =
T T e =
) .
// o=d g° ' E
/ 3 wl w ~ &
/ L o 2
e e i :
Sk = Q. 5= 5
S o < 2D = %
S s -
: - Y ud 3
N 3]
> 5
2L -l
ts 5
H 3
e
| 2
—-—— 2
: -
~ 2
+ 0 p
- v—
] g E
| T E
i - w g
T - Z =
} + ‘; :
°3U,.L } - } - g
: =
<. -
-l | 'p‘;
w i
o ;
! z
fNE
: €
1 JE.: x ..
o,
_:‘x o =
-0 4 d
-’2 -
i T -
o -“

o ":‘»":*

i

LN

0 Y
Sanhvilidan ¥)
N

N AL

) i) N A e

Spitam Rl
¥

ISE XX K X

'S

.

e ST N R



ha - ¢ S—
W TN AT S Y

+ | 4
.'
]
| 1 '
- 1 —ou — % ; l' = t
[ g\f
w 9 & E T G
z 3 ' 2
—T 2 ° < : 2
o5 L o B =
-l < b j ) n
Ul e @ :
TT ¥ e p <
—E ® S :
mx T g : T a
-3 w :
=2 T : ﬂ
oM : E
i sg g z's &
\ tgs ?"E T é‘
+ + s f o : ‘
(] L 1 t =
.9 ‘ :2 é ! S F
\ s 5
\ £° =
~ : |
R -
3 E
< ] \ 2
. O <= \ e E 7
= w e k=
= : \\ 3 )
O & \ 3 N |
— o D ‘l:'.. —— N ]
o T \ & +
\ ~
= 3 :
4+ T g © T 2 :
N =E w \ ’ i
& T 2
L ] ~ h- W ‘e
e E S S TR
. * S W Z<g \ 2 |
. \ % ]
N \ 2 ;
\ T \ 2
8\ Y ;
\ 3

SANC RO

142

3
!
b

T




*SpU0ods Q0g 03 0 ‘W 009 01 0 WYSIJ BuTy JOJ JWT] SNSIDA ofuuda Jepea pue[sy uossujop ¢°p dandLg

W

ASYNG ¥ILIVY IV

Y T v  § Y — B 2NEn 2

-y

v ~ v

Rj v

SHYOUYH 4HN OQNVTISE NOLSNHOP

on ozt 09 0
— T L v ] T orz L] R § | 4 1 v L 4 A ¥ L4 A L] L ¥ L] 1 T L] T ¥ Li —o
——— T T e T T == ——a
PN - \
AY
AN N P
ov
N <
\ 1/ y 3
- F—jos &
e / N noLLYAIT3 i
- > o o o kih"khﬂk'.l'l'qnlcﬂﬂ
T~ = wnmzv 2
- T
-

g 8 g°
b ——HiNMIZY

g

L1 7]

)

38

SN0 = — FONYN

143

TR AL
»t‘;_:g:f-;ﬁ/‘ﬂ"’

A

)

Py
Ya

Ny

2k

Wu‘




VLT AT - N T T T T s T T e -

W,

y

Widiyaeng

*Spuo0as gog 01 0 ‘W 008‘Z 01 0 YSIF Hury JOJ dWT} SNSIIA aJuva aenea pue(s] uosuyop pp NI

W08 —— L1SUNE WALV INIL

: *mi r3

: v wta ate e i e -
. > S k v s < ¢ M=t ..-‘» Pt pey i e
b PR SN ’ T - p o ! 3 (o N N

e
ol N AT . e

FATANEY T r‘.w.

of:

{r

CoSdn

s

—‘ L ¥ | § A} L) “ 1  § ] L | L] — 1 i L L] 1 — L ) 1 T ‘ »
- . — - - =0
e e e+ e e e o te aie e vt e - e e mpiiza —— - m
e ————— e —— =000 _
) -000Z w.
) an oce m
. H -
T T T Y I T T T T ] <t
i

LY

€ |

i

%
SRCGRETA AN

PR R Sl Y I L [VEL YA eveg Npat
S LRk Y L3¢ 0002
B Y ——
0t V2 [+ 10 o9 [+
A °'~ L L] 1 ] 1 ¥ 8. ) 4 L] L 3 L | L L) v L 4 L L ¥ ¥ L] L L u
i L § Y e Y . o] -0 !
F

rl.ll-.l.l.l\ﬁ.lll —————— e e

\ // : // vmloo_w

\ NG . Y A =7 09 3 o5t 3
(\, < : T
// /’ \>|/ |||||K - E:’.NCIN o._m...””m

~00%

<06¢

SYYQvY JHN ONVISI NOLSNHOP

EG S
t,,i' 3

[y

e o P W e A L MR A SR m L b E e K PENT e g § A M A S T e el S



crmt s ]

[ ;
n 1 :
3 @ :
£ : ;
* - -
b ) ;
1 b9
! S
o4 }
£ N (3] ,:
e Y S :
ii.'. =
X g
: . z
: . g
i E ;
; b - S
3 S :
a o .
2 2 i
% S
3 a
i ] :
!"‘ i 20 :
% =
- vt
- L
g i -d é l A
« o A ~
n -4~~-~ fi g 5 ]
~|= - g J oy 3
3
b “} W vomt
Ly _ : s Z
3 -0-1-_\ - ! .':. ‘5 - ’
- -.--~._‘ A -. 7‘3
"~~§‘ ! 1 - ~ g }" <
T~ ' t = =~
éi i v-_*§ . 9
§ 4= B N ¥ >
-t . -
i —~4 - 2
| T X 1 £ £0
H 3 : =
\ | ’ 5 £
LYY
- : n
4 4 Q - _"_,3 ;
N . TN TR : S ]
. . ﬁf'. i V.f:,, i ? J 3
) e 3
/ . = i
. 3
4 i —:3 {
o 2z
\ & ¥ - ?
b b “ o) 1
Ny bt 1 T 2 ;
I L & g !
e 4 . = ]
\ .~ 3 i
[ i -4 1
3 [ 41 4 ; ;
' a n
N \ b - :
b : J b {: *
vl o4 t o 1
[ - : =
- " bc ¢
£ Uk ¥ o ;
- ' - — K
g z e mn o ]
$00:809 —NOLLYATY3 ;:
1 L t

[ Y 1 b 1 L }
2 8 83 % 8 8°
$00:000 ~—HINMIZY

145




W
nr(‘;i

LUy

*Spucoas 006 03 009 ‘Wi 009 01 0 YSII BUIS J0J W] SNSI0A ofuua aepea pur[s] uoisuyop 9y aandig

AT ITETR W LA N OUE Ll WS, WA B

¥ “”:

PUNS —— 1SHNG ¥ILav INI)

146

3

Ay

e

006 08 [+ 13 o2L 099 : 009

— Ll L] L} L 1 — ¥ ¥ ¥ | L] T L § L] L) 1 ¥ L] LJ 1 4 L | )

W W U W WS 8T W 3N WS R

=]
]

e w s TTT =T

U ap—— SIS e S

1
I

&
1
5 8 °

-l-~
o
<

|
\ ) zo:<>u4u|\. ~ ] ‘ .
R 1
- |
. [

4 ’
HIWIZY ’

-~
kS N

!
<]
S

-
-
N
309,009 —NOILVAII
N
]

o

X
28,000 — ) 1NN 2¥

I

-

<
320

)

pi

St~
~~‘.
L {
53 %
o
21

- - ||I..I||.l|.|'u.ll.

SHVOVYH JHN ONVISI NOLSNHOM

IO
‘:*ﬁm o

S
o

S

o

()

a8
s

(.

8.0
(L
AL

(57
!

A
8.



o r—

haut oo

SPUO"OS 00Z° 1 01 006 ‘W 009 01 0 YSIT Sury H0] HWI SNSIDA OJURT ARPRA PUB[S] UOISUYOP L°p Dandig

U0 — L SHNG YILIV IWIL
[0,04] ov i 080! 0201 096 006

_ v § ] T T _ T T T T T — L ] T v T ¥ _ v ¥ T ¥ ¥ _ T { ¥ 1 L] ]
TOTTTTASERITITT LISULLD W LIRS . A ST 1 b AP A ST LDATT W STASRUI AN IENDIT L L T LAY, LD Y. .:u.l.O

39

40011y —— IONVY

. . . . [ HO
002
) . =% Zoor
-009
oozt [« ) oso! 0201 [0 006
— ¥ L) ¥ | 1 | — L] 4 4 1 T — L v ki 1§ T — ¥ L T 4 1 ] “ v T T T .JO
ot s = —————— e P e . \l.l 3 o s o - — o =]
o~ # 02 -

1

m

b

— <

, = //r \ wanw ~¢J.. zo.=>ﬁv(~/ |
/. s\l N‘ - o 'l'(rol\\ m “.
] ) -
\. |

~
[|

SYYOVY JHN ONVIS| NOLSNMOP

g §°

g

z 8
200,000 —HINKIZY

3 8

4
»

147

S BT,

- g

el ‘/“:“
X

v

}gt

AT

» AN
Ny

AR

S

”

tm"

DT



i
]
|
'
9
H
H
b
)
1
1
;
4

-Spuod9s 00G*1 01 003°T ‘W 009 01 0 YSIJ Sury] 10] oWy snsaaa dJurI agped puvis] uosuyor 8y aandy

SpUOISE —— LSHNG HILAV 3INIL
aryl Q8C! a2¢! Q9et oot

AR

&

.
d
S

AN

n
o

LHIUONY —— IONVY
AR
\J

2
]

148

1 0zs! 0921 002!
R—“- Rl T LS 1 § L oot ¥ L4 T L T 8.—M‘4 L4 1 T T T T T T T — . T 1 3 T T J_O o
4 7 4 7 7 ’ e e e e e = e T A= 4
L 2 N /! / y A ~ - ] HIOAMZY oz -Jos
{ ! /L.llt ' / L]
[ ! 7 7 M) I / —t / ov 5-Joor
’ -
T T ! I i ! h ! / NOLVATII~ ¢l »
/ ! } 1 4 T I ] = . 09 ™ s
~ -
! { ! ! ! l h . S
] / N 9 g -Jooz T
[ 4 T N ?
] I ] ] \
, ! . .\ ! { 4 ? Josza
_. 7 / ' ! 7 7 E
1 ; ! h 1 N \ e loox &
. [ . / / /
x\ .- 1 \ R / !/ S . — e -{ose
1 ] I / ’ / 7 = > i 733

SYYQvld JHN ONVISE NOLSNHOM



*SpUodas QF9°T 01 00T ‘U 009 01 0 YSLJ Buldf .I0J W} SNSIDA ofura appea pur|s] woysuyop 6y oandrg

W0 —— LSUNG WILIV ML
096!

FEELIRIEI IS wi At - » RIS A Rt B

B =

SYYQVY 4HN ONVISE NOLSNHOPM

. w0

09! 006!
— o T T T 1 Y ow_w. T T T T T 7 T ]
- T 7 T 7 T 1
- SIUUN SN L B S o2
! ] [
- [} 1 ~ov
. - Lo Ao
5 e e | |
I {
———e - S P _
U RS B o = L !
i cremT T T T (g ! ! ] l ! | )
PPV L | Y L ] 5 4
[ - T T T T T noiw3 3 / T ! t 7 4 1
! ! ! ! o / ] o
oo B T AR N u..l i 7] 1 r

-0
-10¢

o

m {00t

<

»

-

W [0S

& ooz

»

<

& -los2

-
-100¢
~106¢
e

3391830 —HLNWIZY

(nage 150 deleted)

149

e

R

Yh

Ty
]

3

XX
ly
X

w3
2

i
x JU%,

1
LAY



SPUODIS 07O T O O “SA0UDD UIIYINOS IN-GGE
WYSIJ Uiy J0J YIMWize snsIoa ofiuva auped pur[sSL uoisuyopr 11 aInSig

i
@
I
W
. 3
f »m'@
; e
j — T
| wx 006 01 ) &
o
| 5 7
m — L %5
' o ;
< <L
4 ~ <A
v. T2
o
t.
[ J:}
j o
p
vt
"0
—

co.h ) 009 00¢ oot 00t 002 om
$;WoI — 3JINVYH LINVIS

*
.\

i

)

T
kot




;
m
! CTPUONDS YTH' ] 01 0 “SA0UDD UANINOS I -0G8
)
w St Sury Qo] nurze Sns.a0a aSud aepia purs] uoisuop gt aandyg
'
!
1
" wy 06 01
:
]
So08!1
SO - e al ¥l
\M 061-6
— - -
0:H Ly NOILISOd
Wv38 NvavH
291- b
o0z ‘009 00 00t
$IWOoIN — JONVH INVIS

i

L

- e ggé‘!aﬂg R

B - e w e,

0022

BRI

(nage 154 deleted)

153




i
]
i
¢
}
:

o — —

o001

*SPUOINS (Ony | 01 ( ‘SO0UDD WIDYIM0S OIN-01Z1
‘ys1g Sury 10) PNWIZE SNSINA aFURT ApRI PURIST BOISULOP G p 9anSLy

009 006 00t 00% 002
$Ialawony —- JIONVH INVIS

H 1V NOILLIG: of

Wv3a

vavy

o

]

~092.

0022

155

SAGRNE I Y

ERGL




T v — m ev————
4 i ki - Ghaad Fiaha UMt ety L ddale i foau e der - AT MK . - e L

3

A

iy

e
it
& ixth

“an,
N
.
k4
'

X
Y

‘Spuonas ¢OgL 01 0 ‘OIN 8GE WUSLI Sury 0] W) SNSIOA apmpjdue oyod Juped purisy uojsuyop 91y aawndig

SPuores - LSHAR M 1i WL & Fx
oot ote ove oe 081 05t {rd o o of A o .mma
CTT T T L T T T < e <_ q _£< T 2 M

W WS W M MAEE WS W MWW WA — — ey . . ) = e v e Ay | e

[¢24
e
w
<
o £
s
2
o
oS »
Wy 12 01 O JONVH-— -3
@
ook 0i2 or2 o ot oSt o ] »
T T T T 17 17T T\ JI T T 717§ 17] =
“ ©
“fon _ 0
i
o
0z "
ot
-{o»
- 05
us Q00! 1 $4Z IONVWH
»2 [+ o2t . _09 . ey [
.—NOn. — T T 0 T [ Rtk sante b ' LI iR ' -1 |-. v T t T II4|I!_: o
-- it e 4 Moo
Py XN
- - o e e e .I-lll..ov.M-g.m
1A <
= S
- r— — .\..IuLOawnrfu
NOHIVADY) ¢ 1 1
-
- vy - — [ P et il adiady B2 (] 3N (P A7 4]
o z—::.:.\nn 2 3
- e L o T
- - = e mmmm = am - —- - - B R iR By Joox
U H . [ —— Josc

SYWIVY NN GHYIST NOLSNHOP

Lt

QEFIAS
LT A0
RIS A
P ’

0
.

o




W -§pu0o9s 00¢ 01 0 ‘O 068 YsId Fuiy J0J WY SNSIDA opnjjdwe opd Jepra pue|s] uoisujor LI°Y aandig

SPUODIIS —1SHNG HI1 4V INiL
00§ oz or2 we ot A ol OF o3 o o o=
T T T T T T | . [N | 1 1 | A B 171 117711 ]
4o
~joz
-10¢ ‘0
@
z
—Jov &
-
y (=
* 4 —0% 2
wsgz2 01 O 39NVY - o
4
00§ 042 orZ {24 oc o O- 4
onn e e L L L L L miq_____s_w.
o
[
]}
- { w
a i
—{02 o
~{ 0%
Vo
ws 006! 01 ¢22 ONVE— dos
R -J-Il‘ﬂ.lllljo
o o
— e——{02 uon
P 4
—aree < e 4O¥ T 001 ¢
2l S
T T T e 09 Q@ 405 2
zo..<>u:|\ ﬂ [}
a
llllllll a2 v =100 a 4000
x.:l.:l\. 2 a
- — -.Iulrd_m s e ®
—_— - oot
o B B —_— ] Jos¢
SHWRI N 3 OGNV e 101 JHHOE




hiadiadi s |

e ST RN

Dbl

*SpPU09S 00 01 0 ‘O 0T2ZT USTA Fuls] JoJ owiy snsioa opmydwe oyda Jepe puelst uojsujop g1y dandiy

SPUOIIS ~1S¥NA 8ILIV 3INIL

Nk YT QT LT L v e g R mAEC T ANy T CTELOTy T un e R TRy PeTT AT e T

e e .

NOVIVADTY ©

7o

2 ot
00¢ [JT] ore o1z | o st b . e e
o e e ant et wmbt tied e AR T SN Y 17 R RN i A S A 1
™
(124
og
o
-tog
we 12 01 O JINVY -
00¢ (2] ov2 01z ol [T on on o ot 0
I D T I D | S e S e el DR BN | T T I T
[+]]
0z
oc
—1{0%
we QOG0 S22 IONVY - _deos
* 09 o
A_..'anx.ll ]ll..—.l-}-l.:v—\ L | s o v 1 ' t v c_. | ' v Lt hid S 1 Lot e B |
— - - 0
— - - --foz
| - - for
m
[
!

SHWRIH HHID NV VA rar SO0

S e i

HINNY.

v -
v __in

@

(=]

-

-

-

=]

&

Q

n

m

x

»

2

o

|

a

o
i
-10s

el =

< ~{00 ¢

LR

& -fost 1

| |

o foocs

- Py

2 -~

.m doge
%
Jocs

158

Y

[
My

Al
AL

)

A
\
A ﬁ*-

Jiey

W

L

SR Y,
e K T

-

Sy PN M 1
K9S
g AL

-
-

E R
ey

"

BEas

,g’;{

%

by Sk 5 ¥n 4
3
A e ()

AR

T

-
et

Y

L e e FL =y

G D G Bl s wep B A s el et S edp WO



BRI TTW 1T W LT BAFNAERJEE VYIS LTI I3 g TTETIAAE TR AR A e T T T

8
= T || 1 1 8
L %go 13
wos
$90400p — 3 g v g
99469p —32IS YV INONY gg,_
T T - a% g I
8 2 e o | -Ff 2 R
@3 Q
<< 28 /
e & ///Q
P~ &E m /; H
.. I; k/ 7%
( 7,7
L - O
7/ //
/ //
" 7,7, uhd
VIR
o ///// o 1™
g o

SATURATION

1
2
TIME AFTER BURST—mi

Figure 1.io Johnston Island radar echo amplite fe versus time for King Fish; 398, 850, and 1210 Mc.

- 4@
- 4.
. ™
- -
1 1 1 i -
2 ¢ 8 & 2 ©
4P —OILlY¥ 3SION OL TVNOIS
““““ t i 1 1 | !
3 T 5 T T 5
© 2 © 92 o @ «
JWA4W— LN3I0I43300 ONI¥ILLIVIS JWNTOA

159

)
A

RN Ay N PRI NG A NGy e,



-

e T TR TEEARE T N A AT TR AT RS TS SR e
e TR W TR NEET RS TR AT

-spuosas 00¢ 031 0 ‘O 86t ‘USIA Sury a0j awg snsaoa sapddoq aeped purisi uoisuyop ¢g'p oandig

spuedes —— LEUNG ¥ILIY IWL
o2 09 9

or2 (. 1}
N pa — L] ¥ [ 3 e A
- . ~ T -

A i -— v ey
P N .
<

\ A _ N \ woLvAI 2

SWVOVY 2HN ONVISE NOLSNHOP

d
’
L
~==HOIIVAT D
1
8
»— WANNIZY

/
\
ﬁ
L
D

RRERERRRN

:m
o2
-
It
uu
s !
o 3
S
1 3
.l

160

SON

[




v e

*SpU00as 00¢ 01 0 ‘OIN 088 SIJ Suryf o] own snsaoa Japddo Jepera pues| uojsugop 1Z°p dandlg

YOI - LSHNG MILIY 4.l
ord o8l . 0el

L
RO OF A ~

LRI o .n . -
- LT P F T y b
Lt o .mﬁwuwr.,v«?gi..bi.\ W

bow .e g

Z k) .
L /.AT// i — —
T : \i T~ ~ llllll.ﬂ:”.mlqlu\tll .

SWWOVN JHN GNVYISI NOLSNHOE

-_ O.N&W

200,000 — HiNMIZY

.-
(YRS

WY WY~ LJIHS 83 Vdd

e g e g e Ty A e

161

e

i ttry|

P
N,

N

gy

ST

i



. g L) ” sy = 4 d L a T ul g AT T pre v magany TR e ra <, v aemees e e, it wwas oo sy

it €k

o

np R
A

“SpUosas 00g 03 0 OW 0TZT WSId Sury J0J awy) snsaoa aoajddoq awped puels] uolsuyop gy dandiy

T T

P

o

SPUsasS — AGUNG WILAN WL
0o¢ orZ o oz 09 [+]

WY &Y

T T ¥ LI ¥ ~ L] L] L4 1 T \— L L L] ¥ ¥ — ¥ L] L] 1 ¥ — ¥ T R | T ]
ﬂi Laa e A 44 ——— ~ -_— 12 aamiaa o) 1‘—.‘!!0

Qo
o
hd
v
-
. . -
SN W T uerYe R AT »
- My 1 1 e 2 st gt g L]
. B P . X
. , P R A z
) v e e P . N - -
wicFpaii s sqor g te i 2l Agdmis hB GREM v _ o
B ...s .,.1».«,,'. R A R Y ¢ - * .. . [{e]
ARERON 1. ‘ b4 g - ‘ . . v “ —
3
Wn orz o o1 09 [}
L} T v L] L] ¥ LRS! T ¥ L T T T A — T T T T T T T L4 T T 1 o

l""j"lll'l"'ll'

N\ NOILVYAIY r ﬂoe
~ N N N L e )
~— S ~_ wnmzv—"

/

“
NP NN IVATG
SonN e — inmiZY

SHYOVYH JHN ONVISI NOLSNHOR




S T TLEMT TN

Ol m I?.Q;"m ,;ﬁi

SHUOINS O 4'y 01 (0 ‘So0ydd nIdoun OIN-RGE
ySIg Aury Joj ADUNISIP SUSIDA nifoy aupra puvsp umsujop gatk aandig

-
L

S

__ s19j3wopy — JFINVLISIO

: 00% oov 00% ooz s
L 0 O B BR LA LA .-.___... _4___:__ %
- o0
B O m a
- 6bve
-
-
. _
- o2 . 3NI7 071313 031VINDWO n ,
u : _ — 002 x
- - m
- Loz1-fan ] ES 3
- TQOP 6 I\\IWO 1-Gget ] 1 “ ﬁ
o . z - R
= Q
- X AT T 1 3 w
m - oo
1 : Al : ._
s sno o9 ]
o // ] Gy
n 929, SO A
» . 3 -299 2 D,
ogsl 1L 2 oov e
- 602-98! ] .
= Jd .
- K ~1
— G29-9$29 AL#A;\. m = ;
j— - -4 ha
C h..LL:erF,r.r_ktLuu
WU ENEEYNE NN F..\:._PLL.. dg gl ea L aaataaeidoos !
1Ly -OLY O :
0g2-622 poed
?.MO 5
0621-882) WHOSINY m

_




—— N A s i facaiurs P Gisc
7 3 T TSI TR ST RS AT T v . -
5T 8T8 A LR g s mave 1wy

*SPUODIS TY 1 01 () SO0HDD uIIYIoU IN-BGE
SSIJ Sury] 10) {IWIZE SNSI0A afuE. J(upi pu(s| uosujop pgp dandig

si3jawopy — IONVY LINVIS
00 009 00S 0o0¢v s 00t 002 [o1v]]
«06 ’ = 1 oO¢ 2

~ «ORS

S
TS HNOANOD T W OO

mhc N

wy 002 T~ 06¢
o

001€

164

002

o0tE

«O! 206

062! - 882le




L A R e e L

e
b
’»
NI PR 0] PF CKAOHDID WIDLIOU DN -86GE
Ys1g Jury JoJ 9oueISIP SNSIAA JT1 auped puBps vojsugop Gg* aandrg
siejawoiry — FINVLSIQ .
00s oov 00€ o002 oo} . %,
-_ad_ _ﬂ-«J-.-AJdiﬂq _‘-Jﬂﬂ-d~ -dq-..q_ __4A_ﬂ.-r# YH
- «0 -
N - <
- "
s o) 001 «
: E :
- aze I
- " ]
u © 4N11 g1314 @ILVINOWO . -
. i) 00z x @
< 4 m
: N ] g
ol | o ~ Sp-1b _ i
~ y ov-pg - =
- ol A Zsc-ps 1 3§
N ¢ . Y
N " NN oos ¥
- OFv Q 1S /@.ﬂ -
B o )
- Vege N ]
- s& -]
— & 34 ~o -]
- . - .
o <, ~ 7
u e T 2 —~ oov
- 89—~ -J 3 -
o N \ H
s 22 ﬂi/ﬂo» A & . .
— o\.-mf L “ay -
- ,OW P.LI.IPF N
n f SL-0L rL.tC i
JUNERENEN LLP—_.m d&m*~.._~ WS FWY W _.b_—.b. 00%




3
1
*
H
i
A

.",-‘C

“S0INUIW 18 01 0f ‘S0 UID|lIou DN -86E
qs1g Sury J0J YINWIZE SNSJINA DJURT JLPEI PURIST UOISUYOP 9T T aandig

$J13woly —- JONVY INVIS

ooL 009 00s [oJe} 4 o0e

.Om

I A

0L 4_ [~
AN it \\
Ge = an
Y 19-9§.25"
~/.95% ER:
«09 0. .lmﬂl. R

eea
\ rezril .Ushmwl‘ —

SL Mms 0L -99
-0t ~_ %12-52
€l

0%

o2

T~ w8
™~ wx 00l

- wy 002 06e

~N
{— — HNOLNOD T Wy 00t foos

O IE

«0f ¢

Qb€

b0 T

e TN ’
/ \
\ 202€
Y SRR .\.\

e
;
/
]
166
LTSRN s (8 AN CL M R R M0 Tt o O PO I O O O O T I N R O 0 M T T 20




ey A 1Ry T TR TN ¥R TN

54
P O

%

~
,‘- ?
it

‘oUW §A] ©) O] “SO0YDH UXDRIOU SN -B6E

e

tys1g Suly 10 JOUTISIP SNS.I0A NB10y Hupra PUR[ST UOISUYOP LAY aandig g
kX2
ol
, :
,_ ss84awolty — JONVISIC Mu
| 00s ooy 0ot 002 oa! % 5 m
| mE e e R RSN SN RREEE IR AR EREE SRR LRI M c
1 - O —
i T * s
” " =
i |- 5
_ i
V r V&A
o £
o)) 00! m
: 2z
n M
N o2 .
o S
- - " 5 : M
- ~ . <
- o // 6 Site —+ bl N ._. N
—— \‘ / — —
- /%..l\ 16 - 3
= ~ 16 7 S ;
: / T 1 i <
- o N6~ 00t 2 v
B S 2 ~ N
5 * s vor-16 -
- € -60t Y -
- & ~ 2
- * 3N @131 G3LVINWIN_ - ]
o 7Ax ~N
e ol —> QOt
- 08 jc -
-l wm FA: S ws 7
- ¥8 ~u8080pL, S @ _
— T v8 B | f[\LfLL Q .
= 28 Jau ] ]
» 28e -t Aads b aus
SUNEE EVEEE NER! Pyu SENNERNEE! Caaadassalsssslertdoos
ve



*S0IIUTW G7 1 01 08 *SA0YID UIIYII0U DIN-8GE
YS1g Sury JOJ YINWIZE SNSI0A dfued avped pur|sj uojsuyop 8I°y 2an31gy

S e e s e

$1212WoNY —— JONVY INVIS
0oL 009 005 oov 00¢ 002 ool )
06 — I o022
—
[ _—
208 Af < <082
™~ wx 00!
062

«02

ﬂw'%

e

T #05€

X T HNOANOD T Wi QO0g

168

01E

o

e S

oy




PR LS
£

TTTT

N |lill IIIIIIIII ll[llilfl ll[l‘llll Ilillllr

C i E

- % 3

e o .
/ o~ -

. < P

C T L

1 /%

rerv Y'rTv,-'

Ill]'lll

S
>

l_EllllllL

~

/
/

/
AERIREEE

llllll!l

gy g lero

ll!!ll!

500

400

300

200

100

C /A"’: /I, .
C 5, e /| 8 :
b 4 o / —
- ;-'. N w_ -
F T >\Q?gﬁ a ~
- RSV P ot L & a
R SN2 ~
] - T - / -
- [ @l S ~ ,‘7? .
- 2l 85 2 |« i
3t -
L £ 5| €8 & 3
- faT| =2 9 :
= ]
- E 82 o :
- ae &
X 7 .
8/ .

500

g

8

"

$13jpwoi — LHOI3H

g

(<]

D14 1ANCE — kilometers

“igure 4.29 Johnston Island vakire height versus distance for King Fish;

3 minutes.

.
.

398-Mc novthern cchoes, 128 (o 17

e oAb e La fhaat



Ly s n e g eoa e e sy e .
. et et rr e eamee o x = e e
G .
. e e e aag r e g g ey e e
B L I i TR A
L ST e A T AT T Y RN T SR T h EET AT O T 7R AT 4 vk R L v o prem

. e R i R T R T e 2

S s

ssauIW €21 01 gal ‘SH0UND uIaIon HIN-§6E
qs1d Sury] J0J PIMWIZE SNSIOA a%uea avpua purisi uosujop 0£°1 aangi g

s1919wopy —— IJONVY INVIS
004 009 Q0% ooy 00t o002 o]0]]

006 -
w = =f - I ‘
e —_ \\\ / Ve

e TN

Ocm

i L

T 082

062

170

004

00¢

[T AN AN L
‘cfre2eltigr’pel

o




1 LI H T Tyl 1030 § .‘:-:
ARRENRARRSRARRIRRRENRRARE RARS IARRERA 7T %
o _(m_ =
o [
- X T Ed
: - ,: z
- ) - -
C / ) 10 =
u 4 %
. L2 : ‘é
L € . &
-
L - 7
L — =
. - -
- 7 : ;‘j:
o 4
-1 - PR
C 8 5 4
™ >z
- / 1 = =
. / 17 ¥
-:;‘
L — u : e
/ X 4 8 22
- z T
E / 1 « z
- R
-2 4 = -
— &
- l & e -z
- \F‘.o 1 ':'._o
- / ~ o
~ < -
- I~ = .
- ey %on
E g l \/ R o =
r - ! / SR z =
-~ . & q_ e~ R = =
— - Tely ezle 1 =
Eof Y938 3
] -
2 1 8 = £ £
F = s 2
-
- - 4
E = 3
)_008 é;
£ ? 3
[ S =
- o 23
E o I

(2]
$J912uW0) 1% — LHOIZH

3 8 & g

500

171




*SpUOdas 07O [ 01 0 ‘SP0YOD uIdYLIoU OIN-0G8
Ys1g Sury] J10J YINWIZE SNSIVA afuna anpul pue[s| woisuyop €% axnsi g

$1913w0(1 —— JONVY LINVIS

00¢L 009 0us oov 00¢ 002 oo
«06 . : ey e a0 2
- -
" ~
—
X
208 / ~ -~ .08z =
. / HNOLNOY T Wi 00l e
o - '
g 2
~ - |
/ -
201 N or-des | 062 o~
\ S \ \ 50Q .vom . ”
N oéi- 2p2 —f+-
1£2~0L9

o

«06

«0f

<02 ~.

«0! 2 |.¢.O| - «06¢




ye1g Sury 10j

‘S G7 | 01 08 ‘SINDY WIDLIOL OW-0C8
HoURISIP SNSIAA NHIOY JUPRI PURS] uoISUYOL £E°F oansiyy

s102w0iN — JINVLSIO

o
00% oot 00¢ 002 wo._ i o
SUNEIN RS IR SR U R R Ty
. o
- M el 001
-
N ot
u 002 x
S &
[ //. g
o o ~ s '
m —
ml . ® ///wm~n : Wm
. < N
: / ~ —Jooc §
< »
[ uvl /we\v// .
L Ow ]
- 1#\1.\/// l.m
L. N
- s 'v&v./ 7
- * V\vb/ 1
: f VYQ/L
- & > Q0P
f w -~
: £, 5 ]
e 4 S @ =
ﬂ.‘ Lf;/»»&.sh O. 7]
g, ]
- e .PL.HE [ANENRE
EF.—LF- .%.-_._-. ___L_.... ___L_F... —...TF.PLLIOOO

173

¥

st

Iy

e
DA

,,
b

:

R

L
u:

7

2;&

£
XN




*SOINUIW GZ T 01 O] *SNH0HOD UIBYI0U DN -G8
Qs Sury J0J YINWIZE SNSIDA DFURT aupud puv[s] uosuyop g dandi g

$19)awopy — JONVYH LINVTIS
00L 009 005 00t 00¢ 002 00}
206 e 082
Ty - _ . —_
e \ N —
. //
N T~
OOQ 4 082

TR

e

%,

g
(3

(EANRY



“OIN 0S8 PUT 86 MSTJ Sury a0j awyl snsada opnjipdwt ofdd [RI0INE JEPEI puv(s] uoisuyop Gg°p dandig

SINUIW —— ISHNE Y31dJV 3WIL
000! 004 O00S 00¢ 002 [ol0]] 0L 0S 0¢ (U4 Ol L G € 2 sl ,.Too
[T]1 _ _ _ _ i I T
INO
\/ i3 {0 o
/\|| z X
S .mw
B
- - W0z 3w ;
z = 52
- - - \ —oc 2 ﬁ
3 :
o W
—jov a w&
A
| i ~n—{os -
&5
je—wviva ON—» e
AN I I . I O || o
£

Y

4 A

g ¥




006 ove 08L o2
T T T T T T T T Y 1

spi*n0as 006 01 009 ‘OIN 86€ ‘ys1g Sury J0J dwl} SNSJIAA Japddog aeped pue[s] vojsuyof 9¢°p 2and1g

PUONS —— ISHYNB HILIV WL

— ¥ L} L L4 T — A ) L] ¥ LB + [—\ T L]
A i T

B LTS U

1 e agec s PR

) -
adh v dut g .—t!: RN T
.. .-

™ A g o

4

. L} 0 P 3 O
Dt et S v mb e« Cesile e o TR
SR LA SRS L ..u.&».....m...,&..,f Rt

M-~ 1 JIHS ¥3IddOQ

}

8%/ WN — LJIHS ¥3dd0D

176




ys1d Suidy} J10J S[AAB] DSIOU ARPEIA pUL[S] UOISUYOPL LE°F dIndig

SPUOI3S— 1SHNG Y3II v 3JWiI

08I ozl ) 0
s S T TTTTTTTTTTTTT T T T T T T
- 009
— 000'€
— 000'9
— 0002
W 01l __ 5oowa

* — 000'v2

N 868 — OOO“N_
— 000 b2

Ry N e . RN I IR e P T R A SU T WA= A

(]
<
n

3 i

!

3d¥i3L  3SION V¢

Mo — J¥NLYE

177

»
)
4 %7

A TND

N TN

LN

5

N Y B S A I AN A AT A O O A X XK X XN T

.
E&wmmw XA



T T R T N T A T W NESE W WU E RY U T U W TR T TR TR YRR T WY TR ST Y PR U

Magnetic
North

Shot-Induced

Shot-Induced

g"(

AL PICIY I [ PE oL
A
L0 S Tt SR TR A Ty

Shot-Induced

o

Effoects

Shot-Induced

v
S

WX CRIY KT

Effects

LN YN
‘, *‘|"'¢-.‘(‘

s

TN TR TUW

1, 18 to 45 seconds.

in

ft radar PP1 for King Fish; Lambk

atrera

w

\
.
P

Figure 4.38 Al




A AT L e o -  ——

FRELS M NS ESL I T W AW R L e L S reas e m e - —y

to 85 scconds.

Magnetic
North
4
655

Lambkin 1,

Shaot ~-Tnduced
Ellects

ft radoe PPy King Fish

airera

.
Y

W

Magnetic
North

H+65 see

39 AR

Figure -

-—
3
Qw
- -
w J
< v
— -
[——
-
~
P
=
[2/]

Shot-Tuduced

7

'7'!",(!"\‘”"/[.1;"?33’.1&’, TR ';’((-th" IR, P L h > ]
R A T e A N v O e b g i """{"’;" e
4 i Ao Ch bRy ey
N M e RGN AR R



a {.\- RN TNSENEREN FE Rt Fer Ba Tl i ol aid o016 ATE AT AR t0 U Aul Hop b ol Call AR MURANE Uad 3 oV BT An ohi A0 LI A W S li> i aad IS L SR APl 4V O sl et A0 o8 A LR K Ao IV AL s & Aal el Bl i BaloNak, |

Ut radar PP or King FFishy Lambkin 2, 10 to 120 sceconds.

wrer:

W

.
.

Figurce 140 Al

2 Tl
e}

v,
fo¢

Y
"

&

cq‘;)
Tatn byt
iir“-'-‘-l‘

7

o i
& -
"~ v,
\‘ - ey
' KA AT I L S N N AP s
R ."ﬁ"’i.'-'. LS "’ ‘_\- ,“1 ."‘._n- . N ‘:l"_ ot-l _-C(, -‘,..--‘-.-
SRR J‘\ T ’ﬁ\'\ "'{.'(‘r‘.x(:‘-l ' '-IF RO G ‘d"\‘h‘ Ny NIt
AT PN e A A S e R W Yy RICRIR T P
2 FAPNER U IV SN NN, by ol AN AN . L 1%, PV SR W e



e o e —— . —— ———E

’v'( al *ﬂu m'E'::g ol ;ﬁ §

LT T S SR L ToE Eat T el oo ¥ ot 2.8 2.8 - ]

e PP for King Rish, Lambkin 2, 150 to 210 seconds.

wireraft o

Wi

.
G N PRGN,

gure 4,41 Al

o

[ VPRI VIOV VP PO N D VPR

PSS IO NPV FUDTIRGUPNN




*SpUodas Gf 01 ¢ ‘1 aAlsnqy ‘ysig Juryj

pasnpui-ioyg

!
]
t
)
t
t
’
'
4
]
¢
[}
t
'
1
t
)
t
L]
4
]
1
\
¢
[
3
"
r
4
»
X
)
t
]
'
"
!
[
]
%
X
’
;
»
3
3
’
4
X
¥

poaonpuy-joys

W TET L T T LTSS LT W AT LT T W W W mA W EK W AR X

TR ARarN LTS
4

£

1

«
-

':J\
!i(¥

e

[ Bal)
u-”,
J

-

-
»

n“
o
™y Y

WX

»

‘.Y
-" »
-r{"s !

'

5] '?"
%)

T

&,

o

J‘\ o

S

{“-

.
i

wix s
L]
i

~ AR

6300313
pasnpur-qo4s

§300y14
paosnpu-joys

%

-

v

%

»
A

7

A9

L3

I

\

SNt
LAY
whe W g

1

it

¥

'!

Rass

-
»

A
»

%,

A%

M,

-
'»

>,

e

x
n

o
e

®
fat

7

55

0

5

4

P

. -:C‘

530

e

%



- w

S A L T W W U A I N AT A N U A N EN TR U N ENENUNUNIXN WAN XA A KV AN I WY KN A NN

10 to 40 seconds.

]
-3

sive

¢ Iish, Abu

<in

ar PP jor |l

iveralt il

anrc

Y

3 AL

.
s

Figure 1.4

N7 .yﬁ ;;Q,r o, (ATl s
'g{ﬂ, 3 S " "‘ “,,AC ‘li II
s .d’,cﬂ ST 5’75 ;

:'2. o i
-?,_4‘ e e v ” LN

T AN
t'J Ld

r\.l
Vo
~




TT WIS T WA M WK S W W LS W WTW LR VUG G W LW LT W L S S s §w——w

TR TV

v oardlg

-§pUoDas OpZ 01 0 “YSIJ BuIy 10j oW SNSIDA DIUBT AUPRL VINVOV A/N

SPUOIeS — INIL
ovz+ 081+ ozl |

[ T

e - mpens v won

€

oo a o ~e

|
2 R

. . ’

l“”l“”l
g 8 °
Q [ 1]

orZ + 08l + 0zl + 09+ OtH

NOILISOd YNNILNY

$00,00;
~NOILvA 313

I8 SO — JONVH

184

x
} Sy

"‘u"
Y

-
PRV
PR
.

"ty
L]
a8

e IS
-ritl'-?r

“x
"
"

.
Ny
N &

l'* ,‘1 l‘ R’ ‘. .
.'4 " 7"" e -*
RSN

~

AL

b




e

, SSPUODDIS ORY O NEZ YSK Buly o) e m:.r.._g.wmu.ﬁ&\qﬂdumb VINVOV XE“%* aansdiy

pusns IR

: ngy + o2y + - et
i - —_———— - re. ———
. - . - -0
; - @ - hanad -
! -
w = - 0us
w om 01§ T oooa
! . All'lw.—h‘..vl.!.- . o~_v+ ) o . 00« + R

o ———— et - v oo - - -, — — - —— PR o o =7 )

- ~ PrTE Tty by far-end "q’ &“..l' - I.I.H.J' o~ a— -

e miAa T L. .. .o o -

* s sdbviienss:” ) P R omnw o Rl o

~ NOI11SOd VNNIINY

Ss8jowopy — JONVY

‘

N

NP

<
M

MM
el
B

R v’J'
i

I

Lo
$4

'
W

N

»
-
g



Y W W R Y

-Spu0ods 9ZL 03 08% ‘UYSIJ BuTy X0J AW SNSI0A AUl JRprd VINVOV A/W 9F°P ©

SpUOIRE —- - JWIL

009+

an3rg

20} pw0l1Y — JONVY

283
sosidop
~NOILVA3T3

NO1L1SOd YNNILNY

186

-,

PG gt ,j

W

1

’?{‘1

RS

XY
?.4



e BTN BT WR TR TN R TR T TR T T T T TR T T TR

RANOE — kilometers ELEVATION-
degrees

)
8 0883

L]

o [~]
T

08L+
oL+

-

oL+
o8+
[», 73
1
oL+

om 81°1l
NO11180d YNN3ILNY

ore+
ore 4+
o ¢+

ore +

ore+
l 0
ove+
1

- SAOD S PN PIN PrT

spuedes — InNiL
006+
cos+
006+
006 +
o<|>s+
O(iG +

096+

098+
[ Rd

0os+

&

_73’:; >

;

Figurc 4.47 M/V ACANIA radar range versus time for King Fish, 780 to 1,020 seconds.

0201 +
0301+

& v
. S‘_ (S TEN

0201+
o;[ou

0201+
I
“r:
T

%

0zo1+
|

187

o EN TR PRI
S TN T YR A

AR L ,~.j}21

- O L R o A L - -
AN N s N R
A 4 : ﬁg& RS & ;ﬁ%«ﬁ * a‘n,.,-f.,_\.f 15




19N|) jes0iny

gosy 3jednfuo)
SYYQVY VINYOY

HSIJONIM

-qs1g Suty J10J 2OUTISIP SHEAOA nEh

H,—.J_l:_.lqlulu..._i_—.

oy aepes VINVOVY A/ 8V aan3Lg

ssajawon Ut IONVLSIC o

n_wmn”____ _._AﬂOn___ n_uO..m .____4_@0—__.4._‘___:0
PO TR 1 ul piat
./3. o Ul 4

aur pR13”>"

TVTTTTTTT

€ 01100 0E=10=1 .m-m..mto‘ob = 00!
dyo3 oW 0LE ya3 2
.iw 8 = .—v@ ¢
*09S 8~

188

+0%as 081 = |L » M 0T

KK 299 02 OF L = \ i
.. . 10423 W oYL - oot

Ty T rrll'iilliﬁl

ik

Ny T

- \(.V\.We .w |
<,
<t
0 o 8,* o1 0ET = L
. Ly o _Oud3ON OFt— 00Y
T T T T, .09 _,
W \ .:x\:OQO\. %M L
M ' .U@W .ﬂGNOﬂ I-...l \
. NN R NNEE)
| A\ \\ ' a_u..__n..u_w_zq_(n 111137005
._ . . . 5 1342WO Iy Ul

JTHOHH

%

b x
A
wwh

~

X



i ...

CHAPTER 5

CHECK MATE

5.1 INTRODUCTICN

It was estimated that the Check Mate detonation would develop
into a fireball someL- -}n diameter in the period from
H+ O to H+ 7 seconds. ! This large fireball region would contain
the debris and would be of a relatively high electron density. It
was also estimated that the fireball region would then rise at
about 1 to 2 km/sec until it reached an altitude of some several
hundred kilometers.

By the time the formation of the fireball containing the
debris had taken place, beta electrons would be streaming down the
magnetic field line to the north and up the field lines to the
south. These beta electrons would then cause auroral ionization
in the vicinity north of the detonation and in the magnetic conjugate
area, As the fireball rose «nd expanded, the beta-produced auroral
region would be expected to expand in size and move north and south—
in the vicinity of the detonation,and in the magnetic conjugate
region,respectively.

Thue, radar returns would be expected from the high electron
density of the fireball region and debris, 1In addition, radar
echoes ghould result when looking at the beta-produced aurorac in
the north and in the conjugate ares, provided the radar looks at

right angles to the earth's magnetic field in this region,

1 See Volume 1 for a more complete discussion of the expected results.
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increases in the background noise level (equivalent to SOOOK), as

the temperature of the fireball region should be greater than 1000°

P R Y el

At later times it was expected that the debris would disperse

5
s
y It would also appear possible that an ordinary radar would see
and elongate itself along the magnetic field lines, forming auroras.

‘ 5.2 PROCEDURE

5.2.1 Johnston Island Radars.

Instrumentation, See Section 2.2,1.

Operating Technique. See Section 2.2.1.

5.2.2 AEW Aircraft Radars.,

Instrumentation. See Section 2.2.2.

. > Operating Technique, Based upon the expected

results, the AEW aircraft were positioned (to maximize the results

due to the beta aurora) as shown in Figure 5.1. 1In the north,

Lambkin 1 was located so that it was looking at H = 100 km
5? perpendicular to the magretic field line passing through the
% o, detonation. At this location the effect: due to the prompt beta
.i electrons from the detconation and 2»+ other charged emissions would
)
!

be best observed, Lambkin 2 was located so that it was looking at

H

100 km perpendicular to the magnetic field line passing through

H

300 km directly above the detonation, 1In this location it

! . should be possible <. ineasure the rise rate of the debris as long

o

as the debris rose to 300-km altitude.

o e
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In the magnetic conjugate area, Lambkin 3 was located conjugate

to Lambkin 1, and Lambkin 4 was located conjugate to Lambkin 2, as
shown in Figure 5.2, All of the AEW aircraft flew in patterns
shown in‘Figure 2.8 at locations given in Table 5.1. The
actual radar operating parameters are shown in Table 5.2.

5.2.3 M/V ACANIA Radars.

Instrumentation, See Section 2,2.3.

Operating Technique. The ACANIA was located in

the magnetic conjugate area so that it looked at H = 100 km
perpendicular to the ragnetic field line passing through the
detonation and on the same magnetic meridian as the detonation.
All conjugate locations were based upon calculations of the
magnetic field using Finch and Leaton coefficients.
The exact location of the ACANIA is shown in Table 5.1.

The radar operating technique 1s given in Section 2.2.3.

5.3 RESULTS

5.3.1 Johnston Island Radars,

Fireball/Debris Clutter. Prior to the detona-

tion the antenna was positioned at 660 elevation and 191O azimuth.
The 398-Mc radar was off until detonation. The actual detonation
location was 3.50 lower in elevation, However, the debris cloud
expansion was such that it completely filled the radar beam by H + 1
seconds as shown in Figure 5.11, The horizontal time-labeled

lines show the debris cloud expansion diameter and rise as a function

191




of time., A comparison of Figure 5.11 and Figure 5.3 shows that
the debris cloud was never out of the radar beam until H + 150
seconds, Comparing this with the distribution of radar echoes
shows that visual correlation is good until H + 80 seconds at

398 Mc and only until H + 10 seconds at 850 and 1210 Mc., Following

these times the radar echoes are sporadic in time and direction but

somewhat correlated in frequency. After H + 3 minutes the antenna
was scanned either manually or with the automatic programmer for
eight hours following the detonation.

Starting abruptly at H = O when the transmitter RF was turned
on, 398-Mc echoes at 170-km range saturated the receiver at .30
db S/N. This echo,along with ceveral others also corresponding to
direct reflections from the debris cloud, persisted unt:il about H + 80
seconds. The range-versus-time records of the echoes for the firzt
35 minutes are shown in Figures 5.3 through 5.10. The spatial
distribution of all the detonation-area echoes as well as the visual
fireball/debris is shown in Figures 5.11 through 5.16. The echo
amplitude-versus-time records for the first five minutes are shown
in Figures 5.17 through 5.19. The peak echo a'mpl'.tudes Versus
time, ¥ith antenna-direction-caused fluctuations removed, are shown
in Figure 5.20, Starting at H + 1 second,echoes at 330-km range

saturated the receiver at 50 db S/N. This echo,which corresponds

to a one-hop sea-reflection mode, persisted at a continuously increasing
range until about H + 100 seconds. F»nllowing H + 90 seconrds, the

antenna was scanned up and then down in elevation through the detonatiion

S X GO, VK" y lf‘a a"‘,-.ﬂ.xpf[:’rf 1o A KH
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azimuth, Several 40.db S/N echoes were observed at various ranges
during this scan. The echoes observed until H + 160 seconds comprise
about 90 percent of the total number of echoes seen in the detona-

tion area, No fireball/debris echoes were observed later than H +

|
#
{

5 minutes.

w2

Starting abruptly at H = 0, 850-Mc echoes at 150-hm range

o T,

saturated the receiver at 50 db S/N. This echo persisted only

v a

until H + 9 seconds even though the uebris cloud was still in the

raﬁar beam. Two other saturating echoes appeared somewhat later
at H +.50 seconds. Several 40-db S/N echoes were observed at

various ranges during the elevaztion scan following H + 90 seconds. i
The echoes observed until H + 160 seconds comprise about 9% percent

of the total number of echoes seen in the fireball/debris area.

No fireball/debris echoes were observed.later than H + 5 minutes.

4 k2o et ainds s vreas

Starting abruptly at H = 0, 1210-Mc echoes : t 180-km range
saturated the receiver at 50 dab S/N, This echo persisted only until

H + 6 seconds, even though the debris cloud was still in the radar

beam, Two other saturating echoes appeared somewhat later at H +
50 seconds. Several 30-db S/N echoes were observed at various .
ranges during the elevatioa scan following H + 90 seconds. The
echoes observed untii H + 160 seconds comprise about 95 percent
of the total number of echoes seen in the detonation area. No

fireball/debris echoes were observed later than H + 5 minutes.
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Figures 5.21 through §.283 show the Doppler records for the
first five minutes following the detonation at each frequency. The
398-Mc records show both positive and negative shifts and some
spread for only the first 60 seconds. The 850- and 1210-Mc records
show wide positive-and-negative shifts and spread for only the first
10 seconds.

Auroral Clutter in the Detonation Area, As

shown in Figure 5.3,strong auroral echoes were observed the first
time a search for them was made at H + 200 seconds., Fifty-db S/N
echoes were observed at 200- to 300-km height at 398 Mc. Twenty-

db S/N echoes were observed at 275~ to 300-km height at 850 Mc, and
3-db S/N echoes were observed at 275- to 300-km height at 1210 Mc.
Figures 5.24 through 5.43 show the spatial distribution of the
auroral echoes. Figure 5.44 shows the peak amplitude of the
echoes as a function of time, with antenna-direction-caused amplitude
fluctuations removed. The 398-Mc echoes persisted until H + 2-1/2 J
hours with varying amplitudes. The 850~Mc echoes persisted on’y
until H + 35 minutes, but then reappeared briefly at H + 1-1/2
hours. The 1210-Mc echoes faded out permanently at H + 10 minutes.
Figures 5.45 through 5.47 show the correlation of 398-Mc auroral
echoes with the visual bomb-produced aurora over three time intervals: !
3 to 10 minutes, 10 to 50 minutes, and 50 to 150 minutes.

The Doppler characteristics of the 398-Mc auroral echoes at

H + 1,248 seconds are shown in Figure 5.48. This figure shows that the

Doppler shift is no greater than 2 ke, and the Doppler spread is no
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greater than the transmitter pulse spectrum 3-db width of approximately
3 ke, Both of these characteristics are consistent with natural aurora-
caused radar reflections at this frequency.

Fireball/Debris Noise. Radio noise emission was

observed by the 398-, 850-, and 1210-Mc radar looking at the fireball/
debris. The noise was most intense on the 1210-Mc radar and was
equivalent to about 10,000°K. This amounted to about a 12-db
increase iii background noise. The increased noise level persisted
until H + 140 seconds when the antenna was moved away from the
fireball/debris., The noise-level increases are shown in Figure

5.49 for each of the frequencies.

5.3.2 AEW Aircrart Radars.

Fireball/Debris Clutter. Each of the detonation-

area AEW aircraft (Lambkin 1 and 2, Abusive 1) observed echoes from

air zero in the detonation area as shown in Figures 5.50 through

5.55. The fireball ‘debris echoes started at about H = O and lasted

as late as H + 195 seconds. Table 5.3 gives the duration of

these fireball/debris echoes and the equivalent radar cross section
2 2 3

in m (based upon a pc:rt target) and, when applicable, in m /m

(based upon a volume scatterer),

Auroral Clutter in the Detonation Area, Auroral

clutter was observed by Lambkin 1 and Abusive 1 as shown in Figures
5.52 dnd 5.55. The duration of the auroral clutter observed by
Lambkin 1 was H + 170 to H + 240 seconds with a radar cross section

2
of 5 x <4 m ., The duration of the auroral clutter observed by
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Abusive 1 was H + 150 to H + 190 seconds with a radar cross section
3 2
of 10 m .

Auroral Clutter in the Conjugate Area, No auroral

clutter was observed in the conjugate area by the AEW aircraft radars,

5.3.3 M/V ACANJA Radars.

Auroral Clutter in the Conjugate Area., The M/V

ACANIA operated _ts 140~ and 370-Mc radars during the detonation )
and for several hours afterwards. The antenna was positioned
magnetically south in azimuth and 60o elevation, and periodically
elevation scans were made, Prompt echoes a few pulses in duration
were observed at 140 Mc. The range-versus-time records for the
first 16 minutes are shown in Figures 5.56 through 5.59. Auroral
clutter echoes were observed at 140-Mc again at H + 180 seconds, and
between H + 240 2nd H + 360 seconds, The H + 180-second echoes were
at a height of about 200 km as shown in Figure 5.60 and were
equivalent to 0.4 m2. The H + 240 to H + 360-second echoes were at

an altitude of 300 km. No 370-Mc echoes were observed,

5.4 DISCUSSION

Interpretation of the Johnston Island radar 50-db S/N ratio
echoes in terms of mz/m3 (volume cross section) gives a value of
about 10-11. Assuming scattering by a point target (a very doubtful
interpretation) the equivalent radar cross section is about 10 m2.
If the scattering mechanism is assumed to be incoherent scatter

from the electrons in .he fireball and debris, the 50-db S/N echoes
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yield an electron density of 1011 electrons/cc and a plasma frequency
of 2500 Mc. As with the events discussed earlier in this volume,
the 50-db returns cannot have been produced by this mechanism,

The negative results on the southern AEW aircraft and the 370-Mc
ACANIA radar would indicate that the debris associated with
yield is not sufficient to produce extensive conjugate-area auroral

clutter.

5.5 CONCLUSIONS

A Check Mate event would have a seriously degrading effect
on the performance of a ballistic missile defense radar system. To
evaluate this effect, a comparison has been made between the radars

used during Fish Bowl and the planned BMD radar systems.

The radars used during these tests were, in general, somewnat
less sensitive than those being planned for use in BMD activities.
The advantage that a particular system radar would have over the
test radars is shown for various scattering models in Table 2.6 ﬂ
of Chapter 2, The comparisons were developed by scaling the system
radar to its nearest frequency counterpart used during Fish Bowl.
For example, the BMEWS radars were compared with the 398-Mc Johnston
Island radar and the Nike-Zeus TTR radar was compared to the DAMP
FPQ-4 C-band radars.

In order to give the . :ader a better understanding of the degrading
effects of the Check Mate event, an estimate of the effect on the

BMEWS tracking radar has been made, ignoring the fact that the
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operating pulse length of the BMEWS radar is too long to observe
Check Mate fireball/debris clutter at that range. The BMEWS

system was picked as an example not to deprecate that particular

system, but because that system is operational, field-deployed, and
its characteristics are well known. Table 2.7 of Chapter 2

shows the comparison between the BMEWS tracking radar characteristics

Pras

and the Johnston Island 398-Mc radar. The comparison was made
assuming the scattering was from a beam-filling target of range
depth of at least one pulse width (300 _sec),.

From the comparison, estimates of the strength and time f

duration of the clutter and noise effects are given below:

Fireball./Debris Clutter

90 db Main Beam 3

H+ 0 S/N =
S/N = 40 db Side Lobes

H + 2 min S/N = 40 db Main Ream 1
S/N=04db Side Lubes
S/N = 0 db Mai11 Beam

Angular Diameterof Affected Region.

o

1 sec 12
10 sec 20o |
|
60 sec 33° |

Detonation Area Auroral Clutter.

H+ 0 to H+ 4 hrs, S/N > 44 db i

H + 4 hours to ? S/N = 44 db
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Fireball/Debris Noise.

Maximum 5000°K for 20 seconds duration
7-db increase

Conjugate-~Area Auroral Clutter.

H+ 0O toH+ 1 min S/N > 54 db

H+ 1min to ? S/N = 54 db

.

From the above it is apparent that as much as 1000 square
degrees of area would be obscured for a depth of at least cne pulse
length plus 50 km by the fireball/debris clutter for a period of
as much as 2 minutes, In addition, the 1000 square degrees of‘
area would be ohserved at a 7-db reduction in sensitivity at all
ranges at a 50-percent bandwidth for up to 20 seconds because of
the fireball/debris noise. Although the Doppler spread of the
echoes‘is not sevére, the limited bandwidth of the 20~kc Doppler
channel used with the Johnston Island radars does not rule out
the possibility of there being Doppler components at a velocity comparable to :

the radial velocity of an approaching ICBM.

Tad e

Detonation-area auroral clutter would obscure considerable

area at a variety of ranges from 100 km to 500 km for a depth of

at least one pulse length for a period of up to 4 hours. However,

O S S 0.

the Doppler width would be relatively narrow . ;

Conjugate-area auroral clutter would obscure a relatively small .
area at a variety of ranges for a depth of at least one pulse length L
for a period of up to two minutes. The Doppler width would be relatively ‘

narrow,
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The extended volume of clutter and noise produced by Check
Mate would make it difficult vo avoid the clutter problem by
using spaced radars in a BMD system, and impossible in the case

of multiple Check Mate bursts,

TABLE 5.1 LOCATIONS OF AEW AIRCRAFT AND M/V ACANIA
DURING CHECK MATE

longitude Latitude
Abusive 1 168°57.5'W 16°00'N
Lambkin 1 166°07 'W 16°18'N
Lambkin 2 165°34'V 18°08'N
Lambkin 3 178°22°'W 11°41°'s
Lambkin 4 178°55'W 14°00'Ss
ACANIA 174°56'W 12°27'3
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TABLE 5.2 OPERATING CHARACTERISTICS OF THE AEW AIRCRAFT

RADARS DURING CHECK MATE

L = Lambkin, A = Abusive.

Ll 12 13 14 Al
Frequency,, Mc, 428 425 426 443 435
Peak Power, watts x 10° 1.5 0.9 1.25 1.4 1.4
Pulse Width, psec 8.4 9.0 80 8.0 8,0*
PRF, cps 239 232 227 248 280
MDS, -dbm 112 115 110 114 114*
Dynamic Range, db 21 21 24 24 18*
omin at 500 km, m? 26 22 50 20 .16

i St

* approximate values

LR [P S A TS

TABIE 5.3 AEW AIRCRAFT RADAR FIREBALL/DEBRIS CLUTTER FOR
CHECK MATE .

R et

Radar Cross Section
Time from Burst Poiut Targef. Volume Scatterer

1
L‘ﬂ'

(Sec) {m?) (m?%/m3) ;
Lambkin 1 0-15 8 x 10° 1.3 x 107
45 6 x 104 1 x 10
Lambkin 2 5 2 x 105 0.3x 0 "
25 2.6 x 10° 0.4 x 10 :
35 5.8 x 10° ]
155-195 1.5 x 10° ]
Abusive 1 1 2.3x20°  2.1x 10,
10 1.4 x10°  2.3x10,
20 8.6 x 10° 1.4 x 10 }
i
,j
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Figure 5.1 Equipment location in the detonation area for Check Mate.
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Figure 5.27 Johnston Island vadar range versus azimuth for Check Mate;

398-Mc northern echoes, 300 to 2,100 scconds.
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He6 min 10 sec
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Figure 5.45a Juhnston Island all-sky photograph for Check Mate, 6 minutes.

TR TN T T TR T O T U0 MO 7Y IS I 70 OIS TN R OB Y W R W e e u e ue e ae

247

I N A L T AL
v i
i o o Mﬁ”'-‘y v

o

.
L4

1('? %
L

oy e e y i~
O Tkt ot

”"

e

PRI
Nty

«f n
" ,'P A » ”
e %y "‘w.“b;{QQQ

8

Y

_ﬂi;A

T

s



MAGNETIC TRUE
NORTH NORTH

240°

Figure 5.46 Johnston Island radar auroral echoes—visual comparison
for Check Mate; 398 Mc, 10 to 50 minutes.
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Figure 5.46a Johnston Island all-sky photograph for Check Mate, 12 munutes.
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Figure 5.47 Johnston Island radar auroral echoes—visual comparison
for Check Mate; 398 Mc, 50 to 150 minutes.
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Figure 5.47a Johnston Island all-sky photograph for Check Mate, 48 minutes.
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CHAPTER 6

STAR FISH

6.1 INTRODUCTION

Prior to the Star Fish event, there was considerable uncertainty
as to the behavior of the rapidly expanding bomb plasma in the
presence of the earth's field. ! This uncertainty arose because it
was not known whether the debris would be ionized, or neutral,
after very early times, 1If the debris fragments were uncharged,
the expansion would occur unimpeded in the upward direction, sc
that approximately one-half of the total fission material would
completely escape into outer space., The downward portion, on the
other hand, should be stopped by the atmosphere between 150- and
200-km altitude, This pancake model is depicted in Figure 6.1.
About one-half of the downward-traveling deb: :s would be expected
to be deposited within a 225~-km radius of ground zero. All but
10 percent should fall within a 530-km radius.

The debris, however, might not be uncharged. 1In fact, not
only might the debris be heavily ionized, but intense shocks
associated with the hydromagnetic expansion might produce still
further ionization, maintaining a heavily ionized, expanding plasma
bubble. Such a bubble would exclude the magnetic field, compressing
the field lines as it expands, until the magnetic pressure due tc

compressed field lines was equal to the outward plasma pressure,

! See Volume 1 for a more complete discussion of the expected results.
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Parallel to the field lines the plasma encounters no resistance to
expansion, however, If such a shock were fully effective and
ionized 100 percent of the near-neutral ambient ionosphere, the

bubble should be stopped by the field about '0 km 2 radially from

the detonation point. This would give rise to a debris distribution
shown in Figure 6.2.
The experimental results from Star Fish sketched in Figure 6.3 3

indicated that neiiher of the three models discussed here and in

Volume 1 were correct. The debris was actually charged, and hence,
highly confined by the field; hcwever, the presence of plasma
instabilities or a magnetic buoyancy effect permitted the ejection
of substantial amounts of debris to very great altitudes. 1In the
downward direction, debris from Star Fish- was stopped in the
vicinity of 200 to 250 km. A magnetic tube :conta ining substantial
debric, and perhaps 100 km across, was formed parallel to the
earth's field. Some debris was trapped at very high altitudes to
produce absorption and auroral phenomena in Alaska, and to the
south of New Zealand. Optical informatio_n indicates that bright
auroras occurred north of French Frigate Shoals, and south of Samoa——

i.e., farther north and farther south of the expected conjugate areas,

? This estimate was presented at the January 1962 pre-Fish Bowl
meeting heid at Stanford Research Institute, Using the same

technique, we derive a value of the order of 10 times this,
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Some 5 percent of the total fission debris is thought to have been

trapped at still higher altitudes.

6.2 PROCEDURE

6.2.1 Johnston Island Radars.

Instrumentation, See Section 2.2.1.

bperating Technique., See Section 2.2.1,

6.2.2 AEW Aircraft Radars.

Instrumentation. See Section 2,2,2,

Operating Technique. Based upon the expected

results, it was felt that the debris-pancake occurrence was highly
probable and that if the debris truly did pancake, a large area
of auroral clutter would occur, In addition, it was believed that
the auroral clutter in the vicinity of the burst would be mirrorecd
in the magnetic conjugate area. For these reasons, the four AEW
radar aircraft that were available to the project were located so
that they would cover the extent of the debris spread as seen in
the detonation area and as mirrored in the magnetic conjugate area,
as shown in Figure 6.4 and Figure 6.5, respectively.

All of the AEW aircraft flew in patterns shown in Figure 2.8
at locations given in Table 6.1. The actual radar operating
parameters are shown in Tabie 6.2.

6.2.3 M/V ACANIA Radars,

Instrumentation, See Section 2.2.3.
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0peratiqg»Technique. The ACANIA was located at

the magnetic conjugate area so that it looked at right angles to
the earth's magnetic field line that passed through the detonation.
The exact coordinates of the ACANIA are listed in Table 6.1. The
radar operating technique was to scan the antenna in a complex

fashion shown in Figure 6.6.

6.3 RESULTS

s,

6.3.1 Johnston Island Radars.

Fireball/Debris Clutter. Prior to the detonation,

the radar executed a programmed track of the Thor launch, and the
850~ and 1210-Mc radars obtained skin echoes during the entire
trajectory. The 398-Mc radar was off until detonation. Shoertly
before the detonation, the antenna was positioned in the direction
of 87o elevation and 200° azimuth. The detonation occurred
approximately 15 km south of the radar beam, which means that the
debris should have expanded through the radar beam completely by

H + 15 milliseconds. At H + 30 seconds, the antenna was moved
around to the north to scan down the field lines. From H + 120
seconds to about H + 50 minutes, the antenna was positioned at
magnetic north and 60o eleva.ion, or was periodically scanned. The
radars were operated for seven hours following the detonation. The
range-versus~time record of the echoes for the first five minutes
are shown in Figure 6.7. The spatial distribution of all echoes

is shown in Figures 6.8 through 6.15. Except for the short dura-
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tion, fireball/debris echoes on 850 and 1210 Mc and the auroral
echoes on 398 and 850 Mc which persisted only for a few seconds, no
echoes were observed to correlate with the visual light output

which lasted up to H + 15 minutes.

As shown in Figures 6.16 and 6.17, fireball/debris cchoes occurred
at 350-km range on both 850 and 1210 Mc; these echoes did not occur on 398
Mc, although the 398-Mc radar was up to full power promptly. These
echoes started at H + 0.1 sec, and persisted until H + 0.5 sec
on 850 M and H + 1.0 sec at 1210 Mc, Both echoes reached a peak
amplitude of approximately 20 db S/N as shown in Figures 6.18
and 6.19.

Auroral Clutter in the Detonation Area. 3trong

auroral echoes were observed the first time a search for them was

made at H + 70 seconds. Forty-db S/N echoes were observed at 100-

to 150-km height a2t 398 Mc. An unusual echo was observed at heights a
of 400 to 500 km at the same time, Fifteen-cdb S/N echoes were
observed at 75-to 125-km height at 850 Mc. These echoes disappeared
quickly.‘ No other auroral echoes were observed until H + 4 hours
when echoes reappeared at 398 Mc at heights of 300 to 400 km with
amplitudes up to 15 db S/N. Figure 6.20 shows the peak amplitude
of the auroral echoes as a function of time,with the antenna-direction-
caused amplitude fluctuations removed.

The Doppler characteristics of the 398-Mc auroral echoes at

H + 277 minutes are shown in Figure 6.21. This figure shows that §
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the Doppler shift is no oreater than %2 ke, and the Doppler spread
is no greater than the transmitter pulse-spectrum 3-db width of
approximately 3 kc, Both of these characteristics are consistent
with natural aurora-caused radar reflections at this frequency.

Fireball/Debris Noise, No noise emission was

observed in the detonation area,

6.3.2 AEW Aircrafc¢ Radars.

Firebali’/Debris Clutter. None of the detonation

area AEW aircraft (Abusive 1, Lambkins 1 and 2) observed echoes

directly from the fireball/debris.

Auroral Clutter in the Detonation Area, Abusive

1 and Lambkin 2 did not see any auroral echoes, Lambkin 1 saw |
auroral echoes to the mz3t of the aircraft between H + 16 seconds

and H + 76 seconds, These echoes are interpreted as arising from

field-aligned ionization located at heights of about 150 k. These

results are shown in Figure 6.22.

Auroral Clutter in the Conjhgate Area, No

zuroral clutter was observed in the conjugate area by the AEW air-
crafi radars,

6.3.3 M’V ACANIA Radars,.

auroral Ciutter in the Conjugate Area. The

ACANIA was located (according to calculations btased upon Finch and
Leaton coefficients) on the magnetic meridian of the field line
that passed through the detonation, and looking at rignt angles

to the magnetic field iine (at H = 100 km) that pa.sed through the
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detonation point. The UHF radar antenna was scanned in a complex
manner throughout the test. The antenna azimuth and elevation

versus time are shown in Figure 6.,6. The range-versus-time

records for the first 5 minutes are shown in Figure 6.23. The
echoes seen by the 140-Mc radar at H + O were at approximately

30 km greater range than were predicted. These echoes persisted
for less than a second (a few pulses). Visual observations
confirmed the loction of the ACANIA on the magnetic meridian line
passing through the burst. The difference between the observed
range of the early~time echoes and the calculated field line was
such as to indicate a discrepancy of about 1/2° of latitude. This
discrepancy was also noted on subsequent shots, At H + 30 seconds,
the 140-Mc and 370-Mc echoes appeared again and lasted to 240
seconds and 170 seconds at 140 Mc and 370 Mc, respectively. The

spatial location of these echoes is showvn in Figure 6.24.

6.4 DISCUSSION
The u~gative rosults on the majority of the AEW aircraft
indicated that the majority of the debris did not pancake as might

be expected.

5.5 CONCLUSIONS

A Star Fish event would have some degrading effect on the
performanc. of a ballistic missile defense radar system, To evaluate
this effect, a comparison has been made " 2tween the radars used

during Fish Bowl and the planned BMD radar systems,
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The radars used during these tests were, in general, somewhat

less sensitive than those being planned for use in BMD activities,
The advantage that a pariicular svstem radar would have over the
test radars is shown for various sgcattering models in Table 2.6.
The comparisons were developed by scaling the system radar to its
nearest frequency counterpart used during Fish Bowl, For wuxample,
the BMEWS radars were compared with the 398-Mc Jchnston Island
radar and the Nike~Zeus TTR radar was compared to the DAMP FPQ-4
C-band radars.

In crdex to give the reader a better understanding of the degrading
effects of the Star Fish event, an estimate of the effect on the
BMEWS tracking radar has been made, The BMEWS system was picked
as an example not to deprezate that partioﬁlar system, but because
that system is operational, field deployed, and its characteristics
are well known, Table 2.7 shows the comparison between the
BMEWS tracking radar characteristics and the Johnston Island 39&-Mc
radar. The comparison was made assuming the scattering was from a
beam-filling target of range depth of at lgast one pulse width
(300 _sec).

From the comparison, estimates of the strength and time
duration of the clutter and noise effects are given below:

Firetall/Detris Clutter,

H+ 0 to H + 2-second echoes would be expected with 60 db S/N ratio.
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Detonation Area Auroral Clutter.

H+ 0 to H+ 5 hours > 40 db S/N ratio echoes wauld be expected,
Maximum duration of echoes is not known but would be in excess
of H + 5 hours,

Fireball/Debris Noise.

None expected above receiver noise level,

Conjugate-Area Auroral Clutter.

Extensive cdlutter would be seen with S/N ratios > 60 db.

The most serious effect of a Star Fish event would be the
detonation-area auroral clutter, Relatively large areas would be
obscured for a depth of at least one pulse length at a variety of
ranges for a period of up to 5 hours, The Doppler spread of the
auroral echoes would be relatively narrow, however,

Conjugate-area auroral clutter would obscure a smaller area at
a variety of ranges for a depth of at least one pulse length for
a shorter period. The Doppler width would be relatively narrow.

The extended volume of auroral clutter produced by Star Fish

would make it difficult to avoid the clutter problem by using

spaced radars in a BMD system, but it could be greatly reduced by

using higher (such as L-~band) operating frequencies,

é
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TABLE 6.1 LOCATIONS OF AEW AIRCRAF. AND M/V ACANTIA.DURING

STAR FISH ;

2

longitude lLatitude

Abusive 1 167°57.5'W 17°02'N
Lambiin 1 165°30 'W 13°46 'N {
Lambkin 2 165°36 'W 10954 'N |
Lambkin 3 169°00 'W 8°48'S 3
Lambkin 4 170°12'W 12°33's i
ACANIA 175°40.3'W 15°35.2'S !

TABLE 6.2 OPERATING CHARACTERISTICS OF THE AEW AIRCRAFT

RADARS DURING STAR FISH

L = Lambkin, A = Abusive.

Ll L2 L3 L4 41

Freq. Mc 425 433 426 443 447 ,
Peak Power, Mw 1.4 1.1 1.9 2.5 1.3 i
Fulse Width, psec 9.0 8.0 6.0 8.2 8.5 ;
PRF, cps 243 243 238 240 280 k
MDS, -dbm -113 -114 -114 ~113 -118 ’
Dynamic Range, db 18 18 21 21 15 !
onin at 500 km, m2 22 24 13 13 9 :
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Figure 6.3 Sketch of actual results of Star Fish.
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Figure 6.7 Johnston Island radar range versus time for Star Fish; 0 to 600 km, 0 to 300 seconds.
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Figure 6.23 M/V ACANIA radar range versus time for Star Fish;

140 and 370 Mc, 0 to 5 minutes.
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CHAPTER 7

DISCUSSION OF UHF RADAR RESULTS

Many interesting features have been noticed in the data presented
in this report. For example, on both Check Mate and King Fish the
long-lasting auroral clutter showed two peaks in amplitude as a funec-
tion of time. Undoubtedly this is related to the expansion and rise
of the debris from these two shots. However, it has not been possible
to interpret and analyze these and other interesting results for
inclusion in this report. It is hoped that inclusion of such reduced
data minus interpretation will be helpful to the reader. Inter-
pretation and analysis of these data by project persunnel will be

carried out in the future.
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7.1 FIREBALL/DEBRIS CLUTTER

The existence of radar clutter from the fireball/debris for
each of the events has been established. Previous results and
predictions have suggested that such clutter might be seen, but the
fact that it was seen at as early a time and for as long a time,
even on 1210 Mc, is considered very important to ballistic missile
defense radars,

Figures 7.1 through 7.3 are a graphical presentation of the
sensitivity of the Johnston Island radars in terms of reflector
radar cross section in m2, mz/ms, and electron density, respectively.

The echo~amplitude characteristics for Tight Rope, Blue Gill,
King Fish, and Check Mate show that at all three frequencies the
fireball/debris echoes saturated or nearly saturated the receivers
within the first 60 seconds, Echoes at these levels and at the
event ranges give volume-scattering coefficients ranging f{rom
2 x 10-14 m?'/m3 for Tight Rope to 10“11 for Check Mate for beam.
filling targets. 1In all of the events the fireball/debris echoes
exhibited negligible dependence upon radar frequency in contra-
distinction to the auroral returns which were very wavelength-
dependent, 1t is surmised that this result may be due to a

fortuitous mixture of reflector strength and path absorption,
If incoherent electron scatter could be invoked to explain these

echoes (we have shown that it can't for the very early, intense

;o




echoes), then frequency-independent returns might be expected.

An important feature of the fireball/debris'echoes for Check
Mate and King Fish is the double echo which lasts a few seconds
after H = 0, This second echo is a clue. to the overall reflection
mechanism., If it is assumed that the fireball/debris cloud is

jonized but the density is sub-critical, then the following model
is possible:

The ionized cloud fills the radar beam and scatters the incident
power i{sotropically as by incoherent scatter with electron density
N; the RF power then reflects specularly from the sea, and again
scatters isotropically as by incoherent scatter with electron

density N from the entire cloud. This model gives the following

equation:
P.G s N x &R cr A
p =g L e oW . =2
r 4xR 16 474R m o n 4R
4=
Gt X
p.c° NcTV A
. P = t m ne
toor 1024 =R
4
p 1024 R 1/2
r
N = 2
P AV cTC
ten m
Pr = received power & = antenna beamwidth

Vn = debris cloud volume

Py = transmitted power
10 3
(5.6 x 107 m)

R = range

T =
antenna effective aperture pulse length

=
!

Cm = electron scattering

cross section
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This equation generates the curves in Figure 7.4. From this
figure it is appsrent that to support a one-hop sea scatter echo
the ionization must be overdense. Indeed, if there were double
echoes for Blue Gill and Tight Rope, they would have been overdense
also. Unfortunately, the range resolution of the radars does not
allow this fact to be determined without doubt. However, the

range-versus-time records do show fluctuations in range depth which

might be due to a one-hop sea scatter echo appearing and disappearing.

Another significant feature of the fireball/debris echoes is
the close correlation of radar echoes and the visual fireball/debris
observed on Tight Rope, Blue Gill, King Fish, and Check Mate. The
close correlation lasted up to H + 5 minutes for Tight Rope and
Blue Gill as shown in Figures 2.9 and 3.3, but only up to H + 1
minute on King Fish and Check Maté.

It has been pointed out ! that the radar cross-section data
previously published by Project 6.9 2 does not appear to be self-
consistent. In psrticular, the radar crosg section of the Blue Gill
event as seen by the Johnston Island radar appears to be about seven
orders of magnitude lower than the radar cross secfion observed by

the AEW aircraft, About five orders of magnitude difference can be

! private communication by John Ise, Defense Research Corporation,

Santa Barbara, California.

2 Symposium Proceedings, Radar Blackout, DASA 1365, DASA Data Center
Special Report 11, April 1963 (SRD) '
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Justified by the difference in size of the antenna beams of the
Johnston Island radar and the AEW aircraft radar. However, this
leaves two orders of magnitude still to be accounted for. At the
time of this writing we have not yet reconcileﬁ this discrepancy.
We have examined our calibrations, calculations,and data-reduction
procedures and have fouud no explanation of the discrepancy there.
¥We have suggested, without opportunity for investigation as yet,
that the fireball echoes have an aspect sensitivity depending upon
the difference in the viewing angle to the fireball from the two radars. An
alternate explanation might be that this discrepancy is a result of absorption.
That is, when looking at the fireball from the side,as the AEW
radar would do, it might provide less absorpticn along the radar
path than when looking directly up at the fireball,as the Johnston

Island radar would do. This discrepancy will be examined in more

detail during future analysis work.

7.2 AURORAL CLUTTER IN THE DETONATION AREA

The auroral clutter observed on King Fish, Check Mate, and
Star Fish showed very strong wavelength dependence. Figures

4.35, 5.44, and 6.20 show that the echo-amplitude difference

between 398 Mc and 850 Mc is usually approximately 15 db. Ignoring
other mitigating factors such as aspect sensitivity, this makes
the auroral-reflection mechanism proportional to \4'5.

Differing from what might have been expected, the auroral
reflection did not take place at E-layer heights only. But, as
in the case of King Fish, auroral reflections appear to have been

obtained from heights up to 750 km.
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The relative lack of lecag--lasting strong auroral clutter
ohserved by the Johnston Island radars and the AEW aircraft radars
is assumed to be due to the relative low yields of those events
as compared to Teak and Orange. Teak and Orange events of Hard-
tack (1958) gave rise to very long-lasting returns on airborne

radars similar to those carried by the AEW aircraft,

7.3 FIREBALL/DEBRIS NOISE

The radio noise emission observed by the Johnston Island
radars is most likely due to black-body radiation from the
vicinity of the fireball. The relatively slow buildup of noise is
most likely caused by the shielding of the radiating region by
absorption, Although on the Johnstoq Island radars this noise was
not extremely sirong, it could play a significant role in degrading
the capability of ballistic missile defense radars by decreasing

their sensitivity.

7.4 AURORAL CLUTTER IN THE CONJUGATE AREA

The ionospheric clutter formed in the conjugate area by the
high-altitude nuclear detonations was quite restricted in spatial
extent at early times and could produce fake or misleading echoes
in an operational radar,provided certain conditions are met, These
conditions are that the radar must observe the clutter region at
heiéhts of 100 to 400 km, and it must view this clutter region with

the line-of-sight very close to perpendicular to the direction of

the earth's magnetic field. The clutter area appears to expand after
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tens of seconds and can become quite widespread. However, the
requirement for viewing this perpendicular to the magnetic field
still holds. The second conclusion that can be reached from
observations in the conjugate area is that a systematic error
appears between the calculated conjugate point and the observed
conjugate point. The calculations used were those based on the
coefficients derived by Finch and Leaton (loc, cit.). These
calculations led to the correct position in longitude, but show a
systematic error of approximately 1/2 of a degree of latitude with
the true conjugate point located south of the calculated point. The
appendix of Volume 1 presents a summary of all the various data
which has been used to deduce this systematic shift of the field

lines.

7.5 SYSTEM IMPLICATIONS

In order to completely assess the complications that would be
caused to a sophisticated radar that is operating in a nuclear burst
environment, a complete description of the particular radar and
its role is necessary, At the time of this writing, we have no
actual ballistic missile defense system designed, and the radars
planned for use in proposed systems are having their characteristics
and roles changed so often that it is relatively meaningless to
try to perform the assessment mentioned above. However, in order

to give the reader a general understanding of the radar degradation
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that might occur to a radar system as caused by reflections from
nuclear bursts,examples were presented at the end of Chapters
2, 3, 4, 5 and 6 for each of the Fish Bowl tests.

Besides the particular examples presented in these previous
sections, a few general conclusions may be made.

First, the very strong radar reflections from the fireball
regions detected during these tests would appear to be detectable
on even the side lobes of radars which are required in ballistic
missile defense applications. Such clutter would be seen over
large solid angles and range cells and would appear to present
serious difficulties to any automatic cata-processing techniques
being used,if not rendering the radar completely ineffective.

The long-lasting auroral clutt;r detected by the Johnston
Island radars is very geometry-sensitive and may be eliminated from
consideration by systems designers when considerations of threat
tubes and single bursts are examined. However, when one considers
the possibilities of threat tubes that are not well-confined, and
multiple bursts, the several hours of auroral clutter would appear
to warrant careful consideration in systems studies. The most
promising means of eliminating this clutter is by Doppler filtering

as is attempted in the natural auroral-clutter environment experi-

enced by BMEWS.
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The increases in noise level experienced by a radar looking at
a nuclear burst seem to be of sufficient magnitude and of long-
enough duration to warrant the consideration that extremely low-
noise receiving systems as provided by masers, etc., may not be
necessary or warranted,

It would appear that the long-lasting radar effects described
in this report are of considerable consequence in the evaluation of
ballistic missile defense systems performance. It should be noted
that these non-blackout or non-absorption effects must be considered
carefully in future systems evaluations if we are to have a realistic

picture of radar performance in a nuclear-burst environment.
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was very good,

APPENDIX A

RADAR PERFORMANCE

In general the performance of the Project 6.9 radar equipments

Certain deficiencies were noted,however, and during

future experiments these deficiencies should be corrected.

AOl

JOHNSTON ISLAND

1. We were very rpleased with the 398-,850-, and 1210-Mc equip-
ment and would recommend their inclusion in any future test
plan. However, some modification is necessary to improve the
dynamic range, frequency stability, and range resolution of
the equipment. Furthermore, the data output of the UHF radars
should be digitized on-line to improve the quality of data
handling and cut down the data-reduction time.

2, Inasmuch as the UHF radar data was taken to provide
information for use in planning anti-ICBM radars, it also
seems that the UHF radar receivers should be capable of
receiving Doppler shifts which are equivalent to those pro-

duced by a radially moving ICBM. This alterat; sn would require

140-kc receiving and recording capability for the 1200-Mc radar.

The lower frequency radars would require corresponding smaller

bandwidth capability.

.3, The only problem with the 85-foot dish is the lack of pre-

cise, slow control in elevation and azimuth. The dish should

so be modified before further use,
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4. The last-minute economics eliminated radar coverage in the

ERVET RV LIPS

100- to 200-Mc frequency range. The lack was seriously felt on

many of the late-time effects, and future test series should

include a radar (operating in the 85-foot dish) at about 150 Mec.

Mt atfga

5. An incoherent electron scatter experiment would have
provided a wealth of data on electron density and temperature
and we recommend its inclusion in future test programs. A ?
more complete description of this experiment is included in N
Appendix C.

6. The low PRF oﬁ the 20-, 30-, and 50-Mc sounder (inherent in
that particular sounder) should be corrected by the use of E
separace transmitters at these frequencies. The phase sounder
could then be used with all seven frequencies in the HF range.
7. Although higher frequency radars were used to examine the
fireball region, (Project 6.13's C-band radars) it has been
suggested by systems analysts that future test series should
include C- and X-band reflection studies of the burst. For
these reasons it is recommended that Project 6.9 should include
radar reflection studies at frequencies above L-band (in
particular the C- and X-bands during the next test series).

8. It is felt that the number of experiments that Project 6.9
could carry out would be greatly enhanced if the 398-, 850-,

and 1210-Mc radars could track. Such tracking ability would
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allow absorption studies to be made by observing appropriate
targets as well as angular scintillation studies. For these
reasons we suégest that the 398-Mc frequency be used with an
error-sensing antenna feed to allow tracking experiments to be
conducted. It is also recommended that the 1200-Mc incoherent

scatter radar proposed in (5) above also have tracking capa-

bility for the same reason.

9. We believe that considerably more data could be provided

to other experimenters and DASA if automatic data processing
equipment for the Project 6.9 radars on Johnston Island and

the electron scatter radar recommended in (5) above were used.
The reader is referred to Appendix D for a complete description

of the automatic-data-processing recommendations.

A.2 AEW AIRCRAFT

The most serious operational problem with these radars involved
the data recording method used. Future experiments should use these
excellent radars but with the inclusion of magnetic tape recorders
sufficient to record the amplitude data completely. It was diffi-
cult to position the aircraft by using the theoretical predictions
of the effects, but on King Fish we were very successful and on

Star Fish very unsuccessful. Future tests should include at least

two of these aircraft for radar phenomenology studies,
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A.3 MN/V ACANIA

This equipment worked out extremely well for these tests. There
are many ship improvements which suggest themselves during such

extensive tests (such as more adequate air conditioning as well as

improvements in the radar equipment). These necessary modifications

must be kept in mind before future tests are undertaken.
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APPENDIX B

JOHNSTON ISLAND AND M/V ACANIA RADAR DATA REDUCTION

The data reduction process began when the basic radar data was
recorded at the field site., The UHF radar data was recorded on mag-
netic tape in the following manner:

1) Receiver ~ detected video output and 10-kc IF output

2) Antema Position — digital antenna position generator

output

3) Time ~— digital time generator output

The next step in the process was to produce a strip print of
range versus time with amplitude intensity modulated. The range-
versus~time prints were mounted along with the analog presentation
of the antenna position and a time scale as shown in Figure 2.10.

From the range-versus-time datal height-versus-distance and
range-versus-azimuth plots of the echoes were made over varying
time intervals as shown in Figures 3.10 and 3.11. The data presented
in the heigh:-versus distance and range-versus-azimuth plots has all
of the ground-clutter echoes and somé of the extraneous missile
echoes subtracied from the original range..versus-time data. The
data presented in the height-versus-distancg and range-.versus-
azimuth plots is plofted with the following accuracies: The range
is accurate to *15 km which is a combination of scaling errors and

the poor rise time of the receiving system. The angular position

is accurate to %2 degrees, which is a combination of the digital
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readout accuracy an the beamwidth of the radar. Time has been
scaled to the nearest second or minute depending on the figure.

Dots on the plots indicate that the echo was not extended in angu-
lar position beyond a beamwidth, or in range beyond a pulse length,
Lines on boxes show extension in angular position or range or both,

The Doppler records were produced from the 10-kc IF receiver
output rec;rding by range gating out the transmitter leakage and
unrelated echoes, and processing the resultant signal with a spec-~
trum analyzer. The records are accurate in Doppler shift to %1 kec.
The amplitude records were produced from the receiver-detected

video output recordings by range gating out the transmitter leakage
and unrelated echoes and making an amplitude-versus.-time record.
The amplitude data was then scaled from this record and remlotted

- as in Figure 2.12, Although the dynamic range of the tape
recorders was limited to a little over 30 db, upon careful re-exam-
ination of the tape recorder characteristics, it was found that for
the pulse lengths used in the Fish Bowl tests, degrees of pulse
height saturation could be determined up to 50-db dynamic range.
All of the ampliiude data presented takes this fact into account.
The amplitude records shown in Figure 2.12 are accurate to 5 ub.

Figures such as 2.15 are an attempt to reduce some of the confusion

caused by the rapid and complex antenna motion. They show what the peak
echo amplitude probably would have been if the antenna had been scanning
the burst area clutter in a continuous fashion. Similarly, figures such as
Figure 5.44 show what the peak echo amplitude probably would have been if
the antenna had been scanning the northern auroral clutter in a continuous

fashion.,
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APPENDIX C

A RECOMMENDATION FOR INCOHERENT BACKSCATTER
RADAR MEASUREMENTS FOR BLUE ROCK

C.1 SYNOPSIS

Stanford Research Institute recommends that an L-band incoherent
electron scatter radar for electron density measurements be used
during the next high~-altitude nuclear test series.

This radar will, in addition to providing electron density as
a function of time and space, also provide estimates of

Electron temperature
Ion temperature
Ionic constituents.

In addition, the use of such a high-power L-Band radar
will simulate some of the operational difficulties that will be
experienced by L-band ballistic missile defense system radars
operating in a nuclear environment.

It also offers the potential for evaluating incoherent electron
scatter as a communication mode which is not degraded (but may be

improved) by nuclear bursts.

C.2 INTRODUCTION

In the study of nuclear weapon phenomenology, experiments should

be designed to satisfy one of at least two requirements., The first
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requirement is to provide data of value to milita;y systems designers
of a direct simulation nature. Such data would be used directly

in system evaluation studies. The other requirement is to obtain
data which can be used to evaluate theories of nuclear weapon
phenomenology. These theories, fortified by experimental confir-
mation, could then be used to extrapolate to the effects to be
expected for other yields and altitudes of detonation.

It is our purpose to present an experimental technique for
measuring many of the physical parameters that theoreticians need
to know in their work--namely

Electron density
Electron temperature
Ion temperature
Ionic constituents.

The radio effects of a high-altitude nuclear burst are governed
by the density and distribution of free electrons as a function of
height and position. Once the electron density distribution is
known, many of the radio effects can be predicted. Hence, a prime
target for theoretical studies of the output of a nuclear device is
the electron density that it produces.

Even for a quiet ionosphere, determination of the electron

density as a function of height has been a difficult problem,.
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While vertical-incidence HF experiments can reveal the approximate
nature of a monotonically increasing electro; density, it can tell

us nothing about the top structure of layers. Furthermore, the
method ‘breaks down when there are curvatures of the reflection-
jonization distribution. Total dispersion experiments, using rocket-
borne transmitiers, moon echoes, etc., all suffer from the difficulty
of determining the distribution as a function of position when the
ionization is also changing with time.

A major research tool has been developed during the past two
years which can eliminate most of these objections. With this
method, a pencil-beam radar signal at a high frequency penetrates
the region of interest with little atteauation. Electrons in the
path of this beam weakly scatter energy back to the radar, each
electron ﬁaving a radar cross section of about 10-28m2. The number
of electrons within a range cell and within an antenna beamwidth
is adequate to obtain a measurable echo from the E- and F-region
of the normal ionosphere. Hence, it should be readily possible to
map the contours of electron density within a few seconds of shot
time, despite D-region attenuation. Fortunately, the normal high
temperature of the motion-controlling ions in the ionosphere gives

a Doppler broadening of the echo that is larger than the echo

broadening of auroral clutter. Hence it appears possible to
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differentiate between these two types of echoes and record each outy. :

separately.

C.3 ELECTRON SCATTERING

In 1958 Gordon (Reference 1) suggested that radar echoes could be
obtained from the free electrons in the ionosphere with a sufficiently
powerful radar. Total echo power for such incoherent scattering
would be proportional to the number of electrons per unit wvolume
times the classical cross section of the electron. The spectrum
of such scatter from free electrons should have a Gaussian shape
with a characteristic width determined by the thermal motion of
the electrous.

That same year Bowles (Reference 2) detected a scatter signal
of about the expected intensity but with a much narrower spectrum at

50 Mc. He suggested that this narrower spectrum resulted from

the electrons being constrained in their motion by the ions, so
that the spectral width should correspond to the ion motion for all
observing wavelengths long compared to the Debye shielding distance
of the ions. He also argued that the echo spectrum should show
amplitude modulation corresponding to the ionic gyro frequencies and

their multiples whenever incident and scattered rays make equal
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angles with the earth’s magnetic field.

Detailed theories of incoherent scattering have recently been devel-
oped partially or compietely (References 3 through 6). More complete
experimental measurements have now been made at 440 Mc by Pineo,
Kraft, and Briscoe of Lincoln Laboratory (Reference 7).

While Gordon (Reference 1) gave the name “incoherent electron

scattering” to the process being considered here, the detailed theories

indicate that the process is best described in terms of the few electrons
(in the condensation regions of longitudinal ion acoustic waves)

which scatter coherently. The statistical fluctuations are analyzed

in terms of such sound waves of all wavelengths going in all directions

at all speeds.
The radio waves scatter only from the acoustic waves of one
wavelength traveling in one direction with :11 (plus and minus)

speeds. For the wavelengths of interest the total scattered power

is one~half the value -suggested by Gordon (the factor one-half
probably results from the equipartition of kinetic and potential

energy of theé electrons), the spectrum is approximately flat-topped,

and its width corresponds to the thermal motion of the ions, rather

than the electrons. The detailed theories indicate that tl.e ion

gyro modulation should be present under the proper geometry for
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by:

where

]

detection (predicted in Reference 2).
For all radio frequencies and heights of practical interest

the ratio of received signal power (S) to noise power (N) is given

s _ 1 % o A €.1)
NTRB (22 g

1.38 x 1023/°K (Boltzmann's constant)

T, + TR where T _ is the antenna temperature (determined

Cc ]

primarily by cosmic noise), and TR is the receiver noise
o

temperature, K

Receiver bandwidth in cps, assum' . equal to, or greater

than the bandwidth of the scatter signal'

Transmitter power in watts

Gain of transmitting antenna

Range from transmitter to scattering volume, M

2 28

2 -
4nre sin“a=10 sinzot mz, the radar cross section of one electron

where r, = classical electrical radius, 2.8178 x 10-15
meters, and @ is the angle at the target between the
electric vector of the incident wave and the direction

to the receiver

Electron density in the scatter volume, electrons/m3
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V = Volume common to transmitting and receiving antenna beams
AR = Aperture of receiving antenna, m
R2 = Range from scattering volume, M, to receiver,

The approximate bandwidth of the scattered signal, B_, is

B = 4 cos ¢ 2kTi (C.2)
5 A Mi .
where
$ = Half the included angle between the rays from the
scattering volume to the transmitter and receiver
> = Radio wavelength in meters
Ti = JIon temperature (ion assumed to be in thermal equilibrium
with the electrons), °k
Mi = Ionic mass.

For the case of backscattering with common transmitting and

receiving antennas, Equation C.2 reduces to:

S PTAGnCﬁ
X~ 2 €3
16#R"KTB
where
T = Transmitter pulse length, seconds
C = Velocity of light, 3 x 10° m/sec.
In addition, —
2KkT
4 i

323

AP RV P25 % T SO A

AT e G e e

rheo iy

EETI% Y A




It is interesting to speculate that some perﬁanent form of

natural field-aligned ionization exists at all times. A radar

sufficiently sensitive to obtain incoherent-scatter echoes could

answer this question by examining incoherently scattered signals in

a direction perpendicular to the earth's magnetic field during

quiet periods. It would not be surprising to discover a permanent

field-aligned component which becomes enhanced during times of

auroral disturbance. Thus one would expect to see the transition

between auroral scattering and incoherent scattering.

As radar sensitivities are increased, sensitivity will be

limited ultimately by incoherent scattering., It is quite possible

that clutter will be several orders of magnitude more severe in

directions perpendicular to the magnetic field, even during un-

disturbed periods.

The spectrum of the electron scatter is a function of the ratio

of electron to ion temperature (see Figure C.1) as shown by Reference 8.

Thus by careful examination of the scattering spectrum it should be

possible to deduce the electron and ion temperatures. These curves

are for the F-region and the assumption that only O+ predominates,

Other ionic species would give different curves. Hence, in addition

to determining electron temperature and ion temperature, the shape

of the scattered energy spectrum should also give a clue to the

ionic constituents present.

Wy

324

S b UL LR ST 81T b iV ealTT iy Uy 1% 3% % S5 SR DO RDODODC AW BRG 7

Al b

s

ROV

JE T

T S L S VI U



An additional exciting feature of upper atmospheric investi-
gations based on electron scatter is the predicted effect of the magnetic
field (References 6 and 9). When electron scatter is obtained at and near
the geometry corresponding to specular reflection from the earth's
nagnetic field, the scattered energy is expected to exhibit a
spectrun which is indicative of the kind and amount of ions present
in the scattering volume., For example, if only one copstituent, say,
oxygen, is present, the power intensity-frequency spectrum is
expected to show peaks at the ion gyro frequency (about 50 cps
for 0+ at 300-km height) and all of its multiples. The voltage
amplitude-time characteristics of the scattered signal should thus
show a quasi-periodic feature at 50 cps. If another ionic component
is present, its effect on the spectrum or amplitude-time record
will be superimposed (Reference 10).

By analyzing the spectrum or noting the periodic components
in the amplitude-time record of the scattered energy, it may be
possible to deduce the ionic constituents which are present, and
their percentage composition in the plasma. Hence, we would have,
in effect, a radar mass spectrometer for upper atmospheric studies.

Quite recently the ion gyro frequency of NO* has been identified in the

normal nighttime E-region field-aligned ionization (Reference 11). Although

325

A O L




this field-alignred scatter is many tens of db more intemnse than
incoherent scatter, the ion control of the electrons when looking
at right angles to the earth's magnetic field has been verified for

the first time,

€.4 SELECTION OF RADAR PARAMETERS

The choice of radar parameters for the proposed ionospheric
radar necessarily involves a careful compromise between specifications
set by th2 gcatter mechanism, state-of-the-art of transmitter de~
velopment, and tolerance of the antenna which could be readily
built and installed at the field sites such as Johnston Island,

For the investigation of auroral and electron scatter, fre-
quencies between 100 and 3000 Mc are desirable, as indicated by
Figure C.2. Unlike the conventi~»nal radar, the sensitivity of
the radar for electron scattering varies only as the first power of
the antenna-collecting aperture, and is in reality independent of
the dish gain. For electron scatter and a given dish size the signal-

to-noise ratio is:

a
(.2) ) oe f%.. iy PTTn (C.5)
where
PT = Transmitted power
B = Receiver bandwidth
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T = Pulse width
n = + 2 for pulse widths 100 to 1000 usec
n = 2 for pulse widths 1 to 100 usec (see Figure C.2).

For coherent scattering from targets having large range depths

compared to the pulse width, T,

P_GT
s ™ .2
(R)p oc ~ PTF G (C.6)

where

G = Dish gain = 3-2'— .

For incoherent scattering operations there exists an optimum
frequency where maximum signal-to-noisé ratio will e obtained if
other radar parameters remain unchangéa. There is also a marked
dependence on pulse width, approaching 20 db per decade of pulse
length., Equation C.3 has been plotted, and is shown in Figure

C.2 for an assumed receiver noise temperature of 75°K. Relative
echo signal-to-noise ratio is plotted versus the logarithm of the
radar wavelength for pulse lengths of 1, 10, 100, and 1000 ..sec.

It will be seen that the maximum signal-to-noise ratio occurs near

400 Mc, but that the fall-off is gradual as a function of wuvelength

if a long pulse length is used. The existence of a copious coherent

clutter at 400 Mc during Fish Bowl would suggest a higher frequency
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than 400 Mc. Going to a higher frequency, such as 3000 Mc, would
cause serious lcsses in the signal~-to-noise ratio by the bandwidth
spread in the electron-~scattered energy (the positive ions have
less control over the electrons as a higher frequency is used). ;
The availability of good hardware at 1200 Mc and the desirability
of making the volume cell as small as possible also makes 1200 Mc
a reasonable compromise.

The radar proposed for the incoherent electron scatter experi-
ments during the next test series would be located on Johnston Island
for ease of operation. It would be monostatic and would utilize an

85-foot steerable dish similar to the one constructed for Project {

6.9 experiments during Fish Bowl. The radar would be mounted in

; three 40-foot vans except for large transformers, etc. The radar

would be phase-coherent, and Doppler spectral c:aminations couid

possibly be used to eliminate the other forms of clutter such that

only the incoherent electron scatter would be used to measure

electron density. The characteristics of the proposed radar are :

listed below:

Frequency 1200 Mc

Antenna Steerable 85~foot dish
Gain 56 db

Peak power 5 Mw

.Average power 150 kw
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Receiver noise figure 2 db
S/N for electron scatter 30 db (assuming a l-msec
pulse)

looking directly over-
head at normal F-layer
ionization,.

Automatic data processing would, be acqqmplished in digital fomm
by the use of analog-to-digital conversion e;uipment and a desk-
sized computer, such as ﬁ cDC }GO-A, with digital magnetic tape
recording capability, The radar receiver output would be sampled
and digitized at approximately 100 usec (15 km) intervals with a
high-speed analog-to-digital converper under computer control.

The computer would be synchronized with the radar PRF to insure that
the range to each of the samples remains c;nstant. Along with the
sampled>amplitude data (which- is proportional to electron density),
time and antenna position information would be fed into the computer
in digital form.

The computer would perform some integration of the sampled
data to improve signal-to~noise ratios (about 2 sec)‘and feed this
information; along wiun tse digitized time and antenna position,
to digital magnetic tape in a format suitable for computer processing.

At the conclusion of the data taking, the digital tapes would be
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played back into the computer, and electron density profiles as a
function of time and position in space could be computed and plotted
automatically.
In addition, analog tape re:ording of all data would be made
and could be used with the computer for additional data processing.
The sensitivity of this rada? for electron scatter looking

vertically is outlined below:

Pulse Length Height Volume Cell Size S/N
1 msec 300 km 150 km x 3 km x 3 km 30 db

1 msec 1000 km 150 km x 10 km x 10 km 10 db
100 usec 300 km 15 km x 3 km x 3 km 20 db
100 usec 1000 km 15 km x 10 km x 10 km 0 db

These results are based upon an F-layer maximum density of 106

electrons/cc and a value of 105 electrons/cc at 1000-km height,
During an actual test, the electron density would be greater than
at normal times, and the signal-to-noise ratios would be greater
than those listed above. In addition, the use of 1 to 2 seconds
irtegration in the automatic data processing would also increase

the S/N ratios shown above by 10 db.

C.5 CONCLUSIONS
It is believed that the incoherent radar scatter technique

offers great hope for measurements of physical parameters in nuclear
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bomb phenomenoldgy and should be incorporated-during future test

series.

In particular, radar parameters desirable for these purposes

are a compromise but should be of as high a frequency as possible

to
6Y)
(2)
&)

(4)

Allow ionic .control of the electrons to 1000-km altitude
Minimize coherent clutter

Present as simple an interference problem as possible on
Johnston Island

Make the sampling volume as small as possible.

It is our opinion that 1200 Mc is an ideal choice.

Additional advantages of incoherent electron scatter radar

described above are:

(1)

(2)

The use of F-region reflections during low-altitude

bursts (20 km or so) with the incoherent scatter radar
allows accurate absorption measurements to be made on a
number of paths surrounding the byrst. Approximately

40 db of dynamic range can be obtained (2-way absorption)
by this technique.

The radar described above can also be thought to simulate
L-band radars planned for use in ballistic missile defense
activities. Actually the L-band incoherent radar is 10 db

more sensitive than any L-band radar presently being
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-+ ¢considered for ballistic missile defense system purposes.
(3) The remote monitoring of the L-band incoherent scatter
radar ‘has many implications to communications applications
because it is not thought to be affected in a deleterious way by
high-altitude nuclear bursts (Reference 12).
(4) It would appear very desirable to use this sensitive radar
for tracking of specially provided
targets‘through the nuclear burst environment. Such
tracking would result in 1200-Mc angular jitter data
as provided by Project 6.13 .at C-band during Fish Bowl.
In addition, the availability of this tracking radar would
allow engineering simulation of the problems encountered
by operating a ballistic missile defense system radar
in a nuclear bomb environment. The 398-Mc, Project 6.9 radar
operating at 1200 Mc, and the C-band tracking radars on
the DAMP ship, would provide good frequency coverage for

such tracking experiments.

11 is suggested that 100-foot metalized balloons, similar to the
echo balloon satellite, be used as special targets for this and other
tracking radars. In addition, the re-entry vehicles planned for

some of the test would also serve as excellent targets.

332

¥
‘j
‘4
1
}

RRCURPINN

m-mm-_r

L. TR "




03 T T | EEm— T 1 T T T
TolT,
1.0
1.2
0.2
1.4
« 16
5 18
5 X
2
2
ol 24
28
- . 34
32 36
| 38
- 4.0
o L | 1 1 [ ! 1
0 0.4 0.8 [ 4 16 2.0 24

RELATIVE SPECTRA WIDTH

Figure C.1 Backscatter power spectra as a function of Te/Ti-
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Figure C.2 Radar sensitivity for incoherent scattering.
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APPENDIX D

PROJECT 6.9 DATA ACQUISITION AND PROCESSING RECOMMENDAT IONS

D.1 INTRODUCTION

Project 6.9's experiments during the last nuclear test series
were primarily radar measurgments. Our objective was to measure,
as functions of time and frequency, the strength and position in
space of the reflections associated with the high-altitude nuclear
bursts.

The automatic procéssing of radar information is a fairly
comélex ana difficult task because of the many variables which must
be digitized and recorded, and because of the high daéa rates which
must be handled. The variables that need to be measured and recorded
in a radar data gathering system are:

(1) The Antenna Position: The azimuth and elevation angles

of the antenna must be known and recorded, in general, within an
amount less than or equal to the antenna beamwidth. In our case the
beamwidth was 0.7 degrees.

(2) Time: The exact time relative to event time must be known
to at least one second, a few minutes after burst—probably more
accuracy is required closer to zero time.

(3) The Range to the Target: This parameter must be known to

at least one pulse width, in our case 30D usec or 45 km.
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(4) The Range Depth of the Target: The transmitted pulse

may be stretched or spread in range due to the target characteristics.
The range depth should be known in increments of at least the
transmitted pulse length.

(5) The Amplitude of the Echo: This parameter is a most

important one in determining the size and/or the reflecting char-

acteristics of the target region. The accuracy to which this quantity

need be measured depends to a large extent on the radar receiver
" characteristics. For our case, we would need a dynamic range in
the digitizer of approximately 100 quantization increments.

(6) The Doppler Shift of the Returned Energy: The difference

in frequency between the transmitted wave and the reflected wave
may be a quantity of prime importance.

(7) The Doppler Spread of the Returned Pulse: The character-

istics of the target region may cause a spreading in freguency as
well as a shifting in frequency of the returned energy as compared
to the transmitted energy.

(8) The Polarization of the Returned Energy: The polarization

must be measured and the effects of the target upon this parameter
deduced.
Considerable simplification of a data-gathering system can be

achieved if any of the above-mentioned parameters are not important
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to a particular experiment or are not instrumented in the receiving k
system. In addition, simplifications result if some of the above
parameters are constant or vary in a systematic and known way-——

for example, if the antenna position is fixed, or if it operates in

EPN

a systematic scanning mode.

During last year's test series, Project 6.9 conducted basically 3

two types of radar experiments: (1) the radar clutter experiment,
and (2) the phase path sounder experiment. We had a fixed location
on Johnston Island and movable instrumentation platforms in the

M/V ACANIA (which operated at sea from a position in the southern
conjugate region) and four RC-121 aircraft (two in the north zad
two in the south conjugate regions). Both the clutter and phase
sounder experiments were performed at Johnston and on the ACANIA.
The aircraft participated in only the clutter radar study. The following
discussion covers the Johnston Island experiments and methods of collect-

ing data; similar techniques were used on the ACANIA.

D.2 RADAR CLUTTER EXPERIMENT

For the radar clutter experiment, a completely steerable

azimuth and elevation antenna was used, and it was necessary to

record all of the quantities discussed above with the exception

NUTHCRY-TA

of polarization information, which was not instrumented into the

“to i E
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radar system. The experiment was performed at three radar fre-
querncies, tripling the amount of data, The antenna scanning
procedure was not in general systematic, but varied at the discretion
of the radar operator. Data was recorded on analcg miignetic tape
and on film at the radar sites and shipped to Menlc "ark for
analysis. The analysis of the data consisted mainly of wuking
z-axis films from the tapes and hand-sca'ing the quantities of
interest from the film.

By comparing these films with the position information, one
can determine the position in spac f the radar echoes as a function
of time. In addition, amplitude-time films are made from the
magnetic tapes. One needs to correlate the amplitude-time plot
with antenna position information to determine the positional
sffect on this data. A large amount of hand scaling from film
records such as this was necessary in order to deduce the information
such as required for analysis.

Now let us examine the possibility of digitizing the data and
letting a computer do the scaling job. The digitizing could be
done either on-line at the radar sites or frém analog tape recordings
at some central facility. First, a consideration of the data rates
shows that the digitized data must be stored on digital magnetic

tape. Using paper tape or cards would be too slow. The data
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rate required to digitize a single frequency of our Johnston Island
radar would be of the order of 45,000 bits/sec, or 130,000 bits/sec
for the three-frequency system. A block diagram of one possible
digitizing and formatting system is shown in Figure D.l,

The commutator switches the analog-to~-digital converter
input between the three data channels, the converter converts the
analog signals to digital numbers in some code compatible with
standard computers, the interface unit performs the functions of
level shifting and switching the computer input between the various
digital outputs; the computer formats the data, controls the
timing system, and outputs the digitized data to a digital tape
in a standard format, Single-channel §ystems of this sort have
been instrumented at SRI in connection with the reduction of radar ;

" auroral data and other radar experiments.

The cost of a three-channel systeém such as the one previously
described would be of the order of $200,000. One system would be
required at each radar site,

Such a system would also be applicable to the proposed incoherent
electron scatter measurement which has  been mentioned at previous

meetings, and 1is discussed in more detail in Appendix C.

D.3 CONCLUSIONS AND RECOMMENDATIONS
During the last test series all of our data was recorded in B

analog form in the field. There are both advantages and disadvantages
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to this method of recording. The advantages are: (1) there is

a minimal loss of information in the recording process. Instead

of sampling and regording discrete values of the receiver outputs,
every bit of data that comes out of the receiver output is retained
and can be analyzed over and over. There is only a slight degradation
of the data due to the record and play-back process. (2) Unusual
phenomena and effects can be more easily interpreted by the
experimenter when the data is presented in the form he is more

familiar with and has had a great deal of past experieunce in

analyzing. (3) The data gathering and recording system is much
less complex, easier to instrument with conventional equipment and
techniques, easier to trouble-shoot and repair in case of equipment
problems. (4) Less skilled personnel are needed to operate and
maintain it. (5) It is considerably less expensive. (6) The analog
system in most cases will take less physical space. This is a
prime consideration on a ship such as the ACANIA where space is at
a premium,

Along with these advantages are the following disadvantages:
(1) first and most important--the retrieval of the information is
very slow and time-consuming. It may take orders of magnitude

more time to hand-reduce the data than it took to generate it.
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(2) More people are required to scale the data. (3) The possibility
of human error or the systematic weighting of the data by a data

clerk is present. (4) Subjective decisions may be required of the

data clerk, and different clerks make different decisions. Thus,
the hand-scaled data may be non-uniform. :

For future test series we would like to make the following

recommendations for the handiing of our radar data:

(1) The radar clutter experiment should be digitized on-line

ey

at Johnston Island.
(2) 'The electron scatter experiment would require on- x|
line digitization and processing.
(3) The radar clutter experiment on board the ACANIA should ]
not be digitized (primarily due to the limited space

available on the ship). Addition of digital equipment

e

would have to be at the expense of experimental equipment.

(4) Digitization on board the RC-12]) aircraft is not practical

from space and weight considerations, but analog tape

recorts should be on board in addition to the photo-~

AT e PR |

graphic equipnment,
(5) Present analog tape recording methods should be retained

at all sites, at least as a backup, because of their

o A

inherent simplicity, reliability, and ability to preserve

cidaadid

all the data and to present it in the form with which the

2 acdt

experimenter is mogt familiar and has the greatest

intuitive feelings.
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