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i ARSTRACT
[ Unclagsified}
Q Higu-frequency radar observations cf noni: wrningrockets
traversing the foncspheare often yield large range-discrete
echoes and fonospheric path perturbations during periods in
which the venting of fuel components or {fuid ballast takes
place. A study of neveral missile launchings during which
such releaaes occurred has been conducted, and un anaiysis
of he experimental data which takes inte account the prop-
agation conditions surrounding each lavaching is presented,

i PRGBLEM STATUS
’ Thix is an interim report on <ne phase of the problem;
»wtk i continuing on this anc! sther phases,
AUTHORIZATION
NRL Problem R02-23

MIPR (30-602)-63-2929, 2928, 2995
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SECRET
HF RADAR ECHOES AND REFRACTION E¥FECTS DUE TO
WATER AND PROPELLANT RELEASES IN I'HE IONOSPHERE
{Unclassitied Title]
INTRODUCTION

High-frequency radar observations of missiles traversing tue tonosphere often exhibit
brief, large echo cross sectfons during periods {a which the rocket engines reportedly are
not burning. The appearance of these unexpectedly large echo cross sections commonly
occurs during staging or immediately following engine cutoff. It s the purpose of this
report to present evidence of the occurrence of fonaspheric perturhations and strong hf
radar echoes during periods in which there * 1 a rexsonable certainty that rocket motors
are not burning.

The study was conducted with the NRL Madie radar, a coherent pulse-doppler system
possessing receiver rejection filters matched to the usual spectrum of the earth’s back-
scatter. The overall characteristics of the Mrdre r sdar are more theroughly described
elsewhere (1-8); a brief review of qualities pertinent v the ensuing discussion follows.

The coherent pulse-doppler system utilizes a comb-filter rejection technique to elim-
irate the strong earth backscatter signal inimediately adjacent to both the center frequency
and the pulse repetition frequency (prf) linrs. The system possesses 2 rece.ver transfer
function as shown in Fig. 1(a). Notches are placed within the receiver bandwidth upon the
radar carrier frequency and upon each prf sideband. Figure k(b) shows a detailed sketch
of cne such rejection notch used in the Madre radar. It can eastly be seen that backscatter-
assoclated clutter-to-signal ratios approaching 70 db may be accommodated.

°r e diel
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Q 13
Polel 4t ) tea ] VREQUENCY i
Y RECEIVER | $3% Lmices oyF REQULNCY
BANDWIDTH _3 :
(4%C) ‘.- 10 CPS
(a) (b

Fig. | - (a) Transfer function of Madge recerver utilizing
{b) comb rejection filters

Late. m the receiver system the target signal is converted to a zero-frequency inter-
mediate frequency by the use of a synchronous detector. Two forms of spectrum analysis
then are possible. One cf these two analysis processes 1s tllustrated 1a fig. 2. The zero:
frequency i-f signal is range-gated to exclude the eficcts of uzdesited targets, passed
through a second comb tilter which provides an additional 30 db of back scatter rejection,

SECKET 1




R A s e g e

P TR pe——.

e e s = g th i it

2 NAVAL RESEARCH LABORATORY SECRET

and spectrum-analyzed with the zid of a Kay Sonograph. The regultant is a doppler-
intensity-time plot of the echo spectrum, with doppler frequency sppearing on the ordi-
nate, thiie on the absciasa, and signal amplitude appearing as the degree of shading
(intensity) on the plot. Due to the inherent limitations of a pulse-dopgler radar, doppler-
shifted traces appear about the prf-induced lines as well as abov* the center frequency,
and henee doppler {requency is unambiguous only insofar as it remains below one~half
the pri. The spectrum analysis provides a doppler resolution of 3 cps. The second form
of spectrum analysis utilizss 2 rotating magnetic drem upon wkich short samples of the
coherent echoes are stored and read off sequentially after » 20-second storage period,
providing a continually updated time-compressed preser’ ,iorn of the previous 20 seconds
of recelved information. This presentation appears as , - ange-doppler-intensity plot,
with doppler on the ordinate, range on the abscissa, and amplitude appearing as intensity.
Both types of spectrum analysis are preseanted in the following discussion.

2ERO-~ RANGE BANDPASS DEtI-NAEY- SPECTRUM
FRER. —~=s 'GATE *1 " FILTER COMB [ "™ ANALYZER
I-F FILTER

Fig. 2 -« Block diagram of a spectrum=-analysis
system used with Madre radar

DISCUSSION OF MISSILE RELEASE-ASSOCIATED PHENOMENA

During the period from October 1960, until November 1862, four missile launches
were carried out at the Atlantic Missile :.ange (AMR) and the Pacific Missile Range (PMR)
which gave rise (o path-pertusbations and strong hf radar echoes at times when no rocket
motors were burning, but when known venting of oxidant or release of fiuid bailast was
occurring. Upon occasion these path pertut ~ations and radar echoes took on a marked
resemblance to the type of effect normally associated with burning rocket motors. The
effects detected ¥;; the Madre system during each of the four launches are digcussed below,

AMR Test 2506 - Atlas (E)

Ty: 3:15:34 p.m. EDT, 11 Oct. 1960
Frequency: 26.6 Mc¢
Pulse repetition rate: 180 pps
Pulse duration: 250 sec
Radiated power: 1.5 kw (average)
Antenna gain: 14 db over an isotrope

Postflight data indicates that the sustaincr engine cut off 150 seconds after liftoff and
that the vehicle itself exploded 5 seconds later. At this time, 185 secunds after liftoff, the
vehicle was at an altitude of 112 km and traveling at 1.5 km/sec. Assuming that the
remawning tunkage and propellant followed a ballistic trajectory, these should have reacted
an altitude of 180 km at T,+240 seconds and should have continued upward to an apogez cf

211 km.
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The illumination geometry, determined from observation of ground backscatter, and
the missile’s trajectory are sketched in Fig. 3. This illustration indicates that the ballistic
path of the remnants was visihle to the Madre radar for altitudes above 180 km.

Figure 4(a) shows the effects of a path perturbation which began at T,+240 seconds,
the time at which propagation conditions indicate that the missile remnants entered the
Madre antenna beam. This illustration i3 a spectrogram of earth backscatter returas

5
b
wa ! i
%3 11 1 {
';'c‘z A e TRAKCYCRY ST
B! ! 5r;§no'|:§n5i
= [N
o1 2z 3¢ ) AMR SETTTIE
coh 107 X KILOHETER

Fig. 3 - Dlumination geometry and missile
trajectory for AMR Test 2508

DOPPLER (CPS)

230 38 7‘

: 5 250 288 P& XS 20 28
AR TEST NO-2508 © TIME AFTER Tp (SKC
TYPESATLAS
H GET, 1960 (a)
Tos 31534 EOT P
RAKGE » 735 NM,
— v i

DOPPLER (CPS)

%0 85 2
TIEE AFTER Ty {5EC)
(b}

Fig. 4 - Doppler-intensity-time records of (a) path perturbatiau nud
{b) diffuse echo associated with exploding missi.e of AMR Test 2508
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driven outside the clutter rejcction filters by the path perturbation. Backscatter is driven
20 cps from the 180 cps line at T,+240 secon's and gradually relaxes to normn! over a
period approaching one minute, Thls perturbation was quite similar to the type produced
by a missile actually burning through the F-reglion, Figure 4(b) shows a reflection at
T,+256 seconds which exhibits discreteress in range and diffusion in doppler. This reflec-
tlon lasts approximately 2 seconds and presumably represents an eche from a charge

gradient moving up through the fonosphere at the approximate range of the ballistic missile
fragments.

AMR Test 0811 ~ Jupiter

Tyt 1:17:53 p.m. EDT, 18 Apr. 1962
Frequency: 15. 595 Mc
Pulse repetition rate: 180 pps
Pulse duration: 200 usec
Pewer: 75 kw (average)
Antenna gain: 11 db over an isotrope

In this flight all missile functions were normal until T, +153 seconds. At that time
fuel depletion was reached due to an excessively fuel-rich propellant mixture, and normal
guidance cutolf was not achieved. Oxygen venting is certain to have continued until the
supply was exhausted (or until T,+522 seconds when the guidance computer initiated cutoff
‘procedures). Backscatter coverage ran from 760 to 1250 naut mi in range with a strong

peak at 810 naut mi. The coverage suggested by this backscatter distribution is sketched
in Fig. 5.

—
¥ EBIEES S b S S e L SRS SRS
< T T T v e LT
w ol — T R
) s s S S g UL AR T e A
N o LA s =
e ~ e
-4 : AJKCT -,
Bl o = S
=] 510 11 12 13 14 18 <
= a9 6 1 8 AR AN (9202’22
Qaa 10" X KILOMETER 2

Fig. 5 - lllumination geometry as indicated by backscatt .z
observations at the Madre site, and missile trajectory ior
AMR Test 0811

Figure 6 is the range-gated doppler-intensity-time record. The first reflections
occurred at T, +162 seconds ‘when the missile was at an altitude of 131 km. It s worthy
of note that the backscatter observations represented in Fig. 5 indicate that the burning
rocket actually entered the beam of the Madre antenna when it achieved an altitude of 70
km at T4+ 130 seconds. No reflection or path perturbation was detected, however, until
Ty+162 seconds 9 seconds after the fuel was depleted. The character of the etfect evident
at T,+ 162 seconds was similar to that associated with a burning rocket traversing the
E- layer. This reflection continued urtil Ty« 150 seconds when the missile had achieved
an estimated altitude of 200 km. The slope of the doppler envelope apparent near the start

SECRET
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SECRET NAVAL RESEARCH LABDRATORY S

of the signature corresponds roughly to that of the expected missile doppler. The abrupt
disappearance of the target at T+ 190 seconds probably waz due 1o the missile’s exit from
the radar-illvminated region. The siowly shilting doppler lines near 180 «ps are due to
aircraft echoes from the range interval under examinstion.

TEST 82 084
TYPEJUMTCR
DATE: 18 APRIL 1962
Ts 197 83 P2
FREQUENCY 15595
RARGE: 720 Hid

L

TREE AFYER § (SEC)

Fig. 6 -~ Doppler-intensity-tume record of diffuse echo cue to
oxygen venting associated with AMR Test 0811
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AMR Test 5051 ~ Saturn (SA-3)

T,: 12:45:02 p.m. EST, 16 Nov. 1962
Frequency: 18,036 Mc
Pulse repetition rate: 90 pps
Power: 75 kw (average)
Pulse duration: 300, sec
Antenna gam: 12 db over an 1sotrope

The illununation suggested by backscatter coverage 1s sketched 1n Fig. 7. This vehicle

was ballistic above 100 km. At T,-292 seconds, when the missile reached its apogee of
167 km, 192,528 pounds of water were rcleased intc the jonosphere.

B
s "

.

YRALECTORY -
+ S5 6 P B 4 0 02 AR
|2345 “MR3'4‘5‘5’71849
W T X KILOMETER

Fig. 7 - Blumi.ation geometry as indicated by backscatter

observations at the Madre site, and missile trajectory for
AMR Test 505!

Figure 8 1s .. doppler-imtensity-time presentation »f echues from a range gate centered
on the mugsile itself. A large reflection may be scen in this 1llustration beginning precisely
at T, - 292 seconds, the exact time of the water release. This reflection persisted wntil

T, - 365 seconds and at 1ts peak displayed an echo cruss section of 4 - 10% square meters.

Figure 9 1s 3 doppler-intensity-time presentziiun of echoes from a range gate centered
on the backscatter returns from a one-hop distance at which wonuspheric reflection would
have occurred tn the region in which the 1onospheric perturbation tuok place. An fono-
spheric perturbation 1s seen to have begun in Fig. 9 at the water-release time. This pertur-
bation moved rapdly through a distance of 140 naut mt tsward the rad~r site and achieved
amaximum doppler spread of - 18 cps about the 86 pps hine. Its duraty . was approximately
4 minutes.

Figure 10 shows the conventional Madr  analysis ot the water-release reflections. The
doppler frequency scale 1s on the left, runming from 0 to 45 ¢cps  Approximate range is
given on the top horizontal scale runming from 450 t 300 naat mi. Time after launch is
indicated on the counter 1n minutes and seconds. The e« ho starts »ith the available doppler

frequencies {illed. its maximum doppler decreases with e and » cupies about 20 cps at
the 2ume of the echo s disappearance.
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Fig. 10 - Conventional Madre record of doppler-intensity-range for tue
diffuse echo due te water release associa»d with AMR Test 5051
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PRATY Tozt 231208 - Thor-Agens

Ty 12:33:38 p.o. €8T, 26.0¢00, 3852
Frodueney: 1035 %e
Pulpe vepeliticrerates 81 pys
Pulpgadirationd 305 uaee
Power: T5 ke {aversgs)
Antesna guing 12 db owr an Ixoirnpe

Bn Wl deat, progetiont Sopletion wes allowed o dotermine firgt-siage thyust termie
ratios, Starford Besenreh Instilues foralehod Milormetios hontng thal 20 povnds of
Heuld oxygen rematned af cisin engine cutolf (MECO) snd 5t uppears 1%ely Bud this excess
nxidizgr wos ventst. ARhough lon pounds of Howsd oxwge sesins 2 smell srentity, a well-
gafined vellosiion typlowd of rociet axhuusly uind releanes was voted,

Pechooater dislribution st finosonde dala indicste an Duminstion geometsy as

wewtohed in Fig. $3. Bigoals from 2 transpondey 2t Polad Avgeelio showsd oaly Yuo-o
soverags B e fegneh site,
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Fig. 11 -~ Duminntion geometry, &3 sndicated by hackscatter
divirsbizon and ionusende data, and enigeldie trajectory for
PMA Teet 291201

Figure 1% shows the conventiensl hadve display. Tho 48-2pe svailsble doppler is
zepled on the Jeft gido of each picture. Hange intervals for which the receiver wae
unblanked were 350-800, 1250-1700, and 2156-385% nwus mi, and in these superimposed
450-zaui-ml intervaly, the rangy russ from loft do vight along the absclsea, The time
after lauack 18 given in minstes and seconds ont the rounter bwiow each irame., Numesous
meteor trall retyras appearing on the photopruphs ot low doppier Yreguencies partially
obscured the display ircughout the test, The £0bo In the pictares wken at 602:48, 002:52,
002:58, and 003:00 minutes, appesring wt cbout the center of the range display and kaving
a continuom of dupuiers ap to 25 op 30 cpr, had the chavacterigties tipleal of 2 misuile
exhoust. This echo’s slant range was 2380 mawd zni. 2001 85 caut mi fpriker thap that of
the transponder,

A range-guted dopplor-intengity-time analysis of the event is showa in Fig. §3. The
target, which shows on this aiapiay lrom T, <183 50 T,- 180 sevends, did ip red Bave R
chavactar of an edaust or reicase. No echo was seqn Juring Agens bava morisd, and 3t
is doundful that ilkuinination of the niissile was oldained durlrg that peried,
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SECRET NAVAL RESEARCH LABORATORY 13

CONCLUSION

During cach of these four migsile launches the Madre facility was ab'» to detect hf
radar echoes at the approximate range of the vekicl® at a time when its rocket motor was
not burning. In three cases the missile itself had achieved E-sayer altitudc when the
effects sget in, and in all four events the character of the echons bore a close resemblance
to the effects normally associated with burning rackete @waversing the fonosshere. In two
cases an jonospheric path perturbation, usually detected wien a burning rocket passes
through the F-layer, was discerned when nonburning detsis approached F-layer height.
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Chief, BuShips, Dept. of the Navy, Wash, 25, D.C.
Research & Technical Div., Hdgs., Afr Force Sywiems Command,
Bolling AFB, Wash, 25, D.C.
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USNOTS, China Lake, Calif,
Attr: Tech, Library

USNPGS, Monterzy, Calif,
Attn: Tech, Livrary

USNADC, Johnsville, Pa.
Attn: Tech. Library
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Attn: Ch., Res, & Dev. Div.

14

SECRET

Copy No.
1-4

5-6

10-11

12
13
14

13-18
18
20
21
22-23

24
25
26
27
28

28

SECRET

J U A

e




.y
~
hy

[T TPTORR

SECRET NAVAL RESEARCH LABORATORY

DISTRIbw 2 ION (Cont'd)

USAELRDL, Ft. Monmouth, N.J.
Attn; USAELRDL Liaison Office (3 cys.)

Dir., Speclal Projects Div., Dept. of the Navy, Wash, 25, D.C.

Dir., Defense Research & Engr., Dept. of Defense, Wash, 25, D.C.
Attn: Alr Defense (2 cys.)

CO, USNATC, Patuxent River, NAS, Patuxent River, Md,
Attn: Mr, D, Decker
Electronics Test Div,

CO, USNOL, Corona, Calif,
Attn: Mr, V, Hildebrand

CDR, Naval Missile Center, Point Mugu, Calif.
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Attn: SIGRP-A

CG, Plcatinny Arzenal, Tech, Res, Sec., AAWL, Dover, N.J.
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Oifice Director of Defense (R&E), Pentagon
Attn: Mr, J. J. Donovan, Office of Lilectronics, Rm. 301032
Technical Library Branch /2 cys.)

CO, US Army Signal Electronic Regearch Unit, P.O, Box 205,
Mountain View, Calif,

Office, Chief of Ordnance, Dept. of the Ar.uay, Wash. 25, D.C.
Attn: ORDTX, Dr. C. M, Hudson

Hdgs., USAF, Cifice Asst, Chief of Staff Intelligence,
Wash, 25, D.C.
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Naval Research Laboratory

Technical Library
Research Reports & Bibliography Unit

To: Larry Downing, DTIC

From: Darlene DeMarr, Code 5596.3

Date: 9/17/2007

Subject: Change in Classification & Distribution Statement

Please change the classifications & distribution statement on the following documents to

Unclassified/Unlimited Distribution:

ADC954564 (NRL-3703-PT-1) Declassified with no restrictions 9/11/1996

AD0348828 (NRL-6066)
AD0348901 (NRL-6037)
AD0352827 (NRL-6117)
AD0361630 (NRL-6247)
AD0377010 (NRL-6476)
AD0377011 (NRL-6485)
AD0377242 (NRL-6479)
AD0379058 (NRL-6508)
AD0379893 (NRL-6507)
AD0346383 (NRL-6015)
AD0349268 (NRL-6079)
AD0355651 (NRL-6198)
AD0368068 (NRL-6371)

Thank you,

Declassified with no restrictions 9/30/1996
Declassified with no restrictions 12/3/1996
Declassified with no restrictions 1/25/1996
Declassified with no restrictions 1/7/1997

Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Déclassiﬂed with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/29/1997
Declassified with no restrictions 1/28/1997
Declassified with no restrictions 1/29/1997
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Darlene DeMarr
(202) 767-7381
demarr@nri.navy.mil



