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ABSTRACT
[Secret]

On May 11, 1962, a Polaris missile, Type A2PE, was
launched from a submarine near Cape Canaveral. The
Madre radar, located at the Chesapeake Bay Annex of the
Naval Research Laboratory, detected the missile from over
the horizon during the last twelve seconds before thrust
termination. Although backscatter returns were present
from both E- and F-layer propagation, a comparison of the
measured slant range and the true range, calculated from
postflight data, showed that the only possibi- path was via
E-laver.

PROBLEM STATUS

This is an interim report on one phase of the problem:
work is continuing on this and other phases.

AUTHORIZATION

NRL Problem R02-23
Project RF 001-02-41-4007
MIPR-30-635-8-160-6136

Manscrip)t .mu|bmitted Nov,-niber i•6, 1962.
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MAI)RE EVALUATION REPORT VII
I Unclassified Title I

DETECTION OF A SUBMARIfNE-LAUNCHED
POLARIS MISSILE VIA THE E-LAYER

! Secr,,l Title)1

Madre is a high-[frrequency, high-power, coherent. doppler radar located at the
Chesapeake Bay Annex of the U. S. Naval Research Laboratory. It has been in operation
for several nmonths and has been used to detect rocket-powered missile launches from
the Atlantic Missile Range (AMR).

In ordinary use, Madre's energy is refracted by the ionosphere (F layer) so that it
ilh1mina4tes the mismile path close to the launch site, and below-the-horizon detection can
be o•bained. Attempts to illuminate the launch site itself via F-layer propagation du,-ing
a launch have been unsuccessful to date because of the proximity of the Madre site• to
AMR launch sites (1200 kin): that is, the combination of the current low sunspot period
(or low ionospheric electron density) and the minimum-frequency capability of Madre h.,i
resulted in placement of one-hop energy beyond the site. However, under normal day-
time ionospheric condit ulns, the energy can be made to intercept some portion of the
tr:ajectory of a missile close to the launch site. On a number of occasions missiles have
Neen detected and identified ai ,riM-4iles when they were as low as 80 km altitude. A line-
of- sight pat h from the Madre site would place a beam about 130 km over the launch site.

Details of the Madre radar can be found in a number of publications. One of these is
NRL Memo. Report 1251, Dec. 1, 1961, "A Madre Evaluation Report" (Secret Report, Un-
classified Title). For th,: purpose of affording a better understanding of the figures. u
partial description of the o,,ýstem w!ll be given here.

The received signals are synchronously detected and then passed through a set of
comb rejection filters which reject the ordinary backscatter clutter by rejecting the
repetition - rate frequency and all of its harmonics plus a few cycles on either side of
these frequencies. The doppler frequency from each target will appear around zero fre-
quency and around the repetition-rate frequency and its harmonics. Also, although recede
and approach doppler frequencies can be resolved, this was not done for the test in this
report; therefore, around zero frequency and around the repetition-rate frequency and its
harmonics, both increasing and decre:,,•ng dopplers can appear.

The repetition rate for the test in this report was 90 cps. In Fig. 1, only the doppler
frequency associated with zero frequency appears, since only zero to 45 cps are dis-
played. In Fig. 2, where zero to 90 cps are displayed, the increasing doppler associated
with zero frequency and the decreasing doppler associated with 90 cps are displayed.
The missile was known to be receding at the time.

The pertinent parameters for the Madre radar during this test were as follows:

Frequency 23.1 Mc
Repetition Rate 90 pps
Power Radiated 60 kw (average)
Pulse Width 500 1 sec
Antenna Gain 15 db oine way
Antenna Bearing 190 degrees.
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4 NAVAL RESEARCH LASOMAIOR'r

AMR Test N-P. 3001 (formerly ANIR Test Noi. 0081) %%-.s a suhbmarowee- laun, licit
Poelaris missile'. I vpo AMAE-. Ih was launched in tMav 11. 19!62. at 18H26 Z. P. e-ot II i:t
data gilad not gave ths, thrust termination time nor' height. but pre livght diata gave' t he'so

Tp-105 sec' and &03 kni~.

lontieg ram informaltion t ransmitteid over the Ti'".'.' ne't huite ' launch tMile' a anlaati-i
strong E-Ia *ver blanketing. Rackstratter returns fromn the' d~re' Itie fit tfhiv ltutmit-l l!
indicated boith F and F preipagatt ifn. Fagurv 3 is it photograph of bae'ksc'attler rcturis fill
t he' Madro: re'c'eiver 11f sliortly after launch. Toetal sweep timt' "er vori-spoents lte 1600( naut
mi. The' first patch of bac'kstratter appears betweeni 450 and 1300 naut min atid is uncemnbl -
vi'(l due' toc the sixiradae' E iniwtae'ard fly the aeunegrarns. The se'cond pa cit nt hatae'kscattc'r
runs from abiout 1500 to 1800 naut mi and is undoiultetdlv dtie to) F' lave'r. The' renmindver
I the backscatte'r is seeentd-huip F laver.

Figure' 4 is the aeeruegram rervke'itd from the SRI OlID flata Centi-r. Usingt, this iteeni
g ranm and the se'cant relat ionship. aitd ex~trapoclat ing. to the operaltugv lrut'queuiv fte 23.1I
Me', hae'ksc'atter can lie expecterd tot appear tce'twc'en 496 and 1240 naut mai Ire em the' sp4
raldic' E laver. and bietween 1480 aold 1900 ataut nit [(or the F' Liver.

It she euld 1w poicnted out here that the present Madre pees it isitable' a611ittllhta 111t1101.4-

hinittat~itiens in de'term ining the dir-ct ein from which thcs bae'kseatte'r re'turns oringmaieae.
Tito' a ntenn~i htceamnwilt h is ipprex imate lv 40 degrees, which in itself it; a linit itng, tact' .
iii addititein. lth' .ntenn-. canndct Im, reeated when radialting full po wer. Iltee'ause ti 1 anit
li miltal le s, it is rarei't 4ie-or:ible it) go) throu6'i a detailedl pa eie'eure' tit laxi- Owg 1ie 1i le1

tiloins frontm wha'ich the' via rioeus patch.'4 sof bai ck iatle'r reach t heir nmaix a m. lu rmc au vmc"mli
cdo wnI. ce enctittens often vhaege radii-ally, andi sonietin? a -h~'~ ere' is it questio 1111s tip Mtthet hr
fir notml thoe Itrelight missie t raje'clirv as bein: aillumni ated. Almi. wat h I it- pri se ritt Aart a
rarta r co mpli-x a f rieluency shill is a tiane -consu niing e cperationii seo t hat % here hack scal
lv'r rot urits inifleite'~ that -o frequencv shift as desi rablte. thoe (i nie ri''qti rd in.. i .1
sielel'e'e p~i~hihill e'e oser~i'c'ii lv it the eeiuntdotin i has pt'ei(eedet to) it late' stage' It % 4-1el'.
pha 12ized t hat t hemse difficult irn: are not inhertent. Such equipnment limnit~atianis ux 1st inl I li

tmlt're sl ref e-i''ee ntv.

Just leefiere T.. an equipment fatilure caiused Maedre' toe shut (lown, awil at was iee it

ripe'ratinV. iavan until T. 83 itec'.
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6 NAVAL RESEARCH LABORATORY SECR1U'T

In Fig. I are consecutive photographs of the Madre real-time displhy during the
launch period. For this case the ordinate is on the left of each picture and the absciss:a
is at the top. The ordinate represents the doppler frequencies in cycles per second.
Since the repetition rate during the test was 90 cps. only 45 cps of unambigjous doppler
frequencies are available. The abscissa represents the range in nautical miles. At the
bottom of each picture is given the time after To in minutes and seconds: for example,
00034 is T, + 34 seconds, while 00134 is T, + 1 minute and 34 seconds. At the time the
pictures were taken, the timer had a constant error of four seconds, so four seconds
should be added to each time indication to give the correct time. The persistent signal
at an indicated range of 610 naut mi and at 40 cps doppler frequency is the system cali-
bration signal. Its amplitude is one microvolt peak to peak at the receiver input, and the
true range is 600 naut mi. Therefore all targets will be displaced by 10 naut mi from
the indicated range. The large bright signal in the upper left-hand corner from the 6Lh
frame to the l1th frame is a light leak from the photograph equipment.

The target is first seen in the sixth ft ame at 675 naut mi and at 39 cps doppler: the
time is I minute 30 seconds. With the Indicated corrections inserted, the time would be
T, + I minute 34 seconds at 665 naut ml. A calculation made from the postflight data
places the missile at an altitude of 80 km at this time. The target grows in intensity and
spreads out in doppler in the succeeding frames. It is finally gone in frame 13, so the
target disappears between To * 1 minute 56 seconds and T. + 2 minutes. According to
preflight data, the target was to burn out T, + I minute 45 seconds. The integration time
(i the Madre analysis system accounts for the persistence of the signal after this time.

Figure 2 is a vibragram of the same signal taken from the receiver output before
passing throtuh the Madre analysis system. The ordinate is frequency and the abscissa
is time. Recede and approach dopplers are not resolved here, so both decreasing and
receding dopplers will appear and be symmetrical around 45 cps. The straight lines
appearing at 30 cps and 60 cps are the usual 60-cps lines caused by thc equipment the
former is the GO cps related to the repetition rate, and the lattcr is the 60-cps line
related to zero frequency, since the 60-cps line will appear on both sides of the repeti-
tion rate and its harmonics.

The target first appears at T. + 92 seconds as a discrete signal (Fig. 2), then spreads
out in frequency until it disappears abruptly at T. + 104 seconds. This is the time of
thrust termination predicted from preflight data. At T, + 92 seconds, the missile is 80
km in altitudte. The range of this signal was determined to be 665 t 5 naut mi, from the
A- scope presentation.

The altitudes of the missile for the duration of the signal are well below line of sight
from the Madre location, so the signal was obtained via refraction. From the ionogram
it is evident that the normal E layer, located at 100-km height, could not be the main
refracting medium, since (a) it is too low in height and (b) it is too low in electron density
for 23.1 Me. Over tho past year Madre backscatter returns have been compared many
times with current loevograms from various locations, and E-layer returns are never
present (at any Madre frequency) whenever the F-layer frequency is below 3.5 Me. The
same studies show. however, that E-layer returns are almost always present at all
Madre frequencies (13.5 to 27 Me) whenever the E-layer frequency exceeds 4.5 Mc. Fig-
ure 4 shows that the sporadic E fits this case and that its height is adequate to account
for the signal obtained. F-layer returns are from far beyond the missile position and
cannot account for the signature.

Altho)ugh this is the first report dealing with a Polaris detection from Madre radar,
it is not the first or the only Polaris detection made by Madre. It was felt that the mnd..
of propagation, via sporadic E, justified a detailed tceatment of this particular test.

SECRET
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Madre has obtained a Polaris signature for every occasion on which the backscatter
indicated that the powered portion of the trajectory was being illuminated. In all, ten
detections have been madra, in which the Polaris has been at various altitudes from 80 km
to the thrust-termination altitude. Discrete doppler information has been extracted for
those cases where the detection was made below 95 km. thus indicating the missile
velocity at the time of the signature. The potential for extracting t:screte doppler infor-
mation for other types of missiles has been demonstrated.

These tests and others, including all types of missiles launched from AMR, will be
included in a report which is now in preparation.
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IMEMRANDUM

20 February 1997

Subj: Dcument Declassification

Ref: (1) Code 5309 Memorandun of 29 Jan. 1997
(2) Distribution Statements for Technical Publications

NRL/fJ/5230-95-293

Encl: (a) Code 5309 Memorandum of 29 Jan. 1997
(b) List of old Code 5320 Reports
(c) List of old Code 5320 Memorand3um Reports

1. In Enclosure (a) it was reccmTended that the following reports be declassified,
four reports have been added to the original list:

For - .5589 5811, 5824, 582< 5849, 5862, 5875, 5881,_5903,/ 5962 6015 6079,
/ _/1 I/ VI'V, I/ 'I.6148, 6198, 6272' 6371, 6476,/6479;, 6 4 8 5 ,V6 5 0 7 V'6 5 08 , 6568; 6590/ 6611, 6731, 6866,

7044, 7051, 7059, 7350, 7428, 750017638, 7655. Ad 76841 7692.V J / 7 _ / I' v /
MEro/ ' 1251,1 1287 1316, 1422, , ,1500,.1527,/1537,1540ý/1567,1637 .1647,A
1727, 1758, 1787 l789,, 179071811,/ i817, 1823 v 1885" 1939, 1981 135, 2624, 2701,
2 6452721,' 2722, 2723, 2766 Add 226510•715.

The reccrrended distribution statement for the these reports is: Approved for
public release; distribution is unlimited.

2. The above reports are included in the listings of enclosures (b) and (c) and
were selected because of familiarity with the contents. The rest of these docuren•ts
very likely should receive the same treatment.
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