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1. INTRODUCTION

A study of underwater sound propagation in the Straits of
Florida and its relation to environmental circumstances, project
"MIMI, " is a joint effort by the Acoustics Group, Institute of
Marine Sciences (IMS), The University of Miami, and the Stochas-
tic Signal Processing Program, Cooley Electronics Laboratory
(CEL), The University of Michigan. Experimental results are
reported in publications of IMS and CEL, and in articles in the

Journal of the Acoustical Society of America (Ref. 1), and at

U. 8. Navy Symposia on Underwater Acoustics (Ref. 2).

Most of the experiments use a 420-Hz continuous wave
transmission (CW) from a sound source off Miami (MIMI-A), and
phase~coherent on-line demodulation (PCD) of the signals received
by deep and shallow hydrophones off Bimini, Bahamas (MIMI-B).
Environmental measurements are correlated with the amplitude and
phase of the demodulated signal. The CW transmission power is
approximately 95 dbpb referenced to one meter. The expanse of
the Straits is 43 nautical miles; the maximum depth is 800 meters.

The long term CW experiments are occasionally combined
with transmission of a maximal pseudo-random sequence (SEQ)
modulating the 420-Hz carrier to resolve the multipath propagation.

While the instrumentation of all tests and the processing of the long



term CW experiments are done by the IMS Acoustics Group, the
signal design and data processing of combined CW/SEQ tests are
done by CEL (MIMI-C), using correlation techniques on a digital
computer. Two previous reports describe the MIMI experiments
of 3 and 4 February 1965 (Ref. 3) and of 11, 12, and 13 August
1966 (Ref. 4).

The LUNAR ‘experiment of December 1966 covered a whole
month, using periodic amplitude modulated sequence (AMSEQ)
transmission. ! The AMSEQ signal allows the simultaneous analy-
sis of carrier power and phase, and multipath. The experiment
covered the four weeks 13 December 1966 to 10 January 1967
during which 6 minute intervals of reception were recorded every
2 hours.

This month was chosen for several reasons. A full month
of transmission would encompass an entire lunar cycle. It is known
that the tide affects the propagation. Hence, the results of this
transmission would enable a better study of this phenomenon.

Also, the dynamic weather conditions in December are quite inter-
esting. The winter's first storms and cold fronts change the struc-
ture of the channel, thereby altering the propagation paths.

MIMI-A has two LINC-8 digital computers built by Digital

lAppendix A discusses AMSEQ.



Equipment Corporation to be used as on-line processors. CEL has
a similar computer and the responsibility of developing on-line
processing techniques. This report describes the first complete
processing system of the standard Bimini sequence reception on

the LINC-8 digital computer. The algorithm used in this system

is basically the same as the one described in Refs. 3 and 4. The
purpose of this report is twofold. First, it is a presentation of
data from December '66. Second, it is a demonstration of the feasi-
bility of a rather complex processing system on this small computer.
The system described in this report is not intended to be used at the
receiving site. However, it demonstrates feasibility, sets some
guidelines, and demonstrates some of the difficulties inherent in

an automatic receiver.
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The sequence analysis is performed by CIRAV and MCOR.
CIRAV is a circulating average process which returns one ''repre-
sentative' period from twenty-one actual periods of sequence. This

process is described by

20
z'(I) = ), z(I +n252) I =1,2, ..., 252
n=0

MCOR perfo‘i'ms a 1.2 second cross-correlation of the
"representative’ period with a stored reference (called BMSEQ), to
obtain the multipath analysis. A complete discussion can be found
in Ref. 3.

DISPLAY is an operator-called display program which is
used to view the output of the processing. This program may be
called at the end of each file, but if it is,the analog tape must be
restarted at the correct place to resume the processing. This rou-

tine is not normally used since it requires operator control.

3.1 Scaling

Since the arithmetic in the processing is performed in twelve
bit integer mode, special care is taken to prevent overflow. Over-
flow is prevented by scaling the data at convenient points in the
processor. Floating point arithmetic would also solve this problem.
However, it is not feasible due to storage and execution time consid-

erations. The scaling is always done by powers of two so that it
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may be achieved by simply shifting the binary data to the right.
~
‘I'he box, X —> Isil — X' , in the diagram denotes the
. . -5
scaling operation; e. g., suppose the scale factor is k =2 L

then x'=x"° 2 i ; X is actually shifted right S; binary positions.
Any bits shifted out of the least significant position are lost. The
diagram indicates those scale factors which are variable (computed)
and the values of the predetermined scale factors.

Since shifting obviously affects accuracy, it is performed
only when absolutely necessary, and then, just enough to prevent
overflow before the next scaling point. S2 , the shifting parameter
on the output of CIRAV is computed in the program because of the
large fluctuation in the output of CORPS over long periods of time.
Sg and S, are both chosen equal to 6 - Sy to maintain constant
open loop scaling. This choice compensates for the actual value of
Ss which may change from record to record, simplifying interpre-
tation of the output amplitude over many records.

Each of the routines, MCOR, CW2, and CW1, has been de-
composed into a pair of subroutines. Before further discussion the
notation, Z , in the boxes of Fig. 3 will be defined. Z signifies
that n inpur; values will be added to obtain an output nurrinber. The
scaling operator can be looked at as a normalizing constant on the

input of each summation. The value of S; is usually closely related

to the value of n on the summation associated with S; . However,
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of the complete processing program
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nothing is implied about how the input or output values are indexed.
The reasons for the choice of separation of the functions at the parti-
cular points differs from the different functions. The locations of
S4 and Sy in CW2 and CW1, although somewhat arbitrary, were
controlled by the necessity of scaling. The decomposition of MCOR
was controlled by the fact that MCOR can be interpreted nicely as a
two step process, (1) correlation, and (2) low pass filtering. The
first part, CORPS, performs a wideband correlation; the ouput num-
bers are called CORrelation Partial Sums. The second part averages
the partial sums and is called LOPS for LOw Pass Summation.

A detailed discussion of the tape output and format is in the

section titled Output from PROCESSO (Section 3. 3).

3.2 Description of CALTONE

The analog tape containg data in 6 minute intervals, called
file. Each file consists of approximately 39 seconds of calibration
signal followed by 5 minutes and 21 seconds of AMSEQ data.

The program CALTONE uses the calibration signal to per-
form two operations. It computes a magnitude reference for the CW
data, and it maintains time and phase coherency between files.

The average value of the two orthogonal signal components
are computed and are called XAV and Y . It is assumed that the

AV
input signal at this time is the calibration tone, and, thus, XAV and
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Yavy represent this signal. These two numbers are recorded in

all of the output records, both SEQ and CW , of this file. The end
of the calibration signal is precisely timed at recording and is fol-
lowed by approximately 40 milliseconds of silence. The end of the
signal is detected by monitoring magnitude and comparing it to

1/2

Rpy = [XzAV + YZAV] Specifically, CALTONE computes

Rinat (instantaneoug) until four successive values of Ripst are less

ins
than Rpy/2 . When this inequality has been satisfied (Ri,gt < R/2)
coherency has been attained to within 0, 1, 2, or 3 sample values.

This remaining error is due to the fact that Rinst required four
samples. By using the phase information available in XAV and

Yoy s CALTONE computes the necessary delay (0, 1, 2, or 3 samples)
to achieve full coherency. After the delay CALTONE has completed

its work for one file, and data processing begins. Processing con-
tinues for six minutes. At this point a new file begins and CALTONE

runs again. Hereafter, the two numbers from CALTONE will be re-

ferred to as Xpvy and Yaovy -

3.3 Output from PROCESSO

The major portion of the output from PROCESSO is the X;Y
record from MCOR and CW2. This qutput represents the apalysis
of 21 sequence periods or 25.2 seconds of data. The X data and the
Y data are written onto tape in consecutive blocks. Each block of

data is formatted as shown in Fig. 4.
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S T S X959 | 0 | *cwa | O | *av
X Block (256 values)
. - g
Yel-- Y| Yos2 | @ | Yewz | O | Yav

Y Block (256 values)

Fig. 4. X-Y record from MCOR

Following the 12 X-Y records from MCOR and CW2, is an
X-Y record from CW1. Each data point, (X,Y), represents one
sequence period or 1.2 seconds. The CW1 data is processed con-
currently with the MCOR data. However, the CW1 output is delayed

until all the data is available. The CW1 data block is pictured in

Fig. 5.
Xl =7 Poge | Xav | - | Xav
word word |word word
1 2417 256
U J

S~

X - CW1 represents

4, 92 minutes

Fig. 5. CW1 X block format



16

The last 10 samples are filled with the XAy value from
CALTONE. The CW1 Y block has the same format as the X block.
The last 7. 2 second portion of CW1 data is ignored.

A summary and a few added details complete the discussions.

One output file--given one file of input--is shown in Fig. 6.

2 Blocks 12 Records of X-Y X-Y

of - —| Record

Fig. 6. Output file format

The two zero blocks each serve a purpose. The first iden-
tifies the beginning of an output file, while the second contains
alphanumeric information pertinent to the file. Eighteen such files
are contained on a LINC tape. This represents one hour and forty-
eight minutes of processing. Since a six-minute input file was re-
corded every two hours, the tape represents a thirty-six hour real

time interval.



4. DESCRIPTION OF RICKY POST-PROCESSOR

RICKY performs the following computations and operations
on the output tape of PROCESSOR:
1. Search the current file (12 records) of MCOR data for the
maximum value of R = x* + y° . Call this value RMAX.
2. Compute K = 250.0/RMAX
3. For each MCOR record in this file
3.1 Read the current record and multiply the data by K.

3.2 Compute and save the values of

252
BBPWR = | ) (x{ +y;)
1

2
sz =\/X cw2+ Yzcwz

3.3 Write the scaled record back onto tape replacing
the input data.

4. After step 3 is performed for all MCOR records, print
the file number, FN =" ", the scale factor, K =" ", and the
calibration signal magnitude, CAL =" ",

5. Normalize the CW1 record so that the magnitude of the
calibration tone equals 250.

6. If an entire tape has been processed, halt. Otherwise

return to step 1 and repeat.

17
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Each block of data from RICKY has the format shown in

Fig. 7.
. j } SR K~Y252 0 | K-XCW2 ]| K-BBPWR K'XAV
. j ? - .- K-Y252 0 |K-YCW2 |K-BBPWR K-'YAV

Fig. 7. RICKY output format

The variables BBPWR and CW in step 3.2 are the square
root of the power in the broadband and narrowband about the carrier.

The purpose of scaling the data and performing the slight
reorganization of the output is for ease of viewing and to make op-

timal use of the scope display in photography.



5. PHOTOGRAPHIC RECORDING OF THE RESULTS

The results of the CW1 and sequence analyses were photo-
graphed using an automatic system. Each file of data was sum-
marized by a code frame, by two multiple exposure sequence
pictures and by a CW1 pictures. The code frame contains file
identification, the scale factor used in RICKY, and the magnitude
of the calibration signal. The data are presented in polar coordi-
nates (R,6). The conversion from Cartesian, X, Y coordinates
to polar coordinates was performed by an algorithm called POLAR
(Ref. 3).

The file was split into two 3- minute sequence displays. An
overlay of six correlation output periods comprise each sequence
picture. Frequent transient shifting in the source sequence gener-
ator prevented 12-shot multiple exposures of the sequence results.
A similar shifting problem with lower recurrence rates was present
in past experiments. Usually one of the two sequence pictures
contained a peak shift resulting in a bad picture. However, due to
the highly redundant nature of the data in a file, little information
is lost. Pictures with detected peak shifts have been omitted from

the data shown in Appendix B.

19



6. DISCUSSION OF SEQUENCE RESULTS

In previous experiments signal stability has been the most
prominent feature of the broadband reception, particularly the sig-
nal phase. Correlation outputs within a six- minute sampling inter-
val have been very similar in signal arrival regions. Multiple
exposure photographs of the data would not have been useful without
this stability. Since noise reception has random (uniform) phase,
any stable structure in the phase of a multiple exposure indicates
signal reception. Such phase detection of the signal is possible in
very low signal-to-noise ratio regions, where amplitude detection
is questionable. However, phase detection is not limited to poor
SNR situations. Signal arrival durations measured using phase
detection were 300 to 500 milliseconds in February 1965 and 120 to
500 milliseconds in August 1966. The current experiment showed
that under certain anomalous conditions arrivals at least 1. 2 sec-
onds in length occur. Some examples are shown in data for 1843
hours 22 December 1966 and 2043 and 2243 hours 28 December 1966
(see Appendix B). Phase stability again allowed multiple exposure
photography over six minute intervals and detection in low SNR
arrivals. (Three minute pictures were required for reasons al-
ready explained.) Signal arrival durations varied from 50 msec to

a full period (but usually between 80 and 600 msec). Although there

20



21

were general similarities, the current experiment displayed a high
quality of transmission which was previously observed only on
analog processing equipment. Not too surprisingly the quality of
reception varied considerably during the month. However, in gen-
eral, there were definite multipath phenomena with time resolution
several times better than either February 1965 or August 1966.

The improved resolution was a result of natural changes in propa-
gation rather than in processing. A large percentage of the corre-
lation peaks were nearly or completely non-overlapping while
overlapped signals were prevalent in past experiments. Although
the sequence processing is linear, the output is difficult to interpret
when there are overlapping peaks. When the peaks are non-overlap-
ping,each one can be studied separately without ambiguity. Out-
standing features of the phase were the 90 degree and 180 degree
jumps in successive path arrivals and the constant slope of several
arrivals within a period. The slope of a linear phase sweep can be
interpreted as the center frequency of a dominant band of energy
reception. The invariant slope of successive arrivals indicates

a strong physical relation between seemingly independent transmis-
sion paths. These arrivals probably traveled similar physical
paths., For example, the arrivals may have been a refraction-

bottom bounce type, where a refraction results in a 90 degree

phase shift.






23

menon observed in August 1966 and February 1965 indicated
energy bands centered at frequencies ranging from 4 to 20 Hz
below carrier (the most common value was 16 Hz). Occasionally
the December data contained linear phase sweeps which indicate
dominant energy in the reception at frequencies above carrier.
This has not been observed in past receptions at Bimini.

In conclusion the sequence results of the December 1966
experiment show that although large variations in acoustic propa-
gation quality occur, there seems to be a single dominant mode of
transmission in the Straits of Florida. Hopefully this will allow
general conclusions based upon the simpler current data. More
experiments must be performed before propagation qualities (e. g.,
high time resolution of path arrivals) can be predicted. The Decem-
ber 1966 experiment obtained the best data in this respect. It may
be more than coincidental that the data were obtained shortly after
the first winter cold front moved into the Straits of Florida.

As in previous experiments signal stability allowed phase
detection and multiple exposure photography throughout the six
minute files. However, the reception should be sampled much more
frequently than every two hours because reception quality changed
too widely between files. A better scheme would require one or two
minute samples every ten or fifteen minutes. This fact was appar-

ent in the August 1966 experiment; however, the equipment changes
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could not be made before December.

In previous experiments measurement of the correlation
peak widths, except for possibly one major arrival, could not be
made. Therefore, the fact that the December 1966 data approxi-
mated the ideal correlation peak so well was new and unexpected
information. An investigation of filtering effects upon the shape
and width of the correlation function should be valuable.

Quite obviously, signal modeling, physical interpretation,
and propagation prediction are wide open topics. Long term, on-
line sampled experiments are planned for the future in addition to
experiments to study the transmitter's filter characteristics, to
accurately measure transit times and to study the first seven miles
(shallow water) of the sound channel. Only experience from these
tests and much work can produce answers and solutions for these

questions.



7. A PROPOSED ON-LINE PROCESSOR

An on-line receiver similar to the one in this report will
eliminate all of the problems with analog tape recording, such as,
phase locking and other time coherency problems.

The present system would not make an effective on-line
receiver because of its dependence upon the external counting cir-
cuitry, the processing in RICKY, and a limited program interrupt
routine. The interrupt routine will not service LINC-8 console
interrupts. Thus it does without the benefit of the many LINC-8
operator control features during development of most programs.
Similarly the routine could not service the external clock during
computer tape unit operations. Therefore, an external counting circuit
was needed to maintain coherency when data were written onto
tape. The necessary modification of PROGOFOP and its tape rou-
tine should be relatively easy. Therefore, the limitations pointed
out can be removed with reprogramming of PROGOFOP and
the interrupt routine.

The variable scaling performed in PROCESSO is a form of
automatic gain control. However, if interpretation of data is to be
simple, the scaling must be compensated before visual output. The
scheme used in PROCESSO was satisfactory, but could certainly be

improved.

25
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Judging from experience, post-processing such as that
performed by RICKY is extremely cumbersome. The value of any
function which cannot be incorporated into the on-line receiver
(or programmed in FORTRAN) should be questioned.

Before an efficient routine can exist, a means of reducing
the quantity of output data must be found. This problem is current-
ly of major interést to the entire MIMI project.

There is room for improvement in several areas of the pro-
cessing system. However, there can be no doubt that a useful and

workable system is at our disposal.



Appendix A

TRANSMISSION AND RECEPTION OF AMSEQ

Transmission at MIMI-A: AMSEQ

The amplitude modulated pseudo-random sequence trans-

mission is described by the signal

1
sy (1) = 5 [1+ m(t)] cos wot (A. 1)
where

s,(t) = transmitted signal in AMSEQ transmission

m(t) = biphase pseudo-random sequence (BMSEQ)

wg = 217f0

fg = 420-Hz carrier frequency

-;— [1+ m(t)] = amplitude modulation of the carrier (AMSEQ)

The biphase pseudo-random sequence (Refs. 3 and 4) is a peri-
odic pulse pattern, each period consisting of 63 digits, 32 "plus

ones'" and 31 "minus ones." One period of sequence is 1.2 sec;

each digit has a duration of eight carrier cycles, i.e., 5—21—5 sec =

19 1 msec. The 420-Hz sine wave and the 52, 5-Hz clock fre-

21
quency are coherently derived from the MIMI-A 1680-Hz precision

oscillator.

From Eq. A.1 it follows that AMSEQ, —; [1+ m(t)] , consists

27
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deteriorated, now transmitting at a level of only 95 dbub instead of
the original 103 dbub. Thus, in comparing the signal strength of
processed data in the August 1966 with that of the February 1965

experiment, a total loss of 14 db has to be taken into account.

Reception at MIMI-B

The reception techniques used in this experiment are the
same as described in Ref. 4. Summarizing, the received signal is
amplified, filtered in a fixed filter with a passband of 370 Hz to
470 Hz, and recorded onto analog tape by means of an SP300 4-
track analog tape recorder, in this experiment, at a speed of 1 %ips.
The signals were received by one shallow hydrophone. The refer-
ence signal from the 1680-Hz precision oscillator at MIMI-B was
recorded on channel 1, and the signal from the D-2 hydrophone on
channel 3 (Fig. 8). Also, the signal was phase coherently demodu-
lated and the resulting amplitude R(t) and phase angle 6 (t) , together
with the filtered, non-demodulated signal, were recorded on a San-
born graphic recorder. In this recorder the "raw' signal is recti-
fied, low-pass filtered, and scaled logarithmically, the recording
giving an impression of the power level of the received noise in the
370-Hz to 470-Hz band. The signal R(t) is also scaled logarithmically.
Both the phase coherent demodulator (PCD) at MIMI-B, and the pro-
cessing at MIMI-C use the 1680-Hz reference signal from the MIMI-B

precision oscillator. Phases and delays thus find their reference at
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reception rather than at transmission. The reference oscillators
at transmission and at reception have a stability of about one part
in 1010.

To provide for coherent processing at MIMI-C, calibration
tones (CAL) were inserted periodically in the analog recordings.
CAL is a 420-Hz noise free sine wave, the amplitude for the
present experiment b‘usually corresponding to a -44 dbub hydrophone
reception, and has a duration of 39fé_5_ sec. CAL is followed by a
period of zero signal or "'silence' (SIL) of 19 -;—1— msec, the duration
of one sequence digit.

The analog recording was started every two hours, beginning
with the CAL + SIL format, and stopped after 6 minutes.

The derivation of the 420-Hz CAL tone, the durations of CAL
and of SIL, and all timing involved in programming the SP300 re-

corder were coherently derived from the 1680-Hz reference oscilla-

tor by means of logic countdown circuitry.



Appendix B

PHOTOGRAPHS OF RESULTS

The following photographs show a significant portion of the
results obtained from the experimental data. For each six minute
reception, twelve records of processed sequence data were obtained.
The twelve records were divided into two groups of six each and the
data were overlayed photographically by a multiple exposure process.
The resulting photographs contain amplitude vs. time data on an
arbitrary scale in the top half and phase data (- 1800 to +1800) in the
bottom half. A third photograph summarizes the behavior of the
420 Hz carrier during the entire six minute reception. Again, the
top half is amplitude vs. time, the bottom half is phase vs. time.

The following notes apply to photographs missing from the
normal sequence.

Note 1. A processing error has invalidated the data making this
photograph unuseable.

Note 2, A * interposed between sets of photographs indicates that
a set or sets of photographs have been omitted because high noise
levels completely obscured the data.

Additionally, on 28 December 1966 an equipment malfunction
prevented recording of valid data from 0001 to 1800 hours. No photo-

graphs were made corresponding to this period.
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See Note 1

2243 - 2249

13 December 1966
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See Note 1

0043 - 0049

14 December 1966

Carrier (entire 6 minutes)

Second 3 minutes

First 3 minutes



34

(sajnuia g sa1jUL) I91IIBY

et

N A

g

...’\.. P P P LIRS ..\-.7.(.).. I,
P el ..a\-).!l\».' .\...\l\iad..-.'l w.t At R
" « e

ORI

QT

e et 2 e
e S i iy

o e

O9T+

SeINUIW ¢ puodag

6%%0 - €¥¥0 9961 Joquavdsqg v1

1 90N 29§

6920 - £¥20 9961 1oquudds(Qq 1

1 910N 99§

S9INUIW ¢ 1SI1g




(ssjnutw g 9JI1IUd) I51IIBD

N A e e g T
- > .-ﬁ.-b-. s‘\..ﬂ‘.‘n...ll - oo o.’.-fl-.!on.\la
-
DT+
-
e D . . .o IS
. . « . e et . P MR N
o 3 Ak o agten s - .

B . S Y e vat N e e
AR N (.u......l APORRR :).... LT
REEEUCUN Cr..'. “" N el RNER .

. R LR N . . B
D
- ol PN
neT—-
- - -
. . « o0l .. MO S
s e e, PR gV s 4 Lt
L SN RIS N AN NN N LS p T
-
-

9%

$9JNUIW ¢ puodsg

6¥%80 - £%80 9961 I9quads(qg ¥i

[ 210N 83g

6790 ~ £¥90 9961 I9qUIdDS(Q $y

I 910N 99§

soInuUIW ¢ 1SJI14




36

(somutwr g sa13US) JSLIIRY

. Y

.. . .
‘ol PUL LR ST LA N Wnt A
ey A AR T o - WV
™ RAR FANVSTLTA e WU
. .
. . .
N * ra . .
.
-
-— fUC LA
ogT-
.o .. - o« . . -
Potmrere e VIR o L et e Sy
e . . - b
. - -
. -

.

.
. . e o
'.c...ﬁ......?b)‘.{.o

S9JNUIW § puovag

6%PT - €FPI

9961 18queda(q $1

T 930N 998

6%21 - £%21

9961 JIoquada(q HT

T 9JON 998

sojnuIw ¢ I1SINd




37

(senutw g sanus) srrre)

$9IUIW ¢ puodsg

6781 - ¢781

69791 - €991

9961 Joquiaoa( %I

I 910N asg

9961 I9quidda(g $1

T 90N 888

S9INUTW ¢ ISa1




(semuiw g 9a13us) I91IIR) S9INUIW ¢ PUoOas sejnuIW ¢ 18I

6722 - £¥2C 9961 xequiava(d ¥1

oLt -

. . .
- . . .t
. . LA YR N -

-
o 30T et e N S SN A SN S S NI i e, ﬁ
-

- nar

. y 0.‘ D-l - l. - . . w O m
T A T NPT P T 910N 938
T AR N AT N L
. S
- SES
6%0Z - €¥0¢ 9961 I3quada(] I
L 08T-
.0 * < R AR PR TR
. . . N - 4 Y e u\.b .

ol e o b0 tey vpw PP RT T
P o

e

-

P Sl WY et (Ve

¥ NS T2 ST S N T N
. e - =

. B
- .

T 910N 98§




*
4
N

v v
DAY
S

.

See Note 1

39

0043 - 0049

See Note 1

15 December 1966

0243 - 0249

15 December 1966

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



1,

See Note 1

0443 - 0449

15 December 1966

40

See Note 1

0643 - 0649

15 December 1966

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



.
.

<

-

41

e, ooy . . .'. .
L o' N DR
.

T S L

: N 8
te Wt o e N

ol 23 . ¢ ode

S RS . .
o Yot PR . S
5 h . B

L .
e /‘
Py ‘.. .
LA 13 .
.. .y
K .
< g v ‘.
% PO .
. .
Tt oo -
0. .t
. .
o E .
W R . .
300N DA .
LA . .
SN : LS
LAl . *
1 -"
l_'
e .

0843 - 0849

— -
o 2
2 =

[=)]
3 3

15 December 1966

Carrier (entire 6 minutes)

1043 - 1049

Second 3 minutes

15 December 1966

First 3 minutes



42

(senutt g aa1ud) J91IIR)D

[ . . . .
., . . e B .,
. . ’ Lo . e
. . . . [N - ., T
— . . - .
. . . . -
[ arley o
RO . Ty ..
e LN PR -
. L. o . REartE -
neTE
2T
.. et ettt . . -
’ LA DFUINL S ST o -~ v
AR A .‘..ﬁw.. . LR
.. - R o0 '~ RO *
TR Rt X - .
. . . . . . .

. ~ oy L T - . . .
. e A . " . " . »
t. < . ., R ‘
. . .. . et Lo Nes Y
SR . R S .. .
. . R e . et AR
- - e . ., . .
. . RN c . -
.. ‘ - e PR . LT e
. e - . ™ . . - PR AR I .
R AR B et~ . . . Y
- . . -
. . . N A [N . d
. . ‘. ..
b - et e LR [
. -
D2at+
S
A SO St NC A ST R T
CRE P g . . N et . LY Y A
RO o A ST TRLR et v e st ey ot
* . » e . ‘. e
A A A N A TR I W T ~f Ko
. . . LI . . *. e, .
. e, 0 . AN

|
.{’
o

¥

S9INUIUW ¢ puUoIag

6%91 - €991

6v2I - £v3l

9961 I9qUIa0(T GT

T 910N 998

X

9961 I9quaos(q ST

T 9I0N 99§

sojnuiw ¢ 1SJI1g




43

X

(seinuiwt g aa1jud) I91xae) S9INUIW ¢ puodag sojnutw ¢ ISI1g

6¥22 - £¥¢¢ 9961 J9quadeq g1

A‘».‘.m...,....xw)...r.«:
", R

; 1 9)ON 288

S
R N

6%02 - £€%02 9961 JI9quadx(q g1

I 9JON 99§




DA

!

44

-
—
.
-—

o
.

‘.
-
e
S
ey

P ',. L
. ., . ‘ . y/
vy A >
P . Y . A
c A . S vy
P " . w2 M
PR . RO M w,,t g
., . .
sl vl e /
. . P .. .
o . L
. '. ‘o
o B :r‘ e R
R .
. ‘e R . . ;. Te . ..)
...-. . L PR .{'
. ‘.,.~‘ ¢ 'Io LN
IRV tL L 3
R .. ’ ot
g . 40 R
. . . A ' .
. <. * -} ;‘ ~ -
J . . . R »
oot £ el 2
S 3 et ~
CS e e Coek oy
- .2 e, Ve ‘
SR ‘y £ Y 4
S e Lol g
P A j
PP 200 o
PRI . A T
. . . % .
B N T 1:
-~ . N B

;

52

.1:-:- |
—1;0

0843 - 0849

—
- o
2 3
< Z
“ @
@ 9
(% w2

16 December 1966

..
g .y
T, -;‘-.
. g
-9, ."(',

R -

Carrier (entire 6 minutes)

1043 - 1049

Second 3 minutes

16 December 1966

First 3 minutes



45

k

-

-
T

. .
sl ! e
- ¢ “
L . Py i
L « o't . . AN
') LA y ¥ H
. ,
. % a ;
. . ’ -~ id * \
M . <ty . (o L
A ™ A Y ¢
. A LI A Y *
PR - A ] : "
Y . - :
[ [ ¥ 3
be ® .. \3 et .
Cu -4 et ]
., . '{ 1;"
B .
» 2. '0 “. ‘

.
)
. -
-t
.
J
oAt

.
-
*
S,

¢ }
:" . » 5‘

. s .;" . 4’ .
RS I »?
SR o 2
.5 &

.
‘n
bad

&0
TN,

Carrier (entire 6 minutes)

See Note 1

-

&g
1

&

1243 - 1249

16 December 1966

See Note 1

=130

1443 - 1449°

16 December 1966

Second 3 minutes

First 3 minutes



(S9InuUiW g 2I13UI) I91IIBD S9jNUIW ¢ pu0day sonutw ¢ 38114

6¥0C - €¥0¢C 9961 J9quavaq LI

B s QT T

oo+

™Y

. 1 910N 938
. . 2T o\ NNt
"\ .o c-lo . . O o o

s -
’ .ﬂ..’(
.o - Al b
oo BTNESL N P R A Nt ¢ $ AL
- se e, PR N w T S S P Fa
. PR O A DR A .3 N &
o N St ¥
- - t . -
. - * . . - .
M - . * - o
[~
S e’
-
- ox

C e b

6781 - €¥81 9961 19quadeq LI

DR
-

A s e AN
TR NP NI I ST IS NI 32 ST -

1 910N 938§

R0



47

v,

-

Wt s s, .d-?lb.!‘l.ﬁt.:)ffﬁ’ LA N

P PO

ANt

. ¥

~

5

. . m, PO
S S A T R R
- - - . ..

P r»lr...;. .@.4..5......'...&...'..»?4....

.

» .
; e L e s
£> oW N N fr e A

(s9jnutwt g aa1jud) I31IIB)

.
.

! 08
P

..../l.ta N

R

fa, N -
- T TR

L3

[WE=D o

.t-
W
N -

o T
wies

DT F

et -

-
-

[ I
DT+
L oy
RITAUC N L
ok o

»

SINUIW § PUODSS

6780 - €780 9961 I8quadaqg LI

I 910N 298

6790 - €990 9961 Idquavaq LT

1 910N 99§

SoInuUIW ¢ 18I




48

(sonuiw g 8a1jUL) IB1IIBY) sojnutwl ¢ pucodsg sejnutl g 3Sa1q

6791 - €991 9961 I3quaoaq LI

=)

PSPPI ONPNNN, P oot pocss, stmane POLo o PP AR

I 930N 998

- S0

67PT - EPVI 9961 J9quuadaq LI

1 9ION 998 T 910N 998




-

&

Q&

AT AP
d-"'
LY

&

"
-~

o

"
"

.
iy

vy
Py

. .
X 4
R TALKRC F 3V

Ate
e

.

'll

A

.
A

K
.

RPN e
P i S

S

See Note 1

12

0043 - 0049

17 December 1966

1zz

See Note 1

v o

Sy AT,

.
-~
Ol

~

&.:v

MV,

e

.

.

" AN

o’

Lad)

o

LN

0243 - 0249

17 December 1966

Carrier (entire 6 minutes)

Second 3 minutes

First 3 minutes

) o



50

(soinutw g 9I13UL) IBILIBD

_H— Pn ly o™

o

-

) T L ) o e
¥, .. +*, .
. . . ST S S St o ote
l-.P. .. .... OtOVul - L1 A ™
o -t
O Tade L AL -
-
-
-
NeT+
-
RN ..os.. N . e .......l....... s
PRI A HRL T R LIRS e A A .
..If IR n.t.-. .:..\1 = RO A At TR N..l....l
. . PR A S
. ERt Aol
S
ol lvod
- RRNE Ry
)
[ ACHS N
-
-

B ke et dan Y N e

SOINUTW ¢ puOIag

6%00 - €F00 9961 I3qWIadaq 81

T 9J0N @98

6vcc - €922 9967 Iequiadaq LT

T 910N 998

s9InUIW ¢ 1SILL

PR R

e




(s9nutwt g 9JI1IUS) J91IIB)

et -
-
-

e o . > DA T . -
A Jami S e R I R
Ce M Ve el LT L e A N VAT W e, A
-—t.lty ...nh—.‘ ARSI S A ) L TR W, ol
o -
2T+
-

RSN
-
e Wt

I
LN AL NG ARONG P P P v e, -

tg‘ -, \!'.)l
ST+

.. v PEIR T 4

SIINUIW £ PUOIsg

6%¥0 - €790 9961 Jequadaq gy

1 910N 998

6%20 - €¥20 9961 I°9quIaoaQg g1

T ®)ON 8sg

¥
N
i

sejuIWw § }SI14




(senutw g 9a1Us) I91IIB) samutw ¢ puoodsyg

6%80 - €780 9961 Isquiadaq gy

narT-
P T et I SLXURCRIR -
. Mg .
. . -
-

-

. -t LU I .

RN e D Y BV S VL NPT

Selas P A

I SI0N 983§

s e
o ol
0
6¥90 - €990 9961 Jsqusoaq 8T
Dot -
L ..c.....t ' . -
- U e A YU T

hai

T 910N 998

Fome

soynuUIW ¢ }SI1g




(S8nutty 9 9INUL) IS1IIB) S9INUIW § puodag sonuIW ¢ 1SI14

67¢T - ¥l 9961 I8quuasda( 8I

ety .—J-

N -, K A
,..s..,,;.. NN 1

.
.
'

1 910N 99§

6%0T - €POT 9961 JI9quada( g1

. R asaile - .~ . C e e
u...‘l....ov. . AN . e ..—.u.quM? [y Ml oo w W\ =
ISR BN TN e L T

T 910N 935




54

(somuiut g sapjud) astrae) s9jnuIw g puodag sajnuil ¢ 1SJI14

6991 - €991 9961 Is8quiadaq gy

. _uw,_..l

el et e e e e
. . . ... -l 5
> ol...\vt(!.:\ l..o....I.'
.
<
. -
. .
- . . -

LS

X
. o . - - .
~
'\lﬂlﬁ#l ", ...Au....\.s.\t.. ..Jt\.\ .

.
. . R 2 r‘v

. .ty M .. n§|.w

o J.. A LRI T X w1f... 910N @
NI ANy LA P RS ; M.m T 990N 998
v......(... TIPS kM.t..v\
R . « . . an.‘ ..

- B ...pl

6%PT - EPPT 9961 JI9qWadag g1

02T-

.l..ar . St agn € PR AL S T IRPAL Ly b

et

AL I N R PR IO . n :
- - ?
- - L. \ )
. S e, e .
_u..uﬂ....
. » N e «*, S .
cate T ey oo APy
#.\.s... .............—.ra . .‘...s AN T 90N @98

-y

.

8
B
¢

1 N . Lt
PR . R
.
ALY S
.-l....m\
-3 -
Lo .
Y :
e’ ol J
- =T !



(sejnuIl g 8IWYUI) I91IIBD $9INUIW § pUODag gonuUIW ¢ ISJILY

6%0¢ - €%02 9961 JIaquavsd 81

I 910N 998

6781 - £¥81 9961 Jsquaox(] 8T

(L) R

. pogtt a1V Lo h B Al Deo EASSE S . -
ah‘..-...otoxff\.. aw..\.k.?\.-c..nxscl».lo P Lol ey A SCRCA o o




(sejnuiw g 9INUI) Jd1IIR)D

!
i

]

)

-
1

. o —
..c. wr e e PP Pa.!.L—QC.... N -

halld . .
. M g -
vflc ey \l
- .
-
aeT+
-
.
wot .
RS TR PR
T ety e . . .
MR ALY AR .t * PP
. - e, l..-. . .... PRI LR
AR . . By . . - -.
e, . ....-a\.. . es R I A
* et PRI . L Sheet o .t ~p
R N a5 PR
- s et
S LI

sauUIW ¢ puodsg

6v00 - €00 9967 Joquuada( 61

T 910N 993§

6v2c - £¥22 9961 J°quIddX(] 81

T 30N 988

soInuUIW ¢ I1SJI1g




57

(S9InuUTW § SI1IUD) IBLIIBD $9INUIW ¢ PUOIAS

sojuIW ¢ 18Ja1g

IRE~D S 6790 - €790 9961 I9quaosQ 61

- O SO R L (J..‘.:‘b‘(.\... FAMACNANT NS
, Ya&.ﬂ“&\s’.ﬂ...\u&(.ﬁ.(..li.‘tk‘t(\n.s. , Koy LY E

. .

.

narT+

T 9JON 989§

PO

»

(=) S 6¥20 - €920 9961 13quidda( 61

-
-~
02T+
-
N s
el T 90N 988 )
' 1) * e -nﬁ o0~'.u
- RN - L ... .
SCRRIAREIN .t...l..... RN v Fae
-~ Loe st S A A TIPSR
DA M S A TR

v
.,,..l:""
‘aet e
ey~

e BTV

B i d



.
.

,e

e ™,
s ‘.'5./.,«..

¢
o

.e
(AL

A,

B SR
. »'-’r(f.” 2

L JE

—
Q
32
Z
o
A

ERA

Ly
L

"

.

-t
Iy
.

.
.

LT D
L ea
R A

XS

SELTIE TR

Sn "ty
SN
"Ql

RO

fay

7

.‘
&
Bt ALY

ot

0843 - 0849

19 December 1966

*

&

-

-~

= LN

3180
R

A ..;

ity

o by AL SIS

Fohe

\J
s

AR

',

e,

o

1243 - 1249

19 December 1966

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



1

1443 - 1449

19 December 1966

59

A3

L

>

A
IR
NECICASRL L]

.

.

~1&0

1643 - 1649

19 December 1966

Carrier (entire 6 minutes)

Second 3 minutes

First 3 minutes



60

(soutuwt g 9I13Ud) JDLIIB)) SOJNUIW § Puovag

6¥02 - €¥0% 9961 I8quadaqg 61

1 8J0N 99§

6781 - £V81 9961 J9quadaQ 61

AT AR R S -ﬁﬂ.l [n 1= 5
ce . . * ey et "
. I T, . -
PR A L T LU -
R S YA NS

SAALS A A A A

R XY
-

[ o

sojnuIw ¢ 1SI1g

I 930N 993



61

(semuiwt g 2I1UL) I91IIR)

.- - . -
A
R N . - e s .. . .
R S TR AN AL AL A N *
.. . . v e I . AT >
. .v e BTN R S
— . . . . L S
. . . . uﬂn'-
..;\.‘...... - l........: ..-..-..(-.
AR RIDS W) VAl
. . A . N ’
- g b
ST -
AWML ., e s, .. -
- .Y
at . A
S s
8
. -
- ..\..A.\f. -o.k‘lv(a -
.
Ve AN S A )N
-
aeT+
-
. . s ...l
. R P PR
Tt e eyt TR N e R TR
AR A AR AN A
o AN
-

et

$9INUIW ¢ PUOISY

6%00 - €700 9961 I9qudos(q 0g

6v¢c - €¥Ce 9961 JIaquada( 61

Cate s

Cngtre IS
vgts -
4 L e o

S9INUTW ¢ 1SJI1g

1 9)ON 998



See Note 1

$3

"'ﬂ”‘é\

J.

=180

0243 - 0249

20 December 1966

See Note 1

te Ny
»

. NPy N e

" e

.

MR URET N BRI W
‘ .

.
S .
U SR e

.
v
A

ATZw N e

e o
| -
- AU,

-

-1&0

0443 - 0449

20 December 1966

Carrier (entire 6 minutes)

Second 3 minutes

First 3 minutes



’
t" R !
QP
s, . .
. . . ¢ *
HE
A

.
SAPEOTUS 23 f Mg e

<Lt 3o
e IS
- ::' “\
e ALY
N i
Sh . ¥
L Y )
Ay 7. SRS
2 S
2, ..'}
LY LI '.
e
o S
7 W
::, T, ) ie, o)
< oo o &4 L. it 1, o
o - e o+ o RV ]
i ';' 4 ‘ " i

&

D

<

©

(=]

1

o)

<

©o

o
Al =i
[«] [%e] ]
3 8 3
z - z
(] = [
% 2 &

g

]

&

<

o1

PR . ¢

oy abe .
Ll .
Qﬁ‘. . ,:

»
e,

0843 - 0849

20 December 1966

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



1
Y

I
. ‘a
,‘v.l\ RIS
LAY

L T T
e 8,
AL

.- .-."’,q“ L

/,

’
N

et
VR
vy
.

.

.
\‘..

N
. WAL/ M

k73 ~,
AN Ry

e
-
W
PR

-
l

See Note 1

AEA

o~
’

.',. _# 3

e

-~

.
i as

1043 - 1049

©
©
=
i

£
2

g

@
g
o
xR

.. A - -
.. =~,'.._'_"\.'-'\.o.' s
,.,..;;‘.“.\. A AT P e
-

2

A b <,

IR | | 3
- 1t s 1 A

PR
et
A vt
’.
~-18Q

See Note 1

1243 - 1249

20 December 1966

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



65

(souT g SINIUI) IBLIIED $9INUIWL ¢ PUOIAS sojnuIwW ¢ }SI1q

6781 - £¥81 9961 I8qUIadX(] g

Qer-

|
-
3 Ay g Sle Y, p e T S R IN
N AN g P N IO N N N G,
(-3 & 2
-
T T N )
. o S RIS N 1 930N 938
% - . -y «% . . *, J e e *
4 ....,,.Ln .v.....».e.v....).t...f.. AT
A -

- FERQ

X

6991 - €FPI 9961 I8quisdaq 02

. ~ . R . ‘.
. PN Y L T
. - . . . * et -
-— . - *
., . . . A
. . . N .. * - v . H
v ‘e . C e . . ' . ‘& sy X
AP s b i . - R LI
R T T A 33 TR © Py .&...f..?-....‘l..v.»f..,
. 0 & KAy e u e s OEREY . P Y & L 38 LY -
hl T, RPN . Trwe XU ] RSN NI Ay N WS
e T e et Lot [OPARTIARE WA s b ad ot R R,
et . 4 R R Y
e Saat. e ™ el wte RN
B e UL I B R ANy A S O :
A I L Lt i 1 910N 2988

- P :



66

(senuiwl g 8aNUL) a9TIIE)

neT-

. .\:l;\.%i}ncl.)fo\ SEOUR Y IY

.\....... -
Do..lx.h-h.)»tot -
-

-
. -
naT+
-

. YR

B L et )

.

. .

ia‘. 3 » e d ot ”, . ..........

Ve Tt ¢ ...M.r.?.. ...}......k..\..,.’ o ....)....e.e....a. 1........‘.4. o~
. . A >

i

K
W
i

RZOAA R AT
P .

oeré

LA
M LI ¢ aad Sy S e
Mo, st . LY a4, o w.\s(.. . s

IR ST R By I e S

.
.

.
o Payt asve sV S, WA
- ..n:.ﬂt.pﬁonl‘..ﬂ.-lﬂ’.v.cs..v. e . T

S9INUIW ¢ PUOIIG

9961 I2quaada( 0Z

6%2% - £¥2¢

I 910N 998

6¥02 - €V0C 9961 I9quIaded (g

I 9I0N 99§

soInuUIW ¢ 1SI14

s P,
£
-
\

08T~
wr
S




6

(s9nutw g SIIUB) IJIIR)

s eat eem e
!

R e A i e o -

-

\ -

a Lo ‘(..‘ ‘»’1’& 'o- e ’- o‘)"u -AL

DT+

. e, . . . . ) .

S A A R AP 000, . e, kv
TR, N, ' I‘Jf. .l.bl.u\\.f.)ts. XY ..\. .) I..c\ai..l o Falll Aty
..

o

[E=) S

hd éaj)\.l"l}’\f)ﬂ

- - » .
b wa G L XN u.....‘...)&v..rf. v

.

aar+

* 3
: e N WAt L AL A et Nl
N ATy o+ ) Ny N, A » LY A Y
e A ST AN T SR T NN E

S3NUIW § puoIag

6%%0 - €¥%0 9961 Joquiaddeq 1g

T 90N 998

6%00 - £¥00 9961 I9quiade(q [z

I 910N 908

sojnuUIW ¢ I1SJI1q




68

(seuill g SI1JUd) ISIIBD sajnuIW § puodsg souIw ¢ ISILg

6%80 - €580 9961 JIOQUWISOXT 12

\.l.‘n..o}\o\....ﬂfﬁ Jwb.d\h’/\f l.(‘lll\!%f. ..... ...u .....-.“‘o......-.\.
LA =
.—.h.h. e
0T+
I 90N 9908
. oo 3 ..
ﬁ-.-.x ; ..tni on l~ ‘! h.....oi}. ..l....lt:' ﬂv \O..l./-.l..v.....o .\...l\» .
... e [
eI
- ol b
6%90 - £990 9961 JIdquIadad 1g
Qer-
LT N P e, - BRE - i L4 4 3
R A S . R A o &T P M
. ) : - ”'..u...mvl ) ﬂ..' * . MM / w..
- oot .u. . . —.. . ¢ .
. iae 3
. .
-— . 3 - . .
R A, e P 3, \ Y R
vee vt . ' CUWN LAFTN # 1 Ly
DW.....T
= ...........ol.,,.}.. > ..n:\‘..........»)...\..e........{..\.vi....».. 37 1 910N 99§

. -
e

|
§
&
#
.



69

(sejnutur g 8I1Ud) Id1IIR)

e, AN -

ogT-

P a a4

.

f)ﬂﬁo\ﬂﬂ\.‘. O

oer#

. N * e
. ve, 0 Pegh? .
rifo..ooat.\..ﬁvt‘-’.ﬂl.-.o(o.ﬁqt 3‘.0;.. [y ..u&x s)\ 7 nof.s..lL.u(‘. II o

P20

nl-3 S
- -
SUPSURSISPUPTRYY T A
Saha- ;
—-— -
oeTE
.C.Ps.h..-..o..- .. RO

. ..J‘ o\oﬁ.\e ...- K .’.. ,}et\aa-... oop...S\.bd\.at\l..—.h \

S PTANT T
- I8

soINUIW ¢ puodag

6721 - €¥¢l 9961 Joquada(d g

T 910N 998

6%0T - €501

9961 I9quadaq 1g

I SJON 93§

sojnuUIW ¢ ISINY

; , o8t~
e n.u.‘m. VL e 2 Ny
-.u...g..un.k_.. : ) \..&.u.wﬂ...ﬁun..n....»u.t
e—ym = o4 g < T e
S SN VU PR
SEE LA SV LA T UIAE

o-
..
..
oRT-
oo BV [ pESSC



70

(sejnuiw g 9I1US) I9lIIB)

QaT-

R AR X LRI PR -, .-.tl..”ﬁ.).-.....\‘
o« o' .« .
-
-
. . *
. -
. . -
o P
AR Y

. . KL I « s gue
s et T e N e iy

..
S O A SL R A £ N .ﬂ
0-

utsﬂt‘...:m\...f..cw&!ﬂ.ftc\d(\?r;n.r.....c........\S....i.

aer-
e e e B SN WY

ogré

...rus.\.ﬁ\ﬁ..)....... .~.)ct.rlv.>r..f.s..w@.#.&&.p.m.dﬁ«ﬂtﬁuyr.cfsﬁ

&
&
-

S9INUIW ¢ PU0DSY

6791 - €991 9961 J8quIadaq 13

T 90N 998

6YPT - E¥PI 9961 I8quId0a(d 1§

1 910N 99§

SOINUIW ¢ 1SJI1q




{sonutw g 8a1IUd) IJLIIRD

et -
! ~ASY
- ., . L L A
B I e B o dndatat g

et

et PN A A e N ey A AN
PRt N o Ped S AR AL ST

D

ToS

71

oeT-

-~ .(V..’muﬁj‘?fha..fc\‘ =
\U{I‘o’»‘(.gﬂ

oeré

bR

..f.p.f&.....#.».. » ..S?..&)\«}..ﬁ.h..\.t.ﬁ\w.iou.uaa,.\.\ e

Lo
b
€]

SOJNUIW ¢ PUODaS

6%¢C - £¥ce 9961 Joquiavdaqg 1g

T 910N 998

X

6781 - €981 9961 ToqUIa08( 12

T 910N 93§

sonuIw § 18I1d




72

(sonuiw g 8I1Ud) J9LITRD

’

AN

-~ \.ﬂnl. )

oL e 35 N e
) Ao o pc e 5
- - ) . 2
- ull’).b....s. '~
AT M

T -

-
— e - A PR s ) .)?.l:..\.o..!
O NG ot e NS
-
Q2T+
-
. ’Inl‘ln’
DR, . o g Y
(l..t—o\...}a\\l...-..c NN R, R e/

B e
o

s9jnuIul § puodag

6520 - €920 9961 19qUa03( gZ

T 910N 998

6700 - €700 9961 I9quiada( ZZ

1 9I0N 99§

senulw ¢ I1sI1g




(sonutwr g BI1IUD) ITIIBD

n2T-

L -, .
ob

e Nt e e et o . L.
N S e A A i Nt ar e f TN i e

Q2T+

I e AN, YR ML, N S S S o

o - DR
-

ner-

R B A e
SR N DS TR
QMﬁ+

. . >, 0y . - " R -~
kv.l-( R A ¥ Qb/..s..... Y )u.}..\....’a./.... -~ .—.....J\ WS P,

a2

SeUIW ¢ puodag

6590 - €90 9961 12quWIadaQ g7

T 910N 998

6¥%0 - €9%0 9961 IoqUoIXT gg

1 810N 99§

sonuIw ¢ ISILY




74

saJNUIW ¢ ISJI1g

(senutwl g 8I1US) ID1IIBD S9INUIW § puodag

670T - €901 9961 JI2qUId0e( ZZ

Ed
T S A N T SN e
' Rl
E= g S
c&a)\\vl‘\ll}%;\..\jﬁ'}«\\\sw. B i [ 910N 998
-
- e don L]
6780 - €980 9961 JaquIada( g
Q2T -~
— Ty A NS N A T
&Y
COSTE

A N AN AN N0 NP ALt 15, PP PPN o P8 ot B
1 910N 29§

*TG



S0

@
3
Z

@
&

4

£ro%
. éq:.%‘

)

3o
g1
5
e

~

L]

-3

1243 - 1249

22 December 1966

75

S

ey

Vo et K

O TR N T SV I SO,

~

~
9]
et
©
b
o
Q
n

At sf ot

[

——

.
e =

PN

PRI
~a

v’.‘.".r?..\

MN“.'-V&“'/'}:\*;‘.‘

.n

o
w0

1443 - 1449

22 December 1966

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



76

(s9ynuiwr g oa1IUsd) JB1AIR)

oeT-

. -
'. .. ~ .
e pmepeen e, . -
R AL TeL S PR

0T
Sl A A pa g WP

L e (i DL SER I WL/ LN

S9INUIW ¢ puUOdsg

6%81 - £¥81

6791 - €991

9961 Joquiada(Q gz

T 830N 39§

9961 I9quadad gg

1 910N 998

seuIW ¢ JSI1g

0.1..\ Yo
i

SNt L. LN
stn..s

e Ne e, .,

N



77

(s9InuIut g SITIUI) JJLIIBY S9INUIW § puUodag s9nuIW g 18I14

Rt - 6%2¢% - £%22 9961 Iequiadad gg (RE=R S

AN P o T I (NI Mt Py ol

) neTF
gs&t&)&&%ﬁiﬂl‘tJ\i\%ﬁuVj..pr.....?l..-.&v. 1 9I0N 988
- [0
[mE=d oy 6¥02 - £¥0¢ 9961 I1oquiads(d gg (01
e ang rAY L NP s
D . - - ASE N : %5 -
v R NS A & .M ! SR
- L oAl F i e
) C & 2 4 B ) ! e
A PP R pss Y, . - .”. o %..hu mu \ »W ool w A L9
T R PP R . I S
TTherE T e ~ i ud » “ ChatE

gﬁ.\\%ﬁtuf?ﬁk%irgﬂ})(\ﬂ} 1 910N 99§ “2“ . }h p .ﬂ. u. rm -3 !;



Qe el

o

WAL

AN S NNyt e

Sl gt

.
-

PRV LAV

~—
2
Q
Z
3]
A

et sty

DA

LR

'
R .
. . l
H
- .
{ :
o

VPR

b
A

N Y

+150

-
-
-
EA
-

.
& W
oo

ARIYY

S U

<

-150

=
®
-

t

0043 - 0049

23 December 1966

78

M R A

i

N S,

.
e

-

.

PPy LRI PP

i
o
B
z
o
A

Na,e,
- .
- . .

., .
5

[N

A N ey

‘.

. .
. e wmT ..
LI MARMIRISY AP
e PN

St

£t e® ese

e

CN

-
-

ot o

~ 0249

0243

23 December 1966

*

Second 3 minutes

Carrier (entire 6 minutes)

First 3 minutes



(seinulw 9 aanus) I9rIIR) S9INUIW ¢ Puocdsy SonuIW ¢ I1SJI14

6%80 - €P80 9961 I9qUWADAT g7

79

- -
: ~ ra L4 -
-~ -2 . e R o \l( IRACIN 0 G
-~ - - - S )\ Yo e
- ¥ ..N i ST B
st - W.'Il!lll.ox l.o..ix‘ - \; c.v... . § m—— -
. P a

- A

~—~— - I uo.n!.lx%:u\ ﬂ; m\. gaf_ i
-~

- -

Pt e \.0... o‘h.ll.\n u.l. “.. .o

-

T 910N 9898

Rk - {J‘...\n\ﬁ.v i
:\‘Fc A0 tl.n,g; 3 .\.‘..(‘l ..s/o hae 1y w..
AN .m
ol e ’
8990 - €¥90 9967 Ioquada(d £3
n}= oy ; ogr-
o . 2 . aa lf PR BT~ - S
- PR AT T
- = s P M T Ty
- EV SR T B iyt i
- _ en o P paaEELIES
nETE . “TGeTE

I 910N 99§

‘
g
-r:“;_

L om e l\fl...:.! P Vg YAl e i



~, .
s

.-'o-f.\

- -

.\_V"'J -
N g g

TAach

A PN NTIAA, N Az e
LV

o
NN
a.‘.".‘«'&v{.?,:_.\t

-
'

1043 - 1049

vl
Q
=)
Z
®
&

See Note 1

23 December 1966

fptelr

'I"’

ot AL

3180

-180
1243 - 1249
Carrier (entire 6 minutes)

Second 3 minutes

23 December 1966

First 3 minutes



81

(S9NUIW § 2I1IUD) IBTIIED

* - M . . - - . .
R e T I T U g
. . Y . ” . P . *
— *
. s, a cam s a4 sem wm oes . e v -
L - .o Te e *
. . . L5 e
- N A VI ALY cn -
S . R B ..
ey - . e . . .. - - - . * . -
2T+
S T A N agmad 2okl o ar i
e J
-
Qaer-
- o . . - . L. . -
IR IRAAA c Tes Tt sttt e te e .
. e T T T P
- . . *e . - .
. ° -o .. . -
-u.o - - . N e - *e * e M ‘-
e » - . ‘. . . .- C .
-, e o'-lb- (\ncn' ‘o ~ T -n\ o.oll-. * n. .‘cu A nn‘n-‘-c.
Q2T+

I s s

-

et # Ber

SOJNUIW ¢ puoseg

6791 - £P9T 9961 I9qUILdaQ £g

T 9JON 988

8YPI - EFPI 9961 I9qus08( €7

1 9)ON 99§

SoINUIW ¢ 1S




(senuiw g 9I1Ud) IITIIBD SoJUIW ¢ puodag

802 - €¥0¢ 9961 J8qusdaq gz

- . -
. o .. . o L DA A,
. . LR SRR A R A L RS L AN Y S
.~ L e gt L S L
- . G . &
T b e ees Feey < . L R A AR S LR
* Te & - se " .0 . LI Yo .
. e tees o o . . -
- . . - -. . -
. . .
- .. * -

. . e PR

T noT+

- ...aB.\niﬂ.ﬂc.eftlrdurrf...ﬁ...w.c.(.....’f...)m}‘.......\a\:..f........(}f........c..d .
. \ (A I 210N 209

TS

o3 -—
[ee]

6781 - €981 9961 Jaquada(d g7

QeT-

. . . I )

PR .....‘ - ....a el RS A IO
— ..\.a..b % e -~ ..........u. . ...u...‘..)\. .—.. l.. n.. ©t -
S e s T

“oaT¥
N NN Al S A S DN T 9JON 998
y 1 93

bl

sonuIwW ¢ ISI1




83

(seynunm g a113ud) I81IIR) SOIMUIW § PUOISS sonulW ¢ ISJa1q

6700 - €00 9961 I3qWadaQ pg

. . e . . .. <
A . . . .. Tt . . .
- LIV . .
— . oy el e Tpeam e e et e
: B ) - S e
. . . .
. P .. . L -
C e s P -
M LI T RS ’, . L
+ t. LR

"DETE
TN A EOAA 3?.%3.“5«13\??11}/}%
. T 9JON 9388

—— ol B

oeT- 692¢ - %22 9961 I8quIada(q €7 : 02T~

: v ’ SRS S RS QLR (S L

. - e . e . o e - It Y X ~ %. KS
. M . . . v, . RS
PR * Ib Ld * a.n - E
.o, . . . .. . 4 e T .
B LT wellS o . .. s
T IR P SR AR I I TR LGP IRCIEN
DY I A TR R A A L
IR S Vet L .
- I . . -, -

QRT+
AR RO P\ P W NIRRT ST

1 910N 998



84

s9JnuIWw ¢ I1SJI1g

(s9InuiW g 9INUL) IB1IIBD sejnui g puooag

6¥%0 - €¥¥0 9961 1oquada(d $g

..‘..\....o ot c..l...w o.\....'.\..x... ..-... SR * VAN . ...\ *
...\.. .....of.:.. .. .\... (A .......... d
-— B S S D R R
DT+
B RS IA
R LT N I 910N 998
BalE
6920 - £¥20 9961 JI9quuIada(J %3
T -
LN SO e R e S S T
~- . . -‘ ..... .o, N Wt ..)..t‘
* . c ., .o M L. -L

e el cm

Q=T+

TN A R e TS K T N L SN [ 510N 958




—
oy
Bl
<}
Z
@
3]
0

RN

-
i)

rgreese R

A

o

o et

XN,

L2

et
+1&0

'y
-

.
T+ e

I
S ey e p)

e

e

1&aQ

24 December 1966 0643 - 0649

85

LR N

.’ .
l‘l te
(i
b .'l .

A o,
.‘; e i
i BT .
A ik
oo

o .,
-3 e L
-3 .t KX
$ e
R
ST
Is SE S ‘."
Pl =R v
e . .
"l -

-t
5]
e
=)
Z
o4
Q
0

P
+1:&1

AN

P

TP

1043 - 1049

24 December 1966

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



86

RN

..

-~
I

A SN N i

(somuiwt g aa1)usd) I81IIE)

- e PN
P LN
. .
- .
B4 .
. B

Patgt]

Sl

: R ’ .
PR P A g
- -, o N - -
o8 . hd - ... -
e T e e *
; - . . oot
. . . -
.o - . e
LA L

o o
aeT+
ooy )l...’.o...\ﬂ v..,..f.!a\.\?(.oc W R Wrad

~
AL W2y
R

ey

g

. . -
3. LA * P
.. - -~ L -u
R L
. ce e N -
- . hd

CPPR * . .7 LN >
AT 21 N - t=

. on LR :”
s .
c e s

27

N R NI S 1L P A T LN

Kl N

L
B

S9)nuUIW ¢ Puovag

6F%T - EFPI

6721 - €921

9961 Jdquaoaq g

1 910N 998

9961 I9qUIad3(QJ $7

1 210N 98§

sojnuIw ¢ 18I




87

(semutw g 9aI1jus) I81aIB)

. . - .s
. . - . R LR Y
LI . e . A e
L A R AL A AR L e
IR RO FIEINS
. . v . *
JEEUVR S e oo
-t R L. AR .
: . -
.
- . . * .-

AT Ak

R R A SN Y AL e ST LT e AP
- Py .. . *.

ol il
LU

TSRS ROT T SST ENANE LT N S

e et

SOINUIW ¢ puooag

6781 - €781 9961 Joquuade(q §g

1 9IO0N 9988

6791 - P91 9961 I9qWLO3(J ¥3

1 930N 998

s9jnuIW ¢ I1SJI1g




88

(sonuiw g aI1IUd) ISTIIB)

2T

B e s Y e e

‘A

asT

[ 4

N .

Sl it B N
S A AR PRY AN

- S0e

o2t -

St e 6. ees P -
R T I N e G
ey ot e et ALY LS T F el N BN
SR T T AR A T T T -
S raaed, + e .
. . . -
. . .
) . .o
— . PRR SRS ¢

" soes e feuga ol
N \.\.I ‘.\.... ATAYY -.\\'Ua’ N\ l..L.....s..no * './ .
: & " .

. .

{

”
+
i

S9JUIW ¢ puosag

6%2¢ - €¥2C

6%02 - £%0¢

9961 I9qUI8dXT 2

T 910N 998

9961 JI8quaoad vg

T 9JON 83§

S9UIW ¢ ISILY

% |

ess
A‘ ’

L}

-
)

- o



89

(sonutuwr g 8I1juUs) J91IIRD

. -
.. c . * .. " .
P . .
A e % ma - - . e
e, e R e S O AP B i VL B SC I e g
R P .ﬁ. T R P
I PR - .. N, e, RSN NS
L. ERIE B A -
. . L e . . .
S . . . . .. . v
. . . . . -
.. -

- g . *
e TR N BN A et R e Far

- FRQ

ner-

YA PR bL.Q

. . -
P e ¥ N Yo
¥’ ..A.... )\\.ol £ .(\?(. ... R
» . -
- -
.._...ﬁ.n.._..
‘e s PRI T 28 NE Ll ) el ....\ Sal A
..f ..».)lf?. .?/... -In...ﬁl.ll.o-.c.-. ..L.%i o.J...... fc.... )l. :)n. ut.r. 0
B s . ., "
-y
O

S9INUTW ¢ Puodag

6720 - €¥20 9961 I9quade(Q Gg

T 90N 39§

6700 - €500 9961 I9qudadx] 67

1 910N 988

sojnulw ¢ 3sI1d




90

(sonuiw g saNUL) I911I8)

ct - b e
- RN
e . e B
X Y S
- 4 - .._....\.. \.P..\. L4
L 2] *
0 « v

e s . e
T T e .
» * .n- -

-..-‘ . ‘ -"
e e om coTen L e
.. . LI RN VN
n2ar+

S St N 1(\?(...... PR LN PN TR

T

Sl

e

. t.l(aa::\..

Ak ..’.

RS ...u.s

...o...\.rt.}; o

\o...

* b e Y .t
NN e N W AN \.a...k.&

_...:wﬂl

Sy t? ...s.ofn'

awﬁh

AR

.
AT ..c. s

senuIWl ¢ puodag

9961 JI9qUIada( 67

6%90 - €%90

I 910N 998

6¥F0 - €9P0 9961 I9qUIad3(Q G

T 9J0N 89§

sojnuIw ¢ 18I




£
i
&

See Note 1

A M

>

L]

4

o

AR

~>
£y

I g

-180

0843 - 0849

25 December 1966

91

3I0Z

See Note 1

~180

1243 - 1249

25 December 1966

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



92

(somuiwt g 8I13Ud) I81I1IB))

AN BTN TN NS AN NNl 2,

l
P .al.... e. '..».
VAR LI ATy s ‘.; % .&, '.Sl.? ety

u
-
DT+

-

IR A ..‘.c..). : .
SR v e ..«.:.. ..C.. NN

E "
PR

o

SoINUIW ¢ puodag

6791 - €991 9961 Iaquiada( g7

I 910N 998

6791 - €¥P1 9967 ISqUIddNJ CZ

I 910N 99§

sautu ¢ Jsaiq

[
H
.
1
H
3



{s9nutwr g aa1jud) Iv1IIR)

aer-

.

> -

.o

h"ﬂﬂ. % e o o p,? . -
A N e ...,.e..\i..s.......ao..}}\..../.'sm

OorF

— Lt e . et
F I SRR N LY s o ) g
Ll ) & T AR X LY P 4 .
™ A VoWl g . SN R
£y ety ....\u. n\o.\&.u\a.‘.fo\'(..co)\....‘. ﬁ.\.f
. . et

93

oeT-

. .. Sy s el e Lo o ow, ”
I i rt R Qi B o o raer oo N S PN N e

0oTF

S P N R, xow " g R
N N AN RSB SN

SauUIII ¢ puosag

6¥0¢ - £¥0C 9967 I9quiada(q 67

I 810N 998

6%8T - ¢p81 9961 Ioquada(q gz

I 910N 995

sonuIw ¢ ISI1g




94

(somutw g aay
: 17Ud) I91IIB))
soINUIW ¢ puoIag
sonutw ¢ ISI1g

6700 - €700 9961 [Ioqueoad 97

Q2% -

.,m\:l.fs)fxas.s«{:\«(\}t\o‘?‘c{. -
L rarnsed

DT+

1 910N 998

e 20, Vo
Sty !.elr.\.!sfr..r..v.cl%.-.rr.s.vct.(?,..\)(r\{uﬁ;\\f'%‘)-v :

6522 - €hez 9961 19qWedaq ¢y

oat-

B e aadh s .

4 - N AAPNA S J AP SRt A it
naT+F

1 9jON 938§

o\ﬁn‘f\w‘\l‘f-\.:.a.s}i\. AN AL PO
NN 2 ST N e

> -y

TS



(senuim g 9a1jUs) I81IIBY S9INUIW § PUOIS

6¥%0 - £FV0 9961 13quuade(d 97

0eT-

,..-..b.. ?&%{3}%\\‘\3\\\:\@ o ._I‘r_n.)o\r’i

naT+
..i\r...\.u..u,..,.,.,...........;....%&.\..e.....,...n«.............,......\...vm\..,.....a...,.....n. T 930N 988

- b

95

6720 - €¥20 9961 1aquiadad 9g

. -
.. . . L e .« e, . . s
PN seee e . . % . D
p— N .r.s...u...\.. e e e b
. . . R
. f\i*.ﬁuu . an : ....\ .. ST, L l!lf‘.
. . " -
oo B o e e . . -
IS . .
.
. % -
:
. .
. .. -

Oar+F
R St R g T WL R
T 9JON 9898

- QP

SoINUIW ¢ 1SIL




96

(sejnuiwr g SI1IUd) I91IIB)) SOINUIW ¢ PUOISG s9jnUIW ¢ ISIL]

6%80 - €980 9961 I9qUd0(T 97

02T
eT+
I 930N 288
R = .v.n?;.«qs,..,....r...%.s..ﬂ\? S A
:J.....o.(
69790 - £%90 9961 I9qUIaDT 97
02T—-

’.v.\ . é -
~¢ e (.ﬂc- o> llr..\.)l s. b o\-..l.of J\..o\ss.f

D2TF
1 910N 9938

< ‘s .
2 e *
W o i..ﬁtc.h...‘.. ..:..... s L

4

)
F.
W



el X

97

4 5 "
L 3 & &
P
. *Q‘
) 1 B
i 5 2 ¢
L ¥
1'. 5 i ’:\g:.'
3 N $
s K
PoL jo
2 £ ¢ DN
1 - i
b3 &
. i - o
; i )
kA z. ~ g
;',,‘ 3 3 X
_?- = % o y Z l:—:l L=
{2 o : R
Tt o il ' & RI% JRNN g

o

"', ‘.‘J:... '.\"'"
SO
va

[er)
<
[
[\
t
()
ol
o3
[A\
-
© 3
7S] 5
=) k Z
~ 1]
1 ¥ D
Q 1754
£
Q
é
©o
ol

0443 - 0449

27 December 1966

Carrier (entire 6 minutes)

Second 3 minutes

'\y\
* e -y, -
.,
B 2 o

First 3 minutes



98

(Soinuiw g 9ITIUd) ISTLIBY)

QT+
R R R O  a T S us

ner-
e -
. - . h b LI -u
- P R R e .l
.. AN TR
S~ NI NEEARYY
L. el .
. . R e
. v .- -
e N
R - f\.Q-
n s e
> T
oeT+
Tep » ° h » M . -
A .t . b - - O g .’ », .
Ko AT RN . A7 A A A .'\.....’c. Lrae el ~_
el L pale AN I N T e el N e T
. ot .... . e e woe .
* .

S9MUIW § puoIag sojnuIwW ¢ ISJI1g

6780 - €780 9961 Ioquaoed Lg

6790 - €990 9961 JoqUWI20X] L7

1 90N 998




99

(sonurm g AINUY) I91IIB)

o aden o S P P

TN e e tntadet s ok I AN A S S N Sty
D) o

-

T s ' e ° ARL AP
R N T AT TV L
2 o 7 e DR . *

&}
)
u?

aar-

- ‘e » ° .t .
. o s DA . : MTEPPA
AL e NN N W e

Q9T+

s e R T O
SN R BT

. o

B I AT R AY NN

TS

SOINUIW § puUsIag

6v2T - €921

6701 - €301

9961 I9quadaq Lg

9961 J8quads( Lg

SONUTW ¢ JSIT




100

(s9uiwt g 8I1UI) IITIXRD

ll»s.t}f/rn\\'l&-[rl‘f/{uf.g
aeT

(% o]

- . PR TP C et
A\.......qu.fn\.ut!.q.....\.s.....ﬁz...r&...i...{}ﬁ.w....\.....J.....

ALl T (A )

w3 Leptres e
=TT el s =
s, t. . )
et al . aw .t o g~

. . e -
R A DR naTE
TR AN P ANINNIING ot o' r bt o R

- PO

S9INUIWL ¢ pUODIg soMuUIW ¢ JSIg

6¥91 - €991 9961 I9quuada(q Lg

1 20N 99§

67F1 - EFPI 9961 IoquIadad LZ

1 910N 998



.

3

S

.
S

ey
o~

N

N,

-
o

——y

’

.‘Wah.«n

L

s
oL

)

.

-

* e
Q'W:ﬂ

“

+1&0Q

.t
e,

ahl:,

.
'
-

—
@
e
=]
Z
]
O
w0

-,

2l

>,

-~
PR
e,

'y’

o~z

o

»

=,

"

.,

4

-,

.
R,

.
.

o

»

g

1843 - 1849

27 December 1966

101

;255
JRRPTaR L) ]
‘flv-‘,..;‘w_\ .

See Note 1

Lol

)y 1+

Q...:
o0
b
. —~
. €]
J. ;
240 45»
i :
B B —
Y E
. ©
. b @
LT £
. e, o
HEE e
i 5
Vil ‘.
MY £
- L -t
H I
. . ol
L (3]
CoL O
i
' ' . [ ]
L ey

(o>}

el

Q

[V ]

]

o

e

Fon T / 51

[~ P )
2
fan
=
wrd

g g

= S

-

- o

BO
[ &)

B g

g

o

[~}

-
!

0
-t

"

el
T Ko ‘} s

First 3 minutes



102

(semutw g aan3uL) I91IIB)

. ww o -

.|.s. il Ly A =
Rt a;\./t’é-‘i«lt.\.\{k v

o,

[

NI N B B P It Pt o Poes et P NN ..(4..}2..,.‘
Dmﬂf

WAl it et -
AR P I ot ot s P Ot Pt ot

%

S9MUIW ¢ pPuUOISg

X

6700 - £¥00 9961 JI9quiads(d 62

6¥cc - €92T 9961 I2qudd(J 87

.\ R .\ ﬂ«

R, wo

.s_

t

’H-»

\-

iﬂ LT R

, u

"&.
=)

sajnuIW § ISINg

T 9ION 83§

T 910N 998



103

(sault g 2IUs) I9LLIR)

027~

-

. ¢ AT SN

R e T -
- * *

. -

-

. -

03T+

- . » : -
. - .
. e AL R . Sy P SRL SN NP S
- . e, ot o0 b .t
* e . . .

M =

S0

S9IUIW ¢ puosag

X

6%00 - £$00 1961 Axenuep 1

6790 - €¥90 9961 IdqWLISQ (g

sauI § 3satg

I SI0N 938

T ®I0N 898



104

(s9nutw g 9JInUd) ISTIIR)

. . . -
o e eene gt b
oy ........u.. Ll s G T
o e P P
. . . C) - s e lt‘ -
- PR . ‘. o L P, e
.
LX) .
) ) 2T F
1L
.. - . . . . .
Y T I P B
. * . * N
o ™
- *aET
.
=R g
.. . . -
T T o R
- . e L. wme e s sy e
e eeee e, s .. . e -
. .
- . . . - -
- R wle 4 e .
- - P A .« - s wtee s 22 s 4 P 3 are” -
Q2T+
N T P g I o oy

PRI

sejnuUIW ¢ puodag

6781 - £¥81

6¥%0 - €990

x

1961 Axenuer

1961 Axenuer 1

S9INUIWL ¢ ISILL




105

=, '-\:-'. iy

v,

AN

e
O.’ -

sl
o

APs

'~

R 3 2. v

DR A s

e s

N

M’NWW

L T .

- . . Seat "

o NN

+1&0

e
PR
?160
iiéo
S0
-150

[=2}

s

o3

[

I

o

i

o3

[}
-
Q
-t
]

o~ Z

©

© @

— )

>

&

«

3

g

o

=

vt

a3
by 7,

4

i A .

.L.‘

b 2 . 0
R A~
Al

i al VOV

SV SV
Ny

o ALVE

Carrier (entire 6 minutes)

0043 - 0049

Second 3 minutes

2 January 1967

First 3 minutes



106

(sonuyw g aI13uUs) I81IIR)

o2t

. -
A e o Sges Pot - :

. PO AR PR ~ idadio .l.t\ PN u:,.lf... -4
75 . -
neTe

.-

-— BN

. . . CF DU PP VY [N w3
2T, T AN VY e e
. 2 . .o
.- . . o -
. . .
e . . .. - -
- .
- . . . -

A e @ LA et Y et e

.u = ﬂ +
NN SN A NN 3 S NS AN 0 gt PN ROA et P IS PN

seuIw ¢ 3SI1

S9INUIW ¢ Puoddg

650 - £%0 L96T Axenuep g

I 9)ON 208

SN ot

-t

620 - £¥20 1961 Axenuep g

IR, l}.i , 3=

v e A, LI
T IJ# \.3 -
WESE RS

1 910N @88




v .
-

LAY

\:w

v

A L PV WAL PV L B P

+130

i
o
°
Z
o
&

107

..
" —

..
e .
. .

*

v e, ot
-

. . ’:‘
R AARTY

ot
PR Y
\3

. v
.
-
PR R A L
A
St )

“ees
.

e *
I R
.3 -,
.
. .
0

+&
o,

SR
-130

-
-
PR

0643 - 0649

2 January 1967

-
3
(=]
=
3]
&

. sete e s
~
M AU IR Y
oo v 2Tes
T e -
. es .
LR S
. -
ren e -

..
v

.
N
. .
e
g
Nt
et
3] *
- ~t
. ’
- *
R
e
P
N A
o
R
[ .
1
W
%
LT
DA
-‘.‘ N
. .
.t “
. Y
. ot
- . L4

0843 - 0849

2 January 1967

*

Second 3 minutes

Carrier (entire 6 minutes)

First 3 minutes



108

(senull g 8INUI) IBTIIB) s9nuUIW § Puovag S9)NUIW ¢ 18I

6500 - €700 1961 Arenuep ¢

- . . T .

. P ¥

. . - -

- P

. J..~(...~. Lttt s N
....voﬁ\«.... .1:.,.. B A N

NETF

\.l’..l\\lr M e e a4

Y% l:

mw«%! }@

.Q

- 00

X

6%91 - £P91 L96T Axenuep g

..... 0
. JOR S
J M .

- LT . he

P S A T T D

L. - e, ..l’l\. 2;&. i ..o. . 4
EA 2N B LI A TAR LA b ;

. . c’.. . . -

. . LIy
n\....t\ ve e, .\o..
EXTEAL SN ) .l.l.t\l. Lo N TN
&

T 9I0N 998

- et ey



109

N,
-

I A T,
o,
N

-
i .
Ll e W
Adnad,
v
-
.
.
R Ay

A
handii®

e

.

1
ge
-, Q

o

Dt s e an e e NP
i )
0‘ -
-t
.

+180

o
OSSP NCRP-Y. 7 Sy
- v, -
PP Sl SN

Ol

\..-'-\"-'-_.'~’.
7-;./1.".-:.
-1E0

Carrier (entire 6 minutes)

0243 - 0249

3 January 1967

Aani
e}
B
o
Z
o
Q
73]

0443 - 0449

3 January 1967

Second 3 minutes

First 3 minutes



110

(senuTW g 9JI13UL) ISTIIBYD S9UIW § puodag sonuIW ¢ 18Iy

6780 - €780 1961 Axenuef ¢

NE) B

oet-

- - N
. R e WAL . x " X . f TN, . -, ..'Jl.%ns..{.].
AT TS S : & g 2 Aol s V7 8 v R
. .. . - . 9 . .. O 9 5 1 . . - . .. M P
MY e gt KRl . Wy & Sy ; S-Ch e - ¢ PRt
. . - Lol . t-‘-
- .- - - . . - .
R S ST
AL :..\VJ\..Lf.vlc.e
— - * .n.al t\tobl'lo.q . -

NRT+
R e 2O VU SN R I da 2 R 'S

RA
— aT3 i

6790 - €990 1961 Axenuer ¢

D TR PP
N o. .l..?\.\\. -

1 9JON 983§




111

{sernutwt g 3INUB) I81IIB)

oeT -

- N p N W, gty 2t e snee wiem
L, P M

' * 0

l

| WM.
.- e *,
e T A WA A s ¢ A S WA vee .

02T+
- vﬂ%‘«&t‘l\}.\\){. .t..}xklc....qu.\.cabﬂ

- TS0

.
R .

L2 BV S e o e
B Gl AL a2 .)ho..\ .r9.....~..o..~.\

w T -
2T+

DU . . TP X d
e Imarer e AN N SN L A (PN NI

- RX Jpex

SNUIW § Puodag

62T - €921 L96T Lxenuep ¢

T 930N 98§

6%0T - £501 L96T Axenuep ¢

I 910N 998

s9jnulw ¢ 18I1g

7

¥ Rk

.o,




112

1443 - 1449

3 January 1967

{ . por "
R 3 . LR
pw) ..‘.. ‘ -
LN L
". ,:l\.:
c N N
L o
. S
K .
Lo
Y S
!; . .‘". .
..‘. " :
. .'l ‘|
% LN
1Y >
~f A
A )
(Y o
e .-’
% i
y- . !\,..
. ‘,': .
: 3
A tRL
<5 o~
e g £} &
)‘: bt I N
ol © it €

d

l‘?

M
b AR

1643 - 1649
*

Second 3 minutes

3 January 1967

Carrier (entire 6 minutes)

First 3 minutes



(soutmt g 8I1U8) IBLIIR)

R TP S
.'.P. l.ll.‘.f“.\.;..bo.. . .sl/ »A-.h....&\.Jr.. -’...‘\.\.«,ﬂ.ffe-.a ., Ye 4. s -
c T -
- : M . -
. -

. . - . - 22
SR i N AN S e R

sajnulll ¢ puooass

X

620 - €¥20 1961 Arenuer §

6%02 - €¥0¢ 1961 Arenuep ¢

T 910N 998

sojnuIw ¢ ISI1g

I 210N 98§




(

senuIwW g 9I1Ud)

I911a8)

nord

o |

- 2
ah bl

goInuUIW ¢ puodag

6%2T - €721 1961 Arenuep p

6%80 - €¥80 L9671 Arenuep p

goINUIW ¢ ISILT

T 910N 88§




(senurwt ¢ aa13ua) JI91IIE))

“ .- . . R . ..
. . . & . . A P R N
- P D T e . .. s
R F] Lot T Ll o -
. * . T . N
- . . . lt . . - -
1y et e s .
c P T R A A T . -
. - . . . . ., . e .
* . . PO LI R
LS
. 2T+
AL F e e L S - . -
EPR AR S . B . ot PR . N
- v e e L ANACE Sy . RN
ot - S .5 PN TS L R LR
T tea et . R I -
. M . R . . L .
mrTee
ST
\
E=)
» - -
AP - S W, .. *
LoleaT LN , -
R
", A . . * -
s MR S A S P PR
. SN A S R
e, v, St . ..... R ., .
e Nt aer w g h P
ANV TN AR
he Foarne PN e AT
N r ot . . - LI .
- . . . I
R . . * et P
R0

sajnuitur ¢ puodss

6%02 - £¥02 1961 Aaenuefl ¥

T 910N 988

6¥F1 - €FPI

L96T Arenuep p

I 910N 938

sajnuila ¢ ISItyg




{souTw g 9INUB) ISTIIBRD

...........a? ..b

ner-

$9InuIul ¢ pucdas

6%90 - €990 1961 Axenuep g
T 910N 2988
632 - €¥C¢ 1961 Axenuer p

*

s9utwt ¢ 38I14

T 9IO0N 938



117

Carrier (entire 6 minutes)

1043 - 1049

o]

<

o

<

]

o

N

el

o
i i
U Q
3 k=]
4 5 =
<M o] [
& = %
. 771

~

g

3

[

(5]

L)

ud

5 January 1967

Second 3 minutes

First 3 minutes



1

(soutwa g 3J13UB) IJ1IIB) s8mut ¢ puodag sanuiw ¢ 18Iy

X

8FFT - CHPI L1961 Arenuep g

....\J. J.....foo....‘.r.h

nar+

T 910N 99g

08T - 6¥21 - £h2I 1961 Laenuer g . 0eT~

. - e P .F.a.‘.. e
* . - "y

S : - oI
. % * . . e

IR T P N 4 \ﬂ.\\'...u. ..ob.-.c..sh. (SO . . Lot
Erraad Vathiah Sk W) .‘s...\\.. .,a.....ua/s\\ o A A - .:(.f...
- . * . . S ok . a‘:..?:r Nl 4
RS B s A ﬂ

.

- : (a1-3

-

I 9J0N 29§ . AR g b o o e A

Pe e 0T s, )
A N X B MR S £
A “ oW Yol S YIS 3
.« . KRR R LA \.W.
- . oy * S Yo
N -
h [




119

(senurw 9 9I1IUd) ISTIIRD

SeuIW g puodag

6%20 - £%20 961 Axenuep g
1 20N 298

6500 - £%00 L961 Arenuer g
T 910N 998

SoINUIUWL ¢ 1SI1g




120

A
¢ 1sat
sajnuiw

Uu0d9g

sonuIW ¢ p

D

u9) I91Ix

w g 8an

(sonut

»x

nuef g
90 L96T Lae

- €¥

6¥90

DeT—-
- -
-
-
.
? IR A
J s o ....t.\v...o...._q TN SR et
. ; IR %
- Ll
Nl - g " 5 l
PREA e haaracy

T 9JON @98

ot Wl

uep 9
¥0 L96T Axen

- gF

6¥%0

N o e
'l -
Py it NS
- . . 4 9 ‘\‘. . #1 .
...).(\.fl.\..lv.\a y <
. e, 5
e -l ,
N 5 APt 0
...u‘...stﬂn.:.. X

- DT

T 90N 998




{semur g aa3us) J91arE)

DY
B

.

i “

. . ®
.

02T -

PSarYl o4

. .o,
A * ln . - QI LA
W N DA S i et b

20

a2¥-

A . . -
0,0 e By PSS .t e tale e
ol "N A - e % Al gy
) ..o)... oA TSN R PG S
S I -
-
-
’ »

s, . . B .

a0 . e .
I TN I T

MR A AP I A

Sl

SOINUIWI ¢ puoDag

6791 - €¥91 L961 Arenuer g

1 910N s8g

X

6%0T - €901 L9671 Arenuep g

1 930N 9398

s9nuUIW ¢ 1SILg




122

$9INUIW ¢ PUOIBY

X%

6%22 - £h2T 2961 Axenuep g

(s9InuIuI 9 SINUD) IBTIIRD

A
[}

T 910N 99§

X

6%81 - €981 1961 Axenuep g

1 910N 998

R0

S9InUIW ¢ ISIL




123

(s9IMUIW g 8I1)UD) I3LIIR) $9INUIU ¢ PUOIIS SINUIW ¢ ISILY

6%%0 - S¥¥0 L961 Lxenuer g

1.
+i

1 810N 988

X

6701 - €901 L0961 Axenuep ),

o ™ en -
OJ\G».\\ A I‘n\; V3
. EARAR L P
VL e -
* e n
- * ¢ .
. -’
o SN I ot N e 5 AN
- -

Nt N L . 1 930N 93§
RS A BRI
kLol -}



124

S9IMUIW ¢ PuUodag ganuimwt ¢ jSI1g

6780 - €780 L9671 Arenuer g

e NI o, - R
C ) ‘aoTE
1 9J0N 288
ol
6790 - €¥90 1961 Axenuep g
02T -
N T e o
2T+
R Samar'so A At et s e an aad

1 9j0N 98g

RO



125

(s9nuiW g 8INUs) I9LIIR) SajnuIul ¢ puodIag sajnuIwW ¢ 3SI1g

6%2T - £¥CI L96T Arenuep g

c..n....«%.....\w.-...l ..‘..J..{r...f...e..«..l.a kLY .Jl.....ﬂ'...é..\.... \(.....:d.n \.v. £ ..c..-\......“u...... .. -~
- ) . CoeTE
» AP POttt g i . PRI 20 Pnd I P o s B
T 9JO0N 998
6F0T - ¢hOT L9681 Axenuer g
2T -
R p— .:....."l..a. 0\.. -.‘ncs. N « s . i .
|' . .. - . - —,w-“m- uﬂ-ﬂ
1 9J0N 998
T



126

(sonui g 8I1JUI) IB1IIBD

RPN N
PR by .\\?..\. S,

. .c......a..ru).. STt Jle.
.
bond J.
S 8 %
0er-
-
-
. -
AN ol NS T S T

S9IMUIW ¢ PUodAS

X

6991 - €991 1961 Aaenuef g

I 90N 988

67PT - €PVI L96T Axenuep g

T 910N 998

s9INUIW ¢ 18JI1

PUIRL L
.

n

.
T



0

See Note 1

.

»

2
A

L

S A

’

A\,

¥

il

2043 - 2049

8 January 1967

. .-,'1‘ Py
..-‘! L
OR L S
. l'
A o
e,
A
..l .
.o
ter .
‘s
RN
o .
L -
L . R
‘-.5 25
o .
<% to.
ot
e
. N - M
K
N .
.
H
.
.
- '.
e
K
N
.
o
o v Q
¥ R
v DR o |
= ol

i
Q
ks,
Z
@
A

2243 - 2249

8 January 1967

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



s
Ll %

e 2 LR
:-.:3. /4.-’.,

3
. »
T

ot . .
e
R,
o

.ol

L

.

SRR Bl

e ey et
- " o~
PO SN Sy,

.

YL Y

AT
.

”n s :
e ias
Y A

. en
SN .
Aty l’“

7

.
.

Q
S0
1
R I

O
%3
. g ﬂl

0043 - 0049

9 January 1967

128

R

S
Yo T

A L NP X

L.
~

AN et

e

ot <L
-'o-‘l~ \”o’.’.'.w

Dt

e
St

See Note 1

0243 - 0249

9 January 1967

Second 3 minutes Carrier (entire 6 minutes)

First 3 minutes



129

{sojnuiw g BITIUS) IDIIIB) SOINUIW ¢ puodag sonuUIW ¢ ST

6¥90 - €990 L96T Axenuer g

. . -
e P . PR B
AR, § PRI - .
et Nt e et Wt e w. -
K LR T e A .
. . .y . Y T,
. - <
B . . . s . . -
. . .
. DA S . . S
Lo
. PP
e, Sl % of . . .
-, ., e . r.. . .
. . - .. e tes

R I R AL X Y R I G P Pe I e
R R N T N AR AN T iz s [ 910N 95g

. .

- FhI

6v70 - &F¥0 L96T Arenuep g

I 9JON 998

-y
Lo



130

(sonutw g 8I1JUY) JIITIIED

027 -

- .

. * -

N -
M4 - - " ) .

N S ST SN o N et a et fa Lt e,

MEFSRRER A IO S \«k..lua\..‘a.. TAFTEAIN L

. . -

™, deste =, . Jut * A " - . =
o age e s ORI (R P .
\....frn S |.\....\Nu~ R R —.".a..\.l.(s W e By L
. e Sl - e &, o ¢ Tur T, -

. . PRl A RIS

- 02T -

.. R TR
C L TENMACN Y .
L AP R A A
PR S A AL T Y

(el 43\9-\.-‘\!.‘ e

'-‘c
P PR
FOR . SO PN

e oeTE

[T gl A PR - e
o A T Y 1 s

0w

S9IMUIW ¢ PUOIAg

6%0T - €701

6780 - €780

L96T Azenuep g

1 330N 998

L96T Axenuep g

1 910N 99§

SOIMUIW ¢ ISJIL]




(seInuIW g JI1IUL) IJTIIBY) S9nuUIW ¢ Puodag soqnuIw ¢ 31sa1g

X

6V¥T - £P¥I 1961 Axenuep g

.f...).o PR .a@.ﬂvt

.. g
e >0 .w.fkrtl\»bﬁcé.d.. )

— ) ag T £l

2T

1

I 910N 998

6721 - ¢¥el L96T Axenuep g

. et - _ oaT-
& P 8T

NS AR ity MDA L e RS S0 7

n¢‘ . i

e e el
P TN AN AR AR

1 9J0N 99§



See Note 1

~-180

2043 - 2049

9 January 1967

132

See Note 1

2243 - 2249

9 January 1967

Carrier (entire 6 minutes)

Second 3 minutes

First 3 minutes



(sanutwt g dSJI13UL) IBLIIBY S9jnUIW § puodsg SOINUIW ¢ ST

X

6%20 - £¥20 L96T Axenuep gp

133

1 910N 998

. 5 5, . o 0. .,J
.....uv..c..\.:‘...o..é..o.v..\.on.\o.. 2 .a.s.......as...'\. .s.s.. ..s.u.l.-.-..w:.‘.

L e T e - .

o de )
- 6%00 - €700 L96T Axenuer O
027-
R

PR e -
. ¢ ot PSP e iSO ST

. T 2JO0N 988




134

(seulw g 9JI1Ud) IBLIIBD

o8T~
RORRRRRNP s ot e P EI I ORY A I,

-
T -
oet#
- L.v\.r,.......o.\r oo gp SN e A e ety
..ossnouf. o ..\.. A Q.ocf .o..a.-.#. z o.t.ad..&o..w\..\ -f...-..f-!(.. o'
. ey RO \\N .
02T -
-
.. L S A
D -ty o-\\.).... -H...}. lo...\‘.. . ) ) M .
SRR IR LN I e DA,
. R
: » -
. Q2T+
gt e PSS L Ty N N DE
i lF ......4 * M

- TR0

SOUIW § PU0ddg

6701 - £%01

6%80 - €780

X

1961 Aaenuep o1

I 910N 909

1961 Axenuef Q]

I 910N 993

S9INUIW ¢ 1SI1d

)
“
o .

9,
b o IR AT R

"
-

T
¥







136

T
o(7) = {) m(t) g(t - T + 7) dt

Thus the output of the matched filter is the correlation of the given

waveform mf(t) and the most recent T seconds of the filter input

g(t) .

2. Demodulation and Filter Characteristics

The waveforms subject to processing are the output of the
analog filter of nominal bandpass 370 Hz to 470 Hz. The sampling
rate of 1680 Hz is more than adequate to describe any waveform in
these band limits.

The program CMPRES completes the digital demodulation by
averaging blocks of four X and four Y samples and thus smooths the
effect of the difference in sampling time of X and Y samples.

Taking a block of 4 samples for one of the coordinates can be des-
cribed as a digital filter with impulse response
3

ht) = ). (-1)"6(t - nT)
n=0

where

1
T = gi5 sec

To obtain the frequency characteristic we transform h(t) into the

frequency domain.
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CIRAV

To average the data in preparation for sequence analysis,
corresponding samples from twenty-one 1.2 second periods, one
sample per period, are added together. To describe this process

we use the same impulse response as in CW1:
. N-1
h(t) = ), &(t-nT)
n=0
where N=21 and T =1.2

Fourier transformation results in

Isin NmfT! _ isinnf25.2]
Isinm fT] = Isinmf 1.2]

IH(H)T =

The CIRAV transfer function has spectral zeros at f =K/25.2 Hz,
K=1 2,3, ..., 11, 13, ..., and maximum magnitude = 21 at
f=0,1/1.2,2/1.2, 3/1.2, etc.

It should be noted that the period, or frequency interval be-
tween the main lobes is determined only by the time interval T
between corresponding samples in successive sequences. Thus
with a 1.2 sec sequence, the spectral maxima will always occur
at frequencies equal to an integer number times 1/1.2 Hz. The

normalized magnitude spectrum is shown in Fig. 12,
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MCOR1
The program MCORI1 performs in digital form the cross-

correlation

1.2
¢(7 +25.2) = j&) m(t) G(t + 7) dt

where m(t) is the‘.digitally stored version of the biphase sequence
modulation, and G(t) is the representative digital 1.2 sec period of
the received signal, obtained from CIRAV. The cross-correlation in

the above equation is equivalent to the convolution
G(1) * m(T - 7)

where T isthe 1.2 sec sequence period and m(T - 7) is the time

reversal of the sequence. The single sequence pulse is described by

h(t)

il

1 0<t<b

]

h(t) = 0 b<t<T

where T = sequence period = 1.2 sec, and b = pulse width =—E—-=

1.2 gec,
63

The Fourier transformation of h(t) yields

sin 7 fb

H()] = b’ L

o1 x .
31; ’ type function.

The familiar
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The spectral power of the sequence is 63 times that of the
single pulse. The normalized magnitude spectrum retains the same
general shape. However, the d.c. power of the sequence is equal to
that of the single pulse. Therefore in the normalized magnitude

spectrum the line at 0 Hz has the magnitude L rather than 1 and

J 63
is 18 db down.
1
fe
pulse (8 carrier cycles) = 52. 5 Hz.

= , I.=clock frequence of the single

In writing b = c

L-*|»e

The MCOR1 normalized magnitude spectrum becomes:

~

sin(77f/fC

sin(f/ 52 . 5)
/T, , £ A

= = (#1/52.5)

IM()! = c

and

IMOI == =, 1= f

The magnitude spectrum is shown in Fig. 13,
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