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1. INTRODUCTION

The Canadian Expedition to Study the Alpha Ridge (CESAR) took place
between March and May of 1983 in the vicinity of latitude 86°N 110°W.
Amongst the various navigation aids used was a Canadian Marconi CMA771
Omega Navigation System (ONS). Geodetic positions were displayed on the
control display unit (CDU) and stored on cassette tapes.

Omega navigation positions from the CDU were manually logged every
12 hours during the operation of the receiver, and every 10 minutes during
a 13-hour period (day 123-124).

Omega observation recordings on cassette tape were made during
five, 24~hour time periods spread throughout the field program. Table 1
gives a 1list of the tapes accumulated and their approximate station
locations, as derived from Transit satellite observations.

The 10-minute and 12-hour manually logged position determinations
by the Omega receiver were compared with Transit positions and have been
discussed in Wells [1984), thus are not repeated here. This report
describes the processing and further investigations into the data stored on
cassette tape at CMC. As of September 1984, 60% of the tapes had been
analysed. This is sufficient to portray the performance of the CMA771 ONS
at high latitudes. Presently, we at UNB do not have the capability to read
the cassette tapes. Time limitations on the availability of the processing
equipment at CMC makes it unlikely that the remainder of the tapes will be

processed.

2. DATA PROCESSING

The cassette tapes at CMC were processed using the procedure and
equipment outlined in Figure 1. The cassettes were read (using an MFE
cassette transport model 250B) using the program NPDISC. The 30-second raw
data frames were reformatted into various files. 1In addition to decoding
the data, this program calculates and writes to disk differences between
the assumed "true"” position and the Omega-derived positions, along with
differences between the predicted (from the "true" position) and observed
Omega phase measurements. Processing time for one cassette tape is about 8

to 9 hours.



TABLE 1

CESAR Omega Data Cassette Log.

Session

[

—

Period (From/To)

103
103

114
115

123
123

134
134

Date

(YY:MM:DD:HH:MM)

83:4:
83:4:

3:10:02
3:23:05

83:4:13:02:15
83:4:13:15:14

83:4:24:11:54
83:4:25:00:30

83:5: 3:00:00
83:5: 3:13:38

83:5:14:00:00
83:5:14:13:42

103
104

115
115

123
124

134
135

Date

(YY:MM:DD:HH : MM)

83:4: 3:23:05
83:4: 4:12:50

83:4:13:15:14
83:4:14:04:30

83:4:25:00:30
83:4:25:15:30

83:5: 3:13:37
83:5: 4:02:40

83:5:14:13:41
83:5:15:02:30

Location
I .
85°48!7 | 110°58!0
85°48!'5 110°50!0
85°45!7 I 110°51:3
85°48!8 | 110°30!5
85°52!12 l 108°41!2
859522 108°41!2
85°5114 I 108°39'17
85°511!9 I 108°22!0
85°50!9 | 108°17!7
85°50!5 108°23!1




NPDISC

STUDYH
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Hard Disk Microcomputer Transport
Compute Extract
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FIGURE 1

Processing Chart at CMC.



Several files are created by NPDISC on the hard disk. These files
are then read by the program STUDYH, and graphs are plotted on the HP-9872C
multicoloured pen plotter. Plotting time for the data from one cassette
can be as long as 15 hours, but varies depending on the type of plots
required. A standard set of plots for one cassette would be:

—— 1 location and world map

1 flight profile

1 lines of position errors: all frequencies, smoothed

3 lines of position errors: single frequency, unsmoothed
-— 1 gignal to noise ratio: all frequencies, smoothed

3 signal to noise ratio: single frequency, unsmoothed

1 diurnals: all frequencies.

The purpose of this software is to analyse the performance of the
CMA771, including its built-in position fix algorithms. No fixes are
recomputed in the post analysis—-only the real-time results are presented.
The results shown here have already been used by Canadian Marconi in the
improvement of models and algorithms for their most recent Omega receivers

[Baillie, 1984].

3. DESCRIPTION OF PLOTS

Program STUDYH is capable of displaying the recorded information in

several predetermined formats. The program works out the plotting scale.

3.1 Flight Profile

The flight profile plot enables a general assessment of the
performance of the receiver over a selected time span. It graphically
portrays the quality and accuracy estimates based on the geometric
configurations of the transmitting stations with respect to the receiver

along with position and components of position differences between the

adopted reference and observed positions.

3.2 SNR Index
The signal to noise ratios read from the cassette tapes portray the

signal strength and quality. Effects of modal and local harmonic

interferences are clearly displayed. The time constant, which represents



the smoothing parameter, can be varied. Unsmoothed ratios are obtained
when the time constant falls below 10 seconds. In general, phase
measurements are discarded (not used in the position fix) when their SNR

falls below 7, and are used again when their SNR becomes greater than 13.

3.3 LOP Errors

The lines of position (LOP) errors are the differences between the
predicted and observed range-difference (hyperbolic) lines of position for
each Omega transmitter, with respect to one transmitter chosen as the
reference station. As with the SNR index plots, a selectable time constant
represents the smoothing parameter for the individual LOP errors.
Unsmoothed LOP errors are plotted when the time constant falls below 10
seconds. In place of the LOP error plot for the reference station, the

receiver station tracking log is displayed.

3.4 Diurnals

The diurnals are the predicted propagation corrections (PPC) that
were computed by the receiver/processor and used to correct the propagation
medium effects on the signal wave. Recorded phase measurements are

uncorrected for diurnal effects.

3.5 World Map

In addition to the above, program NPOLE draws a map of the world
with longitude and latitude lines on either the transverse Mercator or the
polar stereographic projection. In addition, it has a long 1list of
possible overlays on the world map. These include position markers,
vectors to station sites and labels for receiver positions, highlighting

ice shadow zones, and day and night lines.

4. DISCUSSION

Due to time and equipment access restrictions at CMC, only three of
the five tape sessions have been processed. These are session 1, tape 1
and 2; session 2, tape 1 and 2; and session 4, tape 1 and 2 (see Table 1).

The flight profile for each of the tapes displays an overall

sumnary of the Omega position estimates against an assumed stationary



"true” value for the CESAR camp position. The actual CESAR camp motion
between the beginning and end of these three Omega observing sessions was
1.5 km, 7.3 km, and 3.1 km for sessions 1, 2, and 4 respectively (extracted
from SATNAV positions [Wells, 1984}).

The observed Omega-derived positions exhibited position changes
(with respect to the assumed stationary CESAR position) which are less than
10 km, except for session 1.

For session 1, the difference between Omega and reference position
changes from an offset of about 3 km at the start of the session to about
35 km at the end of the session. This progressive deterioration of
position estimates could have been the result of long signal paths from
southern hemisphere stations, having a low SNR, which would cause a rapidly
changing tracking status (stations being included and excluded from the
solution). Jumps in the radial displacements are observed whenever the
station from Australia is included or excluded from the least-squares
position estimates. ©No lane ambiguity resolution techniques are used, so
lane slips are not detected, nor are "outliers” rejected from the solution.
The effect of a lane slip is difficult to detect since it is diluted in the
estimation process by all the other measurements. Selection or deselection
of a station is dependent only upon its signal to noise ratio.

As a result, the SNR index plots, both smoothed and unsmoothed,
give a complete history of the signal quality and strength of the received
signals, as recorded by the CMA771 real-time software. Any station whose
signal strength is above 13 is utilized by the receiver for fix
computations. As the LOP errors are all relative to a reference statiom,
the station with the highest SNR is selected as the reference station.

Often, common effects on the LOP errors from all the stations
occur. These may be due to fluctuations in the reference station phases or
to worldwide sudden propagation disturbances. It is important to
distinguish between these two different causes, if possible.

One of the predominant factors that has to be accounted for when
navigating at high latitudes is the rapid transition of the signal path
from night to day or vice-versa. In the CMA771 receiver, this effect is
characterized by a significant sharp variation in the LOP errors during the
transition period. This is attributed to the modelling of the predicted

propagation corrections (PPC) or diurnals in the receiver. The processor



computes a set of PPCs for all stations about once every 7 minutes. When
the PPCs change significantly within this 7-minute period, as during
day/night transitions, a stepped correction curve results. The delay in
computing the PPCs, along with limitations in the PPC model used, results
in large fluctuations in the LOPs during day/night transitions. At high
latitudes, day/night transitions occur both more frequently and more
rapidly.

Another error source in Omega-derived positions is multipath
signals. These are usually characterized by a high frequency variation in
the signal phase and amplitude, as exhibited on some of the SNR plots. In
contrast to local harmonic interference (due to power supply, etc.),
multipath affects signals from only some of the stations.

The speed, in knots, of the station, as portrayed by the flight
profile plots, does not truly describe the station's motion. The physical
movement of the station is far smaller than the noise in the position
fixes. The discretization of the speed is primarily due to its
representation as discrete three-knot increments in the data records.

From all three sessions we note that, with the exception of
Argentina, all stations were tracked at one time or another. Norway, which
was the closest station, was the best in terms of its SNR: hence its use as
the reference station. The station in Liberia was intermittently tracked
because CESAR lay in the Greenland "ice shadow zone" of this signal.

The southern hemisphere station transmissions exhibited greater
variations in signal strength. In session 4, all northern station
transmissions were at a steady SNR of about 96. 1In session 1 and 2, they
were strong signals but with some multipath contamination. In terms of
geometry alone, there is no difficulty in obtaining a well-conditioned
position fix in the vicinity of the North Pole with the current

configuration of Omega transmitting stations.

5. CONCLUSIONS

The effect of operating in a real-time mode necessitates a
compromise between more accurate position estimates with complex PPC
modelling and computational speed for real-time position estimates. The

CMA771 ONS lacks both the computing power and the memory storage of some of



the more modern or upgraded receivers. No post-processing has been done on
the CESAR cassette tapes to improve the solution estimates using better PPC
models or data filtering. The setup at CMC is primarily designed to
evaluate the real-time performance of their Omega system. New or upgraded
Omega receivers (e.g., the CMA734) allow the implementation of more complex
and extensive PPC models through the use of more memory and faster and more
powerful microprocessors.

Within the Arctic Circle, the solution estimates are geometrically
well conditioned. However, even with faster computations of PPCs, a small
time lag in applying the correction results in a large variation in the LOP
due to the rapid transition of the signal path from day to night or
vice-versa. Deselection of the weaker and long signal path stations, e.g.,
those from the southern hemisphere, coupled with the avoidance of signal
paths crossing day/night 1lines, should improve accuracies considerably.
Deselection, in the real-time mode, can either be achieved manually or
through deselection maps stored inside the processors.

The effect of modal interference is quite evident from some of the
SNR plots. This translates to a periodic shift in lines of position and
position estimates.

Most of the factual information about the receivers and conclusions
was drawn from discussions with Bob Baillie of CMC. They were entirely
based on the plots contained in this report. What is lacking here is the
ability to further improve the position estimates through post-processing
techniques. Since time and phase information is recorded on cassette tape,
it would be possible to post—-process the data using smoothing techniques
and more complete PPC models to generate better position estimates with
formal error estimates. Such an analysis would highlight the true
limitations of the system rather than those due to limited computing power
and real-time navigation. 1In addition, if the accuracy of the navigation
solution is dependent on the PPC modelling, then differential Omega should
allow the recovery of errors due to incomplete PPC modelling and sudden
propagation disturbances.

Real-time differential Omega techniques are capable of producing
position estimates with an accuracy of about 450 metres over 180 km [Zajac,
1982]. With post-processing, this figure should drop further.

Currently at high latitudes, for programs such as the Canadian ice



island, there is a void for continuous, quick (less than one hour), low
cost and accurate (less than 100 m) relative positioning techniques with a
range of 100 km or more. Transit satellite positioning is intermittent,
and requires several passes and accurate ice velocity knowledge for its
position estimates. GPS is still limited to a few hours' availability per
day by the present 6-satellite constellation. Other radio positioning
systems, such as Syledis or Decca, require a sufficiently long baseline to
enable geometrically well-conditioned position estimates.

The use of differential Omega in a non-real-time environment, if
proven feasible and sufficiently accurate, would enable the observation of
cost effective and rapid (less than one hour) relative position estimates.
It may be feasible to consider using Omega receivers, in a non-real-time
differential mode. For example, one receiver (at a reference site) would
be calibrated by Transit and/or GPS. The other (identical) roving receiver
would occupy remote sites for up to one hour. The data from both would
then be post-processed at the reference site.

In order to establish whether acceptable differential accuracies
may be achieved in this way, it will be necessary to establish to what
extent the errors shown here arise from receiver-specific causes
(measurement resolution), and local spatial signal variations, and to what
extent these errors would be correlated over separations of a few 100
kilometres. A differential Omega test at high latitudes may well be

necessary.
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APPENDIX I

For each of the three sessions, the following plots are presented:

1. World map displaying CESAR's position, Omega transmitting stations, and
the day/night terminators at varying hours.

2. Smoothed SNR plots for all 3 frequencies.

2. Smoothed LOP error plots for all 3 frequencies.

4. Unsmoothed SNR plots for the 10.2 KHz channel.

5. Unsmoothed LOP error plots for the 10.2 KHz channel.

6. Unsmoothed SNR plots for the 11.3 KHz channel.

7. Unsmoothed LOP error plots for the 11.3 KHz channel.

8. Unsmoothed SNR plots for the 13.6 KHz channel.

9. Unsmoothed LOP error plots for the 13.6 KHz channel.

10. Computed PPC or diurnals for each of the Omega stations.

As the original plots are in colour and of size 15 1/2" by 11", the
plots had to be reproduced in two halves and annotated to distinguish

between the different frequencies in the absence of colour.
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APPENDIX I.1l

Session 1 Tapes 1 and 2

Time span: 10:02 April 3, 1983 to 12:50 April 4, 1983.

Approximate position: 85° 48.6" (N)
110° 54.0' (W)
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APPENDIX I.2
Session 2 Tapes 1 and 2

Time span: 02:15 April 13, 1983 to 04:30 April 14, 1983.

Approximate position: 85° 47.3" (W)
110° 40.9' (W)






SESSION 2 TAPE |

KNOTS

NAUTICAL MILES

56

CESAR ICE CAMP

DATE OF

SPEED GcSs TARS WS
15Q : ,
N !
|
| !
! ! i
12Sp——t- e e - SRR s — et
; i !
! | ;
1 00 B T Ty +- ——— ! R .
] | ‘ ] :
' ] . .
! : . !
[} ' . i
| | r :
ras] e e = - - — ; - .Y
. i
] .
| | | |
. | ' :
s — _ . J, b ’ . U B - o
] | | ‘
! ' :
i ;
!
TAS i .
25 - - - ——— ——— —— e e —— — e - -———T-< PR - ——
| | X L
1 ) i
J_ﬂ____._r_l ¥ R ;
cljll 4 2 42 142 2 1 41 AL 1 2 4 4 21 Al 1 4 42 1 4111 Lt i i b 1 4411 I]lllkllllll
3:1 0 S S 1189 13 1S
GMT
ERRORS QUALITY RACCURACY RADIARL ERR.
5 GEOMETRY ESTIMATE
1]
| l i f
4 — ‘...- JER U I - —— - l — _— e .
' | ? |
f ) ; !
i ' :
! , | i -
| ' Radiail error '
3,__._.1_,‘ - PR S - [
] ! !
) |
; ! | ; i
1 R 1
I I ! I i :
Lo e | I |
I
Acciuracy . :
estlimate . :x
! | “II L}
myt LB B
1 _!....._ e e s
A ? i
i Quality geometry 'k
T 1 T T I [
] . .
OJ ! | |
! .
3100 [N =]%=] 7130 9100 11:120 1 [N 2]%] 1S

GMT



57

APR 13 1983
N—S VS E-W ERR.

F FLIGHT

S3TIIW TIUOILNUYN

NAUTICAL MILES
N—-S ERR.

E—-W ERR.

ERR . RAD. ERR.

POSs.

.

31

-
:

3N S3TNIW YOI LNEN M-S



58
SESSION 2 TAPE | CESAR ICE CAMP DATE OF

NORWRY

e e e e ——— e e e ey

20 e e

LIBERIR

a4 0 P [ [P SN P P,

HRWRII

20 S N S UP U

—hs

[=1Z] 1380 1

DRAKOTA

..........

O I -1~ R~ NN -~ R 7100 svee T Tiv8e 13188 T Is:

GMT TIME CONST.:128Q8 SECS



F FLIGHT:APR

59

13 19683 SNR INDEX

13 KHZ 11

KHZ 18 KHZ

VLF 8TATUS: UNFORCED

Z

(o]
H
Z
3
u
4

3B siee FEY=1= B 9100 11169 rahoee TSy

GMT TIME CONST.:1288 SECS
e -—— -.-r_- . ——— e —_—— p— _——— _ -

C :

Z 6@L~___ — — e e e ——f—— e — - e - s
-

v i

z I N & -
(¢}

% b 10 KHz .| . . __}

'. )
o 3: 0 S:1 00 71303 9:92 11:20 13:1 003 1S
GMT TIME CONST.:12008 SECS |
T
H
J
C
14
-
()]
3
C
13:00
IME CONST. 1200 SECS

Z
C
I
T
h

TIME CONST,

1 2008 SECS



SESSION 2 TAPE 1

LIBERIRAR

HAWARII

DRAKOTA

AND VLF LOG

60

CESAR ICE CAMP

DATE OF

A4 _a-a

A A4 A A4 4

A4 A 4 4 & A A 44 4

— : :
A —t — pos — PP ———— - " T ra — - FE—— e
B uhr—rﬂ—r—T ﬁwuwmwanum-nmh-uun
C—L.__..._. e e s m— p PE—— PRI vm e s es N S .s . R O - ; PR
DI——Ff = = = T N g _— —1
[ o e e e S IR e T T ey T - py — - - — e
F‘_l“jmmm T TEN TV I ¥ B LAY S S| A2 |
G._;_._..._ (P A .. [T ———] S —— % - - ; gy ___J
e = —_— -1 —
1 | ;
2k . i '
i { i
f. i T i !
N SL I ‘
sH } i
S OO DUUUSUUTUUS FOU » T
3: 0 ST 00 731 80 S:1 0 11:Q0 13:00 1S ¢
GMT PEN UP IN UNFORCED VLF ON ALL PLOTS
acf] W "™ - |- - 10wz }
39— — :; e e e e — e I - ! I . i.
2 o Y e e ..iA_._ A - R . I .
19+ r{.‘_.! i — _'P‘l_ KHz ' f L
! : i
-‘ -——— we b g B oy T w domariover o rvealo s o v! -¢
—1 U S o — - - _
i ]
—204——— - e ——— - - -H
-3 o 13 IG-Iz ol _ . - o ot
[0 | I I I A A . _ L
ol LN N TN R
3180 S: a3 72:10 S:00 11:99 13: 80 1S
GMT TIME CONST. 1208 SECS
I H
_ — B _
.
l
b
1
{

13:080

) R |
15:

4 0
392
20
10

—10
—20
—30Q

-4 Q

—-S9

91

TIME CONST.

Qo

11:00

13130
1200 SECS




6l

F FLIGHT:APR 13 1983 LOP ERR 3K it wwz o kuz

4 a.__—- i St el .—T—-—- T S

3 e e e e e et b o

2 e 1——--——— T
1 - —r g U '”'""11"—KH3 Bafednatandieiins 4

—1 - N —— L e TNV
_EJ AT TS

REUNION

...3 —— mmmmre cme d e e - e o ——— ] = i ——— - r—— — ot

S N ____i__r_ S

......................

GMT TIME CONST
11 ' T

> Thilk '_"gm;i”."‘ e e

ARGENTINA

GMT TIME CONST.:12008 SECS

< o
30
20
10

-1
—-20
-39

AUSTRALIA

A A A A A 4 b 4 4 A Akt A A 4 A 4 AAAAAAAAq‘l.

13:00 1Sz

4
_so A..‘l....uuu_. ........... NA\ WA R N T
N=]Z] S: 00 7t00 9: 00 1100

GMT . TIME CONST.:1200 SECS

‘ﬁ.O KHz

—qAF——-- e e e e

-5 eRRoI] ‘ALAL......?. v
GMT ) TIME CONST. 1200 SECS



LIBERIR NORWAY

HANWAII

DAKOTA

SESSION 2 TARPE 1

TIME CONST. s

18 SECS.

' . —\ "A _"‘ — '>.> AR v ﬁl- 'I —ﬂﬁ' -

so—{— k_. - —d e _ i - B IR S —— . ]
| | ! 1

I 10 KHz . i

BOF-f-— e e e = T - —-em s ..I;_. —_ -l_.‘. —————— — o
| | | z |

acl | - S § IS R A .
| : | } i 3
2 e I,_ Y T - g IR I -
| | |

ERL:- - XLz Fread T STo0 . 11188 I3es TTTTsh

GMT : TIME CONST.: 108 SECS

| | | | |

(- Y~ Sa— x_ - A A - ! . I - o ' '
! : | ! ; :

I | 5 [ ! | |
S R S LI :
: 5 : ! ! | '
aetl-}— g9 & -1 ,: - 10 KHz - { é, - - - l ]
MARE LLVES : | ; | i |
TR \ 1 ! l | i !

20 I, “ : ,'f,) T T T e T R T T T o ool 0 bl e |
' | 1SR, b k(| SRS ] 1T IR B L LR BT 13

| f?ilvv‘l’llll'”‘!l P Ll :is'lIHl:.@lﬂrHlil AR AT R AT
3104 S:1 30 73100 S:1 8 113103 13130 15

|
Coap e - [}
| i
| ! !
i ' ‘
aol— N P . :
' | ! i
20— - i ....... - - l - et - ;
| ' | |
oo LY R L X . S N - E N X
GMT TIME CONST.: 18 SECS

8 O

60

4

20

LLLLLLLLLLL

10 KHz

TIME. CONST. 1

10 SECS



F FLIGHT:APR 13 1383 SNR INDEX

AUSTRALIA RRGENTINR REUNION

JTAPAN

63

18 KHZ

11:00
TIME CONST. 3

10 SECS

60— ——

80— - o
|

TIME CONST. 3

S SO

13 SECS

4 O
2@

%)

22

|
! i
SO SN RS BUN I N ST :
S U S - - -
10 KHz ‘
S D S RN S
|
il
nl:h!l | iil‘ Imnﬂlhlimln Ll “
IME CORNST .1 10 SECS :
’ 10 KHz I I l
sot—-- o G TR TR el e T S | | —~ - - -4
i r |
I.i 1 ; : l
60 ‘IIZ - - - —T MK — r~w -- P e e
~ |

TT88
TIME CONST.:1

13100
10 SECS



SESSION 2 TAPE 1

a
v}

CESAR ICE cAMP

DATE OF

3 I - -
20
m 1 —— ——— = 4 - - ' .
H lO K}!grvn b~ »e -l . DR T N o . ' R -1 - o { TN - ’ -
Wo—y e - - [N | L 1t
m i
H -2 S PRSRURPEURS—— | Y — -—— - ————— ! —_l - -— -} .
J __32 - f—f e e -9 —J - —— = ——— l PR -
-— o} & - - -] - . ‘ -

-5 2] I'1:ca 3@ 1S1

H
GMT . TIME CONST.: 10 SECS
I

i
- ‘-¢ it e e m e e e ¢ ——— s s e e—
1O , i
@ et el et e e e BOKEZ e e do .
. N t
H i '
o

HRARWARII
!
[
9

...................

GMT : TIME CONST.: 10 SECS

| !
|

DRAKOTA

g by pp b gy L g L

TIME CONST.: 10 SECS




65

FFLIGHT:APR 13 1983 LOP ERR a8 ™ nrsonsmomny

1

e L - e e
: .
J

!
i
g
N
L=

» N W &

REUNION

9 30 .. 1 1 QO 10
TIME CONST. 1 10 SECS

RRGENTINA

»“ Mll AEH e (1
30 91 380 11!0
TIME CONST. 1 10 SECS .

AUSTRALIA

CONST.: 10 SECS

JTAPAMN
]
-
e

~-30
-4 0

~ s b L Ly > S o T B S E N1 B g

GMT TIME CONST.: 1@ SECS




SESSION 2

NORWAY

DAKOTAH

LIBERIA

HAWRII

TAPE 1

66

CESAR

ICE CAHMP

DATE OF

( ——f—— . Y 1 T «-—p»T
S RO e O MUY NN SV _
P _—— ..._4 _ ————— — e e e - - e e e e - - —_— ——

T W] R——
IME CONST.,

1 10 SECS

80

6 O

4 Q)

20

........ Mll ! nnrmillll

“3h o8

SIBB

11 KHz

11

11:0

TIME CONST. 1

illl Ll ki

S

13:28

180 SECS

8c

20

j

11 KHz |

— 4 - ——— - - S O UDE— ]
' !

;

t

e ]L

)

—_— — — —— e e e VR -
i

...................... DTN SO SOy el

A

;?—'

8 Q)

60

40

20

————————— e

WYY

e - e m—— = e s e e

11 KH
I B - - — z L b L .. _
| A I I I I
i
|
i — o s e ..j
................... AA A A A A A o b P P bbby ,.

=)



67

FLIGHT:APR 13 1983 SNR INDEX *' *"=

ARGENTINA REUNION

RUSTRALIMA

JTARPAN

11 KHz

e - — —e - - e L Tvuupy Py
. . ; LA L b ]l
|

4 R S A B Y - e -

1
I
20 e — e R Sttt Rl Sl - - H
- 1= syea Y= 100 riis8a 13768 15

GMT TIME CONST. s 18 SECS

GMT TIME CONST. 10 SECS
I T T
[ ! ] !
' I | i
8e— -1 - ; e 1 R - -- |
. ; : | 11 KHz | ;
6 Ofb——v I - —— - g - I .-‘_<|, - - I -
| i ’ l ;
' ! ! .
4 -k S P, . - —
|
20 B A ] o
| | ,
[ i
—a NPT O S PR O | GO B Y N LU ' 8| N | N s aale d | 81
3100 S:1 30 71009 9130 113100 13: 300 1S
GMT TIME CONST. 10 SECS-
l l ‘
l |
I’.

4 O

'
i
’.
'
!
)

GHT

TIME CONST. 1

[
'
1
'
1

19 SECS



SESSION 2 TAPE I CESAR ICE CAMP DATE OF Fl

LIBERIM
[
-
?
'
!
]
|
1
!
!
|
]
|
i
|
e
1
v

N 1S AR ,l[. |
S: 0 11:00
T

HRAWAII

P A U U U U A U U N Gy

8008 T IT.o0 13700 15
TIME CONST.:1 10 SECS

1
|
|

—20 s R R DR S, g o R . -

| NN S S O s B

|
e e | e ettt i O

DRKOTRA

[ T S AIUE VU U Y RSP RS SY W 0 S S WP WD W U U S U WG S S S S W T WU W S USSP I W W S U U T e

GMT TIME CONST.: 1@ SECS



69

FL IGHT: HPR 13 ]983 L‘OP ERR RlE?F' .KHSZTF!TIONSNORHF!Y

425——-4 ........ ——— ——‘---—» e it e e — e e f e et e e s - - — e - —- [ S p—

30 —_ . —_— B O e s 3
11 KHZ |

2 ~ PO W e i — et e e — e —— e e . B R R B . . e ———— .T

10 —— = — e & T RSP OUNURUUIPUINEY JUSIPIUUUIOIUY i ARSI SIS U U PRy O S

(7] o ] - 1 Pl LRt < ot ool . e wr, ) Y. - ki Ve e ThinAD. A H4d =~ ol e - e R R 4

REUNION
!
-
9
|
)
i
I
+
1
I
|
T
|
!
1
i
|
1
1

300 5T 80 700 XN B Y= I B e B ST R
GMT TIME CONST.: 1@ SECS

KR :‘; e (% ‘]:[ | ] ' '-, i t' 2.0
ilh N K :
e =¥
3 P
1 v tr K

ARGENTINA
I

|
U ad N -
8 8 Q Q 8

11 e SLIRRE D ‘
11 133100
TIME CONST.:s 183 SECS |

AUSTRALIAR

8100 T1:100 13:00 1S
TIME CONST.: 18 SECS

|

' |

:

JARAN
!
-
8

111080 13:100 15
TIME CONST. 10 SECS




70

SESSION 2 TAPE 1 CESAR ICE CAMP DATE OF

A Sy ey v v v v v r v LA Anan 4 ¢

QQJL_ S R SR - - ST UV SV S SR U

! 13 KHz

6 O TN S, -} AT TSNy S P S

>

C

ke

o 4 i Risha Sttt e - e e = =
0

Z

e e e e e e g

20 — e s -

LIBERIA

GMT TIME CONST.: 10 SECS

WWTVYW\
; |
' ]
e GB_.__._t.._ DU G U GG T TR T I I ,-.......|... ——— e - - ——————— - - -
M ! : 5 '
g D -, ':
T !
I : .
2 e e IR B — - - N E
.............................. |

EXX=IZ] 113100 13:00 15
IME CONST. s 18 SECS

60 _'.. - e e e e R - i .

4 9

DAKOTA

209

GMT TIME CONST. s 18 SECS



71

¥ FLIGHT:APR 13 13983 SNR INDEX

AUSTRALIA ARGENTINA REUNION

TARPAN

Xz

13 KHZ

80— f—-m e

sop———4— - 1! | -\ ‘
A
4 O ' File,! e b e D ——— e e . e e m ceca—e—

2

Ad

AA bbb & A b

......

A

13 KHz

I Bt S

A A4 Ad A A &

b i 4

AAAAA

A4 A

3133

AA SA A b A A A A A

S:10
GMT

?.Ea‘

130

11:100
IME CONST. 3

8 o

ot
3130

GMT

ARy,
:'l'.'
[=1~%]

EXEE

T

] RS
11100
IME CONST.:

—_————— - fp— - -
} o~ o= e fme —_—
4-- - -— ———— - - .-

i

ey

13:00
10 SECS |

8 O

6 O

40

20

8 O

6 o

40

209

!
1
13 KHz i
S SR S, R - U I e I._
4- - — — - - _ L - —
|
|
I
|
—_— - — — _ SR _____,‘,
300  5:08 7180 “gheo T TTie9 13 ee 1§l
GMT TIME CONST.: 10 SECS
13 KHz '
- — —_ U . !L . —
A | t [ |
' i
; ! - o . ™ B [| j - '!'— B - K' - .
' ‘ i !
i
e — e e ——— - e e - ——— e — - ——— - —— ——— — - - - —_———————

BEKCER

TIME CONST.:1

18 SECS



72

SESSION 2 TAPE | CESAR ICE CAMP DATE OF

e -"l 1 Nr- ' [ t
R (411 T Al
39 A==l ¢ - -
20 | 13 xuz -

T 10H S T T
H
r 9
W
m
H —20 -
1 _g 3 it
—_ — — | |
—SettghBe TTTshed 7100 S:100 11100 13100 151
GMT TIME CONST.: 18 SECS,
o e B
309 et IEERRERPR
209 -p- —
H 1 e s ———— B L T B
» e e b e
C
X
C
I

GMT . TIME CONST. : 10 SECS
T

40— —4-- - - L o D S PO R S . -t

DAKOTA

13
TIME CONST.: 1© SECS




73
FFLIGHT:APR 13 1383 LOP ERR & " ararronsnornay

Z . _I. SR S T,_ e R

F S ,_____.f ................ e __w.-...l_.__. R A__i e - e

B SO P S

P 4= i T ; i

> —————, a7 TN S PR T AR e r—.—u‘—-au:m.-ww--m.nr\ LRGN TN ARCE TSR T AR R V2 L

- - e mme e cm i mem e

— 1 oHE - A L I TR PR A Y S .

REUNION

—Se-tgabbe s e 7100 9100 11100 13100 15
GMT TIME CONST.: 10 SECS

o

ARGENTINA
|
-
Q
]
L4
i

-G O . { " A-A8 - A8 :

=S 3:100 5100 7180 9100 11100 13100 152
TIME CONST.: 18 SECS

 AUSTRALIA

TIME CONST.: 108 SECS

!
|

W V. ¢
(5] h AL 3 , R O S A T LT S

JTARPAN

|

-

Q
i
)
|

-

TIME CONST.: 10 SECS



DATE OF

74
ICE CAMP

CESAR

!
1

TAPE

SESSION 2

i

A
!
!

LS &
1S:
1
i
1
- -
1
|
T
1)
1
|
——
1
t

P U Y U U U U U S

13:00

|
; _
|

ISR SR R I §

'13362

1S

b

L s

i

13: 00
13100

bbb

B0
11100

{
O \—

1

b e e

t OQ

9100

13 KHz
1l KHz
10 KHz

: ” ﬁ : ,. : A
m ! . M
’ . - | '
| : ) Q i i
J : L0 i m Q A
e e e e e e - ———— - ™ e
| . ”f. U - ! m ﬁ
\ .l \ 3 ]
| _ j [ ' f i
A m i !
w : 0 _ I0 :
e e - .. P SO UY SRS o N :
! 1% _ i o
i [ : N | N nf Nl N|N
{ MES g [ ) ] |
g el 2| g
b Mg | N el B 1 Al AR
: - "[MThe ! : | 1o “ m M
TR F N T
| . | “

1009
71008

0—4—0—0—4—6—0—0—0—‘—4—0—0—0—0—0—0—4—0—4—-0—
NP B

PEP AT S U

]

.{-

!

i

)

L

1

L
S:1 00
GMT

1. -

-

t
5100

=¥
bbbttt
At +
GMT
1

5 : Q0
S 130

GMT

Sttt

3100
310

b

‘:2!(2)
3100

t
|

. i . PO
. [
_ (1 w I
0
)

AGBMEON HINH38IN

1%
1 ee._*_--..-. HEEEE
1o — -t

30
20

H
H
C.
X
T
I

3 ee,_..._._ ! PR



75
FLIGHT:APR 13 1983 DIURNALS 12, <%, i ‘oz i wnz

32 ——— ——— e e e e Y e . e P

20

10

REUNION

3609

20

12

ARGENTINA

1

13 KHz l

3 e e e e — == e R
T '
" .
v 11 KHz '
aae — v ———— s & iem e e m—— e e b e e N *

i , % :
14 i 10 KHz i
k —+
g 1 2o L e R il EEETEIEEEEE — - L
C

1

Ot T A A o o oS [TroTE FTTETTTTTET PR |

b §

[——

30®H—— |- e s e e e

.
|
;
|
.
|
|
i
—— e — ]

20— ——----- - [ (T O e e
13 KHz

JTAPAN

] .. .. __111 KHz
'_,-J—""_' 10 KHz
T

lae 4 - e e ae o = o e - e — o S s oo = =

pme e p— e — - = ¢

s bbb —t b et bbb At et PSS U ST A ST U PSR T WO S U O Uy

—
— 4+ + 1 s 4= 1

308 8100 7100 8100 1100 13:100 1S




76

SESSION 2 TAPE 2

Omega transmittin

World map displaying CESAR's position,

that CESAR's position is incorrect

. (Note

and day/night terminators

NPOLE)

gram

pro



SESSION 2 TAHPE 2

KNOTS

NRUTICRAL MILES

77

CESAR ICE CAMP

DATE OF

SPEED GS TAS wWs
150 :
12s
102
75
so

TAS

2s

l———T1l 1 RO 11 /o [ | T |

e--rev oo I8:00 Z20: 00 5,00 Ta:00 200 2

GMT

ERRORS QUARLITY ACCURACY RADIAL ERR.

< GEOMETRY ESTIMATE

4

3'

Radial erroqy

2
Acquracy
estiimate
| T 11 j ”'d
1 I — — [ 1
1 | L
Quality geometry 1 p I [V ’
ellll'lllllllllll L1 4 4 4 1 2 1. 111 J L L L A L 412 L 14 2 A 4 42411 At 4 b A L L At 11 A 40 4L L A L
161003 18130 20120 22100 24100 2130 4 3

GMT




FLIGHT:APR 13 1983

N—S VS E—W ERR.

NARAUTICAL MILES

S<w NAUTICAL MILES NAE

S
<4
3 L]
2 -
1 i
i L]
[~ ]
1
|
- |
3 ;
!
94
5 - L _l A
a 7’ =3 s 4 3 2 [=] . 2 3 E) S =] 8
(] NARUTICAL MILES El
RPOS . ERR . RAD. ERR. N—S ERR. E-N ERR.
S
4
31
> rad. ern, i |
1 { -
. | g
N-8 enn. |
._.l -
i
E-W enn.,
N-S| ern.
-3
—4
_5 1411 A4 L e i A L s 112 i1 1 4121111 L1 141211 AL A 44 4 2 1 11111 LA 1 4 4 2 1 2 21 llllllllllll
B 80 re 6o =) 55 Fa FRY]Z) -



SESSION 2 TAPE 2

NORWAY

LIBERIRA

DARAKOCTA

HAWAII

79

CESAR ICE CAMP

DATE OF

o . | 13 kHz |11 xHz _10 KHz
s -
4 —_— e e ——— —_— ——— e ]
2 ——— ————e e Y e e
600 1Teweo Ee.ve TsEhee  TEaee T XL - 4
GMT TIME CONST.:12080 SECS
8 o —_—
so
4 ——
2 —
(6100 18100
GMT
;\» 13 KHz =-—,
80 pMV
X~ — —_ -
40 — — —— —
20 - —
e e feroe T Ee. 60" - =1 B - Sy - 1> R Y= X
GMT TIME CONST. 1200 SECS ,
LY \ KH
89 1‘0‘%{2 e
13'KHz
88 - [ —
40 B, S — — — —
22 { —
aaaa L o s aaaaaaaaad 4o aaaaaaaa il o aaaa s oaa s kA4 aa A aaaa, Ad b A A A A A A A 4 s aa aala o oo o
e 59 I RNZ]%) 58160 -E-RY ]~ 5370 2100 | At

TIME CONST. 120Q SECS



F FLIGHT:APR 13 1983 SNR INDEX 12, 0%..03, i ot

11 KHz
13 KHz
a /VX\“\/M/\_/\
;s \4‘}}&\
0 \-“J
H 10 KHz
Z a4
J
W
t 2
6108 18100 seio0 s2i1eeo 53
GMT TIME CONST.:1202 SESS
(SN —
T
Z 60 —
H
; R
4
L
(4]
14 10 KHz 11 KHz _
C <9 I3 KHZ
dmw i mane’ -—-.S-‘;-A. % e et e e e o e T s im0 s 8 e e 1 .® B s A A A |
16: 20 18: 20 201008 22100 24100 2: 00 -
C
H
J
C
14
l...
0
J
I8
Z
18
(i}
C
H

g7 58 16168 58709 52700 537169 208 a1
GMT TIME CONST. 1200 SECS



SESSION 2 TAPE 2

AND VLF LOG

oM

LIBERIA

DRKOTAR

HRARWRITI

81

DATE OF

CESAR ICE CAMP

a ! ]
Bmdumm‘m.mn- i
c
D
E x x :
F— A A A Al A A AL A A M A “ A A AL _AL vl Tl Ah A A LP‘“M
G o T ITIXY
1}= ;
2 :
3
Py
s
[
[ w-3y =1~ T8 008 280: 80 23100 24100 2100 = ot
GMT PEN UP IN UNFORCED VLF ON ALL PLOTS
VA A— 1—H= ¥
w AA_
WV o
N A_m.ﬂm"\ . i
W—\J a4 U )
KHZ : .
- : :
N | NI DY YT TP PO A.aﬂg}...a_._._._,hwm...".li....i? .....
16: 18: 00 20: 00 22100 244 1 30 23100 43
GMT TIME CONST.:1208 SECS
4
3 O] _
LR 11 KHz
2 oAy == .
1 a8 \\rv~— Nl
1O KHZ —_——— o
o 13 KHz :
LIRS b \S |
—-10 —
—2 0
-3
—a0
—-S 16100 1e:r00 Sexbo s27e0 ganbo T 2100 3
] GMT o ____TIME CONST.:280 SECcs
40 - —
3ats S~ 13- KHz . —0—¥iz -
2ol 111w c—— 2 w%
10 =S
-10
—2 0 — —_— -
_32 —_—— —— - — —— -
— 4 0 - .— —_— ——f— P ——
—SeHTEved T feree se e Ezhee TEabe 2 80 3

GMT

TIME CONST. 1200 SECS



ARGENTINA REUNION

AUSTRALIA

JAPAN

82

19 KHZ 1
REF .

1 KHZ 18 KHZ

S8TATIONI NORWAY

11 KHz

- N W 2

]

|
-

|
N

—3 9

—-40

_.38 ' -
u 1 .. 11 KHz 13 KHz
- KAz \ ;
I AT\ LAY WURUTOTIN FOUUORN . "
161 003 181 80 231 80 221 B0 2494 : 30 2: 00 4 3
GMT TIME CONST. :12008 SECS
il W%X\.
A N +L1l KHz
29
20 v,
10 EF
e
—10 I3 KHZ N e
—30
-0
—SG\M‘ ....... A A A A A A A A s Al P A4 A4 A A a3 A A A 4 4 A A A 4 4 A A A A4 A A A 4 a4 A A 4 A 4 & A'a A 4 A
16: 00 18: 3 20: 302 2211 20 24 : 00 2103 ’ 4 3
GMT TIME CONST.:12008 SECS
L X %]
30 1
> - 11 (KHz —n . :
Lo SN o
o Jolxu- 13 Z —
-3
—-209
-3
-4 0 :
-3 16100 “Hei00 TTEevbe T g2 ee  Ssaion T 2100 T At

GMT

TIME CONST

. 1208 SECS



8 .
SESSION 2 TAHPE 2 CE 83/-\ R ICE CAMP DATE OF Fl
[y vy Mt A - : MASEEEEE . B "' “

10 KHz

4 O

NORWARY

..................................................................

GMT TIME CONST.: 18 SECS

[=¥%; J— _— —— —_——— e

LIBERIR

GMT TIME CONST.: 180 SECS

8 O — - - 4 --——— - ———— .

= —_— - —- +

/R IR S R R

HAWATII

A o a2 a s a s o ol o4 4 a-a a4 a 4142 P U U N W S U U S U B U U U U U U S G U S B S U S e i

6 O ~~—_¢~w»~

agl— b L b

DAKOTA

Adod dod A A A A A 4 Ak b d b A A b 4 4 &

1
-+
I
|
t
]
o I
20 e .J:_A T R & P, _1 e e e
. i,

GMT TIME CONST.:1 10 SECS



REUNION

84
FLIGHT:APR 13 1983 SNR INDEX *'© *"=
10 KHz
e -+ -
s -4 — — —
40 - 1 i - |
2 — *
fenvee " tewso TEgvees s2vee T Eaioo 2100 43
GMT TIME CONST.: 18 SECS
a - —
e - —_—
4
10 KHz

ARGENTINA

AUSTRALIA

JTAPAN

2210
GMT TIME CONST.s 18 SECS o
a0 —_—t—
a
10 KHz
4. R
2ol ! Mt 4
6100  168:83 20100 1 00 dai16e 200 [
_ GMT TIME CONST.: 18 SECS
10 KHz
8o yCHC3CDMi- t 4
s .
4 {
2 [ —
T P T N T OO BT N
161008 18: 30 200183 éa-ea 24 31 B0 2100 ! 4 8
GMT TIME CONST.: 10 SECS



SESSION 2 TAPE 2

DAKOTA

wIBERIA

HAWRIZI

85

CESAR ICE CAMP

DATE OF

—
VT
o | )
~— e
) N J:c‘!-','_.l L;'..' b

k‘ﬂ

A
L“'L A

P UA

T
KETER)
x4

TIME CONST

21008

1 18 SECS

10 KHz

D ant & WAl s o

a—

AAAA R L o8 o
L
4 S S —
N . - A }

AAAAA

......

PN AT AT W S ATt

AAAAAAA

TIME CONST

PO RS

Aok

........

.....

......

¥ PP

b bcbndddbr b

..........

.;_;.4;;;;: TTTTTTITIOKRZz T

v - N I I S E——

S N A I v N
) R A O I T s

TIME CONST.

18 SECS



ARGENTINA REUNION

RAUSTRALIA

JAPAN

86
10 KHZ
FLIGHT:APR 13 1983 LOP ERR REF. STATION:NORWAY
j AR _
£ . N . - ;
- W A A AW T A e "’“_'f
\ Nigaay s
—— |ﬁ‘nrm_..._- —— o —
. _(,’
lO KI{Z I‘v*q}; . - 4‘
— L B
R 2 i
_ 1 :
i
58100 5zhee sda100 Ty at
TIME CONST.: 10 SECS |
1 !
|
i
_‘ i r.
| 14 :

L -y = T] 18102 2100 22100 4180 2100 I
_ GMT TIME CONST.: 18 SECS :
| Ll 1o_xna__,“-[, |

JFO e .__',_-. § i
]
20 ol
R R o
a—-'.-y:-uuw AW LR r—l’v—'t,. P .
— O — !.--... e = ' — —
N Y D U OO S
1 o
O U O N ]
— 50 .__L_.,,_ SR ST R 4o
]'.; ol JJJL NIRRT (B AR |- N P N IR A N A e
~so [6:008 18180 a1
GMT TIME CONST.: 1@ SECS. _
4 O i
P 10 KHz )
30 5
oA, g e
2 : ”
o ;
[ 5] | |
-2 $
-3 i ;
—4 - ;
T N aaa Y P T I e
=S e 88 re 58 58758 55750 5358 21 50 ™37
GMT TIME CONST.: 1@ SECS



SESSION 2 TAPE 2

NORWAY

LIBERIA

DAKOTA

HAWAII

87

CESAR ICE CAMP

DATE OF

b o' ity Bad A of g —y Ve, ey Ayramma A "'_‘ B - had \ 4 v
a o= o — — —
11 KHz
6 -
4 - -
2 - —_—
e Tevoe T Eebe T Ezves sai108 2108 2
GMT TIME CONST.: 18 SECS
8 - —
s - —
11 KHz
vy
2 1 ] 1. ¥ f :
@ [} t 291 221080 531700 s be A
GMT TIME CONST.:3 18 SECS
o ol M ‘ T
11 KHz
6@ —- -
4 —_— —_-
2 —
688 R s ea sz sihee Tz 2
GMT ' TIME CONST.:s 10 SECS
Y YV AV e NN
8 - : g
11 KHz
(29 %]
4 O
2 —
NP TN O PP Y PO PSP
16139 181308 2031 80 22100 24133 2130 | EX
GMT TIME CONST. 18 SECS



FLIGHT:APR 13 1983 SNR INDEX ‘' ==

Z 8 A

0 ! .

& M 11 KHz P

Z 40 .

J f v . L

Nl p

2 - .' y

“ferod “Teiba s sshed 53788 2vee e

GMT ' TIME CONST.: 18 SECS

ARGENTINA
a

GMT TIME CONST.:1 18 SECS
8 O
a
H 8
i 11 KHz
i 8 |
1 4 q O - . i !J A.
B ; it V i
;] ‘ v | L‘ Ff ;
a 209 ’ . - l :
18«83 = 18188 N 52 Be 5300 RN R X
GMT . TIME CONST.: 18 SECS

WM i WM [W e n%\ L

TRPAN
)]
-
-]

Sl b

GMT TIME CONST.s:1 108 SECS



SESSION 2 TAPE 2

LIBERIR

DRKOTA

HMRWAT L

40
30
20

10

.d|

-1

89

CESAR ICE CAMP

DATE OF

-2

-39
—40
-5

16

[X=1=]

Ter00o
GMT

ml

.....

.......

A A L A A A A A A A

221

TIME CONST

[Z]=])

4 3

4 O

11 _XHz

309
209

‘Fﬁ;;7*“ﬂﬂgigxww

1 9

— 10

kbbb d b A L

oA b4 A A4 A 3 4 s

...........

...........

A g b & A A A 4 4 4

TIME CONST.

11 KHz

NS

—aQ

...........

bbb b h g A

A bbb f b

B

-S>

..........

20

13

TIME CONST,

19 SECS



F FLIGHT:APR 13 1983 LOP ERR e

ARGENTINA REUNION

AUSTRALIA

JTRPAN

90

KHZ

REF. STATION:NORWAY

4

-

A

3
209
19

11 KHz -

...............

..........

Ak A A d 4 b Adbdbddndbd b bk d bbb A A 4

-5

40
30

204

1O

-10
—-20
-30
-4 0
1=

4 &

1613

=] 18330 20131 008
GMT

30 BLCELEE 5860

22130

TIME CONST.s: 18 SECS

2180

{ ( |

; [ 1A i
ni;ﬂi ; i :§
24100 2120

TIME CONST.: 10 SECS

<y

4

llé Ll,

L |
LA

e

ql e I

]
I
;
L

__...,.
e

....................

Ad A DA 4

TIME CONST.: 10 SECS

i

i — T2

AN I T B

s i MY

U 1,“..” )
s sl il YR

11 KHz

Ade bbb B by b

dheh bbbl A4

AA A 4

TIME

CONST.1 18 SECS



91

SESSION 2 TAPE 2 CESAR ICE CAMP DATE OF

DAKOTA

I - "' v " v " hdl v — v r"‘_"' l-—_"-“ At M—:_——-:_.'_'-"_:‘:'——‘ -— A 4 ™
a -
13 KHz
> © -
C
X
r 4 +-
(0]
ya
2 —-
“Tervee " Te o seiee sz eo T saiee T 2o 3
GMT TIME CONST.: 1@ SECS
a - _
€ 6o l
H
El . 13 KHz N
40 '
@
H
J 2 N
o-"l6: 00 18100 20100 22:1@68 2408 T aiege X
GMT TIME CONST.: 10 Secs
80 | ¥
H 609 -
H 13 KHz
(18
I 4
z
I
20
“renee " Taioe T Eevee -2y~ 1- R - NN~ - R =N~ 1 R
GMT TIME CONST.: 18 SECS
WY YYY VWYYV
13 KHz
Xz
40 B I
20 - _
o TN T R W - NN ] -, E— -1~ KN 1 -F- NI~ R TN Y]~ R NN - |- R

GMT TIME CONST.s:1 18 SECS



92

F FLIGHT:APR 13 13983 SNR INDEX 2 ™=

ARGENT INA REUNION

AUSTRALIA

JTRPAN

6 O

40

13 KHz

...........

-t

TIME CONST

108 SECS

13 KHz

g

I . |
22133

24100

GMT TIME CONST.: 1@ SECS
80
€O - A
13 KHz
40 1 ﬁ
2 t
“Te1 88 T Tebd T ZB:eo 22100 53 o T 2100 "2
GMT TIME CONST.: 18 SECS
ee\ﬁAﬂMM\ﬂ LN
IRARALRELY
) 13 KHz
6 O — i & 1
40 -— {
2
s - N -]~ I - NN -1 Y Ny =] ~] R - L=~ D a

GMT

TIME CONST

.1 18 SECS



SESSION 2

LIBERIA

DAKOTA

HAWRII

TAPE 2

3

9
CESAR ICE CAMP

DATE OF

i 1 T
4
3 J‘l 1 N
> T
1
{
—1 ' t
-2 H |
—a 13 KHz
— N N e AR W § I e Y AW W S A A A Y ad s o aa s 4 aa A
S 1616 18130 20100 2210 541008 2100 a
GMT TIME CONST.: 18 SECS
4 o
32’7#“ L 13 Kaz
20 H
1 Loz 2 M
- 10 5
—209
-3
—4 &
msebopa b U PSR TS B DD oS FETRDI o
GMT TIME CONST.: 18 SECS
40
3o :
2 'ﬁ, W%‘ 13 KHz .
10 —_ &
o
-1
-2
-3
— 4 O -
=S e 8 " Tebs sgreg 321~ R sy e ‘a0
GMT TIME CONST.: 1@ SECS




94
F FLIGHT:APR 13 1383 LOP ERR 3 M rion . normay

4

2
10 | ekl
o : :
13 KHz |

-1
-2
-3 T
—4

REUNION

16188 setve  Ezyvbe TEaves TTtzZhee T e
GMT TIME CONST.:1 18 SECS

Py A bd

A b s s als o

=S ‘YLS:BG

ARGENTINA
!
]
—_
1

-2
-3
—- I
=S 16120 18 Q3 28331 QG 22180 24100 2100 41
GMT TIME CONST.: 18 SECS .
40 - ] t -_— -
> ' w1 T |
1 ull
2 pU——

T

H ) % — -

J

g 4
—' L. |

o '

0 —29 13—KHz H—T -} - )

2 - -

—a
- A.l‘s.:b.é.#;;‘l‘é’a.éA_LALléLA'.AAJAAAA_é‘;é.'a.éLALAné‘;‘.'AB‘éA ...... = ’AeAéALA*IAAJz

GMT : TIME CONST.: 18 SECS

U - L L - = OS2 8 SECS
4 ————- + — :
38 o——— -— — l.A . e ——— PRSP D — PRI ——
2 8 - — ———es e - Y- — — - e w——— —— - —— ———d
' L MRS el : N E—

Z r'— —7 = R l

g T HT

¢ 191 T I3 xuz — - -

h —20 e e - - —————
—-30 JE N N I N I SSUEY VSRR S
—a S A S ___.-_L_.__...____-q
—S@-Yeveo 1teive EeyveEahvees TTEavegtttzhee T A

GMT TIME CONST.: 108 SECS



GESSION 2 TAPE 2 CESAR ICE CAMP DATE OF F

300 - —
}
T 200
X
14
0
Z 120
13 KHz
= TT RAZ
Z I‘[J KH7 AAAAAAAAAAAAAAAAAAAAA 4 d 3 A 8 1 5 A 4 2 A 4 y P GIp ERS D GRS G5 EN o
16100 18100 20100 2100 24100 2:00 -
GMT
300 .
T
H R -
MELELE — I REE—
1]
o '_,.J-’_FH-H——'— 1l KHz
Hie o ——
J = s 10 KAz
_mq‘_'f_frﬂ—ﬁ,
16100 T6e:00 20100 5300 Za:08 3: 00 a:
GMT
3009 —
H
H 200 - — - SR
C
2
¢ sa _ . - A3xEel
11 KHz
EL UUSUT FOTTTTRT P 1Q KHzl L, R D -
16100 16:00 Z0:00 55 : 00 54 :00 2:00 3
GMT
300t S S e e e e
T
}.. 2@2 e — e e e e e
o}
Y
T i _
0 190 —_— — e T < L NSNS PR —
—--’——’_’—-—'
11 KHz J IR
10 Kiz ———
161680 18100 20100 52100 2400 2180 a1



AUSTRALIA ARGENTINA REUNION

JTAPAN

96
18 KH
F FLIGHT:APR 13 13983 DIURNALS .- aiaris. vueorcen -
3e - T3 Rz - -
-~
20 — 33—z —-
,.r"'—r’_" 10 KHz RH'L
e T L“"—\_L
-
. 4 b+ b 4 b+ 4 517'—'—37—‘.'-'?
is100 1i8: 00 20100 23100 24100 2100 A
GMT
300 4 — ~
2009 I3 ROz
B P
10 e ar L
-
Te:08  18:88 20180 22100 4100 2100 =3
GMT
3eo— T
20 11 KHz ]
H%‘——
: —_ 10 KHz
120 — _Hﬂhfc -
ﬂ_‘—|
+———4 4 e e e e e e %31:‘5_‘!‘ “““““ A+ ¢ A
16:1 800 181003 23:1 B0 2213802 24130 2130 4 3
GMT B
380 —_ _
200 —
13 KHz
100 131 -Kig [
10 KHz 4,
—__\'_'\——__
| .
Ot et
1613808 18100 20100 22 180 2431 00 2100 q 3



97

APPENDIX I.3
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