—

AD-A0B83 240

UNCLASSIFIED

ROME AIR DEVELOPMENT CENTER GRIFFISS AFB NY
VLF/LF REFLECTIVITY OF THE POLAR IONOSPHER F/6 20/16
OCT 79 R P PAGLIARULO:» J P TURTLE HERE,» 31 DECEMRER 1978 ===ETC(U)
RADC=TR=79-273




EE

FEEE

FERERE B
==

N
i

E
13
Er

io -

==
o Iz

MICROCOPY RESOLUTION TEST CHART









DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

it ic




Unclassified

SECURITY CLASS!IFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE Bz,%‘é’%’:gmg":m
'mj.ﬂ ATV YT — ¥ Tfr\mccut'ﬁm 3. RECIP'ENT'S CATALOG NUMBER

\ RADC-TR-79-273

5. TYFE OF REPOKT & PERIOD COVERED
FLECTIVITY OF THE POLﬁS:'L\o‘}’

In-House
ECEMBE‘% 197s — 5 MAY 197 1}’ N)

. PERFORMING ORG. REPORT NUMBER

CONTRACT onmuruufﬁt__J
Robert P/ Pagliarulo ] Robert L. /Cooley R TSgt, | JSA -
John P, / Turtle Wayne I, /Klemett . {1

John E./Rasmussen

10. PROGRAM EL!MENT PROJ!CT TASK
ARPEA & WORK UNIT N

N TON NAME AND ADORESS
Deputy for Electronic Technology (RADC/EEP)
Hanscom AFB o

Massachusetts 01731 (
11. CONTROLLING OFFICE NAME AND ADDRESS - m—»]
Deputy for Electronic Technology (RADC/EE Octobee=$979 ! ok o)

Hanscom AFB J "NUMBER OF PAGES
agsachusetts 01731 Ll

. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) s, SECURITY CLASS. (of this report)

Unclassified
15a. DECLASSIFICATION/ DOWNGRADING ]
SCHEDULE

6. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

[78. SUPPLEMENTARY NOTES

l"Megapulse. Inc., Bedford, MA 01730

9. KEY C on eide 11 ‘and identlly by block )
VLF propagation

LF propagation

Lower ionosphere

k 20, ABSTRACT (C. on side It and by dlock

F - This report provides a summary of high latitude ionospheric reflectivity aA
observed by the USAF high resolution VLF/LF ionosounder operating in

northern Greenland. Ionospheric reflectivity parameters, including reflection

heights and coefficients, are presented as a function of time of day. VLF

long path propagation measurements, along with magnetometer and riometer

data, are presented as supplementary data. 4/:—/

rorm
DD 1 an 73 1473  =oimion oF 1 NOV €8 13 OBsOLETE Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

<




Preface

The authors thank in particular Mr. Duane Marshall of Megapulse, Inc., for
help with the equipment that made the measurements possible, and Mr. Bjarne
Ebbesen of the Danish Meteorological Institute for the outstanding operation at
Qanaq, Greenland.

Appreciation is also extended to the Danish Commission for Scientific Research

in Greenland for allowing these measurements to be conducted and to Jorgen Taagholt
and V. Neble Jensen of the Danish Meteorological Institute's Ionospheric Laboratory
for their continued cooperation in this program.




5

a

’

A

-t

B

1. INTRODUCTION
2. OBSERVED WAVEFORMS
2.1 Weekly Example of Individual Waveforms
2.2 Three-Dimensional Waveform Presentation
3. REFLECTION HEIGHTS
4. REFLECTION COEFFICIENTS
5. SUPPLEMENTARY INFORMATION
6. IONOSPHERIC DISTURBANCE DATA
7. ADDITIONAL COMMENTS
REFERENCES
1., Geometry of the Propagation Path
2, Examples of the Observed Waveforms
3. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 385 (31 Dec) 1978 — DAY 006 (6 Jan) 1979
4. VLF/LF Reflectivity Data for the Polar Ionosphere,

DAY 007 (7 Jan) — DAY 013 (13 Jan) 1979

Contents

llustrations

14

18

e ——— .

A S S

o TN DETEERI SRR




s

i

o g i

r
g

Ve

e AR S e i - e

5. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 014 (14 Jan) — DAY 020 (20 Jan) 1979
6. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 021 (21 Jan) — DAY 027 (27 Jan) 1979
7. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 028 (28 Jan) — DAY 034 (3 Feb) 1979
8. VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 035 (4 Feb) — DAY 041 (10 Feb) 1979
9. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 042 (11 Feb) — DAY 048 (17 Feb) 1979
10. VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 049 (18 Feb) — DAY 055 (24 Feb) 1979
11. VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 056 (25 Feb) — DAY 062 (3 Mar) 1979
12, VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 063 (4 Mar) — DAY 069 (10 Mar) 1979
13. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 070 (11 Mar) — DAY 076 (17 Mar) 1979
14, VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 077 (18 Mar) — DAY 083 (24 Mar) 1979
15, VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 084 (25 Mar) — DAY 090 (31 Mar) 1979
16, VLF/LF Reflectivity Data for the Polar lonosphere,
DAY 091 (1 Apr) — DAY 097 (7 Apr) 1979
17. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 098 (8 Apr) — DAY 104 (14 Apr) 1979
18. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 105 (15 Apr) — DAY 111 (21 Apr) 1979
19. VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 112 (22 Apr) — DAY 118 (28 Apr) 1979
20. VLF/LF Reflectivity Data for the Polar lonosphere,

DAY 119 (29 Apr) — DAY 125 (5 May) 1979

llustrations

22
26
30
34
38
42
46
50
54
58
62
66
70
74
78

82




VLF/LF Reflectivity of the Polar lonosphere
31 December 1978 — 5 May 1979

1. INTRODUCTION

This report provides a summary of high latitude ionospheric reflectivity data,
as observed by the USAF's high resolution VLF/LF ionosounder operating in northern
Greenland. il As shown in Figure 1, the transmitter is located at Thule Air Base,
Greenland (76° 33'N. Lat., 68° 40'W. Long.), and the receiving site is 106 km
north at the Danish Meteorological Institute's Ionospheric Observatory in Qanagq,
Greenland (77° 24'N. Lat., 69° 20'W. Long., Geomagnetic Lat. 89° 06'N). The
ionosounding transmissions consist of a series of extremely short (approximately
100 usec) VLF pulses, precisely controlled in time, and radiated from a 130 m
vertical antenna. At the receiving site, orthogonal loop antennas are used to sepa-
rate the two polarization components of the ionospherically reflected skywave signal.
One antenna, oriented in the plane of propagation, is used to sense the groundwave
and the transmitted or "'parallel" polarization component of the skywave. The second
loop, nulled on the groundwave, senses the converted or ''perpendicular' polarization
skywave component. The signal from each of the antennas is digitally averaged to

(Received for publication 9 October 1979)

1. Lewis, E.A., Rasmussen, J.E., and Kossey, P.A. (1973) Measurements of
ionospheric reflectivity from 6 to 35 kHz, J. Geophys. Res. 3&:19.

2. Kossey, P.A., Rasmussen, J.E., and Lewis, E. A. (1974) VLF pulse iono-
sounder measurements of the reflection properties of the lower ionosphere,
Akademie Verlaq, COSPAR, July.
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Figure 1. Geometry of the Propagation Path

improve the signal-to-noise ratio of the individual received waveforms before they

are recorded on magnetic tape.

An example of the observed waveforms is given in

Figure 2, where the ''parallel" waveform (Figure 2a) consists of a groundwave propa-
gated pulse, a quiet interval containing low level, off path groundwave reflections,

followed by the first-hop parallel skywave component.

is shown in Figure 2b,

The perpendicular waveform

Ionospheric reflection parameters are derived by computer processing of the

ground and ionospherically reflected waveforms with allowance made for factors

such as ground conductivity and antenna patterns (see Section 4).
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3 4 Although the data are recorded about once per minute, for this report the wave-
X forms are averaged into 2-hr time bloc’'s with the exception of the three-dimensional

,‘ waveform presentations (Section 2.2). The resulting information is presented in a

weekly format (Figures 3 through 20 as described below).

2. OBSERVED WAVEFORMS

g A 2.1 Weekly Example of Individual Waveforms

In part A of Figures 3 through 20, a set of averaged parallel and perpendicular

waveforms is presented for the time block centered near local noon of the indicated
day. Each of these waveforms is comprised of 256 digitally averaged points spaced

2 usec apart. In part B of the figures, the groundwave Fourier amplitudes are shown
as a function of frequency. Although the data presented in parts C through L of the

b figures are generally limited to frequencies in the first, or principal, lobe of the
spectrum, information at higher frequencies can be used when sufficient signal-to-
noise conditions exist. There is, however, a frequency range around each spectral
null where insufficient signal exists for measurements.




2.2 Three-Dimensional Waveform Presentation

A three-dimensional display of the recorded |l waveforms covering each weekly
period is shown in Part R of each figure and the corresponding 1 waveforms are
shown in Part S. For these plots the data has been averaged into 15-min time blocks.

3. REFLECTION HEIGHTS

The group mirror height (GMH) of reflection was obtained by determining the
group delay of the skywave relative to the groundwave and attributing the time
difference, by simple geometry (assuming a sharply bounded mirror-like ionos-
sphere) to a difference in propagation distance. As discussed in Lewis et al, 1 the
group delay can be defined as the rate of change of phase with frequency. For the
GMH data presented in this report, a finite frequency difference of 1. 0 kHz was
used, and the corresponding phase difference as a function of frequency for the
groundwave and both skywave signals was obtained by Fourier analysis of the
respective pulses. The GMH calculations took into account ground conductivity
(10-3 mho/m is assumed), and the corrections of Wait and Howe3 were applied.
Group mirror heights, obtained from the parallel and perpendicular waveforms,
are plotted as a function of frequency in parts C and D of Figures 3 through 20. The
GMH's are also presented as a function of time-of-day for the average frequency of
16,5 kHz in figure parts E and I. The parallel GMH's in part E are shown along
with an average reflection height for reference purposes. Each point of the refer-
ence height is a weekly average, by time block, for the 7-day period indicated. The
corresponding perpendicular GMH's, part I of the figures, are also shown with the
weekly average for comparison. Part G gives the average, by time block, for the
daily parallel GMH data of part E, and part K gives the corresponding perpendicular
GMH averages from the daily data of part I.

4. REFLECTION COEFFICIENTS

Assuming that the ionosphere acts as a ''mirror" at the GMH, plane wave re-
flection coefficients® were obtained by comparing the ratio of the skywave Fourier
amplitude at a specific frequency to that of the groundwave, taking into account

3. Wait, J.R., and Howe, H.H. (1956) Amplitude and Phase Curves for Ground-

Wave ProgaFation in the Band 200 Cycles per Second to 500 Kilocycles,
at. Bur. Stand. U.S. Circ. No. 574.

4. Budden, K.G. (1961) Radio Waves in the Ionosphere, p. 85, Cambridge

University Press, London.
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wave spreading, earth curvature, grouna conductivity, path lengths, and antenna
patterns including ground image effects.

The reflection coefficient |l R || was obtained from analysis of the parallel sky-
wave component and is plotted as a function of frequency in part C of Figures 3
through 20. The || R || coefficient for 16 kHz is plotted as a function of time-of-day
in part F along with the average of the indicated week for reference purposes.
From the perpendicular skywave pulse, the coefficient || R 1 was obtained and
appears as a function of frequency in part D. The 16 kHz || R is shown along
with its reference in part J. Parts H and L present the average, by time block,
of the daily Il R Il and |l R 1 data presented in parts F and J, respectively.

For certain coefficient data points, plotted as asterisks (*), the reflection
coefficient appears without a corresponding GMH. For these particular data, only
the skywave-groundwave ratios could be obtained as the skywaves were too weak to
provide reliable group delay information. The reflection coefficients were there-
fore estimated using a nominal GMH of 80 km in the calculations. These estimated
coefficient values are included in the averages presented in parts H and L, but the
assumed heights are not used in the GMH averages shown in parts G and K.

5. SUPPLEMENTARY INFORMATION

For purposes of comparison and interpretation, certain supplementary data are
presented. Part M of the figures shows the magnitude of the horizontal component
of the polar magnetic field as recorded.on a three-axis fluxgate magnetometer and
part N presents 30-MHz riometer data, an indicator of D-region particle precipita-
tion. These supplementary data were recorded at 30-sec intervals by RADC/EEP
at Thule AB; the curves represent the average of 10-min periods. The solar zenith
angle is given in part O of Figures 3 through 20 for the indicated mid-week date.

6. IONOSPHERIC DISTURBANCE DATA

During the period covered by this report solar activity continued at a moderate
level. The effects of energetic particle disturbances can be seen in the data begin-
ning on the following dates:

2 Mar (DAY 61, Figures 11-12)
11 Mar (DAY 70, Figure 13)

28 Mar (DAY 87, Figure 15)

3 Apr (DAY 93, Figure 16)

24 Apr (DAY 114, Figure 19) .
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The strongest of these disturbances, that of 3 Apr (DAY 93), produced 2.5 dB
absorption on the 30 MHz riometer. The other events were quite small, producing
less than 1 dB absorption. The transient effects of Sudden Ionospheric Disturbances
(SID) resulting ,from solar flares can be seen in the 3-D plots of the waveforms.

The strongest of these occurred on 2 May (DAY 122, Figure 20) at about 1700 UT
and was caused by an M9 X-ray flare.

During strong ionospheric disturbances, when enhanced ionization produces a
lowering of the VLF/LF reflection heights, the skywave moves closer to the ground-
wave as seen on the waveform plots. In particularly energetic events the skywave
can merge with the low level off-path signal reflections (described in Section 1,
Introduction). During these periods the constant off-path groundwave reflections
are computer subtracted from the waveforms so as not to interfere with the sky-
wave reflections. During the period covered by this report this subtraction tech-
nique was used in the parallel and perpendicular waveform data for the weekly
periods beginning on the following days: DAY 56 (Figure 11), DAY 63 (Figure 12),
DAY 70 (Figure 13), DAY 84 (Figure 15), and DAY 91 (Figure 16).

7. ADDITIONAL COMMENTS
‘ |
= Comments and suggestions for improving
its usefulness should be addressed to the Propagation Branch (EEP), Electromag-
netic Sciences Division, Deputy for Electronic Technology (RADC/EEP),

Hanscom AFB, Massachusetts 01731.

This report is one of a series. >"

(Because of the large number of references cited above, they wili not be listed here.
See Reference Page 13, for References 5 through 17.)
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Figure 5, VLF/LF Reflectivity Data for the Polar lonosphere,
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Figure 12. VLF/LF Reflectivity Data for the Polar lonosphere,
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Figure 13, VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 070 (11 Mar) — DAY 076 (17 Mar) 1979 (Cont)
Part R, 1l Waveform Display

56

{
|
|




Lo

_‘
:

WEAL

LOCAL NOON

- ¥ anth -

RY:

PERPENDICUL AR

LOCAL NOON

TIME - MICROSECONDS

ity Data for the Polar Ionosphere,

VLF/LF Reflectiv
DAY 070 (11 Mar) — DAY 076 (17 Mar) 1979 (Cont)

Part S, L Waveform Display

Figure 13.

57




e

e

6461 (TN $2) £80 AVA — (JeW 8I) LL0 AVA ‘212ydsouc] Jejod ayj 10y ejed A}IANOAAY AT/ATA “§I 2anfrg

VAYO IAYMANS B¥IND10N3d¥3d WOUS SIN3I144300 NOLLDTIA3 T QLUVI0SSY ONY SIHOIM NOILDTI3Y HON¥IW dNO¥D ‘0
(ZHY) AJNINBINA

VIVQ JAVMAXS TITIVEVA WOUJ SIN3ID 144300 NOLLITUIN {Egﬂlgégg 2

c.orq 0°0e 0702 0ot 0'g
e |E:

]
1=
1
g
=
a
1=
1.8
8
3
5
&
z

1

(ZHM) AININOIN4
n.ah 0°0€ 0°02 001 0'Q

1
AN31D144303 NO113327438 *¥*

6LE1 2080 JbU 7 03T

6L61 280 Av0 Z OOS!

oror

(ZhY) AIN3NO3N4

0°0¢ 00z 0°01

(14

(ZHX) AJN3NO3N4
oe 002 0°01

b

008 0° 09 00y 00z

(WX) 1HOI3H NOMNIW dno¥o

&

0°0y
H YON¥IW dNO¥O

009
3

0:08
(WX) L1HOI

0-001

[ 74}

6LE! 280 AWO Z 0091

SL81 200 Aw0 2 OO®1

3511d IAVMONNOYD 40 WIULI IS 30ML1 iAWY ¥31¥004 °§

(ZHY)AIN3NO3YA

008 Qroy 002 0'04
//4 n.w m
~
H
2
LAY
X8R
o[ *®
~
—
R
o]
o
rofM
o
>
—
o
[
L
w
o
lo
S
o
28 AYQ L3009 - SWE043AYM G3AI 03 ¥
(SOMGII0NIIN) 1L
000 o0 2 001

N2 10NN

REL

0N 17498 10130

58

T pr—




(3u0D) 6L6T (FIN $2) €80 AVA — (JeIN 81) LL0 AVA ‘@13ydsouo] Jejod 2y} 10j eed £31A13097ay AT/JTA ‘§I aandid
VU 08 AVC - E1UNY WLINIZ BY10S 0
110} LY
N m i o L TS AL e W ST G T o el B WSO DM N
,» - g
i ms“ 7 hiie ‘\}}l\\\e‘i’;\ri\\/,xe\.\\;’g\lg?ul‘“. =

| VIYQ (V1N 1GNIUId! HIYD ATIVG 10 JovBIAY X
.
h:

01313 JUNMY 0 INDOAYOD K W
|

eI e R O I e SRR 15 D

T S e e AT A T

Lcoos
< AYQ 40 Wil 2ZHY 0 9 504 SIN3ID 114300 NOILI3143e T 1
e e LIy e s e RS A,
2t ERRTIISE 2y S PR TG S S -
PR LU P L

VIV JAVMANS BVIND1ONIdUId WOBS ZHX § 01 ¥04 SIHO LM BOEEIW dNO¥D |

| 8,88, 81, 2 0.0, SO0 TGS T ST IO DG TN 89 D S8 O DR PO )

| : i g =

l - 128 e = 2

i 5 # - 2

| TARIE A, p ity - cetE R b e e
= R ; :

- vive "¢ Ahiva 0 Jovay W

B8 0 8

2 VIVGNITIVEYY) HINO ATIVE 40 Jovainy '9
= IO 0. FOU L.

e

LA MO (W

T I o B B B B B BN BB 308
;. 3 2

3 st

= S = > =

. ; - ze 5

hE ST IO & A R AN A S A S T SR S ) . =
; : ; sexeaty

z - % i

2 = Ly

19 - AYQ 40 WL ZH 001 304 SIN3ID 143300 NOLLITI3Y M 4

NS TS R I SN 0 )

PR aee e,

VYD SAVMANS T3TIVEVE WORS ZHN § 91 B0 SIHO 134 BOBXIW dN0ED 3
7 008 FOUS JE8. JI6 TT00 ) SN POV JUOR TG ST TR JOUG SN IO U0\ ) WL YOS UL JUN . JO% S S OO A

gl
Vo inorhe Poad®

59

RN ES R ey s UERE R gk ek Wi s ek D e s s R S L Gy B AR R R g e ARt S L R R e e PR S g a e
L - - - -
1 & G/61 08 AVO - pZ AV QO1¥3d 341 804 ¥D018 3WIL HNOH OAU A8 JOVHIAY AVONIANS +
53078 IWIL 8N0H OML NI 030VH3AY YIVO ANIYE ©
i
3
; ﬁ
3 !
o H
|
- o » >
q
1 |
L]
; g * ‘vi- ¥
S A A T = DTS R
RN R RPN U R D 3t A W T ST o —




81 1800
1978

LOCAL NOON ~—

8) 1
1780

810600
1978

2 81 0000
% 1979
2
% o
% 1979
P i
%, LOCAL NOON
2
%
%
P
%

78 0000
1979

RECEIVED WAVEFORMS - PARALLEL
DAY 77 - DAY 83 -0

1976
LOCAL NOON =

7l’ﬂ 1‘;0.0_

Tohtee_

TIME - MICROSECONDS

Figure 14, VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 077 (18 Mar) — DAY 083 (24 Mar) 1979 (Cont)
Part R. || Waveform Display
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Figure 15. VLF/LF Reflectivity Data for the Polar Ionosphere,
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Figure 16, VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 091 (1 Apr) — DAY 097 (7 Apr) 1979 (Cont)
Part R. |l Waveform Display
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Figure 17, VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 098 (8 Apr) — DAY 104 (14 Apr) 1979 (Cont)
Part S. 1. Waveform Display
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Figure 18, VLF/LF Reflectivity Data for the Polar Ionosphere,
DAY 105 (15 Apr) — DAY 111 (21 Apr) 1979 (Cont)
Part R, |} Waveform Display
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Figure 18, VLF/LF Reflectivity Data for the Polar Ionosphere,
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Part S, .L. Waveform Display

7




6L6T (adV 82) 811 'AVA — (adV 22) 2IT AVA ‘a12ydsouo] Jejod ayj 10j e A}ATIOAYRY dT/ATA °61 2and1g
VAVO IAVAAYS ¥ WOu3 T ONY SIHOIM BOUYIW dNO¥Y 0
(ZHY) AIN3ND3¥4 (ZHM) AIN3ND3¥4
o.m- 0'0€ 002 00! » i 0°0€ 002 0ol F

351Nd IAVMONNOYD 40 WNALDIAS J0NLIWWY ¥318N04 '8

2

(ZHY¥JAIN3NO3N4
008 ovor 0-0Z 0°0o

\/ 8

L6181 Aw0 7 0091

BL61 SI1 AWO 7 0091

0-or

010
661 S11 uwa 7 0031

02'u

0°08
(HY) LHOI3H ¥ONMIW dNO¥9

IN313144300 ‘NOILJJ‘\J!I .

(1-01X130NL17dWY

0

o€

VIVO VRS TATIVIVA WOWS SIN310144300 NOLLITER ™ GVI208SY WY SIHIZH NOLLOTHIY BOBNIW dNO¥D D

o.nmzx- AIN3ND3N 4 (ZH¥) AJN3ND3¥4

L L 0 0°02 0°01 0°Q 0-or 0°0€ 0°02 001 0°q

SITAVQ “IW90091 - SWHO03AVM Q3AI303Y 'Y

1SOMOIBONITN) WiL
L 002

6LE1  S11 Aw0 2 0091
0°02
SL61  SI1 Av0 7 0091

0-0r

WINIION I

ICNLL Tadw IATIRTIN

008
(WY) LHOI3H YO¥NIN d4NO¥9

1
IN3II144300 NOT1D3143y "y




(3u0D) 6261 (2dV 82) 81T AVA ~ (4dV 22) ZIT AVA ‘e12ydsouc] Jefod ay; 1oy ereq £y1a13097398 AT/JTA 61 2andig

ST AVQ - J19NV HLINIZ ¥¥108 'O
(140) WIL
" 1 H

1030) 370NV WiIN3Z ¥810S

wivaTe" K110 20 39vaav 1

VAVQ (Y TIOIGNI UM MWD ATIVE S0 0VEIAY

14 149 S B BUWOE DWE N

—

Q1313 DN 0 ININOIWOD H W
B B B e 1 Y 4 d

\L/c/s(\\{/)\lc,\/fl}ef\a\f{\{sf/z_wm

WO~ AVO 40 WL ZHX 091 804 SIN3ID144300 NOLLOTI3E T

.
P T005 08 ST TI000 J00 . J00 T30, 300k JOUS S0 TOU 08 T30 s ook TN TOOC IO 00 300 S sout WL IO T

3

i i
VAVQ AVAANS ¥VIND10N3dU3d WOUS ZH) €91 B0 SIHOI3H BONUIW dNO¥D |
SE..8L 2.0 L JON 00 ) D00 S U TS JUR JOU > F00 ) 0% 3 SO0 JOOR )

uo.o.»ncu-o uon..o.oconanoc.-uoo.-.

DR IO I Y
titeei1 1210 fe

AN~ Av 30 MLy ZHX 09 804 SINIUD 144300 NOILITU ™" 4

1] . m
L EI0: 002300 vk YOS TN YO0 00 00wt OO TOT TO 00 00 et ) TR TN STeut YO TOC TOU 00 30 Soedt OO

R w».....-
®eiitgececctecetey
ity

Ptereecs OISR FIR I Y .
Ll e > ? N LcT Ry .o
. te 0} 3o ®veve,"gde .. .e
.
. : 3 %

i 3
VAV IAVMANS TITIVEYA WOUS ZH) S 91 ¥04 SIHO13H MOWNIW dNOYY 3
| O O ) O 5 O O PN N 300 ) 00 T PR )

i i i

esevesgoeucsne, - -
= +2 T S yebe
2lnEar Wiib hed i 15 AR E P

: LY & ‘e & e
st AR TS ] TOCE i BRG] S 1

- - ]
481 S11 AYO - 801 AYO 00)¥3d 31 ¥0J ND019 W11 BNOH OML A J0VHIAY AYONIAKS +
SXJ078 WL ¥IOH OML NI QIOVHIAY VIVQ ATIVD ®

PO i i @ SRR




117, 0000
1979

116 1800
198 e

LOCAL NOON ——

o

% N—
%, LOCAL NOON

% 135 1200
% 1978 —

2
o
2 - It
LOCAL NOON
141200
‘I97§‘z._‘>
LOCAL NOON ===
113 0600
1919520
. RECEIVED WAVEFORMS - PARALLEL N

DAY 112 - oY 118 112, 4800
1978
LOCAL NOON ~—
112, 1200
T

Ryl

120000
Vi

T =z = T
200 300 400 500

TIME - MICROSECONDS

I
o 100
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