AD-A214 931

Ne FILE COPY

GL-TR-89-0135

First Results from HF Oblique Backscatter
Soundings to the Northwest of College, Alaska
Using a Modified ULCAR Digisonde D-256

Robert D. Hunsucker
Brett S. Delana

University of Alaska Fairbanks
Geophysical Institute
fairbanks, AK 99775-0800

March 1989

Final Report
Period Covered July 1987-October 1988

Approved for public release; distribution unlimited

GEOPHYSICS LABORATORY

AIR FORCE SYSTEMS COMMAND

UNITED STATES AIR FORCE

HANSCOM AIR FORCE BASE, MASSACHUSETTS 01731-5000

89 11

DTIC

ELECTE
NOV24 1989

21 141

Y




Unclassified
SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

la REPORT SECURITY CLASSIFICATION 1b RESTRICTIVE MARKINGS
Unclassified
2a SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION, AVAILABILITY OF REPORT
Approved for public release;
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE Distribution unlimited.
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZATION REPORT NUMBER(S)

GL-TR-89-0135

6a NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL | 7a NAME OF MONITORING ORGANIZATION
University of Alaska,Fairbanks (If applicable) Geophysics Laboratory
6c. ADDRESS (City, State, and ZIP Code) 7b  ADORESS (City, State, and ZIP Code)
Geophysical Institute Hanscom AFB
Fairbanks, AK 99775-0800 Massachusetts 01731-5000
8a. NAME OF FUNDING / SPONSORING 8b OFFICE SYMBOL |9 PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)
F19628-87-K-0048
8c. ADDRESS (City, State, and 2IP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK_ UNIT
ELEMENT NO  fNO NO ACCESSION NO
12417F 4140 ES AB

11 TITLE (include Security Classification)

First Results From HF Oblicne Backscatter Soundings to the Northwest of College, Alaska
Using a Modified ULCAR Digisonde D-256

12 PERSONAL AUTHOR(S)
Robert D. Hunsucker, Brett S. Delana

13a, TYPE OF REPORT 13b. TIME COVERED 14 DATE OF REPORT (¥ear, Month, Day) [\S PAGE COUNT
FINAL REPORT FrOM7 /1987 71010/1988 1989 March 64

16. SUPPLEMENTARY NOTATION

p

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP High latitude ionosphere Auroral clutter

Ionospheric disturbances

HF oblique backscatter soundings

}_9. ABSTRACT (Continue on reverse if necessary and identify by block number)

This report describes, in detail, the modified Air Weather Service Digital Ionospheric
Sounding System (DISS, AN/FMQ!2) located at College, Alaska. The HF sounding system at
College, Alaska is used to investigate the behavior of groundscatter, plus E&F-region direct
backscatter caused by high latitude ionospheric irregularities. These echoes may manifest
themselves as "clutter" in the proposed Alaskan OTH radar system. Soundings to the northwest

of College have been identified as groundscatter plus several types of auroral "clutter"
echoes.

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
OunclassireounumiTeo [ SAME AS RPT O oTic USERS Unclassified
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) | 22¢ OFFICE SYMBOL
Balkrishra Dandekar GL/LIS
DD FORM 1473, 84 MAR 83 APR edition may be used untl exhausted

SECURITY CLASSIFICATION OF THIS_PAGE

All other editions are obsniete
Unclassified




VI

VII.

TABLE OF CONTENTS

Introduction . ... ...
Instrumentation ....... .. ... ... .. ...
A. DescriptionofD-256 ..............
B. The Modified System; D-256 Modified for Backscatter
Operations .. ....................
Chronology ......................
D. Backscatter Operations ......... ..

Examples of Vertical Incidence and Backscatter Data (with

supporting data - selected quiet and disturbed days from): ... .. ...
A, Fall 1988 . .
B. Winter 1989 . . ... e
Discussion of Results . ... ... . ...
A. Comparison'vith Some of Bates EarlierResults ..............
B. Ray-TracingResults ...... ... .. ... . ... .. ... ... ... ...
C. CorrelationwithOtherData ......... ... .. ... .. . ........
Conclusionsand Future Plans . ......... ... .. . . .
Acknowledgments ... ... ...
References ... ...
' Aooeaaiop For
| NTIS GRAKI v
. DTIC TAB 4
. Unanoounced a

Justification —— ol

By
Distggbution/

b o -

Avauabu}}_y'quro_s
TiAveil and/or
Dist Special

?‘/\

11

11

15
15
22

31
31
35
45

57

58

58




l. Introduction

When a high-frequency (HF) sounder utilizes an antenna whose main lobe is
directed obliquely to the ionosphere, one receives information about the
characteristics of: a) the ionosphere near the reflecting point; b) the surface of the
earth; and c) other targets between the earth and the ionosphere. Peterson (1951)
and Dieminger (1951) independently developed the theoreticai explanation for the
ground scatter echo in terms of a least-time-focusing effect, and Bates and Albee

(1970) described direct backscatter from large field-alianed irreqularities in the

auroral F-region.

During the 1960’s several groups in the U.S. developed narrow-beam oblique
HF backscatter sounder systems for various purposes (Tveten and Hunsucker, 1969;
Althouse et al., 1971; and Basler and Scott, 1971), and these systems produced new
information on target characteristics such as land-sea boundaries (Blair et al., 1969);
mid-latitude ionospheric irregularity fine-structure (Hunsucker, 1971 and sea-state
Barrick and Peake, 1968) — also see the review by Croft (1972). Results of many of
the foregoing studies were published in the classified literature. A review of high-
latitude ionospheric irregularities of varying scale size has been published recently
by Tsunoda (1988). He points out that the basic cause of the large scale irregularities
is probably due to convective plasma processed by the EXB interchange instability.

In the early 1980's a mcre sophisticated HF oblique ioncspheric scunder for
research was developed by adding digital signal processing of the phase coherent
returned pulses and utilizing a phased array antenna (Greenwald et al., 1985). When
one operates an oblique HF backscatter sounder whose primary ionospheric
reflection points lie in or near the auroral oval, many anomalous echoes from the E
& F region are usually observed in addition to the groundscatter echo (Bates, 1970;
and Hunsucker and Bates, 1969; Mdller, 1963; Lund et al,, 1967). Direct backscatter

from geomagnetic-field-aligned irregularities requires that the line-of-sight (LOS)




from the radar intercept the irregularity at nearly perpendicular incidence.
lonospheric refraction usually bends the HF radar LOS to nearly normal incidence,
but VHF/UHF auroral radars must be sited carefully to fulfiil this requirement
(Haldoupis, 1989). A review of polar ionospheric F-region irregularities has been
recently published by Tsunoda (1989). To an OTH Radar system operating at high
latitudes these anomalous backscatter echoes can be regarded as clutter which may
hamper the primary use of the radar.

In order to gain some information on auroral clutter for the USAF Alaskan OTH
Radar we (with the assistance of ULCAR engineers) have modified our digital
ionosonde system (DISS/D256) to add the oblique HF sounding capability. This
sounder system is a monostatic radar using 2 log-periodic antennas to produce a
main antenna lobe of "50° azimuthal width directed toward an azimuth of 290°. It
operates over “4-20 MHz and records both amplitude and Doppler information of
the echoes. Several vertical ionograms and HF oblique backscatter ionmograms per
hour are recorded on magnetic tape continuously.

The purpose of this report is to describe research carried out by the Geophysical
Institute of the University of Alaska Fairbanks in support of the Alaska Over-the-
Horizon (OTH) radar system, which is scheduled to start the first phase of
construction in 1989. This research effort is under a Geophysics Laboratory (AFSC)
contract funded by the OTH Radar Program Office. Task 2 of our research effort
entailed measuring and characterizing the Radio Frequency Interference (RFl) and
electrical noise at the OTH receiving site at Tok, Alaska, and a report describing these
results was submitted to AFGL in 1988. A rather complete description of the theory
and practice of OTH systems is given by Kolosov et al. (1987), which contains many
references to unclassified literature published in the USSR and eisewhere up to
“1980 and another monograph by Gurevich and Tsedilina (1985), covers the

propagation of HF waves over long distances.

J




Research Task 1 includes modification of the Air Weather Service College
Digital lonospheric Sounding System (DISS, AN/FMQ12), a militarized version of
Digisonde D-256 ionosonde, to permit obtaining oblique backscatter echoes in
addition to vertical ionograms. Analysis of the oblique HF backscatter records
should provide information on the importance of auroral clutter on the Alaskan OTH
system. The HF backscatter modification was accomnplished in September 1988. We
will discuss analysis of selected HF backscatter records obtained in Fall - Winter 1988-

89 in thisreport.

Il. Instrumentation

The primary instrumentation for Task 1 of this project (Auroral Clutter
research) is located at the Sheep Creek Field Site (SCFS), 11 km (6.6 miles) northwest
of the Geophysical Institute. Figure 1is a map showing the various instrumentation
sites in the Fairbanks area utilized by the Geophysicai institute, and Figure 2 is a plan
view of the newly refurbished Sheep Creek Field Site buiiding.

A. Description of the D-256: The D-256 vertical sounder has been described

in considerable detail by Bibl et al. (1981), but for the sake of
completeness, the essential parameters are listed in Table 1, and Figure 3
shows the essential block diagram of the transmitter and receiver.

B. The Modified System, D-256 Modified for Backscatter Operations: We

have modified the standard D-256 configuration to incorporate two log-
periodic antennas, co-aligned to an azimuth of 290°. The two antennas,
spaced two wavelengths apart at 3.6 MHz, are shown in plan view in
Figure 4. Andrew Model 747F-CD wire log periodic antennas (LPA) were
chosen for the application and predicted azimuth and elevation patterns

are shown in Figure 5. Specifications for the LPA’s are listed in Table 2.

The two log-periodic antennas are fed from individual 10 Kw Final Power
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Table 1
SPECIFICATIONS

GENERAL:
Frequency Range: 0.5 - 30 MHz

Sweep Duration: Programmable, 20 sec to
several minutes

Frequency Step Size: 5, 10, 25, 50, 100, 200 kHz
linear. 20, 40, 80 steps per octave
logarithmic. 50, 100, 200 kHz pseudo-
random linear.

Frequency Search: Prior to transmission, the
Digisonde listens at the nominal frequency,
+ 10 kHz and + 20 kHz and uses the one
with the lowest interference level.

Restricted Frequencies: The user can restrict
transmission on any frequency or band of
frequencies.

Pulse Repetition Rate: 50, 100, or 200 Hz.
Pulse Width: 66 or 133 usec.

Pnase Lolding: Interpulse and intrapulse pseudo-
random phase coding to minimize effects of
coherent interference.

Dynamic Range: 64 dB, plus digital AGC in 6dB
steps.

Frequency Source: Rapid switching frequency
synthesizer derived from crystal with 10°
stability.

Automatic Gperation: User-friendly interface
ailows npevarar to design schedules which
repeat every hour. During the hour, starting
times of up to 12 each of three different
ionograms can be specified.

At specific times during the day diurnal
changes in both scheduie and sounding
progranus may b¢ made antomatically. The
same facility allows similar changes to be
made for a more intense World Day
Schedule.

Modes of Operation:

Multiparameter ionograms (A, B and C
modes). Operational parameters for nine
different type ionograms can be stored in
EEPROMs for automatic access. The sysiem
can run vertical incidence and oblique
incidence (bistatic) ionograms.

Fixed -frequency sounding (F mode}. Fixed-
frequency soundings (either one or four
frequencies simultaneously} can be run in
between ionogiams.

Doppler-Drift observations {G mode}. For

detailed studies of ionospheric structures

(tilts} and motions, the system operates in
the drift mode.

Input Power: 100 - 130 VAC or 200 - 260 VAC, 50
or 60 Hz. Uninterruptable Power Supply
{UPS) bridges operation over short power
outages and allows automatic orderly
shutdown during longer power outages.

U.S. Government Nomenclature: AN/FMQ-i2,
Digital Jonospheric Sounading System
(6660-01-148-4205).

TRANSMITTER:
OQutput Impedance: 50 Ohms.

Output Power: 10 kW during pulse, nominal.

Max. VSWR: Any mismatch permitted.

SiGNAL PROCESSING:

Digitization: 12 bit linear, quadrature sampling
of IF signal {225 kHz).

Amplitude Resolution: % dB.

Phase Resolution: 14°

Height Resolution: 2.5, 5.0 and 10.0 km

Range Bins: 128 and 256. Selectable range start.

Doppler Resolution: Discrete Fourier Transform
has resolution of 1/T, where T is the
observation time. T is selectable from 0.25 to
82 seconds.

Doppler Bins: Variable, 2 to 256.
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Figure 5 Radiation Patterns in Relative Field Strength.




TABLE 7 SPECIFICATIONS
»
frequency Range: 2~30 MHz,(4-2% MHz aptional,)
Polarization: Hecrizontel
Directive Gain: 8 db above isotropic at 2 MHz

"2 db above isotropic at 30 MHz

Azimuth Plane Beamwidth: 600 nominal {omnidirectional at 2 MHz)
Elevation Plane Beamwidth: 95° at 2 MHz
329 at 30 MHz
Take-0ff angle (above horizan): 90° at 2 MHz
27°% at 30 MHz
VSWR: 2.5:1 at 2 MHz, 2.%: Nominal (4=30 MHz)
Front to Back Ratio: 4-0 MHz 14 db nominal
Side Loba Level: 4-30 MHz -14 db nominal
Model No frequency (MHz) Power Handling Cabability (Kw) Impedence (i ims)
747F CD-2 2 - 30 Receive only 50 (75 oprional)
747F CD-3 2 - 30 1/2 50
747F CD-7 2 - 30 19/30 50
747F CD-9 2 - 30 2.5/30 50
747F CD-42 4 - Receive only 50 (7% optional)
747F CD-43 4 20 1/2 50
747F CD-44 4 - 30 20/30 50
747F CO-47 4 - 30 10/30 50
747F CD-43 4 - 30 20/30 50
Environment: 120 mph wind witiv no ice

90 mph wind with 4" radial ice

Tower Height: 75 feet (22.6m)
Site Area Requirement: 2-30 MH 326" (99.4 M) in radiating dirsction .
- z 318" (97.0 M) yide
192' (58.6 M ) in radiating direction
4-30 MHz 3151 (95.1 M ) wide

10




Amplifiers (FPA), identical to the standard D-256 FPA. Each FPA receiver
tap couples the return signals from its associated LPA to a low-noise RF
preamp. The preamp output is routed to the D-256 Antenna Switch
chassis, which has been modified to incorporate support for the two
additional receiver signals. The two-antenna/FPA system should provide
nominally 13 dB of effective gain over the range of frequencies of
interest. A block diagram of the backscatter system is shown in Figure 6.
The radio horizon for the Sheep Creek Site is shown in Figure 7, and a
photo of one of the oblique backscatter antennas is presented in Figure 8.
The D-256 Processor/Transceiver has been augmented with a dedicated 9-
track tape drive and printer. The peripherals record all backscatter and

vertical-incadence (V-1) ionograms for subsequent analysis.

Chronology:

1. Notice to Proceed - July 16, 1987

2. Initial Site Preparation - Sept./Oct. 1987
3.  AntennaInstallation - Aug./Sept. 1988

4, D-256 Modification

Sept. 1988

5.  Startof Data Acquisition September 24, 1988

Backscatter Operations: The D-256 backscatter system was accepted fo

service on September 24, 1988. A routine schedule of V-l and backscatter
ionograms was instituted, consisting of V-l ionograms at each quarter
hour interspersed with backscatter ionograms. Two distinct backscatter
modes are implemented, one which accentuates ground scatter and the
other which is more sensitive to aurorally-induced scatter.

The backscatter system has operated without significant interruption

since start-up.

1"
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Examples of Vertical Incidence and Backscatter Data

General Characterization of Geophysical Conditions During the Observing

Period (Fall - Winter 1988-1989): From all reports (NOAA/SGD, 1989) sunspot Cycle

22 is increasing toward its maximum at a rate greater than even Cycle 19 — which

was the largest maximum previously reported. Thus, rapid changes in the character

of the vertical ionograms and in the oblique backscatter traces obtained from the

College, Alaska, sounder might be expected. Figure 9 is a recent plot (NOAA/SGD,

1989) showing the previous sunspot cycle and the progression of Cycle 22.

A.

Fall 1988 --- Figures 10, 11, and 12 are examples of ionograms obtained in our 3
basic sounding modes at College. Figure 10 is a vertical ionogram, with the
frequency sweep range from "500 kHz to 10 MHz on the abscissa, and the
ordinate showing two scales of 0 to 700 km each. The bottom plot is related to
the amplitude of the ionospheric echo, and the top plot displays the “STATUS”
(which contains information on the polarization and the “2D" location of the
individual echoes). “OPTIFONT" characters are used in these plots to quantify
each point. The optifont values can be combined with the numerical values
along the top and bottom of the abscissa to yield the echo signal strength.
Optifont provides digital information in a font where the number of dots
composing each character is proportional to its numerical value. Therefore, the
darker the point in the lower plot appears, the larger is the amplitude.
Displayed are 16 amplitude levels (4 bits) in number 0 to 15 with "4 dB per level
for the >60 dB dynamic range of the receiver. Some of the standard ionogram
parameters obtained from Figure 10 (October 13, 1988 at 2244 UT) are : f min
= 2.8 MHz, and foF2 = 9.8 MHz. (150° Western Meridian Time = UT - 10

hours).

15
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Figure 11 illustrates our “B1” mode which sweeps in frequency from
4 MHz to 18 MHz in 100 KHz steps with a path length (Group Path) range from
"50 - 2400 km. Each individual character is coded in OPTIFONT and represents
the ULCAR “STATUS"” value — which includes amplitude and Doppler
information based on 64 samples at each frequency (see Table 3). The B1 mode
utilizes our Log-Periodic oblique antennas for both transmit and receive, in
contrast to the A1 mode which uses a TCi 613F Broadband Dipole antenna for
transmitting, and seven turnstile antennas in the receiving array.

The B1 operating mode shown in Figure 11 displays some E-layer returns
at "100 km range, and the first, second, third and fourth multiples of the F-
region vertical incidence traces. As discussed by Peterson (1951), Dieminger
(1951), and Bates (1960), the groundscatter trace is tangential to the 2nd order
VI trace, and is quite identifiable on this record from “10 - 14 MHz. The echoes
extending from the 1st order VI trace at “10.3 to 11.7 MHz and from the 2nd
order VI trace at 14 - 16.8 MHz are auroral or ionospheric clutter echoes.
These represent specular reflection froin large-scale irregularities, showing
both low and high path modes via the oblique path to the irregularity.

The other backscatter mude utilized in this investigation is the C1 mode
shown in Figure 12, which sweeps in frequency from 5 - 20 MHz in 200 KHz
steps covering ~100 -2400 km in range. This mode uses a longer integration
time (256 samples per frequency) than in mode B1, and hopefully, will increase
the signal-to-noise ratio of clutter echoes which are semi-stationary such as the
ground. As in the example of Figure 11, the 1st, 2nd, 3rd and 4th order VI
traces plus the groundscatter trace are recognizable. There are clutter echoes

extending from the 1st and 2nd order Vi traces in Figure 12.
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Table 2

Status Table for Current Sounder Modes at Sheep Creek

1. VI Z T H X

- D 7 1 4 (for actual Doppler values, see Table 5.7 in
Bibl et al, 1981)

Azimuth Sequence

Code Table 5.9

pll oblique
(Bibl) N P X S U F L V' Echoes have
s g 5 s s g s -polariza-
EofN 0 300° 240° 180° 120° 60 X 0 bion and
Status #s

K&Oarever»
+ Doppler | 8 9 10 1 12 13 14 15 fical

- Doppler 0 1 2 3 4 5 6 7

Actual Dopplersare T 1/2TtorT =3
T 1/ TforT=7
2.  Backscatter/BI/Cl Mode
One Antenna only 128 height ranges - * 8 Doppler
Presently used 256 height ranges- * 4 Doppler (see Bibl Table 5.7)

2 T H X
9 0 A 4foractual Doppler values (see Bibl Table 5.7)

Doppler #s
-- « “— - + > - + +
Status from 0 2 4 6 8 10 12 14
upper of two
bins 1 3 5 7 9 1 13 15
Status from 7 5 3 7 R 1 N 3 ' 5 . 7
loweroftwo | "ot o1 ar  ar | 2T 2t Tam ot [€T=0
Actual 7 5 3 1 1 3 5 7
Doppler T T Tty ‘v 7ty leT=a
values (Hz)
e Z5b Range Bin mode is displayed by selecting the bigger amplitude ot two

adjacent height bins, thereby compressing the ionogram to 128 height bins. ODD
status indicates (1 bit activated) that lower of the two bins shown.

N L=X (See Bibl Table 5.9)
p F V=0
N P X S u F L Vv
+ 8 9 10 N 12 13 14 14 Status
X U - 0 1 2 3 4 5 6 7
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Spring 1989 --- Figures 13 through 20 illustrate the behavior ot the ionosphere
during a moderate geomagnetic storm on February 8-9, 1989, and Table 3
summarizes the main features of the vertical and oblique ionograms, plus the
College 30 MHz Riometer and earth-current data. Figures 13 and 14 are
moderately disturbed days and show rather spread echoes, the predominantly
low status numbers (0,1,2,3,4 and 5) ‘ndicate substantial velocities away from
the radar of the whole ionosphere/irregularity structure in the antenna field of
coverage. This is likely the signature of the sunward convection westward in
the premidnight {CGMCT) sector. Figures 15 and 16 show increased spread in
the VI and oblique traces. Figure 17 shows no echoes on the Vi trace at 1759 UT
— which 1s indicative of total absorption, and the oblique backscatter sounding
at 1806 UT only displayed weak echoes — which is not surprising, since the
College 30 MHz Riometer indicated "6 dB of absorption during those
soundings.

Figures 19 and 20 are representative of ionograms observed after the
geomagnetic storm subsided. Of paiticular interest is the backscatter
ionogram taken at 0351 UT on 9 February (Figure 20) showing a cl/utter echo at
11.2 -13.4 MHz and range "940 - 1300 km. There is an indication that this
scatter region existed already at 0336 UT (Figure 19) at a range of 1040 km.

From Table 4, we see that the VI traces disappear for values of College
Riometer Absorption 3dB<A<6dB. This suggests that the D-256 system
sensitivity is at least 2-4 dB greater than the C4 ionosonde previously used at
College. Since the Tellunc current data represent the strength of the auroral
electrojet and hence, electron density overhead, these data probably cannot be

related to oblique backscatter.

22




Fart o WwerniHeErR obnVice Lioo oiev 1w ' Lwu HEPIE Do e dde oo reoooa ., R R T S

!
#LOULLEGE, fu.. USA Dous ULST Lo 3L Lo o) RIURER S BRI
CLOKM Y e A TIU T -
R .‘5----:---.-... : Sretaer it e, . Ceereeiean
: N : . . . . . :
. 121e . X : : : o X
‘ . . . i
. : i
9&_-”':“””. q:.--.-‘.n':..-........--.---¢-:----.-..--............'..' ........ ......‘..' ......... R T e f
. . . . ) o . . . '
. . . . . . . i . B
©oaE : : : . [ T
L . . s o '
T I . ' . N I AT T
ovil : : . . C AW : : : ,
ceees P e T IR el

: B ' IreaI Il 1 ‘ .

) P N [ ° L X Ed X4 23N L LR R R B K R AN R

SIS LIRS NN LTS TTEY R A NI L RSSIYEXRENE] AL XEARRERENY " RENY X1 " 4
|(:L C LRARR N TS IR IR I s clIek 42 didd P ikd il TN

'’ . .
[ " h " TR INIG ERRY X -
* . " N IR L] :

‘ . ‘taaminn 1]
: TRl ER Bl
' " © 1IETIIEE CER )
' IR TAREL S &

‘ P ERIIIIEEIET AR &
‘ LEERERI:S oy

[ TLIST T AFAHN . N
Qe A 1sst [ .

~ :
e e L AET s AP btk s e e

v
53 . TEEER] L Sn : ' ) . St I
. : PEBAOISII Wi : ' : [ LIt T [ T
é . C LEROEERIRNNSY () . ’ & SEEISOMAAR M/ 1
. . Co LTI o s . . L IS
.ih : . (OSERS W BRROINI 1! i o . . O&KI: 190 1113
o2 [ ‘ [ 193 1 1 FETYN N . . : . eP! EEB 110
.9 g : [] L I LTS I A Y AL T A . OO I ¥
.8 : Y I T R ! et L L
N N i PRI T T L Y H LN RS YR
~§ v . . : % 9 S SSamd webd "SEeSS BSST
Sing : . X BETARTC TSI 1 v Su BN BTIRTSNS” AN WAL SRR EIL &
Y " N . N YR ISR FR INCLTITALY SR
. _"" RS S LT A RS BT Pt Gl . '

m
-3

| Noraerie

[JJERARALBNTES L L INE S B BN ‘BODO BBubue vasaBht BO% bid
" [V T o N N N ' * acebBBw . (13
* N N waMeBEARINNIL [ ol ’ N : N : b h DOBOOOS i i
. AL RS YO A YA A TR ‘ " N 2o Bern SBBLLLauabE DR
[N NS N N ‘ ‘ ‘ N «' oGseRD .
- ottt ' ‘ . 13 N u (L1 ° TR |
Cion . . ' Peiklaio 1 01 (lvEmE LK . . ' L2 1 1 PO S
o

19
R

e - Quts DAL
ne
ad
P
=

. Ve aoe : : : . | EE SiEE . & 8

. LT ES B c . ‘ . 11 EGISEE @7 ‘ :
R R TR TS P LT T . ‘e

R [EREY : [ : : | RN N .

: . . . . . . RN

:g . . . . . . I .

‘ . . . B .

E% . ; . . . . .o .

A . . . . . .

8 : o .

ca . . ’

o s L N - Lk R OE K kb K ) .

3 ; ; ; : : ; s : '

-2 . . . .

- . . . .

R . . . , . .

T - . . .

"t .

AT DTS s

—ﬂl\mﬂw
RS
x
"

r
=
.
.
:
A
;
i

K L
S . . . .
- i
2 . . Lo
-2 : ) . . o . .
8 4 I T N T L T I R T P E T LTS LT T TR Y TR S R T TS TR T T T TR P TP TSST ST PPN IINY
;5 2’{’ e e e e e e e B SR ;
4 (97 R . . . !
SR : : Lo :
3 . . . . .o t
2 1) . . . . . !
-9 Y : : : : .
N N . . . '
ié i{% : ; . ! 4 !
e e e e
( .
E'% o : . : : . :
- . . . . . '
P8 e . ) . B . . ,
il ; . Lo . .
. . .o . .
N . . . . ¢
.é ) . 1]
: . . . +
14 4 R T TR IR ST O LR LR T L LR R L L T LR P o Granar !
-1 cd gud : Do :
4 : . . . . ‘
sall : . : . . :
2E ; ; : ; !
3 ey : : ,
. z'.'\w : ,
b 2 .
Ve D R R R N K R RTINS D Y N
Ivéf : .
..J} .
Y
:_sn\,:é
%
i
';,‘;f F e e PR P ]
<4 .
S '
Ry

.
(S 44

.

23

Fig. o




=

L ATDO

N

o

DRIV 2}

SLnN

——— A DA G U DOCRC N A DTN L.
) — W3 Ay Y
s T p o e s A

B

ATCAE L 2 = QRUXD D C

AT
N

. - PR - ———— PO - R PRI Py T [T S o B <3
IRES SN R L4000 & 800 1 Q00 Ty 1400 Teu KRNI T
4t L T T T e T
oyt . B IcenIllundden 35y 9% & . . . . . . .
. ©IIERMA C CRFSMSNISSRNER5NSselc 9 C . .
IRBRBRNIC 130 f0 JhBW 9D Sube : : . :
(0 1 378 AR oS0 1.bi B b FRENRERID . . : . . : . :
SNEZSSEBMISY | (41 S4iEic YW'e MR ¥ ' . . . . . : o
| & BCRSEOSRINE 1 11 11 [RGB 7 . . : . . ‘ . K
TEOSh B8 ok WIRIIS MBI 6 11 ) Lolt @it 3 C . . . : . 4
SYERNIC il B RESRIERSNII | N1 1iitw : . . . . . i
SRU ESeINg  GEREED (254 94N ‘
Thogesdaatllill, e ue e e Ceerenaa
LR LI T IV IV Wb % Reioll UMY Sulbliad . . . . . : . N
T ] SIROI! | B LRS)) imdN Nl S BBt . : : : : . .
W TEERE TR . . ‘ N
toi9 MBRE U KIaBDERCESIING 7 ¢ . : : : N
RiasuhivaSendOCS0I00 $ib T4 I 8 . . . . : :
SR DRIBNNER' K Sib . . : . . : . . N
. . . . . . . . Y
. ssas [ (i
Tew 7870899 9% . :
. [T Y : : 4
LYY YT I ten T TR I
. ? . Y
. : N
. . . v
] IV TS YT EEEEEL ¢ 0 hERMGAEEAMNMOE Y P Y& 1B 0
N [T : N N . . .
St P . . . . PP
T SN LN 1 ] PSSl U b Lx 1N 1 Tt T th 18 1h } [ b e L '.li6
[R1 IS NN A T vow i O A I T A P A AR T PO A B
259 b5 T (97ube (w9 B ' b . b’ - : ‘e B :
ThS c(Sui2B2 MBI TANE : . . . . p
IR L HER T . ? ' . : '
cde Ltiriiieds we [ . . ,
ecBich tOIIEINIY 0 b 98 '
o R Y T i i PP 4
Sediaidbs: [N 1 to o N b2 ‘& o« B8y
(9109 WS R : . ' . . - e
oY (R [T} . ’ : %
() IRTY YT 1Y) It IR0 Y
fu giose It 8 . . t-
SIBPcONBIIT 1 B BN B W P4 % S 9 ¢ i I
. ] A . . ' . "
I\ [ YR IR R R R A i v . v b
Ol ubdin . 1¢i Bae a 3 : Y

A
.5‘.‘,1
PRI &
4
,
9

4O LA

RS

PR

AT AR Lo

M

|
z
g
|
é

T T
Lo LT AL S
AR s

%3
. )
s

(™3 .
Rl TLAS L[> e DO O W L 1

e AR R B

e s b e e s e e e

GRS OCH G A O O OAE L > TuXD
[

-5 r\funf\nﬁ& -

e

x

by 40w ‘ : ; : . : : : . o

o

Z
¥
!

‘e b 4 Ty [ . 910 180
» : o [} [2RE Y
v 90 tgieERE W AW . D] Ca 11 ‘9 . .

(4 ‘e - 4 . * N 85T 5 NS N “ o . LR 1
£ " moemEE . . . . . h . !
. b . . . £ - . £ . . . .

2 [ ‘e b ‘0 : . v N ST P LR 1 : LI N ]

N . - " “ . | S [} N L3 N N EAE © .

N Brvl 01 7 T a0 8 W80 b ' B 98 @0 90 98 90790 0KS 99 @0 [CTINY YRR N T > g

5 B TR P e N LTS TR TR TR % 0 SRR 0 & S 5 - 0 S s S o S L S, A=t

J{h ITII ] [ : 9 . RN . ‘9 - o R

I [ 999999 § OEPIOIUBSLN NS 7 IO ub  G9%e b OLRBUMOR  Ful C RURRETT CENP [TTIEIRTTTY TN - 19
» . : : i v Ce . P T R

) RO 907 20 3 Wl Wb Iwnld C 8D E [ s e b . Z

1 89 97 [ g e, r e Tute . I¢

» V3 Ie wis 90 EEASIE SE TR T I T TR 11 10

Wb 999 999 ¥ N & gRNesees 9 1 ¢ B0 vve ¥ 9NVEs wiiddN znb

‘88 d b B 0 Wl Wl ' B S : vree & B [ : PP T T I

Y

i

{

y '
0w 123 9909 Wb ‘B @ 0970 B SWZR VT JuBh ‘&b b o 020 7 YU 2° X B ‘29 3% 9690 o ¥ U ARNY [TER BT M|
T TRt LRl TR TR T R R At R T R PR RS PR PR PR PR A PR P TR TR R T TR R PR R A S S PR PRSP
i: . . . . P . . . f b .
1 (3% T | M . ¢ *1 ‘ L T s 39 ‘ L} ¥
e L4 | IR ] 1 t 8 i | N M ] * 2
a . . . . . . PR . )
IR 9N b [ § v . L4 AL I LI LT T A | :
UL L] ’ N LI ‘ [N N * n
NS b S ‘ G DE G OUEDGEDAS DEDOW 0N N S K PE PEADGERULIGE S MO
LI 1} M &' 8 b ‘ ‘ ‘ [ N be & ° 9
6 QA O $Ca0 00 BA 90400 9 ¢ 98 ¥ % 9 99 §F 9 °% e 8 b I 8§ 9y 9 39
ORI LR R R LR R TR SRR P Tredesavernan-
d83 b0 9% 999" 3 8 u s 99 L LR wvd 9 '8 19
" g . . . - . . . .
Uy . . . . . .
L I ] M | : T »l 09 B° 9 88 W K
L] od & b2 T9s 1. e w3
R R R R I
] u . . : . .
e g 99 99 ¢ #6 L ‘ *oel B9
[ I R B N S BN 1 A [ ] ] [ « B 9

eeanas gt B R R P e e

g

X .

! . . . . : ‘;,
Y

o : : : : ¢
() [ ] : . C . . .
¥ 86 97 29 S S0 9P N2°H0 W 6B € 9 ] L 1 3 N L2 [
qﬂ'w [ C e . [ ] v o9 [
b . . . ! . . e s
[ . b b8 7 ' . FL AT Y b4 o
i ; : : ;
N . . . . :
. . . ‘
b : {
{'........-ro-n.---n---vco---~-----.a.-. ................... IEERREEE L I T T T IEEEEER) *
g, \

¥v : ; ;
[¥] ‘
) ; . .
A .
Il 0 : : .
ﬁ. v earsareaa IEEX] s s en . ey DI ] 0 DI o e R .o DRI ‘e D I N P
. . ’

24




HAR WO ot DERvalLo Weoe

DSreve e

HCOLLEGE. Ar, USA DIGISONDE &S& 1383 OIEB 1753 1483100001135 12E 41DV T SRS VI B
H (KM, 10 SO0 I00 SO0 [N 00 PRI SO =0 Lo S Bl
B e - |
s : . . ¢
-2 . . '
ot .. Cresevstaresanisrane veeed
i" . . . '
- ; : : . ; |
LS
v - .
.9 : . X
. . .
g : ' a :
«d . ' .
TVA .......... PR LR R LR RTIPRLRPY Pereneees : e R CRRRECLLLELERRRRTETERRRRLLES
i a . . . g . .
'3 . . . — .
; ; : - '
‘ N hh B N
] ‘ ’ &6 Ak - ‘
ol : : B WA T
deNe M ‘ 4 EAAL 71 S
NS TEER T I TR PP B0 cerserainins e EBRGGetettrerrae oo R Tt T e s aiaes .
SakNg . N E SRia, ‘ B
. (17 _I§ [ L] Y e N * 1] -0
M 1068y ' N ERAJ ’ N QABRI
N J08EA9: " - 1% ’ Il J
: N c Y : TER 1A [} I
M S * N [y 7y ‘ 182 | RO ERY
. T 111 T . [ JTY . L UL Z
. YT T o ' 13 70DAYRARARAR :
A ‘ SGudEIRIASAR [} N [T ‘ P1ivviviashaasAENE ' 3
BT R TR R PR T T T T TP RPRN, e e IR L K B 7 ADARASDIANES ‘¢ ¢ %
. . Y Y ' . .unlkuunnlunm
GEARDY T 0w i . i3
N S‘ll'm'.lll"'l\i!shs: L1 ‘ : «unulmmlmn‘unh.uu
. CCOGIIIOORARADRDURILENOS A TN b : . AR5 A 811 RAMALI KASHOMAMST SRBA
* CSTSIMSIANCNURERAMT OANEOUII YL 4 X N " e REDEET &7 KAASASSALAE ARARDD
. R T LTI T I IT IV TTY T TR . . S 9NEAL ¢ 07 S ESARYAAS | ARYAARALR
B O T T I T I T S Y . Wo kBN RNES DE1 T 10AL MRARRG

S ILIATAIS IS SRR TAR L Iy
AL LT & T

EEREY

i

et
T

¥

J’“%E A R
i g SRS S

ci by Ue

i

25

. 1EE0ON0DOE: ¢« KRO0
‘ ' . SDOOADS...0BDOK
. . . cggsppooeoag
. ] uu RALLLAH
‘ ‘ e
' ‘ BI ‘18 L]
. . (1] (]
eeieee R R R R R R R LR
. . . . . . . .
tesererscrraennas .o D R R R R R R R R R R ) e
. . . . . . B .
. . . . . B . . . .
. . . . B . .
P R R R R S R R R T T T Ve
. . . . . .
. . . . . .
. . . . .
. . . s .
. . . . .

UIIB . Llh\mm

NOALDOOY. PO ABKYRI Iy

Fiqure

15




RN YN [ XY S PRI PRI W) Loung Lot R RIS R T | oo

By Ty T R T R R R R R R R

ol
2

- 1) Ay : . : : : : : : .
¢ AISERASRERE &9 'K : X : : : . : P
. T T - : : : . : : ;
.2 : 79590920950 00ARERREDES : : : : : : N
8 : : : ' N
’g ; : ; : : : L
94 . . . . . . . ¥
; . . . . . . . . x
: . . . . . . . . \
3 . : : : : : : : : Loy
o
3 : : : g '. : : ; : Dy
N4 . . . . . . . . . . .
.n . . . . . . . . . . . 3
. A ] y .o v Vot . : . ;
3 . . . . : » . L
. : : Tt LI : . : v b
: . . . . ' . . . . . !
. LR . : 0 . . : § Iy E’
: H . . C . . . ! . '
“'“C
. : : . ] LI %
i ) . . . : d
: . . . . M
.?) : * ‘e " v
-y . . Y
9 j
o
. : 1 8 ]
I : : § . (LN X ¢
) . o . EaR 1Y : i . v
H : : : : (SR T IR L UL T R TR T UL L L L I L !
v L ) v : :
8

ThE BISEY TR B 4 T P S SLDERDE BE DO'DE N
. S

Y
¥ DOk JuDILBERI: 0BG
] 1Y

4§ .

B

»
Vol AR PINCTRINEE LI RN (X :
JE K KE GE RE LE B KX B &€ LK LB (K k& . : i

M LI

-

L1
5"

tevesageprenan

2
Crrangepepertreraee resegaess

3
Perrsagiogresegeaae
L

I T T R I
ount o n

13

b
L3 [ ]

= 3 ¥
[ 3

?
i
90 19 " 88

. I ) oS »

I ' @1 w1 W IZ 19 IWEIE 0 ()
N i L § [N 3

. : ! Do

9 18 ‘#r 3 8

PEPT N

L
i .

-re

| R0
19 9
3

?
"

]
g
}
. . . I . . b
1 [ 1 R '} [ a L] . .
L s 1Y LI ] 1] [ L} L 9 ” 9 | I ¥
i| L 14 K4 4 A ? N ) . * LIS I
. . . . H . . 1 . d
A “ % 7 9 «© " " . e ke dd & & Wl 92 L) [ ] L3 I L1
. . . . . . )
. : . . .8 N g 1 .
ehbds T 9 hkb 0§ 10 & t 8 ‘ ¥ [} ’
T T R R R St I T ER R KRR NN L IS LERE LERET IF (YN (EL T TRT O TR N R NN TR P RE AR S O T PR I T TR uey
oy ' [ . 9 . . . .
17 .8 . f .
. . ™ . ' 7 .

b 9
2 IA95MI0 PP WO
- » 9

z

i [

1 . v . .
. ] . . f . . . w
b I Sl LN Xs Tenl 95 LI T T | (1224 e 1] 9 I LLN 8 b (T s LI1T B Y]
. . . h . ’ . . . f . . 4

" i

B

£

N S NS PO PTRTeS .,,.._.,,...._.._.,..,..E,

$5le : ; ; ; ; ; ; ; ; Lo
;"x; ; e : ; ; ; : ; ; ¢
NI ' ' ; ; L ; DoV
-9 vy 1 i i 19 ¥ T8 v Y]
-m} ) : ' : : : : : Cot
14 e e e
;ggé\ b . : : ; S : ‘ : o
ésg’gun "o 1 ':lll:i H : . : 'K : . [T . ng
-a% : : . . . . )
:_, : N 99" 1 1] . ] . V\
3 , : ; : : : ; : >
2 = : : : X , .' P
< fe 910 . : . . . . . v
4 : : : : . .

l: ? g..............'..... . .. Pereereeneei e

a§§<f : . : 1 :

SRRl ‘ :

g e

” 2 t‘.. . oo : Peeee PR : ...............-.?.......

RN :1.: . . . . . . . .

S . : : : .

SRR I ' ;

:zb M .

26




- IR WERTHER SERVICE DI35 STATION 7Y DDD HRMM SUTEW FROUGYy Cnbe 20L.T Nisw HELG bF
#COLLEGE, wr. USA DIGISONDE &5& 13873 028 17S3 14831vwmil 1l 1-E 43107 Sow 1230 A

(KM 1000 S0 i Qi S0 S Lo RN Ty [OPRT [
?e...l:'.-n--tt': ....... ":.. ----------------- :""'."'l'l.ll ----- "'Il.' ......... :---q...:.: ------------------- :(’--(‘ssss& ......... :
d . . . ? . . . . H . t
.. cr 1]
: " . . . ]
B q....: ......... :.........:........-................-.............: ......... R Ty Fiql“"x |7
: . . . N
. . . . K
. . . . .
. -8 : . : ;
. . . A
. r o : : o
. * N - I& °
. rot . . 55 *
] . . - 1
............ T L T T P PN
. 7 . . . PR
. [ 3 o [T s & &
. i1l . PR w5 : s & .
: ! . . bl
X : : - 4
: ) . X
. zg . . .
< :
s .
.2 .
) .
.2 .
P T S S PP PR o veereten vereree bl S S U SUPP PR PP TP
o3 .
ﬁ ¥ .
]
‘4
;!
N8 R RRREEEEREE Chreereeias [N ereeee N 1
.;'gﬁ . ]
:é{ .
-9 .
.8 :
104 ; ;
. . .
3 : :
:g : ;
' : :
¥ .
lﬂ reereisiraene tedivierereeans e essseaseseiteesesetancnanrerenonn e s e st e e bt e e e et s
]
)
1 eeesereeiiriacsnnsirane Y Chbesheerea e iresianaes Ceresiraes S vees
:
] '
.3 H
2
- b
L)
-¢
Z




AR U L0 [ YR [=1RIN) L Lo Leaongd Louy =1 RN T IR war] e

sesssiaaaneneinae

10 e
‘b

51 e 88 AR e e st e e e ettt pne et e e er et pr e e LT
i {Eruuns SR LI B 11 ) w89 '8 adc 11 © e v b I TR B
s I0elb & R [1] ) . . [ . 1Y N ] N " 3 " i
<08 Bllemeass © S, : DL ; : : P
2 : : : S ce e s {
R ) . N . . . 'y . B | . 8 ¢
: 029884 . . . . . . . . "
‘b : : . : ' oL L i
A H .. O R R RN ...................................'..!..-.......-........ ............ .,
1 ; : ; ; ' ; ; ; ; Do
& 3 Otuan ; : : : : : : : : ; C
By : : . ; : : ; : ; ; Db
‘3 . . . . ' . . . . . .
e 3 ; : : : : : : : : ; cod
3 y : : : : : L : : : : Lo
: o : : : : : ; ; : : Y
: IV e ; ; ; : : : : D
. ’& P
‘ m : : : i e “ : : ; e
. ) IeI0 192 9 0 W ¥ X o . X . L U T B : ol
e H1] vy oraanoy ot 1o 1 TRR LI B TR ALY B A O A Y (]
. . ' . . . . 0 » 0 ‘ . . . ' . !
. ) Voo . : . . : ‘ : q a o [ ;
: ; . ; ; \ ; o ;
. AR ‘s 0 . [ . i M M 1 N M ' 1 '] ]
S O O SO TP U SO S TP PT SOTOPPPPRAPON
. ol : . : : . . . R I R T
s " s b 29 . © e ' K Wed 7w e WP Bab M 0 8 0 oo ]
SR \ ; ; ; ; W \ , : :
2 : : L . :
g ; : ; D ;
N - . . . 0

i [] a [
[} ‘b N2 T Y . b L ] 9 LT ‘ ¥ L )

? .
li'ﬂbaﬂl 9 %0 93 %0 90 %9 l' W 99 Fae 94 gl 49 99 99 99 99 93 §

i ]
[ LAUE S S NN S ST S BT SR ST SN A I B |
1 LR 2L B R SN0 RN BN & Y 31X Y SN NN A B |

. ‘ . . .

9 %% 2 ‘9 99 83 § i
: el

. 1 B Y .
“ LI £ T SR S A
. . Ve

)
L

A s b

) f
‘ [N IR TR TN TR LA 1) LI L

* "% 3 oo
B R R R R R R RIETE I IR P PR

s 1)

g
%
:

x
Y e R e A N NN NE NN

D St
TN IND

N M . . . . .o
. Z§ "™ N ' . ‘1 :
e : : : . © s :
X : : : : : :
3 . . r .
: : : Doe : : : : : :
: A . . . g . . . . . . .
‘2 : : : L : . U : : ; :
: M AN B I I L I § TR IR T2 A U B R I FN 1 I [T . * - 0
4 : : EITE : : : : : : : ¢ o
i T SR T TR S L O D R T R R R R R Y CXX Ry O
! s : . s : : : : : ' T : :
-1 . : : : : : : ’ : :
G : : : T : : : e o
3 : : : : : : : : : : o
. b : : : 13 A " *s :
. e 09 . . v : | . Cooe 1 :
RN L IR I RIS TN T [ b b b th kB a0, s wb s
\ TR LR I SRR I B IS e P TR PR PR RS A R RN TR F TR RS TR R R TIXEY T LR ERRREE LN TF TRF PO TR R T
1y . : : ; D o ¢ :
S : ‘ : : : : : : : :
.‘ . . » . . [ N . . . . .
‘ ‘..-.......-.............--..............-......-......................-..............--............4......A..u.............k
A : : : : : : : : : ) o
. W
3 : : : . : : . - . : : Coy
: : : : : : : : : : : DN
. (ewae 89 9% $99 99 : : t 9 : . W : : it 0
1 s r ' : : : : : : : ; o
< : : ; : X : : : : ¢
.2 ' o (BN E B AN S R A S BN N ¥ N B B A S T SR | LN o U
o ] "8 80 » 30 b NNE B M ' b | IS 1} " ‘R '3 N | [ g
Z - . . . . . . . . . . ::,
10, gr.... .. . . Ceserressene . seseer cerae v crreeaneneed
e b : : : : : : : : Cod
A . . . . 0 . 0 . N
.3 f-’t' . . . . . . : v
R N . . . . : : ;
i 99 . : : . .
| H : : : :
; ;
{
Y
(4
v
]
g

R VO V2 VLSS S P L A e

28

il

a




IR wer Her DSERVILE Lioo Dims au . L eee ot am
4COLLEGE, wr, USA DIGISONDE &S6 1 189 058 0346 170210004118 12 4170 Loy RILA KL
AN KP]) RN 40 Sn I=YRIR] 1000 D140 &y 16 i RN B s R IR

At ol St

" IS 1 ) . . v
. hy . . . . . ol
: s s 8. : : : : : : : N
: LEULEEM & 0 . : : : : : : o
: S EXSABSIIE ENDY - : : : : : : : S0
: BSVIER VI8 ARNIDL 0 : . ‘ . : : : : ]
: LaBBai : Skbe8 50 oem 38 : : : : : : : -b
SEPED (Y gou . . . . . . . . ! .
: X (ABBLSA)  WIEAE M6y : : : : ' : : : :
: L - N : : : : : : : : g
: MY FERAYNER o MMM EDNO® : : : : : . : : : )
A R T T T T : : : ' : : : : d
9 L0000t M08 111100y 8 : : : : : : <
19 -nn i se : . N ‘ . . 0
. . . . . . L
T AR, ; : ; : o
3 N M LI I R : : : . :
My : . ! . . . . . ¥
GGy ; : : ; ' ; ' rod
3 . . . .
SRR : ; ; : ; : ; Y
9 . . . . . : . Y
82 ; ; ; ; ; ; : co
A Bt gy Sy
. : : RS eI IENIE B : : . : :
2ol B0 : A1) EZ0MABiC JRBSERD'S : : : . : : : : 8
. 95556 44 vSieaM TRy OEBOB u~s¢uunwnuwsnsusnswsnsusws IRy T N T S S S C s o
L) VZ‘\CI : L By : ' : : : 0
Sylem ; asee : ; : : ; ; ; ; 8
o U3 Beict {6NE W I0IIDER Q
: T MU IERSIIEEIEE & : : : : : : : : o
B b MER 4o BhaEA 0B [ . . . . . ‘ N . [d
Cd el D SEMEs ( GAD 0.6 B : : : : : : : )
RO UL S R B e e
‘e g 4y . 1B 4 900RSLE D . : : : : : : : . 4
i "o o sl Rl T : : : : : : . : d
RIS U : R TS LY ) : : : : : : : : g
o3 b sy llw.un!wnun 1Y M ‘ * . N : . . )
o i 8-, : I THETI T : : : * e 1 o : |
.z X 193 1200539 199098 5 B : : : : : : : : i
P [ toalBSORD Scful N : ‘ : : " [\
i . . . . . . . !
©igaan - . . . . t,
?H‘@‘ 8..:-........ Cereaenn : :
':3? 2\) . . . . . . ;’
] VP ! . . . . . .
R VNS W L0 OMCMIMEID ks A : [ T : v : : )
. 3§ ol : s EIIENERNSHY ‘u S : ‘ . . . ' :
.9.)9')2" 0 G5 CEMERIF AR L (E K L : B : : v
iy : G : [T A DADDSADA TN OA OK 02 . Toe e
4 - . e . . . . : b . . )
1 W : 110 IEED ¥ VISE : : : : . : : : .
[ A L T IO L L L E ey Ty Y O ST TR LT I8 T Y Y P Y T LF LY CERY 1Y SRT R Iy LN TH Y TALE IRTRPRRY IE N I IR O S I
4 f.)g : : mamss e : : : : : : : R
5 . . 4 . . . . . . . . . d
] Lo : MRS 110 : : : : : : : : .
3 B - . - . . . . . . . . .
3 ) - . NP TR . . . . . . . . . 8
. N — ‘ . . . . . . . . ]
.Qg 30 . iR @ . . . . . .
: 9 . ek et . . . . . . . . )
oA : T DL : : : : : .
44 . .  awe- . . . . . . . .
e : : a7 : . . : : !
. 3 . . . . . . . .
RN I8 .o
R - O ; s : : ; ; ; : ;
,'E R Lok I I ot IR L
.8 : LI 9 B T N e AN R L] "unn"unu"n “nnnunnuun ]
3 O] LI} [ LN b lbdu b ShM b b & Bh b &k & ok Ok
2 ORI U © i Beneey w : : : : LI : )
. ":’é . . B A . . . . . . . .
3¢ n TR DI N 1T O I O (IR 1t O BTN R R I I O TR I wan
e : T S : L] o i : : Ty
: SO . . 1 . . . . . . . |
e § : ’ C o eeBvukaAL . : ' : Sy
N RN R A ) ne $ Ll : TN : [T : g
g eq 2108, ! e . . . ! . . . !
\ (,,),.,..."....‘..,...,........,,m ll'!lﬁl\"‘hi!'l%
i) (A S T v EEDIOG 203y Lae o ] : i : : S
0 R : e Wl 9 : : 1 : : )
X : : : O T T Y K : : : : oy
2 %/l : : T saamEn @ R L : : : : : . t‘
23 . . . . . . . . )
0 ,i i »glnuuunnunwnuuuun.:u LU G nwniuulnunnnninwununwwn:mu IORURE AL
oL § . [
N:] 8 N uulum- l . . . . : ' )
7 A . SOERNI (14 . . . . . . . g
11"“‘ ,.......,....‘..9..."......‘ “l"‘ll ,.“...,..',..""....."..."...h.",.”..'."....,"..'.“.....".....9..,....,,.... y
4 ; : Do : : : L
.3 St e : : ' : : : : : : ]
B e . . . . . . e - : o .- PR
v B8 ; : ; : ; L ; I N S R
R4t . . . . . . . - . .
», 8..'-.--.-.---.....-n--n--.---...,...---'nuta-no----n-ra-n...-..cv---.-..-un--.n-..------l---.-..........----».n---n--..-‘..--lo
) . . . e . - . . . . . . . . :
oo . ! . . . . . . . . . t,
I (N : : - : SARBOV 952 8RO CABENES? : : . .
AR T TN T LT Y YV RS T TH] ) LI 1Y TN TR TR n RN T U L LR TR T O DO P R TS F T I S ™
gl ; '. '. : . . . g
I

II [ IR 1 il 1 o% 7% % 79 W9 v § 0 “l 'llll e 96 960 oy F Toege ¢ o990 Dhlilbiv ey un' [ XX EY] 'ilblb
. ‘1l L i . "

——
QoL

3
B

[ R ANE T : : : : : : : : .

........._,
X
[8-33
-

é

v

Y

<

3

2

S

&

{

¢

¥

e A R O XL L U ; : : umuuumuwumuuw
[N Yl M M . . . .

;:g [ LN 2 . . c1 . . N . . . E‘
53{ Do s . MR : . : ’ cr? e s .
o ;o . ' : : : ' . : : . N
o NG : : .
FRCTRI . . . .

. ? }/-‘ : 1) ! : L] : .q : :

) g .
R . | . : : e M .

v1 9 &y : : : : : : .
a1y vk : : :
I .

o T ke R LTINS s s ® o8 PN
I TN M A [ Y 1 LYV I S W [N o i [ Y t . .
M MU A B B N L [ BN i i L B B ‘ P i e




f—-—

FHAUKM) 20 400 600 800

L T P YT T PR PP PR TR PR I g
N " | R en: Wi I“(I WHIE
N STV IKE B v & K

IO& attiriom (lﬁl\li{\lilﬂllll
"1 EIbSY QABRSILEAGIY

n
-0

u

ars
llll

1000

BRI ALY WL e segeeeeenne

PR e e A AR LGN

1200 1400 1600 18¢

R T R PR

ToE 4w

1] . . .

M R AT TR
‘ © ShlGEN <1 6 903

‘1eE
3 RIRM

e o Ao

L one
- COengoo

L]
[ 1 LINEY] UI- (’QNS!S.-

: T . .
N : SRS VIEREAR A ¢ 6 N * .
B2 B O e BT e e e D,

* LRl LI I3 (I 3 * ‘
.9 ‘ | ERSORES! LI TA NS N .
. N $Sl!lhl ;K N M ¢
g . N | SYDERSP (13 . . .
Y N " SNIRTORD 8 v : *
3 38 : Tudian BRI . : . .
G * | DI el ¥ &i‘ . N
,p% N AIbEENI K N * *

Dol N R g e e e
5 * B BLE " B
. * *IRS BB i . " " ‘
. ] * & ® ° Swk . ‘ *

Kidcad T i oo S¢S € L3Ry ol L. LI
;cgz : : : : e : ' .
M . . Y » .! . .
55N : . : : . . . . ;
R . : . . . . : v
)‘ Peeans s s saerrrnsr e eqerenge *
Sl ' ;
R A :
‘SNGZ ! ,)........ vesnssnssiene srreateeenees \
5§r.?% ¢ : : : : ¢
‘Még . : : : .r. Cresteerieregeeestiiiiii e ceend
Sl : : : : Dot h : N ¢
;31‘5? . i Gt e P T T R : c.j:
[ . . . . . , M
b (s :......... . : -~-...---:..- ..-.-:n--. -..-:t---..---:-.l---..---n-.-.--cu.---..-.-. ............. R :.-.-c
;i - : . R . . .
490 . : : . :
ll'o " :.--..---....--- n..:-'- DY . sesae ..' Ve . IEXERERRY
sl : : : : : .
a0 o o
l "L"':""""':"" ....:-...............-..: setens :. R
-Jg,d il ; ; : ; ' '
: g§§ : : : '
Sl : : : : : : :
. o
Figure 20

30




Table 4
VERTICAL AND OBLIQUE IONOGRAMS FROM
DAYS 038/039 (FEBRUARY 7-8, 1989)
COLLEGE, ALASKA (SHEEP CREEK FIELD SITE)

EARTH
CURRENT
,\fL',G,\},J;EER UT | RECORD REMARKS 3°A"é';“ AMPLITUDE
AT COLLEGE,
AK
13 0429 Vi fm 1.4 MHz "0dB “0/4
£ P1=2.3 MHz
f F2=50MHz
14 0436 OB slant-F from "4-9 "0 “0/4
MHz AR " 180-
1200 km
15 1729 Vi =26 MHz “3dB "+ 1.0/6
f "B2=4.4 MHz
spread F
16 1736 OB F-scatter from “4dB “+2.0/6
“4-58 MHz and
AR=250- 1550
km
17 1759 Vi Essentially no “6d8 -1.0/6
echoes
18 1806 OB ‘Weak F-scatter “6dB +30/4
Af "4-5.7 MHz
AR 7275-400 km
19 0336 OB Slant -F 0.8dB “0/4
outto “15 MHz
20 0357 OB GS( + Clutter?) 0.5dB “0/4

IV. Discussion of Results

A. Selected Examples of Data

HF Backscatter and vertical ionograms have been obtained with the sounder
system described in Section Il since September 24, 1988. Table 5A is a listing of all the
D-256 data recorded on magnetic tape, while Table 4B lists the hardcopy data
available from our on-site printer. The number of vertical and backscatter soundings
per hour has varied since this program started, but there have always been at least 2

vertical incidence and 2 backscatter soundings per hour. Table 5 shows our soundirg
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Date: 23 March 1989

From
1988/263/2229
264/1944
265/1644
268/0138
269/0222
269/0859

271/0129
27171629
275/2344
277/0544
277/1544
277/1604
278/0059
278/1434
278/1546
279/1949
280/0140

NV

-y Aot

282/2019
284/1134
284/1559
285/2359
286/0159
286/2219
290/1144
291/1600

1989/024/0151

034/2044
062/0252
067/0237
069/0159
G72/17G7
080/1649

Table 5A
D-256 BACKSCATTER DATA LOG

To
264/1859
265/1633
266/0503
269/0218
269/0837
269/1759

271/1619
274/2029
277/0534
277/1534
277/1604
278/0059
278/1434
278/1546
279/1949
280/0144
782/1919
~02/2019
284/1134
284/1551
285/2359
286/0159
286/2219
290/1144
291/1600

024/0844

035/0159
065/1637
068/0327
069/1644
075/0300
086/1552

Printer Printout
Notes
+
+
+
Start-up testing
+
+

Data bad due to end-of-tape

Data lost due to printer jam
Data lost due to power failure
Data lost due to power failure
Data lost due to power failure
Data lost due to end-of-paper
Data lost due to power failure

Data lost due to printer jam

B/S Printer shut down
B/S System Restart
System hung at 17.6 MHz from 062/1922-063/0224
System hung at 4.9 MHz from 067/2037-068/0327

A grams no good - FPA underperforming
A FPA back online at 074/1815
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Table 5B
D-256 BACKSCATTER DATA LOG

Date: 04 April 1989

Tape Drive Data

Tape On EOData Tape # Notes
88/268/0330 277/0544  88/01 TRO @ 277/0544, 277/0544-1540 no data
88/277/1540 278/1540  88/02 PF @ 278/1436, 278/1436-1540 no data
88/278/1542 279/1949  88/02 PF @ 279/1950, 279/1949-280/0137 no data
88/280/0137 282/1919  88/03 PF @ 282/1919, 282/1919-282/2019 no data
88/282/2018 285/2359  88/04  PF @ 286/0000, 285/2359-286/0159 no data
88/286/0159 293/1556  88/05
88/293/1555 298/1734  88/06
*kkkk 208/1734 to 304/2350 no data logged during AF Training Session *****
88/304/2350 312/1658  88/07 TRO unsure of last gram on tape
88/312/1700 319/1650  88/08 See Note 1. No A grams since 319/1200
88/319/1650 31972325  88/09 See Note 2. No A grams on this tape.
88/319/2335 333/1645  88/10 TRO No A grams on this tape.
88/333/1656 338/1850  88/11 PF 338/0717. 338/0717-1850 no data
88/338/1850 343/1645  88/12 PF 343/0625. 343/0625-1659 no data
88/343/1650 350/1653  88/13
88/350/1655 358/0255  &8/14  TRO
88/358/0300 365/0140  88/15
88/365/0145 89/002/0312 88/16 System shut down @ 002/0312

System shut down from 002/0312 through 024/0151 pending renewal
89/024/0151 030/1714  89/001  System restarted on Day 024

030/1750 034717 89/002 PF about 1800UT

034/2026 043/0336 89/003 TRO

043/0340 046/0226  89/004 DISS Rack AC Trip sometime after 045/1830
046/0235 052/2320  89/005

052/2321 056/087? 89/006 PF between 0800 and 0900 on 056

058/1710 065/1652  89/007

065/1655 072/1712  89/008 TRO

072/1715 079/1654  89/009

075/1654 086/1650  89/010

086/1650 09372148  89/011 TRO

TRO - Tape Run Out
PF - Power Failure

Notes:

1. V-I transmitter failed between 1100 ands 1200 UT on Day 319. No A grams from this time through end
of tape (about 6 hours).

2. While atternpting to repair V-I system failure we inadvertently glitched the B/S system causing the B/S
tape drive to go offline. The tape was replaced.

3. V-I system returned to service 336/2244UT.




Table 6
D-256 SOUNDING SCHEDULE
AS OF 14 FEBRUARY 1989

44 4min 44 62 44 4min 44 62
sec 8sec sec sec sec 8sec sec sec
= o w S e ite weD

"Open Windows” o e - 25z
B8 A C A B A C A
!onograms - - e P - P

Hour f
00 05 10 15 20 25 30 35 40 45 50 55 00
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schedule as of February 14, 1989.

Figure 21 is an ionogram obtained from magnetc tape using Geophysical
Institute developed software showing some sporadic-E and 3 multiples of the F-layer
for 2304 UT (1300 150 WMT). Although we now have the capability of obtaining
vertical and oblique ionograms from the magnetic tape data, our program is slow
and not very user friendly. We plan to streamline this program to improve its

efficiency during the follow-on effort.

B. Ray-Tracing Results

In order to better understand some of the physical mechanisms responsible for
the backscatter echoes which we observe, we have utilized a sophisticated 3D ray
t ‘acing program developed by Jones and Stephenson (1975). This program has been
modified by Kile Baker at JHU/APL and further modified by us to produce plots using
various ionospheric models as input to the program. Figures 22, 23 and 24 are plots
obtained by using the D-256 vertical ionogram to obtain the E- and F-layer
paramcters as input to the ray tracing program. The backscatter sounding frequency
is 11.3 MHz and the input parameters are foE =2.6 MHz and foF2 = 9.5 MHz. Figure
22 is for an azimuth of 1.0° True bearing, Figure 23 for an azimuth of 16°, and Figure

24 for an azimuth of 31° (magnetic north). This inout model fits parabolic layers to

the observed Vi data and includes a transverse ionosphere density variation.

The next S figures illustrate the behavior of groundscatter range at a given
takeoff angle (10°) using the same foE and foF2 values as the preceding figures, ray
tracing on the center azimuth of the College sounder, but employing two Chapman
layers. The behavior is as expected, with the ground range increasing from ~1400 km
at 7.0 MHz to “1575 km at 15.0 MHz in Figures 25 - 27. Although the range scale on
Figure 28 is too short, the E-layer refraction is of interest. The last of this sequence

(Figure 29) shows the frequency where groundscatter is no longer obtained at this
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RAY TRACING FROM FAIRBANKS
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elevation angle.

During the follow-on effort we pian to utilize the 3D ray tracing program with
some typical isoionic contours obtained with the Chatanika Incoherent Scatter Radar
(ISR) meridian scan mode as input to study the effect of field-aligned F-region
irregularities blobs on our HF backscatter ionograms (Hanuise et al., 1985). We plan
to include an ionosphere with electron density irregularities imbedded in it and ray
trace through this model on selected azimuths and frequencies pertinent to the

Alaska OTH radar.

C. Correlation with Other Data

Correlation between College 30 MHz Riometer data and D-256 lonograms.

March 13, 1989 was a very active day geomagnetically with a sudden
commencement reported at 0127 UT and a 5 dB polar cap absorption event shown
on the Thule 30 MHz Riometer. This was the most active geomagnetic day of the
month at College, with a Colliege K = 9 from 12 - 15 UT. The College Ak = 211 for
March 13. Ak = 00 - 30is considered magnetically quiet. March 14 was considerably
less disturbed, with an Ak of 88 for the day and a maximum Kp of 7 at various times
through the day.

During that period no VI soundings using the 7-element receiving antenna
array were made because of problems with that system. We do however, have
backscatter soundings from that period and since our oblique antennas have a
significant vertical lobe, we have both oblique and vertical ionograms. Since the
College Riometer responds to absorption essentially overhead, we would not expect
much of a correlation between College absorption and echo strength on the oblique
backscatter ionograms, but there should be a positive corrclation between
absorption and the vertical ionogram.

Figures 30 through 35 are copies of the College 30 MHz riometer records from
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Figure 30

oeyﬁue
Calibration

NE »
or
OBS/~E >
oBs/vE >
oBs/N.E. -
Day 072 1989 -
College, Alaska -
30MHz Riometer 7PM
OBS = Oblique Backscatter Scan
VI = Vertical Incidence Scan
.E. = No echoes
.E. = Weak echoes
+E. = Strong echoes
.E. = Medium strength echoes 9
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1950 UT March 13 until 2335 UT 2335 UT March 14, 1989. The time on the charts is
UT, and the 2 or 3 letter groups marked on the left side of the chart describe the
types of echoes observed on the backscatter records as defined by the legend at the
lower left in rigure 30.

As can be seen in this sequence of ionograms, vertical echoes were not
observed consistently until the recovery from the storm (72030 UT March 14) and
oblique echoes were absent during mest intense part of the storm during which data
were available. As the storm abated, the backscatter echoes became stronger, but
they cid not show a peak-to-peak correlation with absorption. Also, direct- E (DE)
signatures (clutter) were only present after the main phase of the geomagnetic
storm. Thus at least qualitatively, these results are in line wit> what we expected.

Figures 36 and 37 are included in this report to illustrate typical signatures
observed on vertical and oblique ionograms from an auroral oval station. Figure 36
for 0303 UT on February 28, 1989 shows a high foF2 (711.5 MHz) on the vertical
ionogram. We have increased the VI frequency sweep from the original value of
10 MHz to 14 MHz in order to record these high foF2 values. Figure 37 is an oblique
ionogram taken at 0507 UT on the same day, showing the extreme <pread echoes
seen during disturbed conditions. The echo from "13-14.5 MHz is probably a clutter
echo.

The map in Figure 38 shows the center azimuth of the backscatter antenna
from College and the location of the auroral oval for 0800 UT for Kp = 5. This
program will be revised to include the terminator and the azimuth beam half-power
points during the next project period. Figure 39 from Bates (1966) backscatter
soundings investigations illustrates some of the properties of groundscatter and
direct backscatter from the College step-frequency 30 kw sounder. Of particular
interest i1s the bottom backscatter ionogram using the northern directed antenna.

Note the similarity of the clutter echo at “1500 km range with similar clutter echoes
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Figure 37
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Figure 38. Boresight azimuth for the Sheep Creek HF oblique sounder system

in relation to a "typical auroral oval" (K =4, 0800 UT, 20 Aug 1987).
Fstimated 50° azimuth half-power beamwidthPis also shown.
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Fig. 39 The leading edge versus frequency of the groundscatter traces recorded
from the four magnetic directions near noon, October 3, 1965. Where the traces
overlapped at their low-frequency end, some of the points are omitted for clarity.
The south (S) record, containing a second-order groundscatter trace in addition

to the fundamental trace; and the north (N) record, containing auroral hachscatter
traces at 1500 km rang- are included.
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in Figures 11, 12, and 20 of this report. We will make use of some of Bates

backscatter ionograms as models in our next year's effort.

V. Conclusions and Future Plans

The modification of the D-256 into a backscatter sounder has been quite
successful. The estimated system gain of the 2 final amplifier/two antenna sounder
over a single final amplifier/antenna is “14 - 19 dB as a function of frequency. The
oblique sounder system has been on the air since “September 25, 1988, continuously
except for some power failures and maintenance problems as noted in Tables 4A and
4B.

Good quality groundscatter echoes are consistently obtained, and the clutter
signature has been well identified. At the present time we are making four Vi and
four oblique soundings per hour as shown in Table 5. We have also found that the B-
ionogram is not of much use because of its short integration time (a factor of four
less than our C-ionograms). Having the vertical ionograms interlaced with the
backscatter soundings has proven to be valuable, since the VI ionogram helps in
identification of certain backscatter trace signatures. We are considering changing
one of the modes to optimize detection of groundscatter and clutter.

We have modified and used the "3D" ray tracing program developed by Jones
and Stephenson (1975) and found it to be valuable in interpreting backscatter
ionograms. In the future we will use the ray tracing program to model different
electron density distributions and irregularity models.

lonograms of some of the clutter echoes obtained during this program have
been compared with some clutter signatures obtained by Bates (1966) using a step-
frequency sounder at College in the late 1960's, and the resemblance has been
remarkably close. We will use some of Bates models and ionograms as this study

continues to help in identification of clutter morphology.
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Since the maximum activity of solar sunspot cycle will occur in the period 1988 -
1991 this affords an excellent opportunity to obtain worst-case groundscatter and
auroral clutter echo morphology. We plan to obtain statistics on the behavior of
these two echoes as a function of time-of-day and season (Fall 1988, Winter 1988-89,
Spring 1989 and Summer 1989); as well as geomagnetic disturbance variation. If the
system were still operational through calendar 1990, we could also obtain some

sunspot cycle effects on clutter and groundscatter.
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