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SKYWAVE RADAR

By

Minoru KOTAKI

Skywave radars sense natural and manmade targets at ranges up to 3000 km or more by bouncing

HF radio waves off the ionosphere.

been advanced at several countries.

Recently, remotesensing techniques using skywave radars have

In this report we explaine some characteristics of skywave radars and present an outline of the
radar system operated by SRI (Stanford Research Institute) International, which is the most

advanced facilities over the world. We show some applied exsamples of skywave radars and

activities of radar system development over the world.
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WARF RECEIVER—LOS BANOS, CALIFORNIA
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WARF TRANSMITTER—LOST HILLS, CALIFORNIA
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TYPICAL STEERING/COMBINER MODULE
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SUBARRAY
NUMBER

r4ti4

— > INTERACTIVE
EIGHT- | EIGHT #|  MULTIPLEXER AND NON-
CHANNE ™ sampLE- - AND ] COMPUTER |—»| INTERACTIVE
RECEIVER »| AND-HOLDS| 3] A/D CONVERTER REAL-TIME
> > DISPLAYS
ANALOG \ UNIT /
MULTIPLE- CONTROL
BEAM-FORMING
SYSTEM LINEAR SAMPLING DIGITAL
SWEEP COMMANDS TAPE
GENERATOR (rate adjustable) RECORDER
CESIUM
FREQUENCY/
TIME
STANDARD

.
Seven beams maximum; use up to seven receiver channels.
A ninth channel is available as a spare and for channel-control applications (such as interference blanking).
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| CHANNEL 1 (Representative Channel)
JANTENNA
IN
| PREAMPLIFIER 70.05 MHz ~50 kHz GAIN BLANKING
: O 3-30 MHz BW ~ 20 kHz BW = 1.44 kHz CONTROL GATE
LC- - - SLAVEs 4
il (CH. 2-8)
LOW-PASS
fhesed freetet| | > Flren
. ! MASTER
8-WAY 8-WAY SELF
DIVIDER DIVIDER |
A 70 MHz I . & BANDPASS g y
| 50 kHz FILTER
73-100 MHz r
FILTER-AMP - MASTER €———
r AGe ouT
( | out (CH. 1) ouTPUT 90,
100 | O] AMPLIFIER
X10 | FREQUENCY |25 kHz | PULSEWIDTH BLANKING RECEIVER
MHz DIVIDER MODULATOR GATE- IN CHANNEL
g | t ouT
TWO-STEP 373-400 MHz x2 T ‘IOO_R— ] I l pETECTOR
UP-CONVERTER < FILTER-AMP | 30 MHz " | DIODE FOR
IN 35 SELECTING
MHz | LARGEST
350 N | SIGNAL
| x2 |@— x5
MHz I
LARGEST-SIGNAL
k | AGC MODE
FREQUENCY l (interconnect all channels
20-d8 DIVIDER at this point to
PAD | obtain this mode)
e ONE o o NINE DUPLICATE UNITS
N Z  UNIT | (1 master, 7 slaves, 1 spare)
SFCW IN e e e e e e e e e
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1R % fF B o B &
Frequency range 3—30 MHz
Noise figure < 3dB

Maximum signal

IF Filter: 3 dB to 40 dB shape factor

AGC tracking error between channels

Phase match over 80% of the final IF passband
Gain match over 80% of the 20 kHz passband

Currently available passbands

Gain control modes Each channel :
' Self

Slave

kTB noise+100dB for all IF bandwidths (B)
<2.2to1l

<0.5dB

+5°

+0.5dB

1.44 kHz centered at fo=370Hz;

780 Hz centered at fy=280Hz;

110 Hz centered at fp=400 Hz*

Manual or automatic
Manual or automatic on the master channel. Cabling
option allows automatic gain control to be derived

from the channel having the largest signal output

*fo is the geometric mean of the cutoff frequencies (3 dB down points).

BT X ZBERIC K 5 TR 2HENORBERLE
EEP ST DRPEFBRICRVVEE NI A EEXTHLY
BNMESOBBINTEZDTH . FIEDMEORSE
ALIIRIBP A OEREE > TE — 2 Eb S Tbh 5 T
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EHEDMED (<10dB) &S ER L, S hsei

#MUTV2 HF B CBIfET 28 F OZERTRALETR
$. Lo l, OTH v—£ D4, 7 V5 FHsBifiln
®/ R—NVTULAT, VSWR »EL, ErTvs+&
ZEBOMICENWy — TV EGERLTO S8, B0
BEIBDTARELL S, Lichi-T, WARF L—%
IR DR TERE bOZEB M ME & -TK
5(5)'

3.3 EERERVESLE

f
@
1

|
| A (offset video real
voltage output)
s : T RECEIVER t
o 3-—-30 MHz 3
SFCW SWEEP) POWER o High dynami A/D
GENERATOR AMPLIFIER II o Nese Tonre <555 (100 4B) 11 bits+sign
o Gain & Phasc stable (0.5 dB,1°)

|

I f

I - | 117

t
TIMING/ FREQUENCY
STANDARD ]
SFCW SWEEP
GENERATOR
DIGITAL PROCESSOR
o Clutter filter
® 2-dim. Amplitude weighting (Hanning)
© FFT (range/Doppler analysis)
® Post detection RFI suppression
o Post whitening
TIMING/FREQUENCY ® Noncoherent integration
STANDARD ® Display formatting

® Parameter estimation

BT WARF L —ZHJERE RO T 0y 718
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Waveform

A(t)

I

WARF V— #1585 03K 13, SFCW (25 % ik
HOBW ramp FEEKTHRDIE LIRBIT 2 H:& SFCW
E5ZHLBHL ramp FT 1B 5l 3275
HEOZ#@Y b5, SFCW {3100% @ duty 44 2
ZbHD0T, BESS VBRI TR, Sk, AV
54 VB HE U BRI TH B .

HBHIIE W ramp JEBRBTRBIZ AL 8, W
WD steep-incidence 1 A / 7' 5 4% backscatter
14775 LOERICHbNE DT, fRIEHEREE R
BB OBRELTRD B DTHS. HAHIISIES
PR3, JHMiD sweep generator 5 DIEE & Z(E(E
FD I+ v/ (deramping), HEiE, +—F 4 AFH K
B~ DOBEHER T U TZORNEEE2~<s P ViE
Wi a2ETHh5.

HBEIHe A BB T ramp B2 DE LT
SEAR, HEEHROE= 2B IELNI DT, =
I —EEEEREN, T o—-BEN Ny 77 ERKEE
KOWTRITILE ST S . —DDREITEH O hE
SO Ho—2D L —& L v I% L a—REEOEENs
Bohs.

T WARF 0 SFCW L —% YR 5.4 OB
Ule7 vy 2 2R Uk, X(EF L ZIEFRR ORLIE L
3R T 10 usec N OREEE TR T 3.
ZERITFISRPMNHEOLEL (20€H0.5dB, 0.5°
VIR 50, 3~30 MHz JEHk 4 A < Bifed
3. ZEESOKETRBESICIL T, 100dBic b
7o 2 BEIFISFERLEE L, MEHEHIZ3dBLL & i
S T3, EERITRI=avyCa—22EHL, 4—

BeX % fF

sampling at N samples/sweep for M sweeps

ol

$2K SFCW {FH{E5 0B <7 2 — 2 DR

Basic Parameters

W=Swept bandwidth

T»=Waveform repetition period (=1/f;)
N=Samples/sweep

M=Sweeps coherently processed
T=Coherent integration period (=MT,=MN/fs)
f:=Sample frequency (=Nf;)

W:=Receiver bandwidth (fs>2W;)

Derived Quantities
Time delay coverage (=T:W:/W)
Time delay resolution (=1/W)
Unambiguous Doppler coverage (== f+/2)
Doppler resolution (=fr/M)

F a4 AESHADT 4+ V2 VART bR BT R
3.

NYFIEWT Tr BT EICEE DR LIREI X oS EE
FORIBILS, FRDSBER B OV TH 8 RIICRS
hTna.

ZEESLELEEE fs THY Y v 7EhTE
v, 1EBIORIITNEOY Y FEDOF—2DE SN,
MO HfThb 2 BEEZE Y B, ESNEOEL
WHEEEHTHB. b 7Y BB fs 3F4F %
FREERICE ST, ZENSVNE We & f5>Wr2 D
BfRICHB. e —L v b RS T I MTy & 13
5. LD DA S 2 — & (N OBRERE 2 RiTR
Uiz,
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BT ENER

# 3% WARF OTH Vv —%# Y x5 LD

Main System Backscatter Sounder X:&gﬁ&%ﬁér
® Transmitting Site
Power 20 kW CW 10kW CW 10w
Antennas East 18-Element FTM Array, 9-26 MHz Rotatable Horizontal LPA Delta
West 18-Element LPA Array, 6-30 MHz 6-30 MHz 2-13MHz
Both 205 m Long
6° Azimuthal Beamwidths at 15 MHz
Directive Gain ~20dBi (at 15 MHz) ~13dBi ~5dBi
Coverage +32° from E/W in 4° Steps
®Receiving Site
Antenna 2.5-km Array of 256 Whip Pairs Delta
0.5° Azimuthal Beamwidth at 15 MHz
Directive Gain ~30dBi ~5dBi
Coverage +32° from E/W in 0.25° Steps Electri-
cally Steerable to East or West
Operating-Frequency Spectrum Surveillance System
Selection

®Combined System
Power Product

Waveform

Range Resolution

Integration Time

Dwell Period

Cycle Time

No. Receive Beams

No. Range Cells

Nominal Area Coverage
Rate

Automatic Detection and
Tracking

PrGrGr=93 dBW at 15 MHz

SFCW
Ships Aircraft
3km 18km
12. 8 sec 2.1sec
25. 6 sec 2.1sec
30 sec 7.5 sec
5(%0.25°) 3(%0.50°)
21 12
4100 km2/min 72000 km2/min
Yes Yes

MXNEDY Y FDRRY P VBRITEWNT, 2h
Zh 1 EIORBITESNANBEDY ¥ Fic20Th,
%72, MEIORBlicE T 38T ICE T Z2hEhiRE
DEAFS (Hanning iIc X 3EA M) MEBIEI
5.

3 XRIKiZ, WARF @ OTH v —4 v X5 L DT
RUMHCRITHOBEE, BENCKERRE 5 2 —20
REWIIEER U

R R OBREREICT 2720, HCimPaTH
DR ORI AINES 18 & 5 1, 8% Range-Doppler
R2fekd 5. £ ORIk ickE{ range € VDK v
75 1% 1FIIKERTR LIS DTH 5. EEEOHEA

BDg—4y F OBERCI, -4y FEEIT VT Y X
LZ2(ED, BERICERFETS. £ IRIRTEROKRH
#7177z Range-Doppler {o#IT, #hFhor vy
2OWT, Fo 75 BEEESRET oy LD
DTH5. BERLOVTE, BRBEZEDID, Fi
MEV~VED 20dBEWVETYZ ) v 7LTHS. TO
RT3, MLz a—RFy 75 BB T —25Hz
OFicRAZ 3. #9-bX3, HB9-aREAKIESH
}oF—42ThsH, whitening EEEZHEFNRD L
ICDWTITY, 75 v 2% RFI X 5170 spread-range
ESEHUIBRCESHITET- 1D TH 3.

WARF L —# O#R Ui#B] I & % backscatter 7
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a. Range-Doppler Map

(Linear amplitude clipped
20 dB above noise)

b. Range-Doppler Map
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c. Doppler Spectrum

(Post whitened separately
for each Doppler cell)

b e b ¥
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Doppler Frequency - Hz

#91¥ Range-Doppler %7 Doppler 227 +vI¥. RiTHD O DR HHH —25Hz It X 3.

— 2 DFRFLET, #9-a, 9-bREIiT, HHRL
EONBFHEREI-cKITRUIENIAR 7 bV TH
3. BIROFlIicAVWONIz L —F DEE/5 x — 213,
75y & a—ticdh b0 EREREC LT, BT
B Iy, RESEOEHETH 2 -4y PRI
T2H0TH5. BT, 77 v 2 OSSP, £
DFEFED & =4 v bEBRBT 2101, Y Fighil
L7y, BoKHEREL &30 ENHS. WARF L—
£ TIRERE— YV FIEOREZ 104~10" it & > T 5.
IO FE IR &EY, K— Y FlEORE A&
¢ (2.56%x10%) & »7c—filT, EEHEH T 3 — OHFIT
55O, L—F 854 —xi3, W=50kHz, Tr=200
msec, N=16, M=256 & L, B 351.28 & E
{15-TEY, BHEII-DELWVEENELNS. &
BICEBRFy v 237 VE LT 0wREOT, KiFE
ZEiicBd 3 incoherent 1EFEHE L BT Lic kD, #
BOR~Ry PVOEEESHETC LK s .

3.4 BEXEK

OTH Vv —#2HW\ThBH5E O s = Y& T 55
A Bl v — 2 BT ERRE TR E SO R &L
it > TR TR EEEFZ T 5. Hic, HF HOEY
DEFERRE BEEICBA TS/, OTH L—F~0DiE
15 XiMiOZER~OUEZmIIMT 2 LEVH 5.
OTH v —4% O:EREITIY, ST IZIER TR

DB N ERBERET. L — & OERICHREL B
HHBHIE (14 MHz DL L) AR, &%, 10~100
kHz BEDIEL b - BEDODIOF + 2 VHRMAH»
3. —7, BEFEEEMMEL 25 (10 MHz JF) &,
BCRETRERTE 3F v 2 vdRMAF IR V.

BDZHER~DHEEBHDL T 51D, ZEBHE
DEHONY FAIEHINEER D { § 248D
5. 0, WARF L —4& T 3% EROEE LRSI
KB NT. BEERICEIREAMTRE 2 T - T
B9 %7, BIEEBICA-TE fo ZBER & O EY:
HEDMOR D> DRIER, A7 b VTLEORT
BHBET X538 07T Y Xa BA L ShTH
6 [§38) .

3.5 (R DZ
BUREEFEESTIEMTHLOEHET L20T
T OELICADLRETRELER N -2 2RD BT E
3% L. WARF TREEREBEDPLV Y I 1 b %

B HERETEEROBRRIZIT> TV 3.

WARF Tff» T 3B OBk, BE 7L
¥ &41% backscatter IC kB4 4/ 75 LDEEES
BT ERKHIST> TS, BEIT LS ICXEAZ/ 7
5 £ Sl O TRIDEROREEEE LT
349, oKk, BEEIVKERIRTH 5T EERE
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(a)

BT KN FER

7
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OOPPLER «— Hz

-
ia\h
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=30
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SECOND-ORDER CONTINUUM

AVERAGE SPECTRUM AMPLITUDE — d8

APPROACHING
WAVES

e

RECEDING
WAVES

=70

DOPPLER — Hz

RANGE-DOPPLER-PROCESSED SEA-ECHO DOPPLER SPECTRUM.

The mean Doppler spectrum is an average of

Doppler spectra recorded at different range lines separated by 3 km. The first-order echoes
produced by a resonant interaction between the radio waves and the ocean waves 1is sensitive to
changes in the wind-direction field. The second-order sideband structure surrounding the
stronger Bragg line is sensitive to changes in the directional ocean wave spectrum (Maresca, J.

W., Jr. and C. T. Carlson, 1978).

> oy

WX ﬁﬁﬁ%&@FviiZ&yrw.ﬁﬁﬁw%wékwmuyvmﬁué%mmbwénkufa

2Ry M EEELT .

#1% backscatter 41 &/ 7' 5 s D3, BHEETHE
7 OMER ORETFP h~ KRR OB B RIS A
BLEMNTERUY,

ek, 414775 6hd, BroxivyF—HEE (B
ZIFRINPREILE) ODRIEIRTE NS b7 Lo,
WERDPODI 5 v & %Mo T L —FES O RESTAL
B, 735y 2xi#EELE (CNR) 248 - TRITHEOH
fDBHR, HEEICED 2 OTH L —& Sl o

T&%. CNR EMN HBEEML D ES LI &
iid, BlOHS LDV —FBRDNS A —2 2EZL B4
b 5. WARF Tid backscatter OFERIEIK, £D
LxoLyy, BEMTO CNREZHEL, 14/ 7
5 & ki CNR O¥fE#R%ED, OTH v—& 0xhK
HIER OBt LT 3.

4. OTH V—%DIER
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First-order sea echo
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Higher-order sea echo~<
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Normalized Doppler Frequency

WIE HERHERDOINEN Ky 75 227 . first order
x 3~ (Bragg line) B3R EHKOILEIC X 5T
>h5.

g 0

* T I

A

o

| |
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o o
I

Power Spectral Density, dB

| | | |
QO s w
SO O o o

-1 Hz 0 Hz

Doppler Shift

A —— Short wind-wave direction
(surface wind direction).
B —— Surface current.
D/C — Rms wave height.

E —— Scalar ocean-wave spectrum.

F —— Frequency of dominant ocean wave.

12 WHNHE ¥y 75 227 LD iF

4.1 BEOE=¥
EFEOBRICLZBRIHFEOF v 5 227 b
O—FIEBIIRICEL:. COR R ZEREE Ny 7
SRAEMOERELTELIDDTHB. FuvF5v7
FEBEIL, Fv ) TOREREELL, BERNICKD
7o EAKIL first order = 32— (X I3, Bragg-scatter)
DOEBHAMEZ 1 & UTERILLTH B,
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first order * 3 — 3 —EOMFEERR » b & 5 KT
BTFoREZRCL, v —£ OBROBEREISEERBD
BROD 25 L1 2 —HOWRBHNT L > THREA S hicd
DTH3. L—FANMEPLEIDPIFRICEEDORY
AT 3RRICE B3z a—D Ny 75 BEKIIZH
Zh—1 RO +1 OEHR LI hicliz s 3.

first order T 3 —MDiZHITL D HBED/NE L higher
order T a—[EX N T 5. higher order = 3—
HEEREZ S BATHS. BROZDDORREKIO
FERRTY D FAA T R ELVER T S /NS 73 M BRG
DoDHEIC L 2 b D, KU MEEE TEHEEERH L
TVv—FENRS12BDEDZDOD * #1 = X ahb
second order T I —(3TX T\ 319,

first order = 22— 5 ¥EEEOH A KR BEFHHSK
o5, second order = I —DETH S rms FE
EPBBDORRS b5 6RBEBES N 5. E12RICE
HERE F vy 75 27 b 5 L OFEF% % BB iR L
1.

» T T T T @)
2140 7 31 AUGUST 1977
O NHC
28|  WARF-DERIVED ® waRF -
WIND DIRECTIONS
4 EBN

LATITUDE — °N

EB71 WIND NN
DIRECTIONS "y
24 1 1 1 1
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LONGITUDE — °W

(b)

LATITUDE - ON

« BEST TRACK (NHC)
® WARF POSITIONS

9 95 93 [ 89
LONGITUDE - W

H13® WARF L —Ficks xFvapstonyr—v
(Anita) DY) E— LtV
(a) OTH v—#ick 2l LEOMERT 71 (EB
71) I & B LR OEENER RO K
() OTH Vv —4#ick3,\Y 4 — >~ (Anita) DLt
DillE R’k NHC (National Hurricane Center)
I & B EMD HL
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H14K WARF L —#ICk3MHO) €— bty Y S ORERE 7 110k 2THEENE D ik
(8) V—FRUTAick BRELN & ST
() A, B, CHDE=ZTHLNILRRNE ¥y TTRARI b
() A, BADE=2THLNLWRD/I T —ZR7 bV

PTicEE UTCKETE S/ OTH L—Kit Xk 3%
HE=Z ORBITDNTIHRN B 10,

4.1.1 BEOBE

¥ EORMOERIIZE RO E OBERERcE
BERNTEREFEE VA S, A o JliEid, first
order Ta—nH5REZDT, BHRBORENSEL T
7 — 2 OFTICKIZT BRI, WARF L—4T
flE LicBR D & 2D/ AL, NDBO (National Data
Buoy Office) TE#ERE LR E 10 ERIHNOBEET
—H L.

FIBRIC 197748 H30R~9H 2AD # v a
LicREUIc/NY r— > Anita % WARF L —5 &
BIUTHERER LAY, 13 K(e)i2 8 A 31 A 218540
3@ WARF L — & Eifllh 518 & hic A fHR & NDBO
D EB71 74 K5 AMOEERER & 2B L b
DTHB. BARESEDSH ) 74 v=T DL — & EHiih
5#73000 km HEEN TV BiIcdhh b & THEZ ORI
BE—HLTHE. ZoXS>EEAMBKEZ1H3~5

KR L, ZhEhoRic>nT, BROPLERD
7.b0OHB 13RI TH 5. FARlCiZ, NOAA @ NHC
(National Hurricane Center) hsffTH#s, ATLHE,
74 7 nL—& 18 OBHKER D SkE LR R D
BEADETRLTHZ. MHEOHFETKD b/

DI IIHEIZ 19km TH- 7z,

ZO&HWRFEMRZIESLC Lick, BROBEN
FITERE BT 5.

4.1.2 RMS BEEBEKRUERARS b

BEERCEBA<Y b vOERIT first order 2~
7 b (Bragg line) OFVIKH 3, & V5 VERED
higher order O} EE N 5. T D higher order
DFFMESHERICHBIRT, BYBIZHOREEH BIF S
L EDHFTICERENS.

BURRAY 7r0=TODL — & £ #1555 1600
km BENIALRSERE EOBRIERO = = 2 EBROKE T
55", Ric3@EcTbhic7 4 (EB20) itk 3
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== 2 OBEOFIETT > 7. EBIZE 14 REiCRS
nickHic, BHRBEHRAL=H8 (A, B, C) ©
LV—FERET-> 7. ThSEDFOHED S DT
BoNREBHRF v 75 27 b 28 14 bICE
Uf:. ARUBHIADE= 28%iTi3 Es Bick3%LEL
FERIRTH- 2. FU4NDbOA, BHsoe=24
HROFy 5327 bTIE, ZDO0 first order T
a— (Bragg line) O [ i %3 higher order d/¢7
=BT EhD, A, BHETRERERSENC &
Bbohd. CHEOE=2KICIX FIBRHTHYD, ®
DIEHHREEASE { multipath i & 2 Bragg line ©4
A=VMFy75AR7 b5 LICHTHE @ED K
AD. B 14R(c)izA, BighsEo 74 (EB20) ick3
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AEMHE OTH L -2 i L AAIEEOF—HRIZ, £h
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3.

FROBRARY brDIFhIT, BATIER [5420D
DR, BX, FHBESF v 7722y b bHlE
INTV3. SR REFELEORICE > TRETZ D
DT, HaEzESOERICAMOR N ERTHS. L—
FickdHrh 0, &S, FAOHER Bk
I BERAMELE 10% URDBET—HLTNHE 19,

4.2 ZOfoRrAE

4.2.1 fZEEER

FITHE IS EMEMA D OTH L — & ic & 3EEERHOE
BRREOS IMEHEEEL > TEIAETBEETH
5.

WARF @ OTH V—&Z2fT, 19784E4 A 25,
26 B I 24 Kb 1 2 RITE OB TERER HITH T
720, ZofER, BHEBMRPPENATH T bbb
Y, #185% DHERTRITHDOE=2MT &f. O
ERED L — & OBEEEEIZ, v —% EH#b b 5591300
km BN KFEELTH D, TITHO FEETHERE N
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RITHEIZ 598 TH D, 2D FAA (Federal Aviation
Administration) &I NS DHS53 #, FHARH
B6KThH-7c. FAA [TBEIN/538 D 5545
B, D% 84.9% OMERT OTH L —F Ik kO MT
Bhse=4 XNt ¥k, 6HOEAREEDS H5 5
25 DFD 83.3% DR TE=49F BT EBTE.

Z DSEER ORITHRE R DI L, range T 37 km
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cross AT 15km, F7fc radial 5 D#EE T 56 km/
I, cross-range HHDHEE T56km/BET H 7. B
I, YIEICE U EEEEIZ 25 53 Th- 7.
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hoEe=4 LRABICEHE LI > TV 3.
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— DRHUDSFTREE 18 5 72). AR T 5 57 DL
Wi R 23 35 dBm? E/NS BETH » 7o T L E O
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Lirl, COSEEERRHICIT - fcificilLic 5
vARVE (LK DESEREL, BUREETIES
Kb DEEDRE 1 £80% ORTE=231
7.

ZOEBMSELGNS, OTH L —& T/ \EERER
T 370 icZERE NREESROEHEARRO LS IT
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km), BHELEELTHNEZ E (E, Es BRHD), %
DI 5y 2EFHBIDICLV—F DY v FigREL
(200kHz) 3 3Z &, ESOBEAKHMBE VT L (~
508), & —%"v b OBELMERESK & 2 2HLBEH
BTV 2HEHRATA L, Bic, BRAMLDI 5 v 4
DE—7 LoD a—2RHLPTEIIIT, BO
BETEEBTHCEOCPR BB THBT &

UL, fidhskBliciaiud, LiLOEHOFIRITYA
WBL1E->TK 5.

4.2.3 SRR, BEDE=2

LEIBTRLLAONTVBE LS LK OB LNE
Blick-T, EREARILDICE L O RKESHRE
L, KEESIMELLTHSE. OTH L—&TZhdD
KEBERESZ =4 LT, ERETRRIMROME
FEREBOREEF, RUBBHRLEEZHD, [IROH
TR FH, BEEOFHRLENCHTE 3,

# 15F()ix OTH v — £ ic X 3EHE © ZEHIT,
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EBHERLTOS. F1I5E0IE, EERET v7+2
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4.2.4 HETa—DE=4

REMRD D L — & RS IFGTH P OB AR
RFER SIS, LbL, #ic OTH L—Kitk->T
WBETa—DOEEEmAC LTS5,

WARF L —#£ @ 90 SHI0ER 7 — & » SR
T a—%MHL, BT UCER BEx a-RBROXD
A b DT Edsbiro T,
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B ke B RO 95%<10sec

v v Y i§;O0TH OAEHMHLD ATy ¥

CREE
¥ oy 7 7 g ¥ 4Hz, 5HE2.2Hz
Fo735 v 7 b ;FEH3.4Hz, #1.1Hz (at 13
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5. &E® OTH L — ¥BRIKR

#ED OTH v —% (EMEFROMERER) ORFER
VLA E 4 RICORT @,

F—R 35 YT EAF L OEEIIFL skywave L —
£ OBIRRICEF L. MEE SEBRBEHSZ OB
RFFTICEMLTED, B OV TRBEEHEE-
TH5.

hF & D skywave L —%£ 3% DREBFOEEREIC
b1, BEOEHELA — o 5 PRKEILE DR
BEZFRTV. Z0OBRBIHBEDOESVTHO

B BRI B SSRE LI BIEAD. i, AFE
1t & - skywave L —Z [SHOEEKO—2 2 EEH
H b > A HIUE Db ik, Bk, RELE Ot
Hoe=4, Bic, LEED»DHRHT 3KOBERICDH
5.

A—2Z +35 YTt Jindalee Ic7 4 ) 1D WARF @
OTH L —# &3 IZREHD skywave L —FTERERE
whTh 5. CCTEA—Z b7 Y TREOIAZER
T AMMOEREERNO—DE LTS,

7 2 ) A TERBRCR~ o & D I, Dbistatic FM-CW
L—# %A TC, NOAA (National Oceanic and
Atmospheric Administration) & SRI (Stanford
Research Institute) International DIt T &b FEic
HEER O E= 2 KOV TERRAABERTOOATY
3. Eic, HEORMEFIKE T, E BREZAV
7 MEOY) ==t eV Y VT ET>THS.

FETIIEELO Swindon JTXFT monostatic puls
L — & &\ 1-EEHs, Birmingham k% & Appleton
Laboratory OHEFETTHONTNS. EZET V751
493%F D mono-pole T LA T V53T, 6°DE— 4
18 (U 10 MHz) TH5. FiCkEEO) €= €Y
vV TEBRE T TV A.

75 v ATS ) k2D monostatic puls L — & %
AoTtEDOY £— by v VI RBF- TS, EET
VFEFRE—LAEI10° TRETVFFERETF E—
LEALS DT VAT VFFEROTNS.



4k KE®D Skywave L — Xk

UNIVERSITY OF

APPLETON — UNIVERSITY CANADIAN/ U.S. N.R.L.
SRI — WARF JINDALEE NORTHERN
BIRMINGHAM OF PARIS USA.F. QUEENSLAND MADRE
LOCATION (T/R) Lost Hills / Near Swindon, Near Valensole, Rome, N.Y./ Alice Springs, N.T., | Townsville, Qld., Randle Cliff,
Los Banos, Calif. S.W. England S.E. France Ottawa, Ontario Auslralia Australia Maryland
E./W. t 32deg N.E. + 35deg
e E./W. + 30deg N./S. + 36 deg ; N.N.W. t 32deg 360 deg
COVERAGE (N.E. Pacific and . (N. Atlantic and ) i 77 deg + 30deg
Gulf of Mexico) (Eastern Atlantic) (North Sea) Labrador Sea) (N. of Australia) (S.W. Pacific)
RECEIVE 0.5deg 6deg 3deg 4deg < 0.5deg 24 deg 13 deg
BEAMWIDTH at 15 MHz at 10 MHz at 15 MHz at 15 MHz at 15 MHz at 21.84 MHz at 13.5 MHz
256 vertical 49 element . . 256 vertical .
N 32 vertical 42 vertical Mechanically Two rows of
RECEIVE gfénm-;?,?:om'e ?arg:db:nd monopoles monopoles ?\L?:?nt:gzgeg' e rotatable array horizontal dipoles
ANTENNA TYPE | oo e m ong'go,e broadside, broadside, ol P of yagis with 13 — 26 MHz
25km long 360 m long 400 m long 576 m long 2.77km long corner reflectors 98 m long
TRANSMIT . 7.5deg 60 deg . .
BEAMWIDTH 6 deg Same as receive at 15 MHz rotatable ~ 6deg Same as receive Same as receive
18-el. vertical 16 wideband
TRANSMIT LPA (W) monopoles Horizontal LPA .
18-el. folded Same as receive with reflecting - 16-el. vertical LPA | Same as receive Same as receive
ANTENNA TYPE monopole (E) screen, 6.5 — 30MHz
both 205m long 150 m long
300 — 1000 ps 500 — 1000 ps
FMCW 500 ps pulse FMCW 30 — 1000us
MODULATION ) pulse ; FMCW pulses H
50kHz, 5Hz chirp 20 pps 5 — 100 pps 50 kHz, 5 Hz chirp 25 — 50 pps pulses
il 20kW CW 100 kW peak 100kW peak 5kW CW ~ 200kW CW 20kW peak 25 MW peak
FMCW vertical Puise vertical
IONOSPHERIC and oblique and oblique Pulse vertical FMCW vertical EMCW vertical
SOUNDINGS backscatter backscatter and oblique and oblique and oblique None None
10kW, using radar backscatter backscatter backscatter
6 — 30 MHz transmitter
Rhombic t it . Sea-state work
e cirtl:‘il | :rg’r:m Longer array Receive array Under construction 21.84 MHz only. discontinued.
REMARKS receiving arrays to look N.W. . tapered for ;;r:?nrgfers are Skywave work g?t?\ t;:zr;;ged
also available under construction | -19dB side lobes estimates discontinued. HOUSE 1100m

receiving array

€861 9un[ TIGT'ON 63 I0A

e9¥
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6 & b b I

TAYVAZRLD, 75V, AFYR, #+4, &
—2 b5 ) TIRET skywave L —F DfEREEHRL,
BT V) e— b2V v VIR O IEERS Thh
TW5. B~/ &S ciFmERoe=4, 8EO8
B, FUTEPMHOBRL EIE < DREGE Sh T
3.

RERMNAZHICHEEIN T B8, skywave L —
FEFRBETHFREIBZRTHAS. BAROHRIIC L —
FhHphid, bRr~—) v EhoERA 74 Y TR
FTCOEKREEHD) T— Y ¥ VI WAHTH 5.

EAELOBERE=2%T5C LickD, BRORE
BEHFSERE TEITE, SREECIREARO
—MEHEMET 5 LN TE 3. Hio, MAOETI
BUT, GEEiERescERE Birm, BERLE O
BHREE LT LI, MOMEIE MR OHIRICED
TEERCETHAS. Fih, KNhOER, EHHKED
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