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ARG e A S R 1 g R AD Y S H T
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I SE AR ACAR R (1] [R] 5 HR 7N, 785 1 ms BLA ik
BT RAS, B BT BRI I ) A IR BRR A,
U 70 km g S bR IS TR D0 AR TR A D T
3514 0.11 ms A1 0.2 ms A2 47, 15 3] 95 km = F
KA 15.57 ms F1 15.36 ms, JoAtn i i1 45 240,
MNP 3 0] LA H R E R R I )y A 7 AHZEAN K,
BT FARITYA 1 380 PR 25 P FH 1R B ) DK B0RH 45

32 EMEHEXSERREAHHER
xf £t

AR E RSB S, 1 s B 2 A A
[ i 2% W 2 2 A58 TRI-2007, 1F 3 AR NOT
FOF, Hh RS % B RN B 1t MISTIS90 48 36 A5 X
THEL INATF AR T, R BT T, 5 ki1
B T, M55 (T, = Ty). tT &7 s K i i
2, (R I FAN [R] P9 2 R S (1) BB AR D,
1 s g R T D) P B ke sR i 5 7 NV (A E R
oA 65—120 km, 5 HL B 2 S5 R EE 4 122, J2 AR R
1 k. AR R8I (1) Bl 7 57 (HAARP i #4
X6 BT AE ), SEHPRAT BN (62.39°N, 145.15°W),
WU T % (ERP) B il ik 3.6 GW, 15 5t H AR
W37 Eg = 25 mV/m. 5 [R]3E B 5T ] 2009 4F 6
H 25 H 12 I8, SR TR L 5 e 50%,
IFAR AR B (X ) NS, i fuyp = 3.25
MHz, JHIIAE ferr/vir = 1 kHz, SR P 2)
YA TEE N 15°, DAM A5 3CR1 CGM R i
Wi ffy w = 15°, #£ AM fll CGM #i:{Hh &4t ERP =
1000 MW, 1fif DAM #20H, H - AN R IR R S L
Th RN R L4 25 Y-, 1 ERP Jdi/ b A B4 REE 1)
0.25 1%, Atk DAM #5X Hh R 48 1) ERP = 250 MW,
=R 0 ) B> ELF/VLF [I3R3% H AT,
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Kl 4 R W: 1) 7€ CGM #E X il DAM BLxUx) b
T RTE A AT, KT E#, R EE CGM
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(250 MW), 1fi ERP K, W 25 2 10 il i 4™ A2 1
Peahtk ok 781 2) 75 CGM Bl AM K 6f Ee
WA AT, DT IR, BAE—E R BEEE N, &
P, 3 AHZEBOR, BRI 1) ERP 22124 1000
MW, {H CGM B 35 ORI, 3 HL ik A& F EE
B8, T 0 AH R0 Ak s B I L Th R R N [R]IN
CGM A5 2 #4341 5 7= 42 1) ELF/VLF

G R 8 T ERAS AT S, HOIn R 2
U AR I 12.5% (0% RS A 15° 1), 9
IRREURH TR 2 o5 PR S TR 1) 12.5%), 3/ T
AM B 50%. AR Frb g S ) ELF/VLF 5
SHRR N 1 kHz, FI A 1 ms, DA AR 34T P o
5} 18] AM A3 0.5 ms, CGM #E 4 0.125 ms,
3 AT, A RN AT [a] /NI R 2 v v
H, 3050 1 B ) 0, 33Kt A2 o B i, CGM A5
AT AM B AR ) AT AH 2 OK ) — A 32 B R,
Kl 4 i AT, #3H CGM BEURT AM AR = A
ELF/VLF il KNG 32050 77 F1 90 A-km.
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BEJGTRI AR 22 ABY BEICIRIER d R 5K A
Y 5%, Hrp A 5 ELF/VLF 4% (feLr/vip) T
K, d 5IMPBRBUA (w) AR, 10 AR AT AT
BB e HIR AR 1 7 k5. BUR 25
Sevr/vie Ay O E ) AR SR RS S . i 3 A 1
{1004 5 4 5 LA AR R R A bl 31 R g A S 3
PN SRR (M) K/

Bl S g T T AR S I A S B AR ) Lt
HH 2 (AM, DAM fil CGM) 77 /E 1) M it
fervie PG, R 145 i T Cohen 25 1812007
EAH HAARP Jn#hhe & 1 J& CGM A5 4 7=
= ELF/VLF {55 5 (1 52 56 &5 Tk B (15580 M
(B 5 mh R 2R), 4 I B K ELF/VLF 48 5 4 %6 4
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—5 B 5 AT LA H, CGM B s 45 1 5 BEE
07 LA AT EE FAFAE 22 57, X028 1 T S Y
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R 2 1T SR S BT A Y, L SR I S o v )2
W RS EAAAEZE S, AH AR b =3 7 A i A5 U
%E M Eiﬁ fELF/VLF &1&@%‘95&, i&%é&*ﬁl, E%ﬂz
FEB feir vir SEINIGHE KRN, 7800 B WIA S
ST (R TR ).
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S
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[ 5 B AT A A A R ) A SR AR 1 T

B S R g R AM B AR M
B feievie SO/, 302 1T fere v BUK,
BANS T S JE S A0 TR s TR, 6 I 7 0 A e
M) /N T o 0 2 fE L R I I B0 H R
Poaigg 16 DAM B 7= LM M B forrvir
BN SRR TR E LR G A, 4 A (8)
AL AE AR =7, 0 =1/2 My = 15° I, 3 il
T #h A 25 3% ELE/VLE A5 8 1 55 1 T = 5 4
80 kmP4, B3 FIBECIA B d = 42.9 km, 4
Serrvir = 3.5 kHz I, 362 461 d = A /2, FWC A
(Y137 9 3R AF e KA R ferevir = 7.0 kHz I,
d =X, cos(AB/2+ (md/A)sin @) i /IMH, BRI
MR RAT B/ MEL, W S TR,

X Hb AM AR R DAM B X 7 A 1 4 A S
A %0, DAM B BRI T N4 R 48 1) ERP, {H 7 5
G R A5 A I A RO B R T AM B
feLr/vie = 3.5 kHz WHI). (A3 — 42 H ), DAM £t
XAEMHTT X NS WILRARAL ) [ i,
PG 5 59 HAT SR IE R, WA ARG AT T,
feLr/vir = 3.5 kHz [N, DAM #5207 242 10 45 R
FEIUR KA, ferr/vir = 7.0 kHz I, DAM #™2E
10 5 250 A B e /M. o EE AME A 3K CGME A
277 A A AR P e, YV R B NN (AR SR
1.5 kHz), AM #3048 T CGM 5 3X, {H B 25 1 1 45
HIHE N, CGM B ZEL T AM i, A0 AM 1

i, CGM B (5 5 om B e Kl 4 =40 11.3 dB, 5
Seid 4 7—11 dBUS 19—,

6 45 T AE AL INASEABIE LT, £
Jevr vir = 3.5 kHz I = Ffosd 2 24 (R AT G 25 A A
W (M) BE w (20T, M, S AR, 1EAE
TR A M OEE AM BEEK, Tl R R i
B A M) M AM #1502 HAARP 4
B B K A AR 300019, AR STy R B S L A
5°—30°.
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L —
ol °/ o\o

20 x log(M,)/dB

w o

»*
||
° *
[
QU
Q>
=

w/(°)
&l 6 WA v A DAM #iCHT CGM B 1 5%

H1 &l 6 FI 40, 75 DAM B, b w {H I3
K, M, e R IE 0, Fo KA T w=15° &, i
RO 20 B o] 4, AL R HR A d = 4 /2 or. £
DAM 150, i #vist SRR W aa A A7 AH 22 4 180°
I, AR 1 PR S A R 2% R) #E 46 T ELF/VLF
AR K ) 2 I, AT 3RAF B K R AR, Bk gh
W5 Sk [15] 4516 — 80 4 COGM B, B v
IR, M, Jetfi K ek, i (1) a4, 24
WL i Ay [ B 7 1) 3 O B KA 7 0 I, [ A 5
B TG A i AR A AE S B BE 1R 242 (a) B LE, 242 a
(RN B A Ay peas w K, a K, T
A5 B R I RIRARRLAE frrr vir = 3.5 kHz
FAE R w=15° BICY w=15° I, {5580k
RUREE A (B B T ) 2 e AR T ). IR AR, Y
W < 15°, y (BN, B0 O 2 5 B2 7 1 P A i e
KA 7 1m0 iz, ) B 25 23 6 B v B e AN B (V)
D B A AT RN, BTy RS,
M, ;4w > 15° 1, BEE w B K, 5 58I
ARG 25 15 BB 7 i PR A e e AL 7 T T 45 2k [ B
W TGN (V) Wl 2, J g DR B AR 5 5 i
FEIRTS, Jo & B it e SO B A S 0RE, 2 w i
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15° BN, JE#50 M, sk goe/E L, 51l M,
FEARIGER, A w MG K, J 5 M, 2 o
SEAEH, B M, BRI, o2 & 6 ' CGM A
) M, e RAEARAL T forrvir = 3.5 kHz (1%
FEVCEL A JE w = 15° IR AL

4 % %

RSB TR PR 2 1 s R R A B e, 4
BRI BER R S, HE T R A U A A
ELF/VLF 72 [ 5 S A8 5 s R 2B T F g 2
HAL ¥ 2 TR I TR) 5 25, I DL DAM AR CGM 15
A4, R HARRP INHBESHL, 6 LG4 T 5 )
e SR ASE X 5 T PR s ASE 2 ) P 2 S, [) A
FT ferryvir Ay 3 &R SE 0. BT 5T 45 3R
i

1) FEL - B ] i £ I vy D 385 o vy 35,
FHL, - 3 55 0 AR ¥4 0 38~ 47 BR A B £ B[] K 38
A,

2) fEHFEI IS, AM B ) A
ELF/VLF Hall H i % #%, CGM # 07k 2, DAM fi
Ined9, Hom B, =& 2ok,

3) fE— s MARSAE R, BB fore vie I,
AM # 3 [¥) ELF/VLF 48 54 58 JE il /), CGM 5 2
() ELE/VLE 48 3 8 15 5% 88 K )5 080, 1E ferr vir
BUNEE (R 1.5 kHz), 55T AM BE, (HB A
Sevrvir N, CGM BECHIOL DL K, HIXT
AM B, 55 50 % B K3 2 11.3 dB; DAM s
() ELF/VLF % 5 5 B 52 ILAEAR T B0 IE 54 4k 5 4
A, AT 5 G 0 5 B 55 LA AR PR

4) 45— E R IMEE R, DAM BURT CGM A
277 AR R S B AR ML B TR SR Ay S
KIGWD, 2y 32— 8 S AE I, AT AE A 3k
(C3 = UNRELIH S

5) X AM #538, DAM £ 3CRT CGM #7242
(%) ELF/VLF %& 5 F A7 J7 1) 1, mT DAGE ok 8 5 in 4
WA VIR forr vie 1y S DRI AL B
ERep L
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Abstract

ELF/VLF waves are generated via amplitude-modulated heating of the lower ionosphere. Based on the modulated heating theory,
the directional radiation models of dual beam amplitude modulation (DAM) and circle geometric modulation (CGM) are established by
introducing the phased array ideas, which are validated by comparison with the experimental data. According to the models, differences
between the above two directional radiation models and the normal amplitude modulation (AM) are analyzed with parameters of
HARRP phased-array HF facility, and the influences of the modulation frequency (fgir/vir) and elevation of the heating waves on
mode are investigated as well. Compared with the AM mode, DAM and CGM can realize the directional radiation, and enhance the
radiant intensity by properly setting the initial phase, the modulation frequency (fgLr/vir) and angle of inclination of the heat wave to
the vertical direction. The ELF/VLF radiant intensity may be increased by 11.3 dB when replacing AM with CGM.
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