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Large-Scale TIDs in the F2 Region
Sawako MAEDA* and Shun HANDA**

Abstract: A study of the horizontal velocity dispersion of 1.s. TIDs (large-scale
traveling ionospheric disturbances), in the 50-150 min period range, was made by
using observations recorded from November 1957 to July 1974 of f,F2 in f-plots at
four ionospheric observatories distributed in Japan. The speeds and the azimuths
of the Fourier components of these disturbances were calculated by performing the
cross-spectral analysis to provide dispersion characteristics.

The range of horizontal phase trace velocities lies between 341 m/s and 976 m/s in
a period of 150 min, between 293 m/s and 884 m/s in a period of 75 min and between
256 m/s and 745 m/s in a period of 50 min. The general tendency of the dispersion
is such that the horizontal phase trace velocity increases with period. The direction
of the wave propagation is mainly southward, and there is another wave group of
which the direction of motion is about southwestward.

The polar magnetic activity is positively correlated with the horizontal phase
trace velocity at 50 and 150 min components.
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Fig. 2 a—e. The f-plots (f,F2) at four ionospheric observatories during the periods of which

The filtered f,F2 data (bottom) are

also shown. The sections within the brackets have high coherencies between stations

and the well defined l.s. TIDs can be seen.

data are used in cross-spectrum analysis (top).
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ho. FHAFEO fF2 REEELAECHEBEZE L, 222 Ls. TIDs 23 & h - #iR 0,
f7eo b ((F) 7402 —~BY Lic 2 T —-2%F2aell/RLk. KL, A7V
v ¥ FRRUEDIIN fxF2 2 bW T 25, FXAFBELTEZRE Lic. B2 THER
TR LCHIRNE, ZBREPTCoRRIIoMCECRGEBENEETS. ot U
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Fig. 3. Examples of frequency response functions. The amplitudes and phases of frequency
response functions are shown in the 21-150 min period range. The continuous curves
are the results for the pair of Akita and Kokubunji and the broken curves for the
pair of Kokubunji and Yamagawa. Also shown are coherencies. There is a 75 per
cent chance that coherencies above 0.25 are significant and not a statistical accident.

—EasF, KE—ESF, KE—WI, BSF—1Wllo SHoRRIICHL, F—~2 R 8
RRIE L, 4BREITOFT O LA ORKT 7150 CTHRIT L. OB TREBRELTS% L
BETHE, BOWCHEHBEOKBRIZOWTIE, =2t —V vy 0.25 B BRI
HETHB (i, 1968). MFTOMKR, &7~V =pocr32RESUCEREHK (GRIE,
i) B L= ~vvya3f@3obhi (K3). REIKE—ESF, TERIESF—W
NoOBERFIC T 5 ERTHS. M3 TRIh2e — v VY 1 OREFCHT 5EL,
WIh A RAHETRS TENL WS, ZoEMIIMOMECOWTIR L TH B DT, Sk
Fethix AAS0S, 754y, 15050 3 WA DWTHTHN . 7 v AARY F ABTIEENT 29D
DEREFRFIOMDOMEER, 27 OTRHEEREEZHTS. LiL, ls. TIDs OKFERIZE X%
1000km O A — & —=THhhH, K2 TRbh5EH A0S EOEEZOWT, FEAFT
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BOMAHZER 2r LT THBZ L0 b, 2 TIHFRT 02z OfEXEHA L.
SABEHERT 5 2HOBRIIOBIR L, 2t —v vy 4 2330025 ETh BB EIC
MHZED SAMBOEREE N7 P VEEHE L. EHREE X7 b L OB HIL TAKENOSHITA
etal. (1974) 0 fFkw AVlc. HHECE L O FERELZKE L T\5. Ls. TIDs O KPR
BIEERRL, HEROMRLEHRTE 2L 0TIk, EEMESIHEROEHEOFT
ErE 50 CiiE—EmECERT 2 2 L (Francass, 1972), iR & 27 L5 2BEFER
PEAECRL, HRIhAESHIEREOEE* L 2LEL bhb DT, Lo FKEXBREN
Thb. WIS 4EO=AKD S b, HA—KE—E FoM >\ TixElici#iiz<,
BONLEE, FRARKELRBEL L 2O THRSI L. A—BRIoWT 22 E0=/AF
DBEREE N7 P ARMEORICEAR, _2 W AFHEY TOREMEE Lic.

3. B O M R

FRHTI89D 8 BFRIBFRFIDMICK LCTiT 7. DR, S0n U EoREAMEH <228
LORMRS VIR0 (2 e —v vy 428 025 DIE) 2R T5 00230 H -1k,
ChHoMEIN2 TRIWEHECEERTWS. BohcZRANECEE, BRITMY
£ LR Lic, £HHOFHOERITA 0) 13, £RMOERAAOFHETSHS. SbI,
RO EHRIT MO IEH D (46), AE 1B D 8 I TFIHE (AE) $FE 1 wm L.

19575211 526 H 528 B D M CIX £ AR 600 m/s LA ED K & 7oK EE CRIC Ak LT
W5, o, SBAEFRO fF2 ZnEE R VCHEBEEYE L, 'ECEE K Ls. TIDs
BEZ -T2 (K2a). 27H 06-10 LT i xEBEE B Ao BREEOZEL A B Y, & Ll
JIT 06 LT WBLEEHHN A bRS. Lil, BERSEDHELSEL, £1, No. 2,3 12Xk
28D LU x5 ALDERAMNNRETELEEAZTHD &b, S OROEH 1 KRR
itz et S hte Ls. TIDs THAHZ L2405, 1958483 A25H, 26HIZ B DK,
BHBETEENSHECHEM LTV ARAEIREY S OZEYrHobhic (M2b). th
WREBEE I D ARERRECH v, TIDs MR Ih23 <, 2oL ORES K&k
S TWBHLDEELZ bhb, B UHEMILII70E10530H, 197248 B 7 HORIMI T & bh
72 (X 2 ¢, d). 19644 2 A1I9AIIREKANCIZIEEITE L TH o7cd’, BEERB XA 1 FrE
IR O BEERENLE#HNA bR D (K2d). EREAAMEbBEALARETHH, fll
DM L Lz DHETELLRXFIEhS. coz &, A, #H, BAFCfBE»EE
FBW2d, BT R CRAHEINER, HOoBBELTWDEZ EnbE d b s b, 19704
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1 BUKBRO—EER. 7rRAAR7 PABENCER LT — 2 1B, & RIS i xf
THRKFRERE & ERFE (b SR EbL Y icila). FHOERF R 6) i
HRPRS OTFIGME. 46 133 RPFRYOBEHA RO >0 RT. AE X AE 15
o 8 REHITIHE. 230 oW T OEHEEY TR

Table 1. Summary of observations. Date and time of 8 hours record sections used
in cross-spectrum analysis. Horizontal phase trace velocities and directions
(clockwise from north) are given for each period band. The mean directions
(6) are estimated by averaging the values for each period band. A0 is the spread in
direction of motion over the period bands. AE is the 8 hours average of AE-indices.
Mean velocities of the 23 samples are given.

Velocity (m/s) and direction B o
No. Date Time(LT) 6 46 AE
150 min 75 min 50 min '
1 Nov. 26, 1957 20-04 828(235°) 785(203°) 219° 32¢ 456
2 Nov. 27, 1957 00-08 798(178°) 658(179°) 708(183°) 180° 5° 707
3 Nov. 27, 1957 04-12 913(175°) 742(180°) 178° 5° 664
4 Nov. 27, 1957 08-16 962(190°) 756(221°) 577(234°) 215° 44° 542
5 Nov. 27, 1957 16-00 691(197°) 687(185°) 191° 12° 340
6 Nov. 27, 1957 20-04 728(194°) 660(212°) 203° 18° 268
7 Mar. 15, 1958 18-02 700 (194°) 675(190°) 192° 4° 565
8 Mar. 25, 1958 01-09 796 (211°) 884(202°) 207° 9° 456
9 Mar. 26, 1958 00-08 543(228°) 637(225°) 227° 3° 217
10 Feb. 19, 1964 07-15 630(251°) 600(258°) 567 (260°) 256° 9° 34
11 Oct. 29, 1970 19-03 674(216°) 400 (245°) 231° 29° | 127
12 Oct. 29, 1970 23-07 847(216°) 551(177°) 197° | 39° 343
13 Oct. 30, 1970 03-11 492 (185°) 422(183°) 256(171°) 179° 14° 438
14 Oct. 30, 1970 07-15 395(175°) 507(182°) 179° 7° 295
15 Nov. 07, 1970 14-22 730 (171°) 528(175°) 446(179°) 175° 8° 817
16 Nov. 07, 1970 18-02 684 (190°) 549(177°) 632(188°) 185° 13° 803
17 Nov. 11, 1970 16-00 432(224°) 293(234°) 229° 10° 354
18 Nov. 11, 1970 20-04 467 (221°) 435(213°) 217° 8° 328
19 Aug. 04, 1972 13-21 741(184°) 628(185°) 745(189°) 186° 5° 774
20 Aug. 04, 1972 17-01 377(146°) 398(166°) 484(195°) 169° 49° 483
21 Aug. 06, 1972 23-07 341(197°) 409(163°) 180° 34° 670
22 July 06, 1974 15-23 976(156°) 678(184°) 687(173°) 171° 28° 714
23 July 06, 1974 19-03 807 (165°) 649(162°) 163° 3° 837
Average velocity 676 597 563 }

1A T7EWXAE X 8007 2L, BEEEIZ1HY 5 ‘negative storm’ DAREEIZH w7 (X2 ¢).
197242 8 F 4 Bz P A AR 1 RRIaTH o ERENRZELSS bbh, & ADHBELIEHE
TR (K24d). zofiEo, 4 LRATEN4ED fF2 © 55BREEZE - iThhic
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Fig. 4. Plot of horizontal phase trace velocity vs. period for 22 samples listed in Table 1,
except for No. 11.

Ls. TIDs D%} (TAKENOSHITA et al., 1974) T No. 2, 3 L AT SR ORE & T HIT,
AL DFE 1, No. 19 iHE L, BRILI—F|LTWD. Thiedl, £1, No. 20 ik
HEEN 400-500 m/s -G, TAKENOSHITA et al. @ No. 4, 5 (H&Hs SR & hfa & ok
LTWwbEioTnd) LIBERUMETHIDBFRCIRERIELDENR LIS,
F1TRIWLKPEHREEY AN LT 2 v P LEIDORRATHD. iL, &
1, No. 11 12 A7/ o> TOEIE BT W is\WOTERF Lic, KR EHEE Y, B
1504 T 341 m/s-976 m/s, 755 C 293 m/s—884 m/s, 504 T 256 m/s-745 m/s DFEFNZ 5 A
LTk Y, FHEL LN 676 m/s, 597 m/s, 563 m/s TH 5. JA#I1505) & 755 THREM
e UCIEDOHB%R $ 2B & 231761, A% o%HE2 56, RM755r L5054 TH
CREDCHBZ 3 2BARS G, AOHBEE L OBELSHTHS. LEORERELS, ¥
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Fig. 5. Histogram of distribution of average direction (9) for 23 samples listed in Table 1.

B, APRBERED AT LCIEEOHBE 2 L g hotc. fnds, AHI1S070 &
155 DFHEEZE 79 mis ZFRFFHEOKRE X VFEFTCEE TH 5 2 L1 1D k.

M S W FHDE#HSGE (0) OfFikRLic. #£1, No. 10 D XiFiE£fks LT 17°E-
SIPW i fiL T b, SRR EH: B, 0° &did LT £25° OETEHR XIZEHR LT
H1501L, fluz, 40°W ik $2% 5 1 DOERBFEET S LA 01 5.

4. =% 22

7 RAARY P ABITORER, ls. TIDs Oo#sktz, SFHRCITKPRBEE R
CXLCEDHBY 32z L2 b Tl o, ZORBEXYAMENEERTHRBT 555,
RO FIZEE LT R S\, ZHRIMERS 2 v O Bl Y > TFEELLSE L,
2D, fiF2 BENFBEEUFNIT—ELHEELTWA I Eh b, B ShEE NSRBI
BEEE Tix/a\ & (HiNes, 1974a), % X O'EEF RO EEAICE T3 E®R 2B bh T
MW EWS ETHB. Lo LATEAE O BRI OMEEENGR LTV ARET
DERCEEXHFTHZ L THA. §EE LI 500-700 m/s OFHEEE 1L F BO
FHETIZIE—FHLTED, 1s. TIDs BXEHETHHZ LXWA LI THS.

LT ATIRG AR E TR (HINes, 1960) TRRB S h 2 K PEEEE Vi,

V=C (wgz_wz.secz¢)1/2 / (waz__wz)l/z (1)

ThEz bh5. KL, wg, we o 1377 v FEEK, acoustic cut-off FEH, o REE
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ThHy, C13EE, ¢ BEROEESENLOMEETHS. Ls. TIDs 1 3FEN EMRBIcoh
THEEREEHCESE, RE FBEHT ¢ 12 0 154\ (KLOSTERMEYER, 1969). # 7, E [
b F BTHOBRT ¢ BAMIRL 8% L —EEES%, AL ETREAE—
5E & 705 (HERRON, 1974). &K (1) T ¢ A FHITHK LT —%F TH AT FREEERE X R
LTEDHBE%R b, SEOMIHERLEMEI—FTS.

HF Fy 75 -5 =212 % ms. TIDs o Bl 2 &5 845 % 78 X 72 BROWNLIE et al.
(1973) OfEFRL, B0 L ECEE Ay LEOKHBEY 3 B, xDERE—FKT 5.
MU, HF Fy 75 —=F—&2D 7 v AAX7 + LR H S, HerroN (1973, 1974) 13, m.s,
TIDs DA #ILERE 2 A LCADMB%Z oz &% L. HERRON OFEHTTIL, 3
B (X 5BER) O F — 21T/ LIRK T Z710% CHEMBEY & o T\\b. ZDdRE
AR 571085y (% 7c13180%3) Tk, BENFEFLCKREVWLEZ OIS, I LRERRS
P B MAHE R RN 2 TR LU X D FEI{L LT3, LasL s TIDs OBAEIT & 20E
M3 1zHh 5 BOCHROETHY, COFRLETH LA AMC LT —EE%
EBERAIC D, TDOBE, Lk, EENUDRINC FINCHELLGT 5 & & icis’ (HiNes,
1974 b).

AT Lcif, R 1 oR3hicly 1 Ho2lklcbiz-oT\w5b. %8, BHEEETE
ERwHEELERL, F2 €723 KIEM I VBT km ERT5. c0X 5 nBHRE
DB L vk 53, FH I CHE, HARKEBTEE LBV e ok, F BEE
TRAMAKEEIXZE—EOBEICELTEY, F2 ¥—70KRELETERCL 21D
T EEORBEOTHILZLEAEER L. LR >TENEOMBEEL KL BT
KELENITCZ V. ChX EB»SG F BET#HO TIDs 2 BR CREBEECIEF K
% Je 2% 757 (HERRON, 1973) @ L3 BHITH 5. '

L.s. TIDs 23 BUSES U« 5 8l & BERBEERZ o2 LB Mbh T\ 5% (Davis, 1971).
# 1T No. 10, 11 DISHITNTRIREEO U x 58 THB. FDRT, AE »1 6007 L
EofEr Ho 8L, EOERFANMSEELICHAE THS. 0 &b bR THiE
Thic TIDs 2MERENGIHRLTE LD THDZ LIXHALTHS. BHEARCEKRTS
35 1 DOEEL, AE A 200 y-600 7 ORI T, BN I WIS U 1 5 ALOMIMTH B. B
KEVERERFD No. 10 125E L7 R E B TH b, Ls. TIDs DRREFEIBIROBESE L » 5 fl
DA R FET AT LR LT3, GREE OKE 3L TPHINCART 4L L ED MBI R
F. AE B 6007 LI L0 8z oWTREDFHE L5 & AHI504y, 754, S04 TTh%E
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h 749 m/s, 605 m/s, 644 m/s & 7c ) RHATSHLASMI ST HATH 80 m/s KX\, L.
TIDs DIR#EEITRIIEEITKFE L TR Y, k&2 1E Kp i L EDO#HBI%/RT (TAKENO-
SHITA et al., 1974) = L 31BN T\ 5. SEIOEITT, AT X - Tz DERFHE RIS 2
EDRB B LT ot

5. & G

1) JA#AS04yHs 51504 % T D Ls. TIDs i3, AFIRHSEEHS 256 m/s s & 976 m/s DHEIFH
AL, FENCZANeS LTEOMHBEEY 2. &0 Ls. TIDs Do, HHE
By EEEETHALS 5. |

2) B, KOV EAEZTHS. SLREAICGEKRTSL S 1 AFEETS.
R TH PSR T & (% T 5 Ls. TIDs 2T 5.

3) FEECAXLBEBIED U 1 5 i, GRRIZLECERZ TR, GREERA
#1504 £ 505> THE L Hhnd 5.

Ls. TIDs 2%, SBEBBL 1 58 X o TR S hERE~NER LT EARENE TH
BT EDHALM LT ofe. BIBEE U 1 5 AN LR EET S, BB THRAEHEN S
WEFD Ls. TIDs OFEEBIMCAEMKFER R bh 52, OB W TREGEBRRH TS
DEVDB.

& &
SHF2 7 — 2 OfFIcHich, BERT — 2 ZREL TR WICEBABER MO X
DRHMLET. ik, COMRCEL, RBAFEFTIHEER OB L5 HEE» B %
Licz LxRSEH#LET.
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