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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 /0F2 in /-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 p·olar magnetic activity is positively correlated with the horizontal phase 
trace velocity at 50 and 150 min components. 

� �: S *�l*l 4 �ilslifl?JlU?,JfO) foF2 ��--:;, --c, ,mJ;M505J'i7• Gl505J'O)::kj!� TIDs 
(l.s. TIDs) 0)7j(f�1mJ!!l0)5J'�!fftt���t.:. :fWtfrMi1c1jvi.1957:¥11JJ i7• G, 1974:¥ 
7 JJ ;J: -C:"·C'� 0. c. 0) -=r - !J � !l P 7- 7,.""' !l r 1vffftfri" 0 c. c vc J: 9, % JWJ:!IJlGx:n-vc 
><1i" 0 J!ll c jj fP1 ��f±\ Lt.:. -t 0) �*' 7J(f ilsl1m3!1tv:t, JWJM1505t-c:· 341 m/s-976 
m/s, 755J'-c:· 293 m/s-884 m/s, 505t-c:- 256 m/s-745 m/s O)]jglfflvt:.5J'-;fp Lt.:. -�1¥JtJ: 
Jt�!ff·l1:c L --c v:t.J!lliJ,JWJMvcxt VCiEO)ffl�� i --?ffifP.Jvc� 0. ilslO)��n fP1 v:t ::t 
c L --CM fPJ � -C:' � 0 . � G vc mlfil 0) jj fP1 vc �� i" 0 "4:> 5 1 "? 0) ilsl� ii ,1f t£ i" 0 . )WJ M 
505t c l505J'O) R)G5J'-C:·v:t., ffi�7ifl�O)t15fb)t;o,�1, ,�, 7.KfiBL1m�!liJ,:Jtl::ki" 0. 

1. vt c oo p:. 

�lbtttlUl/imr�OC C .i: '.5 !L (TIDs) v-.t, :::k�l*Jffltm:1J¥Elii;m1�U�t1*vc -ib t::. G Lt-: C .i: 

'.5 !L -c:-26 Q t \,, '.5 � v'l, � � �· � tJ: W'UllUl¥J, JJUiffiEI"J7iJf '.ii: (7) *s*ii· G x� � h --c � k. -t (7) ? 

* J.Km::k�W�ff!Htl!3*4efoW�ft{�. Geophysical Institute, Kyoto University, Kitashirakawa Oiwake­
cho, Sakyo-ku, Kyoto 606. 

** E(m::k�ftz�tf!Htf!�ft{�. College of Liberal Arts, Department of the Earth Science, Kyoto 
University, Yoshida Nihonmatsu-cho, Sakyo-ku, Kyoto 606. 



No. 69. 1980) mM/i F2 ffi��r.:tovtG:km.m TIDs 151 

'b, · JmMiJ�30:5tiJ� G 2 �r1c1i�JltO)"fttJmM�lb--z:-, 1A��Jlti7� 300 m/s iJ� G 1000 m/s tz:..:&.� 

:kffi.*l TIDs (l.s. TIDs) �i, ffi�11tt�C .1:? !U::O)t§'*!h�!lffi�-ea; �, JmM305ttrFO)q=,ffi, 

;fl TIDs (m.s. TIDs -ttJ::b 'b medium-scale TIDs) c [[jlj � ;h, -C \,, 0 (GEORGE, 1968). mn 

rBl0)1A�:EJ.�-evi, m.s.TIDs iJ��pj(jl rrBt··ea;0 (FRANCIS, 1974) c�;h,-C\,,00)v;:.:x;jL, 

Ls. TIDs vi, �pjf'p rrBtiJ� (TEsTuo, 1973) if..:viJ:i:ITT��O)jf'p rrBtiJ� (FRANc1s, 1973) M 

G :b� --c-t.c 1., ,. -;liJtvc, rBtibMtfivc a; t-: '? -c vi-t O)Jtf£*1tt :z, �""' 0 i::. c vi£:;fq¥Jt.c �m--c-a; 

0 iJ�, i::. c tz:. TIDs tz:.'*1 L-C, -t0):5tf£%:tt:z,l!lfflll*s='::b� Gitc� L, 1A�f!IH1Jl:z, M G:b�vc -t 

0 i::. c vi:m:�--c-a; 0. c i::. o --c-, HF r-;, 7· 7 - -r - pl :z, m 1.,, -c, HERRON (1973, 1974) :to 

J: � BROWNLIE et al. (1973) vi:±.c L-C m.s. TIDs 0):5}f£%:tt:z,�-c1.,, 0. L:b� L l.s. TIDs 
vz::. -:)\,,-Cvi, *� t.c�r1c1iffifflt:z, "ib--:>�R,(i!lffllliJ��\�--c-a; G i::. C :b� Gffi·iJ�� <' -t0):5tf£%: 

ttu 1.,, i tac� Gn -c 1.,, t.c 1., ,. 

�k vi, 13 ;;$:m!P3--C:'O) foF2 T- pl '.z'� ,-:, -C l.s. TIDs 0):5}f£%:tt'.z'�-"f..:. foF2 y' - pl '.z' 

P t=t 7-. 7-.""' P r 1vfg¥tfii" 0 i::. c tz:. J: �, Jm W3 50:5}:b� G 150:5} i 't:'O) 7 - !J .::r. $;:5}v;:.x;f-t 0 71( 

f1A��� c 1Aif&n fPJ :z,tt• Lt..:. if..:, -th G (J) *5=': c ffiJ'tffi11tt��ib c (J) '*lffi vz::.-? 1.,, -C 

"1b �-"f-:. 

2. -r' - :7 c f¥ftfr15� 

i::. O)fg¥;tlrvz::.J§1., ,f-: -r - pl vi, flpg, t'cEB, m!Jt�, JlrJII 0) 4 fflMJifflrBti!lfflllmtc:;o1.,, -c� 

Ght..: 1 * .1 p· 7 A :b� GW'cd,l. c Ght-= foF2 --c-a; 0. 4 l!lfflllmviffi1LojlJ(i2ffifflttJ�, J'!Ue:--c-

0, Yamogawo 

130 135 

I I I I I 

45
°

N 

40 

35 

O 500km 
30 

140 145
°

E 

fgl 1 4 miBltm.illF.Jr0)}1g:J�IHt� 
Fig. 1. Geographic locations of four ionospheric 

observatories shown by solid dots. 



152 

473 km C�:B-�-tkm Fsi), Jll-JlHi 2087 km ($173-WJl!Fsi) -e, viv!1¥I�t�c*8l*'-', 4--:) 0) 

=:.fitJf1'z':fln\(;L---Cl.,0 (� 1 ). C.O)�fi:vi���iJ,.b{��L---C < 0 l.s. TIDs O)�l:f:HCvi� 

Wakkanai \ C ·\ ( 
Akita 

��),\ \ 
�I 

"'"��/� I/ ['""' 

·�-��\� 
I I 111 1111 111 I I 11 I I I 11 I I 11 I 

12 24 12 24 LT 
NOV. 26, 1957 27 28 

,-----, .-, ,---, ----

18 24 6 
NOV. 26, 1957 

Wakkana� 
/ 

Akita�Y/ 

Kokubunj0 � .' [ 

Yomogo�'-

-:::J 

II I I I II I I I I I I 
12 24 

MAR.15,1958 16 

12 18 24 
27 

(a) 

r 

-""'''fr AAl,o f 
Ko<ob<mjl\ r 
Yamogowa \ 

H+++H 
24 12 

MAR. 25, 1958 

.----, 
� Wakkana1 :::Jt Akita�[ 

Kokubu� 

Yamaga� 

12 18 
MAR. 15, 1958 

24 6 
16 

� 

� 
I I I I I I 

24 6 
MAR.25, 1958 

(b) 

Fig. 2. 

[ 0.5MHz 

6 LT 
28 

i [ 5MHz 

Y; 
""'· 

24 LT 
MAR.26,1958 

r--, 

� 
..J\../\1 [ 0.5MHz 

� 

� 

I I I I I 

24 6 LT 
MAR.26, 1958 



No. 69. 1980] 

I I I I II I I I I I I I I 

24 12 
OCT.29, 1970 30 

r--i 

111111 I 1111"1 I 
12 24 12 LT 

NOV. 7, 1970 8 

Wakkan� 

Akit�Ak� 

�[�C0.5MHz 
Kokubun

� 
Ka�b:1

/\/1_,./\,.._ Al\. 
Yamagawo Yamo';ow� v v · V - V V v 

18 24 
OCT. 29, 1970 

6 

11111111111 
12 24 

AUG.4, 1972 5 

30 

� 
Wokkanal 

Akita 

Kokubun�

[ 

Yamagowo 

12 18 
AUG.4, 1972 

24 6 
5 

12 

(c) 

18 24 
NOV.7, 1970 

·�··· f', !' 
Wakkonai � 

--..... r'- .. � 

6 12LT 
8 

/
"-

Akita ""\J 
...,./\ Ar ....... 

[ Kokubunjl '-J 

Wokkonoi
/: 

Akita
� 

Kokubunji / � 

Yomagowa1 

[ 5MHz 

,,.._I� Yomagawo � 

II I II I I I 
24 12 
AUG. 7, 1972 

H++-H 
12 LT 

FEB.19, 1964 

� 
�

[o.5MHz 

� 

I I I I I I 

24 6 12 6 12 LT 

(d) 

Fig. 2. 

AUG.7, 1972 FEB.19, 1964 

153 



154 

_,,,,j� Akita 
/ 1/ 

� [ 
� ,,,J Kokubunji \.. 

Wakkanai 

\ . \.__,.-Yomagawa ·.,--

I I II I I I I I I I I I I I I 
24 12 24 

NOV.I 1, 1970 12 

I I I I I I I i I 
12 24 LT 

JULY6, 1974 7 

�--v��1"'-----.--.-..,.,.. [ � [0.5MHz 

Yamagawa 

24 6 12 
NOV. I I, 1970 

18 

� 

24 6 18 24 LT 

(c) 

12 JULY6, 1974 7 

� 2 a-e. MtfrK.f!ffl l, t-::Mia10) 4 fiAllllfflO) /-7° 
µ -:I r. 7 ,f }V !7 � )!21:@. � v9:: c.· c::. l, k 

foF2 �i�O)rff!Hc� Lt-:. ri5511\"c'� Lt-::Mia1�t., %:vcfi,J!Uflria10)fflM;o,Jal <, llffi� 
t� l.s. TIDs tJ,fi,7JU �.ti,�. 

Fig. 2 a-e. The f-plots (f0F2) at four ionospheric observatories during the periods of which 
data are used in cross-spectrum analysis (top). The filtered f0F2 data ( bottom) are 
also shown. The sections within the brackets have high coherencies between stations 
and the well defined l.s. T!Ds can be seen. 
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Fig. 3. Examples of frequency response Junctions. 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. 
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i"o7.KSJZiE!ffii�rtc�•:nJPJ <�tf.J�1?�ttib9tc?:ffUo). 312:1ey��• :n1PJ (o) �1 
��M�:B-�SJZ:ieyfi([. L18 �i 3 �M�:5t��-:1JJPJ�f:i i?"?���-t. AE �i AE ffi 
�� 8 �r1c1,SJZ:ieyfi([. 23{71HC"'.)\,,'""(�SjZ:ley�Jl'.��tc�-t. 

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 
(0) are estimated by averaging the values for each period band. L18 is the spread in 
direction of motion over the period bands. AE is the 8 hours average of AB-indices. 
Mean velocities of the 23 samples are given. 

Velocity (m/s) and dire cti on 
Date Tim e(LT) (j L18 

150min 75 min 50min 
Nov. 26, 1957 20-04 828 (235°) 785 (203°) 219° 32° 

Nov. 27, 1957 00-08 798 (178° ) 658(179° ) 708 (183° ) 180° 50 
Nov. 27, 1957 04-12 913 (175° ) 742 (180° ) 178° 50 

Nov. 27, 1957 08-16 962 (190° ) 756 (221 ° ) 577 (234° ) 215° 44° 

Nov. 27, 1957 16-00 691 (197° ) 687 (185° ) 191° 12° 

Nov. 27, 1957 20-04 728(194° ) 660(212° ) 203° 18° 

Mar. 15, 1958 18-02 700 (194° ) 675 (190° ) 192° 40 

Mar. 25, 1958 01-09 796 (211 ° ) 884(202° ) 207° 90 
Mar. 26, 1958 00-08 543 (228° ) 637 (225° ) 227° 30 

Feb. 19, 1964 07-15 630(251° ) 600(258° ) 567 (260° ) 256° 90 
Oct. 29, 1970 19-03 674 (216° ) 400(245° ) 231° 29° 

Oct. 29, 1970 23-07 847 (216° ) 551 (177°) 197° 39° 

Oct. 30, 1970 03-11 492(185° ) 422 (183° ) 256(171° ) 179° 14° 

Oct. 30, 1970 07-15 395 (175° ) 507 (182° ) 179° 70 
Nov. 07, 1970 14-22 730 (171 ° ) 528 (175° ) 446 (179° ) 175° go 

Nov. 07, 1970 18-02 684 (190° ) 549(177°) 632(188° ) 185° 130 
Nov. 11, 1970 16-00 432 (224° ) 293 (234° ) 229° 100 
Nov. 11, 1970 20-04 467 (221 ° ) 435 (213° ) 217° go 

Aug. 04, 1972 13-21 741 (184° ) 628(185° ) 745 (189° ) 186° 50 
Aug. 04, 1972 17-01 377 (146° ) 398 (166° ) 484(195° ) 169° 49° 

Aug. 06, 1972 23-07 341 (197° ) 409(163° ) 180° 34° 

July 06, 1974 15-23 976(156° ) 678(184° ) 687 (173° ) 171° 28° 

July 06, 1974 19-03 807 (165° ) 649(162° ) 163° 30 

Average velocity \ 676 597 563 
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AE 

456 
707 
664 
542 
340 
268 
565 
456 
217 
34 

127 
343 
438 
295 
817 
803 
354 
328 
774 
483 
670 
714 
837 

llJ:l 7 S ft AE iJ� 800 r v:.� L, ��jH:t \, 'V� G 'negative storm' O);j:ky@H':.l) "'> k. (� 2 c). 

19721J:. 8 J.J 4 s �:tlf�-Ol�vr.WJM 1 �fa9fiJ�O) 1E5!1Ets0t,dtNtti�� �b.n, -* R.(O)ffi'*l i �p'flt 

tr.� 1.,, (� 2 d). ;:. O)Wjfa90), :f.lt k c lq] t:mf*l 4 ,�O) foF2 0) 5 0'f1c19�-fifi��-? --Cfibht.: 
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I&! 4 7}(f�1fijj!)}tOJ7rf{[!l:t�. *- 1  OJ No. 1 1  �OJ .f < 22{f!Hc"':>\, ,--C 7° i:z ,y r lA: t OJ 
Fig. 4. Plot of horizontal phase trace velocity vs. period for 22 samples listed in Table 1, 

except for No. 11. 

Ls. TIDs O)jWt)r (TAKENOSHITA et al., 1974) -e No. 2, 3 c 15-rHt Ght:�if.J O)jf[t c :1J fPHi , 

2t;:gJfuJtO)� 1 ,  No . 19 v:::.t§� L ,  M*vi J: < -� 1.., ---c 1. , 0. ,l;h,F::.x;f L ,  � 1 , No. 20 n: 

jf[t iJ; 400-500 m/s -e, TAKENOSHITA et al. 0) No . 4, 5 ( 8 y)!J,,JtiJ. G Jff]R9 � ;h,r§[P] � v::.{�m 

L '"'C I. ,  0 c t.r. 0 '"'C I. ,  0 )  c viVif !AJ C{[ll-e J!:> 0 '/J;)J fPJ vc vi-j( � ts:. vi G -0 � iJ;7j.. Gh 0 .  

� 1 "'(·� � tL tu.K 3¥-{��J!It � mJM vcx;f L ---c 7° 

p ':/ r L ts:: <L 0) ii�� 4 "'(· cl, 0 .  ts:: t.:.. L ,  � 

1 ,  No. 11  v-l nrJ;M7571 vc-0 1, , ---c O) {[lliJ�� G n---C \, , fs:_ \, , O) "'(·�j'j- Lt-=:. 7](3¥-{�:11RJ!It vt , nrJ;M 

15071"'(· 341 m/s-976 m/s, 7571"'(· 293 m/s-884 m/s, 5071"'(· 256 m/s-745 m/s O)fglfflvc71:;ffj 

l,'"'(� � ,  3¥-:J:$J{IB)Jt-ttL..ftL 676 m/s, 597 m/s, 563 m/s "'c'c6 0 .  J:lrj;Ml 5071 c 7571"'(·jf[t'/J; 

nrJ;Mvcxt L '"'C I£0)f§�� t -0�1ti7;17{7U , � O)f§�� <b -0�1tiJ� 5 {fU , nrJ;M7571 c 5071"'(-!Rj 

C < :i:EO)ffi�� <b v:::>��iJ; 5 fU, � O) ffi� �  t -0�itiJ� 5 fU"'(·c!, 0 .  UJ:: 0)*5*'/J" G , 3¥-:J:$J 
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Fig. 5. Histogram of distribution of  average direction (0) for 23 samples listed in Table 1. 
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�lrevt ,  7l(-Ifl-{�¥&*�iJ�r,!rl;Mvexf L"'C lEO)ffi�z- 1b --:> C.  c. iJ�fj-iJ ... -? f.::.. t.r..'Jo, r,!rlj{;,§ 150ftc 

757tO)f:fey*�� 79 m/s �1-/:B:f:fey{jO)�;iE J: � irr1cttITTve�'.@:-e:-� 0 C. c ;vqf;v ... � G.nt.::..  

� 5 ire3JZ:iey0)�¥&jj'JPJ (0) 0)71':;fpz-� Lt.::. . � 1 '  No. 10 z-0).:fvtvi�i* c. L, "'( 17°E-

51 °W ire 5t :;{ff L, "'C i., 0. Jt:;fp 0) ��iJ ... G, 0° z- tj:t ,c.., c L, "'C ±25° 0) �;i"c· 1¥JJPJ � ire{�¥& l., "'C i., 

015{71Jc,  ®ire, 40°W iretj:t,C..,z- t -0 t ? l '00)�:t!$iJ�1ftEi"0 C. c.iJ�Jti] ... 0 . 

. 4. � � 

!l P 7.. 7.. �  !l r lvjff;t/TO)*s*, l.s. TIDs 0)7tf£*lt�i, f:fey�lrC�:t7J(f�¥&*�iJ�r,!rJ;lt§ 

irex't L-"'C }EO)ffi�z- t -0 c. c ;v�§ij Gn ... iret.r.. '? t.::.. c. O)ifi5*z- l*J$11:1J���i"c'�§iji" 0 �it, 

fXO) ,�iref/1'.@: L-t.r..vt.nvit.r.. G t.r.. i. ,. -t.h�i1A¥&� !l r 11--0)•1:f:He�t.::. '? --Cfffi�JIT1tlz- L-, 

tJ ... --:>, foF2 riWJ�;vq}J!?llUFJr"c'-� c {Et;i£ l., "'C l, 0 c. c tJ ... I::>, -1:f:i � .tl,t.::.]fil�iJ\��ire�:tll(f 

�ffi*�"c-�if.t.. l ' ,� (HINES, 1974a), ;tci J: rf�@[jj' JP]O)�jb1A�ire�i° 0•11fffl;v�� 1::,.tl, '"( '-' '  

t.r..i.,  c. '-' '? ll"c'� 0. l., ;v  ... l., l*J$11:1J�O)�*ITT*lt�:t�O)f:s'Dr§Jl�iJ�1A- l., "'C i., 0 ��"c' 

OY&JtireJITl '{liz-�i" 0 C. c "c'� 0. 4'@]� G.nt.::. 500-700 m/s O)f:fey�f.t..]fil� �i F JIO) 

if"Jtvev� vi-ifc l.,"'C "Jo �, l.s. TIDs '/J�1IJJ�"c-�0 C. c �:t§ij i::>iJ"''°c'�0. 

c. C. b "c':i& t �*�t.r..11JJ��fnu (HINES, 1960) "c'!GJfil�.h01J(f�ffiJ!� V �i, 

(1) 
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"c'� I) ,  C vi.1r3£, </> vi.�OOO):fil@.fi!I!hb,. G O) ffi � "c-� o .  L.s. TIDs vi.�ltbU.:b� o vc"".:>.h, 

--C�miv:t:filiiOc;Jf--:5 � ,  :et:f1=1j F JIJ:i:ffi"c' </> vi. 0 vc;Jf1, ,  (KLOSTERMEYER, 1969). i t:., E JI 

7J" G F JlrffflO)l!UJlU"c' </> vi.lluMb�* < tt:. o c. -;E{rnivc;Jf--:5 � .  llrJ;ltJ15071tJ,J:"c'Vi c. /v c.·­

;E C.  tJ: o (HERRON, 1974). � (1)  "c' </> b�lluM vcx-1 1..,--c -;E"c'�hviJ.K3¥�mi3£ltv:tlluMvcx;f 

t,--CITO)fflM� t � . �@O)MfiM* c. ffi� �-�'"to . 

HF F 'Y 7
° 7 - 7' - !;( vc J: o m.s. TIDs 0) fl {J{U 7J" G 71 tt � tt � Wfil � t.::. BROWNLIE et al. 

(1973) O)M*v:t, Nu;ttJJ2071 tJ,J:"c'3£ltv:tllu;ltJJ vcx;J- l,ITO);t§M� t 't:i ,  � --z O)M* c. -�'"t o .  

[P] C < , HF F 'Y 7
° 

:::J - 7' - !;( 0) Jl P 7.. 7.. -"'  Jl r 1vMfib,. G ,  HERRON (1973, 1974) vi, m.s. 

TIDs 0)71ttv:t3£lt 1.1�NuMvcx;J- 1..,--cAO);t§M� t "".) ::. t �ffi 1..,k.. HERRON O)Mfi"c' v:t ,  3 

�f1=1j C i  t-: v:t s �f1=1j ) 0) 7' - !;(  vcxt t,J&:* :::J J1·to%"c-;t§1LfflM� c. --:, "( 1, , 0 .  ,tO)f-:.�J&* 

llrJ;W]fflt71l0871 (i t-: vi.18071) "c' v:t , t1'H�J:t�r�v:�:_* � " ' c. �x. Gho . � G vc�NuMffl<:71 

vcxt'"t o f.:stt§��J&IJ'\ 2 *;Jf{,Uvc .. J: l? 3¥ft1!::: 1.., --c 1, ,  o .  l,;a,. l, l.s. TIDs O)�-frv:tti c. x. vi 

� 3 vc� o �- c. < �" ,ffi�O)�"c-� iJ ,  ::. O)ffi1t�rr :> c. w:;t§�v:tlluMvcx;J- t, --C -JEfIBI� 

c. Q ffi� vctJ: o .  ,tO)�-fr, �b,.vt J:, 3£J.t;o;JM��1¥JvcllrJ;W]vc�J:tffU'"t o ::.  c. v::. tJ: o (HINES, 

1 974 b). 

Mfi 1.., t-:;ltJJ f1=1j v:t , � 1 "c'ffi � hk.Ji iJ 1 El O):@:�tUvcbt-:. "? --c 1, ,  o .  1fii, m•Jlffl:-rW 

ltv:t§i1, , s �1!:::�ffi l, , F2 l::
0 - J1 1.1�:et:f1=1j v:t,§!.f1=1j J: IJ �+ km J::1t'"t o .  ;:. O) J:  :> tJ:ffi:.JI 

0)�11:::vc t iJ,.b,.b Gf, �!:B � h k.3£!.t, :15 � v:t:et: c. ,§!."c-1'i�tJ:Jl1, , v:t tJ:b" "? t-:. . F Jl�lt 

"c' vi.q=ltt:*�mlltv:t vf Vif-;EO){[![ vcji l, --C :to I) ,  F2 l::
0 

- J7 O):* � tJ:J: rJlibvc t iJ,.iJ,.b G 

--r e: - J1 � It 0) t\t1t 0) 1r 3! vi vi c. 1v c � 11::: L tJ: " , . 1.., t-= 1.1; "? --cm :1J� 0) &ffl3!1t t :et: c. ,§!. --c 

j( � tJ:Jll, , vi. "c'"C ;:. tJ: 1, ' ·  ;:. .h vi. E }fiiJ,. G F Jlr$0) TIDs ;oq:itz"c·f�!f&3£J.tvc�r�vc* 

� tJ:��ffi'"t (HERRON, 1973) 0) c. v:tx1�El'9"c'� o .  

L.s. TIDs iJ�ffi�m� C .i: ? '8L c. W�tJ:Mjf� t "".:> ;:.  c. vi..f! < � G.h --C 1, ,  o (DAVIS, 1971). 

� 1 "c' t No. 10, 11 tJ,JH:t'"t�--Cffi�m�O) C .i: ?  '8L�"c-� o .  ,l O) � "c- , AE ,a; 600 7 tJ, 

J::O)fIBf� t "".) s Mf1=1j v:t ,  �0) 1A!f&:15�1.1�vfv�'=7�:@:vcm� � "c-� Q . ::. 0) ::.  c. 7J" G:ffi�"c-JffJJ,1§ 

� ht-: TIDs ,a;ffUllt""-f�!i' l, --C � k. t 0) "c'� o ;:.  c. vi.00 Gb,."c-� Q .  T¥Jrts:15�vc 1A!i''"t o 

t ? 1 --:>O)�ffv:t ,  AE 1.1; 200 r-600 r O) f1=1j"c-, J::r:�1¥J,J-.. � " ,m� c .i: :> '8LO);!t§f1=1j "c-� o .  m 

�1¥JM��O) No. 10 v:t�:@:tJ: rts� � 1A!i'"c'� I) ,  l.s .  TIDs 0) 1JJ}J,l§�;o�ffi�0)1/U� C .i: ? '8L 

UJJ-.vc t fftE'"t o ::. c. �ffi 1..,--c 1, , o .  f�!i'�ltO)*� � v:t3¥�s"J v=-�--c Ab' c. ITO)ffl'*l�ffi 

'"t. AE JJ� 600 r J.;),J:O) 8 ffU vC"".)l, ,"(3£Jj'. O)f�� c. o c. llrJ;W]l5071, 75  71, 5071"c'-l.h� 
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h 749 m/s, 605 m/s, 644 m/s c ft. 9 Jlrj;WJ757t.l;Ui+i�f:feyvtJ:t�-C M} 80 m/s * � " ' ·  L.s. 

TIDs O)�:!f&J!JlHim�m1vvc{&rt L-C.to 9 , k c xJi Kp f�� c IEO)ffilMj�ffi-t (TAKENO­

SHITA et a!. , 1974) t. c iJ�� G:h-C l. ' Q ,  4'@JO)M:tJT--c-, JlrJMvc. J: --::> -C )c O){&rtltiJ;�fJ:. Q  t. 

c iJ;OO GiJ� c ft. --::> t::.. 

1 )  JlrJ;Wj507tiJ� G1507ti "(·O) 1.s. TIDs vi , 7](3¥-f�:lf&J!l!'tiJ; 256 m/s iJ� G 976 m/s O)�lffl 

.vc.Jtm L ,  3¥:feyEfJvcvtJlrJMvc:xt L-C I£0)t§!Ml� t '0. t. 0) 1.s. TIDs O)Jtfflc�ltvt , P ll'.ffi:ffi: 

JJ�O)Jtffll�1t--r-�oo L 5 Q .  

2) �:!f&JJ[A]vt ,  ::kffiJtiJ;W[IA] � --c-tr> Q ,  -;; G vc.Wirlsvc�:IJN'.-t Q t 5 1 fftJ;rttE-t Q .  i 

t::.m�EfJ�!ffi�vcgg[A) ��:IJN'.�-t Q Ls. TIDs iJ;1tt£-t Q . 

3) �r1&vc::k � ft.ti�m�O) r: :i: 5 !L�vc vt, f�:IJN'.vt3titvc. W[[A] � vc.ft. 9 ,  f�:IJN'.J!l!'tvtRo 

;M1507t c 507t--c-� L < �1Ju-t Q .  

L.s. TIDs iJ; , ti�m� t: J: ? !Lvc J: --::> -C J.WJ� � hfl&�l!t"'-f�:IJN'. L-C � t::.l*Jfffi:ffi:jJ�--c-tr> 

Q t.  c iJ; 00 GiJ� c ft. "'.) t::. . ti�m� t: :i: 5 !LtU"l-vc t V* vtrttE-t Q .  ti�--r-m�mlbl!'tiJ;� 

1. ,�0) l.s. TIDs O)J!i!t�1Ju vcnaWJ{&rtlttJt;. Gh Q iJ� ,  t. O) :j:g\Htvc.'01. ,-c vt4-fk�tt-t Q 

�,�iJ;tr> Q .  
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9 �W L t -t. �.to, t. 0)1Yf�KB L, �•*�m�wnmm•�O)�w� Q •m•��i 
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