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EX OS-A Jj £ -ei'iJHJ!IJ � tL t::. LHR * 1 7. 5 

LH R Whistlers Observed by EX OS-A 

Takash1 SHIBATA'", Takeo YOSHINO*, Yosh1haru NAKAMURA** 
and Tom1zo ITOHH 

Abstract: LHR (lower hyb1 1d IC'mnance) whistlers have been found m the 
m1d-lat1tude reco1 ds f1 om a b1 oadbdnd VLF , ece1ver aboard the EX OS-A 
satellite Characteristics of the LHR whistlers a1e the successive enhancement of 
d1spers1on and the frequency resonance, m the v1cm1ty of the local LHR f1e­
quency The resonance phenomenon of the LHR whistlers has been mtetpreted 

as a nonducted propagation of wh1stler-mode waves with a la1 ge wave 1101 ma! 
angle m the magnetosphenc plasma, whose density gradient 1s nearly perpendicular 
to the earth's magnetic field 

�Hr EXOS-A {!tr�.-cltJ?.J!IJ�,hJ:.. LHR ;t17,70)�M�li�fo/J'.,ti1L, {:-O)i,¥1r( 
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t O)vir�Wocnx:JiHl.©O)'��JiiJ{:l:iiJZ'a:'Ji�-.t Q.::. l n;-c�f, :ti!U:: i-CJIJJi lA�tee1, ,. -.ttee 

:h'b, j:-tgJ:furnm-c :ft G h Q i!zltJvi, -t 0) v'J: l A_; l iJ; 37';,, H�W'. L -C � t-.: t 0) l � x. G h, �f 

37" ;,, H�W'. 0) m* 'a:' J;.. Qt-.: o6 v:::. vi, AI ffi £ fl?J!U 0) J: 5 vc, m�m fj:le::x; 0) 51,(HU Ti!zi.,b 'a:' l G 

*- Q h $; 7J; -;;(p;:jJ-c· c!0 Q . 

��1,,;s1,,;stee1tr£iJ;�p37;,, H�W'.O)Itl*'a:'l Gx.¥lH'rL-C1,,QiJ;, YcO)f\'.;�tY')teetO)l 

L -C vi, OG0-1 ffi£-C:i'&1mcftJ!U 0 ht-.: MR (magnetosphencally reflected) ;t 1 7-- '7 iJ;j; 

vf Gh Q (S MITH and ANGERAMI, 1968) ;:. 0) MR ;t 1 :;z.. '7 vi, KIMURA (1966) vc J: Q, � 

ffl1 * :/,a:'�[I Lt-.:i/t1&f:ffftr;JJJl 7° 7 ;7..'--:;, �l � q:t -C' 0) ray tracing 0)*5*�' THORNE and 

KENNEL (1967) vc J: Q {1U%'1rEzr1ziJ10) {�mxt\U:lO)fWVrn� G, -t O)t¥tEiJ: -=rmu 0 n -c 1, ,t-.: t 0) 

-c·, �� 37 ;,, H�W'. L -c 1,, Q iJ:t-.:00 vci!z 0) wave normal angle iJ�:* � < , L t-.:/J: 0 -c mif9TE1'9tee 

LHR (lower hybrid resonance) mJ{Et�iJ;i!zO)mrlz�'a:'M&x. Q J: 5 tee�J{fgjz0)31!{�-C ray °jjfp]O) 

lz�iJ; *' ;: VJ , 7° '7 7-- "� P'1 � fi � * L -c 1, , Q ;t 1 :;z.. '7 i!z-C ci0 Q l 1W :fR 0 h -c 1, , Q. WT 

(walkmg-trace) * 1 :;z.. '7 {, i t-.:ti:�tee�I� 37' ;,, H�W'.ffl.* 0) 1 �-c-ci0 Q. -t O)fl?J!UiJ{tgxvif$131t 

EJ'9vc�R G hiJ��15zFfc!1-filHcJti::f:t L -c tu VJ, :;z.. �;,, 1-- 1vvi�Ffcl9 l l t vc,F,¥Ji!z�iJ�J:�-.t 0 nsmg 

tone-C, _M�tee�:li*'J:u{.f&;lg)ZL�tffi��L-C\,,Q, WALTERand ANGERAMI(1969) vi, m 

jJ�J}HC:fillf[tee"JJ IP] vc t :irf O)ffl:-=f Woc :Jg�G ,a:'1[-_t 0 J: 5 tee!Jtf&f1fitr 7
° 

7 ;z..' < . .:f:--7 /V,a:' fafh \ -c 

ray tracing �*';:tee 1, ', WT ;t 1 :;z.. '7 O)f:i 4- 0) :;z.. �;,, 1-- ;v¥-ftivcm§J3 ��X., 0 G VC;!E:VC;: 

0) WT ;t-1 7, :Jm*n�G, 7° '7 ;7..·--:;,�:,!J!j(O)tfJi:fuvcM-.tQ'tf�!i��QnJ§gft���L-C\,,0. 

::t�ifaJt-C jzli� Q LHR (lower hybnd resonance) ;t 1 7, '7 chit-.:, �f 37';,, H�W'.� L -C \,, 0 

:m*-c ci0 Q l ,�,:hh Q iJ�. -t O)fl?J!Ui7Uv:t�'tee <, < :h L 1, ,{�W'.�flvc �1, ,-c vii tdJHtvc 0 

:h -c 1,, tee 1,, (HELLIWELL, 1969). .::. .::. -c· vi, f-,� �ffi £ EX OS-A vc J: 0 -c flJ!U 0 ht-.: LHR * 

1 :7.. '7 !J[*O)�tt��mtrr L, Yen G �M:fR-.t Q t-.:00 0) 1 �O){��WHf--=E-7';v�tJi!l±l-.t 0, 

2. � llJ � � 

H�ljJ;g_ EXOS-A vi, ffi�c·O):;r- P :J l-tO)�jgf!].*�ftiRU-.t 0;: l '3::'± § E1'9 l L-C 

1, '0. -t 0)1JJ}tlJi!LiHi, ii)@};� 634 km, Ji:im}� 3978 km, i!LJ1!fl:Jtt4JEJ 65.4° 0)$ffii!LJ1!c·, 

n3Wlvi*9 130 0-c·ci0 0 t-.:. :ffi=ft��O) 1 �-c-cl) Q 7
° 

:J ;(--:;,i!zJbl!?J!U�li:vi, �:/5t*9 4.5 m 0) 

37''1�-1v7:/T:rl7 7 '75--tJ y 7°

�J§1,,-c, 0.4-30kHz 0) VLF $1f}�ftJ!Ul, 45 

kHz-3 MHz O)q:tO) 11 {@1 O)[;filn:nrli!z�vc*'vt 0 LF • MF �1*:b.i::X:ft?J!U l '3::' t-;; ;: tee 0 -C 1,, 

0. ��1tnx:�O)�*IBv:t�iJvctcjzj! 0 h -c 1,, 0 0)-C· (�EB@, 1979), -t n 'a:'$� 0 ht-.: 1, ,. 
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VLF r.tffi�tiVl.U -r - !7 vi, WH��vc ":) 1,, --C vil3l:ff!J£:rt!! O))l:{§ Nu--c·, tj=t{1£r$1.!t 7
° 

'7 :X.' � Ill P'J 

vc ":)\, ,--c viJff,9c�P'JZOO O)�jijiNfJ (KSC Nu) -c, .:t ;h.f ;h��rsj--C·J&m � ;h --C 1,, 6. .:. .:. -e 

O)::l::�-C-j;6 LHR �1 7-. '7vi, 3<'1 ;f--1v7 :,177�):f31,,f,.: VLF ffitiVl.U-r-3< 0) ij '-0, 

KOCNfJ�mGhktj=t�J.!t7-!JO)q=tK�lli�hktO)�j;6. 

3. LHR ;t 1 7-- 7 0)1t-'l'i 

tiJ!U;e:;ht-: LHR �17,'70) m1EH9:-ffifr1=1j 7'-"' I/ I· 1vO)�mlastce t O)�, � I v::::.�-t. 7-. 

Feb. 9, 1978 

0 

H==3690km, INV. LA 1�53.5° 

0253:02 UT 
i sec 

� 1 LHR ;t-1 7, 7 rJ) 7'� !J r ;l,,!}) :!W:�fJU. 2 t);)Nj:lt)J!J) ��,ur ]/�;t-,!})?{£jfJ(i, WrS. 
l*J n£--c rJ) t:i;J�Jl § rJ) T l!tc 1:. J: Q iL rJ) --c J0 Q 

Fig 1 Frequency-flme spectrog1am of LHR whistler observed by EXOS-A satelltte 
Penod1cal vanatwn of background noise level 1s caused by the interference of sub­
system nOise 1 epeated every 2 seconds 

OY:fl[U::::.J:6tO)t, 7
°
:-i7-�q=tO)ilzf)J;!}l*-CtffiK0)7,t.':/tJJ:!f?.-Cttce1v,. 7,-"'l/ I 1v/J, 

�W=.JG/J,teeJ: 5v-=-, LHR �17-."Jvi., J!i�t0)�17-.'7�'i[c1::[1§:J}lvC{l&1v·Tic!Jr&lJ&nx:0\. Vitc1::¥1J 

J!�JntiJ O)jdn, fallmg tone c tee 0 t \, · 6 /J:, Ye 0)5J\.�{WJi \, ,;hvp 6 Eckersley 'lJ'� c vtt_c 

G-t, mrEz�/J:-fiJ�6c1::c1::tv::::.*�<tee0-C::fv'i), c!;6m�� (� l O){JU-Cvtf:,18kHz) -c· 

�q��ili;;::. -t c1:: 1v, 5 t41�tJ;j; 6. :;l:l�q�mJ<&�vtNum LHR m�t�o::::.Jli:1v ,ff-r c1; 'J, ;::. 0);:. c1:: 

fJ; Ye O):'.f5Jf\O) El3 *;::::. tee 0 -c 1v, 6 c1:: ,8c:f,hh 6. 

;:_ 0) J: '5 ts:. LHR � 1 7, '7 iJ;Jt{"§ �;hf-: 0) vi, 1978 � 2 J=J 9 S 0) Rev 52 0) JWLJfil t cl; 0 

f-:_. ft�UfiN�vi, � 2 v::::.J�-t J: :i vc, �t.:f.fitj=tri& 7
° 

=J ;Z: � !Bil O)}g.j1=1j{R1J t, L�3 7-2 4, � 
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� 2 Rev. 52 -z.:- VLF 7*rJ1libfm6lU�:tu:. tJ: ·:d.:fJt0)1,ij£tftJi. @i=J::tO)WAlisHiftti'A-1"lpoo 

r*J -c· 0) tftJi � 2b G b-t 
F1g. 2 Southbound path of EXOS-A satelhte in Rev. 52. The inserted figure shows 1ts 

traiectory in the geomagneflc meridzan 
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f!t H�3400-3800km (l) iJVi -c � QiJ;, LHR ;-J-;1 7-. 5/J;�{"§�tiJ:OJvi, L�3.5-2.7 (l) 

r1c1i-c� I?. --tn11JJW1Jttoc-c·t11tJtoc-c·t�1i�n-c1.,tJ:1.,. ;:(!)�(!) Kp1��vt 2- -c-, 

--t {l)WJ 1 ;i!§lr1c1, {l)JN:jdlEf t 4° v:. l_.,/];� � -t' Hvi�ffl:l:*Jt�-c-� --:d-: C ,ft!;th;h Q. L f_:/]; 0 -c' 

LHR ;f;,17-. 7 /J� �{§�;ht-:iJ:tg!Ht, ffffl�(l) 7° 57-.'<",t;-;z."(l){ftf{: (L�4, CARPENTER, 

1966) l IJ +5-t l*J-OlU (l) 7° 5 ;z.· <" III l*J-c· � Q c ,�,b:h 0. 

� 3 vi, LHR * 1 ;z. 5 (l) ;z. � !1 r ;v/J�ffi £ (!)�ti) c c t K. c (l) l 5 v:.�1� L -c 1., Q /J; '!a:' 

�Qk�K, *9lJt$Km•'ia:'�lliL��(l)ft�K�0-C��kt(l)-C�Q. OO�UT�K 

vi, ;ri�(l);-J-;1 7-, 7 �ffl:c--r:(l)J:Yffii#Jli:/J;G:Ml:lli�;h-C\,,Q LHR / 1 ;z.'t,�,;b;h,Qrettf;/J; 

�Qf-:vt-C�Q7J�, 0248UT �l l)t,JJtv:.tJ:0c LHR ;f;,17-. 7 /J��{§�;h-c1.,Q. --t:L 

-C, ffi£/J;{IUtoci1��1§ib-tQv:. Lt-::h;0-C, i-t, ���Jiret�h;ft/d:.J:HL-C� IJ, 

�Gv:., #��Jiret�J: IJJ:(l) falling tone fm:5J"·(l)7-.�!1 r1vffi#4/J;vpQ�/J;v:.tJ: 0 -C'.,<, 

-ttJ:b 'tJ 5-t'Mifll!h�* @" < tJ: 0 -c 1., < ffi rfiJh�ff� G ;h Q. ���Jiret�'ia:' ;z. � !1 r 1v/J; G WEJ;..l& 

IJ, --t: (l) L fl!! {tf{flt '!a:' � t-:: t (l) iJ; � 4 -c· � Q. L�3.15 l IJ ns/J L fl!! -OlU iJ�-c:- fmtl!U �;ht-:: 

LHR * 1 7-. 5 (l)���Jiret�vt, 5.8±0.2 kHz -C vtvt:-5E-c-� 07J;, --t:h l 9 {1£ L flEf-OlU-C·vt 

L f[!\i:(l)�j,' C Ct v:.J:H L, L�2 9 -c:·*9 8 kHz C tJ: 0 -c \, \ Q. --t' (l)ff���JW1ret�vt*9 6 5 

kHz i-C·�Jl®t:v:.�j,'L, L�2 7 -C·(l)*9 IO kHz (l)f[!\i:i-C·, it-: L flEf(l)�jrc c tv:.J:� 

L-c1.,0. L=2.7 (l)�(l)ffi£fftfl:-C:·(l)ffl:-=f--it1!1µrµ:/JW1ret�vt*9330kHz -c:-� I), 7
° 

5 ;z.' <" � f!t '!a:' � �l* c �5E Lt-:: LHR JWJ rBt � (l) tiU.IH!l! vi t-:: /J; t-: /J; 7. 7 kHz ffl& v:. L /J; tJ: G 
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12--: 

REV. 52 FEB. 90 1978 

D 

02 47:02 

8 

0248:38 

02 49=16 

02 50:50 

8 

02 52:32 

02 53:26 

� 3 LHR ;t; 1 7, '7 rJ) 7, � :'7 � ;L,,0)1!t]JJ! OYfH)Jv� t. l{_J.,: 5 (;!J.:1t 

l::J.1 

3.4 

3.2 

3.1 

2.9 

2.8 

Fig 3 Typical spect,og1a1m of LHR whistler, arranged Ill the 01der of observat10n tune 

and appended with the L values 
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L VALUE 

35 30 2 5  
15��---=,..:=---r----.----,---,-----,-----,�---.------.------,�--,,----, 

� 10 
w :::> CJ w a:: 

w u 
� 5 z 0 
I.{) w a:: 

,,..,. _,,: 
.,J-· _ ... 

.,.:I'·'* 

. . -··· ,..,,. .: .. ' .. ··. . .. 

0250 
UT 

0255 

ji{] 4 LHR ;t; 1 7- 5 O)��itJ\13ili£iP:0)¥£1t 
Fzg 4. Vanatzon of resonance fiequency observed zn Rev 52 
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-t, 1tGht-.:#q�JWJrHZ� 10 kHz �M;?Jr LHR JWJrHZ� -z:-0) t 0) c M�-t 0 ;:_ c vi IB!Jft-C-210 

9, LHR JWJrHZ�J: 9�\,,)WJrHZ�-c-O)jtq�O)�tJiJ;�,�c �;h,0. 

m G ;ht-.: LHR ;t; 1 7-3 0) 7- � !1 r JV vc � L -C t J 1 l2' t± § � ;h o ;:_ c vi, � 3 :I: T � 0) 

;z, � !1 r ;v,W-Uvcj! Gh o J: J vc, LHR ;t; 1 7-3 0) ,E§$iJ;#q�JWJrHZiucji Lt-.:�. �I!tJWJrHZ 

�B0vcJ:� L -C \,, 0 /,';\-C:'210 o. ;:_ O)�fJ:%0) LHR ;t; 1 ;z, 3 0)'.3t{§?Y]I!tvi, �p'ffivCd;tJ: <, 

� G vc, :ro :ro tdJ. {1£ L f@jJ!� -c-0) st {B vc �! G h -C \, , o. 

4. LHR * 1 A 7 0) 1��t�m � :p )V 

;t;1 7-3-f:- J--'O)rHZlfJ0){���5Eft8'9vCJi!,0t-.:6bvC, 'i-tm�fffi7
°
37-''"<�::i-;v Fe{& 

5EL, J'c0)$-C:'O) R--1:- J--'0):5i'f£��*-. -Cd:1-o. �flt 4000km 0)7
°
3 ;("?'[ffifij-C-0) R--1: 

- r'rHZO) w-k �ffi���-t 0 c � 5 0) J: J vCtJ:. Q. ;:_ ;:_ -C', w, k $i1Hi-lh-fhffl:-=f-it1 !1 

i:r r i:r:,; JWJrHZ�:ro J: tf-z:-O)Jt�$-C: O)rHZ�-C:-IEffi.1t L-C 210 o. JWJ*OO) J: J vc, fpj?)r LHR ml 

¥HZ� J: 9 {]£\, ,JWJrHZ�-C:-vi, Jffi1Jf$vi-t-"'-C 0) wave normal angle -c:-��l c tJ:. 9, Jmi1r$El±Jim 

vi MC. t-.:%t}t c tJ:. 0 iJ;, LHR JWJrHZ� J: 9 � \,, JWJrHZ�-C-vi resonance cone iJ;ff::tE L, rHZiJ;* 

� tJ:. wave normal angle ��"':) c � #q�t}t,rn c tJ:. 01:iJrJl§ltiJ; 210 o. ;:_ 0) ;:_ c vi, t,Jjp-C:'jzj!-"' 

t-.:jliJ!U*s-*O) 1 "':)O), mi?Jr LHR mlrHZ� J: 9 �\, ,JWJrHZ�-C:'O)#q� c \,, J lf�O)M�vc c 0 -C 

:tff$,g--c:-210 0. LiJ� L, *� tJ:. wave normal angle -c:-f��-t o c \,, J �{4t-:vt-c:-vt.#q�vi� 

;:_ G tJ:. \, ,. t-.: c *-. vi 7
° 
3 7-' "?' llliJ;, £� v '"'lv-C' O)�_fliJ:1iil'At$:I!t{t1¥1t � t 0 -c \,, tJ:. \,, J:: 
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lte/ fle = 1 32 
W · 99 °/o 
H; · 1 °lo 

...__.__,____._.,c...:'.L..,__,_....L-l.._���_J___..__'---'-_.___] n 
10.2 ,o·t ,oO 101 H 

NORMALIZED WAVE NUMBER K C/ne 

� 5 ::x - ;v r 7° 7 7. "7y:l0) R -=E:- r iBtO)T£):Q1t w-k �� 
Fig. 5 Norma!tzed uJ-k diagram of the rzght-handed polarzzed mode m cold plasma for 

.\everal wave normal angles 

5 tJ:., i t--:vi t 0 -cl, ,-ct �Fr*;vuJ\ � td&tHi-C 2f) Q .J: 5 tJ:.1JMJ!f¥�1mJ. 7
° 

'7 7:" 5t1rr-c Jlr1JJ 

-c- � Q 2:: --t Q 2::, * � tJ:. wave normal angle -C -l 0) r=p�{��--t Q *' 1 7' 7 ilslvi, MR *' 1 7, 

'7 0) .J: 5 vc Bz!tb'J:mc Q nJ�§ttiJ;tf) �:itc:vt-c-, ���vi, :w,Jiffi:iW:�O).:fl,,"(vi �c !J f�tJ:. 

l,,. L t.::.iJ; 0 -C, * � tJ:. wave normal angle -C �f !l (I 1' {��--t Q 2:: \,, 5 c l vi, LHR *' 1 

7, '7 O)���:m� ���--t Q t.::.2sb O)&;,Jt��d4-C-vitf) Q n:+5t�f4:··ni tJ:. < ,  �t� 0) 7
° 

'7 7. -" Ii 

.ii!in:::.M--t Q JJ!J O)�{lfiJ;�* � :h Q. 

LHR *'1 7''70){��t:1HJO) 1 v:)0)-'£-71vl L-C, :l't!ff:JZTiilJJtfvUfvf:!imUc;Jrl,,JJfPJvC;-: 

-=fWoc��2.� t "':) .J: 5 tJ:. 7
° 

'7 �-"�t�r=f:i-c-0):cJp � (I H���� x. t.::. t O)iJ;, � 6 -c-tf) Q. � 

6a vi, 1tj £ � oc-c fltJ!U � ;h Q LHR *' 1 7' '7 7'""" (I 1' Jv 0) flmJ.-C' 2f) lJ , ilsliJJ fflt 7} 2:: L -C, 

:;! ����mlilsl� !R l i-O)lru�O) mlilsl� !L, fu 0) 3 "':)O)ilsl�� ;z. Q c, � 6b 0) .J: 5 tJ:. ray path 

�7c:h-l-:h l 0 -C \,, Q &;,�iJ;tf) Q. c C -eO�Pvi, )ffiifr$iJ;��l.7C l tJ:. Q ���0):1:�ffl�� L 

-C \,, Q. fltJ!U �;ht.::. LHR *' 1 7' '7 0) 7'""" (I J, 1v J: 'c', ���mlilsl� .J: lJ �\, 'mlilsl�fflt:JJ L,iJ, 

ilsllb l L -c �ft� :h -c \,, tJ: \,, c l �f¥HR--t Q t.::.2sbvcvi, ilslvt��fliJ'>l::i:J:tl!JIJJrPJ�� lJ -c < 

Q .J: 5 tJ:.{���!Ei � l 0 -C :to lJ, � G vc, � 6b 0) 3 "':) 0) ray path vc� � ;h Q .J: 5 vc, J*J 

��iJ;�\, ,vf l' .J: lJ {f&�oc-c-���;if:� 2:: tJ:. Q&;,�iJ;tf) Q. 

Snell O)t!JlUvc L t-:iJ; ;t f;t. �lbvi, Jffiifr$-;E O)!l9\'-1fil�O) Jffiifr�J.---.:: (I 1' 1v O)�JJn>t0"­

iJ;ilf=t¥ � :h Q .J: 5 tJ:.�fi �{��--t Q. \,, l, ,iJ, f'- Q c, 2f) Q �lbvcxt L -Cl& lJ m Q)ffi-lfr�""' (I 
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�fl. !L . fR . fu O)YBlO) ray path Q!:[]0),¢,\ fi--ttL--ttLA��:tkrffi c t.c 0 �m�� L, 
1Jt:*�vi, f.l3YBtfi. JR O)YBlO);i-t�ll�:ilr{9¥-C 0) ray path �' wave normal J5fol c c i, 

vc�-t. (c) f.l3YBtfi. JR O)YBtvcM-t 0 :#��,�Jli < -c O)jffiiJT$�1ru ,i��vi, Jffiilr$­
�O)!ftWao� r0 Lt��-c-0 0 

Fig 6 Interpretation of LHR whistler (a) Idealzzed spectrogram observed m satellzte , 
(b) Ray paths at frequencies !L , JR, and fu Each ray path terminates at a resonance 
pomt denoted by the open circle m the figure The enlarged sketch in the figure 
shows the ray path m the v1c1nzty of the resonance pomt, wlfh wave normal directions 
(c) Refracttve-mdex surfaces (not strictly to scale) m the v1c1nzty of the resonance 
point Dashed !me is perpendicular to surfaces of constant 1efract1ve index 
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° c tJ:: lJ ,  3�11�ftJ 

iBlMcvifiiJffl LHR WJi£H�v=---J_x L , --c o:):1J fPJiJ ;  90
° 

iJ, G -th 6 C ,  Yc hkvl,  3�q�vi LHR 

fir] i'El � l lJ r\sh 1., '%ct  {Bl� -C 1t9 .:. 6 .:. c v=- tJ:: 6 .  .:. o:) .:. c vi ,  1361 4 -C � � Jt t..:. fiVI'VI LHR �] v.Jl� 

l 1J -t 0 c � 1., , .m.=i iBl i c-c 1(9 .:. 0 -c "' , 6 � q1�r!l gi o:) M :fJfz- , !'iTfj§ v-=. -t 6 t o) -c 2i0 6 . i t..:. , fe.J 

flt Os o:) r@JOCv=-xt-t 6 �{t o:);1,ij�iJ;�f':'�� vuJ\ � < �ti -C � 6 c -t 6 c ,  en(!IJ t i�re'. v=-�� 

EXOS-A ffi£ -C fjl/JlU � ht..: LH R * 1 A 7 � A � ;, [' JvfMHfr L t..: C .:. 0,  -t 0) 3�qf5vifii) 

Bf LHR mli&l� l lJ r\sh 1., ' J%'J�i'Et-C t �.:. 0 -C 1., ,  6 .:.  c i:J; -J-y/J , 0 t..:. . -t o:)�q�;!Jl* �fJl �i� 6 

t..:.clJ v=- vi , j-jjfE:r�W vUf vi lli@[ tJ:: :15 fPJ v=- 7
° 

7 ;z,' " Wf.!t ill1liGiJ;f7-tE-t 6 �,�i); 2i0 6 .  LHR * 

1 7, 7 vi , -l- o:) 1 :i tJ:: w l!l ��c � t v:> 7
° 

7 ;z, " Ill  o:) $ �,  r\sh �J!li:J,  G ttlt£t1J rbJ f:::. , * � tJ: 

wave normal angle -C �f-: � ;, H��-t 6 * 1 7, '7 -c - Fi&l-C zf) 6 c ,�d'Jh 6 .  

Rev. 52 -C ji�U � ht..:-jl o:) LHR * 1  7- '7 o:)�q!bN:l iBlfHi , flji}_iJ; vf ViJ::-1-EtJ: �& -C {.[, 

L {[!1{Jl!J ""-T1!'J-t 6 v=- L t..: iJ ;  0 L ,  2 l!lv=- b t..:. 0 L J:H-t 6 f!J{ fP_) � �  L L \, \  6 iJ ; ,  .:. o:) .:. C t '  

3�q�Jl* 'Z'M�-t 6 t..:. clJ  o:) ti� tJ: WOC ��o:)::{ftf c ;f !§--i:tf, Wnt iJ; , {t L {[)l[�ij ""-WlJJKI 

vUf vf filTI[fJ:: :15 fPJ v=- ,  :Ll1JQ L -C 1., , 6 .:.  c 'Z'�-t t o:)  c �,bh 6 .  

3 }ip o:) J\if&vc� L t..: , LHR * 1 7, '7 o:) ffi'lIBiJ�::;!:t�� o:)1&vc nsmg tone vc�1t-t 6 Jl*v=- v:> 

\, \ L vi ' -t o:)  '.Jt{iHfUiJ; j; tJ:: \, \ .:. C t 2i0 0 L Miff vi-f-5} L vt. tJ:: < ' 4-1& o:) rpiffi -c· � 6 .  

C .:.  6 -C ,  tJJ:-C vi ,  LHR * 1  A 7 o:){���fJo:)1Eltl¥Jtce�ii#i o:) f..:c6 v=-, 7
°

7 7,' ? mJ 'Z' 

:1 - ;v r c i&:IE L -C {��'Z'� x. t..:.iJ ; ,  -t hiJ��qiftEJ v=-iEc"' ,ifr-c o:){��o:)�WtJ::l& IJ jliz_ 1., ,  c vi 

tJ:: I) 1-�tJ: \, \ .:. C vi]l' ? i --c t tI:. \, '· HASHIMOTO et al. (1977) v=- l hvi,  l!iil.oc 0)5Zj]:* 'a:'� �-t 

6 c , � ql¥JjE] l IJ 7C � f£ wave normal angle -c· t i&lvi{��PJfJ§-C·� 6 .  LiJ , L -t o:)�i!i--C· 

t .  ft.El :tfr� vi1i"�l-C vi � 6 iJ;�F'i�v=-* � < ,  L t..:iJ ; --::i -c , i3l o:)ff�l!lvi�F�vuJ\ 0 < tee IJ %  
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ffitO):ft::f(n;JJH� � n, � G vc. , �rs9 ttJtJ:��$ t wave normal angle n:::f( � < tJ: 0 vf 2:·mtoc 

�jJ=*vC. cl: 0 -C. ::f( � < tJ: 0 t.::. 'lh,  ���� cl:  1) ::f( � tJ: wave normal angle O)tEl�i . ��O) f.::.'lh vc. 

Ti=UmttJ-r· 2o 0 t ,r!thn 0 . 4-ff, mtoc�JJ* �� rt L t.::. ,  c1: tJ � L" 'JE:l:ttJ�i-1 n:�,� c � n 

0 .  
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