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Experimental Results of the HF Propagation at Syowa Station, Antarctica 

Syoji KAINUMA*, Isao SHIRO*, Makoto YAMAOKA* 

Masaru lcHINOsE* and Toshirou SAKAMOTO** 

Abstract: Continuous measurement of the field strength of NHK's overseas 
broadcasting waves (JOB, 11. 815 MHz) was carried out from April, 1970, 

to February, 1971. 

The diurnal variations in field strength were not found at the equinox, 

but in other months the field strength dropped after sunset. The night-time 

signals at Syowa Station were received mainly through the long pa th on the 

great circle. 
The mode of propagation varies with the condition of the ionosphere, 

and the mixed mode (e. g. E plus F layer reflection waves) is often predom

inant. 

At the main phase of sudden commencement of magnetic storm, the field 

strength abruptly drops, and this effect must be taken into consideration for 

the operation of communications. 

For the purpose of experimental studies of the radio communication in 

high latitudes, it is planned to continue the field strength measurement on 
the routine basis in the future. 
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(3) �{Bl±l:1J: 100 kW 

(4) 7 '/Tr: %A: SS6-RH. 1J{ftftj 240f!t. {fpfij 13m'.. flj:f� 8. 5 dB 

(5) �[§f}r!}){ftii':: zx:!Ptt�Ui.%!�-;f,o;J;;f KDD /\{:;RQ.s{§?fr (36°IO'N, 139°50'E) 

2. 2. $t fifflUO) !17f: 

(I) mu/E�;Jf)T: . l'i'H�Wr3f0�� (69°00'S, 39°35'E) 

(2) jJ!IJ5E;!tJJfb"j: 1970�4 }j 2 BiJ,Gl971�2 }jl6B ic' C*-�lOn Jj=J=:) 

(3) J!U5E�fi:� .J: U®1:IE1i$ 

�18 )=fJ 7 '/Tr : � L ;ffj ( r� 6 1 Om, 7j( fffe:i1B30m) 

m1J5Ef.f : NRD-1 E Jff�jJJl�{§� 

E2ilH : @JUJA: KRB Mi1i113tEt2$i'�iiEH 

�{§ltJlf.�ft(OCCl)�lEvi, fl�{§%9£1:.?tiv:::. .J: I) fHf'lO B v:::. 1 @lrrtce "J t�. 

2. 3. ffifi � � 

(I) {��NertJl 

�@] I) : 14, 118 km 

�@] I) : 25, 890 km 

(2) JU*1i{ftfr1 

*@] I) : 84m'. 

�@I I) : 264m'. 

3. �u ;E !13 jj 0) � :1:]1ta t& 

�Jlf.�!nm'. Cl)i1\U5EviJ:t2 2. 2. Cl) (3) Cl){J!U5E�/i:� ffl 1.,, -err tee 1.,,, F,°2$3Hi Cl)� IJ �!ltvtw8* 

60 mm c'jLwtt2��rri;;c "J t�. ® 1 vi3liLw'ci2i}Cl)-{fUc'2e> o. 

��lr�is9vi� 2 v:::.� Lt�!;?.,.( .b. 7.. Jr:) .:1. - 1H:::. .J: "J -CB 4"8*ftu!}) 19stn, G068*305t i c'Cl) 



No. 45. 1972] 

FJJ-c·clb �dJ, G, ¥} Gh t-: 7. - 5' viv:=U:: A., c:· B ::4-(�Fa"J0)15Zf13j0) 7. - 3? O)dj_ -c·clb 0. 

3 

�;)JJ:'.0)8'/tl1i'H1H=-:rovt 6 g�ji7' - 3? iJ, GH{JJ!Ui" 0 l �Y-t-!E O)m{i3"VliJ�mA Lt-: l H!tbh, 7J" 

t1:. fJ *lETI v..-..::11,,iJ�ri!!J\., l 5 --eclb 6. 7·- 5' O)Wt:If:Z. fJ vi1&�11-:tj:fajiJ� I Slt13JV�305}-0)�vi305Hi3J 

0), 1 IJ:r- F"�o_) �vi 1 �f13j0) i:p:9({ifil7a::'Wt:.ljJfx fJ , -:. h 7a::'-l O)nl:t-Uv=-:tovt 6 ffl:Ji!.�Ut l Lt-:. m1J 

'.@fifilO)�IEvi�$1i3°�%1:.�i7a::' J:§1., ,
--
cnjxt{@7a::'>l<c0t-:. 

0 

45 E.M.T. 
J. S. T. 

····· 
�11�111[ 

·--1� 1fi 1ft 1� 19 * 20 * 2fi 22*23 * 00 *01 
19 20 21 22 23 00 01 02 03 04 05 06 07 

* ..... m�3o� 

4. 1. �{i{i%(7) B �{l:;to J: Zf*ffil�1t 

� 3 v� -1§-}j 0) ffl: W 5lll I1t '*15d@ B oc 1 t Eltl tJlt 7a::' � i" . s 1L :to l U}�JL vi-th� h 13B 5¥0 £Jtg 0) B 

J:Pi� l U B iJk�O)ffl:Ji!.5!iiJ3t}j i=p:9({@7a::'�-t'. -1§-}j l ii 13�iJ, G24� (45°E. M. T.) i -c· 0) 

B oc1t-c·0 6 7J�, ViH:=f B ¥9:D:Ji=v� �Ji!.5.TiiOCO)ffijz7a::'� L B ¥9'.��jJ:v�{g r L -c 1.,, 6. $ili15v� 

l 0 -c B 19'.�:tUiJ�OCb 6 0)-C·' -lhv�{.f 0 -Cffl:Ji!.5lUOCO)ffijzv� t1:. 6 Sl:t-Uh�OC1t L -c \., \ 0. ff: 

l)(�v=.io l, -C vi@0)$�11v�.tt�-C .ltllrx:B"J� 6 5?iJ,t1:. B :J£1ti7a::'� L, oc1t.iiJitJ 5 dB O)fglttl 

17'3 -C' 0 0 t-: . 

:a:z)3�iM'H:t S *�l'M'] 0)15( IAJ O)�li3Jffi'c' 0 6 i:J, G )31i3 {HUO)��l�:l*fflvi foF2 iJ�iJ, fJ:. fJ {gr 



4 

L --c, v:ui-�1tox}"tJ: \, ,tJti�v:: tJ: 0 --c \,, Q. L t.:ii� 0 --c B �1tvt�f,3{llUvcl'& t ;Jf \,, JxM,¢.i: 0) m1JIJiii�f.I-113jO)tJttM· G?:5Zj13jO)tJt�vc�1t-t 0 �,u VCju\, \ --c ��� '5 (,f 0 l ? -c ct) 0. Wdf0£Jtg0) B ��VCju(,f 0 mW5lli�vi, {:frWJi��#:ii�15lj13j0)3m�vc tJ: 0 O)t-m;Jft)iO)tJt i�vi foF2 iJ�{Jtr L --C{:frWt't!l�ii�� < t,r IJ, mrlrlii�{:frW L�-t\, ,f.i-j13jO)Jii!-ttd·'J'b:*� ::x -7-JJJ'f-O) off path (�@J IJ i>'2i'cotd:frWJi�) �{:frWLtd,3�ii��{,3�:h0 l '5 -c-cib0. -:nr::.v:)1,,,--ct:t?xO)Jlin-c-3zt:�0. mWi3tocO)*fli15�1tvtx�t,r�1tvttJ: <, :{§-A 2:: tl'&:*1fi vivfvf 15,-...,20 dB -ccib 0 ii�, 4 A ii• G 7 A S]f i c'vi 1 B O)fM:Jf8m::W-5lliOCv:t�'.'}- L, 9 A S]f ii• Gl2A S]f i c'vit�:J.m-t 0ffifPJ�� L -Cl, 0 . .:CO)J!.ES 2:: L --C 4 A ii• G 7 A S]f i c'O)Wdf0£ :!filvcju(,f0 foF2 B�1tv:t, ,§(.j13jii��< (8MHz), B�1kv:t�u1J!J�c{J£r-t0. it.:9Aii· Gl2J!S]f ic'vi foF2 0) 1::
0

- !7 O){fit wJ;Jt§j13jJ: IJ � < B�{t,O){fifPJii��0�ii�vct,r IJ ,§!.�O) :J&:.ii�t,r < , J:U!Btf8m::W-5!EOCii�� < tJ: 0. 20 4. 2. fflWsiJtO) ;.!!U� fwi c itf,: fwi c 0) J:t� 
+--+--------- Apr. 1970 

CTJ 4 Cl) t,, ", (6) '£ <''i'HH:::. --::,, 'L'\t 20 5 � Jr-5jOCO)H�{@ju l cf mu IE 1@, {:frW-=r=- ,.__ ___ _____,._ ____ May.1970 f, ��$�GcfK���AO),§!.�O)�� 2:: 1t fMj 0) a� /1=',Ji! � � L --c cib 0 . �Jr-5giOCO)H�1riv:t CCIR W!Ei'*K. l 10 v=-==::::: Jul. 1970 
0 --CH� Lk. �Jv'RiJ��@] I) (short path), ! 5 ::j (\ _ 

-:ir- Aug.1970 iU!ii��@] IJ (long path)O){:frWJIUi-c-cib �si 2o
j 

10 " V � 0. �@J rJ O)gf�1@v:t,§!.fk'jv:t�1.i{�!f!V1.£vc � 15 5 
� Sep.1970 (dB/,uVJ 10 25 7� '\j l 0 --C'"lt::W-5.YlOCiJ�{Jtr-t 0 tJ�. B i'9'.0=!rvUi 

52 �� Oct. 1970 

Nov. 1970 
15 25 

1020 � 
0 1----7"'�=----'\:-�-- Dec.1970 

2 1 5 / 
'--<,-/ 

I--�'-----+---+-- Jan. 1971 1: 21501 / � l,/l - �V Feb.1971 10 O El 9'l 
45°

E.M. T. 14 113 1� 20 22 24 0 El i'itf,t 



No. 45. 1972] 

'El[ 40 
(a) �t� {ii 

W 30 

5$ -"'f 
.� 20 • 
Ix ' 

10 \ 
(dB/µV)0 : 

I 
-10 : [( b){�� 

. � -Qt-I-" 

..... -;< 

,' 
I ,. 

fl,x..
....._ , )(. 

/ "'-

J. S. T. 08 10 12 14 15 18 20 22 24 02 04 06 
1 a 'f' &sssw, M sssq 

May. 1970 

00 10 12 14 16 10 20 22 24 02 04 05 
B 'P fS\\\\'llf IVJ\\\\J 

� 4 (1) 

'El[ 
40 ( aHHH/i: Jun. 1970 40 ( a)Hff.{ii 

Jul. 197 0 

W 30 -�@I') 
5$ 

2
0 -�--JI !El I') 

� 10 

(dB/µV)0 n 
O'I � O'\ 0, er,°'°' 
"l"l"l"l"l"l"l 

·10 

[
(b)fi��'c-1-" 

� 30 ( c)l!tJl:fi! 

X '• ,x 
� 

, I ' I * . 
''"""' 
"l"l"l 

30 -�@JI') 

n 
20 -¥---!I@! tJ 

10 

-10 

(b){�J$'c-l-" 
Q'\ � O'I 0\ 0\ O'\ O'\ 
'"!j"r)'T;'"!j"r) '"!j� 

30 (c)l!tJ!Jii! 
(MUF) 

� 
(MUF) 

;flj 
2
0 ,,.

;,,-·•- -x--x-.x.,...
... 

20 ,., ... 
ffl . . J 
m) 15 l/' 

\, 

1
15

0 ,,
,';/ ;B[ / \ 

� 10 x,.J.-.,. .. x .. .x 

'� 
)( '  
/ � 

,' ; 
X I 

"'"'"' 
"l"l"l 

( M H z) 8 -. .. _.,,./-

'x 
: ..-

...... ..,...,...x' 

J�.i (d

)

OJM �-r�;�� � 
a 

(�) 

1

��t
(e)

�
j�$ 

, l [ [ [ [ f [ [ l l l l 1�:'---r-t

(e)

,
�

j-r-,,--�

$

' ,.--.--, , ,--J----f-L-, j l j +-1-+-LI j l j +---'-l--1-ll l l l l 
4 5

°
E.M. T. 0

1
2 04 6s oe 10 12 14 16 1a 20 22 24 02 04 05 08 10 12 14 16 1a 20 22 el 

..... iS�S S�S ...... SS�Su.S�SS,.,.S ...... S ''"":/i"---=Mw.S \�\,._,,\ �ss,.,.s ...... s \.,_,\ ....._\ S...cS.._,_,S \J --is """Ss-c-, ,-,ss ..... ,..,..., C'Tss-c-, ,....,ss ..... ,='ii=---=1111--cs-,---,ss�,.:..-,�, ,...-,-c-.\\--c-\-r-r\ SI 

J .. S. T.. 08 10 12 14 16 18 20 22 24 02 04 06 
B ¥ KSS\\'ii 1111,SSS� 

� 4 (2) 

oa 10 12 ,,. 16 18 20 22 24 02 04 06 
B 'P l\\\\ljj' rul,\\\� 

5 



6 

40 (a)lltJifiii: � !fr. 30 --�@ I) 

�t 20 ---JI @ I) 

Jt 10 

(dB/,uV)o 

-10 

[
(b)ii/JIH,-1" 

a 30f ( c) iitl!Jfiti 
= (MUF) 

;f;IJ 20 
ffl 
m 15

r ;it 
� ,Gh, /

£ 

( MHz) ff .,._
.,.._..

., . ..__,. 

Aug. 1970 

� 30 (d);,ijj'.lEf@ 3
°[

(d);!!!'.lEfiii: 

i : 
m+lif Ii 1

_

2

1

1
:

o

ct 
(d8/µV)0 l j !l [ r j 11111 

-iO 

(
�

)

1:re) �,�*. 

Ill l l l l l l [ l l ,�ff--,--(e)�-.---r-

1

t$ --,--,_ --,--L-1+-'-'-J l l l'-+-"--+-l l l�111 J 
4S'E. M. T. 02 04 06 06 10 12 14 15 18 20 22 24 02 04 05 05 1b 12 14 16 15 20 22 24 

�I --�s��<t'> ___ �K '�\��� - -�M�\�\\! ..-----,s�-cz;i,
c---

-�ls�,
=

�
,--

�llll
=

,1 

J. S. T. os 10 12 14 is 18 20 22 24 02 04 os 
El q,, !\\\\\� l!ll\\\\j 

� 4 (3) 

08 10 12 14 16 18 20 22 24 02 04 05 
El q,, msssw llll \\ \q 

I I I r r I 1 r r I 

1
:

(

e) �f�$ 

r ] l [ J I. I I I I l I. I I r r 0lf---T--r-. .,..--,---,-��-+---'--s 
10 12 14 16 18 20 22 24 02 04 06 06 10 12, 14 16 18 20 22 24 

1' Ki'¥ 1\1'1\! 
r-----�

El
a,-.....C..,,�----= 

El 

J. S. T. o 8 10 12 14 16 18 20 22 24 02 04 06 

s <t'> bSSSSS:r;;: llllSSSSSSl 

� 4 (4) 

08 10 12 14 16 18 20 22 24 02 04 06 
El 9 1\\\\\\1', llll\\\\\\J 



No. 45. 1972] 

J. s. T. cs 10 12 14 16 18 20 22 2� 02 04 05 

13 '1' 1, \,\,\'lli: IVh\\\\\9 

08 10 12 14 16 18 2J 22 24 C2 C4 :s 
13 q, &\\\\\lli: fl/l\\\\\\l 

� 4 (5) 

111 I 1 I 11 l Ir l 
12 14 16 18 20 22 24 
.Ji ( mr-,,1 

J. S. T. 08 10 12 14 16 18 20 22 24 02 04 06 
13 �., issss,1:ili rvi,sss,g 

� 4 (6) 

ji{J 4 (l)"-(6) 'ftJl!-5:g:i/jtO)H�{i!lL {��-.:r:- - F·, tt� MUF, vl!J5E{@:t, J: U')t{g;-$0) B oc{t 

7 



.8 

dB O)�ltJ�i§iJ�0 0. 

atlJ5Ef@Jr.:5tv=-JZtt�tc. 1 :i r:., wtk���\,, --ca 19'.f&)E1j!H-=-mwssV!tiJ�f.!£ r--t 0 7'.)�, -t"O){� 

�Jillf!vi�@J 9 iJ�T5zi13JO)j1Utv::.tJ: 0 O)"('{f.i13J�UO) off path �f�� Ltda�il�1¥1�--t o to) 

c�x. Gho. --ttJ:hti, �@] 9 0) MUF 7'.)��Jtll�r&:�Urv:=.r/J�Q c{f.f13J�UO) MUF iJ� 

�fflJm¥Bl�tt_1:.v::. tJ: 911:W-s!ocvi&:M@J�iJ��\,, 0)-e{.!£ r--t 0 iJ�{t�a�{B°AJ§�--c-0 0. f� 

�.:r:-- fO)H•--cvi, ffi:�iJiO)i:kt�v::.J:--::>-C� 9, %�0) (b) v:=.ffiL-C00 J: 5 v::.�@J 9 

O)jm�c·vt 5 F* 0 6 l 'Vi 6 F* --c·s 0/Jt1�Ji=!JViEli c F JilzMO)�it.:£-- F' ttFtE't" o-:. c 

7'.J�0 0. �@J 9 O)jj�·--evi 8 F 0 QI., 'Vi 9 F c·0 Q i;��J13JVi�{a-OtUO) E JiiJ�iJ-,fJ: 9 JJf.l L, 

7M** 00l,vi8M** O)mit.:r:-- F'iJ�.xr:li�l¥Jv=tJ:0J: :i--c-00. 

��$vil�A�0)00��K��t�k�5E@J����5E@J�K�'t"oN:5i-$tffiL-C 

0 o. 4 A, 9 A i-o J: Z:f!OA 0)21S-}'"'-'23A=!J,�O)�{a$iJ�{ft1., ,iJ�-t"O)vfiJ;O) A vivf c Iv[' 100 

%v::.Jli1., ,�{t$--c-mu5E--t 0-=. c iJ�--c- � tc.. �{t$0){1£r--t o rr;r1]viTfft�@J r; O)*� ::i - 7-. 

iJ,G off path v:=.�0�J13Jc·00. 

4.3. �W5iffi'.(7);Jllj)E{@c fmin cloJ::�±-t!!w�7.k:iJZ5tt.J H c(l)J:t� 

� 5 CI) :r-o J: a (2) viaB5fo�:t-tgv::.Juvt 01IW0ftUf O)rt!IJ5Ef@, fmin :r-o J: rf;/:'"rfTrm=Jc·O):ttg� 

�7./(f:5i-:1J H iJ�ffiL-C00. 4 A:t-aJ:ullAO):rfil��CJ: 5%LB��1v--c-5 Bii=!J0)B�1!:: 

�ffiLt.::.. it.::., 4§-�0):;{5{;11HUi%AO)i::p=*f@iJ�5j�L-C00. 7··=; 'Y !J7r'J r (B) vi:±c 

L -c �r'1=15v=:.¥81:_ L -C 1.,, o iJ�, �11=1J O)'�!Jf-59.1!3talU5ET. - :!7 iJ� tJ: 1.,, O) ""C1'Ji!-5910C c 0) ���5Eft 

1¥) v:=. ;.}( CD 0 -:_ c vi --c-� ts-.. iJ" --::> t.::. iJ �, 7·' 7 y !l 7 r'J }- 0) 9£1:. v= {=!=--::> -C D, E Ji 0)'� T W 0C iJ � )E1, 

W:v::.:l:1/lt1JD't" Q O) c'�{-@{�PkJ/xiJ�:l:�;tm L' ?4H�1IW51aOCiJ�{g --y;-_t Q-:. C iJ�-=f;t/;1 � tL Q. 

Jig��(ftvitrfTrm=Jc·ffltJ!U L td@--C' 0 6 7J�, 'IJ'f.5!1UJitvii1Ja�.'A0 G L O):::l::Am=-:r-o l, -c �,&.,xv::. 

{1:&r L "(I.,, o. �'AS G Ui;tilli:itgJJv::.q'fVCif L < :ilhh0 O)c·jm{t7G�·�v-=-:r-oti 1.,, 0��0)

---:::> c � x. G:h -c 1.,, 0 . *t:tm::. :r-o 1.,, -c 7./( f:5t:1Jvif� k v:=.@J:fzl L -c 1.,, 0 ii�, -=. nv=-f+--::> -c·�Jr1.0.rr1 

OCO)@Jm:i*fL�viJE5tts-.. y-· - :!J iJ� t n -c 1.,, tJ: 1.,, 0) --c·vi-? � 9 hiJ, G tJ: 1., ,iJ�f* k �=-@Jw--t 0 t 0) 

c-=t:��n0. 

4. 4. �W5iJt(7);JllJJE{@:c���,�Ifcclo J:: �±-t!!w� K :t�ff( c (7.)�f* 

� 6 v=:.:tJ��,8� (Zurich Final Sunspot Number), 'ft31F-51:lOC:r-o J: rf:tfu�.'A K t�� 

* 5 F tc; J: u· 6 F UiJ!�{r§,�Fsj 0) {i;;W'.Ji/!1! J:: 0) F f§ivc J: i? , -t tL -l\h 5 @J tc; J: U 6 @l�iEliJ,Ez:M L 
-C {i;;W'.-t° 6 {i;;W'.-t:- - F' --c· � 6 . 
**7M tc;J:U 8M cviJ!�{r§,�fsjO){j;;iJtlxJiliiaJ:O) E �v::.J:--::>-C 1 @JEz:@tL, F f§/v::.J:--::>-C-ttL..ftL 
6 @Jtc; J: U 7 @J�iEliJ,EzM L -c {:r;;iJtlx-t 6 {i;;W'.-t:- - F"-c:·.� 6. 



No. -45. 1972] 9 

(J) 4Jj B (J) diJW {@:iJ � G 1 0  B li=!J � if.JSJZ � {@:� ;l< 60 ,  :@: mu 5EM li=!J ¥::. � 1, ' -Ck  .:h Ye! .:h� L -C S Q . 

:1:!!H�� K rn�(J)oc{r, c ::k��,��(J)OC{ti c vi , �t§!*1v::. tJ: 0 -:.  c vi::k�fr§f_h(J) T�;MN. 

rf�J!!;Mv::.��-e:i'&�Mv::. vt s i 9 f;N.60 G.:htJ: 1, , -:.  c n�g:-1, ,iJ� .  � 6 n� G t  -t(/)ffllPJiJ�di- G 

h 0 .  fJUx. vf, ��Ef]tJ:{JUiJq J=J20 B �v::.di- G.:h Q ?J� , ::k�J�lt��(J)�j,' c c t v::.:ttg��K 

t��vi�;fJQ L "( \, ,  Q .  -:. (J) _:_ c vi  K f��?J� G F 2 }i(J)�3fmJiE[�iJ�7f[i--C· g Q RJ�§,[1:�� 

L, -c :J:o 9 ' i t.::. , 11tW-siOC(J) tJ:!iJ5£{mHi:k�J\lit�� C n�  tJ: 9 t§!*1i7� l \, \ (J) --C·N�l�iJ�T5Zj13j(J)f:� 

if,  �Jl!.siOCvi F 2 ]i v::. l Q {i�!NJJ:5l��11: L -CH• LtJ: < -C vi tJ: G fJ: 1, , -:.  c �� L -C 1, ' Q .  

-=. (!)¥!i'ffvi 7fimB"JtJ:¥1i u--c·s Q n� G 5E•B"JtJ:m 8fal vt--c· � tJ: 1, ,  n� ,  ff**mB"JtJ:*.�n�rrtd? 

.:h0 tJ: G vi ,  k(J)��7'-- 3<' �fIJ-rtFr L -c�*mv::.fli'ff-t Q -:.  c v::. -t Q . 

5. *a 

_:_ 0J!U5Evi B *�i1=1j(J)�f/3jv::.:fil:�� .:h "( \, '  Q NHK $1:7}��1E[--c·s Q n �  G ,  o/f;E(J)�j1=1j;Fff 

(/) dj. �::. � \,  , -cfJW5E L t.::.nvt--c·s Q .  L t.::.n� --::i -c , st?ttJ:JWtFr�fitJ: 5 -=. c n� --c- � tJ:n� --::i f.::.(J) 

--c· 7{Jffi EfJ f J: ¥Ii u �::. c c.· 60 t.::. iJ � , iJ!U 5£*6 * � c 9 i c 60 -C di- 0 c ?x (J) l 5 t·::. f J: Q . 

(1) B OC{tivi 4 J=J :J:o l ry10  J=J ��\, ' -C iJt{t{JW (J) B i9'.�tun� Gzr.�v::. ��5[@,0CfJ�{Ji T-t Q . 

is§ 20 

�si 
ft 10 

(dB/µV ) 

0 

580 
( t 29500) 

( y)
560 

540 

Apr. 1970 

t \ 
.Iv\ 

12 18 

� 5 (1) 

20 

620 

600 

580 

560 

540 



10 

(dB/µVJ I 

o :-

64 C \, /'I._ ._...-;' 
620 � V .._,,. I 

520  

� 5 (2) 

� 5 (1), (2) ,;:JlF.�Yi� O)?JlUJE{[l\U: fmin to J: u H c 0)./::ti!P): 

�125 . ·. _- ·-· ." ··. _- ._ .-·.. ·- . -

� . ·-- - . ,,_, . . . ,_,,___ ... - - - - -
-
�

100 •• _.. -_ .' •
• 

_" ._ ... - •• _ _  - -. _- -- _- :_ ,_:·-__ 

600 

580 

560 

540 

520 

7e 15

l

o _-_ .-··- _ ·-

if L 
._. 

._. ·-- ._ - •.. ··-·.-···- - --· 
·--

5e, ..... 

� 2 5

] -ff 20
J 5i 1 5  .

.
.... 

Jj' I • 

(dB/,(NJ1 0 �  
K sJ 
f"" 3J l 

;; 2 5 � 

@ 20 J  : 

-- . . . .... .. - ·-- · . --.. ·-

; 1 5 J.. .. _ ... 

� 1
0 

J��----r---'--.-��-�-,----..--,----,--,-·-- ·---.------r---r-�----r-----r-��--,-,----,---,--------r---,---,---,-,--,---,--
,.0 20 30 10 20 30 10 20 30 1 0  20 30 1 0  20 30 10 20 30 10 20 30 1 0  20 30 10 20 30 10 20 30 10 

. .  -· 

Ape. /j May. // J un II Ju l . II A u g .  II Sep.  II O c t . II Nov. IJ Dec . JI J a n .  II Feb. 



No. 45. 1972] 

(2) � frc1jO){a%vi�@J IJ J: IJ '4c) �f1=3j,m1J O) �@) IJ � '?-i°tf off path v::. J: "? -C '.3t{§ � ;h 6 .  

1 1  

(3) {��-:£- - F'vi ffl:!iJ! tli 0) tkl�r=. J: "? -C � IJ , &-Fl=lj vi E Ji l�Jlf t � It: LJi: < -ui tci: G tci: 1, ,  . 

(4) �frf1Wl'A� G LO):±t§v=. tu 1, , -C�,�v=-ffl:W-5i!Jf/J�{� r-t 6 .  �fB!5¥��!:E. f 6 �lzs!O) 

-./) v=- tci: "? -c 1, ,  6 . 

(5) j,(�J�itB� c :tiQ�� K t�� c viJ!t!t§�v=. tci: "? -c 1, ,  6 i:J , G ,  A,�wf1:jlfrWI{a�3'1JB-t 6 

vc � IJ , :ttP.Tfil'A K rn�tJ, G MUF /J�7�ilic· � 6 AJ�§tl:iJ�� 6 .  

!J&Jtz��li L tci: < -C vi tci: G tci: 1, , -r-�  6 5 

7·· '7 'Y !I 7 1/ r 0)9£!£. L�-t1, ,� [¥1 vi�v tc� IJ ,  t "? c t  9£!:E. L v=- < 1, ,�Fl=l'Jvi6':1Jc·� 6 .  

L t.::.tJ� "? -c ,  -:. O) J!U5Ec·vi y-· - !7 tJ�6':1JtJ, G�Fl=l"Jv=.tJ ,  :ti' G:h -c 1, , 6 .0) -r·m:ifr �fitci: h  tci:tJ ,  "? 
t.::. . ¥:t*, * - r:1 '7 1ffO)jl/ffi'�Jl:lH=. ./J \,  , -c t 1JlU5ETiff§'E�fi tce 5 -:. c �ttimi L-C 1, ,  6 .  

� � 

-=- 0)¥!ii1r� c 1J t c eio 6 i=-� L ,  t11 k WJ 6 � \, , t.::.t: \, , t.::.ffl:rEz:1vt§'E:rJf�'.frifil!t-t v-c tJrff� 

�T¥fi1vf§'E�!Hcx·t Li* < �r�t1, , f.::_ L i -t .  

CCIR(1970) : CCIR interim method for estimating sky-wave field strength and transmission loss 

at frequencies between the approximate limits of 2 and 30 MHz. Report 252-2, New Delhi, 

202 pp. 

DAvrns, K. ( 1965) : Ionospheric radio propagation. United States Department of Commerce, 

Washington, D. C., 470 pp. 

MEB:1:- ( 1967) : :fm3*0)!j?oJi. �:XX$�� V, tfil£t±,  *:g, 306 pp. 

C 1972i¥- 5 J=l 4 B :;;t:ii) 


