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HF RADIO WAVE ABSORPTION IN THE NIGHTTIME 

PART I. MEASUREMENTS OF THE FIELD INTENSITY OF HF 

RADIO WAVES ON BOARD THE SHIP FOR THE 2ND 

(1958)-8TH (1966) JAPANESE ANTARCTIC 

RESEARCH EXPEDITIONS 

Noboru WAKAI*, Masami OSE** and Kazuo TANOHATA*** 

Abstract 

Observations of the nighttime ionospheric 

absorption have been carried out since 1958 

on board the ship for the Japanese antarctic 

research. Field intensities of the HF standard 

frequency signals at different frequencies 

were measured during hours around mid­

night. 

In this paper, techniques of the measure­

ment for extracting a relatively small quantity 

of the nighttime absorption are described. 

Existence of the absorption is confirmed 

from the fact that the rate of decrease of 

field intensities against the ground range at 

a lower frequency is much larger than that 

at a higher frequency. Moreover, the depend­

ence of absorption upon the solar activity is 

found out from the measurement over nine 

years in the declining epoch of the last solar 

cycle. 

A provisional expression for estimating 

the nighttime absorption is proposed. 
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Voyage Course 
for Month, Year Frequencies SSN (MHz) 

I I 

]ARE From To Via 

2nd Feb. - Apr., 1958 2. 5, 5, 10, 15 Antarctica Tokyo Indian Ocean 200 

3rd Nov. - Dec., 1958 2. 5, 5, 10, 15 Tokyo Antarctica Indian Ocean 180 

6th Nov., 1961 2. 5, 5, 10 Tokyo Antarctica Indian Ocean 50 

6th Mar. - Apr., 1962 2. 5, 5, 10 Antarctica Tokyo Indian Ocean 40 

7th Nov. - Dec., 1965 2. 5, 5 Tokyo Antarctica Australia 23 

8th Dec., 1966 2. 5, 5 Tokyo Antarctica Australia 72 

Notes: Transmitting station - JJY, Tokyo (35 ° 42' N, 139° 3 1' E). 

Carrier frequencies and power - 2.5, 5, 10, and 15 MHz, 2 kW. 

Transmitting antenna - Vertical ;../2 dipoles, top-loaded ;../2 dipole for 2.5 MHz. 

Receiving antenna - Loop antenna. 

Time of measurements- The time when the midpoint of a transmission path is at local midnight. 

SSN - Averaged sunspot number (12 months running average of the Zurich sunspot number). 
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JEVC:I: t if3<"'1fJ:{ft\, \ffl]��-CO)i&IJJEvc�tg L -C, ?xmvcr&IJJE�O)��"' G L t::./J�, m 9 ?xU 

ftT:vii&IJJE�O)�{/ffi cif§i � -C, 2. 5 !J-. G 10 MHz i c'/l�?xi&IJJE�O)��:lti� L, i&IJJE:mflt� 

� c6 0 J: '.5 vc Lt::. . 

4. lU5EMr�, c mtLn 

tfr'JJ:�Jlr-5�flti&IJJEvi � 1 vc�-t J: '.5 vc, m 2 ?xfmi&U0)1m� (19584-) !J-. G m  8 {'XO)ft/&! 
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4-) vcvt, J:ttcl¥J�\, ,m��c,1lt}ft-5!!JtiJ!UJE1Jq1·tJ:vh t::. c�� . *�' 1961) 0) c', 75zf13j 

'!&J!xO)Mtfrvcvt/f,fPJ � c''J!J 0. i t::.m 5 ?xfm?J:11J (1960"' 19614-) vcvt 2. 5 MHz 1i::1%:c'O)� 

tiHiocr&UJEi.J�rrtJ:vh, �mO) tM#·!fl:O)fmv::., 75zf13j'!&JRO):¥ftE� '.5 G"'.5vt 0 Ml:!lfi1:n�� Ght::. 

(IsmzAwA et al., 1962) /J�, *�/J-. GHh 0 0) c'.:..:. c'vi;��fJ:\,,. 

� 1 v:=.vt-tn-f hO)JJJrl391*J O):k�mmboc� 'J!J Gv-tit c L -c, if:§:xt �,B�O_) 12;1J J=j �t:11:siz. 

�mi SSN �� L -C 'J!J 0. MtfrvC�\,, -C vi:k�mivoc��· L -C, m 2 {'XiJ'> Gm 8 ?xi C'� 

{'XO) 3 ":)O);lt/jf13jvc.1R5t Lt::.. -:ttd'J'b* 2 ?x"'m 3 ?xvi:kfWitldwO)JlitM, m 6 ?xviffi1J\WJ 

""'-.O)�fi;JW, m 7 ?x"'m 8 ?xvtffi,N1:JJvc:,f:§�-t 0. t::.t.!. L�i=pO)�,B�!J-. Gdj_ 0 c, m 8 ?x 
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0) 1966if.vc.vin�x. 0 -c� 6 fXO)�if J: IJ t :it1Jn L, ?XO)mifJ;lt§-A..O)J::HO)�r::pvc.� Q.:. c � 

� L -c 1,, Q n:, lf!UJE5j)jt0)�1l: c L -c vi� 7 ?X c vi c At c':zlt�n:di-cob GhtJ: 1,, 0) c', -;J§ 

L -C ��}Wtfr� frfJ: 0 t.::.. 

m"ffifliffUJtr'JO)J!ift�vi, IZJ 1 vc.ffi-t J: 5 vc., � 6 ?Xi c' ( {JU c L -c� 6 ?X� IZ!ffi Lt.::.) vitt 

@l. ct, '// jf;f;-1Z..,, 1 -:,; ru, 1r - 7
° 

:!J? -:,;iJiimt-� "'.) t.::.n�, mffiflmu0)-�EI'9*'Wr� 

g-c, fliJ!U{'}000)� 7 ?X.lj� CfUc L-C� s ?X�IZ!ffi Lt.::.) vi, tt�vi 7 !J - �-:,; r ;z.., C* 

- ;z.. r =; !J ""'7) mlm, Jmg!vi 1r - 7
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:!l?-:,;, 1 -:,; FU, '// ;tf ;t;-1vmlmt-� 0 t.::.. {PJnvc. 

�J: , 1m��git L-Cvi, �r::pv:tvicAtc'w.J::t-� IJ, 1m�ifi1��0)�0)7d:fu&:Mvi, &:M 

:l'J�O)gp�vc.j,'tJ: 1, '@iID&:M c J[tJ:-t.:. c n: c' � Q .  
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:W�!E&iJ!UJEv::. J: 0 JJY fqHili1'[iBz0.dWt 
O)j:tg�jf§:Jtffif:.:,x;J--t 0 OC{t 
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Distance in km 

• Nov-OOC , 196� . o ooc 1966 

� 4 � 7 ;ijz (Nov. -Dec. 1 965) � J: U#t 8 

jz (Dec. 1966) MGJ::'i!tW5!Ii&tNIJJEVC J: 

0 J]Y �1f·rtiEz0!Ii.0CO):!fil1zfil§:iillHU<J 
-t0 oc1t 

1J\�:ft-Jtj"'�iHL&BtFfrt���i� JJY Jl:MJ'ifr (35°42' N, 139°31' E) �Qs{!§,1� c L -c ,  ��{iA� 

1¥J:f:t\f£H§:�Jffi�H�-t 0 .  

k� 2 r-.,; [�1 4 vc vt , � O)j:fu�fil§:11JfHcf� -t 0 1E[W5I11B!tJllJJE{[![� 7° p 'Y J, L -C tG  L-c 0 0 .  JJ O) 

1 13 O) Ji!J1f�vi� 6 t1JZ UT�iT c � 7 o:U� c c  �j?J1tJ: 0 7'7�, � 500 km c'cD IJ , tt � -C � 13 0) 

1J!UJE{@:vij({:$: 500 km v:. /) � 1 i�df1- Gh 0 .  Li7, L� 7 {J( c � 8 {J( vC viIE �- c k- 0)1iuf&O) 1 

u=tHMJvck-h--fh 1 @J ,  �-r 3 @J lJ!U!E�fi"· tJ: � tc. 0) -C', 1 :rJz Jcj(f* 3 ,��f/) 7
° 

p 'Y J, L -ctG L -c 
0 0 . � h G 3 @J O){J11JJE{@Jitf v:ffµj C: {@� ij� L ,  J,,' tJ: < c t  2 u=;y rt\H�OCO) ��F1=1J /73 c'vi, '�[� 

5[U)![vi3ZJE L -c 1, , 0 � c � 0 Gb L -C 1, , 0 .  5"' - !,J O)fiJ+.tJ'r vc0  tc. 0 -c vi, 3 A� O) :if�{@:� c 

IJ 1 ,s1; c L -c t& 0 tc. . 

Lmc �-t 1, , h v;p 0 'TtiJf 1JiU§t 0) hl§: :�ffit#ti. vi , {�trux?ilBr: �c c � -op 1rt vc �3<:}]-C' 0 0 . -jHc W§: 

rlJf:Wt'i::l:�:>J( � 0 v:. v-i , �{a Jl:vi7:. GW§:I}JftO)�tJ: 0 1, , < ")17,0) �f13 �c'tJ!IJ � tc. 5"'' - !,J � f§ 1, , 0 7'7; , 

7 Y T  :r��tr'S't{!§�i§: , {�:Jfilx�{!:f-:�mlE--t 0 � c fi, ��!'J,:;vci7:.fJ: IJ �ff:17, L < , :r;'t � -C{J:1U 

IE 1°' - :;1 0) j�-,[�7'7\� tJ:bhi7� 'b -c, cli:> IJ , _f:18'9 vct¥:tffi tce �ita vi -c, � tJ: 1, , .  � h�c.Bz: L, Jo/r-} 1:: 
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11t9f.5jociJltiJEvi, f�W'.lfelt4fto�i[JE§)JftiJ, G 14, 000km i -c- , vf Vif:@J�s':] v::.�ft-t 0 /'kjK. , -"J 

O)'.Jtf§�fftn�ffll , Gh , Ln, t l,  < "JiJ,O){Atcf_ omJiEl�-c-viuJE�ht-=O)c' , JEe:•t#,f1:n��f� 

v:=.ffloc J:: < vtUJE� nt-=hvt-c:-;b 0. 

� 2 "'� 4 q=tO)V{UJE{@: , t#v::. 2. 5 MHz 0)5jocvi, J6,f Lt ¥ill1'cs':Jtcf_ �{tO)f!JifPJ�ffe L t  

l '0 cvt l , x_ tcf_ l 'n�. 5jocv::.�•�lzv'.f-t�< O)�fJSl�,3'A.,c'l '0UJ: , ib 61i*c'vi�� 

0):::.. c c';b 6. LiJ, L:@:{:$:O)ftj [qJ c Lt , JWlrBl�iJ�{l£ l ' Vi c' , lfg�ftv::.xt-t 6 wt��vi:*� < 

tcf_ --> t l, 6. its: ::k�fr5ib0){1£ T c  �v::. ,  �-ffl!rEl�-c-1t®t L tdl=/J= , Jt:1Ji -c-1t�n�JU:ii 

c-ttcf_n t> �-1Ee:�t-c-vt5iocn�* � l,) L -c l ,  0 :::.. c n�hn, 6. u T O):fgftJrv:=. :t-o l, -c vi, ::t 

c Lt :::.. 0) 2 ,� v::. "J l , t 0) � 6 . 

�FAjzlit1t9f.5ioc�i-¥{rffi-t 0 v:=.vt , J& IJ tlk 5 JWJ��*· VlUJE.m.v:=. J:: --> -c , i ts:.f§-.x. Ghtdill 

f&O)�f4�v::. J:: --> t ,  -th..f h�fljtcf_�:ffl, (CCIR, 1966b ; CCIR, 1966c ; NoRToN, 1959; 

DAvrns , 1965) n�ib 0 n�, *::st-c:- vi?xO)tt•A� ffll , 6:::.. c v::.-t 6. 

(2) 

Er = 1 µV/m �£$v:=. Lts:'.Jtm'�:W5joc (dB) 

Eo = �jj,[1: 7 :/ -r :t- iJ, G 1 kW O)ffl:jJiJ�m"M� h k f�O), JE§:�i 1 km O):tt t�v:=.:t-ovt 61lt 

9f.5joc (dB) 

Pt = 1 kW �£$vc.. Lt-:�fBffl:hflJ�. (dB) 

Gta = �jj,/1:7 :/ T :t- v:=.xt-t6�{B°7 :/ 7 :t- fiJ1� (dB) 

Ld = 1 km �£$ c Lkimlfi:Bt{��tfti� (dB) 

Li = 1t1Ji� �Jf£tfti� (dB) 

Lg
= ::k:t-lliNMtJ� (dB) 

J::g�,15-it� *VlUJEvC..�ffl-t 6 c , 
Er : ftl'JJ:VlUJE�fflnBJllK- vi�YO) C J:  5 %L4efof4:vi;b 6 iJ�, VlUJE � htdlt:Wsjocq:i3c{l)[ 

Eo : § EE�FAJ VCcD Q J./2 �@ j''1 ;f- - ;L.,O)�::kfi!Jtjj[qJ v:=.:t-ovt6fil§:1Ji 1 km O),�-C-0)1t 

::W-5.!IlOCvi, lkW O)ffl'.jJv::.xt L -C 106. 9 dB (222 m V/m) c';b 6 iJ, G, J./2 f1 ;f- -

;t., O)�jj°1[1: 7  :/ -r :t- V:.xt-t 6fiJ1� 2. 15 dB �&5 [ l ,-c 

Eo= 104. 75 dB 
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JJY 5MHz 
90• 

Ga in re I at ive to i sotropic 
rad ia tor, Gta (dB) 

Ga in  re la t ive to i sotrop ic rad i a tor, G ta (dB) 

� 6 JJY 2.5MHz c 10MHz x!s{�7 :/ T :r O)filTI[lii Pl}� rPJ 11: 

Pt : mu5E Lt-=. JJY ��1lt�vt 2 kW ·-es �) /7 , G 

Pt =3 dB 

Gta : !Z1 5  c1ZJ 6 vc.. , 2. 5 ,  5 ,  10 MHz (}) JJY �{�7 '/ T --J-- (}) ,  ritM�vc..oo-t" 6 fil&lrnJ 

f*Jt�jP]ft�jf---j'- . C (}) ?  'b 5 MHz ffl 7 '/ T --J--vi, ""'- !J :::i 7
° 

!J - vC.. l 6 rnJPJl}'[�(}) 

�mUil�fitJ:bnt-=. c  cil�S IJ (�ill . 1958) , ,l-(})*5:!f:�IZI 5 (})tc:vc..5f-Lt-::. .  IZJ(]) 

i:i{llij(})!t�ful!vt �JJ'i1: 7 '/ T :r vc..:xt--t 0 f1Jffi··e7f-L --r s 6 ii�, �mut�JPJ 'f� (}) fJJffl$1b 
viff:'.i:A ,r - iv-cs 6. c (})filu�il�i.7,t.i:: IJ l < -iz L --r 1, ,  0 c c iJ, G, HJHlllHt-



No. 39. 197 1] 1 1  

rt::.lE.W{HC.��O) 7 '/ TT-'� !J - '/'ia::'�b L --C l ,  o c �x. Gh o . *JtO)tt•vC:t-o'l '  

--C vi ,  @ 5  c @ 6 0) Gta 'ia::'ffll , t-: .  

La : m1Jftll 0) J!n·H" NMi%'J 'ia::' .250 km c {J�ji:: L --c H• L kJi!EtJH:: J: o f��tj� . t:E* 
�o Gh --C l ' o 15(fsj0)�-)i!O) mrWft:5t1JJ ( WAKA! , 1967 ; WAKA! , 1968) 'a::'� 

vl-t o c ,  5 MHz c 10 MHz v:::xt L --C vi  c. O),f&:�vi v1 vi'.1E L l ,  c �x. Gn o h� , 

2. 5 MHz O){J1fi€Jft¥8MiBlv:::xt L --c vi , E Ji! NM c tJ: o c ,�,bh Q 0) -C· ,  &:,f L t  

.1E Ll , c vil ,x.tJ: 1,, , .  1*Wv::v:t�rWft:5t1JJ'ia::'4-x. , ray-tracing v:: J: 9 Ji�'ia::'i'1c 

� LtJ:vthvi, .lE-uitJ: La 'ia::'>l<co o c. c vi -c- � tJ: 1,, , ,  Lil• L:l:B")v:: vi ,  {!1fi€Jlt¥6M 

ml-ttJ:b �JtNe1ii i -C'JU�-t o �mlO)Ji�:Btvi , i&:�-t o NMr%Jv:: J: � --c 2r:> i 9 � 

G tJ: 1,, , 0)-C' ,  *Jt-c,aNMf.ib-� c 1,, , 5 }[(ftla"JJ& 9 t2z1,, , v:: c c.' co ,  �mffflv:::t-o 1,, ,  --c 

� "IH )iY- �?A-}- 7.. 
irr/F !'- �iilffi '.J re,) • 

Li : m•i]�'ia::'Ji�-t Q�v:: 5 vto ,  1,, ,;b� o �il@fflfg&_J/:£*:1: . t-:t.:. LfiJj£ La /Altm ,  

2. 5 MHz mlO){J1fi€Jlt¥eMiBln� F Ji!NM-t - F'-C'tJ: < , E }i! -t - F'v::tJ: o��v:: vi, 

�{iffltg&_J/:l(O)][[{t{vi;@i� C vii,, \ X. tJ: \, \ . Lil• L mrJT�@J�O)*� \, , iJ�-C'O) NM 

v:: tJ: o iJ • G , ii· tJ: 9 0) g&_J!:£ 'ia::' )l:vt o c. c t -uih • --c 2r> � --c , c. 0) ,B v:: ":) 1,, , --c t JJU 0) mi'a 

Jt c�mfffl) -c,�j£-t o .  

Lg : *:l.'tf!NM,Bvi@ c �x. Gh � 0)-C' ,  *:l.'fu�� c L --c{fff:1}(0) s = 80 ,  a=5 mhos/m 'ia::' 

J§l ' ,  HAYDON et al. (1962) v:: J: o fffifih• G J: .l,i. c � k .  

(2) 5:-\q:tO) (E0+Pt+ Gta-La) 'ia::'��lf}t:W5jft Eu c ��-t o c 

(3) 

Eu vi-t-c·v:: 4-x. k�:l:'ia::' J:§1,, ,  --c ,  ?G£v::H•-t o c. c h� -c- � o .  @ 7 v:: vi 1 @h• G 4 @lz 

M i -C'O)��-t - n:::xt L--ctt• Lk Eu fffi�ff'ia::'ffi-t . @q:iO)�*vi¥8Mfi€J (ft) -C·J!:> o . 

@ 2 0) 15MHz mu�{@:v::x;f L --C vi , ti,� 0) mu�{@:h� tJ: l ,  c. c , � 2 ?X c � 3 ?X 0) mu�{@: c 

O) fsj v::1*�:r-§,§O)��h�J!:> 0 c. c (t-:t.:. L m•�,1�vC vi v3: c lv c'��vitJ: l ' ) ,  :k�mlM� 

{!1 < tJ: o 13:!j:Mv::vi , �fi�INJ/:£ttvt -c,tJ: < mmg&_Jt£ t �It: Lt.tvtnv!t.t G t.t 1,, ,  c. c �O)�m 

ii• G ,  �:1:!¥JWHJr'ia::'�� Lt-: .  i k@ 3 0) 10MHz v::xt L --c t ,  tt� c �� c -c·*mfEB"JtJ:� 

* �iffii�!NJ/:z (non-deviative absorption). �j§mJ��iM[.)IO)�{iffi7° 
'7 ;( "x mJ��vc.f::t""'--CviG b• vC 

*� < Cfffi#r$bt 1 vcio:1, ,), -l-O)ffi��jj�i"G�, ffl:�O)Jffirtlli7�$�J:® -:. Gt.t1, , t �t.t--ltG � 

i;-vc;i@fa§ � ;rt Q  !J&J/:£0)io:1�1¥.Jl& 9 !2h ,. -:. ttvcxt L --Ciffiif$J (deviative) !NJ/:zvi, ffl:¥1i'lji�O) Jmrta O)® 

.= Q C@#r$nt-tl µ vcio:1, ,) lzMit(io=,m-eO)g&J/:z�io:1�-t Q l& 9 �1, , --c-� Q .  
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h�0 IJ , -t- 0)  JJFJ§h�7G§Jj tJ: O)-et�,trj-12:' fi· tce b  ti iJ , --:) f::_ . 

!ZI 7 0) � &M-=£- - F' �=- )<'t-t 6 Eii 8.H ifJRO) J:Ji72:':lLb f::_ EHJif,,JL 12:'J&ftr:l':1 t,dnrdJ1JX�'c!t!ll'-0ftl� c L 

�! 8 r: .. ��-t. -.:_ O)IZJ 8 0) Eu iJ , GatUJE{mI Er 72:'� L 5 ! � , '2- G vcj(titt&!t-HJ�� La 72:' tJ < c Li 

iJ�;:](d_) Gh 6 .  -.: 0) l 5 vc L -C -*ill'lJE{lli[vc:x'j' L -C Li �;:JU6, R!�:�t vcJ
J L -C 7

° 
P 'Y J, L k:O) 

h�!Zl 9,..__,!Zl l l  -c 0 0 . t::_t.: L!ZJc·v-tat1JJElt:;tJ,JYJ -evt ti < ,  m1vJz�v=-�, v--c i c &')fill L ,  *��?% 
g"i)Jvc l 6 >ft�iJ� Jl-y'tl, l 5 vc L f::_ . 10 MHz O){I1UJE I  i 1 17U LiJ "  tce l ,  C !ZJ 1 1 ) 0) c·J.ti!f�c· � 

ti i, , iJ : , !Z1 10 0) 5 MHz, t=Jy: v=:. 2. 5 MHz C!ZI  9) �=- �'1 L -c vi. , :t�frfrwJO)flX;-nc "':);rt -e r!&_ 

J!xitiJ�jdce < tee --:) -c 1o , 6 .:. c iJ� l < btP 6 c·0 6 5 . IZJ vc i iiJ!UJEAUc;iMJ{:t-t 6 U[fJjt � ,  iz 2 

vc vi -t 0) {Jf,�12:' ;j"'� L f::_ . 

B Jf!O)'�)i,}ff}��J!xiJ�J:J�t!fwvc:xjl!jc. � h 6 -.: c vi J: < �D Gh -C l, 6 .  -th fi1¥z)(20) ::J::J: 6 

�1z;!c·0 6 D, E '®l.riO)'t'ltit4fiiJ�, *��!HJJt0)5ft11o ,��{� 5 �-J -c 1o ,  0 .:. l vc l 6 .  -t- 0)  Nlro , 

�fk\Jvi D 11it�O)�J;Jlvi5c:@:vC{l�� L '  E fi��=-vi 103 M/cm3 t�JJ[O)ffl':-=f�OC72:' t "':) E /iiJ� 

frlj� L tJ: l  \ii #�-t 6 .  .:. 0) \, ,bv� ,g  �[13J E Mvi }(�rli illfJ 0) %�� ') v-J 0 ( WAKAI, 

1968) iJ ,  G , it .:.  -t"" j,' tce l , iJ � ll!,z_Jtz. t }d�m {fJvC {t<H-t 6 vi f c· 0 6 . L iJ "  L ���B'J �c ,:_ 0) riru 
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� 11 � 2'""3 {'XvC'.tovf Q 10 MHz ffl'.rl!lvcx;f-j- Q ffl'.1Jftfi�J!xO)file*t�J1: 

�co�1Jl'i' �1, , t� L ts:�Jtvt , tJ:JT· � t.::.. l 5 vc }i!Jhh 0 . c. co�* --eJ:::JZtco*a*vti± § v=. {w[ 

--t 0 .  t.::..t� L::t�?%iiJoc 2: �ra,comllJftfi':.l&JDZ 2: co �1*�ntJL--t 0 t.::..oo v=. vt , i t�mUJE7'' - � 

h��3t:5} --e0 9 , c. co 7
° 

p � x :;1 i-- coA,f&co;iJJ}c. i t.::.. tJ: vthvi tJ: G tJ: 1, , . 
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� 2  

Voyage SSN 

2-3rd 200 - 180 

6th 50 - 40 

7-8th 23 - 72 

** � · :kii!IE� • 83zij3-� 

Li(dB) = a + b 0 1 0-3 0D (km) v:::. 1ovt Q  a c b O){[i 

2 .5 MHz 5 MHz 

a b a b 

-3. 64 3. 9 -5. 24 2. 1 5  

1 .  49 1 .  54 5. 86 -0. 1 4  

-2. 72 1 .  3 1 7. 9 -0. 1 6  

[ WJ;ji� ;JS! 

I 1 0  MHz 1- - --
I 

a 

1 .  44 

b 

-0. 026 

*::st v::. ta \, , --u1 , w AKAI Cl 961) ta 1 tns zJm. Em ( 1 963) v:. 1 :s n¥tir c ?} j,'JUJ: o 7f i* 

--efW tfr� rrtJ: ".) t..::.. 1ft ".) -C ,  ;J<Ol_) Ght-.:mfiJft�f:2zl[xjtv::. vi��/J;d). cob G:h o. -jj, LUCAS 

and HAYDON (1966) vi, 15ZFra90)m�ftlil:2zlfxvi:f.il�iJ;�x_ of:2zL[x1*J&c L-C 0. 1 � -:: x.fJ: \, '  

c'c1S 6  5 c0)�-c1, , ;s . 7$:1Jipv::.ta 1, ,-c v1 ,  -:: ti.,G0)*2f!!H::.xt-to���frtJ: 5 c�v::. , �ffl 

��g*��ob -c15ZooO)m•�1:2zlfxO)•�����-r- :s .  

WAKA! (1961) vi, 'g (1950) r:. l o  B r:pO)m/1Jft�f:2zl[xO)fil§J{ft!l�·l1:� cfS Gbi'":i:\�15ZlaJ VC. 

j@ffl L-C ' f0-!-}dttm�ft�f:2zl[x:I: I'N c�Tl�])tMll!z.Lfxii I'Nv C �{XO)�c'�1*"'.5vtt..::. . 

(4) 

� -::  --e, n vi.NM@�, d vi{��fil§:rJJft , ka vi���v::. � i o �ttx---e0 o. � 2 ?k'""� 3 Vzfm 

Jrn v::. 10 4 )WJ¥B[�O)fil§:t{ftt1¥'11: (� 2) �frlilife.i'"o l 5 v::. I'N �)j(ci) , (4)�\iJ•G I'Nv � H­

L tdiL*, 2. 5 MHz v::. xt-t o {@: c L -C , I' NV = 1. 7 dB � ft ts: . 

EE Z.ffi • 1:iJl l  (1963) viv'l Vf[P]f*0)7fi*v::. l ".) -C, � 6 tk�W,!J v::.� L -C 0), 2. 5 MHz W.IJ 

JE{llii.iJ· Gvi I'Nv = 1. 0 dB, iJ!IJJEiBl�fffi� )=§\, ,-cit� Lf_: :\�H1v::. vi 2. 5 MHz �-{@:c L -C, 

I' NV = 2. 5 dB � fl ---C \, ' o . 

-jj ESSA v::.l 1:) ���h (LUCAS and HAYDON ,  1966) , CCIR (1970) v::.ta 1, , -c3* 

tR � :ht-:1!tW-si&t•�$'c'vi, 1ltrJJft�l:2zJ!xit A (dB) �?kO) 1 5 v::.�x. ---c 1, ,  o .  

A 
677. 2 • n (sec ¢) I 
(j+ JH)l . 98+ 10. 2 

l= (l+ O. 0037S) (cos 0. 881 W)l. 30 

(5) 

(6) 



No. 39. 197 1] 

n=lzM@� 

f= N!ffli!M� (MHz) 

fn= :l:t!U:: 100 km vc.:tovt 0 � i' 1 P )WJ�� (MHz) 

S= 12:h Jl �ibf:itJit§x;f �,�� 

?F =:t:�:RJJi� 
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c. O)A:O)�Jfjc·�  0 T�!JWJ��vi 3 MHz c 1, ,  5 �{LtviS 0 /J; , 2. 5 MHz vc. ii �fflc·�  0 

i O) c  L --c tJ-rO)�W�fit.l: 5 . (6) A:vt-t-c:·vc.O)�t� J:  5 vc. , ?F>102. 2° vc.:to 1, , --c a -li' 1=2 

vc. t.l: 0 � � :1:-c:· s 0 tJ; , � r1=1i 0) ':iZiVCZ a -1:t p -c:· t.l: " , c. c ��ti L --c , 1 tJ; o. 1 J: IJ , } � " , �� 

VC. vi�fflc'�  f.i: 1, ,  c 1, ,  5 1M�! ii ii 5 vf--C \, '  0 .  

4- (5) A:!J· G -���JCZO)file�i�'[1:�;d<oo 0 .  fn vi B *J2rillc·*9 I. 2 MHz , Jm#aj£J:O) 

i$J!!:l:t!tnc·*9 0. 9 MHz , T¥i�PR$f$)Jtc·*9 I. 2 MHz c·Js 0 !J. G ,  c. c. c· vt f:f$Jl¥)vc. I. 0 

MHz c -t 0 . N!fflmJ�� 2. 5 , 5 , lOMHzvc.x;f L --C , (5) A:vi-th..fh?JzO) J: 5 vc.t.i: 0 . 

A2, 5=30. 57 • n (sec ¢) I (7) 

A 5 = 13. 30 • n (sec ¢) I (8) 

Arn = 5. 39 • n (sec ¢) I (9) 

n (sec ¢) vtlzMr%u �i&JE-thvf:l:t!t1He1Jl c �fiffiO):l:c·Js 0 1J· G ,  J � 0. 01 /J· G 0. 1 i c·O) 

r1=1i�1tvc.4-x. --c ,  :l:t!t1He/1Jl n vc.xt-t 0 �J&:1: A �:J<oo 0 c �120) J: 5 vc. t.l: 0 . c. 0) � c �9 

"'� 1 1  c � Jttl-t 0 c. c vc. J: IJ , � 3 vc. �-t J: 5 f.i: �frffil¥J�JCZ 1*� I � �ob 0 c. c !J; c· � 

0 . 

�vc. J: nvf?JzO) c. c 1J; 1, , ;z. 0 .  

( I )  2. 5 MHz vc.x;f L --C vi!NJCZ:l:/J;:k� 1, , 0) c· ,  Jttll¥JlEJitvc.:t:�fi5ib}Jt0)§£1�vc. J: 0 �  

•!J;Js Gbh --c 1, ,  0 .  

(2) 5 MHz vc.x;f L --C vi ,  � 2 "'� 3 ?JzO)��O)�J=O. I /J;� G;h--C l, , 0 /J; ,  -t O)fmvi� 

2 tj::tO) b !J; -z 1  -J- 7- c 1, ,  5 ��l:vtta c. IJ �t.i: 1, , {@:c·Js 0 t�ob ,  10 MHz vc.x;f L--C c jqj�vc. 

1 O)f@:��JE-t 0 c. c vtc·� t.i:" ' . 

(3) *8H.u�F1=1i!NJCZO)�JEVC.vi ,  2. 5 MHz /J;� ii ffmc·Js IJ ,  :*�i'5fv0)�- ii �llic· � 

0 .  L/J· L�Ji;Z:l:!J;,J\ � < f.i: 0 5 :to J: rY 10MHz c·vt , i1WJEO)�l!t:to J: ry��tt'm:W-siJJtO) 

•te O) tj=tvc. 'a' i  n 5 0 ����tl-t 0 c ,  :t:�i'5ivtJ;�vc.:k� < t.l: 1, , �1 IJ , �r1=1i!NJCZO)JE:I: 

l¥JMffrvtiJ. f.i: IJ Jt!J· L 1, , .  

� 3  0) 2. 5MHz vc.xt-t 0 ] O) {@:iJ• G ,  filmt19:Mvc.xt-t 0 �JCZ ANv �:d<00--C� 0 c ,  � 2  
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'"'--'m 3 {kK .. "J \.  ' -C vi ANv =2. 75 dB , m 6 {kv:. "J \. , -C Ii ANv = 1 .  2 dB c tJ:. '6 .  Ai\'v vi (4) 5}'.; 

<J) r Nv v=.xJrc--t 6 itc' 21b �:dJ� , ( 4) � t.. (5) :c\ t -c·vtJi!§:�fHJMJSziJ� �ts: Q <J) c·TI[�<J) J.:l:: l�vi -c· 

� t,r l \ .  

Voyage 

2-3rd 

6th 

7-8th 

J O  MHz 

40 

20 
_ J , Q I  

m oL==�============-J 

<l: 40 

40 

20 

5 MHz 

1 , 008 

1 , 006 

1 , 004 

1 , 002 

1 , 0 0 1  

2000 4000 6000 8000 10000 12000 14000 
Ground Range , D, in km 

� 12 ESSA �fi l·��r=- J: 0 !l&J&:I: A �:lttrirn� r�ff: D 
v=-xl-t 0 �1r. 

200 - 1 80 

50 - 40 

23 - 72 

2. 5 MHz 

0. 09 

0. 04 

0 03 

5 MHz 

0. 1 

<0. 0 1  

<0. 0 1  

1 0  MHz 

<0. 0 1  

� Gr::.$: 3 <J) , � 2 '"'--'m 3 {'JZ<J) 2 .  5 c 5 MHz l'C'*"J vnt , I � 0 .  1 -ec!b � ,  LU CAS and 

HAYDON( l966) iJ�l:J-x. t�1�Fi=1Ji:&�xvi 1= 0. 1 <J)lfil)§t -C·c!b 6 c l ,  '3 �m c J:: < �J_x--t 6 .  L,iJ ,  

L c <J){illHt:t:�/\!iiv1i*.JiJJvcH� 6 t <J) c·c!b "J -c .  -t <J)f[h<J)s=/f;tWvcx·,t L -c iiJ®fflc· � t,r 1. , c 

t vt*Jt(l)ts:WJc J:: "J -c � G1J , -c0 6 .  

-t c -c·�t;;i_vc* 3 <J) 2. 5 MHz vcxtj·--t 6 I <J) {[filiJ , G ,  (6) 5.:tv=-xtfiG--t 6 T5ZFilJ<J) l}&_�x. fi� IN 
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� 31( 60 -c � 6 c <X 0) J: 5 vc t.£ 6 . 

IN=o. 025 (1 +o. 013 S) 

iit 0 -C (5) AVCffi�i"" 6�Fs90)m•f1Pit!l>l:1: AN fl , 

A _ 677. 2 • n  (sec </>) ·IN 
N - (f+fn)l. 98+ 10. 2 

1 7  

(10) 

(1 1) 

(5) , (6) Ac (10) , (1 1 )A c O)�m'i: ,  i""tJ:h 'b�Fs9 c B q:i c 0) �.fflHlfAO) -!;JJ IJ �x. vi , S 

��*- t,:Jl*vc (10) vc J: 0 -c � i 6 IN O)fil[�Jl:,J\fili c L ,  kO)fi@JC tJ: 6 i �- (6) iJ��,m�- � 

6 t 0) c L -C fi tJ: x. v-f J: 1., , • 

1958ifi7� G l966i:j:.vcn\ vt-Cfitih;ht-: ,  m"ffiWlJlUtaJ::ffir&:m:W�JtfflU�vc J: 6 T, - Ji �M 
tfr L ktit� , <X 0) -:. c iJ � � G i7 , vc t.£ --:d-: .  

C l )  mW%iJtO)ffi-�11:iJ, G ,  �Fs90)m•JIJ£it!l>lO)ff:tE�?it�iZ L ts: . At.£ 6 mliBl�O)m 
¥BZO) [ql�fflUfEvC J: 6 c ,  -:. O)�Fs9 f£kJ!>lvi�{l,mJ£itJ!>l0)1*jffi�rralifE L -C 1., ' 6  O)"(' ,  �Fs9 t fftE 
-r 6 E /IO)m•n�k0)1*��-2b 6 c �x. Gn 6 . 

(2) �rsiO)m•flf2k.Ji>lvi::t:�ml/JJtO)�-� 5 vt 6 .  i kffiiBli/Wfi£�0)miBlO)�rs9iBl1m 
,W5jJtO)Wfiffivc vtJ!�-r -=- c 0) �- � tJ: 1., ,���-tb 0 -c , -flu� tbvf 6 c ,  ::t:�ml/JJl:�;Jt§vc 
i-ovt 6 1JlUIE'c'vi , 2. 5 MHz miBlvcx;J- L -C ,  jfg�ffi- 8, 000 km O):l'!g,r;!HCi-ot., , -C ,  *9 30 dB 

vc�-r 6 Pit!l>l��x. ts: . 

(3) �,ffl.J::O)lffEVC�flJtJ: ,  �rsiO)m•!IPit!l>l� 2b Ghi""��Ai'Jtm� � h t-: .  

al � 

� < 0)1Jlll1EJ::O)��ftf:vc t iJ,iJ,h Gf , -:. O)�J::mW5!m'.iJllllE��� L -c i.,  , t-:t-: 1., , f-: , ft 

mum��, :lf(1:i-Jr 1 .iut ,  t)l*J&Ht, §_:-@-:f( , g!j$@-�O)�ftoctb".) < i-o1L $ LJ::vf 6 .  
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