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RESULTS OF SIMULTAl\EOUS OE�ERVATICl\S GF 101\0SPHERE, 

AURORA AND GEOMAGNETISM AT SYOWA STATION 

DURING THE 1961 WINTERING 

Nobuh1ro KAWAJIRI*, NoJoru WAKA!\ JunJi NAKAMURA**, 

Tsuyosh1 NAKAMURA ***and Sadao HASEGAWA* 

Abstract 

Ionospheric, auroral and geomagnetic 

observations were made simultaneously at 

Syowa Station dunng the fifth wintenng of 

the Japanese Antarctic Research Expedition 

m 1961 The 10nosphenc soundmgs at ver

tical mc1dence were earned out every fifteen 

minutes. Auroras were measured by photo

metnc technique for the three Imes, ,15577 A 

(OI(S-D) line), tl 6300A (Ol(D-P) lme I and 

..i 4278A (N G of N 2+\0-l) band;, and the 

magnetogram from which the magnetic Q

ind1ces were reduced, was obtamed by 

a magnetometer of pen-recordmg type 

Based on these data obtamed dunng 

the wmter months, the expressions for the 

relation between auroral lummos1ty ( J m 

kR) and electron density (N m electrons/ 

cm3) in the E region were calculated in 

the followmg two ways . 

1) When the exponent b of maximum 

electron density m the expression J =aN° max

is calculated by the method of least squares, 

it 1s about 1 6 for ..i 5577 A lme and about 

1 3 for ,l 4278A band for the case of En 

(night E layer) or Fsr (retadat1on type of 

2) In case 1 t is assumed beforehand 

that the c:. u.roral 1 ummos1 ty is proport10nal 

to the square of maximum electron density 

m the E-reg10n, the express10n becomes J 

'4278/ = 1 2 x 10- 11N2 max for the case of the 

correlat10.1 of the 4278 band with Esr layers. 

In general, type of the sporadic E layer 

seems to change m the order from En to 

Fsr , E .a , auroral type of Es) and Esr (flat 

type of r s , as the geomagnetic disturbance 

of negatP:e bay type progresses 
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There 1s a kind of the :)orad1c F la;er 

,\ h1ch 1s not accompanied by auroral and 

geo:nagnetic d1sturbance3 Such Es Jayer3 

are apt to take a shape of flat type, and may 

be, so to speak, of m1d-lat1t1.:dinal type 

j]: JJX. I) jJ_ "J ::_ l � � Lt-::. 

The re la t10�,3 be" ween auroral in tens1 ties 

of A 5577 A J, ne and J. 6300 A line and between 

auroral lumrno�1ty and geomagnetic vana

t10n of H component are also discussed 

6 

r::;')OOA (0 I ( n P' "r'1) _J, ,., -, 
1 4·rsA (N + ;( 0-J l/- ){,], ", ck (J I, '-'/ 2 

i: t-::, llBfL1£t-fuO) 1959 :l.o) -J- --- !! � J\J 1,, -c, c un3) vi%if !'t'-.d=- A 5577 AC o I) O)t�jllt 

l��O)�*-�ffi�lO)M�, �lO��l���*���O)��(JH r*&)lO)M 

����, �h�h*O)M���fflk. 



J (5577)=5x10- 10 N2max 

] (5577) = 3 X 10- 3
1 £1H 1
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�vc5EiEH1-<1Mi* t L --c REEs4) vi .-15577 A co r) (}) 113914A (N2 + (}) N. G.) vctti" 6 � 

�{W:(})Jtvi, 10 (}) 3 *(});tip'.lt'.�fUcxt L --c 1. 9 c �5Et c1!> VJ, c (}){00:vt::r- p 5 (})�vcf& 

GtJ:t,,tflH�rLtt,,6. C;}Ht .-15577A(0I) c, .-14278A'3:''2!D' N2+ (})negative group 

(})ffiMh��f.:�vCJ:t,,Cc��i"{YIJ--Ccf:>65. if.:_, HUNSUCKER C 0wREN5) vi IGY W!Fi=fl� 

7 7 7-!J (}) College c � G:ht.:_ 1��!i (}) 71 7t / !7' '7 A c �::R :h /. '7 vc J: 6��'3:' 1 *'f 1 vc 

xt� � -lt, -t (})ffea*, tiJ'c(]) ::RWB!lt'.ffi2tt c Es � (})/Zlt;WmJ�� c (}) f§M1*2if&h� 0. 544 --c

cf> 6 cc '3:'J!lli Lk. 

-t(})�vc5Ett.1¥JtJ.:M{*'3:' :Wz--::> t.:_ �;ffe.nt t 2if&�\, '7J\ tJJ}!Jl(]) t (}) t L --c vi 1953 �vclli t.:_ 

MEEK6) (}) t (})JJ�cf> 6. 1BEvi:irfi�7C1ffVCcf> 6 Saskatoon (}) y -� '3:'{�t, ,, til!�'A(})�:)fb�ft 

(})�, J-tf!wl�7J(�Jix:jJ"(])�Et:J,"(})fi�iiiMi7C5itlt(})J1�jJnvc�{*-f-6 c ffl% Lt.:_. 

if.:_, MAEHLUM7) vi I G Y�01fvc� G:hf.:_ 71 ::t / !!' '7 A '3:'£vc L --CWlfl.r-:::t.:_*6*, Tromso 

VC:f-o\,'--Cviti:icw(})J
C

f--Ccf)6vC {iiJ,IJ,bGf, ::r- P 7�(}) Es �viVitc,Z;c'tHm LfJ.:\,' 

c 3£.r-:::--c t,, 6. 

*rimi1Jim 5 3'iz1¥Hi ffJlt'.Lv=-r� L --c, 1961 �(}) 1f.j!J!vcam:11£t-tf!r::. t5 t,, t:f=rtJ.:b:ht.:_, ffl:�k 

g, mwl�t5J:U@7C(})G�M*'3:', Mttl¥1KmmLkt(})�cf)6. 

t}J�K. m•�. �m'At5lU�7C(})���$c�-�(})���V)KML--C��-t6. * 
vc "1xFr=l'.IE� (En m)", 1t-�(}) Es �:t-oJ:O Blackout (})js{:tt]:Jllt'.c.f:-tl!Jiti'A Q-fii�c(}) 

Mf*vc "":) t, ,--c3£.r-:::, ti£m� (})jf!L, RD'b IQI (})�7(VC{l --::, --c Es m (}) llZm O)�v:=.�1-=f(}) {:ti"' 

6 c c '3:'�-t. if.:_, c (})fH-=f c �r&M�h� tJ.: <, t-tP.�'AffiI��v:=.f.¥i7Ctrs!lvJ c t �{*tJ.: < lli !fl 

-t 6 Est F�H=-"":)t, ,--ct� 7Sz.-t 6. *vc, tffiJ'twll! c E nfJJfiHct5vt 6 itz:*:ffl:-=f�;Bt c (})M{* 

'3:', A5577A:t-oJ:U: A4278Acf.llz(})�O) Es muJ:U:�Fr=l'.IE�c(})i"°.r-:::--c(})fJl.if-ltvC"":)\,, 

--C �.r-::: 6. Jiff vc, A 5577 A c A 6300 A c (}) 2 "":) (}) ;lip'.fv� (}) ffilLM f*, t5 J: Uc :h G 2 m,� (}) jtij[ 

II! c til!�'A?!tft c (}) � f*, -t L --c tiJ'cr=p (})jJUTCJ1cax::B-�vc "":) t,, --c t mKTR;f:Jf (])jit,Z; f.:_f�!ffl pg 

·-ntf6. 

I) 1;:•�:filillf�M�rJW 

1 ) ifJ;! Yl!!J � i:! 
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1�t1rt4!LJ�:ffi:U'I.Jx��O) ;1,,-7:,,-{fJlBWvi 7!(jj0)Bvi 15 5}.fiJ.r=-, ili'ffi'tlt:W-B (Regular World 

Days) v=-vt 5 jt{i}: i f:_fil!Lrrfi:s%=-f1·tctbh f:_. ff)i!{f[lj�J]FJiti 1S61 fF 1 }l 25 BJ:: I) 1962 {f_:"_ 

l}j15B i-C-Cc00. 

L/J, L let iJ: G, '*fiffilX -c vi :Z--Wl 0) 5-7 Jl 0) 5- - !J 0) di- �fo/T �:IT v=-1i Jll L f :_. i 1 :_, {t;l ,l!�i*'. ( l 

PIR-6B�� tl}I. ,, -l-0)3-Jct'f'!i:l?�vi:kO))Bl VJ -C 2D 0 

jj Ht fJ{� 111! 

10 KW (92IlJlLH-JJ) 

1-15 Mc/s 

30 sec 

60-120 µS 

1. 0 Mc/s m 

100 km {1} 

1000 km 

��i ,,"; 3 ;1. - !l -O)f,lr1ittcti\1cdJ-l& VJ vt*lif¥1tctuv5n, L � �1=,'i- 0 -c 1., 0. 

�I� 0) mcdi-I!x 17 v=. � 0 -C vi, ± c L -C Efil'{i!JJ<,/J, G 0) &Jltv=-1r El L f:_. 

*ffittJXK::.]fJ1. ,f:_ti2�·5<5:i'£�vitX-Fv=-�--ttrn < 1961 !q-::.0) URSI Handbook8) r::. J:: 0 f:_ 

Eif (flat type) F,';JiB!�O)�J;nr::::.x1 L -C, JUAHt 1� � iJ�vf c A.,, l :zt1t L let I., J:: 5 let Es tl 
M. � 0) � 0) l)Z:t#� vi l 0) �It-c t *1* BJ-JUiff::. ift3 tk � :h 0. 

E sr (retardat10n type) . I�]}!] fB:jqtijv=., ;JffJ££!t v=- J:: 0 ;JU!sv=- J:: < {,(;]J:_ JUl=Ht1'li � 0) :f:r)/j]f� � 

iKLt1.,0iJ\ �ji�H1.'a:'t 0-C1.,0 Es oc�,J. �O):fil!fi, F!iBzMii:t:v:::.;R� 
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1/,t,r_ <, i tc:,@"ji. ,m�fr:t'.f�Jllli� Lt,r_i. ,Cl)-c, :ffJili1tv=-10;1u& (Jl.il;���/J5R:� 

t --::d::.W.l ,£ �Cl).l}lfrv::.J! G:h0 J: :5 t,r_) c vi!K5JU--t 6 � c iJ;-C � 6. 

Esa (auroral type) ITT1Bl�C1)tmf1nv::.xt L -c, JU!Ht FR'J � iJ;�1t L t,r_ l ,iJ,, i t::.vtfi,1-z r:::. 

J::;/--t"6, ?'f1tv=-it0�IJ Lt::.-Hl�t"JEs NM-Cc00-C, -tCl)J::tlv::.v-:t 

0011:tiJ,v::. !JU,r_ 0 t::.R�-L i tc:tif�!L L t::.NM�fl 0 -cl\ 6 J: :5 t,r_ Es N�f 

� Cl)J::�vi� 100 km v::.bt::. 0 -c )Ai.J; 0 -cl, 0 2::. c iJ:c0 6. 

J:r:.1-t vf tc: 3 ":) Cl) Es Cl) 1'JJi HBfn£:lm�1-Wv::.?F 1
� ;::. m� v::. iUlmU � :h, 2::. ;h G tJ;J'f-Cl)� f ifi 

e0 -c Y'!1!.t� 0 t--=-Cl)-C, trn:Hv=-it f�m-c � t,r_ iJ, "".) t::.. 

� h G Es W!JH::.1Jn :z -c, n r 3( C1)1rJf��-3:i9 > v::. J: 0 -c MY_) -c }!� � :h, "15Z:fff1Em (EnW3Y 

c 'ITTJ is� :htc:, ���1.J* �¥-5- 0 tc:mr l ,� v::. "J l, -Ct ti:i::�t.& :5 £,�iJ;2D 6. ���vi 2::. C7) En 

m� Esr ® c !20JU--t 0 C7) v::., c0 6 �'frv::.vi@U�� t, t::.i.J;, En ]iCl) fUrev=-� L -c vitl Ti::. 

if---t 3 ":)C7)£$�jiJH L -c Es N�,J-c !K5JU L t::.10
,

11> . 

a. En Cl)mt;WmJ1El�mli:v=-vi UJJ�t,r_:MJili:£tC7)Jl.£�iJ;J! G:h 6 2::. c. 

v=-t�ffi'f L -Cl, 6 -::: c. 

c. En Cl)�W.ffi:11b't�vJtf :rLICl) F /� .:r. :::z -v::.fi En � Cl)f?tf v:. J: 6 �J££tC7)Jff�iJ;J! G:h 0 

-:::C7)�K�C7)2"JC7)£$t��c�;zG;h0C7)-C�ffl--t62::.cKLk. 

d. FfiRt�v:..:r.:::z-i.J;�1,,iJ;, En mi.J:c (cusp) ?J!lit::.vi h(h1gh) ?J!lCl) Es c:i-rtiL 

-C �, 6 :l�fr (!iJ1:F1=19 Cl)£� c O);JI1W=- J: 6 ). 

e. F � .:r. :::z -C7) T�R}f,]13t�C1) m :rLif:. B}j� f,r_;/;¥ jj££tC7)�JtiJ;f?tE L -Cl, 6 i.J\ Ellf.lt�vCvi 

�� .:r. :::z -iJ;� l ,�fr. 2::. :h!i l (!ow) ?J!l Cl) Es � Cl)m/fMiJ:. J: 6 ifiljffi'ffJ ,, i tc:vi {ff:ff,JVJlm;fl 

Cl) IJ&Wx'J:. J: 6 t C7) c � :z G Jl 6. 

1 ) Ult!lU15$ 

:!'tE�:5'?-Ut�ulUt 1961 4-l�fktl�JiiL-C, H, D, ZC7)3Jix:5tv:."Jl,-C:f-Tt,r_b:ht::.. 

""7 ;, * r ;;- =; A vi, :J!Hi��W!J1JA�;i@ffl L t::.t�$ii��1Iil! 0 -c, :!1i'i$i � :ht::. "B-Jix:5J-C7)�ft 

��:.,, v :::z - !J' -vc�--t 2::. c v=- J: 0 -c:r-t G:ht::.. 1 4-5J'C7) ""7 :7' * 1' :7' =; A C7) :5 '0, 5, 6 to J: 

v- 1 A O)Jl'c+Iix:51-Ht��� Q-m�v=-nLt::.. 
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,�t±t:Bt:Lil r:11-C (t, :Lilifili�10);:{t1tiJ,ty;'X L <, --·M:r:::.J1,: < m �, G,h -C �, 6 K-}�i&-c ( ct, Jill Mk 

3Klf5!fw���b-YO) v�7FJJZI � -c c"f) 6. Ye :hi�, :L-1E.1tt\.tr-s!TVJO) !�!��Jr :t 6 t 0) c L -c, K-flfi 

!ff. 0) 3 ll=-ll1=i911J911�Lt i) cL' t ",) C {\i � \ {) 0) iJ,�7- i L � \ -{-:::. -c BARTELS C Fl:KUSHIMA 12) ( t 

Q= 0 1 2 3 4 5 6 7 8 9 10 11 

1 ) +J jt«x o!IJ 
Hi YUrJ� dJ!J t--·;,l-1�9 � Jill L -c 1:;i Y"rrti 1ifi" h b:h t:.. (1JUtl1J �l Z:'Jc1 i 196J ;,I· 2 J=l 21 LI J: 1) 10 J=J 24 



No 25 1965) (1999) BBW�Jt!zv;::rc;vt o�riJff:�, :f'i)t:rc; J: cHl!zitiA�1tO)fl=!1i�1* 61 
131:·-cCD 9 nJlffflvc 134g§a Ct� 1500 �f!=l!) vc5i:Lt-:. it-:, MUllU�PJrvi�:i-tUJUf!LltJRCDraJ:: 

··OflHiz 12 m CD t-{ft '� -C c6 -:> t-=:. ti xvi =:?J( CD 3 mt CD ::13 t! c ftUllJ 2' ht-=:. 

a. 3 8CD:1c:i[7B'UHU · J.5577A (OI(S-D) jyij{), J.6300 A(OI (D-P) jyij{) �J:v J.4278 

A (N2

+negative group (J) (0-J) �f) 

b. fi':.JZjJ _;< '7 vc J: 0fi':.��,i 

C. § tYl ff;U!IJ 

L!J� L tJ:iJ� G, *fnffx-c vi, tixifJlilluM*v=- "'J\., ,-c vi�}mCD 6 JI l 7 JI CD5J'CDJ,,. �{9!J=FJ L 

t-::. fi':.JZn _;< 7 v::. J: 0��� J: v- Elt.fiJJUfliH=-J: 0*5::\:!Hifft'tfrCD���v=-J=fn,t-:. 

ii) fixx�rr;suriu c --z:-CDf�xtiJ!ltCDtf�'.iE. 

� 5 �OJ:!2�q:iCDtixxm1Urnmvi i) v=-�vft-=: 3 B(J)ttgvC/�:; !l f '7 Y F�U5EHH=- J. 5300A 

CDxmmu1c t f'rtJ: ':) t-::. 

{iJH L t-=:�x�B:CDxt� v Y ;qi illli.£ ¢ = 60 mm (1f �i�xffifl S=28. 2 cm2), ;ft-,�Ji!fi� 
f=215mm, tYlfiJviffij 3.3°, ffi!Pi::i, :s'l.{*fiElt2-C 8.553 3f::1Jlt=2.605xl0- 3 sterad.-Ct5 0 

t-=:. i t-=:{tJfl Lt-: 4 fXCD.:::PtJ� 7 1 1v 5 -(J)l=#'/'ivi Table 1CD;imIJ-Ct60. 

Wave length tt (A) 
4278 5300 5577 6300(6363) 

Table 1 Characteristics of interference filters. 

Index of transm1ss1on at A 
T (%) 

73 80 83 48 ( 43) 

Half width* W (A) 
68 83 112 192 

* Half width W means that the total transm1ss1on spectrum energy 1s represented by T, W. 
;:;h,GCD.:::Ptffi;7 11v5 -�jmJ&I Lt-=:xvi, RCA6217 xm�{ifflfv=.�1£:2---1±-, --z:-;:-c�G 

ht-:xmvrE�@:mE:it�$i L -C m-r�A&l�ttvc tin�--1±-t-:. §2�(7)�1J1Jvi Fig. I vc�-tjm IJ 
-C, �mmE-+J. 4278A-+J. 5577 A-+J. 6300A-+A 5300A (J)jlJftv=-x:1:iJ�&l�2' ;h, -C 1.,, 0. 

ti x-C vi x :B} iJ � 10 75' {'(§;ti < t 521-t-t 0 CD -C', ti x CD !m 0 2-vc � 1.: -c :b� ${ii�?/: CD ·Wni � ff tee 

1., ,, fFs\., '�vi�Bt 4, im 0 1., '�vi�lt 3 v=-J: 0 mu5E�:fi-tJ: 0 t-::. �lt 4 c �lt 3 -c uW'.iE Lt-: 

�i}-CD�;hCDJtvi 10. 7 : 1 -C c6 0 t-=:. Fig. I -C Ii 21�2553-iJ� Gffij 5 53-f�, �lt 3 CD�� 

iJ�t£ 2-h -c 1.,, 0. ;: CD��ff'l·-c-vt�5E�CD��iJ��--t-5t-c·25 -:> t-:: t-::61:>, :J1NhiJ\�.k �JMJ �-0 � 

if, !tn�PJT ml CD fu/Hcffl-t 0 fi'J vc=:?J( CD PJTW:lwHc Itrr -:> -C if;� lli-t{tJirta n� J! G ;h, t-=:. � CD t-=: 61:>, fl':. 
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F1 g 1 An ex&mple of pJ. c tcmetrn records . E61 h ne 7 /8 2 1  25-21 36 U T  

Sen (J) and ,1) corres pond to  sens1 t z ve 3 c.nd 4 of amplifier, respectz vely 

Marks at the tz me cf 21 · 27, D 1, 2, 3, 4 si c,w deflecti on , of dark c ur

rent, 4278A, 5577 A, 6300A ar:,d 5300A, respecti vely. 

1 0 0
1 

Correct 10n I 
X 

I (m m) 
I 1 5'.) 

I 

"// 

I 
I 

I 

__,--/ '-------�=�� --'---�--- -- -- , __ -------------------
0 50 1 00 1 5 0  200 

- Detlec' ,on d (m m )  

Fzg 2 Relatz onshz p between the apparent  deflect ion d and correct ion term x. 

True dejlectz on D' = d -i- x In case d�26 0 mm, no correctzon zs needed 
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1§-rE: :Bt O) *fsxt{f���.  iJ , �tixtJ7f- 0)£!ffx O) ���� < t.:_ 'cl), rurnw O)wr1f v::. 1n1 -ri;y� 

�W:�:::R::sz-&:n 0J �Jl.ti!Jpfrv::.J&lv '- C G O W.  0) aAur £ (Capella) v::. J: 6 :rfit5it1a:' 1'TtJ: "'J f� . 

1963/if. 1 A 24 8 iJ ,  G26 El i -c v::. f=S- tJ: --> t� �5E O)m:9,Ht Table 2 O)jm 1'.J -c cl!> 6 .  

Table 2 Cal1brat1 on of p1-otometer by observi ng tre fixed star, Ca..pella 

Wave length 
,{ r A )  

Deflection o f  recorder 
due to  Capella 
D; ' / rxAur) :'mm) 

��� - - -
Deflection corrected with I

I 

ext tnct10n of atmosphere 
D;/ rx AL, r) (mm) 

Correction factor of 
GO star 

I ;,  
- �-�� --�-�-

4278 16 30 24 10 0 322 

5300 60 14  74 75 1 000 

5577 28 23 34 32 0 459 

6300 36 09 42 19  0 565 

4!EyJ1G O) 7-. ""  � r ;Ht Vii: vt G  O �40) 7-. ""  � r ;q::. � L 1., ,  c � x_ G h 6 0) -C ,  �x(C J: 6 

AA 5577 A, 4278 A � J: U' 6300 A 0)1m;h �*� 6 J!J';'HUt ::jz�v::. J: --> -C Jt_!I[y:)1t 0) �r� '3:' rr,i 1., ,  

D;. = D;.' - k;.D5300' .  (] )  

�u�:Jll!t O)�xt@: '3:' rayleigh l}ifft-C *h-tt� ct> ,  ZnS v::. Ra '3:'YftA L tdm$x11ITT J C 200 

'3:' f[J ffi L ,  .:: h � {ij ffffi jfJl mu 0) wf ff v::. mu x frH::. 0) .:it, J C 200 vc J: 6 tm h '3:' � � L t � .  

1963 '.tf- 1 A 24 El iJ ,  G 26 El 0) F� v::. J C  200 0) A 5577 A v::.xt-t 6 tm.:h '3:'YflU7E Lt� c .::. 6 ,  

Dsm ( J C 200) = 134. 0 mm (2) 

Esm CG) = 5. 81 X 101 3  photon/cm2 • A • sec (3) 

Es577 (1) = 4. 74 x  102 photon/cm2 • A • sec (4) 

(5) 

O)M'f*iJ�lix: VJ "if..�. ill L, Asm vt mUx�{t�f* O) rE::et�1J 'f'i '3:'ffii"° 1:tfJIJ'm'�-c cl!> 6 .  Capella 

vi 0. 148 �J€.t cl!> 6 iJ, G  Table 2 iJ , G 1 �4 0)  A 5577A 7 1 1L,, d< - v::. J: {) 1m;h 0)* @' � 

�ttJJ-t 6 c ,  
Dsm Cl) = 34. 32 X 0. 453= 15. 55 (6) 
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Dsm (AG) = Asm · l0 6R
5
m(AG) · S · -l - • Tsm (7) 

(2)-(7);a::i.J ,  r::> J C 200 O)}Mnv=- *� �--t 0 J 5577 A�x 0) rayle1gh {1lr1:;}( 6'_) 0 c ,  
R0

, 7 7 (JC 200) - _ Dsm (JC 200) __ �- = Dsm OC 200) x_4n x ��sd_l) , W52'72_ 
" 

106 _!2__ A S T 106 !2 Dssn(l )  
0 

4 Tr • 5 5 7 7
° 

• 5 5 7 7  

= 2210 CR) 

FriJ tltJ:: {llrJ5£�19604lO JI 21 B i.J ,  G 22 8 i ---c v=-ii tJ:: 0 tc: �idi ��*O){a[�� tc: . 
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Fig 3. Time vari ati on of apparent deflection d correspondi ng to that of 
standard light (J C 200) The abrupt change of d value on the 
11 th of May is due to change i n  the ci rcui t performance of the 
amplifier 

� 0) l 5 v=- , ��v=- t�4!.JC1M O);/nµli'.vi*F� O)M�---C , a-; fkfl c AV=- s f���f¥1v=-W<j,,"'"t 0 .  

Fig. 3 vtm 5 :?iOt!��t�rIB9=10) J C200 0) J 5577A 7 1 1v 3< - v=- l 0 �tL O)�ft�7F Lk. t O)  

---c 2r) 0 .  5 A 11 B v=-lt!TKfi il\� G tL  0 ii\ � :hvi�rpi£fi:0)@.1f:t't5:E�il;�ft L tc: tc: 'cb't ,  �$JC 

1J O) t1l1B'til�7f�if0rs"1 v=-� 0 tc: t 0)---C vi tJ:: 1,, , . \L10)�J,m---c,* Lt� l  5 v=- , J c 200 O)lfr'fil:l'.til;t� 

y Lt� t 0) t --ttLvi, tfJUlliJ 1li1 Fl'l� i=/::i v=- �1t 0 JufiB£0)}3 5J!J3f:l.SJ{@Hi Table 3 0) l 5 v=- t� 0 .  
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Table 3. Monthly average values of standard light (JC 200) in raylezghs. 

R5 5 7 7 (JC 200) 

1961 F b (1atter) e part 3320 
Mar 3260 
Apr 3180 
May 3110 
June 3040 
July 2980 
Aug 2920 
Sept 2870 
Oct 2820 

�z v::::. A 5577AtJ3i- O)fBU�: O)fi:)tO) rayle1gh {@ �).Ke0 0 t-.: 00, t-.: c x. vf A 6300A v::::. "'J \, , -C 

0) (5), (7)A�lf �jt-"'("t � 0 .  

1 D6300 (aAur) = A630o ·Emo(l) · S • T63oo • W63oo X O. 453 
1 

D5 577 (aAur) = A5m •Esm(l) • S · Tssn · Wsm X 0. 453 

Q Dmo(AG) = A630o · l06 •R530o (AG) · S ·  4 n • Ts300 

Q D55 77 (JC 200) = Asm · l06 ·Rsm CJC 200) ·S  · 4 n ·Ts577 

� ;h, G  4 A c Wo6 v::::.�vftdf�O)fill�ffl \, , Q  c 

R C G) 4 0 R55 77 (JC 200) 
D (AG) s300 A = 1. 4 X -D5577 CJ C 200) X 6300 (8) 

(9) 

(8), (9)An � G Table 3 0) rayleigh fill c -t O) � O)  J C 200 v::::. J:: 0 A 5577 A O)�;h,� ffl \, -. 

--r%� * 0)  rayleigh fil1iJ!).K00 G h Q .  

tJJ:O)tffFv::::. J::  I) ,  fii:£- 0) AA 4278A,  5577A iu J: tf 6300A O)fjg:Yc-��*o6t-.:. t-.::t.3. L, 

�im�� A !m�v:t�itnt£,f L t  G o  �-evt t,n , 0) -z::-, -t O) �O)-�vtWHJrv::::. vtfEl!m L t.t:n,.  

--:d::. . 'i t-.:: ,  -� v::::.*1JEtnt,J\ � \, ,�i; v::::. vt ,  r.!itl5EfillO)tffit�O)illifnt:i( � < t.t: 0 c � x. G n 

0 0) "(', -$ 0)�J7i-�l!iH ' L-th-th A 5577A -C vi l50R *rililf, A 4278A -Z:: vi 200R *m, 

11 6300A ·nt 175R*�O)fill t {R!ffl L h:n � -:, t-.:. 
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;: :h G 0) {lH t :KJJi 0) bf iJ-. 10 =¥ jJl!'f'.rrft � 0) l1£11H!t L i.r• � L -C 1,, , tJ: 1,, , 0) -c , ;: :h ��I$.� � 

:Ftgfitt�UJ: c.' 0) {lg O):f:-ftJi!fm:ffil� 80  tJ: -r - !7 c. l:t'3(--t 6 l�H=- �t , -fi'c.Y. -JJ ;1- 7 0) i�Yltn�*5* ���vc 
--t 6 tJ: ['JE:5ta� Lt::..  

E ffitjj){O) litm vc "':) 1,, ,  -c 0) *3'Efft�Jlti\6-C " , < 5 'i::i vC , :t-tt��ftsmf.J c Emtt!Jxf}q -C 0) JIX: Jffi! 0) �ft 
c. O) f� v=- ,  ��tdtH*h; 2t) 6 ;: c. h;bh· ,,,�d::. . 1}] ilb vc ;: ;h, G 2 "':) 0)�{*vc"':)1,, :--rJ£� 6 ;: c. 
vc --t 6 .  

Table 4 vtRWft1��::>!-M O) 5 ._ 7 Jl v::. � tt 6 K-#(�0)=¥:Ls=;{ilt c. , E ffi j1t<� � O) � Fli1 (L. 
T. 15 � oo 5t J:  1? 10 � 45 5t i c') vc tuvt 6 fflxt a0 tu � iJil!t��--t. m3� B c E vt-l-:h 
-f:h '.!&J&, :t:3 J: V' i'fJUJl!J�O)T�R JWl zEl�t.rF O)�•O) t::. ilb  7 1  ::t / !f 7 A J::: v=-Jx�,t .:r. ::1 - h;"#-

Table 4 Relative occurrence frequency of E-region echoes and the average 
values of K-z ndices in winter months. 

Month En Esr Esa Es t B + E  

May 15  4 17 7 22 6 20 0 22 2 

June 10 0 13 9 21 8 27 2 22 6 

July 10 2 13 0 15 4 14 8 36 0 
note -When there were two echoes m E-reg10n m an 1onogram, the authors counted them as two echoes There were cases m which there was no E-reg10n echoes in spite of the ex1stance of F-reg10n echo So the 

total 1s not 100 per cent 

K 

2 50 

2 20 3 15 

Table 4 h · G bh· 6 J: 5 vc , ABf!:l��vc � 1,, , -c vt, Esa it h · tJ: 9 ::k � 1,, ,tuir-C /:I:\ � L,  
MAEHLUM7)  h\ Tromso 7Jqj7tflr O) �T-C ct) 6 v=- t i'J '> i'J '>;f') Gf, -t ;: -C' vi Esa 7]; i ;h, vc L 

/J ,  IT] i�u � h tJ: \, \ C. � 0 -c \, \ 6 0) C. )(� fITT80 -C ct) 6 . 1:§-� 0) � 0) LU !J;l !EU� 72:'::k � � 0) )l[G[ v=-:tr � 6 
2: ,  6 J:j � [� 1,, , -c 
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c tJ: 0 . 6 }.J 0) Es1 iJ��J.lrJ-e S 0 ,i�K- 01., ,-c  vi , *ilJ O)� 5 �--e�tn 0 iJ\ .:. hvi Table 4 
i.Jd::> t biJ•  0Ji � ,  6 J3 iJ�!f1ivct-tMtt�1¥.Jvc m,fflt-= -0 k .:.  c vc�{ti" 0 .  7 J.J vi-th c M�s"J 
rc..n ,tJ: � 'fi'th��-cs -0 t:... 

:;.$JipO)rrJ$0)13"l�Hi 7 }3 0)4§-JJX:JI O)lli mffllt�O) c: 7-. 1' !7' :J A �  Q-t�� c. tifr:15�vcxtJ;t 
� -1± --c W:i'-' , t::. t 0) --e s 0 .  � � i" 0 c. ,  ttOmv:t lli =�JU�tt� c. tti!n��*b L, *rVffm v:t Q-m 
tt��i". i t::. :ti1Jl00) c: 7-. 1' :/ :J A vittl!1f��1t�-1±fvc1§- Q-tt?tnc "'.) \, , --c O)it'/tt�5K L 
Tffi!JO)-t hvi Nxt vc Q-t���1tv!-1±fvc1§-t-fun�vc "'.)\, , --c O)ft\tt�5Ki". 

1) tti! Wl � 71' f-rft 5t 0) � 1 t 0) -%t'. 1¥.J (� rtiJ 
Fig. 4 tit-fu?ttt� Q-m�O) 1.3 �ft�Jr13z:9=1 � 9=1:;k:vc L --C*b Lt::. c: 7-. 1' !i :J A c  26 0 .  

roo 200 ,oo �oo soo 

.:. 0) IZI iJ ,  GPJ T 0) .:. c. iJ�i=-x.. 0 .  
i )  tti!n�O)W$ i t::.vilfM 1 �§fJvi, ::kf:i�FY'-' 'lEO)�Jff�ftT r:!:ico G h o .  

i1 ) IEiJ• G �  �0)�%�1t�O);f$ffviCf§I] 1 ��vc� � '  -t O)fj B lli �  i -c-�1J{UT2:ico G 
;h,0 . 

m) ffe:l O)�Jff�ftO)-:ffi:JTI:vi 03 � tJ: '-' , L 04 ��1:. 1..: --c 1,, ,  0 . (tJ: :f0 .:.  .:. --c 1., ,  5 �%�ft 
vi� 5 ipc'xf:� 0 mjt-ful¥.Jf��Jw. (�f��mi) c. !PJ � c 1t x.. 0 . )  

11) 0)-�vc J: -0 --C !Pr§-� � h 0 ffi:�� pq O)�VJEO)�ft, ,giD �::rlfRJ � i.7 "  G fili fn.l  �� O)�fbJ;RB 
f11�t-tft 0) �ii- 01 afycJjj] � --c "' , 0 0) vi ,  fili 0) rm rJliJ rfr 0) M:!?iHc .tt� L --c :J; L 1¥:"' , J: 3 -r ct) 0 .  
c. "' ,  J 0) fi , ftg 0) ffJURrJrfr C±vc::!t��ri -r ct> 0 iJ�) --c- vt ,  .:. O);ftfrvit-fut!s/,JJ-fu:15Wf 22 �-n d::> 24 
E=/j: 0) 1� v::. � � 0 {0J i7 � � '-' , Ir, G -r 2b 6 • t::. tc.. .:. .:. -r t-JQ 1'iti( �Ut!rH ltJ 'ia:' tiE J:Fj ---t 6 c. , ::! t �:: rt 0) itJl ilirl 
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r!r-C litit!,;f!.E'st-tlr:15� c 0) flli v::.:t ;h;f£* � 1., 'JK\., ' vi tci: 1., ,  0) r:.xt L -C , SB:f!J£}tl!. O):i�ir 2 �r!clJ40 

:;} c ?f= %; v::.x � 1., , 1 3 )
. Ye hi1rx:, t-tgJ!I!.1¥Jt-l!r::15� 01 � vH-fu��,Jtlr::t5ll# 22 a=;, 20 5t c ;:  � � c.) 

G h -c ,  ft!!. 0) ffJHI!IJ Ffr 0) t8 * c=. H rt-fct 0 . 

2) En � O) /_IJ �tJHJ'.£0)�1t 

Fig. 5 (!Hi En �1 0) / ! 11 B"UB1l:t1:"iK-t. En O) Hr nHi*fffi5t�w�{tO)IEi.J , Gi{l-"-..O)ffffO) 

a}tlJ J: IJ t ff1H::.� L: -C \., ,  6 Q-Jci}J: v::.� L -C \., ,  x_ vi, En vi± c L -C 3>Q>-1  O)l4i[il1JJ-C /Jl1 

:!Ji L -C :tQ IJ ,  Q� -2 O)fJit�-c (i ::r,:�j,-tci: 1., ' ·  -: hvi , t-[glfil3f(ra@J1.)�f6�r:. fJ:: 6 c ,  Essi=' B 

v::. J: 0 -c ,:!=i cl_) G h 6 IJ ,  G -c  2D 7_) 5 f.:_ f.:.. , -: O)� En vi ,  �� vi1ftE L;fi(,t 6 i7� , 7 1  * / 
f =:J J"- __ !:_:v=::. vi Es n , j J_:: ( i _:r_ :::  - u'") fs: 1., , B t:�i7�1ftE L-C \., , 6 0)i7 , , clS o \., ' vi En fj :J-r O)JR 

rl i7 � < -th -c Es ·v=' B '5.:' ±-tt L cl) 6 J: 5 v::. tci: 6 0) /J • fl 0 � IJ L fJ: 1., , /.J \ :t-5-t G < 1:kt· 0) jJ0 � 

O)j5iJtry�1., , t 0) t i'JJ;t::J;rl 6 -t v:,, r£ rn v::. "".)\., , -c vi, *115 0):$.1:&:t-5 J: o� 6 jp O)� �� t tti i»u 0) 
c -: 7_) -c Mitt 6 .  

Hi'.HPt!JiQv::. HP], -t 6 En n :J-tf:!.1itt�ffl'tffl�v::.� 1., , -: c vi, r:p �J.!t-C 0) En iJ�IUBZ1¥JHltL�· i .::.  

��-t 6 0) c xtlmi¥J-c J6 6 .  'f f.:_ ,  JWJ � v::.� L -C t r:r t$ftO) vi h' En i7 :  140-150 km c , 

i.J , ts:_ IJ r� \., , O) v::.& L,  AT-rti:Jti1;t-fu-C 0) h' En vi h' Es c Jµ]f.E�-C ciS IJ ,  Mi <  -C t 1 15 km �rJ 

if:& c 1., ,  5 -ffEt/.J,  J6 6 1 4' 1 5 )  

ffu 0) tM:oe c L -c , -m51y::_ En vi� Filfl !¥J v::. ;!Hi L -c � 11 � -t 6 ft}{ rq1 iJ : 2iS IJ , .& 1., , a 'f v =- ( i !Y: a� 11=11 

t ftc  < � t 1J :ciS 6 .  

go::. Es r  � 0) ill �!mJJt � Fig. 5 (2)v=-iK-t. Esr  t i  f.:_IEO){Jl!J v::. J: < L-f:'1 m, L -C \., ' 6 .  L --'J , 

L, En c JK 0 -C /J ,  tI:. ') O)'-f/J.O) Es, i7ttl O)�w;J't{tO)�v::. t �f 0 .  

-15 s �{tO) 1::: 7,, J, !7 =; A ti1�*-� c 04� �O) 2 "".) O) 1:::0 
- !7 ��:q"".). -t -c v=- MoNTALBETT 1 

C McEwEN 16) v::. J: 0 -c t�� � ;ht� l ? r::. ,  Esr 0) LB m:m�O) s Zt{tv:. 2 00) W-l!J :#1::E-t 6 2: 

" ,  5 $�vi, Es, 0) § :rr. -? kll'��-c-cf) 6 .  1HE�v::. J: hvf, Es, te m:m�O) 2 00) UJ 0) [h� f\rn l i ,  

t-[g1itl3f(ti\t�i7; JWJ < tci:hli tci: 0 W* � < tI:. I) ,  TIE.@7£;1*, {71J x_ fi College -� Wmmpeg 0) 1 

5 fI:.FJr"C vi S ;J't{tO)r:p �::. f.:_ t�-"".) O)�::k{[\[ Li.J ,1ftE L f£ \., ' ·  

4) Esa � O) lli�mJJtO)�{t 

Esa )ftv:=:. t£ 6 c , Fig. 5 (3) !J� Gb/J, o J: :; v::. , tL11 mi: tf!tO).f:tJ!i.J�H JtZ0-0)IE�1tO)tJL t  
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Fig. 7. , Frequency of occurrence of Est echoes:in May, with Q-indzces 
and local mean time. 
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