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AURORAL OBSERVATION AT SYOWA STATION, 
1967-1968 

Katsutada KAMINUMA* and Takeo HIRASAWA** 

Abstract 

The auroral observations earned out by 

the 8th vvmtenng party of the Japanese Ant

arctic Research Expedit10n, 1967-68, m

cluded 

1 All-5ky camera 

2 Visual and photographic observa-

t10n5 of aurora 

3 Observation of auroral pulsations 

4 Auroral photometry along the geo-

magnetic mendian 

5 Observation of the auroral radio 

nmse 

A descnpt10n of each observation and obtam

ed 1esults are bnefly given 

1 Au 101al jmlsatzons 

A ,pecial photometer was designed for 

mvestigatmg the detailed chai actenst1cs of 

auroral pulsat10ns and their relationships 

with geomagnetic pulsations The photometer 

(Fig 1) consists of a smgle telescope equipped 

with a band-pass filter (4278 A.) The field 

of vie-.v 15 5° The amplified anode current 

of the RCA l p21 photomultiphers 15 fed to 

three electncal band-pas, filters (f1 , 0 01-0 1 

Hz, f2 , 0 1-2 Hz, f3 , 2-30 Hz), and recorded 

by a slow runmng tape-recorder The out

puts of the band-pass filters are separately 

registered on multi-channel pen recorders 

together with the signals of the geomagnetic 

pulsat10ns By means of this photometric 

system, data of more than 300 clear mght 

hours '" ere recorded (Fig 3) Figs 4-8 1llust

rnte the vanous types of auroral lummos1ty 

fluctuat10n� together with the geomagnetic 

field fluctuat10ns Auroral pulsations observed 

at Syowa Stat10n can be classified mto the 

f ollowmg five types. 

A. Irregular fluctuations vnth large 

amplitudes (a few tens of KR) observed 

mostly at the onset of an auroral substorm 

(Fig 4) 

B Pulse-hke auroral pulsations "'1th a 

penod of about 20-40 seconds, the ampli

tudes of wluch are sometimes greater than 

10 KR Pulsations of tlns type are frequently 

observed m the early mormng hours of mag

netic disturbed day5 (Fig 5). 

C Long-lived auroral pulsations with 
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a smus01dal waveform. Their penods and 

amplitudes are about 10 seconds and a few 

KR, respectively. This type is dommant m 

the mornmg hours (Fig. 6). 

D. Rapid fluctuat10ns of auroral lumi

nosity with a penod of about 2-0. 5 seconds 

(Fig 7, A and B). 

E. Extremely rapid fluctuat10ns with a 

frequency of about 20-30 Hz (Fig. 8, A and 

B) 

Waveform correlation between auroral and 

geomagnetic pulsations depends on their 
penods. Most auroral rapid fluctuat10ns of 

penod shorter than 5 seconds are not accom

panied by geomagnetic fluctuat10ns Auroral 

and geomagnetic pulsat10ns of penod longer 

than 10 seconds have similar waveforms. 

2. Photometry of aurora along the geomag

netic meridian 

A meridian scannmg photometer was 
designed for mvestigatmg the time and space 
vanat10ns of the auroral lummosity (Frg 2). 

A rotatmg mirror scans from north to south 

along the geomagnetic meridian. The scan

nmg time of this photometer is 12 seconds. 

In the auroral zone, it is desirable to measure 

the auroral lummosity from 0. 1 KR to a 

few hundreds KR (about 50-60 dB). There

fore, signals of the auroral luminosity are 

amplified by the high, medmm and low gam 

amplifiers and are separately registered on a 

3-channel pen-recorder. Fig. 10 illustrates an 

example of the chart record obtamed The 

1. 
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data shown m Figs. 11 and 12 were denved 

from the above records. Considermg the data 

taken over a penod of 25 days (listed m 

Table 2), the followmg relat10nships were 

thought to exist at the time of occurrence 

of auroral substorms. 

a. Auroral arcs begm to move equator

wards about an hour-20 mmutes before the 

onset of the auroral substorm. 

b. The equatorward movement of 

auroral arcs take place generally m about 

5-10 mmutes. 

c. At the onset-time of an auroral 

substorm, the lummosity of auroral arcs sud

denly mtensified. 

d. Within a few minutes after the onset 

of the storm, the aurora spreads and blankets 

the sky, in which very bnght arcs exist, with 

rapidly fluctuatmg lummosity. These arcs 

move towards the pole, m general, at a speed 
of about 200-300 km/ s. 

e. At the end phase of the substorm, 

the aurora become active on the polar side 

of Syowa Stat10n 

3. Spatial and temporal variations of auroral 

forms 

Continuous photographic observat10ns of 

aurora were earned out. Fig. 13 illustrates 
the auroral forms durmg an auroral substorm. 

Fig. 14 illustrates the space and time varia

tions of corona at the zemth. Fig. 15 illust

rates the format10ns and eastward move

ments of auroral loops. 
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9 J=:1�11:Hc iiJ::til&B"J:*:�tJ:fr§£biJ;30 iJ, S:0)4vi IASY(Internat1onal Active Sun Year) 

0) 1Ju k 4 c L'--C , 4t �flt 0) ffi J1tfr§ ifJ 0) 4 --c-30 0 l.: c l , x. 0 . 

� 8 ?x��JJIJ!U 09674 2 J=:I ""' 19684 1 J=:I) O);fi:J1tfr'GF90)JE'it • 1vf�O)--z=-.h-f.-hO)flJJIJ9i 

13 vi?kO)Ji iJ --c-30 0. 

A. �:x¥�vc l 0 ffi:J1t0)%Jij c JltfJO)flJlU 0$fil) 

B. § tJtiu l u 7' =f- -1v3it1¥�vc l 0 ffi:J1t%�fl{}!U 0$fil) 

C. ffi:J1t:J1tm1J!UJ1tflJ!U Ci\LlR) 

a. :ti J1t$ fltmmJ Wfi lb 0) fJl 1J!U 

b. ffi:J1t$flt:lw:xftJ{J[!J 

D. ffi:J1t*lf'1'fO)��Mi'JlU Ci\LfR) (70MHz 9 :;t ;1 - ;; -) 

.:: 0)¥�E--Cvi, -th-f.-hO)fl/Nil:JJl:*, ��. iu l U*2/*0)tlllJ%�vc"':)11,--c�""', �f!-�flJ 

ffl-t 0 =¥ 5 I � vc L !-: l , c �-x. 0 

2.1. :i: ;R�Jiili.fftl 

7 {k�O)�ffil L t.:�:x :n ;1 :He l iJ , 30#4:lJvc 15#!!/±l--Cffl� Lt:. flJ!UMicc1j 0) � MTI vi 

]ARE Data Reports, No. 3 (Aurora), C ompiled by M. AYUKAWA ��H�2-htc.l'. 

2.2. El ms c1:r1 AT-Jt-itm�Jtl�J: �Miu 

3 J=:I 6 B vctiJ!U�frirci), 6 J=:I � i--C vi§ tJtfllJ!Uvc;m,�� iu �, tJJf:7,. =J--1v��vc;m,�� 

�l,tc.. §tJtflJ!Uvi�icc1jffilf:x� CJ=:14t 12 5""'22 50)jt}]icc1Jvi:fftJt), rnuw2: L--C30:53'-41lvc, 

International Auroral Atlas 0) codevCl0--Cgcii�c0k. 7'=f--1v¥�fflvc, �W=

:::z :,;.:i:- - ;; - r '71 7
)
&ffitiu 1 u�:xffl� O)tc.ci)�rJR v / ;( CF:3. 5) � ffl'.¥: Ltc.iJ;, *2-

Kl 0���. VY�O)ffi2-0)fc.ci)�fflt�f, '"t""'--C=f-tbcm��fi�0k �j§7J;)7 

vi, 8J=:licvi:;t-9 y_,.�7,. S2, 8J=:liJ,G-=-:::zY F C25013CffliJ, F2, 35mm) ��fflL, -=c 

/ !J i:z - A (Fuji HS i tc.vi Tri X) � ffll,, fr§f)JfltO) � l ,:fj:J1t0)%fiu�, �icc1j� l D-�icc1j 

EI"J�1L��""'0 tc.ci)��-� Ltc.. � 1 vi7' =J- -1vJIUm¥��1J!UiJ�fitJ:bhtc. B �iu l D-i:!i: 

���-t. 



No. 35. 1969] 

Date 

•1 ��-��-�-Kl�ffi�&���� 

Table 1 Duration of continuous photographic observations of aurora 

Time (U. T.) 

I 
Number of photograph 

Start End 

May 1, 1967 21h 28m 21h 30m 8 
21 46 21 47 3 
22 10 2 
22 11 22 16 17 
22 46 2 
22 50 2 
22 52 23 05 26 

2 20 34 14 
3 150 

12 21 54 21 58 15 
27 21 40 21 50 28 
28 19 13 19 14 5 

19 15 19 18 18 
22 25 3 

30 15 30 1 
15 31 1 
15 34 1 
18 31 1 
18 33 18 37 20 
18 45 1 

18 48 1 

19 38 19 45 34 
20 00 1 
20 04 1 
20 05 20 06 9 
20 10 2 
20 14 4 

June 4 21 55 
I 

22 00 21 
22 45 I 22 47 16 
23 10 23 13 7 
23 14 2 
23 15 3 

5 22 55 22 56 6 
23 20 23 25 10 
23 25 1 
23 27 23 28 3 

6 20 30 20 31 11 
20 36 20 38 21 
20 40 20 44 4 
21 25 21 26 16 
21 28 21 29 3 
21 31 21 32 10 

26 00 26 00 28 14 
00 41 00 42 6 
00 43 00 53 16 
20 36 20 38 25 
20 45 3 

27 00 51 00 53 12 
28 00 12 3 
30 00 03 00 05 19 

00 19 00 20 10 
July 5 21 07 21 10 25 

21 40 21 45 25 
11 00 38 00 40 16 

00 41 00 45 11 

25 
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Time (U. T) 
I Date 

I 

I 
Number of photograph 

Start End 
I 

Aug 7 2311 12m 2311 15m 34 
27 01 16 1 

22 29 23 08 87 
23 09 23 19 55 

Sept 1 17 28 17 34 21 
17 35 17 39 19 
19 03 19 09 25 
19 11 19 16 19 
19 16 19 30 83 
23 15 23 17 16 

2 00 17 00 33 69 
21 57 1 
21 59 22 10 76 
22 15 22 18 11 

() 

I 22 43 22 48 16 J 

9 I 20 34 56 
12 41 
29 18 25 22 09 270 

Oct 7 21 25 63 

2.3. *-?B'b'ti/i�J!r!i,.ij�J;/JMilttl�i: 

�JCJ1fiJl'.O);JimJjW�reb Cti:Ycll*!liJJ, JrrlrIH&ilicilTil, O 01 Hz"'30Hz, Jr-rlJW lOOlP"'O 03;tl;) 0) 

�tJIJi-5 l u'-tn�f l :ltgf��Ul*lfVJ c O)t��"J�'Hf �H L < �ti�-"'( 6 f.::o')�=-t=H=-�:2t-1 � h tc. ,L 0)-C 0 

6 iZl 1 �=-��-.t l ') v::::.' �H!:-.r 5 /tO)lji{�,£ifil: V /AC -Hi 7 1 ;I,, ;7 - C 4278 A) ';t'Jili L tc.11£ 

D 
Fdte,rm,A; 

Photomul 
(IP 21) 

Cathode 
1----11 

Tape Rec 

Filter 1 

Filler 2 

High volt 

� 1 �::/(;./},tJ§JmJ!:JHEf!EfJW'/,{JliJMf/i:O) block diagram 

Fig I Block diagram of 5 ° solid angle zenith photomete1. 
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jEJWJ1tJ3 CIDiUw:5t) �5ti-C"" /�� v ::1 - 3l -vctci] L, fA.J*vc PWM :1JAO)J!!� IJ (1.9 

mm/s) T - 7
° 

v ::1 - 3l -vctcil--t o *mL-C af) o. :f:tg�'.%�f)JO){f§% t fA.J SJWJiE[�!J;�f'li�� 

--t 0 f1 :H J: a f2 7 ,1 Iv 3l -� Ji L -c ' s1£1U L -c"" / l/ ::1 - 3l - :tu J: a T - 7
° 

l/ ::1 - 3l -

vctc��fitce 5. 

I 

I 

I 

I • 

��D 
Rotating 

mirror 

High volt 

Main Amp 

High gain 

Medium 
gain 

Low gain 

Pen Rec 

1 ch 

2 ch 

3 ch 

� 2 �J1c-�:fm1iti�r't-*7%Jw::Rfm1JlU�ml:Q:> block diagram 

Fzg 2 Block diagram of merzdzan scannzrtg photometer. 

gh 
May 1 

9 
12 --
13 -
24 
25 
26 -
27 
2 8 -
30 

Jun 
3 1 

2 
4 
7 

16 
19 
25 
26 
27 

Jul 
5 
,; 
7 

18 
11 
1 5 
29 

j --Aug 

11 
1 7 

u _.__ 

�6 
2 
3 
7 
3 

11 

-
17 

()ct 
ii 
,I 

---

� 3 ffi:J1c•�mmrttJHtJ,ti:to 1 o--=r-'t-t&m::Rtmi'lUQ:>�Mf£� 
Fzg. 3. The date when the zenith and the mendzan scanning photometers were zn operation 
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2.4. ti1t�JlitfHitt§nTlfti1i�MJY�il 

@J]fii�� ffit,', Jtgwl'A T"frlv:.{J � -C, ffiJtJifiOCO)�ff3J� J: Ua{FFsJOC1r�ffl/�IJ-t 6 �•-c 

ct>6 (�2). Jtgwl'AiW-�t"""O) 1:tm.7(1l'!i=Fsjv-112;f,Jt-c, tlffviT"ft"'itv:.zf}�-c socqijv:.tJ:6 

J: 5 v:.�H�ht.:. ffi:J1t*ll!t0) dynamic range vi lKR,...__,�aKR (*9 50dB"'60dB) -C 

ct>6f::.e:f), ii213Hi�, q::i, {il;:0)3":)0)�0Cv:.:5;-vt-C!2�-t61f��ffit,,f__:. 

_lJ20) ffi J1ctloc 0) j_§:)Wj M� 1b � J: V-�Ff3J)j' 1ff 0) ftl'l/Jtlj vi fflt'J!U �O) �� v:. =¥ Ff3J c IJ , JJ. MU OOfta 

ll-}Mh�®O)fi�Uv:. < G�-C � < ht..:h:, 5 JL.1:.� J: IJ l#Jfta L, � 3 v:.�-t J: '.5 v:., H�3(v:.� 

i.:htd��60B O)fit'J!UJH-+�1416-: lh�-C,�t..:. 

2.5. ti:,t�ff O) �vlMJY (70MHz IJ :t ;£ - $7 - ) 

� 7 {X7J, G O)�®i:il[t!!U-C'ct> 6 7]�, WMUtt�J!iiv:. c t ts:_ l', /\;t:7:,; TT� 4Jit..:r:.;j;fiMiJ!Utt 

O)�t*20mv:.r&uf L, 70MHzmO)'=:Pffi*fHfO)fflJiiJi9ZVtz�tiMU Lt.: (:!:�$ifiJ14 14QdB, 1ft 

J-gx;rpj 6 KC). :@:MFs'JVii:HJIJ&iJti]ts:_fiMUh:fits:_bht..:h:, �tJJO) § EI�-C'ct> � t..:ffi:J1t:§Jt*/J,0'e-t 

6 t }�,hh6��*&1rvtaMu �nts:_/J, "? t..:. 

3.1. ti1t�JIJM.1Wlh 

ffiJ16.l!tffiJW:IM��ti��fifKJ:�-cfflG.:hk��-���0)��� 4,...__,3K�-t. ffi:J1t 

ll/KJ}Jvi.JW:1��0. 01Hz,...__,30Hz O)fiilffl (JW:!JJ3 100�,...__,0 03;pp) -C, vivi 5 ti�v:.:;}(r;· G.:h1� 

6 c�*-.6. R[J'b, 

( 1) ffiwl'Ait (polar substorm) q::it"fv:.l:}�fralf!i=v:.ftl'l�U � h 6 7GmJllJts:_ iE/z:IB-C, oc!JJ0)1!1i t 

*�ts:_ t 0). ll'!j:v:.tJIHih��lOKRv:.Ji-t 6 t 0) t e:f)f G L < ts:_ i,,. -: 0) type viJtg�'AIDRfJJ 

l 0) ;t§� t J: l' ( � 4 ) . 

� 4 ffi�'Aitlffl�aWfK.ffiiJlU � n 0 ffij{:)1/K!fJ l tfu�'A!11Klli,b l O);j:§M 

Fzg. 4. Waveform correlation between the auroral and goemagnetic pulsations 

observed at the onset-time of the auroral substorm 
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� 5 Pulse 71[%��-t:fi:J'tll/Kib c t1l?Jifl3U,ll/Kib 

Fzg 5. Auroral and geomagnetic pulsation with the pulse-like waveform. 

30 July 1967 Aurora 
tMiW .�J'r 1/ I, 

1 
1•

1 
\ 1

1 I ... J, t , ,
1 

A, J,, t 1 , '1 1 , , , I,, 11.1 I ' 1 I' r ,r �-�,-�...,..M,1,1r11'!111/�1\"(11r11J!�t�V,:1r1)(l/t'rli/Jit'�/�i1,'1�'1,,1/l"IM1111:1'fl,,t1�,"/' 1,, i:110,'·1,li'"·' 11y,,, 11 1 ,- ,,, , ,, ·, ,w 

Filter 2 
_..,..,..,_.....,,,,_-.,...._,,,_,,_,�V'#/"'w'/lw,/\"J1\',Jvll,/�v,,11WfvJ1v--MWW,v...,.,vJ'N\'l',\f\1"',v\J1N,""',�W!'/i',W,-.,,., 

Mag PulsatlOl'1 
Aurora 

,, , '°:,,•,Al'! ''·'".l'.M,,11 t' , 1/,'f /1 "J J\, ... 

, ' Filter 1 

' · ' ' lbm 5m 

v -.,,.r"11...,_.•v"'"'\"•" ..... w .. 
Mag PulsatlOl'1 

Aurora 

Fzg 6 Long-lived auroral pulsations with the sinusoidal waveform. 

11 Aug 1967 

l Aurora 
���-JJ,lJ\J\11v�if/�,\)�t\Ni'·vY,/ti,k,,}lj�Jc1c��--� 

Filter 2 A 

Mag Pulsation 
50m · OOh

0
45m 

� 7 JmJJj 2"'0 5 tyO);{iJ'tllJK!b 

,:: O);fiO)J;E}mjt/JffiJ'tllJKib c:l:t!U��ll/Kib C O);f:§�viViE C Iv C t�'v \ 

Fzg 7 Rapid fluctuations of auroral luminosity with the period about 2-0. 5 second 

!L��]liJtJJ (03h""06h local time) v::::.257< tmlW12'hQ 

c �:t§�v:tJf.:�v=- J:: \,, 

29 
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\,, (� 6) 

0 

01 ttl t 
100 BO 60 40 20 10 8 6 

I 
2 

_J_ 
1 P�rrod(s t 

� g iclruIDH3JO) f.'J1W=-xt--t 0 tl!::Tili'AJJIH1JO) rcspome rlt1*0l 

1 i'!llirufi*!!f10)111Hlil CKR) 

Fzg 9 

dxm/dt Jl!JJit.S�iJJfR!filJ xm J1Z:5J'O)tH&\ (r/s) 

, dxm/dt Co1,e!at10n bet1Leen the pe1 wa of awo, al pulsatzo,zs and-�
]

� 

J aw oial lu,nznosiiy 

dx,n/ dt tzrne de, watzve of the a nplttude of geomagnetic jmlsatzon(xm) 
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c O) ;t§�vt vf c ,4.; l' tJ: i, , .  tliHivt I KR �tlit-

(v) � 8  B, C vc� � .:h 0 ffe.J�� 20'""30 Hz O)_ffifilffe.ll§)i/Kf}J.  ,:. O)�O))i/KJ}Jvi , :!Jl ;*O) 

�vi'.'JdJ: 1, ,iJ� , � < vi 20 h'""24 h local time vcfi.{JlU � .:his: .  :tffHivi 0-5 KR Wtlit . 

tJJ::0) 5;-ffivi , i t-: :i!1U11¥JtJ: t O)
--
ni tJ: < ,  �vc� L1, ,�ti°�J6,� l -t 0 . 

;Ni xil/R f}J l til2 filHf� 0) WR if; c 0) ;j;§ 1*J vi , *1c H s'J vc J,i. --c !ta1 j{Jj f c {;& tt L --C , ffeJ ;ltj 0) lit l ' t 0) � � 

< ,  ffe.J;M*96t) J:  1J m1, , t O) vi ,  t§�iJ�;e, vc� < tce 0 MfPJiJ� � 0 C�  9) . 

3.2. ffi7'cJ'tiJlO)�rai · �rai �Nt� 

;Ni J'tlit!it r !f ff,,ifrfl 7Z tmJ!U � ffi': 0) fm{J[U � f--HfU� !Zl 1 me� -t � 1 1  :to l LY l 2v i , S:. 0) JjJW � *-l 

s 

MAY 30 1967 Lew Gam 
19h2sm 

� 1 O ti1cJ1l1�-=f'¥-t&frif:RllUJllJ�Ji:O)fm/�,IJ data f71J 
Fzg 10 Chart record obtained by the meridian scanmng photometer. 

� 1 1  

llagutogm 
JULY 11 1967 Syowa Baae 

------ 02h ( UT) 

/ JULY 1 1  1967 

2 r---- i C 

2 3 

! D 

i� 7ttf Ht 0) S=¥= f'1c,"J � Fs'J � 1 t � � ct 'Cf :l:tl?Jiti'A �VJ t2.t5: 
Fzg 1 1  Time and space vai zatwns of the auroral lwmnoszty and the magnetogram 
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H 
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�1 

Juae 8 1967 

I 
I n• / I 

-- --- ------ / 

, ,  � 
�� 
-=--=-:-- '-�' 

I�-:: . 
- - . 

a1,.__,,,;1.;;;,r--t--�.-----__:����ttifi::S����:;1:.,...�=:..:.=::±_;,,.,,.�:.:::....:..:::,,..__:_--c,1c,--

� 1 2  Hllfi.U�mrl'f O)�Ji7tfil5la-¥rf3J�Fl3J�1t.� 
Fzg 12 Tzme and space varzatzons of the auroral lumznoszty during the 

auroral sub�torm:, 
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� 2  m::l'tW�f:itC7)�r13J • �r��1t81 1J  7-- i-

Table 2 The time and s,fJace varzatzcns of auroral lurr.uwszty 

Time 
Date 

Start End 

May 1 2211 OOm 2311 I O  n 
2 19 50 20 40 

25 21 05 2 1  55 
25-26 23 10 01 15 

28 18 45 19 20 
30 18 05 1 9  I O  

June 2- 3 23 15 00 25 
4- 5 16  35  03 10 
5- 6 15 15 23 15 

6 15 00 23 05 
8- 9 14 40 01 30 

29-30 19 00 05 I O  

J0ly 5- 6 1 9  50 05 1 5  
6- 7 1 9  00 02 05 

10-11 21 50 05 00 
11-12 18 45 05 00 

14 21 00 2'3 10 
27-28 1 8  15 02 03 

Sepr 1- 2 17 50 02 20 
2- 3 18 45 01 40 

3 21 15 23 30 
8- 9 19 00 02 00 
9-10 18 05 01 45 

29-30 18 15 00 30 
30 23 I O  23 30 

Oct 8 20 10 21 50 

��J,d& ".) -cfr= Ght��:YcffOC O)fl=tFi=\1@ii=!J�1lffil��-t -: O)Et 1tl�Hi� 2 v=-� � :h 0 25 S  
r�O) t 0) i7 : flf::jM � :h -c 1, ,  0 .  i t� -:  O)m:1l���f: L < �i1��-}Jix0) v� ;;s i 1, ,a , ��HJ£:t1

� 

{� ;Ji�i=p,C,, t  L -C i�f��m (Polar substorm) 11 :1°g 0 c � v=.. t t  

( 1 )  15f �'.5<iJiWfi k§M 5 :51"-20:5} g1Ji) ,  GffixCO t� �� i) ,  G �-,Jfl �fl (�'.flJ}Uit: v::. ti' 1, , -C v i  ffi JJ ,  � 
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Fzg. 13 (a) .  Serial varzatzuns of the auroia during the subst:;rms 
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Fzg 13 (b) Senal va rzatzons of the aza01a dw zng the subst'.Jrms 
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Fzg 14 Serial varzatzons of auroral corona zn zenith 



E = ,--
..£' ...c:: 

CD c::r., 
,-- ..--

.,.--
C"f:) 

� =-
c::x: 

Cl:) ::IE 



44m 

MAY 3 21haam N E .  

4em 

� 1 5 � � - �����. ffi�� � - �%��%� t M�� �8� 

Fzg 15. Formations and eastward movements of aworal loops. 
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