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Measurements of Electric Field and Auroral X-Rays 

with Antarctic Balloons 

Tosh10 OGAWA , Masahiro KODAMA,... , H1rosh1 FuKUNISHI "'' 
Tashiro MATSUo"·.l<" .J. and Takeo YOSHINO p 

Abstract: A plastic balloon of 5000 m1 was launched at Syowa Station 
(L=6 1), Antarctica, at 1138 UT on December 12, 1976, and the horizontal 
electnc field and auroral X-rays (>25 keV) were simultaneously measured 
for about 10 hours m the stratosphere. During the balloon flight a weak 
geomagnetic substorm occurred correspondmg to the eastward electroJet m 
the afternoon side of the auroral zone, and the electric field increased from 
10 mV Im to 40 mV Im. There were good correspondences between the south
ward electric field and geomagnetic horizontal component and between the 
westward electric field and decimation. Observed auroral X-rays were homo
geneous throughout the all sky and of diffuse type The X-rays were enhanced 
three times dunng the substorm. The electnc field clearly decreased on the 
second X-rays event but there was no clear change on the other two events 
There was no special change m the electnc field direction dunng the geo
magnetic substorm One hour averages of the observed electric field show a 
clear SqP pattern The he1ght-mtegrated conductivities were calculated from 
the observed electric field and the geomagnetic vanations at Syowa Station, 
gettmg the values of 1-10 mho The Hall conductivity mcreased dunng the 
substorm 
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Fzg. 1. Telemeter output of horizontal electric field (Y), auroral X-rays and induction 
coil (GA). 
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Fig. 4. Comparison of electric fields (southward component Es and westward component 
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5.2. "if 1' A t-. - .b.  r:: ct  f,i. -3 ffl� 

� 4 v:� G h 0  J:: 3 v:, ,:. O)ffl!tliJ� 14 B'J¥-19 lfJ¥ UT v: ,  Bi'lfo£:t:IJ!O):lt\H�A�1tm1 200r 

0)��0)3§v '17t :;z r - L il;� ,:. 0 t:. . Aft -c:tt1l1J L t:.•��1t t Bg5¥o£:t:ll! �u11u L t:.:t:ll! 

�A�1Ui J:: < JtJZ L  ""( \., ,  0 .  L t:.il\ 0 -c -:.n G O):t:IJ!�A�1t�i ,  -�O)�--J::.v:�IEIT 0. 

�li-i1rt:O) f:. (9') v:�-=- 0 t:. t 0) t �:z G n 0 .  L i7 4 0 v:�1J, � 2 v: .:tov ,-ctt1l1J � nt:.m� 

0)1J[j:j]O)B'J¥ra9m¥:� 2:' �hv :!, 17 7" A r - L O)B'J¥.tU v:Jt JZ L -c �3!J O)�f[J ;'.} \&) 0 t:. t �i ,�, :b 

ntJ: v ' . 1 3 1fJ¥ 20 5)--15 1fJ¥ OO %  UT v:�mJ;MO)t�ftcb 0!.flbil;� G h 0 il; ,  -:. niJ; 17f 

:;z r - L 0)00frhlfJ¥v: �1:f0)�1ti7 4 c 3 i74 vi4-0) t -:.  0 :bi74 G tJ:v ' . 19B'J¥ 40 5)-, 2llfJ¥ 10  5)-, 

23 lfJ¥ 00 5t UT f�i�H:mB'J¥Fs91lt±JJ0)1JfAJ0)�1t i7;� G n 0 il;, -t:h.!:.J:>1�0) t ,:.  0 --ni�f,$: t 

L -C � h (9') -C  JiJl�tJIE L < B'J¥H i h vJ v: ,  -� 0)1JfAJilqfilfi L -C v ,  0 ,:.  t i7 ;hi7 4 0 .  ,:. 0) J:: 

3 tJ:1it.f:JJ0)��1., ,a ,  1&-c �� 0 J:: 3 v: , SqP Jti1rt* 0)11t�v:4�:tf O) t O) t 2b 0 7] 4 G ,  L 

t:.il; 0 -c,  17f :;z r - L v: t t tJ: 3 m±JJ0)�1t t L -ca . m±JJ0)5i � il;--J::. � < tJ: 0 t:. -:. t 

t� vt�cb 0 ,:. 0) ,:. t �i .  17 7·:;z  r - L O)�IEJ '2:'�:z 0 J:�::k:""-lvii:��cb 0 .  ���v: ;t 

- o 5' ffi: 0)1it�Jiv: vi ,  1&� �� 0 �AmJO)--J::.JiJlffi:5i"trnrm�il;f�J! � n-cv , 0 .  L t:.1J ; 0 

-c -:. -:. � �"" , te L t:. J:: 3 v: ,  17 7· :;z r - L B'J¥v: m�0)5i � ilt14iv: * � < tJ: 0 t� vt � 2b 0 t 

" ,  3 -:. t vi ,  -:. O)B'J¥, �A� l7'3  O)m� t ,  -t 0)1JfAJ �: vi�1til;tJ: < , W.v: * � � il;5i < tJ: 

0 t:.t� vt�cb 0 t tl5E � h 0 .  

MozER c 1911) �iIJ.IT_.ft�0) 17 7· :;z  1- - L B'J¥0)1J:1!:W1t L t:.m��1t -=c 7'-' Jt., '2:'flte L t:. .  � 
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RELATIVE TIM E ,  HOURS 

� 7 MOZER (1971)  fC. J: � fJ.]\_l[�-1j- 7' ;z r - 1'0) --E j-';t., 
Fig. 7 .  Isolated substo, m model by MOZER (1971) 

7 i:: -=t n  '2::' if--t.  -=ctu:: l nv!, ;wJ£Fs9�Fs9�±�/.J:7*jiAJ e i ::.li t -c t'J 1 �Fs9:f:& t::, M:AIE 
v:: g!;j iAJ e � ijj /.J?}e-ii-t 0. :::. 0) 1z3 iAJ e �±;W i::. t 0 -c, � ffliJ 0) �Jd� 7° 5' :::z: '? ( Ht!?Jt iAJ e v::. 
Ex B f 1) 7 r '2::'J@:::. -t. :::. 0) f 1) 7 r /.J: 1 �Fs9 <" G v '*1\:v ' f�{&, -lf 7° 7- r - L O);fgJtf§ 
/.JU1;:::.  0. :::. O)�=, ll�JJlt�v::::tjJJ � n t�12s iAJ  e 1tt±;Wt:: t 0 -ct.iiAJ e 0) * - Jt/�1m:/.J:1mn. 
:::. tu:: t 0 -c --c e t�miAJ e�m-ct - o 5' :: 1 / r �1m:/.J:, ;t - ;L,,�1m t L -c1mn 0. :::. 
O)*ti°*it!Lr:O)�i� 0)7Jt-¥$:5f/.J:�j,� -g 0 t \t '  J ii 0) -C  cb 0. fk:Jz O)J�i;-0) -lf 7' 7- r - �qi 
tr-1:&0) :t - o 5' ,ttH::i@ :::. 0 t�}¥[iAJ e :: 1 / r i::::itfit-t 0. -lf 7' ;z  r - L O)frf'i i  'J O)�v::}¥[ 
IA] e O)t\!.l:�17::rtn 0:::. t vi TANAKA et al. (1977b) v:: t ttl -C v ,  0. :::. O)±;Wi;-0)�,tUvi 17 ftf 

UT itJLi:-C cb 0/.J:, f\tJz O)±�i;-vi 13  !Rj 20 5}--15 � 30 5t UT --C cb 0/.J, G, :::_ 0)}¥[ fPl � O)  
m� vi-lf7' ;z  r - 1-, 0)-Jti i vJ O)�,tUv::.t�Wztt:Jv::.Itn 0 l 3 v::Jl ;;c_ 0. i t� . -it7· ;z  1, - L  

�v:: ]lfiAJ � -±� 7]:ji < fJ: 0 :::. t t  TANAKA et al ( 1977b) O)±�i;- t [PJ t -C 2V) 0 L7J, L 
ft_ i): G,  � 2 O)�i$.y 0)1f[A]vi e ;b Y) -C  J1JWLE L < ��-!· i h vJ r:: @J�i L -C v '  0 0) -C, fiJJZttO) 
*rnJ e nt1�5?MiAJ e ��7]:, -it 7' ;z r - L 2:'.' i@ :::. -t *1I:JJIJ O)m1� -c &) 0 t t!J[¥fT-t 0 0) vi!j:1�, 
i::® �  0 --c &_) ;s 3 �1&0)JJU�1Jv:: t 0 -cnt7J, Y)tJ: vtn v!tJ: G tJ:v , . 

5.3. ��Jii��fi:��� 
APt--CWVJIJ L t�ffi'.±� t ,  BeL;fP£tfu--Cf&;�IJ � nt�T�l��1t (� 4) '2::' }t3\t '-C��w.�mA1� 
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2'J.:l 2:'gtl[-t 0;:. t n�-c: � 0. ���: 2 �jcO)��.IPJ?:ffiffi:ifrL2:'i&:� L t-.:it�Jiit!fjfrLLt, BR 
fr:1£:i:!P.0)1*%3 -65. 61 ° 2:' J§\.,  ,, :1:!P.T 0)�2'iltmi:O)t)J*n�il�Jiiil11rL0)1}J*O) 1 /2  t.: vt cb 

0 t -t 0  t ,  �:ct-c.:i u� n 0. 
lx = 1.21..l\Ex+ l . l0l'2Ey

} 
ly= - I . l0l'2Ex +l'1Ey 

( 1 ) 

;:. ;:. -c.: lx, ly Li:-th-fh1¥Jf1:lJ � .to J: cf1*[f1:l) � O)iltifrL-C.: cb 0. l'1, l'2 �i-th-fh��v:0 
\t , --nJ-51 L t-.: Pedersen .to J: cf Hall t!!A1�2'&-c.: cb 0. ii�, ilA1�2'1:l, mA2£{tO)• 

{:s'z: 2:' -th-fh mV/m, mho .to J: cf nT ( = r) -c.:*-ti- Lf, -th GO)Fsi �: �i�0)001*n1cb 0. 
H = - 1. lOl' 2EN + l' 1EE} 

D = - 1 .2ll'1EN- l . I0l'2EE 
( 2 ) 

;:. ;:. -c:  EN, EE �1.:tn-=cnitf1:lJ � .to J: U1*[ f1:lJ � O)•�-c.: cb 0. :ct c2) 2'.:'ffi\., , -cwu1u1�nt-.: 
-±� t ��O):r- 5' n:. G  l'1 t l'2 2'.:'Hl[-t 0 ;:_ t iJ� --C � 0. -tO)*s*2'.:'� s r=.ffi-t. 

� 8 -c.: 1 7  � 15-51, 21 � 40 -51, 23 � 00 -51 UT �v: l'1 t l'2 iJ�� O)if t t� 0 t�i}�, ;:_ 
n G a  \t ,-rn t it�O)iiJL:7� ,J, � < , :;fjfj:l]i)��,'2£ L -C \.,' 0 t ;:.  0 �= *§� L, Hl[O)i%� -C.: &> 
0. IP.!tfv:, 19 � 35 -51 UT 11i'J:O) l' 1 t l'2 77;�,mv:::.jc � \., ,0) t '  i[±�iJH! 0 11i'iv: cb 

(/) w 
30 

=i.::i� 
:': ,:20 

� 1 0  � �  1J 
8 O f--=--'-'i=-L:___-=-------=--=-�-�-=-"-'=.J'::,.,����-� 

UJ 

� 60  L'.J w 1-- 50 

� 4 0  

'.= 30 
� hi� 

,:20 

1 a 
0 f---L�-=-�J:X..!--"""�'-At-,,___,i---:.:-1,..,--fl,.-,=.�o.c::'.::�.f\M__':'.:::::"::::::'.'.::==�:....\--��'.4[___-_J 

1 3  1 4  1 5  

DEC 1 2 ,  1 976 

1 6  1 7  18  1 9  
U T  

20  2 1  22  23  

� 8 �:E:>!<--CIU!!a L, tc. m� � f[!fQ�±{gO) ±{fHiS:��{t;6� G rr� lJc. , � � fj7J'-'��{i�fft' l'1 
1'± Pedersen {i�J§t. l'2 1'± Hall {i�Ji.' 

2 4  

Fzg 8 .  Height-integrated conduct1v1tzes calculated from the balloon-measured electric field 
and geomagnetic variatzons at Syowa Station. l'1 · Pedersen conductivity; l'2 • Hall 
conductivity . 
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1�d.: c/) 1:1:. L t.: t 0) --C  11Hr r-c e tJ: 1v ,. tJ J: O) t .:.  ;s 2::'� vt vi ,  21 t l\ vi �w t L --c 1 - 10 

mho O) f139 �: ct 0 .  -1j- 7' 7.  r - 1"*v: �i  22 1)\ 21 J: vJ *e  < /J: 0 

BREKKE et al ( 1 974) � ;l:  IS V - 5' - O)Wl1J!IJ 7'J )  G 21 t 22 2:' 3,Kc/) t-.: -l tU: J: tu!, 

i!JH,0*v: v i  22 t 21 O) J:t �i v :Hi 2 t &) 0 7'J; , -1f 7' 7.  r - 1" a{n: vi 22 1)\ 21 J: ':J -f 0 t 

* e < tJ: 0 fi:;k O)*a* t .:.  h t  \P'.J t f[J'{fi:iJv: !0 0 .  BREKKE et al. ( 1 974) v i � G v: , i\t�lfi 

O)]f!r!!: f:1jfi:i10)'t\t1m: (}y) t :J:t!!J: O) H t vi J: 1v ,:5CtfitlJ ;&J 0 1J; ,  f¥f::lt1Jfi:i10)ffl'.1t Ux) t D 

t a , T&ih tl1Jfi:i1 O)i\t1JIT:2:' � ;t tJ: vth v! J: 1v ,:5ft Jit7'Jq� G h tJ: 1v , t fRa L, --c 1v , 0 .  .:. 0) .:.  t 

v: 01v ,--c  KAMIDE and BREKKE ( 1975) �i .  :t - 0 7 :t 7 7 }v O);j:f 1ft1J t m�il[ f�IJO)�W v:ia 

0 --c ,  1�jJ *:Ju::Ja 3 �:5ftO)ooiVm:7'J;tt=tEt" 0 t -ttuf. JdJ: < t t W5t� v:ii�rt�--c e 0 

.:. t 2:' 10  L t-.:.  ft k O)±�i;-K it ,  �h*l1J fi:i10)it1m:�: 01v , --c 0) ,1,rrt& 1J; tJ: 1v , O) c , .:. 0) .:.  t 

2:' .:. h tLl:.1f < ifHillit" 0 .:.  t v i--C e tt v ' .  

� 5 �:ffi l t-.:i\tl1Jltri�:!:�O) 1 *Fl39�:lt=J1[l[ t -lhv: J: 0 F IJ 7 r ��i .  41& f�_iJ O) lO*Fs95t 

O) -J-' - 5' l., 7'J ) tJ: v ' 1J :, NAGATA and KoKUBUN ( 1962) 77 :� L t-.: Sq P � t J: < �J&t- 0 .  

sqp �0)�1H1IE 4-EH�O)fi(::5rt L --c f[ji1v ,--c  1v , 0 .  41&0)\i  L i1i 0)-¥-5t--c'�±�O)ffl77 \* e 

1v ,O) �i , 5 2. -citHilii L t-.: J:: 3 v: -1f 7" 7. r - 1"  O)ii�---c ct ;s 5 22, 23 * �: �� O)f[\[77\:Jt� 

f:':gl:j}P} 2" !:': fJ: 0 t-.: . .:. ha Harang O))fjl*7t t llf �fh 0 iE�--C . .:_ O)*ii :!ftHi MAYNARD 

( 1974) O)*eL* t J:: < �rt-9 0 

5.5. �@:mi �' 1) 7 � c W�{ll51'1'i 

WoLF ( 1975) ii L c:::. 8  f : tt vt Pl lf�0) 7 Jv 7 .:r. :,, fi (7
°
5' 7..? :'.,,' - r O) �W�W) 2::'1R 

5E l --c ,  2. 5 �Fl39 0) Fl39 7
° 
5' 7.· ? / - r t � :i;g  77:T 1§ 0) tJ: 1v , J: 3 v: zt 1 t  l l.: ±�irO)m,il[mi--C 

O) '�{}l51l'ti �itl- L t-.: {- 0)*5jf?:: fi ,  � 6 v:� L t-.: BB5¥o£J:tl!--C O)'�±JEU1WJIJ ) G >Jtitit-.: ;f -J

/ / -z Jv5};;ffiv: J:: < �3& L., --c 1v , 0 .  

5.6. ffl!� c X *!O)*�� 

j; 3 ffit\VfllJ 0) t .:. 0 --c JZis � t-.: J:: 5 v: ,  AJ>JtffH� * v: :1 :,, r 5' 7'J \ t'9 45° M 1v, t-.: 0) --c,  X ft 

n r7 :,, 5' - fi f t v:r 3 rpm 0) m11Jlc�:X 2::'5:E� L t-.: .:. t r: tJ: 0 L t-= IJ\ -:i --c , t LA�JE1Jfi:i1 

v: :t - o 7 Xf$}1Jji7'J\&J 0 t t" 0 t ,  �1Jj� tJ:3(1t7'JUJlh 0 �;t-f --C  1,0 0 77: ,  ic:i1JJxiJ: �: �i-t 0) 

J: 3 tJ:�1t tiJt G n fJ: IJ, 0 f_.: . L f_.: IJ\ 0 --C,  :t - o 5' XfJrcO)Jtjtf;t�:Xt:ht.: 0 --C �l t It, 

t'�;j:ifJ: diffuse � O) t 0) --C &) 0 f,.: t ,�,hh 0 .  L IJ, L �:X l: § 0 --C t , *,t�: J: 0 Il&llx 
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O)f::.rl):5RJJl1JIAJiJ, G O)�lf iJ\--J;:. � v, :. c:: �i t t:> 0 � � &J 0. 
:t - 0 7 11'f�Tti-r c: 11t�O)M1*�::01.., , ·- nt, AoosoN ( 1969) 7)\ 0 '7 ,y HoVJ!1JiJ, G :t  

- 0 7 7 - J 0) q:i�11t�iJ\�:;Y'T Q :.  c:: �3€"Jl L, t::.. :. O)�;f:§M O)M1i�i-t 0)1&, POTTER 

and CAHILL ( 1969) , WESCOTT et al. (1969) , MA.SEIDE et al. (1973) , MAYNARD et al. (1973) 

�v:: J: 0 -Cfik O)il)JliJiJ, G !PJtj0)*5*7J\3€"* � n t::.. �jj, MOZER and FAHLESON (1970) 

�t�� c:: tirO) !PJ�WHJ!IJiJ, G ,  :t- o 5' 7 - 1 O)�Jr. � 3f:1:sJl¥J1lt±$1i�iJ\�1t l tJ:.iJ, 0 t::. 

c:: fgE L, , CHOY et al. (1971) t :. :ti �:SZ�T 0*6*�1it::.. -� c:: JtiJ\IE;f:§MM1iv:'.: &i.)  0 
iJ,, �;t:§MM1iv::&) 0iJ, �t. :t - o 7 3€"��m��*- 01: ���tJ:. ;f- 1 ::,, r c:: tJ:. 0. -ttJ:. 
h t:>, AGGSON (1969) vi, it�tll!v::3€"� L, t::.il!�iJ\m,c!ffl c:: 1ltJfJlJi�*6�@Jm0)1!t11rt$ 
c:: l -ctn�,  :t - o 5' �3€"�-t 0�Tt.striJ\11t11Jlli �m,c1�����*�-tt. m,cfl! c:: m  
JfJlli � *6��1* 0)1!t11rt@Jm0) '5 t:>, 11tJfJlliv:::tovt 0 $51-0)ffi:m� �j,--� -tt 0 t::.rl), -t:h v:: 
J: 011t{ft� T c::  L, -C 0)11t�iJ\�J,' T 0 c:: �� L, t::.. MAYNARD et al. (1973) O):j:giffi't 0 J: 
:H::, :t - 0 7 0) i:p�11t� c:: JtiJ\IE;f:§MiJ,�;f:§MO) c::· t:> G 7)\� :. G iJ, vif!OiUJ:.Fp��-c ?Jr 
< O)�*v::-Bx# l -Cv' 0. t::. c:: ;t v!, ffl1fr[;))]{0)173$gm, Pedersen 11t,tf���. �Tti 
-rO).:r. ;t ;t., �- c:: 7 5' ,y J 7-. ,  �rsifflwO)#tf� c:: ��v::M1* l -Cv' 0. 

MOZER et al. ( 1973) �i Fort Churchill 7] , GJ!U!% � -l:tt::.,Cf::jH:: J: 0 -cm� c:: X **�[Pl 
�WVJ!IJ l t::.. -tO)*s*�i, �rsiO)tir�TfJt1o::,'c;t� 0 -Cgg!AJ� tl±$iJ\�1Jo l, tir�T 
O):ft i:p v:: �igg!AJ � 1lt±$iJ!�:Jr-t 0±$�iJ!�'f*O)ir,';J 70% &) 0 t::. :. c:: � 7I' l t::.. i t::., tlt-r 
�T�ii¥JIAJ �11t�O)�{t c:: �i�M1i� &J 0 c:: :J:giffi l -Cv' 0. 

:. O)fgE� J&�t::.Btffa£:l:fu � O)iW)J!IJ� �i, MOZER et al. ( 1973) c:: �i�v::, :t - 0 7 X 
rJAO)�{t�igg!AJ � 11t±$v:: �tvi c:: � cM1*iJ\ tJ:. < , ts l 0 i¥JIAJ � 11t±$�::M1*iJ\&) 0 J: :5 v::Jl 
*- 0. l iJ, l, 3 @O) :t - o 5' x tt�'fit�no v::Jf l -c, m�0)�1tiJ\�t 0 � 1:J Jf � l t::.O) 
�it::.t-.:��t� vt �. � l:J 0) 2 @v::01.., ,-c �i�i 0 � 1:J l t::.Jf�iJ!Jl G :h fJ:.iJ, 0 t::. . lt::.iJL'.) 

-c' :. O)*a*iJ, Gm� c:: :t - 0 7 X rJAO)M-f* �� L, < gf�-t Q :.  c:: �its0iJ, L \,, ' .  

6 li � • )JiJ:l i:tlffl 

( 1) ,Cfi�lUJ!IJ l t::.Plli�11t��i�0)11tJfJlliffl:�� &J 0. 
c2) q:1&0)*1AJ � :t - 0 7 y ;i:_  'Y r �� :. -t:l:fum,t -tt7·;z r -L�::Jf� L -c, m�O) 

1tiiJ\'Wit1iJ!O)ir,';J 10 mV /m iJ, Gir,';; 40 mV /m �::�no Lt::. .  
(3) -tJ-7' 7-.  r -Li:p 3 @0) :t - o 5' X rJA0)�7(7J\&i.) IJ , -t0) :5 -t':)O) l @�i�i 0 � 1J i¥J  
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fi:iJ e- m:� 0)1�:'.J,' v:=Jt ;z: LJ:iJ�. � 1; 0) 2 @v:: --::n, ,
--
nt vi 0 e- IJ l t-::Jt JZ:iJ�Jl G n tJ:iJ; 0 t.: . 

(4) 1tW.,O)jjfi:iJ�i. �i t d) 14 � UT v:= i¥f]ff7J fi:iJ v:= ;b  IJ ,  �Flc!i c: c: t v::�it i h 1; v:= @ 

ilii Vt 23 � UT v:= �iiz3fl:iJ e- v:= tJ: 0 t-::. =. 0) J:: 5 tJ:1tW., 0)�1t�t ,  rt�l/l H:: to vt 0 SqP M 

i:-. J:: < �3&-t Q . 

(5) -i:r 7· ;;z r - L �= t t tJ: 0 -c , 'rtW., O)jjfl:iJv::t�zJLl 0)�1t vt  tJ: iJ;  0 t-:: . -t tJ: h '0,  -it 

f ;;z  r - L�v= �t SqP M O)'rt� 0)1@iJ��*-t 0 t!vt -r: cb 0 . 

(6) �A��ffi�= to vt 0 7
° 
5' :::( ?  F 1J 7 i- M i' >Jt d) t-::. =. nvt WoLF ( 1975) O)gfl( 

*aJ!H:: J:: < �3&-t G . 

(7) B?r¥11£tfu0)���1t c: A:St-r:WVJl!J L, t-::1tW.,iJ; G 1lA1�2'Bt i' H� L, ,  Pedersen, 

Hall 1�z1:Bt c: ?b �= 1-10 mho 0)1@i' 1ft-:: . -it 7·· ;;z r - L �v:: �i Hall {�zl:BtiJ�::k e- < fJ: 0 .  

� !¥ 

Aft1IU0J t -r v J - 5' �1t v:-. !J7 ::k 0)1!W1 i' v 't-:: t! v ' t-::�17?xf¥iffiWVJ!J�i���ffelO)jj k 

{:-.7* < !®W l i -t. :r·- 5' �1Jrv:= �t± t l -c�t�::k�::kMHJLt�t ::,, 5' - i' %1Jffl l t-:: . i 

t-::�$0)!7Hfi�= �i�:M�::k¥JJ.¥11i3tth�7ti:!t��*'l-�ffrt ::,, 5' - i' %1Jffl l t-::. 
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