
32 

-¥Ii LS-

Reports 

i:p* �
2 

• t-tJ:��22 
• Alf'�PlP • lf'A �2 

lllJ:�.iE.3 
• �EBr.Ui3 

• tt*iltl3 
• i§:ft �a 

,J,:fii£5J/ · igliJ �11 
• i�&Iii11 

• &#A-11 

Project of Auroral X-Ray Image Observations Using 
Two-Dimensional Array of Si (Li) Semiconductor 

Detectors1 

Atsushi NAKAMOT02
, Hiroyuki MURAKAMI2

, Kiyoaki 0KUDAIRA2
, Yo HIRASIMA2

, 

Takamasa YAMAGAMI3, Shigeo 0HTA3, Michiyoshi NAMIKI3
, Jun NISHIMURA3

, 

Masahiro KODAMA\ Hiroshi MIYAOKA5
, Natsuo SATO:; and Ryoichi Fum5 

Abstract: To observe auroral X-ray images, the horizontal two-dimensional 
array of the Lithium-drifted Silicon Si(Li) detectors has been developed. The 
auroral X-ray imager has 5 x 5 pixels. The sensor element of one pixel is the 18 x 
18 mm area and 5 mm thick Si(Li) detector. The Si(Li) detectors have such large 
noises at room temperature as to be unsuitable for X-ray measurements, but the 
noises become much smaller at -20°C. Then, X-ray measurements are fully 
possible at this low temperature. In observations by a stratospheric balloon, cool­
ing of the semiconductor detectors is made by dissipating of heat to low tempera­
ture environment. The heat pipe has been used to cool the chamber containing 
the Si(Li) detectors. The energy range of auroral X-rays to be observed is from 
37 to 200 keV. The horizontal two-dimensional array of Si(Li) detectors is placed 
in a pinhole collimator. The angular resolution of the auroral X-ray imager is 
15° at the center pixel. The full field of view of the imager i� 62° . In July 1985, the 
balloon flight with this auroral X-ray imager has been performed in the northern 
auroral region. 
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2.1. IJ .:f-rj .k • t: IJ 7 t-� Si(Li) *2'f*�f:ijfi:C1)1'lf1= 
*-P�X•O)••�§�cL, �x•��•.t<B�--tok�Kv:t, �o@fitO)ffiffl 

c JIJ. � iJ;�\�-c-� I), JIJ. � 5 mm, OOM 20 x 20 mm 0) !J "r 17 A • F !J 7 r W. Si(Li) ��1* 
�lli�O)�{'F�fi--:, f::_. 

�..ffl Lt::_ -Y !J ::i :/ $*'5fa0)*:t,Iv:t, P W.3l -1 7° -C'l:ti!&v'i:h; 103 nm .tJ,1::, 4"- � !J 7- O)* 

tti:f:t-c'f§fh-c' � o 3JZ:ieyn1$'i.J; soo µs-1 ms, ._f rfftWI!til; ""'to2/cm2 0) t 0) -c'� o. 
ff�?:gzJIJIJ. 5 mm 0) Si(Li) ��1*�lli��!i!f'F--t o f::_�O) F' !J 7 r �il'cl9tt, �.,.� -1 7 

A mEE 150 v, mu� 120°c -e*9 1 n J3 iJ,iJd), �tE0 c � ;�/�l�r�--e!l!f'F--t o si(Li) �� 

1*�lli� c L-C, JIJ. � 5 mm fflfitiJ;ID!fit-C'� G. 
��1*�lli�O)�ifO)JW:*0 JJJUz;I v:tmh!.1'1U1,E-c'� G. � 0¥,ffi�fltvftt=.v:t, �lli��ffB�vft 

.:hG1$:fftm�ffl:vft c �lli��OOv=-rS-0 -Ci!it.:hG�00¥m�lltvftiJ�� Q. lru�v:t�{'F--t Q �lli� 
O)ff;:fflv=..ttf7U--t o t 0)-C', ��v:t�lli:f.t�f'FI@v=-:tovt Q�ffijJJ;W.i*, � o "'v:t�OON�tJ: 
c·v=-J: 1; * � < 2£ib--t o. .:. 0).:. c il· G, !l!f'F� O)fflm, *ttO)J& IJ :fth ,v=.v:t-t-0-t.d±Jln; 
��-c-� IJ, !F-fv=.f[ljm�Jt§il· G��v=.n,vt-c O)!l!f'ft=.v:t*2£'5'# Lt::_. 

2.2. �{1= Lt-: IJ .:f-rj .k • t: IJ 7 Hl1l Si(Li) ¥-2'-f*�l:f:ltiO)��JlttfiE 
�{'f Lf::_ lJ + & A • F' lJ 7 l- � Si{Li) ��W�f±l�v:tffiff{ 20x20 mm, JIJ.� 5 mm 0) ,h 

0)-C'� o. .:. O)�lli�O)�'ffl:?&ii C vi. 

'1:'�*- G.:ho. 

e0•e•S 
C=�d�. 

e0 : J{:?:gO)�'ffl:$ (8.854x 10-14 F/cm) 

e: -Y !J ::i :/ 0) .tt�m• (11. 7) 

S: �lli�O)�{,$:O)ffiffl (4 cm2) 

d: �lli�O)?:gzJIJIJ. (0.5 cm) 

( 1 ) 

� (1) J: IJ, �f'F L k�1±1�0�1l�it�Hll--t G c, 8.3 pF c t.r.. G. � f::_, ��v=.!i!:{'F 
Ltd�:lli�O)m-m�:1:�iU5ELf::_*s*��l v=.ffiLf::_. ,:_O)�J: IJbiJ,oJ: :dC, itlU'.XELf::_ 
Mll:�:l:v:t 8.4 pF -C'� IJ W.�itll c ��v=.�� L, ff,}J�z.JIJIJ. 5 mm 0) Si(Li) ��1* 
�lli�iJ;-c- � f::_.:. c �ffi L -c ", o. � f::_, {I£.,.� -1 7 A 1tEEffi�-c,v:t�1t�:AiJ;* � < t.r.. -0 -c 
", o ii;, .:. nv:t*tt�mi#:iliv=-�ffl � nt::_Jl:fiif v=. J: o t 0) ---c,� ".>, �.,.� -1 7 A �l:Ptm--t o;:. 

c v=. J: -0 -c, Wi�--t Gt 0)-C'� o. ff'}J?:gz.JIJIJ. 5 mm 0) Si(Li) �i!f1*�lli�� ..ffll, o c, 

.:i:. * Jv:¥·- 40 keV 0) X *!O)�lli,JJ$f:t, 1-e-µx O)M'f*� J: fJ 54% -C-� Q. �.:. '"c', µ: 

-Y!J::i:/0)���1*�, x: �lli�O)ff�?:gz�O)JIJ.���Q. 
�&-c-tiW{ Bi ir•GO)'fl-r� (976keV) �Jfl\t,-C, ,:.O)�lli�O)���tt.�itlU5ELf::_*5:'= 

�ffi L f::_0)/.J�� 2 -C'� G. .:. 0) � J:: I), .,.{ -1 7 7-. 'flEE��:hll � -t!-C \,, < c, 200 V �J::-c-� 
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Fig. 1. C-V characteristics of the fabricated 
Si (Li) semiconductor detector. The 
measured results of the electro­
static capacitances depending on the 
inverse bias voltages are shown. 
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Fig. 2. Saturation characteristics of the 
fabricated Si(Li) semiconductor 
detector. The measured results at 
room temperature by using the in­
ternal conversion electrons (976 
ke V) from 207 Bi are shown. 
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k: �1v/''"?YJE�, I: ml!.!� (K), 

Rs : @:7U�fiffi*l1f:flt!fe {WfJt*-=f;o; FET O)�it 0. 7/gm) 

cin : A:1:J�ffl:�.m., tm: =:�iHtO) e.
0
-!71Cf.t6�F1c1J, qe : i[-=fO)ffl:ffl, 

Io: A:1:J��t!tvft, Rp: �1Uff1f:flt!fe 
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J::AO)AJJtffi�11:m Io ft., Wffiiffi�'�mEc�rmtmaffl:vrU:7'1;1.Jllh0t-:{iO)-c·&;�dJ;, � 

mhm�ffl:vft�:t�mifJ�tJ: c·vc. J: IJ j;:_ � < �ib-t 6 cb O)"(:''&J I), .:r.. * Jv:¥' -%Mfigz-l!tB-t 6 
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Fig. 3. Pulse height spectrum of the Si (Li) semiconductor detector at room 
temperature (22°C) irradiated by the r-rays from 241 Am. 

n,= 3.88x l016 T312 exp (-7000/T) 

··e-s: x.t::> n 0. 

;:. ;:. -e, n,: �tt¥�f:$:=\=- -t !J 7 -?lflt, V: �l:B�f*fft, 

T: =\=- 7 !J 7-f;it;J�-®- (5 000 µs-1 ms) 

-e� Q. 

T=295 K, t'= l ms, V 2 cm3 O){*:fft��liUriE lo v:t 

(4) 

lo=l.6 µA/cm3 ( 5 )  

c ts-.0. 
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JE=4.15 x 10- 16 ( � - µ Y) =21.9 (keV) ( 6) 

cts-.0. 

W�Av� G>l<cbt..:�lUf.:i:. * 1v:¥-5tm� c ��v;:.tJtU5£ L t..:.:i:. * 1v:¥-5tM� c vt. 6% tfr*J 
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'it.::., � 3 -e 40 keV LlriJ:Jejfn::.�;JIP�:ffiL--Cl.,oiJ:, ,::_O)JJJUzsl�i., ;:c.._z.;v=¥'-0-M� 

O)�ftiJ· G� ;z --C, tffi�11W: 0) P'J O)�ffijtffi�i[vfOc J: o t 0) c I!U:>h o. .::. 0).::. c vi., �ffii 

�:ElE�-?�ffiit15� tJ: c· O)afu.i�D ;z�f. �mt-et 22 keV tJ.J::O) X *liJ:mU5£--c· � o .::. c �ffi 

L-c1.,0. tmt!:lt�vlt�t.. � (4) J: IJ i/lll./JtO)�iuctJ:---::>-C1..,0.::. cil•G, 1'tlli���!P--to.::. 

c vc J:---::, --C� L < w'<::!r--t o. 

2i ffi�>•���w�0•�ttn 

�11= Lt.::. Y =r 17 A • r Y 7 r- � Si(Li) :¥�f*�lliiill)�tft::. J: o H�$0)iffii.fit{.tf?tt.�� 

4 vcffi Lt.::.. .::. O)� J: IJ, �lli@� 0
°

c rc�*P--th�f�trvi.Je-i�vcw'<:Jr L 35 keV t/,J::O) 

X *JRO)iJlti5En:PJfJ§vCtJ:o.::. cn:hil•o. 'it.::., �tfvcJ: oH�$n: 1 count/s ��tJ.rvCfJ: 
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TEMP. ( °C) 

�4 •WLk��)�-�-WS�-�Kl�tt•$�����tt. �-K#Lk= 
.z,1v=¥-t,l.J:�ffw�ita$��--t. =.z-1v=¥-vi. 

241Am -� (59.SkeV) � 
.ffl 1-t '--C �IE L ts: 

Fig. 4. Temperature dependences of the noise counting rates of the fabricated 
Si(Li) semiconductor detector. The noise counting rates with the 
higher energy than the values attached to the curves are shown. The 
energy was calibrated by using the r-rays (59.5 keV)from 241Am. 
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Fig. 5. Pulse height spectrum of the Si(Li) semiconductor detector at the tem­
perature of 5°C irradiated by the r-rays from 241Am. 
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- p 7 X �ffl®!ffl�lli� C L -c' fflm&� 5°C --c·J::g�0):5}$�iJ�'Sn�!+:5}--c·-s G. 
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-30°C ��O){f&&��--c--s iJ, ;: O)fflm�fUffl Le. - r • ..,� -1 7
°
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lli��lt*IJ-t·G;:ctCLt.::.. ttt!§O)!AJC Si(Li) ��W�ili�25ffi��f'F-t0t.::.ct>v=., �� 
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�O)�lli���f'F Lt.::.. 
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1 *TO)ff5i"i1mffiiJ; 1 8 x 1 8 mm, W 6 5 mm 0) Si(Li) -¥�f*�lli� 25 ffi7a:' 5 x 5 0) 

� t- 1J 'Y !7 7'tkv=. 2 ?X5ci'1ir.fU L ,  :-,i- - i=z 7 X *l!i�J:IHl.tI!tl�fi: c L f.:_ . Mk O) * -=f- 0)  Si(Li) 

-¥�f*�lli�O)Fa9 v:t , � 17 / r 1$, 1[ffiO)f.:_6b  7 mm Fa1� iJ;S " ,-c " ' � .  X �r::x1-.t � ::r 

lJ J. - !J - �:t, tj=t,C..,O) Si(Li) -¥�#:�lli�0)1RffiiJ. G rWJ 6 15 .5 cm 0) fflvc(E[{£ 2 cm<J> 0) 1:::
0 

/ ;t; - 1v7a'..' iL v:::>, JJ. 6 1 mm O)fJ c � 6 2 mm O)iiv,;�lli��W7a'..'�lts1't:@v=. t� ":) --c 1,, ,  Q .  

;;i- - t=r '7 X *it.ififfl�ti0)1t-WO):fln!t!Z!7a:' [;Z1 6 ;:::_1G lJ: . fi.J5tMt§ �:ttj=t,1)0) Si(Li) -¥�,w� 

lli�-e 15° -es I) ,  :-;i- - i:i '7 X t$3e�}i --c- 19 km v:::.xtrt,-t G .  1tmftft.J �:t 62
° c'i;t> Q. 1 @i 

*vcx;f �-t Q Si(Li) -¥�f*�lli�O)ff�1Jffifiv:t , X tiO)'fl k 0) AM15foJ v=- J: ":) -C,  �lli� l 

1:::
0 

/ ;t; - 1vO)�fiiJ�l¥J{ftti!f*lffiv=- J: IJ �11::-t � .  Si(Li) -¥�f*�lli�O)ff�mifff Sm (e, </>) 

�:t. AM X �)J[o]1a'..'1G-txffift.J O l -Jj{ft� </> O)M�c'1R-t :. l iJ�c' � , -t 0)*5*7a:'!Z! 7 vc 

1G L f.:_ . :. 0) �� :t�lli�iJ;*vt v=- 5 {[fil , tin=- 5 ffl 0) IE1f� r 1J v !l 7'�!C�ti L --C Js � 0) C', 

x1�1:1:iJ, G q=r,t,�J]'(;� l Ltdt 1 �JlH=-v:::> 1. , --C 0) �1G L f.:_ . -ttJ:h'b,  ffi(,r�i J:tq=r;R:O)�lli� 

0) q=r,L,c'i;t> IJ ,  :. 0) ,r�iJ. G �J::O) :1 1J ,;. - !i - q=r,t,,0)151PJ 7a'..'xffifil 0=0
° l L --c S Q .  � 

fiiH:t:15&'1 </>=0
° 

0)15fPJO) xfifil7a'..'1R-t. 1 1�0) Si(Li) -¥i!ft*�lli�v:::_v:::>1,, , --c  5 * O)� rEJ 

Alli?
& DISCRI. 

I CONNECTER BOX I 

� 6 :t- - i:t =J X mfJitHi�fitO) �#,:Wtnx;�. Si(Li) -¥�#,:�1±\f.iO)tJiHi�mfr.t 5 x  5 
pixels b• GWtnx:�n--c1. ,� .  Nal(Tl) �l±l=l*ffift�itv'l 8 1fi1;10) Nal(Tl) :/ '/ '1-

v - � t;. G-mnx:�n --c 1., ,  G 
Fig. 6. Configuration of auroral X-ray image detectors. The auroral X-ray 

SSD imager has 5 x 5 pixels. The auroral X-ray Na/ (Tl) imager has 

8 Na/ (Tl) scintillators. 
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OJAM X �n��#ttOJ���� � 7  
Fig. 7. Contour map of the effective areas S0a(O, ef>)'s of the Si(Li) semicon­

ductors detectors constructing the auroral X-ray imager. The effective 
areas S0rrC8, <p)'s are dependent on the incident X-ray directions: 0 is the 
zenith angle and </> is the azimuthal angle of the incident X-ray direction. 

��ffi t, ,, f'3{fflJtJ� l?:> -t:h-t:h 250, 200, 1 50, 100, 50 mm2 0)�3<'.iJffiif!K .. �fc;i'"0 AM X �  

1JfDJ O)xJJt� o c.. 1Jfil� ¢, O)fill�ffe L t.::.. �fl'Q�tJ� f9-c· tJ: \. ' O) vi., l::° :/ ;t; - 1v tJ� F9 M -c· 
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�3(jJffiiffitJ;,J, � < t,i: 0 C1) vt, l ""::> C1)�lli�tcAM--t 0  X *lib9; ::z  Y � - �  - �c J: 0 -C�ltli � :h  

0 tUi:ttJ;* � < tJ: 0 C. c.. �ffe L -C  t, ,  0 .  "i t.::.,  C. O) �-C'§.§ l?:>tJ� tJ: J: :He, ��i'" 0 Si(Li) � 

�f*�lli� O)��JfliiffiiJ�li:tJ: 0 .:. c.. �:t:P'tJ: 1., , .  .:. 0) .:.  c.. v:t, ��--t 0 @j*O)li:fJ: I) 0)3(jJ:JlfH:t 

,J" � 1,, , .:. c.. � ffe L -C \, , 0 . 

sx s  ffi'J O) Si(Li) ��1*�lli� c.. 1rufflt�$i�v:t 1 �fEO) ifotfE?£¥�i:f:tvcA.tL, F'3ffilvc 1 �EE 

O)Jpz����!tA L -C � 0 .  C. :hv:t, Si(Li) ��f*�lli�0),,� 1 7  7-1ltEE c..  L -C ,  250 V � 

f:IJ1Jn--t 0 t.::.'thtliffUfi'UYt··e:azm�� .:. � ts:. " , f.::.'th c.. ,  Si(Li) ��f*�tB� EI � O) �*IJ�:'=� J: 

< i'" 0 f.::. 'th -c·� 0 .  iffitfE���:t� � 5 mm 0) 7 Jv � .::. 17 A l.if-C'� I) ,  J:ffijO) ;l;,  X ril7)!PkJOt 



No. 87. 1985) 

� 8 ;;t - µ 7 X �fflfflU=Fl SSD �mrO) -e :/ -1:f- - {ITT. --t ts: h'b, 5 x 5 fflJO)"' 1- !J -;; 17 
7':tkr::. 2 ?x5G�7fJ l..,t-.: Si(Li) ��1*�1±1� 

Fig . 8. Pho tograph of the sensors  of the auroral X-ray imager, i .e. the Si(Li ) 
semiconductor de tectors arranged in the two-dimensional matrix array 
of the 5 x 5 sensors. 
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� ,J, � < -t 6 t.:. � v::::. f:iey IB'Ff:ffi:% iJ: ��Lt rJ � �{.!£ \.- ,  �Jlt 7 !l 1J 1v -e 1 cm 0) ff. � (1 . 1  

gcm- 2) O) ch O) �J:ij 1,., , f__: .  ifEE��v::. :t- - P '7 X �Jll'lli�ffi O) Si(Li) �t:H� 25 ffi���t-=� 
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°
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i'N!fflmr:: .. � l? -t ::.  C v::::. J: I) . �t:H��XiiP-t 6 jj"�� ffi \, , f_: .  1:: - I- • /� -1 7
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O)Xi*P$vt.l*J 

�iJ: � ':I v .::i. 17 1 ':I !l �tk� 1 7 --e --e � --c � rJ ,  ::;t � 1 .9  cm¢, � � 86 cm "c''5 rJ , l*J$v::. 

fpi/J1& 7 P :/ 12 n;t,t A L  t::. 3< 1 7
° 

0) ch 0) "c'?b 6 .  XitP$v::. vi 6 cm¢ 0) 7 1v � -=- 7 A !!S!:t&� 

ffl F9tlit7 ,r :/ '/): 33 ttftvt l?h--C \.. · 6 .  C. 0) 1:: - I- • _,. � 1 7
°
0) �1lt1fHt. 0.24 h°C/kcal --c-25 

6 .  

�t:H�O)fll!J5trf£1t v:t 

( 7 )  

C. C. "c', C v'l�?&fit (J/ °C), T a�t:H�O)fN!ft (
0
C), Ti a 7 Jv � mEE?&�iN!lt ( °C), 

T2 vt.j}�fN!OC (
0
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"c'�;z.. i::> ;h, 6 . 

5:\ (7) 1 rJ . 1f.�moc c Y 1v � mEE?&�mtlt c n:� 1.... < t£. 6 �;E�v:t 

( 8 )  
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--e� I) '  CAt =2.5  X 103 (J/°C), fa fi l::. - r • /� 1 7° O)��;il{*i!(--e 4.9 (J/s 0C) '"c'S Q .::  C 
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'"t'S IJ ,  Csi+C:r:. 1r 4- =372 (Jf°C), a ti.��0)-�;,1�R'"t· 300K, 1 �ffO) c � a=3. l x  

10-2 (J/s 0C) c t.r. IJ , t'st= l .2 x 104 s c ts:. o .  7 1v � imtff�S c •w• c O) F1=1i rt�i!Jttb�� 

< ,  .lliSiJ; 7 1v � tiff�SO)iffil.Itvc ts:. o t..:2ibvc ti., *9 3 �r13iffl�iJ"iJ" o c: c vc ts:. o .  �� 

vc���--c·O) � � .1 v - � g / O)kitf*, .:: O)tt•� c v� &-! J:: " ,-ifc�� L t..:. 

"£ t..:, ::ft:ffi�O) 1 J H:t:;t�iJ;jtgSJZl
r
Fvctt "£ t.r." ,�1t§--c-� o .  �,tt 1::. - 1- • ,,.� 1 7

°
�*'1$ 

vcil[� a Mb;�t..: 0 �  J: 5 vc a �vt�0vtt..:iJ;, .:: O)�tqJfmO)t�t!itlillltiJ;ti -? � IJ bn" G ts:. 

\., , f.::_2,b, l3 ::,$= 0)'A3*�.�vcin ,-c ,  '8.l�ts:..;@O)amu•O)&f:ra,O)iffil.Jt-r- � ,  imtff�·l*.J O) 

JB�il:::to J: u� 1::. - 1- • ,,.cf 7° 0)�3t����fi! L-C•llia:OOiJ�Jl�O)�f;--c- t  0°c &ve ts:. 

o .::  c ��5£ L ,  4-@�f� L t.::. Si(Li) �i!Jf-fi:Hii®!ffl.lliSvi 37 keV l;tJ::O).:r- -t-- 1v:¥ -�Jl� 

O) x a�aM-t- o .:: c K L t.::.. ��0)��$0) ? 1 'l ? · � 'l ? O)kitf*K J:: o c , •lli•fm 

O)iffil.fltvi 2°c &--c-� 0 t.::.. 

4. ;d- - o 5 X *itl��iffUitlfill 
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•®! L t.::.�f;, ��i'"" o imgJvc�t,tti'"" o Si(Li) ¥�-f*•lli•vc J: o itJfO)�iJ;�ttl¥J� G 

� vC J: o 2a J: IJ * � < ,  -�O)fU5Eb;rijj� t,r., O) fi ,  ��'"t o i t HL j :JH3 0) -l-;h..fh0) 
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RJ --V RJ
> Rj+,v Ri 

RJ-Ri> ,vRJ+VRi 
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(1 1 ) 

,vR1>,vRi+ l (12) 

n�st:tz:-t-Q�fi'"t·s o ( c:  c: --c· i c i vinT�--c-� Q > . 

4-, 1 i@�vcxt,tti'"" G .lli.O)if3<j;ffiff{� S, �lli�_b�� s, mlf:tz:f-t:ftJ� fJ, X aO),,.� 

'l ? !f 5 :/ F • 7 5 'l ? 7' � Fi , *- t=t 5 X .,,.� - 7' J- O)m,1liJ�,,.� 'l ? !f 5 :/ F 0) M ,fff, 

tti!(�ffl�Fai� T c  i'"" o c ,  i ;fl: §  0) Si(Li) ��f-fi:�lli.O)tti!(tt 

R,g =F,SfJeMT 

'"t' .lj-x. G h o . 

( 13) 

���---�fi -::> kW�, -� ���nJ� ��#�-lli L kM*�� 9 K� Lk. C: O)  
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T acc umulat i on  t ime  
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Fig. 9. Conditions for auroral X-ray image constructions by identifying con­
trasts of neighboring pixels .  Products of the aurora l X-ray burst sizes 
and the count accumulation times are sho wn in the cur ve. 
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Fig .  10. Block diagram of the balloon-borne electronic s  used in the auroral X-ray 
observations in July 1985, in the northern auroral region. 
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