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Abstract: A new too) named mesosonde was developed by using a large

scale gun for ionospheric and meteorological research purpose. Type "MSL-

160" gun has a size of 155 mm in caliber and 13 m in length. An apogee 

of 12 kg weight of payload is about 120 km. 

In comparison with small rockets, one of the main characteristics of the 

mesosonde is a possibility of production of luminous clouds in every hour or 

in every half an hour, which would enable us to analyze wave properties in 

the upper atmosphere. Also as the mesosonde is an economical tool, we are 

able to get statistical characteristics about the stratosphere dynamics from a 

large number of launching. 

Trimethyl aluminum, sodium or barium clouds may be photographed from 

Syowa Station, Mizuho Station and a temporary observatory near Skarvsnes. 

Before setting up the "MSL-160" gun at Syowa Station, several flight tests 

should be performed in Japan. 
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1. ri L, t;; � 

i=f::tis9iliJ; G T2=����. 2:: < v:.i=f::tis9ilvi, t=1 1r 'Y r · Ailr�JC J: o ffjiJW:lli:x 2::, /� Jv -

/ · Jar"t�,J:;J;vc J: o fmt}!ljt.[1\t 2:: 0) i=f::tis9vc�ts:: 17, WltnlJ@l�iJ:j,-tce <, :1],tf�0)1i]f�iJ;l'& t .l[b 

� h -c 1, , o 1'11U!I:� -e ci; o . 

-1-J, t{lzJ:. 60 km-90 km 0) i=f::tis9!ffivt, J:.0)'1!�[112:: T 0) jc'AlffiO) t§li{tffi O)i� 2:: L 

-C, j;::'A1J$J:., ci; 0 1, 'vi�ri'Dli40:f:II!.$0) .l[:i:£iJ; G, l'&ili::1i�tce1�il1a:::!l!U-: L -C 1,, 0.: 2:: 

iJ;1,,J: 1,,J: §)jGiJ;vctce 17 "'J"'JcI;o . 

.: O)�t.[1\tvc, ts: 2:: x. vi, wJ§!-@]J:E;)tJj!'.J"Jvc TMA (trimethyl aluminum) §ex:�'7a:'fp 0 

-C, i=f::t�[f!IK��o��. �. &�O)�R'7a:'����L. a*O)�Mtt'7a:'M�Lk1J, ci; 

Q \,,vt-�-r�@JO)@ITIU'7a:'1T 5.: 2:: vc J: '0 -C, j;::'AO)�roiJB"Ji1�'7a:'M§Jj Lt� 1)-t° 01iJf�vi, 

MAP ;JtJiis90)f:f*Hillffi 2:: L -c fl:5t8"Jvc]fx I) J:.vf G ho� t-c ci; 0 2:: }�,bh 0. i k, 2:: < 

v:ffij;tJJ}C�\,,-Cvi, ::t-- t=1 70)tf:l:!],i""o��Ji E Jift:ifl:O)jl,�111:WO)P.1 �'a:', TMA, Na, 

Ba AI�tce c'vc J: IJ, -��@1/J!IJJ:E L, lqis9(1"J�{t0):j;::�'7a:' Wrij� 0 � 2:: t.: O)� tbot> 

-Cif�:�-c:-ci;6 5 . 

.: h G 0) § EI"Jvcitil£lic·, LiJ; t m¥:i'Ht\:iJ; G t tbot>-Cif�t-c- ci; o 0) n:tJ T 0) /, 'J '/:,; -f' 

vc J: o 1-J$-c:· ci; 0. 

2. ;x 'J '/ :.,, 7' 

/. 'J / :/ -f' 2:: vi P {[J:tO)j;:: t \, ,jc[i{g, i°"tceb b r§IJ$tt1@vc {W,t� 7 17 :/ -f- --v - K. J: 0 -C, � 

L J: 5 f4: (1, ,bvg:i 0 /. 'J '/:,; -f') '7a:' ri'DJ£ c·§eM L, :j:,g:�t,i\l;�'7a:' r:J=iis9�iJ; G r11I.I� vc}Jb J:. 

(if J: 5 2:: -t 0 *�f@[c·, .: ;hi -c- tJ -r if 0) High Water M�, 7 '7 7-. tJ 0) Fort Greely, %: 

� 0) White Sands, Wallops $5, Barbados .ifs!;� J: "Cf 'J jfil�vc �I':� ;h, -r--cvc��Ji� 

™*O)M§)jvc1,,< "'JiJ,O)n\t*'1a:'J:.vf-c1,,0 t0)-C:'cl00 (MURPHY et al., 1966; MuRPHY, 

1969; WILLIAMSON, 1969). 

�0)1f%:�c'vi, /. ')/:,;-f'O)j;::�)HtiJqj'b;h, P@ 400mm 717:/-f---v-'c' F)iO) 

�1fil:�vi[�htdlli, pf� 1000 mm '7 17 :,;-f- --v -0)\Hilm MARTLET n:9e��;h, AI 

1!1£'1a:'hbJ:.vf0$vffiiJ:jffiot,Ght.:. Lh· L, .:O)J: :i vcj;::�vctceo 2::, ii""i-t:l:t!!J:.� 

100 m 0) � 1,, j;::'AJi '7a:' � Ji -c-� W 0 .: 2:: iJ: ffi� 2:: tce 17 , ��¥EM '7a:' §11� 2:: L tce \, '�! 9 , JZ, 

fLt, p 1r 'Yr vcJ:t�-CAf¥:i'HEI"J2::vt1,,;tli2':l.: 2::n:§JjGil�ttce0ts::. 
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��itlfiliO)!t iih;, space lab., space shuttle vc� 6 vc:ro .J: U, w�0�0)rl::J,� c t 1*J 

Ji L --C, mttnfh� vch :r !f 0) High Water .Af�--e ��fma!U iJ; fih.:h --C 1.,, 6 t!. vt --e cl!> 

0. 

--Jf, :;Jl --evi 1974 �tJ*, elektron Hlfilivcftl-:> �,;:; '/ :/7-��h� �m!U�·.:h"":)"":)cl!> 

0. 

hiJ;OO --e MAP JJjFaii::rvc, i::rFai�� § �vc Lk¥e��t.i:: G Uvc ��fma!U� 3.9:;§ vcfi:to 

5 c-t-0��. 1r0�0)M�h:r1cA..id::'t.i::1.,,ffifi--e��-t-0vcvi, ,; :; :/:/7·1J:,}�r::i -r 

'Y 1-- �,,� 11,, - / vcJt L, a 6 h� vc� § El"Jt.i::-Jf1*c· cl!> 6 .:: c vi El§,§ c· cl!> 0. 

it::_, 4-{fdj. fvi£t-m�*�!�!}t/!O)�� 2000 m tJJ:0)£:rt!Hc:tovt 0 ¥e.Af��x. 0 t.i:: G 

vi, of£ 180 mm cl!> 6 1.,, vi 400 mm 0) JU;i1� oc 400 km vc;i1-t" 0 ,; :; :/ :/ 7' c· t, � h 

ch --c � ttr El"1 vc ?Jr Jj 0) RX:3fi!: � cl!> v-f 0 .:: c iJ; -=f � � .:h 0 . .:: 0) � 9* c· t ffi ti vc :to vt 0 jffl � JI 1* 

�O)�J'!;c L --C, ,; :; :/ :/ 7'0)���� x. --C dj.f::_ 1., '· 

.:: .:: vcm�-t-6,; 'J '/ frvi, niJ:mJc·�m L, MAP JJjFaii::rvca?ff0£t-igvc��-t" 0.:: 

c � § t� Lt::_ t 0) c·, --z:-0)�5cvi� 1 vc�-t-Ji IJ c· cl!> 6. -t-t.i::ht>, 7 '7 / +- i' - 0) of£ 

vi, 155 mm, :R � 13 m c·, .:: .:hh� G ,; :; '/ :/7-� ¥e.Af-t".:hvi, m•*9 5 kg O)fJ:$;!(;� 

� � � OC 120 km �OC i c· fl ti J: vf 0 .:: c iJ � c· � 0 0) c· cl!> 0 . 

� 1 ,,< 'J 'J'' './ °'f' 7 7 'Ff- i' - fMSL-160J � 0)�5i:; 

Table.l. Specifications of "MSL-160" mesosonde launcher. 

D1.£ 
D1.£.Jt 

�:ft 
:m::1: 

M 1±1 f* :m::1: 

,,( 'J ')'' './ 7' ]!!:Ii 
tilt�� ]!!:Ii 
¥eM�:!i 
� L o1: 5 WrJJJ! (PJ�) 

Ml±lffifJ'&:k;briJ!� 
jlJ��JJt 
'7 7 './ =f-,. -:111::fJ (AJ�) 
Tffi1Q 0) 7.7\. iu 1K % 

5 0-iu0)�'5' 
1 0-iu0)�'5' 

ffl��{tf: (it:fJ) 
¥eMrf3,� 

155 mm 

75 Ul: 
13m 
12. 5 t 
12 to J: 'Cf 16 kg 
8 to J: 'Cf 12 kg 
3 .to J: 'Cf 5 kg 

20-30 kg 
1500-2000 m/s 
32000 g 
120 km 
120 t 

i&:k:ft: 6. 5 m, J'&:k]!!:I: 2. 5 t 
i&:k:Bt 5. 0 m, J'&:k]!!:!i 2. 0 t 

�ml. -50° C, jtj! 50 m/s 
J'&,J- 20 0-
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3. ;1. 'J '/ '/ y' c 1}� o Jr 1 r O)t=;ffl 

rt='11=19�vcuvt o JGJC����'A��*O)/JlU;Evi, ,j\� i=z 1T '/ r vc J: "J -Ct �fi�HJg-r:-cO 

oil;, �he,;- 'J '/Y7°-'2:'J:t�-to t �. �ti::f:�J=ifr'a:'�?l¥P£tmvcfRJE-to t �. t''A.,t,d� 

f!J&iJ; c0 o iJ-.:fUfic L -C ;z,_ J: '5 . 

1) ,;- 'J '/Y7'-0)t:&r}�O)ifrlilfflvi, ¥e-!'#,�0)111J:1H� 5 km '2:'rt=' 1C..,ci""0®:1iH� 3 km 0) 

�! G ht-: Iµ[L lffl c' � "J L ' fil)tfilmi 0) ffi m'. iJ; J: < ' If w: 7Jdi t i==Ht C' + 5Hi g!c:, c' � Q . 

2) 11 'b J:vf fr;O) .:;R{�, 4�: vcm.jl)c tc:t" �hf', jl,JI! 20 m/ s tJJ:, 'AZfil -40
°
C C' 

t JGMPJ�g-r:-c0 o. � 0) � t viJBx�O)t�,g-, t-t12J:fPJffitfo¥JllJ1J;�* � ho 0)-C', JE-!'tt�t$ 

K�i""0��'2:'*�<�0�0tO)�c00. 

3) ,;, ') :/Y7'lr. 20-30 0-u�O)tJ1:Jj}zLJEMiJ; PJ!§tcttc.�, t::.tx..it., JWJM�ffit11=19 

0) * 'A 0) � wJy'1: 'a:' 1i1 � vc -r o :t� ,g-, 1 ffit \13J u � 10 @J 0) ;@Jt@ 1w1 t "' , "J t::.. w � B'-:1 tJ: rm mu� 

{4'2:' ;z,_ t::..-t � c iJ; c' � o. 

4) m¥:�·l1iJ;�tff-r:-, 1 @JO)t'fill'JlUvc�,�tJ:�®:vi, -tt1v,-lf1v, soo77F3ffm'.c-c00. �h 

vi i=z 1T '/ i- 0) fPJtltee�®: O)�n\.0)-vc� �-tee 1v ,. 

5) �,�AffiHi 7 17 /T -v - �itI:$ c� hvi11tr'.ff.�]�)C� i-tt-Ciu <�ct -r:-� 0) , 

�t-fu�O)lM1Jx8, :!:JH-tl!.*11.:v:�vcs[� 6 i;;J¥M, � 0) q:i�{f�ffet c L -C viJ(�!*1tHc 1 i;, '7 

17 / + -v -1*1 f* vc 115, ,;- 'J '/ / 7''1*1 f* vc 1 i;, it 2-3 i; -e c0 o. 

6) JB.]'ttffiJO):i'&*1Jp��li 32000g C'cO"-::>L��L*�"''iJ;, -r-r:-vc TMA JEJC�Jfj 

:i!'!Uvc;;t1-tots�t:\e�vi!HHe�h. tmJ:��'2:'�"'JvfiJ-. rJ -r:-c00. it::.., Na, Ba JEJC�t 

�@] 0) �56��'2:' fr*-. vff&lJlUnJFJgvc tee o J!�;z,_ -r:-c0 o. ffi]l\itee v - 1f - �ti:'2:'�ts:3fl,@l., 

�. Ul\.JJftJ: t:'3f1,* � Y-+r -vc "'::)\,, -C vi, :hiJ;�-r:-vi*m¥:�-r:-c0 o iJ:, 7 ,;- Y tJ, tJ -r :f, 

'J ;@c'vi i""c'VC��f ;z,_ C' c0 "J -c, ,l-0)33t1111Hi�£ vCi¥A c' � o. � 0) J: 5 v:.J:1JPJ-£IltiJ; 

,;- 'J :/ Y 7''f£\lmU 0) * '/ � c tee o PJt1§·11vi� x. G htee 1v ,. 

7) 1Mf'0fvit§�*� <, 1 km �ht::..J=ifrc·ff'J 110 7 :t Y, 3 km J;Jftht::..J=ifrc· 100 7 :t 

Y;ffil)jt-r:-c06. �hvi 20-40 � Y+1ifgteet:'vcJ:t""hvt>J\� <, 1 km /1Jfth-C1v,hvf, � 

J: rJ ts L 0 'J\ � 1v ,{31. -r:-c0 6. -t hvc3mtt1:r-r:·ts: < 1 @J�N rJ O)'{ftee 0) -r:-, 1:.�vc¥x. o !ii� 

vc "J 1v, -c vi 'i "J t::.. < 11=11�/J; tee 1v, c � x. G h 6. � G vc�BtP�t-tl!.vi 1t3li r:: .. �* t tee < , JEM 

ffit�0)����0)•11tr��t��Kfihh00)�tff$�t�0. 

8) J(�O)��ti: {J£i@.vc:11-t o ��11:vi, -r-r:-ic -50
°
C 'i -r:·�4-vc:ht::.. "J -Cwf3ii:/J; 
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iw'cvt G .h-FAiJmn.tJ:.1, ,. ts L-6 7 17 Y-:J-- -v -O)ilgg_fflHcffl 1,, o :t-11v�, }l:$x��--e� o � 

� TMA O)�fifil�lvJ<''�*--C\ :mtE,}�P?""y Hc:t.tL'-Cfi-0--Cl,,oO)c iPJTffefJ:.717:/ 

:;- -v -£$0)&J\.f�-dlla. �-t:hvifi IJ 6. 

1& :JtiU: 0) * �ti vc "=> 1, , t V.t, .1( � ffil&fri'N:t iJ � 1*:m vc. 5E o6 G :h --C :tu IJ , ;:. :h vc. {ft 0 t 1& i& 

**•tE�iJ:;J;& 5 �! IJ i 0 t::.. < rAiJmvitJ:. < ,  .1<�Jil:Li:iJ; GB 0 --rt i:z 7 y rm� c Jttx: L --c 

ts L6*�c,�o. 9eAflB�6 "'vi¥EM@J�O)��vc."=>1,,--c t-t5t*�� J!��c' 7 17 :/ 

:J- -v -�7'3t :/ fO)SlEOC, ;1. 'J :/y-7'0)�LJ: 5tt13�vifil!'H�:h--r1,,6. 

t 0 C t ;:_ :h G 0) }i� vc. "JI,\ L vi, 00 F9 vc:tu I,\ L � G iJ; L,60 rWjJ!Jl.)jPJ vc J: 6 T 7-. r � ;I. 'J 

�/Tm�O)�;i. AA����6ko60)¥EM���c. ��O)���D"---::>LT7t���� 

L --r:tu < �,�vi�-6 :i. 1,,f;hvc L --rt, 9e.Jtt1�:lt�O)���iiJtO)k00, i:z Ty r iJ�J!!lK 

IJ -to J: 5 tJ:.*itiJi� x. G :htJ:.1, ,. 

tJJ:O)ITTt�iJ; G J! --r, aBfo£:tmvc:ruvt o 9=1F�imltJ:. G cnc. Tfm11t�mlvc:tuvt 6 fm?J!Uvi, ;1. 

'J :/ Y--'r'vc J: o 0) iJ::l:Jl! O)JJr!c· � o c � x. G :ho. 

4. ;x 'J ')' '/ 7' 7 r) '/ :F- -v - 1MSL-l60J �O)ffi� 

4.1. 5'7:.,,T�-

�5cvi� 1 O)Jffi IJ c', ?i-WHi� 1 vc�-tJi IJ c'�6. ;1. 'J 'J''y-7'¥eMIBvi�O)J: 5 vc.{m 

jlj s1° c tJ:. 6 iJ:, ;1. 'J :/ :/7'�:lt��--r �!Bvcvi 71 -y- i:z - 7
° 

A c' 7-. 3t / r .:::' c tlivc. 

L, � 0) B iJ�:t-tf!ffi c tJ:. o. 

7 17 :/ 7 i' - �P'.]VCvi�J!7JIU5Effl l:::
0 

y !l 7 y 7
° 

��P'.l�EE�iJ:jfl_� i ;h, 15-9BMW:vC7JIIT 

5EiJ:fih:h6. :lt�vi�� J: 5 JJ�c'tJ:. < �O) 5 JJ�c'�-0 --C, § 133vc�:l:��x.6;:. c 

iJ: c' � o 0) c', 11!U5E 0) M* � dj. --c ;:. :h � �iw-t o ;:. c vc J: IJ , ffl5E 0) rWj oc vcIE L < � 1 i:z 

- F'vi:JTt>J:vf G :ho vi f c' � o. � G vc, :ffi:@!B"Jvc�:i:���P-t 6 ;:. c vc J: IJ, � 1 i:z 

- fO)fUJ¥i%'&Ji��x.k IJ, �1 i:z - fO)]RjiO)�{tvc.M�-t6;:. ct AJJ3�c,�o. 

;:_ O){tg 7 71 :/ /. :/ r 7JIU5E� c �P'Jmh� Y- V iJ:�{Ji � :h, 9e!,f O) ocw:vc 7 17 :/ :J-- -v -

0) BB iJ; IJ iJ; fJ:. I, ,iJ; c'' :i iJ;, �1¥.iJ;-tl--C:' � 6 iJ; c'' :i iJ; � :J- x. y !7 L, �{r:17;;! G :h t::f:�i;

Ktlffl�O)�IE�� LkJ:, �0)9e!,fK{Jix.6. 

�'E!'vi�O)J: :jvc :::r :/!l !J-r� r :/O)J:vc, 2mxl.5m, JI[f.� 100mm 0)�-7-.7° 

V-r�:tu�. 9=1�K717:/7-y-9eAf!BO)���GaK��O)k00A:hQffi800mm, 

� � 1 m �]JtO) l:::° y r c �fil!'vt o. ;:. :h G O)�'E!'vilil::k 120 t O):if[jJ� �vt o 0) c', 
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� 1 .!- 'J '/'/7"'7t';7'/=f--v-
A: 171""1'-P-7

°
, B: �-CA,[l�'fO):f:tlflliiO){ft1'i:, C: ::1'/!/ 0-1'!:::

0
� 1', 

D: l:::0 3 -, GL: t[gJ;Effi 

Fig. 1. Mesosonde launcher. 

A: wire-rope, B: ground position at the time of loading, C: pit, 

D: pil!er, G L: ground level. 

rmJJ)J»fEF& c L -c, 1) ?+Mt�H':r1l�, 2) V(�I�, 3) ,1. 'J / fi-" 'tJ: G uvc{fGrfi1i!li'i1!/1J�, 

4) TMA, Na, Ba �?O)i�-C �*a.l[�, 5) {if]JliJtJ: G uvc75�fj[fr��t��iJ��,�-e�6. 1) it 

4. 2. ;1. 'J ') ':./ =f 

/. 'J :/ '/ ,:f vt �:ID:� 16 kg, �fi:*1 l.5m -C'� 2 0) J:: ') vc / - ;( =r - '/ N, :}?1.mlttiii 

rm E, 7'' - A  H, 7 ,1 :/ CJD I tJ:Guvc-+r� G iJ,Gnx:6. -tr�vt/. 'J 'J'''/7'/)�7 t) :/ 

-r -v - 1:;1c;w::. a; 6 il39, � r'3 if 7- 0) � M � '.5l: ff"':) t 0) -c,, 9'e M TI[ f:�J5R EE 0) t-.: e0 El !!w s� vc * i* n, 
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E 

� 2 ;1. 'J '/'/7 

H 

E: :tit'<::��. F: ���ti:, G: ��U;J:N, H: �jdi�P3�Ltdlrilf*�, 
I: ,§§) t N: �l'z//WHlfIB 

Fig. 2. Mesosonde. 
E: payload, F: time delay apparatus, G: sabot, H: boom 
containing fuse, ;J: fin, N: nose cone. 

J 

L 

� 3 TMA mf{�f!: 
J: Ij!lj:*�*:Jl.7-, K: �tit TMA :J:;5J:rf TEA, L: �!ffi:Jf, M: PJUHL 

Fig. 3. TMA vaporizer. 
J: dry nitrogen gas, K: liquid TMA and TEA, L: rupture 
valve, M: ejection nozzle. 
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1 i:z - F O)ID:if\:v:U) 5 kg cc\) o. t:. ti L jlJ�r�/J )i c .J. 'J :/ :/ 7' O)�;JO)'R5E'[ii7" G J! 't", 

;:. n G O)J;ltl:viqp:J;-��vctJ: o AJfJg,11 t c\) o. 

-tJ, 111:?&i [ltO) i=pfH'.l� vc:1,,' L1Jit, ,}t���!%B:�}J�J:Jf o tb!;,frvcvt, %�f\O) JU.to .J. 'J '/ 

!XI Hi TMA %7G��fp Q TMA �0)�¥! C'c\)0 '"(, J vC 50 �ffO)J/rz� N2 t/7', 

K vc TMA c TEA (trimethyl aluminum) 11b�Hszil;A 0 't" t,, o. �,�r:11r L h;im < c, J 

CK O)fhjO) l:::
0

7' r :/7'.)�fit,[l!JL, 4ijO)?e( M iJ"G lf'J;f113jvcbt.:0't" TMA i)��M�h 

o. 5HI 90 mm 0) ��lHi, 32000 g vctt x_ o � < P'lrnivi�:Ft% c t.t 0 --r �I), 1:::0 

;;._ i- :/ 

t��t���m�n�k��� 77'+�?�tc\)o. 

f&Jrtti--�J=9fj£0)?&i�c{f:/Jil-s�otc.oti, !XJ20) F vcvt��*lli[ (!XI 4) il:A0t\,,0. 

JE�t c [PJ8�vc .J. 'J :/ :/ 7'�t!�c' �j(�,,'KvCj(iJ;A I) -?ii; 't" [XI 4 0) 0 J� C' F � O)� j(iJ;/(9 

;:. o. ;:. ;:. ii" G 5 � :/i:(O)�jd/t P vcfB0 t .'.kvtf�*-Gho n;, P O).t-oii"htc. �j!P]vcvt 

�ff�.t111"' Q n:"':)vtGn tt,,t, P'lEEn;-5Evc{�tc.notc.00, P O)�'.tJt;!&Jt-5Ec t.t 

R 

I§ 4 JTI;S�tt iii 
o: � :Jdm, P: t:>'1± hlik:ztf.:Jd,�, Q: �EEwlil�1f-. R: iUdIB 

Fig, 4. Time delay apparatus. 

0: booster, P: spiral fuse, Q: pressure reguration valve, 

R: igniter. 
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9, pjfjt§O)fg)/eyO)�, Xvi R ,�oc� 9, ;:: ;:: vctt�tE!Ha:O) ,BJ(, --tts:b 'bf@M:irO)f'pi[J 

-t 0) @ii;�;:: 0. 

4. 4. 00� r::�,�to: �AT .L.ii}f � c �.� 

tJJ::O)M96�D 5 t:..'d:J vc, tmmu, �.�, bH00)�t�rivcbt:.. 0 � 7" r A Nf§'\:ii;d6,�C' � 

Q . 

4. 4. 1. tm {JIU 

�mtm!U O)m�ts: G Uvc:Rf*ii· G � x. -c, l'' 0) J: 5 ts:�lJlU��M!i L -C rr < ii•, ;ffl�JI� 

� (q=illi9�) c ;;i-- 1=2 '7im1J!U Olt-�) O)fJluJroil·G� § ��ML, -t Y-i1--, 96�*:t.tf-l-, 

h'bJ::vfieytu, h'bJ::vf�/t�vcv::>1,,-cO)ttffifu�rr 5. 

4. 4. 2. :LtJ::�· 

am�•, 96M�•, ���•0)3fiK*��h0. 

am�•vi, 1/5-1/10 mml (jf.Jf;O)�) vcJ: 0�J1am�J§1,,-CO)� L .i: 5 0)3(JE-ti 

2:: *f J!sj)t 0) -r .:r:. 'Y !l ts: GU vc 1 / 1 �-f*mml vc v::> \,, -C 0) !LviEH!U ts: \,, L :tJlHw�.� c i). G 

ts: Q . 

96M�•vi, 35 mm 90 J:Jf.i0)96Mfl�1�J§, !l' � -� 50 96VC.v::>� WJ!, �!*JEE, JIDt 

1Fl$ ��mu JE--t 0 . 

���•vi, Slff1J£:t-t!Hc:tu1,,-ctmmuvcA0 fiJvc, !f � -� 2 &� 5 96, *�O)� 2 &� 

3 96, H 16 960)96Af�rr 5 ;:: c -c-� 0. t 'b 6 Iv �.�O)��vcts: ":) -CJ!im Lii;v::>1, ,t:_:ij} 

1rvcvi, �• c [qlleyvctmmu t-t��a'd:J G h 0 J!� -c- � 0. 

4. 4. 3. tt Ur 

m�K:tu�0-�, MM, fflft, -��·�KS���0���M��'7?Y-r�-� 

;@:t-!f!-c-�0 $�-c-immt--t 0;:: c, x�. /- ') '/ '/7\ 7 ?  '/ -r � -1*Jf*O)writtur�-c-� 

��fic�0�0)�1*J�mt�GUKttffi�OOO)���' ttffi�ctmrufi0)000)ffi���� 

i);?j'£ h0. 

tf_J::O) M¥evc�-t-0 $MiH-t���.�vi, ,1- 'J '/ Y 7'fmz&U��m--t 0 J:vc t.·' '.5 L -ct d6,� 

ts: :1k{tf: 'c' � Q 

s. ±-ig 1: � mu 

AI�O)f'mlJ!Uvcvi, :tif!J::iJ. G 0) 2 ,�tJJ::O) [q!leyffl1J!Uii;d6,�:1k{tf:-c- � 0. t&�-@Jfibh 

0 'A*fm!UO)jjvi, SBfo£:t-tl! c � f vf£:t-tl!�tmmu,� t. -t" 0. 
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\, ' .  7' 7J Jv 7" 7' ;:t. 7' filt lWl ,� 0) � ffi't vi 2 15 ---c·, 1 15 iJ: Jfil fa
iU!, @ii:� yf,  T v �· �i 0) @J:Ic 

fiJlm1nc�t� 6. 7, n 1v f 7-- ;z. 7-- ""'O) /:1::J i}JtttJlilclJ vi ,  :X{�f.T'G � �25b-C *{t� B iJ, G 1 �ilclj ---C· 

� 0 -c ,  ;:. 0) J: 5 tJ: mum� if 2 -- 3 @Ff 5E L -c \, , 0 . 

Pi35flJ&J:-fu vC/i 2' Gvc5tJ1cH, v - -lf - � i=� Wvfftt6. i t� .  Ba �I;Jft�tO):!=�{ncvi _::c 

:1 - -it- '7 '/ 7' 1 '/ !f' F 'Y 7
° 7 - V - !,( - �Jvc J: 0 [qi �J'miJlU t rs: x_ :h vi:Il�EI�---C· � 0 .  

ts: :k>, ttfi]}!U -i:!figg ts: �llclJ c L -C , TMA �l'i*P�r� Ht - 10
° tJ T 0) 15Z:i1=1j, Na �' Ba � 

vi*P:fb?,:qj[ff - 10-- 12° 0) � 11Jl�, Ba �O)'�Viftfi iJllJ c �t*iiRJf\U vc "::) \, , -c  ii 1h/J �Ril: ts: \, ,. fl/3 

5fPlt:l:il Hi*lM 69 ° v:::. {s'z:ii:--t 6 ;:.  c iJ, G, "/ - ;<" '/ vc J: 1? zi¥ 8J:JM¥0) i:i - n 1v !7 1 A vi�ts: 6 

...1:., ?W 8fJ $}vii� B�[13J/fJE < 0) ---c· ' p - 7J /V !7 1 }., vc "J \, \ -c vi 1'di @FJ !ey�Jw� ---c· to 0 -c t ' UT vc 

11�1 L -c vt t-§ � El EE nt 0) � \, ,ftfliHU iJ: ---c- � 6 t 0) c %; x_ G h 6. 
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