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THE PROBLEM 

A Metrophysics pressure transducer (P/N 10311) was flown during 
the 1968 and 1969 summer flights of the Caltech e+- magnet 
spectrometer. The instruments were carried aloft from Ft. Churchill 
by 10.6 million cubic ft. helium filled balloons. Altitudes of 
about 140,000 ft. were reached which correspond to an atmospheric 
pressure of about 2 mm Hg. In addition to the Metrophysics unit, a 
photobaraograph was flown. This instrument consists of a camera 
which periodically photographs a Wallace and Tiernan absolute pressure 
gauge. The accuracy of the results from this instrument is believed 
to be about ±2%; it is certainly good to ±5%. Serious discrepancies 
between the pressures reported by the Metrophysics unit and by the 
photobarograph were observed in every flight. The pressures reported 
by the photobarograph agreed quite well with those which were 
theoretically expected, while the Metrophysics unit reported pressures 
which were from 13-52% greater. 

THE THEORY 

It was suggested that perhaps helium from the balloon was causing 
the Metrophysics unit to read incorrectly. The device does not 
measure pressure directly. It actually measures the heat conduction 
of the gas which is proportional to its pressure. The coefficient of 
heat conduction for helium is different than that for air so a 
sizable concentration of helium could conceivably cause the observed 
error. It was decided to experimentally test the effect of different 
helium-air mixtures on the response of the Metrophysics transducer. 

THE TEST 

Our low pressure calibration system was used to make the measurements. 
Pressures in this system can be read to better than ±.01 mm with an 
MKS Baratron pressure meter. The transducer was placed in a bell jar 
into which the desired amounts of helium and air were introduced. 
Helium concentrations of 0, 10, 25, 50, and 100% were used at 
pressures of 1.00, 1.50, 3.00, and 6.00 mm. 

The procedure in making a run was to pump out the system completely 
and then to introduce the proper amounts of helium and air to give 
the desired mixture at 10.00 mm pressure. The system was then 
pumped back down, stopping at the desired pressures to make the 
measurements. 

The results are shown in Table 1 and are plotted in Figure 1. 
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Voltage out of Metrophysics as a function of pressure, helium concen
tration. 

Media 
"-Press. ·"--, -----

Air 10% He 

,-~.•-H--~--~' -~-~••----~•- --•--•---• -~ •----.---~•••• .... ·- ·-... • •c• '' 

1.00 mm 1.17V 1.22V 
1. 50 mm 1.80V 1.90V 
3.00 mm 2.90V 3.10V 
6.00 mm 3.83V 4.12V 

l_, -- -·-----~. -----· - ·-·•- --- . ·---. 

TABLE I 

25% He 50% He 100% He 

1.32V 1.42V 1.55V 
2.05V 2.25V 2.53V 
3.41V 3.83V 4.51V 
4.67V 5.43V 6.80V 

I .~-· -~-•• --•~---

It is readily obvious that response of the transducer changes 
significantly with different helium concentrations. Using these 
results it is possible to compute the approximate helium concentration 
which would have made the Metrophysics perform as it did during the 
balloon flights. Fig. 2 is a plot of the photobarograph and 
Metrophysics data from flight #69C3M (7-6-69). The vertical scale is 
marked off in gm/cm2. One mm Hg corresponds to 1.36 grams per square 
cm. The helium concentrations which would bring the two curves into 
agreement are indicated for various times during the flight. For 
example, at 0725 UT if the air around the Metrophysics transducer had 
been about 20% helium, this would explain the discrepancy. Concentrations 
ranging from 15-60% are required at various parts of the float. 

THE CALCULATION 

It was decided to make some simple calculations to see if concentrations 
of helium of this magnitude could indeed b! present under the balloon. 
The one dimensional diffusion equation is 

= 1 an 
oaf 

where n(x,t) is concentration of helium at the position x at the time 
t. Dis the mutual diffusion coefficient and is given by the formula 2 

where 

1 
2 

n rr dl2 
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* m = 

(diameter of N2) + (diameter of He) 
2 

n = absolute density of molecules/cm3 

At a pressure of 2 mm and a temperature of -23°C 

D = 775 ft. 2/hr. 

For the sake of simplicity, the diffusion equation was solved subject 
to the boundary conditions 

n(x,O) = 1 for lxl<lbl 
n(x,O) = 0 for lxl>lbl 
n(00 ,t) = 0 

The solution of the equation with these boundary conditions is 3 

n(x,t) = 1 

i/ 4 7f Dt 

J e. -c4r;tf 

-b 

This equation may be reduced to 

The solutions for various values of bare plotted in Figs. 3-8. 



The applicability of these solutions to the problem is hard to 
judge. One may think of the balloon as being virtually open at the 
bottom with helium diffusing downward. Thus b would be taken as 
the height of the balloon (200-300 ft.). This solution would give 
too high a concentration of helium as :the va,lr1:1es at the bottom of 
the balloon are of finite size and the helium would diffuse away in 
other directions. 

Another way to apply these solutions would be to think of the balloon 
ejecting a large amount of helium at some point, creating a sphere 
of nearly pure helium. Then b would be taken to be the radius of 
this sphere. This solution will also give too large a concentration 
of helium as the helium will really diffuse away in all directions 
and not just one. 

One interesting point to note is that the parameter b makes very 
little difference to the point b+x0 in the solutions. Forbs of 
30-300 ft the concentration at the point b+50 ft is about 10% after 
1 hr. Forbs from 60-300 ft the concentration at b+50 ft only varies 
from 25-28% fort= 5 hrs. So if we assume that the Metrophysics 
is sitting 50 ft below the balloon valves with helium diffusing out 
of the valves it doesn~t make much difference what we choose for b. 

On the other hand the value of bis very important if we assume a 
sphere of pure helium is puffed out and the Metrophysics is in the 
center. If the balloon were to rise and eject 1/8 of its helium 
in a sphere the sphere would have a radius half that of the balloon 
or about 60 ft. Fig. 3 says we could have about a 50% helium 
concentration after several hours. 

There is probably a combination of effects of heltum slo~ly dtffusing 
out the bottom of the balloon andhelium being ejected when the 
balloon rises. About all the calculation is good for is to show that 
it is quite possible that appreciable quantities of helium (10-50%) 
could be present around the transducer. 

THE CONCLUSION 

The test of the Metrophysics pressure transducer shows that it is 
quite sensitive to helium contamination. Applying these results 
to the altitude curve for 69C3M we find that concentrations of 
about 10-50% are necessary to account for the discrepancy. Simple 
calculations show that concentrations of helium of this magnitude 
could be expected. Thus one is led to conclude that the Metrophysics 
transducer is not suitable for use on helium balloon flights. 



-5-

REFERENCES 

1. Present, R. D., Kinetic Theory of Gases, McGraw Hill, New York, 
1958, p. 65. 

2. Ibid, pg. 55. 

3. Dettman, John W., Applied Complex Variables, Macmillan Co., 
New York, 1965, p. 383. 



I[) 

(J) 
1[) 

l.,) 11 

i f~1 r, 
·- •/.. t- Id,, 

;: ) "; 
,t;ii· 

J!) ,11 
,-1 ' _, 

' I 
i ! 

: 

; ! ':J ' ' 
' ' ,_,__ - -

: ! 

I 
,_ j '-' 

' I 

" i 

i I 

Jj_ 

, I 

I 
i I I 

i 

J 
I 

I ' ' 
11' 
I ' I ; 

I 
\/1 

I ' 

"' ~ 
~ 

~ 
0 ~. 
~ 

....:.. 

I 

I 

J_l, 
l'I 



•f Z"t 11 01 bO CO to ,o so f,o to -eo 10 00 1 
~~ ~ :~~:· ~!'.; : '. ::: i:'i: '..'.: '. ;~ : :·: '. '.·: : ~ : ; :.:. : : ; ; :·:.: '. ~;~ ~~ I·!: j -~ ~:l:: .q i_i,L ~1~ .Lili llLl ~~\l +W::- 4f+4~! 0~,-~_..,.+.,.;-""L":-:-!-:-l_:,! "'.

7

; ·.,.,: ::,_ ..,.:.,.! 
1

~'._;·r:-i ~:;C-~Tl...,.._"''.i"'·;.,..'. 
;.. • :·:: r'- · : !: J 1: " ,::· ::.•1 · I •. ,!q :·, :·• 1.:c' , ,-,I 1!11 :·••I 11:t·, 11·!! ,!,: •·!:lm-11 · 1·!1 Il l: 1111 !t.11 ,II, ,,l j 11:·: IT!1 ! :, I ::.!!:,::::·! '"p:·:· 
,. •-•----•---------------- I . -•• ---r-----.•1"1[-....-•-----•-~-·l"··-·------4-- -• ,: ,·.:.:· .. ~i - :-·.-·i· ;;ii. , ; · .. :·: • ' ·i'i 'i 11 · ,: 1 i ·'' ·ril ,.: :, i' ti : i' I ri-11 11-i : 1li " ' ' I i i ii-ii;:•: '' 'i 'Pi 'ill 1i1.: 1:i • ;.·. :: .. :: "i ·· ·: ,. ·.:.:: 
t~>.;~~:-~~~~ :;;+~;. ~-:- .'.'. :_, 1: :·~ R~~ ~;-.~!.: ;+~-:-~:-.~ -~~~-:lr- .:~~ ~~ ~L:.!. ~~- ~L+ •. ~2.~~-~ !:·;--:~~+ ~~ ·::: :~ +~: : • :~ 
~!,:: ::~: § ·_.-1_·!!_2 ~ 2,:._:_:_'.::.~0_li 1; ~L~_Jtl~L 1.::::! HH IJli !!:u l!!! 1Ul !.1·111111 l'!it !-Id Jl !HI !i1lJlu.J1!: r:(: .:~~: ,(s _; 

~

~1!.: :r.; ,1!·-1:!:: 1 ;p,: 1.: .:- ., : : : :. •;, ,: t! c: '.'!i : , :.' i,'1• 1:;., l ;'!:1 ·1tr · .1:lj ! • :.1.1 1 ~ ~t . , L1 , 1.r;:;1·r11 ri11 Iii! j!JI l(ti •111 t.l ii !r~: :11.1 !'t'l' : r:q p . ..::!.l!~:1 :: 0 ,res i:;-!- ·:' :, : ,c, ;,-, : ,I, .• : .. , .,.... i!t• : pl ~··! ! h r l" ·jl r~r1-+' 1·' ;., -; ,,, •·I l:r:!:I [I, i 'il ,1. , '':U. I;, 11-• 11• 1 ,.r.1, i·1' ; :·!-rr-r•·r~ ~ 

l- -~~ ·; ;;: +; :;.ij·:µ~pj· t1·~; i i~-;-; i if-~ i~ \;: .:1·:i~ ~l·t~ ~ 'i~!-l ;~:; -{l-l' '1 ~1$·:r- ·1-~t; i-::t:.;I 11·F, ; tl l. '1·i··~i ; :l.i i ,,-~f T:~111 ~r~, ~, j : ii; i':.:.; ii·t~ ~~r[l: i::i~ :;t~t f~L ;~-~ 
,rH ,L ~ --+ti • !.~--, - -'-'i- - I • 'I --· " 1 1 I- 1-i. fl ' · -• . , • iit ·i··· · 1 I I , . .. r·1 Ill ·111 ,, l ·I .. , .... 11·'· Rl' -1

- 1. . .... LU 11' .l ·---: •• ~ :-:-: \~ ,:-:l • ·h·!-t +h..: i-,;: ... : .. ~• !: ,}· l-d ·!-: •: ! • . :-1!~ I ; h·,-; ·rl'; , 1· :i l l~I 1·• 1 ,d·f :··n •~·•· ·1:"",·r ! 1 1' ,-H , ,; ~:+ ~:jJ H-H iT!.; !l.4-

i1i!~i!l!!~;JI i~ Ii ;!i 1!i!lilii~J!i;.~•!ljl illi i~tlfiiit~I ~ rff ·:-,; fffl -,:l ·h·ili·f1..;,. ,,.,., ,.-r: ·H+: rr··: ·n~-1 .,..,.,., 1·1-, t :·1,+ 111·;- fr.--·:T!'I' ,-,~ tfr'· ,11+W hlr -i-~- 11-h l1~t 411·• ,.,.,, --,l-, ,.,.,-, !+r: ; ,-~! •J r : :-n-
.;- ; h·; +i.;. ffi' fr, 'Tli .!..1•.! ... :..: l._ -·'1-;1. 'r·'--· • ~~-- / i-: +-t'-: '" ._, :.L11- ~i ·1'-i' i.H; ·rl.:Jl_'B.;I: "l i ' .i i~;-1 -'1·'1#· 1··11.1 -1-!.l-1 ·R' ·i,_(_ .i r~t .1.f•.J.u IIt·I ~,~- _.,~+ :.,-4., If--•·· +•i-' .uT•.:. !..,.!..'. 
0 ·l t_;r·;Hi :: :·h1 :,i~ ;{\-i h:d i::1 :-, 11·: ~-b! .+:+ -~~1-i -r+ ·•1 h,1· : :~Ii !H +'1;J ·1Tr'1· ·1+ 1·· . ·rrtl·Ll ·, -, -~,-- :--',+'1 + t-1·+ :tt, ·; i~i--,-Hl-·tL·I H,~- i'L~.J. J.r}.,r,1 1 r t11 fin ,r:T;'T!J'IJT,·c, .. j 11u;-:;-;-:i-i 1 :1•,·.n1_;·i1.,T llTJ·i·u;T1·· 1 r r 11r·1+fil,~ rr 1·!+ :r··

1
--
1
r ri· -r r•t-H :T_Jj' 1P,: ,1rTH1 ; ,iT 

• _, _,_, :·0 ' I ; 'j. !1 iT\' r ,T· ~r,' ·: l !"! ' IT,- ,in ::iT Tffi ·,tr- 'iTTl Ir rT Ti i' . T1 I ,- TIT~ i ., iTI ·;1 -,- i , I 11· r. r - t , I 1 • - , ·n TT I ·,t ' ,- jr,·;· ·,Ti 1 rtt~ TT!T 

~ l·H ~ LU.! ,•.:: .L!.!} '1·;~-i fJT Ul ' .:-,'H ']'+'- iJ.l.:. !!.Li }.TTT1
1 u.TfJT U-~~ PIU.l.tttfITl~[lr!LiL1d:1-~ i.1.01 r' '-:-l.1 :tt~i'i" .I.I ~ l{ J':l !.p!,j.li.i ~-:..i-r: L~i~ 1.u:.#1 j r · ,· ... : 

IJ. ! rb tit 1Hi d H Ht,· /1-1+ i i'
1

[

0 

r :-Ht ·lr: : ,, i tH~ ·H-H- ]T1Ll1 i-rl+ W1· t ~~r :I.fl r',TI. : Bl r I ~f ~ rl ·+1"~
1 

'(1 ri d + i-1· • ! i~J
1 

j - fl· i ·HJ1-i · Hill- -l- i~, ti' 1
11 1-, "11 if 

l.! ,t I: ,rilirt ;,•it Ti"L"I T "17 ii r1 ! [Ti' ,rl~ :·1-rr l'l'l "l' T;':'i :-r ·, i:Tf 'i i--t ri lr • fr 111' r. .. I' f Ti I .. Tt ·! 1!1 r ,. tr, I ·L-,··j I ·r -~-: ·1· "'t' ·n I 1'[ -~ I ·,- ~t r-n, 
! 1 1~ llitJ:t!! i•11r rn, ·ir1: ffr"1 tq·, ·nrn di' i·, n Ti0 1TH m it!': iitt nn n •• • • iH1 rn 11 ri lTiT 1l r n rT , ri. ·,·,-r -r: t, :'Iii_ ·ri i 1' i, 1 1itr ·Hl, 

iliiil!!!!iHi!l!i
1

!li'iliiiil;fii,il~1i!!· 
:.~ ~:rr ::.:r. 4J} ii::;: T.f ~·-; ;;£ ,+1~-_::::::: .;:~•F.·•i :::i:Jt. 1-f~- ·ajJ: JI+:· 4r;: :4~t .;ti=J: H'ij· ·i·-~·1-i Jt#." -tffl: tltt ·L+-1~i ~V-'\-t-iti ::t:;- Fr1 -~W ~+1 r .(,.:;:;- ~- i"Rr g:;~ , 
.2 :_ ➔i' t ·H .. ·+,·1· !+ I 71"'!. ·-:·I-. -r:·:-r ..... , .. ; ·, - ;ft----.~,· .t. ,11 ;·:·:T ~,-·, · :·;'!"'' T1·n !T ·,7· l...!.f ·I . '[~r e l· 1--- ' ni t ~!- :+n i i " 1 j· :--,:t· -~7T :,.,-:· ·;'t';,' ·tr+t'. t,j·· 1 • ' ..,.., ·, ,- r-H-: ·:·r·i-· ··d- "';- - ·- i , ... --:---:--; ·--:--.~ • -:-TI· -r-;-;•-·. -:-:-~- 1--: .. ~,--ti· ·L-H-•- .~·-H· . • t • •• • rr _-: + t 'i l ·: 11T ::-:+ r,·-, : ·r!· T IT ·r~·+r "!""7 :·. ,I,.~ ·;-:-:- ·;~ ·r : ·: ; r: T ~ 

~lilil!l.l!i!Ul!!i!!!lllli,Eliiii!f ~i!f !iii! 
•: I;;-: -~ 1·n' ,., '·1'.i...\. ~- -+-h-L -~ '..!. ~•+- ·-1~~ .'.,!: 1· ;-'-: .:..,.;.: ·'ta· :.,-~ . .:..·1'J~ ·µ~~ i~1'~ 'r.i..J ·1-'r~ .c.;-LI ! .. '17'· .. t· ' ·17' · ~ l.!H-n1 .it' Li.1.! •·yt I " I ~- L;s.:. '0·'--r' ..,.~ ~.lU. f-1' ,.~ ;_;-H, 
: ·, '":

7 7 '.:. •·,ti· r' '1.!. !l I..!. ..!-!l 1•-:.:.1. ; , .. :. iT' '-j- 2.,u.1. ~·V·!. : ,J.; .i.~ ,_L~ i •• c! ·'r I •• c.l,.c _u.1. ·--1-i- "-it '1 ·1 . ·J- J.j .J1 H . 'r· '..t ! : j I : , , i :. I ~-:- ~-LL .:.:.;., .. -~H-'1· ., ;.L l.j. .. , 

: : j't~. ·fr rhf l I ri HH -H-P· .-w +h ~ H-,. ~: '1·i· :Li TT +-H~ •1+1r ·-, +1'~-;- i i: ',. 'fiTt' +H l tJ'Jlfl·1·! ;-l~h-. ·t]JJ ·f~'.· i"!·H • h !· H-'1 i· !I.: ·11 l,.II !t H:+ ·:+H : H frrr h ,~L ·'.: :: 
• -:)_:,_,, :-: :tti· ·rTit T!Tr·t1·r11"':~~ : ·"'."7· -r,-, :T, I ,IT7" ":":·;-r+rr ,j•~f;"1H·~··dr(Tit,·1,+rt ~"1' 1· -rr .r .-!,· : .·rr :-,·i i TY1"!· ·;·; ,i. f 1'i" ! T'!' ;·~-:-:··:T;TTt'~•- :-;T:· 1f i• "1:-J;" 
:; i,-TI· •• :Jti •i ll ! 1( 1 11..!.::. .: ••• , •. • ·! .. .. , , , . , : I •: -F .,;, ~~"Ti'7',..,..,...m· · .i 1

1
l+~lj !!.iT"1,--~= LJ]i !~, ; 1i•1· P i : -i :·1 •11 : : • I- :ilj •1• . ill; •• 

1
, .• ,:. 

~· 4 i , r ; ·#· fffl1 i' ·wi i 1: , ·i•Ti :--r~; 1t1' ·,·1: 1 !-:-n -~1T1 'H:~;' ·,1• iT : , 1 T ij""N· , - t H j 
1
- rri 1• : 1 • i nf •1·1 rr 1·p, , 1-il i 1, ,;li ·n n •rr, mt$! L + 1 i ,~·: 

\,: L
1
1 If n· I ; ·1 +: ID t W1l w~ !T\ '.":~J:+ JJ,-li ·!m· mr rj. ·; 1+H H'ff •1i11 r { ,y: r H • ·1· H-1· 'Fli . 1LHi,- HF ffH tl1,:;. H H 1u·l+: HH lm~ mr .. T 1in 1F 

1 
' . :.'.I!l~. 1,1 rn111T !-i1·, tl :, :JiU:i:rrJDJ:j_rir1i: nn nH .. IT,T ,~nrnr . !'1 •ii · Jti1 1rrr :nt nlT rt.'l' 1,11, 1i"!·i" n ti' :t-r mr I mr Hr: 

~ : , ~ s: S ,~i i~ ,~, '.';; :;r ~'.~ '.~ ~q~~ ;;, '~~ ~'; i~;:: ~:;;; ,;~ ~~ iVi :,~~ ;I: 1 '.::~ : ;;l ~· ,;: ;~~ ::;;; 0'~;,! 
':·:. : ~ TI?! ~Ji Jh:l E~f \ :} ;i:Fc ~m lrn 33: fr~ ;1:tr! 
,·.,- ·; ' r, · ·1.u ;·Ir-,, ... ... . , •• , ... , . ,·•- ·: 1· 1·.·- •r-r ~· ·1 '·r, 1 

1! ~-: 1 ; r n::, T;,J. r ,~T •. ·.- • .-~~-j '.!.~ : ::!:-.. ~-- ' _•:= . ..:!..;I •• ~-: - ! ,. - · - - 1 1 · · 
, . - • 1- ,..., ,i-tl- f-H-:- ' • ... :-~ . , - : -.· -~- a. :. • . -: ; • I ·, 1• • l ~-l ,tli/1 -·· ·•: • 1 , iH I.I , . '·' _I/· ·, .+/ ,. ,, ,T' i 1 ,.., 1 •~i~ -·-; 

;·;:f } ?f: ,_;ri,'· IJ..11 _:·--.-~ -::,--:-. T;'~ -~·Lj i ,:! :tti . : ·, •• ,. :·::~7 w., i°.clJ r±:i.i' •.r:r '! ''I : ! f-_tl 1:!"1 :. :-,-~ (/'t:. q'r: I~; .JV l:i i.; j:t±f. -=- --,+-l,-T_l.....,i ... _n-:-~i ~I t'. i_:1.: 
H.' · ' l!-., L-f-fl+++! 7.S .. , ' I . , .. , .;. ;;__,;. c.1, . ! lt..; \'·' ;.I !' '.1L ;, T : L, , rlH j·· ,., I,; ti-!,~- , :.1: ~hr r+r r til +: r~ :.fl IT-- ,.! 1., , , :~ 

• I ~ !-ti·.=fiT:·1H-: ~ -:,· ], .. rr": ··: ... ; •,•~· ·· , : ·i""· ' 1i~ ;~ , 11, I . ' !. I. 11 1 ,! !f,, _;;,'1 1 . ! ~- ;; .. -~ i ·i·r ! ~1, , r 1 1 i •-:-H 1 11-: +tH ~:-1•• ·:·;"H 
•• I. 0::::,-:-,i-,. . • . . ... 41 -,·- ' / ~~ · - . . ·- •~ ~ . . . ,. •. '... , . •· . . ' · - , ~ --;-~ -,-. ~ -:-;-:- - ' ·- . -· 
: . ... •· 1,--...;I"-"~ ... . D I I .. . .. _,. . .. , .. ,L., r .. .. , • • 11•· ,., .. , r•-r ·1· . -,~···-,, , ' "I I ' I"" rt·· -· · ··- r ... ~. · ·-- ..... 
:-7~•~ : ♦.-.~: ::.-• - · -~~~-r~.- ! •• ..:..v. •~~'-;- ••~ •~-~: , .. : :.~• ~ ~~-:"• :•~ .. ~~.µ_~4~ :: .. :~;,-; :_•: • •~:•:,:.;:•I ◄:,• .. '. ,•J ;.; •~::•: !•:~: •~~: ~~:•: '. ~-::~ 

• , , - : : ,._ '•-• dh .. , . I' ~ 1/ ..... , .. , ... , .. ,, ,., 'I"' i ,, 1 ,., .,, • I I, •h i'[ ~ ' •11· , , •. , ' · . .. ,I , " " I' .... 1''1 1 , -.. --·[·, ' l'"·l~·!.:.: I 
~- ,::: -·-~; ::~; :_!_:" :_:._: -:--:-N~.--:~~-::,,-~~,.:::.( : ·: ·· , •.·:·• :~!' :.~.'! r; !i;1 :·:I ,:;:I :'. '·•:·: '.: -~l'iL~~~f~;i1[:::·~ ~ :-~,': :·,::;.~1 ·:· . ,,.,. i~I. ,.1.ft ' i! ' .. ,><1. ,, •• , . · ... , .1 .1 1, , •• :1 · , ' ~.; 11 , • • ,. ,1 - , :,- , ,, , i ~-:,:;,,l~,~.l""' 1 Q~~i~- .. ·ri • ·1--- .;,1 
~ ....... .. , ' • I r't ' , . . , ,... , , I, , ,,,t ., ... 1 . 1 1· · , 1 I I I' • ·· 1 •-~ ~-,.,..,..~-• "'-' i,,"'-c'~•-"\ , 11 'I •' I'!' IT,1, I' • 1 ' .. . t ... , , 

. : i/ ~-~I (1·~·: ~I 01' i 1· r ~. I ; .·.' : Ii ~'t' ... : •• , 1Tf"I -: ;-!.i ~~ ~ ~-~- - :... -,, :,{,. 'jTil i"t: +ifr ·(1.-,· :I- t -,· ;-~ 0.:1:,. iii-··1-\-1··Tt11-. ·:-:- t:,·tl,· if1' ;- iii :Ii:,; +Ill:! f ~:r t j~ Tm ;I,:·:; .;·1t 
.'...:.. ; : I +Ir I· 11: :·, ! , ,' ' . i •j •0· ' • i i · I I ' I , I'll. "I: 1, ' I 11 r I 1 ' 1 11. I I 1 ; 1~1 • ··ii ·· 1·i ., , .. ' .•• , 

,,--:- 11 ~- •, I ' ,• · •I ' • :t· . , .. . I', . • ,', 11 ! , .,. 1• , ; I I ! •1 ; I , , , , • Ii , ti ' ' I Ii!· ' t•· , : 1 : ·1. 1-, ' 1·1 . .. 

!I J1·G"

1

• fl-l'1f 1-n1-1 ;-r;,~ , 1!:~': 7! ~ .·:· ,!,· ~
1
-
1

1 :1 1
1

1 :: ;i
1

r
1

,,-!I ,.
1
•
1

1 iil 'i 1, •1
1

1: 111
1
: tl l'i i,'

1
i
11 

ii i!' it1r •1
1i

1

• jil J 1

1
::' 1i.:1 ::i

1

: ;

1
-j

1
.

1

,!TiT: : , .. 

1
1 

I . I It , I • II I 1.111 I • • ··1 •;•1 1 1 , . , • I .. I ' ' . ' : I. I' I I I : I I ' I l I . I '·'I ,,· , I' ,i ·' 1:1 •:., . ·.: ,' . I , !,'. 1.1i ! • , . , 
1 

• .i • , 1 1 • • • : • , I 

1

1 , • • • • . • • , 1 ' l;. 1 1 • 1 . rl , , , , . , 1 , , , • 1 : • , . il 1 

1

. , 1 1 . l = I • • 1 • . 
- , , • ' I ' • ' '• I ' 1 I I ' • ' ' ' ,. • • • •. ' ' )' • ' , . I . • 1, , • I 11 11 • I I' ' 1· , I •• 1, .... , • • '. ,. ·: · - .-1· . 1., 
:• ' - •• , 11 ' ,1f1 ,, • ' j 1 1 1, I . 1

1 
., • 1 . l, I .1, 1 1 ': 1 1 I • I .J.J,I 1 1 , ,I I ' 'I I . 1, , I'· •• , t , 1 1 11 1 1 ,, • II 

• i : If !! '.";t ·~11, ·--:,r-;r;·~ -, , , •T:; FT ;"."'-1-··- :::: 1111 T -.-,,, --~ -, 11~ -;,;- -IF' T:;: 11111 iTri :iTTI 1'T"11: -,-;n'7".,~j':" -;-;-r, - ,-,, ,T7r.T1'-1·-1,' ,-It' 
: i ·i :,· : .:I'· :,t: ·l:,• 11:! :! ! i!I! ,: ,1 ii ii!; 'J:i Ii 111·11 I I ,,1·1 i: 11 1' · ,:1 1 I. I 11: l!l i !,ij 1111 !•.II !If! iii! \Iii '.:!_: iC ! ·· l 'i ! ! 

1 i'i' 11 ' " •:11 ii" ,q 1
1;

1 
: ' ! ' , 11 :I j I I ! ,111 1 11 1 -11 !.r ,

1
, , • :11 1 1 ' · :i:1 1111 ! ' ll 111 f , !1 11 :I, , 1 ·. 1 • ; - !1 1q • ,1,: 111· I 1 : 11! 

, ; , , , , . : 1· 'i r j . 

1

1 , i; 1 11 ;; 11 i i i'· ; : , 1 i1 r1 I j' , ;1
1

• ! 
1 

; jl, : 11 1 i,: , r qr -
1 

, -

1

• 1: Ii • 1 ,· 1 -
1

,, 1 1: I' 
1
,: ,

1 

: i · i 1; 11 : 1 ii ; 11, ii • ; 1 i L It i -
1

• 

- ' 'l.l , ;1 r 1i'fi' i!li 111, ,ti, :111 11 11 ·1 1,1 11·1 i•i! i11i i1 .i11 ift! 11 11 ., I r i 11,1 !i !1i: i .t i:t: illi ;,11 !Ii; ii !l!LILL 

---. I ~~-~--·~ 



C::iM 

( 

~ 

...... , 
' . ::t;:. 

( 



t'I} 

Ill 

ur,~rnml 1 i I 
1-Hlli-HH:l-H-l+lrH,m+fffiH-1+

1
41-H-l+H+mi+l+H+I-H~fflfl,,H-Wfl-l-H-f+!HIH#l+HfH+Hl++Hffi+½ 

I ' I • II I : ~: .+ ' 1 :i' !, ·IT I 
I :.1 f If., 

+ 

H • :1.1-: 

('I) -f 
IJ.1-ltltHJ iitH 

I, 
II 

1 

JJ[ 
t ! iii Ill 

:' .:!I ,, 
.,.4i i 

ii lj!i I 
I 

! ii. H 

I fr~ ' 
.:i 1 

'H 1 ·tl . 
J 

. ~: 1 

fl 1 .:!:IT I 

11 
I 
' 

j ; . I 

t : ' 
t I. . l . T 

I 

~ 1-JHIJ~l 
I~ 

i~~tt~ 
'D-

('-

'! ! 

> I j 

I ' . 
I I !1 i1! :! ! Ii!: 

1 I 1 ' 1 J 
~ 

l. 

I 
l:I.lll.UllJCH~ 

.. ,. 

I ! t 
l+!+l+H+lfl+H-1-rli: !l 

11 d!l1➔ :,'. 

11
1 1 

I I 
!! 

I 'I 
: i i 

I 
• I I It 

I i! ! 

II ; I 

I 
' I I. 1· I. 

1 l 
I .. I . ti 

' r1 . 

,A ...1 
.., 



('),i .... ~'\ 
Ill ,; -~ 
lS) ~ 
~ ~ 

0: w 
f- () w 
::,: u 

0: i:= bl 
z en 

"' tu "' 0 .. 
tu J ::c .., 
f- ... ... 
O · ;) 
f- :t "' O u " -... 

" >< ;t, 
~ ~ 

'¾I 
X 

- T 

': -- ,;,~ :.d t 
i:i_-~.m~ ~ ,_ 

r f 

• :i 1:;,:- Jj rJ : .) 
:1 -~ ~ ~-J • 

ft 

I . Htittt.Httttl±!tt:tf!:H,:±tHtltf±ttlttttttttttttH:tJ,rttH: i 

11 I, 
' :1, : 
i - . , 

_J - fl U-,-
- ':!; •~!:i . ''[I - -1 : r_ 

• .., ·•+r ,1 I . 

_ f/' .: . :rl+ 1--
> L 

ii 
ii 

• tr- _l I+ 

+ 

-L;:j ill 
',' ti . -

f .... 
.·~r-

1-

t .. -' 

·rttt·t+tt++t1++t11tti-l+i 

I 
I~ 

1+ -
I -

j 

I 
j i I 

-l-

v, 



Q! 
w 
I- 0 
~ u 

" I- "' z .. 
w ::l 
u "" w .J 
J: w 
I- .. .. 
0.:, 
.... ~ lJ 

u ,: 
~ ~ 
Xx 

e~ 

r 

. 
" ( ;-- • 

"' · 1 
' · + 

.i· iii! l 11 1 r: 1
111' I . HI ••1. 'i ,I 

i Ii T 
I!·· 

'1 . -• .rl • 
Ht. 

J.. 

-r~wr 
I 
i 

I .j. I 

f! 
n-

I • . 

j I 

. J. 

11' ~ i II tl"tr<IT!l1' 1 

I ;i! . 
.i 'I . : . 

. .j. 

.,. 

• H . 
1·. l'· i i , •• 

I p1 I! 
• j ii I I 

tttttt-H·tttt-r+l+l+ttt"ft+l•ttttltti"1r+H1-t+li f, 1 

I 1t·1 t • 

. 
I • 

r. 

I 

I! 

tfl i 
Ji l . 

f ±J . .f! 
H. 

• - 11 

-i 

. -1 

J: 

-rl . 
( . 

_i, 

l 1 ,, 
!It' I 

'1 I I I · 

! 

lln r11H L 
~ :ii l •i l -

I· I! 
':! 

f 
" J,t ' I+ · 

11 I 

J 

cr--

. . J ' 

1 • 

I 

:11 1 

Iii I 
' ; ' J. :,, 

1' ! i, 

'I )i , 1 

'T-i" ·1 

l ,. Lt 
• ' t 

i! 
·1-

I 

. :t 
1 [ -

... r! .• tH 
1iJt 

t· 

·" ~; 

l 
;1 I 

I 

d I !-1- ! 

*' 
, .!. 

'i t 
''..i.t 

I ·ii 

Ii 1it · <, 

:: l!\ ii 
,, 

I '" 
! • I i iii :11 • I 

: I 

I " I 1: 

i 
'I 



l I " I II 
I 
. 

l 

Ii 

' 
''r!j. 

ti 

~ i:f 
1J 1i. nn . -

('I).; 
- ,.;. 
Ill ,, -~ 
ID ~ ., ~ 

~ 

: '{ i i! 'f i r: ' I' 
l I 111 ! 

l t t In I 
oc 
"' I 
I- ci "' ::i: u 
;: ~ 
~ 

.. 
Ill 

"' u • Ill ... :r u 
I- ... .. 
~ x a 
0 u " _ .. 

N 
)( )( 

2~ 

II 

I ti 1· . •. t f rr 
~ 

~ t7 '" t 

-4 • I ,I. .. . 
I 

!+l-HHHf~HHfl+i-!HH+H,!,HH+1i It t 
.. ~ : ~( • i 

t 

' ~ !lj 

j' 

. 

I 

II. 

➔ 
:ti 

Li 

. I 
♦ 

l 
I ... 

I• 

! 

! 

-I 

' 

~ 11 ! I 

i 
• I 

i 

! 

I I I 
I 

' 

~ 
I 

'1 

. 
I. 

. 

I . 

,11 11' ': ;111 

1
11! 

;.!! 
Hi1 

I ' I ill 
II I 
•" 

I Ii l ! Ill 
r 
: rr 

II 1,: 

l 
I J,:I 

I; j' 

jl l : !I 
'' 

w' Wi
,i, " 

I \ ., ,., n ,. 
ii 
,, ;If I •11 
ti • !!.! 

' j' 

. i.: 1 1P t.~i 
1 t --~ ~-.I.;;.. 



"' ., 
" ..... 

~ 

,\ 

m:nnmnrrrrmTTTTrrmrrm1TTTrmiTTTTrrm1TTTTTTTT1TTT1:rmrmimrrTT1TmnTTTTtn:nmTTTTTT"rTTMTTTTrrm=TITT"rrmnT'l'rrmmnTTTT"rrm'Tl'T'rrrmm-nT11Tn:m:T'ITl'TTffl. ~• 

-I ~ 

i: I i 
1l I 

;1 
II JHl I I I' ·I . 

::: .t 

' { t 
ll l. ! 

iii I~ 

•'1 t'[ I . 

l1 .ll i:El µ jlj ~·i 
I 1! Hi I l t 

11 I' • 

• 1 .. . ' 

! I 

1 

l j ll. 

u'fr ilil rr I, 
. fJ::. .I 11 ! 

t. 
,, I . 

>t 1 !If .µ ,, 
" 

a 1 .. 
-1 , 1 I I . 

.. E ., 

t:. ! , .. EE ,I 

' f l 

' rt LI I I I 
I 

.. 
: 

' :i !' 
• ·1 .. 1 .. 

' 
I . C 

i I. 1 
'.• ,, 1f ➔ 

' 
.. i :i ' t 1 -f 

1 J fr ' J I _, 

·[ r I 

l rn~ J i1 ;.r 
~ mL- I , .r; ;, 

~ ! ! 1 J ll , 1~ 
;::11 1 i1 . 
' . * i 

I 
r 

' 
i 

I t ·I 
I 
I : I I l, 

t1 ' ~ I I 

m I j 

• 1 J1j 
➔ . I r· I 

~ 11, t!: 1 -
•. !i} .. -· 

- I , 

!,. -~ ii ff I 

- ·tt! 

r 



,,._ 

·turr111111rmn111rr:111m.11m111/m 1/j '/ 

I.I 

I f! 
rJ 

IIlflJJ.h11 I ,if;t ,~t 1~1I/ ,,',, 111 
11 

11 ij 1n. , 
• ~1 

fi. 

r 

-1.J 

.. 
II 

If 

in 

Ti/ I 

. L 

.,..,,,.,.,,,, IJ 

z °'.rtn tJ 'H I 1; 

fl 

. ~-lllu=~ UI 

1 ~ • at 
,,. . ' i 

t! 

I II 
' r;, ff 1, '! iJ If 

U I 

I I I iT 

I f / II 
r ! 1/J 

I I II 

1 I ' 1 ~ 
1
~1

1
;_ ~I / rm1,fflffi ifft11mrn1nm111m1mT lJ. 

; I I ,·. [1 l ' , f!h ~{ ij!/ .!/ 
11

11!'1.lttJw UiU//l///11[•/f /lilJfflJ//liilffifrlf.if/Ilf fUflllll · · "11.1:·!J r1tJ 1Jr.tnrn11J.1i 1

1

1 ~ • /.J, 1:r I ·, ' • :'? r / • ' • [,I I ri 

I 
i ! /. I 

LJ 

,.. 
II ~ 

/i t:! 

Ll 

11 

C)() 

" ..... 

r; I 

µ 

ll 

!:1./.J 0 ..... 

I 

I 
. I 

j 

I) ... 
"" 


	20a
	20b
	20c

