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APPENDIX A. MINUTES 
PREVIOUS MEETING 



APPENDIX A. 

NCAR PANEL ON SCIENTIFIC USE OF BALLOONS 

MINUTES, 16- 17 SEPTEMBER 1964 . 

• 

• 



NCAR Panel on Scient ific Use of Bal l oons 
Minutes 

16-17 September 1964 

The rnLe Ling was ca l led to orde r at 1 : 00 p . m. on 16 Sep tember 1964 
~.>nth the following members present: James Ange ll, All~n Hynek, Urner 
LLudell and Edward Ney. Present from NCAR were ; Thomas Bilhorn, Robert 
Kubara, Vincent Lally, Alvin Morris, Daniel Rex, Walter Roberts, Stanley 
Ru ttenberg , Samael Solot and John Sparkman. 

Mr~ Morris indicated that Ors. Peter Meyer, John Strong and Verne r 
Suomi were unable to attend. Dr. Suomi is &ssuming new duties at the 
Weather Bur eau and was unable to get away ; Dr. Strong is ill; Dr- Meyer 
wa8 una ble to resolve a prior conatdtment . Since a new Department of 
Defe:1.:.e rtpresentative has not yet been na~ed, the DOD advi sors were 
not invited . 

Dr . Rex asked the Panel's reaction to the new schedule of the 
meeting- - starting at noon on one day and ending at noon the following 
dayo There was general agreement that the new schedule was excellent. 

Chairma~ N~y then called the Panel ' s atten t i on to Agenda Item 1 -
Approval o f MiPutes of Meeting of 19 May 1964 , The Panel deferred 
act1on on thic m.::tt ter t:.r..ti l the members could study the minutes more 
careful l y since none of them had been present at the l~st meeting o 

Discussion of Agenda Item 2 - The Palestine Clam~Shelter Building -
was initiated by Dr. Rex who commented that an inf lation shelter has 
been on the Panel agenda and in NCAR's plans for the past two years. The 
Pane l had rr1ade 9uggestions and taken note of progress in the past. We 
now b~iiev~ that we have a practical and effect ive shelter plan and a 
realis tic estimate of its cost. NCAR management has approved the plan 
for construction, but we wish to have Panel endorsement o f the plan 
before seeking NSF approval. 

Dr. Rex had written lette r s t o Dr. Alvin Howell and Dr. Martin 
Schwarzschild requesting their individual op inions as to the advisabil­
ity o f l: ~nRtruc ting the shelter . Cop ies of their responses (attached 
as AppP.nd).x. A) were distributed to t he Panel members. 

Dr . Roberts then pointed out that the inflation shelter had been 
d8l eted f rom the fiscal 1966 budget r equest with the u~ders tanding that 
NSF would receive a request for supplemental funds for construct ion of 
the 31-::elter . He f urther s tated tha.t he f elt that the NCAR staff had 
dont! a magn ificent job o f P.valuating the capabilities and use fu lness 
of t '·s ~hElt2r , Al ~tov gh the st af[ a nd Dr . Roberts a re compl e tely 
c0-:'. J..Cced tra '"· th~ ahe:l t e r wi ll be a substantial asset to r.he bal l ooning 
program, Dr. Rober t F fe lt t he need of a fi r mer endorsemen t f r om the 
Panel that the i nflation s helter should be a pos itive goal for NCAR 
b~t ore proceeding further o 
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' . :·t t~ '" i:-~ il a t ion she l ter r.-l ~ n it c1 d ..:·J r: n..- t (· ~lowt ng 

. \ .. · ! o{ u.H':\ wi th e xpec t ed ~ .. ·tu,··: ··-. y c ;: ~: r,tl 1 p r oposed 
~ :: ·· · .· · · ': t t ~ng tl) of t· he build ir.A ~ .. -\ i t~ a,')1 li ty t o with s tand 
~--. i , ~ ;,.·· :· ·.J : :v . i ,'\;,d ir.g wi th varying dP. ·~:r ~-"! E'S o f o pening a ;_c! in vario-.Is 
c ·: ,~ .. ~: ··, r.~..:o: t i.ve to t he wind ; incree . .3 ~d s: a. f~t:y o f flight opera tions; 
I:: .·' l '.1 ..;-:'" ... ity o f f l l.ght operations ; b~tt:er r e r fO!;"Q'l '1r.e of &·-ie.:t :!.fic 

-=· ; : 1 ~ .. 1 ~. :- • 1, ·=- • ~~lc, r·e d-:~i bt==-rat e fir .. d tho=t)Jgh g~ "" t.: ~ d c b~c. ~; a:d. rt'aS·:>r. s 
- ) i" ~..:· .. l.: ... ··t he !,hC.~ t ..... r fro-m the prev ·l.o·v.~ ly fl'·J?OSP.d s ite . 

A: 1 i : ... ';c. • . , : I t '\,.]a. s moved e.nd scc ..,:~ded th,fit the Pat1.~1 er .. dorse 
• ·- ·-~ ..... - -.. - ·- - --- ... ----- - Jl -

~~ Ak · ~ L . ~s forth~ co~structio~ ~ i th~ t~.l 'Jo~ i~ flati )~ shel ter --- ... .. - ·- ---·- -- ·-·-----~------
~ .. .. .. . r:-:.~; _::.~t2d. Motion pass~d wi .. h C::..t~~:L.!_:;}1 _~ r:: y. ~bs t. .9. i '0-_ing~-

.a. t. ~·Lh ·.~ d1~~uss io-r1 of thP. t nfJatic"1 " .. ~~-- t ~ r i :tdL:: -9. t e d that: RO-n·~ 

'1... ·,-r.•·: <'XLE t ~·d b~c ~u~e the. coo t '=Stur.a t e \.J~s n..:>t a fir:n b i.:l &cd because 
tb"•( :. t .. ~· ·~(l !- Y.' l C-2 co:np.s.ri . .;on betwc.:n the clam shelter and o ther possible 
,: ,:~ i .~ ~ . it ".vas poir.ted ou t that ~lCAR may hav;?. to wai t two years to 
c...,L'd"1 funds t' ,) b "t:. i ld a s he l t t=!r ar.d t hat no contr :ic tor would make a bid 
.·, ·: ' · ~~ .i ·! d r~T.ain biading t hat ;c.~g. Also, oth~ !:' de s ig ~. confi gu rat i ons 
'· . · · ~-- ~ ,_-Jr-s t der e d and had b.?. e '1. aha -. dc·ned f o r r easor,.:- 1Nhic h 1 r .. cluded 
Q .. • • ;: ~ £: r e ngth .s.nd u c i 1 i ty. D2 t ;..:.led cos t compar tson~ d i. J r:o t 
·I :··~_,for _ sr· .~r:l warran ted. NCAR f~ i t th~: ~he cost ~s':iT-'1-te V..'a s ;;:.:. 

·: , ·lt ~t.J c .::.s p cssible . 

Ag~ td~ Item 3 - Proposal for Support o f the Spectro-Strat o~cope 
: •• 

7
: · tn Progt 4f..-n - was the next iteo~ of discussion. The Panel had 

1.-·!·-: - ~t.~d ::: t t:h~ l c.st mee ting t h a t we ob t ain connn~nts from ou t .3ide oi 
i.:( A.R. Ccpi~ . c f tht- r-=.p:is~ t o Dr .. Rob~rts ' enquiry we':e dis t. rlb~Jted to 
th : Jar.~ (atta.ch~d as At:}Jt:ndix E) . Mr. Laily indicat e d that Mr. Sp a:. kmar.. 
:..:.· . 

1 .;-= ~ te:::tativ~ ly assiga~d to the p r ogram as r.1anager, that Ktepcr.bcue r 
·. ··., d.: 1d~c t o p .1rchas c: at. NC.A..R deve loped PCM system, and t hat K1e 1'en.heuer 
--~ ; : or.~2 ed t o ctc~J~ s ~ppor· t f o r b~ ! loocs , haliu~ , e t c . from a US a ge n cy. 
~t~~~~s 10~ ~ ffi~h~ - 1 z~d th i~ th 1s w~~ a~ i &t~ rnational ~ooperative program 
td. ~cue import .;.nc!' .;::1d t hat t l1~ SUfpo rt r equired of NCAR is f undamenta l ly 
0 t erdtiona]. i n natu r e. 

Act ion Nc. 2: The ~a~~ l. cnrlo r~ed the scientific objectives o£ th~ 

E_E~_gsal a r.a r~co:rrne~·d :.:_~ .that NCAR support the program_, 'v .i t~ t he 
v ·1 derstandir.g th.at (..Ost :-- t t; ,jCAR wo<>.ld be nominal sup.eo r t co&L~ :t 
_ _,_, - • ·- .- • • = - • -

!_:)t: to ir.c~ud~ b .; :~-c ·::_.2_ :, ~1.i ·..lm; _o r . .?ther directly ~s ~:. g~a..:~le _ ~~~P 

!t v7RS P·) m?ve_d, ~ :::.:-J ·:~~~_:'Dd carried unan i mously. 

M- :.;,aity) r e f.~ r r t - ~ :: · A~e1da Item 4 - ThF; IQSY Expedi. t{on i.:·L 

r -~ ,-Jia~ ~ i ~-; c- t . . ':; .. ~J cb .. ! b<i,. r~grc,u:-i · t ~£ the IQSY program. He s aid Lhat 
r~s!-'-.:- ~ib:-...l• ty f•:. r tl: t. p1·o g,rm . hn c:; b cP.n a~signed to the National Sci :t n L.~ 

Fcu:uiati(.e a~.d that NSF llt:.t! sug~c s ted ~h.=.. t NCAR manage the program. I ~ . 

l i~e wit h NCAR policy tha t we a void accepting and operating fiel d p r o ­
ject := ether t han at ou r fixe d b.:1.5es , it was decided that NCAR wou l d 
c. ~ ntr.2c t witt! d n lndustrial group t o run the program and that NCAR 
w~1:~ d ~r o7 ide ~ program manager and a scientific coordinator . 



~· ". . , .. .. . . ~ • -

~ ' ·~ :-. 1· t € ~,·· t.~·t! th .t . .::; J. r•.c q- ..... ,. \.J~:; n'"' rP.cc rd c f 1 ~ -: g~~ 

,· ! I I. • .l '; • • ·:: i I _, - ~ ('; • 1 ~ J l ·. g f 1 v .... !: , ... l t h r ~ ... l ~ l i :: y t r r (II ! b b t ) ... ( (' (. 1 d -l . 

· ":-'1" r ,· :? r;.!.-:.~ '·· 1'-;CAR t· .d (_._.: ri..u O\. •· -: "" c:l pr\ •g t rtn L p .. 1 r.1 • • 

As .. ~ " L. c· .h t~.-t: rt gram, NCAR r.:id sr-l :: ~L~d Winzen bti~~OO'lS 

\v!.t h r-b~ -~ L i LL; a r i r.-.. thal 1-he bal loons be !l13.'1Ufa.c lur~d i n Mi r.n ~ dpol ~!:. 
w;..~h t !:· . . ! /1. f '_ ()0~~ if.E. j:?Ct i or· by NC"AR, '2n d tha t ma ::'l.u fc..c~uce b) 
.:.......:;. r t" l l. ~~-d l' y ~ \:,. z. - ~O?~ ( y~e 0f NCAR ':-:. '"-: h0 i c£.. NCAR w::11 take 
.:-·- -·.~.gh t~~ :: )~ :1.: tt."· I - di.G. t ,; pt o-.. lid~ :~ S O'i~ bac k-u p fo r r h ~ fligh t s 

., 
- ~~~·r j r- l -~.L • ~ -:. • 

"1'". 1 - ' · ; ,. - ,~ .... t d r-l · - R· "~/Pr I ···d ··c •·1·, ""S h,..d b ~c.n · ~.· r C. tPd t o 1· - • - t ' • • , '- ...:;::: ._ I •;,. . Cl - • a. • ~ ". a ~- ;;. ... c,. c , -. . .. :, :-.. J - .. • -
I • 

•• • • !.. ... ~.r ( 1 "! •. ~i -;. : ~. g '!' :.:-•. a.nd that r we , p ~"! ~ 0 :: .:h a ... ~ 1J ; c:. ::o..~·.ed on mos t 

f "·:~~h ,. ... "'- .. 'i·:.r.i_:· wi~l r-rovi d r.: d -.!"J·:·-:.~·~ c: b<- : ··7,~ r·s p ·~. d '.J i l l f l y 
• ·J ·.J.Y ~ ··;..~ . .- f ~·::....-~!:' ·~>·l . A f1. --> :d t -:- i;· t~ rr.?.: .... ~; d ~ r- "io;r.;it: ic a r_d 

•. tg l .5 tl•:. ... ~rt A .gt- ;:.~·s ~:' d t o sl!l ·-~ c.t s i.t -=. ... , i ; p ... . -::.· :~:·. c! . 

Ac.Li vn ~o . 3: Ir wB.s rr.oved -=-~.d S(;:C ~ .. ,<i2.d th~t tb r·~ P ar.~ l "'!Otes - ---- - -- -
~1 t h tn t e r •:)s_E th~ NC~__2l ;,r ~ ~::!~_!.h~ - ~sY ":xp_~ dtt io..£__t_, __ T. __ ..... _d ta!. 
~.,d 1t ( th :~ P.a c.:!L R:.;.::,u'1·~~ th. ~ c 1 -.~t. tfic ·-----·---·- - --····----
~):'~.? l·-.:,; b t: >::!n_ ev~_:c a. t_'.d. _by 0 ~1"- ·~ r n:-.~:?-t . .. ' •. a ., 1 m c v - !:~ ~ - L ~ • • • ..:,: ..t __ • • 

va!. ·--·(;: rJ! .... ~-h ~_!;Xc _r t -_ 

}1 ... ' t i::> ~" L ..! fll ' cl ------· 

~ r . L;:ty ther, LiSked th'"! F':r: -:: 1 ~ c pi-· ! o-. cf NCAR • s as 3umption o f 
:hi-;. ty?r rf p r c,gr .~m. I t w.'9s ; .. 1 .. t:r~u t~:.:t that rrcv ·i ous Po.~.F: l a dvi ce 
t J ' \CAR w:ts r:c ·_c. .:-?.::-c. t h f: -:1 -r t G:-r!d ·.-,t. ·_.~ Sl-:ii=~Y ·_ cc -·.tracting agen cy . 
:-: this c { .:ti=! ,.,t::: are trying Lc·· ~:""::t--~ P Y 0 · r m-.:-,<:g~r-.tal .;.nd t~:; ch~ical 

abili ties t•"J b2 : t o.dvan c ege whi~e ; t1: :.. g·:.J i, .g 1-.dust ry the oppo r t unity 
t : ~~rtic~rat~ end so rtt ~i ~ its c~pablL lty. 7h~ Pa~e} infor ma l ly 
- ~~ ~ rsLd Dr. N=! t~ sr~t:~~~t that: che epproach t o t he program a n d it s 
h -: , d. 1. ,. g p r c. t" ..... r. r · • Q s , v~· ... (.. ... • .... - ... .. t"' - t.! t.,.;; L. , _ • 

S d . ~' • . . I ·-"'~~ 1 ,...•1-1. •> J'"• · .,... ....,cn , .. , ... l • 1..' ..... ... . ..... ,. .... .. 

T~::. m ;:·-:. t l ·.£ ·.-r.€ cal~ ::::i to o rd~r a.gcn:-- at 9:00a.m. 0:1 ]7 Septembe r 
.9t~ w1rh dtsc~s sio:l c f Age:.Ld o. l t'~:-:1 5 u A:· <.·.] R~p· .rt. Di3cuss i o n was 
,::;'. C."'-r .Pd <,.ith 1.1·~-~.-s t ..::• make the c;.r,.~l-ft: rc;v - ~ Mure use f ul. Gen e ral 
( -~~~t~ wtre t ha t c. cst and budg~t tnfc!· ~etio·~ Ehould b e adde d to the 
.. •gh c ~.·: tnt'I.S.rt \!.5; t h at a summary sh~c:t ~or;:! 1:1 ghts t~ 1':\c luded to 

- •-.:t.: J.n n:ft>rrtng to or-.e partic.u :ar f light: th .. :., i.f Fossible , a com­
r.l · p h. irtl•·d~d c-~., tc the sci~r.Ll~·ic ;.;-.: . .:..~ . "'Lt.c.i n fd~ <'.i· d that t:h e -:!cc . tV ~.;f i~~(or~at l(Jr n~gardir:g ire. .... : tf'" ; -\.: 1.~c.:nt r &tc be c areful l y 
c hc<.-<..::.u . '1'h·-!:. \·1:-T?. a.· .. sc severiil g..:!:-~r~ :!. ~v;'~et:L l o-=- .=· concerning develo p -
:; _· r ·r,.~.:-·\.,1"' . •Jr:~ci fically mat c; ri.:. i ~ r ~.:;r~ :~cr. . hlgh a) r J.. tude balloon s , 
, - I -· ... -\. ~- · .. , 

.... 1 ,.. ·- ~ '· • - L .. - I l 
~ 

. ... \ 0..,.., 
• I • ...._ • 4 ~ r a , y · - · r .: - ·1 ,;). .. ,_., ~ , ~ ... t I • • • <.. - ,. l , t. 0 r • 

A' ~ 1 (1~ Nr· • !. • :: t i..V s.s n'J·, .... d .:.r·.c. . :. • .l '"1· -~-.r t h ~~ Fa:-.~ 1. r 0 co;,rrv:r..ds - ··- ----- - -- --- ·-- ... ·-· -· .. - ----.,.. --__ .._. .... . 
~!. cl ~(l lC P. i 1 ·~ [t .. t·~r-~ .P 1.=::~ c ~: J •· ~ .. ~~!:.:_~ l -~ _:_ ~~ r cc~u. tf: _E c .a.l c u la t io~s 
: j" S~13.1'e ~ _1nvolv1:_g co_n~f2..t.·. r.:• :_:_~L!l (·~ .... l~ illf '?:_t:_ :::~,• -:~1 te;.:;.sio; . 
~.ti e."~n ~'ar.r i~d :...--:a~ imously . _ 



Page 4 

Action No 5: The Panel t ook note of and d is cussed t he lq63 Annual 
3e2or t , t·e co.tlllnend ing that _in the future each scientific project be 
deser i b_c d more f u ] J y and suggesting that a concise flight sun!'!ary 
~- provid~d in Hh~ch page numbers of the detailed individual sum­
~aries are 6iven. 

Mr. Lally then dis tributed a statement conce rning actions taken 
by NCAR on rcconnnendations made by the Panel a t ear lier meetings (attached 
as Append1x C) . 

The Pa~el th~n observed that the re will be a notab le e c l i pse during 
1966 and discussed the possibility for use of balloons , including 
tethered balloons, for an expedition during the eclipse. 

Action No . 6: It was moved and seconded that NCAR make informal 
enquir x as to progress of the tethered balloon project at NOTS 
with a pos sib l~ view toward futu r e cooperation. Motion carried 
unanimously. 

Ac tion No. 7: It was moved and seconded that NCAR take note that 
a very auspicious total solar eclips~ will occur in May 1966 in 
South America and the South Atlanti~ whi ch _will offer possibilities 
fo r sood ec lipse observa tions by ba~l oon-borne i~struments. Motion 
carr i ed unanimously. 

Fol l owing the discussion of NCAR ac t ions on previous Panel recom­
mendat ions , the Panel r e turned to Agenda Item 1. 

Action No. 8 : It was regularl~ moved and seconded that the 
~inutes of the pr~vious mee ting be accepted as read. Motion 
pas s e d unanimou s ly . 

• 

The mee ting was t hen adj ourned without s etting a time for ano t her 
mee ting. 

End of Minutes 

• 
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APPENDIX B. 

AHNUAL REPi'>RT ~- NCAR SCIENllFIC' 

BALLOON F AC I L I l'Y • 

(Bound Separately ) 

• 

• 

, 
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APPENDIX C. INSTITUT 
D'ASTROPHYSIQUE 

-



APPENDIX C. 

INSTJ fUT D' ASTROPHYSIQUE REQUEST 

FOR BALLOONING SERVICES. 
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Appendices, continued 

B. Annual Report -- NCAR Scientific Balloon Facility. 

C. Institu te D'As lrophysique Request for Ballooning Services . 

D. University of California Request for Ballooning Services. 

E. University of Rochester Suggestion for an Equatorial 
Expedi t i on . 

- END -

• 
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Dr. L. Uelbouille 
Universite de Lie~e 
Inatitut d'Astz~phy•lque 
Cointe-Scleaain 
B J:;LGIUt1 

Dear Dr. Delbouillet 

• 
I 

80301 

5 AURUSt 1965 

Many thanks tor your letter of July 29th, which haa b .. n received 
while Dr. Roberts is away from the office. He will be happy to see it, 
togeth•r \.lith tlaE- o ue f rom Dr. t_.igeotte, when he returna toward the 
and of the raont h . 

i~O.lnwh i.l e t r h;"l V~ ~: cnt your letter <ind enclosures on to Dr. 
D-•nicl r. ;\ex • wth> j f; A Dsoci~te Director of NCA R and Director of the 
l"ucilitie~ Divi,;ion. The decision as to the achedul6ng of your ex­
periaent will be in h~nda, so I'• sure you will be he~rlna 
Dr. Rex or one of his colleagues directly. 

With best wishes. 

CCI D. F. Rex 
Sfl../e• 

• / ,' I / , , •• .. / , I • 
• I . I -

Sincerely, 

Stanley Rut~enb•ra 
Aaaiatant to Dr. Roberta 
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INSTITUT D'ASTROPHYSIQUE 

COINTE-SCLESSIN (BELGIQUE) 

Dr. W.O. ROBERTS 
Dire c tor - National C e nte r 
for Atmospheric Res e ar c h 
BOULDER (Colorado) 
U.S. A. 

Dear Dr. Roberts, 

AUG 3 1965 

2 9 July 1965. 

Now bac k in B e lgium, we have, Dr. Roland and myself, t o 
thank again you and your collaborators (in particular Mr. A. L. Morris) 
for your excellent r ecepti on, the hel p and all the advi c es which have been 
given to us during our last visit. 

We have also visited the balloon facilities in Holloman Air Force 
Base, and our opinion is now clear. The telemetry and ground c ommand 
possibilities offered by the NCAR do fit muc h better our experiment, so 
we have no more any reason to hesitate. You will find, here enc losed, a 
"more official" letter signed by Prof. Migeotte, and applying formally 
for NCAR c ollaboration to fly our gondola. 

Confident that our proJe c t will be c onsidered with attention, we 
thank you again, and repe at that we will be pleased to re c eive you at the 
Jungfraujoch. 

Very sincerely yours, 

L. DELBOUILLE 

LD/ jd. 
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---
INSTITUT D'ASTROPHYSIQUE 

COINTE-SCLESSIN (BELGIQUE) 

--

30 July 1965 • 

Dr . W . 0 . R ORER TS 
Dir P c tor - N ational Center 
for A t mosph €> ri c R es<:'a r c h 
BOU L DER, Co l o rado 
U . S. A . 

Dear Dr . Rob P r1 s : 

Dr s . D Pl bouille and Roland told m e how instructive has b een 
their v isj t to NCAR , and h o w good are the fac ilities of the Pale s tine b ase . 

As you alrPady know, we are pre paring now, with the support of 
the b e l gid.n govE-rnment, a b alloon-borne e xpe rime nt to study the solar 
spe c trum, a t high resolution, in the 1. 2 to 3 mi c rons region. 

You will find , her e enclosed, a brief report about thes e plans. 
M ay l uff:i c ially apply t o r eceive the assistan ce of NCAR to fly our gondola, 
at your be s t c ondi t :ions ? W e a c tually hope to be r e ady for a first flig ht at 
th e end of th e autumn 1966. 

NCAR t e l e metry and ground command facilities will fulfill 
perfec t ly our requirem e nts, enablin g us, in fac t, to increase the flexibility 
and the e ffi c iency o f the first planned i nstrum e ntation. 

If this d e mand r ece ive s your attention, we will b e p le a sed, of 
c ourse, to provide you any suitable additional information. 

/ 

. ///~_0- 1 
. ' • 

M. MIGEOTTE . 

MM/ jd. 
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Tentative report 

Liege prog ram of high resolution solar spectroscopy from a balloon 

The study of the solar spectrum i n t he lead sulfide region (more 

precisely b e tween 1. 2 and 3 microns) is an imp o rtant problem. Some hydrogen 

and helium lines appear i n that domain, i n addition to many other solar lines 

o f relatively high excitation potential. The Mic higan atlas, re c orded in 1949, 

is s till the only publication covering the parts of this region that we c an reac h 

from the g round. Its resolving power of about 30,000 (0. 1 em -l) is not suffi ­

cient to give the possibility of studying the profiles of the majority of the solar 

lines and it seems now feas i ble to remap the same regions, from a high altitude 

station, using the latest possibilities of cooled PbS cells and 11echelle 11 gratings 

of high efficiency. We plan to start such a program in about one year, using 

the facilit ies of our laboratory at the Jungfraujo ch station. 

Howeve r, it w ill be v e ry useful to extend the same kind of observa­

Uons to f ill the ''g aps" i n the Michigan atl as due to telluric water vapor bands. 

A high altitude balloon is a powerful tool for such a study, in spite of the fact 

that many water vapor and c arbon dioxide l i nes will still appear in the records . 

We must insist on the importance of reaching the highest p ossible 

resolution. Solar physicists are now much more interested in lines profiles, 

and in center to limb variations of these profiles, than in the simple detection 

of new solar lines with insufficient resolution. In any case, a high resolution 

will also help to resolve the blending of solar and remaining telluric lines. 

It is possible to estimate that a resolution of about 100,000 will be 

necessary to reach with sufficient accurac y the profiles of the majority of 

infrared solar lines. Actual gratings (single passed} have a theoretic al resolu­

tion of the order of 150,000 at 2. 5 microns and 300,000 at 1. 25 micron, but it 

seems difficult {even with the Jungfraujoch installation) to reach easily these 

values, the limitation being given by the insufficient sensitivity of the detectors. 

We have thus decided to design a balloon-borne equipment able to 

give the actually highest possible resolution, with a solar image of 50 t o 60 m 'TI 

in diam·~ter, as needed by the plans to study center to limb profiles variations. 

• 
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W e hav~ had contacts with a few european colleagues : Dr. de Jager 

(Utr ec ht) , Dr. Ncven (Brussels), Dr. Muller (Geneva). They are interested 

i n o\· :· ,: ffort t o d sign suc h an ~quipm en t . a nd they plan to use later on our 

~0) r!o ld , i.n C'ol laborati o n , t o s tudy s peci fie problems . 

We shall u se a 35 em diameter Cassegrain refle c tor (see fig. 1, 

Ln i.rrn r., M.l ' M
3

, M
4

) i nstalled v e rtic ally in the gondola and re ceiving the 

~ u L-.P~ '" ad i rt.tion from a p lane mirror (M 
1

) a ccurately guided by a servome-

< ha11is1n to maintain the solar image fixed. The entire g ondola will be or iented 

in azimuth by a flywheel actuated, from sim;>le commercial sensors, with an 

rt c curac y of a few degrees. 

The o rie ntation in de c linatio n and the fine guiding in azimuth will be 

obtained jn m ·::>vi:1 g only the relatively light plane mirror. The spectrometer, 

installed also verti c ally, parallel to the telescope, will be an Ebert-Fastie of 

2. 5 meter s focal length, equipped \Vith a Baus ch and Lomb "echelle" g ratin g of 

102 x 208 mm , working at 63P, double-passed with an i ntermediary slit. It w i ll 

use a mirror of 40 em diameter and work at about F : 18. A good PbS cell , 

coole d wj t h l i quid nitrogen, ¥rill be used , to reach maximum resolution. In 

some fl ights, a broad-band sourc e a s soc iate d w i th a fixed thic kness Fabry-Perot 

i n an a u xiliary optic al path through the spe c trometer will give fringes useful 

for accurate interpol ations of lines po si tions. 

At the beginning, for the fir st fli ghts, we shall probably not use a very 

e l aborate gu i din g system : to study the c enter of the solar disk, an accuracy of 

~ 5 ', which is easy to obtain, will be good enough. What we keep in mi nd is to 

res erve , from the beginning , the possibility to add later on/ various develop­

ments : a ssociation of a scanning Fabry-Perotinterferometer in serie with the 

s pe c trometer, in order to obtain higher resolution to observe the profi les of 

s om e s olar lines and installation of a ver y accurate guiding system for center 

to limb variations s tudies • 
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lo < ol• ·~ct all Lhf' obtained info rmation , Wt:' hav · d0cidcd to have 

o 11 - b , , a r rl ~ t 0 r · t. :z c' 1 n rl i rr i t a l f o r m , on 1TI a g n c t i <. t a p c • ] t w 111 b c v c r y us c f u l t o 

h~lv•. L'l• r",~·;--.ib; ;_: i• '' :n l , from t h t ~ r.: rouncl, o n som e p:1r<P1'"'~C' tf'rs : ga in a nd 

i · 1 rv:! c on s i <.l n 1. n ( t 1 c- amp li f i c r , s c ann in g :... p c E' d , order t o s kip part of the p r c -

r .· c o rd <·d prng r am, to give som e example s . To make it pos sible , a s ufficiently 

g.,<"HI tL.~eniPf. r y w ill be ne cess ary, permitting to " see " immediately the spectrum 

and a&:-: • cta t c· d 'vi 1h g r ound- comJnan d fa c ilities . 

T~e total w e i ght of the e q uipment will b e of th e orde r of 1200 to 1800 lb s 

and w e h ope to b e r e ady for a firs t flight in autumn 1966. 

• 
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., l!IG Tl ALTITUDE P ARTICLE PHYSICS EXPERIMENT . ·-

L. W . Alvare z , W . E . Humphrey 

I 
• • 

I. Introd u~· tion • 

Until about ten years ago. the d iscov e ry of all unstable "fundamental 
• 

• 

pc:1rticles" had come !ro1n cosmic'- r a y e xperiments. The pion, the muon, the 
• 

K mesons, and ·the three hyperons ( 1\ , l, and :) were all 'seen first in cosmic-. 

ray experiments. In the past ten years, large accelerators have almost com-

pletely supplanted the cosmic radiation as a source of particles for studying the 

fundamental interactions.' , Cosmtc ray physicists have for the most part aban-

cloned their studies of the interactions of the particles and have concentrated 

their attention on the cosmological aspects of the radiation. This situation has 

arisen from the well-known fact that a rtifi c ial beam intensities in the 1-25 BeY 

energy region far surpass those available in the cosmic radiation . . 

The situation tn the 100-10. 000 BeV energy range is strikingly dif-

fe rent. There is no artificial tntensity now available and none as high as 300 

BeV will be available for the order of ten years. It has generally been thought 

that the cosmic ray intensity available in this region is so low as to make ex-. 

periments with "natural beams" quite unattractive. We believe, because of the 

c:1lmost simultaneous emergence of a number of seemingly unrelat~d techniques, 

that cosmic-ray experiments of a meaningful nature in the range 100-l, 000 BeY 
• 

can be carried out in the upper atmosphe-;-e at altitudes around 100, 000 feet. (l) 

U. Proposal 

The environment mentioned above is accessible by balloon and affords 

ilux densities which are useful in terms of present:.day high-energy-experimental 

techniq ues. We propose to build and fly a balloon experiment capable of making 

rncasurements of the momentum of the "natural beam" and preliminary studies 

• 

• 

..--~""" . . -·-.... . -. . 
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• 

of proton-proton interactions in the ene rgy r a nge above 100 a ·e v. 

ln concept this experiment is a r e turn to a rich and a bandoned lode 

with the new tools of the past d ecad e . These new developments offer a refine-, 

• I 

mcnt 1n precision in comparison to traditional cosmic-ray experiments which 
• 

• 

will m a k e possible more detall ed s tudi es in and beyond the energy range now 

planned for exploitation with accelerators to be built in the next decade. In 
• 

this c onte xt the experiment can r e v eal the gross features of the high-energy 

physics of the immediate future and, at the same time, perhaps provide helpful 

• 

guidelines to the des1gn of the machine s being planned. In a broader context 
• 

the realization of th1s experiment will form a basis of technique and experience 

for the furthe r practica,ble exploration into r egions of even higher energy . 

• 

The inltial cos t {see Appe n dix I) of the proposed program is small in , 
• 

comparison to that of the c urrentl y-known m ethod of a rtificially producing high-

• 

ene r gy-proton beams or, even, of studyin g proton-proton interactions at verY. 

.. bj' ene rgies with storage r1ng s. ( Z) Its proje c ted operating costs, in terms 

of "dollars per event m easured" , a r e of the same order as those of present 

practice at lower energies. 

• 

III. Phy sical Desc ription of the Expe riment 

Before discussing what kinds of experiment might be done at high 
• 

altitudes , let us first e xamine . in a general way, the proposed arrangement 
• 

of the experiment, and then take stock of what is available in ' the upper atmos-

phere for an expe riment. • • 

A . Expe rimental Arrang e m ent 
• 

• • 

A system whic h fulfill s the criteria of the previous section is · 

• 

shown schematically in Figure 1. It may b e divided functionally into two parts . 
• 

The "beam" portion utili zes the C e renkov threshold ef{ect in ga:s at 
. 

low pressure to detect the passage of a proton of energy greater than 100 BeV . 

• 

' 

• • • 

• 
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• 

This e nab l e~ one t o discrin1inat ~ gain t unwanted part t c l cs at lo.., • r en •rgics 

by using the C c r enkov d etector outp 1t as a firing pulse to wid r1p spark 

chambers in the " (·xperiment" p o rt1on. The three principal i s of t 
I 

" ~ x p c r 1 n1 c n t" soc t ion a r c / • 

• 

l . The analys is o f t he momentum and dire ction of an incom1ng 

proton obtained by r ecording its o r b1 t 1n a tran sverse magnetic f1eld. The 

analy sis is done by the use of a con1bined spark chamber/emulsion stack tec h -
• 

n1q u e w hic h idcnttfic s the proton in tirne and space. 

2. The prov1 s1on o f a two-meter liquid hydrogen targe t for 

p-p interact1ons. 
• 

3. The di splay and recordtng of the traje ctories of the inte r -

ac tio n produc t s whi ch r esult from tl c t1·avc rsal of the proton by usi g a ''ld.3-

gap spark chambe r in a r,ccond , transverse m agne tic field. 

Afte r a fl1ght the sp1. r k ch1.mber photog raphs are scanned and rnea-
• 

surcd. Data from the upper chambers give a rough estimat~ of the momentum 
I 

of the pro ton r or tho c events whc r c g r ate 1· precision is de Gired •he em 1-

sions may be scanned. From a k nowledge o f the proton ' s initial direchon a l 

momentum and data fr 0 m the i"1tcraction chamber fihns, the vertex can bP re-

created and the interesting propertic!:i of the interaction products ccmpu od. 

During ltd flight the system func tions automatLcally and reports th · 

relevant detail s of its operation to a ground base. A typical b 11 n fltg t 1 

probably last about 2-1· ht.'urs . The antici pated duratio 1 of the ser. s f ball "n 

cxpc r1mcnt s i s fro1n three to seven ye~rs , depending on hov ell 

mental r e ~, ult s live up t the optimistic forecast. 

B . Nature o f the Primary Radiation 

• 

The paTticle "beam" consists of the natural cosm1c 1 y, at t 1 

~;.l::oon altltude. At altitudes in the vic in ilt of 100,000 feet, the o xnc ru.ys 

} 



I 

• 

- ·1 -

a r c prtnctpally primary protons of n e rgy greater tha n 10 ncv Th ~ Ccrenkov 

• 

trigger system elimi na t =-s energies less than 100 BcV, a nd in the expe r imental 

rrangl~ment des c ribed above, ,the flux of parhcle s throug h the sy s t etn w dl b e 

. - 1 about 10 m1n • 
( 

• 

• 

The tntensity of primary pro t o n s in the energy ran ge above 100 BeV 

is usuully expressed in t ern1s o f an "inte gral flux", JE' where J E is the num­

'2 
b~~ r of pa rtic les per e m per ste radian per second with e nergy greater than E. 

The flux, JE, as a function of E, 1s s hown in Figure 2. Ove r the range of in-

tercst t he flux is given approxin1ate 1y by, 

t 

• J = 3 E-1. 5 
E 

em -2 - 1 sr 

• 

- 1 s 

with E 1n BeV. W e now introduce a t e rm which is common in t he costn i c - ray 

literature: the geomet r ical fa c tor is the produc t of the d e te c t o r area a n d t he 

.c ifcctivc solid an~le of t he dete c tion s ystem . If we have a flux, JE, and the 

gcon1 etri cal fa c tor, G, the c o unting rate , RE, is given by, 

RE (E) = J EG events 
- 1 s 

For o ur experiment (which we have not yet ophm1zed ·fo r c ount1ng 

rate) we have an effective detector a rea of . 4 rn 
2 

and a solid ang le of . 025 sr 

( ~c;c Figu r e 5). This gives a G facto r of 100 cm
2 

sr and a countin g rate for 

p1 otons of energy greater 
• 

-3 
t ha n 1 0 0 B c V ( J 

1 0 0 ,.._ 2. 5 1 0 ) o f, 

R (> 100 BeV) = 0. 25 
E 

• 

wlnch is about 15 min- 1 . Allowing for the inefficiency of the C erenkov tr1gger 

and attenuation of the primary proton before reaching the t~rget, t he proton 

- 1 
~.uA through the hydrogen target should be about 10 min . T o put t his number 

• 

:i·.to proper p erspective, we not e that the 72-inc h Hydrogen Bubble C ha1nber at 

LRL, Berke l ey, pulses 10 times per n1inute and tha t it has operated usefully 

• 
• • 

• 

• 

• 
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for long periodt~ of t llne w1th tlpproximat c ly 3. 6 K- m esons in c id e nt p e r pi c tur e , 

yielding a partlclc flux of 35 1n1n- 1. 

• 

We allow this flux to tra.v('rsc the liquid hydrog e n targ e t, c hose n b ecau se 
' 

oi thl! resulting great sin1phfication in expe rimental interpretation . The t a r ge t 
• 

1~ two n1ctc r s long and the probability of i nteraction is about ZOo/o . We there for e 

~!xpc ct to obsl! rve a bout two intc ractions p c r minute or 3, 000 per 24- hour flight . 

Bl.!cduse of the character of the cosmiC'- r a y spec trum, about 600 of these inte r -

t.tct1ons will involve pro t ons of energy g r ea t e r than 300 BeV, and about 100 of 
• 

• 

the m will involve p r o tons of cnc r gy g r ca t e r than 1, 000 Be V. 
• 

• 

The m ean fr ee path for high-e n e r g y - particle interactions in the atmos-
• 

phc~e is 
-2 

about 50 gm em so it is impe r a tive that the e xperiment be p erformed 

a t ''balloon altitudes". 
. . -3 

The ' density of liquid hydrogen is . 07 gm· e m and o ur 

-2 
targl!t , therl!fore, has a su rface dcns1ty of 14 g m e m · . At l 00,000 f e e t a lt i -

-2 
tude, the remaining air mass has a su r face density of 9 gm em . C omparing 

the sc densities w1th the atmospheric inte rac tion length of 50 gm em- '2 , it is 

obvious t hat no use fu l p u rpose would be se r ved by going to higher altitudes. F o r 
• 

these reasons , we will consider that the normal ballon altitudes of 85-100,000 
• 

feet are adequate for the experiment. • 

• • 

In addition t o the proton flux, t h e r e i s also an alpha partic l e flux o f 
• 

about 7o/o the intensity of the proton flux with about the same energy di s tr ibution 

1n terms of energy per nucleon. ( 3 ) Other heavie r c osmic-ray c omponent s a r e 
• 

well below 1 o/o of the proton flux. All cosmic rays h eavi e r than proto n s should 

be easily identified by the large pulse s they pro duce in counter·s. 

In summary , then, the effective cosmic- ray "beam" c'an b e thought of 
• 

• 

·~ three beams; a 1 0-pcr-minute, 100-800 BeV proton beam,' and the w e aker 

. llpha particle and l, 000 BeV proton beams. These c omponents of the beam may 

• 

bl! separated and the momentum should be k n own to 1 Oo/o or }?etter for ·most par-

• ' . ·l . . ..... \.!5 , The nature of the beam can b e altere d in later flights by inserting into 

• 

• 

• 

·--- • 

• 

• 

• 

• 

• 



--------------~--·--~------------------------------------------

I 

• 

- 6-

1l ~. rgc ~ i• . llC' r t o produce ~~ secondary ni('!->O n a nd hy p e r o n beam s. The obv1ous 

w .l)' tn do tn,·s is .,., the ex pt·t· i rn r· nt u ndl; l' ;1 icw int c ra c tt o n l eng ths o f a tmosphe r e 

-· t::J dY .l l 'Utlld 75 , 000 fee t. T he prt11<.1pal diffi c ulties with th1 b 1dea a r c the l a r ge 

' 
• n • ~... ~ run h, l.l kg round \-V h 1 c h rn 1 g h t p l .1 g u c t he C c r c n k o v t r 1 g g e r de vic e , and l he 

• 

Studies of cos m i c- ray inte r ac t ion s in nuc lear e mulsion r e veal 

!:)~ vc ral i nte r e sting prope rt H ' s. One s triking e ffect is that the ave rage trans-

verse momentum o f secondaries is very c l ose to. 3 B c V/ c , independent of the 

0ncrgy of t h e incident pr1mary par tic l e. ( 4 , 5 ) Another interesting fact is that 

the inelas ticity of the interac tion (e nergy l os t by the primary proton) is about 

30o/o at the l owe r energies, cic·c reasing as the e n e rgy inc r eases . (b) Al so , the 

ir~ teraction l e ngth is fairly indepe nd e n t of primary e n e rgy and is around 50 gm 

-2 
'-n1 . • 

The secondaries usually have e n e r gies well below 1 BeV in the center 

o f n1a:, s sy s t e rn. ( 
4

) Although in t e rae ti o n s t a k en as a g r o up appear to be sym-

r.1c tr1c with respect to a plane normal to t he incide nt partic l e , the individual 
• 

1ntc ractions a.re sometim es quit e asymmetrical. ( 5 ' 7 ) M o r e detailed know-

ledge than this is very hard to o btain wit h conve ntional emulsion t ec hniq u es. (?) 

Th\3 r c are s eve ral rca ~on s fo r this. 

1. The analysi s o f events d epends strongly o n the knowle dg e of the 

rnomc ntum of the incident partic le 1n o rder that the transformation t o the 

~~ :1t~ r o f mass may be carried out cor re c tly. With pre viously us e d emulsion 

t , c hn1ques , the e nergy of the inc ident partic l e may be uncertain by ·as much 

.~ ..; ~L fac tor o f four. {B) · 

2. The method of detection of the e vents i s highly biased in favor 

ve nts with high multiplic ity of seconda ries which produce showers 

• 

• 

• 
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that s c r v c ~ s the ~ i gnat u r c of ;) n in t c 1· a · t io n . ( 4 ) 

3. 

• 
• • -. 

The target partic. lc is unknown . 

~ . ., 
- - - ... . 1 ..... _ "'' 1•. (' ,J ... .... l 1. - t.. '- .. , , .. c .. •W , : 

I ' 

• 

• 

':'. ·.~ CX?C r1n1e nt.1l tec hn1quc s out lin ed in t his pro posal l arge ly ove r-
• 

• 

come a ll of t hese defi c iences . The nex t c l osest pr e s en t solu tion toth e s e d if -
- ..... --- -- -·-- - --
ficulties i:5 :>.\..! w o r-k vi tt1' Ru~~~an g r o up a t the P a n1ir cos n"li c r a y sta tio n d o n e 

wnh c loud chambers and t o ta l a b so rption p r o p o rtio na l counte r s o n a 3900 m e t e r 

mountain. (
9 ) Even the se exp e riment s hav e about a 30o/o e rror for the e n e rgy o f 

- 4 an incident particl e and a r a t e o f 4 x 10 e v e nt s p e r minute with a LiH targ e t 

::. ~. 10 inte r ac t ion l e n g th . We expect a fo ur o rde r- o f-magnitude inc rease over 
• 

this in our e xperin"lent using the . 25 in terac t ion l e n g th hydroge n targ e t . 

The e n ergy region we propose to s tudy i s of p a rtic ula r inte r est . 

Above 1, 00 0 Be V , t h e proQuc tion of second ary parti c l e s c a n be de scribe d 

phenome n o l ogi cally by t he r eac tion: 

I I 

~~ Nl + N2 + Fl + F 2 

where N 
1 

and N
2 

a r e the original nucleons and F 
1 

a nd F 
2 

a r e "fire ball s" o r 
• 

I I 

clusters of mesons which t rail b ehind t he f inal n u c l eon s , N 
1 

a nd N
2 

. The 

fireba l l s are con sidered to break up i s o t ropically in the ir c ente r of ma s s. (lO) 

In this model, anisotropic secondary e miss i o n can be expla ined in t e rm s o f 

one fireball being weak or absent . The interestin g thin g a b o ut t he e n e r gy 

depende n ce is that b e low 1, 0 00 BeV, the fir eball s a ppea r t o se p a r a t e s o 

s lowly that the y can in terac t with eac h o ther or fo rm a " dumb- bell"- sha pe d 

fireba ll. Bot h the distinc t fireballs and t he fused fir e balls c ould be studie d • 
• 

w ith the propo sed experimental t echniqu es . Al though t h e fireball mode l is 

pure phenomenolog }· · there are several other t heor i e s on a more sound the o-

retical footi ng whic h, under the prope r assumption s , a r e believed to r e produce 
• 

the gene ral p redi c tion s o f the fireball model. (ll) The fireball model describes 

• 
I 

• • 

• 
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on1y a por t ion of the o bbervecl e vent ::, , .. tncl e ven tho5c which a r c charac t e ri ze d 

by the f1r c ball hypothcsih ~ how deVlc.ltJo n s. One s u c h deviation is the fr equent 

app\..!~:u·ancc o f .:1 pion whic h ;u: con'l p a rn cs one of the nuc l con5 after the interac tion. 

This pion i !; thought t o be the de cay produc t of a nucleon resonance produced in 

the i n t e r ac ti o n. The r e i s c learly a g r ea t deal yet to be l ea rned about the inter-

ac tion n'\c c h a ni s n'l for proton-proton collisions in the 1, 000. BeV e nergy r egion . 
• 

The above paragraph s se rve to s uggest that th e present proposal would 

allow an analysis of cosmic ray events along conventional lines, but with far 

mo r e precise information about each interaction, which could be u 5ed to test 
• 

the several existing moc;lels for cosmic ray interactions. In addition, the rc are 
• 

• • • 

nume rous other experiment s proposed for super- high energy accelerators that 
• 

would also apply to ballooh experiment s . (lZ) More than likely, this would be 

merely a starting point, and the ability to examin e events in detail not pre- • 

viously available in a relatively unexplored e nergy range would bring to light 
•• 

• 

new phenomena requiring fu r ther investigation . 
• 

• 

IV . Experimental Te chnique s and D 2 s ig n of the Experiment 
• 

The experiment we propo se to build i s a complex under·takin.g and has 

a st rong developmental aspe c t, i nasmuch as some of the techniques planned for 

it are novel and some of its components will have to be ca refully de ?igned and 

:~-:odc led in pr o totype . In this section we describe the e lements of the experi-
• • 

n1 cnt and examine the p e rtinent developmental problems of each from the stand- , 

po int o f physical and e n gineering plausibility. The design we present is by no 

• 

:~;\!ansa final one , but shows that it is possible to meet the experimental 
• 

-.. :·~tc ria within the weight and e vnironmental constraints. Although it will be 
• 

• 

: .~ : ~1.-!s sa ry and desirable t o make u se o f computer solutions in the ·final design, 

'-'· ~ be lieve that s uch a s tudy will pre sent no essentially new results to the analysis 

:H'I..!SC nte d he r e. • 

• 
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A . Thu C L· r c nko v Trigg C" t· 
• 

0 n c h .1 '·d c p r o b 1 c m w i t h co s m i c ray b a 11 o on c x p c r i m e n t s i ~~ the 

large flux of lo"v ene r g y ( 10 to,l 00 nc V) protons that a r c of littl e inte r es t and 

rnu~t b~.~ r~Jjcct~cl. w ~ propose t o rnakc u sc of the C c r c nkov light of a proton 

pa ss ing through gas in orde r t o d isc riminate agai n st the low e nergy proton 

backg r o und . F o r the balloon a ltitudes a t whi c h our experiments would be exe-
• 

cuted, the Ccrenko v light from the atmosph e re has a threshold at a proton 

e n e rgy of about 300 BeY. Although this a tmo s pheric Cerenkov light could 

. . ( 1 3) 
probably be used as a trigger for protons in excess of 300 BeY, there are 

seve ral advantages to u sing a gas othe r than air. By using a gas of relatively 
I 

' 

high index compared to air {for exan1ple , butane or carbon tetra c hloride), the • 

Cercnkov threshold energy can be r educed to about 100 BeY for proto n s . The re 
' 

are tw o big advantages to using t he lower 100 B e Y threshold. First, the re is a 

far larger flux of partic les a t the lower proton e nergie s, and the proton inter-

ac tions are still of interes t in this energy range. Se cond, the inc reas e d index 
I 

I 
of refra c tion results in about a fiv e -fol d increase in the photon yie ld o f the 

particl e. 

The increased photon yield makes prac tical a fully enclosed C e renkov 

counte r of reasonable dimensions. Protons having a n e n e rgy appreciably above 

the 100 BeV threshold ( say 200 B e Y) will yield a suffi c ient quantity o f pho tons 

i n passing through 10 m e t e rs of gas to produce about 6 photo-electrons at the 
• 

catho de of a photomultipl ie r, which is s ufficient for r e liable trigg e ring. (If 

the C e rcnkov threshold i s 100 BeY, then the trigge r efficiency actually rises 
• 

t o 7 5o/o of its max-imum e ffi c iency at 150 BeY. The index of the 'gas can be in-

• 

c r eased to give an effe c t1v e 100 BeY cutoff, t oge t he r with a slight increase in 
• 

the photon y i e ld over that u se d in these c alc ulations.) The figure of 6 photo-

I 1 l cctrons is achieved thro ugh the use o f a lig ht collector consisting of alumi-

n it.c d mirro rs, and a photomultipli e r with a fus e d silica face (in order to make 

• • 

• 
• 
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• 

:\dl 1.u, e o f thl! ultraviolet- r1ch Cc.: r enkov light) (S ec Figure 1) . For a 100 B c V 

thr . ~hohl . th C' n1a xin1uni h~.df ang ll! fo r the cone of C c renko v light is 10 milli.-

~· .. 1n5; \Vl11ch i s s mall c ornpared to the angle of acceptance reC}uircd for the 
• , 

: ) ~·o t on !J. Therefo r e in t he dcblgn of the light collection optics, it is possible 
• 

:v t r c at t he Cc renkov li gh t as though it has appro'ximately the same direction 

~~~ th e proton . The fir s t n1irro r se rves to image the exit aperture of the ex-

pcrimcnta l train onto collimating stop s , so the Cerenkov light is only collected 

~ron1 proton s which would pass thr o ugh the entire apparatus. The required 

n1i rror surface is a hyperbola o f r e volution. The second mirror (an ellipsoid 

of revolution} serves t o furthe r con ce ntrate the light onto photomultipliers 
, 

located at an even smaller image o f the exit aperture. The demagnification 

of the exit aperture at the photon1ultiplier is about 7 to 1, so that a 4 inch 
• 

d1amc t c r phot omultiplier would detec t protons traveling towa~d a 28 inch dia-

me ter aperture at t he exit a p e rture. 

The principal source o f background for a Cerenkov trigger is electrons. 

Elec trons of 50 M eV energy or great er can trigg e r the system. The electrons 

can be disc r iminated a gain s t by plac1ng a r ?dia tion length o f lead in front of a 

~c1nt1llation counte r and dete c ting the s hower produced by an electron. How e ver 

tLL, te chnique is only effect1ve for e le c trons with energies in excess of about 

500 MeV. The lower energy elec trons c an be eliminated by deflecting them out 

of t he 11 beam 11 in a magnetic fie ld suc h as the one that is proposed for mementum 
• 

analy sis of the pro tons. Cosm1c rays below about 10 BeY would be deflected by 
• 

the earth's n1agnet1c fi e l d , so the elec tro n background would consist of electrons 

produced by proton interac tio ns in the atmosphere above the balloon. • 

• 

To furthe r r educe accidcntal s , the Cerenkov trigger would be .used in 

co1nc idence with scint1llation c.ounters just below the Cerenkov light collector 
• 

4.Lncl jus t above the hydrogen targe t. The counter in front of the target could also 

• 

• 

• • 

• 
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• 

be used t o discrin1inat c aga1nst partic ll.! s "vhich in t e r act in t he apparatu s above 
• • 

Lhc tar get, by detecting a scintil l at i on pu l se in excess of t hat for a single re-
- -

lativislic particle. The clectr ~nH. ~ to r t he C c r cnkov c ounter photomultipli<..:r 
-

~lould be fairly fa s t (about 10 na noscl: o nd t ime re solution) up to the pul se height 

disc riminator , which s hould b e se t fo r two o r three photoe l ec tron pul se s. There 

is one 5-in ch tube {RCA-C701 33 ) tha t has ext e nd r. d re s ponse in the ultraviolet 

.:1nd good t in1c resolution whic h tni r, ht do , but quartz-faced 2 i·nch tubes a r e 
• 

~vailabl c with hig he r se n s itiv ity in the fa r ultraviolet, and several s u c h tube s 

• 

connected in paralle l would be suitable for use, at least unt'il a 'special tube 

c ould be fabricated. A q uarth fa ce d tube may not be necessary if a ·"waveleng th 
' • 

• 

shift e r" is us e d t o conve rt the ultrav iolet lig ht into visible light. (l 4 ) 

The important p rac tical detail s that r e main to be inyestiga t ed are the 

prope rties of the gas whic h produces the Cerenkov light and the con s truc tion o f 

tnc light-tight C e r enkov gas container . The gaG must be tested to determine 

that light pro duced by protons t hroug h ionizatio n and recombination is s uffi-

ciently s mall to neglect. Naturally , precautions s hould be take n to. bla c k en 

eve rything p oss i b l e in the light collec t o r in o r der to absorb such ·isotropically • 

cn1i tted light . The gas mu s t also be c hecked for tr a nsparenc y in the ultra-

v1olct region. The transmission for ca rbon t e trac hlo1 ide ha s been reported 

in the literatur e and i s satisfactory , but the transmission, and e v e n the e xact 

index o f refraction o f butane gas must be es tabli s h ed. The C e renkov gas en-

closur e can be a light s truc ture becau se the C e r enk o v gas is used a t approxi-

mately local atmospheric pres sure. Sampl e s o f mylar- aluminum balloon 

material have been looked a t a nd a r e probably adequate for the walls of the 
• 

l-1 closur e. The Cerc nk0v gas pressure mig ht be u sed to support the enclosure 

111 the fo rm of a balloon. An alternat e light tight e n c losure could be fabricated 
• 

in the form of a bellows- l1ke bag of opaque material. The support cables which 

~4ttac h the expe rimental appa ratus to the balloon would also serve to shape and 
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:- •• l:hH' t the li ght -tight bellow~,. The OVl' r a ll w e ight o f the C e r c nko v tr igg e r 

should n o t exceed 500 pounds. 

B. Spark C ha rn be I' - En 1 uls ion T c c h n i g u e s • 

In the energy range o f 100 t o 1000 B c V, multiple C o ulomb 
• 

!:>C"J ttc ring i s g r eatly reduced ove r th(l t normally dealt with in a c.celerator 

• 

c . .:pc rimcnts. I n order to t a k e aclvtLntage o f the p o t e ntial inc r e a se in. pre-
• 

• 

cis ion o f angular n1e asure1nent, new t echniques mu s t be developed that are 

c apable o f n1 easuring angles o f the o rde r o f a few microradians. We propose 

tha t a hkely m e thod for accornpli s hing these measurements is through a union 

o i s park cham b e r and ep1 ul s1on t echn iCJ~es . (l 3 ) The orbit of a particle can be 
' 

• 

r oughly est abl ished (to a frac ti on o f a millimeter) by photo graphing several 

!:>park c ha n1 be r s along the orbi t. The precise orbit may b e the n es tabli s h ed 

' 
by l ook1ng in emulsions located along the pa rtic le orbit for tracks having the 

_20s1t ion and o rientation predicted by the s park c hamber photographs. Flights 

o f o.bou t 24 h ours would he practica l wi th e mulsions. Longe r flights would 

r esult 1n 1nc r eased difficulty of a nalysis due t o a l a r ge numbe r of background 

tracks in the emul sion. The spark c hambe r se rves to provide time resolution 

and r educes emul sion scanning to a s imple o peration, while the emulsions pro-

• 

v1de n1icron accuracy in measuring the partic l e orbit . Figure 3 illustrates 

a poss 1bl e con1bination of spark charnbe r s a nd emul sion s . 

The case with which the desi red track may be ide ntified from the s park 

chambe r info rn1ation depends.on the number o f background track s . The total 

prin1a ry p r oton f lux is about . 2/cn. L-scc. - s r, o r a bout 1700/cm
2
-sr in a 24 

h0ur flight Secondar1es froni inte rac tions in the upper atmosphere and in the 

app4! ralu s will double or triple tl11s fi g ure . Take as a working figur e about 

4000/ em 2 - sr in 24 hour s. If the posi tion is known to . 5 mm and the angle in 

the emulsion is known to a degr .. c or be tte r (distortion of the e mulsion in pro-

.~cs sing limit s the angular resolu tion). then the ba c kground (B) expected for a 

• 

• 

• 
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r., = (flu/.) (area) ( so lid angle ) 

:. (4000) ( 1 )2 ( 2 ) 2 , 20 TI 

= . 1 2 b.tckg round tra c k s 
• 

• 

~r:~lS ~!, tin1,llc 1 ::, <111 upp<·r l in11 t t o the bac kground. The re arc se v e ral ways to 

r~!cluce t1H~ b.1.ckr, t·ouncl probl em .· One way i s to inc lude an additional fourth 

~ . n;n: .. :>lon plate ~ ftcr the• sf' t of 3 e tnulsion s that w ould normally be used . Any 

:t,nb . (~uou~ tr.:1cks foun d in the fir s t three plat es would predict a position in the 

;'ourth plat~ to 1111 c r on a cc ura cy , a nd a c oincidental track in the 'fourth plate 

would be orde r s of magnitude l ess likely than in the previous plates. The 
• 

' 
four t h plate ne ed only be cxan1in ed in case the r e is an ambiguity in one of the 

f1rs t three plates . Another tric k which could b e employ e d would b e to use 

doubl e e mulsion pla tes arranged to s lid e agains t eac h other under the control 

o f a c loc k driv e . Since the time o f the int erac tion is precisely known from 

the trigger pulse , it is po ssibl e t o p os ition the plates as they were at the 

• 

1nstant the parti c l e passed through , and d e t e ct the co rr ec t particle b y see k ing 

the t ra c k which is unb r oken at the interface of t he emulsio n in the r egion of 
. 

tne e mulsio n predic ted by the spa rk c nan1be rs. Ano ther obvious way to re-

duce the back g round is to refine the positional pre diction in the e mulsion and 

to 1mprove t he angular res o lutlon in the emul s ion in o rder to r e duc e the size 

' 
of B. In this r ega rd, re cent r epo rt s o f wire s p a rk c h a mber p e rforma nc e are 

encouraging. Wir e spark chambe rs avoid the problems of optical re cordin g 

technique s and t heir n1.any sources of dis tortion . The angular re s olution might 

be 1mprovcd by t he use of en1ulsions which are thinner than the standar-d . 6 mm 

• 

nuclea r emulsion ( s ay . 3 mm) and by the use of g lass plates with e mulsion on 
• 

both side s o f the plate. The latter approac h of using tv..·o sided e mulsion plates 

is a ve ry attractive arrangement because the angle is then known to a small 
• • • 

fraction oi a degree by examining the p os ition of the particle before and after 

• 

• 

• 

• 

• 



- 1 3-

: ~ : hH 11· f1 i g h t in t 111 s c c 11 o f ph. s <' :-l p~t c <! is 
• 

B - ( il11 .. ) ( . .~.rca ) ( sol id ang l c ) -
- ('1000) ( 1 ) 2 (f,)2 - 20 

• 

- . 1 2. b.t< kg 1~ound tracks -

T h i !:I '-' : d d n • 1 t 1..! 1 t~ tl n up p ( · r 1 i n u t t o t h c I ><:.1 c k g r o u n d . T h c r c a r c fj e v c r a 1 way ~ to 

1 ~·due c t ih' lhll..- k g r o und pro hl e n1. · On<' way i s to include an additional fourth 

; n~n:~, ion plc.1 tc ~ft c r the 5C" l of~ enHlls1on s tha t would normally be used . Any • 

.~ ~n b-.guou~. tro. c-ks found in the f1rs t th r ee pla te s would predict a position in the 

f ot1A.·t.1 pl..ltl~ t u 1111 c ron t.Lcc.urctcy , and. a c o inc idental track in the "fourth plate 

would be orde r s of magnitude le s5 llke l y tha n in the previous plates. The 
• 

• 

four th plate ne e d only be c ..... an1inecl in c ase t h e re is an ambiguity in one of the 

firs t three plates. Another tr ic k which could be e mployed would be to us e 

double e mulsion p lates arranged to s lide again s t e ach other under the control 

o f a c lo c k drive. Since the tin1.e o f the int e r ac tion is precisely known from 
• 

the trigge r p ul se , i t is poss1blc t o po s ition the plates as they were at the 

• 

in::, tant the parttc le p assed through , and detec t the c orrect particle by seeking • 

the track whtch is unbroken at the 1ntcr fa cc of t he emulsion in the region of 

tnc emul s i on pred1cted by the spa rk c nan1bers . Another obvious way tore-

duce the background is t o refine the p os it i onal pre diction in the emulsion and 

to unp r ove the angular resolution in the e mul s ion in order to reduce the size • 

• 
of B. In this regard, recent r eports of wire s p a rk c hamber performance are 

• 

c.ncou rag1ng. Wire spark chambe r s avoid the pro ble ms of optical r ecording 
• 

tccl niqucs and their many !:,O ur ces of dts tor t ion. The angular resolution might 

be improved by the use of cn1uls to ns which a r e thinne r than the standar.d . 6 mm 
• 

• 

nu c lc a r em ul s 1 on ( say . 3 m n1 ) and by the use o f g la s s plate s with emulsion on 

• 

Loth stdes of the plate . The latter approac h o f u s ing tv.,·o sided emulsion plates 

is a ve ry attractive arrangctnent because the angle is then known to a small • 

• 

fraction oi a degree by exatnining the position of the particle before and after 

• 
• 

• 
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t:' .. l\'L'Lnb th r oug1i the gla~~;, \Vlth c::,sen tially n o c o rrec tion s necessary s in c e 

the gL1ss 1~ rel~uv,•ly clistort1on 1rL·e . 
• 

• • 

Ati an C}.:umplc oi the n10n1en tum resolut io n a tta ina ble by e mul s ion 
I 

n1easurements , consider the arrange m e nt o f Figure 3 for the c a se o f s tandard 

nuclea r emulsion s (0 . 6 mn1 tlu c k) s u pported on g lass plates .3 mm .thick. The 

erro r in detertninatio n of the momentum ca n b e attributed to ' the unce rtainty 

• 

oi th~ !::lagitta measurement. One source o f sag itta e rror is the measure ment 
• • 

of the track coordinate , whi c h can be done t o o ne or two mi c rons. Anothe r 

sourc ~ o f e rro r is the n1 echanical s tability o f the position of the emulsions 

with respec t t o eac h other, and this is probably a lso of the order of a few 
• 

microns. The r en1aining sou1 ce of e rror is scatte ring in the central e rnul-

blOn plate. The plate has a nuc lea r int e r action l eng th of only about 1 
2 

g / c m , 

so that nuclear interactions w 1ll he rare ( Zo/o ), and undetectable inte r actions 

'vill he much rarer still . For these r easons , only the Coulomb multiple 

scatt e ring will be considered. There is· a "tail" of large angl e single s catte rs 

for thu case o f Coulomb scattering , but fo r the most part, the rms sagitta 

error ( in em.) will be g1ven by 

3. 1 1. whe re p partic l e momentum in M e V I c. and AS - -- -
p 

i e mul s ion separation • - 1n em. -

The expe c ted sagitta (1n cn1.) is 

s = 
2 2 
_1__ 

p 
(. 3H ) where His the magnetic field 

(uni form , in kilogauss ) 

It 1s interes t1ng to note that if the only source o f e rror were Coulomb scat-

t er1ng , then the fra c tional momentum error woul d be independent of momentum, 

, as give n by the formula 

6p 
p 

-- 6S 

s 
5 -- ,{ I-I 

• 

• 

0 

• 
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• 

· This result i s valid up to momenta a t which the sagitta measurement error 

comparable to the false sagitta from Coulomb scattering , so it would be 
-

reasonable to choose i to give approximately equa l measurement and Coulomb 

..! l' r o r s a t t h c hi g h c r u s c f ul' 111 o rn e n t , t. A :, a n exam p 1 e , for l = 5 0 c m 1 a nd 
• 

6 
p - I 0 M e V 1 6. s = 1 . 5 n1i crons. Taking the combined sagitta e rror t o b e 

:1bout 3. 5 rnic r o n s l and ~s suming a n1 agnc ti c fi e ld o f 3 kilogauss, the mome n-
• 

:~~:~1 is de t e rmined t o bet ter than 8o/o fo r a ll proto n s having a momentum le ss 

• 

t n:1 n l 0 0 0 13 e V I c . 

C . Wide-Gap Spark Chambe r s 
• 

The wide-gap spark c h ambe r , o r "discharge c hambe r", re­

cently developed by Alikhanian and his collabo rato rs, (
5

) triggered by a pul s e 

l rom the Cerenkov trigger, comple t es t he experimenta l t r ain in the balloon 

load. This ty pe o f spark chamber a ppea r s t o be able t o provide spatial r eso -

lution compa r abl e to tha t of a hydroge n bubbl e c h a mbe r. 

Spark c h a mbers o f th1 s type have b ee n built by Strauch( 16) at Harvard, 

. 
and the 1r performance is excellent in a ll resp ec ts . Hi s c h a mbe r s have the 

• 

Ior1n shown in Figure 4. They are se n s itive fo r 5 J.l. sec and r e quire no 
, 

clea ring fie ld. The pulser is a Marx generator using 15 standard "color 

tel0vision 11 c apacitors charged 1n para lle l t o 3 0 kV a nd d i scharg e d, by spark 

• 

gaps in se ries , at 450 kV . The light int ens i ty i s high e nough for photog raphy 

at £145 , so a good depth of fo c u s can b e ob tained . Str a u ch( 
16

) advises taking 

two photographs , one at fl 45 and anothe r at fl 12, o n the c hance that faint e r 

tracks may a l so be present. He shows pi c tures w i th about 20 trac ks of good 

quality in the chamber s imu ltane o usly. Track s can branch, as shown in the 

left- hand side o f Figure 4 . He compared the m easured mome ntum of cosmic -

ray par tic les in the uppe r and l ower halves of a 32- inc h high-double chamber 

and found the RMS deviati o n at l BcV I c to be about 1. 4 o/o in a 15. kG magnetic 

• 

• 



• 
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• 

field . Thir, bi quite co1npor.1b l v to nHHll' ~"'' bubbl e c ha mbe r s t a nda rd s. 

We plan to use lhe!Je c lh1n11H'r~ fo r d l,; tec t i n g seconda ries o f th~ inte r-

{1 6) . 0 
Str~uch reports tl~t.1 l lr <1ck ~; ca n b e see n up to· 40 from the e l ec tri c 

Held d1rcc tion. Asuumin.g p ;;; 1 fo r !.ieco rHlarics in the ccntcr-o£-ma s s system 

t h e rnedian angle, 

0 

0 , fo r sc c on<.l. tr1 c s i s gi v e n by {4 ) 
m 

tn ~ 'l!Ztn c2 
p 

• 

• 

' 

• 

w h e re the s ubsc ript "p" refe r s to p rima ry proton. For 200 B~V protons, em 

0 
i s il bout 6 , and the de t ec tor s s hou ld hav e good gcomct ry for n1ost sccondari·e s 

• 

fr o tn a n interaction in the hydroge n ta rge t . {Ac tually, the motion imparte d to 

n1cs ons which leave a fir eball tha t tra v e l s bac kward in the center of ma ss is 

0 
suc h that occasional parti c les come o ff at a ngles of 50 or more in the labo r a -

to r y s ystem. This is a rea son for con sidering thinne r targets s u c h as aLi H 

ta r ge t. {S e e Appendix II) 
• 

Evidently there is a good de a l o f deve l opment work b eing d o n e o n 
• 

t hese.- c hambers and our major e ffo r t will be o n e o f adaptation to the proble m 
• 

• 

a t han d . One interesting developmental e xperiment will be see ing · if the c ham-
• 

b c rs w1ll operate at 230° K, t he tcmpe ratur ·e of t he s tra tosphe ric e nvironment 
• 

o r , 1n dccd , if the y will operate a t c ryogenic t e mperatur e s as a step .in s impli-

• 
fying t he de s i g n of that portlon of t he exp e r i m e nt. 

• 

D. Supc r c ondu c ting Magnets 
• 

Magnetic helds a r c used in this exp e riment t o pt"ovide a m .ean s 

o f anal y zing the momentum o f the incident proton a nd of interaction products 

from t he target . Becau&c of power and weight constrai nts, these magne t s 

must be superconcluc ting. 

Sine~ 1961, when Kunzler and his collabo r a tors{ l?) stimulated great 

'int e re s t in superconduct 1ng magnets by deve l oping wire cored with a high-field 

' 



I 

• 

' 
• 

• 

- j , -
• 

~ .\ ~ ih' l' ~' '-) 1 \Cluct,)r , 0.1> )Sn , 111 " ·'Y \l ~ 1 : ful t od ~J hel v e h c (• n wou nd. Tl ll'!.c; rr. : .~. r 'r , r : t · . 
' 

up~.· t·~t~ l, )h :-.1 ':Jb ly, ut i l izing t he ~·f f1 ·c t th. t l , a t ~ uffi cic ntly l o w t em p e r a tures 
• • • 

. uH1 b~ lnw ~ · r i t 11.·,d v.dul' o f applH·d nl c\g n (•ti c fie l d , hi g h-fi e ld s upe r con d u c t o r s 
I 

5 - 2 . . . 
( ..... lO A ~ n1 ) . Thoug h th<' ;-tpp1ic .. ttion o f t hi!? e ffec t ha !J be e n fa r le ss dir ec t 

Lht:tn th i~ :.,i n1pl c ~ ta tcn1 e nt w o uld imply, the phy s i cs o f high-fie ld s upe r conduc tors 

i :::; now e s ~; e n t i .:1 11 y u n d c r s t ood , at l c a s t i n ph e n o rn en o 1 o g i c a 1 t e r m s , and the r e a re 

in fac t s ix firm s eng ag e d in the com m e r cial produ c tion of small research mag-
• 

ne ts up to 80 kG . 

An ca rly a t t e n1pt to account for t he d i scourag ing critical c urre nt d e g ra­

da ti o n observed i n sup c r .conduc ting magn e t s wa s made by Montgom c ry(lB) a nd 

by Chandras c khar and Hulm(l 9) who int~oducc d the idea that the degradation 

was de p e ndent on t he s i ze of t he magne t. T his idea r e a c h ed the s tatus of a 

theoretical mode l by Smith and R o r schach ( 2 0 ), but has been discredite d in 

e xpe riment s of Coffee and Gaustc r(ZO ) a nd, indeed, by the general exp e rience 

o f workers in the fi e l d. The n'1ost outs ta nding t es timony to its inapplic ability 

is provided by Koii(Zl), at Lo c kheed/Pal o Alto , who has wound large -diameter 

hoop co il s as part of an A ir F o r c e s p onso red feasibility study to provide elec-

tron shie l ding for the Agena vehi c le . His l a r gest c oil is six feet in diamete r, 

has 33 lb. of 10 mil 3NbZr windings , and perform s c ompa rably with s mall 

co lls (field a t origin , B
0 

= 800 G , fi e l d at windings , Bs = 20 kG, c ritical 

c urrent , IC = 18. 5 A). 

Large values of integrate d field a r e r e quired to r esolve the range of 

momenta under ·study in this exp er iment. Inasmuch as the necessary counting 

rates dic tate the use of a large aperture , the fi e ld strengths neede d are low . . 

• 

Superconduc ting m agnets produc ing relative ly uniform fi e lds are planned. 

The r e arc four r easons f o r thi s design: 

( 1) An important benefit of field uniformity in a large-gap rr:tagnet is 

• 

• 
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• 

the w eig ht r e duction that resultG frorn t he low e ring o f the fi e ld a t the winding s 

and the subsequent r e l axation o f t he rno tor forces o n the wind i n gs . If w e con-

s1cl~ r two !_iimple examples of tn~gn c t producing the sam e fi e ld, B
0

, at the 
I 

or1gin , ~ c urre nt loop and a uniforrn- fl e lcl s phe r c , the n the conduc tor ma ss 

requi r ed for t he s phe r e i s 1. 18 t ha t for the loop , but the mass needed t o con-

s train the \vindings is reduced by ·a fa c tor of B
0

/B , where B is the field at . s 5 
• 

the surface of t he wind ings o f the l oop. In the coi ls under con'sideration this 

involves com bined condu c tor and constraint w eight reductions of about 45o/0 • 

(2) A second, equally in1portant con sequ e nc e of lowering the winding 

field is that one operat es·the supe r conductor w e ll below the so-called high-

·field r eg ion whe r e its useful applicatio n is just eme r g ing . There for e , w e 

have the comfo rt of n o t having to hinge the s uccess o f the exp e rim e nt on the 

deve lopment of 100 kG techniques. 

( 3 ) The u se of uniform fields tends to minimize the effect of rela-

• 

: ·.ve displacement of components in the s y s tem a n d r e duce s e rrors. 

(4) The uniformity also reduces the computa tio n and e rrors i n the 

data reduction by increasing the order of t he co rrections which must be 

applied. In ope ration , the two magne t s will fir s t be precoole d with liq uid 

nitrogen and then , if practicable, with liquid hydroge n (the enthalpy to be 

removed is 10
2 

MJ ) . Liquid helium will the n be introdu ced and, when cold, 

the magnets w ill be energized. Befo r e the flight begins the y will be shorted 

with a thermally- activated, superconducting or " p e r sis t e nt" switc h. It will 

• 

probably be ne cessary t o de-energ iz e the magnets b e fore the vehic le return s 

to earth and , in any case , one will have to provide a means fo r protec ting the 
• 

magne t s and equipm ent affected by their fi e lds in t h e e vent superconductivity 

is dest royed and a magnet "q u enches ". Before discus s ing the diss ipation of 
• 

the s tored field ene rgy of a large, superconducting magnet; let us get a fee ling 

• 
• • 

• 

• 

• 



• 
• 

• 

' .. I \J I. Altho ugh t h c mag nc t s ultima 't e 1 y ·d e -

• • • 
..; : ~~n~ .l o r t ni s expc rn11e n t n e ecl only ta ke s ome app ro~:in1a t c fo rm of the 

• • 

g~ ncral ellipsoid and may have tlccess holes at the poles for photogra phy 

and , pos5ibly , beam window s on the equator , v1c will consider a . simple 

c:.:a mple of a large- gap , uniform- fi e lrl coil. • 

• 

The 1. 5 m-diameter , 1'5 kG field r equired for the 1m-square . 
• 

wide - gap spark chamber is produce d by a s pherical n1agnet wound with 
• 

10 mil-diameter 3NbZr wire s upporting a winding current density, JW' 
• • 

4 - 2 . . 
of 2 ': 10 A em . The gap field ( in practical cgs units) is given by, 

• 

' 

• • 

• 

o riented along the polar axis, 0 = 0, and the coil has a radial winding 

thickness of 

The mas s of this she ll • 
lS 

• 

• 

t = t sin 0 
0 

g1ve n by 

15rr B 
M -- 0 

4J w 

• 

• • • 

• 
2 

a p • 

0 

W he reas a i s the m e an r adius and p is the density of the windings. In 
0 . 

the example under conside ration, the coil mass i s 690 lb. of which 440 lb. 

is superconductor, the balance being divided between copper- cladding on 

t he wire ( 140 l b ) to help protect it and stabilize its operation against "flux 

jumping" , and high thermal conductivity epoxy and glass filament to bond 

the structur e. 

The stress analysis of t he sphe rical magnet is complicated by the 

finite thicknes s and strong ly a nisotropic cha racter of the wire-filament-

,;-;oxy composite. Fortunate ly, the maximum stresses which arise are 

comparable to those found in curre nt experie nce and well within the limits 

• 

• 

, 

• 

• 
' • 

• 

• 
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o 1 t h 1..! n 1 .:l t c t• i a 1 s . M . • h c 111 o t o r f o r c c s o n t h c c on cl u c to r , a v c rag c d o v c r t h c 

s hell thicknes s , at·c radia l o utwtt r cl an d tan g e ntia lly directed toward the 
• 

I 

eq ua to r. We re!.olve these into c o n1p o n c nt s normal and parallel to the , 

p o l..tr axis and ;~ssutnc that norn'lal component is locally supported by the 

· conducto.r. The resulting hoop stres s, s, is given by 
• 

• 

(sin
2 e + 4 cos 2 9) dyne-cm- 2 3 

s = 
32'TT 

4 -2 . 
. This stress has a n1aximum value of 2. 8 x 10 lb wt in at the poles 

0 

(\vhere the conductor area tends to zero). This is about 13o/0 of the yield 

' 
strength of the wire. 

The parallel compone nt is supported by the shell and results in 

a n'laximum attraction betwe e n the hemi s pheres at the equator of 

s = -9/8 y 
B

2 2 
a o 
8 dyne 

0 3 . - 2 w hic h gives a compressive stress of 4 x 10 lb wt 1n 

• 

• This is about 1 I 5 

of the low temperature compressive strength of glass filament epoxy. As 

a result of this loading there will be additional hoop stresses, tensional at 

the e quator and compressional at the poles, having magnitudes of a few 

-2 
tho u s and lb wt in . 

On the inside fa c e of the windings the local hoop stress in the wire 

£i.e - 2 
r ises to 2. 8 x 10 lb wt in and gives local sheer stresses as high as 

4 -2 1. 6 x 1 0 lb wt in . This is comparable to the sheer strength of the epoxy 

and may require selected orientation of the glass filament. We plan to exa-

mine the problem of forces in detail, paying particular attention to local 

s tability and to the dynamic aspe cts, a s it is very important that the super-

0 

c onductor be immobile with respect to the field. In keeping with current 

practice, ignoring accessibility requirements, let us gain additional rigidity 

0 

• 
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. ,"\ ,. \ ' ) ' .. 
J, '""' '- ' \, • f ·, ,; t by \" l ndinp. ~l with 2 11> w t \.vir c t e n sion o n the ~ nrfu c c oi a 

• I , • • .._., ~ \.. l l l '-. ... , ...... ~t.._;~l pressure vess el thick e n o ug h to provide clu .5 tlc s t a hility 

• 

:, : ~d ~ :>, t t h~ coll..tp ~ing prt..! ~~ u r e o f the w ~ ndi ngs . This spheri·cal shell is 
• 

• 

. 2 .. . 11 ~ hi\.·k ar. c.: \v c i g h s 2 ) 0 p onndc, b 1· 1,1g i n g the co il w c icht to 920 pound s. 

Tl1c s t o rl~ d e nergy 111 the· fi e )d genc r~tcd by thi s magnet i s 3. r; MJ. 

~. 
Ii t b r.; wi 1·e c.:trries 20 A , then thu induc t a nce is 1. 8 x 10 • H . This offc rb 

no problcn1 so far ~ s ·~ JH! rgi i'. ing i~j conce rned; a 200 V, t1: kW supply can 
• 

ao ~tin ~b0ut hal f :1n h ou r. If t he n1agnc t i s de-encrgi;~c cl or, in the worst 

c ase , q u enches , the s i tuation i ~ not so pleasant, as one mu s t avoid locally 

a :1 .. cali1ig the \.v · r e o r briPging t he fi e ld clown so fast so as to distort the 

cuil s or a djacent appa ra tu .:; . 

Th e:: ·w ay t o olJvi~t ·-~ t he problem o f quc~ n ching 1s to spread the d is-

• 

turbanc~ as rapidly as pos!i ihlc trermc1 lly a i' d, 1n the case of a large magnet, 

l e t the f ie ld collapse at a safe r a.te . The hj1.·1nl · r can be a c complished by 

providing high local the rrnal condu c tivity t c .. t sink of high s pecific heat and 

by breaking the coil electr i cally into rn.:lnj ;hortt!d sections so as to prom o t e 

• 

the quenc hing generally by n1ulut1l c oupiin g. T he fi e ld c ,i.n b e m a d e to de cay 

s lowly by providing a very \V cll co L.:plcd s .'ccndary of low r e sistanc e and a 

• 

sho rt primary time con s t ant so o.s t c dc.::o~tple it fro1n the energy. F o rtunate ly, 

. 
this is easy to do in a l a r ge coil becaus~ t :-.c fra c t ion of total v o lume taken up 

bY. \Vindin gs is small . 
• • 

The t im c constant , T 
0 

, of '-t s r he.; r , c ·11 s he ll o i r e s i s t i vi t y , '{ , w it h 

a current distribution appropria te to the unifo r r~1 fi~lJ doc s not d e pend on 
• 

the num be r of turns in t he she l l a nd is a.pp.cox in1 a tc ly g iven by 

T 
0 

-- -9 
2rr x 1 0 -9 = 2Ti X l l) 

M 
'Tfil oP'f • 

whe re M is the mass of t h e sne ll of de nsity, p The 140 lb of copper c ladding 
• 

on t he v;ire i s a n a l n10E.it idctilly 4 cou;) l ecl .s econtia ry, as well as being electrically 

• 

• 
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• 
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• 

:1nd thern1ally intin1 a t e to t he fi npc l· concl u c tor . If we assum e the se r e l a tio n-

~ hips t o be perfe c t so that t he spec ifi c h e at o f t he 3NbZr is available, then 

I 
' ' 

th0 ,1<1i.1ba ti c diss ipation of 3. 5 MJ produ ces· a t e mperature 
• 

Unfo rtunate ~y, the c hange in tlh.~ · re s i s tivity o f the copper with temperature 

1n1plies a ~ys tem t ime con s tant of about. 6 sec . This sounds rath.c r fast, 

' so we will take advantage of tho nonlinearity of the dependence of resis-
• 

t1v ity on tcn1pcraturc and add another 300 lb o f copper to get a time con-

stant of about 10 s. 

As w e are con s trained by the vehic l e weight limitation, we will 

• as s ert that this solution i s satisfacto ry, though w e re c ogni ze that the 

• 

q uenching probl e m constitutes a major d e ve lopment area in building the 

bigge r magnet. Whe n we have dealt with the l esse r problem of d e coupling 

the primary and ensu r e d t he local pro te c tion of the superconductor, we 

will e xamine the general e ffec t of fie l d collapse . If the 10 s. afforded by 

">1 0 lb o f coppe r proves t o be impossibly fast, a nd something of the order 

o i minutes seems reasonable, the r e are two alternatives . . We can keep 

t he coppe r in the temperatur e range o f it s r e sidual resistivity by cooling 

it with liquid hydrogen from the target. A 300 lb .copper shell, surrounding 

t he winding s for good coupling but the r mally i solated from the m, would 

take abo ut 45 s t o dissipat e the fie l d e nergy and boil off about l 00 liters 

of LH
2

, a reasonable quantity in terms of the boiling heat transfe r co ­

efficient for hydrog e n and the available area. 

If this is insufficient , we can try another metal, like sodium, 

which generally surpasses coppe r elec tr ically and thermally at low tern-

pe ratur es and is about tw o orders of magnit ude better in this application 

• 

. ( 2 2) 
because of these properties and it s low densit y. Taylor at LRL, Livermore, 

has s tudied the use o f sodium for c ryoge ni c magnets and reports obtaining 

re sidua l resistances of t he o r de r 10- 9 ohm- e m in finished magnet assembli~s. 

• 

• 

• 

• 

. . 
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• 
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• 
l1 \V0 r~pl.Jc c ~ {J 1 >t1l·t· with hCJ1liurn i n t he c xan1pl c o f the pre vio u s paragraph, 

\\C get'" dc-cay l in1l' oi .. Lhullt < x 1 o3 ~. 

ln Lhc.1.rgn1g the n1agn<'t , a ny F-~ hor ted turn w i ll c au se a dissip a tion 

of c ncr .. ~y .. tt c r yogenic t cn1pcrat t1rc·s a nd l e ngthe n the c ha r gi n g time . How-

L'V~r , .:l~surn ing un1 t y coupling b e tw ee n pr imary and secondary·, the e n e rgy 
• 

t~·0.n~ fcr~atio , RW' i5 r c L1tctl t o the primary and secondary time constants, 

T and T , and i s give n by, 
p s 

T + T 
p s • 

\V c n"lerely need charge the magnet in a time long in comparison to the 
, 

secondary t ime constant to avoid this inconvenience. • 

Anothe r problem t o be s o lved in the d e v elopm e nt o f the se magnets 

is the one o f quality assurance f o r the wire. At present it is practicable to 

buy '-'vi re in 20,000 ft lengths . Fo r the bigge r magnet this means about 100 

p1eces of wire. I t will be desirable t o wind eac h piece into a solenoid 

CCJ. i)ablc o f developing about 2 0 kG a t 20 A, using a coil fo rm de signed as a 

supply spool for the wind1ng machi ne . Each sol e noid will be t est e d at 4 . 2° K 

and the n, h aving pas sed p erformance specifi cations, its wire will be wound 

into the magne t . In order to k e ep the handling c osts down, .w e will have to 

w o rk out simple r t echniques fo r windin g sol enoids tha n those in current 

u.se. We plan t o inves t igate the poss ibili ty of u s ing multi-strand c onductor, 

• 

thoug h the economics of this decision depend l a r ge ly on what kind of 

v1arrdnty agreement we arc abl e to reach with the manufacturers. The 
. 

pre sent c ost o f wire is about $400 lb -l; we have estimated material costs 

for our magnets a t $ 600 lb-l to re flec t the necessity o f the assurance pro -

• 
gram. 

With the prov1sional assertion that the quenching problem can be 
• 

solved with the expenditure of an add itional 300 lb of vehicle weight, the 

• 

• 

• • 
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n1 a g n l! t now w c i g h t ~ 1 , 2 2 0 1 b b . A 1t h 0 u g h 1 t 1 ;") n o t v c r y c 1 u g an t 1 n t e r m 5 0 f 

~ngince ring d e big n , i t 1s m cchanic.d l y rugged and magne ti cally s ta ble , and 
, 

• 

1t will work in pr1nc iplc. ,The r e for e , tt .t ppr ·a r ~ tha t superconducting m ag -

ne ts can provide the need e d v a lu e's 1.> f 1n t cg r a t cd field and still b e lig ht e nough 

to be useful. • 

E. Liquid 1-Iy drogcn Targe t , S tr uc ture and Cryogenics 

The essential problem here is first to aesign a s tro ng, light-

weight c ryosta t that will provide the ne c essa ry environment and support for 

the magnets a nd targ e t and a llow the inclusion of the s park chambers , 
• 

cameras , and othe r equipment. Then we must integrate this s tr'ucture into 

a vehicle which must not only have s ufficient m echanical rigidity for t he e x-
• 

pe riment , but must maintain its integrity in respon se t o the rigors o f flight, 

landing, and transportation. l t must a lso be de s igne d with a n eye toward 

the possibility of internal failu r e o r e v e n catas trophe. 
• 

In order to inves tigate de s i g n problem s and g'e t some fe e ling for 

the weight of a vehicle which me e ts these c r ite r ia , let us again adopt t he • 

• 

simple eng ine e ring a pproach used in the de sign of the spherical m~gnet in 
• 

the preceding section . W e will con s truct the c ryos tat with stainless steel 

vacuum walls , in the form of c ylinders and s pheres of sufficient wall thick-

ness t o be stable against a pressure of two atmo sphe r es , and us e ·metalli zed 

• 

myla r 11 !-'•.pe rinsulation" on the cold vessels to control the radia tion heat 
• 

load. This approach, shown in Figure 5, turns out to be crude "state of 
• 

the art" but serves to set an upper limit to t he vehicle weight and , at the 

same tim e , emphasizes that we n ee d not go to the sophistication of space -

craft in our ul t imate de sign. 

The magnets are oriented as a quad rupole to provide rotational 

• 

• 

• 

• 

I 

I 
t 

I 
I 
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~t.lbility ,llJO\.t th v Vl ' l'tll.'ttl I n t lli :- o rtetd.tttun th e fi e ld s add , though the 

~...· ontrtbu t lon 1 ~ only ~bout 1 1~,. To f1r ~ t ord~ r, tlns cont ri b ution r esult s i n 

a llO G g radi e nt ac ro ss t he 3 k~ an c.lly /.. u lg rna g nct which docs not s eem 

se rious in t e rm s of the distorti o n o f i t s s hc 11. However, thi s is an e ff ec t 

• 
wh1ch must be inc luded in the comput e r d es ign of the e ntir e system . The 

hyd r oge n t a r ge t suppo rt s the m ag n e t s. Thus a m a jor source of heat load 

on the helium is r e turned to hydrog e n t empe ratur e and all the c ryogenic 

struc tures are tied together f o r me c hanical rugg edness . As the vacuum 

~he ll must be stiff to the atmo s phere, w e u se its strength against members 

in t e n s ion returning t o t he c old structure . The major support point for the 
• 

cold str u c tur e i s the platform on which t h e C c r e nkov d e t ec tor r e poses; this 

is also the ultimate tie-point to the balloon. Late r al support for the target 

and magne t s is provided by t e nsion m e mbe r s r e turning to stiffening rings 

on the vacuum wall. T he estimat e d w eights of the components and struc-

tura l members is given in T abl e 1. w e· see tha t the exp e riment seems 

reasonable from t his s tandpoint with a total estimated weight of 7, 760 lb, 

but the problem of landing is a little troublesome. 
• 

• T he vehicle w ill s trike t he ea rth in a more-or-less vertical 
• 

attitude and i t is u ndesirable tha t it land o n the va c uum wall. Figure 5 

shows a trunc ated t e trahedral pyramidal c age made from welded steel 

tubing with the experime nt hang ing inside , s upporte d by e lastic members 
• 

for shoc k r e sistance. This design has the advantage that the balloon can 

be tied t o the cage and that, once on the ground, .the vehicle retains some 

of 1ts vertical o rientation and has little tendency to roll. It weights 600 lb, 

but this figure c an probably be reduced in de sign, or we can turn to other 
• • • 

possibilities, such as pneumatic pillows of multicellular structure. 

Both the ground- surface and s tratospheric heat loads on the cryo-

.; :; :-.:c components are g ive n in Table 2. Fortunately, because the ambient 

• 

• 
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0 
t ' l n pc r~ t ur c d r o p ::, t u r~ bou t 2 30 K, t he r .:tdiatioo loads decrea se to 30o/0 of 

t hl.! 3 0 0° I< va 1uc :1nd the co ndu c t ion lo;ld b to abou t 75%. The heat loads con-

si::, t of r..1 cllation f r orn t h e wa r n1 w a lt s , s u rpo rt conduc ti o n, a nd conduc tion 

along •l cct r1ca l l ead f;, A11 o f t h e be c a n be e ffe c t i v e ly counte rflow heat-

e~~ c hang c d with t h e boi l o ff o f hydro ge n , and i n parti c ular helium. 

Th~ winding :=; uppor t s tructure of the magnets also acts as a heat 

c . .:chang c r w i th liq u id he lium c ir c ulation in imbe dde d coppe r tubes fed by 

g r a vity from a 37 l i te r s t o r a g e v e sse l n ear the uppe r magne t. This supply 

is a d e quate for a 2 4 - hour flight, inc lud ing ascension tim e . All liquid 

ves s e ls are pre s surize d to 1 atm a b s olut e to k ee p the late nt h eat o f vapori-

za t io n high in the l ow ambient pr es s ur e o f the s tratosphe r e and are pro-

vide d with su r ge bar ri e r s to pr e v e nt liquid loss from possible sudden 

de c eleration during asc e nsion. Hydrog en venting is done at a point well 

• 

r e moved from the vehicle, and provi s ion is made to jetison the target con-

t e nt s befo r e landing . The total LH
2 

enthalpy to 273° K i s about 400 MJ, so 

the m os t energe ti c ally econ o mi c al thing will be to pressurize the target and 

e jec t liq uid dire c tly, though t h i s pro cedur e , as well as the whole hydrogen 

trans p o rt problem , deserve s c ar e ful s tudy . 

F . D e v e l opme ntal and Ope rational Support 

Having completed our discussion of th~ spec ific elements 
• 

• 

o f the e xpe r im e nt and the v e hic l e d es ign , we will t ur n now to examine briefly 

a f e w r e l e vant ar e a s that have to d o w i th the development and operation of 

t he e xpe rim e nt . B e yond noting tha t detaile d problems relating to the opera-

tional s upport of the working e xpe rim e nt exist a nd have practicable solutions, 

w e w i ll confine our attention t o the d e v e lopment program and those areas 

affecting it . 
• 

• 

The experiment will b e o p e r a tional in two years . In order to achieve 

• 
• 

• 

• 

• 

• 
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• 

th 1s we mus t complete prototype tes ting by t h e end of the fifth quarter. 
-- ------------

EvlJ\.! ntly ~orne L! len1cnt s of the expe r iment, the ve hi c l e fo r cxar:npl c: w ill 
• • 
• 

• I 

r cc.~ull~L. llttlc dcv c lopn1cnt and rnay b e d es igned in d e t ai l as soon as the 
• 

physical de ti i g n o f the cxpe r itne'nt 1 s "· o n1p l e t ed. O the r s will r equir e con-
• 

• 

~ idc r ablc clcvc lopn1cnt or prototyp~.~ e ffort . For tuna t e ly, mp s t ~f the testing 

c an be done by "flying" .the component in an environm e nt chamber in the 

laboratory . One exception to thi s is the Cercnk ov trigg e r which depends 

on the cosmic rays o f the s tratosphere for it s complete evaluation. Thus 
• 

we mus t n1akc earl y conta c t with the r eali ties of balloon-flying. (See 

• 

Appendix II). • • 

1 . The Balloon 
• 

At the pres e nt time there a r e three commercial con-

• • 

C(! rns o ffe ring their services to ba lloon use r s . These c ompanies will • 

hand le all aspec t s of launching and r ecove ry . A s a rule of thum.b, the 
• 

flight of a balloon with a volume of V million cubic fee t costs about 2V 

thousand dollar s. This rate applie s to simple ball oon systems in the capa -

c i t y range of about 1 million cubic feet , suc h as would be used in the fir s t 
• 

flights ( see Appe ndix II). The larger and more e l abo rate balloo n s yste ms 

such as would be required for some of the final flight s might cos t up t o 

l 00 thousand dollars . For orientation, . the 5 million c ubi c foot Stratoscope II 

balloon ca rried a 3-1/2 ton payload to 80 ,000 fee t and cos t 53 thousand dollars . 

. 
We shall , there fo re, assume that we do not have to become balloon experts 

• 

in orde r t o use co smic-ray protons a s bombarding particles. 

I 

W e e xpect to start m aking use of the se services in the third quarter 

to obta in data f o r the Cerenkov trigger development and we will establish a 

held support e ffort e arly to handle the se experiments and get familiar with 

the general problem. • 

• 
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ADV ISORY PANEL ON THE SCI~NTJ li'IC USI!. OF BALLOONS 

MEEl'lNG *- 15 NOVEMBER 1965 

AGENDA 

l . Minutes of t he meet i ng of 1.6··17 SeE Lcmb~... .r. 1964 

A copy of t he minutes of the mecLing o f 16 - 17 ScpLember 
1964 i s en c l osed , Append ix A. Acceplance o[ the minu tes , 
wi th a ny necessar y co-rr ect i ons , i...; r equ cs t cd . 

2. Act i ons on pr i or Panel_ .r ec ommendations -- Alvin L . Morris 

A s utnmar y of pr ior Pane l r ecommendations and the a ction 
taken or1 e a ch will be given orally at the meeling . This is 
to be gi ven princ ipQl ly for i nf ormatio11 bul the PatlPl is in­
v i ted to offer comments. 

3 . Annual Report - ·· .A lvin L . Morris . --
A copy of Lhe Annua l Report is er1closed, Appe11dix B. 

The Panel i s requested to review this report criLicalJ y and 
f orward iL to the Di r ector of NCAR with Panel con~ents and 
critic isms. 

4 . Re v i ew of Facility ac t ivi ty in the current cale11dar year -­
Alvin L . Morris 

A resume of tl1e a ctivity of tl1e Facility during the 
curren t fis cal year wil l be given orally to bring the Panel 
up-to-date. Key staff membe rs will be availabl·~ to answer 
questions, and Panel comments ar e invited . 

Requir ements for scientifi c bi:ltl ooning a.ppea t to bf' 
changing. rhs Pane l is asked to review the evidence of th1s 
change, to be pre~ented orally b) Mr Bilh<rn a11d to co~nent 
on our inl'-rpretation ot. the eviJ••nc~::. O,Jr (utut"(. Clurse w1ll 
b~ determined by our int e rprctali o o [ stated and 1mplied re ­
quirements: there f ore i t 1s importanc that ou1 interpretation 
be we ll founded and intellige nt 

6. A~imuth stabilization and ::,tartra c t~er requirements ·- Jack 
-·--------·- - ·-· . . . ----·- ·------·----·------ --M. Angevine 

Severe. L u ..... ers or potent i al user~s of NCAR bal l ooning 



2. T c l cmc t ry 

The e nginee rin g pro b l e m s as [j ocia t ed w i th the tr an s -
• 

' 
rni~s i o n of irnpor t ant fl ight a nd expc r i rn c nta l da t a from the vehicle are not 

I 

~c ri ou s , except , possibly, fo r tho ~e r e la t ing t o al titude a nd power limita-

tion s. W e m~ r e ly mention the s ubj ec t b ec aus e the r e will be a n ea rly need, 
• 

a nd n1orc impor tantly , beca u se n ea rly ev e ry clement of the e xpe rime nt mu s t 

be conside r ed in t he des ign of the t e l e metry eq uipment. 

3. Optic s 

Like t elemetry, the optics planne d for the exp e rim e nt 
' 

a rc q uite conventional. W e will ne ed severa l cam e ras using s tandard bubble -

c hambe r film , so that the data m a y be s c anned o n exi s ting equ.ipm e nt . Possi-

bly one of t he cam e ras will be u se d to photog r a ph the spark chambe r s in t he 

.-.on1entum analy ze r and a nothe r will be used in c onjunc t ion with the wide 

gap s pa rk c hamber to obtain s t ereoscopic photographs . In the latter case, 

w e plan t o p rovide polar access through the chambe r mag n e t for photography . 

(The r e cent r a pid strides being made in "filmle ss spark chambers" may 

obviate the need for cam e ra s to r ecord the position of s parks in the upper, 
• • • 

narrow-gap chambe rs). • 

4. D a ta Anal ysi s 

For the most part, the re are no major new probl e m s 

involved in the scanning or m ea s urem e nt of p h otog raphic r ecords whic h are 

recovere d f r om a balloon flight. The wide -plate s park chamber w i ll pro-
• 

duce pho t og raph s that a r e easily scanned and m easur e d on the standard 

bubble chamber analysis equipment. Spark c hamber photos of the type 

required fo r use in t he emul sion measurement s n ee d be m easur e d in only 

one co rr ciinate to m o derate preci s ion. Although this could be done on 

s tanda rd bubble chambe r me asur ing machine s , it would probably be more 
• 

• 
• 

• 
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\;[[ ,;i~'l, t lo b ulld a ~pe · i, d \.Jnc -dim cru., i o n;ll n1ca s uring d e vi ce.: fo r this pa rti-

• 

T he L! n l ul s io n n1eas~re n1c n t w o uld r eq uir e eq uipment designed to 

posi t i o n and o r ie n t t he e mulsion s o tha t the des ired tra c k is in the fi e ld of 

t he 1n c a s ur in g mic ro scop e a nd r o ughly a l o ng the opti c axis. 
• 

The d es ir e d 

tra c k woulc~ appea r as a wig gling s p o t when the microscope scanned through 

the e mul s i on d e pth . 
. 

On c e a track wa s identifi e d by this technique, the pre-

c i s e p os it io n would be determined with respect to a 1 mm .grid printed on 
• 

• 

t he e m ul sion, as is s tandard practice in e mulsion work . 
• 

In s umm a ry, exce pt for emulsions , the t e c hniques of measurement 
, 

are quite conventio n al. T he e mul s io n m e a s u r ements w o uld di ffe r in that 

• 

som e wha t s pec i a li zed e quipm e nt would b e required, and the m easur e ments 

would b e don e as the la s t s t e p in the analysis of eve nts whe·n the particle 

o r b it and t he ne ed for t he e mul sion measurement was established from ' a 

pr e l imina r y ana lysis of t he othe r info rmation. Emulsion techniques are 

n o t n e w to the Lawrence Radiation Laboratory. The re is pr'esently a 
• 

t ec h nical sta ff of about 15 persons at Be rke ley who scan and me'asure nuclear 
• 

em u l sion s , a n d a program is already underway to develop automatic ·equip-
• 

• 

m e nt fo r m easur e ment of e mulsions . 
• 

• 

V. C o n c lu s 1o n s 

There a r e reasonable te c hnical grounds for believing that m eaning ful 

and p r e c i se h ig h - e nergy-physic s experiments in the e nergy· range 100-1, 000 

• 
BcV and be y o nd c an b e p e rformed in the upper atmosphere. The ~easibility 

• • 

of t h e se expe riment s depends on a number of t e chniques and recent t echno-

l og ical d e v e l opme nts discuss e d in this proposal. The cost of the proposed 

de v e lopmenta l and experimental program ( see Appendix I) is small in com­

par iso n to othe r propose d methods of investigation in this energy range, though 

• 

th e c ompa r1 son must be made with the exploratory nature of the expiments in 

mind. • 

• 

• 

• 

• 
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VI. P e r sonnel and F~t ci lities • I 

Professo r Luis 1Alva r ez i s the princ ipal (fac ulty) investigator a nd 

Dr. W . Humphr ey , the co-expe r iment er , will serv e as project l eade r . 

T h (! Sp~ce S c iences Laboratory a nd its direc t o r, ProfessorS . Silver, will 
• 

have general a dministrative respo n sibi lity fo r the project a nd fo r its rela-

tionship to the acad emi c prog r am. A numbe r o f graduate students who will • 

work with Profes s or Alvarez for advanced deg re es under the program will 
I 

be empl oyed as r esearch assistants by the Space Sciences Laboratory and 
' 

s pecial research s tudies associated with the expe r im ent will be carrie d out 

in t he Labo ratory. 

The major part of t he development of the instrume ntation and the 

a uxiliary equipment will be done by Profe ssor Alva r ez' g r oup in the 

La·wr e ncc Radiation Laboratory whe r e facilit ies a r e already available for 

a proj e ct of this magnitude. The Space Sciences Laboratory will give 

a s sistance with balloon t echniques and in s trumentation of te lemetry~ the 

s taff ntemb e rs of the Laboratory have con sid e rable experie nc e in conduc ting 

b alloon- borne experiments. 
• 

V II . B u d ge ts 

• 

T h e budge t is set up in accordance with the division of ac t ivities 

desc ribe d in S e ction VI. The Space Sciences Laboratory and the Radiation 

L abo ratory ope rate unde r somewhat different rules and proceedures. In 

parti c ular , their overhead rates differ. The budge t is, the r e for e , divided 

into two parts , one covering the w o rk to be conducted by the p e rsonnel of 
• 

the Space Sciences Laboratory and t he other cov e ring the work to be done 

by personnel of the R adia t ion Laboratory. The latter is detailed in quarterly 

periods in Appendix I whic h fo llows the presentation of the composite budget . 
• 

• 

• 
• 
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Budget and Appendix I not inc luded. 
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• 
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• .1\ppcndix II 

Prel :i mj na ry Ba lloon FliRht s 
I 

The proposal out,l i. ned in l.h ~ hody of this paper represents 'What. 

probably would he the most sophi.sLjrntcd pRc kA ee to be used in t he program of 

• 

ba lloon fl ight exper)ments. S1;ch a device requ i re s a grea t dea l of engineer-
• • 

- ir.g, gr ound testing and construction t ime , and the fi r st l1all oon fligh t for the 

• 

entire system would probably not take place unt il be t ween one and t wo years 

• 

after the program started. In t he meantime, several smaller pieces of apparatus 

must be flown in order ~o test certain of t he experimental t echniques . Some 

• 

physics 'Would come out of these f i rst f lights . The following par agraphs des-

cribe t he nature of these firs t few prelimina ry balloon fl igh ts , and 'Wha t 

resu::..ts would be expected o·l ea ch . I t is unreali stic to list more than a few 

of the antic ipated test fligh t s, because the information from the f i r st few 

flights will undoubtedly determine the ne~ ure and number of fur t her test 
• 

flights . At l.he end of the appendi x, there is a di scus sion of alternat e 

configurations to the one proposed in this paper whi ch might provi de useful 

physics lat er. 
• 

• 

Flight 1 and 2 
• • 

The first flight would probab ly ta ke place about six mont hs . after 

the beginning of t he program. The principal function of this f l ight "Woul d 

• 

be to t est t he opera tion of t he Cerenkov t r igger sy·stem. The most i mportant 

i~:orma tion from this flight would rela t e to the dur abi l ity apd opacity of 
• 

• the l ight tight Cerenkov gas enclosure , and t he detecting effici~ncy o£ the 

device. In the first flights , the launching procedure f or the .re ther bulky 

Cerenkov gas enclosure would be t ested . 

• 

• • • 

• • 
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The e>.:-periment.al t..roin would concist of t he Cerenkov t r igger as semb ly 
• 

i"tself fo l lowed by a series of t wo or more assembli e s cons isting of a lead 

radiator followed by fl scintillEJLjon counter . The radi ator- counter. 

• 

ass~mbly serves to identify electr ons wh i ch t rigger t he Cerenkov counter, 

by detecting the large scint illat.lon p11lse resulting f r om an electron shower i n 
• 

~he lead . Severa l plates are needed be cause a single ~late woul d not be effective 

for electron energies in t he r egion below 500 MeV. If all went well, t he data 

from t he fl ight should be consistent with the present estimates of cosmic ray 

pr oton flux. In addition, useful 1nformati on such as background counting 

• 

rates and the high-energy electr on flux would be ava i lable. The elect ron 

f lux as a f unction of altitude should a l so be consistent with t he i ncident 

proton flux and the interaction crossection . It is int eresting to note t hat 

primary cosmic ray fluxes have been e stima t ed from mea surements on the eart h's 
• 

surface. This flight would constitute a direct measure of the integra t ed h1gh 

energy proton flux, assuming t he Cerenkov de t ector functioned correctly. 

Flights 3 and 4 -
Shor~ly foll owing the first f l ights , further flights would be carri ed 

out to t e st the spark chamber-emulsion t echnique, and the wide-gap spark chamber. 

Tne emulsi on s from these flight s would provide a. sample of data with which to 

deve l op the measuring t echniques . The i mpor t ant point i n regard to the wide-

gap spark chamber would be t he detecting efficiency f or a shower of pions 

;~~duced by a nuclear interaction . The operation of t he cameras f or the emulsion 

S?ark chambers ond the wide-gap spark chamber would be checked out i n these 

flights . 

• The experimental arra ngement would consist of the Cerenkov t r igger, 

followed by at least three emulsion plates between a. pair of spark chambers, 
• 

• 
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• 

f ollowed by a ta r get, followed by t.he wine pl et.e ·spork chamber , and finally a 

set of radiators to identify eleci ron:-~ , as j n t.he fi r st f l ights . Par tic le s 

which are i dentified as l1igh energy pro Lon s can be considered to have a stra ight 
I 

orbit , as an ai d in calibrating the emulsion measur ements . Wjth a ser ies of 

three or more emulsions , in t he spark ch8mher-emulsion module , it is possible 

to est ablish th e stability of the emuls ion suppor t frame, as well as measure-
• 

- ment techni que s . Deviations from s t r aightnes s for t he high energy protons must 

r esult from emulsion measurement error , mechanica l mounting error, and Coulomb 

scatter i ng . In fact, if things go we ll, some estimate of t he energy of in-

• 

dividua l protons might be made on t he basis of the multiple scatt ering of the 

proton be t ween en•ul sions . 

As a check on t he efficiency of t he wide- gap spark chamber , t he tracks 

found in t he upper half of t he chamber coul d be t r aced into the l ower half of 

the chamber to ma~e sure no t racks are l ost . Another point of i nterest would 

be the chamber's abilit y to dete ct t he individual members of t he na rrow centr al 

cone of pions (those moving forwar d in t he cent er of mas s system). The minimum 

angle or separation between t wo resolvab l e t ra.cks would be e stablished. 

• 

These flights would ser ve as pi l ot r uns to t he f i nal experi mental 

configuration . All the major experime ntal components woul d be present , and the 

data analysis system conld be applied to data of these flights . Moreover, t he 

• 
physics data availabl e from these relatively s irnple flights woul d already be 

far super ior to that presentl y obtained by conventiona l emulsion methods . 

• 

Fligh~ 5 and beyond 

The fifth flight would probabl y be t he earl i est possible fli ght to 

• carry a super conducting magnet . Among the numer ous t e sts in t his fljght would 

• 

• 

• 

• 

• 

t 

I 
• 

• 
I 

l 
t 
• 
• 
I 

• 

• • 

• 

• • 
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• 

'\.., . ~ \... ] m~c .. ;tn:lsms , ~nc, t1 :0 new rtl~ovcry pr nb em0 . fllJ f]:i~"?ht~ f'r()rn thi:) pojnt on 
• 

shnulrl yield VA] u~ble phys lrn ri A 1.~ . 

,\1 t.erna te ph;,rs i en f) ir:h t mn r j '!llr~ t inns 

Alt.holl~h :it is dP~ j r~hlE? t.n fJ :r some ball oon flifTh ts wi th~ liquid 

hydroc:en tar~P.t. suC":h 15 rics cr ihed :ir1 t h is proposal, thP.re :3re ~1so ~rivrtntages 

to us;nP: other types of targ0 t. 11".:\tPr i ~l such as l:ith i 1Jin hydride 0r hydror.arbons • 
• 

/\side from t he 0bvious simpJ.ifi~:3 t i nn ;l chieved by elimin-3 t.ing the hulky cryo- • 

rrenics associated with the hyd ro~en, tl 1erP. Are r:tlso adv~n'tri~es in the f orn1 of 

i ncreased countj.np flux and l a r n;er solid anF;ln at the wide ~a.p soark dlamber . 

The increased countin~ flnx comes ::~bont as a consequenr.e o f the shortening 

of the entire apparatus wi th r emoval o f the hydro~en tar('!et., which allovTS 

us to accept perhaps twice the solid ::ln~le o f cosmic ray p r otnns . The more 

fav ora ble geome try at t he w:i de P~ p s;>a rk chamber :is the re s 11l t of be in?. ~.ble to 

place a more compact tarp;et iJnmed:ia tely a bove the chamber (pnrhaps inside t.he 

supe rc0 nductinP. chamber magnet ) and detect l.t~rge .angle secondAr.ies which would 
• 

be missed if pr oduced in the hydrogen tA rRet. 

The wide gap sp~rv cr~mber, a s proposed , is a two se ction ch~mber . 

It would probribly be useful to fly some flir:;h ts 1-ti th rna terial bet'Neen the t wo 

halves of the chamber (for example lead t o conv ert ga rrona rays for detecting n° 

mesons , or hydrogen rich target TMterial for studyinr; intera ctions. of the 

secondaries) . 
• 

A few fli ~hts without momentum analysis might also be useful . 

Althou~h t he momentum information from t he emulsion measurements would be 

miss in~, the rapid decline of the proton flu x with energy combi ned with the 

• • 

• 

• 
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• 

I 

• 

• 

s::nrp c~renkov c:Jtoff dn pr n v idP. ·~ 

{ 

7h~ proton enerzy coulct bP. r nur:h l.v 

_r; _ 
• 

t• • 
; J ' J. . , •• ,.., . I l , 1 V ' ' { r F • ,.. r 

de~r.r i..bcd AS lSO ~ 5o nev, whic l'1 Wf'J ' )lr..:. :r:-

c-l ude 6~ 0 /o of the p r o ton fl llX . ThP. r: ~ i.n i n ~limin~ ting the mornent.Hm r:tn~lysis 
• 

~ w~~ ~ ld he t he :i ncrease in flux from sh'1rtPninr the t()t..Rl lenp-th o f t.he ~ pn~ra-
• 

t.as , as well as a red uction of thP. brilloon pa. ckar:e we ight throw;h the ~limina-
• 

tion of a superconductinR map,ne t ru1d sp~rk chambers. The an~lysls or S'l Ch 

events would proceed more quj ckly, w j thnn t h av i np.: to make tl1 e emulsion measure-

ments for momentum informat:i on. 
• 

A combination of the above a l ternativ es wonld lend to a variety . of 

balloon fli~hts of a modes t na tur e in terms of balloon loads, but capab le of 

pr ovidi ng valuable physics data • 

• 

• 

• • 

• 

• 

• 

• 

• 

• 
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• 

• 

• 

• 
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• 
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• 
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Agenda, continued. 

servi ces hav_ recently stated r equirements for startrackin g 
and azimuth stabilized platforms . Mr . Angevine will summarize 
stat~d r~quirements and outline possible NCAR positions at 
the meeting. The Pane l i s requested to advise NCAR on it s 
prope r responae to the3e r equiremen ts. Dr . Gordon Newkirk 
of NCAR h~s peen asked to join in the discussion of Agenda 
It ems 6 and 7 to g ive the v i ~w of a user of our flight ser-

• v1. ces. 

7. ~r?Sr.!-SS o~..!:!_eavy__l~d launc;_h_ de~!<?pment pr ogram -- Thomas 
W. Bi lhorn 

Our program to d evt? lop and imp rove heavy load laun ch 
equi'Pmen t and techn iques wil l be critically r ev iewed by 
Mr . Bilhorn . Pan.=l comments and r ecommendations are re­
quested. 

8. ~qut::_.,~ _ _!)r ._ .P_~l bou i l~_?i_ Be4it.:m for balloon f 1 i~ 
services -· .. Alvin L . Morr i s ---·--- -

Dr L Delboui ll e of the I nstitut D'Astrophysique of 
... . 

the Univ~rsite de Liege has requested that NCAR provide fl i ght 
services for a series of flights planrted by him and his co l ­
l eagues . A bri~f summar y of the experiment they propose and 
a copy of l etters from Doc t ors L . De lbouil l e and M. Migeotte 
are enclo~ed, Appendi~ C. Dr . De lbou ill e and Dr. Roland 
t oured ballooning fac ilities in the U.S . an d determined that 
our faciliti es meet t heir r equirements best. They were 
especially concern~d about telemetry and command systems ; 
our standard PCM system meets their requirements . Addi t i on­
al information has been requested from Dr . Delbouille in or~ 
der that we might assess his operational requirement s more 
r€al i~tically . At present we know that he wishes to fly the 
equipment to a ltitudes above 80,000 f eet, that it cons is ts of 
~ tel ~scope which must be directed wilh precision (+ 5 ' at -
firat, but more precisely later), that the pay load weight will 
be of the order of 1200 t o 1800 pounds, and that he hopes to 
make the first flight in the autumn of 1966. Additional in­
formatl.on will be presented to the Panel at the meeting if it 
arriv-£-'s in time . 

We for~see no particular operational difficulties and 
the coats to NCAR beyond our normal operat ing costs will be 
almost negligibl e. Some equipmen t such as a parachute and an 
airborne telemetry and command unit may have to be l oaned to 
the project on a Jong term basis . 

The Pane l is r~que:>ted to approve NCAR par ticipation i n 
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Profc ;si.,onal <2u ... lif1cation~ 

Luis \L Alvar ez rcce1ved his n~chelo r of Sc ' cnce degree i n 1932, a 

Nast~r of Science degree in 1934, and his Ph.D. in 1936 , all from the 
• 

University of Chicago. In 1936 Dr. Alvarez joined the Radiation Laboratory 

of the University of Califo rnia, wh ere he is now a profcs :,or . He was on leave 

a t the Radi a tion Labor atory of Ma~sachu~ctts Institute of Technology from 

1940 to 1943 and at the Los Alamo s Laboratory of the M~nhattan District from 

1943 to 1945. 
• 

Professor Alvar ez is n member of the National Academy of Sciences, 

Ame rican Philosophical Society , American Physical Soc1.et y , and American • 

• 

Ac ademy o f Arts and Sciences . In 1946 he was awarded the Coll i er Trophy by 

the National Aeronautical Association fo r the development of the ground control 

app roach , an aircraf t land ing system . In 1953 he was awarded the John Scott 

Medal and Prize by the city of Pi11ladelphia, for the same work. In 1947 he was 

awarded the Medal for Me rit . In 1960 he was named "California Scienti s t of t he I 

Year'' fo r h is r esearch wo r k on high-energy physics. In 1961 he was awarded ~he 
I 

Eins tein Medal fo r hi s contribution to the physical sc~ences . In 1963, he \1as I 
I 

• 

awarded the Pioneer Award ot the AIESE , and in 1964, he was awa rd ed the Nation-
I 

I 
• 

al Medal of Science, for contributions to high- energy physics. 

At M. I.T ., during the war , he was r esponsible fo r three important radar 

sys t ems - the microwave ear ly-warning system, the eagle· high-altitude bombing 

sys tem, and a blind landing system for civilian as well ~s military applications 

' (GCA, mentioned above). While at the Los Alamos Labo1atory, Dr. Alvarez developed ' 
the detonator s for setting off the plutonium bomb. He flew as a scientific I 

obse r-ve r at both the Almagordo and Hi roshima explosions . 

Dr. Alvar ez is responsibl e for the design and cons truction of the Berkeley 

40 - foot proton linear accelerator, which was comp l eted in 1947. Since that time 

• • 

• 

• • 



Agenda, continued . 

the flight serie3 which Dr Delbouille proposed if in the 
Panel ' s view the flights are feasible and warranted by the 
scientific merit of the proposed experiments. 

9 . Request by Dr . l ,uis W_ Alvarez of the Space Sciences Labora­
tory of the University of California for flight services -­
Alvin L .. Morris 

Dr .. Lui~ W. Alvarez of the Space Sciences Laboratory of 
the University of California at Berkeley has requested flight 
services on a ser ies of high energy particle experiments. A 
detailed description of these experiments is enclosed, Appen­
di~ D, and Dr . W E . Humphrey, an associate of Dr. Alvarez, 
has pcomised to be on hand to answer Panel questions. 

4 . 

The e~p~riments proposed here will require very careful 
coordinat ion between the experimenters and Facility person­
nel over an extended period . As now conceived, some develop­
mental work will have to precede the first physics data 
gathering flight The very powerful magnet must be given 
specia l protection; for example, we can not launch it with a 
f e rrous launch vehicle in our usual fashion. The equipment 
is fragile, and we may have to develop special recovery tech­
niques to prevent undue damage on landing. Special facili­
ties, such as a well in which to store the sensitized plates 
prior to use, will be required . 

We have endeavored in the past to conduct development 
programs which would enable us to meet most scientific bal­
looning requirements when they were presented to us . The re­
quirement s as s ociated with Dr. Alvarez's experiment, although 
beyond our present capability, appear to be within reach . 
Further, though they appear to be the specialized requirements 
of one experiment now, that experiment will require an extend­
ed series of f lights and it is probably the precursor of simi­
lar flights by others Therefore we believe that we should 
not overemphasize the special nature of requirements associ­
ated with it . On the contrary, we believe that we should 
unde rtake the responsibility for providing the ballooning ser­
vices to meet the requirements of the Alvarez group, seeking 
deve lopmenta L funds from that group when unique techniques 
and equipment must be developed and tested for their program. 
NCAR must expect to fund those aspects of development which 
offer immediate significant improvements to general scientific 
ballooning It would also expect to pay the fixed costs of 
operating the Ballooning Facility as it does now for all scien­
tific flights, but it would not pay the cost of balloons, helium 
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he has engaged in high-t•n< rgy physl< .;.)' using the 6 billlon "lec tron volt 

Bevatron at the Untvers\ty oi Cc1:1fo rn ia Radiation Labo r atory. His main 

effo rts have b~cn c.onc~ntratcd on t h e d€'velopment and use of la r ge liquid 

hydrogen bubble chamb<'r s, anc:l o n th<' d<'velopment of high-speed d evic es 

t o rncasure and anal yze..' t h ~ mi:lion::; of photographs produced each year by 

the bubble chamber complt~x . Th~ net rc~ult of thls work has been the 

discovery by Dr. A lva re z's research group, of a la r ge numbe r of prev iously 

unknown fundamental particle resonances . 

• 

Vl illiam E. Hun1phr c y rc ce ivecl the Ph . D . degr ee 1n physics from the 

Unive rsity o f California (B e rkeley) in 1961 and j oined the physics s taff of 

the La\vrence Radiation Laboratory . S1nce that time he has been engaged 

: . e l e m ent a ry particle physic s resear ch in the development of data an­

aly;;is eq uipment and techniques . He has seven publications on physics 

and five pu.)lications on data analy sis te chniques . 

• 

• 

• 

• 

• 

• • 
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THE UNIVB~ITY OP ROCHESTER 
Rochester, New York, 14627 

Department of Phyaica August 4, 1965 
and Aatronomy 

Gentlemen& 

We have now analyzed the results of our balloon 
flights on the IQSY-EQEX Expedition. Notwithstanding the fact that 
we obtained only 25' (one out of four) of the flight• w• wanted, 
we are •o delighted with the reaulta from the one flight and for 
the promise that it holds in gamma ray astronomy, that we ahould 
like to propose another equatorial expedition. 

Aa a result of flying our spark chamber, triggered 
for g a rays, at the equator, we are able to set ue~er limits 
to the fluxes from several sources of a few times 10 gammas per 
cm2 sec. This is about a factor of 50 better than that obtained 
to date and is in larqe measure due to the low secondary background 
occurring at this latitude with the result that one is able to deter­
mine flux limits at a lower level fran point sources. 

There are quite a few interesting fluxes to look 
at at the equator and some further down in southern latitudes and 
we believe that another expedition is certainly merited at this 
time. At the equator we flew at 6-1/2 grams and flyin9 at a higher 
altitude would enable us to lower our limits by a factor of two at 
least or alternately going to a somewhat higher (or lower) lati­
tude, for example Australia, but obtaining a higher altitude would 
enable us to make stat ts on fluxes le with those ob-
tained at Hyderabad. 

We would like at this time to ascertain your inter­
est in participating in such an expedition, since clearly eatabliah-
ing the logistic support for one qroup or many • not represent 
that great a difference in cost and effort and the people from 
the scientific ity that could benefit, the more likely it is 
to obtain the necessary funding. 

We would propose, that roughly speaking, the expedi­
tion be scheduled for about two years from now to give appropriate 
lead time for all parties involved and also so that we could build 
upon, in a meaningful way, the experience obtained f the laat 
expedition. Preliminary talks with NCAR have indicated they would 
be willing to play the same role as they did for IQSY-EQEX, and 
Rochester would be willing to take the lead in responaibility for 
the formal planning and submission for support from appropriate 

nt agencies. In first approximation, we would aak for 
support from the NSF and from NASA. We should very much like to 
have an indication of your interest in participating in such an 
endeavor and would request a reply by September 1. 

We are enclosing a list of people to whom this 
letter ia being sent. We would appreciate your bringing to our 
attention any ssions we may have made. The liat encloaed 
represents principally those involved in the IQSY-EQEX Expedition. 

Sincerely youra, 

• 

M. .G.M. Duthie 
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K. Anderson 
c. L. Deney 
B. R. Dennis 
J.G.M. Duthie 
E. Ehrlich 
J. T. Ely 
R. Fleischer 
J. H. Fregeau 
M. u. Friedlander 
G. H. Frye 
D. E. Guss 
L. Katz 
s. A. Korff 
R. s. Kubara 
V. E. Lally 
L. Machta 
K. G. McCraken 
F. 1\icDonald 
P. l~eyer 

A. Noore 
E. Ney 
M. A. Pomerantz 
L. o. Quan 
s. Ruttenberg 
I~. M. Shapiro 
B. Stiller 
E. P. 'l'odd 
c. J. Haddington 
J. R. vlinkler 

-
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and other ~ imilar a ss ignable cos ts. 

The unu su~l r ~quirements of this request for services 
makes it easy to forget the usual operational requirement s . 
These may be summarized as follows : 1) flight altitude --
85 )000 to 100,000 f ee t, 2) flight duration-· up to 24 hours , 
3) approximat e ~eight -- 8,000 pounds, 4) geographical area 
--Southern US . , 5) ~eason --· any time of the year, 6) ac­
celerations on l oad ~t launch - - l ess than lg, 7) accelera­
tions on L-=1nd 1ng .... l esb than lOg, 8) number of flight s - -
4 engine~r1ng and several physic s flights spread over 3 to 7 
years . 

Tht Pane l i s r~~uested t o approve NCAR participation in 
the flight ~eries which Dr Alvare z proposes if in the Panel ' s 
view the flight s ar e feas ible and warranted by the scientific 
merit of the eypetiments proposed . 

10 . !rater vapor m:asur ~mr!!L comEar}:2ions -- John W. Sparkman 

This program i c a continuation of a program started in 
November 196L A meeting was held in Washington, D.C on 
7 and 8 October 1965 to explore current interest. A r esume' 
of the status oE th e program and plans for it s future will 
be given by Mr Spa~krnan at the meeting . Pane l commen ts are 
invited 

11 . Another equatorial ~!llogn!ng expedition suggested --Robert 
' ---s . Kuba-ra 

A second equalorial expedition has been suggested by 
Doctor s M f . Kapl an and J . G. M. Duthie of the University 
of Roche s t er A copy of a l etter sent by them to the scien­
tist s listed i s ~nclosed, Appendix E . NCAR has offer ed to 
provide ballooning ~dvice and perhaps ballooning management 
as s istance if it i s deem~d essential Panel comments are 
invited . 

12 . Election of Chairman --
13 . Dat e and ~~e_for ne~t-~ ceti~ 

END OF AGENDA 


