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I melt w-exx,Naa lf1 e.pppc·1.at1on 

to Dlt0 l - B. Oloud1: lf:ead of the Pl7sia 

Depa.~1-. Okl.aholla A. 8ll4 L 'fl0:U..-. 

tor lde piduM and suage•t-:tou 1n ~ 

pffparatie 0% this ~1•. 

1T 



The highly peet:ttatin_g and ,~ ;at.erious waves. ol!' part,.1-elas 

that bombe:rd · , ~ outer spaoe re called ~ nys. A 

· that '8 ti.rat- st _ 'to 'thia 1*tld1at1oo. 1n l-92& b7 Milli• 
2 

kan and Us eoll~.. Bu'i . tJMJ, ~ 41..acoflr'J' of suoh a 

na1a,1 · ·ill 30. · . ok - , 'two .i Me bdGl.'9 'thta-

~i:c ......... · t.hta· • le· egtnnh1g wa tin :b1* .e,pening ot .a 

t'O\Ul<l th'• his~oey ot' the d1SC:G'W'&f7 Qd the a'tteinp:te. Ghat 

haftl · en mad• t · u.n·destan:d thes• radia.t1om.,., 

1·1-,,, , ·mmJJBaiiiin@iG~'··.1 - ff, __ 11, ... , -,n. ·,t ·,, · . * . .. . •. . . . ,. ' •·, p .. 2 . 
,··· 
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Cl\ap'ier l 

Hlat~ et comic BB.ya 

se:nra.l ~t. ,4lso•:e-rtes 1JI. apl.4 ~-ceas.ton. _. ... 

oede4 the 41s.~ .o1 ooaml-o ~•:. In- 189$ a 11na4 l))asf.

otat -sald ~t. t• .. p1'0t>a'ble *' «n ~ oeat epaoh-. 1 
maldq di~ri•.a ta ti. .tie1'4 oz plqsioa ba4 b&en maa.e. 

'he ,.eua k\e.i-~- ftacO'J'e-4 the n• »e-rut~rat-lng 

nr• uw .U•d x--••· Bee~ tinOft•• 'the J:adi:0a0:~1 ... 

!~ ot 'U'blum 1a 1894* two ~ la-'9"1: ._ O•:le -~-. 2 
rated: U.· hi'gbly l"l:l<l1oeAtive l"f141llll fttam tWal!dum.. 'fbese 

dt&oo.e~t•s •~ h1gldy JJ&••trat!ng ~ led to c~ at:utl:f 

ot '*heir p,Dtratuag pmvea. 

A a-11np3- e.lA4t:l'Olfc&pe le -.. o.laes1oal. u~nt to 

ct•t~• .-u· pnaen.._, ot c .i.-otd.• mJQ&e upon the-n4 

leaf' ftJltteJll.. !~ the .-ldtrosoo-pe ts. ~d t.t1*1ltt negati:v•· 

lJ" OJt Pd1U.-.el;F tite &Q4 leaYn Will ti~ge .~ cme· a

n-otnJ' taldng. th• sllape ~f aa 1nTEUttEitl V,. It 10Jl8: aM 1Xl the 

air ~ tae tu~\, thNe e'Z opl)Ui:.te s!.mt to 

the qar.p wiU be e:t~<:ted to the· ekot•ae~»- ad tllua 
3 

..-inu• 1t-:. A• G _.ult tm.,,- leav.ee will al~ -003.lapa. 

Ao~ "°' the th~ o~ th- e.l:~ro:scope.,. 1r obarad 

tbe ma~t .t:lhou4 ~ charg-,ct. "but. ,a-a -&ftl!'l.7 :aa 190.l .• 

Pro.rase ·e* If. a •. WtlMa,. ot o .... Ji-(Se-.,. an4 'lt.haa ,touaa 
taa-t. a el.N-1o -oaa.1ge. m aa. ,ltJ.eet:rosocpe-. even Wllft t.i&bt• 

l7 •ealeG IQ .la a .__.,. ~htm .le~t out ... 1tbia pheuom,e

t lt.'. IC liiliaUan~ !li!or lf.iSZ'.la• "b"f, Di'&nce. .~ ltd. -• •• 

8 R. A. ld 11Slrsa• Op. 4'1t. ,, P• SOl.. 

3 B. L x..u. GOB'JJd.o ~s: 1!:hus Far.,, p. u .. 



aa ~ *' aatl'lml tiaeharge o:t' aa el•otrOJJ<Jope eaused lOf.Ul1' 
'4 

soialisctt 'to WDll~ aa4 'io, aart uwst-1gat1ou. RUtna:r• 
., 

i'o~ .ad eooke. ~ · Mom;nal.,,. ta 19:&S t:oUltil th!:$ 1tm.tzat1e 

rotti30-l'·,o" 
C.ho..~\,e\'" 

1,·9. I • 
EI eci: rose ope 

t.o d$e:Mllse ~ -., nu a&\ whQllJ", e, a.ft'Etniu.g the toatzJ:ng 
& 

o~r ~ u el.eou••ope with e. ln:tu wall.. MeL&nne:n anil 

Bunoa. 11-i tM. UJuff~!ty et: ~ta., 1n ;t,M .- 7eQ• 

1.owend ea •leu'\~&aeope 'bl a tank o"t wa-te:r=,. thu so~ ,. 
1i with t;he water. BU:t this ·&lec,;·t.ntM4PI :et.ill ,e;h~ the 

lose ;ot on.use.~-~- wae t'irat called t:tm ~

,rattag radiation ot the atm,qaphflre, ·and -.a at 1'i.-t 

qu1tie aat~ att;rtbutltJii to n4ioaot1w ma:te.r.tala 1J). tu 

earth or atz.. :vdll,ch ~a bl rs.ct $b» cW1gu oZ & luse part. 
a 

o:t 1.t:. ~t. baa 'Ileen ah&wn sUl·(lEtt tl1a\ ia each .cub.i• •entl• 
y , • · H ·nr:±:li:f.:tA:::!L.J . , . ·· . · . ~ · 2. · ~ - 1 , , , , 

1t ;p;. ...... \ffl.V,ae-u.uw• ep. •i; ., • p. .a:;;;~ 
5 J • . A. El.d:ll-idse. 'ft& J?hi'$loal ~ or tniup~ p.506. 

·f R. A. MUl1bJt., op. eit .... p:., 302. 

'I Ib14., .. p. ~ 

a JQ.llibul. et'l ~. Pb;ra1cal .Renew;. voi. 2,, ( 1926} , p,..353,~ 



•tor d ®rmal au sOlQe 10 1oas ar& ~o:me:4 P• s.eoon4. ot 

thue,., 5 ~ 4ue to ad1oest.1ff eJlll3.1'llltioa in "~' atmC:>8phen. 
' 9 

2 to n<U.um. ~ 'the. soil an"' S· w ooamio· ~-

AlOllB aboui L9ff t: Evf> a •U <ta.s.n..tt ~ke-r ta •dto-
' ' . " 

a::et1'1.l7 WE'.Jk ·an ·el.e-et:roeoope· to •ea. Rt• .f'1n.dinga t-hen 

oausetl ld.a: ~o. think tba\ the d~lf&e •a: caufle4 ~1' ume 
l:O 

aew raaia.ti.oa u ihe .a.,.sp~. Also llo1.dmllan ,eont1lllle4 

JuJJ stdio l)J' ~u.aa.ng .flap1?0Yec ttffll!Oacope.e w.tc lay

er.a ot lead a.ad ~ · "bea Gut • the ~ nrrue or 
!Ake ~'Q., 'fblla ae we ,getct.ins, a-way bom any, e~~ct. or 
1'11.·tliatiou: hom s\lbstanoes 1n the e-.:,t.L lI1a ~rlme--

. ll. 
ah&Wed a d!JJtJha:rp. or the -~~·aea,ptt. 

Ia 1.909 all the -.r,Jt tha,. had ap,~e« in tlda f-ield 
' 

up w Uat da'8 -.as •vta:wad. 1Q' ~ -en4 48J1f.lM. ooa.e:14.e~ 

ation giffn 'lo aaeh ee o.'f the eq ~e poqibl.e o~igins 

o:t ·the obae-ned •l.ec~oope cUnha.rging etteet•1: nam.eq: 

(1) 'the eanh., (2) tlm· atmo:eplr.en·. aJUl Wi~ ~on• b:e7ont1 

\he aaoapbNo:. ~he ks·" two-wa ied.ldt:elJ" dilroUdect and 

~ art-1c·lo sta"ted 'th.al halt a m1le ot a~n would ab• 
a 

eon fil.U ~se n111ati<m8,.. 

l?roteaaft ·fae"'4oft wuitr. a J-eJJ\1.1, hidt., \Q'ok .hls ia

a-t'WJnentls '.lo . 'the top •~ :tn Eittel. 5'~ 8.1lt\ he: touna the· 

ettee" le4ts than f.Bl: •n• ~« ~., not. as lDUOh 1e.ss a.a t,he 

pqaleiJJt:S ha.4 8Qp0••· ~.tesa.v ~1. a SwJ..ae p!Q;e:lcln." 

, 1. x~ · !Dir¥~ ."~ .,, •• i: ,111., · 
.lO R. B.. ~. 1Q-.. •.lt. :,, P~ 4lf:., 

11 B. G.. .~~ .. <tp.. ct~;; i,,.l:'14-

12 It. A.,. 14.llllam:• OJ>• ot,. • p. $0$. 



--- up D , ball.ooas h 14110· ui 191! -to J1Bke o.bae.natrlona a 

tltflae nd1ati.oaa. on•• or tlMft :t11Sh.$s he :roa-e t-e- 450-0 

me_t,en a.at n~ua the nya wsff. we ke1t a\ .ti-rat. bu\ that 
15 

t:her pwaw .at1r-onger with alt1tuu. .fM.a d&t1Bi:t>e)i' !ndica'bet 

~-, tu. :e radta.tciws wen not, given ·Ott ttOlll the earth.. This 

was b4eed a~ Clis.o«eq and the f'UM :to · __ ·. that the 

eanlt •• net \hfJ ~ tu all-the ra7• etlec.ting eleo\n

·•oop11&,. Theae ittumli,.a Utt. t• poaat:.b1it'1es -fft' th* ori-dn,: 

· J:r"! 'Q-e -~ a:tm.o.aPhero ,a».4 the •stons be7ond. 

In 1.911. :nr •. v.. F'-. m.a -,eated •~•l. o:t t;llese expe~i"" 

men-ts u ob.eek tke result.a ns tomii \,J' p-rerteu ,nal.S. aeu 

••'t u:p ae-veal t:>:xuaane4 'ballo•• with .aut.omatie •ooretbag 

tns.trumenta to ~ts OTU 5200 met-en., anA tll.eoG-.e:red t:hat 

'theae p-nulhl& rays •• ._,. a~-. t ,he1"e. ln l.-tl2 .• . he Z-<>und 

dlaing the ,c-eu.ne ISi aom,, balloon Y'OJ'aaa•. that the l"53S &c>t 

strongu a:a he- 'WelSI- ht.ghe'.~.. na.o.h1tl.g ~ral times la~r 
.u 

valu-es a'.t ta~ -mil• ~ at, t-he sur.te.o• Of the ~. 

Tao· ~tnataga eau~.e ~-ll - 'le> Poat.ululie an ~igtn outside 

tJi• plan t. Nat~]¥,.. h«t au4 a £ft <>thll~ ~'-. :p-e:eted .o-u 

a~ heanBl.r boUes ·a , esp.e:ctfiaU,. $he eun as t.he s.euroe, 

Obeena-t.1-ee by :de B~& in l~.i.a du.r.ing the total eo.l.1.pae 

o!t "he &lUl., ~ lffl OllA118.tl 1a tlH.J ~so ·Cl£' tke eleet,ro

ae.ope"" 't-hu.a ~ that ti\~. N:T•. -414 ~ 0~1 .. !9,1~..,.te in tbet . .lJ!i ~ . 

lumimlJ:7. Thie~ MT• ~-d Ul:P\0'14d.., tea- · }ferAl ,ot 

the' physiaisw BUl.1 tlllOUB)l . ~ •• sogroe ot ,1-~ ~ 
..... ff* · Jlf""' fiL4't::et Yr ' . ·" . - - : . Y.L I ' W-AIY • . -
.Mt a. -''-'• -~O.U,,J;'aD• OP:..- O•-.-•·• p. ·•~••, 

lt n.1.i • . , ;p, lft>. 

15 H. B. Lutotl:t- · p.. _it-.., p-., -57:a: 
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have been t:lle ,nm.., 

Dliftmtua esta.bl1ahttd a p~t,•.de».t.._ :lawl! ~e>llowe4 by 

othe:rs • ~7 taking h18· el.ectroaeo;pe• a a long. .journey bom 

Toronw to ~d an.u up tnt:e seetlaad. .A:Ye:rage:a ~ 9 !4na. 

a,yer laad and 6 Qftl!" sea \96.ftl ®taiad tr.Gm -abaerva:Uene 
1.$ 

wiih the .same set t.t't 1ns~l"U1nents. 

In :tem Kolh~tu )>ega11 Jnaking ~~3Jneat.a on moun-t,am 

poaks. U:ein-g ~e- lmloh bapN-ff·d tJ'P s of e.hctroaeepea sl

multoeou.el;J t~ PN.-O:isiOlil.~ he -eOltl"bme·d p~v:S.oua ebse1t

ntione ~* th 1ateui:t.y inona.ae.<l se~ t--ol.d at high 

altitudes._ Gookel* woirldng 10'Wer do• on the mountaim'J _, ma.ff; 

hie obae-:na~ioa$ wt :o• ~ glaaJ.-en &\Vfl7 bom :any ettee-t.. 

-ot ndioaotive ma'terials ta the •oil. F1'<m.i llJ.a resul.te 

u 'Was. -e&'Yin.~ed tl\t.l~ the ~ ~ ~hese ·m.7-B was not s.Oltfe; 
l.'f 

radioaot.iYO INb~e. 

I1t "tho ,..- yenr end ·th• t'ollowing ,-eal' KolhvAe~ IO&J: .. 

:ried the ob-senations b.tgher ta the atmosphere~ lie pUh&d 

the ~rd• ot aJ.'tUu<i efte.tt<ts $a 9'000 ~ and ~oun4 a 

1: lve- 0% "'ll1n~-t'.Ol<l ucree.a• in dJ.~e rat• at U&t 
lB 

hoigh-t o•r that a't ~ lecv•L :sut w1.;th tllffs.~- <tbsen&t1ou 

"1'o• the llJa,Q' ablentcialos el,1.eve-4 ~ -~ w b.e the 

uppe.J' part or. the- :atmo11phere.-

, a 1914 the weld war l>roke o1tt- in ~ @d drn' moa\ 

oC tae ~ nat.iOWill tnt.o deadly ~ .. With the oom.

J..u.a. o:t th.1,e ·?Jar moat ot ·the aot.1'¥1,i• in thifJ fiald: d P~-

17 Ibt~. p~ •• 

18 R., A., lttl.lJ.ltaa,. :QP.. oit. ,- p • .$05., 



lOSftft~• 

Ia. llDOh Gtl. A-1l. &$ 1~aa. !D1Ukan ana. acme· ,d hi·s 

~lo· • ·· i £~· pak3 or i,~ aloft vd.'hh n:-

001-d1n&· ~-:t at. X.U7 Flel.4 n-$U .a.an Aa'l;on1•• •ma. 
E · h »alt: d )atl~ 4AttL.e4 a al*C!e.11¥ amuttru..eted w:... 
eor41w; :,o?WNt-. Ea°'h -~ JK\tltatae.4 a ~•r, ·. · .. 
:m.ome,t ... ·. . 0$~. t-hl.,ee set:11 er m&~!ion""pi.oture fl.lms·. 

ea tbdvlna · · . . . -~ »ut, with all ot thls e.ac-h ••-b.~ 

.a ,o~• t>JJat t• .· · ;iglied Ol1l¥ ~: n ,QWloe.a. Tb aeti-on •t 

th& leave o."t ta elent:ro•·e-pe c11 »e:COi aei on the 11.lm. All 

the · aJ.l;&Ql1$ ~ - t-he l)aBii~ of' the, e.t.mosp-~ -on the -~ 

id• or th&~~~.,·u;;,· .· --- we Mil .loss,., -eaualng. iJ.:$ '81-

loos to · l',gft'. F!naUY one ot tlm· 'baUOQns weuld 

bunt, . , the nna,n!t\8 ..Uoon would . · __ ·. thei 11l!JtRUmentJJ 

aa.nlf t-l) the, en.· .oaua o~ the wide puluie . .tty given t-he 

tltght.s peopl re miles aruunu -~ on t» look.out £or~

tnat~t:a- aJld ~ ""1t ot ta .fOUX" •re flouad~ ~- lla:X!

•nt'lUn height .· . ob.eo br' ~ ~ tho ~~ a-& is, -.ti.00 ~ -. 

'.al.e neulta ab 4 au In~ 1n, ~- wi -uh al~tn.tde:,. 

bu.~ 85 i,er e:eat or thtit. i-ecO#-o.ed b.7 .a. a an.a .rotl• 
D 

b~rs~. Frem. t.h• ftSUlt . ®lalited t1:om ih1a ~rdlalG, 

li1111hu:t ~~ th t the appa~ent a Gl'IYtion c.Uicieat 

:t t~ a raaxi:r.m.un bet-"o , Nal>'.hi.Qg tu 'ta}). !l?ld.a wou:14 

oonsisten:t d.'lh hy;p~rd,.s ~ 2 o.~ it~ .. .s:o these ~ 

wits ~ft.. tb: atUl 1a 401\lbt- aoou~ the pl.a-eec 'O'if or..gJ.n .-r 2& . . 
the ft'!(S,. 

D · fl!!!fWii: @tt·D .· ·. ·l'bii«oa:X R~iew~ W:t:;~!f.JlOe!J.,:SS.. 
'2'0 R-. A. Jlllltlbu)..,, GP• cit... p.aG?.-
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'Jl\bl.:e aum1'or l shews results 0£ a long series or air-· 

plane tl.1gtit• ma4e by Otls 1n 1922 at Marsh Fie11'l {nee.I' 

IU.yerd.cte) and 1n 1923 at Roekn11 F1el.d (nee, sa:n Diet.go) . 

2n this rk OU• would gain i.he da!.red altit:11d•, remain 

t re thtrty ni.inu.t~s and th«i ·4l'Op d;()Wl). to the next desired 

levei. He -0ouJ.d ueutulJ' obtain :about. three: sets or readings 

a day a:'l th1e work. We :ae 1n ~he table the:~ t'he intensity 

or the ptm•Ntins l!'a.d!at1Qlt. a-t first ilee-reaos to a m!ntnnua 
attv whi11h 1t- wreases e<mtinaously wt..th altitfflle. 

21 
J.hiplau o.be-enati0ns bf' Otis 

I 

fthl• 1 

Excess ffb' gvo-un4 

-2.11oD.s/o:o/sec 
-2,,/1 tt 

-2.'f 1t 

...... i..:t ff 

-0*1 tl" 
2 .. , • 
4,.6 " 
,... ff 

Kot le&. - tte tlld8 UtlUkan -and ot.18: took 1lh-ei% 1.n&~ . . . 

menu t& Ptkes P*1k., C.O.mQb:in& tch.e!at etdi• -there w1 th air•-. . 

plane obser.r4\1~ a"t about t-he .St\rle ait.1tu4ea <>VOr l?a.Ad«ma.1 

Millikan was eronvtaeen thet tlt«.NJ •rldecl p&rftJCtlV 4ettaite 

ev14-enee re 'the ex.oua1ftl.J' ha1N1 ~diati.ona t-e:un4 with 1th• 
22 

balloons .. 
83 

In 19:25, K:olhorsue:" wo-11ce4 a• "thll p:,o\lla. e't me.atna'ing 

-ibeet.J;y tl.l• P9l1Altratlq poww •1' t.aeae ftY•• TO. ·U this lie 

ft MIW1iaa ·aal me* Miietii'.1 D6.ff.w. iil-.it-., t!tDJ'; P• @Si. 
2B L B .. Lem.on, op.. e1t.-. • P• ?4., 

as .a. A • . utllikan. •P• c.·it<. • p,,. soa. 



a-

'took 7ea1littgs,,, tb'Si. oa $:op ot a glao1e-r in the alp.a ud. 

,ae&Olld; in a oll'ees:a:e in 'the s;laoie~ where. lt loa1 'IflJ.7.S 

ft'o.m ~• BV'ro.uading minmtama attd "b'em glatlial 4bt 11Q:rtl 

a,rsumed -to 'be absent,, all th• 1eUitt& •7• Jsad to pass 

tllrGUSh a. mow.a thi0kaes1J ot !••·• HEt ·'11U o,tailltt4 c al);• 

aorpt-1on •oett"ioiot ot the sama ~•r of magnttuda as that 

obtained later b,- JIU.11.lmn and ld• o.olleaguee. 

In Aug'1lJt• .10:86,, 1!1111.kaa:,,. oamear.on an4 Ot1e bepc aev

eal experlmeAU oa. the abs:orptia of coemie n;ys, Two: aeal.e.4 

el.eoti"O'seepes we- hwe:re-d in Lake MuiU taliitudo 11.soe n. ) .. 
·ne wa t-w o,r the lake· ~omed th.• abeoi-:bing. material about -the 

&lectrose•pe aad,, Mbs; snow t:ea ,. \he ~ ter- 1ftUl ~e, tro1n. 

~d:1oaot1Te tmpuzitiea wld.eh YlOttld ~duce tonizat.ieu 1n tlle 
24 

e1ee1'1!'0a@pe. 'rlla tdttldng •t the electrotcope 111 Lake Mu:b 

shO'Wed a:a 1onizat1on dee.r~a.slng ateadlly witll depth f.rolll. 13.3 

1ona/oe/aee. a't the· ,eu.rraee t:0: 3.& .iGJlS at .tUty :eee·t \tel.ow 
25 

the surtaoe,. below Which thefl.J was ao ~her- d~as&. 

lfext these expenme.nter;:i sunk their inat.~ats .Sa ~

heat\ Lake,. Oal1tonia (Qlt11n1de 5100 ~ee:t,}. ~ t'ou.n-d tbs~ 

ea.ch o-t the res.di.a.ea· in 'tl:ds 1~ lake we.a .td.•at1oa1 with. 

a l'Eta.dJ.ag h tche '\\PPG~ lake ri_x :toet l.ower oder the s:urt"a.e 

ot the wat:er •. nu ab :tee·t ts the wat-er equivalat or the 

alls$rpt1oa- of Ille air be:t-wea the two e1•vations. Taese ~ . 

exper·ime.nt.s aetue-d the qu'ft:stioa ror. tu•• plt;,f'8:1-eis.t ;a as to 

the &euroe ·ot the ra-d1at1•. The tint shawe,tl ~-:~ the re:.7& 

ba4 -urple penetnting power '10 eome from t.. outs14e a.ad t-he 

a4 I. I; X. ta-uacey. Jlid•m Qitu. ·y. n~-
25 Ktll!kan 81d Cameron, Pl!J¥8ieal llfflew,. vol. as (l.924),. p. 851.. 
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se4ond s~ed that the ,sau:re.ea w~r$ not dis.t.ribut.eci t:b.r'ough

ottt "the atm0splu~re1 ror the ilt'tereaoe of 3,,'100 feet &t air 

showe:4 llG etteet on the 11.tttmait:7 ot \he rays •xc-ept ahsc:,rp-. 
Sf) ' 

t.ion.. As a z,ead:t o« this Jilf®f we f1M c:esmie rays re-

,ce1vtng theb pr•st natD& &ll4 t1iie: S.Olll"C'e o:t t.hase rays was 

S<lOll aeeept-1 lay •s~ physiotste to 'be beyond ttUJ' atme&• 

phere. 

From these da$a an.a ot.her re.e-oros obtained,, Millikan 

&blily 11•t f'ort.h hi& viev,s abo\lt e-o:std.o r.tqs. In a l .a:ter, 

chapter we will discus fihee,e V1ffl'l:S •re hU,t: but at P-NS

ent we briefly sta~ tnenu :(1) the l'atllat~n 1:n the air was 

oom.plex, f>f t~ clitt'Ef~t degrees ot penet::ra:ting pewer., 

th• haJ!'de.et ha v!n:;g 13 tme.s the penet:re:ting power of the 

hardest known. .gamma rays., ( 2) the radiation •s -eosmtcal in 

ozigin. ( 5) the a4.J.at.1oa wa.s ot p11oton na-t-.u-e and. eould ·bf) 

accou.nt-ea for on.'17 &ia the asswnpt!on. th.a~ hea:V7 a~ were 

being o:rea ted out ot hydrogen 1a the va,s'i regions .of cn1ter 

space. 'fb1s .last, seell'led to be a bQld st,at-emen\ wt:thout en0\1S)1 
a, 

edde.nee to ·e£lnvinee mast ot the phys1e1e$s .• 

Al01Ig about t:his time s:evere.1 pl\yslo,is'ts ~es'te:d that 

this penet,:ratiq radiati:t:,11 might be dUe t..o high vol.t.age 

elec:t:rons o,:riginatlng in remote ~terstorms. ~ly t:o 

anawer t.his, Milllkan sad bis colleagues chose Lake m.
gUilla Ile.Br Cara,eaies. BOll"fia (u.ooo ree~ elt1t.ude)., ror 

28 ' 
s!»Jdng •l.ee.t,ros"pes,. fllle lake was surrouadttd by high 

2if 1C C lB!lll&ii.., ep. en: •• p. Stm. ' 

21 G. F.- Hull. •. op. ,eit. • p. 2?9_. 

28 )6.llJltan and Carlleron, PhJ',. Rav.• vo,1. zi.(1928). p,. 163. 
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IIO\m•ins l'lkloh oempletel.J ac1?-eened the la.lee bo.m. l'qpGJ'ithet:!.

-1 ·J:81* geaeftl'"e:4 ta ""hund,er&tO"aa. R~P 9i&re als'1 tak"'!" 

e •• "the :suta-ee et I.ake ~tttoa-<111 ( ls1tule .12.tffle re-et.) 

aaa :0n .ah!pbeara ooattnoouslr on the trip: ~ Lea. ~

" lktlllmdo.• Peru .. ·Theu ftlldiaSe a-,re:ad ctlOMlF "1th the 

Nad!.nge pay~ gtv• ro._,.. ·tbe ao~mtft hend.s,her& and 

sea-1~ ohaena.ilou ~ bl the m1dat Iii% pn,e~l thml•·· 

der s'l:oms allowed. ae ta:riu&n0e of' t.h-. e~=s upon· th-e 

e.tec-tzoscope readillga. 

~in& tlds ~ Vi).7ag& ,~ maiie tee:ta r.oz $he fdl.· ct 

or \he r.d.lkJ way .. ~ · these Gbse·n.ations the:,- c.onol.ud:ed~ 

tat it theN b ~ -effect what:e.v-e-l' or- the ~ ws:y upcm 

"he ooamto ra41atloas" the -MJW «t:O!dng to 118 fzta its 41-• 

ree"-1• oeaaot. be a ~ -cent;~"• •o• leu than -~ 

... in thle ttel4 b¥ a.s:akfq elet>-~-ope:• f.n th-e riT« 

Bwa. ftdr- creates\ enatrOution -. pr'Ob&blY #he .auggu

"ti'Oll 'that- 'the oau.e at' Q.~~ d. -,e.4:£nga OTO ~ 

~"• su:ttaoe -.. that, ae:1en&1m wen not laldAg. ~o 

ceud~t-loa 1>11e- d-itte.r,eaoe a h~-!e- reaatnp,.. .DI 

·®har ~ the prea:BUN at· lhe .au bU. etteo\ on _ th& ab•••· 
.lng quaUtlft. of tile· a-tmuphel"e -.ht.a mu&'$ be OOlllttfi.-4. 

With __,. ~nters a"ed:ng t.a• fte14• •ba.~1.J.GJHJ, 

wue llltu'i• ~~ the, ·n:la'tioa ,e-t,· ~e ~a wt_t,J:t 4etleo,t1oa .• 

2' DD. ,; P• '.tM. · · -1 



a:1&,raJ tibae,, a1~ •ria~n. var1a1t1ona wttli atitu.4•• 

U!:l _.,. ot-heft. A-t, ftrtd; aU ett these ab._.4 ft'1!'/I 11t:tl•' 

1t -,, •£A~ U1)QD. oolldo •1e. l3\lt ta. 1917 qi .1'928 -~. 

~ a fft-1-es ·d ~-*• 'k.k.tl.a a a s:btp· enrout.e 

1"m. -Gue e Jan. tll'.at we0::eet1-e<1 la •b••:tnlus J>Qa1UYG 

evi.d-. «r a oba-. of ia"tGJ1att,, $G;r 41ft'~t. lat.1tutes~ 

Tb •-otllal• .radla•t. - ~a ~eAly' lower bteutt7 near 
81 

the eQ:U..WY tlla.n &it ,blgbQr· .• UtAldeJS.., .At- thWt taeae -ol),-

8 na. lone weR gt'ftn .-11:t~ atteal1t1a. Ia tae1; &hod th1e 

"'* moe't oz the ,plq'atoiat,a.. ..a ~iall.J' nt.J.J 1\kea. w 
:tO\Dtd'ftJ!f' ltttl~ di.Ueremle lMttauae o~ l:atltuae. SiaG"e th.ea 

Ullllkaa kl. qa-eea tha• ~ere 1a a latitude ettece, n t-he· 

1nof'm1tltg ·ratlat.iona. . 

?rot ias after t.h1s B.othe ad K.ol.biursteat tmt- lnt.:ro• 

du~ed a aew flltd p.tffle•flll DlllGllB .i atuqtag cQmU:e a;ys, tile 
$2 

Geiger- · eUv o.oua1i:er-. ·ne detalltJ- o-r -this OO'llt'lt-e:r wW 

be :touad in the llext cllapt:a-... 

fta 1931 8l'll1Ul edition 0:t 'the AmeJ';tQau l!Jl~lope.dla. 

,.iie us I t tbertt was Naewe.4 tat.ere.st ln c.osmio .r.a.¥• 1a 

19-3'0 ~osuae. o-1' ~ ,JlW ad ~* dia--er,tea.. 

Bot!MJ a.ad Ko.lh.ir&:te.r t'ow.td that- o.o8l111c: ap wen se-emibslJ' 

4et:.leot.-ed bi" a ma.s;ne~1c ttel.4 taane :,h7e!o1ats S8,J tbe.ee an 

ec.<adal"S••). aoaat -118i7& "lb.a- tu, ~'"'1 Q&ed of e0$td.:o 

~ wou.1.4 ~ui»e a Po~Ua1 dtff&nnoe o.t a '5lU>'lUJanit 
.$3 . 

million YGlt:e-. 

st · ,. ·:itai•;m; 11--.0 ,e WititeQ"·!JiiBos,~ 11.1 a,n .• 
sa nta.. »• 279 .. 

33 De ~ .. IVZ1 A.naual. p,., :113:. 



In t,h_e; laM seven ore~t yeara ·we £ill.d hundreds o'l 

lnv&attgaton Gl\ the trail <ti .c.eSJd.e ~·· Ia8t~a 

haTI$· b•e.n Qetl bl aatlJ' wap aJ1d b'OJJJ.bl.n&tioitSt '.BhO . earth'.l.8 

$UJ"face 1• 1-iaS oomple:te:ty expl.~ed; an« ~ents hav-e 

bGen te.ktlol t:au, doe in~ ml.tlen!l h•loW t,he ~o·$, lumd.Mda 

&f tee:t muler "Watdlr.. q le hr.to the at~~ .. J.tatw 

n• hst-~ts were, . de• ol.d one, p reete4,. and .aew rutth

ods o~ tbcl).'a1qu tatti,o.~ 1a th,Qe · ~1-4. wi.de studies. As 

roat\ll.\ <Jt a i1 stuti1ea we llav.& ,a weallh "1:t bd".ar:rnation 

· e"tore u, yf:t maJq' ot ov q11eationa. :oan be onlJ' dou:ht1"Ull7 

answ~ 

.. 



KollloTStw U .sta t-.we. wap 1>7 which eoamte rays-,. 1be 

~ .at:ipt.ed, t.tael.J"t· 'the cel:eat~aoope~ th cl.~ttd· -~. 
' .1 

and t-he Geig~e'lle e'O~Y. w~ will at&eU.Ss ea~h- d 

these. t~-,. and al80 B1v• aome et tbe uae.e or c,omo,1aa

t1oa o:.r ~- • thre~ or thue. 

Nlgt!'ORGII;. 

Hat:~ th• ele.ctroaoope we.a the ~ J.n.stltWaent uaed 

in o'.OBJd,o,i.ray J.nve:t.rtieat.iGD1" be-ea'.WlS 1.t · e througa the 

slw 41aoha:Jge ol o ttl.ec1t1ose0.,e 'Iha~ theff.e n.-ew ~ were 

atsoev-ered. Dt the neTiau ohapteY th.en l ~<:lund a ~ 

.of a a1ulpl:e eleotl'01Je.:ope vdth a 1-1.a'Uoa oht:\lltb,a •- and al:• 

.so there 1a toad an explana:~ioa .Gt' aow il _- easta&a inoomfug 
. ( : 

As t.!lne wen't Ga the inTestip:t;.on impl!QYed theil: Urstw

lHll.'ta and we :tind new etu.l imp8V'e4 Qe-etroaeopea being uea. 

la us.ing an eleotroae.-ope. :t$ meaaure the })Glletft.'t-.ina mdiation, 

-a ebarge ·rd knG'lfll poueat-1al ts placed .on ,i.he -el.ect~oae.<>p.e. 

'!'11$21 the. 4ro'P .bl putcent.ial ~ the b-aulat,ed fl.b~ in a giT-· a . 
en mtenal tit u.uie 1-s note<i. W.ith '1d• aata and knowu 

e•11•ta.nte o't' f;J;le lndiYid'W!ll.- eleotftll<H)pe -the a:wnbe.r- ~t 1.ons 

per o,r;, p~ •eoend oa.a, be ,eal.Duated., 

'rhe ielza:tfc.a ob.amber in t1t1••roaoopeat ._. at. tir$t 

1'i latuN. Miiili'D;. !§A; p".· SM~ - .,. - ' -

2 Uill-lba a.ad Qt;:ta. F~oe.1 R:ev1aw~ 'YO! .. M,{1926). p. M5. 
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usualq fl.ll.e-4 with ordinary air at at spltvie pft&IAU'e• 

bu . lllmf t -est,a wen me~ uid:»s d!tt..,,_t. pr,e SUNS until now 

we tin.d a C'o:mmen pressure us&d is thi.l"'tJ' atmospher~s. .Aftcu:· 

exPGr-tm.entJ.ag wit.h 41tfet'Gt ld.nds OZ' gases it was round 
. . 

'.that ar-BOO, s.e«med 1;0. giw -t,he b.tJst, i-eeult:s when v.sed in ill• 
3 

C.b.tllll •?' td° an 111. ·ct110'$C$"pe• ~ : 2- o; S l'l.tl «leetro:metel,"' 

us'1ng argon ldth thirty atmosphe?es Q,~ p~. 

'fhe posit.la o,t · • Jle&Ale e n.bres :of aa sleotromet4t:r 

may 'be read wt.th a liliCflsoope a Jr$C4ru•4 by suc-c:e.asl V:e pho• 

't--fJ~pha. hlleJ.'r da.l'el.op-4. a .ael.t' reeo~ 4•ctromater 

which waa us.ed byJl'lllSkaJt in ~o:riing the raa..1at1011s 1n 

deep lakes Utd a't l:dgh altitud· s a• 41tter-ent part.a ot the 

. irl~ 

Bapt4 ohtmses la tl'te atmospheric rad!.at-ions empna1rizes 

the tmportenc:-e o'L ustae h$a 'V'y shields about the in.atrumen'ls 
4 

1B making cosm.t.c ray observations., Lead elc1le _.. us-ed 1a 

lay-ers, aad Utt":e,nt num.ben er i1l1"e:rs uie u&ed ~o keep 

out. local rays anti tG test: the penetrating power e,t C'Dsmie 

t"AYS-. lit tdting t.he .taienattr or cosmic rays :tram dltterent, 

d1rec.t1ons1 lea-4 8hieldS are made 1n Pf,ll'te so tha.t row sld"'• 

top and lfot'il'Ollt,. 'fU'O r-.ova'bl.• separately. In a llUlnbel' o~ ob• 

aene:tione on Pikee P-1£' and a'l PaMdettllt ll.lk:an used a 

shield of se:1tea sheets· ot lead with a total tldokness, ot 4.,8 

em. anct a tota.1 we1-sht- et 300 po:unds. '.t'll• ahle14 was made •• 

t:bat 'the ele.ri~ter O-.duld be GpOsed to· hoond.lilg rqs hom 

dift'-ennt direot.1<ma • an« thu-s study the direction.al ·e-tteot&. 
W' ; ~,. zrr::.!t . ' 21!:r I':!r . . "I&':: ~ . i,Ji T . li:!5."f' ..... I W' g,f . . . p . . 
.;i ~om.J;J:~v.u: Rd Rop1;1..-e · ti • ;;;; • i'.ri* • ~. ii., t i.§:;;E ) t P- $39. 

4 :a. 1,,., ~. Peyeloal bdev,. wl. .• 49. (1931}. _p. 198. 



lN.SUl'.e 2 shows an elect.rometeY' as used in the worl.d su .... 

•'11' ot oosmie ~qs (U'3l .... 193a). wlu.eh ·was ;pro.moted by Dr. 

o.- oii. In this swnrq 7 sets o:f similAr a.pparat.us. wel?e 

11B4e and uM4., an.d mo~e t1Uul stxt:7 phyeie:1.trt.a. «i>&pe.ra. ted 1a 
6 

th.e 1n1W:eQ:1ga.t~<i _ ·'* 

The Btteel boml> bJ s~ra~ frem the motal ro4 and \he 

heavil.7 ·s~ed o-ao bJ' xc:el.lent ineulla,Uon.· The ~od ma:, 

E'LE,TR,OM ETEf\ 

ftg.Z. 

be eonn.eete4 to the 'fJl.eotro.met:er· ae~dle b7· a tin,e springct 
- ' 

and be eha.rsed to the 4es1re:d TOl,t.a.ge. Belo and to the :right 

•~ E are· windows th:rouga which• with the ai.d OZ a mf.Cl'OSoepe,, 

s 'x: & C=fie.-~ :PfitiloaI nii!'Si; , ~1.u, TIH!.J. P• ss,. · 
6 G. F-. Eu:ll,to -OJ)• ot't . .,* J>- 880., 



'the ps1t1on of the needle may be read. The bomb is f1l.1ed 

with argon at a pressure at trom 30 t.o 50 n~oapheres and 

at the latt.er prenu.re the ion.ize.tion 1• seventy time& that 

ror au at atm.ospherlo p:ress-wre. T:he lea'4 Shields a.l1.e ea.ch 

oae 1.tlcll tlu.ck all4 .are ustt4 to cuti ou.t all earth radiation. 

The ~e she.ll 1B wsed t .o cut out WJ.Y radiation that might 
'1 

eome from tho lea-4 .. 

In. callbra tcing tM.s inatrum.en:t it as taken into a deep 

min• or tw:m.el to eseape rrom 'the &1'fflets of auoh pen.etre.t

in& rays. Attar the ins.'U\Ullenti had beeu oalibrat-•d• the rat,e 

ot Qitt of the ae 41e gave the num'b,er of ion pairs pro&luced 
8 

per cc per second tor normal a.tmoapher-e. 

The Cl.owl Ghantb~. 

Wha the re-la:t1Ye hwnidlty or o.rdina27 air is OD.$ hua,.,. 

dretl per cot,• 8l1J' 10\Ye:tln& ot: 1 ts tam.pent~ will cause 

the moistun to :t'er.m 111 Vert/ small ~i•te o~ tog or olott4. 

For this to oeeu:r read1l.7. thtt~e must 'Ile naelei p.reae:nt on 

Wb.ieh the water may uond&lUle. Dast ~ smok~ partJ.ol.es uau

all.y serve tae purpes.., l>ut a$m(J)spberi-e iona ma;r serve the 

purpoa& equally wol.1-. I~· not,hin.g ls p~:t to be used as 

auobd th elou,da will~ b.e, fol'Uled unless tlle:J?e .ta a 

marked eba.nge 1n ~-:,e~ture.. !h'lls a 4-l..Ou4 obambe~ IrJa:1' be 

made as shaw:n in :figure 3. It e;$Ui&ts or a gJ.as.s cylind'Ctr 

con-&ainin.g water au4 a1Y-. ThiS •tw sad air 1-e .caretu.11" 

made frh ot dust :pa~ti~les. 'Fh-e eXpanSion oausee a slight 

lowering of tenl!)tll."atur,e whieh will_ ea.use uiay 4ropllJt-a t-o 

'7' • :rtsD: • p.: mcJ. . . ~· 
S l-b1d.,., p. 262 .. 



l? 

.t.op it thel!e are any ions preINmt to be usotl a.s nuoie1. 

ftu8 the path or an 1on!ztng putiole ean be easily tol10'1ird 

t» a cloud o~er Q.J th-a tiny droplets ,t~ea on the lone .. 

l?h.o:ttographa -~ ma(le o,t these p.thwaya thun givtng a mean-a 
t 

ot studying t-be r&au.Us or the · xperiraen~s at. any time, 

'll :ough th& u.a o-r magnetiie rtelds crt lmo-wn strength 

• 

#\ w I L J ON' CH AM 6 E R. 

f'ig.3. 
,. 

these ioa predu11{ns part1cl · a, eu. be ~min · 4 6$ t-o tbei!" 

s ti .• cmttg uil 'Wh thR positi'._,e or negatiw. O:rdina:t7 

phot<m.S do not themae.l.ves prad,uoe traekS bi" ro~ ions 

but by ooll.1s.1.ons 'f1a3' rel~N eleet:ro».s wllioh ·wld.tro t-heir 

b .. 4.-d paths. The.N a.r• .• how ;\f.e.r* phot.on.a assooiated with 

o~ rays that. sroas.h atOlllS and cause o~er di&tur nees 

I !:I. IC.' ];iji'ija~ op. ctt .• • p .• :tfS. · .,. -

lO Ibid.* JJ.:. a&., 
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as sil0¥lfl in el~d chamber experiments. 'rlle appearoe-e ot th-e 

tncka id•nt.ify the passing of an eleetron if' t,he pat-his 

beadatl; or th,e presence ·ot a prot<m ~ . alpba-partiole if' 
11 

tbe path is 001ltinuous and heavy like. 

Lea-fl at:treens are ot'te:n placed ill the ol.0-ud ehambesrs to 

.study t.he etfeet ot th-e lead cm the :penetrating power of 

the eosm1-c rays ·o4- to stuey ecsmie 'l!flY showers aad bursts. 

A &. mtllime:t• 1:ea.d plai.e wil.l eta.us• the paftLo1e to lose 

ene:rg an.d beeau.:se this .cl.o:es sl.ow th-e particle dewn the 41-

reetion of the palttio.le can l)e t&und. 

It was th• e'tu(\J' e,,r oosmice JM-YS in a cl.o\14 ehamber that. . 

onught ahout a great dlseov•ry. Vild.le studying the act.ion 

ot oaa.rge,d par&-!cles, Dr • .Antl:eraon f'otmd pa'ths of pa:rtiel•.s 

that sh&Wetl all the eharaeteristies or an electron except 

that they were but in the 'fJP:POS1te direot.loa by the •s-12 . 
n·etio field. AtteJt> oar'*"tuJ. study to be sure 1 t a aew 

partlele n,., J.nd-era•n axm.~a:ed hi• i,41S.t)GY&~. '?bis new 

panic.le:, dis•01r-erea as a b7 p:roo.uc~ .ot 0-Qsmie '.lffi1'S. was 

s:iven 'the nam• o.t positive eleetroa Qr. I'QSitNa. 

trlk .... ni-.ta-- ·u .. '\'Gllel' n._...__ 
:.;a;~ ~Ii~~ .. _· :_-,:(~~~~-

Bot.h,e mad Kol.h~st.er t'ir.st 1at.ro4llC.ed the Gei&ff• 

n.ue:r counter -ro:r the purpose et llteaseing (losmic raat-
13 

ation. 'ftd.a t;pe ot eolUlt•~ usuall7 eoilSists or a hellow 

1Dbkl o.yl.b14~r along the een.tr.ai axis ot vth14l1 J.s s.t,re·t:cud 

a t'lne wire Wlllioh b ca.ret\tlly insulated tl"oat the cylinder. 

ll I ll. --,~ mx.~ 011.: en;. i>. m.. 
12 c. D! Andenun,. Pbyate,al R.evi•.vol. ... 44,(1955). p •. 406. 



-~ ~ iis eixuusted an4 bake4 out.,, afier wh1eh it is 

ftllei vd-'th dg,()11 to a pl.'euu.re •t· ab.Ou-t 7 cm. o:t mer-eUl7 .. 

lfbe w.t. and o,:Unur are high~ -chargett w1 th oppa:si tee Id.ads 

Of" eleetriett7 •. a~ to the point-. whftre « spark will 
1-1 

flash l>.e'tween tch-. ·:en fflMlte tubu to,r eosnd.e •Y WO»"k th• 
15 

po\~lhl ditf"&Nne• 1e •~t SOtl '1'til'ta. :tt _., s-~• .. 

Jradieactin fml1a:nat:ida 1 o°'amio :my-s, ·• a~ otb&.r eauo 1-e 

ar• ~c-d wt~ the oy,U11t•., tll&-y are a~ete.ll lJy t-he 

opp:oai~e ehaJ'8a • 'th.• cylinder o-r win. B:ei-• thfQ' · m\11~bll' 

~lns ·alt.4 cause. the .sas to he~ a et.m.duotor o:t &le:o

uioitl', thus <tis~ the. 4wice.. By -~ or Sl'4PU:t1~. 

c oppeY 

'" tre, ger- Mu.ffet- Cou.11.te'r' 

hg· 4: 

rlo r1ex 9 /tlSs 

+ 

sw:t:tohes.,. e'ta.• s. ,00_-1• .rq -•ountv- d.ev1oa '113a7 be •~•t-~ 
' - . 
e4 or ._11 ~ aut ... tl.~ ~e4111g a;p~ -caJ.t ~ •ie. 

~ ff ~a •t .... •Y.~ -.m \>a~ ta 
i'.I :1. n: !aiilii.. v .. ill:,, P• a. · ~ · -·' 
1G O. F-. WU~ op., bit .• ., p . &e4. 

~·· '~ 

li J:.. K. Mo~tia., ~teal Rtwi.ew1 v.oJ..39'.-(lt-18)· •. p.. -405. 

1, lL. • .• Lel'llO'.O:,. ·O'.P· oi~. , p .. . n. 
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~ . (~ i} 1a. etnutte so l)aJ.uod that tllere. will 

be: no to.ua't unt•a.s. both ~ all ot th$'se are t~ed att 

a.-t. the, same t.ime. rua occurs: when #Osmi-tt rays pass ~ugh 

all G-11 o,aJ,at•r-a au ·~Jum it 11 eall-4 a ooinoUence-. ft• 

ZIQ'B w.lU 'Ila lbt~ tt,. the eolid ·f.Ulgl.,•· &Ubtemdei by the 

•nse-n•t-J.QU of ene ·Q:linder at the nd.d~poJ.at b.'etweeu. ~he 

top, ad att,om eylln4us,. ?t' ue4 1!.ke th.ls 'thl ect as a 

1.el.es-oope v Httc:tiOll %1.Jader to~ 4~:$.lllio' •Y•• · With ~PJJ. 

,:iq• 5 '" 
Tefescope 

A C.oswi'• c "'R. a.15 

o'$ a01mt-en the, anmber of re.J1l :c0mb1g h from a 4eriain il• 

Net.ton ·CU 'be c•imte'4 and. thus the ~&l.etion hetwe.u :lll ... 

t_..l't7 and d.irect-1Gn: -can b& t0Untl. 

In the study ot- th-& latitdit ett'ee:t at Mall al.ti.tu.ces • • Ko~U:, Curtio, aaa Aettn UM • abgl.e .eounte W!.:lll a 
', 

radio ~$'.UR ·eolt~up •. With tU• appaft~WJ "1lff wel'o able 

t.o .· IIDill th..u d~ft · 40:tt with .$ll&.llq bal!Qos ad at ~ 

en4 ot th• ffi:sk:1- *hey ¢14 a&t nee4 t~ 1rwt1, th• appa:ra:tnts t-o. 
r· I 

a lb1a. , ;,.. 2e1 • 

. 20 a. A. Kor#* Plqlt1ffl ~. Y~l. 5$• (19U)., p,. 14. 
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obtain their rec0.ri8. In.stead the:, reee1ve4 their de.ta by 

maaas ot a Sll&rt wave mdio all 4urlng the aeoent and 4.e

acen't._ sueh a Dlf4:bad ot sttt47ing oosmac :ra7 ·tltteote 1n the 

a.t.ra to.aph$N weu1-I be· Ver,' •luable 1n cl.eaen. :r'ttgi,oas • 

mountat.aoua areae, a.n4 ~ tlllnl,7 populate.a 1Aea.llt1es. 

With tJUtth apparatus the exper1D1Cilntes woul.4 JlQt, have t.o de•· 

pea4 Gll the ~etwm &'f -&heir lnstrum•ts t<>r itheir data. 

flan:7 combinations o:t inat:rumes:ts u•e Ile-en lts:ed in t"he 

stuq or o.o.mnie rays. Cae wid•lr uae4 combillatioa~ wh1o-h 

ha·s given goei :ruults • 1.s that et a e-leud chamber with a 

ownt.e-r abo.- aad ~h-er below ~he c~. ftus t.he patlae 

ot 'the rap tha-t oau:ae: ooi-neitteno,es can be &'tu41ed 1n the 

e.loud e-1'.lambe~ aad 'Ille ~.tel• tJU be 1dent1~1e4 'b7 their 

pat/ha. 



'flda o:baptoe7\d.ll e.h011 how th& ~-e -ZA¥S are ,ettoct:ed 

by a-1titw!e., kUtUil&;., longitu4e!. lueoti~. e~. Batural.J.Y 

su•b •haenat1011B u• •• -eaa:117 expl.a1ne4 b:7 c.ertaia th.

~-• than ot~s a.u4 because ~ that ,1• tind 'theori.es -~ 

1ng ~ of t-llue: res»..lts., '?he tbaon.es ttaat .a.tt:ampt to •· 

plaia the :tel~ -etteets -~ le-ft tor a la1r$r ~hapte~. 

AHi.!u.de. Cu.rve.. 

MUt!M;-

As kas been statff :1n the hia~,. .0;oami.e l'aJ'S w.ere 

.rust tthovm to b"• cllitteren:t rrom. ra.ys oomtng tram tbe earth 

by the imlreaso 1D. iiltus-!ty wit.h al.t.1.'bde~ FUrt.ller Qbsa-

1 l1ijfi!i,e., lH& • . an'I s\ocrkiiii~ Pii~!iil tlii!ew • . voI .. . n. · 
( l'936J ,- ~ - 87':., 



vat.tons ot aititude influence shov1 that a maxim.um o't 1.atens,• 

1'7 1s at"•-Ch-ed. at a he-.1,ght or 47-.& millimeters o~ m.O"NW!'J"• 

·Dose me,u1~te were :recorded by an automatic •leet.ro

metn sent to a Wsht o.t· t2 ,_eo.o reet by lfilltkan. N~ * 
a -

e.nt'l Bapes-. fteae :re-sul-ts ware itupllce.t:e.d l.J7 h getieJr about 

the :88111'& tble. 

Fi~ G ·showtl o alt:tt:u.4tt :eur-re, -drawn. frobl .resul:ta 0-
,1. 

tained by cunas. A.tint, Stookmw.t,, a.nd »~. In tl:les:e 

f'lJ.sh't• the eoad.• ~ Jre&Clte« a mar1.m.u.m 1atiena1i7 anct 

then dee.reas-ed r.ap14l.y wi:th alti1nute-.., Ai ah~ by the graph 

th& number f>'f oounts at a helghl of 116.,000 Z•t o:r 5 mtlli• 

bars or pressure was bout. the same u a~ 600 millibus ot· 

pressure. 'rhh phctomaon rd reablt-ing. a •x111JJ11» 8ll1l then 

rapidly d-ac:reas1ng with a1Utu4• n-. to s-aow 'that most of' 

'the ceamio rays measured that 1i.,ear the earth are s•oondaries. 

¥~Ude, 
Wkile '\l!llvei_tng hem Ho-llaa4 •~ Du•• In.dta. Clay ttound. 

a ctrop in eosmlo ray iateas!ty as b app3'0aehM. th-e ge.omag-4 . . 
net.ic equat.o;r._ Be made· aw~l suoh tri,ps 1n 1.9!'1 and 19a8 

and ,oonf'irmod his ti.rst obaenat,ion11 vthi•h sho :eel about 

1-i per cent l~e&ff of ·OOami'O 1:a7 intensity trom Roll.ant 
,5 

t11> tlte equatft. In testing 'tlteso :o.b:e'tQrV'attons Mtlltka:a 

wat te Cb.UrohfU. JIUlttoba., ~ m:U.e tu 80\ith ot: the 

aorth ma-s:n.Ue pol• on the west aid• ot Hud$Jmf.a J3a7.. From 

a IDl.1&. litie~ .a !ri)llii; .:a~w;c11Rl{l51.f .ll•· .p.. ,,s. 
3 Cln!'l;.as. Adl:n.. ·Q.4 S$oetman~ P1J7.:aev .. , n-1. a.tlt38)., 

p. as.. ·· 

4 lI. B. ~. op. e1t ... p. 10..1. 

5 .R. ~ MU1Daaa, P!Q'S1,eal R.ev:t'6w* YQJ... 36 •· ( l.930} • p. J.St:5-. 



tbN ,oba.-at-1'm. · Mllltk'an r0-utt4 tlm."5 ~ c:osms..o. rays lulw 

the. same 1ntGU-it~ at. C:ll'Uflidll (.1at'1.tude .$9) aa at J?asate:na 

( llf 1tue 34}., In 1981 Compt.on ~- a 'W0ltl4 Slll'Tf1Y to 

•tut)' the -etteots ~ lat.itude· on the mt.eu-1:tletf o'I. c0osm!c,. 

rays .. ne ~'ts .s-hf.\w variat.icms with la.t!t-udtt.,. -with a 

1fJ..l.td.mUln at fl' near, th-e g8Qmlpet1e eq~o.-. and inveastn.g 

!Jlt,&ttSit.y t:owal"I 1">.e no-rth aa4 ao\tth. pa:1-ea. A'ti •• level tile 

/. 
C, 
Q) 
(/j 

CJ ~-
Q:' 
~t 

~ 
0 ,.,, 
/.40L--,~0~~20~~3~0~~4"":--,$<*~;--7~0~- ......-,;~~o--;90;;-~9a 

Geom a~., e! 1'C!. )..o;. t ~! u.<!e. 

F1'9. 7 ~ 
l..a.t il-1.1. de e u. ~ve 

brte&i'tty at. high .lat-itu-t.es ts . .lt per ca'\ peat.er thalt at 

tbe e:queto~. Bu'- with alt1'ttt4e, •• l.at1t'tl@ et't'eot lnoreae.ea 

rapidly• u s~W'.ll e. t . 4360 :metou-.a. t;u m.t.tms·ity, at, a1ghR 
. 7 

lat.1tude1J ts 35 per eent g-eate1r 'tD1411 at. thll qu.at:w.. Theeo 

1n'Ya~1•"ions nemi t-o bt:41.o:at.e t•t at. le.a~ pSl"t o'E th• 

1n4-oming TQ7B *1R ·etr-eo:ted • ihe •snetk ;ff•.14 of the 

earth an~ tlter:~e •lwct.1:ic0.al i,artiol..-. 

•f t .; a •• m. op·~ at~ .• p. BS. J i _ 

'I A. H .. COlnJ$<tn,. Phyaloa.t Re-view._ VGl. @ .• (1933). p,. ~,. 



N.ii~ ant M!J.liken B1lll-'t a selt-,.l.!ee~ alect:toa:eQpe· 

a . :v.-ld efti.S,e in. t.h• oaptatn•e oabin on tll . Dol.lalt Line 

:sld.p ~eatden.t oart!-.14. ntn Shtp let't Los Angelea. sailed 

by C'hlna aa4 Slngap:o•• u.p t~~ the Red s-. and the Me4.i

ternn.$U'l san... out aorosu the A-tltm:t!c -oe,ean to New Yorsk ant 

aac.k to L<Js ,Ang&les. When the films wero de:Velo::p.e.4 and the 

r:ffortla stu1lied the long1tude ett'eet was 1lisc0va.N'd, J:~ 

10# 1934.,. Other tl:"ips c-ontirm&d tbe ob&e-rvat1o:ns ~ the 

:first. showillg an ~-t.or-ial tip :tn in1U$1nit7 0f 12 per oat 

in th.e re:giM o:t S\lma1'ft a :s OOlllparei to a 41.p o't 8 per :e~ 
,8 . 

tOlUld on the weat eoo.at ot Soutil ~le .. :!Ad: 11 e~ 

tlds wo.rk Ola7, yon Alpha •. ·81:14 Baatt. .found the intensity of 
11' 

cosmie r&J"S was Useted i,y loltg1tu•. 

D.1~t1ona1 ~ .· 4=== ~ f =-~·-
Ia 1asa Mllllkan ud e~ matte Sfferai t,eats te .~ 

s-el."'f'e ette.cts o.~ 41reot.ia on C-$smiO ray 1n-.ens1 ty. At that 
- l.O 

time t~ tound 110 4'1~"*1om.al etrau 0$ 81lY kintt ... 

In l.932 Jolme·on ant S\i:net,. ato.p »anol Ia.ba-:ta't0:l"7 in 

awa~~,, PeaaqlYanta., fount a pQlla~.11~~:r nt sreatu- a-
. ll 

tenaiQ tO'Wal'ds the south than the n&-rth. 

Btlt by ~ the no.st tmportaat direnlonal e't:t ,'Q$, dis·

cov.eJred is 'the East;...Wat en :e~. Br :,le.eins two G--M c-0tmtelfa 

with th.ob axes pan.U-el to the nolrth-.:soutll direc'tiou 8ll(1 

I r: x. ffl!D:iii~ o:p· • . ar:.. p._' ffl .. , . . '· t • . . I 

9 s. Vallarta,, Pl;w. Rev.- .• vol., 47.,(1935},. p. 64?. 

10 m2111tan: ant euteron~ Ph7_.. aev •• vol.. 33,.(1129}, p. 2ae., 

ll Johnson amt st:re.e~,_ Ph,.y~ aev., vol.. 4l,{19!33J. p .. 693-.. 



26 

bJ" t.il~ing the plan&, which gGes th1'0ugh theil:' GWll axes,. to .. 

~a the wen r~ t'he readings and then through the aast, 

-one oan tia4 f'r-tlm what 41rectio.n \llft ~grays a.i-e. the 
12 

area.tu.. J.-on amt st:r:ee~. ilvuez tm4 ~. Augu- . 

UA Le»~--~,. Ro.sst, and ~ all Hpomd :f1n"41:ng 
1G 

a gJteale m~ity ~ the wea-t, thmt $he $8.$'.t • 

. »1~m~•1•-. . . 

1n: l'.931. capt:a,. Berm4't.t, an4 Sl•rns made t:QS'ts for' 240 

hour• aeu- the t~p o-t M1>... Emns • -ColeYa1io • and tound ao vari-
14.+ 

aW.on.s in thb, 1ntems1t7 greater than statistl~l error_s,. 
~

In lt:32 Mo't.'ti-amt.'lh anti llklwell tnvests1_gated diunttl. e1"t:eoct-tff 

alld: foe.a .no s!p..ific:ant bl.crease OJ:' ciecrea.ae in intens,ity 

w:ith n.ight even at- "the higbeet alt.ft-lllles t.est-ed. No e~s . 1.5 
w-ere reeo:r:<ied 4ubg the solar eol.lpse August 11, 1932-. 

K&lh-orat.v zeport&d h 1.934 iihat per1&4-.1e varie.~ioas did 111.Jt 
lfS 

s.eem to e~.tect t .he intensity ot <,;esmi,o ray-s. 

Aft_ .. «aretul, s:tuq ad aaalysi.s et the lollg time 1.toa ... 

t.b\UNS recolNl o.t Ress ant B'ioimuauv. e:om.pton amt Oet:ting 

weat on reeol"d to the erte·et. tha:t ·the& aeeu to ·be a vari .. 

at.1GD. with s1clera1 t_!me that 1-s -tea times the probable ·e~r&Jr 

·o'E: the- eomputa tiona. 'these eelllpttta't1o,ns were cont!.~ by 

R.., k ll08D we ~epe>rted in 19-36 that h:e had f'ou».4 a Sllall 
1, 

4it1J'llal.. e:ttect. 

a I. I. tiiiSii . .; op. on. , · :p-. . Xia;. 

1:3 T. R. JolrUODi;, PJQ". Rff.#. vol.., 45.(1134) • P-• 57&. 

14· Beaett-, stean-st ant Oompton, PJq-. Re? •• YOJ. .. &,(1951). p. 
isa. 

15 Met$-smltb and Bowell, PJQ':. Ii~.• nl. 43,,(1133) • p,. 381. 
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From -ob.-ell'Vat_ions, fi'f· cloud •chantbfll.!s aa4 o:r olond oham

lutre 1il c1;r-cid.ta with ooil'le14en:et• cowtt.e:rs,.. the pheomenon 

at o.QSlld.c ~ •~s wa.e rotmd .. ?.fa thin pieoei of l ·eaa 1.s 

pl.aeed. 1n a oiou.d ohalriber the o-ba~ :tb4a aeteral paths 

leadiag ham ane po-tnt on t-he lead plate.. rt aas. th.a\ a 

·part1cl:• o~ ~ .high ~ - eaa predun 1n a atngl.• proO'ess 

a l.e.~& lll:Unlntl:-• <Jt ,._Olldar.f ~ielct&-. AJldfJJ!SOll anil his ,C&w, 

work.en t:o..k 10.,900 «ffllllWr· ato:tivaMt:d croSJd.·c ,m,y ph'O\Qgr&phs 

-a Pikes Peak-. Reaul.rts . ._ that ehoW&ra ~ -more frequent-
JS 

and oa the aTtitrag& luge~ tha at sea level.-. 

ON:manl;r a riAY' nleases about l~O 1a pa.tr& per o.-ent.1• 

met.er o't path bl e.n 1oa1satic:m oham>.e.r1 llutr a '£ew times a 

day th-en arte released sutldenl;y a rew million. llG ph$&»t...-
1-t 

day thee~ or th• atom can ac-caat fftr thi& phcmom.enmt., 

Otrh!l' Ett~!••-
*li7 ot-hmr effects of eotmlc re.ya nave been &tudied but 

not •hSh .-videce hae. blJM .fount 1a mos-t oases to b-e e.o.a

·•tnctug.. s.ome et thue; other-•tteets atw11ed ue sun sp<)t 

oy-ol·&:a,. te~at:ri.al an:d so-lar- ~etlo a~,.~ tu· N• 

ta't1on • .,r the gal.ax,. 

11 '.liliiil. wt.· DI, Biii1liE X.,· "DH.·· ,1,~- fflf.,. 

l.? R. B •. l.ellloll;_. -op. -oti.,. p .. iz3,. 

l.8 An4R80ll~ m1111mn. and k44em.ey-er-, ·PbJ". Re'V. • VQl.. 4$-,, 
(19S6}, p., 204 .. 

lt u. a. Vallarta . P117. hY • ., Yol.. 4l1.( 1$35) ·• p . 647. 



FNm 1925 to al>ou lt-n tllo: maJorii-7 d soieilst-a 

seemed to f'aivw the- tbeO:J!!Y that pr~ :t~e n71 W&r& 

phn.011•., t,u'b .au.,oe t.ha't tiWJ we ttnd t.hela •ldrtus t.o 

t?u, aide ·e~ e,l.o'o~r:1:tid paJttaJ..••-- In t'he lJnit:eA eta-~ the 

·two out:at-tU'tding :,npoabtit m $hU. tielie ar• Dr.. A. l:t., 

Camp'lon. (ele.'etri..fied :particl.es) ant •· a. A. 1Ul1:1lraa 

( pllotons). Ia . 'ilds aaptw 1d.1l. l>• eiYJ 4l l>.:r1e1" or the &ttt• 

&tan41n& t:h$Qr,1o aa -~uy atteiap, nQW· to explain the ae.ttU.'8 

rd tlOlJlJtto re.ya. 

D.9-.Pllo~on ~!SZ• 
lloat ot these, ttts-enmnens are· takp tram. uplsnations aa 

1 
pftaU~u h1' ~. lUWka.a. 

la the, etuty o~ oosmt• rays one or the firs1t< thJJl&a 0:'b

serv-4 was thel~ trenien-Cl<Jus p$ne:trat.bg p0wer. 1-111-s sttseest•ll 

then k:lahip w!tll -~ -~. stno-e at the blghut mea,~4 

ene~gi~s the 5JJ7JI111l rays .Ila.Ye a p~t:.fflt1ng power ot \ho -4W 

.r a kW!lQ94 'ti.ts 'that of' ela n,:e· •. 

Ia l.iZ? 8lid 19#8 Bar.Daan u4 Blltken and Cameron ob• 

se'rved that. when the pnasure ia a given elec/tNstope was 

tnoreas•4 1.'rom one atmoaph-«JNt oC air- 'to 30 atmo:sph-e21ea;.. th•· 

llmlU.ply,ing taotoi:t- et 14 waa . . :8ai18 -ror ,11e gamma rs-rs d 

ra-cl1lUI as for ~be ••amt• ay~ 

From th• stcu-t:7 or th&usanu et photogre,phs e~ eosndc ~7 

tra~lts M!Utkan 'tld.n:ka t.tmt . the, JJmneUe-t.c,- ion1z!.ng agent in 

1 D. L ·'Jlflll&i.., -QI>,. . ell. , p, · IA. 
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all. eoando ray· 1.onization 1s $it,ho-r a 1:ree pesi'l;rmi or n-ege.• 

tron~ ud ~ p-~ot,ona-., 1u1ut.ron:a,. or a-th.er ·heavy pnl"ticles.. 

Phot9' ionize. ®ly through. th .meeha.n..ism et :t~• eletttr<m 

shots~ 

Bet . "1l 1.4.<fflO t-• and 10 .oo& te t tlU!tM is an expo• 

n'tn'tial rise or 1o~t1on ud this 1& ftPlA1ne4 by the 

b.ttnddtt stl'Uo~ure ~ - •he· 1110:omtng ph:otol\a. 

As we slla:11 :Me ln th.e latcte:r ~ - o:r ·U1s chaptta 1 'tclie 

main a~ts ,~ ,e:l"trl.1"'1e4 pa..rt!el.es Uu in the tac:t 

that coamto nys are &.f't'eoto.4 b1 lntitu.ee ,or the masn•tlo 

f'ie-l.d o:t the. eal"th. 1«11.lkan di.via••, the ~s int4 t-wo groups •. 

n.wnely. n•-t1el.11.• · - ritiY.e l!'fqtJ' and tlel1l-sen•1tive :ra;ys. 

The latter P<,\U:P is ·cuns-iAffei to be el·eetrone., •Jd.c,ll are 

ext:rtt•terreet:rial -N«~<lArles .... WhG. ·th• p,n~ :phot9ne a.re 

formed ~hey t ·raffl pro·ba'bly mllli®\$ ot yeau t~ apaoe 

befott t -h.'97 re.eh o-ur ·ear,h .• Wh•n passing ~l.1raUSh rare b.its 

f!lt .matt~r ill spa" aeoen~ e-lentJx>ne. an prod:uo,e4 'b7 the 

ooU13iona .. ftts:e: -~-... tenestrtal neoonii.u1:~• 't~el el.ODS 

with the 1>:r~a phot~. tat th&Y" an .etteote.d by t iaaa

nette t'i · ot the ·. ·rih,, ~ e~<tou:tl.ag ror the ktitwte. 

· e:tt-.ct.. By l*eec,rdfs o-t. bn'fft1ga~1ou Jd.ll1kan uow tll.8.t 

about 'I ~ eon; ot th• ••-leT•l 1an1uticm ia tl'te- 'temP(tr&.te 

· 4 PQ-1@ 1Jl't1:$Ud8S a~• LQa J\:Qatie&. ·t4,; 4- 4.ffe~~ Q~ b). .... 

41:rre-ct.ly to 1nOQ111ing ~l-.tl"-OU wld.le a\)out 9$. p1U" eent ta 
'4ue to non··t'ieli -•-..tt-tv.e.· 'ftl'••-

llllll.kan. ••& !oJ"th so-,e~l -e01WJ..a.aiona as a ~ ;t, o:t 

tm. ·tu.17 •t oollh1on.e fiUl.4 oners1e1 ot cosm14 ~. •t.e.1'11' 

tn.e1J• Qet (l} a:eeoll.4aJ!7 .el•t;ron u« pl\oton ~qa ao.c~t tor 
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75 per cetn.t to 85 per e•t ot all 'illtt 1tmi~ "&ion p-reduee4 

~ the atmoaplumJ. by !Mmnin.g eJ..•.rtNJUl J (.a) th•iu• SSQOn~ 

el.Mtre11 and pho-tmi ft.¥S are pr-aetieal.ly ali l1>w•etl.-'ePQ' rqa; 

(. 3) but s1nc·e the gr.eat · bulk or 048nd.e rq t~ke m.oa.su:rd 

by botb. A.lld&nolt e.n.4 Kuitz• bafl Gll'f)JrSi . s taP o.l>ov l.OQ 

ldll1on eleetton volte and a:'b,.out. 1m.1:r or t.hem an p.0:si t.ive.. 

it 1'o.Uows that they nrei net the cttrtt0t -er lnaoming e.lectron•• 

beoa:use seeondar.iea produ.eed by hi.gh $.pee: eiec;.t.~ a~ 

pra.ct:tcally all neaatiV& l (-4) eittoe., u st . t-Gd h~ora, -at 

least 71> Pel' Gent ~t tu t pe.~ eant oi: fi~l.d•s.onsi ti 111. _ 1oo1• 

zatio-n is duf!l to seeo.ndaries p:rotluee4 within. ·the air by 1.a

eoming e1eotrone, Lt :t~_lo'WB toot, thee numb~ of ineOlD.ing 

el$Ct.rons :found at sea leve1 n · be .ao mo.re than 3 per eat 

or tlle total number o't 1o.n!a1.ng pa:ttiole. · th.at prod -ae t:ha 

cosmic-ny ioni~ti.® at s-ea level. 

Bo uae -o~ the magp,et.ic tield -<>'E t-be earth,. e-1.ectrc:ms. 

~o- en.tel"' our atmospl1ere near the e.qua.toJt., .llIWlt have an. energy 

ot at. lea.st l.O billion el.~etron volta. A t.ew ot the extra• 

terrestrial se<rondaries ha:ve tllia energy and thia. accounts 

'tor the 1ongitndt, td:te. ,,,. Also the&e 'hf.II. e.l.eet:rrons ae.oo:unt 

tor the ~a-t-we&'t ~ttect_. whi.ch. has been dia.ousse4 bl oll.a:pte 

3.,. WJletl this ettec-t -.a Use-ov-e,:nd it wata a ·eumet1 t.hat tbi:a 

sh'O et ·' tb.er. were: a t"'1 lnOl:'t p!Jsit1Ye pai-t1-ol.ea than neca-
'"'"· ·!'· 

tive enteriq this region. 111.Utkaa ·U.Pla.lns this bT stat-ing 

thn~ the nnolei o~ at.oma are. m.oN positiT• ~ n.ep-tive~ 

theHron in oolli d.«i:s 1D s:pao..e th-e negatx~s woul.4 be· more 

easily captured by 'the nnol..tt1 than t.h-o positr•• and thus 

leave JD.Gl:l'e. positrons. 4l'he magnet.io tie-ld -~ t.ne ~ 



'\_. S-1 

· &+:,are.tea the ia-eoming elee·tritied p.art1ol.os, those ot law 

~ates &n-t•in& the .at¥aOaph re .nea2' the po.1.es* and those 

~'1th only the lU.gb.e:st. energ1ee ~:e:ring ~ $he' equator~ 

.Xu D'S& ?alllbm eet 1~ a nrmnan or hi& conc,lusiomu 
a 

Cl} piae_io.a.11,- all. b0sa1o-~T 1en!zai.ion is dl:la to the 

pa$sage et posl.~ns au. MP~ aiha thtul h:ea'fiel" pa~,.. 

ti.cl.es; (2) ao.n· than 'IQ pa 4-ent -~ tld.s 1on1zat:ion 1.s 4ue 

~• aeo.ondariee p~Q4uced within th.e ~tmosp-hei:-e b7 ineOill.ina 

eleetr~ and photcmsJ (.3} n.o- GVidenee Zo;r mor.e than 3 per 

een,t ot the ioaisa-ticm at eea l•vel to be aue to incom1ng 

olaet~ons • buts thi:. numbu 1a nsponsibl.e tar the ~itude:1 

longi tu-db* and -· t- · t ottett~s; l4) in ~al photou 131-

tel"aot only with l-tirons whether in the nuol.eu.. ~r ou"& ot 

it J (I) the l'JJ&.81l,-et14 ~leld o-:£· t..h ea-rth sepa:t"&t.e:s l.o ene~ 

1lleo.ming .secoadar,- ele.ctHD.e f:lrota bigh ene,.v e.lectl."ODSJ ta) 
the- greater pUt e~· the ioniza~:Lon 0-1 our atrao:ap~ . l . illl& 

to photons o1 the -cmuo ~ the ~del" of 200-mill:ton e.l.eotPQJl. 

v,oit.s • 

.At this poiat- I wtsh to explain, luri-ofl.7 what is me.ant 

by e1ee:tNn va.lts. Ju.st as the G&ltQ' of u bttll-et depends 

upon it mass and ,ape.a.• and tho &peed o.an b-e ex.p.reoad 1n. 

terms et tu 41.atanee tho bullet, would have to fall to ao

quue tn.at speed• ao the ,en, -~ -d moving el.eati,on 1e 

give.n 1n. te1"nla ot •l ,ctr.mi vol'tis~ Eleo~ vol.ts m;;pr:es tha 

dittereuee in po-tential. betwacm two- poi.ata between whieh th-e 
.5 

el.84'tron would .ba-v ·. to tall t.o aequi" the f¥!1.ergy it posaea.8'ea. 

a· »~ x. l!Ime.n. !'Siilliiii!." !ei!•,, Yo1. 46~(li7A'J .• P·· ., •. 

3 TU WQ-~l.d ~ok, vol. 3·., p .. 781. 



Igeatr:ifi,~ ~iple_s. 

u .has baen pl:'evioll$l,y ata•,e4 Botlle and Kolhorsiter t'irat 

sta1$.e4 usbig ooinoi.11~ oount-era :£0:,: th .at:wt, ~ comnio 

~p •. lJ:l· t,1J.eU s-tu .iu the,1 toun4 the -ex-J.atenee o't .tonizin.g 

particl.u hari.Qg a ma a ab:sorpt-ion coet.ti.c:1~t or tlle order 

or magnitude o'f the auorp~1.oll e:oetfici.ent ot co;SJ:Ide re.ala-• tion. / This D'5urB.U7 eauU(l them to identify eo.smic rays QS 

the iontzing pantc.les 81l4 t;h1s a t .he beginn~ of the 

corpueoula!' }V'pa1; .. · &is· e-t cosmic rayo. 

fflHm:. s~l. &.u oountet-s ar4 pla.e:ed in. eirouits to l'll'04 

tluc.e co1ue1den~ ~&UD:terB the$ 1on:1ains paJ.•tiele mu$t pasa 

thr'O~ all eylin.4ell-& in the eiroui.t . 'bei'ore it is recoi~dG4. 

Sinee pho~ons oannot ionize tlle air th p~.Uele would be 

ooneidorfid e1.eot.r.if'ied• but. -lllElnY argue t .hat it 1$ probablf 

a •••adQ'Y particle-.. l.t' ·t 'O'U.1{ QJ'lin~ are ar.c-,,mged V"$rt1-

oa.l.ly au a piece o'f lead lO GGntilaet•rs thi.ok i$ p1aooo _e.

boV•, the number ot ,c.o\mU oan a · re.eordod. U the thickneos 

or t.l'le lead pla't• 1a ino::reased to tllill'W-five o.entimet.ers 
I 

the nUtnbe of e bl.ei:de.nees is ;r.'})du.eed .only a tm1 por cent* .. 

Fl"Om tho partiol.~· pe:int o:£ vaw t.bi:; meana that. ldOIJt o-t the 

part.toles ·at: the top <r>r ·the atmoBph ~a have an one.l'"QY or at 

leas:t s·ix bill.um volt's. 

Epa~ein,~ LematU"e an4 Vallarta;; and SiiQor.mer deve.l.oped 

equatioaa elll.owi.ng th& int.luence o£ the mag11eti0 .tiel.d ot tb.& 

eu--C a .i-oc~riZ.tea ;pa.rt,1elas. 1'hia rmiui tmtJn energy tor .eG?ll,... 

tag 4.evm through the, b~ing ettee~ GZ the fleld was higher 
7 ' \11 '¥F.!!.' '!t:P ¥ ' ' "l' ; ' ' ... ~ ! ' J . ...... . ' "' ' 

• i. J.UtB&e~ .. "'•· op,. e.s.'i., p. t:.r11.-.. 



Ull'J" ll111!ltl 

AGRICULTY~AI: f.· ::·r· fL\~lCAL fiEG! 
L i h - . ' ... t y 

for 1owe.r geamagnetic latitudes. and requi~ ~O~JJ} &33»os-. 
.e 

mle J!87 htensit7 whea coming tram higher to l.ower l.atitudes. 

such dteotcs we:re le.i.e~ ·obaetted ana coiatirmed as 41seuse4 

ill chapter 5. YfJ.tll t-hie ctiscov&ll7 ot the latitud• ettee't 

many scieatlst& ·were t1:0ndnced that thi& ws atttr1ci•t: pro~ 

that. the prinm.J:7 c.osm!.o rays al'e ftleetr1:t1ed part.tel.es .• 

1 ~ J.&ngitude dfeot and 'the east-wast effect,, d.1soon2r.,. 

e4 late»-, also show tha"t the earth•• mago.etio :tl,e.la baa an 

etteot: on lneom:ln& cnsm.e nr,s. a\1.Qb ·•:1':tee'ts ou \hes:e nJ1J 

seat& po.int- ra1;he~ de1'1n1t-e1J towards el.ieet-rit1ed ~

t1oles entertns the atmospb.ue. ,,.. 

Ia th-e .stuq o~ high ut;ttud,e <Jbse:rvatiou and deep lab 

inYestige.bl.ons three-oorpueuJ.ar component• or c:oaic n,:-e 
ee reveaiect. !'h-eae. BrOliPS' an 1dentWe« as separate g:roupa 

·oy th.tr :ran.ge o~ pene\~tion in the atmosphere and laku t,e-

1.-•. Yrom the e.hacrp:td.-en ~ trr th• atmosphen: Gompt-on 

concl-ud&s that the grea~ 'tmlk -ot eeamic RJ'B oo be iate

p:re.t.ed as parti.eles o'! a c•rte.ui ~ Uet.r1but1oa an4 not 

phetoae .. Cemptmi ·41rtaes these~ ~s aceQX'ding 1;0 'tche . . 'I 
Ol"fle.r of th-eir pae'trat1o1\ an« ealls thpm A~,. ·ii.·.~ a. . 

ttroup A cons1•• of~- aott~-~sen1, .Pff~s!~il\. abo-Te . . ~ ' 

so~ooo teet. ne latt:tua.e et'teot.· a~ ll1&)1.:. ·ltitll4• .•~ . . . . . 
th• :pho'tm! to~ W« ra41at1a* ad the .amne .etten seems t.o 

rule out the rtftti%'0a• en unct:ha~8e4 Pfll!tiel:e • . Electro.as ot as 

llt'll• petttntt:mi au --.ra a• tlloa• ot Group A ••Ultl not 

paae th!'OUgb the earth*• 1111llpet.1c t1•14. Fo'I' thia go•p the 
:!J lflrl · ¥:.2.!'.!!t. I ,St 1 · · · ,i-,g, r · r 

., a. ». JAWlUJl, ap. •~~ .. ,, P• Iw. 



posa11"U1t1•s left would be the protons arul alpha rqs. Thfa 

a1plla rays (.doubl.7 vli.arged lte.ltum atm:aa.} seem ·te lae: th• 

-obc>ioe tor tbts. g?"OuP. 

A8 anal.Jzed 1JJ' C~an,,, ·G~ I eff-Oe a w14tt range er 

ce-rgi: a. ~:red to the nuib:er or paniol.es :&hat tm"7 th« 

atmospl:len: .• there &N· tn f1Z thtlBn abl• to pa$t,ra,t~ all~ 

t,be atmosphere. fth'e sffJDS to · a JUaXiml:ml at. ro~l)" cu.-. 
half" a:a ablespllue {SI .,_t-.fmetaa of' •rcl:tlT} t~~ b-7 

a st-eep rau1ns o:tt d-tma to a iimi.t or. 2,7 eetimetcen ot 
merelll7. e~. •tat.es that. pal"ticLes crapabl.e or pen:atrat.ili& 

thirty six sevut;y sixths of ~ite ~pher~ must he.Ve energies 

o't a MlUon ele-o~a. Yolts if' :th97 ue alpha ~i.oles,. 2.a 
b1111on electron Yoi-ts ff el•euoas ,. an4 2.l. billia :elell'tcroa 

vol."s it protOAS. ~m olotnt ,eJialuber pi~turu at We uti.

tuu., pre-ton traoke are .extr~ ~. an4 tor this res.sen 

Compt•n S8J'8' that G~p B ts •s• likel.J ma.de· up •r e.lec:troaa 

(Positive ant. negat1TIJ) . ., 

Group C contaills th• har,de:st or ft7S whi-ch pea•'trale tba: 

atmasphm an4 then huniiJN,ds o.Z met.e:?11 td: water. Atiec,~iq 

\o Comp~on only p~t-oua s.- to Po•••• tb 1u1etts.aa17· ..ma.es* 
cha~a• (positiT•}• ·ant\ uergy 1."fQ p%'04U06 the obSen'-1. results 

in thees coaeo'tiolls. 

A8 a &WmDRr7.,, Compton id:fttiU&s 61:'0tlP A with. alplla 
8 

pa.:trtiel.-e·a., ~P B with el-eotrone, U4 Group c with pro.~oas •. 

'fhl1s we. eee that. most or t-he: .scte-nt-iata seem to agree 

that at least some· o:t the oesmie rays tllat are entering our 

atme.sphue ar& elect.riAea pa.n.ic·les • .At, a meet1-g ot the 
1 ·m1.·~ ''p·. · ·n1 · · I.! , .. :. - - , -- . . ' . .. .. 



~O'ell P.bilosopldoal 800.i.t:7 a't PhiladelPhia• PetUlSJ"J.

"f'Ud.a ia Apd.1,. US$:• 1.-b attstrlb1e4 men ·o't .aei.ence a~ed 

~-·llfUlh o.t the: 1no.QltdJQ& ,eosmtc tt41.e.tia oanaistu or 

~·leo~l.tt.t1·e4 .~ioi.&1 bttt. t,11e7 41tt,oe4 Sllarpll' as t .o ta 

oxaot. ,-eatast, ot ooQ~· .rqa ~ th• inoom1q 

~s. ' . • ~tea YUleA ·~ l.S pe ••~ to 9-t P-•~ ,eent.., 
t 

the: 1attu belris: --., ~wm•-a n._.. · 

11 · , . • · _c .• 



J4any ot the phy's1eiste that have b en working 1n this 

fi-eld admit · t there i not aougb known at>Out cosmic ~TB 

to ev n speoul. t . 

vestigatore haY.. 

to theu ort&tn. Bu~ nat , 117 ~h• ln-

. dared whe- . ~ ~ aueh orgi,e-s eou.14 

have o.r1giaat d.. and a~ have <land g1v us "Gh ir by

Poth •••• 

1UlltknJ1 tella WI that the erlnene• o-r eoamic•:ta7 

bands, 8ho¥4l by 41.ftflr$llt ranges or pent tion. demanle 

th-at cosmic mys originate 1 som nucl r act, having sharp

ly defined energy valu s translatable into spectral lin_ tN:• 
l 

quenc1ea. Aooording to E1net.-1n' e theory• mass o.nd . era 

are in~erchrulg able, anti their relat,1o-n is siV b-7 the 

formula E : ; E 1 the orgy ill el'ga • m 1 the mass in 

grams, and o i the - loe1t;y o'I 11gh't inc :Um;_ t ·J:J pe ·O

on4. u tug this u ti.on as a b .is .MUUlmn dvano · the· 

partial oz eompl t,e at.oru...ann1h1lat1ng bypoth ns. 
It 1a b 11, ed by 11lan1' · aientist& that tho at.oms o-'E 

oth 

found that tll relntiv masa s ot th atoms o.f V"d..l"ious el.e-
2 

men.ts ar not multi pl of tll. - ma s o-t tb.J hydrogen. at.om. 

From the m sured ss e ot th atoms ot various l en.ts, 

uehll Elnat in'a uation and Plrulok•a equation (E lrf} 1 1~ 

r 1 'Ei!.m o.nd Q l e:ron$ $. itn.'. TOI. S!, (Ii>D)' p. m. 
• 1929 Annual., P• 593. 



ie pessible: to •~• th-e a.nee, r-eleased it these ei~ 

an·~-- b,- the- unian tJ'.t -~ etom.a. Tllat is, U in• 

at.oms of ~osea Ull.1te to torm OJ.Ul atom or hillU.. thee 

1:a a loe 01: i.ta ,qua!. · to 4, x .t.Goe · { ss ot bJ'~ at.a) 

mbul• 4 {ma:s.a or ullum .a'i'om) ,mt h equal.a .~ e.t:<m11,e 
$ io'. unJ:u. n l8 auppontt bl' ·•1111taa -DA 80ltt.e o'11en ·· 

that ~ - .lost -. beie<iln8$ •4.!.e.B ••~• • which. 1n this 

caae. «quals oout, Ja8 miUta •.t•tJNm vo1-ta.. ft ••~• n

lctaNtt b:1" the •11-d&en ~ti•a ·ot aa ~v,• a.tam ~ ia ll7· 

~en at.oms .OQllfla wt ill ntilltQlt . •1oc$:1"0la . volt-e; that n,.-

1eaflll in the, t'o1'Ilation of a:U1ooa oat oZ EB Jlif11ZBgell atUIS 

18 216 nd.111• . l.mrt:ten ¥C1t.e; Gt' u~ •11--t o-t aa atorae ot • lt74r0gen 4 o mill.Son eleo\rml volts.. 

From- \.lt& st,uq -or the pa.et•ting p-~ o-r eosmte ~ 

it appean that- th great maj•tty rd them h.~ ,energia 

within the .. anges bultcet.•t a~.. oo--rr.a:Pon4hlg to the a:tUl•· 

den 'to~:tiffl t the -el.ienntnts.+ h•ll~ .e•pit• a1llcon. aad 

iron. ~ hY4"gea. Aa tui .a.a: kllftll a-, · "th•· ,n•.-t t.ime • these are the mo:a-,t abuncle:nt el.~te 1a t9 tmlvu•. · II 

ha» 'b:een sut-.e-4 her--. tha th~ oe a tl!IW ot· the ocanito 

reya ~ha• h.aYe ~1• as hip -as 10 billion eleotJ'.$1 .-oit• 

ell" hlgllft~ 'l?hlt n-d4ea tormat1o.n, o'f 8'8Jli:wn., 0V heane~t, 

mown ·el-..nt .• .hQDl ~pa 'WO\lld p~ue C!Jnl.7 l.:,80'0 mil.

lion e-1:.ee-.tron V'Olis9. - ftu we &ft, t:he, part,!al -~

.S ·C. • E ll. · ti\m'e-,. • • op •. fill. *, p. 181. 
4 n.. A. m1lin•• op. e,16 •• p, 318 • 

.S JI. 13., ..IMaon,. o-p. oit.... ·• P• 9&. 

4 R., A.. · ll1kall, op. ett. • P• , 314. · 



· ting p~e&s - ould not ace-aunt :fO"J: the moitt pep;et.rat.ing o-r 

,h« cosmic rap k:aO.Wa.- i1be: .comp1~ amilhilat.ion ot eertain 

ato:ma would P'n411.1 e ra«ie:tioa w.itk these ,aergtes. It the 

· •u Qt. -a. c~oll ·ai~· s ~«mq· 'brans~a:.-4 into :rat~ 

eera tM -.nuw woui« b: &~t. 1'9 b1111Q!'l e1eetron volts .. 

· t..toa. e·ould not. 1'ake place· without '11..

e~ttn_g the ~ q.'t' .the eon~tfAn of . . &ntum_ hut ~ 5 

\lUlte el.es~ Tedt . phjtua · . eleovone .going off la op

pa.ei,t-e 41ftO't!es WOl.l1d 0Vtml:011'.r8 ta!:s .utrtoult7,. !"8$ 8 b:f.1-

lloa el~n:n , o.lt phe:tt,on.1 Id.pt lta ~1'4 1bJ' the am.drh1-7 . · _ 
la.ti.on ·oJ: · ~gen ~ · 

~ the ·time t,t • · ,S.h."O'Wtt· t-hat. ~osnttc l.t.a7B 4o come 

trom auiaJ.4e. ,our 1'tih,, ~ he:a ~ a blvet'1~ 14• that 

:Outa1n. evst . 1n etara ~ rqp.GllfJ!.b-l tor- tl!lem. In 193' 
8 

Bncafle a.nil Zwlolcy · adftnned a 1iheo"7 :pla.Qin.g the origin .ot · 

th'$$6 wys b attp~ttft• stars .• . !h-. ,a,re etal'S • Which. tor 

unlolqwJI reasQllB._ • ePgo a t~~ou cpl.ostou acccm;pan1e4 

b7 an i®M ••· in thBu °n'UlieJU'J:th, liova• ·within our own 

uuiveirse .ot st:an ar ut. •l all u.riu~ and ~ ~lU~ 

anes an cm&.enu. b ~r %al" d1a\a.nt ei•erp-ea. In l.Qa 

~ .(l~· ~ .a .aiaoove~ in ·tb.e c~•Uat~n ~ · Ber

Oldd. ~•t· set up ~ale l!'QF aoirte14-•e:• counters and 

f'ou,J.4 an !Jlo,e;s• .111 C'1~ ray 1ntensltY when the · light 

hom._ t ti.gm t.&11 • the. -c~i,-~ ·~-~ope,. ~ ~•• 

was two< _p.v -~ . whloh wae . ~our t~ the ·~xpQ!ment:al e"lc-
r , tu . ~ 



r,or. It th~e reports ar-e oontirmed by othe-r d,flta ano~her 

1n4tfP$14ent el.ue 'lo the hrulamen.tal nature .,ot oosmic 5l"S 

may he obtained. 

It th · · · 1'a78 .are ph-o'tlona they vroul.4 t'l"S.vel with the 

s-pe d o-t ligbt and would reach here. at the time Y.re see the · 

e,;plo:sion of tl1e no-va, bat 1~ t.h-ey n eloe-otfie4 parUci.a 
t 

thq woul4 lag b«latna one aotha~ ~at is th ,vario.us 

ob.are,4 oo~t~a -of ~b• 1!'&.Y wo.'114 b11 eo-ned out 0-11 the · 

lo11.g Jo1UUe-7 ~ e.pas0•#, ad 1:t et ct-able · oul.d :turAiah ·· 

means tor de.temining their- ·•igtn. 

9:Yher ~en,.a,. 
l.G 

ProtessolrMilJlet o£ Od.Qdt state.a that the vast 

spaees b _tqen the · vu1ous ga.J.axt-ea an ~4 wi~h un-

a~taolt noat.tng ~1~-ltla or the kincle e'l mat,t.v· or whieh 

:to-l'm :atlill"S.. These pa.-ticl.es tlN atteet-e:d by tho· .ga:avita't10JJ.• 

al. attra<Jtion ·Of t:he ttoJ.,e. Ull.!~o'f wb1eh e&USQS ~he,m to 

move wit:h alll'lotlt tbt> ~P"d or .ligh~. Mtlne tb1nks. that ooa

l'fd<, rays are t-lMUJ.t'a ~ee n.11n3 partie:lita b'aw!llg t!Udr ellm."

IC/ tJtmll thit uniVe'r8---

Dr. '1'. JI . Je:hlUson thinks t.bat ne.pt,iv, l.J' charged -ol.~ 

~ ilua-t. OJ" vapcno o.v.r -a etcar•s sur1'ae:e mt.pt attno:t posJ.

tivel;J" ~bar.pd ato.m.te iom., nn4 proJ,eot th _ into- spae:e ·U .ke 
u 

t he- ll•· or a · cat-lwd-e tub&. X'll«Let o'f l\Yboge11 -and h~iUJD. 

atoms. the p-1.ncipal eo:utituents flt ·t,be; atll:losphere o~ stars 

wuJA. thll,e b~~ t-he ao..smio :traJ:$. 't -m11··t~i! m .:. , . , .. · · .µ · t 

~- :p._ 4 . 

10 ·fta ~l.q-ana, .lf3.$ ~ .• P• 192 • . 

U H~ Stfll';l~ P.mti-clt,Jpeuf.a., 1.93$ ~ Bet>k ~ P• 437. 



Hamtu Altus triea s.o aecwnt ror th• &rlgin ot cos

mic adiaUQll •¥ ·t,lunld'.ng ~ 4oub.le. et.ars aottna as 61ant 
u 

070.tsuon.a.. · · · 

M"all7' ~ th$ sc1eft1n• MU.eve t-lua oosm1c ~qs were 

to::raeit h 1'-J'gon• ages. umat-. aA"l&llQU tu- ~~is 

tb:at. the.Y aNt supe-l'&d1:eac:ttn ~~l.ea etn1ttd: ~ . the . 18 
initial. •xp,los-1:en of the. ~ llJUYtll'Bh 

swana e~'t• tJaat- tilq ••• ·«l•~ a.o.eel••ted 1>7 

elao:tro:magnet1o tn\lu.ctibll h'$m t.be: ,e~·magne-t1o field 
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