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• I.lf'rROWCTION 

Colorado State tilivon1tr bccw:.e involved in et.\141o. or bail tor 

the t'irat t~ 1J1 tho a~ or 1959• At tbi.o t.ir.14 ~ent&Uveo ct local 

tara groupe in nartbe&at.orn Colorud.o ~h.c4 Colorado fltate University 

tor an evaluaUcn ot a veat h«U' lliOditic.e.tioa FOe;rQil ooo4uct.o4 there tor 

tho :purpoae ot reducing bo.1l ~e. 

In 1960 a 1Z10nt basic atQdy of tl a cbtlrGC'teriat.ice ot foma.tion or 

hail vaa ~· ~ succoo-aJ.ve ®Joctivoo ot theae at\IMee 'be(I;Wl in 1960 
cans1a't.e4 ot the tollO'Ifi.nSJ 

1. l>evolopaent ot 1n&trwr.entat.1on for Jt.eC.li\lrtDI ot ~leal 

ebA.ro.oterist i e£ 1 dU.t'etioo and froquency ot hail ct tbc grol.~Zld. 

2• Organia&t1CR1 ~ a fiel4 netvor.k far Gy&tematiC obactn&t.ion of 

ba1l and prec1pit&t1on ev~nto With t he 1.natl"Umtmtation 4evelot:ec1• 

3 • 1'hrea~1onGl. t1eld tJCOO\Xl'"~nt6 &-:-u1 ~ at ;peri~ral 

Aa:t& to prortde a thor~ deccription ot baJ.l wcmta. 

4. Yeatb&r moditieatiao exporlt:IQnta l>cwe4 (I) tho ltnovleclge ~e4 

on the preceding tstopo , wi th 'the obJective fit attempting to 

~s ~taa bail ocC\IlTence a.c much u poe•ibl.o. 

~ 1n1t1al er&Qt (lf5F G-1234) save support tg:r the ciovolopcont ot 

'tl:l.o 1"irat. tvo ot tbeae tour :p~a. 1'be se6oo4 grant. (BZ:l7 G-1"1964) eave 
~a~ ror 4eve1opoont ot tho eQ;vir~tal. 8\.udiea. 

Tbe l'\U'l)08o ot th:i.a reJ'lQ1" 1• to Gw:arir.e tbo work clon• 1.0 4aW cmcl 

to -u 1 t a ~~&tt.u or ncor4 tor t'utunl .rei' orono. 1a C*ltinld:aa tba 

atudiea or bail. 



n. ~ ACca.fP'!,.ISmm 

A. lu~tetlOB (\>T C. Tbam.&) 

l.. ln41cator 

. ... J)eaQr!pti(ln 

'l'be 1n41.eator consists of o. ~tand, a 6 .. x fr x 1/~ 

a~OGa baoe # .bo Ught.1 and boa.vy 2 pgo al •JQ.i n\11 toU On4 

t.bo conr. ~ 2" x (/' l~ .fail. •trt», ~ 1n 19~ anA 

J960, WA rep~ in ].961 by A b• X ~ - choot ot J:aeav7 Coil 

u4 plac:ed 1o tho conter ot the 6 .. x fi' liQCl".o't ~the 

118ht ~ alunn &ncl styroroe:m. 

Xn a.so ot lAI"Go bail. et.oa.e~, it. 1& very like~ that th4 

2•1uch width vo\lld not be enough to eatcl1 t.b4 wbol.e 4enta, 

~, wt th a ~,. ~ 4" cMot ot l'o111 the ~- ot having 

tba 'Whole &m.t w.oul.d bo ~-tar. 

Q1 ·tn. etand i.a :placect tblt e~oaa,. tbe '-inch s~ 
· lua&VT toil, tbtl l.O-incll. aqUOto l1ght 1'o.tl, OQ4 u. cover 1A 

~ o:-&sr; •4 t.be Gta.Qd. ia u:llod to a tcnce pxrt. 1'l:M 

C0f0:'1 bavire A Stt X 5• opmi-ne CD top, proteC"ta ~ ~ 

fO&A pockata e.n4 .bol4B ~ .in place·' 

b.~ 

1'bt iDd..S.catoz' w® <b)D~ to prando • _, ot ~. 

tba fllJI:re:t t:rom f&l.lin& ball Gtataa at. ea. ~ pat. f4 

l..1...1.sht. foil" rc»i'ere to "1\eynolAa Wrap~ B~J ~ hOUG'ehol.4 ~nlD 
~oil.. 

2"neav:r tail" rctera to oo -A - 56111,. 2SO al\'i:dllUI!il roU abeet, Jdll 
fini~h, 34 gaae. -

'~"~naU&tom ~to Crol;lo in Northeastern Colaro.do And an Anal.yilU of 
Pmcixrl.u.Uon M<JMJ1ea JwGocla~ v.tth a Cl.oucl~d1xl& ~ 1u 1959" 
by JU.cblu"4 A• Schl.euaeno-r, F~ ,, IGP .415• . 



,. 

' tlW ~ tor Ot.lcll otarm 1n<Uv1d11Qlly. 'llle 1ntena1:tq or & 

baU. storra _, bo 1n~t.O<l h'v:a the 1n41cator b tex. ot 

ft•lbe ot Upt.ct. onorQ" »e.r •wmro t'oot.. 

o • Vblt.t data vera obttl1Mcl 

(1) ~data 

'1"M inMca.tcrG vcrtt c:boak.ad }lerlod1CGl.l7 in order to 

pick -..w the hail-<2Ar:aeed 1ndicatonl aa 800U atteJ" the bAil 

•t.arm as poouiblo to 'UJ:'I1t. the bail. ~ per 1nd1co.tor 

to oae ball atarzt. Indico.tora V1th Wl. 4ente ~Qr.1 ~ 

tb&m cne •tal.'!~ CU"O ti.ft1cul.t t.o 1nterprot1 bOe8.Wlo tJJq 

abOW on)¥ thee~ ottect. ot the tw at orms t.cec~ and 

not. each ctarm 1ndirtduo,]1¥• A "lla1l. Indtoator l.la:t4 Ghcet." 

iAJ \8\84, aG Gbotm 1n 'L'o.ble 11 to keep a. t'6CQZ'd ot toM 

vJ.sita made to ~h indiea~ and tbe otb4r ~~ 4at6 

• abQuA on ~3.4 1· 

~ 1960 data ru-e ll()i &,b(M\ 01\ the HJlllplA ~l 

ID41cator Data Shoot" bee&1;8e indicator number 100' 1 ~c<i 

u • ~ in Ta.bl.o 1, ~ added to tho uetvatk in 1.961. 
Wbon tho indieo.tor \ll\4 ~ bf boU, t.ho date of 

the bail 'WU determ:tnod traa )leO',Dll) 11v1nc near~. Tho 

a&tA at tho hail and t.h& piok ... up 4ate an4J.nd:tcator ~ 

vare ~ on the hall.~ ~ ~tecl.r. Mter t.bo 

l'Ja1l~ l-"GCltetD vue ~t in .trcm the nAJtvm-~, t.hct 

~ 1t'1lAl 41t.mlantled, the 11Gb~ .toil 18 ~ &TifA1", ~M 

a~oam .18 reta.i.no4 tar further uo Vbatlllt'VV ~bla, 

and t.be beQ'ey fail. on)1' a kept ~or M\&1'0 r.t.renco • 1'he 



·• 

baU 4ato, piek•\W ~te, &nd 1.nd1eatoor ~ 1a then 

tft.nc.ferNd trora t1» light toil to tbo bDo:fT toil 4\u"ina 

the diamsntlli..c, oo t.h.tl.t t.1r.e: .hnv toil 1• aU tb&lt vu 

retained tree. 1o41cat ars that w:re ~ 'b7 ba1l.. 

:-·. (a) ~ data 

&• Total en<tr£:y" (EtoUal) 

The energy nucbera 8l"e 4f!teratu.A v1 Ul tbe Aid at 
tho •Hall Iu41aato.r C<Bput.aUoo SbM't,• u ahoVn 1ll 

Table n. 
7be i zs &at ribution ot all tbo 4ontia on tbo l.6 ina 

~ heavy 1"o1 l vas Cletemi.nc4 AC¢0J'din& to \he a.i&e 

claaa and 1~hP.! act uol. length anA ¥14th oE ea.ch clctlt 

1-t wu impon.Gnt ·t:.bat. Etach cle11tr M 11i11UWe4 V1 t.h the 

...- DWJ't.bo4 111 order t.o pt conaiat.nt M4 accept.ablo 

4etermine4 ex;pcrimental.l3 b1 4ropp1ns aarbld &n4 ball• 

bearin&O or 41fterent 4i.ol:!eten aDA ~ t1le a1ao 

~ the c\ent cade ~ ~a.Qh QQ. \be bail in41eatcl"Q. tumoe, 

the caUbration of tbtt acale (pluUc \rl.&."l61e) 1• auch· 

. -. . 
'.t'1:IO 1:1ti(:C:\U'&C1ea in tbl! anora VQ.lues 1o ex:pla1.nt.ul in .. An Enor.gy Method for 
Rolat1ve Eat.imatea ot Sa.11 IutQ'n&it)"/' b,y R1c.lla:nl A. Sehlet»ener AD4 Paul 
c. Jenni.nga. Bwl.l• ot th~ Am. Meteor. Soc., Vol. Jlo. 7, JW¥ 1960, 

PP• 372-376. 
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1 
that tbo dimewdons marke4 oo tbe tri~ CarreGpou4 

to t.he "4otlt diamEtter• tor eo.Qh f4 t.be 81te ela&oea. 

u 4atcrm1aed ~tall7 ..,.. plotted ~ term t.htl 

01U"ft ahogn in F1.guro ~ to a14 1a calibra.t.lng thla cCQJ.a. 

The total n:wz:ber ot deote w1 thin eaDh. ai ze clo.Da 

aise clADa. Tbe ATer&ee dent ana wu Aetermined by a 

.. wi(tbted avct~,. \lhich depon4a ao '-he nuraber of &mt.a 

ldtb cllttoront. length.D and vidt.ba 1taolt'• By enterioa 

tho "dent area~ aa4 "41m.ta/1rh,.. ~ua tbo •energy 1n 

tt.-l.b/rt2tt oa an appropria.to gJ:a.pl~' 1 tbe total. 1mp&ct 

energy ~ tound for each oise elaaa. l'ben t.hfJ eoeiV 

n~ tor each a1zo clue an .a4e4 to g1vo t.be tot.al. 

bpct ~ o't1Atorve4 b.1 tobe in41oat.ar. 

'1hoae prooc4~ aro Uluatl'ated lq tbe to1laW1ua 

·~ 1a .ret<n.'Or~ to Mlo · 2 t 

~1a at l.6 aqtW'G iuche:s ot hc&V71"ail ebcMs 

6o dont.a of a1so ooe• Botorrina to 1'Gblca 2 , VG 

t1ru1 6o denta, aU 11ith a lenatb ot O.lineb and 

a Vidth ot o.linab· sac. tbe total. nurabcr ot 

4enta in &1~oe ooe ia Go CD m area ot l.6 1n .a, ve 

may d1Yide 6o by 16 &n4 ob~ , •. ~ &:nta/1n.11• 

ImterinS tho go~ vi t b '. 75 desat.a per a quare iucb 

and &wt "o.rotJ," at 0.01 pv .. All I'M1"GY n\llbGI' ot 

s.6 tt-lb/tta. 

\• 
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In t he toreaoing exam_ple 1\ u eat17 to seo that 

the ava~ area 1• o .. OltA.•, "b\D •ll.P.POM 'tM 

&mta are llt!fl&Ul"e4 aa t'oUow t 

16 - o., io. ~ 0.3 1:1. (a1&e 2) 

hO - o.a t n. b7 o.a ilh 

TllOll the total n~ ot 4en\:a voul4 be 56 on Gn 

area or 1.6 tn.• ar ,., 4eut.a/u.•, anA 'tba averep area. 

voul4 ~ c~ u tollowl 

16 X .(9 • l·" 

:a X .~ • !:!2 
56 ,.01~ 

W1eh~ &YO• • ~ • 0.~ 1Jl.8 • 

b• MaximUII enera.r {~) 

Aw:rtbcr (fllergy n\lll'.iber 1 calle4 ~ ,. 1a computed 

CD t.he oun,pt.ion that all Use Gente ant ot the le.z'soat 

aiM• In. lo 2 , tor example, tbe total n\JI:lbcar ot 

all tho 41fterent ai:en o-f 4eota 1a 132 c:a tba 16 1n .a 

of boavy t 11. 'there axe 8.25 &mta/1n.•. Tbe lA:r&aat. 

&mt W.S 0• 7 i c • X 0.~ in• 80 that the cllmt &orca UIN 

would be o.aa 1n.2 -at'.d when entel"ed oo tbt •iloerg 

Cro.,pb~ V'itb the 6.25 donta/1n..8 
1 tbo ""Vaxi"''III Stu 

Eneria" ~) i_e tOl»ld to be ~ fi-U./ n..• • 
O• let.wark spa ~ Mil. ~t eaergtea 

t.tbct to·toJ. energy vaJ.UI)IJ 'WIU8 \18e4 in tbf:t 4At& 

.re4uct.1CG 07$ toQ to aboW t be Nlat1ft haUa tarm 

t.euJI1t.3 a t. Y&rl.ow poinu ~t. tba atona 

.. 



l.O 

.wemant. ~· wu e.oe<JQpliaW b7 plot.t1oa tbe 

energy Tal.ue& ot ell ~ 1a.4icatore tor each -

oo. the notvork m&p ot Jlortheutem Colora4o at t.be 

1n4icator •1 too. Tbia ncttvcdl: •» ot ball Sl:zp&ct 

eaeraiea. osetber V1tb tbl n4&r data ad·~ 

clowl photoG _,.. uaed t o U.cr.t.be clou4 tarM.Uons ot 

4- ~t.1TO fNqwmq (.vereent) ot bail ila;paot enoJ'S7 

'fbe totel ~ (Etot.&l) ftluea tor 1960 an4 

1961 vtm~ uae4 to plot • ~ ot ~he acc\Dulatecl 

relative trcquenq (p!reent) ~ ~av uW!Ibere vers\10 

tbe ezw nlueo. The maxJ•' cm-.:r Yaluoo wro 

a.l.ao lleed r~ 1959 (seeded), 1959 (lal8ee4ed}, 1960, and 

1961 to )llot • a11AUl.ar cri.Wb· nia er8llh abowd that 

the aeoded daJ1l of !1979 pro4ucec1 Mil V1th leN~ 

encrJ.'Q" than t.be ur.soctW _,. ot 1959, 1960 e.n4 1961· 6 

• ·• Yol'\110 ot b&.1.l taU 
~.Wlo 3 .~ ebow tba "total. ~tl '1JIW eqGZU"' 1nch• 

ror HCh tao }'erio4 bJ eice cl.ua a1.111Decl v;p ovw au 
tbe .QOt\lark 1D41c:atora ~- during each time })el'104• 

ln 19601 the network consut4til ot 1n41cat«'» 1-99· 

In 1961, 1Dd1catora n~ 100l.-l.Ol6 ._. aMe4 to 

brl.na tbe t.oteJ. lUIDbGr ot Mtwrk in41ca~ to 115 • 

~ sre:r.ba aro abotln in Figure 7 ot .. ~t.enat1.ca ot BD.Ustorma i n tho 
Col.Ql:atlo State Un1Yers1tt Uework,. 1960-1961• b7 tiohaK A. SCbleuaener cm4 
Lev1a O. OI'Ut and pneeated 1. 'the lU.ntb We&1iber aada&"' Cc:IDt'GWDCe1 1961• 
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TABL£ m 
TOTAL DENT'S PER 5 QUARE INCH 

1760 

SIZE I 
('1'1 i2'icafo,.~ 1- 5 

/5.-3 / Moy 22¥-53 25.58 3.0'! 0 33 o. 3,.. 
J"ul\t 

I 1 '('~ 3'f.E8 3.3 2. o.(f..S 0 08 
I 

0 ... l...y 28 . 6 I 1'"' o. 0 o .o 0 00 
I C:.. 

1-15 A -..j /2.00 2 . /.f-1(- 0.22 o.cc 0 ~0 

• 5 ea. so., lr'l-2 OS f:; 9. 3 2 6.63 0 .78 0. 'tZ 

I 5· 31 AvJ· 71§ /.3 7 0.32 0.00 0.00 

Sept. f0.2.7 5 60 /0 .co (). Ol) 

No 0Q tc 2.9tJ ( , 0 c:? oo 0.00 &.c 

/Cf 6/ 
(115 1ndi<.o.tor-s ' 

S IZ £ I 2 :3 1- E 
/-15/YJoy 1'77./6 6lf-.88 §,-r8 6./2. c.o 

! 5-31 dJay ~B. trt- /9. OB /.?it o.so 0 . 00 

,)~~~~e IB'f.f>~ 75.~5 22.22 s.~ 7 o.zs 

J-v. :J 8~ 't-1 7¥-. '18 ,3. ~'! /. 37 0.&6 

/-;5/i..tj .J. 6 2 I.BB c.oo a. tJ~ 0 O,j 

-* Se.Qson 330 t'l /7/.59 37.65 Z5'f- 0.3/ 

II /1 T h e S eq s on J n c. L ..c d e s I 5 tr1 ~ T h r o I.A 3 j, IS A ~ ~ u t. 
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,. 

Tbe rurt.vork ot 1nd1catant 4ooa not. incl\1&18 tbe 

indicators aamcad. b1 Ooopet"'t.t1W. obaenere. 

Tot&la ~or the N8llOn WON Ul84 to &hoW ~M 

ftlatiq =aon1 t\ldoa at b&i1t&U t011t the 1960 aouon 

an4 tho. l96l aeoeon. Md1Uoaa1 paiocla aw 11ate4 

1n TablA 3 1n CJ"4ar '\o 1nc:l.uae ..U ~ 11\41«»-

tcmt eYOQ tho\16b t.bcr¥ W%'e ~ by baU 1lb1cb 

~ oit her botar. .~ aner the-~ .... Oll 

{1, ~ - 15 ~t-). 
TAble 4 vaa ~ uains t.btt JeU.aa totel.o Qt 

f:4 dcnte/in.• ('Dkbl.e .. ~) Vhich wro tiY1de4 by tbl:t 

m.~n'ber ot 1n41cat.ara uottcl in t~ netwrk ~ tbe 

.~eaaon to obtaiu a. ftl.uo ot lfbnt.e/1n.8 /1D41=tor. 

'L'bl• 'fal.uo vu mult1pUc4 b7 the vol~ ot the bail 

•tone 1n -.ch sue elM• to obtain tbe ~tw. ot ha1l-

hll 1a. cl.lbic 1n<:bet - 101t per ·•q'*"' ln.c:h ot Stl42ca-

t.or rf# each a1ao ot bailatooea 1ilb10b feU 4aJ.o1.nc tba 

~MOiiOih 

~ tousl IUiiCNilt ot ice vbieh tell~ Ule .hll 

aeuoa 11lc:lu41tra All a1see 1ma i"OWl4 w be 0.0196 a.•/in·8 

£~\be 1960 oM~~on ua o.~ tor UMt 1961 MUCD• !OW 

1961 val.u. 1a ap;pl"ll'daat.e.q 2•7 tima ~ t.bazl tJ» 

1960 Y&lue an4 thia 1D41~ that ill 1961. the nlatift 

Jll8&ll1tlde or ba1l.hU lfM uoater tbaA 1n ]960, eY'01l 

\bQush the c1&ta 8llaW t bat. ~ ~ U 'tM ~ aiM 

ctlaaHa ........ ~ 1D 1960. 



3 
I , 

.f) t.s-f ,-,it. I,;,., t?f volumf!:..S ol"' /C G. ~~ Ltn1l ,.. t!: <t. 

bf s fol"l~ .s .r.~ c/a.s ~.s/ I '-6 -(;/ 

TABL E 'f. 
t /9 6 0 t fq 6 I 

Stor~e Siu .s eqsol"' N-:.~ N · voL . 1. 5aQ.SO, N=~ IJ · voL . ofo 
* -o, - Vo . ~ en Z:_ 115 

( 111)- U n.3) 
De,~. ,. D•11 t.s!,. ~..J. '"·~ . O•IOtA;,. l oe .. t.sj, Y, • • 

/lf.A 1ttti, '";%· • 
I 11 · 

, .. I ft . '"' 
I ( 'Ia )~00/02 ¥-t2 .05 't. 't65 .OO't55't 23 330 ICJ 2.8 7 I 2 • 00 t?.'12Cf 6 

2· '1+)~0082. 69.32 .7 00 . 005 1/rO 30 17 1. 5'1 /. tt-120 .01223/r- 23 

3- 1/:l }· 0 655 6.,3 .067 .OO't-381 22 37.65 .3271- .02 'r-I;S 'f-0 

t-(rt)·.z 210 0:78 .007Y .00 I 7 tr I Cf 7. 54- .065" .Oitr't98 27 

5·(, ~8)-. 7480 O.'rl . 00 If 2 .0 o 3 J 7 I / 6 0.3/ .0027 .002 20 lf -----·--
.OI<t 58 7 /00 .OS31Z6 /00 

COM PUT AT IONS 

3000~ :;;: 3000mi.:~. X 61'-0ac. a X Y.3So0...£t.•x. 
N£ Co~. NE CoL6. 1111 . ac. 

~ IZ 
l'~-11- · , ~ I 2 o .,-3 't 7 10 

ft. ... 

/Cf 0 

/c!.587x /0- 3 in~ ice. :: /'f.58 7 X /0 
in., 

J in.J; ce X 
ill. a 

5 '- b. t c~ I T. , 
X X -- X. 

I 7 2 8 i11. 3 f f. 3 2000 ~ 
I ft. ~ 

12 
lL IZ . '1. T X. .0T3't- 7 X I __!..!!.:._ ::::: 3,822,23 0 o.-.s o ,·, ~ 

NE CoLD. \ E ..:..oLo 

I n im i La f" m a,, .' . 
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ID J960 t J.6 porcont ~ ~ total YOl.DIDa d bail 

ocuurrod 1n tbo 1·1/8 ar J.azopr a1a clua 11hil.e 1n 

1961 ~ ~ ~~ occur.raclill tbU •lao elau,7 ~~ 

~ that JI08t o:l tbe. b&U ~ ...., O<IIMI trail. 

tbt tmeller atonu 1n both~· 

t• laU impr.ct. energ b.Y eiso Cl.l.aN 

ti)1Da the tQ-f.;.al denta/in.2 /1n4ioator itt each nu 
clala trca TablA ~, the bail ~ enerv b7 sat 

cJ.au vu a.c:swu.ted QD4 tabu1.ated u abofm in ~ 5· 
J'rcD tbo •tone td.Je it\ -.cb tiM clu.lt tho .6J!HlOC1&t,o4 

UDt. a1u wu towd trca -tho curve .ln npre lt aDd 

tiben the 4ent area liU t~ t« each a1M cwo. 'then 

"V entortns tho "clct area• _,. •41tJt1.ta/s.n.au,. oa tbe 

losarit.~c t;ra:l)h8~ t1'Mt Gez'&Y' ~ VM tOUI14 far 

.-cb atow a1r.G f<:tr'. t be 1960 0114 1961 b&1l MIISOC11h 

AccorcUns to F1G\Irll 1• the 1/8 111. •toao vouJA not. 

lllllke a unt at. .u en4 ~ore the 1Jir.l*at beZV ~ 

aise l 'flU reoordo4 aa 0!1"0 in fable 51 tMtA ~ 

there "Cm4ou.t~· vu ac:aae f1D111r1!¥ aeaociatm \lith •ice l• 

Tablo 5 ab.ove that in l96o1 :5Q percell~ ot tbc ba.U 

bpc1. eaet'£T caM beD ta. a:tcDtl8 in a1a S (1-l./& 

SacbM IID4 ~} 1D 1961, ~ 6 iC"*l~ ot t.ba baSl. 

s.pct. -.er&Y ..- trwa ·~ ot ww.. •1ach ~ 



Size# 

I 

2 
3 

1-
5 

/960 
Stone De~<-d 
5,ze Stz.e 

(Jn) u fl.) 
Ya (;zs) 0.0 

r~ t zs ) /3 

y, ( 5 ) l 

:yr .75 ) 7 8 0 

I~ (u 2 s) /. z o o 

5 iz. e -::tt: 

I 
2. 
3 

1-
5 

n 
.J- • -

/ 9 
De , T 
/11'e~ 
{ttJ _l ) 

0 

017 

22/ 

.608 

I . 1.;- '-f 

St2 e 

""' I 5 rn ... 1 - I .::7 11 ~ .. .s r 

I 

SEA.SON .t-

De nt I=.:?=__ ~ ola A,..ea. q'f sro,e 
(i n . ~) (cie,.-f.s// , .1 en.-'-~t.~ 
0.0 4-lf 65 0 . 0 0 

.017 7"' I. 6 2 2 

. 221 Qfc7 2. 32. 

-~08 .008 /.0 / 'f 

/. 'r-'t-0 .00 £;- 2 . ~ 32. 

7.1- /v ~ 

SEASO N* 
·~- ·~ 0/. I = /t5 I Sf•"'f 
.:~•,.r~ L n.- ~.~./F-1.') 

I t -" \ ' 

2 . B 7/ .0 O. {) 

/. 't'92 3 .1f /3 
. :32 /2.0 -t7 
()~.., 3lf' 

. {) 0 .S ~ 

25.5 /0 "/ I C . 

0' t m~ac. l- er;e r-q\.<:. s 

0 I" ..s-f-.7,~5 196 -
./ /. 
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196o 

1961 

l'aUo ~ 

16 
oon1'irl:la tbe tact that 1n 1961, tbe cre&tel' puot ~ 

more tbao 1n 190o. In l9Gl t.beN 'Nnt rever larp 

atonee, but tbo l.ozp number at .. n atonM produce4 

ao INCh fll"G7 tba.t 1961 bA4 .... ~' ~ oo 't.bl 

&YU'8£8 t.hOll ).960. The 1/2 ille atoQea (D1H ') pro-

4\ICed a 1.a.rse araount or erlG'I1 1D both ~. Iu 1961. 

.. 1 percent at thtt baU 1.rqM\ ..., ... baa tbil 

It u or 1nte.reat to CCIIlPU"t the 4at& trca 

1'abl.AR 2t. and ~ V1t.ll recor4a at •usu --~ in 

trcu ~~r. ~ An4ren, s~ J>iat.ri.ct M~maaer ~ 

Groat Weete-m 11~ C~,. and ntera to 4caAao to 

beetiJ 1o thea 5orltJiem Diat.riot, Wiu iDclua. au 
ot ~ 804 eutc"n Colorado, aa.e tiCZ'eOiP 1a 

~ cut ot .Tu.lM\Nra, AD4 u \he Yio1Dit7 ot 

ao.14np, lileoruJr:a. 

Vol\ll'lllt f4 ll:r;:cct Total aero• 
lee, 1a·0(1n.• ~:%.· or 'boota 

(!Ule ) ~d. 
(Table 5) (Mr·· Andrew) 

.ooo ,.~ 41,~ 

·05:5 25·5 ~4,63~ 

2.65•1 ,.lt,rl ,.Osl 
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I• MouN !'rapt 

.. PilrpQQ 

' . 

ttbe JfouDe 'tn.pe ere t1mina 4oYiOM t18ftlo»e4 to aift t.ba 

\S.. ot tu'*t bail tall durin& a atom a\ ts.tt.nat ~1ooe 

Uarcughoo;t the netvark an:e. 

... J'tvllica.l. cout.ruct1oa 

Tbe ba1l timins cloYice u abcMi 1A 71pre 2 bu ao 

aJ.mSnua lrrv trith a ptld4l.4l OG one en4 M4 a apri.n& aD4 

nl.MM V1n an t.bG other end. The lner 1.1 1\JIIIpoo.ck!d on a 

hl..cJwl near 1w aidpoint. Tho &1~ lA!tYC and ita uaocia-

t.e4 p&l'ta an •bovn 1n a sket<tb 1n J'1&m"e ,. A rqu.1ar JIOUIIe 

"\l'ap ia wect toge\bet:r W1 tJl Vire 1 paper ol1pa 1 D&t,.. 1 u4 lft1'111& 

• to .r~ tbe tnger1og •cbau1 u abova 111 f1&\A"e ~. 'lbe 

e.l.oek1 aouMtrap, lever 1 and all the u•octatecl IC'·~ are 

abibl4~ h'c:a tbe veat her by a ~ (.a. ot 1 tnch pine). 

~ wre M.n7 ~ ~ co the Urdrac 68Yice tbl'oUgbou.t the 

• .._ to .ue 1 t. portOl"!l 'be·~wr. Thtt apr1QP ~1lt& tbe 

le"tU _..to tbe aouae trQ bolt wen tCAI:l4 \1ntutone4 qUite 

ottea oa ihe fira\ ~ 1DIIpectico tr1~ M that 1t vu neccuo:q 

to tut..tm t.bem IIOI'e aec\D"CI~ b.T beDd.illC t.bo IHl4l ot tbe •prin& 

&r'OUn4 tbe bolt . The ettecti'YG&leaa ot the tain& deY1ce -we.a 

~ eooe1Getabl;r b¥ ~ tblt left:r tl'Clll • •pre.oee4 

NPODlw• lrier to an alJDiJUM le'tw', b7 11a11aa CJQ.Q' JlcG1li 

(aUYW) _,.. tra,.a iutoa4 ot ~ VJ.crtc. (OOJ!)lel') .... ~ 

f v.;'" ... •· . 
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Lever-(A vm . Chlli11'!~L) 

Fi9 . 3 The LeJe r 

_ 5 a~ S f'ftrr f '"'J be>tt rd s 

R.e L e q.s c · l)/, ,('li~Bo d)l 
,-
1 r.:Jf' 

.R.e Le se ~' 
II/~ 2. 

C ord ________ Lo rje 
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ao 
IID4 ~7 cbuling the tu.1.ervra bUl t.bat. ot tvo DAlla to a 

t1&1cna m&t ot pl.VIU11&e4 abeet. •tal· A n1D.toro.1.1la plate 

Mde ~ pl:WiD1zocl obaet 110ta1 -.. .a4ec1 to tbe t~ bod¥ ot 

the Utdnc deY1oe at. t.he uppsr lett. la8D4 .U. ot tbe box. 1.o 

help a.p the 1'l'a. traa e<mnc a;pan ~ • 

•• .. fiAq WOI'k 

., (1) hDctloo ot eecb pa.rt 

WbeA the bo.il •tones bi\ tbe JMAl• ahoWG in l~ '' 

tbe rel.oaae V1n Jlo. l u IDOY04 ao4 thla .,., 1 nt ~ 

the liGUle t.zoap, Vb:l.ch aprinp llha an4 paUa apart the 

t.vo po;per ollpa aboWD 1n J'1a1IN t., letUoc \be cord anc1 

larp ~ 4rop· &:M\ to art.o» to aeooa4 baa4 oo tbe clock 

below. 

Bach IJIII't ot the timina &m.oe t\lloUoaa 1n a M11.ca 

ot chldll enntll, oae atter uotber, 1D ~ 1iO •top 'the 

cloak u aOOD u 1 t ~ to baU .. 

~ •PJ1.D6 attac!M14 to tbe allad.nua lever la p.rt ot 
tbe aeoeaauy tena1co MOde4 to l1o14 \be otber eD4 ot the 

1aftr epSoat tbe eD4 b&1l. an4 al.ao to lreop t.bl V1n4 1'rcla 

YilJratlna t.be lever an4 mockinc 1t. ogt. ~ a4Juataent.. ,_ 

nl•ao Wire lo. 1 ta tbe anJ.y link beWMil the lnwr an4 

tbe mowe ~P and aOXTeO u part, ot tJae ~ mochanS•· 

Vbea tblt paMle 18 blt. 'b7 ba£1 tall 1t. ~ vire Bo• l 

.. •bow i4 J'1aure t.. Tbct U'icfser . ot t.bo IIOUM trap 1a 'Yflq 

... u.tve to mq· aon~Q~Qt aD4 W.. ..-. tlae 114,Ja-..t. ot 

t.bl \1:'1aPI' ~ HM1tift• 



"· 
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lbt .auae trap rolap the iapul.Ge· tn. tbe releaH · 

¥1N ao. 1 to tbe release v1n 1o. a traa tta bol4er aa4 

t.-.. \be large uaU ana car4 111 4rowe4 6cJwn 1ato t.bl 

llQd ticm vbich • tope t.bO cloolle. 

(I) &eu1t1~1t.T and adJuatmt!rlU 

Hl.oT a4JU1taso4ttt can be ms4e on tbe ball Uld.n& c1rlic.e 

Wblob vU1 change 1t. eeou1t1v1tT1 but u. 1a ~ 41tf1eul.t 

\o .U tho M no1Uv1t)" ot each till1na 6n1ce t.be aamo 

~ the PlY&ieal. cba.raeteriat1ca o£ U. tjmS rc dftiee8 

_.. acaaet.11te0 41ttarant. 

· !be •.trine Clll the tilrdna \\mae ,.. a4Jllllte4 10 tba.t • 

1ee4 wight. placod • tbe leYol' at 1obtt Up ot t.bo ea4 na.u 
an4 veiahin& ao.ss sra- vou14 b&re}7 releue 't.be lover t.rola 

Lbca eD4 nail· 'lor t.bcl beat ad.)u.tmellt., tbe eo4 DAil wa 

.a4e nnr)T bori&Ofttal Vi.th on1¥ t.be Up lte.elt touch1na 
tha love Tha t\11..ulD WGA •1tua.td ••h tbat. 1Jie pG(ldlo 

,.. CMntore4 1D ita houatns, ao4 at. u. ._ u., t.~ 
·~ IID4 nl-..• vtte VQft JIOVec1 to a Ye:rUc&l. 1Q11 t.icolth 

Araotber a4JW~tzm:lt. .a .ada on tJ:w lenctb or the v1re 

below u:.e JIO\I8e trap ~ ao tbat 1/'lt.• ~ ot t.be 

l.eftr at tbe tip ot t.be ad naU .. nq\d.:re4 to nleeae 

tM JIOUM trap. 

It. .. dee14od t bat. t.he larp *1 ahaulA. lana eo t bCLt. 

it l"HU apinat tho r.tant a14e ot the o.lock 1u & poeitica 

.. olGH U potAible to the l'O'..&UD8 bM4a fit U. olock, an4 

tldA ... accCIIIPliabeA liT bM6' na the •t.rJ.tc trc'D tbe bOIU'4 



.. 
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~ 

abaft tbe clock ri&ht t1YtZ the •pot .... the D&U 1a to 

blulat &D4 pl.ac11l$ the otber ea4 ot the •W1.o&. Vitbout 

aladt, itt tbe ret&:r ot t.be 1.1ttt. .U. Uc:M\) 1aobee aboVe 

Ure bot taa boGn\ • 

... lata obtained 

(l) 'fJ.Iaee of t1n't hail tall 

Aftler each bA1l atora, &n iDa~ ~ -.. .ada to 

tbe network t.o ebeok tbe h41catara a4 •peci~ \.0 

cMc:k the tSm1DS 4eric:e to o'bta.i.ll tbe olock 't.1lle 1A bopea 

Uaat tbe time indicated on tbe cloe!k VOUl4 teU the t..Ue 

thA\ tbe tint hail t•U tor t.bll pnv10\11 bailatol'ID. w.beA 

t.he tbd ''& cs.ticd wen tir&t !Mt&lle4 ca be net.vork, 

tbo.J' 414 not vork 'f'f!Jr7 .u, btl\ .rter auccHaive a4Juat-

.-uta were -.481 tb.tq bePB to opcat.e lMtttu• IJ.'bct Vine\ 

,.. the vgrat. h1D4onmoe •' tint beca:aaae tlle YibrQUoD 

ot the le.vv an4 pa44l.e ~ lobe ..... t.n.pe rrarq 

t1mP. other caUDO• tor tbe ol oeka 1.o •tcu> Wl"e k1r4a, 

.....,. rain an4 'fan&llll. 

'!'able 6 U•t.a t.be ·~ or J"i.n~ Bla11 hll" rroa u.o 
tbd:as cSeYice aa obtainod tr<D all the 1Mpoct1on tripe 

...S. 4\11"11'18 the 1961 qoaon d operat101h ~o 14ent11".r tbo 

1Dcat.1oa ot ee.eh 1od1cato17, t.be i~ ».~ auoc1ate4 

with tbe x:ert1cn&l.ar t1m1ns .&moe an ~ 1n Table 6. 
A ClWt•U on urk 1n ?:ablAt 6 lnclloat. tlat u. t1lii0 1.ba 

clock • toppo4 .,., not. ba.a beGG tbe earroc\ tiM ot t"irit. 

b&J.lAU, but rat.ber tbat t.be cl.ook _., ba"N li!Nn ·~ 

b7 W1D4.- nbrattOD, b1rda, TN"hl• or otba' --. •• 
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TABLE 6 
Of FIRST HAIL 

-2 rn "'1101 
8 2 7:;5 
~ lf- :25? 

sm lt /9~/ 

N Ol'le No11e 

1 z rnCMf 1 9 ~ 1 

-r3 R 
'f{o 2 ' tt?? 

/3 11)~ /9 t~J/ 
/ cr 1 ? 
2 ~ 
3 P. 
't- cr JB ? 

5 /C . "r8 7 

B: J<f ? 
7 s : ;}? 
8 12 .' .5? 
9 /i-f" 
tO 7- 1'! ? 
II GIL.? 
12 Cff')? 

13 5 .'1'1 ? 
It;- X 
fS 7 t;-.., ~ 
/{, l 23 ? 

;7 ./8 ? 

18 5 . 'f-1 ? 

/9 3:tr-7 
2 7 . 0'1-? 
2/ R 
zz. ; ·so 
2.3- /12 
2 4- 7 zs ~ 
2 5 c;_ 3'f 'I 

26, 1/:.5( ? 

21 R 
2.8 12 '1'3 ~ 
zq I 29 
30 R 

:3! 
32 
33 
34-
3.S 
36 
37 
38 
39 

I 
1-;-Z. 

8 
<r-r 
s 
G! 
52 
5"3 
&,o 
71 
90 

j{)O/ 
I 60 2 
/!) 5 
}00~ 
/OCJ 7 
/008 
IC 9 
1 1v 
/!)I I 

/012 
/t) 13 
jCJII;-
;tJ!.5 
I tt 

R 
R 

'r-:.57? 
5 :03 '? 
4- .' 28 ? 
9:55? 
5:2.1? 
Cf: lt'3 ~ 
II 31 1 

K 
I: 03 
2..'08 
tr:5Z 
2 :;z 
7: 3() 7 

1/. 5'1-? 
~: 21 ? 
1:{)7? 

(/.''3S t 

Lt: 0 7 
l:t)/ ' 
!( 

2 . og 
~;/t) I 

z:Y-.? ~ 
Jr; 2~ ~ 
7 : :)S'? 
8:S~ 1 
5:36 ? 

~; 3'r ~ 
},38 
tr: ;r " 
J/."5.? 7 

8:/2 1 

N~nl' . !r' Onf 

~ 1114 'j / 1~1 

0fi R 
7 I :37 ? 

BZ R. 
I 2. l?. 

2 1 mo.1 11~1 

·No111f' NotAf 

28 !1Ja.y t'i~l 
30 8 3; ? 

-3 I 8 2 7 

32. K. 
t ~~~ c, .,. a 7 

, C'IZ- 8 28 ! 

3 0 f1iay I 9~1 
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1n vacica tba et Ol'l'l ~t.J 1n ~tumt\ina t.b4 rate or 
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a. 6t\141ea ot 1&11 ai. the OrouDd (b,y o. 'lhcmu) 

l. llat1lark 

•• ~ft obMrw'e3 

(1) 8at.1Dp 

The cooperative obeGrvera wn sre4tJd by U» field 

~tat.iva on how' voU tbq l*l"tarned tbe1.r 4\.ltiu aa 

a ooopera.tor. AJ:'he dut1e6 of the COO].')Gr'&tol'll voro aDa.OCia.t.Gd 

ViUa the 1natrv:renta they bad •uch u \be 1n41c:ator# tsm:t~a 

dn'iee,. c-old bo:uta CUl4 tho nansna 111 ot 4&t.a. 

In l96o.t Jon. Doniel.son, u rJ.el4 ~tAt.ive, 

pe4e4 t-be cooporo.tc:s QQ the bula ot tbe1:r eft1d.eney an4 

11:6 terea't. 

J:iJI IAko and Llln'1 Ea'toQ wezoe tiMt f1el4 repreecmta't1TM 

t« 'Ue 1961 aeuon. ?."bq m4o raUnp ot 1;be cooperators 

a04 theae tva raUnp (a.l.ons Vlt.h t.be 1960 ~Uua) _... 

&1Win 1u !able a. 
(2) Car4 qa~ li" ot ~ 

A list ot namea ia bpt in «*'4 ti11Da OG.ldnet.a w 
_.an clinded into CAteaari .. A~ a, M4 c. 

Catoaor;y A CQDSi&tCI of's 

(a) !Wo hun4re4 An4 ninetea ~ Ob'ta1ne4 t'rol 

c:ount 7 ~onta in the apr:ill& ~ 1959, 

(lJ) F1f'ty•t lol0 na:D48 ~ t.be llorthoaat. Colora4o !lail 

Sup:prcco1on Aaooc14t1on (neaSA) 41recton which 

re aota.tned traa lkt) McCaf'boee 1D 1960, 
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'' )(o) ntty-tour ne.t:le8 ot _porsoae ~ coutaotocl 

b;r !lkba.rd A. Sohlouscmer in llq 1959, wo wr. 

nquoated to Gem\ repor"... ot 1'&1n U4 hail, an4 

(4) 1'hirtT• t.hrae MI.'Qe8 or pe~ porama;~ l7 coutGctecl 

by Richtl.n\ A. &ble~ iD. the ap&'ina ot l96o• 
Categar;r D C:OllOUt.a ot& 

(a) Bamao ot pononal eoutact.a lQ" Joria Daniol.acln1 

1nclu.d11l& t.boGe a.ccepte4 ·s.n41ca1.or• lm4/0il baU 

buk4ta, 8Q4 

(~) Jiemoa ot 1nd1 vidur.U.s Who con tr1.bl~Le4 to ftlaearch 

equ.t~t. 1n thO apr'ina ot 1961• 
C&te~ B consiDta ot 59 nazDDa. 

C.tegor:y C consat.a ot a llat of names t'rQia L. 0 • Qran\.. 

'1'bSa lle t CODD1a t.e<l or 61 ~ ot JlOOPl.e vbo 'ftl'O tiro 1; 

conta.Qte4 b7 Jor.ta DW.elaOtl 4\lrillS the 8Uiilllla' ~ 1960, &nc$. 

tJ.a1a Uat. dupllccr.tea in JGrt. cateGorT "D,. • 

catesort•a A and c are U&o llll'dliac lilfta \1804 f~~r 

t.ailing V1th Whlch 1nro:r=at1oo to coope.ratorft.. Co.te&Or.f 

D VIM not. inc:ludecl bo!ciwso IIOGt. ot the .-e& in~ 

B are &lao 1n catG&oq c. 
") Vbe.t. wtrur:.en ta tbl:t:l bad · 

Maz:IT ot Ula Coa,pe1"n.toz'a ha4 it:wat~t.a V1 th vb1ch to 

pt.bG' 4a:ta. ~ 6 Uat.a tboee coo.pont.oro -who l:ave ~ 

have bG4 an in.at.rumont o£ &Ql!'WI k1D41 an4 alao llate4 1a tbe 

M211na aMreeo, lo¢auoc, and 1Atonatlz tell'na vhlt.t. 

w1.rumenta tboy bod. 



(~) \~bat. vaa t&il.c to uoo:pe:rat.ors 

(a) . lewl.ctt.te:rG 

Kovalott.cn vo.-. Mnt to tbe C!OOJlQratcra to teU 

tJ:aeJa aboUt tJ:vt ~a ooiDS mo&! 1n our at..~ ~ t.be 

eh&raeteri'-tioa end tanr.o.tion ot ba.tl. J1.p:reJJ 6 an4 

7 are tbe tvo nowlettenl oont o® 4u:r1na tlJo 196.1. 

lleiUOO• JklvalADtler Olllf VAS aent out U ~ GD4 DGVG-

lotter tvo WB mailed. 1n A~WJtr 

(}J) l'ome 

7arms am acn\ to tba cooperatora ao t.blV could 

en tor their dat.o. on t.beae tonu and .Mnd tho torma 

be.c& to too proJei.."t• 

~ a and 9 are tho .ton::a -.1le4 to t.boa oa 

Wiab t.bltT r~ :nUnfall GmOQtlt.a 604 ba1l. occur• 

~ end Pft ~ 4ata aa uka4 ~ ~tho 

~onaa .. 
~s 10 and 1l aN tbt l.ett4ra Wicb acc~ed 

the felllnlt that Vo:rfl JZ1le4 to thGD U 1£141cated in the 

"EDclaoaroa" or each lett.el.-. 

nz.e. ·•8cport 0'£ l!D.U Occ:un-enoe• t'cr-a1. ~ 9, 

bM a fi1I800 vbere t.be Coopm\tor fJ!J:tfincUeate vhatbor 

or I.\Ot bG 1& out ot tarma. W1:J.en be 1iiAicatoG ba ia out 

ot ~ tanJQ1 tbt letter all.GWD 111 ~ ll wu 

acnt to b1J:& 'd. th ~ fln'n)lo»e&J &n4 tOUJt. bGU roporUna 
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Amount of HAIL ACCUMULATION: 

GroUnd covered 1 5 10 25 50 75 :per cent 

or Ground covered 100 per cent and \ inches deep __ ......, __ _ 
L[3Gentle breeze (Leaves and small .twigs in constant motion 
Q Fresh breeze (Sr=all trees begin to sway) 

. QFresh gale (Breaks twigs off trees) _ 
c=k§trong wind, (Trees uprooted or broken, some strwctural de~age) 
Qievere wind (Hidespread wind damage to trees and buildings) 

~timates of CROP DAMAGE 
Wb.eat 1 Per cent damage 
Corn 2 . Per cent damage 
Sugar Beets 3 Per cent damage 
Othe~ - Per cent damage . 

Remarks: 

Did you save any hail stones from the storm? Yes ____ _ No. __ _ 

About how many do you have? ---------------------------------------------------
.Other Remarks: .( Such as shape of stones, direction of storm movement, etc.) 

Do not write below this line 

Location Date Time I dent 
X y ~ SE NW S1-T s N rr Yr Ho Da Begin Dur , I .1 I I I I I· I I I I I r. I I I I I I 

10 20 30 

- rlind Crop Damage s .. Prec Cover 
E 

s M:: L Amt. Dp Bf i 'f, % '/o 

I I I I I l. I I 2 I l 3 l 4 -1 I I I I 
( I I 

40 ~0 60 



FIGURE 7 
wsletter No. 2 

.)V 

1961 Season 

STUDY OF THE CHARACTERISTICS AND FOR~~TION OF HAIL 

University Fort Collins, Colorado 

our hail research program for this summer nears completion, I want to tell you 
out the progress of our studies. 

of our time has been spent in collection of data on the hailstorms of 1961. 
of the highlights are the fo1lowing: 

12 and 13 Hay - Hidespread demage from hail, follo,·red by a late-season snow-
storm. 

2 .June 
19 .June 

- Seve:..~:: damage in eastern Held County. 
- Severe damae;e in Larimer and Held Counties (Note: Hail storms 

are no respec~ers of persons -- in this storm there was lOa% 
c:.~op d::~.m."'.ge to wheat on the farm of Lew Grant, Assistant 
Resea.:-cher on the hai l project. Lew is a week-end farmer on 
a q_uc:..r t::r s::ction southwest of Hudson.) 

Airplane flights for data collection: Airplanes from the U.S. Heather Bureau 
flew 'Iniss ions · over UE Colorado on 16 and 24 May . On both days, 3/4" hail was 
reported in nortbeasterr. Colorctdo. Planes included a B-57 1 a U-2, 2 DC-6' s, 
a B-26 and a B-47. On 13 and 14 .July Dr. F. Bates from the University of Kanaas 
flew his C-45 in NE Colorado. On 14 .July he was flying near New Raymer and 
obtained data on a hail-producing cloud concurrently with our stereo cameras 
located near Fort Collins. 

Stereo camerc>.~ were operated from near Fort Collins for 10 separate days with 
hail. 

I 
I 

Radar data: The leased set located at New Raymer has tracked 440 separate echoes 
between 15 May and 21 .July. 

Visitors to the project: Glenn Stout, hail researcher from Illinois visited on 
~.July. Loren Crow, consultant from Denver, visited on 2 separate days (and 
viewed 1..ri. th me the "lake" of hail stones that accumulated north of New Raymer 
near ~liss Laura Best's ranch on 6 July). Dr. Soulage, ice nuclei expert from 
French o~servatory Puy du Dome / is scheduled to visit in September. 

\lt_· field studies for this ·summer -..rill end on 15 August 1961. However, please 
ontinue your reports ~hrough 31 August, and mail us your rainfall reports by 
September 1961. 

hanks for your help on this summer's project. 

August 1961 

Sincerely yours, 

2d{ay-.;( 1/. J.c,;~»~~r 
Ri~hard A. Schleusener 
Associate Research Engineer 



FIGURE 8. RAINFALL RECORD FORM 
RAINFALL RECORD FOR MAY 1961 

Mailing 
Name Address -------------------Legal Description k S , T N, R W ----- ----- ----- -----
Instructions: (1) Record r ainfall amount each day, and 

(2) draw a ci rcle around any date on which 
hail occurs, and in addition, send in a 
"Hail Report"-. - -

1 
2 8 14 20 26 
3 9 15 21 27 
4 10 16 22 28 
5 ll 17 23 29 
6 12 18 24 YJ 
7 13 19 25 31 
Type of gage Approximate diameter inch 

------ ------ - ---- ·--.. --

37 



FIGURE 9 

INSTRUCTIONS: 

REPORT OF HAIL OCCURRENCE 

(PLEASE FILL OUT COMPLETE REPORT) 

;8 

1. Please fill out one of these forms for each hail occurrence at your ho~, 
no matter how small the hail stones. 

2. Mail completed form immediately to the Civil Engineering Section, Colo-
rado State University, Fort Collins, Colorado; using the atta h d self-
addressed envelopes. 

3. If you cannot give all the i nformation requested, please send us as much 
information as possible. Any i nformation is helpful to us. 

Mailing 
Name Address 

------~-------------~. -----------------(Please print) 

Check here if you have no more reporting forms l 
DATE of s tonn: 

Exact LOCATION of hail occurrence: 1/4 ___ , Sec. ___ , T ___ N, R__J~. 

a.m. TIME hail began __ ___,P .m. Hail lasted minutes 
~----_...; 

Indicate size distribution of hail 

a. 

b. 

c. 

a. 
Shot 
less 

Check ' ( V) smallest stone observed. 

Circle the size of stone that was ~common. 

Mark the largest size observed with an 11 X". 

cOantQ o ·\ 
Grape Walnut 

than 1/4" \ 1/4" 1/2" 3/4" 1" 1-1/ 4" 
Golfba.ll 

1-3/ 4" - 2" 

If larger than golfball , estimate diameter in inches ____________ _ 

Total PRECIPITATION accompanying hail: inches. -------
. (PLEASE FILL OUT THE BACK OF THIS REPORT) 



nOURb! 10. Latl,IOl" Hq: ~tittg l. 
C 0 L 0 R AD 0 S T~~f-'Q.{f1ft ~m~~y 
Fort Collins, Colorado 

CIVIL ENGINEERING DEPARTMENT 

Dear Cooperator: 

Please help us in our hail research studies for 1961. You can help us by doing 
the following: 

1. Reporting hail occurrences on the enclosed REPORT OF HAIL 
OCCURRENCE form. As indicated on the instructions, one of these forms 
should be filled out and mailed to us aft er each hail occurrence. 

2. Collecting hail stones during a storm. Pick or sc oop up hail stones 
from a soft surface such as a lawn as soon as possible after they have fallen 
and keep them in a waxed or plastic container in your freezer or freezing com-
partment of your refrigerator. If large or unusual stones occur, it would be 
appreciated if a few were wrapped individually in aluminum foil or. waxed paper 
before storage. Please indicate on the back of the REPORT OF HAIL OCCUR-
RENCE form when you have collected some stones. We will attempt to pick 
up the stones you save within a week. 

3. Reporting rainfall amounts. Please keep a record of the rainfall you 
receive at your home each day on the enclosed card during the month of May. 
and mail it in one of the enclosed envelopes by 5 June 1961. We will mail 
cards to you later for June and July. 

Information on hail research for 1961 is given in the attached Newsletter. 

Thank you for your help. 

RAS:mf 
Enclosures: 

1. Newsletter No. 1, 1961 
2. Hail Reporting Forms (4) 
3. Envelopes ( 4) 
4. Rainfall Record - May 19 61 

Richard A. Schleusener 
Assist ant Research Engineer 



..• I,~'W.·~ f ~. 

COLORADO STATE UNIVERSITY 
I 
I FORT COLLINS 1 COLORADO 

Department of Civil Engineering 

Dear Cooperator: 

Thank you for sending us reports of hail oc urrences this 

summer. Your reports are most helpful in our study of hail and 

severe storms in northeastern Colorado. 

I am enclosing additional envelopes and reporting forms for 

you to use in case of further hail storms this summer. Please 

continue to send us reports as you have been doing in the past. 

Thank you for your help. 

Enclosures: 
4 Envelopes 
4 Hail Reporting Forms 

Sincerely yours 1 

j . I 
c{d~A.~ 
Richard A. Schleusener 
Assistant Research Engineer 



") Jlolr tbe1r clato. ant Foe D.SOd 

(&) ~}litat10Q ~ 

'i'llo. m.tnta.u waounw aa recor4e4 Cl1 tho ltoiLi.lAtd-~u 

P'flC:I.Id tatioo reporta ant plotte4 on 6 uetv.cn zap in 

red V1t.h tM U.S. Wco.'t.her' DW.U18 CooperaUve ObiiOX"Ver 

UOQD.tG Vhieh ure pW .. ~ in 'blue. ~ 12 Alhow bov 

thea.-. ~n:fa.ll 61Xl'Qnts &.rc plD~te4 ana &lao llb.ov$ tbo 

plot ted. \dth c. c1~ le a1."'Ul.ld \bala an proci~itat1~ 

uounta vtlich voro e.eoOQPmie4 by hAil aceordins to t.ba 

·B.o.tnf'aU r~ ~ 1n bT the eoopomtar. Valw.» 

vtth ~ s.q~ 'WQW:Id tha:ll are )t'OC1p1t&t1QD ~to . 

a.oc~cd a-.r hail aaeort'11ns to tlwl -.u.oo .. -in ba1l 

;report. ~ ~ coor.erator to4lo sea.~ tho p:rec11Jitation 

~t in ou l:U.JJ 'biUl r-eport. 

Uning the pracipi.taticx. tlmOU!lta fJ1 J'1&Ura la, an 

averlq ~P <:no. be l8lQd to lh'u\t tho Uollno of prcq;ip1-

t4Uon o:no-w.t u aa e~ in ~ 13• Isol.1noa- QrO 

anwn far o.1o 1wm, 0.25 incll,. 11.04 multiples ot 0.2:5 inch· 

(\>) lfAU ~-

BtU.l roportc ILt'C .nod in oo.. thtl term 4ihai1n 1n 

~ 9, pu-t. o:t Vbich a pl.otto4 on a. no~vork aJ;p 

u •hcM:l 1n ~ l}~. Eocb ·eirole 01l ~ mp 1n41ca.tea 

~t tl:lcre waa a JSXdl.e4 .. 1D ~ reoa1VQ4 b'oc 

COOpel1lt1ve ~ Vb<) Uvea at tba;t loaati011 an tho 
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•P• -Tho u~ abc:wo the eh"cle fttcrr& to t bB coded 

nomber ot tba J:¥JGt C<DtlOil &~ aitr.O. (see~ 9 tor 

tho S1u eode). '.t'he n~ on tho lower riaht rotcra 

to tbe c.odod a.UI'llber ro:r tho l4reut atoM t11ze, MA 

t» l.owr l.c£'1; number 1n4ie&te'a tbe craersr nuonbor 

-
"ais~· 4a~. Alao sbailzl an tha 'tiJIIaa ot firat bail 

tall and t be ~t1an of tb4 •to:ra I:IOY'SIIell't GS rttoord.ed 

b.Y tbe cooJi(.'rat1vo o~. \lbon all t.lvr cocwua.tor 
~ t-or one ht&il data a;re plottecl. an the natworlt 

ap. the VlovemoniW a.""lil intaoaitq af t.h& Jt.crim eon ~ 

ma:Ued-in. ho.U ~ WCX'G' ;plo', tea OD network mapa ao 

•bovn in Y1gure 15 Q.)..ong vi tb ~ aurat.ioo or t.bo bail. 

atar=. 1n red t:nk· Al.Go pl.ot tod. vital tbllu =Ued·in 

~ wro tba ~~ de"i'1co timOIJ u llbovn in ~lo 6, 

but. the cm:t,plo 1Jl ~ 15 baa none ot ~ t~ 

plotted ~ tho.re ~ nane on .1 J~ 1961. ~ 
Umiag device t~ ~to4.1n ~en 1nlh 

(6) ~u 

&iatiatS.co.l data mvolv1na the •Fnql1elley or nau,• 
.,~ail~~· .. IfaU Ot'laet. ~Duration? "Rcrc~t oz 
Croun4 C~erod by- llD.1l. lall/' fm4 "'.Kox'it»»P c4 lfoo'b ·: .-

..... ....;~. . ,., 
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~ Gto ne LizotJ ," \ll".,.:ro ana~. 1'b4 l'Ooul.t.s wro 

'USed to 8how' t.ho uharnctc:riat.ics o:E ba:U atonr.a.1 

ll• Spocia.l not4W on c~"'.tivo oboervera hOD a field t.ri.p by 

Gc.bl.aUaener Wl4 Orn;1t in ~e;ptet:a>or l96l• 

In lev BQ.vmor, w tell~ to or. Wal.ker trca vbarne bad 

rented tho bo\»e-. r·o mn.c1.c ~tD to piek u;p iterz or 
hrnit\11"0 vhich bad boon left ~1-o ~ tba •~r. 'lbreo 

~ U"e t o be brought into Fort Col.l.1na b7 about l Bwed>ltr 

1963. b7 t.be two 1ndiv1duo..1S i"i'tXll Fort. CoJlilUI Who an ~t.J:/ 

zcmtina the hou&ch 

~ aolr.e4 h1II about ~t or a l.etlG4 tee tor t he raAu alto. 

He told U(J w ~ \IOlcOi'JO to the WJe d tha a1 to ~ no coat 

Ve 'f1a1Wd nth ~tr . John nl.oe4arn anc1 Mt-. s. ~ at. t.b.o 

lumera State~ in Fort ll~. \ifo rcrti~ Vitb them t.llo 

~u~ resul:tu Qr tho 1961. -aouoo aa 0\lt.l.i.llad 1n tho pa~ 

to bG preaantod at the Kaooa.a C1 ty .Ra.da.r Contt:nmoo. ~ 

'believe that. t.he 1961 hail ~o u 701't ~ waa loU tbaA 

tb6t 1D 1959 or 196o. 
Yo e.lDo revicr-4Cd tho ~ -ctMa vi~ llr• klie llu&tl. 1A 

~· • 

lichl.Ol.tfl.CMr~ lU.cll.aldAe nr..d Lollili Q. Cl-ant.c ~~~t.iea o£ HA1.1Jlton:s in 
tho Col.anlAo S·tlltc Uaiverait.~ Getvark, l96o-l9611 " prucmted at t.bo iin't.b 
W~ther ~ CarU'eNnOO, Ootobcrr ]961. 



I Q&J.l.cd OaJ.l Jioitlalm o.t. tho ~ty .Gtato &ak 1n 

St.orling. Ca.U 1o l.co.viDg oo oX l October t.o be vice preoi&m:t 

ot a bank 1o Arvada.. He ntate4 t.ha.t ba voulcl Jr.aks ~

IIIOata so that runa& COUld Lie r..a.id trc= the Bartbea&t Colo.ra4o 

lfa.U ~ssion At.6ociat1on on the st~ture of Arlie iNiiel 

oo.l3 after bo leo. we on about l Oct.obar, I told him t.ba.~ I 

voul4 sea4 h11:J a billinG for tho cold bax u •oon aa it arrtvea 

at Colom4o fita~ Un1~1 ty. 

Yol.lcTiint& 1s a deocrlption of tbQ 1nd1Vid.wr.J.a that ~ 

eol4 boxee for un 11 ~ tho o.~ o:r 1961 1a. t.be 01"dta' 1n vlxieh 

ve Y1a.1tG4 thea on ~his t..r1p. 

117. ~inS. hank 'JU.U' (Cr:Aoz :B). 'llle bcz vu on a concreto 

al.Gb &outhV-oGt. of.' the Gho;p vi th t.h0 cor4 rUtm1l:lg to the lr1outh• 

vt~ot door or tho ehop. fb.o sho,p wm located about 50 ~ south 
wo 

ot tbo roeidenco. Mr~. WUlt ~poG.l.'il t.o be tbe OWJ/cUJefl tb! 

~· 
llo. » Wil.l.1a::l Kroak® (Grades B). 'lhe cold box wwa locat.ed 

aboUt lO ~ GCA.lthcaSt or the ~ Vith tM pover eor4 

beir.g strung overhoad fran ~ &nr£\SB to c. light polo. 'lhe 

pMa" CQ1'4 vas lett on tho pole ut ~ 1Dcat10D;e • 

143· Marvin Kemball (Grader A+). Hr. KembGl.l 1a a yoUI'lg 

l1ia1l and a.:ppearo to be ~~vo and W¥q 1nteft&to<l1n the 

probla ol pail. 'lbo box \Ia& placo4.northeaalt. ot hia shop Vhich 

18 ab<Rit 25 y~ n~t ot biG reai41mce. Bo ea'tiz:atea th.at. 



e -

for 

Qd.t c. 

MM:~ aDit-10-1~- ot u.. 
pth 

raiu h&t 

card t.o 

• 

_,. __ 1 the 

\Uft4 1n AQIIPJII~'t. . .. • Qlllballl 

• 

(aR~:SOI B+) • ~· 'b<Xlt 

let ter Jlo. 

1.01. J Xippe (Gr D-) . 

.UX;M~oo 100 7U'(!.s north oC he r..aidmtce1 an 

a h • Kippe• ta lt-5 yea.ro old1 aa.ta..ll8 

aJ.y,, .. i n 1Arean.e4 in 

a eral HM &t. 0'£ ~ .• 

~. :M1 e u;u..,_ Yoat (Uilnli-: B) . T col4 ~ • 

.. 
lit 

.. Melll • 

pi a •.u;-~ eaat .~ tbe r iden • 

Old and rx.. 

107· Alrin Ot. (Gradel A) . • colA box eQnl1eC 

~""Lrn-t of lhG ~ th.rougb t. ,....,.,~.. ..Ul"IIUZ"e vall . 

nt o a ·. 

t t reai • Alvin 1a high 

t 't tl c dGWie.ll.. 

. old. ltOf:)QllA~mB 

pit 10 t 

: :a ) • The l:x)x 

t. ot a v1n4111111 1 



so 
~ ~ lk)UtheQst. or tho rosiclAlnee. Hr. WoocJbm:ta 1a at>out. 55 

JUl'8 olc11 t.Al.k.G in a mthor alOV' J:IW10Z"1 ~ teep8 • ve:q 

neat. h.nlawGA. Be autt~ ~ b'ala a ~ 1A Juzw ot 

1960. 
16o. Yr. Wlllim:t JeJ:tero (OrGdb:A). 'l'bia box wu caD• 

uetcd to a mchine ·•bed ~'t. 75 ya;rda 11ort.lMtat. ot the 

reaidence• Hr. Jot!ora ia a Nt1x.d ~ ao4 vert 1nt,ereGte4 

1n tbo progra and wants to oolp u.ttXt. Jft&l'• 

l"• Mx-. Fred. Fot.zer (Crader A)~ !lb:o cold bOx was 

loc&t.ecl DI1QI" a gat4 to A tiel.d eom.h ot t.be boUao· ~ llOVOl" 

oor4 waa cOOll!CI:ct.od t-o the aout.h vnll. ~ the p.rago. Mr. Fet~ 

a abolrt " years ol.4 and baa 6 ~light. t~ or:ccant. 

tit. D. Mr. Doa.n Bl'OW (Cl:mdc:Ja A). Hr. ~ vao Aot. 

heBe a't t.be t1me of our vait. Tho ~ vaa loca"tGd eoutbwcat 

Cit tho ~e &\boUt 50 :fU1"d4 Gouthveat. of the l'OGidence. Mr. 

ar.ovn• • rmtidei)(!O it · s\1n"'Untlod b)t a l.Arao dumber ¢ pine ~ • 

~a.. .Mr. w-1~ Philll.Pi (orada: c.). ~ bo:c w.o, locatecl 

about 20 ~ .oout hecl.et. or tbt& rcs14onc• Vith the poftr eo:U 

co:mocte4 to the door c4 the~~ Vbieh vas lock.od. Ue 

tallal4 t.o l4z'a. Ph1ll1pa vho lio'WJ q..tte el.d.orl¥• tndent~ Mr. 

Phillip& bad me.do A Oonani tment to ta.k8 eAre of t.ha equip~Gnt nna 
B.ra. Phill1ps ended up baints tM one reGJ~Qn&iblA for 1 t • ~ 

ba4 attem;pt.e4 to t urn the box on W14 on &Jpen41na upon 'Whether 

or uot. ~ aton;a wre toreCQ.$t tor th4 ~and ba4 eon• 

a14cra.bla 4irt1eult y 1.""1tb 11; £ar thAt. roGD0\1• They would prefer 

t hat they not be asked t o assist in another year. 



51 
1\7• Loreu nrac~r ((}rD.de: A). ~ box vas CCJtma<rt.ed 

northwat ~ o. &etal =chir.o abed about 50~ eoat ot t.btt 

Z'DG14ence. Mr. KirG~h.o.e-r bD.4 been 8tl OOtiYlt ~ or thea 

lort.beoo~ Colo.mdo 3o.1.l Supprea51.on. Asaoc:ia'\1011• Btl toola t.ba.t. 

tbo box miaht 'be l oaatod in a bet ter l.ocatiaa other than bia 

~idooee boca'QO.O 1n 15 or 20 yoa.ro r4 tArt:d.nc$ bo bc.a aver bG4 

uwre· ba1l ~and !eelD tbs.t t.bere 1a 8CIDO reatl® tar t.h1-s1 

~ 'becaueo of terra1n too.tureo in b1a 11C!Ped1 AU. vicinity. 

1,56. Mr· GU&J J\nd4non (Orcdc: A). ~box..,_ loc&tod 

behind the boUQ.e about. 10 ytn'ds north of tho reai4ouce. Kr. 

~on a about. 45 ~old, srno.ll .. ~~ .a,nd into.a.""'(t(Jt.ed 1 

U. ba.U proJect. Hb outforcd ocvcro h&.1.1 4omago 1A 1961.. 

W• Yio1 to4 Vi tll • $1"'l'reA lTollflt., wbo Mel 1'lovn tar 'l'ott 

~ d~ t.be 1959 IIail SU];lpl'ell&ion ProJa<:t. We u\."04 

Ws.rrc &bo\m h1a opinion on the to.aoibUit.T ~ f'l1gbta 1nto 

thun&xl" •t.Ol"'ll ~. ifi1l opiuion vna tbat tliahtD into tho 

frl.npo ot ·G(ll;jt thuade· sto:rw.a voulcl 'bo teaeiblA, but t.hAt 1t 

voW4 probe.bl,y not bo te&a1ble to pltm on tl.1sht ~tho 

bArd con: ~ t.be lA:.•gcJ.~ thtt'lder 'rtar=s. Re ftt;lU8Gtoc1 tbat bra be 

}llacod (IQ tho Jli&illng llo ~ tar <AAr re..t><JrUJ• B1a a44rc&a4- is, 

~ Pro;pot.1 AtW()Od, ColOl'nllo• 

~- alao att.ea:pt.cd to Vin't. nth Mr. ~ora P~ ~ AtllOOd, 

b1;t.t he "W&U nat h.or;)c ct tho til:f4 v.o &i~ t.beN. 

o. ~ta 
~ inetrumen & v~ o1J;hU the»e ~ ~ t.M 

ooa;poratara ar thoac mtdnto.ino4 by the l1el4 n~tauwa. 



!o.bl.o 6 Gb$8 tllo ~tion o.r tho- e.txtoen col4 bQ'(.Da1 tba 

a.txty (60) J.ndicatarn, and aavcmtAon. t1m1ca 4ev1ceo UG04 b;( tbft 

<Joopia"a't4l'G cb.U~ the l96l ~oo. Xn aMi t1<m to tho t~ 

Awicea usocl by cooporaton., .eC'V'Cnt7 t.breo (,.,) thrt na &wvicoa 

wwe pJ.ace4 W1 t.h tho hld1catona on 'the Min routea ot tho net.-

'WOl"k• .All " 1ndioatora on tho west t.rillll8le \lla1'8 ~od 

b7 • t.1Jirin& &tvico ao :woro the 15 indicatol"o on tba •crCIIJa" ~ 

tblt \RJ&Jt trtan&).e. A t.ilning 4cvice al&o accom,vcmie4 fivo (5) a: 
the t"~,..tx (46) in.d.tc&tora on. tllC eaat. tr1Gil6le ot the nett.-. 

wrk• All tM· eold b~a and t.1.lst1.aS 44w1cd wre a4do4 to tbc 

netM:ark 1J:I 1961. The ent1re net1t0.1'k iue~ coopere.tcrnJ1 About 

?0 t1mSQ6 4Gnees, 174 indieators 1 and 16 ool4 bolita. 

(2) J!A1~one s·tw.ics {b:f Larq Eaton) 

:tn ·~t.o X'O'~~ 

~) SMll UoPJ (\V .11m tala~ $04 £4 ZllD) 

In Ppa.ra.te "PQZ"~• 

c. i'Jl~tcl GtUt\iea 

1. l?.\hal. at. sterune, CoJ..o:rGilo 

Pllot 'bo.Uoou obeorvatio::.e vue ~ dail¥ \1)' Mz"· »ob v~ 

a starling. Col.orado, uo~ a 30 f:P.• 00-ll OClQ and a ain&l4 

thoocSo11to. 'J.'he 1'1eld obc~rvation COQQiJSUMt .r toa41ug tba 

atinttb and &l,ti.t.udo ~u to the 'btUloon at. 1.nt.orvala ~t ona 

tt1ntlt4 troa. t.i»;e ot rel.cloao, Ullt.il tho balloaa dia~ troc 

Disht• ~t10l'l.O \I'O'I'C t4km\ f'rocl1 2 Jlme 19&1 t.brolagh l6 ~'"'W)f, 

196l.· 



!lo redla:o the da.ta, l t \o'D.S firSt neceaBary to obtain tho 

hort:onta.l. 41etance to ~e 'OOJ..loon. rua waa do!fO by wrilJ« 

~lea -ror C~ina llc.crizonto.ll>~tc.uco ot Pilot~ ... 

pri.ll~ by th.e u.a. l)lr~·bJ:aent or c~, lleatbcr lhzrcaU,. Whon 

t.be &&1J:n.ttJl angler£ t:md horir.ontal d1l1i:.tmCOJi are movn, a plot ot 

tbe borizontf.\1. j_lt'OjQ(:t.ioo of tho 'ba.lloon.o }l&Lth · 1lilq be ao&t at c:ma 

mnut.e 1ntcrvW on en a.erol.OSicc.l ;pl.ot tJ.r.a boo.:n\. ~ ~el"B(g! 

~ ftflocl t7 1JI than m.."'a.D~cl on the boa.rd an4 v1nd d1rect1on road. 

Prof'J.lca ot Vind direction cma or voJ.oei:t)' wore tbe:l. pl.ottt-4 

agaJ.n.lt be1&ht (teot Q.•=·l•) tor ec.cll obDervat.ioa. 

Moti:1»M~~ be16bta obtaJ.DDd. frcu each ~Oil 11W1U."Q· liated 1n 

tzabla 9· 

A '·2 ca ~thor radar oet \IU ope:utod a.t Uev ~r, Col.ol'&do, 

botveen l.~ ~ o.na 15 A~-uot 1961. !rb.1.G ro.llAl" e&t vas operatcrd by 

Br· XbQt:to• J. ~. h'o&i4ent ot AtmoQ~ca, Inc .• , ot 

l'roGtl.o' C&litornia. 

JjeteU.iJ <4 t.llo opcrat.ion ot t hia r~ H't ce S1l'lim 4ll.»ewboro.* 

•• time-.la;JGO ~tosral'bic cqu1~t at tbe aaar aito ~Lorin 

BJa:a41n) 

~ 1.imo-)A~e ph~tQg4~C eq\11.pr.1BD.t ~!Gtcd at (l) G 

~'C%' ~;?,r, (2) a til:">cr ~~ (}) a l6 2iii:l ~ mwnted to 

p~pll t.be ~ sc~, an4 {t~) u. l6 a. ~ ~tc4. out-

Dide tba rodA't trn.i.lctr rar ~~w ~ ~ tor.=ation .. 

* Sch.lcuoener ~ Ricbard A., end ThQUID.S J. Hendcr~on. Ha.il. Qan&Qi& lu-eo:J in 
o.nd noor· lortbca.s tern Col.ora.do. P:repu-ed '£or tho Crop-llaU hal.IX'QnCe 
A.ctwu-1Al. Auoaiat.1on. C£~: '6l.IU.!;5i). 

·. , , I 

" ' 
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'' 
aimvJ.taz:aeoua tii:IO•lc.pe.o photoG of the redtJ.r 'e~ ana a. ;partioa 

ot ~ GDtual cl®WL buns oboexvod 'b7 1'84ar.. ~ t.1::11rr unit 

VC4 ~ 1n COllllCCtion \lith GolonQid..~to4 }-d:J.e1~ COUtlterG 

t.o ~ the titi8 (to t.bo- llCCreSt lo-oocom\a) ot each ~::.o. 

B:r liBine tiu-lA:PSe llhOt-oa 1 ~G.l houre at aloud 4ovelol'Rnt. 

am l>a atudicd in minutea:. 

(l) .PGIMr UUXJ~ 

~ ~ ~\.\P.PlY provi<l.oQ (a.) ,.s v. D.c. to opcrt1t.e 

tb& colellQid ~c:h ~t&Dftoa the alutttots· ~ thO ~ra.B, 

Gild (b) 7 v. A.c .. to li&bt tba ~tex'IJ. ~bO po~ aup,ply 

1s mow:'lted 111 a 3• x 6'• x 6• motGl. bax,. (he ~· 16-18) 

for ~c Magna.) 

(2) \Cdt 

na t~ unit. prov14ca ll7 v., A.-c. pulJ:a to advallc.e 

the 10-oec:<m.d ac4 1-m:t..uute etC$"'1'tGW• ~ is ~ by 

~ of a 1 M'M ayncl:lrQnous ~ W1cb. rotateo a 2-l.evel. 

l.obc!1l Wich trip a. 14~-opcn zaicroatri tch1 tl.1u sendiu~ 

a .pa.'l..ce OllCG ~~ 10 ~<2oo&l to tho aol.cmo1da t4 the lO. 

ueooucl eounte.rD. \ilbBn act1Yat.c41 tbaae. aol011014s adv~ 

tb4 COWl~ O!lO dit1t• ~10 lmar laval. (Jl t.bo CGS coo• 

t.a1J.l.l only' on>a lobe 1 \lb1ch trl.];IG another ~.open 

mcm:xa\11 tch t.o wtvan.co tbc ono-ait~Qt.e oowter. (Seo 

~17) 
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~ outoide comrn itJ "'KC"ptoae (c;iterion ) 16 tn 

~ ~' •-it.h a cin&]..o-framc. .chut.tu relcc.Go an4 a 

~closed "hutt<n"• A~ G v .• D.c. aol.anoid 

tri})A the shutter. ~a aolcna14. io wired 1D aonco with 

tbe ~ G\.l;pl)~; t.!lO radar~, Dll4 a D1arooV1tch 

'U1l1cb 1a ~by too rc.aar antenna~ ;per rovolut.1Qil, 

t.huo ex;pos1~ or..e ~ ~tc~ every t1ve accorul3 . 

It 1a }lOCJGible to opero.to ~ ~ catlOm ~ bT dise~ 

oect:tng tho ouuide ~ o.nd 1neort1~ a .. ~ loo.d 

(ana"...bcr aalono1cl) in 1 tG place • lt; ie import.au.t to uso 

t.h1a •4~ to ~1¥ 1oc&4 the p:1t~er SUl>RlT• 'KoaachrCBe 

color tib:l (film apocd 10) vao \~Sed in t.bia ~. ~ 

laoa openi~ r..~ ahoul.d ~ do .en.rl.ned ldtl:l a lleht. •tor tor 
boG~ reeul.u, but. t/8 111ail 'be w.e4 aat.iaf~ for ~t 

Wft ~teet oa t-be other elld1 anA a lAma hol4er Vi t.h a 

Wrioa ~~ + 2 Portra lonl:l (elo.ce·~ lclna) wu JlliOUht.c4 

'bet.voon thmlt c.nd t he <:&mera lclma GboiM in ~ l9. 

nt1a ent.ire 11n1 t. "WU l:l0m1Wd ou a tnpo4. To ~ent t.l:ut 

·v.tn4 .trcaa <r-t~:r11urn1ns t!¥l t rtpo41 an 18- pioce td ftinlo:'e• 

~ . .. l V1 th leo» a~ Ule ~r •Wl .a 4ri'l*l into 
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1.tac grouo.d dira-c t.ly b-clov :.btl t rJ.po4 eZ24 tba tr1l>Q4 1a 

Ncurod to it b~ &cans ot 0.. ut;h't. cbalc l&l'l4 & ~

bYCklO• 1'he prcaront ~1.n hwJ "t.igw:'G-8• lJ.nk,G Vhich 'tend 

t Q c~4 Vben t.ho t.urctiuclde 111 t.1ght.ene4 too uuch. 

'l'herot'oro, tl-...111 ¢haiu Gboul4 be ~ vith a dittcareut. 

~chain which vou1d uot Gt.retch. 

(4) Radar~ 

'lhe "ro.dn.r" ca;r.era dcwoten t.he eall:liU'& used to pho'to-

Q"&ph the~ co,pe. A ~eyotalo •cnter1oa"' 16 :aa moVie 

cuocm vao modl!"icd t o give c. •uon:al.]T C)"'~· shutter. 

The ahu.tter YaB opemted by a eoleno14 1u tbe samo J:l8il:ln8'r 

GO the outei<lo cumora. ~·X U'O~t1Ye til.ll (ftbl G~d-,20) 

wu ~with a le~ol*ililg c4 ~/5•6• 

!'he radn:' cw.em wu 1:10unted so t.bat the t'ront at 
the lAma vas 19 1n.c::b0111 rr~ :.he ilADG pla.w o: tbo ccope. 

~ rad.ar camera mau,.,t \ol'aG c:o-~tnli.1te4 ot 15• /l.6 c:ondui t 

p.ll'Je a.o4 1• X l/8,. O'trap iron• (S~ VVO ~i&!d 

tor Tea ~rsoa'a camera} . (Soc tigurea l9 Clld 20) 

A &beet wtal pla.t.e v~W at.tacbc4 to ~ho taco ot tbo 

l"OP'& cr ecope Cl'lproxiir4toly' l•l/'4" above tha fDJU~~ (so thAt 

1 t ViU ciGar tho t op or tho scope). Oll t.bio plate 

mounted tour 3-d.ig1t counter.~ vhtch ~c~4. (l) UlD 

mon·t.h God date i n the upper -lott ban4 corner, (2) the 

ant.cmna olovat ion (in ac~as), in tho upper riabt.-ba.ld 
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comer, C5} la~d 1.1mo 1u muutoa Dinco o8oo ~.r 1n tbo 

lavv lett-ban corner, aod ( ~) la~d t.1mo 111 thO 10. 

aeooa4 unitu s i nceo8oo ~1' in tbo lover risht•ban4 .cor.oo:r. 

~ counter~ voro ZltOUI:lto4 in tbe c:ornara ot the c:amen11 a 

f1el4 c4 V1Gi.on Vhic:h 'W1.lA o.p~tel_y 7•l/2" Z 10..1/':if' 

w14ta at 19 inche:; <lif.l'tanc-e. The powc1' auppJ..t and t~ 

un1 t were alSo !'a• '!,CO~ to tbo camara JliO'Wlt. A 12 v. 

\Nl.b (tto. 67 J) to light ~ coun ten vaa sount.ed appraxi• 

l:IAt.olT bal1'-va7 up each 0: tl:te uprighta o:t tho tro.rao. 

Tbese bulb& ve::.-e :lUfl~ruled troo t.bo top ot tho ~by 

the1r cl~trica.l ·.r1:raa. ~JO ~ta •re pu-t1~ cut 

avq to penU.1. cw es.c t o tha bulb&. 'l'be openillSG wro 

covered by motul :)lecvet' Vh.1.ch tit. azooun4 ~he~~ts. 

~ ia dan:c t prey · t o my lJ.iht f'roaa atz1.k:ixls tho 

mdar scope. !lbe lliht vn.o •p1pe4" to t.be COWlt.e.r& bV 

t.\lb\Ll..ar pi ceo <tr luc1 te Wio'b ~ bont. ao that tbay 

aN aUia4 at the counter at o.-pf4"QX1mato~ a a.;O AllSle• 

It WQ noco£ss;ry 1.0 avoid harp ben4a, ainco abar:p bends 

dsat.ra.~ the J.ieht "pi.¢.~~~ quallUea ot the l.w.Ute. ?:be 

end or tho luc1ta .. :pi~" lihoul.d be "e.pprox.t.mato:lT 1/2 .. 
trolll tbo oOtl:lter in ~ t o o.void rofl.cctio:lD ~ch vould 

bo aeon by tho cGZr4l'l.\. ('l'h8 pl"Cfsent. oqutp!)Cnlt. cloea not 

DOOt theao a_pocl.ticat.1cns and •bo\ll4,. modit1ed. tor 

bet't.or photoG). ~ l.uc1 te •pi pea" AN hel4 ~n · placo ~:t 
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tubin8 (vhich makes a nnutt fit with the lueite) vhich ia 

.ool.derc4 l o too ul'r1ght aver a holcl . vh19h allow the lltzbt 

traa ho. bulb t o e t.r1ko tho Ujfpar end ot t.he 1\:&Ci to. 

The l'D.tiro mo\lnt i.G covered by a bl&ck corduroy hood 

to ahut out ro~ lig.'lt . 'l"be hood 1• liJ" deop,· 22" v14o, 

an4 '6" high rl t b n hole, covore4 'by a tlap, in the t'ron t 

rar chocking the interior equiVJent• 

(5) Interconnection 

'!'be various compon.ento Are. connected (See Figuro 18) 

by \lhit.&lter "endJl" s oldered and c:rapod to tho Vires. 

Tbeloo ends are then 1naerted into the proper COt\llect ion. 

(6) Dat.eo and t1J>le~ ot pho1-ogr6l..:phy 

~ d.e.tea and t.lmea of o-,P()rat.1on ot the t.il:le·l.n.peo 

camera equi~nt tor cloud pbo·cq;ra:pha are shown in 1'ablca 10. 

Details on d&~ and timer ot l'll4o.r Hope phot.QGrO.ph.G 
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TABU 10 

Cl.OOD TL~.-UP:IE PHGI'O~ TAK&ll A't 
F~DAR SrrE-1961) 

1· 

! 
DATE rnt'1' 

' 
' .. 
I 
l ,, .1\me 1605 14)0 10 Te&t. 

29 • 153$ 1650 40 Teat. 

7~ 1500 1800 ss 
8 • 1A20 1,636 45 

24 • 15SO· 1900 ~ 

1 Aug. 1140 1625 70 

' lor a record ot t ime-lap&e phot.oa 1.aken ot the 

rad&r ac:Gpe aM Table 1 ot th• a boTe report,. 



\Je JiaU 6~S1£J area a.nAly'GiG-·top:t&rapbiC Urt ocrm.putAt.ionG 

('D;r Loron Bl.wldin) • 

~opoerv.phie litt 1s the li:rt1ng o.ttecrt. 'Which realo\l:t6 \lhon 

a vi:od blo\.1l flgl;\i.nBt a ~o in elevation ot lAnd. It is 

eazputed 1n tern.g. 0: rr.m (or 1ocrea$e ~ olevo.t1Cth) PER 

JJOUR. The ;purpone o:r tho ccqAl t iona end ~1a 1u to 

detumine l4lethe:r ar no~ (to~l,lbiC) l.itt 1:8 a a1gn.iticant 

factor 1n the to.~tion ot he.ilGt.Qnra. ~be pul:',PQGG ot tAU 

nport ia to ex.pl.D.i tho-~ wsed to ~omputo tm4 ClZlColr.-A 

litt.. All data., except tho r~t.ii ~ ed)o cont..rc1<1a, 6l"'' 1n a. 

n~w notebook t itled 110eMoia Area ~· • 

~ vbie:b ftltiJ:¥ need &ttin1 t1or are or1&1n1 acr.H.Kis poiu.t , 

o-t a cl®d vtncb con.taiM cmoue'h FecipttAt.ion w be ~tocte4 by' 

~. O:rl:g1n :t"e1'era to t.be- l.ccatioa a:t vhich a~ echo 

.t1r$t *~ atrons enough to Oe uet.eeted. 1\lo genes1a, ~n~ 1&:. 

on a.Tb1t.r0l')" point uGumcd to bo t ho' loca:Uon at vb.icb a. cloud 

be~ to tom. [Sec Gect.too (3) J· A tro.ck 1B \ho o.w~t.G 
pa.t.b ot t.he centroid ot a."t echo. Al~ ot interest Ntora to 

~ area vitbin a 75--runltie&J. .. mle rcdiUG o:t t bo: 1'&dD.1" AJtat1on. 

I.11"t d.it!'crence i.e Uo l.U'-~ at. the G-eneaia paint lliil'Wa the 

·~ un or t~ tour 1lurroundina pointa: ~ 

~ crl terlD. !or Galeat.ing tOO ecboc~G tor lU't. o~~Uonu 

... ~ to.l.lo'w t 
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a. Origin 01!\.:un"ad v1th1n \.lie t1rot. tvo boW'O ~wer 

t he detection or t he tirGt. echO or the 4/J:t• 
,. .Echo durn.t i on vu at leut. ~:S min~. 

4.. Cell f~Uon vau not influenced 'b.7 ot.be:r ooll.D. 

Tbero o.rc tive ssto~ i nvol ved 1n urt o~tatiana, {1) 

plot.Una tbe ccntroida ot ec.hoos ,. (2} tinding V1Q.C1 velocitieo , 

o> t.tnaina olczva.UOWl, (~ ) c<T.l~na lltt, Ql\4 (5) a.n~ 

tu utn. 
(1) M.ot.ti.IJ6 ~ cont.ro1~ 

1'ha ee.ntro14s ot -the cll.oda are plot ted on a lt. • x 4 • 

abeet.G ot tracing 1JO.l?01" to a scale r4 ls250,000 (100 

nat.1ticnl :zdl.eG ooual ~.06 1ne..~o) 'dth 'the a1d r4 a :polo.r 

coordiDAt. grid undm.-lq o.nd uains tho t'ollow1na a~l.ie 

nou:..t.ion {See note (a ) • below). 

( ) A W!All circle ete:dzoatea tho centroid ot the 

origin "' e.n. echo . (Sou Fiaur& 21) 

(b) A ® 't dc~.cier·n.ttm t ho centrai4 c4 an echo a t a 

point. ( tlG recorded '07 the rsda.r observer) a.l.ong 

i ts ·~rack .. -a t.raclt FOint. (See F1&Ure 2l). 

{c) A s l'{Ut:ht l i >io h w ed to connec~ ·tJa origin And 

~csa1vc t.rack po.tnto <'4 eaah echo., tJ:N,; 

indic. t1llg 1 ta trn.ck • 

(d) An c.l"rovll.ee.d indianto.o tho ~~w l.ooati<m 

a l'hich tho echo Cicll!~tod. 

(e) Arl ::rod:!ead e~ on the track ot a.notbar echo 

1tldioawe 'tb.c.t tOO coho mcrptl with tb®thor e • 
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(1'} A center line (-----) 1a wed to 1 dic:Ata 

tho c.ppro;d. .ate center line otl a l.or.a -ecbD• 

~) hen on echo crOG.Ged tlw bouni1a.r-.t of th3 &reDo or 

1ntcreat, i t u t~k 1s a1r:.:p}7 ~ ar to~d 

At tho boundary llitb no a~ial uot..atitX'l. 

(h) At cnoh echo l.oeation Neor&d b)' the ro.<1t1r 

o~er the echo n~cr and tbb tlr.& are irtd1c.a.-

ted by t'llo o\Gbcr ~ ae~t.e4 by u clw;h. 

~n t:.oN than ono dnv' a echoee a:ro lll.ot ted on 

a shoat* ~ ®;/ or oo.ob echo 1a J.n41co.~ 1:r.r a 

third n~r g~. Far example, l2 .. l h:Z0-26 ~ 

ccbo o. l2 at 2:20 J;G CIQ the 2Gtb ot the XGOnt.h. 

{ o nato ( ),b~ow.) J'OZ' the lifi ~..4;t1out;; 

only tha f:letlGGiG point. an4 tb,ct firat ~poi t 

tl.l."e roqlJ.ii"ed • 

(2) Fi.ndi.~ Viud,. vel~iY.~~ 

5~e V1n.1 <lirocUQft 10 l&OC4 in fi.n4ag the olo"13t1cma 

faldllind o:pec..a ia ~in c~\lti~ Utt, it 1a ~Cn.&rJ 

to dotendne the Vin.d velocity~ the geo.ocia :voint• 

Tb1.G vos do:le by plo·t.ting the 1800 z S,OOO tt. Vinthl tor 

De:rler (D), Oocdllmd1 (QIJ>) 1 Berth Pl.e.tt.o (UlF), Chc:ey'eune 

(CIS); ScottGblw.~ (3..~, fonoorl)" SCl"), and Swrlins (Zl'K). 

1'\le Starling Wind data veN obt.e.1M4 tr<c }?1l.o~ b$.l.loon 

obGtaVat.i~ .. (&e ~cct.iou ~-C-1 ot tb.U ~.) 



1 b"tD.plot<n Field.) nov lioeo vero then 4n.wn oo. t.ho =~, 

and the 'frt~nd voloc1t1oa GrQ cc~ted ~ i.ntarpo·lAtin& 

goncsu 'POit;t and tht.l tm;r oUXTOlmding ~ntlh (soo belov). 

") :N-ndi::&, elev't!'.tiona 

?ar tbc ~oo c4 aual.ycis the (t&nofSia ,OO.nt lfUS n&Q~ 

to be 10 nnutical milt!c ~lilOtion troa the origin" For 

c~son,. :tour aurroundine point.a--on.o in ~ C4lrdinal 

dil"Cot.ion n-om t.~ ccmtcr (bQMGiB) »>int--vare o·eJ.octc-d 

~ a 20 - nautical - m:Lle ra.Qius f'roll thf.t ce~ter ,POint.. 

ElcrvatiOWl used in the cQCl?Utn tiona vent ehooo:l 5 tW.UtJ.cal 

m1l04 co ei\001- Qida ot l'Q1nt boi~ aoal.y'~ on a llne 

1~1 to t.be vJ.nd tl.1.re.c ion• AU ot the above IJOinte 

co ~d ou ~ t..• x 4 • ·~bncr;t.l. aaA labe-lle4 aa ahoo.-n 1n 

1"ba t.Opt'~hie map oo: cists ot nx at.f.m&..rd ~pbic 

Wl}:G Soo n.ot~ (6){.:) belO"J ] bt..vin& A oo\ilia or lr2501000· 

llote t.h.nt the eon~· inton 1e 200 fi· tor 'ttle w~tcrn 



( '~) Cool?~t.i !'{'. lift 

~ t~.a i'or llft ia 
M 

t.n"'T' - d . v 

<i • d.a tn.~ bet\le~;m alcmz.tioo.G ( 10 ~co.l mileS) 

'II' • >r.i ere® (lmot.u • awut1enl mloa ;pe1·: .hour) 

themforc: Ui:r"IJ.~ • - ft x neut. mi • .; .!!!. 
l O neW; . • .( . br. llr• 

l~•tter t .o £)1v~ o. "lii't. dii'ta..~.co, .. ~ uan ot vllicb. \run 

'UiG to detel-...ino 'f..he c1erdtic:Wlee or the d.o.t.a (~o &-C<lt10ll 

(5) bclo\4' •) 

tbiG C:O!:ipUt.tl ti(r-'1 • 

t . d . ~h~ firet. o.olur..a cont.M.n.o--in cs~e 

not.6tion- .. t ho ~ro:d.mn.ta vied velocity tor l8oo 2 nt 
~ 

8~000 !'t \riu.d t the genf!DiG }Xl1nt for ~ncll e<:ho. 

nro lis tctd cbrooo.LoeJ cc.Uy by dAte and ocq~t1nlly b"J 

echo number. The ®te1o \l:ritton ~ <m. tbla first llno 

of eomput t10/. e ~or tlutt date; the echo u ibe.l" .Li 11lri.~t4m 
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Echooa which ~"'iucod. hail n..""'' 1ntl1Qetcdl b;y vrit.ir~ tl 

vo~ Ua.il bo l¢''11 t.bla echo ll'l.ltlb\U". (&,.,.. noto' ( 6 ){ o) be l ov) • 

!E!~.!!~~E!· I u the third eol~ thcr ~ ~ 

orieiu o:r the echo is recorded Wl~r ocho ti.J.rio. Ur.der 

point the ''})Oint. l~~tiou •1- ~tr; K, S, \i1 einA C {~e now 1") 

El'!rvat1ol)3, • ¥'or e.s.ch rxn t 'the 4ovnwiw1 lllld ~nd 

el~tioua ar. reoord.ad in col~ b. Md 5,. -r~C:&r-ootivcly. 

IJ.~ o.t" tlun"Otlnd.:tnil, ~1nts,• ':he .in41Vidwl.l U:ft 

Y&lue~ t~ tllf! four owrou.uMna poi:lta only YM rGqor®d 

1n col 1· 

rounding patnt61 u roeorded io thct llintb col~· ~ 

11ft ve.l.ue at t~ se~s point. vaa reco..'""ded in tho t.0nth 

Lift di:t.'t' rrnch~·-Col'Uire:t ll con~ the Gisn ot tho 

li1't dii'i'ereneo (gc~eziG point l1.t't J'lli'Q.Ui5. t.be c.v~ li!'t. 



for 

been Cl:\ "~ n-.11o the- o\. r v40 1n a voJ.loy, t-hw giYi. ~ 
I 

I 4 VCr:/ la.r~""' V \lO f~• & 1 b\lt. tbo ~t~ ·~ trend 

ms;:; ha.vo been 1n tho OFIJ\?01 to <liroat1oo. 

iovcst.isa~· ~·r.o f1Nt vu e1.r.lq:l~ a eoun·t:. of tha r:u.u:tcr 

of contour 11ne.o roa c.ed by a t.n.igbt line bQtwecn the t110 

elevation llQi .. o , (t~v..ing 1nt.o v.ccount t.be t"'JO d:1.f'fore:1t 

c tour i otervr.l s ) fo:l' ¢sc r~ r ot olevnt1oon. ~ cncond 

fOWld 'by c p t.1 ,l{;; the 11tand:u-d d0-v1crt1on ot the tl v 

c:l.O'Wnvi ttlev"\tion.. (My ttv c.o:w1 'tent elevations) coW.d 



St.~lfl' Ot' DATA 1961 

Lift /,V~l'""-r.'EtD 
Geneais 4 <:urrour.dina Jlo. o! Casea 

C4tesoey Points Po into Di!twence ... - x2 Pro b • 

I Hall -+29aS - 938 +3923 14 1.3 .OJ? .so t.o .90 

cn-ltail -14585 -n.oeo -tsos .36 )t • .37.3 .so to .70 

II Hall +1415 + 426 +989 10 10 .coo .99 

fion-Rail -JCO - 1,9()') +160.3 25 19 .62 .,30 to .so 
III Hail + 20 - 310 + .3.30 ' 2 .20 .to to .20 

: 
Ron-flail -+ 550 768 -t1.318 8 1 S.LJ. 0.02 

Only category lli );on-Hall cases were significant. At the S per cent level. 
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' 
'l'bo l$>61 lltt. Com}>ut .. "lt1ono vero ws4.c bd~ tho 

fourt.b cri~r1or.l w.o ~cd· 1'be .echoes vbich n10t. 

tbia cr1 tcrlan c.:ro 1ndicl).te4 by a. bl.Ue check attcr 

t.be eoho numhe'r~ ~ l ii't. v.alvea tor ~Gea ~ 

(.t) ~ alwb;(U recording too vatnta 1A tho SNIIO ~

llorth, &:st , 3outh, l~t, Center (eene~»in) ..... patton:1 

(a) Be~ ~..ion 5 t·or cxpl.4nat.1on ot utorieka. 

In 1961, tln veJ.ve or lift 41tterenco: \1M 

record~ but only the G1gn la neeoJusar,y. 

(b) ~ ~Pea to 'bo omitt()d for oatesor;y 2 wre indicated 

by a red. ut~teriak. 

(1) C tegor'J ;s: .:tu.o a;1t.a the car.ea omitt.d ro.r category a; 
Mditionru oo.soa to bll omitted VOD .1n41uted by c 

(l) ObJecti-ves 

•~ ot 1961, wo.a to detamino from. ~l.Qcat.iona the 

a)od · · l'QG1Um» ~ idontitiable potnt.a oa cllNd•, 'tbO 



I 
' 

76 

1'be Wl1 tD \leN c~~lo a£ locM.1n& 6 polllt. V1 th «A UCC:~e,ey" 

r of l/500 ft"avit.liq~ 1-hat the di~;t.tm~ ot 'tJ:Io cloud t~ t.bo 

'the carnerru:~ \Wod vero t.y:po K-2-4 nerio.l caawrao te~ 

5"' X r pict-ureo mounted. a1.miltU"l)" t.o ti trooa1t1on 20 

tal 41Rctioo. ot· tho c~a to be cet to 15 ii0Cooil.G, and 

the Yitttienl diroot.ioo t.Q, be ~et "to 20 aeeon44 . 

Toe ca.&ara could bo fired oi tbcr Jlitm\WJ.~ or eleatr1<mlly 

tir1oa vu .round to b.e sreater when tirctd elcct.r1ca.l.ly 

'lb.ia leveling rectrio ion lindt.ed t.he c:~ru field or 
viev to a 2.0° vor~1c.&l a;pan iwlDedit~.tclt t1bcwe tbe hen-icon.• 

However, virt ually all of t bo- cloude or 1nt.ereat 414 not 



, 

i7 

lor cue ot ~duct.io· , thG £1u• plate vtueb bel4 t.ll8 

I re~uced on e~ch pbo~ograpb . 

1n front of the owt<Ora so thGt. pertinent 4Ata eucb ~ t1ce 

coW..d be r ecorded em the 1'1~. The arrangement. ot tho 

location or t ho condcnaiog lena 1a abQvQ ia '1cure 22. 

0) n. 4 ~rn.tion 

(a) 11old ge0ill41.ry a d orientat.1oa 

Three po.int.c v re eaJ~llshe4 Jiortboaat. ot Fort Collin• 

Ttle llortbernmot~t. crur.ern 'W49 aet. a.o tOOt the nzim.utb ac le 

read 18o0 vhen o18hti r on tbe GoutMrnmOOt camera ete.tions. 
In the same manner, the Southernmo~t camera was set 
nucb Mt t h e.J.i t.h index read 0 vheu ,;1ghUns on the 

pl t.ea ot bo h ct~Mru 1n the same poa1Uou. Thus v1th btl 

of' the ee.aer&D woul4 bo parallel, aa allown em Pig\D"ea 23 

an4 24. 



LENS 
INFORMATION 

BOARD 

SERlE S 5 ~ + 3 KODAI( 
POR RA LE NS 
/ 

~ B" --•--+1-·----- 13 , ______ _, 

F/6'.2.2- STER£0 CAM£RA CONOENS/lvC SYSTEM 

STA T!ON A 

1 
ASSUMED 
TRUE NORTH 

STATION B 

ORIENTATt,-->,"v 

ASE II\ F 
-;' 

THE SAME AZIMuTH 
SETTI 6 RESULTS /A 
P ARALLEL LINES F SIC 7 T 

I 

{ 

FIC 23-STER£0 CAM£!( I FIELD ORIENTA TION 



.; J e .'- e o p u o / o y r q /""' ,· 7 

N 
i 

I 

roti/i (.f'q /-;o/, 

Soulh 

)I(/ f /0/7 W h e c: f Sovfh t0J {I 17 r/ I t '" 0 I? 

In/ ;4a9/e -t-3• s s; 3£ 2:;./" 7 3'-~ 55; I~ ·-·:>1/ bA 0 C: /, /?~.' _.li 
/, /~~<-

Coor~ntl/e 2_. I$' 6_. -/22. ~ 2 . ;S9_. .{c)8.B ;> 1?:;. {) ;~r . t~ 
I , "' 

y Ccc.-(-:1;/'J q le ~9;: 47/. 7 1tl: 8 3/. --1- 4;6 -;-..-") ':7 
• ~ I ._ .._ 

EA;; vq/;on S~b'/ .!""3n~ . .J 



JDand signo.l.t& for t1~. iicturo frequency wa 4a~nec1 

pr1nc1~ by obaQrvatiOA ot t.be cloUd ra~ ot ;rO'W'Ul. 

l>urlng relative]¥ at&l>le pni od8, 5 m1uute itl,an&l& 

OetwMn pictUI"ti vu uaed. Durt.ng active cl11Ql'Q8 grovth, 

l mln~ or 30 oecon4. i llterval.s verct uae4. 

All ot tM pbotC>gra.ph p;J.ra token were talt~ Vi th the 

optical a;xes of tho cf.\ZI!ereo parallel. A a\roQcer anal:ft1• 

c:al solution would ~ve reo Ul ted had fi&Qb camera been 

aiahted directly on the aloud o:t 1ntareat. Bowever, tor 

t.he -.~ical eol\ltiona deacribed in t.ba aeet1on on 

CQDp\l.tatton, 1t iilUJ required t.bat tbe ~ be ~1· 

(c) liel.d chc~au 

~n cheok.s wen lJli3.Ci.e in the n.el4 to Jd.nizniu 

errore. Giu.cte the .tl.Z1mrtt.\l pl.G.t.o vua ae<t by af.Ptin& tho 

ot tbe aum.utb a~tting was deU,rm1ne4 b7 bov Dearly ;r.e.ral.-

lel ~ QD't1co.l ·axia or the trana1t vaa to tbe optieal 

change4 trom tb.e1r llilJWJted r;aro.llel poa1t1an1 a teat. 

pbcto vaa t.aken At tho 'bopnni~ ot each 4ap aboot1~· 
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A cli&t.o.nt, 'llell &lt1r.ed point. \1M centered on tbo t.ratwit 

CJ'088 .ba1ra auA a xmotos:raxm t.8.lUme It tM cro&a bAirG 

1 ot the e&:W!J'a plato, ae 1-eproducod on tbaa phot.qp'a}lb, wre 

ceB·t.erod on tho point., then tho Gcope o.x1ll tm4 camera a:Q~; 

vere cono1der-ea to be e~cotitAJ.l¥ ~1. 

A aecorul ~caution that vu talteD. vaa to cboek the 

orient.&t1on or tbe Ui.nlUtb plate frt::a 'th1e to time durina 

a t'la.Ta 5b.oot.ing ~~1cularl)r 'WMn Jflll&llziwtO vore C:h.o.."'l.&\)de 

~a a.GaUJ"C)d D.f)t.1nat. orrora due to alight aovement f4 t.be 

}'late 4ua t.o Vind v1bna.t1on 0}" pl).p1W. ban<U1DS o~ the 

cuera wdt. 

(ll) Bocluct1oc ~ do..U. 

~o t.ypw ot :rcduet1oo vUl be uaed 1n the &oal.ys1.u 

oZ tha reo ul t.tJ. Otto type 1a an GAal.yti.oal reduct.! on ot 1.be 

·~ ~11;1oo ot individwU pointa1 1&Jut1t1eble on both 

ot a photographic fALil"• ~he otbel' ~ V1U be o. mechani-

cal. aol.\lt1on producins d1rectl)' 'too eocJ.e a protlle and plan 

vtev at & cloud or cloud ayctela. 

(a) Ana.lytioal. reductia.:l--By knOVing 1.he arien~t1on 

ot b() h pbotogrc.phs at the tim$ the :p.toturea wre 

Ul.kon and tho location. ot anT point under con-

aidcu--4tion oa 'bot h pbotoarapbB, tho spacial. 

location ot tbe point mtq' btl computecl. ~at.reit 

coord1na.tograpb vas l.l&e4 to locate points on tb.c 

ile{9lt.i veu. Tll_e distml.Ce ~ tbe po1.ota £rca the 

t'!Wc) axqa VU d te~d vi th eD ACClU'aC7 ot .CQ =• 
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Duo to th. tif:.te involved in COCLputiJl8 t he 

point locat1oos a ¢cx;;lJr r prosra:o va.o cct u,p 

in tho IntercOQ Inte-rpret ive Doubla .Prec:i.Gion 

Routine code tor usa on either tha Bendix 6-15 

or W i 1~ Jnae'binc. With the pr"Clgnll!l, data )I'QI"e 

et:'tered I!lfW.tlQ).ly. Tlla program baa ainco ~ 

revri t ton in tha Fortran tor UH Vitb all IBM 

DlO.clU ~, and v1 th the nev program, clat.A entry 1.4 

4CC pl:iobed. th:rouSh ·card~ (g 'tCJ.lle• 

(b) Error oou.l¥&1o 

'l'l:te ~~ri!I.ont.all.7 dctormino4 probable error 

or a :.tnt location w.a 1/&oo. 

(c) Meehanico.l reduction 

This Jaethod Wtsa de&~ aa a rapid cout1ououa 

r~~Jductio..'l ot the cloud out.Une to acalo bol.h iu 

plan and protila. ~ acc:ur&.cT ot t.bo point. loo~· 

Uan by t.b1a met.hod 1a &»prOX'.iJ:atQly l/200. One 

rest.r!cti.on or the aecbanieal roduct1oo a tho.t 

tho ~ GX03 ~t b::.w been ~llol. ~ the 

pict~ vent t.U.an. 'this restr1ct.1on dOGe not 

ap~ t.o tho e.nalyt1ca.l re4Qct.tan. _ 

(S) ktt. Obu:dnod 

Table l2 s~istoa tho dAta obtG1ne4 nom tbe ateroo 

·~ 4\u'i~ too a\mt41" or 1961 • 

.... . ·- .... --- -- --~ 



Mq 11 - 50 pain, 16o5 - 17121 South - FO\bla~icm 

s~t.inG nort.hvoa t. 

Mav 16 -· l6 pain, 1.226 - 12471 v~wat • tiollt.h, 

&i&hting northoMt. 

)in,Y a4 .... 'Sf pn1ra, .1216 .. ~oS, vhe&t - south, 

G1$bt1n.g Southtl':wt. 

MQ¥ ~0 ... }0 ~~ 1~5 - l~, vlu:at. .. SO\Lth1 

G1ght1ns w Q t and Eo.G t. 

Mlq 'l -- '' p:IJ.ra, lll5 - 1410, \~beat ... ~outb, 

sigbt1ns,; Woo t. 

- ;r( po.i:r& 1 1512 .. 172~ I 11•ouo.dati011 • South, 

oieht1ng ~outheest and ~~t 

J\wo 14 ·- " ]f6l.ira 1 llOO .. 12,;61 ~·t • 7oun4Ation, 

aight.ing Wut e.ncl Ea~t 

June l9 •• 7 pain 1 174 - 1759, ~c.t. .. ~th, 

sightino hot. 

June 26 -- ~0 pdra; 12'5 - l~}, \/heat. - Soutb, 

a16,bt1ng Weot &rut Eut. 

Jul¥ "/ -- 4} ~. 1706 .. 1829, \lboc.t - South, 

&J.ehting EMt.. 

July l..4 ... 57 pG1rG 1 154' - 155', vhea.t - South, 

61ght1ng EGS.t 

J~ 27 ... 10 l'&n, 151(5 - 156; 
1 

v®At ... South, 

s1{)ht1ne Etw·t. 

Al.ai• 1 - 100 pairs, 111~9 .. 1526, 'Whet~.t • &outh,. 

siabt1ng tiE to ~!: . 



lh l61D time-~• photoet-npby 

(l) ObJoct1vo 

,• 

'lho l.6 230 timo-la.p&4J pho~p!J:f VGG \Wed to record 

tala clavel~nt o~ clO\W. c:ells and p:>rUon.o ot colla~ ovar 

an extended lc:mcrtll or ti:;:e tlu"ouah thc:l \&8e ot a movie 

camera taldng one !l"Wlll:.l evary tcv seooo4s. 

(2) ll:q\d.Iment 

~ e-Meml used lh:W a K.eyntono 16m c~ra e~ppod 

vith a solenoid for ele:ct.r1CQ1. firin£ ot ono i"1"ue at a 

t1me Gnd ap;ara:tua tor aut~tio electric 'Vindine· A 

114teorol~cal. :RC!:J~h Inc. Um1r-s; u-chaciot';l o.u.tazaticnlly 

f'irvd tho C&r..m'"ll one ~ a.t 4 1.1:mt.t co a p:reset, adjust-

a.Olo t.iruc interval. 

A lena con.dtmsi~ nyetom vna aet. in t'rorl~ ct th~ ce.aaxu 

to record t.he t.ir.:o ot &:meh f'l"'a:ao • Both t.bQ ~ ar.cl 

cor:u1eus1na syilktl wre mouut.Gd en a. tvo-inoh allmdJl\ml 

cllannol 6UJ):Port.cd b4 e t.ri~. F1e;ure 25 abova the location 

ot tho condanoing l.G-n3aa and. clock tar each ot tho 'thr® 

le-..scu' w:od. o:• the ~u. Tho leO.Set) and ~:ra. are 

att.achcd to n tvo-inch a.l.uoin\D chll.nnol vh1cll vaa 11lott.ed 

to DCcor:»:nodato t.ha leWJ bolder anA cl.ock board. ttho 

eha::mcl ia sun)arted bif a stnnda.rd caMl"a trl"POd• 'rh.o 

eorulana1ng len~eo ~ Wl"' sari• ', +1 and +2 Kodak 

port.ra lens-ec. 
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LENS MOVNT 
~ ! "LENS t'r2 LENS CLOCK Mt'Jt/NT R' ~/ - ~..> !LOT~- I 

16 mm. CAMERA WITH /"'LENS 

3 ' ' TELEPHOTO LENS 
. / 
Q: SLOT 

j 

CLOCK 
IVOVNT 

~A 
CHANNEL~ 

___ ....,. _____ ]9 "----~~ 

lo h1.-n . CAMERA WITH 3, LENS 

WIDE ANCLE LENS 
CLOCK MOC/NT 

.'; ~/ SL O T 

~ ~ / -
'""'?f''- TRIP 0 £J "'-cHANNEL 

~ 72 " ~ 
16 '"""· CAMERA W I TH WID£ ANGLE LENS 

SYSTEM 
CAMERA 

F/C !..j- LENS CONDENSING 
16 m n7. Tltvt£ LAPS£ 



~) field Opn-at.iou 

~ t.i~ ... la:pna r:lO'ViQO were Wit~ tal«m. at the ctorao 

~ etntlowr. voile tha' cz:tcro.s vare in operation• Vert' 

ottc111 t.ba aat..,.., c.loud or oy~terA vu t.he obJGC't ot both 

stereo o.nd t-.1J: •• !* la~o cat"'..crao • On a~ c1.1q0 'When the 

cteroo ~roo vcru nat in ope1·at1on, the Ul:lO-lA}':Se u.ut 

vu opGratQd. trorJ t.bc root or tbo Engtnoorina lS\Iildin.g. 

(4) Data obtAined 

To.blo l~ e:t. vc.~ u ct.Pr.".a.:q or thtt &..ta obta1.J:icd frau t.ho 

lG Wil ~n during t;w SU.""Jr~ Of l96le (liote: ~00 c.loo 

sect1oo II - C - 2 -(a) .. (6}, ~la lO, tor ac1ditiooa.l 

t.i::leG of J.6 JWli t.ioct-Jb.J?')O pOO''-<Jg:r&pey takoQ 1'rCii\ ~ Oi te 

at l1cnt ~r.) 

IJ • f~e 71.1ahto (In Gel:JO.rete Nl10I't.) 

5• FCCSimiltt lla'ta 

~le 111. s1veu a Ust ot ru ~.PEl SYGil.ablo tar \SSe 4\lrl.:na 

u. pono4 'bolA tbct l5tb or NaV tJ.>u. .. ~ tho 15 ot A\IBWJ~ 1961· 
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LocaJ 
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Dircc- . ___J 1 Loca- !'Jircc~ 
Lte tion I Tme I.ens Ft. t.ton ' %;..,'1.."- o tion Time Lll'n Ft. l t1on l 
.1-61 South' 0 1510.1.530 Jleg. S N 6-19-61 ' SWtb 1246-1.)10 Tel ' 9 90 1 I I 

15)0 

195-1621 

1623-1722 

1730 . 

'"'"'' 1 Sout.b ~ 0912-

113S 

. 11.38-

!148-,,,,_ 
~~ :louth 1 1.33-1212 

oo-61 

14-61 

i 
' 

I 
I 

1212-tSOO 

. 1525-1S48 

1022-1141 

1209-1233 

123)-1.)12 

1312-1400 

neg 1~ 

! 1)31-1429

1 

Re~ : 17 : 90° ~ 
i l , Pan 

W A 19 I 
6-21-61 1 
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Az:IA!yzed O'IC.l"la:r ct' !"":"<~cl~1. te.t.iO:l1 i.::.o~n~tO cl .1 1 ~1.!.~ 1 .:25 i7K~i:'..";u · and 
1n~:re~:mt.G of ·25 i •·tch• 

Overl~r of co.j:r..erative mil r e:rorts plott~d, :;:to<dne rck ... tiYo t h :e ot 
CX:Cl.lTI."'C~~~ i ,; 15 U:l'.l:~ i ntc!".':'.l.J.n ~u;::b.:!red frO!:l ti:-J.~ or the !'irst. 
ro:r-~r-t, r-~Q.z:;t::: c.::ii ~t cc'Z~o~ !.;t.o?<.e cizc~ ut.ir~ the ccC.c fro:::l t~ 
~ailed i!~ r~p-.::>.rtu , ~1u c~;rut.::d >!;:;.._orgy nu;;::b<;ro 1 el<Mg 1;i ~h cncra 
u~-:-li~rs i:! •X·-!iu..::..~:..'l. f'r~ tb.~ e0U-Cl .... ICu i.!l!.C dict.ri1Ju:tlons fret~ t& 
!r:.dicc:tol~z • . 

A ba.r C~.:!.rt s.i~-l!1S J by dt'!.JS 1 b.:>.il C:.•;ys ir. the m·ec., b..:il d;.l:fl c.t 
:3tol·l:tr::e ~i 7'IQl"t.> .Jr·~iJ;r ~-~·:;cir1~t1c..'l o.t Stcrli:-d_;1 hn.il &.:.:."5 nt 
De~:ttc=3 c; ,';51y l·~~ci~~tio:! o.t. Dcn~ .. ~!:.r 1 h:Ul d~-J~ in ~~e \1\L 
nctil(;l·~ e.nd. ~~~c.~ t;,o~ dn.yo .r-.,~ St~~) 1 r-~ ~-! ~.r:-c.rt. 

Crc.li~ ~ a.ccw.iUJ.;:-.tive rcl.:..;tive .frcq,t~:lcy ot l2..~-e v~ hcl.l- e;-.,. .. !' .. ~l{~C in 
~~rcc.ttt of ;:::.crcc :ple..'lv.xl fc:;: di~·trlct...'l !..;. n:; Colorado f"r:::::. 1S~"'0-
l959· 

A Ct$..~B!'1.GOU or Gr-'~e:- d:str"l~utlo~:. t:re..sfor:-.:ed 1951-1958 e:::d. 1?6o 
~:c1:r:1tc.ti0-!~ t~.:~om:ts "odth tb~· Lncc ;)~1·lod !'rior to 1951 u:~cd. 

in 1?59· 
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An ~ia ot ropart.a roc~ivod rram tho notwark to datondno ln. a 
pn.era1 ~• u. orte ive;nssa or the re-t\lr.\ ot re,part,a, ~ "4ltb.a• 

Kap~ ar tbe pncraJ.. 41rctct.ta.l ot SOOVC':oont ot bAU •tonab:r 110nthl, 
4ute:rm1ned h(S:j the til~ ct r~. 

~\R ~md JII08t ccmuon hat.l a1ce dlotrlbu\S.cc ._. .. ~ 
'ri~ or· bo.il OUGet, 'by roon.t.ho 
Bail d\A"aUon t.iDe 
Fercent of (;rOund oove:rod 

mm.t~ Rm.M.IVB ~U'i.'nat OP mErm ~ERG JBON •tu»-XI ~ 
BAXDEI ~ 6l'ttor:TlC 1'n'ES FC.ii 1960 HAIL IM\XS 

lft\XlJiD:l BUL SUi: VU llmml JlAXllG-t ·WIND ltLOF'l 

Aocuraula~ive· rel&.tivo bequeuey ot mwdmlAI t4o4 aloft t• b&U «14 no 
ba1l 4a.;(.» • 
~ riu4 va MXi•mm ha:U aiZe roporte(l •. 

QQ. ~ \IS .iOO:rlW AJFA, DflJVrJl 

Pcei t.1 w are& det1nc4 as the ~'t of tho tcmparature 41Uerouces 
~ the CCL. and tho poin.t thrOUGh 'the elevatiOQ of •l.OC an4 tho 
~t a4i4bf,t.t. t.b.rouab the CCL, an4. .. loa aa4 ~ ~ at CCL l.C'v.,l 
hal tbo 4:J:7 ad.t.o.'bAt !roQ .. l.QC 

ZQIAt, wnm .ABALt5%S 

%Qoalv:l.nd.o, ~0 tllrough ~tar 19591 l96o, Ctld.l961, 'dth bail~ 
ana r:reclpito.t.ion at te.fldvillo and <Jte.rllns• 

c:~cne to Jl:Oa't.hlV ~ end Uiti& J.larmAla t~ lll Colan4o u4 A.l.borta. 

JAn. CASm - J'ti'm ao,. tS, JU1.:l ', 1960 
su.-..raee Cbo.rt.a 
~~-1"'• 
Wind r.~ cho.rts 
2!roush PQO!t.iou cbnrttl 
Wind },1l"'1"11A!a at tho tro:po.pa.uact chart 
Dtal>J l t &.1' 1.D4ex (tAM)} ol'm-t 



Pred.pit.G.blct ~tel' chnrta eaapu.ted t'raa a.o•\ad ·~ lin. •ouruU.n; 
~ tho tlWldatory level data. 

'IAN level JZaXS.rNm vind oharl 
Sl.lrf'ace p1tte:rn ®a.-to 
~ 1\\l) cbD.rta ot ~ 
~5 4cvpo1nt line ebart 
Be18bt e.bovo ground or 0° wt b\llb 
~ calpi3Dflnto ~ awl at ~ ql.M ~ \be MAm vJ.a4. 

12!!.! 
JlA1l'.¥ BAlL Al1D ~nA.nOU l:t.a.'l~ 

Plotted -.r• bt ~oi:p11At1oo llir.ouoW 
OArlrq ld.tb coa;poro.t:ive htdl re~a :Plo~te4, ~ :rolatiYO t110ll or 
· oco~e, 0..1d w~ unci lUClSt c.oNQ(D bAll aU. \lll11l4 t.blt coda 

em t.bo- ma.tl.ed-1u n.~t.Q • 

~ OF ~CS OF IIAIL FALL 

Mmd~U"n and~ camrJOi:l bo.U abo ¢btr1b\lt10Q ¥ "'GPb8 
~11.'"• r4 bail on.;et ·1q- .mootlla 
RoU ~(JG t1q 
l!excm1o ot ~ ~ 



·• 
»• !5CS 1 lJel$'!:! Md Publ-rt£n,tionp. 

~ tollow".l.ns npart.G, ~., and lf\\blic&tiaD&t ue 1u tba proceaa 

ot ;ro~an 1'raa. t be data. obta.iuild durins 1960 atl4 l96l. 
l• On the nlAtion ot tho lat.1tude anA·~ ot t.ba SCI:lDl. 

veatvllea to tbe oco~ ot t.U 14· tba lae ot tho ~ 

Moun~· 

a. CUe ld.Gto.r7 atudiea 1960·· 
3• A l'tll'U' b7 Scblot»enAll' and are.n-t oa 'tbe cb&lracteriaUca or 

' . 

1ta11 norma 1n tbit eo~ ata;t.o: Uniftmit¥ notvm'k, prokQl'04 

tor the ltlmae.a City Wcetber Red C<JD.fGMDOe in Octobcrr 1961. 

... !he Nj)Qt't aau Qencusia ArecLG in and m.or ~tern 
~,.. b)" ac~nor end Ilondera<ll., ~ tt:~~t the crop 

JtaU Act'WIZ'iAl Atlcoo1at10CL• 

,. 011 tbe· poGittca .. ar· ~1: · l,'ifUh; 1.'U9pexrt. ~ .to ~rW~mt 

pncipS.taU.on, a ~ bo1nc ~ ror tbe SeTm~ 1i~ 

~ 1A JiJot'am, Oklahaza in r.~ 19(Q. 
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