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PREFAsCE 

Charles D. arner •s olds ying that ' erybody talks about 

the e ther but nobody does anything about 1 t'' is still es

sentially true. But if e ounnot modify the lreather to suit our 

purpose, the next best thin is to try to predict it ith the 

greatest ocuraoy possible so as to be prepared for it. Only one 

aocou.nt need be rea.d of a destructive tornado to justify careful 

research and study on the prediotion ot this type of storm. 

The purpose or this thesis is to describe in detail the 

work th t has been done by the author toward .a solution of' the 

problem of identifying and tracking these tornadoes . The study 

was undert ken in order to lay the found t1on for a system 

designed to accomplish this identit1eat1on and tracking while 

the tornado is still 1n the process of formation. 

The first part of the thesis i devoted to b sic consider

ations of the problems involved in a oom..plete tracking syste 

nd their proposed solutions. The second part concerns the 

specific problem of identification. 

This rork was undertaken wit the expectation that upon 

completion of the project . it will be possible to institute 

a arning ystem similar to that no employed in the south and 

east portions of the United States tor hurricanes. 
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CHAPTER I 

The tornado is one of the most tr acherous and destructive 

etol'DlS known , and unlike many other types of storms , it has 

·been virtu lly unpredioatable . It usually strikes at night 'hen 

peo,Ple a.re unprepared , and forms so suddenly that it gives 

practio lly no arning. 

P lflNARY ~STIOATIO S 

At a eeting on ~eptember 25 . 1947 . with Doctor c. A. Dunn 

of the Okla.hom A. & M. Engineering Experiment Station and 

Doctor H. L. Jones of the Electric l En ineering Department at 

Okla.hom A. & 1l. College . the possibility of tr eking these 

tornadoes and giving advance varni a to to sand cities in 

their paths was discussed . &everal possible methods of tracking 

-v ere considered . Tlle t o seleeted as being the most likely 

possibilities ere by rad nnd, if the tornado cloud oontnined 

light in • by direction finding equipment,. At the time direction 

finding seemed the mor logical choice . Suoh a system .ould 

operate on the prinoipl of bein direction sensitive to the 

static e anati trom the storm, an ould require two or .more 

stations to effect a triangulation scheme • . An 1nvesti ntion 

as then undertaken by the author oonoerning the probl mas a 

ihole , particularly on then ture of tornadoes and their oh r c

teristies . Included in this study v as an xa.mination of various 

dir otion finding systems ith particular emphasis on work by 

the engineer nt the University or lorida in their hurrio ne 



tracking projeot .. l 

However. the mo-st diftionlt aspect -0'£ the problem. appear·ed 

to be the a.otu.al disoovexy and .identification of the tornndoes . 

Obviously warnings could not be .issued to towns ea.eh time au 

o~dinary storm containing lightning was approaehing.. This aspeot 

of the· problem was postponed until more could be lea.moo conoern

ing the nature of the tornado ,, and some preliminary work cou.ld be 

done on the design of the tra.cking sys·tem .. 

HWilphreys dasoribes briefly the general featur·es of the 

tornado and in his treatment remarks , "Nearly,. or qu.i te invari

abJ.y llghtn!ng aoeompanies the tornado , out seldom. it at a11 ;1 

oeco;rs in the tunn·el. cloud .. 11 2 Co:n.sequentl y-11 it appeared that it 

rould be possible to etteot traoking with direction f i.ncling 

equipment. Personal observations, together with those or other 

resid,ents of this 1.oeal1ty, are that although lightning .rnuy not 

ocou:r in 'the f'unnel,. it certainly oo.curs very close to it . 

Conversion was begun ot some wo.r surplus BC-433G r..irerat't 

Direotion Finding Receivers tor this work. wit h the idea of using 

two receivers with fixed o:rossed loop antennas,. This method of 

reoeption has been in use for some time. By placing the loope 

at right angles . and coupling the output of' one reoe:Lver. to the 

horizontal plates, and the other to the vertieal plates of 8l'l 

oscillosoope, tha direction ot m1 intloming signal appears instan• 

l J . ~\1eils and w. Mason. Uni:versltz 21 Florida Bull.et in 
?1o . 3 ,. October . 1946. · ~,... 

2 w,. ;J ... Humphreys ,. l?hzsies of t;he !!r,, P.P• 218- 2liiJ . 



taneously. This direction is round by notin the orientation or 

the closed loop on the roe of the oscilloscope with respect to 

a scale ark d to 180 degrees. is assumes , of eourse, tat 

th complete circuits ot both reoeivers, including loops, have 

id ntiaal gain and phase shift . Thus the receivers to be con

verted would he.Te to be completely e.ompensated in this reopeet. 

Also it is worth noting that tbere could exist 180 degree ambi

guity 1th such a system. This difficulty could be elimineted by 

using to or more stations and employing the triangulation method 

mentioned previously for loo ting the storm center. 

It is, of course, possible to use a sense antenna to elimi-

n te the 180 degree ambiguity. Considerable work was done along 

this line in hieh the theory as advunoed that the mean energy 

radiate · as constant fro all lightning discharges. 3 One orko:r 

in this field plott d a map of dis ance vs . received intensity 

for the hole continent of ustr·lia , aid fter corrections 1ere 

made for terrain irr gularities tt ined some successes 1n 

spotting storms from a single station. Ho ever~ in our case 

the triangulation metho las considered to be the onlY. pr etic l 

one,. 

n examination of the li erature covering the ork whioh 

h d been done by the University of lorid ancl the "Sfericsn 

group ot th u. s. Army on their hurricane tracking work dis• 

3 nDiscussion on Thunderstorm Rese rch s . Q.uarterl:y: 
Journ..u.l ot eteorologioal Sooiety. Volume 62, p . 499, 1936. 
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closed that they have generally used frequencies of 7 to 10 

kilocycles--this being the band of :frequencies found to contain 

most of the energy from lightning disoharges. 4 This is explained 

by th to be due to the fact thnt the quasi-period of such 

disoh ges is trom 100 to 250 micro-seoonds . It is interesting 

to note that this figure does not agree too ell 1th that 

,proposed by Appleton, · att and Herd. ho made extensiv tabu• 

lations, nnd f'ound mo$t of th:eue durations to be greater than 

1000 m1oro- seconds . 5 It is possible that att , Appleton and Herd 

considered total time, and the other group measured only the 

interval of high energy eoncentration. 

Th BC- 4330 Reeeivers had a frequency range extending down-

ward only to 200 k1looyoles . However , it w s felt that this 

might be ot considerable advantage in our case, sinoe ,e ·,1ere 

desirous of limiting our range of reception to the tornado area. 

The nsterics" grou.P •· on the other hand , tried to receive signals 

trom s f r a ay as possible ... & 

urthermore it has been observed that the loop method ot 

direction finding is susceptible to night errors--these errors 

being ~orse at lower frequencies . Such error is found on all 

4 Static d- t eveals Sto Location. " Electronics. 
April. 1946, P• 212 . 

5 E .. V. Appleton, R. A. atson Watt and J . F . Herd• "On the 
Nature o~ Atmospherics -- II. " Proce dings of the Roya1 Society 
ot London. Ser. A. Vol . III , pp . 615- 76. 

0 .J . Weils and W. Mason,. Loe . Cit. --
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loo systems , and is due to the horizontal eom.ponent of reception 

wh.ioh ooeurs 1ben high angle radiation is e:xperieno d. 

ORGX JIZATIO~ ur PROJECT 

At this time another me$t1ng was held concerning the total 

project . In tbe light of wh t had been learned , a more speei.fio 

program was outlined. The need was still strongly felt for a 

system or discovering or id ntifying the tornadoes by means of 

some sort t the "base' or trucking st tions . By this time , 

another graduate student , Mr. Bruoe Blackman. had become inter

ested in the project nd agreed to take over the problem of 

building phase shift equalizers and other oirouits pertinent 

to the traoking system. This left more time for the uthor to 

de'vote to the identif1oation _problem, outside or advioo to 

r . Blaok:mrui, hen necessary, and the planning of the projeot as 

whole. 

t the $&me meeting another problem was discussed, hieh 

seemed to demand attention. This was the previously mentioned 

night effect" error. Two :raotors muld be in our favor in this 

. respect . Operation at a higher frequency would lessen the error 

ot angle considerably and , sinoe our reoe1ving stations ould 

be closer to the storm souree. the distance error ould be 

less for a g .ven angle . Rmvevex . under extreme conditions the 

oaleulated storm location oould still be in error by matter 

of' miles , and thus it would be desir ble to eliminate suoh 

disorep ~cies , if possible . 
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Suba~quent 1souss1on of the varioa~ po sib1lit1es resultod in 

the seleo ion of the loop. ntonna as being the most d sir ble 

type ot antenna , provided tnat the attendant error could be 

ellm.1n ted. Research was ther~fore begun 1ith this objective 

as goa1. 
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observations ere further chec ed 11th 1naul ted antennas to 

completely elim.in te the possibility th t sand particle eol• 

lis1ons 1th the antenna were oausi the disturbance . in a 

dust a rticle experiment, it was demonstrated that very hi gh 

otentials could be caused by disturbing small amount of powder 

with a puff of air .• 2 In part1oulo.r the statement is made , "It 

is thus easy to understand how the very high potential radient-

over 10, 000 volts per metre--may arise during a dust storm, d 

th lightning flashes ;hioh are stated to accompany eruptions of 

fine ashes from volcanoes may perhaps be rererred to the same 

eause.' 

On the basis of the abo e evidence , serious consideration 

was given to a method for searohing for the steady hiss caused by 

sand particle collisions of tornadoes . inds in a tornado runnel 

reach eno.r: us pro .r.tio_n_s__--100 to 500 miles per hr., and th .re 

is always considerable so.nd d rfs present t especially du.ring 

eon ct o the funnel with thee rt . 

· Ho' cv , observations de during actual thunderstorms 

indicated that the ~ean level of statio due to ery rr quent 

iightni discharges .mi ht be of such a high level as to me,sk 

ny s,eh effect . 

11le np~roaoh whioh seemed to ive greatest promise, and the 

one ~~ hich as finally used , ·as based on t heoretical considera.-

2 • A. D. udge , nun the Eleetriflcation l1roduoed Dur ng 
the Rising of' Cloud or Dust .. " Proceedings of the Hoyal 
Society of' ,ondon . Ser. A, Vol:. 90 (,.eb ., 19 4) pp . 256-63. 
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poured over -the oil. Th ter _r.em, ins on top&$ long as the 

b rrier surface betreen is undisturbed. en this barrier 1 

broken, ho ever . the oil swirls upward :forming a vortex simil r 

to th t of the tornado .~ 

'aoh unusual conditions surrounding ths oocurrenoe ot a 

tornado -strongly indie ted the probability that the aoeompanying 

lightnin disch rga would be of quite dirferent rorm from that or 
the ordinary storm. The tio str ta ot air formed in a manner 

similar to that or the oil-water experiment a.re necessarily of 

diff rent composition nd consequently should have different 

d1eleotr1c constants and voltage breakdown characteristics . 

Thu , hen a cloud above them accumulates a oharge with respect 

to round , a dirterent potential gradient should exist in each 

medium. It would aper logioe.l then, th tactual ioniz.a.tion and 

di~oh~rge breakdown would consist or two successive operations . 

one tollo ing th oth r very closely in time . 

lso , since wind velocities in and around the tornado reach 

100 to 500 miles per hour , it , ould s e.m. that any disoh~rge , 

once formed, ould be "blown out' very r pidly in much the same 

manner as the air blast 'blo out" type of switoh used co eroi 1-

1~ to prevent ust -ined res upon the openin of such a wiitoh . 

This should disooura e several t pes or discharge eomQOn tote 

ordinary thunderstorm. une such type is simply along-pr

sistenee discharge due to heavy initial cloud ohe.rge. vnce a 

path has been ionized a steady dischor e occurs until aufricient 
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charge has been tra.nsrerred. Ar.1.o·ther oommonly oo.cu.rring t7Pe is 

t .ha.t of a series ot dlseha1--gea a.e:ross the same ionized path 

to·llowing in very rapid au.ecession . Such a t:rpe .is oomrnonly 

known as oselllato-cy. 

As oontrastt;d agai_n,st the above tv,a ty_pes,, a diseb.arge 

ooeurring in a region of "l'iolent winds should be a single., '.eharp 

discharge of oom.parat1v-ely short du.ration. 

The .most ao.nven1$nt l!'l6S:1lS of portraying the nature of a 

l ightning strok·e ls by observing the induc>ed p.otential variation 

on an antenna plaeed above the. earth . In a study Qf tbese, po ... 

tential variations or •atmo.spheries 8 as they are ceommonly called. 

an antenna may be thought of as slm.PlY a ctipacitance wi t .h respe.et 

to ground.. Observa.tion of potential variation a.cross t .h-e t,rrmi-

a.al .s ot sueh a capaoi tanoe i mmediate1y presen,ts a problem. i\1.r:, 

practical measuring circuit that has yet been devised has a 

finite value of resists.no-e a.oross its input terminals ,'!' h~n 

oonneoted to the terminal s of an 0th.erwis.a pure oepaei ta.nee . the 

circuit is altered so as to _possess a definite time eonstant. .l:r 

the resistance between oapoeitance term.ins.ls . e. g . antenna and 

ground. is made high enough to produce a large RO time ()onstant 

compared to the duration of nt.mospherles ,- the 0apae1tance will 

still. be allowed to :follow potential variations with n~gligibl,e 

dev1atio If' , on th,e other hand. the HC t-ime eonstsn.t is :made 

Sh$.:rt .eonipa.red to d.u.ration 0£ the atm.ospheries , and potential 

var iation is measured across the re.ai$tanoe oo-nneot.ed t.o tho 
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o~paoite.nee t~:rmi.r11:1.l£li;, a measurer.ie:r:rt of !~ will result \'n'lere E 

is the ,potential vaa-1atitat impressed on the capa.eitan<Uh To mfike 

E' :; IR = n:~ 
But slnco (; is 1•e1ated to c and E by tbe relat.ion 

it follows that 

11:t : IR :: Ji/1,C~ = CRdE: . ·.. -dt dt 

To illustrate tile irnportar.tce of th.a foregoing ~cnaideratlc:1.n a 

ty,pical antenna. say lOO ft. long u:nd 50 :tt. high will 'be eon

sidet"EH.1.. A eapaeitanee oi' 170 r;,,iero-raici"o-tara.ds ,10ultl be ;J?S.JPl't:)-

this f iguu.·e ·Hill 

oe.pa.ctty :t a resistanc,e of a.btn1t GO meJ1ohsns ·woul·1 be 

'l'herofttrt1, oven. thou.Sh a meai;urentEmt of §.!. oonE1:i.de:rabl v i.,•~,·.,;i,"r·.J._.,.-d.t . - . "' 



will now be prese.nte4.s Alt'.hough these experiments wer~ ce:n• 

ducted 1n. the early day,e f!Jf radio,. they .nevertheless rap:resent 

14 

be g-1 ver1-, Thia will be tolloued by a desoriptlon of the author •a 

method,. dooionstrating the advantages ot lower Co$t• greater 

fle:d.bility an{i greater ease .et o»era.-tion made possible linr more 

modern equ.i.pme.nt and technique. 

of a system whieh wou.ld measure the E variation of an antenna 

direotly. 4 Consequently,,, they se,t ou.t to construct an antenna 

physieal.ly long enough. to produce a qu:1 te appreo1able oa,paoi tanee 

sueh tha-t the resistance oi' the JAea.suring equipment conneeted 

from antenna to ground would not. hava ·to be unreasonably high. 

Use ot .a long antenna. al.so me:ret,1sefl the amount or vol.tt1.t~e 

pickup., thus requiring less ~pli.tier gain in aubsequent eircuits. 

:l'he anten.o.a ·nb.ieh was us11d had .u. l,ength o.f 500 metre.a and an 

eff'.eetive height of 15 metJ:""ea .• , Capacity to ground mea.sured 2770 

m.icro-mero-ta.rads. For n1ea.su:re.ment o:r E variation d1re$tly., 

the input resistance of the 11eaauring equipment ns kept at 10 

megob.!J;s, resulting i.n a time constant or .about. 2.0.000 mlerc-:f 

0 Appleton, Watt and Ber4 . ., Lo_c.,- Cit •. 

4 Loe. Ci.t • ......,.... -
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lation envelope at a parti·cnlal" h1ghe;r t ·rfaquency ban4. would 

oorreapond axaotly to the basio lightning stroke wavef-o:m v1na 

S1ill'1Joct to s_tHteulat1on... All ev!deaee anilable .indloi1·ted that 

th.ls \t.tas. n~ least rougbly, th,e e.ase. Besides., to satisf'.f (MU'· 

Qbjective it .ma.ttered not so mu.oh that an exactly t.ru\J tm.V'erform 

or the ligh'tJilng wou.ld be gained. Tb& prime pur!K)se was tQ 

as~artain 1'! there would be ttny essential diffe.rene.es between 

lightning ,vaveforrtUJ and ordina~ aatmospher1c wave:to.r.m.s within 

tlie- trEHtneneJ band used. S1lt°fi:0lent gatn irlth ad&quata bandwid.'th 

wot1,ld then be only ma.tt.e;r ot proper reoei ver des:t.sn. 

lt is ~ru. that positive and negative sense is lost in 

oh ging to tbis type ot .reoe.ptioa i however, Watt ,- Appleton and 

Herd in their genaa1 eonal.usiona e.tt11ohad no aigttitic.nnoe tthat

cwar to this t eat ur,e as tnr a..s identifieatit'.m of type.a ot #tor.ms 

was cono-eme4. & 
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OJ.IAFTER III 

Dis.ION AND t.~ODIFlOATIOh OF .RiOE.!Vl]tG EQ.UIPMENT' 

Again the available Wfll" ... aurplas equlpmeAt wan exam.ine"d as a 

possibl& .sou.roe of u paratus to be u ·ed on th project . Con• 

oe1.vabl;r, .mu.oh titr!e oou.l.d bo saved by Jnod1tying suoh equ1ptllent 

rat-l'1er than desiga1ng and building a receiver specd.tieally for 

this purpose .. It wa.s desirable toot the receiver ct>ver the .sam.e 

fr ~qaency range 41$ that ·· •mployed 1n tho tracking system beb.g 

developed t'or this. proje.et and also that it be ,u . .reet1ooal., The 

T7p . M - 43.30 Radio Com;pasa Receiver used for tbe tracking sy.st• 

~in a,ppe:.ared to be most suitable. 

As designed titnd builtrt this re.oe:tver htH\ a band :1dth 

.measured at t!le b&lt--voltage pointa ot' 3 . 5 kilocycles. Alt 

ass~tion was mo.de. which was 'lat.$r ve:ritie4* that practioallJ' 

all the l.igb.tning bursts would be 1000 mioro- seconds o~ longer 

in dtlrntion.. Thus. ir the recGiver we'Jto made to pas$ a 1000 

nucro-.s .eon.d aqua.re Jn1lse with negligible distortion* se.tia• 

factory t"t;iproduction would be aasued., From pul.aEi theory ~11. 

trGm e.011.siderat.1.on.s of tn!.l Four!e.r analysis ot a aquara pulse, it 

is found that the bandwidth of the ~mplirier us$d should be 

auft ieient to 1noln.de, tbe fi~th and preferably the seventh 

ha.rmt':mie ot the :f'undruaental. pulse tN uenoy,. T'hus i.f t.he .tt:.u1da• 

men~til isl kilaoyQle. a bandwidth ot 5 kilooyeles would b& 

suft1e1ent~ but 7 k1loeycles would be slightly better. 

For the benetlt o.:f any ot those ,'Ibo might desire to m.oaity 



.. 
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tempts v. e mud t ,o ohang the tun~ n oapaci tanee by tne roper 

amount . Ag in, the 1 ited tuning ran e of the sl s gave very 

littl lee 'l yon choosing the proper ee.pacitanoe. This out-and

try m thod of solder! .,. on a iffere t oonden er, re-ass bling 

the tr nsformer, then conneotin~ it 1 tote receiver n m sur

ing center rrequ noy was fin lly abandoned . A -meter or its 

quiv nt ould have solved th; pr ble but none was a ailable . 

A commercial , eapaeitively tuned, inductively ooupl d 175 

kilocycle transformer as then moditied and used tor pl ce this 

trans:tor r . The coupling ies adju ted to give just a slight di_p 

at center rrequenoy. 

The s oond intermedi te frequ ncy transfor er s found to 

be som«ehat ore flexible and to possess a reater tuning ran~e . 

ln aonjunotion ,1th the input trans ormer replaced s above, the 

second trnnsfor1 er. s t gger tuned by carefully adjusting 

resonant ~eaks of primary d second ry to coincide With the 

pe o the input transformer . A frequeney modulated Si nl 

gener or s used fer this e11 m nt . The signal generator 

t'requ noy s "swept" thro the intermediate rreque cy ampli-

tie b n at a rate which wa s c_ron1zed th the horizontal 

seep of an oscilloscope. The output of the detector was applied 

to the ertie 1 pl ates of the osoilloncope in order to obtain a 

visual picture of the int rm di t requency response,. 

· en modifio tion a oomplet ,~ the r oeiv r an over 11 

b d1idth of 7 . 5 1looycles mec~ured at the alf voltage points . 

Square~ v response a lso checked to make sure~ fidelity in 



cycles. 

One 



zstio.r1 o.r bai.sie wa.vetor11;1$ and fa!tllltlr:1.z&ticn W()llld be 11(.H)ejs.lll'y 

befo1·e rapid visual tornt1do 1de:ntiticl11tion tfould be possible., 

The .mtition o,£ the. film is at right angles to the oscillosoo;ie 

s1in~tl deflection to be reooriJed,. fro sweep la used on -the oeo.il• . 

loseop¢ sinoe tlle motion Qt the film r-elnt1ve to the osc!llczoo~e 
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an eleetrio D'ietor _powered fro1;1 batteries. By using Su4;.er n t1lm 

a.n<l a setting or t 1..,5 on tua eai'Jle.ra it i1as . posslble to r'.\,uuee 

the intensity of the oscillos:eope sui"ficie:n:tly to 11revent bttrn.1118 

ot the eore~r1 wheA operate:d ove:r long. per1Qds of time •. 

The frar~ng eG.E1era method of' reet:>rding, has one r:aain ~.isad.• 

•r.mtage., Q,ui te a few of tl1e ~iQ!tl tr-ansients oaeiA3:' either too 

cl.o1ie to the: end of the m,,eep or else betwee.n awceps. nm1eva1r, 

;pr..evious experience from osoillogruphie rEH>ording .haa shcrn.n that. 

a good r<tpresente.tion is obtained i'rom th$ random. bursts whieh 

occur during tlte svreep. 

':tedium persistenee osc1llosoo;i;:,e tubes were u:sed tor l)liet.o

graphin~ • the green Pl \lein~ used. fer most of' the data v;i th ta 

white 1?4 employe.d tor comparison in ao.me oases. A very ·~rt 

,tH!raistenoe blue tube desi.gnat'fl-d as •rype P5 is usuelly used for 

J?hotog:ra.phy, but ita cl'.d.$f' advantage is tor cont.inu.cu.s t:i.1.'11 wol'k. 

In snch an aJ>plication the d,t}cay· of light must be rapid enoll,fl}:1 so 

that m(}Vem:ent o:t the film relative. to the <;athode ra::, ~,ot dcJes 

riot produce the etfeot of blu1·sting. It should be not•d. t.hnt with 

a tran"J.ne; oatnera no auoh effect is possible.. :rhe· file! is &ilOl?Ped 

during tt1e time the expostu:e is bainB MdEt. .i.\ride from ia ali.§ht 

"sp:read.1rte;8 •:t"f'ect ud "double eJt,poauren etf'ae:t, the tra<:J.e on a 

long per:.sistooce tub$ cottld he pbot.oa;:raphe,d with :results ~m.para

bl:e to medium and s;hort.persiateu.ce tabas. 

T'ne nspreadingtt e:r:teet is d'U.e to a .aereen ooat.:tng wlrlch is a. 

oombin~ttion or flnores,eent ttnd pllosprJDrescant material.~. onoe 



a partlcu.lur area or line has 'been energiz don this !'.'!urf ce. 

quanta may be radiated to nei . boring particles at th edge o:r 

26 

the f:tected area. Re- radiation from these particles may then 

emit light and in this manner an effeotiv ly lar er light source 

can be produoed. This produees a coarser line, but the e:ffeat 1s 

still small when oo pared o the siz·e of the :t11m grain. The 

"double exposure e:f':feot is eauaed by the abil ity of the long 

persist nee tube to retain im es lo enough to be pho,togra.phed 

on s veral successive filtn. frames . The latter effect complicates 

identification of individual wnverorms to sueh an extent that it 

is expedient to use a different osoillosoope tube for pbotog:raphy 

fro that used for direct viev11ng. 



CH.APTER IV 

RECORDING O:F DATA 

Actual observations on at spherics began June 22 , 194n . 

Statistics shov that June and July are normally onths o~ high 

torn do cti ity. having ry long days duri ~ hieh a l arg 
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unt r solar nergy oc ul tes. The 1Teather Bureau at ~onca 

i y , u 0 • a oontaoted, and the observers ~here agreed to 

imme iu ly relay by telephone any tornado information 1hioh hd 

been reported to them. ith dvanoe. arnins extr data and 

observations could be taken during the time of torna o a ctivity, 

so that identifying eharacteristies o.f tornado at ospherios could 

be studied in detail un 11 visual r ·· oogni ion ould be assi le 

almost immediately from the osoillosoope . 

he first data . taken at 5 :00 P. • , June 22,, ras mainly for 

photographic test urposes . There us , however , a thunderstol'lll 

ot the co on variety about 5 miles ista.nt to the J. or.,.hwest . 

This 'ilm was developed,. a.nd proper settin s of the e or and 

oscilloscope 1er obtained. For subsequent observations a defi

nite prooedure a established. i title bloek 1a printed and 

photogro. h.ed be:rore each sat of observations . The title dis

played the date and hour . type ot oscilloscope tnbe used. and 

positions of the directional ntenn . In ctual recording, blank 

spaces were left bet een groups of data corl'esponding to the 

different nt nna positions. ' ord desoriptions ere lso written 
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up with d tes and times oorres1onding to th.one on the titl 

blook. Reeordings ere mado in th order of ant nn loop hori

zontal, then in the direction of the storm and then perpend1 ular 

to the storm direction. As soon as a. barometer eo ld be ob

t ained, barometric pressures were recorded in terms of the no 1 

with the storm deseriptions . 

Considerable data. was recorded on 11 the t understorms 

which oocurred . There w re to reasons for this procedure. 

First , the storm might turn out to be of tornado type .eve tnou h 

not reported as such by the eather Bureau. sine their communi

cations could be out off b just wUOh a storm. Second , the 

careful scrutiny of the av for s from the 11 htnin~ of an 

ordinary storm should provide the re.mi iarization necessary to 

recognize :m.veforms of a different type . A stand rd time ba.se of' 

5000 micro- seconds was used on the osoillosoope for all measure-

ents. At the frequenoy used the sawtooth.seep timo base was 

quite linear. ~, ith the exception of -ome film taken prior to 

July a, 11 film was processed nettative . This prooedure ,ives 

much better detail and is considerably easier to re ,d than posi

tive prints. 

aoeount will be giv of eaob of the storm o servations. 

Thes obs rvations ere recorded as an experiment to determine 

whether or not gener l weather aonditions preceding a tornado 

might be definite enough to am. an operator of its possibl 

oceurren.oe. 



sti.11. 

'\II·.,' .,;,. * 

-1· ,,. · c·,a; ·1·, t'i: ii .:::; ,, lh!t). .;;; . .,it . '1"tt!~.J'• 
Lrj __ t i!1 . -~ Ii P .. II_ . Jt 

to 

tl1is di.r·eotion •. 

to "''i··'t·"" 1.t. H-t..t·.·. ""' ' Jtl ' . .;,. ::)~.l, ' -



J? ..• 

J"rtlif ? 
:Ii f' -_. U" •* ll:00 :p. 

•· 

to lt':00 • lm on 

25 1'946. 
ll. -- .. -1 Uli_J 



31 

11; wonld appear f'rom th.a visual observations that con-

41tions wh!.ch shou.la favor the oceurr~nee of a. to.:rnado .moat o~t~n 

result in ordinary tl1understol'tl".s. &li ~ver. since no tomaoo o'f 

sigairiotU1t proportions ,,:,ceurred du.ring the rvhole montli of :ui,-*' 

tlds should be regarded as a moat unusa.Jil. year. The whole u.r-ea 

was fo:vorl!ld 1th abundant rainfcll during the latter pc.rt of June 

and most of luJ.y . Thia ra1nfal.l proved to be e.:r:reotive in 

breaking u._p the tornadoes: which norm.'l.lly woulcl have bean pre.sent • 

.t· ntt.'!'lbe.r of very 1nterestin and si nifioant results were 

obta1t.ed by a comparison of a:tmoapherie waveforms photoeraphed 

during t."~e p.resen.t experimant with "sketohes" made by Appleton,, 

Watt und Ee:rd dttting their som.etwt.if:.l.t i milar rese ... rch .1 .Be:f'ora 

goi.ng into .... com,pu1son ot results. ru1 a:xpl nation should be 

giV'en concerning the sketches taken by these aen ano the roo$on 

such ke~ehos were made .. During the eourse o.f their observations 

a particularly stri ing t.yp o:t ntme>sphetio waveform was noted 

rrom time to timeJ containing ..;; series ot ripples rih1oh th~y 

terJ.:Ied rtfine strueturen. This tine stru.ctu:re seemed to he 

:abundont in some storms and al_re:ost enti ,:e,ly absent from others. 

By oe-pi:r.tg notes, th·e t'iae structure wen tin:llly found to b:e 

associated with autumnal storms in kglanu.., A number of sketohes 



were made. ot these interesting w~veto1~s and in.oluded in n report 

on -the ex,Periment. Since nn photographic eqtiiJ?ment was used by 

Appleton. ttatt t.uut ner4 ror reeol'tU.ng da~. visual observations 

ot an osoillos,eope traee 1:1,ere .made u.m.t aketohed fl"eehan4 on a 

pieee of _paper.a Aceoriingl.7. t.'b.eir data would vary som$11hat 

trom til true ,Picture.. but ,wuld neverthelei.r$ _portray the e~sential 

nature. of fine st,ruet:ure11' Also,. es ~egrettably rem$rkG4 ill their 

:repreaen:t.ati ve or- tine struo:tu.re -in general. since they v-1ere 

t:oroed by pl"aciioal tlitfieulti·es to use: the !! met.hell o-t re .. , 

eordin.g (menticuied in. the Summ.t'U"Y ot their experiment) most ~t 

~he tir.te inntea.d ot a a.ire-ct E method.. Only the dir-eet E 

measure:nents were su.itab.le t·or depict!~ tine structure. 

·;)urins exwnination of wavetom pbo~og:raphs .from the pi-esent 

tornado experiment a large nwn.ber o-f waveforms were discovered 

which nls.o contained .fine structure.. Since this tine atru.ottire 

appeared to resemble ~he nsketohes.ff $h~n in Ap,Pleton, Wult ~t4 

B.erd •s report, a detailed e~ari!ffin wns tu:idertQken. 3 1:'his study 

ments bar~ a striki.J.ls simil~rit7. §igures l throu~ 5 are 

ineluded in this report as rspres-entative samples_. In e-aoh 

a Appl.eton.- Watt EU1d Herd,_ J;.oo. P.if. 

3 .lei• Cit. 



duotiott,;,J tra-11: t,he 91·esorr:':t oxr{irli:1ez::J.t ?J:r '?e.··1 •. 'l!he ,P1iutogr<i.tp,hio 

reprodneticrtI.iJ: ttr-0 exti..c't re_vr~Oei1.t:rtic.,n3 ~,,rliile t'.tie t.reehiui~l 

skatehc~ \':'Otild te.na to viir:r t1l~1';:h-t:l7 t'rri.m true wev~:to:r1.,s. trcr,N• 

ever, tbis ~c:r1~t.1en is ct no Q<.H1settt~etwe in the proaent eor4P.:;:,ri• 

S:Ort. 

~th pboto[';r11,p.ha ~nd skete:'.'!.~,$ rJ.:re :recorded: -011 a 5000 inc.:>o• 

second tir~e bt,se tor all tigul."',a.S snrn?:.n.11 •fheretore. e. d.ir®t 

compar-ison o~n be rr.JiHie of tirio tlur,]tion of tlut ntr10spha:rietl as 

well as ~ctual wave ebnpes.. on thfl btuiia of a time dn:eution 

oomptu:ison,,. Fisu:res 1. 1l1 5, end 5 eo.:rres_pond quite well. ln 

Figure 4 the aketehed ws.ve:t"or11.1 ~b"' 1s seen ·to l1ava coru'J\1de.l"'.iblJ' 

greater time duration. 1\luo, in .P'1g-r11:\e 4. -an ex.tra . .not~.tion "''.at~" 

is 1nt.rod.uce.d. to denote. a wavetom resembling ub~ leas ¢lO$el::, 

than tt;;, tt • but, still ot the. sam.e ae.rie.t"t'Al sltape. 

lt should t1.lso be pointed out t.hat tiie o·scillotioo;e 1:1as 

swee:Pine f'rr;m l~t to -ri.3ht 1n the case- or both ~~~,. ft.'14 ''b"r,., 

Correct tu::e sena,e 1$ prellH.u.·ve,d 'b;; oon~iderut~ the timJlli base vr 

swee1, us bef!,innint? on t...l1e left $1.tltJ -..1hen vlewi:ng the figure in 

t.ne n<u!'J?ti'iil ®rme:t- Jfo.r inatG.nee,. the ~,mve shaoes of fi{~ttl'e ~ 

have a 'Vel:11'' steep t1rise timewt wi.tl1. ri $om.ewti.J1;.t. slower 1''oaeillt~tcry"' 

deoay. 7o tu.r·tnor t'e.o:tli tfit,e eomJit-tii•iS:!OU.,. the do\m~r4 def'leotion 

-of botll na '' im.4 «b.U should 'be e-1tplriined. .1\s poin.ted 0"1t 1il"eVi""' 

ouslf.., tile detector output or .~ tuned re~eivar oannot presel!V-$ 

the pclctr:tty ot an. atmospheric lU.srturbr.moe." si11cull it tui"nish,e,a 



onlJ a .aodulti.t1on envelope with whatever f!lxed polarity ·t;n;.e 

deteotcr is arranged for in a 1:;artieulo.r recelv-er. Fu.rt:neniw1:·<lt 

some osoil.loseopee displeiy a positive signal as on. uptji!lr'd 

defleo.tion while ethers furnish an !'!'inverted" or dmi--ru,]ard de ... 

tlection for a positive input 'Signt?..1-. In the present ,oaee the 

00 4530 ?Jeoeiver u.sed in. oonJu.notion: ,,1th the Duaont 206 

es.o.Uloi~reyh resulted in a devmw.ard detleetion for ~ll atmos ... 

pherics impressed on the reeeiV'er antenna... In the case of t.he 

~b•1 figu;res .• however, 1 t \V:lll be. ,:eoalled .tron a previous dis

ettssiQtt thet either pos.itive er neiati've dafleetions were p·oissi• 

ble icpendint on the po1ar1.t;r of the at.mospherie impressed on a:n 

an'tenna,. Appleton. ilatt and Herd arranged their equipnw:nt so 

that a riega·ti ve atmospher·1e geve a do1:1w,vard c1etie.otion wilile a 

posJti~"e a·~..llospheric gav,e an upwnrd detlec.tion .• 4 Praotitally all 

the . atst>aJ.)hfiil"ics wh1oh t.hey reco.rded were of· the negative type ao 

tbut all "'bn sketches ''.tfere chosen i'ro:m. the negative .group and are 

presented in their oorrect sense. 1'he.reto:re,. in omn-paring 11aff 

and "b" types the only disorepau,Jy whicl1 might exist llos 111 the 

possibility that tte_tt tdgnt have bE)en either a. positive (}r nega• 

ti va atm.osphe ric a.nd therefore migli t in some cases nefhi to be: 

inverted. ror true eom$}erison~ As was Just m.ent1on.ed. hoY:eite.rfl 

praotioa:tly all e:tmosr,heries are. of the smne polority. 'in~ Stsir$e;p 





types oompued t.o any otrtaitl,&il b¥ i,.»p,l01ton, :ttatt 11nd !ierd* 'tbot\.tcil. 

not. ot' such. striking con:trfJ.flt as :.i?i.J;.;.ul>G G. 

Th~ 1,hotogrtiphs in a11 · tl·uii~e fi,c~:u:r.eo were enl.a~etl :f.rnm 16 

millita.ater :film n:tHl have lost eo.n,11!.l~nble detai.l i-i.a a. Nault ot 

several intervzeni~ photo;.raph1e _proeeiuieo. ·Ms wa.s ®:l'l~ -fQ'f 

the p11r;,011·H':} of ra1)ort ;preaeritttticn1 oril,r * sinoa a rwtenifyi.~rJ 

v1e?itlll' Ii:sed v:ti tb the ot'i.!1nal 1,a r-dllime·ter film ti&!:at1ves die• 

A fu.rthe~ Wld .m.oril eom,plete Ct)ll:t,pilriso.a of tile tlto eXJJe~i

m.e:nts is snCT,m by tables in. A,pJH!nd1Jt. I. This. oori_p~rioon is ltt~S$4 

on the methcui of tabulo.t1on ~ad s,tudy used by Appleton •. lfat\ and 

Herd. 6 S'tretohes at th.e top of: oo.eh 001~...n den1>t,a general ~t~ve• 

shape-a. disregarding .ripples.. ttrl:riee t~es& s:ketehes are to~ 

de.aignrrtif>n of' types only, they a.l"e sheim ,inverted .fl"O'm ac-tool 

oseillosoo1,e vrese.nta.t.itllh 11'0 1'tn"ther expl~in the type d0si4 ... 

ll$.tioti, o:1n~ider skat.oh ••A". 'l:his in a ah.up peaked t'm..V'Q.trim 

rafax'reu lm.ck t,o as an e:l:ami,ile. of th.i~, type,., Sketch, n.5u is by 

t.he: sam_e ayste..~ ii roun.ded syt;m!t:l'tl."ieul tyge r.nu\ wottld oorrespon,a 

to FlG'Ul"& 4 6 ttfl diere~~a.rd:J,n~ ri1.t.~)les !I/ It should be r~an'fbie:re.:l. 1> 

h(l\'Iever,, that the fi~ures in this re1Jo·rt. are unuswil ·t:ri::ies., Gd 



37 

the bulk of aveforms from ~hioh Appendix I is tabulated are o~ 

smooth appearance , containing very little ripple. Prooeeding 

along the various types, C" is a sharp eoked waveform with t e 

peak displaoe to the left, or ore preoisely this type h s a 

steeper ris time than decuy time. An oxtre1ne exam le ould be 

Figure 6 b0 . , Type "D" is a s .arp pewee waveform with sl ·, rise 

time and fa ter decay of which igure 6 "au i ou.ld b · n xtre · e 

example . Type ~En is a rounded form or steeper rise than d c 

and Type "F" is a rounded form. of" slov1er rise and faster decay. 

In the left column of Appendix I e oh set of data is identified. 

Set I is a tabulation made by Al)pleton , ·1att and Herd co.m_posed of' 

figures totaled and averaged tor a lar e number of storms. 7 

Since all their de.ta was taken in this manner ., no comparison oan 

be mo.de between individual storms . In the present experiment the 

author 1 of course interested in individual storm.a and sets 2 

and 3 are accordingly representative of a particular storm for 

eaoh set . 

Under each type or raveform is tabulat d the number of this 

type and at peroentege this numbor is of he total . Sots 2 and 

3 immediately reveal a striking simils.rity or percentage , rhioh 

ind~q~tes the homogenity prevalent for all data taken duri g 

the pre ent experiment . Further oomp rison of Sets 2 and 3 1ith 

St l indicates n similarity quite close considering the very 

7 Appleton , tt and Herd , Loo. Cit . --
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di:f er nt conditions under w ich the to entir ly eparat 

xp riments ere performed. These results indicate that even 

if a torn do observer ere not a le to r oognize tor udo .·ave

ror s instantly from vi uul obse tions . he misht still be able 

to sketch a number of samples and figure pero~ntages in order to 

~aeog ize unusual stor s 

the time each set of ata as recored on a p rtioular 

stoi· • the directional antenna .1: s pointed first tow rd th 

o ; then rotated so s to have the null tovrard it; then t e 

loop , o.s placed in a horizont,al pla , with rkin ~ to identify 

each such sub- group or data . o es ential differenoe in w vororm 

s noted between any of the three positions , except the hori

zontal po ition appeared to out out 1st nt reception. I..ac < o:r 

difference between the vertieal maxi um nd null directions ·ms 

not . disoouraginP,, ho ever, in vim o'! the fact that as s o 1 

Appendix I. ordinary thunderstor s contain essentially t e same 

1aveforms . Utility of directional properties could still be made 

in distin uis ins tornado direction from thunderstor di eotion 

provi e there were suffioi t differeno in. t e waveform ohar c

teristios of the to storms . Sinoe the r~cording appnrat sand 

method or tabulating data have been established , there remains 

only the reoordin until such time s n tornado might ooeur to 

verify. or possibly disprove, the identification method. The 

recording _pparatus will be lef't in op ration and ob ervations 
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In co elusion. it might b l.l to point out s o l 

... 
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in torn o path , in time to s ve y live each year. T n 

th r 1 o be th importa t pplic tion or upplf 

into i n to po •rer o.n te p on C .m.pan 1 e , nabl1 t 

co p niee to re a our ly redi t . location or pos i l 

line .fa"llu s . 
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