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PREFACE

The purpose of this thesis is to analyze the sferic waveform
ffom Ithe standpoint of its frequency spectrum. Further, it is hoped
that through use of the computer program given herein, a large amount
- of information can be obtained in the’future about sferic frequency
spectra.

The. author is indebted to Dr. Herbert L. Jones whose invaluable
help and inspiration has made this dissertation possible. Also the
‘author wishes to exﬁfess his gratitude to Don Scouten whose technical
advice contribﬁted mugh to this ﬁhesié‘ and to Felix J. Boudreaux
whose sense of humor afforded many enjoyable moments and whose advice
was often sought and ffeely given. To Mrs. Cassie Spencer of the
Computing Qenter staff many thanks are given for her invéluable aid,
To .my typist,vMiss Barbara Benes, thanks for her untiring efforis.

Last of all, to my wife, Ruby,aappreciation is given for her
patiencevand sacrifice, without which this thesis would not have been

possible,
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CHAPTER I
INTRODUCTION

vIn 1950 ﬁhe Jones-Hess high frequency atmospheric was disdovered
and provéd to be directlxgassociated with severe thunderstorms. ‘[joneSe'
Hess 19527 Subsequentiy in 195, a léborious hénd'crank study was made
of_atmospherié wavefdfms by Joe Pat Lindsey. The method used was to
select répfeséntativé waveforms and then to analyize these selected few
using the Fouriéf Integral and a curve fitting process using (sinx)/x
functions. Fronm. this analysié_it was shown that ordinary thunderstorms,
having mostly cloud-to~ground lighfning Strokés have a frequency spec-
‘ ﬁrum which pegks bélow 30 ke. As the thunderstorm becomes more severe,
possibly gulminating‘in a tofnado, thé frequehcy spectrum ﬁeak tends té
shift upward and a very sharp peak occurs at 1§O\kcn As a résult of the
disco%ery of the 150 kc. peak, a 150 kc. static direction finder was
developed at leahomé State Univeréity and éonstructed by R. D. Kelly‘in
'1955. Use of the 150 kc. sﬁatic diréction finder resulted in the dis—v
covery of an inter cloud discharge which‘was named the "Tornado Oscil-
lator" by Dr. H. L. Jones of Oklahoma Stafe University. StudieS-ﬁsing
v£hé lSQ kc. static direction finder led to fhé discovéry that .the
"Torhado 6scillatbﬂ5 when a tornado was eminent, had a discharge rate
of 15 to gO'per'secbnd,;BO'ﬁo 90 minutes prior‘fo formation ofithe
. tornadé funnel. éﬁelly 19527

The discoveries made to date,'as delineated above, are extremely



Satisfying; howeven, two facts are very apparent when a critical eye is
turned on the research. First Mr. Lindsey was working under a decided
handicapﬁin'enalyzing wavefofmsxny the hand crank method in thaﬁ oply a
few analjses were'possinle due to the extremely long time required for -
each ;nelysis, Secondly the waveform‘reeeiver nsed had an uppér fre-
guency limit of about 200 kc,’

4 epectrial enalysis of many mnlti—spheric waveforms then. considering
the valuable information Mr. iindSe& gained from analyzing a few,:sheuld
yield a great amount of information as to the types of thunderstorms and
severe weather associated with/eenfain types of sferic‘waveforms° Tnis
analysis is the prine objective of this thesisa' The analysis will be
accomplished through use of an IBM 650 computer,'programmed to use the
Fourier Integral to determine the frequency spectrum of sferic waveforms.

The static interference encountered‘during severe thunderstorms on
ordinary radio receiversjindieates that a’considerabie amount of sferic
energy is.propegated at 550 ke to 1600 kc. The almost complete absence
of static interference on,nelevision reeeivers indicates, however, that
no‘great emount of sferic energy is propagated at these higher‘frequencies.
Therefore, a fektronic 531 oscillescope and the Q-3 will be used as eferic
receivers in order that higher sferic frequency components may be
calculated. |

Thus Be£h Qf'MrffLindsey’s handicaps will be removed and a great
deal of information about the frequency spectrum of sferics can be ob-
tainedn A study of this type should properly be continued over a period
of meny years and many thunderstorms, whereas the study herein contained

covers only a few months and a few thunderstorms., Hence this disser-

tation maylﬁrovide-e future useful tool for probing one of nature's



many secrets, the severe thunderstorm lightning discharge.



"CHAPTER II
THE FOURIER INTEGRAL

A development of the Fourier integral ofrom the Fourier series will
be presented in this chapter. It will not be rigorous, but for the
evaluations at hand the development will be sufficient.

FOURIER!'S THEOREM, If a function f(t) of t has a finite number of
points of ordinary discontinuity énd a finite number of mexima and minima
in the interval 0 < t £ 247, and if the function be arbitrarily de-
fined within this interval and defined by the relation

£ (t+2mw) =1 (t) (2-1)
for valueé-of t outs.ide this interval, tirlen

%
£ (t) = ay/2 + Z(ancos nwt 4 bysin nwt) (2=2)
- [

where
2
1/t £ (t) dt
©

W
it

P

l/'ﬂ’fzwf (t) cos nwt dt (2-3)

b

i

1/-n'f°mf (t) sin mwt dt

The equations (2-3) are termed the Cauchy integrals after their orginator.-

The proof df these integral formulas will not be given here.l

1R, G. Manley, Waveform Analysis,.John Wiley and Sons Inc. (New
York, 1945),pp. 1LL-1LT7.




It is possible, and indeed necessary, to write the Fourier series in

other forms. Two of these are given below. Consider the series

o
f(t) =28 = A +:E: (apcos mwt + bpsin nwt)
'

since

ednwt , o-Jnwt
2

cos nwt

1]

and

edmwt _ =jnwt
2]

sin nwt

it

the summetion quantity, equation (2-L), becomes

a, (ejnwt + g-Jnwt ) o+ by, (ejnwt - g~ Jnwl )

2 2]
expanding and rearranging terms gives

(an - .jbn) eJnwt 4 (an + jbn) 'e—jnwt
2 2

hence the series S is given hy

e .

g nwb -3

5 = 2 C e ™V + Dpe~Jmwt
0

(2-4)

(2-5a)

(2-5b)

(2-6)

(2-7)

(2-8)

It is readily observed that the second term of the summation may be re-

presenfed by

=00

nwt

2 =
o

hence the series may be written as

o |
S = i Bnegnwt

~00

(2-9)

(2-10)



where
Bin = 1/2 (ay - db,)
By = 1/2 (a, + jb,) (2-11)

By = A&,

The determination of the value of the constants in (2-7) will be of
importance in a later developmeht, hence the method is presented here.

Making use of the Cauchy integrals, we obtain:

£

b 2% :
o R c1/ew ) £ (4) coswt i jF (t) sin wt db (2-12)
) ()

which after conversi@ﬁ and collectibn of tefms reduces to
2 .
/e J;f (t)exdWt g4, (2-13)

To proceed from the Fourier series to the Fourier integral we begin

with equation (2-11) and, writing'it'in a more general form, have

. © :
£ () =i B, e ot (2-1L)
Ve -
where B = 1/T J £ (t)e™¥™o" dt. (2-15)
n ~TIe
Now consider: if W, = W Zﬁhich implies any frequency_£7 then &nwy = w

[ﬁhich implies any incremental freguency £7 hence let &n = 1 then

)
£(t) =) Bnedob (amw) (2-16)
' -6 "o
and therefore
. T2 -
B/w_ =g (w) = 1/27 f £ (t)e~dWol 4at. (2-17)
oo =7 -/2

Observe that the Limit 1/T = Limit w,/2% = O
Ty teo I +o0



and also in the 1limit A nw, = dw and mW, = w. Therefore the spacing
between harmonics approaches zero and g(w) becomes a continuous function

of frequency. The Fourier series then becomes the Fourier integral

£ (t) =f:§ (w)edwt gt (2-18)
where
+00 .
g (w) = 1/2% j:m £ (t)e~Jdwt gt (2-19)

The two expressions, (2-18) and (2-19), are the exponential forms of
the Fourier integral. Close observation reveals that (2-19) will convert
any function of time, f£(t), to its frequency function,g(w). Similarly
(2-18) will change any frequency function, g(w), to its corresponding
function of time, f(t)o Restrictions such as the finiteness of the in-
tegral of f(t) dt to allow for convergénce, a finite number of maxima
and minima, and a finite number of points of discontinuity apply here in
o manner similar to Fourier series restrictions. For the problem at
hand, however, all these boundary conditions are met.

Another férm of the Fourier integral is of interest here, hence the

development is given. Since from equation (2-19)

+00 }
glw) = 1/°% f f (t) (cos wt = jsin wt) dt (2~20)
-C0
let
g (w) = 1/2 (& - Jb,). (2=-21)

Equating like parts on the right of equations (2-20) and (2-21) gives

+00 ‘

a (w) = /1 J:Df (t) cos wt dt (2-22)
+00

b (w) = 1/M J:wf (t) sin wt dt (2-23)



where a(w) is an even function since f (t) = £ (~t) and b (w) is an odd
function since f (t) = -f (~-t). Applying the above reasoning and equa-

tions to (2-18) we have

100
£ (t) = 1/2 .r a (w) coswt + b (w) sin wt + j /a (w) sin wt -
0

b (w) cos wt / dw, (2-24)

Since the imaginary part of the integral is an odd function its value is
zero. The real part is an even function and not zero. Hence the integral
reduces to the real part alone and is integrated from O to +@@ only.

Equation (2-2L) is easily reduced to the required form. Let

c (W) =8 (@24 b (w2 7H2 (2-25)

and
6 = tan~L a (w)/b (w) (2-26)

then
0 =j:*°c° () cos (wt + 8) dw (2-27)

where ¢ (w) is the amplitude function and 6(w) is the phase shift
function. |

Considering then equation (2—25), if the values of ¢ (w) are calcu-
lated for incremental fréquencies and then plotted as ordinate against
abscissa of frequency, a frequency spectrum plot will result. This pro-
cedure is the final objective of this dissertation, to obtzin and ana-
lyze frequency spectrum plbts of sferic waveforms. It should be observed
here that ¢ (w) is directly proportional to sferic electric field strength.
As a secondaﬁy objective, then, field strength may be calculated.

The tool for analyzing sferic waveforms has been developed and Will

now be put to use. As with any tool, instructions for its proper use are



needed, and the Fourier integral is no exception. Consider then equation
(2-25) which consists of fhree parts; ¢ (w), a (w), and b (w). The
values of a (w) end b (w) are given in equstions (2-22) and (2-23). It
is therefore these two equations that must first be evaluated before de-
termining ¢ (w), the final desired result.

Since the f{mctic}n f (t) is nonanalytic, a (w) and b (w) must be
determined nonanalytically. The method is to assume that f (w) is
" lineer between two points, t' and t%, arbitrarily close together. The
préblem then reduces to obtaining the several A2 (w) and Al)(wd,énd
summing to obtain the totel value. The equation for f (t), between t!
and t" may be obtained through use of the point slope equation of a

© straight line

(£ -£1) =M (t-1t') , (2-29)
where .
Maf? - ! (2-30)
-b" - tl

Therefore the equation for a (w) is

+oo _
a (w) =f cos wt /E' + £1 - £1 (4 - t1) 7 dt (2-31)
' 00 - 0. ! '

which readily reduces to

" f" - £1 1 (cos wt" - cos wt') + £ sin wt" - £! sin wt' (2-32)
T ' W

Considering the tﬁo terms of equation (2-32), thé firstfterm is composed
of‘cosine tefms, hence i% is an even fundtion and not equal to zero.

The second term, however, is composed of sine terms, and is an odd func-
ﬂion-and thereforé is equal to zero. The value of a (w) then reduces to

that of only the first term. Therefore

a (w) = Af 1, acos wh. (2-33)
At W ‘
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Following a similar procedure, b (w) is easily shown to be

b (w) = _Q__i_‘_]_: 4 sin wt : (2-34)
At w

*Ghéeia giveh‘set of a (w) and b (w) are determined, the next step is to°
determine:the partiCulaf ¢ (w) using equation (2-25).
To summarize, then; we must do the following in the order given.
(le) Determine A t for 4he particular waveform to be analyzed.

(2.) Determine f values, the length of each ordinate for each t
value, ' :

(3.) Perform the evaluation (2«33) to determine a (w).
/(he) Perform the evaluatidn (2b3h)yto determine b (w).

(5.) Perform the evaluation-(z-QS)vgo determine c (w).

(6.) Repeat stéps 3, L, and 5-for as many (w) as desired.

(7.) Plot the various ¢ (w) from step 5 as a function of (w).

(8.) Make an analysis of the frequency spectrum plot of step 7.
For step (l’), At is arbitrarily chosen but will usﬁally be 1mm., Larger
intervals for &t mgy be used if the waveform is very smooth and linear
over any interval. In step (2) £ values are, of course, determined dir-
ectly from the éhoice of &t. Steps (3), (L), (5), and (6) are performed
by the IBM 650 computer using the program given in Chapter IIIo Steps

(7) anc (8) are then performed manqally to complete the analysis.



CHAPTER TII
THE PROGRAM

For a long experienced computer programmer, the IBM 650 SOAP
program might very well read like a book, However, a compute diagram
and explanation are extremely helpful; and indeed for most readers will
be indispensable. The diagram is drawn in extreme detail outlining every
computed quantity,' Further, the numbers in parenthesis following each
step indicate the instructions in the program,whidh perform the given

step.
The Compute Diagram

(1.) Ioad data, first t then f values (22-37).

I store -- loop to compute all (t" - t!).
(3.) £ -1 (Lo-L2). ,
(Lo) M=z=Af/At =—mmeee store -- loop to compute all M (L3-L6).
(5.) W e store (47-51).
(DI R — store (52-53).
GO I, S — store (54-57).
(8.) Wt —mmmmemememe store (58-60).

v(9u) cos wt" = cos B === store (61-62).
(10.) M/w®(cos wt" - cos wt') = delta a(w) -- store (63-66).
(11.) sin wt" = sin B -=- store (67-69).

(12.) M/ﬁz(sin'wt" - sin wt') = delta b{w) -- store (%0a73).

11



(13.) cos wh" and sin wt" shift location (TL=77).
(14.) ZLoop to compute a(w) and b{w) (78-81).
(15.) /o (w);72 ——————————— store (82-8L).
(16.) /3 (w) 7% (85-86).
(17.) [o T+ 5 0T (87D,
(18.) c (w) g{ZE (w);72‘+'ZZ (w);7%}1/2 == store for pcha (88-89).
(19.) Reset storage boxes a (w), b (w),.cos, and sin (90-95).
(20.) Step pchb storage (96-98).
(21.) Test for pcha ($9-100).
A, NO return to Wone.
B. YES
1. Pcha (101).
2. Reset pchb storage instruction (102-103).
3. Test for upper frequency limit (104-105).
Loop if not through (106).

Read in new data if through (106).
Program Description

The program has two 1imitétions that keep it from being entirely
general in nature. First t" - ! is élways a constant, therefore, the
th = ! step shown in the computé diagram is not in the program. Second,
the separgtion of frequency, where ¢ (w) is computed, is alwgys constant.
The program is, however, éent to locations 9010 and 9013 at the proper
time in order'thgt.these limitations may be canceled if desired. Core
Astorage locations are used as storage for intermediate computed results,
various constants which are used often, and control card cohtentso The

program is listed in SOAP aﬁd machine language, because it is felt that
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these listings together are more easily read and if necessary altered.
One word of céution is in order. The program is written for use on an
IBM 650 with Indexing Registers A, B, and C, Immediate Access Sthaée
with éixty‘words, and Floating Decimal Aritmetic Oberation, The num-
bered subparagraphs which follow are further descriptions of the program.
(1.) Two hundfed drum locations each are reserved for t, £, and m
storage. However f storage locations 1200 to 1399 mgy be used for m
storage if desired, provided that the f values are used. only once to com-
pute delta-f. Instruction DFTH is altered to read:STU FOOOL A to do this.
(2.) Drum locations OTOO to 0770 are initialiy reserved for a trace
routine and hence may bé ﬁsed for ofher,purposes after program debﬁgging
is accbmplished°
(3.) A1l t values are listed in terms of time in seconds and not mm,
or inches. .Deita—t, however, is in the same units as g |
(L.) Control ééfd céntents are as follows:

Word 1 NOP 0000 RDT ~---- Second instruction of the program.

Word 2 TFREQ -~-==-=cema= Starting frequéncy - CFIV.

Word 3 CFIV ——————— Incremental stepping frequency.

Word L GSEV =-=smeemenne Highest frequency for which ¢ (w) is
to be computed.

Word 5 e e Waveform order number.

Word 6 .DELT -w~—e—4-4~—~ Delta-t in floating point form.

Word 7 CFOU =e-mmemeemee Number of ordinafes- 2 = 00 0000 XXXX.

Word 8 CTWO ========---- Number of abscissa = 00 0000 XXXX.

The control card contentsvare read into and stored in, locations 2000
throughn9007, A1so note that the control card must be a load card.
(5.) In fedording waveform ordinates for computation, the following

are recorded on each recording sheet:



Date.

Time in 2L hour clock notation and an indication whether

time is local or (z) time.

Waveform number. This is the identification word that

will be in the program to associate all data with its

respective waveforms and will be assigned in simple

chronological order.

(6.) A1l symbolic addresses consist of four and only four letters.

(7.) Data card contents are as follows:

Word 1 =-- 27 9035 XXXX =--- Col, 1 - 10,

Word 2 to Word 6 =-=- Data in floating point form Col. 11 - 60.

Word 7

Word 8

Note that all data

(8.)4 Loading

A.

Initial loading order.

1.

For

-~ Card number in chronological order of the péfticular
~data being loaded -- Col., 61 - 70.

-- Data number from 5-C == Col. 71 - 80.

cards must be load cards.

orders for three possible cases are listed below:

Clearing routine.

Sub~routine deck.

Program in one word load form.
Transfef‘card to SART.

Control card.

. Data, ‘t values followed by f values.

second or Nth data; after mumber 8-A-6 put:
Transfer card to SART.
Confrol card.

Data, t values then f values.

ey



C. For different "computation“on same data; afteér number
8-A-6 put:
1. Transfer card to NEXH.

2, Control card with word 1 changed to N‘OP.OOOC WONE,

15



SART
2000

RDT

RDTA
G034

NEXE
NEXF

REG
REG
REG
REG
REG
REG
REG
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
RD1
NOPFP
RAA
RD1
SET
SIB
AXA
SXA
BMA
AXA
RAA

T1000
F1z00

M1400
Ple27
0300
0450
07C0
CONE
CTWO
CTHR
CFouU
CFIV
CSIX
CSEV
CTPI
FREQ
DELT
IDH
9000
0000
0000
8034
9035
TOOO 1
0005
cCThHO
NEXE
CTiHO
0000

1199
1399

1599
1634
0499
0599
0770
9025
9007
9027
9006
s002
9028
9003
9030
9001
9005
9004
9000
rRDT
RDTA
034

LOADT

LOADF

Ul

N4 o o A

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30

0050
950060
0004
0069
3034
0015
o012
o018
0020
00z9
0030

70
00
80
70
27
28
50
51
41
50
80

9000
0000
0000
9034
9035
3000
0005
5007
0029
2007
0000

g000
0004
0060
95034
0015
co1z2
oo1e
00zc¢c
0630
0060

0036

3UTYSTT weasoag

9t



RDF
9034

NEXG
NEXH
DELF
DFTW

DFTH

WONE

ZRAC
SLPE

TPRI

RD1

SET
SIB
AXA

SXA

BMA

AXA

LDD
STD
RAA

RAU
FSB
FDV
STU
SXA
BMA

RAU
FAD
STU
FMP
STU
FMP
STU
RAC
RAU
Fov
STU
RAU
FMP

9034
9035
F0001
0005
CTWO
NEXG
CTWO
IDKW
P0OO0OOS8
CFou
Foooe
FOoGO1
DELT
MOOO1
0001
WONE
FREQ
CFIV
FREQ
CTPI
9011
9011
9012
0000
MO0O01
9012
9014
TOOO=Z

g011

c

9034
NEXH
RDF
DELF DELTAF
9010
DFTH SLOPEM
DELF
OMEGA
OMEGAS®
5013
SLPE MOVERWSG
TPRI

WT

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

0036
9034
0041

0062

0068
0076
0079
0080
0086
0037
0045
0055
0100
0003
0053

0009

o112
0019

0049

0007
011¢C
0017
0020
0150
0006
0105
00063

0155

70
27
28
50
51
41
50
69
24
&0
60
33
34
21
51
41
60
52
21
39
21
39
21
88
60
34
21
60
39

9034
9035
3200
0005
9007
0079
9007
9004
1634
9006
3201
3200
9005
3400
0001
0112
9001
9002
9001
9030
9011
2011
9012
D000
7400
so012
9014
7001
95011

LT



COSB

SINB

NEXA
NEXB

sTU
LDD
sTU
FSB
FMP
FAD
sTU
RAU
LDD
sTU
FsB
FMP
FAD
sTU
LDD
STD
LDD
STD
AXC
sxc
BMC
AXC
RAU
FMP
STU
RAU
FMP
FAD
RAC

9018
COSB
9019
9016
9014
9020
9020
9018
SINB
021
9017
901 4
9022
9022
9019
9016
9021
9017

0001 -

CFoOU
NEXA
CFovU
9022
g0z22
9023
9020
9020
9023
NEXC

0350

0300

NEXB
SLPE

0500

COSKT

DELTAAW

SINWT
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CHAPTER IV

WAVEFCRM COLLECTION AND ANALYSIS

PN

The Feurier Integral of Chapter II and the program for evaluating
theuintegral from Chapter iII will be set to use in this chapter to
obtain ﬁrequency spectra Qflsferic waveforms, The method of colleeting
the data, processing it, and readying it for analysis by the computer
will be discussed. A theory of sferic waveforms is set forth and the

handling of the computed output data is described.
Collection of Data

Sferic waveforms, as ie well known, are electromagnetic radiations
resulting»from lightning discharges. To eolleet a sampling of‘this
radiation there need be'ereeted an antenna for detecting the signal, a
receiver and display unit to»receive, ampliﬂy, and display the signal;
and a recording device for making a pefmanent record; For this thesis
two pieees of equipmenﬁ were used for receiver and display units: a
Q-3 sferic unit and a Tektronic Oscilloscope. The whip antenna of the
Q-3 is used for detecﬁing the sferic signals. Two modified Dumont 321-A
oscilloscepe cameras are used to permanentlyband simultaneously record
the displayed sferic waveform on 35 mm. film, Diagrams'of the necessary
wiring and connections are given in Figures 4.1 and L.2. The diagrams
are the ultimate in simplification; however, complete detailed descrip-

tion of all the equipment'shown mgy be found in the respective equipment

2l
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manuals. Once the camera film is exposed, it is a relatively simple
process to develop and dry the film and roll it onto rolls ready for

waveform analysis on the viewer,
Selection of Waveforms

In selecting waveforms to be analyzed it was decided to scan the
film records to ascertain if there were recurring types of waveforms.
Recurring types were found, and it was decided to analyze one of these; »
thus classifying one type of sferic agtivity.

Thzwfilm reéords from the very active storm of June 11, 1959 were
used for analysis. vThis'storm developed east of the Tornado Laboratory
and moved slowly in”a ﬁesterly direction toward Stillwater. Three-minute
film records were made at 2050, 2105; 2135, 2205, and 2235. Thirty-
seclzond‘re‘cordings were made at 2250, 2255, 2300, 2305, 2310, and 2315,
A final three-minute reéording was made at 2335. During the thirty-
sécond récordings made everyvf;ve'minutes, the storm was directly over-
head. This small amount of data, only three minutes in length, proved
to be some of the best daﬁa'recorded at the Laboratory. The film speed
used was 200 feet per minute and a lafge amount of clear, usable data
was obtained. Several of the waveforms were traced onto graph sheet
tracing paper, and from these tracings, computer data was taken. The
procedure is gquite simpie° The viewer magnification is adjusted so
that the time length of thé displgyed waveform is a rational number of
nm., that is, 500 u sec. = 125 mm. or 100 u sec. = 250 mm., The par-
ticﬁlar waveform is then cerefully traced. From the graphical tracing,
the t values, f values, and delta-t values are determined and recorded

on data paper. The remaining task is to punch the values into data
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cards and load the data, along with the program of Chapter III, onto thé
computer, which_then computes the frequency spectfum amplitudes. From a
listing of the answers, a frequehqy spectrum plot may be made and from

this conclusions are drawn.
A Sferie Waveform Theory

In viewing the film récords many sferic waveforms of the general
type shown in Figure l.3 were discovered. The writter became interested
iﬁ‘this particular type of waveform fér several réaéons° First, the 75.
ke, and tﬁe 150 kc. oscilloscope traces indicated Strong excitation when
this type of wavefo;m occuﬁi‘éd° Second, the 150 kc. DF trace was véry
Shérp at these times, inaicafing a vertically-polarized type of diséharge;
that is, a vertical discharge possibly similar to the tornado oscillator
discharge. It_;s theorized that‘tﬁe firét.sharp rise of the waveform is
caused by the rapid build up of the»disgharging current between separated -
charges. The discharge results in a vertically-polarized electromagnetic
field. This stétement iéztaken froﬁ the well known Lenz's law which |
states that‘an increasing currenf will.cause‘ahmagnetic flux or field
which”generates an electric field that tends to oppose the change in
current. Fhrﬁher, if the cﬁfrent Eﬁ}h is vertical, the magnetic field
will be circular abbut_it in a horiéontal plane énd“the electric field
must bébpérpendicular to the magnetic field.ZFigure L.4a/. The almost
immediate reversal of the waveform sense results from the decay of the
discharge current and the physical laws gdverning this decay. The current
cannot go toﬁ#ero immediately; but as it beginé to decay, the électrié
field can aﬂg%adés reverse, thaﬁ is, to oppose the chanée in current

according to Lenz's law /Figure h.4§70 ' An exponential decay of the
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current and the electromagnetic field, with slightly less than critical
damping, is the final result. The average value of the discharge current
is between 5000 and 30,000 amperes and flows for 100 to 1,000 microseconds.
(Boudreaux 1959) This.is about as close to an infinite curfent pulse as
will ever be_found. Suppose'the(first sharp rise of the waveform, Z?Egure
heé7f is rotated about the time axién The waveform then appfoximates the
current-timg graph of an R-L-C circuit with direct current voltage excit-
ation and having slightly less than criticai damping. The waveform shown
is of the electric field. However, the electric field waveform must
follow, in the reverse sense, the current discharge waveform. It appears,
therefore; that the dischargevaction must parallel the action'of an R~-L-C
circuit with a suddenly applied high level direct current voltagé° All

of the preceding is based on induction field theéry° However, both an
induction field and a radiation field are associated with a lightning
discharge. It seems highly plausible thenrthat the two fields are closely

related, especially since they both result from the same disturbance.

Waveform Spectra

The remainder of this chapter will be devoted to waveforms and
their spectrum plots. The eight waveforms and spectra glven were
selected from among many as being typical of this type. All of the
waveform spectra given are observed to have a large amount of low
frequency component, thét is, below 30 kc. Also evident, however,
are relative nmaximum pbints above 30 kc. ObServations will reveal a
relative maximum close to‘lSO kc., in almost every instance, thus cause

of the triggering of the 150 kc. DF trace is established.
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CHAPTER V
SUMMARY AND CONCLUSIONS

As stated in Chapter T, the most important objective of this thesis
ie to provide a tool for exploring one of nature's secrets, the electro~-
magnetic waveform of the severe thunderstorm lightning discharge. Con-
sequently in Chapter II, a development of the Fourier Integral was pre-
sented, This affords e_mathematical method for determining the frequency
spectrum of a non-repeating pulse or waveform. Use of the mathematical
tool, however, involveeia‘series of long-repeated steps in ofder to
arrive at the desired result. Therefore s in Chapter IIT a pregram for
the IBM 650 computer was developed. This\program affords two distinct
advantages:_ first, high computation epeed and second, freedom from
'computational errors. A complete eompute diagram, program description,
and program_listing are giyen to faeilitate ease of use by possible
future researchers. In Chepter IV>attention_ieltufned to the tech-
nical aspects of celiecﬁihg, se;ting;iand reedying of the waveform data
for analysis. ‘Aleo in Chapter iV e‘waveform theory is presented and

the waveforms and their spectra are given.
Suggestions for Future Research

For future research it is the author's thought that each type of
- lightning diecharge quite possibly has an associated waveform. If this

is so, then there is an associated frequency spectrum for each type. A
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method of cbrrelatipn between a given .recorded waveform and the lightning
discharge which causéd it would allow for tybing the sferic éccording to -
ffequency content, Thus cloud-to-ground, cloud=to~cloud, ahd inter~cloud
lightning, and any sub-classifications or types, could be definitely
identified\py their respective frequency spectra. One correlation
method alreédy exists in Fhe équipment constructed by Boudreaux in 1959
in pomﬁination‘with the_waveform recofdiné eéuipment. This equipﬁeht
is at present operational and requires iny a number of severe storms

to furnish all the data necessary for.correlation studies.
Conclusions

It was found that ease of waveform spectra computation far exceeded
the author's expectations. Further, the physical observations of the
waveforms and fheir spectra agreed very wéll with theory. The work
contained herein is far from complete. However, with the foundation
now laid, iniensive investigations of waveform spectra are possible

and relatively easy to perform.
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