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CHAPTER I 

INTRODUCTION 

The material presented in this thesis is the result 

of work performed in the Electrical Engineering Department 

at Texas Tech University in an effort to set up and operate 

equipment for measuring radio noise emissions from severe 

local storms and possibly tornadoes and to determine if 

any correlation exists between the radio data and the 

intensity and type of storms and the presence of tornadoes. 

Severe local storms have been defined by Winston [1] 

as thunderstorms associated with very strong surface winds 

or large hail. "Local" means that these storms are small-

scale storms not affecting a very large area and having 

generally vertical convective motion, as opposed to 

hurricanes, for example, that are large systems with pre

dominantly horizontal motion [2]. 

The research was carried out at the antenna laboratory 

of the Electrical Engineering Department, at Texas Tech 

University in Lubbock. The location of Lubbock, in the 

Texas Panhandle, is excellent for measurements on severe 

local storms and tornadoes. Statistical information com

piled over the twenty years preceeding 1973 [3], suggests 

that the area of maximum tornado occurrence in the United 

States has shifted for the decade from 1963 to 1972 to the 

Texas Panhandle from the Kansas-Oklahoma region, where it 
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was during the previous decade. Statistical data of course 

on such an unpredictable event as a tornado can only be 

used to present a very general view of the situation. In 

addition, several factors, such as difficulty in insuring 

that what the untrained observer experienced was really a 

tornado rather than a funnel cloud and the difference in 

population density from one region to another, can influence 

the statistics. In any case, the Texas Panhandle is 

definitely among the most probable areas for the develop

ment of severe storms, with or without tornadoes. 

The atmosphere encloses many challenging questions 

yet to be answered, but a great amount of research effort 

is currently being put forth on atmospheric problems. For 

one thing, the forecasting of severe weather development 

and particularly the early isolation of tornado producing 

cells can be improved. A lot is yet to be learned about 

the physics of tornadoes, the precise description of their 

internal structure and life-cycle, and the nature of their 

driving mechanisms. Also, a large amount of theoretical 

and experimental work has and continues to be done on the 

problem of formulating a general model that describes the 

electrical processes within thunderstorms. Vonnegut [4] 

suggested that the electrical energy in a large thunder

storm is enough to power the strong winds of a tornado. 

Furthermore, miniature vortices have been produced in the ' 

laboratory by high voltage electrical discharges [5], 



lending support to the association of electricity and 

tornadoes. Several other models have been proposed having 

as a basis mechanical rather than electrical driving 

mechanisms. Maddox and Gray [6], presented a frictionally 

driven model for tornado generation, and Fujita [7] dis

cussed a tornado formation mechanism in rotating thunder

storms. Chang and Park [8] worked on a laboratory model 

of tornado development, driven strictly by mechanical 

forces. In addition to the physical processes behind 

tornado-producing thunderstorms and the driving mechanisms 

for the tornadoes themselves, a lot of attention has been 

focused on the significant amounts of electromagnetic 

energy radiated from thunderstorm lightning. The work 

presented in this paper involved the study of this radiation, 

for the thunderstorms that occurred during the spring 

and summer of 1974 in the Lubbock area. 

Many of the storms in the Great Plains area and 

particularly the Texas Panhandle [9], develop near a dryline 

that moves during the early afternoon hours in an easterly 

direction. The dryline is the boundary between the dry 

air of the southwest desert and the humid air from the 

Gulf of Mexico. The severity of the storms, developing 

either near the dryline or away from it, can be partially 

defined by the height of the cloud tops. This height can 

be estimated with a weather radar by scanning the beam 

upward until the echo disappears. In cases of severe 



weather, intense vertical convective motion can carry the 

tops thousands of feet above the tropopause. 

Radio noise emissions from thunderstorms were noted 

long ago. But it was not until 1951, many years after the 

radio itself appeared, that Jones [10], noticed that the 

rate and amplitudes of sferics, or radio pulses produced 

by lightning, markedly increased during tornado occurrences, 

as compared to the sferics rate and amplitudes from thunder

storms without tornadoes. His observations were made at 

a radio frequency around 4 00 kHz. A great deal has been 

written on the subject since then. Some researchers like 

Williams and Brook [11], Brook [12], Vonnegut and Weyer 

[13,14], Vonnegut and Moore [15], studied thunderstorm 

and tornado electrical effects other than radio noise, and 

others like Holmes et. al̂ . [16] and Few et. aĴ . [17] , made 

measurements on acoustic radiation from storms. 

During the early stages of research on radio emissions 

from storms, studies were made over an extremely wide 

frequency range, from ELF up to and above UHF. In 

addition to investigating the sferics, which was usually 

done at VLF, LE and MF, as in the case of Jones mentioned 

earlier, a great deal was accomplished in specifying the 

predominant range of radio frequencies emitted during 

the occurrence of each of the many individual discharge 

processes that compose lightning, i.e., the dart leaders, 

stepped leaders, return strokes, K changes, and J streamers. 
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Thorough reviews of radio emissions from thunderstorms from 

ELF into the X-band region can be found in the book by 

Uman [18], and in review articles published by Horner [19], 

Pierce [20] and Oetzel and Pierce [21]. Interest in radio 

noise emissions in the VHF range started gaining ground in 

1968, when Weller [22], developed a method of tornado de

tection by the use of home television sets adjusted in a 

certain way on a vacant lower-frequency channel, preferably 

the lowest, channel 2. The method was tested and produced 

good results as indicated by Biggs and Waite [23]. 

Stanford et. aj^. [24] studied several severe storms in 

Iowa at frequencies up to 144 MHz. The majority of their 

data was recorded at 53 MHz, very close to the television 

channel 2 frequency which Weller had suggested is suitable 

for tornado detection. They obtained good correlation 

between tornado occurrences and enhancements in the pulse 

rate (sferics rate), although they saw no correlation for 

one tornado that definitely existed and had a long dura

tion. Additional work by the same group of researchers 

[25], showed similar results also giving an enhancement of 

pulse rate during a funnel cloud. But they noticed as well 

a very gradual buildup and a very gradual fall of pulse 

rate, centered around the life span of one weak tornado, 

which is a behavior very different from the sudden increases 

of pulse rate noted previously. In addition, a funnel that 

passed close to their equipment did not produce any changes 



in their recorded data. Taylor [26] also studied tornado 

sferics, and among other observations he suggested that 

frequencies above 1 MHz reveal tornadic activity considerably 

better than lower frequencies. He also obtained data 

[27, 28] , that show a correlation between tornado 

occurrence and the rate of long duration bursts that are 

individually composed of high rates of pulses. 

Since these observations at higher frequencies, and 

particularly the VHF range, tend to yield better results 

in the study of radio noise emissions from severe storms 

and tornadoes, it was decided that the initial experimen

tal work at Texas Tech University be carried out in the 

VHF band, or from 3 0 to 300 MHz. 

In the pages that follow the laboratory equipment 

arrangement, the analysis of the data obtained, and the 

results and conclusions of the research are described. 



CHAPTER II 

EXPERIMENTAL ARRANGEMENT 

Basic Data Gathering Procedure 

The main data recording instruments used during the 

storm experiments were an analog magnetic tape recorder and 

a variable speed strip-chart recorder. These were connected 

to the video outputs of our receivers, for recording the 

radio bursts. The data recorded on magnetic tape were 

later analyzed in both the time and frequency domain and 

the strip-chart records were studied in an effort to measure 

sferic burst rates. The burst rates, as opposed to the 

pulse rates, were used by Taylor [27,28], as mentioned in 

the Introduction, as a measure of storm intensity. A few 

pictures were also taken directly from oscilloscopes, in 

order to obtain a permanent record of the time structure 

of the envelope of the storm noise as it appeared at the 

video output of the receivers. One of the pictures is 

presented in Figure 2. Originally it was planned that 

pictures of the RF spectrum of the noise also be taken, 

throughout the VHF range. But the wideband log-periodic 

dipole array antenna, that was constructed primarily for 

this purpose early during the storm season, was not put 

up until later, because of a delay in obtaining a 

bucket truck. The antenna was put into position early in 

July 1974, using a bucket truck that was made available 

by a local power company. So the antenna was not used in 

7 
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recording some of the most severe weather events of the 

1974 storm season in the Lubbock area. But the VHF spec

trum of the noise from two weak storms in September, 1974, 

was studied and one picture of the spectrum is presented 

in Figure 3. 

Of highest importance in data gathering was the 

recording of the storms on magnetic tape, since much of 

the information available at the receiver outputs could 

be preserved on the tape and analyzed later. The tape 

recorder had a 3 dB-down frequency response from 20 Hz 

to 20 KHz at a tape speed of 1^ inches per second, on 

which all recordings were made. This bandwidth is smaller 

than that of the wideband receivers used, so not all of 

the receiver output information was recorded on tape. The 

strip-chart recording, in addition to providing a means 

of determining the burst rates, offered a good visual 

indication of storm intensity in any direction, as a 

directional antenna was rotated in azimuth. Its frequency 

response was from DC to approximately 100 Hz. A segment 

of the strip-chart recorder printout is presented in 

Figure 4. 

Both the tape recorder and the strip-chart recorder 

are two-channel instruments. This allowed a simultaneous 

recording at two different frequencies, in our case 58 

and 140 MHz. Portions of some storms were recorded at 

188 MHz, a frequency which seemed to be less susceptible 



to noise emitted from nearby powerlines, but was also weaker 

in storm noise intensity. This power line noise caused 

serious difficulties in the analysis and evaluation of the 

data, as will be explained later in this chapter. 

Another problem involving the magnetic tape recordings 

was the considerable difference in sensitivity between 

the two kinds of magnetic tape used. Tests performed on 

both kinds of tape indicated a difference of about 20% 

between the output levels. This had to be taken into 

consideration in the data analysis when counting the pulse 

rates of the storm sferics. 

Experimental Setup 

Figure 1 shows a block diagram of the experimental 

setup for collecting storm data. The equipment used can 

be divided into three groups: the antennas, the 

receivers, and the recorders. All three will be described 

in this section, individually, and the overall performance 

of the data collecting equipment will be discussed. 

Three antennas were used during the experiments 

described in this paper. Most of the data were recorded 

at 58 MHz with an antenna constructed specifically for 

operation on VHF TV channels and the FM band. This 

consumer oriented antenna (Channel Master Model No. 3611) 

was used until the 50 to 300 MHz log-periodic antenna was 

ready for operation on July 1, 1974. After this date, the 
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Channel Master antenna was used as a back-up antenna. At 

58 and 178 MHz this antenna has beamwidths of 90° and 40° 

respectively, at 6 dB down. It does not have a well-

defined beam from approximately 110 to 170 MHz. 

The second antenna was the 50 to 300 MHz log-periodic. 

A description of the design and construction of this 

antenna can be found in Chapter III. Data were recorded 

at 58 MHz with the log-periodic toward the end of the 

storm season, and it was used in conjunction with the RF 

Spectrum Analyzer for wideband measurements during the two 

weak thunderstorms. 

An omnidirectional, vertically, polarized, three 

element collinear array antenna (Franklin antenna), was 

used at 140 MHz. In manned operation of the receiving 

equipment, this antenna is not too important because it 

cannot separate signals from storms occurring simultaneously 

However, in an unmanned data receiving station, this antenna 

could be useful. Unfortunately , due to its omnidirectional 

property, the Franklin antenna collected all the power 

line noise in the area. In addition, when the atmospheric 

electricity produced strong electric fields in the vicinity 

of the laboratory, corona on the top of the antenna 

introduced very strong distortion on the recorded signals. 

A small brass sphere soldered on the top of the antenna to 

reduce the corona discharges brought no improvement. 
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Both the 14 0 MHz Franklin antenna and the TV or log-

periodic antennas operating at 58 MHz were connected to 

R-1283 surveillance receivers. The video outputs of the 

receivers were then connected to the inputs of the 

two-channel recording instruments. All the settings on 

the two receivers were the same, with the exception of 

their IF bandwidths. A 300 KHz bandwidth was used at 

58 MHz. A 3 MHz bandwidth was used for the 140 MHz 

channel, because the power line noise seemed to be less 

prominent in respect to storm noise at this bandwidth. 

A linearity test performed on the R-1283 receivers, 

showed that the receivers contain an inherent nonlinearity. 

For a 2 dB change in the RF input a 3.5 dB change in video 

output was obtained. This 1.5 dB difference was present 

for a wide range of input signal levels. It appears 

therefore that the receivers operate under a power non-

linearity with an exponent of 1.75, corresponding to a 

'rather mild voltage nonlinearity. 

The RF spectrum analyzer used for the wideband 

(50 to 300 MHz) measurements was a Tektronix 7L12 spectrum 

analyzer plug-in combined with a 7403N oscilloscope. 

The tape recorder used was a Sony TC-280. On the 

left channel the 140 MHz data were recorded, and voice 

information on the time and date of the recordings and 

on the prevailing storm conditions was also included. 



12 

The right channel contained exclusively the 58 MHz data. 

Two Sanborn 297 strip-chart recorders were available 

for additional <aata collecting. Since each has two 

recording channels, only one was used during the 

experiments. Paper speeds of 1, 5, and 2 0 mm/sec were 

used. It was found that for very strong activity, 20 mm/sec 

was the best choice, since at a lower speed the bursts were 

so dense that it was extremely difficult if not impossible 

to count them. The speed of 5 mm/sec also presented a 

good burst rate picture of most storms. Unfortunately a 

great amount of storm activity was recorded at 1 mm/sec, 

including times of tornado occurrences. Only a very 

general picture of the intensity of the storm activity can 

be obtained at this speed. But the strip-chart recorder 

method of burst rate counting is generally not a good one, 

because rigorous standards of what will or what will not 

be counted as a burst, are difficult to establish and 

follow. So, playing the magnetic tape data that were 

recorded while the strip-chart recorder was at 1 mm/sec 

back into the strip-chart recorder at 20 mm/sec, did not 

prove to be helpful. 

Two Tektronix 545 oscilloscopes were also employed 

to continuously display the time structure of the storm 

noise. A Tektronix C-27 oscilloscope camera was used on 

the spectrum analyzer and the oscilloscopes. A digital 

clock was used to accurately establish time standards. 
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and it was periodically corrected by comparing with radio 

station WWV from Fort Collins, Colorado. 

Time-Domain Measurements 

The analysis of the data in the time domain consisted 

primarily of using an event counter to determine the pulse 

rates of the storms. Some general burst rate information 

was also extracted from the strip-chart recorder printouts, 

although it was not of much interest due to the difficulty 

with this measurement as already explained. Both kinds of 

measurements have already been made by several researchers 

as mentioned in the Introduction. But it is commonly 

acknowledged that additional experimentation is needed 

with these measurements. Taylor [27,28] gave the greatest 

emphasis to burst rates. He considered the possibility 

that if a burst rate of 15 or more bursts per minute, with 

each burst made up of pulse rates exceeding 1000 .pulses 

per second is obtained, then tornadic activity can be 

anticipated. Of course a discussion of burst and pulse 

rates simply on numbers can be very misleading, simply 

because different pulse threshold levels can and are being 

used by different experimenters. Therefore the magnitude 

of the pulse counts may not be a good indication of severe 

weather, unless a correction factor for the distance of the 

storm cells from the recording equipment is considered and 

the receiver and counter threshold levels are specified. 
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However, as discussed in Chapter IV, pronounced variations 

in burst and pulse rates, within a fixed threshold level, 

may be a good indicator of possible severe weather and 

tornadic activity. 

Most of the recent work on this subject, centered 

around counting the pulse rates of the storms, irrespective 

of the burst rates. The work of Stanford et. al. [24], 

Taylor [26], Lind et. al. [25] are of primary importance 

in this respect. Similar measurements were made at Texas 

Tech on several of the severe weather events of the 

1974 storm season. The pulse rates were determined for one 

minute segments with half minute intervals between. This 

was accomplished by playing back the tape recorded storm 

data into a Beckman 7370 EPUT counter. 

Only the 58 MHz data were analyzed, because the 140 

MHz data were very heavily contaminated with power line 

noise and possibly corona noise on the Franklin dipole. 

Power line noise was superimposed on the 58 MHz data also, 

but to a smaller extent. The power line noise that was 

observed consisted of trains of pulses, that repeated at 

a 60 Hz rate. All the pulses in a given train had'the same 

amplitude, which was fortunately always very small compared 

to the amplitudes of the storm pulses. The higher the 

number of pulses that formed each train the greater was 

the intensity of this unwanted noise. Trains consisting 
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of from 1 to 10 pulses have been observed. 

To reduce the effect of the power line noise on the 

pulse rate measurements, a variable resistance box was 

placed in. series with the output signal from the tape 

recorder. This way the entire signal was attenuated to 

a level where the power line noise pulses were below the 

counter's threshold level and therefore were not counted. 

However there is still some ground for error, since the 

power line pulses, being superimposed on the storm pulses, 

raise their height by a certain amount. This effect 

is usually very small. 

Frequency-Domain Measurements 

It was initially planned that the tape-recorded data 

be digitized and then processed by computer, with a fast 

Fourier transform program. The objective was to determine 

if there exists a signature in the Fourier spectrum that 
» 

is related to the occurrence of tornadoes. A/D converters 

are not available in the main computing facility on campus, 

where an IBM System 370 computer is in operation. However, 

the Electrical Engineering Department operates an HP 

2100 minicomputer and has A/D conversion capabilities. 

Transfer of any digitized data to the IBM computer is 

not possible, however, since the HP 2100 uses 7-track 

magnetic tape drives and the IBM operates on a 9-track 

system. Magnetic tape track conversion facilities 
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are not available on campus. This limited the operation 

to the HP 2100. Programs were written in Assembly language 

to set the A/D converter in operation, to record digitized 

data on the computer magnetic tape drive, and then to 

retrieve the data and analyze them with the fast Fourier 

transform program. The fast Fourier transform program 

was a standard Basic program, utilizing the Cooley-Tukey 

algorithm, that was obtained from the Hewlett-Packard 

program library and could operate on up to 1024 input 

points. However, computer limitations restricted the 

number of input points to merely 128. This, combined 

with the fact that the total conversion time of the 12-bit 

A/D converter is 40|jsec, shows that approximately 60 

hours of computer time are needed, for the analysis of 1 

minute of data, since the A/D conversion time plus the 

time required for each execution of the fast Fourier trans-

form program is approximately 15 seconds. The above 

figure is strictly program execution time, and does not 

include the time needed for averaging successive spectra 

and printing the results on the teletype. In addition to 

the above problem it is obvious that unless the data were 

played into the A/D converter at a slower speed than the 

Ij inches per second, at which they were recorded, sampling 

aliasing would distort the spectrum. 
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Once it was certain that computer analysis of the 

data was unrealistic with the equipment at hand, alternate 

methods of frequency domain analysis were investigated. 

A Tektronix 1L5 Audio Spectrum Analyzer plug-in unit was . 

initially used, but averaging of the spectra could only 

be implemented by taking pictures with long time exposures 

(usually 5 minutes) of the oscilloscope displays. However, 

in this manner only a very rough estimate of the average 

spectra could be obtained, since not all information was 

entering the pictures due to the inability of the photo

graphic plates to respond to the large spectrum pulses 

as well as the small. 

Finally, good results were obtained when a Federal 

Scientific Corporation, Model UA-500A, Ubiquitous Spectrum 

Analyzer* was made available to us. The sampling rate of 

the A/D converter of this instrument is always 3 times 

higher than the highest frequency of the analysis range 

selected. Since the upper breakpoint of the frequency 

response of the tape recorder is located just below 20 KHz, 

the analysis range was chosen to be 0-20 KHz, for a sampling 

rate of 60 KHz. A 500 point spectrum output is generated 

by the instrument, and this spectrum can be recorded 

externally, when the analyzer is set to a "Slow Plotter 

Mode", which is simply a slow sweep of the spectrum. A 

Houston Instrument 2000 Strip-chart recorder was used to 



18 

record the output of the spectrum analyzer. 

A unique feature of the Ubiquitous Spectrum Analyzer 

used, was the averager (available as an option), which 

provides a summation of a selected number of consecutive 

spectra. Current sums are stored in memory, while new 

spectra are added to the total, until the number of 

averages desired has been completed. The final spectrum is 

normalized to the number of averages. The averager operates 

in both a true average method and a peak method, in which 

only the highest spectral component at each frequency 

location is preserved. For our data 1024 averages were 

performed, usually using the peak method in order to 

eliminate weak power-line noise. Each output spectrum 

produced, required 55 seconds of data time. The spectra 

were generated on linear and log-log scales of magnitude 

versus frequency. The results of these measurements are 

presented in the next chapter. 



CHAPTER III 

DESIGN AND CONSTRUCTION OF A LOG-PERIODIC DIPOLE 
ARRAY ANTENNA 

As explained in the Introduction the VHF range of 

frequencies was of interest in this experiment. Therefore 

an antenna was required that would cover this range, 30 to 

300 MHz. In addition to its basic broadband property, the 

antenna was to be as frequency independent as possible over 

its entire bandwidth. The electrical parameters such as 

radiation pattern, input impedance, and gain of frequency 

independent antennas can vary only slightly over their 

bandwidth. Log-periodic antennas constitute one of two 

general categories of frequency independent structures, 

the other being structures with angular geometry. The 

idea behind both types is the observation that by scaling 

a given antenna system according to an arbitrarily selected 

factor, its properties must remain independent of the 

frequency of operation. If the scaling is done in such 

a way that only the angular relationships of the original 

structure are reproduced, the antenna will satisfy the 

"angle condition", i.e., its form will be completely 

described by angles, and not by dimensional considerations. 

On the contrary, if the scaling of a structure is done on 

its dimensions according to a certain ratio, T, the system 

will have the same electrical properties at frequencies 

2 3 
xf, T f, T f, etc., as it had at frequency f. Therefore 

19 
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the characteristics of the structure repeat periodically 

with the logarithm of the frequency, the period being equal 

to log T. It is obvious that the closer T gets to 1, the 

smaller the variations of the electrical properties will 

be. But in actual operation a log-periodic structure with 

a T considerably less than 1 can provide adequate frequency 

independence. Antennas with this second kind of symmetry, 

form the log-periodic type of frequency independent systems, 

The log-periodic dipole array antenna is one of several 

log-periodic structures. It is a linearly polarized 

antenna of moderate gain consisting of a series of half-

wave length dipoles. Its bandwidth depends only on the 

geometry and therefore on physical* rather than electrical 

considerations. 

As already mentioned, the frequency of interest was 

initially 3 0 to 3 00 MHz, which is the complete VHF range. 

But due to anticipated mechanical difficulties in mounting 

the large, low frequency elements to the boom of the 

antenna, the bandwidth requirement was reduced to include 

the frequencies from 50 to 300 MHz. The design was based 

on two articles, one by Isbell [32] and another by Carrel 

[33], who together with DuHamel [34] contributed greatly 

to the development of log-periodic antennas. 

The main design parameters are T and a. T defines 

the geometric progression between the lengths of the dipole 

elements and the spacing between them and is less than 
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unity, a is the spacing factor that defines the distance 

in wavelengths between any dipole element and the next 

smaller one. Figure 5 describes the arrangement of the 

parallel linear dipoles of the log-periodic dipole antenna 

according to T and a . The elements are activated through 

a balanced, constant-impedance feeder which consists of 

two parallel pipes and is also the antenna boom, and they 

are arranged in an alternating mode. This is accomplished 

by placing a one quarter-wavelength segment of each 

dipole on the top feeder pipe and the other on the lower, 

then proceeding by reversing the arrangement for the 

adjacent dipole, and continuing until all elements are 

mounted. The coaxial transmission line runs through one 

of the feeder pipes, terminating at the high frequency end. 

There the outer conductor is connected to the line-carrying 

pipe and the center conductor is connected to the empty 

pipe. This way the antenna forms a balun directly. 

Radiation to or from the antenna is endfire in the direction 

of the feed point, which is, as mentioned, the high frequency 

end. 

The initial step in the design of the antenna is a 

proper selection of values for T and a . These parameters 

have a direct effect on the physical dimensions of the 

antenna. For increasing T, the number of elements required 

for the desired electrical characteristics also increases. 

The boom length which primarily determines the size of 
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the antenna varies in direct proportion to a. As a com

promise between good operation and a reasonable boom length, 

a T equal to 0.887 and a a equal to 0.058 were selected, 

for an estimated directivity of 8.1 dB [33]. This called 

for a 3 meter spacing between the highest and lowest fre

quency dipoles. However the boom length had to be chosen 

considerably longer than 3 meters to allow for tuning of 

the antenna after construction. For this reason two 

standard length, 12 foot (3.658 meters), 1 inch diameter, 

aluminum tubes were selected. 

A few more parameters and conditions had to be 

defined before the antenna design was under way. First, 

the desired input impedance, R , was set to 50 ohms. Then 

the element height to radius ratio, h/a, where h is a 

quarter wavelength, was chosen to be approximately 335. 

Structural requirements usually define this ratio. The 

characteristic impedance, Z , of the feeder has to be 

determined so that in combination with the average 

characteristic impedance of the elements, Z , an overall 
a 

50 ohm input impedance can be obtained. Z can be 

determined by [33]: 

Z = 120(£n h/a - 2.25)Ĵ . 3.1 
a 
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For h / a == 335 , Z^ = 4 2 7 . 7 a Then from [33] 
a 

R^ = ^ + 1/ — 2 + 1, 3.2 
% 8a'Z^/R^ y(8a'Z^/R^)2 

where a' = a//? . Thus Z^ - (50) (1̂  265) = 63.25a 

The characteristic impedance of two parallel conductors 

is given by [35]: 

2 = 120 J?nc5z£) ĵ , 3.3 
o r 

where D is the axis to axis distance of the two feeder 

pipes, and r is the radius of the pipes. From this, D 

must be 3.42 cm, to provide an antenna input impedance of 

50 ohms. 

One of the most interesting aspects of the operation• 

of a log-periodic dipole array, and correspondingly any 

log-periodic structure, is the fact that a considerable 

section of the antenna contributes to the reception and 

transmission of power at any particular frequency. This 

active region moves along the antenna as frequency is 

changed and becomes deformed and ceases to exists as the 

frequency approaches and exceeds the upper and lower limits 

For this reason the longest element must be longer than a 

half wavelength at the lowest frequency of interest. A 

similar consideration applies for the high frequency end. 
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where the shortest element is shorter than a half wavelength 

at the highest frequency of interest. Reducing the lowest 

frequency by 6% [32], to 47 MHz, a maximum wavelength X 

of 6.383 meters was obtained. Correspondingly the length 

of the longest dipole of the antenna, I ,, was taken to 

be 3.1915 meters, or one half of X . 
•• O -

With these preliminary calculations completed, the 

decsign of the antenna, according to. the procedure presented 

by Carrel, produced a 19-element antenna. The lengths of 

the dipoles and the distances between them appear in 

Table 1. It has to be noted that the tabulated lengths 

are for the complete one-half wavelength dipoles. For 

construction, the boom diameter was subtracted from these 

lengths, and the remainder was divided by 2 to yield the 

adjusted quarter wavelength elements. 

On the construction phase, materials had to be 

selected that would provide good mechanical and electrical 

characteristics. Mechanically, the elements had to be 

strong enough to withstand wind loading, but also be 

sufficiently light to avoid developing damaging torques on 

their mounting joints on the boom. The electrical 

limitation was the necessity to maintain an element height 

to radius ratio, h/a, close to 335, one of the factors 

participating in the 50 ohm input impedance requirement. 

To satisfy the above conditions two different sizes of 

aluminum rods and two sizes of copper wires were used. 
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h = 
> 2 = 

^3 = 

^4 = 

^5 = 

H = 
"•7 = 

H = 
H = 
4o= 
4 l = 

h 2 = 

^ 3 = 

h 4 = 

h 5 = 

^ 6 = 

h 7 = 

h 8 = 

h 9 = 

3 . 1 9 2 

2 . 8 3 1 

2 . 5 1 1 

2 .227 

1 .976 

1 .752 

1 .554 

1 .379 

1 .223 

1 .085 

0 . 9 6 2 

0 .853 

0 .757 

0 .671 

0 .596 

0 .528 

0 .469 

0 .416 

0 .369 

d, = 

d^ = 

d.. = 

d, = 

d^ = 

^6 = 

^7 = 

^8 = 

^10= 

^11= 

^12= 

^13= 

^14= 

^15= 

^16= 

^17= 

^18= 

0.370 

0.328 

0.291 

0.258 

0.229 

0.203 

0.180 

0.160 

0.142 

0,126 

0.112 

0.099 

0.088 

0.078 

0.069 

0.061 

0.054 

0.048 

TABLE 

Lengths of the linear dipoles of the log-periodic antenna 

(L), and the distances between them (d). All numbers are 

meters. Also refer to Figure 5. 
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with the following distribution. Elements 1 to 4, inclusive, 

were constructed of solid aluminum rods of 3/8 inch diameter. 

Elements 5 to 9, inclusive, were also constructed of solid 

aluminum rods, but of 1/4 inch diameter. Fot elements 

10 to 15 inclusive, 1/8 inch diameter (AGU #8) copper wire 

was used. Finally, for elements 16 to 19, 1/16 inch 

diameter (AGU #14) copper wire was selected. The element 

height to radius ratios for the longest dipole of each 

group were 335.1, 320, 341 and 334, respectively. Cal

culations of the skin depth at high frequencies for the 

smallest diameter elements did not reveal any considerable 

increase in resistance due to their small size which 

would cause unwanted signal attenuation. But a fine 

dielectric coating on the copper wires might have caused 

the copper dipoles to come slightly off resonance since the 

velocity of the signal in the dipoles is reduced and 

correspondingly the wavelength 'is decreased. 

The two 1 inch aluminum tubes of the boom were main-

tained at a constant distance from each other by 3 nylon 

blocks placed at the ends and center of the boom. A 

precise distance between the two boom elements has to be 

maintained in order to preserve the 50 ohm input impedance. 

The elements were mounted on the boom wth 38 steel 

straps from TV-type stand-off insuĵ ators that were modi

fied by removing the threaded insert, widening the holes 

appropriately and shaping the strap to fit tightly on 
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the boom. The aluminum elements were threaded at one end 

and then fastened on the strap. The copper elements were 

inserted into drilled holes in the head side of nickel-

plated bolts, soldered in position, and the bolts were 

fastened to the straps. Part of our procedure for mounting 

the dipoles is described in [36]. Nickel plated bolts and 

nuts were used in the construction of the antenna to 

improve their durability against corrosion. 

The construction cycle completed, a 100-ft. length 

of RG-,8 foam dielectric coaxial cable was connected to 

the antenna, and it was mounted on a pole. At this stage 

the antenna had to be tuned for optimum characteristics. 

Tuning for the best possible VSWR is accomplished in 

part by the proper positioning of a shorting clamp which 

connects the two boom pieces, thus terminating the feeder 

at a specific point. The clamp is located beyond the 

lowest-frequency element and its exact position can 

only be determined experimentally. While adjusting the 

termination it was noticed that while its position did 

not have any noteworthy effect on the overall VSWR 

pattern. It did interestingly enough vary the position 

and size of a high-reflection spike appearing in the 

range between 60 and 140 MHz. Most of the higher-frequency 

energy is radiated before it reaches the termination, 

since the feed point is at the opposite, high frequency 

end; this explains the insignificant effect of the 
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termination over the high-frequency portion of the pattern, 

But the nature of the narrow band, high-reflection spike 

is not obvious. At any rate, it completely disappeared 

for a certain location of the shorting clamp, but re

appeared after very slight displacement of the clamp in 

either direction. ' 

An even more important aspect in the proper tuning 

of the antenna, is the behavior at the coaxial cable feed 

point. It appears that the length of the boom beyond the 

highest frequency element is very critical for good 

operation at high frequencies. By progressively cutting 

off the boom and reducing this length, it was observed 

that the VSWR improved very noticeably for frequencies 

over 180 MHz, while it remained unaffected for lower 

frequencies. This was the most welcome surprise of the 

tuning effort. After a satisfactory VSWR was obtained, 

the coaxial cable was permanently connected to the antenna, 

AJb this stage the antenna was complete. Figure 6 is 

a photograph of the antenna soon after construction. 

Later, supports were added, and the antenna was mounted 

on a rotator on top of a 30 foot pole. Three kinds of 

measurements were performed on the antenna. The return 

loss (or VSWR) curve over the frequency band of interest 

is presented on Figure 7. Figures 8 and 9 show the 

relative field intensity patterns of the antenna, measured 

at two frequencies within the 50 to 300 MHz bandwidth. 
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In addition, gain measurements were performed at the 

frequencies of 120.9, 141.41 and 244.16 MHz, yielding 

gains of 6.4, 6.6 and 5.5 dB respectively. A complete 

description of the measurement procedures, as well as the 

equipment used, is given in the Appendix. 



CHAPTER IV 

EXPERIMENTAL RESULTS 

A great amount of data were obtained during the 1974 

storm season, although the particularly severe weather 

events, which were the most interesting were limited to 

a few days. Not all of the storms were analyzed according 

to the procedures described in Chapter II. The large 

volume of data made it prohibitively time consuming to 

analyze them all. Only the data that contained the most 

severe, activity were completely analyzed, and then only if 

there were well established reports of tornado occurrences, 

preferably associated with signs of damage. In addition to 

information obtained by direct contact with people residing 

in the areas where the severe weather events occurred, 

information on the storm intensity was obtained with the 

cooperation of the National Weather Service offices in 

Lubbock and Amarillo and of a private weather modification 

company operating in Plainview, Texas. 

Table 2 lists all of the storms that were recorded, 

by day of the month, and includes the period of time 

within each storm day during which data were taken. The 

time is expressed in the Coordinated Universal Time 

standard, to avoid the confusion resulting from changes 

between CDT (Central Daylight Time) and CST (Central 

Standard Time). CUT is 5 hours ahead of CDT, which was 

30 
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TABLE 2 

List Of the storms recorded during the 1974 storm season 

April 26 

From 0330 CUT to 0500 CUT 

NWS tornado warnings for Hale County, Texas 

April 30 

From 184 0 CUT to 1910 CUT 

Weak thunderstorm. Rain at laboratory, 

May 4 

From 2340 CUT to 0206 CUT 

Weak thunderstorm. 

May 18 

From 0539 CUT to 0553 CUT 

Heavy rain, tops to 50,000 feet 

May 23 

From 2140 CUT to 0235 CUT 

Hail, rain in area. Hale, Floyd counties of Texas under 

tornado warnings. Tops to 50,000 feet. 
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May 24 

From 2320 CUT to 0220 CUT 

Large hail at Cotton Center, Texas. Storm over Amarillo, 

Texas. Tops to 55,000 feet. 

June 2 

a) Early morning 

From 0554 CUT to 0640 CUT 

b) Evening 

From 0135 CUT to 0500 CUT 

Tornadoes at Hale Center and Petersburg, Texas, between 

0200 and 0300 CUT. Large hail in the evening. Tops to 

60,000 feet. 

June 3 

a) Early morning 

From 0500 CUT to 0644 CUT 

b) Evening 

From 2250 CUT to 0124 CUT 

Baseball size hail and heavy rain in Petersburg, Texas. 

3/4 inch hail in eastern Lubbock, Texas. Tops to 54,000 

feet. 

June 11 

From 0038 CUT to 0203 CUT 

Heavy rain and hail in the area. Tops to 44,000 feet. 
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June 12 

From 0342 CUT to 0500 CUT 

Moderate rain in area. Tops to 47,000 feet. 

July 2 

From 0241 CUT to 0320 CUT 

Hail and rain in Lubbock, Texas. Tops to 50,000.feet. 

August 22 

From 0041 CUT to 0156 CUT 

Weak thunderstorm. 

August 24 

From 2305 CUT to 2317 CUT 

Weak thunderstorm. 

August 27 

From 0045 CUT to 0158 CUT 

Weak thunderstorm. 

November 2 

From 0253 CUT to 0423 CUT 

Heavy hail (up to 1 inch) at laboratory 
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the. time in use when all of the storms occurred. Local 

dates are used throughout. The times listed correspond 

to the initial turn on and final shut off of the equip

ment during the storm days. Some time intervals in which 

no data at all, or no tape recordings , were in fact made, 

are included; they correspond to times when the sferic 

activity appeared very weak. Other pertinent storm in

formation included in the list for some of the more severe 

storms is the height of the cloud tops as observed by 

radar and the type and amount of precipitation. 

The most severe activity from among the storms listed 

in Table 2 occurred during June 2 and June 3, 1974. 

Heavy rains, large hail , and several tornadoes made 

their presence felt, within 50 miles of Lubbock. The 

recording of the storm activity got under way at 0135 CUT 

(2035 CDT), June 2, and was stopped at 0644 CUT (0144 CDT) 

on June 3. Severe weather activity resumed again in the 

evening of June 3, as shown in Table 2, but it did not 

apparently include tornadoes. 

Local newspaper reports of the morning of June 3 

pointed toward the possibility of a tornado around 2200 CDT 

on June 2, 5 miles west of Petersburg, Texas, which is 

located 22 miles northeast of Lubbock. A visit to 

Petersburg confirmed the existence of the tornado there at 

that time. Petersburg residents were interviewed and 

explained the motion of the tornado (towards the southeast) 
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and the damage to their property. The intensity of the 

tornado appeared to be about 2 on the F scale [29], after 

an inspection of the damage path. The damage included 

the destruction of six large double ("H" type) poles 

with crossing supports that belong to a local power company. 

The company's distribution monitors for that area recorded 

the lines down as a result of the damage at 2204 CDT, two 

minutes after our pulse rate data, which will be discussed 

shortly, showed the end of the tornadic activity. 

Figure 10 is a photograph of the radar screen at the 

Amarillo, Texas, National Weather Service office, taken 

at 2202 CDT, which corresponds exactly with the time during 

which the tornado was reported to be in progress. Amarillo 

is located 123 miles north of Lubbock. The southernmost 

tip of the main storm cell located to the.south-southeast 

of Amarillo in figure 10, is the location of Petersburg. 

Examination of the radar picture shows a ring shaped 

configuration at the location, which is the hook echo 

produced by the Petersburg tornado. The concentric 

circles in the figure are 50 miles apart. 

An analysis of the radio data that include the time 

period of this tornado, revealed a sharp increase in the 

pulse rate during the tornado as compared to the pulse rate 

thereafter. A plot of the pulse rates for the Petersburg 

tornado is presented in Figure 11, from which it can be 

seen that during the tornado the pulse counts were around 
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20,000 and after it dissipated they were around 6,000. 

The strip-chart records also showed an increase in the 

burst rate coincident with the tornado and lasting for 

about ten minutes. The pulse rate signature of the 

Petersburg tornado is comparable with the results of 

Stanford et. al. [24]. 

Average peak spectra were also obtained for the 

Petersburg tornado with the Ubiquitous Spectrum Analyzer. 

Figure 12 shows the average peak spectrum of a 55 second 

data period while the tornado was in progress. Figure 13 

shows the spectrum obtained similarly, but after the tornado 

had dissipated. It will be noticed from these two figures 

that the frequency spectrum has a distinctly different 

shape for the data recorded durinig and after the tornado. 

This difference is illustrated in Figure 14 where the 

averages of the spectra from figures 12 and 13 are plotted. 

It can be seen that during the tornado the frequency 

spectrum for frequencies below 15 KHz increases at a 

faster rate for decreasing frequency (solid line), as 

compared to the spectrum obtained after the^tornado had 

occurred (dotted line). The spectrum shapes shown here 

are consistent with the rest of the data for the Petersburg 

tornado, i.e., the entire data segment that produced 

high pulse rates had spectrum, shapes similar to that of 

figure 12, and the entire low-pulse-rate segment had 

spectrum shapes similar to that of figure 13. 
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The Petersburg tornado was actually the last in a 

sequence of three tornadoes, the other two occurring about 

45 minutes earlier. All three resulted from the same 

storm, which was moving in a southeasterly direction. 

The other two tornadoes developed near Hale Center, Texas, 

between 2100 and 2130 CDT. Hale Center is located 

approximately 27 miles directly north of Lubbock. 

Successive radar records indicate the motion of the storm 

from Hale Center towards Petersburg. The production 

of a sequence of tornadoes by a single storm cell as in 

this case has also been observed elsewhere. Darkow 

and Roos [30] discussed this process for tornadoes in 

Missouri, and Fujita et. aĴ . [31] discussed it for the 

Palm Sunday tornadoes of 1965. An outline of the radar 

echo taken from the radar PPI of the Plainview weather 

modification company during the Hale Center tornadoes 

shows a definite hook echo. This outline is presented in 

Figure 15. The hook structure is located in the south

western sector of the radar screen. The arrow indicates 

the direction of motion of the storm. 

Pulse rates for the Hale Center tornadoes are presented 

in Figure 11, preceding the segment with the Petersburg 

tornado. The exact times of occurrence of the tornadoes 

have not been established, so a correlation of the pulse 

rate spikes of figure 11 with the tornadoes is not 

possible. However, the variability of the pulse rate 
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structure suggests the presence of individual tornadic 

events. The frequency spectra of the Hale Center data 

segment indicate a similar shift in spectrum amplitude 

versus frequency, as that observed with the Petersburg 

tornado. The Hale Center tornadoes were of lesser intensity 

than the Petersburg tornado, but at least one of them 

incurred damage to private property. They were both 

witnessed by residents of the town. 

Portions of other storms were also analyzed with the 

methods described'for the Hale Center and Petersburg 

tornadoes. Mostly the pulse rates presented a fairly 

smooth structure, unlike that of most of figure 11. 

The first twenty minutes of pulse rates plotted in figure 

11 show this smooth structure. Figure 16 is a plot of the 

storm activity following the Petersburg tornado. A seg

ment of very uniformly decreasing pulse rate counts is 

included at the end of figure 16, coinciding with the 

decreasing storm activity in general. The segment in the 

middle* of the figure shows some variability, although not 

as prominent as that of figure 11. Hail was reported 

during the time corresponding to this segment. The 

spectrum analyzer records for some storms for which no 

definite tornadoes were present, did not show any 

significant shift in frequency as in those already 

discussed. 



CHAPTER V 

CONCLUSIONS 

The general objective of the research presented in 

this paper was stated in the Introduction, and from the 

experimental procedures described in the previous chapters, 

it can be seen that the work toward realizing the objective 

was twofold. First, some of the measurements repeated 

those of ot^er researchers; that is, burst and pulse rates 

used in the present work have been used on previous 

occasions for studying the characteristics of radio noise 

emissions from severe storms and tornadoes. Our results 

with these measurements lend support to the results 

obtained by other workers, such as Stanford et_ al. [24] 

and Taylor [26] . They show that there does exist a pulse 

and burst rate signature produced by some tornadoes. 

The signature is primarily defined by sharp increases of 

the pulse rate during tornadoes, as compared to the pulse 

rates at other times during the existence of the thunder

storms. We have learned, in addition, that in the case 

of the Petersburg tornado the period of high pulse rates 

actually ended while the tornado was still present. 

So there was not an exact correspondence in time between 

the pulse-rate peak and the tornado. In general,^ the 

magnitudes of the pulse rates can be a function of the 

receiver gain and the distance of the thunderstorms from 

39 
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the laboratory, as well as the size of the thunderstorms 

and the tornadoes. However, the above factors did not 

enter into the interpretation of our data, since we have 

considered only the size of the relative changes in the 

pulse rates. Second, the frequency domain analysis was 

an original addition to the study of severe storm and 

tornado sferics. The results of this measurement also 

show a variation between radio noise of tornadic ori-gin 

and radio noise of ordinary thunderstorms. They also reveal 

for the first time the shape of the frequency spectrum of 

the envelope of the sferic pulses. During tornadoes there 

is a marked increase in the amplitude of the spectrum 

below 15 KHz, with the amplitude increasing for decreasing 

frequency, as compared to the almost flat spectrum for 

frequencies down to 5 KHz for non-tornadic storms. 

More work is obviously needed on these types of 

measurements, simply because not enough tornadoes have 

been analyzed. A lot more data during tornadoes are 

needed before an undisputed statistical conclusion can 

be drawn. 

It would have probably been possible to record more 

severe weather events if our knowledge of.early storm 

cell development had been better. In other words, our 

equipment was turned on only after reports of severe 

weather were anounced by the local radio and television. 

stations, in the form of thunderstorm and tornado watches 
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and warnings, as issued by the National Weather Service. 

There was no way available to us of obtaining more advanced 

information than that available to the general public. 

Without it, portions of severe weather activity were lost. 

The best and possibly the only solution to this 

problem, would be the availability of a weather radar 

at our recording site. This has now become a reality, 

since a WSR-1, lOcm weather radar has been installed in 

the site, by the Geosciences Department at Texas Tech. It 

will be ready for operation for the 1975 storm season. 

It has to be mentioned at this point that the 

National Weather Service office in Lubbock provided us 

with invaluable information during and after the storms, 

by making available local radar summaries, cloud top 

information from theirs as well as other nearby stations, 

and assisting very patiently in the meteorological 

education of novices in the field. Their help is deeply 

appreciated. 

Finally, it is suggested that the above measurements 

be complemented with experiments that would reveal more 

of the physical processes within the lightning. A good 

start would be the use of slow and fast antennas to study 

the electric field changes produced by lightning flashes, 

and to see especially how the lightning changes during the 

occurrence of tornadoes. 
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APPENDIX ' 

ANTENNA PARAMETER MEASUREMENT PROCEDURES 

Pattern Measurement 
^ -.̂  • • • I I I M I I l_ I. L ^ 

Field intensity patterns of the log-periodic dipole 

array antenna were obtained at 77.24 and 211.24 MHz. 

These frequencies correspond to the video signals of 

television channels 5 and 13. The antenna, acting as a 

receiver, was rotated in azimuth in 15 increments, with . 

initial direction at the maximum received signal strength 

position. In all, 24 field strength values were obtained, 

corresponding to a complete revolution of the antenna for 

each frequency. A calibrated rotator mechanism was used 

for this measurement. Angular resolution on the rotator 

display is 1 degree. The received signal was fed directly 

into a Tektronix 7L12 Spectrum Analyzer. The analyzer is 

accurately calibrated in decibels, and the readings obtained 

were plotted on polar-coordinate paper after adjusting the 

values-to the same scale on both frequencies. These plots 

appear on Figures 8 and 9. 

The distance of the antenna from the transmitters is 

large enough to satisfy the far field requirement [37]. 

However, ground reflected power could appear on the 

patterns in addition"to the direct power. Testing with a 

dipole for the ground reflected wave by changing the dipole 

height gave negative results at 77.24 MHz, but variations 
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in the order of 10 dB were observed at 211.24 MHz, indicating 

the presence of the wave. However,, this should not matter 

since the angle at our antenna between the direct and ground 

reflected waves is small, due to the large distance from 

the antenna to the 211.24. MHz transmitter. Care was taken 

to exceed 1 wavelength of vertical displacement of the 

dipole. A Sadelco FS719 portable field-strength meter was 

used as the receiver. 

Return Loss Measurement 
— I IMI I • B I M • ! • ! • I II II • n i l . - W l L ^ I . 1 • ! H • I M !• • • ! - ! • • II 

The return loss (or VSWR) pattern was obtained for 

a range between 10 and 350 MHz. Sweep frequency techniques 

were used by employing a Singer Model 8000/7051 Sweep 

Network Analyzer System, a Wavetek 2000 Sweep Frequency 

Generator, and a Singer 1190-10 dual directional coupler. 

The sweeper adds frequency markers at either 10 or 100 MHz 

intervals. The vertical axis output of the network 

analyzer was connected to a Houston Instrument Model 

2-3000* Strip-Chart recorder, to obtain a permanent record 

of the VSWR curve. This pattern is displayed on Figure 7. 

It includes the sweeper 100 MHz markers. The measurement 

was made through the 100 feet of RG-8 foam dielectric 

coaxial cable to the antenna, which has round-trip losses 

of 3.6, 5.2 and 6.6 dB at 100, 200 and 300 MHz respectively. 



47 

Gain Measurements 

The gain of the antenna was obtained through the use 

of Friis transmission formula [37]: 

\ " X2r2 

where W = received power 

W = transmitted power 

A^^ = effective aperture of receiving antenna 

Ag^ = effective aperture of transmitting antenna 

X = wavelength 

r = distance between antennas. 

If G is the gain of the receiving antenna oVer an 

isotropic source, and G . is the gain of the transmitting 

antenna over an isotropic source , then the effective 

areas of the two antennas are respectively [37]: 

^er " ^or I? ' 

and 

A! 
^et ^ot 47T 

Substituting the equations for the effective areas into 

equation 1 we obtain: 

!r _ V o t ^ 
^t ,A s'^ 2 

^ (4Tr) r 
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A few more variables that will be used need to be 

defined. W^ is the incident power at the transmitting 

antenna, and ^^efi is the reflected power. These are 

related by: -

where r. is the reflection coefficient of the transmitting 

antenna. |r. | is squared since equation 5 represents 

power, rather than voltage. From 5 we have: 

\ = w^U - Jr^l^) . 

At the receiving end now, W is the power reaching a 

matched receiver,.and W^ is the total received power. 

Therefore it follows that: 

^A = ^r - l^rl^ ^r = ^r^^ " '^r'^^ ' 

where V is the reflection coefficient of the receiving 

antenna. Substituting the expressions for W^ and Ŵ . 

from equations 6 and 7 into equation 4 we obtain: 

, G„,G„,x^(i - Ir,l^)(i- Ir,l^) 3 
W . / ii \ 2 2 

'̂ i (4TT) r 

and solving for the gain of the receiving antenna we 
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obtain: 

'G = JL (4TT) r 
or W. = " i G^t^^^i - |r^r)(i - |r^r) 

The above relation specifies the gain over an isotropic 

source of the receiving antenna when the gain of the 

transmitting antenna is known and the other quantities are 

measured. A simple folded dipole antenna with a 4 to 1 

balun was used for transmitting and the gain G . was 

assumed to be 2.2dB [38]. The log-periodic dipole antenna 

was used for receiving, and its gain was thus determined 

through equation 9. 

Figure 17 shows the equipment set-up used for the 

gain measurement. The receiver is a Tektronix 7L12 

Spectrum Analyzer. Direct readings in dBm are obtained 

from this instrument. The transmitter was a Wavetek 2000 

Sweep Frequency Generator operated CW. The sweeper 

amplitude is very stable, but the frequency stability is 

poor. To keep the sweeper on frequency an EIP Model 

350C Autohet Frequency Counter was used to monitor the 

output and the sweeper was occasionally retuned. 

Following is a detailed calculation of the gain for 

a frequency of 120.9 MHz. The procedure for the other two 

frequencies is similar. 
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Gain a t 120 .9 MHz 

Cable losses at 120.9 MHz: 

a) Log-periodic: 100 ft RG-8/U, 2.05 dB 

b) Dipole: 38 ft RG-58A/U, 2.3 dB 

Reflection coefficient of transmitting antenna (dipole) : 

W^ = 8.5 dB 

Wĵ ê ĵ  = -28 dB + 2 way cable losses 

= (-28 +4.6) dB = -23.4 dB 

"refl _ -23.4 dB ^ _^^_^ ^^ 
W^ 8.5 dB 

r̂  = log"-*- (-3.19 dB) = 0.645 x 10~^ 

In a similar manner, the reflection coefficient of the 

receiving antenna, r , was found to be 0.0457. The 

wavelength. A, at 120.9 MHz is 2.48m. 
* * 

To eliminate the effects of ground reflected waves, 

the average of the maximum and minimum values of the 

received signal was obtained as the dipole or transmitting 

antenna was moved vertically in both directions. The 

maximum and minimum values were given by: 

W. max = -34 dB 

W min = -40 dB 

Therefore W^ (direct) = i (W^^^^ + W^^^.^) = -36 dB. 

Finally, coming back to equation 9, we notice that this 

equation takes into account the power losses due to 

reflection within the transmitting and receiving systems, 

TEXAS TBM LIIRARI 
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but it does not include the attenuation suffered along the 

transmission lines. Therefore substituting w for W , 

or the power entering the log-periodic antenna, and Ŵ ^̂ p 

for W^ or the power entering the dipole we obtain: 

\PA ̂  (-36 dB + cable loss) 

= (-36 dB + 2.05 dB) = -33.95 dB 

^DIP " ^^'^ ^^ " 2.3 dB) = 6.2 dB 

W 
^j ^ ^ = -40.15 dB or 0.966 x 10~^ 
DIP 

Finally, r = 54.3 meters from figure 17, so substituting 

in 9, we obtain: 

^or^ot "̂  ^''^•^ °^ ^'^ ^^' 

But G^^ = G = 2.2 dB, so that 

G = G^„, = 6.4 dB or LPA 

S.imilarly the gain at 141.41 MHz was found to be 

6.6 dB. The cable losses at this frequency were 2.2 dB 

at the log-periodic side, and 2.3 dB at the dipole. For 

the frequency of 244.16 MHz the transmitting antenna was 

a full-wavelength dipole. The procedure is the same as 

for the other two frequencies, but the gain of the full-

wavelength dipole is 3.46 dB, instead of 2.2 dB [38]. Thus 

the gain of the log-periodic antenna at 244.16 MHz was 
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found to be 5.5 dB, with cable losses of 2.9 dB at the 

log-periodic and 3.9 dB at the dipole. 
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Figure 2. 

Pulses at R-1283 receiver output. Frequency 
is 140 MHz. Oscilloscope sweep time is 
2 msec/cm. 
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Figure 3. 

VHF spectrum of lightning 
with log-periodic antenna. 
The frequency range is 50 to 
250 MHz. Reference level at 
top is -30 dBm. Scale is 
lOdB/div. 



56 
LUilJilii H±A i;t^i]^k2i^^:irf^n 

^ 
N 
X 

s 
00 
in 

i ^ 
1 03 

< ^ 
' -rH 

t rH 
Q) 
C 

c (U 
x: 

' ^ 

V4 
Q) 

TJ 
V4 
0 
U 
(U 
>-l 

0 
4J 

en 

03 

c 
cr> 

•H 
M 

4J 
:3 

! a C 
0 
EH 

• 

<u >̂  

M 

• 

(U 
en 

3 \ 
i -M 

u 
6 
p 

3 IT) 
>-l 

! -P 
• U) 

"^ 

w 
•H 

-P T) 
1 0) tn 
' M U 
, :3 :3 

tj« XI 
l-H 

0) 
Q) 

a. CO 

Cn tP V̂  
1 ^ 
! -H 

0) 

a 1 > i nJ 
' 03 

f H 

a 
1 U) 

•H 
' ^ 

; ^ 

CU 

• 
N 
E 
S 

d o 
0 "^ 
^ r-i 
C 

•H 
i ^ 
1 a 
1 ^ 
' Q) 

TJ 
>-l 
0 
u 

, <D 

4-> 
03 

cn 
•rH 

. H 
Q) 
C 
C 
03 

u x: 
4J 

' u 
fd 

> ^ 

u 
1 

U 

e 0 
4J 
4J 
0 

ax) 
, -H 

U T3 
4-1 
CO 

C 
03 

• 

w 
-p 
d 
04 
-p 
3 
0 

0 
OJ 

T3 
• H 

> 

>-l 
Q) 
> 

•H 
Q) 
U 
QJ 
U 

ro 
00 
CN 
r-l 
1 

»: 

(1) 

u 03 



57 

Figure 5. 

Arrangement of linear dipoles of log-periodic antenna, 
according to T and a. 

D 
T = 

n+1 _ n+l 

n n 

a = 

d n 

n 
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h 

Figure 6. 

Photograph of completed log-periodic antenna. 
Shown on a test stand before final tuning and 
permanent mounting on a rotator. 

i^.. 
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Figure 8. 
Field intensity pattern of log-periodic antenna at 
77.24 MHz. Measured in the horizontal (E) plane. 
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F^igure 9 . 

Field intensity pattern of log-periodic antenna at 
211.24 MHz. Measured in the horizontal (E) plane. 
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Figure 10. 

Photograph of PPI at Amarillo NWS radar, during Petersburg tornado 
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Figure 12. 
Spectrum of the envelope of the sferics during Petersburg 
tornado. 
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Figure 13. 

spectrum of the envelope of the sferics after Petersburg 

tornado. 
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Figure 14. 

Averaged spectra of the envelope of the sferics during 
(solid line), and after (dotted line) the Petersburg 

tornado. 
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