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ABSTRACT

A review of the basic ideas and theory of broadband
logarithmicelly periodic antennas is briefly outlined. The
development and construction of two types of logarithmically
periodic dipole antennas is described. An experimental
investigation of the effects of small-angle feed-line taper
is made on the performance of the antennas. An analysis of
the resulté is given over a 100 to 1200 megacycles per second

frequency band.



PREFACH

This thesis is concerned with the practical develop=-
ment, operation, and characteristics of two types of
logarithmically periodic dipole antennas. Antenna perform-
ance including input impedance, bandwidth, and radis tion
characteristics is investigated for small angle variations
in the feed-line taper of the two antennas. The antennes
investigatéd are a logarithmically periodic straight-dipole
array and - a logarithmically periodic V-dipole array. The
latter is a modification of the straight-dipole array in
which the dipole elements are bent to form a V-shaped
structure.

The appendix of the thesis gives a detailed description
of the antenna measurement teéchnigues and includes the
measurement data.

The author wishes to express his sincere thanks to
Professor Ernest Bridges for the suggestion of the topic
and for his helpful assistance. The financial support of
the National Research. Council under grant A-738 is also

gratefully acknowledged.
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CHAPTER I
INTRODUCTION

An antenna is a transformer for converting guided
electromagnetic waves into free-space waves. It provides
the means of impedance matching between waves in free space
and waves in a transmission line or waveguide. The antenna
also directs the radiation in desired directions and sup-
presses it in other directions where it is not wanted.

The bandwidth of the antenna is the frequency raﬁge
in which the observable characteristics such as the fadiation_.
pattern and input impedance have small variation. It is a
relative term that can be made definite by specifying the
‘degfee of match within the band. Normally, this is done by
specifying the maximum amountiofbreflected energy that can
be sent back into the feed line from which it came, that is,
by\specifying the maximum reflection coefficient and/or the
maximum standing-wave ratio at the antenna input,

Many investigations have been made on the theoretical
and practical aspects of broadband antennas, but a break-
through was made in 1957 with the introduction of the angle

1%¥2nd the principle of logarithmic peFiodicity

concept by Rumsey
by Du Hamel and ISbellZo

Rumsey focused dn.the idea that an antenna whose
shape was specified entirely in terms of angles would have

pattern and impedance characteristics independent of frequency.

# The numeral denotes the reference number as
listed in the bibliography.
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This idea was used by Du Hamel to propose a pseudo frequency-
independent antenna with electrical properties that repeat
periodically with the logarithm of the frequency.

In 1958, at the University of Illinois, Isbell3

found
that the log-periodic principles could be applied to the
design of a dipole array in which the pattern and impedance
were essentially independent of frequency over a bandwidth
governed by the size of the structure and the precision of
construction. Isbell named these antennas log-periodic
dipoles.

The new concepts stimulated much activity in the
antenna field. Previously, antennas with broadband pattern
and impedance characteristics implied a frequency range of
perhaps two to one; now broadband performance over ranges as
great as forty to one or more are possible.

In general, the frequency range or band over which
the transformation between guided waves and free-space waves
can be effected depends on the nature of the mismatch in the
antenna. If the transformation has the nature of a gradually
tapered line so that tﬁere is no sudden changeythen the re-
flections are distributed over a distance of one or several
wavelengths and have a chance to partly cancel because of
phase differences.

The purpose of this thesis is to show the performance
of twolsimply constructed log-periodic dipole antennas and

investigate the effect of small angle vériations,in the feed-



lline taper of these antennas.

A brief theoretical background on log-periodic dipole
antennas is given in chapter two, along with some practical
aspects regarding the feed-line taper and construction
details of the antennas. An analysis of the input impedance
and radiation pattern measurements omn the antennas is given
in chapters three and four, respectively. The conclusions

are presented in chapter five.



CHAPTER II

THEORETICAL DEVELOPMENT, ANTENNA CONSTRUCTION,
AND FEED-LINE TAPER

Much has been written on the theoretical development
of frequency independent antennas, but only a brief summary
of the work done on logarithmically periodic antennas will
be given here. The antenna construction details and remarks

concerning the feed-line taper will also be given.
I. THEORETICAL DEVELOPMENT

Du Hamel and Isbell defined a logarithmically periodic
antenna as "an antenna structure for which the electrical
properties vary periodically with the logarithm of the
frequency"2° They were able to show that the log-periodic
antenna is a simple modification of an angular antenna.

The modification causes a variation of the electrical
properties with frequency, but the variation is sometimes
uvery smell, the result being a broadband antenna.

The original structures of Du Hamel and Isbell were
obtained by a logarithmic transformation from the Z-~plane
to the W-plane according to the formula w

Z=1InW cococcccoscocccocoocoaccoccosooscosooolol
where W and Z are complex numbers. Letting W 3,@339 and

Z = x ¢+ jy, the equations defining the transformation are:

»



X 4+ Jy = 1n/c>eje
=lnﬁ ‘e’jeo oooeeoeoeoooeeooooeoaeooegoozoz

Hence, x = lnp, or po = @X ciiecoeccoccccesccsecceccseelel
and y = 8, I
With this transformation, circles and radial lines in the
W-plane are mapped into vertical and horizontal lines,
respectively, in the Z-plane. An example of a log-periodic
structure and its transformation is shown in figure 2.1,
page 7.

The radii Rn, R

nels == form a geometric progression

where the geometric ratio is defined by

i gfsji! o ®© ¢ 0® © 00 © 683000 OGO OB O 5 OO0V OV UO G O 000009295
R

When the infinite structure is energized at the vertex,
electrical properties at a frequency f will be repeated (except
for a change in scale) at all other frequencies given by
‘r“f, where n is an integer. When plotted on a logarithmic
scale, these frequencies are equally spaced with a period of
InT; hence the name log-periodic structures.

Du Hamel and Isbell2 found that the currents on the
log=-periodic structure decrease rapidly past the region where
a tooth one-quarter wavelength long is positioned. This does
away with the troublesome "end effect™ produced in most types
of antennas.

IsbelllP found that if the lower part of the structure

of figure 2.1, page 7, was bent about the horizontal axis, a



unidirectional pattern pointing in the direction of the
vertex could be obtained. The resulting structure is shown
in figure 2.2. This structure has the property that

Sn+l = Rn"'l =T, eoooooaoeeoeoooo.oonooaooucoooozeé

Sn Rn

where Sn is the length of the nth tooth element.

Isbell3 suggested an array of conventional dipoles
as a modification gnd practical application of the structure
in figure 2.2. The resulting log-periodic dipole array is
shown in figure 2.3, page 8.

Isbell found that in order to obtain radiation toward
the small end and prevent excitation of the larger elements
beyond the "active region", 180 degree phase shift must be
added between adjacent elements as shown in figure 2ol
page 8. The Wactive region®™ of the antenna remains near
the half wavelength element and as the frequency is increas-
ed it moves forward through the array.

When the dipole elements are connected to a balanced
feeder the 180 degree phase reversal is produced by effective-
ly twisting the feeder as shown in figure 2.5, page 9.

Another modified form of the structure of figure 2.2
is made up of an array of dipole elements bent to form a V-
shaped structure as shown in figure 2.6, page 9. These
antennas are called log-periodic V-dipole antennas.

The experimental investigations of Isbell3 have

shown that the log-periodic dipole structure is a linearly
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polarized antenna of moderate gain. The pattern and input
impedance were found to be almost independent of frequency
over a bandwidth in which the size governed the low fre-
quency limit and precision of construction governed the high
frequency limit.

5

Du Hamel and Ore” have found that the impedance of
thevfeed line plays a dominant role in determining the in-
put impedance.

Bandwidths of ten to one have easily been obtained

‘with log-periodic dipole antennas.

II. ANTENNA CONSTRUCTION

The main requirement for the design of a log-periodic
dipole antenna is to know the frequency band over which the
antenna is to operate. The antennas used in this experimental
study were designed for a frequency range of approximately
200 to 1200 megacycles per second.

The_working drawing of half the log-periodic straight-
dipole structure is shown in figure 2.7. The other half is
constructed in the same way except that each corresponding
element is placed on the opposite side of the boom. Each
half supports monopole elements; hence, when the two halves
are combined, the conventional dipole elements are formed.
The 180 degree phase reversal between adjacent elements also
results. l

The design parameters as well as the element diameters

and lengths are given in figure 2.7.
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) //‘” Design parameters:’r=008090(=h02
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10 1 , o 22.0
///Zf 11 1/8 6ol 17.6
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FIGURE 2.7 |

WORKING DRAWING OF HALF THE LOG-PERIODIC :;%;

. STRAIGHT-DIPOLE ANTENNA STRUGTURE‘
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The antenna is made of aluminum tubing and the elements
are rigidly brazed to the boom. The two booms are held to-
gether by plexiglass dielectric and styrofoam supports.

Different size tubing was selected in order to keep the
length-to-diameter ratio for all elements reasonably high and
comparable.

The antenna is fed at the small end with twenty-one feet
of RG-8A/U cd-axial cable. The cable is run through the inside
of one boom. The outer conductor is soldered to that boom and
the inner conductor to ﬁhe other boom. The separation of the two
booms from center to center at the feed point is 1.5 inches., The
boom tubing is 3/4 inches in diameter and 1/16 inches thick.

For the structure shown in figure 2,7, page 11, the
longest dipole element has a resonant frequency of 125 mega=-
cycles per second. The shortest dipole element has a reson-
ant frequency of 1456 megacycles per second. At the high
frequencies, however, the feed-line dimensions become signi-
ficant in terms of the wavelength; consequently, the high
frequency limit of the antenna is lowered. At 1456 megacycles, ‘ii
for example, the feed-point separation is approximately one- |
fifth of a wavelength and the feed-line is approximately
one-tenth of a wavelength in diameter.

The log-periodic V-dipole antenna is the same as the
straight-dipole antenna in all respects except that the ele-
ments are bent 10 degrees toward the apex. The elements then
form angles of 80 degrees with respect to the boom, ratﬁer

(-

than 90 degrees as before.
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It is evident that the two antennas are easily con-
structed and are quite rigid.
Photographs of the two antennas are shown in figures

2.8 and 2.9, page 13.

I11. FEED=-LINE TAPZR

The feed line of each antenna was tapered by simply
forming an angle between the two booms supporting the
élements, as shown in figure 2.10. This angle is defined
~as the taper angle¥. The large and small end scparations
are defined as "a" and "b", respectively.

For purposes of construction and measurement, it was
found more convenient to specify the end separation "b"
instead of the angle¥. For all taper angles used, the feed
end separation "a" was held at approximately 1.5 inches.

Antenna pattern and input impedance measurements were
taken for taper angles ranging from zero to twenty degrees, the
small angles bosing specifiéd by "b" separations of 1.5, 2, 4, 6,
and 8.75 inches. Table 2.1, page 15, gives the corresponding
taper angles for the "b" end separations used on the antennas.

Figure 2,11, page 16, shows a photograph of the log-
periodic straight-dipole antenna with a tapered feed-line.
The end of the antenna is held for a particular "b" separation
by a styrofoam support. Styrofoam has good dielectric properties
and wéve reflections resulting from its use are negligible. '
A laboratory test showed that the relative dielectric con-

 stant of styrofoam is less than 1.2,



| qg'Feed point t ?{ ‘

FIGURE 2.10 :

 TABLE 2.1

END SEPARATIONS AND COKRRESPONDING TAPER
: ANGLES USED ON ACTUAL ANTENNAS

aration "b“

aration "a% -
(1ncaes)

(inches) . (degrees)
| 0.0

,,'1°°5v;a
ka3
s 75
100
C,’;zo.q B

' LOG-PERIODIG DIPOLE ANTENNA WITH TAPERED FEED

. Féeé‘end sep~| Large end sep- Taper angle g
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FIGURE 2

PHOTOGRAPH OF LOG-PERIODIC STRAIGHT-DIPOLE

ANTENNA WITH A TAPERED FEED




CHAPTER III
ANALYSIS OF THE INPUT IMPEDANCE MEASUREMENTS

This chapter deals with the input impedances that were
measured on the log-periodic straight-dipole and V-dipole
antennas. For purposes of clarity and analysis, the input
impecances are presented in graphical form. A general dis-
cussion of the results is given. The measurement technique
and experimental set-up, as well as the tabulated results,

are given in Appendix A,

I. INTRODUCTION

The input impedance of an antenna is the impedance
looking into the input terminals. It is the impedance pre-
sented to the line which feeds the antenna. The input
impedance determines the degree of match to the feed line.

If this impedance is the same as the characteristic impedance
of fhe feed line, a perfect match results. Under these
conditions, the antenna will radiate maximum powér without
reflecting any portion of it back into the feed

line. Hvidently, if the input impedance of an antenna can be
varied, the problem of matching it to given feed lines is
somewhat reduced. Achievement of a satisfactory match is
normelly specified by a maximum voltage standing—wavé ratio
(VSWR) or just maximum standing-wave ratio (SWR) on the feed

line.
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It was stated in the introductory chapter*, that
antennas which have the nature of a transformation with a
gradually tapered line have the advantage of producing mini-
mum reflections. Furthermore, in a tapered transition, re-
flections are not criticelly dependent either on the exact
transition length or on the exact wavelength of the trans-
mitted waves. For the log-periodic dipole antennas used in
our study, we were confronied with a convenient way of taper-
ing the antennas by simply tepering the feed lines. As might
be expected, tapefing also introduces disadvantages, particu-
larly for large taper angles, which may offset any matcﬁing
improvement.

In this chapter, the graphical presentation of measured
input impedances will show some potential varistions of the

impedances and also the effect of the tapered feed-lines.

II. RESULTS OF INPUT IMPEDANCE MEASUREMENTS

Antenna input measurements are commonly presented in
two ways. In the first case, if the overall performance of
the antenna is desired, the SWR over the operating frequency
band is given. In the second case, if one is designing an
antenna to match a feed line, the impedance at the input
terminals is of interest. |

The input impedance values obtsined at each frequency
may be connected to form an impedance-versus-frequency curve

6ao

on a Smith Chart The shape of this curve on a Smith Chart

# See Chapter 1, page 2, paragraph 3.
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is a function of the characteristic inmpedance of the feed line.
To avoid this dependance, it is sometimes desirable to plot the
impedance values on a simple resistance (R)-versus-reactance (X) -
diagram, where the input impedance is R + jX. |

R-X diagrams for the log-periodic straight-dipole and
V-dipole antennas are given in figures 3.1 to 3.14. The dia-
grams are shown for vazricus angles of feed-line taper. The

amount of taper is designated by the end separation "b"™ or by

the taper angle ¥,

III. R-X DIAGRAM CALCULATIONS

6b

It can be shown™" that lines of constant SWR are circles

on the R-X diagram, centered on the R-axis and crossing the
" R-axis at Z,/SWR and Z_ xSWR, where Z, is the characteristic
impedance of the transmission line. Letting the minimum and

maximum R-axis intercepts be designated by R and R

min max’

respectively, we have the equations

Rmin

and Rmax

ZO/S‘VR o.o.o.aoonooooooaoooooeoooooo'9000301

ZOXSMVRO 000000090000.00000‘000000000000900302
Solving the two equations for Zo and the standing-wave ratio,

we have

ZO—\’anaXXRmin OQQOOOOOB060000.09009090000000009303
and. SVJR“"\’Rn,laX;Rmina ooooaooowooooaaoooooovonooeoooBoL}

Suppose a constant SWH circle can be drawn on the R-X
diagram to enclose all input impedance points taken at dif-

ferent frequencies. This circle then represents the maximum
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SWE over the entire band. The R-axis intercepts of the
circle also provide us with a means of calculating a charac-
teristic impedance, according to equation 3.3. This imped-
ance value can be thought of as a mean resistance level for
the specified band. It will be known as the nominal charac-
teristic impedance, or the nominal impedance, and will be

designated by K. Hence, from equation 3.3,

R, = Rmax b'd Rmin' cessessseananas B T
The SWR represented by the circle is the maximum Swil of the
band, referred to the nominal impedance E,. |

DuHamel and Berry7stated that impedances of log-
periodic antennas whose patterns exhibit a small variation
over a period can be characterized by a characteristic
impedance and sh SWR with respect to that characteristic
impedance. The impedance locus circles a point on the real
axis once every one or one-half period depending on the type
of arrsy. One period corresponds to a change in frequency
from £ to Tf.

The feed points of the antennas tested in this study
have the form of a tapered loop. It was expected that this
would add a series inductive reactance to the input imped-
ance value and, consequently, shift the impedance points
above the real axis on the R-X diagrams. It was also expect-
ed that this reactance would increase with increasing frequencye.

The R-X diagrams seem to verify these assumptions. The

straight-dipole antenna (figure 3.1, page 20), for example,
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centered its input impedance points around an average induc-
tive reactance of approximately forty ohms, rather than around
the real K-axis, when considering frequencies from 200 to 900
megacycles per second.

The effect of the series inductive reactance produced
by the innut feed can best be shown on an input reactance (X)-
versus-frequency plot. Such a plot is shown in figure 3.15
for the log-periodic straight-dipole antenna with no taper.
The solid curve corresponds to the measured input reactance of
the antenna and the straight-line represents the reactance of
a constant inductance, which, in this case, is equal to 9.36x
lO-Bmicrohenries. If the straight-line reactance is at-
tributed to the input-feed loop, then the actual antenns 5
input reactance corresponds to the dashed curve obtained
by subtracting the straight-line reactance from the meas-
ured values. The actual antenna input impedance is then
predominantly centered around the real R-axis in the R-X
diagram. The R-X diagram for the same antenna and
corrected for the feed-line reactance is shown in figure
3.16, page 30.

In figure 3.15, it is interesting to note that,
if the feed-line contributes a constant inductance,
only the input impedance values at the higher frequencies
are greatly affected. The high reactive components,
which occurred at the low frequencies, remain in the

corrected values of the input impedance. In other words,
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the high reactive components at the lower frequencies are
due mainly to the antenna itself and the high reactive
components at the higher frequencies are due mainly to
the input feed-line.

In practice, reactive components are undesirable since
they usually increase mismatch when the antenna is connected
to the feed line. Antenna designers have solved this problem
by cancelling reactive effects with matching components or
compensating networkséc° Compensation at a single freqguency
is a very simple problem; it becomes more difficult wifh in-
creasing bandwidth due to larger variations of the reactance.

The reactive component introduced by the input feed is
not really a fault of the antenna itself. It can vary greatly,
devending on the type of input feed and the frequency used.
Therefore, the input reactive component, although important
in practical design, is not a fundamental cheracteristic of
the antenna type. Furthermore, if we assume that compensation
can, and will, be accomplished over the desired frequency band,
the real part of the input impedance becomes the determining
factor in characterizing the antenna by a nominal impedance.
In view of this fact, we can shift the maximum and minimum
real values; for the specified band, so that they lie on the
R-axis. The nominal characteristic impedance RO, can then be
calculated from equation 3.5 and the standing-wave ratio,

referred to K can be found from equation 3.4. The value of

Q?

Ry for the antenna will be changed only if the particular

compensating network changes it.
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The K-X diagrams for the log-periodic straight-dipole
antenna (figures 3.1 to 3.7, pages 20 to 23) show the shift
of the maximum and minimum resistance values for the approxi-
mate design band, the standing-wave ratio circles, and the
corresponding nominal impedances. The IL-X diagrams for the
V-dipole antenna (figures 3.8 to 3.1k, pages 23 to 26) show
only the circles representing & SWR of 2.0 with respect to a
20 ohm characteristic impedance. This procedure will be

justified in the next section.
IV, EFFECTS OF FuiED-LINE TAPER

Let us first consider the effect of varying taper on
the straight-dipole antenna. The R-X diagrams in figures 3.1
to 3.7, pages 20 to 23, all show high reactive components at
the low and high frequency ranges. DMoreover, these reactive
components show greater variation with increased taper angles
than the reactive components at the middle frequencies ranging
from 200 to 900 megacycles. It is to be expected that para-
meter changes at high frequencies have a greater effect than
at low frequencies because dimensions become more criticsl
with respect to the wavelength. Since the antenna was designed
for an approximate frequency band of 125 to 900 megacycles, the
performance between these frequencies is the most important.
The R-X diagrams show that the reactive components remain rela-

tively constant over the 200 to 900 megacycle range. The
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resistance component at a given frequency increases slowly
with increasing taper angles. For example, at LOO megacycles,
the resistance component increases from 22 ohms at a taper
angle of zero degrees to 32 ohms at twenty degrees. At 300
megacycles, the increase is from 25 to 32 ohms. This result
would suggest that the nominal impedsance should also increase
with increasing taper angles. The nominal impedances and
SWR's for the straight-dipole antenna are plotted against
the taper angles in figure 3.17. The values were found from
the R-X diagrams, for the 200 to 900 megacycle bvand.

Figure 3.17 shows that the nominal impedance stays
relatively constant around 19 ohms for smell taper angles up
to about ten degrees. Actually, a slight decrease in R, is
noted at a ten degree taper. However, at twenty degrees, the
nominal impedance rises to 23.1 ohms. We would expect a
further increase for angles above twenty degrees. This is in
agreement with the results obtained by Dulamel and Ore® for a
trapezoidal tooth log-periodic antenna. They found the char-
acteristic impedance to vary from 65 to 120 ohms over taper
angles (¥) ranging from seven to sixty degrees. They did not,
however, find the characteristic impedance for small angles
below seven degrees. The trapezoidal tooth structure, although
being more difficult to construct, is a slightly better approxi-
mation to the true log-periodic design than the dipole element
structures used for our tests., Figure 3.17 also shows that the

SWR remained fairly constant for taper angles up to twenty
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degrees. Lxcept at zero degrees, the SWR remained below 1.8
and above 1.7. Of course, this is the SWR, referred to the
nominal impedance R,, for a L.5:l (200 - 900 mc.) frequency
band. For the trapezoidal tooth structure, DulHamel and Ore
found the SWR to vary from 1.8 to l.4 for taper angles from
seven to sixty degrees. These SWR's, however, were obtained
for a 10:1 (100 - 1000 mc.) frequency band.
Let us now consider the effect of varying taper on the
V-dipole antenna. The R-X diagrams are shown in figures 3.8

to 3.14, pages 23 to 26. Unlike the straight-dipole antenna,

the V-dipole antenna has a reactive component which, in general,

decreases with increasing frequency. Also, the reactive com-

ponents do not show large variations for increasing taper angles.

Whereas the SWR's for the straight-dipole antenna are all below
1.9 for a 200 to 900 megacycle band, the SWR's for the V-dipole
antenna are much higher for the same band. For example, the
V-dipole antenna with a zero degree.taper has an SWR greater
than three. Apart from this, the nominal impedances for the
band are as low as ten ohms. Unless low reactive components
are a criterion for design, the V-dipole structure is inferior
in performance as far as input characteristics are concerned.

- An SWR of 2,0 is often specified as the maximum allow-
able in design. It is for this reason that circles represent-
ing an SWR of 2.0, with respect to a 20 ohm nominal impedance,
were drawn on the V-dipole R-X diagrams. The 20 ohm nominal

impedance was chosen because it agreed closely to the nominal
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impedances obtained for the straight-dipole antenna.

For the V-dipole antenna with no taper (figure 3.8,
page 23), the SWR remains less than 2.0 for the approximate
band from 200 to 650 megacycles. The R-X diagrams show that
there is a slight improvement in bandwidths with increasing
taper angles. At a taper angle of twenty degrees, the band
extends from approximately 200 to 800 megacycles.

It is evident; from the results, that the straight-

dipole antenna would provide a . good match to a 20 ohm line
over all the taper angles up to twenty degrees. It would
produce an SWR of less than 1.9 for a 4.5:1 (200 = 900 mc.)
frequency band. The V-dipole antenna would givean SWR of
less than 2.0 for a maximum frequency band of 4:1 (200 -
800 mc.) at a taper angle of twenty degrees. The above SWR's,
on a 20 ohm feed line; are based on the assumption that large
reactive components would be cancelled by a compensatiig net-
work. The lower SWR's and larger bandwidths indicate the

superior input characteristics of the straight-dipole antenna.
V. DISCUSSION OF RESULTS

Enough data has been presented in the R-X diagrams to
demonstrate the approximate behaviour of the input impedance
as a function of continuous frequency values. The R-X diagrams
for the log-periodic straight-dipole and V-dipole antennas are
repeated in figures 3.18 and 3.19, respectively, for a zero

degree taper angle. The impedance points have been connected



37

] e I~
P 2 que o
iax ; L)l oi ma o}
80;/4%)2‘:) | / ] fiTaper.' i____ll
AN BNA /T az 1.5 N
o (LA /O e
@ /1Y | L |
£60 7 Lol LY T
. ey | i
550 T [ # | REN
PR P VAN
P RN | L
S 30— (L% L1
> 10 f % :
» 20 _ —
- 3 : -
D | P
10— | .
— | -

0 1 2030 ao 50 60 70 86 S0

R (resistance)-ohms
'FIGURE 3.18

RaX DIAGRAM IMPEDANCE LOCUS FOR THE LOG-PERIODIC -
STRAIGHT-DIPOLE ANTENNA WITH NO TAPER

80 . rnqlpﬁb%; .
70 ,"_V (.L-.LA)X.LO" Ce___“ . '
fapers o
4 60 ¥= 1,5i y
e b=l 1L 5 (W=lg )
o rd
—~ 50
O -~ =
= ,
S 40 A2 T
o 3 LL 7
o« x . 1/
() A -
" 4 20 14 Y ]
110 2 T

03520 30 L0 50 80 70 80 %0
R (resistance)-ohms- . |

4 FIGURE 3.19 o
' R-X DIAGRAM INPEDANCE LOCUS FOR THE LOGaPERIODIC L
| V-DIPOLE ANTENNA WITH NO CTAPER S e N




38
to show the approximate impedance locus over the entire
frequency range.

We have already attributed the large reactive com-
ponents as being due to the introduction of series inductive
reactance at the antenna feed point. We also stated earlier
that the impedance locus should circle a point on the real
axis once every one or one-half period. The loops formed by
the impedance loci in figures 3.18 and 3.19, page 37, are
these circled points shifted above the real R-axis by the
series inductive reactance at the feed point. The changing
position of these loops with frequency is a result of
imperfect scaling of the anténnasa As the frequency increased,‘
the elements responsible for the radiation became larger in
diameter with respect to the wavelength. BLach time that the
frequency was increased to the point where the next smaller
set of dipole elements became activated (resonant), the
impedance locus would shift to a lower resistance component
value as shown in figures 3.18 and 3.19, page 37. DuHamel
and Ore’ received similar results with a log-periodic -
trapezoidal tooth structure, namely, that the input impedance
decreased with increasing frequency.

By virtue of design, adjacent di?ole elements have
resonant frequencies of f and Tf, where T is equal to 0.8
for the straight-dipole and V-dipole antennas. In view of
this, we expect a loop in the impedance locus every time the

frequency varied from f to 0.8f, that is, every time the
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active region on the antennas shifted from one dipole set
to another. The frequency range f to 0.8f corresponds to
one period on these particular antennas. As closely as can
be determined from the given points, figures 3.18 and 3.19,
page 37, indicate that the impedance loci circle a point
approximately every period. Mayes and Carrel8 attributed
deviation from periodicity as being due to the necessary
truncation at the front of the antenna. This causes imper-
fect frequency scaling.

The loops in the impedance locus on an R-X diagram
represent the impedance variation over a period. They are
a freouency dependent shortcoming of the antenna design.
The shifting of the loops over a number of periods is a
frequency dependent shortcoming of the imperfect antenna
construction. It is obvious from the K-X diagrams that
these factors are what reduce the operational bandwidths
of the log-periodic dipole antennas.

So far, we have been discussing the variation of the
input impedance. We should consider the general .impe-
dance level, As might be‘expected, the'input impedance
magnitude is dependent on the characteristic impedance of
the feeder from which the radiating elements obtain their
energy. The feeder impedances of the test antennas are
dependent on the spacing and size of the two booms making
up the feeder. When the booms are not tapered, they can

be likened to an air dielectric two-wire line for which
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Ramo and Whinnery9 have developed a characteristic impedance
formula. The equation is given as

Zo = 120 cosh™t (S/d) ohms, G I <
where S 1s the spacing between centers and d is the diameter
of each line. The log-periodic straight-dipole and V-dipole
antennas have booms of 3/4 inch diameters and have a center
spacing of 1 1/2 inches with no taper. Substituting these
values in equation 3.6, we get

Zo = 120 cosh™ (2) = 157 ohms.
This value is obviously much higher than the nominal
impedance values of approximately ZC ohms obtained for the
test antennas. It is also higher than ény predicted value
since the dipole elements attached to the booms would reduce
the characteristic impedance. When the frequency correéponds
to the resonant frequency of a dipole element; the input
impedance of the antenna becomes dependent mainly on the
driving point impedance of that resonant element. For a thin
half-wavelength dipole, this value is only 73 ohmsloao
The average length-to~diameter ratio of the dipole elements
on the test antennas is approximately 50. According to
Kinglz, the input resistance at resonance of these elements
is around 68 ohms. We can only attribute the large difference
between the predicted impedance and the nominal wvalue of
around 20 ohms as being due- to imperfect antenna constructinn.

Nominal impedance levels from 55 to 100 ohms were

ohtained by Isbell3 using a feeder with a characteristic

impedance of 105 ohms. Dulamel and Isbell2 assumed
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discrepancies between predicted and measured values as
being due to the finite thickness and length of the elements.
The magnitude of the input impedances for log-
periodic dipole antennas is also dependent on the design
parameters TV and ®. These parameters were fixed for the
test antennas; ¥ had a value of 0.8 and & a value of forty

degrees. Carrelll

made an analysis of the log-periodic
dipole antenna and found that the nominal impedance decreases
with increasing T and increasing ©. He also derived an

equation to determine the feeder characteristic impedance

which would yield a given nominal impedance RO° Unsurprisingly,

this equation is a function of the dipole spacings, element
thicknesses, and dipole driving point impedances.

In the preceeding section of this chapter, we found
that small-angle taper veriations did not make the antennas
very flexible as far as the input characteristics were
concerned. The effect of the taper variations on the
radiating characteristics is a topic of discussion in

chapter four.




CHAPTER IV
ANALYSIS OF THii RADIATION PATTERN MEASUREMENTS

Input impedances and standing-wave ratios are by no
means the only factors to be considered in an antenna perfor-
mance analysis. Of equal importance agre the radiation
properties of the antenna.

The radiation pattern measurement set-up, an explana-
tion of the principal E and H-planes, and the measured/
patterns are given in Appendix C. Since a very large number

of patterns were taken, only those which are sufficient to

show the radietion characteristics ere given in the appendix.
I. INTRODUCTION

The analysis or properties of radiation patterns is
normally given in terms of the gain, directivity, beamwidths,
side~lobe levels, and general beam shape. Except for unusual
pattern shanes, the principal E and H-plane patternslob are
sufficient to show the radiation characteristics of an antenna;

The directivity or directive gain of an antenna is the

ratio of the maximum to the average radiation intensity. It

is usually given as the directivity over an isotropic sourcelOc,

An isotropic source is one which radiates equally in all
directions and therefore has a directivity equal to one.
Kraus derived an approximate formulal®d for the directivity of

a single-lobed pattern, based on the half-power beamwidths of
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the patterns in two planes at right angles. We can write this
equation as

*

D = 41,250 ,  ceeeenerencrencaonaeanaacnaeeoonaon L.1
BeBh

where B, and Bh are the half-power beamwidths in degrees in
the E and H-planes, respectively. <The half-power beamwidth.
is the angle within which the electric field does not fall
below 0.707 of its maximum value. The above formula is not
exact because it does not teke into account the exact shape
of the beam and the minor lobes. Unless the beam is of
unusual shape and when side-lobes are more than 10 db. down
from the maximum, equation 4.1 gives a good estimate of the
directivity. The directivity is often given in db., in which
case ten times the logarithm to the base ten of the right
side of equation 4.1 is found.

The strength of the side lobes or minor lobes is
normally specified in db. below the main lobe. . This is

termed the front-to-back ratio in db.
II. BEFFECTS OF FEED-LINE TAPER

The radiation patterns for the log-periodic straight-
dipole and V-dipole antennas show that these structures
radiate a single linearly-polarized lobe which is directed
toward the apex of the array. The properties of tle se
patterns may be characterized by the terms and definitions
glven in the introduction. The results of the calculations

on the measured patterns are given in tables 4.1 and L.2.

# This equation is a further approximation to the one
found by Kraus - D = 41,253.

BeBh
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TABLE 4.1

HALF-POWER BEAMWIDTHS, DIRECTIVE GAINS, AND FRONT-TO-BACK
RATIOS FOR THE STRAIGHT=-DIPOLL ANTENNA WITH
VARIOUS FE&D-LINE TAPER ANGLES

—— S

Frequency| Taper: Beamwidth * Directivity Front-to-back * ¥
mc) |end sep. (degrees) ratio in db.
b (in.) | E-plane|H-plane| D db. |E-plane|H-plane
200 l.5 48 76 11.3 | 10.5 21.1 -
300 n L2 72 13.6 ] 11.4 - 11.7
400 ~ 38 6L 17.0 ] 12.3 - 8.0
500 36 78 1.7 1 11.7 - ~
600 38 60 18,1 | 12.6 - 18 .4
700 L2 50 19,6 | 12,9 2L o4 20.0
800 38 66 16014' 1202 1504 1501!'
900 48 - - - 6.7 75
lOOO . LI—O l;,2 214-06 1309 - -
1100 1+2 - - - 309 -
1200 - - - - 9.4 14.9
200 200 52 86 992 997 114'91# -
4,00 n 40 66 15,6 11.9 | - 11.7
600 38 7L 14.7 1 11.7 - 14.9
. 800 ' l&2 61+ 15 ol} 1109 lLL oh— lLl'°9
900 - - - had had 505
1000 38 58 18,7 | 12.7 - -
1200 - - - - 9,9 14.9
200 l}oo ) 52 92 806 9ol+ lhol{' -
4,00 n L2 66 14.91 11.7 - . 12.8
600 38 14'6 2306 1307 - 1605
800 L, 66 14.2 | 11.5 | 14.9 | 19.2
900 - - - - - lOoll'
1000 L2 - - - - -
1200 . - - - - 8.9 15.4
200 6.0 60 92 7.5 8.7 | 99 | _=-
400 n 48 70 12,3 ] 10.9 - 15.9
600 38 52 20,9 | 13,2 - 17.1
800 L 68 - |13.8|11.4 - 20,0
900 - - - - - - 10,8
1000 LO - - - - -
1200 - - - - 9.9 16.5
200 8.75 56 9L, 7.8 8.9 | 16.5 -
4,00 " 50 74 11.1 | 10.5 - -
600 38 5L|— 2001 1300 - 1902
800 L6 70 12.8 | 11.1 - 23,1
900 - - - - - 12.8
1000 40 - -~ - - -
1200 - " - - 9.4 16.5

¥ The blank spaces indicate pattern breakup,
¥ % The blank spaces indicate that the back lobes. are not meas-
.urable and the front-to-back ratio is greater than 20 db.
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TABLE 4.2

HALF-POWER BEAMWIDTHS, DIRECTIVE GAINS, AND FRONT-TO-BACK

RATIOS FOR THE V-DIPOLE ANTENNA WITH VARIOUS
FEED-LINE TAPER ANGLES

Frequency| Taper: Beamwidth ¥ Directivity| Front-to-back ¥ *
(mc.) end sepe. (degrees) : ratio in db.
b (in.g E-plane| H-plane D db. | E-plane]ll-plane
200 1.5 56 88 - 8ok 9.2 | 11.7 -
300 .o L8 - 80 10.7 | 10.3 - 16.5
4,00 L6 66 13.6 1 11.3 - 14.9
500 : 36 82 14.0 | 11.5 | 21.1 -
600 , 42 54 18.2 | 12.6° - 20.0
700 O I % 23.4 | 13.7 20.0 | 17.7
800 L8 76 11.3 | 10,5 20.0 20,0
900 - hnd - - 8 96 | 703
1000 - - - - - -
1100 - - - ~ 7.1 14,0
1200 e - - - 12 ol(v 1208
200 200 56 81{— 808 901& 1008 -
4,00 W L8 . 68 12.6 | 11.0 - 16.5
600 1}2 60 1601]- 12 al - ' 8 co
800 46 68 13,21 11.2 | 21.1 16.5
- 900 - - - - - 9.1
1000 T - - - - - -
1200 o= - - - 12.8 14 .4
200 Ll-oo 60 8Llf 802 901 1008 -
L00 " 50 78 10.6 | 10.2 - 21.9
600 42 - 58 16.9 | 12.3 - -
800 : L6 70 12.8111.1 19.2 19.2
200 - - - - - 9.4
1000 b - - - - 50l
1200 : - - - - 12.8 15.9
200 6.0 58 86 8.3 9.2 | = L -
LPOO 'g 51+ . 80 906 908 = 21 09
600 I'I‘L?’ 7 56 1607 1202 = has
800 ‘ 14»6 ) 72 - 1205 ll 90 2101 1902
900 - - - - | = 8.6
1000 - - - - - 3.6
1200 . ‘ - , - - - 14,9 3.3
200 8,75 50 8L, 9.8 9.9 21.9. -
I-I»OO % 5’-}» 814- 901 906 et 2690
600 1}2 66 114-09 ll e7 - -
800 47 78 11.3 ] 10.5 21.1 21.1
900 - b e = . - 10014' .
1000 - - - - - -
1200 4 - - - - 12.4 2.

¥ The blank spaces indicate pattern breakup.
¥ X The blank spaces indicate that the back lobes are not meas- -
urable and the front-to-back ratio is greater than 20 db.
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ihe half-power beamwidths, directive gains, and front-to-back
ratios are given for both antenna structures with various
taper angles. The amount of taper is designated by the end
separation "b"™. The blank spaces in some of the columns
indicate that the particular calculation was not applicable
for that pattern due to multiple lobing or pattern breakup.
Since we are interested in the maximum side-lobe levels over
the freguency band, only the front-to-back ratios which are
significant were calculated.

The patterns for the log-periodic structures were
single lobed with low side-lobe levels for frequencies from
200 to 800 megacycles. At 900 megacycles, however, pattern
breakup due to multiple lobing was observed. The beamwidths
and directivities in tables 4.l and 4.2 can be averaged over
the frequency range from 200 to 800 megacycles for each
separate taper condition. The resulting average Values can
be compared to show the effect of varying the feed-line taper.

The average E and H-plane beamwidths for the antennas
are plotted as a function of the taper angle in figure L.1l.
For the straight-dipole structure, both the E and H-plane
beamwidths increased with increasing taper angles. For the
V-dipole structure, the H-plane beamwidths also increased
with increasing taper angles, but those in the E-plane
remained relatively constant. The H-plane beamwidths for
both structures were considerably higher than the E-plane

beamwidths. It is interesting to note that the V-dipole
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structure has generally higher beamwidths than the straight-
dipole structure.

The average directive gains in db. for the antennas
are plotted as a function of the taper angle in figure L4.2.
The figure shows that the directivity decreases with
increasing taper angles. This decrease is to be expected
because the directivity varies inversely as the beamwidth.
The same inverse relation accounts for the fact that
directivity is greater for the straight-dipole structure
than for the V-dipole structure.

Let us compare our results with those found by DuHamel
and Ore’ for the wire trapezoidal-tooth structures. They
found an average E-plane beamwidth of 67 degrees, an average
H-plane beamwidth of 106 degrees, and an average front-to-
back ratio of 15 db. They also found that the H-plane beam-
‘widths decreased with an increase in taper angle‘y and that
the E-plane pattern wasressentially independent of the Y-
angle. Their results were obtained for W-angles ranging from
thirty to sixty degrees. The reverse was found to be true in
our case for Y-angles below ten degrees; the E and H-plane
beamwidths increased with an increase in taper angle. Over
the 200 to 800 megacycle band of the straight-dipole structure,
we obtained a minimum front-to-back ratio of 9.9 db. in the
E-plane and 8.0 db. in the H-plane. The V-dipole structure
had a minimum front-to-back ratio of 10.8 db. in the E-plane

and 8.0 db. in the H-plane. The average front-to-back ratio
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for both structures over all the taper angles was better than

15 db.
ITII. DISCUSSION OF RESULTS

The variation of the directivity over the designed
frequency band of a log-periodic antenna is a good measure
of its frequency independent performance. Figure 4.3 shows
the directivity as a function of frequency over a 4:1 (200 -
800 mc.) band for the test antennas with no taper. The
straight-dipole structure.had a maximum directivity variation
of 8.3 or 2.4 db. For the V-dipole structure, the maximum
variation was 15.0 or 4.5 db, These variations are very large
and may be partly the result of the approximate method of
' calf:ulationc The maximum directivity for both structures
seems to occur near 700 megacycles.

We stated earlier that radiation pattern breakup was
observed at 900 megacycles for both log-periodic structures.
At this frequency multiple lobes appeared in the patterns.
Pattern breakup may be caused by two factors. Firstly, if
the freguency is increased to the point where the active
region moves very close to the feed transition near the apex,
pattern deterioration results. The second factor is a result
of the dipole elements resonating in a three-half-wavelength
mode. For example,_at 900 megacycles the radiation may occur
from the front elements on the antenna as well as from an

element near the back operating in the three-half-wavelength
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mode. The distance between the two active regions thus set
up would cause lobing of the patterns. At 900 megacycles,
an element equivalent in length to a half-wavelength at 300
megacycles would operate in the three-half-wavelength mode.
A check of the design shows that our log-periodic structures
support elements which are a half-wavelength long at 305.5
megacycles. These elements are undoubtedly the cause of the
lobing at 900 megacycles.

The front-to-back ratios for the structures were found
to be generally lower at 200 megacycles than at higher
frequencies in the band. This is probably due to the active
region approaching the length of the antenna at low frequencies.
When this occurs, electrically speaking, the antenna no longer
1o§ks like an infinite structure.

The log=-periodic straight-dipole and V-dipole structures
were found to have directive gains greater than 10 db. and &
and H-plane beamwidths of approximately 45 and 70 degrees,
respectively, over a L4:1 bandwidth. The directivity of these
antennas is surprisingly high. Isbell3 obtaire d directive
gains of 10 db. over a 2:1 bandwidth with the log-periodic
dipole array. DMayes and Carre18 found averagé directive gains
of about 8 db. over a 3:1 bandwidth. Carrelll also found that
the gain of a log-periodic dipole antenna is determined
primarily by the design parameters'T'andM° The gain increases
as T increases and & decreases.

The variation of the feed-line taper on the dipole
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structures had generally more effect on the H-plane patterns
than on the k-plane patterns. This was also true when
considering side lobes. The beamwidths of all patterns
increased with increasing taper angles except the E-plane
beamwidths which remained relatively uhchanged for the V-
dipole antenna. However; a variation of the beamwidth in
only one of the principal planes is sufficient to produce a

variation in the antenna directive gain,
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CHAPTER V

CONCLUSIONS

The log-periodic dipole antennas were found to have a
characteristic radiation pattern which was single lobed and
directed towards the apex of the array; they had an esverage
nominal impedance of approximately twenty ohms, a directive
gain greater than 10 db. oﬁer:isotropic, and a stending-wave
ratio referred to the nominal impedance of 1ess.than two for
a bandwidth greater than four to one.

The results obtained for small feed—liné taper angles
showed that the standing-wave ratio did not seem to be strong-
ly dependent on the nominal impedance R,. Therefore it won't
be strongly dependent on the feeder characteristic impedance.
The nominal impedance remained relatively constant for small
taper angles below ten degrees and increased with increasing
: tapér angles above ten degrees. The antenna directivity was
found to be a function of the taper angle; it decreased with
an increase in taper angle. Although the decrease in direc-
tivity is a disadvantage; the taper angles did give an im-
provement in side-lobe levels at certain frequencies,
particularily at 200 megacycles in the E-plane. An important
observation from a comparison viewpoint was that for most
log-periodic structures and for taper angles above ten degrees
the directivity increases with increasing taper angles. -

In comparing the straight-dipole and V-dipole structures,
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the most significant differences were the lower input
reactive components and the lower directive gains of the
V-structure for all taper angles.

It was concluded that frequency dependence of the
cheracteristics was caused by two factors:(l) the particular
log-periodic design, and (2) the imperfect antenna construction.

Enough data have been .presented to provide information
for practical design. Factors such as the pattern breakup
at 900 megacycles and the front-to-béck ratios become critical
in practical apvlications. The small-angle taper variations
provide a certain amount of independent control of input and
radiation characteristics. However, for most applicstions
one is usually interested in designing an antenna which
exhibits maximum gain over a given frequency band compatible
with limitations on the input impedance and standing-wave
ratio.

The log-periodic dipole antenna, besides having
comparable directive gain, offers considerable advantage
over parasitic (i.e. Yagi)loe arrays in bandwidth and as a
result is much less critical to adjust for proper operation.

It is obvious that in an experimental investigation
of a broadband antenna one is confronted with the task of
making hundreds of measurements. The data presented in this
report were taken from over a thousand impedance measurements
and hundreds of radimtion pattern measurements. The emphasis

is now on theoretical analysis. Carrelll has made an analysis
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of the log-periodic dipole antenna in terms of the known
properties of dipoles. However, the straight-dipole and
V-dipole structures are only two of many approximations
to the true log-periodic design. The complexity and
variations of log-periodic antennas makes a complete

theoretical analysis an extremely difficult problem.
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APPENDIX A
MEASUREMENT OF ANTENNA INPUT IMPEDANCE

The input impedance of the experimental log-periodic
antennas is the impedance looking into the two wire feed
line, rather than the impedance looking into the twenty
foot eleven inch length of RG-8A/U co-axial cable feeding
the antennas.

In order to measure the input impedance directly, a
"dumy" line was employed with a special short at the end.
The "dummy" line is identical to the co-axial lines feeding
the antennas and is also twenty feet eleven inches in length.
The special short refers to the cable terminated in a tapered
loop with a flat plate providing the short. In other words,
it is a short-circuited model of the actual cable to tubing
transition used on the antennas. A photograph of the "dummy"
line is shown in figure A.l.

Figure A.2 shows a block diagram of the input
impedance measurement set-up.

The test antenna was placed on a mount on top of the
Engineering Bullding and oriented in such a way so as to
minimize interference from surrounding objects.

For each frequency, the "dummy" short-circuited line
and the adjustable line was connected to the admittance

meter. The line was adjusted for an odd multiple of a
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Unit power | Unit N
supply >oscillator
GR-type 1201<A] "~ Low pass
‘ filter
87L-R20 or—7"
R22 patch
cords
’
10 db.
pad
R-type &74-MR
Local mixer rectifier jAdmittance
oscillator L0 je==——imaeter <
g\ . GR-type 1602-B
Constant impedance
adjustable line,
Power GR=type 87L=LK. -
cord , [ o
130 me. IF -
amplifier To "dummy" or
[GR-type 1216-4] antenna line.
"GR_~_UNIT OSCILLATORS
Type 1215-B ~.50 to 250 mc.
Type 1209-B - 250 to 920 mc.
Type 1218=A = 900 to 2000 mc,
FIGURE A.2

BLOCK DIAGRAM OF INPUT IMPEDANCE
MEASUREMENT APPARATUS
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quarter wavelength. This was done by setting the meter to
balance at the admittance of an open circuit (0 + jO) and
the instrument balanced (a null on the I.F. amplifier) by
adjusting the constant-impedance line. Due to the co-axial
cable attenuation loss, it was necessary to adjust the
conductance arm from the zero position to obtain a perfect
null.

The "dummy™ line was then removed and replaced by the
antenna cable feed. The admittance meter was rébalanced by
means of the arms. The meter readings multiplied by 2.5 were
the series resistance and reactance of the antenna input
uncorrected for line loss.

The 2.5 factor arises due to the quarter wavelehgth
effective line length. The admittance seen by the admittance
meter is

meYoz/Yxmillimhos, e e erenenne e WALl
whére Y, is the characteristic admittance of the line and YX
is the unknown admittance. Therefore,

Ym=Zx/Zozmillimhos, Y Y-
where Z, = 50 ohms. Hence,

Z, =Y (millimhos) x 1072 x 50%

X

=X

o (millimhos) x 2.5 ohms. S

The measured impedances were corrected for line loss
by applying the loss in dbf, at each frequency, to a Smith
Chal"t ] . - 7

The characteristic impedance of RG-8A/U co-axial cable

% The line loss in db. for the feed cable is given
in Appendix B.
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is 52 ohms. The admittance meter readings are based on a
characteristic impedance of 50 ohms. This discrepancy
causes a small error in the measured impedances. Because of
the reduced accuracy, each impedance reading was taken as an
average of two separate meter readings and the result taken
to the nearest whole number. The'accuracy of the admitténce
meter is 3yM percent, where M is the multiplying factor on
the meter. The best accuracy that could be obtained for the.
impedance values was thent 3 percent. |

The results of the impedance measurements are given
in taﬁlekA.l for the log-periodic straight-dipole antenna
and in table A.2 fér the loguperiodic V-dipole antenna.
The.corrected input impedancesbare given for various feed-
line tapers and frequencies ranging'from lOOvto 1600 mega-~
cycles per second. The feed-line taper’is designétéd by the
large end—spaéing’"b“»or by the taper angleW. The VSWR is
the voltage standing-wave ratio on the feed cable of the
antenna and is obtained.from the corrected impedance point
on the Smith Chart. It is the standing-wave ratio with

respect to a 50 ohm 1ine}




LOGARI THMICALLY PERIODIC STRAIGHT-DIPOLE ANTENNA (LPD)

TABLE A.1
INPUT IMPEDANCES AND VOLTAGE STANDING WAVE RATIOS FOR
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S

"bN~end Input i

spacing | Frequency| impedance

(inches)|(mc/sec.) | (ohms) |VSWR

I.5(y=0) I00 |I8 +j 46| 5.3
LI 150 50" 85| 2.8
" 200 |26 " 49| 4.0
" 250 [35 " 36| 2.5
" 300 |25 39| 3.
" 350 |26 47| 3.9
n 400 {227 39| 3.8
n 4,50 |22 " 33| 3.4
m 500 {2T % 33| 3.
" 600 |23 m 32 3.2
" 700 |10 " 34| 7.0
" 800 |I5 " 40| 5.5
L 900 [II ® 40| 7.3
" 1000 |I2 "  55(10.0
n II00 - [I9 " 77| 9.0
n I200 | 9" 59|I.0
n 1300|377 88| 6.I
n 1400 |10™  83|18.0

w 1500 |35 " 128|12.0

‘o

1600 A

0" 94

"p"-end
spacing

2.0

n ’
n
n
n
o

n

(inches}

| T600

86

6.0

Input
Freq.|impedance '
(ohms) _ |VSWR
I00 |I8 +j 52
I50 |51 ® 5I| 2.6
200 |26 " L8| 4.0
250 |35 ™ . 38| 2.5
300 [26 ® 39| 3.3
350 |26 " 47| 3.9
100 [22 " 39| 3.8
450 |23 " 32| 3.2
500 |23 " 33| 3.2
600 |23 " - 3I| 3.2
700 {I2' " 33| 6.2
'800 17" 40| 5.0
| 900 |1I * I 8.I
I000 |II ™ 54| 9.8
1100 |17 " 71| 9.5
I200 | 9" 58 |I3.0
1300 [35 " 87/ 6.3
IL0O [I0O ™. 75(I5.5
»isoo 25 " II2|I2.5
o m




TABLE A.l(continued)
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"p"-end Input "p"-end Input

spacing |Frequency|impedance spacing |Freq.|impedance

(inches) | (mc sec,¥ (ohms) |VSWR {| (inches) (ohms) | VSWR

4.0 100 |25 +5 80| 7.3\l 6.0 100 {29 +3 92| 8.0

" I50 |55 " 50| 2.5 " I50 |55 ™ 48| 2.4
" 200 |29 w 51| 3.8 n 200 {30 *  5I| 3.7
n 250 . |32 " 40| 2.9 " 250 {33 " 38| 2.7
" 300 {31 " 42| 3.0 " 300 {27 ® - 40| 3.2
" 350 28 ™ 48] 3.8 "o 350 |28 w47] 3.6
" LOO |25 " 39| 3.4 " LOO [26 " 36| 3.2
" 450 |24 " 33| 3.2 " 450 |23 % 32 3.2
" 500 (24 ™ 33} 3.1 w 500 {23 " 30| 3.I
n 600 23 ™ | 32| 3.2 " 600 (23 * 31! 3.I
. 700 |1z " 35| 6.6 " 700 |1 " 35| 6.9
0 800 |17 ® 39| 5.0 n 800 |16 " 40| 5.2
" 900 [II ™ 43| 7.8 " 900 (I3 ™ 45| 7.2
" 1000 I2 " 56| 9.8 " 1000 |II ™ 54|I0.0
" 1100 |20" 75| 8.3\ v . |1700 |I8 ™ 69| 8.5
" I200 | 9" 59|13.0 " 1200 | 9"  60|13.0
" 1300 38 " 90| 6.2 n I300°|27 * 79| 6.9
" 14,00 |I3 " 87|I6.0 m - |I400 |IO ™  83{20.0
w I500 |36 " I30|IIL.5 n I500 |25 " II0O|I2.0
" 1600 0" 1I06| e o 1600 | O n 9I|ee




TABLE A.l (continued)
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"p"-end Input "p"-end Input
spacing |Frequency|impedance spacing |Freq.|impedance
(inches) (mc?sec,g (ohms) VSWR || ( _inches) (ohms) VSWR
8.75 100 34 +3 IOL| 8.51112,5(10°)| I00 |37 +Jj II4| 9.0
" (I50 (59" 55| 2.6 W | 150 |64 " 63 3.0
" 200 32" 54| 3.8 " 200 |32 " 56| 3.9
n 250 |32 " 40| 2.8 " 250 {32 " 40| 2.8
" 300 |27 " L] 3.2 n 300 |27 * 42| 3.4
" 350 27 " 49| 3.8 -om 350 (25 " 47 4.0
" 400 27 * 38 3.1 v LOO {26 ™ 37| 3.2
R 450 25 ™ 33} 3.0 n 4L50 12T ™ 32| 3.4
" 500 |2 ™ 3I| 3.0 " 500 {2I ™ 30| 3.2
" 600 |22 " 32| 3.2 o 600 |22 " 30| 3.I
" 700 |II " 34| 6.k u 700 {I0 ™ 32| 6.7
: 00 |17 " 39| 5.0 " 800 |14 " 37| 5.7
n 900  [II ® 4I| 7.8 n 900 [I3 ™ 36| 6.0
" 1000 [II " 52| 9.4 m I000 | 9 ® 43|I0.0
n IT00 |16 ® 77(II.0| »  |1I00 |II " 49| 9.0
n I200 |I0 * 60|I2.0 m 1200 | 7 " 46]I3.0
" 1300 |37 ™ 88| 6.0 " I300 {I6 ¥ 51| 6.7
" 1400 10" 76/18.0 no 100 | 9" 60|I3.0
n 1500 - |21 ®¢ 100|I2.5 »  |I500 |I0 " 62|I2.0
n 1600 | o . 82|/°® E 1600 | o n 62| e




"b"-end
spacing
inche

21,,2(20")

L
11
®
LLE

"
"
i
i
"

7"

"

1

TABLE A.l(continued)

Input
(nefsee Y| ohmar ® lvsur
I00 - -{40 +j I22| 9.5
. I50 |7k ™ 85| 3.8
200 [4I ™ 6L| 3.8
250 |40 ™ 50| 2.9
300 |32 " 5I| 3.6
350 29" 531 4.0
400 32 " 46| 3.2
4150 |26 v 36| 3.4
500 |27 " 38| 3.I
600 27 " 36| 3.0
700  |I3 ® 38| 6.0
800 |I7 ™ 46| 5.7
900 |I8 ™ 57| 6.6
I000 I ™ 64| 9.7
II00 {26 ™ 94| 9.I
1200 |I7 " 80|II.5
1300 L7 " 95| 5.6
IL00 |I5 "™ 1I20}(22.0
I500 |62 " 160|10.0

1600 o co

197
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TABLE A.2
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Wphheend Input "p"eend | Input
spacing |Frequency|impedance . spacing | Freq.|impedance
(inches) | {mc sec.i, (ohms) |VSWR|| {inches) (ohms) | VSWR
I.5w=d)| 100 " |10+j 33| 7.0\ 2.0 | 100 |I3+35 34 5.9
n I50 {73 % 36{ 2.0 n I50 (48 " 5I| 2.7
" 200 25 " 38| 3.4 " 200 |25 38| 3.3
oon 250 28 " 25| 2.3 " 250 {28 ™ 29| 2.6
u 300 I7 % 24 3.6 n 300 |I9 ® 26| 3.4
" 350 |[IL ™ 23] 4.3 " 350 |I5 " 23 4,6
" L00 |I8 ™ I9| 3.2 " 500 [I9 ™ 20| 3.0
" 450 (I5 " I8| 3.7\ » | 450 |[Iu " I8| 3.9
n 500 I3 " I3| 4.0 n 500 |IL ® I5| 4.0
L 600 |12 " T2 4. " 600 |13 "™ Ik| 4.0
n 700 7% 10| 7.0 y 700 | 8" II| 6.k
n 800 6" I2| 7.8 "o 800 | 6 " I2| 8.9
n 900 3" II|I4.0f . » 900 | 3 " © II|{I4.0
" 1000 2" I6/23.0 n 1000 |2 " 17 25.0
" 1100 L I7/I3.0 " II00 | 5" I6{I2.0
n 1200 | 5" I3|I0.5| v |I200| 5" I3| 9.7
" 1300 3" I7(20.0 n 1300 | 2 *  I4|20.0
w 1400 6"  20|'9.3 n IL00 | 6 " 2I| 9.5
m 1500 2 " 18{23.0 " 1500 | 3 ¢ | I3|I4.5
n 1600 2" 10{20,0 o L " 7113.0

1600




TABLE A.2(continued)
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1600

"h'-end Input "h¥-end Input

RRng ) heTeesY | Moy " | vsun || (inenes)| | (oma) | voir
4.0 100 Ih +j 53| 7.6 6.0 100 |I7 +3j 65| 8.0
n I50 52 " L6| 2.4 n I50 |54 ™ 43| 2.2
n 200 28 " 39| 3.1 n 200 |30 " 4O| 3.0
n _ 250 27 " 29| 2.6 n 250 |27 % 29| 2.6
" 300 20 " 25| 3.2 " 300 |20 " 26| 3.2
n 350  |I6 ™ 25| 4.0 w 350 |I7 ® 25| 3.8
" LOO 2T " 21| 2.8 n L00 |22 m 21| 2.7
n L50 |I5 ™ I8] 3.7| n 450 |I6 ™ 18| 3.6
n 500 |I4 " I6| 3.9 n 500 |I4 "  I4| 3.8
" 600 |I3 " I4| 4.0 n 600 [I3 " I4| 4.0
" 700 9w I2f 6.0 n 700 | 9n I3 6.0
n 800 6" I3 8.5 " 800 | 6"  I3| 8.0
n 900 5w  II|II.0 " 900 | 4 ™  I2|I4.0
" 1000 2" I9|24.0 u I000 | 3 " I8{I6.5
n II00 5n  I9|II.5 " II00 | 5 " I9|II.5
" 1200 5"  I6| 9.6 " I200 | 7 17| 7.8
" 1300 3% 18|15.0 " I300 | 3" 1I8|I6.5
n 1400 7% 26| 9.I " 1,00 | 8 v 22| 7.2
" I500 bno I8 Ih.5 w1500 | 3" I9|17.0

n 1600 3%  I3|17.0 " I" I5

40.0



TABLE A.2(continued)

"p"-end Input
spacing |Frequency|impedance
(inches) | (mc sec.g (ohms) | VSWR
8.75 100 - |20 +j 63| 6.6
" I50 55 " L5| 2.3
L 200 {30 " 39| 2.9
" 250 |29 " 27| 2.4
o 300 |20 " 23] 3.I
" 350 |I6 " 22| 3.7
" LOO |2z m. 18| 2.6
" L50 |I5 " I5] 3.5
" 500 I3 " II| 4.0
u 600 |II ™ 8| L.5
" 700 7" 6.5
" 800 6" 6| 8.8
m 900 L 4|I2.0
n 1000 2" II{27.0
n 1100\ | 5"  9|10.0
w 1200 5 n 9.1
" - I300 3n  7117.0
n 1400 6"  I2| 8.5
" 1500 | 3" k|I6.5
w 1600 | & =3 2{I3.0

111 b [} . end
spacing
inches
12.5(10°%)

111

A4

1

"

i

v

1%

11

1%

"

bt

1%

%

» "

'lt

1]

11

11

"

71

‘Input
fred. | Lme o vsim
100 |28 +5 80| 6.9
I50 |55 " 58| 2.9
200 |32 " 4k 3.1
250 |29 " 32| 2.6
300 |2I " 28| 3.I
350 |17 " 23| 3.6
LOO |24 v 20| 2.5
L50 |I6 " 16| 3.4 -
500 |14 " I3| 3.8
600 |I3 ® ~ 10| 3.8
700 | 9" 8| 5.6
goo | 7" 7| 7.2
900 | 4 "  L|IL.5
I000 | 2 ® I2/|20.0
II00.| 5" 9| 9.8
T200 | 3 " II|IL4.0
I300 | 5"  5|I0.3
1,00 | 5 I6| 9.8
I500 | & " 4|IX.0
1600. | & ™ 2|1I.3




‘"p¥-end Input
g | Iaed ey Mot | voum
21,2 (20°) I00 |I0 +j III|30.0
v 150 52 % 76! 4.0
" 200 35" 55| 3.6
" 250" [33 "™ 39| 2.7
" 300 |22 " 33| 3.3
" 350 |2I " 24| 3.0
" L00 |27 v 22| 2.3
L L50 |I8 ® I6| 3.2
" 500 |17 % 16| 3.3
" 600 |I7 "™ 9| 3.0
n 700  |I2 % 8| 4.3
" 800 9w 7| 5.6
n 900 | 5" 5] 9.0
n 1000 L " IL|I3.5
u 1100 6" I3| 8.9
" 1200 5%  I4|I0.5
n 1300 6" 9| 8.5
" " 1400 5 I9/10.8
n 1500 L " I0|I2.5
n 1600 3n _ 9]15.0

TABLE A.2(continued)

72
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APPENDIX B

MEASUREMENT OF CABLE ATTENUATION

It was required to find the attenuation or line loss
of the twenty foot eieven inch length of RG-84A/U co-axial:
cable attached to the input terminals of the log-periodic
dipole antennas.

The impedance measurement set-up shown in figure A.2,
page 62, was also used to measure the line loss.

For each frequency, the "dumnmy"™ short-circuited line
(figure A.l, page 61) and the constant-impedance adjustable
line was connected to the admittance meter. The line length
was adjusted until the resonant condition was obtained, that
is, zero reactance and some resistance greater than 50 ohms.
Plotting this resistance on a Smith Chart, we obtained the
line loss directly in db.

The results of the attenuation measurements sre shown
graphically in figure B.l. The results check closely with
published values of attenuation and with values given in

cable catalogues.
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Attenuation loss - &b.

500 400 600 800 1000 1200 1400 1600

Frequency - megacycles per second

FIGURE B.1 -

ATTENUATION LOSS VERSUS FREQULNLY FOR 20%11"™ LENGIH
~ OF RG-8A/U CO-AXIAL CABLE -
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APPENDIX C.
MEASUREMENT OF ANTENNA FIELD-STRENGTH PATTERNS

The far-field patterns in the two principal plenes
were found for various feed-line tapers on the log-periodic
antennas. The two principal planes are the E-plane and the
H-plane as shown in figure C.1.

The antennas were linearly polarized in the E-plane.

A diagram of the transmitting and receiving system is
shown in figure C.2. A block diagram of the measurement set-
up is shown in figure C.3, page 77.

The log-periodic test antenna was used as the trans-
mitting antenna and it was placed on the rotator as shown in
figure C.2. A corner-reflector dipole antenna was used as
the receiving antenna. The two antennas were placed about
seventy feet apart on top of the Engineering Building so
that reflections from surrounding objects were minimized.
Screen reflectors were placed on the roof between the trans-
mitting and receiving antennas to eliminate reflections to
the receiving antenna.

For each pattern, the test antenna was rotated over
360 degrees and the field strength automatically recorded on
the X-Y recorder. The angular position of the test antenna

was indicated by a remote selsyn control. The selsyn move-
‘ment also controlled the X-drive of the recorder by employing

a circular rheostat as a voltage tap, the sliding contact
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' AH—plane vector

-;:f;;::;;;:;;;;:§::§§\ E-plane

FIGURE C.1

ANTENNA ORIENTATION SHOWING THE
PRINCIPAL E AND H-PLANES

Test antenna

transmitter

Corner reflector

 FIGURE C.2

Screen To receiver
reflectors\\\ and recorder—ij ~
Wi/ 14474 ;
To selsyn
indicater

ANTENNA TRANSMITTING AND RECEIVING SYSTEM |
USED FOR PATTERN MEASUREMENTS
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VSWR ‘ N21GC tuner
amplifier
(HP-model)

YY

X~Y recorder

power supply antenna
(T.amda_model
Low pass
) filter
Signal - RG-84/U co-axial
enerator cable (20' 11%)
Gt-model)
LY Constant
Modulator voltage
-1000 ¢/ ltransformer
(GR-model)
Téo ~
. 1110 v.
RECETVEL AND RECORDER.
60 ~
v1il0 v,
Constant Receiving Y
voltage antenna
transformer
Crystal
Y detector Stub

< Selsyn | D.C. power
X "~ |control supply
N ]
l T
. 60~ | slVariac
é 110 v. |

Electrical contrel to antenna
rotator selsyn.

FIGURE C.3

' BLOCK DIAGRAM OF ANTENNA PATTERN

MEASUREMENT SET-UP
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being mechanically coupled to the selsyn shaft.

Regulated power supplies and constant-voltage trans-
formers were used to stabilize the signals. Low-pass filters
were used to eliminate the effects of harmonics. The result-
ing patterns were almost completely noise Ifree.

A square-law crystal detector was used in the receiving
circuit, the signal being fed into a standing-wave amplifier
and then into the Y-drive of the recorder.

The E and H-plane patterns for the log~periodic
straight-dipole and V-dipole antennas are shown on pages 79
to 12linclusive. Patterns were taken for frequencies ranging
from 200 to 1200 megacycles per second. .Because of the large
number of patterns taken, only those which serve to show the
antenna performance and changes thereof are shown here.

The feed-line taper is designated by the end separation
"pM or by the taper angle VY. The zero degree position on the
pattern recordings correspond to the direction of the beam
maximum on the log-periodic antenna. In this position, the
small or feed end of the test antenna was pointing directly
at the receiving antenna.

The accuracy of the pattern méasurement system was
dependent mainly on the operation of the crystal detector
in the square-law region and on its sensitivity to low signal
strength. The angular position of thé antenna could be

indicated to within approximately two degrees.
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