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PART III
EXPERIMENTAL MEASUREMENTS

3.1. Introduction

A systematic study of the horizontal-wire antenna over a dissipative
half-space and of the special case of the modified Beverage antenna is pre-
sented. The study, which is mainly experimental in nature, is concerned
with the electrical characteristics of these antennas and how they are af-
fected by the height of the antenna and the electrical properties of the
medium over which the wire is placed. Essentially, this involves measuring
the distributions of surface current and charge on these antennas and ob-

serving the corresponding effects due to changes in the several parameters.

Theoretically, once the current distribution is known, all the electri-
cal properties of the antenna can be evaluated in a straightforward manner,
Due to the complexities of the feeding system, in most current measurements
only relative distributions are obtained. To normalize these distributions
properly, the characteristics of the feeding system must be determined. For
the conventional coaxial-line feed the normalization problem resolves itself
into determining the antenna input impedance. Since the input impedance is
necessary for an overall understanding of the current distribution, impedance

measurements were included in the study.

Another important quantity, the distribution of charge per unit length,
can be obtained from the current distribution through the use of the contin-
uity equation. The charge distribution is often used to study the near-zone ]
electric field of the antenna and to obtain a better understanding of the
overall electromagnetic interaction of the wire especially near the end and
at the driving point. Since the use of the continuity equation involves
differentiation of the current, small errors in the measured current can
cause large inaccuracies in the calculated charge distribution. To avoid

this problem, it was decided to include measurements of the surface charge

distribution in the analysis.

In presenting the data, comparisons are made whenever possible between
the measured quantities and the associated analytic expressions developed in
Part I (Volume I). In fact, one of the major purposes of the experimental

analysis is to verify the theoretical work of King [1] and the feasibility

win
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of the modified Beverage aﬁtenna. The limitations on King's zeroth-order
theory and its ranges of applicability are discussed. For certain types of
dissipative media the expression for the theoretical wave number given by
equation (1.7) can be shown to be in error. This is due primarily to the
fact that the basic restrictions given in (1.3a) are violated for these
media. Empirical evidence shows that, although the wave numbers are in
error, the zeroth-order form for the current and charge distributions are

still maintained.

In all cases the measurements are compared either to completely theore-
tical expressions that are based on the developments in Part I and use (1.7),
or to a semi-empirical theory which utilizes the zeroth-order forms for the
current, charge and admittance and the measured effective wave numbers. The
effective wave number is defined as the wave number observed on the unloaded
dipole antenna; corrections for end effects are neglected. If the antenna
end effect is small, the effective wave number and the wave number given by
(1.7) are identical. For significant end effects the measured wave number
will include a contribution due to the end effect. This contribution will
primarily affect the observed attenuation on the antenna. Since the end ef-
fect is actually a lumped correction occurring at the end of the antenna and
the attenuation a is a distributed parameter, the use of a measureq effec-
tive attenuation is clearly only an approximation. For low attenuation and
large end corrections this approximation becomes increasingly worse. This
approach was taken initially by necessity since the end effects were not
well understood and could not be eliminated. It was also believed that the

effects would be small.

A second semi-empirical theory was developed subsequently which ac-
counts for both the capacitive end effect and the radiation loss through a
complex terminal function es composed of a terminal attenuation function e
and a terminal phase function Os. This approach 1is described in Section 1.8
of Volume I. The experimentally determined quantities Pg and o correspond,
respectively, to the increased magnitude and the shift in ap, that are ob- 1
served to occur in both the measured data and the theoretical values (based
on an effective wave number) compared here in Part III. The slight varia-
tions that remain are due to junction effects which were not included in the
analysis. Comparisons between this theory and the measured data are in Figs.

1.23 through 1.33 (Volume I).
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3.2. Measuring Procedure

The three types of media over which the antennas were placed were fresh
water, salt water, and moist earth. They were chosen because they represent
the three most common media over which these types of antennas can be used
and exhibit a wide range of relative dielectric constants and loss tangents
at the operating frequency of 300 MHz. The electrical properties of the
three media were measured with the techniques discussed in Part II and were
remeasured periodically to ensure uniformity throughout the experiments. In
the remaining discussions the terms fresh water, salt water, and moist earth

will refer to media with the following electrical properties:

P, at

Average
Hadta €r ¢ (mhos/m) 300 MHz Temperature °C
Fresh Water 82 .092 .067 17.5
Salt Water 81 3.9 2,885 21.5
Moist Earth 11.4 .0022 .012 NS

The current and charge distributions on monopole antennas over each of
these media were measured for heights of d/AO = ,01, .02, .05, .1 and .25.
At each height three monopole lengths were investigated, namely, h/)‘0 = .5,
1.0, and 1.5. For the Beverage antenna the same combination of antenna
spacings and lengths was used by simply connecting the resistive load and
the quarter-wave section to the end of the monopole. Hence the overall
lengths of the Beverage antennas were 8 = .SAO + AL/A, AO + AL/A, and 1.5A0
+ AL/A where for most cases of interest A, ¢ Ao

To ensure that the height of the antennas would remain as uniform as
possible for all cases, polyfoam floats were fabricated precisely on a mill~
ing machine and were placed under the wire for support. The book value for
the relative dlelectric constant of the polyfoam was £, % 1.04, The pres-
ence of the floats under the wire produced no noticeable effects on the
measured currents or input impedances. Since it was still possible that the
weight of the antenna could partially submerge the floats, a pulley system
was designed to balance the weight of the wire. Nylon string was looped




around the wire at three or four positions along its length, passed through
a set of pulleys located about 6 ft. above the tank, and then passed through
another set of pulleys and counterweipghted appropriately at the end. With
this arrangement it was possible to place the wire over the floats so that

it would just touch the polyfoam but would not exert any weight on it.

The current and charge distributions were measured by moving the loop
and monopole probes along the slot cut in the antenna. Connecting the B
channel of the vector voltmeter to the probe output and the A channel to a
phase reference permits continuous monitoring of the current or charge. For
the Beverage antenna it was possible to probe current and charge only up to

the resistive load. With the placement of the solid resistor into the line

it was impossible to move the probes beyond this point to measure the cur-
rent and charge on the quarter-wave section. Altshuler [2] has shown that
for a similar situation the measured currents on the quarter-wave section
are found to be approximately sinusoidal, as would be expected for a reson-
ant element. Thus, by knowing the current or charge distribution up to the
resistive load, the distributions on the quarter-wave section can be pre-
dicted quite easily. In presenting the data, the theoretical current and
charge distributions on the quarter-wave section are included to show the

behavior of this current and charge.

The only other limitations in the current and charge measurements were
mechanical in nature. Restrictions due to the construction of the line made
it impossible to make measurements directly to the end of the antenna or to
the junction at the driving point, The charge probe was allowed to come
within 1.3 cm of the end of the line while the current probe could get no
closer than 1.9 ecm. For measurements near the driving point the current
probe could come to within .3 cm of the junction and the charge probe could

travel to within .9 cm.

The arrangement of the measuring equipment was shown previously in Fig,
2,2(b)., The block diagram for the experiment is presented in Fig. 3.1, All
equipment was connected through a 25 Watt voltage regulator which isolates
the apparatus from any spurious responses or drift in the line voltage. The
300 MHz source consisted of a Hewlett-Packard 3200 B VHF oscillator and an
accompanying Hewlett-Packard 230B power amplifier. The oscillator exhibited

remarkable stability after a warm~up period of one hour. Frequent checks
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were made to detect any power drift in the oscillator and the frequency
stability was monitored constantly through the use of a frequency counter,
No problem with harmonic generation was encountered throughout the experi-
ment. The current and charge could be measured simultaneously at each posi-
tion by using a coaxial switch, This eliminated the more time-~consuming
process of making one complete set of current measurements and then starting
again to measure the charge. At the end of each complete current and charge
measurement the input-power level was rechecked by measuring the response of
the current probe when placed as near to the driving point as possible,

This was to ensure that the power level had not changed during the course of
the measurements. If a significant power change was recorded, the measure-

ment was repeated.

To be as accurate as possible in making the impedance measurements, the
calibration procedure for the impedance block was performed before and after
each set of measurements. With the measuring line more than 12 ft. in
length, it was a very delicate procedure to connect the line to the ground
plane. Even with the line attached to the pulley system, slight variations
back and forth or up and down could generate a large amount of torque at the
flanged end of the line. Through the use of a level, the line was balanced
as accurately as possible before being inserted through the hole in the
ground plane, Clamps were then used to hold the line firmly in place and to
prevent any sway. Due to the fact that differing amounts of tension were
applied to the line while being held by the clamps, variations in the cali-
bration constants of the impedance block were noticed. This was determined
to be due to the slight movement off center of the inner conductor of the
feed line when the outer conductor was flexed slightly. The impedance
probes were found to be very sensitive to this movement and, thus, to alle~
viate this problem triangular rexolite spacers were inserted into the feed
line with care being taken not to include any in the section between the
driving point and the plane of the impedance probes. Accuracy was further
ensured by rechecking the calibration every time the position of the line

was moved.

Impedance measurements were initiated with the longest antenna length
and were continued on progressively shorter lengths by withdrawing the an-
tenna into the feed line. With the placement of the polyfoam floats needed

for each complete set of impedance measurements, it was much easier to
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position the floats first and draw in the antenna than it was to increase
the antenna length and periodically add more support floats. Since it was
still necessary to support the wire with nylon string, the height of the an-
tenna had to be checked each time the length of the antenna was decreased

to ensure that excessive tension from the string had not bent the antenna
upward from its level position. Over a period of time contact problems de-
veloped due to the constant wear from sliding the angenna in and out at the
driving point. When the antenna does not make proper contact at the driving
point, meter readings become unsteady and erroneous measurements result., To
overcome this problem, a thin layer of silver conducting paint was applied
to the antenna to provide a tight electrical contact at the driving point,
The antenna was repainted before each set of impedance measurements to guar-

antee good contact along sections where the paint may have worn off.

3.3. Presentation of Measured Data for a Dipole Antenna Above a Dissipative

Half-Space

The measurements for a dipole antenna placed above a variety of dissi-
pative media are presented in this section. The section will be divided
into three parts for the three different media treated (fresh water, salt
water, and moist earth). The current and charge data are presented in order
of increasing d/)\0 spacings. For each spacing measurements are presented

for antenna lengths of l.SAO, A and .SAO. All measurements are compared

either to King's theory [1] wheg valid or to a semi-empirical theory based
on the measured effective wave number. Data points were measured every 2.5
cm and numbered 61, 41 and 21, respectively, for antenna lengths of 1.5A0,
AO and .SAO. This number of data points for each length was shown to pro-
vide sufficient resolution to represent the actual current and charge dis-

tributions accurately. .

The measured data were normalized to the accompanying theoretical curve
at z/h = .2 or to a smooth part of the curve in the immediate vicinity of
this point. Normalization to the driving point at z = 0 by means of the
measured input admittance was not attempted owing to the problems involved
with the junction effects [3]. In some cases end effects did not permit
normalization at z/h = ,2, In these situations the data were normalized by
aligning the peaks of the magnitude curve. Further discussion on this and

the end-effect problem is given in Fection 3.5.




The admittance data are presented in both the rectangular-plot form
with BLh as the independent variable and in the circular-diagram form. For
each respective medium the admittances are presented in order of increasing
d/)\0 spacing. All admittance measurements are made for monopole lengths
ranging from .013)\0 to 1.5A0 (1.3 cm to 150 cm) and were recorded at inter-
vals of 2.5 cm. An interval of this size was small enough to provide an ac-
curate representation of the input admittance. The admittance -~urves dis-
play the apparent input admittance uncorrected for junction effects. FKing
has shown [4] that when a monopole is driven by a coaxial line through a
ground plane, a negative terminal-zone capacitance with admittance Y

T= jwC

must be added to the measured apparent admittance, Yin’ to give the actual

T

admittance of the isolated monopole, Y Hence,

monopole’

Yin = Ymonopole i JmcT (3.1)

where CT is determined from curves in (4] for b/a = 2.3, C = 133.2 pF/m to
be:

Cp = =423 pF 3.2)

Note that CT includes the effect of the rexolite spacer (er = 2) at the
driving point. At the operating frequency of 300 MHz, the terminal-zone ad-
mittance YT is:

Y, = juCp = -3.814 millimhos (3.3)

It is apparent that the terminal-zone correction affects only the suscep-

tance and that the measured conductance values are unaltered.

Fresh-Water Measurements

The fresh-water solution used for these measurements corresponds to
solution number 2 in Section 2.5, The electrical properties were measured
to be k. 82 and 0 = ,092 mhos/m at 20° C. During the course of these
measurements the temperature of the fresh water varied between 15° C and 20°
C. For the measurements taken at d/)‘O = ,01, the water temperature was ini-
tially 20° C. The water gradually cocled so that for the final measurements

at d/A0 = ,25, the temperature was recorded at 15° C. Measurement of the




electrical properties of the water at both these temperatures revealed no
noticeable change. This agrees with previous investigations [5) made over a

similar temperature range.

The measured current and charge distributions are presented in Figs.
3.2 through 3.18., The measured data are represented by dots. Tabulation of
the normalized data and the raw data is given in Appendix B. An examination

of these curves reveals the following important results:

1) For d/A0 = .01 and .02 (Figs. 3.2 through 3.7) the measured current
and charge are compared with the theoretical expression developed by King
[equations (1.6) and (1.18) with (1.7)]. The agreement is seen to be quite
good for all antenna lengths. For d/)‘0 = ,01 the measured wave number is
within 17 of the theoretically predicted wave number of (1.7); while for
d/k0 = ,02 the wave numbers are within 3% with still very acceptable results,
Departure from the theory is evident at the driving point and at the end of
the antenna. These variations are due to the junction effect at the driving
point and to the antenna end effect, neither of which can be taken into ac-
count in the zeroth-order theory of King. It is interesting to note that one
of the initial restrictions on this theory is that Bod << 1 [equation (1.5)].
The fact that at d/)\0 = .02 the agreement is still good implies that this
condition 1s not as restrictive as originally presumed. This would agree

with the subsequent restriction on the size of h/d.

2) At d/AO = .05 and .1, significant differences begin to arise in the
comparison between theory and experiment. The disagreement occurs mainly in
a, the attenuation constant, where the theoretical value for ap is found to
be significantly smaller than the measured effective value. This is observed
in Figs. 3.8 and 3.12 which compare King's theory to the experimental data.
The deeper theoretical nulls reflect the discrepancy in the attenuation.

For d/XO = .1 noticeable departure in the phase constant BL is also observed.
At these heights the measured data appear to be shifted toward the end of
the line, This is due to the end effect of the line which makes the antenna
appear to be longer than it is, The shift is not due to any error in the
wave number. A further discussion on end effects will be postponed until
Section 3.5, For d/)‘O = .05 and .1, errors in ap of 207 and 50%, respec-
tively, were considered unacceptable. Without further confirmation, it was

believed that the large discrepancies between the theoretical attenuation
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given by (1.7) and the measured attenuation could depend on one or both of
the following. The possibility that a fundamental limitation exists in the
d/A0 quantity is strong, Speculation that the d//\0 quantity is unimportant
as long as h/k0 is large may be plausible, but exactly how large h/>\O nust
be is not specifically known. It is quite possible that for the cases being
studied the transmission-line-like behavior may diverge at this height. The
second possibility is that a significant end effect is present which would
cause the effective attenuation to be higher than the theoretical value.
Since the slight shift in the measured data could be caused by the end ef-
fect, there is strong evidence in this direction. This problem is discussed
in Section 1.8 (Volume I) where it is determined that the discrepancies are
due to the end effect., In any case, to overcome this problem a semi-empiri-
cal solution was developed which utilizes the zeroth-order form for the cur-
rent and charge derived by King with the measured effective wave number ob-
tained from the experiment. The comparison between this solution and the
measurements is given in Figs. 3.9 through 3.11 and 3.13 through 3.15. The
fipures show that the zeroth-order form still holds and that by using the

measured effective wave number the corresponding results are quite good.

3) At the highest spacing, d/k0 = .25, the semi-empirical solution was
also used. The results are presented in Figs, 3.16 through 3.18., It ap-
pears that at this height the forms of the current and charge begin to de-
part somewhat from the sinusoidal. This is especially apparent near the

driving point. It would seem that at this height the influence of the med-

ium is diminishing and the form of the current and charge is approaching
? that of an isolated antenna. Alternatively, it is quite possible that the
end correction is sufficientlv large to give this appearance. In either
case, the semi-empirical solution still provides good approximate represen-

tations for the current and charge.

In Fig, 3.19 the theoretically predicted wave numbers from (1.7) for
an antenna over fresh water are compared with the measured effective wave
numbers obtained from the previous data. Note that for the BL/EO curve all
measured values are within 57 of the theoretical curve. For the GLIBL curve,
however, the agreement is good only for the two cases of d/ko = ,01 and .02.

At heights of d/ko = ,05 and greater, the error in a, exceeds 207, as is

L
easily seen from the comparison in Fig. 3.19.
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The measured effective wave numbers were obtained by using standard
transmission-line techniques. At each height the difference between charge
nulls was measured on an antenna, I.SAO in length, to determine the phase
constant SL of the line. The measurements were made at the nulls because
thev tend to be much more sharply defined than the peaks of the curve, re-
sulting in better accuracy. The charge distribution was measured rather
than the current since the charge probe has less of an averaging effect than
the current probe. The attenuation constant was determined by measuring the
- position of the peaks and nulls of the current distribution as well as the
magnitude of the current at these points and then utilizing the following
relationship:

IIlmax COSh(uLwl + os)

FEUR = B s (3.4)
I sinh(aLw2 + OS)

where Pgs the terminal attenuation function, is equal to zero for an open
circuit with no appreciable end effect and Wis W, are the distances from the

end of the antenna to the current peak and null, respectively.

2 determined experimentally, a, can be solved for by

iteration. Equation (3.4) was programmed on a Hewlett-Packard 9821A calcu-

With SI’ W and w

lator to obtain the desired results for a. For significant end effects, Py

is no longer zero and the a solved for is not the true attenuation but an

effective value which includes a contribution due to Pge When Pg is compar-
able in magnitude to aLh, the concept of an effective a, cannot be used. It
turns out that this is the situation that exists for d/A0 = .25. This spe-

cial case is discussed in detail in Section 1.8 in Volume I.

The input admittance measurements for a monopole over fresh water are
shown in Figs. 3.20 through 3.24 with the corresponding circle diagrams in
Figs. 3,25 through 3.29. At d/)\0 = ,01 and .02, the measured input admit-
tance is compared with the theoretical admittance obtained by King in (1.16).
As with the current and charge distributions, the agreement between experi-
mental and predicted results is pood considering that the zeroth-order theory
contains no corrections for end or junction effects. In the other three
cases, d/A0 = .05, .1, and .25, the measured data are compared with the

transmission-line form for the admittance given by (1.16) with the measured
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effective wave numbers. In the d/)‘(J = ,05 and d/)” = ,]1 cases, the apree-
ment is good for a zeroth-order theory except in the repion of the first
resonance, At d/)o = .25,where the validity of the transmission-line behav-
ior becomes questionable, the agreement is not very good. This suggests
that at this height the departure from the simple zeroth-order theory for
the current and admittance may be significant. Tabulation of the measured

admittance is given in Appendix B,

Salt-Water Measurements

A salt-water solution with the electrical properties described by B
81 and o = 3,9 mhos/m was used for this set of measurements. This solution
corresponds to solution number 3 in Section 2.5. The electrical properties
were initially measured at 19° C and then later rechecked at 22° C., No no-
ticeable change in the conductivity or relative dielectric constant was ob-
served. All measurements were made with the water temperature in the range

from 19° € to 22° C.

The measured current and charge distributions for the salt-water case
are presented in Figs. 3.30 through 3.46, Tables of the measured data are
given in Appendix B. A set of conclusions similar to those for fresh water
can be drawn from an examination of the data. Tor the two closest spacings,
d/AO = .01 and .02, the measurements agree quite well with King's theorv.
This is evidenced in Figs. 3.30 through 3.35. It is interesting to observe
that at these two heiphts the line attenuation is significantlyv higher for
an antenna over fresh water than it is for one over salt water. Figs. 3.36
and 3.40 compare King's theory with the experimental measurements for d/)\0 =
.05 and d/)\O = .1, respectively, For both of these cases, variations great-
er than 207 arise in the attenuation constant. A comparison of the measured
data with the semi-empirical solution using the measured value of the effec-
tive wave number kL is presented in Figs. 3.37 through 3.39 and Fips. 3.41
through 3.43. As in the fresh-water case, it is evident that the sinusoidal
form for the current and charpe still holds and that the agreement is quite
good when the measured effective wave number is used. For d/)\0 = ,25, shown
in Figs. 3.44 through 3.46, the departure from sinusoidal theory becomes
more evideﬂt with the greatest variation appearing at the driving point.

For an approximate representation of the current and charge distributions,

the semi~empirical solution may be quite acceptable.
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Figure 3.47 compares the theoretical wave numbers on the wire with the
measured values obtained from the previous data. At d/ko = ,01 and .02, the
error in uL/BI is within 107 but this variation becomes much larger for

-

greater heights as evidenced by Figs. 3.36 and 3.40.

Rectangular admittance plots are presented in Figs. 3.48 through 3.52;
the corresponding admittance circle diagrams are shown in Figs. 3.53 through
3.57. Both sets are displayed in order of increasing d/Ao. The conclusions
to be drawn from these two sets of curves are identical to those for the

fresh-water case,

Moist~-Earth Measurements

Since these measurements were made on an outdoor ground plane, the ex-
ternal conditions could not be controlled as completelv as in the two pre-
vious cases. The measurements were made over a nine-dav period in early
December., The air temperature during this period ranped from 35° F to 40° F

~ 2° - 5° C). The earth was a rich moist loamy material which was deter-
mined to consist of 207 water by weight. The electrical properties were de-~
termined to be e = 11.5 and 0 = .0022 mhos/m. Measurements made on earth
samples taken three days apart gave comparable results., To prevent the
earth’'s properties from changing lrast:ically over the period during which
measurements were taken, the area in front of the ground plane was covered
with a large plastic sheet which was covered, in turn, with a pile of leaves,
The sheet prevented rain from affecting the electrical properties of the
earth, while the leaves were used as insulation to keep the earth from freez-

ing at night,

The measured results for currents and charges are piven in Fips. 3.58
through 3,69. Since the theoretical ay values were found to be much larger
than the measured effective ay values at all heights, all measurements have
been compared with the semi~empirical solution which utilizes measured ef-

fective wave numbers. The discrepancies in a_ are mainly due to the fact

that the restriction, ‘kzl >> [kll, imposed i: King's theory is no longer
strictly true for moist earth with €. = 11.5, although end effects may also
play a factor in these discrepancies. Hence, at none of the heights was
there acceptable agreement between King's theory and the experimental re-
sults. Tor d/k0 = ,02, .05, and .1, the sinusoidal nature of the current

and charge is obvious and, given the measured wave number, the agreement is

% NV
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quite good. The d/)‘O = .25 measurements have characteristics similar to
those taken at the same height over the previous two media. The currents
and charges are not strictly sinusoidal in form with the greatest departure

observed at the driving point.

Figure 3.70 shows the comparison between the measured effective wave
numbers and those predicted by King. For the smallest heipht measured, d/AU
= ,02, the error in the predicted attenuation constant is 35%. It is inter-
esting to note that when comparing antennas at comparable heights above the
three different media, the attenuation (radiation loss) is consistently

greatest for the wire over the moist earth.

The admittance measurements appear in Figs. 3.71 through 3.78. The
agreement for d/A0 = ,02 and .05 1is seen to be quite good considering the
limitations of the zeroth-order approximation. At d/A0 = .1, the agreement
is not as good as for the two water cases, especially in the second and
third resonance. As before, the zeroth-order admittance for d/)-.0 = ,25
clearly cannot give an accurate approximation. The data for the measured

admittances as well as for the currents and charges appear in Appendix B.

3.4, Presentation of Measured Data for the Modified Beverage Wave Antenna

The measurements in Section 3.3 were repeated for an antenna terminated
in a resistor and quarter-wave section to form the modified Beverage antenna.
The data are presented in an identical manner. All the measured data, both
normalized and unnormalized, are contained in Appendix B. For the current
and charpge distributions data points were taken every 5 cm (.OSAO) to obtain
accurate representations for these quantities. When the antenna is properly
matched, the current and charge distributions are smoothly varving and meas-
urements spaced every 5 cm provide good resolution. The input admittance at
each height was measured for only four antenna lengths (zl/xo =L divoe Ay 5
and .25), With proper matching the input admittance remains practically con-
stant for increasing antenna lengths. The four admittances were measured
essentially to demonstrate the traveling-wave nature of the modified Beverage

antenna.

For all cases the best match condition was obtained basically by trial
and error. The appropriate quarter-wave section could be ascertained from

the measured wave number. Once this was determined, different resistors




i
1
1

-83-

" 2l0°=3d ANV G'l1=43
‘H1YV3 LSIOW ¥3A0 38IM TVLINOZIHOH NO H3SWNNIAYM

ox/p
o0 L 6 2 10l L G 2 20l , ¢ 5 ¢lO1
S SEEE S I Meacn dnaey £5 a Semeey T 1L
I/
/ -
% -0
\
//‘
/z llwo
\
\ v
\
\
/ INF-
/ .
\
/// \:_U
II l.wm
//
= 0¢

“0L°E

*O14
ol ox/p
o Ls 2 TO: S 2 N.O_\. S 2 -0l
s . J Rt T | T
= -0
\ g -
N
Ny
N
\
\
\
/
—Ul
/1
\
\
\ OQ
/ \..Q
\
\
\ dos
\ el
\
\
\
Q3YNSVIN v __
AYO3HL SONIA-=-~-~ !




=Rk
40
4 a /B =.098
30 B./Bo=1.106
s
s
= 20r
i
5 L
© p
10
0
E. a) INPUT CONDUCTANCE
%0
eee EXPERIMENT
— THEORY
: 20 (measured K )
8 10+
x
2
=
= 0 —+ + AX:L('\ ' AA’\ ¢
fus] " Beh
10
'20‘*— b) INPUT SUSCEPTANCE

FIG, 3.71. INPUT ADMITTANCE OF MONOPOLE OVER MOIST EARTH USING
MEASURED K ; d/Ag.02 AND a/)q=.00I5




-85-
50—
1 a, /B, =.062
40~ B./Bo= 1.03
] ﬂ
8 30 :
E
-
)
-
s 20
(D & L]
10
e
o) INPUT CONDUCTANCE
30—
oee EXPERIMENT
THEORY
20— 5 (measured K_)
8 10
= . o
g .. o7 a02e
j I.. . .o... 8 4
g O % ..'- — : ..A‘;I-/ f‘o —
@ 5 B.h
_]O»—-
e b) INPUT SUSCEPTANCE

FIG. 3.72. INPUT ADMITTANCE OF MONOPOLE OVER MOIST EARTH USING
MEASURED K ; d/As .05 AND a/Aq =.0015




-86-
50—
r- aL/BL:'O44
404 B Bo=1.01
30—
8 20— .
I
= L
o 0
.
s 10—
© 1 ®
0 L J
2 10
B.h
a) INPUT CONDUCTANCE
20—
eee EXPERIMENT
— THEORY
20 p (measured K, )
10~ &
%) > ; ) _,.°’. Frar .
(@] (0] + t o t :“/"—"__"
I > -l 10
= . e Bh
- Y
=
s 10—
(v4]
-20
b) INPUT SUSCEPTANCE
-30L

FIG. 3.73. |INPUT ADMITTANCE OF MONOPOLE OVER MOIST EARTH USING
MEASURED K, ; d/x=.1 AND a/i, =.00I5




—87-
50.——
40
a /B, = -035
i B_/By= 1.004
wn 30—
o)
s
S T
:’ L
= 20—
©
10—
&£
o 1 J
(0] 10
BLh
a) INPUT CONDUCTANCE
30—
eee EXPERIMENT
— THEORY
20— (measured K )

()

B MILLIMHOS

FIG. 3.74.

b) INPUT SUSCEPTANCE

INPUT ADMITTANCE OF MONOPOLE OVER MOIST EARTH USING
MEASURED K,; d/Ag:.29 AND a/g = .00I5.




-88~

aL/BL = .098
B, /B, <1106

l 3 S

G MILLIMHOS

B MILLIMHOS

: --— EXPERIMENT
20— —— THEORY
(measured KL)

-30 L —

FIG. 3.75. INPUT ADMITTANCE CIRCLE DIAGRAM OF MONOPOLE
O/ER MOIST EARTH USING MEASURE K _; d/A, =.02
AND a/Ag= .0015




B MILLIMHOS

aL/ﬁL =.062

30— B /B =1.031

G MILLIMHOS

———EXPERIMENT

THEORY
(measured K )

30—

FIG. 3.76. INPUT ADMITTANCE CIRCLE DIAGRAM OF MONOPOLE

OVER MOIST EARTH USING MEASURE K, ; d/Ag = .05
AND 0/, = .0015




A

30

B MILLIMHOS

-30

FIG. 3l

B ——

1

/g = .044
Bisg, =1.0n

----- EXPERIMENT
THEORY (MEASURED K )

INPUT ADMITTANCE CIRCLE DIAGRAM OF
MONOPOLE OVER MOIST EARTH USING
MEASURED K_; d/Xy=.1 AND a/\y=.0015.




FIG,

B MILLIMHOS

3.

30

=20

-30

78,

=91~

/B =.035
BL/BO = 1.004

P

-

40 ’ 60
G MILLIMHOS

''''' EXPERIMENT

THEORY (MEASURED K_ )

INPUT ADMITTANCE CIRCLE DIAGRAM OF
MONOPOLE OVER MOIST EARTH USING
MEASURED K_; d/X\y=.29 AND a/A,=.0015.




AD=AO44 651 HARVARD UNIV CAMBRIDGE MASS GORDON MCKAY LAB F/6 9/5

THE BEVERAGE WAVE ANTENNA:! CURRENTS: CHARGES AND ADMITTANCES VO==ETC(U)

FEB 77 R M SORBELLO F19628=76=C-0057 |
UNCLASSIFIED SCIENTIFIC=-1 RADC=TR=77=82=VOL=2 NL

A0
AD44 85|
.

HEHSSHEEE
!
n _d




|
|
|

-92~

were connected along with the quarter-wave section to the end of the line
and the VSWR on the antenna was measured with the charge prol.e. The resis-
tor that gave the lowest VSWR was the one used. The amount of guess work
involved in choosing the correct resistor was minimized by knowing the theo-
retical value for the characteristic impedance, Eq. (1.8). In most cases
the resistor used was the one whose value came closest to the theoretical

prediction,

The measured data were normalized in the same manner as in Section 3.3.
All data are compared with either theoretical predictions, given by (1.54)
and (1.56) for the current and charge, or for those cases in which the meas-
ured effective and theoretical wave numbers are in error with a semi-empiri-
cal solution that uses the form for the current and charge distributions in
(1.54) and (1.56) and the measured effective wave number for kL. Although
no measurements were made on the quarter-wave section, the analytic form for

the current and charge is presented in the figures.

Fresh-Water Measurements

With the critical quantity in all these measurements being the wave
number, it is evident that the theoretical and measured effective wave num-
bers will agree over the same range of heights for the modified Beverage an-
tenna case as for the unloaded cases. Figures 3.79 through 3.84 compare the
measured results for the modified Beverage antenna at d/A0 = ,01 and .02
with the theoretical current and charge expressions given in (1.54) and
(1.56) with (1.7) for kL. In all these figures the agreement is very good .

and the traveling-wave distribution is apparent.

Figures 3.85 and 3.89 compare measured results for d/)\0 = .05 and .1
with the current and charge distributions in (1.54) and (1.56) using the
theoretical wave number. The agreement in these two sets of curves is sat-

isfactory even though the theoretical ap is much smaller than the measured

value, To improve the agreement, the same semi-empirical approach was used
as in the monopole case. Figures 3,86 through 3.88 and 3.90 through 3.92 |
compare measured current and charge distributions for d/AO = ,05 and .1 with ;
analytic expressions in (1.54) and (1.56) with the measured effective wave !
number for kL' The agreement is seen to be quite good except for variations .
at the driving point and at the resistive load which cannot be properly

taken care of by the zeroth-order expressions.
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The measurements for d/A0 = ,25 are presented in Figs. 3.93 through
3.95. The agreement with the semi-empirical solution is fairly good consid-
ering the apparent departure from the transmission-line-like distribution at
this height.

The measured input admittance for modified Beverage antennas over fresh
water is presented in Figs. 3.96 through 3.100. Figures 3.96 and 3.97 com-
pare the measured admittance with the expression in (1.55) using the theoret-
ical wave number in (1.7) for kL. The theoretical curves in Figs. 3.98,

3.99 and 3.100 consist of (1.55) with the measured effective wave number
used for kL. The agreement is good for a zeroth-order theory in all cases
except for some noticeable departure for d/A0 = .25, The chart below lists
the load resistor used for each height and compares each with half the value
of the corresponding characteristic impedance predicted by King and calcu-

lated from the measured wave number using (1.8).

d/)‘0 RL used (1/2)2c King (1/2)7,C meazzgzd kL
.01 162 @ 177 - j26 Q ——

.02 193 @ 207 - j20 @ ——

.05 270 Q 254 - j10 Q 256 - j12 Q

.1 271 Q 294 - j5 Q 298 - j8 @

«25 290 Q 348 - j2 Q 354 - jl1 @

Salt-Water Measurements

The conclusions to be drawn from the measurements made on antennas over
salt water, presented in Figs. 3.101 through 3.122, are analogous to those
for the fresh-water case. At d/k0 = ,01 and .02 the measurements agree very
well with the complete theoretical expressions. For the other three heights
the measured effective wave number is used for kL in (1.54) and (1.56) and
compared with the experimental results, Comparisons using the complete the-
oretical expressions for d/A0 = ,05 and .1 are shown in Figs. 3.107 and
3.111. A good match can be obtained at d/A0 = ,25 but the overall agreement

with the semi-empirical solution is not as good as for the closer spacings.

The admittances are given in Figs. 3.118 through 3.122., Figures 3.118
and 3.119 compare the measured admittances with (1.55) using the theoretical
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