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for the loading effects of the arms on the crossed-monopole
antenna and resonance effects contributed by various members.
The experimental results are also compared to the results
obtained using numerical analysis.




I s

= =

il Sctim [
SRARSOIWCED (m]
EHEICATION......cooeecmcenescmsnnnnncc.c

"Q . PRSI A A R Impedance Measureament of
o ; the Crossed-Monopole Wire Structures

l*e‘i” J

by

E : David G. Rundall
g' Lieutenant, United States Navy
: B.S. (B.B.) University of Colorado, 1970

Subaitted in partial fulfillment of the
requiresents for the degree of

MASTER OF SCIENCE IN ELECTRICAL ENGINEERING

froa the
NAVAL POSTGRADUATE SCHOOL
December 1976

Author:

Approved Ly:

i ¥ of Science and Engineering

AR Wi b 55 ol 5




WIS o e

ABSTRACT

This investigation experimentally detersines the
input iapedance characteristics of various cylindrical
crossed-monopole antennas at 2~12 GHz frequencies and
compares the resultg to the well known characteristics
of the cylindrical aonopole antenna. The analysis
includes a physical reasoning for the loading effect
of the arms on 'tho cross-monopole antenna and
resonance effects contributed by various members. The
experimental results are also conpafod to the results

obtained using numerical ahalysis.
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I.  INTRODUCTION

A. BACKGROUND

The characteristics of straight cylindrical antennas are
vell known [King 1946]. PBarly work in this area focussed on
electrically thin cylindrical dipoles over a 1lyossless,
infinite ground plane. Later theory expanded on these ideal
conditions, but remained centered om primitive shapes due to
the cosplexity of the probies. A gfoving body of
experimental data on more complex configurations has

provided the basis for greater understaading.

Interest in the crossed-dipole receiving antenna has
been stisulated by modeling an aircraft in an
Electromagnetic Pulse (EMP) environment as a crossed-dipole.
Bxperisental aseasurements oan thin crossed antennas in a
plane-vave electromagnetic field [Burton 1974; Burton and
King 1975) bhave shovn the charge and current distrbutioms,

and the analytical investigation [King and Wu 1975] gives




further insight into the problea.

Since crossed-structures (either as a model for aircraft
or physical structures on board ships) exist in considerable
nusbers, it is of interest to determine the traasamitting
characteristics of crossed-monopoles. The charge and
current distrbutions of the transaitting crosssd-lqnopole
antenna [¥c Dowell 1976] have been measured, and reasoning
developed in the analysis of the receiving crossed-dipole
has been applied to the transaitting case with considerable

sSuccess.

B. THESIS OBJECTIVE

The msajor objectives of this work were to experimentally
determine the input ‘ilpodanco characteristics of various
crossed-monopole antennas, compare the results with the
input impedance of comparable monopole antennas, and give
physical reasoning of the loading effects of the arms on the
crossed-aonopole antennas. The secondary objective was to
compare the results with those obtained by using numerical

analysis.




II. THEOBX

A. MONOPOLE

The input impedance characteristics of a monopole
antenna over a perfectly conducting ground plane are
tapulated and graphs are available ([Jordan and Balmain
1968]. Pigure 1 shows a plot of the theoretical input
resistance and reactance versus height-to-wavelength ratio
for a ionopole vwith a height-to-radius ratio of 60. of
particular. interest are the peaks of the resistance curve

and the zero-crossings of the reactance curve.
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The first zero-crossing of the reactance curve occurs at
a height-to-wavelength ratio of about one-quarter and
corresponds to an antenna operating at resonance. The
charge and current distributions for the one-gquarter
vavelepggh monopole antenna are shown in Figure 2(a). The
next zero-crossing of the reactance curve and the first peak
of the resistance curve occur at a height-to-wavelength
ratio of labout one-half and correspond ¢to an antenga
operating at antiresonance. The charge anid current
distributions for the half vavelength monopole antenna are
shown in Figure 2(b). As the height-to-wavelength ratio
increases there will be an occurrence of alternmating

resonance and antiresonance. The resonance corresponding to

odd one-quarter height-to~vavelength ratio, and
antiresonance corresponding to even one-gquarter
height-to-wavelength ratio. The charge and current

distributions for the three~quarter wavelength monopole
antenna are shown in Figure 2(c), and the distributions for

a full vavelength monopole are shown in Pigure 2(4).

Due to cnd-etfcct and shortening of the wvavelength on
the antenna when compared to the freespace wavelength, the

resonance and antiresonance will not occur at exact




multiples of one-quarter height-to-wavelength ratio but will
occuf at a lover frequency. The height of the peaks of the
resistance and reactance curves are related to the
height-to-radius ratio. As the ratio increases the peaks

will also increase. In the limit as the radius approaches

zero the peaks will approach infinity.

T i A 2 ST S AR i o'



(a) (b)

(e) (d)

Figure 2. - Monopole Charge and Current Distribution
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B. CROSSED-MONOPOLE

1. As a Loaded Yogopole

Pigure 3 (a) shows a crossed-monopole antenna wvith

the cross [placed on top of a monopole of height h1. The
arms of the cross provide additional conductors omn which

current can flow and charge caa accumulate, and also create
a capacitance effect betwveen the loading elements and the
image plane. The additional capacitance gives the antenna

an effective height which is longer then h1. This effect is

often used when constructing VLF antennas by placing a top
hat on the antenna in order to improve ¢the aantenna input
characteristics. The increased effective height caused by
the aras also increases the height-to-radius ratio which
vill increase the nmagnitude. of the resistance at

antiresonance.

The amount of capacitance and the increase in the

effective height is directly related to the 1length of the

15




aras. If h3 and hu are the same 1length then the
antiresonant peaks on the plot of resistance versus
frequency will remain sharp; but, if h3 and hu are of
different lengths, then the antiresonat peaks will be. yidet

or two peaks may occur.

As the aras on the crossed-monopole are lowered, as
shown in Pigure 3(b), the effective height of the antenna

will decrease. The monopole section (h1) is nowv shorter and
is 1loaded with three elements (hz,h3. and h“). In the
general case vhere all three 1loading elements are of

different lengths, the results become extremely complex.

There can exist resonance or antiresonance with h1 and any
of the loading elements, and also resonance may take place

on any cosbination of two of the loading elements.

16




Vo4 TAZE T

(a) (b)

Figure 3. =-
Crossed-Monopole Antennas

2. charge and Current Distribution

The boundary conditions at the junction are equal
distribution of the charge betveen the connecting conductors
and Kirchoff's current lav vwvhich when applied at the
junction requires the sumsation of the currents be zero.
Since the ara elements are perpendicular to the momopole,
there is no inductive coupling betveen the monopole and the
aca. The electric (B) field emanating froam the monopole is
oriented radially so as to induce opposing currents in

opposite arams. The magnitude of these induced currents aad

17




thus the magnitude of the charge and current distributions
on the aras is proportional to the strength of the B field
vhich is directly related to the surface charge in the

proposed junction region.

Pigure 4(a) shows the zero-order distribqtion of
charge along the vertical conductor vhen the cross is
located at a minimum in the standing-wave pattern. Owing to
sysmetry the forces iﬁ the horizontal arms caused by the
charge in the two adjacent guarter wavelength of the
standing-vave distribution will be 180 degrees out of phase
and provide mutually ciaceling forces. fhe only force which
vill cause current in the aras must come froa the charge
distribution remotely located from the junction, therefore,

the currents on the horizontal arms will be small.

Pigure 4 (b) shows the zero-order distributicn of
charge along the vertical conductor when the cross is
located at a maximua in the standing-vave pattern. The
charge near the Jjunction no longer creates forces in ;ho
acras vhich are 180 degrees out of phase, but exerts forces
vhich are uncanceled in the aras and parallel to the ara

axis. These forces act to induce currents in the aras.
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(a) (b)

Figure 4, -
Illustration of Forces Acting on Charges
in the Horizontal Elements

Pigure S5(a) and S5(b) illustrates the zero-order
charge and current distributioas of the horizontal aras of
one-gquarter wavelength and one-half wvavelength respectively.
In practice the distributions on both the vertical meaber
and horizontal aras vill be differeat froam the zero-order
distributions shovn. The forces between the charges on the
different aeabers yill modify the ‘distributions. This
effect 4is psost noticeable wvhen a charge aaximum occurs at
the junction. When analyzing the input impedance over a
vide range of (frequency for various crossed-amonopole

structures all possible coabination of the above
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distributions may occur.

(a) (b)
Figure 5. -
Charge and Current Distributions on Quarter
and Half-Wavelength Horizontal Elements

20
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III. GERERINENIAL EQUIRHENT

A. WIRE STRUCTURES

The @=sonopoles and crossed-monopoles vwere constructed
using American (B&S) gauge 19 solid copper vwire. The

nosinal diameter of the wire is .91 maa vwith an ohaic

resistance of 1.66x10 ohas/mm at 209C. The junctions of

the crossed-sonopoles vere constructed using 3AG60SN solder

and then shaped to saintain uanifora diamension. Length

dimensions vere controlled to within £0.1 am.

Pigure 6 is a photograph of the vire structures used in
this experisent, and Pigure 7 is a draving of the antennas.
Note that in some cases in order to obtain a structure with
the arm at a differeant position a previously used structure
vas merely inverted. BExcept in cases vhere the top of the
vertical aseaber vas removed in order to separate its effect

from that of the aras, all vertical aembers of the

21
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crossed-sonogoles are 30 aa. In the frequency range used
(2-12GHz)- this length corresponds to a length of less than
one-guarter wvavelength for the lowest frequency to about

five-guarters of a vavelength for the highest frequency.

Pigure 6. - Photograph of the Wire Structures
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B. TEST PIXTURE

Three major features were considered in choosing - the
appropriate test fixture. The teflections caused by the
connecters and adapter ;hould be minimal in order to reduce
the distortion in the impedance curves. To avoid resonant
effects betveen the ceanter conductor and the shield, the
space from the center of the adapter to the shield should be
small wvhen compared to the wavelength of the highest
frequency used. Also the ground plane dimensions should be
large wvhen compared to the wavelength of the lowest

frequency used in order to minimize the effects of a finite

"ground plane. Several configurations were tried before the

one described below was choosen.

1. [Eesale Adapter

An 0SM217 wminiature in-series jack/jack ccaxial
adapter vas used in order to connect to the ground GEplane.
Pigure 8 is a draving of the adapter. Note the dimensions

cosply vith the second consideration listed above. A hole




e ——————

wvas drilled and tapped in the ground plane and the adapter

vas screved into the tapped hole. The flange on the adapter

was ground down flush with the center insulator and the
adapter adjusted to fit flush with the ground plane. The
resulting fixture allowed the wire antennas to be inserted

1.5 am into the hollow center conductor of the adapter.

e |

A 22229025 t i- -&.—-g-m
JLLLLLEL - 3mm T
.- ¥
Side End

Figure 8. - Female Adapter

2. Ground Plape

The ground plane was constructed from a square, 5 am
thick, plate of aluminum vith sides of 61 ca. Note the

dimension comply vwith the third coansideration listed aﬁova.

25




. In order to minimize the hulber of interfaces in the

electrical connection between the test fixture and measuring
equipment, the ground plaqe vas mounted vertically in a
vooden rack and the adapter connected to the measuring
equipment vith a single connecter. Pigure 9 is a drawving of
the g:o?nd plane showing the position of the adapter. Figure
10 is a photograph of the ground plane wvwith an antenna

aounted in the adapter.

-

6lcm

5 =
30.5cm

S

k&- 6lcm

5l
—

Figure 9. - Ground Plane
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Figure 10. - Photograph of the Ground Plane

3. Aneghoic Chamber

In order to minimize the return of radiated energy,
the test fixture was' immersed in an anechoic chaamber.
Pigure 11 is a photograph of the anechoic chamber with the
wooden rack used to hold the ground plane in position. The
chamnber vas constructed using 10 ca thick Eccosorb H radar
absorbing wmsaterial and had disension of 120 x 60 x 60 ca.
One side of the chamber wvas open so that the chamber could
be pushed over the vertically aounted ground plame. In

order to check the effectiveness of the chamber, the readout

27




of the @measuring equipment was observed vhile the chamber
vas placed over the ground plane and removed. Also while
the chamber's position was shifted. Interferance from
returned energy vas observed in the 2-4 GHz range with the
chamber removed. No effects from returned energy wvere

observed with the chamber in place.

Pigure 11. - Photograph of the Anechoic Chaaber

C. MEASURBREMENT SYSTEM

1. GConfiguration

28
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Impedance measurements were made using the HP-8410s
Microwvave Netwvork Analyzer and Wang 600 Prograsmable
Calculator. The results of the measurements were impedance
data in tabulated fora. Pigure 12 4is a photograph and

Figure 13 is a block diagram of the Network Analyzer.

Pigure 12. - Photograph of the Network Analyzer

29
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2. gpegation

By utilizing three different BF units in the
8P-8690B Sweep Oscillator the dosired freguency range was
covered in three steps  (2-4 GHz, 4-8 GHz, and 8~12 GHz).
The output of the oscillator was feed into the HP-8743a
Reflection/Transaission Test Set vwhere a reference signal
vas coupled off and sent to the HP-8411A Harmonic FPregquency
Converter. The remaining RF signal vas sent to the item

under test.

Fhen the test item's input iapedance differed froa
the characteristic impedance of the transaission line, part
of the BP signal vas reflected back into the test set. The
reflected signal vas coupled into the harmonic freguency
converter by use of a directiomal coupler. Both the
reference signal and the reflected signal were saapled in
the harmonic frequency converter, and the samples were seat
to the HP-8410A Netvork Analyzer HNainfranme. By coamparing
the aamplitude and phase of the reflected and reference
sasples in the netvork analyzer the reflection coefficient

(k) vas detersined and displayed on the HP-8414A Polar

N
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Display. The normalized input iipedanco (z) of the itea
under "test was calculated from the reflection coefficient
using the egquation shown below.

z= (1+k) / (1-k)

The normalized impedance vas calculated
autonaéically by taking the X and Y voltages from the polar
display, which are propo:tiongl to the real and imaginary
coaponents of the reflection coefficient, and feeding theam
into a HP-3420 nmeasurement system where the voltages were
converted into digital signals. The resulting digital
signals were sent through the Wang 635-1A Micro-Interface
and the Wang 623-6 Input/Output Buffer into the Wang 600-14
Calculator. The calculator was programmed to use the input
digital signals to calculate the normalized impedance and
store the information in memory. The normalized impedance
vas obtained for each d;si:cd frequency in the fregquency
range of interest. The list of the normalized impedances in

the calculators mesmory vas printed upon demand.

3. GCalikzation

In order to obtain accurate data froa the network




analyzer the systeam must first be calibrated using a known
load. Normal procedure is to place a short at the plane
vhere the test iteam is to be placed. This procedure results
in a reflection coefficient of magnitude one and phase angle
of -180 degrees. The systea is then adjusted to give the

proper results on the polar display.

Another namethod of calibrating the system is to use
an open at the plane vhere the test item is to be placed.
This procedure results in a reflection coefficient of
sagnitude one and phase angle of 2zero degrees. Since an
open coaxial line is not of infinite impedance but has some
ssall value of capacitamce, soame error will result froas this
procedure. Hovever, as shown below, the error resulting
from the use of an opea for calibration wvas ssall vhen
compared to the iaproveaeant in the resultiang iapedance

flots.

In orxder to get an accurate iampedance versus
fregueacy plot, a large anumber of points vas desirable. Due
to nonlinearities ia the systea the systea reguired
calibration for each frequency used, and it Lecane
ispractical to use the procedure described above. 1Instead

the ispedance of both the open test fixture and the anteana

33
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under test vere measured at each desired frequeacy and the
value of the impedance for the open test fixture was used to
correct the measured impedance of the test antemna. This
aethod of correction had the same effect as calibrating the

systea for each frequency.

Pigure 14, Pigure 15, and Pigure 16 are plots of the
aeasured magnitude and phase of the reflection coefficient
versus frequency for the open test fixture, 30 mm monopole,
and 39 am monopole respectively. The reflectiom coefficient
for the open test fixture should have a magnitude  of one
with a phase of 2zero degrees. The distortions in the
reflection coefficient are caused by reflections fros the

interfaces of the nuamerous comnecters in the systes.

In order to deterain the effects of the coannecter
required to connect the test fixture to the measuresent
equipment, a short vas placed directly on the measuring
equipment, and similar distortioans in the measured
reflection coefficient vere noted. The distortions in the
reflection coefficient for the open test fixture vere of the
sase magnitude as those for a short placed directly on the
seasuring eguipmsent, therefore, the additional connecter

required to connect the test eguipmsent added little to the

34




|
!
1




MRAGN | TUDE h

I

Figure 14. - Reflection Coefficient Versus Frequency
for the Open Test Fixture
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In Figure 15 and 16 the peaks iﬁ the magnitude
curves correspond to antiresonance, and the dips to
resonance. The curves are smooth during resonance, but
there are distortions in the curves caused by reflections
from the ccannecter interfaces during the antiresonance.
During antiresonance the antenna's reflection coefficient is
similar to that of an open. The effects of the coﬁnccto:
interfaces in this area is also similar to that of an open,
therefore, the use of an open to correct the measureaments of
the antenna canceled muck of the effects of the connecter
interfaces. This improvement in the accuracy of the
reflection coefficient is the reason the system was

calibrated using an open rather than a short.

The equations shown below were used to correct the
measured reflection coefficient of the test antennas.
k = k=k(k =-1)
c o
P = PP *p
c o 02

k = the reflection coefficient magnitude for the open
o

test fixture
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P = the reflection coefficient phase for the open test
.Q

fixture

P . = the reflection coefficient phase for the open test
o .

fixture at 2 GHz

k = the reflection coefficient magnitude of the test
antenna

p = the reflection coefficient phase of the test antenna

k = the corrected value for the reflection coefficient
c

sagnitude of the test antemna

P = the corrected value for the reflection coefficient
c

phase of the test antenna

By first calibrating the system on a short, the

distortions in k varied about one. Subtracting one froam k
o o

gave the seasured value of the erorr. Proa Pigura 15 and 16
it wvas observed that the distortion in k increased as k
increased. As shown in the equation above, a linear
relation vas assumed and gave good results. The aeasured
value of the distortion multiplied by k vas subtracted froa
k to obtain the corrected value for the magnitude of the

reflection coefficient.




The phase for an ideal open should be zero, but due
to nonlinearities and the distortions the measured value of

P vas not 2zero. The nonlinearities caused a phase shift
o

vhich vas a function of frequency, and the distortions were

a function of frequency and also of the magnitude of the
reflection coefficient. Since the exact nature of the phase
shift caused by nonlinearities was unknown, the two effects

could not be separated. Subtracting p from p did not
o
account for changes in p as.a function of k but gave good
o

results. In order to correct for the error caused by

calibrating the systea on an open, p 3 vas added to p-p .
' : o o

This procedure is not exact since the error is a function of

frequency, but it did add to the overall accuracy of the
results. Pigure 17 is a plot of the reflection coefficient
for the 30 am Bmonopole after the measurements have been
corrected using the seasurements taken of the open test
fixture. Although not all of the distortions have been

canceled, copsiderable improvement vas obtained.
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4. ASCUracY

The Saith Cha:t shows the relation betveen the
reflecticn coefficient and the normalized impedance. It is
observed that vhen the reflection coefficient is large with
zero phase then small changes in the reflection coefficient
result in large Ehangos in the normalized impedance. FProa
observing Pigure 17 it is estimated that errors in the
reflection coefficient of about 3% exist vhen the
reflection coefficient's magnitude approachs one. This
error is considered within the limitations of the equipment
used. However, the perceant error in the calculated
impedance wmay be larger due to conversion from reflection

coefficient to impedance.

It is unfortunate that the largest errors occur when
the reflecticn coefficient is large théreby increasing the
error in the calculated impedance. But this results is as
anticipated. As amentioned earlier the distortions in the
reflection coefficient are caused by reflections froa the
nuserous connecter ianterfaces. When the reflection

coefficient magnitude is ssall asost of the pover froa the




source is being radiated by the antenna and .only small
errors are noted, but wvhen the reflection coefficient
magnitude is large then the eneryy is reflected back into
the source, and additional distortion is caused by the
connecter interfaces due to the two-way travel and resonant

effects set up betwveen interfaces.
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IV. RIRERIMENTIAL RROCEDURE

d. DATA ACQUISITION

Data was acquired using the equipment described in
section 1III. Bach time the test fixture was setup the
folloving prccedure wvas used. Pirst the network analyzer
vas calibrated at 2 GHz using a short placed at the same
physical distance froam the test set as the ground plane.
Next, with the open ground plane attached, impedance
seasurements wvere taken every S0 HMHz from 2 to 12 GHz.
Since the nmeasurements taken of the open ground plane were
used to correct the antenna measureaents, the open ground
plane aeasuresents vere taken every time the systea vas
setup in order to minimize the effects caused by changes in
the setup or calibration. MHNeasureaments vere then taken of
the desired anteanas. The seasuresents vere again taken at
every 50 HHz fros 2 to 12 GHz vith frequency accuracy held

to £1 MEz.

45

A 3 e 2




B. DATA PROCESSING

The data acguired as stated above was a printed list of
the normalized impedance for each frequency step. The data
vas entered into the HP 9821 calculator vhere it vas
corrected using the equation described in section III and
then ploted on the HP 9862A plotter. Pigure 18 is a

photograph of the HP 9821A calculator and HP 9862A plottet{

Pigure 18. - Photograpg of th HP 9821A Calculator

and HP 9862A Plotter

C. ACCUBRACY
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Pigure 19 is a plot of the measured impedance versus
t:cqncnc} for a 30 aa @amonopole compared to theory. The
information for the theoretical monopole [Jordan and Balsain
1968] is for a 30 am monopole vith a height-to-radius ratio
of about 60. The test monopole also'has a height of 30 am

and a height-to-radius ratio of about 67.

#ote the distortions in the peaks of the measured
curves. These distortions are caused froam errors in thc'
measured reflectioa coefficient. #hen the reflection
coefficient is large with zero phase the resulting error in
the calculated iapedance is large. These condition occur on
the ispedaace plots whea the sagnitude of the resistance is
lacge aad the reactance is changing from positive to
negative. Pigure 20 is a polar plot of the reflection
coefficieat oa a Saith Chart. It can be clearly seen on
Pigure 20 that ia the areas of 4-5 GHz and 9-10 GHz a smal)],
change ia the reflection coefficient vill cause a large

change ia the impedance.
There is also a horiszontal shift at 9 GHz in the
seasured curves vhea cospared to the theoretical. The

source of this error is probably the result of the sethod

87
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used to calitrate the system. When a voltage is applied to
an open coaxial line iho electric field will bulge outward.
This bulging has the effect of extending the plane of
reflection, therefore, the systea vas calibrated to a plane
slightly beycnd the end of the coaxial line. The change in
the phase of the reflection coefficient with a short and
!ith an open vas measured at 2 GHz, and this value was used
to compensate for the error caused by calibrating the systea
on an open. Hovever, the error is scaevhat frequency
dependent, therefore, some error is still observable. This
error is small and does not detract from the overall shape

of the impedance curves.
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Figure 20. - Poalr Plot of the Reflection Coefficient Versus
Frequency on a Smith Chart for a Corrected 30mm Monopole
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Pollowing are a fev general comaments concerning the
impedance plots which are shown in this section. The
frequency is labeled on the horizontal axis and in all plots
ranges from 2 to 12 GHz. The vertical axis is labeled ohas,
and the scale may differ fros plot to plot. The dimeasion
of the antenna figures shown on the graphs are givea in
millimeters and have been rounded off to the nearest
integer. The exact measurements of the antennas can be
found in Pigure 7. The resistance curves are dotted 1lines
vwith each dot the result of an experimental measurement.
The reactance curves are dashed lines which vere created by
j@ininq every other pair of data points together. The ends
of each dash still are the result of an experimental

aeasureaent.

o
~

A. HONOPOLES

The impedance charateristics of several aonopoles vere




ol

measured and the results compared to that of well
established theory in order to establish the accuracy and

reliability cf the measuring equipment and procedures.

1. " 21 as Hdopopole

Pigure 21 is a plot of the measured driving point
resistance and reactance for a 21 amm amonopole. As noted
earlier errors in the measured reflection coefficient cause
noticeable distortions of the calculated impedance in the

vicinity of resistance peaks.

The guarter-vave resonaant occurs at about 3.3 GHz.
This value compares well with a theoretical monopole of the
sase dimensicns. The height-to-radius ratio is 46.7, and
vith some interpolation the theoretical value of the
resistance at the half-wave antiresonant peak should be
about 410 ohas. This value agrees vith the measured value,
and the overall shape of the curves agrees v}th the

theoretical curves.
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2. 3 am Mopopole

Pigure 22 is a plot of the input impedance for a 30 am
aonopole. A graphical comparison with a theoretical
monopole of the same dimensions was conducted in Pigure 19,
and a detailed description of the comparison is given in-
section IV. In comparing the 30 am monopole impedance
characteristic curves with those for the 21.-n aonopole, one
can easlily see the shift in the bhalf-wvave antiresonant
point and an occurance of a full-vave antiresonant point.
This shift is due to the additional height of the 30 am
sonopole. With a longer antenna a longer wavelength, lower
frequency, is required to excite the same mode. Also there
is an increase in the peak resiscance due to the increase in

the height-to-radius ratio.
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3. 39 a» Honopele

As the height of the tltonng is 1increased the
antiresonant peaks shift to the left and the height of the
peaks increase. PFigure 23 is a plot of the input ispedance
versus frequency for & 39 am sonopole. The left shift ia
the half-vave and full-vave antiresonant poiants, vhen
compared to the 30 am monopole, can be clearly seen. Also a
resistance peak corresponding (o .a one-and-a-half-vave
antiresonant point is visible. The fr.quoncios at vhich the
resonant and antiresonant points occur coapare well with the
thoor‘tical values. The errors are of <ae same magnitude as
those noted on the 30 mm monopole curves and occur for the
same reason. The height-to-radius ratio is 87. Proa the
theoretical graphs (Jordan and  Balmain 1368] this
corresponds to a resistance of about 580 ohas on the
half-vave antiresonant peak vhich compares well with the

measured value.

“-_ 48 as Hopopeole
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Pigure 24 is a plot. of the impedance versus
frequency for a 48 am monopole. s.vo;al resistance peaks
corresponding to antiresonant effects can be seen. A
cosparison of the curves with theoretical values gives

similar results as the other monopoles.
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B. CROSSED-HEONOPOLE

The results of the measurements on the monopole antennas
described above demostrated the accuracy, reliability, and
lipitations of the test equipment and procedures. The most
noted errors are the distortions of the peaks due to
reflections froa connecter interfaces. These errors liait
sose of the conclusions that can be obtained froa the
following crossed-monopole curves, but the effects are

saall.

Pigure 25 4s a plot of the imput impedance
characteristics of a crossed-smonopole Case 1 vhere two 15 ma
aras have been placed oa top of a 30 aa aonopole. As
anticipated <froam the theory of top loaded antennas, the
curves resesble those of a monopole but shifted to.tho left.
This shift to the left has the effect of making the antenna

appear taller thaa 30 aa.
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- The effective height, from an iapedance point of
vieufﬁ of the antenna varies vith frequency. At the
half-vave antiresonant point, the antenna resembles a 45 am
aonopole, and at 5.4 GHz or tho"th:oo-qna:tor vavelength
resonant point, the antenna aﬁpoa:s as a 41 am monopole.
Also for the full-vave antiresonaant freguency ,the anteana
reseables a 39.5 am monopole. This apparent shortening of
the antenna as frequency increases is due to a change in the

capacitance froa the aras to the image plane caused by the

change in the charge distribution on the aras.

!igufo S(a) shows the first-order distribution of
the charge and current on the arm at one-guarter wavelength.
At 2 GHz the 15 ma ara is about .1 vavelengths long, and the
charge distribation will be nearly uniform. At about 4.2
GHz the charge distribution wvill be as shown in Pigure 5(a),
and there will be less total charge on the arm which will
result in less capacitance .ftOI the arams to the ground
plane. As the freguency increases the total charge will
decrease since the additional charge will yo of opposite
polarity. UPigure S(b) shows the first-order charge and
curreat distributions on the ars wvhen the ara is one-half
vaveleagth long. The negative portion of the charge curve

is an excess of electroas, and the positive portion is
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exgosed positive ions. The capacitance from the aras to the

ground plane is distributed over the length of the arams, and
due to the change in the charge polarity the sum of the
distributed capacitance will be zero. The half-vave
distribution should occur at about 3.2 GHz, but the
distribution requires a charge maximum at the junction. As
seen froa measured charge and current distributions [Nc
Dovell], as the charge maximum builds up at the junction the
repelling effect of the charges on the vertical member tends
to dg¢gfrease the build-up. This effect keeps the zero-order
halffzivo distribution from occuring. The capacitance of
the aras dJdecreases as the frequency increases but does not

go to zero.

One can wmodel the resonant points of the iapedance
curves as series resonant circuits and the antiresonant
points as parallel resonant circuits. The resonant
frequency is inversely proportional to the squareroot of the
capacitance. If one assuaes that a change in the resonant
frequency is caused by a change in the capacitance, the
factor by vhich the capacitance must change is egqual to the
square of the ratio of the 0ld resonant fregquency over the
nev resonant frequency. The factor by vhich the capacitance

sust iancrease to change the resomant freguency fros that of

Sisade




a @aonopole of heigth equal to the vertical aeamber below the
cross to that of the crossed-monopole can be calculated
using the abcve relation. This factor will be an indication
of the amount of capacitance added by the aras. Since the
model of the iaput impedance characteristics by alte:naﬁing
series and parallel circuits is not exact, care aust be

taken vhen using this analysis techanique.

Por the Case 1 crossed-monopole, the factors by
which the capacitance increases are 2.36 at half-wave
antiresonance, 1.86 at three-guarter-wave resonance, and
1.73 at full-vave antiresonance. The effective capacitance
decreases as the frequency increases and corresponding to a
decrease in the effective height of the antenna. These
nuabers do not indicate all the changes vhich take place.
The exact equations required to solve for the antenna
geoaetry are extremely complex, but the capacitance factors

are useful in comparing different anjfﬁﬁas.
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2. smnﬂ:lshmcmz

The crossed-monopole Case 2 is similar to Case 1,
but the armss have been lovered 3.75 am fros the top. The
curves are shown in Pigure 26. The length of the arms plus
the vertical meamber belov the cross for Case 1 is about 1.1
tises that for Case 2. Por Case 2 the frequencies at which
the resonance and antiresonanance occurs has increased by a
factor of 1.1 vhen compared to Case 1. The results are as
anticapated since the resonance or aatiresonance of a
shorter antemna will occur at a higher £requency (shofter
vavelength) . The capacitance factors are 2.57, 2.03, and
1.87 for the half-wave, three-quarter-wave, and full-wave
resonant and antiresonant points. The effect of lowering
the arms can nov be observed in an increase in the
capacitance factors. The increase is not dié!ctly
proportional to the decrease in the height of the arams
because of the geometry o{ the structure, and the
capacitance factors are effected by the change in the charge
distributions oa the aras since they are calculated at

different £ uencies.
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3. GCrossed-lopopole Case 3

Figure 27 is a plot of the impedance charateristics
for the crossed-monopole Case 3. The arms resain 15 =m long
but wvere 1lowered 7.5 am froam the top of the 30 am vertical
aember. When compared to the Case 1 curves there is a shift
to the right of all resonant and antiresonant points about
equal to the factor by which the sum of the arm plus the
vertical @member below the cross has decreased. The
capacitance factors describedAahove contiﬁue to increase due

to the lower ara pésition.
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B 4. gcrogged-Hopopole Case &

Pigure 28 is a plot of the impedance charateristics
for the crossed-aonopole Case 4. The 15 ma arms are loc;tod
11 an from the top of the 30 am vertical aember. Some
distortion cccurs in the curves at the first antiresonant |
peak due to reflections froam connecter interfaces, and |

conversion from reflection coefficient to impedance. |

#hen the curves are compared to the previous cases
the resonant and antiresonant points continue to be shifted |
to the right due to the shorter dimension of the vertical
_member belovw the cross. The capacitance factors are 3.2,

2.19, and 1.99 for the half-vave, three-quarter-wvave, and
full-vave resonant and antiresonant points. The factors
continue to increase due to the decreased distance between

the aras and the ground plane.

~

"“‘L*—-————‘_________ﬁ_____::'é.‘. 2, 3, and § the vertical naember alove the
’ Ccross s 5 —to tle cbservable effect. Sonme effect
14
l

should be observed when a sinimum on the vertical aember's

charge distribution is located at the junction. 1In Case 2 a




cia:qe ainimum never occured at the junction. In Case 3 a
charge l;nilun occured at the junction at about 9.2 GHz or
near the full-wvave antiresonant point. When the Case 3
curves are compared to the 30 =sm monopole curves the
full-vave antiresonant occurs at about the same fregquency
and has the saae'syape. In Case 4 the charge sinimum occurs
at the ara location at about 7 GHz wvhen both the 30 nam
aonopole and Case 4 crossed-monopole have a resistance
ainisua and the reactance curve vwith a small value and

positive sloge.

70




atodouoy-passoa) # ase) aoj Aousanbaaj snsasp oouepaduy - °gZ sansr 3

VR TR N W VI T VHY SIS TN YR N N W |

%
5
..
.S

5

cs®esteeee’®

AN LD
IONGLS | S3AN

h 35HD

\

A

O T T VS W NN W WS VSw VN W W NNy WA SN UGN WY N W W W Y

23—

2k

71

$
!
i
4
!
i

.




5. Ccrossed-Mopopole Case 3

Pigure 29 1is a plot of the input impedance
cha:aétcristics for the crossed-monopole Case S. The aras
are located at the center of the vertical member, and will
cause 2a charge ainimum in the distribution on the vertical
meaber to occur at the arm location at about 4.3 GHz. Due
to the 1location of the charge minimum the curves closely
reseables a 30 maam monopole in the area of 3 to 4 GhZ, but at
5 GHz there is a laige antiresonat peak. This peak is due
to the egqual length of all three loading elements which when
coabined wvwith the 15 am vertical member below the cross

foras a high Q antiresonance at this point.

The capacit;nca factors used in analyzing the
previous cases are of little use due to the effects of the
vertical mesber above the cross. This limitation is most
noticeable in the 4 to 5 GHz range. However, the continued
shift to the right of the full-wave antiresonant point is

observable.
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6. Crossed-Hopopole Case §

Por the crossed-monopole Case 6 the structure used
in Case 4 vas inverted. This position placed the armas 9.5
sa above the ground plane. The resulting inpaut iléedance
characteristics are shown in Pigure 30. The small
antiresonant peaks at 3.5 and 10 GHz are attributed to the
vertical seaber, and occur at points vhen a minimua in the
charge distribution on the vertical member is located at the
juaction. The large peak at 6.5 GHz is due to the half-wave
antiresonance of the aras plus the vertical meaber below the
cross. The distortions of the curves in the 5.5 to 8.5 GHz
range are due to the retl;ctions caused by the connecter
interfaces as discussed earlier. The capacitance factor of
4.17 wvas calculated at the half-vave antiresonant frequeancy

of 6.4 GHz. This value shows the increase in the

capacitance dn§ to lower ara position.
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7. Crogssed-lopopole Case 7

Pigure 31 is a plot of the input ispedance
characteristics curves tq; the crossed-monopole Case 7. The
antenna vas conit:nctcd by inverting the structure used t&t
Case 3 placing the aras 6 am from the ground plane. The
resistance peaks at 3.5 and .10 GAz correspond to the
half-vave and full-wave antiresonance of the vertical member
and the large antiresonant peak at 7.6 GHz corresponds to
the bhalf-vave antiresonance of the arass pins the lower
vertical aealer. The capacitance faétor at this point is
7.41 and indicates the relatively large capacitance caused

by the short distance from the aras to the ground plane.

In Cases 1 thru 7, 15 am aras were used with a 30 ma
vertical semkter. The aras vere first placed on top of the
vertical asember and thea lov?tod in each successive case
until they wvere only 6 ax froa the ground plane. At each
resonant and aantiresonant point a capacitance factor vas
calculated. This factor is the amount by which the

capacitance of an equivalent series or parallel resonaat

circuit would have to 1iancrease in order to shift the




resonant freguency from that of a monopole with a height of
the vertical member belov the cross to that of the
crossed-aonopole. This factor decreased with incresing
fregquency due to changes in the charge distribution on the
aras and increased as the aras were lovercd.- The vertical
meaber above the cross nmay have also effected the
capacitance factor in some cases. Since the exact relation
betveen the @ittercnt paraseters effecting the capacitance
factor are unknown the effects could not be separated. Only
a gqualitative analysis could be accoamplished. Howvever, the
factors vwere useful in comparing the different cases and

vill be used in the following cases.
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8. crossed-lopopole Case §

The following seven cases differ froa the first
seven cases in that 12 aa aras are used insted of 15 an
acas. Pigure 32 shows the plots of the input impedance
characteristics for the crossed-monopole Case 8. As in Case
1 the arms are placed on top of the 30 am vertical member.
When the curves are compared to c;ée 1 (Pigﬁre 25) it can be
seen that the resonant and antiresonant points have §hitted
to the right corresponding to a shorter antenna. Also the
capacitance factors vwhich are 1.97, 1.73, and 1.59 for the
half~wave, taree-quarter-wave, and full-wvave resonaat points
respectively have decreased. ©WNote t;at the vertical scale
has been changed and the peaks in Case 8 are smaller then in
Case 1. These results are as an¥icipated since the shorter

aras vill decrease the capacitance effect and also decrease

the height-tc-radius ratio.

In Case 8 an additional antiresonant point occured
at 11.5 GHz. This antiresonant peak diad not occur in Case
1. In Case 1 the occurance of this antiresonant point would

regquire a curreant ainimum and charge wsaximum at the

79




junction. But as the charge wsaximua builds up at the
junction the repelling effect of the charges on the vertical
aeaber tends to decrease the build-up, and the naximum is
not reached. This effect was noted earlier in Case 1 vhere

the capacitance of the aramas decreased vwith increase in

frequency but never went to zero.
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9. Crossed-Hopopole Case 2

The Case 9 crossed-monopole is similar to Case 2
except the aras are shorter. The input impedance
characteristics are shown in Pigure 33. When these curves
are compared to those of Case 2 (Figure 26) one can see that
the resonant and antiresonant points have been shifted to a
higher fregquency. The capacitance factors which are 2.18,
1.84, and 1.63 for the half-wave, three-quarter-wave, and
full-vave resonant points reqpectively have decreased.
These comparisons are siailar to those obtained - when
comparing Case 8 to Case 1 and are as anticipated. When
Case 9 is compared to Case 8 it can be 3seen that the
resonant and anti:csons;t points have been shifted to the
right, and the capacitance factors have increased. This is
similar to the comparison of Case 2 to Case 1 and gives the

same results.
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10. Crossed-Mopopole Case 10

Por the Case 10 crossed-monopole the arms are 7.5 am
from the top of the vertical member. Figuer 34 shows the
resulting input impedance characteristic curves. When these
curves are ccmpared to the Case 3 (Figure 27) and Case 8
(Pigure 32) the results are the same as was obtained in the

previous two cases.

11. Crosged-Mopopole Case 11

Pigure 35 shows the plots for the input impedance
characteristics of the Case 11 crossed-monopole. When
compared to Case 4 (Pigure 28) the ;esonant and antiresonant
points have shifted to the right due to the shorter aras.
Also the capactance factors which are 2.96, 2.11, and 1.91

for the half-vave, three-quarter-vave, and full-wvave

-~ -resonant points respectively have decreased. When coampared @

to Case 8 (Pigure 32) the resonant and antiresonant points
have shifted to the right due to the decrease distance of

the arms plus the vertical member belov the cross, and the
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capacitance factors have - increased because the arms are

closer to the ground plane.

obtained earlier.

These results agree with those
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12. crogsed-onopols Case 12

Por the Case 12 crossed-monopole the 12 mm aras are
positioned in the center of t‘e vertical seaber. The input
ispedance curves are showvn in Pigure 36. The antiresonant
peak at 4 GHz is caused by the half-wave antiresonance of
the vertical meamber. The large peak at 5.5 GHz is éausad by
the bhalf-wvave antiresonance of the aras plus the vertical
member below the cross. The resaining antiresonant peak at
11.8 GHz is caused by the full-wvave antiresonance of the

aras plus the vertical meamber below the cross.

As vas ohii:vod iﬁ Cﬁse 5~(rigure 39) the effects of
the vertical meaber above the cross can.bc seen from 3 to
4.5 GHz Dbecause there wvwill be a aminimum in the charge
distribution on the vertical mesmber collocated at the
junction at 4 GHz. The curves vwere compared to Case 5 wvhere
longer aras at the sano'poiition vere used and to Case 8
vhere ara length is the same but the position is higher.
The results are the same as those obtained ian siailar

coaparisons
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For the Case 13 crossed-monopole the structure used
in Case 11 vas inverted. This position placed the arms 9.5
am above the ground plane. The resulting input impedance
curves are shown in Pigure 37; As in Case 6 (Pigure 30)
charge lininui in the charge distributions on the vertical
sember will occur at the junction at frequencies of 3.5 and
10 GEz. At these frequencies the half-wvave and full-vave
antiresonant effects of the vertical meaber can be observed.
Although the full-wave antiresonant point is nearly obscured
by the large half-vave antiresonant effect of the aras plus

the vertical aeaber below the cross.

Considerable amounts of distortion in the curves are
observable in the 6 to 9 GHz range. The source of this
distortion was discussed earlier, and it is particularly
aoticeable whea there are broad peaks in the resistance
curves due to the large nuaber of data points in the area

vhere the errors are large.

The Case 13 curves vere compared to the Case 6

prs




o g o

e —

(Pigure 30) and Case 8 (Pigure 32). . The half-wave
antiresonant point of the arms plus the vertical member
below the cross occured at a higher frequency due fo the
shorter atis vhen compared to Case 6 and due to the smaller
vertical memker below the cross vhem compared to Case 8.
The capacitance tactar at this point was 3.39 which is
ssaller than in Case 6 due to the shorter aras, but larger
than in Case 8 due to the decreased distance to the ground

plane.
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14. crogsed-fionopole Case 14

The structure used in Case 10 vas inverted to make
the structure for Case 14. The input impedance curves for
Case 14 are showa in Pigure 38. The effects of the
half-vave antiresonance of th; vertical member are observed
at 3.5_6!:. and the larger antiresonant point at 8.5 GHz is
due to the aras plus the vertical meaber below the cross.
The distortions in the curves beyond 9 GHz 1liait any
conclusions which can be drawn in this arc;. Comparisons to
other cases gives the same results as those obtained

earlier.
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15. crossed-Hionopole Case 13

In order to separate the effects of different
meabers of the crossed-amonopole, the vertical meamaber above
the cross vas reamoved from the structure used in Case 13.
The resulting impedance curves are shown in Pigure 39. When
these curves are compared to those for Case 13 (Pigure 37),
it is apparent that the small antiresonant effects at 3.5
and 10 GHz were caused by the vertical member. The larger
antirisonant point at 7 GHzZ which occurs in both cases is

due to the aras plus the vertical amember below the cross.

In Case 15 there is an appearance of two peaks in
the half-vave antiresonant peak. The second peak is
prebably caused by resonant effects on the aras. These
peaks are not observed in the case 13 curves. Although the
distortions in this area may have covered the effect, it is
believed that the effect of the vertical meamber above the

cross prevented the second peak froa occuring.
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16. crossed-lionopols Case 16

The structure used in the Case 16 crossed-monopole
is siailar to that used in Case 15 except it has only one
aca. The resulting input impedance curves are shown in
Pigure 40. 1In comparing the previous cases little was said
about the differences in the magnitudes of the different
curves since in most cases there vas only ssall changes and
these could be explaned by changes in the height-to-radius
ratio. When comparing Case 16 to Case 15 this is not true.
Por Case 15 the aaximum in the resistance curve is 900 ohas
and the half-vave antiresonance oc;n:s at 7.25 GHz which
corresponds to a asonopole of 17.12 am. Por Case 16 the
resistance at the half-vave antiresonance is 700 ohas and
occurs at a t:ggncncy corresponding to a 19.86 ma monopole
vhich is a lover peak and larger height-to-radius ratio.
The change in the magnitude of the resistance curve and the
change ia the slope of the reactance curve at antiresonance
shovs that there is a change in the Q of the antiresonance.
A change in the Q can not be accouated for by oaly a change
in the capacitaace, thoc‘ﬁotc. the capacitaance factors used

in comparing previous cases are no longer valid.
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Pigure 41(a) showvs the curreat distribution for the
Case 16 crossed-sonopole at balf-wave antiresonance. Pigure
81 (b) shows th? curreat distribution for the Case 15
crossed-monopole at the saame frequency. By cosparing the
tvo distributions one can see that due to the additionmal
cuzrent caused by the second ara in Case 15 the distribution
on the vertical meamber below the cross has shifted, and the
half-wvave antiresonant point will occur at a higher

frequency.

Pigure 41 (c) shows the curreant distribution for the
Case 16 crossed-monopole at guarter-wave resonance. Pigure
41(d) shows the current distribution for the Case 15
crossed-monopole at the same frequeacy. When the tvo
distributions are compared the additional current of the
second ara causes the quarter-vave resonance for Case 16 to
occur at a lower frequency than for Case 15. This analysis
agrees vwith the aeasured impedance <curves in the

quarter-vave resonance area.




v

(a)

(e)

77777

(d)
Figure 41. - Current Distribution for
Case 15 and Case 16 Crossed-Monopole
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17. Crossed:iionopole Case 11

Por the Case 17 crossed-monopole the 9.5 aa vertical
meaber below the cross is loaded vith three eleaents all of
different lengths. The resulting input impedance curves are
shown in Pigure 42. Cas; 6 (Pigure 30) and Case 13 (Pigure
37) have the aras at the same position with both arams 15 aa
long for Case 6 and 12 am long for Case 13. When the three
sets of curves are co-pa:od' one can see that the large
half-vave antiresomant point for Case 17 occurs betveen the
half-vave antiresonant points for Case 6 and Case 13. Also
the capacitance factor at.this point which is 4.04 for Case
17 is larcger than the 3.39 for case 13 and smaller than the

4.17 for Case 6.

The ssaller antiresoaant points at 3.5 and 10 GHz
are due to the vertical sember and are observable onm all
three sets of curves. The additional effect at .5 GHz seen
oa the case 17 curves is caused by resonance on the total

arm of length 27 aa. This effect was not seen in Case 6 or

Case 13 because it was covered by the larger antiresonant

poiats.




O I S SR oy e e e —— TN A ’ N——

o T e~ o

eTodouo)j-passoua) LI @se) a03 Aousnbaaj snsasp aouepaduy

/ ’

’ & 2 \*” /
: / \
\\\I\ : /
-
\\\ : /
\\
- -
5 “"‘- "“‘,‘ ‘\\ :
@t s a L
toot.ovo.‘..o’.
'eo0e -'ac-co (1 ;
068ees 0oy 00
®se
.
L
< .
.
.
.
..m
.

s ‘.,.
@ i

———— JADNHLOEIN
. ADONGHLS | S3N




b s . i,

18. Crossed-Honopole Case 18

Pigure 43 shovs the imput impedance characteristics
tor.thc Case 18 crossed-monopole. The crossed-monopole vas
constructed by placing a single 12 aa ara 9.5 as above the
ground plane. #hen the curves are compared to those for
Case 16 (Pigure 40) vhere the vertical mesber above the
cross has been removed it <can be seen that the
antiresonances at 3.5 and 9.5 GHz are caused by the
vertical seaber. The peak ia the resistance curve at 6.25
GEz is the half-wave antiresonance of the ara plus the
vertical seamber below the ara and occurs at the same place

in both glots.

Fhen the curves for Case 18 are compared ¢to those
for Case 13 (Pigure 37) the shift in the large antiresonmant
point due to the suamation of the current at the Jjuanction
can be seen. As discussed eariler the capacitance factors
are no longer useful due to the change in the Q, however,

the left shift in the antiresonant point for Case 18 say be

_ caused by am increase ia iaductance. The ara foras a half

loop with the vertical sesber which is canceled in the case

-
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vith tuﬁ aras but may add inductance in the case of a single
ara. Also the effects of the vertical member are more - |
noticeable due to the decreased effect of the single ara
vhen compared to the antemna with two aras.
i

i e
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Por Case 19 a single arm was placed 19 mm above the
ground plane. The resulting input impedance curves are
shovn in Pigure 44. When these curves are compared to those
of Case 11 (Pigure 35) where two arms are used, oﬁe can see
that the half-vave antiresonant point for Case 19 occurs at
a lower frequency than for Case 11 due to the effects of the
additional current at the junction caused by the second aram.
Also the peak of the resistance curve is smaller for Case

19.
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20. crossed-Houopole Sase 20

Crossed-monopole Case 20 has a single ars 7.5 as
froa the top of the 30 aa vorti;al meaber. Pigure 45 shows
the input impedance characteristics for Tase 20. As vas
seen for Case 19, wvhen compared to a structure with two aras
at the same position (Case 10, Pigure 34) the hait—uave
antiresonant point occu:s»at a higher frequency and has a

smaller sagnitude.

When Case 20 is éonpa:cd to Case 19 (Pigure 44)
vhich has l' single ara at a lower position the circuit
models used earlier can again be employed. The resonant and
antiresonant points for Case I§ occur at a higher frequency,
and the capacitance tacto:s.vhich are 3.04, 2.22, and 2.09

for the half-vave, three-quarter-vave, and full-wave points

are lacger than the 2.58, 1.94, and 1.82 for Case 20.
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VI. GQHRARISQN QF EXRERIMENZIAL RESOLIS HITH NUMERICAL

The Antennas-Scatterers Analysis Progras (ASAP) (Hc
Cormack, 1976] vas used to generate input impedance curves
for a 30 an lonépolo and a Case 13 crossed-monopole. The
ASAP prograa uses the method of moments [ Harrington 1968]
vith piecevise-sinusoidal bases function applied |using
Galerkin's nmethod. The program was developed by modifying
the Obio sState University Antennas-Scatterers Analysis

Prograa.

The prograam has no means of automatically scanning a
frequency range. Bach iampedance point required recycling
the prograa and a separate data card for each fregquency.
The impedance points vere calculated for every 200 MHz froa

2 to 12 GAz. The resulting data vas entered in the HP 9821

A calculator and then ploted on the HP 9862 A plotter.

A. HONOPOLE
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I" Pigure 46 is the plot of the calculated input ispedance
for a 30 am monopole obtained using the ASAP p:og:al.' The
frequencies of the resonant and antiresonant points agrees
vith those of the nmeasured curves and the theoretical
curves. Howvever, the lnéuitudo of the curves lofc ‘closely
resesbles that of a monopole with height-to-radius ratio of

L 80 rather than the actual height-to-radius ratio of 60. The

| E cause of this error is unknown. The limit of the radius to

vavelength ratio for the prograa vas exceeded abovc 6.6 GHz

and the data above this frequency say be in error.
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B. CROSSED-MONOPOLE

Pigure 47 is a plot of the calculated impedance for a
c:osscd-lonopoli with the same dimension as those for the
Case 13 crouaod-lonopol; usoq above. When the curves are
coapared to those obtained experimentally (Pigure 37) the
first antiresonant point at 3.75 GHz occurs at the same
frequency and has the same magnitude on both sets of curves.
This peak is due to the half-vave antiresonance of the

vertical aseaber.

The large antiresonant point in the center of the curves
is due to the bhalf-vave antiresonance of the aras plus the
vertical aeaber below the cross. In the computer curves
this point occurs at about 6.2 GHz vhile the measured curves
shov the point at 7 GHz. At this antiresonant frequeacy
there vill be a charge saximum at the 3Jjunction. The
cosputer prograa bhas no ptoQi:Loni to account for charge
accuaelation at the junction, and this error is probably the
reason for the difference 1n tho tvo sets of curves. The
full-vave aatiresonant point of the vertical meadber is also

aot observable on the coamputer curves. This difference
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. saybe due to the violation of the radius-to-vavelength
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VII. CONCLUSION

The additon of a cross at the top of a monopole alters
the input iapedance characteristics to that of a taller
monopole.” Lovering the cross decreased the effective height
of the antenna. Shortening the armas also decreased the
effective bheight. The apparent increase in the height of
the monopole due to the cross vas found to be a function of
frequency due to the change in the charge distribution on
the aras. #hen a crossed-sonopole vwith one ara vas compared
to a‘ crossed-aonopole with tvo aras it vas found that the
additiosal ara iacreased the effective height at
quarter—-vave resoanance but decreased the effective height at
half-vave aatiresonance. This effect is caused by a phase
shift 4ia the curreant distribution oa the lower vertical

aesber duwe to the additional current of the secoad ara.

By the use of tt;(l.lc! scaling the data givea in this
repott can be applied to crossed-ascaopole anteanas of
vacrious sises. A predefined iaput impedance characteristic
say also be approxisated by the proper placeseat of aras of
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: The results of the numerical analysis shows errors in
B the iampedance curves because charge accumulation at the
Juaction was not accounted for.. Also, due to the thin wire

approxisation used in the program the accuracy of the

: results at high radius-to-wavelength is limited. i
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