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ABSTRACT

Work on the design, fabrication and testing of three broadband antennas is
described. The antenna types are: 1) high-gain constant beamwidth, 2) omni-
directional, and 3) loaded conical helix.

During this reporting period, an experimental study has been conducted to
determine techniques by which a parabolic reflector may be broadbanded such that a
constant beamwidth secondary major lobe can be achieved. Three reflector surfaces
have been considered which are: 1) a solid reflector, 2) a doily structure, and 3) a
wire grid structure. The results of this study have suggested that the doily configu-
ration best satisfies the requirements of the technical guidelines of the contract.
Although the present doily structure exhibits a constant beamwidth (beamwidth vari-
ation of less than 2:1) for a frequency band of 8.3:1, the results suggest that a
10:1 frequency band could be achieved. From this study, it has been found that the
holes placed in the reflector should be distributed in a random fashion, so as to be
non-symmetrically located.” Typical pattern data for the doily reflector is presented
along with tabulated data for the wire grid and solid structure. To satisfy the
requirements of the contract, a doily reflector and necessary supporting structure
have been packaged with the ridged horn for shipment to the Fort Monmouth facilities
for further evaluation.

A bird cage antenna has been designed, fabricated and tested to satisfy the
requirements of the broadband omnidirectional antenna task of the technical guide-
lines. Both VSWR and pattern data have been obtained for this antenna and are
presented as a part of this report. The antenna exhibits good omnidirectional
patterns across the frequency range of 100-1000 MHz and the VSWR character-
istics are less than 3:1 for the same frequency range. In addition to the data
presented for the bird cage antenna, a discussion of trap antenna concepts is included
along with additional results of the coupling study that is being carried on to better
understand the coupling characteristics of the manipole antenna.

One of the primary objectives of this research activity has been the design of a
conical helix antenna covering the frequency range from 50 MHz to 1.1 GHz, with
a 2:1 size reduction over conventional unloaded designs. A design has been
produced and a prototype based upon this design has been built; this design and a
description of the prototype are included in this report. Data on the experimental
test of this prototype including a comparison with specifications are also included.
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Although the weight of the prototype is considerably in excess of that specified, some
size reduction has been accomplished. The electrical characteristics involving
radiation pattern measurements have been satisfactorily ascertained except for the
extreme low end of the frequency range where radiation pattern measurements are
subject to a considerable experimental error. This last difficulty is not a short-
coming of the prototype, but rather the usual difficulty in radiation pattern work at
the frequencies involved.
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FOREWORD

This report was prepared by The University of Michigan Radiation Laboratory
of the Department of Electrical Engineering under United States Army Electronics
Command Contract No. DA 28-043 AMC-01263(E). The contract was initiated under
United States Army Project No. 5A0-21101-A902-01-08, 'Broadband Antenna Tech-
niques Study. ' The work was administered under the direction of the Electronics
Warfare Laboratory, Supporting Developments Technical Area at Fort Monmouth,
New Jersey. Mr. Anthony DiGiacomo is the Project Manager and Mr. George Haber
is the Contract Monitor.

The material reported herein represents the results of the preliminary investi-
gation into techniques applicable to the design and development of broadband antennas.

The authors wish to acknowledge the contributions of Professor C. T. Tai for
his work on the omnidirectional antenna, and to J. Burch, P. Eng. T. Lewis,
A. Loudon, K. Jagdmann and U. E. Gilreath for their contributions in obtaining
much of the data presented in this report.
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INTRODIUCTION

This contract is divided into three tasks: 1) broadband constant beamwidth high-
gain antenna, 2) omnidirectional broadband antenna, and 3) broadband loaded conical
helix.

Under Task 1, a high-gain antenna is to be developed that covers the frequency
range 1 -10 GHz. The beamwidth is to vary less than 2:1 such that a relatively
constant gain of 20 db above an isotropic source is achieved with a VSWR less than
3:1 with respect to a 50 ohm load. The investigation is to include a theoretical and
experimental study of broadband, constant beamwidth, high-gain antennas. Elec-
tronic switching, electromechanical or mechanical motion to effect the constant beam-
width characteristics of the antenna are not to be considered. As a result, the
constant beamwidth characteristics must be achieved employing antenna beam
shaping techniques.

Under Task 2, a broadband omnidirectional antenna of the monopole or dipole
configuration is to be developed which will be operational over the frequency range
of 100 MHz to 1 GHz having a VSWR of less than 3:1 with respect to a 50 ohm load.
It is desired that the configuration be as thin as possible and its overall length
comparable to that of a half-wave dipole at the low end of the frequency band (100
MHz). The maximum diameter of the configuration is to be less than 20 inches.

The objective of Task 3 was to design a circularly polarized antenna for
operation in the frequency region from 50 MHz to 1.1 GHz with a 2:1 reduction in
size and having a maximum weight of 20 Ibs. In order to accomplish the reduction
in size, use was made of L-2 loading consisting of Flexible Hi-K6 material supplied
by Emerson-Cuming. The final prototype antenna is classed as a loaded conical
helix. Rather than a circular cone, a square based pyramidal helix was formed.

Details on the electrical performance, including the VSWR, gain, and beamwidths
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over the specified range of frequency are included in this report. AnAnzac broad-
band hybrid is used to couple this antenna to a 50 ohm coaxial line. The design of
the prototype antenna was based upon a series of experiments involving loaded and
unloaded helical and log conical antennas. These underlying experiments were
important in establishing the active region of a loaded conical helix with a given
type of loading at a specific frequency. Results on the underlying experiments are

also included in this report.
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BROADBAND HIGH GAIN CONISITANT BEAMWIDTH ANTENNA

A broadband high gain antenna is being developed to satisfy the following
requirements: 1) it is to operate in the frequency range of 1:10 GHz, 2) it is to have
a constant gain of approximately 20 db above an isotropic source, 3) half-power
beamwidth variation is to be less than 2:1, 4) the VSWR is to be less than 3:1 with
respect to 50 ohms, and 5) the antenna is to be capable of receiving any component
of linear polarization.

During the period covered by this report, an experimental study has been
conducted to determine the electrical characteristics of several secondary reflector
surfaces. The reflector surfaces considered during this reporting period were:

1) a solid asymmetrical pa;rabolic reflector, 2) a solid asymmetrical parabolic
reflector with non-uniformly spaced holes of random diameters, and 3) a wire grid

structure mounted on a fiberglass supporting structure.

2.1 Primary Feed
The electrical characteristics of the primary feed (ridged horn) were presented

in the Third QuarterlyReport (Ferris, et al 1965) and will not be discussed further at
this time. During the study of the secondary reflector, it was learned that it would
be desirable for the horn to have a longer throat and a larger aperture. The longer
throat is required to minimize phase errors inherent in the aperture field distribu-
tion because of the curving of the ridges in the aperture region and the larger
aperture would help to more adequately illuminate the reflector. Some consideration
should be given to the desirability of including a corrugated surface in the interior
of the horn to minimize side lobes in the E-plane (Peters, et al 1965).

The power handling capabilities of this horn have been estimated from an

expression derived by Hopfer (1955) and found to be 2. 08 kilowatts in the center of
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the ridge, assuming breakdown occurs at the center of the ridges. However, since
the ridges have sharp corners, the power handling capability will be reduced.
Hopfer has also developed an expression for the edge effects and using this expres-

sion the power handling capacity of the horn is 80 watts.

2.2 Asymmetrical Reflector

Each of the reflecting surfaces consdiered during this reporting period was
fabricated from fiberglass using the mold described in the Second Quarterly Report
(Ferris, et al 1965). Therefore, each has the same F/ D ratio and idential
parabolic surfaces. All pattern data has been collected following the coordinate
system of Fig. 2-1. All gain measurements were made employing the substitution
technique, i.e. the pattern maximum of the constant beamwidth antenna was

compared to the pattern maximum of a standard gain horn antenna.

2.2.1 Solid reflector

The data for the solid reflector is summarized in Table II-1 and presented
graphically in Figs. 2-2 through 2-4. This data differs slightly from that reported
in the Third Quarterly because of the narrower half power beamwidths observed at
10 GHz. Upon checking, it was found that the broader patterns were due to the
use of a supporting wood structure that extended into the aperture region of the
reflector. The present data has been obtained having the reflector supported from
the back. To confirm the effects of the wood structure in the aperture, pattern data
have been retaken employing the earlier configuration.

A major portion of the experimental study has been confined to obtaining data
for the 6 =900 plane and rotating the antenna in the ¢ plane. Beam steering for
this plane has been negligible. Data recorded in the ¢ = 00 plane have been
recorded at several frequencies in the 1 - 10 GHz band to determine the pattern

characteristics in this plane. The above data was collected with the antenna
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FIG. 2-1: ASYMMETRICAL PARABOLIC REFLECTOR
SPHERICAL COORDINATE SYSTEM
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TABLE II-1
PARABOLA No. 3 (SILVER PAINT)

f 3db B.W. SLL Gain of
Reflector
1.0 17.0 21 18.1
1.5 11.0 25 22.3
2.0 8.0 28.4 25.4
2.2 8.0 >23 —
2.5 7.0 >24 26. 7
3.0 7.0 >29 27.8
3.9 5.5 >29 28.3
4,0 5.5 >29 28.9
5.3 5.0 ~33 27.8
5.9 4.5 24 25.8
6.95 4.5 15.7 30. 3
8.2 5.0 26 26.6
9.12 5.0 31.6 27.9
10.0 4.0 33.0 29. 7




3 db Beamwidth

THE UNIVERSITY OF MICHIGAN
7260-1-T

25

20 b—

3
Yl  Doily Reflector
2.5—
@—@——@ Wire Grid Reflector
9 @————@=——=f) Silver Painted Reflector
1.5

Lo L]

1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0 7.0 8.090 100
Frequency GHz

FIG. 2-2: 3db H-PLANE BEAMWIDTH VS. FREQUENCY (6=900)




THE UNIVERSITY OF MICHIGAN
7260-1-T

40 —

S 30 f—

O)

2

o

8

o

A 20

o

<

2

2 Nemmmmmhpummnmend, Doily Reflector

<

E 10— Oo=————gm————=® Wire Grid Reflector

3

O OaPummme) Silver Painted Reflector
o L L]

1 1.5 2.0 3.0 40 6.0 8.0 10.0

FIG. 2-3: H-PLANE GAIN REFERRED TO AN ISOTROPE (6=90°)




THE UNIVERSITY OF MICHIGAN
7260-1-T

..30 SR
S
~
()
>
O
H o 90
()]
8
o)
T
wn
-10 b—

1.0 1.5 2.0 3.0 40 6.0 8.0 10.0

FIG. 2-4: H-PLANE SIDE LOBE LEVEL VS, FREQUENCY (6=90°)




THE UNIVERSITY OF MICHIGAN
7260-1-T

polarized in the E(6) direction. A small amount of data has been collected for E(f)
polarization to determine the polarization characteristics of the reflector. In
general the patterns for Ef and E6 polarization were of a poorer quality in )
variable and 6 variable planes respectively. The cause for this deterioration in
both cases was assumed to be due to the high side lobes of the ridged horn in the
E-plane.

To ensure that the reflector was properly oriented with respect to the focal
point, a special test fixture was designed and employed when attaching the reflector
to the test stand. To aid in the use of the test fixture, markers were laid out on the
surfaces of the reflector mold. The marker locations were determined analytically
and were accurately known with respect to the focal point of the reflector. In this
way, it was possible to pésition the reflector so that phase errors at the aperture of
the reflector were minimized.

In general the data collected from the solid parabolic reflector exhibited a
constant beamwidth over a frequency range of 5:1 with a variation of less than 2:1.
The cause for the limited bandwidth was felt to be due to the relatively broad beam-
widths of the primary feed as noted in the Third Quarterly Report. To minimize the
effects of these broad beams and the high side lobes associated with the E-plane at
the higher frequencies, some form of frequency sensitivity loading was necessary in
the secondary reflector. Two techniques considered were the use of holes and a
wire grid structure.

2.2.2 Doily reflector

The second asymmetrically fed parabolic reflector after being fabricated and
coated with a silver conductive paint was perforated with many holes. The purpose
of these holes was to cause the effective aperture of the secondary reflector to vary
in proportion to the wavelength such that a broader beam could be achieved at the

higher frequencies and also to minimize the effects of the side lobes of the feed.

10
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The design criteria for the constant beamwidth reflector has been to determine
the physical parameter of the reflector to produce half power beamwidths in the
neighborhood of 189 at all frequencies from 1-1- GHz. Table II-2 lists the effec-
tive solid reflector sizes to achieve this design goal at several discrete frequencies
in the above band. To effect a reflector surface whose area varies with frequency,
six rings of holes were symmetrically located about the central portion of the
reflector. The holes varied in diameter from 1 to 5 inches with the smaller holes
being located near the central portion of the reflector and the larger holes at the
outer edge. The smaller holes were placed in the center as this area is to be
sensitive at the highest frequency of interest. For the lower frequencies and the
outer areas of the reflector, the holes were made larger for a larger effective solid

surface with the arrangement indicated in Table II-2.

TABLE II-2

CALCULATION OF PRIMARY REFLECTOR SURFACE AND
HOLE SIZE FOR DOILY (fo/f = 1.4)

Freq. Reflector Diameter A a=radius of hole
(GHz) for 180 3db Beamwidth ° X,
" 3.41
10.0 5.0" 1.2n No Holes
7.0 7.25" IR 0.50"
5.0 10.0" 2.4" 0. 70"
3.57 14.0" 3. 3" 0.97"
2.55 20.0" 4,6" 1.35"
1.82 27.5" 6.5" 1.90"
1.3 38.0" 9.0" 2. 64"

11
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Initial patterns of the reflector with the holes symmetrically located about the
center were not acceptable. For example, at the higher frequencies, the main
beam had a null at the pattern maximum and many high side lobes. Later it was
noted that the symmetrically located holes were separated by a number of symme-
trically located rings of solid reflector. These rings were assumed to function as
electrically large loops having uninterrupted currents flowing around them. The
pattern characteristics of electrically large loops exhibit a lobing structure
similar to that noted surrounding the main lobe region of the secondary reflector.
Therefore, it was concluded that to reduce the side lobes, it would be necessary to
break up the currents flowing around the electrically large loops. To do this,
additional holes of various sizes were placed in the reflector in a non-symmetrical
manner. Additional hole;:‘, were placed in the reflector and as the number was
increased, the patterns gradually improved such that the main lobe broadened and
the side lobe level was reduced. Data for the final configuration (Fig. 2-5) is shown
in Table II-3 and Figs. 2-2 through 2-4. Because of the lacy appearance of the
final reflector configuration the title "doily'" reflector was selected for the antenna.

During this portion of the experimental study, the antenna was positioned as
shown in the coordinate system of Fig. 2-1 and pattern data collected for the
following set of conditions: 6=90°, § variable and E6 polarization. In the latter
portion of the study some changes were made as will be noted later in the report.
Typical patterns are shown in Figs. 2-6 - 2-15.

The doily exhibits approximately an 8.3:1 (3. 06 octives) bandwidth over which
the beamwidth variation is less than 2:1, i.e. it has a 13 1/2 degree half power
beamwidth at 1.2 GHz and a 7 degree half power beamwidth at 10 GHz. Note that
it came with 200 MHz of having a 10:1 bandwidth. The gain of the antenna was
measured at several frequencies within the 10:1 (3. 33 octives) band and results are

shown in Table II-3.
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TABLE II-3

PARABOLA No. 1 (WITH HOLES)

f 3db B.W. SLL Gain
1.0 16.5 22.0 15.5
1.5 11.5 20.4 18.0
2.0 9.5 18.8 19.8
2.2 8.0 18.6 -
2.5 8.0 — 19.5
3.0 7.0 21.0 21.0
3.9 7.0 19.4 20.7
4.0 7.0 20.0 21.5
5.3 6.9 15.0 20.6
2.9 8.0 13.0 20.9
6.95 8.0 10.5 21.3
8.2 7.0 14.1 20.1
9.12 8.0 13.4 18.5

10.0 7.0 13.2 19.1

- 13"

FIG. 2-5A: FINAL CONFIGURATICN OF DOILY ANTENNA
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FIG. 2-5B
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As may be expected because of the holes, the efficiency of the reflector is
reduced at the lower frequencies. However, this is not felt to be a severe limitation
since the objective has been to effect a constant beamwidth design over a 10:1
frequency band. It was also observed that the side and back lobes were slightly
higher than the 15 db design goal.

With the doily antenna in its final configuration and positioned as shown in Fig.
2-1 patterns were recorded at 10 GHz for the following conditions: 1) 8=90°, ¢
variable and E{ polarization, 2) $=0°, 6 variable and E polarization, and 3) §=00°,
6 variable and Eff polarization. In general the data for the antenna employing E6
and E@ polarization in the 6 variable and (} variable planes respectively was found to
exhibit lower side lobes than observed for patterns of the solid reflector. This
further confirmed the hypo:chesis that placing holes in the reflector would minimize
contributors from the side lobes of the primary feed to the far field of the secondary
reflector. Typical patterns for these conditions are shown in Figs. 2-16 and 2-17,
The side lobes noted at 6=0° of Fig. 2-17 are caused by radiation through the holes
of the secondary reflector. A preliminary study to determine the possibility of
reducing these side lobes through the use of absorbing material was conducted. The
results of this study showed that the side lobes could be reduced, however, an
insufficient amount of data has been obtained to warrant placing absorber on reflector
at this time.

Data was obtained only for a frequency of 10 GHz since a previous study with a
solid reflector showed that it was most sensitive to physical changes at this
frequency.

Results of the present study have demonstrated the feasibility of developing a
linearly polarized antenna to function over a 10:1 frequency band having a beamwidth

variation of less than 2:1, However, some reservations are held as to the possibility
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of developing a circularly polarized constant beamwidth antenna, because of the
constant beamwidth characteristics associated with conventional circularly polarized
feed configurations, e.g. planar and log conical spirals.

2.2.3 Wire grid reflector

The wire grid reflector is shown in Fig. 2-18. The wire grid was attached to a
fiberglass surface having the desired contour. The wire used for the structure is a
No. 22 bus wire and was uniformly spaced 0. 6 inches on the parabolic surface. The
central portion of the fiberglass was silver painted to provide an area approximately
o inches by 15 inches. The philosophy in the design of this reflector was that the
central portion would be the only active portion at the higher frequencies (10 GHz)
and the wire grid would function as a frequency sensitive surface. The grid surface
was to be transparent at 10 GHz and as the frequency was decreased the surface
would tend to have an increasing reflection coefficient. The reflection character-
istics of the structure was expected to vary similar to that shown in the theoretical
curve of Fig. 2—19, (Ref. Ferris, et al '65b). Pattern data recorded for the grid
structure were discouraging since they were similar to those collected for the solid
reflector noted in the above section. It was conjectured at this point that the fiber-
glass backing material (1/8 inch thick) had a high reflection coefficient such that it
was contributing significantly to the far field radiation pattern. To further confirm
this, patterns were obtained from a fiberglass parabolic contour (not metallized) and
the data obtained substantiated the above assumption. Because of the reflection
properties of the fiberglass structure, it was felt that further experimentation of the
wire grid structure should be discontinued in favor of further evaluating the doily
reflector. Data obtained with the wire grid reflector has been tabulated and the

results are shown in Table II-4 and Figs. 2-2 - 2-4,
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FIG. 2-18: WIRE GRID REFLECTOR
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TABLE [I-4

PARABOLA No. 2 (WIRE GRID)

f 3db B.W. SL L Gain
1.0 15.5 22.1 19.3
1.5 10.5 21.4 22.5
2.0 7.8 19.0 24.8
2.2 8.0 21.4 —
2.5 7.0 19.9 -
3.0 5.8 17.8 —
3.5 5.5 15.4 -
4.0 5.3 12.6 -
5.3 5.5 10.5 -
5.9 6.0 9.8 217. 3
6.95 5.5 8.0 24.0
8.2 7.0 9.2 22.4
9.12 6.5 10.4 22.0
10.0 5.0 14. 7 23.6
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BROADBAND OMNIDI;I;)CTIONAL ANTENNA

Design goals for the omnidirectional antenna are: 1) a 10:1 frequency band
(100-1000MHz), 2) gain is to be 1.5 db above an isotropic source over the above
frequency range, 3) VSWR is to be less than 3:1 with respect to a 50 ohm load for
the above frequency range, and 4) the maximum diameter of the antenna is not to
exceed 20 inches. During this reporting period, a major portion of the effort has
been spent on the design, fabrication and testing of the deliverable omnidirectional
antenna. A small effort obtaining experimental data for the trap antennas and
mutual coupling study has been continued. Patterns for the omnidirectional antennas
were obtained with the antenna positioned in the coordinate system as shown in

Fig. 3-1.

3.1 Double Cone Antenna

A larger version of the double cone (bird cage) antenna reported in the Third
Quarterly has been fabricated and tested over the frequency range of 100-1000 MHz.,
The VSWR exhibited by this antenna is less than 3:1 over the above frequency range
(see Fig. 3-2). It is to be noted that the impedance characteristics of the antenna
were sensitive to the presence of personnel in the 100-250 MHz frequency range.
The cause for this sensitive nature of the antenna is felt to be due to currents flowing
on the feed line to the antenna. The presence of the currents flowing on the lead-in
are due to the electrically small size of the ground plane (conic section having a 90°
included angle and a maximum base diameter of 20 inches) employed with the bird
cage element. While making the impedance measurements the antenna was located
on a platform six feet above the ground such that the operator could set directly
beneath the antenna (in the null of the far-field radiation pattern) to make impedance

measurements. In this way the operator was not in the high intensity region of the
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antenna and variations noted, while making impedance measurements, were
assumed to be caused by induced currents on the feed line to the antenna.

Because of the currents flowing on the lead-in the patterns of the antenna in the
100-250 MHz frequency range were sensitive to the positioning of the feed cable. It
is felt that if the antenna is measured in the presence of vehicles or other metalic
obstructions, the patterns will be further distorted. To avoid these errors care was
taken, when recording patterns, to orient the lead-in normal to the incident field
illuminating the antenna. Typical patterns for the bird cage are shown in Figs. 3-3
through 3-12. These patterns generally exhibit good coverage in the 6 = 90° plane.
Patterns 3-13 through 3-18 illustrate the omnidirectivity characteristics of the
antenna in the frequency range of 500-1000 MHz. H-plane patterns in the 100-400
MHz range were not recorded because of the limitations of the antenna range
configuration employed. There is no question however, but that these patterns
would show good omnidirectivity.

The noise in the omnidirectional patterns is due to electrical interference from
the near by airport. To obtain patterns in the 100-400 MHz range, a special
antenna range was employed. This is a ground reflection range that is arranged so
that both direct and reflected energy (from the earth) illuminating the test antenna
add in phase at the test antenna. A further discussion of this range configuration is
available in an article by Cohn and Maltese (1961). Because of the physical
parameters of the University of Michigan range only horizontal polarization
measurements can be made.

Presently there is no good theoretical explanation of the electrical character-
istics of the bird cage antenna. However, the following hypothesis has been
suggested. In the low frequency range (100-500 MHz) the antenna functions as a fat
monopole with radiation from the full length of the bird cage element which is fed

against the small conic ground plane. Because the conic ground plane is small,
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unwanted currents are induced on the transmission line feeding the antenna. These
unwanted currents are most appreciable in the 100-250 MHz range and can possibly
be minimized through the use of a larger ground plane. At frequencies above 500
MHz, the region between the lower half of the bird cage and the conic ground plane
tends to be most active and here the antenna functions in a biconical fashion.

To ensure maximum radiation in the 6=90° plane several ground plane con-
figurations were investigated and reported in the Third Quarterly (Ferris etal, 1965).
From that study, it was concluded that the 900 conic ground plane would provide
optimum impedance and pattern characteristics.

The mechanical configuration of the basic bird cage was felt to be inadequate
for field use, therefore, additional support was added for mechanically strength.
The added support consisted of a block of polyfoam contoured to fit snugly around the
antenna. The antenna and its foam support structure are shown in Fig. 3-19. The
complete antenna including the 459 conical ground plane and encasing material
occupy a cylindrical space 38 12'" tall by 24" in diameter. The pattern and
impedance data shown previously were obtained with the antenna encased in the

polyfoam block as shown in the above figure.

3.2 Trap Antennas

A model of a new trap antenna configuration is shown in Fig. 3-20. Because of
the limited time available during this interim, only impedance data has been collected
for this antenna.

The basic element is a broadband fat monopole designed to operate from 500-
1000 MHz. Since the monopole is 3" in diameter and approximately 3" tall, it
should operate well over a 2:1 frequency range. To optimize impedance data from
the element a conic section was employed at the base of the element whose included
angle was 90°. The fat monopole has a hollow center such that axially symmetric

tubes may be added as shown in Fig. 3-21.
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FIG. 3-19A: BIRD CAGE ANTENNA AND CONICAL GROUND PLANE

o3




TOF MICHIGAN

71260~Yi~

THE UNIVERS

TINLONYILS LY0ddNs
NI ILNHNHOVTId ODONIMOHS HIANVTId ANNO¥D ANV IDVDO daydld

-d6T-€ DIdA

54




FIG. 3-19C: BIRD CAGE AND

THE UNIVERSITY OF MICHIGAN
7260-1-T

GROUND PLANE IN SUPPORT STRUCTURE

55



THE UNIVERSITY OF MICHIGAN
7260-1-T

FIG. 3-20: SLEEVE TRAP MONOPOLE
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The VSWR of the fat monopole less the axially symmetric tubes was measured
over the frequency range of 500-1000 MHz and was less than 3:1. To this basic
element three additional elements were added, one at a time. Their lengths varied
such that they were X /4 long at 500, 200 and 125 MHz. Employing the basic
element and the 500 MHz tube, a VSWR of less than 3:1 for a 4:1 frequency
band was observed. To this combination a third element (being X /4 long at 200
MHz) was added but the bandwidth was reduced due to the high VSWR at approxi-
mately 400 MHz. This was assumed to be caused by the third element (X /4 at
200 MHz) since it was approximately A /2 long at 400 MHz. To minimize the
effects of the third element, a fourth element (A /4 long at 125 MHz) was added.
With the four elements the VSWR was again less than 3:1 for a 4:1 frequency
band; typical data are shown in Fig. 3-22. To determine the maximum usuable
frequency range (impedance characteristic) the VSWR characteristic of the four
element configuration was measured from 50-2000 MHz and the results are
shown in Fig. 3-23. It is interesting to note that from 250-2100 MHz, the antenna
exhibits a VSWR of less than 3:1. However, this data is incomplete and will
require further study as the 3rd and 4th element did not significantly improve the
VSWR at the lower frequencies. Pattern data has been recorded in the frequency of
100-500 MHz with axial symmetric tubes mounted over a circular (4 foot diameter)
ground plane and these are shown in Figs. 3-24 —3-28. Due to a shortage of stand-
ard 40 db pattern paper these patterns appear on 50 db paper. All data is
collected on the 40 log db setting on the recorder.

3.3 Mutual Coupling Study

The mutual coupling study was initiated in an effort to solve resonance problems
associated with the manipole antenna. The resonances which have been discussed in

previous Quarterly Reports showed up as high VSWR's in the low end of the

58



THE UNIVERSITY OF MICHIGAN
7260-1-T

Ommm—g———=g Slceve Trap Monopole Base Only

| W, S]ceve Trap Monopole and 1 Sleeve

2 .3 .4 5 .8 T .8 .9 .10
Frequency GHz

FIG. 3-22A: VSWR OF SLEEVE TRAP ANTENNA AS
A FUNCTION OF ELEMENTS

99



ol

THE UNIVERSITY OF MICHIGAN
7260-1-T

Oee@eeef) Sleeve Trap Monopole and 2 Sleeves

G umeen® Sleeve Trap Monopole and 3 Sleeves

Data not consistant in this region

FIG. 3-22B: VSWR OF SLEEVE TRAP ANTENNA AS
A FUNCTION OF ELEMENTS

60



VSWR

THE UNIVERSIT%

7260-1-T

Data not consistant in this region

S I AN NN NN M A S EN R

.2 4 .6 .8 1.0 1.2 1.4 1.6 18 2.0 2.2
Frequency GHz

FIG. 3-23: VSWR OF SLEEVE TRAP ANTENNA AND THREE SLEEVES

OF MICHIGAN —

61



THE UNIVERSITY OF MICHIGAN
7260-1-T

FIG. 3-24: E-PLANE POLARIZATION FOR
SLEEVE TRAP ANTENNA AT 100 MHz
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FIG, 3-25: E-PLANE POLARIZATION FOR
SLEEVE TRAP ANTENNA AT 200 MHz
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frequency band. The recent investigation has been directed towards improving the
experimental setup. Initially, impedance data was collected for a X /4 monopole
mounted over a 4 foot diameter circular ground plane from 1.6-4. 0 GHz. This
data, although within 10 per cent of previous experimental and theoretical work,
(Brown, et al 1945) was not felt to be in sufficiently close agreement. Therefore, a
large ground plane has been obtained and a new monopole configuration is being
fabricated. The new ground plane is a 72'" circular flat surface such that it will be
approximately 9 wavelengths in diameter at the lowest frequency of interest

(1.6 GHz). It has been shown (op. cit.) that consideration must also be given to the
terminal point of the antenna to ensure that the transfer of impedance through the
connector at the base of the antenna is optimum. Previously a modified UG-30/U
double female connector was employed at the base of the monopole as the feed
through. This connector had been modified so that it fit flush into the ground plane
and the monoploe was then inserted into the female center conductor of the connector.
Several problems were experienced in using this configuration, e.g. the transferring
of impedance through this connector was a serious problem since the connector is
made up of two dielectric spacers and a thin rubber disc. Because of the problems
that have been encountered with the UG-30 / U connector, a new connector configu-
ration is being obtained. A pair of these connectors, Omni Spectra Model 21011,
will be employed to further simplify and improve the data accuracy. One of these
will be used with the ground plane to hold the antenna, and the second will be used
for obtaining short circuit data. In this way, it will not be necessary to collect data
at one point of the transmission line and transfer it through the connector to the base

of the monopole.
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LOADED LOG CIXNICAL ANTENNA

Many methods and techniques of reducing the size of conical helix antennas were
examined during the period of this contract. Some proved to be practical under
limited applications and others that look feasible were not completely explored due to
a lack of time. Although the specifications of the contract were not completely met
by the prototype, refinement of the techniques to be developed under future effort
give promise of a prototype meeting all of the electrical specifications and some
further Weight reduction. Dielectric and ferrite loading are both practical and
feasible if the added weight of these materials can be accepted; a volume reduction
approaching 36 per cent has been achieved for the prototype using a combination of
dielectric material and resistive loading. The use of metal loading techniques,
including metal foil layers, cores and rings looks very promising. Composites of
foil and dielectric as well as lumped capacitors and ferrite toroids also show
promise. Unwanted side effects that these techniques produce must be studied and
suppressed before they become useful. Some progress was made in suppression of
these undesirable side effects. A concerted effort was made to study the conical
helix antenna mathematically and predict correct behavior.

The prototype was a compromise design. To bring down the weight to a
reasonable level, some of the electrical performance was sacrificed. A conical
helix that met completely all of the electrical specifications could be fabricated by

using more dielectric but it would weigh over 250 pounds.

4.1 Design of Prototype Structure

Figure 4.1 is a picture of the prototype antenna fully assembled and ready for
operation. Figure 4.2 shows the antenna disassembled and read for storage. The
blocks of material indicated in the picture are pieces of an artificial dielectric

produced by Emerson and Cuming, Inc. and fabricated by this laboratory into the
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shapes shown. When the antenna is assembled, the dielectric blocks fit into the
bottom of the antenna as indicated in Fig. 4-1. Across the back of the antenna is a
resistor network that aids the dielectric in reducing the lower frequency of operation
of the antenna from 98 to 85 MHz. The experiments that led to the design of the
shape of the dielectric loading and the use of resistors connected across the back are
described in later sections of this report. However, the mechanical design of the
antenna, the fabrication of the dielectric blocks, the design of the balun transformer,
and the electrical specifications for the unloaded antenna are covered in this section.

There are difficulties in constructing a log conical helix antenna that is collaps-
ible yet rugged. A structure which is inflatable, like a balloon, could be fabricated
but would be subject to deformation by strong enough winds without structural
support. The contract monitor ruled out inflatable construction. Other light
collapsible structures would necessarily have to be segmented and have struts or
ribs. This would force the cross sections of cuts due to planes perpendicular to the
antenna axis to be polygonal. Thus a log polygonal helix would be the logical result.
Tang and McClelland (June 1962) have done work on log polygonal spiral antennas; a
family of antennas similar to the log polygonal helix, which are of interest to this
prototype. This reference shows a technique of projecting log conical spiral antennas
onto inscribed pyramids which produces antennas with characteristics almost
identical to the generating antenna developed on a circular cone.

John Dyson (May 1965) gives an excellent series of design charts for log conical
spiral antennas, which are log conical helix antennas that have the conductors scaled
with frequency. His design curves were used for designing the generating log conical
antenna. Scale model antennas covered later in the report, confirmed the validity of
the procedure for designing a square pyramidal helix antenna based on the circum-

scribed log conical (circular) antenna.
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Table IV-1 gives the physical dimensions of both the upper and lower levels of
the truncated square pyramidal structure. The weight of the structure is about

14.5 pounds not loaded and about 80 pounds loaded.

TABLE IV-1
DIMENSIONS OF THE PROTOTYPE ANTENNA

Description Bottom Top

(in.) (in.)

Radius of the circumscribed circle 28.4 0. 86
Side of square 40.2 1.21
Distance - base to vertex 78. 2.36
Distance - side to vertex 80.4 2.43
Distance - circle to vertex 83. 2.51

The antenna withoqut dielectric loading was designed to operate from 100 to
1100 MHz . The prototype antenna has a cone angle of 400 instead of 450 as
originally planned. The results of the far field patterns on the scale models 221
and 223, described later, indicate that the range of half power beamwidths would
have been excessive with a cone angle of 45°. The switch to a cone angle of 400
should not affect the average beamwidth, but it should reduce the variation in the
beamwidth about the average. If the variation is still excessive, reducing the cone
angle further will correct the problem.

As reported earlier, the wrap angle is 859, This gives the greatest uniformity
among patterns of different frequencies.

The structure of the antenna is designed so that: 1) no member of compression
will buckle, and 2) the tensile stress in any shear plane will not exceed the tensile
strength under conditions of severe wind loading. The maximum loading occurs if
the antenna offers its maximum cross section to the wind. To simplify the static
analysis the resulting force was assumed to be borne solely by the member under

consideration. No safety factor was used.
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On this basis, the structure designed should break in a 25 mph wind at -60° F if
the surface of the structure is entirely covered with a backing plane of dielectric
loading material. Catastrophic failure would occur at the higher wind velocity if the
temperature were warmer or if the plane of the antenna windings were not supported
throughout by loading or backing (Jasik 1961). Actually, the structure would not fail
unless the wind greatly exceeded 25 mph since the assumed force distribution in the
structure is quite conservative. It is thought that wind velocity of 50, or possibly
75 mph would not damage the structure. It is interesting to note that even at 25 mph,
the forces caused by wind loading exceed those caused by the weight of any practical
dielectric core by two orders of magnitude. The effect of ice loading on the design
was not considered.

All material used in the structure, except for bolts, nuts and cable clamps, is
NEMA grade G-10 phenolite laminated plastic. The corresponding military grade is
MIL-P-18177. The material is an epoxy fiberglass cloth laminate. The material
has excellent mechanical and electrical properties. Its tensile and elastic properties
are about the same wrought magnesium alloy except it is less ductile. The specific
gravity of 1.84 makes it twice as heavy as other phenolite laminates, but its strength
to weight ratio is far superior. G-10 has a dielectric constant of about 4.5 and a
dissipation factor of approximately 0.01. Its dielectric strength is the same as most
common insulators.

The weight of the structure alone is about 14 1/2 Ibs. Since standard tube stock
is 36", most tubes indicated in the plans are composed of several standard length
tubes connected together by butt and intermediate lap joints. The intermediate
inside sleeves are short sections of G-10 pipe (which is the next size smaller).

Mechanical drawings for the structure of the antenna are in Figs. 4-3 to 4-10.
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Fig. 4-3 shows a top view of the antenna frame. As indicated by the drawing,
the top of the structure is a pyramid constructed out of 1/16" thick G-10 sheet.

This section of the antenna covers the frequency range from about 500 to 1100 MHz.
This very rigid structure at the high frequencies was chosen because alignment of
the wiring is very critical at higher frequencies due to the short wavelength.

The tip section of the antenna is wound with No. 16 enameled copper wire to
reduce the weight of the antenna. The part of the antenna that is collapsible is
wound with phosphor-bronze wire. The wire material was recommended by the
sponsor because of its low work hardening properties.

Fig. 4-4 shows a section of the structure indicated in the previous figure.
Notice that this shows some of the detail of the connection of the structure. Fig. 4-5
is an enlarged view of the tip of the Section A-A.

Figs. 4-6 through 4-10 show details of the hinges. The nylon cable clamps used
to make the hinge shown in Fig. 4-6 are connected to the tubing with small nylon
bolts and nuts. There aren't necessary, but they prevent the clamps from sliding
around the tubes. Figs. 4-7 and 4-8 show what is essentially a simple hinge used to
connect the ribs to the rigid tip section of the structure. The extra pieces of sheet
stock indicated in Fig. 4-7 are merely to connect the hinge to the tip section.

Fig. 4-9 shows the bottom view of the carriage. This assembly slides up and
down the center pole much like an umbrella. However, instead of having a spring
operated clip at both the open and closed position, there is a 3 /8'" nylon bolt that
holds the carriage in place at each position.

Fig. 4-10 shows a section of the carriage taken on a plane containing the center
pole. Note that the ends of the struts are rounded so that they will pivot freely when
the carriage is moved up and down. Note also that the bottom plate perpendicular to

the center pole does not cover the compartment containing the rib. This is

74



THE UNIVERSITY OF MICHIGAN

- -

7260-1-T

>

/\' 1.21" on Side

AN -

ANZED |

40, 1"

FIG. 4-3: ANTENNA FRAME (TOP VIEW) (1'"=1")

75




THE UNIVERSITY OF MICHIGAN
7260-1-T

1n 1 n
22 I.D. x 16

G-10 Tubing

dn 1
18 I.D. X 16

G-10 Tubing

83.5"

75.5"

Center Rib
Pole

j_n _l_"
176 LD. x 3¢

G-10 Tubing

/Detail A | Detail B
AT ™

(= F =

N %/ [0/ strut
l< 29 gn CEpEH

L]

57 3H

FIG. 4-4: SECTION A-A (1" =11

76



THE UNIVERSITY OF MICHIGAN

7260-1-T

400

2. 5n

500

0.857"

% " thick G-10 Sheet

/ fe— 3.5" —

Drill

25 1
64

FIG. 4-5: TIP OF SECTION A-A

7T




THE UNIVERSITY OF MICHIGAN
7260-1-T

(IZIS JTIVH ‘MAIA LNOHJI)
dId OL LAYLS HIMOT J0 NOILDOANNOOD -V TIVLAd :9-%¥ DI

ZW\P o o J.¢\—

1
mnig _ qry
|
\ _ e

R Y
+
dure[p o1qep UOIAN .2/ 1 7 /N

N ‘xoy SuoldN 0z - ¥/1 pue 3jog
ouIYORI UOTAN PBOH 'X9H .2/T X 02- ¥/ durerp a1qen
UOTAN ¥ /5 T

78




THE UNIVERSITY OF MICHIGAN —

7260-1-T
—=  e—0.5"
T - : - :1[: <
—\esk s —1
N\ i //
. | | _?. %ﬂ 7.25"
N
0.75"
<—31—=  3/8"D Hole
0.25"_,“_(_ /D
1.5" e - -'l+r e
_i_WL~_L____J L--d—J\ 0,25"

| 1

! | *
1250 |, ™o . 4
14.4

FIG. 4-7: UPPER HINGE

79



———— THE UNIVERSITY OF MICHIGAN
7260-1-T

~30Q_

l_3_HD

-« 15/8" ——»]

1

0.25 I il

%

FIG. 4-8: RIB - STRUT CONNECTING ROD (FULL SIZE)

80



THE UNIVERSITY OF MICHIGAN

7260-1-T

MITA WOLLOH - 9 TIVLIAA :6-% DIA

-

___....ﬂ — — ——
S aad
81

|
|
-1
--r
4
-
-d
|
|
|
|
'/
2
\
NV
|
|
|
-
-
-+
-4
|
M

\
Lol “ _/\\T(A(l Ly
[ |
N
1 k-9
R . T i 8 il I SN XoH
N B POPTOI UOTAN "D °d 9T~ 8/¢ omy
y 1 pu® poy POpPBaIYL UOIAN D ‘d 9T1- 8/¢
_

XoH UOTAN POPIOIN 9T- 8/¢ OM], pue
poY popeaayl, woldN 'O 'd 91~ 8/¢




THE UNIVERSITY OF MICHIGAN

7260-1-T

©

i

= —~

<H—— N —
~~

— \ x

i A

N L]

™ e

~~

(22}

i

Y

VA AR AR SR LR AR A A A L S L L S S L S A ARV A AR A A

G-10 Tubing 31/2" Lon

22l

//////////

1 8
AV W W . W N S S . N

s
I . WA V. N W W U W . VA VR . W Y. . N W W . W W S W . W W W, W WL W . V. W .

TllﬂiﬂllL
ﬁ?ﬁv

//
\\

1

—_—d1 4

fffffff I . . W . W W ¥

I V. W W W W, WA W W W W

S e T e~

A W W, W W . W W W V. W WA, W, WA V. Wi WD W, W V. S W W . . S S W

22222 222272

W a a— a— /|

y A ——— 4

O

6"

A

v Ay v S a— = ———-

FIG. 4-10: SECTION B-B

82



THE UNIVERSITY OF MICHIGAN
‘ 7260-1-T

deliberately done so that the rib and carriage will clear each other when the antenna
is collapsed.

The loading material used is Emerson and Cuming's Eccofoam Flexible Hi-K,
which is an artificial dielectric composed of foam and aluminum powder. The
material has a dielectric constant of 6, which is the largest available. The material
is relatively light (18 1bs/ft3) but not as light as the 5 Ibs /ft3 advertised. The
dielectric material is somewhat difficult to work with. At room temperature, the
material is not very elastic. Stresses placed on the material usually result in
permanent deformations. However, small deformations will usually work them-
selves out over a period of several days. Fresh from the factory, the material is
tacky and sticks to objects readily. After aging, though, the stickiness disappears.
However, the annoying propérty of the material remains; it sheds aluminum powder
over everything it contacts.

Machining the material is difficult, but can be done readily with a little practice.
The manufacturer suggests immersing the material in liquid nitrogen before
machining. The bath freezes the material solid. However, this technique has
several drawbacks. First the machinist must wear special gloves to protect his
hands from frostbite. Of course the danger is always present that he will catch the
gloves in the machine. Secondly, the heat generated by the friction of cutting causes
the material to melt locally. The tool usually binds before large cuts can be made.
Consequently, work must be interrupted frequently to refreeze the material.
Fortunately for shallow straight line cuts (up to 1'") the material can be cut with a
very sharp knife or razor blade provided light pressure is used. The prototype
dielectric was cut using the latter technique.

The material comes from the manufacturer in 1" x12'" x 12" blocks. These

must be cut and bonded together to form the correct loading shape as is shown in
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Fig. 4-11. This block is really composed of four blocks which were those shown
earlier in the picture of the disassembled antenna. Figure 4-12 shows the dimen-
sions of one of these blocks and how it is composed of five 1" layers of the
dielectric. Figure 4-13 shows how each of the five layers is composed of standard
pieces that have been precut to the correct shape. Figs. 4-14 a, b, and c indicate
how the 15 pieces of dielectric necessary for each block are cut to make up the
layers. The use of an assembled block gives the dielectric a nice smooth surface
next to the wires so that there is no gap between the wires and the dielectric. This
permits the maximum effect of the loading. Even a small spacing can reduce the
size reduction properties of the dielectric noticably.

The individual layers of dielectric are glued together with epoxy adhesive. The
layers, in turn, are fasténed on top of one another with the same epoxy compound,
but with a thin layer of fiberglass cloth in between. This adds rigidity to the struc-
ture, which, after all, is a sponge-like material. The whole block is wrapped in
thin fiberglass cloth and coated with epoxy. This also makes the structure more
rigid, but more importantly, it protects the dielectric from minor abrasion, small
impact loads, and minor stresses. With careful handling the dielectric should hold
up satisfactorily. However, if the dielectric blocks suffer severe physical abuse,
they could break or be distorted out of shape. This would greatly impair antenna
operation below 100 MHz,

Although not indicated in the drawings, the dielectric blocks are held in place by
the ribs, four butterfly clasps, and 1/ 4" straps which are connected across the face
of the pyramid. The butterfly clasps, which are similar to wing nuts, are located at
the corners of the base. The pictures in Appendix A, used for assembly instructions,
show these in more detail.

Earlier mention was made of a resistance network across the back of the

antenna. This network connects the ends of the bifilar winding at the base. As the
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ASSEMBLY DRAWING

FIG. 4-11: PROTOTYPE DIELECTRIC LOADING
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experiments, which are discussed later show, these resistors absorb some energy
that cannot radiate in the mode that gives axial radiation because of the nature of the
dielectric-air interface. Because only a small proportion of the antenna (on a basis
of frequency) is filled with dielectric (other than air), this excess energy cannot
radiate in the backfire direction. However, if it is reflected off the ends of the wire
at the base, it will radiate in a backfire mode as it moves towards the tip. This
secondary radiation causes a high backlobe.

The resistor network terminates the antenna in what has been experimentally
determined to be its characteristic impedance. This prevents the reflection and the
consequent secondary radiation. However, if one resistor is used, one can easily
show that at about 80 MHz, the wire across the back of the antenna is a resonant
dipole antenna. This has .been experimentally verified. The reason for using 22,
100 ohm resistors in series is that the wire is broken up into many small dipoles,
none of which are resonant below 100 MHz, and each of which terminates more
nearly in a conjugate match impedance. If the resultant distribution of the resistance
were not done, the resonant dipoles would resonate strongly causing a high backlobe
and other undesirable pattern characteristics.

The antenna is center fed at the apex through an Anzac broadband hybrid. An
alternative choice of a balun and impedance matching device that can be used is the
microstrip device illustrated in Fig. 4-15. The balun is very easy to fabricate.
G-10 is used as the dielectric because its high relative permitivity (about 4 compared|
to other materials which are around 2) permits a reduction in the overall length of
the device. A price is paid for this reduced length, however. Much narrower strips
of metal must be used to obtain a given impedance. As a result, the output of the
device is limited to about 70 ohms instead of 130 to 160 ohms, which is the measured

input impedance of antenna 223, a scale model antenna descirbed later.
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A balun built out of 1/8'" thick material could have an output impedance closer to
150 ohms without having an output conductor too small for soldering. Unfortunately,
such material is not very popular because its greater thickness permits high radi-
ation losses at microwave frequencies. Procuring it in large enough sheets is
impossible without a long delivery time. Published sets of impedance curves (Dukes
1958) are very useful in designing such baluns and impedance transformers. The
transition section, however, must be at least one half wavelength at the lowest
frequency in operation. This is a rule of thumb usually used.

The balun is the same width as the inner diameter of the center pole of the
antenna structure and can be fastened inside of it.

4.1.1 Test Results on Prototype Antenna

The tests of the loaded log conical prototype antenna emphasized the low
frequencies since the high frequencies were transmitted by the more conventional,
unloaded portion of the antenna. Due to the time available, only the most crucial
measurements could be made.

The antenna was designed for unloaded operation down to 100 MHz based on
curves and formulas from the literature. Starting from this given sized antenna, the
electrical performance may be measured and compared to typical data and to the
contract's design goals. Throughout, it is understood that "loaded prototype' or
"prototype'' means with both loading and resistor termination in place; the "unloaded"
means with no loading or termination. All antenna patterns are in linear power.
The figures referred to are in Appendix C

Figs. C-1 through C-19 show the final antenna patterns taken, while Figs. C-20
through C-28 summarize the data taken. The antenna patterns in Figs. C-1 through
C-19 are self explanatory. Note particularly that the patterns of the loaded antenna

for 40 and 50 MHz (Figs.Cl and 2) are much better than that of the unloaded antenna,
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Fig. C-10. It is felt that the patterns would hold well below 40 MHz. The high
frequency patterns have distortions, partly due to construction errors, which can be
corrected, and partly due to range problems, since it was necessary to use a new
measurement range that had not been completely optimized.

Figs. C-20 and C-21 show that the antenna meets the 90° half-power beamwidth
requirements. Figs. C-22 and C-23 show that the backlobe goal of -8 db minimum .
was met above 90 MHz, but went to -4 db at 50 MHz. However, the backlobe level
of the loaded antenna is much better than the 0.5 db for the unloaded antenna. This
is the most significant improvement due to loading. The beam tilt is less than 5°
except at 70 and 350 MHz, whereas the unloaded antenna shows 8. 5° tilt at 50 MHz,
as shown in Figs. C-24 and C-25. The axial ratio was not measured in the final
configuration, but preliminary measurements showed better than 3 db axial ratios.
The directivity and gain are shown in Fig. C-26. In the 300 MHz region, the loading
does not affect the active zone and, in fact, was removed for this frequency range for
ease of measurement. The difference of 2.5 db between directivity and gain in the
100 - 300 MHz range corresponds to insertion loss due mostly to the hybrid and the
feed cable. The added losses at low frequency are associated with an unexpectedly
large amount of the current traveling through the active region and being absorbed in
the terminating resistor. This is probably due to an insufficient length of loaded
region allowed for radiation. The near field measurements predicted a severe
problem in shortening the length dimension, in that several humps in the near field
amplitude appeared. The total active region length did not scale down like the
diameter did. This gain measurement appears to confirm this difficulty in reducing
length. Figs. C-27 and C-28 show impedances measured at the input connector to
the antenna. The average VSWR is below the 3:1 goal. The mismatch is probably
due to the fact that the Anzac balun does not have an optimum input impedance;

better tapered matches could easily be made.

94



THE UNIVERSITY OF MICHIGAN
7260-1-T

The gain measurements indicate that efficiency (gain/directivity) dropped off
rapidly, below 70 - 80 MHz, to levels unacceptable according to the contract specifi-
cations. Nevertheless, the importance of efficiency depends upon the frequency
band. At high frequencies, thermal noise predominates in receivers, and antenna
efficiency must be high to obtain sufficient signal noise. At low frequencies,
however, sky and ignition noise predominate, meaning that antenna efficiency is
relatively unimportant, since both signal and noise are diminished by antenna losses.
Jasik (1961, pgs. 25-33) shows that general city ignition noise (when it exists near
by) is 30 db above thermal noise at 50 MHz; thus antenna losses of 20 db or so could
be simply compensated for by 20 db of amplification without increased noise. Even
cosmic noise is about equal to thermal noise at this frequency. Much more important]
is "noise' due to other unwanted competing signals such as the problem of isolating
two signals of the same frequency in a direction finder system. Here directivity is
all important and efficiency is unimportant at any reasonably low frequency. In
situations such as the above, the prototype antenna, in spite of its losses, may be
very useful because of its fairly good low frequency directivity (see, for example,

40 MHz). Whether the major loading effect upon directivity, as these frequencies,
is from the dielectric or the resistors is unknown.

Since the contract specifications emphasize both gain and pattern backlobe as
criteria, a reduction of the lowest operating frequency from 98 MHz unloaded
to 85 MHz loaded has been adopted.

The difference between experiments with € = 10 powder and € = 6 foam
dielectric appears greater than theory would indicate, which may imply a dielectric
constant for the foam lower than assumed and advertized. This dielectric constant

will be measured.
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4.2 Size Reduction With Isotropic Materials

The most proven method of size reduction at the beginning of the study was
through the use of material loading. From previous studies (Lyon, et al 1964,
Shestopalov, 1961), the technique had already been proved experimentally with some
theoretical substantiation. During the progress of the work year, therefore, most
of the effort was concentrated on this technique. Since conical helix antennas have
a well defined "active region' from which radiation emanates, a theoretical
explanation of this region may be obtained from consideration of a circular
cylindrical helix of the same diameter as this active region. The cylindrical helix
has an additional advantage that it has a narrower frequency band than a conical
helix, and this shows more clearly the shift of central operating frequency due to
loading. The basic studies of the circular cylindrical helix are therefore given first.
The next section describes scale model studies of a log-pyramidal antenna.

4.2.1 Basic studies

4,.2.1.1 Heuristic explanation

Radiation of a conical helix antenna occurs when the circumference of the
antenna is slightly less than a wavelength. The velocity of the current along the
wire has been shown theoretically and experimentally to be about the speed of light.
Therefore the phasing of the wires along the direction up the slant side of the antenna
lags such that backfire radiation occurs. When loading material is present, the
phase velocity of the current along the wire decreases, causing a smaller circum-
ference to be one wavelength. This smaller circumference then becomes the active
region, phased for backward fire radiation. A reduction in antenna diameter is thus

achieved. Approximate formulas (Appendix B) indicate a lineal reduction of

1,y
Y]
e+l

in diametral size using inside layers.
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The reduction of the axial length of the antenna is quite a different matter. The
axial length of the antenna must, of course, be much larger than the axial length of
the active region. This active axial length is determined by the rate of radiation of
the currents. Experiments indicate that this active region length appears to change
with the addition of loading (see paragraph 4.2.2.1); however, other peaks in the
near field occur indicating incomplete radiation in this first, reduced active region.
Theory has not yet provided a confirmation of the axial length of the active region.
In the prototype antenna delivered, a 2:1 reduction in total axial length is used.
The splitting of the active region into subregions was minimized by use of a partial
loading only in the low frequency region.

4.2.1.2 Helix experiments

Basic helix experimeﬁts were performed to test the effectiveness of the material
loading using layers of various thicknesses. These experiments also served to check
the formulas from mathematical models for loading with various values of u and €.
The helix test antennas are specified in Table IV-2. The basic helices were all
wound on three epoxy-fiberglass tubes, .04'" thick, and fed by infinite baluns
using the RG cable shown in the table, stripped of the outer insulation. The balsa
wood cores, used to retain layers of the loading material, act like air, with a small
dielectric constant. The fiberglass shells also do not seriously effect the radiation
due to thinness and a fairly low dielectric constant. The effects of these two
materials are shown in Fig. 4-16; only the balsa wood pattern at 300 MHz, far away
from resonance, shows a large difference from the air case.

The patterns, when the helices were loaded, are shown in Figs. 4-17 - 4-20 for
two different materials and several different layer thicknesses. The patterns are
presented in normalized form; thus absolute amplitudes are not shown. Absolute

amplitudes, when analyzed separately, turned out to be a very important indicator
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TABLE IV-2

SPECIFICATIONS OF HELIX TEST ANTENNAS

213
Bifilar
4, 15"
10"
58-U

6.5

6. 60
(1.5"

I. D. Number
214 215 217 218

Monofilar Monofilar Bifilar Bifilar
4,13" 3.85" 4, 65" 2.1+
1o" 14.5" 16" 15"
1/8"cu. tube  * 58-U 174-U
7.0 5 9.5 20

7 13° 70 6. 50
' 3" (1.8") (.75")

T strand, 14-gauge copper antenna wire

231
Bifilar
I
g
174-U

20

6. 60
(.4"
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900 MHz

400 MHz

Unloaded Helix
- — — - Balsa Wood Core

— — Fiberglass Tube Inside
Against Helix,

300 MHz

FIG. 4-16: EFFECTS OF BALSA WOOD AND EPOXY-FIBERGLASS
ON HELIX ANTENNA, NO. 214, H-PLANE
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800 MHz
unloaded ——— 18" layer —:—'—1/4" layer

FIG. 4-17' HELIX WITH DIELECTRIC LOADING Plots of E2,
Dielectric €=10. Helix Diameter = 4. 5"; Antenna No. 217
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550 MHz

700 MHz
7
/
/
[
\
\
N
900 MHz
800 MHz
e ynloaded ——— 1/4" layer —.—. full core

FIG. 4-18: HELIX WITH THICK LAYER FERRITE LOADING
Linear plots of EF. Ferrite u=2.2, e3.8, Helix
Diameter = 4. 5", Antenna No. 217.
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400 MHz

620 MHz
750 MHz 800 MHz
900 MHz
== unloaded = ——— 5" interior layer —.—. full core load

FIG. 4-19: HELIX WITH THICK LAYER FERRITE LOADING

Plot of E% Ferriteu =2. 2, € = 3.8, Helix Diameter = 4" . Antenna
No. 213.
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000 MHz

600 MHz 650 MHz

700 MHz

750 MHz

800 MHz
~—unloaded ———-1/16" layer —:-—-— 18" layer.

FIG. 4-20: HELIX WITH THIN LAYER FERRITE LOADING
Linear plots of E% Ferriteu = 2.2, €= 3.8, Helix
Diameter = 4.5" I Antenna No. 217
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of helix performance. Far field antenna patterns were fairly insensitive to frequency
changes, and thus were only poor indicators of the "best' helix operating frequency
needed to evaluate loading effects.

Several tentative conclusions may be drawn from antenna patterns and current
probe amplitude data, to be reviewed later in the log-pyramid studies.

1) The dielectric (€ = 10) was about as effective as the ferrite in

lowering the operating frequency for a given size. Rather thin layers

of dielectric (0.012x, 0.25", 1/18 radius) operated well below

400 MHz, similar to ferrite layers of .012A .

2) A reduction factor of approximately 0. 74 in diametral size

resulted from thin layers (.012x) of powdered dielectric loading.
Further reduction with thicker layers of dielectric can be expected both
theoretically and experimentally from examining the ferrite data for
thick layers. Material for thicker layers was not available during these
experiments, but was used in the later log-pyramid studies. Ferrite

layers 0.02X or greater act essentially as full core loading.

One of the concepts developing out of the rotating dipole equivalent of a helix
operating in the 1A mode was that a dielectric core might be more effective when
confined to the center of the helix rather than close to the helix windings. It was
hoped that, by keeping the dielectric core in the center only, capacitance between
wires on the same side of the helix might be eliminated, thus eliminating additional
series capacitance of the equivalent transmission line. The core of dielectric in the
center, nevertheless, would provide the shunt capacitance in the equivalent trans-
mission line representation that would assure a slow wave operation. Fig. 4-21
shows the near field of helix No. 217 (4. 5" diameter) when loaded with a 3'" dielectric

core of K-10 material (Emerson and Cuming, Inc., high dielectric powder, € =10).
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It can be seen that these near fields indicate a center frequency of 700 MHz as in
the unloaded helix case. The 800 MHz near field is substantially worse than it was
in the unloaded case. The plot indicates that no substantial effect on the helix
operation was noticable when a 3" diameter core of high dielectric powder was
inserted in the center of the helix, and indicates that less effect is obtained from
inserting the dielectric in the center of the helix than from inserting it close to the
windings, since earlier experiments had shown substantial shift of frequency when
layers of dielectric were used close to the windings.

4.2.2 Log Pyramidal Helix Studies

Scale models of the proposed prototype (designated Antenna No. 221 and 223)
were built to investigate tapered bifilar helices with various loadings. Both antennas
have a cone angle (20) of 45° and a wrap angle (@) of 85°. Both are bifilar
wound but 221 is fed with an infinite balun of RG-58 coaxial cable without the outer
insulation while 223 is center fed at the tip by a hybrid. Antenna 223 uses No. 16
enameled copper wire as its conductor. Antenna 221 covers the spectrum from
500 to 900 MHz and 223 covers 500-3000 MHz. A truncated square pyramid
formed of 1/16'" thick fiberglass epoxy laminate sheeting supports the windings of
221. Antenna 223, however, is wound on the inside of a square pyramid of 1"
styrofoam sheets. This unusual construction gives two advantages; 1) the support of
the windings produces almost no loading effect on the antenna, and 2) test loadings of
dielectric may be placed next to the windings to produce the maximum reduction of
operating frequency. The specifications of these antennas are shown in Table IV-3.

In order to fully understand the operation of these antennas both with and without
loading, near field measurements are very valuable. These measurements show the
active radiation zone clearly, and thus are sensitive to loading. They will be

discussed before the far field results to promote understanding of loading effects.
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TABLE IV-3

SPECIFICATIONS OF CONICAL-HELIX ANTENNAS

ID Number
Dimension 221 223
Base, Side 9. 47" 9.47"
Apex, Side 1.56" 47
Height 13. 44" 15.38"
Apex (cone) Angle 459 459
Pitch Angle | 850 859
Turns 8.5 14.75
Outer Conductor 58-U No. 20 Enamel

Coated Wire

Feed Infinite Wideband
Balun Hybrid

Nominal Frequency Range, 200-900 500-3000

Unloaded MHz

Note: Loadings available on either 221 or 223:
L1 - Triangular Cross Section, 0.5 radius at the base
tapering to zero with an inside surface parallel to the axis.

L2 - Same as L1, but 0.25 radius

L2 - Modified, constant 0.25 radius from base for 5'",
then tapering to zero with inside surface parallel to axis.
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4.2.2.1 Basic Near-Field Studies

4.2.2.1.1 Probing equipment

The preliminary measurement method used for the near field pattern for helical
and log-conical antennas was similar to that of other workers (Dyson, 1965, Patton,
1963). Measurements were made with surface current measurement facilities at
Hangar 2, Willow Run Laboratory. The facilities involve an anechoic chamber, a
magnetic probe with its carriage system, and a receiver-recorder system. The
block diagram of the set-up for the near field amplitude measurement is shown in
Fig. 4-22. The details of the anechoic chamber are described fully in the literature
(Knott, 1965). The picture of the facility, Fig. 4-23, shows the probe assembly
hanging from ceiling. The probe carriage above the ceiling is shown in Fig. 4-24.

The shielded vertical loop probe was used throughout the measurement. It has
a diameter of 0.131", and is made from coax line 0.084 cm OD, 21 cm long. The
highest frequency used in the measurement was 1600 MHz; thus the pickup error
due to E-field is assumed very small (Whiteside, 1962).

The near field phase shift was measured with the set up shown in Fig. 4-25. The
attenuator and phase shifter were adjusted to obtain a null on the CRO display; the
phase angle was then read from the dial setting of a precision phase shifter. The
slotted line was provided for a wider range of measurement.

Since the size of the loop becomes very small relative to the wavelength at
lower frequencies, the probe efficiency (also signal-to-noise ration) becomes small.
This has made it necessary to change the probe position, (relative to the wavelength)
by moving the probe toward the antenna surface in the lower frequency range. The
x-y recorder used a time base while the probe was driven by a d-c¢ motor along the
axial direction of the antenna. The probe carriage system runs at fairly constant
speed, but since it is not regulated nor synchronized to the x-y recorder a small
drift can be noted during the measurements. This causes a little inaccuracy in the

amplitude plot.
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{— Anechoic Chambe;:
l Antenna |
Signal l
Generator > i l
|
e :
Probe
(I P _
Y
R
11
Tuner
 J
Relative High Gain CRO
Ar?é)kl)itude - Receiver > Display

x-y Recorder

FIG. 4-22: BLOCK DIAGRAM FOR NEAR FIELD AMPLITUDE

MEASUREMENTS.
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FIG. 4-23: ANTENNA NO. 223 WITH MAGNETIC PROBE ABOVE THE
SURFACE; SHOWN IN ANECHOIC CHAMBER
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PROBE CARRIAGE SYSTEM ON TOP OF ANECHOIC CHAMGER

FIG. 4-24
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| Anechoic Chamber
|
Signal : Antenna
Generator > I
Coaxial : _—~
Coupler | « ~ "\ Probe
v - ___
Y
Attenuator 11
* Tuner
Phase
Shifter
Slotted
Line Hybrid <
High Gain
Receiver

Null

Display

FIG. 4-25: BLOCK DIAGRAM FOR NEAR FIELD PHASE MEASUREMENTS,
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In the phase measurement, the probe was placed very close (X /70) to the
conductor of the antenna (No. 221). Withing the active region the probe pickup was
strong enough to easily provide a null in CRO display, but toward the truncated
base the pickup signal becomes so weak that the measurement is very difficult; thus
the accuracy drops considerably.

4.2.2.1.2 The Probe Position

In order to obtain a meaningful near field amplitude plot, various probe positions
were attempted. Figures 4-26 and 4-27 show the effects of the probe position on the
shape of the near field amplitude plot for 500 MHz and 900 MHz respectively.
When the probe is very close to the conductor, it responds to the amplitude of the
current transmitted through the conductor; thus, the amplitude increases sharply
whenever the probe passes by the conductor which is quite apparent in Fig. 4-26
when the nearest point of the probe is placed a distance of X /180 above the con-
ductor. The average amplitude of the current stays fairly constant until radiation
takes place, i.e., the radiation region is where the maximum rate of decrease of
the current occurs. As the probe is moved farther from the antenna, the amplitude
becomes smooth and the peak seems to move a little toward the base. It is observed
that when the probe is placed X /5 ~ X /20 above the antenna, the peak of the near
field amplitude corresponds very closely to the place where maximum rate of decay
of the current occurs. Therefore, this range of probe position has been used
throughout later measurements. The optimum position of the probe depends on the
frequency, type, and physical size of the antenna. Based on the above observation,
the place where peak occurs has been considered to be the center of the radiation
region, i.e. the active region. The width of the active region is defined to be the
width between 3db points before and after the peak occurs. The active region

shifts according to frequency.
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4.2.2.1.3 The Effect of the Dielectric Loading

The near field amplitude of an unloaded log pyramidal antenna (No. 223) is
shown in Fig. 4-28 for three frequencies. The distance of the center of active the
region from the virtual tip of the antenna ﬂa and the width of the active region da
are tabulated in Table IV-4. It is seen that the location of the peak scales with the
frequency as was expected. It is also seen that the width of the active region is
fairly constant with respect to the wavelength.

When the dielectric material K-10 (er =10) is placed inside the pyramidal form
of No. 223 with a tapered layer of quarter-radius thickness, the near field amplitude
changes significantly as shown in Fig. 4-29. The amount of the dielectric material
available at the time permitted the loading to extend to 8 cm from the base of the
antenna. This discontinuity has resulted in an unusual shape of the near field
amplitude near the base of the antenna which may have been caused by the reflection
of the propagating wave at the end of the dielectric layer.

The effect of dielectric loading on the near field amplitude is readily seen to be
very complex; instead of the very simple shape of the unloaded case, the near field
amplitude of a dielectric loaded antenna has at least two major peaks. The distance
together with

from the virtual tip to the first peak 1a and the second peak 1a

1 2

and da2 are tabulated in Table IV-5. At 900 MHz

and d&12 are only crude estimations, while at

their respective widths dal

two peaks are so close that dal

300 MHz 1a2 and da2 are obscured by the presence of the discontinuity of a
dielectric interface. Nevertheless, comparison of Table IV-4 and IV-5 has shown
significant effects caused by the dielectric loading. First of all, it is noted that the
first peak of the loaded antenna scales with the frequency and is closer to the virtual
tip by an average factor of 0.568, while the second peak coincides with the peak of
the unloaded antenna. This is a very interesting result observed also for a ferrite

loaded zig-zag antenna. The loading seems to split the active region into two major

peaks. The amplitude of the first peak is only slightly larger than the second peak at
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TABLE 1IV-4

THE ACTIVE REGION FOR ANTENNA NO. 223 WITHOUT LOADING

L
Frequency Distance Width tx a t Xda
f (MHz) Ea (cm) da (cm) (GHz - cm) (GHz - cm)
1600 6.4 2.9 10.25 4,63
900 11.4 5.1 10.26 4.59
500 20.9 8.8 10. 45 4, 40
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higher frequencies, but the second peak becomes larger as the frequency goes down;
eventually the second peak becomes much larger than the first one toward the base
of the antenna.

The double-peak character of the inside loaded log pyramidal antenna is quite
significant. One reason for this double peak is that the antenna simultaneously
operates in both the loaded and unloaded resonance states. It is believed that the
loading changes the phase veloctiy of the predominant mode and shifts the active
region toward the feeding tip for a backfire radiation. However, the shift of the
active region changes the pitch with respect to the wavelength while the width of the
active region remains almost unchanged. Therefore, incomplete radiation occurs,
and the excess energy, which is loosely coupled to the conductor, travels toward the
base on the periphery of the antenna. This energy can be attributed to an excess
mode. When the excess mode travels near the place where the unloaded active
region was, it may resonate and re-radiate. Since the excess mode is only loosely
coupled to the conductor, the inside loading may not have any effect on this second
resonance and re-radiation.

The second active region may have very undesirable effects on the far field
pattern. If the second peak is smaller than the first peak, the effect is almost
negligible. However, if the second peak is comparable to the first one, then depend-
ing on the phase difference of the two regions, a broader beam caused by an
additional radiating region, or an increase in the back lobe magnitude may occur.
Degradations in patterns have been observed in many far-field patterns of some
loaded log periodic antennas.

4.2.2.1.4 The phase measurement

Although phase measurements on loaded conical antennas have not yet been
made, relative phase shift along the axial surface of antenna No. 221 unloaded can

be studied along with its amplitude plot for a better understanding of the active
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region. Figures 4-30 and 4-31 show such amplitude and phase combinations at

500 MHz and 900 MHz respectively. The backfire radiation is readily seen from both
plots since the phase increases toward the feeding tip at the near peak of the active
region.

It is very interesting to note that when the relative phase shift was measured
along the conductor for both 500 MHz and 900 MHz, in spite of some inaccuracies
mentioned earlier, the phase velocity along the conductor came out to be very close
to that of the velocity of light in free space. These are plotted in Fig. 4-32. Other
near field measurements appear throughout the report as required for various
discussions.

4.2.2.2 Further Measurements of Prototype Scale Models

The pyramidal helix No. 221 has an infinite balun feed, and thus can produce
erratic patterns at very low frequencies, when currents travel down the feed.
Nevertheless, the antenna had excellent characteristics. In Fig. 4-33, antenna No.
221 was loaded with a tapered loading as shown, in order to load only the large, low
frequency end of the spiral, leaving the small high frequency end with its original
characteristics. A high dielectric constant (€=10) was used for the loading material.
The radiation patterns at a given frequency are better for the loaded condition. From
these patterns it can be deduced that for a given frequency of operation the diametral
size of the loaded antenna has been reduced by a factor compared to the unloaded
size. A slight pattern tilt is observed at 300 MHz for the loaded case. No resistive
absorption was used. The near field patterns, shown in Figs. 4-34a and b, are also
very good, even below 250 MHz. At all of the frequencies between 250 and 500 MHz
a definite improvement with loading over the same antenna with no loading is shown.
The far field patterns have low backlobes and beamwidths of about 90°. The near
field patterns indicate that the radiation regions for 250 to 500 MHz have moved up

the cone. At the lower frequencies, in particular, a more desirable shape is
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Antenna No. 221

Loading
Material
u=1, €=10

300 MHz 350 MHz

230 MHz.

400 MHz 500 MHz 600 MHz

FIG 4-33: TAPERED LOADING ON PYRAMIDAL HELIX (221), H-PLANE

unloaded, — — — — (dielectric loaded
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FIG. 4-34b: ANTENNA 221 WITH L2 LOADING OF K-10
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observed. The near field patterns were taken at one-tenth of a wavelength from the
antenna. This loading gives a reduction factor of about 0.6 to 0. 7.

A similar loading on antenna No. 223 resulted in antenna patterns shown in Figs.
4-35 and 4-36. The loading material has a lower dielectric constant (€ =6), and is
using the same type of artificial dielectric specified for the prototype. Fig. 4-37
shows the near field of this configuration as compared with the unloaded plots
Fig. 4-44.

Figure 4-38 shows the near field patterns at one-tenth of a wavelength probe
spacing for antenna No. 223 with the same L2 loading of Flexible Hi-K-6. Note that
the taper starts about 0. 7 down from the apex to the base of the cone, while from the
0.7 point to the base, the dielectric is a quarter radius thick. The radiation region
for 350 MHz moved up the cone. However, the radiation regions for 300 and 400
MHz are very broad. Compared to the previous L2 loading there isn't much
improvement in frequency reduction and much more dielectric is used to accomplish
essentially the same frequency reduction. In addition, in neither case is the reduc-
tion nearly as good as with High-K 10 powder, which leaves some doubt as to the
actual G of the Flexible Hi-K.

Near field patterns at a tenth wavelength were taken on an L1 loading of
Flexible Hi-K-6 dielectric as shown in Fig. 4-39. As may be recalled, loading L1
is one-half radius thick at the base of the antenna, but tapers to zero thickness one-
half of the way down the antenna from the apex to the base. A cross-section of the
loading results in a right triangle, one-half radius thick at the base. The antenna
radiation regions for 300, 350, 400, 500, and 600 MHz have moved markedly upward.
At 700 MHz, the active region is in essentially the same location as in the unloaded
case. However, the radiation regions for 300, 350, and 400 MHz are very broad and
this may result in undesirable effects. The L1 loading appears more effective than

either of the L2 loadings.
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FIG. 4-35: LINEAR POWER PLOTS OF ANTENNA 223
L-2 FLEXIBLE Hi-K-6, VERTICAL POLARIZATION

H-PLANE
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FIG. 4-36;: LINEAR POWER PLOTS OF ANTENNA 223
L-2 FLEXIBLE Hi-K-6, VERTICAL POLARIZATION
(continued),
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Base

Apex Tip

FIG. 4-38: ANTENNA 223 WITH LOADING L2 OF FLEXIBLE HI-K-6

WITH THE TAPER STARTING 5" ABOVE THE BASE.
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Distance Along Side of Antenna

FIG. 4-39: ANTENNA 223 WITH LOADING L1 OF FLEXIBLE HI-K-6,
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The L1 loading was the original one specified for the prototype. However, when
the manufacturer could not deliver dielectric meeting its own published weight
specifications, the L2 loading was used instead. Notice, though, that the L1 loading
of a dielectric with a relative permittivity of 6 may possibly result in a reduction
factor approaching 0.5 for the lineal dimensions of a conical helix antenna.

More specific listings of the pattern characteristics can be seen in Figs. 4-40 -
4-43. For the tapered base-loading for antenna No. 221 beam tilt when loaded is
below 59 except for the 300 - 350 MHz region, and beamwidth remains near 90° to
300 MHz. The patterns of antenna No. 221 for air core were good in the range above
000 MHz; this is in accordance with its design on an unloaded basis. The beamwidth
did not exceed 90° by more than 6 per cent. The beam tilt was as much as twice that
specified possibly due to rough construction and the infinite balun.

According to beamwidth information the lower cutoff frequency for antenna No.
223 is between 600 - 700 MHz even though the lower dimensions of the antenna are the
same as No. 221 (see Fig. 4-42). Antenna No. 221 starts to cut off between 360 -
400 MHz for the same polarization. The near field patterns for antenna No. 223,
which were taken at a tenth wavelength probe spacing, look very good (see Fig. 4-44).
Notice that the patterns for 500 MHz decays to a very low level by the time the base
of the antenna is reached. This indicates that a good far field pattern should be
obtained.

A more uniform loading over more of the antenna No. 223 is shown in Fig. 4-45.

Fig. 4-46 gives a summary of the beamwidth and backlobe level of a very
interesting experiment. The purpose of the experiment was to determine the reduc-
tion occurring when a conical helix was uniformly loaded with a one-quarter radius
thick layer of K-10 dielectric. Due to a shortage of dielectric, the lower 8 cm of the
layer could not be filled. A significant loading effect was seen, but a breakup of the
near field results (Fig. 4-29) which destroys the far fields at 500 - 600 MHz. More

study is necessary on the problem of breakup of near field probe patterns.
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FIG. 4-40: ANTENNA 221 IN AIR, H-PLANE
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FIG. 4-44: ANTENNA 223 WITH NO LOADING.
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FIG. 4-45: TAPERED LOADING OF PYRAMIDAL HELIX NO. 223
Unloaded, ------ Loaded, Plots of (E¢)2
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