THE UNIVERSITY OF MICHIGAN
7140-1-F

AFAL-TR-66-101

STUDY AND INVESTIGATION OF UHF-VHF ANTENNAS

Final Engineering Report
February 1965 through February 1966

April 1966

J.A.M. Lyon, N.G. Alexopoulos, C-C Chen,
A, M, Kazi, G.G. Rassweiler, D,L. Smith
and P.R. Wu

)
Approved by Q, 4 777 \/\/%%

.A.M. Lyon, ngéfessor

Electrical Engineering

\

Contract No. AT 33(615)-2102
Project 6278, Task 627801
O.E. Horton, Project Monitor

Air Force Avionics Laboratory AVWE
Research and Technology Division, AFSC
Wright-Patterson Air Force Base, Ohio 45433







THE UNIVERSITY OF MICHIGAN

7140-1-F

FOREWORD

This report was prepared by the University of Michigan, under the
direction of Professors Ralph Hiatt and J. A. M. Lyon on Air Force
Contract AF 33(615)-2102 under Task Nr 627801 of Project 6278. The
work was administered under the direction of the Research and Technology
Division, Air Force Avionics lLaboratory, Electronic Warfare Division,
Wright-Patterson AFB Ohio, The Task Engineer was Mr, Olin E, Horton;
the Project Engineer was Mr, James F. Rippin, Jr.

The studies presented herein began 1 February 1965 and were
concluded 31 January 1966.

This report was submitted 16 February 1966.

22 i chni;al repoy! has been reviewed and is approved.
Y s ¢ e L A N R -/L .

O3EPH A, DOMBROWSKI

Lt Colonel, USAF

Chief, Electronic Warfare Division

iii







II

ITI

Iv

THE UNIVERSITY OF MICHIGAN
7140-1-F

TABLE OF CONTENTS

LIST OF FIGURES
ABSTRACT
INTRODUCTION

LOADED CONICAL, PYRAMIDAL AND HELICAL ANTENNAS
2.1 Loaded Helical Antennas
2.1.1 Construction of Antennas
2.1.2 Measured Far Field Patterns
2.1.3 Near Field Measurements
2.1.3.a Probing Equipment
2.1.3.b Near Field Amplitude Measurements
2.1.3.c Near Field Phase Measurements
2.2 Loaded Conical and Pyramidal Antennas
2.2.1 Far Field Measurements
2.2.2 Near Field Measurements
2.2.2.a Amplitude Measurements
2.2.2.b Phase Measurements
2.3 Conclusion

BIFILAR LOG PERIODIC ZIGZAG PYRAMIDAL ANTENNAS
3.1 Far Field Patterns

Page
vii

13 S BT Y G

25
25
25
33
37
39
42
42
56
o6

64
64

3.2 The Near Field Amplitude Measurement of Log Periodic Zigzag Antenna 64

FERRITE LOADED WAVEGUIDE SLOT ARRAY

4.1 Preliminary Design and Tests

4.2 Array Design Procedure

4.3 Computer Programs for Slot Impedance Properties
4.4 Magnetic Bias Control of Ferrite Array

FERRITE LOADED SLOT ANTENNAS
9.1 Power Capabilities of Ferrite Loaded Antennas
5.1.1 Preparation for UHF-VHF Heat Run
5.1.2 Observed Temperatures in Ferrite Loaded Slot
5.1.3 Significance of Observed UHF-VHF Produced Temperatures
9.2 Slot Antennas With Ridges or Irises
5.2.1 Assumptions of the Study
Solid Ferrite Loaded Antenna
Loaded Slot Antenna With Irises
Ridged Loaded Slot Antennas
Conclusions and Summary

SIS S
O W

73
73
78
83
85

87
87
87
88
91
91
94
94
96
103
107




THE UNIVERSITY OF MICHIGAN
7140-1-F

TABLE OF CONTENTS

(continued)

Page
VI CHARACTERISITICS OF FERRITE MATERIALS 113
6.1 Derivation of Permeability Determination Equations 117
6.2 Results of Permeability Measurements 122
6.3 Permittivity Determination Method 127
VII EFFICIENCY MEASURE MENTS 130
7.1 Efficiency Data on Ferrite Loaded Helix 130
7.2 Measurement Procedures 131
7.2.1 Measurements 131
7.2.2 Calculations 131

APPENDIX A -ENERGY TRANSFER BETWEEN A HELIX AND A FERRITE
ROD 136
APPENDIX B - LOADED HELIX AND CONICAL HELIX ANTENNAS 147
APPENDIX C -EFFICIENCY FORMS 163
ACKNOWLEDGE MENTS 167

REFERENCES 168

vi




2-1
2-2
2-3
2-4

2-6
2-1
2-8
2-9
2-10
2-11
2-12
2-13
2-14
2-15
2-16
2-17

2-18
2-19
2-20
2-21

2-22

THE UNIVERSITY OF MICHIGAN
7140-1-F

LIST OF FIGURES

Bifilar 4" Diameter With Balsa Wood Core and Cap.

Loading Diagram: Bifilar Helix (No. 213) Layer Loading.
Fiberglass-Epoxy Tube Form for Helices.

Effects of Balsa Wood and Epoxy-Fiberglass on Helix Antenna.
Helix With Thick Layer Ferrite Loading.

Helix With Thin Layer Ferrite Loading.

Helix With Thick Layer Ferrite Loading.

Helix With Dielectric Loading.

EAF-2 Ferrite Loaded Helix (No, 213).

EAF-2 Ferrite Loaded Helix (No, 213).

Bifilar Helix (No. 213) Antenna Patterns. Loaded Versus Unloaded.

Bifilar Helix (No. 213) Antenna Patterns. Loaded Versus Unloaded.
Monofilar 4" Helix With Small Tube For Center Conductor No. 215,
4" Diameter Monofilar Helix (No. 215) |E g I 2 Linear Power.

4" Diameter Monofilar Helix (No. 215) IE Linear Power,

ol
Block Diagram For Near Field Phase Measurements.

Antenna No. 223 With Magnetic Probe Above the Surface; Shown in
Anechoic Chamber,

Probe Carriage System on Top of Anechoic Chamber.
Block Diagram For Near Field Amplitude Measurements.
Antenna No. 217 With Magnetic Probe in Position,

Near Field Amplitude of AntennaNo. 217. Probe Position)/6 Above
Antenna Surface.

Near Field Amplitude of Antenna No. 217 With Ferrite Layer. Probe
Position A/5 Above Antenna Surface.

Page

10
11
12
13
14
15
16
17
18
23
24
26
27

28
29
30
31

32

34

vii




2-23

2-24

2-25
2-26
2-27
2-28a

2-28b

2-28¢

2-29a

2-29b

2-30
2-31

2-32

2-33

2-34
2-35
2-36

THE UNIVERSITY OF MICHIGAN
7140-1-F

LIST OF FIGURES
(continued)

Phase Shift For Bifilar Helix No. 217 at 500 MHz, 0.9 cm Above

the Surface.

Phase Shift For Bifilar Helix No. 217 at 900 MHz, 0.5 cm Above

the Surface.

Tapered Loaded of Pyramidal Helix No. 223.
Tapered Loaded on Pyramidal Helix (221).
Antenna No. 223 With Magnetic Probe in Position.

Page

35

36
40
41
43

Near Field Amplitude of Antenna No. 223. Probe Position 1/8" Above

Antenna Surface, Unloaded.

Near Field Amplitude of Antenna No, 223, Unloaded; Probe Position

1/2" Above Antenna Surface.

Near Field Amplitude of Antenna No, 223, Unloaded; Probe Position

1" Above Antenna Surface.

Near Field Amplitude of Antenna No. 223 With Dielectric Layer.
Probe Position 2.8 cm Above Antenna Surface.

Near Field Amplitude of Antenna No, 223 With Dielectric Layer.
Probe Position A/11 Above Antenna Surface.

Antenna No. 221 Shown With Magnetic Probe Above Wire.

Near Field Amplitude of Antenna No. 221, Unloaded Probe Position

A/12 Above Antenna Surface.

Phase Shift For Antenna No, 221 at 500 MHz, 0.9 cm Above the
Surface For Four Different Faces, Unloaded.

Phase Shift For Antenna No, 221 at 900 MHz, 0.5 cm Above the
Surface For Four Different Faces, Unloaded.

Phase Shift For Antenna No, 221 Along the Wire 1, Unloaded.
Phase Shift For Antenna No, 221 Along Wire 2, Unloaded.

Phase Shift For Antenna No, 221 at 900 MHz, 0.5 cm Above the
Surface Along Wire 2, Unloaded.

viii

44

45

46

48

49
52

53

57

58
29
60

61




3-1
3-2
3-3
3-4
3-5a

3-5b

4-1

4-2
4-3
4-4
5-1
5-2
o-3
o-4a

o-4b

5-5a

9-5b

5-5¢

5-5d

THE UNIVERSITY OF MICHIGAN
7140-1-F

LIST OF FIGURES
(continued)

H-Plane Patterns of Log Zigzag Antenna (No, 225).

H-Plane Patterns Log Zigzag Antennas at 700 MHz. and 800 MHz
Log Zigzag Antenna,

Near Field Amplitudes of Zigzag Antenna No, 225 Unloaded.

Near Field Amplitude of Zigzag Antenna No, 225 Loaded With 3/8"
Inside Layer of Ferrite Powder.

Near Field Amplitude of Zigzag Antenna No, 225 Loaded With 3/8"
Inside Layer of Ferrite Powder.

Proposed Mechanical Configuration For Waveguide Test. a) Details
of the Feeding Loop.

Experimental Details to Determine Insertion Loss of Waveguide.
Types of Slots and Their Parameters.

Simplified Final Configuration of Array With Shunt Slots,

Block Diagram of Power-Temperature Measurement Set-up.
Peak Temperature (Position 4) Vs. Power Level.

Temperature Vs, Position in Cavity.

Page
65

66
68
69

70

71

75
77
80
84
89
90
93

Impedance Diagram of Slot Antenna Loaded Entirely With Solid Ferrite

(Frequency MHz).

95

Impedance Diagram of Slot Antenna Loaded Entirely With Solid Ferrite.

Double Stub Tuner Used. (Frequency MHz)

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Iris
(Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Iris.
Double Stub Tuner Used. (Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Iris
(Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Iris
(Frequency MHz).

ix

97
98
100
101

102




5-6a

5-6b

5-6¢

o-6d

5-6e

5-6f

o-6bg

6-1
6-2
6-3
6-4
6-5
7-1
A-1

B-1
B-2

THE UNIVERSITY OF MICHIGAN
7140-1-F

LIST OF FIGURES
(continued)

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Ridges
(Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Ridges
(Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Ridges
(Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Ridges
(Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Ridges
(Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Ridges
(Frequency MHz).

Impedance Diagram of Solid Ferrite Loaded Slot Antenna With Ridges
(Frequency MHz),

Ferrite Properties, Advertised Values.

Ferrite Properties as Measured by The University of Michigan.
Experimental Setup M and er Measurements,

Geometry For Toroid Measurement Technique.

Z - 6 Chart,

Equipment Setup For Efficiency.

Ferrite Rod Fed By a Helix.

Energy Transfer Between Two Coupled Lines.

k - B Diagram of Bifilar Helix.

Effectiveness of u or € Versus Layer Thickness.

Page

104

105

106

108

109

110

111
114
115
118
123
129
132
137
144
150
160




————— THE UNIVERSITY OF MICHIGAN
7140-1-F

ABSTRACT

This report indicates some of the advantages of using ferrite loading in a
number of types of traveling wave antennas. Studies have been made on ferrite
loaded helices and ferrite loaded log conical antennas. For a given frequency of
operation it has been found possible to reduce the diameter of each of these types
of antennas by a factor of approximately 55 - 70 per cent. Some variation in per-
formance as a function of the amount of loading or thickness of the ferrite layer
was observed. Near field probing techniques were used to show that ferrite
loading changes the position of the active region on the log conical spiral. Like-
wise, near field probing shows that a particular region is active at a lower fre-
quency when ferrite loading is applied to a helix. The effects of ferrite loading on
the log zigzag type are also indicated. Relatively high efficiencies have been ob-
tained for the ferrite loading of helices and log conical spirals. The power limi-
tation occasioned by the use of ferrite loading for the rectangular slot antenna has
been examined. For rectangular slots loaded with powdered EAF-2 ferrite de-
signed to operate at 300 MHz it is estimated that the cw power limit is less than

50 watts.

xi
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I
INTRODUCTION

The research and development effort described in this report is concerned with
a number of topics related to the ferrite loading of UHF-VHF antennas. A sub-
stantial part of the time has been spent on the loading of the log conical spiral and
the helical antenna. The understanding of the helical antenna in the loaded condition
appears basic to the understanding of the loaded log conical spiral antenna. In
general, backward-fire traveling wave antennas of these two types were used rather
than forward-fire or bidirectional traveling wave antennas. In this way the influ-
ence of any backing reflector or cavity was eliminated.

The analytical effort was devoted largely to the helical antenna. This antenna
with ferrite loading was studied using a sheath helix model. With this model the
appropriate boundary conditions were represented and the determinantal equation
obtained. This equation was then used in conjunction with a Brillouin diagram in
designating the radiation region of the ferrite loaded helix. The n = -1 mode
corresponding to circular polarization of a helix was emphasized. Extensions of
analysis to the tape helix with ferrite loading have been started. Computer studies
are involved in the analyses.

In previous work the ferrite loaded rectangular slot antenna was appraised.

In this contract the ferrite loaded rectangular slot was incorporated in a simple
linear slot array. A preliminary examination has been made but this report does
not presume to present any final analysis of the array. Efforts in this direction
will continue under a subsequent contract.

Further studies were made on ferrite filled slot antennas utilizing ridges and
irises. This work involved experiments where the ferrite filled slot took a differ-

ent shape other than rectangular due to the use of a ridge. Also, some of the
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ferrite elements were replaced by balsa wood, thereby effectively changing the
shape of the aperture. This later arrangement would correspond to a slot antenna
with an iris. Some changes in radiation pattern and efficiency were observed with
these various arrangements.

Some basic studies were made concerning the manner of energy transfer from
a helix to a ferrite slab. In this way the end of the ferrite slab was an excited
aperture and its radiation characteristics were observed. However, the experi-
ments and the analysis did not progress to the point where one could evaluate the
efficiency of energy transfer or its efficiency of radiation as an antenna.

In the study of loaded antennas, it has been necessary to make some refine-
ments in the methods used to determine their efficiencies. Although the problem
of measuring efficiency is generally circumvented in much antenna work, the neces-
sity for such a determination is very apparent when loading is considered for the
efficiency of radiation tends to deterioriate with loading. Any resultant reduction
in the size of an antenna must be considered in comparison with a reduction in the
efficiency of radiation. Thus, the efficiency of radiation is one of the most impor-
tant criteria. Very acceptable levels of efficiency (on the order of 50 per cent) have
been obtained in the case of ferrite loaded helices and ferrite loaded log conical
spiral antennas.

A loaded log zigzag antenna was designed and tested. The advantage of ferrite
loading in this type of antenna was marginal due to a breakup of the near field
pattern and excitation of the forward wave region. This effect has also been noticed
with the loading of log pyramidal antennas. Further investiagtion of the causes and
methods for alleviating the near field breakup will be necessary.

For the first time substantial attention has been given to the power limitations
of ferrite loaded antennas. However, due to limitations of equipment, information

is still lacking on their ultimate power handling capability. It was found possible
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to test a ferrite loaded rectangular slot with 9 watts power input. Steady state tem-
peratures within the ferrite loading of a rectangular slot were obtained for various
positions for three levels of power input. The previously determined efficiency for
such an antenna would indicate that approximately one-third of the input power goes
into heat in the ferrite material. Power tests up to 100 watts input at 300 MHz are
planned for the future effort.

This report gives additional information on available ferrite materials useful
for the loading of antennas. The materials considered in some detail are the EAF-2
ferrite and the type Q-3 ferrite. The latter material has been obtained from the
Indiana General Corporation and is useful for loading for frequencies below 200 MHz,
In the work covered by this report, the type Q-3 ferrite was used for the prelimi-

nary measurements on the slot array antenna.
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I
LOADED CONICAL, PYRAMIDAL AND HELICAL ANTENNAS

It is very desirable to solve for the effect of loading material on the conical
log-spiral antenna. The log-spiral antenna is inherently broadband; thus the de-
crease of bandwidth noticeable in some loaded antennas may not be a major problem
in loaded spirals. The helix and conical antennas are discussed together because,
as has been shown in the literature, the bifilar helix antenna at its best radiating
frequency behaves very much as the active zone of a conical-helix antenna of equal
diameter. The helix has the advantage that it may be solved theoretically for some
material loadings since it is a periodic cylindrical structure.

2.1 Loaded Helical Antennas

Solutions for the propagation velocities and attenuations of the currents on the
helix are possible for a loading of concentric cylinders with a material of arbitrary
u and €, the permeability and permittivity. A theoretical discussion of the loaded
bifilar helical antenna appears in Appendix B, where it is shown that a possible
rough approximation to the antenna diameter reduction with full core or thick-layer

material loading is given by the formula,

T~
+
—

Reduction =

m
+
—

where €, u = relative dielectric and magnetic constants, respectively. This cal-
culation assumed an approximate sheath analysis and only a small €(<10). Cal-
culations using a tape model (Shestopalov, 1961) show the same dependence on €,
using the same small € assumption. All the theory to date is for the slow wave
region, extrapolated into the radiation region. It should also be noted that this

reduction is in diameter. No theoretical estimation of length of the active zone
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has been made yet, since the entire radiation process has not yet been solved. The
diameter reduction is due to the phase velocity and wavelength reduction of the cur-
rent traveling around the wire, which causes a smaller circumference to be phased
properly for radiation when the structure is loaded with a material.

2.1.1 Construction of Antennas

The experimental portion of the helix antenna investigation consisted of making
a number of monofilar and bifilar helix antennas wound on fiberglass shells and
loaded with powders of various u and €, Table II-1 describes the helix-type antennas
used in the past year of work. Figure 2-1 shows a picture of a bifilar helix with a
balsa wood core. This balsa wood, which has been found experimentally to have
little electrical effect on the antenna, is used as an inside retainer to the loading
powder so that a layer of loading powder may be inserted next to the bifilar helix
windings as shown in Fig. 2-2. Figure 2-3 shows a sample fiberglass epoxy tube,
made in this laboratory, as a form for winding the helix antennas. Figure 2-4
shows the effects of the building materials on antenna patterns; the effect of these
materials is small at the frequencies (> 300 MHz) used in most of the experiments.
The fiberglass does seem to affect the patterns at 300 MHz, possibly due to a
loading effect since fiberglass has an € = 4 and a thickness of .04, comparable to
our thinnest shell loading; however, this frequency is much too low for good opera-
tion with a loading of this thin shell of fiberglass, according to present theory
and experience.

2.1.2 Measured Far Field Patterns

Figures 2-5 through 2-12 show the normalized antenna patterns ( E ¢ 2) for
various loadings of bifilar helical antennas. The loading materials used were the
EAF-2 ferrite powder (€ = 3.8, u = 2, 2), described in Section VI and a dielec-
tric powder (Eccoflo Hi K 10, € = 10) obtained from Emerson and Cuming, Inc.

Thus, powders with two different values of u and € were available as a partial
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TABLE II-1:
SPECIFICATIONS OF HELIX TEST ANTENNAS

I.D. Number
Dimension 213 214 215 217 218 231
Type Bifilar Monofilar Monofilar Bifilar Bifilar | Bifilar
Diameter 4,15" 4,13" 3.85" 4, 65" 2.1" 1.1
Length 10" 10" 14, 5" 16" 15" 8"
Conductor| 58-U %" cu. tube * 58-U 174-U 174-U
Turns 6.5 7.0 5 9.5 20 20
Pitch | 6.6° 13° 7° 6.5 6.6°
(1.5") LT 3" (1.8") (.75 (.4

* T-strand, 14 gauge copper antenna wire.

Note: All antennas above, except No. 218, are constructed on three-layer
fiberglass epoxy tubes, .04'" thick and fed by infinite baluns. No.
218 used a paper phenolic tube. Conductor was commercial coaxial
stripped of the outer insulation, and is specified without the RG prefix.
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4" Dia. Fiberglass Tube, 1l 3/8" Long.

OJ

& 1/2" Balsa
Wood Plugs

O 0 0O 0O O O

FIG. 2-2: LOADING DIAGRAM: BIFILAR HELIX (No. 213)
LAYER LOADING.
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900 MHz

400 MHz

Unloaded Helix
- — — = Balsa Wood Core

— — Fiberglass Tube Inside
Against Helix,

300 MHz

FIG. 2-4: EFFECTS OF BALSA WOOD AND EPOXY-FIBERGLASS
ON HELIX ANTENNA

10



THE UNIVERSITY OF MICHIGAN
7140-1-F

550 MHz

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

FIG. 2-5: HELIX WITH THICK LAYER FERRITE LOADING
Linear plots of EF. Ferrite u=2.2, 3.8, Helix
Diameter = 4. 5" .
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500 MHz

600 MHz 650 MHz

700 MHz

750 MHz 900 MHz

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

FIG. 2-6: HELIX WITH THIN LAYER FERRITE LOADING
Linear plots of Ea Ferrite u = 2.2, €= 3.8, Helix
Diameter = 4. 5" !
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400 MHz

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

FIG. 2-7: HELIX WITH THICK LAYER FERRITE LOADING
Plot of Eé Ferriteu =2.2, €= 3.8, Helix Diameter = 4" .
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800 MHz

e unloaded ——— 18" layer —:—'—1/4" layer

FIG. 2-8: HELIX WITH DIELECTRIC LOADING Plots of E
Dielectric e=10. Helix Diameter = 4. 5",

¢;
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600 MHz

900 MHz

FIG. 2-9: EAF-2 FERRITE LOADED HELIX (NO. 213) — AIR LOADED,
- - - 1/2" INSIDE LAYER FERRITE, 400 - 900 MHz.
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500 MHz 600 MHz

700 MHz 800 MHz 900 MHz

FIG. 2-10: EAF-2 FERRITE LOADED HELIX (NO. 213) — AIR LOADED,
--- FERRITE LOADED 1/2" LAYER OUTSIDE, 400 - 900 MHz.
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check on the theoretical formulations being done. A major parameter of interest
is the thickness of loading necessary in order to achieve good antenna reductions,
since a full core loading may weigh too much.

In assessing the effectiveness of loading (i. e., the "best' loaded frequency
versus the "best'" unloaded frequency) from far field patterns, many criteria are
available, such as maximum radiation efficiency, pattern shape, specific pattern
requirements such as beamwidth or front-to-back ratio, etc. In addition, either
the lowest frequency for acceptable operation or a center frequency may be chosen
as the "best frequency''. Unfortunately, not all criteria give the same reduction.
Two criteria will be used to compute reduction factors:

1) The center frequency for maximum radiated power on axis; (for a fixed
net input power, after allowance for mismatch).
2) The lowest frequency for reasonably axial, backfire antenna patterns.

The first criteria evaluates the backward wave radiation characteristics, and will
prove more applicable in extrapolating to a conical helix performance, since the
"active zone" of the conical helix (discussed in the next section) is a zone of
maximum radiation. The second criteria above applies to helical antennas, but is
not readily extrapolated to conical helices, since the low frequency operation of a
helix corresponds to the operation of the tip, or apex of the conical helix. The
apex is not a critical region in conical helix design.

Table II-2 shows the center frequencies (criterion No. 1) for loaded helices,
taken from data not shown in the figures. Normalizing the thicknesses to wave-
lengths and the frequency reduction to a fraction, the reduction factors for criterionﬂ
No. 1 (from Table II-2)and for criterion No. 2 (from Figs. 2-5 to 2-10) are shown
in Table II-3, along with the theoretical reduction factors from Appendix B.

Two important things are summarized in Table II-3. First, a reduction

factor for a helix antenna diameter can be achieved which approximates, but is
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TABLE II-2:

FREQUENCIES OF PEAK RADIATED POWER
LOADED BIFILAR HELICES

Antenna Loading Thickness,t Loading Frequency for Maximum
(Inches) ({—) Material Radiated Power, MHz
No. 217 0 . Air 730
" 1/16 .0033 Ferrite 625
" 1/8 . 0064 " 600
" 1/4 .0116 " 550
" Full Core 450
No. 213 0 Air 820
1/2 .0238 Ferrite 560
1/2 (Outside) .0216 " 510
Full Core " 530
No. 217 0 Air 730
1/8 .0064 Dielectric 610
1/4 .012 " 570
Note: a) Thickness relative to X is taken at the center frequencies listed in
column two.
b) Layers are inside and within . 04" of the conductor, unless specified
otherwise.
c) Frequencies for best circular polarization were usually lower; e.g.,

for 1/8" dielectric, 550 MHz was the best frequency.
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TABLE II-3:

REDUCTION FACTORS FOR LOADED HELICES

Loading Inside Experimental Sheath
Material Loading Reduction Theoretical
Thickness (7[ ) Factor Factor
Lowest Freq. Center Freq.| (Eq. B.29)
Ferrite Full Core LT .64 .98
" . 022 (Outside) LT .62 ~ .58
" .024 .78 .68 ~.58
" .012 LT .75 ~,58
" .006 .75 .82
" .003 .8 .85
Dielectric Full Core - - .45
" .012 .74 .78 ~.45
" .006 1.0 .83
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always larger (less reduction) than the full core theory for thick layers of ferrite.
Second, thick layers greater than . 25-.5 of the radius behave as full core loading
while thinner layers can be used with less than full core diameter reduction, The
layer-effect predictions of theory, given in Eq. (B.45), show that layers of .0151
thick, (for the helices used) should give approximately full core loading. Table
II-3 partially verifies this.

In addition, these are two indications from the data that contradict the sim-
plified theoretical approach used;

1) The effect of the dielectric was not as great as theory predicts, although
about equal to the ferrite. This contradicts later near field measurements as well.
Notice that, due to a lack of material, thick layers of dielectric have not yet been
tried.

2) The outside loading of ferrite appears considerably more effective in size
reduction than the inside loading, although in Section VII, efficiency is shown to be
reduced with outside loading. Intuitively one might expect trouble with interfer-
ences at the outside ferrite-air boundary, causing poorer patterns and smaller
radiated power than with inside loading.

Further data will be required on the above two contradictions. In addition, the
reduction factors shown with either criterion are not as good as those achieved for
the pyramidal helices discussed later, nor are they as good as the phase measure-
ments on the helix. In general, the antenna pattern measurements of loaded
helices do not allow as good a prediction of loaded conical helix operations as first
anticipated.

A monofilar antenna (No. 215, Fig. 2-13) was constructed similarly to the
bifilar helices. Although most of the theory in this report applies only to back-
ward wave radiation, it is certainly expected that a decrease in current phase
velocity will decrease the diameter of a monofilar phased for forward radiation.
The patterns in Fig. 2-14 (vertical polarization) show that based on criterion

No. 2, the lowest operating frequency of the monofilar helix has been reduced
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from the 650 - 700 MHz to the 450 MHz region. This is more reduction than the
bifilar helix experienced for criterion No. 2. Data for the use of criterion No. 1
has not yet been taken. Figure 2-15 shows similar plots for a horizontally polar-
ized receiving dipole. These patterns are far worse than Fig. 2-14; they resulted
from early data when great interference from ground reflections existed on the
antenna range. It is felt that these poor patterns are due to reflection problems
that have since been greatly reduced.

2.1,3 Near Field Measurements

2.1.3.a 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, 1962). These measurements were made
with surface current measurement facilities of the Radiation Laboratory. The
facilities involve an anechoic chamber, a magnetic probe with its carriage system,
and receiver-recorder system. The block diagram of the set-up for the near field
phase measurement is shown in Fig. 2-16. The details of the anechoic chamber
are described fully in the literature (Knott, 1965). The picture of the facility
Fig. 2-17 shows the probe assembly hanging from ceiling. The probe carriage
above the ceiling is shown in Fig. 2-18. Figure 2-19 shows the near field ampli-
tude set-up.

The shielded vertical loop probe was used throughout the measurement. It
has a diameter of 0.131". The highest frequency used in the measurement.was
1600 MHz; thus, the pick-up error due to E-field is assumed very small (Whiteside,
1962).

2.1.3.b Near Field Amplitude Measurements, The bifilar helix (No. 213)
was measured as shown in Fig, 2-20. Figure 2-21 shows a result without loading
from which it can be predicted that the bifilar helix will probably have a backfire
radiation at 700 and 800 MHz (which is confirmed by radiation patterns). At 600
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and 900 MHz the standing wave patterns due to the interference of higher order
modes suggest the lower and upper bounds for the backfire radiation. Neverthe-
less, from Figs. 2-5 - 2-8, it can be seen that the axial patterns remained good
below 600 MHz and above 900 MHz (no axial ratio information is available), Notice
that the radiation axial power level did peak at 730 MHz, from Table II-2. This
indicates, as stated before, that axial radiation power level may be a good far
field measure of antenna reduction. The measurements were repeated for the
same antenna by loading with a ferrite shell of 3/8" (.021) thick. Figure 2-22
shows that the frequencies of operation have now changed to between 550 - 700
MHz, Table II-2 shows a 3/8" layer has a center frequency of 520 MHz from
antenna pattern criterion No. 1. The radiation, and possibly the lossy nature

of ferrite at the higher frequencies, explain the observed decay of the standing
wave patterns toward the base of the antenna. The comparison of Figs. 2-21

and 2-22 shows a reduction factor of about 0,78 in the near field amplitude pattern
due to a 3/8" ferrite layer.

2.1.3.c Near Field Phase Measurements. The relative phase shift for the
bifilar helix No. 217 was measured above the antenna conductor along the axial
direction of the antenna for both the air core and ferrite loaded cases. The results
are plotted in Fig. 2-23 for 500 MHz and Fig. 2-24 for 900 MHz, An almost
linearly changing phase shift was obtained for both cases. The effect of the ferrite
shell was to increase the phase shift constant 3 1 by a factor of approximately
1. 68 corresponding to a decrease in size of 0. 6.

The near field phase measurement contains information that the amplitude plot
alone cannot predict. First of all, the rate of increasing or decreasing phase angle
determines whether there is a forward wave or backward wave as seen by Figs.
2-23 and 2-24. The bifilar helix No. 217 supports a backward wave at 500 MHz

and a forward wave at 900 MHz, The loading effect is readily seen by comparing
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the change of the phase shift constant Bl. This provides the information for the
effect of the ferrite loading or, for the same frequency, the factor will correspond
to the size reduction factor due to the ferrite loading of the antenna. The reduction
in size (0.6) is close to the theoretical reduction factor for full core loading (0. 58)
and is greater than the very approximate antenna pattern reduction factors. Thus,
a good check of sheath theory is provided from phase measurements. Neverthe-
less, phase measurements alone are not sufficient to measure the whole active
region problem with loading; in particular, it does not give any idea of radiation
attenuation,

2.2 Loaded Conical and Pyramidal Antennas

A possible theoretical analysis of the loaded log-conical helix can be made by
way of the loaded helix solution. Although no extension of the loaded helix solution
has yet been tried, the method is indicated in Appendix A.

The experimental effort began with the construction of two pyramidal-helix
antennas, described in Table II-4. These have been shown to operate approxi-
mately as conical helix antennas (Tang, 1962). Antenna No, 223 used a styrofoam
construction to minimize any fiberglass loading. The antennas had identical prop-
erties except for wire width, feed, and apex truncation. Near field data of both in
air, as discussed later, show that the fiberglass construction shifted the active
region by no more than several per cent. However, some consistent differences
such as beamwidth and active zone size have not yet been completely explained.

The loading experiments of these antennas have just begun; only one loading
type was done for each antenna, and not all measurements have yet been made even
on these. Nevertheless, significant conclusions can be drawn particularly from the
near field measurements. First, near field measurements are especially impor-
tant in tapered antennas, since the far field patterns are extremely insensitive to

changes in active region position; only b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>