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These Proceedings are dedicated to ‘the memory of
our late colleague

DR. KURT IKRFTH

/ ) " He will be remembered for
' his great interest in his fellow man,
his innovative ability, and
his dedication to his profession.
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\ EOREWORD

Antennas to be used for communication in Army tactical situa-
tions have to satisfy the requirements of lcw visibility and Tow
vulnerability., At wavelengths in the HF and VHF ranges--the fre-
quency bands commonly used for tactical radio communications--these .
constraints require the use of clectrically small antennas, As is
well known, the design of such antennas requires sophistication if
«cceptable electrical performance is to be achieved.

The purpose of the Workshop was to bring together anterna
scientists from universities, industries, and .govarnment laboira-
tories to discuss the capabilities, fundamental limitations, and
design trade-offs of electrically small antennas, and to provide
a forum for the presentation of new ideas for impruving antenna
performance, '

Special attention has been given to active antenna techniques,
which up to now have not been used by the Army to a large extent,
and to the preblem of controlling or utilizing the interaction of
electrically small antennas with compiex platform environments such
as provided by tanks, helicopters, and manpack sets.. .

The Workshop was suggested and sponsored by the U 5. Army
Research 0ffice, Durham, N. C.  The Communications Resdarch Tech-
nical Arez, Communications/Automatic Data Processing Lakoratory,
ECOM, Fort Monmouth, organized and hosted the conterence

iii
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AGENDA

| WORKSHOP ON ELECTRICALLY SHALL ANTENNAS
6 and 7 May 1976

. U. S. Army Electronics Command
Fort Monmeuth, New Jersey

|
|

. Sponsored by The U. s. Arix\y Research Dffice
Cenducted by The Communications/ADP Laboratory of ECGM

Chairman: G. Goubau Co-Chairman: F. Schwering

THURSDAY, 6 MAY 1976 - Morning

. _5......_"‘____- - .
L. z. .
e — e

0800-0830 REGISTRATION
: INTRODUCTION
" 0830~0845 OPENING REMARKS
: \1 , Col. D. A. 3lingerland, Director, Comm/ADP Laboratury
; 1 0845~0900 BACKGROUND AND PURPOSE CF WORKSHOP

F. _Schwe_ring » ECOM

INVITED PAPERS

) 0900-0930 ANTENNA REQUT RE_MENTS FOR THE MODERN WARFARE BATILEFIELD
\ : A ‘
“ Captain K. N. Graham, U. S. Zrmy Signal School.*
e _ 0930-1000 AN OVERVIEW OF ELECTRICALLY SMALL ANTENNAS WITHIN THE NAVY -
~ ,l M. S. Rvigne, Maval Electronics Lzboratory Center.
e 1000-1020 INTERMISSION - !
%
b {
1.&5 : 1020-1050 . INTRODUCTION TO THE CONCEPT OF SMALT, ANTENNAS ]
; t Lt ‘ .
i, Y ‘ H. A. Wheeler, Hazeltine Corpuracion. !
L ] -
- 'J .
* ‘.1' 1050-1120 ’ ELECTRICALLY SMATL ANTENNA STUD\ES AT OHIC STATE UNIVERSITY 3
3, C. H. Walter, Shic State University }
Y | | ]
§,:. * Paper presented by Master Sergeant A. Donohue, U. S. Armv Signal School. i
b} ’

L

.
g
¢ it 200 ek A T} i, ALl 1

vii




- A
B P ———

W —— ] ¢

o - .-

'MW"’""‘:

- —

T W S——————— 5§ W e % o A
o - .

A
-

P
W)

g!uﬁw;»k‘i&

o,
-
oo o -

»
»

f o
L

b

-

*
s g

'‘$

1120-1150

1150-1400

1400-1415

14151435

1435-1450

1450-1505

1505-1525

1525-1555

1555-1610

1610-1630

1530-1645

THURSDAY, 6 MAY 1976

ELECTRICALLY SMALL ACTIVE RUCEIVING ANTENNAS

H. H. Meinke, Technical University, Munich, Germany.

RECESS FOR LHNCH

PASSIVE ANTENNAS, ERESSION I

AN ERFOR ANALYSIS FOR THE WHEELER METAOD OF MEASURING THE
RAOIRTION EFFICIENCY OF ELECTRICALLY SMALL ANTENNAS

G. 5. Smith, Ceorgia Institute of Technology.

A REVIEW OF INDUCTIVELY LOADED ANTENNAS

R. C. Hansen, R. . Hansen, Inc.

A LOW PROFILE REMOTL~TUNED DIPOLE ANTENNA FOR THE 30-80 MHz
RANGE .

D. V. Campbell, ECOM.

MULTI-ELEMENY MONOPOLE ANTENNAS
G. Goubav FECOM Consultant.

INTERMISSION
DISCUSSION PERIOD
Hoderator: R. C. Hansen

AN EXPEFRIMENTAL AND THEORETICKL INVESTIGATION OF THE
CTRCULAR DISC, PRINTED CIRCUIT ANTENNA

$. A. Long and L. C. Shen, University of Houston.

PHYSICAL LIMITATIONS OF THE MULTIMODE CURRENT RING

DF ANTENNAS i o
J. J. H. Wang, Gecrgia Institute of Technology.

LONG WIRC ANTENNA PELFORMANCE
3. Lane, USACEEIA

AIR FORCE VLF COMMUNICATION ANTENNAS

_ P. R. Franchi, Rome Air Development Center.T

*Paper not formally presented, but included in these Proceedings.
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THE UMBRELLA TOP-LOADED VERTLCAL RADIATOR FOR USE AT MEDIUM
FREQUINCILS

J. S. Belrose, Lept. of Communications, Ottawa, Canada.t

ELECTRICALLY SM2LL ANTENNAS: THEORY AND LXPERIMENT

;1
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. 3
J. S. Bebose, Dept. of Comnmunications, Ottawa, Canada.'t' ;
L ULECTRYCALLY SMALL COMPLEMENTZRY PAIR ANTENNAS AND
] . SCATTERERS
l\ K. G. Schroeder. The Aercspace Cmcp-:).rat‘ion.'r
1645-1715 DISCUSSION PCRIOD
. Moderator: R. . Hansen
. ! 1730-1830 SOCIAL HOUR
'l 1830-20C0 DINNER
> ] SPEMNUR: R. Mittra :
. DEMONSTRATIONS AND D1SCUSS10NS ;
r ) - t
% 2000-2030 SOME EXAMPLES OF SMALL, LOW-NOISE, HIGHLY LINEAR ACTIVE .
1 ANTENNAS FRODUCEL Il QUANTITY FOR VAQ'IOUS APPLICATIONS {
t
X H. K. Lindenmeier. and ¥. Landstorter, Technical University ‘
: 1 of Munich. ‘
2030-2045 TRADE-QFFS IN THE.DESIGN‘OF A SMALL ACTIVE ANTENNA FOR
TELEVISION RECEPTION
J. J. Gibson, RCA.
t
A" 2045~-2100 VHI MhNPACK 1OG PERIDDIC ANTENNA
X 4 J. C. Davis, DHV Inc. ;
<. 2100-2130 DISTUSSION PERIOD .
: - 3
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FRIDAY, 7 MAY 1976 - Morning- <

PASS1IVE ANTENNAS, SESSION 11

0830~-0900 A TECHNIQUE POR CALCULATING -1E RADIATION AND IMPEDANCE
CHARACTERISTICS OF ANTENNAC MOUNTED ON A FINITE GROUND
PLANS OR OTHLR OTRUCTURES :
R. Mittra, Y. Rahmat-Samii and P. Parhami, Univ, of Illincis.
0800-0915 RY TRANLINE ANTEHNA FOR VEHICLES
. J. E. Brunner and J. R. Gruber, Cincinnati Electronics Corp.
) 04Y15-0930 PREDICTION AND MLASUREMENT OF HF ANTENNA IADIATION DATTERNS
. OF HELICCHTHRS '
i L. N. Medgyesi-Mitschany, Mclonnell bouwlas §?e:suarch Labs. S
! and J. HBrune, LECOM.
! 0930-0945 SCALE MODEL TES‘I’ KEGULTS FQR‘ AN BLECTRCIALLY-sMALL LOOP
i ON A UH-1D AIRCIAY™
-] H. H. Jenkins and ¥, J. ¥ilson, Georgia Inctitute of '
t Technology: and L. Scott, BCOM, '
i} COMPUTER MODELLING 01‘ SMALL ANTENNAS ON ALRCRAFT : a
] J. J. H. Wang, Geqrgia‘rnstitutn O "‘nr:};nf:logyﬁ ;5
0945-1005 INTERMISSION ‘ I L
’ ~ !
1005-1035 DISCUSSION PERIOD .
Moderator: R. Mittra v 4
. 1035-1050 LOW PROFTLE VIIF ANTENNA FOR ARMOR ' -9
J. E. Brunner and G. Seward, Cincinnati Electronics Corp.
1 ‘ : 3
# ' f
= .. 1050-11495 SLOT ANTENNAS POR VEHICOLAR COMMUNICATION IN THE VHIY RANGE
o K. Ikrath, ECOM.
-~
o 1105-1120 WIRE ANTENNAS IN THE PRESENCL OF MATERIAL HODIES 1
i 3 ' E. U. Newnan, Cnio State UnjVL‘rsity,
B .
4‘;} 1120-1135 COUPLING OF SMZPLL ANTENNAS WITH HUMAN BODY j
v ;"E K.-M. Chen and D. ', Nyguist, Michiydn State Univevsity. 3
s | - ’ ,
Agt (1135-1150 EXPERIMENTAL INVESTIGATION OF MANPACK KHI? ANTEFNNAL:
-, é; ANTENNA CHARACTERISTICS AND PROXIMITY EFFECTS . :
- .EE J. Mink, ECOM, . i
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FRIDAY, 7 MAY 1976

1150~1220 DISCUSSION PERIOD

Moderator: R. Mittra

1220-1400 LUNCII RECESS

FRIDAY, /7 MAY 1276 - AFTERNOON

ACTIVE ANTENNAS

1400-1425 & SUPERCONDUCTIVE H-FIELD ANTENNA SYSTEM

‘Nancy K. Welt: and F. D. Bedara, Laboratory for Vhysical
Sciences.

1425-1445 AN APPROACH TO SHIPOARD HF RECEIVING ANTENNA SYSTEMS

1
¢ l R. K. Royce, Naval Research Laboratory.
. ( ~ 1445-1505 APPLICATION OF ACTIVE-IMPEDANCE MATCHING TO ELECTRICALLY
" 1' SMALL RECEIVING ANTENNAS
A. J. Bahr, Stanford Resecarch Institute.
A 1505-1525  INTLERMISS10N
v
\ 1525-1555  DISCUSSION PERIOD
. . Moderator: C. H. Walter
; 1555-1615 ELECTRICALLY SMALL ANTENNAS WITH LCBDiNG MATERIALS AND
WITH ACTIVE EILEMENTS
J. A. M. Lvon and R. E. Hiatt, The liniversity of Michigan.
1 1615-1€.0 SHORT, ACTIVE, HIGH-FREQUENCY ANTENNA AS AN E-FIELC PROBE
,' E. F. Laire, lLawrence Livermorc Laboratory.
L 13 .
- ) 1630-1700  DISCUSSION PERIOD
-« ‘ Moderator: C. H. Walter.
. ."s. .
™ 1700 : CONCLUDING REMARKS AND ADJOURNMENT.
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OPENING REMARKS

Colonel D. A, Slingerland, Director cf the Communicaticns/
Automatic Data Processing LaSc:atory; ECOM, opened the Workshop
and welcomed the conference attendees., He thanked the army
Research Office for suggesting and sponsorifg this meeting, and
b by referringe o pzactical exémplesf uﬁderscored the Army’s need
for compact tactical communication antennas of high eclectrical
4 ‘o performance. He concluded his welcoming address by a surprise
i Y demonstration of a novel and highly'advanced antenna model

representing the ultimate goal in electridal smallness: the

invisible antenna of zero dimensions.




e

-a
S ———— = - -

* /
. PN o
st

; .
-~ -
A Sttt e e e

L
.

‘ .
- B

-

")s.-'.-.’ ¥

b

d‘ c 3 s
SRR 2 N

A

e A

L%

FrucENTIG PAE  PLANKLNCT FILVED

WORKSHOP ON ELECTRICALLY JMALL AN™ "NNAS:
BACKGROUND AND PURPOSE

F. SCHWERING

Communications/Automatic Data Processing Laboratory
U. S. Army Electronics Command, Fort Mommouth, New Jersey 07703

Due to the use of integrated circuit technology, the physical size of
tactical radio communication equipment h. bec¢ome smaller and smaller
in reccent years. The antennas operating witn this equipment lave, in
nout cases, still <« rather conventional size, i.e., linear dimensions
in the order of several feet at VHF and of'scveral 10's of feet at HF,
The HF and VHF bands, covering the frequency range {rom 3 to 300 Mz,
are those commonly used in tactical commun1cat1on.

The interest of the Army iu reducing the size of tactical antenuas is
not merely a matter of conforming with a general trend to smalle:,
more compact devices, for antennas to be used in tactical situations
have to satisfy certain requirements concerning their mechanical
structure, notably those of low visibility and low vulnerab’lity.

-Manpack antennas, for example, should be as inconspicuous as possible

to encmy observers, and armornd-vchlcle antennas should be hardened
against small arms fire and the shock waves and fragments of artillery
shell explosions. Beth constraints require compact, low silhouctte
antennas. At wavele.gths in tie HF and VHF rarges, this means.in

practice; =lectrically small antennas.. Accoxding to a commonly used

definition, the term “electrically small antenna" implics dimensions
in the order of 1/10 of a wavelength or less.

Apart rrom the nced for compact antennas in tactical communications,
an area of primary interest *o the Communications/ADP Laboratory, a
numiber of further applications in Army electronics systems is seen
for small ahtennas. Exampies include DF systems to be deployed near
front lines, remote battlefield senscrs, electronic warfare and
camouflage techniques, and munition centrol systems, to name a faw.
The Mavy and Air Force have corresponding requircwents for small
antennas_ tnough, naturally, for different purpuses and under different
constraints. The Armed Servicer r -quirements will be discussed in
some detail by two invited speckers: Master Sgt bDonohueé of the Army
Zignal School will present the Army reQuirements,aud Dr. Kvigne of NELC

‘will give an overview on Navy problems in this area.

L,
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As every antenna enginecer lnows, colectrically small antennas poss a
major problém in rogard to their electrical performarce. 'The radiation
resistance of these antennas decreases rapidly with size and
tuning and matching becomes very difficult and inefficient, As a
consequence, the antenna performance deteriorates and performance
parametoers, such as radiation efficiency, S/N-rutio, and bandwidth,
tend to decrease to unacceptable levels,

Designing compact antennas which are efficient in spite of their
smiallness is a very difficult task which requires boith understanding
of their capabilities und fundamenial limitations, und familiarity
with advanced methods for enhancing antenna performance. The main
purpose of the Worksu » is to provide a forum for the presentation and
discussion of papers oo the thepry and practice of these antennas.

To presunt an in-depth exposition of the fundamentals of small antennas,
their limitatvions and trade~-offs, w: have invited Dr., Wheeler who has
written papers on this subject which have become classics. We are
grateful to Or, Wheeler for having accepted our invitation.

Two more invited papers will be presented this worning. Professor
Walter will report on thce extensive research program on electrically
small antennas under way at Ohio State University and Professor
Meinke will present results of his pioneering work in the area of
active antennas. I would like to express our thanks to Prof, Walter,
and to Prof. Meinke, who has come all the way from Munich to partici-
pate in this conference.

The first scession on passive antennas, this afternoon, will be con-
cornoa primarily with techniques for improving the performance of
small antennas and overcoming - as far as this is possible - their
limitations. The session on active antennas tomorrow afternoon will,
in effect, address the same subjoct though by a different approach:
the use of active devices 1nteqratad with the radiating element or the

tuning retwec ks of antennas.

Up to now, active antennas have not been widely used by the Army.
However, it appears that theoy have the potential for solving a number
of probloms, in particular, in the area of e¢lectrically smail anteunas,
fn example is the bandwidth problem. Swmall antennas of simple
consstruction, such as stubs or loops, are inhercntly narrow band
devices. This may be an advantage for certain applications; also,
these antonnas, of course, are tunable over a bread freguensy band

by ucing conventional variable veactive networks. But for other
applications, antennas with a wide instantaneous bandwidth are required.
Examples include antijamming and signal camouflaging mothods such

as spread spectrum techniques and fast frequency hopping (FFH) .
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As the recent literature and papers to be presented at this
conference  show, the use of active tuning networks provides a.
solution to this problem, not just in principle, but a practical
solution. :

Because of this and similar capabilities of active antenna techniques,
- ) this Workshop has been seen as an appropriate occasion to discuss these
’ ) antenndas in <ome detail and assess their potential for Army applica-

. tions. 1In addition to the Friday afternoon session on this subject,
models of active antenaas will also be demonstrated and further
discussed during the after dinner session tonight,

. The second session on passive antennas, tomorrow morning, will be
concerned with proximity effects, i.e., with smcll antennas radiating
in the presence of their platform environment::.,

In one respect, electrically small antennas are casy to understand.
| Their radiation patterns in free space (or when operating above a
large plane ground screen) ave those of an electrical ‘dipole, a magnetic
’ dipole, or a combination of these two basic radiators. Unfortunatelv,
i Army antennas do not radiate in free space, but are usually attacheé
{ to structures like helicopters, tanks, or manpack scts carried by
/ soldi.rs, Small antennas have strong near fields and, thercfore, tend
) to strongly interact with their platform environments. As the before
) mentioned examples show, typical Army platforms ure everything else
& but simple in structuce and. hence, proximity effects present us with

! ﬁ another com; lex problem, To complicate things even further, these
$ platforits usually have dimensions in the order of a wavelength some-
i where in tiie upper iF to lower VIF recgions. But on the other hand,
this may be uscd to advantage by exciting the total structure to radiate
1 as an antenna. As several papers of this session show, in this way an
efficient radiating cystem can be obtained with radiation patterns
that in the HF-range are predictable and in the VIiF-range even become
stecrable.
. The complicated structure of typical Army platforms entails that analy-
tical studies of proximity effects have to rely to a large extent on
’ advanced computer modeling techniques such as those described or 4
t utilized in the theoretical papers of this gession, As in incroduction _ A!
, .. to this secssion, Professor Mittra will give an overview of scveral :
'i' existing methods and a new approach that may serve as the basis for the
. development of versatile and accurate, but numerically efficient,
. computer coder .
S i 1
- 1. .
;o é - In summary, electrically small antonnas require scphistication in their \
= '3} design, Much proqiess has been made in recent years (and also in not .
~ so rccent. years) in the conceptual understandinu of these antennas and !
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- in practical methods for overcoming their limitations. The purpese

. of the Workshop is to discuss the theory and practical design of these

: antennas, their fundamentals and enhancement techniques, in particular

N in view of possible zpplications to tactical Army antennas {though

- the discussion shall not be limited to a specific application). I

i hope that we will have an intercesting conference — the quality of the
papers to be presented makes me rather confident en this point - and
that this meeting will be professionally rewarding to all participating
in it. :
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ANTENNA REQUIREMENTS FOR THE MODERN WAKFAKE BATTLEFIELD

Excerpts from Pioescntation
by .
Master Sergeant A, Douohue
Dircctorate of Combat Development
U.S. Army Signal School
Fort Gordon, Georgia

The Army is now largely an armored=-m-chanized force. Ir nrder to max-
imize combat effectiveness and survivability, Army tankers have devel-
oped new doctrinal concepts on “"how to fight". These concepts are based
on maximum use of protective terrain to conceal movemer.t and firing
position. This requires low=profile antennas which do not compromise
the position of the tank. The Army is studying a two phase approach

to reduce the size of tactical VHF antennas in orxder to reduce the vul-
nerability of its combat vehicles. The first suci. effort involves short-
ening the whip lengti of the present vehicular antenna, a$-1729/V.C,

to half its present length of 10 feet. This low~risk development will
result in the fielding ¢f a five foot whip ancenna late in 1977. This
new antenna is Leing eagerly awaited by field commanders, and will pro-
vide ‘a significant increasc in their opera_lonal capabilities. However,
a longer term, final solution for VHF vehicular antennas is ‘required

by the Army. It is envisioned that this new antenna wlll blend wi.th

the silhouette of the vehicle on which it is mounted to further reduce
the visual signature of the vehicle, Ways to reinforce the antenna

to provide blast and fragmentation damage resistance must be incorpo-
rated into the design efforts fur such an antenna. Several designs

are being considered by industry and the Electronics Command., The multi-
turn loop; vehicular slot, and short top~loaded ‘monopole’ des;gns hava
'shown gxea‘ promxse toward mcetlng ‘the Army's" goals.

The Army is alsc'v;tally interested in 1ncrea51ng the capability of
ovur forces that employ radios in the hiah frequency range from 3-30
MHz. Military operations over extended distances and during wide-rang-
ing independent. operations necessitate looking at ways to develop more

1eff1CLent, yet. highly molee, omnl—dlrecntonal and directicnal high

frequency arrays.

In summary, success on the battlefield wxll, in the future, rest with
the combatant with the greates: mobility and wiscst tactics. He must

. move, shoot and communicate without drawinag attentlor and auemy fire
_on his position because of large, conspicucus antenna systems. Devel-

opment and #.elding of electrically small antennis for use by our combat

forces wili contribute greatly +o the field commander s mLSblon-w1nn1ng

on the modern pattleficld.

The sperker stressed that the development of low-profile anternas should

Procees: at an accejerated pace; as survivability on the battlefield
raquaices it.
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AN OVERVIEW OF ELEC.TRICALLY SMALL ANTENNAS WITHIN THE NAVY

Marlan S. Kvigne
Naval Electronics Laboratory Center
San Diego, Califarnia

ABSTRACT

The Navy ship antennaz environment, the past-and present HF and VHF twy
investigations concerning small antennas will be discussed, The trends of .ie
future will aiso be discussed.

NAVY ANTENNA ENVIRONMENT

The ship topside environment is-a major factor to be considered when
thinking of a Navy antenna system. In general, the area available for antenna
placement is small and th= number of antennas recuired is jarge. Any antenna
systam must be judged on the basis of hew mych it contributes to the total
ship combat effectiveness. [1]

At present most Navy HF and VHF systems require omnidirectional coverage
with the ability to provide a specified grade of service at a specified
maximum range. In addition, certain subsets of the electromagnetic (EM)

system must be capable of simultanecus operation and the epera*;ag envelopes
of all. nsnradTatisg systems must be respected.

Because of the large number of antennas required in such a small space,
many specisy constraints and conmsiderations are involved in the selection of
an “ntenna system. In the hzgh—antenna—dens1ty environment typical of most
ships, mutual coupling between antennas is a potential source of system
degradation.  Undesirable effects of mutual coupling include distortion of
radiation patterns, alteration of antenna feedpoint impedances, and the
transter of rf energy from one antenna to the other. In addition, coupling to
the superstructure {acting as a parasitic element) may or may not be
desirabie. ,

Most ships require the simultaneous operation of several HF transmitters,
each with 2 power in excess of 1 KW. This dictates concern for HERO and
RADHAZ. Since receivers must also operate simultaneously, they must be
protected with a suitable rf distribution system and the whole ship topside
eavironment freed of unintentional sources of radiation whose freuuency might
fall directly upon the receiver center frequency. Ships wre deployed for long
pericds of time with 1ittle chance for antenna maintenance or adjustment.

This implies a need for simple, inexpensive, easily maintainable antenna
systems. In addition, shiphoard salt and stack gas environments are highly
cor osive to antenna systems,

To further complicate the situstion, relative system priority influences
anienna placement. For inslance, the more stringent requiremenis of the Navy
Tactical Data System Antennas make it neceasary that this antemna reguirement
be satisfied even if other antennas must be assigned less than optimum
locations. ,
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_ Ohio State University !IF Multiturn Loop (MTL) Antenna [10]

As can be seen, Navy ship antenna needs are mission-dependent and hence
are tailored to individual ships. Since a ship has few antenna locations
which can meet all of the requirements, and a highly efficient eiectrically
small antenna has not been developed which meets all of the EM constraints,
the following Navy antenna trends have evolved. Most systems make use of &
few broadband antennas with multicouplers to satisfy the large circuit
requirements.. This system is used for both receiving ard transmitting
artennas and physical seperation plus the filter selectivity is used to obtain
the desired isolation. Fan antennas which excite the ship superstructure are
used for the lower HEF broadband. systems and "fat" monopoles for the righer HF
frequencies. "Fat" dipoles are generally used for broadband VHF applicaticns.

For single circuit applications, whips are generally used in both bands. [2
through 8]

Navy aircraff and submarines generally do no employ broédband'systems.
Submarines utilize tuned monopeles and aircraft utilize tuned slots or wires.

ANTENNA INVESTIGATIONS

In an attempt to find better broadband antennas and suitable electricaliy
small antenna for Navy/Marine Corps applications, several investigations have
been undertaken during the last years.  Discussions of some of the recent
salient investigations are presented in the following paragrpahs.

Antenna Research Associates, Inc. Miniloop Antenna [9] The MLA-1 Miniloop
antenna system emp1oys a tuned one-turn.main loop coupled to an untuned
one-turn feed ioop. The feed loop terminates a 50 ohm coaxial transmission
Tine which is routed up the inside of a hollew supporting mast. The center of
the loop proper is approximateiy 11 feet above the supporting platform. The
main 120p has a mean radius of 3 feet and a conductor diameter of 4 inches.

‘Tuning is accomplished by remote control of u variable vacuum capacitor
- Jocated at the top of the locp.

: The tuning rangs is 1.8 to 14.5 MHz for the
MLA-1/E and 2.25 to 16.5 MHz for the MLA-1/D. The only difference between the
two models is the value of the tuning capacitor.

Pus1t1on1ng of the miniloop is accomp11shed by rotating it about its
vertical axis either manually or with an optional remotely controlled rotator.

Ina clear. 1ocatwn 1+ has a f1gure-8 azimuthal pattern in the horizontal
olane. :

An evaluation was conducted on this antenna and it was found to have
vibration problems and have some potential tuning problems. Scale brass

models indicated that a ship's superstructure could have an adverse impact on
pattern performsnce.

In an attempt to

Tuning range: 2 to 10 MHz Input power: - 1 KW
- Efficiency range: 1% to 30% : Size of coil: 12" X 26" X 26"
Bandviidth: -3 KHz min. (3 dB) Weight: . . B0 1bs

- Impedance over tuning range:

obtain an ultra small HF shipboard antenna, Chio State University proposed to
deve]op a feasibility model of an antenna w1th the following characteristics:

AdJustable'to exact1y 50 ohms

10
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This development was procured and the antenna evaluated for shigbcéré
application.

~ The evaluation found the following: Its inherent nature is that of a
high Q, Tow profile, horizontal magnetic dipole with a significant
horizontally polarized radiation component at high elevation angles and
vertically polarized component have a cos @ pattern in all vertical planes
where & is the elevation angle. However its shipboard applicability could be
limited by low efficiency, tuning and matching difficulties, and the rapid
deterioration of the radiation pattern in a “confused" ship topside
environment (its coupling is directional in nature).

Normal Mode Helix Antenna [11] To overcome the difficulty of Ohio State MIL
pattern delerioration in a complex shipboard environment and some of its
tuning deficiences, it was felt that a vertical version of the Ohio State MTL
with a different tuning configuration held promise. Several models were
constructed and evaluated. Findings indicated similar efficiency, tuning,
and matching limitations, but patterns and coupling of a short vertical dipole
with 1ittle horizontally polarized radiation at the high elevation angles.

Broadband VHF Antenna Development T12] it has become apparent over the past
several years that the AS-2231 antenna associated with the shipboard 30-76 MHz
AN/SRA-60 has serious deficiencies. To overcome these deficiencies on
electrical feasibility mode! development was undertaken to produce a
replacement. In addition to the :hipboard application, it was hoped the new

- antenna would be useful for Marine Corps fixed and mobile applications.

This development resulted in a “fat” dipole with balun for ship and fixed
command post deployment., Each dipole element consists of four equispaced
whips approximately 5 1/2 feet long for a total length of 12 feet and a weight
of 50 1bs. A monopole version consisting of three equispaced § 1/2 foot whips
for vehicular use was ulso designed. The dipole version is currently
undergoing field testing. ‘ -

Low Profile Antenna for the AN/PRC-25,77 [13, 14, 18] Ohio State University
proposed to utilize their MIL antenna on the AN/PRC-2%, 77 to replace the 3
foot AT-982 whip, thereby reducing the profile of the radiomen and hopefully
his casualty rate in combat. The proposed development was procured and
resulted in a 6" packaged M.T antenna add-on to the battery case of the 25 or
77. The unit has fully autumatic tuning, which responds to changes in the
local environment. This unit has not been evaluated yet, but preliminary
results indicate slightly reduced efficiency and a slightly directional
pattern characteristic. =~ -~ = = ‘ B

AN/PRC-104 Antenna Study [16] An investigation was undertaken to see if it
was posiible to improve the performance of the AN/PRC-104 radio set by
utilizing a different antenna with the existing tuner. The AN/PRC-104 is a
manpackable, 2 to 30 MHz, 20 watt transceiver with an 8 foot whip desigae# and
produced by Hughes Aircraft Company. Antennas studied were the 8 foot whip, 8
foot slesve monopoie, 8 foot centerfed dipole, a Southcom International, Inc.
centerloaded antenna, a 10 foot whip, and an Ohio State Multiturn loop. The
effects of skin contact on the packsei, absorption by the body, and lossy
ground were studied. The impedance of the antenna system on a radioman was
determined for each of the above situations. Findings indicate the tuner of
the AN/PRC-104 is designed for an 8 foot whip in a manpack configuration and

11
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as such does Yend itself to other antennas. Best performance appears tu
result if she body is shielded with conductor and an 8 foot whip 1> utilized,
Next followed the 8 foot whip without the body conductor and then all other
antennas tested providing ecual or poorer performance.

Multielement Element Investigations  Antenna diveriity has been investigated
and utilized as a means of overcoming HF fading associated with skywave
channels. - In addition, multiple omnidirectional antennas si.ffering
superstructure biockage have been fed in phase in an attempt to overcume the
blockage.. Adaptive antennas have been investigated as a means of overcoming
ship blockage to HF antennas. These studies have been conducted only on scale
brass models. Full.scale field tests have been conducted at VHF frequencwes
for sensor applications [17].

Misce11aneous Investigationg In addition to surface ship and Marine Corps

.antennas, work has occurred concerning antennas for other platforms. The

dogleg antenna was developed for the P-3 and the efficiency and impedance of

~most submarine HF antennas was measured [18]. Active antenna efforts have

been minimal at NELC due to concern_for non linear emissions and interactions.
TUNING, MATCHING, AND DECOUPLING |

Each of the above antenna systems has an associated tuning or matching
network which has been developed or investigated. Because there are so many
antenna systems on board a ship, coupling between them is of prime concern.
Filters and multicoupiers (AN/SRA-16, 34, 49, 56, 57, 58, 60, etc.) have been
developed for use with broadband antennas to aid in achieving the desired
isolation. Ffurther developments have been undertaken to enhance existing
capabilities and solve unknown problems during recent years. Some of the
salient efforts are summarizes in the following paragraphs.

NRL Base Tuner An HF base tuner is under develcpment at NRL which

" incarporates a tuned c¢ircuit to provide increased rejection and improved

‘ability to tune in the presence. of other tuners and *ransmitters. This tuner
-is an alternative to the AN/URA-38 and is capa_le of tuning a vertical 35 foot
whip over a 2-30 M4z range with a minimum efficienzy of 10%. An automatic

-digital contro] mechanism is used for tuning and the who1e system is still

under development.

NRL Small Ship RF D1str1but1on System . (SSDS), A transm1t mu]t1coup1er
taiiored epﬁr1f1rall) for small ships is currently under development at NRL.
The multicoupler is a unified five channel package which divides the HF band
intv two ranges, 2-8 and 8-30 MHz.  Two antennas are required, one for each
range with a 4:1 or better VSWR. The two antennas are connected directiy to
the combined multicoupler unit. The five input channels of the multicoupler
are configured so that transmitters connected ot four of the.channeis may be
operated in either the ?2-8 or 8-30 MHz range as desired, with each output
combined and connected to the appropriate antenna. The fifth channel is
operable only in'the 2-8 MHz range. A1l five transmitters may therefore be
operated ip any combination from all five in the 2-8 Mh: band to one in the
2 R Miz. and four in the 8- 30 Miz bands.

8 Cha nnpx AN/SK 60 [19]  The existing sh1pbuard 30-75 MHz mu1t1coup1er
AN/SRA-b0 .75 a four channel device. An investigation was undertaken to
v it would be poscwb]e to increase the capacity to eight channels

determine i
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and thereby reduce the required antennas by a factor of two. Findings
indicated it would be possible with repackaging to make an § channel
AN/SRA-60 with insertion loss similar to that obtained in the four channel
mode but with adjacent channel frequency spacing increased to 3%,

10 Channel VHF Multicoupler for the Marine Corps [20] In crder to alleviate "
the collocation problems associated with the amphibious command tractor,
LVTC-7, and fixed command posts, a development was undertaken to determine if -
a multicoupler was a feasible solution to some of the problems. Since the
AN/SRA-60 is tco large and cumbersome for this application, a totally new
concept was pursved. As a result, a manually tuned, 10 channel electrical
feasibility model was constructed which is capable of 3% adiacent channel
frequency separation and less than 2 dB insertion loss when used with a 2:1
VSWR antenna in the 30-76 MHz band. It is capable of 70 watts per channel

and is currently undergoing limited fi=ld tests.

Marine Corps Tactical Communications Inline Filter (30-76 MHz) [21] As an

- adjunct to the 10 channel VHF multicoupler an inline filter was designed,

constructed, and tested in a limited manner. The device is fylly automatic,
capable of automatic tune upon applicaticn of transmiiter power or operator
indicating the desired receive frequency. The filter is iatended to
alleviate the receiver overload and transmitter intermodulation problems
associated with the RT-524 transceiver which cause degraded VHF
communications.

Combination Antenna Receive Transmit System {CARTS) [22] In oraer to reduce
the number of antennas to a minimum and capitalize on tie prime shipboard
antenna locations available, « coupler isolator {CU-2113 {XG-1)/SRC) has been
developed which uses a ship's transmitting antenna to be used simultaneously
and independent o7 the transmit function for receiving over the VLF, LF, MF,
and HF freguency bands.

The coupler-isolator is designed for installation in the transmission
line between the ship's 2-6 MHz transmitting multicoupler (ncar multicoupler
output) and the broadband 2-6 MHz antenna. There are two decoupled receiving
outputs on the CU-2113. One is used for receiving in the HF range, 2-30 MHé;
the other for receiving at VLF-LF-MF freguencies 10 KHz to 2 MHz. Connection
of the CARTS decoupled (receive) outputs to the receivers usad should be made
through a receive multicoupler. The multicoupler will give protection to
receivers and provide the multiple receive channels needed.

Antenna Location Techniques In addition to those hardware technigues
described above, anterna location and configuration are utilized to provide a
suitable antenna to antenna decoupling and the desived impedance match.

Scale brass modeling and computer simulation are two technologies which are
used extensively to aid in the determination of antenna locations and
configurations,

DIRECTIVE AND BROADBAND ANTENNAS

As indicated above, the Navy relies extensivaly on broadband antennas
and their state of development is quite advanced. However, most are
omnidirectional and tailored tn individual ships and in general are not
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electrically small. The Loy Periodic antenna has been investigated for
directioral broadband applications for ship and shore. Navy ship and
ajrcraft antenna systems are currently being investigaied to determine their
impact on frequency hopped communication systems.

COMPUTER MODELING

Computer modeling is utilized extensively in the analysis and design of Navy
HF and VHF antennas. The MB Associate's code, called AMP, is the preferred
code. This code or other method of moments codes hi.e been utilized to
investigate antenna near fields, the minilccp antenna, the multitune loops,
the HF broadband antenna, HF manpack antennas, and shore station antennas.
AMP was used to determine the near fields of the HF antennas of the Patrol
Hydrafoil Missile Ship (PHM) and recently the complete integrated antenna
system, including the complex superstructure was computer nodeled to provide
a new ship preliminary design antenna configuration. [23, 24]

- Computer madeling appears to be applicable where a basic knowledge of
antenna impedance, pitterns, near fields, and coupling, including the cffects
of a complex environnent are needed in a relatively short time, It does not
appear to be cost effective where large amounts of data are rcequiroad and the
time schedule is less stringent, as other techniques are more advantageous.

TUTURE TRENDS

Future trer<; appear to be a1ong the line of reducing the size of

existing systems without sacriticing efficiency, isolation, or bandpass

charac*a2ristics. New systems must be able to function in the environment and
contribute to the asverall platform effectiveness, be inexpensive and easily
maintainable, and pr¢ferably be simple. 1t should be noted that findings
concerning all three of the small individual HF antennas discussed above
found that each had less than a 2-30 MHz tuning range and potential tuning
problems. These limitations are perhaps mure detrimental than the Tow
efficiency.

Specifically, there dppears to be a need for broadband receive antennas
for the 2 tc 30 MHz, 30 tv 300 MHz, and other selected bands. These must be
small, able withstand the ship environment and he tuilored to fit in it, and
meet the olectrical specification of the environment and the particular
system. As always, it would be nice if these antennas were highiy efficient,
had almost zero volume and size, were extremely broadband, and had an
omnidirectional pattern with some gain. Realistically. these are desires and
the deployed antenna will be a compromise of the necessary parameters.
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Small Antennas

HAROLD A, WHEELER, 15 mrow, e

Abstract —A soull antonna Is one vhnse siee s & snuall fraction of the
waselenpth, B s 3 cupacltor or inductor, und it as funed to rcsnmnm by
reuctor of opposite kind. 1ts Dundwidth of § gt is
o a fundamental limitation measured by its *‘mih:aan puwer fmnr
which is proportionu! to it “wfective volume™. These principles are
reviewnd in the Tignt of & quarter-centory of experience. They sre related
o various practical confipurations, including Hush radlators Tor mountiag
on aircrsft. Awoay the uamples, une extrome is a snall soe-tors Joop
of wide strip, tuned by un integral cupaciior. The vpposite extreme is the
turgest anfennu in the world, which iv 2 “soull antervw™ in ternu of s
uperating wavelength. In each of these extremes, the radiation rower
ficter Is much less than one percont.

1. IntRODUCTION

“SMALL ANTENNA" is hore defined as une occupy-
A ing a smzll fraction of enc radiansphere in space.
Typically its greatest dimension is fess than § wavelength
{including any image in a ground planc). Some of its
properties and available performunce are limited by its
size and the laws of nature. An appreciation of these limita-
tions has proved helplul in arriving at practica! desipns,

The radunsphere is the spherical volume having a radius
of Hor wavelength [10]. 1tis o logical reference here because.
around a swall antenna, it is the space vecupied muinly
hy the stored cnergy of its electric or magnetic Held,

Some limitations are peculiur 1o o passive nctwork,
whoere the concepts of efficiency, fopedunce maiching and
frequency bandwidth are esseatiadand may be the controlfing
factars i perfroumee ovalugtion. This  viscussion s
dircered maiedy to thes: Bmitations in relation o small siae
Fhin subject has been on the seeord for o guaner-contesy
bul b sull e Hle toght and appreciated. B contars
sroumd the tong, “radiation power faetor” and its pu-
portmality fo volume 12}

A auy e of engincering compromise, there have
been soame imgenious developments for realizing some
yuaditn s at the expewe of others, A valid comparison of
sltctmatives srgaes caovelul deseniption and cvaluation in
ternn of well defined quantities, especially n the we of
terans such s elbicreney snd lpedanee matching, Also in
the sizc ouparison of ciicaits guahified for high power or
low power [ 1]

Au snthie of some of the selevant principles will be
fofinwad Lo et referonce 1o tie bickgrownd in the o
ol s mplitiey with o snall amtenns for reception. Than the
prvegusd fopic will be whadueed w0 Geos of He basa
width lmtitons of mpedinc patcauy, with resonant

viemnt whah ec g tied sntenna Gt i Hhis decensaon,

Rioattaonpt sooepesd Jals ¥1 PRAD Bhe. paper woes pusenied at e
Preents Faesd Mamnat 1 NAE Aot g Sympenaun, Chiohes, 197

Hoe omtlust oo sl e UherBioe [ aaporation, faeesken, N Y
i

TABLE 1
Couparbon o ToMs OF FIHEUNCY oMo AMPLHICATION

ERFRILNLY 10PIC KNP LI ICATION
S AL L] - el L,
PasiiveE LIl AR NETWOSR #CTWE

ESTENTIEL  IMPEDANCE MAICHING  DPTIONAL

N TOLERANCE OF LOSSFS s
THERMAL NOISE AMBUFIED
N0 POWER LIMITING s

The radiation power factor will be reviewed in congept
and in some applications te typical antennas in the form of
capacitors and inductors, Some special applications will be
described for flush mounting and for VIF transmussion
and ruccptmn in every case, the efficiency andjor fxmd—
wnir i is seen to be limited ultimately by size

L Primorirs

Table | shows a compurisor belween officiency and
amplification, refernng to some topios relevant fo small
antennas. It purpose is to emphasize the distinelion between
eBiciency and amplification, the furme Feing e basis
for this presentation. The relations in this table may help
10 bring oat the aceepied nwanings of various tenns.

Eflickeney implics the willzation of the amoont of wdinted
sl power that cun be intercepted hy the reeeiver, If the
aptensa s sinall, the greadest power transfer (o a oot
requires impedance matching. Hiis s achioved in a passive

Cnetwors by tuniog the anterrw and coupling fo the cireuit.

Awmpiification imples die atifiztion of the infereepted
signal, but the escitaton of the amplifier may sot reguice
iapedarce matchang 16 the actve network, This may
Facilitate a wideband desipn, as none osanple to be shown.
Howewer, the amplifier mav add much to the thamal noie
genersted i the antenna dissipation.

I a Bevear notwonk, officiency s insockded with a1 pasiive
network, while amplification is assocksted with an active
setwank, b wok-signal reeviver, bacarity i ot s prineu y
probient. In & power fusmilien, Boweser, an actie met-
work binposes a6 gpper Huit,

in pencel, offivenvy s redined by foses, This & pos
ticubuly e m o soll antena whese the nudition power
Lacton B> small send way be G cxeeeded by the bee power
factor. 'n oo weah-siptal recorver, an smphiicr can imabe wp
fer Bsses i aespedt to sienad stiength, but oaly with m
creinmp. backprownd of thaasd aese o o power D
mittur, the powen raling sed be mv.ce o cover fosses.
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ANTENNA [HO PEACTION ON TUNING)

NOo1):3m
COUPLING TUBE TONED

ClRCUIT

PURE REACTANCE
(NO NOISE)

CURRENT AMPLIFIER AROUND

= (THERANAL NOISE) 1 MHz
Fig. 1. Small antenna with wideband coupling tube, used in broadeast
receivers (1928).

These relations are emphasized because there huve been
some invalid ratings of small antennas ussociated with active
devices serving-as amplifiers. The greatest confusion has
been associated with transmitters, by ignoring the power
limitations imposed by small active devices. These limifations
are not avoided by any particular relation between the small
antenna ana the amphﬁcr

1. BACKGROUND
The wideband utilization of a small antenna was accom-

plished in a receiver about a half-century ago. That history

is relevant to the' more recent proposals using an amplifier
in conjunction with a small antenna [11].

Fig. 1 shows a circuit that was commonly used in radio
broadcast receivers about 1928. It operated over a frequency
ratio of 1:3. A short wire is simply connected to the grid of
the first tube. It bears a striking resemblance to some recent
proposals, but using a tube instead of & transistor, and at
lower frequencies. It substituted amplification for antenna
tuning. It increased the noise threshold and also sutfered
from crossmodulation of all signals by any. onc strong signal.
Then the pendulum swung and it was superseded by double
tuning aheud of the first tube. The tuning yiclded efficiency
over noisc and also presclection against crossmodulation.

IV, inEgueENcy BANDWIDTH OF IMPEDANCE: MATCHING

“There are hnitadons on the frequency bandwidth of
impedance maiching Lotween a resonant cireuit (antenna)
and a generator or load. /A awirter-century has clapsed
sitice these limitations were leveioned and clearly stated
[5]. In contrast to the hisvory of small antennas, these
limitatious have been widely taught and appreciated. -

The bandwidth of matching, within any specified tolerance
of reflection, is proportional to the resonunee bandwidth of
lhc. resonant circuit, A seiall handwidth is Inpwlly £x-

ressed 1 terms of the power Bctor of its reactance, in the
n‘.unncr taught to the writer by Prol. Hazeltine just 50 years
ago (1] Its commuon eapresson in terms of 4 is neither
Togical nor helptul in clear exposition, The term dissipution
factor is wumerically equat to power factor but is counter-
d(‘\l riptive ot a uselul load as here). ) .

“Eig 2 hows the cirenit properties of a saall wmtenna,
describing ity rdiation power {actor (PF). The antenna
iy behave as a vapacitor (47 of inductor (L), and cithi
1 10 be resonated by @ reactur of the opposite kind. Dis-
sipation (other than radiation) is hm q,nmcc because if i

CONDUCTANCE RADIATION RESISTANCE
G, G fm ",
-2 K FACT Pl
vt o POWER FACTOR P
SUSCEPTANCE REACTION REACTANCE
C | ANTENNA TYRR | L
v EXCITATION l 14

Fig. 2. Rudiation power factor of small antenna.

10— ——= - —- 1
&
o 4
zlo
z; L= w ¢ 1 TUNED
3le i / CIRCUITS
2l 1
a7
4
[ o e e e S

0 0.5 1.0
TOLERANCE OF REFLECTION COEFFIILNT fpl
Fig. 3. Bandwidth of matching with tuned sircuits.

treated in the earlier paper [2]. The nominal bandwidth
of the resonator is the PF (p) times the frequency of reson-
ance, as usual.

Fig. 3 is the bandwidth of matching within any specificd
1olcrance of seflection (p) us given in 1948 by Fano [5]. Itis
graphed in the terms of the present discussicn. For cach
graph, the number of tuned <ircuits includes the antenna
circuit and any that are added for increasing the bandwidth
of matching. The added circuits arc taken tn be free of
dissipation. Usually double tuning is used, in which case
the added circuit can reduce the reflection coetlicient to the
squatee f its value for single tuning.

V. Tie RAMATION inu( FACTOR

The term “radiation power factor™ is ¢ natural one in-
troduced hy the author in 1947 [2]. h is descriptive of the
rdiation of real power from a small antenna taking a2 much
laryer value of reactive power. [tis applicable alike to either
kind of reactor and its valuc is limited by some measur, of
the size in «ither kind.

Fig. 4 shows small antennas o voth Kinds (C and L)
aceupying equal cylindrical spaces | 2] They are here used
for introducing the relation betveeen radiation PE and sice.

A small antenna of citiier kind is hasicatly u reactor with
somie stall value of PE assodiated with useful radiation.
The tatter depends primacily on its size relative (o the wave
Tength ¢A), as discovered by the writer [2]. The'sire nay be
stuted Felative to the radianlength (2/27) in terms of either
of two vihues of reference volume:
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of

radiphere 1) Lo K
The former was wsed in the wister™s fint papes. The battes s
partivularly significent in radintion because it defines the
spave i whick the ractive power dematy eweeds the
radiation power denty 110} Abo the latter is convenient
il the antenna iy sphetical {91 ot ity ellective olume s
expressed ay o sphere.

In cither type of anteuns, the mdiztion PU s foond 1o
be proportional to volome and 2o o a <hape faclor. The
eylindrical volume (8 - 48} i bere mutiplicd by o shape
factor (&, or &, > 1) o give the effective volume {37
koAl ot kyAl), Then the general forwela is
v
oxl, 9,

The elfective volume may be stated asa sphere of rading

{&'), i which casc
4n . 2 ng')’ . Ay }”-‘

- . PR TS

3 P 9( PR AN {2 ry -

V=

Hois aoted in passing that s centadn shupe of seffresomunt
cenl radistes equally as both C and 7., in which cse the
totsd saduation P b double either one { 3],

There & one theoretical cuse of 1 small coil which has
the greatest radintion I obtainable within 4 spherical
volume, Fig. 5 shows such 1 coil and it rehetion fo the
cradiamsphere Q0 19] D8] The elfective volume of an
cmply sphierical coil e s shape bwtor 320 1illing with 2
perfect mugnetie voie &, 0 udtiplies the eflectise
volume by 1

ad PV - p - 3

B 2092 o (Em:)’

e : 5
! .9 ¥, ¥, 7 ®

This is fndicated by the <daded sphere ).

This sleatized oee depres the physical meaning of the
raduition P that comor by exceeded. Quiside the sphere
ocvapied by the unteony, there b stored energy or reictive
power that conceptually Gl the sadiansphere J10, bt
theie b none iside the mstenis sphere. The reactive power
demsity, which s dowimant fu the mdiation within the sadian-
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T 5 Nphercal conl waith magnete vore,

sphere, is related to the real power density, which is domin-
ant in the radiation sutide.

S rigorous description of the electromugnetic field
from a small dipole of either kind, the radiation of power
in the far-fickd is accompanied by stored energy which »
muadly focated o the sear-field (within the radiansphere)
f4f 110] “The small spherical inductor in Hip 5 is cone
ceptuallhy filled with pofect magactic matend, so there is
no stored energy wside the sphere. This pemowes the
“avoiduble™ stored energy, leaving only the “uuavoidabl~
amount outside the inductor but mostly inside the radian-
spheie, This unavoidable stored envigy i what nposes a
fundamentl hmitation on the obtainable radiation PE,

COue of the Laffavies By sowe studies has brea the provision

of diclectric ot magnetic material ounide of the space
occupicd by the satenia conducton, without including that
i eriad in rating the size of the antenaa. The fundamental
limitations wie based vnthe size of all the material structure
“which ferms the antenna. Likewie, such. material would
saturally be meluded in o practical evaluation of the size.
Fig. 5 shows the empty space outside the antenna but
inide the sndiisphere (1) which space is filled with stored
cucrpy and therefore reduces the radiation PE of the antenie,

Vi Arvianon 1o TYPICAL ANTINNSS
The radiation PI nay be evaluated for any kind of small
antenna, brom its value, we may state the effective volune
af the anfenn, as fonmlated (45
Foemph. Upb @ s gt
In
This v a2 wsetol gquantity which vin be shown on i space
dhawing, Tt pives o dirgdt comparbon of the bimdwadth
vapahifity of difforcnt st B owill be Jhown for Cand
Eoantepses of clementury configomtions. 1t wid be drawn
s v dindied virele the size of the spherical oifective volume.
Lig. 6 shows some examples of wn electric dipole with
a Hinvar axis of sy onactey. A thin i adand a thid comen)
vapdactor () diti’e; preatly in the sceupied volume, but
much fess in ofiective valune. The fafter s influenced most
by leagth and less by the smaller ansverse dimemsions,
Pig. 6fc) shows a pdr of wcpurated dises |2}, which is
found to approach the greatest elfective volumie lor some
shpes within limiled Ienpth and dinmcter. However, any
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ittermedite coneeting wites woull detract from ths
rating. The tull value o the padaaton P'F oG he acadized
by the use ot &ty wductor dstubuded adoag the sial
line between the divs s proporboned o conform o the
mataral patecon ol ekootic potentiad, thereby contibiting no
et smuount w e stored electine encigy. A ool of sinall
dijcter may be wswed 0 avoid eans (crosspolarized)
sadiiition teickiot, the spheswal ellictive volame ay
entead beyond the weneth between the s, s <hown, $his
ocetts 1 the dise dismeter aeeeds § the eneth e+ had),

as b e ewanple shown, This mdy be iterpreted s o
“spherc of anluosee™  extending beyvend  the antenn

syuctme . .
T o tarher wlerenve 10 g 0, there s pain of erd
clectiides which witl e the grenest onhaoon PIowiibun
A ovhidnenl beowdary, A vinh end, @ hollow ujl N
Seannectod wath st open end asand The center. s deptlios
proportioned o nectme e gadiage 18

N meater
value e By olranned Dy siogde comductoes subject to e
stited constitings,

Fig. 7 liows some exampho of 2 b inductor on i
aptiie fane. A i wae (@) ad sowide stip () daller
tthier hitle i eftective solue, because o s aindluenced
st by the size af the syuaee, A multitwn loop (©) has

neatfy the saune ellective vohme as one o ocamming the

A speces it s one el the prinopal conddusion, pre-

senfed in e wanter's et paper [2] T siperseded soing

e b e esaliations bined on e comeepr of diecne

Shenda ol g mnber of taie, nlc'.lnimé of then widih
Wil padiae, ' )

Referomw apuen (o Dy 4 the Dape lasto e ekt

o the Shape i oppesite way - e twe kinds (C and 1)
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B 9 e teboo Sheld 4o ase in measiting radation powe. fadtor

With greater satin of length, disneter (bf2e, one factor (A,
for ) is prater and the other (A tor 23 i smaber. There-
fore the uttlizatian of valume is greater fon the C type made
ol a long wire o1 fos the . gype aide of a0 “short coil™ o
loop. Thes exemphiicd i Figs. 6 aned 7. Fach of these
Bias Luee and st dinensivrs, and she sinalier dameasions
iy be bess siguificauet i a practicad atlocation of space.

B the witter™s expericnice, the conwept of tadiation PE
Wit firs upplicd'_u- the design ol o oy small faop antenm
tor coaxiad fucation in the nose cone of a smalt suchet. 1ig,
B shows the osuliing voe tuen of wide strip, 1 superseded
some ittle wpis 1o doesinn i mudtitum loop, [ s resonated by
an inteerad vanacitor made of @ cecmic slab metatbzed on
itk faces B praved saperior e peforammed, siapheity,
aind augeedine ~ Bomay fuave been the smablest antenna
then howa o ieat’ s ¢ about S0 pereent sadiation elbciency,
the sizc banp ated i faeions of the wanchneta, Hs
diaewter and lepth we hant 004 wanelenpth so ity
tatur. warn about- 0 12 radianlength 18 was mcasmed by
wethod to be dewenibed here.

b cteon ney of tadiition, osmall antenna o one Ko iy
e andted By reacton of die opposite Kind Hhen

radaiion 11

(0)
vd 170 sy

radnities o thivieney

Tooaovery amall antemna, the sadiation aml fuss powar
Factors iy be sospl] tat thestatio s dithicult o mcasne.
I e, B wonld they be separated momesnenen
red-powes iy falorioas, Anether

Direst neasiw v nl of 1
wwthod e develsped, asng a adialion shicld™ 1101,

Parc ™ ey the caneept ol the edution shicld. T
putpose et avead tadiztion of power wlile baving the
inhiesent dissipatien an 2L wesonant enenit 3 the sl

camtesna CThe steld s a Bes st comductive walls b
wd e e nonentical,

pesentng padintion, 0 -
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P 1 Flusd die capanoton,

bt the theeretival Wual boa radinphere s indicated. 1t
shoald be much Tanper than the sotteuni 1o be shivded, o
an topetain subsvianially the reactanee and s P of the
antensa, Then the PF s messured with and without the
shivhl, for ovaluimg the power elficiency of U useitd
sdiation ] 0L Tn the design shown in byt 8, the cirenit was
cided i an oscilator, so the offcet of the shicld an the
amplitude of vaillation could be fnterpreted in feran of
rdiation cllgroney,

VIL P rusit ANIINNAS

A uselat Gamhy of sl antenmas comprises thase that
are weessed s sbiehd swfaee, such as o gromd plane orthe
shin ol an anerafl. Some may be inherently flsh destam,

- while others may be suited for operation adjincent w i shield

surfaee, whether tecesed o sot. The astenna nay he ¢
ur Ltype, vither oae rdinung moa pobaization compaiblhe
with the abichl surfaee

g, 10 ~hows o flush dise cupacitor. (it 5 somctiaes

termed on Cannuky Mot Uhis copaciton m the b

mountmy wity be compraed with the same capaotor st
abive the swfaee, The recessinge somewhat reduees the
radintion PE. Fhe remannng etlociine volume i that of a
Tiemisphere imbeted by the disbicd semiarcle. His sve is
vomparthie wih tat of the ¢ae. the vylindiical walls ny
be repardusd as o shait feneth of wasegoide heyond cutofl,
vpepting i the lowes! IM mde teicular 1MAO0L o
shown, or setanpukn TM-TIL The copaciter iy %
pesopiated by an miepral mducton as showsn, by aay cvey,

Cthere is a stae sad shiape of dise that wi vickd die preatest

adittion PE. The primary fuctor i the wee of e ity

e evalwition of g fhsh watensa incdudes the shichl
surfzce. 1 pecevary bt o cvaduate the nadiistion PE by
somie nethod of computation. Then 3 can be stted
terms of o wlume tatin, Hoe we comider the Balfspace
of uehation amd shew the hoewsphore of 117 which mas
thea be compaaed wah the I rebaonsphere, 13100 The
radit are retined (o ;msé's.?.:t}._ A antehnna Jocated on the
sunaee (ol fecewad ) couhd be comidered with st mpe 10
yicld the complete sphete of 1710 be compared with the
radumsphore 1L Phen ool cach may be shown abose the
stichd plane, as for the Bush antenna.

The dise capsctteon sadiates B the seme mode as swnall
vertictl dectiiv dipole, by sirtie of vertioal cleetie flux from
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the dise. This s vertical polmimtion on the phue of the
shivid, with ommidirective rdiation. The other eaamples of
a finh antemu, e be shown hoe, adiate oy o small
horzontal magnetic dipole, by virtue of mugpetic flux
leaving the eovity on e side and retuing on the other
side. This iy vertival polarisation but directive i a figure-
eipht pattetn Omniditective vadiation cun be providea by
qumdiaiwe awatation of twe grosed modey i the same
cavity, The ssbinbon ¥ ol eitha hnd i sedueed by
recessne, but the mapnctic dipole sullens foss weducthion,
Fae 1 shows o sdeafized cavity tesomaes »ioch evdiates
as ab inductor, Phe cavaty o covered by o sindew of
high-d dickeetric which setves two purpoves. B eampletes the
cuneit boop indwated by the arrows (11 Abo it provides,
it elfect, savies capucitanes which sesonates the carrent Ioop.
The evlimbiical salls and the apertuse ovedation may be
regarded v the fovest eutally e ooonde foweular 18-,
ar rectampibn 110 o TBL @ showai Tach of thew
modoy Ban 1we cooesd orenbtioms, of which one s in
chentedd by (e cment loop, He ot dicleaie sheet
©1 R SgIRRE [ cHoata) canily sosamates The Bte sosed
mades, Beoe cavh ressnaiee v the Towest aide, it
aivohes the skt sinount ol voed enerpy whitne
sdiited powerand sherclow the geeatest ssddue of sdition
U .
Fap 12 shows some practia] destpis which v nealy
the samw petfonimance by the e of condudine iip. m
widinry (hw-£) dicleetne sudoss, Gligh 4 dieleciin
ol segqused B Hoe the velunnge mductor (anpp and the
esomtling sors canetior (papt e appaeent, The fweo
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Fig 13, Mo inductor on thinferrite dive,

WK FERRITL CORL ) eFecctivi
/Wit DIELECTHIC CORE, oLkt

.- —— - AV
MAY BE LOCATED Nt AR A LHILLD PLANC (OR FLUSH)
HEARLY DDUBLING LiFLCTIVL VOLUME  {(BY WMAGE EFFRCT)

Fig. 14, Long coil we ferrite rod.

alternatives are shown, one mode or u pair of crossed wndes.
Practical d-signs about A4 square have been made with
rudiation I') ahout 0.04. This is about the kirgest size that
follors the s & o small anteana.

‘The required coupling with any of the resonant antennas
in Figs. 10 12 may be provided by another (smalier) reson-
ator located within the cavity, This cnubles the bandwidth
of matching shown by the intermediate graph in Fig. 3.
Euch of these is suited for self-resonance, and reguires some
depth of activity (o hold down the extra amount of coergy
storape in this nonradisting space,

Fig. 11 shows a flush inductor made of crossed coils on
@ thin magnetic dise. At medium or low frequencies (ME,
LE, VLI).che available ferrite materials [ 12] can provide
# magnetic core which is a return path nearly free of extra
ercrpy sturage, even in the thin dise; also which adds vers
littie dissipation, The required depth of cavity is then only
“uflicient 1o take the dise thickness with some margin,
Relative to the wavelensth at the lower treguencics, the
antenni iy too small to caable high cfficiency, even at its
frequency of wesanance, so it s useful only for aeception.
A tolary ooit or crossed cails can be used for a direction
finder or ommidirectional reception. “The principal applica-

dep iy on e skin of an aireratt.

ep tdshows the ferrite-rad inductor which i the antenna
most commonty used in sl broadeast receivers (MiF,
around 1 MHz). The ferrte rod greatly increases the
eftective volume of a thin coil, as irdicated. The effictive

voluroe i then d ermined prinvrily by the length, sather

than the diavater, of the coil, Like dhe ferrite dise, this ain
he used cloge (patallel) to a shicld surtisce or secessed in the
surfice. , o

Here we miay note that a long coit with ils small shape
factor (k, - 1), can huve ity eficctive volume greatly
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Fig. 15, Inductor in radome submerged in sco witer.

increased by a ferrite core. On the other hand, a parallel-
plate capacitor, with its small shape factor (&, - 1), can
only have its eifeclive volume decreased by a diclectric
core, This is one respect in which the irductor offers wore
opputiuniiy in design. in another sespad, the onmber of
turns can be used 1o set the impedunce level, a frecdom
that may be desired but is unavailable in a simple capachor.
If a loug coil as a magneric vipole were filled with perfect
magn e matetial, its effective volume would be comparable
with that of an egually long conductor s an cleetric dipole.
Il the coil had many turns, they could theoretically be
distribute? (crowded toward the ends) to give an clective
volur ¢ greater than that of & pair of dises Far apart, Fig. 6(a).
If the coil is not too thin, this result can be approximaed at
the lower frequencies with many turns o a ferrite core.

* V1. ANIENNAS HOR VLF

‘The greater the wavelength, the more relevant may be the
concept of a unall antenna. Curtent activities ge as Jow as
10 kHz with a wavelength of 30 km. Even the kargest of
transmitter antennas is small in terms of this wavelength,
or its radianiength of § km. For underwiter reception,
however, tte radiaulength or skin depth in salt water is
only a few metens, so 2 snall amteana may occupy a sub-
stantial fraction of this size, Vac latter will he discussed
first, as another example of « small inductor.

For subn.arine reception of VIF sigﬁ:\ls in salt water,
an inductor in a hollow cavity (radome) is-the preferred
type [¥]. As compared with a cipacitor, its cfficiency is
preater because the conductivity of the water causes near-
field losses 'in response to clectric field but not agnetic
ficld. Abso there is no need for conductive contaet with the

" wate,

Fig. 15 shows an idealized small antenna in a submarine
cavity {t], {9]. It is a spherica! coil with a magnetic core,
as shown in Fig 8. In the water, the radianlength is equal
to tne skin depth (6). At 15 kI, this is about 2 m. The
size of the vavity is much less, and the coil still less, so itis a
small antensa in this enviconment. The radistion PF
ndicates two qualitics, the désived coupling to the medium
and the undesired dissipation in the medium  The former
i proportional to the coil volume, and is increased by the
ougnetic core. The latter s decreased by increasing the
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Fig. 17, Larpe VLF antenns {phan view)
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Fig. 4. Large VLF untenna televation viewl.

cavity adius. The coil is in the vertical phine for vatticat

W . L S W TN td - Garh ok =

transmitters located ot Cutler, Me.. (NAA)J and Northwest
Cape, Australia, (NWO) The fater was commissioned in
1967, It is takun as an exsmple because it is the simpler.
Figs. 17 and 1¥ show the plr. and clevation views of the
structure. It operates down 1o about 15 kHe, o wavelength
of 20k

The jowest “speciiction™ frequency determims the
required size. Al this Fequency, the following stutisties are
relevant:

frequency 155 ki
wavelenpth s 193 Lm
extreme digracter 27km = 44
conter-tower eight 30w

effective heiuht LR |
capacitancs 163 af
effecive arca 34 xmp?
effctive volume Vo065 k)
radiat,on resistance L - 0144 Q2
reactance ) Y, -018
radutzon PF p. = 2.3 mils
loss PF < 23mils
efficiency = 150
resonance handwidth 134 He
radiated power 1MW

input power I MW
reactive power 435 MVA
voltage 165 LV
currentl 2.63 kKA.

Particularly spectacular 2re the reactive power of 435
MVA in the wir dicket-ic, and the real power of 2 MW
delivered to o resistanice of ghout 0.3 Q0 Less dhun half of
this resistane s is budgeted to ol losses, including the pround
vonnection ad the tuning inductor. The swall value of
radiation PF (2.3 mils) well gualifics this structoie as a
“sieall antenna.™ The choice of 1 capacitor {rather than an
inductor) was influcnced hy’ the need for omnidirective
coverage,

The cfective volume is diaeramed in the form of 2
eylnder bounded by the dashed lines. Fie, 17, the effective
area 1s o ciele including moes e than the prid of wires,
In Fig. 1%, 112 effectve baght & reducdd by o practical

polarizavon, Crossed corb mury be ased for ombidirective
reception and dirccbon finding,

For effivicnt transmission wt the lower Fregquencies, one
of the vly simple types is the one shown in Fig 167 1t
is s Hat-top™ prid of wites formiug ;i capacitor with pround
as the fower conductor, Iy the teoms of suadl antennas, 1t
nay b described w0 the manner indicated, The effcenve
Beight (7 ix selated to the tadistiop sosistance. The capieit-
ance enables the stateent of an elfective aren kA s
noted. The effective vof ane (A in hallapace b mn;m;u.i
with § radianspher. ) derermine the sadistion PF. Rt is
notable that the grid of mans wites nay provade an elfective
aren greater than that of the grid, i spite of <he mnch smafler
srea of conductor.

As an extreme example, we shall vonsider the later one
of the twe Lepeut antennas i the world. They are the Navy

o adm — -

considerations. The top kvel'is fower Cum the top wires by
the effect of the downle de (B whies ansund the contral
tower). The bottom level is higher nan the pound, by
the clicct of the groutided towers wng oy wites Gaach tower
baving 3ot each of 4 or § levell 1 e resufting offectiye -
height is about § the avefage beight of the 13 lovens. Tile
raduition PE s selated to s eficetive volume by (3 adapiad
bl e whese gromd, (The offective solumes i
catmpared with b radinsphere

IX. Comcresiox

The princple. of ruwdl antenmi. con he deaibed in
simple forme, noth, mathenabedly and pictesially, They
are helpful in the sadenianding and dewpn ol practicad
antennas i cithoe fipe, apuaator or inductor, While the
twor types bave s common sating i oo of effective solume,
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there are dierences that may give either an adsantage in
size or other practical considerations. For any contiguration,
the efliviency andjor bundwidth is ultinmtely limited by
size relative 1o the wavelength.
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ELECTRICALLY SMALL ANTFNNA STUDNES AT 0SU

by
C.H. Halter

The Ohvo State University ElectroScience Laboratory
Department of Electrical I[ngineering .
Columbus, Ohig 43212
April 1978

ABSTRACT

Th's paper describes work at The Onie State University ElectroScience
Laboratory on studies related to electrically small antennas. Recent work in
Clades the deveropment of technigues for measuring efficiency, the development
ot ¢fficient elements for transmitiing applications at HF and VHF and studies
of reduced-size arrays of small elements. In addition some earlier work on
the integration of active circuitry {o antennas is described.

INTRODUCTION

Thic panopr doscribes work at the Dhio State University on studies related
to electrivally small antennas. The scope of the work includes efficiency mea-
suring techniques and theoretical and experimenta: studies of basic radiating
elemats and reduced-size arrays of small elements. In adgdition some earlier
wary on the integralon of circuits and antenna elemenis that may be useful for
small antennas is included.

FREICIVNCY MEASHRTING TECHNIQUES

tne of the most difficult and important problems associated with electri-
cally small antennas is the doterminaiion of artenna efficiency. Although theo-
retical analyses such as an integral ecquation formulation with Moment Methud
solution are useful, an experimenial approach has the advantage of including
unforeseen and/or hidden loss factors that may not or could not have been in-
cluded in Lhe theoretical model. Examples of this would include solder joint
losy, lossy film on the conductors ond losses in tuning and matching components.

-The pattern integration and gain cumparison methods urually provide reli-
aule methods for measuring antenna efficiency but the time required may be pro-
aihitive when a parameter study is to be made in order to optimize the antenne
in some way. Thus other experimental technigues have been explored and fwo of
these, Lhe Whenler Cap Method and the Q Method, have beun found to be guite use-
ful for rapid parametric studies. - .
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A. Wheclzr Cap Method

If we define RR to be the antenna radiation resistance and R the zntenna
loss resistance, the quantity RR*R; may be determined by measurinrg the antenna
input impedance. Wheeler[1] suggests that enclosing the antenna with a conduct-
ing sphere a radian length (about one-sixth wavelength) in radius will eliminate
Rg from the input impedance without significantly changing Ri. This assumes
that the conducting sphere causes no change in the current distribution on the
antenna, [If this assumption is correct, the real part of the input impedance
with the sphere in place will be R . Thus by making two impedance measurements,
one without the sphere and one with the sphere in place, the antenna efficiency
can be determined using the relation

RR '
EW = FR
R L

Using standard equipment such as a network analyzer (with Smith charf

- overlay) one can quickly and easily measure R +Rp and R and therefore effici-

ency. A typical test configuration is illustrated in Fig. 1 for a VHF multiturn
loop (MTL) antenna. The antenna is shown larger than scale for clarity. The

cap may be cubic in shape. It was determined that the shape of the conducting
cap was not critical and no real difference (plus or minus 2 percent) could be
determined in measured efficiency whether the cap was copper or aluminum. The
effect of reducing cap size was tc increase input reactance but, so long as
accurate values -of input resistance could be determined, there was no appreciable
change in measured efficiency. A larger cap makes input resistance easier to
read and the 18" x 18" x 18" aluminum cap in Fig. 1 s used in measurements at
160-240 MHz. = - :

Measured results from the Wheeler Cap method have been compared with re-
sults from pattern intagration and gain comparison methods. Comparison with
pattern integration data showed differences of up to 256% and Fig. 7 shows a
comparison with data from gain measurements. For the data in Fig. 2 the effici-
ency by the Wheeler Cap method was obtained from the structure of Fig. 1 whereas
the gain -comparison method utilized a 20' x 20' groundplane. This may account

for some of the discrepancy in the data. :

It is concluded that the Wheeler Cap method can accurately predict the re-
lative efficiencie: of two antennas and to also yield a reasonable approximation
to the absolute efficiency. The major advantage of the method is -that the mea-
surement is quick and easy. At the lower frequencies it is limited by the .ize
of the conducting cap that one is willing to construct. Caps as large as 15' x
15' x 10' have been used for HF antennas from 4-30 MHz.

B. The Q Factor Method

: A second method for measuring antenna efficiency is based on a comparison
of measured to idez1 ). The Q of a realizable antenna is defined as

' ) e w = peak enerqgy stored '
(2) QRL = average power radiated + average power dissipated
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and toe § of the ideal, lossless antenna is

w  peak energy stored
(3) Qr = 3vérage power radiated

If the current distributions on the realizable and on the ideal antenna are con-
sidered to be the same, then the stored energies will also be the same, and the
efficiency of the realizable antenna is simply the ratio

_ OrL power radiated _
(4) B = QR ~ power radiated + power dissipated

QpL can be determined by measuring the impedance bandwidth of the actual
antenna. Qp for the ideal lossless antenna can be found from the results of
Chu[2] and Harrington[3] where the antenna is considered to radiate a number of
spherical waveguide modes emanating from a spherical surface surrounding the
antenna. For an electrically small #7L antenna the size of Lhe spherical sur-
face is taken as the smailest sphere which encompassos the MTL and the tuning
and matching capacitors {see Fig. 1), and the distribution of spherical wave-
guide modes is taken as the lowest order TMg) mode only. The solid curve of

‘Fig. 3 shows the ideal Qp of an antenna which can be enclosed by a sphere of

minimum radius a, and which radiates the ™My mode only. This curve was used to
obtain Qg for all of the MTL considered here. The dashed curve in Fig. 3 1s

the ideal Qg of an antenna which radiates equal amounts of the TEQ] and TMgg
modes[3]. ‘

A comparison of efficiencies by the Wheeler and { methods is shown in
Table I. In this set of weasurcments five MTL antennas, each with a different
number of turns, were made from No. 18 tin-coated copper wire. _For each MTL,
Table I lists the number of turns in the loop (N), 2w times the radius ¢ in
wavelengths of the smallest sphere which could completely enclnse Lhe MIL and
its feed and matching capaciters, the Wheeler efficiency, and the Q efficiency.
Table I shows that for ka < 0.156 the Wheeler method and the  method yield
approximately the same efficiency. For larger ka the antenna can radiate signi-
ficant amounts of higher order modes, and the methods for choosing the radius &
and the modal distribution fail, and thus the ) method Tails as vu-od here. In
Table I this is illustrated by a Q efficiency of 122 percent for ka = 0.705,

Although it is not a fundamental limitation, deterwmining the higher urder
modes radiated by an antenna is sufficientiy difficult that the { method is in
practice Timited to electrically small antennas. Our cxperience with this method
indicates that it absolute eftficiency 15 desired, it is reasonable fo usc the §
method to measure MTL efficiency for ka -~ 0.2. If only relative efficiency is
important, the method can be applied for ka somwewhat greater than 0.2.

Both the Wheeler method and the § methed are easy to apply. They have
been found to accurately predict relative changes in efficiency, ani to a lesser
extent absolute efficiency. Further, they are applicable at HF and VHF fre-
quencies where the standard patiern integration tecinique may become impractical.
The Wheeler method is Timited on the low frequency ond by the size ef the cap
that one is willing to construct. Provided that the impedance of the antenna
can be accurately measured, we sec no lower frequency limit for the Q method.
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A COMPARISON OF WHCELER AMD Q EFFICILNCY
FOR VARTOUS. SIZL MTL

!
L 13
N . ka (pcrﬁLnt) (purgunt)
6 U.Obb' 6 4
4 0.076 10 2
3 0.118 - 26 34
2 0.156 . 16 47
i 0.28b 34 o 122

ELECTRICALLY SMALL RADIATING ELEMENTS

An electrically small. antenna is an antenna whoso maximum dimension i
much less than the wavelength. We shall adopt the dew i ition used by Shellunot
and Friis[4] in which an electrically small antenna is one-vighth wavelength or
less in maximum extent. Dxcept for pattern distorting eifects ot tinite ground
plane or suproi b ostructure the pattern of a small antenna i4 ewsentially thal of
the classic elemental dipole which in free space and with current 1low along Lhe
z-axis in « conventional spherical coordinate aystom has o sin- field paltery
and a diractivity (directive yain) of 1.5,

There are two basic types of electrically swall antennas.  Those are Lhe
electric element, which couples to the electric field and 14 referved Lo o g
capacitive antenna, and the magnetic element (electric Toop). which.couple. to
the magnetic field and is referred to as an inductive antenna,

Electrical ly small antonng are gener -1ly cateqorizaed o, one v the obts
of these two basic types although many pldll](dl il l anlennds ave ome ol
nation of the two types. The catecorizalion is done on the l).l-l' that Lthe Lip-
Lennd -iy principally an clectric or magnetic element. 1 these fayo baaic Lvpee
the electric olement can be considerced to be Lhe wost, 1undumuntul it the
Toop, or in yeneral any wire antenna, can be constructed from b aperpo,ition of
eiectric elements.

~ Sowe excuples of small eloctric daipole or capacitive antennr, aiv given
in Fiq 4 and some examples of wmall Toop or inductive aniechnes are gien gy
}1q - .

‘The rppru.ontdllnn of a4 amall dnt(nv' by e, of :dnu(lluv TR T [TO
iv a convenmient application of lumped circuil concepts to unlanhd ard 1
Justitiable approximation tor many small anlennas. Many <uccese tig anlepna
narlicularly for YiF-Hl applications, have been developed en lll ha-is and o

cynod stmiary of capdcitive and inductive antennas has beon given by Wheeler] B

However, modern high-specd digital compuaters noy enabbe the antesme eogimery i
onelyzo, with almost any Seqgre» of weuracy, <l b antemia, ot nbibrasy A
such a5 thuse vhown ia Frgs, 4 and &, :
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’ tn the detinition of S wmall ardenna 30 b amplied that the ambeana o
’ upeyafed ab a frequency or feequencies well below it tivet nabuaral reonanm
Phiy o usuallv trae but some camatl anlennas ubibize pultilbars bangg cpmral, w

: s tolded contiyarations o shown in<d e, 4 and L wherein i 1 poenibde 1o Ll
a cornbn Uing clement of <uttocient clectyioal Tength oo aperate b o shove th
; tirsb patural resonance, bul LT el beve The g b dimene don ol 2he andennn

structure g eed ome-eighth wavelength,

Bossgn data in Lhe torm of dmpedoagos , oftr femy amd paltern. o vun of

the eondigmation. in Figoo 4 and 5w wed b o ot ) haye boen abitomnd al
Lhe Ohio State Bprveraily and ave contained o paod o Betesences Jo-10)0 the
data yenerally wore He oamd VHE desctges amd ave foo ostoasive Boodpc Tade biae,
Some o Lhese dala bave been oblatied experimentaliy woing the et ticiemy o othet

. Cdeseribed above.,  Moob of the dita, anaver, have bern obfamed by nmeericad
analysis primarily weang e Hethod of Howenta[9]0 Tamany oo, it o
enviramment o the antenta performnce ave inehpdee coch as Toesy carsh haeos
budy, vehicle, ele. :

. D o Wi, 0 SOOI M U e A b oo A o AR M

<
{ i An snteresbing example of gl b antonn s Vina oo 00 e T
. ! iv shown in Pige 6,0 This is the e ol g amably o nehe fan faan 70,
l side which in trec spdee hos o st icienoy ol oot 7, Whes e 0 0 a0 I
} of vonductor, the eff iciency by dvasabeadle oo R PRI T R IRV
- j' atrl radial ton feom T?I{‘ poavhy bencfuee o B el oo g tinob o thea
) 1 Uhee eftictemy of o emd?oapntenng pay Lo fen, van ol e senbod o e o
pracLical slraciure sach a0 g tanl oo plane b cwm cete to el en T i -
Ty Lure whivh spreatly increases dhe vadiat oo ef by ,
i ¥
1 REDUCH 170 ARRAY* .
: ¥
Heae ol superdivecbive des o ol HE ol tower G cogene o IR T A
¢ val due Lo the high mbient porae Tevell oy LT oo o T ol e e i
Can order ot magnttude veogreater e poecable b fe e 0 e gne b ;
beight rodis o of theee o move apddng cdectodendy o0 300 : I
cxlent voducbion of three o more as iy ape b Live wrey oo sae wich Lt
: . anve consbraind . : .
J , ] i
1. A twdy Bl berg made Lo coamine The ;;pp; oo, 11 nfeasny sren -, 1h H
: "; tiereaead dipres Pivily and to doevedop an oy tor ach wr oy aGte a0 ;
T eappian e g decign torm o dlhedvale veceiving oy Te Prade ofte i T i
Lo & el trical amd mechaneal pavamclers amd Tolooanes Pl T e s e i
e ~a, . s bor of preamary taboresd i the sybom siaed o oneice cabie, b v 0o 1 '
R el fo-noice yabio (SHR) of o veceivieg avray b oegal b fhe proadied ot e i
3 dives Live i amd the rabie ol fnesdent sl power Lo dae f b onor e mex o % R
) ‘é ) it the ‘J'.h*ﬁfi to b bagrosped gocee Tuaited, el bbb bacbrposnad ner o o P
A ' formly distyibnoed o paces Beedvipg oy loe Tend to be b tremel mor o ' ¥
.Y o bed al froguencies Dolow approsximaie ]y 30 8y, { Fi
¥ !“I ’ i 3
~ t“! Pl SN B peobably the et imporbapt paoaseter de combimg arg b § §
. [ e pertorai e o o peacivigg Syatome There ane sevorad g il g H
~.‘,“»@ tor fmecreaning the SNRC O Althsugh dooviean g the evternad notoe s bobp ben o ‘i
A The SNE, excepl o b exbont That cpanepimg the oo thiog of e sevsdvim s ey 1 !
> RS will wlvo change the noice, ote nab by B no cenfral avey B coboans? g o :
-;f eavicmmment . lnceercing The ol power o widd ed com Lo s Bl f;
%
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X SNR. lowever, often the desiguer of o rl(viVINq system has Tittle or po control
wver Sewt. Finally, one can increase the SRR by increasing the dive tive qain
in the divection of Lne dncident signal, 0 M-nM)
A
. The wont cosmon approach for noreasing 00 ya.q) 10 te e Lie array
. plemenis, of, approximately /2, and feed the elements with con, wnt ampli Luds
. and withe ihe proper phase wo that vadiation tram the direction {4, 0y) adds in

phase . Depending on the arrav geonelry and the nunber ot arvay elements, spoc-

ing the clements /7 apart will often result o wvay . of several aavetengibe. din

3 extent, 700 M, 140 moeters and array. on e ocder of 1000 meters, oy
Larger o d b vequired to obtam an ¢ eptable B . M) ad SKR.

Iy well known that the constant awplitude Fineae phane taver methad for
teeding avreays dovs pol maxniize the dorechive gein and signiticant inprovenesdt -
in divective qain can be aciieeved for arrays with clement spacings o Tosger Lhan
the wanel =725 however, designing tor maxumum divecLive qain will not tead Lo ay
watul rosulte an designing tor near masimen direcbive cain by imoostng 4 con-

bl straint on clectrical and mechanical tolerances. By desiguing tor max sy
I dircctive gain subject Lo o cons traint calted senativily tactor one can Lrade
EE increased directivity for Tower efriciency, higher toleraces, and greater band
A width{137.
re |
- j Diveotive qarns tor 10 elvment ciroglay avrave 1or vavious arvay radis R/

. : as o function ot e tivity factor hoare shewn G i /oand the pattern in the
: plun( ol e arcdy bur an \\Vuy drancter of 6.1 and o ensitivity tactor oS0

S| is <hown in Fag, -8,
; ‘\‘
{ INTEGKATE 2 ANTUNRAS AND CLRCUTTS
| Same carly sbadice b Uao State considered mixers ampibioe ano phase
" ] shitters ay anlogral pacte ot aplennss such as dipolen, Tog-perimdic dipole
" acrays and contcal spiva s 141750 The coneept ot integrated antenna-c ivouilry
i desiqn v, one of combming certain antema tunctions with cerlain civeuit fune
{ Linms, in a single sipucture, Some ol Lhe sdvantages ot tered by integrated de
=l Sign over conventional separaled design are Gmproved electrical pertommanee, i
| creased reliability, reduced number ot componeat- and more conmpact ack aqging.
. i ’ :
'3 Moegample of a-dipole with integrated solid otate amplifier s iblesteated
-t in g G600 e ohoa device is compacd, velatively inespens ve, van be designed to
_— have high qain with Jow noine, and can boe wed <ingly or in arrvavs where the
e, dement. gqaing may e ceniroNed independenily.
- .
3 Fhese tochniques can be used in clectricaily saal b antennas 1o abitein bet
LA | Ler dmpedance mabching and betier overall system presormance with regned Lo
&f some paraicier soch as SR oV etficiencey., For exampde, the K itusteated o
R 1 Fiao T omabes use ot two inteyral capaciiors for tming and maohing,  Varying
. AAS! capacitor Cp v Lig. b ochanges the vesonant trequency of the antenea and Cpp v
Lo U\! adinited o give @ real input. dpedance al ome Tevel suck o, 600 The wee ot
--.@’ integral Luning o matching in tads case vesults an o stmplor and more effici
S b antenna than having an external network for ths puvpose. Feedback s
o .:u cuitery con In .1‘|l1i1~(l to keop the anteana fured aulomat i SIRYR KD
LTy | | |
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ELECTRICALLY SMALL ALTIVE RECEIVING ANTERNNAS

An electrically short wonopole is directly combined with a field-effact
transistor to form a broadband active antenna.
height depending on frequency is given,
optimum wonopole height decreases with decreasing freguency due to incredsing
Lincarily and lightning protection are additional reguire-

by

HANS H. MEINKE

technical University
of Munich, Germiny

ABSTRACY

wments for active antennas for which solutions are presentec,

W
Ly

A curve of optimum antemna
At frequencies below ¥ MHz, the
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Llectrically small

active receiving antennas

the active antenna in its basie form consists of a
nassive antenna and an inteavated amplitying device.
ere 1 discwis the most simole case of o short mono-
pale which 13 directly connectaed to the innut of o
Cicldettect-transistor. 1n Fag.l the monopole acts as
a source sholch Toeds the transiscor, Phe aneenaa has

a emt \"\ witieih 14 \'\ I M h‘”.:.:; " (‘ll?(.‘t,.r'.'C'fll ficlu-

stroneath, M iective helot, The monopole his a

:]('11

cugaci bty (‘\. amd thy trimsiastor on inpat capacity l

Mhesse toe canacitics form o canacitive voltas aiv qdev
ana e aianel volt ace Vo Letwaen tae inpub terminals

1 ana 0 oof the trmsistor i

v L Barr
I' v
"
1 ('T
2\

Vi earT o indesendont on repeeney and, thereton.,
[he nononole vith Pntedraton Fie Ldet fect-tranaistor
dives i wetive ontenng with oxtremely hroad suandidta
AL ctectrically rall moncoel ss, o, seneratly,
Lencirioth i no aroblem for act ive antennas, oven not
tor very saclb monovoles,  and menopole heicht can be
chasen wrbitrarlys In sractive, e anlenna may contain
additiemal Peactanees Tor frvene ney selectivity, if

anle b,
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Matput power is an unimportant ruantity for active an-
tonnas because output power here ic jencerated by amplif-®-
cation., Therefore, oniv signal-ta-noise rotio is that
main problem which governs active untennas. To get a
simple survey, we assume that the active antenna has a
sufficlent amnlification so that signal-to-noise ratio
is determined by fhe input circuitry of fig.l and not by
the following recciver, The noise is a sum of external
nuise and internal noise. The external is received by
the mononols together wifh the sianel and a part of the
monopole output.. The internial noisce in our case is the
eloctronic noise ol the transistor.

Fig.2? cxpiainn an lmportant fact: Vi is the square of

¥
the signal voltage beotwean terminals 1 oand 2 and ropre-
sunted by the arrow Vg F Vi& is the square of the nolsce-

voitaaa due Lo external nossa and represented by the

H "}
AYTOW Vq\ H V%T is the square of the noise-valtaan due
tE 1 £

to internal neise aiel mainly the equivalent transistor
. ) 2 .
a2ise and represented by thae arrow Ve 1i using the
saquares the onuivalent tnkal aoise V i the sum of
f e the eq Iu n Jtotal is L

Vi, oamt v s shovn in fiq.2, The ratio of V, and
wE

2 2
XL e
A + ) * > > F : N
thnrui 15 the sigqnal=-to-uniue ratio of this ideal receiving
£ 4 )
system, Pig.2a, b and ¢ show systems with different monopole

heioghbs,. In Fig.2a fhe monopole aas the longesi monopole,
fir.7b a shorter mononcle and fig., 2 a still shortor mono-

P ? . .
pole. VO and v% are nroportional to the stquare of monopolce

A

N

i : ; - 2 2 ..
heloaht, and the rario »of V) and \:‘,ﬂ i indevendent of mo-
“ 2 N

¥
2

nenole heiaht, while V] 0 has the same arrow lenoth in all
P s

1 casen independent of monosole heioht, i relatod ter ee-

minaals 1 oand 2,

tn fig.2a the monopole height o cleien so that the tran-
sintor nuiuf Vi? in vonniaerably amaller than the cxtor-
nal noine Viﬁ dnd the tntal noise is mainly detorsmine ! by
Fhes oz2bernal noine,
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In fig.2c¢ the monopole height is far smaller than in

fig.2a and Vg and V2 arc smaller, consequently. In

NA
) fia.2c the sume transistor noise Vii adds to a smallcr
i cxtiermal noisc VSA and, therefore, here the totaul noisc

is imainly determined by the transistor noise. Fig.”b

shows the optimum case sith a special mononole heijht

hqpt in which the extermal and the internal noisc have
ciual level (VgA = viT). The signal-to-noise ratio §/u

L depending on effective monopole height heff is for a

EJ given transistor noise shown in fig.3. For very long
dipoles /N approaches’ asymptotically an upper limit,
This means that a monopole height fac beyond hopt gives

~,

B R e Rt ST B PI VIR L TSR W VIO, 7V TSR o PR, 1 T DR ST N A v e sl e s ool

no remarkable improvement of §/3, but an increasing

expense. On the other hand, a mononale height far below

——— -

hbpt gives a very bad noise situation. Thercfore, there
Lol . . N . .
/ is an optimum monopnle height as a good compromise bet-
ween expenses and reception quality.
Iy The extermcl noisc is increasing rapidly with decrea-

sing frequency and, cousedquenily, for given equivalent
transistor noisc brings up the unexpected fac: that
with decreasing freouency we can use shorter monopoles
for active antznnas in which the monopole is lntegrated

with a ficldeffect transister., In fig.4 we see a mea-

sured curve of hOp depending on frequency based on very

t
rnany measurements which we undertook in Germaay. and may

-

e o i e S . — et St BN g PO

also be truc in USA., The thick horizontal lines in fiqg.d4

indicate the menopole height of real commercial antennas

i
[
o,

g, witich we devaeloped together with industry in Germany. .
-
“oR A monopole antenna with trantistor in practice must ful-
S
éﬁ £ill additional rerquirements, mainly iincarity. We :
1 . - .' ‘
}‘” cextended development work on eolectrvonice circuitry for ;
Qi active antennas to get 1o noise and lincarity simul- .
N q
| n‘e‘ tancously. We succceeded (o gec lincarvity op to oxircme i
>l ' i
» Vi S
- j ;
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conditions, when the recciving antenna is near to &
poweriul transmitter station. Ve also investiccted

the stahility of operatior., especially thnse stasility
of the output siqaasl, undcr differont cnvironsants aneo
changing temperature. LG we Can ojiar reliahle active
aﬁ{ennas for directon finding and navigational aiuas.
Another importunt noint is to protect the transistor
against electrical discharges of tha atmotsphers, for
example durino a thunderstorm, Active antennas on énips
have heen tested on the oceans alveady for years., Jo
we finally can offer now active antennas for many
apnlicatioas with improved cuality. The improvement at
lower frequencies concerning small antenna heiqht is
impressive, while at higher freduconcios wc do not tend
to very small antennas but to octter siqgnal-to-noise

ratio.
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BICEEDING AR LA NeY PTLAND

AN FRROR ANALYS1S FOR THE WHEKLER
METHOD OF MEASURING THE  RADINFINC
EFFICIENGY 08 BLECTRICALLY SMALL ANTENNAGT

Glenn &, Smith
Schood of Flectrical Enpineering,
Georpin qustitute of ".'l‘(‘hlll)ln)v',)'
Atlanta, Georaia e?

A wodel problem wis Tormelated to evaluat e the acearacy ot the Wheeler
method Vor measurving the et ficicacy ol clectricallv cmall antenonasn, Th
antenna in the model s o cireular Toop and the raddation shijetd §s 4
spherical metal shell, Caleulated vatues of the actual ettbicieacy and the
clificiviiey that would by acoearped vsiag Che Wheeler method e compaarodd
Lo Jetermine the acceuraey ol the method,

The radiating elticieney of an anlema i85 dedined as

n - ; - (1)

where I.l' s the power radiat ed ol l’l e powey dost in Che antemia due ta

.
meclivrism: such as olweic hieat ings, Rl' and Rl are the sedics component. ol
A .
the termival recifanee al the antenna (R KI' t Rl) which vepreserst the
A9 1

power radiated and power lost. the vadiating o) ticicacy is an jmportan
parameter 1or characterizing «lectrically smadl anteanas and o diftoenit oae
to meassare. o AL Hhecler sugpented a simple nethod Tor measuring the
clliciency waing o "eadiotion shicld™ 5,200 mrictly, che provedars fa Lo
make Lwo acdsirament s of the vesiztance of Che antema, s measaremen! with

the ot cama jaolated R l\“ i Rl amd g seconmd meanurement with the antaenaa
completely enclosed in o hipghly conduet iop, metal Shicbd R'e o Sincee the shileld
clhiminates Lhe radiation, the resistaner B Qs the vesult ot the Tosaes in
the amtenna and shicld, ®' = l{l' t R.. Ao cllicienecy ‘T]H_ can e cadealated

from the (wo measured resistanees

“hin worl was supported in part by NASA cimborv eontract HASS-20000 with the
Fngincering Bspevimeat SLat fon, Georpia o cnstitate ol Techiolopy,
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¥
dind iii* : fii Lt etticieney U s ApproXiset er fhe same as the actual
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For «his appraxanat ion o be frae
R A R, iy

The aevuracy of G wethod dejoads o how wer !t doeguality i satisticd
ampl de o Derion ot nnapert oo o the sutenna, Trognemy aml sice of ’
the shichd,

T duvest i) - o e sweenraey of e method, g oaos’e] problon wa Tormbatod
sthor  fhey antenna B2 g thinewive «Jreubar boop amd The shibeld o voncent g
Sl vt el D, see Fipgure 1ot the details ot the peomctiy. The cutrent
dictrvibut i tn o the Toop can be obtaimed an g Fourior wotiva,
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and B can be et cmrmed once the surtest Jdi driest a1 ol 2t e
k3

Eoewarn, Thoey can e b nsedd wieh (1) el 00 o determine the wtual paaiat ine
chticrencs of the heop el the rooliatiny ctbivivaey el dondd be seeearod
iy tine Wl e der met st .
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satistica. The ditierence hetween I\‘I' and I{l i- e To o change Ta tin

current dicteibutyon an the Toop wher Che sbicld i added,

At the tower ralio trequescics, tor esaaple it 1 hawd, o convent foaal
method tor medsiering the etticiency, sweh e pattern ioteat jon, i ditbicult
to v the Wheelor method i5 ap sutractive abbermat ive hocaase ot its simple
wetanemeat wrocedure.s A these fregquenei oo thiie bt '2”. DO B T R

often too Large to he practical amd an eloetrivalby smadtor i W mast e
uted,  Por the st Vor saiehds the recictanee Jdo te b doeldy Ry ovan e
Rl

comparable to the o Tiation renistanee, RR. I these canes 28 e net

satiabied and the errera o coviated with the methed coo b g oy Thi- i
itlust rated an Piguve D owhery the vatio 7 /7 s shown s a0 tunct jon ot the

nize ol Lhe shickd, auc, and Yoz Caneert p by
Y

{5 th S R PN a/b = 0,00 Nete taat the ratie can b onepat ive Lo the

.. The siee ol the 1o

smalley value: _‘Nnc.

The vesults of the anbysin tor this model problbes padicate that the
Wheoletr method tor measuriog the vadiating o 1tivio e e b Gaite accurate
vhen the o feld used hos diaencoons which ave a sabstantiat braction of
wave Lot and cae aatenne ie nol cperaled near o evitical point Lile at
anliresonanec, For shicide that are clectvical by smab v, the crrors
dnweeiated with the methaod can be Lape,

LAl 0L AL Whecier, Pros o TRE, pp PI29=T800, Aop, P,

27 Fo b Nowwan, Po Bobiley, and G0 Waltee, Transs IFED Antennae
Yo st .. pp.e A07=a01, Jdaly 1974,

03] . S smith, Radio Science, ppo J1E 7249, Julv 1973,
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A REVIEW OF INDUCTIVELY LOADED ANTENNAS

by
R. C. HANSEN

Consulting Engineer
Tarzana, California 91356

ABSTRACT -~

. A review of inductively loaded short whip antennas is given, starting
with the 1944 measurements of Bulgerin and Walters., Several empirical and
approximate theories will be described. The moment method solution for
discrete loading w11l then be covered with a discussion of the tradeoff of
input resistance versus efficiency, efficiency transition point, bandwidth,
and]cryogenics. Distributed loading and supergain effects will also be
included.

i
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A Review of fnductively Loaded Axtennas

It has been known tor some time that the oiticiencey is improved when the tuning
coil is movad from the monopole base {eod point) and locatoed in series with the
monopole itselt, The cetl i then called g loading oil, One of the culy papers
is by Belrese [1}, who analyzes the antenna as o transmission line. Although
thie analysis is only approximate, the frends are correct, Daly experimenta?
work was by Bulgerin and Walters 2] who meanwed a seriva of fal mmopoles.

at 100 mha, Gap problems at the loading eoil position and relddively low ©)
coils have limited the usefulness ol these data, Hamisor [=15] analyeed the
loaded dipole using super-posilion of asymmetrically excited dipoles, Galy o
zero order solution is available 1or the asymmetrically vowcited dipole [6], and
this becomes less aucurdate os the feed point moves toward the el Hanizson's
results show o gradual increase in eftficiencey as the loading point moved cloner
to the dipele ends; his data essentially stopped ai the 273 Joad point, i.e,, the
loading coil located 2/3 of the distance from teed to omd, Crerwinaki 17), [8]
moasured wonopoles constructed of ¢ helix of small diameter and tapen< piteh,
This distributed inductance is less advantageous than o diserete load for qarrow-
band operation. Lin, ot al [9] showed that loading past rezonanes can pracdoee
current reversals along the anienng with modest directivity Increase and sherper
patterns. Asong with this modoest suporgain as one woula expoct goen g decreasn-
cd bandwidth, ‘

The loading inductlor i’;}nctyiami; by keeping the current distvibution nearly constant
from the teed {0 the load poiat, with g nearly lnear decrease from the Toad 1o

the ond. Bince g shert monoapole hau o “triomgular” current distribation, the
loading increases the current moment, and the oloser the loadd joint to the ond,
the larger the increase in current moment.  The transmitting parametor, rodiclion
rosistance, varies as current moment squared, and the rocelving patameter, offec-
tive length, varies as current moemoeni; so inductive loadioeg i clisly bt
geous. Por a given momapole and load point, the valiue of loading seactane - that
most closely approximates the "constant plus Tineai” current distribution iz ool
quite sufficient o produce input impedance resonance, The load value tor
resonance procdiuces o modoest cwrent peat st beyond the Toad point; the cuinent
moment is increased wver that of the "oriangular” distiibution by more than pro-
dicted by the "constat plus lnoear” model JH0], As the doad poind moves foweedd
the monopole end, the resonant loading reactance value inereases rapelly o the
1nad point approaches the end.  Since the radiatios resistanee B dnce aning mors
slowly, the efficiency muri peak, unlike the caleuloted resulis of Haninon
referred to carlier.
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A LOW PRIFILE REMOTE-TUNED DIPOLE ANTENNA FOR THE 30 to 80 MHz RANGE

- D. V., CAMPBELL
Communicati »ns/Automatic Data Processing Laboratory
U. S. Army lklectronics Command, Fort Monmoutl:, New Jersey 07703

ABZTRACT

Tactical *M communications systems make extensive use of the VHF fre-
quency range 30-80 Miz. Efficient VHF antennas for command posts and vehicles
are of resonant length and, thereforc, large. Low profile monopola VHF
antennas fed against ground pianes have been studied in the past. The antenna
discussed here, in contrast, consists of a low profile center-fed dipole
approximately one meter in length. This dirole requires no grouvnd plane, and,
in addition, achieves a high efficiency-to-size ratio.

1. INTRODUCTION

Tactical communications systems employ the VHF frequency range 30 _o 80 MHz,
Resonant length VHF antennas are large. The antenna discussed here is only
one-tenth of a wavelength long. A high efficiency-to-size ratio has been
achieved.

2. SHORT CENTER FED DIPOLE ANTENNA

Low profile monopole antennas have been studied extensively in the past
[1], [2]. - Monopoles require a large ground plane or vehicle body for their
operation. The "antenna investigated here consists, instead, of a short
(0.1 wavelength) center-fed dipole and requires no ground plane. Because the
bulky ground plane is eliminated, it can easily be deployed in aifficult
environments, for example, in trees.

A. Configuration of Antenna

‘The essentia. features of the dipole are showa in Fig. 1., The radia-
tor is center-fed, The capacitive reactance of the dipole is cancelled by

~“the combination of fixed inductance and variable capdc1tance ronnected in

series with the feedpoint.
B. Antenna Tuner

A combined coarse~ and fine~tuning system is employed to resonate the
anterna. Fixed low loss inductors are switched into the antenna circuit in
series with the variable (fine tuning) capacitor. With proper dimensioning
of the inductors, overlapping frequency bands (sub-bands) are cobtained. When
the tunirg capacitor is set at maximum, Coax’ thé_resqnance frequency is:

f:—l‘— }- —];-+1
1 27 Lj{cC c

R max

and when the tuning capacitor is set at minimum, Cmin' the resonance frequency
is: T ’ ' ’ S
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where 1. is the inductance and CA thoe antenna "capacitance.”  PFor oxample,

ifC, C. ,andcC are S+, 8-, and 100=-pF, respectively, then /¢ -0 1,24,
A max .Ul

If six sub-bands (N=6} are used to tune the antenna from 30 to 80 Milz, the

required range in each snub-band is:
/N

r = £ = 1,177.
u;fl ‘fméxf min} 1.7

Thus the first band would extend from 30 to 35,133 Miz; the second band Lrom
35.33 to 41.6 Muz, and so on. N

C. Cable Choke

The feedline is connected to the lower end of the dipole through a
cable choke [3], [4] cunsisting of coaxial cable formed into a coil or toroid,
This cable choke provides a high impwiince beiween the end of the dipole and
the feedline. The internal transmiscion properties of the feediine are not
affected by the cable choke.

RBecause the cable choke ic divectly connected to the sd o1 the
dipole, it significantly affects the current distrilution and piticieuey,
Ideally, the cable choke should act as an insulator. Actually, the cabll
chicke behaves more or less as a parallel LC tank circuit connected Lutw. on
the end of the dipole and the feedline.

3. THEORETICAL ANALYSIS

The thewry presented here is based on Harrison [2], who analyzed the
electrically short isolated center~driven dipole antemna with symmetric impuod-
ance loading, and its nonopole equivalent. Although his analysis involves
approximations, .t is nevertheless very clear, and permits inductively loaded
menopoles to be designed with engineering accuracy.

The antennd studied here is shown in Pig. 2A. Our ca: e differs from
Harrison's in that the feed- and loading pnints are interchanged. The figure
shows the center~fed dipule with the cable choke at its base above an infinite,
perfectly conducting gvound plane. The eguivalent isolated dipole i shown
in Fig. 265, - The dipole is driven at twe points located at z = ! hE, in

cloasled at its midpoint z = D‘hy‘?hv ci:te choke {donotod by impedanc: 27 3,
B - L

and has ihe tolal lessgih 26 .

The structure shose in Fig, JA .gproximabes the caso whoeto tHhe depole is
mousted on 4 ground | ups o vehicos Phin made b s aserur for et ieacy
Ceonsiderations

The antennas of FVig, 2 ran be oy el Ly fotlowing i proccdute @ imitar 1o
CHarrison's, We find that the fewdpoint fwpedance, 3, and 1L weliane oo o,
-the rable choke, V , are respectively:
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TABLE 1. :
“ (bata refers to antenna dimensions shown in figure below.) ,
i ;
f : ) % () IVC/Vl 2, (®) ) Rop ) EFP. ()
! : 113.6 - j5302 10.4§ - jl4s7 0.5505 4.89 + jl467  7.85 51 f
113.6 + 35302 11.8 - j1777 0,639 5.92 + j1717  6.59 37.3 } ;
. 0 - 35302 8.12 - j‘MG? -- 4,87 + j1467 8.12 62,1 3
0 + j5302 7.13 - 31777 - 4.89 + 31777 7.13 %9.3 ;.
3 -
. o 7.72 - 31596 - 5.32 + j1596 7.7z 0.2 \J
l 0 + 30 10.25 - 5705 0 2,35 + 5 705 -10.25 61.3 2
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MULTI-YLEMENT MONOPOLE ANTENNAS

G. GOUBAU

ABSTRACT

The antennas discussed in this paper are assemblies of
closely spaced short monopoles with top capacitors and
inductive interconnections, They radiate like ordiuary
monopole antennus, but can be desigyned to have bandwidths
exceeding l:2.

The antenras discussed in this paper can be derived from a shert

tuics monopole with Lop capacitor as shown in Fig. 1o The thiek
conductur is replaced by a numbar of thin conductors, and U t.oj
capacitor divided into a corrcasponding maber of scegments, one con=
nected to cach ot these conductors as itlastrated in Fig, 2. In
thly mapner one obtaing au assenbly of closely=spaced monapoles
which are fed by a cvommon source, [t all these sub=monopoles ars
a’ike and gymnctrically arvanged, they can e dioter conme boed at
the top by inductances, an indicated Ly the loap, in Fig, 2,
without aftceting the clectiic propertics ol the assembly,  This
means tie structure of U'ig. 2 behaves Tike the single ronopole o,
Yig, 1, '

Wow assule that the auterconnections ot tiee subemonopoles pear
the yround plane are removed, and all the sub=monopoles eceited by
individual sources of the sams troegquency as ihinatrated in Fig, 3.
Then, the strvetare vepresents o vebvat and H=port network, where B
is the nber of sub=menopoles,  The relation baetween the currents
I" 1in Loe sub=monopulen and Lhe voltagen Vy, ot the anput terainal:
can e foraalated by an admittance matr ixs

t] . )
1 F Y v o Y = ¥ . ()
n . -. mnom han tnt,
m 1 :
Tl coctticyent:. ¥ ol thin admittance maty X dopeand ot only on

. 1 B
the dimens ton:, ol an sub=meproles, amd thearr Lpat ial avroaejem nt,
but also an the 1utc tcantaect ing indas tances.,

The tadiatron glong the yround plare i cdetermyned Ly the total
curvent , doel tlee g of e curtentn o the saleaeaogpolo -

n 4 N ‘
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AN EXPERIMENTAL AND THEORET:(CAL
. INVESTIGATION OF THL CIRCULAR Dis{, :
PPINTED CIRCUIT ANTERNA

Fy—.

Stuart A, Long and Liang €. Shen
Department of Eilectrical Engineering
University of Houston
Housten, Texas 7730k
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Abstract

—

A clrcular conducting disc over a ground plane is Investicated as a low-
profile antenna. The input impedance and radlation pattern are measured as 3 '
function of frequency and the thickness of the antenna. An approximate theo-

“retical solution Is also derived. : :
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The broad class of printed clrcuit antennas conslsts of various shapes of
flat radiators parullel to and very near a larye ground plane. Most practical
- examplus are etched on one side of a microwave printed circult board and there-

fore a dielectric fills the reglon between the radlator and the yround plane,
; Such a structure can be made to radlate relatively efficiently in 2 direction
£ normal to the ground plane while remalning quite thin with respect Lo a wave-
. length. This low-profile characteristic along with lts ruggedness and case of
\ fabrication hove resulted In an Increasing application of these antennas to 3
wide varlety of dlifering systems [1,2,3]. '
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Circular Disc Radiator

One particular printed circult antenna, the circular disc radlator, was
chosen for a systematic and careful experimental investigation. ({See flgure 1.
. , Using standard photo-etching technlques common Lo all printed clrcult tubrica-

. tion the circular disc could be made quite accurately, The radiators were
desiyned Lo be resonant at 2.96H7 By choosing thelr radlus Y' such that ke =
1.84. This corresponds to resonance of the lowest vrder mode as detzrmined by
s an analysis of the clrcular disc resonater. The antennas were fabricated on

Tt
——

A TN IO st AT, il

s teflon-fiberglass (1, = 2.56) printed circult boards of four diffcrent thick- ?
“ii{ nesses varying from 0.13 to 1.52 mm {0.0053 Inch to 0.0599 iach). The circular ;
" dise was driven at Ity edye trom the underslde of the yround plane using o . i
":: panel mounted coaxial feed. The magnitube of rach componeat of the tar iield, ‘
3 was then measured as o tunction of 8, fus various constant values uf ¢, Hadi- ;
5 atfon patterns were tuaken for vach of the tuur ditfereat thidknesses of the 3
X . prioted clrcult board, (o addition the driving polnt - impedance was medsured !
o a4y o Junction ol frequency for cach thickness ot the dielectric using a seiwurk
N analyzer., !
:;% Lxper b . i
} xperimental Besulis :
- The radiation tlebds in the two major planes, Ly for ¢ = 0, wnd i‘i' far - f

go= Y0¥ gre shown In tlgure 2 as o tunction of the polar angle.  YThe pittern
is seembngly not dependent on the thldkness VdY to any appreciable deyrer and
pafteres for the other thicheesses ot shown reflect this ame bentavior., At
the desiagn freguency the patterns are seen 1o be qulte broad In both prindipal
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planes with a 3dE beam width of approdimately 1159 for Eq and 90° for Eg4. It
should be noted that in the plune of t 2 antenna (0 < 200) the fields arc in-
herently different. Ly has a cecp null in the planc but Ep has only been re-
T duced 20dB from the maximum, Each pattern begins to degrade slightly as the
frequency is changed from the designed 2.9 GHz. The most apparent change is
a dip in field strength of 4 to 5 d8 at 0 = 0 for a charge in frequency to
4 3.1 GHz. This of coursc represents a serious degradation and emphasizes the
frequency dependent nature of the antenna. The real and inaginary parts of the
complex input impedance are shown as function of frequency for each of the four
. thicknesses in figures 3 and 4, Here, the effact of the thickness on the impe-
dance of the antenna is shown quite graphically., The value of ''d" is seen to
effect both the frequency for which the impedance is totally real and the value
- of the resistance ot this point. The maximum resistance varies from only 27
v ! ohms for the case of d = 0.13 mm 2o more than 350 ohms for d = 1.52 mm. The
- freyuency ac which this maximun resistance vecurs colncides very closely with
[ the point that the reactance crosses the axis. This "experimental resonance'’
. position is seen to vary considerably for differing values of the thickness,
o but In ail coses remains within o range of 10% below the design value of
2-9 GH/. .

{ Model of Circulur Disc, Printed Circuit Antenna

To permit 0 more detailed study of the circult properties of the radiating
structure a model of the actual printed circuit antenna was made - of a thin
circular plate separated from a-ground plane hy a slab of siyrofoam as shown in
) figure b. The use of styrofuam (p = 1,02) as *he dielectric permits the cir-
\ cult properties to be measured without the discontinuous divlectric layer pres=
\ ent, as if alY the arca Qurrgunding the radiator were alr. In addlition the
) wodel alou oflows the antenng (o be driven-at several polnts along a radlus
trom the center of the dise to the outer edyge.  In this fashion the functional
dependence of the fmpedonce on the position ot the feed point may alse be
tound. The entirte procedure can also bo repeated with o Jditferent thickness
of styrotoam to investigate the behavior of the circuit properties as a fuanctlon
ol the spacing betweea the dice and yround plane.  Altersatively a dielectrlc
tlab of the sam: thickneas might be used to measure the dependence of the Dope-
dance on the diclectric constant. -

-

Currents and fielde tor _‘!.‘i‘__f.i_'ﬂ"""' bive Resonatear

The circular disc structme shown in flgure 1 i equivalent (o the patatTel
plate antenpa shown in Tigure & it the sround plane is sutticiently la.ge so
that imaye theory can be applicd and 1t the permittivity oi the dicledtric ds
wpproxioate ly the sume as that ot the surrounding medium. The ticlds "nuide the
paralicl plate segion and the currents on the dine have previously been toun
wning wn analysis of the resonance conditions In cirealar diae ctrvuctures [4].
These vesuliy can then be vwed to inestivate the sadiation propeccies of ihe
structures To actarn the desicable Yawe prof e caeracteric ties the thickness
of the aptonna, which fn the separation distapce "d" of the disc trom the geownd
plane, must venain oall compared 10 o vavelengtles tor thiy reason ti-bd con-
Piguiat fone betweo n the plates having only circumterential and radial variations
but vo variation an the 7 divectvon bave been investiyates Thic i« a reason-
able smption wo fong o the cetriction Y orctalned, Tne coeponent s of
the fieldy betvieen the plotes can b exprened in tenrs of o ditected electe i

At vedteq, and these Trelds may hen boonned to Cdculate the smfoce cw
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- can be calzulated to account for the two discz and the totol far tlelds can then

rents oh the circular disc. The radial component of the surface current and
hence H, must vanish, however, at the edge of the disc. Thus for each mode R
configuration & particular rodius can be found for resonance corresponding to
zeros of the derivative of the Besse! function. The mode correspunding to

n =1 and ka = 1,84 has, for any given Trequency, the minimum diameter, and is
therefore the dominant mode. The field components vor this mode €3y be found
from the more general expressions, and the surface currents calculated.

E; = E, J) (kr) cos ¢ L !
° Ko = S5 Eg J) (kr) sin ¢ 5
He = <55 E5 9) (kr) sin ¢ Kr :
k™r i

K, = :i%i Eo J; {kr} cos ¢

"{L‘E +
Hy =-—l§— £y (kr) cos ¢

"
L

Calculaticn of tpe Far Fields

o
"

To find the radiation fields of this structure the vector potential may
be calrulated for the distribution of surface currents that have been provious-
ly derived. Using image theory, the plate o distance 4 above an infinite ground
plane Is equivalent to two discs o distance 2d apart. An effective array factor

.
[T T

be found for the n = 1 mode for the cavity filled with alr. An alternate <op-
proach to find the rodiation fields s also possible. Instead of using the cur-
rents as the source, the flelds at the aperture between the disc and the ground
planc may be represented by cquivalent magnetlc surfuce currents and the far
ficlds calculated from them. The followlng fieids are found for the no= | mede
with the wavity filled with air.

'j;\ P .
. . x ] .
g = -jLg & —— a kgd cos ¢ 0y (kga) 3 (kga sin 0)
r ) -
. . ¢ . 1oy .
Lé! = ik, — M d sin ¢ e ‘j;{}‘t!ﬂ} J;U&nd sin D)

For our previous assumption of Jd-- A, o Kdial the flelos found wning *he two
methods are essentially equal. With the knowloedge of the radiatlon fields tue
total radiated power and the divective gain can be calculated,  Yslna the
previously found current distilbution the losses due 1o the finite tonductivity
of the disc and thus the etficiency cait alse be fouwnud,

Far Fields with o Dierectrlc

3
¥
An approxination o the tar ficlds can be made tor the more wsual rase !
then o dictectric vith o permittivity diiferent from the surtounding free i
5302 separdtes the diso fram the ground plase. The tields can e caloulated ;
as betore using the equivalent sagnetlo qurrent model i1 the diclectele sutalde 3
the cavity s neglected, The fields Inside will change an will the size of the ’1‘
dise pecessary for resonance in the n mode, The new tilebds ter the domine '
ant modu are an follow., .
. 4
LS . 1
By = =ity e kgt d Jg(kat)cos ¢dy (Rt sin t)
i ity v ot 1 1 LAY, If 1 o s H i
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By = o S d dy(ha') S sin ¢ 0 (k' 50 0)

Note that ka' = 1,84 and o' = a//ft'whlch meant thet the physlcal size of the
disc has been reduced. Uslng the same technlygues as before the total radlated
power can be found. 1t can alsu bu shown that the powes lossas due to the
finlte conductivity will be exactly the same and Is thus nut dependent on the
value of .. 13 this case, however, there does exist the pussthillity ot addl
tional losses it the dielectric is not ldeal. These lossos can be found trom
the tields In the cavity and the ¢ftlclency onie agaln walculataed,

Wefaronces

{1] K. L. Munson, “"Confurms!l Microstrlp Avtannas and Mlcrosts bp Fhased Avrays,"
ILEL Vran. Antonnas and Propagation, AP-20, ¢ p. 7h=-78, Jan. 7h.

[2] J. Q. Bowasll, “Microstrip Antonnas,® ILLL Tran. Antennas amd Fropagation,
AP-23, pp. 90-93, Jan. 75.

[3] G. H. Schnetger, "Characterlstice and Appllcations ul Rectongular Micrw:
strip Antennas,' Repr rt Nou. SARDJS=033Y, Sandla  Labovatorles, July /Y,

{41 J. Watkins, "Clrcular Hesunant Stiuctures In Mlorosts ip,* {lactronlc
Lotteis, Vol. &, Nu. 21, Oct. 16, bY.

o~
OILEVC b, ' {
! LY .. -- - '. ..
" ’
. \. . . v
N 1 SR d LY Y
L N ,
] [ ¢ , N
. \ LA . . - . .
s, « Y
)
-\ /
o . .. . -\ 7/
COMatn . A ..
GRO LD ) Ay .- .
2 Y
/ |‘ \ -
HIG L IR Ade 1 - b ey . ; X
Nboe ;) :
B s
. o
“i'i’;.‘l "- - e S| ape w e -
1 il ol [ T
[ R falovgr a0 8 gfte .
L 3
- ——r gyt~ P O
+ ] I

dh“.‘“'- Lot s o Sl iy I_M (RPN N




- ——-

]

i sproad

e T

-
-
.-
-
b )
- - -
———“ - S T— -5
— e
,‘ . - .
A ] N
- . -
»
e ———————— o ¢ 5 . 5 — oo -
: - » .\‘ Y R e
.
» . h

- -

HER

it

!.u...‘n*. L R
LI |

c—— . L



P

R4
.
.
[N
1
;
'
' A
. {
.-
: 1
o S
ot .
AN -,
.
- -
4
.
TR,
J‘.‘
p
s A 9|
. ’0. . 'Y

’

)
v
. L T o
! T . .
RS ’
1
1
)

..... e
o ey 12t

1 emm——

— e w4 P ARSI T
N PR Y R A (R 1 R HT B | B B A TR T
e . .
e e T
[IRTICN I R RUT I (IR IR vl i
Al de v v, Dalig i a
I T I T TR BRI I R R T 11 e
[ T T I B TCTY I I ITTIES BT
MLt o, vovrer e Wiy
.\ 11 (L [ AT A RTV L) B T T I S ST e 1o O I A S PE P PR P RPN I

‘ TN R RETHIN N | el ol ton, b e o theoret el ottt en ot e
s L TN [ S ST TS PO AP B . T 10 RN O SY PR BTSN
worgt (Y] g T T | DT RAL SR LT [ BT B . ', |

,

. P e Lt \.-Il.u 1. Thaoay o0 0,

f ' NTEEENN] K AT crtenl gy oant oo [RETRRT R LU N BRPPS R R T 1 v st
i Y Povivs oo a1 1t bz s veeg cvme pra oo 11090t Hiada . 1 Ve
T Cotaen |:|-~i-ju.|l ey at Labvs v e v o b vl t o
« s LR [ T [L I N SR YY T P ' ettt o, ot TR (YR PR I AT T |

' [T ) !|‘-\.|- L TR B L L I B TY B P reante i [ -1
t e TR S R »l..linlnn-- [T TETS PRI I S Y ICR ' v )
Vel f o I R ] T S P T A T S T ] 1]

.ot TR T Tdee canpta bl 0 hae. g ale vty ot ol e om0
.k . vl et T n..[",.nnl L (A TR T IR | 1 i [ [

IR T [ O TN I NS KL AR RIS o Fie ol b . BT
[ ihe o A T UTEN T *.."Ill smphoo 4 e e o el Ter oo padh

oo v ETRE] car et Lovaard bt T e o

' ' PRI [ A TY BTN el that llu; ettt TR BT I |

7l o b R TT RS I B I I T T Y R B I R | CRRTTTYS U R AT |
B ,,,,,jf?',', " [ T TR I TH Vi TR U A e vhibe pae e o et b e b

»
. -

B - - - ) .
e A._'li L e A assa s b
Peypapdedu e

all o

it e

- SR Y TR NI VR

PR




1
[
[
i
!
R |
L
L)
1.

i
i
M
i
I ]
i
i\ 13
< .¥
P
-
. -
-
e
I Ty
pov
Ly
N
; .“v

Bt

to achiove hroad bandwidth with an apertwre mch amaller than the sairals,
Figute 3 oaleawn tvpical axbal ratteon for sun o amd d8fterence patterns versas the
mple ol naeatpght,  Thewe pattorn charac e tation are generally good cven

whon the antenna lameter o amall, Figure 4 shows an Interenling cippling

|
|

ettect of pattern axdal tat v vhen the enttont tlng e wlmnlated by o artas .
Note the stpgntf boant fmprovennt ot antal rat e ona can ubfalp sy b teaning
the numbet of artay elementa from & (o 8

Fxcopt for oa lowes tadiatbon cbb o bean vy of the 5 omealde, thy des teane ol
Pl Bhams ter o1 cnrrent thy bees ped alie 1 dn Thesay The -*::II Pty oF $1-
Brogdtond tnasopulase IH o patternn, However, The dospeane of atog dhamet et lmponen
ever st lagend teletanoe tegquitementa whidh are J1tH i: bt ter achieve gt presont,
Figutse % shuwn two sontoal pattetus o the hoteslght copgion wheio nertoun
yipplomg and salling vemibtlag Trem n fght ox Hat bon vt barn ol R I
chastvad,  While thin difitoulty fn physical cealizabibioy ln g common phe
seenenionds of electiboabsy wusall antamere, the curpent 2 bap mbenny srgqulie s ady
geomet s fead and ol boal nvmmetsy untead of Darge aml Gt by nnda! staag
cuttent s, therelore, (1 may be poanthle o the Tature o peda o Tl wternas
Hlanetar te thom BB o lang om0 a4 prestnben b Bamtag s twerk «m be

fabr s ated, o afdit Lo, compensnit Ton Loy tedieesd tadfat ton ot Toaey wal

E
atetdegence o misatbe D gope bt Be sohlevel by 1 proccnncr with pre dored 1
’ )

ey et LIPS I IFTPRL I FEPR R o th - e the avmmet 1y el simpliadty o 4 miln
]

il vionn iy g gt sdvantays o foplement bny oo presoentor wlih momor vy,

b e g ond with the somplo s ottt e osuch s that ot o helioopres,

[ FEE T TR

i o0 sk, PHedieed e, Bl Mele Spvted Tea Do Plaoe Moaopulae

Phrest ton Dimdiag,” NAVRIPS jepast HO597, B0 Haval tndds we et Siation,

E

thiss tske, fasttornra, May Pinf, i g
u

k|

*

4

L

ke - - . + — - S o = WY T - el

AR s s - L4 . - in R bt

D P U P . ——— - - e e e e s . =®. . I

Sm—— - P o st erm pt———— E < < e P . Aamam T ————




4

_e‘!'a-‘li..-'}'. - .-

.
.

L 4

Y

o

T W

. caee gy
|‘(0)'IU|,(0.-0‘- . "y‘l TR

oatealed (0 o)u o )\’1‘(.'."1"). ulne
[ . . ‘

¢ * a0l condtant

s o a————

— .
. cmmm——— —

4 MRS

<.

0, & real comtant

{a) Sum {1) Mude 1 miifattan ) Mo sne (A) Mule boi 1iat{on

4 e hn e —

EXCETATION 90 i e300 AN LHETRESE )
MOUE. DN-A CURREND RING ARTENNA

\‘.
T

At Aim etesl

i e tent Hadtatton “‘”'"‘, Rang

e ERUIVALLND CORRCYT BAND TREDRY FOR A MUUTT ARM SPIRAL




L
{‘ 1
~
S . . /
{ ;/ . //f'_f , ,
‘ LUl . . Wil 7 . )
$ ' ¥, Payr¥ry ¥. b EEL
1 (0 0itTe wun ag dal mn (81 Som 43, Fattae
i Pinun 4,
]
i AXIAL KALIO VS ANTLENA DIAMETHROAND ANGLT B8 BORGSTGHE, W,
i ¥ IR NG
. | WA - A Masip
. A Made rrng Bopmasts - F Be
. W MRk - B % g . . -
\ LN N
i [T ,: : S < { i } {‘ } { [‘
! . X I R
X . :.. Pl th by gl
3 A N L T 3‘ Mol
§ % - e ‘L‘ Wl
- IR L
tg ' ‘ - - . . - e ' e Y . ’*', g " - -
*ﬁ‘ F.ampErr s By 4
P
3@
il Froum
- ? Ay N g - N '
: .‘ COEPART d 0F AXTAL TATY BETRVE o il m i UERESE SRR o
) , s RINRII N
Y
i
v >
{M_‘g € '_:,f__‘f %‘T":Tﬁvlm | l-‘ - 2 . o e . B - su———— —w»--p.?' rg{'\r "‘

R S S L s o Ty .

Aatal Natsg, uB Aetal Batye, 41

5
-~ MAMV‘MM.‘M -~ .-H"‘mw B, s s i e

Lﬁ ﬂ kB » ot i




=3

Y » ——
o« /
 elantl Sty s s, o, 0 SRS o

: !
!
Muasured 4 Jode, 5° uff Borestght
Y sememesccess Calev'ated Erestatfon brroe ¢ 2°

N

.

. . ‘ /, l‘ \ I~

PIGURE &
o COCONTCAL (TS AL VWO EREQUINCIES WHUR ARTENSA DEAME LR TS AROUT 1), 2,
|

- "l Jooro by Grouty "The Betermtnat fon ut Aboams P slbeans of N Atw Mt
s . v by Meaus ol Bic i b Vo h.u:-," II,L‘I, Pvaws, Ant, .l eap,, Val. Ar 1L,
N Septembey 970, PP BdG- 49, T : ‘




e | By

- o ) k P KDING PA 3K, BLANGS KT I

FN ST e Dt P RIAT ’ ’ o 3
' . }
T - ; L 20
! LRSI BN P2 %{
g f
8 . Ch it et e e ament el st 50 eree b ver chrveeabie e po of menngrn g ceba o s L SR
t. P T N L L I T LT L T e L e L P L
. T T O X T T o O L O T N N R Y RTFRLE ] | PRI
¥ " .
R IR RITRIRIE IR IR TS -
s } BT C NI (RCUTIPI V0N TRFTYTN I YO PR { YT luu} ther b qewe many prresginhe the st g o1 e Tiarersg 1 fa ad -
; CrE s o asutaey daa @it e ael bty mprac g Ahat of Bivadd phat anastbitosns Tie ok arad
} B i S omg s thE ot Fa Braney cFoUTE e By oeres Balde gl Lghdy i fae at Bed sl alue g Jot 1 !
} . 1 et na b et st P geans el B BIE Lot gent Bawe the abibiy of B e aoud g B e B H
N A R L Y . VIR T IO rey e werronisly boanpe tnd the e yrboapmeent of wnfabb oo m tootate R thaot :
'*‘_ * I e s Slataen ol thy Dl wtepal wopata 0 00wt 0 oy e wath fBu aefhieteas coifan d '
f LRI e e A A I I U I T ] Beotue sess arrbernady as o oaan proavomly e L e A -
- F * cawtrerpecs o gt mh B ey s doeg the candig Toas by e the gengnd @doee s shwonsid Fhe l
; PR I NN L I TR IT T FUPEIN PP L R LR e booteg beren Bagh brecepomen 3 s b gdvave presle o
i . LR LI R LT T IR R P N N ;
% ) ;
S OHAURLIDOND ’ :
H
Fee Fo b v e shoaoas gnets threntod plep b on glly chaw oo thie vanth. Bagoegir e anh prags s s b
R R P T e N D LI O D A I I e P T LT van Tothidy e smoeent yiats faas fin ‘ {
* hns taehfae g PPt cemoe e asd oFF e VU grad T basstindis wy gndevins s 1.k, worhkery oo e b }
L T LT e B e L N T L iru;f pofly vurregunt Wtk g:\h-nn; sirn gl it gbeaege '
§ . i g s“h‘e [FEE TN St s b D tannha gnleeneds we e teshil e e Athante somoapte 1o geatt o
H e k- ‘t Tae ¥ L B et wons® Foosewcanlal thennbme gotea gn af e, Tegha LA Thirongl theogetu ot o &
) o soame Hie angy atefe Cdmbig brag foe aderoag ceeabd T Taptl o T Fooeo g
: B T N N T R AR L R T Wl puedatizend boow "oy SLoE e
. §‘ * EIL R IS PR I ot bosre, wtha ves ke weed, Wbl e 1L FETIERTLINE B | M e S I T
. R Hu v, oamr et v syt bt Devgane o Leh Bromn e HE tveand g anto e Fan Fonty,
- - I ey vngf oy B i 1, L Lo Caabiampau g s B b gl Brpo ot "ot oo s chaaalds B g fonad
hd “ o by e s gpde eantanan e+ deagirng the } 0 HY Ml band apeo bg s nlir oy peialuns
.,
t by Pob et Hoaal o % IE B L . . eratas | vy h K Benpih toae
* sptorined the e al fat dinanbs getewig e VHE gpoednat an Neotald, afthioagl )
N “2 et Lt b st g e e pnteme seete shardd the sertaal b ~§u:mi:n' v Bonant B et 3t 1t Brespostne e .
‘i‘ b dseea M e wits i v g BRI LT TR prabivamd g o0 o shan o raept Fea B et ol Bl stoande
. & B b e Dot gy cady Tl ewdd o D cepesest B abiatves pedfern contiol ot tep o apn o 18 ] :
' : J Tt st mt tatte MY Nawy B Ry b pedd thee verbeat Bl tlueton g the gent ot gf fue St : f
* t NI N BT DS BT P onethae abuly By Ha U1 o Aoy adioaiod 1t I‘fu yettial Ball rlncpdon msab f
£ ’ ‘; ' e P R L O i T L T Lt L T T B e | e N TN R E IR L | B ;
T e R
. ¥i . ) i
. 3 o ' . A
- (S AT R Fi
.;' ) L . - B Y | U T R e LIRS o DL A IS - . i
, e chiet o T AKRAE ey Pt PO M I TIPS TP R | P R TR ) i
g |
$
h w |
k i

P

»
-y
v

' 5 : .
M R i a L - .. - T o R g P R

i i T T : . : .
Iﬁhmu -Lsai--.&w... LT L N kot ek Vardet, | - : :* PN
s e oew. e x “& - .




i . o
I 11
3
. wveit iy Hats Y2 1he elg tin al pacameters uf the earth atfecy the cuent disteilnition on thi witd tegments H
i thin mgnier as vonfied by Sisgel VY However, whan the wire segments gre toudhing or within 0 Y waveleagthy ,1
o a bisten, condus g pline, SN 5 foand 10 amproperly madel condution am mduction {ossey s the oo ) i
! glani Thew lases should mamifest themselves v the mpat impedaiee ol an antenna i close prosamty of the 4
' varth
i
[ l . 4
L tron lonaen assn i with neae fielid grovnsd cetloc i can e sssumed to atiect the Input tesstome
of the antenng, wuch tan " *
LT B A L A (P O B ] (v » , _ m )
Wiwie: i
L1 gt antam e of @ e ted antenng dysr tinmitely samdin tuyy graumid plane 1
LM < tathatem Cionamwe ol the entenne ey deteannnd diam perlect eenh
ol wlptunn R
' t Ly = averaye gan ol the antenng teaited g @ periecty i g earth
) h|', = avesage gam of the sntenng inounted uver & fositely comfucton eanth Iinvmq .‘
' o liaw surrent squal in mquunml- and phave 10 the same antinin Gy etfet
,. sarth o
"
.‘ T setlog g it mn ap imation msthod Lawd an the siptene tgder oo of the gremml plane H
vy seeointe for sk tosy fosses bnat dims st consither conmbu ti fossen A i mnpiceteal apnuah
! \ fest obtarsing o losses e Yo s ofisd S s ront hoating of Ui sartls i gives 0 el 14 sl i g ef 1
\\ . 'lmul_ an $\| A ]
’ ", ok : o ' ' Y K
Whate ;
| lh. oL yromnst cenntame Ay meaised At the inguat of the antuiing
i | |
1 | fiequomy in My
" : B
’ 1] ot condhin ity I mhnaw
]
\ Ihan the et sosistagee ol e baw fad antaining over a fioitely conducthng serth 8 given by
v i LU Ve - b | w
' iy, . :
ey, e . - M AR n, " .
A .
é otk the eweepts we ol H e gens o b 8 can Umosemidy vlitapwd tioan AMI® The tovstaicn grrardiy 1 .
. By 4 e v g direr iy g ek Wil the taadiateie et ti Imuy I onder (o n-umulu thet eltect o the powe
=1 '."1 Gt ot onter g as gnen e b {4l :
.
Y 'o‘. !
kK . Iy, -
k i by W) dag | 3 ] _ {4
“ ", i
b1 A showit by ceepgrinan, Ly 1 utves excsitent agramment goth mspsinail dgta Sor vestn al o, bes aond
' 0
P U wveeted 1 oelonnas VY e tomiputed vaties of wipot sspedancs and messtited vabloes olitated bom o 40 tom ‘
3 ———" .ﬁ,
- | o ..
= ‘ .
: )
" i
o > ;
i
]
!
— e = S woe --->-~-uwrr i ""'
'.ln af " L ) . ., . - L.
-uwlm»a&uaﬂu‘&tuhh — atlee: VL ek b i b ) bl “"' e -




P

%
-

3

]

: ‘
- %
3 !
i '
. §
o fl
Y

¥
. o
.
S
%
. \§
. s ot
R
£ : #;
¥ ‘f

"

v ¥
A -

14

A

- "
s
k3

figh wwvetad L having o bawe ol 20 fapt ate shown o big 1 The sntwmne mployed only ¢ 4 oot groumd
stake amd was eoscted aver poome sl Le |, 00U mha/m and dielec tiic comstant of 41 The agreement stown
inthiea s that the relative change mogaty, a5 grven by Ly (40, due to resstancs danges, shauld givr o 1emonialbile
estin e of the G radlaand power The rea taice valums shown i B 1 alwe shuw axcellent agraanent syen
though the X talr are o mpated for gt o1 earth comditions usmg AMP

4 PLIEORMANUL ANALYSS

The s lassh vertnoal hafl thombie desge goeen by LapontV aad shown i by 2 s mods fostag AME medetiod
By fape (1 moed (41 The twe e it eltect 8 obtamed fiom Schutkanott 7 aguivacont adis ueensdation
arad ol et aire wgmenty i AMP Two bave conbiginations s mvastigated  11) 4 baw slation antenna
having 1 1K) fet, B Bl tesy, B, Hy = 15 teut sod tenmuating teastane = BUU sl sl (2} 8 Hisld
sigtion antenna hBav ag L~ BOU feet, B~ T feet, - Hy - 6 test, and tssonnatoyg ioastamee - DU ohes
Lomputed vames of the masinum power gem o the plese of the sotenne for both conhigurgtiuns ais dhawn
i by 3 The gain o vanputed tie pow grounsd cambitesn uung Ty (4 and letting the groaesd combun o
fone spual 1o {10 Bt account B the twn goonpd tenanaly o the antenna desiyo sad the g ayement
it ber treated! sthutomy 2t the termisated vl

) In that the aolisr o the twa vertiesl belt shomlse dntensas o apioaching 8 wave antenna diiyn, & et
dengn i smlyand Y the case of g Bacgontal wire TR teet b og and © Teet abuye the st The weve anteine
a tepmmeind mo& MR i load. The muemnen gen valuss se platisd s g 5 As o wall hnown, the wae
sntenng teqobes jioor sarth B urder fo ebitan e wave tHE oweded ta L g aliecings e 1o detenine
the offot o snl cont b ety o the puves g, o teoomd soalydt & g totned vo the thiee antsons vonfguistiony
with 1 U b & good gound The sigling power gaom are sl dhown 0 fig )

B IHALUAKION

Froun the ot on of gain, the wewhel Ma oy 1ot s shewn that he barizontal fo g wite mounied
O oot ahove poet gonm i wipeetkor Yo eithe the Ulted long were o the shart vyt el balt thomlae . Yhoorstieally,
thie o pusibile st the full sdvgntage of leam faieatnrs o oot toalited sath the verined hall chambd deagn
havig & oo wltten el hught A compmtion of e slhonen y showt a ditfwon! ploture, 8 may be wen
te Ty b Be thus oo gevon the yerof BalC el 1 beviag 8 height of bt Tset shaws 8 tonsatintly betie

“vapbiftty of tpfating chie gl powes Faos g pes beal verdpant e oo vy inpottant i thel et

aunt by disaipatcd o the wasusting load Al the legh voltage stemhag vave iitio st that wvan whan
the antetn s indhcenly grosmded ot the teominated sind o foss gronoume | B the antenes Tiving » grester

tashiabionss it wan y
U VONCEHEEdONG

A mtbiod utthizang a o omnaend, gyatlable sumeti al e bahgue Tor eitenng modeling i diosoribed oL onjun Bon
with deinp aned prehotmar o analysis ol bomy wits atennas wiogntod ele enadly dose 1o the sarth o Lang haul
shyvave i ation the vetlu of bl thusnbt. amd the wise a0 enng ate shown o provide sutfioent fow angle
the e Hyity G ovetsonne ol y lovay ey 1 the fowm portian of e HE Band gt edo tacal hnglas of GO
waveh ngtin (i, 6 foet ot 3 ML alisve poan gpoonend Yhe huzontal wave sutonna s dooeptabde Ton teovive
aruf fnw o tnansnut apple atinmy aver poot s ath Haiving the orodes of the wave anfonie be oo g vinrta ul
Ball sfonadne vupros s the puaes nandlong capaininty 1y ontuomg e cunent 88 e gecmisatnt s of e antonng

sl remburey the shpomdony of the anteiune perhaindin e ob geoinl combe Dty

[LIRERITR. T

1 fhesrsage HOH Hew o W wnl Kol 1 W . " 1he Wy Anteta A Haw Fyprent Bty Dhoes tor Antunna © Frantss ot
of AlE L, Vol 40 @ S5 oo, 110

P

-

N O I ol . A 1A i b

-

S s Wb, M

i, ol

ot sl A, 0, S, ool e

y .-” e T N—_

I il ¢ Mo M W

—h WK

C e — e s PV YT "*"“1 ‘

ey 3
Ed . o i
e ; . . R




i
o 2. Seeley, L. W, and H. 1), Samth, “Hediativn Litigiency ol Varisile- Weve-Velnity Hurlzonts! Antenns Nest the tarth™, ! K
. Neval Oninance Laburatory Cotung Heport 730, ¢y 19, Aug L7, AD GbEIV). | l
3 fealey. . W. and W. k. Muighas, “Horlionusl Lowd Lraded VLE Tiansnitting Antemis™, Navel Weapiim Conti t arnna *
' : ' Lebivmiurigs Teuhnial Vubliativn 702, pp. 48, June YK AD BIYW0). ’_
. . )
'
l. 4 Caiver, ¥ 5, Hamell, C. W., s Lindenbiad, N. L, “Usvelopnamt of Diisive Tranpmitling Anvennas™, Fiog of 1L, : )
- Vol 19, No W0, pp 1773 1840, Dy WY i
. }
'~ ) l i
. ] Heisa, b, "Unewrlupownts i Sinet Weve (e tive Antenias”, Hall Kystenu Latinisl Journal, Vol 10, pp 684 843, 1041 :
) i
. , u. Lagmirt, k. Hodio Antenng l:clhmvlun. published by Me! Ya Pubilivetione (1ainan), pp -3 M, 108/ '
I ! Newell, N i, "Vhe lncwrimd-V Amtenng fin Groumd 1o Growsl VI © iwativn”’, Bignals Hastarch eml Develagmwnt
. bualilishment Heprnt No G/ ), 4y U4, Bep GF. AD WMWY,
[} Mo, M 1 Yhguiy arwl Agyiliveting of Antenns Artays. swublishel by Wiley famucionce (Now Yorkd, pp W7 400 W1
i ] Ma. M Y, el Yvaten, L H, “A Brosiaind Amtanng Anay 1in bratter Messurements”, Uline ut Telew numunivetivm
i:‘ ept ol Gimtgree, Houbiler, GO, teguns 70800, po. B2, Agnit TI8
- . ]

W lane, Q. "1Teanbilty wl tising & Blinple Antecns Rusntute el I w1t Husliuns for Bhyvsve Cramnunivaiime With the
‘boot Cvant”, UBACHELIA Tabinwal Hoguit EMLP 10 lﬂ. wp M, Devensier VI

S1iTig

1. Amtenng M-- lcu,. P ge \.m “V'"'"'"U Manusl l'uqmnl by Inl Ayviterme 1) of MU Awocwine (urwler UNIT
anusiy Nn mmu SR T Y

Hetwa, A b, qmll N:I!l_l‘w_t_t.n_ .lug..l?’!tn&! Moe Yarmiyetiog lel I_r:._. Pulitisherl by Pergaan.e Presy New Vb
o) ' ‘

\ 4 AWI. M, Viw Glertinusgnety ki ut ignilen. Arstenoes 8l Arayt 111 & (sissipative Helf Rpss™, 10 1) Diwertathin,
Harvanl Uiniversity {4 anlid-ige. MAL WY

. .. Massn, “Grouwmd Hesittanee for M ZHE Domgn Anglvih 0 Goitumint Antenng Bystsime ™, LIRAL 1A
ton huisal Slmnsey VAWE 16 7 pp 2V At U0 .

0 ) Lone, (b, A Mttty Ter inlius $ie: Auienng Pertoname Dyer o ) there Barth™, URAL LETA Yo hinnal Btaguset 1.MLY 780 T,
S 1d, Janumy WM :

. Watl Janes Il Cham teitie ol l\nmm.o e Loy Larth, Cheutes 49 In Antgneg Thgury Ywt J Lanml by ¢ wtin
aml ucker  PGihmt iy MiGiaw HIE Ve 1o Now Vork (0t .

" Hehalbuna?t, B A aml 3 o 1ol Anignngs 1heaty amd Fravtive Fabiihed By heto Witey, 8 %am, fiv | (New Yood
L R RETER R AR [ ]9 L

~ 17 Tl
- ‘.
[
___———-—‘.-" \--‘-——.—_
> -
et s i Ot AR SSNEIN Wittt A A i

k4

R ket s st ks S salintibrees o,

|y g ¢ P

X RN




- — ———— - I —— - -~ py-" -
p B 4 AID Bl DA e ie JICC t D Al e ssT aC
by AV wilbe Dl W DM by DY B T Vel D’ v M AR A R Bl
P R i T ]
L 5°83 3 353 3 3 h h 3'E E 3¢ z2 571 1 5 3
b . e wh * > * ’ " * 1
.}
-,,
- — -
- “ L ’
. 1 4
o a -y
d -‘.— -
- . -
= I WACaen —me— -
-~ i Darstiy  —— =1 a
!
-;ﬂ -l
h Ch
- - -y
el -
e a— L -l
1 . P A et . -
3 M \? SN ) -
-y . - -
P -
o » . * r’ - ﬁ“.—
-
L v .\..\ *
- L4 L ‘-
y .‘\;“ - ....;‘ . . oy
. \\. \\\ . -
-y Fd e - J
. rd . -
. ~ ~ .
- - - e
ij \\‘ .-.s‘ w—
- Y - o il i
— — —— 2a)
.. e e ¢ Q
W H g o, — " I — ., - m—— e s -
L e PR 4 \l;&x\.-i TR Ry,
, - S . .
- ‘- . H &
. N o tﬂ. - !.u -
. o ) - p

-¥

‘!iit{u H b ] WhaE R ;li}iﬁ‘!“h!if

il 2l
" N -

T ek g

—— "‘F".‘,!‘.:",;‘-‘"l_‘

.

o

e <o e e

3

“

,-E A
iy

&




o

' Py - bl
u'.;'."“""-n A//
: { ?./
B
! _ f . '(.uummpmw
, /
H /
. l |
!
] l '
o ! ~
/ : /
) / / Y vidv

/
/
4

éﬁ" o ""I'.'u' 1o Bastpes
/-

!
S 4

I
[ [ B 4

R ‘
E— Y ) AN
.,
. \ s‘j ’ AN
* : 1R Coan o, bk

: L
;

e 2 Vertwal bt thoetbee antunng

3 | o
:’ ‘;‘ | | K

: _ ‘ A
ST ) . P . . N e e e e © e W‘nﬂ‘.ﬂ--ﬁ'--f--.
N . * ) I; v ‘. . -~ a » . - @ . » - ‘\- : . : S . B “f N ) '..i
: Ma-:KMuMM Ao e AN wnsiananss Somamserys oot ool Lkt SPPROTERP SR + . 1 SR




“A‘x N " . F— - W - e - - .o e

o el L DA MR KKK PRI s SR bty W
WL A DO L, Y, PO S, AR, SR W AT W, T Dy

]
L
"~
W
n
o
m
N
w

‘t
.

hi E1 21 11 @i

@ Sl
.- LI s 1 V-
DR iy W WD it .y B
T Dt Wy FD LR g

LA R
PR

+
N
~
N
-‘jv\a
rﬁ ‘-'A‘.
LA IS
_;
N
Y 1 oum)

\

\\

\

\‘\
w ow ¥

—— -
iislt..ii\i!!t \t.etﬂ“.é‘i\i%t\\‘\
e — o So—— P o — 1\..........%.......; - ﬂ—

!:i.}iit...!..i.tts.it;z . . N — —— —————— — . — s i o s+ o e |
— — - - _._.. t;. \‘l‘i’ua*‘. ;ﬂt:.d“.%‘Q ?.“.. o
. - 4 H - LE ] ut. » ) .
| - LI L ¥ :
. . L . . . ? s
,u,, W e e Ay :

i . 1
) A,




1

4

-5

e Ll W T LS, g e A i

et @ ST - . e 4 e e T e - iy P S Y T "7 - .

A T A . T -
.M Ll .. Tl [ % . z

-4
t
A
v
<+
o
[N}

i
|
- . - —— A gt S G Sl—— r 2 » L " wrr { g T
e e - -~ _—Z - - o0 " “h " '.. I‘% ‘.V.- (d
‘o o e v .
ot N < - L] “ nu*Ll- - )
v, - \”m W.‘\W " i i ~ . IR . - !




- T —
L
TP ﬂ

ATH FORCY L COMIUNGDATION ANTE HEAS

Potor H. Feam hi
ar fiectronis Teshoo bogy (RADO)
Hoanosea AT R, M 01 i1

W ——— -

%

Peputy

Alistr s H

the Y11 antenmin aescribeo b thin 1all provide stable, by rang

s A A, WA 0L

conrmnicat bon tor the Blotcane Tasent al Fuorgemy {oeewnioat Ton Network 1
: By usbreg the esoellont propigat b chitractec bstbon ot the donasphere amd 3
erih at theend frepioer fon These antennas re ubed by the Advanosd A«
fast e famenosnd P aand sonn ot of o oo two lamsg, ey thin, e g wises
e Bur beg $1Hght the wires e anpreded T the pear of the alroratt . Al
\. i the cwrvmiges Foce boons trama-itloed, the whres are geeied back inta (he
A ; aliventt
g Theoo huave bBoro tomr cadpnn o' tar s with this fype of anteana, The :
h Fhist was sallesd Ponger tis aud vas at f;i.;h;-; oty ol Lpespen boes The
> J COARU M sl thae ABE Berag e he AR 1L sl the Hagy followed . The we ’
. wyateed were barpeally o the V1 o the Alp doece trled 1o make g
i ma i dmptows ent wlth the eanltbwlie sntonns syt but the citort o thi
i
§ , syetaes hind to he vartabbed bovadee of o hgher tatal weight aml ancepected
f st b byt dtng romaples ey turtenthy, wark Lo precething on g candif i
EE T AL B RN LN TS LTI
‘ ) Thegs et 24 S ¥ TTTR 113 FUITTV ORI R oY thio type ol oant e Tin-vae Vi
; arer o wep b b STar ot bo ot By, Leaoshe Dth, juna g bt b eapibidbe,, t
‘ X autemms wol gl snd antenns = 12e or tro tag «F setiabi]it Lesne vty g nn
‘ e reelbng thee, THE protect] g, sod caodlatbon pattern s hanges Jue 1o
% alrieaty 1} Paglet o IR THYTES
| i
' k .
1 !
i :
ks #
| :
: . 3
i +
- i
% . |
.
% r
¢ >
$
_i Y
. ‘5
*, att 3
3 . *
2, 1
-¥

.
e

; ‘- : v
*
k
- 41
= =¥
v »>
- . N . st T -.!t"“"‘""“““.{.‘
- N L. .

R AN ~ ik

* -
Py gt it NS SR, " oy . jw\u:ﬂ




Peter R. Franchi
Deputy for Electronic Technology {RADC)
Hanscom AFB, MA 01731

‘l
AR FORCE VLF COMMUNICATION ANTENNAS

{. . introduction

Why is the Air Force Interested in VLF propagation? There are .
three principle advantages; these are 1) propagation is less affected by
ionospheric disturbances than HF propagation 2) there is & relatively slow
fading rate at VLF and 3) communication with submerged antennas is possiblc
to some extent. There are also problems. The principle ones are very large
antennas physically, low bandwidths, and high atmospheric noise levels. It
is primarily the increased reliability that advances the use ol VLF to the
Air Force for an Airborne Comnand Post. The efforts of the Air Force in VLF
airborne communication is reviewed from the initial work sixteen years ago
to the present operating system (and possible future ones) with consideration
of the major technical problems.

el TGN i

. Power Box

In 1960 and 1961, Boeing conducted a series of tests for the Air
Force on an LF trailing wire system.called Power Box. These tests had three
objectives; 1) to determine the feasibility of radiating LF from an aircraft
2) to measure field intensities at various distances, and 3) to determine
the practicality of trailing a long wire from 8 jet aircraft. These tests
ranged in frequency from 60KHz to 300KHz. The test aircraft 'was flown over
Wisconsin with eighteen receiving sites scattered around North America.

The antenna for this series of measurements was a long wire (up to
3000 feet), reeled out from the jower bottom of the aircraft and towing @
aerodynamic body to lower the trailing end of the wire. The wire was fed
against the aircraft. Since the aircraft was so small electrically, the
antenna is basically an end-fed dipole. Airspeed and weight of the aero-
dynamic body conirol the average trailing angle of the wire from horizontal.
Although the TE wave mode propagates with less attenuatlon at LF and VLF, it
is more difficult to receive horizontal pclarization close to the ground. For
this reason and since the vertical component of these tilted dlpoles radiate
uniformly in azimuth, the vertical € field radiation was and still is the
desired radiation polarization. For. this program, ranges of greater than 1000
nautical miles were reasonable for transmitter power on the order of 2.5KW.
The principle problems for these tests were corona dnscharge and wire breakage.

~u' -<.'.‘i‘ ui - -lA

I11.  ARC-96 and TACAMO VB .

After considerable study, the Air Force deveioped a practical VLF
airvorne system modeled after the Power Box LF antenna. There were just two
sicnificant changes in the antenna. First, it was increased in length to
provide for the lower frequencies and a stabnluzxng drogue replaced the aero-
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d;namic weight. This change resulted in @ smaller vertical component, hence

T 4 less power was radieted into the desired vertical polarization. The transmitter
power was increased but breakdown due to end feeding limited the increase.

The streagth and reliability of the wire were also incressed leading to less
breakage probl: ns. This system was designated the ARC-96. A somewhat similar

. H
- ﬁ system, TACAHO 1VB, was developed by the Navy. {n the VLF system, the
. airplane tralled two wires, cne with @ drogue and one with a weight. For
transmitting periods the plane flew in & specified circular pattern, allowing

1 the end of the longer weighted line to drop vertically., This greatly incresced
" the vertical component of radisted power. The stationary location of the '
; aircraft for the critical transmit periods is not an acceptable concept to rthe
i Air Force. Apparently, the stationary location of the TACAMU 1VB and the low

efficiency for the vertically polarized energy coupled with a larger aircraft
induced the Alr Force to examine a more advanced system.

i 1V, Multiwire Antenna

: The advanced antenna consisted basically of three trailing wires and
i is calied the switiwire system. An upper wire with its own reel trailed at
a2 close to horizontal angle. A second shorter wire, streamlined and attached
} to & streamlined weignt, trailed at an angle much closer to vertical. This
wire increased the vertical radiated component by greater than an order of
magn; ude over the range of operating frequencies., The third wire was unreeled
from the streamlined weight on command from the airplane. This wire also
trailed close to horizontal. The deployed antenna appearance is that of a
f tetter Y on iis side. At the junction of the upper wire 21d the near vertical
i streaml ined wire is the feed point. {As was the case for the ARC-96 antenna,
- the final ten or fifteen percent of the horizontal trailine wires droop 2
' § little toward vertical},

]

1

i

This U-shaped antenna has two important advantages over the ARC-96
antenna: first, the vertical efficiency is about an order of magnitude better

: because of the greater vertical extension, second, the antenna is fed closer
- to the center enabling a much higher transmitting power to be used. |n addition,
: ! the shorter sections of wire decrease the possibility of breakage. More
oy importantly, the combination of higher vertical efficiency and increased power
e . handling incresse the effective range significantly.
%; -,; ‘ With these great advantages, there were also several important dis-
.. advantages. This antenpa was far more complex requiring three separate reels,
s cne of which was in the streamlined weight. The streamlined cable required a
A fg fabricatiun procedure of very close tolerance to prevent aerodynamic insta-
F2dvh vility. Generally, the complexity of the system increased the antenna-trans-
f"“iﬁ : mitter system weight. Finally, the change in location of the feed point to a
- s g sle . .

T more central position sharply reduced the system bandwidth. Primarily because
W ié of the greater complexity and weight, the Air Force moved from the multiwire
}i ;35 . antenna to o more modest system. : .
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v, Modified Trailing Wire

The present proposed system consists of two wires, one upper
saorter length of wire terminated with @ drogue and a longer section
terminated with an aerodynamic body. Neither wire would be streamlined.
The totat length for this system is approximately the same as the multi-
wire system or the ARC-96 antenna (1.e., @ resonant length). One can then
see that the effective radiation resistance would ve smaller for this antenna
than the other two and the vertical projection would be less giving somewhat
less vertically radiated power. Because this antenna is fed closer to the
center, a larger transmitted power is possible than the ARC-96. This system
Is not exceedingly complex. It is close to the present TACAMO {VB in system
components. . As a compromise antenna, it is a very good practical choice,
but other antennas are likely based on the current problem and new research.

Vi. Possible Antennas

What type antennas are likely to emerge? Two possibilities are
obvious. One would be another attempt to increase the vertical component of
the antenna again by the use of streamlined cables and weights. Additional
research and development work based on reducing the system weight and com-
plexity of a multiwire antenna might yield more feasible techniques.

‘The other possibility is using the antenna at ELF frequencies. The
current ELF ground based transmitter is extremely inefficient because of the
size and close coupling to the lossy ground. An airborne ELF antenna would
be smaller but better In terms of ground loss. Such an antenna would be an
electrically small antenna although very large physically. The major ad-
vantage of these frequencies is that communication with submarines is much
more feasible because of the decreased wave attenustion in the water. |In
addition, air propagation losses are also lower and there .is great difficulty
iocating ground sites for ELF transmitters because of high ground conductivity
and objections of environmentalists. ' ’

In summary, there has been a fairly rapid evolution of airborne
antennas in the LF-VLF range. These antennas provide stable, reliable, long
range communication, all very important features to the Alr Force. There are
still many problems. The ARC=96 anterna has poor power handling applicability
and vertical radiation efficiency. The multiwire antenna is too heavy and
complex arid the new system may suffer bandwidth and vertical radiation efficiency
problems. Because the necd is there, an ELF electrically small antenna may
te a future possibility. Such an antenna would have many technical problems
to overcome. )
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THE UMBRELLA TOF-LOADED VERTICAL RADTATOR YOR USE
- AT MEDIUM FREQUEACIES

John §. Belrose
Kadio Communications Laboratory
Communications Rescarch Centrc
Department of Tommunications
Qrtawa, Canada

ABSTRACT

If the physical height of a vertical antenra is short
comparcd with a quarter wavelength some form of capacitive tep
loading must be employed to reduce the capacitive reactance of
the antenna and to increase its radiation efiiciency. At
YLF/LF two or more towers are usually employed to support some
form of extensive top loading, and an anteana tower or a central
insulated tower is employed for the radiator. A single grounded
tower radiator ig a more practical antenmna, particularly for use
at ¥F. The base insulator can be dispensed with by feeding the
tower #s an open circuited trausmission line, terminated in the
reactance of the top loading (a method that does not seem to be
mentioned in published articles on ground plane vertical antennas).
Umbrella top loading of the vertical radiator is the most gainful
way to improve the radiation efficiency of a single tower antenna.
The radiation elfficiency of an umbrella top loaded antenna excceds
that for a T~ or L-type antennz employing two towers each half
the height of the single tower radiator (d.e. antennas that
utilize the samc number of tower sections), -

The umbrella top loading consists of a number of
wires stsung obliquely Lo the ground from the top of the
radiator, and insulated from the ground #ith or without a
skirt). This antensa was first used by Smith and Johnston at
broadcast fregquveneies in 1947, and later by Belrose et al. at
LF. Since the -urreat on the umbrella wires has a vertical
compment that .s oppositely directed to the current on the
tower, the vadiution {rom the umbrella wices in part cencels
the radistion from the top part of the tower, Thus as the
lenpgth of the umbrella wires are increased, the radiation
resistance dncreases and then decreases, wh reas the antenna
t2actanie decreases continuously for increase in zength of the
umbrella wiresfor operution on frequencies below the fundamental
frequency of the antenna, -

The dependence of the antenna reactance and radiation
registance un antenna parameters {length and number of wmbrells
radinls) was obtained by model measurements for short umbrella
antennas {employing wodel frequencies in rhe range 2-100 #iz)
and measurements of radiated (leld strensih were measured at
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7785 kHz. The results are summarized in a very compact way, by
plotting the data as ratios of the height of the antemna to the
wavelength and as ratios of operating frequency to the fuudamental
frequency of the antenna, which can oe readily used to Jesign
uabrella top loaded antennas for any frequency. Design data, as
an example, for resonant and non-resonant antennas for operation
on 160 M are discussed. '
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ELECTRICALLY SMALL ANTENNAS: THEORY AND EXPERIMENT

John 3. Belrose
Radiv Communications Laburatory
Communications Reseuarch Contre
Department of Communications
Ottawa, Canada

ABSTIRACT

The difficulties with electrically small autennas are
well understood, and are:

1. the loss resistance for the antenna is greater than the
radiation resistance and hence the radiation efficiency is
low;

2. since the aatenna is non-resonant a tuning network must be
emploved to match the reactive impedunce of the antenna cc the
50 ohm impedance required by nost cransceivers; and

3. since the antenna is highly reactive the bandwidth is small,

The nced for an antenna matching netwo:i results in additional loss.
While the expected performance for electrically small antennas is
closely predictable, the claimed radiation efficiencies for
particular antennas is sometimes greatey than 15 practicslly
realizeable. Specifically, the radiation eff:riemcy for shert
centre loaded vertical whip antennas has been claimed to be as

much as 14 d8 greater than for a base loaded antenna of the same
physical height (Spilsbury, 1973}, vet theoretically (backed by
experimental mceasurement) one should expect only a few decibels
diflerence (Belrose, 1953).

Rather impossible efficiencies have also been claimed for
the low profiie directly driven ring radiator {(DDRK) which is an
antemna that is particularly .misunderstood (Belrose, 1975). The
efficicency uf small loop antennas seems also to have been exagerated
(Patterson, 1967; McCoy, 1968}, since even if the loss resistances
could be reduced sufficiently to achieve the claimed radiation
vfficiencies. the bandwidth of the antenna would be excessively
narrow,

The purpose of this paper is to review the fundamental
limi.arions of small and low profile antennas, and to compare
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theoretica’ with cxperimental radiation efficiencles, While the
remarks to be made are not new or state-of-the-art ideas, there
seems to be wmiscomprehension and cont-oversy over the practical

i i performance that can be achieved with small autennas.

‘ i
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R ABSTRACT 3
s, A
# 4 Electrically small {reduced size) antennas are inherently narrowband, i
,:,‘: or inefficient, or both. A summary is presented of prior work on elecirically ;
| Ny ; small antennas using capacitive tuning to optimize the impedance match and -
( i efficiency of such structures. The design of electrically small complementary
-t &;‘ ; pairs is described, and preliminary measurement results are shown for ! .
2 4 ¢ monopoles. These measurements indicate a substantial improvement in gain- :
- H
jg 1 : bandwidth product as compared to conventional matching technigues for elec- § )
L ; trically small antennas. ‘
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DISCUSSION

P S

Whenever available installation height is limited, the anienna can be

3
. s -

foreshortened so as to fit into the limited space, This causes the antenna
impedance to hecome very reactive, Past practice was to tune out the

capacitive reactance hy means of an inductor, or to transform the reactance

i and use a variable capacitor for tuning (Fig, 1), This renders such an

“glectrically small' antenna narrowband, and its efficiency is reduced by

losses occurring in the tuning circuits. This problem becomes subsiantial

, p for radiator lengths of less than \/8.

X An alternate approach for tuning a short dipole or monopole consists

of using two of the antennas, which are mutually coupled, and matching the

an inversion circuit. This inversion circuit is realizable in the form of an

o / “ input reactance of one with the reactance of the cther after it has gone through
4 .
»

Ty ‘}‘ externally complementarized hybrid feed circuit similar to the one described
Y previously for resonant-height antennas [2]. Mutual coupling between the two

. elements in the pair can be adjusted in a constrained design volume by varying

T - (a) the length-td-diame_ter ratio of the elements, and (b) the element spacing

and feed cable length differential for phasirg,.

" A monopole configuration of the ESCP (Eleciricatly Small Complementary

Pair) was descrived in [3]. The monopoles were of small length-to-diamcter

e

ratio (Fig. 2) and their combined input impedance is shown in Fig. 3. The

&

‘total matching loss for this pair is depicted in Fig. 4, which includes the

loss incurred if the recidual mismatch at the hybrid sum port is totally

.‘ .
vl g

2

(¥ ol :

~ “_ converted into loss of power. In the case of a scatterer, one can visualize a
:i\ "~( matching circuit, which partially reclaims this mismatch loss by transferring
: v ‘% the imnedance at the lower frequencies only; this is now feasible since only
:';' ‘fﬂ . a relatively small reactance is involved. For this case, the squivalent radar
'f ::vj cross sect'on {RCS) can be apprcximated as shown in Fig., 5. This is plotted

as the top curve in Fig. 6. If one makes allowance for 2.5 dB additional

one-way matching loss {e. g,, due to the above mentioned tuning device,
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X k.
¥ | 5
) ef cable lossns, ohmic losses in the radiators ete), the lower RGS curve in . i
, § Fig. 6 results, i.e., a plot 5 dB below the previous one, (This is obviously 1
i 5 conservative, )
f } Finally, a reflection type amplifier could he employed to shape the .
; S response curve as given in Fig, 7, for conservavive gain of 3 dB .. the ‘.;
f*. il amplifier. A comparison was now made between this ESCP scatizrer, and 2
g‘} | other possible techniques. The best alternate solution presented in the past -2
i ' consisted of dual arrays of crossed shorted dipoles, tightly coupled in the : %
‘&'f ! endfire dimension. Sinc= the dipoles were thin, they were narrowband, E i
. z ‘and the double -tuned curve showed a large dip in between the two peaks ;
Do {Fig. 8). Neglecting this dip, a total bandwidth Af in percentage can be oo
€¥' R assigned, and, multiplied with the measured peak efficiency of 50%, yields f-”i

a gain/bandwidth product G;"GQX Af% =0.1. The samc factor for the passive
ESCP antenna, with a conservative 2.5 dB additional loss, is 0.2, It should
be pointed out that the comparison is in favor of the dipole arrays, since they

can only be used as scatterers, and no feed point is available to drive them

:
!

as an antenna,

A number of other electrically small antenna types were analyzed,
aud were all found to have <0.1 gain/bandwidth product. Since some of
F the approaches require DC power to drive matching networks and/or amplifiers,
direct comparison with pussively matched antennas and scatterers is very
difficult., Some new standards are required regarding ef{icieacg}, bandwidth
and physical dimensions of elertrically small antennas before accurate
svaluation of relative merit can be made. In gross lerins, howaver, it
appears that the ESCP provides the potential of considerable imprcvement in

gain/bandwidtn product.

.
..
Fog %03 mpm - -
) " ‘- My,

|. .-W
4

= "
: £ .
Y

%'. & S
hy LV
.
~ e
“g

'W
C e B
oo

*,

f;‘ “.}
3‘\{ <
I
u;.@
LY
ablda
;;n'?.%

gl L

99

:l‘
: !
e, tomsg
- et e A T
v
W—

»




REFERENCES

J. A. Secger, R. L. Hamson, A. W, Walters, "Antenna Miniaturization,"
Electronic Design, pp. 064-69, March 4, 1959,

K. G. Schroeder, "The Complementary Pair - A Broadband Element
Group for Phased Arrays," PTGAP Iiternaticnal Symposium P.ecord,
pp. 128-133, 1964, '

K. G, Schroeder and K. M. Sco Hoo, "'Electrically Small Complementary
Point (ESCP) with Inter-Element Coupling", Transactions on Antennas
and Propagation, Vol., AP-24, Jo, 4, July {976,

S A

.,




sojodouoyy [1ewg 4jfesra3os 1y Adustoyyg-ySuyy 1o senbruyoay Juryosjew aanyrveder 'y sandig

| (Buls onaubew §§23 /20 |
| ¥ (o) g ’
H /
W a0, 0, .ﬂﬂ\
pd /
. ~ 7~

b [X——oo—1p [Y\—

% (dooj uin}-1nu) g
1
ST TETTTA U dOOH N m =
B s VIMH W3t
w /
| \
_\...- \
| oty S
W F10dONOW | m T10dONOW \ m 7
430704 K G3qio4
7ama<o,_ nww Sag.‘_ om_a
\ TYOIT3H Lo
, | L¥OHS Wx
: ' C
[ e B s e wTE T v " et . . ‘ - e i - METH o L e [
Y et . e g A g ot pruntle RPN .,. ~\ ‘ch&ﬁn 5 xi\a.\‘i.w.‘??. a. ST e
i ., o, R AR R . .
A », .N,kw,, :.u\? N Bwn.w.us?g e - _ﬁ“i‘“ ..C.f%@ﬁt» ._... .tx... ; ahsi.&.; i&.{ .s.f .F’.“dt‘. ..U..! .. h_.. %‘w‘u ‘_&i ’ & ' )

il i Aes sy v it e W S B




ss¢ T Suiysyew dHDSHT ‘¥ dandrg yorv W @ouepadwy 3nduy goHgg ¢ 2and1r g
&
o .. 0 .- 0 0,..
160
= A 0 _ 1671 } 16°0
- —~{1 _ |
- —{2 - \ A
* dJ$1 i
L —¢ | /+ ;
__ f.J - - 6 /., W
B / m w . ﬂl = : V: =0
453 0 u/ 7 -10JONOW
_1. (33110t $5|SSO| AQ paLEW) +/ —9 — ~ GILYICSH TYRAIAIONE \
- J104ONOW WRGIAIGNT + v —¢ B ./
_ _ | . L\ .
6 | nw
—
uorjeandyuon 1593 ] Axeurwai(sad ired
Kzejuewaidwosn ([elug A[[e2113091q ‘7 @ansig
X
iv v i
Furg el \ \\ |
=1=3
b e
uret
B NP ~ - TTET \....ﬂ!. =" cc.i‘A ....!?.Wi F AT
' -~ . . ..-‘. 5 w v, ‘ .
g .....,._ Wb W Carbla b ~ Li- .
B i it i s, G Y it st




o e

YiBuary asralery U

*Japytdwie jo Jjisiialoeleyd
Aauanbas) uo Bulpuadep Jan0] 8Q URY 44

ot
L4

r1 ‘Apuenbea gy sa goY ‘¢ eandig

“ap § "¢~ Jo uolanpal moz

pue ‘gp 62 1~ Jo 9sealauy ssoj (epusiod yum ‘“1 ¢y

pue 9y je yojewsiu [~ asned |im O g/ je bujyaew .

b et L L :!?1& Ll

£ WP A e ey -

(00€ PUE 05T
+oAUSEP 0T - 5- §p- usamaq dwe gp £) NIW,
wsgp 901 - wsgp 8- wsgp §°2- (ssc| [euopIppe 8P & Z) NIW,
9°g- ¢- §z- L XYW,
dE- 460~ wsgp ¢ ‘- 70 * XU,
62+ 5P+ G2+ X ;9
5¢- 0 wsgp g wsgp X
Sy 24T S X
£ juz w [ \
ap b9+ s+ ap g - 29
e+ 62Z+ 511- BNy
2- 05 2- ap 05 'b- (0ST 38 PaLN} YDjews|u) SSOT]
s sLp 512 V94 0y
4 ¢ T AVL. g
22 511 7k Uy
05 00 0T
g oy %0

.
L] gl

=T .,:i. PR T L
..:_. .‘.. ..a.;‘,.e\‘ w;

-

Rt

i S

-
. o



- o
: ?
1
£
zs
=« 9
AR
42 <%
. s
RE L8
Qg &
- ~o R
48 BEnE
L o2t R v addomdantindd —
5 — LTI . .
lm $) T ¢ e ot —— . ——— |m ®
& &
. B L N R R b |
C w o s = El -rd !
= 17} < : : : [ ;
© S 48 = wsqp W
7 ”~ \O\ g
- Vi / 18 . .w ,
\ \\ Y < m -
x V lm = m =
[] - .rt —~
! { 0
“ __ 42 &
7]
! 1 : 3 ]
¢ < ] & 2
1Y o < ' -
\ Tq = o, 2]
. . = = Q
| 2 fer 3 (& Xrmi
" =) - =] [ ot - 0o
- + . N i F -
wsgp b\“lm ER
18 EER
+~ o @
m.n.. mcnm
~ M wla
= h@ m.
@
1 Lm (T on <
. ~
~
= 5
) | 2
= L = L s &
wsgp <
.. -~ PR R P L L I T T VL T b e B O AL - ‘ A EC N

PR ey P S

——— p—
+
-

B it Tt anae:

[PEEER

|

. ..:.l..'l...i.i.llvll.ll.-,..l.‘(lr}lll \\.‘l\“l“‘ S . .1&.-
* -
.- . . s .
»‘ . A
y 'n
PR AT - 4

ST w.fiﬂ.ﬁ AT
S - l v.. ' U<~
L« PL. t..&-' ..i‘e, e A
ey TR TR

.’.ﬁ 2 2 ar aalE o

Seima - Sy -~

el

Tataredp bt

l

- - st
B o

e

.

i e . A




Tt sttt o o 411+ i+ 41351 o S i 8

.M#_u
g
.

e
-y
I

IRy

¥

worgp

LR

T R Ry T e

o

[ T-Y N

.
L

SOME EXAMPLES OF SMALL, LOW-NOISE,HIGHLY LINEAR ACTIVE ANTENNAS
PRODUCED TN QUANTITY FOR VARIGUS ASPLICATIONS
by

H. K. LINDENMEIER AND F. M. LANDSTORFER

Technical University
Munich, Germany

ABSTRACT

Various types of low-noise active receiving antennas are introduced and
their technical data explained:

(1) A highly linear broadband (10 kHz to 30 MH{z) rod antenna of
1-meter height and wide linearity range.

(2} R 0.25-meter high broadband antenna for (MEGA-, DECCA, and
LORAN-C navigation.

(3) A diversity antenna, consisting of two crossed horizontal active
dipoles for 1 MHz to 30 MHz nd a vertical active monopole from 10 kHz to
30 MHz. The length of all elements is } meter

(4) An active antenna of 2-meter he1ght for direction finding from
0.25 to 30 MHz for application in a mobile Adcock system,

(5) Receiving antenna for guided waves for 47 to 68 MHz used for
optimum reception of signals radiated from a slotted coaxial cabTe.
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SOME EXAMPLES OF SMALL,LOW NOISE AND HIGH LINEAR ACTIVE

ANTENNAS PRODUCTM IN QUANTITY FOR VARIOUS APPLICATIONS.

1.Broadband antenna from 10 kHz to 30 Mz with high linearity

range and 1m height,

The annexed illustration shows the active rod antenna into the base-
insolator of which the antenna amplifier is inserted. The dec~power
is supplied to the amplifier from the power supply via the inner
and outer conducicrs of the coaxial antenna cable. This antenna re-
places the common conventional 6 m high passive whip antenna, In

8

g— ampli-
fier

im

insu~-

ﬁ' -lator

umEmpt.
101! o Amplifier with
Ezuwzwv~r power supply

e
~ only EM

: resecrt YActive antenna

spite of the considerable smaller
height of the active antenna the
signal-to-noise-ratio at the low
end ¢f the band is even 25 dB
superior to the snr of the con-
ventional antemna with receiver
if both antennas are mounted
upon a conductive ground plane,
At the high end of the band the
snr of both systems is approxi-
mately equivalent. With many ap-
plications, as for example on
ships, a nearby installed trans-
mitting antenna impresses a strong
electromagnetic field at the lo-
cation of the receiving antenna,
Therefore special efforts have
been made to obtain an antemnna
amplifier causing very low non-
linear effects within an extreme
wide voltage range. Precautionary

measures protect the amplifier against damage by electrostatic dis-
charge, Tests have shown that the active antenna withstands the ato-
mic e.m,p, In the following the most important data of the active

anteana are_listed.

At the output ferminals the active antenna may be described as an emf,
produced by the fieldstrength E,with the output impedance in series.
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ZA: Quiput impedance = 50 ohms,

VSWR = 1.1 {within the above cited frcquency rangd

I
xJE, anienna h}L
output
Y

Equivalent circunit,

1 Effcetive aeight of active antenma with ro-
ference {0 the output terminals, E = verti-
cal component of electric field strength

(antenna vertically mounted cn ground plane).
= 21 cm. {constant within a tolcrance of
% 1 dB).

h

A

The equivalent noise field strength due to amplifier noise Eﬂj"fi?is
that rms-value of a sinusoidal signal field strengtih per Voandwidth
necessary to achieve snr = 1 {20 4P) at the anbenna outbput.

Q2

i
qo8

8,08

mV Hx

pV¥

084

002

EM/‘rE in

~

N

AN

N

T~

0,01

I Y

)

f

1 10 - 30 MKz

Diagram of equivalent noise field stcength/ Vbandwidth versus frequency
with antenna on ground plane and received ground wave,

The maximum tolerable {rms-value of sinusoidal} field strength Et,thaz
causes 1 4B reduction of amplifivation due to nonlinearity, is shown
in the following diagram {antenna on ground plane and with ground wave)

100—

§0

&0 -

N

T 20 N
g 10 X
> &
£ 4
®o2

H

00t g s 1 ; % 20 WMHz

With two sinusoidal ;ignal field strengths of different freguencies 1,
and f2 but of same rme-value E3=E2=E=100 wV/m the distortion at the an-
tenna ontput due to second order intermodulation at lower freguencies
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,‘} A is 80 iB and at higher frequencies is 70 dB below the output signals at
{ f1 and f2' The suppression of third order intermeodulation prcducts at
i low frequencies is better than 120 dB and at higher frequencies better
than 105 dB, With practical operation the dis%ortion by these kinds of
] nonlinear effects is rather unlikely since it only occurs if there are
several strong signals and if the frequency of the received signal by
coincidence equals the frequency of one of the intermodulation products.
: With most cases in practice the receiving-system is more endangered by
i ‘ distortions caused by cross modulation from a nrearby located transmit-
lk ' ter. In this case the tolerable rms-value E of an unwanted amplitude
T modulated signal (modulation factor is 30%) at the frequency fu causing
i a modulation factor of 3% of the wanted signal at the freguency i‘s is
: important. Eu has been optimized with the present antenna and is plotted

}‘ R versus I, for various values of fg in the following diagram,
3 100 - :
d° 6e

. 40
=~
2t 20 N b= 3,2 MH:
A ’} ‘Q!f‘z 10 MHz
X tg= 25 MHz
o ] € 12 s
iV, >
,.in-.' r € 4
M3
% d o,
B
A
E 1 :

001 o) 1 o 0 - 20 30MHz

Y

'u—-.-.

.

2. Navigational antenma for OMEGA,DFCCA and LORAN-C.

- The antenna has the same shape as the one in ch.1. The frequency range
" ' . reaches from 8 kHz to 130 kHz. Unwanted signals above 140 kHz are sup-
: .; A p _ pressed by means of a Cauer-lowpass~filter within the anteima amplifier
in order to protect the subsequent navigational receivers from nonline-
ar distortions due to overload conditions, The suppresion of unwanted

signals in the range from 400 kiiz to 30 MHz is better than 60 dB. Phase

N s S ¥ wenee
-
7 -
-

L
2 Y

PRSI

»

L g
4
]
S —

: delay distortion is guaranteed less thon 3 degrees, which limits DECCA-
' ‘3‘, navigational ercors to 30m. The diagram neat page shows the tolerable

" ':1{% : unvanted fieldsirength for 0.1=3%/30% cross modulatioan as Jefined in ohl
=& 3 : Lo - ‘ k
RN STA 25A : A

o~ : r : In case of mounting the antemna on a 2m

‘ f"";'s am T STA 54 N high mast, the length of the rod may be re- k'
= % ! m IST"“ duced to 25cm in order to obtain rovghly _
Ty S Y "V jdentical data as with Tm Fod on grownd. |
. ? .";
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3, Active &iversity antenna,

As showr in the illustration the antemna consists of two crosced hori-
zontal dipoles, each driving an amplifier with balanced input and un~-
balanced output, and a vertical active monopole, as described in c¢h,l,.
The length of all rods is im, A1l amplifiers are located within a scree-
ning case inside of a fibreglass reinforced polyester iusulator and

have seperate output terminals which are to be connecied via cables to
an antenni selector system, Usually this antenna is mounted on 1op of a
3-6m high mast., Thus as far as the vertical field components are con-
cerned the equivalent noise fielés‘trength'ané the different values of
tolerable fieldstreagths of the active monopole as described in chel

are reduced, Since the sky wave is only received at frequencies above
1 MHz the horizontal ’ipcles are designed for 1 MHz to 30 Miz with ap
output voltage at the load impedance ( 50 ohms)of 0.6V per 1V/m hori-
zontal fieldstrenzgth B, (tolerance £ 1.5 dB). The equivalent noise field
strength of the horizortal dipoles is Ey/ V¥ = 0,015 pv/( n [HZ). Non-
linear distortions caused by horigonial field componenis due tu second
and third order intermouulation are equal to that of the active monopole
Since the antenna is mounted on 3 mast cross modulation with the hori-
zen{;al dipoles may occur not only caused by the push-pull voliage but
alsce by a push-push voltage at the input termi-
-nals of the antenna amplifier, The push-pull vols
tage originates from a horizontal field compo-
rent E, while the push-push voltage is vrodu~-
ced by a vertical field component Emr. The tole~
ralble horizontal component for a cross modula-
; ~ tion of 3%/30% = 0.1 (s. ch.1) is B = 7V/m.
E For the example of = 3m high mast ané frequen~

cles f below the quarter wave-resonance of the
mast h = 5V/m.,
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4, Active antenna for direction-finder from 0.25 to %0 MHz,

The photograph shows an adecock direction~-finder system consisting of

eight single active antennas,the total height of each is 2m, The an-

tenna amplitier is built

into the top end of a 1m
] . high tube mast, whcreon
a 1m leng plug-in whip an-
tenna is mounted, The sno-
c1al designed amplifiexr
meets very havd requive-
ments as to a tolerable
spread in phase of less

_ . than 1 degree and a tole=~

- Direction-firder system with active antenmas. rable spread in gain
of less than C,1 @B between units, The passive
anterma parts between the low end of the whip
and the high end of the mast are loaded with
the small input capacitance of the high impe-
dance amplifier, Therefore tne currents on the
antenna parts are very small and prevent the
antennas from radiation coupling. The antenns
nmast forms a ccunterpalance to the whip, There-
fore with a very simple ground network extreme
small direction finding errors are obtained
even with sky wave bearings. The equivalent
noise fieldstrength Ey/ FE ¢ 3 nV/(m THZ). Suppression of intermodula-
tion products is better than 100 dB with two signals of E = 10mV/m each.

Antenna smrlifier

 The antemma replaces a 6 m high paysive whip antenna and makes it now

A - bEL g feasible ‘te mount the
r et . L Extnoise
“ 1o o adcock system very ea-
\ (yozom \'Gh \ . sily in the fielad,
% Y N S . PN .
: NN - AT Y
o \\ . \\ 7| .
" ! /tn"‘.;: v Equivalent noise fi:ld-
w. #‘-‘ﬂ“‘m \\/ %_,":\':\ strength of df-syst:m
« = - with B < 1Hz
. . . . N A .\,"/ - .
N\"}"’
L I ._}____l______, — - ___‘. .
¢ I \ 1 1.t S 82808 )
T
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5. Beceiving Antenna for Guided Waves

Tne active antenna ¥ 50238 is designed for optimum recepiion

of signals radiated from a siotied coaxial cable. It operatesn
in the lower VIF-band and couples to the magnetic TEI-field

07 the slotted line.

In order to meet official requiremenss as to the tolerable
interference fieldstrength outside the iustalliations, +he
active circuiv of the an:anﬁa‘is gptimizeﬁ for maximum signal-
to-noise ratio S/N at its output, wibth low levels of transmittead
power. Typical values are S/N< 40 dB at 20 cm clear distance
vetween cable gnd antenna, and traﬁsmitter power adjusted to a
_level which gives less than 30 fu?/m interference fiéléstreﬂgth
at 30 m distance from the cable,

Adpplicgtions gre found wherever a signal igs to be transmitted
from a fixed station vo a movuble object following a predeter-
mined track along which the slotted cable can be mounted, such
as g railway car Gf 3 big rail-bound crane. Av the moment these
aniennas are in use with the rapid-railway systems of Viema,
Vunich and Paris. There 2 or 3 TV-pictures of the‘failuay plat-
form are transsmitted simuliagnecusly to monitors within the loco-
mo*ive in order ito give the engine driver a good survey of the
platform and help him with clearing in and out of the station.

Farther data

Fre,usncy range:

47 - 58 ¥Hz
Charascteristic impedance
of output: 75 2 (un-

balanced, VSWR<?)

Bias: 12 V/ 5 mamps

Baterinl: stainless steel
and fibre glass

Weight: 8 ke

Sections 1 to 4 are by H.K.Dindenmeier,
section 5 is by F.M.Dendstorfer.
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TRADE-OFFS IM THE DESIGN OF A SMALL ACTIVE ANTENNA ; :

, FOR TELEVISION RhCEPTION '
. J. J. GIBSON {4
: 1] i
: ; RCA Laboratories, Princeton, N. J. P

rev. omtihls aud ot hosth

ABSTRACT

‘ The development of the "Mini-State" antenna, a small, active, rotatable,
: A directional antenna for television reception is discussed with particular
! : : emphasis on basic principles, criteria of performance, and trade-offs between

TR W R ey y é?,;‘ﬂ,.r.,...,,,v?%g e
TIGREX T Sppew SV PN

fiff size, signal-to-noise ratio, bandwidth, directional characteristics, distor- . 1}
- tion and cost. : : Y
LE|

[

i

“ar a e

- : h » ;
j )

- N: .
. Snml BT , ey -
M\-—-‘—- - ! L. '2:. Y SRR . :




e ® W
"".”.‘.ﬁ‘gr.: -,
; "
e, B T A ———N

f

o
Na
{

L

..g 'd

*

J._

. §

3 1]

e

B s

e LY,

LN

N -
LY

iv g

¢ ;ﬁ?
. i

“"-ﬁ

é‘ *,

A

W

:: L

%

o R
N
=

I J

o

N

’ . . g N
e w‘
et 2h_gien. ARy

~

TRADE-OFFS IN THE DESIGN (F A SMALL ACTIVE ANTENNA
FOR TELEVISION RECEPTION

by
J. J. Gibson, RCA Laboratories, Priuceton, N, J.

SUMMARY

The “Mini-Stste‘zﬁs a small active TV antenrz designed for suburbamn
and metropolitan reception areas where a small size iﬁéasr-eutdcsr ntenna
is very desirable, aud where multipath and man-iade noise i= more of a pro-
blem than random noise generated in the reception system. Small size, large
bandwidth, and a directional radiation pattern are achieved at‘the expense
of sigaai-ta-nﬁise ratio. The signal to noise ratio (S/N) relative to
signal to the noise raiic (Scfxc) of a dipcle with a8 system temperature of

Tﬁ = 290% is introduced as a practical, meaninzaful, and measurable [igure of merit:
= (¢ X ’ '= = *
M= (£N(S MN) (SISG}J{N!NG} (/1) 7,

where {SKSG} %s the antenna gain relative to a dipole, {ﬂfNe} is the excess
noise vwhich can be measured in a screen room, D is the directivity, and T is
the sctusl system temperature. VWhile the variation in direzcivity is small
between various designs of small antennas the system tempera-ure is critically
dependent ou a large number of factors sach as: the noise figure and the gaiu
of the amplifier, vhich are both dependent on the antenna impcéancc; antenna
losses; recejver nolsc fignre:; cable losses; nolse tempecature of the {ield,
These Lrade-offs will be discussed in some detail.

1t is shown that if it is assumed that the noise temperature of the field

and of all passive componputs in the system is TQ, the figure of merit is

M = DK/F
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where K is the antenna efficiency (radiation resistance/totul resistance) and
F is the system noise figure. It is possible to design a lossy antenna with
a pood noise figure (énd large bandwidth) with about the éamc figurg of merit
85 a low-loss antenna with a poor woise figure, The final choice for the

7

VHIIF antenna (54-216 MHz) was a terminated two-port loop, which is a loésy

7"
B

O I Y

braidband antewna with a cardioid type pattern and with nulls tcwards the
- i o back. ‘the diameter of the loop is 18 inches, which s one~tenth of the lougest
| wavelength used for broadcasi television (Chamnel 2). A low characteristic
i impedance of the structure, thch is beneficial for the 2fficiency “K", is
) achieved by making the loop out of a Z-inch wide strip. A broadbaﬁd match to
3; ‘ _ the terminati.g resistance is obtained with slots cut out of the loop. The
‘} figure of merit of the system, including the TV receiver, ranges from =21 dB at
( channel 2 to =10 di at channel 13. (éod rejection is obtaiued over a 100° angle

]
r .
o K in the horizontal plane fowards the back. Two deep nulls in the pattern provide

.- for eacellent single ‘ghost' rejection. A UHF antenna (407-806 Miz), a yagi with

a 2.5 dB gain, is inserted inside the VHF antenna., $Slotted UNF stubs in the

-

P front part of the VHF loop minimize the interaction between the antennas, An
LR . ]
ﬂs‘_ . amplifying device is required close to the input of the VHF antenna, partly to ‘
ST |
'3{ 4 » impreve the figure of merit and partly to maintair good radizticn patterns, which
3 . 1
s ; . i
R
R i; . otherwise might be destroy'd due to direct pick-up by the cable and the receiver.
- 3
X SR
3 _
i‘q_ﬂt Since the antenna mugl a'so operale {n girong signal arens, conslderable
H --"5;( ' ] . . o ' ) . ) . ) |
B - ; attention has been given to irtermodulation distortion in the broadbaund amplifier.
N

-

Dyuanmic range, noise performance, handwidth, stability mad costs of amplificrs
’ S¢ p s ’ |

v‘ ~4~;w,
s o5l

!
« 1 witlt bipolar and MOS transistors were exteusively studied both experimentally
":3)4
-}g and theoretically.
. -v;_*! _
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S
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_1 : The design trade-pffs are discussed in the context of the systam environ-
. i % ment, {.e. the electromagnetic field at one end and the receiver at the other,
! :
~'§< ‘ 5 the perfermance requirements, which depend on subjective effects of vevious
s . ‘ :
- % : disturbances and the need to provide good quality receprion at a large number
E . of locatioms, and cost.
: i . )
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H
H
i
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o
. . .
" i 1}"'Ihe Mini-State - a Small Television Antewna" by j. J. Gibson and
: R, M. Wilson, to be published shortly in IEEE Trausactions on Consumer
¥ ‘ * =
- Electronics.
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VHI' MANPACK LOG PLRIODIC ANTENNA
J. €. DAVIS, DIIV, INC.

ABSTRACT

A lightw_ight VIIF manpack antenna is described which operates over the
frequency iange of 26 to 88 MHz, has 1 dbi of gain, has a VSWR of 2:1,
radinges 100 walts of RI" power and ¢an be erected by two men in 10 minutes.

It has a unique configuration for minimizing thz array size and for ease of
erection. Alsc, due to the broadband properties, it can be used with frequency
hepping end spread spectrum systems. '

SUMMARY

A lightweight, quick erect VHF manpock log periodic antenna has been develop~
ed which opcrates over the frequency band of 26 to 88 MHz. The erected equip-

ment is shown in fiqure 1. The array size it reduced by utilizing swept forward .

elements of the "V" type at the lower frequencies. As the element length de-
creascs along the LP structure, the angle of the elements increases so that at
the higher fiequencies the elements are regular dipole elements. A plan view
of the arrav is shown in figure 2.

The entenna welghs 30 pounds, is packaged in a canvas bag, and can be
erecied by two men in 10 minutes. A key design factor in realizing the quick
orection is storage of the LP array on a nylon template using velcro strapz.
This prevents the phospher bronze elements and feeders from becoming tangled
when rolled into a lUghtweight compact pac)'ugc.

The antenna is supporied by e fiberglass quadrapod structure which is mounted
on a tubulay mast. The fibergloss quadrapod is sec’ionalized for compact
stowage. The fiborglass members are connected with shock cord for easy
instullation,

Briefly the installation coasists of:

a) Unrolling the nylen template contalning the LP amray.

b)  Asscembling the quadrapod.

c) Placing gquadrapod on nylon emplaie and attaching LP airay tu
quadrapoad at four places.

d) Removing nylon template from LP array and connecting coaxial
input cabla.

o) Assembling mast and connecting quadrapod to top of mast.

{) Yrecting antcuna and attaching guys.
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” _; The gain of the antenna 1s 4 dbi at the low end of the frequency range increas-

) i ing to appioximately 5.5 dbi at mid band. The front to back ratio increases

N from 4 db at the low end to 10 db at mid band. Representative measured

’ : radiation patterns are shown in figurc 3. Input impedance of the antenna is

& fitty ohms with a VSWR less than 2:1. The antenna is capakle of operating

with 100 watis of input power. A key featurc of this antcnna is that it can be

; used in systems employing frequency hopping or spread spectrum due to the
; broad bandwidth.
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A TECHNIQUE tOR CALCULATING THE RADIATION AND IMPEDANCE CHARACTERISTICS
OF ANTENNAS MOUNTZO ON A FINITE GROUND PLANE OR OTHER STRUCTURES

. by
#. Mittra, Y. Pahmat-Samii and P, Parhami
Electromagnetics Laboratory, Department of Electrical Engineering

'Ei : ‘ University of 111inois, Urbana, I11inois 61801

k. I

ik ’

S : ABSTRACT

g

§“‘ ! In this paper we consider some aspects of determining the characteris-

i tics of antennas mounted on a finite ground plane or other platforms, Ue
begin by briefly reviewing three available techniques, viz., wire grid model-

} ing, combination of E and H eguations; combination of Moment Method and GTD.
Next we present an alternate method based on the finite-difference technigue
and the use of numerical Green's function. The latter approach is not only
conveniently applied to the problem under consideration, but is also extend-
able to large size ground planes through the use of the spectral theory of

{ diffraction.
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ANTENNAS ON COMPLEX STRUCTURES

Raj Mittra
Electromagnetics Laboratory
Departwent of Electrical Enginvering
University of Illinois
Urbana, 1llinois 61801
SUMMARY
Gne of the most challenging problems facing the numerical and analyt-
ical electromaguclicist today is the design of untennas to be mounted on {
complex structures, such as automobiles, ships and alrerafts., The problem
is complicated for at least twe reasons. First, the modeling of complex
structures ¥5 in itself a difficult problew. 3Second, and perhaps the more : e
important from the user's point of view, is the choice of the type of .
formulation bost suited for the particular geometry under consideration,

Basically, two different types of iutegral equations may be emploved
to characterize the electromagnetic radiation properties of a given anteany
configuration {1}. These equation: take Lthe form

~ -:;il\(', hod o - 2 - . [ r ty N ‘
nxE (r) = T Jor ux { (-w uxJH¢ 4 \/h JSV $)ds

i
I = 2R % 1IN +—21,;  x { Jox Ve ds! ves (1

: - =ince -i ue - o
where J, 1s the indueed surlace current, ¥ , i ar the incident clee-

tric and magnotic ficelds, ¢ bs the scalar Green's function given by

"1k|1‘ I'I/I,__l . )

and Lhe symbol £ Imlices that rhe Intepral is a principal-value type,

1t is well-known that the H-fnlegral cquation is fravpght with mmeri-
cal dirficulties when applied to clectrically thin structures such as wires
or shells. Perhaps less weli-known is the cause of the diMniculty, wiich
stoms from Lthe fact that l.l Lhu formulation ol the H=-integral cquation the
boundary condition, viz, nx B =0 on the surface of the hody, ia not
iwposad dlrectiy but fellows as a conscquence of the fact that n x i =
implios 0 x F = ¢ only it the surlace is elosed [2].

The chiel advantoge of Lhe Heequal ion ear be noted by veterving 1o
(1) wherefn we observe that the keranel oif the -equat ton ts simpler than
the D-equation due to the absence of a derivative on the induced surface
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current J . Even more important is the fact that for relatively smooth
surfaces the self-patceh intepgral, for which the kernel is Lhe most singu-
lar, is negligibly small, thus making this eguation numerically attractive.
1a contrast, the self-pateh integral in the E-eqoation hus u substantial
contribution and must be evaluated very corefully because of the presence
ov the singularities of the kernel

This advantageous feature of the H-cguation is absent, however, when
appendages such as antemnas are presewt in otherwise smooth structures.
The H-fleld varies rvapldly near the base of the antenna, and the self-
pateh principal value integral is no longer negligibly smali or well-
behaved. 1In anv event, one is lorced to use the E-iutegral equation for
the wire and, conseguently, 1t becomes necessary to emiloy a hybrid system
comprising the H-equation for the surface and the E-equation for the wire.
Of course, onc may choouse tu usc the E-equation throughout, either for a
combination of surface and wire models or for u thin-wire model of the
entire sfructure in which the surface portion is replaced by « wire mesh.
Couslideratle work has beeu done in the divection of modeling a complex
structure with thin wires {3], Although convenient for many applications,
this type of modeling is nobt necessarily the most officient from a nuweri-
cal point of view when judged on the basis of number of unknowns required
tu achieve a given accuracy of the solution, Also, the wire-grid modeling
sometimes introduces fictitwous ciceulaliug currents, and the resulis
derived {rom the use of guch models often show a shift in the predicted
resonances {rom the true ones for the actual surface.

Nevertheless. many of the ant v<a modeling programs typically use the
thin-wire codes, pevhaps due Lo thedir avallabilivy and versatitity. There
exists o great uced, however, for developing bybrid programs that handle
the surface portion of a structure directly, rather than in terms ol 4
thin-wire model, when there are wire appendages o the structure,

Although many different approaches to thiy problem are possible, we
deseribe below a procedure which has been under development 1ecently al
the bniversity of 1llineis (4], The method Ls based on oa finlee differ-
ence approximation to the differential operator appearing in the E-integral
equation md the use of Lhe concept of the numerical Croen's {unction, Tor
simplicity of Illusteation, we vousider the problem of a vertical menopole
smbenna located on a finite ground plane {sev Fig. 1). We cunstruet the
numerieal Green's Jusction by considering n ningle olemental dipole lornted
at a fialte helght above the ground plane {see Fig. 2).  The susface cu -
rents induced on the plate may be eapressed in terms of the cquacion

J iy
b4 X
= 1Y .
RN
ty Y, $)
i i )
wha e . are the vleetrie [iela components on the plate produced hy the
¢lemental &§m§~nm¢uiM'hihvcspwvamiﬂwtmknxtﬂ&km;ﬁwmfw
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dy (4)

where M, .
1]

f ¢(oi.o')ds'

S,
]

R S = jth'surface patch

P, = locatioa of the ith observation patch (5)

' In the finive difference approach, the derivatives on M appearing in
(4) are computed by the conventional {inite differcnce methods. We have
.. found in comnection with our previous work on wire junctions that the
S numerical differencing for the purpose of computing derivatives must be
I\ done properly, otherwise, the results will be erroneous. The eritical
parameter is the width of the interval used to compute the finite differ-
ences. Taking a cue from the wire-junction problem, we choose the inter-~
val to be one-half the patch size and process (4) numerically using a
finite-difference form. We may use a similar numericul procedurc to con-

vert the integral representation for the wire and the wire-plate inter-
. action and write these in matrix form as ;
. . b
S : URE ... {E) = [z j{J )
' ! {E,) = 1z,il3, 6)
k) y ) i
v Lo } Fi\
¢ ; . 'xl
":‘"f‘#" i WIRL > PLAL. ... . = [pr]{Jz} ' &2
: ; : i
o T tf
B ™ y
R
F %:t 3 .
. ] "LATE e v = /4
E e ' PLATL (e} l7pw] (8)
e . T
[ Sd v
& ’
.{%%é
[
S D wiiere J is the current on the wire.
ot Z
r ‘.'
=Y
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Combining (3), (6}, {7) and (8), we may derive a composite matrix
eguation which reads

(ad
AN, . ”
{isz R CRRRCMIRICI] tR (©)

vhere E;nc is the ‘ncident field due to the given source., Iavertiang the
watrix in large sguare brackets appearing in {(3), we obtain a solution for
the curient in the wire. The currents on the plate can be derived subse~
quently via (6) - (8) that relate J,and Jy, J,. Although not shown here,
extensive numerical calculations have been ca ried out for the above
geometry~-~both {or the antenna located at the center and near the corner
of the plate, anl for the antenna in a radist’ng or scattering mode. The
results have heen checked against other availuble data and satisfactory
agreement has been cobserved. A somewhatr more sophisticated and accurate
approach based on the incorporation of the edge condition has also been
developed and tested. One additionai feature of the method worthy of
mention here is that it shows promise for exteasion by 41 newly developed
spectral domain wethod {3,6] for handling problems of (his type to base
structures that are large compared to the wavelength, even when the
antenna being investigated is half-wavelength or less.
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BF TRANLINE ANTENNA FOR VEHICLES
J.E. Brumner, J.R. Gruber

Cincinnuati Electronics Corporation
ABSTRACT

The paper describes an clectrically small antemna for helicopters and ground vehicles
in the range of 2 to 39 Mllz, Typical length of the radiator is 10 feet, \/50 at 2 MHz.
The radiator is mounted parallel to the vehicle surface and resembles a shorfed trans-
mission line. The antenna system includes an automatic coupler designed to achieve
high raciation efficiency for Nap-of-the-Earth communications in exeess of 60 miles,

SUMMARY

An cfficient antenna and astomatic coupler %as been devdoped {or usc on small heli-
copters and ground vehicles in the range of 2 to 30 MHz. The low-profile radistor,
with nominal length of 10 feet, is mounted parallei to the vehicle surface (spaced
about § inches away) and resembles 2 fransmission line shorted at the far end. A
primary application i3 to provide Nap-of-the-Ear:h communications in excess of 60
miles, under all ferrain conditions, for low-flying helicopters and ground vehicles,
This entails use of the Near-Vertical-{ncidence mode of icnospheric propagation and
frequencies in the range of 2t0 8 MHz,

Typical helicopter installution is on the upper or lower surface of the {ail boom. both
locations giving good radiation patterns for communications via sky~wave or ground
wave. TFigure I shows a fiberglass shrouded Tranline Antenna installed on the UH-1
tvpe helieepler, A I-inch O, D, aluminum fube has also been utilized as ihe radiator
on the UH-1 and O11-38 helicopters, Above 10 MHz the clectrical length of the antenna
is shortened by use of a vacuwm switch, which permiis efficient impedance matching
at the higher freguencies,

Impedances prescnted by the Tranline Antenna are quite low at the lower {requencies,
Figure 2 is a plol of both the resistive and reactive components of impedance when

the antenna is mounted on two diffcrent helicopters, the Ull-1 and OIi-58. Thesc

daia indicate that care must be taken to design the coupler for the antenna environment
since the ground-planc system affects the real component of the impedance and, thore-
fore, determines the voliage and current stress in the matching componants,

12y
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The automatic coupler is located as near to the radiatnr feedpoint as possible to
maximize overall efficieacy, An objective of the coupler design has becn to
provide the required impedance transicrmation across the {requency range while
maintaining the highest possible efficioncy, Efficiency in excess of 90 percent
is achieved even at the low end of the range where antenna Q is very high, The
coupler network contains no inductors, only low-loss ceramic capacitors to
aczomplish the desired transformation,

Two different matching network configurations have been developed for the Tranline —
both incorporate IF seasors which provide astomatic tuning. One configuration is a
digitally controlled L-network of binarily related, switchable, fixed capacitors. The
other utilizes coded frequency information from the radio set to achieve coarse tune
of the L-network with final matching accomplished by o closed-loop, tunable variusble
capacitor. Tuning time is 1 second for the first configuration and less than 2.5
seconds for the second. :

Radiation patterns (normalized) at 6.2 MHz, measured on a 1/20 scale helicopter,
are given in Figure 3. The roll p'ane pattern results primarily from the electric
dipole mode of excitation and the yaw plane pattern results from magnetic dipole
mode of excitation. These patterns do not change appreciably over the 2 to 12 MHz
range although the relative R¥ power radiated in each mode changes considerably.
Radiation pattern measurements reveal that the two modes are approximately equal
in power radiated at 2 MHz, but the clecirie dipole mode {from currents in the fuse-
lage) quickly dominates at higher frequencies. The electric dipole mode is about

6 db higher at 6 MH< and 10 db higher at 9 MIIz, A gooddiscussion of modal analysis
applled to HF antennas in small aireraft is contained in Reference 1,
Estimates of Tranline effective gain, operating on a smal helicopter such as the
UH-58, have been made. The effective gain, including coupleyr losses, varies as
follows: about - 11,5 dBi at 2 MHz, -3 dBi at %,6 MHz, to< dBi at 5 MHz.
Measurements made both by Ciacinnati Electronics and other activities have
provided eonfirmatory data. The gain rises very rapidly with frequency hecause
the radiation resistance associated with the electric dipole mode is proportionsl

to the sixth (6th) power of frequency, Attractiveness of the Tranline for HF
communications results largely from its ability to excite the airframe in the dipole
mode, thereby achieving much higher efﬁclency than would be expected from a
radiator length of A /50 at 2 Mliz. :

REFERENCE
1. Pavey N.A.D., "Radiation Characteristics of HF Notch Aerials Installed in

Small Aircraft”. Adviscry Group for Acrospace fiesearch & Development of
NATQ; Conference Pre-Print No. 139 on Antennas for Avionics,
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PREDICTION AND MEASUREMENT OF THF-ANTENNA RADIATTON PATTERNS
OF ELICOPTERS*

- 10 et s ey pm it e oA - e o —

R L. . Medpyesi-Mitschang JoB Brune
; . | Mehomiel L Douglas nesearch Labhosatories U8, Aty ¥ ectronies Commingd
5_ SL, Louia, MO Ft. Mommonth, N.J.
L Abstract
£
? : . An analytical techumlgue  for predicting radlation patterns of UF autenss
4 on helicopters, based on the method of woments (MM) and fwplemented by a cow-
! . puter algorithm, is proscoteds The antennas treated by this formulation ave
) electvically small but way extend over a consbderable portion of the alreratt
: i . fuselige. Lffects of lossy ground planes fn the vicinlty of cthese radiatiog
. systews are considered.  An experfmental test propram, conducted at FCOM in
B ' - conjunction with this analyslts, fs descerlbed,
" .
AR : '
k co , o Extended Senmary
. ) - ] i
[ . 1o the ease of HY antenuas mounted o adreraft, Lhe foterantion wid the r
adjacent fusclage skin, the shape of the alrervati, and e positioning of the ,
autenna e slpniljcant Iy affect the radiatlon pattern. 1t can be shown that an
analytic:a? teclinique based on the method ol moements (M) theory srovides -
o= eflective approach for predicting the radiation patterns of WY antenpas ot peli-

coplers.

The general approach for treating BM vadiatlon and seatioring problewe (utog

MM Lechuiques s discussed at length in References 1-20 Tha Yoriulat,- iraseated
will be specialized to helicopters with of f-fuselaje WY radiatovs.  An o weetcle
ticeld intepral couation (BFLE)Y four both the alrervaft Lody and the ofl-surface

! radlation is used, In this analysis the helicopler fusclage is represented by a
perfectly conductliup body of revolution having a surtace arva at ¢ «ch longitudival
bady stalion approximatling that of the ncLuui vehicle.  The unknow  currents ou
the bLody ave expressed in o modal expansion.® The anteuna 1s representad as an
intereomiected sequence o) wire segments for which a MM wire reprasentatjon is
used.  The coupling between the surface curvents and the anteuna currents is
given by a coupling matrix that Lfacaiudes 11 the intcraction terms. The result-
~Ang matrix equations arc solved for the unknown curcenvs, and the power galn is
computed for horizoutal and vertical polarizalions iu the peincipal radiation
planes. ’

o NP, i AR x ol . il

In the MM approach, each element on the body surface and each element on the

autemna 1s identified with @ surface or wire current. In the presence of the Farth,
! i these curreuts are modified. 1f the whole radiating system is above a perfectly
conducting surface, the system can be represented by imape currents., In the pre—
sence of an imperfeoctly counducting surface, the image curreuls are modified by the
appropriate reflection cocfficlents.? 1ln the case of planc wavd reflectious, these
reflection coefficients are the Fresnel cocfficients. The coefficicnts can be
generalized to include higher order effects (such as surfacc waves, near-field
effects, including induction and static terms) as in Norton's formulation.® The
effect of image currents can be incorporated approximately into the radiation
transfer matrlces, corresponding to the fuselage surf{ace aad the wire radiator
(of f-surface antenna), respectively. 7The analylical expressions for these matrices
for free-space radiation are given in References 2 and 7. - In the presence of the
karth, the transfer matrices are modified with the applicable expressions, piven in
Referzuce 8. ‘ ' i

*Research supported by the V.5, Army Electronics Command (FL Houmouth, NJ) under
Contract DAABO7-75-0907.
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A computer alporiths was developed to dmplement thisc cualysioo Usieg this
alporithm, the radiatiou patterns were computed o fice=space and dn the poeserce
of the Earth for the O-58 aod the WO Oloey) helteosptoers nver o hromd fremeeney
vanpe {2-26 MHz), Both airersit were cqulpped with a 3,06 w (30 10} lony shoried
loop antemnn Jocated at various posilions and with varions of bsets on the rear
Loom.’

PR ——— P ——————

’ An experimental test program using a fulbneale Wi 1D bebieopter, equipped t
with a bottow-mountod Toop anlents was comducted gt the FOROM futenpa :

rampe.d  The UH=ID alveralt {without rotors) was mounted on o %0 m (30 1) high g

: tutnable platform.  Two veecelving anteana conligurations were noed, A horizoostal .

N dipele {resommt at & Miz) situated 9.1 m {30 14) above groumd aud 1644 m (5408 [0) :

from the helleopter was wtilized to veeelve a predomivan Iy horizental polavization.
A 6,08 m €20 11) vertical whip antenna was employed lor receiving the vertleal
pedarization. Betalls ol the experimemtal technigues used o s ranpe validation
f aie glven [n Refercuee 9, the skywave contributions were manitored, The hori-
voif ol radiation petterns in both vertieal and hor tzontal polarizations verc
measured by rotating the helicepter.  These resnlis were compared with the pre-
dictud pulferus from the NOB-modified MM analysin over the entbre BF band,
Representat ive examples of Lhas validation eiter b are shown o Flgure 1. The
liorizontally polavized patleras for the shorted loop, votated 207 prow the botion
of the rear boom are shown in Figure 70 The conputed patletas Jor betl bord

sontal and vertlcal (U) polm izatlons correlate well with the weasured results ter

1
+
i
H
. - a brocd frequency ange.
C
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Height abovr eath - 5 m (30 t)

Configuation: UH1D helicopter
Antenna: Shortedloop3ms i Lt x 8inld
Antenng location: tear boom {207 it from bottom)

Polatization: horizental
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Fig. 2 Power gain in horizontal plane
. with NOF effects for UH-I1D ' : R ——
{antecura offsct 20° f{rom buttom)
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~ LOOP ON A Unl-1D ALRCRAFT

ll !
: : SCALL MODEL TEST RESULTS FOR AN ELECTRICALLY-SMAL, i
by i
|
|

l H. H. Jenkius and B, J. Wilson L. Scott
- | Eugincerirg Experiment Stution and U.S. Army Electrouics Comand
' . Georgla lnstivute of Technulogy Yt. Mormouth, New Jersey 07703

Atlanta, Georgia 30332

: ABSTRACT

Radiation pattern measurements were performed on an clectrleally-small
loop antenaz on a 40:1 wodel of a VU-1D afrframe. Varlous loop teed methods
wore used, and the effeets on radiation characteristics noted,

LY
o ————— " A

Major iwplications are that (1) unbalanced and grounded feed modes cereate

© cousiderable alvframe reradiation, and (2) a balanced/isvlated mode produces

. ! putterns -omparable to frec-spuce patterns indicating winimization of alrf rame R
' ? veradiation effecty. |
Y el / Lackpreund :
: j _ K ‘
tfr A feasibility study of electrically-swall loops as ¥ (2-12 Miz) trvans- '
- sitting ancewnas {or the UN-1D aiveraft is undctwuy*. Oue design goal is to !
. \ osbtadn vertical polarization divectivity to pmt and starboard; another s .

v that the antenna should hava negiigible erfcets on flight characteristics.

Evperimental investigations ire teing performed on a single-turn sertical
loop which is (1) wrapped arvuad the alrirawme perpendicular to the cencerline
¢l the afrerafe, and (2) conformul 1w that the loop follows the adrframe
cantour aud is clozely gpaced to the adiframe.

:,

139

e’

e . . |
_*‘ | A 40:1 scale mudel is bedng used.  Fipure 1 shows tle ddmensions of the !
R scale model and the location of the loop antema. The major Yyesouant " | 1.
. {eatures ol the UH-ID are the rotor and the alrframe length at the high cod cf .
RO } the sand, The specifle candidate loop configuration las g civeumlerence-to- ; !
:}} "J - wavelength ratio of 0.4) at 12 Mi= aud 1s lecuted approxima-ely 3w frow the <
] i nose of the UI-1D ot «he full-scale model.
P d .
"'g"hﬁ' A antemia configuration of the type deseribed avowe could exhiblt
S fﬁ cousiderable electrical coupling to the alrframe with attendaut radlatfon
T S pattern dlstortion. Since an electrically-small loov has inhevently low q
e n"ﬁﬁ etticiency, ithe desired radiation from the loop cotld be significantly altered
ih ‘; by undesired ailrframe reradiatfon. The following reports ou methods for ‘
ol "decoupling” the loop from the airframe in order to acquire vadiation
;"“:- characterlatics similar to free-space conditions. ¥
e | ‘ |
Foata Work performed under Contract DAABO7-75-C-1948 with the 1.5, Avuy Electrondes
LTy _ __Command. o !
A
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Theoretleal, free-space puatterns wele calculated in order to provide a

o WWW;‘«”

!

i

!

i

4

g . iying in the X¥~plane with its center at the origin of the rectaungular
i

* refereace point for the experimental daca. Dosivations given in £ing [1] were
used with the coordinate confipuration shown in ¥Figure .. Cousider a loop
. coordinaces X, ¥, and Z. The loop radius is b, aud the drive voltage source
B is &’ﬁ which creates a current 1(¢) in the loop eleuwent. The current distribu-
: tion is given by j
1
P -3V e
o X~ g ‘
o 1) =~ 2 S5~ M
: ug A ]
; . ; n .
-—liF
! .
1 3
) : * where i
' * ' ¢ = the characteristic impedance of the loop, ‘;*
. ’ An = g constaut representation ol the ath order curcent nmde, and j
i u = au {nteger whfch 1s the order of the curvent mode uwnder { !
, congideration. ‘ |
w~ | 5
f :
¥ :
b N The pustulated curvent distributdsn assumes that higher~order dipole
A A wodes exist iu additdon to the u=0 «irculating magnetic mode that iy normally ¢ X
3 : used to caleulate the tar-field pattorus for electiically-swall loops. Wheu Lo
N ‘}i % the loop eircumference=to wavalenpth savto is <1, the wost sigalficant wodes K
- i are n=0 and n=l; the modes for n»2 can be ignorved. In this case the resultaut
- H far-field E=ficld consists of an ¥ ¢ compuneitt varying as sin 9 and an ¥ .
> componont varylug as cos 0. The ] cowpounent is ti: 2lassical loop fligure- ;
- i eight puttern due to the w=0 mode.” E, is ereated by the higher-order dipole I
-~ . modes and 18 a major function of the ?o..ep vleerrical gize. For the candliate :
N * U-1b loop, theory predicts the ¥ aud ¥, muxima are of cowmparable awpiitude :
T : at the upper end of the 2-12 M- med. ' i
i .
e A . The loop/alrfiume may be viewed as an H~field elewent (loop) enclosing a ‘ l
g"" § condu:ting <ylinder (afeframe). 1t iz kuown that, 1if cqual and opposite R¥ {3
g 5 curvents cap be induced ou a conducting eyliuder, reradiation effects con be ]
;i o { - minlmized. The loop 1s physically balanced, {.e., symmetrical about the Uk-1D ,
AP | H ceuterline axis; therefore, it was postulated that some degree of airframe ] "
v e reradiation reduction wight be obtalned by driving the loop with an elec- ‘
* -, trically balanced feed. ; I
={ 2‘%.?‘:% ‘ The concept that an anteuna system that is physically and electrically i
;‘ 43! : balanced will produce less airframe reradiation has been previously proven to : )
oF j ¥ be a very successful technique for E~field elemevts {dipolas) mounted
.4:. t‘ . . . . N
L.
. ..;;f [1] ‘King, R. W. P. and C. W. Harrison, Antennas aud Waves: A Modern Approach,
v ® MIT Pre.s, 1969, Scctious 9.4 and 9.5. 1
2N ..,;‘ §
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EN pd - N . |
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perpendleular to flat airframe structures such as vings. Tor example,
Carvter |2] demonstrated that in the HF region a dipole can be mounted with
slements over and under the wing of an aircraft and coupling to the airframe
niuiwized. Bo.ljalm and Reese |3] conductad similar investigations,

i —
e vl

L€ TR LT Th%G

R e s e

What 1is postulated is that the UH-1D loop with a balanced feed is, in
vnict e an B=field equlvalent of the dipole/wing situation. Ratherv than a
Lalanced aipole (E-field ¢lerent) mounted over and under a conductor, we have
a balanced loop (H~field element) enclosing a conducter. In a way, the kwo
configurations are analogeus and elecetrical duals.

o e B

- ——nan o at S e — . .

Three loop antenna Leed configurations were investigated: (1) an
uubalanced mode with one side of the loop driven and one side grounded to the
] : airframe, (2) an unbalanced mode with the feedpoints isolated from the air-
frame, and (3) a balanced mode with feedpoints isolated from the airframe.

o e g

[

Experimental Investigatious

<,

N : Tests were performed on the 40:1 scale wodel in an anechoic chamber at
400 MHz (10 Mz full-scale). TFigure 2 shows the pattern measurement
coordinate system. Azimuth and transverse plane patterns were obtained for

" . both E, and L, field componeats.
.. . 0 ¢

L, R RGN e L. - Sl -AAIERASN SN . COESER SN

Test Results

Y
]
}
% ' "Flgures 2 and 4 {llustrate the feed effects on the azimith plane charac-
- teristics. The unbalanced mode (Figure 3) creates velatively largn symmetricul
E,. components with maxima por: and starboard. The E, compouent is relatively
1 l small aud highly asymmevrical. The same churacte.-istics were -evident for the
) balanced/grounded fced couffgdration. A comparison of Figures 3 and 4 dem-
onglrate the significant change In radiation characteristics when the balanced/
‘ , isolated feed is used; the l'egure & patterns correspond very vlosely to the
1 ) thecretical, free-gpace patterus. Both Eg and L¢ arc symmetrical, spatially

‘.-u' PR AN ATt~ v AN N

%! . Alrcraft Antenna Problem," IRE Trans. Antennas and Propagation, Oct,
-l 1957, pp. 46-54, - -
<

|

._'"q') | | 141
LR |

. orthoponal, and with maxima oriented in thc proper azimuthal directions. It
!‘ . J4as also obscrved that the L0 level increased considerably when the balanced/ »
Ly : {nolated mode was used.
A ; : ;
RS Transversce plane patterns show that bcth the E; and %, components ure a
_“i - essentlally omnidirectional. For the unbalanced ang gruunded feed modes, the o
*’ff. ; ¥y levels cxceed the E, levels from 2 to 13 dB; however, [or thc balauced/ q
LN isolated wode the Ey level exceeds the Eg level by abouc b-) dB - a situation 2 ]
:g . that mere closely approaches free-space characteristics. i
_ .lé% Tests were also conducted ou an 80:1 scale model at 40C Miz (5 MHz full- S
I. 'ﬂ 'E scale) and similar rosults obtailned. SR
A, .
¥ .) '. i
TR 3 : . .
. 1] X {2] carter, P. S., "St.dy of the Feasibiiity of Airborne HF/DF Antenna- _
%nﬁﬂa - Systems," IRE Trans. Acro. and Nav. Elec., March 1957, pp. 19-23. 1
f;j [3] Bnlljahn, J. T. and R. F. Reese, "Electrically-Small Anteunas and the LF i
Y af
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oo CAPIVER MOBEL:ING
,‘i Of SMALL. ANTENNAS ON ALRCPAIT
#h oy ‘ ) ‘

Jobusou J. . Wang ,
i Blectronapgnetic Effestiveness Division

i Applicd Engincering Laboratory
. Eagineerlag Experiment Station
. Georgis lurtitute of Techwelogy
: o Atlanta, Georgla 30332
i
: Abstract: The method of momenl computslinual techiique was employed fov
: ————e—
: Lhe analysis, desipgn, awd optimizaticy of instrument-nod-morr '« w. ¢
. an.enuds on an alrervatft,  The alreralt was simuloated with o wice-srid model
% and satisfaclory uumericul convesgeuce, cven tor che {mpedauce, was achieved.
An apomaly, howevor, exists for the case of o folde. dipele wich ends termi-
nated ol the pud,
: ) .
Summary: {27 rkin's method aud wive-grod modelling 1] was esployed to
§

erform o couprebensive walvals of the portess ad impedonee of fant rumer -
i 3 it

pod-mounted wiie antemnas on au alrevalt. - The frequencies of Ifiteres: are

such that the alrveralt is several wovelengths Jong with ts computer-

.

printed top=-view goometry shown fn Fleure 1. Eace asterisk resresenrs a
* E £ 3 d

. -

Junction or end polur of the wire grid structure and thr © 1e wtenua

o,

.

mounted on .

(o

a

St
"
-

-

¥

Y §

L * o
.%e«‘."'}%#

Baevllont convergeme of Lov weeorieal sointion for ¢w vadiatlon

o

pocterns was buerved as shown In the typleal examnle of Fignve 2. Yalr

-2 convargence was alue gchieved Yo the fonpedance calesjations as shows In

i I | '

ii? L ‘ examples of Sgure o Up te 260 segments were ayod {or the wire-grid model
1A«

?“."i *-; b Y £ 113 : H - oy

B e and 2 Lo 5 minuter CPU time way weeded for each ealeulation of the Impedasce

*

X

aud pattern. This relatively fine witie-prid stiaclure resulted in goou

3
|
i
]

o wem et s g -

v A

¢4

%
This rescarch was supported by A, k. Jontract No PI36{5-75-C-1221%,
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numuriqu] convergence,  Such fine wire gridding {u required to obtain poud
results for cowdlex contiguratious [2]. Durduyg the study, several alternate
wire-grid « mt igurations omploying fvom 120 to 260 wive sepments were
examined.  Although the fmpvﬂﬂnvc calvalations requires use of the maximum
number of segmer -8 to establish couverpgunce ol the wolution, the vadlation
piattern sulution exhibits convergence with a tewar unamber ol scgments,  Thus
both rellable inmpedaner and pattern data can ¥+ obtalaed using @ veayouable
number of wire seguwents fn the wadel,

Al unémaly of thuvcompututiuuu' Lévhnlquc was obsorved QLeu it wits
applicd to « tolded leulu Lurmiuutud‘un the hustrumat vod as shown in
Figure 4. Rapid and Targe changes o fmpedinee accowpauled each variatfon
of the segmentotion soheme, dma extremely poor convergunce behavio wau
woted.  However, when the tolded dipole was tsolated from the pod fnstead of
bulqu tammlnited on {1, pood convergeace buhu&lor wiis ohscrved, as shown in
Vigure 5,

An extenslve scudy was wade Lo examine this aiomaly, Various wire-prid
configurations which were finey and wore detalled than the one shown in
Figure 5 were cmpldyud and they tuvariably led Lo erratle iwmpedance data.
However, reasonable and consisteat pattufn data were penerated in all cases
vranined.

The errvatice behavior of the impedance Jor the pod-terminated folded
dipole is attributed to-two cffects. Fifst the antemna currvent 1s dircetly
'coupléd to the pod wire-grid model, thus producing stroung inmterior coupling
between the wire segments which model the pod. This coupling produces a

v sigulficant interior resonance effect., Sccond, the wires wﬁich nodel the pod
tend to simulate a multi-clement folded dipole which tends to increase the

impedance proportional to the number of grid segments.
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. % tt caa be concluded that wire-grid wodelliug is a reliable approximation l
i ¥ in scattering problems but should be usoed with caution in antenna problems. § 4
H
{ : The wee ol a surfuce-type intepgral-equation should circumvent the numerical ;
{ H
i ditficulties which have been discussed for antennas which are directly ’
: tersinated ou the surface. !
5 ]
: Pele cnces: : ’ : i
1. 3o 1L Richwond, YA Wire-Grid Medel for Scattering by Conducting Bodies,” i
1 : L1EEE Trans, Antenua Propugul., AP-14, Rovember 1966, pp. 782-786.
Do 2. Y. 7. Lin and J. . Richwond, "EM Modelling of Aircraft at Low Frequencies,”
i 1EFE Trans. Ant . Propapation, AP-23, January 1975, pp. 53-36.
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 FIGURE 1.
COMPUTER PRINT-OUT OF THE TOP VIEW OF THE WIRE-GRID MODEL OF AN AIRCRAFT
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FIGURE 2.
CONVERGEHCE TEST FOR PTTERN OF DIPSLE UHDER
AIRCRAFT -
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A |

U EXAMPLES OF CONVERGENCE TESTS
L ;
S N0. POINTS NO. SEGHENTS IHPEDANCE :

f . . (OHMS) .
: CASE 1: | |
| FOLDED DIPOLE | 78 84 29,36+4146.91 §
1 NEAR POD ’
! 9% 102 29,93+4154. 65
| . :
X CASE 11 i
§ SINGLE DIPOLE | 133 8 10,38+41.08 5
i UNDER ATRCRAFT—" [
1 153 169 1233455, E
; — I
 FIGURE 3, i
e EXAMPLE OF CONVERGENCE TES1S OF TMPEDANCE ‘ ¥
Y i
INSTRUMENT PCD !
/ (CONDUCTING SURFACE) _
o - - 5 f
R ) :::ﬁ/ .
! 0.008~0.0 Neeen ponir ™ rowe oreoie
- . § .
N FIGURE 4, A FOLDED-DIPOLE INTEGRATED INTO THE INSTRUMENT POD

Wire-Grid Simulated Pod .
i | /
/’g o ;
/T
a.01

Foldad as;nse-/ ‘
X

INPEDARCE {OHMS) Ho. OF SEGHENTS

Cape 1 9.4 + §146.% B
Case 11 79,9 + $154.7 102
FIGURE §

4 FOLDED BIPOLE ¥ CLOSE PROXIMITY TO A COMDUCTING POD
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LOW PROFILE VHF ANTENNA FOR ARMOR

J.E, Brunner, G. Scward

- b s e — e i o AN e

Cincinnati Electronics Corporation

L | ABSTRACT

. ’ A low-profile hardened antenna has been designed for 30 to 80 MHz communications

< i . on armored vehicles, The low antenna height .oakes it relatively inconspicuous and

' : yet its radiation efficiency will be adequate for most tactical needs, Its §-inch height
is less than /60 at 30 MHz. Use of armor plate and fiberglass-epoxy construction
f results in very low vulnerability to blast and shell fragments. Automatic tuning is
. l also included, : '

SUMMARY
-~ The electrically small antenna configuration herein desuribed, is designed to provide
/ the physical properties required for opération on tactical armored-vehicles under 5 '

"tr : battle field condition. These properties include minimal visual detectability and the L,

< capability to withstand high-intensity shock blasts and shell fragments. Also, it is !
. :\ desired that the antenna provide a reasonable communication range (approx, 5 miles) '

+ when operated in eenjunction with standard VHF military radios such as the VRC-12 .
L. . and PRC-77, A further consideration is ability to mouni the subject antenna using .
[~ the existing mounting holes employed by the AS-1729 10-fool whip antenna, "

. 1
As illustrated in figure 1, the stbject antenna is basically a short monopole which is : i

. heavily top-loaded by a disc formed of armor-plate material, The disc is supported
E above the surface of the vehicle (taix hull, etc.) by a layer of dense dielectric material, !

3 such as fiberglass, to reduce vulnerability to damage by shell fragments and shock P
LR ) blast. ' ’ ' '
EEIE I , S !

FRASE The dise is spaced approximately 6-inches above the vehicle surface and is 18~inches :
g 3 ' R in diameter. The dc ‘gn is somewhat flexible in that the disc can be shaped to con- |
X ';,. ..,: ; form to the vehicle surface and spacing can be somewhat altered as necessary., !

by . ' » H
g . g : . The heavily top-loaded monopole configuration was chosen in order to provide maximum ’
E‘ : 10 > radiation resistance, by virtue of near uniform currcnt distribution, while mairtaining :
khe o o minimum height to satisfy the operational constraints, For a height of 6-inches, the

SN - top~loaded configuration provides a radiation resistance of 0. 36 ohm to 2,6 ohms over
oy ‘.‘ ' the 30 to 80 MHz frequency range.  The antenna is matched by a series inductor and

- : shunt capacitor which are housed in the antenna coupler unit shown in figure 1, Fora
: minimum inductor Q of 200, the composite antenna efficiency varies from 11% at 30 MHz
¥ to 70% at 80 MHz. Matchingto a 50 ohm source is accomplished as shown in the Smith

WY _______ Chart plot of figure 2, :
% . | | L e
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Over the frequency range of interest, it has been shovn thot the antenna can be
matched to within a 2:1 VSWR by varying the shunt 2apucitance in direct propor-

tion to the series inductance. In other words, the antenna ean be matehed by

rotation of a single shaft which drives a gear trin designed tv provide the necessary
linear proportionality between capacitance and inductance values. The above
approach is possible by virtue of the fact thet the shunt capacitance value is not
extremely critical cven though the very short anlenna represents a rather high-Q
structure, For example, a 4:1 variation of the antenna resistive component (inductor
loss resistance plus radiation resistance) can be matched within a VSWR of 2:1 with

a given value of shunt capacity, The single shaft vuning capability, combined with
control signals derived by sensing the magnitude of 1aput RF current, current through
the shuni capscitor and witenna current, has resulted in an automatic matching system
which allows matching at any freqc ney within the 30~80 Miz band.

Communication Range

Predictions of communication range, based upon grouynd-to-ground VHE propagation,
have been made {or the Low-profile, hardened antenna, These predictions have been
made for two types of radio equipment, the AN/VRC-12 and AN/PRC-77, depis_,re{i in
combinations tabulated below, Ta&ie 1.

For combinations (a) and (b) Low-profile Antenna (LPA) is employed at one end of
the link and the AS-1729 vehicular whip is used ai the other end of the link, Combin
ations {c) and {d) use an LPA at both ends of the communieation link,

TABLE 1 - COMMUNICATION LINKS

Antenna Types Radio Type Transmitter Power (Watls)
{a} AS-1728 to LPA AN/VRC-12 40

(b) AS-1729 to LPA AN/PRC-17 -2

{c) LPA toc LPA AN/VRC-1?2 40

(d) LPA to LPA ~ AN/PRC-77 2

For each combination, the antennas are considered o be at ground level and the
signal level af the 50-ohm receiver input is assumed {o ke one microvole {-107 dBmj}.
This level corresponds to a receiver input signal to noise ratio of ten dB and i
equivalent to approxiniately 25-dB S/N ratio at the receiver audio output for the vadio
equipment under consideration, provided the equipment is in good operating ¢ -Lidition,

Computations are based upon prffpagaticﬁ over a smooth earth with the following = -4l

constants.,

Relative Dielectric Constant Conductivity (mnhos/mets v}
Poor Seil 0,001
Good Soll 39 0,02

Propagation curves, originally prepared by K. Buihngtan of Bell Laheratcsrms were
utilized in the range ecmputations, :

~ T B B s s o i

* i WS

R

o e e

o e @ n kg e iy A et gy ter

154

e 7 s e e———

a—

% '“' - :
S

[——

W

. ‘
it I b b bbb il o, o ¢ IO NN A S DRI A A w60 O ST

miman i

-

. g

. — -
- .

o
PRS0 JEe—.

‘1&.




ML £

-

e

s apam :& -

;W

<

lA -
{

'

1

2 oo ..
P

rYs

2P

“

s 2 o

-

v e —— e e - — A e

¢
- 4
-
s
wo
)
STy
. .., K
v ..
L
e.-u;";
T g -
N e
e
v

e
A B

’

.J“f‘la,‘;

., s
it ges d‘A.;f__,

o L

» (Good Soil) {Poor Soil)
Condition _ B - 60 30 60
(4) AS-1720-LPAY (40W) 19 13 8.0 5.7
A(bhY AS-1T29<LDAY (2W) 9.4 6,4 - 4,0 2,8
(¢) LPA-LPA® (40W) 11,0 11,0 4.6 5.0
() LPA-LPA (2W) 5.4

Results of the range praedictions are given in Tuble 2 for the various antenna and !
radio combinations listud in Table 1. Analysis of the data shows that, for a fixed
sel of parameters, good soil gives wore than twice the range obtalned over poor

soil, Also, using a 40-wuit radio glves aboul twice the range provided by a two-
walt radio under the sane conditions,

It is sigmdicant that the six-inch, Low profile Anjenna (1.1°A) at each end of a
taetical link will give rellable range of five miles or greater over any type scil
with the 40-watt radiv, Using the Jower power two=wutt radio two low profile
antennas, Coudition (), will yield a five-mile range over good soil,  1ven the
worst case (condition (1) -over poor soil at 30 MIiz) will provide adequate coverage
within typical operational areas of a tank or mechanized infantry company.
TABLE 2, COMMUNICATION RAMGL-STATUTYE MILES

T G o h=g"

5.4 2.2 2.3

*Low=profile Antenna
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Low-Profile VHF Antenna

Figuve 1,
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| SLOT-ANTENNAS FOR VEHICULAR COMMUNICATION IN THE VHF RANGE

t Kurt Ikrath
Communications/Automalic bata Processing Laboratozy

U. 5. Army klectronics Command, Fort Monmouth, New Jersey 27703

[ER——————

ABSTRACT :

[ ———

A test series was conducted establishing that long slots in
the matal skin of vehicles can be used as inconspicuocus but
! efficient antennas. The following configqurations were studied:
a. A “coorslot antenna" provided by a slightly opened door of
l a truck-carried shelter; b. A U-shaped “"roof-slot antenna"
in the moderately raised (false) roof of a similar truck-carried
? shelter; c. A *hood-slot antenna® provided by electrically
4){ isolating the motor hood of a jeep from the main body of the
!
¢

- ——

T ——— .MImMuuvaM.L#MmﬁmM St AN, i M, m“'d'sw“! - :.“' m nm ."ul i“‘ Lo il

vehicle; and, d. A “dual-slot antenna® obtained by replacing
the bustle rack on the turret of a tank by a sheet metal con-
traption bent around the back part of the turret.

j ‘ 1. INTRODUCTION

when one considers the mechanical and electromagnetic relations
between idealized versions of whip and of slot antennas [1}, it is
evident that vehicular whip antennas can be replaced by slot anten-
nas. In practice, however, an jdeal whip antenna can be approached
more clasely than can an jdeal slot antenna, which is flush with the

surface of a veh;cle.

The impedance and radiation characteristics of a vehicular slot

T ) antenna are greatly influenced by the structure of the vehicle, par-
R ticularly at VHF where the vehicle dimensions are comparable to the
N wavelength. In this case, the metzl body of the vehicle, rather than :
the slot, acts as an antenna coupled by means of the slot tc the 4,

radio set inside the vehicle. This utilization of trucks, jeeps, and
tanks as antennas by means cf slots is part of a larger effort to

exploit diverse stationary and mobile structures of urban .nvironments :
as incoaspicuous camouflaged radio antemnas {2}, {3]. 2
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1 2.1. Construction. The existing slot between the bedy and hood
" of a jeep (Fig. 1) was used to operate the jeep as an inconswicuous

| VIIF antenna. )
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2.2. Impedance Matching, Principally, two methods wer< used to
match the impedance at a chosen feed point along the houod slo: to the
50~pohms transceiver impedance: (1) The slot feed point impedance was
tuired to 50 ohms by reactive loadiny of the slot at chusen tuning
points, and (2) A matching circuit in the feed cable was used to
match the impedance at a chosen slot feed point. to the 50-ohms feed
cable. Combinations of both methods were alsc used in conjunction
with radiation pattern control experiments,

2.3. Radiation Pattern Control. The shapes of radiation
patterns were varied by changing the slot configuratiocn, i.e., the
locations of feed- and tuning points along the slot, and by unbal-
ancing the reactive loading at symmetrically-located tuning
points. This reactive loading included short- and open=-load con-
ditions as limiting cases. Fiqure 2 snows the different types of
radiation -patterns which were obtained with different configurations
of slot feed loading circuits.

2.4. Communications Range. Using 30 to 40 watts of RF power
and operating on 49.9 MHz, a communications range of 15 miles was
achieved between the hood=slot=coupled jeep and a fixed base station
employing a standard whip antenna.

3. ROOF-SLOT ANTENNA

3.1. Construction, A false roof was installed 20 cm above
the actual roof of a vehicular shelter, A U=-shaped slot was cut
along the edges of the false roof (Fig. 3).

3.2, Impedance Matching., The same tvpe of impedance matching
as described in Section 2.2 was used.

3.3. Radiation Pattern Control. The shapes of the radiation
patterns were controlled by reactive loading and interchanges of
slot feed- and tuning-points, as in the case of the jeep. Typical
patterns are shown in Fig. 4 relative to the pattern from a standard
vehicular whip mounted on the same vehicle.

3.4, Comrmunications Range. Using 30 to 40 watts RF power and
operating on 30.7 and 49.9 MHz, a coammunications range of up to 18
miles was achieved with the roof-slot-coupled truck and fixed base
station employing a standard whip.
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power and operating on 30.1 and 49.9 MHz, a 15~to 18=mile communi~ "

4.1, Construction. A dual~slot=structure wis dovised to
excite the tank as an antenna. 7Two slots (10 to 30 om in width)
were formed by the gaps bstween the wall of the turret and a heavy
metal sheet 2.5 nm thick, 50 om wide, and 2 x 194 om long, which
was bent arcund the back half of the turret. This metal shcet
also served as the support for a bustie rack {(Fig., 5).

4.2. Impedance Matching, The slot impedance was matched to
the S0-ohms feed cable by medns of a matchirg circuit mounted on
the turraet at the center of the upper slot.

4.3. Radiation Patterns., Radiation patterns obtained under
symmetrical feed- and load-conditions  f t&e dual=slet-structure
on the tank are given in Fig. 6 relative to the pattern of a standard
whip on the tank.

4.4, Comnunications Range. Employing 30~ to S50-watts RF

cations range betwten the dual-slot-coupled tank, the false-roof
slot=coupled truck, and the hood-slov-coupled jeep was achieved.
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Fig. 1. Hood-slot antenna

on jeep.
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WIRE ANTENNAS IN THEC PRESENCE OF MATERIAL BODIES*
E. H, Newman
Department of Electrical Engineering

Columbus, Ohio 43212 '

!
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] The Ohio State University ElectroScience Laboratory
i

! .23 April 1976

ABSTRACT

: . A moment method solution for thin wire antennas in the presence of lossy
: and inhomogeneous dielectric and/or ferrite bodies is presented.

I. INTRODUCTION

AN Nl oty il kN 4 AR . . AR ahi AR u;.i.....-u T VRR ¥

A theory and computer program have been developed to treat thin wire
artennas in the presence of dielectric and/or ferrite inhomogeneities. Theve
technigues are velevant to small antennas since many small antennas (i.e., loaps,
dipoles, ctc.) are thin wire structures, Also many small antennas radiate in
the presence of diclectric or forrite inhomogencitics, Cowaon examples are the
man pack antenna dnd a ferrite loaded Toop. It is well known that the inhomo-
geneity can significantly modify the far-field pattern, iwpedance, vesonant
length, efficiency, bandwidth, etc. of the wtenna  ihe theory is sufficiently
general to treat lossy and inhomogencous dielectric and territes, and when fully

Cdeveloped, the computer program will be capable of showing the effects of the
inhamogeneity on the above quantities, It i important to note that the coi-
“puter projram will be capable of making parameter studies which would be cumber-
some to wo experimentally, such as showing the effects on the efficiency of
varying the inhomogeneity ‘oss tangent, . . '

e

VN

k] ? .
. U

In Suction II, tie theory upon which the computer program is based will be
outlined, The analysis 18 o moment method solution where the dielectric and/or
- ferrite is represented by equivalent volume polarization currents. The solution
is accurate, but 15 in practice limited to electrically small inhomogeneities, i
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In Section 111 =ome initial results for the admi ttance of dirlectric lovaded

? s Toops are compared with experiment, Theory and experiment are in good agreement,
E‘!" 3 1. THLORY
e 3 . ol
}f 51‘?1 In this section the moment method solution to thin wire antennas in the '
%?‘; Gé_ ' wan presence ot a diefecetric and/or ferrite inhomogeneity will be outlined, s
. b . '
L a . . . . i A . ' |
TN The basic problem i¢ illustrated in Vigure Ta,  Let § denote the surtdce of
3w -%| the wire structure, and let V denote the interior volume occupied by the in- |ﬂ
Pl e y) hanogeneity, The impressed sources (Ji M) erve considered to be Lime havwonic  },
Q -"..' -t = B ‘
1?33 F
&Ll“ n ~ *Thowork reported in this paper was supported in part by Contract DAAG 29-76-
N _ﬁ§4 : (=0067 between U, S, Army Rescarch Oftice, and The Ohio State niversity !
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and the eJul time dependence w11l be suppressed. The ambicnt medium (external
to S and V) is free cpace and has parameters {yo,s{}}. The medium interpal ito

V has parameters {ux.r} which can be complex functions of position. Thus, the
irhomugeneity can be inhomogencous and Yossy. In the presence of the wire and
the inhomogeneity, the sources (Ji,Mi) generate the field (L,H). In free space,
these sources generate the incident field (E',H'). Thus, we have known sources,
(Ji,Mi), radiating an unknown field, (E,H), in the presence of two distinct
inhomogeneities, which are the wire and dielectric/ferrite,

The first step in the solution is to replace the iwo inhomogeneities by
equivalen. sources, Specifically, the wire can be replaced by free space if
the following surface current densities ;

S =nxH (M
mo=Exi (2)

are introduced on the surface S. The unit vector n is directed outward on
S. Also, the dielectric/ferrite inhomogeneity can be replaced by free space
if the volume polarization currents

d= jm{e-ea}_f_i_ o (3)
M= 3@(3-%}& ‘ o (4)

are introduced in the volume V. The eguivalent problem is shown in Fiqure 1b
vhere the sources (Jj,Mi), (Jc,.Mg) and (J,E) radiate the field (E,}) in the
free space medium (ug,ga). ?% is important to emphasize that in the equivalent
problem the sources radiate in free space. (J¢,Mg) and (J,M) are unknown cur-
rents since the field (E,H) is unknoun, However, they are evaluated in the
course of the moment method solution.

Below we employ the following notation:

{f ,E{S} = fields radiated by (-‘-}-s‘ﬁs} in free space (5a)
(_E_‘},ff}} = fields radiated by (J,M) in free space {5h)

The unknown currents are expanded or approximated by a finite series of
basis functions as follows: .

Lo L, o (8)
J = §fw» Ie : ' n
T opsne MO '
NP
A ;&m 1,9, W
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ﬁs requires no separate expansion since it is related to gs by

g =2 xn (9)

where Zg is the wire surface impedance fcr exterior excitation. HNote that

: %ﬁ' J and M are expanded in terms of N, M, and P basis functions, respectively.
e

unknown coefficient 1, n=1,2,*<*N##+P, are evaluated by enforcing in some
approximate sense the fo1qowing three conditions:

gf.+ gf'+ EP =0 interior %0 S > (10)
Bept+plag in v (1)
BoepS e en in V. (12)

Without going through the details, enforcing Equations (10-12) leads to the

) following system of simultaneous linear equations

[(zJ1 = v (13)

which can be solved for the vector I containing the unknown coefficients from
Equations (6-8). :

The advantage of the above solution is that no assumptions are necessary
concerning the magnitude of the currents on the wire or in the dieleciric/ferrite
inhomogeneity. Thus, the solution can approach the exact salution as the number
of unknowns is increased. A1l mutual interactions and surface waves are auto-
matically included. Further, provided subsectional basis functions are used,
the method is applicable to fairly arbitrary wire and inhomogeneous dielectric/
ferrite geometries,

In the next section a comparison between computed and measured admittance
for a dielectric loaded square loop will be given.

I1T. NUMERICAL RESULTS

In this section numerical data will be presented for the admitlance of a
dielectric lToaded loop antenna. The computations are made using the techniques
described in the previous section. Referring to Equations (6-8), piecewise
sinusoidal modes are employed to expand the wire current, and constant current
rectangular parallelpiped cells are used to expand the volume polarization cur-
rents, Piecewise sinusoidal test on weighting functions are used on the wire,
while delta functions are used in the dielectric,

The geometry for ihe dielectric loaded square loop is shown in Figure 2.
The dielectric is centered in the square loop. The loop has side lengths s,
and thus the loop circumference is L=4s, The inhomogeneity has dimensions dy
by d2 by d3 and a relative dielectric conctant cp=c/eg. For tne data vo be
present here s = 3 in., d = 2,36 in., d2 = 2,60 in,, and d3 = 1.02 in, The
Toop is constructed from tin coated copper wire of radius 0.016 in. Figures
3 and 4 show the measured and calculated Toop conductance versus L in wave-
Tengths, and for ¢p=2.1 and 10, respectively. Although the susceptance is not
shown here, the agreement is equally goodi—
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g}f X COUPLING OI"' SMALL ANTENNAS WITH HUMAN BODY ™ ,
o i Kun-Mu Chen and Dennis P, Nyguist 2
¥ .
;*_* ! Department of Elcctrical Engineering and Systems Science

Michigan Stalc University

f East Lansing, Michigan 48824

ABSTRACT:

X . The problem of the coupling between the near-zone EM ficlds of an
i ‘electrically-small {whip} vatenna and the body of a radio operator is studied.
The impedance characteristics of the anteana and the EM {iclds induced

e
Lol ot i, sl

: inside the operator's bedy are determined, The EM radiation froms the
]‘ combined antenna~body siructure is studied, 2
£,
: ¥’
1 SUMMARY: ‘ , i
. ° £
When an clectrically-simall {whip) antenna iy carried on the back of a !
& radis uperator, two hmporiant questions which arise arer {1) what are the . 3
F cffects of the human body on the performance of the antenna ? and {(2) what are :
3 7 the M ficlds inducced in the operator's body and their possible biological i
B f effedts 7 An luvestigation of the currents and M fields io a radiating systuan i g
¢ ooy 3} consisting ¢f the small antenna coupled with a biclogival budy is necessary to ,
= 5
i ] answer these guestions. -
F ; N 1
. Cousidor o thin-wire anfenna of radius "a" located in {ree space }
oo adjucent to a conducting biological boudy havisg conductivity ¢ and permittivity H
f 4 t 3 gpt ab andicated in Figure 1, The antenns is axciled ut frequency o by a L.
| slice generator of voltage V . This excitation maiuta:ins a current f{i‘_ in the : {
; . ;il the antenna and an induced internal electric ficlkd ¥B(r) in the bady. f{r’} amd LI
i i) are coupled to une anolher, : . ?
§§ : N " =i . . o )
G€r The baduced field B maiutained by Ur) in the antenng can be exproessoed .
k ay H
S |
;é L .
- F. .
3w . s A . l
?—gu‘ " H{r} . sl {8} :
SN ¥ !
T a6 ¥ .
HE A :
S .
* s -
* Ty, i
» - v i ‘§
§§ b=, o biological hody * ?
AT :
ELE !
h ?‘ . 2o % = 1 z
% i)}, 3 (r)
L 3 ‘} vy to*
- . [
< ‘iq antennd
- N
* g.g o . . - N . ) ’
ER Figure 1, Geomelrical arvangemoent of thin-wire antent a
{;}“‘; voupled to conducting biological body,
i H ’% b .
“ gb oy " Phis research vas supported by the Ariy Oltie o of Rescareh under Graag
- i DAAGZY-TG-Gerd0],
4
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B - g 15 » Gir, v)ds* = induced ficld maintained by I (1
“Yant

while the mattvwd ficld E° maintained by induced contluction and pnlaxuatmn
currents JC l o+ jwle -t“)] L(l) =7l (x) in the blological body (r cquiva-
leat complex Lundud.nvnty) is given, as indicated by Van Bladel {1], by

e e e et s e i A e

L33 3 - * L it A T -’_-""
SS(r S J (¥ [V, Gl rY) - _l_6§_1_1_1] dv’ = scattered ficld (2)
vy ©q J=we, maintained by
ch

: where 1, V. denotes the principal value and ‘(-}.(i'*, i"') is the free-space tensor
' Green's function ' . .
Q-.\ > = . L w * >
G(r, 1"y - - _]quo[l t P] Gn(r, ')
QO

and Gu(r., r.') . Jk“R/4"R s the scalar frec-space Green's [unction with
kg = WA} ¢ dml R= [1-1"]

In the Liological body, the total field is

S I T S points in the bhody, (3)

while the boundary condition at the surface of the antema requires

. 2. (I'.Zl 1 135) - \/u&(s) oo it points on an'enna surface, 4
3 Substituting appropriate forms for 1- Yand ¥¥ frow coguations (1) and (&) into
vuuations (3) aug (4) leads to the following paic of coupled integral equations
forl - Ql and L'
] ' (14 —.lL"-’—] 1 - 1'.v.S T - G T Ay
Jwe v
o i}
' A - - » | .
(s s« Glr, e s oy for i Vl {5)
L] 3
ant : .
i .
A . A e o - ‘.- & o= . om
8 S L (s s s Glr, 1)edst ’r\- . { T(rEv") -.(‘i'(r. rt) dv?
% . b . N .
H ant Vl
- }
. 1 .

s -."f ) Co- V“b(ﬂ) e dor ron antenna surface, ‘ {6)
-, Equations (9) and (6) can be dolved nwerically by the method of manents,
N, following the method desceribed by Livesay .md Chen |£|, to determine the

;‘i‘ anfeund current 1 (-.) anel the internal ficekd l induced io the ll(ul)

e

¥ Based on b (v) the input impedance to the antenna can be determined,
:‘- o 1-.lnm the v value of l- v pondible biological cifvets can Le evaiaated, Using
‘:" -1 4.1, and J q S (induced curvent in the bady), the M ticld radiated by
X the ¢ nmpmnh e =hady syustem can be delernined,
~y
i h'@
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.
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Numerical results are obtained for a dipole antenna adjacent to a
biological body with a rectangular- cylindrical shape as indicated in Figure 2.
The short dipole of half-length h = 0,1 A, is excited at a frequency of { = 50 MHz
{free-space wavelength Ay = 6 m) by an input curreat Io=1.0A, Atfthis
frequency, ¢ - 0.75 mhos and ¢, = 89. 0 in the biological body. All dumensions
{(sclected to model a human radio operator) are given in the figure., If the
dipole current is approximated by the sinusoidal distribution Ix{x} = {Iu/ sin kgh}
sin ky(h-|x|), then cquation (5) can be solved independently for " E since its
right-hand side becomes a known impressed field. The magnitude |E] of the
induced field in each of the 28 body partitions used to obtain the numerical
solution 15 indicated in the figure. The input powes to the antenna is Pipns 5.2 W
while the power dissipated in the biological body is Pg=0.282 W,

For reference, tle magnitude {fl of the Jield induced in the same body
by a plane wawve, propagating in the z-direction and polarized in the x-direction
as shown, of power densiiy S, = 180 mW/cm? is indicated in Figure 3. The
dissipated powe1 is Fjy = 12.9 W in this case., Comparison of Figures 2 and 3
shows that the eluctric field induced in the body by the short dipole might reach
hazardous levels if the 1aput power to the dipole were increased.

The dipole impedance can be calculated in terms of the assumed
siausoidal current and the total field k, = k! E? at its surface by the
variational formula (based un equation (4))

€

h
g -.L :
Zin = Zu + zp = - I?‘ S.h Ix{x) Lx{x} dx

L

Z ==
I&
o

O

h i : 1 h s '
5.11 Ix{;ﬁ {uxix} dx , x‘ip: --12— S.h Ix{x} g'x(X} dx
o

where 4, is the impedance of an is olated dipole {when E; =0 and Z N is the
perturbation to the dipole impedance due to its coupling with the biuil}gicai body
{when Lﬁ 30}, Tables | and 2 indicate the values of Z, = perturbation impedance,
Zjy = input impedance, Py, = inpul power, Py = power'dissipaled in bedy, P =
vadiated power, aad the power ratios Pd/b’r and P/ P, for a dipole of hali-
length b = 0.1 X, located with various values of x, and % . 1 is found that both

Z,, and 13&/ Py, depend strongly on %, while they steadily decrease for increasing
%y Table 3 indicates the dependence of the same quantities upon location x
{#, = 0.4 m - fixed) for a dipole of near-resonant length h = 0, 25 Ags it is
eviden! thal 7 and 1-’{*/1-}“ arc relatively insensitive to changes in x, compared
with the corresponding variations for a short dipole.

L&)

L4]
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x (Yo z) Ioz l1.0A P, = 5.2 W
Fx =0,3m P, =0,282W
A Yo ' d
_ _ . ¥, = 0.0m
’ ’/ z =0.2m
’ ° 2.56/2,56 1,9011.90
A b= 0.1 < _
/ ’ d=0.4m 1,43]1.43 2.6612.66 /
L 4 : sl
1 /-/ V| g r=tem 1.70[1.70 2.74[2.74
' @ Py 2.05{2.05| 4 2.1412.14
(VO.IC) : ] f = 50 MHz
4 Ao=bm 1.83)1.83 1.3211,32
I T ' ¢= 0.75 mho -
< Ax 4 1.36[1.36 Jorfo.m1
Za—dj— X V €r ™ 89.0
i PA 0.84{0.84 0.51 [0.51
z
L_—- d—» : |E| in front !E| in back
: Ax = Ay =Az=0,2m layer layer
Figure 2. Electric field (magnitude in V/m) excited in b1010g1ca1 body by

shart- dipole antenna (h = 0,1 X, h/a = 100, Z;; = 10.4 - j6b2.1 ohms,
IU--lOA P] 5.2 W), :

(%0 Yo 2) . S, = 10 mW/cm? py-lzow
! 4 4 0.5m 11.6011.6 12.0{12.0
* - // ¥ = 0-0m. .
_ , z, = 0.2m 17.0]17.0 17.4]17.4
A -
' 32N R 20.1120.1 20.6/20.6] 4
- ’ i £ - 1.4m :
| ’ _ / f - 50 Mliz 21.1121,1 21.0J21.6 /
g | 4 o= Om Lo feon 20.6)20.6
ku’ b‘.) A B / 1 o - 0.75 mh‘u 0. v, ) ' )
w»* ’ » y o° 89.0 17.0]17.0 17.417.4} 4
“+- >~y . HLoh.e 12.01e.w
"
l"‘ d —'\"I Ax Ay - A/ 0.2 m Ilbl in front |l'.| in back
layor layer

Fignre 3, Fleewrice field (magaitude in V/n) excited in biological body by
impressed plane wave (with niaximal power density ‘1“ 10 mW/un Ve
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z,(m) zp (chms) {Z, {ohms) [P, (W)|P;(W)|P (W) P&J? P d/pin
0.1 12,36 -361.4 j10.7 -~ 3700.7] 5.35]0.565 4.79 ] 0.118 | 0.100
0.2 j2.07 - j22.7 110.4 - j662.1] 5,20]0. 2821 4. 92 | 0.0587 | 0.054
0.3 .72 -39.10 110.1 - j648.5} 5.03{0.167 4.86’ 0.034 |0.033
0,5 |1.28 - j1.53 19,64 - §640.9] 4.81i0.029)] 4,72 | 0.019 ]0.019
1.0 ]0.990+j0,12819.32 - i639.2] 4.6610, 045 4.62 1 0,010 ;0.010
i .
Table 1. Dependence of impedances and dissipated and radiated powers
upon dipole location z_ {h= 0. A, h/a =100, x_= 0.3 m,
¥, =0, Z, = 8.33 - j639. 4 ohms).” °©
xom) 7. (chms) | 2, (ohms) [P (W) E(W)|P (W)| P Pr PPy
0.0 [-4,71 ~313,93.62 - 365321 1,810,218 1.59 ] 0.13v | 0.120
0.1 §-2.06« j15.116.27 - 654,41 3,140,181 2.96 | v. 0"} 0.058
0.2 0.29 - j18.3|8.62 - j65/.7] 4.31{0,204 | 4.11 | 0.050 | 0.047
G.3 2,07 - j22.7]10.4 - j662.1} 5.20]0,282 ] 4,921 0.057 ‘ 0.054
0.7 | 4.22-j33.1{12.6 - j672.4| 6.28/0.623 | 5.66 [ 0.110 | 0.099

Table 2, Dependence of impedances and dissipated and radiated povoers

upon dipole location x (b~ 0.1 X
0.2m, Z = 8.33 - j689.4 uhms).”

h/a = 100, y, =0 7 =

x{}(m] ?1}} (chmna) kZ.m {olhins) - ‘t’m{W} Pd(W} Pr (W) l’d;’i’ v P{E;"Pi;;
0.3 (-20.1 - 37,30083.0 + j1.87 | 26.5]0.948) 25.6 1 0.037 | 0,036
0.0 (-9.75 - j2.37163. 44 j6L.80 31.7;0.964] 30.7 | 0,031 | 0,030
0.3 1-2.29+§1.34170.8 + j10. 5 35.411.04 id.4 1 0,030 U, 030

Table 3.

i3

=0, =
LAY S

Dependence of impuedances and dissipaled and radialed poweres
“apon dipole lovalion x, (b - 0,25\ , b/ 100, y ,
0.2m, Z_ = 73,14 j9.17 ohms). ¢
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EXPERIMENTAL INVESTIGATION OF MANPACK WHIP ANTENNAS:
ANTENNA CHARACTERISTICS AND PROXIMITY EFFECTS
~J. W, OMINK

COMMUNILATIONS/AUTOMATIC DATA PROCESSING LABORATORY
U. S. ARMY ELECTRONICS COMMAND, FORT MONMOUTH, NEW JERSEY 07703

Vet b s o

% . " ABSTRACT

: Techniques were evaluated to determine the effects of an operator's

: : proximity on the performance of VHF manpack antennas. An impedance bridge

i of manpack size that can be remotely operated without metallic leads was

: constructed and calibrated. The impedance variations due to proximity effects
were systematically investigated throughout the 30 to 80 MHz band for various
antenna configurations. This investigation showed that impedance variations
are substantially reduced by exciting the antenna near its center,

DISCUSSTON

© e s e re ae ccommm e oo

i . The objective of this study is to develop a method for reducing proximity
i effects of manpack whip antennas in the VHF band. To achieve this objective,
\ -an experimental investigation of antenna impedance variations under realistic )
§ operating conditions must be performed, since, in general, the radiating i_
% system is very complex due to coupling between the antenna and- surrounding i

§

4

objects. The impedance measuring system must satisfy the following require-
ments: t

a, - Measuring equ1pment must have the same geometr1ca1 size and
uonf1gurat1uw as the manpack set. H

b. Remote operation must be poss1b1e W1uh0Ut metallic leads, since
they become part of the radiating system and affect 1mpedange measurements

S

A compact, battery operatad VHF 1mpedance-meter was not commercially
available; therefore, a measuring system had to be developed. It was deter-
wined ihat a resonant-bridge impedance meter was best suited for the measure-
ments undertaken in this investigation. An impedance meter which included
a crystal controlled "signal source and batiery was constructed in manpack
size (9.5 %« 12.7 x 19. cm). Measurements werc made on all adjustable bridge
components in terms of dial readings. From these méasurements, empirical
equations with minimun square error were obtained fur each component. Equa-
tions for.calibration of the bridge and the empirical ecuations for the bridge
compnnents were programned into a computing calculator ~ (This technique
.enables one to quickly and.accurately tranform dial settings into actual im-

4

LIEY T WP

2

4-f3
it b

X

Py =
" - "
'1d£€23'h+

E‘__: pedance values. Cne can also program the computer to take into account any !
I3 - transmission Tine between the terminals of the impedance weier and the o
‘wn{g antenna excitation point.) !
TN ' :

fll ;;ﬂf B A test stand that places the impedance meter at a typical operating »!
PR 4 height above ground was consiructed entirely of dichectiicmaterials.  Remote .
L ﬁ@ tuning ol the wpedance meter was accomplished by maans 9F diad strings from g
1)
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the impedance meter shafts to parallel shafts at ground level, then by means
of fiberglass rods along the ground to the operator's position. With this
setup, it was found that the operator could null the impedance meter at dis-
tances of up to 20 feet without the aid of a telescope for observation of the
bridge indicator. At 20 feet, movements of the equipment operator could not
be detected from the antenna impedance measurements.

Various whip-type antenna configurations that may be used for manpack
applications are shown in Fig, 1. Figure la shows the conventional base-fed
whip, along with a typical current distribution. Due to a current maximum
at its base, this antenna system is very sensitive to any change in surround-
ings near the packset or to any wires, such as the handset attached to the
packset. Such changes cause large variations in the input impedance of the
antenna. High currents on the packset are strongly coupled to the operator's
body which acts mainly as an absorbing element and reduces the radiatea
power from the antenna system [1].

Figure b shows the configuration of a center-fed whip that has been
isolated from the manpack by means of a parallel resonant circuit. This
approach is widely used on vehicular antennas, e.g., the AS-1729/VRC center-
fed whip. For manpack applications, it has the advantage of maximum ancenna
current al the center of the whip (away from the operator) and a minimum cur-
rent at the packset. The position of the operator then has little effect on
the antenna system, since coupling to the surrounding objects will be through
the electromagnetic fields only. The major problem with this approach is its
compiexity, and therefore the cost of the tuning unit at the antenna base.

To isolate the antenna from the packset, the resonant circuit at the antenna
base must have a relatively high Q; hence, it must be tuned for each operating
frequency, which requires an adjustable tuning element or the switching of
fixed tuning elements.

Figure 1c shows an antenna configuration that represents a compromise
between the base-fed and t' - center-fed whip. This compromise antenna has
the advaniaye that no addi. 'pal tuning elements are required to isolate the
antenna from the packset. 1lhe excitation point of this antenna is moved
upwards toward the center of the whip, and the packset is used as part of an
asymmetrically fed dipole. The current maximum is moved away from the opera-
tor, as shown by the current distribution (Fig. 1c), and the currents on the
packset are reduced. In this way, ¢ reduction in impedzace variations due
to proxiwity effects is achieved. -

~The excitation point impedance of this antenna and proximity effects
were systematically investigated as a function of the position of the excitu-
tion point, see Fig. lc. For testing purpouses, the whip was constructed of
RG-58 C/U Coaxial Cable  and had an overall length of four feet, with the shield
removed from the upper portion. The asymnetric dipole was formed by attaching
the shield of the cable to the shell of the packset; the excitation point was
determined by the distance the shield extended above the packset. Using a
coaxial cable enables one to determine the excitation point impedance from
measurements at the dntenna terminals by a transformation through a known
tength of transmission line, ‘ ’ ‘

178

A lin s - .- P T £ — — e . A ¢ ;‘-p—’—-ﬂ—‘-‘ R

‘ ) ." ‘ ) .o N3 3 ) §?§




k5 N
A
J
: ! 3
TUad {
;s | o The following set of measurements were performed at each frequency: 1
i . s . < .
5 ] a. The excitation point was moved in increments of twu inches from
1 ! the base to the midpoint of thc whip, 1
{
} b. For each excitation point and frequency, the proximity effects
: were determined by the following sot of measurements:
1
: 1. Antenna and packset freestanding
R 2. Packset freestanding, with handset extended 1rom the packset
: 3. Packs2t on back of man, with and without handset
; 4. Packset on back of man,with a sccond man hociding the handset, L
: This set of measurements was chosen because it represents realistic operating
, conditions. "
- , A typical set of excitation pouint impedance measurements noialized to
i 50 ohms is shown in Fig. 2. In this vigure, each curve represents the excita-
§} tion point impedance of the antenna system for ihe stated operating conditions
by as the point of excitation is moved up the whip. The area of the Smith chart
¥ g containing all the points for one excitation is minimized when the point of
&/ excitation is ~ 20 inches from the antenna base. This, then, i3 the optimum
“ o excitation point in terms of reducing proximity effects. As can be seen trom
“, F ) Fig. 2, the maximum impedance variations occur for the base-fod whip., A
: ( sunmary for all frequencies with the excitation point at 20 inches is shown '
- | in Fig. 3. Here each drea represents the range of impedance due to proximity !
e ' effects for that frequency. It was determined with this data that a 50-ohm !,
- transmission line was about optimum for transformation of the excitdatios -
o ‘ point impedance. '
o Current distribution measurements verified the current distribution shown Il
K in Fig. 1c for the freestanding manpack.. Figure 4 shows the measured curient "
A and theoretical curvent distribution obtained usiag the "Antenna Modeling
. o Program" developed by MBA Associates and a wire grid model of the manpack set,
5&.' i The input impedance (Terwinals of the antenna system) tor the fingl
v (Fig, 1c) antenna configuration neasured with the packset on a man's back and ,
' ;T":J operator holding the handset is shown in Fig., 5. This antenna was 48 inches :
IOV . leng and was fed 20 inches up the whip frum the packset. A 50-uhms coaxial
N ey cable was used as the Lransforming element. As can be seen from thiy curve I
o (Fig. 6), the impedance of the antenna system was well behaved and one should
‘é ; :é ‘ be able to match over the freguency hand of 20-80 Miz in a few sub-hands, !
- I:"; ' . I
.y ' CONCLUSIONS | ‘
“»? Impedance variations duc to proximity cffects were systematically inves-
~ N . tigated throughout the freguency band from 30 to 80 MH: for varivus antenna
T e configurations. This investigation showed that the impedance variations ore
!‘,_ ':@ _ substantially reduced by exciting the antenpr nedr its center,
Wy L] ' .
{¥) h
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o supsiconductive autenusf/prvanp i ler systun hos beun bullt
which pusueusas tinve paiticulmy deshiable testuien! {1 is

' fudunnently broad bawdy the plek-up loup cau be very small without
glviug up svaeftivity duv o the exticuely low solee front end;
; aind £0 Lu, dhoralme, Glually suited Lot wiv fu cumpacl ariuys,
» j Uit hitgh saunilivity supervonduct iy waguviunetlair tor uae gem & hiwve
H bwen wevelupud 11 secent yoatn.  Thel) pestvimaies suggestud that they wight
' b aduptabilu 1o oy an H-tivld antesmuas D the ol teglon. The atbiactious
1 tur wuch wystoan appuatad o be twatold: the plek-up loop can e wade vy \
7 suall - seveiral ventimvtess ie dlametar ) with adegaate sensltivity due Lo :
the ukirvaely fow nolue tiont uud; amd this pick-up loap which b wuell 1elae-

tive (o the vavel.nglh of faleivel van provide au isheieatly broadband cesponse,
Thuse aulonna/proampiit vl systous dupwﬁ& u the plivaonaaon ai Juseylivay
tunnvliug tor thels g oy,

R ——

o oS TN i ot Y o R SIS NSO, i o

A dumsophson fuuction (s shown Lo Fignie Ya consintiug ol o thin 1ilm
supmicaishictor, & thiv {nsulatdag 11w and suothes thiin supaiaaaductlng tila,

s It wu put a voltsetsr avicss the Junction aud attempt to Liampert cuntont
whrough the Bmcifon, we will ubtade the bighly son Haea caive (1) ol :
' Figuwie 1L whea toe Lasulatiug layer fe on the order ol I0UA thick. Thiv 1vsulte
« trom wfagle d¢loctiun Lum Hiag whea the voltapge vxoeeds the vuergy gap o the Lt
. dunulty ui staton, typioally soveral williveita,  When the fusulating layes e

wush thinaosy (LU 204), conduction s by corvelabad palevs of electoonue, and e

putunti ia develupaed acioss the Jusofon ao shown (s curve (2) as loug ww we

du nat . ,miimsiurtmu;mninﬂd:jmuihm, Thir In kuown as Josephoon
. ,

-
4
‘t‘,'

mglﬁ

or supetemdact fve tunnetong. Whoeu ,max s excecded, Lhe Junction switehes

-

waptdly to ewmrve (1), The ban far layue appeara to Lthe sapa alactrons (o be
an Biwa ol woeskomed supes condoctivity, not Lasulatlon. Thaeve are ulher ways
to Ywoshoea" suparvopdo tivity, ome ot which Lo shewn fu Figure Te and Iy ksowa
an woweal Ptuk, 4 In slwply o thio f1im sup o conductor which has been narowe-
wif ut e pobal Lo fom the weak Hake The T Y curve for anch 2 device i
somewing® didterent from that of a b ler tosephson jJunction o0 s showa In
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fo boovn as @ nGUID o Suporeomdact ing optoam Iglotferemoy Boviae., T i otk
a device that is vaed fa oo antomafproampl it ier oo B DoV g e
tmined boetwoen pomp and shomal srequoncies and proviaes pot smeb e weapt i ation.

Yo choae an g thist seal b oo BE vedtem a0 nensitivity of LVt e
votrespomding to 1 x 10t paves (ot s 101" genti, This meant that e
sytitem world be stmonpherie noise Hoioed only aver the fow end «f the B
and bul even no regquivesd o tmprovement oved compete Pl papneoomseter . which
lad o wensitivity o the order of 107" pannne Thete are Twe ways (o ine feas
the nensdbavity of o SOPID magnetomeler svatem over and above just bnildo -
wole reanttive YT e Moot SQHID sapnclencter ve diiven ab o pump
Brequency of 30 BHs Sluce the energy sensic iy Do proport benal te the pp
fregaeney, we lave gone (oo pump freyinaey af J0 Gl pliving o theoretfeal
fwprovement fn tield senaativity of e, daother wav fo {uprove seasltivity s
to dnvreate the ndse of Che pick g boap thas foreasing the eocige vapoure,
For this reanon the SOUD beep Do b8 (oo mm daometer ) o aot sunad tor slpnad
pivk-up but do ted by a 10 em e Ler superecondact fag loop vhieh o0 fndm fivedy
cotpled o the SUHTE WL the o two adfuctable o st etsomspump Tiegnenoy
sad plod np Ioop slee a seswntaviiy o boetrer than BV scter an be attadnd,

The nest proh? s to be dealt with s dyvaawsle tame. T we st with the
sl ient aipmal that can be detected, T vy Te oV aotary what o the L a2
sipmal e v be o ceptes withont ovetlontiog the systin]! We spe it fed b

SR e 10 eV e s whinh bnoa tabidy e ndly attatasbie poal. Jowover, we mond

vonsider what fn the cecable dymante e, 1 oo, how bad e the sntersedul o2 ion
dintortfon, We npec tiped thatly g Iven o neane lovel, Jue slppaln oo b 20 JE
shove ihaa fevel wouhd praadiee hdermodalation prodacts po worss than the nosee
fwveic dver o that, thisn booame the mont JHHhoute gl to wttetu dae G the
Blghly o Jo. an shos soter o the shev e T belmvior in de g ibad by
;t!!‘t[%hi il e T o (7 4y ‘

S Sy A
H

* ) A ls ‘ ht 1]
Ifi’,. } J“‘K ' ‘;,; ‘ )eaiu {%iui‘ tu q)i
13 u 3

whets b da the wavimen v leal cwrrent, [ and f, e the timnes due o $la
pamp s fhe gl el D e oo et .ahlh%s ard o vpea the Uheor, o1 Lyt
conductivity g fut w4 valne of 0 ox 1007 webern, Piaeartey 4. arhdoved theugh
teedboa b wndng 1o Temps tatare ol fremto o, g thite dntredie o aobe f the
S Jrow the Fvr b tage aspd i ters {f“ [ELLLE O S FYEN if!isit pry the us able
fnnheadth b Coviral meg dert o, i . ;slaif‘h e ol sath .r o, 2. b Bn chved by

;i:fn;i fer Joned spor a0 tewpuer atine b trendoe, bbby tosally apvvenhad foe,

e s fute b the anlenmtfpteamp oy oy dem $n chewn §n Plpwe 2 she
shosipn and cepent it Porg ot the Lyslem Wit dian by Bovedon, ., Mot adn View,
LA, e S Ge pomped by v B i Gunme oo Tt b puap peoenc e o the
WEPiawnitte ¢ e atlenerata d (i al!i?isﬂ' b aadustable Tih deeshe ab 1o
fraporature aud o M B el T begndd el doe, wmd L he prmp pover sostip e
o the SUHED thaogph o combod creniaten . The couled wtfanuator sl
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.',\.‘ ‘ chculator radute e lmnpm.uiuru ar. the eavlvouwent l_m-{u;; the SQUID Lo pewn :
| |

re

4K, thve auduving the aolue povar vedching the SQUID,

, : e gignal hregquemy
i fuductively couplad (o the SQULD toom a supesconduct lug ploek up Toop. The

N Aut e ted wlciowave powi, wodulated by the st oo te o Caanel Jlode

%, t awp i Loy annd B detect * by o tunoed diode to provide the video outpat o The

) tuedback Juop in uned Huoowt fe Cwe wystom,

‘ "_'. e cryostal vaed dn thlc gyutem bag some undgue teatwresn, 10 conntuts

" ‘: of o standird 30 Hta supar lnsulated dewan topped Ly what s actcired o an

the "tadoae™. The plek-up loop coustuting o3 a 10w ddaenc e tvo tun halt

loup ot Nb vibbon over o 10 cw Kb ground plane s located du the sadome and

Iy Rept o the supvacunduciing stete uot by dmmeiston e Liguid hut by vapo
couling,

o =
i
PLA I

The tomparature in the Vadume Do malnlabned at 4,95 by the bofl-o
trom the Liguld heliowm belowe  The ent e vadome bsoinsg s ated by 9% layeas ol
duuble sided aluminized Mylar whitch would normalds be exee fhont s bl bap
apatust W sadiatfon. To et around thits problem the metalbiar con v
ser/bed futo smadl patehes s o Laier seriblng techague o which che
pteh slae wan detamdaed by constder fug the, Crade ot ta between the il
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properties and the thermodynsmle conntderat tons 505 formed an KC 8810 : i
widoh was destuned to sall ol b at 100 Mie, . !
Untormatelys o complete set o petfotmance vhatactortistiong ate ot
avallables  The SQUIB which was Indtially fontalled in the syntem bad on encipy
sensativity of 10077 0 Jy o one herte bansdvidthe With the 10 om pickeup Coop,

this proaduces a calealated seusitlvity of 8 x 1071 GHHz o 24w fis, 1
qulte an adeqund e valee, Because of the modne genctatod in the feedb ek
slectiontes whiih s Sod back o the SQUHD, the outpat van be Hoea f2ed oves
auly o several megateerts bl tather than the tall B bane. Thisn woeuld be
ratintactory tor o puaber of applicatloas,  Total nystem Lokbs have no. besa ’
prrtoraed b (he present tise due o a gradual degradat fun i the S which
we bave been wang g the labmatory tedts, The syatew will e eomplited In
the e Tutwre. Neverthelens, even at thds soage we boelieve thatl ohe :
famndbility ol srch o syrtem o been desmntiatod and the oritical Juprove
wentys Ddent f1{ed,

[

SHhere wre woeveral attiactive appsteations bor kuch o undt. The abvious
i e the wituatfon fnowhivh o bow protfle, boeadb mel syarom fn requiaaad. The .
padiat fon teutataice ol a 25 om doop o at 3 Mt ds 2 x 1070 8 wherean 1
tedactain e b 1 0 tonmegeent by, mab ey would b odmponsibile and weuld aboo
provide an hnoelerable o Shine o aterus fs opeiatal e B e et dve
werdery 3 e b slbanded aad highly fnettic bty We van coderate this
LETTR N I T PERTR R PIV ITPRTRFPIN § ' V’i‘i}‘ P st hne Evgrs talur e ol the SULLD priv-
ampiitber. A secomd aad perlaps wore baportant apptloation arca fn that o .
sempet ©oarrays, For Braeguess Lesost the bower emd o the I bad od bedow
Ui wyotem should be stuenpher b netne Hadted, by moveral vtovis of wapnitsds
fu th. LU VIV ranpe, home of thin eXovoer neasttivity cun be fan b e ] e the
fatercnd o dnores o dbres TEely da somp ot a1y 0 ntiecss ha exjun iy 1
that fn compact i eays sane st odwee tne e ot the bbividual eclemoat s o
wisder 1o tuduce watuad interactions which, (n peneiral, caiieen g fosn o
sanftivity. Detunrely, o the supercombego tive ayntom the elemats ars

2

Calieady suat! with the mooennny denn it iviy,

Poocon fuldon, o SHIY anteindddpreanpl it o nfom han hevit detmmnst1aaded
Lo oprrats on predboteds B Le cleas that to notedn the tall bonet i1 ot
Pen fude sont broadbasd bebavien | by svagoratuns teedbach oloctiont -,
pn*%v:..dni'; supervomdus g, will hoave te b vaploy ol Bhien this s been
dome, e b nvntoms should be Bdoally pulted Tor compan 6 artay applie ot oo,
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AN AUPPLOACHE To S e BOARD HE

RECETVING SysTiMs

Richatd K. Royee

Naval Renevarch fabovatory
vande Y1

Washineton, DU J0/n

AINVIRACT

Antennas which le'phV"irullV ol eelative to waveleapth mre analveoed
Jov application teoshiipboasd 111 bramdbal receiving svatome,  Rewnlia show
Vit there anteanan van providh ncceptable jecefving svstem noiae faclors,
Aluo, futertvrome from col sonted BE tompemi G0 antennes §4 podocmd
levels amenable to sapprension by bt o wiennl P Intion techntgues,

SUMMARY

L Navy et commmfont fonn today, the shiiphoansd (1 vecetving svest om
fo wormally operated ahmslGameoss by wlth the =hip o T ransewn b8 by vt
A oaliip S Thdted pdadt st wlze ) il o need Lo Seceantlend sl Gds veeelves
opetalt ton fvom a s be sutennn o e tora whiteh aogpe ot that phaetonlay
moal b oautemnas ot ber o posc b e appeansh G praac bl bng sece verse { e !
vellabte slitphoard B tecviviug svstomd 10 A samber ot advantapes are
avallable fu (Wl approashe 7 o

Y A i reaned dogrec ol treed e in plavomem ol U aelonee
ta thiv slitphour envisomment - avafoabd,

e vonpd ik Ly fonal Dransmtr e fuge antennne fsovedue e,

o eadbawd operelven Beothe cenee that oty st ey, o
Batnd o itoihigg oveer Tl ' e W0 guenioy Band 5 it cequired ot o
Vet o by ) ' ’ '
’ ’ 2
he phystoatly w0 wfsdatioe antear wmebey © nerdevat fon hege §a
wodcnvpebe o deplotes T Fipure b the omepede O approntme tely /0 wav
eyt o bens oy Bt e A conpe b by metvor ks desdbpaated Y 00 Lot et s
Sthe peed Golat oaue vontan e amomy athior compeoaeuts o e - amplitioy, e
WO rvcvivenr ol cay b Jacated op to cevern ] Tinnehved cect aens 1am the

anteunn Intatiog fon,

Inooder G e thilbe apteann -yt b shlyp o] av b oament , (we

radier s munt da o con T IR T T R T

thy The antonna wontenm nofso tactor munt gol Sevni breaot Ty dogpmds
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First, vonsider the sysiem poise factor, FPigure 2 shows thy metsured
syslewm nolse factor on a monopole witleh is 3 feet in height, 8.37% inches in
diwmeter, amd which has a 3 loot diameter top-lomdiog dise,  The teed poiat
termination cireuft ™ fs a [200=-0lmn to "W-ohm tvaustormer which drives a
Si-ohm laput bepedaoice 1t ;ssatpii!irr‘ This revciviug systom nolse favtoy varles
from about 32 dBoat 2 Mz te 22 dB al 30 ML,

Fipure 3 shows the quas{-winfoum atmospherc nolse luvels ¢ octed o
be envountered in typical Navy ship operations; amd alse, typiva  ship
hull pesctated interterepce, {u a 3 kil baudwidth 120, {30, Atee pheric
uodse varies tvom about %2 4B at 2 Mz ta 20 dB s0 30 M2 aelative to KT8
amd hull gewerated {nlerferomce levels on a tefatively clean ship are seen
to b gbout v2 JdB velative to Kigh, 10 s noted that the nelee tector
shinluwd with thy Jloet dise tops laded wonepole (see Figure 23 inx aboutl
equal tu the oapected atmoapherfc norse at all frequancies over the 2 - 10 Mgz
bawd, By appropriaste selection of {vonlaation tualstance and antonna denign
varr fanta, the avslem seus{tivity has been ad fusted to be unftorm with
vespect o #twospheric aolse levels,  The calvalated degiadation o epesating
ueire favtor, theu  fa dbosd VAl over the 2 < 70 Bz baud,  Helative to
tepical «bip hutl genviated futerfervace levels. dopadation In cperating
focdnee tacler e Jexs Gun 1.0 Jf fvew 2 - 1 Ml

Te vonsfderal ton ol these roNvulin, [t .g;-;wn;::{ pussible to derlpn n
phvalvally mmal] monapole ceveolving systom to hove smbpuate sensiilvity
solative to eapedted spbount solse comditlous fn the shipboasd eovivoment,

foat, the promase o e vecolving syftam ol envigy Trom colocated
ul. fphodid Gansnit Ulag anteonas vas savestigated soelative Lo the generation
ob dintettion praducts {n that svatem,  Figuse o shows caloulatod sl owssuiaed
copled voltages exfatfag st the smpleotfor fapul of the fermioat fon network
FPH oy e beteol monopole cecsiving svetwe dvne gibed proviously, exeept
that the tap Jeading Jdind Ix uot ducluded,  The colocdted tsammiot fug
atenon sovive fa 8 15 faot whip csdiating 1 kilawstt i (W powes,  The
fact whip is lodated a dictiopee of JOU feet from the shotl monapels,  The
dottad vmrve sepreseats anloulated data, amd the solid curve s the weasnied
el The peanured mx o couphed voltuge I oaboutl 0,6 volin,  Meswuied
data on this neeelviggg »yatem, but olth the 1 teot dismetsr lop domling i
mbled 1o the shart mouepele slement, shownd approxisately the same shape
cmpve, but the maximen coupdsd voltoge bl e teamnd to sbout 11 volla at
the 0 tost apacing, A 0 sphic g ot 39 deet,

fhe wax fmum cotiplaodeIn voltage
wintld Do the atder ol about & volis,

the senolid s Vipguis 4 ate qelat{se
to i, aversdge vipth conditior vver witteh U wae posulble to meke the wesmin o

mente,  foder pertect earth conditdone, theae voltages wonhd nob [nonvdae
spumttieant ly, )

Copndderas fon of thooe couplad voltaves Lo the phvalonl iy small top
Doeshod antvimae tevedving syetem tviative to mmplfittoas (4] whiloh are avasl
whilc toddy, Lwdicates thal the svstew wvould probably be masginsl at the o
toot sepatation; wd 11 would wot be usable at closes nepaial vons without
appiicat bon ot fechndygues 1o tarther suppress the focal by gpencrad intey
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Cenergy srom colocated Lransmd Ling systens, This vejection would be inserted

terence.  However, 1t should be remenboved that €W power {s a worst case,
and probably would not be encouwniterad aboard ship, Also, the ship environ-
mert will atlect the coupled voltage amplitude, increasing or decreasing it
relative to the above values,

The power levels associuted with these voltages at any ot the antenns
septtatons tnd{cated are now o a veasonable muguf tule, wheredn technigues
mity be reidily cwployed to provide addit{onal rejocetion ot the coupled-in

between the antemn element toed point md the avtive tevminat ing network

fu the physlcaliy small antenwn vecelviung system, A possible vefection vonld
be ta use noteh Hiters o the recedvipyg system as given fu Vfpuie 5, The
tilter fa tuned as purt of the transmittor tuning procedure, pooviding the
comntiicator with a broadhanad recedving svatem veguiriug vecefver tunfuy
ouly, A disadvantage of this technique is that thie fosertion lues ot the
e wust be witket by {ncreases antenna size in oder to maintain a

givan systen nolse factor,  However, {1t can be readily o demeut ed withoot
futvoducing distostion pradects fato the veceiving syatoem, :

A woecowd wethad ot tuterderence =vject fon would bo to une ipgnal camel
latfon techulgues an sugpested fa Flgaee 6,0 A sample of the fnlerterfay,
signal s taken faom the tranwltbory output, appropriately adjusted in
amp L Guds amd phaae, mnd fagec ool Tato the aeceiving svstem botween the
aatemm tewd polnt and the apptitior fn the antennn tetinbnat fon, The
awplitude wnd placie ot the Loansmd tler sample Taoad justod such that s sawpte
ul fnvomlug wavapy ln the vecodving system Gemdn Do b vedoead to sere,

The advantagen of much a techinigue aie wmesense

Y Aw owmuch as 20 ta A0 AR o1 woeve ot futerter fag sdpnal o caneeld
Tatiow von probahily be achifoved awadidyv, ot In entimnted that M0 dn o
vancel lat{on wenhd be mbeguate 1o weny situat o enconnbered aboaed slidys,
med that up vo 40 dl caeettation conld be mbhfoved without parent it louloy,

(2) Nopgllpdbte toncrtton Taane can be ovealimed ol i pre tecbed Lo
Be about 1 odn,

(H . Full automat fon can boe mohileved that - ne operator staetbon
whalover s cequfred,

Gy The slgnal cance thatfen Jhrcaft oo b wmaa ], ine ponsave,
ad Oilghly veliahle,

¢ e control walt Gan be osmald, aelat ety baospensfve, and
Jocuted fu the cadio voom to tac b tate madntenance and eonchanoe celiabn bty

. (W) Theoe fi e appaiont Pladoat Lo to the mdor o tatorter fne
aignids which van be cancelbed fooa plven secciving seatew, Dach add EEonal
Prequeacy to be cancelbed, beyond the 1hat trequency, woald jegquine onty
pt Clad fuplfeatim ol compottents in the sipnal cancellntbon it and the
coatiol unit, ' '




H

\
N
o3
¥

t
L 1
DY
R
F
;:,.14‘
A

-
-

Wear

P4

b

.fga }“g
¥ & ’n(i
T
IR
*. .
. ;‘ ) -§
'

w o

¥
A,

il g

The sigual eamecliaton citouft must be desfpned sad operated sooas net Lo
{ntraduce distortion products fnto the recelving system, awl this tact is
prebably the ultfwale challonge fo daplementatios ol the phvsically satl
antent aperoach,

appreach to HE shiphosed recedving svatows ofters adequate seasftivity and
tacroaned bnolatfon to bocal snterteronce with appropriate deasfpn, facititates
vivestt refection of fnlerteremnee Trom the colacated tvapemitt foy antenna
systowe, and peraits hoadban Cwnbtiple vecedver operation tar &}iigxlvs;;lt‘ti

WP vommn toatfons, )
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Poosamarize, {1 has beon shown that the phvstoally seal! antenna
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APPLICATIOR OF ACTIVE-IMPEDANCE MATCHING
TC ELECTRICALLY SMALL RECEIVING A.TENNAS*

A, J. Bahr
Remote Measurements Laboratory

Stanford Research Institute
ABSTRACT Menlo Park, Culifoinia 94025

The noise performance of an active receiving-antenna system con-
sisting of antenna, active two-port network, and preamplifier is dis-
cussed. The design of the active iwo-port makes use of contours of
constant noise temperature superimposed on a Smith chart., Experimental
results are prescnted for a simple activ® antenna composed of a short
monopole and a negative-impedance converter,

SUMMARY

For a passive small-antenna system, Wheeler has shown that the
efficlency and/or bandwidth of the system is ultimately limited by the
size of the antenna.l However, the performance limitations of a small
antenns are wiodified if active circuits are introduced into the loading
or matching networks associated with the antenna. The most common
active-antenna arrangement consists of an. amplifier integrated into an
antenna, This arrangement was used as long ago as 19281 and has been
studied extensively in more recent times by Meinke and his co-workers .2, 3
Most known methods of obtaining electronic amplification have been tried
in this connection, including the use of tunnel diodes%)S and parametric
amplifiers.6 In many cases, one of the more important features of the
amplifier (besides providing gain) is its abkility to transform (or iso-
late) the impedance of the antenna, This feature can be used lo obtain
very large operating pandwidths with a small antenna.’

In this paper.we focus'on the'impedanceftransforming properties of
the active network. We assume that the addition of active circuitry to
the antenna does not alter such intrinsic properties of the antenna as
field pattern or gain, In this situation the active network can be
thought of as a matching network andsor amplifier that connectr the
antenna to the remainder oi the receiver system. The design of the
active antehna then reduces toviinding the linear, active, two-port net-
work that, when inserted between the antenna and RF preamplifier, mini-
mizes the system noise figure over some prescribed bandwidth,

A schematic diagram of the system we wish to aualyze is shown in
Figure 1., ‘the antenna is represented by iis Thevenin equivalent circuii

* TLis work wés supported by the Depariment of the Army, U.S, Ammy
Research Office, under Contract DAIC04-75-~C-0023.
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composed of voltage source, VS, and output {or radistion} impedance

RE_+ JX . The ecifective antenna noise temperature is T . 1n general,

&ll of %hese quantitios vary with frequency. The active mutching net-

work cen be viewed &s the combinition of an arbitrary limear network

having an effective input noise temperaturs, T, und any series reac-

tances, X and X, that are part of the antenna oculput impedance and

preamgliffer innut impedance, respectively. Tho y:al part of T pre-

amplifier input impedance is dencted by R, and the output iwmpedance

of the active metching network is KTS’ whzcﬁ, in efiect, is & transfirmed .
source impedance.

" - v "
o e I N e s ol . o ————

o

By definition, the noise figure for this system is (assuming a -
i high gain for the preamplifier) '
i - -

: ‘ T + (1)

. . ' N L eff. . -

L‘f ; ¥ =1,~————-——-——-‘T ' (1)

. : g ’
¢ ‘where {T.) is the effective noise temperature at the input {te.mi-

O
nals 1-1% . &s a result of our analysis, we find that ) .

! , y

’ ' = T £ . - ] 2
~ | (T) o= QU /G- [ [r =T ["+ Pl@
- :
pl : where : ;
- l - ?;"*"S}(RL
1 r, = ———— : (3

! - z R
L L

L

and § , P ,' and T are noise parameters for ‘the preamplifier, and
A {’Z‘L} is its minimum noise tumperature {i.e., for noise match). The
' guan@%y Gt is the transducer gain of the sctive network and is given by

2
- - K RS 2
A .
s ¢ m— 1-r
3 } t R } Ll )
. L
Y o
;‘:‘; ‘where X is “he ratio of the magnitude of the open-circuit output voltage
- “' of the netwo,k (at terminals 2-2) to the magnitude of the open-circuit
At output voltage .t the source (at terminals 1-1).
Al ¥ . : - ) -
LI ] . . . :
% For purposes of design, it is convenient to use Fg. (2) v plot
& H
1 ;::13;; loci of constant -
‘.*' ‘:{! ! {R"S) ¢ {TL) . ’ '
W, B o= -2 0P L (5)
RN K )
g ) j‘k . ’ - S L eff
\ ’:@ in the ! -plane, where {RT 3 is the source resistance for noise match
;“‘;* of the preamplifier. These Ygei are shoewn in Figure 2, whica is an ex-
'k “‘g : {::mdetir Sud th ih:;.\t i‘a‘r g’l‘S' -
q f . Jon
Ly |
4 >

g -

T
m o —
e — . B i - e i e



oLy )

: We can now use these loci to design an active matching network for
1 a short monopole antenna (1/16-wavelength long at 30 MHz). If we
' assume that T.<< T ) =R =500, and (T.) =0,5T, we can
Rr?opt = P = ° : !
‘satisfy the condition °op Limiu °

Y™ N

Rt 3

-,
R PR

.16 g
(T) o STy = @x10 /1) T (6)

it 2
B = 0.5/K . : (7}

we -

In Eq. (g) f is the frequency in hertz and T 1is the reference tempera-
H ture 288 K, This equation defines a 3-dB signal-to-noisé baniwxidth

. where F g 2, Now, we further assume that the active network can be

i : represented as a pure series impedance so that K = 1. Hence, according
1 . to Eq. (7), the design locus must lie to the left of B = 0.5 circle in
e . : Figure 2. A sultable, but arbitrary, choie for this design jocus is

' | a portion of the circle | 1 = ,FL|2 =

e R
-+ L]
Er S ] ..

» 3 st

e

—— -

—a wmsa

{
) ) : - - We attempted to.realize the desired design locus by using a ncga-
. tive~-impadance converter (NIC) circuit of the type shown in Figure 3 to
gynthesize the required active series impedance. We designed a suitable
i
‘\

S amplifier and measured its input and output impedances and currsnt gain
'f -as functions of frequency. From these data we were able to calculate
~,~ A the required NIC feedback impedance,.Z g+ However, we found that Z

. ¢ can only be approximated by a passive circuit, Using the approximate
> ® Z _, we-calculatad that Z2. . =2 4+ 2 should follow the dashed curve
s : ¥R ™8 8§ NIC

- : shown in Figure 4,

i For comparison, our experimental results are shown by the solid

At it i cinl o el e RN i A ] A i cal N b ik SRAGH . oaSiRTY il

.
- ; curve in Fipure 4, "The discrepancy between theory and experiment at :
;. : low frequencies is probably due to ihaccqracies in our theoretical H
L, ‘ antenna model at these frequencies (e.g., stray capacitance)., Both
v t theory and experiment agree well at high frequencies, but, because ZI‘B ’
:!’ “ ‘ is not correct at these frequenc:.es, we have B <90.5, (
LN : e
3":'.-.;_- . Using the experimental data shown in Figure 4, we can use Eq. (2) 3
o N ; to calculate (‘1' ) These "experimental” values of (T ) 14 are com- :
'...\” T pared with T 1n f‘zgure 5., As predicted, we see that ( L?e L < TS at
;". . -5 ’ the lower frequencies, and vice versa at the higher frequencies. The '
3 .“. % noise temperature without matching, (T )é . is also shown in the figure .
;__ -:.'45".!_ A for comparison. This comparison indicates that active matching should ’
?5. ""% lmprove the system noise figure over the whole operating band. however, ;
j' :,:‘.1 g oxperi.entally, improvement was only obtained in the lower half of the j
v Y band, It is not possible to pinpoint the source of this discrepancy i
"Sl because of the uncertainties concerning the true values of TS, TN’ and -
YR the antenna impedance.
~

Hence, we have shown that transformation of a passlve antenna

1mpedance into an active impedance promises the realxzatmn of very
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broad signal-to-nolse bandwidths in a receiving system that uses an
electrically small antenn:, The limitations of this technigue will
involve questionz of the noise contributed by the active network and of
stability. Our future work will be aimed at incorporating stability and
noise parameters directly in the design procedure, evaluating various
active-matching networks, snd developing computer-optimized design pro-
cecures,
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ELECTRICALLY SMALL ANTENNAS WITH LOADING
MATERIALS AND WITH ACTIVE ELEMENTS

Joln A. M. Lyon and Ralph E. Hiatt
The Nadiation Laboratory
Department of Electrical and Computer Engineeriag
The University of Michigan

Abstract, This vaper reviews woxk done at the University of Michigan on elecirically
small anternas. Ferrite and dielectric lvadings of rectangular slot radiators are dis-
cuesed. Results on the loading of spirals are also given. Electronic tuning of mono- -
poles und folded monopoles over a ground plane utilizing active devices is also presented.

1. Introducticu

This paper constitutes a survey of work done over several years. Initially die-
lectrics aud ferrites were used as loading for slots, helices and spirals. The improve-
ments and limitations ohtzined wiih loading were cbserved. Later, studies were made
on equivalent circuits and models for monecpole and folded monopole antennas. Elec-
tronic tuning was used with these ant~unas te permit operation at reduced size for a
given frequency. '

Any reduced size antenna suifers from the basie limitations.{1) and {2). How-
ever, some loaded antennas provide a tolerable comproinise between size, bandwicih,
efficiency requirements and radiation patterns, ILocaded slot antennas are discussed
follewzd by 4 discussioa of spiral antennas and then by electrically tuned folded mono-
poles,

II. Loaded Slot Antennas
Slot :;ntennas have been used to meet a variety of applications where fiush mount-

ing is required. The slot antennas we have studied were backed by a cavity and our ob-
jective was to reruce the size of the cavity Ly dielectric or ferrite loading. Any such

~ reduction is, of course, aceompanied by decreased bandwidth and/or cfficiency. Fer

several applicatinns, hoi.gver, the size reduction advantages appear to ow.weigh the
cost, '

In an early »tudy (3) a deiailed analysis was made of the »perture admittance of
rectangular cavity anieanas taking into account material loading and the effect of Ligher
order modes. The geometry involved is shown in Fig. 1. Aperture admittance ama
was calculated; this provided the information to caleylate bandwidth, efficiency and
resonant frequency. Using the simplified equivalent circuit of Fig. 2, it -7as found that
the handwidth of the loaded slots could be calculated with an accuracy thac agreed with
experimental results within 20 percent. The equivalent circuit models a ferrite loaded
cavity backed by a short circuit, ied by a coaxial probe and radiating through the open
aperture. The suhseripts of Fig, 2, pand A, refer to the probe and the aperture. The
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- The thermograph is similar to a sensitive radio astronomy receiver; it can detect

efficiency wus valeulated using ohw busie variational data. Predictions of efficiency
based on calculations agreud within 10 wercent with measured results.

1t is interesting to compare the resuilts of diclectric filled slots and ferrite filled
siots. In our work on ferrite filled slots, material loading having a magnetic Q of
approximately 45 has been esed”. Many workers in the field bave made use of dielec~
tric filled slois where the dielectric has an electric @ of 200 or more. In either case,
the materizl loading {ruds to reduce the size of the slot #utenna. We found, however,
that for o respectable cfficiency, the magnetic Q of the ferrite can be considerably -
jower than the electric Q of the dielectric. This eorresponds to saying that there is a
much better impedance match at the aperture of the ferrite filled slct entenna than there is
at the aperture of the dieleetric filled slot anterna, The efficient radiaticn of energy from 2
dielectric filled slot antenna requires a relatively high slectric Q.

A number of rectangular eavity slot aatennas have been constructed anc expari-
mental data have been obtained with ferrite powder, solid ferrite and solid dielectrie
material. Scme typical results are given in Table L.

- TABLE {
PERFORMANCE COMPARISON OF RECTANGUER
CAVITY SLOT ANTENNAS
Loadinz ;‘—.if Ferrile Powder TFerrite Seiié Disiectirie
Size (inches) 306y 7;by 10 12by3by4 Sby2lby z-;: 12 by 3 by 5
Volume {cubic inches) 2250 144 15 - 180
Bandwidth ‘
at VSWR = 3 22 MHz 19 MHz 10 MHz
at V8WR = 6 50 MH:z 34 MHz 18 MH=
Efficiency 90 percont 65 percent 3D gercent 85 percent
Directivity 5.8db 5db , 5db - 5gb
Wright (pounds) 25% :s% 3.6 145
4 Frojuency {HMz) 300 1320 . 352 - 318

Slots loaded with dielectric material are now being used in a novel and important
application {4); in the March 1976 iscuc of Microwaves there is a report on the success-
ful use of such slots with a microwave thermograph to detect and locate hot spote below
Luman body skin., The bot spols are indicative of the possible presence of cancer cells.

* We have defined magnetic Q as u'/4" and electric Q as e'/e".
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% ¥ - signals with a sensitivity of 0.1°K. The tests have been made at S band (3.3 OHz)
h\ using X band waveguide slots (V. 4x0.5") loaded with a dieleciric. The antennas used
’ are almost identical to those used by Lyon and Ibrahim (5) in their study of miniaturized

slot elements ic un array.

"It was interesting to note that for some of the lerrite used the relative permeabil-
ity decreascd with increasing frequency. (Sce Fig. 3.) This offers the possibilily of
achieving more bandwidth thar expected of maicrials with constant permeability.

LEL R
o e e

II. Loaded Helical and Spiral Antennas

¥

" ' . v 5
,‘g,“, [E S TS B
e -~

g}‘ d - We studied the loading of helices, lug conical spirals, A:chixhedean spirals and
A ! ‘ equiangular spirals. A major part of this work was experimental.. We were concerned
L : entirely with uperation in the 1 A or endfire mode. For cylindrica] helices we found

v
e ol
.

that ferrite lcading reduced the efficiency by a factor of 1/2. However, the nceessary
o l diameter for endfire was also reduced by about the same factor. We were never able
Y

1|..;:‘;\J

to reduce the radii of any helical antenna by a multiplicative factor smaller than 1/2 zo
watter how high we went with u' or ¢’

. ; In one experimental study of log conical spiral antennas two log coniczl spiral

o antennas were desigued for the same frequency coverag:. Befilar feeds were used.

One of these was unloaded. - The second loaded with ferrit: had a diameter at the basc

one-half of that of the air-filled one. The axial height ‘of the loaded one was about half

5 that of the unioaded or air-filled one. Tie loaded one had nine wuras wheveas tiv

\ ’ unloaded one had five turns. The small antenna enntained powdered ferrite which was

1 inserted within the conical structure. The powdered ferrite material was retained by

§ puning athin sheot of polyethvlene plastic over the smuller log conical spiral. The fer-.

1 ' rite powder completely filled all space inside the spiruled conducting elements, Ferrite
extends just outside of the conducting elemeats since the supporticg structure extends
apprcximately 1/8" beyond the metal conducting elements. This ferrite-loaded anienna
operated with YSWR characteristics as shown in Fig. 4 which also shows the VSWR for
the same anienna without loadmg

) The efficiency of the laxger log ccaical antenna without ferrite was compared
Y - with that of the smal! ferrite-filled log conical antenna. The smail fervite-filled log

! conizal antennz had an efficiency of 23 percent at 40J Me 2ompared to an efficiency of
92 percent for the large log conical antenna at the same fregyuency. “This decrease in
efficiency is accompanicd by a decreasc inlineal antenna dimensions of approximately
a factor cf two and a volume decrease of about a factor of 7. This means that a much

feovep N
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: ) ".;; swmaller avtenna of the log ccaical type can be made at the sacrifice of aprroximately

o G X 6 db in efficiency. The radiation paiterns show that ctherwise the operating perfor-
-‘zg' "E: mance is as good as that of the corres pondmg alr—fxll ad log eoxucal anienna.
& ; N j The VSWR of 2 cavxty—backed bmlar equmngular spiral was mcasured both w1th
i", ry E and witl.out ferrite loading, The feed was of the "infinite balun" type. The VSWR for
o various conditions is sh. o in Fig. 5. The cavity was fully loaded with the ferrite
Koi - powder. A thin layer of fei:ile powder was also placed on top of the spiral. The fully




L2

loaded cuse produced a reduction of the lower cutoff freguency by a factor of approxi-
mately 2. The introduction of the ferrite powder introduced a narrowbanding elfcet due
to the fact that the mugnetic Q becomes small above 700 MHz, 1t is expected that with
the development of wideband, high ¢ fervites, moderate widebanding of the spiral
antenna could be achieved. With presently available materials, 2 2 to 1 size reduction
is possible, Withsuch a reduction good axial radiation patterns have beer maintained.

o —————= oo i vt o o 3 otk B s i
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Faet IV. Voltage Tunable Antepnas

i ‘ The tunable feature when upplied to a small antenna will, in many cases, provide
+ an adequate substitute for u broadband antenna. The frequency {iltering of a narrow

band but tunable antenna can reduce noise and in this way frequency filtering may be .
made o coupensate for the loss of spatial filtering; elecirically small antennas are, of
necessity, .wt highly directive, Studies were made of the impedance characteristics
offersd by eleciric monopoles as well as folded monopoles over a wide frequency range.
Impedance information gaircd was then used te synthesize an adeguate cireuit model of
a particular sntenma. The circeit model is then used in conjunction with a voltage ecoa-
trolled luning unit in order to mect o preseribed frequency handwidth. It is possible to
£2 voltage tuning by active elements on a small antenna for some frequencies without
any substantial degradation of the signal-to-unise ratic. :

N
——

oy

i
!
!
!

e ‘The small anlennas studied herein were simple or folded electric monopoles.
Calculations and measurements of impedances were made. The impedance charccter-
istics wore helpiul i sclecling an adequate cireuit model, Some of 1ns untcanas became
capacitive us the freguoney applied was made lower. whereas others became inductive
as the frequency became lower. Equivalent circuits for short antenzas may at imes be

kr— b

‘1
L
§ »
Ly , P
* § useful in considering technigues that may improve the performnacs At ary one {reguen s
* ] cy, the equivalent eircuit for a short anienna can be represeuied by resistance and z !
T either capacitance or inductance. U one wishes such a simple eguivaleat circuit over a H
T band of frequencies, both parameters would have to be properly frequency dependent. c A
It is possible to devise an equivalent circuit using only frequency indepeudent circut t ;
1 i: . elementis if more elements are used. Fig. 6 shows the aeasured impedance of a foided P
1 A ‘ : monopole over a lurge ground plane., Below 100 Milz, it is seen that the irupedance is E
' }L i largely inductive. ' i
¥ % - A:‘ ) ; ; ; ¥
‘?-‘ K ~ An electronic funing unit as shown In Fig. 7 was assembled and used to tuae a ; a
Plat folded monopole, Fig. 8 shows the results of tuning thir {oided dipole. Also a folded i
4})&‘ gg monopole was used for dual frequerncy use; this haC separate caanaels at each end. ' 3
‘t’-"-z‘; . - . . . EV
:’: ‘:t. V. Conclusions { i
. i ":{.&% ~ Physically small antennas can be designed for successful overation. In generai - i
é §. o * loading restricts the bdndwidth although spirals and simnlar types continue to be reasan - ,
,,5{’ ) : : ably broadbanded. Active element anteanas have been developed which ar- essentlally ; i
R ; narrow handed. Eowever, since these are tunable they are adaptakls i wideband usage, !
ﬁ?" : % The filter characteristic of such antennas is also useful from noise con. ulerations. f
N : ) . . .
Ve ' !
Tt
Y ‘3;} e
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SHORT, ACTIVE, HIGH-FREQUENCY ANTENNA
AS AN E-FIELD PROBE*

,
o cemamre st e i v e s i 1 n

“Edwin F. Lalne
Lawrnnce Livermore Laboratory, University of California
Livermore, California 94550

e g
LI U PR R WIS

ABSTRACT

; The Lawrence’ Livermore Laboratory has developed a short, active, high-

’ frequency antenna for use in subsurface geophysical exploration. The
antenna, which uses dual-gate metallic-oxide field-effect transistors

} (MOSFETs), is used essentially as an E-field probe. Using sophisticated

J data-analysis techniques, information provided by the antenna system can be

& used to examine the characteristics of subsurface deological media.

VS,

Mt iy

SUMMARY

Asn

The short, act1ve antenna descr1bed here was des1gned for use in underground
geophys1cal 1nvestlgat1ons. The antenna system is used to measure the

pover received from an adjoining hole transmitting a high-freqﬁency
éontinuous—wave or swept-frequency signal'trdnsmitted through the earth.

v - By i 2asuring the receiVed‘power gnd its’re]ative phase shift (using the
transmitted power as the reference), the concuctivity and relative dielectric
of the earth in a path between the two holes can be calculated. Sophisticated
;i data-analysis methods, adoptea ffom the medical profeSsion, can then be used
L _ to reconstruct the characteristics of the media between the two holes.

.- [TV Ry A‘..'-.Auf......h..

73

lr&ﬂ‘ : The rece1v1ng antenna is e1ectr1cally short (0.25 m) for the highest
' frequency used (typically 0.5 to 50 MHz) therefore, radiation resistance )
1is very low and the short antenna Tooks capac1t1ve (i.e., its capacitive ?

S

“&..3‘-:" -:.'.: ..

%';.- reactance is very high). To obtain the almost open circuit voltage of the
."\"Wv ’ .
PRy
L < .
- "4; *This work was prrformed under the auspices of the U.S Enerq" Research and ﬁ
2 -Development Administration under contract #W-7506-Eng- -2 .
"
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antenna, it is necessary to have a low-capacity input amplifier that

exhibits a very high reactive impedance for the highest frequency used.

This is accampéishedkhg using dual-gate metaliic-oxide field-effect transistors
(MOSFETs). A schematic diayram of the antemna system is shown in Fig. 1. The
newar dual-gate models have a very low reverse-transfer capacity (0.05 pF)

and a Yow gate-to-source capacity (3.0 pF). The transistor selected (3N200)
has back-to-back diodes to protect the gates from damage. The antenna is a

N ———_ o —_———

Yy —

é 3 25-cm-long wire-probe capacity coupled to gate 1 of §1, which is an impedance i
: : converter, or source follower. Feedhack from the source to gate 1 bootstraps T
?34 ! the input impedance to a high level by reducing the input capacity. Q2 is a . 1
conventional, moderate-gain, wide-band amplifier. It is followed by amplifiers Lo
Q3 and Q4 interconnected to form a Darlington pair to drive a 50-2 output i '
cable. The dc operating voltage is fed down the output signal cable. The ; g
radio-frequency choke, L1 and €10, form a filter to eliminate Signa¥ feedback i ,
into the sugplg voltage at the amplifier. The signal and dc voltage are : )
similarly Jecoupled and separated at the other end of the cable. ,é
i
Active circuitry is constructed on a p}énted circuit beard and housed in a E
water-tight brass casing. The wire antenna is housed in a tubular nylon j
container along with a small tﬁp?¥badiug disc of cayéer (Fig. 2). A lifting
handle is provided so a:éaérsn messenger cable can be used to reliave strain
on the signal cable when the antenna is used in deep holes. The entire ;
‘- 22-in.-long u.it was made a uniform diameter (2 in.) to prevent snagging K
;_' along rough sides of uncased drill holes. It was also made heavy enough ‘
3 E to sink easily in water-filled holes. The coaxial connecting cable is .
gf : threaded ihraugh randomly spaced ferrite beads for the first 50 ft. to
F e suppress shield currents,
, iff.'?ﬁ Each antenna probe is calibrated in a parallel-plate transmission line
%{‘5{ using a network analyzer. One channel records paral}éi-piate' voltage versus
§;§F' 4% frequency while the other channel does the same for antenna output. Typical i
R’i :;f‘ probe-calibration curves are shown in Figs. 3 and 4. s
En_}fﬁ% o
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| Tais first model is an engineering protutype model. Newer more simplified
i models are currently being tested. The active circuitry has less compunents
{ and the frequency response has been extended to 50 Miz.

In a11 these models the noise levels of the antenna circuitry are only a
: few db  above the noise level of the test instruments; Network Analyzer
i (<90 dbm) or -1G0 dbm‘for a Spectrum Analyzer with a 1 KHz bandwidth.
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#XCERPTS FROM THE DISCUSSIUNS

The following excerpts from the tecnnical discussions conducied during the
Workshop are based on tape recordings. For coherency, they have been ordered
according to subjects, rather than in the sequence in whicn the discussions
took place. When possible, contributors ara identified. The editors apologize
for any omissions or incorrect quotations. Comments by the editors which are
not excerpts of the discussions are marked by (E).
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VEHICULAR ANTENNAS FOR HF SKY-WAVE TRANSMISSION

cnd

] 3 HF sky-wave transmission is of potential importance for ground-to-air
i : communication with relicopters flying ¢t very low altitudes (nap-of-the-earth .
T flights), and for ground to-ground commumication in mountainous terrain (E).

fyeyy

§ A- frequency Land ahout 2 MHz w1de is usu;]ly available for HF sky-wave

; ; communication within the 2 to 8 MHz range. The location of this "window"

: depends on the jonospheric conditions, and in general, can be predicted rather
t reliubly from jonospheric observations (Bruae).

. e

i -

' SUJest1or1 (Lane) Nh1ch antenna con‘1gurat1on for veh1cu1ar applications
: should be selected to prov1de efficient hlgn angle sky-wave radiation?

a0y

CommentP"'

o e w0

Tranline antenna, was recommended (Brune). (This antenna is described
in the papers by Brunner and Gruber, p. '29, and by Medgyesi-Mitschang

and Brune, p. 135, These papers had not yet been presented when the
questicn was raised. )

P .

;  — vert1ca1 sung]e-turn loop_antenna for Jeeps is presently under develop-

L © ment &t ECOM. " This so-called roll-bar antennc consists of a rigid metal

: rod, having the shape of an inverted U, which extends from the rear

- bumper over the top of the jeep to the front bumper, where the feed point
of the antenna is located. " The loop is clcsed underneath the jeep by the
outar conductor 'of a coaxial cable, which connects the feed point of the
‘antenna with the transceiver set located in the rear of the jeep. The

_ coaxial cable section provides an impedance transformatlon, which facili-

. _ " tates the matching of the antenna to the ‘transceiver, The roll-bar anten-

: na nas shown a substantial improvement in sky-wave transmission over that

* provided by a standard 15' Army whip antenna. This improvement was ob-

_ tained even though this new antenna could not be comp]ete]y matched to the
GRC-106 Rad1o Set used in the experlments (Czerwinski).

e nlted P s, el antin o =in it st
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| -————For heTicopter annliéations, a vertical loop antenna, the éo-ca11ed l'i
y
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-—-——Pa’terson antennas (whlch are vertical 1oop antennas) prov1de -yood sky-
wave communication, but because of their size are more suitable for base
stations than for veh1cu1ar appiications. Thesc antennas are described in
detail in the Augusti 1967 issue of Electr~‘i¢s (comment by Belrose). The
effectiveness of a PatterSOn antenna in yielding reliable high anyle sky-
wave transmission has also been observed at Georgia Tuch, viheve an antenna
of this type provided consistently better communication over a 22 km
vground dustance than a resonated monopole antenna (Jenk1na)
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——~Measurements with horizontal loop HF antennas installed on the roofs of
cars have shown that the performance of such antennas is superior to that
of commercially-available center-loaded whips (see for example, W. S.
Bridges, ¢sT, July 1968) {Belrose). Since horizontal loops do not radiate
in the vertical direction, the imnroved performance is probably due to low
internal antenna losses (high Q) (E).
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INTERACTION OF ANTENNAS WITH THEIR PLATFORMS

! Army antennas are usually operated under conditions where their electri-

: cal properties {current distribution, impadance characteristic, radiation
pattern, and efficiency) are strongly affected by their platform enviroaments,
: : i.e., the structures on which the antennas are mounted, such as tanks, heli-

: copters, and shelters. The presently used center-fed VHF whip antenna
AS-1729/VRC was designed to have minimum interaction with its platform. With’
the trend toward smaller and smaller antennas, the decoupling of antennas from
their platforms is no longer feasible. Small antennas have strong near fields,
and when the near field region is close to the platform, interaction with the
antenna increases accordingly. In the limiting case, the antenna decengrales
to & coupling eiement between the transceiver and the platform which furnctions
as the actual antenna., The conditions then become similar to those described
in the paper by lkrath, p. 159 (E).

numerical study of the interactioun between antenna and platform has to rely,
to a large exient, on computer moceling. A number of comments concerned
computer modeling codes and their underlying analytic approaches (E).

o sl sl ptill M%*:.%

The wire grid model 11lows efficient handlinn of structures which can be
modeled by up to ~ 250 elements, assuming the storage capacity of modern com-
ruters, If symmeiry relations can be utilized, the upper bound on the number
of elements can be increased correspondingly. The number of 250 elaments is
not a limit in principle, but rather a prectical limit., If more elements .
are required, data storage discs or tapes may be employed. . However, the
transter into and out of discs or tapes is time consuming, i.e., expensive,
and in addition, may lead to errors {Miitra, Hansen, Medgyesi-Mitschang).

; 1 Due to the structural complexity of t,pical Army platforms, any analvtic-
¥

Jﬁlf;: In applying the method of moments, the cell size shc&iq oe chosen to %
o provide at least 5 to 6 elements per wavelength. Empirically, this appears to i
.f“ < be the absolute minimum to obtain acceptable accuracy wen conventional basis i

functions are used. Special technigues allow a reductica in the number of
elements in certain cases. Also, the use of variable cell size (i.e., adjust-
;:jg ing the cell size over a given structure in accordance with local accuracy |
X . requirements) would be acceptable and would presumably make the program less ‘¥
expensive {0 run; but a program based on non-uniform cell size is more diffi- : gk

cult to write {Mittra).

'In general, a wire grid structure of 250 elements will not be sufficient
to model Army platforms such as tanks or helicooters with acceptable accuracy.
A problem with wirs grid models is that--if the loop size is not small compared
to the wavelength--the model tends to predetermine the direction of the current
_ .. distritution. Moreover, the loops may produce fictitious resonances, Far
field data, as for example scatter characteristics of helicopters or radiation
patterns of tank antennas, may be 3b%§;§ed with acceptable accuracy. But the




computation of quantities stroagly influenced by the near field, such as the
input impedance or current c¢istribution of antennas in c(lose proximity to a
structurally complex metal body, must be treated with a great deal of caution
{(Mittra, Hansen, Goubau, Schwcring; see also paper by Wang, p. 147).

Obviausly, véry oood results can be expected in the case of structures
which are composed of linear cenductors such as whips, loops, wire grid
counterpoises, etc. (E).

For modeling structures with extended conducting surfaces, the patch
model approach should be considered. This technique requires the same input;
should be more accurate; is just as easy to apply, and at least as efficient
as the wire grid model. At present, general compucer codes for patch modeling
are not available. Development of such codes was recommended (Harrington).
Codes for wire grid modeling, on the other hand, are already in existence and
have been widely tested and used, Examples includ= the MRA prcgram, the coces
developed at Ohio State and Syracuse Universities, the Lawrence Livermore
programs, and othars (E). ' ' '

A patch model approach has in effect veen used i the numerical method
~developed by Harrington for computing the fields of bodies of revolution.

This method uses a Fourier expansion for tihe azimuthal field distribution and
thus reduces the computationa: problem by one dimension. Tne method should
give very accurate results at reasonable cost (Mittra). In the study described
in the paper by Medgyesi-Mitschang and Brune, p. 135, this method has been
employed to medel helicopters. It was pointed out that, in addition to numeri-
‘cal efficiency, the method facilitates determination of ground effects (re-
flection coefficient method) and their dependence on flight altitude, since
certain integrals can be evaluated in closed form. For details, see the

~ paper cited above (Medgyesi-Mitschang).

INTERACTION OF HUMAN BODY WLTH MANPACK ANTENNAS

In the two theoretical papers which-apply. to this subject, Newman p. 165
_and Chen & Nyquist, p. 171, the human body is modeled by dielectric and
moderately conducting bodies.. In both papers, the interaction is formulated
in terms of volume currents in the body. The question was raised (Mittra)
whether formulation in terms of electric and magnetic surface currents had
been considered (assuming homogeneous electrical properties within the body).
Newman commented that in their study both approaches had been considered. In
the volume current approach, the number of unknowns is roughly Lroportional
to the volume of the body; whereas in the surface current approach, the rum-

- ber of unknowns is proportional to the surface of the body. Thus for bodies
with linear dimensions on the order of a wavelength, the volume current ap-

“proach requires many more unknowns than the surface current approach. However,
both-approaches lead to matrix sizes which cannot be handled efficiently. At
Jarger -wavelengths, the volume current approach becomes more competitive. For
bodies with dimensions on the order of a quarter wavelength or less, i.e.,

“ body sizes which can be treated accurately within the practical limit of 250
unknowns, the volume current approach requires about as many, or less, unknowns

~ than the surface current approach and yields as good, or better, results.

The following comments based on éxperiﬁenta]-studies on body effects
were contributed: o ‘
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—-—-—ﬁzcvowave irradiation experiments on rats under semi-far field conditions
have indicated that the bone structure in biological budies has a ten-
dency to focus radiation and thus magnify the effects of irradiation. It
appears zxtremely complicated to model biological structures with accept-
able accuracy, and very difficult to draw conclusions. Even hazard levels
appear to be rather arbitrary. Studies in cooperation with biologists
to determine what constitutes a hazard by EM radiation are under way
(contributor unidentified).

[ ———
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~——£fxperiments with manpack sets indicate that the spinal column is a rather -
good conductor of electricity and does much to enhance or subtract from
radiation, depending on excitation. Development of a rodel of the human
oody, more detailed than the currently used homogeneous model appears A
desirable. Under the conditions considered, for example, in the paper
by Chen & Nyquist, ~12% of the power radiated by a manpack antenna would
be absorbed by the operator’s body. Experiments 1n§1cate that the actual
percentage is higher (contributor unidentified).

GROUND -EFFECTS

~ The electrical properties of antennas which are in close proximity to the

ground are very difficult to compute. Available computer codes which take
ground effects into account, usually by employing the reflection coefficient
method, yield good approximations for the far field, but fail for near field
calculations, in particular, they are unreliable for ca!culatxng the input
impedance of the antenna, which requires application of the rigorous Sommerfeld
theory. This theory, however, involves sTowly converging zntegrais and is
cmpstat onally inefficient (E).

The question was asked (Schwering) whether there is a technique available
which combines both accuracy and computational efficiency inthe modeling of near-
field ground effects. Apparently no such technique isavailable atthe present time
(Mittra). According to the latest information, work in this area is under
way at lLawrence Livermore Laboratories. LLL has found that in the case of a
vertical electric dipole and a ground of large refractive index, the Norton
formulas yield remarkably accurate results for the elecrric field strength,
even for distances from the antenna substanita.ly smaller than one waveiength,
which in theory is the limit of the range of vaizdzty of Norton's approxima-

" “tion (Hansen, Medgyes‘-Mitschang).

R R e W i, s i s . A i, N,

~ An example of the Lampvtataanai d?fficulties encountered in assessing
ground effects accurately was discussed in connection with the paper by Lane,
p. 81, The antenna considered was a ground-based vertical antenna, with a
ground stake or a single wire counterpoise. In this case. a 1aharinus semi-
empirical method utilizing several approaches and invelving curve-fitting was
developed which gave good results in the MF and HF ranges. A compuier prugram
using tue reflection coefficient method turned out to be very inaccurate {Lane).

Jrr—
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An interesting experimental study on directional éffects produced by small
counterpoises consisting of a few short radial-wires was reported by Belrose.
The system studied used a 110" high center-lnaded whip antenna radiating above
sandy soil at 3.8 MHz; a ceuaterpe1se of a few ?ymaetrzcally arranged radial
wires A/4 1n length was used.
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For counterpoises of three or more radials, 1ittle directivity was ob-
served in the horizontal plane. When the number of radial wires was reduced
to two, the field strength in the plane normal to these radials was marginally
stronger (by 1.5 to 2 dB) than in the plane containing these radials., When
only one radial was used, its orientation relative to the direction of inci-
dence had a significant effect on the received signal strength, When the
radial was oriented towards the direction of incidence, the signal strength
was found to be 10 dB higher than when the radial was directed away from it,
g Similar directivity effects should be expected for vehicular antennas placed
! . on one of the "corners" of the body of the vehicie. The study was conducted
' experimentally; a theoretical confirmation was not attempted (Belrose),

P SO B

PR,

SR e e gy

S

; 1t appears that the theory of grourd screens consis-ing of a few short
R wires 1s not well developed Lgasen)

BANDWIDTH OF SMALL ANTENNAS

4& .
Antennas used for Army tactical communications are usually of simple
configuration, typlca11y whips or loops. If these antennas are electrically
~small and operated in impedance match, as required to obtain high efficiency
in the transmitting case, they are 1nherent1y narrow band devices. They may
be  tuneable over a wide frequency band, but their "instantaneous" bandwidth is
small. However, there are Army app11cat1ons where large instantaneous band-
widths are required, Examples are spread spectrum techniques and fast fre-
quency hopping (FFH). The broad bandw1dth requirement in these cases holds
~ for both transnlss1on and receptlon (E)

; IRPPERE-1 e
. 3 .
) e

Broad 1nstantaneous bandw1oth and ‘small antenna size are conflicting
requirements. The use of active antennas may provide a solution te thic
problem, as demonstrated for HF receiving antennas by the paper< presented at
this conference. Active transmitting anteanas of rather small size and large
: bandw1dth (but rather low power and efficiency) have been described by Mclean.
4 et. al.Ts8 The study of ‘active antennas is tﬁus of significant interest for
-~ Army tact1ca1 communications. 1n the case of transmitting: antennas, the

suppression of harmonics will be a problem; however, at the comparatively low
nower levels of typical tectical radio communication equlpment (1-50 4), this
1 ) protlom is not uke]y to be critical (E)

-~
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.
LSy

The quest1on wa.. asked (Goubau) whetherther= is proof of the generally-
accepted assumption thiat the bandwidth of a small antenna is determined by

?§Q§Eﬁ~f-'_*i -+
ch o - -
M) . é
]
>

f,:_e:ﬂl the ratio of’stored energy'and radiated p]us-internalfloss power (antenna Q).
4 K ‘qg" . .

F™ 2

it % : “Instead of requiring broad band antennas one may, of course, alse
TREE: - .. consider fast (i.e., electronic) tuning methods. for FFH.

., .‘_\ .&" .

4&;-‘ | o 1, S M. Maclean and P. A. Ramsdale, “Short.active aerials for

e N transmission," Internat1ona1 Journal Electronicec, voi. 34, no. 2,

. e .}; pp. 261-269, 1974,

h‘e-,.e@ : 57,5, M. Maclean and G. Morris, "Short range active transmitting

A AR : antenna with very large height reduction," IEEC TPaﬂQdCtTOHS Antennas
R e .& Propagation, voi. AP-23, pp. 286- ?87 March 1975.
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This assumption is certainly correct if the antenna behaves as an ordinary
LC circuit, as for example in the case of a small whip or loop. However, is
it 31so correct when the antenna consists of a system of closely-couplad
cmallor radiating elements? The multi-element monopole antennas described in
the paper by Goubau, p. 63, have a bandwidth wnich is a multiple of that of

a sincle monopoie of the same overall dimensions.

The question, in effect, remained unanswered. A pessible approach was
poirted out by Tai, who suggested that a study of the location of the poles
and zeros of the impedance function of radiating systems is likely to provide .
useful informazion on the bandwidth problem. Fano in his papers on circuit
theory*gives a good definition of bandwidin from the impadance point of view.
His method cou!d possibly be exiended o the theory of broad band antemnas,
when more is known about the poles and zeros of their impedance function.

ACTIVYE RECEIVING ANTENNAS

Responding to a request by the discussion moderator {(Mittra), Lindenmeier
‘discussed in some detail the difference in matching conditions for small
passive and active antennas. In particular, he explainea the relationship
between the signal-to-noise bardwidth of a receiving system (i.e., frequency
band in which S/N varies within a factor of 2), and the external noise level.
He showed that an optimum antenra height {see Meinke,p. 35) can also be
defined for bruau-band antennas. Any larger antenna would increase the S/N
ratio at the most by 3 dB. Due to the high external noise temperature in the
HF and lower frequency bands, active antennas which combine small size and
extremely large bandwidth can be designed. In Lindenmeier's words, "Active
receiving antennas 1ive on the high external noise temperature.” Since it
is not possibie to summarize Linéenmgier‘s theory in a few sentences, reference
is made to the pertinen: literature.™»ts8 :

The optimum size ¢f an active receiving anzenna as defined by Meinke and
Lindenmeier depends on the external noise temperature anc. the noise tempera-
ture of the active devices used in the preamplifier. Several comuents centered
around these two noise quantities:

¥ S ,
K. M. Fano, "Theosretical limitations on the broadband matching of
arbitrary impedances," R.L.E. Technical Report No. 41, January 2, 1948,

*k i S .
H. Lindenmeier, "Oplimum bandwidth of gignal-to-noise ratio of receiving
systems with small artennas," Archiv fur Elektronik und Ubertragungs-
technik, pp. 358-367, Seplember 1976. -

fﬂ‘ K. Lindenmeizr, "Relation between minimum antenna height and bandwidth

. of the signal-to-noise ratio in a receiving system,” Presented &t the

1976 International IEEE/AP-S Symposium & USNC/URST Meeting, Oct. 10-15,
1876, Awherst, Mass.; published in Symposium Digest.

§H. K. Lindenmeier, "Design of electrically small broadband receiving
antennas under con~ideration of nonlinear distortions in amplifier
elements,” Presented at the 1976 International IEEE/AP-S Symposium «
USNC/URSI Meeting, Oct. 10-15, 1976, Amherst, Mass,; published in
 Symposium Digesteo: o0 ' 7
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Tne rangé over which the external noise level varies is very wide. The
CCIR curves commonly used to indicate. upper and lower limits may not be
applicable in all situations (Bedard).

Thé CCIR curves have been found to give good predictions in open terrain
(in southern Germany). On the other hand, cities have an incredibly high
noise level; Munich was cited as an example (Meinrke).

——HModern low noise transistors seem to have :-eached a fairly uniform ncise
temperature; all of these transistors are in practically the same class.
Future developments, of course, may result ir improvements which would
allow further reduction in the optimum height of active receiving antennas.
But it is felt thut the h__. defined today is already a basic quantity
(Meinke). S _ o

——LConling cf the preamplifier would be an effective way to achieve a low
electronic noisc tempe-ature, and thus reduce the optimum entenna size.
The system ncise temperature, of course, would be above the preamplifier:
noise temperaiure. Whethar cooling is a reasonable approach from an
engineering point of view is debatable, but substantial improvements cdn
t= achieved by this method {Bedard)., - S

Further Comments ” '

——-Bedard pointed out and Lindenmeier confirmed the paralielism of the two
active antenna methods described by Meinke-Lindenmeier, pp. 35 and 105,
and by Welker-Bedard, p. 183, respectively. The first method applies to
whip anteanzs and uses a high-impedance voltage amplifier; the second
method applies 2 loop antennas and empluys a low-impedance current ampli-
fier, Both methods make use of the bacic condition that the internal
(electronics) noisc of the active device should not exceed the exterral
noise received by the antenna. Both approachas result in verv broadband
antenna designs, but at large dynamic ranges have to cope with the prob-
Jem of nonlinearity. . The noise temperature in the case of the Meinke-
Lindenmeier antennas should be in the order of several hundred degrees
Kelvins- in the case of the Welker-Bedard antennas, in the order of several

- degrees Kelvin (due to cooling). Hence, whereas the Meinke-Lindenmeier
antennas can be used up to higher frequencies, the Welker-Bedard antennas
can be usad down to dc. ’ :

— The use of active antennas is likaly to allow the design of antenna arrays
with closer element spacing tha Lonsidered up tn now. The reason:
yeducgd ccupling between elemenic. Work conducted at Ohio State University
in this area looks encouraging, but has not been carried through suffi-
c1ent1y far to permit definite conclusions (Walter in vesponse to Bedard).

——The -advantages of using active rather than passive elements in arrays
may also be seen “rom the DF-array discussed in Lindenmeier's. paper,
p. 105. In addltign to a substantial reduction in ‘the height of the
E!ewent antennas - (in comparison tc a passive array of equivalent sensi-
_tiviwy), the mutual coupiing between elements is significantly smaller
- for two reasons: lower element heirht and the use of ‘active, i.e., 5

unmatched receiving networks (Lindenmeier)

———The S/N ratio ot receiving antennds may be improved by the use 2f direc- ¥

o tfnggrrays. Directivity in the case of electrically_small antennas
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implies the use of super-directive arrays. Theoretical work on such
arrays has been performed at Ohio State Universily., For example, ii has
been shown that circular arrays as small as 0.1X in diameter may yield
directivities up to 15 dB. The arrays considered consisied of passive
alements. The use of active elements should facilitate the design of
reseiving arrays by 1educing inter-eiement coupiing (Walter and Newman
in response to Lane). ‘

b —————
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ACTIVE TRANSMITTING ANTENNAS

No papers were presented on active antennas for transmissien. The topic

was only touched upon during the discussion sessions.,  According to Meinke,
) : not much can be gained by using active devices integrated with transmitiing .
bt i antennas, at least not such fundamental improvements as were achioved in the :
"y ! case of receiving antennas. Solution of the tuning problem becomes easier
Yo and a somehwat better efficiency may be obtained if only a few components (and
e no transmission lines) are preésent between the power amplifier and the antenna.
A But no dramatic improvements are expected., The suppression of harmonics wil?
£ : be a problem, ecpecially when the allowable {imits on harmonic radiation are

e set in (absoiute) field strength. The problem wiil be very difficult to solve
X for high power broadcast antennas, but for the moderate power commonly used
| 5 in Army tactical communications (1-50 W), the suppression of harmonics should
not pose a major problem (Meinke).

0*"’" ;
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TRANSCEIVER ANTLNNAS , :
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Transceivers for tactical radic communication require antennas for both .
transmission and recept.on, as opposed,. for example, to Jdirection-finding, ;
intercept, and navivation equipment, which operate with receiving antennas :
only. Since the electrical requivements for transmitting and receiving anten-
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4 nas are basically different--a fact very much in evidence in the cases of ;

L electrically small antenaas--the following guestion was raised:: Is it more !
advaniageous in the case of tactical transceivers 1o use two separate antennas ’
optimized for transmission and reception, or a single antenna, pessibly with

two different feed networks, to be switched with the mode of operation? Tac-
tical communication transceivers are usually operated in semi-dupler, i.e.,
they are alternately used for -transmission and reception {(at the same frequen-
Ty), but are not concurrently onerated in both modes (E).

.
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§i“fi» At the University of Munich, experiments were made with U. S. Army stand-

;5“‘f5 ard communication manpack sets and two separate (though by necessity closely-

« ."g spaced) antennas, i.e., a small active receiving antenna and a larger pussive
%, & transmitting antenna. Improvements were obtained <in comparison to conven-
s *jﬁ% tional (single) Army whip antennas. These improvements, however, were brought
i W ~about solely by the active receiving antenna; the tfansmftting antenna did not
‘” ;ij contributa noticeably to signal enhancerent (Meinkej.
- £ ii The question was asked (Mittra): (f a somewhat larger transmitting

F - antenna is needed anyway, why not use it for reception also? No harm would be

H

done by exceeding the optimum antenna height as defined by Meinke. "In the
ensuing discussion, the following obSE?vatfoﬁs,were contributed:

’
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——\n active antenna which is too efficient may cause intermodulation prob-
lems in the presence of strong transmitters (Gibson).

1

et e

In the case of & duplex or semi-duplex commmnication system employing
diversity reception, one transmitting antenna would be used at each sta-
tion with several receiving antennas. No advantage is to be gained by

tryin? to combine the transmitting with the receiving antennas (Linden-
meier), . .

1

——The use of separate antennas would help to decouple receivers from trans-
- mitters; in certain cases, it may just be more practical to use two
antennas (Lindenmeier). ‘

. Editors' Comment. The use of only one antenna for. transceivers has the advan-

i tage of structural simplicity. Furthermore, if this antenna is connected to

? a conventional variable-reactance tuning system designed to provide maximum

: efficiency in the transmit mode, then feeding the receiver through the same

: network (in the same tuning state) would not necessarily degrade the S/N ratio
in comparison to that obtained with an ective antenna, but might actually
slightly enhance it. We are considering here the VHF-FM band. The instantan-
eous bandwidth is, of course, narrow, particularly in the case uf an elec-

. ‘} trically swmall antenna. " But since a variable tuning network is needed in the
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first place--to cover the specified frequency band in the transmit mode--,
no advantage in principle is seen in using a separate antenna for reception,
“even if it is very small and has 1 very wide (instantaneous) bandwidth. Of
course, practical aspects, as for instance, the problems involved in realizing
an efficient passive variable tuning system operating over a large frequency
band or the possibility of improving the.S/N ratio of a given .receiver by ccn-
aecting it to an antenna with an integrated high wuality preamplifier, may
create conditions where the use of separate antennas would improve.the system
performance. In other words, for a given transceiver, it is entirely possible i
that the S/N ratio can be increased by the use of an active ancenna for recep- '
tion, as demonstrated by Meinke's experiments (see above).
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:{d DEFINITTONS AND STANDARDS FOR SMALL»ANTENNAS -7 {
. ‘; " The term "electrically srall antenna" commonly refers to a radiating !
T : © structure which can oe accommodated within a radian sphere, i.e., a sphere of .
AL 7 diameter A/M. a the case of monopole antennas, tne "image" is to be con- :
;Z.ﬁ:_ sidered as part of the antenna.. A more stringent definition requires linear :
LN dimensions smailer than A/10. S . ' i i
-':. .-\..: . o . . ) . .o ] o . - . i
;g":: Comment by Schroeder. If small antennas have a broad bandwidth, as for exam- S
SRS pte, the passive antenna described by Goubau, or the active antennas discussed ,
E»{‘L: iﬁ by Meinke and Lindenmeier, then the above definitions need clarification: 3 i
RN Should the condition tha% the linear dimensions bLe smaller than X/i or A/10, C
E & v be applied at the lowest frequency of the band, at the center frequency, or -
: A here? ' : : Vo
[} ‘.4',' W i
~ ; H
CaYy Schroeder furthermore suggested that an attempt be made to define active ! g
i@ antennas. The standard dictionary of the IEEE does not offer such a definition. .
EAf‘:T_g Mirinions 35 te the nced for, and approach 10, defining active antennas dif- :\i
[ JHI fered widely:
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———Hansen contended that the problem is no longer relevant. Every receiving
antenna is active, since it is xlways connected to an amplifier; and
with recent designs, it is very difficult to determine where the antenna
terminates and the receiver begins.

~———Gibson sungested that a performance standard for active receiving
antennas be agreed upon. This standard should consider the whole system,
including the receiver. For example, the S/N ratio of a given system
might be compared to the S/N ratio of a standard reference system to
provide an overall performance rating expressible in dB.

————Lottony: Related that a Standard on integrated antennas is already in
existence. It has been preparad by the IEEE receiver group.

———lote by editers: Any definition of active antennas would necessitate a
vredefinition of antenna performance parameters. The antenna panel of
The Technical Cooperation Program (TTCP), a working group set up by the
aefense departments of English-speaking nations, has been studying this
question and seeking guidance from both the IEEE and the IEE. A final
report has art yet been issued. , :

Gibson expanded his above remarks concerning a performance standard for active
receiving antenna systems. An example for a reference standard would be a
dipole antenna with a noise-free receiver operating under an assumed sky
temperature of 290°K. Using the S/N ratic as the basis for comparison, the
performance of any given antenna-receiver system could then be measured against
the S/N ratio achievable with the reference standard. The figure of merit
(performance in dB below standard) would involve all pertinent parameters,

such as efficiency, noise figure, directivity, sky temperature, stc.

In response to a gquestion by Walter regarding reference standards used by
systems engineers, Gibson explained that for satellite communication systems,
the 6/7 ratic is commonly used as performance parameter, i.e., the overal] gain
divided by the system temperature. However, for ground-based vehicular and
airboine antennas, a peryormance standard which refers to a sky temperature
of 20CV K, rather than 0°K, appears more suitable (Gibson).

The comment was made that in the lower HF range and below the external
noise temperature is so nigh that inconvenieatly large numbers would be ob-
tained with the above suggested standard. Instead, the use of the equivalent
noise field strength, which should be more convenient, was recommended. At
higher frequencies wnera the exterpral noise is low, it would be appropriate to
base the performancz standard on the noise figure, as suggested (Lindenmeier).
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I ' CONCLUSIONS AND RECOMMENDATIONS
|
{

The presentations and discussions of the Workshop clearly demonsirate
that the present state-of-the-art in electrically smali antennas i. not suf-
ficiently advanced to meet the requirements of Army tactical communications
systems. We are referring here, specifically, to the requirements of reason-

] able efficiency and-~in future systems--large instantaneous bandwidth. These
X ) requirements pose a difficult problem in the design of transmitting antennas,
i or more generally, the design of passive antennas for transceivers. The situ-
1
1
]

R

etion is different for antennas used solely for reception. For these antennas,
the 1mportant performance parameter is not the radiation efficiency, but the

: S/N ratio; and, due to recént advances in active antenna technigues, the

& : bandwidth prob]em can be regarded as solved,

The complexity nf the problem in the case of passive antennas, arises
from the fact that the rcquirements of large instantaneous bandw1dth and high
" . efficiency are in conflict with the constraint that the antenna system be small
‘ i - compared to a wavelength. However, small antennas mounted on helicopters,

. tanks, or shelters interact strongly with their platforms. The dimensions of
.? these platforms are on the order of a wavelength in the upper HF ard lower VHF ,
¥ bands, ‘.e., at about the center of the frequency range common]y used for :
f_' tactical communication. Therefore, the actual radiating = ystem, i.e., the
i combination of antenna and platform is not at all small in comparison with a
-~ / wavelength in these Army applications. There appears tn be no compelling
e reason why small antennas, or systems of small antennas, installed on plat- :
_ :“r } - forms with dimensions in the order of a wavelength could not have good effi- :
~ l . : ciency and large bandwidth, " The fact that there are no efficient wide band
. vehicular antennas in ex1stence should not be taken to mean that they are
S : 1nfea51ble
g 4 C o Although the problem of smali, efficient vehicuIar antennas is the most o

- urgent one at the present time, there are other problems involving small an- C

- tennas for which an entirely satisfactory solution has not as yet been found.

; ’ One of these prob]ems is the deve1opment of antennas (including their tuning .
' : systems) for manpack radios operating in the YHF-FM range from 30 to 90 MHz. X
ot ~~ Since these-antennas are used at the front lines, the reguirement for low '
4§ ! : visibility is extremely important; and, since the available power is small, :
j&h"-f their radiation efficiency must be high. The probiem is complicated by the
ik S v - faut that the radic operator is within the near field region of the antenna.

:}E;'E ~ -He may stand, walk, or lie prone on the ground, In all these situations, an
i 'iﬁ adequate transmission range is a necessity which imposes very demanding re-

[ . quirements, not so much on the antenna itself, but on the tuning sy-tem. Sub-
g;g“ﬂQ stantial progress has been made recently in the design of manpack antennas;
W but more work must be carried out to achieve a better underctanding of prox-
'l~;,=& “imity effects and--as far as possible--a reduction in their detrimental influ-
:.---wfﬁ : ence on antenna performance., The manpack antenna problem and various posslb1e
R W4 : * approaches to its solution were discussed in detail at a prev1ous HWorkshop

R held at ECOM in 1968.

I ¥y
W -}¥ v

<-zﬁ§ E Berman, Editor, Proceedings of Antenna Workshop,; U. S. Army E]ectron1c;

Mew fommand, Fort Monmouth, N. J., 13-15 February 1968 (AD 833046 L).
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;;.smy platforis {and the location of an antenna on such platforms) modify input

Another problem to be‘mentioned in this context is the reduction of ground
lusses of small ground-ba-ed tuctical HF antennas. $ince these antennas must
be transportable and esc='y installed, their ground systems cannot be bulky,

To meet the Army 5 requarements in the :rea of tactical communication
antennas in the neaw’future, intensified research efforts taking Jifferent
paths of approaeh #111 be necessary. A number of problems and approaches
which in the opifion of the editors merit special attention are listed be?oﬂ
together thh‘f few explanatory comments:

{?);fnteraction of an electrically small msnapa}e, or loop anteana,with
gi‘ a (metal} platform, having dimensions in the order of a wavelength

The question of the extent and general divection in which typical

impedance, radiation, and antenna efficiency should be systematically investi-
gated. The goal is to determine how platform effects can be utilized to im-
prove antenna performance, possibly over an extended range of frequencies.

(2) Interaction between severai small antennas founted on the same
platform, ;

Information should be derived on input impedance, radiation patterns,
and the efficiency of the total system, including antennas, platform, and the
network interconnecting the antennas. The objective of this study will pe
ontimization of system performance by the use of several strategically-placed
snall antennas and the systematic utilization of platform effects. The goal
will be to achieve reasonable efficiency and broad bandwidth, .n addition to
predictable, and in certain casis, steerable, patterns. An exploratory study
related to problems (1) and {2) is presently under consideration at ECOM,
where a spherical platform (or a hemisphere on a grouné plane) excited by
small antennas is analyzed. Such platforms allow a rigorous analytical treat-
ment yielding qualitative information on interaction effects between small
antennas and actual platforms, and an estimate of the urder of magnitude of
these effects. A siwmilar study involving larger antennas was recently reperted
in the ?tteratﬁre * ;

(3) Development of a computer msée?qng code based on the patch model .
approach.

¥y§ica] Army antenna pIatforms such as he]icogters, tanks, and
armored personnel carriers, are complicated in structure. Hence, theoretical
studies of platform effects, such as those suggested in (1) and (2), must, to
a large extent, rely on cemputer modeling. Available computer csdcs. based

*
F. M., Tesche and A. R. Neureuther, "The analysis of monopole antennas
Tocated on a spherical vehicle: Part I, Theory," IEEE Transactions on
Electromagnetic Esmpatzb1¥:ty, vol. E%C-Is pp. 2-8, February 1976,

F. M. Tesche, A. R. Neureuther, and R. E. Stovall, "“The analysis of mono-

ieie antennas located on a spherical vehicle: Part II, Numerical and

Experimental Results, IEEE Transactions on Eiectramagnetfc Compatibility,
~vol, [MC-18, pp. 8-15, February 1976. ‘
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-plus internal loss may require revision.

on the wire grid model, require substantially more elements for aumerically
accurcte modeling of Army platforms thai can oe handied economically with
most of today's computers. The patch model approach can be expected to pro-
vide improved accuracy at substantially reduced cost. Doveiopment of a versa-
tile code pased on this approach is desirable.

(4) Development of an economical experimental method Tor measuring
plitfarm effects on antennas and antenna systems by use of scale
mocels,

Such a method would offer not only an 2lternative to the conputer
modeling approach to problems (1) and (2), but is also needed to estahlish
a data base of controlled axperimental results, against which the accuracy cf
newly-developed computer codas can be checked.

(5) Investigation of'multi-wiement‘monopole antennas.

: The multi-element ‘antennas discussed in Goubau's paper have very
large banawidth and high efficiency, despite comparatively small size. How:
ever, if present experimental models wera scaled into the VHF range, they
would be too large for placement on Army vehicles. At present, there is 10
theory available to predict their performance if their electrical size were
reduced. A theory of multi-element antennas is therefore desirable. A
number of different antenna configurations based on the same principle shoild
be investigated. : :

(6) Fundamental study on the bandwidth of electrically small antennas.

: The commonly accepted notion that the bandwidth of electrically
small antennas is determined by the ratio of stored energy and radiated nower
There appears to be no proof of
this hypothesis except for the case of antennas of simple configuration (whips
ur loups), whose input impedance can be described by a simple LC circuit with
a single resonance. - In contrast, Goubau's antennas have several resonances
within the operating band.

(7)' Study of active transmitting antennas.

The state-of-the-art in the area of active receiving antennas is
- far advanced; but there is much too 1ittle information available on active
transmitting antennas to predict their potential for Army applications. The
subject was only very briefly touched upon during the discussion sessions,
and no papers on active transmitting antennas warc submitted for presentation.
Although it is unlikely that drestic improvements in antenna performance will
"be obtained, there is the possibility that the use of active monopoles and
loops for transmission will facilitate efficient broad-band excitation of
nlatforms, such as tanks and helicopters.
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8) Development of very fast electronic tuning and switching circuits
for small antennas.

The availability of such circuits would permit the use of fast fre-
quency hopping (FFH) techniques, without necessitating antennas with large
instantaneous bandwidth.

[FURp—— R N ST —

(9) Study of proximity effects on manpack antennas.

;

A better understinding is needed of the effects of interaction of .
manpack entennas with the human body, with manpack attachments, such as the
microphone cord, and with the ground. Exparimental evidence
indicates that the nonuniform distribution of conductivity and permittivity
throughouv the body significantly affects interaction. Taking these inhomo-
geneities into account may render numericail modeling inefficient, and an
experimental study appears to be the more prowisina approach at the present
time. With resard to the investigation of ground effects, see Item (10).
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(10) Development of an efficient numerical method for calculating ground
effects on near-earth antennas. ,

in many situctions, Army tactical communication antennas radiate in
close proximity to the earth's surface. ECurrently-available computer codes
for the study of such ~steanas use epproximations to take earth effects into
account. A consequence is that they become inaccurate when the antenna height
above grouni is decreased substantially below & guarter wavelength. {Couwputed
radiation patterns =ay still be acceptable, but quantities strongly influenced
by the antenna near field, such as the current distiribution and input imped-
ance, becowe unreliabie.) On the other hand, codes using the rigorous Sommer-
feld integrals arc usually numerically 3neff1€1ent. A numerical method which
combines high accuracy with numerical efficiency is needed for near-earth
anienna studies.

."".‘”'M.?“. S
el .

Note that small phase errors in the ground-reaction field strength may
result in substantial errors in the input resistance and radiation efficiency
of small antenras. (Since their input impedance is usualiy purely reactive,
even a small phase error can lead to 3 large ervor in input resistance.)
Hence, accuracy requirements may be str1ngent.

Specific applications 1nc¥ude the 1ﬁvestzgaiiaﬁ of earth effects on
- manpack antennas and the dezign of lightweight, transportable HF-whip antennas
and iheir ground systems, which may typically consist of a few short radial
wires, The effectiveness of a smat* counterpeise in reducing HF ground losses
can be inferred from a recent study™ on near-earth dipolo antennas, which
shows that the major portion of these losses accurs within a radia% distance

*C. M. DeSantis, 0. V. Cawpbell, and F. Schwering, "An array technique
for reducing ground losses in the HF-rarye,” IEEE Transactions Antennas C et
& Propagation, vol. AP-21, pp. 769-773, November 1973. .
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<0.1 X about the antenna.

Availability of an efficient computer method
which accurately includes ground effects would facilitate the design of
small tactical HF-anternas. For example, a trade-off study in terms of
factors such as weight, ease of 1nsta11at10n. and antenna efficiency could
be conducted very economically.
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