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SPIRAL WOUND ANTENNA WITH CONTROLLED

SPACING FOR IMPEDAN CE MATCHING

Wllllam ‘H. Foley, New Boston, Mass., assignor, by

- mesne assignments, to Brunswnck-Umon Inc., a eorpo- |

ratlon of Delaware
e Flled Apr. 11, 1960, Ser. No. 21 371
2 Clalms. f- (Cl. 343—895)

ThlS snvennon relates to a rachatron system and more
: fe'-:,-*ipartloularly to ‘an antenna and .is a- eontrnuahon—m—part
- of my applaoatlon Senal No 580 116 ﬁled Aprll 23 1956

;no‘w ‘abandoned. .

vl Modern: developments of oornmunrcatron make 1t neees-

"'fi?‘-:f:_*-'_-sary 1o have a
- quencies. In some instances the antennas which have been
. utilized for this purpose have taken the form of a cylin- -
" drical tube which may or may not be telescoping and
~ which is- generally made out of a range of: matenals in--
- cluding steel, copper, . tin, and alumlnum _
. known.that radio frequency energy' is. “conducted on the
" "skin or surface of the conductor.
- cal phenomenon SOMe - d]ﬁieulty has ' been - e‘sperrenoed.
" with certain Inatenals Whloh have oxrdlzed or . othermse
_been- affected in corrosive’ atmospheres
" various ‘types ‘have, of ‘course, been used and suggested o
' to inhibit the oxidation effects, but -in-themselves they
only of‘fer a solution to. a portton of the antenna problem S

eans of transnuttmg wide ‘bands of fre-

In- Ieommnnrcattons, preo1p1tat1on ‘static /is “a.'serious

 ‘tenna with an insulating layer, the antenna would .be "~
T “Tests have indicated that. certain synthetic -+
‘-;jf{__matenals rneet the physleal and eleotnoal quahﬁcanons i_-

:"}. _';ef‘feetwe nnpedanee rnatoh between the antenna’ and the
| One of the commonly used -input im-
| ' To achreve this nnpedance there -
" are certain. physmal faetors involved in -antenna desrgn,.-'
-~ which can be related, such as the length-diameter ratio .
~ . and the: eleotrlcal length Whlch Wﬂl effect this proper. N
.._.?_’nnpedanee match. These various, design- eonsrderatrons o
_""thare sunlnlarlzed by. Brown- and Woodward in the “Pro--
f’_:_fﬁ:ceedlngs of the IRE,” April 1945, pages 257-262, and in-

' dicate that in order to obtain a ‘pure resistive 1mpedance;_'_70._

o j.ternnnanon of 52 ohms, ‘the 1ength-d1arneter ratio is a
?f.-_-:'-.f.'*'-.;gfflorltloal one.

It 1s Well '_

For: practical

atent . ce

- diameter: proportlons which introduces a welght and s1ze;—}-1:_.-f; "
| problem that cannot readlly be solved w1th e:snsnng strue-_:' B
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g dlameter ratlo may produee an antenna of rather large .

- tures

5

© ments.’

‘Because of this phys-

problem Pree1p1tat1on static technically is'a oorona drs-f? 30

""ff?‘"_charge which:is an electrostatic impulse: that ocours' more.

| -1nto aceount the afore1

1_5;

The: resulting antenna is. therefore one which renders. . -
- .--:;f."-COIlSISIEIIt radiation ‘results and maintains’ a eonstant[' AN

| impedance termination in a variety of operating environ- -~
‘Some . attempts at producing insulated antennas . . ..
are known, one of the prior art structures being exempli- -
fied in the Closson Patent No. 2,373,660 Wthh 6H1b0d165"‘-.._ R
S a wire embedded in a syntheho mater:tal ThIS antenna, =
--Wh]le S&tle&CtOI‘Y for the reoeptron of radio waves ina -
.,e.h1gh densny field: strength, is.not sat1sfaetory for two-"f B
Ceway, communications. where hlgh efficiency is- neeessary as

20 - the nnpedance characteristics are part1cularly poor as will'
- be. e:semphﬁed by the cited Brown and Woodward article.
. .One of the main objects, therefore, of this invention is
';-to produce an antenna struetnre Wh1eh will be hght 1nj |
werght : | o |

determrned to-obtain: an efficient: :meedanoe ‘match,

f'.ﬂ-:l.-i_';’__'ior less regularly with time-and frequently 1S heard ma .
" receiver as.semj-musical or screaming in character.. |
. discharges eeretnrely block radio communications for the -
- duration thereof. It has been found that this ‘electrical
enon is not associated alone with thunderstorms -
- but occurs with all types of preo1p1tatron meludmg sSnow, -
- rain; and dust and is not limited to moving- antennas.
. Bare antennas, therefore, may very well be one of the first
e r_-'elements to start. drseharglng ‘because of the small radius’ 40 |
Soof onrvature compared to the other: portions of: the Sys- .
‘It is, of course; well known .that the potential
S gradlent required to prodnee corona ‘on-a conductor de- -
- pends-upon the radius. thereof, the surfaee electric field
~ being inversely proportional to the radius.
-:'.'_';reasons, ‘Thowever, a limit “soon 1ntervenes ‘before - the -

‘These = tenna which will -be .more - efﬁrment throughout the hfe-

j'_‘_thereof than exrsttng structures.

-+ conductor-may be nnduly enlarged to reduce. the effect. -
. 'This 'problem ' suggests  that if corona- ‘current-in an an- - ;;-_form
 © tenna can'be: eompletely suppressed by covering: the an- =

. 50-___.

-.'f";.jf.f'*lstres resolve themselves mto a Very hlgh eleetrlc re51st-; E
- ance, hlgh di-electric strength, ‘a low radio frequency loss,
 a'minimum deterioration due to ultra-violet radiation and -
~an ability to wrthstand the normal operatmg temperatures
o enoountered A S
L Ttis also lnghly desrrable inan antenna to have a ratherf- al

ﬁ?-i'take insulating material WhICh may be 1

A further- ob]eet of tlns invention is to producé an an-

A still further object of the mventlon is to prodnee an -

fantenna which is oompletely 1nsnlated and self-snpporttng .

Inthe: drawmgs

3 FIGURE lisa detaohed elevattonal snew of one form : .ﬁ.
of my antenna; = ST
_“FIGURE 2 is an elevatronal view of the bottom por-"' B

3-_'1’.1011 of one. {orrn of my antenna ‘Wlth parts broken away - B
in section; | | |

FIGURE 3 1s a seotlonal v1ew of the top pornon of one

O | form of my antenna - o
T “FIGURE 4 is an . elevatlonal view: of a portlon of my- o
- antenna showing one manner of construction; _ S
FIGURE 5 1s a cross sectional V1ew of a Imodlﬁed.'.

FIGURE 6 1s a eross seetlonal wew of stlll another' |

FIGURE 7 1s a detaehed seetronal wew of my antenna. '
1n coaxial form; |

......

| FIGURE 8 is.a partlal elevanonal vrew of a portlon S |
of my. antenna without the outer sheath and havrng e
loadlng ‘coil . theh is-illustrated in section;.

‘'FIGURE 9j is a long1tnd1nal seetronal vrew of a further

'-modrﬁed form of the antenna.:. = S
In prooeedrng mth this’ 1nvent1on and by Way of ex— -
arnple of one method of manufaoturmg the antenna, T

rprecrnated Wltnl_ |
a suitable 1nsulat1ng resin and form: this material into

asuitable Cross. sectional shape. The resulting structure =~
is ‘then plaoed in a braiding maehlne or mnder and an©
_electrical conductor may be either braided. or. helreally S
wound thereon with. su1table p1gta11s left at either end -
for later fabrication. Upon the conductor ‘another layer
of insulating material is formed; this material being also

- snrtably nnpregnated ‘with a synthetlc resin, and the en- =
tire structure is then. placed in‘an oven for curing of the =

. resin_ in. aocordanoe ‘with.: teohmqnes developed for the L

In oertam freqneney ranges tlns length- x _-;-_g,'?;_-_'ﬁ."res:,n in use so as to estabhsh a hornogeneons struotnre

. enttoned problems and produees Lo
IJ ;' . an antenna whose. 1ength-d1ameter ratio- may be readily . -
el f"_i-'_:;_:;-*vaned without: unduly mcreasrng the: welght thereof and
S 2 whose s nnpedanoe for ‘a chosen length: may be varied. -

10

- A pr1nro1pal ob]eot of the 1nvent1on is to produee an an- R
_:tenna structure: which can be readily manufactured to -
3'.'prov1de a pure resistive termination to a co-axial feed line.. .

" Another ob]eet of the invention is to produce a struc-
- ture whloh 18 snseepnble of. havmg its:; ternnnat;lon im-
.-pedanoe varted once ‘its length-—dlameter ratio has been: '-
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Referring fo the drawings, the antenna shown therein
consists of a core 10, which is preferably composed of a
material impregnated with a suitable resinous insulating
material such as a phenolic. The material utilized may,
of course, take many forms illustrative of which would be
a resinous sheet with reinforcing fibers, a woven material,
laminates, etc. The core 10 may assume any shape such
as e111pt1oa1 cylindrical, or polygonical, as shown in FIG-
URES 5 and 6, and may be hollow or solid. The core
may be formed of a strip or sheet of material wound upon

a removable mandrel M or solid insulation of any poly-
gomoal cross section such as shown in FIGURE 6 coated
with an insulating resin. This core has formed thereon

a conductor 11 shown as composed of braided single

strands of wire which are bare. The conductor 11 may,
however, be varied by winding bare wire strands over the
core In successive opposing helices if desired, which will
yield a structure that from outward appearance will be
very similar to a braid. It will be apparent, therefore,
that at each of the crossings of the wires a rather good
electrical contact is maintained, the braiding or wmdmg
in effect forming a conductor of appropriate diameter in
accordance with the criteria discussed above. The outer
sheath 12 consists of a material similar to the core and

is hkewise impregnated with a suitable resin. The sheath -

may be formed over the conductor so as to completely
cover the same (see FIGURE 4), or a preformed cover-
ing may be utilized. Although in the drawings, by way
of example, 1 have shown the sheath 12 as Wound or laid
in the same direction as core 10, it will be understood
that under certain conditions, in order to impart addi-
tional strength to a structure that 18 formed as illustrated,
the core and sheath may be wound or laid in opposmg
helices. The conductor may be. further varied by using
a single helical winding 11" (see FIGURE 9). |
Tapering of the antenna structure to the general outline
of FIGURE 1 may be readﬂy effected by utilizing known
techniques such as used inthe fishing rod 1ndustry It will
be apparent that I may change the spacing of the indi-
vidual group of wires of the helices or braids, and in ex-
periments that have been conducted, I have found that
the impedance of the antenna may be nicely varied over
a rather nmarrow range by varying this spacing without
ehanglng the dlameter of the core 10, After the structure
is completed, it is placed in an oven of appropnate tem-
perature, for the resin in use, to cure the resin. The cur-
1ng makes the antenna a homogeneous mass. As a result
thereof, a perfect bond is maintained between the inner
core and the outer sheath, which effectively embeds the
conductor 11 within the resin and prevents the access of
air to the braided or wound conductor. Also by utilizing
this construction, the antenna may be readily flexed into

n

10

20

30

40

45

slightly more than a 90 degree bend without undue distor-

tion of the cross sectional shape thereof.

A suitable mounting ferrule 14 may be placed over one
end of the antenna, which is made in accordance with the
procedure suggested above. This ferrule is provided with
means for attachment of the conductor 11 thereto, such
as a bore 18, which is adapted to receive a pigtaﬂ 11a
that may be soldered therein. The lower end of the fer-

55

60

rule has an end 15 suitably threaded for attachment to .

various antenna mounts represented at 20 which have a
coaxial feed line 21, while the upper end of the ferrule
has a supporting sleeve 19. The other or tip end of the
antenna may be left plain or finished with a ball 16 and
sleeve 17 secured thereto. The method of securing may
vary; for instance, if the parts are metal, the pigtail llb
may be soldered to the ball 16.

The above procedure results in an antenna of the ver-
tical whip type that if made in conjunction with certain
rtechmques will be immediately ready for use. The tech-
niques involve first determining the length of a quarter
wavelength at the operating frequency, or at least nearly
so taking into account end-effects and the like, and then

65

70

. 4 -
characteristic impedance which will match the feed-line
to the antenna. Co-axial feed lines are generally em-

ployed for this type of radiator and for whip antennas

will have a characteristic impedance somewhat in the
vicinity of 52 ohms. It is, of course, well known that the
impedance of a whip antenna can be controlled to a de-
gree by the length-diameter ratio as pointed out above.
Still such a design consideration will lead one to an
approximate impedance termination but does not give
one exact impedance. To provide this exact impedance,
as suggested above, the spacing between the individual
wires can be varied until by experiment a perfect termi-
nation has been secured widening the spacing lowering the
impedance and vice versa. Such gives the antenna feed
line practically zero standing waves and yields an antenna
of utmost efficiency in operation. Accordingly, in the
physical structure aetually produeed an 1mproved result
is obtained by varying the size of the spacing between the
individual strands to provide the proper impedance, a
result rthat cannot be successfully accomplished by trim-
ming the length for the current loop must be kept in opti-
mum position of the antenna. |

- I have also shown in FIGURE 7 of the drawings an
antenna which is particularly adapted for broad band
operation and which consists of a second conductor ele-
ment located in spaced relation to the first element at one
end of the antenna. This produces a coaxial antenna, or
a hypodermic antenna or sleeve type antenna, as it is
sometimes called, and which lends itself to a broad band
effect of operation. This antenna comprises a core 29
upon which there is superimposed a conductor 21 which
terminates at either end thereof in pigtails 21a, 215. Pig-
tail 215 is secured to a tip 26, while pigtail 214 is secured
to the center coaxial contact pin 23 of connector 24.
Surrounding the conductor 21 is an insulating covering 22
which extends the full length of the antenna. Braided or
otherwise formed over this covering 22 is another con-
ductor 30 which in effect forms the outer sheath of what
might be termed a coaxial cable that extends from the
connector 24 to point X. Spaced slightly from point X
and exfending into the connector 24, the conductor 30 is
covered with insulation 31. Over this insulation 31 a
third conductor 32 is braided from point X toward the
connector 24 a distance in the order of one-quarter wave
length for the mean frequency of operation, it being
understood that the antenna above point X is usually but
not necessarily the same order of length of the antenna
below point X. It will be noted that by the arrangement
of the insulation 31, the conductors 3¢ and 32 join at
point X, which juncture may be enhanced by soldering
or any other bonding technique. Covering the conductor
32 is a layer of insulation 33 which is bonded to insulation
22 as at 34, 34’. Any suitable connector 24 may be
utilized, the illustrated form being shown merely by way
of example to include suitable conductor shield gripping
means 25 in the form of a wedge actuated by nut 26. It
should further be understood that the dimensions of the
antenna structure are not to scale, for, as is well known
in the art, the diameter of conductors 30 and 32 must be
chosen to provide an impedance in the vicinity of 70
ohms and also that the insulating coverings are bonded
together as deserlbed 1n. connection WIth the first embaodi-
ment,

In FIGURE 8 I have shown a further adaptanon of
my antenna construction in which a loading coil may
be inserted at any appropriate point therealong, preferably
near the center thereof, to raise the current lobe in the
lower section. Commercial loading coils are generally
bulky and add greatly to the weight and moment of the
antenna, which results in a tendency to swing violently,
a result eliminated with my construction. Briefly, the
core 10" has formed thereover a conductor that is in two
sections 11a” and 115’ the sections being joined together

by a coil 19 wound over the core 16°. As in the previous

calculating the proper length-diameter ratio to achieve a 75 embodiments, the entire structure is then covered with an




 conductors..

_ .extremely small diameter.

It will thus be apparent that I Ehave pmduced an an-

~ ‘tenna construction which is readily adaptable for manu- -
- facturing variations and in which the RF losses are con-
 siderably less than the skin losses exhibited with other . .
The factor of less loss comes about through

o 7:3;1'02:,263_f’- -

_:msula,tmg matemal sulta,bly mpl‘ﬁ‘»gﬂated and then cure 1 ,
- to yield a homogeneous antenna mth sloa.dmg features and -

- the Phenemenon of providing a plurality of small con-

ductors, which in effect produce a lar ger surface area for
;the conduction of radio frequency energy. Thus, for

10
~ in opposite helical fashion, each of said strands being in =~
contact with ‘each other at the crossings thereof and -

any -given diameter of a braided structure vs. @ tubular

 structure there will be present more surface area for the
- energy to be conducted therealong.  In addition to pro-
- viding a large conductive area, the mnductlve part of the
" antenna may -be nicely varied to prowde an impedance

15
.'-'.,'_'-f_..mately,, 'said finite spaces having a particular Wldﬂ] that
is selected from a band of widths that affect the resist-

 match to a co-axial feed line which is accomplished by

- determining the optmmum leng ,h-dlametﬁr zratm |
- Iclaim: - - .

© 'varying the spacing between the wires and the antenna
. ‘structure after using the primary design techmque of

20

1. A radio frequency antenna Whl(}h is adapted to be_;f |

-'connected to a radio freauency- transmission line having
" a predetermined characteristic i

- .comprising: a core of dielectric material ha,vmg first and

points to form finite spaces between said strands, said

30

antenna being improved by selecting for each of the
wound strands 2 particular pitch angle within a mange of

- pitch angles that effect the resistance component of the
~impedance of said antenna, said resistance component-rf .
o "uc:hangmg from a larger value for the: smallest pitch angle .
~ in said range to a smaller value for the largest pitch angle

- in said range, whereby said predetermined characteristic . -

impedance is achieved prec;lsely by the 'selec:twn of said 40

o pamcular [plrtch angle

85

1495537

2 III combmatmn a transmmswn lme an . antenna.

-11a.‘v1ng a length of approximately one quarter wave length
i-at the mean frequency to be radiated therefrom and of

predetermmea *chamctenstlc 1mpedauce and a transmis-

- sion dine connector means. for connecting said antenna to~
- said transmission line, said antenna compiising a support-
_ing core coatéd with tesinous material and a plurahty of

individual spaced bare wire strands 1611011'01111g said core

1in helical fashion, each strand crossing @ plurality of other

individual spaced bare wire strands that encircle said core

leaving finite spaces between adjacent strands, the length- |
diameter tatio of said strands being rarranged to produce

said predetermined characteristic impedance approxi-

ance’ cemponant of the impedance of said antenna, saud-- |
resistance 'compﬁnent changmg from a larger value for
the narrowest width in said band to a smaller value for

the widest width in said band whereby said predetermined
charaotemtlc impedance is a,chmved premsely by i:he se-

. 131..,1;1311 of said partmular wdth
wpedance, said antenna - -
o5 -

 second bare wire strands encircling said: core in helical - - -
 fashion to form an antenna having a length-diameter
" ratio which is chosen to achieve said predetermined char- -

- iacteristic impedance approximately, said first and second
~ strands being wound about said core in opposite direc-
. tions to cross each other and make contact at the crossing -
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