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My present invention relates'to-high frequency illustrating characteristics of anterina systems of
antenna systems, and particularly ‘to high fre- the type iltustrated in Fig. 5; and Fig. 9 shows
quency antenna systenrs:designed t6 provide subs atiotlier embodithent of my ‘invention.

stantially 'circular radiatioh patterns. ‘This ap- As s well ‘understood ‘in the art, a _’prop’grl&
plication is.‘a -cortinuation ‘in part of my U. 8. 5 terminated tra’n‘smi's’s‘fdn line -does-not have ary
Patent No.:2;405,123, graitted-August 6,948, . stahding waves. - Ti: Figs. 1 and 2 thél‘:‘e is 'shown

.. In ‘broadcasting radio programs within the an. dntehna system 'in which a traris’mi‘sSionflinje
higher frequency channels utilized for freéquency section is utilized as a radiator, the Tine section
modulation and tefevision broddcasts, it is ‘gen-  belng formed into a circular loop ‘and the ‘énds
erally desirable ‘to distribute the exergy radiated in coupled 6 a suitable soiirce of “sigithl voltags.
from the fransmitting antenna -as uniformly as Such 4n antenna Has substantially uniform ‘cur-
possible ih all Horizontal-directions. At the same rent and hence a substantially circular radi‘d‘t’fpﬁ
time, ‘it i5 ‘desirable to ‘condentrate the radiated pattern in the plane 6f the Ioop, ‘Provided Preper
efiergy at low angles in the vertical plane. In adjustments Have been made of tha termination
Other words, for:most effective service, the radiat- 15 6f the Tine and its coupling to a solrce of high
ing system should have’s ‘high-dégree of vertical frequency waves. . o
directivity and the hortzontal field strength pat- Th Pig. 1 there is shown such a transmission
tern ‘should ‘be-as nearly ‘circular ds possible. line antenna or radiating transmission Tine. The
‘Accordingly, it is an object:of my invention to antenny compri§es a substantially closed circular
provide an -improved -high. frequéncy ‘antenna 2p lodp {0 formed fron electrically conditctive mate-

which possesses:these and-other:desirable electri- rial of any desired cross-sectional ‘shape. For
cal characteristics, exaniple, the loop-may be 4 suitably formed bibe
In geixeral, simple two-terminal antenmas, such disposed.in . a circular configiration. The loop
as dipofes theretofore commonly used, have non- Is'coaxially disposed around a suitable electrically
uniform radiation characteristics. It has here- 25 conductive member such as & cylindrical ground-
tofore been customrary t6 resort to compound an- ed msdst 11 to form thérewith g short section of
tenna arrangéments in order t0 secure a reason- transmission line, : ‘ ’
ably uniform horizontal Wave pattern with hori- The loop 10 is suitably supported from tha mast

zontal polarization. Tt is.another object of my by means of & supporting member (2 of insulating
Invention to provide an improved and simplified 30 material, suitably connected 4t its respective erids
compound antenns structure Which is capable of to the loop and to the mast and of such length

producing a substantially wniform radiation pat- that the loop and mast are spaced apart approx-
tern and which is relatively economical: to build Imately a quarter of a wave length; or less. -'Thus
and easy to adjust. there is provided a transmiséion line. conductor

-8till another object of thy invention is to pro- 5 and a groiinded mast, the rnast sérving as a re-
vide a new and improved antenna systém which flector for the loop.

has only two cennection términals and which There is illustrated in Figs: 1.and 2 méans for
nevertheless provides a substantially circular ra-  energizing a system in Which the lehgth of the
diation pattern and the radiation of which s con- loop 18.is an integral number of full wave lengths.

ceftrated substantially in the horizontal plane. 1o There is provided 4 transformer 13, havidg a pri-
‘The featufes of my invention which T believe mary 14 and.a secondary I5; carried by the mast

to be novel are set forth with particularity in the 1. Any suitable transmission ‘line (6 may be
appended claims. My . invention itself;. both ak utilized to-effect, the transfer of energy betwesh
to its organization and tharirier of operation, to- the primary 14 and a suitabls source -of signal

gether with further objects and advantages 45 Voltage which may comprisé the high Ireqiiency
thereof may best be Urderstood by reference to radio apparatus. or transmitter represented: By
the following - destriptien taken in cohnection the box I1. One end of the secondary 15 is
with the aceompanying drawing in which Fig:'1 sultably connected to the miast {4 and: the other
is & perspeetive View of an antenna systery emi- terminal of the secondary is connected to the
bodying the principles of my invention; Fig, 2 5o mast through' a. variable condenser (8. Thus
shows vectorially thé relationship of thé current winding t5 and condenser 18 constitute a tiined
and voltage presént oft the antenng of Pig. 1 circuit ‘which™ enables” proper téfﬁfinat”ibﬁ of the
Figsi:3; 4.and 5 show modifications of the system: transiission line §6. Tiy installations where wide
disclosed in Fig. 1; PFigs. 6 and 7. show different  band operation iy desired, this tuhed circuit and

embodiments of my Mivention; Fig. 8'is a disgram 55 the antentg should ' have a Tow Q. In sich g sys-




2,479,337

3

tem, since the radiator operates as a transmission
line rather than as a resonant dipole, no sharp
resonance effects are present in the antenna, and
the system exhibits relatively broad frequency
band width characteristics.

The ends of the loop 10 are connected to suit-
able points on the coil or winding 15 by means
of suitable conductors 19 extending between the
ends of the loop and the winding through a suit-
able opening 19’ in the mast.

In Fig. 2 there is shown the vector currents
flowing in the antenna 18 of Fig. 1. The arrow
heads on the circle 19 represent the directions of
current fow within the loop and the arrows
pointing inwardly from the circle 10 represent the
voltage phase relationships at the indicated
points. The loop 10 is energized from coil 15 by
means of conductors {8 connected to desired taps
on winding I5. With this arrangement there ex-

ists a difference of voltage across the ends of the ¢

loop and the loop has a circulating current with
only the radiated energy and heat loss being sup-
plied from the feed line. It is apparent that cur-
rents are uniformly distributed around the loop

and, at diametrically opposite points of the loop, =

are 180° out of phase and may be represented by
vectors pointing in opposite directions. In effect,
therefore, the currents are in phase at opposite
points of the loop 18, in that these currents pro-

duce additive radiation fields along the axis of :

the loop, as well as radiation in all horizontal di-
rections.

In Fig. 3 there is depicted schematically an ar-
rangement which enables the application of the

above principles to a loop having an electrical =

length equal to an odd number of half waves. A
balanced input circuit to the loop is shown. The
ends of the transmission line 16 are connected
directly to the ends of the loop 20, a suitable con-

denser 20’ being used properly to terminate the ¢

line in conjunction with a short length of line
joining the antenna 20 and the transmission line
16. The vector voltage and current relationships
are shown by means of arrows. The phase of the

loop current and voltage changes uniformly and .

progressively throughout the length of the trans-
mission line antenna and the vectors make a half
revolution in approximately one half wave length
of line. The amplitude does not change appre-

ciably, however, and, as long as the spacing be- O

tween the loop and mast 2! is not great enough
to introduce substantial radiation resistance and,
hence, attenuation, a uniform substantially cir-
cular radiation pattern results.

In Fig. 4 I have shown a modification of the
antenna structure of Pig. 1, in which a pair of
substantially circular loop elements 19, 10’ each
have an electrical length egual to an integral
number of full wave lengths at the operating
frequency of the antenna and, spaced from the
conductive mast {{ by a distance equal approxi-
mately to a quarter wave length or less, are
spaced-apart vertically by a distance A/2 equal to
a half wave length. Positioned below the lower
element 10’ by a distance A/4 equal to a quarter
wave length is a conductive reflector plate 11’.
The ends of loop 10 are connected to a source of
signal 17 by means of conductors 19, 16 and the
ends of loop 10’ are connected to the source by
means of conductors 19/, 16. The length of con-
nection from the source to loop 10 is made half
a wave length longer than the connection to loop
10’ so that these coaxial loops carry currents
which are opposite in phase. Since the currents
in the loops are 180° out of phase, the horizontal
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radiation of the loops is substantially completely
cancelled, while their vertical radiations are ad-
ditive to give a concentrated highly directive
beam of radiation. By means of the reflector f1’,
this vertical radiation is confined to a single di-
rection, namely, upwardly along the axis of the
loops. Normal to the plane of the loop, there-
fore, is a concentrated beam of radiation. Such
an antenna is relatively small and simple in
structure and is particularly useful where con-
centrated radiation in a small area is desired,
for example, for better illumination of a para-
bolic reflector, or for use for diathermy and ther-
apeutic work. Any larger even number of loops
spaced apart axially by a distance equal to a half
wave length with adjacent loops energized in op-
posite phase may be used, of course, to obtain a
desired strength of radiation beam.

Fig. 5 shows the system of Fig. 3 with the addi-
tion of @ driven substantially circular director 22
coaxially disposed and outwardly spaced a frac-
tion of a wave length from the loop 20 which in
turn is spaced approximately a quarter of a wave
length with respect to mast 2i by which addi-
tional vertical directivity is achieved. With this
arrangement a suitable phase delay line or
matching section, indicated by the numeral 23,
is required.

Still more vertical directivity can be obtained
by using stacked elements with half wave verti-
cal spacing and excited in-phase.

In Fig. 6 there is shown a modification of my
antenna system which provides substantially uni-
form current therein and, consequently, a sub-
stantially circular radiation pattern. It is well
known. that a linear antenna which is actually
one-half wave long at the operating frequency
has a current distribution which is essentially
sinusoidal, the current being maximum at its
mid~point and zero at its ends. If the antenna is
less than one-half wave long and capacity is
added between the ends of the antenna loop in'an
amount such that the effective electrical length
of the entire system is equal to one-half wave,
the current at the free ends of the antenna is
not zero, but has some finite value and the cur-
rent distribution is more nearly uniform.

Accordingly, in Fig. 6, the loop or radiator 30
disposed in a substantially closed, peripherally
incomplete loop constitutes a coiled up dipole and
preferably has either a length of substantially
less than one-half wave or a nearly uniform cur-
rent obtained as discussed in conjunction with
the description of Fig. 2. The electrical length
may be much greater than the actual length be-
cause of the stray and, where desired, added ca-
pacity 3{ between the ends of the loop. If the
actual length is much less than one-half wave
even when the stray capacity is considered, the
free ends of the loop may be terminated in ele-
ments forming a condenser 31 of substantial ca-
pacity to provide a transmission line radiator of
desired length.

In order to provide the desired capacity be-
tween the ends of the loop, blocks or plates 32
may be secured, as by welding, to the ends of the
pipe and U-shaped plates 33 fitted over the op-
posing faces of the blocks. In order to provide
an adjustable condenser, one or both of the plates
33 may be provided with slots (not shown) or
other suitable openings registering with screws
threaded into the blocks 32. Of course, any other
desired means may be employed for varying or
adjusting the effective capacity.

A small loop does not radiate to any substantial
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degree in a vertical direction, provided the cur-
rent is substantially uniform and in phase araynd
the loop. This is represented ip Fig. 8, in which
the numergl 34 indieates the vertical direstivity
pattern of the loayp 30, 5

In order {0 obtain a greater degree of vertical
irectivity with this tybe of antenna, there may
be provided a substantially cireular director 39
spaced outwardly from the loop 3¢ and compris-
ing a plurality of elements 3§ having capacitors
31 between adjacent ends. The director is sub-
stantially concentrically arranged with the loop
30 and disposed in substantially the same plane.
The director is spaced apart; from the loop 2 dis-
tance of the order of v to % of a wavclensth,
prefersbly approximately Y wave, This is for
the reason that the antenna system may tune
too sharply if the spacing is too little and little
gain in directivity is obtained if the distance is
too. great.

“The length of the director elements 3§ should
be somewhat less than % wavelength so as, to
maintain relatively uniform current distribution
and to permit correct funing. Accordingly, the
spaeing from the loop.and the length of the direc-
tor elements are inter-related.

‘Any suitable form of transmission line 38 may
be utilized to effect transfer of energy between
the high frequency radio apparatus or transmit-
ter, represented by the box 38, and the loop.

The above described system has 2 vertical
directivity pattern as represented by the lobes 48
in. Fig.- 8.

In Fig. 7 there.is shown another medification,
of my antenna having transmission line charac-
teristics and the radiation of which is concens
trated substantially in the horizonta} plane, there
being very little radiation in the direckion trans-
verse to.the planes of the radiators. The antenna
there shown comprises the loops 18, 83 which sug-
round the mast il. Theloops (0, 41 are relatively
closely spaced with respect to, each other and the
loop. 9-is spaced from the mast ki by.a distancs
of the order of .25 to .3 wavelength at. the operat-
ing frequency of the system. The loops t8 and
47 may. be supported from the mast kb by: tasu-
iated supports 45, 46 to form a section of trans-
mission line. surrounding the mast ki, ‘At the
same time they form. a section of transmissi
line with mast 11, Preferably, the diamete
the mast 1§ and the spacing to the center. o
trapsmission 1 2iabs 15,47 is suely thss. thy
Iengts omposite lne 18, 47 is an integra
number of half wavelengths, the numper, ba-
cause of the physical dimensions. of the system,
keing twe. full wavelengths ot more.

e high frequency waves from the transmitier

17 are supplied over the leads. 1§ to. a resonant
cireuit which may comprise the stub: transmis-
sion line formed of the parallel conductors. 48, 49.
These conductors, are short-circuited. angd con-
nected to mast 14 st one end at the point 43’ and
are open-circuited at the other end. The leads
{6 from the transmitter are gonnected to the
points §2 and the ends 5( of the loops 19, 41 ave
connected by means of leads 52 to symmetrically
spaced points 53 on the conductors 48 and 49,
the points 53 being displaced from the points 52,
Similarly, the ends §4 of the loops (6, £7 may be
cennected by cenductors 55 to o mmstricalty
spaced points 5% on the conductors: 48, 48, ’
The points 58, 82, 55 are so located on the
transmission line:conductors 48,48 that imped-
ance matching betwesnr the component parts of
the. system. is obtained. at each of these points.
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‘Thus, depending- upon jhe voltage.desired o be
impressed across the-conductive loops 18, 41, the
Points 83 may be logated between the qpen end
of the condyetors 48,49 and the points 59, instead
of the lecation shown in Fig. 7. Usuaily, however,
the points: §§ are located between the points 53
and- the shori-gireunited end of the canduetars
48, 49, the distance between the points 53, 88
being determined by the volfage drop im the
loops 10, 4% around the mast it. Similarly, de-
vending upon the length of the elements 10; 47, it
Way be necessary to transpose the conductors:§5
so.that the conductors: 52, 55 connected to condue~
tor 48, for exampie, are.connected. respectively to
the point 5t on the laop: 18 and the peoint.54 ‘enloop
41.  Such transpositien may . be . required. :for
matching the phase of eurrents-at the ends of
the loops. 9, 8% with curtents in:the coaduetors
48,749, In all cases, of course, the location: of
the taps on. the transmission. line conguetors: 48,
4% is such that the desired termination imped<
ance and voltage of the conuected elements: is
cbtained. : :

In the operation of the antenna of Fig. 7, the
loops: k9, 4% jointly form a section of transmission
lime with respect to the grounded mast. [1.  'Fhis
section. is $erininated for refiectionless. transmis-
sion: of: emergy. At the.same time, the" elosely
Spaced loops . ¢9, 47 form a section of transmissien
Hne in which currents fow in opposite directions,
Imavertical divection, that is, a-divection parallel
Wwith: the axis of the mast t, the electromagnetic
Belds produced by these eurrents are neutralized
and cancclied so that there is no radistion along
the axis of the mast 1i. However, in a heri-
zontal direction, the fields of the currents in the
two. loops. £8, 4T are additive so that the antenna
system produces radiation which is- concentrated
substantially in z horizontal plane; The conduc-
tive mast. || refects energy radiated inwardly
from: the Toeps,. the distanse between the-loops
i, 4% and mast 1 being such that this energy
reflected from mast: It remforces -energy radiated
outwardly from the loops.

In order to:obtain still .more vertical direc-
tivity in an antenna. of the type shown-in Pig;
6, a plurality. of assemblies may- be employed,
Spaced. apart: vertically: approximately Y% wave-
length. ‘Two such assemblies are shown sche-
matically in Fig. 9. The -assemblies are inter-
connected in the same phase by 3 suitable im-
pedance matching line 1. - A suitable transmis-
sion: line 42 may be used to.transfer energy be-
tween transmitter 39 and is- connected to the
line &t at a point midway between " the assemn~
bies. ‘The. direetivity pattern for the system of
Fig. 9 is represented by the lobes 43 in Fig. 8.

In: opder to suppors the assemblies in opera-
tive position, there may be provided a mast I
as i PFig. 6. The loops 30 may be secured to the
mast by means of members 45 of insulative mg-
terial and the parasitic director-elements 36 may
be supported from the loop' 3¢ by -similar sup-
poris 46 .which are preferably connected to the
elements 38 at points of minimum: voltage, -

A plurality of assemblies of the driven director
type ‘illustrated in Fig. 7 may likewise be em-
ployed te form -a composite antenna structure.
for radiating greater amounts of bower, Such
assemblies individually “have ‘a " very small
amotint-of radiation aleng the -axis of a sup-
borting mast. 'They. should be spaced-apart ver-
tically-on ‘the mass, therefore, by such distaneces
that. their: fields in:.a hotizontal direction are
additive. - o :
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‘While T have shown and described a particular
embodiment of my invention, it will be obvious
to those skilled in the art that changes and
modifications may be made without departing
from my invention in its broader aspects, and I,
therefore, aim in the appended claims to cover
all such changes and modifications as fall within
the true spirit and scope of my invention.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. A high frequency antenna system compris-
ing a-substantially closed loop, a second loop
spaced outwardly from said first loop to form a
section of transmission line therewith terminated
for reflectionless transmission of energy there-
over, the ends of said first loop terminating in
means providing substantial capacity therebe-
tween, and a transmission line connected to said
first loop on each side of said capacity, said. first

loop being sufficiently less than one-half wave 2

length in circumference to provide substantially
uniform current therein.

2. A high frequency antenna system compris-
ing a substantially closed loop, the ends of said
loop being closely spaced and terminating in
means providing substantial capacity therebe-
tween, a transmission line connected to said loop
on each side of said capacity, said loop bkeing
substantially less than one-half wave length in

circumference, and directive means for said sys- =

tem comprising a plurality of separated conduc-
tors uniformly spaced outwardly from said loop a
distance substantially equal to one-quarter of a
wave length and lying substantially in the same
plane therewith.

3. A high frequency antenna system compris-
ing a substantially closed loop, the ends of said
loop being closely spaced and terminating in
means providing substantial capacity therebe-
tween, a transmission line connected to said loop
on each side of said capacity, said loop being
substantially less than one-half wave length in
circumference, and directive means for said sys-
tem comprising a plurality of separated conduc-

tors uniformly spaced outwardly from said loop 4

a distance substantially equal to one-quarter of
a wave length and lying substantially in the
same plane therewith, said conductors terminat-
ing in means providing substantial capacity be~
tween the ends thereof. ’

4, A high frequency antenna system compris-
ing a pair of substantially concentric, substan-
tially co-planar loops, said loops forming a section
of transmission line terminated for substantially

reflectionless transmission .of energy thereover,

both of said loops being peripherally incomplete,
and means connected to both of said loops at the
free ends thereof -for supplying high frequency
energy -thereto, whereby said inner loop aects as
a radiator and the outer of said loops acts as a
director.

5. A high frequency antenns system compris-
ing a vertical cylindrical conductive member, a
pair of substantially concentrie, substantially co-
planar loops encircling said member, both of said
loops being peripherally incomplete, the outer of
said loops being closely spaced with respect to the
inner. of said loops and the inner of said loops
being spaced from said member by a distance
substantially equal to one-quarter of a wave, and
means connected to said loops at the free ends
thereof for supplying high frequency energy
thereto, whereby said inner loop acts as a radia-
tor and the outer of said loops acts as a director.

6. A high frequency antenna comprising a con-
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ductive mast, a pair of substantially concentric,
substantially co-planar conductive loops sur-
rounding said mast, said loops being peripherally
incomplete, the inner of said loops and said mast
forming a section of transmission line termi-
nated for reflectionless transmission of energy
thereover, and means supplying high frequency
currents to both of said loops, the currents in
said loops having a difference in phase deter-
mined by the spacing between said loops.

7. A high frequency antenng system comprising
a plurality of vertically spaced assemblies, each
of said assemblies comprising a metallic locop-like
member, having a pair of ends spaced apart by a
small distance, conductive means coupled to said
respective metallic members and concentric and
co-planar therewith, a source of high frequency
signals, and means supplying high frequency cur-
rents from said source to the respective ends of
said members, said members being spaced apart
vertically by an electrical distance and the phase
of the currents supplied to adjacent of said mem-
bers being such the fields of said assemblies are
additive in the same direction.

8. A high frequency antenna system compris-
ing a vertical cylindrical electrically conductive
member, a metallic 1cop-like member substantial-
iy encircling and coaxially disposed with respect
to said vertical member to form therewith a sec-
tion of transmission line terminated for refiec-
tionless transmission of energy thereover, said
metallic member having a pair of ends spaced
apart by a small distance, a source of high fre-
guency signals, means supplying signals from said
source to said ends, and conductive means cou-
pled to said metallic member and concentric and
co-planar therewith for increasing the directivity
of said system.

9. A high frequency antenna system compris-
ing a cylindrical electrically conductive member,
a pair of concentric co-planar conductive loops
coaxially surrounding said member, said loops
and said member forming a section of transmis-
sion line terminated for reflectionless fransmis-
sion of energy thereover, the outer of said locps
being spaced from the inner of said loops and the
inner of said loops being spaced from said mem-
ber by an electrical distance substantially equal
to one-quarter of the wave length at which said
antenns operates, and means connected to said
inner loop for supplying high frequency energy
thereto, whereby the inner of said loops acts as
a radiator and the outer of said loops acts as
a director.

10. A high frequency antenna system compris-
ing & vertical electrically conductive member, a
pair of substantially concentric, substantially co-
planar conductive leops coaxially surrounding
said member, said loops and said member form-
ing a section of transmission line terminated for
reflectionless transipission of energy thereover,
both of said loops being peripherally incomplete
and having a pair of spaced ends, a resonant cir-
cuit, and means connecting said ends to spaced
points in said circuit.

11, A high frequency antenna system compris-
ing a pair of substantially concentric, substan-
tially co-planar conductive loops coaxially spaced
from an electrically conductive member, each of
said loops being peripherally incomplete and hav-
ing a pair of spaced ends, a resonant circuit, and
means connecting corresponding ends of said
loops to symmetrically spaced points of said cir-
cuit, said loops forming a section of transmission
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nne terminated for reflectionless transmission of
energy thereover,

12. A high frequency antenna system compris-
ing an electrically conductive member, a pair of
concentric co-planar conductive loops coaxially
surrounding said member, each of said loops be-
ing peripherally incomplete and having a pair of
spaced ends, a section of transmission line, means
supplying high frequency waves to a first point on
said line, means connecting corresponding ends
of said loops to symmetrically spaced points on
said line, the points of connection of said energy
to said line and of said ends to said line being so
spaced that high frequency waves are transmitted

from said first means to said loops substantially ;3

without reflection.
GEORGE W. FYLER.
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