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_ Utlited Sta tes PatentOfﬁCe

i

3 2@2 8985
STEERABLE CIRCULAR TRAVEE,WG-W&’%T
ANTENNA
- Floyd V., Seeerezﬂ Knoxviile
- versify of Tennessee Reeeerch Cerpereriee, Kmmﬂre,
Tern,, 2 eerpe“e*ree of Tenmessse | -
- FE:Ed Miar, 3 196.& Ser. N{} 03 273
| 2 Cﬂeﬁms ({31 343 ——’?32}

“This application is a centmuatron—m—pert of appheetlon'

‘Serial No. 564,701, now abandoned, having the same trtle

-~ and filed February 10, 1956. |
- This invention relates to crrculer travehng-wave an-

- tennas and more particularly to such antennas in which a
generator is connected at one poznt in the antenna and a

, L enR., assignor te- ’Ehe Uni-

3 202, %5
Paren‘&ed Aug. 24, 1@65

In the accompanymg drewmgs 1n which like reference
characters indicate like parts, FIG. 1 shows an embodi-

- ment of the circular traveling-wave antenna of the pres-

~ent invention in which one circular antenna is fed at one

side and is ferminated at the d1emetrrce11y 0pposrte pemt
by means of a load: |

FiG. 2 is another ﬂlustratwe embodiment of the cir-
cular traveling-wave antenna of the present invention in

- which three circular antennas are arranged concentrically

10

and in the same plane with a different radii to reduee the

side lobe levels of the main beam;

- FIG. 3 is a normalized. azlmuthal radiation mtensrty |

| dregrem where A—15° (radratmn intensity measured at an - '

- elevation angle above the horrzontal of 15°) for a circular.

15

suitable terminaticn impedance is connected into the an- |
~ diagram where A=15° for a circular traveling-wave an-

tenna at the dlametrleehy eppemte point so that the an-
tenna radiates a main beem in the elreetron of the t.....rml-
nating impedance,

- Most unexpectedly I have feund that in a circular
traveling-wave antenna of this type if the
impedance is such that no appreciable standing waves of
current exist on the antenna conductor and if the cir-
cumference of the antenna has any value from above 3
wave lengths to abeut 7 wave lengths the antenna will radt-

terminating -

20

antenna of the prior art;
FIG. 4 is a normalized azimuthal radiation mtensrty

‘tenna with a circumference of 2 wave lengths:

FIG. 5 is a normalized azimuthal radiation 111te1131ty |
diagram where A—=15° of the circular traveling-wave an--

~ tenna of FIG. 1 with a circumference of 5 wave lengths;

FIG. 6 is a diagram showing relative ¢ component of

fiield strength at A=15° of the circular traveling-wave
~antenna of FIG, 1 with a circumference of 5 wave lengths;

25

ate a main beam in the direction of the terminating im-

'pedanee
ing-wave antenna of this type the levels of the side lobes

I have found that with a single circular travel-

~are high but these side lobes can be reduced by using

- simultaneously two or more concentric circular traveling-
. wave antennas having diff
of all antennas placed on the same radial. -

rected 1n azimuth;

Azimuth direction of the main beam is ebtelned by'
~moving the feed point and the load pernt areund the cir- -

cumference of the antenna. -
It is accordingly an object of the present invention
to provrde novel circular travelmg-weve antennas in which
the main beam is radiated in the diI'BCtiO]J of the term1~
- nating impedance. - |

Another object is to prowde such an antenna in Whrch |
the side lobes of the main beam are reduced by the use

of two or more cir Clllilr trevelmﬂ-weve antennas ar-

ranged cencemrrcally m the same plane with - dl‘"ferent'-

radii.

Another object is to erovrde sueh an entenna in whrch

the azimuth of the main beam can be directed by moving

80
erent radil with the feed points -
I have ‘also

- found that such an antenna is operebie over a wide band |
width of frequency and that the . mam beam may be di-

40

45

FIG. 7 is a normalized azimuthal radiation intensity

_dregram at A=15° of the circular traveling-wave antenna

of FIG. 2 in which the a_ntennes heve cweumferences of

7 3 4 and 5 wave lengths;

‘FIG. 8 shows. a modlﬁeatlen of the embed1ment oF'

_:.FIG '1 in which the feed and opposed termination can
- be-selectively connected at four spaced points about the
‘antenna for direction of the main beam in azimuth:

- F1G. 9 1s a schematic representation of suitable switchs |
ing apparatus for use with the embodiment of FIG. 8; and
- FIG. 10 shows another modification of the embodlment

- of FIG. 1 in which the feed and opposed termination can
~ be selectwely connected at six spaced pemts about the

antenna for direction of the main beam i m azimuth,

- Circular antennas are knewn in the prior art and one

sueh circular antenna is shown in U.S. Patent No. 2,247 -

743 granted to Howard H. Bevereb..,, on July 1, 1941, The
antenna of FIG. 1 of this patent is 4 wave length or less
in diameter and has its direction of maximum sensitivity

‘toward the receiver. In the present invention, on the other:
‘hand, in which the diameter of the circular antenna varies

- from the 1 to 2.23 wave lengths the direction of maximum
~ sensitivity is toward the load end of the antenna.

50 ‘shaped as a cardioid having a beam width, to the half-

the feed point and the terrﬂmatmﬂ 1mpedeuce ereund the

circumference of the antenna.

Another object is to provide such entennas in Whrch -

- the circumference of the circular traveling-wave antenna

‘may have any value from 3 to 7 wave lengths and i in which
the diameter thereof mc.,y very

rom ebeut 1to 2 23 Wavei'

The radiation mtensrty of an antenna fellowmg the .
Beverage cencept is shown in FIG. 3 and is substantially

power points, of 180° while the beam w1dth of the circular

~ traveling-wave antenna of the present invention is ebout -

30° at its frequency of optimum operation.
It will therefore be apparent that the circular travelrnﬂ--

;Weve antenna of the present invention provrdes edventegee

. and results unobtained by antennas of the prior art.

Another object is to valde such antennas havmg -

their dlI‘ECthi'l of. mammem sensrtwrty iowerd the loea end N
- | | 80

of the antennas. | | |
Gther and further ob]ects of the pr esent mventmn will

appear from the iellowmg deSCIIUtIDIl ef ﬂluetretwe em-

‘bodiments thereof.

| Circular travehngwave entennes 11'1 accerdeuce Wrth'
- the present invention are capable of various mechanical |
| embechments end exemp‘es oi the same are described here- o
mafter for purposes of illustration. - Such illustrative em- .
bodiments of the present invention should in no way be
~ construed as defining or limiting the same and reference
should be had to the enpended clauns te deterr'nne the |

scope of this mventmn

65
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- Referring now to the. several ﬁgures in FIG. 1 the cir-
cular antenna is shown at 10 and i is supported above the
greund by suitable poles or towers 11. Antenna 10 has

‘a Cir cumferenr‘e of from about 3 wave lengths to about

7 wave lengths and a diameter of from about 1 to 2.23 -
wave lengths ‘Generator 12 is connected to antenna 10

by transmission lines 13 and 14, ‘Antenna 10 is ter-

minated at a point dlametrlcaﬂy eppesrte transmission
lines 13 and 14 by a suvitable load 15 which may be a

- lossy transmission line having a characteristic impedance
- of from approximately 700 to 800 ohms.-

If antenna -
10 has a circumference of 2 wave lengths its normalized

| -radlatlon mtensny 1s that shown In FIG 4 From FIG, 43 ) '

B If this antenna
 had a diameter of less than ¥4 wave length its normalized

. radiation intensity would be similar to that of the antenna
of the Beverage patent as shown in FIG. 3.



3 wave lengths, the nor

gl

it wﬂl be apparent that the radlatron 18 scattered more or.
less, in all directions and-that the antenna. therefore has
11tt1e use where 2 sharply deﬁned directed mam beam 1s -
requlred - - S
" However, when antenna 10 of FIG 1 is grven a cir-

“cumference of from 3 to 7 wave lengths, say 5 wave

3,202,995

: of four drrectrons spaced at 90“ .about the antenna and.

 the termination 27 can then be connected by switch 27

lengths, in accordance with. the present invention its nor-

malized radiation intensity is that shown In FIG. 5.

-_ the main beam

For some apphcatrons the b- component of the electrrc' _-

ﬁeld intensity may be of more interest than the normallzed

~ radiaticn intensity. When antenna 16 of FIG. 1 is given:
 a circumference of 5 wave lengths, In accordance with the
present invention, its normalized. ¢- component of electrrc -

.' ﬁeld intensity is that shown in FIG. 6.

As noted above, when it is desrred to reduce the srde--

_‘-lobes of the main beam two or more circular antennas
10n cen-

- may be arranged in the same plane havmg a com

It

“will be readily apparent from: inspection of FIG. 5 that

the main beam of intensity is. sharply defined and directed
 ‘away from generator 12, It will be noted that the side
lobes are low with mlmmum 1oss of mtens.tty away from o

- to the appropriate pair of leads to that point in antenna -
10 diametrically opposite to the generator cornection.
‘The appropriate pair of switches. 30, 3%, 32 and 33 to
 which the generator leads and the termmatron leads are

- connected will be oPened and the remaining switches will

be closed. "As shown in FIG. 9, the generator is connected

10

~ The. termination 27 is connected toward switch 32 dia-

Smtches 31 and 33 will be closed. |
'--_-conoected toward switch 31 then the termination will be

cennected: toward smtch 33: both switches 31 and 33 will

" toward switch 3¢ so that the aztmuth of the main beam

is toward switch 38." Switch 36 will therefore be opened.

_etrlcally opposrte switch 30 and switch 32 will be oPened
If the generator is

" be opened; and switches 30 and 32 will be closed, and so

20

~ on for each of the four pornts of azrrnuth for the maln
-_ beam | | | -

- FIG. 10 111ustrates another embodrment of the present'
concept having six azimuth positions for the main beam

~-spaced at 60° about the circumference of antenna 10.
 Antenna 16 is broken at 60° intervals and each break can

- ter with varying radii and such an arrangement is shown
~ in FIG. 2. In this embodiment of the present mventron__-__ .

~a second’ c1rcular antenna: 16, mounted upon poles. or

“towers 17, is arranged in the same plane as antenna 10

05"
- except those to which the generator and termination leads
‘are connected. A central revolving station 50 includes the

‘and is of smaller diameter than antenna 10. Antenna 16

ijs connected 1o generator 12" by transmlss_ton lines 2¢ and o

- 21 which connect to the antenna. on the same radrus as’
) “A third circular antenna’
18 is arranged in the same plane as antennas 10 and 16,
~is of smaller radius than antenna 16, and is carried by
‘poles or towers 19. Antenna 18 is connected to gen-.

?transmrssron lines 13 and 14

- be closed by an approPrlate switch 44, 45, 46,-47, 48, 49,
ﬁ_respectwely

As in the embodiment of PIGS 8 and 9 all
switches in the circumference of antenna 10 are closed |

‘generator having leads 51 and 52 and the termination 53

- having leads 54 and 55, leads 51 and 52 and leads 54 and

a0 55 being in parallel hrres parallel to the diameter of sta-
- tion ‘50.

‘Rotation of station 16 permits selective engage-

- ment: of the generator: leads "and the termination leads

B erator 12" by transmission lines 22 and 23 and transmis-

" sion lines 22 and 23 connect to antenna 18 on the same
~radius as leads 13, 14, 20 and 21. -Antenna 16 is pro-
~_vided with a suitable Toad 24 and antenna 18 is provided

‘with a suitable load 25, loads 24 and 25 ‘being connected .
" to their respective antennas on the same radius as load 15
~and dlametrlcally oppos1te to u.he connectron pomts for the

“transmission lines.

With this arran gement of crrcular antennas (FIG 2),.

35

40

‘with leads to the circumference of the antenna now to be
described.  Leads 56 and 57 parallel to a radius of an-
tenna 19 connect to a double pole single throw switch 58
which can- be connected across switch 44; similar leads
59 and 60 connect to a single throw double pole switch
61 which can be connected across switch 45; similar leads
- 62 and 63 connect to similar switch 64 which can be con-
nected across switch 46; srmﬂar leads 65 and 66 connect
. to similar switch 67 Wthh can be connected across switch.

47, similar leads 68 and 69 connect to similar switch 79;

“and ‘assuming that antenna 10 has a circumiference of 5

‘wave lengths, that antenna 16 has a circumference of 4 -
45

‘wave lengths, and that antenna 18 has a circumference of

1alized radiation intensity of this

and similar leads 71 and 72 connect to similar switch 73 o
i "-'whlch can be connected aCross switch 49. Switches 58,
61, 64, 67, 79 and 73 are normally open and only that - .

- pair of these switches are closed which connect the leads

embodiment -of my circular travelrng—wave antenna is

shown in FIG. 7. In this figure it is seen that the main .

f radiatio harply defined and directional in - -
beam of radiati n is sharply : swrtch 44, station 59-is rotated until generator leads 31

and 52 engage and connect to leads 56 and 57, respective-

- character w1th the side lobes reduced to a minimum.

50

'Corrrparm':’-'r the main beam of intensity of the embod1ment” .

o 2, h FIG. 7, with the intensity of the . |
~of FIG. Z, as shown n T ‘tion leads 54 and 55 then engage and connect-to leads

~ anienna of the Beverage patent as shown in FIG. 4 of that

patent and as shown in FIG. 3 herein, the differences
59

- between the two antennas are readily apparent and the

advantages of the crrcular travehng—wave antennas of‘j |

~the present invention are obvious.

The modified antenna and c1rcuttr§ of FIGS 8 and 9 -

':prov:tdes for use of the arlten:oa in four: selective - dlrec-' o
‘tions of azimuth -of the main beam. Antenna 10 is pro-

60

_vided with a central station 26 recewrng generator leads - _
. appropriate switch actuation, as drscussed above main .

13 and 14.

Station 26 - contains termination 27 which
 has leads 28 and 29. Antenna 19 is broken at 90° inter- -

| _vals about its clrcumference and these breaks are closed

" by suitable switches 30, 31, 32 and 33. Leads 34 and 35
- extend from station 26 to opposite poles ‘of switch 30; |
leads 36 and 37 extend from station 26 to opposite poles -

65

 of switch 31: leads 38 and 39 extend from station 26 to :_.
" opposite poles of switch 32; and leads 40 and. 41 extend_’-_'_

. from station 26 to opposite poles of switch 33,

o

. As seen in FIG. 9, generator leads 13 and 14 connect,’_.i
to a double pole four throw switch 42 and termination . -

:Ieads 28 and 29 connect to a double pole four. throw
- “The generator . can thus- be connected by
- swrtch 42 to any one selected parr of leads m any one'-

switch 43

in the desired azimuth of main beam generation and the
'CDI'I'BSPOIIdIHg dlametrrcally opposite termination leads.

If main beam ge:oeratlon is desired in azimuth toward "

ly, switch 58 is closed and switch 44 is opened “Termina-

65 and 66, respectively, switch 67 is closed and SWltCh
47 is opened. Switches 45, 46, 48 and 49 are crosed and
:---sw1tches 61, sa 78 and ’?’3 are opened. .

By approprtate rotation of station 50 frenerator leads

51 and 52 can be. enﬂaged with and connected to -any
- selected pair of leads to the antenna 18; termination leads
“will be automatically engaged with and connected to the.
_dlametrlcally opposed pair of leads to antenna-190; and by'

beam propagation in desired azimuth can be obtained,

it being cbvious that antenna 10 can be broken at any
-number of desrred points Wlth appropriate leads thereto

“to give as'many directions i in azrmuth of mam beam pmp- |
‘agation as may be desired. N

It should now be apparent to those sk111ed in the art

~that by the present invention I have provrded a.novel cir-
cular travelmg-wave antenna WhICh in every way sattsﬁes -
-_'--the several ob]ectlves described above.

Changes in or modifications to the above descrrbed -'

-'f-'jrllustratwe embodiments of my invention may now be
‘suggested . to those skilled in the -art without departing

from my mventrve concept Reference should therefore' |



5

be had to the appended clalms. to deterrmne the scope
of this invention. | .
What 1s claimed is:

1. A traveling-wave antenna comprising a horizontal

circular loop having a circumference of from apprommate—

ly three to seven wave lengths, breaks in said antenna
spaced at 90° about its circumference, switches normally

- connecting across said breaks, a central switching station,

a pair of leads from said station for each of said breaks
connected to opposite sides of its respeciive break, a pair

8,202,995

said loop, switches normally closing said breaks, a rotary
switching station centrally disposed within said loop, a
generator at said station, a termination impedance - at
said station, a pair of generator leads from said generator
parallel to a

- Impedance leads from said termination impedance in the

10

of transmission leads to said station, a pair of termination

impedance leads to said station, a double pole four throw
switch connected at said station to said trans
and selectively connected to one of said pairs of leads,

and a second double pole four throw switch connected at-

said station to said impedance leads and selectively con-
nected to that one of said pairs of leads diametrically
opposite to that pair engaged by said first switch, said

same diameter as and oppositely disposed to said generator

leads, a pair of leads for and connected across each of

~said breaks and extending to said station for selective
engagement by said generator and said impedance leads

upon rotation of said station, said switches being open at

. said breaks connected by said pairs of leads engaged by

jission leads

15

switches being open at the breaks connected by said pairs

of leads engaged by said switches whereby the main beam
of radiation of said loop is directed away from fhat pair
of leads engaged by said first switch. |

20

2. A traveling-wave antenna comprising a horizontal |

circular loop having a circumference of from approximate-
ly three to seven wave lengths, a plurality of diametrical-

ly opposed breaks equally spaced in the_circumference of

sald generator and said impedance leads whereby the main
beam of radiation of said loop is directed away from that

pair of leads engaged by said generator leads.
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