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Apphcatmn ﬁled May 21

ThlS 1nvent10n 1e]ates to radlo s1gna11ng
systems and partlcularly to dlrectlve radio
communication systems. -

A broad object of the inventlon is to de:

g crease fading and oenerally increase the re-
liability of Tadio signaling. under : Varylncr
atmospheric conditions.

In accordance with the invention the above
objects are attained by transmitting waves

'4 10 haying both a horlzontally and, a vertlcallyr
polarized component, so that evén though con=

ditions may be unfavorable for the propaga-
tion of a wave polarized in one ~plane, the

component of the wave polarized in another -

15 plane may ‘be_propagated ‘to successfully
transmit the desired signal.

.. Referring to the, drawmgs EREEEE
 Figure, 1 is a side elevational view 1n cross

: sect1on illustrating diagrammatically an ap-

"'20 paratus 1ncorp01‘&t1ng the pr1nc1p1es of thls“

~invention. .
Fig. 2is a front V1eW of the apparatus as
shown in Fig. 1..

Fig. 31s a side elevatlonal VleW 111 Cross

"85 section illustrating an- apparatus ut111z1ng
a rotatable antenna. .

FIO‘ 4 is a curve 111ustrat1no the- d11 ectlonalv

charaeterlstlcs of apparatus such as; shown
. in Figs. 1 and 2.

30 FlO' 5 is a front view. of apparatus such as
B shown in Fig. 3, with the antenna means and
swnahng 01rcult shown diagraminatically..

Fig.61s a front view of apparatus utilizin

L both cross conductors for antenna means, an
385 4 ‘rotatable antenna,

" My invention may be, outhned brleﬂy as

incorporated a novel form of antenna and
- method of operatmg ‘the same. ' As to- certain
features, the invention'herein disclosed is an
S

.. system utilizing'a reflector having the ap-
“45 proximate- shape of a paraboloid, and hav-

cénter.” With such apparatus if the antenna

‘means is' ‘excited with radio: current of a cor-

rect waye length and in such 9 manner ‘as.to

Y50 secure" proper current d1str1but1on, a trué

‘the reflector axis.
‘ment,; tho the field is in the form of a true -
beam, it is polarized according to the posi- .+ -

. along another plane, say the. ‘horizontal.

vapparatus disclosed in the above noted.co-.

improvement. over. the' apparatus discloged in
the copending application of Kolster and
Kruesi, No. 279,244 filed May 21,1928, In
that app11cat1on there 'is. dlselosed a-radio

“application.
* ing ‘antenna means arranged mear its focal

RADIO SYSTEM o

1928 Senal No. 279 243

beam of electromagnetlc radlatlon W111 be ,
prOJected from_the reflector..” The antenna»
meéans described in that application is in the

“form-of an extended conductor coupled -ab l‘};;:: k:
55

its-medial portion to ‘a s1gna11ncr ‘circuit.
The conductor is formed 50 that the direc-

“tion of current flow is substantially parallel

to the reflecting’ surface, is symmetrical with -
respect-to the axis of the reflector and is ar-::-
ranged sothat oscﬂlatory current surges oc- go

cuir back and forth laterally with Tespect to -
‘With such an arrange-

tion of the antenna conductor. I‘or _example

65
if ‘the’ conductor is. arranded in .a vertical .

ko ‘plane, the plane of polarlzatlon is vertical, -

-while if the plane of conductor is arranded in v
a_horizontal plane, the polarization is hor1- s
zoutal.. Furthermore becaiise of the: position 79 -

“oceupied - by the single' extended conductor.:

within the reﬂector, the electromagnetic beam

~produced-is not uniform. In: other words if

the characteristics of stich an apparatus em- ;.
ployed for transmission were plotted for. dif-
ferent planes coincident with the axis of
propaaatlon, the characteristic curve ‘along

~ome plane, say the vertical plane would not.

e the same as the characteristic curve plotteol,:}f3

In this 1nvent10n T utilize a concentrated
field of radiation in the form: of a true beam

“which includes both vertlcally ‘and horizon:

tally polanzed components. © Furthermore .
‘the field is_more uniform than that of the 85

‘pending apphcatlon To obtain these results
there is utilized in accordance with this i in-

wvention, at"the transmitting ‘station end anis.

‘antenna radiator which extends in two di--
‘mensions rather than along a single dimen-
‘sion.” Tt is preferred to arrange this radi-
‘ator near the focal center of a paraboloidal . .
reflector, as in the case of said copending .. -

90

qhown apparatus ‘which'is somewhat similar .

“to the apparatus dlsclosed in: the above co- 100 ;17

It is also’ proposed to. effectff%,_ G rEE

rotation of the antenna structure m order to e

“secure certain desirablé effects: o S
“In Figs. 1 and 2 of the drawmds there 1s', B



pending application. This apparatus con-

sists of a reflector 11 in the form of a surface

10

‘applommate focal center. .

of complete revolution which has at least an
For optimum
operation ‘it is- desirable to employ a re-
flector which approximates a true paraboloid.
The reffector: may be formed of any highly
conductive material, such as copper sheath-
ing or copper mesh. The focal center of this

mﬁector has-been-indicated at 12, at which

point there is arranged the. antenna means 13
which - is employed to absorb or radiate
radio energy. As explained above, the con-

- ducting material forming the antenna means

15
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“of conductors 14 and 15.
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i~ orsupplied by the signaling circuit 16 prefer-
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length of ‘the paraboloid 11.
“found that best results can be obtained if
this wave length is equal to four times the

1eters.

13 pr eternbly extends in two dimensions.  In
the preferred embodiment shown this is made
possible by utilizing a plurality of "elon-
gated conductors 14 and 15 which cross at
their centers and which extend laterally with
1espect to the axis of the reflector.

The signaling circuit which is utilized,
whether the apparatus is employed for trans-
mitting or receiving signals, 1s coupled to
both conductors 14 and 15. For example
there is shown diagrammiatically a signaling
circuit 16 coupled to an inductance 17, ; and
this inductance s coupled to the mid- pomts
In Fig. 2 there is
shown only two conductors 14 and 15 which
are ‘arranged at right angles to each other.
Two conductms have given good results and
provide ‘a sunple structme, although it is
cbvious that.more than two conductors may
be ‘employed.

The wave length: of enelgy to be 1ece1ved

ably bears a deﬁmte 1e1at10nshlp to the focal
It  has been

focal length. “However the focal length may
be any odd multiple of the quarter wave-
length.  For example if the focal length is

'one meter, best results can be. obtained by

operatmo' the signaling circuit 16 upon four
However a wave length of 114
meters may also be employed. In any event
the -wave length should not materially ex-

"ceed -four. times the focal length In order’ :

to reduce and better- distribute the capaci-

‘tance between. conductors 14 and 15 and the
‘reflecting surface 11, it is preferred to bend
vconductors 14 and 15 so that they fall within
‘the surface of a paraboloid similar to the
reflector 11 and having its axis c01nc1dent

therewith. .Thls arrangement is shown. in

"~ “Fig: 1, in which conductor 14 has been shown

60

ina vertlcal position and conductor 15 hori-
zontal.” - -

Assuming that the apparatus is employed

- for tmnsm ission purposes, when high ire-
~ quency energy. of proper wave length is ap-

.65

uhed tothe conductors 14 and 15 from signal-
Ing circuit 16, a true beam of radlatlon will
be pI‘O] ected from the paraboloid. reﬂector 11.

,horlzontml and vertical components: -
receiver may be had by utilizing appfuatus}
‘substantially the same as that shown m Figs.

1 and 2, that is; apparatus making use of an-

1,828,705

A typical characteristic curve for this beam
is shown in Fig. 4. Horizontal axis 19 repre-
sents the direction of maximum radiation
while the point 20 represents the source of
radiation, which in this case is the openmo of
the reflector. Curve 21 represents in polar
coordinates the characteristics of the appa-
ratus substantially as shown in Figs. 1 and
2, and was plotted from field stxeno“th meas-
urements made at various points eqmchstant
from the reflector. The. distance measured
along a straight line from the origin’ 20 to
any pomt on-curve 21, represents the relative
quantity of energy radiated in the direction
of that line. B

An analysis of the characteristics of a
transmitting system utilizing the above ap-
pamtus, shows that the radiation through-
out. a cross section of the radiated beam is
f‘urly uniform. If a single linear conduc-

tor is employed for a receiver, and this.con-’

ductor is arranged so that it extends sub-
stantially at rloht angles to the direction of
received radiation then. as the receiving end
is turned about such axis, the 1ntenslty of

received signals will vary a certain amount
but will not reduce to zero for any position.

In other words the béam of radiation con-

‘sists of both horizontally and vertically po-

larized components, and these components

provided of" course that the antenna at the
receiving station is capable of receiving both
Such a

tenna means having conductive materlal ex-
tending in two dimensions. -

It is: beheved that a beam of radntlon such .

‘as-is plojected from apparatus such as dé-
scribed is more effective for radio signaling
than are radio waves polamzed in only ‘one
direction. - Under certain conditions of
transmission, one component may ‘not carry

I
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can conjointly affect a receiving antenna,’
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through to the receiving station, but in’'such =

case the probabilities are that the other com-
ponent will- carry thru to affect the receiver.

In Figs. 8,5 and 6 there is shown other ap-
paratus capable of being operated in such

115

4 manner as to.secure more uniform trans- -

mission between two stations. -In this case
the antenna means placed within the para-
bolmda‘ reflector 11 is bodily rotated about
the axis of the reflector. Thus as indicated
dlagrammatm‘tlly in Fig. 5, a simple antenna
conductor 22'is alranged near the focal cen-
ter of the reflector and is coupled to a signal-
ing circuit 16, Suitable means is pIOVlded

‘fox bodily spinning it about the focal center
and the reflector .axis.

With such an ar-
rangement it is apparent that at- any one. in-

»stfmt the radiatien field will be polar17ed

in one plane, depending upon the position
of the conductor 22, but as thls conductor is
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rotating, the plane of polarization Tikewise

rotates. The conductor 22 is preferably ro-

. tated sufficiently fast to change the plane of

10

. is at least. ' musieal.

15

polarization at a frequency which is at least
high enough to be musical. - Assuming that,

such ‘an appartus is employed with a receiv-

ing antenna polarized chiefly in one plane,

the energy received by. the ‘antenna varies
according to the rotation of conductor 22, and

if this rotation is at a sufficient rate, the re- -

ceived energy will vary at a frequency which
It is apparent: that-this
makes possible a system in which the received
energy is modulated, without however modu-
lating the energy in the signaling circuit 16.

The receiving antenna can also be rotated

about an axis substantially parallel to_the

" direction of propagation. of received radia-

20
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35
- has been refracted or reflected to a substan-

- of polarization is frequently changed.  Such
- polarity changes may cause fading effects and'

40

"no changes in the strength of received signals -
in response to changes in the plane of polar--
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tion. Where the receiving antenna is ro-

tated at the same rate as the transmitting an--
tenna conductor, no modulation effect is pro-'
duced, but when the receiving antenna is ro-

tated at a rate of rotation other than that

of  the transmitting antenna, received en-.

ergy is modulated at a frequency determined
by the algebraic difference between the rates
of rotation. : ~ S

In addition to making possible a system of

modulation, rotating the ‘antenna means

makes possible more uniform transmission
under conditions in which waves polarized in

one plane may be attenuated to a greater-
extent than waves polarized in other planes. -
Tt has been previously determined by other

investigators that when received radio energy

tial degree by the Heavyside layer, its plane

non-uniform reception. In the case where

the plane of polarization of the transmitted

beam is continually changed there should be

ization caused by the Heavyside layer. The
apparatus described with reference to Figs.
3, 5 and 6, can therefore be used to advantage

in systems in which the field of radiation is.
‘directed upwardly toward the Heavyside

layer. :

.

In Fig. 3 there is 1llubstrzbtt‘e’d, a pfactical'
apparatus such as indicated diagrammati--

cally in Fig. 5. In this case the antenna

conductor 22 is formed with an inductance 23 -

in its intermediate portion. Conductor 22 is
mounted upon a spindle 24, and -suitable

-means such as 4 belt 26 is provided for effect- -

ing rotation of spindle 24 and antenna ‘con-

ductor 22. Inductance 23 is preferably ar-
‘ranged concentric with the axis of rotation, .
and is coupled to a suitable signaling circuit
as by means of another inductance 27... In’

this particularinstance conductor 27 has been

" shown as connected to ‘a transmitting oscil-

65

lator located for example within a housing .-~

apparatus at the receiving end. When rota-
“tion of the antenna means at the transmitting

98, As has been previously specified, the
“medial portion of conductor- 22 is:-approxi- - =
-mately at the focal center of the reflector 11." -

~In Fig. 6 there is illustrated a slight modifi-.
cation of an apparatus in which the-antenna
is rotated, and in this‘cage the antenna means
consists of a plurality of cross conductors 81
and 82, coupled to the signaling circuit 16 in
the manner as explained with respect to Figs.

1 and 2. As has béen previously explained

when utilizing such ‘crossed antenna conduc-:

0

%

tors; the beam of radiation at any one instant -
is more. uniform. - Furthermore at any one

instant the polarization is in two dimensions,
depending upon the directions of conductors
81 and 32: - 'While the arrangement of Fig. 2
secures: a more uniform beam of radiation-
than is possible by utilizing a single antenna
conductor, the arrangement of Fig. 6 carries

_such uniformity to a greater degree.

~The apparatus described above is particu-

80

8

. larly effective for securing beam transmission -

of radio waves. ~It is apparent that when it -

is employed -for transmission purposes, ordi-
nary forms of antennas may be employed at

-the receiving -end. However .in order- to

90 .

obtain the greatest benefit from the direc- - "
tional characteristics of the system, it is pre--

ferred to employ similar highly directive

end is resorted to, the antenna conductor at
the receiving end-can be stationary or can:

-also be ¥otated to seciire certain special effects.”
Furthermore it is possible to transmit with-
_out & rotating antenna, and to use a rotating
-antenna at the receiving end.” -

I claim:

* In a radio’system, a reflector approximat-

ing.a paraboloid and formed of conducting

material, antenna means disposed near the .
focal center of the reflector, and means for
rotating said antenna means. IR

In testimony whereof, I have hereunto set
my hand. '

FREDERICK A. KOLSTER.
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