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My invention relates broadly to high frequency
signal transmission systems and more particular-
ly to a transmitting system in which the total
bower output of the system is substantially con-
stant throughout the cycle of modulation,

One of the most important objects of my in-
vention is to provide a means for signalling, using
amplitude modulated waves in which the ef-
ficiency of power conversion is exXceptionally high.

Another object of my invention is to provide
a system of signalling by means of amplitude
modulated waves in which the vacuum tube utili-
zation is of & high degree. For example, in the
system to be described, the peak power output
is one and one-half times the carrier power of
the transmitter as contrasted with conventional
systems where the peak power output is neces-
sarily four times the carrier power of the trans-
mitter.

Still another object of my invention is to pro~
vide a system of radic transmission in which the
percen{ amplitude modulation is the same in all
directions, but in which the phase of the modu-
lation varies in a prescribed manner; that is, the
bhase angle is an integral multiple of the space
angle in the ground plane.

A further chject of my invention is to provide
& means for iransmission of double side band
signal components to produce amplitude modula-

tion of a transmitted carrier using a system in

which the mutual coupling of the carrier trans-
mitter and the side band transmitter is zero.

A still further object of my invention is to pro-
vide a means for the transmission of double side

band signal components which are the result of =»

modulation using N phase audio frequency cur-
rent, from N fransmitters and antenna systems
which are so arranged that the mutual coupling
of the N transmitting systems is zero. )

Ancther cbject of my invention is to provide
3 system of radio transmission wherein the root-
mean-square radio frequency power output is
sonstant threughout the medulation cycle.

Still ancther object of my invention is to pro-
7ide a polyphase radio broadcasting system
vherein the radio frequency carrier energy is
iingle phase and modulated by polyphase signal
mergy coordinated with spacial sectors in ac-
:ordance with the number of phases of the modu-
ation energy.

A further object of my invention is to provide

system of radio transmission of double side band
ignal components wherein carrier and side band
omponents are separsiely generated and com-

10

15

20

antenna systems, the side band components be-
ing polyphase in character and cooperable, and
the carrier component single phase for obtain-
ing high efficiency in transmission.

A still further object of my invention is to
provide & system of radio transmission including
the propagation of an unmodulated carrier wave
and the modulation thereof in gpace by the ad-
dition of side band components separately gen-
erated and propagated and of polyphase charac-
ter to obtain broadcast: coverage.

Another object of my invention is to provide
a. polyphase radio broadeasting system wherein
the phase of an amplitude modulation is g func-
tion of the azimuth angle while the carrier energy
is independent of such medulation.

Other and further objects of my invention
reside in the ecombination and arrangement of
apparatus and the operation thereof as herein-
after set forth more particularly with reference
to the accompanying drawings in which:

Figures la and 1b are theoretical and diagram-
matic showings, respectively of a fundamental

- radiating arrangement illustrative of the basic

W
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ined in space by radiation from coordinated 65

features of my invention; Fig. 2 is g diagram
of the arrangement of antennas in a simple poly-
phase broadcasting system in accordance with my
invention; Figs. 3a, b, ¢ and d are spacial dia-
grams of the magnitude of the field intensities
in different phases of the modulation cycle, the
relation to the azimuth angle being apparent;
Fig. 4 is a block diagram of the. system of my
invention; Fig. 5 is a schematic diagram of a
transmitter for supplying energy of the proper
character to the antennas in accordance with the
system of my invention; Fig. 6 is a graph show-
Ing calculated performance data relative to the
audio phase shifting networks shown in Figs, 4
and 5; and Fig. 7 is a schematic diagram show-
ing a modified form of antenna arrangement and
one manner of coupling the same to the trans-
mitter shown in Fig, 5.

In the conventional system of amplitude modu-
lation, the final amplifier tubeg must be of suffi-
cient rating to supply peak power equal to four
times carrier power of the transmitter. In the
system to be described, the maximum power out-
put of the transmitter is equal to cne and one-
half times the carrier power and the final ampli-
fier tubes have s maximum capability which is
two times the carrier power. Under any condi-
tion of sustained modulation, the power output
of the transmitter is constant throughout the
audio cycle. This latter feature is of particular
importance, as it results not only in high effi-
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ciency, but in a tube economy of considerable
magnitude in high power transmitters.

The polyphase nature of the system is the re-
sult of using directional radiating elements to

produce an essentially “rotating modulation field” 5

in which, at a particular instant, modulation
peaks occur in the north direction, carrier values
oceur to the east, modulation minima to the south,
carrier values to the west. One quarter of the

modulation cycle later, modulation peaks occur to 10

the east, carrier values to the south, minima to -
the west, and carrier values to the north. As
the modulation progresses through the cycle, the
peaks of modulation rotate about the transmit-

ting system at the modulating frequency. 15

In the discussion of the various features of the
system of broadcasting covered in this invention,
attention will be entirely directed to what might
be termed a two-pole four-phase system. BY

carrying oubt certain generalizations, one can c9

easily arrive at a system described as an n-pole
N-phase case.

Inasmuch as the system to be described is one
in which modulation is a function of the azi-

muth angle, several simple systems will be re- o3

viewed, which will readily lead up to the poly-
phase system of my invention.

A system in which the percent modulation is a
Junction of the azimuth angle

The most commonplace of these systems is the
ordinary radio range beacon used in this country.
In the newer of these systems, carrier energy is
supplied to a nondirectional radiator, indicated
at o in the diagram Fig. la, and a single fre- 5
quency single side band current is supplied to a
figure-of-8 directional system consisting of the

2,318,048

A system in which the phase of a modulation of
the pure amplitude type is a function of the
azimuth angle

Consider the system of three antennas as be-
fore and, with reference to Fig. 1D, let the follow-
ing currents be established in them:

fo==To cosS of

1= Tisin ofcospl
iy’= —I1 sin wt cos pi
Where '

w/2n is the carrier frequency

p/2% is the modulation frequency

To is the maximum value of current in the
carrier antenna

It is the maximum value of current in the
side band antenna

The field intensities due to these radiators (as-
sumed identical) at a distance ro, where ro is-at
least ten wavelengths, may be written:

eo=1—§—f-" cos w(t —%)

_KI, . ro—d €03 6§
e‘__rT sin o t—--———c cos pt

—KI . .
K1, sin w(t _7_____0+dccos 0) cos pt

To

[

e =

Where

K-==antenna performance constant
ro=distance to receiving point, meters
d=antenna spacing, meters
c=velocity of light, meters/sec.

The sum e:1+-e1’ becomes

KIf . 79 , 4 cos 0 . 1o d )
el-l—el'-aTol«{sm w(t —-%-I— —c——) —sin w(t —-ﬁ— ____Ccﬁ_)} cos pt

2KI : .
== ! cos w(t __r_g) sin w(d ©0s 0) cos pt

[

two antennas, | and 1* of Fig. la. These an- 45 Now, if wd/c, the spacing in electrical degrees,

tennas are placed in the same straight line with
radiator o and with equal spacing. If we imagine
the antennas to be placed in a north and south
line, and we measure an angle ¢ clockwise from

is less than 30°,

. [&] (:.)d
sin — cos 0=~ cos 0, very nearly.

north, the ratio of the side band field intensity po Hence

to the carrier field intensity will be proportional
to the absolute value of the cosine of this azi-
muth angle. In the conventional beacon system
the antennas of Fig. 1g¢ are supplemented by two

KI 7 ’
€o+61+61’=-—r;)—° cos w( t —59)[1 += 7, cos 0 cos pt]

more antennas placed in line with the carrier an-
tenna and at right angles to the first directional
pair. These antennas produce & figure-of-8 pat-
tern at right angles to the first pair and the
modulation thus produced is proportional to the
absolute value.of the sine of the azimuth angle.
The on-course indication is given when the per-

cent modulation is the same for both directional 70

pairs. It should be pointed out that the resulting
signal is one consisting of carrier and a single
side band, and would not be suitable for con-
ventional broadcast transmission using conven-
tional receivers.

cl+el'=-7;r—)\ KI; cos w(t —%’) cos 0 cos gt

The complete field is

47l'd I] (1)

The factor

4w d(cos 8) I,
_ I
is the familiar modulation factor m and it is
thus seen that the resultant field is an amplitude
modulated one, and that the percent modulation
varies as the cosine of the azimuth angle.

It should further be noted that the carrie:
system and the side band system are uncouplec¢
electrically; the side band system consisting o:
two-antennas having equal and opposite mutua
effects upon the carrier antenna.
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If, as in the beacon system, we add another
directional pair of antennas, 2 and 2’ of Fig. 2,
and establish currents

te=I1 sin wt sin pt
i3’="I1 sin wt sin pt

(Where I, v, and p have the same meaning as
before) in the antennas 2 and 2’, a system will
be obtained in which the magnitude of the ampli-
tude modulation is independent of the azimuth
angle, and the phase of the modulation is equal
to the azimuth angle. Mathematically the result
is as follows: :

The antenna currents are:

fo=1Io cOS wi

hi=I1'sin ot cos pt
i1’ =11 sin «t cos pt

fo=I1sin ot sin pt
s’ =—I1 sin «t sin p¢

The field intensities become
: _KI, T
80—7 CcOos w(t 6>

» el=—I—f_£1 sin w<t_7'o_—_dc_cos_0) cos pt
0

: ro++d cos 6
sin w(t _L) cos ot

[

o=KL

o

L sin w(t —T—O@) sin pt

T

o

K1, . re-~d sin 6\ .
&' = ——— sinw t ———p ) sin ol
7o

K1, 7 4rdl
80‘{—61'{"61,—'—62—!—82,:‘—-709 CcOos w(t""‘g {1+ 7Iru)\1

which becomes

Kl rms[ | | Awdl,
~ -[1—{— T cos

wi-0] @

This Equation 2 shows that the audio phase is
dependent upon the azimuth angle.
the moedulation factor

4w dl;
IyA

is independent of the azimuth angle, and only de-
pends upon the relative magnitudes of I: and To.

Figures 3a, 3b, 3c and 34 are a picterial repre-
sentation of Equation 2 and the vectors show the
magnitude of the field intensities in the different
directions noted as the meodulation cycle pro-
gresses. ) .
" The transmitting equipment used to generate
the currents i, #1, and 42 is shown in the sche-
matic diagram of Fig. 4. Fig. 5 is a wiring dia-
gram of a transmitter embodying the form of
my invention shown schematically in Fig. 4.

In Fig. 4, element 1 is a source of carrier fre-
guency energy consisting of the conventional
master oscillator and radio frequency amplifier
used to provide radio frequency excitation to the
foilowing amplifier stages. Element 2 is a radio
frequency power amplifier supplying the carrier
frequency energy transmitted to the central
radiater, 4, of the antenna system, through radio
frequency phase adjusting network 3, which pro-~
vides the proper phase relation between the car-
rier current in antenna & and the side band cur-
rents in antennas 9 and (0. Elements 5 and 6
are balanced modulators supplied with carrier

E total RMS=

Further, *
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frequency excitation from source { and audio
modulation frequencies from networks {1 and 12,
The audio components applied to balanced modu-~
lators 5 and 6 are substantially 90 electrical de-
grees out of phase with respect to each other by
reason of the difference in delay of the two
audio frequency phase-shifting networks 1 and
{2, both of which are connected to the same
source of audio frequency current, program line
12, Balanced modulators 5 and § generate side
band frequencies corresponding to the sum and
difference of the carrier frequency and the audio
modulation frequencies, but suppress the original
carrier frequency. These double side band com-
ponents are amplified by linear amplifiers T and
8 to the power level required in the two side
band antenna systems consisting respectively of
antennas 2 and 1§.

Let .

io=the instantaneous carrier frequency current
in antenna 4

To=the maximum instantaneous amplitude of
the current in antenna 4

w=2 r times the carrier frequency in cycles per
second

{=the time in seconds

i1=the current in side band antennas 9

is=the current in gide band antennas 18

Ii=maximum instantaneous amplitude of the
side band currents in antennas 9 and 19

p=2 x times the audio modulation frequency in
cycles per second

i0==Io COS wt (3)
i1=I1 (sin @f) cos pt) 4)
i2==T1 (sin =t (sin pt) 5)

(cos 6 cos pt--sin 6 sin pt)}

Equation 3 shows the carrier current in an-
tenna 4 as a function of only the carrier fre-
quency =. Slde band currents i1 and 42 in Equa-
tions 4 and 5 have the factor cos wt replaced by
sin =, indicating a 90 degree phase difference
between the carrier current o and the suppressed
carrier current in antennas 9 and {6. The fac-
tors cos p¢ and sin pf in Equations 4 and 5 in-
dicate balanced modulation by audio frequency
currents which are 90 degrees different in prhase
for balanced modulators 5 and 6.

In the wiring diagram of the transmitter
shown in Fig. 5, the portions of the cireuit en-
closed by dotlied lines and labeled 1 to 13 in-
ciusive represent the corresponding elements of
Fig. 4. In the oscillator-amplifier element | s
V1 is a conventional erystal controlled oscillator
tube, and V2 a radio frequency amplifier tube.
A1 and Az represent the filament current sources
of Vi and Va respectively, B: is the plate current
source of Vi and Bz that of Vo. Gy is a source
of negative D.~C. grid bias, and B; is a source
of positive screen potential, for amplifier Va.
Condensers C1 to Cs are D.-C. blocking con-
densers. Hi, Ha, and Hz are radio frequency
choke coils. Ri is the grid leak resistor for
oscillater tube V1, and K is a piezo-electric Crys-<
tal for determining the frequency of oscillation.
The tuned circuit consisting of condenser Cs and
coil In supplies carrier frequency excitation from
the oscillator circuit to the grid of the amplifier
circuit through blocking condenser Cs. The am..
plifier tuned circuit consisting of condenser C
and coil Ls supplies radio frequency excitation
to the carrier amplifier in element 2 and the
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balanced modulator tubes in elements § and 6.

The element 2, Vs, is a carrier power amplifier
tube of sufficient power to amplify the carrier
energy to the power level required in antenna 4,
Az is the filament current source for Vs, and Ga
and Bs are the grid bias and plate voltage sources,
respectively. Condensers Cs and Co are blocking
condensers. H: and Hs are radio frequency
choke coils. Condenser Cio is a neutralizing con-
denser for neutralizing radio frequency feedback
from the plate circuit to the grid circuit of tube
Vi. Condensers Cui, Ciz, and coil I; constitute
the output plate circuit of Vs and serve to match
the radio frequency load impedance of the tube
to the input impedance of phase adjusting net-
work 2. The bias voltage, radio frequency ex-
citation voltage, plate voliage and radio fre-
guency load impedance of tube V3 are adjusted
for high efficiency, high power output condition,
since this stage operates as an unmodulated
carrier amplifier and can be considered com-
parable to the output amplifier stage of a radio-
telegraph transmitter.

In element 8, coil L4 and condenser Ciz serve
as a radio frequency phase shift network which
is adjusted so that the fotal radio frequency phase
shift between amplifier V3 and antenna 4 is cor-
rect with respect to the radio frequency phase
shift between balanced modulators 5 and 6 and
sntennas 9 and 18; that is, so that there is a
phase difference of 90 electrical degrees between
the carrier current in antenna 4 and the sup-
pressed carrier currents in side band antennag 9
and 18. Radio frequency carrier output from
phase adjusting network 3 is transmitted through
a concentric tube transmission line i4 to the
coupling network, consisting of condensers Cia
and Ci5 and coils Is and Ls, which is installed at
the base of antenna 4.

Tn balanced modulator 5, Ve and Vs are the tubes
of a conventional push-pull audio amplifier stage
whose grids are coupled to phase shift network ¢l
through input transformer Ti and whose plates
are coupled to the plate circuit of balanced modu-~
1ator tubes Vs and Vz through output transformer
Ts. As and As are the filament current sources
of the audio amplifier and the balanced modulator
tubes respectively Gz and Bs are the grid bias and
plate voltage sources respectively of the audio
amplifier stage. The balanced modulators con-
sist of two radio frequency amplifier tubes Vs and
Vv whose grids receive radio frequency excitation
voltage from element | through blocking con-
densers Cis and Cir. The connection is such
that radio frequency voltage on the grid of Ve is
180 electrical degrees out of phase with that of
the grid of V.. Hs and Hs are radio frequency
choke coils and Re and R are grid leak resistors
for the grids of Ve and V7.

The plates of Vs and Vv are connected through
blocking condensers Cis and Cu to the tuned cir-
cuit consisting of coil L7 and condenser Cz20. This
connection effectively places the two plates in
parallel to radio frequency voltage.  There is no
direct current source in the plate circuit of Ve and
V+, but the plates are connected through radio
frequency chokes Hes and H7 in a push-pull or
opposed sense to the outpub transformer T2 of the
audio frequency amplifier stage. Hence the plate
circuit of the balanced modulator tubes is inac-
tive except when audio modulation voltage is ap-
plied a2nd only one of the tubes Vs—V7 Dpasses
plate current at any given instant. For exdample,
Vs would be active during the positive half of the
audio frequency cycle and Vv during the negative
half. The result is that the output circuit Cao—Li
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receives only the .two side band frequencics cor-
responding to the sum and difference of the car-
rier frequency and the audio frequency, and that
the carrier frequency is suppressed.

Element T is a conventional class B linear radio
frequency amplifier including Vs the function of
which is to amplify the double side band output
of palanced modulator 5 to the power level re-
guired in antennas {8. As is the filament current
source, Bes the plate potential source, and Gu the
grid bias source for this amplifier stage. Grid
bias voltage is so adjusted as to produce essen-
tially zero plate current in the absence of radio
frequency excitation in accordance with conven-
tional practice for linear amplifier stages. Hio
and Hu are radio frequency chokes, Cz1 and Caz
are blocking condensers, and Cgs is the neutraliz-
ing condenser for this stage. Condensers Cz: and
C2s and coil Is constitute the radio frequency out-~
put circuit for this stage and function to match
the plate load impedance to the impedance of the
concentric tube transmission line 15 following.
Condensers Czs, Czr and Czs and coils Lo and Luo
constitute the coupling network between the bases
of antennas 9 for coupling the transmission line
to this antenna circuit.

It is seen that elements 6 and 8 are identical
with elements 5 and T respectively and serve to
supply the required side band current to antennas
10 in the same fashion. For convenience, there-
fore, I have shown primed reference characters
in elements 6.and 8 to.indicate corresponding
parts. The radio frequency. excitation to bal-
anced modulator element 6 is the same as that
supplied to element 5. The audio fregquency volt-
ages to these two elements, however, are supplied
by two different audio phase shift networks il
and 12. The input circuits of these two net-

" works are connected in parallel to a source of
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audio frequency voltage such as the program line
{3, or the cutput of a microphone or microphone
amplifier. These networks are designed so that
the difference in the phase shift through the net-
works is substantially ninety electrical degrees
throughout the useful audio frequency range. In
network 11, for example, the coils and condenser
are constructed to have reasonably small losses,
so that the attenuation is negligible when the net-
work is terminated in its characteristic imped-
ance. Resistor Re, connected across the input
winding of transformer Ti, is of such value that
the effective parallel impedance of said resistor
and transformer provides the proper termination
for network 11. :

The outlet of amplifier 8 is conducted through
concentric tube transmission line 16 and applied
to antennas 18 through a coupling network, in-
cluding coils Ta3 and Las and condensers Cas,
Cuo and Ca1, which is similar to that in connec-
tion with antennas 8. ’

Fig. 6 shows the characteristics of a sample
design of audio frequency phase shifting net-
work. The deviation in phase difference from
90 degrees is seen to be within plus or minus 15
degrees over the frequency range of 65 to 10,000
¢. p. s. The following considerations will show
the effect of small deviations from the required
phase shift of 90 degrees.

Returning to Equation 2, the total field in-
tensity is proportional to

cos wtl14m{cos 0 cos pt-+sin ¢ sin (pt—¢)}]

where ¢ is the phase deviation in degrees. .
The term: mlcos 8 cos pt-tsin 0 sin (pt—e) 1 for
any particular value of ¢ has two -conventional
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vector components. They are displaced in phase
by an angle =/24-¢. Consider the case when ¢ is
45 degrees. At this point the vectors are equal in
length. Their sum, .707m (1/0°--1/90°+) is the
percentage of modulation existing at an angle of
45 degrees with the meridian. At an angle of 135
degrees the sum becomes (—~1/0°4+1/80°4-¢)
(707m) and so on. These values of ¢ are used for
illustrative purposes because the bercentage of
modulation is most sensitive to phase deviations
in these directions. The following table shows the
change in percent modulation in decibels as a
function of the phase deviation in degrees for the
most sensitive directions:

Phase deviation =45° =135°
5° o —.38db -+, 86 db.
10°, —.82db. - 68 db.
b —1.30 db. -~ 99 db
20°_.._ —1,84 db. +1.16 db,
B0 o —3.00 dh. -+1.76 &b,

"The table shows that the system is not partic-
ularly critical as to audip phase balance, as a
deviation as much as plus or minus 20 degrees
only produces a maximum variation of 3 decibels
in the frequency response, and this only occurs
at the diagonal angles. It is, of course, clear that
in the north and south, and east and west direc-
tions, no change in the transmitted frequency
response occurs. This simple requirement, of
course, means that a satisfactory polyphase
audio source can readily be set up.

" Fig. 7 shows an alternative to the antenna
system shown in Fig. 5, in which the carrier
antenna 4 has been eliminated. 'The coils and
condensers in the coupling circuils of Fig. 7 are
identical to and numbersd to correspond with
those of Fig. 5. Condenser Cis of the carrier

coupling circuit instead of being connecied to a *

separate carrier antenna is connected to center
taps on coils Ino and Lis of the side band coupling
circuits. The result is that the carrier current
'is divided into four porticns which flow in the
four antennas 9 and {8, producing, at any point
at least ten wavelengthis {rom the antenuna sys-
tem, virtually the same field intensity as would
be produced by the separate carrier antenna &
of Fig, 5. The center tap connections to Lio and

Lug result in a balanced or bridge circuit involv- *

ing the carrier and the side band circuits, so that
there is no coupling between them.

Instead of four or five separate antenna struc-
tures as shown in Figs. 5 and 7, a more econom-

ical arrangement consists of a central siructure

for the carrier with the four side band antennas
suspended therefrcm. ‘'That this is entirely
feasible is shown from a consideration of the
dimensions invelved. In the development of
Equation 2 it was assumed that the spacing of
the directional elements was small in comparison
with a wavelength. This small spacing is desir-
able not only from the point of view of the direc-
tional characteristic in the ground plane, but
also in order that the distribution of the figure-
of-8 directional system in the vertical plane
(as a function of the vertical angle) he as nearly
as possible similar to the vertical distribution of
the carrier antenna. Using the ratio of d, the
spacing, to A, the wavelength of one to thirty,
consider the following example:

Frequency 1000 KC.

Halfwave antenna__________.___
Spacing of elements_.._..____

493, feet high
32.8 feet

(%74

16

© 20

a5

63

65

7

15

5
It would hardly be out of line to assume that the
side band antenna systems could be suspended
from the center carrier antenna structure, with-
out greatly increasing the cost of the antenna
system. Electrical desirability and mechanical
convenience are fortunately concurrent,

Practical aspects of the system

Although the system of my invention intro-
duces certain additional structural and control
factors not found in conventional transmission
systems, the following outstanding advantages
of this polyphase modulation system are ob-
tained. ’

1. The carrier amplifier 2 operates under class
C telegraph conditions. It always supplies car-
rier energy only,

2. The high power tube complement must be
capable of supplying peak power as follows:

Carrier power
¥ carrier power

This should be contrasted with the conventional
system which requires that the final amplifier
be capable of supplying four times carrier.

3. The class C telegraph operation of the car-
rier amplifier reduces the hum problem to a mini-
mum.

4. The minimum sudio frequency load on the
filter system is four times the lowest desired
audio frequency.

5. Slight maladjustment of the system does not
seriously impair fidelity.

6. High overall operating efficiency is realized
for the complete transmitter.

The following is an example of the ecenomy
of the polyphase system as applied to a proposed
50 kw. transmitter. ‘This transmitter would uti-
lize four water-cooled vacuum tubes, two of
which are in the carrier amplifier and one in each
of the side band amplifiers. These tubes would
be driven by six type 849A vacuum tubes, two for
the carrier amplifier and two modulators for each
of the side band amplifiers. These tubes in turn
can be driven from a single source of radio fre-
quency voltage and a pair of 803 vacuum tubes
would provide sufficient power for driving pur-
boses. The following table outlines the probable
bower consumption and tube expense of this
transmitter:

50 kw. transmitter

Plate input, carrier______________ 2 kw.
Plate voltage_ e 18 kv
Plate eurrent._.____.____________ 4.0 amp.
Plate current per tube___..________ 2.0 amp,
Peak current per tube.___.______ 6.6 amp
Plate current each side band am-
plifier at 100% modulation._____ 127 amp
Plate current each side band am-
plifier at 30% modulation______ 382 amp
Plate input, two side band am-
plifiers at 30% modulation_____ 13.75 kw.
Filament power 4 tubes, 61 ampere
ab 22 Vo 5.37 kw.
Plate input carrier amplifier______ 72.0 kw.
Plate input side band amplifiers____ 13.75 kw.
—_—
91,12 kw.
Allow 20 kw. for exciter and
amplifiers___._________.________ 20.00
Total e 111,12 kw.

To further emphasize the Importance of the
system as applied to high Power broadcasting,
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owing data have been compiled concern-
ossible layout for a 500 kw. transmitter.
ansmitter would utilize four type 898
tubes in the carrier amplifier and two
of the side band amplifiers. The mag-
of the saving is such as to shed possibly
ight on the economies of 500 kw. opera-

500 kw. transmitier

nput carrier amplifier_______ 720.0 kw.
input side band amplifiers

1375 kw.
it power, 8 tubes, 207A at 38
____________________________ 54.7 kw.
and auxiliaries__.____._.___._._ 150.0 kw.
otal .. 1062.2 kw.

ever in the drawings and specification I
ferred to specific elements, such as bat-
irces of power and bias potential, particu-
se controlling circuits and the like; I have
d such devices to be illustrative only and
mploy in lieu thereof any suitable means
in the art or as yet undisclosed. It is to
arstood that where batteries are shown
ernating current, or rectified alternating
may be employed as in conventional sys-

ystem of my invention is particularly ap-
to commercial broadcasting of high pow-
1se of the great savings in initial cost, op-
and maintenance effected, especially in
the long hours of operation daily. As
2 of the savings accomplished by the sys-
my invention, I cite the following:

500 kw. transmitter
300 kw. at $.008 for 19 hours=$45.50
per day, 365 days per year=$16,500 per
year.
12 tubes eliminated—Iife, 10,000 hours,

X19 ><12><1600

000 1

aving: $16,5004-13,350=$29,850 per year.
50 kw. transmitter

60 kw. at 1.2¢ for 19 hours/days=5$13.68
per day
365 % $13.68=85,000 per year.

=$13,350 per year

ibes ab $425.00—life 6500 hours against 2
ibes $1600.00—I1ifz 10,000 hours

425X 19X 365
6500

1600 19% 365
10,000

110—$1,810=$300
100--$300=$5,300.09 total annual saving

ency stability and fidelity of signal are not
d in the system of my invention; rather,
of the reduced power output of the trans-
or signals of given intensity, control fac-
greatly simplified and generally improved
m is achieved.

e disclosed only a particular embodiment
avention for clarity, but it will be readily
sod that the system may be modified for
t polyphase relations and by the substi-
I equivalent means in the apparatus for
ssion. The system c¢f my invention is
le not only to broadeast transmission, as
1, but by virtue of the relation of the phase

=8$1,810 per year

=32,210 per year
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of modulation to azimuth angle is adaptable also
to a variety of applications where such relation
raay he useful, such as in radio compass systems,
synchronizing cysteins, duplex signal transmis-
sion, and cther fislds as wiil be apparent to those
skilled in the art. Thug, T desirve it understood
that no limitations upon my invention are in-
tended except as may he imposed by the scope of
the appended claims,

What T clzim as new and desire to secure by
Letters Patent of the United States is as follows:

1. A high frequency signalling transmissionsys-
tem comprising means for broadcasting unmodu-
lated carrier energy, directional means for propa-

5 gating modulation side band signal energy of the

type covering simultaneously a band of frequen-
cies, and means for timing the energization of
sald directional means according to the frequency
of said modulation side band signal energy for ef-
fecting radialion, the phase of which is a func-
tion of the azimuth angle.

2. Ahigh frequency signalling transmission sys-
tem comprising means for broadcasting unmodu-
lated carrier energy, directional means for propa-
gating polyphase modulation side band signal en-
ergy of the type covering simultaneously a band
of frequencies, and means for timing the energiza-
tion of said directional means according to the
frequency of said medulation side band signal en-
ergy for effecting radiation, the phase of the
composite field of said modulation side band sig-
nal energy being g function of the azimuth angle.

3. A high frequency signalling transmission sys-
tem comprising separate means for propagating
radio frequency carrier energy and modulation
side band radio frequency energy of the type cov-
ering simultaneously a band of frequencies, means
for timing the radiation of the modulation side
band signal energy according to the frequency of
the modulation side band signal energy, and
means for controlling the space phase of the com-
posite field intensity produced by said separate
means 8o that the roct-mean-square radio fre-
quency power output of said separate means is
constant throughout the modulation cycle.

4. A high frequency signalling transmission Sys-
tem comprising separate means for rropagating
carrier energy and modulation side band signal
energy of the type covering simultaneously a band
of frequencies, the output of said means for propa.-
gating carrier energy being substantially constant,
and means for controlling the phase of the modu-
lation side band signal energy as a function of
the azimuth angle at 2 rate dependent upon the
frequency of the modulation side band signal en-
ergy so that the root-mean-square output of said
means for propagating modulation side band sig-
nal energy is constant throughout the modulation
cycle.

5. Ahigh frequency signalling transmission sys-
tem comprising nondirectional radiating means
and means for individually supplying carrier en-
ergy thereto, polyphase directional radiating
means and means for supplying polyphase modu-
lation side band signal energy of the type cover-
ing simultaneously a hand of frequencies thereto
at a rate dependent upon the frequency of the
modulation side band signal energy, the phase of
the modulation in the composite field intensity
being a function of the azimuth angle,

6. Ahigh frequency signalling transmission sys-~
tem comprising nondirectional radiating means
and means for individually supplying carrier en-
ergy thereto for establishing a uniform field of
carrier energy about said radiating means, multi-




2,318,048

ble radiating means within sald field and means
for supplying modulation side band signal energy
of the type covering simaultaneously a band of
frequencies thereto for establishing separate. re-
stricted fields of modulation side band signal en-
ergy superimposed on said fleld of carrier energy
at a rate dependent upon the frequency of the
modulation side band signal energy, the phase of
the modulation side band signal energy in the re-
spective restricted fields being a function of the
azimuth angle.

7. The method of high frequency transmission
which consists in establishing in space separate
flelds of carrier energy and modulation side band
signal energy of the type covering simultaneously
a band of frequencies, controlling the transmis-
sion of the modulation side band signal energy in
proportion to tie frequency of the modulation side
bang signal energy and varying the phase of the
modulation in the composite field as & function
of the azimuth angle.

8. The method of high frequency transmission
which consists in establishing a composite field
of carrier energy and modulation side band signal
energy of the type covering simultaneously s band
of freguencies in space, and separately controlling
the phase of the modulation as a function of the
azimuth angle at a rate dependent upon the fre-
quency of the modulation side band signal energy.

9. The method of broadcasting high frequency
signal energy which counsists in establishing in
space & field of high frequency energy of substan-
tially constant power input modulating said field
by a signal of the type covering simultaneously a
band of frequencies, controlling the phase of the
maximum intensity of said fisld as a function of
the azimuth angle at a rate proportional to the
modulating frequency, and varying the intensity
of said field in accordance with the modulating
signal.

10. The method of broadcasting high frequency
signal energy which consists in uniformly propa-
gating in all directions in the ground plane an
amplitude modulated signal wave of the type cov-
ering simulfaneously a band of frequencies and
having uniform amplitude of medulation in all di-
rections and controlling the rate of propagation
according to the frequency of modulation of the
modulated signal wave with the phase of the
modulation varying as a function of the azimuth
angle.

11. The method of high frequency signalling
which includes transmiting high frequency am-
plitude modulated signal waves of the type cov-
ering simultaneously a band of frequencies along
different azimuths and controlling the space phase
of the amplitude modulated sjgnal waves as a
function of the azimuth angle at a rate dependent
upon the modulation frequency of the amplitude
modulated signal waves.

12. The method of broadcasting high frequency
signal energy with substantially constant power
consumption throughout the modulation cycle
which includes controlling the space phase of an
amplitude modulated signal wave of the type cov-
ering simultaneously a band of frequencies as a
function of the azimuth angle so that instanta-
neous field intensities at points of 180° displace-
ment in the ground plane are 180° out of phase at
a rate dependent upon the modulation frequency
of the amplitude modulated signal wave.

13. The method of broadcasting high frequency
signal energy with substantially constant power

b
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15

which consists in broadeasting an amplity
modulated signal wave of the type covering simm
taneously a band of frequencies, and controlli
the space phase of the modulation energy as
function of the azimuth angle so that instant
neous field intensities are 180° out of phase
points of 180° displacement in the ground plax
power maxima in one phase being accompanied
power minima in the opposite phase to preser
constancy in the power input throughout the mo
ulation cycle at a rate dependent upon the mod
lation frequency of the amplitude modulated si
nal wave.

14. A high frequency signalling transmissi
system comprising a source of unmodulated ca
rier energy, separate sources of polyphase mod'

' lation side bang signal energy of the type cove
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consumption throughout the modulation cycle 45

ing simultaneously a band of frequencies, and :
antenna system including radiators coupled wi
each phase of said polyphase modulation sign
energy and mounted relative to each other abo:
a central point in accordance with the phase
the signal energy to be radiated therefrom, sa
antenna system including means separately co:
nected with the first said source for independent
radiating said unmodulateq carrier energy.

15. A high frequency signalling transmissic
system as set forth in claim 14 and wherein ti
last said means comprises g nondirectional r:
diator disposed at the central point in said syste;
and separately coupled with said source of ur
modulated carrier energy.

16. A high frequency signalling transmissio
system as set forth in claim 14 and wherein tr
last said means comprises g balanced circuit ir
terconnecting the said radiators and said souic
of carrier energy for radiating unmodulated cay
rier energy from said radiators, said balance

40 Circuit operating to annul coupling between th

separate radiators and the bolyphase signal en
ergy supplied thereto,

17. A high frequency signalling transmissio
system comprising a source of unmodulateq cax
rier energy, a source of modulation signal energ
of the type covering simultaneously a band ¢
frequencies, phase splitting means coupled wit
said source of signal energy, separate means fo
modulating carrier energy from said source there
of by each phase of said signal energy, means fo
suppressing the carrier energy in each phase o
the signal modulated energy, means for separatel
and independently radiating unmodulated carrie
energy derived from said source thereof and eac]
phase of the signal modulated energy, the radiat
ing means for each phase of said signal modulate
energy being disposed relative to each other abou
a central point in accordance with the phase o
the energy to be radiated therefrom and mean
for controlling the rate of radiation of each phas
of the signal modulated energy according to th
frequency of said source of modulation signa
energy.

18. A high frequency signalling transmissiox

5 System comprising a source of unmodulated car.

rier energy, a source of modulation signal energ;
of the type covering simultaneously a bang o
frequencies, phase splitting means coupled witl
said source of signal energy, separate modulating
means coupled with said source of carrier energy
and each phase of said phase splitting means anc
operative to produce suppressed carrier polyphase
double side band signal modulated energy, means
for radiating unmodulated carrier energy derivec

from said source of carrier energy, and separate
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liating each phase of said polyphase
ted energy at a rate dependent upon
. of said modulating means, the ra-
; for each phase of said signal modu-
eing disposed in space in accordance
se relations of the energy to be ra-
rom.

frequency signalling {ransmission
xizing a source of unmodulated car-
. scurce of modulation signal energy
vering simultaneously a band of fre-
1 separate circuits coupled with the
‘ce, phase shifting means in at least
ircuits to produce signal currents in
wture in the separate circuits, bal-
ator means in each of said cireuits
said scurce of carrier energy and
sliver double side kand signal modu-~
with carrier energy suppressed, said
iand signal modulated energy being
Wdrature in the separate modulator
s for separately and independently
modulated carrier energy derived
arce thereof and each phase of said
Jand signal modulated energy, the
:ans for each phase of said signal
1ergy being disposed in quadrature
ace, and means for controlling the
icn of each phase of the signal modu-
according to the frequency of said
dulation signal energy.
sthod of broadcasting high frequency
-includes directively and successively
I space an amplitude modulated sig-
the type covering simultaneously a
guencies, maintaining the percent
hereof the same in all directions, and
dhase of the raodulation with direc-
: proportional to the modulation fre-
+ amplitude modulated signal wave.
wdeasting system comprising non-
neans for radiating unmodulated
gy characterized by the function
onal means for radiating suppressed
1 energy of the type covering simul-
rand of frequencies characterized by
sin wi cos pt, other directional means
pace in 99° relation to the first said
ieans for radiating suppressed carrier
;v characterized by the function
where « represents the carrier fre-
p the signal frequency, and means
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for controlling the radiation of the suppressed
carrier signal in proportion to the value of p.

22. A broadcasting system comprising nondi-
rectional means for radiating unmodulated car-
rier ensrgy, multiple directional means for radiat-
ing polyphase suppressed carrier signal energy of
the type¢ covering simultaheously a band of fre-
quencies, with the radiating components of said
multiple directional means dispesed in space in
relation to the polyphase energy radiated thereby
for preducing in cooperation with said nondirec-
tional means a composite field characterized by
the function cos (pt—#), where p represents the
signal frequency and ¢ the azimuth angle, and
means for controlling the radiation of the sup~
pressed carrier signal in proportion to the value
of p.

23. An antenna modulation system including
means for generating carrier frequency current,
a source of modulation current of the character-
istics required for the transmission of signals cov-
ering simultaneously a hand of {requencies, means
for applying one of said currents to create an
omni-directional field, and means for applying the

3 other of said currents to create a field retating at

the freguencies of said hand of frequencies.

24, An antenna modulation system including
means for generating carrier frequency currents,
a source of modulation currents of the character-

0 istics reguired for the transmission of signals cov-

ering simultaneously a band of frequencies, means
for applying one of said cwrrents to create an
omnui-directional field, and means for applying
the other of said currents to create a field rotating

5 at the frequency of the said other currents.

25. An antenna modulation system including
means for generating a carrier freguency current,
a source of modulation currents of the character-
istics required for the simultaneous transmission
of signals covering simultaneously a band of fre-
quencies. means for applying one of said currents
to create an omnidirectional field, and means for
applying the other of said curvents to create a
field in which compenents rotate at the frequen-
cies corresponding to the frequencies of said
modulation.

26. The methed of transmitting simultaneously
a wide range of modulation frequencies which in-
cludes radiating an unmodulated carrier wave,
establishing a rotating field, and varying the rate
of rotation of said field as a function of said modu-
lation frequencies.

JOHN F. BYRNE,



