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_This invention relates to a $ignal trarismission
‘system, and more particularly to a carrier wave
system for transmitting signals in which fading
is minimized or eliminated. :

- In the art of radio communication it is well .

kniown that g radio wave of medium or high fre-
_quéncy-often cannct be received within a Zone
which may, for example, lie (for a 20 meter
‘wave) between 50 and 700 miles from thé trans-
- miftter. In other words, under a certain ‘st of
conditions, the wave miay, for example, be re-
“-celved only within 50 miles of the transmitter, or
- farther than 700 miles from it. The width of
such a zone in'which the transmitted wave cati-
not be received is commonly termed the “skip
- distance.” It is usually assumed that this skip
exists because a radio wave from g transmitter
' moves near the ground only for a short distance
. before it becomes attenuated fo an intensity too
- low ‘to be received, while ionized lsyers in the
upper atmosphere reflect the wave from the
transmitter to positions much farther removed
- than those to which the gréund wave resches.
:Varying reflection from. the ionizeéd layers D16~
“-duces fading. S :
..It is an object of my invention to provide an
improved signal transmission system by whi¢h
- communication may be carried on at distances
from the transmitter within the normal “skip
“distance.” ‘ ; S o
" It is dlso an object of my invention to provide
an improved signal transmission system in' which
fading effects are minimized, -~ - o
_ - To attain these objects I utilize a system’ in
‘which' a' radio’ wave, for example, is radiated in
such a way that a directional characteristic may
"be changed. “If the radiation is in the' form of
a-beam, the direction of propagation of the beam
- ‘may be altered periodically. ' As the beam-difec-
© tion is periodically altered, reflection from the
“lonized:-layers varies in direction and Dosition,
so that many points not reached by a wave props-
- gated in'a single direction are reached ifitermit-
tently by such-radiation whose direction of prop-
. ‘agation is-altéred:  AWernatively, a polarized
‘wave may: be radiated and the: direction: of po-
larization-altered intermittently to producs: sim-
ilar results, - : C
~:'When either:of these direstionsl characteristics
is-altered; the intensity of radiation: is: prefer-
ably kept: constant, whereby fading is reduced .at
-distant points to which such radiatien is reficeted
drom upper strata of the atmosphere; In par-
¥eular, selective'fading; due to ‘unequal transmis-
slon of side: bands, is lessened: - SR
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In Fig. 1 the transniitter ii
cuit 10, which is maiitaified
electron discharge dey
oscillations are amplified’ in.

shunted by s resistance 18, to the control elec~
trode 19 of the deVice 11, The ca 20 of ¥
device I is connected 0 gn inte , v
of the tuned circitit: (4. The ancde 14 is. ¢on-
nected through a-resistanice 21 and source 24 of
operating potentlal: The tuned circuit 18" and
accompanying elements’ thus form & usual type
of oscillator. R R AR LT
The dipole antenna {3 lies.parailel to the sur-
face of the earth and at-a-distance: above: the
surface: of ‘the earth.egual to- Qneéqua_rte_]g‘_wave

-length-of the wave-impréssed on the antenma. A

similar: dipole antenna 23 is placed parailel to

{the antenna i3 and lies one-quarter wave length

from the antenns § 3and one-quarter wave length
above the surface of. the’earth,: The dipole. an-
tenna 23 is interrupted at its center, and the-in-
terruption is-bridged by-a series reson: g circuit
comprising- an inductance 24, & condenser 25,
and.an electrom discharge device 26,
The- dipole-antenna 23 is ‘arranged to-ach as'a

reflector of the waves: radiated Trom the antenna
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3. This reflecting antenna 23, by adjusﬁment,"

of the resonant frequency of the series resonant
circuit comprising the inductance 24, the con-
denser 25, and the discharge device 25, may be
made more or less effective to reflect radiated

waves of a particular frequency.’ . When the reso- -

nant frequency of the series resonant circuit is

. phase, with respect to the voltage between' the

R

made equal to the frequency of ;waves ‘radiated-

from the antenna I3, the antenna 23 is, in ef-
fect, connected together at its: center so as to

act most effectively as.a reflector for'waves from..

10

the antenna {3. When so adjusted the antenna. .. .. .~ 4
“*throiigh the device 26 may be adjusted by chang-

system acts to radiate waves in a direction sub-

stantially opposite to the direction of the antenna: .

23 from the antenna 13,

When the resonant frequency of the series res;

onant circuit is adjusted to .a frequency different
from that of the waves radiated from-the. an-

anode 21 and cathode 33, is developed -across the
resistance 29, and applied to the control electrode
38. Alternating current which flows through the

"device 26 is'in phase with the leading alternating -

potential on the control electrcdes 38. & Any al-
ternating pstential which exists between the an-
‘therefore, aceompanied by a leading 'siternating
current, so that the device 26 simulates & con-
denser. : s ,

“The amount of leading current which flows: -

.-ing the potential across the resistance 89, there-
‘by changing the:apparent reactance of the device

9§ in its action’in simulating a condenser. -As

. the apparent reactance of the device 26 changes,

““the resonant ‘frequency of the series-resonant

tenna 13, the reflecting antenna 23 is effectively :

interrupted at its center, and does not ‘reflect;
waves of such frequency. When so adjusted, the
antenna system radiates waves upward from the
antenna 13, because of the reflecting “power’ of

the surface of the earth. “Therefore, by adjust- -

ment of the resoriant frequency of the series res-
onant circuit. comprising the inductance 24, the

condenser 25, and the dischiarge device 26, the

20

circuit including - inductance 28, condenser 286,
and discharge device 26, changes with a. concur-

Tent charnge in the direction of maximum radia--

! tion from the antenna 13.. . =

direction, in. a vertical plane,.in which waves

from the antenna (3:are radiated, may be ad-
justed. U

The electron discharge device 2, _w,hii:h isa

part of the series resonant circuit, is so"connect-

ed in shunt to the condenser 25 as to transmit -

“therearound a ‘current whose “phase - leads ‘the
phase of voltage across condenser 25 by a sub-

stantial angle and: which therefore; simulates a

condenser connected in shunt to condenser 28.
~The anode 21 of the device 26 is connected to a
point between the.inductance 28 and one termi-
_nal of the condenser 25, and the cathode 33 is

35

40

connected through a resistance 31, in shunt:to a -
bypassing condenser 32, and a.conductor 41 to.

“the othetr terminal of the condenser 25. -The de-

vice " 25 ‘is supplied with ‘operating ~current .

through a circuit which may be traced from the
anode 27-through the inductarce 24, a choke coil
28, g source 29 of potential whose negative ter-

minal is grounded, & choke coil 30, and the:re- .

sistance 31 to the cathode 33 of ‘the device 26.

The screen electrode 34 is supplied with operat- '

ing potential through a resistance 35 from the
positive ‘terminal of source 29, -and is bypassed

through a bypassing condenser 36 to a-point be-"

tween the choke coil 30 and the resistance 31."

A potential is supplied from the anode of de- .

* Audio signals froni a microphone &2 are: ampH-
fied in amplifier 43 and applied across’ the ‘re-

- sistance 39 so as to change the direction of maxi-

mum radiation from the antenna 13 in accord-

ance with the intensity. of the audio signals to-

be transmitted. " The output circult ‘of ‘amplifier
43 includes ‘o switch 47 having .three.  positions

and which, in the position shown, supplies ‘the .
_amplified signals across resistance 38 through re- .-

sistance §0. ‘Its operation when in the other of
its positions will later be indicated. ~ "

~ The transmitter as thus described may be ad-

justed in several ways. _The source 40 of poten-

tial may be made just latge enough to make the .
apparent reactance of ‘the device 26, in the ‘ab-

sence of & signal from the microphone 42, of the

proper valize to' make the serles resonant circuit,

including inductance 24, condenser 2§, and dis-
charge device 26; resonate at the frequency of

waves from:the antennsd. 13. The output. of: the

audio ‘amplifier ‘43 maythen:be.poled in: either

idirection, so that the apparent Teactance of the

device 26 either increases. or decreases as the in-
tensity ‘of the audio stgnal increases. ~A change

‘of reactance in eithe;

direction changes the Tes-

.. ‘onant “frequency. of ‘the series resonant circuit,

vice 26 through condenser 31 to the control elec-

trode 38 in such phase with respect-to alternat-
ing potential between the anode 27 and the cath-
ode 33 as to cause alternating current to flow
through the anode and cathode having -a' sub-
stantially leading phase relation to the alternat-
ing voltage therebetween. This alternating ‘po-
tential-is impressed- on - thé control ‘electrode 38
through a network comprising condenser 31-and

a Tesistance 39 and a source 40 of potential con- ‘65

 mected in series between the control electrode 38
and a point between the choke coil 30 and the
resistance 31, The source 40 maintains g suit-
‘able ‘bias potential for the control electrode 38,
" Alternating ‘potential between the ‘anode 27

snd the cathode 33 is impressed across the series |

combination of condenser 37-and resistance 39,
whereby - alternating - current-of “leading: phase

70

flows  through the condenser and ‘resistance.

. Consequently, an alternating voltege of -leading

75

‘and rediices ‘the effectiveness:of ‘the ‘antenna 23

) ‘as a reflector, so that the direction. of radiation

‘tensity of the audio signal.

of the waves is changed in response to the in-

‘Alternatively the potential from the source 4

may be made of such valug as tc make the series.
‘resonant circuit resonant at'a’ frequency removed -

from the frequency of waves from the antenna 3
by an amount equal to.the shift. of: resonant fre-

‘quéncy. caused. by the average peak intensity of . '

60 signals from the microphone 42...Such signals of

peak intensity, then make the series resonant eir-

cuit.resonate at the frequency:of waves radiated - )

from antenna 13, < :

~ For the reception of. waves transmittedf!m ,
‘such a transmitter an ordinary.receiver adapied -

for the reception of amplitude modulated waves

is suitable;. Although: the frequency and:ampli- -

tude of the wave radiated from the afitanna i3
.are constant at all times, the: method-of “trans-
.mjssion which ‘comprises  varying the direction
of propagation of: the radiation:causes the: -

“tant. receiver to receive mare of :less radtated

energy in accordance with the-intensity. of ‘the
signal from the microphone ‘42:: 'The:récetved
wave therefore appears.to be modulated n a-

ode. 217and ‘the cathode 8% of the:device 26 is, .
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‘plitude, although it is in fact modulated in direc-
" Referfing to Fig, ‘2;'there may ‘be obtained a
‘clearer idea of the-mannér-in' which the radiation

_Teceived at -the -distant reeeiver varies as ‘the -

direction of propagation is changed at the-trans-
‘mitter. ‘The - transmitter is represented by an
“antenna 68 at a certain position on the surface
of the earth 62, “An ionic reflection layer is rep-
Tesented by'a dotted line 6 parallel-to-the surface
.of the'earth 62. A distant receiver is represented
by & second-antenna 63. In the figure three dif-
“ferent lines 64,65, and 66 represent three- differ-
‘ent paths over “which. the radiation from ‘the

‘transmitter ‘60 travels at three different instants

‘of‘time." The path 64 is nearly horizontal at the
‘transmitter ‘60, indicating- that the antenns 23
s effective as a reflector. The paths 65-and 65
.are progressively nearer vertical, indicating that

the _antenna 23 is correspondingly less effective «

‘as-a@ reflector. . L ;

. 'The wave which takes the path 64 travels a
Adong“ distance. before being reflected from the
donic layer 61 to travel a return path 67, which

Teaches the earth at a point far beyond the re--

ceiver 83. ‘The wave which travels the second
path 65 reaches the ionic layer 61 at a shorter
distance, and is reflected at a more acute angle
‘along & path 88, which passes close to the receiver

83 to be reflected again from the surface of the:

.eaith 62 along a path 89. The wave which travels
“the third path 86 is reflected from the ionic layer
.- 81 at a point éven closer to the transmitter ‘69,

.and takes the path 70 so as o be reflected ‘from

the earth 62 at a point between the transmitter:

‘B0 and the receiver 63. After reflection from
_the earth, this wave takes a path Ti back to the
onic layer &1, and is again reflected therefrom
‘along a path 72 to a point on the surface of the
‘earth 82 beyond the receiver 63. o
" By consecutive inspection of these three paths
-0f radiation travel, it may be seen that energy
" from the transmitter 80 reaches the receiver §3
~ at least once during each time the path of travel
-of-the beam from the transmitter §9 is varied in
a vertical plane. In order to avoid distortion of
the signal at the receiver §3, it is desirable to ad-
__just the angle through which the carrier wave
“beam is swept in the vertical plane, 5o that the
-beam passes the receiver substantially only once

- .during’each sweep. Of courSe, it is within ‘the-

- ‘scope of the invention to sweep the beam in a
-horizontal, or an other, plane and similar precau-
. tion should be taken to avoid distortion. .

.- Fhe transmitter illustrated in Fig. 1 may be

-caused to operate in a different way. The beam
radiated from the antenna 13 may be caused to
"sweep up and down in a vertical plane at a pre-
© ~determined frequency when there is no signal

.from-the microphone 42, and to sweep up and

-for various intensities of signal from the micro-
"phone 42, To reconnect the transmitter to’ ac~
“complish- this, the blades of - the switch &7 are
" moved downward to connect the output of the

~audio amplifier 43 through an electron discharge

.device 88, _WhiCh controls the operating fre--

.quency of an oscillating electron discharge de-

vice, 81, which in turn is connected to supply

“alteinating potential across the resistance 39.
_...The- discharge device 81 is connected with a
tuned circuit, comprising an inductance 82 and
-a,_condenser 83, to form an oscillator-and main-
tain:continuous oscillations. The cathode 84 of
the "device 81 is connected to an intermediate

10
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‘point of the:inductance 82, of which ‘orie ‘ter-
‘minal is'grounded.” "This grounded. terminal :of
‘the inductance 82 ‘is coupled through a bypass-
ing condenser 86 to the:anode:85 of the discharge
device 81, ‘while the other terminal of the in-
ductance 82 is coupled through a~.condenser 88,
in shunt to a resistance 89, to’the control elec-
‘trode ‘87 of the ‘device 81.  Operating ‘current
for-the discharge device 81 s supplied through
a-cireuit which may be traced from the anode:85
‘through 'a resistance :98, the source 29; ard. a
portion of the inductance 82 to. the cathode 84
‘of-the device &1. R
Continuous -oscillations maintained in- -the
‘tuned circuit <82, 83" are transferred o an in~
ductanee 81, coupledito the inductance 82. There
is a third blade $2 of the'switeh 41, through which
‘the inductance ‘81" is 'connecied dn  series” with
the resistances '89.and 56, when' the switch 47 :is
in its downward position.. The continuous oseil-
lations produced by the oscillator coriprising ¢is-
‘charge device ‘81 ‘arid the tumed circuits 82, 83
are therefore effective to-adjust continuocusly ap -
and -down the ‘direction of Tadiaiion. from the

antenna 8. - .

The electron discharge device -84 is connected
in shunt to the condenhser 83 to simulate a:con-

‘denser in a manner similar to the. connection of ]

the  discharge device 72§ in: shunt -to-“the colt-
denser 25.- The danode 93 -of the device ‘80 ‘is
coupled through a condenser 94 to the iinground-
ed terminal of the condenser 83, aig the -cathode
85 of the device ‘88 iy connected through a we-
sistance 96 -in shunt teo ‘a+bypassiiig - condenser

81 to ground, and so to the other: terminal of

the condenser €8.' Operating current for ‘the
device 89 is ‘supplied through a eireuit, ‘which -
may be traced from the anede $8 through:a choke
coil 88, a resistance 48, the source 28 of -poten-~
tial, and the resistance 96 to the cathode 85

“of the discharge device 0. The: screen electrode’
‘180 i supplied with ‘opsrating poteritial “through

a resistance 0 from the positive terminal of
‘t‘he source 28, and is bypassed 'to ground through
a bypassing condenser 182. - . .

" A'series combination of a condenser- 164 and a
_Tesistance 185 is connectéd between the anode

83 and ground: to impress.an aliernating poter-
tial on the control -electrode 193 which is lead-
ing in phase with respect to the alternating po-

‘tential between the anode 93 ang the :cathode

88, As explained in connection with ‘the device

|26, alternating voltage between the #node 98:and

cathode 95 produces-a leading alternating cor-
rent through the series combination of condenser

104 and resistance 195, with consequent produc-

tion of a leading alternating voltage ‘@eross’ the
resistance ' 183, -which leading. voliage appears
between ‘the control electrode 182 ang. cathode
85. By adjustment of the average voltage actoss
the resistance 185, -the amount of leading cur-~
rent flowing through the discharge device 83 may
be adjusted with eoncurrent. adjustment: of the

frequency of the continuous osgi lations main-

tained in the tuned circuit 82, 83.

- In this connection of the transmitier, the sig-
nals from the microphone ‘42 are applied weross
the resistance 105, so that the frequency of -cori-
tinuous oscillations maintained in the tuned cir-
cuit 82, 83 varies in accordance with the audio
signals. ‘Consequently, the frequency “at- which
the direction of radiation from the antenna 3

is altered up and down is varied in Tesporge to

and in accordance -with the-signals from micro-

“phone 42,




‘With' the blades of the switch 47-in the above
mentioned: downward position, ‘the blade 45 is
connected .ta ground, and the blade 45 is:con-
nected through a conductor 106 and a resistance
107 to.the control electrode 103. Amplified sig- 5
nals from. the microphone 42, therefore; appear
across-the. Tesistance 105, change the amount
of leading current passing through the discharge’

2,384,
 frequencies. This

-~ cyeles. -

;011 Lo o
‘average frequency:is approxi-
mately the predetermined frequency at-which the
tuned circuit 82, 83 operates in the absence of &
signa] from the microphone 42, and, as explained
above, may be of the order of from.20 to 50 kilo-

.. A diode

or detector, 117 and a source
- 4118 of potential,-e L

rectifier, o tor, 14
nnected in series, are in shunt

device 80, change the frequency of the continu- - fothe resistance.| 15,:4nd act as a limiter.. The
ous . oscillations maintained in_the tuned circuit 10 potential of the source 118 i5'small, and is usually
82, 83, change the frequency at which theamount  Of the-order.of 1 volt. The source 118.is 50 poled
of leading current passing  through the device with. respect to-the diode 117 as to maintain the.. -

ange the fre- -
fon from the .

2§ is changed, and consequently:ch:
quency at which the beam of. radiat;
antenna 13 is swept up .and. down
plane in response to.the intensity of the signals
from. the.microphone>,4,2.‘, UL VT ST
.1t is preferred that the rate at which the beam -
is swept up and down in the absence of a sig-
nal be higher than the
signal which.it is desired to. transmit. For ex-
ample, if it be desired to transmit an audio-sig-
nal . having. frequencies extending, for example,
to 10,000 cycles, it is preferred that the discharge
device 81 produce oscillations having &
higher than 10,000 cycles, for example,
order of 20,000 to 50,000 cycles
An ordinary receiver designe
modulated in accordance with signa
10,000. cycles, cannot respond : b 5
mittéd wave. - As. explained: before, the ampli-
tude and frequency\_of;‘a.z~tran§mittqd wave. are
constant at all times, the direction of transmis- -
sion being varied. A distant: receiver of the or--
-dinary type: receives -the carrier wave )
_tently, as-explained in connection with ‘Fig. 2,
but at such a high rate of speed as to be inaudi-
“ple. An ordinary receiver, therefore, receives the
transmitted wave as.a continuously radiated car:
rier wave with no-modulation. . .y oo
In Fig. 3 there is-illustrated a special -receiver - -
which I have provided for reception of the -wave
- transmitted by. the transmitter illustrated in Fig.
1 when the switch 41 is in its downward: po-
_sition. An antenna K0 is.arranged to, receive 745
_the carrier wave as it passes the receiver; and to
impress it upon a receiver (14, which comprises
a -suitable tuning and amplifying apparatus for -
the ‘carrier wave. The output of .the receiver 111
is supplied through a transformer | i2, tuned by 789
a condenser 113 to the frequency. of .the -carrier - -
wave, upon a diode detector | 14 in series with-a ..
load resistance 115, A-high frequency by-passing
condenser- {16 is connected in shunt to the load
resistance 115. - AL B et
When the beam is radiated from: the trans-
mitter in such.a direction as to-produce maximum °
energy at the receiver, a ‘voltage is produced
across the resistance 115 in accordance with the .
maximum intensity of the carrier wave at the : 60
receiver. ‘When the beam is radiated from the:
transmitter in other directions such- that mini-
mum energy is received at the receiver; g mini--
mum. voltage appears across the resistance 118,
The voltage across the resistance 145, therefore, . 85
corresponds to the output voltage -of the tuned
circuit 82, 83, The frequency:of the  voltage -
across the resistance 115 is, therefore, .constant:
~in the absence of a signal from the: microphone
42, and varies in.frequency: from this constant 70
frequency when a signal is transmitted from the -
microphone 42. The voltage: across: the resist-
ance 115, therefore, has the characteristics of &
frequency - modulated carrier- wave, except that
frequency may be lower than radio .78

of the
d to detect waves
1s of less than

the average

in a vertical . 15.voitage across resistance 1§

highest, frequency. of the 20

frequency : 25

o0-such & trans- .30

intermit- ;-85

- voltage is: ap

diode non-conductive in the: absence of voltage

across the resistance |15, When the alternating - N

cross resista nas s peak value
greater than the. voltage of source |18, current.
flows in the diode (11 during such times.and T~
duces stich voltages. . . T
_The function of the diode 117 and source I8 1s-
similar.to the function of a limiter in a frequency
moduiation receiver, -Sufficient amplification 1s
provided in the receiver (11 so that signals are
rmally amplified to -produce ‘a voltage. across
the resistance 116 greater thati the potential of
the souirce LI8.  The diode |17 being conductive
-8t all values of voltage across the resistance 1ns -

nor.

- gréater than the potential of the source (18, the

signal voltage which can’ appear across the dicde
A1T-and the source ‘{18 in series is limited to &
coristant maximum value, " T
* A 'cireuit is connected in shunt to the resistance

" {15, which circuit is arranged to respond to the

deviation' ¢f the frequency of the voltage scross

_ resistatice. (15 from &’ predetermined” frequedcy

equal ‘to the frequency to which circuit 82, 83 1is
and magnitude correspond to the. direction” and
amount of such’ deviation. ~This voltage “repre-

" ‘sents.the signals from the microphone 42- or the.

frequency -of *-the ‘coritinuous” oscillations main-
tained in the tuned circuit 82, 83 when there is
‘nio signal from the microphone 42. - "~ o

“This ¢ircuit ' which is connected

, in shunt to the
resistance {5 comprises a ‘pair of diode recti-
fiers 122 and 128, to each of which’ two"compo-
nents of voltage are applied.” Omne-component -of
: plied to.each of the diode rectifiers
*.122 ‘and 123, which component is in phase with
the voltage across the resistance 118. These lat--
“ter components are applied through 'a ‘coupling .-
condenser 121, connected between the center tap

“'of ‘a transformer 19 and a point between: resigt- .

‘arice 4 5 and. ‘detector 114, - To the secondary of

~'this transformer:118-the diode rectifiers 122 and

123 “are connected in’ opposing- relation ‘through
“a_balanced load circult comprising a palr of se-
‘ries connected load resistances t28 and - 128. - A
‘bypassing condenser 128'1s conniected in shunt to
the two load resistances and a second bypassing - .
‘¢ondenser "121 is connected in-shunt to the load
‘resistance 125, ‘These two' bypassing’ condensers
have low impedance to voltages of the frequency
of the voltage across the resistance 115, but sub-
‘stantial impedance’ at the highest -frequency - of
signal voltages from the microphone 42 The
.circlit is arranged so. that the above=described
two components, applied to the respective ‘diode -
“rectifiers. 122 and 128, produce equal and oppo-
site voltages across the respective two resistances
124 ‘and 126. A conductor 131 is connected be-
. tween the center tap of the secondary of trans-
former (19 and & point between the load resist- -
‘ance 128and 426, oo
-"'A second component of voltage from the ‘resist-
“ance 118 is applied to each of the diode rectifiers

v

tuned, and to produce a voltage whose polarity - -
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122.and 123, This second. component is -applied
through the. transformer action of the trans-
former 119, whose primary is connected in shunt
to resistance {15 and whose secondary, shunted
by a condenser: 122, forms a tuned. circuit.. If

the. frequency of: the voltage across ‘resistance 115
© is the same as the resonant frequency of the tuned
circuit; mcludmg the condenser 126 and the trans-
former 118, the transformer {9 impresses a
voltage-on one of. the diode rectifiers, which volt-
age leads by substantially 90° the voltage actoss
the resistance 115. The tuned transformer ap-
plies across the other diode rectifier a voltage of
.equal magnitude, which veltage lags, by substan-
~ tially 90°, the voltage across the Tes istance. 115.

As the frequency. of. the voltage across the
res1stance 115 changes, this phase relation be-
“tween the various components. changes, so that

the two components across one diode rectifier are

more nearly in phase, and the two components
across the other diode rectifier are. more hearly
out.of.phase. The resultant voltage across one
diode,. therefore ‘becomes greater than that across
the. other, when the frequency. of the voltage
agross resistance (15 is different from the reson-
ant irequency of the tuned circuit including the
condenser. 128° and the transformer 119.  Under
such. conchtlons a greater rectified.voltage ap-

" pears across one of the’ Joad resistances 124.and

125 than across the other and a net _signal volt-
age is.therefore present across,the series combi-
_nation’of the two load resistances.

. The signal voltage across: the resistances (24
and 125 is transmitted through 2 coupling con-
denser 128 to the input of an audio amplifier {29,
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;whrch amphﬁes the signal and transmits 1t to a ’

. loud speaker 130;
© By further adjustment of the switch 47, the

- transmitter 111ustra,ted in Fig. 1 may be utﬂvzed

for- a third type of transmlsswn in which the
beam’ from the antenna (3 is swept up -and down
in a vertical plane at a constant rate, while the
frequency of the carriér wave is modulated in
response to'the int tensity of a signal. In this

third connection of the transmltter continuous 4
variation of the direction of transmlssmn of ra- *

diation from the antenna 13 assiires receptﬁon at
the dlstant receiver, as e}’plamed above in con-
nection with Fig: 2, Whﬂe modu;atlon of: the fre-
© quency of the carner wave in response to the in<
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tensn:y of an audio 51gna1 provides signal trans-

mission witheut selective fading associated with
multi-path - transmission, such as occurs Wlth
an amplitude medulated ‘wave.

‘Such a-feconnection:of the transmitter may be ;

effected’ by moving the blades of the switch 47 to
the ‘upper position, in- which' audio signals from
the ‘microphone-42- are caitsed to vary the fre<
quency-of oscillations in the tuned circuit' (9" in
response- to- the- intensity: of ‘the signals.  -With

GO

‘this: reconneetion; -no’ signal” voltag ge- is applied -

across: the- resistance 185, with the ‘result ‘that

- . acconstant ‘current -flows through the anode-and

cathode of-the electron discharge device- 88;-so
that- oseillations. in “the tuned circuit . 82,83 are

of. constant. frequency.  Since:the dLrectmn of

transmission..of: radiation from. the. antenna-13
is. adjusted.in accordance with. the- intensity. of
oseillations.in the -tuned. circuit. 82, 83; the vari-

ation of the-direction of transmission takes place

cyclically at a constant frequency. .

The. means. by whlch the. audio. szgnals from
the ‘microphone 42 are caused .to vary the fre-
quency. of oscillations. in. the, tuned. circuit [0

compnses an electron chsonarge devme MD wh1ch k

5.

is interconnected with the tuned circuit 10 in the
same way as the electron d1scharge device 80 is
1nterconnected with the tuned circuit 82, 83. The
anode. 141 .of the device 180 is. coupled through. a
coupling condenser 142 to the’ ungrounded termi-
nal of the tuned circuit 18, and thé cathode 143
is connected through’ a re51stance 144, in shunt
to.a bypassing condenser 145, to ground thereby
being_.coupled to the gréunded terminal. of the

‘tuned circuit. 8. - Voltage between the terminals
‘'of the tuned circuit 10 ther efore appears between

the anode 141 and the cathode 143,. the ‘device

140 being arranged to transmit. a leadlng current

through its ahode and cathode.

The anode. 141 of the, device . l 40 s, supphed
with operating current ‘through 3 choke coil 146
and.a resistance. 147 from the: p051t1v~= terminal -
of the scurce 22.. The screen electrode. (48 0f the
device 140 is. connected through a resmtance 159
to this positive  terminal, "and is bypassed to
ground. through a bypassmg ‘condenser 143.

A suitable phase shlftlng network’ applies,an
alternating potential to the con'trol electrode 152

of:the device 148, which potential is leading with = .

respect to the. alternating voltage between.the
anode 144.and the cathode .183. This network
comprises . .a -series comblnatmn of a condenser
151 and a resistance 153 connected in shunt to
the tuned circuit 10." The control electrode 152
is- connected to a point between the condenser )
151 and -the resistance. 153, Alternating voltage
between the terminals .of the tuned circuit {0
appears across the series combination of con-
denser 151 and resistance 153, and produces a
leadlng current flowing therethrough This lead-
ing.current produces a leading voltage across the
resistance. 153, which leading voltage appears be-
tween .the .control electrode 152 and the cathode
143. The leading. voltage on the control. elec~
trode 152 in turn. allows a current to flow be-
tween the anode {41 and the cathode 143, which .
current is leading with respect. to. the voltage
across the terminals of the tuned. circuit i0.

Since the discharge device 140 transmits lead-
ing current between its anode I4{.and cathode
143 it simulates a condenser. connected in shunt
to. the-tuned-circuit. 18, so that the tuned circuit
resonates at a lower frequency Adjustment of
the average voltage across the. re51stance 153 de-
termines the amount of. alternatlng current flow-
ing through the device 148, and An. turn: deter-
mines the apparent size of the. condenser.- which
is simulated, so that the resonant frequency. of
the tuned circuit 18 is thereby adjusted..

“In the upward position of the switeh M 51g-
nals from the microphone 42, amplified. through
the amplifier .43 and. transmitted through the
transformer’ 44, are impressed, through the switeh
blades 45 and 46, between ground and -a-conduc-
tor 154, which is connected. to the.control elec-
trode 152, The amount of leading. alternating

- current flowing through the anode {41 and cath-

ode 143 of the device 140 is therefore adjusted in
response to. the intensity of signals from the
microphone 42, whereby the frequency of oscilla-
tions from the tuned circuit 10, and consequently
the frequency .of radiation from the antenng, 13,
is adjusted in response. to the mtensrty of such
SIgnals .

.As mentioned prev1ous1y, the transmltter when
so connected, cyclically varies the direction . of
radiation from the antenna {3 up-and down in a
vertlcal Pplane at a constant frequency, and varies
the frequency of such. radiation. in response to
the mtensn;y of signals from the m1crophone 42
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It is a cornmon characteristic of all forms of

my mvention that the intensity of ‘the radiated'

‘carrier ‘wave. is preferably maintained. constant,
while. signals are transmitted ‘by . variation. of a
: ‘directionai characteristic ‘of the" radiatio

beam, or variation of the axis of polarization of

the radiation. .By maintaining the carrier;wave

uch :
as variation. of the direction of propagation of a

"_from the microphone 168 1mpresses an increas-
jmgly positive potent1al across -one ‘of the re- -
-sistances 169 and 118, while impressing an in- -

'creasmgly negative potential across the other of .
: Such potentials, increasing in = -
‘opposite polarity, make one of the ‘electron’ dis-
“charge ‘devices 184 and 162 ‘more" conductive,

the’ resistances

. while ‘making- the: other device Jess . conductlve

nintensity constant; it is assured that - maximum, .

amount of radiation is received at'the’ receiver at:
‘The vagaries of reflection fromthe

all times..
S upper strata of the atmosphere produce a mini-
mum correspondence’ “between: variations of the
reflection coefficient and variation’ of the intensity

- ‘of . the radiation with resulting distortion of sig-
. fial, when:such signals are ‘transmitted by, vari-‘

-ation of a directional characteristic of the wave

‘rather than variation of its intensity. The 1im-

. iter ‘device illustrated in Fig. 3'Is’ ‘useful'in aid:
ing in the reduction of variation of intensity of

: from the upper. atmosphere L

In Pig. 4, there is illustrat°d a radio transmit-
K ter which alters th axis cf polarization of radia-
" tion between vertlcal and horlzontal planes in re=
‘sponse to g function ot the ‘intensity of a. signal.
In this figure, with switch 183, which corresponds

10

.20
- recelved signals “due to such: varying reﬁection' ‘
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in function to switch 47 of Fig. 1, in’ its center ‘

position a carrier’ wave. gzenerator. 160 transmits
oscillations through two electron discharge de-
vices- 161 and 162, respectively to a pair of an-
tennae 163. and 164, The antenna 163 is ar-
ranged to radiate vertisally polarized radio waves,
while the antenna 164 is. arranged to radiate hor-
Jzontally polarized waves. - Sultable means”in-
cluding an audio -amplifier 185 is provided to
make the electron discharge.devices 161 and. I62

‘- alternately conductive in response.tg ‘the in=.

’tensity of signals from a: microphone 1886.
Oscillations: ‘from the carrier. wave generator

30
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- polarization than ‘of ‘another.
may conveniently be: rormed for example by 8

‘Conséquently, oscillations from the generator lG' -
‘are transferred to the ‘antennae: IGS and- 164'in

relative amounts which are ‘yaried ‘In’ ‘response
to- the intensxty of srgnals from the microphone
166,

Any receiver suitable for receiving amplitude

.modulated waves may be used with: the ‘trans-

mitter.of Fig. 4; when switch I83 is. in the posi-

tion illustrated it the accompanying ‘receiving

antenna is more effective to recelve waves of one’

straight: conductor.
Apparatus is’ provided in the transmitter of

g 4 sothat. its operation may be altered in

three ways similarly to the three altemative ways
of ‘operation of the transmitter of’ Pig. 1. As de-

‘scribed ‘above, the ‘operation ‘of the transmitter

of Fig. 4 with switch 188 in. the center position
is' analogous to the operation of ‘the transmitter

of Fig. 1 with the switch: 47 in the center poai=

tion.. So’ arranged the transmitter of Fg. 1

“varies the radiated beam . direction, while . .the
transmitter of Fig. 4 varies the plane of polar- -

ization of the radiated wave, in’ accordance with

‘the intensity of the modulating signal.. To_pro-. ‘
duce this effect in the:-transmitter of Fig. 1, the

- modulating: signals are impressed-across the re-
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Iﬁtl ‘are transmitted through a tuned transformer *

181 to the control circuit of the discharge" device
164, which circuit may be traced from the con-
trol electrode’ 168 through the tuned’ secondary
of the transformer (871, a resistance. I59 in:shunt
to"a ‘bypassing condenser 170, ‘and ‘a source T

of ‘bias potential to the cathode 172 of the de-
"The output_circuit of. the device 161

vice 161,
may be traced from the anode 't713 through a
tuned transformer 174 which is: coupled to- the

“sistance 38, which ‘corresponds to the resistances .
169 and. {18, across which, the modulating sig-
" nals.in the transmitter of-Pig. 4 are. ‘impressed.

The -carrier -wave: in the transmitter of Fig. 1

is impressed directly on the dipole antenna 19

. “from: the ‘high frequency .carrier transmitter.- 12,

50

'antenna 163, and a source 115 of operating po—,

tential to the cathode 172.

Oscillations from the - carrier wave generator ‘

160 .are similarly transferred to the input eircuit
of ‘the, discharge device lsz ‘through 'a tuned
transformer 176. "

~-tical apparatus,

65
The input circult of the de- -

vice 162 may be’ traced from the control electrode
71 through the secondary of ‘the tuned trans=" -

former 176, a resistance 118 in’ shunt ‘to a’ ‘by-
passing- condenser 119, and the source’ 174 ‘of
potential ‘to the cathode 180 -of ‘the device |62

60

The output circuit of ' the" ‘device I 82 may ‘be -

traced from the anode (81 through. a tuned trans-

former (82 which is couplnd to the antenna 164,
and the source 175, of potential to- the cathode.

65

- lating signal on the frequency modulator inelud- -

Signals from the. microphone |ss are ampli- .

fled through the audio amplifier 165, whose out-

put is in balanced, or push-pull, relation, ‘and

are applied across the resistances 169 and 178°in -
* The condensers 170 and . 179. have low

series.
‘reactance at the frequencv of “oscillations “from

70

the’ generator 160, but ‘have substantial reactance B

at the highest frequency of signals from the mi-
crophione’ 166, - ‘An ‘increasingly intense signal

while in the transmitter ‘of Fig. &, such carrier

wave {s' impressed. .across - the primarles of the
transformers-161-and - 176. : :

- As explained previouslv, the transmitter of Fie.
1 may be operated with the switch 47 in its-lower

_position;so that the frequency of the carrier-wave

is ‘maintained constant, while ‘the direction of
the radiated beam is varied cyclically at a fre-
quency.-which:is modulated from & mean value
in 'accordance with the modulating signal.; Iden-

numbers have been. sapplied, Is provided in:the
transmitter of Wig. 4 for producing analogous re~
sults when the ‘switch:183 13 moved to its-left-
hand position.: In this position of the switeh
183, the “carrier -wave: generator ‘160 impresses

‘a.Wave of: constarit frequency on the’primaries

of transforimers 187 arid (76, while the sweep o8-

eillator which includes the discharge device 8! -

impresses a wave through the magnetically cou-

pled cofls 82 and 81 upon the resistances ($8 and : .

(18, The audio amplifier 168 impresses a8 ‘hoda-

ing the: discharge device 80, which modulates the

“frequency of -the. waves’ produced by the sweep

oscillator including device 81 from aanean value

in-accordance ‘with the intensity of’ the: modu j
_lating signals from the ‘amplifier 168, " :
.. With such connections, whlch are substantially' e
‘the same as those llustrated 1n the transmitter -
. ‘of Fig. 1, the plane of polarizatlon of the radiated -
6

wave (rather ‘than- the' direction of’ tlie propa

‘Such an antenns -

to  which- identical.: reference .
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-gated -beam); is varied at a frequency which is

‘modulated from a mean value in"accordance ‘with

‘the intensity-of' the miodulating signal.
. “When- the-switch 183"is in its right-hand po-
‘sition; corresponding to-"the ‘upper - position of
the-switch 47 of the transmitter of Fig. 1, the
" ~frequency ofithe wave produced by’ the sweep-0s-
cillatér 81:15 unmodulated and changes the plane
of" pelarization of ‘the radiated' wave at a con-
'stant-rate. This' action is analozous'to the op-
eration of the transmitter of Fig. 4-in which the
‘direction ‘of propagation: of the beam  is modu-
Jated--cyclically’ at*a constant ‘rate when the
switch #7:is in its upper position. ' Further, in this
- right-hand position of the switch 183, the modii=
1ating - signal from:the ‘amplifier (65 i5 trans-
‘mitted through condiictor 154 to'the high fre-
quency-oscillator ‘and frequency modilator in-
- ‘cluding - tlhie-discharge device 440, ‘which- acts to
‘generate a7 frequency’ modulated -carrier ‘wave,
" 'whichis amplified’ through®the ‘high- fréequency
 carrier transmitter 12 and impressed across the
primaries: of the- transformers 167 gnd (716.
- In-this latter right-hand position. of the switch
' 488; therefore, the ‘plane 6f polarization of the
‘wave, rather than the ‘direction: of propagation

‘of the ‘beam, is varied: eyclically' at a constant.

~rate, while the frequency.of'the transmitted. car-
rier wave is modulated: in 'aCcordance'With’thg

- ‘modulating ‘signals from the amplifier 165,

It is thus possible with either of the transmit
ters of Fig. 1 or Fig. 4'to modulate in thres dif-

ferent ‘ways a.directional characteristic of a radi- .

‘ated carrier ‘wave, namely, either ‘the direction
of 'propagationof the beam:or the plane of ‘polar-
zationthereof. ‘In a first way a-directional char-
‘acteristic. of ‘the radiated wave is modulated di-
rectly in-response to the intensity of the modii-
- lating signal. ‘Th-a sécond'way a directional char-
‘acteristic-is: modulated cyclically at a’constant
rate, .while the frequency of the carrier wave s
modulated in accordance with the' modulating
signals. - Ina third way a:‘directional ‘character=
istic> of ‘the' carrier wave is modulated cyclically
at a frequency which is‘in turi modulated in‘re-
" sponseto the ihtensity of the modulating signal.
¢ The'receiver of Fig.'3 with an antenna which
is»primarily  responsive: to ‘waves bolarized in. a
particular direction is suitable. for- receiving a
signal from the transmitter of Fig, 4 with the
Sswitch {83 in the left-hand. position, With the
- switch.in the center position, as ‘stated above,
any receiver-for amplitude modulated wavss have-
_+Ing’ an-antenna ‘primarily’ responsive to carrier
‘waves ‘polarized “in’ one particular plane may be
used: With the switch 183 in'the ‘right~-hand po-
sition, a receiver:for frequency modulated waves
may-be'used 'with'such’an antenna.
"+ It is to be understood that it is within the scope
of my invention to utilize modulation of more
than one directional characteristic of the radi-
ated wave; as, for example, to utilize modulation
of a beam in both vertical and horizontal planes
concurrently with modiilation of the axis of po-
larization of the beam. Also, the amplitude or
frequency of the carrier wave, if desired, may be

modulated concurrently with modulation of any .

directional characteristic of the radiated wave,
although it is preferred to maintain the ampli-
‘tude.of the wave constant.
- While I have shown and described particular
--embodiments of my invention, it will be obvious
to those skilled in the art that changss and mod-
“ifications may be made without departing from
Iy invention in its broader aspects, and I, there-
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fore, aim in- the appended: claims ‘to:cover all
such- changes and’ modifications as. fall within

the-true’ spirit-and:scope of:my invention:
* _What T claim- as new .and’ desire to secure by

Letters Patent of ‘the United States is: -
1. In combination, & radio transmitter, a radio
receiver, said transmitter and receiver-being -so

spaced that waves from said-transmitter arrive:at -

said receiver principally by reason of reflection
from the higher strata of the -atmosphere, means
to radiate from said trahsmitter a wave of con-
stant -intensity ‘and to modulate the direction of
bropagation of said wave at'a freqitency modu-
lated in- response to a desired signal, said- fre-

‘quency being substantially higher than the-high-

est frequency of said signal, whereby said- wave
appearsat the location 6f said receiver with mod-
Ulations of intensity in accordance with a func-
tion of said desired signal, means in sdid receiver
Tesponsive to''said: modtilations of intensity for
producing” a- wave whose frequency corresponds
to the frequency at which 'the direction of propa-
gation ‘of said ‘wave'is' modulated; and means
responsive to frequency variations of said last
means for reproducing -said signal, = ’

2. In'combination, a radio transmitter. a ragio
receiver, said' receiver being so spaced from said

‘transmitter that waves from said’ transmitter

arrive at said receiver principally by reason of
reflection from the higher strata of the atmos-

‘phere, means to radiate from saidtransrhitter a
‘wave of constant‘intensity and to modulate the
. plane of polarization of said wave at 5 frequency

modulated in responsé to 4 desired’ signal, said
frequency being Substantially higher than the

- highest frequency of said signal, means for caus.

ing said receiver to:receive said wave in greater

intensity when polarized-in one plane than when

polarized in another plane, whereby said receiver
receives said' wave with modulations in intensity
in accordance with a function of said signal and
variations of reflection from said higher strata
affect the received intensity in minimum amount.
and means in .Sald’ receiver responsive to said
‘modulations - in intensity for reproducing .said
signal. =~ © 7 ¢ j . o

_ 3. In combination, a radio transmitter, g radio
receiver, said receiver being spaced from said
transmitter by sufficient distance that the path of
transmission of waves between said ‘transmitter
and receiver may be adversely affected by disturb-~
ances to which said path is subject, means to

- radiate from said transmitter g wave having its
- plane of polarization modulated. at.a Irequency
‘Thodulated in response o g desired signal; said

frequency being: substantially higher than  the

‘highest freqiency of said. sighal; means-for caus-

ing said receiver to respond predominantly to said
Wave when polarized in a particular plane, where-
by amplitude modulations of said wave-caused by
said disturbances produce minimum effect on said
receiver and said receiver receives said wave with
modulations of intensity in accordance with g
function of said signal, and means in said receiver
responsive to said modulations of intensity for
reproducing said signal. .

4. In a signal transmission system, a signal
source, means for radiating a carrier wave, means
for modulating the axis of polarization of said
carrier wave at a frequency modulated in accord-
ance with the intensity of said signal, and means
responsive to modulations of the axis of polariza-
tion of said wave to receive said wave and repro-
duce said signal.
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“.Bu In a: signal transmission. .system,, a .signal
source, means for: radiating a carrier wave, ‘means

for cyclically-varying a directional characteustlc
-of sald wave ata predetermmed frequency,means

_responsive to the intensity of a-signal from said -

source for-varying the frequency of cyclic-varia-
tion of said characteristic, and means responsive

-to variation-of the frequency of cyclic variation of -

the - directional characteristic- of- said -wave:to -

receive said wave and reproduce said signal.-

-6/ In [a& signal transmission -system;- & radio
Teceiver -comprising means: to: receive. a..carrier
wave at different intensities as a cyclically vary-
ing directional: characteristic thereof -varies, the

frequency. of variation: - of - said - characteristic

varying from-a predetermmed frequency in- ac-

cordance-with the intensity: of :a- signal; means -
. for detecting said received carrier. wave to produce

a voltage of which ‘the: intensity:varies-at a fre-
quency corresponding to the frequency at-which

said directional characteristic. varies, and-means
responsive to-variations of ‘the frequency: of ‘said

,voltage from ‘said predetermined frequenoy to
reproduce said: signal. - :
7. In a signal transmission system, a radio

receiver arranged to respond- to s -beam of.radio”

Waves sweeping . past. said- receiver- per10d1caily,

'wrth the ‘intensity . of: a srgnal, ‘means- in: said.
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. whereby said -waves are received. by said receiver |
with modulations of 1nten51ty, ‘the:frequency of

- sweep of sald waves past said receiver varying o0
from a. predetermlned frequency in-accordance S
‘_tor a.dipole reflector arranged parallel to said
* radiator to adjust the’ direction of propagation of

30

receiver for. detecting -said ‘waves to produce a

voltage..of which the 1ntens1ty varies at.a fre-
quency corresponding to.the frequency- of -sweep

of .said waves, and means responsive to. variation

of the ‘frequency .of Said: voltage from-said pre- -

deterzmned frequency . to. reproduce- said -signal.

8. In 4 signal transmission system, a radio re- - -
ceiver ‘arranged to respond to . polarized radio’

waves impinging on. said: receiver with-a varying
axis of polarization, the. frequency-of -variation-of
sald axis varying from.g; predetermmed frequency
in aecordance. with .the intensity: of a signal,

means responsive to. varlamon of the axigof polar- .

ization of said waves for receiving said waves-at
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different intensities as said axis of: polanzation -

varies, means. in said receiver for detecting: said
received waves.to produce.a ‘voltage of- which the

intensity varies at a. Jfrequency. corresponding to -

the frequency at which .said. axis varies, and
means responsive to variation of the frequency.of
said ‘yeltage from said predetermmed frequency
to reproduce said signal

source, means for radiatmg a carrier wave. of &
piedetermined frequency, means for varying a
dlrectional oharacteristlc of said radiated carrier

. 55
9.°In a “signal transmission system, a sxgnal
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wave cyclically at a- predetermined frequency,
means.responsive to the intensity of & signsl from
said source-for modulatmg the frequency of cyclic :
variation.of said directional characteristic, a-re- -

“ceiver located at a -position.with respect to. seidf

radiatmg means where said carrier-wave affects
said receiver, means in said receiver for producing -
a wave: whose frequency corresponds to: the fre-

-quency -of said cyclic: variation, and means re-

sponsive to frequency variations:of said last wave
for reproducing said signal.. o :

10, In.a-signal.transmission system 8 mdlo .
transmrtter compnsing a carrier-wave Source, &
signal- source; . an.antenna energized: trom--said

-carrier wave . source and arranged -to radiate:s
- carrier wave from-said source, means for reflect-

ing the radiated carrier wave in ‘different direc-
tions, and -means- for adjusting :sald reflecting

‘means to alter the direction of reflection-of said -
carrier wave cyclically-at a frequency modulated ..
‘in accordance with a function: of the mtensity ot .

a signal from said signal source. - .
11. In combination, & radiator a reﬂector ar-
ranged to adjust the direction of propagation of

. waves radiated by said radiator in accordance .. -
.with the tuning .thereof, means: responsive %o :

“waves.received by -said reflector from said radia- -
~tor for. adJusting 'said-tuning, a signal source, and’

means: to. adjust said last means to vary sald‘
tumng in response to signals from said source; : )
12..Incombination, a: half wave: dipole radia-i ’

waves radiated from said radiator in accordance
with - the tuning thereof, means: .comprising ‘s

"serxes resonant circuit connected ‘between: sepas
“rated. halves of said reflector to adjust.the tuning

thereof; and meéans to adjust the resonant fre-
quency of said resonant circuit with. respect to the

- frequency of said waves to vary the tuning of sald -
“reflector:in response. to signals to be transmitted.

+13.-In.a signal fransmission ‘system, ‘a 'signal

g source, a first wave source, means'for-radiating a

second wave; means for:modulating the plane ‘of

_polarization -of said second wave cyclically in

response to:the intens1ty of the wave from said -

first: wave source, and means. responsive to a -

function of the intensity -of & signal from said
signal source for modulating the frequency of one ,

'of said waves.

14, In a s1gnal transmiSSlon system, a signsi
source, means for radiating a carrier wave, means
for cyelically varying the plane of polarization of
said wave at:a predetermined -frequency; and.
means responsive to the intensity . of:a signal frem
said source for varying the frequency ot cyclic
vanation 0f sa1d plane of polarization:~ = .

I-IALSEY W ; KLINE




