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This invention relates to -phase-modulation 
carrier wave communication systems of the type - 
in which the phase of a carrier wave is modiu 
lated in accordance with intelligence to be trans 
mitted in such a way as to produce frequency 
modulation of the carrier wave. Normally, the 
carrier wave amplitude in such a system is made 
constant, but it is within the scope of this inven 
tion to produce such frequency modulation of 
the carrier wave accompanied by amplitude mod 
ulation caused by the same.or, different intelli 
gence. As the term is used herein-"phase mode. 
ulation carrier wave communication. System is. 
intended tonean such a System. 

Phase modulation carrier. Wave Systems have. 
been arranged in the past with means for modi. 

4. Claims. (C. 179-15) 
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fying: a signal or intelligence to be transmitted. 
in such away that, when the carrier. Wave is 
modulated in phase in accordance.with the modi 
fied signal, the resulting carrier wave is substan 
tially constant in amplitude...and is modulated in 
frequency in accordance, with the unmodified 
signal. The required modification of...the signal 
is -a, reduction in signal intensity assignal free. 
quency increases, so that, for an unmodified sine: 
wave signal of increasing.frequency...and of con 
stant intensity, thes modified, signal has a con- . 
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stant product of signal frequency and signal in-. 
tensity. In consequence; at high, signal, fre 
quencies the signal intensity is extremely small, 
and is in fact... so. Small that. extraneous noise, 
voltages are comparable in magnitude, and cause. 
phase modulation of the carrier wave-in amounts. 
comparable: to the carrier waves, modulation: 
caused by the signal itself. It has therefore been 
extremely difficult to makes the quality of such 
systems sufficiently high, that is, to decrease-the 
noise inherent in such systems to:a::level suffi. 
ciently, low that the signalisingtiadversely af. 
feeted by such noise. 
Such noise is not only introduced by thermal 

agitations in the circuits; and vacuum tubes of 
the system; but alse by electrostatic and electro 
magnetic coupling with externai.Sources of ext 
ticaneous: voltages. It has been extremely difficult 
to shield such systems to such an extent; that 
such extraneously induced voltages become-negli 
gibly: Small in comparison with the extremely 
Small signal voltages...which have heretofore had 
to be utilized. 

It is accordingly an object of this invention to 
provide an improved phase modulation carrier 
wave system in which the difficulties...heretofore 
experienced, with undesired noise voltages are 
greatly minimized or substantially eliminated. 
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It is a corollary object of the invention: to: 

make possible the practical use of phase modular 
tion systems: in; which the: carrier Wave: center: 
frequency may best directly: controlled (as by a 
piezoelectric oscillator): in applications. Where. 
extremely low.noise levelis: essential and in: Some: 
cases is required by governmental regulation. 

tis another object of this invention to pro 
vides such an improvedSystem in which the ele. 
ments are:few..." and simple and are 'readily: ad 
justable for: high squality, performance. - 
Thesfeatures: of the present invention which 

are believed to be novel are set forth with part. 
ticularity: in the appended:claims. The present 
invention-itself, both as to itS. Organization, and 3 
manner of operation, together. With further: obt 
jects and advantages thereof, may best be...unders : 
stood: by referencesto...the: following: description: 
takenin connection: With accompanying drawings: 
in which: ... ', 

Figure 1 illustrates a radio...transmitter cone 
structed in accordance with the invention; and . . 

Figures 2 through 5; illustrate certain-charac-. 
teristics of: phase is modulation's carrier. wave: 
Systems. - 
For the purposes of explaining with sufficient' 

clarity-the-principles of the invention; it is neces 
sary-first to describe in some-detail a-particular. 
phase modulation system of which many parts. 
are known but cooperate with novel-elements and 
organizations thereof to utilize the present-in 
vention. . . . 

In Figure a phase-modulation"radio carrier 
Wave transmitter includes a highly stable-oscil 
lator , a carrier-wave phase-modulator 2 ener 
gized by the oscillator -t, frequency multipliers 
represented by the "rectangle 3-formultiplying 
the-frequency of the -phase-modulated carrier 
wave from the modulator 2, an additional fres . 
quency multiplier and a final power amplifier 
represented by the rectangle 4 for further mul 
tiplying by a factor N the frequency of a carrier 
wave from the multiplier 3 and for amplifying: 
it to high power for transmission, and an antenna, 
5 from which the high power, carrier. Wave is 
radiated. A signal source represented by a rec 
tangle 6 produces signal voltage. which is am 
plified through an electron discharge amplifier 
and is impressed on the phase modulator 2 

to modulate the phase of the carrier wave therein. 
The phase modulator. 2 includes a tuned input 

circuit having, a center tapped inductance 8 con 
nected in parallel with a condenser 9, the center 
tap of the inductance 8 being connected, to 
ground through a by-passing condenser ... The 
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highly stable oscillator f is connected between 
ground and one terminal of the tuned circuit 8, 9, 
which is resonant to the frequency of the output 
of the highly stable oscillator . The phase 
modulator 2 also includes three electron dis 
charge amplifier devices , 2 and 3 which 
respectively amplify the carrier wave in phase 
quadrature with each other. These carrier waves 
are derived from the tuned circuit 8, 9 by Con 
nection of the first control electrode 4 of the 
device f through coupling condenser 5 to one 
terminal of the tuned circuit 8, 9, by connection 
of the first control electrode 6 of the device 2 
through coupling condenser 7 to the other ter 
minal of tuned circuit 8, 9, and by connection 

O 

5 
of the first control electrode 8 of device 3 to . 
a point between a resistance 9 and a condenser 
28, the resistance 9 and condenser 20 being con 
nected serially between the terminals of the 
tuned circuit 8, 9, the impedances of the resist 
ance i3 and condenser 2 being equal at the fre 
quency of the carrier wave from oscillator . 
By such connections, the carrier wave voltage is 
impressed on control electrode fi in phase with 
the voltage from oscillator f. A carrier wave is 
impressed on control electrode 6 in opposite 
phase to that from oscillator , and a carrier 
wave is impressed on control electrode 8 which 
lags the carrier wave voltage from oscillator 
by 90, all of the carrier wave voltages on the 
three control electrodes 4, 6 and 8 being sub 
stantially equal in intensity. 
The discharge devices , 2 and 3 are suitably 

Connected to act as amplifiers for the carrier 
waves impressed on their control electrodes, the 
respective anodes 2, 22 and 23 being all connected 
together and through a parallel resonant circuit 
including an inductance 24, a resistance 25 and 
a condenser 26 to the positive terminal of a suit 
able Source 2 of operating current, the negative 
terminal of the source 27 being grounded. Cath 
ode 28 of the discharge device is connected 
through a by-passing condenser 29 to ground, and 
is connected through biasing resistances 39 and 
3 connected in series to ground. Cathode 32 of 
the device 2 is connected for high frequency cur 
rent through by-passing condenser 33 to ground 
and is connected through a biasing resistor 34 
and through biasing resistor 3 to ground. The 
control electrodes 4 and 6 are connected to the 
respective terminals of the secondary 35 of a 
transformer, the center tap of the secondary 35 
being grounded so the discharge currents flowing 
through the resistances 30, 3 and 34 produce bias 
voltages between the cathode 28 and control 
electrode 4, and between the cathode 32 and 
Control electrode 6. These bias voltages may 
be individually adjusted by suitable adjustment 
of the resistances 30 and 64. The cathode 36 
of discharge device 3 is connected to ground 
through a biasing resistance 37 by-passed with 
a condenser 38, and control electrode 8 of dis 
charge device 3 is connected to ground through 
a large resistance. 39 so the discharge current 
flowing through the resistance 37 produces a bias 
ing potential between the control electrode 8 
and cathode 36. This biasing potential may be 
adjusted by suitable adjustment of resistance 37. 
Resistance 39 is large with respect to resistance 
9 So..that it does not produce an appreciable al 

teration of the phase angle of carrier wave volt 
age between control electrode 8 and ground. The 
respective screen electrodes 40, 4 and 42 of the 
discharge devices 1, 2 and f3 are all connected 
together and through a resistance 43 to the posi 
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4. 
tive terminal of source 27. The Screen electrodes 
40, 4 and 42 are also connected to ground 
through a by-passing condenser 44 which has 
low reactance at the lowest frequency of Sig 
nals from signal Source 6. 
The respective gains of the discharge devices 
i, f2 and 3 are adjusted by suitable adjust 

ment of resistances 30, 34 and 37 so that they 
are substantially equal, in order that the ampli 
fied carrier wave potentials through each of those 
discharge devices shall appear across the tuned 
circuit 24, 26 in substantially equal intensities, 
although in phase angle differing respectively by 
substantially 90°. The reactance of the sec 
ondary 35 connected between control electrodes 
f4 and 6 is high at the carrier wave frequency. 
Since the carrier wave potentials amplified by 
devices and 2 are substantially opposite in 
phase, the connection between the anodes 2 
and 22 causes the substantially complete can 
cellation of carrier wave potentials amplified 
through devices and 2 so long as no poten 
tial appears in the secondary 35. Therefore, 
under such conditions, carrier Wave potentials 
appearing across the tuned circuit 24, 26 are sub 
stantially only those amplified through device 3. 
The carrier wave potential appearing across 

the tuned circuit. 24, 26 is transferred to the fre 
quency multipliers 3 by reason of magnetic cou 
pling between the inductance 24 and an induct 
ance. 45 connected across the input terminals of 
the frequency multipliers 3. A condenser 46 
is connected in shunt with the inductance 45 
and is adjusted to resonate with the inductance 
45 at the carrier wave frequency from the stable 
oscillator f, which is also the resonant frequency 
of the tuned circuit 24, 26. A resistance 47 is 
also connected in shunt with the inductance 45, 
and the resistances 25 and 47 respectively damp 
the tuned circuits 24, 26 and 45, 46 so that those 
tuned circuits are rather broadly resonant to 
the carrier wave frequency. 
An inductance 48 is connected between the 

output terminals of the frequency multipliers 
3 so that a carrier wave potential of suita 
bly multiplied frequency appears across it. This 
inductance 48 is untuned and is magnetically cou 
pled with an inductance 49 with which a con 
denser 50 is connected in shunt, and with which 
a resistance 5 is also connected in shunt. The 
parallel combination of inductance 9 and con 
denser .50 is resonant at the multiplied carrier 
Wave frequency from the frequency multipliers 
3, and the resistance 5 produces a critical amount 
of damping in the resonant circuit 49, 50 for a 
purpose to be described later. 
The carrier wave of multiplied frequency in 

duced across the tuned circuit 49, 50 is impressed 
between the input terminals of the frequency 
multiplier and power amplifier 4, in which the 
frequency of such carrier wave is further mul 
tiplied by the factor N to reach the desired final 
carrier wave frequency at which the desired fre 
quency deviation DA is achieved and in which 
the power amplifier raises the power level of that 
carrier wave of multiplied frequency to a power 
suitable for radiation. The output terminals of 
the frequency multiplier and power amplifier 
4 are connected to the antenna 5 so that the high 
power frequency multiplied carrier wave is radi 
ated into space. - 

Signals from the signal source 6 are caused to 
produce phase shift of the carrier wave in the 
phase modulator 2 by transmission through the 
following circuit: The terminals 52 of source 6 

S. 
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are connected respectively to the terminals of 
a resistance 53 and a resistance 54, connected 
serially, a condenser 55 being connected in shut 
with the resistance 53. That output terminal 52 
of the signal source 6 which is connected to 
resistance 54 is grounded, and the control elec 
trode 56 of the electron discharge amplifier de 

6 
certain technical and legal reasons, it is usual to 
tiesign such a system for a maximum deviation 
Emax which is the same for all signal frequen 
?cies in. Loisatisfy that requirement it is nec 

is essary to modify the signal before it is impressed 

vice 7 is connected to a point between resist 
ances 53 and 53. The cathode 57 of the device 
T is connected through a biasing resistance 58 
to ground, and a large by-passing condenser 59 
is connected in shunt with the resistance'58. The 
anode 60 of the device it is connected through 
the primary 6 of a transformer to the positive 
terminal of the source 27. The transformer pri 
mary 6i has high reactance at all signal fre 
quencies from the source 6 and the discharge 
device T so connected amplifies signals from the 
source S and impresses them across the trans 
former primary 6l. The network including re 
sistances 53 and 54 and condenser 55 is effec 
tive to produce an initial modification of signals 
from the source 6, commonly termed "preem 
phasis.” To produce such an effect, this net 
work is so adjusted as to produce for a sine wave 
signal from the source 6 of increasing frequency 
from a certain upward minimum frequency ap 
proximately a 6 decibel increase in intensity for 
each octave increase in frequency of the signal. 
Such "preemphasis' is commonly utilized in 
phase or frequency modulation transmission sys 
tems for the purpose of minimizing noise volt 
ages appearing in the carrier wave modulator 
and in subsequent portions of the system. This 
network is included in this system only for the . 
purpose of producing a standard type of modu 
lation with “preemphasis.' . . . . . 
The transformer primary 6f is suitably mag 

netically coupled for signal frequencies with a 
secondary 62 of which the eenter tap is grounded. 
One terminal of the secondary 62 is connected 
through the resistance 63 to one terminal of the 
primary winding 64 of the transformer whose sec 
ondary is the winding 35. The other terminal of 
the transformer secondary 62 is connected 
through a resistance 65 to the other terminal of as unity. 
the transformer primary 64. A condenser. 66 
and a resistance 67 are connected, serially be 
tween the terminals of the transformer primary 
64 and the network including resistances 63, 65 
and 67 and condenser 66, together, with the crit 
ical adjustment of damping resistance 5 in the 

ls 
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tonphase-modulator2. . . . . 
Therequired modification is: 

(3) 
sfor the phase excursion b, corresponding to max 
simulassignal intensity. . . . . . . . . . 
This means that attenuation should be pro 

duced in the signal (before it is impressed on 
sphase medulator 2) so that the intensity of sig 
nail impressed on modulator 2, with constant-in 
tensity, signal at Source 6, is inversely propor 
tional to signal frequency fm. This relation is 
illustrated by hyperbola 69 and its dotted end TO 
in Fig. 3. A true hyperbolic relation of that na-... 
ture is not readily attained and the correction . 
network designed to produce such attenuation is 
in practice arranged to deviate from the true 

is). 

35 

40. 

hyperbola at extreme low signal frequencies ac 
cording to the endportion 71 of curve 69.:- 
Let DA(max) represent, maximum deviation at 

antenna, 5 corresponding to Dmax at the input to 
multiplier 4, and N, the factor by which fre 
quency is multiplied in multiplier 4. . . . . . . 
Then . . . . . . . . Dacas. - 7. 

al-Nil (4) 
A proper choice of N. is possible so that p1 is 

small compared to unity (pra-(1) at least at higher signal frequencies, 
Now assuming that for a particular signal fre- - 

quency fm this condition that p131 is fulfilled, 
the wave of frequency fo phase modulated by the 

is: 

50. 

signal of frequency, fin may be closely approxi 
mated by the combination of an unmodulated or -. 
center frequency wave of frequency fo. and two 
side bands, each of constant frequency, phase 
and amplitude, of respective frequencies forfm 
and fo-fm and of amplitudes. 4d with the am 
plitude of the unmodulated wave being regarded 

When such a modulated wave is transmitted 
through a resonant system, the amplitudes of the 
icenter frequency wave fo and the sidebands 
fo--fm and forfm are changed in relation to each 
other as dictated by the frequency character 

tuned circuit 49, 50, produces the great degree of 
noise suppression achieved by this, invention. . 

Let fo represent the frequency of an unmod 
ulated wave. Such a wave may be modulated in 
phase by a sine wave of lower frequency fm, with 
a maximum phase excursion p (measured in radi 
ans). Such a phase modulated wave may also 
be regarded as a wave of varying frequency. Let () 

the maximum deviation of frequency of such 
modulated wave from fobe called D. 
Then: . . . . . 

" . . D=pfm . . . . (1) 
Let is, and D, represent corresponding char 

acteristics, of the wave at the input to the fre 
quency multipliers 4. . . . . . . . . . . 
Then similarly: ". 

D1=p1.fm . . . - 

which is a statement, illustrated by line 68 in 
Fig. 2, that with constant phase shift or in other 
words constant signal intensity at the inputter 
Inihals of the phase modulator 2, there is a di 

(2) O 

listic of the resonant system, It has been com 
non-practice to make the resonant systems fol 
lowing the phase modulator 2 of sufficient Iband 
width that substantially no attenuation is pro 

sidebands fo--fm and fo-fm duced in either of the 
at any time. . . . . . - 
According to the present invention, a more 

sharply resonant system is introduced-between 

4 which transmits uniformly a frequency band 
of width:2F centered around fo, but symmetri 

rect proportionality between. P1 and fin. Fors 

cally atterluates frequencies outside this band. 
F corresponds to a signal frequency, fin which is . . . 
substantially lower than the upper limit of signal 
frequencies to be transmitted through the sys 
ten, but high enough that b1 is still much less 
than unity. ... . . . . . . . . . . 

Let a signal frequency fm higher than. F be at 
tenuated by a factor a. After passing through 
Such an attenuating system the sideband ampli 
studes are reduced from 

1. 1 d) 

frequency multiplier 3, and frequency, multiplier ... 
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The result is that the sidebands after such at 
tenuation are as though they had been caused by 
a signal of correspondingly smaller intensity. At 
the output of multiplier 4 the deviation is reduced 
by the factor. a. This effect takes place Only 
when signal frequency fm exceeds the limit cor 
responding to F, so that the Sidebands fall with 
in the regions of attenuation. For lower signal 
frequencies the deviation is not affected. 
The previous discussion is actually a simplifi 

cation of fact in assuming that amplitude is no 
less at for that at fo. In practice where a 
Single turned circuit is used to produce the de 
sired attenuation, as the circuit 49, 50, 5i in Fig. 1, 
the damping resistor 5 f is adjusted so that the 
:amplitude at fo-E is 70% of the amplitude at fo. 
For frequencies differing. from fo by amounts 
greater than F, expressed as folkFi (where 
K>1), the attenuation a is substantially equal 
to K. - 

With such adjustment of the circuit 49, 50, 5 
the curve 2 (Figure 4) illustrates the relation 
between signal frequency fm (with constant 
phase excursion or signal intensity at the input 
to modulator. 2) plotted as abscissa, and the re 
sulting frequency deviation D, measured at the 
input to multipliers 4, plotted as ordinate. This 
relation may be expressed in terms of Equation 2 
when it is understood that for a signal frequency 
jin=AF (where KD1) side band attenuation. 
causes approximately a reduction of the devi 
ation by factor K. :- 
That is: 

-10 flierrar D, eif-i KF = F (5) 
. . For the signal frequencies fin less than FEqua 
tion 2 remains approximately true. . . . . . . . 

According to the invention, the correcting net 
work 63, 65, 66 is so modified by . addition of re 
sistance 67 that the voltage introduced into the 
phase modulator 2 is inversely proportional to fm 
so long as fm is smaller than F but remains Sub 
stantially constant when frn is larger than F. In 
the practical network 63, G5, 66, 67 in Fig. 1, the 
transmission at fm-F is not actually equal to the 
constant amount of transmission at much higher 
frequencies, but is 14.1% as much, so as to Com 
pensate for the described shape of attenuation 
characteristic of the turned circuit 49, 59, 5. 
This relation is illustrated by curve.73 in Fig. 5, 
in which signal frequency fm is plotted as abscissa 
against network transmission plotted as ordinate. 

... In such a system, the resulting phase excursion 
for full deviation never is 
frequency below 

DA (nar) 
NF . . . . . 

Expressed in another way, the effect of extran 
eous voltages and noise on the System is reduced 
by the factor K, which in a practical case may be . 
made quite large with a corresponding-large re 
duction in the effect of high frequency noise. In 
fact, such a system is readily constructed, with-: 
out any special critical adjustments, using...con 
ventional phase modulating means and frequency 
multipliers to transmit a high fidelity signal of 
excellent broadcast quality where such a system 
without the present invention is incapable of such 
performance. . . . . . . 

Choice of the frequency limit F is based on the 
fact that the representation of a phase modiu 
lated wave by a carrier wave and only two side 
bands is valid only where phase excursion is much: 

reduced at any signal. 

less than one radian (p<<1). 

0. 

8 
Sidebands of Sub 

stantial amplitude spaced farther from the center 
frequency fo appear when p becomes nearly equal 
to or greater than unity. 
NOW for: 

m- DA (mar)- D 

To make this phase excursion b1 small enough, 
F must be chosen several times larger than D1. 
D1 itself may be made relatively small by mak 

ing N. large, which means carrying out a large 
fraction of the total frequency multiplication in 

5 

- 20 

multiplier. 4 following the resonant system 49, 50, 
5t. However, if N be made too large (by having 
too little or no frequency multiplication in multi 
plier 3 ahead of the resonant system 49, 50, 5) 
noticeable noise effects appear in the first stages 
of frequency multiplication following the reso 
nant system. A practical upper limit for N is 
thus defined for any particular final deviation ratio. 
Then for a low frequency signal fm, where d is 

large, many sidebands appear, covering sub 
25-. stantially the entire band from fo-D1 to fo-D1, 

and this band of frequencies then is much wider 
than that between the first two sidebands fo-fm 
and jo-fm, but since F is chosen several times 

30 

35 
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larger than D1, even that wide band from fo-D1 
to fold is transmitted without substantial at 
tenuation so that the transmission of low fre quency signals remains substantially unaffected. 

Purely by way of example, let it be assumed 
that a transmitter of this type be desired for 
operation at 96 megacycles with a maximum de 
Wiation DA (max) of 75 kilocycles. - The various portions of such a system may be adjusted as 
follows for satisfactory operation. 
Then: . . . . 
. . . . . N= 384 

fo= 250 kilocycles 
Disc. 195 cycles 
F=1500 cycles 

- and it follows that the tuned circuit 49, 50, 5 is 
resonant at 250 kc. and is adjusted to have a fig 
ure of merit of 83, and that the reactance of con 
denser 66 is equal to resistance 67 at 1500 cycles. 
For noise at 3000 cycles, an improvement in sig 

nal to noise ratio of about six decibels is attained, 
and for noise at the upper limit frequency of 
15,000 cycles the improvement is about 20 decibels. 
- While a simple arrangement using a simple 
resonant circuit, and simple compensating circuit 
has been illustrated because it is susceptible of reasonably simple explanation which approaches 
the truth, it should be understood that it is with 
in the scope of the invention to utilize more com 
plicated networks to replace tuned circuit 49, 50, 

ow 'sating circuits to replace 3 is 666. 

65 

70 

5 and correspondingly more complex compen 
For example, it may be desired to provide a rela 
tion between side band attenuation and signal 
frequency other than that described with a cor 
responding compensating network to obtain any 
desired transmission of the signal. Further, the 
network 53, 54, 55, may be omitted and the net 
work 63, 65, 66, 67 modified to carry out, in addi 
tion to its described function, the function of pro viding preemphasis. 
While particular embodiments of the present 

invention have been shown and described, it will 
be obvious to those skilled in the art that changes 
and modifications may be made without depart 
ing from this invention in its broader aspects, and, 
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therefore, the aim in the appended claims is to 
cover all such changes and modifications as fall 
within the true spirit and scope of this invention. 

I claim: 
1. In combination, a carrier wave source, a fre 

quency multiplier for multiplying the frequency 
of the carrier Wave from Said course, a modulat 
ing signal source, the signals from said signal 
Source lying in a band of frequencies including a 
first and a second range Contiguous with each 
other, said second range including higher fre 
quencies than said first range, a modulator con 
nected between said carrier Wave and signal 
sources and constructed to vary the phase of the 
carrier wave from said carrier Wave Source as a 
function of the instantaneous amplitude of the 
signal from said signal source, said modulator in 
cluding a filter circuit constructed to cause the 
maximum phase excursion of said carrier Wave to 
be substantially inversely proportional to the fre 
quency of modulating signals lying within Said 
first range of frequencies and to be less than One 
radian for modulating signals lying in said second 
range, said carrier wave having an unmodulated 
frequency, and a tuned circuit connected between 
said modulator and said frequency multiplier and 
constructed to attenuate side band components 
produced by signals lying in said second range 
directly as a function of the magnitude of Such 
signal frequency, and to pass without substantial 
modification carrier waves modulated by signals 
in said first range. 

2. In combination, a carrier wave source, a fre 
quency multiplier for multiplying the frequency 
of the carrier Wave from Said source, a modulat 
ing signal source, the signals from said signal 
source lying in a band of frequencies including a 
first and second range contiguous with each other, 
Said Second range including higher frequencies 
than said first range, a modulator connected be 
tween said carrier wave and signal sources and 
constructed to vary the phase of the carrier Wave 
from said carrier Wave source as a function of the 
instantaneous amplitude of a signal from said 
signal Source, Said modulator including a filter 

s 
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circuit constructed to cause the maximum phase 
excursion of said carrier wave to be substantially 
inversely proportional to the frequency of modul 
lating signals lying within said first range of fre 
quencies and to be less than one radian for modul 
lating signals lying in said second range, said 
carrier wave having an unmodulated frequency 
equal to its center modulated frequency, and a 
tuned circuit connected between said modulator 
and said frequency multiplier, resonant at said 
Center frequency and constructed to attenuate 
side band components produced by signals lying 
in said second range directly as a function of the 
magnitude of such signal frequency, and to pass 
Without Substantial modification carrier Waves 
modulated by signals in said first range. 

3. In combination, a carrier wave source, a fre 
quency multiplier for multiplying the frequency 
of the carrier wave from said source, a modulat 
ing Signal Source, the signals from said signal 
Source lying in a band of frequencies including a 
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first and a second range contiguous with each 
other, said second range including higher fre 
quencies than said first range, a modulator Con 
nected between said carrier wave and Signal 
Sources and constructed to vary the phase of the 
Carrier Wave from Said carrier Wave Source as a 
function of the instantaneous amplitude of a sign 
nal from said signal source, said modulator in 
cluding a filter circuit constructed to cause the 
maximum phase excursion of said carrier wave 
to be substantially inversely proportional to the 
frequency of modulating signals lying within said 
first range of frequencies and to be less than One 
radian for modulating signals lying in said second 
range, said carrier wave having an unmodulated 
frequency equal to its center modulated frequen 
cy, and a single tuned circuit connected between 
said modulator and said frequency multiplier and 
damped to attenuate side band components pro 
duced by signals lying in said second range direct 
ly as a function of the magnitude of such signal 
frequency, and to pass without substantial modi 
fication carrier Waves modulated by signals in 
said first range. 

4. In combination, a carrier wave source, a fre 
quency multiplier for multiplying the frequency 
of the carrier Wave from said source, a modulat 
ing signal source, the signals from said signal 
Source lying in a band of frequencies including a 
first and a Second range contiguous with each 
other, said second range including higher fre 
quencies than Said first range, a modulator con 
nected between said carrier wave and signal 
Sources and constructed to vary the phase of the 
Carrier Wave from said carrier wave source as a 
function of the instantaneous amplitude of a sig 
nal from Said signal source, said modulator in 
cluding a filter circuit constructed to cause the 
maximum phase excursion of said carrier wave 
to be substantially inversely proportional to the 
frequency of modulating signals lying within said 
first range of frequencies and to be less than one 
radian for modulating signals lying in said second 
range, Said carrier Wave having an unmodulated 
frequency equal to its center modulated frequen 
cy, and a single tuned circuit resonant at said 
Center frequency connected between said modu 
lator and said frequency multiplier and damped 
to attenuate side band components produced by 
signals lying in Said second range directly as a 
function of the magnitude of such signal frequen 
cy, and to pass Without substantial modification 
carrier Waves modulated by signals in said first 
range. 
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