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This invention- relates- to- phase- modulation-
carrier wave communicafion systems of:the type -
in which the phase of-a carrier wave-is modu-
lated.in accordance with intelligence to be trans=
mitted in .such a way 2as 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 waye accompanied by amplitude mod:
ulation caused by, the same or.different’ intelli=
gence,  As the term is used herein—“phase modz-
ulation carrier. wave _communication; system” ‘is..
intended. to;mean such a system..

Phase modulation carrier . wave _systems .have..
been arranged. in the past with means for _modi=

fying: a. signal.or intelligence -to. be transmitted ’

in such .a.way that, when, the .carrier wave. is.
modulated in. phase in accordange. 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 .as.signal fre-.
quency increases, so.that, for an unmodified sine:
wave signal of increasing. frequency-and. of. con-.
stant . intensity, the:modified, 'signal: has.a:con-~-
stant product.of-signal frequency.and. signal in-.
tensity. In consequence; at high-. signal . fre-.

quencies-the signalk intensity s 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 wave: modulation:
caused by the signal itself. It has therefore: been.
extremely difficult to.:make-the- quality : of:-such:
systems sufficiently -high,- that is, to-deereasethe
noise-inherent:in-such systems. to.:a-level suffiz.
ciently; low -that -the :signal is .netradversely-afs
feeted by -such -noise.:
Such noise is not-only-introduced:by:thermal
agitationin; the circuits-and:vacuum tubes:of
the system; but-alse-by electrostatic and-electro-
magnetic coupling-with external sources: ofexr

traneous voltages Ithasbeen-extremely difficult; *

to.-shield ~such-systems -to : such: an extent sthat.
such extraneously-induced volfagesbecome:negli=
gibly: small._in-.comparison: with . the -extremely
small. signal voltages.which. have herefofore ‘had
to.be-utilized. .

Tt 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. ate
greatly. minimized or substantially ‘eliminated...

4 Claims.. (Cl 179=—171.5):

Tt:is . 2. corollary:-object of:the. invention: to:
make possible.:thespractical use-of-phase-modula=
tion systéms: in:which:the carrier-wave: center:
frequency mays becdirectly : controlled: (as by ai
piezoelectric oscillator) in- applications . where.
extremely:low noise level.is: essential and in:some:
cases:is:required by:governmental.regulation:

4:is~another object:of:this -invention to pro=
vida:such! a;n:wimpr'oved:;system;in;iswhichr;th’e eles :
ments-are-fewrandisimple .and- are ~readily: ads=

“justable for-high :quality performance..

The ~features:of: the . present: invention: which: .
are bhelieved to he novel:iare sset-forthrwith: pars.
ticularity.in- the-appended sclaimsy. The:present
invention-itself,? bothtas:to its: organization:ands

" nanner. of foperation;. together with-further:obx-

jects and-advantages thereof may:best-be-unders -
stood: by reference-to:-the: following: description:
taken-in connection:with accompanying drawings:
in-whieh: . -

Figure 1tillustrates .a- radio. - transmitter- con=-
structed in-accordance-with the invention:; and”

Figures 2 through"5 rillustrate -certain-charac--
tetistics: of* phases modulation: carrier: wave:
systems. i :

Tor the-purpose-of ‘explaining with - sufficient:
clarity-the-principles of the inventiony it is-neces=
sary-first -to-deseribe-in- some-detail asparticular-
phase-modulation-system- of *which -many -parts-

“areknown-but cooperate with novel-elements and-

organizations -thereof to- utilize-the- present -in-

vention. L -
In- Figure- 1 ‘a-phase-modulation-radio -carrier

wave transmitter-includes a highly- stable-oscil=

) lator-l,-a carrier-wave -phase-modulator 2-ener=’

" gized by the._ oscillator-, frequency-multipliers

represented-by-the-rectangle . 3"for: multiplying-
the-frequency ‘of *the- phase modulated carrier
wave-from the modulator-2; an- additional fre= ..
guency -multiplier -and ~ g final -power -amplifier
represented by ;the -rectangle 4-far 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 "preduces signal voltage. which: is -am-
plified “through™ an: electron discharge -amplifisr
1-and ;is impressed ‘on . the phase _modulator 2
o modulate the phase of the carrier wave therein.
The. phase modulator 2 includes a- tuned. input
circuit having. a. center tapped jnductance 8 con=.
nected in parallel with a_condenser.9, the -center
tap, of “the . inductance -8~ being. connected. td
ground through. a by-passing condenser 19.. The -
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highly stable oscillator | 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 i1, 12 and 13 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 {1 through coupling condenser i5 to one
terminal of the tuned circuit 8, 9, by connection
of the first control electrode 16 of the device (2
through coupling condenser 1T to the other ter-
minal of tuned circuit 8, 9, and- by conhnection

10

15

of the first controi electrode 18 of device 3 to -

2 point between a resistance 19 and a condenser
23, the resistance 19 and condenser 20 being con-
nected serially between the terminals of the
tuned circuit 8, 8, the impedances of the resist-
ance {8 and condenser 28 being equal at the fre-
quency of the carrier wave from oscillator f.
By such connections, the carrier wave voltage is
impressed on control electrode 14 in phase with
the voltage from oscillator i. A carrier wave is
impressed on control electrode 16 in opposite
phase to that from oscillator I, and a carrier
wave is impressed on control electrode 18 which
lags the carrier wave voltage from oscillator i
by 90°, all of the carrier wave voltages on the
three control electrodes 14, 16 and I8 being sub-
stantially equal in intensity.

The discharge devices {1 ,» 12 and 13 are suitably
connected to act as amplifiers for the - carrier
waves impressed on their control electrodes, the
respective ahodes 21, 22 and 23 being all connected
togeéther and through a parallel resonant circuit
including an inductance 24, 5 resistance 25 and
a condenser 26 to the positive terminal of a suit-
able source 27 of operating current, the negative
terminal of the source 271 being grounded. Cath-
ode 28 of the discharge device 11 is connected
through a by-passing condenser 29 to ground, and
is connected through biasing resistances 89 and
31 connected in series to ground. Cathode 32 of
the device 12 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 14 and 16 are connected to the
respective terminals of the secondary 35 of g
transformer, the center tap of the secondary 35
being grounded so the discharge currents flowing
through the resistances 36, 31 and 34 produce biag
voltages between. the cathode 28 and control
electrode 14, 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 I3 is connected to ground
through a biasing resistance 37 by-passed with
a condenser 38, and control electrode 18 of dis-
charge device 18 is connected to ground through
2 large resistance 39 so the discharge current
flowing through the resistance 37 produces a bias-
ing potential between the control electrode 18
and cathode 36. This biasing potential may be
adjusted by suitable adjustment of resistance 37.
Resistance 39 is large with respect to resistance
19 so.that it does not produce an appreciable al-
teration of the phase angle of carrier wave volt-
age between control eleéctrode {§ and ground. The
respective screen electrodes 40, 41.and 42 of the
discharge devices 11, 12 and 3 are all connected
together and through g resistance 43 to the posi-~
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tive terminal of source 27. The screen electrodes
40, 41 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
i1, 12 and {3 are adjusted by suitable adjust-
ment of resistances 30, 34 and 37 so thai they
are substantially equal, in order that the ampli-
fied carrier wave potentiais 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
14 and 16 is high at the carrier wave frequency.
Since the carrier wave potentials amplified by
devices i1 and 12 are substantially opposite in
phase, the connection between the anodes 2t
and- 22 causes the substantially complete can-
cellation of carrier wave potentials amplified
through devices [{ and 12 so long as no poten-
tial appears in the secondary 35. Therefore,
under such conditions, carrier wave potentials
appearing across the tuned circuit 24, 2§ are sub-
stantially only those smplified through device 13.

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 4%
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 {, 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 471 respectively dam
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 muitiplied Irequency appears across it This
inductance 48 is untuned and is magnetically cou-
bled with an inductance 48 with which a con-
‘denser 58 is connected in shunt, and with which
a resistance 51 is also connected in shunt. The
paraliel combination of inductance 48 and con-
denser 50 is resonant-at the multiplied carrier
wave frequency from the frequency multipliers
3, and the resistance 51 produces g, critical amount
of damping in' the resonant circuit 49, 58 for g
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 antenns, 5 so that the high
bower 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

o
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are connected -respectively ‘o the Aermingls of
a resistance 93 and '3 resistance 54, -connectet
sexiglly, .a.condenser 55 ‘Yeing .connected inshunt
with the resistance 53. “That output terminsl &2

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-

vice 7 is connected to g point between resist-

ances 53 and 4. ‘The cathode 57 of the device
1 is connected through ‘a biasing Tesistaice 58
to ground, and a large by-passing condenser 59
js connected-in shunt-with +the reststance 58, The
anode ‘60 of the ‘device T is connected ‘through

“transformer ‘to ‘the "positive

the ‘primary 6f of a
terminal of the source 27. “The transformer. pri-

10

FiE)

mary 61 has high reactance gt -all signal fre-

quencies from the source 6 :and the -discharge
device T so connected amplifies signals from the
source § and Impresses them -acrossthe ‘trans-
former primary 61, 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 & of increasing: frequency
“from g certain upward minimum frequency ap-
proximately a6 decibel increase ‘inintensity 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 vol-
ages appearing in the carrier wave odulator
and in subsequent’ portions of the system. “This

network is included in this system only for the--

purpose of producing a standatd type of modu-
Jation with “preemphasis:” T S
The transformer -primary &f'is suitably mag-

netically coupled for signal frequencies ‘with ‘a:
secondary 62 of which the centeér tap is grounded.:

One terminal of the secondary 62 is connected
through the resistance §3 to one terminal of the
primary winding 84-6f thetransformer whose sec-

ondary is-the winding 35. -The ofher terminal.of:

the transformer secondary #2. is connected
through a resistance 65 to.the other terminal of
the transformer primary 4. A condenser - 86
and a resistance 61 are connected serially: be-
tween the terminals of the transformer primary
$4 and the network including. resistances. 63, 65
and 81 and condenser 86, together with the erit-
ical adjustment of damping resistance -5f .in the

20
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6
reasons, ‘it-is usual to
design +such :a ‘system Tor :a maximum: ‘deviation
Dusx WHich iis the - same for ‘all signdl frequen-
scies #m.  "To satisty ‘that requirement 'it ‘is ‘nec-
essary-to modify the signal before it is ‘impressed
onphase:motiulatord. = T
”me;reqqiredmtjdiﬁcationfis: _
) . ZJDIIIEX oy V'
forthesphaseexcursion ¢, -corresponding:to.max-
dmumsignalintensity. T
This means ‘that attenuation should :be Bro--
dugedl in the signal (before it is: impressed on
phasemedulator 2) 50 that the:intensity :of sig-
nal-impressed:on:modulator: 2, with .constantin-
4ensity. signal at :source 6, IS inversely propor-

tiemal to signal frequency fm. ‘This relation:is :

sllustrated by hyperbola §9 and its dotted end 10
in Fig. 3. A true hyperbolic relation of that.nma- .-

‘ture. is et readily attained -and the .correction. ..
‘metwork designed to preduce:such attenuation.is
sn’ practice -arranged -to deviate. from Athe:true

‘hyperbola at -extreme low signal frequencies ac-

* gording to-the end:portion 14 of curve69. -

Tet Dagmaxn vepresent: maximum - deviation at
gantenna 5 corresponding to Dmex at-the input.to

multiplier 4, -and N, thefactor by which fre-

gueney is multiplied in ‘multiplier:4.
“Then.. SRR
e <o Dacons - e
A proper choice ofN is possible 5o that ¢1 is
small compared: to unity- :('7’1<<‘1)’ at ‘least at -

' higher signal frequencies.

40

. asunity.

50.

tuned circuit 49, 56, produces the great.degree of

noise suppressicn achieyved 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
3 maximum phase excursion ¢ (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 suech
modulated wave from fo be'called D. - B

. D=¢fm =~ L
Let. ¢, and D, represent. corresponding char-
acteristics. of the wave at the input to the fre-

quency multipliers 4. . S L
Then similarly:. :
Di=¢1fm -

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 input-ter-

80

Now assuming that fora particular éignal -:fre-A
quency fm this condition that p1<<1 is fulfilled,
the wave of frequency fo phase modulated by:the

_signal of frequency fm 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. fo=fm
and fo—fm and of amplitudes. Y with the am-

plitude ‘of the unmodulated waye being vregarded’

When such -'a{._ﬁmddulafed wave is transfﬁiited'
through a resonant system, the amplitudes of the
gcenter -frequency -wave fo and the sidebands

fo-fm.and fo—fm are changed in relation to each
_other.as: dictated by the frequency character-
-istic of the resonant system. It has been com-
‘mon. practice to make the resonant systems. fol-~
- lowing: the phase modulator 2 of sufficient band -

width that.substantially no attenuation is pro-
duced in either of the sidebands fo+7m and fo—/m
at any time. . R D . - :
According to the preseni invention, a more’
sharply: resonant system is introduced- ‘between

frequency multiplier 3.and frequency multiplier .~ R
4 which transmits ‘uniformlya frequency -bahd.

of width. 2P centered-arotnd fo, but symmetii-

65

A .(2)f,am

cally - attenuates frequencies outbside this ‘pand.

P gorresponds. to:a signal frequency. fm which is- = .
. spbstantially lower than the upper limit-of signal

frequencies to. be-transmitted through -the sys- -
tem, but. high enough that ¢1 is still much less

_thanunity. :

Let-a signal’ fredueney%‘fm' highér than: F ‘he a;tf
tenuated by a factor a. After passing ‘through

_such-an. attenuating system' the sideband ampli- -
-tudesarereducedfrom * BT

minals of the phase modulator 2; there is. a di-~ : ; 1L, t.¢
rect proportionality between: Di.and Jm. " For 78 " Fet035y
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The result is- that the sidebands after such at-
tenuation are as though they had been caused by
2 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 thit 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 fo=F that at fo. ‘Inrpractice where g
-single turned circuit is used to produce the de-
sired attenuation, as the circuit 49, 50, 51 in Fig. 1,
the damping resistor 5{ is adjusted so that:the
:amplitude at fo+F is 0% of the amplitude at fo.
For frequencies differing. from' f, by amourts
greater. than P, expressed gs Jfo=KF: (where
‘K>1), the attenuation g is substantially equal

.o K.

With such adjustment of the circuit 49, 58, 51
the curve 72 (Figure 4) illustrates the ‘Telation
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 Equiation 2
when it is understood thdt for a sighal frequency

m=XKF (where K>1) side band attehuation.

'_~ca,uses approximately 4 reduction of the devi-
ation by factor K. .
‘Thatis:

Dy z’K—l mf—‘EKF;,tﬁ‘F R (5)

- - For the sighal frequencies fm less than F Equa-

tion 2'remains approximately true. - S
~ According to the invention, the correcting net-
work: 63, 85, ‘86 is so modified by-addition of re-
sistance 67 that the voltage ‘introduced- into the
-phase modulator 2 is inversely proportional tg fm
50 long as fm is-smaller than F but remains sub-
stantially constant when Jm is larger than . ‘In
the practical network 63, 65, 65, .67 in Fig. 1, the
fransmission at fm=F is not actually equal to the
constant amount of transmission at much higher
frequencies, but is 141% as much, so as to com-
pensate’ for ‘the described shape of attenuation
characteristic of the turned circuit- 48, 59, 51.
This relation is lustrated by curve 13 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 reduced at any signal 5
frequency below e S -
' Dy (max)
NF

Expressed in another way, the effect of extran-,

eous voltages and noise on the system is reduced

- by the factor K, which in g practical case may be .

made quite large with a corresponding. large re-
duction in the effect of high frequency noise. In

fact, such g 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 ‘g system
without the present invention is incapable of such
performance. . IR

: Choice of the frequency limit F is based on.the
fact that the representation of a° phase: modu-
lated wave by a carrier wave and only two side

5
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“less than one radian (¢<<1). Sidebands of sub-

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

Now for:.

QS"‘DA (mnx)-_Qg
- NF ~F

. .7To' make ‘t:his phase excursion ¢1 small enough,
F must be chosen several times larger than Di.

. D1 itself may be made relatively small by mak-
ing N-large, which meang carrying out g large

“fraction of the total frequency multiplication in

multiplier: 4 following the resonant system 49, 50,
§1. However, if N-be made too large (by having
0o little or no frequency multiplication in multi-
plier 3 ahead of the resonant system 49, 50, 51)
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. :

T_he;n for a low frequency signa] Jm, where ¢ is

Jlarge,” many- sidebands appear, covering sub-
.stantially the entire band from fo—Ds to fo-+-Dy,

and this band of frequencies then is much wider
than that between.the first two sidebands fo—fm

-and, fo-fm, but since F is chosen several times

larger'than Di, even that wide band from fo—Di
t0 fo+-Di 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-
viation Da @ax) of 75 kilocycles. The various
bortions of such a System may be adjusted as
fqllows_. for satisfactory operation.
Then: - S :
: . N= 384 -
Jo= 250 kilocycles
Di=. 195 cycles -
F=1500 cycles

“and it follows that the tuned circuit 49, 58, 51 is

resonant at 250 ke. 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-

‘hal 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 cireuit
has been illustrateqd 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-

 blicated networks to replace tuned cireuit 49, 50,

o1 and correspondingly more’ complex compen-
sating ‘circuits to replace circuit .63, 65, 66, 67.
For example, it.may be desired to provide a rela-
tion between side band attenuation and signal

-Irequency other than that described with a cor-

responding compensating network to obtain any
desired transmission of the signal. Further, the
nétwork §3, 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 funetion 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-
bands is valid only where phase excursion is much.: 76

ing from this invention in its broader aspects; and,

o)
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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, & 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 2
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, & 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 freguencies 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
siegnal source, said modulator including a filter

10
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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 modu-
lating signals lying within said first range of fre-
quencies and to be less than one radian for modu-
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. Tn combination, a carrier wave source, a fre-
quency multiplier for multiplying the frequency
of the carrier wave from said source, a modulat-
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ing signal source, the signals from said signal

source lying in a band of frequencies including a

10

first and a second range contiguous with each

other, said setond 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 @&
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-
¢y, 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-
1y 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, & modulat-
ing signal source, the signals from said signal
source lying in & 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 moduating signals lying in said second
range, said carrier wave having an unmodulated
frequency equal to its center modulated frequen-
¢y, 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-
¢y, and to pass without substantial modification
carrier waves modulated by signals in said first
range. ’
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