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19 Ciaims. 
1. 

This invention relates to methods and systems 
for frequency-modulating an oscillator, particu 
larly a microwave oscillator whose mean carrier 
frequency is stabilized. 
In frequency-stabilizing systems and methods 

such as disclosed in copending applications 
Serial No. 4,497, filed January 27, 1948; Serial No. 
35,185, filed June 25, 1948, Patent No. 2,584,608, 
granted February 5, 1952; Serial No. 49,934, filed 
June 30, 1947, Patent No. 2,602,897, granted July 
8, 1952; Serial No. 5,563, filed January 31, 1948; 
Serial No. 29,836, filed May 28, 1948 (abandoned, 
Serial No. 236,945, filed July 16, 1951, is a con 
tinuation thereof); Serial No. 51,253, filed Sep 
tember 25, 1948, Patent No. 2,559,719, granted 
July 10, 1951; Serial No. 58,295, filed November 4, 
1948; Serial No. 58,296, filed November 4, 1948, 
Patent No. 2,555,131, granted May 29, 1951; Serial 
No. 68,648, filed December 31, 1948; and Serial 
No. 73,626, filed January 29, 1949, there are pro 
duced two series of pulses, one series contain 
ing frequency-error information, and the other 
series containing standard-frequency informa 
tion, whose time or phase relation is compared, 
as by a phase or coincidence detector for deter 
mination of the frequency of an oscillator from 
its desired value. The frequency of the oscillator 
is automatically controlled, as by the output of 
the phase detector, to minimize deviation from 
a predetermined time or phase relation of the 
pulses of the respective series which corresponds 
with the desired oscillator frequency. 
In accordance with the present invention, the 

stabilized oscillator is frequency modulated, as 
at audio or video frequencies, by delaying the 
pulses of at least one of the aforesaid series in 
accordance with the modulation; preferably, the 
pulses of the respective series are differentially 
delayed both substantially to increase the modu 
lation factor and to reduce hum or noise. 
More specifically, in some forms of the inven 

tion, the pulse-delay network comprises a pulse 
generator, such as a multi-vibrator, "phanta 
stron' or the like, which is triggered by the 
frequency-error or standard-frequency pulses of 
constant repetition rate and the modulation is 
utilized to determine, directly or indirectly, the 
timing or the corresponding output pulses, the 
interval between successive output pulses varying 
with the modulation. In other modifications of 
the invention, the frequency-error or standard 
frequency pulses are applied to a delay line hav 
ing a suitable number of reactance-resistance 
sections whose delay characteristics is varied in 
accordance with the modulation by applying the 
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2 
modulating potential to one or more electronic 
tubes utilized as reactors or resistors of the delay 
line. En all forms of the invention, the phase 
or time relation between the two series of pulses 
is determined jointly by the modulation and by 
drift of the oscillator frequency from its desired 
value. The pulse repetition rate is high com 
pared to the highest modulating-frequency so 
that the control of the mean carrier frequency 
is rigid despite the modulation and so that the 
stabilizing pulses may be filtered out and not ap 
pear as a modulation component. 
The invention further resides in methods and 

systems having novel and useful features herein 
after described and claimed. 
For further understanding of the invention 

and for illustration of embodiments thereof, ref 
erence is made to the accompanying drawings in which: SSSSASASSS 

Fig. 1 is a block diagram of a freqnency 
modulated, frequency-stabilized oscillator system; 

Fig. 2 is an explanatory figure referred to in 
discussion of the operation of Fig. 1; 

Figs. 3, 4, 5, and 6 schematically illustrate vari 
ous pulse-delay networks and associated compo 
nents utilizable in the system of Fig. 1. 

Referring to Fig. 1, the block 0 is generically 
illustrative of a frequency-controlled oscillator, 
particularly a magnetron, klystron or other mi 
crowave generator, for supplying high-frequency 
energy to a load through a suitable transmis 
sion line 2. The load i? may be an antenna 
system, a power amplifier or the attenuator net 
work of a signal generator. The block 3 is 
generically illustrative of a search oscillator 
whose frequency is repeatedly swept over a range 
of frequencies, as by a mechanical or electronic 
modulating means, not shown. The range of fre 
quencies swept by oscillator 3 includes the reso 
nant frequency of a high Q standard 15, which 
for microwave frequencies iš preferably à section 
of Waveguide or resonant cavity containing gas 
exhibiting molecular resonance. The transmis 
sion line 14 which transmits energy from the 
oscillator 3 to the gas or equivalent, may, 
like transmission line 42, be a Wayeguide, a con 
centric line, or other transmission line suitable 
for transmission at the frequencies involved. 

High-frequency energy transmitted by or 
through the gas cell 15, or equivalent, is im 
pressed upon a demodulator it, such as a diode 
or crystal rect to produce a series of pulses 
each occurring as the frequency of oscillator 3 
Sweeps through the respnant frequency of the 
standard 15. These pulses, after being amplified 
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and shaped by the networks and 8, are ap 
plied to one input circuit of a phase detector 9 
to serve as a frequency/tine standard. 
The outputs of the oscillators and 3 are 

in part impressed through directional couplers 
2, 2 or the like upon a mixer 20, which may 
be a crystal rectifier, so to produce a varying 
beat-frequency corresponding, for example, with 
the difference-frequency of the two oscillators. 
This varying beat-frequency is converted, as by 
a frequency-selective network 22 and demodula 
tor 23, into a second series of pulses each oc 
curring as the beat-frequency passes through a 
predetermined fixed value... As discussed in the 
aforesaid applications, this fixed frequency may 
be the pass frequency of a beat-frequency am 
plifier, the cutoff frequency of a filter, or the 
null-output frequency of a discriminator. In all 
cases, this second series of pulses contains fre 
quency error/time information corresponding 
With the deviation of the carrier frequency of 
Oscillator from its desired value. This Sec 
ond series of pulses, after amplification and 
shaping by the networks 24 and 25, is applied 
to a second input circuit of the phase detector 
9. The unidirectional output Voltage of the 
phase detector 9, which may be of any Suitable 
form including those disclosed in the aforesaid 
applications and Some of Which appear in later 
described figures hereof, is applied through line 
26 automatically to stabilize the frequency of 
Oscillator 0. 
When the oscillator tube is a reflex klystron, 

the output voltage may be applied by line 23 
to vary the potential of the reflector anode; 
When the oscillator tube is a magnetion, the 
control voltage may be applied to a frequency 
control electrode Within the tube, as disclosed 
in certain of the aforesaid applications, or to a 
frequency-controlled tube aSSociated therewith: 
for lower-frequency oscillators, the Control-Vol 
tage output of phase detector 9 may be applied 
in known manner to a reactance tube COintroll 
ing the oscillator frequency. 
As thus far described, the System of Fig. 1 is 

for rigidly stabilizing the frequency of oscillator 
0 in manner generic to the various methods 
and systems of the aforesaid Copending appli 
cations. In all of then, any departure from 
a predetermined time or phase relation of the 
two series of pulses applied to phase detector 
9 produces changes in the output Voltage of 
the detector which is representative of devia 
tion of oscillator 0 from its desired value and 
which is applied in correction for Such deviation. 
In accordance with the present invention, the 

phase relation betWeen the two Series of pulses 
is also varied in accordance With the desired 
modulation, at audio Or Video frequencies, SO 
to effect frequency-modulation of the output of 
oscillator 0. To that end, the pulses of one or 
both series are delayed in accordance With the 
modulation; when both series of pulses are var 
iably delayed, they are delayed differentially, as 
later more fully described. 
As shown in Fig. 1, a delay network 2 may 

be included in circuit between the demodulator 
23 and the phase detector 9, as by a Switch 28d. 
which also couples the delay network to a modiu 
lator 29. Thus in their passage from the de 
modulator 23 to the phase detector 9, the fre 
quency-error pulses are Subject to a variable 
delay corresponding with the applied modula 
tion, and the time or phase relation between 
the two series of pulses, as compared by phase 
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4. 
detector 9, will therefore vary with the modul 
lation and correspondingly vary the unidirec 
tional output voltage of the phase detector. This 
causes the instantaneous frequency of the os 
cillator to vary With the modulation. The 
delay network 27 preferably has a linear char 
acteristic D, Fig. 2, so that the delay introduced 
is proportional to the amplitude of the modulat 
ing signal. The delay corresponding with zero 
modulation is at an operating point O inter 
mediate or substantially midway the limits of 
the characteristic D So that the delay time in 
creases and decreases in accordance With the 
modulating Signal S, the magnitude of the in 
crease and decrease depending, as aforesaid, 
upon the amplitude of the modulating signal. 
As evident from Fig. 2, for signals S1 of low 
amplitude, the range of the time delay is Sub 
stantially Smaller than for signals S2 of larger 
amplitude because the condenser 38 charges up 
to a higher Value for the larger signals. As the 
repetition rate of the pulses is high compared 
to the frequency of the nodulation, each wave 
of the modulation corresponds with mainy pulses, 
and these are each advanced or retarded in time 
in accordance with the amplitude and polarity 
of the instantaneous values of the signal during 
its cycle, 

Alternatively, or in addition, a similar delay 
network 27 may be interposed, as by switch 28b, 
in circuit between the demodulator 6 and the 
phase detector 9 to shift the standard-fre 
quency pUlSes in accOrdance With the modula 
tion. When, and as preferably, both delay net 
works 2 are included, the modulation is ap 
plied to them differentially, as by transformer 
30 So that the modulating voltages are applied 
to the delay networks 180° out-of-phase, as in 
dicated by the dotted and full line waves S1 and 
S2 of Fig. 2. Accordingly, as the modulation is 
applied to One delay network to decrease the 
time delay of pulses passing through it, the 
modulation potential concurrently applied to the 
other delay netWork increases the delay suffered 
by the other series of pulses. Thus, the shift in 
phase relation between the two series of pulses 
Which is due to modulation, is effectively dou 
bled as detected by the phase comparator 9. 
By differentially delaying the pulses in accord 
ance With modulation, the modulation factor in 
the System is substantially increased and any 
hum or noise is substantially balanced out when, 
as preferable, the two delay networks are of 
Substantially similar composition. As the repe 
tition rate of the pulses is substantially higher 
than the highest modulating frequency, the 
pulse frequency may be readily highly attenuat 
ed to eliminate it as a modulation component of 
the output voltage of 9. 

In the particular form of delay network shown 
in Fig. 3, the Standard-frequency pulses or the 
frequency-error pulses are applied to one grid 
of tube 3; and the nodulation signal is applied 
to another grid of that tube. Accordingly, the 
Output of tube 32 is a series of pulses having the 
Sane repetition rate as the sweep frequency of 
Oscillator 3 and Whose peak values vary in ac 
Cordance With the modulating signal. These am 
plitude-modulated pulses are applied as trigger 
ing pulses for a multi-vibrator network 2?a in 
cluding the tubes 32 and 33 whose grids and an 
Odes are cross-connected by coupling condensers 
34, 34. In the interval between successive pulses, 
the tube 32 is conducting whereas tube 3 is non 
conducting because biased to or beyond cutoff 
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by the resistance-capacitance network 35-36. 
When a negative pulse is applied to the grid of 
tube 32, its anode current is cut off and the pulse 
as applied to tube 33 causes it to conduct. The 
condenser 38 in the grid circuit of tube 32 is 
charged to a potential closely approximating the 
peak value of the negative pulse. The voltage 
across condenser 38 then gradually decreases by 
discharge through resistor 37 until a critical value 
is reached, at which time tube 32 again conducts 
and tube 33 is again cut off. This sequence of 
operations is repeated for each successive pulse 
from tube 3. The periods during which tube 32 
conducts can be made to vary substantially lin 
early with the peak values of the pulses from 
tube Si by providing that the time constant of 
the network 37-38 shall be large compared to 
the repetition period of the puises. The output 
of the multi-vibrator therefore consists of a series 
of square-wave pulses having the same repeti 
tion rate as the search oscillator 3, the duration 
of the pulses varying with the signal from modu 
lator 29. These square-wave pulses are differen 
tiated by a condenser-resistance network 41-42 
to provide positive and negative pulses corre 
sponding with initiation and termination of the 
square-wave output pulses of the multi-vibrator. 
In the particular arrangement disclosed, the di 
ode 33 effectively removes the positive pulses 
leaving a series of negative pulses of the same 
repetition frequency as search oscillator i3 but 
with the interval between successive pulses vary 
ing as a linear function of the modulating signal. 
In other Words, the pulses across the resistor 

42 correspond with the pulses from demodulator 
6 or 23, each delayed, however, in accordance 

with the instantaneous amplitude of the modul 
lating signal. These pulses are converted by a 
shaping network 8a to sawtooth waves of the 
same repetition frequency as the search oscilla 
tor, but of slope which Waries With the modula 
tion. More specifically, the delayed pulses of 
negative polarity from the delay network 2a are 
converted to positive pulses by the amplifier 44 
and impressed upon a Sawtooth generator in 
cluding tube 35. The output pulses of the saw 
tooth generator are impressed, as by transform 
er åö, Upon the phase comparator i9d which, in 
the specific form shown in Fig. 3, is a bridge net 
work including two pairs of rectifiers 47 of diode: 
or crystal type. 
When, as shown in Fig. 3, the modulation is 

applied variably to delay both the frequency 
error pulses and the standard-frequency pulses, 
the modulating signal may be applied to a tube 
A8 having load resistances 49 and 56 respectively 
in the anode and cathode circuits to afford push 
pull output. The modulating-voltage appearing 
across the load resistor 49 is impressed, as above 
described, upon the tube 3 of one of the delay 
networks 2A, and the modulating signal across 
cathode resistor 50 is applied to the correspond 
ing tube of a second similar delay network 27A 
upon which is impressed the pulses from the de 
modulator 6. Thus, the standard-frequency 
pulses are also delayed in accordance with the 
modulation, and after shaping by the network 25 
including tube 54, condenser 5 and resistor 52 
are impressed upon the second input circuit of ; 
the phase comparator 9a. 
There is thus produced across the output ter 

minals of the phase-detector 9A a unidirection 
al voltage which varies not only with the devia 

...tions from normal of the frequency of oscillator. 
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6 
- 0, but also iñ, accordance with the modulating 
signal. In the particular circuit shown in Fig. 
3, the frequency-control voltage produced by com 
parater Sa is applied to the grid of a frequency 
control tube 55 for a reflex klystron OA. The an 
ede-cathode resistance of tube 55, as affected by 
the potential of its control grid, determines the 
potential of the reflex-anode of the klystron CA 
and therefore determines the output frequency of 
the klystron. The klystrora may be set approxi 
mately to its desired operating frequency by ad 
justment of the dimensions of its cavity, as under 
stood by these skilled in the art, and may be more 
closely adjusted to proper frequency by adjust 
ment of the fixed component of the potential of 
the control grid of tube 55; specifically, the grid 
circuit of tube 55 may include a potentiometer 56 
and battery 5 for the latter purpose. The grid 
potential of tube 55 is determined both by the set 
ting of potentiometer 55 and by the output volt 
age of the phase detector f sa, which as appearing 
across condenser 53, includes both frequency-cor 
rective and frequency-modulating components. 

In the modification shown in Fig. 4, the delay 
network 27B for use in the system of Fig. 1 com 
prises one form of the so-called “phantastron” 
circuit. For other forms thereof and for de 
scription of their operation, reference is made to 
the "Design of phantastron time delay circuits' 
appearing in the April 1948, issue of “Electronies.” 
In the form shown, frequency-error pulses, or the 
Standard frequency pulses, are applied to the #3 
grid of tube 60, which may be of the 6SA7 type. 
This grid is at positive potential with respect to 
ground, this operating potential being deter 
mined by the relative magnitudes of the voltage 
dividing resistors 6 f and 62; the #2 and #4 grids 
of this tube are also of positive potential with 
respect to ground, the magnitude of this operat 
ing potential being determined by the relative 
magnitudes of resistors 63 and 64. When a pulse 
is applied, the time at which the corresponding 
pulses appear across the cathode resistor 58 de 
pends upon the instantaneous potential of the 
#1 grid as determined by resistor 65, condenser 
6i and cathode resistor 68 of an associated tri 
ode 66. Variably to delay the output pulses in 
accordance with the modulation, the modulating 
signal is applied to the grid of tube 48A whose 
anode is coupled to the grid of tube 66 and to the 
anode of tube 60 by a diode 69. Actually, the 
triode 66 and diode 69 may be the two halves of 
a 6SN7 tube, the plate and grid of one section 
being connected together to serve as a diode. 
The operation of the “phantastron” circuit per se 
is quite complicated, and being fully discussed in 
the aforesaid issue of "Electronics,' is not in de 
tail described here. It suffices here to say that 
the output pulses of the delay network 27B corre 
spond in number with the input pulses from de 
nodulator 6 or 23, Fig. 1, with the time interval 
between successive output pulses varying in ac 
cordance with the modulating voltage. The out 
put pulses of network 27B are shaped by networks 
25d or 8a and impressed upon a phase discrimi 
nator which may be of any suitable type; in the 
form shown, phase discriminator 9b is of the 
type more fully disclosed in aforesaid copending 
applications Serial Nos. 4,497 - and 29,836. The 
instantaneous magnitude of the output voltage 
of the phase comparator follows the modulating 
signal and accordingly varies the frequency of 
Oscillator f0A. The average magnitude of the 
Output voltage of the phase comparator in this, 
asin all other modifications, varies with deviation 
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of the mean-carrier frequency of the Oscillator 
from its desired value and is accordingly effective 
to correct such deviation. 
In the modification shown in Fig. 5, the delay 

network 27C interposed in either or both of the 
input circuits of the phase comparator 9 comi 
prises a delay line having a suitable number Of 
sections each including a series inductance 10 and 
a shunt capacitance 7 . To vary the delay of 
the standard-frequency or frequency-error 
pulses, the effective shunt capacitance of a suit 
able number of sections of the delay line is varied 
in accordance with the modulation. Specifi 
cally, each of one or more of the condensers 12 
is shunted by a reactance tube network 12 which 
exhibits capacitive reactance of magnitude de 
termined by the potential of the grid of tube 13 
of the network. Specifically, the tube 73 is a 
pentode, such as a 6SJ7 or 6AC7 type of tube 
having its grid coupled to a point between re 
sistance 74 and condenser 75 in paralelto con 
denser 7 and to the anode-cathode circuit of 
the tube. As the operating principles of a re 
actance tube are well understood by those skilled 
in the art, further description of network 72 is 
unnecessary here. It suffices to say that the fre 
quency-error or standard-frequency pulses ap 
plied to the input terminals of the line 27C appear 
across the output terminals thereof with delay 
varying linearly as a function of the modulating 
signal applied to tube or tubes 73. These delayed 
pulses are impressed upon the phase comparator 
19 and accordingly the unidirectional output volt 
age of the phase comparator, applied to the Oscil 
lator for control of its frequency, varies in ac 
cordance with the modulation. 
In the modification shown in Fig. 6, the delay 

network 27D for variably delaying the standard 
frequency pulses and/or the frequency error 
pulses of Fig. 1 comprises a delay line of suitable 
number of sections including series inductance L. 
modified by variable resistance 80, and shunt 
capacitance 8. Each of one or more series re 
sistances of the line is the cathode-anode resist 
ance of a tube 80 whose grid potential is varied 
in accordance with the modulation. The choke 
83 in the anode current supply circuit of the 
tube is of high impedance to the pulses. AC 
cordingly, the frequency-Stabilizing pulses ap 
plied to the input terminals of the line 27D ap 
pear at the output terminals thereof with time 
spacing which follows the modulation and there 
fore the instantaneous frequency of the Oscilla 
tor is varied in accordance with the modulation, 
the mean carrier frequency of the Oscillator, how 
ever, being rigidly stabilized as in the aforesaid 
Copending applications. 
From the foregoing explanation, it shall be 

understood the invention is not limited to the 
specific arrangements described but that changes 
and modifications may be made Within the scope 
of the appended claims. 
What is claimed is: 
1. The method of frequency-modulating and 

Stabilizing the mean carrier frequency of an OS 
cillator which comprises generating Search oscil 
lations, repeatedly sweeping the frequency of said 
search oscillations over a range including a 
Standard frequency to produce a Series of pulses, 
producing a second Series of pulses each occur 
ring as the beat frequency of the oscillator fre 
quency and said search oscillations passes through 
a predetermined value, delaying the pulses of at 
least one of said series in accordance with the 
desired modulation, and varying the frequency 
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8 
of the oscillator in accordance with sense and 
magnitude of the variations in the time relation 
between the pulses of the two series as affected 
both by the modulation and by drift of the mean 
carrier frequency. 

2. The method of frequency-modulating and 
stabilizing the mean carrier frequency of an Oscil 
lator which comprises generating search Oscilla 
tions, repeatedly sweeping the frequency of Said 
search oscillations over a range including a stand 
ard frequency to produce a series of pulses, pro 
ducing a second series of pulses each occurring 
as the beat frequency of the oscillator frequency 
and said search oscillations passes through a pre 
determined value, differentially delaying the cor 
responding pulses of the respective Series in ac 
cordance with the desired modulation, and vary 
ing the frequency of the oscillator in accordance 
with sense and magnitude of the variations in the 
time relation between the pulses of the two Series 
as affected both by the modulation and by drift 
of the mean carrier frequency. 

3. The method of frequency-modulating and 
stabilizing the mean carrier frequency of an oscil 
lator which comprises generating search oscilla 
tions, repeatedly sweeping the frequency of Said 
search oscillations over a range including a stand 
ard frequency to produce a series of pulses, pro 
ducing a second series of pulses each occurring as 
the beat frequency of the oscillator frequency and 
said search oscillations passes through a prede 
termined value, delaying the pulses of one of said 
series in accordance with the desired modula 
tion, and varying the frequency of the oscillator 
in accordance with sense and magnitude of the 
variations in the time relation between the pulses 
of the two series as affected both by the modula 
tion and by drift of the mean carrier frequency. 

4. The method of frequency-modulating and 
stabilizing the mean carrier frequency of an 
oscillator which comprises producing a Series 
of pulses containing frequency error informa 
tion, producing a Second series of pulses con 
taining frequency error information, producing 
a second series of pulses containing standard 
frequency information, delaying the pulses of at 
least one of said Series in accordance with the de 
sired modulation, and varying the frequency of 
the Oscillator in accordance with variations of the 
time relation between the pulses of the two series 
as affected both by the desired modulation and 
by any drift of the mean carrier frequency. 

5. The method of frequency-modulating and 
Stabilizing the mean carrier frequency of an oscil 
lator Which comprises producing a series of pulses 
containing frequency error information, produc 
ing a second Series of pulses containing standard 
frequency information, differentially delaying the 
pulses of the respective series in accordance with 
the desired modulation, and varying the fre 
quency of the oscillator in accordance With vari 
ations of the time relation between the pulses of 
the two series as affected both by the desired 
modulation and by any drift of the mean carrier 
frequency. 

6. The method of frequency-modulating and 
Stabilizing the mean carrier frequency of an os 
cillator which comprises producing a series of 
pulses containing frequency error information, 
producing a second series of pulses containing 
standard frequency information, converting the 
pulses of at least one of said series of pulses to 
pulses of duration varying in accordance with a 
modulating Signal, differentiating the converted 
pulses to produce pulses of corresponding num 

... ber but with time-spacing varying with the mod 
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tively impressed for production of a unidirectional 
output voltage varying in accordance with Vari 
ations in the phase relation of the pulses of the 
respective series, delay means in at least one of 
said input circuits, modulating means for varying 
the delay characteristics of Said delay means SO 
to vary the phase relation between pulses of the 
respective series in accordance with the modula 
tion, and means for applying said unidirectional 
output voltage to stabilize the mean carrier fre 
quency of the oscillator and to vary its instan 
taneous frequency in accordance with the modul 
lation. 

15. A frequency-modulated, frequency-stabi 
lized oscillator system comprising an oscillator, 
means for producing a series of pulses containing 
frequency-error information, means for produc 
ing a second series of pulses containing stand 
ard-frequency information, a phase detector hav 
ing input circuits upon which said pulses are 
respectively impressed for production of a uni 
directional output voltage varying in accordance 
with variations in the phase relation of the pulses 
of the respective series, a time-delay network in 
each of Said input circuits, modulating means for 
differentially varying the delay characteristics of 
said delay networks, and means for applying said 
output voltage to stabilize the mean frequency 
of the OScillator and to vary its instantaneous 
frequency in accordance With the modulation. 

16. A frequency-modulated, frequency-stabi 
lized Oscillator System comprising an oscillator, 
means for stabilizing the mean carrier frequency 
of Said OScillator comprising means for producing 
two series of pulses respectively containing 
standard-frequency versus time information and 
frequency-error versus time information, and a 
phase Comparator having input circuits upon 
which Said Series of pulses are respectively im 
pressed and producing a frequency control for 
said oscillator of magnitude varying with varia 
tion of the time relation of the pulses of the re 
Spective series, and means for frequency-modu 
lating Said oscillator comprising a pulse generator 
interposed in at least one of said input circuits 
for triggering by the corresponding series of 
aforesaid pulses to produce a corresponding 
number of Output pulses for application to said 
phase comparator, and means for applying a 
modulating signal to said pulse generator variably 
to delay said output pulses in accordance with 
the modulation. 

17. A frequency-modulated, frequency-stabi 
lized oscillator system comprising an oscillator, 
means for stabilizing the carrier frequency of 
Said oscillator comprising means for producing 
tWO Series of pulses respectively containing stand 
ard-frequency versus time information and fre 
quency-error versus time information, and a 
phase comparator having input circuits upon 
which Said series of pulses are respectively im 
pressed and producing a frequency control for 
Said OScillator of magnitude varying with varia 
tion of the time relation of the pulses of the 
respective series, and means for frequency-modu 
lating Said OScillator comprising pulse generators 
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12 
interposed in said respective input circuits re 
spectively for triggering by said two series of 
puises, each to produce output pulses of the same 
repetition rate, and means for applying a modul 
lating signal to said pulse generators differentially 
and variably to delay said output pulses in ac 
cordance With the modulation. 

18. A frequency-modulated, frequency-stabi 
lized oscillator system comprising an oscillator, 
means for stabilizing the mean carrier frequency 
of said oscillator comprising means for producing 
two series of pulses respectively containing Stand 
ard-frequency versus time information and fre 
quency-error versus time information, and a 
phase comparator having input circuits upon 
which said series of pulses are respectively in 
pressed and producing a frequency control for 
said oscillator of magnitude varying With varia 
tion of the time relation of the pulses of the re 
spective series, and means for frequency-modu 
lating said oscillator comprising a delay line 
interposed in one of said input circuits and having 
series and parallel impedances, at least one of 
which is an electronic tube, and means for apply 
ing a modulating Signal to said tube variably to 
delay the transmission of pulses by said line to 
said comparator in accordance with the modula 
tion. 

19. A frequency-modulated, frequency-stabi 
lized oscillator system comprising an oscillator, 
means for stabilizing the mean carrier frequency 
of Said oscillator comprising means for producing 
two series of pulses respectively containing stand 
ard-frequency versus time information and fre 
quency-error versus time information, and a 
phase comparator having input circuits upon 
which Said Series of pulses are respectively im 
pressed and producing a frequency control for 
Said OScillator of magnitude varying With variae 
tion of the time relation of the pulses of the re 
spective series, and means for frequency-modu 
lating said oscillator comprising delay lines re 
Spectively interposed in said input circuits and 
each having series and parallel impedances, at 
least one of which is an electronic tube, and 
means for applying a modulating signal to said 
tubes differentially and variably to delay the 
transmission of pulses by said lines to said com 
parator in accordance with the modulation. 
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