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PATENT OFFICE

2/490,500
STABILIZED.OSCILLATOR GENERATOR

Charles- J.: Young, Princeton; N; J:, assignor to:
Radio Corporation of Ameriea;-a: corporatwn of:

Delaware:

Application December.28, 1946, Serial No. 719,035

14 Claims:
1
‘This-application  relates to: oscillation geners=
tors-and: in particular, a-generator the frequency-
of- operation. of* which is stabilized. but camw be
changed to any frequency within a given wida:
range:

Thereis'great need of a calibrated variable fre-
quency master oscillator which can readily be set:
torany predetermined frequency within its range,
with assurance that the output frequency will re-
main close to the desired preset frequency.;

The general object of this invention is to pro-
vide oscillation generating means as outlihed”
above for supplying to-a transmitter or other
utilization means, oscillations of any frequency
withinh a given wide range.

A further object of the present.invention is to
provide oscillation generating means as.described.
above and simple means for setting or selecting.
the chosen frequency.

A further object of the. present ihvention. is.to. 20:

provide oscillation generating and selecting means-
wherein the oscillations. generated and of se-
lected frequency are fixed in.frequency with re=-
spect to an oscillator of standard fixed frequency
such as a crystal oscillator.

An additional object of the present invention
is to.provide an oscillation generator. as described..
above with simple and effective means.: for auto-
matically correcting the frequency of. operation.

of said. oscillation generator should the same be- 30

improperly related in frequency to.the frequency-
of the standard source thereby stabilizing the fre-
quency of ‘operation of the generator..

The above objects are attained as follows:.

Oscillations from the standard frequency source. g

are. counted (divided in.frequency) and .used to.
establish time intervals of fixed and known .dura-
tion and also to. produce voltage of a diration.
measured by said time intervals. At the start of.
certain of the time intervals, a preset cycle count-
er is set into operation to count off a presat num-
ber. of cycles of the oscillations generated and’
to stop. A voltage of duration measured by tHe.
counting time of the cycle counter.is developed

and the differential of said produced voltage and 45

developed voltage is used to. control the master
oscillator frequency. Now if the frequency of the
controlled. oscillator is changed and a new and’
appropriate number set up on the counter, my.

system takes over to stabilize this new frequency 5¢ i

of operation. Thus a series of frequencies. re-
lated as desired may be generated. Such.opera-
tion cannot be carried out in prior.art systems
using fixed frequency dividers,

In describing my invention in detail; reféerence &5

(CL.25038):

2.‘
will’be-made to-theattached drawings whereitr:
Fig: 1 illustrates by: block diggram:an‘ oscilla--
tion generator in accordance with- my- invention-
for stable operationat’ any selected’ frequency of-

5 a'wide'range-of frequencies;

Fig: 2" illustrates by voltage curves the opera--
tiorrof my systemof Fig: 1, gnd of Fig; 4

Pig: 3’iltustrates details of one type of cycle-
counter circuit whichis satisfactory for usein the"

05 unit-4'of Fig: 1) and’

Fig: 4 1IIustrates dethils of the manner-in-which-
pulses; of fixed“time separation; developed in unit’
3 control the-cycle counter of unit’ & and'the difs
ferential correction  apparatus -of unit5 whicli-is-

5 also-controlled by the counter to-act through tite-

reactaxrce tubeof unit g to'stabilize the’ generator:
at any frequency- selected for generation by’ set=
ting ‘the-number of ‘cycles’ counted: and’ roughly
adiusting- the tuning- condénser of the: master-
oscillator:

Referring to Fig: 1, the master oscillator 2,
which suppliés the output'for use-in; for example;.
& transmltter T, is sHown as* controlled’ from-a-
frequency standard i The irequency standard-

" I'mayihcludes crystal oseillator: The basic ‘con=

trol i§ obtained by comparing two time intervals;
one measured” by tie standard- oscillator- f* fre=
quericy; the otlier a measure ‘of a- preset number”

. of cycles of "the oscrlIatlons generated in’ unit- 2:

By wayof exaniple, it may-be assumed that the
frequentcy standard” i operates ata frequency of’
1000’ cycles per second’and the master oscillator
2'which may be-set-and/or tuned at. any one of’
any-desired number.of: ‘frequencies; will, for” pur=
poses-of "illustration, be operated at 7580 cycles:
persecond. To obtain the two sHort tinmie inter-
vals which are compared to.obtainn control energy.
for controlling, tHe frequency of operation of os-
cillator: 2, separate’ frequency  dividers or. time:

¢ sensitive” elements' 37 axd 4’ are used: Element 3"

Ishasically a fixed frequency divider which divides
the ffequency of ‘the standard- I; in:the case illusz
trated by 100, This meats th‘at" the output of’
divider-3"will have a frequency of ‘ten cyclés per
second. Ih the embodiment, deéscribed, the unit
3"is-assumed to includa a divider of the counting’,
cireuit type and supplying ten pulses per second’
as illustrated. by line a of Fig. 2.

The second frequency dlvider or tlmer whlch is’
tlally an eIectromc, countar w1ﬁh an ad’ usta.ble
stop set. whieh stops the count thereof as set. A
counter ‘of “this type-is .shown. ih Grosdoff U. .S..
application Ser. #580446; fited. March 1; 1945;
It'is the purpose of this counter in unit 4°to count
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off a predetermined number of cycles of opera-
tion of the master oscillator in unit 2 and at the
end of this counting interval, to stop counting
and produce an output pulse (lines b and ¢ of
Fig, 2). In my illustration of the oscillator, op-
erating at 7580 cycles per second, assume that rhe
counter is set at the value 758. This means that
if the master oscillator unit 2 is operating ex-
actly on a frequency of 7580 cycles per second, the
interval of time which counter 4 will measure will
be equal to the length of time passed during 758
cycles or ¥ second time intervals measured by
divider 3. The start of operation of counter 4
coincides, with respect to time, with one of the
pulses from counter 3, and counter 4 counts the
preset number of cycles or pulses from the master
oscillator of unit 2 and stops. .

The differential correction control 6 compares
the fixed intervals of time measured by the divider
3 with those measured by counter 4 and produces
a-corrective voltage, representing the difference of
the intervals, which is applied to an oscillator
frequency control means in unit 6§ which may be,
by way of illustration, a reactance tube per se
well known in the art. Line d of Fig. 2 shows a
voltage pulse measured by a standard interval
of time obtained in the correction control unit 5
from the timer output pulses line a¢ and lines e
and f show the intervals produced in the correc-
tion control 5 by the output pulses from counter 4.
The initiation of the intervals shown in lines e
and f is produced by alternate pulses of line g, @
here coming. from the divider 3, while termina-
tion of the intervals shown in lines e and f is pro-
duced by the pulses of lines b and ¢, here coming
from the counter 4. Two cases are illustrated by
the wave forms; lines b and e illustrating case 1
where the oscillator in unit 2 is operating at too
high a frequency and lines ¢ and f illustrating
case 2 where the oscillator in unit 2 is operating
at too low a frequency. That is, in both cases,
the oscillation generator in unit 2 is not operat-
ing at the frequency selected. To obtain the
control voltage, the correction control circuit in
unit 5 combines the voltage represented by line d
with the voltage represented by line e or f. These
combined voltages are shown as lines g or h for
casé 1 or for case 2 respectively. It will be noted
that in.line g, case 1, positive polarity pulses are
shown and ‘in line h, case 2, negative polarity
pulses are shown. These pulses are applied, after
averaging theil value, through the reactance tube
in unit 6 to control the frequency of the oscilla-
tor in unit 2 and the pulse polarity is such as
to correct the frequency of the oscillator in 2 in
the proper direction to reduce the correction
voltage to zero or to adjust the oscillator in unit
2 to the correct point of operation. The rela-
tionship between the frequency of the standard
in unit | and the master. oscillator in unit 2 can
be adjusted or set at any desired value by means
of dial switches . associated with the counter 4.
In the case illustrated, the cycle counter dials
are assumed to be set at 758 which would cause
the master oscillator in unit 2 to operate at 7580
cycles per second. Adjusting the counter circuit
in ynit 4 changes the frequency of the oscillator
as described above and its frequency may be
changed practically continuously throughout a
wide range merely by setting the counter as de-
sired and then roughly returning the oscillator in
unit 2 to the frequency set. The oscillatory en-
ergy as selected in frequency is supplied to the
transmitter T for use as desired.

The standard frequency oscillator in rectangle
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i may be conventional and many oscillators ap-
propriate for use here are known in the prior art
and the same will not be described in detail here-
in. The same remarks apply to the apparatus in
rectangle 3 wherein this apparatus is designated
a timer. In practice, it takes the form of a fre-
quency divider or a decade counter. The fre-
quency divider may be of the counter type or any
other approved type, many of which are known
in the prior art. For example, a decade counter
such as used in unit 4 described hereinafter may
be used in unit 3. It is essential, however, that
wave shaping be carried out in the timer to pro-
vide pulse output as shown in line ¢, Fig. 2. Many
means are known in the prior art for shaping the
waves as desired. For example, when the timer
in unit 3 is a multivibrator, its output is of square
wave form and may be supplied to a differentiat-
ing network to produce the peaks separated by
the desired time intervals. A voltage differentiat-
ing network of this general type is shown in Fig. 1
of Max Mesner application #559,469, filed Octo-
ber 19, 1944. The counter circuit in unit 4 is as
stated above in general like that of the above re-
ferred to Grosdoff application. Improvements.
and additions thereto have been made and the
details of the counter circuit are illustrated in
Fig. 3. The differential correction control circuit
of unit 5 wherein the pulses are compared as to
time intervals is illustrated in detail in Fig. 4.
The reactance tube 6 and oscillator 2 may be con-
ventional but in order to make my invention clear,
have been included in Fig. 4 so that the manner
in which the same and the correction control
circuit etc., are connected in the system may be
illustrated.

Referring to Fig. 3, three decade counter cir-
cuits are shown; more or less may be used. Dec-
ade | consists of multivibrator-like locking stages
Vi, V2, V3 and V4. These stages each have two
positions of rest at one or the other of which
they stay locked, when tripped thereto, until some
applied voltage or current trips them again to
lock them in the other position. In the embodi-
ment shown, application of a negative voltage to
the anodes and thence to the grids of the lock-
ing circuit tubes will reduce current in that tube
drawing current and start the tripping action
which switches the current through the other
tube. Decades 2 and 3 are similar and to simplify
the diagram have been illustrated by rectangles.
Associated with each decade is a three-pole, ten-
position switch, These switches are referred to
as Si, S2 and S3, and the contacts thereof are
coupled to the anodes of the locking circuit tubes
whereat the potentials rise and fall depending on
which tube of the pair is drawing current. For
example, the anode of tube I of VI is connected
to alternate contacts of pole Pl of the three-pole
switch S’. The anode of tube 12 of this stage is
connected to the remaining contacts of this pole.
The anodes of tubes 13, 14 and 16 of V2 and V3 are
connected to staggered pairs of contacts of the
second pole P2, ete. 'The basic details of each dec~
ade and how it operates is covered fully in Gros-
doff, 580,446, referred to above and consequently,
no detailed explanation will be given here. The
decades count the incoming pulses from the mas-
ter oscillator 2, these pulses being applied to the
lead labeled Input of decade [.

The basic purpcse of the counter circuit is to
produce oubtput pulses after the counter decades
have counted a predetermined number of master
oscillator cycles or pulses. The start of the count-
ing is controlled by a Gate circuit so labeled in
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Fig. 4 as will be ‘explained 1ater. The -develop-
ment ‘of the:otitput pulses from the:decades to be
produced after the predetermined count has been
reached is-ebtained by :combining the proper volt-
‘ages from the anodes .of certain tubes in all three
decades. This scheme is explained and is shown
‘generally by Grosdoff 659,704, filed April 5, 1946.
Usihg my illustration ‘of a ‘count of 758, switch
81 on decade 4 would be set at position 8 which
4s the uhnits :count, the iswitch :S2 -on decade 2
would be set on position 5 which is:the tens count
and switch S3 on ‘decade 3 wotlld be set on po-
‘sition 7 which 1is ‘the hundreds count. The volt-
‘age pulses collected by the switches.are combined
by means of three vacuum triodes .26, 27 and 28.
The tubes ‘are in :conventional circuits including
grid biasing resistances .BR :connecting the
-Switches to ®ground. This combination is pro-
dueed by the connections :of 'said ;switches to the
‘conitrol :grids :of these three tubes. The anodes
'of the tubes are connected together to.produce s
single pulse, which represents ‘the .sum of the
«¢ollected pulses, ‘and feeds the :same by way of
resistors 28, 30-ahd 31 and common resistor 32 to
‘the grid 33 of :a final combining tube 34. The
tube 34 'is ‘connected in an ‘amplifier stage with
its ‘grid :grounded by a resistor 35 and :its cath-
‘ode igrounded by ‘a resistor 36 and:its anode con-
‘nected to the plus terminal of ‘g ‘direct current
source. The anode of amplifier ‘tube 34 is cou-
‘pled by ‘a capacitor :371 to ‘the control .grid 38 of
an output ‘tube 39, :the .purpose of which is to
‘deliver the combined pulse :to:all ‘of the tubes.in
all :of the decades to trip the .same back to their
starting position “for :successive ‘operation of the
‘counter. 'This ‘cathode follower stage also deliv-
-ers this combined ‘output pulse to the differential
‘correction ‘control circuit 5-0f Figs. 1 and 4. To
‘do this, the ‘cathode load xresistor 40 of this tube
ds ‘coupled through i -capacitor 41 to a lead 42
running ‘to a conumon .reset lead in each of the
three :decades and ‘also to ‘the lead 44 labeled
‘Output ‘which :goes to the unit 5 of Figs. 1 and 4.

‘Referring to ‘decade 1 “which has its switch
81 set at position '8, it is:noted that for each po-
Sition ‘of the -switch, ‘a :different combination of
voltages from the eight tubes of decade are used
s explained in the Grosdoff application #580;-
“446. 'The voltage on the switch S :as applied to
the :grid ‘of tube :26 reaches :a certain maximum
Jpositive value only when the:count is at the value
For which the :switch position is set and the final
desired output pulse ‘applied to the .grid of tube
34 'is obtained -only when the proper combination
-of ‘'voltages-oceurs simultaneously on the selected
tubes -of all three decades. -For example, in
decade | on the count of 8, the voltages selected
by :switch S1 -are those at the anodes of tubes 11
‘and 14 :and (8. This-combination of three volt-
-ages -raises ‘the ‘control .grid -of tube 26 above its
cut-off point so that conduction is initiated in
tube 26 and the potential on its -anode and at
‘resistor-29 falls. A similar action takes place in
tubes 27 and 28 when the :proper voltages are
obtained by the settings .on switches-S2 and S3.
When the final pulse which represents the final
combination of voltages .from the tubes 26, 27
and 28 is reached the voltage applied to the con-
‘trol grid of tibe 34 .is reduced ‘(negative) to such
-a.point that conduction in the tube 84 is cut off.
‘This action occurs suddenly at the instant the
decades of the counter reach ‘the number or
count for which the switches have been set. Also
‘the tubes 26 and 21 may be made conductive sev-
eral’times during the provess of the count, yet the
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6
combined voltage -applied to the grid of ‘tube 33
'is never sufficiently negative to cut this tube off

-until the time occurs when tubes 28, 27 and 28

are simultaneously -conductive, ‘this point beihg
when the counter has reached the predetermined
count of adjustment.

At the instant when ‘the counter produces its
‘output pulse at the plate of tube 34, this output
pulse is applied through the coupling ‘tube 39
‘which is a ‘cathode follower :type ‘of circuit %o
the output terminal 44 @nd ‘also by way ‘of Ton-
‘denser ‘41 to reset the decades :of the rcounter
back to the zero or starting position. “This re-

-setting .fuhetion is :accomplished by -application

of the output pulse, which is positive in polarity,
to the grid ‘circuits -of :all the tubes in the :dec-
ades which draw current in thestarting position.

As stated above, the ‘oscillations ‘orshort pulses
representative thereof are supplied :from the ‘os-
cillator to the input lead -of the first decade
‘counter, Fig. 3, and at the cathode :end of load
resistor 48 of tube 38 is produced the potential
which resets the decade counters when they have
finished counting the pre-set number, and, -also
the potential supplied to lead 44 which goes %o
the differential correction .control unit 5 to ‘ter-
minate the time interval measuring ‘the counting
‘time. “The potentisl, also, &s will appear in -de-
tail hereinafter, operates ‘to :cl6se :a gate For the
generated oscillations and to return locking
‘stages to ‘orte ‘condition of :stability 5o ithat ithe
cycle ‘of ‘operation ‘may be completed ‘whd re-
peated. .

The arrangement for ‘accomplishing ‘these pur-
'poses ‘and ‘other purposesis shownin Fig.-4. In

Fig. 4, the dotted rectangle 5 indludes the dif-
‘ferential correction ‘control :and .comprises in the

embodiment shown, two multivibrator<type Tock-
ing stages -MVI and MV2. The dotted rectangle
4 may include in addition 'to the coumters shown
in ‘Fig, 3, & multivibrator-type locking stage MV3
icontrolled by the locking stage MV =nd also a

‘gating ‘stage GS -controlled by the Jocking ‘stage

MV3. In practice, ‘the /gating stage may -also
peak the oscillations and may with ‘its control
‘stage MV3 be included ‘in a :separate wunit -here
designated 4. 'The:showing of these connections
is simplified in -Fig. 1. The dotted rectangle 6

‘inicludes the reactance tube while the dotted tec-

tangle 2 includes the master oscillator.

The -pulses -0of line « -are iminus ‘and are sup-
plied by .condenser 46 ‘to the anodes -and ‘thence
to the ‘control .grids ‘of ‘the ‘pair ‘of ‘tubes ‘in the

Jocking ‘circuit MV whiich is ‘substantizlly - con-

ventional iso that 'when the ‘one ‘tube is -drawing
‘current, the other :tube is ‘cut off :and ‘vice versa
and the ‘application -of -a ‘negative pulse ‘is inef-
fective on that ‘tube having ‘a negative grid bt
1is effective on that tube having :a positive grid
to .switch -current therefrom :to ‘the -other tube.
The -locking :stage MVI has its ‘sedond :tube 48
‘anode ‘coupled ‘by ‘a condenser :50 4o ‘the conitrol
grid of ‘the tube 53 'in ‘the locking ‘stage -MV3.
The ‘anode ‘of ‘tube 48 is also coupled ‘by :con-
denser 54 ‘to fthe control :grid :of “the tiibe 56 ‘of
the lockinhg stage ‘MV2. The gnode of the tube

'8 “of ‘locking -stage ‘MV2 is connected *by ‘a re-

sistor ‘60 ‘to the ‘anode ‘of a ‘dibde 68 and, by ‘way
of & resistor -67 -and -a ‘connection 61, ‘to -8 ca~
pacitor €9. "This ‘connection, ‘as ‘will ‘be sesh
hereinatter, supplies-the-voltage-pulses represent-
ed by line ‘e-or ¥-of Fig. 2 which ‘dre ‘a measure
‘of the ‘time ‘it took the tountér in 4 ‘to ‘count the
preset number of ‘eycles of oscilldtions igenérated
by the master ‘oscillator. “To do ‘this, stage MV2
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is controlléd .by the said pulse which is ampli-
fled in tube 63 and fed by coupling condenser 65’
to the control grid of tube 58 of the stage MV2.
The anode of tube 45 of the stage MVI is also
connected by resistor 70 to the anode of diode
66 and, by way of resistor 65 and connection 61,
to the capacitor 69. The arrangement here is
such that both of the voltages developed on the
left end tubes of stages MVI and MV2 are com-
bined in 6i and applied to the diodes connected
in opposed polarity. The anode of diode 66 is
connected by differential resistors 65 and 67 to
the cathode of the diode 68 so that the poten-
tial therein which represents the difference be-
tween the potentials of lines d and e or 4 and f
appears across the condenser 68 which is sup-
plied to the control grid of a reactance tube stage
11.- The reactance tube stage is connected in a
well known manner with the conventional oscil-
jator in unit 2 to control its frequency of opera-
tion in accordance with the potential developed
in 69. ’

The locking stage MV3 has the anode of its
tube 53 coupled to the third grid of a gating
stage tube 55. Note that the control grid of the
tube 52 of this locking stage MV3 is also coupled
by condenser 52’ to the anode of the amplifier
stage tube 83, the grid of which is connected to
the output lead 44 of the counter circuit output,
TFig. 3.

The operation of the complete system will now
be fully explained and reference will be made
to Fig. 4. .

Tn the initiation or starting condition of the
circuit, the tube 45 of locking circuit MVI and
the tube 56 of locking circuit MV2 and the tube
53 of gate circuit. locking stage MV3 are all in &
state of conduction -as indicated by the arrows
adjacent their anode resistances. Their com-
plementary tubes 48, 58 and 52 are non-conduc-
tive. The generated oscillations are continuous-
1y applied to the first grid of gate tube 55 which
is biased negative by resistor 7. However, the
gate tube 55 is in a state of non-conduction be-
cause of the negative direct current potential ap-
plied its number one grid and also to its number
three grid by the negative anode by tube 53 of
MV3. The bias is such that when the gate tube
is opened very short pulses only of current flow
to the anode in response to the applied oscilla-
tions. The timing pulses from timer 3 are ap-
plied to stage MVi by the input condenser 48.
The first pulse or initiating pulse which starts
the system through a cycle of operation causes
the states of conduction of tubes 45 and 48 to be
reversed or exchanged and the second pulse from
the timing circuits restores MVI back to the
starting position again. This operation of MVI
is illustrated by line ¢ of Fig. 2 which shows that
tube 45 is cub off and tube 48 remains continu-
ously conductive, after being triggered for a
iength of time equal to the distance between the
incoming pulses which is ¥ second for the illus-
tration selected. At the same time that the first
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or initiating pulse-is applied to the locking cir- -

cuit MV, the triggering of tube 48 to a con-
ductive state sends a negative pulse by way of
condenser 59 to stage MV3 in the gate circuit.
1t is the purpose of the gate circuit combined with
gate tube-55 to pass peaks of the cycles of oscilla-
tion from the master oscillator 2 into the counter
circuit of unit 4 so that the counter may count off
- predetermined number of cycles as explained
previously. To carry out this operation, the lock-
ing eircuit MV3 controls conduction through gate
tube 55, Norimally, or iri the dbsence of control,

70

£

gate tube 55 is biased to cut-off because as showh
above tube 53 is conductive and its anode is neg-
ative and holds the number three grid of tube 65
well below the cut-off point. If the initiating
pulse from locking stage MVI acts by virtue of
the drop in potential on the anode of tube 48 to
trigger stage MVS3, this raises the potential of the
anode of tube 53 and on the number three grid of
tube 55 to the point where the gate is open. The
eycles of energy, that is, peaks thereof, received
from the master oscillator via condenser 59 are
allowed to pass (amplified) through tube 55 and
go out on lead 61 to the counter only when the
gate is in the open position. At all other times,
when the gate is closed, no pulse from the master
oscillator is passed to the tube counter. :
So far in my explanation of operation, MV
has been turned on and the counting of oscil-
lating cycles in the counter has been initiated.
MV2 was also triggered, by the negative poten-
tial developed on the anode of tube 48 and applied
by condenser 54 to the grid of tube 56, at the
same instant when MV{ was originally triggered.
Hence, tube 58 is also tripped to the state of
conduction and tube 56 is cut off. No further
action takes place in the system, except appli-
cation of the potentials developed at the anocdes
of tube 45 and 58 to the diodes 65 and 63, until
the counter of Fig. 3 has accumulated or counted
off the pre-determined number of cycles that
number being 758 in our illustration. When the
counter has reached this count, its output pulse
developed as explained previously will be applied
by way of input triode 63 to perform two func-
tions. The first function is to trigger the gate
circuit GS to the off position to stop the flow
of master oscillator output cycles to the counter.
This is accomplished by application of the
counter output pulse reverse by tube 63
to the grid of tube 52 (conductive) of locking
stage MV3 by way of condenser 52' which triggers
it into its initial position with tube 53 conductive.
This action then restores the cut-off bias on gate
tube 55 thus stopping the flow of oscillator
cycles to the counter. At the same time that the
gate circuit is turned off, the negative potential
swing at the anode of tube 63, caused by the
pulse from the counter, passing through con-
denser 65, triggers the locking stage MV2 back
into its initial or starting position with tube 58
cut off and tube 56 conductive. The operation
of MV?2 is illustrated by lines e and f of Fig. 2
for case 1 and case 2 as mentioned earlier. Con-
sidering case 1 of line e, it is noted that MV2
is restored to its initial condition prior to the
time that MVI, as shown by line d, is returned
to its initial condition. In other words, the in-
terval of time measured by MV2, shown by line
e, is shorter than the interval of time measured
by MVI{ or shown by line d. This difference in
these two time intervals is due to and indicates
the fact that the frequency of the master os-
cillator 2 is too high. This frequency being too
high causes the counter in Fig. 3 to count off
the predetermined number of cycles in an inter-
val of time shorter than the standard interval of
time measured by the timing pulses out of timer
3. If, now the master oscillator frequency here
is too low, as indicated and illustrated by line
7 of case 2, then the interval of time determined
by the locking stage MV2 as controlled by pulses
from the counter would be greater than the
standard interval of time of line d. Since the
counter produces an output pulse, when a’ pre-
determined number of cycles has passed, different
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output; pulses may occur earlier or later than
the: second pulse from the timer 3, which re-
trips stage MV{ and terminates the voltage pulse
(line: d), depending on whether the master os-
cillator frequency is higher than or lower than
the correct. value. When the master oscillator
in unit' 2 is exactly on the proper frequency, the
output pulse from the counter of unit 4 occurs
simultaneously with the second output pulse
from the timer of unit 3.

To: obtain a correct voltage for the oscillator
to restore it to the correct frequency, a double
diode circuit is used. In this circuit it will be
noted that the two diodes 66 and 68 are con-
nected in the direction of conduction between
a point. {00, held at a chosen negative voltage
by divider resistances 69’ and 71, and ground.
Initially, therefore, the capacitor 69 may be
charged to any voltage between 0 and the poten-
tial of point 100: Any tendency for the capaci-
tor voltage to become positive, will be prevented
by conduction from 69 through resistor 65, diode
66, and resistor 66’ to ground; while any tendenecy
to become more negative than point 100 will be
prevented by conduction through diode 68 and
resistor §7.

In operation, the voltage of the plate of tube
45 is represented by d in Fig. 2, while that of the
plate of tube 58 is shown by e and f. These two
voltages' connected through resistors 70 and 60
respectively combine in lead 61 so that its voltage
is as shown by ¢ and % in Fig. 2. For the case
ol g:the positive pulse passes through capacitor
101 and momentarily raises the potential on point
100: This causes conduction through diode 68
and resistor 67 to reduce the negative potential
on capacitor 69 and thereby lower the bias on
reactance tube Tl which lowers the frequency of
master oscillator 6. On the other hand, in case
2, the negative pulses shown by 7 in Fig. 2 pass
through capacitor 102 and make the diode 66
momentarily conductive to pass charge from ca-
pacitor 89 through resistor 65, thereby making
the negative bias of tube Tt greater and thus
increasing the frequency of the master oscillator.

"The corrective action is an accumulative one
due to the storage effect of capacitor 69. The
more positive pulses arrive, the more positive
becomes the bias voltage on tube 71 and the more
the frequency of the master oscillator is reduced.
As its frequency approaches the correct value the
potential on capacitor 63 approaches a steady
state- and the length of the corrective pulses
approaches zero.

"The particular feature of this invention is that
the master oscillator 2 may be adjusted readily
and quickly to operate at any one of a large
number of frequencies. These frequencies in the
case Mlustrated all are integral multiples of the
output frequency of the timer for if it was desired
to- change the output frequency from 7580, as.
ment;mned before, to a new value, this would be
secomplished by roughly turning the master os-
cillator fo the new frequency and by setting up
new positions of switch SI, $2 and S3 of the
counter. When the new switch positions are
selected, the corrective action already described
takes place. and the master oscillator 2 is ad-
justed to the new frequency automatically and
held: there by: the correction action.

For example, if I let

f=the master oscillator frequency- to be con-
trolred

.fo—«the standard reference frequency; preferably
from & crystal oscillator

10

m=the division ratio applied to fo

D=the division ratio preset in the counter which
is excited by £, and

T=the duration of the comparison time interval

8 Then

10
=L

In my example, this_ becomes

1000
100

Obviously the 758 could be instantly reset to any
other three figure number. The next preset
master oscillator frequency would be, for example,

1000
100

If unit. 4 included four decades instead of three
and unit 3 divided by 1000 instead of 100, we
could set: for

15 7580="T58==~

20
7590="T59=+~

25.

1000
7581= 75811—00-0

This emphasizes a valuable feature of my inven-
tion, namely that the decade dials of unit 4 can
readily be made direct reading in master oscxl-
lator frequency, 1. e. D stands for dial settmg in
the equation.

What is claimed is:

1. In apparatus for generating oscillations, the
frequency of which may be adjusted and for sta-
bilizing the frequency of the genérated oscilla-
tions in combination, a source of oscillations of
fixed frequency, a source of oscillations of con-
trollable frequency, a voltage phase comparer:
and detector, a frequency divider coupling said
source of fixed frequency to said phase detector,
an adjustable frequency -divider coupling said
source of oscillations of controllable frequency to
said phase detector and means for controllmg
the frequency of operation of said controllable
source in accordance with a component resultmg
from phase detection of the divided frequencies
in said phase detector.

2. The method of generating oscillations of
substantially fixed frequency which may be
changed through a wide range of frequencies
which includes these steps, producing pulses sep-
arated by time intervals of fixed duration, recur-
85 ring at a fixed rate per second, generating oscil-

latory energy of a frequency which may be con-

trolled through g wide range, counting a pre-
selected number of cycles of said generated en-
ergy, establishing time intervals measured by the
60 time required to make said count, developing en-
ergy representative of the difference in dura-
tion of said first and second time intervals, and
controllmg the frequency of said generated osecil-
lations in accordance with said developed energy.

3. The method of providing oscillatory energy
of substantially fixed irequency which may be
changed through a wide range of frequency
which includes these steps, producing pulses sep-
arated by time intervals of fixed duration, recur-
70 ring: at a fixed rate, generating oscnlatory energy

of a frequency which may be controlled through

a wide range, counting a preset number of cycles

of said generated energy during a time interval

of a length about equal to the length of one of
78 said first time. intervals, developing: a potential

30

35

40

45

50

65
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the magnitude of which is representative of the
difference in duration of said first mentioned
time interval and said second mentioned time
intervals and the direction of variation of which
indicates which of said two time intervals is long-
est and controlling the frequency of said gen-
erated oscillations in accordance with said de-
veloped potential to reduce said developed poten-
tial to about zero magnitude. .

4, The method of generating oscillations of sub-
stantially fixed frequency NX which may be
changed through a wide range of frequency
(where N is a pre-selected number) which in-
cludes these steps, producing pulses separated by
time intervals of fixed duration, recurring at a
rate of N per second, generating oscillatory en-
ergy of a frequency which may be controlled
through a wide range, counting X cycles of said
generated energy, establishing other time inter-
vals each starting about at the start of a different
one of said first time intervals and of a duration
equal to the time required to make said count,
developing energy, the magnitude of which is rep-
resentative of the difference in duration of said
time intervals, and the polarity of which indicates
which of said two developed intervals is longest
and controlling the frequency of said generated
oscillations in accordance with said developed en-
ergy to reduce said developed energy to about
zero magnitude.

5. The method of providing oscillatory energy

of ‘substantially fixed frequency which may be-

changed through a wide range of frequency which
includes these steps, producing pulses separated
by time intervals of fixed duration, recurring at
a fixed rate, generating oscillatory energy of a
frfaquency which may be controlled through a
wide range, counting a preset number of cycles
of said generated energy during a time interval
Which starts about at the start of one of said first
time intervals, devolping a direct current po-
tential the magnitude of which is representative
of the difference in duration of said first men-
tioned time interval and said last mentioned time
mtgrvals and the polarity of which indicates
which of said two time intervals is longest and
controlling the frequency of said generated oscil-
lrimtions in accordance with said developed poten-
tional to reduce said developed potential to about
zero magnitude.

6. The method of producing oscillatory energy
of substantially fixed frequency which may be
9hanged through a wide range of frequency which
includes these steps, developing voltage peaks
separated by time intervals of fixed duration,
and‘recurring at a fixed rate per second, gen-
erating oscillatory energy of a frequency which
may be controlled through a wide range, count-
ing a preset number of cycles of the generated
energy during a time interval starting about at
the start of a time interval between two of said
voltage peaks, producing a pulse of energy at the
start and the end of said count, developing energy
the duration of which is representative of the time
duration between said voltage peaks, developing
energy, the duration of which is representative
of tht_a time duration between said energy pulses,
combining said developed energies to produce a
resultant potential the magnitude of which indi-
cates which of said two time intervals is longest-
and controlling the frequency of said generated
oscillations in accordance with said developed
resultant potential to reduce sald developed
potential to about zero magnitude.

"1, The method of producing oscillatory energy:
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of substantially fixed frequency which may be-
changed through a wide range of frequency which"
includes these steps, developing voltage peaks
separated by time intervals of fixed duration, and"

~recurring at a fixed rate per second, gerierating

oscillatory energy of a frequency which may be
controlled through a wide range, generating short
electrical pulses in synchronism with said oscilla-
tory energy, counting a preset number of pulses’
during a time interval starting about at the start
of a time interval between two of said voltage
peaks, producing a pulse of energy at the start
and the end of said count, developing energy the’
magnitude of which is representative of the time
duration between said voltage peaks, developing
energy the magnitude of which is representative
of the time duration between said energy pulses,
combining said developed energies to produce &
resultant potential the polarity of which indicates
which of said two time durations is longest and
controlling the frequency of said generated oscil-
lations in accordance with said developed result-
ant potential to reduce said cdeveloped energy
to about zero magnitude. :

8. The method of providing oscillatory energy
of substantially fixed frequency which may be
changed through a wide range of frequency which
includes these steps, producing pulses separated
by time intervals of fixed duration, recurring at &
fixed rate, generating oscillatory energy of &
frequency which may be controlled through a-
wide range, counting selected groups of -cycles -
of sald generated energy, each group comprising a-
preset number of - cycles, during time intervals
which start about at the start of an alternate
one of said first time intervals, developing - & -
direct current potential the magnitude of whichk
is representative of the difference in duration of
said first. mentioned time intervals and said last
mentioned time intervals and the polarity of -
which indicates which of said two developed in--
tervals is longest and controlling the frequency of
said generated oscillations in accordance with
said developed potential to reduce said developed
potential to about zero magnitude.

9. The method of producing oscillatory energy
of substantially fixed frequency which may be
changed through a wide range of frequency which
includes these steps, developing voltage peaks
separated by time intervals of fixed duration, and
recurring at a fixed rate per second, generating
oscillatory energy of a frequency which may be
controlled through a wide range, counting spaced -
blocks of the generated cycles, each of which
blocks comprises a pre-selected number of cycles,
during time intervals starting ahout at the start
of the time intervals between alternate ones of -
said voltage peaks, producing a pulse of energy ab:
the start and the end of each count, developing
energy the magnitude of which is representative
of the time duration between said voltage peaks,
developing energy the magnitude of which is
representative of the time duration between said
energy pulses at the start and end of each count,
combining said developed energies to produce &
resultant potential the polarity of which indicates
which of said two time durations is longest and-
controlling the frequency of said generated oscil-
1ations in accordance with said developed résult-
ant potential to reduce said developed energy:
to about zero magnitude. : N

_ 10, In apparatus for generating oscillatory en-.
ergy of changeable frequency in combination,. &
source of oscillatory energy of controllable fre--
quency, means for producing pulses separated by
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predetermined fixed time intervals, a pre-set cycle
counter coupled to said controllable oscillation
generator and set in operation by said pulses for
counting off a pre-set number of cycles of said
oscillatory energy during time intervals which
vary as the frequency of the energy varies, means
for comparing the relative lengths of said time
intervals and producing a potential the magni-
tude of which is a measure of the difference in
duration of said intervals, and means for control-
ling the frequency of said oscillatory energy in
accordance with said resultant to make said time
intervals equal to thereby bring said potential
about to zero.

11. In apparatus for generating oscillatory en-
ergy of changeable and known frequency in com-
bination, a source of oscillatory energy of fixed
frequency, a source of oscillatory energy of con-
trollable frequency, means controlled by said
fixed frequency source for producing pulses sepa-
rated by fixed time intervals, a preset cycle coun-
ter set in operation by said pulses for marking off
the intervals of time required by said oscillation
generator to generate said preset number of cycles,
means for producing a first voltage measured by
said first time intervals, means for producing a
second voltage measured by said second time in-
terval, and means for controlling the frequency
of said controllable source in accordance with the
differential of said first and second voltages.

12. In apparatus for producing oscillatory en-
ergy the frequency of which may be changed
through a wide range in combination, a source
of oscillatory energy of fixed frequency, a source
of oscillations of controllable frequency, a con-
trollable reactance coupled to said last source, a
frequency divider and wave shaper coupled to
said first source to provide pulse energy of fixed
frequency, a cycle counter which may be preset
for the desired count and which includes means
by which it is stopped at the end of said count, a
coupling between said cycle counter and said con~
trollable source, means coupling said cycle coun-
ter to said wave shaper to start operation thereof
on the appearance of a pulse of said pulse energy,
a first means excited by said pulse energy to
develop voltage of a duration measured by the
time between the energy pulses, a second means
coupled to said wave shaper and to said counter
for developing a voltage of a duration measured
by said counting time, a combining circuit coupled
to said first and second means for providing a
potential the magnitude of which represents the
differential of the voltages generated thereby and
means for controlling the value of said reactance
in accordance with said last named potential.
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13. In apparatus for generating oscillatory en-
ergy of changeable and known frequency in com-
bination, a source of oscillatory energy of fixed
frequency, a source of oscillatory energy of con-
trollable frequency, means controlled by said fixed
frequency source for producing N pulses per sec-
ond separated by predetermined fixed time inter-
vals, a preset cycle counter set in operation by
said pulses and excited by oscillations from said
controllable source for producing an energy pulse
after a time interval sufficient for said controllable
oscillator to generate a preset number of cycles,
means for producing a first voltage the duration
of which is measured by said first time interval,
means for producing a second voltage of opposed
phase the duration of which is measured by said
second time interval, and means for controlling
the frequency of operation of said controllable
oscillator in accordance with the differential of
said produced voltages to thereby bring said con-
trollable oscillator to a frequency per second equal
to N times the number preset.

14, In apparatus for generating oscillatory en-
ergy of changeable frequency in combination, a
source of oscillatory energy of fixed frequency, a
source of oscillatory energy of controllable fre-
quency, means controlled by said fixed frequency
source for producing pulses separated by prede-
termined time intervals, a preset cycle counter
coupled to said controllable oscillation generator
and set in operation by individual ones of said
pulses for producing an energy pulse after said
controllable oscillator generates a preset num-
ber of cycles, means for producing a first voltage
measured by said first time interval, means for
producing a second voltage of opposed phase
measured by said second time interval, means for
combining said voltages to produce s resultant
the magnitude of which is a measure of the qif-
ference in duration of said voltages and the polar-
ity of which is determined by which voltage is of
greatest duration, and means for controlling the
frequency of said controllable voltage in accord-
ance with said resultant to thereby bring said
controllable oscillator to a frequency equal to the
sum of number preset.

CHARLES J. YOUNG.
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