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UNITED STATES PATENT 
2,42,148 

2.402148 

oFFICE 
OSCLLATOR AND FREQUENCY 

MoDULATOR 
Murray G. Crosby, Riverhead, N. Y., assignor to 

Radio Corporation of America, a corporation of 
Delaware 

Application November 24, 1943, serial No. 511,586 
(C. 179-1715) 13 Claims. 

A general object of the invention is to improve 
oscillation generators. More specifically, an ob 
ject of this invention is to provide a stabilized 
oscillation generator such as a crystal controlled 
generator which is tunable over a small frequency 
range. 
This object is attained by connecting a pair of 

tubes in a circuit including a crystal, such that 
each tube operates alone and the two tubes op 
erate at different frequencies but are so coupled 
and entrained that the circuit assumes a mean 
frequency of operation as in Hansell U. S. Patent 
#87,979, dated October 7, 1930. The relative 
element voltages of the two tubes are differen 
tially varied to thereby vary the frequency at 
which the two oscillators are entrained. 

2 . 
together and connected in parallel to a tuned 
circuit 30 from which the output may be taken. 
The screening electrodes G and G' are connected 
to points on two potentiometers 40 and 42 con 
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A second object of the present invention is to 
provide with the oscillator described above a tin 
ing modulation system. 
This object is attained by using, as the voltage 

applied differentially to the tube electrodes, mod 
ulating potentials. 

characteristics of network I, C, C2. 

20 

Other objects and the manner in which the 
Sarae are attained along with advantages gained 
by the use thereof will appear from the detailed 
description which follows. 

in this description reference will be made to 
the attached drawings, wherein Fig. 1 illustrates 
by circuit diagram an oscillator arranged in ac 
Cordance with Iny invention. The oscillator in 
cludes means for adjusting the frequency of 
Operation, 

nected for simultaneous adjustment. The poten 
tiometers 40 and 42 are connected with a Source 
of supply so that variation of the points thereon 
varies in a differential manner the potentials on 
the screening electrodes of tubes O and 2. The 
potentiometer, that is, the bias source for the 
screening electrodes is shunted by RF bypassing 
condensers BP. 

Fig. 2 shows the impedance versus frequency 
characteristic of the crystal at point A, and of 
the circuit Li, C, C2 at point B. The curve, shown 
dotted, is the inverse impedance characteristic 
of the crystal due to the impedance inverting 

This net 
work has the property of exhibiting a high im 
pedance at its output B when a low impedance 
appears at its input A. The impedance charac 
teristic of the crystal taken alone is shown by 
the solid curve in Fig. 2. The inverted charac 
teristic appearing at the point B of the network 

25 is shown by the dotted curve, The result of this 

30 

Fig. la illustrates a modification of a portion. 
of the circuit of Fig. 1. In Fig. 1a is shown means 
for controlling the frequency of operation of the 
oscillator in accordance with the signals when 
the generated Oscillations are to be modulated 
as to frequency. 
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Fig. 2 is a graph illustrating the operation of 
the frequency determining circuits in the oscil 
lators of Figs. and 3. 

Fig. 3 is a nodified oscillation generator utiliz 
. the principle involved in the generator of 
In Fig. 1, and 2 are two electron discharge 

devices having their control grids coupled to the 
terminals of a reactive circuit including induct 
ances I, and L, condensers C, C2 and C3 and 
a piezoelectric crystal X. The cathodes of the 
two tubes are grounded and the control grids 
are connected to ground by biasing resistances 
R and R2. The anodes 2 and 22 of tubes 
and 2, respectively, are coupled to the control 
grids of tubes and 2 by feedback condensers 
C and C. The anodes 2 and 22 are also tied 
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connection of the crystal and impedance-invert 
ing network is this pair of impedance character 
istics in which the high impedance point of one 
(the crystal) is at frequency F2. The high im 
pedance point of the other (the output of the 
network at B) is at frequency F. These two 
impedance characteristics appear at the grids of 
tubes O and 2 to oscillate in conjunction with 
the common plate circuit in a generator cir 
cuit using capacity feedback. 

For instance, if tube O were switched off and 
tube 2 allowed to Oscillate, the circuit would 
Oscillate at the high impedance point of the 
crystal or at frequency F2. If tube 2 were 
switched off and tube O allowed to oscillate, os 

. cillations would take place at the high imped 
ance point at the output of the inverting network 
across C2 which is at frequency F. When both 
tubes are turned on the frequency of oscillation 
is located somewhere between frequencies F, and, 
F2, depending upon the relative amplification in 
the two tubes. The relative amplification affected 
by the two tubes may be controlled by potential 
potentiometers 40 and 42 which simultaneously 
vary the screen grid voltages of tubes 10 and 2 
in opposite directions. By means of this poten 
tioneter arrangement the amplification of one 
tube may be reduced and that of the other in 
creased so as to swing the frequency of oscillation 

55 towards the frequency of maximum impedance 
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of the circuit at the input of the tube with thc 
greatest amplification, a this Way the fire 
quency of oscillation may be varied over the 
range of to 32. 
Tuned circuit Li C3 of Fig. 1 is a means for 

controlling the Spacing of the resoriant and 8Rhie, 
resonant frequencies of the crystal, We; the 
Crystal is taken alone it will have resogent fea 
quency FA and anti-resonant is earcy F2, as 
Shown in the Solid line curve of gig. 2. Be Sisc. 
ing of these two frequencies is deparade; go 
the electrode capacity of the crystal koisies, if 
this electrode capacity were exieved orally the 
resonant frequency is would appear. For low 
Values of electrode capacity F. as 32 axe far 
apart, and for higher values the Sgacing 3COganes 
closer. The value of this electrose capacity Egy 
be controlled by Inaking it a pa; of redi cis 
cuit IS C3. 
Thus, if J. , C3 are turned so that C3 togethe 

with the electrode capacity forging a tuxed circuit 
which tunes to the Resonal seclecy of the 
crystal, the effect of the electide capacity will 
be removed. If this tuning is silified to Oile side 
of the resonant frequency of the cysts s, capace 
itive or inductive effect appears across the Gaysa 
tal to for in 8.X anti-resonant, peals above or baioty 
the resonant frequency of the crystal, he fire 
quency difference between the resonant dip and 
the anti-resonant peal may be controlled by the 
amount of detuning of tuned circuit, 3 C3, 
Thus the frequency range between 338 8Rai F.2 Finlay 
be controlled by a variation of C3. 
When it is desired to produce frequency Eosi 

lation with the circuit of Fig. Sexso:22; 30 
of Fig. la may be substituted for the gotection 
eter arrangement 38-42 in 5.g. i. This sistia 
tution is inade by breaking the leads to pote:- 
tionetter 36 and $2 at the points Erated by crosses 
and connecting the seconday winding of (56 to 
these points in place of the resistances (36 and 32. 

Modulation potentials are fei to &ois 63 
through the transformer to the screeg, Erics of 
the oscillator tubes to effect a, differentiagodies 
lation of the screen grids. This diesenti Rao 
ulation reduces the araplificatio; C of a lie 
while it increases that of the other. She regu, 
is a frequency modulation ove" he reage be 
tween FA and F3 in Eig. 2, 
In case it is desired to generaa (Oscilstiogas the 

frequency of which Inay be chai get thicagi, a 
limited range the simplified aga: ageinent of Eig. 
3 may be used. In this 8Erangeleia, a single tute 
64 is arranged to Oscillate Wii. 8, grid circuit, in 
which a sliding contact 6 on he impeds cea 
inverting-network-inductance (, varies the in 
pedance between the high it pedance point of 
the crystal characteristic at A or its inverted irie 
pedance at is in the output of the Retforts. With 
the slider 6 on point, A, that is at line crysta 63 
of the impedance inverting e.V70s, the singed 
ance characteristic at the grid. 68 of the oscil 
lator tube 63 is that of the solid lie is 3.g. 2. 
With the slider on point B that is at the eas of 
the impedance inverting netwo: regioke frosia 
the crystal, the characteristic at the grid E8 is 
as shown by the dotted line curve of Fig. 2. Oso 
cillation takes place at the risedance of Ghasis 
mum frequency which would is requency 32 
when the slider is or point A &rad at F when 
the slider is on point B. When the sider is a 
intermediate points osciation taxes place in the 
range between F and F2, in hig Way the tes 
quency of oscillation may be varied between free 
quency FG and F2 without changing the coa 

4. 
stsrats cr thickness of the crystal itself. Ahe out 
gut is taley at leads 63. 
As described in connection with Fig. 1, tuned. 

circuit, 8, C3 is tuned to nearly tute out the 
g electrode capacity of the crystal oscillator, and 

the uning reactance C8 may be varied to change 
the spacing between i? and 2 and thereby Way 
the 8, age ove: Shich the frequency of the gear 
erator Easy be vexied. 

Ré it cigis’ 
. . . . CScillation generator, saE ig-sedance 
iyeting EnetWork coax grising Series reactance 
agdishunt reactance, a piezoelectric crystal across 
Oghe eighia) of the netWork, the Said cysts. 

g alone havings, given impedance against frequency 
characteristic, tie crystal and Egedance invest 
ing Kaetwork providing at the othe end of Said 
network a, corses ording characteristic inverted, 
82 output, circuit, 8 (electron discharge systes a 

gs in an oscilation generator including saic Yeti 
works as a frequency controSiirag Saeel328 and co 
nections for utilizing in said geese, or eitheir of 
the said itipeds.ance charactaristics hereo. 

2, EY an oscilisation generato and frequexicy 
of nodulator, an ixipedance inverting network con 

prising series reactance and shunt reactance, E, 
piezoelectric crystal across One terginal of the 
network, tie said crystal alone having 8, given 
igipedia:Race against frequency caracteristic, the 
crystal aid ingedence inverting An?etwork provid 
ing at the other end of said network a corre 
sponding characteristic invested, all output, cis 
cuik, an electron discharge systeza in an oscille 
tio geness to including said getVYork as 8, Ees 

g qugency controlling means, connections for utiliz 
ing in said generator either of the said inged 
ance versus fireuency characteristics thereof and 
connections for a source of modulating potean 
tials to an electrode in said discharge systein, to 

40 gradduate the gain thereof to thereoy incidulate 
the frequency of the oscillations generated. 

S. R. E.g. 23Cilatiox generato, an in pedia.Shce 
inverting network comprising series inductance 
End shunt, ca&city, 8, piezo electric crystal is 8, 

g3 holder across one terminal of the network, the 
said crysts, alone having a given ingradatac2. 
against grequency characteristic, the said crystal 
and impadiasce inverting getWork providigg (y. 
the other end of the network a correspoEading 

C0 characteristic inverted, an output circuit, an elec 
to disch Sge system in at Oscillatio generator 
including said Retwork as a frequency controlling 
means and 2, Variable reactance in shut to said 
crystal holder &O tune the capacity thereof. 

33 4. In an osciliation generator and frequency 
Ecdulator, as impedance inverting network corn 
prising series inductace and shant capacity, a 
piezoelectric crystal in a holder across one ter'- 
mina of the network, the said crystal alone 

(3 having a give impedance agains requency 
characteristic, he said Crystal aid impedance 
invertig Retwork providing at the other end of 
the network a corresponding characteristic is 
Verted, ER, output circuit, an electron disca:ge 

() systern in an oscillation generator including said 
network as a frequency controlling means, a 
Variable reactance is shunt to said crysts holder 
to tune the capacity thereof and a source of 
Yaodiuliating potextials coupled to said discharge 

?6) syster to modulate the gain thereo and thereby 
modualste the frequency of the oscillations gen 
erated. 

5. is an oscillation generator, an impedance 
inverting network comprising series inductance 

78 and shugt capacity, a piezoelectric crystal acrogs 
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One terminal of the network, the said crystal 
alone having a given impedance against frequency 
characteristic, the said crystal and impedance 
inverting network having a corresponding char 
acteristic inverted, an output circuit, an elec 
tron discharge system in an oscillation gener 
ator including said network as a frequency con 
trolling means and connections for utilizing 
as said frequency controlling means either of 
the impedance versus frequency characteristics 
thereof or the mean thereof. 

6. In an oscillation generator, two electron dis 
charge systems each having input electrodes in 
cluding a control grid and output electrodes in 
cluding an anode, a tuned circuit, connections 
tying said anodes together and to said tuned 
circuit, an impedance inverting network coupled 
between the control grids of said systems, a re 
actance at one end of said network having a 
given impedance versus frequency character 
istic, and connections for varying the gains of 
said systems differentially. 

7. In an oscillation generator, two electron dis 
charge systems each having input electrodes in 
cluding a control grid and output electrodes in 
cluding an anode, a tuned circuit, connections 
tying said anodes together and to said tuned 
circuit, an impedance inverting network coupling 
between the control grids of said systems, a piezo 
electric crystal shunting One end of said net 
work, and connections for varying the gains of 
said systems differentially, 

8. In an oscillation generator, two electron 
discharge systems each having input electrodes 
including a control grid and output electrodes 
including an anode, a tuned circuit, connections 
tying said anodes together and to said tuned 
circuit, an impedance inverting network coupling 
between the control grids of said system, a piezo 
electric crystal in a holder in shunt to one end 
of said network, a tuning reactance in shunt to 
the crystal holder, and connections for varying 
the gains of said systems differentially. 

9. In an oscillation generator and frequency 
modulator, two electron discharge systems each 
having input electrodes including a control grid 
and output electrodes including an anode, a tuned 
circuit, connections tying said anodes together 
and to said tuned circuit, an impedance invert 
ing network coupling between the control grids 
of said tubes, a piezo electric crystal in a holder 
in shunt to one end of said network, a tuning 
reactance in shunt to the crystal holder, a Source 
of modulating potentials, and connections be 
tween corresponding electrodes in said systems 
and said source of modulating potentials for dif 
ferentially modulating the potentials on said cor 
responding electrodes. 
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10. In a frequency modulator, an oscillation 

generator comprising two electron discharge sys 
tems having input electrodes including a control 
grid and having output electrodes including an 
anode, an output circuit connecting the output 
electrodes in parallel, an impedance inverting 
network, a piezo electric crystal across one ter 
minal thereof, connections coupling the control 
grid of one of said systems to one terminal of said 
network and the control grid of the other of said 
systems to the other terminal of said network 
and connections for modulating the gains of said 
discharge systems differentially in accordance 
with signals. 

11. In a timing modulation system, an oscil 
lation generator including two electron discharge 
tubes each having input electrodes including a 
control grid and having output electrodes in 
cluding an anode and having an additional elec 
trode, an output circuit connecting the output 
electrodes in parallel, an impedance inverting 
network, a piezo electric crystal across one ter. 
Inimal thereof, connections coupling the control 
grid of one of Said tubes to One terminal of 
said network and the control grid of the other 
of said tubes to the other terminal of said net 
work, and connections between the additional 
electrodes of said tubes and a source of modul 
lating potentials for differentially modulating the 
gains of Said tubes. 

12. In an oscillation generator, an impedance 
inverting network, a piezo electric crystal in a 
holder across one terminal of the network, the 
said crystal alone having a given impedance 
against frequency characteristic, the said crystal 
and impedance inverting network providing at 
the other end of the network a Substantially cor 
responding characteristic inverted, an output cir 
cuit, and an electron discharge system in an 
oscillation generator including said network as 
a frequency controlling means. te 

13. In an Oscillation generating System, an im 
pedance inverting network having at its one end 
a crystal which has a given impedance versus 
frequency characteristic, said network having at 
its other end said impedance versus frequency 
characteristic inverted, said crystal being in a 
holder exhibiting capacity which is in said net 
work, a variable reactance in said network for 
tuning the capacity of the crystal holder so that 
the same is tuned out or exhibits across the 
crystal an effect which is capacitive or inductive 
depending upon the said tuning, an electron dis 
charge system having electrodes coupled by said 
crystal and network for the production of os 
cillations, and an output circuit coupled to elec 
trodes of said discharge system. 
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