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.Delaware
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18 Claims.
1

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 g 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
#1,787,979, 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 osclllators are entrained.

(Cl. 1719—1171.5)

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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156

A second object of the present invention is to

provide with the oscillator descrlbed above a tim-
ing modulation system.
This object is attained by using, as the voltage
applied differentially to the tube electrodes, mod-
- ulafing potentials,

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 10 and 12,  The
potentiometer, that is, tlie bias source for the
screening electrodes is shunted by RF bypassing
condensers BP.

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

- characteristics of network L, C{, C2. This net-

20-

Other objects and the manner in which the :

same 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

25

the attached drawings, wherein Fig. 1 illustrates

by circuit diagram an oscillator arranged in ac-
cordance with my invention. The osecillator in-
cludes means for adjusting the frequency of
operation,

30

Pig, la illustrates & mod!ﬁcatlon of a portion-

of the circult of Fig. 1. In Fig. 1@ 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
a8 to frequency.

36

Mg. 2 is a graph illustrating the opera.tion of -

the frequency determining circuits in the oscil-
lators of Figs. 1 and 3.

Pig. § 15 a modified oscillation generator utlnz-
ing the principle involved in the generator of

In Fig. 1, 18 and i2 are two electron discharge
devices having their control grids coupled to the
. terminals of a reactive circuit including induct-
ances L 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 28 and 22 of tubes {8
and 2, respectively, are coupled to the control
grids of tubes 18 angd (2 by feedback condensers
C and C’. The anodes 28 and 22 are also tied
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work has the property of exhiblting s 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

18 shown by the dotted curve, The result of this
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 Fi. These two
impedance characteristics appear at the grids of
tubes 10 and {2 to oscillate in conjunction with
the common plate circuit 3¢ in a generator cir-
cuit using capacity feedback.

For instance, if tube 10 were switched off and
tube 12 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 10 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 Fi. When both
tubes are turned on the frequency of oscillation
is located somewhere between frequencies F'{ and,
F2, depending upon the relative ampliﬁcatlon 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 12
in opposite directions. By means of this poten-

tiometer arrangement the amplification of one

tube may be reduced and.that of the other in-
_ creased so as to swing the frequency of oscillation
towards the frequency of maximum 1mpedance
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of the circuit at the input of the tube with the
greatest amplification, XIn this way the fre-
quency  of oscillation may bhe varied over the
range of ¥l to 2. g
Tuned circui Li, C2 of Fig. 1'is & means for
controlling the spacing of the resonant gnd anti-
resonant frequencies of.the crystel. When the
crystal is taken alone it will have recopent fre-
quency F! and anti-resonant frequency F2, as
shown in the solid line cuxve of Fig, 3. The spec-
ing of these two frequencies is dependent upon
the electrode capecity of the crystal holder,
this electrode capacity were removed omly the
resonant frequency P{ would appear. For low
values of electrode capacity 'l and F2 are far
apart, and for higher values the spacing hecomes
closer. . The value of $his electrode capacity mey
be controlled by meking it & part of tuned cir-
cuit Lf, C8, .
© . 'Thus, if Lf, C8 are tuned so that C3 tegether
with the electrode capacity forms s tuned cirouit
which tunes te the resomant frequency of the
crystal, the efiect of the electrode eapacity will
be removed. If this tuning is shifted to one side
of the resonant frequency of the crystel o cepac-
itive or inductive effeci appears aerosg the cryse
tal to form an anti-resonant peak above or below
the resonant frequency of the crysial. The fie-
quency difference between the resonent dip and
the anti-resonant peak may be controlled by the
amount of detuning ‘of tuned circuit Li, C3.
Thus the frequency range between I and F2 may
be conirolied by a variation of C8,
When it is desired to produce frequency modu-

lation with the circuit of Fig. L transformer 56 o

of Fig. la may be substituted for the potcntiom-
eter arrangement 4042 in Fig. 1. This subsii-
tution is made by breaking the leads to poten-
tiometer 40 and 42 at the points merited by crossas
and connecting the secondary winding of 06 to
these points in plece of the resistances 48 and 42,

Modulation potentials are fed to jack 00
through the transformer to the screen grids of
the oscillator tubes to effect o differential medu-
lation of the sereen grids. This diferential mod-
ulation reduces the amplification of one tube
while it increases that of the other, The result
i a frequency modulation over the renge he-
tween Fl and F2 in Fig. 2. )

In case it is desived to generate cscillations the
frequency of which meay be changed throush a
limited range the simplified errengement of Fig.
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&
stents or thickness of the crysial itself, The out-
put-is teken ot leads 68.

As degeribed in conmection with Fig. 1, tuned
circuit Lé, C8 i tuned to nearly tune out the:
electrode capscity. of the crystal osciilator;, and
the tuning reactance C§ may be varied to change
the spaeing between Pl and F2 and thereby vary
the range over which the frequency of the gen-
erator moy be veried.

I clzaim: ‘

- L In an oscillation generator, sn impedsnce
inverting nebtwork comprising series reactonce
ond shunt reactance, & plezo electric crystal acrozs
ong terminal- of the metwork; the said crystal
elone having o given impedance against frequency
cheracteristic, the crystal end inpedance inver;-
ing networlk providing at the other end of anid
network a corresponding cheracteristic inveried,
an cufput circult, an clectron discherge system

o In an oselllation generator inclhiding saig net~

work ag & frequency controlling meens and con-
nectiong for utilizing in sgid generpior elther of
the siid impedance characteristics thereof,

2. In an oscillation genergtor and freguency
modulator, an impedance inverting network com-
priging series reactence ang shunt reactances, o
pleze electric crystal across one termingl of the
network, the szid crystal alone having e given
impsdance against frequency cheracteristic, the
erystal and impedence inverting network provid-
ing at the other end of said nefwork a corre-
sponding charsecteristic inveried, an ocutput cir-
cult, an eleciron discherge sysiem in en oseillg-

‘tion generaior including said netwerk ss o fre-

guency controlling means, connections for utiliz-
ing in soid seneraior either of the said impad-
ance versus freguency characteristics thereof and
connections from a source of medulsting poten-
tiels to an clecirode In said discharge system to
modulate the sain thereof to therchy modulate
the fregquency of the oseillgiions generated.

3. In en caciilation generetor, an impedance

Cinverting metworl comprising series inductance

a3

(62}

3 may be used. In this srrengement o single tube

64 is arranged to oscillate with & grid. elveuit in

which a sliding contact 70 on the impedsnce- &

inverting-network-~inductance I veries the im-
pedance between the high impedence point of
the crystal characteristic at A or its inverted im-
pedance at B in the output of the mebwork.. With
the slider 76 on point A, that iz 2t the crystal eng
of the impedance inverting network, the imped-
ance characteristic at the grig 68 of the escil-
lator tube 64 is that of the solid lime in Mg, 2.
With the slider on peint B that is at the end of
. the impedance inverting networl: Temote from
the crystal, the cheracteristic at the grid 88 is
as shown by the dotied line curve of Fig. 2. - Qs-
‘cillation takes place st the impedsnce of masd-
mum frequency which would he f{reguency ‘F2
when the slider is on point 4 snd at F{ when
the slider is on point B. When the siider is ot
Intermediate points oscillation tales place in the
range between Fl and F2, In this way the fie-
“quency of oscillation may be varied between fre-
queney F{ and F2 without changing the con-

as
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and shunt capscity, & plezo electric erystel in o
holder across one terminal of the networl, the
seld corystel alone hsving 2 given impedance

‘against frequency characteristic, the said erystal

and impedence inverting network providing ot
the other end of the network o corresponding
cheracteristic inverted, an output circult, an elec-
trom discharge system in an cscillation generaioyr
including snid network as o frequency controlling
means énd & varisble reactance in shunt to said
crystel holder to tune the capacity thereof.

4. In an oscillation generator and freguency
medulator, an impedance inverting network com-
prising series inductance and shuni cepacity, o
piezo electric crystal in o holder across one ter-
minal of the petwork,-the sald crystel alone
having &  given impedance agsainsg freguency
characteristic, the said crystel ead impedence
inverting network providing et the other end of
the network & corresponding cheracteristic in-
verted, an output circuit, an electron discharge
system in an oscillation generator including said
network as a frequency controlling mesns, &
varieble reactence in shunt to said crystal holder
to tune the capacity thereof and & source of

modulating potentials coupled to sald discharge °

system to modulate the gein thereof and thereby
modulsie the frequency of the oscillations gen-
erated. .

6..In an osciliation generator, an impedance
inverting network comprising series inductance
and shunt capacity, a plezo electric crystal acrozs
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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 arn 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, & re-
actance at one end of said network having &
given impedance versus frequency character-
istie, 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 snode, 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, & piezo
electrlc crystal shunting one end of said net-
‘work, and connections for varying the gains of

sald systems differentially. )

8. In an oscillation generator, two electron .

discharge systems each having Input electrodes
including a control grid and output electrodes
including an snode, a tuned circuit, connections
tying said anodes together and to said. tuned
circuit, an impedance inverting network coupling
between the control grids of sald system, a piezo
electric crystal in & 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 & control grid
 and output electrodes including an anode,
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 plezo electric crystal in a holder
in shunt to one end of said network, a8 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-
gerentially modulating the potentials on said cor-
responding electrodes. , :

\
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10. In & frequency modulator, an oscillation
generator comprising two electron discharge sys-
tems having input electrodes including & 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 différentially in accordance
with signals. : .
11. In & 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-
minsal theregf, 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 termina] of said net-
work, and connections between the additional
electrodes of said tubes and a source of modu-
1ating potentials for differentially modulating the
galns of said tubes. i

12. In an oscillation generator, an impedance
inverting network, & 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-
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responding characteristic inverted, an output cir-
cuit, and' an electron discharge system in an
oscillation generator including said network as
a frequency controlling means. ’ v
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 erystal holder so that
the same is tuned out or exhibits across- the
crystal an effect which is capacitive or inductive
depending upon the said funing, 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. .
MURRAY G. CROSBY.




