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COMPLETE SPECIFICATION

Crystal-controlled Thermionic Valve Oscillator

I, Dr. Kurr HEEGNER, -of 7,-Elis§15-
strasse, Berlin-Steglitz, Germany, a Citi-
zen of Germany, do hereby declare the
nature of this invention and in what
manner the same is to be performed, to
be particularly described and asecertained
in and by the following statement: —

It is well known to use a piezo-electric
crystal for the purpose of maintaining
constant the frequeney of an thermionic
valve oseillator. In the usual schemes,
however, the frequency depends on -the
electrode eapacities of the valve and other
etectrieal values so that the problem to
excite the piezo-electric resonater in a de-
fined eonstant natural frequency is mot
solved. This natural frequency is arrived
at if the electrodes of the crystal resona-
tor are short-cirenited.” Different approxi-
mate solutions of the problem of dxciting
the short-cireuit frequeney have already
been proposed. One of these is obtained
according to Fig. 1 by inserting in the
anode Fead of the valve V a elosed. eircuit
consisting of the erystal Kr, @ coil La and
a suitable resistance Ra, and inductively
coupling the coil with the grid circuit C,
L, tuned to the short-cireuit frequency of
the erystal. Tf d, is the decrement of the
grid ¢ireuit, di is the decrement of the
crystal, f; is the natural frequency of
the grid eircuit, £, is the short-cireuit

frequency of the crystal and f is the

actual oscillation frequency. )
Phe departure of f from the desired
value £, is équal to 2 : o
- , .
fe by By~ £ —.
oy T -1,
1f d—:lO‘2 and if

87' .

4 0
surpass 107°, the electrie efrcuit requires
to be adjusted with an exacfitude
g 0

=10"*. Tt is practically impossible

o , , ,
to maintain this exactitude over an appre-
ciable length of time.

‘When a higher damping is imparted to
the oscillatory circuit, the requisite accur-
acy of its frequency becomes less, but the
back-coupling effect decreases accordingly,

[Price 1]-1

Price 45 gg

is desired: not to

so that for maintaining the eseillations
tubes are required with eorrespondingly
greater steepness.

Aceording to the invention the diffeulty
is overcome by coupling crystal and
oscillatory eireuits in such a manner that
by an inerease in the damping an increase
in the back-coupling is effective. In order,
however, with a coupling of this kind te
obtain the correct phase, there are re-
quired, two tunable electrie circuits,
which ‘may be coupled with the erystal
circuit either in direct fashion or through
the medium of a valve.

This may be accomplished, according
to the invention, by conneéting each pole
of the erystal to the cathode of the valve
via an oscillatery circuit, consisting of a
coil and a condenser in series and by con-
necting the ‘point between coil and con-
denser of ong -escillatory circuit to the
anode of the valve and the corresponding
point of the other oscillatory eivcuit for
the purpose of back-coupling the erystal
to the grid of the valve.

An embodiment of the invention is
illustrated im Fig. 2. One pole of the
crystal Kr is connected to the cathode of
the valve V via an impedance Z, and, in
paralle]l to it, via condenser €, and L,
the other pole of the erystal via Z,, €.
and L.. The point between L, and C, is
connected to the anode of the valve, the
point between L, and C, to the grid. TFhe
anode battery E is laying in series with
COi]. Ll. '
"It is-possible to permute L, and C,
against each other and to permute cor-
respondingly L, and C.. :

The coupling impedances " Z, and Z.
should possess a preponderant ohmic com-
ponent in order to damp. the electric cir-
cuits in the desited fashion. The imped-
ance should be selected in sueh fashion
that disturbing waves, which may be
caused by the electrode capacity of the
crystal, are suppressed. One of the im-
pedances may be dispensed with if the
other is made smaller. Tt is also possible
to dispense with both impedances if a
resistance is put in parallel to the erystal.

The exact funing of the electric circuits
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as follows: The impedance Z, is replaced.

by an ohmic resistance, which is of the
order of the ohmic resistance of coil L..
‘When in this connection the oscillations
cease, a suitable resistance should be put
in parallel to the crystal. The tuning of
the series element (C., L.) may then be

recognised on the minimum of-the anode -

current of the valve. The crystal circuit
(Z,, Kr, Z.) is then replaced by a low
ohmic coupling resistance, and the eircuit
(I, C.) tuned to the-eireuit (L., C.).

11t is advantageous to replace the single
grid valve V by a screening grid valve
Vs (Fig. 3) in order to make the inner re-
sistance of the valve large in comparison

with the reactance of L,. Further screen-.

ing means are essential at higher frequen-

eies. An arrangement of this kind, is.

shown in Fig. 3. The earthed screen S
embraces the sereen-grid valve V, and the
elements connected to the grid up to but
excluding the crystal K, which possess
nearly earth potential. In -order to show
possible variations of the scheme coil L.
is connected to the grid via a condenser

B. and also coil I, to the anode via a con- "

denser B,, grid leak resistance R,
anode choke D, being provided.

- A two-valve arrangement is shown in
Tig. 4. The circuit I, C,-Z, is tranferred
to the grid of valve V., and replaced by
the anode resistance R,. The junction
point of cireuit L. C, is connected, instead
of to the grid of valve V,, to the grid of
a second valve V., the anode of which is

-and

connected to the junction point of circuit

L,, C,. Also here the impedance Z. may
be dispensed with when Z, is made-small
or the crystal is shunted by a resistance.
Tube V. may be advantageonsly replaced
by a sereen grid valve. ' .
A subsequent amplifying stage of the
transmitter may be coupled with- the
oseillator described above by connecting
the impedance Z, to the input grid of the
amplifier. _ -

Having now particularly deseribed a';nldr

ascertained the nature of my said inven-
tion, and in what manner the same is to
be performed, I declare that what I claim
is: ) . )

(1). An electronic valve oseillator con-
trolled by a piezo-electric crystal, char-
acterised in that each pole of the crystal is
connected to the cathodé of the valve via

an oscillatory cireuit consisting of a coil
and a condenser in series and that the
point between coil and condenser of one
oscillatory cireuit is .connected to the
anode of the valve, the corresponding
point of the other oscillatory eircuit being
connected to the grid for the purpose of
back-coupling the crystal to the grid
of the valve.

(). An electronic valve oscillator
according to elaim 1, characterised in that
éach pole of the erystal is more-over con-
nected to the cathode of the valve directly
via a damping resistance.

(3). A modification of the valve oscil-
lator controlled by a piezo-electric crystal
according to claim 1, charaecterised in
that one pole of the erystal is connected
to the cathode of the valve via an oscil-
latory circuit consisting of a coil and a
condenser in series and that the point be-
tween coil and condenser of this oscilla-
tory circuit is connected to the grid of
a second valve and in that a second
oscillatory circuit consisting of a coil
and a condenser in series, the polnt
hetween coil and condenser of which
is -eonnected to the anode -of said
second valve, is connected between
the grid and the cathode of ‘the

first valve, the anode of which is con--

nected to an anode resistance and to the
second pole of the erystal. _

(4). An electronic valve oscillator
according to claim 3, characterised in that
the two oscillatory circuits are shunted
each by damping resistance.

(5). An electronic valve oscillator
according to claims 1 and 2, characterised
in that a screen grid valve is used.

(6). An electronic valve oscillator
according to claim 3, characterised in
that the second valve is a screen grid
valve. ,

(7). An electronic valve oscillator,

characterised in that an earthed screen
shields the valve and the ecircuits ‘con-
nected to the grid of the valve.

(8). An electronic valve oscillator sub-
stantially as hereinhefore described and
as illustrated according to the acecompany-
ing drawings. :

Dated this the Q%E}égday of Deeember,
DR. KURT HEEGNER. -

Leamington Spa:. Prinfed for His Majesffy’s Stationery Office, by the Courier Press.—1985.
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