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: 1

This invention relates-to escillators. More par-
tieularly, it relates to oscillators which maintain
their outputs at constant frequencies and con-
stant levels over wide ranges of temperature.

Modern developmernts in electronics, and- its

many and varied applications, make it highly de- -

sirable that-electric current oscillators be avail-
able which will maintain their outputs at con-
stant voltage and current levels and which will
maintain the output frequency constant over wide:
ranges of temperature: It is accordingly an ob--
ject of this invention to-provide an oscillater ar-
rangement which will accomplish these and other
results, as will be- pointed: out hereinafter.

The-invention will be more readily understood
by ‘reference to-the accompanying drawing, in
which is shown a-wiring diagram of an oscillator
incorporating the principles of the present inven-
tion,

The oscillator ‘shown: in the drawing is of the

inductance-capacitancetuned type; the frequency:
being -determined by -means of the impedance

values in a tuned circuit indicated generally at
2, this circuit including an inductor 4 and a ca~
pacitor 5. Stability of frequency is obtained by
means of negative feedback: through a capacitor
& and: a-resistor 7 from the plate of ‘a type 6V6
beam-power tube 8§ to the cathode of a type 68J7
pentode 8. ‘The capacity: value of the capacitor

6 and the resistance-value of resistor T are- so-

adjusted as to attain a constant phase shift in
the-amplifier stages when the oscillator output is

amplified: This is necessary in order to secure

stability of frequency. -
Stability of level or amplitude is assisted by
means of two hot filament ballast lamps. 18 cou-
pled tothe cathode-of tube 8. These ballast lamps
are small 3 watt S6 Mazda lamps whose resist-
ances vary directly with variations. in- current.
The value of the resistance Tin combination with
the Tamps 10 is such: as to obtain a critical cur-
rent passing through the ballast lamps. The
value.of this eritical current is such that the fila~
ments of the lamps [0 operate at & temperature
where the variation of resistance with current is

large. - Any tendency to increase ‘the current

through the ballast lamps as a.result of increased

amplitude of output oscillation will thus tend: to

increase the resistance of lamps 10, increase the
negative feedback, and thereby counteract: the
tendency of the output oscillation to increase in

amplitude.  Any tendenecy of the eutput oscilla--
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tion te decrease in amplitude will have the oppo-
site result.

When the oscillator is subjected to. temperature:
changes, the impedance of tuned circuif 2 is apt:
to vary; principally due to change in “Q” value
of the inductor 4. This in.turn will cause the.out-
put level of the oscillator to vary. In order to
avoid this undesirable variation in output level,
tHere is incorporated, in a positive feedback cir-
cuit: from the plate off tube 9 to the grid of tube
8, a resistor 3 having a conducting element of a
materiall having & negative temperature coeffi-
cient: of resistance, that is, its electrical resist-
ance decreases: with increase of temperature.
Stich materials are. available commercially, and
may include carbon as an ingredient, or other
recently developed materials such as: certain. in-
organic oxides;” The temperature- coefficient of’
this resistor is accurately predetermined so that
the: gain in: feedback from the plate of tube §
through the capacitor 6 and the resistor 3 to:the
control ‘grid of tube 8, as the temperature in-
creases, compensates for the loss due to the de-
creased impedance of circuit 2 with: rise in tem-
perature. ’

The tuned circuit 2, in combination with: the

‘ positive  and negative feedback circuits described

above, is also an important feature in bringing
about the desirable results of this invention. By
this  means the: output frequency of the osecilla-
tor-will be accurately controlled over considerable
supply voltage ranges, as long as the level or am-
plitude-is kept constant by means of ballast Jamps

19, .

. The oscillator is supplied with a source of 250
volt direct current, which may be a battery, di-
rect current generator, or other controlléd source
of direct - current, through positive terminal
and negative terminal fl, the laitter being
grounded to the casing for-the apparatus. Iner=
ference from outside sources is reduced by means

‘of & capacitor 2 connected across the terminals

{ and {d. The: positive terminal | is connected
through: the plate feed: resistor 14 to. the: plate
of tube 8, and: through a resistor 15 to-the screen
ghid. of :tube 8. The cathode-and screen grid of

. tiibe 8'are coupled:to each other through a capae-

itor.16;  The positive terminal 1 is also directly
connected to the sereen grid of tube 8. The nega-
tive termina¥ ['I' is connected to tuned circuit 2,
the cathode of tube 8 through ballast lamps 10,
the control grid of tube' 9-through a resistor 7,
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and the cathode of tube 9 through the self-bias-
ing resistor 18 and by-pass capacitor §9. The
plate of tube 8 is coupled to the control grid of
tube 9 through a capacitor 20. .

The heaters of the fubes 8 and 9 are supplied
with a source of low voltage (e. g. 22 volts) cur-
rent through negative terminal fl and a posi-
tive terminal (3, with a series resistor 24 to re-
duce the voltage drop across each heater to the
proper amount. A shunt resistor 25 around the
terminalis of the heater for tube 8 serves to equal-
ize the voltage drop across the heaters of the
two tubes.

The output of the oscillator is passed through
a primary winding 22 of a balanced iron core
output transformer 2. The primary of this
transformer is connected at one end to. the plate
of tube 9 and at the other end to the positive ter-
minal {. The output of the oscillator is then
taken off at the two terminals of the secondary.
23 of transformer 21, '

In the oscillator as described above, with prop-
erly chosen values of resistance and capacitance,
the frequency is highly independent of changes
in both plate and heater voltages and of changes
in temperature. Thus, a variation in plate volt-
age from 240 volts.to 260 volts causes a frequency
shift of less than 2 cycles in 40,000 per second.
A-similarly small shift results from a change in
heater voltage from 5.8 volts to 6.5 volts.

The effect of temperature on frequency is con-
trolled by the compensation applied through
careful selection of the capacity of capacitor 5.
Level or amplitude is controlled by the ballast
lamps 10 and the temperature compensating
element. of the resistor 3, and the amount of
variation may thus be kept as low as 0.04 per cent
per degree centigrade. It may also be desired,
however, to control the ambient temperature
within narrow limits by means of a thermostat-
ically controlled.blower. or other suitable means.
The wave shapes generated by the oscillators are
closely sinusoidal, with not over 0.29% distortion
for :an output signal of 4 volts into 120 ohms.

In the above description, it is obvious that any
of the resistance, capacitance or inductance ele-
ments may be either simple or compound. It is
understood that many other changes may be
made without departing from the spirit and
scope of the invention as defined in the appended
claims. .

~I claim:

1. In an oscillator having a plurality of vacuum
tubes each with a plate, cathode and control grid
and with each cathode connected to a ground
wire through an impedance, the signal output of
a first vacuum tube being fed to the control grid
of a second vacuum tube, the combination com-
prising a negative temperature coefficient resistor
included in series in a positive feed-back circuit
from the plate of the second vacuum tube to the
control grid of the first vacuum tube, and a
capacitor and an inductor connected in parallel
at one set of terminals thereof to said ground
wire and at the other set of terminals thereof to
the control grid of said first vacuum tube.

2. In an oscillator having a plurality of vacuum
tubes each with a plate, cathode and control grid
and with each cathode connected to a ground
wire through an impedance, the signal output of
a first vacuum tube being fed to the control grid
of a second vacuum tube, the combination com-
prising a negative temperature coefficient resistor
included in series in a positive feed-back circuit
from the plate of the second vacuum tube to the
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4

confrol grid of the first vacuum tube, a capacitor
and an inductor connected in parallel at one set
of terminals thereof to said ground wire and at
the other set of terminals thereof o the control
grid of said first vacuum tube, and a resistor
whose resistance varies directly and substantially
with the current passing therethrough, said last-
named resistor being included in the impedance
circuit between said ground wire and the cathode
of said first vacuum tube.

. 3. In an oscillator having a plurality of vacuum
tubes each with a plate, cathode and control grid
and with each cathode connected to a ground
wire through an impedance, the signal output
of a first vacuum tube being fed to the control grid
of a second vacuum tube, the combination com-
prising a negative temperature coefficient resistor
included in series in a positive feed-back circuit
from the plate of the second vacuum tube to the
control grid of the first vacuum tube, a capacitor
and an inductor connected in parallel at one set
of terminals thereof to said ground wire and at
the other set of terminals thereof to the control
grid of said first vacuum tube, and a ballast lamp
whose resistance varies directly and substantially
with the current passing therethrough, said bal~

last lamp being included in the impedance circuit;

between said ground wire and the cathode of said
first vacuum tube.- )

4. In an oscillator having a plurality of vacuum
tubes each with a plate, cathode and control grid
and with each cathode connected to a common
conductor, the signal output of a first vacuum
tube being fed to the control grid- of a second
vacuum tube, a circuit comprising a capacitor and
an inductor connected in parallel between the
control grid of the first vacuum tube and said
commen conductor, a positive feed-back circuit
from the plate of the second vacuum tube to the
control grid of the first vacuum tube, said posi-
tive feed-back circuit having included therein a
negative temperature coefficient resistor to com-
pensate for change in impedance in said first
mentioned circuit in response to temperature
changes, and a negative feed-back circuit be-
tween the plate of the second vacuum tube and
the cathode of the first vacuum tube. ]

5. In an oscillator having a plurality of vacuum

" tubes each with a plate, cathode and control grid

and with each cathode connected to a common
conductor through an impedance, the signal out-
put of a first vacuum tube being fed to the control
grid of a second:vacuum tube, a circuit compris-
ing a capacitor and an inductor connected in
parallel between the control grid of the firsi
vacuum tube and the common conductor, a resis-
tor whose resistance varies directly and substan-
tially in: accordance with the current passing
therethrough, said resistor being included in the
impedance circuit between the common conductor
and the cathode of the first vacuum tube, a posi-
tive feed-back circuit from the plate of the second
vacuum tube to the control grid of the first
vacuum tube, said positive feed-back circuit hav-
ing included therein a negative temperature co-
efficient resistor to :compensate for change in
impedance in said . first mentioned circuit in
response to temperature changes, and a negative
feed-back circuit between the plate of the second
vacuum tube and the cathode of the first vacuum
tube. : .
6. In an-oscillator having a plurality of vacuum

-, tubes-each with a plate, cathode and control grid,

75

the signal output of a first tube being fed to the
control grid of a second tube, a negative tempera--
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ture coefficient resistor included in series in a UNITED STATES PATENTS
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