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My present invention relates to relaxation
oscillators, and more particularly to means for
frequency modulating such oscillators.

Ry the term “reliaxatvion oscillators,” I mean
to include any circuil for generating a periodic
wave which, for fixed wvalues of applied voltage
and circuit parameters, has two stable conditions
of equilibrium, abrupntly changing from one to
the other at a repetition frequency which is an
inverse functvion of the time-constant of a re-
sigfance-~capacitance network constituting a
component of the ecircuit. Blocking oscillators,
multivibrators, flip-doyw circuits, transitrons, and
oas-tube relaxation circuilts are examuvles of the
type of oscillators to which T have reference.

Various of these circuits, or modifications
thercof, are utilized, for example, to generate
the sudico-frequency keying pulses in radar sys-
tems of the so-called pulse-echo type. In such
systems, there is a critical maximum pulse rate
above which, depending upon the range limits
within which it is desired to detect targets, the
system will not funciion. On the other hand, a
loss of average power i5 suffered if the pulse
rate is low, and it is, therefore, desirable to
utilize as high a pulse rate as is consistent with
the detecting range of the system. Further-
more, where a number of radar installations,
employing the same repetition frequency, 'are
located in the same genergl vicinity, interference
with each other is difficult to avoid.

For both of these reasons, it is desirable to
frequency modulate the repetition rates of such
systems: but, in so doing, care must be taken
that over-modulation does not occur, for if it
cdoes, the above referred to critical maximum
pulse rate may be exceeded. In addition, it is
desirable that the modulating system be such
that, when it is disconnected from the oscillator,
the unmodulated or free-running pulse rate of
such oscillator be the maximum possible for the
installation.

It is, therefore, an object of my present in-
vention to provide a simple frequency-modulat-~
ing system for relaxation oscillators which is so
designed that, after the oscillator, in its free-
running condition, has been adjusted to operate
at a selected maximum frequency, the intro-
duction of the frequency modulation will not
result in over-modulation, in other words, not
result in exceeding said maximum freguency.

It is a further object of my present invention
to provide a frequency-modulating system for
relaxation oscillators which, when disconnected,
permits the free-running oscillator to return to
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its selected maximum frequency without fur-
ther adjustment.

These and other objiects of my present inven-
tion, which will become more apparent as the
detailed description progresses, are atfained,
broadly, in the following manner:

As above indicated, the frequency of the type
of oscillator which I desire to frequency modu-
late iz determined by the time-constant of an
R.-C. network. Said time-constant is initially
adiusted so that the free-running frequency of
said oscillator is, let us say, a certain maximum,.
Now, in infroducing the modulating energy, I
employ means, preferably, in the form of a vari-
able voltage divider connected across the source
of said modulating energy, which, as the imagni-
tude of the injected energy is varied, alters the
time~constant of said R.-C. network in direct
proportion. As a result, the tendency of the
frequency, for example, to increase as the mag-
nitude of the injected modulation is increased,
is counteracted by the simulfaneous increase in
said time-constant, and vice versa. By such

-means, over-modulation is prevented, and when

the source of modulating energy is disconnected
from the circuit, the oscillator returns to its
pre-selected, free-running frequency without fur-
ther adjustment by the operator.

In the accompanying specification I shall de-
scribe, and in the annexed drawing show, an
illustrative embodiment of the frequency-modu-
lated relaxation oscillators of my present inven-
tion. It is, however, to be clearly understood
that I do not wish to be limited to the details
thereof herein shown and described for purposes
of illustration only, inasmiuch as chahzes therein
may be made without exercise of invention and
within the true spirit and scope of the claims
hereto appended.

In sald drawing, the single figure is a sche-
matic diagram of a relaxation oscillator, incor-
rorating means for frequency modulating the
repetition rate thereof, assembled in accordance
with the principles of my present invention.

Referring now meore in- detail to the afore-
said illustrative embodiment of my present in-
vention, and with particular reference to the
drawing, the numeral 5 generally designates a
vactiilum tube which, in the specific embodiment
to be described, is a triode having an ancde 6,
a cathode 7, a heating filament 8, and a conftrol
grid 9.

The filament 8 may be sunplied with heating
current from the secondary {0 of a filament
transformer {1 whose primary {2 may be con-
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nected across, for example, a source of 60-cycle
alternating current. One end of the secondary
[0 is grounded, as shown.

The anode 8 of the tube 5 is connected,
through the winding {3 of a coupling trans-
former 14, to the positive terminal of a source of
B voltage, the other terminal of sald source
(not shown) being conventionally grounded.

Connected in series, across the secondary 18
of the transformer {§, are two resistors {8 and
16, the former having for its purpose, current-
limiting, and the latter constituting a voltage
divider, and having a variable tap |7 by means
of which the magnitude of the drop taken across
the same may be varied at will.

The grid 9 of the tube 5 is connected, through
a, capacitor 18 and another winding {8 on the
transformer 14, to the ground end of the resister
16, and the junction between said grid 8 and
said capacitor §8 is connected to one end of a
variable resistor 28. The other end of said var-
igble resistor 2§ is connected to the variable
tap T on the resistor {8&.

The circuit is completed by an output wind-
ing 21 on the transformer 14.

Tt will be noted that the circuit shown and
described is, essentially, a blocking oscillator
whose repetition frequency is an inverse func-
tion of the time-constant of the network in-
cluding, primarily, the resistor 28 and capacitor
§8. Now, in a standard blocking oscillator, the
current-limiting resistor 5 and voltage divider,
comprised of the resistor {8 and ifs associated
variable tap (7, are not present, the variable
resistor 29 heing returned to the cathode 71 via
ground. However, in the present circuif, I util-
ize said voltage divider to introduce therein the
modulating energy, and control the time-con-
stant thereof.

While the modulating energy can be obtained
from any desired source, I prefer to utilize the
60-cycle A. C. employed to heat the filament 8
of the tubhe 5. It will be noted that the voltage
divider 6, 17 is across the transformer secondary
{0 and, therefore, is fed from said 60-cycle A. C.
Hence, by adjusting the tap 17, a selected portion
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of the modulating energy may be applied between

the grid 9 and cathode T of the tube 5, altering
the bias on said tube, and, therefore, the repeti-
tion rate of the oscillating circuit including the
same, |

It will also be noted that the selected por-
tion of the resistor 16, across which the modu-
lating energy being fed to the circuit is developed,
is a part of the R.-C. network between the grid
9 and cathode 7. Therefore, as said selected
portion is enlarged to apply greater modulating
energy, the resistance in the R.-C. network is
increased in direct propcertion, thereby increas-
ing the time-constant of said R.-C. network
and counteracting the frequency-increasing ef-
feet of the greater modulating energy. |

In operation, the tap {7 is initially grounded,
angd the resistor 28 adjusted to obtain a desired
maximum repetition rate. The tap {7 is then
moved away from ground to simultaneously
introduce modulating energy and increase the
time-constant of the R.-C. network.

It will thus bhe seen that I have provided a
means for freguency modulating 2 relaxation
oscillator without danger of over-modulation,
and 1t will also be seen that, upon disconnecting
the modulating energy from the circuit, as by
returning the tap {7 to ground, the oscillator
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atitomatically returns to the free-running repe-
tition rate to which it was initially adjusted by
means of the variable resistor 20.

Other advantages of the circuit of my present
invention will readily occur to those skilled In

.the art to which the same relates.

What is claimed is:

1. In combination with a relaxation oscillator
whose repetilion frequency is an inverse furic-
tion of the time-constant of g resistance-capaci-
tance network, means for frequency modulating
said oscillator comprising: a source of modulat-
ing voltage; and means for applying a selected
vortion of said modulating voltage to the input
circuit of said oscillator and to said resistance-
capacitance network; said means being adjust-
able wherehy the magnitude of the selectad por-
tion of the modulating voltage so applied, and the
time-constant of said resistance-capacitance
network are simultaneously variable in direct
nroportion to each other.

2. In combination with a relaxXation oscillator
whose repetition frequency is an inverse func-
tion of the time-constant of a resistance-capaci-
tance network, means for frequency modulating
said oscillator comprising: a source of modulat-
ing voltage; and a variable voltage divider, con-
nected across said source of modulating voltage,
for applying a selected portion thereof to the
input circuit of said oscillator, in series with
said resistance-capacitance network; the ad-
justment of said voltage divider simultaneously
varying, in direct proportion to each other, the
magnitude of the modulating voltage applied to
said oscillator, and the time-constant of said
resistance-capacitance network.,

3. In combination with an oscillator circuit
including an electron-discharge device having an
anode, an electron-emitiing cathode, and a con-
trol grid, a source of voltage connected berween
said anode and cathode, a resistance-capacitance
network connected between said grid and said
cathode, and a coupling device between said
anode-cgthode circuit and said grid-cathode cir-
cuit, whereby relaxation oscillations are obtained
whose repetition frequency is an inverse function
of the time-constant of said resistance-capaci-
tance network, means for frequency modulating
said oscillator circuit comprising: a source of
modulating veltage: and means for applying g se-
lected portion of said modulating voltage be-
tween said grid and said cathode, in series with
said resistance-capacitance network; said means
being adjustable whereby the magnitude of the
selected portion of the modulating voltage so
applied, and the time-constant of said resis-
tance-capacitance network, are simultaneously
variable in direction proportion to each other.

4. Tn combination with an oscillator circuit
including an electron-discharge device having
an ghode, an electron-emitting cathode, and a
control grid, a source of voltage connected be-
tween said anode and cathoede, a resistance-
capacitance network connected between sald
oerid and salid cathode, and a coupling device
between said asnode-cathode circuit and said
srid-cathode circuit, whereby relaxation oscilla-
tions are obtained whose repetition fregquency
is an inverse function of the time-constant of
said resistance-capacitance network, means for
freguency modulating said oscillator circuit com-
prising: a source of modulating voltage; and
a. varighle voltage divider, connected across said
source of modulating voltage, for applying a
selected portion thereof between said grid and
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sald cathode, in series with said resistance-
capacitance network; the adjustment of said
voltage divider simultaneously varying, in direct
proportion to each others, the magnitude of the
modulating voltage applied between said grid
and sald cathode, and the time-constant of said
resistance-~capacitance network.

d. A frequency-modulated relaxation oscilla-~
tor comprising: an electron-discharge device
having an anode, an electron-emitting cathode,
and a control grid; a source of unidirectional
voltage connected between said anode and said
cathode; a source of alfernating voltage: a re-
sistor connected across said source of alternat-
ing voltage; a resistance-capacitance network
connected, in series with a selected portion of
sald resistor, between said grid and said cathode:
and a coupling device connected between said
anode-cathode circuit and said grid-cathode cir-
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cuif; variation of the selected portion of said
resistor simultaneously altering, in direct pro-
portion to each other, the magnitude of the alter-
nating voltage applied between said grid and
said cathode, and the time-constant of said
resistance-capacitance network.
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