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5 Claims.

(CL. 250—36)

{(Granied ander the dct of March 3, 1883, as
amended April 30, 1928; 370 O. G. 75%)

My invention relates broadly to oscillation sys-
tems and more particularly to a frequency divi-
sion circuit.

One of the objects of my invention is to provide
a circuit arrangement for a frequency division
system in which applied frequencies may be di-
vidad in predstermined ratios for producing se-
lected lower frequencies.

Another object of my invention is to provide
g frequency division cireuit having means for im-
pressing a high frequency thereon and deriving
g low freguency thereirom.

Still another object of my invention is to pro-
vide a circuit arrangement for a frequency divi-
sion civcuit in which low frequencies may be di-
vided from impressed high frequencies and am-~
plified to a required amplitude.

Other and further objects of my invention re-
side in the circuit arrangement for a frequency
division system as set forth more fully in the
specification hereinafter following by reference
to the accompanying drawings, in which:

Figure 1 is a diagrammatic circuit arrange-
ment explaining the principles of operation of
the frequency division circuit of my invention;
Tigs. 2, 8 and 4 are reproductions of oscillograms
showing the characteristics of currents in the
frequency division circuit of my invention under
different conditions; Fig. 5 illustrates a modified
circuit arrangement for the frequency divider of
my invention; Fig. 6 illustrates a further modi-
fied form of frequency division circuit embody-
ing the principles of my invention; Fig. 7 shows
a circuit arrangement in which a radio frequency
amplifier is associated with the input of a Ire-
quency division cireuit according to my inven-
tion: Fig. 8 illustrates a modified arrangement of
amplifier and frequency division circuit embody-
ing the principles of my invention; Fig. 9 illus-
trates a further modified arrangement of input
amplifier and frequency division eircuit operating
according to the principles of my invention; and
Fig. 16 shows a further modified form of ampli~
fier and frequency division circuit constructed
according to my invention.

I have found the frequency division system of
my invention highly stable in operation and not
subject to change in the order of division under
conditions of minute changes in potential sup-
plied to the filament or plate circuits. The fre-
quency divider of my invention is particularly
useful in obtaining a synchronizing current in
television systems which may be depended upon
for absolute constancy.

The circuit arrangement of my invention may

be employed for dividing frequencies up to 1,000
kilocycles with a high degree of accuracy, With

an input of 160,000 cycles, an output may be
cotained equal to any submultiple of 109,000 cy-
cles, such as 1,008 cycles to 50,000 cycles; that 60
is 50,000, 33,333 Y3, 25,000, 20,000, 16,66624, 14,280,
cycles. The irequency division circuit of my in-
vention is useful over a range from 1 cycle to
250,000 cycles and will divide frequencies in any
ratio from 2:1 to i100:1 or more. I have ob- 65
tained 500 to 1000 hours continuous operation
with no adjustinents at this frequency. 'The fre-
quency of the oscillations is varied by changing
the effective resistance in a portion of the oscil-
latory path. The oscillator does not function 70
according to the law:

=L
TIC

as would normally be expected, as the frequency 78
depends upon the value of the resistance ren-
dered effective in the circuit.

Referring to the drawings in more detail ref-
erence character 1 designates a triode including
cathode la, a control grid 1, and a plate elec- gg
trode Ie. An output circuit connects across the
control grid 1b and cathode le through the re-
sistanice path 2. 'The high ifrequency energy
which is impressed upon the irequency divider
circuit is indicated by the source 3 capacitatively gg
coupled through condensers 4 and 5 to the input
circuit of the frequency division system. A shunt
path extends around the resistance 2 including
the condenser 6 and the secondary winding 7 of
the audio frequency transformer 8§ whose pri- go
mary winding 9 is included in series with the
high potential source 1¢ in the output circuit of
the frequency divider system. The output ter-
minals for the frequency divider are represented
at 11 from which the lower frequency being a g5
submultiple of the higher frequency impressed
upon the input circuit of the source 3 is derived
from the circuit. The cathode 1g is heated from
a suitable source 12. The resistance 2 is variable
over a predetermined range according to the di- 199
vision in frequency which is to be effected.

In Figs. 2, 3 and 4, I have shown reproduc-
tions of oscillograms taken of voltages at the
points which I have indicated in the diagram of
Fig. 1, ep representing the plate voltage; ez rep- 105
resenting the grid voltage; e. being the voltage
across the secondary winding 7 of the trans-
former 8; and e: being the high frequency in-
put voltage at the source 3. The oscillograms
shown in Fig. 3 show the oscillation of the cir- 110
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cuit where the oscillograph records are taken at
the points in the circuit at ep, eg, ee, and e, the
frequency division being effected in the ratio of
5 to 1. That is, with an impressed frequency at
the source 3 of 500 cycles, a frequency of 100
cycles is obtained at the terminals 11.

In Fig. 4, I have shown the characteristics of
the circuits with a frequency divided in the ra-
tio of 4 to 1. In this instance the applied energy
is obtained from another relaxation circuit os-
cillator where the input circuit is a train of
aperiodic pulses indicated at ei. The change in
ratio of division is effected by change in the value
of resistance 2. The oscillations in the circuit
are established by the successively charging and
discharging action of the condenser 6 through
the resistance 2. The circuit of my invention
permits any desired low frequency to be selected
out of a band of higher frequencies. }

The operation of the frequency division cir-
cuit as a relaxation oscillator is as follows: Con-
sider the circuit when the cathode i1a of the
tube 1 is glowing but the plate is not connected
to the B battery 16. Then whnen the plate con-
nection is made, plate current starts to flow,
indueing a positive charge on the grid 1b through
the action of the transformer 8. This causes
progressive increase in plate current, which goes

- on until saturation is atfained. As the plate

current can no longer increase, no further charge
is received by the grid 1b. The charge already
there leaks off through the grid resistance 2, and
the plate current decreases. The decrease in

.. plate current induces a negative charge on the
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grid 1b, charging also the condenser 6 to the
appropriate potential of the same polarity. The
negative charge on the grid 1b blocks the plate
current. The sudden stopping of plate current
induces a very large negative charge on grid 1ib
and condenser 6, so that the tube 1 remains
blocked until this charge has had time to leak
off through the grid rvesistor 2, whereupon the
cycle repeats itself. The frequency is fixed chief-
ly by the capacity of the condenser 6, the effec-
tive inductance of the grid coil 7, and the value
of the grid resistance 2.

The action of the circuil as a frequency divider
may now be more readily understood. There are
two critical voltages in the operation of the cir-
cuit:—V1, the grid voltage at which plate current
starts to flow, and V2, the grid voltage at which
plate current can no longer increase fast enough
to supply sufficient induced charge to balance
leakage across the grid resistor 2. When the grid
voltage reaches Vi, plate current starts to flow
and the condenser§chargespositively. Whengrid
voltage reaches V2, plate current falls and the
condenser 6 charges negatively. Considernowthe
triode oscillating at some frequency f1. Impress
upon the grid a higher frequency f. Some posi-
tive voltage peak of the high frequency wave will
bring the grid voltage to V1, and start the charge.
A definite number of cycles later, for example m
cycles, a positive voltage peak will cause grid volt-
age to reach V2 and trip off the discharge. p
cycles later, a voltage peak of the high frequency
will again make grid voltage equal to V1, again
starting the charge. p and m will be constant
with respect to time if the circuit constants re-
main within certain limits. Letting » plus m
equal 7, the periocd of the relaxator will be n
times the period of the high frequency, and the
frequency will be f/n. Frequency division will be
thus accomplished. .

In Fig. 5, I have shown a modlﬁed division cir-
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cult wherein the impressed frequercy is supplied
through transformer 15 having primary winding
i6 and secondary winding 17, the secondary wind-
ing 17 being connected in series with the adjust-
able resistor 2 and across the grid electrode 1b
and the cathode la. The output circuit of the
frequency divider is shown coupled through the
audio frequency transformer 8 to the input cir-
cuit in a manner similar to the arrangement de-
scribed in Fig. 1, the output for the frequency di-
vider system being taken off at terminals 11
through coupling condenser 14. The condenser
6 is shown variable for controlling the order of
frequency division.

In the modified form of circuit illustrated in
TFig. 6, the variable resistor 2 is connected in se-
ries with the secondary winding 17 of the input
transformer 15 and the input energy impressed
thereon through the primary winding 16. The
secondary winding 17 is shunted by by-pass con-
denser 29. The combined series circuit includ-
ing resistance 2 and secondary winding 17 is
shunted by the adjustable condenser 6 which de-
termines the frequency at which the frequency
divider operates. In this arrangement the ad-
Jjustable condenser 6 is directly in shunt with the
path extending between the grid electrode 1b and
the cathode la through the secondary winding 7
of the transformer 8.

The manner of selectively applying energy of
proper amplittude to the frequency division cir-
cuit is shown in Pig. 7 wherein the amplifier 20
has its output circuit arranged to impress oscil-
lator energy of desired irequency upon the fre-
quency divider circuit of tube 1. The input from
the oscillator to the amplifier tube 20 is connected
at terminals 22. The required bias potential is
impressed upon the grid of amplifier tube 20
through kiasing resistance 21. The cathode of
tube 20 and the cathode of the frequency divider
tube 1 are heated from suitable potential source
26. . The output circuit of tube 20 includes a reso-
nant circuit 23 tuned to the frequency which is
impressed upon the input of the frequency di-
vider tube 1. The resonant circuit 23 includes the
inductance 25 shunted by condenser 24. The cir-
cuit is dispesed in series with the resistance 2 and
the primary winding 9 of transformer 8. High
potential is supplied to the plate circuit of am-
plifier tube 20 and the plate circuit of frequency
division tube 1 from the high potential source 27.
The input circuit of the frequency divider tube 1
includes the secondary winding 7 of the audio
frequency transformer 8 and the condenser 6
which is periodically charged and discharged for
effecting frequency division of the energy im-
pressed upon the frequency divider ecircuit 1
through the resistor 2. The terminals 11 con-
nect with the output circuit of the frequency di-
vider in a manner similar to the arrangement de-
scribed in Pigs. 1, 5 and 6.

Fig. 8 shows a modified form of the circuit illus-
trated in Fig. 7 in which the path through the
resistance 2 and the inductance 25 returns to the
input circuit of the frequency divider at the point
32 so that the input circuit directly includes the
paths through resistance 2 and inductance 25 and
through condenser 6 and secondary winding 7, the
period of frequency division being controlled by
resistance 2 and condenser 6. The plate supply
for amplifier tube 20 is obtained from battery 27.

Fig. 9 illustrates a further modified form of
frequency division circuit wherein the trans-
former which couples the input and output cir-
cuits of frequency division tube 1 also provides
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éoupling méans between the output of the am-
plifier 20 and the input of the frequency divi-
sion circuit. The source of potential for the
plate circuits of the tubes 1 and 20 is illustrated
at 27. The plate energy for tube 20 is supplied
through the winding 33 of transformer 34. The
plate energy for the frequency division tube 1
is supplied through winding 35 of transformer
34 as shown. The resistance 2 connects to a
point 30 along potential source 27 -placing a
bias potential upon the grid electrode 1b and
providing a path across the input circuit of the
frequency divider tube 1 for controlling the ef-
fect of the charging and discharging of con-~
denser 6 for effecting the frequency division op-
eration of the circuit.

Fig. 10 shows a further modified form of fre-
quency division circuit and amplifier system for
impressing energy at desired frequency and am-
plitude upon the frequency division system. In
this arrangement the transformer 34 is connect-
ed between the output circuit of amplifier 20 and
the input circuit of the frequency division tube 1.
The output circuif of amplifier 20 is completed
through the high potential source 31 and the
winding 33 of transformer 34. The output cir-
cuit of frequency divider tube 1 is completed
through high potential source 10 and winding 35
of the transformer 34 as shown. 'The winding 33
is included in the input circuit of the frequency
division tube 1 through condenser 6. The re-
sistance 2 is connected in shunt with the input
ineluding condenser 6 and winding 33. The out-
put of the fregquency division circuit connects
to the terminals 11 in the manner heretofore
described.

I have found the friode freguency divider cir-
cuit of my invention highly practical and suc-
cessful in its operation and while I have de-
scribed my invention in certain preferred em-
bodiments, I desire that it be understood that
modifications may be made and that no limita-
tions upon my invention are intended ofher than
are imposed by the scope of the appended claims.

The invention herein described may be manu-
factured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalties
thereon.

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. A frequency divider circuit comprising an
electron tube having a cathode, grid and plate
electrodes, an input circuit including a series
connected resistance device variable over a pre-
determined range, terminals for impressing al-
ternating current upon said input circuit, an
audio frequency transformer including a pair of
coupled windings, one of said windings being
connected in a series path through a condenser,
said path being disposed in shunt with said vari-

3

able resistance device, the other of said windings
being disposed in series with a high potential
source and connected with the plate and cathode
of said tube and connections leading from said
plate and cathode for deriving a frequency from
said circuit which is a sub-multiple of the fre-
quency applied across said cathode and grid elec-
trodes.

2. A frequency division circuit comprising an
electron tube having a cathode and grid and
plate electrodes, an input circuit connected across
said grid and cathode, an output circuit con-
nected across said plate and cathode, an electro-
magnetic coupling means constituted by a pair
of inductively related windings disposed between
said circuits and a pair of separate paths con-
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nected with said grid and cathode, one of said .

paths including a variable resistance device and
another of said paths including a capacity and
a portion of one of the windings constituting
part of said electromagnetic coupling means, and
means for applying a predetermined frequency
to said input circuit and deriving a submultiple
frequency from said output circuit.

3. A frequency division system comprising an
electron tube having input and output circuits,
means electromagnetically coupling said circuits,
a variable resistance disposed in said input cir-
cuit, and a branch of said input circuit includ-
ing a condenser and a portion of said electro-
magnetic coupling means disposed in shunt with
said resistance for controlling the energy sup-
plied to said input circuit for deriving a sub-
multiple frequency from said output frequency.

4. A frequency division system comprising an
electron tube having input and output circuits,
said input circuit including two independent
paths, one of said paths including a variable
resistance and another of said paths including
an inductance and condenser, parallel connec-
tions extending between said paths, a high po-
tential source, an independent inductance, a se-
ries circuit extending from said plate and cath-
ode through said high potential source and
through said independent inductance in series,
said inductances being electromagnetically cou-
vled for establishing oscillations controllable by
the adjustment of said resistance in said input
circuit for effecting a division in frequency of
an applied frequency at said input circuit.

5. In eombination, an electron tube having in-
put and output circuits, a grid leak and a con-
denser connected in said input circuit, means
responsive to changes in current flow in said
output circuit for charging and discharging said
condenser, means for impressing oscillations of
a given frequency upon said input circuit and
means for rendering the charge and discharge
rate of said condenser a sub-harmonic of said
given frequency.

WESTLEY F. CURTIS.
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