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Patented Nov. 2, 1948 

UNITED STATES 

2,452.81 

PATENT OFFICE 
2,452,811 

FREQUENCY DIVIDER, 
George L. Usselman, Port efferson, N. Y., as 

signor to Radio Corporation of America, a cor 
poration of belaware 
Application June 30, 1944, Serial No. 542,950 

(CI. 250-36). 12 Claims. 

This invention relates to frequency divider. 
circuits and is adapted for general use in various 
electronic devices including monitoring circuits, 
frequency modulation nSinitting apparatus, 
and also frequency modilation receivers. 

It is an object of inly invention to provide a 
frequency divider capable of control by an ex 
ternal Source of alternating current. Where such 
Source is that of a constant frequency oscillator 
or a modulated wave. 

It is another object of my invention to provide 
a frequency divider Suitable for use in monitor 
ing a high frequency alternator. 

Still another object of my invention is to pro 
vide a frequency divider having general utility, 
such, for example, as in a monitoring system for 
a frequency in Gdulation transnitter, or again 
in a heterodyne receiving circuit for frequency 
modulated waves. 
Other objects of my invention, will be inferen 

tially brought out in the specification to follow. 
Essentially this invention comprises a frequency 
divider circuit arrangement wherein the divided 
frequency output is controlled by a harmonic 
frequency input which may be either constant or 
Variable Within a desired range of modulation 
frequencies. 
My invention Will now be described in more 

detail, reference being made to the accompany 
ing drawings, in which: 

Fig. 1 shows a circuit arrangement having elec 
tronic means controlled by an external source of 
alternating current and further electronic means 
coupled thereto for producing a sub-harmonic 
frequency output; and 

FigS. 2, 3, 4, and 5 show alternative circuitar. 
rangements for carrying out the objects of my 
invention. 

Referring first to Fig. , I sihow therein a dis 
charge tube having two triode sections. The 
left-hand Section includes anode 2 and control 
grid 3; the right-hand section includes anode 
4 and control grid 5. The cathode 6 is common 
to both sections. A source of alternating cur 
rent control potentials i is indicated as a master 
Osciliator. In place of Such an oscillator, how 
eVer, any Suitable Source of control potentials, 
whether constant or variable, may be used. Al 
ternative types of control potentials are, there 
fore, indicated as derived from units 7a, b, c, 
and 7d in the different figures of the drawing. 
The output of the source is coupled across 
capacitor 8 to the input circuit for the left-hand. 
Section of tube . his input circuit includes a 
resistor 9 connected between the control grid 
3 and ground, 
The right-hand section of tube has its control 

grid 5 connected to ground through resistor 3. 
There is a common cathode circuit impedance 
connected to ground, this impedance including 

2 
preferably an inductance in series With a re 
sistor i2. A capacitor 3 is in shunt With re 
sistor. 2. 
Anode potential is supplied to the tWO, anodes 

3 and 4 from a source of direct current B. This 
Source is bypassed for alternating current by 
capacitor 4. Capacitor 5 provides an alter 
nating current path to ground from the anode. 
2. The D. C. potential for anode 2 is made ad 
justable by means of a potentiometer 6. D. C. 
potential is fed to the anode 4 through one part 
of the primary winding of an output transformer 

. This primary has an intermediate tap. con 

20 

2. 5 

rected to the battery circuit. 
A variable capacitor 8 is in shunt with the 

primary Winding of transformer 7 and forms 
thereWith a parallel resonant circuit tuned to the 
divided frequency which is wanted for output. 
The Secondary Winding of transformer ... is con 
nected to the output leads. Feedback potentials 
are Supplied to the grid 5 from the lower ter 
minal of the resonant circuit, grid 5. being 
coupled thereto across capacitor 9. 
In the Operation of the circuit arrangement 

ShOWn in Fig. 1, input potentials, of the control 
frequency are Supplied to the grid 3. The left 
hand Section of tube operates as an amplifier. 
It develops variable potentials on the cathode 
6 due to the impedance of the circuit between 
the Cathode and ground. Since cathode is 
Common to both sections, of the tube , control 
potentials are applied to the right-hand section 
of this tube which cause its oscillations to be 
locked in step with the frequency of the ex 
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ternal Source. The right-hand section of tube 
is, however, included in a resonant circuit tuned 

to the divided frequency, and for this reason 
the output frequency is maintained in predeter 
mined Sub-harmonic relation to the input fre 
quency. The function of the inductance f will 
be readily understood, therefore, as that of a 
cCupling. deVice between the two sections of the 
tube. The impedance of this, inductance is low 
for the Oscillator current of the right-hand tube 
SCCtion, and it is high for the amplifier current 
in the left-hand tube section. The choice of in 
ductance value: for the element. is, therefore, 
Suitable...for maintaining frequency stability in 
the Output, circuit. Capacitor 5 serves to 
sharpen the peakS. of the amplifier: current. So as 
to. increase its efficiency as a frequency control 
ling means. - 
The circuit arrangerinent shown in Fig. 1 has. 

been found to possess very desirable operational 
characteristics, since the. Sub-harmonic-frequency 
of output is readily locked in step with the con 
trol frequency, even though such frequency bears 
a harmonic, relation thereto. 

Referring to Fig. 2, the modification therein 
shown includes a discharge tube 2A having a tri 
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ode section and a pentode section. The tube 
has a common cathode 6 for the tWo Sections. 
In the left-hand section the anode 2 and control 
grid operate in the same manner as shown in 
Fig. 1, being controlled by input potentials 
through capacitor 8 and grid resistor 9. This 
left-hand section of the tube, therefore, operates 
as an amplifier. 

Oscillations are generated in the right-hand 
section of the tube 2 where the anode 4 is 
in circuit with a parallel resonant circuit Com 
posed of the primary winding in transformer 
17 and the adjustable capacitor 8. The control 
grid 5 derives feedback potentials from the reson 
ant circuit, these potentials being fed through 
capacitor 9 to the grid 5, the same as in Fig. 1. 
The pentode tube section includes a Screen 

grid 22 connected to the anode 2 of the triode Sec 
tion, and a suppressor grid 23 connected to the 
common cathode 6. 
The other components of the circuit arrange 

ment of Fig. 2 are similar to those having the 
same reference numerals in Fig. 1 and need not, 
therefore, be further described. The functions 
of the screen grid and suppressor grid in the 
pentode section are conventional. However, the 
connection of the screen grid 22 to the anode 2 
constitutes a cross-coupling means between the 
two sections of tube 2 and this adds to the cross 
coupling effect which is inherent in the use of 
a common cathode. It should be noted, however, 
that in the circuit arrangement of Fig. 2 the in 
ductance f of Fig. 1 has been omitted. There 
is, of course, a certain amount of voltage SWing 
in the cathode 6 of Fig. 2 which results from the 
presence of the cathode resistor 2 in shunt with 
the capacitor f3. 
The circuit arrangement shown in Fig. 3 is 

Somewhat Similar to that of Fig. 2. The functions 
Of the control grid and the Screen grid in the 
right hand section of tube 3 of Fig. 3 are reversed, 
however, with respect to the functions of these 
grids in Fig. 2. That is to say, control grid 5 in 
tube 3 is capacitively coupled across condenser 
33 to the anode 2 in the amplifier section of this 
tube. The screen grid 32 derives feedback po 
tentials from the parallel resonant circuit Com 
posed of the primary in transformer 7 and the 
adjustable capacitor 8. The feedback circuit 
includes capacitor 9 in shunt with a resistor 34, ; 
which supplies positive bias potential to the screen 
grid 32. 
The cathode impedance 35 (in shunt With ca 

pacitor 3) is in the form of a voltage divider hav 
ing a tap 36 thereon which connects through a re 
sistor 37 with the positive terminal of the D. C. 
Source B. 
In the operation of the circuit arrangement 

shown in Fig. 3, input potentials are amplified 
in the left-hand (triode) section of tube 3 and 
are applied as control potentials across capacitor 
33 and resistor O to the control grid 5 in the 
right-hand (pentode) section of tube 3f. This 
pentOde Section is in circuit with a parallel reso 
nant circuit which is tuned to the sub-harmonic 
frequency of the input potentials and produces the 
desired sub-harmonic frequency, although this 
frequency is locked in step with the input fre 
quency. The operation is, therefore, quite similar 
to that of the circuits shown in Figs. 1 and 2. 

In the circuit arrangement of Fig. 4, I show 
a discharge tube 4 comprising a pentode section 
and a triode section. For generating sub-har 
monic frequency oscillations the two tube sections 
(or their equivalent) are disposed in a cascade 
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4. 
connected circuit. In tube 4f there is a commoni 
cathode 6. In the left-hand section, Ishow a con 
trol grid 42, a screen grid 43, and a suppressor 
grid 44. In the right-hand section of tube 4, 
I show anode 4, and control grid 5. Other com 
ponents of the circuit arrangement shown in Fig. 
4, if they correspond with components of the fig 
ures previously described, are given like reference 
numerals. 
A capacitor 47 is disposed in a feedback circuit 

between the anode 4 and the control grid 42. 
Positive bias for the screen grid 43 is obtained 
by a connection through a portion of po 
tentiometer 6 and resistor 45. The terminals of 
potentiometer 6 are respectively connected to 
the anode 46 and to the positive side of source 
B. The anode 4 in the triode section is connected 
to the parallel resonant circuit composed of the 
inductance in the primary of transformer 7 
in shunt with adjustable capacitor 8. This reso 
nant circuit is, of course, tuned to the desired 
sub-harmonic frequency. The feedback voltages 
through capacitors 33 and 47 are in phase oppo 
Sition, and hence there is no need to develop a 
Voltage SWing at more than one end of the tank 
circuit , 8. The screen grid 43 derives con 
trol potentials from the frequency stabilizing or 
frequency modulated source C. The operation 
of the circuit arrangement shown in Fig. 4 will 
be readily understood, since it will be seen that 
the two sections of tube 4 are cross-coupled so 
as to deliver feedback potentials from one to the 
other in phase opposition, and the frequency of 
the triode section is controlled by the resonant 
circuit. Furthermore, the pentode section, al 
though aperiodic, is nevertheless locked in step 
With the input potentials derived from the source 
c. 
Fig. 5 is similar to Fig. 4 with the exception 

that the functions of the first and second grids in 
the pentode section of tube 5 are reversed as com 
pared with their functions in Fig. 4. That is to 
Say, the control grid 52 is coupled to the source of 
input potentials, while the screen grid 53 is 
coupled to the anode 4 in the triode section 
through capacitor 54 in shunt with resistor 55. 
The other components of the circuit arrangement 
are coordinated similarly to corresponding com 
ponents in the circuit arrangement of Fig. 4, and 
need not, therefore, be described. The operation 
of the circuit shown in Fig. 5 will also be under 
stood to be such as to lend itself to frequency 
stabilization in a divider circuit arrangement. 

I claim: 
1. A frequency dividing circuit comprising two 

cooperating electron discharge devices, A and B, 
each having a cathode, an anode, and at least one 
grid, a common cathode impedance connecting 
Said Cathodes to ground, means including a source 
of direct current connected negatively to ground 
and positively to said anodes for producing elec 
tronic emission in Said discharge devices, aperiodic 
input circuits connected between one grid of each 
device and ground, means including input ter 
minals coupled to a grid in device A whereby 
the emission in this device is controlled by alter 
nating potentials from a given source, a parallel 
resonant circuit coupled between the anode of 
device B and a point of fixed reference potential, 
Said resonant circuit being broadly tuned to a 
band of frequencies including the output fre 
quency from Said dividing circuit, means coupling 
the output circuit of device A to the input circuit 
of the device B, and feedback means for coupling 
the output circuit of device B to a grid in device 
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A, said dividing circuit being further character 
ized in that oscillations in the two devices A and 
B are maintained in harmonic relation one to the 
other. 

2. A frequency dividing circuit according to 
claim 1 in which device A is of the pentode type; 
the first grid therein is coupled to the output cir 
cuit of device B; the second grid therein is biased 
as a Screen grid and is controlled by alternating 
potentials from said given source; and the third 
grid is a suppressor grid. 

3. A frequency divider circuit subject to control 
by alternating potentials from an external source, 
Said Circuit Comprising a pair of electron discharge 
devices each having a cathode, an anode and at 
least one grid, means for controlling the emission 
in the first of said devices in accordance with the 
alternating potentials of said external source, a 
frequency determining circuit coupled to the an 
Ode in the Second of said devices and to a point 
of fixed reference potential, an aperiodic input 
circuit connected between ground and a grid in 
ea,Ch. Of Said devices, and a Common Cathode in 
pedance connected between said cathodes and 
ground and constituting means for locking in step 
the oscillations generated in the second said de 
Vice and the controlled oscillatory emission in the 
first said device, whereby the output from the 
Second device is maintained in sub-harmonic rela 
tion to the frequency of said external source. 

4. A frequency divider circuit according to 
claim 3 wherein said common cathode impedance 
pOSSesses a frequency discriminating character 
istic such that it offers a relatively high imped 
ance to the oscillatory potentials of the first said 
device and a relatively low impedance to the os 
cillatory potentials of the second said device. 

5. A frequency divider circuit according to 
claim 3 and including means for applying an ad 
justed D. C. bias potential to the cathodes of said 
devices with respect to ground potential. 

6. In a frequency divider circuit to be con 
trolled by oscillatory energy of fundamental fre 
quency, a pair of electron discharge systems each 
including an electron Source, an anode and a con 
trol electrode, biasing circuits connected between 
the electron Source and control electrode of each 
System, connections to the anode and electron 
Source of each System for maintaining the anodes 
electro-positive relative to the electron source, 
connections for applying said oscillatory energy 
to the control electrode of one system, a circuit 
tuned to resonance at a sub-harmonic frequency 
coupled to the anode of the other system, connec 
tions to the electrodes of the other system such 
that the same generates oscillatory energy in said 
resonant circuit of a sub-harmonic frequency and 
a Common impedance connected between the elec 
tron Source of both of said systems and the con 
trol elcetrode of both systems, said common im 
pedance being high with respect to current of 
Said fundamental frequency and constituting 
means for locking in step the oscillations of sub 
harmonic frequency generated in said second sys 
ten and the oscillatory energy fed to the control 
electrode of Said first system. 

7. In a frequency divider circuit to be con 
trolled by oscillatory energy of fundamental fre 
quency, a pair of electron discharge systems each 
including an electron source, an anode, and a 
control electrode, biasing circuits including a 
Common impedance connecting the control elec 
trode of each system to the electron source of 
each System, connections to the anode, and elec 
tron Source of each System for maintaining the 
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6 
anodes electro-positive relative to the election 
source, connections for applying said oscillatory 
energy to the control electrode of one system, a 
circuittined to resonance at a sub-harmonic-fre 
quency coupled to the anode of the other systerin, 
a feedback coupling between said resonant cir 
cuit and the control electrode of said other of 
said systems such that oscillations of said sub 
harmonic frequency are generated in said reso 
nant circuit, said common impedance constitut 
ing means for locking in step the oscillations gen 
erated in said Second System and the oscillatory 
energy fed to the control electrode of said first 
System. 

:8. A frequency divider as recited in claim 6 
wherein said common impedance is an inductor. 

9. A frequency divider as recited in claim 7 
Wherein said common impedance is a resistor ad 
justably connected to a source of direct current. 

10. In a frequency divider circuit to be con 
trolled by oscillatory energy of fundamental fre 
quency, a pair of electron discharge systems each 
including an electron source, an anode and a 
control electrode, an additional grid-like electrode 
in One of Said systems, biasing circuits connected 
between the electron source and control electrode 
of each System, connections to the anode and 
electron source of each system for maintaining 
the anodes electro-positive relative to the electron 
Source, connections for applying said oscillatory 
energy to the control electrode of the other of 
Said Systems, a circuit tuned to resonance at a 
Sub-harmonic frequency coupled to the anode and 
additional electrode of said one system and a con 
nection between the anode of the other system 
and Said control electrode of said one system 
So that Said one System generates oscillatory en 
ergy in said resonant circuit of a sub-harmonic 
frequency and a common impedance connected 
between the electron source of both of said sys 
tems and the control electrode of both systems, 
Said common impedance being high with respect 
to current of said fundamental frequency and 
constituting means for locking in step the oscil 
lations of Sub-harmonic frequency generated in 
Said one System and the oscillatory energy fed to 
the control electrode of said other system. 

11. In a frequency divider circuit to be con 
trolled by oscillatory energy of fundamental fre 
quency, a pair of electron discharge systems each 
including an electron source, an anode, and a 
grid-like electrode, one of said systems having an 
additional grid-like electrode, biasing circuits 
including a common impedance connecting a 
grid-like electrode of each system to the electron 
Source of each System, connections to the anode 
and electron Source of each system for main 
taining the anodes electro-positive relative to 
the electron source, connections for applying said 
oscillatory energy to a grid-like electrode of one 
System, a circuit tuned to resonance at a sub 
harmonic frequency coupled to the anode of the 
other System, cross couplings between the anode 
of each System and a grid-like electrode of the 
other System, the arrangement being such that 
oscillations of said sub-harmonic frequency are 
generated in Said resonant circuit, said common 
impedance constituting means for locking in step 
the Oscillations generated in said other system and 
the OScillatory energy fed to the grid-like electrode 
of said one system. 

12. In a frequency divider circuit to be con 
trolled by Oscillatory energy of fundamental fre 
quency, a pair of electron discharge systems each 
including an electron source, an anode, and a -- 
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control electrode, an additional grid-like elec 
trode in one system, biasing circuits including a 
common impedance connecting the control elec 
trode of each System to the electron Source of 
each System, connections to the anode and elec 
tron Source of each system for maintaining the 
anodes electro-positive relative to the electron 
Source, connections for applying said oscillatory 
energy to the additional electrode of said one 
System, a circuit tuned to resonance at a sub 
harmonic frequency coupled to the anode of the 
other System, a coupling between the anode of 
said one system and the control electrode of said 
other of said systems, a coupling between the 
anode of Said other System and the control elec 
trode of Said one system, the arrangement being 
Such that oscillations of said sub-harmonic fre 

quency are generated in said resonant circuit, 
Said common impedance constituting means for 
locking in step the oscillations generated in said 
other system and the OScillatory energy fed to 
the additional electrode of said one system. 

GEORGE, USSELMAN. 
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