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UNITED STATES PATENT office 
FREQUENCY DEVIDER, CIRCUIT 

Kingsbury H. Davis, Bernardsville, N.J., assignor 
to Bell Telephone Laboratories, Incorporated, 
New York, N. Y., a corporation of New York 

Application September 21, 1946, Seria. No. 698,483. 
(C. 250-27) 5. Clainas. 

1. 
This invention relates to electric wave genera 

tion, and, more particularly, to the translation 
of an electric. wave of one: frequency into one 
or more electric waves of a different frequency 
or frequencies. 

Prior art circuits for this purpose have gen 
erally taken the form of Self-oscillating or non 
oscillating systems wherein a Synchronizing trig 
ger pulse is imposed upon an exponentially ris 
ing control voltage. While these arrangements 
have successfully operated in many applications, 
there have been numerous instances in which they 
have been foundtriot to be completely adequate for 
reliable. Service. 
The self-oscillating type of circuit, as exempli 

fied by the 'multivibrator,' has a natural period 
of oscillation. and, at a time just preceding that 
at which the circuit would naturally reverse, it 
presents a critical period wherein it is particu 
larly susceptible to voltage pulses that will cause 
premature reversals. This principle is employed 
in synchronizing these units, whereby they are 
caused to oscillate at a higher frequency, or 
shorter period, than they would naturally attain. 
This controlled period is a combined function of 
the natural period of the unit and the amplitude 
of the synchronizing voltage pulse. The effect of 
variations in these factors is additive, that is, the 
natural period may be increased by any amount 
and still there will be a theoretical pulse ampli 
tude that will reverse the multivibrator at the 
correct time. This approaches the unsatisfactory 
limit of allowing no tolerance in the amplitude 
of the pulse where the natural period is allowed 
to vary to its limit and vice-versa. In practical 
design of these circuits, a compromise is made 
whereby both the pulse amplitude and natural 
frequency are permitted some limited variation. 
What has been said regarding the effect of 

pulse variations in the self-oscillating circuits is 
equally true in non-oscillating systems in which 
Synchronizing pulses are impressed upon an ex 
ponentially rising voltage of a control electrode. 
As the rising voltage approaches the “cutoff' 
point of the trigger circuit, there exists a critical 
period during which small 'stray' voltages may 
cause premature tripping of the unit, or where 
amplitude variations between successive control 
pulses may cause erroneous operation. It is ob 
vious that, as the operating frequency is in 
creased, or as the step-down ratio is increased, 
a greater number of synchronizing pulses are 
impressed upon the unit per time interval. As 
this number increases, the amounts by which the 
pulse amplitude and the natural frequency may 
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2. 
vary from optimum values without causing loss 
of Synchronism are decreased. 

It is accordingly an object of this invention to 
make available a circuit. that is particularly well 
adapted for frequency division Work, in that vari 
ations in the control pulse amplitude and varia 
tions in the natural period of oscillation are not 
additive in their effects. 
A further object is the provision of a frequency 

divider which will not support self-oscillations, 
but which stands by indefinitely in an attending 
position until the synchronizing signal is re 
ceived. 
A still further object is to provide a circuit for 

frequency reduction work in which reasonably 
expectable variations in the amplitude of the con 
trolling pulse are not operatively effective. 
Other objects and advantages will become ap 

parent from the following description of one pre 
ferred embodiment, when considered with ref 
erence to the drawing, in which: 
Fig. 1 represents schematically the arrangement 

of a frequency dividing circuit in accordance with 
the present invention; and 

Fig. 2 illustrates biasing potentials and super 
posed control voltage pulses for one operating 
cycle of the frequency divider of Fig. 1. 
As shown in schematic form in Fig. 1, the fre Quency dividing arrangement comprises two sub 

stantially equivalent portions. Each portion per 
forms a holding and a timing operation. The 
holding tubes 43 and 55 are so disposed that when 
One is Saturated the other tube is cut off. This 
is a stable condition and, in the absence of any 
control voltages, it will persist. The timing tubes 
48 or 60 are arranged to be cut off by the anode 
Voltage drop accompanying saturation of the as 
Sociated holding tube. When one of the timing 
tubes is So cut off, it immediately applies a high 
positive voltage to the control electrode of its 
asSociated holding tube and effectively raises the 
potential of this electrode beyond the effective 
range of any reasonably expectable control pulse. 
Variations in the potential at the anodes 44 and 
66 of the holding tubes 43 and 55 are made avail 
able at output terminals 72 and 73. 
The circuit departs from the conventional mul 

tivibrator in that it will not sustain self-oscilla 
tions, but, at a predetermined time after the tim 
ing tube assumes control of the holding tube's 
control electrode, it relinquishes this control, and 
conditions the holding tube for reversal by the 
next Succeeding control pulse. If no control pulse 
is forthcoming, the circuit remains in a ready 
or stand-by condition. 
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The timing tubes 48 and 60 use conventional 
resistor-capacitor charging arrangements 45, T 
and 58, 59, the values of the components of Which 
are chosen in the usual well-known manner. By 
a proper choice of these values, the timing tubeS 
render the holding tubes 43 and 55 unresponsive 
to control pulses for any desired number of pulses. 
The timing arrangement differs somewhat from 
that used in the conventional multivibrator, since 
in this arrangement the timing tube Saturates. 
one-half period of the controlling frequency be 
fore the frequency divider is to be reversed, in 
stead of one-half period of the controlling fre 
quency after the desired reversal time, as is done 
in the conventional controlled multivibrator. 
Accordingly, for odd ratios of step-down, the nato 
ural period should be arranged so that the timing 
tube, 48 or 69, Saturates at r-1/2 periods of the 
controlling frequency after its control electrode 
has been driven negative, where r is equivalent 
to the step-down ratio. In the case of even ratios 
of step-down, the timing of the two sides will 
differin the same manner, and for essentially the 
same reason, that it varies in the even ratio step 
down multivibrator when arranged for push-pull 
synchronizing control. In this case the natural 
periods will be such that one timing tube satu 
rates at r/2 periods of the controlling frequency, 
and the other timing tube saturates at r-2/2 
periods of the controlling frequency after having 
been cut off. . . . . . - . . . 
A further departure is made from the conven 

tional multivibrator arrangement in supplying 
control electrode potentials to the two holding 
tubes 43 and 55. In order to permit maximum 
variations in the control pulse amplitude it is 
necessary to effectively carry the control elec 
trodes well past cut-off and saturation points. 
Because grid current starts as soon as the control 
grid electrode exceeds zero bias it is difficult to 
raise this electrode potential highly positive. To 

4 
opposition, are applied through coupling con 
densers 65 and 66 to the holding tube control elec 
trodes 61 and 68. Assume at time 'A' (Fig. 2), 
that tube 43 is saturated, and that timing tube 
48 has only recently changed from a non-con 
duction to a saturated condition. The comple 
mentary holding tube 55 is cut off and its timing 
tube 60 is approaching the end of its saturated 

O - 

point 4. The potential at point 4f drops below 

period. Negative control pulse 15 is impressed 
through the coupling condenser 66 to the biasing 

the value corresponding to cut-off potential at 

15 

the control electrode 68, and there is an attend 
ing voltage increase at the anode 44. This in 
crease is transferred by way of capacitor 45 to 
the saturated control electrode 69 where it ap 

resistor 5, increases the potential at point 7 
20 

reduces the potential at the anode 56. The Sud 

30 

pears as an ineffective positive pulse 6. This 
anode voltage increase also, by way of coupling. 

to a level TT, which level exceeds the saturation 
voltage for the control electrode 67 and greatly 

den change in this anode potentialis communi 
cated to the timing tube 60, by way of the timing. 
circuit capacitor 58, to drive the control electrode 
TO to a high negative potential T1 and cut of the 
timing. tube, 60. The timing circuit, comprising 
capacitor 58 and resistor. 59, being returned to 
the supply of positive potential, starts charging 
toward that value essentially as a linear func 
tion, and accurately measures the cut-off period 

35 

of the timing tube 60. The concurrent rise in 
voltage at the anode 6 is fedback by Way of re 
sistor 63 to the biasing point i?, to carry this 
point to a high positive voltage level 78. Con 
trol electrode 67 is also carried positive and draws 
current. Because of the voltage drop across the 
large decoupling resistor. 54, in its current con 

40 

permit what effectively amounts to carrying the 
grid electrode to a high positive potential, rela 
tively high value decoupling resistors 42 and 54 
are inserted in the grid circuit between the elec 
trode proper and its biasing point 4f or 71. Bias 
ing points 4 f. and T? are junction points on the 
voltage divider circuits comprising resistor 53 in 
series with parallel resistors. 5, 63 and resistor 
40 in series with the parallel resistors 52 and 64. 
One end of each divider is connected to constant 
negative potential. The potentials at points 
and 4 increase or decrease substantially in uni 
son with the changes in positive voltage supplied 
at the anodes 44, 6 and 50, 56, respectively. By 
a suitable choice of divider resistor values, the 
potential at these points, 4 and T, may be made 
sufficiently positive to permit large variations in 
the control pulse amplitude without causing pre 
nature reversals. . . . . . . In referring to Fig. 2, it should be noted that 
the first and third diagrams show the potential 
at the biasing points 4f and 7 respectively, while 
the Second and fourth diagrams display poten 
tials at the control electrodes 69 and 70. Poten 
tials at the biasing points 4 and f, rather than 
at the associated control electrodes 68 and 6, are 
shown in order to demonstrate more clearly the 
large potential variation that may be permitted 
at these biasing points without affecting the cir 
cuit operation. . . . . . . . . . . . 
With reference to the circuit arrangement of 

Fig.1 and the control voltage diagrams of Fig. 2, 
consider the operation of the circuit when nega 
tive control voltage waves to and , in phase 

duction path, the control electrode 67 will assume 
a potential level slightly in excess of Zero for all 
potentials exceeding zero at the biasing point. 
The high positive potential at point. renders 
the control electrode 67 insensitive to the suc 

45 
ceeding negative control pulses: 79. This condi 
tion will maintain until the control electrode 70 
again acquires sufficient positive bias to permit 
conduction in the timing tube 60 which occurs 
at time “B.' In addition to negatively charging 

50 
the timing circuit 58, 59, the decreased potential 
at the anode 56 holds, by Way of the resistor 52, 
the potential of biasing point 4 at a high nega 
tive potential 78. As no current is flowing, the 
control electrode 68 assumes this high negative 

55 
“stray' positive pulses (none shown). - 

60 

potential, and is insensitive to negative control 

At time “B,” the timing circuit 58, 59 has 
charged to a potential that corresponds to the 
cut-off potential at the grid TO of the timing tube 
60, and current conduction isi started therein. 

: The grid potential continues increasing to zero 
potential and current saturation at point 81. 
Simultaneously, the decreasing anode potential 
at the anode 6 decreases the voltage across the 

65 voltage divider circuit containing resistor .63 
and reduces the potential at the biasing point. 
f. The potential at the biasing point. T is re 

duced to the near Zero level 8, which drop is not 
sufficient to affect the potential at the control - 

70. electrode 67, but does place this electrode in a 
position to be reduced below cut-off potential 
by the next succeeding negative control pulse. 
82 that is received at point. m - 
At time 'C,' the negative control. pulse 82 

momentarily cuts of holding tube. 55, and gives 

pulses 79 and to any reasonably expectable 
s 
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rise to a high positive voltage pulse at its anode 56. 
This positive pulse, by way. of resistor 52, carries 
the potential at the biasing point 4 to positive 
level 83, which is sufficient to saturate the hold 
ing tube 43 and decrease the potential at its anode . 
44. In the manner previously described when the 
holding tube 43 was made non-conducting, the 
positive pulse 80, which is transferred through 
capacitor 58 to the saturated control element 70, 
is ineffective. The potential at biasing point T. 
is lowered to a negative level 84' and maintained 
-there. The timing circuit 45, 47 is negatively 
charged and carries the control element 69 to 
its negative level 84, and the biasing point 4 is 
raised to, and maintained at, its high positive 
level. 85. In this condition, the negative control 
-pulses 86 are ineffective in controlling the po 
tential of the control electrode 68. The negative 
control pulses 86' have no effect upon the control 
electrode 67 as it has assumed the high negative 
potential of its biasing point 11. These conditions 
will exist until the timing tube 48 again becomes 
conductive, at time “D,' and prepares the circuit 
for another reversal at time 'E' in the manner 
previously described. 

It should be noted that, at times 'C' or 'E' 
if no control pulse is received, the circuit is not 
reversed but maintains its stability and aSSumes 
a “ready' position until a reversing pulse is re 
ceived. This characteristic is of considerable 
value in a frequency dividing arrangement Where 
in it is desired that no output be produced if 
the Synchronizing control pulses are interrupted. 
Although in the foregoing description, the con 

trol waves 0 and were assumed to comprise 
only negative pulses this condition is not neces 
sarily controlling. It should be appreciated that 
these control waves may include both positive and 
negative pulses. If positive pulses are included 
it is possible that, in case of unfavorable voltage 
phasings, the observed operating margins may be 
slightly less favorable than in the described em 
bodiment. 
Although this invention has been described 

With reference to a specific application, and spe 
cific circuit constants have been shown by way of 
example, it should be understood that it is not to 
be considered as limited thereto, since other ap 
plications thereof, not departing from the spirit 
and scope of the invention will readily occur to 
those skilled in the art to which the invention 
pertains. 
What is claimed is: 
1. A frequency divider circuit in which rever 

Sals in response to controlling Synchronizing pulses 
are Substantially independent of variations in the 
amplitude of Said pulses, said circuit comprising 
a plurality of space discharge devices, each having 
an anode, a cathode, and at least one control 
grid element, and control grid-cathode and 
anode-cathode circuit therefor, each of said 
anode-Cathode circuits including a source of posi 
tive potential resistively connected to the anode 
thereof, two of Said discharge devices operating 
as holding means, and two other of said discharge 
devices Operating as timing means, each of said 
holding means having an impedance connection 
between its anode and the control grid element 
of Said other holding means, the anode of each 
of said holding means being connected through 
a capacitive circuit to the control grid element 
of a said timing means, each of said timing means 
having its anode resistively connected to the con 
trol grid element of its associated holding means, 
said last mentioned control grid elements being 
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6 
resistively connected to a source of negative po 
tential, and said control grid elements of Said 
timing means being resistively connected to a 
source of positive potential, terminal connection 
means for supplying said controlling Synchron 
izing pulses to the control grid elements of Said 
: holding means, whereby, upon receipt of a nega 
tive synchronizing control pulse by One holding 
means, said one holding means is rendered in 
sensitive to succeeding negative Synchronizing 
control pulses, and said other holding means is 
rendered responsive to said negative Synchrone 
izing control pulse next succeeding a prede 
termined number of Said Succeeding Control 
spuSeS. 

2. A frequency dividing circuit COmprising a 
plurality of electron discharge devices, each of 
said devices including at least a cathode, an anode 
and a control grid electrode, control grid-Cathode 
circuits and anode-cathode circuits therefor, Said 
anode-cathode circuits comprising a Source of 
positive potential resistively connected to said 
anodes, input terminal means connected to the 
: control grid electrodes of two of said devices to 
Supply thereto electric control waves of the 
frequency to be divided, resistive means inter 
Connecting the control grid electrode of each of 
two of said devices with the anode electrode of 
the other of Said two devices, and means for con 
trolling the potential of said control grid elec 
trodes whereby said devices are alternately re 
Sponsive to Said supplied control Waves, Said con 
trol means comprising another two of said elec 
tron discharge devices, each of Said last men 
tioned devices having its control grid electrode 
Connected to a source of positive potential 
through a direct current conductive path, having 
the same electrode connected through an imped 
ance path to the anode of one of said first-men 
tioned two electron discharge devices, and hav 
ing its anode connected through a direct current 
conductive path to the control grid electrode of 
the same first-mentioned device with which its 
control grid electrode is associated. 

3. In combination, in a frequency dividing cir 
cuit comprising two Substantially equivalent com 
plementary portions, each of said portions com 
prising a first and a second electron discharge 
device, each such device comprising an anode, a 
cathode and at least one interposed control grid 
element, control grid-cathode circuits and anode 
cathode circuits therefor, said anode-cathode cir 
cuits comprising a source of positive potential 
resistively connected to said anodes, the anode 
of each of Said first devices being connected 
through an impedance path to the control grid 
element of said other first electron device whereby 
the control element potential of each of said first 
devices varies as the anode potential of each of 
Said other first device is varied, each of said first 
discharge devices being interconnected to one of 
Said Second discharge devices by a time-constant 
circuit connecting the anode of Said first device 
to the control grid element of its associated second 
device, and by an impedance path between the 
anode of said Second device and the control grid 
element of Said first device, whereby the potential 
of Said control grid element of said first device 
is held positive With respect to its cathode when 
ever itS aSSociated Second discharge device is 
rendered non-conductive. 

4. A frequency dividing circuit comprising a 
plurality of electron discharge devices, each of 
Said devices including an anode, a cathode and at 
least one control grid element, control grid 
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cathode circuits and anode-cathode circuits 
therefor, said anode-cathode circuits comprising 
a source of positive potential resistively connected 
to said anodes, two of Said devices each having 
its control grid element interconnected with the 
anode of the other of the said two devices and 
having input terminal means connected to the 
control element whereby control electric Waves 
of the frequency to be divided are Supplied to the 
control elements of Said two devices, means for 
controlling the potential of said control elements 
whereby said discharge devices are alternately 
made responsive to said control electric waves, 
said means comprising two additional of Said elec 
tron discharge devices each having its anode and 
'control grid element connected by separate con 
ductive paths to the control grid element and 
anode, respectively, of one of said first-mentioned 
two devices, whereby the potential of the control 
element of each of said first-mentioned devices 20 
varies directly as the potential of the connected 
anode of one of said additional electron devices. 

5. A signal wave frequency dividing system 
comprising two conjugate circuit branches, each 
of said branches comprising a holding electron 
discharge device and a complementary timing 
electron discharge device including anode, cath 
ode and control grid electrodes, anode-cathode 
circuits and control grid-cathode circuits there 
for, each of said anode-cathode circuits compris 
ing a source of positive anode potential and an 
anode load impedance in Series connection, sepa 

8 
rate signal input means connected to each of Said 
holding electron discharge devices, an impedance 
coupling circuit interconnecting the anode of 
each of Said holding devices and the control grid 
of its complementary timing device, each of Said 
coupling circuits possessing a time-constant chair 
acteristic that exceeds the period of the signal 
wave the frequency of which is to be divided, 
means for rendering each of said holding devices 
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25 

insensitive to input signal waves during the inter 
wal when its complementary timing device is non 
conductive, means responsive to current conduc 
tion in each of said timing devices for rendering 
each of said complementary holding devices recep 
tive to said input signal wave, means for initiating 
current conduction in each of said holding devices 
coincidentally with the cessation of current con 
duction in the other one of Said conjugately re 
lated holding devices, and output circuit terminals 
for the receipt of the frequency reduced output 
wave. . 

- KINGSBURY H. DAVIS. 
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