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1

This invention relates to frequency dividers.

Its object is to produce a frequency divider hav-
ing a sine-wave output of half the frequency of
the input sine wave.

- In the past, frequency dividers have been built
around multivibrators, which have characteristi-
cally yielded undesirable output waves. R-C os-
cillators used in frequency dividers have limited
frequency range. According to this invention,
vacuum tubes are selected (notably pentodes)
wherein the plate current-plate voltage char-
acteristic has the relation #=ke. This char-
acteristic is utilized to convert an incoming sine
wave to a wave resembling the rectified signal of
the same peak frequency, but the arrangement
is such that alternate peaks are in effect reversed
50 as to yield a sine wave of half its original fre-
guency.

For a better understanding of the invention,
reference is made to the following detailed de-
seription and to the drawings, wherein:

Fig. 1 is a wiring diagram of a preferred em-
bodiment; and

Fig. 2 is a graphical representation of the op-
eration of the device. : :

Shown in Fig. 1-are pentodes 1§ and 12 whicl
form the basic elements of this improved fre-
quency divider. - 14 is an input transformer; and
16 and {8 are the output terminals. The ar-
rangement is such that the frequency which ap-
pears at output terminals 16 and i8 is half that
of the input. Load resistors 28 and 22 are pro-
vided in the plate circuit of the tubes. Resistors
24 and 26 provide grid bias. Capacitors 28 and
3D cross-couple each grid to the plate of the op-
posite tube. The screens of tubes (8 and 12 are
provided with a suitable value of positive poten-
‘tial which is kept constant by means of a voltage
regulator 22. A convenientvoltage source 24 sup-
plies plate current through the input transformer
14 and the load resistors 28 and 22. :

Referring now to Fig. 2, 36 is the plate char-

acteristic of the type of tube desired. Ideally, it

obeys the equation ip==k~/ep. A voltage point &3
on the curve is equal to

wol i

A signal is impressed on a constant voltage ‘sourcé
34 equalto

Eco 11
3%

10

15

20

25

30

35

40

45

50

53

2

) Then
ep:——%-l——g— cos wt
and

i,,=k\/1_3'—\/1——|_c—295—w—t

==k+/E cos %ﬁ

If the voltage equal to

E B
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were impressed upon a single pentode having a
plate load, then the output would be similar to a
rectified sine wave, and there would be one peak
for each 360° of the sine wave. Were this passed
through a filter resonant at the frequency of the
peaks, then there would be only a sine wave out~
pub equal to the frequency of the input wave.
If, however, alternate peaks could be inverted,
then the need for a filter would be obviated and
a sine wave of half the input frequency would
result. .This is accomplished by the circuit of
Tig. 1, the operation of which will now be de-
scribed. ‘

It may be assumed that tubes 10 and i2 are
somewhat dissimilar. When ‘the input signal
and the constant potential are impressed on both
plates, the current in one will build up at a rate
somewhat greater than the other. The tube hav-
ing* the higher current will have a lower voltage
at its plate than the other. This voltage drop,
applied through capacitor 28 or 30, causes the
grid of the opposite tube to have a negative po-
tential. 'The negative grid potential causes a
decrease in plate current in its tube, causing a
rise in the plate voltage of this tube, with a cor-
responding rise in the grid voltage of the first
tube and hence a rise in plate current of the first
tube. The net effect of all this build-up of plate
current in one tube and decay in the other is to
drive one tube to cut-off while the other draws
current according to Fig. 2. This results in 180°
of an output sine wave, and requires 360° of the
input sine wave. . .

‘When the plate current of the conducting tube
approaches and reaches zero, the conditions are
such as to allow the other tube to commence
conducting, which in turn cuts off the first op-
erative tube. For the next 360° of input signal,
the plate current of the second tube follows the
same curve as the first.
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Through the use of two tubes, it is possible
to reverse  alternating-voltage peaks at outpub
terminals 16 and {8. If it be assumed that tube
{2 is cut off, then {erminal I8 is at the potential
of point 17 and terminal i§ varies with respect
thereto according to the current variation in re-
sistor 20. Likewise, when tube {8 is cut off, ter-
minal {8 varies with respect to point 17 accord-
ing to the plate current of tube [2. Since ter-
minals 18 and {8 are at opposite ends of the
series-connected resistors 20 and 22, alternating
pulses of current through tubes {0 and {2 produce
opposite veltage peaks. This is-illustrated in Fig.
2, wherein the dot-dash traces, as for example
curve 40, pertain to one of the tubes while the
full line curves pertain to the other tube.
output is ideally a sine wave. It departs from this
to the extent that curves 38 and 48 depart from
the equation iy®=Fkep for the tubes selected.

Typical values used in the cireuit of Fig. 1 were

as follows: resistors 20 and 22 were 50,000 ohms; -

resistors 24 and 25 were 1.0 megchm; capacitors
28 and 30 were .C1 microfarad; tubes {0 and (2
were type 6SK7; and the constant voltage supply
was a 45-volt battery.

The circuit described is-purely illustrative in so
far as the confrol grids are concerned. Depend-
ing on various factors, other ecircuits for cutting
tubes {8 and 12 off alternately may be adopted.
Trigger circuits may be added to insure the action
described. - These are all known variants and
are equivalent to the arrangemsnt described.

An important feature of the above circuit is
that it depends only on the current and voltage
relations of the tubes and not tuned LC or RC
circuits. . The input frequency, therefore, may be
any value within a very wide range. This is in
contrast with the known multivibrator and RC-
oscillator frequency dividers. It is notable that

the circuit will reproduce a distorted sine wave or .

a modulated carrier at half its frequency, to a
rough approximation.

Having thus. descrlbed my invention, what T
claimis: = ~

1. A frequency divider comprising, first and
second electron tubes each having at least an
anode and a control grid, and each having an
anode voltage-anode current characteristic which
approximates a square law function, the control

grid of each of said first and second tubes being |

capacitively coupled to the anode of the other
tuke, first and second equal load resistors being
respectively connected to the anodes of said first
-and second tubes and joined at a common point,
an input circuit, a direct voltage source connected
in-series with said input circuit being connected
to said common point, means for applying an in-
put alternating signal having a peak amplitude
substantially equal to the magnitude of said di-
“rect voltage to said input circuit, and cutput ter-
minals conneced to the anodes of said first and
seconds tubes, the voltage appearing at said out-

ut terminals being an alternating signal of half
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the frequency of said input signal and having an .

amplitude proportional to the square reot of the
magnitude of said direct voltage.

2. A frequency divider compnsmg, first and
.second electron tubes each having at least an
anode and a control grid, and each having an
- anode voltage- anode current characteristic which
approximates & square law function,; first and

second -substantially equal load resistors being. -

respectively connected to the anodes of said first
and second tubes and joined at.a common. point,
an input cireuit, a dlrect voltage source connected
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in series with said input circuit and connected
to said common point, means for applying an
alternating voltage having a peak amplitude sub-
stantially equal to the magnitude of said direct-
voltage to said input. circuit, cross-coupling
means between the anocde of each tube and the
control grid of the other for rendering said tubes
alternately conducting in synchronism with said
alternating voltage, whereby an alternating out-
put signal of one-half the freguency of the input
signal and of an amplitude proportional to the
square root of the magnitude of said direct volt-
age appears at said anodes.

3. A frequency divider comprising, first and
second electron tubes each having an anocde, a
cathode, and a control grid, and each having an
anode voltage-anode current characteristic which
approximates a square law function, means pro-
viding substantially equal bias voltage to the con-
trol grids of said first and second tubes, first and
second egual load resistances serially connected
between the ancdes of said first and second tubes,
a direct voltage source having a positive terminal
connecied to the junction of said first and second
resistors, means for applying a sine wave signal
having a peak amplitude substantially equal to
the magnitude cof said direct voltage to the junc~
tion of said first and second resistors, cross-cou-
pling means connected between the anode of each
tube and the control grid of the other for render-
ing said tubes allernately conducting in synchro-
nism with said sine wave signal, whereby a sine
wave signal of cne-half the frequency of said
applied sine wave signal and of an. amplitude
proportional to the square root of the magnitude
of said direct voltage appears at said anodes.

4. Apparatus for dividing by two the frequency
of an input sine wave signal and producing a sine-

‘wave output signal comiprising, a pair of pentode

electron tubes each having at least an anode, a
cathode, a control grid and a screen grid, a first
potential source connected to said screen grids
for maintaining them at a constant potential,
capacitive coupling means cross-connecting the
control grid of each of said tubes with the anode
of the other tube, a source of direct potential
of a magnitude substantially egual to the peak
amplitude of said input sine wave signal, means
for applying said input sine wave signal to the
anodes of said tubes in series with said source
of direct potential, and outpul terminals con-
nected to the anodes of said first and second tubes,
the signal appearing across said cutput terminals
being a sine-wave signal of -half the frequency
of said input signal and of an amplitude pro-
porticnal to the square root of the magnitude of:
said direect potential.

5. A frequency: dividing circuit comprising, a
source of sine wave signals to be divided, a souice
of direct potential of a magnitude substantially
equal to the peak amplitude of said sine wave
signals, a pair of discharge devices each having
at least an anode and a control grid and an anode
current-anode voltage characteristic. which ap-

-proximates a sguare law funciion, capacitive cou-

pling means connecting the control grid of each
of said discharge devices to the anode of the op-
posite discharge device, means resistively cou-
pling said source of sine wave signals and said
source of direct potential to the anodes of said
discharge devices, and output terminals con-
nected to the anodes of said discharge devices.

6. A frequency divider comprising a source of
symietrical alternating current waves at a se-
lected frequency, & source of direct potential of
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magnitude equal to the peak amplitude of said REFERENCES CITED

alternating current waves, a multivibrator in-~ The following references are of record in the
cluding a pair of electron tubes each having a file of this patent: ‘

plate voltage-plate current characteristic which '
approximates. a square law function, means 5 UNITED STATES PATENTS
serially connecting said source of alternating cur-

rent waves and said source of direct potential and I\;uggg 3%9 Me afgénn?i D eé)aéte1935
coupling both -sald sources to the plates of the 2154484  Bell ... Apr. 18, 1939
electron tubes of said multivibrator, and output e pr. 195,
terminals connected to the plates of saigi electron 19 FOREIGN PATENTS

tubes, the signal appearing across said output

terminals being a sine wave signal of half the ~ Number Country Date
frequency of said first frequency and of an ampli- 296,827  Great Britain —_.___ Sept. 13,1928
tude proportional to the square root of the magni-

tude of sald direct potential. 15
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