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3 5 Claims. (Cl. 175-368) 

The present invention relates to pulse-operated 
thermionic valve apparatus, such for ex?mplè?S 
frequency dividers, elec nting arrange 
ments and the lik?******************************************* 

charge on the occurrence of a pulse independently 
of the amplitude or duration of the plulSe to a cir 
cuit which for the purpose of Counting the pulSeS 
integrates the charges, a device for measuring the 

5 A frequency divider is known which comprises integrated charge being provided, or for the pur- 5 
a condenser arranged in series with the anode- pose of measuring the frequency, measures the 
cathode path of a thermionic valve, a resistance amount of charge delivered in unit time. Fur 

: and a Source of steady potential, the condenser ther, according to the invention, apparatus for 
| being shunted by a discharge device, such as a generating electric pulses at a frequency which 
i 10 neon lamp, of the kind in which a discharge only is a sub-multiple in of the frequency of applied 10 
| takes place when the potential between the elec- pulses, comprises means for delivering a charge 

trodeS is greater than a critical Value. Controll- on the occurrence of a pulse independently of the 
ling pulses are fed to the control grid of the valve, amplitude or duration of the pulse to a circuit 
the arrangement being such that anode current which integrates the charges and generates a, 

15 only flows when a pulse is present; the condenser pulse after the integration of in pulses and dissi- 15 
! charges up during the time within which anode pates the integrated charge. 

current is flowing. In the case of apparatus for counting accord 
In this known arrangement, provided that the ing to the invention, a first condenser is charged 

controlling pulses are of substantially constant from a source of current of tanti põt?ntial, 
duration and amplitude, it can be arranged that the condenser being discharged in the intervals 20 

*0 the potential across the condenser does not reach between pulses and the means for integrating 
the flash-over potential of the discharge device the charges, comprises a further condenser. and 
until a plurality of pulses have been operative on a unilaterally-conducting, device.in.the-charging 
the control grid of the valve; there can accord- path of said first condenser, and a device which 
ingly be derived from the terminals of the con- is associated with said further condenser is re 

25 denser an Oscillation at a frequency which is a sponsive to a predetermined potential value 
sub-multiple of the frequency of the controlling across said further condenser. The first-con 
pulses. In such an arrangement, if the duration denser is discharged by a switching device in s 
or amplitude of the controlling pulses is changed, ries with a unilaterally conducting device and 
the number of pulses necessary to enable the the switching device may be a thermionic valve 30 

} *º condenser to charge up sufficiently for the dis- having the pulses to be counted applied between 
charge device to flash over changes also, so that its grid and cathode. The devices associated 
the factor of frequency division is dependent upon with the further condenser may consist of an 
the duration and amplitude of the controlling electro-static voltmeter, a thermionic voltmeter, 

35 pulses. a multi-vibrator or other relaxation oscillator. 35 
It is an object of the present invention to pro- In a particular thermionic valve apparatus em 

vide pulse controlled thermionic yalv? apparatus, bodying the invention the switching device is con 
such as a frequency. divider, an electrical_counter stituted by a pentode valve arranged in shunt 
or the like, the operation of Which is. Substan- with said first condenser. În this arrangement 40 tially independent of the duration-Qramplitude each pulse causes an increment of charge to flow 40 
of the applied pulses, pr??ided that boghtheiul into the second condenser, and it can be arranged 
ration and amplitudess-exceed. pre-determined that successive increments are substantially 
minimum values; thus the pulses may be of vary- equal in magnitude. The charge held by the Sec 
ing amplitudes and, durations. Proyided that the dondenser, and hence the potential across it, 

45 duration and amplitude of each pulse, are greater is thillS dependiént on the number of pulses applied 45 
than, the above-mentioned minima. to the switching device, and apparatus according 

It is a further object of the in Vention to pro- tion is thus readily applicable as an 
vide pulse-controlled thermionic valve apparatus, GREECE"CONTRE y ap -* 
the operation of which is substantially independ- ---- 

50 enti, a wide range, of variations in..yalye The potential set up across the second con- so 
| characteristics and the potentials of associatêd denser may becaused to initiate secondary pulses, 

sources of current supply. *raham~till:-**ar-l-t-h-a-mw. each of which represents, a plurality of pulses 
According to the present invention, apparatus applied to the switching device. The apparatus 

for counting or measuring the frequency of elec- may thus be employed as a frequency divider. In 
6 triº pulses comprises means for deliveringa such an arrangement means are provided for 55 
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discharging the Second condenser after the plu 
rality of pulses have been applied to it. 

In order that the invention may be more clearly 
understood and readily carried into effect circuit 
arrangements emb0dying the invention will noW 
be described by Way of example with reference 
to the accompanying drawings in which: 

Fig. 1 shows apparatus accordingtQ...the.i? 
vention for use in an electrical counter, 

Fig. 2 shows apparatus according to the inven 
tion suitable for use as a frequency-diiVider, 

Fig. 3 shows an alternative form of frequency 
divider, --M*w-Know«W*Waxwww. 

Fig. 4 shows apparatus according to the inven 
tion suitable for use for frequency measuring, pur 
poses, and N 

Fig. 5 is an alternative form of frequency mea.S- 
uring circuit. 
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Referring to Fig. 1, a pentode valve W? has its 
anode and screening grids connected to points 
at Suitable positive potentials in a Source of cur 
rent B1, the negative terminal of which is con 
nected to the CathOde Of the WalVe W1 Which iS 
earthed. The anode circuit includes a resistance 
R, the end of which remote from source B1 is 
connected to One terminal of a conden Ser C1, 
the other terminal of Which is connected to the 
cathode of a diode V2 and the anode of a diode 
V3. The anode of diode V2 is earthed, and the 
cathode of diode V3 is connected through a Con 
denser C2 to earth, condenser C2 being shunted 
by a device X, Such as an electroStatic Woltmeter 
or other high impedance indicating device, which 
is capable of indicating the potential set up 
across condenser C2 and hence the number of 
pulses which has been operative. 
The control grid of valve W? is arranged, in 

the absence of pulises, to be at Substantially earth 
potential, and the controlling pulses are applied 
in negative Sense and at Such a level as to be 
capable of Swinging the control grid potential tO 
beyond anode current cut-off. A pentode is 
ch?Sen for V1 and the anode resistance is made 
large so that between pulses the anode current 
flowing is limited by the anode resistance rather 
than the Valve and the anode potential is low 
compared with the potential at the upper end 
Of the resistance R. When the anode current is 
Cut off by the applied pulses the potential of the 
anode rises to the potential of the upper end of 
the resistance R. The more nearly the change 
of potential of the anode approaches the high 
tension potential the less is the possible per 
centage effect of variation in this change caused 
by a change of valve characteristics. A low im 
pedance triode valve could be used with the large 
anode resistance but would obviously require a, 
very much greater amplitude of applied pulse to 
cult off the anode current. In the analysis which 
folloWs it is assumed that the anode potential 
between pulses is So low that the change of anode 
potential at the occurrence of a pulse is substan 
tially equal to the high tension Voltage. 
The operation of the arrangement is as fol 

lows: assuming condenser C2 initially to be diS 
charged, on the arrival at the control grid of 
valve V1 of a negative pulse of sufficient ampli 
tude, the anode current of V1 is shut-off.and.the 
anode potential rises to E1, the potential of the 
source B1, in a time determined by the time con 
stant of C1 and C2 in series, and R. The nega 
tive pulse should last for a time equal at least 
to a multiple of (say five times) this time con 
stant. 
The condensers C1 and C2 charge up through 

2,113,011 
the diode V3 to the potential E1, the potential 
across C2 being 

C 
C -- C2 

The capacity of C2 is preferably about 10 to 100 
times the capacity of C1. 
At the end of the negative pulse, the poten 

tial at the anode of Valve V1 is again brought 
down nearly to earth potential, due to valve V1 
conducting once more, and C is discharged 
through V2 and W1 in series, the right hand plate 
of condenser C1 being brought Substantially to 
earth potential. Condenser C2, however, retains 
its charge, which is increased by a further in 
crement. due to the next pulse. The Second in 
crement is not quite as big as the first, and causes 
an increase in potential equal tO 

C C2 
C -- C2 C -- C 

The increase in potential across condenser C2 
due to the increment of charge resUlting from 
the nth pulse is 

CE x( C2 ) C -- C2 C -- C2 
The potential of condenser C2 after în incrementS 
of charge is 
EC 

E 

5 

0 

EX 20 

25 

30 

1 C2 (?e) zh-(-c)} 
1-CC 

The number of pulses Which have been oper 
ative upon Valve V, can be ascertained by meas: 
luring the potential acroSSC29 exampl?With - 
the aid of the S high impeda 

EC 
ciò, X 

attained a given 
hat the ?eyiceX 

th 

to generate a pulse, which 
a further counting.devige. 
The device X may, for this purpose, comprise 

a neon or other like discharge tube, a grid con 
trolled gas discharge tube, a blocking oscillator 
or any other known or suitable discharging-de 
WICE. ****** 

In the arrangement illustrated in Fig. 2, in 
which the device X includes a multivibrator, the 
apparatus associated With valves V1, V2 and V3 
is arranged as in Fig. 1. Referring to Fig. 2, the 
potential differences Set up across condenser C2 
are fed to the control grid of a valve W4 and 
to the anode of a valve Vs. The cathode of valve 
V4 is connected to an adjustable tapping point 
in a potential divider comprising resistances R1 
and R2 in series shunted across source B1, the 
valve V4 being thus biased So that no anode cur 
rent foWS in Valve V4 until the potential differ 
ence across condenser C2 reaches a pre-deter 
mined magnitude. W 
A multiVibrator COmpriSing WallweS V5 and V6 

is provided as shown, valve V5 being a, pentode, 
the Screen grid of Which SerWeS as an anode for 
the purpose of the multivibrator, while its anode- 70 
cathode path Serves to discharge condenser C2. 
The Screening grid Of Valye V5 and the anode of 
Valve V4 are connected through resistance R4 to 
a positive terminal in Source B1. The anode of 
valve V6 is connected through bias battery B2 

50 
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to the control grid of vative Vs and the screening 
grid of valve W5 is connected through condenser 
C3 to the control grid of valve V6; condenser C3 
is provided with a leak resistance R3. During 
the periods when condenser C2 is charging up, 
valve V5 is biased by battery B2 So that no anode 
Current flOWS, therein. 
The potential of condenser C2 at which the 

discharge occurs is close to the potential of the 
cathode of V4, which is equal to 

ER 
R2 -- R1 

ThuS m (the number of increments of charge 
occurring before C2 is discharged) is deter 

2 )} C2 -- C 

R 

C2 )"= R? 7 and n_º \t Ri)(1+ 
C2 -- C R2 -- R log (1+3) 

ER2 
Re -- R = E{1- 

Hence 

Thus în depends substantially only on the ratios 

Å and 92 R, and c, 
and it Should be particularly noticed that m. is 
Substantially independent of the voltage of the 
high tension source. Either or both of these 
ratios may be made variable if desired. The 
arrangement operates as a frequency divider, 
pulses of 

1 fik 
n 

of the frequency of the pulses applied to valve 
V1 being Set up at the anode of valve V6; this 
point may if desired' be connected to a further 
counter. The valve V5 of Fig. 2 may be re 
placed by two separate valves, which may be 
triodes, having their grids connected together; 
the anode of one valve may then be used in the 
multivibrator circuit and the other may be used 
fOr diScharging C2. 
The upper limit to the interval between suc 

cessive pulses at which counting is satisfactory 
is set by stray leakage resistances across C2, and 
by attention to the insulation this interval may 
be made very long. If in a particular applica 
tion the intervals are short, the battery B2 may 
be replaced by a condenser and grid leak of a 
Suitably long time constant. 
The length of the pulse which discharges con 

denser C2 is set by the time constant of C3 and 
R3, and is preferably arranged to be less than 
the minimum interval between the pulses applied 
to Valve V1. 
An example of a two stage frequency divider 

embodying blocking oscillators is.shown in Fig. 3 
in which the valve V1 is a blocking oscillator of 
known type and replaces the valves V4, V5 and V6 
and also acts as the valve corresponding to W? 
in the Second counting Stage. Diodes V’’’2 and 
W”3 perform exactly similar functions as the 
diode valves V2 and V3 in the first counting Stage 
which correspond With the Similarly lettered 
valves in Figs. 1 and 2. 

Referring now to Fig. 4 of the accompanying 
drawings, a continuous current meter M is con 
nected across a condenser C2 in place of the, in 
termittently conductive device. ... The reading of 
the meter M is directly proportional to the fre 
quency of the applied pulses and dependent upon 
the supply voltage from the battery B. As in the 

-- f 2,118,011 3 
case of a circuit for pulse counting, it is assumed 
that in the arrangement of Fig. 3 the amplitude 
of the applied pulses is sufficient to produce 
anode current cut off in the valve VI. *** 

Fig. 5 illustrates the application of contact rec 
tifiers in a bridge circuit to a frequency measur 
ing circuit embodying the invention. The use 
of Such a rectifier provides twice the amount of 
current to be passed to the meter M than in the 
case of the diode connections shown in the pre 
vious figures. It will be seen that in this figure 
there is no condenser equivalent to C2 in the pre 
ceding figures, although such a condenser may 
be connected across the meter M. 

It will be understood that while particular ap 
plications of the invention have been described 
and illustrated in detail the invention may find 
application in numerous circuits not specifically 
described, thus for example, although the switch 
ing device in the circuits described takes the form 
of a thermionic valve, a mechanically Operated 
switch or relay may be employed. 

I claim :- 
1. In combination, a Storage condenser, a 

charging condenser, a unilaterally conducting 
device connected between one plate of each of 
said condensers for admitting current from Said 
charging condenser to said storage condenser, a 
second unilaterally conducting device connected 
between the junction of the charging condenser 
and the first-mentioned conducting device and 
the other plate of Said storage condenser for dis 
charging said charging condenser, means to im 
press a pulsating current between said other plate 
of the storage condenser and the other plate of 
the charging condenser, and a loading impedance 
across the storage condenser for discharging the 
storage condenser following a predetermined 
charge on Said storage condenser. 

2. Apparatus as claimed in claim 1 wherein 
Said Uunilaterally conducting devices comprise elec 
tron discharge tubes each having a cathode and 
anode. 

3. Apparatus for frequency division comprising 
a storage condenser, a resistor, a voltage source 
between one plat? of said storage condenser and 
said resistor to apply. a., negative. Voltaget 
plate, a charging condenser, one plate of Wh 
is connected to the end of said resistor remote 
from said voltage source, aunilaterally conduct 
ing device connected between the other plate of 
said charging condenser and the other plate of 
said storage condenser for charging said storag? 
condenser, a switching device responsive to con 
trolling impulses connected between the junction 
of the resistor and the first-mentioned plate of 
said storage condenser, a second unilaterally çQn 
ducting device connected between the junction 
of the charging condenser and the first sajd.uni 
laterally conducting device and the said other 
plate of the storage condenser for discharging 
said charging condenser, and a loading imped 
ance across the storage condenser for i discharg 
ing the storage condenser following. a. predeter 
mined charge on said storage, condenser. } 4. Apparatus for indicating electric pulses com 
prising a storage condenser, a rectifier having an 
anode and a cathode, Said cathode being con 
nected to one plate of said storage condenser, a 
resistor, a charging condenser connected between 
said resistor and the anode of Said rectifier, a 
voltage source connected between the other plate 
of Said storage condenser and the end of Said 
resistor remote from the charging condenser to 
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4. 
storage condenser, a switching device responsive 
to controlling impulses connected between the 
junction of the resistor and said charging con 
denser and Said other plate of the storage con 
denser, a unilaterally conducting device between 
the anode of Said rectifier and said other plate 
of the storage condenser for discharging said 
second condenser, and a loading impedance across 
the Storage conden Ser for diScharging the Storage 

2,113,011 
condenser following a predetermined charge on 
Said stOrage condenser. 

5. Apparatus as claimed in claim 4 wherein 
the said switching device comprises a thermionic 
valve having at least a grid, cathode and anode, 
the pulses being applied in a negative sense be 
tween the grid and cathode. 

ERIC LAWRENCE CASILING WHITE. 
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