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This invention relates to impulse generators 
and more particularly to an apparatus for con 
verting electric waves into short electric in 
pulses which have the same frequency as the 
original wave or a frequency related thereto in 
the ratio of Small Whole numbers. 

Impulse generators have been utilized in the 
art to provide short impulses for use with cer 
tain types of frequency meters, to provide mark 
ing impulses in connection with cathode ray OS 
cillographs, or as harmonic generators. An ex 
ample of the first-named use is found, for exam 
ple, in a copending application of R. C. San 
ders, Serial No. 248,577, filed December 30, 1938, 
Patent No. 2,228,367, January 14, 1941. This 
Sanders application describes a frequency indi 
cator in which short voltage impulses of uni 
form amplitude are derived from an alternating 
wave and applied to an impulse counter. The 
principal object of this invention is to provide an : 
improved circuit for obtaining sharp. impulses 
from an alternating voltage which are of uni 
form duration, which are independent of varia 
tions in the amplitude and wave shape of the 
applied alternating voltage, and which are of 2. 
the same frequency. 
In accordance with a modification of this in 

vention, a circuit is proposed by means of which 
the derived impulses may have a frequency less 
than the frequency of the applied alternating 
wave. Frequency dividers which accomplish the 
same result are known. Multivibrators and re 
laxation oscillators, for example, have common 
ly been used for this purpose. Such Systems, 
however, are likely to have a free frequency at 
which they oscillate in the absence of a Syn 
chronizing voltage of sufficient amplitude to 
maintain the control. The proposed system dif 
fers in that the output voltage is a direct func 
tion of the frequency of the input voltage over a 
wide operating range. That is, the proposed cir 
cuit will not oscillate in the absence of a sig 
nal input. A further object of this invention is 
to provide an improved wave converter the out 
put frequency of which bears a predetermined 
relation to the input frequency which may be 
expressible as ratios of small whole numbers. 
This invention will be better understood from 

the following description considered in connec 
tion with the accompanying drawing. Its Scope 
is indicated by the appended claims. 

Referring to the drawing, Figure 1 is a circuit 
diagram of a wave converter; Figure 2 is a modi 
fication of the device illustrated in Figure l; 
Figure 3 is a circuit diagram of a wave converter 55 supplied by the biasing battery 25. 
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modified to provide frequency division; and Fig 
ures 4 to 7 inclusive are curves illustrating the 
operation of this invention. Similar reference 
numerals refer to similar parts throughout the 
several figures of the drawing. 

Referring to Fig. 1, a pair of terminals 9, 
are connected between a source of alternating 
waves which is not shown, and an input trans 
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former 3 having a center-tapped secondary 
winding 5. The center-tap of secondary 5 is 
connected to the cathode of a thermionic 
triode 9, and to one terminal of a capacitor 2. 
One terminal of the secondary winding is con 
nected to the grid 23 of thermionic tube 9 
through a biasing battery 25, or its equivalent, 
and, optionally, through a grid current limiting 
resistor 27. The remaining secondary terminal 
is connected to the anode electrode 29 of a diode 
rectifier 3, the cathode 33 of which is connected 
to the remaining terminal of capacitor 2, and 
to an output terminal 35. A second output 
terminal 37 is connected to the anode 39 of ther 
nionic tube 9. A load resistor 4 is connected 
between output terminals 35 and 37. 
The operation of the device illustrated in Fig. 

1 will be explained in connection with Figs. 4 
and 5. The voltage which is applied to the in 
put terminals f and 9 is an alternating wave 
having any desired wave shape. The voltage 
which is induced across half of the secondary of 
transformer 3 is applied to capacitor 2 through 
the rectifier 3. Consequently, charging current 
flows into the capacitor during each half of the 
applied alternating wave during which the anode 
29 is positive with respect to its associated 
cathode 33. During the opposite half of the 
cycle, however, capacitor 2f retains its charge, 
so far as rectifier 3 is concerned, since the an 
ode 29 is then negative with respect to its asso 
ciated cathode 33. It is to be noted, therefore, 
that one charging impulse is applied to capacitor 
2? for each cycle of the applied alternating wave. 
It is also to be noted that during the half cycle 
in which capacitor 2 receives a charge, the grid 
23 of thermionic tube 9 is biased to a negative 
potential with respect to its cathode. Battery 
25 also applies a negative potential to the grid, 
and it will therefore be appreciated that substan 
tially no anode current flows during the first 
half cycle of the applied voltage. During the 
successive half cycle, however, a positive pulse 
is applied between the cathode and grid elec 
trodes of the tube. The positive pulse is of suffi 
cient amplitude to overcome the negative bias 
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then becomes conductive, and capacitor 2 dis 
charges through the circuit including resistor 
and the anode-cathode electron path of tube 9. 
The output voltage is the voltage drop across 

anode resistor 41. Consequently, an impulse is 
applied to the output terminals 35, 37 each time 
capacitor 2 discharges through the resistor 
and tube 9. The length of each impulse may be 
determined by suitably selecting the time con 
stant of the capacitor 2 and the total resistance 
in the discharging circuit. 
This cycle of operation is illustrated in Figs. 4 

and 5, to which reference is now made. Curve 
E represents the applied voltage which is as 
sumed to be substantially sinusoidal, although the 
invention is not limited to the application of such 
a wave. The dotted line Ec is the voltage across 
capacitor 2 . This voltage increases from zero 
to maximum during each half cycle of the ap 
plied voltage in which the rectifier 3 is conduc 
tive. This half cycle is represented by that por 
tion of curve E above the zero axis X-X. The 
voltage across the capacitor 2 remains substan 
tially at its maximum value after the applied 
voltage has passed beyond its peak value. HoW 
ever, as the polarity of the applied wave reverses, 
the negative bias on the grid of tube 9 is re 
duced, the tube becomes conductive, and the capacitor is rapidly discharged. This process is 
repeated during each successive cycle of the ap 
plied voltage. Fig. 5 shows the relation of the 
output impulses to the input voltage E. and the 
voltage Ec across capacitor 2. It is to be noted 
that the impulses correspond in time with the 
discharge of the capacitor. 
Certain applications of this invention require 

the successive short impulses to have constant 
amplitudes. In the embodiment of this inven 
tion described above, this may be accomplished 
by regulating the amplitude of the applied al 
ternating wave in any conventional manner. It 
will be appreciated, however, that variations in 
the amplitude of the applied wave will cause like 
variations in the amplitude of the Output in 
pulses. 

Fig. 2 is the circuit diagram of a modification 
whereby the amplitudes of the successive im 
pulses are maintained at a constant value in the 
presence of variations in the amplitude of the 
applied alternating wave. In such case, the volt 
age regulation referred to above will not be re 
quired. 
Referring to Fig. 2, and considering that por 

tion of the circuit between the input and termi 
nails 35 and 37, input terminals 9 and are con 
nected to the primary of an input transformer 
13, as before. Separate secondary windings 43 
and 45 are provided. The first secondary Wind 
ing 43 is connected to a thermionic tube 9 as 
described in connection with Fig. 1. The Second 
secondary winding 45 is connected between the 
grid 47 and the cathode 49 of a second thermi 
onic tube 5. Cathode 49 is also connected to 
the junction of resistor 4 and capacitor 2 and 
to terminal 35. The anode electrode 53 is con 
nected to the positive terminal of a battery 55 
the negative terminal of which is connected to 
the cathode 7 of the first thermionic tube 9. 

During alternate half cycles of the applied al 
ternating voltage, grid 4 becomes positive with 
respect to its associated cathode 49, and the 
anode-cathode impedance of the tube is reduced 
sufficiently to permit substantially the full volt 
age of the battery 55 to be impressed across car 
pacitor 2. During intermediate half cycles of 
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the applied alternating voltage, a negative por 
tential is applied to the grid , and capacitor 
2 is unable to discharge through the charging 
circuit. However, as in the preceding illustra 
tion, first tube 9 becomes conductive during the 
intermediate half cycles and causes capacitor 
2 to discharge through resistor 4 and tube 9. 
It will be appreciated that the voltage which is 
utilized to charge capacitor 2 is limited to a 
constant value somewhat less than the value of 
battery 55, so that the total charge, and conse 

... quently the amplitudes of the impulses developed 
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across resistor 4 are independent of the ampli 
tude of the applied alternating voltage. 
As noted above, the embodiments of this in 

vention illustrated in Fig. 1 and the portion of 
Fig. 2 so far described produce short voltage 
pulses which recur at the frequency of the ap 
plied alternating wave. The embodiment of this 
invention illustrated in the remaining portion of 
Fig. 2 provides a simplified system for selecting 
every second, third, fourth, or nth impulse, as 
desired. The terminals 35, 3 of the anode load 
resistor 4 are connected to a second capacitor 
57 through a resistor 59 and a rectifier . A 
gas tube 63 and a resistor 5 are serially con 
nected across the second capacitor S. Output 
terminals 36 and 40 are connected across resistor 
65. 

Periodically repeated pulses of the type illus 
trated in Fig. 5 are produced across resistor 4 
in the manner described above. Assuming that 
these impulses have such a polarity that the 
anode of rectifier 6 is made positive with respect 
to its associated cathode, a charging current will 
flow through resistor 59 into capacitor 5 during 
each of the successive pulses. The time constant 
of the charging circuit, however, is selected at 
such a value that the voltage across capacitor 
57 does not reach the peak, amplitude of the ap 
plied pulses during any One impulse. The volt 
age across capacitor 5, therefore, increases to 
Successively higher values upon the application 
of Successive impulses as indicated in Fig. 6. 
Impulse a, for example, charges capacitor 5 to 
a voltage el, impulse b increases the voltage 
across the capacitor to the value e2. After a 
number of successive charging impulses have 
been applied the voltage across the capacitor, 
which is likewise impressed across gas tube 63, 
reaches or exceeds the breakdown voltage for 
the tube 63, and a large current flows through 
the tube and resistor 65, discharging the capaci 
tor and producing an output impulse as indi 

5 cated in Fig. 7. 
In case the ultimate voltage across capacitor 

5 is less or greater than the breakdown volt 
age of the gas tube 63, the operating point, that 
is the frequency division, may be suitably es 
tablished by including a small biasing battery' 

in series with the control circuit of the gas 
tube. The polarity of this bias battery will be 
determined by the voltage ultimately built up 
across the capacitor and the normal breakdown 
voltage of the tube. On the other hand the op 
eration may be adjusted by varying the time 
constant of the charging circuit. 

Fig. 3 is the circuit of an embodiment of this 
invention combining the impulse producing ar 
rangement of Fig. with the frequency divider 
of Fig. 2. Since similar reference numerals refer 
to similar parts it will not be necessary to ex 
plain the operation of this modification. 
While I have described this invention in par 

ticular application, numerous other modifica 
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tes will become apparent to those skilled in the 

For example, the thermionic tubes illustrated 
in Figs. to 3 may be included within a single 
envelope, or may be replaced by grid-controlled 
gas tubes which are well known in the art. 
Likewise, the gas tube 63 illustrated in Fig. 3 
may be a grid-controlled tube if desired. In 
case it is desired to provide current pulses rather 
than voltage pulses, the output resistors may be 
replaced by a load device through which the cur 
rent will flow to discharge the capacitor. 

I claim as my invention: 
1. A Wave converter comprising an input cir 

cuit for connection to an alterating wave source, 
a capacitor, means coupled to said input circuit 
for applying a unidirectional charging current of 
constant amplitude to said capacitor once for 
each cycle of said alternating wave, means also 
Coupled to said input circuit and controlled by 
said alternating Wave for discharging said capac 
itor through an impedance once for each cycle of 
said alternating wave, a rectifier, a resistor and 
a second capacitor serially connected across said 
impedance for applying a unipotential charging 25 
impulse to said second capacitor for each cycle 
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of said alternating wave, the voltage across said 
second capacitor being increased by each succes 
sive impulse, and means for discharging said sec 
ond capacitor, said means being operated only 
after said voltage has reached a predetermined 
amplitude. 

2. A wave converter comprising an input cir 
cuit for connection to a Source of alternating 
voltage, a capacitor, means coupled to said input 
circuit for applying a unidirectional charging 
current of constant amplitude to said capacitor 
Once for each cycle of said alternating voltage, 
means also coupled to said input circuit and con 
trolled by said alternating voltage for discharg 
ing said capacitor through an impedance once 
for each cycle of said alternating voltage, a uni 
directional conductor and a second capacitor Se 
rially connected across said impedance for ap 
plying a unipotential charging impulse to said 
Second capacitor for each cycle of said alternat 
ing voltage, and means for discharging said sec 
ond capacitor after a predetermined number of 
charging impulses have been applied to Said Sec 
ond capacitor 
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