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My invention relates to pulse producing Sys 
tems and it has for one of its objects to provide 
improved means to produce pulses under accurate 
control both as to frequency and duration. 
Another object of my invention is to provide 

such a system in which the frequency of the 
pulses produced is variable while under such ac 
curate control. 
A further object of my invention is to provide 

such a pulse producing system for controlling 
the deflections of the cathode ray device em 
ployed in radio location systems of the so-called 
"Loran' type. While my invention is not limited 
to use in such a system, it possesses important 
advantages when so employed and I shall describe 
it as applied in such a system. 
The novel features which I believe to be char 

acteristic of my invention are set forth with par 
ticularity in the appended claims. My inven 
tion itself, however, both as to its organization 
and method of operation, together with further 
objects and advantages thereof, may best be 
understood by reference to the accompanying 
drawings in which Fig. 1 represents an appli 
cation of the Loran system; Fig. 2 represents 
my invention as employed in such a system: Fig. 
3 represents certain characteristics pertaining 
to the invention of Fig. 2; Fig. 4 illustrates the 
indications produced on the viewing screen of the 
cathode ray device of Fig. 2; Fig. 5 represents 
certain details of Fig. 2; and Figs. 6 and 7 rep 
resent characteristics pertaining to Fig. 5. 

Referring to Fig. 1 of the drawing, I have indi 
cated at a shore line along which may be 
located a plurality of radio beacons of which 
three, designated at 2, 3 and 4, are indicated on 
the drawing. These beacons are designed to 
transmit pulses at repetition frequencies of 25, 
25:s, 252/16, etc., up to 25s, or more, pulses per 
second. Each beacon may include One or more 
transmitters operating on different ones of these 
frequencies, each transmitter operating at the 
same frequency as a transmitter at another sta 
tion and each pair of transmitters operating at 
the same frequency emitting their pulses in fixed 
phase relation. At 5 I have indicated a ship, 
for example, having equipment provided in ac 
cord with my invention for determining its loca 
ton relative to different ones of these beacons. 
The different stations 2, 3 and 4 are synchron 
ized together so that pulses of, let us Say, 25 
cycles per second are radiated in fixed phase re 
lation from at least two of the stations, as for 
example stations 2 and 3, and accordingly arrive 
at the locating equipment 5 in a time phase re 
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lation with respect to each other which deter 
mines a locus on which the equipment 5 lies. 
Having determined such a locus the equipment 5 
is then adjusted to receive pulses of a different 
one of the frequencies mentioned which are 
simultaneously emitted from a different pair of 
stations, as for example stations 3 and 4, there 
by determining a second locus. The point of 
intersection of these loci them determines the 
location of the point 5 with respect to the sta 
tions 2, 3 and 4. 
My present invention has to do with improved 

means for measuring the time interval between 
pulses received from a pair of stations 2 and 3 
or 3 and 4 and may be described in detail by 
reference to Fig. 2 when considered in connec 
tion with the graphs of Fig. 3. 

Referring now to Fig. 2 of the drawing, I have 
indicated at 6 a source of pulses occurring at, 
for example, 20 kilocycles per second these pulses 
being equally Spaced apart and each having a 
negative and a positive peak. These pulses are 
indicated by the curve A of Fig. 3. These pulses 
are supplied to a discharge device comprising 
a pair of diodes One of which has a cathode 8 
and an anode 9 and the other of which has a 
Cathode 2 and an anode 3. The pulses A are 
Supplied through coupling condenser 4 to the 
cathode 8 and the anode f3. The anode 9 asso 
ciated with cathode 8 is grounded directly and 
the cathode 2 associated with anode f3 is 
grounded through a condenser 5 of, for exam 
ple, 0.002 microfarad. The negative pulses of 
the wave A drive the cathode 8 and anode f3 
negative rendering the left-hand diode conductive 
and the right-hand diode nonconductive. The 
diode 8, 9, being conductive, prevents the cath 
ode 8 and anode 3 from being varied appreciably 
negatively with respect to ground and thus the 
negative peaks are removed and the wave sup 
plied to the diode 2, 3 is thus in the form of 
the wave B of Fig. 3. The positive pulses of the 
Wave B cause the device i 2, 3 to become con 
ducting, causing pulses of current to flow into 
condenser 5 upon occurrence of each positive 
peak of the wave A. Thus the condenser 5 
charges in stepwise fashion as represented by 
the curve C of Fig. 3 each step being of a prede 
termined magnitude determined by the magni 
tude of the positive pulses of the wave A. 

Discharge device 6 operates to discharge con 
denser 5 after each ten charging steps of the 
Wave C, or after each ten positive pulses of the 
Wave A. Normally this device is nonconducting 
because of potential produced between its cath 
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ode and ground by current flowing from a source 
of operating potential indicated at 38 through 
resistances 7, 8 and 9 to ground and thence 
to the negative terminal of the source, the resist 
ances 8 and 9 being connected in series between 
the cathode of device 16 and ground and being 
shunted by a bypass condenser 22. The anode 
of device i6 is connected to the positive termi 
nal of the source of operating potential 38 
through the primary winding 23 of a transformer 
the secondary winding 24 of which is connected 
between the control electrode 25 and the posi 
tive terminal of the condenser 5, this latter 
winding being shunted by a resistance 26. 
When condenser 5 has reached a charge Suf 

ficient to render the grid 25 positive with re 
spect to the cathode of device 6, current is ini 
tiated in winding 23. This current induces a 
voltage in winding 24 which in turn increases 
the positive voltage on the grid 25 thereby ren 
dering device 6 more conductive and increasing 
the current in the winding 23. This action is 
accumulative and renders the grid 25 sufficiently 
positive with respect to the cathode completely 
and rapidly to discharge condenser 5 through 
the grid to cathode space of device 6 and, in 
fact, to charge it to a certain extent in the op 
posite direction as indicated by the portions 27 
of the curve C of Fig. 3. This negative charge, 
however, quickly leaks off to ground through the 
diodes of discharge device 7. Condenser 5 then 
again begins charging from a fixed Zero value 
in its stepwise fashion as represented by the 
curve C of Fig. 3, this operation repeating con 
tinuously. 
Upon each discharge of condenser 5 a pulse 

is produced on the anode of the device f 6 as rep 
resented by the curve D of Fig. 3, these pulses 
occurring at 2 kilocycles per second. These pulses 
are supplied to a chain of frequency dividers 28 
and 29, and they are also supplied over conduc 
tors 32 and 33 to a clipper amplifier 34 and over 
conductors 32 and 56 to a diode 57 presently to 
be referred to. The frequency dividers 28 and 29 
reduce the frequency of these pulses to 50 pulses 
per second, the divider 28 dividing its input fre 
quency by 5 and the divider 29 dividing its in 
put frequency by 8, and thus at the output of 
the divider 29. appears the wave E of Fig. 3 hav 
ing pulses therein occurring at 50 pulses per 
second and spaced 2,000 microseconds apart. 

It will now be noted that different curves of 
Fig. 3 have different time bases, the elapse of 
time in certain instances being indicated by the 
dotted portions of the curves and in other in 
stances by breaks, as in the cases of curves M 
and C. 
These pulses of curve E are employed to trig 

ger a multivibrator 35. This multivibrator com 
prises a pair of discharge devices 36 and 37 the 
cathodes of which are connected to the point 
between two resistors 39 and 42 which are con 
nected in series across the source of operating 
potential 38 and the anodes of which are con 
nected through anode resistors 43 and 44 to the 
positive terminal of the source of operating po 
tential. Each anode is also connected through 
a respective resistance 45 and 46 to the control 
electrode of the opposite discharge device, each 
of these latter resistances being shunted by re 
Spective condensers 47 and 48. The control elec 
trode of device 36 is connected to the negative 
terminal of the source of operating potential 
through a resistance 49 and also to the anode 
of a diode 52 the cathode of which is connected 
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4. 
to the negative terminal of the source of Oper 
ating potential through a resistance 53. 
The 50-cycle pulses from the output of the 

frequency divider 29 are supplied to resistance 
53 through condenser 54 and resistance 55. Of 
course, the positive peaks of these pulses have 
no effect upon the diode 52 since they merely 
drive the cathode positive with respect to the 
anode. The negative pulses, however, render the 
diode conductive, producing potential on resist 
ance 49 which drives the control electrode of de 
vice 36 negative. Thus if device 36 be conduc 
tive current therein is reduced causing its an 
ode potential to rise and rendering the control 
electrode of device 37 less negative with respect 
to its cathode sufficiently to render that device 
conductive. When that device becomes conduc 
tive its anode potential drops forcing the control 
electrode of device 36 more negative. This ac 
tion is accumulative, the device 36 rapidly be 
coming nonconductive and the device 37 becom 
ing conductive. This latter condition of the mull 
tivibrator 35 is maintained until one of the 2 
kilocycle pulses of wave D is supplied from con 
ductor 32 over conductor 56 and diode 5 to the 
control electrode of device 37. Diode 57 operates 
in exactly the same way as did diode 52 to cause 
the multivibrator to return to its original con 
dition, discharge device 36 becoming conductive 
and discharge device 37 becoming nonconduc 
tive. In this way a pulse wave is produced on 
the anode of device 36 indicated at F in Fig. 3, 
and a similar wave of opposite polarity is pro 
duced on the anode of device 37, this latter wave 
being indicated at G in Fig. 3. ??? 

It will be observed that the positive pulses of 
wave F occur at the 50-cycle frequency each of 
these pulses being initiated upon occurrence of 
one of the pulses of the wave E, these pulses oc 
curring at the rate of 50 per second. Each posi 
tive pulse of wave F continues until the occur 
rence of the next pulse of wave D, which is 500 
microSeconds later the wave D being of the fre 
quency of 2 kilocycles. Thus each positive pulse 
of wave F and each negative pulse of wave G is 
of substantially 500 microseconds duration these 
pulses being spaced apart by 19,500 microseconds. 
Of course, if no time delay were involved in 

transmission of pulses through frequency divid 
ers 28 and 29, a pulse of wave E would appear 
On one control electrode of multivibrator 35 si 
multaneously with a pulse of wave D on the other 
control electrode. These pulses might counter 
act each other and an output pulse of the multi 
vibrator would not be produced. Actually delay 
is present in the frequency dividers in excess 
of that in the channels 32 and 56 with the re 
Sult that this counteraction does not occur. A 
pulse of Wave G is initiated by pulses of wave 
E and these pulses are terminated by the next 
pulse of wave D with the result that the posi 
tive pulses of wave F and the negative pulses 
of Wave G are slightly shorter than the interval 
between pulses of wave D by the amount of the 
delay in the frequency dividers. This delay is 
of the Order of from one to seven microseconds. 
The 50-cycle pulse wave F is supplied through 

a differentiator circuit comprising condenser 58 
and resistance 59 to the cathode of a diode 62. 
This differentiator produces sharp negative 
pulses represented by the wave H of Fig. 3. These 
negative pulses render the diode 62 conductive 
and trigger a Square Wave multivibrator 63 just 
as did the pulses through diodes 52 or 5 trigger 
the multivibrator 35. Multivibrator 63 moerates 
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to produce the two square waves and J shown 
in Fig. 3, both of 25 cycles frequency, the wave I 
being supplied to a fixed delay multivibrator 64 
and the wave J being supplied to a variable delay 
multivibrator 65. The variable delay multivi 
brator 65 produces pulses represented by the wave 
K of Fig. 3 these pulses being of positive polarity, 
25 per second, and each pulse being initiated up 
on initiation of a negative pulse of the Wave J 
or on occurrence of a negative pulse of the wave 
H and being of a duration which may be manu 
ally varied from essentially zero to 19,500 micro 
seconds as indicated by the arrows 66 on the 
wave K of Fig. 3 and by the arrow 6 in the rec 
tangle representing multivibrator 65 in Fig. 2. 
The fixed delay multivibrator 64 produces the 
positive pulses of wave T, each of which is ini 
tiated upon initiation of a negative pulse of the 
wave III, these pulses of wave L being of fixed 
duration as represented by the wave I of Fig. 3 
and, of course, occurring at a frequency of 25 
per second. 
The output of the two multivibrators 64 and 

65 are combined and supplied to the pedestal 
maker 68. This pedestal maker 68 comprises a 
multivibrator capable of producing positive pulses 
of fixed duration each of which is initiated upon 
termination of one of the positive pulses of either 
wave K or wave L. These positive Square wave 
pulses, or pedestals, are indicated at 69 and 2 
in the Wave M of Fig. 3. The pedestals 69 are ini 
tiated upon termination of the positive pulses of 
the wave K which latter pulses are of variable 
duration. Thus these latter pulses may be moved 
either to the left or to the right, i. e., advanced 
or retarded in time, through a desired range in 
accord with the time when the positive pulses 
of the wave K terminate. The pulses 2 of the 
wave M are fixed in time position since they 
occur upon termination of the positive pulses of 
wave I, which are of fixed duration. These 
pedestals are supplied to the upper plate 73 of 
the vertical deflecting plates 3 and 74 of a cath 
oderay device 75. 
This device 75 has horizontal deflecting plates 

76, which are connected to the output of a sweep 
generator, which is synchronized by the square 
wave pulses from the anode of device 37, these 
pulses being the 50-cycle pulses of the wave G. 
This sawtooth generator generates waves of 
the type indicated at N in Fig. 3. This wave N 
comprises positive voltage pulses, which are ini 
tiated upon each negative pulse of the wave G 
and the voltage of which continues with constant 
value throughout the duration of the respective 
negative pulse of Wave G and then linearly re 
dulces as indicated at 8 on the wave N through 
out the period between the positive pulses of the 
Wave G, thereby Comprising the Sawtooth sweep 
wave N of Fig. 3. Thus the Cathode ray of device 
5 is swept across the screen during the 19,500 
microsecond interval between the negative 
pulses of the Wave G. It is then brought back 
to its starting point and held in position during 
the next negative pulse of the Wave G and until 
the next sweep interval. `v 
Thus during each alternate sweep interval 78 

of the Wave N. One of the pedestals 69 occurs at 
a time dependent upon the adjustment of the 
multivibrator 65. During the intermediate sweep 
intervals 9 of the wave N a pedestal 72 of the 
wave M occurs at a fixed time therein. 
These alternate and intermediate sweep inter 

vals 78 and 79 of the wave N produce separate 
traces 82 and 83 on the cathode ray screen owing 
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6 
to the fact that the 25-cycle wave I is also sup 
plied from the multivibrator 63 over conductor 
8 to one of the vertical deflecting plates T3, 74 
of the cathode ray device. Thus the pedestal 69 
appears on the lower trace of the cathode ray 
device at a point thereon which is variable by 
variation of multivibrator 65, and the pedestal 72 
appears on the upper trace 83 on the viewing 
screen of the cathode ray device at a fixed po 
sition. The ray is thus swept over each trace 
25 times per second and over the two traces al 
ternately and is deflected from the respective 
traces by the respective pedestal pulses 69 and 72. 
As previously stated, the 20,000-cycle pulses of 

wave A and the 2,000-cycle pulses of the wave D 
are supplied to the amplifier and clipper 34 where 
they are combined and supplied over conductor 
84 to the vertical deflecting plates of the cathode 
ray device, producing the additional vertical de 
flections noted in Fig. 4 on the upper and lower 
traces 82 and 83. These traces are shown in ex 
panded form in Fig. 4 where the pedestal 69 ap 
pears On the lower trace 82 and the pedestal 2 
appears on the upper trace 83 and where the 
deflections 85, 86 and 87 produced by the wave 
supplied over conductor 84 are also shown. These 
deflections comprise a time scale, or calibration, 
on each of the horizontal traces across the view 
ing screen of the Cathode ray device. The finer 
calibrations 8 are produced by the 20,000-cycle 
pulses and occur 50 microseconds apart on the 
time scale. "The defections 86 of intermediate 
length are produced by the 2,000-cycle pulses 
and occur 500 microseconds apart. The longer 
deflections 85 are produced by the 400-cycle 
pulses from frequency divider 28 and occur 2500 
microseconds apart. These latter are supplied 
from divider 28 to clipper amplifier 34 over cir 
cuit 40. 
At the right-hand portion of Fig. 2 is shown a 

receiving antenna 85 connected to a receiver 86' 
for receiving pulses from the different stations 
2, 3, 4, etc. These pulses are reproduced in the 
output circuit 87 of this receiver and are sup 
plied between the vertical deflection plates 73 
and 74 of the cathode ray device. If these pulses 
are received from stations from which they are 
radiated Synchronously at the 25-cycle frequency, 
the pulse from one station produces a stationary 
vertical deflection such as that indicated at 88 
in Fig. 4 on the upper trace of the cathode ray 
screen and the pulse from the other station pro 
duces a defection such as that indicated at 89 
on the lower trace of the cathode ray screen, 
these pulses being spaced apart by an amount 
dependent upon the phase relation between the 
periodic pulses received from the two stations, 
that is, by a time interval dependent upon the 
position of the receiver. The desired locus is 
determined from this time interval. 

Received pulses of any of the other frequencies 
transmitted by other parts of the transmitting 
stations produce indications on the screen which 
are readily distinguishable from the desired in 
dications, since, being of a frequency different 
from the Sweep frequency of the cathode ray de 
vice, the deflections of the ray produced thereby 
do not repeatedly occur at the same position on 
the screen and therefore appear to move through 
the picture and are neglected by the observer. 
To determine the time interval between receipt 

of pulses producing the deflections indicated at 
88 and 89, the Operator first adjusts the phase 
relation of the Sweep wave N producing the hori 
zontal traces to bring the deflection 88 to a point 
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near the left-hand edge of the pedestal 72 as 
indicated at 92. In doing this the deflection 89 
moves to the left by an equal amount and ap 
pears at 93. He then adjusts the multivibrator 
65 to move the pedestal 69 to a position om its 
trace such that the deflection 93 agrees in posi 
tion thereon with the position of the deflection 
92 on the pedestal 77. This agreement is indi 
cated by the dotted lines 69' and 93. The time 
interval between the receipt of the two pulses, 
which is the criterion from which the locus may 
be determined, is then indicated by the distance 
between the left-hand edge of the two pedestals 
this distance being indicated at X on Fig. 4 of 
the drawing. 
The adjustment of the time relation between 

the wave N, which produces the traces, and the 
received pulsesis controlled by a feedback con 
nection comprising condenser 95 and a pair of 
diodes 96 and 97 through which the pulses of the 
50-cycle wave E, which appear at the output of 
the frequency divider 29, are supplied back to 
the condenser 5. The magnitude of these pulses 
is varied by variation of the capacitance of con 
denser 95. The negative peaks of the pulses 
render the cathode of diode 96 negative with re 
spect to the anode and thus these negative peaks 
are short circuited through this diode and are 
not transmitted through diode 97. The positive 
peaks produce current in diode 97 charging the 
condenser 5 to a value dependent upon the ad 
justment of the condenser '95. 

Let us suppose, for example, that the wave E. 
is fed back with sufficient intensity to produce a 
charge in condenser 5 equal to that produced 
therein by five pulses from source 6 through diode 
3, 2. Then following each pulse of wave E, 

only five pulses of wave B through diode 3, 2 
are required to bring about the discharge Opera 
tion of device 6 previously described. Thus the 
voltage wave on condenser 5 is that indicated at 
C' this wave being exactly the same as the wave 
C except that the portions thereof immediately 
following each pulse of wave E are shorter and 
include only five of the vertical portions of the 
step-shaped wave C', and the remaining portions 
of the wave between pulses of wave E are, there 
fore, advanced in phase. This means that a pulse 
wave of the character indicated at D' now ap 
pears on the anode of the device 6 the pulses 
thereof agreeing in time with the negative pulses 
27 of the Wave C'. The time interval between 
each pulse 03 and the next succeeding pulse O2 
is shortened by 250 micro-seconds. The spacing 
of the pulses of the wave D' between pulses fo2 
and between the last pulse O2 and the following 
pulse 03 thereof is exactly the same as the spac 
ing of the pulses of the wave D, but each pulse 
Occurs at a shorter interval after the previous 
pulse designated 08. Accordingly all of the 
pulses O2 of wave D', to and including pulses 
03, are advanced or retarded in phase by an 

amount dependent upon the adjustment of the 
condenser 95. 

Mechanical means, not showm, may be pro 
vided on this condenser 95 whereby it may be ad 
justed to any One of nine predetermined values 
of capacitance thereby in each position to deter 
mine the amount that the interval between pulses 
03 and subsequent pulses 02 is shortened rela 

tive to the corresponding interval of the wave D. 
Thus in One position of the condenser this in 
terval may be shortened by one step of the wave 
C. In other positions it may be shortened by 
2, 3, 4 up to 9 steps of the Wave C, 

8 
This new wave O’ is transmitted through the 

frequency dividers 28 and 29 by which it is di 
vided in frequency by 40 and produces in the out 
put of divider 29 the wave E'. This wave E' 
is now of higher frequency than the wave E be 
cause the period between successive pulses has 
now been shortened by 5 steps of the wave C 
and is thus of 19,750 microseconds duration or 
the wave has a frequency of about 25 cycles 
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The wave E is supplied through diode 52 to 

discharge device 36 of multivibrator 35 and the 
wave D'' is supplied over conductors 32 and 56 
and through diode 57 to discharge device 37 of 
multivibrator 35. This multivibrator now pro 
duces waves as indicated at F' and G'. 
The positive pulses of the wave Fº” and the meg 

ative pulses of the Wave G' are now shortened 
with respect to the corresponding portions of 
waves F and G as indicated in Fig. 3 and hence 
the sweep periods 78 and 79 of the sweep wave 
N, which are still of the same duration, are 
moved to the left or advanced in time as indi 
cated by the wave N' thereby advancing the phase 
of the Wave H as indicated at H'. 
Of course, since wave H is advanced in time 

relative to wave H, all of the remaining waves 
I, J, K, L, and M are advanced in time by equal 
amounts. These remaining waves are not illus 
trated in their phase advanced position but they 
have the same relation to wave H' as was previ 
ously described with reference to wave H. 
Thus by momentarily injecting feedback from 

the output of divider 29 to condenser 5 by 
momentarily increasing the capacity of condenser 
95 to one of its 9 fixed values, the horizontal 
deflections of the cathode ray may be momen 
tarily advanced to cause the two vertical deflec 
tions 88 and 89 produced by received pulses to 
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Occur at any desired position on the respective 
horizontal traces these later deflections of course 
remaining spaced apart by an amount depend 
ent upon the phase relation between the pulses 
producing them. 
The operator thus manipulates condenser 95 

until the deflection 88 appears at the left edge 
of pedestal 69 as indicated at 92. Of course the 
deflection 89 moves to the left by an equal amount 
and appears at 93. 
Now the operator desires to move pedestal 72 

to the same space relationship to deflection 93 
that he has produced between pedestal 69 and 
deflection 92. This he does by varying delay 
multivibrator 65thereby varying the length of the 
positive pulses of wave K and thus advancing or 
delaying the Occurrence of the pulses 69 until the 
desired space relation is produced, i. e., until 
pedestal 69 appears at position 69' on the screen 
with deflection 93 appearing at its left edge as 
indicated at 93'. Then the distance X between 
the leading edges of the two pedestals is a cri 
terion of the time between the two received pe 
riodic pulses and determines the locus on which 
the receiving station 5 lies. 
Now it will be seen that the frequency of the 

waves I, J, K, L, and M may be varied by varia 
tion of the position of condenser 95 to equal the 
frequency of any pair of the shore transmitters 
2, 3, 4, etc. The operator therefore varies con 
denser 95 until another pair of vertical deflec 
tions, such as 88, 89, appears on the traces and 
remains stationary. He then proceeds exactly 
as described to determine a new locus with re 
Spect to two other stations transmitting pulses 
at a frequency different from 25 pulses per sec 
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ond on which his receiver lies. He is now in 
position to determine his location with respect 
to the three stations from which he has received 
puses. 
In Fig. 5 is illustrated certain of the details of 

the equipment represented at T in Fig. 2. This 
equipment is illustrated in the rectangle of 
Fig. 5. It is illustrated in conjunction with cer 
tain additional equipment comprising switches 

2 and 03 whereby the cathode ray device 75 
may be employed in testing the equipment to 
produce Onits Screen a representation of the stair 
step Wave produced on condenser 5 during the 
variable ength intervals of wave C for different 
adjustments of the condenser 95. The Switches 
are illustrated in their right-hand position for 
such testing purposes, the stair step representa 
tion 4 appearing on the viewing screen. 

During the normal operation, to determine the 
location of the equipment with respect to the 
beacon stations previously described the switches 

2 and 08 are in their left-hand position. The 
wave G is then applied through the switch 02 
and condenser 05 to the suppressor electrode of 
a pentode amplifier 06 the suppressor of which 
is connected to the cathode through a resistance 

and a diode C8 in parallel. Due to the 
restorer action of the diode 08 and resistance 
le, the form of the wave G is somewhat altered 
as indicated by the wave O in Fig. 7 as impressed 
on the suppressor grid of the pentode amplifier. 
The anode of the amplifier 06 is connected 
through a resistance '09 to the positive termi 
nal of the source of operating potential the neg 
ative terminal of which is connected to the cath 
ode. Its anode is also connected through a con 
denser 2 to the contro electrode i 3 thereof. 
This control electrode is also connected through 
a resistance i? 4 to a variable tap t 15 on a poten 
tioneter ifs across the source of anode operat 
ing potential. During the negative pulse of the 
wave O, anode current in the device C6 is re 
duced and its anode potential rises. Through 
action of condenser | 2 the control electrode po 
tential also rises tending to reduce the increase 
in current in the discharge device. 
denser, however, rapidly charges until the pen 
tode is cut of and the anode reaches its maxi 
mum positive value, as indicated at of the 
curve P in Fig. 5. 

During the positive pulse of the wave O the 
suppressor grid of the discharge device becomes 
positive and the pentode tends to pass current. 
The resultant drop in voltage on the anode, how 
ever, drives the grid 3 negative tending to re 
duce the drop in voltage on the anode. The con 
denser, however, gradually discharges through 
resistances 4 and 109 to produce on the anode 
of the device O9 the portion of the wave P in 
dicated at 8. Thus the anode voltage of device 
06 varies in accord with the wave P of Fig. 7. 

This curve P is the curve N of Fig. 3 drawn to 
somewhat different scale. The voltage repre 
sented by the curve N, or the wave P, on the 
anode of device 3 is supplied through a para 
phase amplifier 20 whereby it is converted to 
voltages balanced with respect to a fixed mean 
voltage, which balanced voltages are applied be 
tween the horizontal deflecting electrodes 76 of 
the cathode ray device. Of course, during the 
deflection period 8 the vertical deflection volt 
ages are supplied through switch 03 in its left 
hand position to the vertical deflecting electrode 
3 to produce the indications represented in Fig. 4. 
the Wave O is also supplied through a direct 
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10 
current restorer 22 to the contro electrode 23 
of the Cathode ray device to interrupt the cath 
Ode ray during the negative portions of the wave 
O and to turn it on during the positive portions 
of the Wave O. Thus the wave is on during the 
Sweep portions of the wave P and it is off during 
the portion of the wave P corresponding to the 
negative pulses of the wave O. 
When switches 102 and iO3 are at the right, 

as shown, the Voltage which appears on con 
denser 5 of Fig. 2 is supplied through the switch 
03 to the vertical deflecting electrode 73 of the 

cathode ray device. It is desired to observe this 
voltage during the positive pulses of the waves 
Fand Fº, which correspond in duration to vari 
ous adjustments of the capacitance of the con 
denser 95. Accordingly the wave For F, as the 
case may be, is Supplied through the switch O2 
and condenser 05 to the suppressor electrode of 
the device O6. 

Fig. 6 represents the characteristics corre 
Sponding to the curves G, O and P with the 
switches at the right. Under this test condition 
the wave F is applied through the condenser fos 
to the suppressor electrode of the device O6 and 
to the anode of the diode 08. During the posi 
tive pulses of the wave A, current flows in the 
diode and in the resistance OT charging con 
denser 05 negatively with the result that on 
termination of the positive pulse of the wave F 
the suppressor grid is driven strongly negative, 
as indicated by the negative peaks 24 of the 
Wave O'. This negative portion of the wave 
maintains the discharge device O6 nonconduct 
ing. During the positive portion of the wave O' 
the device 06 passes current. Its anode tends 
to drop in potential but is retarded by reason of 
the degenerative action previously described of 
Condenser 2 on the control electrode 3 with 
the result that the anode potential drops gradu 
ally, as indicated by the portion 25 of the curve 
F”. In this way the sawtooth wave P” is pro 
duced on the anode of the device and is supplied 
through the paraphase amplifier 20 between the 
horizontal deflecting electrodes 76. The wave 
O' is also supplied through the D. C. restorer 22 
to turn the ray of the cathode ray device on 
during the periods 25 of the sawtooth wave p". 
This period is, of course, of varying length de 
pendent upon the adjustment of the condenser 
95 and thus permits the stair step representation 
of the voltage of condenser 5 on the viewing 
Screen of cathode ray device 75 as indicated at 
O4. This stair step wave representation may of 

Course comprise any number of steps from one 
to ten dependent upon the adjustment of con 
de Ser 95. 
While I have illustrated a particular embodi 

ment of my invention, it will of course be under 
stood that I do not wish to be limited thereto 
since various modifications both in the circuit 
arrangement and in the instrumentalities en 
ployed may be made, and I contemplate by the 
appended claims to cover any such modifications 
as fall within the true spirit and scope of my 
invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, a pair of electron discharge 

devices, a trigger circuit therefor including 
means responsive to Wariation in current in either 
device to produce opposite variation in current 
in the other device whereby the two devices are 
alternately actuated between conductive condi 
tion and nonconductive condition with trigger 
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action, a source of high frequency pulses, a fre 
quency divider, means to supply said high fre 
quency pulses to one of Said devices through said 
frequency divider and to the other devices di 
rectly both to produce current in the respective 
device in the same sense whereby said devices 
are triggered from one of said conditions to the 
other at the frequency appearing at the output 
of said divider, and pulses are produced in each 
device having the duration of the period between 
two successive pulses of said high frequency 
SOCe. 

2. In combination, a pair of electron discharge 
devices, a trigger circuit therefor including 
means responsive to variation in current in either 
device to produce opposite variation in current 
in the other device whereby the two devices are 
alternately actuated between conductive condi 
tion and nonconductive Condition with trigger 
action, a source of high frequency pulses, a fre 
quency divider, means to supply said high fre 
quency pulses to one of said devices through said 
frequency divider and to the other devices di 
rectly both to produce current in the respective 
device in the same Sense whereby said devices are 
triggered from one of said conditions to the other 
at the frequency appearing at the output of said 
divider, and pulses are produced in each device 
having the duration of the period between two 
successive pulses of said high frequency source, 
and means to vary the duration of said period. 

3. In combination, a source of high frequency 
pulses, a frequency divider, means to supply said 
high frequency pulses through said divider to 
produce low frequency pulses, a trigger circuit 
having an output circuit, means to supply both 
Said high frequency pulses, and said low fre 
quency pulses to Said trigger circuit, said trigger 
circuit including means to initiate a pulse in said 
output circuit in response to each of said low 
frequency pulses and to terminate each of said 
pulses in response to the next to occur pulse of 
said high frequency pulses whereby the duration 
of each pulse initiated by said trigger circuit is 
dependent on the time interval between the low 
frequency pulse in response to which it is ini 
tiated and said next to occur pulse of said high 
frequency pulses. 

4. In combination, a source of high frequency 
pulses, a source of low frequency pulses, a trigger 
circuit having an output circuit, means to supply 
both said high frequency pulses and said low 
frequency pulses to said trigger circuit, said trig 
ger circuit including means to initiate a pulse in 
said output circuit in response to each of said 
low frequency pulses, and means to terminate 
Said pulse in said output circuit in response to 
the next one to occur of said high frequency 
pulses whereby a succession of pulses having said 
low frequency are produced in said output cir 
cuit each pulse of said succession having a dura 
tion dependent upon the time between the re 
Spective low frequency pulse and the next high 
frequency pulse. 

5. In combination, a source of high frequency 
pulses, a source of low frequency pulses having 
variable time relation to said high frequency 
pulses, a trigger circuit having an output circuit, 
means to supply both said high frequency pulses 
and said low frequency pulses to said trigger cir 
cuit, said trigger circuit including means to indi 
cate a pulse in said output circuit in response to 
each of said low frequency pulses, and means to 
terminate said pulse in said output circuit in re 
Sponse to the next one to occur of said high fre 

2 
quency pulses whereby a succession of pulses are 
produced in said output circuit, each pulse of 
the succession being initiated in response to a 
corresponding one of said low frequency pulses 
and being terminated in response to the next one 
to occur of said high frequency pulses. 

6. In combination, a source of high frequency 
pulses, a Source of low frequency pulses, a trigger 
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circuit having an output circuit, means to sup 
ply both said high frequency pulses and said low 
frequency pulses to said trigger circuit, said trig 
ger circuit including means to initiate a pulse in 
Said output circuit in response to each of said 
low frequency pulses, means to terminate said 
pulse in Said output circuit in response to the 
next one to occur of said high frequency pulses 
whereby a succession of pulses having said low 
frequency are produced in said output circuit each 
having a duration dependent upon the time be 
tween the respective low frequency pulse and the 
next high frequency pulse, and means to main 
tain a harmonic relation between said high and 
low frequency pulses. 

7. In combination, a multivibrator comprising 
a pair of electron discharge devices, a source of 
periodic pulses, a frequency divider, means to 
Supply pulses from said source to one of said 
devices and to supply pulses from said source 
through said frequency divider to the other of 
said devices, said multivibrator being constructed 
and arranged to be operated to One condition of 
conductivity of said devices in response to pulses 
from said frequency divider and to be operated 
to another condition of conductivity in response 
to pulses from said source directly, and an output 
circuit connected between the cathode and anode 
of One of Said devices whereby pulses are pro 
duced in Said output circuit having the frequency 
of the output of said divider and having duration 
corresponding to the period of the pulse wave 
produced by said source of periodic pulses. 

8. In combination, a cathode ray device having 
a viewing Screen, a source of periodic pulses, a 
frequency divider, a multivibrator constructed 
and arranged to be operated to either of two al 
ternative conditions of conductivity, means to 
Supply pulses from said source through said fre 
quency divider to said multivibrator to operate it 
to One of said conditions and to supply said 
pulses to Said multivibrator directly to operate it 
to the other of said conditions whereby a pulse 
wave having the frequency of the output of said 
divider and having pulses of length substantially 
equal to the period between pulses of said source 
is produced in said output, means to deflect the 
ray of said device over a predetermined path on 
said screen at the frequency of said pulse wave 
and during the periods between said pulses and 
to deflect it from said path at a frequency of 
half that of said pulse wave whereby two traces 
are produced on Said Screen, and means to modu 
late each trace at a time therein corresponding 
to occurrence of a respective phenomenon period 
ically recurring at half the frequency of said pulse 
Wave, whereby the phase relation between said 
periodically recurring phenomena may be ob 
Served from said Screen. 

9. In combination, a cathode ray device having 
a viewing screen, a source of periodic pulses, a 
frequency divider, a multivibrator constructed 
and arranged to be operated to either of two al 
ternative conditions of conductivity, means to 
Supply pulses from said source through said di 
vider to Said multivibrator to operate it to one 
of Said conditions and to supply said pulses to 
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said multivibrator directly to operate it to the 
other of said conditions whereby a pulse Wave 
having the frequency of the output of said di 
vider is produced by said multivibrator, means 
to deflect the ray of said Cathode ray device Over 
said screen in a desired direction at the fre 
quency of said pulse wave and to deflect it from 
said direction at half said frequency whereby two 
traces are produced on Said Screen, and means to 
modulate said ray during each trace at a time 
therein corresponding to occurrence of a respec 
tive phenomenon periodically recurring at said 
half frequency, whereby the phase relation be 
tween said periodically recurring phenomena may 
be observed from said screen. 

10. In combination, a cathode ray device hav 
ing a viewing screen, a frequency divider, a multi 
vibrator comprising a pair of discharge devices 
arranged to be conducting alternately, means to 
supply periodic pulses through Said divider to one 
of said devices to alter the condition of con 
ductivity of both of said devices and to supply 
said pulses to the other of said devices directly 
to restore said condition of conductivity, where 
by a pulse wave is produced at the output of said 
multivibrator having the frequency of the output 
of said multivibrator, means to deflect the ray 
of said device across said screen in a desired di 
rection at the frequency of Said pulse Wave and 
to deflect it at right angles to said direction at 
half said frequency whereby two traces are pro 
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4. 
duced on said Screen, means to modulate said 
ray in accord with two periodic phenomena hav 
ing half the frequency of said pulse wave, the 
modulation one trace being in accord with 
One of Said phenomena and the modulation 
during the other trace being in accord with the 
other phenomena, whereby the phase relation be 
tween said periodic phenomena, may be observed 
from said screen, and means to vary the fre 
quency of said first mentioned pulses, whereby 
the phase relation between periodic phenomena 
of different frequency may be observed. 
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