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sec. 266) 
1. 

This invention relates to the generation of 
timing impulses and is particularly directed to 
the determination of the time interval separat 
ing two events. 

Accordingly, it is an object of the invention 
to provide a timing impulse generator for gen 
erating a series of impulses inaugurated in defi 
nite time relation with an event. 

It is a further object of the invention to pro 
vide a series of timing impulses of high accuracy. 
Another object of the invention is to provide 

means for generating impulses Spaced at a de 
sired interval selected by adjustable control 
eaS. 
A specific object of the invention is to pro 

vide means for calibrating the time base of an 
echo ranging System. 
The invention provides for generation of tin 

ing impulses by scanning a charge pattern Sus 
taining surface. The target surface is recurrent 
ly swept with an electron beam to establish a 
voltage distribution along the Sweep path. The 
charge sustaining surface is provided with a con 
ductive backing plate to enable a signal output 
to be taken Off. 
The charge sustaining Surface may, for in 

stance, be of the inconoscope mosaic type, al 
though photoemission is of no advantage. A con 
venient arrangement employs a conventional 
cathode ray tube provided With a backing sheath 
consisting of a metallic foil or conductive coat 
ing. Such coating may be obtained by applying 
a carbon suspension such as "Aqua dag' over 
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the tube envelope at the end carrying the fluo 
rescent screen. The phosphor itself is not neces 
sary and the inner face of the tube need not be 
coated, although it is convenient to view the 

35 

sweep locus on the inner face to the end wall 
to ascertain that the tube is operating properly. 
The scanning beam establishes a potential 

under the spot which is in part a function of 
the beam current. Normally the current level 
is fixed, and therefore a uniform potential ob 
tains along the SWeep locus. 
The beam, which is continuously swept, is 

modulated or deflected from the sweep locus by 
an impulse at the start of the timing period. 
This action establishes a departure at the scan 
ning point from the distribution pattern po 
tential of the locus, and on the subsequent sweep 
over the point generates an impulse in the tar 
get output circuit as the voltage at the scan 
ning point is shifted toward that of the normal 
potential along the Sweep. The target output 
circuit may be capacitatively coupled to the 
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2 
target as is the signal plate backing an icono 
Scope mosaic, or it may be fed from the attend 
ant current variations in the collector or second 
anode circuit. 

In order that the period between imposition of 
the voltage departure on the target and the out 
put impulse may accord with the sweep period, 
manifestly the sweep path must not retrace any 
common point during a sweep cycle, as a voltage 
discontinuity established on such a point will be 
retraced to Supply an output impulse before the 
full cycle is completed. Suitable sweeps will 
therefore trace around a portion of the target 
area, and Will be referred to as defining a closed 
Sweep locus. For simplicity in the sweep gen 
erating circuits a circular pattern Supplied by 
a sine Wave oscillator and phase splitting cir 
cuit is desirable. 
Under the System so far described the opera 

tion will supply a single impulse following the 
inagurating impulse by a single oscillator period 
Where the normal scanning beam Wholly restores 
the Voltage departure to the pattern value at the 
point. However, operating conditions in the 
tube may be obtained to shift the potential in 
Crementally on each succeeding SWeep until the 
pattern potential is reached, and thereby gen 
erate a plurality of output signals each follow 
ing another by the sweep period. 
The latter operation produces output impulses 

of limited amplitude and requires more strin 
gent storage characteristic of the target. The 
invention contemplates alternatively the genera 
tion of a Series of timing impulses through re 
establishing a voltage departure on the SWeep 
locus under control of the target output Signal. 
This is accomplished by feeding the Output signal 
through a time delay circuit and back to the 
beam control means. In this embodiment the 
interval between impulses is the SWeep period 
plus the delay time. By Suitably controlling 
transmission through the feedback Circuit re 
establishing the voltage departure in eSponse 
to the inaugurating impulse, the System may be 
caused to terminate operation after a Selected 
number of pulses, and is ready for a Subsequent 
timing operation. 
The principles of the present invention alie 

manifestly adaptable to the continuous See a 
tion of timing impulses through a Constantly 
Operative feedback network, and it is further 
apparent that the inaugurating impulse in such 
Case need not be generated in reSponse to the 
signal whose time relations are to wn ined. - be deter 
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The system of the present invention will be 
further described in connection. With reference 
to the exemplary Specific embodiments shown 
in the drawings, in which 

Fig. 1 is, the circuit diagram of a timing im- 5 pulse generator, 
Fig. 2 is the circuit diagram of another emir 

bodiment of the invention, and 
Fig. 3 is the circuit diagram of an echo range 

finding system incorporating the preseat, is 
vention. 
As shown in Fig. 1, the system includes, storage. 

tube provided with the conventional gun, ele 
ments 2, 3, 4, and 5, deflection electrodes 6, and 
fluorescent screen 7. The tube. envelope is...ex. 
ternally coated with a conductive sheath. 8. The 
gun elements are energized across divider 9, 
The electron beam is constantly, swept, over, a 
circular, or approximately circular, pattern by 
timing oscillator 9 and phase splitting network 
10. Oscillator 9 may be a conventional type of 
sine wave generator tunable by control knob.f. 
to provide timing impulses at selected intervals, 
or a crystal controlled high frequency preci 
Sion oscillator. - - - - - - - - - - - 

0. 

20 

manifestly, the latter will 
corporated in the circuit. , as . 
the Kipp relay unbalanced, multiyibrator type. 
The keyer impulse, which may be a square. 

- - - - - - - tion, is fed...to, a tim 

40. 

taneously the ke 
ing circuit. 3. Gating circuit 8 controls. Ops. 
eration of amplifier. 20 feeding... the impulse...to; 
the storage, tube by maintaining its operation. 
during the limited relay, output, period. The 
keyer impulse is...fed, through its time. delay cis 
cuit to amplifier 29, which is already intain. opy. 
erative-condition by operation of gating circuit. 18. 
Gating circuit, 8 is operative to supply: a con-. 

trol voltage of a, duration, limited: by the time 
constant of its circuit components. In the sys 
tem, shown, a positive impulse..is generated, which 
may be applied to a control grid. of the armplifiery 
20. Thegating circuitta, may be of the unbal 
anced multiyibrator:type. which is...normally int. 
active, but may be keyed into another condition. 
to hold the amplifier 20 in operation . The Cir 
cuit is further characterized in that...for a period. 
after reverting to the Qriginal condition, it is 
insensitive to keying impulses and thereafter is, 
again sensitive to an inaugurating. impulse-from. 
keyer S. . . . . 
Amplifier 20 supplies, the keyer impulse... to: 65. 

grids of the cathodeay tube-to-modulate the ' 
beam current and establish a departures front. 
the normal, voltage. on, the target at the Sweep 
point. Preferably the polarity of the control 
grid signal will be such, as to decrease the beam. 
current. 
The operation of the system...requires that the. 

voltage departure thereby;recorded on...the Sweep 
locus be taken off, on the next cycle.and.then re 
establish on the locus again. The output signals 
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4. 
is generated across resistor 25. There is present 
in the output circuit, however, in addition to the 
Signals generated on the wiping Sweeps which 
remove the voltage departure, signals which oc 
cur at the moment of recording when the bean 
is nodulated. This latter series of signals per 
forms no useful function, and being of opposite 
Sign from the desired series of timing impulses, 
may be rejected by suitable rectifier means. 

It is also preferred that the feedback circuit 
re-record the tining impulse series of signals 
through negative modulation of the beam cur 
rent in the same manner as the inaugurating 
signal was recorded. 
Where operating coraditions in the storage tube 

are such that electron storage occurs, the timing 
inpulse on the succeeding cycle is of the same 
polarity: as the recorded grid signal. Under these 
conditions, therefore, the feedback system will 
be non-inverting, and the unilateral network 

i&gt; the liaWa;inted Series of impulses. 
3ig. , rectifier 22 conducts: the: negar. 

tive tighing inigulses; on the Wiging SWeeps and 
components and 26 supply these assaegative; 
impulses: to: grid 3. The positive signal; agggm 
panying the recording is: bgcked, by rectifiers. 22. 
Where excess. Segonday emission exists, dur-, 

ing recording, the tinning inpulses; aire', of oppor, 
site. polarity, fron the regOding inajpulses; ap 
plied to the grid, and CO'Sequently the: Ultilateral, 
impedance. Will be arianged to pass: these.in 
pulses; and the feedback circuit, including cons, 
ponents: if and 20. Willinvert, the:Same at grid 3. 
The process is repetitive until the end of the: 

gaiting period, which readers. amplifier: 20 inoper 
ative: to... disable. the feedback circuit. and termi 
nate generation of the timing inpulses; at...ter 
minals, 2. The final tinning impulse generated 
on the. SWeep. Succeeding the gating period does. 
not key the gaiting circuit f8 due to the insensi 
tivity thereof immediately, following the gating. 
period. w 

A simplified circuit...is shown in Fig. 2 wherein. 
the impulse-signal: Supplied to the grid 3 of cath 
ode ray tube , and a subsequent timing-impulse 
generated at output terminals 24: after, one cycle 
of timing oscillator. 9. As heationed above, the 
operating conditions of tube. may be such as 
to generate a single-timing impulse-on-the next 
trace of the beam over the point of voltage dis 
continuity on the sweep-locus by immediate res 
toration. of the pattern potential; or a plurality. 
of timing impulses separated by the oscillator 
period through incremental restoration of the 
pattern potential: '4 . . . , , 

Application of the timing impulse generator 
in a radio echo System is shown in Fig. 3. The 
radar is a conventional circuit including an im 
pulse transmitter 30 tripped by keyer 33 and 
feeding, a directional antenna, 32 through du 
plexing network 33: Receiver 34 feeds the echo. 
signals to viewing tube 35 which is supplied with 
a timing Sweep from generator 3S synchronized 
with the transmitter repetition cycle. 

Timing, impulses, are applied to the viewing, 
tube from the output of cathode ray, tube. The 
timing system is directly fed by the transmitter. 
keyer-3 f and functions to establish a voltage de 
parture on target surface 7 of tube - which re 

! sults, on the succeeding trace: thereover, in a 
timing output signal indicated as a deflection 
perpendicular to the times base on viewing. tube 
35. Such impulses are repeated until amplifiers 
2C is disabled by: gating circuit f8, and furnish. 
calibration points on the viewing tube. Mani. 

  



2,689,425 
5 

festly the gating period will be shorter than the 
interval between the radar transmitter pulses. 
When Such System is employed only for verify 
ing the radar range indicator, the application 
of the timing inpulses may be terminated by 
Switch 38. 
The invention described herein may be manu 

factured and used by or for the Government of 
the United States of America, for governmental 
purposes without the payment of any royalties 
thereOn. Or therefor. 
We claim: 
1. Means for time delaying a momentary input 

signal comprising a cathode ray tube including a 
charge pattern sustaining target and a single 
electron beam generating means, means for peri 
odically tracing the electron beam generated by 
said single electron beam generating means Over 
a closed locus on said target to establish a voltage 
distribution along said locus, means modulating 
said electron beam responsive to the input signal 
to establish a potential departure from Said volt 
age distribution on said locus on receipt of Said 
signal, and a target output circuit operative to 
furnish an output signal on the next Subsequent 
trace of Said beam over Said departure. 

2. Means for time delaying a momentary input 
signal, comprising a Cathode ray tube including a 
charge pattern Sustaining target and a single 
electron beam generating means, oscillator means 
operative to sweep the electron beam generated 
by Said. Single electron beam generating means 
Over a closed locus on said target to establish a 
Voltage distribution along said locus, means mod 
ulating Said electron beam responsive to the input 
Signal to establish - a potential departure from 
said distribution on said locus on receipt of said 
Signal, and a target output circuit operative to 
furnish an output signal On the next subsequent 
trace of said beam over said departure. 

3. Means for generating recurrent signals at 
Spaced intervals including a charge pattern sus 
taining target, means for SWeeping said target 
With an electron beam recurrently over a closed 
locus to establish a voltage distribution along said 
locus, means for controlling Said beam operative 
to establish a potential departure from said dis 
tribution on said locus, target output circuit 
means Operative to supply an output signal on 
the next succeeding Sweep over said potential de 
parture and means operative in dependency on 
the output signal to establish another potential 
departure. On the Sweep locus. 

4. Means for generating recurrent signals at 
Spaced intervals including a charge pattern sus 
taining target, means for Sweeping said target 
with an electron beam recurrently over a closed 
locus to establish a voltage distribution along 
Said locus, means for controlling said beam op 
erative to establish a potential departure from 
Said distribution on Said locus, target output cir 
cuit means operative to supply an output signal 
on the next Succeeding sweep over said potential 
departure, and means including a time delay cir 
cuit fed by the output circuit operative to estab 
lish another potential departure on the sweep 
10CuS. 

5. Means for generating a series of output sig 
nals at equally Spaced intervals after an input 
Signal including a charge pattern sustaining tar 
get, means for Sweeping Said target with an elec 
tron beam recurrently over a closed locus to 
establish a voltage distribution along said locus, 
means responsive to the input signal operative 
to establish a potential departure from said dis 
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6 
tribution on said locus on receipt of said signal, 
target output circuit means operative to supply 
an output signal on the next succeeding Sweep 
Over Said voltage variation, and means operative 
in dependency on the output signal to establish 
another potential departure on the sweep locus. 

6. Means for generating a limited series of out 
put signals at equally spaced intervals after an 
input signal including a charge pattern sustain 
ing target, means for Sweeping said target with 
an electron beam recurrently over a closed locus. 
to establish a voltage distribution along said locus, 
means responsive to the input signal operative to 
establish a potential departure from said distri 
bution on Said locus on receipt of said signal, tar 
get output circuit means operative to supply an 
output signal on the next succeeding sweep over . . 
Said voltage variation, means operative in de 
pendency. On the Output signal to establish an 
other potential departure on the sweep locus and 
means operative after a plurality of signal gen 
eration cycles to terminate operation of said last. 
mentioned means. 

7. Means for repeating a signal including a 
charge pattern sustaining target, means for re 
Currently Sweeping said target along a locus to 
establish a voltage distribution thereon, means 
for establishing the signal as a potential depar 
ture from said distribution along said locus, a 
target output circuit operative to supply said sig 
nal as an output signal on the succeeding sweep 
Over Said part of the locus, and means including 
time delay transmission circuit means fed by the 
output circuit operative to re-establish the signal 
as a potential departure from said distribution on 
Said locus. 

8. In a radar system, an impulse transmitter, 
and echo receiver, cathode ray tube indicator 
means including a beam controlling electrode fed 
by the receiver, means for supplying a timing sig 
nal to the indicator including a charge pattern 
Sustaining target, means for recurrently sweeping 
an electron beam along a closed locus on said 
target to establish a voltage distribution along 
Said locus, beam control means for establishing a 
potential departure from said distribution on 
Said locus in definite time relation to the period 
of transmitter operation, a target output circuit 
Operative to supply a signal on the Succeeding 
SWeep over Said potential departure, and means 
coupling an output signal from said target output 
circuit to the beam controlling electrode of said 
indicator to establish a timing marker on said 
indicator. 

9. A timing impulse generator including a 
charge pattern sustaining target, means for re 
currently SWeeping an electron beam over a closed 
locus on said target to effect a voltage distribu 
tion pattern along said path, beam control means 
for effecting a departure from said Woltage dis 
tribution, a target output circuit, input circuit 
means for the beam control means including a 
time delay circuit feeding an amplifier, amplifier 
control means operative to terminate operation 
of the amplifier after a timing period, means for 
Simultaneously feeding an input impulse to the 
amplifier control means and to the time delay 
circuit to establish a potential departure from 
the voltage distribution, and means for feeding 
the output signal generated in the target output 
circuit on the next succeeding Sweep over the po 
tential departure to the time delay circuit to re 
establish the signal at another point on the locus, 
Whereby target output circuit pulses are repeated 
at fixed intervals until termination of the ampli 
fier operation by the amplifier control means. 
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10. A timing impulse generator ineluding a 

charge patterra sustaining target, means for re 
currently, sweeping an electron bearms ovel a closed 
lacus: on said target to effects a voltage distribu 
tion pattern along said path, beam control means 
for effecting a departure from said. Voltage dis 
tribution, a target output circuit, input circuit 
means for the beam control means including a , 
time delay circuit feeding an amplifier, amplifier 
control means operative to terminate operation 
of the amplifier after a timing period, a keyer cirr 
cuit. operative to Supply an impulse signal simil 
taneously to the vamplifier control means and to 
the time-delay circuit to establish a potential de 
parture from the voltage distribution, and means 
for feeding the output signal generated in the 
target output-circuit on the next succeeding sweep 
over the potential departure to the time delay cir 
cuit to re-establish the signal at another point on 
the locus, whereby target output circuit pulses 
are repeated at fixed intervals until termination 
of the amplifier operation by the amplifier control 
ea.S. 
1. Means for time delaying a nonneritary 

input Signal comprising a cathode ray tube in 
cluding a charge pattern sustaining target and 
a. Single electron beam generating means, means 
for periodically tracing the: electron beam gener 
ated by said: Single electron beam generating 
means. Over a closed locus on said target at a sat 
uration level to establish a uniform voltage dis 
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tribution, along said locus, means modulating said 
electron. beana responsive to the input signal to 
decrease, the bean current to effect a decrease 
in potential at a point on said locus, and a target 
Output circuit operative to furnish an output sig 
inal. On the next. Subsequent-trace of said beam 
Over Saidpoint, 

12. Means for time delaying a nomentary 

35 

8. 
input signal, comprising a cathode-ray tube iri 
cluding a charge pattern sustaining target and a 
single-electron' beans generating means; oscillator 
means operative to sweep the electron beam gen 
erated by said single-electron bean generating. 
means over a closed locus on said target to estab 
lish a voltage distribution along said locus, means 
modulating said electron beam responsive to the 
input signals, to establish, a potential departure: 
from Said distribution: on said locus: on receipt. 
of Said Signal, a target output circuit" operative: 
to furnish an output signal on the next subse 
quentitrace of said beam over said departure, and 
means for varying the oscillator' frequency. 

JAMES L. RUSSEI. 
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