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Patented June 26, 1951 2,558,189 

UNITED STATES PATENT OFFICE 
DELAY INDICATINGAPPARATUS 

Larned A. Meacham, Summit, N. J., assignor to 
Bell Telephone Laboratories, incorporated, New 
York, N. Y., a corporation of New York 

Original application June 22, 1943, Seria No. 
491,791. Divided and this application Decem 
ber 14, 1946, Serial No. 716,295 

This invention relates to pulse delay indicating 
apparatus and particularly to Such apparatus for 
producing an indication of the delay interval 
Separating a certain pulse of a Series of pulses 
which are radiated towards a distant object and 
a received echo pulse which is reflected from the 
distant object. 
In accordance with an embodiment of the in 

Wention herein shown and described for the pur 
pose of illustration, there are provided means for 
generating, during an interval which occurs be 
tween the time of radiation of an impulse of a 
Series of impulses from a transmitter and the 

O 

time of reception by a receiving apparatus of 
an echo of the radiated impulse from a distant 
object, a Series of alternate positive and nega 
tive impulses of brief duration recurring at pre 
determined equal intervals and means for caus 
ing the selection of one of the Series of impulses 
by superposing it upon a pedestal impulse which 
is started under control of, arid coincidentally 
with, the impulse immediately preceding the Se 
lected impulse. Means are provided for varying 
and measuring the delay interval between the 
time of radiation of an impulse and the time of 
occurrence of the Selected. One of the Series of 
impulses, the indicating means being preferably 
calibrated in units of distance so that, when the 
Selected impulse is delayed by . the required 
amount to bring it into coincidence with the re 
ceived echo of the radiated impulse, there is pro 
duced an indication of the distance from the 
impulse radiator and receiver to the object from 
Which the echo is received. 
To facilitate the manua - adjustment of the 

apparatus for bringing the selected impulse into 
coincidence With a received echo, a Visual indi 
cating device such as a cathode ray tube is pref 
erably provided. The echo impulse, together with 
the selected impulse or a range impulse controlled 
by the selected impulse, are impressed upon the 
vertical deflecting plates, for example, of the 
cathode ray tube. The horizontal deflection of 
the cathode ray beam produced in the cathode 
ray tube is controlled by a deflecting wave or 
“precision Sweep' which is initiated simultane 
ously With the starting of the pedestal under con 
trol of the impulse which initiates the pedestal. 
The position of the range pulse is fixed near the 
center of the screen of the cathode ray tube; 
and the position of the echo pulse, when the 
object is Stationary and the delay adjustment 
remains unchanged is also accurately fixed. So 
that "jittering” or “to and fro’ movement of the 
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visual indication is avoided when, as is the prac 
tice, impulses are radiated and echoes are re 

When the object 
moves, or the delay adjustment is changed, the 
echo appears to progress Smoothly acroSS the 
Screen. 
The brief pulses of a high frequency radio 

wave which are radiated toward an object are 
produced at intervals under control of starting 
pulses which may be generated under control of 
an alternating electromotive force of relatively 
low frequency, say 400 cycles per second, one 
starting pulse being produced at about the Same 
point in each cycle of the 400-cycle wave. These 
starting pulses are also used for controlling the 
So-called 'range unit' constructed in accord 
ance with the present invention. The starting 
pulses are impressed upon a circuit, called a 
'start-stop' circuit herein, which generates a 
square topped voltage Wave having a negative 
portion the duration of which is equal to or pref 
erably greater than the maximum delay occur 
ring between the time of production of a start 
ing impulse and the reception of an echo of the 
radiated pulse from an object the distance of 
Which is to be measured. During the interval 
that the square topped impulse produced by the 
start-stop circuit is positive the start-stop cir 
cuit is returned to its stable waiting condition 
ready to be started again by a succeeding start 
impulse. This intervai is preferably short with 
respect to the length of the negative portion of 
the Square topped wave so that range impulses 
may be transmitted in rapid succession. The 
start-stop circuit employs two electric discharge 
devices (the electrodes of which may be within 
a single envelope), the anode of one device be 
ing connected through a condenser to the con 
trol grid of the Second device as in a multivi 
brator circuit. It has been found that by con 
necting the anode of the second device to the 
control grid of the first device directly by a con 
ductive connection instead of connecting the 
anode to the grid through a condenser as in the 
usual multivibrator circuit, the recovery time of 
the circuit is considerably, shortened. 
A timing wave generator is started due to the 

abrupt decrease in potential at the start of the 
negative portion of the square topped wave from 
the start-stop circuit. The generator frequency 
is accurately maintained at a constant value so 
that the period of one cycle will be equal at all 
times to the predetermined interval required for 
a range impulse to travel from a radiator to an 
object a definite distance away and for its echo 
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to return. Quenching of the Oscillatory Wave 
produced by the generator is started due to the 
abrupt rise in potential occurring at the begin 
ning of the positive portion of the Square topped 
wave produced by the start-stop circuit and the 
generator is designed so that the quenching is 
completed within the relatively short period of 
the positive portion of the Square topped Wave. 
The timing wave generator is coupled to a phase 
shifter by means of a phase inverter circuit which 
provides an accurately balanced low impedance 
input to the phase shifter and is designed to pre 
sent an extremely high impedance to the anti 
resonant circuit of the timing wave generator to 
which it is coupled. In order to minimize the 
time requirement for the phase shifter to reach 
steady state response to each group of timing 
oscillations, the phase shifting circuit is designed 
so that it presents a substantially pure resist 
ance load to the output of the phase inverter 
circuit to which it is coupled. The phase shift 
ing condenser of the phase shifter is an improve 
ment over the condenser disclosed in my United 
States Patent No. 2,004,613, granted June 11, 
1935. It is designed to simplify its manufacture, 
to provide complete shielding, to avoid use of 
moving contacts and to obtain satisfactory ca 
pacitive balances through inherent mechanical 
symmetry. 
The timing wave is supplied from the output 

of the phase shifter to an amplifier the output of 
which is connected to a pulse generator which 
produces a series of alternate positive and nega 
tive sharp pulses, these pulses being accurately 
spaced by the predetermined interval mentioned. 
The amplifier is a high gain linear amplifier with 
negative feedback to present an extremely high 
impedance to the phase shifter and to avoid 
drawing an appreciable resistive component of 
current through the small capacity of the phase 
shift condenser which would cause distortion of 
the timing wave. The amplified timing wave is 
impressed upon an electric discharge device cir 
cuit which functions as a cathode follower during 
positive half cycles of the amplified timing wave, 
and which device is cut off during the negative 
half cycles to effectively clip the timing wave 
along its center line, the negative half of the 
timing wave impressed upon the input circuit of 
this “center clipper' being discarded. The clip 
ped timing wave appears with reversed polarity 
in the plate circuit of this device. An electric 
discharge device coupled to the center clipper cir 
cuit is alternately cut off and turned on again by 
the square topped portion of the inverted center 
clipped wave to produce a series of alternate posi 
tive and negative timing impulses. The sharp 
ness of response of the timing pulse generator is 
improved by providing a delay in the negative 
feedback of the center clipper to momentarily 
impart high gain to the center clipper tube at 
the beginning of each positive half cycle of the 
timing wave. 
The square topped wave from the start-stop 

circuit is also applied to an RC delay circuit to 
cause discharge of a capacitance through a re 
sistance which may be varied to change the time 
constant of the discharge circuit, thereby causing 
an exponentially rising potential to be applied to 
the control grid of an electric discharge device. 
The potential difference to which the capacitance 
is charged is proportional to the resistance of the 
variable resistor. The series of alternate positive 
and negative timing impulses are impressed upon 
the cathode of the electric discharge device which 
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4. 
is maintained, during the intervals between im 
pulses, at a potential which is directly propor 
tional to the initial potential difference to which 
the capacitance is charged. When the control 
grid potential of the discharge device has thus 
been increased sufficiently with respect to the 
cathode potential, a negative pulse from the tim 
ing pulse generator Will decrease the cathode po 
tential sufficiently to cause the discharge device 
to pass space current. A rapid decrease in po 
tential at the anode of the device thus takes place. 
The time of production of this negative step or 
impulse is determined by the setting of the vari 
able resistor which controls the time constant of 
the condenser discharge circuit and also by the 
phase shift of the Series of impulses produced 
by shifting the phase of the wave from the timing 
Wave generator. 
The negative impulse produced at the output of 

the RC delay circuit controls a circuit for gen 
erating a square topped impulse or pedestal and 
a Sweep wave for controlling the horizontal de 
flection of a cathode ray beam. The pedestal 
which is initiated coincidentally with a negative 
pulse from the timing pulse generator is added to 
the timing pulse with the result that the positive 
pulse which immediately follows that negative 
pulse is superposed upon the pedestal. The 
superposed impulse may therefore be selected and 
used to perform a desired function, When a 
cathode ray indicator is used, the Selected timing 
pulse may be impressed on the vertical deflecting 
means to produce an indication of the range of 
an object from which an echo pulse is received, 
the echo pulse also being impressed upon the ver 
tical deflecting means. Instead of applying the 
selected timing pulse directly to the cathode ray 
tube for indicating the range, the timing pulse 
may be used to generate a "step' or “notch' pulse 
With which the echo pulse may be aligned on the 
cathode ray tube screen for producing a range 
indication. 
The shaft of the phase shifter condenser which 

causes the phase of the timing wave to be varied 
is geared to the shaft of the variable resistor of 
the RC delay circuit through a step-down gear 
ratio such that the interval between a starting 
pulse and the following selected timing pulse may 
be varied continuously over a range starting from 
a value near Zero to a value corresponding to the 
maximum range. A revolution counter associated 
with the shaft of the phase shifting condenser is 
calibrated to indicate the distance to the object 
from which an echo is received when the selected 

i5 timing pulse is delayed by such an amount that 
it occurs simultaneously with the received echo. 

If desired, apparatus may be employed for 
automatically varying the capacity of the con 
denser of the phase shifter and the variable re 
sistor of the RC delay circuit when the received 
echo falls out of synchronism with the selected 
timing pulse to maintain the echo and the selected 
timing pulse in Synchronism. Such an apparatus 
is disclosed in an application of B. M. Oliver 
Serial No. 491,829, filed June 22, 1943. 
The invention will now be described with refer 

ence to the accompanying drawing in which: 
Fig. 1 is a block diagram of a ranging system in 

accordance with the present invention; 
Fig. 1A consists of curves to which reference 

will be made in-describing the invention; 
Figs. 2 and 3, when Fig. 3 is placed below Fig.2, 

are a schematic view of a range indicator in ac 
75 cordance with the invention; 
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Fig. 4 is a schematic view of a modification of 
a portion of the apparatus shown in Fig. 3; 

Fig. 5 is a view in elevation of a phase shifting 
condenser which is used in the range indicator 
of Figs. 1, 2 and 3; 

Fig. 6 is a sectional view taken along the line 
6-6 of Fig. 5; and 

Fig. 7 is a diagram to which reference Will be 
made in explaining the operation of the inven 
tion. 

Referring now particularly to Figs. 1 and 1A, 
there is disclosed a range indicating system in 
which recurring brief pulses of electromagnetic 
wave energy produced by a radio transmitter 0 
and radiated from an antenna l are directed 
toward an object the distance of which is to be 
determined and in which the reflected Wave in 
pulses or echoes are received by an antenna, 2 
and detected by a radio receiver 3. An oscilla 
tor 4 produces a sinusoidal wave having a period 
Somewhat longer than the time required for a 
radio wave to travel twice the maximum distance 
to be measured. Starting pulse generator 5 
produces sharp impulses as indicated at a in Fig. 
1A at regular intervals, one for each cycle of the 
sine wave from oscillator f4. It is not essential 
to the operation of the system, however, that 
these impulses be produced at regular intervals. 
The starting impulses which are preferably of 
very brief duration, say A microsecond, key the 
radio transmitter G to cause corresponding 
pulses of high frequency radio wave energy to be 
radiated from the antenna, . 
The starting pulses a are impressed upon the 

start-stop circuit 16 of a range unit (which com 
prises apparatus within the area, defined by the 
dash-dot line 9) for generating a Square topped 
voltage wave b. The initial negative portion 7 
of Wave b is started at the time of a start impulse 
a, that is at time to, and has a duration slightly 
longer than the time required for a radiated 
wave pulse to travel twice the maximum distance 
to be measured. The start-stop circuit then re 
covers its stable Waiting condition during a 
period which is short with respect to its active 
period during which the negative impulse is 
produced. The positive portion 8 of the Wave b 
is produced during this recovery period. 

If the frequency of oscillator 4 is varied be 
low a certain maximum value, the duration of 
the negative portion 7 remains fixed, while that 
of the positive portion 8 varies, above a certain 
minimum duration for recovery. 
The voltage Wave b produced by the start-stop 

circuit 6 is impressed upon a timing wave gen 
erator 20 which generates a constant frequency 
oscillatory Wave c the phase of which may be 
shifted by a phase shifter 2 continuously 
through a plurality of cycles by turning the han 
dle 26. The phase shifted wave is indicated at 
d. The period of this oscillatory wave or a phase 
shift of the Wave through a single cycle corre 
sponds to the time interval required for a ra 
diated Wave to travel through a certain distance 
and for its echo to return through that distance. 
The distance represented by the period of a sin 
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gle cycle of the oscillatory wave is the velocity 
of propagation of the radiated impulse divided 
by twice the frequency of the oscillatory wave. 
The tinning Wave generator is started by the 
starting transient at the beginning of the nega 
tive portion 7 of the wave b from the start-stop 
circuit 6 and is quenched due to the stop tran 
sient which occurs at the beginning of the posi 

70 

6 
from the phase shifter is impressed upon a pulse 
generator 22 which produces alternate positive. 
and negative timing pulses as indicated at e of 
Fig. 1A, a pulse being produced at the beginning 
of each half cycle of the timing Wave. 

It is desired to produce a pedestal impulse 
upon which a certain one of the timing impulses 
may be superposed so that that timing impulse 
may be selected and used. Means are required 
for shifting the pedestal With respect to time in 
Synchronism. With the shifting of the timing im 
pulses so that one impulse of each series of im 
pulses may be SuperpOSed upon the pedestal. 
There is provided an RC delay circuit 23 having 
a condenser which is discharged, at a rate de 
termined by the Setting of a variable resistor, 
during the period defined by the portion 7 of the 
Wave b from the start-stop circuit 6. The shaft 
34 of the variable resistor of the RC delay circuit 
is connected through gears 24 to the condenser 
shaft 29 of the phase shifter 2 so that the 
change in time constant of the condenser dis 
charge circuit is proportional to the phase shift 
of the timing Wave d and of the timing impulses 
e. The timing impulses e are also impressed 
upon the RC delay circuit for accurately fixing 
the time of generation of the pedestal impulse 
and the sweep Wave. 
A voltage impulse produced at the output of 

the RC delay circuit as indicated by the curve 
f34 of Fig. 7, is impressed upon the pedestal and 
sweep wave generator 25. There is produced by 
this circuit a pedestal pulse g and a sweep wave 
h each of which accordingly is started at the 
time of the negative pulse which immediately 
precedes the positive pulse which is to be selected 
for use in producing a range indication. The 
pedestal pulse g and the pulses e from the pulse 
generator 22 are combined to cause a certain 
positive pulse 26 of the timing pulses e to be 
Superposed upon the pedestal 27 as shown at iso 
that the pulse 26 may be used to produce a range 
indication. The Selected timing pulse 26 may be 
used directly for range indication or, as shown 
in FigS. 1 and 1A a "step' impulse i may be pro 
duced under control of the selected pulse 26 by 
the step generator 28. The sweep wave is ampli 
fied by an amplifier 35. 
The step i and the echo impulse from the 

radio receiver 3 are impressed upon the vertical 
deflecting plates 3 of a cathode ray tube 30. 
The Sweep Wave h is impressed upon the hori 
Zontal deflecting plates 32 of the cathode ray 
tube. By manually rotating the shaft 29 of the 
phase shifter condenser to which the shaft 34 
of the variable resistor of the RC delay circuit 
is geared, an echo pulse may be caused to travel 
along the luminescent screen of the cathode ray 
tube until it is brought into alignment with the 
step i. The distance to the object from which 
the echo is received may then be read from a 
revolution counter or range indicator 5 at 
tached to the shaft 29, each revolution of the 
Shaft producing an indication equal to a certain 
fixed distance. As pointed out above, the received 
echo and the Selected timing pulse may also be 
used, if desired, to control automatic apparatus 
which causes the shaft 29 to rotate when the 
distance to an object from which the echo is 
being received changes so that the changing 
range of the object can be read from the indi 
cator 58 without requiring manual adjustment 
of the apparatus. 
The range indicating apparatus is shown in 

tive portion 8 of wave b. The timing waved 75 greater detail in Figs. 2 and 3 when Fig. 3 is 
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placed below Fig. 2. Current from 3 a .400 cycle 
source A4 is supplied to the primary windings 
of: transformersi.6): and 6:of the starting pulse 
generator; 5 employing-a-gaseous discharge de 
vice 62 having an anode, a cathode, and as Con 
trol, grid. Voltage from the secondary 3 winding 
of transformer G...is supplied to the control elec 
trodecathode circuit of tube 62 through a suit 
able-phase shifting. circuit comprising a shunt 
condenser 63, internal impedances of trans 
former: 6, and a protective resistor 64 such that 
the critical-grid voltage, required to cause: Cur 
relat': conduction through the discharge-tube is 
reached when the anode is at or near the positive 
peak: of the voltage wave applied to the anode 
circuit from the secondary winding of tranS 
former 60. A500 micromicrofarad condenser 65 
is charged through a series circuit connected to 
the-secondary winding of transformer 60 which 
comprises 1,000 ohm resistor. 6 and 1,800 ohm 
resistor 6. When the critical grid voltage of 
the tube. 62 is reached, condenser .65 discharges 
through a circuit comprising inductance ele 
ment 68 of 50 microhenlies, anode-cathcde: path 
of the tube 62,024 microfarad-condenser 63 ha V 
ing 30,000 ohm resistor 9-connected-in parallel 
therewith and thence through 1800 ohm: resistor 
6. The condenser 65 is thus quickly-discharged 
(in about A-microsecond) sufficiently to cause 
the voltage at the anode of tubei62 to be reduced 
and the discharge current through the tube.to be 
interrupted. The radio transmitter. comprises 
a multicavity magnetron which may be ‘Of the 
type disclosed in Patent 2,063,342 to Samuel, De 
cember 8, 1936, for example. The magnetron 
comprises an anode which forms an external 
sheath or enclosure, a cathode 2, a loop 3 
and a magnet 4. he anode and, one -end 
Of the loop 3 are grounded, the other end of the 
loop being connected through a coaxial con 
ductor cable 5 to anterana - i. During the short 
interval of each cycle of the alternating current 
Source 4 when the gaseous discharge tube -62 
is conducting, there is thus impressed between 
the anode and cathode 2 r a high- direct cur 
rent voltage to cause the production of high 
power, ultra-high frequency - oscillations - which 
are picked up by the loop 73 and transmitted 
through the coaxial conductor line 75 to the di 
rective transmitting aintenna . A 3 micro 
microfarad condense S and a 0.03 micronicro 
farad condenser ...: 'connected in series between 
the anode of tube 62 and ground, are also charged 
by current from source 4 through a circuit 
comprising transformer 80, resistor; 66. and in- . 
ductance...element, 68. The discharge of the con 
densers through the anode-cathode path of tube 
62 through the brief interval, when the tube is 
conducting causes : a negative starting impulse 
Cict of Fig.1A) to be impressed upon the coaxial 
conductor : ine:59 which transmits the innipulse 
to: the start-Stop circuit 6. 
The start-stop circuit is employs an electric 

discharge device to comprising two triodies, the 
One:having, a cathode , a control electrode 42 
and, an anode: 43, and the other having a cathode 
if, a control electrode A5, and an anode 6. Neg 
ative starting impulses. from the coaxial conduc 
tor line 50 are applied through a 10 micronicro 
farad condenser. C. across 0.5 megohm resistor 
R, which is connected between the control elec 
trode 42 and ground. The cathode 4 is con 
nected to ground. The anode 43 is directly con 

wr connected to the controls; electrode .45 
anode 46 is connected to the control 
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8 
gridred2:through a condenser:C8 the capacity Sof 
which is 50 micronicrofarads when the maxi 
mum range to be measured is 20,000 yards. The 
cathodei A4 is connected to ground through 20,- 
000 ohm resistor R6 shunted by .0002 micro 
farad condenser:C9. Anode.potential is applied 
to the anode 43 from the positive terminal of .300 
volt...battery:5tthrough series resistors R4 (1,000 
ohms) , and R3 (0.1: megohm), the negative bat 
tery terminal being grounded. Positive voltage 
is supplied to the anode: 46 from source 5 through 
series: resistors. R4, R8 (40,000 ohms) and RT 
(60,000 ohms). The positive terminal of battery 
5. is also: connected through series resistorS R4 
and R5; (60,000: ohms),...to the cathode 4. A 20 
micromicrofarad.condenser C is connected in 
shunt with:respect to the resistor R. A.0.1 
microfarad; condenser CO is connected acroSS 
theiseries current path comprising resistors R6, 
R7, R8 and the anode-cathode: path from anode 
46 to.cathode, 44. 

: During the quiescent period of the Start-stop 
circuit 6, the triode 4, 42,43 is fully conduct 
ing, with the grid 62 held at the potential of 
cathode 4 by resistor R, , and the anode 43 is 
reduced to a low voltage by the passage of anode 
current through R3. The grid 45 is held at a po 
tential which is actually negative with respect 
to cathode-44 which is maintained at about --60 
volts by the voltage divider. R5 and R8. As triode 
44, 45, 46 is thus biased below cut-off the anode 
46 rests at - about -300 volts. The circuit re 
mains stably in this condition until a Starting 
impulse is applied. 
The negative starting impulse from the start 

ing impulse generator 5-applied to the grid 42 
causes the grid to become negative with respect 
to its cathode and the current flowing through 
the discharge path from anode 3 to cathode 4. 
is decreased. As a result the potential of anode 
43 and of grid 4.5 is sharply increased to produce 
a negative impulse at the anode 36 due to cur 
rent flowing through the discharge path from 
anode 46 to cathode 44, this negative impulsebe 
ing impressed upon grid 42 by way of condenser 
C8 to "reinforce the starting impulse and thus 
trigger the leading edge of the start-stop wave b. 
Thereafter the potential of grid 32 rises exponen 
tially toward its asymptote at cathode potential 
with a time constant of approximately (R) (C3). 
The active period of the range unit is determined 
by the time required for the potential of grid 42 
to rise to its cut-off potential. When the grid 
42 reaches its cut-off potential the stop transient 
OCCurS, the triode 4,42,43 becoming conducting 
and the grid 45 being carried down to its quies 
cent low potential to make the triode 44, 45, 46 
non-Conducting. The potential of anode 46 thus 
rises sharply until triode 4, 42, $3 begins to draw 
grid current. Thereafter the potential at anode 
46 rises somewhat more gradually because con 
denser C8 is charged exponentially by current 
passing through R8, R., C8 and the grid-cathode 
path of triodel?, 42,43. As the grid-cathode in 
pedance is low, the recovery time constant is es 
sentially (C8) : (RT-I-R8) which is short compared 
to the time constant (R) (C8), so that the cir 
cuit may recover its stable waiting condition in 
a times considerably shorter than its active pe 
riod. The negative portion - 7 of the start-stop 
wave b which may be about six times (R) (C8), 
for example, is produced during the active period 
while triode 4, 42, 43 is cut-off and the shorter 
positive portion 8 of wave b is produced during 
the quiescent period when triode 4, 42, 43 is con 
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ducting. The shortening of the quiescent time 
period is believed to be due to the omission of the 
usual coupling condenser between the anode 43 
and the grid 45 so that these elements are di 
rectly conductively connected. Condenser C9 is 
used to prevent cathode feedback which would 
decrease the gain of the triode 44, 45, 46 during 
the start transient. Its value is made Small SO 
as to hasten the return of the circuit to equilib 
rium. 
The common terminal of the potential divid 

ing resistors R and R8 is connected by way of 
lead 52 to the timing wave generator 20 compris 
ing an oscillatory circuit in the anode current 
path of an electric discharge device 53, and the 
timing wave c from the generator 20 is impressed 
upon a phase inverter circuit of the phase shifter 
2, which circuit comprises an electric discharge 
device 54. The phase inverter circuit is connected 
to a circuit comprising a variable condenser C27 
for shifting the phase of the wave from timing 
wave generator 29. Each of the electric discharge 
devices 53 and 54 comprises a cathode, a control 

20 

grid, a screen grid, a suppressor grid, and an 
anode. The lead 52 from the start-stop circuit 
is connected through a 0.1 microfarad condenser 
C2 and 10,000 ohm resistor RO to the control 
electrode of discharge device 53 which is con 
nected through 1 megohm grid leak resistor R9 to 
the grounded cathode. Positive potential is sup 
plied from the 300 volt source 5 to the anode of 
tube 53 through 500 ohm resistor R2, through 
the antiresonant circuit comprising inductance 
element Li and .005 microfarad condenser Ci 5 
in parallel and through 6,400 ohm resistor Rf 
and .003 microfarad condenser C4 to the tube 
anode, the antiresonant circuit being tuned to 
cause the generation of a 65.57 kilocycle wave 
during the interval when tube 53 is rendered non 
conducting due to the negative portion f 7 of the 
start-stop wave b, Fig. 1A, impressed thereon. 
A relatively large capacity condenser C5 is used 
in order that variations of stray capacity may 
not affect the frequency appreciably. The oscilla 
tory Wave is quenched by the low impedance of 
tube 53, after the positive portion 8 of the start 
stop wave raises the grid of tube 53 above cut-off. 
Positive potential from the 300 volt source 5 f is 
applied to the screen grid of tube 53 through a 
circuit comprising resistor R2, the antiresonant 
circuit If, C5 and 20,000 ohm resistor R. 3. The 
inductance I, and the condenser C5 of the anti 
resonant circuit are enclosed within a chamber 
the temperature of which is maintained constant 
by a suitable temperature controlling apparatus 
(not shown) so that the frequency of oscilla 
tion is maintained constant. The frequency of 
65.57 kilocycles was chosen because the period of 
the wave of this frequency is equal to the time 
required for a radio wave to travel 5,000 yards, 
that is, from a transmitting antenna, to an object 
2,500 yards distant and back to a receiving an 
tenna in proximity to the transmitting antenna. 
In Some cases it will be desirable to choose a tim 
ing Wave having a different period. 
The common terminal of the antiresonant cir 

cuit and the parallel circuit comprising elements 
C4 and R is connected through .001 micro 
farad condenser CIS to the control grid of the 
phase inverter tube 54. A 100 micromicrofarad 
variable Condenser C2 connected between the con 
trol grid of tube 54 and ground is provided to per 
mit a small manufacturing adjustment of fre 
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farad filter condenser C 6 is connected from the 
negative terminal of resistor R2 to ground. 
The phase inverter circuit is used to provide an 

accurately balanced low-impedance input to the 
phase shifter. It also employs cathode feedback 
to present an extremely high input impedance to 
the antiresonant circuit, thus minimizing damp 
ing and stray capacitance effects. The anode 
current path of electric discharge tube 54 may be 
traced from the positive 300 volt terminal through 
1,000 ohm resistor R2, 1,000 ohm resistor R.20, 
6,000 ohm resistor R9, the anode-cathode path 
of tube 54, 180 ohm resistor R84, 6,000 ohm resis 
tor R3 and 1,000 ohm resistor RT to ground. 
R7 and R20 are equal resistances across which 
the balanced output voltages appear. Rf8 is 
used to increase the amount of cathode feedback 
for the purpose of obtaining high input imped 
ance and R. 9 balances the resistance of Rf8 in 
the anode circuit. The anode current through 
R84 produces a voltage drop which is applied to 
the control electrode for biasing it through a filter 
formed by .1 megohm resistor R. 4 shunted by a 
.001 microfarad condenser C9 and through .5 
megohm resistor R? 5. This arrangement fur 
ther magnifies the resistance component of the 
input circuit. Positive voltage from the 300 volt 
source is supplied to the screen grid through R2 
and 0.25 megohm resistor R22. The screen grid 
is connected to the cathode through .006 micro 
farad condenser C2. So that the alternating 
Screen grid current flows through the tube with 
out affecting the external anode and Cathode cir 
cuits. One terminal of resistor R22 is connected 
through condenser C2 to the cathode and the 
other terminal of R22 is connected through .5 
microfarad condenser C24 to ground. With re 
Spect to the alternating timing voltage, therefore, 
resistor R22 is effectively in shunt with the resis 
tors connected in the circuit between cathode and 
ground. The resistance of R22 is therefore bal 
anced by the .25 megohm resistor Rf6 connected 
between the anode and the common terminal of 
resistors R2 and R2. Capacitive unbalance of 
the anode and cathode to ground is corrected by 
a variable 100 micromicrofarad condenser C?, 
shunted by 50 micromicrofarad condenser CT, 
connected between ground, and, through .001 
microfarad protecting condenser C20 to the anode 
of tube 54. 
The balanced output of the phase inverter is 

connected through. . microfarad condensers C22 
and C23 to a phase splitting circuit comprising 
two parallel paths the one path comprising 750 
micromicrofarad condenser C26, a 75 micromi 
crofarad variable condenser C4 being in shunt 
With C26, connected in series with 3,000 ohm re 
sistor R2, and the other path comprising 3,000 
ohm resistor R26 connected in series with 750 
micronicrofarad condenser C25, 75 micromicro 
farad Variable condenser C3 being in shunt. With 
C25. The plate of condenser C22, going to the 
phase splitting circuit, and the plate of condenser 
C23 also going to the phase splitting circuit, are 
connected through 0.1 megohm resistors R23 and 
R25 respectively, to ground. - 
The phase shifting condenser C27 (see Figs. 5 

and 6) comprises an outer metallic casing 85 
and metallic ring stator 86, four metallic stator 
sectors 8, 8.2, 83, 84 and a dielectric rotor 87 hav 
ing a dielectric constant materially different from 
that of air. The rotor may also be made of metal 
grounded or insulated from ground, but the di 
electric rotor is preferable. The dielectric rotor 

quency of the oscillatory circuit, The 16 micro- 75 is mounted on a metallic shaft 29 the bearings 
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for which are provided by the outer casing 85, the 
latterialso providing shielding; The stator mem 
bers;85.82.83.84 and 86 area supported by:inSu 
lating members;89;from the casing:85: The four 
phaserWoltages are supplied:to the stator Sectors 
8,82-83, and 84; which are equal in area" and 
shape;and are accurately parallel to the ring Sta. 
tor. 86. The casing, 85 is connected to a metallic 
Shield is 90 around; a first amplifier stage of the 
pulse: generator to Which the Output of the phase 
shifter is connected;the shield being grounded. 

It will be seen that the potentials impressed 
upon opposed Stator Sectors of the phase-shifting 
Gonderaser; are 180-degrees.Out of phase:While the 
potentials; at any two adjacent sectors are 90' des 
grees out of phase: All four potentials are of 
equal, amplitude: 

If the:resistance R26 or that of R2 is equal to 
R and the ecapacitance of: C26 and C4-in parallel 
or that of C25-and-C3 in parallelis, equal to C, 
then each of the two parallelipaths of the phase 
Spitting circuit: Satisfies the equation. 

Where Xc. is the capacitive reactance... and f is 
the frequency, The load impedance.Z. presented 
by these elements...to.the phase inverter, circuit, 
neglecting any Small-effect of C2 is. 

R. X. 
52 J.2 

In order to minimize the time required for the 
phase' shifter to reach steady state response to 
each timing , wave produced during the period 
defined by the negative portion of a start-stop 
wave, it is desirable to have this impedance a 
pure resistance. This is realized by connecting 
the path comprising inductive element 2 having 
an inductance of 3.64 millihenries in series with 
1500 ohm resistor R24 in shunt with the path 
comprising:C27 and R26 and with the path.com 
prising: R26 and C25, this added impedance due 
to I32 and R24 being "equal to the conjugate of 
Zi, that is 

Z. 

R. Xe. 2t2. 
Under this: condition the loadimpedances. 

2. 
for all frequencies: up to a high; harmonic of 
the timing wave, which therefore: appears undis 
torted on stator; sectors; 8; and 83. The phase 
shifted; waves on stator:sectors: 82 and 84; apa. 
proach their steady; stater condition by way of 
an exponential starting transient the tirine cone 
stant T. of which is; equal to R.C., Since 

Zi equals 

- . T-Rr R-act T=RC 
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which corresponds, to...one radian of the timing 
Waye. It is, desirable that this transient be short 
So that the timing.wave. may be, sufficiently accu 
rate for the measurement of short ranges. The 
condenser C may be set permanently in manu 
facture SOs that the overall calibration of the 
range unit in yards...is precisely correct for two 
diametrically opposed positions, of the phase 
shifter...condenser C2 and the range-calibration 
may be made correct, for two, angular positions 
at right angles to the first-mentioned positions 
by manufacturing... adjustment of the trimmer 
CondenserS C3, C4. The accuracy at intermediate 
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2 
the amplitude balance, of the: Voltages - on; the 
four stator. Sectors- and, upon: the similarity. of 
the four. Sections of...the-condenser, C27. 
The-ring stator. 86 of the phase shifter is con 

Inected by-lead, 9 to the -input of a tWO-Stage 
amplifier: comprising-electric discharge tubes 9i 
and 92, and the output. of the amplifier is con 
nected to a tinning pulse generator circuit. come 
prising, electric. discharge tubes 93.; and 94. The 
lead 49 is connected to the control grid of , tube 
9. Anode-potential is Supplied to, the-tube from 
the 300 volts source 5 through 1,000.5 ohm re 
sistor. R37 and 100,000 ohini resistor. R.3-, the 
cathode of the tube. 9- being connected through 
500 ohm resistor. R35. to ground. Control grid 
biasing, potential is provided due to...the. anode 
Current...flowing through R30 which bias is-Sup 
plied to the grid through...negohm resistor R28 
and 2. Inegohn resistor, R23, in Series. A., .01 
microfarad-condenser. C28 in a path: connecting 
the .cathode of tube.9e to the common: terminal 
of resistors R28, and R29 by-passes, alternating 
Components of the. Voltage across, R39; Screen 
grid Voltage...is. Supplied to tube 9 from the 300 
WOlt Source through resistor R3 and through.5 
megohn resistor. R32: A .01 microfarad... con 
denser C30 is connected between the-screen grid 
and the cathode. The anode of tube 91... is con 
nected through .01 microfarad condenser C29 to 
the control...grid. Of amplifier tube.92. Anode 
Voltage is Supplied to. tube.92.from the .300, volt 
Source, through resistor R3 and 20,000 ohm re 
Sistor R36 and. Screen grid. voltage...is. Supplied 
from the 300 volt Source through resistor R3 and 
60,000 ohm resistor. R38, the screen grid. being 
Connected through .1 micromicrofarad condenser 
C32 to the cathode. Resistor R35 of 183 ohms 
is connected between the cathode of tube. 92 
and ground to produce a grid biasing voltage due 
to anode current flowing therein, which bias is 
Supplied to the grid through the .1 megohm re 
Sistor R34 Condenser C3 of . microfarad Sup 
presses alternating components of the voltage 
acroSS R35. Negative feedback is provided by 
Connecting anode of tuber 92 through.3 megohm 
resistor R33 to the cathode of tube 9: The use 
of a large resistor for R29 together with the nega 
tive-feedback makes the input impedance of the 
amplifier extremely high so that no appreciable 
resistive" component of current is drawn through 
the very. Small capacity of the phase shifting 
Condenser C2. Displacement of the center-line 
of the timing. Wave. (particularly during the first 
feW cycles of each train) with the resultanter. 
rOrSin range indications are thus avoided. Con 
denser C34, of .5 microfaradis connected between 
ground and one-terminal of resistor R3 to sup 
preSS Voltage variations of the 300 volt Source. 
The amplified timing wave voltage at the anode 

Of tube. 92 is impressed through .01 microfarad 
condenser C33 upon the control grid of a “center 
clipper tube.93. The control grid is connected 
through.1 megohm resistor R39 to ground and 
the stube cathode is connected through 10,000 
ohn resistor. R40 shunted by .0001. Inicrofarad 
condenser C36 to ground: Anode voltage is sup 
plied to tube 93 from the 300 volt source through 
1,000 ohm resistor R45 and 20,000 ohm resistor 
R4 and screen grid voltage is Supplied from the 
Voltage divider formed by resistor R45,.1 megohm 
resistor. R.42 and .1 megohm resistor R43, the 
Screen...: grid, being by-passed to the cathode 
through ... microfarad condenser C37. The tube 
93. acts as a cathode follower for the positive 

positions of the condenser C27 is dependent upon 75 half; cycles of the timing wave-impressed upon 
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its grid and it is cut off during the negative half 
cycles. During the positive half cycle on the 
grid when the grid potential first increases and 
then decreases, the anode potential decreases and 
then increases. While the tube is cut off the anode 
potential is constant. The anode of tube 93 is 
connected through .001 microfarad condenser C35 
to the grid of electric discharge tube 94, the 
cathode of which is grounded. Anode voltage is 
supplied to tube 94 through resistor R45, through 
1,000 ohm resistor R47 and through 5,000 ohm 
resistor R46. Screen grid voltage is supplied to 
the tube through resistor R45 and .1 megohm 
resistor R48, the screen grid being connected 
through .1 microfarad condenser C38 to ground. 
Condenser C65 (0.1 microfarad) is connected 
from the negative terminal of resistor R45 to 
ground. During the quiescent period. When no 
wave is generated by the timing wave generator, 
the control grid of tube 94 is at a slightly positive 
potential, the 300 volt source connected through 
resistor R45 and 1 megohm resistor R44 to the 
control grid causing a Small grid current to flow. 
During the active period when the timing wave 
is generated, the change in anode potential of 
tube 93 causes the grid potential of tube 94 to 
be sharply increased at the beginning of one half 
cycle of the timing wave and to be sharply de 
creased at the beginning of the following half 
cycle so that tube 94 is made conducting and 
non-conducting alternately. As a result, a train 
of square waves with sharp corners is produced 
at the anode of tube 94, which is connected to 
the 'step' impulse generator 28, and at the com 
mon terminal of resistors R46 and R47, which is 
connected to the RC delay circuit. Differentia 
tion of the square waves produces alternate nega 
tive and positive sharp impulses e. 
The RC delay circuit comprises four electric 

discharge tubes 95, 96, 97 and 98. The square 
topped wave from the start-stop circuit is in 
pressed upon the control grid of tube 95 through 
.1 microfarad condenser C39, the control grid 
being connected to the cathode through 1 megohm 
grid leak resistor R5. There is provided a cur 
rent path from the 300 volt Source through 8,000 
ohm resistor R50, through constant voltage dis 
charge device or cold cathode tube 00 and 
through 4,000 ohm resistor R49 to ground. The 
resistance of the constant voltage device changes 
as the current through it varies to maintain 
the voltage across the tube constant. A 6 
microfarad condenser C40 is connected from the 
common terminal of resistor R50 and cold cath 
Ode tube 00 to ground. The cathode of tube 
95 is connected through resistor R49, having .1 
microfarad condenser C42 connected in parallel 
therewith to ground, to maintain the cathode 
potential at substantially 50 volts positive with 
respect to ground. During the quiescent periods 
when the start-stop wave is positive, anode cur 
rent flows through tube 95 from the 300 volt 
Source, through 8,000 ohm resistor R50, through 
200,000 ohm rheostat R52, through the anode 
cathode path of tube 95 and through resistor 
R49 to ground. 

4. 
'provide an adjustment of the time constant of 
the circuit (R52) (C4). Screen grid voltage is 
Supplied from the 300 volt source through 30,000 
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A 1,500 micromicrofarad condenser C4 con 
nected in parallel with 150 micromicrofarad con 
denser C43 and rheostat and R52 is thus charged 
to a voltage equal to the voltage drop across the 
rheostat which, of course, will depend upon the 
rheostat setting. A trimmer condenser C5 of 
100 micromicrofarads is connected in a circuit 
from the anode of tube 95 through .005 micro 
farad protecting condenser. C44 to ground to 

70 

ohm resistor R53. The anode of tube 95 is con 
nected to the control grid of the cathode fol 
lower tube 96 having its cathode connected 
through 20,000 ohm resistor R54 to ground. 
Anode potential is supplied to tube 96 from the 
300 volt Source through 1,000 ohm resistor R55. 
The cathode of tube 96 is connected to the con 
trol grid of tube 98 which, in turn, is connected 
through .1 megohm resistor R58 to the mid-tap 
of transformer winding 99 which supplies heat 
ing current to the cathode heater of tube 96. 
Anode potential is supplied to tube 98 from the 300 
volt Source through resistor R55 and 1 megohm 
resistor R69. The common terminal of R50 and 
the Cold cathode tube 00, which is maintained 
at Substantially 200 volts positive with respect to 
ground, is connected through 35,000 ohm resistor 
R57 and 60,000 ohm resistor R56 to the cathode 
of tube 96. The resistors R56 and R57 are volt 
age-dividing resistors, the common terminal of 
which is connected to the cathode of tube 97. 
The 200 volt terminal of resistor R57 is connected 
through .002 microfarad condenser C46 to the 
anode of diode tube 97, which anode is connected 
through 1,000 ohm resistor R59 to the cathode 
of tube 98. The initial voltage to which the con 
denser C4 is charged when tube 95 is conduct 
ing, and therefore the initial potential at the 
anode of tube 95, at the grid and cathode of 
tube 96 and at the grid of tube 98, is determined 
by the Setting of rheostat R52. Assume that 
the initial potential at the cathode of tube 96 
and at the grid of tube 98 is Eo volts below 200 
Volts. When tube 95 becomes non-conducting 
due to the negative portion of the start-stop. wave 
impressed upon its control grid, the condenser 
C4? and its trimmers will discharge through R52 
and the potential at the cathode of tube 96 and 
at the grid of tube 98 will rise exponentially from 
its initial voltage toward the 200 volt asymptote. 
When tube 98 is not conducting, condenser C46 
is charged to a voltage equal to the potential 
a COSS resistor R57 through the anode-cathod 
path of tube 97, this voltage being 

35,000 
95,000 

where e=2.718. While tube 98 is non-conduct 
ing, therefore, its cathode potential is 

Eo 
e 

E- (approx.) 

below the 200 volt asymptote. Timing impulses 
e from the timing pulse generator 22 are impressed 
upon the cathode of tube 98 through condenser 
C4 of 100 micronicrofarads. Condenser C4 and 
1,000 ohm resistor R59 provide the necessary dif 
ferentiating action. When the potential at the 
grid of tube 98 has increased sufficiently with 
respect to its cathode potential due to the dis 
charge of condenser C4, a negative timing im 
pulse will lower the cathode potential of tube 98 
Sufficiently to cause the tube to conduct and the 
cathode potential will then also rise exponentially 
due to the change in the charge on condenser 
C46. The charge on condenser C46 is changed 
due to current from the 300 volt source flowing 
through R55, R60, the anode-cathode path of 
tube 98, R59, condenser C46, R57, R56 and R54 
to ground. Thus during an interval which varies 
with the setting of rheostat R52, the condenser 
C4 discharges to such a potential that the tube 
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98 is caused to;conduct:at the instant that: a cer 
tain: negative impulse from the timing impulse 
generator; is impressed upon its cathode. A Sud 
deh decrease in voltage is: therefore produced at 
the anodes of tube: 98. The operation of the RC 
delay:circuit will; be further; clarified by: reference 
to: the curves; of Fig. 7s which will be discussed 
later. 
The pedestal and sweep. wave generator 25 

comprises electric: discharge devices ( ; 2 and 
03. The device: i , connprises two triodes, the 
onehaving; a cathode: Bé, a control grid 05 and 
an anode of S. and the other...having a cathode 7, 
a control grid:08 laid an anode 09. The Sharp 
negative: pulse produced.at, the: anode of tube 98 
of the RC delay circuit.23';is impressed through 
100 micronicrofarad" condenser. C88 upon; the 
control grid. Storinterrupt the flow of anode 
current: which is supplied" from the 30G. volt 
source: through g 1,000 ohm, resistor R6, .1 
negohmiresistor R63 to the anode CS, the cath 
ode; GA being connected through 20,000 ohini re 
sistor R62shunted by .1 microfarad: conden Ser 
C493:to:ground. The grid is connected through 5 
megohm'.grid:leak, resistor R6 to the cathode. 
The anode 6 is connected through 100 micro 
microfaradicondenser:C50 and 50,000 ohm resistor 
RS5; to the control grid. 8. Thus when the 
anode current is interrupted in triode: 04, 05, 
06; a positive impulse is impressed: upon the 
grid:08 to ; cause anode current to fioW from the 
300: volt: source through resistors R6 and R66 
(i... megohm), the: anode-cathode path and R62 
to ground. The triode: 0, 38, 9 naust remain 
conducting until: the: pedestal impulse and SWeep 
wave are completed and therefore the resistor 
RS5:is used in the path between the anode 6 
and the grid. 98- to block any pulses which may 
be: passed through, tubes 98. and the triode 4, 

5, 06 by way of the plate-to-grid capacitances. 
Electric discharge tube 02 is: a triode having a 
control grid; a cathode and an anode. Discharge 
tube G3 has a cathode 0 and anodes and 

2, forming: two diodes. It also has an anode 
f3- and ari control grid. 4.- which, with the 
common-cathode 0, form: a triode. Anode 09 
is connected through 100 micromicrofarad con 
denser C53 to the grid of tube 02, and through 
100 micromicrofarad condenser C55 to the grid 
: 4 of tube 03. When triode 07, 08, O9 is 
made to - conduct its anode Voltage drops from 
plus 300 volts:to a low::value: The grid of tube 
C2 and the grid f4 of tube 63, which are 
normally slightly above cathode potential, are 
thus carried negative about 150 volts. After the 
grids of tubes e2; and 0.33 aire thus displaced 
negatively; the grid potentials rise exponentially 
toward plus 300-voltSidue to the charging of con 
densers: C53 and C55 through resistors R68. (1 
megoh In) and R73. (.25 megohm) respectively, 
from the Voltage drop across R66. The triode 

27 and the triodeportion of tube fo3 are thus 
made non-conducting due to the negative in 
pulse from the R.C. delay circuit and, after a short 
interval, these triodes again become conducting. 
Anode-current is supplied to tube 92 from: the 

300; volt Source: through resistor R67 and .2 
megohm'. resistor R69; the cathode being con 
nected through 50,000 ohm resistor R O shunted 
by .0015 microfarad condenser C52 to ground. 
Anode current is applied to the triode of tube G3 
from the .300. Volt source through R6T and .1 
negohm. resistor. R74, the cathode Obeing 
grounded. A horizontal Sweep wave for the de 
flection of a cathode ray beam is produced due to 

5 

16 
the discharging; of condense, C52; through, re 
sistol-Ri. When tube, O2- is cut off. and-dueto-its 
Subsequent...charging caused by...the-voltage drop 
across Rt. whene anode. current flows there 
through. Ther. SWeep: voltages acroSS. condenser 
C32:is impressed through 1 megohm resistor.Rlf 
having.01 - microfarad condenser C54 connected 
in shunt,therewith, upon the lead 24 going to...a 
SWeep: amplifier 5. During the quieseent-period 

10 When the start-stop. Wave.is positive, the lead 24 
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is. Stably located at ground potential as required 
for-the. SWeep amplifier due to the lead-24, being 
connected to the anode of one of-the-diodes 
of tube. f 3... Similarly, when the triode portion 
of tube 93 is cut...off, its plate potential rises 
momentarily to produce; a square-topped impulse 
or pedestals, g. which is... impressed through 2 
megohm resistor R12, shunted by.001 microfarad 
condenser C56. upon lead 25 going to the step 
generator 28. By connecting...the-lead 25 to the 
anode: 2-of-a-diode-of, tube. 03; the-peak of the 
pedestal, is located at approximately ground 
potential, the major part of the wave being held 
correspondingly, negative. 
The pedestal impulse, is...supplied through lead 

2d 5. and 10,000-ohm...resistor R75 to the control 
grid of electric discharge: device. 6...of the step 
generator. 28. The timing impulses-from the 
tining pulse generator 22 are; also impressed upon 
the grid of tube. If 6-by, Way of, lead. . . . . and 20 
micronicrofarad condenser, C57. In this... case, 
differentiation-of-the-square wave from the anode 
of tube 94 is performed by:C57 and R75, result 
ing: in the Sharp pulses:e. Anode:current issup. 
plied to tube. If 6 from 300-volt source 5 through 
1,000 ohn; resistor: R78tandi:1 megohm resistor 
R7 to ther anode. Currentis--also supplied from 
the 300 volt Source:through the voltage dividing 
resistors: RT3; of:.1-megohm.; and R6- of 15,000 
ohns, which is shunted by .01 microfarad con 
densei C58; the positive terminal of resistor R6 
being conneeted to...the: cathode-of. tube; 6. to 
maintain it at a positive voltage, with respect to 
ground: Screengrid voltage is supplied from the 
300 volt: Source through resistors: R78 and R80 
(10,000 ohms), the screengrid...being connected 
through: condenser. C597 of .0005. microfarad- to 
ground: he...negative:-terminal of resistor. R78 
is connected through..1: microfarad condenser 
C63 to ground. The anode of tube 6 is con 
nected, throughi. 5 micromicrofarad condenser 
C60 and in-shunt therewith a circuit comprising 
2-megohms resistor R8 and .001 microfarad con 
denser C6 in Series; to a short length of coaxial 
conductor cable. 8 going to a vertical deflecting 
plate 22 of the cathode ray tube 25. The other 
Vertical deflecting plate and one of the horizontal 
deflecting plates: 2f" are grounded. A circuit 
comprising resistori R82 of 200 ohms in series 
With 100 micromicrofarad condenser C62 and in 
Shunt With Said: Series: circuit a .1 megohms re 
Sistor. R83 is connected between the coaxial con 
ductor cable f8 and ground. When the tube 
6 passes anode current due to the pedestal 

pulse impressed upon its ... control grid a sharp 
negative impulse is produced at the anode of 
tube 6 and impressed upon the coaxial con 
ductor cable 8, condenser C62 being charged 
Very rapidly to about 10 volts negative with re 
Spect to ground; Continued flow. of current is 
limited by means of Small by-pass condenser 
C69 in the screen:grid supply. circuit and the 
Small coupling condenser C60. Resistor R83 pro 
Vides, a discharge pathi for the discharge of con 
denser'C62 to form the: exponentially rising por 
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tion of the step wave i. Resistor R8 and con 
denser C6 in Series are connected in Shunt to 
C60 to improve the Wave form of the step. 
... In addition to the vertical and horizontal de 
flecting plates, the cathode ray device. 25 con 
prises a cathode 9, anodes 20, and a phospho 
rescent Screen 23. At the time, that the pedestal 
pulse g is started the Sweep Wave his also start 
ed and the latter is impressed upon the horizon 
tal, deflecting plates. 2 from the output of the 
sweep amplifier 5. The step wave from the 
Step generator and the echo pulse from the out 
put of the radio receiver 3 are impressed upon 
the vertical deflecting plates. 22 of the cathode 
ray tube. The step impulse and the echo impulse 
are thus Visually reproduced upon the screen 23 
and, due to the echo pulses being received and 
the step or range impulses being produced in 
Succession at a rate Within the period of per 
sistence of vision, the echo indication is station 
alry upon the screen when the object from which 
the echoes are received is stationary, and the 
range impulse or step is always stationary upon 
the Screen. . By rotating the shafts of the phase 
shifter and RC delay circuit by means of a handle 
i26, the echo indication may be caused to move 
acroSS the Screen until the echo pulse is aligned 
With the Step and the distance to the object may 
then be read upon the revolution counter, or dis 
tance indicator. 59, which is calibrated in units 
of distance. 
The circuit arrangement shown in Fig. 4 is a 

modification of a portion of the range unit which 
may be substituted for the portion of Fig. 3 be 
low the line X-X. The circuit arrangement is 
like that shown in Fig. 3 (the corresponding parts 
being similarly designated) except that the por 
tion of the circuit of Fig. 3 including tube fo2 for 
causing a Sweep Wave to be generated is omitted, 
the diode anodes and 2 being conductively 
connected, and that the condenser COO of 0.1 
microfarad and 1,000 ohm resistor ROO of Fig. 4 
are used instead of the circuit comprising ele 
mentS R8, C6, C60, R83, C62 and R82 for con 
necting the anode of tube 6 to the coaxial con 
ductor cable 8. The modified circuit of Fig. 4 
therefore functions to generate a pedestal g upon 
which the selected timing impulse 26 is super 
posed, as shown at i, Fig. 1A, and for amplifying 
the selected impulse. The selected pulse or range 
pulse may be used for Some purpose other than 
that of controlling the deflection of a cathode 
ray beam as shown in Fig. 3. For example, the 
range pulse from the coaxial conductor cable 8 
in Fig. 4 may be used together with an echo im 
pulse to control a means for automatically caus 
ing the rotation of the shafts 29 and 34 of the 
variable condenser of the phase shifter 2 and 
of the Variable resistor of the RC delay circuit 23 
in Such manner that the range pulse is main 
tained in Synchronism with an echo impulse. 
With Such an arrangement the range can be 
read from the range indicator 50 without the 
need for manual rotation of the shafts by means 
of the handle 26. 
The Operation of the system may be better 

understood from a consideration of the curves of 
Fig. 7 which show the relationship between volt 
tage and time at several parts of the RC delay 
circuit 23, in conjunction with the diagram of 
Fig. 1A. Curve 29 shows the potential at the 
Cathodes of tubes 00 and 95. Curve 30 shows 
the potential at the cathode of tube 96 and at 
the grid of tube 98. Curve 3 shows the poten 
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tial at the anode of tube 9 and at the cathode of 
tube 98. Curve 32 shows the potential at the 
cathode of tube 97. Curve 33 shows, the poten 
tial at the anode of tube 00. Curve 34 shows 
the potential at the anode of tube 98 which is 
impressed upon the pedestal and sweep wave 
generator. 
At the time to, a starting impulse a produced 

by the starting pulse generator 5 initiates the 
Square-topped wave b produced by the start-stop 
circuit 6 to start the timing wave c produced by 
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the timing wave generator 20. The timing wave 
in turn causes the generation of the timing in 
pulses e by the timing pulse generator 22. The 
Cathode of tube 95 is maintained at a constant 
potential of 50 volts positive with respect to 
ground and the anode of tube 00 is maintained 
at a constant potential of 200 volts as indicated 
by curves 29 and 33, respectively. The initial 
Voltage drop E0 across rheostat R52, and there 
fore the voltage across the capacity in shunt with 
R52, varies With the rheostat setting. The cur 
rent through R52 is the anode current of tube 
95 which is limited to a safe operating value by 
the Screen grid voltage. The initial potential at 
the anode of tube 95, the grid of tube 96, the 
Cathode of tube 96 and at the grid of tube 98 is 
therefore at Some value at greater than 50 volts 
and less than 200 volts depending upon the rheo 
Stat. Setting. When tube 95 is cut off and the con 
denser C4f discharges, the potential rises from 
the value: it toward the 200 volt asymptote as in 
dicated by curve f30. With Eo variable the cath 
Ode potential of tube 98 must be made a function 
of the range Setting. As indicated by curve 3, 
this potential has an initial value 

Eo 
e 

below 200 volts and is obtained by means of the 
Voltage divider R56, R5, condenser C46 and di 
Ode 9, e being equal to 2.718 which is approxi 
mately equal to the ratio of 35,000 ohms to 95,000 
ohms, that is, 

R57 
R57-- R56 

Condenser C46 is charged through diode 97 to 
the Voltage across R57 and the potential at the 
Cathode of tube 98 is therefore 200 volts minus 
the voltage to which C46 is charged. 
The timing impulses from the timing pulse 

generator 22 are also impressed upon the cathode 
of tube 98 as shown by curve 3f. After a cer 
tain interval equal to the time constant of the 
condenser discharge circuit comprising rheostat 
R52 and condenser C4I, the grid potential of tube 
98 Will have increased sufficiently that a nega 
tive impulse 33 will cause the tube 98 to become 
conducting with the result that the potential at 
the anode of tube 98 decreases sharply as indi 
cated by curve 34. 
The cathode potential of tube 97 also rises ex 

ponentially as indicated by the curve 32. When 
tube 98 becomes conducting, anode current from 
the 300 volt source flowing through tube 98 and 
resistor R59 charges condenser C46 to cause the 
cathode potential of tube 98 to rise as shown by 
the portion of curve f3, which is substantially 
parallel to the curve f30. At the time timax the 
grid potential of tube-98 is decreased, due to the 
positive portion of the start-stop wave a being 
impressed upon the tube 95 and the flow of space 
Current through tube 98 ceases. Shortly there 
after the potential of the cathode of diode 97 is 
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reduced below the potential of its anode and the 
diode passes space. current until the anode and 
cathode of the diode 97 are at the same potential. 
The cathode of tube 98 is thus returned to its 
initial potentials. and the circuit is ready to 
be started by a succeeding start-stop Wave b at 
the time t'o. 
The initial decrease in anode potential of tube 

98 as indicated by curve 34 cuts off the triode 
04, O5, O6 of the pedestal and sweep wave 

generator so that the pedestal wave g and the 
sweep wave. h are initiated at the instant that 
the negative timing pulse 33 occurs So that the 
following positive timing pulse 26 will be super 
posed upon the pedestal for producing a range 
mark as indicated at i, Fig. 1A. Each complete 
revolution of the shaft 29 in one direction or the 
other shifts the phase of the timing wave in a 
corresponding direction through one cycle and 
each of the timing pulses is therefore shifted by : 
an amount equal to the period of the timing Wave. 
Revolving the shaft 29 also varies the setting of 
rheostat R52 to change the time constant of the 
condenser discharge circuit at such a rate that 
the interval between ari impulse 33 of each series 
of impulses which causes the tube 98 to become 
conducting and the preceding starting impulse 
may be varied continuously in either direction 
over a range extending from a value near Zero 
to a maximum value. It is thus seen that theim 
pulse 26 which follows the pulse 33 will be se 
lected to produce a range mark at all times and 
that the time of occurrence of this range mark 
may be varied by the rotation of shaft 29, each 
revolution causing the mark to be produced earlier 
or later by an interval equal to the period of 
the timing pulse. Since the distance to the ob 
ject, represented by the period of a single cycle 
of the timing wave, is the velocity of propaga 
tion of the radiated impulse divided by twice the 
frequency of the timing wave, it is seen that the 
indicator f 50 may be calibrated in units of disa 
tance S0 that the range to thie dbject may be 
read when the range impulse 26 occurs in syns 
chronism with an echo pulse received from the 
object. 
This application is a division of my application 

Serial No. 491,791, filed June 22, 1943, now Pat 
ent No. 2,422,204. 
What is claimed is: 
1. In combination, means for producing an 

initial electrical impulse, means for producing an 
impulse which is delayed with respect to said 
initial impulse, and means for indicating the de 
lay interval separating said impulses comprising 
means for producing in response to said initial 
impulse an alternating voltage having a prede 
termined constant frequency, means for produc 
ing under control of Said alternating voltage at 
equally Spaced time intervals a series of alter 
nately positive and negative voltage impulses in 
Synchronism. With the successive positive and 
negative half cycles of Said alternating voltage, 
a circuit comprising resistance and reactance, 
means for Supplying current to said circuit, means 
for changing the Supply of current to said cir 
cuit to cause to be set up across a portion at least 
of Said circuit an exponentially changing voltage 
wave the rate of change of which is determined 
by the time constant of Said circuit, means for 
changing the ratio of said resistance to said re 

s 

() 

2. 5 

30 

35 

40 

50 

55 

60 

65 

0 

20 
actance to vary the time constant of said cir 
cuit, means for producing an indication corre 
Sponding to said time constant, means under 
joint control of said exponentially changing wave 
and one of said series of impulses having a cera 
tain polarity for producing a pedestal voltage 
upon which the succeeding impulse of opposite 
polarity of Said Series is Superposed, means for 
producing a cathode ray beam, meanS for de 
flecting Said cathode ray beam along two co 
ordinates, means responsive to Said. One impulse 
for controlling said deflecting means to cause 
said cathode ray beam to be deflected along one 
of said coordinates and means responsive to Said 
succeeding impulse superposed upon Said pedestal 
and to said delayed impulse for controlling said 
deflecting means to cause Said cathode ray beami 
to be deflected along the other of said coordinates. 

2. In a system having means for producing ani 
initial electrical impulse and means for produc 
ing a delayed impulse which is delayed by a de 
lay interval which may vary with respect to Said 
initial inpulse, means for producing an indica 
tion of said delay interval which comprises means 
for producing during a certain period starting 
substantially simultaneously with said initial im 
pulse an alternating voltage having a predeter 
mined constant frequency, means for producing 
alternate positive and negative voltage impulses 
in fixed time relation with respect to the positive 
or negative peaks of said alternating voltage, 
means for producing an exponentially changing 
voltage comprising a circuit the time constant 
of which may be varied, means for producing 
an indication corresponding to changes of said 
time constant, nears responsive jointly to Said 
exponentially changing voltage and to one of said 
negative impulses which lags said initial impulse 
by a period substantially equal to the time con 
stant of Said time constant circuit for produc 
ing a pedestal voltage upon which the succeeding 
positive impulse is Superposed, a cathode ray de 
vice having horizontal and vertical deflecting 
means for deflecting a cathode ray beam; means 
under control of said negative impulse for pro 
ducing a wave for causing the cathode ray beam 
to be deflected horizontally starting at the time 
of said negative impulse, and means responsive to 
said positive impulse superposed on said pedestal 
and to said delayed impulse for causing vertical 
deflection of said cathiocle ray beam. 

3. Apparatus in accordance with claim i in 
which is provided means for continueusly shift 
ing the phase of said alternating voltage by an 
amount detefinined by the change of the time 
constant of said circuit. 

4. Apparatus in accordance with claim 2 in 
which is provided means for simultaneously 
changing by corresponding amounts, the time 
constant of Said circuit of the phase of said al 
ternating voltage; 

LARNED A. MEACHAME. 
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