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o 4 Claims,
i -

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-
vention 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

10

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, and 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
impuilses, the indicating means being preferably
calibrated in units of distance so that, when the
selected  impulse is delayed Dby 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 manual- 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
screer.

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 confrol 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 confrolling 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” ecircuit 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 interval 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 ¢ondenser 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




2,658,189

3
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 rélatively short period of
the positive portion of the square topped wave.
The timing wave generator is coupled to a phasé
shifter by means of a phase inverter circuit which
provides an accurately balanced low impedance
input to the phase shifter and is désighed to pre-
sent an extremely high impédance to the anti-
resonant circuit of the timing wave génerator to

which it is coupled. In order to minimize the °

time requirement for the phasyg shifter to reach
steady state response to each group of timing
oscillations, the phase shifting circuit is designed
s0 that it presents a substantially pure resist-
ance load to the output of the phase inverter
ciféuit to which it is colipléd. The phase shift-
1ng condenser of the phase shlfter 1s an lmprove-
States Patent No. 2,004,613, granted June 11,
1935. It is désigned to simplify its manufacture,
to provide complete shielding, to avoid use of
moving ‘contacts and to obtain satisfactory ca-
pacitive balancées through inherent mechanical
symmetry.

The timing wave is supplied from the output
of the phase shifter to an amplifier thé output of
which is coannected to a pulse generator which
produces a séries 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 o the phase shifter and to avoid
drawing an appreciable resistive component of
current through the small capacity of the phase
shift -condenser Whlch ‘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
pos1t1ve half cycles of the amplified timing wave,
and which ‘device is cut off during the negative
half ¢ycles to effectlvely ¢clip the timing wave
along its tenter line, ‘the negative half of the
timing wave 1mpressed upon the input circuit of
this “centér clippér” bemg diséarded. The <lip-
ped timing wave appeats with reversed polatity
in the plate circuit of this device. An electric
discharge device coupled to the-center clipper cir-
cuit is altéernately 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 fmpulses. 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 momnientarily
impart high gain to the center clipper tube at
the beginning of ‘each Dositive half cycle ‘of the
timing wave.

The square topped wave from the start-stop
¢iréuit is also applied ‘to an RC delay ‘circuit to
cause discharge ‘of ‘a capacitance through a Te-
sistance ‘which ‘may be varied to change the time
constant of the diséharge cireuit, thereby cdusing
an exponentially rising potential to be’ applied to
the -control grid -of -an -electric dlscharge -device.
The potentlal differerice to which the capacitance
is charged 'is proportmnal 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 dévice which
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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 suificiently 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 tite of produciion of this negative step or
impulse is déterminied by the setting of the vari-
‘able resistor which controls the time constant of
the condenser discharge circuit and also by the
phage shift of the wseries of impulses produced
by shifting the phase of the wave from the timing
wave generator.

The négative impulse produced at the output of
the RC delay circuit controls a circuit for gen-
evating @ ‘Squarée topped impulse or pedestal and
a sweeép wave for controlling the herizontal de~
flection of a cathode ray beam. The pedestal
which is initiated ceineidentally with a negative
pulse from the timing pulse generator is added to
the timihg 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
megns 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 thé
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 tlmmg 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 inferval between a starting
pulse and the following selected timing pulse may
be varied continuously over a range starting from
a value hear Zero to s 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

s timing pulse is delayed by such .an amount that

it occurs s1multaneously with the received echo.

If desired, apparatus may be -employed for
automatically varying the capaeity 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-synehronism. Such-anapparatus
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, 1isa block didgram of a ranging system in
aédorfance with the Présent invention;

Fig. 1A consists of ¢uives to which reference
will Be inade n -desctibing the invention;

Figs. 2 and 3, When-Fig. 3'is blaced bélow Fig.2,
are ‘a'schematic view -of -a ‘range indicator in‘ac-
cordance ‘with ‘the ihvention;
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" Pig. 4 is a schematic view of .a modification of
g portion of the apparatus shown in Pig. 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 oroduced by a radio transmitter {0
and :radiated from-an antenna i are directed

toward an object the distance of which is to be.

determined and in which the reflected wave im-
pulses cr echoes are received by an antenna {2
and detected by a radio receiver 13. An oscilla-
tor 14 produces a sinusoidal wave having a period
somewhat longer than the fime required for a
radio wave to travel twice the maximum distance
to. be measured. ' Starting pulse generator (5
produces sharp impulses as indicated at g in Fig.
1A at regular intervals, one for each cycle of the
sine wave from oscillator {4. 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 Y microsecond, key the
radio transmitter (8 to cause corresponding
pulses of high frequency radio wave energy to be
radiated from the antenna I1. ]

The starting pulses ¢ 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 19) for generating a square topped
voltage wave b. The initial negative portion 17
of wave b is started at the time of a start impulse
a, that is at time fo, 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 (7 is

produced. The positive portion 18 of the wave b’

is produced during this recovery period.

" If the frequency of oscillator 14 is varied be-
low a certain maximum value, the duration of
the negative portion 1T 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 ¢ the phase of which may be
shifted by a phase shifter 21 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 timing 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 16 and is quenched due to the stop tran-
sient which occurs at the beginning of the posi-
tive portion I8 of wave b. The timing wave d

70

16

6

from the phase shifter is impressed upon 4 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 eycle of the timing wave.

It is desired to produce a pedestal impulse
upon which g 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
synehronism 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 17 of the
wave b from the start-stop circuit 16. The shaft
34 of the variable resistor of the RC delay circuit
is connected through gears 24 to the condenser
shaft 28 of the phase shifter 21 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
134 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 i so
that the pulse 26 may be used to produce a range
indication. The selected timing pulse 26 may he
used directly for range indication or, as shown
in Figs. 1 and 1A a “step” impulse § may be pro-
duced under confrol of the selected pulse 26 by
the step generator 28. The sweep wave is ampli-
fied by an amplifier 35.

The step j and the echo impulse from the
radio receiver 13 are impressed upon the vertical
deflecting plates 31 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 alighment with the
step 4. The distance to the cbject from which
the echo is received may then be read from a
revolution counter or range indicator 158 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
uged, 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 158 withcut requiring manual adjustment
of the apparatus.
~The range indicating apparatus is shown. in
greater detail in Figs. 2 and 3 when Fig. 3.is
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placedhelow Pig.:2. ‘Current:from:a i4002cycle
source 44 vis:supplied ‘to: the :primary windings
of : transformers:69-and=8i-of -the .starting: pulse
generator: 5 :employing:-a-gaseous.discharge de-
vice §2 having:an-anode,:a::cathode, and a.con-
trol-giid. -Veltage from the: secondary swinding
oftransformeri6i-is supplied to the:control elec-
trode~cathode circuit of-tube 62.through a:suit-
able - phase shifting. circuit comprising :a shunt
condenser 63, .internal :impedances <of :trans-
former:61i,;-and: a- protective:resistor’ §4 such: that
the:critical-grid -voltage-required’ to-cause cur-
rent - conduction -through -the discharge tube s
reached when the anode is-at or'nearithe positive
peak-ofithe: voltage -wave applied-to‘the‘anode
circuit i from ‘the secondary -winding -of *trans-
former:64. A 500-micromicrofarad condenseri6s
is:eharged through -a- series- cireuit- connected to
the-secondary winding: of ‘transformer 88 which
comprises” 15000 -6hm resistor & :and 71;800 -6hm
resistor '67. When: the critical grid voltage -of
the tube 62 is reached, condenser-65 dischargses
through -a . éircuit :comprising inductance .ele-
ment 68 0of 50 micrehenries,-anode-cathecde-path
of-thetube §2,:024 microfarad:condenser 38 hav-
ing:"30,000 ohm resistor :78-:connected.- in: parallel
therewith:and thence through ¥300.ohm:-resistor
67. The condenser 6% is thussquiekly-discharged
(in :about Y, -microsecond) sufiiciently:to- cause
the-voltage at the anode of tube:i82 to he redueed
and the:discharge current-through'-the tube:to be
interrupted. The radio transmitter. 19 comprises
a multicavity magnetron which:-may:be of the
type disclosed din-Patent 2,063;342-to Samuel, De-
cember -8, 1936, ‘for ~example. The -magnetron
comprises-an ancde’T{-which 'forms an external
sheath or -enclosure, -a cathode 72, a loop ‘I3
and -a-magnet T4. "The-anode’ 1 -and. one end
of the loep 13 are-grounded, the-other end of:the
loop ‘being ‘connected through a 'coaxial con-
ductor cable 15 to antenna-{i. ‘During the:short
interval of each eycle of-the-alternating ‘current
source 4 when the ‘gaseous discharge:tube:62
is conducting, - there :is thus impressed - between
the-anode 71 and cathode 72 -a-high-direct cur-
rent voltage to -cause -the preduction -ef ‘high
power, ultra-high “frequency - oscillations -which
are picked up by the loop 13 -and:transmitted
through: the coaxial conductor line '15. to: the di-
rective transmitting antenna 4. A 3 micro-
microfarad condenser 7§ and a :003“micromicro-
farad condenser -17-connected in series between
the anode: of tube 82 and ground,.are:aiso charged
by - current ‘from source {4 through a: circuit

comprising “transformer ‘60, resistor 66 and ‘in- .

ductance:element €8. 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
Ge.of Fig. TA) to be impressed:uron: the coaxial
conductor:line 39 which transmits the. impulse
to:the start-stop circuit-i8§.

The startsstop- circuit {6 employs an electric
discharge ‘device 40 comprising two:iriodes, the
one-having. a-cathode 41, a control -electrode 42
and.an anode:43:and the other having a cathode
#4, a:-contro! electrode’45;and an anode 46. Neg-
ative .starting impulses from' the -coaxial conduc-
tor line 50 are:applied through:a 10 micromicro-
farad condenser CT across 0.5 megohm resistor
R1:which is'connected between the ‘control: elec-
trode ‘42 vand :ground. The .cathode ‘4f is con-
nected to ground. The anode 43:is directly 'con-
11 connected to the.contrél:électrode-45
anode 46.is connected to‘the control
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sridrd2 through /2 :condenser:C8 thecapacitysof
which: is 50 :micromicrofarads :when - the maxi-
mum:range:to be :measured is: 20,000 yards. The
cathodei44:is::;connected ito:ground :through 20,
000 ohm resistor R§ shunted :by :0002. micro-
fardd:condenser-CS. -‘Anode.potential is applied
to the anode 43 from the positive terminal .0£:300
volt:battery:51.-through series resistors-R& (1,000
ohms)and R3 .(0.1:megohm), the negative hat-
tery terminal being grounded. Positive voltage
is'supplied to:the anode4s from source 5{ through
series:resistors “R4, .R8 :(40,000 chms) and RT
€60:000-0hms) . ~ The.positive terminal of-batiery
51 isralso:connected: through series resistors ‘R4
and:R5:(60,000: chms),-to the. cathode #44. ‘A 20
micromicrofarad..condenser-Cii is connected .in
shunt -with :respect :to ithe ‘resistor RI1. . A.0.1
microfarad: condenser .C{8 is.connected across
the:series rcurrent ‘path- comprising resistors R6,
R1, R8.and the anode-cathode:path: from;anode
48 to.cathode 44.

‘During- the ‘quiescent-period of the :start-stop
ciredit 16, the triode 41, 42,43 is fully- conduct-
ing:with ‘the grid 42 held at the potential of
cathode ‘41 by resistor ‘Rf, 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-
teritial ‘which is -actually negative -with respect
to cathode-44 which is-maintained at about 4-60
volts by the voltage divider-R5 and RS, -Astriode
44,:45, 46 is-thus-biased below cut-off the anode
£6 rests at-about -4-300-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 -15-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 anocde £3-to -cathode &1
is-decreased. As a result-the potential of anode
43-and -of grid 45 is-sharply increased to produce
a-negative impuise at 'the anode 4§ due to cur-
rent ‘flowing through the discharge path from
anode 46-to cathode 44, this negative impulse be-
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 42 rises. exponen-
tially“toward its asymptote at cathode potential
with g, time constant of approximately (Rf) (C%).
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 41,742,"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:41{, 42, 43 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,’R7,C8 and the grid-cathode
path-of triode 41,742,438, “Asthe. grid-cathode im-
pedance is'low, the recovery time coustant is es-
sentially (C8)  (RT4-R8) which is short compared
to the time constant (R1) (C8), so that the cir-
cuit may-recover its stable waiting condition in
a -time- considerably  shorter-than- its-active pe-
riod. “The-negative-portion 1T of the start-stop
wave D-which may be about six times (Rf)-(C8),
for-example, is produced ‘during the-active period
while triode-41, 42,43 is-cut-off-and- the shorter
positive: portion- 18 of -‘wave b is‘-produced during
the quiescent period when triode 41, 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. TIts 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 RT 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 ¢ from the generator 20 is impressed
upon a phase inverter circuit of the phase shifter
21, which circuit comprises an electric discharge
device 54. The phase inverter circuit is connected
to a circuit comprising a variable condenser C21
for shifting the phase of the wave from timing
wave generator 20, 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
Cli2 and 10,000 ohm resistor RI0 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 51 to the anode of
‘tube 53 through 500 ohm resistor R{2, through
the antiresonant circuit comprising inductance
element L{ and .005 microfarad condenser CI5
in parallel and through 6,400 ohm resistor Ril
and .003 microfarad condenser Cl4 to the tube
anode, the antifesonant 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 17 of the °

start-stop wave b, Fig. 1A, impressed thereon.
A relatively large capacity condenser CI5 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 18 of the start-
stop wave raises the grid of tube 53 above cut-off.
Positive potential from the 300 volt source 51 is
applied to the screen grid of tube 53 through a
circuit comprising resistor R12, the antiresonant
circuit L{, CI5 and 20,000 ohm resistor R{3. The
inductance I and the condenser C15 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 3 tim-
ing wave having a different period.

The common terminal of the antiresonant cir-
cuit and the parallel circuit comprising elements
Ci4 and RI{ is connected through .001 micro-
farad condenser C{8 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-
quency of the oscillatory cireuit, The 16 micro-
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farad filter condenser Ci6 is connected from the
negative terminal of resistor Ri2 to ground.

The phase inverfer 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 58 may be
traced from the positive 300 volt termninal through
1,000 ohm resistor R2l, 1,000 ohm resistor R20,
6,000 ohm resistor R19, the anode-cathode path
of tube 54, 180 ohm resistor R84, 6,000 ohm resis-
tor R18 and 1,000 ohm resistor RIT to ground.
RIT and R20 are equal resistances across which
the balanced outplut voltages appear. RI8 is
used to increase the amount of cathode feedback
for the purpose of obtaining high input imped-
ance and RI9 balances the resistance of RI8 in
the anode circuit.  The anode current through
R84 produces a voltage drop which is applied to
the control electrode for hiasing it through a filter
formed by .1 megohm resistor Ri4 shunted by a
.001 microfarad condenser CI9 and through .5
megohin resistor RI5. 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 R2I
and 0.25 megohm resistor R22. The screen grid
is connected to the'cathode through .006 micro-
farad condenser C2l1 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 C21 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 R18§ connected

between-the anode and the common terminal of
resistors R20 and R21.

Capacitive unbalance of
the anode and cathode to ground is corrected by
a variable 100 micromicrofarad condenser CI,
shunted by 50 micromicrofarad condenser CIT,
connected between ground- and, through .001
microfarad protectmg condenser C20 to the anode
of tube 54.

The balanced output of the phase inverter is
connected through .1 microfarad condensers €22

and. C23 to a phase splitting circuit comprising

two. parallel paths the one path comprising 750
micromicrofarad condenser C28, a 75 micromi-
crofarad variable condenser C4 being in shunt
with C26, connected in series with 3,000 oim re-
sistor R21, and the other path comprising 3,000
ohm resistor R26 connected in series with 750
micromicrofarad 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 027 (see Figs. 5
and 6) comprises an outer metallic casing 85
and metallic ring stator 88, four metallic stator
sectors 81, 82, 88, 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

is mounted  on-a metallic shaft 29 the bearings
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fon which:are provided by the-outer:-casing:85,:the
lattermlso-providing-shielding; Thesstatormem-
bers:84;. 82, 83,84 and 86:are: supported:-by-insu-
lating members:89:from: the casing:85:; Thefour-
phase-~voltages: are-supplied:to the stator-sectors
81,.82; 83; and:84+whichrare-equalin-area-and
shape-and-are:accurately:parallel-to-the ring: sta=
tor.86. The casing; 85-is:connected:to a metallic
shield: 90" around:a:first .amplifien stage: ofthe
pulse:generator:to:which the-output:of: the:phase
shifter-isiconnected;.the shield-being: grounded:

It: will -he--seen - that-the: potentials impressed
upon- opposed:stator:sectors:-of-the phase=shifting
candenser: are;180-degrees:out .of-phase-while the
potentials:at any-two-adjacent sectorsrare 90 de+
grees=out.of- phase:- All: four: potentials -are- of
equal amplitude:

If. the:resistance R26-or:that of R27-is equal:to
R and- thecapacitance-of.C26-andC4:in. parallel
or:that- of. .C25..and.-C3 in parallel. is. equal -to .C,
then each of the:twe.parallel-paths:of: the phase
splitting: cireuit; satisfies-the~equation:.

1
whiere X is._the.capacitive reactance. and.f is
thie frequency, . The load impedance.Z; presented
by.these. elements. to.the. phase inverter, circuit,
neglécting . any:-small. efféct _of C21. is..

Z;.,=—2‘¢* I

I order-to- minimize the -time-required for- the
phase shifter:to reach-steady state response to
each’ timing - wave  produced- during -the. period
défined by the negative portion: 1T of :a start-stop
wave;. it is _desirable- ta. have this-impedance-a
pure-resistance; This is- realized by connecting
the path-comprising inductive element: 1.2 having
an-inductance of’3:64:millihenries in series with
1:500"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 T:2and’ R24 being-equal-to.the conjugate of
Zi, that'is

R.v‘ 24 L7 -
PR
U‘ﬁder- ‘this:condition-the load“impedances-

2..

fory all: freguencies: up:.to: a. high harmonic- of
theiming wave; which: therefore:appears: undis-
torted:on:stator: sectors: 847 and:83. The:phase
shifted:; waves- on: stator:-sectors::82:'and - 84: ap=
proaechs:their- steady;state- condition: by way of
anr exponential:starting transient-the: tithe con=
stant 'T: of- which- is:equal. to-RC.. Since

Ju—, 1 1: .
S#C Ot

Zy equals

[
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which. corresponds. to..one. radian: of. the:-timing -

wave... It.is.desirable that this.transient be .short
sa.that the timing.wave may, be.sufficiently accu~
rate for. the. measurement of: short.ranges.. The
condenser Ct may be set.permanently .in. manu-
facture so.that the. over-all calibration. of the
range.unit in yards. is.precisely. correct for two
diametrically. opposed. positions. of. the. phase
shifter.condénser C27 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
positions of the.condenser C27T is.dependent.upon

85

70
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the: amplitude balance. of. the:voltages -on: the
four: stator: sectors-and: upon: the similarity. of
the.four sections. of-the. condenser. C21.

The-ring.stator.85 -of the:phase shifter is con-
nected-by-lead 49-to the -input of:a.two-stage
amplifier: comprising.-electric discharge tubes 91
and.92,; and: the output-of the amplifier is-con-
nected. to: a-timing: pulse generator - circuit: com=
prising. electric. discharge tubes 83:and.94: . The
lead 49 is connected to the control grid of.tube
94:.. Anode-potential-is supplied:to.the:tube.from
the- 300. volt.: source 51 :through- 1,000 :0hm re=
sistor. R37- and.- 100,000 . ohin: resistor. R34, the
cathode .of..the tube. 91 being connected. through
500 :ohm -resistor- R38.-to -ground.. Control.grid
biasing, pofential. is.provided. due.to--the. anode
current. flowing -through:R30; which.bias is-sup-
plied-to. the.grid through. .l megohm. resistor R28
and. 2. megohm. resistor. R29. in  series.. A.. .01
microfarad.condenser. C28 .in-a path-:connecting
the.cathode of tube.81-to.the common: terminal
of. resistors. R28. and: R29. by-passes. alternating
components. of. the. voltage across. R38: Screen
grid. voltage.is. supplied.to tube §{. from the-300
volt. source through: resistor R37.and.through...5
megohm . resistor. R32: A .01 microfarad. con-
denser C30 is. connected.between the-screen grid
and the cathode: The -anode of tube 81i: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 R371. and. 20,000 ohm re-
sistor R36 and.screen grid.voltage. is..supplied
from the 300 volt source through .resistor R31 and
60,000 ohm resistor.. R38, the.screen .grid.being
connected through .1 micromicrofarad.condenser
C32 to the cathode. Resistor R35 of 185 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 -2t of .1 microfarad sup-
presses- alternating components of the voltage
across  R39 Neégative feedback:is provided. by
connecting anode of ‘tube 92 through .3 megohm
resistor R33 to'the cathode of tube 91. The use
ofra-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 C27. Displacement of the center-line
of the timing wave (particularly during the first
few-cycles ofteach train) with: the resultant er=
rors:in-range indications are thus avoided, Con-
denser C34-of 5 microfarad is connected between
ground and-one-terminal of resistor R37 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:.l megohm resistor R39 to ground and
the~tube - cathode" is - connected - through 10,000
ohm resistor. R46' shunted: by .0001: microfarad
condenser C36 to-ground:: Anode-voltage is: sup-
pled:to fube-93 from the 300 volt source through
1,000. ohm- resistor R45 and 20,000  ohm. resistor
Rdl-:and screen- grid voltage is supplied from the
veltage divider formed by resistor R45, .1 megohm
resistor R42 and .1 megohm resistor R43; the
screen.- grid- being  by-passed- to the cathode
through .1 microfarad condenser C37. The tube
93.acts as a cathode follower for the positive

78 half:cyeles. 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 R4T and through 5,000 ohm
resistor RE€6. Screen grid voltage is supplied to
the tube through resistor R45 and .1 megohm
resistor R4&8, 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 24 is at g 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 R41, 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 electrlc
discharge tubes 95, 96, 97 and 98. The square-
topped wave from the start-stop circuit is im-
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 R5f. '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 100 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 108 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 chm resistor R50, through
200,000 ohm rheostat R52, through the anode-
cathode path of tube 95 and through resistor
R49 to ground.

A 1,500 micromicrofarad condenser C4I 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
rhecstat 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§ fo ground. fo

14

‘provide an adjustment of the time constant of

the circuit (R52) (C41).. Screen grid voltage is

- supplied from the 300 volt source through 30,000
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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 R68. The common terminal of R50 and

the cold cathode tube 100, which is maintained
at substantially 200 volts positive with respect to
ground, is connected through 35,000 ochm resistor
R5T 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 R§9 to the cathode
of tube 98. The initial voltage to which the con-
denser C41 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 85 becomes non-conducting
due to the negative portion of the start-stop wave
impressed upon its control grid, the condenser
C4{ and its frimmers will discharge through R52
and the potential at the cathcde 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
across resistor R5T through the anode- cathode
path of tube §1, this voltage being

35,000
95,000
where ¢=2.718. While »tube 98 is non-conduct~
ing, therefore, its cathode potential is
Eo
€

E’o— ! (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
C47 of 100 micromicrofarads. Condenser C47 and
1,000 ohm resistor R59 provide the necessary dif-
ferentiating action. When the potential at the
grid of tube 88 has increased sufficiently with
respect to its cathode potential due to the dis-
charge of condenser C4l, 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 ancde-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
C41 discharges to such a potfential that the tube
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98 is-caused to:conduct-at the instant thatia:cer~
tain:negative: impulse from:the: timing-imptulse
generator: is impressed:upon:its: cathode.: A sud=
den: decrease:in: voltage: is: therefore:produced at
the anoderof tube: 98 The: operation of the RC
delay-circuit will:be further: clarified by:reference
torthe: curvesr of Fig: 7- which' will: be discussed
later:

The: pedestal | and! sweep: wave: generator- 25
comprise: electric:discharge devices {&1; 162 and
103 The :devive: 101 .comprises ‘two triodes, the
one having:a-cathode 188, a control grid 185-and
an:anoda:d 85:and:the other:hiaving a cathods (67,
accontroligrid: @8 and -ansanode {05, The:sharp
negaiive: pulSe: produced: at-the;anode . of tube 88
ofi the:RC delay: circuit: 23-s impressed:through
100 -micromicrofarad: condenser: C48° upon: the
control: grid: 185:torinterrupt the -flow. of -anode
currents which « i$~ supplied- ffom - the 300 volt
source: through: 1,000 ohm: resistor- R8T, .1
megohmsresistor R63 to:the anode 108; the cath-
oder i§4:-being ‘connected-through 20,000 chmrex»
sistor- RB2! shunted::by .1 microfarad:condenser
CA8:tb:ground:. The grid is connected: through 5
megohm-gridiléak: resistor ‘R6{ to: tie-cathode.
Thetanode 186:is-connected: through: 100 micro-
microfaradcondenser: ¢80 and 50,000-ohm resistor
RE5:to the control grid- 188. Thus when the
anode- current is interrupted. in -triode; 104, 165,
186+ a;: positive. impulse is impressed: upon' the
grid 1908 to:cause anode current to fiow from the
300:volt:source through: resistors RET and R68
(1:megohm);, the:anode-cathode path and RE2
to-ground.; The triode 10%F, 188, 16%:-raust remain
conducting untilithe-pedestal impulse and sweep
wave-are completed and:therefore the resistor
R§5:1s: used-in: therpath between the ancde [66
and. thergrid. 198-to: block any-pulses which may
be: passed through- tube: 9% and-the triode 184
185, 106-by way of the plate-to-grid capacitances:
Electric: discharge-tube {02 is: a triode having-a
controligrid;: a-cathode and an anode: Discharge
tube: 163-has-a cathode {{0-and anodes ({1 and
142, forming: two- diodes It also lias:-an anode
143- and a- contrel: grid- 114- which, with the
common-cathode 110; form:a:triode. Anode 109
is connected through -180- micremicrofarad con-
denser C83 to the grid .of tube 102. and through
100 micromicrofarad condenser C85 to the grid
{14 of tube (03. When triode {07, 108, {09 is
made-to- conduct’ its anode- voltage: dreps  from
plus 300 velts:to-a low:valte: The grid of tube
182 and the grid ({4 of tube (63, which are
normally slightly above cathode potential, are
thus carried negative about 150 volts. After the
grids  of tubes  {82-and 103: are thus displaced
negatively; thegrid- potentials rise exponentially
toward-plus-300-voltsidue to the charging of con=
densers: C53 rand: C85" through resistors R88 (1
megohm). - and» RT3~ (,25- megohm) - respectively,
from-the voltage: dropacross RE66: ThHe triode
102 and rthe triode portion of tube 103 are thus
made non-conducting due’ to the negative im-
pulsefrom the RC:.delay circuit and, after a short
ifiterval,: these:triodes:again become conducting.

Anode-current is supplied to-tube 162 from:the
300} volt~ source: through resistor R8T and .2
megohm resistor: R697 the cathode being con-
nected:through 50;000 chm resistor RT8 shunted
by:*.0015" microfarad’ condenser C§2 to ground.
Anode:current is-applied to the triode of tube 103
ffom::the: 300. volt source through R8T and .1
megohm. resistor: R14;. the cathode (10 being
grounded: A horiZontal sweep wave for the de-
figction:of a:cathode ray:beam:is produced.due to

5

16
‘the: discharging: of-condenser- C82: through. re~
sistor-RI0-when-tube. 402-is cutioff- and-due-te-its
‘subseguent..charging: caused by.-the:-voltage drop
agross: R10.r when- anode. current . flows . there-
through: The. sweep: voltageacross.. condenser
C52:is.impressed-through 1 megohm resistor R
having. .01-microfarad-condenser C84 connected
in:shunt.therewith; upon the lead 214-going-to.a
sweep: amplifier: | 15, . During the-quieseent-period

10+ when the-start-stop.wave.is positive, the lead 214
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is-stably located.at ground potential as.required
for-the. sweep amplifier. due.to.the lead.2 14 being
connected to.the :anode- i41-of .one of-the-diodes
of: tube 103.. Similarly,.when the triode portion
of. tube 83-is .cutb..off,. its plate potential.rises
momentarily to:produce:a.square-toppred.impulse
or - pedestal: g. whieh.. is... impressed. through.. 2
megohm resistor R12.shunted:.by..001 microfarad
condenser C56.upon . lead 215 going. to..the. step
generator-28.. By connecting.the-lead 215 to the
anode:t12.0f.a-diode.of tube.183; 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
245%..and. 10,000 .chm.resistor R75.to.the control
grid .of-electric. discharge-device. [ 16..0f the step-
generator- 28.. The. timing impulses.- from. the
timing.pulse generator 22 are:also impressed upon
the grid.of tube.l§. by way of. lead..[17.and.20
micromicrofarad condenser: C51. In this-case,
differentiation-of-the-square ‘wave from the-anode
of tube 84.is performed-by-C81 and :R18, result-
ing-in-the sharp pulses.e.. Anode:current is:sup-
plied to-tube: 146 from 300-volt source-51 through
1,600- ohm-iresistor: R18~and.:1 megohm resistor
RT7 to.the-anede. Current:is-also supplied from
the 300 volt source-through the voltage «dividing
resistors- R19-o0f;.1- megohm and.- RT76-of 15;000
ohmsy; which is:shunted: by?.01 microfarad con=
denser CB8; the positive-terminal of resistor R16
being - conneeted-to-thercathode-of: tube: { 16- to
maintain-it- at a positive-voltage- with respect to
ground.: Screen grid.voltage is-supplied from the
300~ volt: source through resistors:R78 and R80
(10,000-ohms) ;. the-screen: :grid-being connected
through: condenser:;. C59%-:of- .0005 microfarad- to
ground:. The:negative--terminal.of resister R18
isr connected through-.l:micrefarad- condenser
C63: to-ground.: The:-anode:of: tube 116 is con-
nected,” through: 5 micromicrofarad - condenser
C60 ;and in~shunt therewith a-circuit: comprising
2-megohm: resistor-R8 -and:.001 microfarad con-
denser-C8!+in-series; to:a:short length of-coaxial
conductor cable: [18going to-a-vertical deflecting
plate: {22 of the -cathode ray tube £25: The other
vertical deflecting plate and one of the horizontal
deflecting:: plates: (21 are grounded: A circuit
comprising: resistor :‘R827¢of 200 ohms in series
with~100 -micromicrofarad: condenser C82 and in
shuntwith said-series:circuit-a: .1' megohm: re-
sistor. R83-is connected between: the coaxial con-
ductor cable (18- andrground: When-the tube
{16~ passes anoder current-dite . to the pedestal
pulse-impressed” upon :its:control grid a sharp
negative impulse is produced at.the anode. of
tube 116: and: impressed. upon’ the:coaxial  con-
ductor- cable !i8; condenser- C82 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.
CB9 in - the- screen::grid’ supply - circuit and the
smallcoupling.condenser C60.. Resistor R83 pro-
vides:a diScharge:pathifor the discharge of con~
denser:C62 to form the:exponentislly rising por-
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tion of the step wave j.. Resistor R8{ and con-
denser C6I 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 125 com-
prises a cathode 119, anodes 128, and a phospho-
rescent screen 123. At the time that the pedestal
pulse ¢ is started the sweep wave I'is also start-
ed and the latter is impressed upon the horizon-
tal deflecting plates: 121 from the output. of .the
sweep amplifier 1{5. The step wave from. the
step generator and the echo pulse from the out-
put of the radio receiver 13 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-
ary 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
126, 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 -159, 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 cireuit. 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 102 for
causing a sweep wave to be generated is omitted,
the diode anodes (i1 and 112 being conductively
connected, and that the condenser CI80 of 0.1
microfarad and 1,000 ohm resistor R100 of Fig. 4
are used instead of the circuit comprising .ele-
ments R8{, Cél, C60, R83, C62 and R82 for con-
necting the anode of tube 116 to the coaxial con-
ductor cable-1{8. The modified. circuit of Fig. 4
therefore functions to generate a pedestal-g upon
which the selected timing. impulse 2§ is super-
posed, as shown at i, Fig. 1A, and for amplifying
the selected impulse. The selected pulse or ranhge
pulse may be used for some purpose other than
that of confrolling the deflection of a cathode
ray beam as shown in Fig. 3. ‘For example, the
range pulse from the coaxial conductor cable 118
in PFig. 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 21 and
of the variable resistor of the RC delay circuit 23
in such manner that the range pulse is main-
tained in synchronism with . dn echo impulse.
With such an arrangement the range can be
read from the range indicator :150 without the
need for manual rotation of the shafts by means
‘of the handle 126. o

The operation of the system may be better
understood from a consideration of the curves of
Fig. 7 which show the relationship between volt-
age and time at several parts of the RC delay
eircuit 23, in conjunction with the diagram cf
Fig. 1A, Curve 129 shows the potential at the
cathodes of tubes 180 and 95. Curve 130 shows
the potential at the cathode of tube 96 and at
the grid of tube 98. - Curve 13| shows the poten~
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tial at the anode of tube 97 and at the cathode of
tube 98. Curve {32 shows the potential at the
cathode of tube 91. Curve 133 shows.the poten-
tial at the anode of tube 100. Curve 134 shows
the potential. at the anode of tube 98 which is
impressed upon the pedestal and sweep wave
generator.

At the time s, a starting impulse ¢ produced
by the starting pulse generator (5 initiates the
square-topped wave b produced by the start-stop

_ circuit 16 to start the timing wave ¢ produced by

15

20

30

40

50

60

65

70

75

the timing wave generator 20. The timing wave

‘in furn causes the generation of the timing im-

pulses e by the timing pulse generator 22. The
cathode of tube 85 is maintained at a constant
potential of 50 -volts positive with respect to
ground . and the anode of tube 100 is maintained
at a. constant potential of 200 volts as indicated
by curves 129 and 133, respectively. The initial
voltage drop Eo across rheostat R52, and there-
fore the voltage across the capacity in shunt with
RS2, varies with the rheostat setiing. 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 w 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 C41 discharges, the potential rises from
the value u toward the 200 volt asymptote as in-
dicated by curve 30. With Ep variable the cath-
ode potential of tube 98 must be made a function
of the range setting. As indicated by curve {31,
this potential has an initial value

Ey
€

below 200 volts and is obfained by means of the
voltage divider R56, R51, condenser C46 and di-
ode 91, ¢ being equal to 2.718 which is approxi-
mately equal to the ratio of 35,000 ohms to 95,000
ohms, that is,

R57
B574 R56

Condenser C46 is charged through diode 97 to
the voltage across R57T 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 13i. After a cer-~
tain interval equal to the time constant of the
condenser discharge circuit comprising rheostat
R52 and condenser C41i, the grid potential of tube
98 will have increased sufficiently that s 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-
bonentially as indicated by the curve 132. 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 i3f which is substantially
parallel to the curve 130. At the time fmax the

‘grid potential of tube 98 is decreased, due fo 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 pofential of the cathode of diode 97 is
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reduced below the potential of its anode and the

diode passes spice. current uiitil the anode and

cathode of thie diode 9T are at the same poténtial.
The cathode of tube 98 is thus returned to ifs
initial potentials. v and the' circuit: i§ ready to

be . started by a suéceeding start<stop wave b at

the time #’o.

The initial decrease in gnode potential of tube
88 as inidicated by cutve 134 cuts off the triode
104, 105, 106 of the pedestal and sweep widve
genergtor so that the pedestal wave ¢ and the
sweep wave B are initiated at the instant that
the negative timing pulse 33 occurs so that the
followihg positive timing pulse 26 will be super-
posed upon the pedestal for produeing a range
mark #§ indicated 4t 4, Fig. 1A. Each complete
revolution of the shigft 29 in one direction of the
other shifts the phage of the tiniing 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 alse varies the setting of
rheostat R52 to change the time constant of the
condernser disecharge circuit at such & raté that

the inteival between an impulseé 33 of each series 2:

of impulses which éatses the tube 98 to béecome
conducting and the préceding starting impulse
ingy be varied continuously in either direétion
over a range extending from a valu€ near zero
to & maximum value. It is thus seen that thie im-
pulse 26 which follows the pulse 33 will be se-
lected to produce a range mark at all times and
that the time of oeccurrerice of this rafnige mark
may bé varied by thé rotatioh of shaft 29, each
revolution ¢ausing the mark to be produced edrlier
or later by an interval equa] to the peried of
the timing pulse. Since the distance to the ob-
Jject, 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 196 may be calibrated in units of dis=
tance so that the range to the dbject may be
read when the range impulse 26 occurs in syn=
chronism with an echo pulse received from the
object.

This application is 4 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
initia] impulse, and meahs for 1ndlca,t1ng the de-
lay ifnterval separating said impuises comprising
méans for producing in response to said initial
impulse an altérnating 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
synchronisim 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 cireuit, means fer
changing the ratio of said resistance to said re-

30

35

40

45

50

66

80

o5

20
actance to vary the time constant of said cir=
cuit, means. for producing an indication corre=
sponding to 5did time constant, means under
joint control of said exponentidlly changing wave
and one of said. series. of ilmpulsés having a. cer<
tain polarity for producing & 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=
ordingtes, means responsive to said. one impulse
for controlling said deflecting meansg to eause
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 sdid
deflecting meansg to cguse said cathode ray beati
to be deflected along the other of said coordinates.

2. In g system having means for producing ax
initidl electrical impulse and means for produe=
ing a delayed impulse which is delayed by a de~
lay interval whicH may vary with respect to sdid
initigl impulse, means for producing an indicd-=
tion of said delay interval which comprises thedrs
for producing during a certain period starting
substantially simultaneously with said initial in-
pulse an alternating voltage Having a predétet-
mined. constant frequéncy, means for producing
alternate- positive and. negdtive voltage impuises
in. fixed time relation with respect to the positive
or negative peaks of said alternating voltage;
means for producing an éxponentially ehanging
voltage comprising a ¢ircuit the fime constant
of which may bé varied, theans fo¥ producing
an indication correspondmg to- chariges of said
time constant; nieads reSpénsive jointly to said
exponeéntially ¢hanging voltage and to one of 5aid
nepative ifipulses which lags saig initial imptilse
by a period substanitially equal t6 the time con-
stant of said time constant cire¢iit for producs
ing a pedestal voltage upor which the succeeding
positive. impulse is §uperposéd, a cathodé ray de-
vice Havilg horizental and vertical deflecting
means for deflécting a. cathode ray beam; mesns
under control of said negative iifipulse for pro-
ducing & wave for causiiig the cathode ray beam
to be deflected hiorizontally starting at the time
of said negative impiulse; and niéans responsive to
said positive impulse superposed on said pedestal
and to said deldyed: impulse for edusing vertical
deflection of §aid ¢athiode ray beam.

3. Apparatus ifi agcorfidnce with claim 1 in
whlch is prov1ded means for contmueusly sh}ft-
amoutit detemuned by the chatige of the tlme
constant of said éiveuit:

4. Apparatus. in aecordance with claim 2 in
which is provided means for simultanesusly
changing by corresponding amounts, the time
constant of said cireuit of the phase of said als
ternating voltage: )

LARNED A. MEACHAM.
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