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UNITED STATES PATENT OFFICE 
2,422,698 

TMEMEASURING SYSTEM 

Ohmer R. Miller, Morristown, N.J., assignor to 
Be Telephone Laboratories, incorporated, Ne 
York, N. Y., a corporation of New York 

Application November 5, 1942, Serial No. 464,667 
(C. 6-35) Claim. 

This invention relates to measuring systems 
and particularly to means for the accurate meas 
lurement of Small intervals of time. 
The object of the invention is to provide means 

for the extremely accurate measurement of a 
small time interval, particularly where such an 
interval is to be marked of for use as distin 
guished from the determination of a time interval 
after the event. It has heretofore been general 
practice to measure a time interval by computa 
tion of the number of cycles of a high frequency 
current which have occurred during the said time 
interval but this is an operation which could only 
be carried out at leisure after the event. In ac 
Cordance with the present invention the deter 
mination is made during the event and the reach 
ing of a particular and predetermined number of 
such cycles is translated into a signal which 
serves to mark the end of a desired interval. Any 
desired degree of accuracy may be attained by 
this lethod. By way of example an interval of 
one second may be measured by counting twenty 
five cycles of a twenty-five cycle current or it may 
be more accurately measured by counting exactly 
twenty-five thousand cycles from a source of 
twenty-five thousand cycle current. 
In accordance with this invention an electronic 

counter is employed. Fundamentally, such a 
Counter is based on the use of an arrangement 
known as the Eccles and Jordan circuit, shown 
and described in British Patent 148,582. This 
consists of a pair of electronic tubes having an 
incoming. and an Outgoing circuit for transmit 
ting over said outgoing circuit one pulse for every 
tWO pulses transmitted to said tubes Over Said in 
coming circuit. Given a plurality of sets of these 
tubes arranged in cascade, any number may be 
counted by a binary geometric progression sys 
ten. By Way of example, with fourteen sets of 
these tubes the number 16383 in the common 
decimal System may be counted as the number 
11,111,111,111,111. The latter number, however, 
is awkward to handle and hence one aspect of 
the present invention is to provide an arrange 
ment of counting tubes which will respond to 
numbers based on the decimal system. 
In accordance with this object a device is pro 

vided having an incoming and an outgoing cir 
cuit for transnitting over said outgoing circuit 
One pulse for every ten pulses transmitted to said 
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device over said incoming circuit. With a plus 
rality of such devices in cascade any number of 
incoming pulses may be counted. 
Further in accordance with the present inven 

tion means is provided to preset such a device 
so that it will give a response upon the reaching 
of a predetermined count. Thus an operation 
may be carried out by starting such an Operation 
by a pulse and stopping the Operation by a Suce 
ceeding pulse, These two pulses may be accurs 
rately separated in time by having the starting 
pulse also serve to set a counting device into oper 
ation, which said counting device will then gen 
erate and transmit the stopping pulse when a 
predetermined number of pulses from a precisely 
regulated source of pulses has been counted. 
A feature of the invention is a time measuring 

device comprising a source of pulses, an electronic 
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25 

pulse counter for counting pulses from said 
Source, means to Set said pulse counter to Count 
a particular number of pulses, means to signal 
the Start of the Said count and means controlled 
by Said Counter to signal the completion of the 
said Count. 
Another feature of the invention is a pulse 

counter which will transmit one pulse for every 
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ten pulses received. 
Another feature of the invention is a pulse 

counter made up of a plurality of pairs of binary 
pulse counters responsive to incoming pulses to 
rearrange the internal conditions of such a device 
in accordance with a permutation code in a com 
plete cycle of ten different combinations and a . 
means responsive to the rearrangement of said 
internal conditions into a particular one of said 
combinations for generating and transmitting a 
single outgoing pulse. 
In another application, Serial No. 464,668 filed 

November 5, 1942, in the name of the same appli 
cant, a submarine locating system is disclosed 
employing substantially the same arrangement 
as that disclosed herein. In another application, 
Serial No. 464,666 filed November 5, 1942, in the 
name of the same applicant, now Patent No. 
2,407,320, a number counter based on a similar 
disclosure is described and claimed. - 
The drawings consist of six sheets having nine 

figures, as follows: 
Fig. 1 is a schematic diagram showing how the 
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various circuit elements are arranged to carry 
out the present invention; 

Fig. 2 is a timing diagram showing the time 
relations between the various operations; 

Fig. 3 is a circuit diagram showing details of 
the gate and recycle circuits: 

Fig. 4 is a diagram partly Schematic showing 
in full circuit diagram one impulse counter and 
indicating three others, it being intended to de 
scribe by way of example a four digit systern; 

Fig. 5 is a diagram also partly schematic show 
ing in full circuit diagram one decade control, 
indicating three others, the circuit of what is 
termed the integrator and the gate and indicated 
counter for controlling the recycle circuit; 

Fig. 6 is a diagram partly schematic showing in 
full circuit diagram the signal start circuit and 
te sweep start circuit and indicating the locating 
signal transmitting and receiving circuit, and the 
oscilloscope; 

Fig. 7 is a schematic diagram indicating the 
thousands, hundreds, tens and units counters by 
rectangles with fragmentary circuit diagrams in 
the hundreds and units counters to explain Spe 
cial points in connection with the invention; 

Fig. 8 is a chart to show the sequence of opera 
tion of the counting tubes; and 

Fig. 9 is a diagram showing how FigS. 3, 4, 5 
and 6 may be placed to provide a complete circuit 
diagram. 
This invention may be understood by the foll 

lowing description of the schematic diagram of 
Fig. 1. The invention is shown as a means co 
operating with a submarine detecting device the 
details of which are not here disclosed. Such a 
device consists generally of means to send out a 
signal and to receive a return signal. If there is 
a foreign object in the water the outgoing signal 
will be reflected back as an echo and the time 
taken between the transmission of the signal and 
the reception of the echo is a direct measure of 
the distance between the test point and the for 
eign object. Due to the fact that the return sig 
nal or echo is greatly attenuated it is not of the 
same order as the outgoing signal and therefore 
cannot be used for direct action. Ordinarily 
when a time interval is to be measured impulses 
marking the beginning and the end of the inter 
val are used to start and stop pulses to Operate a 
gate circuit which thereupon allows a flow of pre 
cisely timed pulses to a counting device so that 
the number counted will be in direct relation to 
the measured time interval. However, this re 
turn signal or echo is too feeble to act as a stop 
signal, and if amplified sufficiently for that pur 
pose would produce unreliable results since other 
foreign pulses unavoidably received by the receiv 
ing apparatus would also be amplified and night 
give rise to false operation of the gate circuit. 
Experience has proved, however, that if the re 
ceiving device has been connected to operate an 
oscilloscope the return signal or echo may be 
definitely recognized. 
In the jargon of the operators of these devices 

the signal may be Seen 'in the grass' which ex 
pressionu rather aptly describes the results at 
tained with an OscilloScope. The noise, static or 
other source of pulses picked up appears as a 
buzz, rather dense and often of greater ampli 
tude than the signal being observed. The signal, 
however, is of a characteristic shape and is suff 
ciently distinct to be definitely recognized. 
Therefore a timed impulse generator is en 

ployed, which generator may be adjusted to 
transmit a pulse at the conclusion of any time 
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interval desired. Now if the return signal or echo 
is viewed on an oscilloscope in comparison with 
such a timed pulse and the timed impulse gen 
erator is adjusted until the comparison shows 
equal times then the last setting of such adjust 
ment means, which may aptly be termed a dec 
ade, will be a reading of the time interval which 
it is desired to measure and this interval will be 
a measure of the distance between the test point 
and the foreign object. 

By way of example, let it be assumed that a 
measurement is made and the reading of the 
decade connes out as 1862. If the oscillator used 
is a Source of 800 cycle current, this would indi 
cate that a time interval of 2.3275 seconds had 
been measured. It is known that the signal used 
travels at the rate of 1,600 yards per second. 
Therefore, the signal has traveled 3,724 yards, 
but since this is from the test point to the object 
and back, the object must behalf that distance 
or 1,862 yards away. Thus by choosing an oscil 
lator which has a rate corresponding to the rate 
of travel of the signal through water a direct 
reading may be made. 
Using an 800 cycle oscillator and a four digit 

decade any time interval from 0 to 12.5 seconds 
may be measured corresponding to 0 to 10,000 
yards which amply provides for a range up to 
5,000 yards which is taken as the usual limit for 
these measurements. 
In operating this device the approximate dis 

tance may be judged by the usual methods de 
pending on the skill and experience of the oper 
ator or the entire range may be explored quickly 
by Sequentially setting the thousands dial on its 
ten different positions. While other methods 
might be used, this is found by practical experi 
ence to be very satisfactory. The decade, indi 
cated in Fig. 1 by the squares , 2, 3 and 4, is 
then set at such approximate reading. There 
after a starting key incorporated in the gate cir 
cuit 5 is depressed for an instant to place the cir 
cuit into operation. This opens the gate 5 and 
allows current from the precision oscillator 6 to 
flow to the timed impulse generator comprising 
the counters 7, 8, 9 and 0. At the same instant 
a pulse is transmitted to the start circuit to 
cause the submarine detecting device 2 to trans 
Initits signal. 
At the end of the interval measured by the 

timed impulse generator an impulse is sent to the 
Sweep start circuit 3 which thereupon starts the 
Sweep of the oscilloScope 4. If the adjustment is 
perfect, then at the instant that the sweep 
reaches the vertical center line of the oscilloscope 
4, the return signal from the submarine detect 
ing signal device f2 will be transmitted to the 
oscilloscope where it appears as a recognizable 
signal. The setting of the decade will then in 
dicate the distance of the foreign object from the 
test point. 
The method of adjustment of the oscilloscope 

is as follows. It has been shown that by the use 
of a proper frequency for the source of Oscilla 
tions that the setting of the decade adjusting 
means of the timed impulse generator may be 
made to give a direct reading in the number of 
yards distance between the test point and the 
foreign object. Now let us say that it will be con 
sidered sufficiently accurate if the return signal is 
viewed in the oscilloscope within a range of one 
thousand yards. That is, experience has shown 
that an operator may judge by ear alone the dis 
tance to be measured within a thousand yards 

75 So that if the first adjustment of the decade is 
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made to correspond to the judged distance then 
the return signal will probably be seen. On the 
oscilloscope, since the sweep start circuit will be 
set to five hundred yards before to five hundred 
yards beyond the setting of the decade. Having 
then brought the signal to be observed within the 
range of the oscilloscope the decade may be ad 
justed until the observed signal Occurs at the 
exact center line whereupon the reading of the 
decade will be a direct measure of the distance 
sought to be established, 

For quick and rough operation the oscilloscope 
raay be set to have the SWeep travel over a great 
distance. By this neans little or no tine is lost 
in bringing the signal within the range of the 
Oscilloscope but this is at the expense of accuracy 
in the distance measured. If extreme accuracy 
is desired then the oscilloscope may be adjusted 
to have the sweep travel over a short range, say 
one hundred yards. 

taking the one thousand yards then, by Way 
of example, the Sweep must be made to trave a 
time corresponding to five hundred yards before 
the center line is reached. This means that the 
last five hundred yards is viewed in the oscillo 
scope or in other words that the Sweep is started 
is operation vehindred yards before the return 
signal is detected. Now if the Sweep is started 
in the exact time indicated by the decade the 
exact distance when the device is properly ad 
justed so that the return signal occurs at the Zero 
or center line will be the reading of the decads 
plus five hiladed. Since such calculations must 

s 
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be avoided, means may he provided to delay the . 
transkission of the locating Siga. Thus as 
means for Anaking the reading of the decade cor 
respond truly to the distance measured the pulse 
passed from the timed impulse generator to the 
start circuit is may be delayed after the gate cir 
cuit has been opened until five hundred pulses 
have been counted. Thus if the start circuit 
operates on the five hundredth pulse and the re 
turn signal is not seen in the oscilloscope until five 
hundred pulses, corresponding to five hundred 
yards, beyond the timed pulse iron the timed 
pulse generator, then the reading of the decade 
will be in true correspondence with the distance 
to be measured. As an alternative method, means 
are provided to preset the counter so that the 
count is started from five hundred. Thus the 
reading of the decade will represent the true dis 
tance being measured. It follows that if the 
decade reads ,862 and the signal is observed at 
what would be 1,862.--500 or 2,362 then the true 
reading Would be 2,362-500 or i,862. 
The timed impulse generator working through 

a circuit, which may be termed an integrator and 
designated by the numeral 5 in Fig. 1 sends the 
impulse to the sweep start circuit 3 and also to a 
gate circuit, 86 whereby a counter i is set into 
Operation. Upon the completion of a count by 
this device of Sufficient duration the recycle cir 
Cui, will be operated for the purpose of resetting 
all the circuits involved and then restarting them 
again, if it is found desirable the time counted 
by the counter may be adjusted to give the 
operator sufficient time to readjust the decade. 
Two methods of shifting the two time intervals 

being conpared will be explained. The first 
method consists in delaying the sending of the 
signai to the start circuit until a time equal 
to one half the Sweep time of the oscilloscope has, 
beega conted. By Way of example this has been 
set at a count of five hundred. Therefore, the 
COElection between the impulse counter and the 
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6 
signal start circuit is taken from impulse counter 
8 which counts the hundreds digits. When this 
counter responds to its fifth pulse, a signal will 
be transmitted over the lead 9 of Fig. i. There 
fore, the locating signal is started late by a count 
of five hundred so that at the end of the measured 
time interval as determined by the decade the 
locating signal still has a period of time repre 
Sented by a count of five hundred to travel before 
it appears on the OscilloScope. In this case all 
of the various pieces of apparatus which are con 
trolled over the reset lead 28 will be returned to 
their Zero positions. 
The operation may then be visualized with the 

aid of the time diagran of Fig. 2, this shows a 
single cycle of operation. The time set by the 
decade is COunted Over a period from the time 
designated start of count. One half the sweep 
time thereafter the time of the travel of the lo 
cating signal is started. At the end of the time 
set by the decade the SWeep is started so that the 
ead of the trave time of the location signal should 
coincide with the middle of the sweep time. 
Therefore if the decade has been properly set the 
return signal will be seen at the center line of the 
oscilloscope. 
At the exad of the time set by the decade the 

counter will start into operation and at some 
converient time thereafter as determined by ex 
perience and the time required by the operator 
to properly adjust the decade the recycle Opera 
tion will start, he gate 6 is immediately closed 
&nd shortly thereafter a reset pulse is transmitted 
which Willi return all the apparatus to normal. 
Shortly after the reset pulse and at a time interval 
which is sufficient for the apparatus to have 
definitely regained their normal positions the 
gate 5 is opened whereupon the full cycie of op 
erations is repeated. 
Another method of shifting the relation ice 

tween the two tire intervals which are being 
compared is to preset the impulse counter so that 
the count, instead of starting at Cne will start 
say at five hundred and one. In this way if the 
decade is set at 1,862 then only 1,362 pulses will 
be counted and since the time of the location sig 
nal begins with the beginning of such count it 
effectively starts five hundred pulses after the 
time measuring operation controlled by the 
decade. 

in this case the reset lead to impulse counter 
8 instead of returning this counter to Zero will 
return it to five. As will be seen hereinafter a key 
lay be provided which Will transfer the reset lead 

from One point to another so that with the key 
in one position the counter will be returned to 
Zer0 and is another position the counter Will be 
Set at five. 
Also in this case the lead 9 of Fig. 1 will be 

taken from impulse counter instead of impulse 
counter 3 since the signal start circuit is to be 
enabled as SOOn as the gate 5 is opened. 
The complete operation of this device will bs 

understoCd from the following description, As 
Sunning that all the apparatus is in normal con 
dition the device may be put into operation by the 
operation of a key or switch 2. This connects 
a precision oscillator 22 through a condenser 23 
to tube 23 in the gate circuit shown in the upper 
part of Fig. 3. Throughout the drawings wher 
ever ionic tubes are shown the filaments for heat 
ing such tubes are indicated but the battery sup 
ply is not shown since the manner of making such 
connections is well known and the addition of 
Such circuits would unnecessarily conplicate the 
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drawings. 
the precision oscillator is in the form of a sinus 
oida wave whose frequency is very accurately 
regulated. This wave is biased through a con 
nection through resistance 25 to a potentiometer 
point formed by the junction of resistances 26 
and 27 between negative battery and ground. The 
plate of tube 24 being connected through con 
denser 28 and resistance 29 to ground and to the 
grid of inverted tube 30, the output of tube 24 
will appear on the grid of tube 30 as a train of 
accurately timed negative pulses. Tube 30 inverts 
these so that conductor 3 supplies a train of ac 
curately timed positive pulses to the counting 
devices. 
As shown in Fig. 4 there are four counting de 

vices shown in cascade, one being shown in full 
and the other three being shown Schematically. 
If that one shown in detail is arranged as the 
thousands counter then those indicated by the 
rectangles 32, 33 and 34 will be the hundreds, tens 
and units counters respectively. Each counter 
has an 'in' and an 'out' conductor and the pulse 
supply lead 3 will be connected to the "in" con 
ductor of the units counter 34, the 'out' conductor 
of the units counter 34 will be connected to the 
“in' conductor of the tens counter 33, the 'out' 
conductor of the tens counter 33 will be connected 
to the “in” conductor of the hundreds counter 
32, and the 'out' conductor of the hundreds 
counter 32 will be connected to the 'in' conductor 
of the thousands counter 35. For purposes of ex 
planation it will therefore be assumed that a 
train of positive pulses will appear on the 'in'' 
conductor of the thousands counter 35 and after 
passing through condensers 36 and 3 will appear 
on the control grids of tubes 39 and 40, respec 
tively. 
Throughout this device a large number of 

counting tubes are employed. By way of exam 
ple a single pair will be described in detail so 
that the operation of the device as a whole may 
be readily understood. The principle of Opera 
tion is fundamentally the same as that of the 
well-known Eccles and Jordan circuit, disclosed 
in British Patent 148,582. In the present circuit 
the tubes are, however, pentodes with the anode 
of each connected to the screen grid of the other. 
When a negative impulse is applied to the Sup 
pressor grid of both, then both are rendered non 
conducting. When the said negative impulse 
has ceased, the combination of the two tubes is 
left in an extremely unstable state So that the 
slightest influence will determine which of the 
two is to become conducting to the exclusion : 
of the other. This extremely slight influence is 
supplied by a condenser 49 connected between 
the cathodes of tubes 43 and 44 whose operation 
will be described by way of example. While tube 
43 is active and tube 44 is inactive condenser 49 
is charged in one direction and while tube 44 is 
active and tube 43 is inactive condenser 49 is 
charged in the opposite direction. When the 
negative impulse is applied to the two Suppressor 
girds, condenser 49 becomes discharged but there 
is left a slight residual charge, the magnitude of 
which depends on the effective length of the said 
negative pulse. At the termination of this nega 
tive pulse the said slight residual charge on Con 
denser 49 is sufficient to determine which of the 
two tubes will then become active. If tube 43 
has been active before the negative pulse, then 
tube 44 will become active thereafter. Thus one 
negative pulse will render tube 43 inactive and 
tube 44 active and a second pulse Will reverse 

The alternating current supplied by 
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8 
this condition and render tube 44 inactive and 
tube 3 active. 
Throughout the circuits to be described a large 

number of these counting pairs are employed all 
of which operate in the same manner. It will 
be found that the upper tube of each pair is 
normally active; that is, it is in a conducting 
state and has a low potential on its anode. Con 
versely the lower tube of the pair is normally in 
active; that is, it is in a non-conducting state 
and has a high potential on its anode. 

It will be noted that the anode cf each tube 
is in a potentiometer circuit. For tube 43 this 
potentiometer circuit may be traced from a high 
positive battery 50 through resistance 5 and 
resistance 52 to ground. The anode of the tube 
is connected to the potentiometer point between 
resistances 5 and 52, which for purposes which 
will appear hereinafter is connected to a circle 
having the numeral 3 therein. Also a circuit 
constituting a potentiometer may be traced from 
battery 50, resistance 5, the anode cathode path 
within the tube, resistance 53 and resistance 54 
to ground. The resistances of the tube, 53 and 
54 are thus in parallel with resistance 52 and 
under certain circumstances the tube will Operate 
without the resistance 52. Now when the tube 
is non-conducting or inactive there being little 
if any current flow in this potentiometer circuit, 
the potential of the anode (and the screen grid 
of the companion tube) is at a comparatively 
high positive value. Thus, the tube 44 is enabled 
by a comparatively high positive screen grid po-' 
tential. However, when a negative potential is 
applied to both suppressor grids, both tubes 43 
and 44 become non-conducting and hence a con 
paratively high positive potential is applied to 
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the screen grid of each. Hence, when the nega 
tive potential is removed from the suppressor 
grids both tubes are in a condition to become ac 
tive or conducting. The choice of which one pre 
vails rests with the condenser 49 as hereinbefore 
pointed out. 
When tube 43 is in an active or conducting 

state the current flow in its anode cathode circuit 
affects the potentiometer point between resist 
ances 5 and 52 so that the potential thereof is 
at a comparatively low positive value. Hence 
the screen grid of the companion tube is at a com 
paratively low positive value and this tube is held 
in a non-conducting or inactive state. 
The potentiometer circuit for tube 43 has been 

described. Tube 44 has a similar potentiometer 
circuit consisting of resistances 55, 56, 57 and 54. 

It should be noted that as a tube goes from 
a non-conducting to a conducting state its poten 
tiometer point Suddenly drops from a compara 
tively high to a Comparatively low positive value. 
Hence as tube 43 becomes active the potentiom 
eter point between resistances 5 and 52 drops 
and condenser 57 translates this sudden drop 
in potential into a negative pulse to be applied 
to the suppressor grids of tubes 45 and 46. The 
charge thus put on the condenser 57 is dissipated 
through resistance 58 to ground. 
Thus the pair of tubes 43 and 44 provide a 

means which sets up a stable condition which will 
remain fixed, but which instantly responds to 
an incoming negative pulse to reverse the pre 
vious condition of the tubes. Also the tubes in 
their reversal will generate a like negative pulse 
when the reversal in condition is in a given direc 
tion so that for every two incoming negative 
pulses a single outgoing negative pulse is gen 
erated. - 



9. 
in the detailed circuit arrangement of Fig. 4. 

a ten pulse counter is shown in full and other 
similar counters are indicated whereby a num 
ber of pulses may be counted on a decimal basis. 
There are ten tubes 39 to 88 inclusive, provided, 
of which five, namely 3G, 4, 33, 36 and 47 are 
normally active. 
Tube é being normally active holds the poten 

tial of the potentiometer point between resist 
ances 39 and 60 to a comparatively low positive 
potential. Likewise the potentiometer point be 
tween resistances 66 and S which is connected 
to the screen grid of tube 39 is held down to the 
point where tube 39 is blocked and will not trans 
mit the incoming pulses. Tube 30, however, will 
invert the incoming positive pulse into a negative 
pulse since the rise in cathode-anode current 
flowing through resistance 62 in response to the 
positive pulse applied to the control grid of tube 
46 causes a drop in the potential of the anode. 
Hence a positive pulse inconing to tube $8 appears 
on the Suppressor grid of tube 3 as a negative 
pulse. The pair of tubes 4A and 52 are similar to 
the counting tubes heretofore described ex 
cept that the incorning negative pulse is applied 
only to the suppressor grid of tube $6. Tube 3 
is therefore rendered inactive and hence under 
control of conderser 63 the condition of tubes 
$ and 32 is reversed, 3 now becoming inactive 
and tube $2 becoming active, 
The first of the ten inconing pulses thus re 

verses the condition of tubes 3 and $2 and by 
raising the potential of the point between re 
Sistances 6 and 8 renders the tube 39 active and 
gresponsive to the following impulses. A small 
condenser 33 connected to the potentiometer 
point between resistances 6 and $ retards the 
rise of potentia on the Screen grid of tube 39 
suicientiy to prevent, the incoming pulse from 
affecting the tubeS 33 and 363, in Cther yods 
She iricoxiing pulse is spent, before the tube 39 
is regidiesei Sliciezaily active to pass impulses. 

the secoatinguise coratioling tide 39 and due 
to a resisiance 53 ovy is inverted into a rega 
tive guase is 23 Suggresso: gzid of 
(33 so tha; the 3Diadišic;n of tire ites 
is 3'eyersed, ice 33 ecorsairs active and Štiae 33 
becognizag 33333i:7e, 

She hird raise agai: A Severses tie cCaditiosa 
of the tunes 3 a.22 cl 3, 3eidering tube 33 active 
and tube 33 is active &nd ai, the S83rie is 23 Sišects 
the ghext gais : Lakes 35 a.3d 53, 3’eadering tibe 
55 inactive 2.5i Saoe 35 active. 
The for; singuise acy, ye7esses the condition 

of ties 33 gigs 33, 3eidering tube 33 332 active 
33 ge Stive. 

i. a reyerses iie Condition of iota 
pairs (33 agai 3.3 and 35 and 36, rendering tubes 
33 Sid $5 active 22d Guibes if a.ad 36 inactive. 
At the saline ixie S, legative is inpuise is applied 
t; rough condenser 53 to the Supressor grid of 
tue 2 agai haolign condenser 36 to the sip 
gressor grid of tube 32. Thus the fifth inpuise 
Seyeses the condition of tubes 3 and $8 render 
iing tube 3' inactive and tube 38 active. The 
aegative impulse agpied to the suppressor grid 
of tube 42 Will reverse the condition of tubes 
and 32, tube 3d being rendered active and tube 
33 being rendered inactive. iubes 39 and it are 
also reversed, tube 38 being rendered inactive, and 
tube 3 being rendered active. 

The sixth impulse will reverse the condition of 
tubes 36 and 32, rendering tube is inactive and 
the 32 active. sube 35 is now rendered active, 
and tube (3E inactive as before. 

he sevent impulse reverses the condition Qf 

ses 33 and 
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tubes 3 and 46, rendering tube $3 inactive and 
tube 45 active. 

v is 
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The eighth impulse reverses the condition of 
the pair 43 and 34 and the pair 35 and 46, render 
ing tubes 43 and 66 active and tubes 44 and 45 
inactive. ... ." ... v . 

The ninth pulse reverses the condition of the 
pair 63 and $8, rendering tube $3 inactive and 
tube 64 active. It will now be found that all the 
tubes are the reverse of normal, that is, tubes 2, 
66, 36, 38 and 39 are now active and tubes & , 
s3, 45, 3 and 30 are inactive. 
The tenth pulse results in a change back to 

normal. . Here, as in the fifth pulse, a negative 
pulse is transmitted to tube 2 SO that the con 
dition of the pair of tubes. 3 and 42 is reversed. 
On this tenth pulse as tube 48 becomes inactive 

its anode changes from a comparatively low posi 
tive potential to a comparatively high positive 
potential. This, sudden rise in potential appears 
on the outgoing conductor 6 and thus constitutes 
a positive pulse to the next set of tubes. If a 
plurality of sets of tubes of this nature is used 
the first will serve to register the units digit of 
a number, and the succeeding sets will serve to 
register the tens, hundreds, thousands, and so on 
digits for as many places as may be desired. 

. The above-described action O the tubes may 
be visualized by the help of the chart, Fig. 8. In 
this chart the tubes are numbered one to eight, 
inclusive, to correspond to the numbers in the 
circles connected to the potentiometer points for 
the various tubes. Where a solid black dot ap 
pears in the chart it represents a comparatively 
high positive potential on such potentiometer 
point. in some cases there will be an outlined 
dot and then a dotted line to a solid dot to indi 
cate that the result of the pulse was to render 
the tube with the outlined dot active (compara 
tively low positive anode potential) and the other 
inactive (comparatively high positive anode po 
tential). Thus pulse number one resuits in the 
reversal of the condition of tubes and 2 (tubes 
& and 62, respectively). 

the char; cf Sig. 8 thus depicts the permuta 
tion code whereby ten "yarious combinations of 
the conditions of tubes to 33, inclusive, may be 
used to record the era digits. Sig. 3 also depicts 
the out pulse transmitted on the tenth pulse (the 
zero pulse for the tens 2ecorder) in the for of a 
graph. 

Fig. 5, with the exception of the gate and coun 
8 in the iower left-hand corner represents the 
integrator 5 of Fig. 3. From each counter there 

g is brought a bundle of eight leads from the po 
tentiometer points of the eight counting tubes, 
the numeras Within the circles at the left-hand 
ends thereof indicating that these leads are con 
anected to the potentiometer points correspond 
ingly designated. By means of a decade control 
68 which has ten positions numbered 1 to 0 inclu 
Sive connections - according to the permutation 
code of Fig. 8 may be made through a network of 
for resistances 39, 8, and 2 to the grid of 
triode 3. These resistances are so proportioned 
that when all four and only when all four are 
connected to potentiometer points each of which 
is at a high positive potential, the tube 3 Will be 
conne active. Thus if the decade control 68 is set 
at a particular point and when the arrangement 
of the tubes in the counter reaches that corre 
sponding point, tube 73 will become active. Its 
anode is connected to a point in the potentiometer 
consisting of resistances 5, 6 and between 
positive and negative batteries and hence when 

  



2,433,898 

tube 78 becomes active the potential of the point 
between resistances 75 and 6 falls from a con paratively high to a comparatively low positive 
potential. Tube 74 has its grid connected to a 
potentiometer point between resistances 8 and 
TT and since this grid now also goes from a Con 
paratively high to a comparatively low positive 
potential tube is becomes inactive. Hence the 

2 
resistances 98 and 97 rises to affect the screen. 

anode of tube 74 rises to a comparatively high 
positive value. 
In the same way that a network of four re 

sistances 89 to T2 were used to render tube 73 
active, another network of four resistances, 79 to 
C2 are used to control a similar tube 8. The 
resistance 9 is connected in a potentiometer cir 
cuit controlled by the anode of tube in the 
thousands counter and similarly resistance 8 is 

5 

controlled from the hundreds counter, resistance - 
e is controlled from the tens counter and resist 
ance 82 is controlled from the units counter. Now 
when the four counters simultaneously reach the 
the code arrangements in accordance with the 
setting of their decade controls, tube 8 will be 
come active and change the potentiometer point 
between resistances 83 Rnd 88 from a compara 
tively high to a comparatively low positive po 
tential. 
Since the rearrangement within the Counters is 

proceeding at a rapid rate (800 movements per 
second by way of axample) this potential change 
on the anode of tube 8 is only in the form of a 
negative pulse and this pulse marks the end of the 
time interval which the decade controls Were Set 
to neaStre, 
The negative pulse thus generated by the rapid 

fall of potential on the anode of tube 78 is used 
for two purposes as outlined in the description of 
the schematic of Fig. 1 (one) to enable the start 
circuit for the oscilloscope and (two) to enable 
the recycle counter. 
The oscilloscope and its start circuit are shown 

in the right-hand portion of Fig. 6, the oscillo 
scope being shown schematically and the start 
circuit being shown in detail. The start circuit 
comprises a pair of tubes similar to the pair 4 
and 42 of the counter in Fig. 4. This pair oper 
ates exactly like the counting pair 43 and 44 ex 
cept that the two suppressor grids are not con 
nected together so that a single negative impulse 
will operate to render tube 85 inactive and tube 
8s active, these tubes then remaining in this con 
dition until a negative reset pulse is transmitted 
over the reset lead 8 connected to the control 
grid of tube 86. Therefore, the rapid fall of po 
tential on the anode of tube 8 is translated by 
the condenser 88 into the necessary negative 
pulse for changing the condition of the pair of 
tubes 85 and 38, whereupon the potentiometer 
point of the anode circuit of tube 85 goes from a 
comparatively low to a comparatively high posi 
tive potential. This is communicated over lead 
39 to start the sweep of oscilloscope 90. The cir 
cuits of this device are not shown as they are 
We know. 
The pulse from the anode of tube 78 also en 

ables the start circuit for the recycle counter, con 
sisting of the pair of tubes 9 and 92. Through 
condenser 33 the rapid fall of potential of the 
anode of tube 8 is translated into the necessary 
negative pulse to reverse the condition of tubes 
9 and 92, rendering tube 9 inactive and tube 
92 active. 
As tube 9 becomes inactive the potentionetter 

point between resistances 95 and 9S rises and by 
the same token the potentiometer point between 
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grid of tube OO. to render tube 100 active. There 
upon the gate is opened so that current from the 
precision oscillator 22 may be admitted to the 
counter f02. Connection from the oscillator 22 
to the circuit of the control grid of tube foo may 
be made at lead of (Fig. 3) so that the key 2 
may control this gate as well as that of Fig. 3. 
The counter f02 will respond to the train of 

positive impulses into which tubes 00 and 03 
convert the output of oscillator 22, 
The counter 02 may be exactly the same as 

the counters of Fig. 4 and the output lead OS 
may come from the anode circuit of the last tube 

of an integrator such as tube 78. Therefore 
when such tube in response to the counter reach 
ing a predetermined count drops its anode po 
ential condenser 04 translates this into the . 
necessary negative pulse for application to the 
suppressor grid of tube 92 whereupon the condi 
tion of tubes 9 and 92 is reversed, the gate is 
closed and the counter f02 is stopped on the count 
reached. Therefore the output conductor f05 
is now held at a comparatively low positive po 
tential, and this change is used to operate the 
recycle circuit of Fig. 3 in the manner to be 
shortly described. 
The count fo2 is employed to count off a neces 

sary time interval beginning with the transmis 
sion of the start pulse for the starting of the . 
sweep circuit of the oscilloscope. If the operator 
of this device requires a considerable time to re 
adjust the decade controls after viewing the in 
coming signal then the counter f02 may be ad 
justed to count off a correspondingly long sig 
nal. If on the other hand the operator through 
experience has become expert in handling the ap 
paratus this period may be shortened. The pe 
riod may be fixed if so desired and the decade 
adjustable controls dispensed with, the resist 
ances such as 69 to 2 and 9 to 82 being per 
manently associated with certain given poten 
tion eter points. Again if the relative times from 
the beginning of the operation to the start of the 
sweep of the Oscilloscope and that taken by the 
sweep are quite different, then the time counted 
by the counter 92 may be made very short, in 
fact may be reduced to zero since the recycling 
operations may proceed to start a new cycle of 
operations even while the oscilloscope is perform 
ing its part. This would have the advantage of 
having the appearance of the return' location 
signal recur at more frequent intervals. The 
counter 02, then may be fixed or it may be ad 
justable or in certain extreme cases it may be 
eliminated altogether. In this latter case the lead 
05 may be taken from the potentiometer point 

connected to the anode of tube 92 so that the 
recycle circuit may be started by a drop in poten 
tial on conductor 05. Again it will be noted that 
the counter fo2 is arranged in a circuit where 
by it will count any predetermined number and 
then be stopped on that number whereas the 
counters of Fig. 4 will, as shown, pass by the 
number to be counted and continue to count for 
an additional period as determined by the gate 
and recycle circuit of Fig. 3. 
When the potential of conductor 05 falls the 

triode 08 in Fig. 3 becomes non-conducting. 
Therefore the potentioneter formed of resist 
ances (, 8 and 09 is affected and the point 
between resistances 08 and 9 changes from a 
comparatively low to a comparatively high posi 
tive value. This rise in potential is cornuni 
cated through diode to charge condenser . 
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This in turn raises the potential on the grid of 
tricide 2. 
through resistances 8 and 4 in a time and at 
a rate controlled by the capacity of condenser 

and the value of the resistances 3 and 3. 
Hence although the potential on conductor 5 
may almost immediately rise again due to the re 
set signal and the potential of the anode of the 
diode may almost immediately fall, the main 
tenance of the comparatively high positive poten 
tial on the grid of tube 2 is controlled by the 
action of condenser . . . 
tively high positive potential on the grid of tube 
2 is held for a periol beyond the downward and 

following upward variation of the potential On 
conductor 3. 
As tube 2 becomes conducting its anode dropS 

in potential and this drop communicated through 
condenser 5 to conductor 3 constitutes a nega 
tive pulse which acts as a reset signal to the ap 
paratus units in Figs, 4, 5, 6 and a SO that all ap 

Hence the compara 

The condenser will discharge 

active, 
s 

0. 
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paratus is now returned to normal and the poten 
tial on conductor (5 rises again as hereinbefore 
described. In order to allow the various circuits 
sufficient time to definitely return to normal this 
reset pulse is prolonged by the action of con 
denser did as described and by the slow discharge 
of conderaser 5. Also condenser whose main 
function is to lower the potential of the potene 
tiometer point between resistances and 3 
to in turn lower the potential of the potentione 
ter point between resistances 2 and 2: through 

25 

3. 

diode 9, plays some part in prolonging the reset 
pulse. Upon the enabling of tube 2 therefore 
the reset, pulse is transmitted and the grid of tube 
23 is lowered. Due to. Condenser 23 the pe 
riod during which the tube 22 is rendered non 
conducting is prolonged for a considerable period 
depicted in Fig. 2 as the period during which the 
gate is closed. As tube 22 becomes non-con 
ducting its anode circuit rises in potential and 
as rise being co Rannicated to the grid of tuibe 

333 in the gate circuit controls tube 28 through 
its Screen grid to stop the idow of negative pulses 
20 he counters. As this action takes place the 
Reset pulse is transmitted so that, as the counters 
&nd other apparatus are returned to normal the 
traig of guises to be counted are stopped. The 
triotie 23, due to condenser 23 (naintains the 
aigh potential on the grid of tube 26 for a pariod 
longer than the rese, pulse so that for a given pe 
Fict aifer tie end of the reset pulse, tube 24 will 
ge 3"endered 3RC-conducting to start, the entire 
iii.25 of opensions described. 

i, 22823&ly operated reset key 25 may 3e 
grovided to is ace 2, negative potential can reset 
conductor 3. 

It has essetofore been set forth that here 
are several ye3s of slipping the time intervals 
b2tween the digration of the time of the loca 
ion signal 25 ad the CCInparison time being 
Counted and WO ways have been described. In 
accordance with the first way the start signal 
to the circuit S3 of Fig. i. is delayed until five 
hundred (or any other chosen number) is 
Counted. It accordance with the permutation 
Code depicted in Sig. 3 the tube corresponding 
to tube 48 in the hundreds counter will go from 
32 inactive to an active condition on the five 
hundredth impulse so that a conductor leading 
from the potentiometer point marked by the 
numera & may be used to start the sonic trans 
Initter and receiver circuit 2. If this point is 
therefore connected to conductor 26 the five 
hundredth inpuise will then be translated by 
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condenser 27, into the necessary negative im 
pulse to reverse the condition of tubes 28 and 
29, rendering tube 28 inactive and tube 29 

The consequent rise in potential of the 
anode of tube 28 will then be communicated 
over conductor 30 leading to the sonic trans 
raitter and receiver circuit 3 whereby a loca 
tion signs is transmitted to locate a submarine 
designated in Fig. 6 by the numeral 32. he 
echo or return signal is then received and 
transmitted to the oscilloscope where it may be 
recognized by a trained operator. The circuits 
and interval arrangement bf device. 3 are not 
here described as they are well known. 

in accordance with a secondi method of slippin 
the two time intervals the start signal to the 
conductor 26 is sent immediately. In this case 
as indicated in Fig. 7 another, pair of tubes 38 
and 3é is employed. Fig. 7 is a schematic 
representation of the counters of Fig. 4, the rece 
tangle 36 represents the thousands counter, the 
rectangle 36 represents the hundreds counter, 
the rectangle 3 represents the tens counter and 
the rectangle 38 represents the units counter. 
With the rectangle 38 there is a fragmentary 
circuit diagram showing how the pair of tubes 
33 and 36 may be connected to the number 2, 
potentiometer point of the units counter so that 
in response to the first impulse as the tube cor 
responding to the tube 32 becomes active it 
will change the condition of tubes 33 and A38, 
redering tube 33 inactive and tube 35 active. 
As tube 3é becomes active its anode drops from 
a compartively high to, a comparatively low posi 
tive potential and since this point may be con 
nected to conductor 28 the condenser S 2 will 
translate this change into the necessary nega 
tive pulse to reverse the condition of tubes 28 
and 25 for the purposes hereinbefore set; forth, 
The tubes 233 and 34 are used here since the 
potentiometer point 2 of the units counter 
changes continuously during a counting oper 
ation and it is only desired to have a single neg 
Etive impulse to change the condition of the tubes 
28 and 29. Hence the tubes 33 and 33 re 
verse on the first impulse of a count and then 
renais in this condition until the resetting 
operation, 

iaiso as part of this second method, it is neces 
Sary to start the count with 500 already counted. 
...herefore in the hundreds counter a circuit 
shown in fragmentary form within the rectangle 
385 is employed. This consists of a key which 
in its normal position as shown connects the 
reset conductor 3 to the lower tube $8. When 
the key 39 is operated however the reset con 
ductor is connected to the upper tube gi so that 
When he apparatus is returned to “normal' by 
the reset pulse the hundreds counter will be in 
the condition it would under other circumstances 
Areach. On the five hundredth pulse. In other 
Words the counters are preset at five hundred so 
that if the decade controls are set at 1,862 then 
Only 1,362 pulses will be counted. 
What is claimed is: 
A tine measuring device comprising a source 

of ecclirately timed pulses, an electronic pulse 
counter for counting pulses from said source, 
Said pulse counter comprising a plurality of 
counters in cascade each arranged to operate 
through a cycle of ten different counting condi 
tions, means to set said pulse counter by adjust 
ing Said cascaded counters each to count a num 
ber corresponding to the corresponding integer 
of a number on the decimai basis, means to 
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transmit a signal at the start of the said count, Number. Name Date 
and means controlled by said counter to trans- 2,158,285 Koch -------------- May 16, 1939 
mit a signal at the completion of said count. 2,143,035 Smith -------------- Jan 10, 1939 

OEMER. R. MLLER. 2,305,625 Lauer -------------- Dec. 22, 1942 
is 2,306,386 Hollywood ---------- Dec. 29, 1942 
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