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6 Claimns. (Cl. 324—57) 

This invention relates to electrical measuring apparatus 
and methods and more particularly to apparatus for meas 
uring envelope delay distortion and relative delay time in 
the transmission of waves or signals over an extended 
transmission system as a function of frequency. 
The invention is applicable to systems in which the 

sending end and receiving end are separated any given 
distance and does not require a return transmission path 
to the sending end, except as may be necessary for inter 
communication between personnel at the Sending and re 
ceiving terminals, which intercommunication may be car 
ried out over any available return line, for example, by telegraph or telephone. 
A feature of the invention is the sending of test signals 

alternately at a standard reference frequency and at a variable measuring frequency. 
Another feature is automatic clocking of the interval 

between the arrival of successive test signals at the re 
ceiving terminal. - 
A further feature is a display of the relative delay time 

at the receiving terminal. 
In the figures: 
Fig. 1 is a single-line schematic diagram of an illustra tive system embodying the invention; 
Fig. 2 is a single-line schematic diagram of an illustra tive sending device; 
Fig. 3 is a double-line schematic diagram of an illus 

trative sender in greater detail than shown in Fig. 2; 
Fig. 4 is a group of illustrative oscillograms of cult 

rents in various circuit branches of the Systems of Figs. 
2 and 3; 

Fig. 5 is a single-line schematic diagram of an illustra tive receiving device; 
Fig. 6 is a double-line schematic diagram of an illus: 

trative receiver in greater detail than shown in Fig. 5; 
Fig. 7 is a group of illustrative oscillograms of cur 

rents in various circuit branches of the systems of Figs. 
6 and 7; 

Fig. 8 is a group of enlarged oscillograms of currents 
in certain circuit branches in the systems of Figs. 6 and 7; 

Fig. 9 is a schematic diagram of a noise indicator; Fig. 10 is a tabulation of a sequence of relay operations 
involved in the operation of the noise indicator of Fig. 9; 

Fig. 11 is a schematic diagram of an alternative gating 
system for use at a sending terminal; 

Fig. 12 is a schematic diagram of a gate control circuit employing a pentagrid vacuum tube; and 
Fig. 13 is a schematic diagram of a portion of an alter native receiving arrangement. 

General method and apparatus 
in accordance with the invention, the method of meas 

uring envelope delay distortion as applied over a straight 
way circuit or line, comprises (a) sending periodically 

onto the line to be measured a pulse of reference fre 
quency to:e and a pulse of comparison or measuring fre 
quency tone, one after the other, preferably with restricted 
sidebands, (b) counting the time elapsing between ar 
rivals of particular amplitudes of these pulses’ envelopes 
at the receiving end, and (c) averaging the results of a 
multiplicity of such counts when it is desired to reduce 
fortuitous effects sich as caused by noise. The averaged 
count may be automatically indicated; and successive in 
dications, each taken with a different measuring frequency 
and using the same time interval between sent tones, give 
substantially the envelope delay distortion vs. frequency 
characteristic except for a constant delay which is usu 
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ally unimportant. if the absolute delay is desired, it can 
be obtained when measuring is done on a loop rather than on a straightaway basis. 
A variety of methods are known for the independent 

transmission of the reference and variable frequency 
signals. Of these, one in which time division is used is 
preferred, since it has the advantages of requiring only 
one circuit and of eliminating modulation difficulties be 
tween the two tones although at the expense of some stor 
age mechanism at the receiver. 

Usually two-way communication will be desirable be 
tween perSons at each end of the line under test, and 
can be carried on over the same line during intervals be 
tween measurements. When the line does not transmit 
in both directions some auxiliary form of communication, 
for example, a telegraph or telephone circuit, may be used 
to convey intelligence back and forth from sender to re ceiver. 

Usually the narrower the range to which sidebands of 
the measuring (variable) frequency signal are restricted 
the better, as the delay measured is then more nearly the 
Same as the theoretical value, dg/do, except that the re 
ceived envelope wave is then so gradual in slope that it 
is very difficult to measure time accurately to a particular 
point on the wave. As a compromise in a telephoto cir 
cuit, e. g., it is practical to receive a signal spectrum 
about 50 cycles wide from the line having sidebands each 
25 cycles wide. The sent wave's envelope is rounded, 
closely approximating the function c(1-- cos 50t) where 
c is a constant and t has values from -.02 to --.02. Out 
side this range of t the envelope is zero until time for the 
next mark. This gives rise to a wide band of frequencies 
but the energy outside the 50 cycle band is Sinal. Due 
to the cut-off of the receiving band-pass filter, the received 
envelope departs somewhat from that of the sent wave. 
The sidebands of the reference frequency signal need 

not be restricted to such a narrow band as 50 cycles, be 
cause it is not necessary that its delay approximate d6/do. 
Any delay value is satisfactory for the reference pulse so 
long as it is constant. However, the greater the restriction 
of band width, the easier it becomes to use measuring 
frequencies close to the reference frequency without erro 
neous operation of selective receiving circuits due to 
overlapping of frequency spectra of these tones. By 
using wide sidebands for the reference tone and by giving 
it a steep wave front the need for much amplification of 
the reference wave at the receiving end diminishes, as 
discussed below. Of course, the frequency spectrum of 
the reference tone should not contain nuch energy in the 
frequency range used for the neasuring tone, and conse 
quently it is then difficult to measure delay distortion very 
close to the reference frequency. The use of two refer 
ence frequencies is the generally necessary in order to 
obtain a complete delay distortion characteristic over all 
parts of the desired frequency range. Although the illus 
trative examples disclosed hereinafter do not use wide 
Sidebands, this possibility is available in case one wishes 
to trade cost and weight of apparatus for the slight in 
convenience of using two reference frequencies. 

In the event that a 50 cycle band width is used for both 
the reference and measuring frequency marks, one may 
use measuring frequencies as close as about 100 cycles to 
any reference frequency. Furthermore, by using two dif 
ferent reference frequencies successively it is possible to 
obtain the delay distortion anywhere in the pass band of 
the line, when the delay distortion characteristic obtained 
with one reference frequency is modified by a suitable 
constant so that one continuous characteristic results when 
both are plotted on the same graph. 

In the counting mechanism, to measure the time in 
terval between the arrivals of particular amplitudes of 
the reference and measuring tones, measuring preferably 
is done between peak values of the detected envelope 
waves of these tones because small amounts of level 
variation or selective attenuation on the line do not 
appreciably affect the mechanism's ability to discern the 
instants of maximum current. These instants are easily 
recognizable after passing the detected envelopes over 
a differentiating circuit because the atter's output Wave 
passes through Zero at each maximurn of the received 
wave, and the rapid change in sign of the differentiator's 
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output is suitable for the precise operation of trigger 
circuits for starting or stopping an electronic counter. 

In order to insure still more reliable operation of trig 
ger circuits the transitions in the differentiator's output 
wave may be greatly amplified, as is accomplished partly 
by non-linear coils which generate a sharp impulse of 
high voltage, and partly by linear amplification. 

Separate amplifiers and differentiators may be used for 
the two detected signals, although some saving in cost 
may result from a reduction in such apparatus, such as 
by the use of wider sidebands for the reference frequency 
signal as explained above. 

Although an electronic counter measures delay pre 
cisely in one observation, the value may be influenced by 
interfering effects such as caused by noise. Therefore it 
is generally advantageous to design the counter so that 
it makes a number of delay measurements and indicates 
the average value. 

Outline of illustrative system 
Fig. 1 is a simplified schematic diagram of an illustra 

tive system having the basic elements required in the 
practice of the invention. Sinusoidally-enveloped pulses 
of a suitable high-frequency carrier are produced at ac 
curately timed intervals at the sending end of the trans 
ducer to be measured, such as a line by means of a 
pulse repetition frequency source 2 of frequency such as 
25 cycles reacting with a carrier oscillator 3, of fre 
quency such as 97,000 cycles, in a first modulator 4. 
The resulting modulated wave is impressed upon a sec 
ond modulator 5 along with selected and timed pulses 
of standard and variable comparison frequency oscilla 
tions of uniform duration from oscillators 6 and 7 re 
spectively. The pulses of standard frequency are under 
the control of a first gate 8 and those of the variable 
frequency under the control of a second gate 9, both gates 
being operated by a gate control device 0 which in turn 
is under the control of the low frequency source 2. The 
device i0, upon being manually started by the operator, 
first opens gate 8 to pass one pulse of standard frequency, 
then closes gate 8 for a selected number of pulse inter 
vals, generally only one pulse interval, as in the illustra 
tive system, then opens gate 9 and pass one pulse of com 
parison frequency, closes gate 9 and holds both gates 
closed for a selected number (one or more) of pulse in 
tervals and repeats this series of operations until shut 
down. The modulator 5 shifts the standard and variable 
comparison pulses downward in frequency to the desired 
values of frequency with which the transducer 1 is to be 
tested, for example, the standard pulses may be shifted to 
3,000 cycles and the variable frequency pulses to the 
range 200 to 20,000 cycles, a low pass filter 34 being in 
serted between the modulator 5 and the transducer . At 
the receiving end of the line a band filter 11 selects the 
3,000 cycle pulse which is thereupon translated into a 
sharp impulse by means of a detector 12, a differentiator 
3 and an impulse generator 4. To handle the pulses 
of variable frequency efficiently it is usually preferable to 
shift them to a common frequency band as by means of 
a frequency shifter 15 controlled by a variable frequency 
oscillator 6. The common frequency may advantageous 
ly be placed at 97,000 cycles in the illustrative example. 
The 97,000 cycle resulting pulse is translated into a sharp 
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impulse by means of a detector 17, a differentiator 1s and . 
an impulse generator 19. The first impulse upon the 
generator 4 is used to actuate a start-stop mechanism 
28 which in turn actuates a gate device 2 which con 
nects a standard counting cycle generator 22 to a cycle 
counter 23 which counts cycles from the generator 22 as 
long as the gate 21 remains open. The next impulse, 
which comes from generator 19, shuts off the counting 
cycle generator, and, registers a count of one on a sample 
counter 24. When the last sample has been received 
and its number of cycles counted, the sample counter 24 
stops the counting process by actuating the start-stop 
mechanism 20 to close the gate 21. The total count is 
shown on the count indicator 25, and is an automatically 
averaged value of all sample counts, as explained more 
fully hereinafter. 

Sending apparatus 
The purpose of the sender is to transmit to the sending 

end of the line under test successive modulated spurts of 
reference and variable comparison frequency separated 
by fixed time intervals of zero current as shown by the 
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4. 
oscillogram of current It in Fig. 4. The reference fre 
quency as illustrated is (97 kc.-fa) where fa may have 
any convenient number of fixed values, and the variable 
frequency is (97 kc.-fib) in the example shown. These 
two voice frequencies are the result of heterodyning in 
the example hereinafter described. The envelope wave of 
these spurts is substantially sinusoidal as explained below, 
and resembles a 25 cycle wave in the system. The dura 
tion of each spurt is .04 second when the modulating wave 
is 25 cycles. The time elapsing between the peak value 
of the reference tone and the peak value of the next 
following spurt of variable frequency tone is assumed 
to be fixed, at .08 second. Therefore there is zero output 
during .04 second of this interval. This interval may be 
made greater if desired depending upon whether the 
envelope delay in the line is appreciably greater at the 
reference frequency than at any variable frequency used, 
it being necessary that these pulses shall not overlap at 
the receiving end of the line. 
The choice of the time elapsing between the peak value 

of the variable frequency tone and the peak of the next 
succeeding reference frequency spurt depends upon the 
amount of delay distortion to be measured, since it is 
necessary that the spurt of variable frequency tone shall 
not overlap or run into the spurt of reference frequency 
tone at the receiving end of the line. It is evident that the 
duration of the zero current interval following a pulse of 
variable frequency at the sender output should about 
????! the maximum value of delay distortion to be meas 
II6Cl. 
Illustrative spurts or pulses are shown in Fig. 4 as cur 

rent II and in order to obtain current It, the sending 
device may be shown schematically by the single line 
diagram in the upper portion of Fig. 2. 

In Fig. 2, a source 26 of accurate frequency provides 
the input wave of a multivibrator or frequency divider 
27 whose output is the first modulating frequency, for 
example, 25 cycles per second in the case of certain tele 
photograph circuits. 
The 25 cycle wave passes over a hybrid coil 3i) and one 

output thereof is connected to one input of the first 
modulator 4. The other input of this modulator is an 
accurate high frequency, for example 97 kilocycles ob 
tained either as a harmonic of the accurate Source 26 
through the connection 29 as shown (or from the fre 
quency divider 27). The value 97 kilocycles is assumed 
for illustrative purposes. A narrow band-pass filter 31 
is shown at the output of the first modulator 4. The side 
bands passed by this filter are narrow so that the current 
I3 at its output has only three frequencies: 96.975, 97.0 
and 97.025 kilocycles. The amplitudes of 25 cycles per 
second and 97 kilocycles applied to modulator 4 prefer 
ably are adjusted so that Ia is 100 per cent modulated as 
shown in the oscillogram of Fig. 4. If the control source 
26 is a 50 cycle per second tuning fork the connection 
29 may be used, 97 kilocycles being the 1940th harmonic 
of 50 cycles per second. This may require several stages 
of harmonic generation. If the control frequency is 1. 
kilocycle, only the 97th harmonic is required. 
The harmonic generator 28 may provide also any de 

sired number of accurate high frequencies near 97 kilo 
cycles such as values shown in Fig. 2 at two other outputs 
of the generator, and discussed more fully below. The 
particular high frequency desired may be selected by 
means of a switch S4 and is the frequency referred to 
hereinabove as fa. A rectangular spurt of frequency fa 
is passed by the first gate 8 starting and ending when the 
envelope of 13 has zero value as shown in the oscillogram 
of Is. A rectangular spurt of .04 second duration of fre 
quency fib from the variable high frequency oscillator 7 
is passed by the second gate 9, .04 second later than the 
spurt of fa as shown in the oscillogram of I6. The gates 
8, 9 and the gate control 10 are described more fully be 
low, and are synchronized by a current of 25 cycles from 
the other output of the hybrid coil 39. A balancing net 
work 32 for the hybrid coil 30 is indicated schematically, 
and a pad 33 is shown connected between a low pass 
filter 34 and the line to be tested. 
The currents 3 and I6 enter the second modulator 5 

and the lower sideband in the output is selected by the 
low pass filter 34, the current It being obtained. When 
current Is has long continued zero value It also is zero 
because the current I3 does not appreciably pass over the 
modulator 5, which is preferably balanced for this pur 
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pose, and the low pass filter 34 cuts off well below. 96.975 kilocycles.', 

Fig. 3 shows an illustrative; sender in greater detail 
with an arrangement of gates and gate::control circuits: 
using gas tubes and relays. 

In Fig. 3 the sources of fa and 97 kilocycles are shown 
as precise oscillators, though in many practical applica 
tions it may be preferable to use the harmonic genera 
tion indicated in Fig. 2. Except for the individual oscil 
lators shown in Fig. 3, the operation of this: arrangement 
is Substantially the same as for Fig. 2, but more details are given. 
The source 26 is replaced by a controlled tuning fork 

35, which may have a frequency of 50 cycles per second 
with a precision of, for example, th: one - one-thousandth 
of one per cent. The multivibrator 27, may have a fre 
quency dividing ratio of 2:1, giving an output of 25. 
cycles, which is preferably passed through a low pass 
filter 36. A pad 37 is shown between the hybrid coil. 
30 and the modulator 4. The harmonic generator 28 is 
not needed and is omitted. A repeating coil 38 may be 
used between the filter 31 and the modulator 5 for match 
ing impedances. The 97 kilocycles output provided by: 
the harmonic generator 28.in Fig. 2 is supplied instead 
by an oscillator 39, which may be crystal controlled to 
the same precision as the tuning fork 35. The 94 kilo 
cycles or 96 kilocycles output provided by harmonic gen 
erator 28 in Fig. 2 is supplied instead by an oscillator 
49, which may also be crystal controlled to the same precision. 
The peaked wave form of current 15 described below 

and shown in the oscillograms in Fig. 4 would be partic 
ularly useful for activating, a harmonic generator, al 
though none is shown in Fig. 3. The 25 cycle low pass 
filter 36 shown at the multivibrator output. in Fig. 3 may 
be desirable to insure a suitable approximately sinusoidal 
wave form in the generator of 5 described below, the 
design of which is based on current 4 being sinusoidal. 

In Fig. 3 provision is made for a zero current interval 
of any desired multiple of .04 second following the sent 
variable frequency pulse in current It. This zero current 
interval governs the value of N, the number of gas tubes 
in a series, G. T. S. to G. T. N, shown at the left of Fig. 
3. The cperation of these tubes is described below from 
which it is apparent that the greatest delay distortion 
which can be measured with the arrangement shown is 
about .04 (N-3) second and the time. elapsing between 
the peak value of the sent variable frequency tone and 
the peak of the next succeeding sent reference frequency. 
spurt is .34 (N-2) second. The period of repetition of it 
the sent signal is .04N second. 

While large values of N enable one to measure great 
amounts of delay distortion, it should be noted that the 
time consuined in the automatic counter and averaging 
device is also proportional to N. In order to speed up 
the testing of short lines and to provide equipment for 
measuring long ones, it is advisable to make N variable. 
Means for varying N are not shown in Fig. 3 but can 

be included by means of keys (not shown) so that N may 
be made to vary effectively from 4 to any desired larger 
value, the minimum number of gas tubes required in 
measuring small distortions generally being 4. 
The upper path from the hybrid coil 30 conducts the 

25 cycle current 1 through the resistance pad 37, for 
the purpose of adjusting the level, to the modulator 4. 
The current i2 at the modulator output is substantially 
25 cycle carrier telegraph reversals, and need not have a 
sinusoidal envelope. The amount of carrier leak from 
the modulator is to be adjusted so that the wave f3 as seen 
at the band-pass filter 31 output is 100 per cent mod 
ulated. A cathode ray oscilloscope (not shown) is de 
sirable to check the wave form of 3 and I7. It may be a small portable oscilloscope. 
The current 6 at the other input of the modulator. 5 

of Fig. 3 is substantially the same as in Fig. 4 and re 
sults from operation of gates 8 and 9 of either figure to 
pass rectangular spurts of fixed or variable frequency, 
fa or fib, respectively, each of .04 second duration, and 
timed so as to occur just when the spurt of (97 kilo 
cycles-fa) or (97 kilocycles-fib) is desired in output 
current it. (In this statement the delay of low pass filter 
34 has been neglected as it may be very small.) : The 
method for operating the gates is described below. 
The filter 34 at the output of the modulator 5 should 

be balanced and should preferably have negligible delay 
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distortion in; the measuring frequency range of the set, 
say 200 to 20,000 cycles per second. If difficulty is ex 
perienced in obtaining negligible delay distortion, the cut 
off frequency of the filter 34 may be raised to 70 or 80 
kilocycles, or more. The purpose of the pad 33 between 
the filter 34 and the line is to control the level of current 
entering the line or transducer to be measured, and to 
obtain a suitable terminating impedance at the sending 
end thereof. 
The spurts of fa and fo should be substantially equal 

in amplitude. In order to make this adjustment one may 
observe is on the oscilloscope while adjusting the volume 
controls (not shown) of the oscillators 40 and 11. An 
other method is to observe the level at the output of the 
pad 41 first with gate 8 open and gate 9 closed and sec 
ond with gate.8 closed, and gate 9 opened. Switches for 
inanually controlling opening and closing of these gates 
are provided and described below. 
The variable oscillator 16 provides a continuously ad 

justable frequency over the range say 77 to 96.8 kilocycles 
So that the value of 97 kc.-fb appearing at the input 
of the line ranges from 200 to 20,000 cycles per second. 

in order to control the opening and closing of gates 
8 and 9, the accurate 25 cycle frequency from the lower 
output of the hybrid coil 30 is passed through an adjust 
able phase shifter 42 consisting of an inductance Lai, 
variable condenser C31 and a reversing switch Ss. 
The current i4 should pass through zero very close to 

the Zero values of the envelope of 13, because switching 
is then desired controlled by sharp pulses in current is 
produced by a non-linear coil L32 of a network L32, 
C32, R2. The requirement is that the voltage generated 
across resistance R2 shall build up rapidly reaching 8 volts. 
or more within about 2 microseconds. If this cannot be 
done Satisfactorily with the coil L32 alone, it can be done 
using. a multistage amplifier limiter instead, provided the 
grid-bias does not vary. The reason for this require 
ment is.that the Switching of the gates must be done at 
precise instants. L31 and C31 should have high reactances at 25 cycles per second in order to prevent the discharge 
from C32 from being dissipated too much in the 25 cycle 
Source. The exact values of C31 and L31 may be readily 
found by trial. The hybrid coil 30 may be of inequality 
ratio. Since only about --20 dbm. (decibels above milli. 
Watt) would be required for I. The coil L3 may be of 
the type described by . Peterson, Manley and Wrathal 
in "Magnetic Generation of a Group of Harmonics,” Bell 
System Techanical Journal, vol. XVI, page 437, 1937. 

illustratiye values for. L31 and C31 are from 6 to 12 
henries and from 2 to 8 m?. respectively. The final set 
ting for this phase shifter depends mainly on the delay 
in the filter.3. The phase shifter gives a range of nearly 
a quarter cycle for each position of switch Ss. Additional 
phase shift range can be obtained if necessary by shunt 
ing reactance directly across the lower output of the hy brid coil 30. 

Successive positive peaks in current is generate sufi 
cient voltage across resistance R2 to fire gas tubes G. T. 
1 to G. T. N. inclusive, when plate voltage is connected. 
Protective resistors r1 to rN, inclusive, are shown in series 
with the grids so that there is no appreciable current 
drawn thereby. It is possible that these resistors in some 
cases, may not be needed. The gas tubes have their re 
Spective anode circuits operatively connected to individual relays SR1 to SRN inclusive. 

Switches S1 and S5 are normally closed and S2 and S3 
are normally open. Before closing S1 all relays SR1 to 
SRN, inclusive, are released and gas tubes not firing. 
The normal grid biases E1 and E2 of gates 8 and 9 are 
sufficient to prevent transmission of oscillators' outputs 
through the gates. After closure of S1 the first positive 
pulse in 15 causes gas tube to fire and current ii begins, 
causing a direct current voltage drop across a resistor B1 
which counteracts part of the negative grid bias and puts 
gate 8 in a transmitting state, so that frequency f is 
transmitted by gate 8. The rise of it operates slowly the 
Telay. SRi, (SR1 must be slow enough not to operate 
before the first positive pulse of 15 has died out or SR2 
nay, operate prematurely), and connects battery E4 to 
the plate of G. T. 2 which fires on the next positive 
pulse of 5. Then the current i2 begins. The voltage 
drop across a resistor B2 is equal and opposite to that 
caused by ii. across B1. The result is immediate closure 
of gate 8 since the grid bias is then equal to the ful 
value of E1. 
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When iz begins, relay SR2 operates slowly (for a similar 
reason to SR1) and connects battery E4 to the plate of 
G. T. 3 which fires on the next positive pulse of 5. 
The rise of current is opens gate 9 because of the voltage 
drop across a resistance B3, and slowly operates relay 
SR3 to put plate battery on G. T. 4. 
The next positive pulse of I5 causes G. T. 4 to fire. 

The rise of is closes gate 9 because of the voltage drop 
across B4, and slowly operates relay SR4. Succeeding 
positive pulses of 5 operate the other gas tubes in this 
series one at a time in a similar manner, but their pro 
tective load resistors Bn-1, B, . . . BN–1, and BN do 
not operate any gates. When the last gas tube, G. T. N., 
has been fired, its plate circuit relay SRN opens contact 
to extinguish all gas tubes. Relay SRN should be slightly 
slow in releasing so that it does not release until all gas 
tubes are completely extinguished. It is clear that the 
number of gas tubes in this series determines how long 
it takes before all are extinguished and the circuit ready 
to begin over again the procedure of opening and clos 
ing the two gates successively. 
The currents i, iz, is and i4 should reach steady state 

value without overshoot almost instantly once the corre 
spondingly numbered gas tube has fired. Therefore small 
condensers, c1, C2, ca, and c4, etcetera, are shunted around 
the respective relay windings. This also tends to slow 
down the relays' operation as desired. Values of these 
condensers are readily found by trial after observing the 
gas tube currents with an oscilloscope. 
When high values are used for resistors B1, B2, B3, 

. . . BN, the currents il, iz, is . . . iN may be small and 
the gas tubes may be miniature. On the other hand 
these resistors should not be too high or vacuum tubes 
W. T. and V. T. 2 of gates 8 and 9 respectively, will 
have their cathodes far removed from ground and might 
become noisy. Suitable values are readily found by trial. 
The oscillators of frequencies fa and fib may be connected 
either directly to the grid bias battery as in the case of 
oscillator 49, or directly to the grid as in the case of 
oscillator 6. Trial should readily reveal which loca 
tion is preferable from the noise standpoint, and then 
both oscillators can be connected in the preferred manner 
to their respective gates. 
A spark killer 43 may be connected across contacts 

of relay SRN to reduce contact deterioration, but should 
be designed so that the gas tubes go out quickly. Other 
wise spurious gate openings may occur if the decays of 
the plate currents are unequal. 

. On opening S5 and S1 all the relays release. Then 
one may close S1 and S2 if one desires gate 8 to be 
open for a longer time. By closing S1 and S3 gate 9 is 
made open. On opening first one gate and then the 
other in this manner one may observe the effect on level 
in is or in due to adjusting the power outputs of oscil 
iators of frequencies fa or fib as previously mentioned. 
Resistors i0 and L'o may be provided to give the same 
resistance as a gas tube when firing. 
The advantage of the electronic gates is that com 

mutation occurs very rapidly and without the usual 
troubles found in mechanical distributors such as brush 
chatter or variation in contact resistance. 
The filter 31 attenuates greatly any sideband fre 

quencies in I3 which are more than 25 cycles from 97 
kilocycles. 
One may tolerate some minor departure in the loss 

characteristic of the filter 31 from perfect symmetry 
about 97 kilocycles as well as some small inaccuracy in 
the setting of the phase shifter 42, so long as the spurts 
of tone of reference and variable frequency in It have 
the same well rounded envelope shape, which should be 
satisfactory for measuring envelope delay even if not 
perfectly sinusoidal. 

i)irect current sources E1, E2, E3, E4, E5 and E6 are 
shown as batteries. Obviously one may use another 
form of direct current potential source but the require 
ment is that certain of them should be entirely separate. 
Thus if E3 and E4 have their common side grounded, 
no ground should be on the other direct current sources. 

if trouble with noise in W. T. 1 and V. T. 2 is expe 
rienced, a separate heater supply may be necessary so 
that they are not heated from the same source as the 
gas tubes. 

Receiving apparatus 
In order to carry out the function of the receiving 
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8 
device as stated above, the apparatus shown by the 
single line schematic of Fig. 5 may be provided. 
The current Is shown in the oscillograms of Fig. 7, 

received from the line closely resembles II of Fig. 4, 
except for such difference between arrival of spurts of 
reference frequency (97 kilocycles-fa) and variable fre 
quency (97 kilocycles-fb) as is caused by envelope 
delay distortion of the line. 
The current Is after traversing a pad 44 divides at a 

hybrid coil 45 with balancing network 46 into two paths. 
The reference frequency passes through a buffer ampli 
fier 47 and the band-pass filter 11 and enters detector 2 
(DET. 1) through a buffer amplifier 59. The carrier 
frequency is eliminated by a low pass fiiter 48 (L. P. F. 
i). The resulting direct current wave Ig is shown in 
the oscillograms in Fig. 7 as a rounded "E" signal. It 
is not quite sinusoidal due to band width limitation in 
the receiving narrow band-pass filter 14. Both reference 
and variable frequency spurts from the upper output of 
hybrid coil 45 enter a signal shifter comprising a modu 
later 49 (MOD), a variable oscilator 6 and a 97 kilo 
cycle band-pass filter 58 (B. P. F. 3). The variable 
oscillator is set to give the frequency f. so that pulses 
of frequencies (97 kilocycles-ft) on entering the modu 
lator 49 are shifted to 97 kilocycles and pass through 
B. P. F. 3. The 97 kilocycle output of a harmonic 
generator S further mentioned below and a cathode ray 
oscilloscope 52 (C. R. O.) are useful in checking the 
frequency of the shifter's output. Pulses of frequency 
(97 kilocycles-fa) are shifted by the modulator 49 but 
then lie outside the pass band of B. P. F. 3. The output 
of this band-pass filter is next ampified in amplifier 53 
and detected in detector 17 (DET. 2). The carrier fre 
quency is eliminated by a low pass filter 54 (L. P. F. 2) 
and the current I11 is obtained similar to Ig except for a 
deiay. 

Both i9 and 11 are next differentiated in differen 
tiators 3 and i8 respectively to yield waves 10 and 12. 
These waves pass through Zero at instants corresponding 
to maxima of Ig and 11 respectively. 
The waves 10 and 12 act upon impulse generators 4 

and 19 respectively, which preferably employ non-linear 
coils to produce the impulses 51 and 52 respectively 
having sharp positive peaks building up at a fast rate 
so that prompt and definite action of the connected 
circuits results. These circuits comprise a gate control 
circuit 55, the gate 21, a megacycle counter 56 having a 
plurality of binary stages, and a set of decimal counters 
57 with indicators. • 

Once a start button (S11 to be described hereinafter 
with reference to Fig. 6) has been pressed which auto 
matically resets all counters on zero, the positive pulses 
of I51 open the gate 24 and the positive pulses of 52 
close the gate. A megacycie current ius, produced by 
the harmonic generator 5 activated by periodically re 
peated pulses of 51, flows through the gate 21 during 
an interval of time T equal to the interval between the 
occurence of a positive pulse in I51 and the next suc 
ceeding positive pulse in i52. 

Each time a pair of these pulses occurs a spurt of 
megacycle current of duration T enters the binary mega 
cycle counter 56. This counter and the connected decimal 
counter 57 operate as described below to indicate the 
average value of T in microseconds on a digital register, 
which may be luminous and may show six digits, inore or 
less, as desired, or may be arranged through known print 
inginechanisms to record figures, or upon a paper tape. 

Sample counter 24 sends a negative pulse into the start 
aid Stop nechanisin 20 which stops all counting when 
Sufficient repetitions of the interval T have been measured 
and averaged, as described below. 

In prior art Systems employing a dynamometer, the 
operator of the delay measuring set can telli when exces 
sive noise is present by unsteadiness of the dynamometer 
reading as explained. In the case of random noise he 
must watch the dynamometer deflection a while and esti 
imate an average reading. In the case of single frequency 
noise he can change the variable carrier frequency slightly 
and eliminate the effect. in the set herein described, the 
presence of noise may vary the location of peak values of 
ig and 11 which tends to make unequal the successive in 
tervals of megacycle current such as T. This inequality 
can be detected by a noise indicator 58 which operates un 
der control of the gate control circuit 55 as described be 
low. The meter of the noise indicator may be calibrated 
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to indicate the number of repetitions of the interval T 
which ought to be averaged in the case of random noise. 
Then the operator can see how to set switches in the 
binary counters which govern the number of repetitions 
of the measurement of T as described hereinafter. The 
presence of a single frequency noise usually causes the 
noise indicator meter to deflect, its effect should be elimi 
nated by varying the carrier frequency until the noise does 
not pass the narrow band receiving filter as discussed 1more fully below. 

In Fig. 6, the harinonic generator of Fig. 5 is replaced 
by separate precise oscillators which need not be used 
in practice if the harmonic generator is cheaper, lighter 
or otherwise preferable. 
The pad $4 is provided for coarse adjustment of re 

ceived current, since it is desirable to maintain fairly 
constant levels into the modulator 49 and the amplifier 
47. Pad 44 aiso provides a suitable terminating impedance 
for the tiansducer under test. Very constant levels 
should be inaintained in the two detectors as by means of 
slide-wire potentionneters (not shown) located within 
power anaplifiers 59 and 53, and a pair of sensitive and 
sluggish direct current level meters 60 and 6 may be 
held by these manual controls to constant deflections in 
order to reduce phase variations caused by non-linearity 
in the detectors 2 and i7. The former detects the ref 
erence frequency tone while the latter detects the variable 
frequency tone after it is shifted in frequency to 97 kilo 
cycles by the variable frequency oscillator and medulator 
in the previously discussed manner. The detected pulses 
Ig and 11 are also shown qualitatively in the sketch of 
osciicgraias on Fig. 7 and resenble the modulating wave 
form descrited above except for slight distortion due to 
line and filters which is uninportant because it is prac 
tically unchanged over the range of testing frequencies. 
The narrow band-pass filter 50 of approximately 50 

cycle width is used in the signal shifter to reduce the line 
noise and other disturbances if present. 
The band-pass filters 62 and 63 for two reference fre 

quencies are also of about 50 cycle width when the sent 
pulses of reference frequency are thus restricted in fre 
quency spectrum as this favors measuring fairly close to 
the reference frequency without appreciable error. 
The low-pass filters 48 and 54 immediately following 

the respective detectors 12 and 17 consist of series resis 
tors and shunt condensei's because inductances at high 
levels are apt to be non-linear and to cause varying effects 
as the level changes slightly. These filters suppress the 
carriers. No wave shaping is required of these filters due 
to the wave shaping action of the sending band-pass fil 
terS. 

Currents 11) and 12 are substantially proportional to 
the slopes of currents Ig and 11 respectively due to the dif 
ferentiating effect of series condensers C11 and C12, which 
respectively perform the functions of the differentiators 
i3 and i8 of Fig. 5. 
Coils 21 and L22 are non-linear and operate similarly 

to L2 of Fig. 3, to produce sharp wave fronts in currents 
i51 and 52 so that the voltages across resistors R21 and R22 
rise from 0 to 8 volis in about 2 microseconds. TiThe opti 
mum values for circuit elements connecting to these non 
linear coils say be found by trial. 

Inductances 11 and L12 heig to suppress the carriers 
and prevent discharge of condensers C21 and C22 toward 
the source. These inductances should be substantially lin 
ear. Each may consist of one or more retard coils. The 
indt.ctance of such coils should be determined experimen 
tally to obtain the desired maximum amplitudes for 10 
and 12 with a minimum of input power and without ex 
cessive transients. Initial fluctuations during the build up 
of 10 and 12 are not wanted as they may cause unwanted 
pulses in 51 and 52 ahead of the desired times which might give faise operation of gas tubes. 
A zero reset switch S11 is provided and when this has 

been closed momentarily, gas tube G. T. 1 is not fir 
ing and a neutral reiay NR4 is released so that a pulse of 
51 is transmitted over the contact of NR4 and resistor 
r21 to the grid of gas tube G. T. 2 which fires to open the 
vacuun tube gate 38 in the manner previously described 
in connection with gates in Fig. 3. 
The next Succeeding pulse in 52 is transmitted over 

resistor 131 to the grid of gas tube G. T. 31 which fires 
to close the gate. Accordingly the megacycle current I13 
which passes the gate has the duration T1. This is equal 
to the time interval elapsing between the sharp rises of 
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10 
the respective pulses in I51 and 52 provided currents i21 
and i81 rises abruptly with equal slopes to full value when 
the respective gas tubes fire. 

Resistors i21 and r31 should be designed similarly to 
F?1 to rN of Fig. 3. 
A relay SR31 is necessary in series with the plate of 

gas tube G. T. 3i which operates to cut off its plate volt 
age from Source E11 and extinguishes both gas tubes 
very Soon after gate closure. 
A relay, SR21, having substantially identical winding 

impedance to that of SR31, is provided in the plate circuit 
of gas tube G. T. 2i. So that both plate circuits have sub 
stantially identical transient responses. The windings of 
SR21 and SR31 may be shunted by small condensers so as 
to obtain the nearest approach to rectangular on and off 
Switching of the gate. The contacts of relay SR21 are 
open at the firing instant of gas tube G. T. 21 to make 
sure that tube G. T. 21 fires before tube G. T. 3, but 
close shortly thereafter to permit firing of gas tube 
G. T. 32 on the next pulse of i52. 
The negacycle pulses in 13 are shown again to an en 

larged scale in Fig. 8. They may be passed through a 
wave shaper 65 to produce negative pulses of the same 
fundariental periodicity, as shown in the oscillogram of 
I14. Such pulses are suitable for operating binary count 
ers B. C. 2, B. C. 22, et cetera. In some cases, the 
shaper 65 is not needed, the binary counter operating sat 
isfactorily without the shaper. The shaper may be made 
of either tube circuits or varistor circuits, or a copper 
oxide varistor with a direct current bias may be used to pass short pulses of oriy one polarity. 
The counting mechanism, described below keeps adding 

up the number of megacycle pulses it receives not only 
during time interval T1 but also during T2 and succeed 
ing time intervais measured until a predetermined num 
ber of such intervals have passed whereupon a pulse is 
received by the grid of gas tube G. T. 11 from an auxil 
iary Series of binary counters, B. C. 11, B. C. 12, et cetera, 
which count the number of positive spikes in I51. This 
pulse fires the gas tube G. T. ii and its plate current op 
erates the relay NR4 to stop further spikes in I51 from act 
ing on the counters, at which time the counter indication 
becomes Stationary and may be read and recorded by the 
operator. Operation of NR4 should not occur until it 
least 94 (N-1) second has elapsed following the final 
Spike in 51, and must be complete before .04N second 
has elapsed, in order to allow the gate to remain open for 
the longest necessary value of T and to make sure it does 
not open after the last value of T. Therefore relay NRs. 
should be slow acting and its slowness should be adjust able if N is varied. 
The restoring of all counter circuits to the zero condi tion is accomplished by pressing the reset key S11 which 

operates reset relays 66 to make suitable voltage changes 
in the power supply of the counter stages, as discussed below. 
The circuits of relays NR1, NR2, and NR31 are pro 

vided for the purpose of driving a noise indicator as de 
Scribed below. This indicator detects variations in 
lengths of successive spurts of the current 13. When 
these variations are excessive, the number of samples of 
the time intervals T1, T2, T3, et cetera, averaged by the 
megacycle counter should be increased as described mora fully below. 
The nuinber of samples averaged is controlled by a set 

of Switches S32, SS4, S128, and S256. When all these 
switches are closed to the left, 512 samples are averaged. 
When one of these switches is closed to the right and 
the others are closed to the left, the number of samples 
averaged is the same as the Subscript on the designation 
of the switch which is closed to the right. 
The time which is required for the counter to average 

a given number of samples is about equal to that number multiplied by .04N second. 
A wave shaper 67 is also shown for the current pulse 

I15 used to drive the auxiliary counter. Pulses in I51 
when inverted may be suitable for driving this counter. 
Therefore the wave shaper 67 may be nothing but an 
inverter, for the purpose of changing positive pulses into 
negative pulses similar to 14. 

in case the sent reference tone is given wider side 
bands, band-pass filters 62 and 63 should be just wide 
enough to pass them. A tenfold increase in these side 
bands permits the received reference signal to build up 
about ten times as fast and changes the shape of Ig from 
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sinusoidal to nearly rectangular. The differentiated cur 
rent 10 then consists of positive and negative spikes. By 
making use of one or the other of these spikes to fire 
G. T. 2 and to operate the auxiliary counter, one can 
omit L11, L21 and condenser C21 and probably decrease 
the size of amplifier 59 and detector 2. The values for 
R21 and for the low pass filter 48 would be changed, the 
resistors being much smaller as they need not dissipate 
as much heat, 

Electronic counters trigger circuits, gates, et cetera, 
have been used for other purposes. Consequently no 
detailed explanation of these elements is considered neces 
sary. Electronic counters are described by C. B. Leslie, 
"Megacycle Stepping Counter,” Proceedings Institute 
Radio Engineers, volume 36, No. 8, August, 1948, pages 
1030 to 1034. 

Counting mechanism 
It is assumed in the system illustrated that during a 

time interval T ranging in duration from about 40,000 
to 40,000 (N-1) microseconds, a precisely one megacycle 
current flows from the oscillator 22, Fig. 1, suitable for 
operating an electronic pulse counter. The time interval 
and the one megacycle current flow are repeated period 
ically, each such interval being separated by a short time 
of Zero current. Due to small amounts of line noise not 
under control, slight fortuitous variations exist in the 
value T from one repetition to the next. In order to 
reduce the effect of these, and to obtain a better value of 
T, it is desirable to add and average a number of separate 
measurements of T. In accordance with the invention, 
apparatus is provided to automatically indicate the result 
in microseconds. 

Let 2n denote the approximate number of repetitions 
of T which should be averaged in order to reduce the 
fortuitous effects to a negligible amount, the value for in 
being calculable for any small amount of noise as ex 
plained below. The megacycle pulses of I14 in Fig. 6 
are made to operate first on a binary electronic counter 
comprising n pairs of (or n double) tubes. The output 4 
of the binary counter is connected to a six stage decimal 
counter. The latter counter regiscters a digit about once 
in each 2n microseconds. The final reading of the decimal 
counter is the desired average value of T. 

Averaging of a plurality of measurements of T is effect 
ed automatically by adjustment of a scale factor asso 
ciated with the counting mechanism. An average being 
by definition the sum of m readings divided by n and the 
sum is equal to m times the average. For example, if the 
sum of eight readings is 1,600,000, the average is 200,000. 
Hence, if the counter counts once for every eight cycles 
of the megacycle current, the result of impressing 
1,600,000 cycles upon the counter is an indicated count 
of 200,000 which gives the average directly expressed. 
Also, if there are a total of 6,400,000 cycles impressed 
upon the counter in the course of 32 readings, average 
reading again 200,000, the counter may be arranged to 
count once for every 32 cycles, giving an indicated count 
of 200,000, thus once more directly indicating the average. 
By using such a scheme, the average value as indicated 
is independent of the number of samples averaged. 

It is evident that when n=5 there are 32 samples of T 
averaged and since samples of T occur every .2 second 
when N=5 the running time is 6.4 seconds. It has been 
determined by computation that in the case of a tele 
photograph line on which there is a normal or average 
amount of random noise here assumed to be like thermal 
noise, the measuring error represented by the average of 
32 values of T has a standard deviation of 8.2 micro 
seconds, which should usually be satisfactory precision 
in measuring telephotograph circuits. Such a normal or 
average amount of thermal noise is sometimes referred 
to as a thermal noise level of 35 dba. with telephoto 
weighting at the zero level point of a telephotograph line. 
The unit used in expressing the noise level is adjusted 
decibels, abbreviated dba., and refers to the reading of a 
noise measuring set such as the Western Electric Com 
pany's No. 2 type noise measuring set described in Bell 
Laboratories Record, March, 1936, volume 14, page 233, 
when used with an appropriate equalizer designed to 
weigh the disturbing effect of noise currents of different 
frequencies and durations upon a telephotograph circuit, 
the noise measurement being made at the zero level point 
of the line. 

Experience with telephotograph operation has indicated 
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that the highest tolerable limit of thermal noise is reached 
at 45 dba. or 10 decibels above the normali or average 
condition. When the noise is at the highest tolerable 
limit, the number of values of T which must be averaged 
to obtain the same standard deviation of error is ten 
times as great, or 320. In the binary scale the lowest 
sufficient value of n is 9, requiring the averaging of 512 
values of T, since with n equal to 8, only 256 values of 
T would be averaged. Accordingly the binary counter 
needs to have 9 double tubes or stages such as B. C. 2 
to B. C. 29 in Fig. 6, so that n may be varied by desired 
amounts between 5 and 9, using switches S32, S64, S128, 
and S256 as described above. 

Noise indicator 
Noise on the line may reduce the accuracy of the 

timing of an interval by distorting, lengthening, or short 
ening of the pulses of Ia of Fig. 7, which in turn affects 
the shape of the detected pulses, Ig and 11, and displaces 
the Zero points of 10 and I12, and hence affects the 
spacing between the impulses I51 and I52. The net result 
is that either too many or too few cycles of the standard 
frequency are included in the intervals TT1, T2, et cetera, 
of I13. The accuracy in the presence of line noise may 
be improved by including a large number of intervals in 
the cycle count. The more the effect of line noise, the 
more intervals should be included. As the effect of line 
noise is random, it is very likely to make itself evident by 
making adjacent intervals unequal. The more noise, the 
more inequality is likely to be found. 
Although one may compute the number of values of 

T which should be averaged when the line noise has a 
certain value, it is advantageous to have a meter which 
indicates this automatically. 

In Fig. 6 it is shown that the output of the vacuum 
tube gate 38 is tapped by a branch circuit delivering mega 
cycle power to the noise indicator 58 shown simply by a 
box in this figure but shown more in detail in Fig. 9. 
Therein leads 68 and a step-up transformer 69 impress a 
high megacycle voltage upon a rectifier 70 which may 
charge either condenser C11 or C12 over a high resistance 
R71. Therefore the charge on either condenser is propor 
tional substantially to the charging time which is the same 
as the duration of a spurt of megacycle current such as 
T?, or T2, et cetera. 
As shown by the table of Fig. 10, a neutral relay NRI 

has closed contacts during time interval T1, correspond 
ing to the spurt of megacycle current T1 in the oscii logram 
of Fig. 7. The condenser C.71 is charged during this time 
Ti. The contacts of two other relays NR2 and NR3 are 
then open as shown in the table. Shortly thereafter the 
contacts of NR) open and this is followed by closure of 
contacts of relay NR2 so that during time interval 2 
the condenser C72 is charged. After the end of interval 
T2 the contacts of NR2 open. Shortly after this the con 
tacts of relay NR3 close which permits both condensers to 
discharge simultaneously to ground through a pair of rec 
tifiers 71 and 72 and resistors R72, R73 and R4. The re 
sistance R74 is adjusted so that the alternating current 
meter reads Zero when the two condenser discharges are 
equial as when noise is absent. Then subsequent inequal 
ity of duration of two adjacent spurts of megacycle cur 
rent will cause unequal charges upon condensers C11 and 
C72, and during discharge will produce meter torque about 
in proportion to the difference between the durations of 
T? and T2. The meter should be sluggish as of the 
thermocouple type and may be calibrated in terms of the 
exponent n required to satisfactorily average out the effect 
of the noise. (It would also be possible to operate 
Switches S32, S64, S128, and S256 automatically from the 
meter with the help of marginal relays, not shown.) Con 
denser discharge cannot occur until relay NR3 closes con 
tacts because neither tube 7 nor 72 will conduct current 
from filament to plate. The tubes 70, 75, 72 are served 
by a filament supply transformer 74. 

In order to insure closing or opening of contacts of 
relays NR1, NR2, and NR3 to completely include all of 
the respective time intervals indicated in Fig. 10, various 
means can be used to activate the relay windings. One 
method is next described which uses three auxiliary neu 
tral relays NR11, NR2, and NR31 shown in Fig. 6. 

Before the power supply E11 in Fig. 6 is turned on, re 
lays NR1, NR2, and NR3 are not operated and all their 
moving tongues are in the down position. After E11 is 
functioning, the operator starts the noise indicator by 
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momentarily closing a start switch S12 which permits 
current to flow from E11 over a tongue e2 of relay NR2 
through the winding of relay NR1 to switch S12 and there 
to ground. This relay then operates and current continues 
to flow in its winding to ground by way of tongue a1 after 
the start switch is no longer closed. 
The operator may next press the zero reset switch S11 

and the counting mechanism starts. During the entire 
first pulse of megacycle current in the interval T? current 
i11 flows through relay NR11 as shown in the oscillograms, 
and consequently relay NR1 is also operated due to clo 
Sure of contact by tongue d1 of relay NR1 and a connec 
tion 75 indicated in Figs. 6 and 9. 

Shortly after the intervai Ti, relay SR31 operates to 
ground its lower tongue momentarily whereuon current 
i22 flows from source E11 over tongue e3 of relay NR3. 
through the winding of relay NR21, tongue b2, tongue c1, 
tongue of relay SR31 and to ground. Accordingly relay 
NR2 operates and remains operated after release of SR31 
because of current i22 now flowing over tongue a2 to 
ground. During operation of relay NR2, tongue a2 makes 
contact before tongue b2 breaks contact. The make be 
fore break feature can be obtained by suitable mechani 
cal design. Operation of NR21 opens the contact of 
tongue e2 so that relay NR11 releases and is 1 falls to zero 
as shown in the oscillograms of Fig. 7. 
At about the same time as relay NR11 releases, relay 

NR releases as relays NR1, NR2, and NR3 are all made 
fast release relays. However they are made slightly slow 
to operate so that closure of contact does not occur until 
after the previously operated relay in this group has re 
leased. Slow operation may be attained when necessary 
by inserting a separate inductance (not shown) in series 
with the winding of each relay to be slowed. 

Operation of relay NR21 permits current to flow over 
relay NR2 to ground by way of tongue d2, and a con 
nection 76 shown in Figs. 6 and 9 and shortly thereafter 
relay NR2 operates. The timing is such that it operates 
?????????? NR1 has released and before the start of time inter 
wal T2. 

Shortly after time interval T2 another brief closure of 
the lower contact on relay SR31 occurs. This time cur 
rent is3 flows from source E11 over tongue e1, winding of 
NR3, tongue b3, tongue ca, to lower tongue of relay 
SR31, and thence to ground. 

Immediately relay NiR31 operates and continues to re 
main operated due to current i33 flowing over tongue as 
after release of SR31. (Tongue as makes contact just be 
fore tongue b3 opens contact.) 

Operation of relay NR3 stops current is due to open 
ing of the contact of tongue e3. Due to operation of 
tongue ds and current through a connection 77 the opera 
tion of relay NR3 takes place shortly after NR2 releases 
caused by opening of contact by tongue d2. 
The next closure of relay SR31 permits the rise of i:1 

again by way of tongue e2, winding of NR11, tongue b1, 
tongue c3, and lower contact of SR31. After SR31 releases, 
ili continues by way of tongue a1 and is3 is stopped by 
opening of contact e1. (Tongue at makes contact just 
before tongue b1 breaks contact.) This concludes one 
complete cycle of events in the noise indicator auxiliary 
relays, and again places condenser C1 in condition for 
charging just as soon as relays NR1 operate due to closure oftongue d?. 

Spark killers K1, K2, K3 . . . K11 are shown to reduce 
relay contact erosion. Condensers and resistances should 
be adequate to quench the sparks but should not slow 
down the current decay too much. 

Alternative gating systems for sending terminal 
An electric counting circuit shown in Fig. 11 and com 

prising a plurality of vacuum tubes and varistors may be 
used in place of the gas tubes and relays of Fig. 3 to re 
duce Weight and cost of maintaining relay contacts. The 
oscillograms in Fig. 4 apply to Fig. 11 as regards cur 
rents shown in the latter, except for the insertion of a 
one-way device 78 so that only the negative pulses of cur 
rent 5 are received by the gate control device of Fig. 11. 
An N-digit counter 79 of any suitable known kind may 

be used. The operation of the counter is such that dur 
ing the first period of .04 second corresponding to a de 
sired rectangular spurt of fixed high frequency fa in the 
current 6, the potential on output lead 81 of the counter 
79 is positive with respect to that on lead C. This causes 
gate 8 to open because direct current passes over its 
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varistors in the forward direction. At other times the 
potential of lead 8i is less thain that of lead C and gate 8 
is closed. During the third period of .04 second corre 
sponding to a desired rectangular spurt of variable high 
frequency fo, gate 9 is similarly operated, but at other 
times it is closed. Gate 8 may contain a plurality of 
varistors 86 and a resistor R33 and gate 9 may contain a 
plurality of varistors 87 and a resistor Rai as shown. 

Values for resistors R81 and Ra3 are to be chosen by 
tria! to obtain a high ratio between amplitude of gate out 
putt when open as compared to the closed condition, 35 
decibels or inore usually being satisfactory. When nec 
essary to obtain a higher ratio, a multiplicity of such gates 
may be used in tandem, controlled by the same gate con trol output leads, 

Switches may be provided by means of which one can 
cpen leads 31 and 83 and insert positive direct potential 
upon either gate for the purpose of obtaining a continuous 
current of either frequency fa or fib. This is useful when adjusting the sending levels. 
Some care will have to be used in order not to render 

the counting mechanism inoperative due to the gate varis 
tCrs having too low an impedance in the forward direction. 
if trouble is experienced in this respect one may use a 
pentagrid gate so that the control lead goes to a high in 
pedance grid, as shown in Fig. 12. 

Fig. 12 shows the alternative form of gate using a pen 
tagrid tube 83. Lead 82 or 83, as the case may be, from 
the counter 79 is connected to grid 103 of tube 88 and 
lead C is connected to grid 05. The input from either 
Source 40 croscillator is connected through a trans 
former to the grid 501 and the output is taken from the 
anode. Grids i82 and i84 are connected together and 
function as Screens between grids 18 and 103, and 103 
and 135, respectively. An 18-volt biasing battery 200 
shown in series with lead C keeps the gate closed during 
lines when lead 3 or 83 has no positive potential. This 
biasing battery could also be in series with lead 81 or 
33 instead of lead C, or could be partly in each lead so 
long as it is poled to make grid iO3 more negative than grid 105. 

Alternative 'eceiving arrangement 
Fig. 13 shows a portion of a receiver similar to the ar 

1'angement of Fig. 6 except that all relays but those in 
the reset device are eliminated. The atter relays could 
also be eliminated if one would put their contact leads 
instead on a multiple contact switch including contacts 
af S11, From the line to the differentiators the system 
is the same as that Gf Fig. 6. Aso, the megacycle coun 
ter 23 and indicator and the auxiliary binary counter 24 
afe respectivey the same in Figs. 6 and 13. The im 
puise generators 4 and 19 are the same in both figures 
except that in Fig. 13 negative pulses instead of positive 
ulses appear at their outputs, due to a reversal in the 

leads at their inputs, since negative pulses are required 
for operation of certain known types of binary counter. 
Counters 24, 39 and li5 are shown as of such type, 
while counter 23 is shown as operatable on positive 
pulses, or when 14 consists of negative current as in 
Fig. 8, counter 23 operates on negative pulses. 
The desired negative voltage pulses E51 and E52 have 

shapes similar to the current pulses 51 and 52 shown in 
oscillograms in Fig. 7 except for the change in sign. 
Vacuum tubes i4 and i51 shown do not have con 

tinuous plate supply sources but are operable momen 
tarily by negative pulses of suitable strength as in E5 
or E52, under the further control of their respective 
grids, so that either tube is disabled when its grid is suffi ciently negative with respect to its cathode. 
When the power is first turned on, gas tube G. T. 1. 

will not be firing, but it fires when a sufficient number 
of pulses of E52 have acted on the auxiliary counter to 
produce a stop pulse at its output which acts on the grid 
of G. T. 1: through the associated input transformer. 
Counters 23 and 115 stop when G. T. fires as ex plained below. 

Before a delay measurement is made, one must press 
key S11 to operate the reset device which places all coun 
ters in the Zero condition in the manner hereinabove de 
Scribed. It is necessary that all counters shall be reset 
to the Zero condition before pulses of E51 or E52 are al 
lowed to reach them. Therefore, key S11 is designed to 
make contact to the fast acting reset relays before plate 
current of tube G. T. 111 is cut off by the key, in order 
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that all counters shall reach the zero condition before 
the plate current is cut off, which has the effect of re 
moving negative grid bias from vacuum tube 114 and 
opening this vacuum tube gate to permit the next nega 
tive pulse of E51 to act on counter 15. 

In case a puise of E52 occurs ahead of said pulse in 
E51 and after opening of vacuum tube gate ii 4, that 
pulse of E52 can have no effect on B. C. 155 because with 
B. C. 125 on Zero the potential of its output lead 1 is less 
than that of its output lead 0 which biases the grid of 
vacuum tube i5: negatively by about 22.5 volts and pre 
vents plate current from flowing therein due to the pulses 
of E52. Thus, it is evident that no pulse of E52 is received 
by any counter until the first pulse of E51 has acted on B. C. 
1 i5 to operate this counter to the icondition so that lead 1 
at its output is about 22.5 volts more positive than lead 0 
which opens the gate consisting of V. T. 15. Resistors 
Ra6 and Rat may be provided if necessary to limit cur 
rent flowing from leads 0 and 1 so that changes in poten 
tial on these leads shall not affect the performance of 
counter 15 through feedback action. 

Gate 2i may be of either of the types shown in Figs. 
11 and 12, and opens promptly when G. C. 115 is in the 
1 condition, to permit megacycle current 13 to flow into 
the wave shaper 65 when the first pulse of E51 occurs 
after operation of the start button S11. 
The next pulse of E52 may pass through the anode 

cathode circuit of W. T. 15 because the negative grid bias 
has been removed. 
As soon as the negative pulse E52 reaches counter 15, 

the counter operates to close gate 21 and terminates the 
duration of the spurt of megacycle current. Succeeding 
pulses of E51 and E52 also respectively start and stop the 
megacycle current 13 in the same manner. The result 
is the same as in Fig. 6 in that the starting and stopping 
of the megacycle current occur respectively as the in 
pulses in E51 and E52 build up. 
The purpose of varsitor V85 is to prevent pulses of E51 

from operating the auxiliary counter 24 or the ternary 
counter 115 described below in connection with the noise 
indicator. Varistor V86 is provided to cut off the output 
impedance of impulse generator No. 1 during a pulse 
of E52 so that the full effect of the pulse acts on the 
COinefS. 

In order to insure uniform action, the wave fronts of 
E51 and E52 should be steep and the counter is should 
be made fast acting the same as the first stage of the 
megacycle counter 23 hereinabove described. 
When the desired number of repetitions of the mega 

cycle spurt has been obtained, the auxiliary counter has 
received a corresponding number of pulses of E52 and its 
last stage then sends out a pulse which fires gas tube 
G. T. if as in the case of Fig. 6. In Fig. 13 the firing 
of G. T. is causes a voltage drop across resistor R85 
which biases negatively the grid of vacuum tube 14 and 
prevents further operation of counters 115 and 23 inclu 
sive due to succeeding pulses until after the operator has 
again pressed key S11. 
Whenever a pulse of E52 passes through vacuum tube 

i51 to operate binary counter 15 from the 1 to the 0 
condition, the same pulse operates the auxiliary coun 
ter 24 with a signal similar to 15 of Fig. 7 except that 
it occurs at the end of the time intervals T1, T2, et cetera. 
Also, the same pulse operates a second auxiliary counter 
shown in Fig. 3 asternary counter 89 for use in con 
trolling gates 91, 92 and 93 of the noise indicator. These 
gates replace relays respectively designated as NR1, NR2, 
and NR3 in Fig. 9. 
The gates 91, 92 and 93 are opened one at a time in 

the order mentioned for the duration of .04N second 
after the respective pulse of E52. N has the same mean 
ing as in the previous description. 
When gate 9 has opened, the megacycle current flow 

ing through gate 2 after the next pulse of E51, can also 
flow over gate 91, annplifier A4 and diode rectifier 94 
to charge mica condenser C94 through a high resistance 
R94 so that the final charge on C94 when gate 9 closes 
on the next pulse of E52, is proportional to the duration 
of the megacycle spurt, for example, T1, in Fig. 7. 
As soon as the ternary counter 89 closes gate 95, it 

opens gate $2, and during the next spurt of megacycle 
current, mica condenser C95 is charged in a similar man 
mer to Cg4, untii its filmai charge is proportional to Ti2. 
As soon as gate 92 has closed, the ternary counter 

opens gate 93 so that both condensers C94 and Cs5 dis 
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charge simultaneously over one-way valves 96 and 97, 
1"espectively, and over resistors R96, R97, R98 and the al 
ternating current meter 98. As described hereinabove 
the discharge circuit is balanced so that there is no meter 
indication when times T1 and T2 are equal. Since this 
noise indicator circuit will vary somewhat from time to 
time due to temperature changes in the condensers and 
resistances, et cetera, it should occasionally be readjusted 
for balance. Since it is not always possible to obtain 
a perfectly quiet line for use between the sender and re 
ceiver when making such adjustment, an inexpensive low 
frequency local oscillator should be provided in the re 
ceiver to provide signals with no fluctuation noise. 
The plate supply for gas tube 11 as well as its grid 

bias battery (if used), are non-grounded in order not to 
interfere with the operation of the counters, all of which 
Operate Cn a separate single plate supply which is as 
Silmed to have its negative terminal grounded. 
As in the case of the meter 73 in Fig. 9, the meter 

98 may be calibrated preferably in terms of the ex 
ponent it which determines the number of samples which 
should be counted to reduce to a desired degree the prob 
able error of the measured delay time. It is to be under 
Stood that the above-described arrangements are illustra 
tive of the application of the principles of the invention. 
Numerous other arrangements may be devised by those 
skilled in the art without departing from the spirit and 
Scope of the invention. 
While in the sample-counting stages and in the pre 

liminary standard wave cycle stages, binary counters are 
shown and are desirable in order that the number of sam pies may be readily variable in powers of two, it is never 
theless feasible to use ternary counters or counters based 
upon other numbers. Also, wherever decimal counters 
are shown, counters using systems of numeration with 
other bases may be used instead. Where the number of 
eyents to be counted is fixed, as in the noise measuring 
circuit of Fig. 13, there may be but one advantageous 
choice of the base of the system of numeration, for which 
reason the use of the ternary counter 89 may be pre 
ferred for controlling the three essential steps in the noise 
neaSuring operation. 
What is claimed is: 
1. A System for measuring relative delay of wave en 

velopes in transmission at different frequencies over a 
given path, comprising means for sending pulses of two 
frequencies to be compared alternately over the given 
path with a known interval between the starting time of 
Successive pulses, means at the far end of said path for 
determining the instants of arrival of the successive pulses, 
and means to measure the elapsed time between the said 
instants of arrival. 

2. A System for measuring relative delay of wave en 
velopes in transmission at different frequencies over a 
given line, comprising a source of waves of standard 
frequency, means for sending pulses of two test fre 
quencies to be compared alternately over the given line 
with a known interval between the starting time of suc 
cessive pulses, means at the receiving end of the line for 
determining a distinctive portion of each pulse to repre 
Sent the instant of arrival of the respective pulse, and 
means to count cycles of waves of standard frequency as 
a measure of the elapsed time between the instants of ar 
rival of successive pulses. 

3. A system for measuring relative delay of wave en 
velopes in transmission at different frequencies over a 
given line, comprising a source of modulating potentials 
of substantially sinusoidal wave shape, means controlled 
by said modulating potentials for sending alternately over 
the given line pulses of two test frequencies to be com 
pared with a known interval between the starting times of 
successive pulses, differentiating means at the far end of 
said line for determining a distinctive portion of each 
received pulse to represent the instant of arrival of the 
respective pulse, a source of waves of standard frequency, 
and means to count the number of cycles of waves of 
standard frequency occurring during the time interval 
between the instants of arrival of successive pulses. 

4. Measuring apparatus comprising means for produc 
ing reference frequency pulses, means for producing com 
parison frequency pulses, control means controlled to a 
desired degree of accuracy for determining the time in 
terval between successive pulses, means for alternately 
applying to a device to be tested pulses of reference fre 
quency and pulses of comparison frequency following 
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each other at accurately determined time intervals, and 
means at the output of the device to be tested to measure 
the time interval between the arrival time at the said 
output of a pair of pulses comprising a pulse of reference 
frequency and a pulse of comparison frequency, whereby 
the relative envelope delay time for transmission through 
said device to be tested is determined for the reference and comparison frequencies. 

5. Measuring apparatus comprising a source of car 
rier waves, a frequency stabilized low frequency source 
of modulating potentials, a first modulator controlled 
jointly by said carrier source and by said modulating 
potentials to produce accurately spaced carrier pulses, a 
reference frequency source, a comparison frequency 
Source, a second modulator, gating means controlled by 
said low frequency modulating potentials for impressing 
alternately upon said second modulator waves of said 
reference frequency and of said comparison frequency 
whereby reference pulses and comparison pulses accurate 
ly spaced are impressed alternately upon the input of a 
device to be tested, and means at the output of the device 
to be tested for measuring the time interval between 
the arrival at the said output of a pair of pulses compris 
ing a reference pulse and a comparison pulse, whereby 
the relative pulse delay time through the device to be 
tested is determined for the reference and comparison fre quencies. 

6. Measuring apparatus comprising a source of ref 
erence frequency waves, a source of comparison fre 
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quency waves, a source of pulse forming potentials of a 
repetition frequency relatively low with respect to said 
reference and comparison waves and controlled as to 
frequency to a desired degree of accuracy, means con 
trolled by said source of pulse forming potentials to pro 
duce pulses of reference frequency and of comparison 
frequency respectively occurring alternately at accurate 
ly spaced time intervals, means to send said pulses over 
a line to be tested, and means to measure the time inter 
val between the arrival time of a pair of pulses compris 
ing a pulse of reference frequency and a pulse of com 
parison frequency, whereby the relative envelope delay 
time of the line for said pulses is determined for the ref erence and comparison frequencies. 
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