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Fig. 3 - Basic block diagram of final equipment

circuit. These sliced pulses are sent to a symmetrically triggered Eccles-Jordan circuit,
the first pulse causing the multivibrator to commutate in one direction and the next pulse
returning it to its original state. (For purposes of simplification, this Eccles-Jordan cir-
cuit will be referred to as ECJ 1.) The width of the pulse produced by the Eccles-Jordan
circuit is equal to the period of the incoming pulse waveform. The output pulse from the
Eccles-Jordan circuit is sent to one input of a gating circuit (gater 1). To the other input

is sent a continuous train of positive-polarity pulses, one pulse arriving every microsecond,
the accuracy of their repetition rate being directly controlled by a crystal oscillator (clock).
It is this clock that determines the absolute accuracy of the equipment. Only those clock
pulses that are coincident with the duration of the positive-polarity gate from the Eccles-
Jordan circuit pass through the gater to the decade counters. The counters register the
total number of these pulses, and the final count which is displayed directly on neon bulbs

is the period of the video signal pulse in microseconds. All the pulse-period information

is displayed on these bulbs, and the operator has at his disposal four different modes in
which this information can be displayed.

Figure 4 is a block diagram of the basic parts of the equipment used in the first mode
(mode 1) of operation. To the block diagram of Fig. 3 have been added a start switch, a
reset switch, and an automatic stop circuit. In this mode of operation, the sliced video sig-
nal is sent through a gating circuit (gater 2) to symmetrically triggered ECJ 1. The output
from another Eccles-Jordan circuit (ECJ 2) is dc coupled to the remaining input terminal
of gater 2. With the application of a starting pulse from the manually operated start switch,
ECJY 2 commutates and opens the gating circuit. Signal pulses are then allowed to pass to
ECT 1. The first pulse to enter this circuit opens gater 1 and allows clock pulses to be
- passed on to the counters. The second pulse from gater 2 switches ECJ 1 in the opposite
direction, thus preventing additional clock pulses from reaching the counters. The trail-
ing edge of the positive-~polarity gate from ECT 1 is differentiated and used to trigger ECT 2
so that it cuts off gater 2. The signal pulse period in microseconds remains displayed on
the neon-bulb indicators. The counters may be reset to zero by actuating the reset switch.,
Another count may then be made by simply actuating the start switch. The decimal counter
units register a total of 5 digits so that pulse periods of duration up to 999,999 usec may be
measured. Jitter in a signal pulse may be detected by measuring the period a number of
times and recording the reading for each trial. The magnitude of the jitter' can then be
estimated from the amount of variation in the readings.

To save the time and trouble of writing down separate results of each trial and the
subsequent time used to examine the data, a second mode (mode 2) of operation is available
(Fig. 5). The automatic stop circuit ECT 2 (Fig. 4) has been replaced by a multivibrator
feedback loop; the reset thyratron is now triggered automatically from the multivibrators
in this loop, and a circuit has been added to switch on and off the neon-bulb indicator lamps
in the decimal counting units. The operation is as follows: With no signal input, gater 2 is
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within the inclusion gate, the counters are reset at the termination of the gate, and the
process starts again. At no time are the bulbs lit except when a pulse is coincident with
the inclusion gate,

Figure 7 shows gater 2, the two 25,000- usec multivibrators, gater 3, ECT 1, gater 1,
and the counters in the same positions they occupied in previous simplified diagrams. The
counters used in this equipment are standard decade units designed to operate at a 40-kec
maximum repetition rate. The preset feature is already built into the units so thatseparate
preset counters are unnecessary. Four of these counters were modified to operate at 100
ke (10-pusec pulse spacing). No 1-Mc preset counters were available, nor could any exist-
ing counters be modified to count at that rate. A standard 1-Mc counter is used to count
the clock pulses; its output signal triggers the first modified preset counter. Consequently,
preset pulses could ordinarily be obtained only after n multiples of 10 clock pulses had
passed. It was considered desirable to be able to exclude interfering pulses up to within
1 usec of the signal pulse itself, so an adjustable “vernier” multivibrator was connected
to the output of the preset counters to add 0 to 10 psec to the reading indicated by the push-
buttons. The preset output pulse triggers the vernier multivibrator through a gating cir-
cuit (gater 4) which will be described shortly. The trailing edge of the vernier gate is dif-
ferentiated and used to trigger the inclusion-gate multivibrator. Connections made to both
the vernier and the inclusion-gate multivibrators go to a lockout circuit that closes gater 4
during the period when either multivibrator is producing a gate. Because of the nature of
the preset-counter circuitry, extraneous pulses are produced at the preset output terminal.
These pulses can occur at any multiple of 10 usec after the desired preset pulse is produced,
although they cannot occur before. However, it is undesirable to have extraneous pulses
triggering the vernier multivibrator during the inclusion gate, and gater 4 eliminates this
problem.,

The trailing edge of the inclusion gate is differentiated and sent back to ECT 1. If no
signal pulse has arrived during the inclusion gate, then this differentiated trailing edge of
the inclusion gate forces ECJT 1 to commutate, thereby stopping the count, The termination
of the vernier gate, besides triggering the inclusion-gate multivibrator, also initiates the
opening of gater 3 so that the signal pulses may reach ECJ 1 to terminate the count. The
differentiated trailing edge of the vernier gate triggers an Eccles-Jordan circuit ECT 3
which in turn sends a positive dc step voltage to the “either-or” circuit. (The numbers 1
and 2 at the terminals of an Eccles-Jordan circuit shall henceforth indicate to which plate
of the dual triode the terminals are attached. A negative-polarity trigger signal on termi-
nal 1 indicates that a negative-polarity step function will be produced at terminal 1 while
a positive-polarity one appears at terminal 2.) The either-or circuit has two input and
one output terminal. If the voltage at both input terminals is negative, the output voltage
is negative and gater 3 is closed. However if either or both input voltages are positive,
then gater 3 is opened. The second input to the either-or circuit is derived from ECT 3.
The ECJT 1 terminal-1 output voltage goes negative when gater 1 is opened. The leading
edge of this negative-polarity gate is differentiated and sent to ECT 3 to switch its output
negative also. Thus, both inputs to the either-or circuit are negative during the time
before the counters have reaclied the preset count and the subsequent arrival of the trig-
ger from the trailing edge of the vernier multivibrator gate. With the arrival of this trig-
ger, the either-or circuit opens gater 3 and leaves it in this condition until a signal pulse
has passed through gater 3 to start a new cycle. The signal cannot, however, get through
gater 2 until the counters have been reset and the 50,000- usec gate has terminated.

The gate from the inclusion-gate multivibrator is sent to one input of a coincidence

detector. To the other input is sent the differentiated trailing edge of the negative-polarity
gate from ECJ 1. (The ECT 1 gate will henceforth refer to that waveform which lies between

iy
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the times of initiation and completion of the count.) If this trailing edge of the ECJ 1 gate

fresan

~ arrives during the inclusion gate, a pulse is produced at the output of the coincidence detec- iy
tor. This pulse triggers ECJ 4 which in turn produces a positive-~polarity output voltage -
step. (ECJ 4 had been triggered in the opposite direction by the leading edge of the ECJ 1 o

gate.) This positive-polarity signal is sent to one input of a second coincidence detector,
the other input of which is connected to the positive-polarity signal from the first 25,000-
psec multivibrator. Positive-polarity signals must appear at both grids of coincidence
detector 2 before the indicator lights can be lit, and if no signal arrives, the bulbs do not
light at all. ¥ this is the case, the differentiated edge of the inclusion gate terminates the
ECJ 1 gate, the counters are reset to 00000, and the system is ready to try again as soon
as the 50,000-usec gate has terminated. I a video signal pulse does occur during the
inclusion gate, the bulbs are lit for approximately 25,000 usec, after which time they are
extinguished and the counters are reset. The inclusion-gate width may be set at any value
between 3 psec and about 1600 usec.

The fourth mode of operation is very similar to the first, in which the start and reset
switches replace the automatic circuits. The fourth mode differs from the first in that the
equipment counts pulse periods automatically over and over again until the pulse pair with
the proper period (as set by the pushbuttons and inclusion gate width) arrives. When a
pulse finally falls within the inclusion gate, the incoming signal is shut off, the indicator
bulbs are lit, and the pulse-period reading remains on the bulbs until the reset switch is
.actuated. Like mode 1, mode 4 only produces one reading at a time, but it picks only those
pulse pairs that fall within the set range on which to indicate a final count. This mode of
operation has the advantage that one can list a number of separate counts one at a time so
that the readings may be compared at some later date.

A block diagram of the components used for this mode of operation is given in Fig. 8.
There are only two major changes from the block diagram of Fig. 7. Coincidence detector 2
is not used because once coincidence detector 1 detects a coincidence, the bulbs are to stay
on indefinitely or until the reset switch is actuated. The other change involves the addition
of a second either-or circuit and the reintroduction of ECJ 2, Either-or circuit 2 operates
so that when both inputs are positive, gater 2 is opened, but when either or both inputs are
negative, gater 2 is cut off. The equipment is started by actuating the start switch. This
places a positive polarity on one input of either-or circuit 2, (The other input normally
rests positive except during the 50,000-usec gate.) Signal pulses are now allowed to pass
through gaters 2 and 3 to initiate the ECJ 1 gate. If during the inclusion gate no signal
pulse arrives to terminate the ECJ 1 gate, the trailing edge of the inclusion gate terminates
it as before, and the counters are reset after 25,000 yusec. The indicator lamps do not
light, and the negative polarity 50,000-usec gate from the two 25,000~ usec multivibrators
closes gater 2. At the termination of the 50,000-usec gate, gater 2 is turned back on, and
the cycle is repeated until a signal pulse falls within the inclusion gate, When this happens,
the coincidence detector triggers ECJ 4 which lights the indicator lamps. The coincidence
detector also sends a pulse to ECJ 2 which in turn sends a negative-polarity voltage to
either-or circuit 2. This negative voltage prevents signal pulses from activating the equip-
ment until the circuit: are reset and the start switch is reactuated.

In the various block diagrams discussed above, some circuits have been omitted in

the interest of simplifying the explanations. These omissions will be fully covered in the
following section which describes all the circuits in detail.
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Fig. 8 - Block diagram of final equipment in mode-4 operation

CIRCUIT DETAILS OF FINAL EQUIPMENT

In order that this equipment may be used independently of any external apparatus, such
as a slave sweep-pulse analyzer (AN/SLA-2 or APA/74), the incoming video signal must be
amplified by an amplifier of suitable bandwidth. Incorporation of such an amplifier also
allows operation of the equipment in conjunction with such an indicator without necessitating
any modifications on the indicator itself. Figure 9isa circuitof the three-stage amplifier
incorporating two 404A’s as amplifiers and a 5670 as a split-load amplifier which operates
either as a cathode follower or as a phase inverter. Switch SW1 allows amplification of
either positive- or negative-polarity video pulses so that positive-polarity signals are
always produced at the plate terminal of V3. Cathode follower V4A provides a low-
impedance output for the amplified signal. A portion of this signal is sent to one input of
a dual-triode mixer, V26. To the other input of V26 is fed a portion of the inclusion-gate
signal voltage, These two signals are added, and their sum may be sent to the pulse ana-
lyzer so that both the video signal and the pulse-inclusion gate will appear on the indicator
sweeps.

The signal from the cathode of V4A is also sent to a Schmitt slicing circuit wherein
both the top and bottom of the pulse are literally sliced away, leaving only a small portion
of the pulse about half way between the baseline and the top of the pulse. In this manner
noise that appears on the top or baseline of the pulse is eliminated, and only those noise
spikes that traverse the slice region appear at the slicer output. Potentiometer R2 adjusts
the input resting voltage to the slicer and thus determines the voltage level in the signal
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Figure 14 shows the circuits that connect together the preset counters and provide
the final preset output pulse. It also shows the mechanism used to switch on and off the
neon-bulb count indicators. With respect to the preset pulse circuit, the preset output
pulse from each counter is connected via diode to a common preset line. The diodes allow
a positive step voltage to appear on this line if and only if the outputs from all the coun-
ters are simultaneously positive. This line is connected to the positive 180-volt supply
through a load resistor; it is also clamped to the positive 120-volt line by a crystal diode.
This clamping diode keeps a certain minimum current flowing in the load resistor at all
times. When the preset line is negative with respect to 120 volts, and when a preset pulse
is produced, this minimum current is supplied by the circuit capacities. The result is that
the leading edge of the preset pulse has a nearly constant slope (the load resistor acts as
a constant current supply) until it reaches the 120-volt level. The diode then clips off the
top of the pulse, thereby eliminating the rounding off of pulse tops. Since these pulse tops
are used to produce the trigger pulse for the vernier multivibrator, it is important that
they be as square as possible. The integrating network mentioned above consists of a
100-ppu f capacitor which shunts the 18K load resistor.

+ 120V +i80V PRESET

OUTPUT
c 18K PULSE
&iN70 2w I tovis
(FIG.15)
©
+120V +120V +120V +120V I
100uuf
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Fig. 14 - Combined counter circuits

It will be noted (Fig. 13 and 14) that all the lines running to the neon-bulb switching
networks are joined together and connected to the plate of a triode switch tube V27A. When-
ever the grid of this tube is positive (Fig. 14) the plate is pulled negative, cutting off the
series diodes (Fig. 13) that supply the lighting current to the neon bulbs. The resultant
voltage drop that appears across the series diodes does not affect the counter circuit
because of the 220K series isolating resistors that connect the bulbs to the Eccles-Jordan
plate circuits. A negative voltage (cutoff) on the V27A grid allows the bulbs to light in the
normal manner, while a positive voltage on the grid extinguishes them., Because the volt-
ages measured in the neon-bulb circuits of the 1-Mc counter are much higher than those
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The cathode signal from V16, and the plate signal from V19A are added together in a o
“crystal adder, and the resultant signal is dc coupled to the gating grid of V15. When either i
multivibrator V16 or V19 is producing a gate, the V15 gating grid is cut off so that none of o
the extraneous preset pulses (see page 10) are sent to the vernier multivibrator. o

Switch SW2 has four positions, each corresponding to one of the modes of operation
of the equipment: Position 1 corresponds to mode 1, ete. This switch cuts off the V15
signal grid so that, for modes 1 and 2 (where the preset features are not used), no preset
pulses can trigger the vernier multivibrator and thus upset the circuits.

Eccles-Jordan circuit V17 (ECT 3) uses the same type neon-bulb coupling networks
(NCN) as were employed in the V8 circuit (Fig. 11). This circuit differs, however, from
that of V8 in that separate RC networks have been installed in the cathode leads. These
networks serve essentially the same purpose as do the overcompensated plate-to-grid
coupling networks used in standard Eccles-Jordan circuits., During the conduction period
of one of the triodes, a few volts of bias are developed across the 680-ohm resistor in the
conducting-cathode circuit. This of course, is not true of the nonconducting triode, so that
when commutation takes place, the formerly nonconducting tube automatically finds itself
with less negative grid bias than the tube that was conducting. The 0.001-ppuf capacitors
keep the circuit in this state of unbalance until the voltage across the 8.2K common-cathode
resistor has had time to reach its new resting voltage.

The signal from the plate of V17B is directly connected to one grid input of the either-or
circuit V18 (Fig. 16). The other grid of V18 is directly connected to the plate of V8A (ECT 1).
The output terminal for this circuit is the common-cathode junction of the two crystal
diodes in the V18 cathode circuit. The output voltage rests a little above ground level if
either the grid of V18A or the grid of V18B, or both, remain at ground level. However, if
both grids are negative, the output voltage is also negative. This output voltage is coupled
to the gating grid of V7 (Fig. 10), so that V7 is cut off only if both grids of the either-or circuit
are negative, The diode coupling network from the output of V18 to the V7 grid delays the
negative-polarity signals at the plate of V7 (which are coupled back to the V7 gating grid
through the either-or circuit) so that V7 will not cut itself off before V8 has had time to
commutate. Switch SW4 is ganged to SW2 and is used to hold the gating grid of V7 positive
for those modes of operation where the gating function of V7 is not utilized. The leading
edge of the negative-polarity gate from the cathode of V18A is differentiated and sent to
the plate of V17B so that ECJ 3 is reset each time that v8 (ECJT 1) opens the clock pulse
gate. A similar pulse is sent to the plate of V21B (Fig. 17) so that V21 (ECT 4) is reset at
the same time. The trailing edge of the V18A cathode gate is differentiated and sent (as
a positive-polarity pulse) to the grid of gating tube V20 (Fig. 17). (The inclusion gate is
applied to the V20 gating grid.)

Coincidence of a video signal pulse with that of an inclusion gate produces a negative-
polarity pulse at the plate of V20. This pulse triggers Eccles-Jordan circuit V21 (ECT 4).
Whenever a coincidence occurs in V20, V21A is triggered and a positive-polarity step
voltage appears at the V21B plate and consequently at the V22 grid (coincidence detector 2).
The application of the 25,000-usec bulb-lighting gate (described on page 7) to the gating
grid of V22 produces a negative-polarity gate at the V22 plate. This gate is dc coupled to
the grid of V27 (Fig. 14), and the neon-bulb indicators are lit throughout the duration of
this gate. For mode 3 of operation, the bulbs are lit only when both V22 grids are positive.
If a coincidence of signal pulse and inclusion gate does not occur, the bulbs are not allowed
to light. When a coincidence does occur, the bulbs are lit for the 25,000-~usec interval.
Switches SW5 and SW6 are ganged to SW2 and SW4. For operating mode 1, these switches

" hold both V22 grids in their positive positions so that the neon-bulb indicators are
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Fig. 19 - Start and reset circuits

is sent to V23 (ECT 2, Fig. 4 and 20). This elaborate circuit was necessary to assure the
production of one and only one start pulse with the actuation of the start switch, Manually
operated switches normally produce a multitude of pulses upon actuation; this series of
pulses may last several milliseconds. The Schmitt circuit with the clamped inputs pro-
duces one output pulse from the first pulse to enter its input. After commutation, the
Schmitt circuit must be reset by a pulse of the opposite polarity before it can respond to
another start pulse.

The reset switch has two poles and performs two separate functions. The normally
open section resets the Schmitt circuit by sending a positive-polarity trigger pulse to the
Schmitt-circuit input. The normally closed section of the reset switch sends a positive-
polarity pulse to the normally cutoff grid of a 5696 thyratron. The positive trigger pulse
on the grid of the thyratron fires the tube which draws instantaneously about 1 ampere
through the 50-ohm cathode and plate resistors. A 1-uf storage capacitor in the plate
circuit provides the necessary current. When this capacitor has been discharged, the
thyratron grid regains control, and the 1-uf capacitor recharges to 180 volts through the
47K series resistor. The high discharge current through the thyratron produces 50-volt
pulses across the plate and cathode resistors. The pulse from the cathode is used to reset
the counters. The negative-polarity pulse from the plate is sent to the plate of V8B (Fig. 11)
where it serves to close the clock-pulse gate in the case that all the circuits come to rest
with V8 set in the wrong direction.

In the two automatic modes of operation, the reset trigger pulse is obtained from the
trailing edge of the first 25,000- usec multivibrator gate. The V12 cathode gate is differen-
tiated and sent to the grid of V25. The crystals in the grid leads allow either type of reset
signal to reset the thyratron without having to drive the source impedance of the other. Bias

is derived from a tap on the V14A cathode resistor (Fig. 20).
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Fig. 20 - Eccles-Jordan 2 and “either-or” circuit2

Figure 20 shows V23 (ECJT 2) and V14 (“either-or” circuit 2). The functions of these
circuits were described in connection with Figs.4and 8. For operating mode 1, V23 is
used to turn off V6 (gater 2) with the arrival of the second video signal pulse. For operat-
ing mode 4, both the V23 signal and the V13 cathode signal can cut off V6 through V14.
“Either-or” circuit V14 is similar to that of V18 (Fig. 16), the only difference being that
the crystals have been reversed. Thus a negative-polarity signal on either or both grids
produces a negative-polarity signal at the output terminal, but both grids must be positive
for the output to be positive. The negative-polarity 50,000-psec gate from the cathode of
V13 is directly connected to the grid of V14B, while the output signal from V23 is d1rect1y
coupled to the grid of V14A.

For operating mode 1, V14A simply serves as a cathode follower to dc couple the out-
put from V23B to the grid of V6. Under these conditions switch SW7 disables multivibrator
V13 (Fig. 18) so that no signals reach the grid of V14B.

For operating mode 2 or mode 3, SW8 (ganged to SW2, SW4, SW5, SW6, and SW'T) dis-
ables V14A, and V14B serves as a straight cathode follower to convey the V13 cathode sig-
nal to the V6 gating grid.

The tap from the V14A cathode resistor is directly coupled through a diode to the grid
of the reset thyratron (V25, Fig. 19). This feature automatically provides lockout of the
last thyratron grid trigger pulse when the equipment is operating in mode 4. As was
described on page 11, the counter neon bulbs are not allowed to light until a video pulse
falls within the inclusion gate. The circuits automatically count and reset themselves until
a video pulse does fall within the gate, When this happens, the neon bulbs light and must
stay lit until the reset and start switches are manually actuated. Thus the last reset pulse
from the V12 cathode must be prevented from reaching the thyratron grid., This is accom-
plished by effectively raising the negative grid bias on V25 as soon as a signal pulse is
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coincident with an inclusion gate. When the coincident signal pulse arrives, V23 is trig-
gered to close gate tube V6. The cathode of V14A is simultaneously driven negative, with
a consequent raising of the negative grid-bias value. When the differentiated trailing edge
of the first 25,000- usec gate arrives, it has insufficient amplitude to overcome the added
negative bias on the V25 grid. As a result, the thyratron is not fired, and the final count
remains on the neon-bulb indicators. However, the pulse from the manually operated reset
switch has sufficient amplitude to override this bias so that the counters may be manually
reset at any time.

Plate 1 at the end of this report is a complete schematic diagram of the final equipment.

EARLY EQUIPMENT

Prior to the construction of the equipment described above, another model was built
upon which tests were run, It was quite similar in operation to that of the final model. The
major difference was the method of generating the inclusion gate. No preset counters
were used; the inclusion-gate delay was instead generated by multivibrators whose gate
widths were manually adjusted by a potentiometer. A signal pulse initiated the delay gate,
during which no additional pulses were allowed to enter the equipment. At the termination
of this delay gate, the inclusion gate allowed pulses to enter until its termination.

Trouble arose in connection with the design of suitable delay multivibrators. Their
stability left much to be desired, and the calibration of the gate-width potentiometer was
not dependable to better than a few percent. Consequently, the inclusion-gate delay could
not be set accurately without the aid of a slave-sweep analyzer display. It was found that
with noisy signals, the position of the inclusion gate in such a display could not be read.
Also the multivibrators were duty-cycle sensitive, their gate lengths changing as much as
2% with signal pulses of different repetition rates. For these reasons preset counters
were advocated, and their incorporation has been fully justified. The inclusion-gate delay
is now as stable as the crystal oscillator itself.

Other troubles occurred with respect to the many dc-coupling networks in the circuits.
The Eccles-Jordan circuits of new design (Fig. 11) solved these problems. Certain troubles
that were traced to crystal diodes have been alleviated by the installation of silicon-junction
diodes, which were not generally available at the time the previous model was built. Use
of silicon diodes also eliminated the necessity for four dual-triode vacuum tubes.

OPERATION OF FINAL EQUIPMENT

The control panel of the completed equipment is shown in Fig. 21. The panel controls
from left to right are VIDEO GAIN (R1), VERNIER GATE (R6), INCLUSION GATE (R4),
FUNCTION SWITCH (SW 2, 4, 5, 6, 7,8), START switch, and RESET switch. The decimal
counter units with their respective preset pushbuttons occupy the upper half of the panel.
Two connectors are available at the rear of the chassis; one is the video input jack, and
the other may be connected to the input of an AN/SLA-2 or APA-"74 pulse analyzer.

Before attempting to operate the equipment, the operator should calibrate the visual
pulse analyzer so that he can estimate the amplitude of the signal voltage entering the
equipment. It will be remembered that for proper operation of the Schmitt noise-slicing
circuit (see pages 12 and 13) the video input signal should have an amplitude of about 20
volts by the time it reaches the output stage of the video amplifier. The video gain control
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rise time (of the order of the rise time of the video amplifier), or it has a slow rise time.
If the signal of period T is free from noise and jitter, the distribution of individual period
counts in the inclusion-gate interval will appear as in Fig, A6. (There may be a quantum
jump of 1 psec, but never more than 1 usec.) All the readings will be correct to within

1 usec of the period T,, regardless of the type of pulse. Next, suppose that a fast-rise-
time pulse enters the system along with a certain amount of random noise. The histogram
of the distribution (taken and normalized over many readings) might appear as in Fig. AT.
The most likely reading may not be one corresponding to T,, but because a signal pulse
does enter the equipment at every T,, there will be a sharp change in the distribution in
the vicinity of T,. The gradual distribution trend throughout the inclusion-gate interval
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is determined by the nature of the noise and should be distinguished from the sharper peak
in the distribution curve caused by the signal itself. With low-level noise (Fig. ATa), the
distribution of non-signal counts will be relatively linear throughout each half of the
inclusion-gate interval. (The existence of a regular pulse appearing at T lowers the ampli-
tude of the histogram throughout that part of the inclusion gate that follows the occurrence
of the signal pulse.) With high-level noise (Fig. A'Tb), the non-signal counts will bunch
nearer the beginning of the interval. In most cases the signal will produce a sharper hump
than that produced by the noise distribution alone.
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Suppose that we have under noiseless conditions a repetitive pulse of one of the types s
shown in Fig. A5. If the pulse period is modulated with a random jitter, the pulse-period
distribution curve might appear as in Fig. A8. Its maximum point is defined as T,. Now e
if noise is added to the above picture, and if the pulse under examination has a fast rise
time, the resulting distribution curve might appear as in Fig. A9.

Next let us assume that the signal to be examined consists of a fast-rise-time pulse fol-
lowed by a slow-rise-time pulse (Fig. A10). Suppose it is desired to measure the time
interval between the initiation of the fast-rise-time pulse and some point on the leading
edge of the following slow-rise-time pulse. The noise-slicing Schmitt circuit triggers
automatically at points of equal potential on the leading edge of each pulse. Assume that
the level of the noise is sufficiently low so that the fast-rise-time pulse is able to start the
count for most of the experiments. The question then arises as to what point on the lead-
ing edge of the second pulse the Schmitt circuit is most likely to trigger. The answer is
not T, but a time interval shorter than T, whose length depends on the signal-to-noise ratio,
the rise time of the pulse, and the bandwidth of the equipment. Figure A1l is a plot of the
probability distribution of trigger points along the leading edge of a pulse having a rise
time to normal trigger level of 10 usec; the bandwidth of the video amplifier is about 4 Mc,
the normal trigger voltage is 9 volts, and the rms noise voltage is 3 volts. This curve may
be easily plotted by using a table of values for the integral

2
1 +E -C—%
1= Vo f E ¢
It will be noted that the probability of triggering at time T, or after is extremely small,
In order to give an accurate figure for the time elapse between equipotential points on the
leading edge of each pulse, the noise on the signal must be taken into account and an appro-
priate number of microseconds added to the answer given by the actual readings.

If the signal being examined consists of a repetitive pulse of slow rise time, the prob-
ability distribution of trigger points for the pulse which initiates the count must be taken
into consideration as well as that for the pulse which terminates the count. If the noise is
of low level, so that there is small likelihood of starting a count at any time other than
with the arrival of a signal pulse, the distribution of the individual count readings will be
a symmetrical curve with a maximum at T,. The standard deviation of the resultant curve
is approximately V 2 times that of the curve shown in Fig. A1l for a single pulse of slow
rise time. If the signals are being received under conditions of low noise, then the oper-
ator can decide from the plot of his readings whether there is jitter on the signal in addi-
tion to noise. If the standard deviation of his plotted curve is much greater than 1.414
times that of the corresponding theoretical curve (of which Fig. A1l is an example) then
he assumes that there is jitter modulation on the signal itself. The square of the jitter
standard deviation is equal to the square of the standard deviation of his plotted curve
minus the square of 1.414 times the standard deviation of the theoretical jitterless curve
for the existing conditions.

2 _ 2 2
jitter ~ “plotted ~ theoretical

Of course, this type of calculation is not very useful for very noisy conditions. With
high noise levels, the amplitude of the probability-distribution curve is much greater in
the time region between pulses. The probability distribution for triggering on the first
signal pulse is then quite different from that of triggering on the second pulse which is
enclosed by an inclusion gate. The resulting histogram may be far from symmetrical, and
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the resulting standard deviations will be quite meaningless. If the operator finds the indi- o
vidual readings bunching about some point in the inclusion gate, he should next shift or e
widen the gate a little and see if the readings bunch at the same point. If throughout the p
procedure of narrowing and widening the gate, the readings continue to bunch about the £

same point, then and only then is the authenticity of the signal proved. Bunching of read-
ings may appear simply as a result of the noise distribution itself, but their points of high
density will vary in time with adjustment of the width and delay of the inclusion gate. If,
for instance, the operator finds that definite bunching of readings occurs within 50 psec
after the initiation of the inclusion gate for any arbitrary setting of the delay pushbuttons,
then the bunching simply represents the fact that the occurrence of noise pulses in the
above case is most likely within 50 usec after the inclusion gate opens.

The above discussion is an attempt to predict the general behavior of the equipment
under noisy signal conditions. Many simplifying assumptions were made for ease of expla-
nation, but it is the opinion of the author that the assumptions made were not so far from
reality that the over-all picture would be greatly changed. Extensive field testing will even-
tually be the critical test of the above conclusions.

X % X
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APPENDIX B
Preliminary Test Results

Below are the results of a few preliminary tests on actual loran pulse signals. A
block diagram of the equipment used for this experiment is shown in Fig. B1. The source
of loran signals was a modified National RA0-9 receiver. The receiver was tuned to the
2000-kc channel, and a photograph of the signals as they appeared on a 5-gunanalyzer dis-
play is shown in Fig. B2, Loran pulses of periods 29,300, 29,400, 29,600, 29,800, and
30,000 psec were identified immediately and logged within 1 ysec. The loran signal at
29,700 ysec was much weaker and subject to severe fading. A histogram of the pulse-
period readings using mode 3 of operation is shown in Fig. B3a. A 100-usec inclusiongate
centered on 29,700 usec was used. Bunching of the readings in the vicinity of 29,700 usec
was established, and the pushbutton delay was increased to 29,670 usec, keeping the width
of the gate constant. Figure B3b shows the resulting histogram with the bunching of read-
ings still centered very close to 29,700 psec. Figure B3c shows the results of a third set
of readings using a 60-u sec gate which opened at 29,697 usec. Figures B3d and B3e show
two separate histograms representing 30-(sec gates approximately centered on 29,700
psec. These histograms indicate a signal having a period between 29,698 and 29,701 usec.

Thus a signal of whose existence the author was somewhat doubtful was found to be a
reality and its period was pinpointed within very narrow limits. If one re-examines the
photograph of Fig. B2 he must inevitably conclude that up to this time there has not been
any general-analysis gear that could measure with such accuracy the periods of signals
under conditions of such severe interference.

The equipment has been tested on several local radar signals with equally successful
results. Use of the inclusion gate wasfound unnecessary because of the low noise levels
encountered.

5~GUN
PULSE
ANALYZER
MODIFIED .
A>——>———NTENNA NAT|ONAL - MEPA?JF?FNG
RAO-9
e ves EQUIPMENT

Fig. Bl - Equipment for measuring
periods of loran signals
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