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6 Claims,

This invention relates to testing apparatus and
more particularly to means for monitoring the
operation of a communication channel. )

In certain types of communicating systems, it
is essential that the level of the signal energy
transmitted between stations be maintained with-
in fixed maximum and minimum limits, in order
to insure the reception of intelligible and satis-
factory signals. -

In such systems, i} is highly desirable to have
some means for monitoring the transmission and
thereby ascertaining whether the line or com-
munication -channel is suitable for the transmis-
sion of signals which vary between fixed energy
levels.

In its broad aspect, the invention provides a
monitoring device which operates to control the
production of an indication when the level of
the energy transmitted over the channel exceeds

either a maximum or a minimum prescribed 2

value, for even a brief interval of time.

An object of the invention is to provide an im-
broved arrangement -for indicating changes in
the level of the energy transmitted over a sighal
channel. )

Another object of the invention is to provide an
apparatus which operates tc indicate undesired
changes in- either the maximum -or minimum
level of the energy transmitted over asighal
channel.

Still another object is to provide an apparatus

adapted to indicate changes of very brief dura-
tion in either the maximum or minimum level of
the energy transmitted over a signal channel.
A feature of the invention relates to an appa-
ratus including means whereby the energy of a
level change of brief duration may be -utilized to
control the operation of a slow-acting indicator.
The invention will be hereinafter described as
applied, by way cf example, to monitoring the
operation of a picture transmitting: system, in
which a picture modulated carrier current is
transmitted over a communication channel or
. telephone line. : . :
According to certain embodiments to be here-
inafter described in detail, for the purpose of dis-
closing the principles of the invention, the moni-
toring device is connected across the signal chan-
nel by means of an amplifier provided with an
input circuit of such high impedance that.the
amount of energy diverted from the channel is
insufficient to interfere with efficient transmis-
sion of the picture signals to a remote station
and an output circuit comprising two branches.
Each branch includes a full wave rectifier con-
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nected by a coupling resistance to 3 vacuum tube,
and the output circuit of each vacuum tube in-
cludes a condenser shunted by a leak resistance.
Selected points on the respective leak resistances
are connected to the input terminals of a third
or controlled vacuum tube having a meter, or
marginal relay adapted to control an indicator,
included in its output eircuit. The circuits of the
third tube are so adjusted that the tube and indi-
cator operate as a peak voltmeter, which is con-
trolled by the two vacuum tube circuits supplied
with rectified current. ' '

The indicating means, therefore, comprises two
controlling circuits, each of which includes a

5 vacuum tube adapted to be supplied with recti-

fled current corresponding in amplitude to the
instantaneous value of the energy in the line or
channel, associated with a peak voltmeter com-
brising a vacuum tube with an indicator included
in its output circuit.

One of the control ecircuits is adjusted so that,
Wwhen the level of the energy in the line increases,
a rectified current of increased amplitude is sup-
plied to the coupling resistance, the potential ap-
plied to the grid of the tube incltided in'thig cir-
cuit becomes more positive and hence the ampli-
tude of the current flowing through its output
circuit is increased to apply a charge to the con-
denser. When the level of the energy in the line
decreases to a new value, the charge on the con-
denser leaks off through the Tresistance, the value
of which should be large compared with the plate-
to-cathode impedance of the tube. This circuit,
therefore, responds quickly to an increase in the
level of the input energy supplied to the tube,
whereby the internal impedance of the latter is

. reduced to control the application of a charge to
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the condenser, and the associated leak resistance
operates to maintain the charge in the condenser
for some time after the level of the input energy
decreases.

The other circuit responds quickly to a decrease
in the level of the input energy to supply a recti-
fied current of increased amplitude to the cou-
pling resistance included therein, whereby the
potential applied to.the grid of the tube included
in this circuit is rendered.more positive, its in-
ternal impedance is reduced, and an increased
current flows through its output circuit to apply
a charge to the condenser. When the level of

" the energy in the channel increases, the potential
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applied to the grid of the tube becomes more
negative, its output current decreases, and the
charge in the condenser leaks. off gradually
through a resistance which is large compared




with the plate-to-cathode impedance of the tube.
This circuit, therefore, responds guickly to a de-~
crease in level of the line energy, and the asso-
ciated leak resistance operates to maintain the
charge in the condenser for some time after the
level of the line energy increases.

A portion of the voltage drop across the leak
resistances, which are connected. across the re-
spective condensers, is used to control the poten-
tial applied to the grid of a vacuum tube volt-
meter.

In one embodiment the drop of voltage across

the two leak resistances due to changes in the-

charges applied to the condensers are added in
such manner that, as the maximum value of the
input energy increases or the: minimum value
of the inpub energy decreases, a positive poten-
tial of increased value is applied to the grid of
the voltmeter tube and hence either an increase
in the maximum or a decrease in the minimum
of the input energy causes an increase in the
¢urrent fowing through the outgut circuit of the
vacuum tube voltmeter. L

In another embodiment, these two voltages op-
pose each other, so that, if the input energy
increases, a current of increased amplitude flows
through the output circuit of the voltmeter tube,
whereas, if the input energy decreases, the cur-
rent flowing through the output circuit of the
voltmeter tube decreases. In this embodiment,
the current in the vacuum tube voltmeter is a
measure of the average between the maximum
and minimum amplitudes of the input energy,
and hence this device can be used as a level in-

dicator for a sighal which varies between certain :

well-defined maxima and minima, ds well as a
hit detector which indicates if the signal rises
above the prescribed maximum for a short time
or falls below the prescribed minimum for a short
time, . :

in a preferred embodiment of the invention,
the minimum control or measuring circuit is
somewhat different from that described above.
In this embodiment, the signal curreit is rectified
and is then used to contro] the gain of a variable
attenuation circuit, which in turn controls tlie
amplitude of the current supplied by a local os-
¢illator. The control is such that when the sig-
nal current increases, the amplitude of the lo-
cally supplied oscillations is decréased and vice-
versa. The output of this variable attehuation
glement is used to control a rectifier which
charges up a condénser, across which is bridged a
very high resistance. In this embodiment, when
the signal current decreases, the amplitude of the
locally supplied oscillations is increased, and the
condenser is charged up rapidly through the réc-
tifier impedance. If the signal amplitude Iater
increases, the charge on the condenser leaks off
gradually through the high resistance. A vac-
uum tube voltmeter is also used in this case to
indicate the voltage across this resistance.

A detailed description of the invention fol-
lows and is illustrated in the attached drawings
in which: '

Fig. 1 diagrammatically illustrates & ¢ircuit
embodying the invention; o

Fig. 2 shows a circuit which may replace the
portion of the circuit of Fig. 1 to the right of
section line X—X; - Yoo o

Fig. 3 illustrates another circuit which may be
substituted for the part of the circuit of Fig. 1
to the right of section line X=X and™ .~

TFig. 4 illustrates a somewhat different type of
cireuit embodying the invention. - s
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Signal current representative of a picture
which 'is scanned for transmission comprises a
unidirectional current including variations ex-
tending from substantially zero frequency to an
upper limiting frequency of from several hun-
dred cycles per second to several thousand cycles
per second. Such a current cannot be satisfac-
torily transmitted over either a telegraph or a
telephone line, because the former sharply at-
tenuates the high frequency components while
transmitting the lower frequency components
substantially without attenuation, and the latter
operates in the reversed manner, i. e, it sharply
attenuates the low frequency components and
transmits the high frequency components sub-
stantially without attenuation. In view of this
condition, it is now the practice to transmit the
picture current variations as modulations of a
carrier current, the frequency of the carrier

being so selected that the resulting modulation

prodicts, or a single side-band of such products,
occupy a position in the frequency spectrum
which corresponds to the efficient transmission
range of a telephone line. )

Terminal equipments which have been used to
produce a pictire modulated carrier current may
comprise an optical means for producing a pic-
ture ecurrent which is combined with the carrier
current in a modulator, or an optical system sup-
plying a carrier modulated light beam asso-
ciated ‘with a picture carried by a drum, the op-
tical system and dium being given such relative
motion that the carrier modulated beam scans
successive elemental areas of the picture and
light reflected therefrom is directed to a light
sensitive electric means which is thereby acti-
vated to control the production of the picture
modulated carrier current. In certain cases, a
filter is used to select one side-band of the
modulation produets for transmission to a dis-
tant receiving station, and to suppress the pic-
ture current produced by the light sensitive elec-
tric means. Suitable transmitting means for ef-
fecting the results, briefly described above, are
disclosed, for example, in U. S. Patents 1,706,032
of M. B. Long, isstied March 19, 1929, and 2,041,-
822 of A. D. Dowd, isstied May 26, 1936, respec-
tively, to which reference may be made for a
complete disclosure of the apparatus employed
and the method of operating it. These transmit<
ters operate to produce & carrier current which
varies in amplitude befween a minimum value,
corresponding to a black elemental area of the
picture, and a maximum value, corresponding to
a white elemental area.

In Fig. 1, L is a line extending from a trans-
mitting station, which may include a transmitter
of the type disclosed in either of the above-men-
tioned patents to Long or Dowd, to a receiving
station equipped with a receiver, corresponding
to that disclosed by Long or Dowd.

The line or channel I+ may include apparatus
ynits which from time to time operate in an un-
desired manner to cause the production of sud-
den changes in the level of the transmitted en-
ergy, or such changes may result from external
conditions which affect the system. Although
sudden changes of this character, called “hits,”
are ‘of such short duration that they can only
be detected by using extremely sensitive and
delicate laboratory instruments which are not
suitable for use in the field, they often produce
level changes equal  to several decibels, and
hence cause the received picture to be distorted.
- The apparatus to be hereinafter described op=
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erates.to indicate “hits” of the type which cause
distortion, measures their magnitude and re-
tains this measurement long enough for it to
actuate & comparatively slow. operating record-
ing meter, or a comparatively slow-acting relay
which in turn controls the operation of an indi-
cator, This apparatus can also be used to indi-
cate maximum and minimum values of the vary-
ing energy caused by these “hits.” Such an ap-
paratus comprises elements which are commonly
used in transmission systems, and it is well
adapted to use in the field.

‘These “hits” may be of. two types, namely,
those caused by the undesired operation of ap-
paratus units in the line, such-as, for example,
faulty operation of relays included or associated
with such units or in the line itself, lightning
discharges or energy surges in nearby circuits
tending to cause currents of large amplitude to
be produced in the line, or those due to short
circuits across the line, undesired low impedance
grounds applied thereto or other effects which
tend tc divert energy from the line.

Line I, may include, for example, a repeating
station R at which it is desired to monitor. This
may be accomplished by providing a monitoring
device having the characteristics outlined above,
which is connected to the line by means of an
amplifier | having a high impedance input cir-
cuit, whereby the value of the signal energy
diverted from the line is so limited that it does
not interfere with the efficient transmission of
picture signals to the receiving station. The
output circuit of the amplifier includes a re-
peating coil 2, an amplifier 2a, a repeating coil
3, and an amplifier 8a, the repeating coils re-
spectlvely supply energy to two branch c1rcu1ts
A and B. :

Circuit A includes a full wave rectlﬁer 4 com-
prising 2 plurality of copper oxide rectifying
eléements, and a resistance § for coupling the
rectifier to a vacuum tube 8. Space current is
supplied to the tube by a source T having its
positive terminal connected to the plate 8 and
its ‘negative terminal connected through a re-
sistance 8 shunted by a condenser 18, to the
cathode ff.
connected, via resistance coupling 5, to the grid
3. -
) Current flowing through the oufput circuit of

tube 6 causes point {2 to be more negative than
cathode il by reason of the voltage drop across
the part of resistance 9 connected between this
point and the cathode, and this difference of
potential is used to polarize the grid (3 nega-
tively and thereby partially determine the am-
plitude of the current flowing through the out-
put circuit.

One pair of diagonal termmals of the recti-

fier 4 are connected to the secondary winding
of the repeating coil 2, while the other pair of
diagonal terminals are connected to the cou-
pling resistance 5. The rectifying elements, in-
tervenirg between  the pairs of terminals, are
so poled that, when current is supplied {o the
rectifier, rectified cwrrent flows through the cou-
pling resistance 5 in a direction to produce a
positive potential at the terminal of this resist-
ance which is connected to the grid 13. Thus
when the energy flow through the line increases,
a greater positive potential is applied to the grid
tending to neutralize the negative polarizing po-
tential derived from point 12 on resistance 9,
and when the energy flow decreases, the.grid
becomes mors negative again,

A point 12 on the resistance 9 is
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Circuit . B. includes a  full wave rectifier 14,
comprising -a. plurality of copper oxide rectifying
elements, and a resistance. 15 for coupling it to"
a vacuum tube 16, Space current is supplied to
this tube by- a source 11 having its positive ter-
minal connected to.the plate 18 of tube {6 and
its negative términal connected through a re-
sistance- 19, shunted by a condenser 28, to.the
cathode 21. A point 22 on the resistance 19 is
connected through the coupling resistance i5 to
the grid 23, whereby, upon the flow of current
through. this tube-and. its output. circuit, the
grid 23'is negatwely polanzed Wlth respect to
ca.thode 21.. )

- Circuit B .operates 1n a manner opposite. to
circuit A. That is, the elements of the rectifier
14 are so poled that when the energy applied to
its input terminals decreases, a decreased recti-
fied. current flows through the coupling resist-
ance 15.int such a manner that-a lower negative
potential is produced at the terminal connected
to the grid 23. Thus, when the energy flowing
through the line. is .reduced, a less negative po-
tential is applied to the grid 23 thereby. tending
to decrease the negative biasing potential and,
when the energy flow in the line again increases,
the grid is-more hegatively polarized.

The circuit of the control tube 6 is so designed
that, with no signal current transmitted- over
the. line, a current of selected amplitude flows
through its plate circuit and produces a com-
paratively large voltage drop across the portion
of resistance 9 -between the cathcde and tap 12,

with -the :result that “this -tap is considerably

negative with respect to-its associated cathode.
This high- negatlve ‘potential being applied . to
the grid I3 serves to limit the current flowing
through ‘the output circuit of tube § to the de-
sired value. "In the c¢ase of tube {3, on the
other hand, thost of the negative bias on:the
grid, even- when no signal is being transmitted
(carrier at its low level), is due to the voltage
drop- across resistance (5 produced by such rec-
t1ﬁed carrier as is present.

“The resistance- condenser combinations 9—I0 -
and 18—20 each- comprise a resistance that is
large  compared with the cathode-to-plate im-
pedance of the tube with which it is associated
and -a--condenser- of such size that it can be
quickly charged:up when the:plate current in-
creases -due - to a reduction in the grid voltage.
Thus, if -the amplitude of the current flow
through the output circuit of tube 6 or 16 is sud-
denly increased and then restored to its normal
value; condenser 40 or 20, as the case may be,
will be charged to a value corresponding to the
change in amplitude and this charge ‘will be
retained for a comparatively long period of time,
the duration of which is determined by the rate
at which the charge stored in the condenser can
leak off through the high resistance 8 or 19, This
characteristic of circuits 8—I10 and (9—20 is
utilized, as will appear from the following de-
seription, to control a device which indicates the
presence in the line of “hits” above the prescribed
maximum and also those below -the ‘prescribed
minimiim:

The c1rcu1t of tube 25 is designed to operate as
a peak voltmeter and is used to indicate the volt-
age between - selected points on the leak resist-
ances 9 and - 19. . A. current of predetermined
amplitude flowing. through the output circuit of
tube 26 -produces 8 voltage drop across the re-
sistance 30, whereby the terminal of this resist-
ance- connected to'the grid of tube 26.is negative
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with respect to the cathode. Application of this
_ negative potential to the. grid of tube 26 serves
to limit the current flowing through its output
circuit to the desired value.

. Cathode 21 of control tube 16 is connected by
a conductor 24 to that terminal of the resistance-
condenser combination 8—I10 which is associated
with the negative terminal of the source 7 sup-
plying space current to tube 6.

A contact 28, adjustable along resistance 9 is
connected to the grid of a vacuum tube 26, and a
contact 21, adjustably engaging resistan‘ce. 19,
is connected to the cathode of tube 26: through
resistance 38. The output circuit of this tube in-
cludes a source 28 for supplying space current to
tube 26 through a meter 29. The latter may be
of a recording type if desired.

With picture current, which varies between the
prescribed minimum and maximum energy lev-
els, transmitted over the line L, amplifier | sup-
plies similarly varying currents to the circuits A
and B. In circuit A, this current is rectified and
the rectified current flows through the coupling
resistance § and hence there is developed across

this resistance a varying potential which is ap- o5

plied to the grid 13. At the same time, a current
of greater than normal value is rectified in cir-
cuit B, and the rectified current flows through
the coupling resistance 15 to develop across this
resistance a varying potential which is applied
to the grig 23.

When the amplitude of the picture current
transmitted over the line is increased to the max-
imum prescribed limit, the amplitude of the rec-

tified current supplied to the coupling resistance :

5 in circuit A produces a maximum voltage drop
across this resistance which is opposite in sign to
the potential applied via the tap 12 to grid I3
and hence, at this time, the space current of tube
§ will be a maximum. At the same time, the
rectified current supplied to the resistance cou-
pling 15 in circuit B produces across this resist-
ance a voltage drop which is of the same sign as
the potential applied via the tap 22 to the grid
23. However, since a relatively high negative
potential is normally applied to grid 23 to main-
tain the current flow through the output circuit
at a low value, the application of the voltage drop
across resistance 15, which serves to increase the
negative potential applied to grid 23, will pro-
duce only a slight reduction in the amplitude of
the current flowing through the output circuit of
tube 16.

Similarly, when the picture current transmit-
ted over the line decreases to the minimum pre-
scribed limit, the voltage across resistance (5
will drop to a fairly low value, the grid 23 of
tube 16 will have impressed on it a negative po-
tential which is comparatively low, and hence the
space current flow through tube 16 will be maxi-
mum when the picture current reaches the min-
imum limit. : ]

In view of the fact that each time the level of
the energy in the line reaches either the pre-
scribed maximum or the prescribed minimum
signal value, the respective control or measuring
circuit operates to cause the peak voltmeter to
produce an indication or record, the apparatus
described above may be used to monitor the op-
eration of the channel and thereby determine its
suitability for the transmission of the signal.

When a “hit” occurs in the line and is of such
magnitude as to cause the level of the transmit-
ted energy to be suddenly increased to a value
above the prescribed maximum limit, an aknor-
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mally large current will flow through the resist-
ance 5 and 15, the grid of tube 6 will be made
more positive and a comparatively large current
of brief duration will flow through its output cir-
cuit including resistance ¢ and condenser 10, and
the condenser will be charged to a high value in
a very .short time. 'This charge will leak off
gradually through the high resistance 9. At the
same time, & correspondingly large rectified cur-
rent will ﬁow through resistance 18, but in a di-
rection to cause the negative potentlal applied to
the grid 23 to be increased, and thereby cause
current. flowing through the -output circuit of
tube (8, which includes resistance 19 and con-
denser 29, to be only slightly reduced.

If a “hit” occurs, which causes the level of
the energy transmitted over the line L to be sud-
denly reduced to a value below the minimum pre-
scribed limit, an abnormally low current is sup-
plied to the circuits A and B. In circuit B the
current supplied by the amplifier 3¢ will be recti-
fied by {4 and an abnormally low rectified cur-
rent will fiow through the resistance 15. ' This
allows grid 23 to become less negative than usual
and a comparatively large current is caused to
flow for a brief interval through the output cir-
cuit of tube {8, which includes resistance 19 and
condenser 29, whereby the latter is charged to a
higher than normal value in a short time and
this charge is maintained until it can leak off
through resistance 19. Simultaneously therewith
a correspondingly low rectified current. flows
through the resistance §, but although this causes
the space current of tube 6 to be low for a short
interval it has practically no overall effect since

condenser-{§ maintains the voltage substantially

the same across resistance 9.

The two resistances 8 and {9 being respectively
connected in shunt to the condensers I8 and 20
and being connected in series with each other by
conductor 24, a change in the flow of current in
the output circuit of either of the control tubes 6
and i8 will result in the production of a differ-
ence of potential between contacts 25 and 21
which is the sum of the potential changes pro-
duced at the points engaged by them on resist-
ances 8 and 18, respectively.

In the case of a sudden increase in the level
of the energy transmitted over line L above the
maximum prescribed limit, the plate current of
tube 6 will increase and hence an increased
charging current will be applied to condenser 10,
point 25 will be made more positive and this
condition will persist until the charge in con-
denser 13 discharges through resistance 9. In
tube 1§, the plate current will decrease due to the
increase in input but the current in resistance 19
will be maintained by the discharge from con-
denser 20 and thus the voltage at point 27 is not
changed appreciably.  As a result, an increased
positive potential will be applied to the grid of
tube 28, and its plate current will increase.

If the level of the signal drops below the pre-
seribed value, however, the current in tube 16
will increase and that in tube 6 will decrease.
Condenser 10 will maintain the current in resist-
ance 9 but condenser 28 will be charged to a
high value. In this case, the voltage at point 25
will not change appreciably but the voltage at
point 27 will become more positive. This willalso
cause the potential applied to the grid of tube 26
to be more positive and hence an increased cur-
rent will flow through meter 29.

The circuit shown in Fig, 2, which may be sub-
stituted for the portion of the circuit to the right
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of section line X—X in Fig. 1, differs from the
portion which it replaces merely in this, that the
conductor 24 is omitted and a common source 31
is used to supply space current for the control
tubes 6 and I8, the negative terminal of this
source is connected to the corresponding termi-
nals’ of the resistance-condenser combinations
9—I(8 and 19—20, respectively included in the
output circuits of tubes 6 and 16, and the output
circuit of tube 26 includes a meter 32 having a
Zero scale marking substantially at the mid-por-
tion of the scale, - The needle of this meter is de-
flected -to the zero reading when it is energized
by direct current of a certain amplitude from
source 28 and the needle is deflected in one di-
rection with respect to the zero reading when the
current through the meter is decreased and in
the other direction when the current is increased
with respect to the current value Whlch produces
the zero reading.

The control tubes 6 and {8 in this c1rcu1t op-
erate in the manner described above with respect
‘to Fig. 1. Thus when a “hit” occurs which raises
the energy level in the line above the maximum

more. positive, the .condenser 19 is charged and
the potential of contact 25 is made more positive,
At the same time, the grid 23 of tube 16 has an
increased negative voltage applied to it and the

current flowing through its output circuit is re- i

duced. The potential at contact 27 is maintained
by the discharge of condenser 29, however, and
changes only slightly. - 'Thus, the net effect is to
make the grid of tube 26 more positive with re-
spect to its cathode and increase the current in
its plate circuit.

On the other hand, if a “hit” occurs in the line,
which reduces the energy level therein below the
minimum prescribed limit, the potential applied
to grid 13 will be made more negative than nor-
mal and the current flow through its plate circuit
will be decreassd but the potential at contact 25
will be maintained by the discharge from con-
denser 19. At the same time, the grid 23 will be
made less negative and the resultant increase of
current in the plate circuit of tube 16 will charse
condenser 20 and make contact 2T more positive.
The net result will be to make the grid of tube
26 -more negatlve and reduce the current supphed
to meter 32,

‘10

15

‘20
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In other words, the circuit of Fig. 2 operates R

to-not only record the presence of “hits” in the
line but also to indicate the character of the “hlt"
which affects the indicator.

--According to Fig. 3, the control tubes 6 and 1§

operate in-the same manner as in Fig. 1,-but the
ocutput circuit of each tube is connected.to a vac-
uum tube which controls a meter of the type in-
cluded in Fig. 1. - In case of & “hit” which raises
the energy level in the line beyond the maximum
prescribed limit, the indicator 82, :-controlled by
tube 2§ will register an appreciable deflection,
whereas the decrease in deflection produced in
indicator 34, controlled by the tube 33 will be
small. When a “hit”? which reduces the level of
the energy -below the minimum preseribed limit
occurs, the vacuum tube 33 will cause the meter
24 to register an appreciable deflection, but the
decrease in deflection of meter 32 will be 1n51g-
nificant.

" _By. observing or recording the deﬂectlons of
the two meters, the character of the respective
“hits” and also the magnitude of each “h1t” may
be ascertained.

Fig. ¢ illustrates a somewhat different embodl-
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ment of the invention which may be used to in-

“dicate level changes due to “hits” which cause

the energy level of incoming signal currents to
increase above the maximum prescribed limit or
to decrease below the minimum prescribed limit.

The incoming energy diverted from the line is
supplied to circuits C and D.  The former in-
cludes a transformer and an amplifier 480 which

-is coupled by a repeating coil 41 to a rectifier 42
‘comprising two vacuum: tubes connected in bal- .

anced relation to the secondary winding of coil
41, This rectifier is adapted to supply rectified
current to a condenser 43 shunted by a large leak
resistance 44, and the voltage drop across the

‘condenser 43 is applied to a peak voltmeter 1n}-
-cluding a vacuum tube 45 and a meter 46, The

condenser .and - leak resistance ~combination

‘§3—44 thereby serves to control the operatlon of
the peak voltmeter;
to the device 45 by a'source 41, the negative ter-
-piinal of which is connected through ground and

Space current is” supplied

resistance 48 to its cathode, and the ‘voltage drop

- 'across a portion of this resistance is applied via
‘the leak resistance 44" to its’ grid, whereby a

prescribed limit, the grid 18 of tube 6 becomes ¥% ‘negative voltage is applied to the grid so as to

hold ‘the space: current through the ‘tube at a
low value when there 1s no added voltage present
across resistance 44,

- When the amplitude of the alternatlng current
supplied to the input circuit éxceeds 3 ‘predeter-
mined value, which, in this case, is the prescribed
maximum value of.the received picture cirrent,

- current flows in- resistance 44 and condenser

43-is charged up in'a brief inferval of time, and
the grid-of tube 45 is made less negative. This

causes ‘more current to: ﬂow In its plate circuit

and: through the meter 46; “'The charge ‘applied
to the- condenser cannct leak off through the
tubes 42, because they ‘are non- -conductive for
current flow in’that direction, therefore it' must
discharge through the resistance 44. AS this re-
sistance is very large compared to the plate—to-
cathode:impedance of tubes ‘42 the charge will
be maintained in the- condenser for a- perlod of

time-which 1s long compared Wlth the chargmg
time.- -

'Circuit-D: 1ncludes a8 vario-repeater’ 68, com-
prising - a‘-plurality “of copper oxide elements
adapted to ‘be suppliéd with alternatmg current
of fixed amplitude from’a local'source 49 through

- repeating coil' 50, an" anmiplifier 51" coupled to

the-output ‘circuit ‘of the amplifier | (shown on
Fig. 1) by a repeating coil 52 and- havmar its

-output-circuit coupled by 'a repeating c011 .)3 to

a-full -wave rectifier 54, ‘comprising a plurahty
of ‘copper- oxide eleméents. The termmals of the
secondary windihg of coil 53 are connected to.one
pair-of “diagonal- terminals “of ' thé rectifier 54
which has its other pair of dlagonal terminals
connected-to ‘6ne pair of disgonal termmals “of
the copper oxide-elements const1tut1ng the vario-
repeater 68, which in turn has its other diagonal
terminals connected by the Tepeating coil 50 to
the local source #8. 'The output circuit of the
vario-repeater is connected by means of an am-
plifier 55 to 'a balanced rectifier 56, adapted to
control the ‘charge applied to a condenser BT
which is-shunted by a large leak resistance 58,
the associated -condenser and resistance being
included in the input circuit of a peak voltmeter
58. The combined rectifier-peak voltmeter cir-
cuit is identical in design ‘and operatmn with
that included in circuit C.

- Incircuit D element 68 constitutes 'a variable
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impedance network connected in shunt to the
circuit over which alternating current is trans-
mitted from the local source 49 to the amplifier
55, and the rectifier 54 operates to control the
impedance of the network and thereby to regu-
late the amplitude of the alternating current sup-
plied to amplifier 55. When, the value of the
energy supplied to the rectifier 54 increases, a
larger amplitude - of :rectified current - flows
through the network 68 with the result that its
impedance is decreased and hence the value of
the alternating current shunted from the cir-
cuit, connecting the local source 49 and the am-
plifier §5, is increased and the amplitude of the
alternating current transmitted to the amplifier
55 is decreased. On the other hand,.if the am-~
plitude of the received energy decreases, the im-
pedance of the network 48 is increased and its
shunting action for the locally supplied alter-
nating current is reduced and hence the ampli-
tude of the current supplied to the amplifier 55
is increased.

The operation of the arrangement including
circuits C and D is broadly similar to that shown
in Fig. 1, in that, while the incoming energy
varies between the maximum and minimum pre-
scribed limits, each circuit will be supplied with
the incoming current but the amplitudes of this
current will be such that the upper vacuum tube
voltmeter will indicate the correct valiue of the
maximum current and the lower one the correct
value of the minimum current.

If, however, a “hit” occurs which increases the

energy level of the current received from the-

Jine to a value above the prescribed maximum
limit, the balanced rectifier in circuit C will sup-
ply a larger rectified current than normal to the
condenser 43 which will then be charged to a
new high value very quickly and meter 46 will
indicate the rise in plate current thus produced.
This charge will be retained in the condenser
until it can leak off through the associated shunt
resistance 44. At the same time the amplitude
of the locally supplied alternating current trans-
mitted to amplifier 55 will decrease with the
result that the charging current supplied to the
condenser 57 will be reduced. However, the
charge on the condenser 57 will' maintain the

voltage across resistance 58 substantially normal:

for a considerable period of time, while it grad-
ually discharges through resistance 58 and hence

there will be little change in the plate current
of tube 59.
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If a “hit” develops in the line which serves to.-_

reduce the energy level below the prescribed
minimum value, the amplitude of the rectified
rurrent suvnlied to the network 68 will be re-
duced and hence its impedance will be increased
to correspondinely reduce its shunting action,
with the result that a larger amplitude of the lo-
cally supplied current will be transmitted via the
amplifier B8 to the balanced rectifier 56 and a
larger rectified current will be applied to the con-
denser 57. This condenser will then be charged
to.a higher value very quickly, and this charge
will be maintained for a relatively long time be-
cause of the presence of the associated high leak
resistance. In circuit C this change of energy
level will produce practically no effect, because
the normal charge applied to the condenser 43
will maintain the voltage across resistance 44
substantially unchanged.

By observing the deflections of the two meters

when a “hit” occurs and noting which one of 1

55

60
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them registers the deflection, as well as the swing
of its needle, the character of the “hit” and also
its magnitude may be ascertained.

The circuit of Fig. 4 may be operated in the
manner disclosed in connection with Fig. 1 by
disconnecting the lower terminal of resistance
48 from ground and connecting it to the cathode
of the tube of the voltmeter 59 and utilizing this
tube and tube 45 in a manner similar to tubes &
and 1§ for the purpose of controlling a peak
voltmeter connected to the contacts 60 and 61.

By connecting the terminals 63 and 61 of the
resistances associated with the cathodes of the
tube 45 and the tube included in peak voltmeter
59 to an additional peak voltmeter and keeping
the lower ends of these resistances grounded, the
circuit of Fig. 4 may be used in the manner dis-
closed in connection with Fig. 2.

The device shown in Fig. 4 is preferable to
that illustrated in Fig. 3, in general, because it is
more stable and more positive in its action. One
of the reasons for this is that in circuit C of Fig.
4, for instance, the condenser 43 is charged di-
rectly by the rectified alternating current in-
stead of, as in circuit A of Fig. 1, being charged
by the plate current of tube 6, which is controlled
by the flow -of rectified current in resistance 5.
The charge applied to the condenser 43 of Fig. 4
then leaks off through resistance 44, which can
be made extremely high.” In circuit A of Fig. 1,
on the other hand, resistance 9 cannot be made
extremely high, because plate current has to flow
through it in order to provide some negative bias
across the upper portion of the resistance to limit
the space current of the tube. Thus, the differ-
ence between charge-up time and discharge time
in circuit C of Fig. 4 can be made almost as great
as desired, whereas it is deﬁmtely limited in cir-

cuit A of Fig. 1.

Circuit D of the apparatus shown in Fig. 4 is
superior to circuit B-of Fig. 1 for somewhat the
same reasons. The indicating device of circuit
D is made similar to that of circuit C and is,
in ‘effect, a maximum indicator in which re-
sistance 58 can be made as large as desired. This
allows condenser 57 to be made quite small, while
still providing for a relatively long discharge
time period. This method of operation is ob-
tained by reversing the circuit which causes the
signal input to change the amplitude of locally
supplied oscillations, so that a decrease in signal
causes an increase in amplitude of the local os-
cillations. 1In circuit B of Fig. 1, on the other
hand, as in circuit A, the size of resistance 18 is
limited due to the fact that some plate current
must flow through it, and this in turn limits the
difference between the charge-up and discharge
time of condenser 20.

Marginal relays may be included in the output
circuit of the controlled or third tube in place of
the meters for the purpose of controlling the op-
eration of indicating devices.

While the invention has been herein disclosed
as applied to a system in which picture signals
are transmitted over a line, it will be apparent
that the apparatus described above may be
utilized to monitor the operation of communica-
tion channels adapted for the transmission of
other types of signal currents which vary between
fixed maximum and minimum limits and thereby
determine their suitability for the transmission
of such signals.

'~ What is claimed is:

1. A methed of monitoring the operation of a

communication ‘channel while there is being
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transmitied thereover alfernating signaling cur-
rent, the amplitude of which varies between a
lower and an upper limit under normal condi-
tions and beyond said limits under abnormal
conditions, which method comprises producing
a plurality of unidirectional currents having am-
plitudes controlled in accordance with the ampli-
tudes of said signaling current and having lower
and upper normal limiting values, and produc-
ing a certain indication in response to one of
said unidirectional currents when its amplitude
is greater than its normal upper limit only, and
producing an indication in response to the other
of said unidirectional currents which is distin-
guishable from said first indication when its am-
plitude is greater than its normal upper limit
only.

2. A method of monitoring the operation of a
communication channel while there is being
transmitted thereover alternating signaling cur-
rent, the amplitude of which varies between a
lower and an upper limit under normal conditions
and beyond said limits for brief periods under
abnormal conditions, which method comprises
producing a voltage change across a current path
when the amplitude of said signaling current is
greater than said upper limit, producing a volt-
age change across a different current path when
the amplitude of said signaling current is less

than said lower limit, maintaining said voltage’

changes for periods which are long. relative to

said brief periods and indicating said abnormal

conditions in response to said voltage changes.
3. An apparatus for monitoring the operation
of a communication channel over which is trans-
mitted alternating signaling current the ampli-
tude of which normally varies between a lower
and an upper limit and which may have ab-
normal amplitude variations extending beyond
one of said limits for a brief period occurring be-
tween periods of normal amplitude, a first con-
denser, means for rectifying a portion of said
signaling current to produce a unidirectional
eurrent for quickly charging said condenser when

the amplitude of said signaling current is in--

creased to an abnormally high amplitude during
a brief period and for maintaining said charge
over g relatively long period, a second condenser,
~ a source of alternating current, means for recti-
fying alternating current from said source to pro-
duce a unidirectional current for quickly charg-
ing said second condenser when the amplitude
of said alternating current is increased to a high
amplitude during a brief period said charge being
maintained over a relatively long period, means
under control of said signaling current to cause
the amplitude of the current from said alternat-

10

20

25

30

35

40

45

50

bs3

ing current source supplied to said second men- -

tioned rectifying means to be increased in re-
sponse to a decrease in the amplitude of said

60
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signaling current, and a first and second voltage
indicating means under ccntrol of the potential
to which said first and second condensers respec-
tively are charged, said voltage indicating means
being incapable of responding to  potential
changes during the brief period in which one of
said condensers is charged but which can respond
during the subsequent period in which the charge
on the condenser is maintained.

4. An apparatus for monitoring the operation
of a communication channel over which is trans-
mitted alternating signaling currént the ampli-
tude of which normally varies between a lower .
and an upper limit and which may have abnormal
amplitude variations extending beyond one of
said limits for a brief period occurring between
periods of normal amplitude, a condenser, a
source of alternating current, means for rectify-
ing the alternating current from said source to
produce - a unidirectional current for quickly
charging said condenser when the amplitude of
said alternating current is increased to a high
amplitude during a brief period, said charge being
maintained. over. a relatively long period, means
under control of said signaling current to cause
the amplitude of the current from said alternat-
ing current source supplied to said rectifier to be
increased in response to a decrease in amplitude
of said signaling current, and a voltage indicating
means under control of the potential to which
said condenser is charged, said voltage indicating
means being incapable of responding to potential
changes during the brief period in. which said’
condenser is charged but which can respond dur-
ing the subsequent period in which the charge
on the condenser is maintained, :

5. In combination, a source of alterna,tlng cur-
rent, peak amplitude measuring means, a circuit
for . supplying alternating current from said
source to said peak amplitude measuring means, a
variable impedance network for controlling the
amplitude of the current in said circuit; a source
of signaling current, and means under control of -
current from said source of sighaling current for-
controlling the impedance of said network. o

6. In combination, a source of current of sub- .
stantially constant amplitude, peak amplitude
measuring means, a circuit for supplying alter-
nating current from said source to said peak
amplitude ‘measuring means, a variable imped-
ance network connected in shunt with said cir- -
cuit, a source of signaling current and rectifying
means for supplying to said variable impedance
network a unidirectional current the amplitude

of which varies in accordance with the amplitude - R

of said signaling current, thereby decreasing the

impedance of said network as the amplitude of .

said sighaling current is-increased and vice versa.

'DOREN MITCHELL. -




