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Telephone Laboratories, Incorporated, New 
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Original application December 20, 943, Serial No. 
515,064, now Patent No. 2,480,878, dated Sep 
tember 6, 1949. Bivided and this application 
August 13, 1949, Serial No. 110,076 

(C. 178-69) ill Clains. 

This invention relates to telegraph System test 
ing devices and particularly to the measurement 
of distortion of telegraph signals. 
This application is a division of copending ap 

plication Serial No. 515,064 filed December 20, 
1943, now Patent Number 2,480,878, issued Sep 
tember 6, 1949. 
An object of the invention is to compensate 

for variations in Space discharge currents in an 
electron tube system so that the full regulating 
capabilities of a voltage regulator instrumentality 
shall be available to compensate for voltage vari 
ations in a power supply source. 
Another object of the invention is to derive 

from an alternating voltage source a plurality of 
rectified voltages connected in Series aiding re 
lation. 
The invention features an electron discharge 

tube System in which certain tubes have their 
space discharge paths in tandem or cascade re 
lation to the space discharge paths of other of 
the tubes, thus establishing a point of inter 
mediate potential relative to the uppermost and 
lowermost potential points of such cascade Sys 
tem. When in the course of operating the sys 
ten in the intended manner the conductivity of 
a tube or tubes on one side of said intermediate 
potential point undergoes a Substantial change 
or the conductivity of a plurality of tubes on both 
sides of said intermediate potential point under 
goes substantial change in different degrees and 
in the Sane or opposite Sense as a necessary step 
in the operation of the System, one tube especial 
ly provided to serve the sole purpose of a com 
pensator is caused to undergo a change in con 
ductivity of such magnitude and sense as to com 
pensate for all other changes in conductivity and 
to maintain Substantially constant flow of cur 
rent through certain conductive elements of the 
tandem System. 
The invention also features a voltage regulat 

ed power supply for an electron discharge tube 
in which regulation is achieved by employing 
electron discharge regulator tubes characterized 
by substantially constant space discharge volt 
age drops for a relatively wide range of space 
discharge current values and in which compen 
sation for current variations in the electron dis 
charge tube System operated from such power 
supply is effected independently of the electron 
discharge regulator tubes, leaving the full range 
of voltage regulation of such regulator tubes 
available for compensating for voltage variations 
in the power source. 
One embodiment of the invention Contem 

plates a telegraph signal measuring system in 
which the signals to be measured are received by 
a polar relay having a biasing winding. Upon 
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2 
responding to the first impulse of a signal com 
bination the relay causes a change to occur in 
the conductivity of certain electron discharge 
tubes and the result of the change in conductivity 
in these tubes is to set in operation an oscillatory 
circuit and an interval timing circuit. The in 
terval timing circuit includes an electron dis 
charge tube and this tube together with those 
which condition the timing circuit and start the 
OScillatory circuit are connected across a part of 
the output of a rectifying source of direct cur 
rent. A voltage regulator tube and the biasing 
Winding of the receiving relay are also connected 
across this part of the rectifying power supply. 
Signal measurement indications are obtained by 
employing a cathode-ray tube the electron bean 
of which is normally of insufficient intensity to 
produce a luminous spot on the Screen of the 
tube, and signal responsive transits of the arma 
ture of the receiving relay cause the intensity of 
the electron beam to be increased momentarily to 
a value above the threshold of visibility. The 
Sweep of the electron beam in the cathode-ray 
tube is controlled by an electron discharge tube 
which is connected across the other part of the 
power Source of direct current. Also connected 
across this part of the power Supply is a tube 
which serves the dual purpose of feeding energy 
into the oscillatory circuit to control the decre 
ment thereof and controlling the timing cir 
cuit, and an electron discharge tube the Sole pur 
pose of which is to provide a current drain path 
in the output of the power Supply. 
Due to the divided nature of the output of the 

power supply the discharge path of the tubes cone 
nected across one part of the power Supply are 
in tandem or series with the discharge paths 
of the tubes connected across the other part of 
the power supply. There are also certain fixed 
resistance paths across both parts of the power 
supply. In the idle condition of the apparatus 
the electron tubes in that part of the power Sup 
ply with which the voltage regulator tube is 
associated draw current aggregating a predeter 
mined amount and during a signal receiving cycle 
they draw no current. During the idle condition 
of the apparatus the tubes in the other part of 
the power supply, which control the SWeep of 
the electron beam of the cathode-ray tube, feed 
back energy into the oscillator circuit and con 
trol the interval timing circuit, draw current ag 
gregating a predetermined amount, and during 
an operating cycle draw more current. If there 
were no tube in this part of the power Supply for 
compensating for current changes in other elec 
tron tubes in the circuit, the voltage regulator 
tube would be subjected to a large increase in 
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current upon the change from idle to running 
condition due to the decrease to Zero of the dis 
charge current in the tubes in parallel with it in 
one part of the power supply circuit and due to 
the increase in current through the tubes in the 
other part of the power supply. Thus the volt 
age regulating capabilities of the regulator tube 
would be devoted to accommodating changes in 
conductivity as between the idle and running 
conditions, greatly reducing the capability of the 
regulator tube to accommodate voltage changes 
in the alternating current source from Which the 
rectifying power supply is operated. With the 
provision of the compensating electron discharge 
tube that tube may be adjusted So that in the 
idle condition it draws current equal to that 
drawn by the electron discharge tubes in the 
part of the power supply with which the regula 
tor tube is associated, plus current in an amount 
equal to the increase in conductivity of the tubes 
in the part of the power supply with which the 
compensating tube is associated. When the 
change from idle to running condition occurs, 
current through the electron discharge tubes in 
the regulated portion of the power Supply and 
through the compensating tube in the unregul 
lated portion of the power Supply is cut off. The 
other tubes in the unregulated portion of the 
power supply undergo a change in conductivity 
due to a functional change in their condition of 
operation which is equal to the difference between 
the current drawn by the compensating tube when 
it was operating and the current drawn by the 
discharge tubes in the regulated portion of the 
power supply when they were operating. In this 
way the voltage regulator tube is required to un 
dergo no change in current as between the idle 
and operating conditions of the System and its 
full voltage regulating capabilities are at all times 
available to compensate for voltage variations in 
the alternating current Source from which the 
rectifying power Supply is operated. 
In accordance with another embodiment of 

the invention, Which is fully described in the 
specification and shown in the drawings of the 
hereinbefore identified copending application 
that resulted in Patent 2,480,878, granted Sep 
tember 6, 1949, but which is neither described in 
detail in the present Specification nor ShoWn in 
detail in the accompanying drawings, the Sig 
nals to be measured are received by a receiving 
relay which has a biasing Winding. As in the 
case of the previously described embodiment this 
is the only electromagnetic relay employed in the 
System, all other operations involved in operat 
ing the cathode-ray tube which indicates the 
characteristics of received signals being per 
formed or controlled by electron discharge tubes. 
In this embodiment of the invention the biasing 
winding of the receiving relay and certain other 
resistive paths are connected across a part of 
the power supply and a voltage regulator tube 
is connected across this part of the power Supply 
to stabilize the voltage applied to the biasing 
winding of the receiving relay and to the other 
resistive paths. None of the electron discharge 
tubes is contained in this part of the power sup 
ply but these tubes are connected across another 
part of the power Supply the voltage of which is 
regulated by regulator tubes. These regulator 
tubes compensate for the net change in conduc 
tivity of the Several electron discharge tubes as 
between the idle and the running conditions so 
that the current through the voltage regulator 
tube which stabilizes the biasing winding of the 
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4. 
receiving relay remains substantially constant 
and the full voltage regulating capabilities of the 
relay stabilizing voltage regulator tube are avail 
able for compensating for variations in the source 
of alternating current from which the power sup 
ply is operated. 
For a complete understanding of the invention 

reference may be had to the following detailed 
description to be interpreted in the light of the 
accompanying Single figure of the drawing which 
is a Schematic circuit diagram showing a tele 
graph signal measuring System in accordance 
With one embodiment of the invention. 

Referring to the drawing, reference numeral 
designates a telegraph signal receiving relay the 
Operating Winding of which is connected to the 
tip and sleeve terminals of jack 2. The jack 
is adapted to receive a plug ?o connected to a 
full metallic or ground return telegraph loop over 
Which Signals to be measured are transmitted. 
Relay f is a biased polar relay and has a biasing 
Winding to which a biasing voltage must be 
Supplied. For Supplying operating voltages for 
the biasing winding of relay 2 and for all other 
purposes including operation of a plurality of 
electron discharge tubes, a step-up transformer 
3 has its primary winding connected to mains 
13 which carry alternating current from a gen 
erating Source 6 and has the terminals of its 
Secondary Windings connected to the anodes of a 
full wave rectifier tube f7. The indirectly heated 
Cathodes of tube 7 represent the positive side 
of the direct current output and the center tap 
of the Secondary of transformer 3 represents 
the negative side of the output. From these 
tWO points, the positive and negative conductors 
or bus bars 8 and 9, respectively, extend, the 
former including filter inductance 2 . A filter 
condensei 22 is connected between these con 
ductors. 
From the positive conductor (8, a voltage drop 

ping resistor 23 is connected to a conductor or 
bus bar 24. The biasing winding of receiving 
relay in Series with resistor 26 is connected 
between conductor 24 and negative conductor 9. 
Thus a direct current path is established from 
positive Conductor f8 through resistors 23 and 26 
and the biasing winding of receiving relay 
to negative conductor 9. Since conductor 24 
is connected at the junction of resistors 23 and 
28, it assumes an intermediate potential less 
positive than conductor 8 by the potential dif 
ference acroSS resistor 23 and more positive than 
conductor 9 by the potential difference across 
resistor 26 and the biasing winding of relay . 
A voltage regulator tube 27 has its anode con 

nected to conductor 24 and its cathode connected 
to conductor 9 so that its discharge path is 
bridged between these conductors. The func 
tion of voltage regulator tube 27 is to maintain 
a constant potential difference between low and 
intermediate potential conductors S and 24 and 
thus acroSS the biasing winding of receiving relay 
ff. The reason for this is that the voltage avail 
able at commercial power mains, represented by 
conductors 4, may vary considerably with vary. 
ing load conditions, and in the absence of regul 
lation of that portion of the output of rectifier 
tube 7 which Supplies the biasing potential for 
relay f f, such potential may vary correspondingly 
and may upset the desired relation of received 
Signal potential to biasing potential. The legu 
lator tube 27 holds the potential difference con 
Stant although passing current of varying values 
as the output voltage of rectifier tube 1 varies. 
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High and intermediate potential conductors 
F3 and 24 are bridged by a filter condenser 28. 
Warious conductive paths additional to those 
through resistor 23, regulator tube 27 and the 
biasing winding of relay are provided, as re 
quired by the telegraph signal measuring System 
between conductors 8 and 24, between conduc 
tors 24 and 9, and between conductors 8 and 9 
without connection to conductor 24, these paths 
including space discharge paths of electron dis 
charge tubes, potential dividers, and discharge 
tube anode and cathode load resistors as Will be 
developed hereinafter. 
Jack 2 is provided with auxiliary contacts 

comprising a Swinger Spring, a normal contact 
and an off-normal contact. The SWinger Spring 
is connected to low potential conductor 9. 
The off-normal contact is connected to the arma 
ture of relay . The normal contact is connect 
ed to the marking contact of relay and to a 
conductor 3 which extends to the cathode of Wac 
uum electron discharge tube 32, and to the Cath 
odes of cold cathode gas-filled electron discharge 
tubes 33 and 33. With no pug inserted into 
jack 2, conductor 3 is connected to low po 
tential conductor 9 through the Swinger Spring 
and norinal contact of jack 2. With a plug 
inserted into the jack and a marking condition 
applied to the operating winding of relay to 
hold the arnature on the marking contact, con 
ductor 3 is connected to low potential conduc 
tor 9through the marking contact and airmature 
of relay , the off-normal contact and SWinger 
s}ring of jack 2. 
between internediate potential conductor 2i and 
conductor 3 and thereby is in parallel with : 

voltage regulator tube 21 in either of the above 
mentioned conditions of jack 2. 
Electron discharge tube 32 is a multiple Section 

tube comprising a triode and two diodes, the 
cathode being common to all three sections. The 
anode of the triode section is connected to in 
termediate potential conductor 24 through the 
left-hand winding of a transformer 37. A po 
tential divider comprising resistors, 38 and 39.' 
is connected between intermediate and low po 
tential conductors 24 and 9, respectively, and 
thus is in parallel with voltage regulator tube 27 
so that the voltage drop across this potential 
divider is constant. The junction point of re 
sistors 38 and 39 is connected through a variable 
resistor 4 to the control grid of the triode Sec 
tion of tube 32 and to the anodes of the two 
diode sections of this tube. The control grid of 
the triode section of the tube is also connected 
through a condenser 42 to a potential divider 
comprising resistors 43, 44 and 46 in Series 
bridged between high potential conductor 8 and 
low potential conductor 9, the condenser being 
connected to the junction point of resistors 44 
and A6. The anode of cold cathode gas-filled 
discharge tube 33 is connected to intermediate 
potential conductor 24, through resistor 47. The 
anode of cold cathode gas-filled discharge tube 
34 is connected through resistor 48 and then in 
branching paths through the right-hand wind 
ing of a transformer 49 and resistor 51 as one 
path and through resistors 52 and 53 as the other 
path to the intermediate potential conductor 24. 
From this it will be apparent that with no plug 
in jack 2 or with a plug inserted in jack 2 and 
the operating winding of relay responding 
to a marking condition, the potential between 
the intermediate and low potential conductors 24 

A resistor 35 is connected 
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6 
and 9, respectively, as regulated by the regulator 
tube. 27 will be applied across the space discharge 
path of the triode section of tube 32, and across 
the main gap of cold cathode gas-filled tubes. 
33 and 34. 
From this point on in the description, the 

presence of a plug in jack 2 connected to a tele 
graph line over which signals are to be received 
Will be assumed and initially the relay f will 
be a SSumed to be responding to a steady marking 
condition. Under these circumstances, cold cath 
Ode tubes 33 and 34 are conductive through their 
main gaps and current will be flowing in the 
triode Section and both diode sections of tube 
32 due to the fact that the diode anodes and the 
control grid of the triode are more positive than 
the cathode by the potential difference across 
resistor 39. The grid, being positive, draws cur 
rent, and this current, together with the diode 
plate current, flows through variable resistor 4 
and lowers the potential of the grid and diode 
anodes with respect to the junction of potential 
divider resistors 38 and 39, but as a steady state 
condition the grid is slightly positive with re 

- Spect to the cathode, and anode current flows 
in the trio de Section through the left-hand wind 
ing of transformer 37. Since the current through 
the left-hand Winding of transformer 37 has a 
steady value, no voltage is developed in the right 
hand Winding of the transformer, one terminal 
of which is connected to conductor 3 and the 
other terminal of which is connected to the con 
trol anode of gas-filled tube 33 through resistor 
54 and to the control anode of gas-filled tube 
34 through resistor 56. 
The control grid of the left-hand triode section 

of a twin triode tube 6 is connected to the low 
potential end of resistor 4 and the cathode of 
tube 61 is connected to intermediate potential 
conductor 24. With tube 33 conductive as previ 
Ously Stated, the control grid of the left-hand 
triode. Section of tube 6 is negative with respect. 
to the cathode so that anode current does not. 
flow in this triode section. The anode of the left 
hand triode section is connected to the junction 
of resistors 46 and 44 so that resistor 46 is the 
load resistor for the left-hand triode section, 
There being no anode current, the current flow 
ing through resistor 66 is the same as the current 

; flowing through the resistors 44 and 43 and the 
charge on condenser 42 is represented by a po 
tential difference equal to the voltage drop across 
resistors 43 and 44 less the slight voltage differ 
ence between the grid and diode anodes of tube 
32 and the cathode of that tube. The potential 
divider comprising resistors 43, 44 and 46 pro 
vides a further control potential by virtue of the 
connection of the junction of resistors 43 and 44 
to the control grid of an electron discharge tube 
62 which has its cathode connected to the inter 
mediate potential conductor 24 and its anode. 
connected to the high-potential conductor 8 
through resistor 63. Resistors 43, 44 and 46 are: 
So proportioned that the potential difference. 
acroSS resistor i3 is substantially equal to the 
potential difference between conductors f 9 and 24. 
So that the control grid of tube 62 is at substan-. 
tially the Sane potential as its cathode and tube. 
63 draws anode current which flows through re 
sistor 63. The value of resistor 46 is very low 
by comparison with resistors 43 and 44 being 
about one part in 390 of the total resistance of 
resistors. 43 and 44. Resistor 44 has about twice: 
the resistance of resistor. 43. 
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Discharge current through the cold cathode 
tube 34 flows through the series circuit compris 
ing the right-hand winding of transformer 49 
and the resistor 5 in parallel with the series 
circuit comprising resistors 52 and 53. A con 
denser 64 is in parallel with these two paths and 
therefore is charged to the potential across then. 
The point of interconnection of resistors 52 and 
53 is connected to the control grid of the right 
hand triode section of tube 6 and also to the 
control grid of the right-hand triode section of 
a twin triode tube 66. The cathode of the right 
hand triode Section of tube 6 is connected to 
intermediate potential conductor 24 through a 
variable resistol 6. The resistance value of re 
Sistor 5 and the right-hand Winding of trans 
former 49 is Small as compared with resistor 48 
So that the drop across resistor 5 and the right 
hand winding of the transformer is low. Thus 
the drop across resistors 52 and 53 is low. Fur 
thermore, the resistance of resistor 53 is Small 
as compared with that of resistor 52, So that the 
junction of those resistors and the grid of the 
right-hand triode section of tube 6 is only 
slightly negative with respect to the cathode. 
The right-hand triode section of tube 6 is thus 
conductive. The anode of the right-hand triode 
Section of tube 6 is connected to high potential 
conductor 8 through the left-hand Winding of 
transformer 49 and a steady current flows 
through this winding. Since both windings of 
the transformer are conducting steady current, 
neither Winding has any inductive effect on the 
other. 
A potential divider bridged between interme 

diate potential conductor 24 and high potential 
conductor 8 comprises l'esistors 68, 69 and in 
series with paralleled resistors 2 and 3. Both 
cathodies of the twin triode tube 66 are connected 
to the junction of resistors 68 and 69 so that the g 
cathodes are more positive than intermediate 
potential conductor 24 by the potential difference 
across resistor 68. The junction of resistor 5f 
and the 1right-hand winding of transformer 49 
is connected to the control grid of the left-hand 
triode section of tube 66. Since the grid of the 
right-hand triode section is connected to the 
junction of resistors 52 and 53 along with the 
grid of the right-hand Section of tube 6, it is 
only slightly less positive than the potential of 
the intermediate potential conductor 24. The 
Very large portion of the total discharge cur 
rent of tube 34 flowing through resistor 5 causes 
the grid of the left-hand triodie Section of tube 
66 to be considerably more negative with respect 
to the intermediate potential conductor 24 than 
the grid of the right-halid triode Section. The 
potentials of the two grids With respect to the 
cathodes are such that an appreciable anode cur 
rent flows in the right-hand triode section where 
as the anode current in the left-hand triode Sec 
tion is very nearly cut off. 
The anode of the right-hand triode Section 

of tube 66 is connected through a resistor 76 
to a contactor which is variable With respect to 
resistor 73, this resistor being in itself a potential 
divider. The anode of the left-hand trio de Sec 
tion of tube 66 is connected through a resistor 
TT to a contactor which is variable with respect 
to resistor 72 which is also a potential divider. 
The anode current which the control grid of the 
right-hand triode section of tube 66 permits to 
flow is sufficient to produce a potential difference 
across resistor 76 which is substantially equal 
to the potential difference across the resistor 7 
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8 
plus the portion of resistor 3 up to the contactor 
of that resistor. The anode of the right-hand 
triode Section of tube 66 is connected to one of 
the horizontal deflecting plates of a cathode-ray 
tube 8. The other horizontal deflecting plate 
is connected to the junction of resistors and 69. 
It follows from the previously stated relation of 
equality between the potential difference across 
the resistor 76 and the potential difference from 
the point of engagement of contactor associated 
With resistor 73 to the junction of resistors 7 
and 69 that the two horizontal deflecting plates 
of the cathode-ray tube are at substantially the 
Sane potential and there is little or no horizontal 
deflecting potential on the cathode-ray tube. 
The anode of the left-hand triode section of tube 
66 is connected to the upper vertical deflecting 
plate of cathode-ray tube 8. The lower vertical 
deflecting plate is connected to the junction of 
resistors 69 and 7. Since there is little or no 
anode current in the left-hand triode section of 
tube 66 and therefore little or no potential dif 
ference acroSS resistor 77, it follows that the 
potential of the anode of the left-hand triode 
Section is more positive than the junction of re 
Sistors 69 and by the potential difference from 
the contactor of resistor 72 through the lower 
Section of that resistor plus the potential differ 
ence acroSS resistor 7 f. Thus the upper vertical 
plate of cathode-ray tube 8 f is positive with 
respect to the lower plate. 
Power for Operating the cathode-ray tube 8 

is derived from one-half of the high voltage 
Secondary Winding of transformer 3 in a volt 

is age doubler circuit. The center tap of the high 
Voltage Secondary of transformer 3 is con 
nected to the cathode of a half-wave rectifier 
tube 82 and one of the terminals of the high 
Voltage Secondary winding is connected through 
a condenser 83 to the anode of half-wave recti 
fier tube 84 and to the cathode of a half-wave 
rectifier tube 82. The output of the voltage 
doubler power supply is represented by the an 
Ode of tube 84 and the cathode of tube 82. Con 
denser input filtering is provided by the con 
densers 86 and 87, the former of which has one 
terminal connected to the cathode of tube 82 and 
the other terminal connected to the anode of 
tube 84, and the latter of which has one termi. 
nal connected to the cathode of tube 82 and the 
other terminal connected through a resistor 88 
to the anode of tube 84. Load resistors 89, 9, 
92 and 93 are connected in series across the Out 
put of the filter. When the lower terminal of 
the high voltage secondary Winding of trans 
former 3 is positive and the center tap is nega 
tive during a half cycle of alternating current 
in pressed on the high voltage secondary winding 
of the transformer, current flows through the 
Space discharge path of tube 82 to charge con 
denser 83. In the next half cycle of the alter 
nating current the polarities on the high volt 
age Secondary winding are reversed, the lower 
terminal being at negative potential and the cen 
ter tap at positive potential. These polarities 
are in Series-aiding relation to the charge on 
condenser 83 and current flows through con 
denser 83, the Space discharge path of tube 84 
and filter condensers 86 and 87, the condensers 
becoming charged to the voltage across one half 
of the high voltage secondary winding of trans 
former 3 plus the voltage across condenser 83. 
Thus the condensers 86 and 87 are charged once 
in each half cycle of the alternating current, 
the rectification is half wave, the output con 
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ductor which includes resistor 88 is the negative 
side of the output and the conductor connected 
to the cathode of tube 82 is the positive side of 
the output. 
Load resistor 89 is a potential divider, its con 

tactor being connected through resistor 94 to the 
intensity control electrode 96 of cathode-ray 
tube 8. The cathode of the tube is connected 
to the junction of resistors 89 and 9 . The junc 
tion of resistors 89 and 9 is more positive than 
the opposite end of resistor 89 So that the in 
tensity control electrode 96 is negative with re 
spect to the cathode when the contactor of po 
tential divider 89 is moved away from the lower 
terminal of potential divider 89. Resistor 92 is 
a potential divider and its contactor is connec 
ted to the focusing electrode 97 of tube 8. The 
focusing electrode is therefore more positive 
than the Cathode by the potential difference 
across resistor 9 plus the potential difference 
across the portion of potential divider 92 be 
tween the contactor and the junction of resistor 
9 and potential divider 92. It will be noted 
that the conductor 9 previously referred to as 
the low potential conductor of the power supply 
served by rectifier tube , being connected to 
the mid-point tap of the high voltage Secondary 
winding of transformer 3 to which the positive 
side of the output of the voltage doubler is con 
nected, is at the Sane potential as the positive 
side of the power supply for cathode-ray tube 
8?. In this way, the power supply for the cath 
Ode-ray tube is placed in Series-aiding relation 
with the power supply served by rectifier tube 

at the extreme negative side of that power 
supply. Since the beam accelerating electrode 
98 and one each of the horizontal and vertical 
defecting plates of cathode-ray tube 8f are con 
nected to the junction of resistors 69 and 7 f be 
tween internediate and high potential conduc 
tors 24 and 8, respectively, of the output of rec 
tifier tube , these electrodes of the cathode 
ray tube are more positive than the cathode by 
the potential difference across resistors 69 and 
68 plus the potential difference across regulator 
tube 2 plus the potential difference across re 
Sistors 93, 92 and 9 in series. 
As previously described, the normal operating 

condition of the cathode-ray tube 8 is to have 
the intensity control electrode 9S sufficiently it 
negative with respect to the cathode that the 
electron beam does not have sufficient intensity 
to produce a luminous spot on the Screen of the 
Cathode-ray tube. 

In order to adiust the electron beam to its : 
proper initial position, the contactor associated 
with potential divider resistor 89 is moved along 
the resistor until the beam reaches the fluores 
cent screen with sufficient intensity to produce 
a luminous spot. Plug should be removed 
from jack 2 to permit the armature of relay if 
to move to spacing and remain there. This sets 
up oscillatory current in the oscillatory circuit 
comprising the right-hand winding of trans 
former 49 and condenser 64. Variable resistor 
6 is adjusted to maximum decrement to permit 
oscillatory current to die out. With no current 
flowing in the oscillatory circuit the grids of the 
two triode sections of tube 66 are at the same 
potential and substantially equal anode currents 
will flow. By adjusting the potential dividers 
T2 and 73 the potentials on the bean deflecting 
plates of cathode-ray tube 3 may be varied to 
bring the beam to the center of the screen. 
This adjustment having been made, plug 9, 
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10 
connected to a source of signals having no bias 
or distortion, is inserted into jack 2. If the 
Source of signals has not yet been started, the 
armature of relay f will be restored to and 
remain on marking and since condenser 42 has 
had time to recharge during the adjustment of 
the cathode-ray tube beam, tube 32 will be re 
stored to conductivity and tubes 33 and 34 will 
be refired. This restores the system to the steady 
state condition, producing a substantial change in 
the conductivity of the left-hand triode section of 
tube 66 and very little change in the conduc 
tivity of the right-hand triode section. The beam 
of cathode-ray tube accordingly becomes deflected 
vertically but not horizontally from the center 
of the Screen. 
With the apparatus restored to the steady state 

condition it is in condition to receive the un 
biased and undistorted signals for the purpose of 
completing the preliminary adjustments. Since 
the initial condition of the various electron dis 
charge tubes has been set forth in the descrip 
tion of the circuit connections of those tubes it 
is summarized at this point that the triode sec 
tion and both diode sections of tube 32, the gas 
tubes 33 and 34, the vacuum tube 62, the right 
hand triode section of vacuum tube 3, and the 
right-hand triode section of vacuum tube 66 are 
conductive, the left-hand triode section of vacuum 
tube 66 is only slightly conductive and the left 
hand triode section of vacuum tube 6 is not con 
ductive. It should also be noted that the gas 
tubes 33 and 34 are conductive only through their 
main gaps. The cathodes of these tubes are con 
nected to conductor 3 and the control anodes of 
the tubes are connected through resistors 54 and 
56 and through the right-hand winding of trans 
former 37 to conductor 3. Since there is steady 
current in the left-hand winding of transformer 
3 and no voitage is being developed in the right 
hand winding, the control anodes of the tubes 
are at the same potential as the cathodes. 

Relay if responds to the start impulse of a 
start-stop telegraph signal by imoving its arma 
ture to the spacing contact. The disengagement 
of the armature from the marking contact openS 
the connection between low potential conductor 
9 and conductor 3, thus opening the main dis 
charge path of gas-filled tubes 33 and 34. These 
tubes therefore are extinguished. Also, the lower 
terrinal of resistor 36 and the cathode of tube 
32 become disconnected from low potential con 
ductor 9. The fiOW of current through resistor 
36 ceases and the potential of the cathode of 
tube 32 is raised to the potential of interme 
diate potential conductor 24. The potential of 
the cathode is thus made equal to that of the 
anode and is made more positive than the grid 
and diode anodes by the potential difference 
acroSS resistor 38. Thus no current, Will flow 
from the cathode to any of the anodes in tube 
32. As the triode current in tube 32 dies out in 
the left-hand Winding of transformer 37 an in 
pulse is impressed on the control anodes of gas 
tubes 33 and 34 through resistors 54 and 56, re 
spectively. The polarity of this impulse is such 
as to reduce the potential of the control anodes 
with respect to the cathodes. Since the cathodes 
and control anodes in tubes of this type are usable 
interchangeably an: a discharge in the control 
gap Will be produced if a sufficient potential dif 
ference is impressed across the gap irrespective 
of polarity, a momentary firing of the control gap 
in the two tubes 33 and 34 may occur. How 
ever, the discharge will not transfer to the main 
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gap because the cathodes are disconnected from 
the low potential conductor 9 as are also the 
control anodes. 
The extinguishment of gas-filled tube 33 stops 

the flow of current through resistor 4 and raises 
the potential of the grid of the left-hand triode 
Section of tube 6 to that of the cathode, render 
ing the left-hand triode section conductive. 
Anode current in the left-hand triode section of 
tube 6 flows through resistor 46, increasing the 
potential difference across resistor 46 and ren 
dering the junction of resistors 46 and 44 and 
the junction of resistors 44 and 43 less positive 
with respect to the low potential conductor 9 
than they previously were. Prior to the extin 
guishment of tubes 32, 33 and 34 and the actival 
tion of the left-hand triode of tube 6?, con 
denser 42 has been charged to a potential rep 
resented by the difference between the potential of 
the grid and diode anodes of tube 32 and the 
potential of the left-hand anode of tube 6. Upon 
the substantial reduction in the potential of the 
anode of the left-hand triode section of tube 6 
as the anode current flows through resistor 46 
condenser 42 discharges through the anode-cath- : 
Ode discharge path of the left-hand triode sec 
tion of tube 6, conductor 24 and resistors 38 
and 4. 
As a furthel result of the activation of the 

left-hand triode section of tube 6 and the in 
crease in the potential difference across resistor 46 
the junction of resistors 44 and 43 to which the 
grid of tube 62 is connected is made very much 
less positive than it previously was and the grid of 
tube S2 is made negative with respect to its cath 
Ode. This cuts off the flow of current in tube 
62. The Sole purpose of tube 62 is to balance and 
compensate for current changes in other portions 
of the circuit and its operation to accomplish 
this purpose will be described in detail herein 
after. 
With the extinguishment of gas-filled tube 34 

steady current ceases to flow through the right 
hand winding of transformer 49 and resistor 5. 
and through resistors 52 and 53 in parallel there 
With. The inductive energy stored in the right 
hand Winding of transformer 49 causes current to 
flow Which charges condenser 64, which there 
after discharges through the inductance and thus 
the circuit oscillates. The voltage developed 
acroSS resistor 53, starting at slightly negative 
value, breaks into oscillation by crossing zero and 
Swinging positive to a maximum value that is 
equal in magnitude to the maximum voltage de 
veloped across resistance 5. It follows from this 
that the oscillatory voltages developed across re 
Sistors 53 and 5 are in quadrature and are equal 
in amplitude. These voltages appearing on the 
grids of tube 65 are amplified and are applied 
respectively to the horizontal and vertical de 
flecting plates of cathode-ray tube 8. The elec 
tron beam in the cathode-ray tube is thus caused 
to describe a path on the screen of the tube. 
The voltage developed across resistor 53 is also 
applied to the grid of the right-hand triode sec 
tion of tube 6. This causes the plate current of 
this triode section to vary in accordance with the 
Oscillation and since the left-hand winding of 
transformer 49 is included in the anode circuit 
of the right-hand triode section of tube 6 energy 
is fed back into the oscillatory circuit to replace 
the energy dissipated in resistors 5A, 52 and 53. 
The gain of the feedback circuit may be varied 
by adjusting resistol 6 and thus the decrement 
of the OScillations may be controlled 
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12 
With the voltage relationships mentioned 

above, namely the voltage applied to the grid of 
the right-hand triodes of tubes 6 and 63 slightly 
negative with respect to conductor 24 and pre 
pared to rise through Zero to positive values, and 
the Voltage applied to the grid of the left-hand 
triode of tube 66 at a negative maximum and 
prepared to rise, the quadrature relationship is 
at Once apparent, the voltage on the girids of 
the right-hand triodes of tubes 6; and 66 leading 
that on the grid of the left-hand triode of tube 
66 derived from resistor 5. Current in the right 
hand triodes of tubes 6 f and 66, varying in phase 
With the Voltage applied to their grids, rises sub 
Stantially to maximum in the first quarter cycle 
of the OScillator, falls substantially to initial 
Value in the second quarter cycle, decreases sub 
stantially to minimum in the third quarter cycle 
and returns to initial value in the fourth quarter 
cycle. By comparison with these voltage and 
current relationships, the voltage on the grid 
of the left-hand triode of tube 66 rises to zero 
during the first quarter cycle, rises to positive 
maximum during the second quarter cycle, falls 
to Zero during the third quarter cycle and returns 
to negative maximum during the fourth quarter 
cycle. It is to be remembered that this is the 
voltage derived from resistor 5. 
The current in the right-hand triode of tube 

6 flows through the primary winding of trans 
former 49 and induces voltage therein. Since 
it is Well known that the current in an inductance 
lags behind the impressed voltage and induces a 
voltage which opposes the impressed voltage, it 
follows that the induced voltage ags behind the 
Current, and this lag is substantially a quadrature 
relationship. Thus the induced voltage starts at 
a negative maximum, rises to zero in the first 
quarter cycle, rises to positive maximum in the 
Second quarter cycle, returns to zero in the third 
quarter and to negative maximum in the fourth 
quarter. It is noted that this voltage induced in 
the primary of transformer is in phase with the 
voltage across resistor 5. 
The voltage induced in the secondary as a re 

Sult of the current in the primary is opposite to 
that induced in the primary, and therefore is 
Opposite in phase to the voltage across the resistor 
5f. Thus there is fed back into the oscillatory 
circuit by induction a voltage opposing and sub 
Stantially nullifying the resistive voltage drop 
acroSS. resistor 5, thereby replacing and com 
pensating for the resistive losses in the oscilla 
tory circuit, which are confined almost entirely 
to resistor 51, the resistance of the secondary of 
transformer 49 being low by comparison with 
resistor 5 and the resistive loss in the secondary 
therefore being negligible. This is accomplished 
Without tuning the primary of the transformer 
49 or effecting phase correction in any other way. 
The adjustable cathode resistor 67 permits the 
amplitude of the voltage fed back into the oscil 
latory circuit to be varied. If resistor ST is so 
adjusted that the voltage just compensates for 
resistive losses, the circuit will oscillate at con 
stant amplitude, and if the adjustment is such 
that the voltage fed back is less than that which 
compensates for resistive losses the oscillator op 
erates decrementally. 
The decrement should be adjusted until the 

path traced is a closed geometrical figure which 
will ultimately be adjusted to conform to a circle, 
Or until it traces a spiral which will probably not 
be Symmetrical with respect to both axes of the 
Screen. The path, whether a closed geometrical 
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figure or a spiral, may be made symmetrical with 
respect to the axes of the screen by first adjust 
ing potential divider 72 until the beam has the 
desired maximum deflection in the vertical direc 
tion, which preferably brings the bean to a point 
near the edge of the screen for maximum vertical 
deflection, and then by adjusting the potential 
divider 73 until the defection at the horizontal 
axis is equal to the deflection at the vertical 
axis, in the case of a circular SWeep, or until 
symmetry with respect to the axes of the screen 
is achieved in the case of a spiral sweep. 

Following these adjustments, the intensity of 
the electron beam is reduced by readjustment of 
potential divider 88, until the beam ceases to be 
visible on the screen of tube 8 except for dots 
produced by signal responsive transits of the 
armature of relay . . In addition to being con 
nected to potential divider 89, the intensity con 
trol electrode 96 of cathode-ray tube 8 is also 
connected by conductor () to one side of a con 
denser 02. The other side of the condenser is 
connected through resistor 3 to intermediate 
potential conductor 24 and to one terminal of a 
unilateral conducting device or half-wave recti- : 
fier 04. The other terminal of unilateral con 
ducting device 33 is connected to one side of a 
condenser 66, the other side of Which is con 
nected to spring 4 of a key 07 and to spring of 
a key 8. The spacing contact of relay f is 
connected to spring 2 of key 38 and spring f of 
key 07. Spring 3 of key 8 and spring 2 of key 
9 are connected through resistor 09 to inter 

mediate potential conductor 24. Spring 3 of key 
07 is connected to conductor 3 to which the 
marking contact of relay is also connected. 
With keys 07 and 6 in the unoperated con 

dition as sinown, the upper end of the conductive 
path including condenser 86, unilateral conduct 
ing device D4 and condenser 02 has no circuit 
connection. Upon operation of key foll the up 
per end of this path becomes connected through 
springs 3 and 4 of the key to conductor 3 and 
thus to the marking contact of relay fl. At 
springs and 2 one of two parallel paths from 
the lower terminal of resistor 09 to the spacing 
contact is opened but the other path remains 
closed through springs 2 and 3 of key 98. 
Assuming that the system has been adjusted 

for operation including the provision of the 
proper potential on the intensity control electrode 
of cathode-ray tube 8 before relay began to 
receive signals, upon movement of the airmature 
of the relay out of engagement with the marking 
contact the conductive path from low potential 
conductor 9 through the armature and the 

O 

8 5 

O 

marking contact of the relay to the upper Side : 
of condenser 6 is interrupted. This causes an 
impulse to be applied through condenser 06, 
unilateral conducting device 4 and condenser 
02 to the intensity control anode 96 of cathode 

ray tube 8 . The impulse is positive and momen 
tarily makes the intensity control electrode more 
positive than it previously was, causing the point 
of impingement of the electron beam on the 
fuorescent screen of the tube to become nomen 
tarily visible as a luminous Spot. As the arrina 
ture comes into engagennent with the Spacing con 
tact a conductive path is completed from low 
potential conductor 9 through the armature and 
spacing contact of the relay, Springs 2 and 3 of 
key 8 and resistor G9 to intermediate potential 
conductor 23, but the intensity control electrode 
of the cathode-ray tube is not affected, because 
it is connected through condenser 02, unilateral 
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conducting device 04 and springs 3 and 4 of key 

7 only to the marking contact. 
In response to the first code impulse of marking 

nature following the start impulse the airmature 
of relay leaves the spacing contact and returns 
to the marking contact. As the arnature comes 
into engagement With the marking contact a 
negative impulse is applied to the intensity Con 
trol electrode of the cathode-ray tube. Since 
this current impulse flows through the unilateral 
conducting device in a reverse direction the device 
presents a high resistance to the passage of the 
impulse. The resulting slowness of charge of 
condenser 09 therefore causes the negative in 
pulse to be of fairly low peak magnitude and of 
fairly long duration as applied to the intensity 
control electrode 96 of the cathode-ray tube. 
Hence should the relay chatter, the positive im 
pulse produced by the contact break involved in 
the chattering of the armature fails to cause a 
dot to be produced on the screen of the cathode 
ray tube. In this manner parasitic spots due to 
ordinary relay chatter are prevented. Upon each 
transit of the armature away from the marking 
contact as a spacing impulse is received during. 
the reception of the code combination a luminous 
spot will appear on the screen of the cathode-ray 
tube. 
When key OS is operated and key 0 is left 

) unoperated the spacing contact of relay re 
mains connected through resistor 99 to inter 
mediate potential conductor 24 through springs 
and 2 of key and becomes connected through 
springs f and 2 of key 88 through the conductive 
path including condensers 96 and 02 and uni 
lateral conducting device 04. Under these cir 
cumstances the intensity control electrode 96 of 
cathode-ray tube 8 f is not influenced when the 
armature of relay leaves its marking contact 
or returns to the marking contact. When the 
arnature moves into engagement With the Spac 
ing contact, it applies a long negative impulse of 
low amplitude to the intensity control electrode, 
which is the opposite of the polarity that Will 
render the bean visible on the Screen of tube 8. 
A positive impulse is applied to the intensity con 
trol electrode 96 each time the armature leaves 
the Spacing contact. In this way the time of be 
ginning of relay arrnature transits fron Spacing 
to marking is registered. When keys and 8 
are both operated the marking and spacing con 
tacts are both connected to the upper Side of 
condenser S and resistor f 9 is disconnected 
from the Spacing contact. Under these circum 
stances the cathode-ray in tube 8: produces a 
luminous Spot each tine the arnature leaves the 
narking or the spacing contact and thus both 
kinds of armature transits from marking to spac 
ing and from Spacing to marking are registered. 
With the electron beam of tube 3 being moved 

through a circle or spiral at the rate which is 
preferably one revolution per telegraph impulse 
interval all luminous spots produced by unbiased 
and undistorted signals will fall on a radial line. 
extending vertically from the center of the screen 
of the cathode-ray tube. In the case of circular 
rotation of the beam such luminous spots will be 
Superimposed and appear as a single spot. In 
the case of Spiral rotation of the beam the 
spots will be aligned along the vertical radial line, 
those representing successively later impulses in 
a received telegraph signal being successively 
nearer the center of the fluorescent screan. If 
the frequency of the oscillatory circuit is not one 
cycle per telegraph signaling impulse interval, 
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the dots will not appear on the vertical radius, but 
will fall on one side of that radius if the cycles 
are too long, and on the other side if the cycles 
are too short. Accordingly the final adjustment 
of the system is to set the frequency of the os 
cillatory circuit at such value that the luminous 
dots fall on the vertical radius of the Screen. This 
is accomplished by varying the capacity of con 
denser 64. 

Following this adjustment the system is in 
condition to measure telegraph signals and in 
dicate bias or distortion thereof. If received sig 
nals are biased or distorted the dots will occur 
early or late with respect to the radius corre 
sponding to zero distortion or bias and the dis 
placement of any transition may be read directly 
in percentage of a unit pulse length by providing 
either directly on the fluorescent Screen end of 
the tube or on a transparent plate adjacent to 
that end of the tube one hundred equally Spaced 
radial lines. For example, When received Signals 
are affected by positive or negative bias, all Space 
to-mark transitions occur early or late respec 
tively, whereas the mark-to-Space transitions are 
not shifted relative to the start transitions; hence 
the mark-to-space transitions will cause dots to 
appear on the zero displacement radius and the 
space-to-mark transitions will cause dots to ap 
pear on the radius which corresponds to the bias 
of the received signals. If, for instance, the bias 
is 25 per cent, the space-to-mark dots will ap 
pear on a radius 90 degrees in either direction 
from the zero displacement radius depending 
upon whether the bias is positive or negative. In 
the case of distortion other than bias both Space 
to-mark and mark-to-space transitions Will in 
general be displaced. The dots will therefore be 
more or less scattered. By observing the average 
displacement of the space-to-mark and mark-to 
space transitions independently the bias compo 
nent may be determined. The total distortion is 
determined by observing the maximum deviation 
of any dot from the Zero displacement radius. 
During the reception of the several impulses 

comprising a telegraph signal code combination 
condenser 42 is discharging. Its capacity is such 
that substantially the full interval occupied by 
the significant impulses of the code is required for 
the condenser to become discharged sufficiently 
to bring the grid of tube 32 to the cathode poten 
tial. If at the time the grid comes to this poten 
tial the stop impulse is being received, holding 
the armature of relay On the marking con 
tact, the cathode of tube 32 will be connected to 
the low potential conductor 9 through the mark 
ing contact and armature of the relay, and the 
triode and diode Sections of the tube can become 
conductive. The tube cannot become conductive 
while the armature of relay is off the marking 
contact because the Cathode is not then at nega 
tive potential with respect to the anode. As the 
anode current in the triode section of tube 32 rises 
to its full value a voltage is induced in the right 
hand winding of transformer 37 which is applied 
between the cathodes and the control anodes of 
the two gas-filled tubes 33 and 34. These tubes 
become conductive across their control gaps and 
the discharge immediately transfers to the main 
anodes. 
ence across resistor 47 thereby reducing the po 
tential of the left-hand grid of tube 6 with re 
Spect to the cathode and cutting off anode cur 
rent in this tube. This reduces the potential dif 
ference across the resistor 46 thereby raising the 
potential of the grid of tube 62 to the potential 

Tube 33 reestablishes a potential differ 
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16 
of the cathode of that tube and rendering the tube 
conductive. 
Tube 34, upon again becoming conductive, stops 

oscillation of the oscillatory circuit by providing 
again a steady flow of current through the right 
hand winding of transformer 49 and resistor 5 
and also through resistors 52 and 53. As a result 
of the stopping of oscillation and the restoration 
of steady potential to the grids of tube 66 and to 
the right-hand grid of tube 6, the initial poten 
tials are restored to the beam-deflecting plates of 
cathode-ray tube 8, thus arresting rotaton of the 
beam and restoring it to initial position at a dis 
tance vertically from the center of the fluorescent 
Scaen. The value of resistance 48 is SO chosen 
that the oscillator circuit attains steady state 
condition in a critically damped manner. This 
causes the cathode ray beam to return quickly 
to its initial position. Condenser 42, having 
raised the potential of the grid of tube 32 to cath 
Ode potential So that the tube has become con 
ductive, tends to cause the grid of the tube to be 
come positive With respect to the cathode, but 
current flowing in the diode circuit of the tube 
quickly charges the condenser and prevents the 
grid from going to a high positive value with 
respect to the cathode. In this way the circuit 
is restored to its initial steady state condition 
ready for reception of the start pulse of the next 
telegraph Signal code combination. 
As previously stated the vacuum electron dis 

charge tube 62 which has its anode current path 
connected between high potential conductor 8 
and intermediate potential conductor 24 is em 
ployed as a compensating or current balancing 
tube. Its activation and deactivation have no 
functional relation to the starting and stopping 
of the rotation of the electron beam in the cath 
Ode-ray tube nor to the operation of the inten 
sity control electrode 96 of the tube in accordance 
With received signals. The currents drawn from 
the output of rectifier T under the idle and un 
der the Signal receiving conditions are shown in 
Columns I and II in the following table, in which 
the distribution of the currents in the principal 
paths between the high and intermediate poten 
tial conductors is shown in the upper part of the 
table and the distribution of currents in the 
principal paths between the intermediate and 
low potential conductors is shown in the lower 
part of the table: 

I 
- 

Resistor 23------------------------------mils-- 2000 22.10 
Resistors 68, 69, 71, 72 and 73------------ do---- 20.00 22, 15 
Tube 66-Right triodie. - 0.27 
Tube 66-Left triode. 
Tube 61-Right triode 
Tube 61-Left triode. 
Tube 62-------------------------------- d 

Totals---------------------------- do---- Voltage--------------------------- volts-- 

Voltage regulator tubc 27...------------- Inils-- 17.50 17.50 
Tube 34---------- do- 0.75 0.00 

-do-- 5.25 U. O() 
: 10.00 0.00 ----00---- 2.25 2.25 Relay 11-Biasing winding------------- do---- 3. 5. Si. g 

Totals---------------------------. cio---- 96.00 (). () 
Voltage--------------------------- volts-- 106 106 

Only the principal paths have been included 
in the above table because all other paths are 
of Such high resistance as to contribute negligible 
Current. From the table it will be noted that 
the reduction in current due to the Cutting off 
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of tubes 32, 33 and 34 totals 26 milliamperes. At 
the same time, in the absence of tube: 62 the acti 
vation of the left-hand triode of tube 6 would 
increase the current flowing between conductors 
8 and 24. Since the voltage regulator tube fixes 
the voltage between conductors 24 and 9 and 
therefore fixes the current through resistive ele 
ments connected between those conductors, the 
current drawn by tubes 32, 33 and 34 prior to 
cutting off of those tubes plus the additional 
current between conductors 8 and 24 drawn by 
the left-hand triode of tube 6 could pass to the 
low potential conductor 9 only through regul 
lator tube 2. The increase Would be of the Order 
of 40 milliamperes plus changes in current 
through resistive paths between conductors 8 
and 24 due to the internal resistance of the recti 
fier circuit. Commonly available types of volt 
age regulator tubes are rated to carry not more 
than 30 milliamperes and must carry a minimum 
of 5 milliamperes for reliable voltage stabilization. 
Thus the voltage regulator tube could not ac 
commodate current changes within the System 
supplied by the output of the rectifier tube 7 
and would be deprived of all ability to stabilize 
the voltage between low and intermediate po 
tential conductors 9 and 24 for varying voltages 
in the Supply main 4. 
With tube 52 included in the System this tube 

is arranged to absorb all current changes be 
tween the idle and Operating conditions of the 
system, so that the current through the voltage 
regulator tube 27 will remain constant. Thus 
tube 62 carries the anode current, totaling 26 
milliamperes, of tubes 32, 33 and 34, its anode 3: 
circuit being in series with the anode circuits of 
these three tubes, and also carries the anode 
current which will subsequently be carried by 
the left-hand triode of tube -6, the anode cir 
cuit of which is in parallel with the anode cir 
cuit of tube 62. The value of this current is 14.1 
milliamperes. In addition, the current through 
each other path between conductors 8 and 24 
increases because, as indicated by the table, the 
drain. On the output of rectifier tube 7 has been 
reduced by 26 milliamperes, and it is the char 
acteristic of vacuum rectifier tubes that as the 
drain decreases the output voltage rises. In the 
present instance, as indicated by the table, the 
voltage changes from 238 volts to 263.5 volts, an 
increase of 25.5 VoltS. This voltage rise affects 
the current through resistors 23, 68, , , 72 and 
73, both triode sections of tube 66, and the right 
hand triode Section of tube 6. The total cur 
ren through these elements as derived from the 
chart is 50.5 milliamperes at the lower voltage. 
The factor of increase is the quotient of the volt 
age increase and the voltage before increase, 
25.5/238 which, upon reduction to a decimal 
fraction, becomes .107. This factor of increase 
applied to the current value of 50.5 milliamperes 
yields a current increase of 5.4 milliamperes. 
The increase, added to the current of 14.1 milli 
amperes Which the right-hand trioide. Section of 
tube 6 carries after tube 62 is cut-off, and to the 
current of 26 milliamperes by which the cutting 
off of tubes 32, 33 and 34 reduces the current 
drain, totals 45.5 milliamperes as indicated by 
the table. In this way tube 82 is made to carry 
all of the current drawn by tubes 32, -33 and 34, 
part of the current which resistors. 36 and 9 
and regulator tube 2 continue to carry after 
tubes. 32, 33 and 34 are cut off and which trans 
fers to the left-hand triode section of tube 6, 
and another part of the current which resistors 
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36 and if 09 and regulator tube 27 continue to 
carry, and which transfers to the right-hand 
triode of tube 6 ?, both triodes of tube 66 and 
resistors 23, 68, 69, 7 f, T2 and 73. Regulator 
tube 27 is relieved by tube 62 of the burden of 
accommodating current changes resulting from 
functional variations in the conductivity of tubes 
32,33, 34, 6 and 66, and its current remains con 
stant in spite of such changes. This leaves its 
full voltage regulation capability available to 
accommodate voltage variations in the Supply 
mains f4, and its current may increase or di 
minish by 12.5 milliamperes before reaching its 
upper or lower limits in accommodating such 
variations, while holding constant the voltage. 
between conductors 9 and 24, and therefore 
across the biasing winding of relay . 
Although a Specific embodiment of the inven 

tion "has been shown in the drawing and de 
scribed in the foregoing specification it will be 
understood that the invention is not limited to 
Such specific embodiment but is capable of 
modification and rearrangement without depart 
ing from the spirit of the invention and within 
the Scopes of the appended claims. 
What is claimed is: 
1. In a telegraph signal measuring system, a 

Source of direct-current voltage having positive. 
and negative output conductors, a first plurality 
of electron discharge tubes having their cathodes 
connected to said negative conductor, a second 
plurality of electron discharge tubes having their 
anodes connected to said positive conductor, a 
conductor connected to the anodes of said first 
plurality of tubes and to the cathodes of said 
second plurality of tubes and established by said 
tubes at a potential intermediate the potentials 
of Said positive and negative conductors, a sig 
nal responsive relay having a biasing winding and 
operable in response to a signal train to cut off 
current through said first plurality of tubes, 
a plurality of other conductive paths connected 
between Said negative and intermediate poten 
tial conductors including said biasing Winding 
and a voltage stabilizing device adapted to fix 
the Voltage between said negative and inter 
mediate potential conductors, and means re 
Sponsive to the cutting off of current through 
Said first plurality of tubes for reducing the to 
tal current flow through said second plurality 
of tubes by Substantially the amount of the re 
duction in current through said first plurality of 
tubes whereby to maintain constant the flow 
of current through said other conductive paths 
including said Voltage stabilizing device so as to 
afford the full stabilizing capabilities of said 
Stabilizing device to compensate for voltage vari. 
ations in Said voltage source. 

2. In a telegraph signal measuring system, a 
Source of direct-current voltage having positive 
and negative output conductors, a first plurality 
of normally conductive electron discharge tubes 
having their cathodes connected to said negative 
conductor, a second plurality of electron dis 
charge tubes having their anodes connected to 
Said positive conductor, a conductor connected 
to the anodes of said first plurality of tubes and 
to the cathodes of said second plurality of tubes 
and established by said tubes at a potential in. 
termediate the potentials of said positive and 
negative conductors, a signal responsive relay 
having a biasing winding and operable in re 
Sponse to a signal train to cut off current through 
Said first plurality of tubes, a plurality of other 
conductive paths connected between said nega 
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tive and intermediate potential conductors in 
cluding said biasing winding and an electronic 
voltage stabilizing device adapted to fix the 
voltage between said negative and internediate 
potential conductors, and means responsive to 
the cutting off of current through Said first plu 
rality of tubes for reducing the total current 
flow through said second plurality of tubes by 
Substantially the amount of the reduction in 
current through said first plurality of tubes 
whereby to maintain constant the flow of current 
through said other conductive paths including 
Said electronic voltage stabilizing device So as 
to afford the full stabilizing capabilities of said 
Stabilizing device to compensate for voltage vari 
ations in Said voltage Source. 

3. In a telegraph signal measuring system, a 
Source of direct-current voltage having positive 
and negative output conductors, a first plurality 
Of normally conductive electron discharge tubes 
having their cathodes connected to said negative 
conductor, a second plurality of electron dis 
charge tubes having their anodes connected to 
Said positive conductor, a conductor connected 
to the anodes of said first plurality of tubes and 2: 
to the cathodes of said second plurality of tubes 
and established by said tubes at a potential in 
termediate the potentials of said positive and 
negative conductors, a signal responsive relay 
having a biasing winding and operable in re 
Sponse to a signal train to cut off current through 
Said first plurality of tubes, a plurality of other 
Conductive paths connected between said nega 
tive and intermediate potential conductors in 
cluding said biasing winding and a voltage sta- : 
bilizing device having a constant voltage drop 
for a predetermined range of current values and 
adapted to fix the voltage between said negative 
and intermediate potential conductors, and 
means responsive to the cutting off of current 
through said first plurality of tubes for reducing 
the total current flow through said second plu 
rality of tubes by substantially the amount of 
the reduction of current through said first plu 
rality of tubes whereby to maintain constant 
the flow of current through said other conduc 
tive paths including said voltage stabilizing de 
Vice So as to allot all of said range of current 
values at constant voltage drop to accommoda 
tion of current variations resulting from voltage is 
variations in said voltage source. 

4. In a telegraph signal measuring system, a 
Source of direct-current voltage having positive 
and negative output conductors, a first plurality 
of normally conductive electron discharge tubes : 
having their cathodes connected to said negative 
conductor, a Second plurality of electron discharge 
tubes having their anodes connected to said posi 
tive conductor, a conductor connected to the 
anodes of Said first plurality of tubes and to the 
Cathodes of Said Second plurality of tubes and 
established by said tubes at a potential inter 
mediate the potentials of said positive and nega 
tive conductors, a signal responsive relay having 
a biasing Winding and operable in response to a 
Signal train to cut off current through said first 
plurality of tubes, a plurality of other conduc 
tive paths connected between said negative and 
intermediate potential conductors including said 
biasing Winding and a voltage stabilizing device 
having a constant voltage drop for a predeter 
mined range of current values and having its cur 
rent adjusted to substantially the mid-point of 
Said range, Said voltage stabilizing device being 
adapted to fix the voltage between said negative 
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and intermediate potential conductors, and means 
responsive to the cutting off of current through 
said first plurality of tubes for reducing the total 
current flow through said second plurality of tubes 
by Substantially the amount of reduction of cur 
rent through said first plurality of tubes whereby 
to maintain constant the flow of current through 
said other conductive paths including said voltage 
stabilizing device so as to allot all of said range 
of current values at constant voltage drop to ac 
Commodation of current valiations resulting from 
voltage variations in said voltage source. 

5. In an electrical System, a source of direct 
Current voltage having positive and negative out 
put conductors, a plurality of conductive devices 
having non-linear voltage current characteristics 
having one terminal of each connected to said 
negative conductor, a plurality of conductive de 
vices having non-linear voltage current charac 
teristics having one terminal of each connected to 
Said positive conductor, a conductor connected to 
the other terminal of each of said conductive de 
vices and established by said devices at a poten 
tial intermediate the potentials of said positive 
and negative conductors, a plurality of other con 
ductive paths extending between said negative and 
intermediate potential conductors including a 
Voltage Stabilizing device adapted to fix the po 
tential of Said intermediate conductor relative 
to Said negative conductor, means for cutting off 
the flow of current through the first-mentioned 
conductive devices connected between said nega 
tive and intermediate potential conductors, and 
means automatically responsive to the cutting off 
of Said current for reducing the flow of current 
through the conductive devices connected between 
Said positive and intermediate potential conduc 
tors by the same amount. 

6. In an electrical system, a source of direct 
Current voltage having positive and negative out 
put conductors, a plurality of conductive devices 
having non-linear voltage-current characteristics 
having one terminal of each connected to said 
negative conductor, a plurality of conductive de 
vices having non-linear voltage-current charac 
teristics having one terminal of each connected 
to said positive conductor, a conductor connected 
to the other terminal of each of said conductive 
devices and established by said devices at a po 
tential intermediate the potentials of said posi 
tive and negative conductors, a plurality of other 
conductive paths extending between said nega 
tive and intermediate potential conducors in 
cluding a voltage stabilizing device having a con 
stant voltage drop for a predetermined range Of 
Current values and adapted to fix the potential 
of Said intermediate conductor relative to said 
negative conductor, means for cutting off the flow 
of current through the first-mentioned conduc 
tive devices connected between said negative and 
intermediate potential conductors, and means 
automatically responsive to the cutting off of said 
current for reducing the flow of current through 
the conductive devices connected between said p0 
sitive and intermediate potential conductors by 
the same amount. 

7. In an electrical System, a source of direct 
Current voltage having positive and negative out 
put conductors, a plurality of conductive devices 
having non-linear voltage-current characteristics 
having one terminal of each connected to Said 
negative conductor, a plurality of Conductive de 
vices having non-linear voltage-current charac 
teristics having one terminal of each connected to 
said positive conductor, a conductor connected to 
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the other terminal of each of said conductive de 
vices and established by said devices at a poten 
tial intermediate the potentials of said positive 
and negative conductors, a plurality of other con 
ductive paths extending between said negative and 
intermediate potential conductors including a 
voltage stabilizing device having a constant volt 
age drop for a predetermined ange of current 
values and having its current adjusted to substan 
tially the mid-point of said range of curreint 
Walues, said stabilizing device being adapted to fix 
the potential of Said intermediate conductor rela 
tive to said negative conductor, means for cutting 
off the flow of current through said first-rinen 
tioned conductive devices connected between said 
negative and intermediate potential conductors, 
and means automatically responsive to the cut 
ting off of said currents for reducing the flow of 
Current through the conductive devices connected 
between said positive and interimediate potential 
conductors by the same amount whereby to main 
tain constant the flow of current through said 
other conductive paths including said voltage 
stabilizing device. 

8. In an electron discharge tube system, a plu 
rality of normally conductive electron discharge 
tubes having their space discharge paths in par 
allel, an electron discharge tube having its space 
discharge path in series with the first-mentioned 
electron discharge tubes for supplying the space 
discharge current drawn by said first-mentioned 
tubes, a plurality of other conductive paths in 
parallel with said first-mentioned tubes, means 
for rendering Said first-mentioned tubes non 
conductive, and means controlled by the last 
mentioned means for rendering said second 
mentioned tube non-conductive whereby to main 
tain constant the current through said other con 
ductive paths. 

9. In an electron discharge tube system, a plu 
rality of normally conductive electron discharge 
tubes having their space discharge paths in par 
allel, a plurality of other conductive paths in 
parallel with Said tubes including a voltage sta 
bilizing device, an electron discharge tube having 
its Space discharge path in Series with said first 
mentioned tubes and said other conductive paths 
for Supplying the space discharge current drawn 
by said first-mentioned tubes, a plurality of other 
conductive paths in parallel with said second 
mentioned tube for supplying current drawn by 
the first-mentioned other conductive paths, 
means for rendering said first-mentioned tubes 
non-conductive, and means controlled by the 
a.St-nentioned means for rendering the Second 
mentioned tube non-conductive whereby to main 
tain constant the current drawn through said 
second-mentioned other conductive paths by said 
first-mentioned other conductive paths including 
said voltage stabilizing device. 

10. In an electron discharge tube system, a 
plurality of normally conductive electron dis 
charge tubes having their space discharge paths 
in parallel, a plurality of other conductive paths 
in parallel with Said tubes including a voltage 
stabilizing device, a normally conductive electron 
discharge tube having its Space discharge path 
in series with said first-mentioned tubes and said 
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other conductive paths for Supplying the space 
discharge current drawn by said first-mentioned 
tubes and part of the current drawn by said other 
Conductive paths, a plurality of other conductive 
paths in parallel. With said Second-mentioned 
tube including a plurality of electron discharge 
tubes at least one of which is normally conductive 
for Supplying the remainder of the current drawn 
by said first-mentioned other conductive paths, 
means for rendering said first-mentioned tubes 
non-conductive, means controlled by the last 
mentioned means for rendering said second-men 
tioned tube non-conductive and the non-conduc 
tive one of the other tubes in parallel therewith 
conductive to the extent of the part of the cur 
rent for said first-mentioned other conductive 
path previously carried by said second-mentioned 
tube whereby to maintain constant the current 
drawn through said second-mentioned other con 
ductive paths by said first-mentioned other con 
ductive paths including Said voltage Stabilizing 
device. 

il. In an electrical system, a source of direct 
current voltage having positive and negative Sup 
ply conductors, a plurality of circuit paths each 
having one terminal connected to said negative 
conductor and including a conductive element, 
a plurality of other circuit paths each having One 
terminal connected to said positive conductor 
and including a conductive element, a conductor 
connected to the other terminal of each of Said 
paths and established thereby at a potential in 
termediate the potentials of said positive and 
negative conductors, a voltage stabilizing device 
comprising the only conductive element in at 
least one of Said first-mentioned paths adapted 
to fix the potential of Said intermediate conduce 
tor relative to said negative conductor, means for 
cutting off the flow of current through at least 
One of said first-mentioned paths excluding any 
containing a voltage stabilizing device, and means 
automatically responsive to the cutting off of said 
current for reducing the flow of current between 
said positive and intermediate conductors through 
said second-mentioned paths by the amount of 
current cut off as set forth above. 
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