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Our invention relates to control apparatus 
for cathode ray oscillographs and other vol 
tage responsive devices and its primary ob 
ject is to provide automatic means for setting 
into operation a cathode ray oscillograph on 
the occurrence of a transient condition such 
as a stroke of lightning in time for the oscillo 
graph to record such condition. The inven 
tion may have other applications and may be 
used generally as a high speed relay device. 
In the study of the effect of lightning on 

electric power lines it is desirable to obtain a 
record of the magnitude, duration and char 
acter of the surge resulting therefrom. The 
cathode ray oscillograph is an instrument 
capable of recording phenomena of lightning 
rapidity, once it is in operation. Generally, 
the transmission line on which the investiga 
tion is to be made is energized and the actuat 
ing circuits of the cathode ray oscillograph 
must be devised to prevent the normal line 
voltage from interfering with the measuring 
circuit. Also, the time lag of the measuring 
circuit must be reduced or the transient surge 
must be delayed in its influence on the oscillo 
graph until the latter is in operating condi 
tion to record the surge. The surge may be 
positive, or negative, or oscillatory. These, 
and other considerations, make it somewhat 
difficult to successfully record lightning and 
other analogous surges occurring on live 
transmission lines and the controlling ar 
rangement described below has been devel 
oped to provide self-actuating automatic ap 
paratus capable of recording surges of steep 
wave front and short duration as they occur 
on live transmission lines. The apparatus can 
obviously be used on transmission lines which 
are not energized as well as for general surge 
testing purposes. 
The features of our invention which are be 

lieved to be novel and patentable will be 
pointed out in the claims appended hereto. 

For a better understanding of the inven 
tion reference is made in the following de 
scription to the accompanying drawing which 
shows in Fig. 1 one arrangement of the cir 
cuit and essential auxiliary apparatus em 
bodying the invention as connected to control 
a cathode ray oscillograph in response to 

surges on a live transmission line, and Fig. 2 is a reproduction of a lightning surge record 
obtained by this apparatus on a power line 
in the State of Pennsylvania. 

Referring to the drawing, 10 represents one 
phase of a high voltage transmission line. 11 
designates a cathode ray oscillograph the 
cathode of which is represented at 12 and the 
anode at 13. 14 represents a tubular aperture 
through which a portion of the cathode rays 
pass downward between the sweep circuit 
plates 15 and the deflection plates 16 to the 
recording film represented at 17. 
During the normal condition of line 10 it is 

generally desirable that no cathode rays shall 
be given off from the cathode 12. The essen 
tial problem involved is then to start the os 
cillograph into operation in response to an 
abnormal surge on the transmission line in 
time for the surge to be recorded on film 17. 
This yi. an abrupt excitation of the 
cathode for initiating the cathode rays on the 
occurrence of a transient voltage, the simul 
taneous excitation of the sweeping plates 15 
at a rate which will move the cathode ray 
across the film to give a satisfactory time axis 
and the energization of the deflection plates 
16 in response to the voltage surge to be re 
corded so as to move the recording rays at 
right angles to the sweeping motion produced : 
by plates 15. The explanation of how these 
functions are accomplished will be taken up 
and explained in the order mentioned above. 
An auxiliary source of supply is provided 

for exciting the cathode, as follows: Con 
nected across the cathode and anode or be 
tween cathode and ground through a high 
potential direct current source of supply are 
condensers 19 and 20. The direct current 
source comprises rectifying 
trons 21 and 22 supplied through a trans 
former 23 from an alternating current source 
24. The arrangement is such as to produce 
a predetermined negative voltage at the 
cathode 12 with respect to ground. Regu 
lating means, such as an induction regulator 
25, is preferably provided to regulate the 
charging voltage of the condensers 19 and 20. 
Connected in series with the direct current 
portion of the condenser discharging circuit 
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is a spark gap comprising spheres 26 and 27 
between which is a third conductor or sphere 
28 connected to the transmission line 10 
through a capacitance potentiometer such 
as an insulator string 29. The condensers.19 
and 20 are kept constantly energized by the 
kenotrons through a high resistance 30 so 
that there will exist across spheres 26 and 27 
a high direct current potential, for example, 
from 50,000 to 100,000 volts. The sphere gap is adjusted so that this voltage is insufficient 
to break down the gap through the inter 
mediate sphere 28 under normal conditions. 
Sphere 28 is normally energized through the 
grounded capacitance connection 29 at a po 
tential gradient which is about midway E. 
tween the potentials impressed upon spheres 
26 and 27. The connection 29 may comprise 
an insulator string of sufficient length, to withstand a lightning surge without arcing 
over and of sufficient capacitance to enable 
the sphere 28 to become charged by any po 
tential on the transmission line. 
Under the conditions specified, whenever 

a positive or a negative surge occurs online 
10, the potential of the intermediate sphere 
28 will be raised or lowered sufficiently to 
initiate a breakdown between it and one of 
the spheres 26 or 27. This simultaneously 
starts a discharge of the condensers 19 and 
20 between spheres 26 and 27 and immediate 
ly raises the voltage bétween cathode 12 and 
the grounded anode so that cathode rays are 
produced in the oscillograph tube. The 
charge on the condensers 19 and 20 which is 
released on the sphere gap side by the dis 
charge across the sphere gap releases a cor 
responding charge on the oscillograph side 

The resistance 30 is too 
high to dissipate instantaneously this re 
leased charge and as a consequence it pro 
duces the required excitation of the cathode 
and cathode rays are produced in the oscil 
lograph tube. 

Resistances 40 are desirable to limit the 
charging rate of the condensers and thus 
prevent injury to the kenotrons during the 
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initial charging period. Resistances 41 are 
desirable to prevent excessive oscillations in 
the condenser circuit when the breakdown of 
the sphere gap occurs. Otherwise we may 
have sufficient fluctuation of the cathode ray 
exciting voltage to prevent the desirable 

of the resistance 30 will depend somewhat on 
the capacitance of the condensers 19 and 20. 
The condensers should have sufficient ca 
pacity to maintain a steady discharge 
through the resistance 30 and the oscillograph 
tube long enough to record the transient 
under investigation; for example, a duration 
of 100 microseconds or longer. The resistor 
30 may have from 30,000 to 100,000 ohms re 
sistance and the capacitance of condensers 19 
and 20 may be from one-fourth to one micro 
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farad capacity each with satisfactory re 
sults. 
The cathode ray is produced in less than 

One one-millionth of a second after the start 
of a surge which initiates a breakdown 
of the sphere gaps and continues to be pro 
duced long enough to record lightning surges 
of ordinary duration. As soon as the normal 
line voltage conditions are, again established 
and the condensers 19 and 20 are discharged 
the arc across the sphere gap and the cathode 
ray cease and the condensers 19 and 20 are 
again recharged. As soon as the film is 
changed the apparatus is ready for another 
operation. 
The electrostatic field across plates 15 em 

ployed for sweeping the cathode ray across 
the film at a suitable rate to provide a satis 
factory time axis is also supplied from the 
discharge of condensers 19 and 20. The dis 
charge voltage is applied across a series re 
sistance 31 and a condenser32 soproportioned 
that the condenser voltage varies at a rate 
required to give the proper sweeping time to 
the cathode ray as it passes between plates 15. Akenetron E. 
series with the condenser 32 to prevent the 
return of the ray to the film after the transient 
has been recorded and while the condensers 
19, and 20 are still discharging. A parallel 
sphere gap 34 is provided to limit the sweep 
plate voltage to a value below the plate flash 
over voltage. . A high resistance leak 35 is 
preferably connected across the condenser 32 
to maintain the sweeping plates at ground 
potential prior to the occurrence of a surge. 
The resistance 42 is desirable to prevent oscil 
lations of the sweep plate voltage. 
The transmission line transient voltage is 

applied to the deflection plate 16 through the 
adjustable condenser 37 and capacitance po 
tentiometer 38. The latter reduces the volt 
age across the deflection plates 16 to a value 
applicable to the oscillograph and the con 
denser 37 serves as adjustable means to give 
a satisfactory scale deflection of the cathode 
ray when the surge yoltage is impressed. The capacitance potentiometer 38 is preferably 
grounded as shown to permit sufficient leak 
age therethrough to prevent a bound charge 
from accumulating. Resistance 39 is for the 
same purpose. 
We may visualize what happens when a 

lightning surge occurs on the transmission 
line by reference to Fig. 2 which represents 
a record of a lightning surge obtained by 
means of the apparatus described. Prior to 
a lightning surge the apparatus is adjusted 
so that the recording ray, if it were produced, 
would be focused at a point represented at a 
point. A. A stroke of lightning on line 10 
sets the apparatus into operation, as previ 
ously described. The record at the beginning 
of the transient is not very distinct, it being 
somewhat blurred, as represented at B, owing 

e 33 is preferably provided in 
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to the rising voltage at the cathode and the 
corresponding lack of sharpness in the focus 
of the recording ray. The plates at 15 sweep 
the ray to the right across the film and the 
plates at 16 move the ray at right angles in 
accordance with the variations in the tran 
sient voltage. At point C the transient has 
ceased and the straight line record to the 
right of this point corresponds to the normal 
line voltage and the path of the ray as it is 
swept of the film by the plates 15. By suit 
able calibration of the apparatus, the dura 

- -tion and magnitude of the transient may be 
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determined. This particular lightning surge 
reaches its maximum value in about 5 micro 
seconds and lasted about 40 micro-seconds. 

In accordance with the provisions of the 
patent statutes we have described the prin 
ciple of operation of our invention together 
with the apparatus which we now consider 
to represent the best embodiment thereof, but 
we desire to have it understood that the appa 
ratus shown and described is only illustrative 
and that the invention may be carried out by 
other means. 
What we claim as new and desire to secure 

by Letters Patent of the United States, is: 
1. AE for producing a predeter mined abrupt operating voltage for voltage 

responsive devices in response to a voltage 
surge comprising a pair of condensers, a high 
ohmic resistance connected between one set 
of terminals of said condensers, said termi 
nals being the supply terminals of the voltage 
responsive device, a spark gap connected be 
tween the other set of terminals of said con 
densers, a direct current source connected 
across said spark gap for charging said con 
densers to a high voltage below the normal. 
breakdown voltage of said spark gap, and 
means responsive to a voltage surge for initi 
ating a voltage breakdown and a discharge of 
the condensers across said spark gap. 

2. A.E." for producing a predeter mined abrupt operating voltage for voltage 
responsive devices in response to a voltage 
surge comprising a pair of condensers, a high 
ohmic resistance connected between one set 
of terminals of said condensers, said termi 
nals being the supply terminals of the voltage 
responsive device, a sphere gap connected be 
tween the other set of terminals of said con 
densers, said sphere gap including an inter 
mediate conductor member, a direct current 
source connected across said sphere gap for 
charging said condensers to a high voltage 
below the normal breakdown voltage of said 
sphere gap, means for normally exciting the 
intermediate conductor member of said 
sphere gap to give it a potential gradient 
approximately half way between the poten 
tial gradient of the spheres as determined by 
the normal voltage charge on the condensers, 
and means responsive to a voltage surge for 
altering the potential gradient of said inter 

mediate conductor member to initiate a volt 
age breakdown and a discharge of the con 
densers across the sphere gap. 

3. Apparatus for producing a predeter 
mined abrupt operating voltage for voltage 
responsive devices in response to abnormal 
surges on live high voltage transmission 
lines comprising a pair of condensers, a high 
ohmic resistance connected between one set 
of terminals of said condensers, said termi 
nals being the supply terminals of the volt 
age responsive device, a three electrode spark 
gap having two electrodes connected between 
the other set of terminals of said condensers 
and an intermediate electrode connected to 
the high voltage transmission line through a 
capacitance potentiometer, a direct current 
source connected in parallel to the condenser 
terminals with the spark gap electrodes for 
charging said condensers to a high direct cur 
rent voltage below the normal breakdown 
voltage across the spark gap, the capacitance 
sotentiometer connection to the transmission 
line being such as to normally impress a 
voltage on the intermediate electrode inter 
mediate the voltages on the other two elec 
trodes such that an abnormal voltage surge 
on the transmission line will initiate a volt 
age breakdown and a discharge of said con 
densers across said spark gap. 

4. In combination with a cathode ray os 
cillograph having a cathode, an anode and 
cathode ray sweep plates, means for energiz 
ing the same by abrupt operating voltages 
in response to a phenomenon to be recorded comprising a capacitance having charging 
and discharging circuits, the charging circuit 
including a high voltage direct current source 
and a high ohmic resistance and the discharg 
ing circuit including said high ohmic resist 
ance and a spark gap adjusted for a break. 
down voltage higher than the voltage of said 
source, means responsive to the phenomenon 
to be recorded for initiating a voltage break 
down and a discharge of the capacitance 
across said spark gap, and connections for energizing the previously mentioned elec 
trodes and plates of the oscillograph from the 
voltage impressed across said resistance when 
said breakdown occurs. 

5. In combination with a cathode ray oscil 
lograph having a cathode, an anode, and 
cathode ray sweep plates, capacitance, means 
for normally charging said capacitance to a 
high direct current potential, means respon 
sive to a phenomenon to be recorded for dis 
charging said capacitance, circuits for im 
pressing the voltage charge of said capaci 
tance between the cathode and anode of the 
oscillograph when the discharge occurs, a 
sweep voltage circuit including a resistance 
and a condenser connected in parallel with 
the cathode and anode, said resistance and 
condenser being proportioned to charge the 
condenser at a suitable rate to provide a satis 
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factory time axis when said discharge occurs, and circuits for impressing the voltage of 
said condenser across the sweep plates. 

6. In combination with a cathode ray os 
cillograph having a cathode, an anode, and 
cathode ray sweep plates, means for energiz 
ing said electrodes and plates in response to a 
phenomenon to be recorded E; C pacitance normally charged to a high direct 
current potential means for abruptly dis 
charging said capacitance in response to a 
phenomenon to be recorded, a high ohmic re 
sistance through which the discharge current 
of the capacitance is caused to flow, connec 
tions for impressing the voltage across said 
resistance between the anode and cathode of 
saidoscillograph, a sweep voltage circuit in 
cluding a resistance and a condenser connect 
ed across said high ohmic resistance, the 
cathode ray sweep plates being connected be 
tween one terminal of said ohmic resist 
ance and a point in said sweep voltage cir 
cuit between the resistance and condenser 
therein such as to obtain an increasing volt 
age across the sweep plates. 

7. In combination with a cathode ray os 
cillograph having a cathode, an anode, and 
cathode ray sweep plates, a sweep voltage cir 
cuit connected in parallel with the cathode. 
and anode, said circuit containing a resistance 
and a condenser proportioned to gradually 
charge the condenser when a high direct cur 
rent voltage is impressed between cathode 
and anode, said sweep voltage circuit includ 
ing means for preventing the discharge of 
said condenser through said resistance, and 
circuits for impressing the voltage of said 
condenser across the sweeping plates. 

8. In combination with a cathode ray os 
cillograph having a cathode, a capacitance 
with means provided for charging it to a suit 
able potential, a discharge circuit for the 
capacitance including a three-electrode gap 
which normally has a higher breakdownpo 
tential than the potential impressed on the 
capacitance, means - for unbalancing the 
three-electrode gap so that it is caused to spark in response to a voltage surge, and cir 
cuits for impressing the discharge potential 
of the condenser on the cathode of the oscil lograph. 
5 in combination with a cathode ray os 

cillograph having a cathode and anode elec 
trodes, apparatus for producing an abrupt 
operating voltage between said electrodes 
comprising a capacitance, means for normal 

ch 

ly maintaining a charge upon said capaci 
tance of sufficient magnitude to operate said 
oscillograph, a three-electrode spark gap as 

... sociated with the capacitance through which 
said capacitance is adapted to be discharged 
but which is normally adjusted to prevent 
such discharge, and means for disturbing 

5 such adjustment to produce a discharge in 

re to some phenomenon to be recorded, 
and circuits for ES, the discharge voltage across said e 
charge occurs. 

ectrodes when the dis 

In witness whereof, we have hereunto set 
our hands, this 22nd day of Jan., 1929. 

ELMER. J. WADE. 
WILLIAM J. RUDGE, JR. - 
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