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My invention relates broadly to an oscillo-
graph apparatus and more particularly to a
circult arrangement for an oscillograph in

‘which the oscillograph record may be taken
s independently of the characteristics of the

circuits of the oscillograph.

One of the objects of my invention is to

provide a circuit arrangement for an oscil-
lograph in which voltage oscillograms may
be made by employing a transformation cir-
cuit for impressing a smaller potential upon
a low impedance circuit and developing cur-
rent variations that can be registered by the
oscillograph.

Another object of my invention 1s to pro-
vide a circuit arrangement for an oscillo-
graph in which an electron tube is employed
in inverted order, with the input circuit in-

cluded between the plate and cathode and the

output circuit included between the grid and
cathode and connected to the oscillograph
vibrator, whereby the voltage to be photo-
oraphed may be applied directly to the mput
circuit and a reducing action obtained for
transforming the impressed voltage into a
smaller potential acting in the output cir-
cuit for developing current variations that
can be registered by the oscillograph.

Still another object of my invention 1s to
provide a circuit arrangement for an oscillo-
graph wherein oscillograms may be taken of
relatively high voltage by the direct connec-

tion of an electron tube circuit to the poten-

tial to be photographed and the transforma-

tion thereof into a lower potential develop-

ing current variations which can be registered
upon the oscillograph. o -

A further object of my invention 1s to pro-
vide an oscillograph circuit which consumes
substantially negligible power and which
may be connected permanently in a power
line for observing at all times the condition
of the power distribution system by the mak-
ing of a continuous oscillograph record of
the power transmitted disturbances and
other surges in the line for enabling efiicient

operation of a power distribution system to

be maintained. _ _ _
~ Other and further objects of my invention
- 60 reside in the circuit arrangement for an os-

cillograph, as set forth more particularly in
the specification hereinafter following and
by reference to the accompanying drawings
in which: |
Figure 1 diagrammatically illustrates cir-
cult arrungements of the oscillograph of my

invention; and Fig. 2 shows a characteristic

curve 1llustrating the principle of operation
of the inverted electron tube circuit em-
ployed in the oscillo_raph of my invention.
The oscillograph of my invention employs
an 1mverted electron tube circuit which is set
forth more fully in my co-pending applica-
tion, Serial No. 405,363, filed November 7,
1929, entitled Llectron tube circuit, wherein
the input circuit of the electron tube 1is in-.
cluded between the plate and cathode elec-
trodes with a negative potential biasing the
plate electrode. The output circuit is in-

cluded between the grid and cathode elec-
trodes and constitutes a low impedance path.

The input circuit across the plate and cath-
ode electrodes may be connected directly to
the high potential circuit in which the voltage
characteristics are to be measured. The
voltage which is impressed upon the input
circuit 1s transformed into a smaller poten-
tial acting in the low impedance grid circuit
for developing current variations that can be
registered by the oscillograph. The oscillo-
graph functions substantially independently

-of the circuit characteristics of the inverted

electron tube system as the inverted electron

tube system consumes substantially no cur-

rent. | -

By reason of the low current consuming
properties of the oscillograph system of my
invention, it 1s practical to permanently con-
nect the oscillograph to a power circuit 1n a
power distribution system for observing a
continuous record of the power transmitted
and of the surges and disturbances which oc-
cur in the line. The character of service ren-
dered to customers may thereby be readily
checked. | |
- Referring to the drawings in more detail,
reference character 1 designates the electron
tube employing the circuit arrangement of
my invention. The electron tube 1 includes

cathode 2, grid 3 and plate 4, The input
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circuit of the electron tube connects between
cathode 2 and plate 4. A negative biasing
potential is applied to the plate 4 from bat-
tery 5 through resistance 6. The input cir-
cult connects through condenser 7 to the
power circuit 8 on which the oscillograph
measurements are to be taken. I have desig-
nated generally the elements of the power

- distribution system at 9 to which the oscil-
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lograph circuit of my invention may be }1>er-
manently connected by reason of its low
power consuming characteristics. The cath-
ode 2 is heated from a suitable source 10
through impedance 11. The output circuit
extends between cathode 2 and grid 3 com-
pleting a low impedance path through resist-
ance 12, resistance 14 and source of potential
15. The positive terminal of the source of
potential 15 is directed toward the grid clec-
trode 3. The voltage of the plate biasing
battery 5 is such as to cause the electron tube
1 to operate on a straight line portion of its
characteristic curve, indicated in the diagram
of Fig. 2. |

The resistance 12 is introduced in the out-
put circuit for the purpose of straightening
or correcting the characteristic of the tube

and has a value which is at least twice the dy-

namic grid resistance. The vibrator element
16 of the oscillograph which is suspended at
18 and 19 for movement within an electro-
magnetic field designated at 17 is connected
in a circuit across the terminals of resist-
ance 14. The oscillograph circuit includes
battery 20 and potentiometer 21, with a varia-

ble tap 22 thereon. The mirror of the vi--

brator is exposed to a source of light 23,
which is reflected and photographically re-
corded on moving film 24. The parts of the
oscillograph have been shown in elementary
form and are merely for the purpose of 1llus-
trating the principles of my invention and
are not to be regarded as setting forth struc-

~ tural features of my invention. The resist-
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ance 14 and the potentiometer 21 balance the
normal steady grid current out of the vibra-
tor 16. Values of 100 to 1000 ohms are suit-
able for resistance 14, while potentiometer
21 should have considerably less resistance
than resistance 14. 1 have found that a re-
sistance proportion of 1 to 10 between the
value of resistance 14 and the resistance ot
potentiometer 21 is satisfactory.

The distortion introduced by the tube can

5 be determined from the static curves, and

the oscillograms corrected accordingly. This
distortion can be minimized by making use
of the straight line portions of the character-
istic, and also by inserting a resistance In
series with the grid battery, shown at 12 1n
Fig. 1. This resistance has the effect of
straightening out the characteristic, which
hecomes practically a straight line if 12 1s
two or three times the dynamic grid resist-
ance. When the resistance is used a higher

grid battery otential must be employed to
“make up for the additional voltage drop.

The vibrator of an ordinary oscillograph
requires from 50 to 100 milliamperes of cur-
rent to give a good deflection. This amount
of current generally requires two 7.5-watt

7{]

tubes in parallel, or a single 50-watt tube, if

distortion 1is to be avoided in the transformas
tion. -

By reason of its practically infinite resist-
ance, the plate circuit of the inverted vacuum
tube can be safely introduced into any high-
voltage low-amperage circuit. By the use of
a tube with the proper step-down ratio, and
with suitable insulation resistance, the high
voltage to be photographed 1s stepped down
without additional apparatus. The oscillo-
oraph 1s In a low potential circuit, and can
accordingly be handled easily and safely.
In cases where 1t 1s desired to photograph a
wave consisting of an alternating current po-
tential superimposed on a D. C. potential,
as in the case of the plate to filament voltage
of an oscillating vacuum tube, the plate bias-
ing battery can frequently be dispensed with.

I have found the oscillograph of my inven-
tion highly practical in its construction and
successful in its operation. While I have de-
scribed my invention in one of its preferred
embodiments, I desire that it be understood
that modifications may be made and that no
limitations upon my invention are intended
other than those which are imposed by the
scope of the appended claims.

What I claim as new and desire to secure

by Letters Patent of the United States is as
follows: -

1. An electrical indicating system compris-
ing, a source of variable current, an electron
discharge device including plate, grid and
cathode, an 1nput circuit included between
sald plate and cathode and connected to said
source of variable current, means interposed
in said mput circuit and adapted to render
the alternating component only of said vari-
able current effective on said plate, an output

cirenit included between said grid and cath-

ode, and an electrical indicating device in said
output circuit. _ -

2. An oscillograph system comprising, a
source of variable current, an electron dis-
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charge device including a plate, grid and

cathode, an input circuit included between
said plate and cathode and connected to said
source of variable current, means interposed

1n said input circuit and adapted to render

the alternating component only of said vari-
able current effective on said plate, an output
circuit included between said grid and cath-
ode, and an oscillograph vibrator connected
in said output circuit.

3. An electrical indicating system compris-
ing, a source of fluctuating voltage, an elec-
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tron discharge device including plate, grid

and cathode, an input circuit included be-
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tween said plate and cathode and capacitive-
ly coupled to said source of fluctuating volt-
age, an output circuit included between said
rid and said cathode, and an electrical in-
icating device connected in said output cir-
cult.

4. An oscillograph system comprising, &
source of fluctuating voltage, an electron dis-
charge device including plate, grid and cath-
ode, an input circuit included between said
plate and cathode and capacitively coupled to
said source of voltage, an output circuit 1n-
cluded between said grid and filament, and
an oscillograph vibrator connected in said
output circuit, said vibrator being adapted to
indicate the instantaneous value of said
voltage. -

5. An oscillograph system comprising, &
source of fluctuating voltage, an electron dis-
charge device including plate, grid and cath-
ode, an input circuit mcluded between said
plate and cathode, a capacitance interposed m
said input circuit between said plate and said
source of voltage, an output circuit included
between said grid and cathode, and an oscillo-

oraph vibrator connected in said output cir-

cuit, said vibrator being adapted to follow
the fluctuations of said voltage.
In testimony whereof I affix my signature.

FREDERICK E. TERMAN.
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