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CURVES AS

STATIONARY

Frederick Bedell, Ithaca, N. Y., assignor to Gen-.
eral Radioc Company, Cambridge, Mass., a cor-
poration of Massachusetts

Original No. 1,707,594, dated April 2, 1929, Serial
No. 189,727, May 7, 1927, Application for re-

issue August 18, 1937,

13 Claims.

My invention relates to improvements in de-
vices for indicating oscillograph curves as sta-

tionary, and it consists in the combinations, con~

structions, and arrangements herein described

5 and claimed. :
Devices for showing oscillograph curves, such
as produced by a cathode ray impinging on a
fluorescent screen, have been wused, whereby
variations in electrical quantities such as volt-

10 ages or currents may be observed. In such de-
vices, however, the resulting curves or waves rep-
resenting the varying quantities-are apt to be
confused.

An object of my invention is to provide a de-

18 vice, by means of which such curves are indi-
cated as stationary, thereby increasing material-
ly the utility of the device,

A further object is to provide an arrangement,
by means of which several waves or half waves

20 may be centered upon a fluorescent screen or
plate, and in which distortion is avoided, so that
the shape of the curve practically represents the
variations from instant to instant of the quan-
tities under observation.

26 A further object is to provide an arrangement
for accomplishing the above-named objects in
which a cathode-ray tube is made use of with a
set of deflecting elements which has impressed
upon it an electromotive force or current under

30 observation and a second set of elements which
has impressed upon it a current or electromotive
force varying substantially in direct proportion
to time, so that the resulting deflection of the
cathode beam in one direction is proportional

35 to the electrical quantity under observation, and
the deflection in the other direction is propor-
tional to time, giving a so-called “linear” time-
axis.

A further object is to provide a polyeyclic dis-

40 tributor, by means of which several currents or
electromotive forces separately in rapid succes-
sion may be applied to the first set of deflecting
elements, so that to the eye or photographic plate
the several resulting curves, representing the

45 several unknown quantities under observation,
although produced separately, appear simulta-
neous and continuous.

A further object is to provide an assemibly of
control and supply devices, said control devices

50 consisting of resistors and means for effecting
their variations, so that one part of the circuit
system may be adjusted without disturbance to
some other part, and of means in association with
said resistors, whereby residual fluctuations in

55 the current supply are so compensated that dis-
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turbing variations in the intensity of the cathode
beam are avoided.

Other objects and advantages will appear in
the following specification, and the novel features
of the invention will be particularly pointed out. §
in the appended claims.

My invention is illustrated in the accompany-
ing drawings, forming part of this application,
in which

Figure 1 is a diagrammatical view, showing the 10
arrangement of the electrical circuits, of one
form of the invention,

Figure 2 is a view showing the relation of the
screen to the deflector plates of Figure 1,

Figure 3 is a modified form of a portion of the 15
circuit,

Fig. 4 is a diagrammatic view of a modified
form of the device, and

Figure 5 is a diagrammatic view showing the
development of a polycyclic distributor. 20

Referring to Figure 1, I have indicated the
cathode 6 of a cathode-ray oscillograph tube as a
hot filament, heated by current controlled by the
resistance 1, this current being either direct cur-
rent derived from a battery 8 by means of the 25
conductors 9 and 10 or by alternating current
derived from the secondary winding fI of the
transformer 12 when the switch S is shifted to
the position shown in Figure 1.

The anode is shown at 13 and is maintained 30
at a definite positive potential (hereinafter re-
ferred to as the operating potential) with re-
spect to the cathode 6 in a manner described
later. This operating potential is less when the
cathode is heated, as here shown, but it will be 35
understood that my invention applies to any type
of cathode-ray tube and is not limited to a tube
employing a hot cathode. The two sets of de-
flecting elements are indicated at 14, (4g and
15, 150, respectively. Associated with these ele- 49
ments either within or without the tube is a
plate 6, such as a fluorescent screen, upon which
curves 17 are to be observed. The relation of the
plate 16 and the deflecting elements is shown
in Figure 2. 45

One set of deflecting elements is connected to
the electrical circuit or circuits upon which ob-
servation is to be made and the other set to a
source of electromotive force varying substan-
tially in direct proportion to time. The deflect- 50
ing elements, as here shown, are plates, and it is
commonly desirable in this case to connect one
plate of each pair or set, as the plates 14 and 15,
to the anode 3.

In Figure 1 I have shown the operating poten- 55
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tial which is applied between the cathode 6 and
the anode I8 as being derived from certain points
on a resistor system to which a uni-directional
current is flowing and from other points on the
same system to derive the potential difference for
operating the oscillating circuit for obtaining the
linear time-axis, as described later. The uni-
directional current through this resistor system,
as shown in Figure 1, is derived by rectifying and
filtering alternating current obtained from the
secondary I8 of the transformer (2, the primary
19 of which is connected to a lighting or other
source of alternating current. Connected with
the secondary I8 of the transformer 12 is a suit-
able rectifying device 20. 21, 22 and 28 are con-
densers and 23 and 24, choke coils to filter or
smooth out the current in the usual manner.

. The coils 23 and 24 possess mutual inductance

20

25

30

for added stability. 26 and 21 are impedances,
the condenser 25 being connected to these im-
pedances across the lines leading from the choke
coils 23 and 24, this arrangement constituting a
compensating or ballast device, as described later.

From the terminals of the condenser 2§, con-
ductors lead to the points 29 and 31, respectively,
these being the points from which the operat-
ing potential for the cathode tube is derived.

The resistor system is generally indicated by

the apparatus disposed between the points 28, 29,
30, 31 and 32. The resistance 33 is an equalizing
resistance for controlling the potential of the
point 31 with respect to the point 34.

At 35 I have indicated diagrammatically a so-
called discharge lamp, comprising two electrodes
or terminals in a gas-tight vessel containing
neon, argon or like gas. As is well known, such a
gas-discharge lamp permits no current to flow
unless the potential applied to its terminals equals
or exceeds a certain so-called ignition voltage.
Current will then continue to flow, even with a
lower applied voltage, until the voltage falls to or
below a certain so-called extinction voltage. In
series with the gas-discharge lamp 35 are the
resistances 36, 37 and 38. 39 is a condenser
which may be used to increase the capacitance of
the gas-discharge lamp 35, which itself acts like

. a condenser with a certain capacitance. In op-

70
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eration, when a potential derived from 32 and 30
is applied to the circuit 36, 35, 37 and 38, no cur-
rent flows through the lamp until the difference
of potential at its terminals has increased ap-
proximately in proportion to time, to the ignition
voltage. Current then flows and the difference
of potentials almost instantly falls until the ex-
tinction voltage is reached. Current then stops
flowing, the potential then again rises and the
cyclic process is repeated.

Referring to the upper portion of Figure 1,
I have shown two sources of current or poten-
tial, which I have indicated in general at A and
B. These sources of current are connected
through transformers a and b to the terminals
40, 42 and 41, 43, respectively. The source A is
also connected by a transformer a’ with the
terminals of the resistance 36, variable resist-
ances 44 and 4% being interposed, as shown. The
secondary of the transformer &’ may have taps
48. In Figure 1 I have shown the potential dif-

ference between the points 31 and 34 before be- -

ing applied to the deflecting elements as being
amplified. To this end, the grid 47 is connected
with the point 34 and the filament 48 receives its
current from the conductors 9 and (0 through
& resistance 48. Plate voltage is supplied to the
plate 50 by an adjustable connection at §1 with

20,945

the resistor system. In the plate circuit is a re-
sistor 52. When the point 31 is at the proper
fixed potential, determined by the values of the
several parts of the resistor system and con-
trolled by the operator by means of the equalizing
resistance 33, as described later; the fall of po-
tential of the plate current through the resistor
82 is proportional to the difference of potential
beween the points 31 and 34 and may be applied
directly to the pair of deflecting plates 1§ and 5».
One terminal of the resistor 52 is connected to
the plate (5%, while the other terminal is con-

‘nected to the point 51, which is adjustable, as

stated. .

The resistor system 28, 29, 30, 31 and 32 sup-
plies from two points, as 29 and 31, the operat-
ing potential for the cathode tube, as already
explained. It also supplies from two points, as
32 and 30, potential for the oscillating circuit 32,
34, 30, which, through synchronous oscillations
in the potential of the point 34, makes it pos-
sible to apply to the deflecting-elements {5 and
15* a potential difference varying substantially
in direct proportion to time. Not only is there
applied to the plates 15 and 152 the fall of po-
tential through 52, varying approximately with
time, but also the constant supplemental fall of
potential through a controllable part of the re-
sistor, so that the cathode beam may, by varying
the amount of this supplemental difference of
potential, be centered or decentered at will,
thereby making possible the use of the same re-
sistor system for supplying the operating poten-
tial for the cathode tube as supplies the poten-
tial for the oscillating circuit for obtaining the
linear time-axis.

The frequency with which the gas-discharge
lamp charges and discharges may be controlled
by the variable resistance 38 in series therewith,
or by changing the capacitance of the condensers
39 and 39* in parallel, respectively, with the lamp
38 and the variable resistance 38. This frequency
may thus be made approximately equal to the
frequency of some periodically varying quantity
under observation, or to bear some rational ratio
(i. e., a ratio of two whole numbers) thereto. It
is necessary, however, to make this relation pre-
cise, in order that the wave or figure shown by
the variation of the cathode beam stands sta-
tionary for observation, in other words, to stabilize
the linear time-axis. A feature of my invention
is the means for accomplishing this and for
bringing the discharge of the gas tube in precise
synchronism with a periodic quantity under ob-
servation. I have found that when the discharge
of the gas-discharge tube is not precisely syn-
chronous. it may be stabilized and brought into
precise synchronism by introducing into the os-
cillating circuit a very small electromotive force
derived from the same source as the periodic
quantity under observation. I have found, how-
ever, that the introduction of this electromotive
force will produce distortion in the resulting wave
shown by the oscillograph, unless introduced in
such a manner as not to be applied directly or
indirectly, either in part or in whole, to the cir-
cuit leading to the deflecting plates of the oscillo-
graph.

The means for effecting this stabilization with-
out distortion are shown in Figure 1. The pri-
mary of the transformer a’ is supplied with peri-
odically varying current from the source A that
supplies the circuit under observation through
the transformer a. The secondary circuit of the
transformer a’ is connected, as stated, to the
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terminals of the resistance 36 in serles with the
gas-discharge lamp 38. : .

In operation, when the potential of the gas-
discharge lamp 38 has increased to nearly the
ignition voltage, a tiny impulse from the trans-
former applied to the terminals of the resistance
38 is sufficient to cause it to discharge synchro-
nously with the source leading to the transform-
ers ¢ and a’. I have found that a very minute
amount of energy, thus applied, brings absolute
synchronism.

Even a small amount of energy, however, if
allowed to affect the deflecting plates of the oscil-
lograph, would cause objectionable distortion in
the resulting wave. By introducing voltage in
the manner shown in Figure 1, I have been able
to obviate such distortion, making use, for this
purpose, of the properties of the gas-discharge
lamp itself; for, while the gas-discharge lamp is
charging, it allows no current to flow; stabiliz-
ing current flows through the resistance 36 only
and none of it gets through the gas-discharge
lamp 3% so as to affect the oscillograph. Should
any stabilizing current get through during the
instant that the gas-discharge lamp discharges,
it would be immaterial and produce no distortion,
for the wave-form under observation is produced
while the gas-discharge lamp 35 is charging.
The degree of stabilization may be controlled by
the resistances 45 or 44 or by the taps on the
transformer a’. The oscillating circuit is in-
ductively coupled with the source A, the trans-
former a’ serving as an insulating transformer
for this purpose,

In connection with Figure 1, I have previously
explained that I employ & filter system for sup-
plying unidirectional éurrent through a resistor
system for supplying both the oscillating cir-
cuit and the operating potential of the tube. I
find that in order to render these two functions
Independent, it is desirable to employ a compen-
sating or ballast device to maintain uniform dif-
ference of potential between the points 31 and
34 and to eliminate so far as possible the effect
of any residual fluctuations in the operation of
the tube. For this purpose, the condenser 25 is
connected, through the impedances 26 and 21,
across the lines leading from the chokes 23 and
24 to the points 28 and 32, respectively. From
the points 53 and 54, the terminals of the con-
denser 25, balancing connections, as shown, are
led to the points 29 and 31 from which the op-
erating potential for the cathode tube is derived,
as already stated.

In Figure 1, a small fractional end part of the
resistance between 31 and 32 is brought out to a
variable resistor 33 under the control of the op-
erator. By this device I am able to equalize the
wave-lengths of a curve comprising several wave-
lengths, as shown by the oscillograph and to avoid
distortion. Without such a convenient equalizing
device, I have found that due to improper bias
on the amplifier tube, distortion resulted,  as
shown by lack of equality in succeeding half-
waves displayed by the oscillograph. The equal-
izing resistance 33, by controlling the potential
of the point 31 with respect to the point 34, makes
it possible to apply the proper biasing voltage to
the grid 4T with respect to the filament 48. This
enables the operator to control this bias and to
eliminate distortion, so that successive waves are
equal, as is necessary for correct observation.

When only a single quantity is under observa-
tion, as for example an electromotive force con-
nected to the source A through the transformer

3

g, the terminals of the secondary of -the trans-
former may be connected continuously to the de-
flecting plates I4 and [da, respectively. The sta-
bilizing circuit derives current, through the trans-
former a’, as already explained, either directly
or indirectly from the same source of periodic
current.

_ When two quantities are to be simultaneously
observed, for example, an electromotive force
from the source A and from the source B, these
are successively applied to the deflecting plates
by means of a rapidly moving polycyclic distribu-
tor, diagrammatically shown in Figure 5. In this
figure, which, as has been stated, shows the de-
velopment of one form of polycyelic distributor
which I have used, I have indicated at 55 a
brush which is connected to one of the deflecting
plates, such as the plate 14 in Figure 1 and
bears on a continuous motor-driven slip-ring 56,
to which are connected staggered quadrants 57,
88, 89 and 60, respectively. A brush 61 bears on
the quadrant 571 and is connected to the terminal
62 through a suitable resistance 63. A brush
84, bearing on the quadrant B8, is connected to
the terminal 65, and the brushes 66 and 67, which
bear on the respective quadrants 59 and 60 are
connected respectively to the terminals 68 and
63 each of the brushes being in series with a
resistance similar to 63, these resistances being
shown at 70, 71 and 12, respectively. The oppo-
site terminal of each of the several circuits which
is shown at 13 is connected to the deflecting plate
i4. By this arrangement, the simultaneous cb-
servation of a number of varying quantities may
be made, since, through the medium of the dis-
tributor, several currents or electromotive forces
are applied to the deflecting elements separately
in rapid succession.

A direct connection, as, for instance, from the

terminal 62 to the terminal 13, give zero differ-
ence of potential between the deflecting plates
I4 and I4* and hence produces a Zero line on
the screen.

The distributor is driven, preferably, by a non-
synchronous motor, so that successive interrup-
tions in the record of one wave do not occur at
the same point in the cycle. It is understood
that the distributor is driven at such a speed
that, due to persistence of vision, the several
waves produced on the screen separately in rapid
succession, appear to be simultaneous and con-
tinuous. '

Whereas it is preferable to use the resistor
system as explained in connection with the em-
bodiment of my invention, as shown in Figure 1,
that part of my invention that relates to the elec-
trical stabilization of the linear time-axis for a
cathode-ray oscillograph may be applied inde-
pendent of such resistor system. Such an ap-
plication is shown in Figure 4. Here an inde-
pendent battery T4, connected to the anode (3’
and the cathode 6’, is employed to supply the
operating potential for the cathode-ray oscillo-
graph tube. Batteries 15 and 76 are interposed
between the points 32’ and 31’ corresponding to
the points 32 and 31 in Figure 1 and between 31’
and 30’, corresponding to the points 31 and 30
in Figure 1 to supply the proper electromotive
force for the oscillating circuit 32, 38’ and 38,
the relative values of 16 and 76 being such that
the point 31’ is maintained at the proper poten-
tial.

In the application of my invention shown in
Figure 4, no amplifier is used, the function per-
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not essential. In Figure 4 I have shown as sub-
stituted for the resistance 38 a thermionic rec-
tifying tube, with a grid 1T, plate 18 and fila-
ment 19, heated by current from battery 83, con-
trolled by a resistor 84. When such thermionic
tube is operated above saturation, a constant cur-
rent passes through the tube, charging the gas-
discharge lamp 35’ and the condenser 39" at a
constant rate and causing the potential between
the terminals of the gas-discharge lamp to in-
crease in proportion to time and thus to give the
desired linear time-axis. In order to precisely
synchronize the successive charge and discharge
of the gas-discharge lamp 35’ and so to stabilize
the linear time-axis in the manner described in
connection with Figure 1, I introduce into the
oscillating circuit in which the gas-discharge
lamp is located, through the insulating trans-
former 80, a small electromotive force connected

‘directly or indirectly with the source A’ that

supplies the circuit 81/—82 under observation.

In Figure 1, I have shown the plates 14 and
14= as each being connected to a movable dis-
tributor member, such as those shown at 14*
and 14Y. This, it will be understood, is a dia-
grammatic showing to indicate that the opera-
tion may be carried on by shifting the connections
of both plates. In Figure 3, I have indicated an
arrangement in which the connection from the
plate i4® is shifted at 4%, the other plate be-
ing connected at all times at {47 to the opposite
terminals of the circuits under observation. An

' elaboration of this arrangement has already been
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described in connection with Figure 5.

I claim: )

1. In a device of the type described, a cathode-
ray tube, a plurality of sources of electromotive
force, means for causing the projection of a cath-
ode beam, a plate for receiving the beam, means
for deflecting the beam in one direction to ex-
tents proportional to the several electromotive
forces, periodically and in rapid succession, means
to deflect the beam in another direction fixed
with respect to the first direction to an extent
proportional to the time, whereby curves com-
prising several wave lengths are indicated on
the plate, and means for equalizing the wave
lengths of each curve, thereby preventing dis-
tortion.

2. In a device of the type described, a cathode-
ray tube, a plurality of sources of electromotive
force, means for causing the projection of a cath-~
ode beam, a plate for receiving the beam, means
for deflecting the beam in one direction to ex-
tents proportional to the several electromotive
forces, periodically and in rapid succession, means
to deflect the beam in another direction to an
extent proportional to the time, whereby curves

comprising several wave lengths are indicated ,

on the plate, means for equalizing the wave/
lengths of each curve, thereby preventing dis-
tortion, and means for centering the curves upon
the plate.

3. In a device of the type described, a cathode-
ray tube, a plurality of sources of electromotive
force, means for causing the projection of a
cathode beam, a plate for receiving the beam, a
plurality of sets of deflecting elements associ-
ated with the tube, means including a distributor
for connecting each of said several sources of
electromotive force with one of said sets of de-
flecting elements periodically and in rapid succes-
sion, and means for impressing an electromotive
force upon another of said sets of deflecting ele-
ments.

;

20,045

4. In a device of the type described, a cathode-
ray tube, means for projecttng a cathode beam,
a source of electromotive force, means for de-
flecting the cathode beam in one direction, means
for deflecting the beam in another direction, a
resistor circuit, means for causing a unidirec-
tional current to flow through said resistor cir-
cuit, an oscillating circuit connected with said
resistor circuit and having a gas-discharge lamp
therein, and means for synchronizing the dis-
charge -of said gas-discharge lamp with said
source of electromotive force.

5. In a device of the type described, a cathode-
ray tube, two sets of deflecting elements associ~
ated therewith, an image-receiving member, a
plurality of sources of electromotive force, means
for causing the projection of a cathode beam,
means for impressing upon one set of said de-
flecting elements electromotive forces from said
sources periodically and in rapid succession,
whereby the beam is successively deflected in one
direction to extents proportional to the several
electromotive forces, means for impressing upon
the other set of deflecting elements an electromo-
tive force to deflect the beam in another direction
fixed with respect to the first direction to an ex-
tent proportional to the time, and means for in-
dicating on the image-receiving member the re-
sulting curves.

6. Apparatus for producing stationary lumi-
nous wave-form traces of a periodic electrical
quantity on the screen of a cathode-ray oscillo-
graph by deflection of a focused cathode beam,
comprising an oscillation generator having the
characteristic that it falls into synchronous rela-
tion at a rational ratio with a periodic voltage in-
troduced into a circuit of said oscillation gener-
ator, means including said oscillation genera-
tor for periodically deflecting said cathode beam
in one direction in proportion to time, at a fre-
quency which is determined by the frequency of
said oscillation generator, means for deflecting
said beam in another direction in proportion to
said periodic gquantity, and a coupling between
said oscillation generator and the source of said
periodic quantity for introducing into said circuit
of said oscillation generator a periodic voltage de-
rived from the source of said periodic quantity to
lock the frequency of said oscillation ge.erator
in synchronous relation at a rational ratio with
the frequency of said periodic quantity, whereby
the traces formed by said deflected cathode beam
appear stationary.

7. In apparatus for producing stationary lumi-
nous wave-form traces of a periodic electrical
quantity on the screen of a cathode-ray oscillo-
graph by deflection of a focused cathode beam,
the combination of means including a gas-dis-
charge tube oscillation generator adapted to gen-
erate a voltage of saw-tooth wave-form for peri-
odically deflecting said beam in one direction at a
frequency which is determined by the frequency
of said oscillation generator, means for deflecting
said beam in another direction in proportion to
said periodic quantity, and means for introduc-
ing into a circuit of said oscillation generator in
series with the discharge path of said gas-dis-
charge tube a periodic voltage derived from the
source of said periodic quantity to synchironize
said oscillation generator precisely at a fre-
quency which bears a rational ratio to the fre-
quency of said periodic quantity, whereby the
traces formed by said deflected cathode beam ap-
pear stationary.

8. In apparatus for producing stationary lumi-
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nous wave-form traces of a periodic electrical
quantity on the screen of a cathode-ray oscillo-
graph by deflection of a focused cathode beam,
the combination of an oscillation generator which
tends to oscillate by itself at a frequency which
bears approximately a rational ratio to the fre-

quency of said periodic quantity and having the.

characteristic that it readily falls into synchro-
nous relation with a small periodic voltage intro-
duced into a circuit of said oscillation genera-
tor, the [requency of which voltage bears approx-
imately a rational ratio to the frequency at which
said oscillation generator tends to oscillate by it-
self, means including said oscillation generator
for periodicaly deflecting said cathode beam in
one direction in proportion to time, at a frequency
which is determined by the frequency of said os-
cillation generator, means for deflecting said
beam in another direction in proportion to said
periodic quantity, and means for introducing into
said circuit of said oscillation generatcr a small
pericdic voltage derived from the source of said
periodic quantity to synchronize said oscillation
generator precisely at a frequency which bears a
rational ratio to the frequency of said periodic
quantity, whereby the traces formed by said de-
flected cathode beam appear stationary.

9. Apparatus for producing a plurality of sta-
tionary luminous traces on the screen of a
cathode-ray oscillograph having horizontal and
vertical deflecting elements for deflecting a fo-
cused cathode beam, said luminous traces being
representaticns respectively, of the wave-forms
of several periodic electrical gquantities rational-
ly related in frequency, which comprises in com-
bination an oscillation generator having the
characteristic that it falls into synchronous rela-
tion with a periodic voltage introduced into a
circuit of said osciliation generator, means for
impressing a voltage derived from said oscillation
generator on said horizontal deflecting elements,
a distributor for impressing voltages of said pe-
riodic quantities singly and in rapid succession
on said vertical deflecting elements, and means
for introducing into said circuit of said oscilla-

tion generator a periodic voltage derived from.

the source of one of said periodic quantities to
synchronize said oscillation generator precisely
at a frequency which bears a rational ratio to
the frequency of said last named periodic quan-
tity, whereby the traces formed by said deflected
cathode beam appear stationary.

10, In apparatus for producing stationary
luminous wave-form traces of a periodic electri-
cal quantity on the screen of a cathode-ray oscil-
lograph by deflection of a focused cathode beam,
the combination of an oscillation generator hav-
ing the characteristic that it falls into synchro-
nous relation with a periodic voltage introduced
into a circuit of said oscillation generator, man-
ual means for adjusting said oscillation gener-
ator to a frequency which bears approximately a
rational ratio to the frequency of said periodic
quantity, means including said oscillation gen-
erataor for periodically deflecting said cathode
beam in one direction at a frequency which is
determined by the frequency of said oscillation
generator, means for deflecting said beam in an-
other direction in proportion to said periodic
quantity, and means for introducing into said
circuit of said oscillation generator a periodic
voltage derived from the source of said periodic
quantity to synchronize said oscillation gener-
ator precisely at a frequency which bears a ra-
tional ratio to the frequency of said periodic

5

quantity, whereby the -traces formed by said de-
flected cathode beam appear stationary.

11. In apparatus for producing stationary lu-
minous wave-form {races of a periodic electrical
quantity on the screen of a cathode-ray oscillo-
graph by deflection of a focused cathode beam,
the combination of an oscillation generator hav-
ing the characteristic that it readily falls into
synchronous relation with a small periodic volt-
age introduced into a circuit of said oscillation
generator, the frequency of which voltage bears
approximately a rational ratio to the frequency
at which said oscillation generator tends to oscil-
late by itself, manual means for adjusting said
oscillation generator to a frequency which bears
approximately a rational ratio to the frequency
of said periodic quantity, means including said
oscillation generator for periodically deflecting
said cathode beam in one direction at a fre-
quency which is determined by the frequency of
said oscillation generator, means for deflecting
said beam in another direction in proportion to
said periodic quantity, means for deriving from
the source of said periodic quantity a small
periodic voltage, manual means for adjusting
the magnitude of said small periodic voltage and
means for introducing the adjusted periodic volt-
age into the said circuit of said oscillation gen-
erator to synchronize said oscillation generator
precise y at a frequency which bears a rational
ratio to the frequency of said periodic quantity,
whereby the traces formed by said deflected cath-
ode beam appear stationary.

12. In apparatus for producing stationary lu-
minous wave-form traces of a periodic electrical
quantity on the screen of a cathode-ray oscillo-
graph by deflection of a focused cathode beam,
the combination of an oscillation-generator cir-
cuit including a source of direct-current, a re-
sistance, a capacity and a gas-discharge tube,
said circuit constituting an oscillation generator
adapted to generate a voltage of saw-tooth wave-
form, means for producing horizontal deflection
of said beam at a frequency which is determined
by the frequency of said oscillation-generator,
means for producting vertical deflection of said
said beam in proportion to said periodic quantity,
and means for introducing into a circuit of said
oscillation-generator in series with the discharge
path of said gas-discharge tube a small periodic
voltage derived from the source of said periodic
quantity to lock the frequency of said oscillation
generator in synchronous relation with the fre-
quency of sald periodic quantity, whereby the
traces formed by said deflected cathode beam ap-
pear stationary.

13. Apparatus for producing stationary lumi-
nous wave-form traces of g periodic electrical
quantity on the screen of a cathode-ray oscillo-
graph by deflection of a focused cathode beam,
comprising a gas-discharge device, means in-
cluding a source of direct current, a resistance
and a condenser for causing periodic discharges
of said gas-discharge device, means for deflect-
ing said cathode beam in one direction at a fre-
queney determined by said discharges, means for
deflecting said beam in another direction in pro-
portion to said periodic quantity, and means for
applying a voltage derived from said quantity to
said gas-discharge device, whereby the frequency
of said discharges is caused to bear a rational
ratio to the frequency of said quantity, and the
traces formed by said deflected cathode beam
appear stationary.
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DISCLAIMER

Re. 20,945.—Frederick Bedell, Ithaca, N. Y. Dzvice ror INprcaming OscrLno-
6RAPH CURVES S S1aTIONARY. Patent dated December 13, 1938. Dis- -
claimer filed November 20, 1939, by the assignee, General Radio Company,

Hereby enters this disclaimer to claims 1, 2, 3, and 5 in said specification,
_ {(zﬁioial Gazette December 12, 1939.] ‘



