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This invention relates to oscillofgraphs and
particularly to oscillographs of the type
which depend upon the degection of a cath-
ode ray for obtaining an indication of the

6 quantity to be observed.
Cathode rays, when they impinge upon a
fluorescent substance or upon a photographic
plate, produce effects which are greater with
greater velocity of the electrons.

10 The electrostatic or magnetic field acting
to deflect a cathode ray, produces an effect
which is greater the slower the motion of
the electrons in the ray. The condition for
maximum deflection is, therefore, the oppo-

- 15 site-of that for maximum effect at the fluores-
cent screen or photographic plate.

It is an object of this invention to over-
‘come the seeming inconsistency of these con-
ditions and produce a cathode ray oscillo-

20 graph in which deflections are greater and,
at the same.time, the effect at the fluoroscope
is greater, than has heretofore been possible.

%fzcause of the conditions which have here-
tofore been regarded as conflicting, oscillo-

> graphs which were sensitive, that is, which
gave a large deflection in response to a small
voltage or current, have required a long
exposure in order to obtain a record upon
the photographic plate. Such oscillographs

80 could not, therefore, be used for recording
brief transient phenomena. On the other
hand, oscillographs in which the velocity in
the rays is sufficiently high for a brief ex-

posure to produce a record upon the plate,

5 have not heretofore been very sensitive. It
is a further object of this invention to ob-
tain an oscillograph which may be used for

. the observation of transient phenomena and
.yet shall be sufficiently sensitive to record

% small voltages or currents. : :

It is a further object of this invention to
roduce a cathode-ray tube in which the rays
Eave different accelerations at different parts
of their path. - :
45 Tt is a further object of this invention to
successively give to electrons a small accel-
eration to produce cathode rays of small ve-
locity, deflect the rays while they have this
small velocity, produce a large acceleration

50 to give to the rays a great velocity and finally

to have the rays, with their great velocity,
strike the sensitive target.

It is a further object of this invention to
provide devices for confining the electrons
to a definite stream, inserting said devices
at each end of that portion of the cathode
ray path within which the deflections occur.

It is a further object of this invention to
maintain that component of the field which
is lengthwise of the rays, constant over sub-
stantially the whole of that space within

.which the deflection occurs,

Other objects of the invention and details
of construction will be apparent from the
following description and the accompanying
drawings in which:

Fig. I'is a diagrammatic view of an oscillo-
graph, showing the relative location of the
parts involved in my invention, and

Fig. 2 is a side view of one of the. elec-
trodes.

The oscillograph is illustrated as compris-

ing various electrodes mounted within an
evacuated envelope 1.

supplied from the battery 8.

At a small distance from the cathode, there
is mounted a tubular electrode 4, the axis of
the tube being parallel to the length of the
envelope 1. A sufficient difference of potential
is maintained between the cathode 2 and the
tubular electrode4to give a moderate accelera-

tion to the electrons emitted from the cathode

2.~ This difference of potential, indicated by

‘the battery 5, is preferably of the order of

from 800 to 500 volts.

The tubular electrode 4 acts to confine the
electrons emitted from the cathode 2 to one
narrow stream, because all electrons, which
do not travel nearly parallel to the axis of this

tube, impinge upon the walls thereof and get

no further.

A second tubular electrode 6 is spaced from
the tube 4, a distance sufficient to accommo-
date the deflection plates 7 and 8. Any other
known deflecting means may be substituted
for plates 7 and 8. The tube 4, the plate 7
and the electrode 6 are at the same poten-
tial. This is indicated on the drawing by
showing a conductor 9 connecting them.

The electrodes in-
- clude a cathode 2, which is heated by current
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The source of the voltage to be observed is
connected between the plates 7 and 8. The re-
sulting electrostatic field produces a deflec-
tion upon the low velocity ‘electron stream,
constituting the cathode ray passing between
the tube 4 and the electrode 6.

The end of the cylinder 6, farthest from
the tube 4, is covered with a grating or foram-
inated plate 11. Each of the openings in
this screen constitutes, in effect, 2 short tube
whose axis is parallel to the tube 4. The
cathode rays, upon passing the screen, emerge
in a direction parallel to the original direction
given by the tube 4. The action of each fora-
men tends to confine the electrons passing
therethrough to 2 narrow, directed stream, in
the same way as the tube 4.

At the end of the envelope 1 opposite the
cathode 2, an anode 12 is provided, between
which and the electrode 6, 2 high difference

of potential is maintained. Preferably, this

is of the order of from 10,000 to 20,000 volts.
In order to indicate that this difference of
potential is greater than that of the battery
5, the legend “high potential” has been placed

-on the drawing. In front of the plate 12,

that is, between it and the electrode 6, there
is a fluorescent screen 13.

This screen can serve as & means for observ-
ing the amount of deflection of the cathode
ray, but, preferably, a photographic plate 14
is provided, upon which a record may be ob-
tained. Any of the usual expedients by which
the plate can be removed from and replaced
in position, may be used. Since these expedi-
ents form no part of the present invention,
they are not illustrated or further described.

n the operation of the device, electrons

emerge from the heated cathode 2. 'The ac-

tion of the battery 5 causes these electrons to
be accelerated toward the tube 4. The tube
confines them into & stream or cathode ray.
The velocity of the electrons, at this part of
their path, is determined by the difference of
potential between the cathode 2 and the tube
4 and is not very large. For this reason the
cathode ray, between the tube 4 and the elec-

The path of the ray is illustrated by he line .
. A. 'This line is straight from the tube 4 to

the point B where the electrons enter the field
between the plates 7 and 8. The deflecting

action of this field is.illustrated by the curve .
extending from B to C. Between C and the.

point D, the path is again straight, but is at
an angle to the length of the tube 1. =~ .~

If this angle is so great as to cause some
of the electrons to impinge against the side
walls of the short tubes or foramina, only
those electrons which are moving approxi-
mately parallel to the length of the tube, will
emerge from the grating 11. Consequently,
the part D E of the path is again parallel
to the axis of the tube 4.

Over the part D E, the acceleration is very
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great because of the high potential differencs
between the electrodes 6 and 12. Consequent-
ly, the effect of the grating 11 upon the di-
rection of the rays is assisted by the stronger

“field between 11 and 12.

The cathode rays at the point B are high-
velocity rays, that is, the electrons impinge
upon the target 18 with great velocity. The
fluorescence developed, therefore, is great, or
1f a photographic plate, without a fluorescent
screen is used, the photographiceffect is great.
A brief exposure is, therefore, sufficient to
obtain a2 record. ) :

As the voltage or current under cbservation
varies, a corresponding changeé occurs in the
deflection of the cathode ray and the point
D moves about on the screen 11. As the point
D passes across a wire of the grating, an in-
terruption of the ray occurs. The curve
traced by the point E on the fluorescent screen
or the photographic plate is consequently
broken up into dots. The interruptions in
this curve assist in interpreting the record,
because each interruption stands for o pas-
sage of the point D over a bar of the grating.

Other modifications besides those hereimn
illustrated and described will readily occur
to those skilled in the art. It is not intended
that the fact that but one apparatus is speci-
fically illustrated and described shall be con-
sidered as a limitation. No limitation except
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that required by the prior art and indicated -

in the claims is contemplated.

T claim as my invention:

1. In a vacuum-tube: device, a cathode, a
tube for confining the electrons from said
cathode to a small stream, means for main-
taining a difference of potential between said
tube and said cathode, an electrode spaced
away from said tube, means for maintaining
said electrode at the same potential as said
tube, control means located between said tube
and electrode for deflectingtheelectronstream
according to the quantity to be observed; an
indicating device with which said stream co-
acts on the other side of said electrode from
said tube, and means for maintaining a
greater difference of potential between said

electrode and said indicating device than said

first mentioned difference of potential.

2. In a vacuum-tube device, a cathode, a
tube for confining the electrons from said
cathode to a small stream, means for main-
taining a difference of potential between said
tube and said cathode, an electrode spaced
away from said tube, comprising a tubular
element approximately parallel to said tube,
means for maintaining said electrode at the
same potential as said tube, control means
located between said tube and electrode for
deflecting the electron stream according to
the quantity to be observed, an indicating
device on the other side of said electrode from
said tube, and means for maintaining a higher
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difference of potential between said electrode ond anode, and an indicating surface with
and said indicating device than said first men- which said electrons coact.

tioned difference of potential.

In testimony whereof, I have hereunto sub- -

3. In a cathode-ray indicating device, a scribed my name this 14th day of May, 1924.

source of electrons, an electrode, means for
maintaining a difference of potential between
said source and said electrode, an anode,
means for maintaining a larger difference of
potential between said electrode and said
anode than between said source and said
electrode, and means, controlled by a vari-
able quantity, for deflecting said “electrons
between said source and said electrode and
an indicating surface with which said elec-
trons coact.

4. In a cathode-ray tube, a source of elec-
trons, a tube confining the electrons into a

stream, and a foraminate plate at the same -

potential as said tube, the axes ofthe foramina,
being parallel to said tube, means between
said tube and said plate for deflecting the
stream, and means for increasing the speed
of said electrons after leaving said plate.
5. In a cathode-ray indicating device,
means for producing a beam of electrons of
low velocity, means for deflecting said beam
in proportion to a variable quantity, means

for accelerating said beam of electrons after

said deflection, and means more sensitive to
high velocity electrons than to low velocity
electrons for indicating the degree of the de-
flection. T ‘

. 6. In a cathode-ray device comprising an
indicating surface and an anode having an
aperture, the method which comprises caus-
ing a beam of electrons to pass through said
aperture and leave said anode at low velocity,
deflecting said beam of electrons in accord-
ance with a variable quantity while the elec-
trons are moving at said low velocity, ac-
celerating said electrons after said deflection,
and recelving said electrons upon said indi-
cating surface. '

7. In a cathode-ray indicating device,
means for producing a stream of electrons of
low velocity, means for controlling said
stream of -electrons while the electrons are
moving at said low velocity, means for accel-
erating said stream of electrons after said
stream has been controlled by said second
means, and an indicating surface more sensi-
tive to high-velocity electrons than to low-
velocity electrons positioned in the path of
said accelerating electrons.

8. In a cathode-ray indicating. device,
a source of electrons, an anode, means for
maintaining a difference of potential between
said source and said anode, a second anode,
means for maintaining a larger difference of
potential between said first anode and said
second anode than between said source and
said first anode, and means, controlled by a
variable quantity, for deflecting said elec-
trons between said first anode and said sec-
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