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10 Claims.

The present invéntion relates o electron dis-
charge devices, and electric circuit arrange-
ments including such devices.

The object of the invention is to provide an

arrangement operating with electron discharge

in which the transit time of electrons in the
discharge is large and readily controllable, Such
arrangements may be employed, for example, to
provide g time delay for signals.

The invention also provides novel electron dis-
charge devices.

According to the present invention, an elec-
tric circuit arrangement for operation with elec-
tron discharge wherein, in operation, the dis-
charge is produced within a strong magnetic
field and takes place through an electrostatic
deflecting field, is provided, said arrangement
including electron reflecting means which cause
electrons in said discharge to pass repeatedly
‘through said deflecting field whereby the length
of the path of said discharge and the transit
time of said electrons is increased. In the case
where an arrangemeat according to the inven-
tion is utilised as a time delay for signals, the
arrangement may comprise means for modulat-
ing said discharge in accordance with signals to
be delayed and an anode for receiving szid dis-
charge connected in an output circuit into which
sald signals are repeated with the desired delay:
An.arrangement according to the invention can
also be employed for mixing signals with de-
sired delays. In this case an arrangement is
" used in which, in operation, a plurality of sim-
ilar discharges are produced, each discharge be-
ing modulated in accordance with one of the
trains of signals to be mixed and the discharge
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reference to the accompanymg drawing,

collecting anode, electrons proceed from said
cathode under constraint by said magnetic field,
pass between said deflecting electrodes towards
one reflecting electrode and are deflected by the
electrostatic deflecting fleld between said de-
flecting electrode, said electrons then being re-
tarded by said reflecting electrode and returned
through said deflecting field towards the other
reflecting electrode, and again retarded and re-
turned through said deflecting field, the elec-
trons being caused to pass through said deflect-
ing field repeatedly and finally cmerging there~-
from and being constrained by said magnetic
field to impinge on said collecting anode.

In order that the said invention may be clear-
ly understood and readily carried into effect,
the same will now be more fully described wii;h
n
which: :

PFigure 1 is a diagrammatic plan view of the
arrangement of electrodes in one embodiment
of the present invention by way of example, the
evacuated envelope in which the electrodes are
included not being represented in order to sim-
plify the representation. i

Figure 2 is a diagrammatic side view of a
modifled pair of electrodes in a device in ac-
cordance with the invention, and

Figures 3 and 4 are diagrammatic plan views
of electrode arrangements in further embodi-
ments of the invention. In each of the figures
of the drawing like like parts are indicated by

" the same reference numerals. .
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currents being combined in a common output '

circuit to mix the signals by which said dis-
charges are modulated, sald signals being de-
layed with respect to each other in accordance
with the electron transit times in said dgis-
charges.

In the preferred form of the invention a dis-
charge device adapted to be operated to pro-
duce an electron discharge with large transit
time is provided, including a cathode from
which is derived, in operation, an electron
stream, a pair of deﬂecting electrodes, reflecting
electrodes arranged one at each end of said
deflecting electrodes, and a collecting ancde, the
arrangement being such that in operation if a
strong magnetic field is maintained about said

electrodes and suitable potentials with respect

to said cathode are applied to said deflecting
electrodes, said reflecting electrodes and sald

Referring to Figure 1 of the drawing, it will
be seen that the arrangement therein shown
includes a cathode ray gun [ adapted, in opera~
tion, to eject a beam of electrons axially and

- to permit the projected beam to be modulated
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in accordance with the signals to be delayed.
This gun faces one side of one end of the space
between two plane rectangular and parallel
plate-shape deflecting electrodes 2, 3, and at the
opposite end of the deflecting electrodes 2, 3,
from the gun I is disposed a further plane plate-

shaped electrode 4, termed a reflecting electrode, -
.which extends at right angles to the deflecting

electrodes. A further reflecting electrode 5, sim-~
ilar to the electrode 4, is arranged at the same
end of the deflecting plates 2, 3, as the gun |
opposite the electrode 4, but slightly staggered
therefrom or otherwise disposed or formed so as .
not to interfere with the emission of electrons
from the gun { into the space between the de-

. ﬂecting electrodes 2, 3.

‘Substantially diagonally of the deflecting elec-’
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trodes 2, 3, from the gun i is a collecting anode
6 adapted to receive electrons. The collecting
anode 6 may be included in a suitable signal
repeating circuit, for example, including the
electron-discharge valve 1 shown diagram-
matically together with certain of its operating
circuit elements.

. In.operation, the electrode system including
the electron gun | and electrodes 2 to 6, inclu-
sive, is immersed in a uniform magnetic field
having a direction indicated by the arrow, H,
this field being strong, that is to say, such as
will cause electrons projected into it to proceed
in a spiral path of small radius. The deflecting
electrodes 2 and 3 are maintained at potentials
such that a satisfactory deflecting field is set
up between them and their mean value of the
potentials is higher than that of the potential
of the cathode of the gun ! and is preferably
equal to that of the final anode of the gun {.
The potential difference between the electrodes
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2, 3, can be quite small, for exampie, such that ~

the potential gradient between the plates is less
than one volt per centimetre. The electrodes &
and 5 are maintained at a potential equal to or
- slightly negative with respect to the potential
of the cathode of gun |. The anode § is main-
tained at a potential such that it will collect
electrodes emitted from the gun | and may con-
veniently be connected through a suitable loaf
to the final anode of the gun.
A typieal track P of electron emitted from the
" gun { is indicated in dotted lines. It will be seen

from this that electrons emitted from the gun { .

are constrained to move parallel to the magnetic

fleld H until they enter the electrostatic deflect-.

ing field between the deflecting electrodes 2 and 3.
In the deflecting field the electrons are deflected
at right angles to the defiecting field and to
the magnetic field H parallel to the deflecting
electrodes 2 and 3, so that the track P becomes
inclined as shown in the drawing. After emerg-
ing from the deflecting field the electrons con-
tinue to move with a direction generally parallel
to that of the field H towards the reflecting elec-
trode 4, which electrode causes the electrons to
be reilected back into the deflecting field to un-
dergo a further deflection in the same direction
as before. After re-passing through the deflect-
ing field the electrons approach the reflecting
.electrode 5 in a direction parallel to the magnetic

field H and are again reflected and re-enter the:

deflecting field. The electrons thus pass to-and-
fro between the electrodes 4 and 5 undergoing
deflection at each passage through the deflect-
ing field until finally the electrons emerge on the
collecting anode 6.

In this connection it must be borne in mind
that the use of crossed magnetic and electro-
static fields brings about forces which cannot
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be combined linearly, but must be combined vec- -

torially. - As a result, as is well known from the
fundamental behavior of electrons, the force act-
‘ing on the electron must always be at right
angles to both the magnetic field and the elec-
trostatic field. That is to say, a moving electron
subjected to mutually perpendicular, electrostatic
and electromagnetic flelds is acted upon by a
composite force which is mutually perpendicular
to both of the fields. Consequently, where the
flelds are so adjusted that the magnetic fleld is

relatively strong and the electrostatic fleld fs

relatively weak, the electrons followa path as In-
dicated in Figures 1, 3 and 4. The electrons.in
following such a path, as for example in Figure 1
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_'where K is a constant.
-takes nlaoe during each traversal of an electron
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along the line P, may actually rotate about the
line P as an axis, since the presence of the elec-
tromagnetic field prevents radial dispersion of
the electrons. This effect is well known in the
art, and has been described in the literature, as
for example ‘in the paper entitled “The Orthi-
con—A television pick-up tube” by Rose and
Iams, RCA Review, vol. 4, #2, October, 1939, pp.
186-199, where the action of the crossed fields
on electrons is described in detail (see especially
pages 193-195).

The time taken by the electrons to travel be-
tween the gun [ and electrode 6 will be dependent
mainly on the strength of the deflecting field
between the electrodes 2, 3. This will be readily
appreciated from the following discussion.

Thus, assuming that the potential of the region
in which the electrons move between the deflect-
ing electrodes 2 and 3 is the same as that of the
final anode of the gun 1 and the collecting elec-
trode 6, then the electrons will be projected from
the gun { with a velocity v, say, and will move
with this velocity through the defiecting fleld

‘between electrodes 2, 3, to the right-hand end

thereof. In this region the electrons will be sub-
ject to a retardation due to the field of the re-

‘flecting electrode 4 which will bring the electron

velocity to zero, and subsequently the electrons
will be caused to return into the deflecting fleld,
regaining a velocity of magnitude », but in a
reverse sense from that with which the electrons
were projected initially. If d is the separation
between the flnal anode of the electron gun |-
and the left-hand end of electrodes 2, 3, and also
between electrode 4 or 5 and the adjacent ends -
of electrodes 2 and 3, and [ is the length of elec-
trodes 2 and 3 in the direction of the magnetic
field H, and the electrons are uniformly de-
celerated as they move between the deflecting
electrodes and the reflecting electrodes, the elec-
trons will move from the final anode of gun |
to the electrode in a time given approximately:

d+l4+2d_143d

v v

Likewise, the time taken to travel between the '
two reflecting electrodes is given by:

2d+1+2d_1+4d
v Ty

"Also, if the collecting’ anode 6 is at the same

potential as the final anode of gun f and is. the
same plane as electrode 4, as shown in Figure 1,
the time taken for an electron to travel between
reflecting electrodes 4, 5 and collecting anode 6.
will be
1+3d
v

Thus, if an electron: znakes N traversals through
the deflecting field, the tlme occupled will be
approximately

14-3d -

+3 +(N—f2)(l+4d)+l.+3d=N(l.+td) _ 2d
However N will be determined by the rate of

deﬂection (0) of the beam in the deflecting field.
It can be shown that © is proportional to E/H

‘where E is the potential difference between elec-

trodes 2 and 3.  Thus, we may wrlte.

E -
o=K4

The deﬂection which
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through the field will be given by the product 0.
U/v (rate of deflection multiplied by the time
during which the deflecting force is operating). .
Thus, if the width of the deflecting electrodes
is D, the number of traversals possible between
them will be ' . :

. 'm‘l
é AP ko)

=6l- [

_oD.H
K.l

Putting this value for N, we have that the time
occupied by an electron in passing from the gun {
to the collecting electrode 6 will be
i D.H o 2d
' The quantity T will represent the time delay ob-.
tainable in the device.

From the above expression for the time delay,
it will be seen that if the term 2d/» is small 25
compared with the other term in the expression,
the time delay T is proportional tc H/E. If the
electron stream traverses the deflecting field a
few times the term 2d/» can in fact, usually be
ignored. 'Thus, if as is normally the case, H is
constant, the time delay which can be .obtained
with the device will be inversely proportional to
the potential difference between the defiecting
electrodes. It is thus possible to control the time
delay obtained in the device merely by adjust-
ing the aforesaid potential difference. - Moreover,
the time delay will be rgha,tively great when the
potential difference between the deflecting elec-

- trodes is small. o .

The magnetic field H is preferably adjusted so
that the electrons enter and leave the defiecting
field without, say, tendency to “spread.”” This
phenomenon is discussed, for example, in the
specification of United States Patent No. 2,213,-
175. If desired, the deflecting electrodes 4, §,
can be curved, or other expedients adopted as
described in the aforesaid specification.

It may be desirable in some cases to separate
the electron gun and the collecting electrode
from the reflecting electrodes 4 and § more wide- 50
ly than is done in the arrangement shown in
Figure 1. Thus, for example, in the pair of de-
flecting électrodes 12 and 18 shown in Figure 2,
the gap existing between the electrodes is made
less in the region of the gun | and the collecting
electrode 6, the deéflecting plates being bent so
that their edge portions {4 are brought together
while their middle portions remain relatively
widely spaced. With this arrangement the de-
flection of the electron stream is effected at a
greater rate at the regions where it enters the
deflecting field than at other parts of the de-
flecting field so that the ‘deflections occurring
during the initial and final traversals are greater
than those occurring during the intermediate
traversals. i -

Alternative methods of obtaining a greater
initial and final deflection are illustrated in
Figures 3 and 4.

" In Figure 3, the desired additional deflection
is obtained by providing additional pairs of de-
flecting electrodes 16, 17, and 18, 19, between
the gun { and the electrodes 2, 3, and between the
electrodes 2, 3, and the collecting electrode &
respectively. An advantage of this arrange- 7§
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-obtained with a given size ,
" ing electrodes. Alternatively, the additional de-

10

. each stream of electrons may
2 separate deflecting field and impinge on the

03

* them through the crossed

3
ment is that the potential difference or differ-
ences between the additional deflecting electrodes
can be made greater than that between the main -
deflecting electrodes withou;t reducing the delay

or the main deflect-

flecting electrodes can be more closely spaced
than the main deflecting electrodes. i ’

It will also be observed that in Figure 3 the
reflecting electrodes 4 and 5 are more widely
Spaced from the deflecting electrodes 2 and 2
than is the case in Pigure 1. It will be ap- .
preciated from the discussion above in connec- -
tion with Figure 1 that since the distance d is
increased the effect of this arrangement is to in-
crease greatly the delay obtainable in the device
with a given potential difference between the

‘deflecting electrodes.

. Instead of providing additional deflecting -
means the main deflecting electrodes can be
provided with extensions as indicated at 20 in
Figure 4 of the drawing. In this case also two
pairs of main deflecting electrodes 21, 22, and -
23, 24, are provided, these electrodes, with their
extensions 26, being in the form~ of L-shaped -
plates. This arrangement may be convenient in
cases where very large delays are required.
" By incorporating more than one source of

electrons or by preducing more than one modu- .
. lated stream of electrons in a device according

to the invention, for example, in the manner-de-
scribed in the specification of co-pending United -
States application Serial No, 366,639, with refer-

ence to Figure 3 thereof, it is possible to employ

s such a device for mixing similar or different

signals with varying delays. Further, if desired,

be passed ‘through

common collecting anode -or a separate collecting
anode, the separate collecting anodes, if such
are used, being electrically ¢onnected together.

I claim: . C

1. The method of producing a time delayed
train of electrical signals which comprises the
steps of producing a heam of electrons, . modu-
lating the produced beam of electrons by the
train of electrical signals to be delayed, directing
the modulated beam of electrons‘along the lines
of magnetic force of g substantially homogeneous

‘electromagnetic field crossed at right angles by

an electrostatic field, reflecting the electrons

passing through the electrostatic fleld to xepass

flelds, ‘and collecting

the repassed electrons of the modulated beam of

electrons. == . :

. 2. The method of producing a time delayed

train of electrical signals which comprises the

steps of producing a beam of electrons, mogu-

lating the produced beam of electrons by the

train of electrical signals to be delayed, directing

" the modulated beam of electrons along the lines

of magnetic force of a substantially homogeneous

electromagnetic field crossed at right angles by
an . electrostatic field, refiecting the electrons
passing through the electrostatic field to repass

- them through the crossed fields, collecting the re-

passed electrons of the
trons, and producing
the collected electrons.

3. The method of producing a time delayed
train of electrical signals which comprises the
steps of producing a beam of electrons, modu-

modulated beam of elec-
a voltage proportional to.

- lating the produced beam of electrons by the

train of electrical signals to be delayed, directing

the modulated beam of electrons along the! lines
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of magnetic force of a substantially homogéneous
electromagnetic field crossed at right angles by
an electrostatic field, repassing the beam of elec-
trons through the crossed fields a plurality of
times, subsequently collecting the repassed elec-
trons of the modulated beam of electrons and
regulating the number of passages by controlling
the intensity of the electrostatic field.

4. Apparatus for producing a time delayed
train of electrical signals which comprises means
for ‘producing a beam of electrons, means for
modulating the produced beam of electrons by
the train of electrical signals to be delayed,
means for directing the modulated heam of elec-
trons along the lines of magnetic force of a sub-
stantially homogeneous . electromagnetic field
crossed at right angles by an electrostatic field,
means for reflecting the modulated beam of
electrons passing through the.electrostatic field
_ to repass them through the crossed fields, and
means for collecting the repassed electrons of
the modulated beam of electrons.

5. Apparatus for producing a time delayed
train of electrical signals which comprises means
for producing a beam of electrons, means for
modulating the produced beam of electrons by
the train of electrical signals to be delayed, means
for directing the modulated beam of electrons
along the lines of magnetic force of a substan-
tially homogeneous electromagnetic field crossed
at right angles by an electrostatic field, means
for repassing the modulated beam of electrons
through the crossed fields a plurality of times,
means for subsequently collecting the repassed
electrons of the modulated beam and means for
regulating the number of passages by controlling
the intensity of the electrostatic field.

6. Apparatus for producing a time delayed
train of electrical signals comprising a pair of
parallelly opposed reflecting electrodes, means to
produce a substantially homogeneous ‘electro-
magnetic field perpendicular to and intermediate
said reflecting electrodes, electrode means inter-
mediate said reflecting electrodes and perpendic-
ular thereof for producing an electrostatic field
perpendicular to said electromagnetic field, means
adjacent one of said reflecting electrodes to pro-
ject a signal modulated beam of electrons along
lines of magnetic force into said electromag-
netic and. electrostatic fields, means adjacent the
other of said reflecting electrodes to collect elec~
trons from said beam and means to produce a
train of electrical signals proportional to the col-
lected electrons.

7. Apparatus for producing a time delayed
train of electrical signals comprising a pair of
parallelly opposed reflecting electrodes, means
to produce a substantially homogeneous electro-
magnetic field perpendicular to and intermediate
said reflecting electrodes, electrode means inter-
- mediate said reflecting electrodes and perpendic-
wlar thereof for producing an electrostatic field
perpendicular to said electromagnetic field, means
adjacent one of said reflecting electrodes to pro-
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ject a signal modulated beam of electrons along
lines of magnetic force into said electromagnetic
and electrostatic fields, means adjacent the other
of said reflecting electrodes to collect electrons
from said beam, means to produce a train of elec-
trical signals proportional to the collected elec-
trons, and means intermediate said projecting
means and said electrostatic means and between
said electrostatic electrode means and said col-
lecting means to produce deflections of the signal
modulated beam.

8. Apparatus for producing a time delayed
train of electrical signals comprising a pair of ,
parallelly -opposed reflecting electrodes, means to
produce a substantially homogeneous electromag-
netic fleld perpendicular to and intermediate said
reflecting electrodes, L-shaped electrode means
intermediate said reflecting electrodes and per-
pendicular thereof for producing an electrostatic
fleld perpendicular to said electromagnetic field,
means adjacent one of said reflecting electrodes
to project a signal modulated beam of electrons
along lines of magnetic force into said electro-
magnetic and electrostatic fields, means adjacent
the other of said reflécting electrodes to collect
electrons from said beam and means to produce
a train of electrical signals proportional to the
collected electrons.

9. Apparatus for producing a time delayed
train of electrical signals comprising a pair of
parallelly opposed reflecting electrodes, means
to produce a substantially homogeneous electro- -
magnetic field perpendicular to and intermediate
said reflecting electrodes, a plurality of pairs of
L-shaped electrode means intermediate said- re-
flecting electrodes and perpendicular thereof for
producing an electrostatic field perpendicular to
said electromagnetic field, means adjacent one of
said reflecting electrodes to project a signal mod-
ulated beam df electrons along lines of magnetic .
force into said electromagnetic and electrostatic
fields, means adjacent.the other of said reflecting

" electrodes to collect electrons from said beam

and means to produce a train of electrical signals
proportional to the collected electrons.
10. Apparatus for producing a time delayed

“train of electrical signals comprising a pair of

parallelly opposed reflecting electrodes, means
to produce a substantially homogeneous electro-
magnetic field perpendicular to and intermediate
said reflecting electrodes, electrode means inter-

.mediate said reflecting electrodes and perpendic-

ular thereof for producing a non-uniform elec-
trostatic field perpendicular to said electromag-
netic field, means adjacent one of said reflecting
electrodes to project a signal modulated beam of
electrons along lines of magnetic force into said
electromagnetic and electrostatic fields, means

‘adjacent the other of said reflecting electrodes

to collect electrons from said beam and means
to produce a train of electrical signals propor-

“tional to the collected electrons.

GEORGE STANLEY PERCIVAL FREEMAN.



