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The invention herein described and claimed
relates to improvements in cathode ray tube
structures. More specifically it relates to @&
particular arrangement of -an electrostatic de-
flecting electrode within a cathode ray tube,
whereby the tube is rendered especially suitable
for use in a comparator of the waveforms of elec-
trical signals occurring in time-spaced relation-
ship. Such a comparator is particularly useful
in radar target motion indicating systems.

Electrical signal waveform comparators are
well known in- which the electron beam of 2
cathode ray tube is caused suecessively to scan
the tube screen under the control of signals oc-
curring in time-spaced relationship whose wave-
forms are to be compared. If an electron beam:
is caused repeatedly todescribe the same trace
on a screen consisting .of a -dielectric. material,
such as glass, a point is reached, after but a few
scans, at which no change in secondary electron
emission from the screen obtains between suc-
cessive scans. However, when a new trace ‘is
scanned, differing at least in part from the old
one, a change in secondary emission results. -If
secondary electrons emitted by the screen are
drawn away to a collecting electrode as rapidly
as they are emitted by the screen, this scanning
of a new trace will preduce a change in the net
charge on the screen. This change is readily de-~
tectable by means of ‘a capacitive pick-up elec-
trode “disposed in proximity to the screen, and
which may be substantially coextensive there-
with. BN

Tn an arrangement of this sort it is convenient
to increase the effective length of the trace, and
hence the duration of signals which can be com-
pared, by causing the electron beam to describe
o, spiral frace on the screen and by modulating
the deflection of the beam radially to cause it
to depart from said trace in response to signals
which.are to be compared. Circuits are known
for producing the required damped sinusoidal
deflecting waves for application to the horizontal
and vertical deflecting plates of a conventional
electrostatically deflected cathode ray tube to
produce such a spiral trace. In the past, how-
ever, some difficulty has been experienced in
providing for the radial deflection of the cathode
ray beam in.the course of ‘describing the spiral
trace. One method of accomplishing this is to
modulate the normal horizontal and vertical de-
flecting signals, used to produce the spiral trace,
by the input signal. This, however, necessitates
the use of separate balanced modulators—one
for each deflecting signal. These must either.be of
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rather-large power output or, alternatively, addi-
tional amplification must be provided, which in-
troduces further difficulties because of the wide
frequency band which must be passed. It was
recognized that radial deflection from the spiral
path might conveniently be produced by means
of an electrode axially disposed with reference to
the tube axis. This, however, would either re-
quire a lead from this electrode o be taken off
through the side of the tube envelope in such
manner that it would interfere with the electron
peam so as to produce discontinuities :in the
trace; or, altermatively, it would require a lead
from the axial electrode through the screen itself
at a point corresponding approximately. to the
center of the spiral trace.  This latter method
has not until now been considered feasible owing
to the presence of the capacitive output electrode
in the vicinity of the screen which, by capacity
coupling. would tend to pick up signals from the
lead in -addition to those induced in it from the
sereen itself: Attempts to counteract the effect
of such coupling by neutralization have not
proven successful because of the large ratio of the
undesired to the desired signal. .

Accordingly the principal objects of the in-
vention are:

(1) To provide an improved form of cathode
ray tube particularly adapted for use in an elec-
trical signal waveform comparator; and

(2) To provide an improved cathode ray tube
structure of the sort above referred to, compris-
ing an axially disposed radial deflecting electrode
and a capacitive electrode associated with the
tube-screen, in which undesired coupling between
said deflecting and . said capacitive electrodes is
minimized.: : ,

According to the invention, means are provided
whereby: the lead from the axial electrode is car-
ried out through the screen and through an
aperture in the capacitive output electrode, while
at the same. time undesirable’ coupling between
the lead and the output electrode is effectively
avoided. To this end the lead is-electrostatically
shielded from the output electrode. The shield
employed may be-of tubular form, sealed into the
sereen of -the cathode ray ‘tube and extending
appreciably. within the . tube envelope in the
direction of the electron gun or ‘beam-forming
means. - Tt is preferably constructed to have suffi-
cient rigidity so that it need be supported only
at the point where it is sealed into the tube
screen. Within if, and insulated from it, is dis-
posed an electrode which protrudes within the
tube envelope appreciakly beyond the end of the
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shield so as to provide an active beam-deflecting
porticn. At some point within the shield there
is provided a substantially airtight seal between
the shield and the lead. Further means may be
provided within the shield—for example, insulat-
ing sleeves of ceramic or other suitable mate-
rial—to ‘insure that. the lead- will remain sub-
stantially coaxially disposed with:relation to the
shield.

The structural details of an embediment of
the invention will be more fully unge;‘;ppgg.gpq
other objects and features thereof will" become
apparent from a consideration of the following

description with reference to the a’ccqmp@ny@g.

drawings, in which:

Figure 1 illustrates a cathode ray tube, in ac-
cordance with the invention, connected-in. & sig-
nal comparator circuit, and

Figure 2 illustrates, in detail, the structure: of
the axial deflecting electrode and associated

shield "as eriployed in the tube illqstra’,ted"in'

Figure 1.

" ‘Referfing now to Figure 1, the embodiment
there'illustrated, of a cathode ray tube in accord-
alice with the invention, comprises an evacuated
€nvelope of glass “or other’ suitable dielectric
material: customarily ‘employed for this purpose.
This envelope may be of the usual configuration,
comprising an” elongated relatively constricted
neck portion and a substantially frusto-conical

portion.” The smaller endof the latter is joined:
$6'the néck Dortior, while tlie larger end is closed’

by & substantially plane portion, forming a screen

upon Wwhich ‘eléctrors “dré adapted to impinge..

The othei erd of the constricted neck portion may
b€ ‘provided with a base'2; of Bakelite or other
Suitable material having contact pins embedded
therein' to provide connections from the exterior
Of “thé’ tube to the various elements within it,
as is custoniary in’ cathiode ray devides. - Within
the coristricted neck portion, in the "vieinity of
bdse 2, are provided means for generating, formi-
g’ afhid controllifig” an’ electron beam which may
fiormally be dirécted ‘along the aXi§"0f the tiibe

§0 as to impinge on screen . These teans may

comprise the usual cathode, intensity ‘¢ontiolling
grid and anodes employed for this purpose; aid
e heve geneérally represenited by ¢ylinder 3.
Spaced axially from this electron gun of heam-
forming rheans’ are disposed “horizontal * and
vertical electrostatic' defiseting plates’4 and & for
the ‘purpose of deflecting the “€lectron “beam
horizontally - and vertically as’ in ‘coniventiorial
é‘é‘th()‘pfé Tay tubes. Likewise, as in the usual form
of ¢athode ray tube, the interior of the frusto-
confeal ‘portion of the tubé envelope may be al-
most completely covered with an aquadag cogt-
1ig 8. When the tube 1s in’ operation, this coating
may be grounded, throtgh g suitable conhéction
10, s0'as to prevent the accumulation of eléétrigal
charges on the intefior surface of the glass, in
response t0 secondary émission from seréen @ on
Which' the bedm impinges.  Thus' undesirakies
random defléction of the electron beam is gvoided.
" 'In acéordadcs "with the invéntion, a tubular
conductive shield 12 is sealed into the scréen 9
of the tube envelope'so as to enter it Substantially

gentrally and exténd an ‘appreciable distance
Withini' the tube envelope in a direction” toward
electron gun 3 ard substantially ‘¢oinciding with
the ‘axis of ‘the tube. "As shown in the drawing
this shield may extend within the ‘tube ap-
preciably beyond the aquadag coating' 8. Within
shield 12, and ifistilated therefroi, is disposed a
conductive eléctryode 13 which extends Beyond the

4

shield at both ends. Tis exposed portion within
the tube envelope provides g deflecting electrode
adapted te produce radial deflection of the
cathode ray beam in response to deflecting signals
supplied to the portion of the electrode which
rrotrudes from the other end of the shield,

4lso” there may be provided, on the interior
surface of the envelope’in. the Vicinity of the por~
tion of electrode 13 which is exposed, a second

" cating of aquadag which is distinct and in-

sulated from the coating 8. This coating provides
a  frusto-eonical annular conductive surface
which is adapted to cooperate with the interior

- exposed:portioh of eléctrode 13 to produce radial
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deflection of ‘the ¢athode ray bean. Further, in

* decordancé with the invention, the exterior of
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the screen portion 9 of the tube envelope is
covered with a cohductive coating forming a
capacitive pick-up or output electrode, through
the medium of which it ig Dpossible to detect
changes in: the electrical charge produced on the
sefeen’ portion in response to hombardment by
the electron beam and the resultant emission. of
secondary electrons therefrom. This coating is
insulated from shield 12 by leaving a relatively
narréw uncoated ring completely surrounding
the shield. The coating may comprise a. thin
film of gold, which may be of the order of one-
half wavelength in thickness for light, and hence
transparent. Alternatively, it is possible to use

& relatively fine wire mesh screen: cemented to
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the face of the tube. Although it ig not necessary.
to the operation of the tube in accordance with
the invention that screen: 9: be provided with an

5 internal coating ‘of phosphor, so as to. produce a

visible trace in response to bombardment by the

electron beam; it may be. converiient, t¢  include.

stch: a coating to be used for test purposes.

As shown it Figure 2, shield 2, of the tube
according to Figure 1, may comprise g relatively
short tubular portion: 14 and g relatively longer
tubular ' portion 15. The latéer is preferably
formed in one piece and comprises longitiidinally
contigiious portions of progressively diminishing
cross. section: ‘This is done in order to provide
adequate rigidity of the structure, while at the

same time reducing its cross section in the por-.

tion whickh is nearest to-the source of the electron
beam. 'Thus interference by the shield with the
beam is minimized. Preferably both shield {2
and electrode i3 are of chrome-iron having a
coeflicient of expansion closely approximating
that of glass. By constructing the shield in two
pieces, the manufactuie of the tube is simplifieqd,
in that the tuilar portion {4 may first be sealed
in the screen portion of the envelope, and later
the loriger tubular portion 15 can’ be soldered
within the shorter tubular portion 14, - Also there
hay. be provided a collar IT which is adapted
to “reinforce ‘the’ junction between the tubular
portions 18 and (5 and ‘improve the quality of
the vaeuum seal at this point. Electrode {3 is
dispdsed within the tubular shield, and a glass
seéal '[9 °is  provided between it and’ the shield,
breferably at the most constrictéd portion of
the latter. To center the’electrode Within the
shield ‘and to insulate it therefrom, there may
be ‘provided “tubular ceramic ¢ollars 20 and 2§
disposed ‘at” suitable intervals within the shield.

" In opérating'the tube in accordance with the
invention, damped’simjsoidal'"6ééi]laﬁions' in sub-
stantially pﬁa‘s‘e-’dﬁmd’fatum relationship are sup-
plled from Sources 24 and 25, throtigh connections
8 and 1, to ‘horizontal and “vertical “deflecting
plates'4 and’5. “These signsls are adapted to' pro-
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duce deflection of the cathode ray beam so as to
cause it to describe a trace of substantially spiral
form. on screen 9 of the tube. To the outer end
of electrode I3 are supplied video input signals
which may be derived from a conventional radar
equipment (not shown). These signals will pro-
duce radial deflection of the electron beam and
will cause it to depart from the normally spiral
trace produced in response to the signals applied
to deflecting electrodes 4 and 5 from sources 24
and 25. The amount of such departure at a
given point on the trace will, of course, depend on
the instantaneous magnitude of the video input
signal to electrode 3. The coating i1 on the
inner surface of tube envelope { may be grounded
as shown, or, if preferred, the video input signals
may be applied in push-pull relationship to elec-
trode 13 and coating il. In either case the elec-
trode and the coating will cooperate tc produce
deflection of the beam. "If these signals recur
at the same rate. as the spiral trace on the tube
screen, the cathode ray beam will be deflected
by like amounts at corresponding points on suc-
cessive traces. Hence successive traces will be
identical, and an equilibrium condition will soon
e established (usually as soon as a single trace
has been scanned) in which ne change in second-
ary emission from the screen takes place between
successive scans. This will be the case when the
sighal from the radar is produced in response to
signals from fixed targets only. However, if the
input signal to electrode {3 fails to recur at the
trace repetition rate, the beam will not be de-
flected from the spiral trace by like amounts at
corresponding points on successive scans, and suc-
cessive traces will differ. Thus the beam will be
caused to describe a new area of the screen and
the secondary emission from the screen will
change. This will be the case when the signals

from the radar are produced in response to tar- «

gets in motion, and hence do not recur pericdi-
cally. The change in secondary emission will
produce a like change in the charge on screen 9,
which, in turn, will induce a signal in the con-
ductive coating deposited on the external surface
of screen 9. This signal may be supplied through
connection 26 to a suitable video amplifier 27 to
yield an output at terminals 28 and 29 which will
Ye indicative of departures of the videc input sig-
nals from periodicity at the trace repetition rate.
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ture of the tube, in accordance with the invention,
is susceptible of considerable variation from that
shown and described,; without departing from the
scope of the invention as defined by the appended
claims.

T claim:

1. A cathode ray tube structure comprising:
means for forming an electron beam; a screen
upon which said beam is adapted to impinge to
cause secondary electrons to be emitted, said
screen being displaced from said beam forming
means and extending transversely to the path of
said beam; a deflecting electrode disposed infer-
jacent said beam forming means and said screen
and substantially displaced from said screen; &
connection for applying deflecting signals to said
deflecting electrode, said connection extending to-
ward and passing through said screen; a conduc-
tive electrode at least partially coextensive with

¢ said screen and adapted capacitively to respond

30

Such departures may, in a system of this sort, be -

taken as indicative of target motion.

Thus, by the invention, there is provided &
cathode ray device in which the electron beam
can be deflected so as normally to describe a
spiral or circular trace on the tube screen; in
which, in response to signals applied to an axially
disposed deflecting electrode which enters the
tube envelope through the tube screen, the beam
is adapted conveniently to be deflected radially
to cause departures from said trace; in which, by
means of a conductive coating on the external
surface of the tube screen in the vicinity of said
electrode and overlying at least a portion of said
screen, there are conveniently derived signals
which vary in response to variations in the sec-
ondary emission from said screen produced by
alterations in the trace scanned by said beam;
and in which, by means of a conductive shield
enclosing said axial electrode throughout an ap-
preciable portion of its length, said conductive
coating is prevented from responding capacitively
to the deflecting signals appiled to the axially
disposed deflecting electrode.

Tt will, of course, be understood that the struc-

60

to variations in the electrical charge on said
screen owing to variations in the secondary emis-
sion from said screen; and a conductive shield
interposed between said last-named electrode and
said connection for appreciably reducing capaci-
tive coupling between said output electrode and
said connection.

2. A cathode ray tube structure comprising:
means for forming an electron beam; & screen
upon which said beam is adapted to impinge to
cause secondary electrons to be emitted, said
screen being displaced from said beam forming
means and extending transversely to the path
of said beam; a conductive electrode disposed in
proximity to said screen and adapted capacitively
to respond to variations in the electrical charge
on said screen owing to variations in the second-
ary emission from said screen; a deflecting elec-
trode disposed interjacent said beam forming
means and said screen and substantially displaced
from said screen; a connection for applying de-
flecting signals to said deflecting electrode, said
connection passing in the vicinity of said output
electrode; and a conductive shield surrounding
at least a portion of said connection for appre-
ciably reducing capacitive coupling between said
first-named electrode and said connection.

3. A cathode ray tube structure comprising: an
envelope of dielectric material, means enclosed
in said envelope for forming a beam of electrons
and for directing said beam against a portion of
said envelope to cause it to emit secondary elec-
trons, a tubular conductive shield sealed into said
envelope and extending appreciably within said
envelope in the direction of said beam forming
means, an electrode disposed within said shield
and insulated therefrom, said electrode extend-
ing within said envelope appreciably beyond said
shield to provide a beam deflecting portion, and
a conductive electrode at least partially coexten-
sive with said portion of said envelope, said last-
named electrode being electrically insulated from
said shield and adapted capacitively to respond
to variations in electrical charge on said portion
of said envelope owing to variations in the sec-
ondary emission from said screen.

4. A cathode ray tube structure comprising:
an envelope of dielectric material, means disposed
within said envelope for forming an electron
beam adapted to impinge upon the inner surface
of said envelope to cause it to emit secondary
electrons, an electrode extending through the
wall of said envelope and an appreciable distance
within said envelope in the direction of said heam

75 forming means, a conductive shield enclosing said
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electrode throughout its length except for-a por-
tion displaced from said envelope wall in the
direction of said beam forming means; said. ex-
posed pertion being adapted to effect deflection
of said beam in response to potentials applied to
said electrode, and a capacitive electrode dis-
posed in proximity to a portion of the wall of
said envelope immediately surrounding said first-
hamed-electrode and said shield.

5. A cathode ray tube structure comprising;
an. envelope of dielectric material, means dis-
posed within said envelope for forming an elec-
tron beam adapted to impinge upon the inner sur-
face of said envelope to cause it to emit second-
ary electrons, an electrode extending through the
Wwall of said envelope and an appreciable dis-
tance within said envelope in the direction of
said beam forming means, a conductive shield en-
closing said electrode throughout its length ex-
cept for a portion displaced from said envelope
wall in the direction of said beam forming means,
an annular electrode substantially coaxial with
said first-named electrode and substantially co-
extensive axially with the unshielded portion of
sald first-named electrode, said annular electrode
being adapted to cooperate with the unshielded
portion of said first-named electrode to effect de-
flection of said electron beam in response to de-
flecting signals applied to at least one of said
electrodes, and a capacitive electrode disposed in
proximity to a portion of the wall of said envelope
immediately surrounding said first-named elec-
trode and said shield,
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8
6. A cathode ray signal detector comprising
means for forming an electron beamn; a screen

upon which said beam is adapted to in itige 10
cause secondary electrons to be emitted, said

screen being displaced from said beain forming

means and extending transversely to.the path of

said beam; a deflecting electrode disposed inter-

jacent said beam forming means and said screen.

and substantially displaced from said screen; a
connection for applying deflecting signals to said
deflecting electrode, said connection extending
toward and passing through said screen; corm-
ductive means adjacent to said screen and adapt-
ed to respond to variations in the electrical charge
on sald screen owing to variations in the second-
ary emission from sdid screen; and means. for

reducing appreciably capacitive coupling between

said conductive means and said connection.
DAVID E. SUNSTEIN;
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