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This invention relates to a de?ection structure for a 
cathode ray tube and more particularly to an improved 
de?ection structure in which a signal voltage is caused to 
travel along a de?ection plate forming part of such struc 
ture at substantially the same velocity as that of the elec 
trons in the electron beam of the tube so as to extend the 
frequency range and transient signal response of such 
tube. 
The structure of, the present invention is particularly 

useful in cathode ray tubes for cathode ray oscilloscopes. 
Both horizontal and vertical de?ection in such tubes is 
usually of the electrostatic type. That is to say, two 
pairs of de?ection plates at right angles to each other are 
usually employed with the individual plates of each pair 
positioned on opposite sides of the beam of electrons. in 
order to secure adequate de?ection of the beam, the de 
?ection plates must have substantial length in the direction 
of the beam. This places an upper limit upon the fre 
quencies of the signal voltage which can be e?ectively im 
pressed upon the vertical de?ection plates. Also, since 
transient signal voltages involve extremely high fre 
quencies, the length of the plates in the direction of elec 
tron travel also limits the accuracy of the response of 
the cathode ray tube to such transient signal voltages. 

It will be apparent that maximum de?ection for a Sig 
nal voltage of given amplitude will occur when the transit 
time of an electron in the beam along the length of the 
plates is less than the time corresponding to a half wave 
length of the signal voltage and that a partial or com 
plete reversal of the de?ection voltages on the vertical 
de?ection plates occurs when the transit time of the elec 
tron along the plates exceeds the time represented by such 
half wave. When the transit time becomes equal to the 
time corresponding to a full wave of the signal voltage, 
there is substantially equal de?ection in opposite direc 
tions to produce zero de?ection. Such zero de?ection also 
occurs at harmonics of the lowest frequency which pro 
duces zero de?ection. The magnitude of the de?ection is 
therefore a function of frequency as well as of amplitude 
of the signal voltage and the effects discussed above be 
come of importance at frequencies for which the transit 
time of an electron along the de?ection plates is a sub 
stantial fraction of the period corresponding to a wave 
length of the signal voltage. 

In accordance with the present invention, a de?ection 
structure is provided in which the signal voltage is propa 
gated along a de?ection plate in the direction of electron 
movement at a velocity which is substantially equal to the 
velocity of the electrons in the beam. Furthermore, the 
structure provides for suppression of re?ections of such 
signal voltages so that the resulting de?ections becomes 
substantially independent of the frequency of the applied 
signal voltage and transient response is very materially 
improved. In a preferred embodiment of the invention, 
a de?ection plate is provided which has a plurality of 
conducting elements extending transversely of the electron 
beam. Each of such conducting elements has a surface 
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forming part of the de?ection surface of the de?ection 
plate and the conducting elements have their ends con 
nected together alternately on opposite sides of the de?ec 
tion plate so as to provide a zigzag path for the signal 
voltage propagated along the plate. The electrical char 
acteristics of the de?ection structure utilizing the plate 
can be made such that a signal travels the length of the 
plate at the same speed of the electrons in the electron 
beam and the signal voltage is e?ective at all times to 
produce a de?ection force on the electrons in the beam. 
The structure of the de?ection plate of the present in 

vention lends itself to the provision of a de?ection struc 
ture which has the same characteristic impedance as an 
input conductor, such as a coaxial cable. That is to say, 
the de?ection plate of the present invention may be posi 
tioned between a pair of conducting plate members so that 
the de?ection plate, in e?ect, forms a continuation of the 
‘central conductor of the coaxial cable and the conducting 
plate members, referred to, form an effective continuation 
of the outer conductor of the coaxial cable. In such a 
structure, the de?ection plate of the present invention is 
positioned closer to one of such conducting plate members 
than the other and diverges from such other conducting 
plate member from the entrance end of the structure for 
electrons toward the outlet end for such electrons to 
provide a diverging passage between the de?ection plate 
and such other conducting plate member. The inductance 
per unit length of the de?ection structure containing the 
de?ection plate may be varied by varying the length of 
the transverse conducting elements and their spacing from 
each other and the capacitance per unit length can be 
varied by varying the width of the de?ection plate and 
the associated conducting plate members and also the spac 
ing between the de?ection plate and one of the conducting 
plate members. By properly varying the factors men 
tioned, the de?ection plate structure may be caused to 
have the characteristic impedance of any of the usual 
?exible commercial coaxial cables employed in test in 
struments while, at the same time, providing a velocity 
of signal voltage propagation along the plate which is 
within the range of velocities which can be imparted to 
electrons in the electron beam. Also, the outlet end of 
the de?ection structure can be terminated in the char 
acteristic impedance of the coaxial cable and de?ection 
structure so that re?ections of the signal voltage back 
along the de?ection plate and the coaxial cable are sub 
stantially eliminated. 

It is therefore an object of the present invention to pro 
vide an improved de?ection structure for cathode ray 
tubes which has improved frequency and transient re 
sponse. 
Another object of the invention is to provide an im 

proved de?ection plate for the cathode ray tubes of 
oscilloscopes in which a signal voltage is applied at one 
end of the de?ection plate and travels along a zigzag path 
so as to have a net velocity in the direction of propagation 
of electrons in the electron beam of the tube which is sub 
stantially the same as that of the electrons in such beam. 
Another object of the invention is to provide a de?ec 

tion structure for the beam of a cathode ray tube in which 
a signal is propagated along a de?ection plate in the direc 
tion of the electrons in the electron beam of such tube 
at a rate substantially equal to the velocity of the electrons 
in the beam and in which the de?ection structure has sub 
stantially the same characteristic impedance as the con 
nector structure for connecting said plate to a signal source 
and in which the other end of the de?ection structure 
can be terminated in such characteristic impedance. 
A further object of the invention is to provide a de?ec 

tion plate structure for a cathode ray tube in which a 
de?ection plate is positioned between a pair of conduct 



2,922,074. _ , v ~ 

3 
ing plate structures so as to provide a characteristic im 
pedance substantially the same as that of a coaxial cable 
employed for impressing a signal upon one end of the 
de?ection structure ‘and in which ade?ection plate causes 
the signal voltage pressed the‘reon‘to travel in a zigzag 
path with a net Velocity of the direction of the electron 
beam substantially equal .to the velocity of the electrons 
in such beam and in which such structure provides for 
terminating the other end of the structure at the character 
istic impedance of such structure. 2 

Other objects and advantages of the invention will ap— 
pear in the following description of a preferred embodi 
ment shown in the attached drawings of which: ' 

‘Fig. 1 is ‘a diagrammatic vertical cross section of a 
cathode ray tube embodying the de?ection structure of 
the present invention; ' ' ' ' ' 

‘Fig. 2 is a vertical cross section through the de?ection 
structure of the present invention and also diagram 
matically showing the electrical connections thereto;w 

Fig. 3 ‘is a vertical cross section taken on the ‘line ~‘3—-3 
ofFig.2; i - w ’ ' 

Fig. 4 is a plan of the de?ection 
invention with parts broken away; ' 1 

Fig. 5 is a plan of the de?ection plate of the present 
invention in its condition before installation in the de 
?ection plate structure of Figs. 2 to 4; and 

Fig. 6 is a side elevation view of one of the insulating 
supporting plates for the de?ection plate of Fig.5. 

Referring more particularly to the drawings, the de 
?ection plate structure ltl'of the present invention is 
positioned within the glass envelope 12 of a cathode ray 
tube having a phosphor coating 14 on the interior of the 
large end of the envelope 12. The envelope 12 of the 
tube is provided with a conventional plug 16 having the 
usual pins 17 for insertion into a socket, the pins 17 
furnishing electrical connections to an electron gun 18 
which may be a conventional type providing a’ beam 243 
of electrons which ?rst pass between conventional hori 
zontal de?ection plates 22 and then through .the vertical 
de?ection structure 10 of the present invention andthere 
after impinge upon the screen formed by the phosphor 
coating 14 and the end of the envelope 12 of the tube. 
The de?ection structure 10 includes a de?ection plate 24 
positioned between a pair of conductingplate members 
26 and 28 with the de?ection plate 24 nearer the con 
ducting plate member 26 than the conducting plate mem 
ber,28. The electron beam indicated by the line 20 in 
Fig. 2, enters the de?ection structure at the entrance end 
3}} thereof. It passes between the de?ection plate .24. and 
the conducting plate member 28 and leaves the de?ection 
structure 10 through the outlet end 31 of the de?ection 
structure. During its passage through the de?ection struc 
ture, the beam 20 is de?ected vertically in Fig. 2 by a 
signal voltage propagated along the de?ection plate 24 
from the inlet end 34} of the de?ection structuretothe 
outlet end 31. . 
The preferred form of the de?ection plate 24 is most 

clearly shown in Figs. 4 and 57. Such plate is a thin sheet 
of conducting material, preferably a spring metal which 
will withstand bending, for example, a sheet of Phosphor 
bronze. The de?ection structure 10, including both the 
de?ection plate 24 and the plates 26 and 28, preferably 
tapers so as to be wider at its outlet end 31 than at its 
inlet end 30. The de?ection plate 24 has ‘a plurality of 
riarrowslots 32 extending inwardly alternately from op 
posite edges thereof, theinner ends of‘the/slots overlap 
ping towprovide laterially extending conductor elements 
33 which extend transversely of‘the‘ beam of electrons 
20 and provide a zigzag path for a signal voltage prop~ 
agated ralo'ngithe de?ection plate from the inlet end 30 
of the _'structure to the outlet end‘thereof. ‘In ‘the plate 
shown, the conductor‘elernen'ts are all of the same length 
but theuwidth'of the “elements ‘is made progressively 
smaller and the width of ‘the slots between such elements 
correspondingly larger from the inlet to the outlét. elld. 

structure of the present ' 
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4 
of the de?ection structure. The portions of the de?ec 
tion plate 24 between the slots at the opposite edges of 
the de?ection plate terminate in small support tabs 34 
and such support tabs engage side support elements 36 
in the form of thin sheets of insulating material, for ex 
ample, mica. The support elements 36 are of substantially 
the same length as the de?ection ‘plate 24 and conducting 
plate members 26 and 28 and have formed therein a 
plurality of rows of small apertures 38 and 39. The 
row of apertures 38 is positioned’ between't'wo rows of 
apertures‘ 3’) and nearer one of the rows of apertures 39. 
The apertures 38'are' spaced to correspond to the tabs 
34 on the de?ection plate 2.4 and such tabs are inserted 
into the aper'tures3’8 of vsupporting'platesso at each side 
of the de?ection plate .24.’ The tabs 34 are then bent 
over as shown in Fig. 3. The two conducting plate mem 
bers 26 and 28 are also provided with similar tabs 34 
which extend through the apertures 39 in the support 
element 36 and are bent'over as'shown in vFig. 3. ' This 
structure'provides’a rigid boxlike structure in which the 
de?ection plate 24 is rigidly supported by the support 
elements 3.6’ in properly spaced'relationship with the con 
ducting plate members .26 and 28 which ‘are also rigidly 
supported by the support elements 36. The support ele 
ments 36 may be supp'orted'within the envelope 12 of 
the cathode ray tube in any desired manner. The en 
velope 12 ‘may be provided with a ‘suitable connector 
structure 42 adjacent the inlet end '33 of the de?ection 
structure 10 providing for external“ connection to the 
de?ection plate 24 and conducting plate‘ members 26 and 
28. Also, the envelope 12 may be provided with a con 
nector structure 44 adjacent the outlet end 31 of the de 
?ection structure 10, the connector structures each having 
a pair of conductors extending through the walls of the 
envelope 12 and sealed therein in any‘suitable or conven 
tional manner. , 

As indicated in Fig. 2, the central conductor 46 of a 
coaxial cable 48 may be connected to the deflection plate 
24 at the inlet end 30 of the de?ection structure and the 
grounded outer cylindrical conductor §0 may be con 
nccted to the conducting plate members 26 and 28. At 
the outlet end 31 of such de?ection structure 10, the con 
ducting plate members 26 and 28 maybe connected to 
gether and also preferably to ground. The‘ outlet end of 
the de?ection plate 214 are also connected to the conduct 
ing plate members 2t? and 28 through a resistor 52 which 
preferably has a" value of resistance equal to the charac 
teristic impedance of the coaxial cable The resistor 
52 may obviously'be positionedrinternally of the en 
velope '12 but the structure shownin Fig. 1 provides for 
external connection of the de?? iron vstructure (to the re 
sistor 52. _ - 

The characteristic impedance of the de?ection struc 
ture 10 may be‘rnade substantially the same as that of 
the coaxial cable 48* or other‘trans'mission line employed 
for supplying a signal 'voltag'ehto' the ‘inlet end of the 
de?ection structure. 'That is 'to" say, the characteristic 
impedance of the’ de?ection structure is a function of 
its ‘inductance per unit length'and’its capacitance per unit 
length, The inductance per unit lerigtlilaliiiilyv be varied 
over a substantial range by varying'th'e length and width 
of the slots 32 and, similarly, the capacitance per unit 
length may be varied over a considerable'r'a'nge by vary 
ing the width of the de?ection plate 24 and conducting 
plate members 26 and 28 and also varyingthe distance 
between the de?ection plate 24‘ and the conducting plate 
member 26. It is entirely possible to provide a de?ection 
structure with a substantially constant characteristic im 
pedance equal to any of the coaxial cables commercially 
available and conventionally employed test instru 
ments. Furthermore, Vsuch‘characteristic impedances may 
be obtained while providing a net velocity of signal prop 
agation in the'rdiriectio‘n of the travel of electrons in 
electron beam 20, which is ~srrrbstantially the same as the 
velocity of such electrons. Since the characteristic im 



5 
pedance of the de?ection structure 10 is substantially the 
same as that of the coaxial cable 48 and the outlet end 
of the de?ection structure is terminated in a resistor hav 
ing a value substantially equal to such characteristic im 
pedance, re?ections of signal voltage are substantially 
eliminated and a signal voltage applied through the coaxial 
cable 48 to the inlet end of the de?ection structure travels 
along the de?ection plate 24 at the same speed as the 
electrons in the beam 29 and is absorbed by the terminat 
ing resistor 52. Vertical de?ection in cathode ray os 
cilloscope tubes having the vertical de?ection structure 
of the present invention becomes substantially independent 
of frequency from zero frequency to an upper cutoff fre 
quency which may be several hundred megacycles and 
the response to transient signal voltages is very materially 
increased. 
While the cathode ray tube illustrated is particularly 

adapted for connection to the output of a single-ended 
ampli?er or other signal source having one side grounded, 
it is entirely possible to employ two properly spaced and 
diverging de?ection plates 26 connected to the output 
of a push pull ampli?er or other double-ended source of 
signal voltage so that signal voltages in phase opposition 
travel along such de?ection plates at the same speed as 
the electrons in the beam being de?ected. Such a de 
?ection structure may also have the same characteristic im 
pedance as a balanced line connected to the input end of 
the de?ection structure and the outlet end of such struc 
ture may be similarly terminated in its characteristic im 
pedance. Also, it is obvious that the relative positions 
of the vertical de?ection structure and the horizontal de 
?ection plates may be reversed so that the electron beam 
?rst passes through the vertical de?ection structure and 
that either, or both, the vertical and horizontal de?ection 
may be produced by de?ection structures having a zigzag 
path for a signal voltage propagated along a de?ection 
plate. 

While I have disclosed the preferred embodiment of my 
invention, it is understood that the details thereof may be 
varied and that the scope of the invention is to be de 
termined by the following claims. 

I claim: 
1. A de?ection plate for causing de?ection of a beam 

of electrons traveling in a predetermined direction along 
one surface of said plate when a signal voltage is applied 
to said plate, said plate comprising a plurality of electrical 
conducting elements extending transversely of said direc 
tion and spaced from each other in said direction to pro 
vide a series of parallel elements with adjacent ends and 
narrow slots between said elements, each of said elements 
having a surface in alignment with a'similar surface on 
the next adjacent elements to provide said one surface, 
each of the intermediate elements of said series having 
one end electrically conductively connected to the ad 
jacent end of the next preceding element in said series and 
its other end electrically conductively connected to the ad 
jacent end of the next succeeding element in said series to 
provide a zigzag electrically conductive path along said 
one surface for signal voltages propagated along said plate 
in said direction. 

2. A de?ection plate for causing de?ection of a beam 
of electrons traveling in a predetermined direction along 
one surface of said plate when a signal voltage is applied 
to said plate, said plate being a sheet of electrical conduct 
ing material having a plurality of slots spaced from each 
other in said direction and each extending inwardly from 
one edge of said plate and terminating short of the op 
posite edge of said plate to provide a plurality of series 
connected electrically conducting elements, said elements 
extending transversely of said direction and being spaced 
from each other in said direction by said slots, alternate 
ones of said slots extending inwardly from opposite edges 
of said plate to provide a zigzag electrically continuous 
conductive path through said elements for signal voltages 
propagated along said plate in said direction. 
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3. A de?ection plate for causing de?ection of a beam 

of electrons traveling in a predetermined direction along 
one surface of said plate when a signal voltage is applied 
to said plate, said plate being a thin plate of metal having 
a plurality of slots spaced from each other in said direc 
tion and each extending inwardly from one edge of said 
plate and terminating short of the opposite edge of said 
plate to provide a plurality of series connected electrically 
conducting elements extending transversely of said direc 
tion and spaced from each other in said direction by said 
slots, alternate ones of said slots extending inwardly from 
opposite edges of said plate to provide a zigzag electrically 
continuous conductive path through said elements for sig 
nal voltages propagated along said plate in said direction. 

4. A de?ection plate for causing de?ection of a beam 
of electrons traveling in a predetermined direction along 
one surface of said plate when a signal voltage is applied 
to said plate, said plate being a thin sheet of metal having 
a greater length than width and tapering in width from a 
relatively narrow width at one end to a relatively wider 
width at the other end, said plate having a plurality of slots 
spaced from each other in said direction and each extend 
ing inwardly from one edge of said plate and terminating 
short of the opposite edge of said plate to provide a 
plurality of elongated conducting elements extending 
transversely of said direction and spaced from each other 
in said direction by said slots, alternate ones of said slots 
extending inwardly from opposite edges of said plate to 
provide a zigzag conductive path through said elements 
for signal voltages propagated along said plate in said 
direction. 

5. A de?ection plate for causing de?ection of a beam 
of electrons traveling in a predetermined direction along 
one surface of said plate when a signal voltage is applied 
to said plate, said plate being a thin sheet of metal having 
a greater length than Width and tapering in width from 
a relatively narrow width at one end to a relatively wider 
width at the other end, said plate having a plurality of slots 
spaced from each other in said direction and each extend 
ing inwardly from one side edge of said plate and termi 
nating short of the opposite edge of said plate to provide 
a plurality of elongated conducting elements extending 
transversely of said direction and spaced from each other 
in said direction by said slots, alternate ones of said slots 
extending inwardly from opposite edges of said plate to 
provide a zigzag conductive path through said elements 
for signal voltages propagated along said plate in said 
direction, said elements all being of substantially the same 
length and progressively decreasing in width from said one 
end to said other end, said slots correspondingly progres 
sively increasing in width from said one end to said other 
end. 

6. A de?ection plate for causing de?ection of a beam 
of electrons traveling in a predetermined direction along 
one surface of said plate when a signal voltage is applied 
to said plate, said plate being a sheet of electrical conduct 
ing material having a plurality of slots spaced from each 
other in said direction and each extending inwardly from 
one edge of said plate and terminating short of the op 
posite edge of said plate to provide a plurality of electrical 
conducting elements extending transversely of said direc 
tion and spaced from each other in said direction by said 
slots, alternate ones of said slots extending inwardly from 
opposite edges of said plate to provide electrically con 
ductive connections between said elements alternately at 
opposite sides of said plate and a zigzag electrically con 
ductive path through said elements for signal voltages 
propagated along said plate in said direction, the con 
nections between said elements terminating in supporting 
tabs extending outwardly from the edges of said de?ection 
plate for attachment to a supporting structure. 

7. A de?ection plate for causing de?ection of a beam 
of electrons traveling in a predetermined direction along 
one surface of said plate when a signal voltage is applied 
to said plate, said plate being of thin sheet metal having 



2,2220% 

a plurality of slotsspaced from each other in said direc 
tion and each extending inwardly from one edge of said 
plate and terminating ‘short of the oppositeedge ofsaid 
plate to provide a plurality of‘electiical conducting ele 
ments extendingtransversely of said direction and spaced 
from each other in said ‘direction ‘by said slots, alternate 
ones of said slots extending inwardly from ,oppositeedges 
of said plate to provide electrically conductiveconnec 
tions between said elements alternately at opposite sides 
of said plate and ,a electrically conductive zigzag path 
through said elements for signal voltages propagated along 
said plate in said direction, the connections between said 
elements at said ends of said elements terminating ‘in 
bendable supporting tabs extending outwardly from the 
edges of said de?ectibn Plate for. attachment to a sup‘ 
porting structure. _ I 

8. A de?ection structure for a cathode ray tube having 
means therein for producing a beam of electrons, said 
structure comprising ,a pair of conducting plate members 
spaced from each other for receiving said ‘beam between 
said plates, said Plate members .diverginsfrqm-?aeh ether 
in the direction 'of electron travel in ,saidtbeam‘and pro 
viding inlet and outlet ends for said beam, at third plate 
member positioned between said conducting plate mem 
bers and nearer one of said conducting plate members 
than the other so as to be positioned on ‘one side of said 
beam, said third plate member being constrn‘cted of a 
plurality of conducting elements extendingtransversely of 
said beam and’ having adjacent ends ‘and being spaced 
from each other in said vdirection by'narrow‘slots to ‘pro 
vide a series of parallel elements, each of the intermediate 
elements of said series having one end conductively con 
nected to‘ the adjacent end of the next precedingelement 
in said series and its’ other end conductively'c nnec'ted to 
the adjacent end of the next'succeeding element in 'said 
series to provide a zigzag conductive'paththrough said 
elements for signal voltages propagated’iaieng said third 
plate member, and supporting means 'for“ said plate 
members. ' ' i ' ’ i ’ 

9. A de?ection structure for a cathode ray tube having 
means therein for producing a beam of‘electrons, said 
structure comprising a pair of conducting plate members 
spaced from each other for receiving said' beam’b’e’tween 
said plates, said plate members diverging from each other 
in the direction of electron travel in' said beam/and pro 
viding inlet and outlet ends for said beam, al'fthiird' plate 
member positioned between said'c'onducting plate mem 
bers and nearer one of said conducting plate members 
than the other so as to be'positioned on one side‘ of said 
beam, said third plate member being constructed of a 
plurality of conducting elements extending transversely 
of said beam and having adjacent ends and being spaced 
from each other in said direction by narrow slots to pro 
vide a series of parallel elements, each of the interme 
diate elements of said series having one end conductively 
connected to the adjacent end of the next preceding ele 
ment in said series and its other end conductively con 
nected to the adjacent end of the next succeeding element 
in said series to provide a zigzag conductive path through 
said elements for signal voltages propagated along said 
third plate member, and supporting means for said plate 
members comprising insulating members secured to and 
extending between the lateral edges of said plate mem 
bers, said plate members being wider adjacent said outlet 
end than adjacent said inlet end. 

10. A de?ection structure for a cathode ray tube hav 
ing means therein for producing a beam of electrons, said 
structure comprising a pair of conducting plate members 
spaced from each other for receiving said beam between 
said plates, said plate members diverging from each other 
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in the direction of electron travel in said beam and pro 
viding inlet and outlet ends for said beam, a third plate 
member positioned betweeen said conducting plate mem 
bers and nearer one of ,saidconducting plate members 
than theother so as rape positioned on one side of said 
beam, said third ‘plate member being constructed of a 
plurality of conducting elements extending transversely 
of ,said beam having adjacent ends and spaced from each 
other in said direction by narrow slots to provide a series 
of parallel‘ elements‘, each of the intermediate elements of 
said series having one end conductively connected to the 
adjacent end of the next preceding element in said series 
and its other end conductively connected to the adjacent 
end of the next succeeding element in said series to pro 
vide‘ a vzigzag conductive path ‘through said element for 
signal voltages propagated along said third plate member, 
supporting means for said vplate members, conducting 
means extending to the exterior of said tube from said 
inlet end to provide for impressing a’ signal voltage be 
tween said third plate member and saidv conducting plate 
members and conducting means extending to the exterior 
of said tube from said outlet end. 

11. A de?ection system for a cathode ray tube having 
means therein for producing a beam of electrons, said sys 
tem including a de?ection structure comprising a pair of 
conducting plate members spaced from each other for re 
ceiving said beam between said plates, said plate members 

’ diverging from each other in the direction of electron 
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travel in said beam and providing inlet and outlet ends 
for said beam, a third plate member positioned between 
said conducting plate members and nearer one of said 
conducting plate members than the other so as to be posi 
tioned on one side of said beam, said third plate member 
being constructed of a plurality of conducting elements 
extending transversely of said beam and having adjacent 
ends and being spaced from each other in said direction 
by narrow slots to provide a series of parallel elements, 
each of the intermediate elements of said series having 
one end conductively connected to the adjacent end of the 
next preceding element-in said series vand its other end 
conductively connected to the adjacent end‘ of the next 
succeeding element in said seriesto provide a zigzag con 
ductive path through said elements for signal voltages 
propagated along said third plate member, supporting 
means for said plate members, said de?ection structure 
including conducting means extending to the exterior of 
said tube adjacent said inlet end of said structure to pro 
vide for impressing a signal voltage between said third 
plate member and said conducting plate members, a con 
nector structure for connecting said conducting means to 
a' source of signal voltage, said de?ection structure having 
substantially the same characteristic impedance as said 
connector structure, and means for terminating said out 
let end of said de?ection structure with a value of resist 
ance substantially equal to said characteristic impedance. 
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