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produce anatantial impedance discontinuity 
therein. ... 

It is a further object of this invention to de 
vise a waveguide section which comprises a 
bulti-in noise dio de and may be directly con 
nected into a waveguide system, the diode being 
arranged within the section so that it does not 
produce a substantial impedance discontinuity 
Eheren and so that at the sane tane it is el 
cently operable as a source of noise currents. 
A particular feature of the invention is that 

the cathode of a noise diode is built into a hollow 
conductor of a super-high frequency transas 
son system, is shielded from abrupt physical 
protrugion into the dielectric propagation me 
dium therein, and therefore from close enough 
parale coupling to any electromagnetic fields 
which saay be prepeat therein to cause a substan 
tial disontinuity in the impedance of the system 
at the point where the diode is built in. , 
- Aather part feature of the invention is 
aararagesagt of the builton diode with a very 
short ter-electrode spacing to afford tvo s 
multanegus advantages: (1) that the dode will 
function ofcially to produce relatively large 
ange eurrentogter a vide band of freqUSacles, 
and (2) that the electron stream will not be 
able to absorbach energy from any electro 
naagaatic fielda vhich nay exist within the hol 
gw ekonductor, ea, that the electron stream 

will be loosely, coupled to that energy and there 
ere will not substantially alter the inpedance 
of the systern at the point where the diode is 

Another partier feature of the avention is 
at aragement waereby the shunt impedance 

to the dode by the Section of the sys 
rtatio which it is but has a suitably high 

for deveals useful anourts of noise 
, despite a stree reduction of an in 
dimension of the hollow conductor of that 

on to provide a short discharge space for 
diode, while at the same time the shunt in 

which the diode presents to the system 
relatively high due to its operation with ten 
tre te ension. 

Other objects wil be apparent from the fol 
llowing i descritation of the invention potnited out 
with particularity in the appended cairns and 
taken in connection with the accompanying 
drawing a whica: 

Fig. 11s a aide view ofanoise diode congtructed 
in accordance with a preferred elabodnent of 
the invention, this, ode being incorporated into 
a section of waveguide portions of which are 
shown cut away to expose internal structural feas 

E. 2 is Ra, exploded view of some of the con 
ponent parts Q th? noise diode shown in Fig. 1 
to illustrate structural details; 

bit a. 

pera 

tures 

??? ""a 
Figs. 5 and 6 are respectively a top view and 

a cut-away adde view of a portion of the struc 
ture shown in Pigs, 3 and 4; 

g. 7 is a longitudinal sectional view of a 
30 diode buit. hinto a section of coadial line in 

accordance with Er enbodianen of the 
invention; and 

S. 8 gandº 9 represent a modification of the 
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taken long line - of Figure 9, and Figure 
being a left end view of Figure 8. 

Similar reference characters are applied to 
similar elements throughout the drawings. 

Referring to Fig. 1, the diode comprises a 
wave guide section 0 which in the present eas 
bodiment is of the rectangular type and prefs 
erably is of some standard size and which also 
functions as part of the tube envelope. Section 

carries at its opposite ends flanges f and 1 
by which it may be readily connected into a 
standard waveguide transmission system. The 
fanges f and 2 may include R. F. (radio fres 
quency) chokes Or any other desirable known 
features for assisting coupling. In the diode 
shown in Fig. 1 a portion 3 of the inner wa? 
of the top of waveguide section to acts as the 
anode. Since ordinarily the metallic tubes coas 
prising a waveguide system are grounded, the 
energizing potential for this diode will prefere 
ably be applied as a negative potential to its 
cathode (filament 4). However, if desired, the 
entre section 0 may be D. C. insulated friga 
the rest of the waveguide system so that it will 
be possible to apply the energizing potential to 
it as a positive potential. In either case the porn 
tion of the inner wall of the section will be 
at a higher potential than the diode-cathode, 
For efficient operation it is essential that 

the inter-electrode space for this diode be vary 
short. If the transit time from the cathode to 
the anode is gradually increased it will be noted 
that when it is equal to about one-half of one 
period corresponding to the center frequency 
of the operating band, or, to be more exact, when 
it is equal to 3-5 radians at that frequency, the 
noise current will be down very markedly, more 
particularly the mean squared noise current () 
will be down by 50% and will be decreasing at a 
rapid rate. The mean noise current may be 
considered as an integration of random curreat 
impulses each of which is produced during the 
transit of an individual electron from the catas 
ode to the anode. According to Fourier, if the 
transit times are very short the current in 
pulses will include many high frequency cqua 
ponents having significant magnitudes whereas 
if they are long this will not be true. Thus, 
when the noise current drops because of in 
creases in transit time the loss is mostly in its 
high frequency components. Accordingly it is 
desirable for the diode to have a short transit 
time. Moreover, it is desirable for the transit 
time to be short for another reason, this being 
that its duration affects the A. C. plate resistance 
of the diode in such a manner that even if it 
is operated with temperature-limited emission it 
can seriously load the guide if the transit times 
too long. But this of itself does not mean that 
the interelectrode space must be short, since it is 
possible to decrease the transmit time by in 
creasing the electron velocity, i. e., by using 
larger and lariter potential gradients between the 
Cathode and the anode. However, if the dis 
charge space is over the full distance from the 
botton to the top of a standard waveguide, the 
potential necessary for a transit time of less than 
3.5 radians is so great as to be impractical and 
UnecOnOmical. 

Accordingly the present arrangement provides 
for a very small interellectrode discharge space. 
Moreover, it provides the small discharge space 
without entalling any protrusion of the cathode 
into the dielectric transmission medium in the 

tfl. 1. Figure 8 being a section is sectional To this end the cathode, which in the 





8,887,008 

space 
of the diode, where it may serve as a termi 

nal for connection to appropriate outside circuits, 
through registerhag botes in the bottoms of recess 

and waveguide section . Rod 2 is insulated 
from the sides of these holes by a dielectric sleeve 

. . . A similar rod O is afixable to the minor 

Contact with any other element of the en 
Abe aby. Thus, heater current may be applied 
to the flament - through the rods and 2, 
and the energizing potential for the diode may be 
apped to ether of the rod, 
We have found that it is desirable that the 

famaent be ensive only from its top surface. 
f electrons are elitted from the underside of 
the cathode their paths of travel are circuitous 
and therefore their transit times are not reliably 
controllable and are excessively long. For this 
renoon a prefered type of flament is one formed 
of tantaura with a 0oating of thoriun on its 
tep surface. However, if this type of flament is 
taped, certain precatations must be observed in 
seabing the diode. It will not be proper to 

perform soldering or brazing operations which 
involve the possibility of considerable heat be 
ng conducted to the flament. This is due to the 
fact that, though this kind of a tantatum fila 
meat may be operated at incandescence in a 
vacuuna, it will be periously damaged if it is 
beated to a very much smaller extent in an air 
atosphere. 
Therefore steps described below are recon 

mended for assenbling the diode to provide it 
with a vacuum-tight enclosure. 

waveguide section is vacuum sealed at 
its ends, the other end being temporarily 

to periant insertion of the guide ridge 
. seal may be an electromagnetic-energy 

e window of the kind shown in rig. 
more fully described in co-pending ap 

liesdon Number 96,091 filed May 28, 

consists of a plate of sponge-glass mas 
f ed that the ratio of the volume of 

material to that of interstitial 
enough to afford a dielectric 

close to 1. 
may be utilized to provide a 

vacun seal, while at the sanne time it 
not produce any substantial impedance dis 

tnutty. Another suitable type of window is 
e f 
vitreous materia into a shallow recess in the 

surface of the coupling flange. A thin mica 
for this purpose is to be preferred 

a thin sheet of solid glass as it is tougher 
amore resent and therefore less likely to 
rok A is known, the dielectric constant 
thin window may be very high without its 

producing any substantial impedance discon 
all of the parts of the ridge të are fully 

assenbled together, except that the rods 2 and 
O renata un creved from the ridge insert ) 

and the minor insert 2 respectively, the ridge 
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?? 

s 
t contan very 

to 
And . 
tinuity 

O 

s 

20 

25 

45 

50 

55 

of a thin sheet of mica fused with 

8 
through the end which as yet is not sealed O. 
the ridge is fastened into place along the center 

of the botton of section by any suitable near 
such as screws 82. Since it is not permissible ho 
sea the crew heads to the botton of the ess 
tion by soldering or brazing, or the like, becau?e 
of the possibility of in juring the flament (, We 
have employed the remaining steps which are 

A shallow box is afixed to the outside up 
face of the botton of the section with vacuum 
tight junctures a the way round its top edge. 
The shallow box is large enough and is prope 
erly positioned to cover all of the heads of the 
crews 2. If the box is brazed or soldered into 

place, obviously this should be done prior to the 
insertion of the ridge S. tending from the 
box 3 are several tubular extensions 4 which 
are soldered, Welded or brazed, or în any oth 
suitable manner connected to the bottom of the 
bok 8 each with a vacuum-tight juncture and 
each in alignment with the position for one CD 
of the screws 2 or with one of the two holl i 
made in the botton of section D for receiving 
the rods 2 and 2). Accordingly, the screws 
may be set in position and tightened by work 
ing through the extensions 34. Similarly both 
the bushings 28 and and the rods 2 and 
29 may be inserted into position and screwed into 
plate through the appropriate ones of the -e- 
tensions 4. Each of the extensions is thereafter 
sealed of in some appropriate manner: for ex 
anple, those positioned over the screws 32 may 
be sealed by soldering plugs in their ends, 
vhereas those through vhich the rods 2 and 
extend may be sealed with glass beads. In seal 
ing the extensions it is preferred to use R. . 
heating as this induces intense heat so quickly 
that there is very little time for it to be con 
ducted to the tantalun flament. As an added 
precaution the upper portions of the extensions 
may be wrapped with cloth soaked with cold water. 
If desired, one of the extensions by be left 
open for connection to a vacuum pump to be 
pinched of after evacuation. 

After the ridge is installed the open end of 
the waveguide section is sealed with another 
electromagnetic-energy-permeable window 8. 
The problem of preventing too much heat from 
being conducted to the fllament may be mest in 
this case by using a long enough section of wave 
guide so that there is considerable distance be 
tween the end at which this second window is 
installed and the location of the filament and 
also by using a wet cloth. 
The diode is now complete except for evacua 

tion and degassing, which may be performed in 
accordance with usual practice. 

It will be seen from the foregoing that the 
ridge is provides a support for the cathode 4 
which accurately positions it near to the under 
side of the top of section 10. In one experimental 
diode which operates very satisfactorily this in 
terelectrode spacing is about 10 mills. This pro 
vide asumcienty short transit time for an 
anode-cathode voltage difference of only 300 vots, 
at an operating frequency of 10,000 megacycleg 
In addition the ridge S affords a non-reflecting 
structure which shields both the cathode and is heater and energizing leads from protrusion into 
the dielectric propagation medium inside the 
guide and in addition gradually transforms the 
mpedance at the center of the guide from that 
for the full height thereof to that for the o 

in inserted into the waveguide section 75 duced spacing at the flament and the gradu 
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output ends according to principles knova to 
the waveguide art. If it should be desired to 
te the diode in the same frequency range As 

that over which the embodiment of Fig. 1 is use 
ful, all that is necessary is to add to the ends 
of the section a two sections of waveguide 
which contain the long, tapered end portions so 
that, when the three sections are connected to 
gether, the result will be the electrical equivalent 
of the diode of Fig. 1. Obviously it is desirable 
that the break between such attachable tapered 
end portions and the blunt ends B be as small as 
possible. For this reason thin vacuum seals, such 
as mica windows, are to be preferred for enabodi 
ments of this type. On the other hand, if it 
should be desired to operate the diode over an 
extended band of frequencies or over a band of 
frequencies not entirely within the operating 
band of an embodinent of the Fig. 1 type, difier 
ent, types of attacable sections should be con 
nected to the ends of the diode such as impedance 
transformers containing appropriately tapered 
extensions for the ridge 65, or other transform 
ing devices known to the art. 
Although our improved diode has been de 

scribed in connection with its use as a noise diode 
for the purpose of making certain tests and neas 
urements, it is evident that a device of this type 
may have various other applications wherever 
it is desirable to maintain a certain circuit in 
pedance and have at the same time an electron 
discharge device in this circuit without disturb 
ing the transmission characteristics thereof. It 
will also be evident that, instead of being limited 
to a two-element tube, other elements may be 
incorporated in our tube. Therefore, while we 
have indicated the preferred embodiments of our 
invention of which we are now aware and have 
also indicated only certain specific applications 
for which our invention may be employed, it will 
be apparent that our invention is by no means 
limited to the exact forms illustrated or the 
use indicated, but that many variations may be 
made in the particular structure used and the 
purpose for which it is employed without departs 
ing from the scope of our invention as set forth 
in the appended clans. 
What I claim is: 
1. A ridge structure for a hollow conductor 

vhich encloses an electron discharge device com 
prising a thin elongated ridge base, a ridge insert 
carried by the central portion of the ridge base, 
with relatively large portions of its surface close 
ly-juxtaposed to surfaces of said ridge base, in 
sulating material having a high dielectric colu 
stant interposed between sald juxtaposed sur 
faces whereby the ridge base and the ridge in 
sert are coupled as to R. F. energy by a large 
capacitance but are isolated as to D. C., the ridge 
insert comprising a principal portion and a minor 
insert carried by the principal portion but in 
sulated therefron as to D. C., an elongated cath 
ode having its respective ends directly connected 
electrically to the two portions of the ridge in 
sert, and a recess in the ridge insert extending 
along it for all of the length of said cathode in 
termediate its ends whereby except for said ends 
said cathode is not in direct electrical contact 
with any conductive portion of the ridge struc 
ture. 

2. A ridge structure for a hollow conductor 
which encloses an electron discharge device con 
prising a thin elongated ridge base having a cen 
tral portion of given height and tapering gradual 
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extrenities, a ridge insert carried by said cen 
tral portion with relatively large portions of its 
surface closely-juxtaposed to surfaces thereof, 
insulating material having a high dielectric con 
stant interposed between said juxtaposed sura 
faces whereby the ridge base and the ridge insert 
are coupled as to R. F. energy by a large capaci 
tance but are isolated as to D. C., the ridge in 
sert comprising a principal portion and a minor 
insert carried by the principal portion but in 
sulated therefrom as to D. C., an elongated fla 
ment having its respective ends directly con 
nected electrically to the two portions of the 
ridge insert, and a recess in the ridge insert ex 
tendling along it for all of the length of the fla 
ment intermediate its said ends whereby ex 
cept for said ends said flament is not in direct 
electrical contact with any conductive portion 
of the ridge structure. 

3. A ridge structure for a hollow conductor 
which encloses an electron discharge device com 
prising a thin elongated ridge base, a ridge in 
sert carried by the central portion of the ridge 
base with relatively large portions of its sur 
face closely-juxtaposed to surfaces thereof, in 
sulating material having a high dielectric con 
stant interposed between sald juxtaposed sur 
faces whereby the ridge base and the ridge in 
sert are coupled as to R. F. energy by a large 
capacitance but are isolated as to D. C., the ridge 
insert comprising a principal portion and a minor 
insert carried by the principal portion, a flament 
having its respective ends directly connected elec 
trically to the two portions of the ridge insert, the 
ridge insert being formed with a shallow depression 
along its top surface between the points of connec 
tion of the respective ends of the flament whereby 
except for its said ends the flament is not in di 
rect electrica contact with any of the conduc 
tive portion of the ridge structure, and means 
for supporting the flament under tension between 
the ends of the depression to bridge it so that as 
to R. F. Currents the flament will act as the 
top surface of the ridge structure. 

4. A ridge structure for a hollow conductor 
which encloses an electron discharge device con 
prising a thin elongated ridge base, a ridge in 
sert carried by the central portion of the ridge 
base with relatively large portions of its surface 
closely-juxtaposed to surfaces thereof, insulat 
ing material having a high dielectric constant in 
terposed between said juxtaposed surfaces where 
by the ridge base and the ridge insert are coupled 
as to R. F. energy by a large capacitance but are 
isolated as to D. C., the ridge insert comprising 
a principal portion and a minor insert carried by 
the principal portion but insulated therefrom as 
to D. C., a flament having its respective ends 
directly connected electrically to the two portions 
of the ridge insert, the ridge insert being formed 
with a shallow depression along its top surface 
between the points of connection of the respec 
tive ends of the flament whereby except for its 
said ends the flament is not in direct electrical 
contact with any of the conductive portion of the 
ridge structure, Eneans for supporting the fla 
Enent under tension between the ends of the 
depression to bridge it so that as to R. F. cur 
rents the flament will act as the top surface of 
the ridge structure, the ridge insert being formed 
to define a cavity for receiving an element of said 
supporting means consisting of a slightly loaded 
spring connected to one end of the filament to 
keep it under tension, and a corrugated metal 

ly in height fron said central portion to its two 75 ribbon connected between said one end of the 
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portoa to extreatles, a ridge nert 

ductors each sealed through 
seals and extending into one end of the hollow 
conductor to a point at which it is joined to an 
end di said ridge, the tapering of the ridge being 
symmetreal in that on each of its ends its top 

and botton-edge surfaces gradually ap 

ong an iraner Wall of the hollow con 
, a cathode having an emissive surface, 

ridge being adapted to support the cathode 
its missive surface adjacent to a portion of 

of the conductor which 
the device and with said 
the same plane as ad 

of ridge, heater leads ex 
tending from the cathode, the ridge surrounding 
and shielding the heater leads, the ridge having 
at least one blunt end flush with an end of the 
hollow conductor to extend the frequency band 
over which the eonductor is operative to pro 

end of the conductor at least one of the seals 
abutting against a blunt end of the ridge. 

14. An evacuated electron discharge device in 
cluding a tubular anode of predetermined cross 
section guitable for connection into an R. R. 
transmission system as a hollow cohductor there 

central portion thereof and said tubular anode, 
said eathode being supported adjacent to said 
anode a said central portion of said support in 
insulating relation as to D. C. with said anode, 
means providing large capacity R. F. coupling 
between the cathode and the support, said sup 
port having a recess in which said cathode is 
mounted with the emissive surface thereof in 
substantially the same plane as adjacent surfaces 
of the support. 

15. An electron discharge device including a 
tubular conductor, electromagnetic-energy-per 
meable means hermetically sealing the ends of 
said coaductor, a Cathode within said tubular 
conductor, said tubular conductor serving as an 
anode for said cathode, an elongated support sup 
porting and cathode closely adjacent the inside 
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3 
surface of said tubular conductor, said support 
having an enlarged central portion supporting 
said oathode and tapered end portions, said ta 
pered end portions serving as impedance trans 
formers when said device is utilized in an R. . 
transmission aystem. 

16. An electron discharge device comprising an 
envelope including a section of wave guide sealed 
at both of its ends with electromagnetic-energy 
permeable material, electron-receiving means ine 
cluding an elongated surface extending along the 
inside of a wall of the section of wave guide and 
facing toward the inside of its opposite wall to 
serve as an anode for the discharge device, said 
section containing an elongated ridge having a 
botton side which is physically attached to said 
inside of said opposite Wall in such a position 
that a central portion of the top side of the ridge 
registers with said elongated surface to act as a 
support for a cathode to cooperate with that sur 
face, the height of the ridge as measured beo 
tween its top and botton in its central portion 
being large enough so that in said central portion 
its top is closely juxtaposed to said elongated 
surface while its height in its end portions pro 
gressively lessens until it is negligibly small at its 
two extremities, means providing direct current 
insulation and radio frequency capacitive cou 
pling between said inside of said opposite wall 
and at least the central portion of the top side 
of the ridge, a thermonically emissive surface 
carried on said central portion of the top of said 
ridge in close juxtaposition to and facing toward 
said elongated surface to act as a cathode in co 
operation therewith, means for heating said 
emissive surface by the use of an externally sup 
plied electrical current, said means including a 
resistive flament and a heater lead connected to 
one of the ends thereof and extending to a ter 
minal on the outside of said envelope, said lead 
passing within the ridge between its top and bot 
tom to be shielded therewithin and extending 
through said opposite side of the section of wave 
guide to said terminal. 
1. An electron discharge device comprising an 

elongated hollow conductor, an elongated con 
ducting ridge extending longitudinally within said 
conductor, one transverse dimension of said ridge 
being almost as great as the corresponding di 
mension of said conductor, at least one side edge 
of said ridge beting located in close spaced rela 
tion with said conductor, the transverse dimen 
son of said ridge at right angles to said first 
named dinnension being only a small fraction of 
the corresponding dimension of said conductor 
to minimite the reduction of the impedance of 
said conductor due to the presence of said ridge, 

Cathode supported on said side edge of said 
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