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UNITED STATES PATENT oFFIcE 
ULTRA HIGHIPREQUENCYIELECTRONIC, DE 
VICE coNTAINED WITHIN wAVE GUIDEs 

Arthur L. Samuel, Summit, N. J., assignor to Bell 
Telephone ILaboratories, Itacorpor?ted, New7 
York, N. Y., a corporation of New York 
Application May 3, 1941, Seria1No. 391,658 

(OH, 1178-44) 5 Claims. 
1: 

This invention relates to methods of and ap 
|par???lS for utilizing the interaction between elec 
tIron Streams and electromagnetic Waves within 
WaVe guides. x 

An object of the invention is to increase the 
efficiency of coupling of electronic energizing Sys 
tems to Wave guides. 
Another object of the invention is to cause a, 

Section of a Wave guide to serve as a negative re 
Sistance With respect to Waves traversing it, 
Whereby the Wave guide section may function as 
an amplifier. w 
An additional object of the invention is to itm 

CreaSe the effective Wave-length inside - wave 
Ètlide by Virtue of the properties of the guide in 
the frequency range near its cut-off frequency. 
A feature of the invention lies in the incorpora 

tion of an electronic device such as an amplifier 

2 
employed. When a marrow beam or pencil of 
electrons is employed for energy interaction With 
the system, the amount of power Which can be 
Thandled may be uneconomically Small at the 
higher frequencies. In accordance With the 
present invention, a, sheet of electrons may be 
employed instead of a, beam or penci1 thereof. "To 

• .. avoid difficulties due to phase and amplitude dif 

entirely Within the compass * of the wave guide. ’ 
The deVice So incorporated is protected by the 
Wall of the Wave guide and if the wa?I is of cori 

, ductive material, the device is Shielded thereby 
from incoming or outgoing radiations. 
Another feature of the invention is the use of 

an electron Stream of .. increased cross-sectional 
3Irea, Stich as may be supplied from a linearly ex 
tended cathode. By constricting the immer cavity. 
Of ?he Wave guide immediately Surrounding the 

· Cathode, advantage is taken of the natural varia 
?ion of the Velocity of Wave propagations in a, 
WaVe €uide Operating mear the cut-off frequency 
Of the Euide, Which velocity may greatly exceed: 
?he free-Space Velocity of waves at the operating 
frequency. In accordance with this feature of 
the invention, a cathode may be extended 
through a length of Several free-space wave 
lenEthS and Still occupy a length only a quarter 
WaVe-length or leSS relative to the waves inside 
the guide. : 

Another feature of. the invention is the placing 
Of the cathode Structure and connecting leads 
Substantially Within an equipotential plane with 
IreSpect to the electromagnetic field in the adja 
cent portion of the Wave guide. \ 
While the main advantages of the above fea 

tures Will immediately be evident to those familiar 
With the tultra-high frequency technique, it 

30) 

ferences in the electromagnetic Wave from Ipoint 
to point, along the length of the electrom sheet, 
the Stream is preferably limited to the order of a, 
quarter wave-length in the direction of its linear 
extension. By placing the electron Stream in a, 
restricted section of Wave guide where the Welocity 
of wave propagation is several times the free 
Space Velocity, the actual length of the cathode 
may be extended to several times What it would 
be if it Were operating upon a, Wave in free Space. 
or in an unmodified Section of the Wa:We guide. 
The restricted section of the guide mna?r be con 
nected to the 8?ijacent unmodified portion either 
by a transition section to minimize reflections or 
through an apertured partition or coupling iris 
to Secure an optimum impedance transformation, 
or - through any other suit8ble * coupling means, 
or by a, combination of Such hmeans. 
In the drawings: 
FigS. 1 and 2 show, IreSpectively, a, longitudinal 

and a, transverse Section of 8 WaWe guide cont8in 
ing the elements of a diode OSciliator in . 8, con 
Stricted portion of the guide; w 

IFig. 3 is a diagram useful in explaining the 
! reason for the particular design of cross - Section 

35 
shown in Fig. 2; • 

Fig. 4 shows a, longitudinal Section of a mag 
netron osciliator embedded in a restricted section 

- of a, WaWe guide; 

40) 
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Should be noted that the feature involving a . 
linearly extended cathode is of particular im 
portance in increasing the power capacity of elec 
tronic deVices at the higher frequencies. Usually 
the power capacity of an ultra-high frequency 
System is limited by the diminutiveness of such 
of its physical dimensions as are necessarily not 

Fig. 5 is a diagram useful in selecting ap 
propriate designs for the croSS-Sectional com 
figuration of the device shown in Fig., 4; 

Fig. 6 shows an arrangement for projecting an 
electron Stream into a WaWe gtuide ºthrough a, Side 
opening; • 

Fig. "I is a diagram useful in explaining the op 
eration of the arrangement of Fig. 6; 

FigS. 8, 9, 10 and 11 Show Various Shapes of . 
W8We guides and appropriate types of electro 

* magnetic field distributions which may be ad 
vantageously used in connection with electronic 
entergization; • 

IFi&S. 12 and 13 Show, respectively, a, longitudi 
nal and a, transverse section of an arrangement 
for .. coupling two Wa:We guide& through an elec 
tronic amplifier; and w • 

ImllCh &reater than the free-Space WaVe-lengths ?? ?? , E"ig. 14 is a cross-sectional View of an arrange 
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the Same general principles employed in öhe sys 
tem of FºlgS, 1 , and 2, in this case arranged to 
operate as a magnetron rather than in the man- A 
mer of the diode oscillator. In the arrangement 
of Fig. 4 the cathode comprises a, Wire or small 
|rod 20 mounted Substantia:Ily on the axis of the '' 
guide · H and Supported at either end by means 
of extensions which are hermetically Sealed into 
and pass through the closures 14 and t5. A mag 
netizing coil 24, coaxial with the cathode 20 is 
provided to supply the field required for mag 
metron operation. This arrangement is particu 
1arly designed for a Second order type of Wave 
propagation, the electric field configuration for 
Which is shown approximately by the arrows in 
??"ig. 5, corresponding generally With . Fig. 9? of 
the Southworth Patent 2,129,712, above cited. 
"The thickened Wall Section. 4* of Fig. 4 encloses 
8, ??Vity ?* which maay have a croSS-Sectional 
Shape such as done of those represented by equi 
potentia1 lines 22, 23 and 24, respectively, in 
IFig. 5. 

"The arra,ingement of · Fig. 4 Operates in essen 
tially the · Same mammer as a four-plate conven 
tional magnetron, current fiowing principally to 
four regions on the amode Surface, Which regions, 
however, need not be physicaliy Separated or in 
Sulated from one another. IDue to the constricted 
càVity 3?, the axia1 1ength of the elements may 

· be long compared to the free-Space Wave-length 
in 80cordance With the same principle governing 
the case of the diode. AS in the case of the ar 
|rangement of FigS. 1 and 2, the magnetron of 
Fig. · 4 Hmay be used as an oscillator, amplifier, 
modulator, etc. 

Ara akternate arrangement for a diode in & Wave 
guide is aS Shown in Fig. 6. "This alrrangement 
has the property of acting upon a traveling Wave 
in a WaVe guide but does not make use of a con 
Stricted section nor of a linear cathode. The 
guide I is provided with a, side tube 25 fastened 
over a hole 26 in the Wall of the guide !. An 
electron gun, designated generally at 2l, enclosed 
in a Wº, insulating envelope. 28 is affixed to the tube 
25 by, means of a suitable Vacuum-tight seal, and 
the Wacuum chamber is closed by means of inSu 
la?ing Windows 29 ° and 30 which offer Substan 
tially . Ino ObStruction to the passage of electro 
magnetic WaVes along the guide I. A Wave of the 
Hi1 type is suitably employed. giving an electric 
field configuration as indicated diagrammatically. 
in Rig. "I’. The electron Stream indicated by a 
dash-line arrow 3 ! is injected into the main 
guide ! substantially in the principal direction of 
the electric field. The electrons of the Stream 3! 
are accelerated by a Suitable * biaSing potential 
between the cathode of the electron gun and the 
conductive walls of the guide 1. By Suitably con 
trolling the tyransit time of electrons in trawerSing 
the interior of the guide 1, the electron Stream 
may be made“ to deliver energy to the electro 
Imagnetic field of the guide. Accordingiy, the de 
Vice may be employed as a negative resistance 
elsement to Sustain the amphitude of a traveling 
Wave passing allong the guide. It Will readily be 
appreciated that the arrangement, may 8lso be 
used as an oscillator or modulator. 

"The arrangennents shown in FigS. 1, 2 8nd 6 
are all characterized by an electron beam inter 
acting with an electromagnetic field, the elec 
tric component of which is substantially at all 
times in the direction of the beam or in the re 
werse of that direction. It Will be evident that 
there are many modes of OScillation in W8:Ve 
guides which will set up electric field configura 
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6 
tions suitable for inter8.ction with an electron 
lbeana in the imanner 8bove described. It wilîrifur 
ther be noted that the guide need not be 8, circu 
1ar one but may be Square or prismatic With a 
variety of different shapes, the main character 
istic desired being that the electric field have a, 
considerable region in which it consists essen 
tially of paralle1 Straightlines. A number of Suit 
able WaWe guide Sections with , appropriate elec 
tric fields indicated are shown in Figs. 8, 9, 13 
and 11. · 

Fig. 8 shows .. cylindrica1 guides Supporting a 
Wave of the Fo type as in FigS. 6 and ?oz in South 
worth Patent 2,129,712. 

Fig. 9 shows how the circular guide of Fig. 3 
may be modified into’ various prismatic Shapes,” 
all of which Will Support eSSentially the Same com 
figuration of electrical Waves as shown in Fig. 3. 
The modifications include a Square guide in 
which the electron Stream is suitably introduced 
in the direction of a diagonal of the Square croSS 
section, and a triangular guide in Which the elec 
tron Stream nmay be introduced either at the right | 
angle corner or in the reverse direction So as to 
emerge from that cormer. The last example in 
Fig. 9 is in the form of quarter sections of a cylin 
drica1 shape in which the electron beam may 
either enter or leave at the center of the circular 

In all these examples the electron path is 
substantially parallel to the electric field. 

Fig. 10 shows a field configuration -generally 
similar to that shown in Fig. 5 but imposed upon 
a cylindrical guide transversely to the axis of the 
cylinder instead of longitudinally. 
For comparison a cylindrical guide supporting 

a wave in the manner of Fig. 5 is shown in per 
spective in Fig. 11. • 
In IP'igs. 8, 9, 10 and 11 the direction of the axis 

of the electron Stream is indicated by an arrOW. 
"The electron stream in the form of a, beam or 

|pencil may be employed With any of the. WaVe 
guides illustrated in Figs. 8, 9, 10 and 11 as Well 
as in other configurations not shown. The ar 
rangements of FigS..9 and 11 are particularly Well 
adapted, in addition, to the use of the extended 
linear cathode in connection With a, constricted 
portion of a guide, in accordance With the prin 
ciples set down in connection With the description 
of Figs. 1. 2 and 4. 

FigS. 12 and 13 Show longitudinal and trans 
Verse sections, respectively, partially diagram 
matic, of a triode arrangement coupling tWo Wave 
guides. The arrangement operates as an ordinary 
triode amplifier except that the cathode-grid 

? Space and the grid-anode Space are isolated from 
each other by being included each in a separate 
Wave guide – interconnected only through the 
meshes of the grid. The arrangement is shown 
as an amplifier. 
*In Figs. 12 and 13. two partially overlapping 

Wave guides 45 and &6 are shown with a common 
Wall portion (19. The guides are preferably rec 
tangular in croSS Section and in the case of an 
amplifier both guides may well have the same 
transverse dinnension or Width W, as indicated in 
Fig., 13. . In the common Wall (º9 there is situated 
an electron permeable region or grid 50' opposite 
Which in the guide 45 is a thermionically active 
cathode section 51 insulated from the wall of the 
guide by insulation 4l or otherwise Suitably 
Imounted. Vacuum Seals are provided, as at 6:I, 
62, 63 and 64. The cathode may be heated by an 
external heating element 52 insulated as at 65 
and energized by a, battery 53. The cathode may 
lbe positively polarized with respect to the grid 50 
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by means of a polarizing battery 54. Opposite 
the grid 50 in the guide - 46: may be mounted. 811 
anode 55 insulated from the wall of the guide by 
insulation 88 and polarized positively With reSpect, 
to the grid ?0 by means of a, battery ??. Each 
of the batteries ab?we mentioned may be repla:Céd 
by any suitable source of direct current electrO 
motive force, Adjustable pistons or reflectorS ?l 
and 58 are provided for controlling the establish 
ment of standing wave patterns. An incoming 
wave in the guide 45 Serves to impress a contrO1 
voltage between the cathode - 5t and the grid ?0 
thereby producing a variable electron current in 
the region between the grid - 50 and the anode &?, 
the variations of Which current Serve to Set, Ulpx 
amplified electromagnetic Waves in the guide é??. 
The mode of operation of the device is generally 
similar to that described in U. S. Patent 2,153,728, 
issued April 11, 1939, to Gi. C. Southworthi. 

Fig. 14 is a croSS-Sectional View of a, modifica 
tion of the arrangement of Figs. 12 and 13 adapted 
for frequency .. conversion. In this , arrangement 
the incoming WaWe guide, Shown at the tOp, iS 
of a Suitable width (horizontal dimension) - t0 
Support a Wave of a desired fundamental fre 
quency. The output Wave guide, shown below, is 
marrower so that it Will not support a Wa,Ve Of 
the fundamental frequency but it may be turned 
to the harmonic frequency. The Vertical dimen 
sions of the respective guides in Figs. 12, 13 and 
14 : may be determined by the relative Spacings 
desired between the grid and the cathode on the 
Qme hand and the amode on the other. 
In Fig. 14 the wave guide for the fundamental 

furequency is designated ?9 and the guide for the 
harmonic ??, - the widths of the respective guides 
being Wil and W2. 
The arrangement of Fig. 14 is claimed in my 

copending application Serial No. - 461,517, filed 
October 10, 1942, assigned to the same assignee as 
the present application.“ • 
What is clairned is: • 
1. in - an ultra,-high, ... frequency electronic de 

Vice, a, SQuirce of Wa,Ves of a givern Operatirag - fre 
cittency, a Section Of WaVe , guide - Of Such trans 
Verse dirhensions as to have a, cut-off frequency 
close to a.ud siightly below said operating fre 
(Iuency, Said Wave guide section being so propor 
tioned. that its length is of. the Order of... magni 
tllde of a quarter Wave-length referred to propa 
gati?n of WaVes`Within Said guide, but relatively 
g1reat compaired to the free-Space WaVe-lengthm 
cotrires]}?rnding to the operating frequency, a, Calth 
?de with its active portion extending Substantia:!- 
ly the full length of Said WaWe guide Section, and 
1means for * causing - an electron Stream ermitted 
from Said cathode to effect energy interchange 
with electromagnetic Waves - from Said Source 
within Said WaVe guide Section. 

2. Iu a, System for effecting exchange of energy 
betweeth. ?. an electron Streann and . - 8,n electrO- . 
magnetic Wave, a, source of Waves of given Oper 
ating frequency, a, Wave guide, means in Said 
guide to increase the Speed of propagation of 
Waves from said source therein over the Speed of 
propagation of a Wave of the same - frequency in 
|free space, thereby multiplying the Wa,Ve-length 
in Said guide compared to the free-space - Wave 
|length, and a source of an electron Stream, Said 
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Source extending along and adjacent to the No.8th 
of propagation of Said Wave within the confines 
of Said Speed increasing means in said guide, the 
length of Said source in this extension being of 
the order of magnititude of 8, quarter WaVe-length 
referred to propagation. Within S8id Speed im 
creasing means - and at the S&rne time of the 
Order of magnitude Of Several free-Space Wa:Ve 
1érigths. • 

3. . In a, System for energy interchange at ultr8 
high, frequencies, a,“ source of electroma.Enetic 
waves of a given operating frequency, a, Source 
of an electron Stream, means for conStraining 
WaVes from Said first-mentioned Source to tra 
Verse a restricted region int Whicht - the Spaed Of 
|propagation of the W8We is increa:Sed With IreSp80t 
to the - Speed .. of propagation of - a, WaVe of the 
Same frequency in free Sp8Ce, thereby multiplying 
the Wave-length in Said region compared to the 
free-Space Wave-length, Said Source of an elec= 
tron Strearn? being positioned within Said region 
of increased Speed of Wave propagation and being 
extended in its dimensions along the path of 
propagation of Said WaWe to a, length Which is of’’ 
the order of magnitude of a, quarter WaVe-length 
referred to propagation within .. ' Said. region of 
increased Speed and at the Same time of the Order: 
of magnitude of several free-Space WaVe-lengtkaS. 

4. An extended length of Wa,Ve guide, a, Source 
of Waves of a given frequency freely transmitted 
by Said guide, a, Section of reduced internal CrOSS 
sectional area, in Said guide having Such .. di 
nnensions as to have a cut-Off frequency close to 
and siightly below Said given.operating frequency, 
Said section of reduced area, being So propor 
tioned that its length - is a, fraction of a, , Wave 
length referred to the speed of Wave propagation? 
"Within S8id section and at the S8.me time equal 
to Several free-Space WaVe-lexagths of the Oparat 
ing frequency, and means for projecting electrons 
transversely to the guide Within Said sectiorl of 
reduced area, along a, Substantial portion of the 
entire length of Said section to effect einergy inter 
charinge between electrons - So projected and - a, 
W8ive of the operating frequency - Witinin S&lid 
Section. 

5. In an - ultra-high frequency tra.insmission 
Systern, a Wave guide designed for the prop?g?,- 
tion of an electromagnetic WaVe of a given field 
configuration, a, portion of Said guide being modi 
fied in internal dimensions to form a, Section of 
reduced .. internal dia.meter, the croSS Section at 
a:I] points of Said guide being Such as tO, COnform 
Substantially with equipotential contours of the 
given field configuration to - Secure a, Section of 
increased Speed and propagation Without Causing 

· material distortion of the field configuration, and 
means, for maintaining in Said Section of reduced 
interna] .. diameter an electron Stream ha:Ving a, 
dimension transverse to the direction of motion 
of the electrons Which is Substantially &S ?re8,? 
as the length of Said ireduced section, Said means 
comprising a, heated cathode locatêd Within the 
Said section .. of reduced interna1. dia.meter, and 
Said catinode ha:Wirtg its ( electrica1 .. connections 
iocated Substantially in“ - a, Single equipotential 
|plaine of Said given field configuration. . 

ARTHUR L. SAMUEL. 


