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This invention relates to wave guides including 
improved arrangements for delimiting their elec 
trical lengths. 
As used broadly in this specification and in 

the appended claims, the term “wave guide' ap 
plies to a System of conductive surfaces which 
act as the boundaries of an electric Wave and 
have the ability of directing the propagation of 
Such a Wave, much as the rigid Walls of a Speak 
ing tube guide sound by preventing the sound 
from spreading freely into space. Wave guides 
are well known in the art and may take the form 
of two or more separated conductors in open 
Space, Such as a power line Or a telephone line. 
This type may be called transmission lines of the 
open-wire line variety. Another type of wave 
guide comprises simply a single hollow conductor 
capable of propagating the Wave through its in 
terior; this type may be called a hollow guide. 
Still other types include one or more conductors 
enclosed within but electrically insulated from 
another conductor, as in the conventional coaxial 
line. While certain details of design and method 
of excitation may depend on the type of guide 
and manner of its use, the term wave guide is 
used here in its generic Sense, including any of 
the types mentioned, and referS also to the rela 
tively short guides often designated as cavity 
resonators. 
A prior arrangement used to determine the 

effective length of a wave guide is a simple short 
circuiting bar or end cap which reflects currents 
flowing in the guide structure. When the guide 
is So disposed and excited as to operate in a 
resonant condition, high currents may flow be 
tween such a short-circuiting device and the ad 
jacent portion of the conductive surfaces of the 
guide. This high current condition introduces 
troubleSome contact problems, especially when 
the shorting device must be movable along the 
guide to adjust its length over a range of values. 
Another prior device, used in the types of Wave 

guides having a hollow cylindrical conductor, 
comprises a piston-like structure or tuner closed 
at one end and having a length approximately 
equal to one-quarter of the operating Wave 
length. Such a piston functions in effect as a 
quarter-wave end Section of the guide and, if 
desired, may be movable to produce variations in 
the electrical length. With this arrangement, 
contact between the piston and the active part 
Of the guide may be made at goints far enough 
away from the point of current maximum that 
the currents flowing at the points of contact are 
appreciably Smaller than is the case with a sim 
ple shorting device. While this arrangement de 
creases the deleterious effects of high or variable 
contact resistances, experience has shown that st 
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Some effect remains and may become objection 
able in certain applications. 
A So-called choke arrangement also has been 

used to determine the electrical length of a tubu 
lar Wave guide. In this arrangement a plug fits 
inside the tubular guide, but is spaced therefrom 
to provide a channel. If this channel is made 
of a proper resonant length, the guide may be 
effectively terminated at the face of the plug. 
This arrangement differs from the piston-like 
Structure mentioned above in that the plug does 
not function as an end section of the guide, the 
face only of the plug delimiting the electrical 
length of the guide. When such a plug is used, 
the over-all guide structure must have an extra 
length, necessary to obtain the proper resonant 
condition in the channel between the plug and 
the inner wall of the guide structure. Also, with 
a choke-plug arrangement the deleterious effects 
of high or variable contact resistance still may 
be experienced. Here a contact is established 
between the inner wall of the guide structure and 
the Supporting element of the plug. 

It is an object of this invention, therefore, 
to provide an arrangement which substantially 
avoids one or more of the above-mentioned limi 
tations of the described prior arrangements. 

It is a further object of this invention to pro 
Wide a Wave guide having an improved arrange 
ment for determining its electrical length. 
A more Specific object of the invention is to 

provide a Wave guide of adjustable electrical 
length having improved efficiency and increased 
freedon from deleterious effects due to contact 
resistance. 
A Still further object is to provide an improved 

means for Supporting a short-circuited piston 
type tuner in a wave guide. 
In accordance with the invention, a wave guide 

comprises a conductive structure including at 
least one longitudinally extending conductive sur 
face defining a wave-propagating space for guid 
ing electromagnetic waves. A short-circuited 
guide Section, having an effective electrical length 
equal to an odd integral multiple of one-quarter 
wave length at the operating frequency of the 
guide, is longitudinally disposed within this prop 
agating Space to determine the electrical length 
of the wave guide. The short-circuited section 
includes at least one conductive portion adja 
cent to but Spaced from the conductive surface 
of the guide structure and provides therewith an 
open-circuited transmission-line section having 
an electrical length of an odd number of quarter 
wave lengths at the operating frequency. The 
Wave guide also includes means for supporting 
the open end of the short-circuited section with 
reference to the last-mentioned conductive Sur 
face of the structure comprising a dielectric 
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member positioned within the transmission-line 
section adjacent the open end of the short-cir 
cuited Section. 

For a better understanding of the present in 
vention, together with other and further objectS 
thereof, reference is had to the following de 
scription taken in connection with the accom 
panying drawing, and its scope will be pointed 
out in the appended claims. 
In the drawing, Fig. 1 is an axial Section 

through one end portion of a wave guide of the 
coaxial transmission-line type embodying the 
present invention; Fig. 2 is a transverse section 
through the wave guide of Fig. 1; Fig. 3 is an 
axial section through one end portion of a hollow 
guide embodying the invention; Fig. 4 is a plan 
view of one end portion of a Wave guide of the 
open-wire transmission-line type embodying the 
invention; and Fig. 5 is a sectional elevation 
of the wave guide of Fig. 4. 

Referring to Figs. 1 and 2 of the drawing, 
there is shown an end portion of a wave guide 
comprising a conductive structure including a 
plurality of longitudinally extending conductive 
Surfaces on portions i), defining a Wave 
propagating space 2 for guiding electromagnetic 
waves. The conductive structure shown is of 
the coaxial type in which the conductive por 
tion or surface it is a hollow cylindrical outer 
conductor and the conductive portion f is a 
coaxially aligned hollow inner conductor, estab 
lishing the wave-propagating Space 2 between 
the outer and inner conductor's as in conven 
tional coaxial lines. An end plate 3 aligns and 
spaces the conductors 0 and . 
A short-circuited guide Section 5, also of the 

coaxial type, is provided. The section 5 is dis 
posed within and longitudinally adjustable along 
the Wave-propagating space, in the embodiment 
illustrated, in order to effect tuning of the guide 
over a range of operating frequencies. The Sec 
tion includes longitudinally extending conductive 
portions shown as two hollow cylindrical con 
ductors 6 and , the inner conductor 7 and 
outer conductor 6 being coaxially aligned. 
These conductors are conductively connected at 
One end by a short-circuiting diaphragm 18 and, 
in the usual construction, are selected of such 
length that the section 5 has an effective elec 
trical length approximately equal to one-quarter 
Wave length at the mean operating frequency of 
the guide structure. 
At least One, but preferably both, of the con 

ductors of Section 5 are adjacent to but spaced 
from the corresponding conductors of the guide 
Structure and provide therewith open-circuited 
transmission-line Sections, individually having 
an approximate electrical length of one-quarter 
wave length at the mean operating frequency. 
Thus, in the illustrated embodiment, the inner 
conductor's fi and 7 have a separation 23 and 
constitute a quarter-wave line section that is 
Open-circuited at each end. Similarly, the outer 
conductors 0 and 6 have a spacing 22 and form 
an open-circuited line section of the same length. 
An adjustable Short-circuiting section of the 

type illustrated may be conveniently referred 
to as a tuning piston or cup that is closed at 
One end by diaphragm 8 and is open at the op 
posite end. A means is provided for supporting 
the Open end of piston 5 with reference to inner 
conductor of the guide structure. This means 
comprises a dielectic member or ring 25, posi 
tioned Within the space 20 between conductors 
lf and 7 and, therefore, positioned within the 
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4. 
transmission-line section formed by those Con 
ductors. Ring 25 further is positioned adjacent 
the open end of piston 5, and is constrained 
for movement with the piston by a Suitably 
shaped recess 24 formed by a rib integral with 
the free end of conductor f7 and thus near the 
open end of the piston. A material molded of, 
or impregnated with, a phenolic resin is suitable 
for ring 25. For purposes of assembly, the ring 
may be segmented and the segments Separately 
fitted into the recess, or the recess may be formed 
by crimping the free end of conductor f7. Over 
a continuous dielectric ring. 
A support 27 of generally toroidal shape is 

located behind the closed end of piston 5 to 
support that end in coaxial alignment with Con 
ductors 0 and . Support 2 is preferably of 
insulating material, and may be of a phenolic 
material having high dielectric-loSS properties 
since it is outside of the active propagating space 
and need have mechanical strength sufficient 
to support only one end of pistOn 5. The Sup 
port 2 is fastened to short-circuiting diaphragm 
8 by means of elements such as screws 34. 
Piston 5 and its support 2 are longitudinally 

adjustable through a driving mechanism in 
cluding a driving ring 28 positioned within con 
ductor ff. Slots 29, 30 are cut into conductor 

and extend longitudinally for a distance 
Somewhat greater than the desired traverse of 
piston 5 during adjustments of the guide struc 
ture. Keying pins 31, 32 pass through slots 29, 
30 and connect driving ring 28 with support 27. 
Ring 28 has an internal thread for engaging 
externally driven lead screw 33. The screw has 
Suitable shoulders bearing against end plate 3 
to prevent longitudinal movement. Suitable 
means (not shown), including a calibrated tun 
ing dial, may be provided for rotating lead Screw 
33 to effect and indicate a longitudinal displace 
ment of driving ring 28 within conductor f? 
and a corresponding displacement of piston 5 
within the wave-propagating space 2. If sup 
port 27 is of an insulating material, the entire 
piston can be placed at a direct current voltage 
or low-frequency (power-supply) voltage differ 
ent from the voltage of the rest of the guide 
Structure. The Short-circuiting member, Sup 
ported according to the invention, may be used 
to determine a fixed electrical length, in which 
case the support 27 may be affixed to the guide 
Conductors and the lead Screw omitted. 

If, in Operation of the wave guide of Figs. i. 
and 2, it is desired to tune over a range of oper 
ating frequencies, longitudinal adjustments of 
the piston are made by rotating lead Screw 33. 
During the adjustment, dielectric ring 25 slides 
along inner conductor , and the position of 
the short-circuited end of the piston, relative to 
the remote end (not shown) of the guide struc 
ture, determines an adjustable active length of 
the guide. Accordingly, the effective electrical 
length of the guide is delimited by the diaphragm 
8 of the piston 5. During resonant operation, 

current is reflected at the closed end of the pis 
ton, and the reflected wave energy combines with 
Wave energy traveling toward the piston to pro 
duce alternate points of low and high peak cur 
rent Spaced along the guide at intervals of one 
quarter Wave length. Thus, standing waves are 
produced in a well-known manner, with maxi 
mum current at Short-circuiting diaphragm i8 
and minimum current at the open end of the 
quarter-Wave piston. The physical length of the 
piston corresponding to an electricallength equal 
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to a quarter-wave length is not extremely crit 
ical, and it is usually entirely satisfactory to pro 
portion the parts as if for operation at Some 
frequency within the desired range, approximate 
ly the mean frequency. 
To obtain effective electrical connection be 

tween the conductors of the guide and a short 
circuited guide section of the specified length, it 
is not necessary that every portion of those con 
ductors have a corresponding adjacent portion 
in the short-circuited Section. Moreover, when 
the Short-circuited Section includes conductive 
portions adjacent to but spaced from a substan 

O 

tial portion of the conductive surfaces of the re- - 
mainder of the Wave guide, there Ordinarily is 
sufficient coupling between those portions of the 
short-circuited section and the rest of the struc 
ture to ensure effective electrical connection at 
radio frequencies by means of that coupling 
alone. Under these conditions, no physical con 
tact is necessary at any point between the short 
circuited section and the rest of the guide. Thus, 
the short circuit is effectively provided without 
any deleterious effects due to the variable re 
Sistance of contacts between the Short-circuiting 
member and the conductive structure of the Wave 
guide. 
Regarding the location of dielectric ring 25, it 

may be noted that power loss in a dielectric 
material not Only depends on the loss properties 
of the dielectric, but also is proportional to the 
square of the Voltage gradient in the dielectric. 
At the open end of piston 5, effective contact 
is made between the piston and the conductors 
f) and Where a condition of low peak current 
but high peak voltage exists in the Wave-propa 
gating Space. If the open end of the guide Sec 
tion were to be supported by a dielectric member 
within the wave-propagating space at this high 
Woltage point, that member Would have to be of 
an expensive material having low dielectric-loss 
properties, such as one of the better electrical 
grades of a polystyrene or polyethylene naterial, 
Or an inorganic composition Such as fused quartz 
or a steatite material made especially for high 
frequency radio applications. Suitability of a 
given material often depends, of course, on the 
operating frequencies involved. If used in this 
manner, any mataitials exhibiting dielectric losses 
Substantially higher than those of the named 
materials would impair seriously the operation 
of the Wave guide. In accordance with the in 
vention, however, ring 25 is located within the 
transmission-line section 28 provided by conduc 
tors and , to avoid such limitations. 
Any Wave energy Which may enter the trans 

mission-line section 20 from the propagating 
space 2 of the guide travels to the far end of 
the Section adjacent the short-circuiting dia 
phragm 8. This far end of section 28 is Open 
circuited, and is a point of voltage reflection. 
where no current can flow. Consequently, Wave 
energy traveling down the transmission-line Sec 
tion is reflected at the far end and Sets up stand 
ing waves within the transmission-line Section 
itself with a point of voltage maximum at its 
far end and (considering the transmission-line 
section alone) a point of voltage minimum and 
current (maximurn a quarter-wave length along 
the line section from its far end. Since the line 
Section has a length of one-quarter of the oper 
ating Wave length, its near end represents a point 
of voltage minimum. The supporting ring 25 is 
positioned within line section 20 adjacent its neal 
end So that no appreciable voltage gradient exists 
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6 
in the Space in which the ring 25 is positioned. 
By So positioning the ring, it is effectively pro 
tected from the high-voltage field in the wave 
propagating Space 2 of the guide, shielding the 
ring from the fields established in the guide. Po 
sitioning the ring in recess 24 augments the 
Shielding. 
A dielectric member so positioned in a region 

of low-voltage gradient may be made of a rela 
tively inexpensive material having relatively high 
dielectric-loSS properties without seriously in 
Creasing the power losses. Materials having such 
properties and also suitable mechanical properties 
include cellulose acetate, resins of the phenol 
formaldehyde and polymethyl - methacrylate 
types, and certain cross-linked addition polymers 
identified as allyl resins. 
Even using a relatively high-loss material for 

the dielectric member, the wave guide of the 
invention operates with high efficiency. More 
over, the construction is such as to provide high 
mechanical strength and rigidity, which may be 
neceSSary under conditions of severe vibration. 
It is notable further that the transmission-line 
Section 28 not only has low voltage across it at 
the point adjacent the open end of the piston, 
but also (considering the wave guide as a whole) 
has low current at that point, since it is at a point 
of low Current in the wave-propagating space 2. 
Since neither appreciable voltage nor current 
exists a CrOSS the Section 29 at the point where it 
Opens into the wave-propagating space 2, very 
little power is applied to the section by the energy 
in that Space. The transmission-line section 2) 
is thus only Weakly excited. It is apparent that 
this is also true of the line section 22. It follows 
that there can be very little leakage of energy 
from the Wave guide at the point where it is 
terminated by the short-circuited guide section. 
Since there may nevertheless be some voltage field 
at the far ends of these transmission-line sec 
tions, it may prove desirable to cut away portions 
of the Support 2, as shown, so that it touches 
member 8 only at the central portion of the 
member. Such a construction substantially 
Shields this support from the fields established 
in the guide structure. 

Fig. 3 shows the application of the invention 
to a hollow wave guide including a conductive 
Surface comprising at least two portions 43 and 
Af. These portions comprise opposing surfaces 
of a hollow conductive structure defining a wave 
propagating Space 32. The hollow structure is 
provided with an end plate 43, and may have any 
Of the Various cross-sectional shapes known to 
the art as Suitable for hollow guides. 
A Short-circuited Section 45 is longitudinally 

disposed Within propagating space 82 to deter 
nine the electrical length of the guide. The 
Section 45 includes conductive portions 43 and 
4, coin prising opposing Surfaces of a hollow Sec 
tion preferably Similar in cross Section to the 
hollow conductive structure, and situated adja 
cent to but spaced from the corresponding wall 
portions 46 and is , respectively, of the hollow 
structure. Section is thus provides with the 
Walls of the hollow structure a transmission 
line section 59 open-circuited at each end. The 
short-circuited section 5 has the form of a tun 
ing piston Oi cup closed at one end by short 
circuiting disc 3. The conductors is and are 
selected of Such length that piston $5 and trans 
mission-line section 53 have effective electrical 
lengths equal to an odd integral nultiple of One 
quarter wave length at the operating frequency 
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of the guide, usually one-quarter wave length, as 
With the coaxial line of FigS. 1 and 2. 

Referring again to Fig. 3, a recess formed by 
an integral rib 54, near the open end of piston 
45, positions a dielectric member 55 within trans 
mission-line Section 50 for Supporting the Open 
end of the piston with reference to the walls of 
the hollow structure. in the embodiment illus 
trated, the piston 45 is longitudinally adjustable 
for tuning the guide, and the recess 54 may be 
formed in any mannel suitable to constrain 
member 55 for movement with the piston. As in 
the embodiment illustrated in FigS. 1 and 2, the 
dielectric member 55 may extend continuously 
around the piston, or may comprise a number of 
circumferential segments capable of being silipped 
into recess 54 before the piston is inserted into 
the hollow structure. A continuous dielectric 
ring advantageously may be used on a cylindrical 
piston, while the segmented type of dielectric 
member is applicable particularly to guide struc 
tures of rectangular cross section. 
An insulator 5 is affixed behind the closed 

end of piston 5. A lead Screw 58 is held rotatably 
captive within a bushing portion of insulator 53. 
Screw 58 passes through a tapped bushing 59 
affixed to end plate 43. Rotation of the lead 
Screw by appropriate means (not shown) causes 
insulator 57 and dielectric member 55 to slide 
along the hollow structure 43, 3, and accona 
plishes longitudinal tuning adjustments of pistOn 
45 along the propagating Space (32. 
In spite of certain differences in their exact 

electrical behavior, the parts of the hollow guide 
of Fig. 3 embodying the present invention operate 
in a manner similar to the operation of the 
coaxial line of FigS. 1 and 2. 

Figs. 4 and 5 illustrate the invention as applied 
to a wave guide of the open-Wire line type. The 
wave guide comprises a pair cf Spaced longi 
tudinally extending conductors G and 6 defin 
ing a wave-propagating space 62. A spreader 63 
aligns and spaces the conductor's 68 and 6 at 
the end portion of the wave guide illustrated. 
A short-circuited section 65 is longitudinally 

disposed within the propagating Space 62 to de 
termine the electrical length of the guide. The 
section 65 includes conductive portions 66 and 67, 
adjacent to but spaced from Substantial portions 
of the conductors 60 and 6f, respectively. Thus, 
conductors 6 and 66 have a separation 70, pro 
viding an open-circuited transmission-line Sec 
tion. An identical transmission-line section 1 
is provided by conductors 6 and 67. A short-cir 
cuiting bar 68 is conductively connected to the 
conductors 66 and 67 of the Section. Dielectric 
ring segments 75 and 75 are positioned within 
the transmission-line sections 70 and 7, respec 
tively, adjacent the open end of short-circuited 
section 65 to furnish support with reference to 
the conductors 60 and 6 f. The segments 75 and 
6 are constrained near the open end of Section 

65 by expansions T3 and 74 forming recesses in 
the conductive portions 66 and 67. The seg 
ments are forced to bear against the conductors 
60, 6 by connecting the conductors 66, 67 to the 
short-circuiting bar 68 in such a manner as to 
provide Spring action forcing the conductors 66, 
67 apart at the open end of section 65. 
To align the short-circuited end of the section, 

a Support 77 is fastened to short-circuiting bar 
68 by Screws 84. The other end of support 77 is 
fastened to a centering insulator 78, which has 
two holes through which the spaced conductors 
60 and 6 pass. The conductors 66 and 67 of the 
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8 
section 65 are chosen of suitable resonant lengths, 
as With the other embodiments of the invention 
described above. The insulator 78 may be moved 
longitudinally of the guide to effect tuning ad 
justments of the piston, operation of the open 
wire line being quite similar to operation of the 
coaxial line of FigS. 1 and 2. 
While there have been described what are at 

present considered to be the preferred embodi 
ments of this invention, it will be obvious to those 
skilled in the art that various changes and modi 
fications may be made therein without departing 
from the invention, and it is, therefore, aimed in 
the appended claims to cover all Such changes and 
modifications as fall. Within the true spirit and 
Scope of the invention. 
What is claimed is: 
1. A Wave guide comprising, a conductive struc 

ture including at least one longitudinally extend 
ing conductive surface, said structure defining a 
wave-propagating Space for guiding electromag 
netic waves, a short-circuited guide Section haW 
ing an effective electrical length equal to an odd 
integral multiple of One-quarter Wave length at 
the operating frequency of said guide and longi 
tudinally disposed within Said propagating Space 
to determine the electrical length of the wave 
guide, said short-circuited section including at 
least one conductive portion adjacent to but 
spaced from said conductive surface of Said struc 
ture and providing therewith an open-circuitad 
transmission-line Section having an electrical 
length of an odd number of Said quarter wave 
lengths, and means for supporting the open end 
of said short-circuited section with reference to 
said conductive surface of said Structure compris 
ing a dielectric ring positioned within Said trans 
imission-line Section adjacent Said open end. 

2. A wave guide comprising, a conductive 
structure including at least one longitudinally ex 
tending conductive surface, said structure defin 
ing a wave-propagating Space for guiding electro 
magnetic waves, a short-circuited guide Section 
having an effective electrical length equal to an 
odd integral multiple of one-quarter wave length 
at the operating frequency of said guide and lon 
gitudinally disposed within said propagating 
Space to determine the electrical length of the 
wave guide, said short-circuited section includ 
ing at least one conductive portion adjacent to 
but spaced from Said conductive surface of said 
structure and providing therewith an open-cir 
cuited transnission-line Section having an elec 
trical length of an odd number of Said quarter 
Wave lengths, and means for Supporting the open 
end of Said short-circuited Section with reference 
to Said conductive surface of said structure com 
prising a dielectric ring having high dielectric 
loSS properties at said operating frequency and 
positioned Within said transmission-line section 
adjacent Said open end. 

3. A Wave guide comprising, a conductive 
Structure including at least one longitudinally 
extending conductive surface, said structure de 
fining a wave-propagating space for guiding 
electro-magnetic waves, a short-circuited guide 
Section having an effective electrical length equal 
to an odd integral multiple of one-quarter wave 
length at the operating frequency of said guide 
and longitudinally adjustable within said propa 
gating Space to determine the electrical length of 
the wave guide, said short-circuited section in 
cluding at least one conductive portion adjacent 
to but Spaced from Said conductive surface of said 
structure and providing therewith an open-cir 
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cuited transmission-line section having an elec 
trical length of an odd number of said quarter 
Wave lengths, and means for Supporting the open 
end of Said short-circuited section with reference 
to Said conductive surface of said structure com 
prising a dielectric ring positioned within said 
transmission-line section adjacent said open end 
and constrained for movement with said short 
Circuited Section. 

4. A Wave guide comprising, a conductive struc 
ture including at least one longitudinally ex 
tending conductive surface, said structure defin 
ing a wave-propagating space for guiding elec 
tromagnetic waves, a short-circuited guide sec 
tion having an effective electrical length equal 
to an odd integral multiple of one-quarter wave 
length at the operating frequency of said guide 
and longitudinally adjustable within said prop 
agating space to determine the electrical length 
Of the Wave guide, said short-circuited section in 
cluding at least one conductive portion which has 
a receSS near the open end of said guide Section 
and is positioned adjacent to but spaced from 
Said conductive Surface of Said Structure to pro 
Wide thereWith an open-circuited transmission 
line Section having an electrical length of an odd 
number of Said quarter wave lengths, and means 
for supporting the open end of said short-cir 
cuited Section with reference to Said conductive 
Surface of said structure comprising a dielectric 
ring positioned within said transmission-line Sec 
tion adjacent said open end and constrained by 
said recess for movement with said short-cir 
Cuited Section. 

5. A wave guide comprising, a longitudinally 
extending hollow conductive structure defining 
a wave-propagating space for guiding electro 
magnetic waves, a short-circuited guide section 
having an effective electrical length equal to an 
odd integral multiple of one-quarter Wave length 
at the operating frequency of Said guide and lon 
gitudinally disposed within said propagating 
space to determine the electrical length of the 
Wave guide, said short-circuited Section includ 
ing conductive portions adjacent to but Spaced 
from the walls of said hollow structure and pro 
viding therewith an open-circuited transmission 
line section having an electrical length of an odd 
number of said quarter wave lengths, and means 
for supporting the open end of said short-cir 
cuited Section with reference to said hollow con 
ductive structure comprising a dielectric member 
positioned within said transmission-line Section 
adjacent Said open end. 

6. A wave guide comprising, a pair of Spaced 
longitudinally extending conductors defining a 
wave-propagating space for guiding electromag 
netic waves, a short-circuited guide section hav 
ing an effective electrical length equal to an odd 
integral multiple of one-quarter wave length at 
the operating frequency of said guide and longi 
tudinally disposed within said propagating Space 
to determine the electrical length of the Wave 
guide, said short-circuited Section including at 
least one conductive portion adjacent to but 
spaced from one of said conductors and provid 
ing therewith an open-circuited transmission 
line section having an electrical length of an odd 
number of said quarter Wave lengths, and means 
for Supporting the open end of Said short-cir 
cuited section with reference to said one conduc 
tor comprising a dielectric ring positioned within 
said transmission-line Section adjacent Said open 
end. 
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7. A wave guide comprising, a conductive struc 
ture of the coaxial type including a hollow cylin 
drical outer conductor and a coaxially aligned 
inner conductor defining a wave-propagating 
Space for guiding electromagnetic waves, a short 
circuited guide Section of the coaxial type in 
cluding hollow coaxially aligned inner and outer 
conductors having an effective electrical length 
equal to an odd integral multiple of one-quarter 
Wave length at the operating frequency of said 
guide and being longitudinally adjustable With 
in Said propagating Space to determine the elec 
trical length of the wave guide, said inner con 
ductor of said short-circuited section having a 
receSS near the Open end of Said Section and 
being adjacent to but spaced from said inner 
conductor of said conductive structure to pro 
Wide thereWith an open-circuited transmission 
line Section having an electrical length of an odd 
number of Said quarter wave lengths, and means 
for Supporting the open end of said short-cir 
cuited section with reference to said inner con 
ductor of said conductive structure comprising a 
dielectric ring positioned within said transmis 
Sion-line Section adjacent Said open end and con 
Strained by said recess for movement with said 
short-circuited section. 

8. A Wave guide comprising, a conductive struc 
ture of the coaxial type including a hollow cylin 
drical outer conductor and a coaxially aligned 
inner conductor defining a wave-propagating 
space for guiding electromagnetic waves, a short 
circuited guide Section of the coaxial type includ 
ing hollow coaxially aligned inner and outer con 
ductors having an effective electrical length 
equal to an Odd integral multiple of one-quarter 
Wave length at the operating frequency of said 
guide and being longitudinally adjustable within 
Said propagating space to determine the electri 
cal length of the wave guide, said inner conduc 
tor of said short-circuited section having a re 
ceSS near the open end of Said section and being 
adjacent to but Spaced from said inner conduc 
tor of Said conductive structure to provide there 
With an open-circuited transmission-line section 
having an electrical length of an odd number of 
Said quarter Wave lengths, and means for sup 
porting the open end of said short-circuited sec 
tion With reference to said inner conductor of 
said conductive structure comprising a ring hav 
ing high dielectric-loss properties at said oper 
ating frequency positioned within said transmis 
Sion-line Section adjacent Said open end and con 
strained by Said recess for movement With said 
short-circuited section. 
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