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This invention relates generally to adjustable. means
for shorting waveguides and the invention has reference,
more particularly, to a novel tunable waveguide short
suitable for tuning connected resonant circuits such as
the resonant cavities of klystron. tubes.

Heretofore it has been common to employ movable
plungers with spring fingers engaging in the walls of a
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shown a waveguide 1 of rectangular cross-section w1thm
which is contained a novel tunable waveguide short 2 of
this invention. This short comprises essentially a trans-
versely-extending piston member 3 of rectangular cross-

- section and somewhat smaller in dimensions than the

inner dimensions of -the waveguide 1.  The piston 3,
which is of a conducting material such as copper or brass,
is ‘shown provided with upper and lower transversely

. extending bearing members 4 and 4’ made of insulating

material such as Teflon or polystyrene. These bearings

_ are set into and retained within recesses 5 and 5’ provided
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waveguide for effecting the short circuit of the guide at

any desired point. While this type of short circuit is
suitable for the larger sizes of waveguide, it is not suited
for smaller guides because it is.extremely difficult to build
such shorting units in small sizes at reasonable expense.
Also, this common type of short has not been entirely
satisfactory in use because the spring fingers in time lose
their resiliency and fail to make good contact with the
walls of the guide and hence the efficiency of such shorts
deteriorates with time.
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One object of the present invention is to provide a

novel tunable waveguide short that is of relatively inex-
pensive construction and especially suitable for the ad-
justable shorting small sizes of waveguide, the said novel
short employing spring contact means that will not deteri-
orate. with time. .

- Another object of the present invention is to provide
a novel tunable waveguide short comprising ess'entially a
coiled spring carried by a movable plunger, said spring
being so- disposed within the guide that opposite loops
thereof .engage opposite walls of the wavegulde, the
spring being preferably under shght compression so that
a firm and permanent contact is made both at the upper
and lower walls af the guide.
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. Another object of the present invention is to provide -

a tunable waveguide short that is especially suited for
tuning cavity resonators such as those employed in klys-
tron tubes thereby varying the output frequency of the
tube. .

Other objects. and advantages of this invention will be-
come apparent from the specification, taken in connection
with the accompanying drawings wherein the invention is
embodied in concrete form.-

Inthe drawmgs,

. Fig. 1.is a perspective view w1th parts broken away
showmg the novel tunable waveguide short of this inven
tion mounted in a wavegqxde,

- -Fig. -2 is a fragmentary section view illustrating the
short employed in connection with tuning a reflex klys-
{ron,

'Fig. 3 is:a plan view. with parts broken away showing
a slightly modified construction of short, ‘

Fig. 4 illustrates a further modified construction of
short especially adapted for circular waveguides,

Fig. 5 is an end view of the construction shown in
Fig. 4, and

Fig. 6 illustrates another modification.

Similar characters of reference are used in the above
figures to designate corresponding parts.

Referring now to Fig. 1 of the drawings, there is
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in the upper and. lower surfaces of the piston 3. An ad-
justing' rod 6 extends longitudinally of the guide 1
through the end wall 7 thereof and is attached to the
piston 3-as by being threaded thereinto. By moving the
rod 6 longitudinally the connected piston 3 is moved
within the guide 1, the bearing members 4 and 4’ serving
to position the piston 3 accurately within the guide with-
out the metallic portions of the piston actually touchmg
the guide.

The piston 3 is provided with a forward central lip
extension 27 substantially midway of the height thereof
which lip is provided with a series of mutually spaced
apertures 8 arranged in a transverse line. A coil spring
9 of conducting material is threaded through the aper-
tures 8 and is of such dimensions as to press both against
the upper and lower inner walls of the guide 1 thereby
making good. electrical contact with these walls of the
guide. Owing to the elasticity of the material of spring
9 and to the fact that the loops of the spring extend
completely across the interior of the guide the upper:and
lower portions of these loops bear firmly against the
walls of the guide and do not lose this resilient bearing
pressure regardless of the age of the short which is not
triue of those types of shorts employing spring fingers
since such spring fingers act as cantilevers and lose their
resiliency with age. It will be noted that since the loops
of the spring 9 éxtend substantially parallel to the electric
vectors of the field within the guide when the guide is
excited in its dominant mode this spring acts as a very
effective short circuit. - By merely moving the rod 6
manually the'point of short circuit within the guide can
be varied longitudinally thereof.

If desired, the distance between the points of contact
of the spring with the upper and lower walls of the guide
to the forward edge of the bearings 4 and 4’ may be made .
sitbstantially equal to a quarter wave length of the operat-
ing frequency of the guide in which case the bearings 4
and 4’ can be made substantially a quarter wave length
in width and similarly the portion of the plunger of the

. piston 3.to the rear of the bearings 4 and 4’ can be made
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substantially a quarter wave length long thereby forming
a low pass filter having three sections serving to prevent
any outward escape of energy beyond the piston which
might tend to set up undesired reflections. In some
instances, however, the use of a low pass filter is unneces-
sary inasmuch as the spring 9 provides a very effective
short circuit, ’

“Fig. 2 shows such a tunable short employed for tun-
ing the cavity of a klystron 16 of the reflex type, the said
waveguide 1 being coupled into the side of the resonator
11 of this tube, the beam of the tube passing from cath-
ode 13 through the resonator toward reflector 12 from
whence it is reflected back to the resonator in a manner
well known to those skilled in the art. By moving the
plunger piston 3 the position of the short circuit within
the guide 1 is varied thereby varying the frequency of
operation of the tube 10 by virtue of changing the ef-
fective dimensions of the resonator cavity 11. Owing

_ to.the use of the simple sprmg 9 the short of the present

invention can be made in very small sizes to accommo-
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date the small Wavegmdcs ‘coupled to ultrahigh frequency
tubes, although the short can also be used for larger SlZ€
waveguides.

In Flg 3 the piston 3’ is shown of rather;narrow-width
and is mot provided with any bearing support : whatso-
ever. In this case the spring 9’ is:shown in the form of
a metallic ribbon which affords even better contact with
the upper .and lower walls. of the guide: than that pro-

vided with. the round wire spring 9. :In Fig. 3 the spring -

9’ serves as a bearing support for. the piston 3’ and pref-
erably the Joops of the spring 9’ are fixed within the aper-
tures provided on the lip extension: 27°. - A.tuning mut
14 is shown threaded upon the rod 6° connected to" pis-
ton 3’. The tuning nut 14 has a reduced portion 15 en-
gaging the end of the guide 1’ so that by turning the nut
14 the rod 6’ and hence the piston-3’ can be ;adjusted
Iongitudinally within the goide 1.

In Figs. 4 and 5 the invention'is shown apphed for
use in a circular type of waveguide.  In these figures the
circular’ guide 16-is adapted to receive the piston 17 of
cylindrical shape which piston is shown provided with
an insulating annular bearing 18 for engaging the inner
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surface of the guide 16.  The piston 17 is provided with ° -

a forwardly extending annular lip 19 provided circum-

ferentially with a number of apertures 21 through which
a coil spring 20 is threaded, the said spring being adapted
to engage the inner wall of the waveguide. . If desired,
the spring 26 may have its successive loops fixed firmly
within the apertures 21 thereby obtaining an even better
contact pressure against the inner walls of. the :guide.
Longitudinal movement of the rod 22 serves to vary the
position of the short within the guide.

- In the form of the structure shown in Fxo 6 the coil
is shownin the form of a flat ribbon 24 of sub_stantlally
oval shape and the piston-23 -carrying this ribbon -is
shown as of relatively narrow cross-section.: - The use
of the flattened spring 24 provides a very definite short
circuit and at the same time wuse -of the ribbon instead
of round wire provides a better contact: with the inner
walls of the gnide 25.

In all forms of the invention the: coil spring structure
provides a firm contact with the walls of the waveguide
which is permanent in nature and will not yield as time
goes on.. Also as above pointed out, since.the loops
of the coil are substantially parallel to the: electric vec-
tor .of the propagated energy an eﬁectlve short c1rcu1t
is provided.

Since many changes could be made in the above con-

struction of the novel tunable waveguide short of this in- .

vention and many - apparently widely ! different embodi-
ments of this invention could: be made without depart-
ing from  the scope. thereof, it is intended that all matter
contained in.the above description or shown in the ac-
companying drawings shall be interpreted as illustrative
and not in a limiting sense. ‘

What is claimed is: L

1. A tunable waveguide short -comprising-.a conduct-
ing waveguide, a piston member movable longitudinally
within the waveguide, said piston member having a cross-
sectional ‘area slightly less than that of the cross-sectional
area -within the waveguide, a forwardly projecting lip
on the forward end of said piston having a series.of
apertures therein, a c6il spring of conducting material
mounted on the lip; the loops.of said coil passing through
the apertures and engaging the walls: of the waveguide to
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provide an effective short for: electromagnetic energy
therein, and non-conducting bearing means embedded
in said piston member and engaging the inner walls of the
waveguide, said bearing means serving as a sliding con-
tact between said piston member and the inner walls
of the waveguide. .

2. A waveguide short as clalmed in claim 1 wherein
said piston member, bearings, lip and coil spring are po-
sitioned longitudinally along said waveguide such that
the. distance between the contacting surface of said coil
and the forward edge of said bearing, the -distance be-
tween.the forward edge of said bearing and the rear edge

. of said bearing, and .the distance between the rear edge

of said bearing and the rear edge of .the piston mem-
ber- are all substantially equal to a quarter wavelength
of 'the operating frequency of the guide such that a three
section low pass filter is formed behind the short.

3. A tunable waveguide short: as claimed in claim 1
wherein said coil spring is' of ribbon cross-secnonal con-
figuration.

4. A tnnable ‘waveguide short comprising 2 rectan-
gular conducting waveguide, a rectangular piston mem-
ber movable longitudinally within the waveguide, said
piston ‘member having a cross-sectional-area slightly less
than ‘that of the cross-sectional area within the wave-
guide, a forwardly projecting lip on the forward end of
said piston having a _series. of apertures therein, said lip
extending -along the widest direction of the forward sur-
face of the rectangular. piston member, a coil spring of
conducting material mounted on the lip, the loops of said
coil passing through the apertures-and engaging the walls
of the waveguide to provide an effective short for elec-
tromagnetic energy therein, and non-conducting bearings
embedded in at least two walls of said piston member
and engaging the inner walls of the waveguide, said bear-
ings serving as sliding contacts between said piston mem-
ber and the inrer walls of the waveguide.

5. In combination,  a klystron including .a- reentrant
cavity resonator having a wave energy permeable open-
ing therein 'and a tunable waveguide short comprising
a conducting waveguide coupled to the cavity resonator
at. said opening, a piston member movable longitudi-
nally within the -waveguide, .said piston member having
a cross-sectional area slightly less than ‘that of the cross-
sectional area within the waveguide, a forwardly pro-
jecting lip on the forward end of said piston having a
series. of - apertures therein, a coil spring of conducting

* material mounted on the lip, the loops.of said coil pass-
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" ing through the apertures and engaging the walls of the

waveguide to provide an effective short for electromag-
netic energy therein, and non-conducting bearing means
embedded in said piston member -and engaging the inner
walls of the waveguide, said bearing .means serving as
a sliding contact between said piston member and the
inner walls of the waveguide.
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