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1. 
This invention relates to a tunable wave guide 

stub and particularly to an improved device for 
introducing variable reactance into microwave 
circuits. 

Circuits for microwave energy employ trans 
mission lines which are uniquely different from 
those used in lower frequency circuits, and which 
in general consist of hollow wave guides, coaxial 
transmission lines or dielectric rods. Inductive 
and capacitive devices for use with Such lines 
also bear little resemblance to those employed at 
lower frequencies. 
One Such device commonly used for continuous 

adjustments of impedance from a low positive 
reactance value through infinity to a low negative 
reactance value consists of a short length of rec 
tangular hollow wave guide short-circuited at 
One end by a movable plunger and open at the 
other end for attachment to microwave guide in 
either series or shunt connection. 
This form of device is designed for use With 

rectangular hollow Wave guide and when con 
nected into a broad side of Such a guide to form 
a series arm its reactance is presented to the guide 
as series reactance, while if connected into a nar 
row side to form a shunt arm its reactance is in 
shunt With that of the guide. While such a tun 
able stub has been the best variable reactance 
means heretofore available and has been widely 
used it Suffers from the faults of mechanical con 
plexity and cost. The slidable plug must be pre 
cisely made and should incorporate quarter-wave 
or half-wave trap slots to prevent escape of micro 
Wave energy around its edges. Likewise these 
devices have sliding contacts which are disad 
vantageous. 
The instant invention provides a tunable stub 

which Substitutes for the sliding end plug an 
adjustable fin of thin sheet material projecting 
through a longitudinal slot into the interior of 
the guide. It thus substitutes for the intricate 
and COstly sliding plunger a simply made and 
easily operated fin of sheet material, greatly sim 
plifying the design and facilitating its employ 
ment. 
The exact nature of the invention will be more 

readily understood from the following detailed 
description when considered with the attached 
drawing in which: 

Figure 1 illustrates one form of the invention 
applied to a series stub. 

Figure 2 illustrates a similar device as applied 
to a shunt stub. 

Figure 3 is a side view of a modified form of 
the invention. 
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Figure. 4 is a plan view of the modification of 

Figure 3. 
In Figure 1 a section of hollow rectangular 

wave guide is closed at one end by a Solid 
conductive plate 2 soldered or brazed to the 
guide. At the other end 3 the guide is fastened 
into an opening in a broad side of another Sec 
tion of guide 4 so that the first section is a 
series arm of the second Section. This second 
section 4 represents any wave guide or micro 
wave equipment through which microwave energy 
may flow and which may require for any purpose 
a tunable Wave guide stub attached as a Series 
a. 

The stub section f is provided with a slot f8 
cut in the center line of one of its broad faces 
and in which is variably positioned a fin 9 come 
posed of metal or a good dielectric, the former 
being preferable as the effects produced thereby 
are Somewhat more pronounced. The fin 9 is 
hinged to the stub section by means of a hinge 
pin 2 which passes through one end of the fin 
and the cooperating arms 4 and 42 of a bracket 
43 fastened to the stub section. This rotation 
of the fin about its pivot point 2 varies the 
depth of insertion of the fin in the stub section. 
To facilitate this adjustment an adjusting 

Screw 22 and compression spring 23 cooperate 
With an extension 46 on the fin 9 in such fashion 
that the fin may be moved in either direction 
Without lost motion. To this end the screw 22 
is in threaded engagement with a leg 44 of the 
bracket 43 and has its end bearing on the upper 
edge of the extension 46 of the fin 9 while the 
spring 23 is positioned between the upper surface 
of the stub Section and the under edge of the 
extension 46. Rotation of the adjusting screw in 
one direction thus causes the fin 9 to be rotated 
in a counterclockwise direction against the force 
of the Spring 23 and increases the depth of in 
sertion of the fin 9 in the stub section f. 
Rotation of the adjusting screw in the other 
direction, however, permits the spring 23 to rotate 
the fin 9 in the opposite direction and results 
in a reduced depth of penetration of the stub f 
by the fin 9. 
The fin may be shaped as illustrated, that is, 

Constituting a Segment of a circle, or it may be 
of any other desired shape so long as the shape 
chosen is such that variation in depth of inser 
tion produces a gradual change in the area of 
the fin which is contained in the stub section f. 

If desired the slot 8 may be provided with 
Coamings in the form of one-quarter wave or 
One-half Wave traps to prevent radiation thereby 
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as more fully illustrated and described in the 
copending application Serial No. 86.293, dated 
April 8, 1949, of John F. Zaleski, now Patent No. 
2,591,329 issued April 1, 1952. 

Fig. 2 illustrates the closed-end guide stub f 
of Fig. 1 attached as a shunt arm to a narrow 
side of another section of wave guide 7 which, 
like the guide 4 of Fig. 1, represents any Wave 
guide or microwave equipment through which 
microwave energy mayflow and which may re 
quire for any purpose the attachment of a tun 
able wave guide stub, but which, differing from 
Fig. 1, requires the attachment of the stub as a 
shunt arm. Since in Figure 2 the wave guide stub, 
fin and associated mechanisms are similar to 
those depicted in Fig. 1 similar reference char 
acters have been accorded thereto and repetitive 
description is unnecessary. 
In Fig. 1 it is assumed that microwaves of a 

frequency such as is normally employed with the 
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size of rectangular hollow guide chosen are trans 
mitted through the guide section 4. With the 
fin 9 removed entirely from the interior of the 
guide, the sign - and amount of the reactance 
which the stub f l offers in series with the guide 
i4 at the stub opening 3 depends entirely upon 
the magnitude of its length L. This reactance 
has-a-value of infinity when L equals one-quarter 
wavelength in the guide or any odd integral mul 
tiple thereof, and is zero if I, is one-half wave 
length or any multiple of it. Between these 
values - the reactance offered ranges through, all 
inductive and capacitive values. For instance, 
when L is between AXg and ANg, where Ag is the 
wavelength in the guide, or in general between 

N and (t+h) 
where N is any integer, the reactance is induc 
tive and ranges from zero to infinity. For lengths 
between %Ng and Ag or in general from 

( -) to (N+1), 
the reactance is capacitive-andranges from in 
finity to zero. - 

It has been found that when a fin such as fin 
9 in Fig. 1 is inserted longitudinally into a broad 

side of a hollow rectangular. Wave guide, micro 
waves passing through the guide are retarded, 
and the amount-of retardation is representative 
of both the depth of insertion and the length of 
the inserted portion of the fia. If the insertion 
be made at the longitudinal centerline or ingen 
eral in a region of maximum electric field and in 
a direction parallel to the lines of electric field 
intensity, the effect will be most pronounced and 
will be unaccompanied by any appreciable loss 
of energy. 
The ends of the inserted portion of the fin are 

tapered to prevent impedance discontinuities and 
accompanying loss of energy. The length of the 
fin is made of the order of six or seven wave 
lengths and its maximum depth of insertion is 
limited only by high voltage breakdown or short 
circuiting of the guide. Under these conditions 
a retardation of microwave energy of over 180 
electrical degrees is easily attainable. 

it is notable that the retarding action of the fin 
on microwaves passing by it is doubly-effective: 
microwaves entering from the guide 4 are re 
tarded as they pass the fin and after reflection 
from the closed end 2 are retarded a second time 
as they return toward-the-guide 4. 
By means of a fin such as described in a wave 
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4. 
guide stub such as stub in Figs. 1 and 2, the 
electrical length of the stub is increased as the 
fin is lowered into the guide, for the retardation 
produced by the fin is equivalent to a phase lag 
and the effect is electrically similar to the effect 
produced by increasing the physical length I of 
the stub. This permits adjustment of the stub 
by means of the fin to have any value whatever of 
reactance. For instance, if the length L is cho 
Sen to be 

Ag 
2 

and the fin is made large enough to be capable 
of producing at maximum insertion a retardation 
of at least 180°, then the electrical length of the 
stub may be varied by means of the fin from a 
length of ‘. . . 

Ng 
2 

when the fin is out of the guide to an electrical 
length of Ag when the fin is inserted to its maxi 
mum permissible depth. As before described 
these lengths offer at the open mouth 3 of the 
stub all possibie values of reactance ranging from 
zero through all inductive values to infinity, then 
from infity through all capacitive values to zero. 
These values are interposed in series with the 
guide Section in Fig. 1. 

In Fig. 2 exactly the same description applies 
except that the reactance values are applied at 
the Open mouth 6 of the stub in Shunt With 
the impedance of the guide 7. 
In Fig. 3 is illustrated a second form of tunable 

stub which may, like the first form, be connected 
to a Waveguide carrying microwaves as either a 
series arm as shown in Fig. 1 or a shunt arm as 
shown in Fig. 2. In Fig. 3 the connection as a 
series arm is chosen for illustration. The stub 
26 is connected to the waveguide 24 through 
which microwaves are transmitted. The end 3 
of the stub 26 may be either closed or open since 
in this form of the invention little of any micro 
wave energy will reach the end. The stub con 
tains two longitudinal slots, one in the center 
line of each broad face, and each is protected by 
two coamings forming wave traps 32 and 33 such 
as described in the copending application men 
rtioned Supra. These Wave traps produce high im 
pedance at the slots for microwave energy at 
tempting to escape therefrom. 
A fin 29 in the shape of a strip of sheet mate 

trialishinged by a screw 27 to two bosses 28- 28, 
more clearly shown in Fig. 4. The screw is sup 
plied with a nut 3? so that when tightened it 
clamps the bosses 28 against the fin 29 and pre 
vents it from turning. By loosening the nut the 
fin.niay be moved into and clamped at any posi 
tion such as the one shown in Fig. 3 by full lines 
or that shown by the dashed outline 34. In these 
-two positions shown and at any intermediate 
position the edge 36 of the fin near the guide 
Section 24 Serves as a short-circuiting post across 
the guide, the effective position of the short cir 
Cuit being near the point 38 where the fin passes 

75 

through the lower slot. This short circuit pre 
vents the passage beyond that effective point of 
any microwave energy and reflects with little 
or no loss all energy impinging upon it. In addin 
tion, in all oblique positions the edge 36-serves 
as a phase retarder so that the electrical distance 
from the end 37 of the stub to the point of 
effective short-circuit is increased, and is greater 
than it would be without this phase-retarding 
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fin effect. This phase-retardation is accom-l 
plished without the production of any imped 
ance discontinuity because of the oblique posi 
tion of the edge 36 in the guide. 
The lines of intersection of the plane of the 

fin with the planes of the broad faces of the guide 
are high impedance regions because of the action 
Of the trap coannings, so that microwave energy 
is prevented from passing between the fin and 
the guide faces even when high potential is 
present. 
Although rectangular hollow wave guide is used 

as an example in the embodiment of this inven 
tion, any other type of microwave guide can be 
employed instead, for use with an adjustable fin, 
as is m0re fully explained in the Copending appli 
cation mentioned supra. 

In FigS. 1 and 2 a screw is employed for ad 
justing the fin and in Fig. 3 a clamping hinge is 
used. However any other convenient method for 
adjustment of the position of insertion of the fin 
may be employed instead. 
What is claimed is: 
1. A microwave tunable wave guide stub com 

prising, a rectangular wave guide section pro 
vided with longitudinal opposed openings in each 
Of the broad faces thereof, a fin of sheet metallic 
conductive material pivoted at one end to the 
external face of said Wave guide section at a 
point adjacent one end of one of said longitudinal 
openings, said fin extending through said open 
ings and across the narrow dimension of said 
Wave guide Section, means for adjusting the angu 
lar position of Said fin about said pivot, said fin 
being so shaped and the limits of angular ad 
justment being Such that in any position of ad 
justment the area of the fin contained within 
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the wave guide section increases gradually from 
One end. 

2. A microwave tunable wave guide stub com 
prising, a Wave guide section provided with longi 
tudinal opposed openings in the periphery there 
of, a fin of sheet metallic conductive material 
pivoted at One end to the external face of Said 
Wave guide section at a point adjacent one end 
of one of said longitudinal openings, said fin 
extending through said opening and acroSS said 
Wave guide section, means for adjusting the angul 
lar position of Said fin about Said pivot, said fin 
being so shaped and the limits of angular ad 
justment being such that in any position of ad 
justment the area of the fin contained within 
the wave guide section increases gradually from 
One end. 

JOHN F. ZALESKI. 
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