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UNITED STATES PATENT OFFICE 
2,435,442 

TUNING ARRANGEMENT FOR, CONCENTRIC 
TRANSWISSION LINE RESONATORS 

Anatole M. Gurewitsch, Schenectady, N. Y., as 
signor to General Electric Company, a corpo 
ration of New York 

Application EDecember 23, 1943, Serial No. 515,345 
(C. 178-44) 4. Claims. 

This invention relates to space resonant cavities 
of the Concentric transmission line type, and in 
particular to arrangements for tuning such space 
resonant cavities. 

It is an object of my invention to provide a new 
and improved capacitive tuning arrangement for 
a concentric transmission line cavity resonator. 

It is known that a space resonant cavity of the 
type comprising a tubular outer conductor and a 
centrally disposed inner conductor may be 
excited by means of suitable exciting means, such 
as an electron discharge device, to establish 
transverse electromagnetic waves between the in 
ner and outer conductors. The frequency of the 
space resonant System thus defined may be ad 
justed by adjustment of the electrical length of 
the concentric transmission line. In the past, 
tuning plungers for adjusting the length of such 
lines and of the capacitive type have been em 
ployed, the tuning plunger usually consisting of 
a cylindrical sleeve interposed between the inner 
and Outer conductors and adjustably supported 
On one of these conductors. This sleeve forms 
a short Section of transmission line with each of 
the conductors, the two sections of transmission 
line being connected in series for electromagnetic 
Waves within the resonant cavity. It is apparent 
that in such a System the sections of transmission 
line formed by the plunger are of fixed length 
and, hence, optimum performance is obtained at 
Only one frequency. 

It is an object of my invention to provide a new 
and improved capacity tuning arrangement for a 
Concentric transmission line resonator in which 
Optimum operation of the resonator is obtained 
over a wide band of frequencies. 
The features of the invention desired to be 

protected herein are pointed out in the appended 
claims. The invention itself, together with fur 
ther objects and advantages, may best be under 
stOOd by reference to the following description 
taken in connection with the drawing in which 
Fig. 1 is a longitudinal sectional view of a con 
Centric transmission line cavity resonator em 
bodying one of my improved capacitive tuners; 
Fig. 2 is a cross-section of the capacitive tuner 
of Fig. 1 along the line 2-2; and Fig. 3 is a graph 
illustrating the tracking characteristic of the 
ultra high frequency arrangement of Fig. 1. 

Referring to FigS. 1 and 2 jointly, there is shown 
an ultra high frequency space resonant system 
of the concentric transmission line type and com 
prising a tubular outer conductor 0 and a cen 
trally disposed inner conductor ff. Electromag 
netic waves of the TEM, or transverse elec 
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tromagnetic, type are established in the region 
between the conductors 0 and by any suitable 
exciting means, such as the electron discharge 
device 2 having its anode 3 Connected to Outer 
conductor fo and its control electrode 4 con 
nected for alternating currents to inner Con 
ductor . The outer conductor 0, preferably, 
is operated at ground potential and anode po 
tential is supplied to anode 3 over a conductor 
5. The cathode of the device may be connected 

to ground for alternating currents through by 
pass capacitor 6 and to a source of negative po 
tential for unidirectional currents by means of 
a lead 7. The exact form of the electron dis 
charge device employed for establishing electro 
magnetic waves between the conductors 0 and 

forms no part of the present invention and any 
suitable electron discharge device may be em 
ployed for this purpose. In the usual type of 
such systems, the electrodes themselves of the 
device 2 form a part of the boundary of the Space 
resonant System. 
The Space resonant region between the con 

ductors O and it may be adjusted to resonate 
at a desired frequency by means of a cup-like 
metallic plunger 20 slidably supported on inner 
conductor and comprising a cylindrical sleeve 
portion 2 concentrically disposed between the 
inner and outer conductors and extending longi 
tudinally between these conductors, and an end 
wall 22 connecting the sleeve 2 to the conductor 
lf. The longitudinal position of the plunger 20 
along the concentric transmission line defined 
by the conductors O and may be adjusted by 
any suitable adjusting means, one form of which 
is illustrated in the drawing as a pair of rods 23. 
In the operation of capacitive tuning plunger 

20 the sleeve 2 concentrically disposed between 
the conductors 0 and forms therewith a pair 
of Short Sections of concentric transmission line, 
One of which is defined by the outer surface of 
sleeve 2 and the inner surface of outer conductor 

and the other of which is defined by the inner 
surface of sleeve 2 and the outer surface of 
Conductor . These sections of transmission 
line are Serially connected between the space 
resonant cavity to the left of the end wall 22 and 
the right-hand Side of the end wall 22. The end 
wall 22 forms a short-circuit across the end of 
these Serially connected Sections of transmis 
sion line. From well-known considerations, it is 
apparent that optimum operation of a system 
employing a capacitive tuning plunger of this 
type is obtained at only one frequency, namely, 
the frequency at which the previously mentioned 
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two serially connected sections of transmission 
line are equal to a half Wave length or an Odd 
multiple thereof. of the electromagnetic Wave 
established between the conductors 0 and f. 
At this particular frequency, the short-circuit 
constituted by the right-hand surface of wall 22 is 

5 

reproduced at the other end of the serially con 
nected transmission line sections to appear as a 
short-circuit across the gap 24 between the 
plunger 2 and outer conductor D. As the fre 
quency of the electromagnetic. waves traveling. 
along the conductors to and f is varied from this 
optimum operating frequency, the impedance 

0. 

across gap 24 is increased and the electromag 
netic waves are no longer completely confined 
Within the Space resonant cavity. 

In Order to provide means whereby the capaci 
tive plunger 20 may be utilized to operate a con 
centric transmission line resonator efficiently over 
a wide range of frequency in the system of Fig. 1, 
a pair of reflecting members in the form of an 

20 

nular sleeves 26, 2 are secured, respectively, to 
the inner surface of outer conductor it and the 
Outer surface of inner conductor and ace lo 
cated substantially in the same longitudinal. po 
sition along the concentric transmission line i3, 
it. The inner surface of annular member 26 anci 
the Outer surface of annular reiber 2 are 

25 

conically shaped, having opposed surfaces which 
define an annular. region. 28, wedge-shaped in 30. 
cross section. The sleeve portion 2 of plunger 
20 extends into the wedge-shaped region. 23 a, 
distance which is adjustable by means of rods. 23. 
The members 2S, and 2, respectively, form ca 
pacitances. With the cooperating surface of sleeve. 
2i, which capacitances are connected across the 
short sections of concentric: transmission line de 
fined by members. 2i and 0 and members 2 and 
E. The addition of such capacitances across 
these transmission line Sections is effective to 
increase: the electrical length of the sections. By 
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properly dimensioning the annular sleeves. 23; and 
21 and the sleeve 2 of the plunger. 2), the capaci. 
tances: Connected across the transmission line. Sec 
tions may be caused to vary as the position of 
plunger 2 is. Varied to maintain the electrical 
length of each of these sections at a quarter Wave. 
length. Of the electromagnetic Waves within the 
space resonant cavity as the frequency of the elec 
tromagnetic waves. in the cavity is adjusted over: 
a considerable range of frequencies. To this end, 
the members 26 and 27 may be formed of either 
Inetal or a Suitable dielectric, such-as-polystyrene, 
to obtain a desired tracking characteristic, 
The Operation of the capacitance tuning 

plunger illustrated in Fig. i. to provide: moe. effi 
cient, operation of the space resonant. System over 
a wide range of frequency, naay be illustrated by 
reference to...Fig. 3 in which fi designates the fire. 
quency of the electromagnetic waves existing in 
the cavity resonator defined by conductors i.G. and 
f : fadenotes the resonant frequency of the coa 
centric transmission line section defined by the 
outer surface of the sleeve. 2 and the inner sur 
face of conductor G; and f2. denotes the resonant; 
characteristic. of the concentric transmission sec. 
tion defined by the inner surface of sleeve.24 and 
the Outer surface of conductor . . . As may be 
seen from the curve shown in Fig. 3; by the addi. 
tion of the annular sleeves 26, 27, the frequency 
characteristics, of the three concentric line: sec 
tions may be made to coincide substantially over 

'a. Considerable: range of frequencies denoted iri. 
Fig. 3 as the range: extending between the points: 
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4 
is moved to the left, the frequency f1 of electro 
magnetic waves of the Space resonant System is 
gradually increased. At the same time, the ca 
pacitance between members 26 and 2 is de 
creased, so that, in effect, the electrical length of 
the section of concentric transmission line de 
fined by the outer surface of sleeve 2 and the in 
her surface. Of conductor - is decreased With a 
consequent increase in the resonant frequency of 
this section. At the same time, movement of the 
plunger 20 to the left increases the resonant fre 
quency of the section of transmission line defined 
between the inner surface of sleeve 2 and con 
ductor it. . . - v 
While the invention has been described by re 

ferring to a particular embodiment, it will be un 
derstood that numerous modifications may be 
made by those skilled in the art without depart 

- ing from the invention. I, therefore, aim in the 
appended claims to cover all such equivalent war 
iations: as come within the true Spirit and scope...of 
the foregoing disclosure. . . . . . . 
What I claim as new and desire to secure by 

Letters Patent of the United States is: - 
1. In combination a Space. resonant Systern of 

tiae conceatric transmission line type comprising 
a tibular outer conductor and a centrally dis 
posed inner conductor, exciting means for estab 
lishing electromagnetic waves within said system, 
and means for adjusting the resonant, frequency 
of said system, said means comprising a pair of 
reflecting members attached respectively to the 
outer surface of said inner conductor and the 
inner surface of said outer conductor, said mem 
bers being Substantially co-extensive: along said 
Conductors and haWing opposed tapered Surfaces. 
defining a wedge-shaped region therebetween, 
and a metallic cup-like member connected to said 
inner conductor and extending into said region, 
an adjustable distance. . . . 

2. In combination a space resonant system of . 
the concentric, transmission line type comprising. 
a tubular outer conductor and a centrally dis. 
posed inner conductor,...exciting means for estab 
lishing electromagnetic waves within said system, 
and means for adjusting the resonant frequency. 
of said System, Said means... comprising a pair of 
reflecting. members: attached respectively to the 
outer surface of said inner conductor and the 
inner Surface of said outer conductor, said mem 
bers being substantially co-extensive along said 
Conductors and having opposed tapered surfaces 
defining. a wedge-shaped region therebetween, 
and a metallic cup-like member connected to said: 
iniaer conductor and extending into said region 
an adjustable distance, said metallic member 
forming with said conductors two serially con 
nected sections of concentric transmission line 
and said sections and said resonator being tuned 
OVer a wide. band of frequencies as the position. 
of said metallic: member is adjusted. . . . . . . . . . 

8. In combination, a space resonant system of 
the concentric transmission line type comprising: 
a tubular Outer conductor: arad.a. centrally dis-- 
posed inner conductor, exciting means for estab 
lishing electromagnetic waves within said system, 
a metallic plunger slidably supported on said. 
inner conductor, said plunger having a cylindrical 
sleeve concentrically disposed between said inner. 
arid outer conductors. and defining therewith a 
pair of serially connected sections of concentric 
transmission line, and means for causing said. 
System and Said sections to resonate-at substan 
tially the same frequency over a substantial-range 

a. and b. It is apparent. that. as the plunger 20 75 of frequencies as the position of said plunger on. 
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said inner conductor is varied, said means com 
prising a pair of annular sleeves secured respec 
tively to the inner surface of said outer conductor 
and the outer surface of said inner conductor, 
said annular sleeves being substantially co-exten 
sive along said conductors and having opposed 
surfaces defining an annular region therebetween 
into which said cylindrical sleeve is adapted to 
extend. . .. 

4. In combination, a space resonant system of 
the concentric transmission line type comprising 
a tubular outer conductor and a centrally dis 
posed inner conductor, and means for adjusting 
the resonance frequency of said System and for 
preventing the leakage of electromagnetic waves 
therefrom, said means comprising a pair of wave 
reflecting members attached respectively to the 
outer surface of said inner conductor and the 
inner Surface of said outer conductor, said men 

0. 

s 

bers being substantially coextensive along said 
conductors, and an annular sleeve conductively 

6 
connected to one of said conductors and extend 
ing into the region between said members an ad 
justable distance, said members and said sleeve 
forming a choke for high frequency currents flow 
ing along said conductors, said members and said 
sleeve having surfaces of Such configuration that 
as the position of said sleeve between said mem 
bers is adjusted the resonance frequencies of said 
system and said choke are matched Over a sub 
stantial range of frequencies. 

ANATOLE M. GUREWTSCH. 
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