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The present invention relates to microwave resonant 
cavity structures and, more particularly, to such cavity 
structures having elements providing automatic tempera 
ture compensation to prevent changes in the resonant fre 
quency of the cavity within the structure. 
Numerous temperature compensation schemes for mi 

crowave cavities have been devised to provide a constant 
operating frequency; however, in general, such schemes 
do not provide the degree of accuracy over the wide range 
of temperature changes required by present day applica 
tions. This has principally led to the use of materials 
having a low coe?icient of the thermal expansion for 
the entire cavity, thereby rendering other temperature 
compensation means unnecessary. Such materials are 
generally di?icult to machine and, additionally, are heav 
ier and more expensive than standard waveguide materi 
als, such as brass or aluminum. 

It is, therefore, an object of the present invention to 
‘provide a resonant cavity having a temperature compen 
sation structure permitting use of standard waveguide 
materials for the major portion of the cavity. 

Another object is to provide a resonant cavity, princi? 
pally of standard waveguide materials, with automatic 
linear adjustment of the length of the cavity for varia 
tions in the diameter due to temperature changes. 

Still another object of the invention is to provide a tem 
perature compensating mechanism adaptable for auto 
matically and linearly adjusting the length of a resonant 
cavity in response to diameter changes due to tempera 
ture variations. 

In accordance with the invention a resonant cavity is 
provided with structure automatically and linearly ad 
justing the length of the cavity as the diameter varies 
because of temperature changes, and the like, to main 
tain the resonant frequency at a substantially constant 
value. Such structure includes at least two elements hav 
ing an angular contacting surface therebetween. One of 
the elements is of the same conventional material as the 
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cavity wall material, such as brass or aluminum; how- ‘ 
ever, the material of the other element is one having a 
different coe?icient of thermal expansion, such as lnvar. 
The sum of the angles of the contacting surfaces, where 
more than one is utilized, is established to provide axial 
movement between the elements in response to tempera 
ture changes and establish a substantially linear change 
in length for a change in diameter of the cavity. The 
‘value of the resonant frequency of the cavity then re 
mains substantially constant for variations in tempera 
ture. 

Other objects and advantages will be apparent from the 
following description considered together with the ac 
companying drawings in which: 

FIG. 1 is a perspective view of one embodiment of a 
resonant cavity assembled in accordance with the present 

I invention; 
FIG. 2 is an exploded perspective view, in longitudinal 

cross section, of the cavity of FIG. 1; . 
vFIG. 3 is a cross-sectional view of a portion of the 

cavity of FIG. 1 as assembled, taken along the line 3-3 
of FIG. 2; 

FIG. 4 is a perspective view of a second embodiment 
of the present invention; 
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FIG. 5 is a partially exploded perspective view, partly 
in section, of the embodiment of FIG. 4; and 

FIG. 6 is a perspective longitudinal cross section of the 
plunger of FIG. 5. 

Referring to FIG. 1 in detail, there is shown a cylin 
drical resonant cavity structure 11 having a separate 
upper portion 12 and lower portion 13 suitably held to 
gether by a plurality of tension springs 14, extended be 
tween holes 16 in the two portions. For propagating 
microwave energy to and from the cavity structure 11, 
waveguides such as rectangular waveguides 17 and 18 
are respectively mounted on end plates 19 and 21 of the 
two portions 12 and 13. 
When energy is to be propagated through waveguides 

1'7 and 18 in a dominant, plane polarized, mode and the 
cavity of structure 11 is excited in a circularly polarized 
mode, the broadwalls of each of the waveguides 17 and 
18 are extended parallel to the end plates 19 and 21 
with electromagnetic coupling provided therebetween by 
coupling apertures 22 and 23, respectively. Such aper 
tures 22 and 23 are disposed centrally through the end 
plates 19 and 21 and through the respective adjacent 
broadwall of the waveguides 17 and 13 between the longi 
tudinal center line and one side thereof. For convenience 
and rigidity of the mechanical connection between the 
end plates 19 and 21 and the waveguides 17 and 18, re 
spectively, the latter are suitably secured in grooves 24 
of the former. 

in accordance with the invention the upper portion 12 
of the cavity structure 11 comprises several different ele 
ments adapted for assembly into a unit. Thus, there is 
provided an inner cylinder 26 having an annular ?ange 
27 at the uppermost portion. A ?rst ring 31 having an 
inside diameter substantially the same as the outside di 
ameter of the inner cylinder 26 is provided as a slip ?t 
for alignment purposes. The outer peripheral surface 
of the ?rst ring 31 is provided with threads 33 to engage 
similar threads on the inner peripheral surface of a sec 
ond ring 34, which serves as a spacer between the ?rst 
ring and a third ring 36. So that the relative positions 
of the three rings 31, 34, and 36 may be readily adjusted, 
matching threads 37 are also provided on the outer pe 
ripheral surface of the second ring 34 and on the inner 
surface of the third ring 36. The threads 37 have a dif 
ferent pitch than the threads 33 for adjustment purposes, 
as will be set forth hereinafter. 
The third ring 36 also has an internal shoulder 38 and 

a second internally threaded portion 39 of greater diam 
eter for receiving a threaded retaining ring 41. The 
upper end plate 19 has a ridge 42 on the upper surface, 
against which the retaining ring 41 abuts as it is threaded 
into threaded portion 39 of the third ring 36. A ?rst 
recessed portion 43 is included in the under surface of 
the upper end plate 19 and the outermost edge thereof 
rests against a thin annular diaphragm 44 of conductive 
material supported by the shoulder 38. Such annular 
diaphragm is ?exible and has an inner diameter equal to 
the inside diameter of inner cylinder 26. 

For establishing electrical properties of the cavity within 
the structure 11 the diaphragm 44 is electrically con 
nected to ?ange 27, as by suitable soldering procedures, 
or the diaphragm may be unitary with the ?ange of inner 
cylinder 26. Thus, in assembly a narrow opening 46 
(see FIG. 3) remains between the diaphragm 44 and the 
adjacent wall of recessed portion 43 of the upper end 
plate 19, and this opening is limited in depth to a distance 
substantially equal to a half wavelength 
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at the resonant frequency of the cavity (see FIG. 3). 
Also, upper end plate 19 is provided with a second re" 
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cesse'd portion '47, having a diameter substantially equal 
to the inner diameter of inner cylinder 26, which extends 
in depth for a distance substantially equal to a quarter 
wavelength 

m 
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at the resonant frequency of the cavity from the center 
of the opening 46. This latter quarter-wave dimension 
of the second recessed portion 47 establishes a current 
null of the microwave excitation at the mouth of the 
opening 46 and the former half-wave dimension of the 
depth of the opening establishes a low value of impedance 
at the mouth to minimize electrical losses at the junction 
of the upper end plate 19 and the diaphragm 44. 
Now to assemble the upper portion 12 of the cavity 

structure 11, the following procedure may be readily used. 
The three rings 31, 34, and 36 may be threaded together 
in such order. The inner cylinder 26 is then inserted 
into the ring assembly until the diaphragm 44 is suitably 
disposed to contact the internal shoulder 38 of the third 
ring 36. Finally, the upper end plate 19‘ is ?tted to en 
gage the diaphragm 44 and the retaining ring 4-1 is 
threaded into the third ring 36 to thereby provide a unitary 
upper portion 12 for the cavity structure 11. Thus, axial 
movement between the upper end plate 119 and the inner 
cylinder 26 is provided by distortion of the diaphragm 44. 
Also, the length of this portion 12 of the cavity is ad 
justable by the differential thread arrangement 33 and 37 
of the three rings 31, 34, and 36 as by turning the second 
ring 24. 
The lower portion 13 for the cavity structure 11 may 

be readily fabricated as a unit, as illustrated in FIG. 2, 
to provide lower end plate 21 with a substantially thin 
walled cup portion 51. The lowermost internal portion 
52 of the cup 51 has a smooth surface and an inside diam 
eter substantially the same as that of the inner cylinder 
26. The cup 51 is also provided with internal threads 
53 to engage external threads 54 on the outer surface of 
the inner cylinder 26, such that a continuous internal sur 
face is provided between the lowermost portion 52 of the 
cup and the inner surface of the cylinder when the two 
are threaded together. This junction occurs at a quarter 
wavelength distance from the ‘bottom of the cavity where 
'a current null ‘exists. The uppermost portion of the cup 
51 has a conical section 56 similar to a conical section 
57 of the-lowermost portion of the ?rst ring 311 and 
these two sections are in opposing alignment. Conical 
sections 56 and 57 will be referenced as “cones” here— 
inafter. Prior to assembly of the cavity structure 11, a 
ring 61 is inserted between the two “cones” 56 and 57. 
Such ring 61, which will be referenced as “ring” herein 
after, is illustrated in FIG. 2 to have two tapered portions 
58'and 59, which respectively engage the two “cones” 56 
and 57. ' 

With the upper and lower portions 12 and 13 threaded 
together in the manner set forth in the foregoing, by 
means ‘of threads 53 and 54 with the “ring” 61 disposed 
between the “cones” 56 and 57 and with the tension 
springs *14 in place, there is provided a complete resonant 
cavity structure 11. When the entire structure is made of 
one material, ‘such as brass or aluminum, with the ex 
ception of the “ring” 61, which is made of a material such 
as ‘Invar having a substantially lower value of coefficient 
of expansion, linear temperature compensation is pos 
sible to maintain the 'resonant frequency of the cavity 
substantially constant. Such linear compensation for 
temperature changes is based upon the fact that there is, 
in general, a relationship whereby the resonant frequency 
of a cavity is a function of the cavity length and the 
cavity diameter and that for higher order dimensional 
changes, such as those caused by thermal expansion, a 
very good linear approximation between the change in 
length and the change in diameter is possible to maintain 
the frequency of the cavity constant. In accordance 
with the present invention, the approximation is embodied 
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11 
in the slope of the tapers 58‘ and 59 of the “ring” 61 and 
the matching “cones” 56 and 57, and this will be set forth 
in greater detail hereinafter. 
Where it is desired to operate the cavity structure 11 

with a vacuum condition in the cavity, a tube 62 may be 
inserted through the upper end plate 19 to communicate 
with the cavity through the opening 46 and adapted for 
connection to a vacuum pump (not shown). Such oper 
ating condition also requires that conventional dielectric 
plugs 63 and 64 vbe respectively mounted within the two 
coupling apertures 22 and 23, so that the cavity of struc 
ture 11 is sealed with respect to the input and output 
microwave system. 
Now, with the cavity structure 11 suitably connected 

into a microwave system, an increase in the temperature 
causes the diametrical dimensions of the cavity structure 
11 to expand. The Invar “ring” 61 having a lower co 
efjcient of thermal expansion remains substantially the 
same. The result is that the upper and lower portions 
12 and 13 move toward each other by virtue of the 
angular sliding engagement between the “ring” 61 and 
“cones” 56 and 57 and the tension of the springs 14, so 
that the length of the cavity decreases by suitable selec 
tion of the slopes of the angular sliding elements. The 
decrease in length distorts the diphragm 44 without alter 
ing the electrical properties of the cavity and can be made 
substantially linear with respect to the increase in diam 
eter, as previously stated. It is readily apparent that the 
converse result occurs should the temperature of the cavity 
structure decrease. 
A somewhat different structural arrangement utilizing 

the same principles is illustrated in FIG. 4 of the draw 
ings and reference is made thereto. In the arrangement 
of such ?gure, a cylindrical resonant cavity structure 81 
is provided with one coupling aperture 82 (see FIG. 5) 
disposed centrally in the closed lower end of the cavity 
structure for electromagnetically coupling energy between 
the cavity and a rectangular waveguide 83 extended along 
a continuation of the longitudinal axis of the cavity. A 
second coupling aperture 84 extends through the periph 
eral wall of the cavity structure 81 to electromagnetically 
couple energy between the cavity and a second rectangular 
waveguide 86 (see FIG. 4) disposed with the broad walls 
thereof parallel to the longitudinal axis of the cavity. 
The uppermost portion of the cavity structure 81 is 

open~ended and has internal threads 87 extended between 
the upper end thereof and an intermediately disposed 
shoulder 83. To support a plunger 91 within the cavity 
structure 81, a circular plate 92 having peripheral threads 
93 engaging the threads v87 of the cavity structure is pro 
vided with a central tubular extension 94 having internal 
threads 96. Such extension 94 has a slightly converging 
taper and a plurality of longitudinal slots 97, so that a 
threaded nut 98 applies holding pressure to an object with 
in the extension when threaded on external threads 99 of 
the extension. 

In accordance with this form of the invention the 
plunger 91 comprises several elements combined as a 
unit to provide suitable temperature compensation for 
maintaining the resonant frequency of the cavity sub 
stantially constant. Thus, as illustrated in FIG. 6‘, a cir 
cular cup-shaped element 101 having an outer diameter 
substantially the same as the inner diameter of the cavity 
structure 81 is provided with a central post 102 extended 
in the same direction as rim 103 of the cup. The dimen 
sion of such rim 103 is equal to a quarter wavelength to 
provide a low impedance point (substantially a short cir 
cuit) between the cavity wall and the lowermost portion 
of the plunger 91. A hollow tube 104 coaxially receives 
the post 102 and is provided with a circular ?ange 106 
at the lower end and such ?ange has a diameter substan 
tially equal to the inside diameter of the cup-shaped ele 
ment 101. 
The upper end of the tube 104 has external threads 107 

which match the internal threads 96 of extension 94 of 
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plate 92 and an enlarged internal bore 108 to receive a 
plug 109. By suitably securing one end of a tension 
spring 111 to the plug 109 and the other end to the post 
102, when the post is disposed within the tube 104, the 
two elements are suitably held together. To facilitate 
assembly and secure the spring 111 to the post 102, such 
post is provided with a threaded bore 112 which receives 
a threaded plug 113 to which the other end of the sprlng 
is suitably secured. Two annular plates 116‘and 117 
having peripheral bevels 118 and 119, respectively, are 
disposed under circular ?ange 1% within the cup-shaped 
element 131 with the bevels facing each other in radial 
divergence. Between the two plates 116 and 117, there 
is disposed a third plate 121 having an enlarged peripheral 
rim 122 with angular tapers 123 and 124 on the respec 
tive innermost surfaces to slidably engage the respective 
bevels 118 and 119 of the two plates. Hereinafter, the 
plates 116 and 117 Will be referenced as “cones” 116 and 
117 and the rim 122 as “ring” 122. 
With the foregoing elements of the plunger 91 assem‘ 

bled to have the stated relationships, the tension of spring 
111 maintains the “cones” 116 and 117 in sliding contact 
with the “ring” 122. When the “cones” 116 and 117 are 
of conventional waveguide material, such as brass or alu~ 
minum, and the intermediate “ring” 122 is of a material 
having a lower coe?icient of thermal expansion, such as 
Invar, the relative vertical or axial position of the three 
plates 116, 117, and 121 varies with changes 1n tempera; 
ture. By suitable selection of the angles of the “cones 
116 and 117 and the “ring” 122, the overall longitudinal 
dimension of the plunger 91 varies linearly with respect 
to variations of the diameter of the “cones,” and this fea— 
ture will be described more fully hereinafter. 
The plunger 91 is supported in the cavity structure 81 

by plate 92 ‘and nut 98 to provide the desired cavity _di 
mensions. A cover 126 having threads 127 engaging 
threads 37 of the cavity structure 81 suitably seals the 
upper open end of the structure. To provide evacuation 
of the interior of the cavity structure 81 conventional 
microwave iris windows 131 (only one being shown) are 
provided at coupling ?anges 133 and 134, respectively, of 
the waveguides 83 and ‘86 and one of the coupling ?anges 
133 is provided with a port 136 communicating with the 
interior of the waveguide 83 for coupling to a vacuum 

pump (not shown). . 
The operation of the cavity structure 81 is substantially 

the same as that previously set forth with respect to the 
structure 11 described in connection with the embodiment 
of FIG. 1. Thus, in this latter embodiment, a change in 
temperature results in a change in the diameter of the 
“cones” 116 and 117 of the plunger 91 and such change 
in dimension causes a corresponding change in the length 
of the plunger to maintain the resonant frequency sub 
stantially constant. In the ?rst instance the longitudinal 
dimension of the cavity within the structure 11 is linearly 
changed by an automatic adjustment of the respective 
aligned positions of the two separate portions 12 and 13 
of the structure. In the second instance, the longitudinal 
‘dimension of the cavity within structure 81 is linearly 
changed by an automatic adjustment of the length of the 
plunger 91 within the cavity. In both instances it is to be 
realized that the automatic adjustments are carried out 
in response to temperature changes and the like, which 
might otherwise alter the resonant frequency of the cavity. 
As has been stated previously, the resonant frequency, 

Fr, of a microwave cavity as a function of the cavity 
length, L0, and the cavity diameter, Dc, and that, for 
higher order dimensional changes such ‘as those caused 
by thermal expansion and the like, a very good linear 
approximation between the change in length and the 
change in diameter can be found such that the cavity fre 
quency remains constant. The realization of the required 
change in cavity length is accomplished by transforming 
the differential radial expansion of the combination of 
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elements having differing coefficients of thermal expansion 
into an axial motion via the sloping surfaces. 

It follows mathematically from the foregoing that when 
the change in length, dLc, equals a constant, C, times the 
change in diameter, dDc, then the change in the frequency, 
F,, is equal to zero. For an example of the mathematical 
development of the foregoing, reference is made to the 
plunger 91 of FIG. 6 for illustration of certain angles, 
Z, and dimension, D’. As the two similar “cones” 116 
and 117 expand, the “ring” 122 maintains substantially 
its same diametrical dimension. Therefore, the two 
“cones” 1116 and 117 are forced apart axially along the 
angle formed by the matching surfaces of the “cones” and 
the “ring” 122 and this axial movement is dependent upon 
the size of the angle. For a more comprehensive ex 
pression, the total number of degrees of the angle, or 
angles where more than one compensating combination 
is provided, must ?ll the following equation: 

where: 
C:=constant from AFr=O, when dLc=C-dDc 
N=number of angles of matching surfaces 
Ct=coe?icient of thermal expansion 
Dc=diameter of the cavity 
D'=etfective minor diameter of “ring” 122 (see FIG. 5) 
Z1=angle of ith matching surface measure from a perpen 

dicular to the longitudinal axis of plunger 91 (sec 
FIGS) 
While the foregoing analysis has been set forth in 

detail ‘with respect to the compensating combination of 
elements for the plunger 91 of the cavity structure 81, 
illustrated in FIGS. 4-6, the same analysis holds for 
the compensating combination of elements for the cavity 
structure 11 of FIGS. l-3. Thus, there has been de 
scribed in detail a combination of similar elements as 
applied to two structurally different resonant cavity struc 
tures 111 and 8,1 to provide automatic compensation of the 
dimensions of the cavity Within the structure and thereby 
maintain a substantially constant value of resonant fre 
quency for the cavity under varying temperature condi 
tions. It is to be noted that the choice of materials dis 
cussed for various elements has been illustrative only and 
that other combinations of materials are within the scope 
of the invention. Further, it has been indicated in the 
foregoing that more than one combination of compensat 
ing elements having sloping surfaces may be readily uti 
lized so long as the equation set forth above is satis?ed. 

Additionally, the compensating structure has been de 
scribed and illustrated with respect to “cones” and “rings” 
for both embodiments and these elements have matching 
angular or tapered portions, which are not to be limiting 
in any manner because many other contact arrangements 
between the elements is feasible to provide the desired 
linear relation between changes in diameter and changes 
in length. Thus, where the “ring” is suitably tapered the 
“cones” may have a sliding contact therewith such as by 
a rounded or pointed ridge, and vice versa. It will there 
fore be apparent that the ‘controlling factors are the pro 
vision of at least two elements having at least one angular 
surface along ‘which the other slides to provide a linearly 
related axial movement between the two elements. 

While the salient features of the present invention have 
been described in detail with respect to two embodiments, 
it will be readily apparent that numerous changes may 
be made within the spirit and scope of the invention and 
it is, therefore, not desired to limit the invention to the 
exact details shown except insofar as they may be set 
forth in the following claims. 

I claim: 
1. Temperature compensation structure for -a resonant 

cavity having a cylinder and a pair of parallel end walls 
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separated by a predetermined length, said structure com 
prising at least one ring element disposed normal to the 
axis of said cylinder and having a ?rst coef?cient of 
thermal expansion, at least one annular element having 
a surface thereof in sliding contact with a surface on said 
ring element and having a second coe?icient of thermal 
expansion dilfering from that of said ring element, at least 
one of said surfaces having a conical shape with the angle 
tihereof being proportional to the ratio of diametr-ical 
thermal expansion and axial movement between said ring 
and cone elements with said expansion and movement 
being linearly related. 

2. Temperature compensation structure for a resonant 
cavity comprising at least one ring disposed normal to the 
axis of said cavity and having a ?rst coe?icient of thermal 
expansion, ‘and a pair of cones respectively contacting 
said ring with sliding engagements and having a second 
coe?ic-ient of thermal- expansion, said ?rst coefficient 
being different than said second coe?icient, said sliding 
engagements being conical with the sum of the angles - 
being proportional to the ratio of diametrical thermal ex 
pansion and axial movement between said ring and cones 
with said expansion and movement linearly related. 

3. In a temperature compensated resonant cavity, the 
combination comprising a cylindrical resonant cavity 
structure having a cavity of predetermined diameter and 
length and means included in said structure for controlling 
said length in response to thermal changes in said di 
ameter, said means including at least one ring disposed 
normal to the axis of said cavity and having a ?rst co 
ef?cient of thermal expansion and at least one cone 
mounted in contact with said ring and having a second 
coe?icient of thermal expansion, said ?rst coef?cient being 
different than said second coe?icient, said cone and ring 
having an angular contacting .surface with the angle of 
such surface being proportional to a constant equal to 
the ratio of changes in diameter and changes in length of 
said cavity. 

4. In a temperature compensated resonant cavity, the 
combination comprising a hollow metallic cylinder and a 
plunger mounted in said ‘cylinder to provide a resonant 
cavity, said plunger including elements of different co 
efficients of expansion with conical contacting surfaces 
therebetween, the sum of the angles of such surfaces being 
proportional to a constant equal to the ratio of changes 
in diameter and changes in length of said cavity. 

5. In a temperature compensated resonant cavity, the 
combination comprising a hollow metallic cylinder and 
a plunger mounted in said cylinder to de?ne a cavity, said 
plunger having two circular members movably mounted 
with respect to each other with a combination of a ring 
element disposed between two cone elements mounted 
between said circular members, said ring and cone ele 
ments having different coef?cients of thermal expansion 
and angular sliding contact surfaces therebetween, the 
sum of the sliding angles of said surfaces being propor 
tional to a constant equal to the ratio of changes in di 
ameter and changes in length of said cavity. 

6. In a temperature compensated resonant cavity, the 
combination comprising a hollow metallic cylinder, a 
plunger having parallel upper and lower circular mem 
bers mounted for axial movement of the lower member 
with respect to the upper member, means for mounting 
said plunger within said cylinder with a ?xed relation 
between said upper circular member and said cylinder to 
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de?ne a cavity, and a ring element mounted between said 
upper and lower circular members With cone elements 
respectively disposed on either side of such ring element 
in contact with said ring element and adjacent circular 
member, said ring element having a different coefficient 
of thermal expansion than said cone elements and having 
angular sliding contact with said cone elements with the 
sum of the angles of said sliding contacts being propor 
tional to a constant equal to the ratio of changes in di 
ameter ‘and changes in length of said cavity. 

7. In a temperature compensated resonant cavity, the 
combination comprising a cylindrical resonant cavity 
structure having separate upper and lower portions and 
a ?rst coefficient of thermal expansion, a ring having a 
second different coe?ioient of thermal expansion disposed 
between said upper and lower portions with at least one 
angular sliding contact surface therebetween, the angle of 
said surface being proportional to a constant equal to the 
ratio of changes in diameter and changes in length, and 
means disposed between said upper and lower portions 
securing the portions together for axial adjustment by 
said angular surface. 

8. In a temperature compensated resonant cavity, the 
combination comprising a cylindrical resonant cavity 
structure having separate upper and lower portions and a 
?rst coef?cient of thermal expansion, said upper portion 
including adjustable ‘annular elements ?exibly supporting 
an inner cylinder of substantially the same inside diameter 
as that of said lower portion, a ring having a second dif 
ferent coefficient of thermal expansion disposed between 
one of said annular elements and said lower portion with 
at least one angular sliding contact surface therebetween, 
the angle of said surface being proportional to a constant 
equal to the ratio of changes in diameter and changes 
in length, and means disposed between said upper and 
lower portions securing said portions together for axial 
adjustment by said angular surface with said inner cylin 
der secured within said lower portion. 

9. In a temperature compensated resonant cavity, the 
combination comprising a cylindrical resonant cavity 
structure having separate upper and lower portions and a 
?rst coeflicient of thermal expansion, said upper portion 
including adjustable annular elements, an inner cylinder 
having an inside diameter substantially the same as the 
inside diameter of said lower portion, a thin annular di 
aphragm mounted between said annular elements and said 
inner cylinder for ?exible support, at least one ring dis 
posed between one of said annular elements and said lower 
portion with at least one ‘angular sliding contact surface 
therebetween, the sum of the angles of said contact sur 
faces being proportional to the ratio of diametrical thermal 
expansion and axial movement between said portions with 
said expansion and movement being linearly related, and 
spring means disposed between said upper and lower por 
tions together with said inner cylinder secured within 
said lower portion. 
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