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MICROWAVE ATTENUATORS 

This is a continuation, of application Ser. No. 
208,093, ?led Dec. 15, 1971, now abandoned. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

Various microwave attenuators are known to the art 
which include a single resistive surface which forms 
both the series and shunt resistive paths of the attenua 
tor. The resistive surfaces of these devices are ordi 
narily deposited on a rectangular “plane" surface of a 
ceramic member. It has been difficult to satisfactorily 
secure the ceramic members of the above type within 
an outer conductor of a microwave coaxial device. This 
difficulty is especially acute when the device is sub 
jected to a harsh environment. 
The present invention provides a microwave attenua 

tor having an attenuator element which is satisfactorily 
secured for use in harsh environments, provides excel 
lent heat dissipation from the resistive layer to the 
outer conductor, and additionally, which is readily in 
terchangeable to permit replacement of attenuator ele 
ments. This is accomplished by providing a microwave 
attenuator element having a dielectric member which 
is con?gured to allow the device to ef?ciently and 
‘safely receive a compressive retention load. 

In a coaxial microwave attenuator according to this 
invention, a resistive layer is placed upon a ceramic 
member having a surface which is arcuate in cross 
section when viewed along the axis of the attenuator. 
Consequently, the end boundaries of the resistive layer 
engaging the center conductors of the device are arcu 
ate whereas the side boundaries of the resistive layer 
are linear. The attenuator element may be used in com 
bination with an outer conductor having an abutment 
shoulder which is forcibly engaged by the attenuator 
element due to a compressive retention force on the at 

_ tenuator element. For example, one or more dielectric 
bolts or other clamping device may engage the arcuate 
surface on the axis thereof to provide a compressive re 
tentionforce on the ceramic attenuator member which 
acts along a bisecting axis passing through the attenua 
tor element to retain the attenuator element in position 
and to provide a contacting force between the side 
boundaries of the resistive layer and the abutment 
shoulder on the outer conductor. In the preferred ex- , 
emplary embodiment, the ceramic member is in a form 
of a cylindrical tube and is located by an arcuate recess 
in the outer conductor so as to provide a large area of 
contact between the attenuator element and the outer 
conductor which provides exceptional heat dissipation 
from the attenuator element to the outer conductor. 
The resistive layer may be provided with various 

means for changing the electric ?elds therein by estab 
lishing series and shunt resistance relationships to pre 
vent burnouts and/or to establish center conductor sep 
arations to prevent capacitive interactions between the 
center conductors. For example, spaced areas of highly 
conducting material such as gold may be placed along 
the series path to reduce the resistance of the path for 
a given path length so that the spacing of the center 
conductors may be increased. Alternatively, spaced 
voids may be provided in the shunt resistive path, for 
example, by masking prior to deposition of the resistive 
layer or by sandblasting portions of the resistive layer 
after deposition, so as to increase the shunt resistance 
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2 
for a given path length. With the latter construction, a 
heavier layer of resistive material may be used to pro 
vide a lower unit resistively so that the spacing between 
the center conductors may be increased. 

In view of the above explanation, it will be appreci 
ated that a microwave attenuator is provided having at 
tenuation elements which are securely held in position 
so as to be suitable for use in harsh environments and 
which may be readily inserted and removed without de 
struction of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F IG. 1 is a side cross-sectional view of an exemplary 
microwave coaxial attenuator according to this inven 
tron; 
FIG. 2 is an end cross-sectional view of the attenua 

tor of FIG. 1 taken generally along the line 2-2; 
FIG. 3 is a perspective illustration of the attenuator 

element of the attenuator of FIG. 1; 
FIG. 4 is an end cross-sectional view of a second ex 

emplary embodiment of an attenuator according to the 
present invention; 
FIG. 5 is an end cross-sectional view of a third exem 

plary embodiment of an attenuator according to the 
present invention; ‘ 
FIG. 6 is an illustration of an exemplary attenuator 

element according to this invention which has been 
modi?ed by the deposition of sequential portions of a 
highly conductive material along the series resistive 
path of the element; and ' 
FIG. 7 is an illustration of yet another exemplary em 

bodiment of an attenuator according to this invention 
which has been modi?eld by the provision of sequential 
spaced voids in the shunt resistive path. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1, an exemplary microwave coaxial attenua~ 
tor 10 as taught by this invention is illustrated. The at 
tenuator 10 consists of an outer or ground conductor 
assembly 12, a pair of coaxial center conductors l4 and 
an attenuator element 16. The center conductors 14 
are supported at each end with respect to the ground 
conductor assembly 12 by dielectric support beads 18. 
The ground conductor assembly 12 consists of a tubu 
lar main body member 20 which is externally threaded 
at each end so as to receive internally threaded end 
caps 22 which retain the dielectric support beads 18 
and hold the support beads 18 in position against radial 
shoulders 24 on the outer conductor 20. The attenua 
tor element 16 has a terminal 26 at each end which is 
engaged by radially inwardly extending prongs 28 on 
the center conductors 14. With reference now to FIG. 
2, the main attenuator element 16 is retained in posi 
tion within the barrel 12 by a pair of dielectric bolts 30 
which may be of Nylon, Te?on or other suitable mate 
rial which are threadedly engaged with the outer con 
ductor l2 and bear downwardly on the attenuator ele 
ment 16 to bring opposite side edges of the device into 
forced engagement with axially-extending abutment 
shoulders 32 formed on the outer conductor 12. The 
attenuator element 16 has a dielectric substrate 34 
which may be ceramic material such as beryllium oxide 
or aluminum oxide. Beryllium oxide is preferred be 
cause of its excellent thermal conductivity which allows 
heat generated by the dissipated microwave power in 
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the attenuator element 16 to be ef?ciently transferred 
to the outer conductor 12. 
With particular reference now to FIGS. 2 and 3, the 

dielectric member 34 is uniform in cross-section and is 
seen to have a semi-cylindrical or arcuate upper sur 
face 36 de?ned by arcuate end boundaries and linear 
side bo'undariesJThe upper surface 36 carries the elec 
trodes 26 at its arcuate'ends. The electrodes 26 are 
connected to input resistive layers 38 which are depos-_ 
ited on a central portion of the surface 36 so as to be 
generally coaxial with the outer conductor 12. The re 
sistive layers 38 each have a thickness and a width so 

> that approximately 50 percent of the input energy into 
the attenuator 10 is dissipated in the input layer. 38 
which first receives the input microwave‘, energy. A 
transition is made from the input layers 38 to a main at 
tenuator layer 40 through intermediate electrodes 42, 
each of which may be a deposited layer of a highly con~ 
ductive metal such as gold. ' ~ 

The input attenuators 38 dissipate suf?cient input en 
ergy to prevent steep?eld gradient at the entry to the 
main resistive layer 40. Steep ?eld gradients are further 
minimized by the intermediate electrodes 42 which dis 
tributethe input energy over a predetermined area of 

_ the resistive surface 40. By minimizing steep ?eld gra 
dients using the input attenuators 38 and the intermedi~ 
ate electrodes 42, local heating near the input elec 
trodes which often causes attenuator burnout is 
avoided. It will be appreciated that the intermediate 
electrodes 42 and input attenuators 38 areidentical in 
‘design and function in the'same manner so that each 
one of the input electrodes 38 may ?rst receive the 
input microwave energy with the same results.‘ 
As is well known in the card attenuator art, the main 

resistive layer 40 may generally be de?ned as having a 
series resistance portionand a shunt resistance portion 

. with the former connected between the center- conduc 
. tors and the outer conductor. ‘Accordingly, the layer 40 

is deposited on a portion of the upper surface 36 and 
has a pair of curvilinear, e.g., arcuate, end boundaries 
41 which are centrally connected to the intermediate 
electrodes 42 and a pair of linear side boundaries 43 
which preferably‘ have a deposited axially extending 
layer 44 of highly conductive material such as gold pro 
viding good conduction between the layer 40 and the 
outer conductor member 20. The layer may be of uni 
form thickness, graduated thickness, or a steeped layer 
design to provide shunt and series resistance relation 
ships which are well known to those skilled in this art. 

The arcuate con?guration of the ceramic member 34 
provides a substantial increase in strength or resistance 
to failure under compressive loading in the direction of 
the bolts 30, i.e., in the direction of curvature of the 
surface 36 generally, or more speci?cally, in a direction 
which is perpendicular to a plane which is tangential to 
the upper surface-36 of the dielectric member 34. Con 
sequently, clamping devices such as the screws 30 may 
be effectively used to exert a downward force on the 
element l6'to securely retain the element 16 in position 
and to provide good electrical contact with the outer 
conductor 12 along the side edges 32 of the resistive 
layer 40. . 

If it is desired to minimize the ?eld within the dielec 
tric material of the device 10, the upper and lower sur 
face of the dielectric member maybe semi-cylindrical, 
with the lower surface preferably being of a smaller di 
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4 
ameter so as to provide aniarch-like structure as illus 
trated at 45 in FIG. 4. Additionally, a tube-like ceramic 
element'46 as illustrated in FIG. 5 may be utilized to 
minimize the ?eld which is within the dielectric mate 
rial of the attenuator device. In the embodiment of 
FIG. 5, the preferred embodiment of this invention, the 
outer conductor 12 is provided with an arcuate recess 
48 which conforms to and closely receives a major cir 
cumferential portion of the cylindrical element 46, e. g., 
nearly 180° thereof. The cylindrical element 46 has‘a 
resistive layer 50 which may extend about the full cir 
cumference thereof or, if desired, generally to the outer 
conductor 12 at each side so as to be placed in electri 
cal continuity therewith. Preferably, the axial ends of 
the resistive layer 50 joins with intermediate electrodes 
42, input resistive layers’38, and input electrodes 26 re 
spectively, essentially as illustrated with respect to the 
embodiment of FIG. ‘3. To provide good electrical con 
tinuity between the resistive layer 50 and the outer con 
ductor 12, a layer 52 of highly conducting material 
such ‘as gold may be deposited on the resistive layer 50 
adjacent the outer conductor 12. The layer 52 may ex 
tend about the entire circumferential portion within the 
recess 48. In the embodiment of FIG. 5, the cavity of 
the ‘ground conductor 20 is shaped to reduce the 'micro 
wave attenuation at very high frequencies so as‘ to corn 
pensate foran increase in attenuation which occurs at » , 
very high frequencies due to an increase in dielectric . 
loss and the increase in skin effect which effectively re- 
duces the cross-sectional area of the conducting por 
tion of the’resistive layer 40. More speci?cally, the at 
tenuator cavity is provided with a generally flat surface 
54 which is in cross proximity to the mid-portion of the 
resistive surface 50 ‘along the axis thereof so as to elec 
trically cooperate therewith toprovide higher axially 
?owing current densities near the mid-portion of ‘the 
surface 50 for increasing frequencies. The spacing of 
the ?at surface 54 with respect to the resistive surface ' 
50 is established to provide a substantially ?at re 
sponse, i.e. substantially uniform attenuation regardless > 
of the’frequency of the microwave energy transmitted 
through the attenuator. ' ’ 

It-also can be seen that a relatively large area of ' 
contact exists between the conducting?lm 52 and the 
arcuate recess 48 which provides excellentheatidissi 
pation from the attenuator element to the ‘outer con 
ductor. Consequently, the power handling capability of 
the attenuator of FIG. 5 is enhanced. ' 

In FIG. 6, an exemplary method is'shown for increas 
ing the distance between center electrodes for a given 
low value of attenuation which utilizes a plurality of se 
quentially disposed, spaced gold ?lms 56 deposited on 
the series portion of the resistive layer 40 along an axial 
line between the center electrodes 26. It will be appre 
ciated that the gold layers 56 reduce the overall resis 
tance of the series path between the electrodes 26 with 
respect to the resistance of the shunt paths. Accord 
ingly, the central electrodes 26 may be spaced to a 
greater extent for given attenuation with the use of the 
gold ?lm portions 56 while maintaining a theoretically 
desirable shunt resistance to series resistance ratio. Al 
ternatively, as shown in FIG. 7, a resistive layer 40 may 
be provided having a plurality of spaced portions 60 
which are devoid of resistive material and are axially 
aligned in the shunt resistive layer portion, i.e., along 
an axis which in parallel but displaced from the central 
axis of the attenuator 10. With the construction of FIG. 
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7, the resistance of the series path is reduced with re 
spect to the shunt path, and accordingly, the distance‘ 
between the'center electrodes 26 may be increased. In 
essence, the same effect as that described with respect 
to FIG. 6 is achieved. It will be appreciated that an in 
crease in the distance between center electrodes re 
duces capacitance effects between center conductors 
which would decrease the attenuation valve at very 
high frequencies. This result had formerly been accom 
plished by providing a second layer of resistive material 
along the series path so as to decrease the unit resistiv 
ity of the series path. In this regard, it will be appreci 
ated that resistive layers are difficult to apply and nor 
mally require a significant period of manufacture time. 
On the other hand, the gold conducting portion 56 may 
be rapidly and easily applied, for example, by a mask 
ing process. Moreover, the areas 60 which are devoid 
of resistive material also may be readily provided byv 
masking and sandblasting the resistive layer through 
the mask. It will be understood that the methods de 
scribed with respect to FIGS. 6 and 7 are equally appli 
cable to attenuators having plane, i.e., ?at resistive lay 
ers as well as arcuate resistive layers. 

In view of the above description, it can be seen that 
the present invention provides a microwave attenuator 
which features exceptional ease of manufacture, dura 
bility in service, and stable electrical characteristics. 
The construction of the present attenuator is well 
suited to the cartridge-type of unit with respect to 
which easy replacement of attenuator elements is de 
sired. 
While it will be apparent that the teachings herein are 

well calculated to teach one skilled in the art the 
method of making preferred embodiments in this in 
vention, it will be appreciated that the invention is sus 
ceptible to modi?cation, variation and change without 
departing from the proper scope of meaning of the sub 
joined claims. 
What is claimed is: 
l. Attenuator for operation of microwave frequen 

cies comprising: 
a pair of first conductors, one being adapted to re- , 

ceive microwave energy and another adapted for 
transmitting an attenuated portion of said micro 
wave energy which is received at said one conduc 
tor; 

ground conductor means associated with said ?rst 
conductors for establishing a microwave transmis 
sion path therebetween; and 

an attenuator element including a member of dielec 
tric material having a curvilinear surface portion of 
substantial curvature de?ned by two opposite lin 
ear side boundaries and two opposite curvilinear 
end boundaries and a layer of resistive material on 
said surface portion, said resistive layer being elec 
trically connected intermediate said first conduc 
tors at said curvilinear end boundaries and being 
electrically connected to said ground conductor 
means along the full length of each of said linear 
side boundaries. , 

2. A microwave attenuator according to claim 1 
wherein said curvilinear surface portion has an arcuat 
cross-section. ' 

3. A microwave attenuator according to claim 1 
wherein said ground conductor means has a wall op 
posing and spaced from said curvilinear surface portion 
and wherein a portion of said wall is more closely 

6 
spaced from said surface portion than the remainder of 
said wall. 

4. A microwave attenuator according to claim 3 
wherein said wall portion is parallel to an axis intersect 
ing said curvilinear end boundaries._ 

5. A microwave attenuator according to claim 3 
wherein said wall portion is parallel to an axis connect 
ing said first conductors. 

6. A microwave attenuator according to claim 5 
wherein said wall is a ?at wall and the spacing of said 
wall from said surface portion which provides said wall 
portion is established by said curvature of said curvilin 
ear surface. , 

7. A microwave attenuator according to claim 6 
wherein said ground conductor means has a recess and 
wherein said dielectric member partly resides in said 

' recess. 
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8. A microwave attenuator according to claim 7 
wherein said dielectric member is a cylindrical member 
and wherein said two opposite linear side boundaries 
are connected along their full length to said ground 
conductor means at said recess in said ground conduc 
tor means. 

9. A microwave attenuator according to claim 8 fur 
ther including means bearing on said element so as to 
exert a force along an axis passing through said surface 
generally in the direction of curvature of said curvilin 
ear surface. 

10. A microwave attenuator according to claim 9 
wherein said cylindrical dielectric member is a tubular 
member. ‘ 

ll. Attenuator for operation of microwave frequen-' 
cies comprising: 

a pair of ?rst conductors, one being adapted to re 
ceive microwave energy and another adapted for 
transmitting an attenuated portion of said micro 
wave energy which is received at said one conduc 
vtor; 

ground conductor means associated with said first 
conductors for establishing a microwave transmis 
sion path therebetween; 

an attenuator element including a member of dielec 
tric material having a curvilinear surface portion of 
substantial curvature defined by two opposite lin 
ear side boundaries and two opposite curvilinear 
end boundaries and a layer of resistive material on 
said surface portion, said resistive layer being elec 
trically connected intermediate said ?rst conduc 
tors at said curvilinear end boundaries and being 
electrically connected to said ground conductors 
means along the full length of each of said linear 
side boundaries; and 

means bearing on said element so as to exert a force 
along an axis passing through said surface generally 
in the direction of curvature of said curvilinear sur 
face. 

12. A microwave attenuator according to claim 2 
wherein said curvilinear surface portion has an arcuate 
cross-section. 

13. A microwave attenuator according to claim 1 
wherein said axis along which said force is exerted lies 
generally in the direction of said curvature of said cur 
vilinear surface. 

14. A microwave attenuator according to claim 13 
wherein said curvilinear surface portion has an arcuate 
cross-section. 
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15. microwave attenuator according to claim 14 

, wherein said dielectric member has a ?at surface por 
tion joining said arcuate curvilinear surface portion at 
each of said linear side boundaries. 

16. A microwave attenuator according to claim 14 
wherein said arcuate curvilinear surface portion com 

_ prises one side of said dielectric member and said di 
electric member has an opposite side which comprises 
a surface having an arcuate cross-section. ' ' 

l7. Attenuator for operation of microwave frequen 
cies comprising: , 

a'pair of ?rst conductors disposed on an axis, one 
being adapted to receive microwave energy and an- _ ' 

, other adapted for transmitting an attenuated por 
tion of said microwave energy which is received at 
said one Tconductor; ' 

ground conductor means associated with said ‘?rst 
conductors for establishing a microwave transmis 
sionpath therebetween; and ‘ ‘ 

an attenuator element including a member of dielec 
tric material having a curvilinear surface portion of 
substantial curvature with a layer of resistive mate 
rial on said surface portion, said layer having-a pair 
of opposite curvilinear end boundaries which are 
electrically connected intermediate said first con 
ductors and a pair of opposite linear side bounda 
ries which are electrically connected along the full 
length thereof to said ground conductor means, 
said attenuator'element further including a plural 
ity of spaced portions of highly conducting material 
disposed on said layer along said axis between said 
first conductors. , ‘ . 

l8. Attenuator for operation of microwave frequen 
cies comprising: ‘ ' ' t 

a pair of ?rst conductors disposed on an axis, one 
being adapted to receive microwave energy and an 
other adapted for transmitting an attenuated por 
tion of said microwave energy which is received at 
said one conductor; ' _ 

ground conductor means associated with said ?rst 
conductors for establishing a microwave transmis 
sion path therebetween; and t _ ‘ i 

an attenuator element including a member of dielec 
tric material having a curvilinear, surface portion of 
substantial curvature with a layer of resistive mate 
rial on said surface portion, said layer having a pair 
of opposite curvilinear end boundar'ieswhich are 
electrically connected intermediate said ?rst con 
ductors and a pair of. opposite linear side bounda 
ries which are electrically connected along the full 
length thereof to said ground conductor means, 
said resistive layer having a plurality of spaced 
voids therein disposed along an axis which is dis 
placed from but substantially parallel to said axis 
between said ?rst conductors. 

l9. Attenuator for operation of microwave frequen 
cies comprising: 
a pair of ?rst conductors disposed on an axis, one 
being adapted to receive microwave energy and an 
other adapted for transmitting an attenuated por 
tion of said microwave energy which is received at 
said one conductor: - , 

ground conductor means associated with said ?rst 
conductors for establishing a microwave transmis 
sion path therebetween; and 

an attenuator element including a member of dielec 
tric material having a surface portion with a layer 
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“of resistive material on said'surface portion, said 
layer having a pair of opposite end boundaries 
which are electrically connected intermediate said 

' ?rst conductors and a pair of opposite side bounda- ' 
ries which are electrically connected along the full 
length thereof to said ground conductor means, 
said'attenuator element further including a pair of 
intermediate electrodes and a pair of input attenua 

, tion‘ means with one of said intermediate electrodes 
being connected to'one of said pair of end bounda 
ries and the other of said intermediate electrodes 
being connected’ to the other of said pair of end 
boundaries, and with one of said input attenuation 

‘ means being ‘connected between the oneof said in- ' 
terme'diate electrodes and one of said'?rst conduc 
tors and the other of said input attenuation means 
being connected betweenthe other of said interme 
diate electrodes and the other of said ?rst conduc 
tors. ' ‘ ‘ ' ' ’ 

wherein each of said input attenuation means is a resis 
tive'layer on said attenuator element. : 
21.'A microwave-‘attenuator according to claim 20 

wherein said input attenuation means and intermediate 
electrodes are each coaxially disposed with respect to 
said ?rst conductors. ‘ 

'22. Attenuator for operation of microwave frequen 
cies comprising: ‘ 1 _ v . ‘ 

a pair of ?rst conductors, one being adapted to re-_ 
ceive microwave energy and another adapted for 
transmitting van attenuated portion of said micro 
wave energy which is received at'said one conduc 
tor; , ‘ » , 

ground conductor‘ means associated with said first 
conductors for establishing a microwave transmis 
sion path therebetween; and 

an attenuator element including a member of dielec-‘ 
tric material having a curvilinear surface portion of 
substantial curvatureand having a uniform cross 
section de?ned by two opposite linearside bounda 
ries and two opposite curvilinear end boundaries 
andalayer of resistive material on said surface por 
tion, said resistive layer being ‘electrically con 
nected intermediate said ?rst conductors at said 
curvilinear end boundaries and being electrically 
connected to said ground conductor ‘means along 
the full length of each of said linear side bounda 
ries. 

23. A microwave attenuator according to claim 22, 
wherein said curvilinear surface portion has an arcuate 
cross-section. ' 

5 

5 

O 

24. Attenuator for operation of microwave frequen-_ 
cies comprising: _ . 

a pair of ?rst conductors disposed on an axis, one 
being adapted to receive microwave energy and an 
other adapted for transmitting an attenuated por 
tion of said microwave energy which is received at 
said one conductor; 

ground conductor means associated with said first 
conductors for establishing a microwave transmis 
sion path therebetween; and 

an attenuator element including a member of dielec 
tric material having a curvilinear surface-portion of 
substantial curvature and being symmetrical with 
respect to said axis de?ned by two opposite linear 
side boundaries and two opposite curvilinear end 
boundaries and a layer of resistive material’on said 

5 

20. A microwave attenuator according to claim 19 g 
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surface portion, said resistive layer being electri 
cally connected intermediate said ?rst conductors 
at said curvilinear end boundaries and being elec 
trically connected to said ground conductor means 
along the full length of each of said linear side 
boundaries. ' 

25. A microwave attenuator according to claim 24 
wherein said curvilinear surface portion has an arcuate 
cross-section. ‘ 

26. Attenuator for operation of microwave frequen- I 
cies comprising: 

a pair of ?rst conductors which are substantially 
aligned with an axis of said microwave attenuator, 
one being adapted to receive microwave energy 
and another adapted for transmitting an attenuated 
portion of said microwave energy which is received 
at said one conductor; 

ground conductor means associated with said ?rst 
conductors including a tubular conducting member 
which is coaxially disposed with respect to said axis 
for establishing a microwave transmission path 
therebetween; and 

an attenuator element including a member ofdielec 
tric material having a curvilinear surface portion of 
substantial curvature de?ned by two opposite lin 
ear side boundaries and two opposite curvilinear 
end boundaries and a layer of resistive material on 
said surface portion, said resistive layer being elec 
trically connected intermediate said ?rst conduc 
tors at said curvilinear end boundaries and being 
electrically connected to said ground ‘conductor 
means along the full length of each of said linear 
side boundaries. 

27. A microwave attenuator according to claim 26 
wherein said dielectric member is a tubular member 
and said arcuate curvilinear surface portion is a radially 
outward surface of said tubular dielectric member. 

28. A microwave attenuator according to claim 27 
wherein said tubular dielectric member is a cylindrical 
member. . - v 

29. Attenuator for operation of microwave frequen 
cies comprising: 

a pair of first conductors, one'being adapted to re 
ceive microwave energy and another adapted for 
transmitting an attenuated portion of said micro 
wave energy which is received at said one conduc 
tor; 

ground conductor means associated with said ?rst 
conductors for establishing a microwave transmis 
sion path therebetween; and 
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an attenuator element including a member of dielec- ‘ 
tric material having a curvilinear surface portion of 
substantial curvature defined by two opposite lin 
ear side boundaries and two opposite curvilinear 
end boundaries and-a layer of resistive material on 
said surface portion, said resistive layer being elec 
trically connected intermediate said ?rst conduc~ 
tors at said curvilinear end boundaries and being 
electrically connected to said ground conductor 
means along the full length of at least one of said 
linear side boundaries. 

30. A microwave attenuator according to claim 29 
wherein said curvilinear surface portion has an arcuate 
cross-section. _ 

3]. A microwave attenuator according to claim 30 
wherein said dielectric member is a tubular member 
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and said arcuate curvilinear surface portion is a radially 
outward surface of said tubular dielectric member. 
32. A microwave attenuator according to claim 31 

wherein said tubular dielectric member is a cylindrical 
member. 

33. A microwave attenuator according to claim 29 
further including means bearing on said element so as 
to‘exert a force along an axis passing through said sur 
face generally in the direction of curvature of said cur 
vilinear surface. 
34. A microwave attenuator according to claim 33 

wherein said curvilinear surface portion has an arcuate 
cross-section. 

35. A microwave attenuator according to claim 29 _ 
wherein said ground conductor means has a wall opos 
ing and spaced from said curvilinear surface portion 
and wherein a portion of said wall is more closely 
spaced from said surface ‘portion than the remainder of 
said wall. 
36. A microwave attenuator according to claim 35 

wherein said wall portion is parallel to an axis intersect 
ing said curvilinear end boundaries. 
37. A microwave attenuator according to claim 35 

wherein said wall portion is parallel to an axis connect 
ing said ?rst conductors. I 
38. A microwave attenuator according to claim 37 

wherein said wall is a ?at wall and the spacing of said 
wall from said surface portion which provides said wall 
portion is established by said curvature of said curvilin 
ear surface. 

39. A microwave attenuator according to claim 38 
wherein said ground conductor means has a recess and 
wherein said dielectric member partly resides in said 
recess. 

40. Attenuator for operation of microwave frequen 
cies comprising: 
a pair of ?rst conductors,v one being adapted to re 

ceive microwave energy and another adapted for 
transmitting an attenuated portion of said micro 
wave energy which is received at said one conduc 
tor; 

ground conductor means associated with said first 
conductors for establishing a microwave transmis 
sion path therebetween, said ground conductor 
means having a recess and a cylindrical planar wall 
including a portion which is parallel to an axis con 
necting said ?rst conductors; and 

an attenuator element including a member of dielec 
tric material partly residing in said recess of said 
ground conductor means having a curvilinear sur 
face portion of substantial curvature de?ned by 
two opposite linear side boundaries and two oppo 
site curvilinear end boundaries and a layer of resis 
tive material on said surface portion, said surface 
portion being more closely spaced to said wall por 
tion than the remainder of said wall due to the cur 
vature of said surface portion, said resistive layer 
being electrically connected intermediate said first 
conductors at said curvilinear end boundaries and 
being electrically connected to said ground con 
ductor means along the full length of said linear 
side boundaries at said recess in said ground con 
ductor means. 

41. A microwave attenuator according to claim 40 
further including means bearing on said element so as 
to exert a force along an axis passing through said sur 
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face generally in the direction of curvature of said cur 
vilinear surface. _ 

42. A microwave attenuator according to claim 41 
wherein said cylindrical dielectric member is a tubular 
member. 
43. Attenuator for operation of microwave frequen 

cies comprising: . 

a pair of ?rst conductors disposed on an axis, one 
being adapted to receive microwave energy and an 
other adapted for transmitting an attenuated por 
tion of said microwave energy which is received at ‘ 
said one conductor: 

ground conductor means associated with said ?rst 
conductors for establishing a microwave transmis 
sion path therebetween; and 

an attenuator element including a member of dielec 
tric material having a surface portion with a layer 
of resistive material on said surface portion, said 
layer having a pair of opposite end boundaries 
which are electrically connected intermediate said 
first conductors and a pair of opposite side bounda 
ries, at least one of said side boundaries being elec 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
trically connected along the full length thereof to 
said ground conductor means, said attenuator ele 
ment further including a pair of intermediate elec 
trodes and a pair of input attenuation means with 
one of said intermediate electrodes being con 
nected to one of said pair of end boundaries and 
the other of said intermediate electrodes being 
connected to the other of said pair of end bounda 
ries, and with one of said input attenuationlmeans 
being connected between the one of said interme 
diate electrodes and one of said ?rst conductors 
and the other of said input attenuation means being 
connected between the other of ‘said intermediate 
electrodes and the other of said first conductors. 

44. A microwave attenuator according to claim 43 
wherein each of said input attenuation means is a resis 
tive layer on said attenuator element. 
45. A microwave attenuator according to claim 44 

wherein said input attenuation means and intermediate 
electrodes are each coaxially disposed with respect to 
said ?rst conductors. 
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