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57 ABSTRACT 
A microwave waveguide window is disclosed wherein 
a dielectric filled window section of waveguide is 
sealed across a waveguide. The window filled section 
of waveguide in one embodiment is dimensioned to 
have approximately the same low frequency cutoff 
wavelength as that of the adjoining sections of guide, 
such that the window and that of the adjoining sec 
tions of the waveguide support approximately the 
same waveguide transmission modes. In certain win 
dows of the present invention, a quarter wave match 
ing transformer portion of the dielectric window ex 
tends from the window into the adjacent waveguide 
sections. In other windows of the present invention, 
one or both adjoining sections of waveguide have a 
substantially lower height, such as ridged waveguide, 
than the dielectric filled window section and a short 
section of transition waveguide is interposed between 
the window and the adjoining lower height waveguide 
with the dielectric window member projecting into the 
transition section of waveguide. 

15 Claims, 28 Drawing Figures 
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MICROWAVE WAVEGUIDE WINDOW HAVING 
THE SAME CUTOFF FREQUENCY AS ADJOINING 
WAVEGUIDE SECTION FOR AN INCREASED 

BAND WIDTH 

RELATED CASES 

The present application is a continuation-in-part ap 
plication of copending parent application Ser. No. 
102,590 filed Dec. 30, 1970 now abandoned. 

DESCRIPTION OF THE PRIOR ART 

Heretofore, microwave waveguide window structures 
have been constructed which included a dielectric win 
dow section of guide interposed between adjoining sec 
tions of waveguide. In such microwave windows, the 
windows were not dimensioned to have essentially the 
same low frequency cutoff as the adjoining waveguide 
sections. In most instances, the dielectric filled window 
section of guide had a width which was approximately 
equal to the width of the adjoining waveguide sections, 
such that the low frequency cutoff in the window sec 
tion of guide was substantially lower than the low fre 
quency cutoff of the adjoining waveguide sections. 
Thus, the window was capable of supporting many 
transmission modes which could not be supported in 
the adjoining waveguide sections. These additional 
modes, which may be supported within the window sec 
tion can be excited by wave energy within the bandpass 
of the waveguide and tended to reduce the useful band 
width of the window structure. 

In one type of prior art window, the window substan 
tially filled the entire cross section of the waveguide in 
cluding the adjoining waveguide sections and the di 
electric window section was made an integral number 
of half wavelengths long so that the resultant character 
istic impedance mismatch produced by the window was 
compensated over a narrow range of frequencies for 
which the wave reflections from one face of the win 
dow was cancelled by the wave reflection from the op 
posite face of the window. 

In another prior art type of window, the axial length 
of the window section was made an integral number of 
odd quarter wavelengths, preferably one-quarter wave 
length long, with the height of the window being se 
lected such that it had an impedance equal to the 
square root of the product of the impedances of the ad 
joining waveguides on opposite sides of the window, 
such that the window formed a quarter wave imped 
ance matching transformer. Such a window is disclosed 
and claimed in U.S. Pat. No. 2,576, 186 issued Nov. 27, 
1951. Both of these prior art types of windows were rel 
atively narrow band having a useful bandwidth which 
was less than a half of the bandwidth of the waveguide. 
Therefore, it is desirable to obtain a microwave window 
having a bandwidth comparable to the bandwidth of 
the waveguides which adjoin the window. 
SUMMARY OF THE PRESENT INVENTION 

The principal object of the present invention is the 
provision of an improved microwave waveguide win 
dow, 
One feature of the present invention is the provision 

of a microwave waveguide window having a dielectric 
window filled section of waveguide interposed between 
adjoining waveguide sections with the window section 
of waveguide dimensioned to have approximately the 
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2 
same cutoff wavelength as the adjoining waveguide sec 
tions, whereby the window section will support approx 
imatly the same number of waveguide transmission 
modes for increasing the bandwidth of the window. 

In another feature of the present invention, the win 
dow section of waveguide is dimensioned to have ap 
proximately the same characteristic impedance as the 
adjoining waveguide sections for impedance matching 
the window. 

In another feature of the present invention, the win 
dow section of waveguide includes a portion of the di 
electric window member extending from the window 
into at least one of the adjacent waveguide sections for 
cancelling wave reflections from the transition between 
the adjoining waveguide section of the window section. 

In another feature of the present invention, at least 
one of the sections of waveguide adjoining the window 
section has at least a portion with a height substantially 
less than that of the window section and wherein a tran 
sition section of waveguide is interposed between the 
window section and the low height waveguide section, 
such transition section being dimensioned to have a 
length substantially shorter than a quarter wavelength. 

In another feature of the present invention, the ad 
joining waveguide sections are of rectangular wave 
guide and the window section is of circular waveguide. 

In another feature of the present invention, a dielec 
tric filled section of non-ridged waveguide is interposed 
between sections of ridged waveguide, whereby a 
broadband high-power waveguide window assembly is 
obtained. 

In another feature of the present invention, the di 
electric filled section of non-ridged waveguide has a 
length equal to one-half of an electrical wavelength at 
a frequency within the passband of the window assem 
bly, whereby wave reflections from opposite sides of 
the window cancel over a wide range of frequencies. 
Other features and advantages of the present inven 

tion will become apparent upon a perusal of the follow 
ing specification taken in connection with the accom 
panying drawings wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal section view, partly in sche 
matic line diagram form, depicting a microwave wave 
guide window incorporating features of the present in 
vention, 
FIG. 2 is a sectional view of the structure of FIG. 

taken along line 2-2 in the direction of the arrows, 
FIG. 3 is a sectional view of the structure of FIGS. 2 

and 4A taken along lines 3-3 in the direction of the 
arrowS, 
FIGS. 4 and 4A are sectional views similar to that of 

FIG. 2 depicting alternative embodiments of the pres 
ent invention, 
FIG. S is a sectional view of the structure of FIG. 4 

taken along line 5-5 in the direction of the arrows, 
FIG. 6 is a longitudinal sectional view partly in sche 

matic line diagram form of alternative embodiments of 
the invention, 
FIG. 7 is a sectional view of the structure of FIG. 6 

taken along line 7-7 in the direction of the arrows, 
FIG. 8 is a sectional view of the structure of FIG. 7 

taken along line 8-8 in the direction of the arrows, 
FIG. 9 is a view of the structure of FIG. 6 taken along 

line 9-9 in the direction of the arrows and depicting 
an alternative embodiment of the present invention, 
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FIG 10 is a sectional view of the structure of FIG. 9 
taken along line 10-10 in the direction of the arrows, 
FIG. 1 1 is a longitudinal sectional view, partly in 

schematic line diagram form, of a microwave window 
incorporating alternative features of the present inven 
tion, 
FIG. 12 is a view of the structure of FIG. 1 taken 

along line 12-12 in the direction of the arrows, 
FIG. 13 is a sectional view of the structure of FIG. 12 

taken along line 13-13 in the direction of the arrows, 
FIG. 14 is a view of the structure of FIG 11 taken 

along line 14-14 in the direction of the arrows depict 
ing an alternative embodiment of the present invention, 
FIG. 15 is a view of the structure of FIG. 11 taken 

along line 15-15 in the direction of the arrows depict 
ing an alternative embodiment of the present invention, 
FIG. 16 is a schematic longitudinal sectional view of 

a microwave window incorporating alternative features 
of the present invention, 
FIG. 17 is a sectional view of the structure of FIG. 16 

taken along line 17-17 in the direction of the arrows, 
FIG. 18 is a sectional view of the structure of FIG. 17 

taken along line 18-18 in the direction of the arrows, 
FIG. 19 is a longitudinal schematic sectional view of 

a microwave window incorporating alternative features 
of the present invention, 
FIG. 20 is a sectional view of FIG. 19 taken along line 

20-20 in the direction of the arrows, 
FIG. 21 is a sectional view of the structure of FIG. 20 

taken along line 21-21 in the direction of the arrows, 
FIG. 22 is a sectional view of the structure of FIG. 19 

taken along line 22-22 in the direction of the arrows, 
FIG. 23 is a longitudinal sectional view of a micro 

wave window assembly incorporating features of the 
present invention, 

FIG. 24 is a transverse sectional view of the structure 
of FIG. 23 taken along line 24-24 in the direction of 
the arrows, 

FIG. 25 is a transverse sectional view of the structure 
of FIG. 1 taken along line 25-25 in the direction of the 
arrows and depicting the transition section of wave 
guide, 
FIG. 26 is a plot of the normalized bandwidth of two 

types of ridged waveguide and for the microwave win 
dow assembly of FIG. 23, and 
FIG. 27 is a plot of voltage standing wave ratio 

(VSWR) vs. frequency showing the passband charac 
teristics for a window of the present invention and for 
ridged waveguide without the provision of the window. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIGS. 1, 2 and 3, there is shown a 
microwave waveguide window 1 incorporating features 
of the present invention. The microwave waveguide 
window 1 includes a dielectric filled section of wave 
guide 2 of relatively short length l adjoining second 
and third sections of the waveguide 3 and 4 which may 
be of any length. The ends of such waveguide sections 
3 and 4 include flange assemblies 5 and 6 formating to 
adjacent waveguide sections, not shown. The dielectric 
filled section of waveguide 2 forms part of a dielectric 
window member 7, as of beryllia or alumina ceramic, 
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stantially the same as, i.e., within 5 percent of, the cut 
off wavelength of the adjoining rectangular waveguide 
sections 3 and 4. The cutoff wavelength Ac is equal to 
2a Ve where a is the width of the rectangular wave 
guide and e is the dielectric constant of the window ma 
terial. In the case where the window material has a di 
electric constant of 9 the width w of the window section 
2 is one-third the width a of the waveguides 3 and 4. In 
addition, the window section of waveguide 2 is dimen 
sioned to have the same characteristic impedance Z as 
the adjoining waveguide sections 3 and 4. The charac 
teristic impedance Z is proportional to 377 X bfa Ve 
assuming that the dielectric filled section and the wave 
guide sections have the same cutoff wavelength. Thus, 
it is seen that the height of the dielectric filled window 
section b must be increased proportionately to the 
square root of e to maintain the same characteristic im 
pedance for the dielectric filled window section of 
waveguide 2. This means that the window section 2 has 
substantially the same height as the adjoining wave 
guide sections 3 and 4 on opposite sides of the window 
section 2. 

In addition, portions of the dielectric window mem 
ber are provided to project from the window member 
2 into the adjoining waveguide sections 3 and 4 via ap 
proximately an integral number of odd quarter wave 
lengths and preferably only one-fourth wavelength to 
provide quarter wavelength transformer sections 9 and 
10 for producing a wave reflection from the outer most 
faces thereof to cancel the wave reflections produced 
at the abrupt discontinuity produced by the conductive 
frame member 8. Moreover, in a preferred embodi 
ment, the length l, of the window filled section of 
waveguide 2 is preferably made approximately one-half 
a guide wavelength long such that wave reflections pro 
duced by one face of the window are cancelled by wave 
reflections produced at the opposite face. 

It is found that the window of FIGS. 1-3 provides an 
extremely wide bandwidth covering substantially the 
entire waveguide bandwidth. In a typical G-band (3.85 
- 7.0 GHz) microwave waveguide window 1 of the con 
figuration as shown in FIGS. 1-3, the waveguide sec 
tions 3 and 4 had a width a of 1.872 inches and a height 
of 0.872 inch. The window member 7 had a width w of 
0.764 inch and a height of 0.870 inch. The window was 

50 

hermetically sealed in a gas tight manner, as by brazing, is 
to a widow frame member 8, as of copper. 
The width w of the window-filled section of wave 

guide 2 is dimensioned to have a cutoff wavelength sub 

made out of a material having a dielectric constant of 
6, such as beryllium oxide or stycast plastic. The win 
dow portions 9 and 10 which projected into the adjoin 
ing waveguide sections had lengths of 0.450 inch, re 
spectively. The thickness l1, of the window member 7 
was 0.105 inch and the height of each of the window 
projection portions 9 and 10 was 0.280 inch, respec 
tively. 
Referring now to FIGS. 1, 4 and 5, there is shown an 

alternative embodiment of the present invention. In 
this embodiment, the dielectric-window-filled section 
of guide is a circular section of dielectric-filled wave 
guide as opposed to a rectangular section of waveguide. 
The circular window 7 is brazed into a circular bore in 
the window frame 8. The circular section of waveguide 
is dimensioned to have a cutoff frequency substantially 
equal to, i.e., within 5 percent of, the cutoff frequency 
of the adjoining waveguide section 3 and 4. The win 
dow includes quarter wave sections projecting into the 
adjoining waveguide sections to cancel reflections from 
the window. The outwardly projecting portion of the 
window member 7 may be a hollow cylindrical portion 
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or two sections of a cylinder, as shown by FIGS. 4-5 
and 3-4A respectively. The cylindrical section of di 
electric filled waveguide has the advantage of ease of 
construction as compared to the rectangular window of 
FIGS 1-3. 
Referring now to FIG. 6, there is shown an alterna 

tive microwave window 14 incorporating features of 
the present invention. The window 14 is substantially 
the same as that of FIG. 1 with the exception that the 
quarter wave transformer window sections 9 and 10 
have been replaced by center sections 15 and 16 pro 
jecting into the adjoining waveguide sections 3 and 4. 
As in the embodiment of FIG. 1, the window 14 may 
be of rectangular configuration, as shown in FIG. 2, or 
of circular configuration, as shown in FIG. 7 or FIG. 9. 
Likewise, the quarter wave projecting sections 15 and 
16 may be of generally rectangular shape, as shown in 
FIG. 7, or of circular shape as shown in FIG. 9. 
Referring now to FIGS. 11-15 there is shown a mi 

crowave window 19 incorporating alternative features 
of the present invention. Window 19 is substantially the 
same as previously described with regard to FIGS. 1-10 
with the exception that the quarter wave transformer 
section protruding from the window member 7 into the 
adjacent waveguide sections 3 and 4 has two quarter 
wave sections for providing a smoother transition, and 
therefore, a lesser amount of wave reflection, to the 
waveguide sections 3 and 4 from the dielectric filled 
window section of guide 2. As in the previous embodi 
ments, the window section 2 may be of rectangular 
configuration as shown in FIG. 12 with the quarter 
wave matching transformer section comprising the first 
quarter wave sections 21 and 22 projecting from oppo 
site sides of the window member into the adjacent sec 
tions and an outer quarter wavelength matching section 
23 and 24, respectively, of a lesser cross section. The 
rectangular configuration is shown in FIGS. 12 and 13. 
The circular window configurations 13 are shown in 
FIGS. 4 and 5. 
Referring now to FIGS. 16-18, there is shown a mi 

crowave window structure 27 incorporating alternative 
features of the present invention, Microwave window 
27 of FIG. 6 is particularly useful as the output win 
dow of a microwave traveling wave tube wherein the 
waveguide section 28 attached to the tube is con 
structed to be very thin in the direction of the beam to 
accommodate the beam focusing structure surrounding 
the tube. In a typical example, waveguide 28, which 
connects the window to the tube, will have a height b 
only approximately one-seventh the normal height of 
standard waveguide for the frequency band of interest. 
The problem that this introduces is the reduced height 
waveguide has a characteristic impedance which is 
one-seventh the characteristic impedance of the nor 
mal height guide. 
Thus, the window 27 of FIG. 16 includes a window 

section of circular guide 13 interposed between the re 
duced height section of rectangular guide 28 and a ta 
pered section of rectangular waveguide 29, tapering 
from the reduced height of waveguide 28 to the normal 
height of rectangular guide at output flange 6. Wave 
guide sections 28 and 29 and window waveguide sec 
tion 13 are all dimensioned to have substantially the 
same cutoff wavelength, i.e., within 5 percent. A pair 
of short transition waveguide sections 31 and 32 of sub 
stantially oval cross section, respectively, are provided 
between the window section 13 and the waveguide sec 
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6 
tions 28 and 29. The oval transition waveguide sections 
31 and 32 are dimensioned to have a cutoff wavelength 
substantially the same as the other waveguide sections 
28, 29 and 13 and to have a height substantially equal 
to the height of the circular waveguide section 13. The 
oval sections 31 and 32 serve to guide the waves into 
the circular window section 13. In addition the dielec 
tric window material projects slightly from the frame 
member 8 into the adjacent oval waveguide transition 
sections 31 and 32, respectively. 
For example, in a typical window 27, the window ma 

terial projects over the frame 8 into the adjacent sec 
tions 31 and 32 by approximately one-third the axial 
length of the transition sections 31 and 32, respec 
tively, and by an amount less than one quarter of a 
guide wavelength. In addition, the window scction 13 
is made approximately half a guide wavelength long at 
the center frequency of the window. In a typical K. 
band window designed for operation in K band (12.4 
to 18 GHz), the waveguide 28 has a height of 0.086 
inch and a normal width of 0.662 inch. The transition 
sections 31 and 32 have lengths of 0.013 inch, respec 
tively, and the window member 13 projected into the 
adjacent oval transition is 31 and 32 by 0.005 inch. The 
waveguide window 13 is of circular waveguide having 
the normal waveguide diameter of 0.311 inch. The out 
put waveguide 29 had a reduced height adjacent the 
window of 0.086 inch and a normal height at the output 
flange 6 of 0.31 l inch. The resultant microwave win 
dow 27 has 80 percent bandwidth, whereas the stan 
dard waveguide has only 50 percent bandwidth. 
Referring now to FIGS. 19-22 there is shown an al 

ternative microwave window structure 13 incorporat 
ing features of the present invention. The window 
structure 13 is particularly suitable as the output or 
input window for a traveling wave tube because the re 
duced height guide 28 may be connected to the tube 
via input flange 5 and output flange 6 may be con 
nected to the standard height waveguide. The structure 
of FIG. 19 is substantially the same as that of FIG. 16 
with the exception that the reduced height input end of 
the output guide section 29 of the structure of FIG. 16 
has been replaced by a normal height rectangular 
waveguide 4 of the type shown in FIGS. 1-0. In addi 
tion, while oval waveguide transition section 31 of 
FIGS. 16-18 has been retained, the second oval section 
of transition waveguide 32 has been eliminated. Also, 
quarter wave window projection portions 10, similar to 
those of FIGS. 3 and 4A have been incorporated. 
Referring now to FIG. 23, there is shown a micro 

wave window assembly 41 incorporating features of the 
present invention. The window assembly 41 includes 
first and second lengths of double ridged waveguide 42 
and 43 having a cross-section as shown in FIG. 24. A 
dielectric filled section of waveguide 44 may be rectan 
gular, oval or circular cross section, thee latter being 
the preferred embodiment due to its ease of fabrica 
tOn. 
A pair of short transition sections of waveguide 45 

and 46 are provided at opposite faces of the window 
section 44 for transitioning the main mode of electro 
magnetic wave energy from the ridged waveguide into 
the dielectric filled section of waveguide 44 and thence 
from the dielectric filled section back into the ridged 
waveguide. The transition sections of waveguide 45 
and 46 have inside cross-sectional dimensions as shown 
in FIG. 25 and each includes a central region of in 
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creased heighth, which is equal to the maximum height 
of the dielectric filled waveguide section 44 and outer 
regions of height b with an overall total width, a, each 
of the latter two dimensions a and b being preferably 
equal to the corresponding dimensions of the ridged 
waveguide sections 42 and 43. 

In addition, the central region of increased height h 
preferably has a contour matching the contour of the 
dielectric filled section. Thus, in the case where the di 
electric filled section 44 is of circular cross-section, the 
central region of the transition section of waveguide 
has concave top and bottom wall portions 47 and 48 
with a radius of curvature equal to the radius of curva 
ture of the dielectric filled section 44. 
The dielectric fill 49, as of alumina or beryllia ce 

ramic, projects axially into each of the transition sec 
tions of waveguide 45 and 46 by an amount which is de 
termined empirically to yield the least amount of wave 
reflection. In a typical example, it is found that the di 
electric fill material 49 should project for an axial 
length approximately equal to half the axial length of 
the waveguide transition sections 45 and 46, respec 
tively. Also the transition sections 45 and 46 are dimen 
sioned in length empirically to have the shortest length 
commensurate with the least amount of wave reflection 
from the transition sections 45 and 46. 
The dielectric filled section of waveguide 44 is 

formed by brazing a metallized dielectric fill member 
49 to a cup-shaped frame 51. An annular metallic 
member 52 is brazed to the cup-shaped frame 51 to de 
fine an annular coolant passage 53 between the frame 
51 and the ring 56. A pair of radial bores, not shown, 
communicate with the annular coolant passage 53 for 
conducting a flow of coolant therethrough for remov 
ing heat from the window in use. 
The ridged waveguide sections 42 and 43 are brazed 

to the transition sections 45 and 46, which in turn are 
brazed to the dielectric filled waveguide section includ 
ing the cup frame 51 and the annular ring 52 to form 
a hermetically sealed microwave window assembly 44. 
One of the ridged waveguide sections 42 is typically 
provided with a flange 54 for coupling to a utilization 
device or another section of waveguide, and the other 
section of ridged waveguide 43 may be provided with 
a flange or can be brazed directly or formed as a por 
tion of a microwave tube or other source of microwave 
energy. In the case where the window assembly 44 is 
utilized as a portion of a microwave tube, that portion 
of the microwave window assembly 44 which faces the 
tube is typically evacuated in use. 

In a typical example of a ridged waveguide micro 
wave window assembly 44 of the present invention de 
signed for passband operation between 8 and 16 GHz, 
the ridged waveguide and window elements have the 
following dimensions: Referring to the letter designa 
tions in FIG. 24, the dimensions in inches are as foll 
lows: a = 0.691 inch; b = 0.321 inch; d = 0.136 inch; 
s = 0.173 inch; t = 0.050 inch; R = 0.020 inch; R. 
0.027 inch and the waveguide provides 0.064 db atten 
uation per foot. The dielectric fill material is beryllia 
ceramic having a metallized O.D. of 0.419 inch and a 
metallized length of 0.145 inch with 0.020 nonmetal 
lized projections extending axially into each of the tran 
sition sections 45 and 46. The dielectric fill has a diam 
eter of 0.416 inch and an axial length of 0.185 inch. 
The diameter h (See FIG. 25) of the transition section 
is 0.417 inch and the dimensions a and b of the transi 

10 

5 

20 

8 
tion sections 45 and 46 are identical to the correspond 
ing dimensions a and b of the ridged waveguide sec 
tions 42 and 43. Each of the transition sections of 
waveguide has an axial length of 0.030 inch which is 
shorter than a quarter guide wavelength at the center 
frequency of the passband of the window. 
The aforedescribed window assembly 44 provides a 

normalized passband, i.e., the ratio of highest useufi 
frequency to the lowest useful frequency of approxi 
mately 2.0:1, as shown by the cross-hatched region 57 
of FIG. 26. The ridged waveguide with the aforecited 
dimensions provides a normalized passband of approxi 
mately 2.4:1, as shown by the cross-hatched region 58 
of FIG. 26. Other double ridged waveguide can provide 
a bandwidth of 3.6:1 as shown by cross-hatched region 
59 of FIG. 26. The useful passband width of the ridged 
waveguide microwave window assembly 44 is primarily 
determined by the bandwidth of the dielectric filled 
section 44, as the ridged waveguide sections are capa 
ble of propagating wave energy within the first trans 
mission passband having substantially wider band 
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widths as shown in FIG. 26. Accordingly, the dielectric 
filled section 44 and the adjoining matching sections 45 
and 46 are dimensioned to control the passband of the 
dielectric filled section 44. Thus, these dimensions of 
44, 45 and 46 can be chosen to place the passband of 
the window anywhere within the passband of the ridged 
waveguide. 

In the case where the dielectric filled section of wave 
guide 44 is circular, the low frequency cutoff for that 
section is not independently controllable relative to the 
impedance of the section. Thus, the low frequency cut 
off for the circular dielectric filled section 44 is deter 
mined by the impedance requirements to obtain a 
broad band match to the ridged waveguide. However, 
in the case of a rectangular dielectric filled section 44, 
the low frequency cutoff and impedance are separately 
controllable. In such a case the height of the dielectric 
filled section 44 is chosen to match the characteristic 
impedance of the ridged waveguide sections and the 
width of the rectangular dielectric filled section 44 is 
dimensioned to make its low frequency cutoff prefera 
bly equal to, i.e., within 5 percent of, the low frequency 
cutoff of the ridged waveguide sections. 
The ridged waveguide window assembly 44, with the 

aforecited dimensions, provides extremely wideband, 
high power operation as shown by the passband charac 
teristic of FIG. 27. More particularly, the window pro 
vides a passband width of approximately 8.2 GHz to 
16.5 GHz with a voltage standing wave ratio less than 
1.3. The window assembly can be scaled in dimensions 
with frequency to provide wide passband operation 
over the entire microwave frequency range. In addition 
to its wide passband characteristics, the ridged wave 
guide window assembly 44 is relatively easy to fabri 
cate. The critical dimensions, as far as bandwidth is 
concerned, are the axial lengths of the transition sec 
tions 45 and 46, and the extent to which the dielectric 
fill 49 protrudes into each of these adjacent matching 
sections. 
Since many changes could be made in the above con 

struction and many apparently widely different em 
bodiments of this invention could be made without de 
parting from the scope thereof, it is intended that all 
matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as il 
lustrative and not in a limiting sense. 
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What is claimed is: 
1. In a microwave waveguide window for propagation 

of microwave frequencies within a selected bandwidth, 
hollow waveguide means, microwave dielectric window 
means hermetically sealed across said waveguide to de 
fine a first dielectric window-filled waveguide section 
interposed between second and third waveguide sec 
tions, said first, second and third waveguide sections 
are dimensioned to have approximately the same cutoff 
wavelength, whereby each of said first, second and 
third waveguide sections will support approximately 
the same number of waveguide transmission modes, 
said first waveguide section having a dielectric-filled 
length l which is less than one wavelength long at the 
center frequency of said selected bandwidth, said sec 
ond section of waveguide having substantially less char 
acteristic impedance than said first section of wave 
guide, and including a transition section of waveguide 
interposed between said first and second sections of 
waveguide, said transition section of waveguide dimen 
sioned to have approximately the same cutoff wave 
length as said first and second waveguide sections and 
being substantially shorter than said first section of 
waveguide, and wherein said dielectric window mate 
rial protrudes from said first section of waveguide into 
said transition section of waveguide by an amount sub 
stantially less than the length of said transition section 
of waveguide, whereby wave reflections from the wave 
guide transition from said second to said first wave 
guides are effectively cancelled. 

2. The apparatus of claim 1 wherein said first and 
third sections of waveguide are dimensioned to have 
approximately the same characteristic impedance. 

3. The apparatus of claim 2 wherein said second and 
third sections of waveguide are rectangular waveguides 
and said first section of waveguide is a section of circu 
lar waveguide. 

4. The apparatus of claim 3 wherein said transition 
section of waveguide is of oval cross section. 

5. In a microwave window assembly: 
ridged waveguide means for transmission there 
through of microwave energy within a predeter 
mined passband of frequencies, 

a length of dielectric-filled non-ridged waveguide 
means transversely interposed in said ridged wave 
guide means to form a microwave window for her 
metically sealing axially spaced first and second 
portions of said ridged waveguide means from each 
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10 
other, and 

waveguide transition means disposed on opposite 
sides of said dielectric-filled waveguide means for 
transitioning the ridged waveguide transmission 
mode of wave energy into and out of said dielec 
tric-filled section of non-ridged waveguide, 
wherein said dielectric-filled section of waveguide 
includes a dielectric fill structure which projects 
axially for a distance less than A/4 into each of said 
transition sections of waveguide. 

6. The apparatus of claim 5 wherein said dielectric 
filled waveguide section has a length corresponding to 
one-half a wavelength at a frequency within said prede 
termined passband of frequencies. 

7. The apparatus of claim 5 wherein each of said 
transition means has a length shorter than one-quarter 
of a wavelength at the center frequency of said prede 
termined passband of frequencies. 

8. The apparatus of claim 5 wherein said dielectric 
filled section of waveguide is generally of circular 
cross-section. 

9. The apparatus of claim 5 wherein said dielectric 
filled section of waveguide is of circular transverse sec 
tion. 

10. The apparatus of claim 5 wherein said dielectric 
filled section of waveguide is of generally rectangular 
transverse section. 

11. The apparatus of claim 5 wherein said dielectric 
filled section of waveguide is of rectangular transverse 
section. 

12. The apparatus of claim 5 wherein said dielectric 
filled section of waveguide is dimensioned to have a 
characteristic impedance within 5 percent of the char 
acteristic impedance of said ridged waveguide means at 
the center frequency of the 1.5 VSWR passband of said 
composite microwave window assembly. 

13. The apparatus of claim 5 wherein each of said 
transition sections of waveguide includes a central re 
gion of a height approximately equal to the height of 
said dielectric filled waveguide. 

14. The apparatus of claim 13 wherein each of said 
transition sections of waveguide includes outer lateral 
regions on opposite sides of said central region of lesser 
height than that of said central region. 

15. The apparatus of claim 13 wherein said central 
region is defined between mutually opposed concave 
top and bottom waveguide wall portions. 
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