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DIEEECTRIC WAVE GUIDE FO CQAXIAL
EINE: JUNCTION

Seymour B. Cohnu, Cambridge, Mass., assignor to
the United States of America as represented'
by the Seeretary of War

Applieation: May 24, 1946,. Serial:No. 672,017
(CL 333—35)

9 Claims:
1

My invention relates to electrieal apparatus
and more particularly to electromagnetic energy
transference structures having junctions.Betwesn
coaxial transmission lines and wave guide trans-
mission. lines.

It.is frequently desirable in the eléctrical.art to
transfer electromagnetic energy of high or ulira-
high frequency between coaxial lines and wave
guides. For example, the energy generated by
many ultra-high. frequency oscillators is most

readily transmitted therefrom by a probe means-

which is usually extended to form the inner con-
ductor of a coaxial line. A fike adaptatmn is
oftenr utilized in coupling energy from or to res-
onant cavity structures.. Coaxial transmission
lines for systems. of this nature emponmg fre-
quencies in a.relatively high range, prove com-
paratively inefficient for carrying the energy over
any extended distance. Furthermore; it is fre-

quently desirable in such systems to employ wave o

guide transmission lihes of various kinds to make
available in the system advantages whlch inhere
in certain wave guide transmission modes. One
of the difficulties encountered in prior art junc-
tions between a coaxial transrrussmn hne and a
wave. guide transmission line is the 11m1ted fre-
aueney band through which the junection may be
used without excessive. losses Beihg introduced:
These losses-have occurred not only at frequencies
displaeed from. the- contemplated operatmg fre-
quency but sometimes even at the contemplated
operating. frequency. Various expedients have
been: proposed. heretofore fo minimize the: unde-
sirable effects of a restricted frequency Band of
operation and to. increase the effective. f?equency
band of.operation,. ‘with more or less. success.

It.is, therefore, an object.of my. present mven-
tion. to. provide. an.improved junction. between a
caoaxial transmissien. line and a.wave gulde trans-
mission l1ne
- It.is a.further object.of my. 1nvent10n to provide
such-a junction whlch affords an 1ncreased fre-
quency band of efficient operation. :

If is-another objeet of. my: invention: to:provide
a: junction whiclr will operate: in a: satisfactory
manner at frequencies.of operation in: the mear
neighborhood of .the cutoft frequency of thegwave
guide..

If is another:. ohsect of my mventlon ta: prawde

g junction betweenca coaxial: transmission: line
and. g rectangular cross-sectional: wave;guide:u o

Another- objeet.of my invention .is:tor provideg
junction-between: &- coamal transmxssxon lme and
a.ridge:wavesguide, o

8till another: cbject .of- my mventwn-ls to pra-
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vide a. Junction between a Coaxial transmlssmn
line and a double ridge wave guide:

A further obJect of this' invention is to" provide
a high pass filter which will have a sharp- cut off
frequency characteristic.

Still another object is to provide a wave' guide
section interposed in a coaxial tramnsmission lme
to serve as g high pass filter.

Other and’ futther objects; advantages and
novel features of my mVentlon will become ap=
parent he1e1n from the followmg descnptlon
taken in- connection with the accompanymg
drawings. wherein:

Fig. 1 i a perspective view of one ﬂlustratwe
embodiment, of the present invention showmg a
JuIlCtIOIl between a coaxial transmlssmn line- and

Fig. 2.5 a schematlc & drawmg of a section
taken through the line 2__2of Fig. 1.

Fig. 3'i5s a top.view of the embodlment of Fig. I;

Pig. 4'is a schematic line drawmg of an’ 111us—
trative embodiment of my present invention
showing the junction between a coaxial transmis-
sion line and’'s rectangular wave guide ut111z1ng
a.rectangular wave guide transformer’ section;

Fig. 5is a cross- sectional'view of another 111us-
trative embodlment of the present inve; ;
izihg a ridge wave guide transformer sectmn

Fig. 6 is a cross-sectlonal view dlong" the hne
6—6 of Fig. 5;

Fig. 718 a schemat1c line drawing of another
embodlment of ‘my invention’ llustrating a Junc-
tion between a coaxial transmlsSmn lihe' and a
ridge wave guide;.

Pig. 8 is another line’ dirawing’ of the embodl-
ment 111ustrated by Flg; 7 viewed along the
8—8 thereof looKing in the d1reet10n. _of”
arrows;

Fig.9isa schematw Ilne drawmg of t‘another
111ustrat1ve embodlment of the present invention
111ustratmg a junection: between a oaxial trans-
mission. line. and a. ndge wayve gdide; )

Flg. 10’ is. a. view of the embodlment of F‘lg 9
along the line f0—I10 thereof

Fig. 11is a. schematlc Ime draw’ihg of still .an-
other. illustrative. embodiment. of the _present ]
vention,. again 111ustrat1ng ‘a junct; Ween'. a
coaxial’ transm1ssmn Iine and & r1dge wave guide:

Fig. 12 111ustrates a view through the Ime rz—tz
of Fig: 11;

PFig: 13'is a schematic line: drawmg of* another
illustrative embodiment’ of the preserit : 1nve't1on
111ustratmg a Junctmn between &' eoaxial tran

‘Pig. 14'is a view ofithe: embodiment. of F1g 13
taken:along line |4——f4: ithereofy: .
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Fig. 15 is a cross-sectional view of yet another
embodiment of the invention comprising a high
pass filter; and

Fig. 16 is a cross-sectional view of the embodi-
ment of Fig. 15 along the line {6—Ii86.

In brief, my invention contemplates a coaxial
line-wave guide junction, wherein one or more
sections of wave guide adjacent to and commu-
nicating with the junction have a different cross

section from the wave guide to be matched. 12

These sections are proportional so as to improve
the impedance match and the response charac-
teristics of the junction.

Referring now more particularly to Figs. 1, 2
and 3 wherein like numbers refer to like parts,
there is illustrated a junction between a coaxial
transmission line 20 and a wave guide 2§. Co-
axial transmission line 20 has an outer conductor
29 connected to one broad wall 23 of wave guide
921 and an inner conductor 24 which extends to
the other broad wall 25 of wave guide 2{ and
which has a portion 26 of enlarged diameter with-
in the junction, as shown. A wave guide section
21 is provided which communicates directly with

the junction and has its axis directly under the :

axis of wave guide 2! extended through the junc-
tion. Wall 23 is extended to form the top wall
of section 21. It will be assumed in this descrip-
tion, as well as those which follow, that the co-
axial transmission line extends into the top wall
of the wave guide, as shown for example in the
view of Fig. 2, to afford convenient reference to
top and bottom walls of the guide. Section 21
has a width o', the distance between its narrow
walls, which is greater than the corresponding
dimension o between the narrow walls of wave
guide 21. Also, wave guide section 27 has a great-
er depth b’ between its proad walls than the
corresponding dimension b between broad walls
23 and 25 of wave suide 2i. Wave guide sec~
tion 21 is “shorted” or closed by an end portion
28 at its far end from the junction. Consequent-
ly, section 21 may be considered as a chamber
communicating with the junction.

Section 21 may have a dimension ¢’ equal to,
greater than, or less than the dimension a. Ipre-
fer to provide the end section 21 with a dimen-
sion b’ greater than dimension b of wave guide
21, so that the end section has a greater char-
acteristic impedance than that possessed by prior
art conventional end sections which have the
same inside dimensions as the wave guide to
which the junction is made.

By increasing the characteristic impedance of
shorted section 21, its reactance may be main-
tained at a comparatively high value over a rela-
tively wide frequency range in comparison with
the impedance of the wave guide to which a junc-
tion is effected. I prefer to construct section 27
to be substantially one-quarter wave guide wave-
length long measured from the axis of the coaxial
line termination to the closed end at about the
center frequency of the operating range. I pre-
fer to calculate the dimensions of the various
parts to provide a substantially zero standing
wave ratio at this frequency. In other words, the
dimensions are ealculated to give a perfect match
at some chosen frequency. L

Referring now more particularly to Fig. 4 il-
lustrating another preferred embodiment of my
invention, there is shown a junction between a
coaxial transmission line 40 and a. rectangular
wave guide 41. A transformer section of wave
guide 42 is inserted at the junection of the line 40
with the wave guide structure. Wave guide sec-

.

4

tion 42 has a smaller characteristic impedance
than the impedance of wave guide 41. I prefer to
design the junction to provide an approximate
impedance match at some intermediate operat-
ing frequency designated as fo which may not be
exactly at the center of the contemplated oper-

. ating range of the junction. As shown, the cuter
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conductor of the coaxial line 48 terminates on the
upper surface of the guide 4{ and the center con-
ductor is extended to terminate on the lower sur-
face thereof. I have determined that good re-
sults may be obtained by increasing the diameter
of the center conductor 43 by means of a taper
where it enters the wave guide to a diameter ap-

‘proximately 0.15 times the width of the guide. In

addition I provide a back cavity, or shorted sec-
tion 44 having the same cross-sectional dimen-
sions as main wave guide 4i. In one operative
model constructed in accordance with the illus-
tration of Fig. 4 I provide a junction between a
coaxial line 40 having a characteristic impedance
of 50 ohms, and a wave guide having cross-sec-
tional dimensions of 23; inches in width by 3%
inch in height. The length of section 42 is chosen
to be substantially one-quarter guide wavelength
(nog/4) at frequency fo, as shown, and a termi-
nating shorted section &4 also of length rog/4 is
provided, extending from the junction oppositely
from wave guide 41, as shown, Terminating sec-

- - tion &8 has the same cross-sectional dimensions

as wave guide 41. A guarter guide wavelength at
a center frequency fo of 3200 megacycles was cal-
culated to be about 1.22 inches. At this center
frequency a very good match is provided by choos-
ing the height of section 42 to be .234 inch.

Beiter operation near the cuteff frequency of
wave guide 41 may be obtained by reducing the
cutoff frequency of transformer section 42. This
may be accomplished by widening this portion of
{he wave guide to be greater than the 234 inches
width of wave guide 41, or by utilizing a ridge
wave guide or a double ridge wave guide for the
transformer section 42.

Referring now to Figs. 5 and 6, there is illus-
terated a practical embodiment employing a ridge
wave guide transformer section 56 to form a
junction between wave guide 51 and coaxial line
52.° Section 50 of the ridge wave guide has the
same width as the main wave guide 6i and a
longitudinal ridge insertion 53 of length 0.92 inch,
height .192 inch and width .786 inch. The ridge
commences at the axis of the junction of the co-
axial line, as shown in Fig. 5, which is located 1.05
inches from the shorted end of wave guide 5l.
Each of the dimensions 0.92 and 1.05 are equal
to Aog/4 at the operating frequency, the differ-
ence in dimensions being due to the fact that the
velocity of electromagnetic energy in the ridge
section is less than the velocity of electromag-
netic energy in the shorted section. I find it gen-
erally preferable in such embodiments as that of
PFig. 5 to use a ridge which is between 15 and 24
of the width of the guide. The ridge section
shape should be chosen so that it has a cutofl fre-
quency about % of the main wave guide cutoff
frequency. The main wave guide 5! has cross-
sectional dimensions of 234 by 3 inches. )

One advantage in employing & ridge wave guid
with ridge dimensions in the region hereinbefore
indicated, is that the next dominant mode of the
ridge section will be equal to or greater than the
next dominant mode of the wave guide without
the ridge. Hence, if operation at frequencies
near the cutoff frequency of the next dominant
mode is desired, it is advantageous.thus to choose
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the width of the. ridge. to: inhibit: higher mode
excitation. The ridge wave guide section, here~
inbefore deseribed connecting the 234 by %
inches wave guide to a 50;: ohm . characteristic
impedance coaxial transmission line, is designed
for a center frequency fo of 3530 megacycles.
The. ridge section has a Iower cutoffr frequency

than that of the main wave.guide. There. is

great: improvement in: the low frequency re-
sponse near the cutoff frequency of the main
wave guide. An overall band width: of 2400 to
§300. megacycles with a standing wave ratio of
Iess than 2:0.results. Other useful variations: of
this: embodiment: will: suggest: themselves; for ex-
ample, it may -be advisable to.use two transformer
sections which: are substantially one-quarter
wavelength, in terms of>guide wavelengths; at two
different frequencies in. erder- to. level the. re-
sponse characteristies:

It may, under some circumstances, be desirable
to build a junctionr which is mismatched at the
chosen intermediate frequeney-in order to afford
a wider operating frequency band wherein. the
resulting standing wave ratio remains below:-some
predetermined figure.

-Figs..7 to.14 illustrate modifieations of the em-
bodiment shown in Figs. 5 and 6,.which are-identi-
cal therewith except as hereinafter set forth.

Referring now to Figs. 7 and- 8 wherein. like
reference. numerals refer to. like. parts; a june-
tion is illustrated between a coaxial transmission
line 70 and a ridge wave guide 71. A back cavity
12 is formed on an opposite side of the junction
of wave guide Tf{ which comprises a “shorted”

or closed section of ridge wave guide. Ridge 13 :

in section 12 extends to the junction and has dif-
ferent dimensions from ridge 74 which extends
in the main wave guide T{. The other internal
dimensions of wave guides 71 and 72 may be the
same. As before, the outer conductor 75 of co-
axial line 10 terminates on the top broad wall of
the wave guide junction and inner conductor T6
is extended into the junction to make contact
with the ridges which extend symmetrically along
the lower broad wall. The diameter of inner con-
ductor 76 may be enlarged, as shown, where it
enters the junction, to provide a more perfect
impedance match. This feature may be included
in the other embodiments herein disclosed.

Referring now to Figs. 9 and 10, there is illus-
trated a junction between a coaxial transmission
line 80 and a ridge wave guide 81. This embodi-
ment is similar to the embodiment illustrated
by Figs. 7 and 8 except that the shorted back
cavity 82 is a section of ridge wave guide wherein
the rectangular ridge 83 has the same width as
ridge 84 in main wave guide 81 but has a dif-
ferent height.

Referring now to Figs. 11 and 12 there is illus-
trated still another embodiment of the present
invention showing a junction between a coaxial
transmission line 90 and a ridge wave guide 91.
In this embodiment back cavity 92 is formed of a
conventional section of wave guide having a
smaller depth than the depth of ridge wave guide
91 with the ridge absent, but having its upper
internal wall formed as an extension of the upper
internal wall of wave guide 91.

Referring now to Figs. 13 and 14, there is il-
lustrated still another illustrative embodiment of
the present invention wherein a junction is pro-
vided between a coaxial transmission line 100
and a section of double ridge wave guide {01.
The back cavity is formed of a section of double
ridge wave guide {02 wherein the two symmetri-
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eal:rectangular ridges. 183 and: {04 extending fram
the-broad walls have different. dimensions from
the symmetrieal ridges (05 and (0§ of mair wave
guide 10f. The ridges: 108 and: {04 of the back
cavity: 102 are not so: deep: and are broader than
those of main. wave guide {01

Referring now to- Figs. 15 and 16 wherein are
Mustrated “two. cross-seetional views: of ‘a -high-
pass filter structure, coaxial transmission - line
£20'is: connected: by g junction, whicts may bei of
the: type: previously disclosed: herein, te: ohe end
of @ length of wave. guide 2. A sectiom junes
tion, which:- may be similar to: the first. Jumetion,
affords: a- connection: between: the other end: of
wave guide 121 and: a- second coaxial transmis-
sionline 122, 'The junction includes transformer
seetions: 123: and 124 respectively composed: of
short sections of ridge wave guides which: com=
municate- directly: with: the conventional rectan-
gular wave-guide I21. The junctions-also include
back: cavities or seetions 125:and 126, respectively.

In the- design of this: filter the-matching trams-
former-sections and: cavities are proportioned to
give a mateh in impedance between the guide

5 and the coaxial lines at frequenecies- well above

the desired eutoff frequency. The dimensions
shown provide a high-pass- filter: which will per-
mit the transfer of frequeneies from- one coaxial
line to- the other (each having a characteristie
impedance of-50° ehms)  with practically no-loss
above a frequency of 2700 megacycles and up-to
about- 7000 megacycles: Below 2700: megaeyeles
the attenuation increases with great rapidity, for
example, being 14 decibels down at 2500 mega-
cycles,

It will be apparent from the foregoing descrip-
tion, to those skilled in the art, that my inven-
tion is susceptible of many variations. There-
fore, it is not desired to restrict the invention
to the precise embodiments herein disclosed, but
I desire by the accompanying claims to include ali
such variations as fall within the scope and spirit
of the invention. )

What I claim as my invention and desire to se-
cure by Letters Patent is:

1. An ultra-high frequency coupling device
comprising: a wave guide including 3 rectangular
first section having a length of substantially one-
quarter wavelength at the operating frequency
and having one end thereof closed, said first sec-
tion having a given internal cross-section, and a
rectangular second section having a length of
greater than one-quarter wavelength at the op-
erating frequency, and having one end thereof
joined to the other end of said first section, at
least a portion of said second section having an
interna] cross-section which is appreciably less
than said given cross-section, said portion being
adjacent to said first section and having at least
8 predetermined length, said predetermined
length being substantially one-quarter wave-
length at the operating frequency; a coaxial line
coupled to said wave guide at the junction of said
first and second sections, with the inner and outer
conductors respectively of said line connected
to the opposite wide walls of said first and sec-
ond sections.

2. A coupling device as defined in claim 1,
wherein the entire second section has an internal
cross-section which is appreciably less than said
given cross-section, both the wide and narrow
walls of said first section being respectively larg-
er than the wide and narrow walls of said sec~-
ond section. '

3. A ‘coupling device as defined in claim 1,
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wherein said predetermined lensth is substan-
tially one-quarter wavelength at the operating
frequency; further comprising a rectangular
third section of said wave guide having a length
of substantially one-quarter wave length at the
operating frequency and having one end thereof
closed, said third section having said given inter-
nal cross-section, said second section having a
length which is greater than one-half wave-
length at the operating frequency and having its
other end joined to the other end of said third
section, said second section having a second por-
tion having a cross-section and a length equal to
said first-mentioned portion, said second portion
being adjacent to said third section; and a sec-
ond coaxial line coupled to said wave guide at
the junction of said second and third sections,
with the inner and outer conductors respective-
-1y of said second line connected to the opposite
wide walls of said second and third sections.

4. A coupling device as defined in claim 1,
wherein the portion of said inner conductor with-
in said wave guide has a diameter greater than
one-tenth the width of the smallest wide walls
of the wave guide. :

5. A coupling device as defined in claim 1
wherein said entire wave guide is a single wave
guide element, and said portion is formed by a
ridee extending longitudinally along the inner

surface of one wide wall of the wave guide ele- ;

ment.
6. A coupling device as defined in claim 1

10
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8

wherein said portion is said predetermined length
and differs in cross-section from the remainder
of said second section so that it has a lower cut-
off frequency than said remainder of said second
section.

7. A coupling device as defined in claim 1, in-
cluding 2 ridge extending from said inner con-
ductor to said closed end of said first section
along the inner surface of one wide wall of said
first section.

8. A coupling device as defined in claim 7,
wherein said portion includes a ridge extending
longitudinally throughout said portion along the
inner surface of one wide wall of said portion.

9. A coupling device as defined in claim 1, in-
cluding a ridge extending longitudinally along the
inner surface of each wide wall of said portion
throughout said portion.

SEYMOUR B. COHN.
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