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COUPLNG ARRANGEMENT 
Alfred C. Beck, Red Bank, N.J., assignor to Bell 
Telephone Laboratories, Incorporated, New 
York, N.Y., a corporation of New York 

Application February 3, 1942, Serial No. 429,358 
(C. 178-44) 9 Claims. 

This invention relates to transmission coupling 
structures and more particularly to multifre 
quency microWave transmission line-wave guide 
coupling arrangementS. 
AS is known, the arrangements now employed 

in the microwave field for coupling a dielectric 
path or channel, such as a conventional wave 
guide to a conductor channel comprising a two 
conductor balanced or unbalanced line, usually 
include one or more piston tuners for matching 
the characteristic impedances, which are ... or 
dinarily substantially different of the two chan 
nels. The tuners utilized in these arrangements 
are of the coaxial line or distributed impedance 
type and the tuning or impedance match is ef 
fected by moving the pistons to positions at Which 
the linear exciter wire included in the guide has 
a resonant length as, for example, a half wave 
length, at the single operating frequency. In 
addition, in these arrangements, the tuning or 
matching is facilitated by utilizing a third piston 
positioned at one end of the guide and adjusted 
So that its distance from the exciter Wire is a 
quarter wave-length of the operating frequency. 
These arrangements are therefore limited to 
single frequency operation, at least the fre 
quency-impedance matching characteristic is 
sharply peaked at the mean frequency corre 
sponding to the aforementioned operating fre 
quency. It now appears desirable to eliminate 
the above-mentioned peak in the frequency-im 
pedance matching characteristic and to couple 
dielectric and conductor paths for non-reflective 
Operation over a frequency band having a Width, 
of several hundred megacycles and including a 
large number of microwave channels. . 

It is one object of this invention to match the 
impedance of a wave guide and a coaxial line 
Over a wide band of carrier frequencies. 

It is another object of this invention to secure 
in a multifrequency microWave transmission SyS 
tem a fairly flat frequency-impedance matching 
characteristic. 

It is still another object of this invention to ob 
tain, for use in a single frequency transmission 
system, a wave guide coaxial line coupling struc 
ture which does not include the piston type tuners 
employed in the prior art coupling devices. 

It is another object of this invention to transfer 
energy between a dielectric channel and a con 
ventional two-conductor channel having Sub 
stantially different characteristic impedances, at 
each frequency included in a band of Operating 
carrier frequencies, and with minimum reflection 
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In accordance with one embodiment of the in 

vention, both conductors of a coaxial line having 
a given impedance are inserted through an aper 
ture in one of the wider side walls of a rectangu 
lar wave guide having a non-Square CrOSS Sec 
tion and an impedance differing from that of the 
line. The component of the Wave in the dielectric 
guide utilized and considered herein is a SSumed 
to be the electric vector Which has a polariza 
tion parallel to the narrow Sides of the Wave 
guide. The inner line conductor extends con 
pretely across the dielectric channel, in the plane 
of polarization of the linear Wave component, and 
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is preferably rigidly attached to the far Side Or 
opposite wall at a point facing the above-men 
oned aperture, the aperture and point of at 

tachment being equidistant from the Opposing 
narrow wave guide walls. The outer line con 
ductor included in the dielectric channells pref 
erably slidably a SSociated. With the inner Con 
ductor and its extension into the dielectric chan 
nei is adjusted so that an optimum or Suitable 
portion of the inner conductor Section included 
in the guide and contiguous With the far Side 
wall is exposed or unshielded, the ratio of the 
shielded and the exposed portions of the afore 
mentioned inner conductor Section included in 
the guide beling greater than One aS, for ex 
ample, approximately three. As Viewed from the 
extremity of the outer conductor positioned in 
the guide, the wave guide impedance comprises 
two impedances connected in parallel. he ex 
posed or exciter portion of the inner Conductor, 
the impedance or which portion is a function of 
its length, may be regarded as an impedance 
transformer which functions to translate uni 
formly the wave guide impedance into the CO 
axial line impedance over the Operating fre 
quency band. Regardless of the theory under 
lying its operation, it has been found in practice 
that, in a receiving System utilizing the inven 
tion, the same output and therefore the Same 
impedance match are obtained at the nean op 
erating frequency, as are Secured in a System 
utilizing the prior art piston arrangement. More 
over, primarily by reason of the elimination of 
the critical frequency tuners employed in the 
prior art arrangements, the frequency-matching 
characteristic is broadly peaked and relatively 
fiat over the operating frequency band. It has 
also been found that the embodiment of the in 
vention described above possesses distinct advan 
tages over the prior art device when used in a 
System utilizing a single Operating frequency, 
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since the adjustment mentioned above may be 
more quickly and more accurately made. 
The invention will be more fully understood 

from a perusal of the following specification taken 
in conjunction with the drawing on which like 
reference characters denote elements of Similar 
function, and on Which: 

Fig. 1 illustrates a single frequency coupling 
structure of the prior art shown here for the pl?'. 
pose of explaining applicant's invention; 

of the invention in which the inner and outer 
conductors are innovable relative to each other; 

Fig. 3 - 

bodiment of the invention in which the outer 
coaxial conductor is slidably related to the inner 
conductor and the entire line may be noved 

is a perspective view of another en 

4. 
loss and mismatching occurs at frequencies 
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Fig. 2 is an elevation view cf one embodiment 

slightly removed from the critical operating fre 
quency. 

Referring to the embodiment of applicant's in 
vention illustrated by Fig. 2, both conductors 5 
and 6 of the coaxial line 4 extend through an 
aperture 2 in one of the wide guide walls 3 and 
project into the dielectric channel , the ex 
tremity of the inner conductor 5 being attached. 
to the opposite or far side wall 3 at a point 3 
facing the aperture 2. As shown by dimensions 

... d in Fig. 3, the coaxial line coraductors 5 and 6 

tre ... j. 

along one transverse dimension or axis of the 
rectangular guide; 

Fig. 4 illustrates an embodiment in which the 
central portion of the inner conductor is ex 
posed; - - - - - - - 

Fig. 5 illustrates an era bodirneat, including 
Structure for moving the entire line along differ 
ent transverse quadrature axes of the guide; and 

- Fig. 6 illustrates an embodiment in which the 
length of the enclosed inner conductor is ad 
justed in a manner differing from that utilizéd 
in the structures of the preceding figures. 

Referring to Fig. 1, the prior art device illus 
trated therein is similar to those disclosed in 
Patent 2,142,159, A. P. King et al., Jainlary 3, 
1939; Patent 2,232,173, A. P. King, February 13, 
1941, Fig. 7; and the cogeriding application of 
G. C. Southworth, Serial No. 359,643, fied Oc 
tober 4, 1949. The single frequency coupliKng 'de. 
vice of Fig. 1 comprises the rectangular Wave 
guide or dielectric chaininel having adjacent side 
walls of different width, the narrow side was 2 
having width d, and the Wider Side Walls S. h.3v 
ing width b. Reference character y denotes the 
instantaneous polarity of the electric. Vector of 
the particular type of microwave, H11, in con 
nection. With which the invention will be ex 
plained. 
denotes a, wave having a Wave-length less than 
a meter and as short as a centimeter or a milli 
meter. Nuneral 4 designates a coaxial line hav 
ing an innei conductor 5 and an outer conduct. 
tor 6 and connected to a translation device (not 
shown). Such as a transiinitter or receiver. , he 
inner conductor is joined to the exciter wire 
which is positioined within the guide and is, in 
effect, an extension of inner conductor 5. The 
exposed fength of the exciter Wire may be ad 
justed for half wave or quarter - wave resonance 
at a particular frequency by aeans of the tuners 
8 comprising adjustable pistons 3, for the pur. 
pose of matching the line and the wave guide 
impedances. 
and inproved, and unilateral propagation in the 
direction ) is obtained, by adjusting the reflect 
ing or end piston so that the Spacing between 
exciter wire and piston is a quarter wave 
length. Assuming line 4 is connected to a trans 
mitter, the function of piston if is the same as 
that of a reflector used in short Wave antenna, 
systems, the waves reflected by piston in the 
direction it being in phase, at wired, with the 
waves enanating from wire . As is obvious, the 
coupling structure is extremely frequency selec 
tive and while a match between the dissimilar 
wave guide and coaxial line impedances is ob 
tained at the operating frequency by reason of 
the tuning of exciter 7, considerable reflection 

The tarn 'rict'owave' as used herein ::i5 

he in pedalice naatch is facilitated 
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are positioned equally distant from the narrow 
side walls 2. The cuter conductor extends 
through the channel f a distance equal approxi 
mately to three-fourths of dimension (t, a por 
tion- 4 of the inner conductor section 5 in 
cluded in the guide being left exposed and the 
greater portion is of the aforementioned sec 
tion 5, having a length gy, being shielded by the 
outer conductor 6. The ratio y/a is chosen such 
that a satisfactory impedance inatch over a band 
of frequencies is obtained between the coaxial 
line impedance 21 and the total wave guide in 
pedance comprising the parallel impedances 22 
and 23. The ratio is critical in the sense that it 
should be greater than one. In effect the un 
shielded portion 4 of line section 5 functions 
to transform the combined parallel impedances 
22 and 23 into the line impedance 21, 

Referring to Fig. 3, the coaxial line 4 is con 
nected to, and projects into, the waveguide 
through means for moving within the guide the 
outer conductor 6 relative to and along the inner 
conductor 5, so that the length ac of the exposed 
portion f is of the inner conductor section f 5 may 
be varied or adjusted to an optimum value. 
The inner conductor 5 comprises a conducting 
element 7, plug and jack assembly 8, conduct 
ing element 9 and section f 5; and the outer 
conductor G comprises sheath element 28 which 
is removably connected to the threaded coaxial 
sleeve or shield 21 extending through an aperture 
2 in one of the walls 3. The sleeve 21 is provid 
ed with a lock-nut assembly comprising the nuts 
22 and 23. Numeral 24 designates a rubber insu 
lator included between the inner conductor and 
the portion of the outer conductor comprising 
sleeve 2 f. The rubber insulation 23 is employed 
to compensate for the decrease in spacing between 
the inner and outer conductors in the sleeve sec 
tion relative to the spacing in the air-insulated 
portion of the line, whereby the characteristic 
impedance of the line 4 is maintained uniform. 
Preferably, the inner conductor 5 extends through 
an aperture 25 in the other or far side wall 3 
and is rigidly secured to the guide by nut 26. 
Apertures 2 and 25 are each equally spaced, as 
indicated by the dimension d, from the adjacent 
narrow walls 2. Thus, in accordance with this 
embodiment, the distance a may be varied by ad 
justing the position of sleeve 2 on the transverse 
axis a. In practice the distance a is varied to 
obtain an impedance match between guide and 
line 4 over a band of microwave carrier frequen 
cies and after the optimum position is determined, 
nuts 22 and 23 are tightened to hold sleeve 2 fin 
place. In an actual comparison test, the structure 
of Fig. 3 produced the same impedance match at 
the mean frequency as was obtained with the 
prior art tuned exciter and piston arrangement. 
The frequency-match characteristic of the em 
bodiment of Fig. 3 is, as compared to that of 
the prior art device, relatively flat. When the 
embodiment shown in Fig. 3 is used in a single 
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frequency system the adjustment required for op 
timum results may, as compared to that required 
in the case of the piston type coupler, be more 
easily made. If desired, the air-insulated portion 
of line 4 comprising conductors 7 and 2) may 
be disconnected from the rubber-insulated line 
portion comprising conductor 9 and sleeve 2 
and another air-insulated line may be substituted 
in place of the disconnected line. 
The coupling arrangement of Fig. 4 differs from 

that illustrated by Fig. 3 primarily in the provi 
sion of an additional coaxial sleeve 27 which, to 
gether. With inner conductor 5, extends through 
an aperture 25 in the far side wave guide wall 3 
and is preferably fastened thereto by the nut 26. 
In this arrangement the sleeves 2 and 27 may 
be moved relative to each other so that an inter 
mediate, and substantially central, portion 28 of 
the inner conductor section 5 is exposed within 
the guide. More particularly, the lengths y and 
20 of the portions of sleeves 2 and 27, respectively, 
projecting into guide are adjusted so that length 
ac of the exposed inner conductor has a value 
Suitable for Securing an impedance match over 
an operating frequency band of several hundred 
megacycles. 

Fig. 5 illustrates a coupling arrangement which 
is Substantially the same as that illustrated by . 
Fig. 3 except that slots 29 and 3 are provided 
in the opposite Wide guide Walls in place of the 
fixed apertures 2 and 25 employed in the struc 
ture of Fig. 3. Both conductors 8 and 2 of 
line 4 extend through an aperture in fiat plate 
3 which is slidably associated with retaining 
members attached to one Wide Wall 3. The inner 
conductOr 5 protrudes through an opening 33 in 
the flat member 34 which is slidably associated 
With retaining members 35 mounted on the other 
side wall 3. Thus, sliding members 3 and 34 and 
the coaxial line section 5 included in the guide 
may be simultaneously moved in a direction par 
allel to the longer transverse dimension or axis b 
of the guide. The lengths of the members 3 and 
34 are such that at all positions of the coaxial line 
the slots 29 and 38 remain covered. In practice, 
in Order to obtain an optimum or satisfactory 
match between the line 4 and the guide f, the 
ratio g/ac is preferably first adjusted and, if de 
Sirable and necessary, the ratio m/n, where m. 
and n are the distances between the line 4 and 
the narrow wave guide walls 2, is then slightly 
altered to improve the match. In general, it has 
been found that as the line 4 is moved toward 
One narrow side wall 2, the sleeve 2 should be 
inserted farther into the dielectric channel , 
that is, as 12 decreases and m increases or vice 
versa, the ratio y/ac Should be increased for opti 
Inum resultS. 

Fig. 6 illustrates an arrangement designed for 
use in certain transmission systems and in which, 
in effect, the length of the exposed inner line 
conductor section f 5, and hence its distributed 
impedance and transforming characteristic, are 
Controlled and determined by positioning the 
aforementioned conductor Section within the 
guide at an adjustable angle relative to the Wide 
guide walls 3. In this respect, the embodiment 
differs from those illustrated in the structures of 
the preceding figures wherein the exposed inner 
conductor length is varied by changing the pro 
jection into the guide of the outer line conduc 
tor or shield. As shown in Fig. 6, the outer con 
ductor 6 does not project into the dielectric chan 
nel but terminates in the lower or near side wide 
guide wall 3. The inner conductor section 5 
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6 
terminates at a point 36 in the far side wall 3. 
By changing the position of this point and simul 
taneously moving inner conductor 5 relative to 
outer conductor 6, the angle 37 and the position 
and length of inner conductor Section 5 may be 
adjusted to Secure the desired match. While 
the structure of Fig. 6 is satisfactory for certain 
urposes, the structures of the preceding figures, 

particularly the embodiment of Fig. 3, are ordi 
narily preferred for the reason among others that 
in the structures of the preceding figures the inner 
conductor length may be more readily adjusted 
to the optinum value. In this connection it 
should be understood that the refinements and 
the modifications included in the embodiments 
illustrated by Figs. 4 and 5, and omitted in the 
structure of Fig. 3, are not absolutely essential 
and that in practice the structure of Fig. 3 not 
only performs satisfactorily but is the embodi 
ment preferred. 
Although the invention has been explained in 

connection with certain embodiments thereof, it 
should be understood that it is not to be limited 
to these structural arrangements, inasmuch as 
other apparatus may be employed in successfully 
practicing the invention. More particularly, the 
portion of line external to the guide may be of 
a type other than coaxial as, for example, a 
shielded or unshielded balanced line. Also, While 
the invention has been explained in connection 
with a particular type of microwave component, 
the invention is applicable to other types of guided 
Wave components and may be utilized in connec 
tion with the transmission of waves having Wave 

5 lengths considerably greater than a meter. 
What is claimed is: 
i. In combination, a dielectric radio Wave chan 

nel, a conductive radio Wave channel comprising 
two metalic conductors projecting into said di 
electric channel along a transverse dimension 
thereof unequally and for a distance at least as 
great as Gre-half of said dimension, whereby 
energy is conveyed from one channel to the other 
with minimum reflection loss at a plurality of fre 
quencies included in a microWave frequency band. 

2. In connbination, a Wave guide, a line conduc 
tor projecting into and completely across said 
guide, and a shield enclosing the greater portion 
of the conductor Section positioned Within Said 
guide. 

3. In combination, a wave guide, a coaxial line 
comprising a pair of conductors projecting trans 
versely into the interior of Said guide unequally 
and for a distance greater than one-half of a 
transverse dimension of Said guide. 

4. In combination, a rectangular Wave guide, a 
coaxial line Comprising an inner conductor and 
an outer conductor, said conductors extending 
through the Wave guide Wall and acroSS at least 
a half of the dielectric channel of said guide, and 
said inner conductor extending a distance beyond 
said outer conductor. 

5. In combination, a rectangular wave guide, a 
coaxial line comprising inner and Outer conduc 
tors extending through an aperture in one Wall 
of said guide, the inner conductor being connected 
to the opposite Wall, and means for adjusting the 
length of the outer conductor section included 
Within said guide. 

6. In combination, a rectangular wave guide 
having adjacent walls of different width, a coaxial 
line comprising inner and outer conductors and 
extending through an aperture in one of the 
Wider guide walls, the inner conductor being con 
nected to the opposite wall at a point facing the 
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aforementiciied aperture and the Outer conduc 
tor enclosing approximately three-fourths of the 
inner conductor section included Within Said 
guide. 

7. In combination, a rectangular wave guide, a 
coaxial line having its inner Conductor extending 
through apertures in one pair of Opposite Walls 
and its Outer conductor extending through Only 
one of said apertures, said outer conductor en 
closing a section of the inner conductor positioned 
within said guide, and means attached to Said 
opposite walls for Simultaneously moving Said 
apertures and line conductors along a transverse 
dimension of Said guide. 

8. A combination in accordance With claim 7, 
and means for adjusting the length of the portion 
of said inner conductor exposed within Said guide, 
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said length being adjusted an amount related to 
the position within the guide of said line con 
ductors. 

9. In combination, a rectangular wave guide, a 
coaxial line, said guide and line having different 
characteristic impedances, and means for cou 
pling said guide and line and matching their im 
pedances over a several hundred million cycle 
band of micro-wave carrier frequencies, said 
means comprising an end Section of the inner line 
conductor extending through an aperture in the 
wave guide wall and completely across the dielec 
tric wave guide path and an end Section of the 
outer conductor extending through said aperture 
and enclosing the greater portion of the said 
inner conductor Section. 

ALFRED C. BECK, 


