
June 9, 1953 S. SENSPER 2,641,648 
DIRECTIONAL COUPLER 

Filed Jan. 25, 1949 

4ff (2 T2 

NVENTOR 
asawwaz. 52WS/AA 

1.34%ish 

  

  

  

    

  

  

  

    

  

  



Patented June 9, 1953 

UNITED STAT 

2,641,648 

Es PATENT OFFICE 
2,641,648 

DIRECTIONAL COUPLER 
Samuel Sensiper, Cambridge, Mass, assignor to 
The Sperry Corporation, Great Neck, N. Y., a 
corporation of Delaware m 

Application January 25, 1949, serial No. 2,591 
3 Claims. (Cl 178-44) 

' The present invention relates to electromag 
netic energy couplers between ultra- high fre 
quency energy transmission lines, Such as Wave 
guides, coaxial lines, or the like, and in part 
ticular relates to directional couplers between two 
such ultra high frequency transmission lines. 

In order to connect measuring apparatus to an 
ultra high frequency energy transmission SyS, 
tem, some means of radio frequency energy coul 
pling must be provided. Such coupling means 
operate independently of the standing Waves 
which may exist in the transmission line, and 
the amount of power which is extracted from 
the transmission line should preferably be a def 
inite fraction of the power which is to be trans 
mitted along the main transmission line. To Ob 
tain these advantageous conditions, it is highly 
desirable that the coupler operate in Such a man 
ner that an electromagnetic wave travelling in a 
single direction along the main line induce a 
wave travelling in a single direction along the 
coupling line. Likewise, a wave travelling in the 
opposite direction in the main line should induce 
a wave travelling in the opposite direction in 
the coupling line. A coupler which has these 
properties is known as a “directional coupler.” 
- The performance of a directional coupler may 
be described in terms of three quantities: 

(1) Attentation, 
. The attenuation of a coupler is the strength 
of the travelling wave in the main line relative 
to the strength of the travelling wave which it 
induces in the auxiliary or coupling line. This 
is a power ratio, usually expressed in decibels. 

(2) Directivity 

Only in the ideal coupler does a single wave 
travelling in the main line induce a wave travel 
ling in a single direction in the second line. 
In a practical coupler, two waves travelling in 
opposite directions are induced in the auxiliary 
line. The induced waves are normally greatly 
unequal in strength. Their relative strength is 
the directivity of the coupler, also expressed in 
decibels. w 

(3) Bandapidth. 

The bandwidth over which the coupler pro 
vides maximum directivity with minimum at 
tenuation is important in many installations. It 
is particularly desirable to provide a wide band 
width of operation to extend the useful operat 
ing range of the coupler so that one coupler can 
do the same job that a number of different cou 
plers formerly did. 
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Typical directional couplers of the prior art for 

coaxial lines and wave guides are shown by Ter 
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man in Radio Engineering, published 1947, by 
McGraw-Hill, pages 112 to 141. One type of these 
couplings comprises a pair of parallel wave guides 
having two coupling holes spaced one-quarter 
Wavelength apart. In the secondary wave guide, 
propagation is reenforced in a desired direction 
and cancelled in the opposite direction due to 
the half wavelength difference in path of travel. 
The disadvantages of this type coupler is that 
it is frequency sensitive, and has a narrow use 
ful bandwidth due to the quarter wavelength 
limitation. . 
Another typical prior art coupler shown in 

the Terman reference, is the single hole, or 
Bethe hole, coupler in which both electrical and magnetic coupling takes place through the same 
Opening. In this type coupling the electric field 
produces energy flow in both directions in the 
secondary line, where the waves in the secondary 
line travelling away from the coupling point 
are essentially in phase at the coupling point; 
the magnetic field produces energy flow in both 
directions in the secondary line, but the waves 
in the Secondary line travelling away from the 
coupling point are essentially 180° out of phase 
at the coupling point. The magnetic coupling 
S proportional to the cosine of the angle at 
Which the primary and secondary guides CrOSS, 
Whereas the electrostatic coupling is independent - 
of. this angle. Therefore the ratio of the cou 
plings may be controlled so that they reenforce 
each other in one direction and cancel each other 
in the opposite direction by adjusting the angle 
between the primary and secondary guides. Good 
directivity in the secondary guide is obtained 
at an angle of approximately 63 degrees. This 
single hole coupler has the disadvantage of hav 
ing a bulky and inconveneint wave guide joint 
due to the required large angle between the 
guides. The coupler is merely a single hole and 
there are no parameters to adjust. 
" Accordingly, the principal object of the in 
vention is to provide an improved wide band di 
rectional coupler for ultra high frequency trans 
mission lines. 
Another object of the invention is to provide 

an improved directional coupler which is not fre 
quency sensitive. . 
... Another object of the invention is to provide 
a directional coupler having substantially in 
dependent magnetic and electric coupling. 

55 Another object of the invention is to pro 



3 
vide a directional coupler having independently 
variable electric and magnetic coupling. 
Another object of the present invention is to 

provide a directional coupler in which the mag 
netic coupling may be varied without changing 
the angle between the transmission lines. 
Another object of the present invention is to 

provide a directional coupler having additional 
substantially, independent parameters for design 
purpoSeS. 
The present invention provides a directional 

coupler having substantially independent elec 
tric field and magnetic field coupling means. 
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The electric coupling is accomplished by a probe. 
and the magnetic coupling by a slot. Openin 
Both of these couplings are in the same trans 
verse plane of the guides, and they are Substan, 
tially independent of each other. Thus, the fre 
quency sensitive space factor of a multi-hole: 
coupler is eliminated. In the present invention 
no frequency sensitivity. results from space. Sep 
altation; . . . . - 
The fact, that the electric and magnetic cous 

plings are substantially independent provides 
parameters, for adjustment for frequency. insen 
sitivity. - 
The single hole, or Bethe directional coupler 

is well known in the art, and is...analyzed in the 
“Principles of Radar,” by the M. I. T. Radar 

ter 10, page 33, but it will be briefly reviewed 
here for the purpose of explaining the present, in 
vention. . . 

Figs. 1A-1C illustrate a conventional single 
hole or Bethe directional coupler, Fig. 1A being 
the side view showing, the main and auxiliary 
wave guides f and 2 which are joined together 
along their wide side, and the single coupling 
hole 3. The electric field is illustrated by the 
electric vectors 4 and the direction of energy 
flow in the main guide i shown by the arrow 5. 
The electric vectors 4 fringe through the hole 3 
and excite the auxiliary guide 2 in both direc 
tions as shown by the arrow EA. 

Fig. 1B is the same side view of the guides 
showing the portion of the magnetic field, illus 
trated by the dots and crosses, which is trans 
verse to the longitudinal axis of the guides i and 
2. This magnetic: field creates an electric-field 
0 across the coupling-hole, 3 due to the charge 

currents 9 caused by: the magnetic: fields which 
flow along the walls of the guides. This excita 
tion, results in waves travelling in both direc 
tions as shown by arrow. EB1 and EB2...but the 
phase of the electric fields is opposite as shown 
by the electric: vectors: 8 and 9. 

Fig. 1C shows, the two coupled electric fields of 
Figs. 1A and 1B superimposed, and illustrates 
that they reenforce; each other to the left, and 
tend to cancel each other to the right, thereby 
producing the desired directional wave Ec. As 
previously mentioned the two fields do not com 
pletely cancel and it is necessary to skew the 
longitudinal axes of the guides to thereby vary 
the magnetic coupling for complete cancella 
tion. The present invention obtains this ean 
cellation without skewing the guides. 

Fig. 2A illustrates the directional coupler of 
the present invention which operates, similarly 
to the conventional single hole coupler of Figs. 
1A-1C. It comprises main and auxiliary... wave 
guides and 2, direction of power flow, being 
shown by the arrow 13, a slot. 4 and a probe. 5 
coupling the two, guides and being in the same 
transverse plane relative.to.the guides. Fig.2B 

4. 
is the cross-section of Fig. 2A showing how 
probe 5 is mounted. Probe 5 is preferably in 
Sulated as by washer 7. 

Fig. 2C shows the action of the probe 5 cou 
pling the electric vector into the auxiliary guide 
2. The probe 5 acts very much like an anten 

na, exciting waves in the auxiliary guide 2 in 
both directions as shown by arrows; ED. The slot 
4 couples the magnetic field into the auxiliary 

guide 2 in the same manner as the single hole 
coupler of Figs. A-1C. However, the fringing 
of the electric fields is minimized due to the nar 
rowness of the slot. 
Therefore the present invention acts similar 

ily; to the single hole coupler but has the advan 
tages of the additional probe which provides 
extra parameters, such as size of probe and slot 
magnitudes of the coupled fields. 
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and their spacing for choosing of the relative 
By properly 

choosing the size of the slot 4, probe 5, the 
caneellation of the fields, in the auxiliary guide 
and therefore directivity may be obtained with 
outskewing the wave, guides to, an inconvenient 
angle, such as is required in the conventional 
single-hole coupler. The probe may be made ad 
justable by making it. of telescoping, portions...as 
shown in Fig. 2D. 
The advantage is that the magnetic and elec 

tric coupling adjustments have been separated. 
This, invention avoids frequency sensitivity, re 
sulting from separation. The invention is not 
limited to wave guides but may also be used with 
coaxial lines: 
Since many changes could be made in the above 

construction and many apparently widely differ. 
ent embodiments of this invention could be made 
without departing from the seope thereof; it is. 
intended that all matter-contained in the above. 
description or shown in the accompanying draw 
ings shall be interpreted as illustrative. and not 
in a limiting sense. . . . . . . 

What is claimed is: - - - 
1. A wide band directional coupler including 

a pair of hollow tube. Wave guides, said wave 
guides extending in parallel adjacent relation 
ship with a common side between, and a probe 
extending through the common side and project 
ing partly into the interior of each of the wave 
guides for coupling. the electric fields, the com 
mon side having a longitudinal slot therethrough 
coupling the magnetic fields, the maximum di 
mension of the slot being perpendicular to the 
longitudinal axis of each of the wave-guides, the 
slot and probe being positioned adjacent each 
other. and centered in the same transverse plane. 
relative to the longitudinal axes of the wave 
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guides. - 

2. A wide band directional coupler compris 
ing a pair of rectangular hollow wave guides ex 
tending in parallel relationship with a common 
broad wall therebetween, said common broad 
wall having first and second separate openings 
therein centered along a line extending in a di 
rection perpendicular to the longitudinal axis of 
each of said wave guides, the second opening be 
ing an elongated slot having its longitudinal axis 
aligned with the center of said first opening, and 
a conductive probe element extending through 
Said first opening, and projecting an appreciable 
distance into the interior of each of said wave 
guides, the ends of said probe element being 
Spaced from the Walls of the respective wave 
guides, the probe element, being supported by 
and insulated from said common, broadwall. 

3. A wide band directional coupler comp 
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a pair of rectangular hollow pipe wave guides, 
said wave guides extending in parallel adjacent 
relationship with a common broad wall section 
therebetween, said common broad Wall section 
having a straight narrow slit opening therein 
having its maximum dimension in a plane per 
pendicular to the longitudinal axis of each of said 
Wave guides, and a COnductive probe element 
insulatingly supported by said common broad 
wall section, said conductive probe element be 
ing centered in said perpendicular plane and 
projecting part-way across the interior of eac 
Said wave guides. 

SAMUEL SENSIPER. 
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