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1 .

This invention ‘relates to the problem of -cou-
pling a source of high frequency energy to a low
impedance load. The invention is more particu-
larly directed to the problem of coupling a tuned
circuit to o low impedance transmission line.

Whereas the invention has many applications,
it is of speeial utility in coupling the tank cir-
cuit of & radio transmitter to a low impedance
transmission line feeding the antenna.

‘It is an object of the invention to provide
means matching a low impedance transmission
line or coupling the line to a high impedance
electrical network.

- Tt is a further object of the invention to pro-
vide a highly efficient coupling network for feed-
ing a low impedance transmission line.

Yet another object of the invention is to pro-
vide means for electrically coupling a low. im-
pedance transmission line to another network at
high efficiency over a wide frequency band.

Tt is a more specific object of the invention to
provide means for eoupling a radio frequency
generator to a low impedance transmission line
through a coupling device matching the frans-
mission line impedance.

The coupling elements of the present inven-
tion are primarily intended for application at
high frequency work, where difficulty is en-
countered in efficiently f{ransferring  large
amounts of energy from & tuned circuit to a low
impedance line. '

Coupling elements previously used in this field
have been relatively ineffective due largely to the
fact that their impedance wvaries considerably
with small frequency variations, and further that
their impedance does not match that of the
transmission line. i

" The invention will be further described with
‘reference to the exemplary embodiments shown
in the drawing, wherein:

Figure 1 illustrates a circuit diagram, partially
schematic, of a high-frequency signal transmit-
ting system employing therein an embodiment of
the invention.

Figure 2 shows a transmitter circuit similar
to Figure 1 in which another embodiment of the
invention is shown in perspective.

Pigure 3 illustrates a plan view of a portion
‘of the resonant tank circuit of a transmitter and
the modified coupling device shown in Figure 2
in an operating position. » :

Tigure 4 is a perspective view of another em-~
bodiment of the invention in which a block of
dielectric material separates the loop from a sup-
porting ground plate, and :
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Figure 5-is ‘4 perspective view -of another -em-
bodiment of the invention wherein the separated
metallic plates form the energy pickup device.

Coupling elements of the present invention
may be employed for either electromagnetic ‘or
electrostatic coupling. The invention as shown
in Figure 1 includes an electromagnetic coupling
loop. 'The source of energy in the system of Fig-
ure-1 consists of ‘a resonant circuit “which; as
shown, is a resonant line section fi. 'This .sec~
tion comprises line elements 12 and :(3 shorted
across one end by conductor {4... For excitation
the resonant circuit is coupled in an oscillator
network, and for this purpose line i3 is connected
to the anode of tube 0.  Line element 12 is con-
nected through blocking condenser 15 to the.grid
of tube 19, which is returned to ground through
resistor {1. Anode potential is supplied through
radio frequency choke 16.. The operating fre-
quency may be varied over.a range by condenser
9 connected across the open ends of the line sec~
tion. ‘ v C :
The resonant circuit i{ of Figure 1 is coupled
to a load, shown as antenna 23, through a low
impedance concentric transmission line 8. The
impedance of line-8 is matched to that of anten-
na 23 by transformer section 22. Line 8 there-
fore constitutes a flat line. . )

Line 8 is coupled to resonmant circuit: (l in-
ductively through loop 18. This loop.is specifi~
cally constructed to have a -characteristic im-
pedance matching that of line 8. Since this
eliminates any electrical discontinuity between -
the coupling element and the line itself, standing
waves with their attendant loss of energy:are
eliminated from the coupling element itself.
Further, the characteristic impedance of the
coupling element is not dependent upon the fre-
quency of excitation, and consequently maximum
coupling may be effected with efficiency over a
comparatively wide band. As a result, in a system
such as shown in Figure 1, the operating fre-
quency may be varied by condenser 8 without re-
quiring attendant adjustment of the coupling
system.

The characteristic impedance of line 8 de-
pends, as is well known, upon the ratio ‘of 'the
diameter of inner conductor {9 to that of outer
conductor. 20, and upon the dielectric constant
of the insulating material T interposed between
the conductors. In common with two wire line
employing solid dielectric, the coaxial line shown
has low impedance. o

The characteristic impedance of coupling ele-
ment 18 depends upon the width and spacing of
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the elements, and the interposed dielectric con-
stant, substantially according to the formula:

377 1
14D Ve

“D” is the width of the conducting strip, “d” is
the spacing of the horizontal parallel portions of
the strip, and “e” is the dielectric constant of
the inferposing material. In the embodiment
shown in Figure 1 air is employed as the di-
electric, having a dielectric constant equal of
unity. For the normal range of low impedance
lines “D” is larger than “d.”

In the system shown in Figure 1, the transmis-
sion line coupling element 18 is short-circuited
at its end, and has a rectangular formation.
If transmission line 8 is assumed to have a char-
acteristic impedance of 50 ohms, the ratio of
width to spacing of the coupling element to cb-
tain this value with air dielectric is substan-
tially 6.5. In the drawings for the purpose of
clarity of illustration, a smaller ratio is shown.
.. Another embodiment of the operating prin-
ciples of the invention is shown in the electro-
magnetic coupling element of Figures 2 and 3.
As in the system of Figure 1, the energy is derived
from a resonant line section 11 and is coupled inte
a low impedance concentric line 8, which is termi-
nated by a matching load not shown. In this
form of the invention the coupling section com-
prises a flat conductor positioned above a metal-
lic ground plate. In this construction, the char-
acteristic impedance of the coupling element as
-2 transmission line also depends upon the ratio
of the width of the conductor to its spacing from
the ground plate, and also upon the dielectric
constant of the interposed material. Due to the
fact that one of the transmission line conduc-
tors-is effectively extended to form the ground
plate, the characteristic impedance differs from
that of section I8 shown in Figure 1, and may be
found substantially according to the formula:

377 1
24 DVe

“D” is the width of the upper transmission line
member comprising the flat elongated conductor,
and “d” is the spacing between this conductor
and the ground plate. “e” is the dielectric con-
stant of the interposed material.

In the embodiment shown in Figure 2 metallic
member 24 constitutes the ground plate. The
transmission line conductor, which is connected

=

==

to the inner element of concentric line 8, is shown

at 26. This conductor may be curved in its own
plane to form a flat loop above the ground plate,
.as is shown in Figure 2. The upper conductor
is positioned above ground plate 24 on insulating
blocks 25.

In order to obtain magnetic coupling to the
tuned eircuit i{ shown in Figure 2, the conductor
positioned above the ground plate is connected at
its extremity thereto.
of conductor 26 is turned downwardly to form an
electrical contact with ground plate 24.

As in the system shown in Figure 1, it will be
understood that the dimensions and proportions

of the coupling element shown in Figure 2 are .7

such as to obtain an impedance match between
this element and the concentric line 8, in accord-
‘ance with the formula given above.

A top elevation view of the system shown in
Figure 2 is disclosed in Figure 3. As is preferable

For this purpose end 28 .g:
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4

for magnetic coupling, the coupling loop 26 is
positioned closely beneath the high current end
of the resonant line section 11.

Whereas in the system of Figures 2 and 3 the
average dielectric constant of the material inter-
posed between coupling 26 and ground plate 24
may be considered to be substantially unity, in

‘the embodiment shown in Figure 4 a dielectric

sheet 80 is interposed between loop 32 and ground
plate 29. It will be understood that this effec-
tively lowers the characteristic impedance of the
coupling element in accordance with the dielec~
tric constant of sheet 30. Consequently, the use
of a dielectric sheet interposed between the cou-
pling loop and the ground plate allows further
latitude in the design of the coupling element in
order to obtain a match to transmission line 8.

In the system shown in Figure 4, end 34 of the
coupling 32 is turned downwardly through aper-
ture 31 in the insulating member 30, and is there
electrically connected to the ground plate. Con-
sequently, this coupling element may be used
for magnetic coupling in such a system as shown
in Figure 2.

An electrostatic couphng element constructed
according to the principles of the invention is
shown in Figure 5. Such elements differ from
those disclosed in Figures 1 through 4 in that the
end of the coupling element is not short-circuited
and may be capacitatively energized in proximity
to a conductor carrying a radio frequency volt-
age, such as the.unshorted end of one of the
transmission line members of resonant section
i I shown in Figure 1. o

Employment of the coupling section for elec-
trostatic energization does not affect the dimen-
sions of the device, Consequently, the same may
be constructed according to the above stated
formulae, as a transmission lne, or as a flat con-
ductor operating in relation to an extended
ground plane. *The embodiment shown in Fig-
ure 5 constitutes a transmission line section in
all respects similar to that of Figure 1, except
that it is open at the end. As shown in this fig-
ure the coupling elements comprises a pair of
fiat plates, 35 and 37.. Plate 35.is grounded ag is
the lower member of element 18 of Figure 1 for
connection with the external member of the con-
centric line. Upper plate 31 is directly connect-
ed to the central conductor 19 of the line. As
in the preceding embodiments, the physical
dimensions of the coupling element itself will be
selected in accordance. with the above noted
formulae, and match the concentric lines im-~
pedance without electrical discontinuity.

While there has heen described preferred em-
bodiments of this invention it is obvious to those
skilled in the art that various changes and modi-
fications can be made therein without departing
from the spirit of the invention and the scope of
the appended claims.

"The invention described herein may be manu-
factured and used:by or for the Government of
the Unifed States of Ameriea for governmental
purposes without payment of any royalty there-
on or therefor.

I claim: ’

1. In combmatlon a low 1mpedance radio fre-
quency transmissmn line, and a coupling element
connected thereto comprising a pair of opposed
laterally extended plate conductors, one of said
conductors being formed as a flat loop, the other
conductor underlying said loop, said conductors
having a characteristic radio’ frequency 1mped-
ance matching that of the hne
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2. In combination, a low impedance radio fre-
quency transmission line having solid dielectric
interposed between conducting members, and a
coupling element connected thereto comprising
a pair of opposed laterally extended plate con-
ductors, one of said conductors being formed as
5 flat loop, the other conductor underlying said
loop, said conductors having a characteristic ra-
dio frequency impedance matching that of the
line.

3. In combination, a low impedance radio fre-
quency concentric transmission line, and a cou-
pling element connected thereto comprising a
pair of cpposed laterally extended plate conduc-
tors, one of said conductors being formed as a
flat loop, the other conductor underlying said
loop, said conductors having a characteristic ra-

dio frequency impedance matching that of the-

line,
4. In combination, a low impedance radio fre-

quency transmission line, and an electromag- -

netic coupling element connected thereto.com-
prising a pair of opposed laterally extended plate
conductors forming an electrically closed circuit,
one of said conductors being formed as a flat
loop and the other of said conductors underly-
ing said loop, said conductors having a character-
istic radio frequency impedance matching that
of the line.

5. In combination, a low impedance radio fre-
quency trensmission line, and an electromag-
netic coupling element connected thereto com-
prising a pair of opposed laterally extended plate
conductors forming an electrically closed circuit,
one of sald conductors being formed as a flat
loop, and the other of said conductors underlying
said loop and areas within and without said loop,
said conductors having a characteristic radio fre-
quency impedance matching that of the line.

6. In combination, a low impedance radio fre-
quency transmission line, and an electromag-
netic coupling element connected thereto com-
prising a pair of opposed laterally extended plate
conductors forming an electrically closed cireuit,
one of said conductors being formed as a flat
loop, and the other of said conductors forming
a conducting sheet underlying the loop area and
extending bheyond the same, and a solid dielec-
tric interposed between the two conductors, said
conductors having a characteristic radio fre-
quency impedance matching that of the trans-
mission line.

7. In combination, means for generating a high
frequency magnetie field, a low impedance trans-
mission line, and an electromagnetic coupling
element connected thereto comprising a pair of
opposed laterally extended plate conductors, one
of said conductors being formed as a flat loop,
said conductors forming an electrically closed
circuit and having a characteristic radio fre-
quency impedance egual to that of the trans-
mission line, said coupling element being posi-
tioned within said field.

.8. In combination, an oscillation generator in-
cluding a resonant line, a low radio frequency
impedance coaxial fransmission line having in-
ner and outer conductors defining a space of an-

Cnular cross section therebetween, a solid dielec-
tric filling said space, and a coupling device dis-
posed in magnetically coupled relationship with
the resonant line and having an impedance equal
to the characteristic radio frequency impedance
of the transmission line, the coupling device com-
prising two flat conductive plates arranged in
closely spaced parallel planes, one conductive
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the coaxial line and the other plate being con-
nected to the outer conductor, the conductive
plates being connected together at a point re-
moved from the connection with the transmis-
sion line, whereby there is maximum energy
transfer to the coaxial transmission line,

9. In combination, a low impedance radio fre-
quency two conductor transmission. line having
a region between the conductors, a solid dielec-
tric filling said region, capacitative space cou-
pling means therefor consisting of a first later-
ally extended plate conductor connected to one
transmission line conductor, a second laterally
extended plate conductor opposed to the first in
spaced relationship and connected to the other
transmigsion line conductor, and insulation
means interposed between the plate conductors
of a dielectric constant establishing their charac-
teristic’ radio freguency impedance at a value
matching that of the transmission line.

10. In combination, a low impedance radio
frequency two conductor transmission line hav-
ing a region between the conductors, a solid di-
electric filling said region, space coupling means
therefor consisting of a first laterally extended
plate conductor connected to one transmission
line conductor, a second laterally exftended plate .
conductor opposed to the first inh at least par-
tially spaced relationship and connected to the
other transmission line conductor, and insula-
tion means interposed between the plate conduc-
tors of a dielectric constant establishing their
characteristic radio frequency impedance at a
value matching that of the transmission line,

11. The structure defined in claim 10 further
ineluding a resonant circuit positioned in excit-
ing relation to said coupling means.

12. In combination, a low impedance radio fre-
quency two conductor transmission line having a
region between the conductors, a solid dielectric
filling said region, space coupling means therefor
consisting of a first laterally extended conductor
connected to one transmission line conductor,
a second laterally extended plate conductor
larger than the first extended conductor and af-
fording g ground plane with respect thereto and
in at least partially spaced relation therewith,
and insulation means interposed between the ex-
tended conductors of a dielectric constant estab-
lishing their characteristic radio frequency im-
pedance at a value matching that of the trans-
mission line.

W.RODERIC BLISS.
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