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This invention relates to a coupling system for radio
frequency energy, and more particularly to apparatus op-
erative cver a wide range of frequencies for coupling large
amounts of radio frequency power from one tuned cir-
cuit to another. :

It is an object of this invention to provide a novel me-
chanical construction for a radio frequency coupling sys-
tem capable of transferring large amounts of power be-
tween two circuits.

Another object of this invention is to provide a novel
transformer in the form of a plurality of spaced U-shaped
loops fer coupling a source of radio frequency energy to
a load, wherein means are provided to change the in-
ductance and extend the tuning range of the transformer
without altering the coefficient of coupling between the
source and the load.

It is another object of this invention to provide an im-
proved construction of a radio frequency transformer
coupling system for transferring large amounts of power
between two circuits in which either a balanced or un-
balanced source of power may be coupled to either a
balanced or unbalanced load device.

Briefly, in accordance with this invention, there is pro-
vided a transformer having a single centrally-positioned
U-shaped lcop which may be utilized as a primary, and
two similar U-shaped loops which may be utilized as a
secondary which are located symmetrically on either side
of and spaced from the first U-shaped loop. A non-
magnetic econductive shield in the form of a channel
slightly shorter than the single primary loop is inter-
posed between the centrally-positioned loop and the
cther lops on opposite sides thereof to electrostatically
shield at least a porticn of the primary from the two
portions of the secondary. The two secondary U-shaped
loops may be connected either in series or in parallel re-
lation by a sliding switch plate. Both the single loop
primary and the two symmetrically arranged loops of the
secondary are tunable by means of sliding shorting bars,
which are preferably arranged to contact the inside sur-
faces of the locps.

One advantage of the present invention is that it enables
the transfer of large amounts of radio frequency power
from an unbalanced source to a balanced load, and vice
versa. For example, the transfer of large amounts -of
power from an unbalanced or “single-ended” ‘source
through conventional lumped coupling transformer cir-
cuits to a balanced load results in undesired components
of unbalanced current and voltage in the balanced load
device. These unbalanced components are due to un-
desired coupling arising from the size and configuration
of the circuit elements. This invention provides struc-
ture which overcomes this difficulty in a high-power cou-
pling system. - .

A more complete understanding of the operation and
features of the invention, together with additional ob-
jects thereof, may be gained from a reading of the fol-
lowing description in connection with the accompanying
drawing, in which:
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Fig. 1 shows a perspective view of the radio frequency
transformer coupling device of this invention; and

Fig. 2 is an end view of the transformer of Fig. 1 show-
ing the switching arrangement in detail.

Referring to Fig. 1, the radio frequency transformer
coupling device includes a single U-shaped conductive
member or primary loop 11 which is adapted to be fed
by = source cf radio frequency energy, not shown, across
the terminals 13, 15 thereof. The primary loop 11 is
tuned to the radio frequency to be transferred by means
of an adjustable metallic shorting bar 17 and series or
parallel capacitors in circuit with the terminals 13, 15,
but not shown herein. Arranged either side of the pri-
mary lcop 11 are two identical U-shaped conductive mem-
bers or loops 21, 23 which together form the secondary
of the transformer. All three of the U-shaped mem-
bers 11, 21 and 23 may be made from a flat ribbon-like
conducter bent to form legs and a base, as shown.

Each of the secondary U-shaped loop members 21, 23
is also adjustable by means of metallic shorting bars 25
and 27, respectively. It is preferred that these shorting
bars 17, 25 and 27 engage the inner surface of the legs
of the associated U-shaped loop members 11, 21, 23 as
shown. The shorting bars 17, 25 and 27 are slideable
over the respective loops with which they are associated,
and are preferably uni-controlled by means of a cross-
piece of insulating material 29 to which they are all
mechanically attached, but remain electrically insulated
from each other.

The output from the secondary loop members 21, 23 is
connected to an output load device, not shown, which
may be for example a balanced or unbalanced transmis-
sion line or an antenna, by means of output terminals 31,
33. One terminal 31 is mechanically and electrically se-
cured to one leg of one of the secondary loop members
21, and the other terminai 33 is likewise mechanically and
electrically secured to a leg of the other secondary loop
member 23. Like the primary loop 11, the secondary
loop circuit 21, 23 is tuned to the radio frequency to be
transferred by means of the secondary shorting bars 25
and 27 and series or parallel capacitors in circuit with
the terminals 31, 33, but not shown herein.

The U-shaped primary loop 11 is electrostatically shield-
ed from the secondary loops 21, 23 by means of conduc-
tive channels 35, 37 which are placed over, and the sides
of which are interposed between two legs of the primary
loop 11 and the correspondingly positioned legs of the
secondary loops 21, 23 over a substantial portion of the
length of the primary loop 11. The electrostatic .shield
changels 35 and 37 are preferably grounded by being
connected to a point of reference potential, such as a
grounded chassis member. Electrostatic coupling .be-
tween primary and secondary is mainly detrimental at
the upper end of the band of frequencies for which the
transformer is designed. The lengths of the shields 35
and 37 therefore, as a practical matter, need mot ex-
tend the entire length of the legs of the primary loop 11
since the working portion of the loop 11 at the upper end
of the frequency band for which the coupling system is
designed ds that included between the terminals 13, 15
and the shorting bar 17. This shorting bar 17 will be
nearer the terminals 13, 15 of the primary loop 11 when
the upper end of the frequency band is being utilized.

In order to operate over a very wide frequency range,
say, for example, from 3.9 to 22 megacycles, a very large
change in inductance in the output coupling means is
necessary. This change in inductance is achieved, ac-
cording to the present invention, by connecting the two
secondary loops either in electrical series or parallel
relation according to the frequency of the radio power
to be transferred.

' A switching arrangement to change the connection of
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the two secondary loops from parallel to series accord-
ing to the frequency of the radio power to be transferred
will be. described in connection with both Figs. 1 and 2.
Secured to each end of both of the secondary loops 21
and 23 are contacts 41 and 42 for one secondary loop
21, and 43, 44 for the other secondary loop 23. Two
contacting or switching plates 45 and 47 are mounted
upon insulating rods 42 and are arranged to engage a
slotted portion in each of the contacts 41, 42, 43, 44
and make electrical contact therewith.

The switching plates 45, 47 have two positions. The
lower plate 47, which may be, for example, rectangular
in form, in one of its positions (that shown in solid lines
in Fig. 2 of the drawing) makes mechanical and elec-
trical contact with only one contact 42, on one side
of one of the secondary loops 21. In the other posi-
tion of the two switching plates 45, 47 (that shown in
dotted lines in Fig. 2) the lower plate 47 makes contact
with two of the contacts 42 and 44, one on each of
the secondary loops 21 and 23. The upper plate 45,
which is shown as having a rectangular portion with an
outwardly and downwardly extending tang, in its left-
hand position .(that shown in solid lines in Fig. 2)
makes contact with one contact 41 on one secondary loop
21 and an oppositely disposed contact 44 on the other
secondary loop 23. In the other position of the two
switching plates 45, 47 (that shown in dotted lines in
Fig. 2), the upper plate 45 makes contact with two of
the contacts 41 and 43, one on each of the secondary
loops 21 and 23, respectively.

The output from the secondary loops 21 and 23 is
taken across the output terminals 31 and 33 which are
mechanically and electrically secured to the secondary
loops 21 and 23 near oppositely disposed contacts 42
and 43. With the switching plate in its left-hand posi-
tion, that is, with the upper switch plate 45 electrically
connecting the upper contact 41 of one secondary loop
21 to the lower contact 44 on the other secondary loop
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switch blade 47 was of 14’ copper, 7" long by 344"
wide. The rectangular portion of the upper switch blade
45 had the same dimensions, while the outwardly and
downwardly extending tang portion was 1%’ wide. The
insulating rods 49 were of micalex 34" x 1%2", secured
together at the ends remote from the switch and moved
by a lever-arm arrangement.

In the embodiment successfully tried out for a power
transfer of 50 kilowatts, the inductances of both the
primary and secondary loops were adjusted by mechani-
cally coupling, but electrically insulating, the three short-
ing bars 17, 25 and 27 together. It was found that
with fixed coupling between primary and secondary, the
series connection of the secondary loops 21, 23 permitted
a tuning range of 3.9 to 15 megacycles. With a par-
allel connection of the secondary loops 21 and 23, the
coupling system was tunable over a range of from 15 to
22 megacycles.

The electrostatic shield structure enables the coupling
device of this invention to be operated at frequencies up
to 4t least 26 megacycles. with the design dimensions
listed above and still have output voltages which are
balanced with respect to ground, regardless of whether

. the input is coupled to a source of power which is bal-
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23, it will be seen that the two secondary turns are -

connected in series between the ocutput terminals 31 and
33. With the switching plates 45 and 47 in their right-
hand position, that is, with the upper switch plate elec-
trically connecting the upper contact 41 on one sec-
ondary loop 21 with the upper contact 43 on the other
secondary loop 23, and the lower switch plate 47 elec-
trically connecting the Jower contact 42 on one of the
secondary loops 21 with the lower contact 44 on the
other secondary loop 23, the two secondary turns 21
and 23 are electrically connected in parallel.

It will be apparent therefore that for any setting
of .the secondary shorting bars 25 and 27, an inductance
change of 4:1 is obtainable by means of the secondary
switching device. 1In practice, of course, as stated above,
it is contemplated that both primary and secondary

loops of the coupling device of this invention will be *

tuned by either series or parallel capacitors. Normally
a rough adjustment of the tuning would be made using
the -shorting bars 17, 25 and 27 in both the primary
and secondary loops, and a final vernier adjustment of
the tu.ning would be accomplished by means of variable
capacitors.

An embodiment of the invention successfully tried out
in practice had the following dimensions: The single
turn loop 11, utilized as the primary, was made of
Y4 x 14" copper bus, approximately 2’ 6" long and
10” in height. The two secondary loops 21 and 23
were of the same material and had the same dimensions
as the primary loop 11, and were placed symmetrically
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one on each side of and spaced from the primary loop 11 -

by a distance of 114”’. The electrostatic shield chan-
nels 35 and 37 were formed of ¥4¢’’ aluminum, the chan-
nels themselves being 25" wide and 315" deep. The
channels 35 and 37 extended approximately 2" beyond
the straight portions of the primary loop 11 toward
the center of the coupler structure. The rectangular lower

anced or unbalanced.

I claim:

1. A radio frequency coupling system comprising a
single U-shaped loop tunable by means of a sliding short-
ing bar, said loop having a conductive shielding channel
adjacent to and effective over the greater part of its
length on each side of the said loop, two additional U-
shaped loops symmetrically located on opposite sides of
and spaced from said first loop, adjustable shorting bars
contacting the inside surfaces of said additional loops,
switching means for connecting said additional loops in
series or parallel including two sliding switch plates, each
having two positions, the first plate in one position con-
tacting only one side of one of said additional loops
and in the second position contacting one side of both
of said additional loops, and the second plate in said
first position contacting one side of the other of said
additional loops and the other side of the said one of said
additional loops, and in the second position contacting
the other side of beth of said two additional loops,
terminals for said first loop member, and terminals for
said additional loop members on said one side of one
additional loop and on the other side of the other addi-
tional loop.

2. A variable coupling system comprising, a first U-
shaped loop having oppositely extending end ierminals,
second and third U-shaped loops symmetrically located
on opposite sides of said first loop, said three loops lying
in parallel planes and having right legs and left legs. two
conductive shielding channels each partially surrounding
a different one of the legs of said first loop along the
greater part of the length thereof, a terminal on the
right leg of said second lcop, a terminal on the left leg
of said third loop, and switching means for connecting
said second and third loops in series or parallel inciuding
first and second sliding switch plates which in one posi-
tion connect the left leg of said second loop to the right
leg of said third loop, and in the other position connect
the right legs of said second and third loops and the left
legs of said second and third loops.

3. A variable coupling system as defined in claim 2,
and in addition, three uni-controiled shorting bars for
determining the effective lengths of said loops.

4. A variable coupling system as defined in claim 2,
wherein said two conductive shielding channels include
sides extending between the legs of said first loop and
said second loop, and between the legs of said first loop
and said third loop.

5. A variable coupling system comprising, a first U-
shaped loop having oppositely extending input terminals
on the open ends thereof, second and third U-shaped
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loops symmetrically located on opposite sides of said
first loop, said three loops lying in parallel plane with
the open ends of the loops extending in the same direction,
said loops having right legs and left legs, three uni-con-
trolled shorting bars for determining the effective length
of said loops, two conductive shielding channels each
partially surrounding a different one of the legs of said
first loop along the greater part of the length thereof, said
channels including sides extending between the legs of
said first loop and said second loop, and between the
legs of said first loop and said third loop, an output termi-
nal on the right leg of said second loop, an output termi-
nal on the left leg of said third loop, and switching means
for connecting said second and third loops in series or
parallel including first and second sliding switch plates
which in one position connect the left leg of said second
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loop to the right leg of said third loop, and in another
position connect the right legs of said second and third
loops and the left legs of said second and third loops.
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