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tion of Delaware

Application August 9, 1955, Serial No. 527,363
7 Claims. (CL 333—32)

The present invention relates to coupling devices for
transferring variable or adjustable frequency electrical
signals -between circuits of significantly different impe-
dance. The invention finds particular, although not ex-
clusive, use in the communication art, for example, in
applications where it is necessary to couple electrical
signals havng a frequency anywhere within a predeter-
mined frequency band from a high impedance plate cir-
cuit of a vacuum tube to a low impedance transmission
line, or in the opposite sense from a low impedance trans-
mission line to the high impedance grid circuit of a
vacuum tube.

It is the primary aim of the invention to provide such

a coupling device which gives extremely high efficiency
and linear response in transferring variable or adjustable
frequency electrical signals between high and low impe-
dance circuits. In this aspect, it is a related object to
achieve such a coupling device which prevents high and
low impedances at its terminals which match connected
high and low impedance circuits over a frequency band
of selectable, predetermined width and located at a de-
sired region of the frequency spectrum, the impedances
presented by the terminals of the coupling device re-
maining substantially constant over the predetermined
frequency band so that the output signal from the cou-
pling device remains directly proportional, i. e., linearly
related, to the input signal to the coupling dev1ce over
that predetermined frequency band.

As a specific example, the contemplated coupling de-
vice may be connected between the plate circuit of an
amplifying vacuum tube having a plate resistance of
3900 ohms, and a coaxial cable working into a matched
load to present an impedance of 52 ohms. The device
may be constructed, in accordance with the invention, to
have an input impedance of 3900 ohms and an output
impedance of 52 ohms over a range of frequencies from
3.2 to 4.1 mc., thereby providing a uniform amplitude of
voltage to the coaxial cable between those frequencies,
assuming that the excitation voltage for the amplifier also
remains constant as the frequency changes.

It is an ancillary object of the invention to provide a
coupling device which is operable at radio frequencies
and which provides linear response over a band of fre-
quencies wider than one of the designated communica-
tion bands, so that any carrier signal within that band
may be accommodated without separately tuning the am-
plifier as the main tuning circuit of a transmitter or re-
ceiver, for example, is adjusted.

Another object is to provide such a coupling device
which is operable to provide a frequency pass band of
linear response which is selectable to be extremely broad
or extremely narrow.

Still another object is to provide such a coupling device
which is highly efficient over its entire pass band, giving
an efficiency which exceeds that obtainable with =-type
coupling networks used heretofore and which was ob-

tainable in such prior networks only at one parucular‘

frequency in the pass band.
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A further object is to create such a coupling device
which gives equally advantageous operation whether
connected to transfer signals from a low impedance to a
high impedance circuit, or from a high impedance cir-
cuit to a low impedance circuit. Additionally, it is an
object to provide a coupling device which is self-protect-
ing in that excessive currents, power losses, and heating
cannot occur when the output circuit is elther short-cir-
cuited or open-circuited.

It is an obJect moreover, fo provxde such a coupling
device which is “self-shielding” in that it has practically
no external electromagnetic fields, with the result that
tuning, operation, and efficiency are unaffected by closely
spaced metallic parts, and whereby signals are so con-

‘fined that they are not transferred by spurious inductive

coupling to closely spaced circuit elements. Along this
line, it is an object to provide such a coupling device
which is stable and free of parasitic frequency signals.
The invention contemplates such a coupling device which
is structurally simple and small, inexpensive to construct,
and which requires no variable components which must
be tuned or adjusted either initially or during operation.
As a result, the present device is ideally suited for ap-
plications where weight and space are at a premium and
in which the device must be located in a remote or in-
accessible position as on aircraft.

Further, it is an object of the invention in one of its
aspects to provide a linear radio frequency amplifier
especially adapted for use with a single sideband type of
exciter and which is capable of putting out a powerful
and effective single sideband signal anywhere within a
broad frequency band.

Yet another object of the invention is to provide an
extremely simple and convenient bandswitching arrange-
ment using the present coupling devices.

Still other objects and advantages of the invention
will become apparent as the following description pro-
ceeds, taken in conjunction with the accompanying
drawings in which:

Figure 1 is a schematic circuit diagram of a coupling
device embodying the features of the invention as applied
in a vacuum tube amplifier circuit to transfer signals into
a low impedance load;

Fig. 2 is a longitudinal section of one form of the
present coupling device and intended for use in Fig. 1;

Fig. 3 is a graph illustrating the response of the coupling
device of Fig. 2 and showing variation of input imped-
ance, output impedance, and output voltage, as the input
signal changes in frequency;

Fig. 4 is a schematic diagram corresponding to a portion
of Fig. 1;

Figs. 4a, 4b, and 4c are similar to Fig. 4 showing by
physical relations of windings the predominant inductive
couplings during operation in the low, middle and high
regions of the frequency pass band.

Figs. 5-9 are similar to Fig. 3 showing the variation in
the low impedance presented by the coupling device with
changing frequency and respectively indicating how this
low impedance variation is affected by various physical
changes in the device in order to arrive at a coupler which
presents the desired characteristics;

Fig. 10 is a schematic diagram similar to Fig. 1, illus-
trating a modification in the coupling device which may
be made in order to enhance operation in the lower por-
tions of the frequency spectrum;

Fig. 10a is an equivalent circuit for a part of the circuit
shown in Fig. 10.

Fig. 11 is a schematic circuit diagram illustrating use
of the coupling device in transferring signals from a low
impedance circuit to a high impedance circuit;

Fig. 12 is a diagram in block and line form, illustrating
a bandswitching arrangement; and
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Figs. 13-15 are similar to Fig. 2 but show in vertical
cross section the structural arrangements and relations of
devices intended to provide broadband linear response in
the 40, 20 and 10 meter communication bands, respec-
tively. .

While the invention has been shown and is described
with reference to particular embodiments-thereof, there
is no intention that it be limited to the details of those
illustrated embodiments.
is to cover all modifications, alternatives and equivalents
falling within the spirit and scope of the invention zs de-
fined by the appended claims.

Referring now to the drawings, a broadband amplifier
circuit has been there shown (Fig. 1) embodying a’ cou-

pling device 15 constructed in keeping with the present

invention. Such amplifier is intended to receive energizing
signals from a source or exciter 16 capable of supplying
signals varying both in magnitude and in frequency over
a relatively wide range. For amplifying the signal sup-
plied by the exciter 16, a vacuum tube 17, for example,
the type 813 tetrode well known in the art, is used in
conjunction with the coupling device 15 to feed the signal
into a low impedance circuit exemplified by a coaxial
cable 18 working into a matched utilization device or
load 19.

By way of specific example, the exciter 16 may be of
the type capable of producing a modulated single side-
band signal at relatively low level and constructed in
accordance with the teachings of my copending applica-

tion Serial No. 371,293, filed July 30, 1953. The load 19 °

may be a transmitting antenna. The matched coaxial
cable 18 and load 19 may present a 52 ohm resistance,
while the dynamic plate resistance of the vacuum tube
17 may be on the order of 3900 ohm:s.

To describe the circuit in more detail, the exciter 14
is connected between the cathode K, which is grounded,
and the grid G of the vacuum tube 17, in parallel with
any suitable grid leak such as a resistor Rg. The screen
S of the vacuum tube is supplied with a suitable positive
voltage by any means such as a battery B1. The anode
or plate P of the vacuum tube is supplied with high volt-
age indicated conventionally by B through a choke
inductance 20 which serves as a high impedance at high
frequencies. The R. F. output is fed through a capacitor
C having negligible impedance in the operating fre-
quency band. The inherent plate-cathode capacity is
indicated at Cp. The high impedance terminal of the
coupler 15 is indicated at T1, the low impedance terminal
at T3, and both of the latter work against a ground ter-

minal T2, the device thus constituting a three terminal .

network.

It is desirable that the high impedance ZH of the cou-
pling device 15 (looking into the terminals T1 and T2)
be substantially equal or matched to the effective im-
pedance of the plate circuit of the tube 15, indicated by
way of example previously as being approximately 3900
ohms. It is also desirable that the low impedance ZL look-
ing back into the terminals T3 and T2 be matched to the
impedance presented by the coaxial cable 18, e g, 52
ohms. As is well known, maximum energy transfer is
achieved when the impedances are thus matched.

And it is most important for uniform or linear response
over a wide band of frequencies that this impedance
matching be maintained as the frequency of the electrical
signal varies. One of the primary disadvantages of prior
coupling devices is that such devices require adjustment in
order to maintain impedance matching whenever the fre-
quency is changed. One of the objectives long sought in
the communications field is the elimination of such adjust-
ments so that the frequency of the tramsmitter may be
adjusted simply by tuning the exciter. This is particu-
larly important where, as in airborne communications
equipment, a power amplifier is located at some distance
from the tuning unit, making it necessary to resort to
expensive servo apparatus,

On the contrary, the intention:
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In accordance with the .invention, a coupler is pro-
vided having high impedance and low impedance legs
arranged in a novel fashion to provide a flat sharply de-
fined pass band. In general terms, the coupling device
15 comprises a high impedance leg including first and
second inductive windings which are connected in series
to have additive mutual inductance, and which physically
may constitute separate portions of one continuous wind-
ing connected to the terminals T1, T2. In addition, the
coupler includes a low impedance leg having third and
fourth windings connected in series, the extremity of the
third winding being substantially unloaded, preferably
left totally unconnected and floating, while the extremity
of the fourth winding provides the third terminal T3
for connection to a low impedance circuit. Of most
importance, the second and third windings are arranged
in such physical proximity and association that they not
only have extremely close transformer-like coupling, but
also have a high degree of stray capacitive coupling
therebetween. In order to achieve this close inductive
and capacitive coupling between the second and third
windings, they are preferably wound in compact bifilar
relation on the same coil form.

As specifically illustrated by way of example in Fig. 1,
the high impedance side of the coupling device 15 com-
prises two conductive, inductive windings L1 and L2
connected in series to have additive mutual inductance
and provide at their respective extremities the two ter-
minals T1 and T2. Normally, the second winding 12
will have a smaller number of turns than the first wind-
ing L1. The third and fourth windings L3 and L4 are
likewise connected in series and mounted to have additive
inductive coupling therebetween, presenting the floating
extremity 1.3 and the third terminal T3. The high stray
capacity between the bifilar windings 12 and L3 is
illustrated at Cs. For simplification in the following
analysis this distributed stray capacity will be considered
as a single capacitor connected directly between the
windings L2, L3.

Fig. 2 illustrates, in enlarged section, the physical struc-
ture of an exemplary coupling device intended to provide
a linear response with constant impedance matching over
a band of frequencies between 3.2 and 4.1 me. All four
of the windings are supported on a common coil form
30 which may be made of ceramic or a similar elec-
trically inert material and shaped as a hollow cylinder
closed at its lower end. The diameter of the illustrated
form is one inch. A tapped hole 31 may be provided
for the reception of a single mounting screw.

While the four windings may be arranged physically
in different ways to achieve the same electrical effect
in accordance with the invention, this exemplary arrange-
ment will be described in detail. The two windings 1.2
and L3 are started together at a lower portion of the
coil form 30 and wound upwardly in bifilar relation, the
two wires being distinguished in the drawing by opposite
crosshatching. Thirteen bifilar turns are used and the
wire is preferably #14, coated with silicone enamel or
other comparable material having good electrical in-
sulating properties and immunity to high temperatures.
The lower end of the winding 1.2 is left free to form
the terminal T2. At the upper end of the bifilar wind-
ings, the free end of the winding L3 is inserted through
a hole 32 in the coil form where it is left totally discon-
nected and floating. From this point, however, the wire
for the winding L2 is wound further upon the coil form
to form a first portion of the winding L1 consisting of
12 turns. At this point, a length of #24 wire is soldered
or otherwise conmected to the upper end of the first
section of winding L1 as indicated at 34, and then wound
upwardly through 46 turns constituting a second portion
Next, this winding portion is
wrapped with a layer 35 of low loss insulating material
in the form of tape. After application of the insulating
tape, the #24 wire is wound downwardly on top of it to
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fofm a 10-turn thitd portion of the winding L1. - The
free end is left extending from the coil form for ter-
minal T1. For winding L4, a length of #14 wire is con-
nected to or is formed as a ‘continuation of the lower
end of the winding I3 and turned upwardly over a pre-

viously applied layer 39 of insulating tape. At a distance’

approximately 6 turns up from the lower end of the
bifilar windings L2 and L3, this latter wire is wound
upwardly ‘along the coil form for a distance of 24 turns,
the free upper end of L4 comprising the third terminal
T3.

Fig. 3 illustrates graphically the operation of the de-
vice shown in Fig. 2 when connécted as an amplifier
coupler as shown in Fig. 1. Assuming the coupler is
designed to give a uniform, linear response over the 80
meter band between 3.2 mc. and 4.1 mc., it is desirable
also to attenuate frequencies outside this band, for ex-
ample, in order to prevent passage of second harmonics
which ‘might be generated in some of the preceding cir-
cuits. As the exciter signal increases in frequency from
about 3.0 'mec. to 4.3 mc., the impedance ZH presented
to the tube plate circuit by the terminals T1 and T2 to-
gether with the plate capacity Cp varies as shown by
the curve labeled ZH in Fig. 3. The impedance ZH
at frequencies below the pass band drops sharply and
has been found to be inductive, thus mis-matching the
dynami¢ plate impedance and causing attenuation.  How-
ever, as the frequency increases to and beyond 3.2 mec.,
the impedance ZH levels out at a value of approximately
3900 ohms and where it has been found to be substan-
tially resistive. This condition prevails until the fre-
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quency increases above 4.1 mc., where the impedance ZH

again drops sharply and becomes capacitive to create
a mis-match with the plate resistance.

The low impedance ZL presented at the terminals T3
and T2 varies as the mirror image of the impedance ZH.
As the frequency starts from a low value, the impedance
ZL is relatively high (and capacitive) but reaches a
low, resistive value of 52 ohms at 3.2 mc. The imped-
ance ZL remains at this 52 ohm value over the entire pass
band but rises sharply at and beyond 4.1 mc. Thus, the
coaxial cable 18 is matched to the impedance ZL in
the selected pass band for maximum energy transfer,
and is considerably mis-matched outside that band to
attenuate the signal.

As a result of these impedance changes with frequency,
the output voltage, represented by dashed curve V .in
Fig. 3, varies substantially in the.same manner as the
high impedance ZH. That is, the output voltage pre-
sented at the terminals T3, T2 is relatively low outside
of the pass band but rises sharply and stays substantially
flat within the pass band where, due to impedance match
at both ends, the coupling device 15 permits energy trans-
fer with high efficiency.

Since this pass band is located in the so-called 80 meter
portion of the frequency spectrum and is approximately
1 me. wide, any carrier signal within the 80 meter band
may be accommodated with the same response without
the necessity for tuning any element of the coupling de-
vice 15. Thus, in a transmitter, the entire 80 meter band
may be worked by tuning only the exciter 16.

It has been found, moreover, in operation that sub-
stantially no external R. F. field exists around the cou-
pling device. Thus, there is no power loss by hysteresis
and eddy current effects in adjacent metal components;
the device may be mounted in the closest quarters with-
out an external shield. The disclosed circuit (Fig. 1)
is preferably biased for class B linear operation.  The
circuit may, however, be biased as a class C amplifier
conducting during only a portion of each positive half
cycle of the input signal since the inductive windings L1
and L2 in parallel with the plate capacity Cp give a cir=
cuit which supports small circulating currents to give
désired fly-wheel action and sine wave output. These
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circulating currents are very small, however, and the
linear character of the device makes the output signal
substantially the same as if the amplifier were in class
B operation. It has been found that the circulating cur-
rents in the parallel circuit created by L1, L2 and Cp
are at all times less than 110 percent of the output cur-
rent so that they result in little power loss. The com-
bined efficiency of a type 813 amplifier tube and the
coupling device 15 illustrated in Figs. 1 and 2 is approxi-
mately 70 percent over the entire pass band. This is a
significant improvement over the efficiency afforded by
impedance matching w-type networks previously em-
ployed. These required the careful adjustment of each
of three reactive components for maximum efficiency at
each one of the frequencies with a given band; yet, with
such adjustment, the maximum efficiency of such = net-
works combined with the same type amplifier tube is
about 65 percent. o ‘

The coupling device 15 is also self-protecting. 1Tt is
not damaged by excessive current when the terminals
T3, T2 are left totally disconnected, or when they are
shorted together. When the terminals T2, T3 are open,
there is, as now understood, no reflection into or leading
of the parallel circuit formed by L1, L2 and Cp. Even
though this circuit is not exactly parallel-resonant, it pre-
sents an impedance sufficiently great that little current is
actually drawn from the tube. On the other hand, when
the terminals T3, T2 are shorted, there is, as now under-
stood, a high impedance reflected from the winding L3
into the winding L2 so that it presents a high impedance
at the terminals T1, T2. This prevents excessive cur-
rents in both the low and high impedance sides,

Theory of operation

The diameter of the coil form, the size of the wire
employed for each winding, the number of turns in each
winding, and the physical relation or spacing of the re-
spective windings are all interrelated factors which con-
tribute to the particularly advantageous operation noted
above and illustrated by Fig. 3. By adjustments in these
factors, a coupling device may be made to match circuits
having any particular ‘high and low impedance values,
to provide a pass band which is.as narrow or as wide as
may be desired, and.to locate that pass band in any de-
sired region of the frequency spectrum. The theory of
operation of the improved coupling device is not fully
understood; and it is not readily explained by mathe-
matical analysis. One theoretical explanation of the
operation is given below, although it is possible that
other and perhaps equivalent theories may be valid. It
will suffice at this point to consider major factors which
effect the high impedance ZH, the low impedance ZL,
the location of the pass band in the frequency spectrum, .
and the width of the pass band. For this purpose, the
following relations may be stated:

(a) The frequency at the higher end of the pass band
is determined primarily by the high impedance circuit
capacity, i. e., the plate capacity Cp of the vacuum tube
shown in Fig. 1, together with the combined inductance
of the windings L1 and L2. This frequency is chosen
by making winding 11 of such length that the winding
L1, 12 and the capacity Cp are parallel-resonant at the
upper end of the band. '

i(h) The frequency at.the lower end of the pass band
is determined by the stray capacity Cs between the wind-
ings L2 and L3, and by the inductance value of the
fourth winding L4. That is, these two reactances are
chosen to be substantially series-resonant at the lower
end of the pass band,

«(c) The band width between the upper and lower fre-
quency limits is determined principally by the siray
capacity between the windings L2 and L3, and this stray
capacity in turn is' dependent upon the length of the
bifilar winding, that is, the number of turns for L2 and
13,

‘At this point, it will be helpful to refer to Fig. 4 which
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is simply a rearranged schematic diagram of a portion of
Fig. 1. While the coupling capacitor C is shown in Fig.
4, it will be understood that such capacitor is large
enough to-present- negligible reactance in the communi-
cation” frequency range here considered; the capacitor C
is simply a direct current isolating device and, beyond
that, it may for explanatory purposes be disregarded.
With that understanding, the plate capacitance Cp and
the winding L1 may be viewed for purposes of explana-
tion-as an L network interconnected between a high im-
pedance driving source and the winding L2 as a “load.”

Now at the low end of the frequency pass band the
capacitance Cp has a relatively high reactance (com-
pared to operation at the high frequency end of the
band) and the winding L1 a relatively low reactance.
If the impedance from the terminal T1 to the terminal
T2 were measured, it would be relatively high; and if
the impedance from the junction of the windings L1 and
1.2 were measured, it would be relatively high (compared
to the value measured at the high frequency end of the
band). In tests on one embodiment of the invention, the
latter impedance was found to be about 500 ohms. On
the other hand, the reactance of the capacity Cs is rela-
tively high (compared to operation at the high frequency
end of the band), so that the impedance from the junc-
tion of the windings L3 and L4 is relatively high. Un-
der these conditions, voltages induced in the windings 1.2
and L3 due to current flow in L1 produce relatively small
currents; there is rather inefficient power coupling be-

tween the winding L1 and the windings L2 and L3. By -

contrast, the impedance from say the middle portion of
the winding L4 -to ground is relatively low, so that there
is rather efficient power transfer by inductive coupling
from the winding L1 to the winding 1.4.

This condition is physically illustrated by Fig. 4a where
the winding L4 is shown, merely for explanatory pur-
poses,. closely spaced to the winding L1, the two thus
having relatively good inductive coupling. Because the
series circuit from terminal T3 through winding L4 (plus
part of L3) and the capacitance Cs is substantially series-
resonant, it has such relatively low impedance as an en-
tire circuit that even though the winding 1.1 is actually
spaced considerably from the winding L4 (Fig. 2), the
effective mutual inductance between the two is relatively
great and is the predominant factor in the transfer of
power between the input and output terminals.

Next, the conditions existing when the frequency is
raised to the middle portion of the pass band may be
considered. Here, the reactance of the capacitance Cp
is lower than before; and the impedance from the junc-
tion of windings 1.1 and 12 to ground is lower. Actual
measurements on one device showed this latter impedance
to be 375 ohms compared to the 500 ohm value men-
tioned above. Moreover, the reactance of the capacity
Cs is lower than before. As a result, more power is
transferred by inductive coupling from the winding L1 to
the windings L2 and L3. And because the series circuit
formed by winding L4, part of L3, and the capacitance
Cs is now operating above resonance, there is a greater
voltage drop across these components to offset the greater
voliage induced in the winding L3. Thus, the current
and voltage values present at the output terminals T2, T3
remain substantially the same as when the signal fre-
quency was in the lower portion of the pass band.

Fig. 4b illustrates physically the prredominating means
of power transfer during operation in the middle region
of the pass band. The windings Li, L2 and L3 are
shown closely spaced, for explanatory purposes only, to
indicate that, in effect, there is a greater and predomi-
nating mutual inductance between them which may be
viewed as the principal means of power transfer. The
transfer of power by inductive coupling into the winding
L4 is less than before since the series circuit L4 (and
L3), Cs is now operating above resonance and the im-
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pedance from-the winding L4 to ground is greater than
before. :

. Finally consider the operation at the high end of the
frequency pass band. Here, the reactance of the capacity
Cp is still lower than before and the impedance from the
junction of the windings 11 and 12 to ground is still.
lower. It has been measured on the device mentioned
above to be about 240 ohms, as contrasted with the values
of 500 and 375 ohms previously mentioned for operation .
at the lower and middle portions of the band. As a re-
sult there is exiremely good transfer of power from the
winding L1 to-the winding L2. The latter thus carries
larger currents than before and, owing to its closer.
proximity to the windings L3 and L4 transfers power by
inductive coupling to them: :

The predominant factor in power transfer is thus be-
tween the windings L2; L3 and L4 as indicated in Fig. 4c¢
where those windings are shown closely spaced to indi- .
cate, merely by way of explanation, that they have, in
effect, a. greater and predominating mutual coupling for
operation at the high end of the frequency pass band.
Relatively. high voltages are thus induced in the windings
L3 and L4. But because these are part of a series circuit

(with the capacitance Cs) which operates above reso-
nance and has fairly high impedance, the voltage and
current present at the terminals T2, T3 remain substan-
tially the same as before, presenting an effective 52 ohms”
resistive impedance to a load looking into those terminals..

It is to be understood, of course, that there is a smooth:
transition between these typical conditions as the oper-
ating frequency is raised from the low to the high end of
the pass band. While it is stated for purposes of ex-
planation that power is transferred predominantly. by
different mutual couplings, it is to be understood also

-that the other couplings between the several windings are

effective to a lesser degree in all instances.
above, the low impedance presented at the terminals T3,
T2 remains substantially constant (and the output signal
linearly related to the input signal) as the frequency
changes; the same is true of the high impedance presented
by the terminals T1, T2. The high impedance ZH and
the low impedance ZL presented by the terminals T2, T3
and T1, T2 respectively remain substantially constant and
résistive at the design values over the entire pass band.

As explained

How the coupling device is made

While the foregoing analysis gives the general theory
of operation as it is presently understood, the invention
is not to be restricted to that particular theory. The
fact remains, regardless of theory, that devices con-
structed in accordance with the invention have been
made by a cut and try or adjustment process, and upon
exhaustive tests proven to provide a linear response with
high efficiency and substantially perfect impedance
matching over any desired frequency range whether nar-
row or broad. Once a desired frequency pass band or
characteristic is obtained by adjustment and tests, cou-
pling devices having that same characteristic may be
produced in quantity by following the number of turns,
wire sizes, relative spacings, and coil form diameter ob-
tained in the develcpmental sample. Without regard to
theory, the following steps may be employed to arrive
at the particular physical size, shape, and spacing of coil
forms and windings in order to produce a coupling de-
vice having the desired impedance transformation ratio,
the desired width of frequency pass band, and the de-
sired location of that band in the frequency spectrum.

In explaining this sequence of adjustments to obtain
the enhanced characteristic noted above, reference will
be made to Figs. 5-9 which are graphs of the variations
in the low impedance ZL versus frequency. It will be
understood that the high impedance ZH presented by the
terminal T1, T2 is a mirror image of this low impedance
ZL, as illustrated in Fig, 3.

To begin, a coupling device is first constructed gen-




2,864,060

)
erally as shown schematically .in Fig. 1 and physically
in Fig. 2. Since all of the interrelated factors. noted
above contribute to the frequancy response variations in
the low impedance ZL, it is likely that this impedance
will not vary in the desired ménner. For example, it is
most likely that the initial selection of the various coil
sizes, lengths, spacings and coil form diameter, the im-
pedance ZL. will vary as a double-humped curve 40 il-
lustrated by Fig. 5. The impedance ZL will be lower

than the desired value at the upper and lower limits of

the selected frequency pass band, due to the resonmance
effects of the parallel high impedance circuit and the
series low impedance circuit. :

This double-humped response curve is undesirable
since it results in non:linear changes of output voltage
with respect to input voltage as the frequency changes
within the pass band. In order to raise the value of
the impedance ZL at the upper end of the pass band, the
number of turns in the winding L4 is reduced. This has
three effects as shown by the differences between the
curve 40 redrawn in Fig. 6 and the resulting reponse
curve 40a.  First, the entire response curve for the low
impedance ZL is rotated upward at its right portion in
the higher portion of the frequency band by the amount
indicated at M in Fig. 6.  Secondly, the reduction in the
number of turns for the winding L4 reduces the width
of the band from that originally chosen as shown by the
distance N in Fig. 6. Finally, this reduction in turns of
the winding L4 results in a higher value of the low im-
pedance ZL in the lower part of the frequency band as
indicated by the distance O in Fig. 6. The response
curve 40a for ZL is thus not yet unsatisfactory.

In order to remove the downward hump at the. high
end of the response curve in Fig. 6, the winding L1-is
uncoupled slightly from the winding L2. This may be
done by physically shifting the winding L1 away from
the winding portion 12 on the coil form. This results
in a change from the response curve 40a, réproduced in
Fig. 7, to the response curve 405 shown in Fig. 7, mak-
ing the impedance ZL substantially equal to the desired
value at the upper limit of the frequency pass band.
However, the response curve 405 is still undesirable
since the lower hump at its left portion is below the de-
sired value of the impedance ZL and it occurs at a fre-
quency above the desired lower limit, thus giving a nar-
rower pass band than intended. )

~In order to increase the band width, the number of

turns for the bifilar windings L2, L3 is increased until
the response curve 405, reproduced in Fig. 8, is changed
to that shown by dashed line in Fig. 8. By adding the
appropriate number of turns to the bifilar windings, the
frequency at which the lower hump in the response
curve is shifted back out to the lower frequency limit
which is desired, as shown by the resulting response curve
40c. However, the response curve illustrated by 40c
is still not satisfactory mmasmuch as the impedance ZL is
too low at the lower limit of the selected pass band. In
order to obviate that difficulty, the coupling between the
windings 11 and 1.2 is increased by placing them in closer
proximity, for example, by physically sliding the winding
L1 inwardly on the coil form toward the winding L2.
This changes the frequency pattern of ZL from the curve
40c, reproduced in Fig. 9 to the desired curve 404 shown
in Fig. 9. The result of increasing the coupling between
the windings L1 and L2 is, more importantly, an in-
crease in the coupling of the windings L1 and L4 and re-
moves the downward hump which was present in the
response curve 40c. It will be apparent that the result-
ing variation of the impedance ZL with changes of fre-
quency as shown by the curve 404 corresponds exactly
to the variations of ZL with frequencies shown in Fig.
3. Accordingly, with these adjustments, the high im-
pedance ZH and the output voltage will also be shaped
as shown in Fig. 3 to provide the broadband linear oper-
ation described above, - - :
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Modified embodiment

Referring next to Fig. 10, there is shown a slight modi-
fication of the coupling device illustrated in Fig. 1. The
coupling device 15a is constructed and connected in ex-
actly the same manner as previously described except that
a small, low voltage capacitor C1 is connected in series
with the extremity of the winding L2. Since the ca-
pacitor C1 is connected to what was the terminal T2,
its opposite side now forms the second output terminal
T2’ which is connected in circuit as explained above in
liew of the terminal T2. B

The advantageous operation of the modified coupling.
device 154 is substantially the same as that previously
described in connection with Figs. 1-3. However, upon
reference to Fig. 10a it will be seen that the equivalent
low impedance circuit is now modified to include the ca-
pacity C1 in series with the inductance L4 and the stray
capacity. Cs. By the insertion of this capacitor C1, it
becomes easier, especially at low frequencies, to adjust
the winding L4 so that the low impedance ZL is substan-
tially series-resonant at the low end of the desired pass
band. The same compensating effect caused by changes
in mutual coupling takes place so that the desired linear
response over a wide or narrow band, as desired, is ob-
tained.

Connections for signal transfer from low to high
impedance

As indicated above, coupling devices embodying the in-
vention may be operated with equal success and advan-
tage in a “reverse” sense. That is, they may be used to
couple a low impedance circuit to a high impedance cir-
cuit so that the latter drives the former. As illustrated
in Fig. 11, for example, the coupling device 15 may have
its second and third terminals T2 and T3 connected to re-
ceive energizing signals from a low impedance circuit rep-
resented by a coaxial cable 50.  The resistance or imped-
ance -of this coaxial cable may be relatively low, in the
order of 52 obms, and will be matched by the low imped-
ance presented by the terminals T3, T2. The terminals T1
and T2 are connected to the high impedance grid circuit
of a vacuum tube amplifier 51, i. e., respectively to the
grid 52 of the vactuum tube and to the grounded cathode
54. By way of example, the cable 50 might lead through
a tuning device (not shown) from an antenna, with the
tube 52 operating as a first R. F. amplifier in a radio re-
ceiver. The inherent small capacity Cg between the
grid 52 and the cathode 54 is thus connected in parallel
with the windings L1 and L2. Accordingly, as explained
before, the windings L1, L2 and the capacity Cg are made
substantially parallel-resonant at the upper end of the de-
sired frequency pass band, and the low impedance series
circuit made up of the inductance 14, the stray capacity
Cs between the windings 1.2 and L3 made substantially
series resonant at the lower end of the frequency band.
Thus, the device operates just as previously described,
matching the high impedance of the vacuum tube grid
circuit and the Jow impedance of the coaxial cable 50
over the entire pass band to give a linear respotise in that
band.

It will be apparent, also, that more than one of the -
coupling devices may be employed where it is necessary
to match different impedances. Any amplifier stage may -
have one of the couplers leading in to its grid circnit and
another of the coupling devices transferring signals from
its plate circuit, Such tandem connection of one or more
of the couplers sharpens the attenuation at each end of
the linear band.

Band switching

While it is possible by following the teachings of the
present invention to comstruct a coupling device which
has a frequency pass band much wider than some of the
communication bands, for example, the so-called 160, 80,
40, 20 and 10 meter bands, it is désirable to provide an
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individual coupling device for each of the several bands
in order to prevent the transmission of spurious second
harmonics. For example, if in order to accommodate the
80 meter band, a coupling device were employed having
band-pass characteristics between 3.2 and 6.4 mc. then
the apparatus would pass or transmit second harmonics
when operation is at the lower frequency limit. It is for
this reason only that the coupling device is not described
as operating over a frequency range embracing two or
more bands.

The coupling device of the present invention is ideally
suited for bandswitching arrangement in transmitters in-
tended for operation over any one of a plurality of fre-
quency bands. The reason for this lies in the fact that
the device employs but three terminals, one of which is
permanently connected to a common point such as ground.
Therefore, in bandswitching arrangements but two con-
tacts need be changed in order to connect one device into
the operative circuit and disconnect another-device.

Fig. 12 shows an exemplary arrangement for coupling
high impedance and low impedance circuits for opera-
tion over any one of three bands. Three of the coupling
devices, 15b, 15¢ and 154 have been shown, being con-
structed, respectively, to provide linear coupling, as de-
scribed above, over, say, the 80, 40 and 20 meter bands.
The terminals T2 of the three coupling devices are all
permanently connected to a common connection 60 which
may in most cases be ground. Connection for the high
impedance circuit is provided by a terminal 61 con-
nected electrically with a movable switch element 62
adapted to selectively contact switch points 64b, 64c and
64d, the latter being connected, respectively, to the ter-
minals T1 of the three coupling devices. Connection of
the low impedance circuit is made to a terminal 65 which
is' electrically connected to a second switch element 66
which may be selectively moved to any one of three
switch contacts 665, 66c, and 66d, tied to the terminals
T3 of the three respective coupling devices. The two
movable switch elements 62 and 6§ are mechanically
ganged as indicated schematically at 68 so that any one
of the three coupling devices may be operatively con-
nected between a high impedance circuit (connected to
the terminals 61 and 69), and a low impedance circuit
(connected between the terminals 65 and 69). Since
only two connections must be switched in order to change
bands; and since there are no variable components which
must be adjusted after bandswitching, the arrangement
is highly simple and economical in construction and
also convenient in use. Bandswitching from a remote
control point, as is often necessary in airborne communi-
cation equipment, requires but only simple equipment
such as a solenoid-actuated stepping switch.

Structural changes for operation in different bands

As indicated above, the relative lengths and spacings
of the four windings or winding portions in the present
coupling device are varied somewhat in order to effect
matching of various impedances for input and output
circuits, and in order to create band-pass regions of the
desired width at a selected . location in the frequency
spectrum. Figures 13, 14 and 15 illustrate the general
physical arrangement for the windings of coupling de-
vices-intended for operation over the 40, 20 and 10 meter
bands, respectively. In general, as the mean frequency
of the desired pass band is raised, closer inductive cou-
pling between the several windings occurs. Moreover, as
the mean frequency is increased the capacitance Cs has
a lower average reactance. And this results in greater
circulating currents in the windings L1, L2, and in the
capacitance Cs. This greater current results effectively
in higher mutual coupling between the windings L1, and
L2. In general, therefore, to offset these effects as coils
are made for operation in higher frequency bands the
spacing between the several windings may be increased
and their respective lengths decreased.
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In Fig. 13, for example, where the coupling device is
intended to operate over the 40 meter band, the first
winding L1 has fewer turns than illustrated in Fig. 2.
However, these turns are made up of a first portion of
small diameter wire leading from the terminal T1 and
connected directly into a continuing portion of larger
wire.” The. winding. L2 is spaced by the distance D from
the winding L1, although connected in series therewith,
by inserting the lower end of the portion L1 though the
coil form 30 and back out at a lower point where -the
winding L2 begins. The windings L2 and L3 are dis-
posed in bifilar relation, but have fewer turns than in
the lower frequency device illustrated by Fig. 2. In-
order, however, to provide the desired coupling between
the winding L3 and the fourth winding L4, the latter is
turned upwardly from its series connection to the lower
end of the former and wound over a layer of insulating:
material. The terminal T3 is formed by the upper ex-
tremity of the winding L4.

The coupling device illustrated in Fig. 14 for operation
in the 20 meter band is constructed substantially the
same. However, in this instance, since the frequency is
higher, the spacing between the series connected wind-
ings L1 and L2 may be considerably greater, here shown
by the dimension DI. Also, because the frequency of
operation is higher, the fourth winding L4 need not be
so closely spaced to the windings L2 and 1L3. Thus, the-
winding L4 may be wound directly on the surface of the
coil form. The last few turns of the winding L4, how-
ever, are turned upwardly and wound back upon the
earlier turns in order to obtain the necessary coupling.

Substantially the same arrangement is employed in the
form shown by Fig. 15, intended for use in the 10 meter
band. Here, the first winding L1 has a relatively small
number of turns and is separated by a relatively great
distance D2 from the winding L.2. Moreover, because
the frequency is higher, the desired coupling between
the bifilar windings 1.2, L3 to the fourth winding L4 is
obtained by winding the latter directly on the surface
of the coil form and, in fact, spacing the winding L4
slightly away from the bottom portion of the winding
L3. In all of these specific embodiments of the coupling
device, the same advantageous impedance matching and
predetermined band width of operation  are obtained.
The actual physical relationships may be determined in
the first instance by the procedure described above:
Once that is done, devices having thie same characteristics
may be made in quantity by physically copying the first:
developmental sample.

As indicated above and shown in Figs. 2 and 13-15, the
wire employed to form the winding L1, or more fully,
the continuous wire which forms the series comnected
windings L1 and L2, is made up of several sections hav-
ing different diameters. More specifically, the wire which
is used for the windings L1 and L2 is graduated or ta-
pered in diameter from a relatively small size at the ter-
minal T1 to a considerably larger size at the terminal T2.
This tapering or graduation of wire compensates for the
fact that circulating currents in the paralle] high imped-
ance circuit are small at the terminal T1 and progressively
greater in magnitude in portions of the windings L1 and
L2 which are closer to the terminal T2. Thus, in order
to prevent overheating and charring of the enamel on the
wire, the wire is progressively increased in diameter in
order to have less resistance and less power loss per unit
length. This change in the magnitude of circulating cur-
rent apparently results from the fact that the impedance
to ground from near the top end of the winding L1 is
high and is lower from progressively lower points on that
winding. The circulating current is thus greater in the
lower portions of the winding L1.

While the invention has been described with numerous
references to operation to certain frequency bands, it is
to be understood that this is by way of example orly,
and that the invention may be employed, in. accordance
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with the teaching-herein, at various regions of the sig-
nal frequency spectrum.

I claim:

1. A three-terminal coupling device for providing a
substantially linear transmission response between rela-
tively high and low impedance circuits over a predeter-
mined frequency range of electrical signals, said device
comprising, in combination, first and second windings
connected in series to present first and second terminals
and mounted to have inductive coupling therebetween,
third and fourth windings connected in series and mount-
ed to have inductive coupling therebetween, said second
and third windings being intimately associated physically
to have both high inductive coupling and high stray ca-
pacity coupling therebetween, said third winding having
an extremity remote from its connection to said fourth
winding and which is unconnected, and said fourth wind-
ing having an extremity remote from its connection to said
third winding and forming a third terminal for paired
connection with said second terminal.

2. A three-terminal coupling device comprising, in com-
bination, first and second windings connected in series to
present first and second terminals at their respective op-
posite ends and disposed in inductively coupled relation,
third and fourth windings connected in series and dis-
posed in inductively coupled relation, said second and
third windings being wound in bifilar fashion to have in-
timate inductive and stray capacity coupling therebe-
tween, the end of said third winding remote from the
fourth winding being left disconnected and floating, and
the end of said fourth winding remote from said third
winding constituting a third terminal paired for connec-
tion to a circuit with said second terminal.

3. A three-terminal device for coupling high and low
impedance circuits with a linear response over a prede-
termined frequency range of electrical signals, said device
comprising, in combination, first and second series-con-~
nected, inductively coupled windings presenting respec-
tively first and second terminals for connection to the
high impedance circuit, third and fourth series-connected,
inductively coupled windings, the extremity of said third
winding being unconnected and floating and the extremity
of said fourth winding remote from said third winding
constituting a third terminal for paired connection with
said second terminal to a low impedance circuit, said
second and third windings being wound in bifilar fashion
to have intimate inductive and capacitive coupling there-
between, said windings being sized and spaced to effect
changes in the relative mutual couplings therebetween as
frequency of the electrical signals is varied.

4. A three-terminal electric coupling and impedance
matching device comprising, in combination, first and
second conductive windings connected in series to present
first and second respective terminals adapted for con-
nection to a high impedance circuit having inherent
capacity, said first and second windings being located
in proximity to cause inductive coupling therebetween
and having an inductive reactance substantially equal to
the inherent capacitive reactance of the high impedance
circuit at the upper frequency region of a predetermined
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pass band, third and fourth conductive windings con-
nected in series to present two respective extremities,
the extremity of the third winding being left unconnected
and the extremity of said fourth winding forming a
third terminal adapted for connection with said second
terminal to a low impedance circuit, said second and
third windings being wound in bifilar relation to have
bigh transformer and capacitive coupling therebetween,
said fourth winding having an inductive reactance sub-
stantially equal to the capacitive reactance of the coupling
between said second and third windings at the lower
region of said predetermined pass band, the bifilar length
of said second and third windings determining the width
of the frequency pass band in which the response of
said device is substantially linear.

5. A three-terminal electric coupling and impedance
matching device for giving a linear transfer of electric
signals between high and low impedance circuits over a
frequency band of selectable width and at a selectable
region of the frequency spectrum, said device compris-
ing in combination, a coil form, first and second wind-
ings located on said coil form to have additive mutual
inductive coupling and connected in series to present
first and second terminals adapted for connection to the
high impedance circuit, said first and second windings
being sized to be parallel-resonant with the inherent
shunt capacity of the high impedance circuit at the upper
region of the selected pass band, third and fourth wind-
ings located on said coil form and connected in series
to have additive mutual inductive coupling, the free end
of said third winding being left unconnected and the
free end of said fourth winding forming a third terminal
adapted to be connected with said second terminal to the
low impedance circuit, said second and third windings
being wound in bifilar relation to have high inductive
and capacitive coupling therebetween, said fourth wind-
ing being sized to be substantially series resonant with
the capacitive coupling between said second and third
windings at the lower region of the selected pass band,
whereby mutual couplings between said windings change
with frequency in the pass band to maintain the response
linear over the pass band.

6. The combination set forth in claim 1 further char-
acterized by the presence of a capacitor connected in
series with said second winding.

7. The combination set forth in claim 4 further char-
acterized by the presence of a capacitor having one side
thereof connected to said second winding and the other
side thereof forming said second terminal, said fourth
winding having an inductive reactance substantially equal
to the series combination of reactance of said capacitive
coupling and said capacitor in the lower region of the
predetermined pass band. '
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