Sept. 16, 1941. E. D. GOODALE ET AL 2,256,084

COUPLING CIRCUITS

Filed June 17, 1939

70
UTILIZATION
NETWORK

DISTRIBUTION LINE

Sl
w3 N
w SIS
N :
3] Q
s s
X
" <N
O ~J
Rz
g 3
I S
2
9 N
W
o i v
/J INVENTORS
) \ £ DUDLEY GOODALE AND
o sy RAYMOND 4 MONFORT

<" ATTORNEY.



Patgnted Sept. 16, ‘194»1

2,256,084

UNITED STATES PATENT OFFICE

COUPLING CIRCUITS

E. Dudley Goodale, Bayside, Long Island, and
Raymond A. Monfort, St. Aibans, N. . X., assign-
ors to Ragdio Corporaticn of America, a cor-

poratien of Delaware

Application June 17, 1939, Serial No. 279,686
(CL 178—44)

5 Claims.

Our present invention relates to coupling cir-
cuits generally adapted to transfer alternating
current voltage from unbalanced to balanced
lines, or from balanced to unbalanced lines.

In the past it has generally been known how
to couple an unbalanced circuit to a balanced cir-
cuit. An unbalanced circuit is, of course, one
which has one side thereof at a given polarity
with respect to ground, while the other side there-~
of is ground itself; on the other hand, a balanced
circuit is one wherein the two sides of the circuit
are at opposite polarity with respect to ground.
Inthe prior art it has been customary to employ
three electron discharge tubes to couple an un-
balanced circuit to a balanced circuit when using
a cathode-coupled output for direct connection
to the balanced lines. In this last instance, one
of the tubes is used to secure phase reversal of
the unbalanced voltage, while the other two
tubes are utilized to provide cathode coupling to
the balanced lines. It is, also, known to secure
a balanced output with a signal tube, and in this
case one of the output connections has a low
direct current potential, while the other output
connection has a high direct current potential.
In this case, condensers are required to elim-
inate the direct current potential coupling.
Working into a low impedance load it is prac-
tically impossible to obtain an cutput which is
constant at low frequencies. It would require
extremely large coupling condensers, and might
seriously limit the maximum frequency obtain-
able due to the large capacity of each coupling
condenser to ground which is in parallel with the
output of the tube.

Accordingly, it may be stated that it is one of
the important cbjects of our present invention
to provide a coupling arrangement, adapted for
use in coupling an unbalanced circuit to a bal-
anced circuit, wherein the arrangement avoids
the necessity of utilizing coupling condensers to
the balanced lines, and gives an ocutput at low
impedance suitable for direct connection to the
balanced lines; the coupling arringement, fur-
ther, having very low direct current potentials at
the points of connection of the balanced lines to
the coupling tubes.

In the case of the coupling of balanced cir-
cuits to uhbalanced circuits, it has been custom-
aryin the past to employ three eléctron discharge
tubes. Cancellation of longitudinal voltage ef-
fects is produced in the plate circuits of the
coupling tubes, and there is a strong possibility
that large longitudinal voltages might drive the
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grids of the coupling tubes positive and darnage
them,

It is, therefore, another important object of
our present invention to provide a coupling net-
work adapted to connect g balanced circuit to
an unbalanced circuit, wherein but a single
tube is employed, and the effect of longitudinal
voltages being eliminated in the input circuit of
the single tube.

Another object of our invention may be stated
to réside in the provision of 4 coupling network,
adapted to connect an unbalanced line to a pair
of balanced lines, whérein there are employed
a pair of electron discharge tubes; one of the
tubes having its input eleétrode éoupled to the
unbalanced line and having a cathode coupling
connection to one of the balanced lines, while
the sécond tube has its input electrode connected
to the output electrode of the first tube, and the
second halancéd line is conriected to the caithode
load of the second tube.

Another object of the invention may be stated
to reside in the provision of a single tube coupling
network, adapted to couple a pair of balanced
lines to an unbalanced lirie, one of the balanced
lines being connected to the imput electrode of
the fube, while the other balanced line is con-
nected to the cathode load of the tube, and the
unbalanced line being connected to the output
electrode of said coupling tube.

Still other objects of our present invention are
to improve generally the simplicity and efficiency
of coupling networks of the cathode-coupled type,
and more especially to provide such networks in
an economical and reliable manner.

The novel features which we bzlieve to be
characteristic of our invention are set forth in
particularity in the appended claims; the inven-
tion itself, however, as to botH its organization
and method of operation will best be understood
by reference to the following description taken
in connection with the drawing in which we have
indicated diagrammatically several circuit or-
ganizations whereby our invention may be car-

‘ried into effect.

In theé drawing,
Fig. 1 illustrates a circuit arrangement adapt-
ed to couple an unbalanced line to a pair of bal-

_anced lines.

Fig. 2 shows a circuit adapted to couple g pair
of balanced lines to an unbalanced line.

Referring now to the accompanying drawing,
wherein like reference characters in the two
figures designate similar circuit elements, there
is shown il Fig. 1 & pair of électron discharge
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;tubeis { and 2 which are included in the coupling

network adapted to provide the coupling circuit .

\ ‘between an unbalanced line and a pair of bal-

anced lines. The unbalanced line is shown, by
way of illustration, as a coaxial cable whose in-
ner lead 3 is at a positive potential with respect
to the grounded outer conductor 4. The lead
3 may have one end thereof .connected to a
source of signal energy of any desired frequen-
cy. For example, the signal energy source may
be in a signal range of 60 cycles to 8 megacycles;
the signals may be included in the video or nor-
mal sound broadcast range. Regardless of the

frequency of the signal energy, or the frequen- -
¢y band width of the signal energy, the lead 3 is !

shown, by way of illustration, as having & posi-
tive alternating current voltage with respect to
sround. It is for this reason that the ferm *“un-
pbalanced” is applied to line 3—4." Assuming,

now, that it is desired to transmit the signal’

energy from the line 3-—4 to a distribution line
comprising a pair of leads 5 and 6, attention is

directed to the fact that the leads 5 and 6 are
In other words, at any given in-.
stant the leads § and 6. are of opposite polarity oz

“balanced.”

with respect to ground. Such a distribution line,
for example, may be a twisted pair of leads

adapted to transmit a wide band of television !

signal energy through an apartment house, or the
like, to one or more television receivers.

1t is to be clearly understood, however, that
the specific example shown in Fig. 1 involving the
transmission of energy from an unbalanced co-
axial cable to a balanced distribution line is
merely illustrative. The unbalanced and bal-
anced circuits may be of any other specific type.
Tor example, the unbalanced circuit may con-
‘sist of an iconoscope, whereas the balanced cir-

cuit may comprise a. push-pull picture signal

amplifier. Those skilled in the art will readily
perceive other uses for the unbalanced and bal-
anced circuits respectively, Considering the cou-
pling network specifically, the control grid 1 of
tube I is connected to the lead 3 and by a cou-
pling condenser 8, while the grid side of con-
denser 8 is connected to ground through the grid-
lesk resistor 9. The cathode 6 of tube f is con-

nected to ground through a cathode load resistor -

i{. The plate 12 is connected to a source of
positive potential through an impedance, an in-
termediate point of the ' impedance being by~
passed to ground through the high frequency by-
pass condenser {3. The section of the impedance
between the plate and the bypassed point is de-

rioted by numeral 4. By way of illustration the‘

impedance 14 is shown as a resistor.

The resistor f{ is -unbypassed, and there is
signal frequency voltage developed across the re-.

sistor. 'This voltage is applied to control grid 1
in degenerative phase to the signal frequiency
voltage applied through condenser 8. As a re-

sult the impedance across resistor is low. The

signal frequency voltage developed across the

plate load resistor {4 is applied to the control
grid 15 of tube 2 through condenser 16. The:

cathode of tube 2 is connected to ground through
g resistor 11, the grid leak resistor 18 providing
a negative bias path between grid 15 and the
grounded end -of the resistor 17. The plate of

tube 2 is energized from a source of direct cur-

rent which is not shown. The cathode end of the
resistor {1 is connected to lead 8. The unby-
passed resistor 17 develops signal frequency volt-
age thereacross which is applied to grid 15 in

degenerative phase. At any given instant the’

peld
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polarities of leads 5 and 6 are opposite with re-
spect to ground. In Fig. 1 there is shown, by way
of illustration, that when lead 3 is positive to
ground, then lead 6 is positive and lead 5 is nega-
tive relative to ground. :

The impedance of each lead 5 and 6 to ground
is denoted by the symbol Zo, and is shown by the
dotted rectangles so labelled. The magnitude of
Zo is equal to the expression

Ry
1+ RuSn—

where Sm—1 is the transconductance of tube I;
the magnitude of Zo' is equal to

By
1 _I_ R17S m—2

where Sm—z is the transconductance of tube 2.

A constant signal level is applied to the grid
7 of tube |. The output from the cathode of tube
i is constant, up to several megacycles, and re-
duced in magnitude by the efficiency -of  the
cathode-coupled stage. The resistor 14 causes
g signal voltage to be applied to grid {5 of tube
2 which is equal to the voltage applied to grid 1,
but is 180 degrees out of phase.. Similarly the
output from the cathode load of tube 2 will be
constant, up to several megacycles, and can be
made equal in magnitude to that of the first tube
{ but reversed in phase. = Consequently, there is
had a balanced output, at tubes { and 2, at low
impedance and low direct current potential suit-
able for direct connections to the transmission
lines. By inserting a battery in the ground side
of the cathode resistors the direct current po-

" tentials can be cancelled out.

To convert a balanced input to an unbalanced
output, the arrangement shown in Fig. 2 may be
employed.. Here the source of balanced voltage
is generally represented by the box 20; and the
leads 21 and 22 are shown as respectively at nega-
tive and positive potentials relative to ground.
The source 20 can be any push-puil amplifier, for
example; it can also comprise the type of dis-
tribution line shown in Fig. 1. The lead 22 is
connected to the cathode end of the grounded re-
sistor 23 disposed in the space current path of
tube 24. The control grid 25 is connected to
the slidable contact arm 26 through condenser
97. -The lead 21 is connected to ground through
a series path consisting of resistor 28 and posi-
tive voltage source 29. The contact arm 26 is
slidable along resistor 28. The grid leak resistor
30 provides the usual bias path for grid 25. - The
signal voltage is developed across resistor -34,
and one end of the resistor is bypassed to ground

- through condenser 32 for signal frequency cur-
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rents. The signal voltage developed across load
resistor 31 is applied to lead 40 through the cou-
pling condenser 41. As shown in Fig. 2, when
the leads 21 and 22 are respectively at negative
and positive potentials, the lead 40 assumes a
positive potential. The lead 40 may be con-
nected to an amplifier, fransmission cable or other
utilization apparatus. o

In the circuit of Fig. 2, the opposite polarity
signal effects on the grid and cathode of tube 24’
are additive in the plate circuit thereof. The po-
tentiometer 28—26 is inserted in the grid side
of the tube to equalize the gain from the two sides
of the circuit. The resistor 28 acts as a termi--
nation for one side of the input circuit, while the
parailel combination of the cathode resistor 23
and ‘the reciprocal of the transconductance of
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tube 24 acts as the other side of the input circuit
of tube 24. A positive potential, derived from
source 28, equal to the cathode to ground direct
current potential of the resistor 23 is inserteq in
the ground end of the terminating resistor 28.
This is done in order that the direct current po-
tential at the point where the line is connected
to resistor 28 shall be the same as that at
the point where the line 25 is connected to the
cathode of tube 24. Of course, if the source of
signal voltage 20 has no direct current potentials,
the source 29 may be dispensed with; resistor
28 would then be grounded. If the source 20 is
the output of the circuit shown in Fig. 1, then
source 29 causes the direct current potentials at
the ends of lines 21 and 22 (or 5, 6) to be equal,
and no direct current flows. Any longitudinal
voltages induced onto the line 21—22 would be
cancelled out in the input circuit of tube 24. This
is a decided advantage in cases where longitudi-
nal voltages are appreciable.

While we have indicated and described several
systems for carrying our invention into effect, it
will be apparent to one skilled in the art that
our invention is by no means limited to the par-
ticular organizations shown and described, but
that many modifications may be made without
departing from the scope of our invention, as
set forth in the appended claims.

What we claim is:

1. In a coupling network between an unbal-
anced voltage source and a balanced voltage net-
work, a pair of cascaded tubes, means for im-
pressing the unbalanced voltage between the in-
put electrodes of the first tube, means for im-
pressing the output voltage of the first tube upon
the input electrodes of the second tube, & re-
sistive impedance individual to and connected
to the cathode of each of said tubes, each of said
impedances being in the space current path of its
respective tube, means degeneratively applying to
the input electrode of each tube voltage devel-
oped across its respective cathode impedance, and
a direct current voltage connection between the
cathode end of each impedance and said bal-
anced network.

2. In combination, an electron discharge tube
provided with at least a control grid, a cathode
and a plate, a resistor connected between the
cathode and ground and being disposed in the
space current path of the tube, a source of un-
balanced high frequency voltage coupled between
ground and said control grid, means for apply-
ing to said control grid in degenerative phase
high frequency voltage developed across said re-
sistor, a second tube including at least a cathode,
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a control grid and a plate, means for impressing
high frequency voltage developed in the plate
circuit of the first tube upon the control grid of
the second tube, a second resistor connected be-
tween the cathode of the second tube and
ground, means for applying to the control grid
of the second tube in degenerative phase high
frequency voltage developed across said second
resistor, a direct current voltage connection to
the cathode end of said second resistor, and a
second direct current voltage connection to the
cathode end of said first resistor whereby the
high frequency voltages on said two connections
are balanced with respect to ground.

3. In combination with a source of balanced
voltage and an unbalanced voltage network, an
electron discharge tube provided with at least a
cathode, a control grid and a plate, a resistor
connected between the cathode and ground and
being disposed in the space current path of the
tube, a direct current voltage connection between
said source and the cathode end of said resistor,
a second connection between said source and the
control grid of said tube, means for applying in
degenerative phase to said control grid a volt~
age developed across said resistor, and means for
applying to said network voltage developed in the
plate circuit of said tube.

4. In combination with a pair of leads which
are at opposite polarities with respect to ground
and which carry voltages of high frequency, a
tube including at least a cathode, a control grid
and a plate, a resistive impedance connected be-
tween the cathode and ground and being located
in the space current path of the tube, one of
said leads being connected to the cathode end of
said resistive impedance, a connection from the
other lead to the control grid of said tube, means
for applying the high frequency voltage of said
impedance to said control grid in degenerative
phase, and a lead connected to the plate of said
tube for transmitting high frequency voltage
which is unbalanced with respect to ground.

5. In combination, cascaded signal transmis-
sion tubes each tube having a load impedance in
the space current path thereof which develops
signal voltage, means degeneratively applying
the signal voltage of each impedance to its re~
spective tube input electrode, means applying
signals to the first of said tubes, and an inde-
pendent signal output connection to a point on
each impedance which has a variable signal po-
tential,
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