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ABSTRACT A novel concept of a differential feeding network for four-node antenna/antenna arrays is
proposed. The network is constructed out of a four-strip coupled-line directional coupler operating in amixed
differential-nodal mode enabling direct interfacing of differential front-ends with single-ended antennas.
It is shown, that such a configuration provides at the outputs of the proposed feeding network four signals,
which are equal in amplitude and with phase progression of 90◦. Thus, such a network can be utilized for
generating either dual-circular polarization from a 2 × 2 antenna array or can constitute simultaneously
two out-of-phase power dividers and a directional coupler resulting in a two-beam antenna array in one
cut-plane and two-element array in the other one. The dual-circular excitation is of particular interest for
modern-day transceivers as it enables polarization-division-duplex communication. The presented concept
is confirmed bymeasurements of two different antenna arrays operating at 2.5GHz frequency range featuring
dual-circular and dual-beam properties, respectively.

INDEX TERMS Differential coupler, differential feeding network, polarisation-division-duplex,
polarization-reconfigurable antenna, multi-beam antennas.

I. INTRODUCTION
Differential components are increasingly being used in
analog electronics since they feature superior interference
rejection in comparison to their single-ended counterparts.
Thus, many examples of differential amplifiers, mixers, fil-
ters, and the entire transceiver blocks can be found in the
literature [1]–[4]. Following the trend of differential circuits’
utilization, also antenna feeding networks connected to mod-
ern differential transceivers should operate in a differential
mode to avoid balun circuits for balanced-to-unbalanced sig-
nal conversion and thus reduce complexity and losses of the
network, etc.

The feeding networks in antenna arrays are utilized to
integrate different properties such as multiple beams [5] or
reconfigurable polarization [6], [7] in a common aperture.
Among passive feeding networks, Butler matrices [5], [7]–[9]
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are very popular. One of the Butler matrix applications is the
generation of independent beams featuring a given polariza-
tion, either symmetrically located with respect to broadside
direction or two symmetrically located together with broad-
side and end-fire beams [10]–[15]. Another application of
such a beamforming network is shown in [16], where four
appropriately connected 3-dB/90◦ directional couplers are
utilized for achieving dual-circular polarization from a series-
fed antenna lattice. In [17], it is shown that such a beamform-
ing network also allows for achieving dual-beam properties
in horizontal and vertical directions. Such a concept has been
also applied for the 8 × 8 Butler matrix which allows for
achieving 8 beams in two different directions [18]. Neverthe-
less, the main drawback of this type of beamforming network
is its complex construction. For example, N -element antenna
array beamforming networks usually require N

2

(
log2 (N )

)
directional couplers, which means that the beamforming net-
work of a four-element antenna array is composed of four
directional couplers [19]. Moreover, in a classical realization,
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the Butler matrix is a single-ended input/output feeding net-
work, which cannot be directly connected to a differential
transceiver.

In this paper, we propose for the first time to the best of
our knowledge, a novel approach to the design of a beam-
forming network designated for differential front-end elec-
tronics. In the proposed concept, a single element being a
four-strip differentially-fed coupled-line directional coupler
is used as a feeding network for a four-element antenna
array, in which input and isolated ports operate in a differ-
ential mode, whereas transmission and coupled ports operate
in a decomposed single-ended mode. Such a configuration
allows to achieve dual-beam or dual-polarization properties
of an antenna array and the dual-circular excitation is of
particular interest for modern-day transceivers as it enables
polarization-division-duplex communication. The radiating
elements are fed with four signals having equal amplitudes
amongwhich there are two pairs of out-of-phase signals being
simultaneously in quadrature (either 90◦ or −90◦ depending
on the chosen differential input port) with respect to each
other. This is a great advantage in comparison to the classic
approaches, in which to obtain dual circular polarization in a
four-node antenna four 3-dB quadrature directional couplers
are required, whereas to achieve dual-beam properties at least
one 3-dB quadrature directional coupler and additionally
two power dividers are required. Moreover, the proposed
approach decreases the complexity of the feeding network
and reduces the occupied area as well as the lengths of
signal paths, thus also reduces the insertion losses in circuits,
especially when connected with differential RX/TX devices
(no additional baluns required). The proposed concept was
confirmed by measurements of two antenna arrays operating
in the 2.4 GHz frequency range featuring dual-circular polar-
ization and dual-beam properties, respectively.

II. CONCEPT OF FOUR-ELEMENT ANTENNA ARRAYS FED
WITH DIFFERENTIAL/NODAL DIRECTIONAL COUPLERS
In modern-day electronics, RF active circuitry such as ampli-
fiers, mixers, or the entire transceiver blocks is designed
as differential circuits, as it can be seen in [20]–[24]. Thus
to connect them with a single-ended feeding network of
an antenna array, even in state-of-the-art realizations such
as [25], [26] extra baluns are being used as shown in Fig. 1a.
The use of a feeding network featuring a differential interface
on the transceiver side as proposed in Fig. 1b addresses
the above issue allowing to reduce system complexity, min-
imize the occupied area, reduce the losses (shorter signal
paths, no balun needed), and improve interference immunity.
In modern-day telecommunication applications, the above
are important concerns.

Following the approach shown in Fig. 1b, a differential
interface feeding network for a four-element antenna array is
proposed that is realized with a single four-strip coupled-line
directional coupler operating in a mixed differential-nodal
mode. The base circuit - a differential four-strip coupled-
line coupler is shown schematically in Fig. 2a and according

FIGURE 1. (a) Block diagrams presenting the connection of differential
transceiver with a single-ended feeding network using baluns and
(b) direct connection of differential transceivers with a differential
interface feeding network.

FIGURE 2. (a) Concept of a four-strip coupled-line system constituting a
differentially-fed directional coupler, (b) differential excitation of the
coupler, and (c) mixed - differential/nodal excitation.

to [27] nodal ports #1, #2 and #5, #6 form the first balanced
line, whereas ports #3, #4, and #7, #8 form the second bal-
anced line. The choice of the conductors for each balanced
line can be freely selected but the most practical case is
when the conductors of each balanced line are on one plane,
therefore, nodal ports #1 and #2 form the differential input
of the top balanced line, whereas the ports #3 and #4 form
the differential port of the lower balanced line. Since the
conductors of the lines can be placed one above the other,
the directional coupler can easily feature relatively strong
coupling. The differential excitation of the coupler is pre-
sented in Fig. 2b according to [27], however, for antenna
applications interesting is the case of mixed differential/nodal
excitation shown in Fig. 2c. In such a configuration the input
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ports #1diff (created by nodal ports #1, #2) and #2diff (created
by nodal ports #7, #8) are isolated with respect to each other,
and the output ports #3, #4, #5, and #6 are the nodal ones,
and the signals receiving at these nodal ports can be utilized
for excitation of particular radiating elements in an antenna
array. It has to be noted, the output ports #3, #4, #5, and #6 are
matched to the impedance Zdiff /2.

The differential coupler presented in Fig. 2 can be
described using mixed-mode scattering parameters, which
can be converted to the nodal ones Snodal , as presented in
Appendix. Applying the differential excitation to one pair of
ports, the following response is obtained:

b1
b2
b3
b4
b5
b6
b7
b8


= Snodal

1
√
2



1
−1
0
0
0
0
0
0


(1)

and thus

b1 = b2 = b7 = b8 = 0 (2)

b3 =
1

2
√
2

(
Cdiff + Ccom + Cdiff − Ccom

)
=

1
√
2
Cdiff (2a)

b4 =
1

2
√
2

(
−Cdiff + Ccom − Cdiff − Ccom

)
= −

1
√
2
Cdiff

(2b)

b5 =
1

2
√
2

(
Tdiff + Tcom + Tdiff − Tcom

)
=

1
√
2
Tdiff (2c)

b6 =
1

2
√
2

(
−T diff + Tcom − Tdiff − Tcom

)
= −

1
√
2
Tdiff

(2d)

where bi is the reflected wave at port # I , while Cdiff and
Tdiff are differential mode coupling and transmission coeffi-
cients. Therefore, for a 3-dB-differential directional coupler
in which Cdiff = 1

√
2
,Tdiff =

−j
√
2
, the signals at the four

single-ended outputs equal:

b3 =
1
2
, b4 = −

1
2
, b5 =

−j
2
, b6 =

j
2

(3)

One can notice that the output signals are all equal in
amplitude with the phase progression of 90◦. Such a feature
allows utilization of the differential/nodal directional coupler
from Fig. 2c as a differential interface feeding network as
shown in Fig. 1b in antenna arrays with dual-beam or dual-
polarization properties. Examples of the discussed use-cases
where one radiating element is attached to each of the four
feeding nodes are provided in Fig. 3. Dual-circular and linear
dual-beam arrays are drawn schematically in Fig. 3a and
Fig. 3b, respectively.

The first four-element antenna array, presented in Fig. 3a
in which dual-circular polarization can be achieved is con-
structed out of four microstrip patches, which are equally

FIGURE 3. Schematic diagram of a four-element antenna fed by the
mixed differential/nodal directional coupler (a) featuring dual-circular
polarization and (b) dual-beam properties.

spaced by 0.8 λ and sequentially rotated to generate circular
polarization. The pairs of nodal outputs that constitute the
differential ports (#3 & #4 and #5 & #6) are connected to
the patches that have to be fed with out-of-phase signals.
Depending on the chosen differential inputs (#1 or #2) there
is a ±90◦ phase shift between these pairs of nodal outputs.
Therefore, such an arrangement allows for achieving either
RH or LH circular polarization.

The second four-element antenna array presents a concept
in which a dual-beam antenna array can be obtained (Fig. 3b).
The patches are spaced by 0.5 λ on X-axis and by 0.8 λ on
Y-axis. The pairs of nodal outputs that constitute the differen-
tial ports (#3 & #4 and #5 & #6) are utilized for feeding two-
element columns along Y-axis, whereas ±90◦ phase shifts
between these pairs of nodal outputs are used for achieving
dual-beam radiation pattern along X-axis. Therefore, the dif-
ferential coupler serves in this configuration as a feeding
network composed of a classic quadrature directional coupler
and two out-of-phase power dividers.

III. DEMONSTRATOR REALIZATION AND EXPERIMENTAL
RESULTS
A. DESIGN OF A FEEDING NETWORK COMPOSED OF A
DIFFERENTIAL/NODAL DIRECTIONAL COUPLER
To verify the concept presented in Section II, the differential
directional coupler was designed following the procedure
described in [27]. The cross-sectional view of the proposed
feeding network shown schematically in Fig. 2a is shown
in Fig. 4. As seen, the circuit is composed of four conductors
having width w and spacing s. The dielectric stratification
consists of two 60 mils thick top and bottom laminate layers
(h1,3 = 1.52 mm) and 6 mils thick middle one (h2 =
0.15 mm), on which the traces of the coupler are etched. All
layers have equal dielectric constant εr1,2,3 = 3.38.

Following the design procedure for the differential direc-
tional coupler described in [27] iteratively, the coupled-line
geometry was optimized to obtain a 3-dB differential direc-
tional coupler. The final widths of the conductors and slots
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FIGURE 4. Cross-sectional view of the coupled-line geometry utilized for
the design of a differential and mixed differential/nodal directional
coupler. A three-laminate stripline arrangement was used with full
ground planes on both sides. The metal strips feature widths w , whereas
the spacing between the strips is equal to s. The layer heights and
permittivity are marked as h1,2,3 and εr1,2,3, respectively.

FIGURE 5. (a) Electromagnetically calculated and (b) measured
differential scattering parameters of the designed 3-dB differential
directional coupler. Port numeration according to Fig. 2b.

between conductors were found for a given stratification to be
w = 0.6 mm and s = 1.4 mm, respectively. The differential
scattering parameters of the designed coupled-line geometry
(configuration as shown in Fig. 2b) were calculated electro-
magnetically using AWR Microwave Office software and the
results are shown in Fig. 5a. The circuit was designed to be
matched to Zdiff = 100 �.
The coupler features an equal power split in the fre-

quency range of 1.15 GHz - 2.75 GHz with the imbal-
ance between coupling and transmission characteristics not
exceeding ±0.5 dB. The calculated return losses and iso-
lations are as low as −50 dB. The designed directional
coupler was manufactured and measured. The measurement
results are provided in Fig. 5b. As can be seen from the
comparison of calculated and measured results, the coupling
and transmission characteristics are in good agreement. The
coupling/transmission imbalance decreased from±0.5 dB to

FIGURE 6. Photograph of the manufactured coupler with port numbering
as shown in Fig. 2a.

±0.18 dB. The measured return losses and isolations are bet-
ter than 25 dB and 22 dB at the center frequency of 2 GHz. A
photograph of the manufactured coupler with ports indicated
is presented in Fig. 6. Following, the mixed differential/nodal
S-parameters of the fabricated coupler were derived to val-
idate its properties in the intended setting as a differential
feeding network for a four-node antenna array (see Fig. 2c).
The measurement results are shown in Fig. 7. The differential
ports #1diff and #2diff from Fig. 2c are selected as inputs,
whereas the nodal ports #3, #4, #5, and #6 are selected as
outputs, for excitation of radiating elements (see Fig. 2c
and Fig. 3). In such a mixed excitation the coupler exhibits
properties as predicted theoretically in this Section, i.e. the
signal is equally split to four output ports. Simultaneously
the coupler features good return loss and isolation properties.
Moreover, proper phase relations are measured between sig-
nals at the output ports, i.e. the phase progression equals 90◦,
as predicted, what is a necessary feature for application in the
antenna arrays described in the proceeding section.

As it was pointed out, the proposed mixed differen-
tial/nodal directional coupler is well suited for future
telecommunication applications with balanced inputs/outputs
of transceivers. However, for concept validation and mea-
surements of the antenna concepts with commonly available
Vector Network Analyzer (VNA), extra baluns were added
to both differential interfaces (#1diff , #2diff in Fig. 2c, and
Fig. 3) to provide an easy connection between the directional
coupler’s balanced inputs and the analyzer’s nodal inputs.
This was due anechoic chamber‘s hardware setup that incor-
porates a VNA operating with unbalanced RF signals. The
used transmission line baluns operate at the center frequency
of 2.5 GHz, however feature narrower bandwidth than the
feeding network itself, and therefore the focus was put on
the performance at the center frequency of the network. The
balun design is outside the scope of this paper.

B. DESIGN OF A SINGLE RADIATION ELEMENT
A single radiating element was designed at first to
assembly an antenna array and verify experimentally the
concept presented in Section II. A well-known aperture
coupled microstrip patch antenna shown in Fig. 8 was
designed to minimize the number of factors that can affect the
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FIGURE 7. Measured mixed scattering parameters of the fabricated
directional coupler. The measurement has been made with differentially
excited input ports and the output signals have been measured with
respect to the common ground (nodal excitation). (a) Amplitude
characteristics and (b) phase characteristics. Port numeration as indicated
in Fig. 2c.

performance of the constructed 2 × 2 antenna array. The
dielectric stratification (Fig. 8b) consists of two 30 mils thick
laminate layers having dielectric constant εr1,3 = 2.5 and
a 393.7 mil thick air layer. The feeding line was etched on
the metal layer m3, while the patch on the metal layer m1.
The size of the patch equals 42.68 × 42. 68 mm, whereas
the slot in the ground plane is 30.3-mm long and 7.07-mm
wide. The width of the 50-� feeding line is equal to 2.16 mm
and it excites the center of the slot with an 8 mm stub to
achieve a good reflection coefficient. The designed radiating
element was manufactured and measured with the results
shown in Fig. 9, i.e. measured impedance match, radiation
pattern @ 2.5 GHz, and gain of the model. A seen, the radi-
ating patch operates at the center frequency of 2.5 GHz and
features a bandwidth of about 400 MHz due to suspending
the patch over a thick air layer, while it is still within and
almost 4 times lower of that for the feeding network. Four
of such radiation elements were used for the realization of
2 × 2 antenna arrays.

C. EXPERIMENTAL VERIFICATION OF 2 × 2 ANTENNA
ARRAY FEATURING DUAL-CIRCULAR POLARIZATION OR
DUAL-BEAM RADIATION PATTERN
To validate the polarization reconfigurability feeding scheme,
the developed feeding network was connected with a 2 ×
2 antenna array in a way shown schematically in Fig. 3a.

FIGURE 8. (a) Layout and (b) dielectric stack-up of an aperture coupled
microstrip patch utilized to construct and experimentally verify a
four-element antenna array and feeding network beamforming
properties.

FIGURE 9. (a) Measured impedance match, (b) radiation pattern @
2.5 GHz (b), and (c) maximum gain of an exemplary fabricated single
radiating element used in the experiment.

The array was verified by EM simulations using Ansys
HFSS software as well as by measurements of the assem-
bled model. The comparison of the radiation patterns at
2.5 GHz obtained with EM simulations and by measurements
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FIGURE 10. Radiation pattern @ 2.5 GHz of the developed four-element
antenna array featuring dual-circular polarization obtained when (a) the
signal is provided to port #1 (RHCP) and (b) to port #2 (LHCP).
Measurement results – solid lines, simulation results – dashed lines.

are shown in Fig. 10, where normalized radiation pat-
terns for RH and LH circular polarization are provided.
Figure 11 shows the measured maximum gain vs. frequency
for both input ports. As seen from the measurement results,
identical beamwidth was achieved for both the RHCP and
the LHCP polarization. The measurement results are in good
agreement with the simulated ones.

Beam widths of the measured radiation patterns are equal
to 32 deg and are 4 deg wider in comparison to the beam
widths of the EM simulated patterns. Moreover, the measured
sidelobe level does not exceed 12 dB. The maximum gain
of the realized antenna array exceeds 10.4 dBi at the center
frequency (7.8 dBi measured for a single element with linear
polarization).

Following, to validate the multibeam feeding scheme,
the developed feeding network was connected with a 2 ×
2 antenna array in a way shown schematically in Fig. 3b.
Again, the array was verified by EM simulations using Ansys
HFSS software as well as by measurements of the assembled
model. The comparison of the radiation patterns at 2.5 GHz
obtained with EM simulations and by measurements are
shown in Fig. 12, where normalized radiation patterns in
two principal cut-planes are presented. Figure 13 shows the
measured maximum gain vs. frequency for both input ports.

As seen, the developed antenna array features dual-beam
properties in the XZ cut-plane and the measurement results
are in good agreement with the simulated ones. The beam can

FIGURE 11. Measured gain of the developed four-element antenna array
featuring dual-circular polarization and realized with the use of a mixed
differential/nodal directional coupler-based feeding network when either
port #1diff or #2diff is excited. Note that from a broadband operation
perspective, the gain is affected by the use of baluns.

FIGURE 12. The radiation pattern of the developed four-element antenna
array @ 2.5 GHz featuring dual-beam properties and realized with the use
of a mixed differential/nodal directional coupler obtained in (a) XZ
cut-plane and (b) YZ cut-plane. Measurement results – solid lines,
simulation results – dashed lines.

be directed at either +20 deg or −20 deg and the measured
data matches the simulated one. The sidelobe level is better
than 9.8 dB for the EM simulated antenna array which is
lower than the theoretical value of 12 dB due to the array
elements’ sub-optimal spacing. The measured sidelobe level
is better than 8 dB, which can be attributed to a slight dif-
ference in phase progressions in the manufactured feeding
network due to finite fabrication and assembly tolerances.
Beamwidths of themeasured radiation patterns in theXZ cut-
plane are equal to 50 deg and are 6 deg wider in comparison
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FIGURE 13. The measured maximum gain of the developed four-element
antenna array @ 2.5 GHz featuring dual-beam properties and realized
with the use of a mixed differential/nodal directional coupler-based
feeding network when either port #1diff or #2diff is excited. Note that
from a broadband operation perspective, the gain is affected by the use
of baluns.

FIGURE 14. Photographs of the assembled experimental antenna arrays
mounted in the anechoic chamber: the one featuring (a) Dual-Circular
Polarization (a) and the one featuring (b) Dual-Beam Radiation.

to the beam widths of the EM simulated radiation patterns.
The measured gain exceeds 12.3 dBi. Photographs of the two
realizations of a 2 × 2 antenna array with different radiation
features are shown in Fig. 14.

IV. DISCUSSION
The proposed feeding network features a differential interface
between TX/RX devices and a four-node antenna array. In the
presented approach a single differential coupler is utilized
to deliver signals that excite dual circular polarization or
dual-beam properties in a four-node antenna array when the
coupler is used in the mixed differential-nodal configuration.
To present the advantages of the proposed feeding network,
two application cases should be considered:

1) RX/TX circuits are single-ended interface devices,
2) RX/TX circuits are differential interface devices.
In the first case in classic approaches, to obtain dual cir-

cular polarization in a four-node antenna array arranged in
a 2 × 2 array, four 3-dB quadrature directional couplers are
required, as was shown in [28]. Similarly, to achieve dual-
beam properties in a four-node antenna array at least one 3-dB
quadrature directional coupler and additionally, two power
dividers are required. In opposite to the solutions described
in the literature, the proposed network is constructed out

of a single differential coupler which requires two addi-
tional balun circuits to be added to connect single-ended
RX/TX devices. Thus, the resulting feeding network fea-
tures less (dual-polarization properties) or the same number
(dual-beam properties) of building elements, than in classic
approaches. Moreover, the proposed approach decreases the
complexity of the feeding network and reduces the occupied
area as well as the lengths of signal paths, thus also reduces
the insertion losses in circuits.

For the latter case which is the most often used config-
uration in modern-day telecommunication applications the
advantage of the proposed differential coupler feeding net-
work is even greater. In such a case no additional baluns are
required to be added to connect RX/TX devices and dual cir-
cular polarization or dual-beam properties are realized using
a single differential coupler. Such an approach can signifi-
cantly reduce the system complexity and total power losses.
Therefore, it can be stated that the proposed network features
significant advantages comparing to the known solutions, and
is especially desirable in modern-day wireless systems with
differential TX/RX interface.

V. CONCLUSION
A novel concept of a four-node antenna feeding network for
interfacing with differential front-end electronics based on a
single, mixed differential/nodal directional coupler was intro-
duced. It was shown that such a single directional coupler can
be efficiently utilized as a feeding network of a four-element
antenna array that features either dual-beam or dual-circular
polarization properties. The proposed concept has been veri-
fied by measurements of two antenna arrays operating at the
center frequency of 2.5 GHz and the obtained measurement
results fully confirm the presented approach. It has to be
underlined, the presented concept has additional advantages
in modern millimeter-wave wireless systems where reduction
of system complexity due to uniform differential-mode oper-
ation contributes strongly to the reduction of physical size and
total power losses with improvement in system interference
immunity, which are of concern.

APPENDIX
The considered differentially excited directional coupler,
shown in Fig. 2, can be described with the following mixed-
mode scattering matrix:

Smixed mode =

[
Sdiff 0
0 Scom

]
(4)

where Sdiff and Scom are the 4 × 4 submatrices describ-
ing differential- and common-mode scattering parameters,
respectively. The submatrices for an ideal directional coupler,
having ideal return losses and ideal isolations are expressed
as:

Sdiff =


0 Cdiff Tdiff 0

Cdiff 0 0 Tdiff
Tdiff 0 0 Cdiff
0 Tdiff Cdiff 0

 (4a)
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Snodal

=
1
2



0 0 Cdiff +Ccom −Cdiff +Ccom Tdiff +Tcom −Tdiff +Tcom 0 0
0 0 −Cdiff +Ccom Cdiff +Ccom −Tdiff +Tcom Tdiff +Tcom 0 0

Cdiff +Ccom −Cdiff +Ccom 0 0 0 0 Tdiff +Tcom −Tdiff +Tcom
−Cdiff +Ccom Cdiff +Ccom 0 0 0 0 −Tdiff +Tcom Tdiff +Tcom
Tdiff +Tcom −Tdiff +Tcom 0 0 0 0 Cdiff +Ccom −Cdiff +Ccom
−Tdiff +Tcom Tdiff +Tcom 0 0 0 0 −Cdiff +Ccom Cdiff +Ccom

0 0 Tdiff +Tcom −Tdiff +Tcom Cdiff +Ccom −Cdiff +Ccom 0 0
0 0 −Tdiff +Tcom Tdiff +Tcom −Cdiff +Ccom Cdiff +Ccom 0 0


(7)

Scom =


0 Ccom Tcom 0

Ccom 0 0 Tcom
Tcom 0 0 Ccom
0 Tcom Ccom 0

 (4b)

where Tx and Cx are transmissions and couplings of the
coupler for the respective mode.

Having found the mixed-mode scattering matrix one can
easily convert it to a nodal scattering matrix [27]:

Snodal = M−1Smixed modeM (5)

where:

M =
1
√
2



1 −1 0 0 0 0 0 0
0 0 1 −1 0 0 0 0
0 0 0 0 1 −1 0 0
0 0 0 0 0 0 1 −1
1 1 0 0 0 0 0 0
0 0 1 1 0 0 0 0
0 0 0 0 1 1 0 0
0 0 0 0 0 0 1 1


(6)

The resulting nodal matrix is shown in (7) at the top of the
page.
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