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-1 ' ™" FLAT CABLE TO FLAT PARALLEL W RE CABLE BACK% 5: THE

[ NVENTI ON 1. Field of the Invention The invention relates to
| ocal area networks (LANs) and nore particularly, to nedium access where a
flat parallel wire tel ephone cable is used for the nedi um 2. Prior
Art Local area networks (LANs) have becone w dely used, particularly

to interconnect personal conputers, servers, peripherals, etc. Anong the
nost popul ar LANs is Ethernet which often uses a 50 ohm coaxial cable or
uses an unshiel ded twi sted pair |ine havihg 100 ohm characteristic

| npedance. In these networks with unshielded cables, it is often
desirable that the currieof ali o BLAM HY&RARL ED A MBLiss; that the
net wor k oper at e

- BACKGROUND OF THE INVENTION
1. Field of the invention
The invention relates to local area networks (LANs) and more
particularly, to medium access where a flat parallel wire telephone cable

is used for the medium.

2. Prior Art °

Local area networks {LANs) have become widely used, particularly
to interconnect personal computers, servers, peripherals, etc. Among the
most popular LANs is Ethernet which often uses a 50 ohm coaxial cable
or uses an unshielded twisted pair line having 100 ohm characteristic
impedance.

In these networks with unshieided cables, it is often desirable that
the current in the medium be balanced, that is, that the network operate
in a differential mode since this prevents troubiesome radiation and limits
susgepﬁbility to extemal electronic noise. There are numetous well-
known circuits, filters, terminators, etc. for preventing radiation from and
limiting the susceptibility of these networks.

As will be seen, the present invention preferably uses a flat
parallel wire telephone cable which has at least four conductors.
Moreover, the invention makes use of baluns, such as the baluns

disclosed in U.S. Patent 4,717,896.



in a differential

Susceptibility to external electronic noise. There are nunerous well -

circuits, filters, termnators, etc. for preventing radiation from and

limting the susceptibility of these networks. As will be seen,

present invention preferably uses a flat parallel

whi ch has at

| east four conductors. Moreover, the invention nakes use

bal uns, such as the baluns disclosed in U S. Patent 4,717, 896.

2 SUMVARY OF THE | NVENTI ON

into a network where the network uses a generally balanced Iine is

descri bed. The grauivR

PO THES INVENT hrst bal un and a second-bal un

wire tel ephone cable

node since this prevents troubl esone radiation and limts

known
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An inprgved nethod for coupling a node

connected in sérres and connected Tnto the transm ssion |line so that the

current in the |ine Amssovéd hmsthbd fdrecdupling & nddeinkaametivoiiewtierdotieneen

the baluns forns a zone

- network uses a generally balanced line is described. The method makes
use of a first balun and a second balun connected in series and
connected into the transmission line so that the current in the line passes
through the baluns. The pair of leads between the baluns forms a zone
in which the line can be unbalanced without causing increased radiation
or increasing the susceptibility to external noise, common mode currents
can be better tolerated. Consequently, components of the medium
access unit which may operate in an unbalanced mode can be connected
directly to the leads.

in the preferred embodiment of the present invention, the line
comprises a four conductor flat parallel wire telephone cable having two
inner conductors and two outer conductors. At each of the nodes the two
inner conductors are electrically connected together and the two outer
conductors are electrically connected togethar; This provides a medium
having a characteristic impedance of approximately 60 ohms. There are
several advantages to this, among them is that there is no reversal of the
signal polarity from node-to-node.even where connectors are used that

reverse the two inner conductors and reverss the two outer conductors.



i.n which the Iine can be unbal anced w thout causing increased radiation or
I ncreasing the susceptibility to external noise, common node currents can
be better tol erated. Consequently, components of the nedium access unit
whi ch may operate in an unbal anced node can be connected directly to the
| eads. In the preferred enbodi mrent of the present invention, the
line conprises a four conductor flat parallel wire tel ephone cabl e having
two i nner conductors and two outer conductors. At each of the nodes the two
i nner conductors are electrically connect&d together and the two outer
conductors are electrically connected together Thi s provides a nedi um
havi ng a char agpry DE |y 60 ohns:-TFhere are
several advantages ftot , among t emis that fhere is no reversal of the
signal polarity frorFigueéct slhowsdeportive of alretwordoiabechiedin aiceordandet hat
reverse the two inner conductors and reverse the two outer conductors.
3 BRI EF DESeEMithnthepresent-ivartion. NGS

Figure 2 is an electrical schematic of one node of a network

tabricated in accordance with the present invention.



Figure 1 shows a portion of a network fabricated in accordance with the

present invention. Figure 2 is an electrical schematic of one node
of a network fabricated in accordance with the present invention. _
4 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON An i nproved LAN

whi ch enploys a flat parallel wire tel ephone cable and is particularly
suited for Ethernet protocol is described. In the follow ng description
nuner ous specific details are set forth, such as part nunbers, in order to
provi de a thorough understanding of the pgesent invention. It will be
obvious to one skilled in the art that the present i nvention may be
practiced w t hpETAINEPEDE QR TIHE: g \gs -wel | - known
conponents and parts are no not to
unnecessarily obscupg iinprovisceBARiwhiBN Sfipl aﬂat pamtlmértemﬁhéhést to
Figure 1 a portion of a LANis illustrated whi has a nmedi um (cabl e) 10
supporting a heatsle andkisipasiiculadyswited foe Elmmatipmtocol is described. in the

following description numerous specific details are set forth, such as part

numbers, in order to provide a thorough understanding of the present
invention. It will be obvious to one skilled in the art that the present
invention may be practiced without these specific details. in other
instances well-known components and parts are not described in detail in
order not to unneceésaﬁly obscure the present invention.

Referring first to Figure 1 a portion of a LAN is illustrated which
has a medium (cable) 10 supporting a node 1 defined bsetween the dotted
lines 11 and 12 and supporting a second node, node 2, partially shown to
the right of the dotted line 13.

in the currently preferred embodiment, the medium 10 is a flat
paraliel wire telephone cable sometimes referred to as "silver-satin” that
has at least four conductors; specifically, two iqner conductors 18 and 19
(typically color coded red and green) and two outer conductors 20 and 21
{typically color coded yellow and black). The cable 10 in some cases
may include additional outer pairs since such cabling often contains six or
eight conductors.

In the presently preferred embodiment, to connect a node into the
cable 10, the cable is cut or otherwise opened, the outer conductors 20
and 21 are electrically connected together and the inner conductors 18
and 19 are also connected together. This forms two leads at each end of

the cut. Two of these leads are connected 10 a balun 14 and the other



lines 11 and 12 and supporting a second node, node 2, partially shown to
the right of the dotted line 13. In the currently preferred

enbodi ment, the medium 10 is a flat parallel wire tel ephone cable sonetines
referred to as "silver-satin" that has at |east four conductors;
specifically, two inner conductors 18 and 19 (typically color coded red and
green) and two outer conductors 20 and 21 (typically col or coded yell ow and
bl ack). The cable 10 in sonme cases nmay include additional outer pairs since
such cabling often contains six or eight cd®nductors. In the
presently preferred enbodi nent, to connect a node into the cable 10, the

cabl e is cut oriwd fiva Wafith PHETRE bdiliss P4BAH 15HMdURInPeetedinatisdlasi €

el ectrically connected together and the inner conductors 18 and 19 are al so
connect ed t oget slsown Diithe leads16 and[1dadkhus, tlembaluasd 4adnd 8 aret . Two of

t hese | eads are connected to a balun 14 and the ot her
5 two to a bat connasted ireserigsiwith the cable 0 as lustratlesct ed in series as

Typically the cable 10 has a characteristic impedance of
approximately 100 ohms for adjacent pairs of conductors. With the
conductors of cable 10 connected as shown in Figure 1, the
characteristic impedance of the cable is reduced to approximately 60
ohms. This provides several advantages which will be discussed later.

The remainder of the medium access unit (MAU 22) is connected
to the leads 16 and 17. MAU 22, as is customarily done in Ethernet
LANs, is connected to an attachment unit interface (AUl 23). This
interface is connected to a computer, repeater or the like, sometimes
generically referred to as data terminal equipment (DTE 24).

In LANs using unshisided cabiles, it is desirable to maintain only
balanced conditions (differential mode current) in the medium to prevent
electromagnetic interference both to and from Ehe LAN. This goalis
made more difficult bacause transceivers often introduce common mode
currents into the medium. With the preser;t invention, the baluns 14 and
15 form a zone between them where the unbalanced currents can be
better tolerated since their effect on the medium is attenuated by the
baluns.

The ends of the medium are terminated in 60 ohm resistors, the
charactetistic impedance of the cable. The two outer conductors are
connected one terminal of a resistor and the two inner conductors are

connected to the other terminal of the resistor as shown in Figure 1.



shown by the |eads 16 and 17. Thus, the baluns 14 and 15 are connected in
series wwth the cable 10 as illustrated. Typically the cable 10 has a
characteristic inpedance of approximately 100 ohns for adjacent pairs of
conductors. Wth the conductors of cable 10 connected as shown in Figure 1,
the characteristic inpedance of the cable is reduced to approxi mately 60
ohns. This provides several advantages which will be discussed |ater.

The renmai nder of the nedium access unit (MAU 22) is connected to the | eads
16 and 17. MAU 22, as is customarily donéin Ethernet LANs, is connected to
an attachment unit interface (AU 23). This interface is connected to a

conputer, repeater Rbférhﬁg"riobﬁto FgURS 2,"& Rode Ieatcortbbicd Rithrtheprésers dat a
term nal equi prent (DTE 24). In LANs using unshielded cables, it is

desirabl e to nmventomisostiowrin moredetalin THe openifglof Aeablg 10 formdd teur rent )

In the mediumto prevent electromagnetic interference both to and fromthe
LAN. Thi s goataliow fardbe mode, it édain showhaonnectedrinsedes withstval balonsnt r oduce
common node currents into the nedium Wth the present invention, the

bal uns 14 and ©9ethalun gomprisingdhadiiitar chokestd) and B wittheapaaiters 32andnt s can
be better tol eééted sinc&éheir effect on the nmediumis attenuated by the

bal uns. . ﬁ@"gﬁ@?d twaen theichekes: cThe-other halw ingludes dherbiflal st or s,

e et | S APAHRYE B ook 4 anll B R b B, o °

connected to the ot4gh |did6'8hd 37 drdSgafiv oW if Eigthe Wit tld RULS 7
connected to ground. The lead 16 is connected through the diode 40 to
the transmit terminal of a transceiver 42. The diode 40 is typically used
on the transmission terminal of transceivers, such as transceiver 42, to
provide isolation to the driver transistors within the transceiver. Lead 16
also provides the received signal which is coupled to the recsive s‘ig'nal
terminal of the transceiver 42 through an equalizer 41.

in the currently preferred embodiment the transceiver comprises
an integrated circuit, part number 8392, manufactured by National
Semiconductor as well as other companies. (cher commercially
available transceivers may be used). The output of the transceiver 42 is
connected to the DTE through an attachment unit interface {AUI 43). in
the currently preferred embodiment the AUl complies with IEEE Standard
802.3, 10 Base5 AUl part.
The equalizer 41 is only required where the cable 10 is very long.

There is an equalizer within transceiver 42 which is adequate for many
LANs. The optional equalizer 41 can be built as described in U.S. Patent
5,191,300. It should provide broad band performance, for example, from
DC to 15 MHz.



.6 Referring now to Figure 2, a node in accordance with the present
invention is shown in nore detail. The opening of a cable 10, forned to
-allow for the node, is again shown connected in series with two bal uns.
One bal un conprising the bifilar chokes 30 and 31 with capacitors 32 and 33
connected between the chokes. The other balun includes the bifilar chokes
34 and 36 with capacitors 38 and 39 connected between them The

| eads 16 and 17 are again shown in Figure 2 with the lead 17 connected to
ground. The lead 16 is connected through Zhe diode 40 to the transmt
termnal of a transceiver 42. The diode 40 is typically used on the

transni ssi on tern ni thefcurfentlyprafetretl embodinint | thebateny haveifow t 0 provi de
isolation to the driver transistors within the transceiver. Lead 16 al so

provi des the rieansmission igsaforvdiffetential signalsethis is hdipful sinee themi apectiwo
termnal of the transceiver 42 through an equalizer 41. In the
currently prefhaluas femeach neda. Alse theysbou oo flifferential impedareg at ed
circuit, part nunber 8392, manufactured by National Sem conductor as well
as ot her conpal®@s60hme)thabmaiehasthpe fransmissien éne impedanca insoreey ine

sed). The output of the transceiver 42 i
u ) u r%vent mEsmath’tues%etngen the celxgles and the nodes.

Referring again to the cable 10 shown in Figures 1 and 2,
connecting the inner conductors together and the outer conductors
together provides several important advantages:

A key problem in some LANSs is detecting the polarity of the data.
For example, where an ordinary flat telephone wire transmission line (two
conductors) is used, these conductors may be reversed (red to green and
green to red) at various points in the network; this is caused by some
modutiar telephone cables that reverse the congiuctors. These reversals
add to the problem of deciding on polarity. If muitiple cables are used
and some or all have reversals, the polarity of the data will vary along the
length of the LAN making it difficult for individugl nodes to properly
interpret its sense. These reversals also cause problems when
simuitaneous transmissions occur since the transmissions can cancel
each other, making detection of simultaneous transmissions (collisions}
more difficult.

With the inner and outer conductors connected as shown in
Figures 1 and 2 the probiem of polarity reversal is eliminated. Such
reversals become transparent since the inner conductors are effectively
ong conductor and the outer conductors are the other conductor of the

medium. Even if modular telephone connectors are used that reverse



:connected to the DTE through an attachnment unit interface (AU 43). In the
currently preferred enbodi nent the AU conplies with | EEE Standard 802. 3,
10 Base5 AU part. The equalizer 41 is only required where the cable
10 is very long. There is an equalizer within transceiver 42 which is
adequate for many LANs. The optional equalizer 41 can be built as descri-bed
in U S Patent 5,191,300. It should provide broad band performance, for
exanple, fromDC to 15 Mz. . 7
In the currently preferred enbodi nent, th® bal uns have | ow transmi ssion

|l oss for differential signals; this is helpful since there are two bal uns
for each node.thdl red aritbgreeindeads and ¢heydiidw endiblack leadppblarty i§@og. , - 60

ohns) that matches the transm ssion |ine inpedance in order to prevent
m smat ches betk@y@nsathe cabl es and t he nodes. Referring again to the
o Che outor conduABsnentioned, with the connections shown I Figure 1 and 2, the 00 '
charactetistic impedance is reduced from approximately 100 ohms to 60
ohms. Typically, 50 ohm coaxial cable is used in Ethernet applications.
The difference between 50 ohms and 60 ohms is small enough to permit
~ some circuits, particularly integrated circuits, designed for Ethernet
coaxial cable to be more effectively used with the flat telephone cable as
connected above. Moreover, with a 60 ohm impedance versus a 100
ohm impedance, joading of the medium by the nodes be_comes less of a
problem since it is easier to achieve a high ratio of load-to-cable
impedance,
The cable connection discussed above may also be used for two
buses. A fiat paraile! wire telephone cable having two inner conductors
and three outer pairs is used. The inner conductors are connected
together and the pair of outer conductors adjagem to the inner
conductors are also connected together to form one bus. The next outer
pair of conductors are connected and the outer most pair of conductors

are connected thereby forming a second bus.

An improved LAN has been described, particularly suitable for
Ethernet applications where zones of unbalanced currents can be
tolerated and where the commoniy used telephone cables having at least

four conductors are put to advantage.



t oget her provides several inportant advantages: A key ]

LANs is detecting the polarity of the data. For exanple, MJﬂmglmmu”ﬂﬂmﬂl
flat tel ephone wire transm ssion line (two conductors) is used,*thes# s =
conductors may be reversed (red to green and green to red) at various

points in the network; this is caused by sone nodul ar tel ephone cabl es that
reverse the conductors. These reversals add to the problem of deciding on
polarity. If multiple cables are used and sone or all have reversals, the
polarity of the data will vary along the gength of the LAN meking it
difficult for individual nodes to properly interpret its sense. These

reversal s alsogggfggﬁﬂgggggns when si nmul t aneous transm ssi OiAs™occur since
the transm ssi | each other, making detection of sinultaneous
transm ssions (col | \é eagh: nore difficult. Wth the inner and outer

conductors connected as shown in Figures 1 and 2 the problemof polarity

reversal is el-ininafed. AxGhpreved Amthod forevaplingaspaednto ainetworkhe i nner
conductors are effectively one conductor and the outer conductors are the

ot her conduct owheke shiel matviorkusés agensraitychalanced:ingptemprisiogtbestens ar e
used that reverse
of:
providing a first balun and a second balun connected in series with
said generally balanced line so as to provide a pair of leads between said
first balun and said second balun;

providing a connection for a transceiver to said pair of leads.

2, The improved method defined by claim 1 wherein said
generally balanced line has two inner conductors and two outer
conductors and including the additional steps of:

electrically connecting together said inner conductors; and

electrically connecting together said outer conductors.

3. in an Ethernet network employing a line having at least two
conductors to which nodes are connected, a method for connecting a
node to the line, comprising the steps of:

connecting a first balun and a second balun in series with the two
conductors of the line such that a pair of conductors is formed between
the first balun and the second baiun; and

connecting the pair of conductors formed between the first balun

and thea second balun to digital terminal equipment at the node.



8 the red and green | eads and the yell ow and bl ack | eads, ' '
reversed. As nentioned, wth the connections shown |*ﬂﬂ'ﬂwﬁmum‘mtmn
the characteristic inpedance is reduced from approxi mately X00¢ohks %o %60 *
ohms. Typically, 50 ohm coaxial cable is used in Ethernet applications. The
di fference between 50 ohns and 60 ohns is small enough to permt sone
circuits, particularly integrated circuits, designed for Ethernet coaxial
cable to be nore effectively used with the flat tel ephone cable as

connect ed above. Mreover, with a 60 ohmiGpedance versus a 100 ohm

| npedance, | oading of the medium by the nodes becones | ess of a problem

since it is easier up achitRimethdd @bfiriedl bycleim!3wterein thebine-haptwance.
The cabl e connection di scussed above may al so be used for two buses. A flat

paral l el wire teiemtomdactordaadtwo oulet eanductens includingttbe sdditionahstepsout er
pairs is used. The inner conductors are connected together and the pair of
out er conduct eof adj acent to the inner conductors are al so connected -

together to formone bus. The next outer pair of conductors are connected

and the outer nost igctreallycannactipg $he jnner sRRAUEIEE 1088thalyaRdy i ng a
:5??2& gufsbr Et her n&?&aﬁgﬂfé\ﬁﬁtﬂ?@% ! Sggﬁ%n@ggaﬁgﬁmgél gﬂlr ?(raln%/s can
be tol erated and where the conmonly used tel ephone cabl es having at | east
5. An improved method for coupling a node into a network
where the network uses a generally flat paralle! wire cable having two
inner conductors and at least two outer conductors comprising the steps
of:
slectrically connecting together the two inner conductors to form a
first lead;
electrically connecting together the two outer conductors adjacent
to the inner conductors to form a second lead;
coupling the node to the first and second leads.
6.. The improved method defined by claim 5 inciuding the
additional steps of:
forming two of the first leads;
forming two of the second leads;
providing a first balun and a second balun connected in series;
connecting the first balun and the second balun in series with the

_first and second leads.

7. A network including:



four conductors are put to advantage.
9 I N THE CLAI VB Ve clai m 1. An inproved met hqﬂﬂﬂmﬂl'&m&lﬂ[m"l
a node into a network where said network uses a generally bal ance | s *
conprising the steps of: providing a first balun and a second bal un
connected in series with said generally balanced |ine so as to provide a

pair of |eads between said first balun and said second bal un;

provi ding a connection for a transceiver %? said pair of |eads.

-~

a flat parallel wire cabie having two inner conductors and at least
two outer conductors, the outer conductors being adjacent to the inner
- conductors in the cable; and
a plurality of nodes, each of the nodes being located along the
cable and having a first electrical connection connecting the inner two
conductors and a second electrical connection connecting the outer two

conductors.

8. A network including:

a flat parallel wire cable having two inner conductors, first outer
conductors adjacent to the two inner conductors, second outer
conductors adjacent to the first outer conductors and third outer
conductors adjacent to the second outer conductors; |

a first connection connecting the two inner conductors, a second
connection connecting the first outer conductors, a third connection
connecting the second outer conductors, a foufth connection connecting

the third outer conductors.

9. A medium access unit for providing an interface to an
opening in a flat parallel wire cable, the opening having a first and second
end, the cable having two inner conductors and at least two outer
conductors, comprising:

a first balun having a first and second pair of leads;

_.._.asecond balun having a first and second pair of leads;



2: The inproved nethod defined by claim1l wherein said ¢
bal anced line has two i nner conductors and two outer conducm m

i ncluding the additional steps of: electrically conneelil nlgns{;!)lc!iumalelunl

said inner conductors; and - el ectrically connecting together said
out er conductors. 3. In an Ethernet network enploying a |line
havi ng at | east two conductors to which nodes are connected, a nethod for
connecting a node to the line, conprising the steps of: connecting a
first balun and a second balun in series Weth the two conductors of the
line such that a pair of conductors is forned between the first balun and
t he second bal un; artthe second painofdeadsgf thedfinsbbaiun beirapdonteoted totheed
between the first balun and the second balun to digital term nal equipnent
at the node. first pair of leads of the second balun; :

- one of the leads of the first pair of leads of the first balun being

connected to the inner conductors at one end of the opening, the other of

the leads of the first pair of leads of the first balun being connected to the

outer conductors at the oné end of the opening;

one of the isads of the second pair of leads of the second balun
being connected to the inner conductors at the other end of the opening,
the other of the leads of the second pair of leads of the second balun

being connected to the outer conductors at the other end of the opening.



10 4. The net hod defined by claim3 wherein the line has two
i'nner conductors and two outer conductors including the additional steps
of : el ectrically connecting the inner condu-—t-er—&-t-@ge&&[ ~.and,
el ectrically connecting the outer conductors togethpfiiis SHEET HAS Hien | An

i nproved nethod for coupling a node into a network | wher REFhgepet WOr K uses
a generally flat parallel wire cable having two inl at

| east two outer conductors conprising t hel teps of: electrically
connecting togeiher M WO IFINE s dYGHon ﬁEPéACHrE a first |ead;
electrically corrn'ecr-rn'g—t-uget-lmﬁ—he—hm—fm‘f—[a—cmé'mt ors adjacent to the

i nner conduct orABE coupling the-node to the

first and second | eads. ) The i nproved net hod defined by claim

5 including the add%LthhlohtmﬂaHelephone cabbrhawgg atleast fouie fir st

| eads; formng two of the second | eads providing a first

bal un and a se&ﬂﬁ@uﬁmfﬁnTbGﬁﬂ%%&@ﬁdW%’ﬁrGQMMdtogethe'i:mmﬂPWQ the first

bal un and the second, bal un éerl es wi.th cth first and second (? ?
conductors are ;ome together at each node thereby making reversas o

the inner and outer conductors, which may occur at connectors.
impossible. Each node uses two baluns to provide an unbalanced zone
between the baluns for connecting to the DTE.

Figure 1

hfsllslliileltlilailﬂililli{lgﬂll



7. A network including: 11
a flat parallel wire cable having two i nner conductors and at | east two
outer conductors, the outer conductors being adjacent to the inner :
conductors in the cable; and a plurality of nodes, each of the nodes
bei ng | ocated al ong the cable and having a first electrical connection
connecting the inner two conductors and a second el ectrical connection
connecting the outer two conductors. 8. A networ k i ncl uding:

a flat parallel wire cable having two inner conductors, first outer
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conductors adjacent to the two inner conductors, second outer conductors
adjacent to the first outer conductors and thlrd out er conductors adj acent
to the second outer conductors; a first connection connecting the
two i nner conductors, a second connection_connecting the first outer
conductors, a third connection connectl%ézthe second outer conductors, a
fourth connection connecting the third outer conductors. 9. A
nmedi um access unit for providing an interface to an opening in a flat
paral l el wire cabl g_thejopgni ing a first and second end, the cable
havi ng two inner cond®etdrs {an | east two outer conductors, conprising:
a first -balun havi ng-a. Lijrsti_apd. $econd pair of Iﬁads --~--~a second

bal un having a first and |sedqongl pair of |eads;
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' .  SEARCH REPORT |Application No. 9605490-3 o -
Z/Wthe second:pair of |eadsjof the first balun being connected to
t

1%

th pair of |eads of the secpnd bal un;: one of the | eads of thd
ffi THE ABSGIeA the Tirrst balun berng connected to the 1nner

(‘(?‘1“1 lgmq at _one e ﬁ‘m‘ the opening the other of the |leads of the first
pair of |eads of the first balun being connected to the outer conductors at
tihe o AGNOABLEITE FApNPARALLEL WIRBNE@ABLEt he | eads of the second pair of

I

ot her-£ndohwihide usRenhintlephbfe 2h41E rha@?(nf%?}elehﬁ ar Qonddfors G OY ITRA irneP |
{

lleads gt I hes PRCARG Doy BELAG SANECTEACARubAREs G811 aRIBHUE I QlcheRh: t e
ot her ?L e pent ng. . .
each node thereby making’reversals of the inner and outer conductors, which may occur at
connectors, impossible. Each node uses two baluns (14,15) to provide an unbalanced zone
between the baluns for connecting to the DTE (24).
Figure 1.
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eads of the second bal un being connected to the inner conductors at the

FSGOO05 960628 SG-Abstract




