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Introduction

During the nast few years, we have observed efforts by several large
telephone companies in converting tvwo-wire voice frequency circuits to
four- ylre voice frequency oneration. While this may be economical for
these televhone’ companies, four-wire may not be economical in the
telephone systems of the REA borrovers.

The nurpose of this namer is to inform you that:

(a) With D-66 loading »ll wresent transmission objectives are met
entirely on a tvwo-wire basis,

(b) More stringent, future transmission requirements can also be
met on a two-wire basis when this becomes necessary,

(e) Without additional compensation the use of four-wire voice -
circuits is not economical.

Echo Return Loss and Singing Point

In the A, T. & T. Company's Bluebook, "Notes on Distance Dialing," 1961,
Section Six, echo return loss and singing point objectives are given for
toll connecting trunks., This information is reproduced in Chart I for
ease of reference, There are no compareble objectives for EAS trunks
because of the much shorter distances vhich are normally involved.

Chart I shows that two-wire voice frequency trunks have to meet an echo
return loss of 18 db and a singing point of 10 db, These values apply
vhen the circuits are being acceptance tested and therefore the test
termination used is a 900 ohm resistor in series with a two microfarad
capacitor effectively at the Class-5 office and the Class-k office,

From the same Chart I, we also see that there is an additional requirement,
This requirement says that during the design stage (that is, when the
paper computations sre made) if a typical Bell system subscriber loop is
assumed at the Class-5 office, then at the toll center a value of 15 db
echo return loss should be obteined at the Class-4 office, The "average
Bell system loop" which gives 11 db return loss in the echo range is



i e i Lt KAk ool L i e o e ey 4 d P D SV S L S Y

shown in Anpendix III. In any peper design when the 15 db ERL is
obteined et the toll center by computetion, then it is assumed that this
trunk will meet the 18 db ERL upon acceptance testing using the €00 ohm
and tmo microfarad terminations,

We now meke reference to Tables I and II and the enclosed Figures 1l-l,
Typical 22 gauge and 19 gauge, two-wire D-66 loaded trunk applications
sre shown using the low cost E-6 type repeaters. Two cases are con-
sidered there, In the first case the E-6 repeater is at the Class-5
office and there is no repeater at the Class-l4 office., 1In the second
case an additional E-5 repeater is located at the Class-b office set
for 3 db gain and this is the maximum gain for this repeater. All the
examples shovmn are VNL + 2 trunks. They represent the "worst cases"
inasmuch as this is the maximum circuit length which will meet VNL + 2
loss objectives, This also méans that for circuit lengths shorter than
this the performipce will be even better, -

These things are now evident from the measurement’déta‘in Tables I and
II: S

(a) The echo return loss using the average bell system loop is
much better than -the 15 db which has to be met.

(b) The echo return loss using the 900 ohm + 2 microfarad termina-
tions is much (much) better than the 18 db which has to be
met, The actual values are as high as 33.5 db,

(¢) The singing point using S00 ohm and 2 microfarad terminations
is much better than the 10 db which has to be met Actual
values are as high as 23 db,

(d)‘ The circuits are operating ‘at VNL + 2 db and they are
unconditionally stable, .

Thus, one can see that this type.of tvo-wire design not only meets VNL + 2
db, echo return loss and singing point objectives, but the actusl perfor-
mance is much better than what is needed.  The reason for this, of )
course, is the D-65 loading system and, in addition, the good character-
istics of [-6 repeaters vhich are a rsther good match for D-65 loading.
One also concludes from Tables I and II that the performance of this
two~vire system is as good and in some respects even better than that
obteined from modern day, well-engineered carrier systems.

Wﬁat About Future Requirements?

A question which erises and which is a natural one is "what about future
requirements?" Would they be more stringent? Will this two-wire design
be able to meet such requirements? These are good questions.inasmuch as
vhen engineering for the present one should not lose track of the future
when permanent types of plant are involved,
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The answer to this particular question is given in Table III, In this
teble one simple addition has been made to the two-wire D-65 design.

An impedance compensator has been added at the toll center, This impe-
dance compensator is a simpmle 22 MH loading coil and a building-out
capacitor including the low frequency corrector, This is nothing else
but an LBO of an E-6 repeater.

Table III shows that the addition of this simple and inexpensive compen-
sator increases both the echo return and the singing point tremendously.
For the 22 gauge ERL is 33.5 db while for the 1¢ gauge it is 36.5 db.
The respective values for the singing poi t are 28 and 24 db, '

When one considers that in 165 we have to meet 18 db ERL and 10 db SP
it becomes very clear that this two-wire design has a pretty substantial
margin built into it. This means that vhen more stringent objectives
come zbout one does not have to junk the two-wire and go to four-wire.
The performance will be there just for the asking vwith a very simple
modification., This, in my view, represents continued economy for the
telephone systems of the REA borrowers.

Four~Wire Voice Circuits

In Table VI a four-wire voice frequency circuit is shown., The particular
gavge shovn is 19 gauge but this is not the immortant thing here because
a gauge much finer than this could have been used a2lso., The woint vhich
is made here in favor of the four-wire voice frequency operation is that
under the condition of Q00 ohm and tvo microfarad terminations only the
echo return loss is very good at 20,5 db and it remains approximately

the same regardless of the circuit net loss whether it be 2 db or 3 db,
etc. This particular characteristic is a good fezture for a circuit to
have, Many peonle, however, have the erroneous impression that this is
peculiar to four-wire circuits. Thet is, in order to get high enough
values of echo return loss one must resort to four-wire circuits, This
is not necessarily so vhen the type of loading system used is taken into
consideration., For examnle, with some types of loading systems about

the only way that modern-day transuission objectives can be met is by
gbandoning the two-wire operation and going to four-wire, With other
types of loesding systems two-wire operation can result in especially good
performance, This is the case with the D-66 loading system :nd this is
one of the major reasons for having recommended its use in the first place,

Now then, if a comparison is made between the four-wire echo return loss
and singing point performance in Table VI and the two-wire performance

in Table IIT, we can see that the two are as good and the two-wire perfor-
mance is cven better! In view of this it becomes very difficult to justify
the use of four-wire circuits, et least in the telephone systems of the

REA borrovers.

Low Loss Circuits

Often csses arise vwhere non-toll completing circuits must overate at low
losses. This may come about, for example, in tendem connections., There
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it may be desired to operate the total connection at 2 4 db loss and this
means that each link must operate at one-half of this loss or 2 db, Get-
ting circuits, tvo-wire voice frequency 01rcu1t,, that is, to operate at
such lov losses and st the same time remain staeble during dialing, sig-
naling, ringing, talking and idle conditions becomes indeed a problem,
For this reason the approach has been to go to four-wire operation,

With D-66 loading circuits can be operated at extremely low losses on a
two-wire basis., How this is done is shown in Chart II for 2&, 22 and 19
gauge exchange cables., In all cases the low cost E-6 repeater is used
at one terminal location only or at both circuit ends depending upon how
lov it is desired to make the circuit loss., This chart shows that with
repeaters at both ends the circuit cen operate as low as .8 db and this
value also 1ncludes office losses,

Therefore v1th the D-66 loading the circuits can be strlctly on a tvo-
vire basis and a very low net circuit loss can be realized and there is
no need for the less economical four-wire operation or other specialized
solutions. ' '

Delay Distortion

Data transmission is now virtually revolutionizing the way that large
enterprises conduct their day-to-day business and this promises to be the
case for many more daily transactions large or small., This service for
transmitting data is now provided by the message telephone network, It
is estimated that by 1970 maybe as much as 50 percent or more of the
total revenue of the largest telephone companies in the United Stetes
will be from data transmission,

Beczuse of the requirements imposed by delay distortion certain types of
loeding systems cannot be used for data transmission. One of the impor-
tant features of D-65 loading, however, is that it can be used for rather
high speed voice frequency data transmission, The actual performance is
shovn in Figure 1 for the various gavges and various cable mutual capaci-
tance values, For .083 microfarads per mile nominal cable the envelope
delsy between 1,000 to 3,000 cps is 27 microfarads per mile.

Circuit Freguency Response

On the matter of frequency response very little needs to be said about
this with D-65 loading, There is very little deviation between 1,000
to 3,000 cps end very good response even up to 4,000 cps. Some very
typical frequency response performance vhich can be expected with D-66
loading can be seen in Figures 2 and 3.

The wideband response of the D-65 makes it possible not only to use to
advantege the frequency response inherent in the 500 type telephone set
both transmitting and receiving, but also to match the frequency response
of carrier systgms of modern design. Modern design carrier systems meet
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the response requirements of CCITT and have an effective bandwidth'(that
is, 3 db down points relative tp 1,000 cps) at 300 and 3,400 cps. This
can be seen in Figure 4 for a W. E. Co. "N-2" carrier system., Thus, the .
D-65 will be a good match when connecting with such carrier systems.
Other tynes of loading systems with narrower tandwidths than that of the

carrier system will not.

Voice Frequency Extensions

Voice frequency extensions for a technique where the circuit operates by
cerrier or radio multiplex equipment for a portion of the distance and
from there on it connects to voice frequency facilities. The voice fre-
quency wortion need not be four-wire, Tne reascon for this, egein, is
because it is not needed for transmission reasons. All present DDD
obiectives and other requirements are met solely on the basis of two-wire
D-65 operation and more strincent future objectives can also be met vhen
this becomes necessary, All the considerations, all the discussion given
above on circuits which are entirely on a voice frequency basis ere also
applicable to these voice frequency extencions,

Voice frequency extensions find wide spread use in the telephone systems
of the REA borrowers because they sre more econcmical, For example, they
allow the connecting company to use carrier or four-wire voice for their
portion of the route vhere they so desire and the REA borrower can use
two-wire voice to connect with them and this may be vastly more economical
to him.

The thing to remember with two-wire voice frequency extensions is that

they allow the connecting company to use the most economical instrumen-
talities to them and also those which may be the most economical for the
REA borrower and also all transmission objectives are met,

Some actual performance which is expected with two-wire D-55 voice
frequency extensions off carrier is shovn in Table VII, . The particular
measurements were made at the Bell toll center at Tron Mountain, Michigan,
The telephone company connecting vwith Bell is the Ontanagon Telephone
Comnany, Ontanagon, Michigan. The echo return loss performance showvn is’
much better than the objectives needed to be met. :

Circuit Length Cépability

Tvo-wire voice frequency circuits D-56 loaded with the economical E-6
repcaters will accommodate quite 2 range of distances. In Chart III the
maximum ceble lengths which meet VNL + 2 objectives for toll connecting
trunks and 4 db for REAS trunks are shown for 24, 22 and 19 gauge exchange
cables, It can be seen that with as fine a gauge as 24 circuits as long
as 8.5 miles will meet VNL + 2 cbjectives, With the 22 gauge this length
becomes as much as 14,8 miles, . For the EAS applications the respective
distances become 13,3 and 21.6 miles,
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Summary and Conclusion

From a technlcal standpoint there is no advantage to four-wire v01ce
frequency operatlon vhen using D-65 loading.

Two-wire voice frequency operation with D-66 loading not only meets but
will actually give better results than the prescnt objectives and require-
ments which have to be met, ' - :

For the future the tuo-wire D-H5 system stands ready to provide even
better transmission service because it has this built-in transmission
flexibility.

Because four-vire voice frequency operation is normally less economical
in the telephone systems of the REA borrowers, two-wire justification
should be required in all ceses where four-wire operation is actually
used.
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