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During the T)ast.few years, we have observed efforts by several large 
telephone comnanies in converting tlro-wire voice frequency circuits to 
four-,..1~re v_o_ice .freqnency oneration. While this may be economical for 
these ·tele"Jhbne companies, four-1·,ire may not be economical in the 
telephone systems of· the REA borro~•ers. 

The nurpose of this naDer is to inform you that: 

(a) With D-66 lo;;dine nll •)resent transmission objectives are met 
entirely on a t-wo-,:ire basis • 

. (b) More strinc;ent, futur·e transmission requirements can also be 
met on a two-wire basis when this becomes necessary, 

(c) Without additional compensation the use of four-wire voice 
circuits is not econo,.1ical. 

Echo Return Loss and Singinp: 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 comparable objectives for EAS trunks 
because of the _much shorter distances which 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 
when the circuits ar.e being acceptance tested and therefore the test 
termination used is a 900 ohm resistor in series with a two microfarad 
capacitor effectively at th~ Class-5 office and the Class-4 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 .are 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 retur·ri loss should be obtained at the Class-4 office. The "averaee 
Bell system loop" which gives 11 db return loss in the echo range is 
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shown in APl)endix III. In any paper design when the 15 db ERL is 
obtained et the toll center by computetion, then 'it is assumed that this 
trunk will meet the 18 db ERL upon acceptance testing using the S'OO ohm 
and t 1, 10 microfarad terminations. · 

We now me.ke reference to Tables I and II and the enclosed Fieures 1-4. 
Typical 22 gauge and 19 gauge, two-wire D-66 loaded trunk applications 
are shovm 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-4 office. In the ·second 
case an additional E-6 repeater is located at the Class-4 office set 
for 3 db gain and this is the maximum gain for this repeate·r. All the 
examples sho\om are VNL + 2 trunks. They represent the "wor1?t cases" 
inasmuch as this is the maximum circuit length which w~ll meet VNL + 2 
loss objectives. This also means that for circuit lengths s_hort·er than. 
this the performance will be even better. r , 

,• 

These things are now evident from the measurement data in Tables I. and 
II: 

(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. 

(c) The singing point using 900 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 tY1?e. of t\o•o-wire design not only meets VNL + 2 
db, echo ret~rn loss and singin3 point objectives, but the actual perfor­
mance is much better than what is needed •. The reason for this, of 
course, is the D-66 loading system and, iri addition, the good character­
istics of E-6 repeaters which are a rather good match for D-66 loading. 
One also concludes from Tables I and II that the performance of this 
two-wire system is as good and in some respects even bett~r than that 
obtained from modern day, well-engineered carrier systems. 

What About Future Reqvirements? 

A question which arises and which is a natural ·one is "what about future 
requirements?" Would they be more strinc;ent? Will this two-wire design 
be able to meet such requirements? These are good questions.inasmuch as 
when engineering for the present one should not lose track of the future 
when permanent types of plant are involved. 
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C The answer to this particular question is given in Table III. In this 
table one simple addition has been made to the two-wire D-66 design. 
An impedance compensator has been added at the toll center. This impe­
dance compensator ls a sim~le 22 MH loading coil and 8 building-out 
capacitor includins· 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 i·1hile for the 19 gauge it is 36,5 db. 
The respective values for the singing poi tare 28 and 24 db. 

When one considers that in 1S65 we heve 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 uhen more stringent objectives 
come about one does not have to junk the two-wire and go to four-wire. 
The 1Jerformance will be there .just for the asking ,Ii th 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 voir.e frequency circuit is shm:n. The 1;>articular 
Gauge shovn is 19 gauge but this is not the im;)ortant thinG here because 
a gauge much finer then this could have been used also. The ·1)0int i·ihich 
is made here in favor of the four-wire voice frequency operation is that 
under the condition of 900 ohm and h·o microfarad terminations only the 
echo return loss is very ~ood at 2S',5 db and it remains approximately 
the same recardless 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 peoulc, however, have the erroneous impression that this is 
-peculiar to four-wire circuits. That is, in order to get high enough 
values of echo return loss one must resort to four-wire circuits. This 
is not necessarily so when the type of loading system used is taken into 
consideration. For exami?le, with some ty-pes of loading systems about 
the only way that modern-day trnns111ission objectives can be met is by 
abandoning the two-wire operation and going to four-wire. With other 
types of loedine; 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 havine recommended its use in the first place. 

Now then, if a comparison is made behreen the four-wire echo return loss 
and singing point performance in Table VI and the t~··o-vire performance 
in Table III, we can see that the two are as good and the tvo-wire perfor­
mance is even better! In view of this it becomes very difficult to justify 
the use of four-wire circuits, at least in the telephone systems of the 
REA borr01·•ers. · 

Lou Loss Circuits 

Often cases arise where non-toll completing circuits must operate at low 
losses. This may come about, for example, in tandem connections. There 
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it may be desired to operate the total connection at a 4 db loss and this 
means that each link must operate at one-half.of this loss or 2 db. Get­
ting circuits, two-wire voice frequency circuits, t'hat is, to operate at 
such low losses and at the same time remain stable 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 shm-m in Chart II for 24, 22 and 19 
gauge exchange cables. In all cases the lou cost E-6 re-peater is used 
at one terminal location only or at both circuit ends depending upon how 
low it is desired to make the circuit loss. This chart shm•;s that Hi th 
repeaters at both ends the circuit can operate as low as .8 db and this 
value. al~o .. includes office losses. 

Therefore wi··tii the D-66 loading the circuits can be strictly on a two­
wire basis and a very low net circuit loss can be realized and there is 
no need for the le~s economical four-uire 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 l)romises to be the 
case for many more daily transactions large or small. This service for 
transmittina 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 tele~hone companies in the United StRtes 
will be from data transmission. 

Because of the requirements imposed by delay distortion certain types of 
loading systems cannot be used for data transmission. One of the impor­
tant features of D-6S loading, however, is that it can be used for rather 
high s~eed voice frequency data tronsmission. The actual performance is 
shown in Figure 1 for the various gauges and various cable mutual capaci­
tance values. For .083 microfarads per mile nominal cable the envelope 
delay b~tween 1,000 to 3,000 cps is 27 microfarads per mile. 

Circuit Frequency Response 

On the matter of frequency response very little needs to be said about 
this.with D-66 loading. There is very little deviation betueen 1,000 
to 3,000 cps and very good response .even up to 4,ooo cps. Some very 
typical frequency response perforr!lance which can be expected with D-66 
loading can .be seen in Fieures 2 and 3. 

The wideband response of the D-66 makes it possible not only to use to 
advantage the frequency response inherent in the 500 type telephone set 
both transmitting and receiving, but also to match the frequency response 
of carrier syst~ms of modern design. Modern design carrier systems meet 
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the resnonse requirements of CCITT and have an effective bandwidth ·(that 
is, 3 db dm,m points relative t9. 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-6S will be a good match when connecting v!ith such carrier systems. 
Other tynes of loading systems with narrower --::-andwidths than that of the 
carrier system will not. 

Voice Frequency Extensions 

Voice frequency extensions for a technique where the circuit operates by 
carrier or radio multiplex equipment for a ~ortion of the distance and 
from there on it connects to voice frequency facilities. The voice fre­
quency ,,ortion need not be four-wire. The reason for this, egain, is 
because it is not needed for transmission reasons. All present DDD 
ob,~ectives and other requirements are met solely on the basis of two-wire 
D-6S operation and more strin2:ent ft 1.ture objectives can also be met when 
this becomes necessary. All the considerations, all the discussion r;iven 
above on circuits which are entirely on a voice frequency basis ere also 
ar,-plicable to these voice frequency extem:ions. 

Voice frequency extensions find wide spread use in the telephone systems 
of the REA borrowers because they are more economical. For example, they 
allow the connecting company to use carrier or four-,Tire 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-,dre voice frequency extensions is that 
they allow the connecting company to use the most economical instrumen­
,:;alities 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-66 voice 
frequency extensions off carrier is shmm in Table VII. The -particular 
measurements were made at the Bell toll center at Iron Mountain, Michigan. 
The telephone company connecting l'i th Bell is the Ontanagon Telephone 
Comuany, Ontanae;on, Michigan. The echo return loss 11erformance shmm is · 
much better than the object~ves needed to be met. 

Circuit Leneth Capability 

Two-wire voice freqt'ency circuits D-66 loaded with the economical E-6 
repcoters will accomI!lodate quite a range of distances. In Chart III the 
maximum cable len3ths 1·1hich meet VNL + 2 objectives for toll connecting 
trunks and 4 db for EAS trunks are sho,m for 2tr, 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 c.bjecti ves. 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 technical standpoint there is no advanta~e to four-wire voice 
frequency operation uhen using D-66 loading. 

THo-wire voice frequency operation with D-66 loading not only meets but 
will actually give better results than the preocnt objectives and require-
ments which have to be met. · 

For the future the tvo-wire D-66 system stands ready to provide even 
better transmission service because it has this built-in transmission 
flexibility. 

Because four-wire vo:i.ce frequency operation is normally less economical 
in the telephone systems of the .REA borrowers, two-wire justification 
should be required in all cases where four-wire operation is actually 
used. 
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1.08 ECHO RETURN LOSS ON TERMINAL TRUNKS IS MEASURED WITH A NOISE GENERATOR AND A 3A NOISE MEASURING SET--:~:_'._/.:_ 
OR EQUIVALENT.. THE NOISE GENERATOR IS OF .THE RANDOM NOISE TYPE AND THE OUTPUT SHOULD BE SHAPED _ . ~. _·: '.._.> .. 

VITH A WEIGHTING NETWORK TO RESEMBLE THE ENERGY SPECTRUM FROM A TELEPHONE TRANSMITTER. THE NOISE -----~,_-: . 
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8.10 IF THE AVERAGE ECHO RETURN LOSS AS OUTLINED IN PARAGRAPHS 8.07 AND 8.09 IS OBTAINED UNDER TEST, IT IS 
EXPECTED THAT THE DESIGN ECHO RETURN LOSS OF 15 DB (STANDARD DEVIATION OF 3 DB) WILL BE MET UNDER 

SERVICE CONDITIONS WITH ACTUAL SUBSCRIBER LOOP TERMINATIONS. 
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