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1. GENERAL

1.1 This section is intended to provide REA borrowers, consulting engineers, contractors and other
interested parties with technical information for use in the design and construction of REA
borrowers' telephone systems. It provides in particular, technical information for use when making
Single Frequency Structural Return Loss measurements (SFSRL) and Echo Structural Return Ioss
Measurements (ESRL) on D-66, H-88 and D-66/H-88 loaded cable plant intended for trunk or subscriber
loop applications. This section describes how to make the structural return loss measurements.
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1.11 This section provides specific information on the following:
1.111 The return loss theory underlying the measurements.

1.112 How to measure the structural return loss (SFSRL and ESRL) of uniform D-66 or H-88 loaded
single gauge cables.

1.113 How to measure the structural return loss (SFSRL and ESRL) of D-66 or H-88 mixed gauge
cables.

1.114 How to measure the structural return loss of D-66/H-88 loaded cables using the D-66/H-88
Junction impedance compensator.

1.115 Required test equipment for conducting the measurements.

1.116 Component and wiring information for constructing test hybrids and D-66 and H-88 precision
networks when the need arises.

1.117 Illustrative results of cables measured in REA borrowers' systems.
1.118 Data sheets for recording measurement data.

1.2 The measurements described herein are not applicable to loaded trunk cables which contain lengths

of rural distribution wire, non-loaded cable, open wire conductors or trunk -plant which consists
entirely or predominantly of rural distribution wires. Issue No. 2 of this section replaces Section
L4h5, Issue No. 1, in its entirety.

1.3 The actual step-by-step measurement procedures for SFSRL and ESRL are discussed in paragraph 8.

2. THE MID-SECTION IMPEDANCE OF A LOADED CABIE

2.1 For every telephone line with uvniformly distributed constants, there is a value of impedance such

that if the line is terminated in thi's impedance no reflections exist at that end. This impedance
is' knowvm as the characteristic impedahce of the line, The characteristic impedance can also be defined
as the input impedance of an infinitely long line without regard to the value of the terminating
impedance at the receiving end.

2.11 Regardless, however, of the definition used the important consideration is that if a line is
terminated in its characteristic impedance the reflected energy is zero at every point in the line,

2.2 In a loaded cable the amount of inductance added by the loading coil is large as compared to the
inductance of the cablie pair {about 80 times to one for D-66 and H-88 loading). Since the

impedance of any line increases as the inductance of such a line increases, this tends to raise the

characteristic impedance of the line., Therefore, the value of the characteristic impedance of a loaded

cable pair is generally higher than that of a non-loaded cable pair of the same gauge at the same

frequency, except at very low frequencies where the loading is not effective and the two impedances

are nearly equal.

2.3 A loaded cable differs significantly from a non-loaded cable in this respect. The inductance

of the non-loaded cable pair is uniformly distributed (the same value of inductance for each small
increment in cable length) whereas the loaded cable has its inductance lumped at discrete intervals (at
intervals of U500 feet, for example, for D-loading). Loading a cable produces two important characteristics:

2,31 The loaded cable now acts as a low pass filter with a cutoff frequency determined by:

fo= 1
7c \/ 0
where L is the sum of the loading coil and cable pair inductance per full loading section length

in henries, C is the cable pair mutual capacitance per full loading section length in farads and f, the
cutoff frequency in cps.

2,32 The value of the characteristic impedance of the loaded cable depends upon the point in the end-
section at which it is measured. That is, the value of this impedance is different at different

points along the end-section. The length of the end-section at the peint of measurement is usually

expressed as a percentage of the full load spacing for the particular loading system in question. For
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example, if impedance measurements are made between the 2250 foot ends of a D-66 loaded system, these
measurements would represent the impedance of the cable between 0.5 end-sections (ES) or better known as Mid-
Section Impedance. For an H-88 loading system, the mid-section impedance would require only 3000 feet of
end-section length.

2,321 Fig. 1 shows the variation in the magnitude of the mid-section impedance of a 22-gauge exchange
type cable D-66 and H-88 loaded in the frequency range of 200 to k700 cps, including the region

of the cutoff frequency. Irom inspection of the H-88 curve, it will be seen that the characteristic impe-
dance remains relatively flat at approximately 1000 ohms in a very narrow frequency range of TOO to 1300
eps. At other frequencies large impedance changes occur with changes in frequency. The D-66 impedance
curve displeys less variation in the same frequency range. At 3000 cps, for example, its mid-section
impedance rises only to 1270 ohms. To illustrate the effect which the length of the end-section has on
loaded line impedance, Fig. 2 shows such a typical variation for a 2I and 22 gauge exchange type cable
D-66 loaded as a function of both frequency and end-section length. At 3000 cps the characteristic impe-
dance for the 22-D-66 is 1270-380 ohms for the 0.5 end-section while at 0.0 it becomes 99k-3563 ohms.
Therefore vhen making structural return loss measurements, end-section lengths must be known accurately
since they can affect the results of the measurements in a major way.

2.322 It should be borne in mind that REA TE & CM-431, "Volce Frequency Loading for, Trunk Cables," and
REA TE & CM-42k, "Design of Subscriber Loop Plant", require that plant be designed and built on
the basis of 0.5 end-sections or 2250 feet for D-66 loading. Other apnlicable REA Telephone Engineering and
Construction Manual sections dealing with attenuation and reflection losses of loaded cables have been
prepared on the basis of 0.5 end-gections or mid-section impedances.

2.4 Short Rules to Remember:

2.41 If a loaded cable is infinite in length (in practical terms, 15 db or longer one-way attenuation at

1000 cps) what happens to its far-end terminal has no effect on the impedance seen at the near-
end terminal. This means that the termination at the far end can vary, for example, from 100 million
oms to one ohm (actually from an open to a chort) and this does not chanze the value of the near-end
impedance.

2.42 The mid~section irmedance of a loaded cable which is infinite in length means the impedance of a
loaded cable when looking into it from an end-section vhich is one-half the length of a full
loading section and whose far-end section is also one-half the length of a full section.

3. THE PRECISION BATANCTIIG NETWORK

3.1 The successful performance of negative resistance (E-6 type), negative impedance (E-23 type) and
hybrid voice frequency repeaters depends not only on their design characteristics but also on the

electrical characteristics of the plant facilities over which they are to operate. Fundamentally, good
performance depends on the degree of match possible between the plant impedance and the repeater network
impedance at all frequencies. Though in the case of hybrid-type repeaters operating on a two-wire basis
transmission within the repeater amplifiers is unidirectional (two separate amplifiers required, one in
each direction of transmission) while in the negative resistance and impedance type it is bidirectional,
both modes of operation depend on proper impedance match between their respective impedance networks and
the plant impedance. Issentially, the better the impedance match, the more repeater gain is possible.
Devices which make this match possible are vrecision balancing networks more commonly known as balancing
networks.

3.2 Two-terminal networks which very closely simulate the impedance of the type of plant over which voice
frequency repeaters are intended to operate, over the entire frequency range of interest, are termed
Precision Balancing Networks and abbreviated PBN. Precision balancing networks which simulate the impedance
of two types of loading systems (D-66 and H-88) at all frequencies of interest are an integral part of the
equipment required for making the structural return loss measurements described herein.

3.21 Fig. 3 shows the configuration of the REA design for a precision balancing network which matches
the mid-section impedance of 19, 22 and 24 gauge exchange type cable D-66 loaded (its impedance is
shown in Fig. 1). The design showm in Fig. 3 can be convenlently made up if the parts, to the values
shown, are locally available. The C-115DL precision balancing network made by the Ceeco Company or the
Comminication Apparatus Corporation type 115DL or its equivalent may also be used.

3.22 The W. E. Co. 115H or the Ceeco C-115H PBN's are used for 19 and 22 gauge cables H-88 loaded. For
2l -H-88 loaded cable the W. E, Co. type 115AL PBN must be used.

3.3 Short Rules to Remember:

3.31 A precision balancing network is a two~terminal device which simulates the impedance of an infinitely
long loaded cable over the entire frequency range of the loading system.
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3.32 A loaded cable which is finite in length (all applications encountered in common practice are
included under this definition of finite) can be made to have its impedance look like the impedance
of a loaded csble which is infinite in length. This can be done by connecting a precision network at the
far-end terminals of the cable; the impedance seen at the near-end terminals is now the infinite line impe-
dance. In additlion, if the end-section at the near-end is 0.5, the resulting impedance is termed the mid-
section characteristic impedance or the mid-section infinite line impedance. -

L, WHAT IS STRUCTURAL RETURY 108S (SRL)

.1 Fig. 1, which displays the mid-section infinite line impedance characteristics. of.22-D-66.cable
shows a uniform curve at all frequencies with no evidence of even minor impedance irregularitizs.
This is as it should be, since the assumptions on which the derivation of this curve have been based assume
the loaded cable pair in question to have ideal characteristics, that is:

a. The cable mutual cepacitance for each 4500 feet loading section (6000 feet for the H-88) 1s precisely
the same.

b. The loading coil inductaence at each load 1s precisely the same,

c. The physical distance between each two consecutive load colls is precisely 4500 feet (6000 feet for
the H-88).

4.2 In an actual loaded ceble the above factors cannot be mede ideal due to practical considerations
relating to manufacture and construction. Some of these are:

a. Varlation of cable pair mutual capacitance mainly from paiyr to pair and from reel to reel.
b. Variation of coil inductance from loading coll to loading coil.

c. Practical staking, construction and maintenance problems do not permit placing loading coils at
exact specified intervals.

.3 To the extent that the cable pair mutual capacitance, the loading coil inductance and load coil

spacing all mey depart from their assigned value and that the variables in question may occur in any
random manner and relative degree, the smooth impedance characteristic of Iig. 1 has now been somevhat
altered. These small impedance variations compared to the ideal impedance result in small reflection cur-
rents which eventually reach the near-end or point of measurement. The overall value of these small reflec-
ted currents is known as structural return loss and is usually expressed in db., The greater the reflection
current the lower will be the structural return loss in db and the poorer the circuit performance will be.
An ideal cable which has not even small irregularities has zero reflected currents and therefore 1ts struc-
tural return loss is infinite. Structural return loss therefore is a figure of merit of the completed
cable plant with regard to impedance uniformity and it reflects the quality of uniformity (or lack of 1t)
in the mutual capacitance of the cable product, the quality of uniformity {or lack of it) in the inductance
of the loading coil product and the care with which the plant has been staked and loading coils accurately
placed (or lack of accuracy). The greater the care and better the methods used to build plant the higher
the figure of merit of the plant will be and the higher the structural return loss. High values of struc-
tural return loss mean plant with high performance capability.

k.31 Strictly speaking, the structural return loss of a loaded cable is an index of the departure of the
impedance of the actual circuit under measurement from the ideal characteristic impedance. Since,
however, the precision balancing networks discussed in this section precisely simulate the ideal character-
istic impedance, the structural return loss is taken as the balance between the cable circult under test
and its corresponding precision balancing network used for the test.

bkt Since the structural return loss is dependent on the random combination of a large number of small
reflected currents due to the factors in paragraph 4.2 above and in addition the phase of the reflec-
ted currents vary with frequency, the resulting structural return loss displays peaks and valleys over the
frequency range measured. Iixamples of actual loaded cable pailrs shown in Figs. 20-30 show the peak-and-
valley~frequency effect.. Structural return loss values are extremely high. This 1s indicative of cable
plant with good flgure of merit and therefore containing very small random irregularities.

.5 An examination of the SFSRL plots in Figs. 20-35 will indicate that there is some frequency vwhere
the value of the SRL is the lowest. This frequency together with this lowest (worst) SRL value
within the 300 to 3000 cps range is known as the Critical Frequency Structural Return Loss (CFSRL). It
is this value of CFSRL in REA TE & COM-4hl, "Calculation of Net Loss of Negative Impedance Repestered, Loaded
Trunks", and RFA TE & CM-hh6, "Design of Two-Wire D-66 Loaded Negative Resistance Repeatered Trunk Plant”,
vhich 1s used to compute repeater gains. For example, reference to Fig. 20 shows the CFSRL value to be 35.2
db at the critical frequency of 2400 cps.




REA TE & CM-hh5

.51 Important Note: In Figs. 20-30 the critical frequency structural return loss 1s also shown for a
frequency range between 300 to 3400 cps, indicated as "3400 cycle band". With the D-66 loading system
the cutoff frequency is well beyond 4500 cps and this means that a frequency band up to 3400 cps can be quite
usable. The present voice frequency repeater equipment and 500 type telephone sets transmit well up to 3400
e¢ps. Further, many new trunk cerrier systems are now being engineered for a 300 to 3400 cps bend while others
are being modified for improving thelr bandwidth characteristics. Therefore, when making acceptance tests on
D-66 lomded cable plant, not only the 3000 but the 3400 cycle band CISRL should be recorded.

4.6 Single Frequency Structural Return Loss (SISRL)

.61 As discussed in paragraph 4,31 above the essential Ffactor when maling structural return loss

measurements is that the cable pair at its far-end, and at the test hybrid on its network side must
each be terminated in precision networks which match the impedance of the cable over the entire frequency
range of interest to be measured. Therefore, measurement under precision network terminatlons constitutes
a structural return loss measurement. In addition, if the measurements are made with conventional single
frequency oscillator and AC-VIVM equipment, using point-by-point techniques measuring each frequency sepa-
rately, the measurements are further termed single frequency or SF. Structural return loss measurements
using point-by-point methods are termed Single Frequency Structural Return Loss or SFSRL. Paragraph .5
above refers to SFSRL type of measurements.

4,62 Devices of the single frequency oscillator and AC-VIVM type are available which measure the entire

frequency range of interest in a loaded cable by sweeping through the entire range. Such equipment
is known as Swept~band Oscilloscopes or Level Tracers and make possible substantial simplifications in
testing. Their use is discussed in parasgraph 7.2 below.

4,63 The step-by-step measurement procedures for meking the SFSRL measurements are discussed in
paragraph 8.

4,7 Echo Structural Return Loss {ESRL)

L.7L In addition to the point-by-point, single frequency procedures of paragraph 4.6 above other methods
are available which measure the structural return loss by a single measurement only. This is accom-

plished by a source of random noise which replaces the single frequency oscillator_and a nolse measuring
set, replacing the AC-VIVil. The energy from the noise generator is evenly distributed throughout the
voice frequency range. That 1s, all frequencies are present at the same time and approximately in the

same amount of power. Because the noise source generates a wide band of frequencles, a network is provi d
to shape 1ts output to match the frequency characteristics to normal message telephone channels. The batu
of frequencles used for this purpose range from 500 to 2500 cps.

4,72 The "echo" band %n a message telephone circuit is considered to occupy the frequency range between

500 to 2500 cps. It is thought to be representative of the freguencies which are important during
talking conditions. Structural return loss measurements made with random noise equipment in this frequency
range are classed Echo Structural Return Loss Measurements and abbreviated ESRL. The generator used to
supply the random noise is the W. E. Co. 201B Noise Generator using a 4558 weighting network or the Northeast
Electronies Company type TIS 56. The detector used to measure the returncd noise power is the W, E. Co. 3A
Noise Measuring Set using C-message weighting or the Northeast Electronics Company type TTS 37B or equivalent.

k.73 The step-by-step measurement procedures for making the ESRL measurements are discussed in
paragraph 8.

5. THE HYBRID AND THEORY OF OPERATION

5.1 Throughout the above mentioned discussion of structural return loss the existence of a device capable
of measuring this quantity has been tacitly assumed. This device is the hybrid coil or more generally

known as the hybrid. UYhile the hybrid may be described in various ways, it accomplishes the basic function
of separating the two directions of transmission in an otherwise bidirectional transmission medium. That
is, it provides with other associated equipment, a means for the transmil and receive branches of a circuit
vhich are fundamentally derived on a four-wire basis to be routed over the same two-wire bidirectional line
with emphasis on keeping the interaction to a minimum. It should be noted that resistors may also be used
as elements for performing a hybrid-type function.

5.2 The hybrid is an inaispensable component of the telephone plant. Due to its inherent capability of
providing direction-of-transmission separation 1t did in fact make the introduction of electronic
amplification in telephone plant possible and in ihis respect made long distance communication possible.
The uses of the hybrid are many and varied. Some of the more prominent Iyhrid applications are listed
below.

IAT&T Company's "Notes on Distance Dialing", 1961, Section 6.
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1o

5.21 In the Telephone Set. o separate the "tronsmitber" from the “receiver' branch.

5.22 On Two-ire Operavion of "V" Type Repeaters. To separabe the four-wire transmission within the

repeater from the two-wire line, vwhere two-wire-line transmission is involved.

5.23 On Four-Wire Operation of "V" Type Repesters. To combine the four-wire-line transmission to the
user's two-wire telephone line. A hybrid operating in this manner is often known as g Four-ilire
Terminating Set.

5.2l In Carrier or Multiplex Dadio Clreuits. ALl carrier derived circuits whether transistorized or
vacuum tube, trunk or subscriber, open wire or cable, operate essentially on_a four-wire basis.
That is, each direction of transmission is electrically separated from the other direction. Hybrids are
used for routing both directions of voice frequency over the same two-wire line. In this respect, it is
similar to the "V" type repeater described in paragraph 5.23 above.

5.25 Terminal Balance for VIL Circuits, Intertoll trunks, designed according to present transmission
practices operate at very low net losses. To make this possible without objectionable echo or sing-
ing an extensive degree of balancing must be applied. Of the devices used for making this possible, the
hybrid is an integral part.

5.26 Measurement of Rebturn Loss. This may include the return loss of two dissimilar impedances, the
degree of terminal balance of a toll center, the return loss characteristics of a subscriber loop
or generally any measurement vhich seeks to establish the degree of balance or match between the quantities
under consideration.

5.3 Figure 5 shows several examples where hybrids are required for the application intended, while
Figure 6 shows some of the different types of hybrids in use.

5.31 In examining the manner in which the hybrid accomplishes its intended function, the Wheatstone
Bridge analogy offers a convenient means of explanation. For example, the four arms of the bridge
can be thought of as the four essential elements normally associated with the hybrid. These are:

A. The “"transmit" branch,

B. The "receive" branch.

C. The two-wire line branch.
D. The network branch.

Fig. T shows the Wheatstone Bridge equivalent of the hybrid clrcuit and all of 1ts associated
components.

5.32 In Fig. 7, when the arm Rl equals arm R2 and arm Ry equals Ry, there is no difference of poten-
tial across the galvanometer texrminals (G) and therefore no current flows through 1t. The galva-~
nometer therefore is at a null or the bridge is balanced. If arm Ry still remains equal to arm Rp but now
arm RN is not equal to arm Ry then there is a difference of potentlal across the galvencmeter terminals

and a current flows through it. Thils is a current caused by the unbalance and its magnitude 1s determined
simply by the degree of mismatch between Ry and Ry.

5.33 In Figs. 7B and C the basic Wheatstone Bridge clrcuit is applied to the operation of the hybrid
coil. Por this reason the battery has been replaced by an oscillator, the galvanometer by a detec-

tor or transmission measuring set and the resistors with impedasnces. When 7] equals Zp and Znet equals 2-
wire line there 1s no difference of potential across the detector terminals and therefore no current flows
through it. The detector is therefore at a null or the bridge is balanced. Vhen Z7 still equals Zp but
Znet is no longer equal to Zp.yire line there is a difference of potential across the detector terminals
and a current flows through it. This is a current caused by the unbalance and its magnitude depends on
the degree of mismatch between Znet and Zp_yive line. If the degree of the impedance match, measured
as mentioned sbove, is that of a loaded line and its respective precision baelancing network, the
measurement is basically structural return loss which this section shows how to make.

5.4 The above discussion las served to provide a general understanding of ti:e hybrid operation. In the
paragraphs below, a more thorough explanation is now given by reference to Fig. 8 which shows a

coil type hybrid having connected to its appropriate terminals an oscillator, a detector, a network and the

tyo-wire line which match the impedances for which the hybrid has been designed. The resulting hybrid

action when changes take place in certain of the hybrid terminals 1s as follows:

5.41 If the line contains no irregularities, the signal from the oscillator terminals causes equal cur-
rent to flow in the Two-lire Line and Network and no current enters the Detector. That is, one-
half the power delivered by the Oscillator to the hybrid coil goes to the Two~ilire Line and the other
half to the Network. Therefore there is a 3 db (3.01 db to be more exact) 1oss between the Oscillator
and the Two-Wire Line.

-6 -
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5.42 TIf however, the line contains irregularities, part of the energy on the Two-Wire Line (which 1s
slready 3 db dom) re-enters the hybrid. Again, one-half of this returned energy goes to the
Detector and the other half to the oscillator. Therefore there is a 3 db loss between the Two-ire Line
2nd the Detector. Thus the total hybrid tronsmission loss between the Oscillator and Detector is 343 dr
or 5 db.

5.421 The 6 db transmission loss between the Oscillator and Detector above assumes an “"ideal" coil
hybrid; that is onc which does not have iron or copper losses. ifith practical hybrids (that is,
made out of physical components) these copper losses usually amounting to 0.25 to 0.5 db must be
added twice to the above 6 db thereby making the actual loss about 6.5 to 7.0 db (say 7.0 db).

5,422 The transmission loss of 7.0 db through the hybrid, in the prescnce of line irregularities, must
no% be confused rith the structural return loss, thoush inherentl; the measurement of the

structurpl return loss includes this 7.0 @b automatically. Stated in another way, vwhen making the

structural. return loss measurements, this 7.0 db loss characteristic of the hybrid coil must be accounted

for (subtracted).

5.43 In Fig. 8, if the hybrid terminals vhere the Two-Vire Line is connected are open-circuited or short-
circuited the resuliing transmission loss through the hybrid will be 6.5 to 7.0 db as above. This

is because the power division within the hybrid coil as described in paragraph 5.4) still takes place but
in addition there is now a return loss between the impedance of the Network and the open or shorted terminals
of the Two-ilire Line side of the hybrid which must be added. This return loss however is O db so that the
total loss again is 6.5 to 7.0 db. Note: ‘’hen making the actual measurements, described in paragraphs 7
and 8 the trans-hybrid loss is automatically accounted for at all freguencies of measurement during the
calibration procedure.

5.44  Another significant property of the coil hybrid indispensable in singing point work (for determining
available gain of "V" type repeaters) but mentioned here only for completeness is that if the Network
terminals of the coil hybrid are alternately opened or shorted while the Two-Yire Line hybrid terminals are
being shorted or opened, the coil hybrid acts as though it were essentislly a repeating coil. The only
tronsmission loss incurred is the normal insertion loss of the coils.

6. PRINCIPLE UNLERLYTIAG TIFE MEASUREMENT OF STRUCTURAL RETURN LOSS
5.1 Fig. 8 shows the comections of the test equipment and cable pair under test for the measurement of the
cable structural return loss. By reference to this figure the principle underlying the structural

surn loss measurements can now be summarized as follows:

The coil hybrid aclts as an a.c. bridge. In this bridge:

A 600 ohm oscillator and a 600 ohm detector make up two of the arms of this bridge. Since their
impedances are egual and at 000 ohms, they do not directly enter into the measurement of the
structural retucn loss.

The precision balancing network on one side of the hybrid and the cable pair under test terminasted in
g similar precision bzlaacing networl. on the other side make up the remaining other two sides of the
bhridse. It is the variations in these two sides of the bridge vhich give rise to the structural
revurn loss,

How, precision baloncing network (A) precisely matches precision balancing network (B). If in
sddition, the cable under test precisely matches precision balancing network [B), these two arms of the
Lridge are perfectly balanced, there is no reflected energy, no current flows through the detector, the
detector reads zero and therefore the stiructural return loss is infinite.

If the cable under test contains irregularities its impedance does not match network (B) and the two
arms of the bridge are unbalanced, energy is returned to the hybrid, current flows through the detector
and a finite reading is obtained. This reading corresponds to the value of the structural return loss
at the frequency of measurement.

7. REQUIRED TEST EQUITMENT

7.1 The following type and number of measuring equipment is required for making the SFSRL measurements in
D~66, H-88 and D-66/U-88 loaded cables:

7.11 Two W.E, Co. 120P or Altec Lensing Co. 15189 repeating coils wired as per Figure 9 for making up coil
test hybrid or Ceeco Co. type C-1O01A Test Hybrid or other equivalents.

7.12 One, Hewlett Packard Co. type 20"B, 200CD, 200J oscillator or equivalent.

7.13 One, Hewlett Packard Co. 403B, A, L0OD, H, L AC-VIVK or equivalent.

-7 -
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7.14. One, 600 ohm, + 1%, 1.watt carbon resistor on double banana plug.

7.15 Two precision networks for 19, 22 or 24 gauge D-66 loaded cables. REA design of Figure 3 or Ceeco
Co. type C-115DL, or CAT Co. type 115DL.

7.16 Two precision networks for 19 or 22 gauge H-88 cables, W. E. Co. type 115H, or Ceeco Co. type C-115H
or C-100 Test Set or equivalent. Two precision networks for 24 gauge H-88 loaded cables, W. E. Co.
type 115AL,

7.17 Two decade capacitor boxes, Ceeco Co. type C-100 Test Set or Heath Co. type DC-1 or Precise Co.
Type L78.

7.2 Oscilloscopic equipment of the swept frequency type, also known as Level Tracers, can be used for making
the SFSRL measurements which very substantially reduces the measurement time and effort. The Siemens-
Halske Co. type Rel 3K 211b Level Tracer and the Hallamore Co. type TM3-0100 of Swept Band Set can be used.
The Siemens-Halske type Rel 3K 211b Level Tracer can be used for both the H-88 and D-66 loaded cables since
its upper frequency limit is 6000 cps. The Siemens Level Tracer also contains a built-in hybrid, thereby
eliminating the need for the external hybrid discussed in paragraph 7.11.

7.3 The following type and number of measuring equipment is required for making the ESRL measurements in
D-66, H-88 and D-66/H-88 loaded cables:

7.31 Hybrid, precision network and capacitor building-out equipment as per paragraphs 7.11, 7.15 (and 7.16)
and 7.17, respectively.

7.32 One W. E, Co. 201B Noise Generator with L455B Network, or N. E. Electronics Co. TTS-56 or equivalent.
7.33 One W. E, Co. 3A Noise Measuring Set or N. E. Electronics Co. TI3-37B or equivalent,
8. STEP-BY-STEP MEASUREMENT PROCEDURE
8.01 The type of test equipment, equipment connections, calibration and measurement procedure for D-66, H-88
and D-66/H-88 loaded cables are shown in Figs. 10-14 for the SFSRL measurements and Figs. 15-19 for the
ESRL measurements, The discussion in paragraphs 8.1 and 8.2 below apply directly to the SFSRL measurements.

Paragraph 8.5 discusses ESRL considerations.

8.1 Frequency Rsnge Which Must Be Measured

8.11 The band of frequencies which must be measured is from 200 cps to 4500 cps for D-66 and up to 3500 cps
for H-88 and D-66/H-88 compensated cables. The critical frequercy structural return loss, abbreviated
CFSRL, is the lowest value of structural return loss between 300 and 3000 cps. It is this value which is used
in carrying out the repeater circuit design when computing available repeater gain and the resulting net loss.

8.2 Sending Level and Calibration for SF Measurements

8.21 Because the test equipment setup is calibrated to produce O dbm (zero dbm) on the detector when the
hybrid "Line" terminals are short-circuited, the direct reading of the AC-VIVM in minus dbm is the
actual value of structural return loss in db when making the measurement and no other correction to the meter
reading is needed., This is illustrated in Figs. 10-1k.

8,22 The above calibration procedure for setting the oscillator output level to produce O dbm on the AC-VIVM
when the hybrid "ILine" terminals are shorted is but one method for calibrating out the transhybrid loss.
That is, the power division loss which is inherent in every coil type hybrid and is 3 db in each direction
plus core losses of 0.3 to 0.5 db or approximately 7.0 db total. This transhybrid loss must not be charged to
the measurement and for this reason it is calibrated out.

8.23 The same result can be obtained by calibrating out from the measurement the 7 db transhybrid loss by
using an alternate method. This is to connect the 600 ohm oscillator directly into an external 600
ohm resistor and set the oscillator output level to read +7 dbm on the AC-VIVM across the external 600 ohm
resistor. Either calibration method will give the same results. When using this method the SRL in db is
again the direct reading of the AC-VIVM in minus dbm., For example, with the cable connected if the reading
of the AC-VIVM is -29 dbm, at a given frequency, the SRL value is 29 db at the same frequency.

8.24 There can be many calibration levels which can be used which will give the same overall results. The
reason that the method of paragraph 8.22 or 8.23 is used is because they are simple and allow the
readings to be direct. No corrections are necessary and this saves time. Sometimes it also eliminates simple
mistakes such as adding or subtracting. But if for some reason other calibration levels are necessary, good
results can still be obtained. For example, if the calibration is performed as follows: Connect the 600 ohm
oscillator directly into the external 600 ohm load and set the oscillator output level for the AC-VIVM which
is connected across the 600 ohm resistor to read O dbm (zero dbm). Now when the oscillator (with its output

level control unchanged) is connected into the hybrid and the SRL measurement is made, the readings in the
AC-VTVM will no longer be direct. Because the 7 db (approximately) transhybrid loss has not been accounted
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for in the calibration the readings on the AC-VTVM will be lower (SRL will look better by 7 db) so that 7
db must be subtracted from the SRL reading. Assume, for example, when using this calibration method the
AC-VTVM reads -32dbm when the measurement is made., This means that the SRL reading is 32 db but the correct
value of SRL is 32 -7dbm or 25 db, Assume that the calibration level for the same example has been ~-10 dbm
for a valid reason, When the SRL measurement is made this means that 10 + 7 or 17 db must be subtracted
from the meter reading to obtain the correct SRL value!

8.25 Some of the more important reasons for calibrating at levels lower than that of paragraph 8.11 may
be to avoid possibility of inducing interference into other working pairs or the test equipment
may not be capable of delivering the +7 dbm required for the direct (no correction) measurement. The type
of equipment shown herein 1s capable of an output level of +7 dbm into an external 600 ohm resistor so
that this will not be a problem.

In summary, any calibration method can be used and will give good results if one is careful
to make the appropriate corrections in the meter readings. The methods of paragraphs 8.22
and 8,23 are direct and do not require corrections; whatever the meter reads, that is the
answer also., The calibration methods of paragraphs 8.2l and 8.23 are used in Figs, 10-1L
and all SFSRL examples herein.

8.3 Sending Level and Calibration for Echo Measurements

8.31 The discussion in the above paragraphs for SFSRL measurements apply equally well to the ESRL
measurements with regard to the 7 db transhybrid loss and calibrating levels. The detector equip-
ment, however, used in the ESRL measurements is calibrated in different units; namely dbrn-C. For this
reason some modification of the terminology is necessary and a brief explanation of this is given below:

8.32 The 3A NMS will read O dbrn-C in "Ny-600 ohm", "Flat" or "C-Message Wt." position when a test tone
of -90 dbm at 1000 cps is applied to its input terminals and 90 dbrn-C with a O dbm, 1000 cps test

tone. Single frequency test power inputs at frequencies other than 1000 cps are properly weighted by the
3A NMS when in the "C-Message Wt." position, according to frequency. When the 201B Noise Generator is
set for an output of O dbm power the corresponding reading on the 3A NMS C-Message Wt., is approximately
90 dbrn-C when the two are directly connected. If the noise generator, set for the same output power, is
now connected through the hybrid for the ESRL measurement (PBN connected on one 2-wire side of the hybrid
with the other side open or shorted) the new reading on the 3A will be approximately 83 dbrn-c. The 7 db
reduction in power is the transhybrid loss due to the coil hybrid. To account for the 7 db transhybrid
loss the Noise Generator output is set for +7 dbm (97 dbrn-C directly into the noise generator) which is
approximately 90 dbrn-C when connected with the test hybrid in the calibrate position. In the measuring
position, when the cable pair under test is connected to the hybrid terminals the reading on the 3A NMS
becomes lower. The difference between the 90 dbrn-C in the "calibrate" position and the new dbrn-C
reading in the "measure” position is the ESRL value in db.

8.4 Correct Settings for Precision Balancing Networks

8.41 A discussion is given of the components in a precision balancing network (abbreviated PBN) used in
the measurement because if improperly connected or used it can lead to SRL measurements which are
not correct. The PBN used in the measurement consists of three parts:

a. The basic network
b. Components for meking the end-section variable for H-88 loading only.
c. Components for changing the gauge from 19 to 22 or 2k,

8.42 The basic network in (a) consists of capacitors, inductors and resistors to simulate D-66 loading
with 2250 feet end section (0.5 or mid-section impedance) but only 900 feet end section for H-88
loading. These-components are permanently connected and not externally accessible for changing.

IMPORTANT NOTE: THE REASON THAT THE D-66 BASIC NETWORK IS A FIXED 2250 FEET IS BECAUSE D-66 LOADED
TRUNK CABLES ARE ENGINEERED TO HAVE 2250 FOOT END SECTIONS (0.5 END SECTIONS).
EXISTING H-88 CABLES ON THE OTHER HAND, ARE FOUND WITH MANY END SECTION LENGTHS
AND THE BASIC NETWORK IS THEREFORE MADE VARIABLE TO ACCOMMODATE THIS.

8.43 As pointed out in paragraph 8.42 above, for D-66 loaded cables the basic end section of the
precision network is 2250 feet without any additional building-out capacitor. For H-88 loading, a
variable capacitor (CBO) is provided with the basic network for building-out to the particular length of
the end section of the cable. The capacitance of both this CBO in the PBN in microfarads (or feet) plus
the basic network equivalent capacitance determines the total end-section value of the PBN. For example,
to set a D-66 PBN to have a total end section of 0.5 (2250 feet) the amount of CBO required is:

2250' -2250' = O feet, additional
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To set an H-88 PBN to have a total end section of 0.5 (3000 feet) the amount of CBO required is:
3000' -900! = 2100 feet, additional
This 2100 feet is strapped in building-out cepacitor CBOl shown in Figs. 13-1h4 and 18-19 for H-88 loading.

8.4l Resistors and capacitors are also included in the PBN for the correct cable gauge. In D-66 loaded cable:
the same PBN is used for 19, 22 and 24 gauge exchange type cables. For H-88 loading the same PBN can

only-be-used with-19-and 22 gauge-exchange -type-cables:— For 24 gauge, H-88 loaded, & separate network must be
used (W. E. Co. 115AL). For D-66 PBN's the gauge is readily set by a simple strap or by a switch which selects
the desired gauge. For H-88 PBN's this is not possible. The gauge terminals are numbered snd the numbers are
different for the various manufacturers. For this reason, for H-88 loading, consult the instructions of the
magnufacturer for the particular PBN used in the measurement.

8.45 The terminals of the PBN which conneot to the “NET" side of the hybrid are normally numbered 1 and 2
for the particular type of units shown herein. The CBO vwhere used is also strapped across the same
terminals 1 and 2. (Consult the instructions of the manufacturer if other type of PBN is used for the actual
terminal numbering ~ they can be different.)

8.6 As discussed in paragraph 8.4 above, because D-66 loaded trunk plant is engineered and built for 2250
feet end sections the structural return loss measurement is made with D-G6 PBH's having 2250 feet end
sections. The Ceeco (Commnication Equipment and Engineering Company) type C-115DL PBN and the CAC (Communi-
cations Apparatus Corporation) type 115DI PBN are networks with such built-in 2250 foot end sections., For
this reason the additional building-out capacitor shown as CBOL in Figs. 13-1k and 18-19 for H-88 loading is

zgt ;;quired with D-66 loading. In Figs. 10-12 and 15-17 for D-66 loading no CROL capacitor is shown in
e .

S.47 Tor H-88 loading or for measuring at the H-83 end of a D-65/H-88 loaded cable the basic PBN end section
is 900 feet. This was discussed in paragraph 8.42 and in the example given in paragraph 8.%3, For
making measurements therefore on H-88 cables having 0.5 end sections (3000 feet) additional capacitance is
required in the basic H-88 PBI. This is the funciion of capacitor CBOL showm in Figs., 13-1% and 18-19. The
value of this capacitor is selt as follows:

Basic PBN Capacitance = 900 feet
Total Required Capacitance = 3000 feet
Difference = 2100 feet

Therefore,‘before proceeding with the measurement, capacitor CBOL is set for 2100 feet because this represents a
capacitance value of 0,033 microfarads based on 0,053 microfarad per mile cable.

8.4% Having connected the PBil's 1 and 2 for 0.5 end sections, as discussed above, the SRL measurement is
made and the results entered in the "Data Sheets'.

9.5 Uaximizing the Structural Return Loss

8.51 The structural return loss measurement made with the PBNS' set for 0.5 end sections as described above

does not normally yield the best structural return loss which the loaded cable is capable of. Though
the nmeasured value msy be sufiiciently high the actual velue itself may be even better than this. In other
cases the results of the measvrement may be indicative of an apparent poor return loss in the outside plant.
The reasons for this are as follows:

a. The cable may not be exactly 0.5 end section in physlcal length but somewhat longer or shorter than
this.

b. The mutual capacitance al the end section of the palr under test may be somewhat larger or smaller
than 0.083 microfarads per mile.

c. Tor existing plant both the pailr capacltance at the end section and its physical length can vary
from standard values and further the values themselves msy be different than present obJjectives
in use.

d. Shortening or lengthening of the end section due to relocations, highway crossings, ete.
e, lfinor amounts of moisture or other contamination in the cable end section.

7.52 ‘To assure that the values measured are the best values possible, "maximization" is used. That is, that
value of structural reburn loss is determined which gives the best performance, so to speak, possible
from the outside plant. llavimizing the structural return loss 1s accomplished by means of an external variable
capacitor shown as C2 in Figs. 10-19. By this means, such adverse factors as those discussed in paragraph 8.51
(a) to (e) above, which would tend to degrade the value of structural return loss, are eliminated. The actual
procedure for accomplishing this is discussed in paragraphs 8.521 to 8.52h,

- 10 -
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8.521 An additional variable capacitor (shovm as capacitor C2 in Figs. 10-19) should be connected across the
"Line" terminals of the hybrid, that is, directly across thé cable pair. Vary this capacitor. IT
this improves the SFSRL or LISRL (particularly in the 2500 to 3000 band for SFSRL measurements as discussed in
paragraph 8.524 below), this means that the end-section at the hybrid location is electrically shorter than 0.5
though in physical lengths at 0.5. Capacitor C2 should be varied until the optimum value of SRL is obtained
and the data recorded in the Date Sheets, Use this value of SRL instead of that obtained in paragraph 8.48
above using the 0.5 end sections.

8.522 If the variable capacitor across the cable palr as discussed in paragraph 8.521 above results in
poorer values: of SRL for either SFSRL or ESRL messurements (again, particularly in the 2500-3000

cps band for the SFSRL measurements) than the values of paragraph 8.48 gbove this means that the end-section
at the hybrid location is electrically longer than 0.5 though in physical length at 0.5. Remove this
capacitor from the "cable" side of the hybrid and connect it to the "net" side of the hybrid, that is
directly across PBN No. 1 terminals 1 and 2. This is shown as capacitor Cl in Figs. 10-19. Vary this
capacitor (connected across the "net" hybrid terminals) until the optimum value of SRL is obtained and
record this value of SRL in the "Data Sheets"”. Use this value of SBL instead of that obtained in
paragraph 8.48 above,

'8.523 Finally, if this building-out capacitor connected on the "Line" terminals of the hybrid (across

cable) or across the "Net" hybrid terminals (across PBN No. 1) lowers the value of SRL as obtained
in paragraph 8.8 above this means that the end-section adjacent to the hybrid is not only 0.5 in length,
but also 0.5 electrically (which is really the important consideration) and the SRL values measured in
paragraph 8.48 are the optimum values.

8.524 The above procedure for adjusting the end-sections result in obtaining the "best possible" or
optimum value of SRL., When making the actual SFSRL measurements, the decision as to "when" the

"best possible" or optimum SRL has been obtained will not be one-hundred percent clear cut and some adjustment
will be required. This is because each time the value or position (vith respect of the hybrid) of the build-
ing out capacitor is changed the entire waveshape of the SRL will also change. At some frequencies where the
SRL was better, it may now become worse while at other frequencies the reverse will occur. However, at some
important range of frequencies the SRL will improve and this is what the CBO procedure is intended to accom-
plish, In SFSRL measurements this frequency band of interest is the 2500 to 3000 cps range because in a 3
kc/s band, this range would offer the greatest possibility for repeater singing problems. On the other hand,
when using this procedure the CBO must not degrade unduly the remaining frequency band from 300 to 2500 cps.
TFor example, this lower band should remain at an SRL level higher than the 2500 to 3000 cps band. Again
Judgment will be required on this. Experience in making these measurements will make the selection of the
optimum condition relatively easy. The above comments are not applicable to the ESRL measurements. There,
a given amount and location of CBO will either improve or degrade the reburn loss. The CBO resulting in the
best ESRL should, of course, be recorded.

8.6 ILocation Which is Controlling on the Measurement

8.61 The effect of the far-end FBN (or No. 2 PBN) normelly 1s not as controlling on the values of the SRL
which are measured at the sending-end. This is because the attenuation tends to mask small irregu-

larities at the far end as a result of PBN No. 2 not precisely matching the cable end-section at that end and
by the time this small irregularity arrives at the sending-end its value 1s high so that it does not change
the value of SRL in any significant way. The above holds only when the circuit attemuation is substantial, 8
to 10 db or higher. If the circuit attenuation, however, is 5 to 8 db or lower the far-end will effect the
sending-end SRL, For this reason, the CBO at the PBN No. 2 location (showm as CBO2 in the H-88 examples and
€3 in the D-66 examples) must be varled also until the optimum SRL is obtained at the sending-end. Regardless
of the circuit attenuation, it is advisable at the end of the measurement steps discussed in paragraphs 8.4
to 8.5 above to vary the C3 (or CBO2 for H-88 losding) at the far-end until the optimum SRL has been obtained
at the sending-end. This optimum SRL is the SKL values which should be recorded in the "Data Sheets". It is
obvious, of course, that if the measurement location is reversed, the far-end section PBN which was not of
extreme importance before will now be the controlling factor. The sbove considerations are appliceble equally
to SFSRL and ESRL measurements.

8.7 Treatment of Mixed Cable Gauges

8.71 Cables which are uniform in gauge, that is, all 22-gauge D-66 or all 19-gauge H-88, etc., for the
entire circuit length will be much easier to measure for SRL than cables of mixed gauges. The measure-
ment of mixed gauges is discussed in paragraph 8.72 below. For uniform gauge cables the only adjustment which
may be required during the measurement will be in the capacitance of the end-section adjacent to the hybrid

location resulting in the "optimum" value of SRL for the particular cable under test. The procedure for
accomplishing this is discussed below.

8.72 Due to the measuring complexity which mixed gauges present, it is recommended that when the measurement
is made the PBN gauge settings be changed alternately from one gauge to the next starting with the
sending-end PBN and then with the far-end PBN until the combination in gauges is found which yields the

optimum SRL which is possible for the particular layout. This procedure applies-equally to SFSRL and ESRL
measurements,
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8.8 Use of Level Tracer Equipment

8.81 Where the cable to be measured consists of only one uniform gauge and where the end-sections are close
b0 0.5 in length it will be found that the measurement becomes relatively simple using the single fre-
quency techniques and the test equipment shown .in-Figs, 10-1l4 herein. Where the end-sections are longer or
shorter than 0.5 a.nd/or vhere mixed gauges are involved the measurement complexity and the time required in-
creases. This is because especially with SFSRL or point-by-point measurement techniques each time & change
is mede, for example, in end-gsection CBO, PBN gauge, etc., the entire frequency band must be plotted and the
comparison made to see if this change has improved the SRL. Thus, for SRL measurements the major disadvantage
becomes one of time, but the results of polnt-by-point measurements are nevertheless valid,

8.82 The above type of SFSRL measurements become relatively simple if swept-band type oscilloscopes are
available for use. These devices allow the entire band to be observed at a glance, The result of any-
one adjustment or adjustments during the measurement procedure can be immediately seen and analyzed. Thus,
the conditions which give optimum SRL can now be accurately pinpointed. Because such swept-band devices
greatly facilitate measurements they should be used whenever they are available., The Siemens-Halske Rel 3K
211b Level Tracer of the Lear/Siegler Swept-Band Oscilloscopes can be used with good results, Typical
measurement examples when using the Siemens-Halske Level Tracer are shown in Figure 35.

8.9 Other Important Comsiflerations .

8.91 The structural return loss measurements must be made at the locatlon where the repeater equipment will
normally be located and operated. Tor example, in a toll connecting trunk application where the
terminal repeater will be located at the Class-5 office, the structural return loss measurement must be made
from that office. That 1s #he test hybrld must be located at the office where the repeater will be located.
here repeaters will be lotated at each of two terminsl offices measurements must be made from each office
for the same cable. In intérmediate repeater applications the measurements must be made from the repeater
location but looking in each cable direction.

8.911 Tt 1s advisable thet messurements on the same cable be made in each direction. This helps detect

irregularities whidh may still be present but which the measurement from one end only may not reveal.
This comes ebout from the intervening circult attenuation. If the attenuation is appreclable, say 12 db at
2800 cps, the round-trip circuit attenuation will be at least 24 db, even though the Ffar-circuit end may be
open or shortéd, and this willl also be the minimim value of SRL af the measuring end. In other words, if an
irregulerity exists which is far from the point of measurement the intervening attenuation will mask it and
reflect it as a falrly goud value of SRL at the measuring point. To assure asgainst this occurring if the
measurement is now made from the opposite end, the value of SRL will be much lower (less masking attenuation)
and thus much easler to detect.

8.92 Prior to making measurements on D-66/H-88 loaded cables joined by the D-66/H-88 junction impedance

compensator (For the configuration of the junction compensator refer to REA TE & (M-431, Fig. 1)
assure by checking that the compensation is properly designed and correctly inserted into the cables. That
is, that the proper value of building-out capacitors for the D-66 and H-88 sides have been provided and that
the D-66 terminals of the compensator are comnnected to the D-66 loaded cable and the H~88 compensato. ‘ermi-
nals to the H-88 cable. Also inspect the connections to determine that no pairs have been split. Thuse
checks are in addition to the CBO and gauge considerations discussed in the above paragraphs.

9. EXPECTED MEASURED PERFORMANCE

9.1 Tield measurement date have substantiated the structural return loss performance on which the D-66

design has been predicated. Vhere more than routine care has been taken to design, stake and build the
plant this is also reflected in SRL's exceeding the minimum expected values. ‘Mhere the cable is of one single
uniform gauge this also sesults in higher values of SRL. Lastly, where the cable consists of one gauge and
one size (for example, £5 pair, 22 gauge for the -entire circuit length) this produces the highest value of
STL possible. This is because in plastic color coded cables like numbered palrs of like gauge and like size
tend to have the least amount of mutual capacitance deviation from one reel to another {for the same manufac-~
turer). TFor this reason with color-to-color splicing of the same numbered pairs in the sr.ie binder groups
this results in uniform capacitance between each loading section which in turn results in higher than normal
values of SRL.

9.2 For cables which are uniform gauge D-66 loaded for thelr entire length and which meet the load spacing

déviations of Section 431, "Voice Frequency Loading For Trunk Cables", paragraphs 3.4 and 3.5 and the
cable mutual capacltance deviation requirements in the RFA PE Cable specifications, a minimum value of 25 db
SPSRL at the critical frequency {CFSRL) and 32 db ISRL minimum are expected.

9.3 For cables which are uniform gauge D-66 loaded for their entire length and where the load spacing 1s

better than the minimum requirements of Section 431, parsgraphs 3.4 or 3.5 and/or where a single gauge
and single size is used, values of 30 to as much.as 35 db CFSRL can be expected as minimum vaelues (worse
values) and 42 ab ESRL,
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9.4 D-66 loaded cables measuring 22 db or less for CFSRL contain significant irregularities and require
corrective action. Though for a particular application a value of 22 db CFSRL may be adequate, the
outside plant facilities nevertheless do not meet the standards to which they have been engineered.

9.5 Illustrative cases shown in Figs. 20-30 indicate values of SFSRL on D-66 loaded cables which have been
measured in REA borrowers' systems and which are considered typical. These exemples are illustrative
of the performance which can be expected upon measurement for the various conditions discussed in
paragraphs 9.1 to 9.3 above.

10. DATA SHEETS FOR RECORDING MEASUREMENTS

10.1 The forms used to record the SFSRL and ESRL measurements and the other information which is required
are shown in "Date Sheet - Strugtural Return Loss Measurements"

10.2 Vhen making the measurements, it is essential that the outside plant facility configuration be
accurately lknown, including the manner by which the measurements have been carried out and any adjust-
ments which have been found necessary. This information is necessary in order to analyze the results and
determine whether the objectives are being met or whether corrective action is required. Besides serving as
a record for initisl acceptance measurements, it also provides the plant forces with a powerful tool for per-
forming routine testing on these clrcults or for correcting problems should they occur, It is extremely
difficult to evaluate results of transmission measurements, to make recommendations for correction of
transmission problems or to perform routine testing when plant and/or test records are lacking or incomplete.

1l. ANALYSIS OF RESULTS IN FIGURES 20-35

11.1 (Fig. 20) The worst value of single frequency structural return loss (CFSRL) for this layout is 35.2
db at approximately 2390 cps in the 300-3000 cps band, thereafter called "3000 cycle band" and the
echo structural return loss (ESRL) is 41,0 db. The reason for this good performence is due to (a) the load
spacing deviation of the as-built plant being 0.3 percent (b) the cable mutual capacitance measured between
loading points beéing very nearly 0.083 microfarads per mile and (c¢) uniform gauge. Factors (a) and (b)
above are the more important ones. Because the consulting engineer for this project was aware of the
importance of good loading and implemented this through his resident engineer on the job by exercising extra
care in locating the loading points very accurately, the SRL is as good as it can be obtained. Thus, it pays
to do a better than routine job whenever this is possible. There is one other important observation in the
SRL in this layout. This is that the CFSRL in a 3400 cps band is also very good at 33.5 db, ‘This comes
\bout, again, from the good spacing but also because the capacitance of this pair is ‘uniformly 0.083 mf,
jenever the pair mutual capacitance is uniformly .083 microfarads per mile for the sntire cable route of
_ery high SRL values should be expected not only in the 3000 cycle band but even up to 4000 cps. For
example, at LOOO cps the SRL of this pair is 31.3 db and this is quite good.

11.02 (Fig. 21) This is a different pair in the same cable and trunk group as the pair shown in Fig. 20,
The 3000 cycle band CFSRL is 30.3 db and the ISRL 35.5 db. The SRL for this pair also reflects: the
care given for obtaining good load spacing. The reason that this pair has a 5 db (approximately) lower
CFSRL compared with the pair in Fig. 20 is because the mutusl capaeitance in this palr is slightly different
than 0.083 microfarads per mile. Therefore it has a lesser value of CFSRL. However, this is entirely normal.
In a group of pairs (in the same cable sheath and the same trunk group) having unusually high values of SRL
the differences in the values between the different palrs will normally be large. This is because the SRL is
already so high that even very small deviations become important. It should also be noted that the SRL for
this pair stays very good even up to 4000 cps.

11.03 (Fig. 22) 'The SRL for this pair is very good up to about 2600 cps but it becomes rapidly worse at
frequencies higher than this.  This is despite the good load spacing in this cable route. The

reason for this is that the cable pair in question was measured and found to have a capacltence of approxi-
mately 9.087 microfarads per mile (instead of the desired 0.083 value) but this capacitance was uniform for
the enpire cable route. This makes the return loss at the higher frequencies to be not as good as the lower
frequency values. It can also be noted that the ESRL remains very high at 40.5 db. This is because the echo
band as discussed in paragraph 4.72 above is between 500 to 2500 cycles and in this frequency region the SRL
is very good despite the higher than normal capacitance of this cable pair. The CFSRL is 30.2 db up to 3000
cps. This meets the objective and is actually better than the objective. Thus, with the D-66 loading system,
if the load spacing is good, even pairs with higher mutual capacitance than that desired can still give good
values of structural return loss in a 3000 cps band if the cable capacitance remains uniformly high for the
entire cable route,

11,04 (Fig. 23) In this figure the SRL of the seme pair shown in Fiz, 22 is shown but measured from the
opposite office, It is now seen by comparing Figs. 22 and 23 that the SRL values are not the same.
They should not be expected to be the same. The irregularities in a loaded cable will normally be different
when viewed from the opposite circuit ends. The values of their CFSTIL, however, should be comparable. In the
3000 cycle band the Qiffereze is 3.2 4 (33.h ~30.2 ab) end this is considered normal. This figure also
shows the effect of buildin: ~:t capacitance. TFor example, by placing the 0.009 microfarad cepacitor to build
out the 3912 foot section, iue SRL is improved considerably above 2200 cps. This improvement is 6 db at 2500
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cps and 2.3 db at 3000 cps. Therefore, if capacitance building out is not used where needed the resultiwyg
SRL will be lower than that which can be realized.

11.05 (Figs. 24-25) The same pair 1s measured in these figures but from opposite directions. It is seen

that the wavéshape 1s not the same, again, because the irregularity is not the same in each direction
of transmission. However, the criticel values are close enough so that they can be considered to be within
the normal range of veriation. In Fig. 24 the CFSRL is 30.3 db, whereas in Fig. 25 it is 31.0 db. However,
whereas in Fig. 24 the CFSRL 1s at about 2660 cps, in Fig. 25 it is at 3100 cps and this is also considered
noxmal. The CFSRL values meet the objectives when measured from each office.

11.06 (Fig. 26) The SRL is very high up to about 2600 cps but this pattern is not maintained for frequencies

higher than this. This is despite the good load spacing, the uniform gange and the uniform size of
the cable. This can be explained by the 0.088 microfarad per mile mutual capacitance for this pair for the
entire route which is higher than the desired value of ,083. However, because the D-66 loading has a wide
band, this affect does not begln to show until frequencies of 3000 cps or higher. Thus, very good SRL values
are obtained in this band despite the high capacitance of the cable pair. The 3000 cycle band CFSRL 1s 29.5
db and this 1s considered quite good.

11.07 (Figs. 27-28) 1In Figs. 27 and 28 it 1s shown what can be expected as the worst values of CFSRL with

D-_6_§ loading when the palr capacitance is higher than the desired .083 microfarads per mile, but is
uniformly high at this value for the entire route and when the load spacing is also good. It can be seen that
the respective CFSRL values are 26.8 and 27.3 db and these are about the worst values which should be expected.
The ISRL values are 36.0 and 38.0 db and these values should be considered typical for D-66 loading under the
conditions indicated.

11.08 (Figs. 29-30) These are illustrative of what can be expected with mixed gauges. The CFSRL values

are much lower than the values in the previous figures for uniform gauge. For exemple, the respec-
tive CISRL values are 25.5 and 25.6 db. The critical frequency is now at the low end of the band at 300
cps.- Because the precision balancing net is set for one particular gauge only it is not possible to match
the many gauges in the outside plant., What therefore results 1s a compromise value of SRL., The higher fre-
quency SRL, starting at frequencies higher than 2000 cps, 1s not affected by the mixture of gauges. Mixing
the different gauges affects frequencles lower than 1000 cycles and especilally around 300 cps. The reason
that the high frequency SRL 1s not as good is because of the different values of capacitance in the loading
sections. For the pailrs shown some sections measured were found to have a mutual cepacitance lower than the
desired value of .083 microfarads per mile while others had higher capacitance than this, Thus, the mtual
capacitance value 1s not uniform throughout the cable route. For this reason the high frequency CFSRL for
these pairs 1s not nearly as good as for the palrs in the previous figures. There the capacitance was highe:
than .083 microfarads per mile but this velue wes uniformly the same for the entire cable route.

11.09 (Fig. 31) This H-88 loaded pair is typical of what can be expected in an H-88 loaded system which

has (a) close to ideal end-sections (b) reference spacing deviation better then .5 percent (c) uniform
gouge (d) RMS cable capacitance deviation of 1.7 percent and (e) random splicing. The CFSRL 1is 22.5 db at
1600 cps in & 3000 cps band. It should be noted that the SRL of the cable becomes extremely poor at frequen-
cles higher than 3000 cps but this is typical of H-88 loading.

11.10 (Fig. 32) This Pigure is representative of H-88 loading having (a) mixed gauges and (b) one long
full section (6229 feet). The CFSRL value is 18.3 db. This is 7.3 db worse than the example in
Iig. 29 which also has mixed gauges and also large variation in capacitance but which is D-66 loaded.

11.11 (Fig. 33) 1In this layout the loading points have been spaced with extreme precision so that the load

spacing deviation is close to zero and the gauge is uniform. Therefore, the SRL in this layout is
representative of what should be expected of an "ideally spaced" H-88 loaded system. The CFSRL is 25.6 db
at 2990 cps in a 3000 cycle band which is exceptionally good. It should be noted that the SRL drops rapldly
at frequencies higher than 3000 cps and this is to be expected because this is a basic characteristic of this
loading system.

11.12 (Pig. 34) This layout is representative of what can be expected in a D-66/H-88 loaded system joined
with the D-66/H-88 junction impedance compensator. The CFSRL is 23,0 db. This is not as high as the
D-66 examples shown in the previous figures. The reason for this lower value is because it connects with the
H-86 loading system and the H-83 becomes the controlling factor. For such compensated layouts the 23 db CFSHL
values can be considered -accepteble.

11.13 (Fig. 35) PFour different layouts are shovn in this figure measured with the Siemens-  !ske Level

Tracer type Rel 31 211b for D-66 and H-88 loaded cables. The curves are read as follc .: At any
particular frequency the db's on the vertical axls are read. To this the received level value is added
algebralcally, As an example, in the fourth layout the SFSRL value at 2000 cps 1s:

Vertical Axig: - 5 db
Receive : =20 db
Algebraic Sum: 25 db
Therefore the SRL at this frequency ig 25 db.

-1 -
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FIGURL 7
Confiruration for 19, 22, and 24 Gauge D-66
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HP W00 D, H, L CAPACITOR OR | ‘
or W03B, A PRECISE TYFE 478 : OFFICE B

| MEASUREMFNT PROCEDURE

DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8

1. Connect the test equipment and cable pair under test as shown above. Be sure to strap or set PBN "gauge terminals " for same gauge as geuge of cable belng measurcd.

2. Tarow DEFDT switeh to "CALIBRATE" position. Set oscillator freguency to 2000 cps and vary output level until A.C.-VIVM reads O dbm (zero dbm); this
completes calibration. Throw DPDT switch to "MEASURE" position. Do not change oscillator output level control. Set Co to build-out cable -nd section to

totul,

3. Vary oscillator frequency vernier, slowly, wetween 200 to 4500 cps and note the frequencies vhich give consecutive maximaun (peak) and minimun (valley) readings on the
A.C. -VIVM. Read cach peak and valley frequency and the minus dbm reading on the A.C.~VIVM corresponding to cach and enter the results in the "Data Sheets--Structural Retur
Loss Measurements.’

4, Incrcase value of Cp from that in step (o) ané repeat step (3). Hote whether SRL becomes 'better or worse particularly between 2500 to 3000 cps (SRL becomes better as
readings in A.C. -VIVM get more negative.) If ORI gets better this means thai end section is clectrically less than 2250 feet (though by length alone it is 2250 feet).
Vary Cp until the value is found that gives the best SRL (especially between 2500 to 3000 cps).

5. If by increasing Cp in step (Lt), Sl gets worsc, this means that the cable end scction is longer than 2250 feet electrically. Return C2 to its original value in step (2) (to
~ive 2250 feet end-section total). Inqrease Cy until the best possible SRL is obtained (csPecially between 2500 to 3000 eps ). Recofd the rcsults in the "Data Sheet—
SiveLE FREQUENCY STRUCTURAL RETURN 10SS (SFSRL) FOR D-£6 LOADING. Record also the SRL value at 3400 cps.

6. If by increesing Cy om Cp 3RL gets worse, this means that the end section as built out in step (2) to 2250 feet is not only 2250 feet in length but also 2250 feet electricel}x,
vhich is the important thing. If this is *the case, continue with the measurement as per item (3) and record the data in the "Data Sheet —Structural Return Loss measurements.
]

FIGURE 10. SINGIE FREQUENCY STRUCTURAL RETURN LOSS MEASUREMENT OF ONE UNIFORM GAUGE ONLY FOR ENTIRE CIRCUIT LENGTH (19, 22 OR 24-D-65)




predominant gauge adjacent to

2. Throw DFDT switeh to "CALIBRA
this completes calibration.

A.C.~VIVM.

Measurements.

5. If\ .":

which is the important thing.

DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8

1. Comnect the test equipment and cable palr under test as shown above.

it.

TE" position.

Do _not change oscillator output level control.

MIXFED GAUGE 1%, 22l or 24 D-66 PAIR UNDER TEST

P 200 CD TOOTHPICK OUZ |
or 2007 | OSCILLATOR DOTH LINE AND |
o o C.0. SIDES OF
1DF PROTECTOR |
—— ——— |
— CAL. HMEASURE |
Sosno %{
19, 22, (R © = mer 5@ | ',—& T .
Y Et
2k, GAUGE % § wmm A | | |
Som2) G R -
-66 PEN No. 1O (roT™ o9
D-66 PBY o o 'DET5 T ] |
(HOTE 1) (NOTE 3 oppT  C2
NOTE 1: BASIC END SECTIOH i 600 omy SYTECE  (HOTE 3) [
OF THIS NETWORK AND RESISTOR
THOSE LISTED BELOW HOTE 2: CEECO C-101A
IS .5 END SECTION o o© - 5 |
, r HYBRID IN
(2250"). FIGURE 9.
CEECO m:: C-115 DL AC-VIVH HOTE 3: HEATH CO. TYHJ
or CAC 115 L —~— DC~1 DECADE
P 00 D, H, L CAPACITOR OR
or k03B, A PRECISE TYBE
478

HEASUREMENT PROCEDURE

TOOTHPICK OUT
BOTH LINE AND
C.0. SIDES OF

/ MDF PROTECTOR

7
o]
19, 22, OR
ﬁLr( 2L GAUGE
o, | D-66 PBH No. 2
R (nofg 3) (WOTE k)

HOTE 4: BASIC END SECTION OF THIS
NETWORK AND THOSE LISTED
BELOW IS .5 END SECTION
(22507').
CEECO TYPE C-115 DL
or CAC 115 pL

3. Vary oscillator frequency vernier, slowly, between 200 to L500 cps
Read each peal: and valley freguency and the minus dbm reading on the A.C.-VIVM corresponding to each.
step (1), change it to 22 or 24) and note if this improves the SKL. I it does, leave set for new gauge setting; if not, change back to original gavge.

PBY Ho. 2 Trom that in step (1) and note if this improves SRL.

(to give 2250 feet end-sectlon total). Inmerease Cp until the best poss
SINGLE FREQUENCY STRUCTURAL RETURN 10SS (SFSRL) FOR D-56 LOADING.

6. If by increasing C1 or Cp SRL gets worse, this means that the end section as built out in step (2) to 2250 feet is not only 2250 feet in length but also 2250 feet elcctricalg:z,'f

ible SRL 1s obtained
Record also the SRL value at 3400 cps.

If it does, leave set for new gauge setting; 1f not, change back to original gauge.
PBN NCS. 1 AND 2 ALTERIATELY WILL BE NECESSARY, D_FPMIDING ON ACTUAL CABLE LAYOUT, TO OBTAIN BEST SRL.) Record best SRL in the "Data Sheet--Structural Return Loss

4, Increase value of Cp from that in step (2) and repeat step (3). HNote whether SRL becomes better or worse particularly between 2500 to 3000 cps
readings in A.C.-VIVM get more negative.) If SIL gets better this means that cnd section is electrically less than 2250 feet (though by length along it is 2250 feet).
Vary Cp until the value is found that gives the best SKL ({especially between 2500 to 3000 cps).

Set gauge of FBN No. 1 for most predominant gauge adjacent to hybrid end PBN No. 2 for most

Sct oscillator frequency to 2000 c¢ps  and vary output level control until A.C.-VIVM reads O dbm (zero dbm);

Torow DFDT switch to "MEASURE" position. Set C, to build-out cable end section to 2250' total.

and note the frequencies which give consecutive maximum (peak) and minimum (valley) readings on the
Change gauge of PBN No. 1 (if it is set for 19 gauge in

Change gauge of
(VARYING GAUGE OF

(SRL becomes better as

increasing Cp in step ()-F), SRL gets worse, this means that the cable cnd section is lotzlger than 2250 feet electrically. Return Cz to its original value in step (2)

cspecially between 2500 to 3000 c¢ps Record the results in the "Data Sheet--

If this is the case, continue with the .seasurement as per item (3) and record the data in the "Data Sheet —Structural Return Loss Measurements.” °

'

i

FIGURE 11. SINGLE FREQUENCY STRUCTURAL RETURN LOSS MEASUREMENT OF D-66 LOADED CABLFS WITH MIXER 19, 22 or 24 GAUGES

b
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MEASUREMENT PROCEDURE

DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8
Measuring at the D-66 end
1. If gauge is uniform, that is, all 19-gauge or all 22-gauge for both the D-66 and H-88,use the measurement procedure of Figure 10,

2. If gauges are mixed, used measurement procedure of Figure 11.

Measuring at the H-88 end
3. If gauge is uniform, that is, all 19-gaupe or all 22-gauge for both the D-66 and H-88, use the measurement procedure of Figure 13.

I4. If gauges are mixed, use measurement procedure of Figure 1k.

FIGURE12. SINGLE FREQUENCY STRUCTURAL RETURN LOSS MEASURLMENT OF D-66/H-88 LOADED CABLES USING THE D-66/H-88 JUNCTION IMPEDANCE COMPENSATOR
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| NOTE L: STRAP TERMINALS 2, 3 and

NOTE 1: STRAP CBOL FOR .033 uf NOTE 2: CEECO C-1014 CR | L FOR 19HB8S. LEAVE TERMINALS 2,

STRAP TERMINALS 2, 3 AND b FOR o HYBRID IN FIGURE 9. | 3 AND 4 UNSTRAPPED FOR 22HS8S.

15H8S. LEAVE TERMINALS 2, 3 i | BASIC NETWORK CAPACITANCE (CBOZ2 =

AND 1 UNSTRAPPID FOR 2218, AC-VIVM NOTE 3: HEATH CO. TYPE 0) IS 900 FEET.

BASIC NETHORK CAPACITANCE .| DC-1DRECADE CAPACTTOR. | ‘

(CBOL = 0) IS 900 FEET. HP LOOD, H, L OR PRECISE TYFE 478 l |

CR k03B, A |
QFFICE A ' MEASUREMENT PROCEDURE i OFFICE B
! :
DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8

1. Connect the test egquipment and cable pair under test as shown above. Be sure to short terminals 2, 3, and 4 in PAN's Nos. 1 and 2 for 19 gauge and leave unstrapped for
22 gauge.

2. Sct CBOL in PBN No. 1 to .033 uf. Set CBO2 to build out PBN No. 2 to same value as physicel length of csble end section. (Remember! 900 feet of tms is
already in the basic net of the FBN. ) set Co to build-out cable end section to 3000' total.

3. ‘Throw DPDT switch to "CALIBRATE" position. Set oscillator frequency to 2000 cps and vary output level until AC VIVM reads O dbm (Zero dbm); this completes
calibration. Throw DPDT switch to "MEASURE" position. Do not change oscillator output level control.

L. vary osecillator frequency vernier, slowly, between 200 to 3400 cps and note the frequencies which give consecutive maximum (peak) and minimum (valley) readings on the
AC  VTVM. Read each peak and valley Trequency and the minus dbm reading on the AC VTVM corresponding to eczch and enter the results on the "Data Sheet = Structural Return
Loss Measurements.”

5. Increase value of Cp from that in step (2) and repeat step (4). Note whether SRL becomes better or worse particularly between 2500 to 3000 eps. (SRL becomes better as
readings in AC VTVM get mors negative.) If SRL gets better this means that end section is electrically less than 3000 feet (though by length alone it is 3000 feet). Vary
Co until the value is found that gives the best SRL (especially between 2500 to 3000 cps).

6. Increase Co in step (5). If SRL pgets worse, this mecans that the cable end section is longer than 3000 feet electrically. Return Cp to its original value in step (2)

(to give 3000 feet end-section total) Increase Cy until the best possible SRL is obteined (especially between 2500 to 3000 cps). Record the results in the "Data Sheet -
sructural Return Loss Measurements.'

7.

If by inereasing €1 or Co SRL gets worse, this means that the end section as built out in step (2) to 3000 feet is not only 3000 feet in length but also 3000 feet
elect ‘callv, vhich is the important thing. If this is the case, continue with the measurement as per item (4) and record the data in the "Data Sheet - Structurel Return Loss
Meagurements.

FIGURE 13. SINGHE FREGUENCY STRUCTURAL RETURN 10SS MEASUREMENT OF ONE UNIFORM GAUGE ONLY FOR ENTIRE CIRCUIT LENGTH (19588 or 22H88)
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| MEASUREMENT PROCEDURE

DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8

Connect the test equipment and cable pair as shown above. Set gauge of PEN No. 1 for most predominant gauge adjacent to hybrid and PBN No. 2 for most predominant gauge
adjacent to it.

Set CBOL in PBN No. 1 to .033 pf. Set CBO2 to build out PBN No. 2 to same valne as physical length of cable end section. (Remember! 900 feet 1s already in
the basic net of the PBN.) Set C, to build-out cable end section to 3000 total.

Throw DEDT switch to "CALIBRATE" position. Set oscillator frequency to 2000 cps and vary output level control until AC-VIVM reads O dbm (zero dbm); this completes
calibration. Do not change oscillator output level control. Throw DPDT switch to "MEASURE" position.

Vary oscillator frequency vernier, slowly, between 200 to 3400 cps and note the frequencies which give consecutive maximum (peak) and minimum (valley) readings on the
AC -VIVM. Read each peak and valley frequency and the minus dbm reading on the AC -VIVM corresponding to each. Change gauge of PBN No. 1 (if it is set for 19 gauge in
step (l), change it to 22 gauge) and note if this improves the SRL. If it does, leave set for new gauge setting; if not, change back to original gauge. Change gauge of
PBN No. 2 from that in step (1) and note if this improves SRL. If it does, leave set for new gauge setting; if not, change back to original gauge. (VARYING GAUGE OF
PEN NOS. 1 A_.Nr]‘)_ 2 ALTERNATELY WILL BE NECESSARY, DEPENDING ON ACTUAL CABLE LAYOUT, TO OBTAIN BEST SRL.) Record best SRL in the "Data Sheet-Structural Return Loss
Measurements.

Increase value of Co from that in step (2) and repeat step (4). Note whether SRL becomes better or worse particularly between 2500 to 3000 cps (SRL becomes better as
readings in AC -VTVM get more negative.) If SRL gets better this means that end section is electrically less than 3000 feet (though by length alone it is 3000 feet).
Vary Cp until the value is found that gives the best SRL (especially between 2500 to 3000 cps).

If by increasing Cp in step (5), SRL gets worse, this means that the cable end section is longer than 3000 feet electrically. Return Co to its original valuc in step @)
(to give 3000 feet end-section total). Increase C1 until the best possible SRL is ‘obtained Zespecially between 2500 to 3000 cps). Record the results in the "Data Sheet-
Structural Return Loss Measurements."

If by increasing C1 or Cp SRL gets worse, this means that the end section as built out in step {2) to 3000 feet is not only 3000 feet in length but also 3000 feet electrically,
which is the important thing. If this is the case, continue with the measurement as per item {4) and record the data in the "Data Sheet-Structural Return Loss Measurements.

FIGURE 1k. SINGLE FREQUENCY STRUCTURAL RETURN LOSS MFASUREMENT OF H-88 LOADED CABLES WITH MIXED 22 and 19 GAUGES




TOOTHFICK OUT

I
TOOTHPICK OUT
BOTH LINE AND | | som Love aw
WE. CO. TYPE 201B NOISE C.0. SIDES OF C.0. SIDES OF
OR N.E. ELECTRONICS GEJERATGR MDF PROTECTIR | | 1oF eRoTECTOR
TS-56
_~ —> 1 l
IR | l
©  TEST o~
19, 22, (R o l - HXB:ID el T 019: 22, OR
2l GAUGE s B (mom 2) % } | MIXED GAUGE 19, 22 or 24 D-66 PATR UNDER TEST 2l cAUGE
D-66 PBN No, 10—fpr—t—0 71 l R L0D-66 PAN Yo, 2
(WOTE 1) (NOTE 3) PrpEr e 2 ‘ (odz 3y O B)

NOTE 1: BASIC END SECTION

NOTE 4: BASIC END SECTION OF THIS
OF THIS NETWORK AND

I
| NETWORK AND THOSE LISTED
l

) OFFICE B

[
THOSE LISTED EELGY ¢ NOTE 2: CEECO C-101A or | BELOW IS .5 END SECTION
%s .5 gmm SECTION 5 EYBRID IN | (2250‘)
2250"). FIGURE 9. CERCQ.TYPE C-115 1,
CEECO TYPE ¢-115 DL NS%'?E Hole 3: HOMTH CO. TYER | |or S o
or CAC 115 DL DC-1 DECADE
W.E. CO. TYPE 34 CAPACITOR CR i |
l

OR N.E. ELE%TRONICS PRECISE TYFE 478 -
0!

MEASUREMENT PROCEDURE
DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8

1. Calibrate the 3A MMS by itself and the 201B by itself before proceeding with the measurement according to Calibration instructions.

2. Comnect the test equipment and cable pair under test as shown sbove. Be sure to strap or set PBN "gauge terminals’ for same geuge &s geuge of cable bei
Set Cp to builld-out cable end section to 3000' total. v #ing measired.

3. Throw DFDT switch to "CALIBRATE" position. Set "OUTPUT ATTEN." ped of 201B noise generator to the 8 db position and note the reading on the 3A MMS. 34 should read 89 dbrn-C.
(Function switch of 3A must be in "M 600" position and "C-Messege Network" must be plugged in.) If 3A reads slightly higher or lower than this sdjust "OUTPUT ATTEN." pad of
201B until the 89 dbrn-C is obtained on the 34 MMS. This completes calibration. Throw DFDT switch to "MEASURE" position. Do not change 201B output level control.

4. dead dbrn-C reading in 324 IMS. Very C2 and/or C1 watil lowest (bestg reading is obtained in 3A NMS. 'This is the best reading and it is the one which should be recorded. Also,
vary thae Cg at the far end. See if reading on 3A gets lower (better If it does record this reading. If not, record the best reading (varying Cq will rormally have no effect
on the 3A ﬁm if the circuit has a loss of 5 db or grcater).

5. fhe ocho struetural return loss (ESRL) in db is the difference between: !_ESRL = 89 - dbrn-C reading, step (5):[ in db.

6. Record the data in DATA SHEET - ECHO STRUCTURAL RETURN LOSS (ESRL) FOR D-66 LOADING.

FIGURE 15. ZCHO STRUCTURAL RETURN LOSS MEASUREMZNT (ESRL) OF OME UNIFORM GAUGE ONLY FOR ENTIRE CIRCUIT LENGTH (19-D-66 ONLY OR 22-D-66 ONLY OR 2L-D-66 ONLY)




Record the data

D-G6 PO No. 1©

MIXED GAUGE 19, 22 or 24 D-66 PAIR UNDER TEST

7

TOOTHPICK OUT TOOTHPICK OUT
W.E. CO. TYPE 201B NOISE DOTH LINE AND ] BOTH LINE AND
OF W.E. ELECTRONICS GENERATOR C.0. SIDES OF C.0. SIDES OF
7556 o) MDF PROTECTCR | | MDF PROTECTOR
—-— 7 l | /
MEASURE
_ [ I ey
- 19, 22, OR
19, 22, o8 2% atce
12k cAUGE

0O D-66 PBH Ho. 2

C1

3
(10T 3)

{(wOTE L)

in DATA SHEET - ECHO STRUCTURAL RETURN L0SS (ESRL) FOR D-66 LOADING.

FIGURE 16. ECHO STRUCTURAL RITURN LOSS (ESRL) MEASURHMENT OF D-66 LOADED CABLES WITH MIXID 19, 22 and 24 GAUGES

. DFDT 0
I0TE 1 NOTE
(HoTe 1) ( 3) swrrcy  (WOTE 3) ‘ | NOTE L4: BASIC END SECTION OF THIS
HOTE 1: BASIC END SECTION l gggRl;sADm Eﬂm{gszs:[;gﬁg?
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THOSE LISTED BELOW ) ' Wmm o [ 501).
IS .5 END SECTION FIGURE 9. | | CEECO TYPE C-115 DI,
(2250"). NOLSF | NOTE 3: HEATH CO. TYPE or CAC 115 pr
CEECO TYPE C-115 DL _ DC-1 DECADE | |
or CAC 115 TL W.E. CO. TYPE 34 CAPACITOR OR
OR N.E. ELECTRONICS PRECISE TYFE 478 | I OFFICE B
- TTS-37B N MEASUREMENT PROCEDURE 1
DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8
1. Calibrate the 3A NMS by itself and the 201B by itself before proceeding with the measurement according to Calibration instructions.
2. Connect the test equipment and cable pair under test as shown above. Be sure to strap or set PBN "gauge terminals" for same gauge as the predominant cable gauge.
being measured. Set Cy to build-out cable end section to 2250' total.
3. Throw DPDT switch to "CALIBRATE" position. Sct "OUTPUD ATTEN." pad of 201B noisc gencrator to the 8 db position and note the reading on the 34 NMS. The 3A should read
89 @rn-C. (Function switch of 3A IMS must be on "NM 600" position and "C-Message Network" must be plugged in.) If 34 reads slightly higher or lover than this, adjust
"OUTPUT ATTEN." pad of 201B until the 89 dbrn-C is obiained on the 3A. This completes calibration. Throw DPDT switch to "MEASURE" position. Do not change 201B output
level pad.
4. Read dbin-C reading in 3A 4S. Vary Cp or C; until lovest (best) reading is obtained on 3A. Next, vary the gauge of PBN No. 1 and PBN No. 2 until the reading on a
becomes the lovest possible. (This procedurc involves vaxying C1, Cp, gauge oi PBN No. 1 and No. 2 until the combination is found which produces the lowest reading on the
34 IMS.) The lowest reading on the 32 is the rcading to record.
5. The echo structural return loss {ESRL) in db is: E‘:‘.S’RL = 89 - dbrn-C reading, step (S):[ in db.
.




Heasuring at the H-88 end
3. If the gauge is unmiform, that is all 19 pauge or all 22 gauge for both the D-G6 and H-88 cables, use the measuring proccdurc in Figure 18.

k.

I gauges are mixed, use measurement procedure of Figure 19.
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—_ OFFICE & S MEASUREMENT PROCEDURE | OFFICE B
DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8
Meaguring at the D-G6 end
1. If gauge is uniform, that is all 19 gauge or all 22 gauvge for both the D-GG and H-88 cables, use the measuring procedure in Figure 15.
2. If gauges are mixed, usce measurcment procedure of Figure 16.

FIGURE 17. ECHO STRUCTURAL RETURN LOSS MEASURRMENT OF D-06/H-86 LOADED CABLE USING THE D-66/H-G8 JUNCTION IMPEDANCE COMPENSATOR

Lo
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DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8

L liby be 3ANME by itselt and the 201D by itself before proveeding with the measurement according to calibration instructions.
kS ipment and cezble pair under test as shown above. Make certain that terminals 4, § and 6 in PEN Nos. 1 and 2 are strapped (shorted) for 19-gauge and left

R

iu PO Ho. 1 to .033 nf. Set CBOZ2 to build out FBN No. 2 to same value as physical length of cable end section. (Remember! 900 feet of this is already
iz net of the PBII.) Szt Co Lo build-cut czb end ssction to 000" total.

. throw BPDT swil
(Fanetion ev
201D until the

Sh to "CALTERATE" position. Set "OUTPUT ATTEN." pad of 201B noise gcncrator to the 8 db position and note the reading on the 34 MMS. 3A shonld read 89 dbrn-C.
of 34 must be in "M 600" posivion and "C-Message Hetwork” must be plugzed in.) If 3A reads slightly higher or lower than this adjust "OUTPUT ATTEN." pad of
dmm-C is obtained on the 3A WM3. This completes calibration. Throw DPDT switch to "MEASURE" position. Do not change 201B output level control.
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1

| MEASUREMENT PROCEDURE

DO NOT ATTEMPT MEASUREMENTS BEFORE READING ENTIRE PARAGRAPH 8

Calibrate the 3A NMS by itself and the 201B by itself before proceeding with measurement according to celibration instructions.
Connect the test equipment and cable pair as shown above.

Throw DPDT switch to "CALIBRATE" position. Set "OUTPUT ATTEN." pad of 201B noise generator to the 8 db position and note the reading on the 34 NMS.

The 3A should read

89 dbrn-C. (Function switch of 3A MMS must be on "NM 600" position and "C-Message Network" must be plugged in.) If 3A reads slightly higher or lower than this, adjust

"OUTPUT ATTEN." pad of 201B until the 89 dbrn-C is obtained on the 3A. This completes calibration. Throw DPDT switeh to "MEASURE" position. Do not

change 201B output

level pad.

Set CBOL in PBN No. L to .033 uf. Set CBO2 to build out FBN Ho. 2 to same valuc as physical length of cable end section. (Remember!
the basic net of the PBN.) set C, to build-out cable end section to 3000' total.

900 feet of this is already in

Read dbrn-C reading in 3A NMS. Vary C2 and/or Cp until lowest (best) reading is obtained on 3A. Next, vary the gauge of PBN No. 1 and PBN No. 2 until the reading on 3A

becomes the lowest possible. (This procedure involves varying C1, Cp, gauge of PBN No. 1 and No. 2 until the combination is found which produces the
3A NMS.) The lowest reading on the 3A is the reading to record.

The echo structural return loss (ESRL) in db is: [ESRL = 89 - dbrn-C reading, step (5)] in db.

lowest reading on the

FIGURE 19. ECHO STRUCTURAL RETURN LOSS (ESRL) MEASUREMENT OF H.88 LOADED CABLES WITH MIXED 19 AND 22 GAUGES




STRUCTURAL RETURN LOSS - DB

DATA SHEET - STIGLE FREQUILICY STRUCTURAL RETURN LOSS (SFSRL) FOR D-G65 LCADILIG
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of each full-loading section, (13) As-built length of cach end-section, (1L) CBO, amount and location, (15) Junction
Compensator, if used, (16) Plant jpuried] or aerial, (17) Plant fhew)or existing, (18) Age of plant if existing.
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STRUCTURAL RETURN IOSS - DB
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DATA SHEET - STIGLE FREQUENCY STRUCTURAL RETURN IOSS (SFSRL) FOR D-G6 LOADING
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STRUCTURAL" RETURN LOSS - DB

7) TBP. AIR °F (IF Aerial), GD.
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STRUCTURAL RETURN LOSS - DB

DATA SHEET - STHGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) FOR D-66 LOADING

(1) REA PROJ. DESIGN. MicHicAN 529 A (2) TRK.GROUP OwrondGosl TOzRoN /AT, (3) ) EAS, SPEC. (Circle One)
L) MEASURING BETWEEN RocktAND __TO ON7enAGoN (5) TRUNK NO. IOC. Asp ,I0C. Bsp, (G3PAIR NO. LOC. A 2),10C.B2/

: %7) TRMP. AIR- °F (IF Aerial), GD. YF (If Buried) (8; TESTERS @& L, FHL (9) DATE MEASMS. %4/2 /63

“In line diagrem below show: (10) Type of loading system, (11) All gauges and length of each, (12) As-build” length
of each full-loading section, (13) As-built length of cach endssgetion, (1k) CBO, amount and locatien, (15) Junction
Compensator, if used, (16) Plant|buried] or aerial, (17) Plant (new)or existing, (18) Age of plant if existing.
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STRUCTURAL RETURN LOSS ~ DB

DATA SHEET - SIUGLE FREQUENCY STRUCTURAL RETURN 0SS (SFSRL) FOR D-66 LOADING

(1) REA PROJ. DESIGH. MIcH/GAN 529 A (2) K .GROUPOAT7D, /5310 220, 1it7/_(3) ), EAS, SPEC. (Circle One)
(%) EASURTEG DETWEENON7on/icon 10 Pockidnp (5) TRUNK H0. IOC. A s@ ,L0C. Byp (6)-FAIR HO. LOC. A_8,I0C.B 8
(7) TR{P. AIR OF (IF Acrial), GD.  OF (If Buricd) (83 TESTERSC /o L . =17« (9) DATE MEASMS. 8/ 9/63

“In line diagram below show: (10) Type of loading system, (11) ALl gauges and Iength of each, (12) As-build length
of each full-loading section, (13) As-built length of cach end;sgction, (1) CBO, amount and locatien, (15) Junction
Compensator, if used, (16) Plant|buried]or aerial, (17) Plant ne% or existing, (18) Age of plant if existing.
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DATA SHEET - STIGLE FREGUENCY STRUCTURAL RETURN LOSS (SFSRL) TFOR D-66 LOADING

(1) REA PROJ. DESIGH: MICHIGAN 529 A (2) TRK.GROUP ONTONACYTO ZRoN MTA. (3) l, EAS, SPEC. (Circle One)
h; MEASURTIIG BETWEEN PocklAND 10 oN7on/AGon/ (5) TRUEK NO. LOC. A sp ,L0C. Bgp (G)PAIR WO. 1OC. A_g8,I0C.B_8
&7 TRP. AIR OF (IF Aerial), GD. 55 OF (If Buried) (Sg TESTERS PGL 24 (9) DATE MEASMS. 8'(!% /53
“TA line diagrem below show: (10) Type of loading system, (11) All gauges and length of each, (12) As-vhild length
of cach full-loading section, (l?) As-built length of cach end-section, (14) CBO, amount and locatien, (15) Junction

Componsator, if used, (16) Plant|buried| or aerial, (17) Plant (new)or existing, (18) Age of plant if existing.
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STRUCTURAL RETURN LOSS - DB

DATA SHEET - SINGLE FREQUENCY STRUCTURAL RETURK LOSS (SFSRL) IR D-G6 LOADING

(1) REA FROJ. DESIGN. MICHIGAN 529 A (2) TRK.GROUP RocklAND TO BRUCE (Losf3) TOLL, @ SPEC. (Circle One)
ih) VEASURTIIG BETWEEN PociiaND 10 Bruck (oss.(5) TRUIK W0, IOC. A S2 _,I0C. Bsf (6) PAIRTO. LOC. A/ ,10C.B_jj
T) TEP. AIR OF (IF Aerial), GD. OF (If Buried) (8) TESTERS CF(GL.. 7/ + (9) DATE MEASMS. 8/z0/¢3

‘Ta line diagram below show: ({10) Type of loading system, (113 All gauges and length of cach, (12) As-build length
of each full-loading section, (13) As-built length of each end-section, (14) CBO, amount and locatien, (15) Junction
Compensator, if used, (16) Plant [buried or aerial, (17) Plant fiew)or existing, (18) Age of plant if existing.
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STRUCTURAL RETURN LOSS - DB

Ll

ho |

38
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3k

32§
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28

26 F

24
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(1) REA PROJ. DESIGN. pIcH/GAH 529-A (2) TRK.GROUP Q70 0//T0 T/ /vl (3)
(4) MRASURTIG DETHVEEN RocKLAND
(7) TP, AIR
Tn line diagrem below show: ALl
of cach Tull-loading section, (13) As-built length of each end:seqtion, (14) CBO, amount and locatien, (15) Junction

DATA SHEET - STHGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) FOR D-66 LOADING

), EAS, SPEC. (Circle One)

TO BRUCE CPoss5) TRUNK 10. LOC. A w£_,10C. Bu# (63PAIR I0. LOC. Azo,10C.B20

°F (IF Aerial), GD.

TESTERS (7 G/ .=/~ (9) DATE MEASMS. 8/)co/43
All gauges and length of each, {12) As-build’length

CF (If Buried) (8%
(10) Type of loading system, (11

if existing.

6-00 S

Compensator, if used, (16) Plant[buried]or aerial, (17) Plant (new) or existing, (18) Age of plant
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30
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DATA SHEET - STUGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) FOR D-66 LOADING

(1) REA PROJ. DESIGN. MicyrGdan/ 529 A__ (2) TRK.CROUPRocKLAND TORgucE CPoss(3) TOLL, SPEC. (Circle One)

1) IEASURTEG DETHEEN Rock/AND 1O Ceoss.(5) TRUNK NO. LOC. A s ,LOC. Bsp (6) PAIR-TO. IOC. Az} ,L0C.B2]
i'rg TR{P. AIR OF (IF Aerial), GD. _ CF (if Buried) (8; TESTERS G4 /2 (9) DATE MFASMS. 5420.5(23
“TA line diagrem below show: (10) Type of loading system, (11) All gauges and length of each, (12) As-build length
of cach full-loading section, (1%) As-built length of each end-gection, (1) CBO, amount and locatien, (15) Junction

Compenisator, if used, (16) Plant|buried|or aerial, {17) Plant (new) or existing, (18) Age of plant if existing.
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38
36
34
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28

26
2k
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BLY I

(1) REA PROJ. DESIGN. TowAa 583 -4 (2) TRK.GROUP Monon4 _TO PosTyiLLe(3) TOLL, SPEC. (Circle One)
éh) MEASURING BETWEEN o T0 Posrviere (5) TRUNK 0. LOC. A 7 ,LOC. B 4 (6) PAIRHO. LOC. A2s/,I0C.BJ2S/
7) ™RP. AIR ____°F {IF Aerial), GD. E’F (If Buricd) (sg TESTERS CRS L AP (9) DATE MEASMS. 7//0/6.3

“In line diagram beilow show: (10) Type of loading system, (11

of each full-loading section, (13) As-built length of each end-section, (14) CBO, amount and locatien, (15) Junction
Compensator, if used, (16) Planti buriedlor aerial, (17) Plant @or existing, (18) Age of plant if existing.

DATA SHEET - SINGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL)ICR D-66 LOADING

All gauges and length of each, (12) As-bdéild length

300 and 3000 cps.

STRUCTURAL RETURN LOSS

The "3400 CYCLE BAND" is between

and 3400 cps.
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10S5 - DB

STRUCTURAL

DATA SHEET - SINGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) IOR D-66 LOADING

(1) REA PROJ. DESIGN. TowA 523-A (2) TRK.GROUP Aotloalh TO Fosryis £(3) TOLL, @ SPEC. (Circle One)
21:,) MEASURTIG BETWEEN Monos/4 TO Loyl = (5) TRUNK 5O. LOC. A & ,10C. B__ (6) PAIR#O. LOC. A7:75L0C.B/2sg
7) TELP. AIR OF (IF Aerial), GD. Y (If Buried) (8; TESTERS o5/ % 4 (9) DATE MEASMS. %Qa /63

In line diagren below show: (10) Type of loading system, (11) All gauges and’ leéhgth of each, (12) As-bdild’length

of cach full-loading section, (13) As-built length of each end-section, (14) CBO, amount and locatien, (15) Junction
Compensator, if used, (16) Plant [buried]or aerial, (17) Plant 62?) or cxisting, (18) Age of plant if existing.

N
%ﬂ_ chs:é\.(‘g); w52/ . !Loc_& FasTYILLE,
(22) ci .c2y ' .1 ’ ' ’ 1420 / ! ! ’ [ ’ s I '
P’ 19 [ra |60 12243, d500", 45041, 4530, 478 | 4530, 4444, 4500, 4496 4500, 44384490, 4519y 2265, o]
A = K . essafices 1 T Tl e
h= I :é?& 33,046 19066 i 23,428 22 D66 —>izA
AC ' : i
FILL TH ALL INFORMATION INDICATED (e ]
e e e e = : = ; IR
Sea E e e e ROPT, TYEE
3 EEEIE: SEREsE glgg 0SC_f/pzood
EEf EEEEEEEER(20) AC-VIVM /g 0oL
HEE(21) HYB AL /5/39 .
=(22) PBN NO.1ls€E 7163
5(23) PBY MO.2sex 76 3

3h Hpay 0. 1

='(24) ca___/9

32

SPEN NC. 2

30 H(25) GA__ 22
OTHER

28 |, (26) ¢,__© MF
‘ > =% EErmaEnEaE e ] SEEEEE =eREay (27) G2 o MF
26 - . = oo 0

: B GEE e R e 9) 0SC. CAL. LEV.
ol 3400 CYCLE BAND AND iiHoiiiss i +7.0 LMDBblz

3000 CYCLE BAND = , —

CFSRL IS 25.6 db S i
a2 e ::i::::;;:::i::?::::::i;:::;:::*.‘i I =

FIGURE 30 s "

STRUCTURAL .RETURN LOSS

1h

16718 2.02.2 2.0 262 B PR e T B e e

FREQUENCY KC/S

2 6 .8 1.01.8 1. 5l



STRUCTURAL RETURN LOSS - DB

38

36
34
32

30

DATA SHEET - SINGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) FOR E-83 LOADING

(1) REA PROJ. DESIGN. VA. 517 E£DiNBURG(2) TRK.GROUPMr JickSorf0Lpm/R1Rg (3) TOLL,

L) MEASURTHG BETWEEN M1 JAcKSoN DO M Jscicsor(5) TRUBK NO. IOC. A /. /,10C. Bpop(6) PAIRHO. 1OC. A
7) TRP. AIR °F (IF Aerial), GD.___ CUF (If Buried) (83

Compensator, if used, (16) Plant buried or[aerial], (17) Plent new orfe

), SPEC. (Circle One)
10C.B___

TESTERS 42, =% (9) DATE MEASMS. 7///4 L[év_
“In line diagram below show: (10) Type of loading system, (11) All gauge$ 2nd length of each, (12) As-build Aength

of cach full-loading section, (13) As-built_length of each end-section, (1l) CBO, amount and locatien, (15) Junction|
xisting] (18) Age of plant if existing. (4 ygs
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STRUCTURAL RETURN LOSS - DB

DATA SHEET - STIGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) FOR H-88 LOADING

(1) REA PROJ. DESIGN. AWA. 520 WiKsTRoM (2) TRK.GROUPNEWFOLDENTO_ Hoi7~ _ (3) TOLL, SPEC. (Circle One)
(4) MEASURING BETWEEN /ey/FoLDEN 1O Hol7 (5) TRUNK TO. IOC. A __,IOC. B__(6) PAIRNo. LOC. A)3,10C.B 32
(7) TE4P. ATR OF (IF Aerial), GD. 40CF (If Buried) (8; TESTERS 25/ ,c-%/fg (9) DATE MEASMS. 54/3 /62
“TA line diagram below show: (10) Type of loading system, (11) All gauges add length of each, (12) As-build’length
of ezch full-loading section, (l?{ As-built length of each end-sgction, (14) CBO, amount and locatien, (15) Junction
Compensator, if used, (16) Plant|buried| or aerial, (17) Plant {iew)or existing, "(18) Age of plant if existing.
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STRUCTURAL RETURN IOSS - DB

1) MEASURTIIG BET
T) TEP. AR
Tn line diagranm below show:

DATA sm:nr - STHGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) FOR H-88 LOADING

JEELI ovE
°F (IF Aerial),

(Sg

= ,I0C. B3 (6) PA
TESTERS @é 4 7247 / A
211 gauges end length of each, (12) As-build Zength

section, (1) CBO, amount and locatien, (15) Junction

(1) REA PROJ. DESIGN. GA. 534 PMf/T/:‘PS (2) TRK.GROUP Dovef  TONEWAGTo/A3) TOLL
c1on/(5) TRUNK FO. IOC. A
F (If Buricd)
(10) 'Iype of loading system, (11
of each full-loading section, (13) As-built length of cach end-
Compensator, if used (16) Plant[buriedjor aerial, (17) Plant fiew)or existing, (18) Age of plant if existing.
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SFEC. (Circ
LOC. A_3 ,I0C.B3
(9) DATE MEASMS.

le One)

co/zS 2.

38}

36

g

32
30

28

18

16

p——
DVE, soon) ~* o 0 S0 0 o =~ © "9 To "o o T~ =1 [=WNGTON
L o0C.A osc (19) l Q % Q 0 Q g 8 1y Q Q (0) [e] 8 8 \9 0 Loc.& A/
G2 i —T—c2t § Q O 8 9 ¢ g @ O 9O 9 9 & 9 & o
116G [ 1o9) m, N, 0 NS NIFEC VRIS VA VIV VA TV C IV UV JVR. LI BT )
bt 7e 7™ al 7 2 EAS N (A} AR DAY *x \ % % , -r=-
Yod 71 % en I ' T ceo= /2/0 = c0194f’ bl n N2
c(ggl /—7"4.“ pe< BJ22H 88 S} \_cgoz
AC o) [} (2¢)
600 IVTVA ; ) 3
1 ol MG I . FILL T ALL INFORMATION INDICATED 3
5 EERe Epre) HEREAAs Eeet ey Sl . ; T TR e, e E e Lt Eervr Fent Fr s raa et Prsa FEaut
TR : S =i e St == SR OPT., TYPE
i - e s S e 19? 0SC 2.2 200J _:
R B R S e s = HE4(20) AC- .2 dooL.
3 = , B : ‘ (21) HYB  /zo0 P~ |

=z (22) PBN NO. 1

REA H-88.

=(23) PBY NO.2£z4-4-88.

IR

= PBN|{NO., 1
: (2L) CBOL___ O MF
= =(25) A~z ,
1 = 4 +=2:4PBN| NO. 2 i
s S TE) 0508 o MF
s S Seetmi(27) A 22
R S s OTHER
= : e (58) CL o MB
T e e e (09) C2
IS R (30) os——‘W—
! D i +7.0 DBM

TR
4

FIGURE 33
STRUCTURAL RETURN LOSS

T

1h

.8 1.01.2 1L.%

.6 1.8 2.02.2 2.

FREQUENCY KC/S

L 252.8 3.




STRUCTURAL RETURN LOSS - DB

DATA SHEET - STIGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) FOR H-88 LOADING

(1) REA PROJ. DESIGH. AReAskd 536 8 (2) TRK.GROUP, Hosiins T Pregce  (3) TOLL, @ SPEC. (Circle One)
(%) 1EASURING BETVEEN Hosx/insS T0 p/=lces  (5) TRUBK IO, LOC. A __L)LOC B / /_(6) PA RTe. LOC. A(S/,I0C.B274
(7) “BP. AIR _=25_°F (IF Aerial), GD.45 UF (If Buried) (8; TESTERS (9) DATE MEASMS. = [é /5L

“In line diagrem below show: (10) Type of loading system, (11) All gauges and lenrth of each, (12) As-b¥ild length
of cach Tull-loading section, (lF) As-built length of cach end-section, (14) CBO, amount and locatien, (15) Junction
Compensator, if used, (16) Plant[buried| of aerial, (17) Plant ey or existing, (18) Age of plant if existing.
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STRUCTURAL RETURN LOSS - DB
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DATA SHEET - SINGLE FREQUENCY STRUCTURAL RETURN LOSS (SFSRL) FOR H-38 LOADING

(1) REA PROJ. DESIGN. (2) TRK.GROUP T0 (3) TOLL, EAS, SPEC. (Circle One)
éh) MEASURING BETWEEN TO ___ (5) TRUNK NO. LOC. A _ ,IOC. B__(6) PAIR NO. LOC. A___,LOC.B___
7) TEMP. AIR OF (IF Aerial), GD. _ °F (If Buried) (Bg TESTERS (9) DATE MEASMS.

“Tr. line diagram below show: (10) Type of loading system, (11) All gauges and lemgth of each, (12) As-build length

of each full-loading section, (13) As-built length of each end-section, (14) CBO, amount and locatien, (15) Junction
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing.
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DATA SHEET - ECHO STRUCTURAL RETURN LOSS (ESRL) FOR K-83 LOADING

(1) REA PROJ. DESIGHN. (2) TRK.GROUP TO (3)\TOLL, EAS, SPEC. (Circle Onc)
(4) MEASURTIG BETWEEN TO (5) mTaP. AIR YF (IF Aerial), GD. OF. (If Buried)

(6) TESTERS (7) DATE MEASMS. In line diagram below .show: (8) Type of loading system,
(9) All pauges and length of each, (10) As-build length of each full-loading section, (11) As-built length of
each end-section, (12) CBO, amount and location, (13) Junction ( Compensator, if used, (14) Plant buried or aerial,

5153 Plant new or existing, (16) Age of plant if existing. EQUIPT. (17 NOISE GEN. (18) nMs
(19 (20) PBN NO. 1 (21) PBN NO. 2 PBN NO. 1'(22) CBOL MF (23) GA___ EBN NO. 2:
(2hk) cBo2 MF (25) GA____ OTHERA(26) C1_______MF (27) C2 MF (28) NOISE GEN. LEV. "~ DBM (Into 600 ohms )
- ,
Loec. A 62,35 (17 Loe.B
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DATA SHEET - ECHO STRUCTURAL RETURN LOSS (ESRL) FOR D-66 LOADING

(1) REA PROJ. DESICN. . ZA. 50/D (2) TRK.GROUP v/ 1O Pofi=o (3) 'IOLL, SPEC. (Circle One)
(%) MEASURTIG BETWEEN_ Dovyg  TO_ porzTov(5) TEMP. AIR__ 7, OF (IF Aerial), GD.  OF (If Buried)

6) TESTERS /¢ L £A4/T7) DATE MEASHS. 7//4/ 63 In line diagram below show: (8) Type of loading system,

9) All zouges and length of each, (10) As-build length of each full-loading section, (11) As-built length of
each—e-fx-d—section, (12) CBO, amount and location, (13) Junction Compensator, if used, (14) Plant buried or aerial,
515; Plant @iew or existing, (16) Age of plant if existing. EQUIPT. TYPE: (17) NOISE GEN.v/E.2g7/& (18) MSW-£.34
19) HYB_£/£°3 A(7€€20) PBN NO. 1 Fj¢.3 (21) PBN NO. 2 FJE-2 ppy wo.1: (22) GA Z2_ PBN No.2: (23) GA 22
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DATA SHEET - ECHO STRUCTURAL RETURN LOSS (ESRL) FOR D-66 LOADING

(1) REA FROJ. DESIGH.. (2) TRK.GROUP TO (3) ToLL, EAS, SPEC. (Circle One)
(4) MEASURTIIG BETWEEN 70 (5) TaP. AIR “F (IF Aerial), GD. O (If Buried)
(6) TESTERS (7) DATE MEASMS. In line diagram below show: (8) Type of loading system,

(9) ALl souges and length of each, (10) As-build length of each full-loading section, (11) As-built length of
each end-section, (12) CBO, amount and location, (13) Junction Compensator, if used, {1l4) Plant buried or aerial,

_Els; Plant new or existing, (16) Age of plant if cxisting., EQUIPT. TYPE: (17) WOISE GEN. (18) mss
10) HYB_____ (20) PBHNO. 1 (21) FBN NO. 2_____ ppy No.1: (22) GA _PBHN No.2: (23) GA
OTHER: (24) C1 MF (25)C2 MF (26) C3 MF (27) INOISE GEN, LEVL pRM (Directly into a 600 ohm resistpr
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