Rural Electrification Administration . Section L08
'":lephone lngineering & Construction Monual Issue No, 2

November 1965

IIOW TO MAKE FACILITY LOSS MEASUREMENTS
ON VOICE FREQUENCY LOADED CABLES

CONTENTS

1., CBNIMRAL

2, DEFINITIONS

3o IHEORY OF FACILITY LOSS

by AT THE IMPEDANCY COMPFNSATOR DOLS
5. OURP-BY-GTEP MEASURIITNG PROCEDURE
G.  IXTECTED MUASURID LOSS

FIGURES !-5
WABL T
EXAMPIESG 1.~ 6

1. GINMRAL

L.l ihds seetlon provides LA borrovers, consulting cngineers, contractors and other interested partiles
vith technlcul information for usc in the design and construction of REA borrowers' telephone
systems, 1. provides iLcchnical information for use vhen the attenuation {loss) of volce frequency loaded
cables must be knowm.  Ivsuc lios 2 of Lhis seclidfl supersedes Issue No. 1, August 1960, in its entirety.
1.2 uhis scetion is revised to include information on D-66 loadcd cables and cables joined with the

»-66/1{-88 impcdance compensator. I provides information to accomplish the following:

1.21 low to measwure the facility loss of cables vhich arc D-66 loaded for their entire length.
1.22 low to measurc the facility loss of cables vhich are H-88 loaded for their entire length.

1,23 low to mecasurc the lacility loss of D-G6 loanded cables connecting to H-88 loaded cables by means
of the D-66/1-88 junction impedance compensator.

1.24 The step=by-step measurcment procedures.

1.25 Attenuation information for various Ircquencics so that the measured results can be compared
against the computed valucs.

1.3 ‘'Mme information presented herein can be used to accomplish the following:

1.31 To measurc the Tacility locs of loaded intertoll, toll connecting (VNL + 2), EAS and special
application trunls »g5 vell as subscriber loops. TFor measuring subscriber loops the subscriber
cnd=scction must be disconnccteds The loaded portion only is measured starting at 0.5 end-section at

the central office (0.4 to 0.6 is acceptable) and cnding at 0.5 end-section after the last loading point
(9.4 Lo 0.6 is acceptable).

1.32 %o determinc whether (r) the loaded cable mects the transmission requirements to which it has
been engincered, (b) the as-built plant is sulteble for voice frequency repeater application,
(c) corrcetive measurcs arc required.

1.33 o check periodically the performance of the outside plant on a routine maintenance basis or as
a tool l'or trouble clearing vhen transmission problems occur.

1.3% As an aid for dctermining impedance irregularities where structural return loss measurements made
in accordance vwith REA TE & CM-445, "How to Make Structural Return Loss Measurements,” indicate
lovw, structwral return locs vilues.

1.4 This section docs not provide information for determining:
1.41 ‘The facility loss of loading systems other than D-66 and H-88. For loading systems other than
these, insertlon loss measurcments should be made in accordance with REA TE & CM-hOT, "How to

Make Insertion Loss Measurcments," paragraph 11.0h.

1.42 The attenuation of non-loaded cables and/or open wire conductors. For non-loaded cables the
insertion loss proccdurc in REA TE & CM-LOT, ..xample 17 should be used.

1.5 ‘here no mention of the facility type is made it should be assumed that it refers to loaded
caoble,
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2. DEFINITIONS
2.1 Foucility Loss
2.11 The term "Fneility loss" is usedbthroughout this scction to describe "attenwation." The general

cagce of facility loss is defined as the loss in a facility or network vhich is terminated in its
characteristic impedance.

2.12 Pacllity loss for the purpose of the meapurcments in this section is defined as the loss in db
resulting from the insertion of a facility or network having 1000 ohm impedance between a 1000 ohm
resistive nource and n 1000 ohm resistive load. lurther, for the measurements considered in this sectlon,
the measuring oscillator and A-C Voltmeter cquipment vwill be of the 600 ohm type, such as are used for
moking insertion loss type o measurcment:, but cxternally modified through an impedance compensator to
become 1000 ohm devices.

2.2 Impedance Compensator

2.21 An impedance compensntor Tfor the purpose of the measurements described hereln is defined as &
device vhich modilics the incility impedance T'rom 300 to 4000 ¢ps to approximntely 1000 ohms and
in addition modifies conventlonal 600 ohm measuring coulpment to become suitable for 1000 ohm impedance
measwrements in the sume requency ronge.  ‘ihe impedunce matching properties of the impedance compensator
arc diucussed in paragraph U below.

2.3 Insertion Loss

2¢31 The general casc of insertlon loss is detined as the loss in a facility or unctwork which is NOT
terminated in its characteristic impedance.

3. CHLORY OF FACILITY LOS3

Sedo Insertion loss and facllity loss are not the nome; facility loss is a special case of insertion
losn. 'he follouing princlple should be helpiul in clarifying the diffcrence:

3.1l To measurce attenuntion or [neility loss only, the facllity under test must be terminated in its
characteristic impedance. If a termination i; used which is different from the facility char-
acteristic impedance, the resulting loss is attenuation plus reflection losses. Insertion loss is
penerally greater than attenuation or faeility loss. ‘'Wthe two are rcelated as follows:

INSIRTION LOSS = AUUEIUATION
+ 4 RMINAL REFLECTTONS
=TT RACTION

3o Tor loaded cuble:s, the characteristic impedance »u scen in FMgure la and mensured between one-half
cnd-seetions varics considerably in both magnitude and phase from 300 to 4000 eps. I 600 ohm

measuring coulpment is used Lo measure a facility having such impedance characteristics, the measurement
reprecents insertion loss sinee 1t includes not only atitenuation but the resulting reflection losses
betiveen the focllity and the measuring equipment. I., however, the facility had been measured using an
oncillator and A-C Voltmeter vhose terminating impedonce at each Crequency under measurement were equal
to the impedance ol the line at the same frequency, the retlection loss and the interaction loss of the
above expression would hove been zero and the insertion loss would equal the attenuation or facility
losg.  therefore, atbenuation or faeility loss can be thought of as the case of minimum insertion loss,
this is shown by the ilattencd impedance curve in Pigurce 1b.

3.21 Depending on the mognitude and phase relationships of the impednneces involved, it iu possible to
have negotive reileetions vwhich reprecsents reileetion gain.

2 Interaction losnoes nre further cxtensions oi' reflection losses. ‘They represcent the sum total of
all postible reflectlons traveling back and forth in the line as a result of impedance mismatches

betveen the generator, fneilities and load as modiiicd by the attenuation of the line. ‘The relationship

vhich describes interoaction losses is o highly complex one nnd unlike simple reflection loss, it is not

rcadily adaptable to computation. TFor line lossen greater than about 10 db, interaction may be safely

ignored in inscriion lous measurcments.

3.t

3e3 In summary: “he main purposce of making faclllty loss type of measurements on loaded cable plant
rather than ingertion loss, with the ald of the impedance compensator is to assure negligible
terminal roflection effcets duc to mismatches between the 600 ohm test equipment and cable impedances
at both cnds of the line, and to permit an aceuratce comparison betwcen the computed and measured trans-
mission lossese ‘this aleo provides a barls ior detecting the presence of impedance irregularities. The
impedance of a loaded cable "ilattened-out" by the impedance compensator is shown in Figure 1b.
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b, NI IMPEDANCE COMULNOATOR

hel Az discussed previoucly the purpose of the impedance compensator is to minimize the effects of the
terminal reflections duc to mismntehes betucen the 600 ohm test equipment at both coble ends and

the dissimllor impedunce of the cable pair under measurement. Opecifically, the purposc of the impedance

mateldng netvork is threciold: (a) 1t builds the facility under test to 1000 ohms; (b) 1t builds the

16,880 oh:mfsciugtor impedence to 1000 ohms; and (¢) 4t bullds the 600 ohm A-C Voltmeter load resistance to
ONMms »

h.2 Such matched conditions minimize the texminal reflections and interaetion losses bebtwecn the

measuring cquipment and the facility under test and result in attenuation or facility loss only.
Whis method therefore permits an accurate comparison betwecn the computed and the measured facility losses
in the range of 300 to h000 cps.

h.3 the impedance matching network consists of thrce main sections: (a) Cable built-out capacitor;
(b) Inductor; nnd (c) licnsuring-cquipment buildeout resistor.

Lol e purposc of the build-out capacitor is to build-out cach cable chnd-section to approximotely 0.8
cnd=sectlon in order o obtain a resistonce component of the cable impedance vhich is essentially
onstant over the frequency range.

k.5 ‘he purpose of the inductor is to cancel out most of the capacitive recctance of the cable impedance

bLuilt-out to 0.8 cnd~-scction by the cable build-out capacitor, and thus producc 1000 ohm resistonce.
"he purpose of the couipment build-out resistor is to modify the 600 ohm equipment impedance to 1000 ohms.
A Tacllity thus modified 15 in accordance with the definition of paragraph h.lt. A typlcal compensated
impedance is showm in Mgure 1b.

4.6 ‘ihe impedance matching netvork deseribed above is readily ovailable at low cost. It can also be
constructed loenlly with the aid of radio parts und loading colls., A schematic diagram of the
nedviork, a list of component parts and the method of commection are shoym in Figure 5.

Do OWRDP=BY =D MEASBURSIEIM IROCEDURE

Yol the actual step-by-step measurement procedurc, including the type of test equipment, wiring
connections and calibration is shown in igurces 2 and 4. The method basically consists of

inserting an impedance compensator nt each cable terminal-end between the cable cnd-section and

the oseillutor und A-C Voltmeter measuring equipment. The compensator at each cable cnd of a D-66 loading
cable consints of a 0 millilicnry loading coil, u 400 ohm resistor and a variable capacitor, termed
CBO, with ity capacitinece calibrated in terms of fect., ‘this is done only for convenience and case of
measwrement, sinee the coble end-scetion length is normally also expressed in feet so that no conversion
is reouirced. A eopacitor calibrated in microfarads, instead of feet will give the same results. The
Lerminal cnd of Lhe impedunce compensator that conncets to the CBO is always connected to the cable pair
and_ihc terminal end with the 00 ohm resistor to ehe test cquipment as in the diagrams, Figures 2 to U.
Iy the two pairs of terminals are inadvertently roeversed, the results of the measurement will be incorrect.

Ye2 'fuo compensutors arce required for the measurcment, one at each cable terminal end. Iloch CBO in the
compensalor in o cable which is D-G6 or 1i-88 loaded is set to make the total cable end-section (at

the point vhere it is used) 0.8 of a [ull scetion. that is, the coble lenpth betuecn the last loading
point and the point of meagurement plus the amount of CBO in the compensator should be 0.8 section. Tor
D-66 loaded cables, 0.8 scebion results in a 3600 foot cnd-section total, vhile with H-88 loading it must
be 1800 feet. The umount of cnd-scetion adjacent to the compensator can be 3600 feet in cable length
only (compcnsutor (BO in uero icet), built-out to 3600 feet by the compensator CBO only (cable natural
end-scction length is zcro), or a combination of both. ‘fhis last one is that which occurs in actual
practice. 'the cnd-scetlon loength of the cable has o certain physical length and the CBO of the compen-
sator furnishes the romainder 1o that together they add to 3600 feet (for D-66). For cxample, assume
that the physical end=scetion of a D-G6 looded cable is 1900 feet. The amount of CBO vhich would be
required in the campensator would be 3600-1900 or 1700 Icet. Dy design, the end-sections in new D-66
conslruction arc recuired ©o be 0.5 but are alloved to vary between O.k and 0.6, vhich is 1800 feet to
2700 eet respeetively. ‘his, however, may not be the casc in existing 11-88 plant vherc the cnd-scction
can be longier or shortver thon this.

5.3 Unlike the impedence compensator used to measurc 11-88 loaded cables, the compensator used to
measure D-66 loaded cables uses one value of inductance coil only; 36 millihenries. ‘This coil

in the D-66 campensator can be used for any one pgavge or for mixed gauges. For this renson there is

no suitch for sclecting the coil according to the gauge to be measured and this also somewhat simplifies

the measurement.

5.0 igurcs 2 to k& shov that a 120H repeating coil is used for the measurcment. This coil is not
cssentinl to the measurcment and is uscd only o maintain circuit balance so that noise will not
affvet or obscurc the meter readings. If trangistorized, portable oscillator and A-C Voltmeter equipment
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is used the 120H can be removed from the calibration and measurement; If vacuun tube equipment is used

theflja_?_H coll will probably have to be used. A good check to make with any type of test equipment is
as follows: . )

5.1 With the test sctup as per Figures 2 to 4 and the DPDT switch in the "measure" position and the

) cable connected, but without the 120H repeating coil turn off the oscillator pover on=off switch.
Hnve the A-C Voltmeter read at the far end. If the reading on the A-C Volimeter is =li5 dbm or greater
(that is, -48, =50 dbm, ctc.) the 120H repeating coils need not be used, Incidentally, the above
procedure is a good cheek vith or uithout coils sincc the same noise problem can sometimes exist due to unb
unbalances in the cable pair itself under test.
505 ‘The actual measurcments can be made quite rapidly, without significent sacrifice in accuracy, if

the callbration proccdurc con be made to be simple. This can be done as follows:

5.51 Conncet the oscillator to the A-C Voltmeter (»5 per calibration procedure in Figures 2 to L) and

rotate the oseillator frequency vernier from 300 to 4500 eps. Note the readings in the A-C
Voltmeter. If the readings do not vary by more than 0.3 db in this range, there is no need to recali-
brate at each frequency of measurement (only periodically). Set the oscillator at this output level
(+h.l dom) and proceed with the measurement, varylng the frequency vernler only.

5.6 ‘Uhe minimum frequencics vhich should be measurcd in D-66 loaded cables are 300, 500, 1000, 1500,
2000, 2500, 3000, 3500, 3900, 4000, and 4100 cps and also the frequency vhere the loaded cable
cuts off (~G0 dbm or greater in the ebsence of linc noisc). TFor the initial cable runs, it is advisable
to take frequency steps cven smaller in order to cstoblish the shape of the curve. Some of the oscillators
vhich may be used can have a frequency accuracy of + 3 percent. At hOOO cps this would be + 120 eps which
is significant. 9To account for this, the frequencics of 3900 and 4100 cps have been included.

o7 ‘hen making the facility loss measurements, the cable temperature must be known accurately (to
within + $ degrees, 1) so that temperature corrcetions will not be in error. For aerial cables
the thermometer should be placed in the outside cir and periodic readings taken throughout the course
of the measurcments. Sunlight (not in shade) temporature rcadings should be taken as being more
representative of the temperature in the cable sheath. In burled cables proceed as follows:

pS)

5.71 Bore a hole approximately 2h to 30 inches in the ground using nothing larger in diameter than a
ground rod. Altach the thermometer to a length of rope or string and lower it to the bottom of

the hole., Take periodic readings by holding and raising the thermometer by the string. This method

has been found to give resulis represcentative of the cable-ground temperature.

5.8 ‘he results of the mecasurements should be plotted on the '"Data Sheets = Facility Loss Measurements."
Yhis type of data sheet has one significant advantage over the tabular form. The results can be

analyzced as the measurement progresses. 4hat is the smoothness of the curve can now be observed and

conversely bumps in the responsce become more evident and at times even some form of a periodic pattern

may appear Lor certain types of irregularities.

5.9 ‘herc the D-G6/H-88 junction compensator is uscd to interconnect D-66 to H-88 loaded cables, 1t
is advisable to check the connections physically at the junction compensator before proceeding
with the measurements for assuring that the D-66 side of the compensator is comnected to the D-66
loaded cable and the 188 side to the H-88 cable.

6.,  XIZHCLD MPASURFD LOSS

6.1 'he purposc in meking Tacility loss mecasurements 1s to eliminate reflection losses. The results

of the meusurcments represent the total atbenuation of the circult for the particular length,
gauge () ond type of loading system(s) under test and the cable temperature at the time of measurement.
whle I gives attenuation information at 68°F, for various cable gauges (D-66 and H-88 loaded) at vgrious
freceucneies, co that the cxpected facility loss of a particular coble layout can be computed at 68 I or
other temperature of interest and compared against the measured values.

6.2 ‘“he basic proccdure for computing the cxpected attenuation or evaluating measurement data is as
ollous:

6.21 Jor the particular Irequency, loading system und temperaturc, multiply the length of each

dilferent gauge by the db per unit length using the informotion in able I to obtain the loss.
‘his Lo the totnl loss For cuch gauge for this length. Adding the individual losscs for cach gauge
gives the total circult attenuation for the particuloar loading cystem, frequency of interest and
temperature.

6.3 "he attenuation information in Table I has been prepared for 68°F. TFor converting the meosured
loss to G8°F, usc the Tolloving percentoges for copper conductors:

6.31 lor cach - 59 change in temperature from G8°% change the db per mile attenuation (nt any

frcquency)— by  onc pereent or the results of measurcments by + one percent.

-l -
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6.4 ‘he measurcd foeility loss for D 66 loaded cables compared to the computed facility loss should
_ be vithin + 10 percent at 1000, 2000, and 3000 cps and, + 20 percent at 4000 cps. The computed

facility loss is obtaincd by multiplying the db per mile attenuation values in Toble I for exchange

type, 0.083 microfarads per mile coble by the facility length as discussed in paragraph 6.2 above.

6.5 ‘‘he values choun chove are upper limitsc and not the actual noymal values expected. In actual

practice, the percent limits shoun above will be improved at least by a two-to-one ratio. As a
fcuide to the valuec of facility loss which should be expected with D-66 loaded cables, the information
in l:amples 1 to 6 :hould be referred to. “hese cxamples show the results of actual measurements in
several REN borrovers' :ystems. It chould be noted that the requirements of parsgraph 6.4 above ore
met wiith a considerable maxgin.

6.6 “he measured cacility loss for H-88 londed cobles compared to the computed value of facility loss

should be within *+ 10 percent at 1000 and 2000 cps and + 20 percent at 3000 cps. These limits
vill not normnlly apply to Il 88 plant built under Pormer design practices [or non-repeatered circuits
duc Lo larger chnn normal permissible deviation in coble mutual copacitance, load spacing accuracy and
loading coil inductunce. .herefore, the above limits chould be used only &s broad guidelines.

6.7 .hen making ineility loss measurcments it is essential that the outside plant facility configuration
be accurately lmown, including the manner by vhich the measurements have been carried out and any

measurement adjustments vhich have been found necciusary. ‘lhis information is necessary in order to analyze
the result end determine vhether the objJectives arc being met, vhether corrective action is required and
the Lype of correction. Degsides serving as a record i'or initial acceptance measurements, it also provides
the plant forces uwith a poveriul tool sor performing routine testing on these circuits or for correction
problem: vhen they occur. I is extremely difficult to evaluate results of transmission measurements, to
make recommendations lor coxrrcction of transmission nroblems or to perform routine testing vhen plant
and/or lest records nyre luacking or incomplete. he vorm uced to record the facility loss measurements

and the other informntion reruired is shown in "D-iu heet - Facility Loss Measurement."
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A

OFFICE 2 ~ - TOOTEPICK OUT CEELC OFFICE B
OFFICE & 2 TOOTHPICK OUT BOTH —_——
— > 300 (0-66) LINE ARD C.O. BOTH LINE AND C.C. ¢-100 (D-66)
MEAS.  IMPEDANCE COMPENSATOR 1§IEE OF MDF DMFEDANCE COMPRESATGR 2 |
100 A 36 mh T 36 mh 400 [ 6000
o O~ 50— Ol —O 4 U § YO
c;o - by D-66 CABLE FAIR UWDER TEST -4 3 A.C.
i{e O L = = Lo : : ot — —— — o 8 s
) Ry
| SET CBO FR 3600’ W.E. CO. 120H REP. COIL
| END-SECTION TOTAL
(CABLE + CBO)
; . ol FOTE: IF TRANS OSCILIATOR AND A.C. VIVH
Oscilletor: H.P. Co, 200CD, 20LB = S 120 REP. COLLS CAN

or Equiv.
A-C VTVM : Motorola Co. S1CS51C
Burr-Brown Co. 30C

| . . W.E..CO, 1208 REP, COTL

H.P. Co. 403B, L03B-DB
Loop, LOOH, 400L or Equiv.

Calibration of Test Bquipment

1. Comnect the oscillator, the €00-ohm resistor, the 120 H repeating coil (if used) andA.C. VIVM as shown in the above figure. Do not include the D-66 impedance ccmpensator
in the calibration setup.) Throw DPDT switch to "CALIERATE" positiom.

2. Set the oscillator to a convenient freguency such as 2000 cycles. Adjust the oscillatcr cutput level control to read +4.% dbm on the A.C. VIVM.

3. Do not change the oscillator output level. Vary the oscillator frequency from 300 to 4500 c.p.s. The reading of the A.C. VT¥M should not change appreciadbly from that
obtained in step (2). If varying the frecuency changes the reading on the A.Z. VTVM by more than 0.3 db, calibration at each frequency is required before measuring.

. The ecalibration is now camplete. Do not change the oscillator output level settings.

HOTE: Check the a.c. VIVM before measurement. This mey be conveniently accomplished by paralieling the twe A.C. VIWM's terminsted in one 600-chm resistor across the
oscillator output terminais. In the frequency range of 300 to 4500 cycles the readings cf the two A.C. VTVM's should be within 0.3 df a & of each other.

Measurement Procedure -

S. fThe facility loss measurement is made on the line side of the office with the protector opemed at the line and cemtral office terminals. {The ceatral office equipment and
associated wiring must not be included in the measurement.)

5. Adjust the CBO in each impedance compensator to build out its respective end section to 3600 feet total (ceble length plus CEO).
7. Tarow DPDT switch to “MEASURE" position.

8. Have personnel at the receiviqg end read the a.c. VIVM. The reading in minus dbm of tke A.C. VTVM at the oscillator frequency represents the lcss in db of the facility at
the same frequency. )

%. Tepeat the above procedure for the remasinder of the freguencies under test. Measurements are made et the frequencies of 300, 500, 1000, 1500, 2000, 2500, 3000, 3500, 3500,
4000, 4100 and the freguency where the loss is 50 db or greater.

1. ZEnter the results of the measurements for each individual :trunx aceording to frequency in the "Data Sheet —Facility Io:;s Measurements.”

FIGURE 2. CALTERATION AD MPASUREMENT OF D-66 LOADED CABLE "FACILITY LOSS" USING THE D-66 IMPEDANCE COMPERSATKR
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W.E. CO. 120H REP, COIL {

OFFICE A OFFICE B
CEECO TOOTHPICX OUT BOTH TOOTHPICK OUT ~ CEECT
r-- f— €-13¢ (H-88) LINZ AND C.O. BOTH LINE AND C.0.  C-iCl (H-8E)
1 CAL. MEIS.  IMPEDANCE COMPENSATOR  SIDZ OF MDF SIDE OF MDF  IMPEDANCE COMPENSATOR
O , £V
I — b.._ T L% wt g N1 T s r Py |
! ! ° :,C'L \ 1 i T g O- l".\l ¢ aavn—O—
| DPOT ¢ cao :;z‘. ) H-88 CABLE PAIR UNDER TEST . = 4= cno v:-’qu'
( ! P{of o+ © et mm e
i IR _-l T
) o L | i l_.‘ "
- _ 1 | ! 1 SET CBO FOR 4800° W.E. CO. 12CH REP. COIL
K00 0SCILLATOR ] [ END-SECTIOR TJTAL
' L | (CABLE + CBO)
2 I
ittator: E.P . - ' NOTE: L. IF TRANSISTORIZED OSCILLATOR AND A.C. VIVM
600, Osei-ztor: E.F. ‘_iz;i:ﬁcn: 203 ! SQUIPMENT IS USED THE 120H REP. COILS CAN
c. 1 T = . E OMITTED FROM CALIER. MEASMT.
il B - 2 | acvrve ¢ wotorore co. sizsic ' = FR ARD MEASMT
f Burr-Brown Co. 300 ! 2. SET COMPENSATORS FOR 50 MH FOR 22 GA
5 HP, Co, 3038, -03B-DB I " AND 24 GA. CABLES AND A MH FOR 19 GA CARIE
L— Z U 400D, -C2d, CCL or Equiv. 1 *
|
i

A. Calibretion of Test Equipment

Connect the oscillator, tae 600-ohm resistor, the 120 H repeating coil (if used) and A.C.-VIVM as shown in the above fugure. (Do not include the H-88 immedance compensator

Aijust the oscillator output level comtrsl to read +4.4 dbm on the A.C.-VIVM,

The reading of the A,C. VIVM should not change appreciable from that
If verying the frequency changes the reading on the A.C.-VIVM by more then 0.3 db, calibration at each frequency is required before measuring.

osciliator output terminals.

This may be conveniently accomplishec by parslleling the two A.C.-VIVM's terminated in one 600-olm resistor across the
In the frequency range of 300 to LJOC cycles the readings of tne two A.C. VIVM's should be within 0.3 of a db of each other.

- in the calibration setup.) Throw DPDT switch to "CALIBRATE" position.

2. Set the oscillstor to & convenient frequency such as 200C cycles.

3. Do not chenge the oscillator output level. Vary the oscillator frequency from 300 to LOOO c.p.s.
obtained in Step (2).

4. The calibration is now complete. Do not change the oscillator output level settings.

ROTE: Check the A.C.-VIVM before measurement.

measuremert is made on the line side of the office with the prcotector openmed at the line and central office terminals. (The ceatral office equipment and

must rot be included in the measurement.)

each impedance compensator to build out its respective end section to 4800 feet total (cable length plus CBO).

+to "MEASURE" position.

the receiving end read the A.C,~-VIVM, The reading in minus dbm of the A.C.

-VTVM st the oscillator frequency represents the loss in db of the facility at

B. Measurement Procedure

5. The facility loss
asgociated wiring

6. Adjust the CBO in

7. Throw DPDT switch

8. Have personnel at
the same frequency.

9.
2200, 3000, 3100, 3200,

10.

Repeat the above procedure for the remsinder of the frequencies under test.

Measurements sre made at the frequencies of 300, 500, 100C, 1500, 2000, 2500 2600, 2700, 2800
2300, 3400, =nd the frequency vhere the loss is 50 db or greater.

Enter the results of the measurements for each individusl trunk according to freguency in the "Data Sheet - Facility logs Msasurements.”

FIGURE 3. CALIERATION AND MEASUREMENT OF H-88 LOADED CABLE"FACTLITY LOSS" USING THE H-88 IMPEDANCE COMPENSATOR
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W.E. CO. 120 H REP. COIL |

OFFiCE A
———— CE.ECO JUNCTION CEECO O_F‘E..'I_CE_B
€-100 {D-66) COMPENSATOR TOOTHPICK OUT C€-100 (R-88)
-~ G ——p IMPEDANCE BOTH LINE & C.0.  IMPEDANCE
| Lo can MEAS. COMPENSATOR __“_ _ SIDE OF MDF COMPENSATOR
| ; M iﬂ’ 500 36 mh ! Lo—-#— (o Mg LL o koo 600
© J16 —O—wnh- T O 00 O+ 5 - A-O—
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Lo L TOOTHPICK OUT . ! W.E. CO. 120 H REP. COIL
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b CARLE [
Oscillator: H.P. Co. 200CD, 20LB ( + CB0) i
n or Equiv. C; CBO FOR 4800’
A.C. A-C VIVM : Motoroie Co. S105iC END-SECTION TOTAL '
Ry Burr-Brown Co. 300 (CABLE + CBO) ‘
H.P. Co. :03B, LO3B-IE SEE EEA TE & CM 431 I
Loop, 400H, L4OOL or Equiv. FIGURE 1 !
: ]
|

A. Calibration of Test Equipment

L,

NOTE: Check the A.C. VIVM before measurement. This may be conveniently accomplished by peralleling the two A.C. VIVM's terminated in one 600-ohm resistor across the oseillator

B. Measurement Procedure

Connect the oscillator, the 600-ohm resistor, the 120 H repeating coil (if used) and A.C. VIVM as shown in the sbove figure. (Do mot include the D-66 impedance compensator
in the calibration setup.) Throw the DPDT switch to "CALTERATE" position. Set the oscillator to a convenient frequency such as 2000 dycles.

Adjust the oscillator output level control to read +i.l4 dbom on the A.C. VTVM.

Do not change the oscillator output level. Vary the oscillator freguency from 300 to 3500 c.p.s. The reading of the A.C. vTVM should not change appreciably from that
obtained in step (2). If varying the frequency changes the reading on the A-C. VIVM by more then 0.3 db, calibration at each fregquency is required before measuring.

The calibration is now complete. Do not change the oscillator output level settings.

output terminals. In the frequency range of 300 to 3500 cycles the rcadings of the two A.C. ViVM's should be within 0.3 of a db of each other.

5.

10.

The facility loss measurement is made on the line side of the office with the protector opened at the line and central office terminals. {The central office equipment and
associated wiring must not be included in the meusurement.) :

Adjust the CBO of the compensetor at the D-66 cable measuring end to bulld out this end section to 3600 feet total. Adjust the CBO of the compensator at the H-88 cable
measuring end to build out this end section to 4800 feet total.

Throw the DPDT switch to the "MEASURE".positior.

Have personnel at the receiving end read the A.C. VIVM. The reading in minus dbm of the A.C. VIVM at the oscillator frequency represents the loss in db of the facility at
the same freguency.

Repeat the &bove procedure for the remsinder of the frequencies under test. Measurements are made at the frequencies of 300, 500, 1000, 1500, 2000, 2500, 2600, 2700, 2800
2900, 3000, 3100, 3200, 3300, 3400, and the frequency where the loss is 50 db or greaters

Enter the results of the measurements for each individual trunk according to frequency in the "Data Sheet —Facility Loss Measurements.”

FIGURE %-  CALIERATION AND MEASUREMENT OF D-66/H~38 LOADED CABLE "FACILITY LOSS" USING THE IMPEDANCE COMPENSATOR
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SCHEMATIC DIAGRAM & CONSTRUCTION DETAILS OF IMPEDANCF -FQMPENSATOR

TOR D-45 OR H-88 LO:DING (82 FIG, - FOR APPLICATICH
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Ry Ll 200" STEPS - 1000' STEPS
o ‘va T —g

" les e lesee for l
i) o—ATTIN_o I 2 5 {Ce _[C7 1%
wessume oy TTTT 11171 o
S2 S3

o— -0
B.0. EQPT. RESIST. B8.0. INDUCTOR B.0. CAPACITORS

36 MH LOADING COIL (FOR D-66 ONLY) PARTS LIST

R; — 400 OHM | WATT * 1% CARBON RESISTOR AEROVOX TYPE CPl OR EQUIV.
Ly — 44 MH LOADING COIL — FOR [9—H—88 CABLES W.E. CO., CEECO. OR EQUIV.

Lz — 55 MH n ” — IR 22—H — 88 11 i1 9 3 [}

C, — PAPER OR MICA CAPACTOR 0003 MF X 3% 500V DCW EL MENCO-ARCO CO. OR EQUIV.
Cz —— ET I} ” [} 0.006 = 1) [} 2 29

C3 —_— 39 FEIE ¥ 39 0.010 29 23 90 o3 1

Cq — 3 ETON Tt ’ 0.013 2 79 3 22 EX

Cs — » 13 33 tH) Q.016 2 7 30 i) 29

CG —-— I » 9 2 0.032 s 93 » " %Y

C-, — %3 2 9 2 Q.048 9 o3 23 93 99

CB _— 59 39 3 33 0.064 29 99 °3 23 39

FIGURE 5




_REA TE & CM-L08

TABLE I
FREQUENCY ATTENUATION IN DB/MI @ G8°F,
D-66 AND H-88 LOADED CABLES
EXCHANGE CABLE ,083 MF PER MILE
FREQUENCY D-66 H-88
CPS 19GA 22CA SLGA 256GA 19GA  22GA  2LGA 26CA
200 0.39 0.65 0.90 1.20 0.39 0.65 0.90 1.20
300 0.40 Nn.TL 1.00 1.39 0.40 0.71 1.00 1.39
400 0.k1 Bl 1.08 1.52 0.41 o.7h 1.08 1.52
500 0.42 0.76 1.13 1.61 0.42 0.76 1.13 1.61
800 0.h2 0.79 1.19 1.77 0.k2  0.79 1.19 L1.77
1000 0.42 0.79 1.21  1.83 o.k2 0.79 1.21 1.83
1500 0.h2 0.80 1.23 1.89 o.k2 0.80 1.23 1.89
2000 o0.k2 0.80 1.23  1.90 o.42 0.80 1.23 1.9
2500 0.43 0.80 1.23  1.90 0.43 0.81 1.23 1.90
2800 0.43 0.80 1.23 1,90 0.45 0.82 1.2k 1.90
3000 O. Ll 0.80 1.23  1.90 0.48 0.86 1.31 2.00
3100 0.k 0.80 1.23  1.90 0.51. 0.90 1.36 2.07
3200 0.4k 0.80 1.23 1,90 0.56 0.97 1.6 2.20
3400 0.45 0.81 1.24h  1.901 0.86 1.hk2 2.00 2.80
3600 0.46 0.82 1.26  1.93
3800 0.48 0.85 1.29 1.98
3900 0.50 0.87 1.31 2.01
Looo 0.51 0.89 1.3% 2.05
4100 0.54 0.93 1.39 2.12
4200 0.57 0.98 1.4 2.21
4300 0.62 1.05 1.56 2.34
hhoo 0.71 1.18 1.72 2.55
4500 0.87 1.hk2 2.03 2.90
4600 1.35 2,01 2.66 3.51
NOTE: TO CONVERT DB PER MILE ABOVE FOR TEMPERATURE OTHER THAN 68OF
CHAmgg VALUES ‘SHOWN BY + 1 PERCENT FOR EVERY CHANGE OF + 5%p
FROM 68°F,
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DATA SHEET - FACILITY LOSS MEASUREMENTS FOR D-66
(1) REA FROJ. DESIGN,IowA $0/-0 Dows (2) "ch{ GRgU‘ Dows T0 ALDEAN _ (3) TOLL, SPEC. (Clrcle One)

(L) MEASURING BETWEEN Do, T0 Pope o TRUNK-TU, L0, £, T0C. B —(6) PATR'NG. LOC. A_S_,LOC B
(7) TEMP. AIR €8 °F IF Aerial), B—E“JUFYTI‘E Buried) (8) TESTERS Pz (9) DATE MEASMS. TuLy :96

In line diagram below show: (10) Iype of Ioading system, (11) All gauges and length of each, (12) As-build length
of each full-loading section, (13) As-built length of each end-section, (1lL) CBO, amount and location, (15) Junction
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing.

(19) TIPE 0SC. HP 2oo J (20) 0SC. CAL. IEVELL +4.4 dh~ _ DBM (21) TYFE AC VIVM ){P‘f-ooL

{
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(19) TYPE OSC. 4 £ Zoo (20) 05C. CAL. IEVEI} +4.4 Jon~  DBM (21) TYPE AC VIVM M2 dool

DATA SHEET - FACILITY LUSS MEASUREMENTS FOR D-66 ™\
(1) REA PROJ. DESIGN,Jews 583-4 Zostvizie(2) TRK, GROUP Modons TO Pestyrire (3} TOLL, SFES. (Circlie One)
{l}) MEASURING BETWEEN sézscnA TC cosmvicce \5) Um’ﬁg'."‘&' ﬁ-—%—ﬁt::(é) PAIRN, LOC. A2s3LO0C.Bi257
(7) TEMP. AIR 7z OF (IF Aerdal), GD.SS UF (If Buried) (8) TESTERS Ez .ZZ (9) DATE MEASMS, duz.zd /9€3
In line diagram 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 each end-sectiocn, {1L) C30, amount and location, (15) Junction
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing.

oSt orionis 5 L0235 uf G 952 iLoc.B PosTyiLE
* 1200 I
] e s -
400 38mb yool3 ,vz.,5005( Lol 1;5;%;\. 15301 Wik L5000 Lhog koot B30t Lhoo! L5197 2283 3¢nd 4002
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)| A * ¥ X% # K 3¢ % l
}"’ ! 1z z b =9 < T 5 - 2 & 3
I i /” e . l;. Q, {
' 403 33,046 19065 —e 23,428

<
CBO ,'_é_o_e_E;b,' Jotes: Use same date sheet for H-SS 220686 i
Py e z . M.
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FREQUENCY KC/S
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- DATA SHEET - FACILITY LOSS MEASUREMENTS FOR D-66 _
(1) REA PROJ. DESIGN, Zows S83-A Mowor/A (2) TRK, GROUE MowonA TOFARMERSBUES(3) TOLL, » SPEC. (Circle One)
(4) MEASURING BETWEEN {ononNA T0 FARMELSE. (5) TRUNE'NU, IOC. £ —, S - (6) PAIR'NO. LOC. A728,I0C.BZZ
(7) TEMP, AIR 7o © Kerial Gl‘§ 5 é% EI'f Buried) (8) TESTERS  PGL . JFP (9) DATE MEASMS., CULY 1963
In line diagram below show: (10) Type of Toading system, (11) All gauges and length of each, (12) As-build Tength
of each full-loading section, (13) As-built length of each end-section, (14} CBO, amount and location, (15) Junction
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing.
(19) TYPE 0SC. A.£ 200 J (20) 0SC, CAL, LEVELX *4.4 DBM (21) TYFE AC VIVM H.P 4ooL.
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| g 2% TTPE 03C. . 205 (20) 0SC. CAL. LEVELL + 4.4 Jbs. DBM (21) TYPE AC VIVM AP doo/
OC Az vprihE np) .OOQ uf C30 !LDC-BEocﬁjﬁf’D

DAT: SHEET - FACILITY LOSS MEASUREMENTS TOR D=66
(1) REA PROJ. DESIGN. M.c#IGAN 529 (2) m{ GRQUrOA/T NAG. an ATN.  (3) (BOLL) EAS, SPEC. (Circle One)
(L) MEASURING BETWEEN Dp/7om/AGoA, TO L AND UN'K‘M %“‘Loc B— (6) FAIR NO. 10G. Az ,10C, Bz;
(7) TEMP. AIR _75 OF (IF Aerial), 6-;- F (1f Buried) (8) TESTERS™ [ (9) DATE MEASMS. L/
In line dia.gram below show: (10) Type ©of loading system, (11) All gauges a“d lepgth of each, (12) As-build lepgth

of each full-loading section, (13) As-built length of each end-section, (1) CBO, amount and location, (15) Junction
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if exlsting.
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TTA T % -hnd

DATA SHEET - FACILITY LOSS YEASUREMENTS TOR =66
(1) REA PROJ, DESIGN. MIcHIGAN £2.9 (2) TR, GROCEONTONAGORTO ZLon MTAN (3) (B0LD) EAS, SFEC. (Circle One)
(L) MEASURING BETWEEN onTonAGeA 10 RocKLAMD 5) TRWTW N0, LC. £ — ,I0C. E— (6) PAR NO. L0C. 4 8 ,JOC.B 8
(7) TEMP, AIR _75 ©F (IF Aerial), GD. g °F (If Buried) (8) TESTERS Pg/ , 4P HD (9) DATE MEASMS. Aduc /9. /
In line diagram below show: {10) Type of loading system, (11) All gauges and léngih of each, (12) As-build length
of each full-loading section, (13) As-built length of each end-section, (iL) £30, amount and location, (15) Junction
Compensator, if used, (16) Flant buried or aeria®, (17) Plant new or existing, (18) Age of plant if existing.
glg% TTPE 05C.  HP Zoo J (20) 0SC. CAL. IEVELL + 4.4 DBM (21) TYPE AC VIVM_H P 4ool
O0C. OAITONA §¢:-M/ Ve 002 wf C3C ) }Loc.Bw
i . I
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e T ALL 25 Z.IR 19066 S
l . 12.5 0. | o
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DATA SH:EET - FACILITY LOS.. MEASUREMENTS ¥OR D-66
(1) REA PROJ, DESIGN (2). f"qgg:o” Axp (3} TOLL, SFEC. (Circle One)
p (5) TRU\ 2 (6) PATR WO. LOC. & 10C.B 2
(8) ms'rzas

(I;) MEASURING BETIWEEN
(7) TEMP, AIR _7p °F zui Ae&al; Buried) =

ﬁ éfﬁ 954 EGL? Lﬂ {9) DATE MEASMS. j:: [9&
In line diagram below show: (10) Type of Toading system, (11) All gauges and length of each, (12) As-build length

of each full-loading section, (13) As-built length of each end-section, (1l) CBO, amount and location, (15) Junction
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing.

[AM)

13

—E—H

FREQUENCY KC/S

§ 2% TIPE 0SC. K4 P 200 J (20) 0SC. CAL. IEVELL _+ 4.4 DBM (21) TYPE AC VIVM H P ool
6¢ T
*“OnToMAGaN . . - - . - - - - - - - - - - - - iLoc.BPoc
RN RSN I~
‘"‘35"'4’1'&“, s, =, Z, 0 F F 2 53 F S5 05, OF F, F, =+, =, | dmidon
1 J_ 1A A ra3 ral FAY KA Y A 7% ral (4 LA) LAY kY [aY [aY 1
Q ' CBO ' ' | :L»rao
be—o 13.4 MI. 22-D-66 = T .|
i §0C
I 8 [P
CBO {400Kt) NOTES: Use same data sheet for B-28 h g‘.n.
i #Use 50 or U4 mh for H-88 e | ACVIVHM
E -memn COMFUTID
e lr’:‘
S =559 1600 27.6 5
= - : 3 = = 4650 33.4 3
= e =i ; k700 10.5 2
e et : 750 46.9 5,
: = bT50 51.1%
S et 5 OFF 51.5 3
., e
TLIUSTRATIVE EXAMPLE 6 S x
= - REA, TSD Y :
EeE s October 1965 4
e EEnE s
e e e s b2 L.y 4.6 4.8 5



RELA T & CM-L408

DATA SHEET - FACILITY Loss MEASUREMENTS FOR D-66
(1) REA PROJ., DESIGN, _ (2) x. Grour (3) TOLL, EAS, SPEC. (Circle One)
(L) MEASURING BETWEEN (5) TRUNEND; IOC, f"‘"‘“ﬁo"’c‘:’"" (6) PAIR NO, LCC. A ,I0C.B___
(7) TEMP, ATR ____ OF (IF Aerial), Gﬁ—'_v?‘("f Buried) (8) TESTERS™ ™ (9) DATE MEASHMS.
In line diagram below show: (10) Type of loading system, (11) All gauges and length of each, (12) As-build Ilength
of each full-loading section, (13) As-built length of each end-section, (1L) CBO, amount and location, (15) Junction
Compensat.or, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing.

TYPE 0SC. (20) 0SC. CAL, IEVEL]- DBM (21) TYPE AC VIVM
oc. |
i

- *
4002 36,

T

i
|
|
CBO FtiNotes: Use same data sheet for H-88

|
i
I
<

—_—
*Use 50 or kb wh for H-88 N L ~
: R > : = + o ; c~ssuavansases VA
: T s St 5 = = T : T
T T : T 5 : 3eREs:
: = T tHE
- :: : 7 : :
=i e =t
—/ = T J} T
2 ey 28
: raas e T E
ey : t T : T
- : > : e : S = 2
T 1 1 + — i +
Ht T = T :
< T 1t 1 1 T 1=
T T = i . 1 e =
T + T
e EEE : F i = : ot
: s
: =
jEesEa : = :
T : 2 St
T - : L : :
T = z
: s =:
: ; = t
2 Eh :
A =t = FrT :
o ; ! TR £ . = = T :
SEeee : : : e : .
T : Ftt : T :
e : s = 7 !
; e : = 5
: T ; £ ; ; =
; = :
i : , : = .
: T e : t=s ; £
m i -+ : 5 = T
T it ; : : : = =
Y ; e : = = = >
Eeeeet T ! T :
3 - T :
. T T : + =+ : 1
¢ R S : fEsases :
N 1 s T Easvase s Tt
l = T
: : : = 1 :
. T = I 7 ;
= : TR 5 :
fate: ! ! = T = T
= : : =iE = =
; T = > = : T =t : =
: = : i : = : : = . t ,, ; :
e = e % = &= i = TREaE
1 TR T : =
H : : T : = =
— + + Hr i T
: : = : T : = fgamen T
= Tt T T T bui v . ; T T T
5 = 2 } T = T - = :
=it T T + T 5o = T
Iz I o i t
T :
e o 1 ; = T =2
T - : = :
T : i e e b
: T H : } : = SEasaay
; 7 Emieesisset: = ; : T i =
t = = : .
% 1 T s =T > T * ]
: ] Fro T e
T e R ==pr
22 = 1 1 1T 1 - ve 1T i8
: = = = L
== : : fEEdE e AR nlnen e et £
& 5 =
- T 'y 5y : iy

o

it .= oy

wus T T uo T T T o
T 1 Tt

yaray
Ht o = e

LL
H

1

+H
e + T T 1 T
1T T—TT—I

i 1t 1 T - m

RN SRR TRy S S 5 A % 0P G W - 2.22."26 5% 30372 3L36 38 ho hZhh uéh‘é 5050
FREQUENCY KC/S

i
i
Y




