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1.1 'ihio :,cction provide:: r:;~ borro,l()ro, conoulting engineers, contractors and other interested parties 
111th 1,t1chnicul lnl'ormnt;ion for use in the dcoign and construction of REA borrowers I telephone 

sy:.;tcnw, I . provides l,cchnical information for \l!le \lhen the attenuntion {loss) of voice frequency loaded 
cnbleo muat b,: k.no1m. l::suc lb, 2 of Lhio ncc~ioft supersedes Issue No, 11 August 196o, in its entirety. 

l.!2 \1lis :;cction iG rcviocd to include informntion on D-66 loaded cables ond cables joined with the 
:u-66/!!-88 impedanc•.) compensator, E provide:; informntion to accomplish the following: 

J..21 llow to mea:;ure the facility loss of cables uhich arc D-66 loaded for their entire length, 

J..22 11011 to mcaoure the fncility loos of cables 11hich are H-88 loaded for their entire length, 

J..23 llow to measure the i'acility loos of D-66 loaded cables connecting to H-88 loaded cables by means 
of the D-66/11-88 junction impedance compcnoator, 

1.2h 'lhc otep-by•otcp meaourement procedures, 

1,25 A acnuation ini'ormntion for various i'rcquencics oo that the measured results can be compared 
ucuinnt the computed values, 

1. 3 '!he information prcountcd herein can be uocd -to accomplish the following: 

1.31 '.l'o measure the fneility loou of loaded intertoll, toll connecting (VNL + 2), EAS and special 
application trunl:o "G 11cll ao oubscriber loopo. For measuring oubscriber loops the subscriber 

cnd-ocction must be dioconnectcd, 'I'he loaded portion only is measured starting at 0,5 end-section at 
the central office (rJ,lf to o.6 is acceptable) and ending at 0.5 end-section after the last loading point 
(o,l~ t.o o.6 io occcp-table). 

1.32 'J.'o determine '.lhcthcr (ii) the loaded cable mccto the transmiosion requirements to which it has 
been engineered, (b) the 00-built plant is ouitable for voice frequency repeater application, 

(c) corrective measureo arc required, 

1.33 'l':) checlt periodically the performance of the outside plant on a routine maintenance basis or us 
n tool l'or trouble clcnring when tranrimi::rnion problems occur, 

1,3l1 i\:, an aid for determining impedance irregularities where structural return loss meaourements made 
in uccordnncc 11ith HE/\ TE & CM-445, "How to l•L.'llte Structural Return Loos Meaourements," indicate 

low. otructui·a.l r.,turn lo:;o vnlueo. 

1.4 Thia nection doco not provide information for determining: 

l,l}l 'l'he facility loos 01' loading syotem.o other than D-66 and H-88. For loading 0ystemn other than 
the:.c, innertlon lo:;n measurements ohould be lll.'.lde in accordance with REA TE & CM-407, "How to 

Mnltc Inoertion Lor,:; J,!caouremcntu," paragraph 11,04. 

1.lJ.2 '.L'he ottcnuntion of non-loaded cables and/or open wire conductors, For non-loaded cables the 
insertion loso procedure in HEA TE & CM-4o7, ; :xample 17 should be used, 

1,5 '.lhcrc no mention of the facility type is mnde it should be assumed that it refers to loaded 
cable, 
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2. DEFINITIONS 

2.1 Fncility Loss 

2.ll The term "Fncility Loss" is used throughout ·~hio section to describe "attenuation," '.[he general 
caoe of facility loas io defined aEJ the looo in a facility or network which is terminated in its 

churactcrir;tic impedance, 

2.12 l•'nc:Llity loor, for the purpose of the mcunurcmcntr.1 in this section :I.a defined as the loss in db 
reoulting from the inoertion of a facility or nct11ork having 1000 ohm impedance between a 1000 ohm 

rcoiative ::ource and n 1000 ohm reofo tivc load, l•'Urther, for the measurements considered in this section, 
the mcaouring oocillator and /\-C Voltmeter equipment ,,ill be of the 6oo ohm type, such as are used for 
innkine; inr:crtion loao type oi' mcaouremcnt::, but exturnally modified through an impedance compensator to 
become 1000 ohm dcviccr,. 

?..2 Impedance t:ompcnoator 

2.21 /\n impedance compcm:ntor for the purpooc of the meanuremcnts described herein is defined as a 
device 11hich modil'iea the i'ncility impcdnncc from 300 to 4ooo cps to approximately 1000 ohms and 

in addition modii'icn convuntionol 6oO ohm meaauring e<.1uipment to become suitable for 1000 ohm impedance 
mcaourcmentn in the :allllc :'requcncy rnnee, 'i'hc impedance matching properties of the impedance compensator 
arc dit:cuaocd in porugrnph 11 below. 

2,3 Inoertion I.ooo 

2,31 'l1ie ccnernl caoc oi' inr.crtion loss is del'ined r:n the loss in u facility or network which is ~ 
Lcnninated in itn churucteriotic impclln.nce. 

J. 'tH:-:OHY OF F/\CILITY 103!3 

:;,.I. In:wrtion loos and i'ncili·t;y loss are not th•: :;i:mc; facility loss is o special case of insertion 
lonr:, 'lhe folloiline principle shouldbc helpi'ul in clarifying the difference: 

3,11 'l'o menr:ure nttenuation or facility looo ~, the facility under test must be terminated in its 
11haract0.ristic impedance. If a termination i:; uncd which is different from the facility char• 

u11 Leri:: Lie impedance, thr: re:;ul ting looo fo attcnurrVlon plus reflection losseo. Inoertion loss is 
r;encrnlly greutcr thon nttenuation or fncili ty loao. 'i.'he two arc related as i'ollmrn : 

INSER'l'ION LOGS i'iJ.'1'mJUATION 
+ 1.1.'.•.:rn.ITN/\L REFLEC'l'IONS 
I· Ili'l~·!HJ\C'rION 

3.2 For loaded cable::, Uw characteristic impedance n: ncen in Figure la und menoured between one-half 
<md-ncctioni; varit::: con::iderably in both mncnit;udu and phuoc from 300 to 4ooo cps. Ii' 600 ohm 

men::urine <'nUiJ,Xllt•nt irJ u::ed tu meonure a fncility havine ::uch impedance churucteristics, the meaGurement 
rcpre:,cntc inncrtion J.o:rn 0JJ1uc it includco not only ntt<:nuation but the reoulting reflection lossen 
be t,l<'cn the fncili ty nnd t\w meuourine equipment. I.:, however, the fucili ty had been measured using un 
o::clllutor und /i-G Voltmeter •.:hose terminutine impccluncc at each frequency under measurement were equal 
to Lh<' impedance ol' th,: line at the onme frequency, th<: reflection loss and the interaction loso of the 
above c•;cprccr.ion ,,ould hr."re been zero and the in:x•rtion loos 110uld equal the attenuation or. facility 
lonr;. 11'hcrefore, a ttcnuution or facility loon can b,~ thought of us the case of minimum inoertion loso. 
'.i.'hio it: ohown by tlw j.'l:1 ttcmed impedance curve in Picurc lb. 

:l,,!l llcpcndil1£l on the m:1c;nitude and phase relutio11rJhip:; oi' the impednnces involved, it i:: possible to 
have ncgntivu rci'lcctionu 11hich repreGenl;r; reflection gain. 

3,;•;, Intnruction loer.<w nre i'urther extennionr, oi.' reflection losnes. 'l'hey represent the sum total of 
ull por:::ible rci'lcctiono trnveline buck and i.'orth in the line uu u result of impedance mismatches 

b<1t\1c,m the G(!ncrotor, J.'ncilitico nnd lend un modil'icd by the nttenuution of the line, '.lhe relationship 
11hich dur.cribes interaction lo:meu iu n highly complex one nnd unlike oimple reflection loon, it io not 
readily adaptable to computation. !~or line lo:rne:; crcatcr than about 10 db, interaction may be safely 
ienored in inr:ertion lo:;r; muaourcment::. 

3.3 In numm.ary: '1he mnin purpo:;e of making facility loss type of measurements on loaded cable plant 
rather than inoertion lo:,:;, 11ith the aid of the impedance compensator io to nssure negligible 

terminal reflection effect:: tluc to mismatchco bct,wcn the 6oo ohm test equipment und coble impedances 
at bol;h endr. oi' the line, untl to permit an uccurate comparison between the computed and measured trans­
mionion J.o:rnc::. '.lhio al::o provideo u bur.in i'or detectine the preoence of impedance irregularities. 'l'he 
impedance oi' :1 loaded cable "t'lnttened-out" by the impedance compensator ia ohown in figure lb. 
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h. ·1m: Il.fi'EDAll~ co,.n~HGJ\'.roH 

lf.l J\r: di1Jc1.W1Jcd previOUDly the purpo::Jc of the inpcdancc compensator is to minimize the effects of the 
tcnninnl rcflcctiono due to miumntchcs bct\/ecn the 6oo ohm test equipnent at both cable ends and 

the ui:rnimilor impeuunce of the cable pair under mcaourement. Gpecifically, the purpose of the impedance 
mntchinc nctuork in th.rcc;.'olu: {a) it buildo the facility under test to 1000 ohmn; (b) it builds the 
Goo ohm oacillator :l.mpctknc,: to 1000 ohms; and (c) it buildB the 6oo ohm 1\-C Voltmeter load resir.tancc to 
1000 ohm:l. 

Ir.~ Guch matched comlitiono minimize the terminal rcflectiono and interaction loi:;scs bct11ecn thc 
mccrnurinc cquipncmt unu the facility under tcot and reoult in attenuation or facility loos only. 

'.,hia methou therefore pcnnitr: an accurate compariaon between the computed and the measured facility lomies 
in the rnncc of 300 to lt-000 cpa. 

1:.3 •:.'he impedance mn~chinc Mtwork con:Jiots of three main sectiono: (n) Cable built-out capacitor; 
(b) Inductor; nnu ( c) I !caourinc-cquipnent build-out resistor. 

lr,lr 't'hc purpo:;e ol' the build-out capacitor i:; to build-out each cable end-section to approximately o.8 
end-uection in onkr to obtn'in a renir:tancc ccraponcnt of the cable impedance which in essentially 

!on:;tant over the frequ,,ney ranee. 

lf,) '<'he purpooe of the inuuctor is to cancel out moot of the capacitive reactance of the cable impedance 
built-out to o.8 cmd-c,:ction by the cable build-out capacitor, and thuo produce 1000 ohm resistance, 

''1w purporw oi' the c:<1uii:ment build-out renintor iG to r.iodif'y the 6oo ohm equipment impedance to 1000 ohms. 
!, facility Lh\llJ modif'icu ir; in accordance with the de:l.'inition of paragraph 4.4. J\ typical compensated 
impeuunec in ::hO\in in Pi[;'lt.r<: lb. 

11 .G 'ihti impc<lnncc mntchinc net11ork dcncribed above is readily available at low cost. It can alGo be 
conntructcu locnlly ·.:ith the nid of radio parto und loading coils. /\ schematic dioeram of the 

n,·t·.:ork, n 11::t or component part:; and the muthocl of connection nrc r.hO\in in Figure 5. 

'..i. : :'1'l•:P-13Y-:)'l.'1•:P l,U•:!1: lUIM,ll:IPl' HlOCEDUllE 

'.,.J. ',1w nctnul atcp-by-r:;tcp mcaourcmcnt procedure, including the type of test equipncnt, 11iring 
conncctiom: ,m<l calihrntion iu ahO\/Jl. in FiGlll'cD 2 and lf, 'lhc method basically consist:.; of 

inr:crtinc an impcdanc<' compcnr,ntor nt ench cable tenninal-end between the cable end-section and 
th,· o::cill.utor un<l /\-C Voltmc tcr measuring e')uipment. 'ihe compensator ot each cable end of a D-66 loading 

cable com:i:;t:; of u ::,G uillilwnry loauinc coil, u Iii)() ohm resistor and a variable capacitor, termed 
CBO, ·.11th it:; capucitance cnlibratcd in tcrmo o:,'.' i'eet. 'i'his in done only for convenience and c□ oc qf 
mm1r:tu·cm,mt, ::ince tlw enulc· c•nd-:;ection lencth i::: normnlly ulso cxprcsncd in feet so that no conversion 
fo rc<,uircd. J\ cnpaci·:;or <',llibrntcd in microfarnd::, inotcad of feet will give the same results, ~ 

tcrminnl cnu of Lhc im ie<lunce com nsutor that connecto to the CBO in alwa s connected t0 the cable ir 
oml thc tcnninal cn<l ·,,ith the• 1-00 ohm rcointor to U1c tcot equipncnt as in the diagrams I Figures 2 to • 
Ii' the two pairn of terminal:; :n·,, inadvertently rcvcrr:cd, the reoulto of the measurement will be incorrect, 

'.., .;~ 'l\:o compenr:mtorr: arc rcrtuired for the mcuourement, one at each cable terminal end. ]iach CBO in the 
compcnauLor in u cub.le '.1hich is D-G6 or II-88 loaded is ::;ct to mnke the total cable end-section (nt 

Lhc point 11llcre it i:; u:;eu) o.8 of a full oection. 'i'hat is the cable le th ~ecn the last loadi 
poinl; :mu the point oi' mc:iau:r•..!lllcnt )11.llJ the amount of' CDO in the com nsator should be 0, section. For 
D-GG louclcd cablcu, o.8 r;ec'don recult:.; in a 3 i'oot end-section total, uhile with H- loading it must 
bu 1:.floO 1',:et. 'i'he amount oi' cnd-ocction adjacent to the compensator can be 36oo feet in cable length 
only {eompcncator CDO in ¼cro i'cct), built-out to ::,Goo feet by the compensator CBO only (cable natural 
en<l-ncction length in zero), or a combination oi' both, 'rhin loot one is that which occur□ in actual 
practice. 'L'he end-rn,ction J.encth oi' the cable ha:; u certain physical length and the CBO of the compen­
:.;utor 1\l.rnir::hen the rcm.:linucr ::o that tot;;ethcr they n<ld to 36oo feet (for D-66). For example, anoumc 
tlmt the phyuicnl cn<l-ccction oi' a D-66 loadeu cable io 1900 feet. '.Inc amount of CDO which would be 
r1.•quireu in the ccmpcn:rntor ·,:ould be 36oo-1900 or l'TOO feet. l.3y den!cn, the end-sections in ~ D-66 
conctruction nrc rc,,_uircu to be 0.5 but arc allo11eu to vary between o.4 ond o.6, which is 18oO feet to 
2'{00 _:<:ct rc:;pcc tivcly. 'j_hir,, ho11cvcr, may not be the cace in exinting 11-88 plant where the end-section 
c:m u<' 10111:cr or r:hor·i;er tlw.n chiG. 

'.,i.3 Unlilrn the :i.mpcd:mce eompcnontor uncd to mcuou.rc 11-88 loaded coble□, the compcnnator uncd to 
mea::urc JJ-GG lou<letl cnble:; unen one value of intluctancc coil only; 36 millihenricu. 'I'hiG coil 

in ·i;Jw D-G6 conpencntor cnn b" ur,,i<l for any one c;aur;e or for mixed gauges. For thii: rennon there is 
no m1itch for oclectill{; the coil accoruinc to the gaur;c to be mennurcd an<l thin alno aomewhat ::implifiea 
the incnnu.rcmcnt. 

'.,i.li- /j,GUreu ? to If :;h011 that n 12011 repeating coil iD uced for the measurement. 'l'his coil i::; not 
cuucntinl to the mcn:;u.remcnt nnd io uncu only to mnintuin circuit balance uo that noise ,,ill not 

ni'i'cct or obncure the meter rcauincn. If trnn:;ictorizcd, portable oscillator and t,-C Voltmeter equipncnt 
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is used the 120H can be removed from the calibration and measurement. If vacuum tube equi:i;ment is used 
the 120H coil will probabzy have to be used. A good checlc to make with !!!!l. type of test equi:i;m_ ent is 
as follows: 

5,41 With the test setup 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 power on-off switch, 

Hwe the A~c Vol'bneter rcud nt the far end, Ii' the reading on the A•C Voltmeter is -115 dbm or greater 
(that io, -48, •50 dbm, etc,) the 120H repeating coilo n!!cd. ~ be used. Incidcnt:;illy, the above 
procedure is a good check 1/ith or ,1ithout coils ,since the same noise problem can aometimes exist due to unb 
unbnlanceo in the cable pair itself under test, 
5.5 '.rhc nctu.nl meC1ourcmcnt:; can be made quite rupia..1¥, 11ithout significant sacrifice in accuracy, if 

the calibration :i;troccdurc cC1n be made to be oimple. This can be done as followo: 

5 ,51 Connect the oscillator to the 1\-C Voltmeter (:is per calibration procedure in Figures 2 to 4) and 
rotate the oscillator frequency vernier from 300 to 4500 cps. Note the readings in the A-C 

Voltmeter. If the readinga 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 
( +lf.4 dbmTnii'd proceed with the measurement, varying the frequency vernier only. 

:;.6 'lhc minimum 1'rcr1ucncico which ohould be mcaoured in D-66 loaded cables are 300, 500, 1000, 1500, 
2000, 2500, 3000, 3500, 3900, 4ooo, and lflOO cpo ond also the frequency where the loaded cable 

cuto off (-Go dbm or c;rcatcr in the absence of line noise), For the initial cable :runs, it is advisable 
to tukc frequency otepo even smaller in order to eoti1blish the shape of the curve, Some of the oscillators 
1/hich 100y be used can have n frequency accuracy of -:- ;; percent, flt 4ooo cps this would be + 120 cps which 
is nic;nii'icant, 'l'o account for this, the f'rcquencicr; of 3900 and 4100 cps have been included, 

5.7 ;nwn lllllld.ng the facility loso meaouremcnto, the cable temperature must be 11:nown accurately (to 
within :!: 5 dec;rccn, l•~) so thnt temperature corrections will not be in error, For aerial cables 

the thermometer r;hould be plnccd in the outside nir and periodic readings taken thl'oughout the course 
of the mcnou.rcmenta. ,,unlicht (not in shade) tempcl'ature readings should be taken as being more 
n:pre:;entot1.ve of the tempcrnturc in the cable sheath. In buried cables proceed as follows: 

'.,,. 71 nore u hole cppro;d.mntcly 2l1 to 30 inches in the ground using nothing larger in diameter than a 
crounu rod, ,\ttnch the thermometer to a lcneth of rope or atring and lower it to the bottom of 

the hole, 'l'nkc periotlic readines by holdine nnd raioing the thermometer by the string, 'fuis method 
hao been found to c;ivc results representative of the cable-ground temperature. 

5.8 'J.'hc rcoulto of the measurements ohould be plotted on the "Data Sheets - Facility wss Measurements," 
','his type of unto ohect has one significant a,1vantage over the tabular form. 'l'he results can be 

analyzc,d no the measurement proaresses, 'i.llot is the smoothness of the curve can now be observed and . 
convcrocly bwnpo in the rcoponsc become more evident and at times even oome form of a periodic pattern 
lllQY appear for certain t-ypes of irrcguluri ties. 

5,9 ·.:here the n-66/H-88 junction compcnoator in used to interconnect D-66 to H-88 loaded cables, it 
io ndvisuble to check the connections phyoically at the junction compensator before proceeding 

,11th the measurement::; for asourine; that the D-66 oidc of the compensator io connected to the D-66 
loaded coble and the 11-&l ::;idc t:-i the 11-88 cable, 

G. :;m~C'l'C'D in•:IISUH]ill 1003 

6.1 '.1.'he purpose in maldne :facility loss measurements is to eliminote reflection losses. The results 
of the meuourcmento represent the total attenuation of the circuit for the particular length, 

Ut1UGc1{::) and type of loadine nyotem(D) under test and the cable temperature at the time ·of measurement. 
',': bk I civcc :ittcnuation information r.1t 68°F. for variouo cable gauges (D-66 and H-88 loaded) at v8rious 
fre,.•.ucncic□, so thr1t the 9;:pectcd facility looc of :i particular cable layout can be computed at 68 F. or 
other temperature of intcrcot and compurcd nguinot the mea:;urcd values. 

G.2 ·;110 bnoic procetlu.re for computing the expected attenuation or evaluating measurement do.ta ic as 
foll011s: 

6,21 For the pur'l;iculo.r frequency, loadine oyotem und temperature, multiply the lene;th of each 
t1i:l'i'crent cuuec by the db per unit lcni::;th usine the inforlll!ltion in 'l'nblc I to obtain the loss, 

'hfo 'l:J the toi;ul lm;o lor ench aauec for this lcneth. /,clding the individual losses for each gauge 
c;ivco the -~otal circuit uttenuation for the particukr loo.ding cyr:tcm, frequency of interent o.nd 
t,.,mpcrn t-u.rc, 

G.J '·'he Dttenuotion in:i'o=1tion in 'rablc I has been prepared for 68°1?, 
looo to 68°F, ur,e the: i'ollo11ine pcrcentaaco for copper conductors: 

For converting the mensured 

For each + 5°r:~ chnnec in temperature f.'rom 68°i~ chunge the db per mile attenuation (nt nny 
frequency) by :!.: one percent or the reoultr; of mcanurcments by ±. one percent. 
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6.11 '1hc mensurcd f'o<:ility loos for D 66 loaded cnbleo compared to· the computed facility loss should 
. be 11ithin !, 10 percent ,,t 1000, 2000, and 3000 cpr. and :~ 20 percent at 4000 cps. 'l'he computed 

facility loso 1s obtained by multiplying the db per mile attenuation values in ·.;uble I for exchange 
type, o.o83 microi'nratlo per mile cable by the i'acility length us diacussed in paragraph 6.2 above, 

6.5 'i'he values :;ho-.m above nrc upper limito and not the actual normal values expected, In actual 
practice, the percent limits r,hown above ·.!ill be improved at least by a two-to-one ratio, Ar. a 

Qlidc to the ·,alucr. of :.acili ty loss ·.1hich chould be expected \Ii th D-66 loaded cables, the information 
in l•:::::unples l to 6 ::hould be referred to. 'i'hcoc cx::unpleo r.how the results of actual measurements in 
oc·,crul TIEii borro11cro 1 :·yotcmo. It ::hould be noted that the requirements of paragraph 6.4 above are 
met ·.:1th n conflidcrablc marain. 

6.6 ·,he mcaourcd .. ·acility lo:;o for H-00 loaded criblco compared to the computed value of facility loss 
:ihould be •.1ithin + 10 percent nt 1000 nnd 2000 cps and + 20 percent at 3000 cpo. These limito 

will not normnlly npri]._y -to II 88 plant built under l'ormcr denign practices i'or non-repeatered circuits 
tluc to :tnrecr chnn normal pcrmi:miblc deviation in cable mutual co.poc1tan.ce 1 load opacing accuracy and 
lontlinc; coil induct:mcc. .here fore, ~he above lim:1. tr. r:hould be used only as broad guidelines. 

G. 7 .:hen mnl~ing i.'ncility looo mcaourcment:1 it i:; co:;cntinl that the outside plant facility configuration 
be nccurutcly kno::n, includil18 the manner by ·,:hich the measurements have been cnrried out and an;y 

mcm;ur,.•mcnt ndju::tmcntr. ·.,hich have been round necc:;:mry, '!hill information is necessary in order to analyze 
the rer.ult nnd dc•tcrmine ·,:hcther the objectivcr; arc being met, whether corrective action 1s required and 
th<) ~ypc or correction, D•·oidcs ccrving an 11 record i'or initial acceptance measurements, it nbo provides 
the plant forces dth u po·.:cr:t'ul tool i"or pcrformina routine testil'.18 on these circuits or for correction 
problem:: •:hen they occur. n. is extremely difficult 'co evaluate results of trnnnmiooion measurements, to 
make recommendationo ~·or correction of transmior:ion ,roblelllG or to perform routine ter.ting when plant 
and/or :.cot rccordn nrc J.ackine or incomplete. .h<: i·'orm u:;ed to record the facility loss measurements 
and the other informntion rcouircd in r.houn in "D"t:: :;heet - 1"nc111ty Loss Measurement." 
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REA TE & CM-<~ 

CEECO 
TC\,""!:!!P!CK ct,'? CEECC OFFICE B 

r - -1 -CAL. 

OFFIC:S .:, -~. 
C-100 (D-66) 

!MPEDA,'iCE CCMPEliSATOR 

?OOTHPICK OUT BO':'H 
LINE AND C.O. 
SIDE OF MDF 

BOT!! LillE A?m C.G. C-100 (D-66) 
SID::: OF MDF lMPED:J!CE CCMPE!ISATCIR __ _,.,,_ 4 

I 
I 

I 
I 
I 

I r-: ~ 
T ;,-

DPIYr f JJ-.o_ __ ~~ y~ 
I I 
,_R..J 

D-66 CABLE PAIR UliD:::R TEST 

1 
T
7 

36....,.mh 400Jl.. u.n. ,,_.-O-._-l--0-rv~ ...... --0-1-' =Y-CllO 3 A.C. 

~ '- - - - - -o--+-'---.JO-' 8 VTVM 

L,_ __ ..J SET CllO Jtll 36oo' 
EIID-SJlCTlDlr 1'0'l'AL 

( CABLE + CllO) 

W.E. 00. 120H REP. i:OU. 

6oo ..n. OSCILLATCi\ 
2!"----;---, 

--0 

6oo 
A.C,I :2-.n.11 

VTVM 

Oscillator: 

A-C VTVM 

;, . Calibration of Test Egu:4Dent 

H.P. Co. 200CD, 204B 
or Equiv. 

Motorola Co. Sl051C 
Burr-Brown Co. 30C 
H.P. Co. 403B, 403B-DB 
400D, 400H, 400L or F.quiv. 

~: IP mA!IS~ OSCILLA!l'OR AID A.C. V'l'YX 
l!:QUI8llll'.r IS UUD mB 120H REP. oons CAIi 
BE ac:'rllD FB<li CAIJllB • .AJID NEASllr. 

Connect the oscillator, the 6oo-ohm resistor, the 120 H repeating coil (if used) andA.C. VT'IM as shown in the above figure. Do not iDclude the D-66 illlpedauce ccmpensator 
in the calibration setutl Throv DPDT svitch to "CALIBaAn:" position. 

". Set the oscillator to a convenient frequency such as 2000 cycles. Adjust the ::,scillatcr output level control to read +4.4 dbm on the A.C. VT',M. 

3. Do not change t.'1.e oscillator output level. Vary the oscillator f'!:'eq,;.ency from 300 to 4500 c.p.s. 'Ihe reading of tile A.C. V'l"lX sboul.11 not ch.ange appreciably 11:aa that 
obtained in step (2). If vazying the freouency changes the reading on the A.-:. V'?vM by mo:-e than 0.3 db, calibration at each frequency is re~d berore JllellllUriDg. 

The calibration is nov CO!!!Plete. ~ change the oscillator output level settings. 

HOTE: Check the a.c. VTVM before measurement. 'lhis 1J:!2::f be conveniently accomplished by paralleling the tvc A.C. V'l'VM's terml.Dsted in one 6oo-oba reaiator across the 
oscillawr output terminals. In the frequency range of 300 to 4500 cycles the readings cf the t.-o A.C. VTVM's should be vi thin 0.3 df a db of each other. 

B. Measm-ement Procedw:'e 

5. The facility loss measurement is made on the line side of the oi':f'ice vith the protector openeu at the.line and central o:fi'ice terlll1nals. (~ central oi'f'ice ~:i-nt and 
associated viring must ~ be include1i in the measurement.) 

6. .;djust the CEO in each impedance compensator to build out~ respective end section 1;0 36oo feet total (cable length plus CBO). 

7. T'nrov DPDT svitch to "MEASUBE" position. 

8. Ha,e personnel at tile receivil)& end read the a.c. VTVM. 'lhe reading in minus dbm of the . .;..c. VTVM at the oscillator i'requency represents the loss in db of the t'ac1l.1t;r at 
tile same fr~-

.,.. ~epeat the above procedure for the remainder of the frequencies under test. Measurements a:-e :nade at the frequencies of 300, 500, 1000, 1500, 2000, 2500, 3000, 3500, 3900 
4000, 4100 and the freq_uency 'Where the loss is 50 db or greater. 

:;..:,. En..:.e:- the results of the measurements for each ind1Yidual t:-un.:~ according to frequency in .:he "De.ta Sheet-Facility loss Measurements." 

FIGURE 2. CAL:re<lATIO!i AllD J.EASlJFS-lENT OF D-66 WADED CABLE "FACILI'.?.:' LOSS" USING '.ffiE D-66 IMPEDANCE CCM?ERSATOO 
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~ ~ 
CEECO CEEC::' 

r--, ~ ~ 
CA!.. ME;S. 

C-::.:JO (H-86) 
::M?EDANCE CCM?ENS/2:>R 

TJ:J'r"riPICK OUT BOrH 
::.nr:: AND c.o. 

TOO'!.'H?ICK ot.T 
B,.."TH LINE A.'ID C.O. 

SIDE :l:' MDF 
c-1c: (H-oe) 

IMPEDA.'iCE CO~AT:>R 2 .. 

I .::J :.~A 

H-5E CABLE PAIR m.1lER TEST 

,:.""lr,J\. 

l -''IIC..3 $ --- ~C. 

VTVM 

I 
~~ I t--

L __ J SET C:00 FOR 485c' 
EIID-SECTION TOTAL 

(CABLE + CBO} 

W.E. CO. 1.20H REP. COI~ 
AOSCILLAXOR 

W.E. CO. l20H REP. COIL 

Osci::ator: H.P. Co. 2JOCD, 204B 
or 2'quiv. 

~-: VI'\'}! M::>to~o:e Cc. s:J;ic 
B-.Jrr-Brown Co. 300 
H.P. Co. ~03B, -:>3B-DB 
400D, ~:~s, ~::: or Equ!.v. 

I 

A. Calibration of Teat Equipment 

NC'!'E: :. IF TlWISISTORIZED OSCILLATOR AHD A.C. VTVM 
-- EQUIPMENT IS USED THE 120H REP. COIL':! CAll' 

BE OMI'l'TED FROM CALIBR. ARD MEASMr. 

2. szr COMPE!iSATORS FO!l 5:, MH FOR 22 GA. 
AND 24 GA. CABLES AND ~ MH FOR 19 GA CAmE. 

l. Connect the oscillator, t!le 600-ohm resistor, the l20 !{ repeating coil (if used) and A.C.-VTVM as shovn in the above t'ugure. (Do not include the H-88 impedance compensator 
in the calibration setup.) Throw DPDT switch to "CALIBP.ATE" position. 

2. Set the oscillator to a convenient frequency such es 200C cycles. A::.just the oscillator output-level control to reed +4.4 dbm on the A.C.-VTVM. 

3. Do not change the oscillator output level. Vary the oscillator frequency from 300 to 4000 c.p.s. The reading of the A.C. VTVM should not change appreciable from that 
obtained in Step (2). I£ varying the frequency changes the reeding on the A.C.-VTVM by :more then 0.3 db, calibration at each frequency is required before measuring. 

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

!!Q'!'!t Check the A.C.-V'l'VM before measurement. This may be conveniently accomplished by paralleling the two A.C.-VTVM's terminated in one 600-ohm. resistor across the 
oscillator output ter.m:.nels. In the frequency range of 300 to 4~00 cycles the readings of the two_ A.C. VTVM's should be within 0.3 of a db ot each other. 

B. Measurement Procedure 

5. The facility loss measuremer.t is made on the lir.e side of the office with the pr~tector opened at the line and central office terminals. (The central office equipment and 
associated wiring must~ be included in the measurement.) 

6. Adjwit the CBO in each impedance compensator to build out~ respective end section to 4800 feet total (cable length plw, CBO). 

7. Throw DPDT switch to "MEASUBE" position. 

8. Have personnel et the receiving end read the A.C.-VTVM. The reading in minus dbm of the A.C.-VTVM at the oscillator frequency represents the loss in db of the :facility at 
the same frequency. 

9. Repeat the above procedure for the remainder of the frequencies under test. Measurements are made at the frequencies of 300, 500, 1000, 1500, 2000, 2500, 2600, 2700, 28oo 
2900, 3000, 3100, 3200, 3300, 3400, and the frequency Yhere the loss is 50 db or greater. 

10. Er.ter the results of the measurements for each individual trunk according to frequency in the "Data Sheet - Facility Loss Measurements." 

FIGURE 3. CAL.IBP.AXION AND MEASUREMENT OF H-88 LOADED CABUtFACILITY LOSS" USING THE H-88 IMPEDANCE COMPEIIS.AXOR 



REA TE & CM-408 

CE;ECO JUNCTION CEECO OFFICE B 
C-lOO (D-66) COMPENSATOR TOOTHPICK OUT C-lOO (R-88) 

OFFICE A 

, --7 -CAL. -MEAS. 
IMPEDANCE ,--------, BOTH LillE & C.O. IMPEDANCE 

COMPENSATOR I I SIDE OF MDF Ca.!PENSATOR 

1. 
I 
I 

/ 
/ -~~- r7 4oo...n. 36mh ' II I T 44mh 4oo .. il. 

~

'N'f'-
1 ~-C-, +,~~--'~ ~V~'-

DPDT u CBO _ .1.,': D-66 CABLE PAm c _ J. _ L _ J. _ H-88 CABLE PAm I _ J.;L. CBO 
/ -7- I UNDER TEST l-Tr><"~~T- UNDER TEST I -x-

i 1 1 "" r , 1 
t!'J1 L~~..! I ~.J 

l.~0--1. A.C. 
VTVM 

TOOTHPICK OUT I I 

BO'.IR LlllE & C.O. 
L_ __ _J W.E. CO. 120 H REP. COIL 

6oo .n. OSCILUITOR'------, 

W.E. co. 120 H REP. con 

SIDE OF MDF 
I 

Oscillator: H.P. Co. 200CD, 2o4B 
or Equiv. 

A-C VTVM Motorola co. s105:c 
Burr-Brown Co. 300 
H.P. Co. 403B, 403B-~E 
400D, 400H, 400L or Eq~iv. 

A. Calibration of Test Eguipnent 

Ci CBO FOR 36oo' 
END-SECTION roTAL 
( CABU: + CBO) 

~ CBO FOR 48oo' 
END-SECTIOl! TOTAL 
( CABLE + CBO) 

SEE HEA ff" & CM -43l 
FIGURE l 

l. Connect the oscill.ator, tli.e 6oo-obm resistor, the 120 H repeating coil (if used) and A.C. VTVM as sho'Wll in the above figure. (Do not include the D-66 impedance compensator 
in the calibration setup.) Throw the DPDT switch to "CALIBRATE" position. Set the oscillator to a convenient frequency such as 2000 dycles. 

2. Adjust the oscill.ator output level control to read +4.4 dbm on the A.C. VTVM. 

3. lx> not change the oscillator output level. Vary the oscillator frequency from 300 to 3500 c.p.s. The reading of the A.C •• VTVM should not change appreciably from that 
o'iitained in step (2). If varying the frequency changes the reading on the A.C. VTVM by more than 0.3 db, calibration at each frequency is required be:fore measuring. 

4. The calibration is now complete. ~ change the oscillator output level settings. 

~: Check the A.C. VTVM before measurement. This may be conveniently acCOJ:J:plished by parallelinc the two A.C. VTVM's terminated in one 6oO-obm resistor across the oscill.ato 
output terminals. In the frequency range of 300 to 3500 cycles the readings of the two A.C. VTVM's. should be within 0.3 of a db of each other. 

B. Measurement Procedure 

5. The facility loss measurement is made on the line side of the office with the protec-t-,er opened at the line and central office terminals. (The central office equipnent and 
associated wiring l!DlSt !:2:S. be included in the measurement.) 

6. Adjust the CBO of the compensator at the D-66 cable measuring end to build out this end section to 36oo feet total. Adjust the CBO of the compensator at the H-88 cable 
measuring end to build out this end section to 48oo feet total. 

7. Throw the DPDT switch to the ''MEASORE".positio!:.. 

8. Have personnel at the receiving end read theA.IJ-. VTVM. The reading in minus dbm of the A.C. VTVM at the oscillator frequency represents the loss in db of the :facility at 
the same frequency. 

9. Repeat the above procedure for the remainder of the frequencies under test. Measurements are made at the frequencies of 300, 500, lOOO, l500, 2000, 2500, 26oo, 2700, 28oo 
2900, 3000, 3l00, 3200, 3300, 34oo, and the frequency '1here the loss is 50 db or greater. 

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

FIGURE 4. CALIBRATION .AIID MEASUREMENT OF D-66/H-88 LOADED CABLE "FACILITY LOSS" USING TKE IMPEDANCE CCMPENSATOR 

-·-·-- -
________________ _J 



- ....., .. r_L,(\ ··7 \.,-, 

SCHEMATIC DIAGRAM S CONSTRUCTION DETAILS OF IMPEDANr.F' r.OMPENSATOR 
-,..,~ ,,., o · "" -o-J)I ..... (s...,- -.-r- - _,,,,... ~-:::?-I"',...,T" 7 ") ::·v:\ D-c;r:J R H-c~ L r. i\0' ~::_ t .l.-.1. ::. ~ vrt i-u- ~ ........ --:..l_ ...... _·-4 

RI Lr 200' STEPS . 1000· STEPS 

T~~/ }, h h IC4 lcs }6 }7 lea 0 

MEASURING 2 T T T T T T 1 1 TO 

E0u1:MENT 51~ lsz 6 6 o 6 Js
3 

6 I> C~LE 

B.O. EQPT. RESIST. B.O. INDUCTOR B.O. CAPACITORS 

L
3 

- 36 MH LOADING COIL (FOR D-66 ONLY) PARTS UST 
R1 - 400 OHM I WATT ± 1% CARBON RESISTOR AEROVOX TYPE CPI OR EQUIV. 
L1 - 44 MH LOADING COIL - FOR 19-H-88 CABLES W.E. CO., CEECO. OR EQUIV. 

Lz - 55 MH n ,, - 1' 22-H-88 ,, ,, n ,. ·~ 
c, - PAPER OR MICA CAPACITOR 0-003 MF .± 3% 500 V OCW EL MENCO-ARCO CO. OR EOU!V. 

Cz - u u ,, n 0.006 ,, 
" 

,, 
" u 

C3 - ,, ., ,, ,, 0.010 ,, ,, ,, ,, ., 
C4 - n ,, 

" " 0.013 •• ,. n ,, ,, 
C5 - » n ., •• 0.016 .. ,. ,, .. •• 
C5 - ,, .. ,. ,, 0.032 ,. ,, » .. •• 
C7 - •• ,, ,, ,, 0.045 ,, ., ., ,, ,. 
Ca - ,, ,, ., u 0.064 ,. n . , •• •• 

FIGURE 5 
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FREQUENCY 
CPS 

200 
300 
400 
500 
800 

1000 
1500 
2000 
2500 
2800 

3000 
3100 
3200 
3400 

3600 
3800 
3900 
4000 

4100 
4200 
4300 
liJ+oo 
4500 
4600 

TABLE I 
FREQUENCY ATTENUATION IN DB/MI O 68°F. 

D-66 AND H-88 LOADED CABLES 
EX:CHANGE CABLE • o8 3 MF PER MILE 

D-66 
19GA 22GA 24GA 26GA 

0.90 1.20 
o.4o 0.71 1.00 1.39 
o.41 0.74 1.08 1.52 
o.42 0.76 1.13 1.61 
o.42 0.79 1.19 1.77 

o.42 0.79 1.21 1.83 
o.42 0.80 1.23 1.89 
o.42 0.80 1.23 1.90 
o.43 0.80 1.23 1.90 
o.43 0.80 1.23 1.90 

o.44 0.80 1.23 1.90 
o.44 0.80 1.23 1.90 
o.44 0.80 1.23 1.90 
o.45 0.81 1.24 1.91 

o.46 0.82 1.26 1.93 
o.48 0.85 1.29 1.98 
0.50 0.87 1.31 2.01 
0.51 0.89 1.34 2.05 

0.54 0.93 1.39 2.12 
0.57 0.98 1.46 2.21 
0.62 1.05 1.56 2.34 
0.71 1.18 1.72 2.55 
0.87 1.42 2.03 2.90 
1.35 2.01 2.66 3.51 

H-88 
19GA 22GA 2l~GA 26GA 

0.39 0.65 0.90 1.20 
o.4o 0.71 1.00 1.39 
o.41 0.74 1.08 1.52 
o.42 0.76 1.13 1.61 
o.42 0.79 1.19 l.T( 

o.42 0.79 1.21 1.83 
o.42 0.80 1.23 1.89 
o.42 0.80 1.23 1.90 
0)~3 0.81 1.23 1.90 
o.45 0.82 1.24 1.90 

o.48 o.86 1.31 2.00 
0.51 0.90 1.36 2.07 
0.56 0.97 1.46 2.20 
o.86 1.42 2.01 2.80 

NOTE: TO CONVERT DB PER MILE ABOVE FOR TEMPERATURE OTHER THAN 680F 
CHANGE VALUE3 'SHOHN BY ! 1 PERCENT FOR EVERY CHANGE OF ,: 5°F 

FROM 68°F. 

I 
\ : 
I 

i 
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DATA SHE.ET - FACILITY LOSS MEASUREMENTS FO~ D-66 ~ 
(1) REA PR.OJ. DESIGN.Ia:,JA 501-D 'Oows (2)~ GRQUfDoW.s T0_6J:.DE'N (3) TOLL, /tS SPEC. (~rcleOne) 
(4) MEASURING BE'.IWEEN DoW.s TOPoP£~oy t'"S) 'TRlJ~ND. LCC: .~ ,toe. B.=(6) PAIB • LOC. A..£....,LOC,B_j_ 
(7) TEMP. AIB 68 °F (IF Aerial), GD. __ F (If Buried) (8) 'l'ESTERS~L J tfff (9) DATE MEASMS. Jwi..r 1963 
In line diagram below show: (10) Type of loading system, (11) All gauges an length of each, (12) As-build length 
of each full-loading section, (13) As-built length of each end-section, (14) CBO, amount and location, (15) Jun::tion 
Comp"eiisator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing. 
19) 'l'YPE OSC. d_E__2.oo J_ _(g_Ql_Q§_C~CAL. LEVEr,l +4_4 dh,n D:BM (21)_ TY]1E_ACJ[TVM__jf__p__4_ooL 

0 . 

2260 • .. 44 74' 42_32' '"4500' 

:-E,-------------- 22D56 -- 8.5 MI. 

Notes: Use sallle data sheet for H-88 
-lflJse 50. or 411-. JJJll for_ a~a 

~. 

.o 
FREQUENCY 

4500' 

p 

~ 

J-'+f:='::±:r::·~ ·~ 

.6 3.B 4.0 .... 
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DATA SHF,;ET - FACILITY LOSS MU.3un.EMENTS F03 D-66hs." 
{l) REA PR0J. DESIG.t'l".Ic'-<.l.,;, .S-83-::'3 ?o.sTV!LL.P.2) TRK., GROUP Mo~o~ TO _?crr~LF (.3) TOLL, EAS SPEC. (Circle One) 
(4) MEASURlliG BETI-JEEN /-,fotlCNA TO ;;CS/Vii.LE" tS) '.i'R~N • • r-, . B-(6) ? • LOC:. A,s~LOC.Br2.S'7 
(7) TEMP. AIR __ J_c OF (IF Aerial), GD.ss or (I? Buried) (8) TESTERS~SL ;{PP (9) DATE MEASY.3. ~tci 19&3 
In line diagram below show: (10) Type of loading systeir., (ll) All gauges and length 0£ each, (12) As-bull length 
of each full-loading secti~n, (13) As-built length of each end-section, {14) C30, amowit and location, (15) Jun:tion 
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing. 
{19) TYPE OSC. ;./ P. ~~-= ._: (20) OSC. CAL._I.,EVEr,l _ -1-4_4 J_i:,,..., ~BM (21) '.l.'YPE AC: VTVM l{.C? 4-oo L 

ILOC-~AMcdoN/, l .035 ·.:f cr 9S2• / --~--~----~~~- 1Loc.BPoSD'fLLE" 
* I / 11:.~0' I 

2283 t I 3,,,,f 400.JL 

5 ' 0 -.; 

iT° I 

' 4232 -.E------ 33,046 19D5S --------~"----- 23,428 
!4oc-Ft~ ::rotes: Use sa::!e c:C.ta sheet for H-33 22::::66 

o•· I ~:1Is_e 50 or __ l;,!~ .r:ili for~l:!~88 .,.,, •-c~~~~ ~ _ 
1 

2 

4 

6 

8 

10 
fll 
A 

l 12 
tr} 

314 
~ 
!j 16 
H 
0 

~18 

20 

22 ~-

24 
0 .. .u--_-~1 1..0 1., 

··-
·-.. 

:;:~-,&.. :?3.;l!!J 
Co>=<= §t~ 

-----U~IB~ .11112 

lit 

-• 
ILLUSTR-\TIV'E ~{AMPLE 2 

Oc~~~X:.}-~5 

.4 1.5 ~r.o-o-~.4 2.6 2.8 J.o 3.2 3.4 3~b- J.8 4.o 4.2 4.4 4.6 4.6 
FREQUENCY KC /S 

.§l'4 

.:~js 

::3:j3 
..::I• 

-~!l:> 

5.l/' 

-·· 
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· DATA SHE.ET - FACILITY LOSS MEASUREMENTS :ro::t D-66 ~ 
(1) REA PR.OJ. DESIGN.Iowa 583-A IYbrtorlA (2) TM; GRQUF 1AMot--1A. T0f,A.~M£[&3J.'?-5(3) TOLL, , SPEC. (Circle On,;4 
(4) MEASURil-JG BETWEEN Motlot{A TO FARC:1£{,1. rs) TR'umfNtJ. DX. r"-, . B - (6) PAIR • LOC. AZ~t,r.oc.B.Li 
(7) TEMP. AIR zo OF (IF Aerial), GD.~ If Buried) (8) 'I'ESTERS-PGL ffl (9) DATE MEASMS. <.,UL.Y 1%3 _ 
In line diagram below show: (10) Type ofloading system, (11) All gauges and iength of each, (12) As-build length 
of each full-loading section, (13) As-built length of each end-section, (14) CBO, amount and location, (15) Jun::tion 
Co~ator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing. 

19) TY1'E osc. i-i.P 200 J . {20}_osc. CAL. LEVEr.l -1-4-_4- DBM (2i) TYPE AC V'IVM J-1.P. 400-L 

0 

cc.A Mot(ot(A ! .006 uf 109~ 
* I ~.i..v;; 2296 I 

36m4 12206• v 4565 v !~5!:-0• v 4~00' ._fa-54o' . ~ -~ 4464• " 4494' ._,4500• ,.,4500' -v 2131.' 

I 10,038• 
I < 22D56 -------:iJ-'-E-----+-P"ffi!e-..---

CBQ 14ooli.'t~ Notes: Use same data sheet for R-88 
*Use 50 or 44 _mh fo~ ¥-88 

ILLUSTRI\TIVE EXAMPLE 3 

28,91.2• 
1.9D66 

I 
I ___ .,,.,_4---4470' --3Ji-l 

I 22D66 I -4::t'-''-'_... "• 
I Al 
I 

. 2.0- 2.2-'2.. 2,8 3,0 3,2 3,4 J,6 3,8 4,v ~• 
FREQUENCY 
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DATA SHF.,ET - FACLITY LOSS ½EA3UREMENTS ?:)3 D-66 
(1) REA PROJ. DESIGN. i'/1,c.Ji I GA, N S2. 9 (2) '.CR,'{~ GRQU?ONTot-lAGo,,/rOµcvl l'(fTN. (3) (fq~:Q RAS, SPEC. (Circle. One) 
(4) MEASURINJ-BE'IWEENa,,.50,.✓A60N TO fs=;K!..AtJO ,5) TR~ J - ,toe. B- (6) PAIR NO. LOO. Az.J ,LOC.B21 
(7) TEMP. AIR 75 °F IF Aerial), GD. c;i:;-6F (If Buried) (8) TESTERS-,9:;'4. j7P (9) DA'IE MEASMS. Ac)§.11. 1%3 
In line diagram below show: (10) Type of loading system, (11) All gauges and'length of each, (12) As-build rength 
of each full-loading section, (13) As-built length of each end-section, (14) CBO, amou.~t and location, (15) Jun::tion 
Compensator, if used, (16) Plant buried or aerial, (17) Plant new o7 existing, (18) Age of plant if existing. 
(19) TYPE OSC. }/. P 2.0~ _. ~i_ggJ~c. CAL. LEVEL1 + 4. 4 dbo, DBM (21) TYPE AC VTVM 1-/.P 4-ooL 
Loc.A,..1 ,.,..~,,.✓-~c ..... !,/ r "O" ...... '"'""-0 IL B& ~ ~., "'-i' .v _,. •. .:. ~~ I oc. ocklA 'D 
t *1 I * 
~ 400.11. 36mJ. 12351' 3979' 451:• ~!•5:,0' 4436• 44621 !!-l,52•1;.493•4473•44411 4463' J.;.:;.55r4-54o•4430' 4532'2105' I 3{,m.( 40o...e., 

- AJ.A. ~ --~-------- - - "'- ------~--~~--"'- . "' V y V V V \/ V " " V I --r•-;y~7 ~ a+ a _ ~~!~~,;~ A " " " " A A ;,i;..""'; 
CBO J4Q~Ft~ :rotes: Use same eta.ta sheet f'or H-cS :,--- Affflf 

0-•· L-~~··-x•use 50 or 44 mh f'or, 1!-88 • CL-•"- ~-· ·~--···~···~··············· ···•= .. •··· · ·~2~ 
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"'I.0 1--:;2 1.4 '1--:-0l--:13-2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4...4--h--;6 4.8 
FREQUENCY KC/S 

SJ 0 



~·-~~ --- S: ,::::-1;..')8 

:c.1.:_:,_ SHE,E::.' - FACI:..ITY LOSS :-2..:..SIB..E..~TS ?;:)!t~66 
(1) REA PROJ. DE.SIG-X. ld1cH1GA,N $2.9 (2) Tr~~ GRrfJEONf8,J1f}!°~l:.oN IA.Tl\/ (3) Ok EAS, SPEC. (Circle One) 
(4) ME...\SURTI:G 3ETh'Eilio"1ro,JAGclJ TO Rocl5'.~At4D ~5) T:M::!::"'. • • K '=.. ,toe. B.=_(6 IR NO. LOO. A.JL,LOC.B_a_ 
(7) TE:t-P. AIR 75 °F (IT Aerial), GD.~ F ,I.f Buried) (8) 'l'ESTER.SfGL, {IP. HQ (9) DATE MEASMS. A'1G 191 1963 
In line diagra."'.'l below show: (10) Type o.f loading system, (11) All gauges and 16r.gth o.f each, (12) As-build length 
o.f each .full-loading section, (13) As-built length of each end-section, (14) 030, a."11:)unt and location, (lS) Jumtion 
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing. 
(19) TY1'E OSC. f/_P 2 o o J ( 20) OSC. CAL. LEVEr.l + 4-. 4 _ DBM~ TYPE AC VTVM _J/____£_4_Qp L 

Loc.AONT NAG 1 ~, -- 0"~ __ .,. """""'" I 0 ?IV r- . v;,' ~ v.DV ,Loc.BRoc:KL.A1'f 
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1 T. ··TL ,:,5 -::· IR 19%" re -------- -"U.J • - -"· ·, .uvo ---------------~..i f20h , 1'.'.6 :rr. 1 B~i 

CB0 J4ooFti :rotes: Use se..-r:ie data sheet for R-83 : 140 • 6.f?.O 

I *Use 50 or 4J.i. mhf'or_ ~-85 . r •·~· 1 A ~--: ·; 
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FREQUENCY KC/S . 
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RR.\ 'IS & CM-408 

DATA SID;.ET - FACILITY LOSS MEASUREMENTS FOR D-66 
(1) REA PROJ. DESIGN. M1cHtGAN 'fo22 (2)_'.Jll,L .GRQUFOr<~rA'~"'i (3) T-OLL,~ SPEC. (Circle One) 
(4) MEASURING BE'.lWEENow~~ fe,oc.t<!;t-llD (5T°TRU!«"r, • • ...?-_, •. ~(6) PAIR O. LOO, ~LOC.B 2. 
(7) TEMP. AIR 7o 0:f~e al , GD.~ (If Buried) (8) TESTERS PGJ.. i..::!1 (9) DATE MEA.5}15, ~ /9'3 
In line diagram below show: (10) Type ofloading 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, (14) CBO, amount and location, (15) JUilCtion 
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant i£ existmg. 
(19) TrPE 0$~-·-~ JIP 2ooJ ~Q}J}§Q. CAL. LEVEr.l +4.4- DBM (21) TYPE AC VTVM HP 4001.... 
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CBO 140oit~ NOTES: US"! same data sheet for R-88 
1 *Use 50 or 44 _mh for ~-88 n. •-
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24 0 •'- • 4 _.b • l.C .4 .o 1 . ~.o 2.2 '2.4 2.6 2~~3.0 ::,.2~3J.i 3.6 
FREQUENCY KC/S 

3.8 4.o 4.2 4.4 4.6 4.8 · s.~0 



RI:A I':.'. & Q.!-4o8 
,,. 

DATA SHEET - FACILITY LOSS MEASUREMENTS FOR D-66 
(1) REA PR.OJ. DESIGN•.-----...,,,.,,,--- (2).?R,rc GRQU? . l'ffi"l'~_.ro __ ...-:,:-;:;---.;:::-(3) TOLL, EAS, SPEC. (Circle One) 
(4) MEASURING BETwEEN _____ To..---.,._..,.,,,.,.l5).TRlimt"Ntl. M. r ',I.ft. B (6) PAIR NO. LOC. A ,LOC.B 
(7) TEMP. AIR __,,__,,__°F (IF Aerial), GD. OF (If Buried) {8) TESTERS-_-:__....,...._-...,:__(9) DATE MEASM.5. - -
In line diagram below show: (10) Type of loading system, (11) All gauges and length of each, (12) As-build length 
of~ full-loading section, (13) As-built length of each end-section, (14) CBO, amount and location, (15) Jurx:t~on 
Compensator, if used, (16) Plant buried or aerial, (17) Plant new or existing, (18) Age of plant if existing. 
(19) TY'PE OSC. (20) OSC. CAL. LEVEtl DBM (21) TYPE AC VT'7M 
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CBO _ FtlNotes: Use same data sheet f'or H-88 : __ 7_t. 6-i? 
*Use. 50 or 44 rnh for JI~88 1 A 'NM. 

.. .4 _ .b • l • T. 1.4- 1.0-1. 2.0 2.2 '2~~6 2.c 
FREQUENCY KC /S 
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