THEORY OF RETURN LOSSES
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1. GENERAL

1.01 The design and maintenance of telephone circuits are on the basis of provid-

ing low enough net losses to permit the clrcuits to give satisfactory ser-
vice to the customers, and must therefore take into account all factors that act to
limit the reduction of the net loss. Prominent among these on clrcuits or connec-
tions involving amplifiers are echo and singing., Just as voice sound waves are
echoed or reflected by a wall, a cliff, or other obstacle in the path of the waves, so
will analogous obstacles in a telephone circuit reflect the electrical voice waves
and give rise to the same sensation of echo, 1f the delay of the echo is suffi-
cient, a distinct repetition of the talker's voice may be produced; if the delay is
small the echo tends to merge with the sidetone or the direct transmission. Talk-



ar echo 18 echa heard by the talker due to
his own spuech and {ts effoct {8 principal-
ly to annoy and disturb the talker and per-
haps delay the conversation, Listener echo
is echo heard by the 1listener dus to the

far-end subscriber!s apeech; this may re~

duce the intelligibility of conversuation
and may also be the source of considerable
annoyance, but 18 wusually less objection~
able than tha ‘talkepr! echo, If the echo
ts very pronounced a clirculating current
may be started around a repeater and the
repeater ip effect converted into an oscil-
lator, The oscillating ocurrent will Dhe
heard by listteners on the circuit and give
them the effect of & howl or "singing' on
the circuit, through which 1t may be im-
possible to talk, or which may otherwise
react unfavorably on transmisaion. B8inging
is of especial concern in two-wire eircufts
and {8 the subject to be treated in thisg
saction,

1.02 Any ohange in tha fundamental con-

stants of a circuit may constituts
an impedance irregularity, at which voice pow-
er i8 partially reflected or achoad back to-
warde 1tas souroce., In travellng back, this
reflected power may, in conjunction with oth=
ay reflect?ons,be of sufficientmagnitude to
lead to an oscillating or Binging condition
in a repeater on the cirouit, the possibil-
{ty of which depends among other things on
the amount of the refleoted power and the
gain 1in tha repeater, Since the net loas
of a circuit dppends to a large extent on
repeater gains, the reflectud power may be
~and frequently 1s ona of the factors that
_Jdetermine the lowest net loss at which a
=" given clrcuit may ba sati{sfactorily oper-
ated,

1.03 Reflections at irrsegularities, givin%

rise to ‘raturned’ opr ‘Hunbalance!
currenta and reacting on tha operation of
repsaters, are, therafore, at the bottom of
singing phenomena, The theory of such re-
flections 18 flvrst taken up in thie section
following which are glven the effects of
the returned currents, a discussion of
methods of meaouring thewe currents in such
terms as return loss and singing point, and

a discussion of how thege currents ocoms.

into theoretical and practical considera~
tions of the design . and maintenance of cire-
cuits, : ' : .

£, THEORY OF RETURN LOSSEI

Rofluction at Irregularities - Reflection
Coafficlent

2,01 An electrical wave impronsod on a uni-
form circuit travele ulong the cir-
cuit, undergoing uniform attepuation and

phase chonge, No reflections take place-

and hence no unbslapnce cuprrents arise, The

ratio (E) ol the voltage wsnd ocurrant at any

point in the circult {8 the charucteristio
impedance, 2, of the circuit, Ifa cipr-

cult infinttely long or emoothly turminated

\}_}B broken at any point, F, the impodance
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2, as shown by Fig, la,

.gome times

looking eithor to right or ieft from F 1s
%z, and by -Pollard's (Thevenin's) theorem

the voltags i{mpressed, say, at the left can
be represented by a voltage {n Beries with
If an frregulari-

0
ty is inserted at F, the {impedance looking

" through this  irregularity to the. right be~

comes Z, or the impedance that in effect

terminates the uniform line to the left,
as plctured in Fig., 1lb.

"
1y
(h)
Fig. 1.
2,08 The current I, at F when there {s no

{rregularity (Fig. 1a) is g%_ and 18

b
called ~ the incident current,
With ths {rregulari{ty inserted the current

E
at F becomes I, which equals T (Fig,
1b). The insertion of the irregularity in
effect sats up a reflected current I ¥Sea

Fig. 1b) which combinas vectorially with

I1 to produce 1., 1i.e., + Iv - It or
I = It ~1,., The directions of the cur-

r i
rent arrows shown {n Fig, 1 are arbitrary
since each of the currents 1s a vaector
quantity. The relation of {nterest i{s how
much of the current that would exist with

no irregularity ia roflected by the {rregu-

larity, i.e,, 'r, which, from the above,
i
¥:H
c, 4
palym LR R R
I I oy
2%y
This expression elmplirled hacomes;
;L-ZO-ZL : »
i o ! !t (1)
2 - 2

3,03 The ratlo EQ":_ZE of formula 1,
Q t

called” tho "reflection ocoefficient,
multipliad by tho. incident current, 11.

glvea the vnlue af tho reflacted curront,

-1t applles only for non-loaded or contins

woualy loaded c¢irecults und for coll loaded
circulte having Jrregularitics ut mid-sece
tion or mid-cotl, for only in these cuses
ia the charactoriutic 1impedance tha auma
lovking ta right or lett us was asnwned {n
the derivation of the ratio,



¢

()

Computntion of Insertion Roturn Lonn

2,04 Whero tho inserted focility daon not

prasent {ts characterlatic impedance,

S necount muat be taken of the roefloction nt
both Junctlonn with the clvenit undep sindy
and of tha attenustion and phane ahift in
the insortod facility. One wuy of hondling
this wituntion {8 to computo the impedance
looking through the {nsarted fncl?lty (a
method of dolng thin 1e piven in Soction
APAD,026  of Bugle  Tronumisnion Datn)
and thon determining from formula (2) or
curves tha return logs betweon thip im-
edanco and the charascteriotic tmpedance of
ha clrecuit under conslderation. 1n cave
the impedance o©o computed terminaten a
coil-1anded line at other than half-coil or
half-gection, the vreturn loss ic computed
as discussed in Appondix A, which reqguives
8 consideration of the {terative impedance
of the lraded clreocuit looking from the
junction toward the sonding end and alao of
the Impedance required at thie Junction %o
terminnte the Jlonded circuit  smonthly,
This latter may be called the complementary
fterative impedance, The return loss, how-
ever, may be computed by formula (), or
read from the curves, wlth only small oprror

in the usual case, by naguming Zy to be the-

complamentary {terative impedance, l.e,, If

)

the Junction occurs 0.2 of u gsection from a’

loading coll, Zy; 18 the lterative Impedanca

of the circuit 8s BsBeen 0.9 of a section
from the loading conll, : '

2.05 A somewhat diffevent method of com-
uting insertion loss in case of uni~

form c?rcqits and coll-loadod circutts with
insertions at half-coil or half-soction {8
developed In Appendix B, Thls method con-
gists egsentially of determining the Jjunc-
tion return loss between the inserted fa-
cility and that wunder study and then cor-
recting this valus by amounts depending on
the length and type of the inserted facili-
ty, The effect of the . insertion and tLhe
trend of the correction with 1increasing
lengths of {nserted facllity is thus di-
rectly seen, The corrections become zero
when the 1inserted facllity is long enough
to pregent {ts charactaeristic Iimpsdance,
leaving the junction return loss as the ef-
fact of the insertion. This method ls pre-
gented in the drawings on pages 103-105 to
factlitate practical computations, and =a
gample application of these druvwings is
given in Appendix B, It may be noted that
from theass drawings curves could he pre-
ared showing directly the insertinn raeturn

oss of varying lengths of given types of,

inserted facility.

2.06 1he insertion return loss as computed
or as read from appropriate curves
exists at the Junction nearer the sendling
end, It must usuanlly be reforred to the
repeater or other point of vrefercnce a8
discuased 1n paragraphs 2,10 and 2.11,

2.07 Fpr the computntion of insertion re-
turn loss ot a particular frequancy,

?ntu at that froquonecy must be available
or

" (a) Characteriotic or {lerative impe-
dancos of the circult under study.

(b) Characteristic impedance of the {n-
aorted. focility. _

V(c) Attenuatinon conetant of tho inrert-
ed facility.

(d) Phase shift constant of the insert-
ed facility. :

3, COMPONENT RETURN LOYSES AFFSCTING THE RE-
“PEATER SECTION RRSUCTANT -

3,01 Taking ag  a unit part of a clrcult

the portion between two ndjncent re-
peaters, or a repanter scction, thore are
several gourcen of returned currenta inp the
goction, tha effects of which munt bhe com-
bined to arrive at the resultant repcater
section vreturn losa., These component re-
turn loagses are discuased in the following,

Structural Return Ingg

4,02 Structural return loss {8 a meanure

of the departure, due to random ip-
regular]tiea, of the impedance of a circuit
from {ts theoretical :haracteristle impe-
dance, In a loaded circult for example
it i tmpractical to avold small varta-
tiong .of the looding coll Inductance from
the normal value, to place the loading
coile precisely at  the theorctical loca-
tions, or to so manufacture a cable that
edch palr in each loading section will have
the same capacitance. These small varia-
tions, or structural irregularities, while
singly not usually large enouah to onffect
the return .loss very much, do glve a cumu-
lative effect of appreciable magnitude,
Although structural return loss theoreti-
cally ts a fupction of the ratlo of re-
flected current to the current that would
flow in a perfect circult, practically, as
regards {ts measurement and the way it in-
fluences repeater operation, it is a nmeca-
sure of the accuracy with which the network
impedance and the sending-end lmpedance of
the line agree. With modern precislon type
networks, with circults having constants
close to .those assumed in the network de-
gign, and with careful building out to
simulate such cable end section as may be
involved there is but little difference be-
tween the practical and theoretical con-
cepts except at  extremely hiegh or low fre-
quencles in the tranumitted band.

3,03 The theory of structurasl return loss

{s developed 1in  Relference I  (see
Part, 16) and the rcturn loss S in db is
represented by the formula:

8 = S” 4 .{Sw + SF - SA (5) .

where: 8, = Irregularity function

8y = frequency function
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SF = distrmbution functlon

SA » attenunation function

o

.04 The irregularity tunction S depends

on the structural ipregulurity, which
for u loaded cable line 18 the combination

of:

(8) Small deviations in loading coqil
{nductance, :

(b) Sm1ll deviations in cupaoitance of
pairs or phantoma per unit length

from tha normal volue, due to random

deviations {n the cable es manufactured,

(¢) Loading section capacltance devia-

tiong due to placing loading coils
ot other than their precise theoretical
locationsg,

the larger of any of these variations, the
amaller 9y, and hence the amallep 8. The

value 3y 1a indupendent of frequency,
3,05 The

the cutof? frequency of the facility under
consideration (W= ?E’. Ite valus de-~

creasvs  with  frequency, and for a given
trequency, will vary with the woight and
apacing of the louding invalved,

;.06 5, depends on the attenuation of the
A
— cireuit, which in turn 1y dependent
poth an froquency &nd aon the typa of cir-
oult, [t is a kind of sumnntion factor
that gsums up the returnsd curvents from the
Individual loeding sections representad by
3y, hencn the minud 81gn preceding it in
the formyla. The greater the loading sac-
tion attonuation, the smaller 34, ond, due

to the minua  sign of the formula, the
Ereatar 3.

¢,

3,07 The functlon By takes account of the
foctad that the structural irrvegulari~

tivs are not all the samo magnitude and
glun und  that the praturped cupprents from
thewss irreguluritice arrive ut the repeater
nt different phages, The loading coil in~
ductance may for example be elther larger
or smallop than the copruect vulue, and may
ba jurger or osmuller by various amounts,
Dne cannot say that the variations for a
purttcular cireult will bes of a certaln
muknttude, but can Bay, from a knowledge of
the diutv‘bnuion of Lhe magnitude and aigng
of varjutionsg observed in the mapufacture
of a larpe number of loading cofla and cable
lenstha, ote,, that {n a certain percontage
ul cases  the varfations dus to the several
cuppnu  will be equal to or in axceos of u
certain value, In other -worde a definito
yaltie of dtpuctural return loan at o given
froguuency cunnot  be forecest ror a partic-
“lar piecult but pathor wa dlstribution of
g return lowwses  batween differont ofr-
woHto, A volus cap only he eutablinhed
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froguency function Bw depends .
only on the ratio of the fvgguency to.

which, based on, probability, it 18 expected
will be met or excceded by the struclural
return losses of a cortain percentags. of
cireuits, The luarger the percentage of
circults whose otructural return losses
must equal or exceed u certaln value, the
smaller that valus must be, AS may be seen
from Reference I, the value of Sp i8 de-

endent only on the percentage assumned and
?e zero for a 63 per.cent., distribution,
If & coertain value of S were computed such
that 63 per cent, of the circults would’
have structural return logses egual to or
exceeding it (8p = 0), the value of & far

a 96 Yer cent, distribution would be about
6 db less (Sp = ~5), regardless of the type

of circult concerned,

3.08° This {dea of distribution, which

maang working with valuea that will
be excesded in & " certain percentage of
cages rather than with definite and fixed
values, wiil also be encountered in ainging
points and will be a consideration in both
complete circuits and parts of circuits,
The lawe of probubllity then enter {nto -
singing considerations, and Judgment will
of necesalty have to be applied 1in many
practical prablems,

3,09 For a given distribution and a given
' type of circuit the structural return
loss due to tha combined effect of the
pevoral fuctors becomes less with {ncreas-
ing frogquancy, so that in general the upper
frequencieas will be limiting In einglng
henomena., Fig, 3 for example 8howa for
9 gunuge H and B-88-50 circuits the diseri-
bution of the return 1loss values for

~different frequenctiey whichwill be equalled

or sxcecded by those on 63 per cent.of such
circults, assuming certain load call and

‘capaci tance varlations,

3,10 8tructural return losg as dlscussad

above applies especlally to louded
cable olrcujts, In tho cuse of open-wire
circults minor variations of constants oce
cur dus to differvencey {n sag, differences
in the .number of wiroes on the lead, atc.
These are not 80 pronounced as the varia-
tions {n cable circuits and in genaral the
vulue of atructural return loss uwed for
open~wiro is regarded as a fixed value with
froquency and without regard to distribu-
tiona, eapcciull¥ a8 the dtructural valus
fa usually modi fied by intermediato {rregu-
larities, A ropsator wection of opan-wire
{a meldom 8 a#mooth open-wirae circult
throughout, wheroas cubkoa ara usually of
the oomo type of facility throughout,

Roturn-Losa Dus to Terminatlng Irvegularity

a1l Under uctunl operating condltiong, a

repatiter  wection or a cfreujt {a
novor terminatod umoothly., For exampla, &
cuble olvenit onding at sn offfce with 0,8
goction frow Lho luut loading coll wvould,
to pbe terminated swoothly, huve to ba con-

- noctod Lo an fmpudance  vqual to that of an

Infinftoly lonw cireult of thu soame type as
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seen 0,2 of a asotion
that is, to . {ts complementary impedance.
1t s naoesear{ therafora to take into ac-
oount thea effect of the terminal irregular-

{ty,
3.12 In tha oase of a multi-repentered
ofirouit, the operating termination
for each Bection, except for the end paths
or the end sections where terminal repeat-
ars are not used (see paragraph 3,20), s
the Badjacent repeater, In suc cases the
termlnabtng impedance is the 1mﬁedance seen
looking into the repeater from the line side
of the line esquipment., Cable circults usu-
ally end at half-section or half-coil, so
that this terminating impedance compared
with the half-aeotion or half-coil mge-
dance, {n accordancswith formula (2) or the
Junction return loss curves, gives the ter-
minating return loss, Where the cable ends
at other than half-section or half-coil the
return loge may be obtained with sufficient
accuracy by comparing the terminating impe-
dance with the impedanco raquired to smooth-
1{ terminate the circult. The reaction of
this terminat1n§ return loss on the adja-
cent repeater 1o obtained by adding to it
twice the repeater section attenuation.
For this reason the terminating lrregular-
{ty unless unugsually large, or the repeaten
goaction short, generally fias but small ef-
fect on the overall resultant return loss,

Return Lose Caused by

Tar N

3.13 In general, the {ntroduction of any

equipment or change in type of fa-
oility at an {intermediate point in a re-
peater section 'causes & reduction in the
repcater saction return loss, Examples of

Intermediate Irregu-

from a loading coll,.

 noted

such irregularities are repeating coils or
composite sets at an intermediate office,
omlitted or defective loading coils, devia~
tions in loading spacing in excesa of those
involved in 8 consideration of structural
return loss, seotion of non-loaded cable,
or the Junc&lon between dissimilar olrcuits
with or without the use of the proper in-
equality ratio repeating cails, As already
the return lose of the irregularity
may be determined {if the imﬁadance locking
through the {rregularity is known, In soms
ceson thie will be the characteristic ime
gedance‘or the connected circult, in others
he {nsertion return loss curves may be ag«
plied, and in others the Impedance may be
arrived at by combining the
the {rregularity with that

impedance of
of the circuit

beyond. Buppose for example that the ir-
regularity 18 excess or deficlent loading
section capacitance as  {llustrated in
F’.Gn 4, .

W ] mesrto ()

L~ ":;E;:H}Z!
® () 2ges, FLirlo (L)

0—-—*10

@ (_) gy Frra( )
Figo 4,

3.14 The irregulaﬁity may be assumed to be

concentrated at the center of the
loading section at which point the charac-
teristic impedance 18 2, (ses Fig. 4a),
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Axcosy cupucitanca. ts represented by im-
padance 2 of this capucitance  inserted
ahead of the half loading sectlon to the
right (Flg, 4b), and the terminating im-
pedance, 2¢, 18 merely 4 and Z, in parallel
ap . v
Z 2,
ST A

For deficient capacitance, reprosented b
the dotted portion in Fig. 4c, 2o 18 squa
to 2 and 2 in parallel, t.e,, ,

Z 2y
20 % 7V

From this, 2y, which connects with 2, to
the left, becomes; ,

g Zo %
v oy

3.15 Othar t¥pea of irregularity may be

similarly handled. The eoffsct of re-
peating coils for example may be treated
through the use of T-networks aimulating
the repeating coils! eleotrical character-
latica,

Qffice Cabling and Equipment Return Lorses

3,16 Anothor componasnt of the overall re-
turn - losg depends on the degres of
preoision with which it 18 economical and
practicable to make balancing equipment &t
"%33 repeatar gimulate auch linae equipment as
%.! repeating colls, composite s&ets, carrisr
tilters, etc,

3,17 The return loss between the balancing

- aquipment with {ts interconnecting
cabl'e and the ‘mesoclated line equipment de-
pends on the precision of manufacturing
processes and on the precision which may be
used in pairing items of line and balancing
gquipment, and alsc on the cape taken in
balancing the office cabling, Although
this raturp loss i{a usually fairly high it
must zenerally be taken into oconsideration,
particularly {f high etructural roturn
lognes are involved,

3,18 0One ftem of offico equipment may be

omitted from the above as follows,
The network for & lump-lnaded line is usu-
ally made to simulate the line impedance us
seen at approximately 0.2 of a loading sec-
tion frem the last loading coil,

. it, thereforo,
a circuit heglins 4t more than 0.2 goction,
the cxcess length must bs balanced with a
buildin--out unit connpected to tha network,
The balance hetwsen thn network plus thae
bulldini-aout unit apd the lina 18 generally
regurdod practicnlly as the atructural ro-
torn loun  #@o  that the Dbutlding-out unit
doaa not enter Into the aquipment bulunce
proper.  On the other hand where an opan-
\ ylrv ling enteps an offico  Lhrough an ap-
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rent is set up within the

praciable atretch of non-lnaded cuble the

" bulance hetween the cable and the T-network

{sencrally assombled lacally) stmulating
the cable 1in the Dbalancing circult may or
muy not bhe negligible depending on the care
and accuracy with which the T-petwork is
asaembhled,

Internal Hepeater Balance

4,19 If the windings .of the hybrid coil
are not lidentical a circulating cur-
repeater even
thougzh the impedances connected to the 1line
and network terminals of the hybrid coil
match each othev perfectly., The return
loss correaponding to this internal bal-
ance, particularly in luter types of re-~
oatery, {g usually high enough to be neg-
ected, [f this 18 not the case {t should
ba congidered along with the foregoing com-
ponent retnrn losses {in arriving at the
combined valus fopr the section,

Terminal Return Loas

+20 The termnination (end-path) at the

distant end or terminal of a circuit
under operating conditions conslsts of a
toll switching trunk or tributary cirouit
(i¢ required) and =& subscriber loop and
suhacriber set. The return loss batwesen
the impedance of this termination and the
impedance required to semoothly terminate
the olrcuit 1s called the terminal return
loas, It does nat form part ol the repeate
er sectlon return lnss but {8 rather a sop-
arate component, differing from the fntepr-
mediate paths {n that;

w

(a) It {8 usually important (or low)
comyared with any one intermediate

return loss; and,
(b) Dus to 1itn comparative wuniformity
over the frequency band and to its

remoteness as discussed later, It tends
to combine. more pessimistically (in
phase) wkth the other return loss com-
pononts,

3,1 The terminal return loss variss ba-

twoen officens, betwesn different con-
nections at tha osamo office, and from time
to time for the same connection (due to
tranamitter resimtance varistions, etc,)
A recent survey at a more or less typical
office {ndicated that the terminal return
losa {n the frequency range important from
& 8inging viewpoint was {n tha order of
7 db or mere for about 63 per cent, of con-
nections und Lthat {t followad very much the
g diotribution (Up) os structural return
losnea, Both the mugnitude and thoe diotri-
bution may bo foundon further {nvestigation
to vary approclably for diffarent offices,
but in LRo mountims the above vulues are
conglderyd: roasonable for general Jduualpgn
purpotouy, Whore a flxud value of terminal
return lous {8 neoded for detalled computa-
tiona or for urpose of test tepminusclans,
uovalue of b dE fu gonerally used,



\

-

- work would be

4y COMBINING COMPONNNT HETURN L3I

4.01 The component return loones o bo
comblned muut  firot  Dbe roferred to

gome commnp polntl  (nuually n roponter) at
which the overall retirn lons for the nao-
tion s to Do detepmined. As noted pro-
viously this is dona by ndding to tho re-
turn loss the sum of the lonnes out to the
olnt nt which the return loun oxists and

nek to the laco of referonce, If thore

were nn% ralns  in the path, thewe would
huve to ba subtracted., A roturn loss s
expresaed for o certain frequency, so that
the component return losseos to ba added
must all bo for the samo frequancy. Thae
gains and 1osses used in referring the re-
turn losses to a common point munt 1{kowlma

be at the oome frequency.

4,02 Eoch raturn loss represents a cortain
amount of returned current with re-

gpoct to the current that would flow in a
erfact olrcult, and the larger the re-
urned currant, the smaller the return

losa, If all bhe returned currents com-

bined in ghuao (09 apart), a maximum amount
of current would rdnault and would give the
lowoat poasible combined raturn loss, On
the other hand, if ea¥, the ourrents rep-
regenting two return los

of ohase (1809 apart), they would tend to
cancael esach other and give the highest pos-
#sible combined return loss, These are the
two extremo wayo of combining, In general
the cipouit conditions are not well enough
‘known, or selse an unwarranted amount of
required, to determine the
exact phase relations of the varlous cur«
renta, (An exception to this occurs in the
computation of t{nsertion return loss.) Not
knowing thon what the phase relations are,
{t {8 natural to assume a middle course ba-
tween the two extremes 0° and 180° apart

and thus combine the currants at righ£
angles or 90° apart, {.s8,, the combined
currant would be the 8square root of the sum
of the mnanuares of the component currents,
Theory alsn says that when the phasews are
unknown but are substantially at random,
right angle combining {8 about right. For
the mnjority of component return losses,
guch right angle combining ig shown both by
computation and by measurement to glive
reasonably accurate results,

4.03 Letting Iy and Iy repressnt. the re-

turned cuprenta from two {rregular-
{ties (aasuming unit current sont into a
perfect clrcult), the  combined current

would be \/Ia2 + Ibg. The component return

losses are; v
dby =~ -20 1log la and dbp = -20 log Iy

and thea combined return loss is8;
— s

. - 3
db(mh) w =20 log L/I—; + Ib

n =10 log (12 + Iy7)

-the component return losses

gos combined out

4.04  Tha Inot Cormula 10 Lho uvnunl farsmla

riving  tronomloolon lono correapond-
ing to powor ration, reprouented by the
squaros of the current ratios, Iug and Iba.

In othar wordn, to combina two {or mare)
return losses, all that 18 required is to
add up the power ration " ocorresvponding to
and to find
from n table of power ratios the db value
corrcaponding  to thls oun, The following
{1lustrates this method of comblining the
ggmggnonb return lossds 31, 31, 2B and
Lo} )

Individual Roturn Fower Attanuation

Logses Ratlo

a1 ' 0.000794

31 0.000794

28 . 0,00158

20 0.01000_

8um of Powsr Ratios 0.013168
Combinod Return Loss 18,8 db

4.08 An exception to this method of com-
bining 18 nated in the case of large
distant irregularitiaes, With & long
stretch of loaded clrcuit ULetwssn the ref-
erence point and the distant {rregularity,
only a very small changc in frequency is
requirsed to make a large change in the
phase shift, {,e,, 8 8ligh ohnn%a in fre-
2ucncy will be bBufficient to bring the ro-
urned currents in phase without approci-
ably alterin% their magnitude. Thie condi-
tion 18 met In practice particularly in the
so-called end-path, or the return loass cor-
regponding to the distant terminael {rregu-
larity, which irregularity in operating
condltions may bs quite iarge. Two cur-
rents, I, and Iy, combining 1in phase, giva

a resultant current Iz + Iy, The component
return losses arc;

dbg = =20 log I, end dby = =20 log Iy
The combined return loss ls;
db(a+b) = ~20 log ‘Ia + Ib)

This formula is simply the db corresponding
to the sum of the current ratios I, and Iy,
so that to combine two (or more} return
losges "in phasc” or on the current ratio
basle, the current Tatios corresponding to
the component return losses are added to-
gother and the db value corresponding to
the sum looked up from & table of current
ratios, Takine the some example as before,
but assuming the 20 db return less to com-
bine in phase with the resultant of the

. other throe:

Individual Return Power Attenuation

Losues e ___Ratio _
51 0.000794
51 0.000794
28 0.00158

gum of Power Hatios 0.003168
Cormbined Return Losgs
for I sa Three Components 25,0 db
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™his regultant b db s then cowbined with
the 20 db component on a currept rutio ba~
44 to obtain the overall resultant,

Individunl Return Current Attopuution

oo bonses e Batlo
26 0,066
20 0.1000
Sum of Currsnt Ratio Q.ISBB
Comvined Roturn Loss 16,1 db

Note thuat the overall resultunt s lower
than that obtained by adding all four com-
panents at right angles.

6. PA33IVE AND ACTIVE RETURN LOUS3

5,01 When energy s Introduced . {nto the

_path of returned currents (the return
path) only by the measuring apporatus, the
return logs thug measured is called a pas-
give return loss, It should be noted that
4 pussfve repeater may be used as the ter-
%z?gnlnution for a passive return loss measure-
==maent; thig 18 ut ons of 4 number of pos-

gible terminations which might bo used,.

5,02 Return logs may be computed op mea-
sured for a section of circuit in~
~¢luding one or more repeaters which wnplify
some  of the raturped currents, In this
cuse reflected currents wore woplified by
any repeaters that may be locnted between
the lpregularity and the sending end, The
result, thepofors, iu partly a function aof
the ain nupplied by the active repeaters,
this return Yoss, for the condition whepe
ancrizy 8 introduced athep than by the mea-

suring apparatus, {8 topmed an activo re- -

turn lous,

6. HETURN LOSS - FRAQUENCY CHARAGTERISTIC

-
el p oy

6,01 The vrolative offects of the funda--

mentol  constunts of a line and ot
terminations, etc,, vury with fraguency,
and hunce, the portion of the curpent re-
turned to the aocurce und consaquently the
return loas slgo varfea, It 18 mouninglesn
therotore to otato u value of veturn loga
without wpecifylin« at what frequency it up=
glive,  fne return lous-froquoncy churac=
terisbtic of & ltno  ohows the varialion in
veturn loasy over the froqguency range undey
conuidoration, If thia charucterintic s
obtnined by mouguremont 3t will whow the
1un combination  of  u#ll the componunt ra-
Arn loanesi {pvolved regurdlens of  tha
E?;wmnn'andrnnurn ng hnmﬂuluvtthu:[wuuunb
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in the civeutt, Ag discussed in a later
purt, Lhis choractertotic fs useful in
doterimining the approximate frequency at
which singing will occur if the clrcult is
equipped with a repeater.

6.02 It hus already been noted that the

.return loss at an drregularity is
dependent only on the sgcualar value of the
ratio of reflected to incident current and
not on the phase relation. The phase comes
in only in so far as the angles of the im-

_pedances affect the scalur value of the re-

flection coefficient., The <change 4in this
respect with frequency 18 gradual so that
the reaturn loss-frequency characteristic ia
a gmooth curve ang may gradually fall or
rise with frequency. It has also been
noted thut this return losa referred to the
gending end or point of reference io af=-
fected only by the attenuation In the {n-
tervening facility so long us only one {r-
regularity is present, Fhase relations
come into prominence only when two or more
frresularities are involved. In this case,
owing to the difference in distances to the-
vurious i{rregulariticy, the relative phase
of the returned curreants will constantly
change with frequency; at one frequency
they will tend to come in phaesge (largs re-
sultant current, low return loss), at
anather frequenc they may be out of phapa
(small current, high . return loss), and so
on, producing & presultant wavy return losa-
fraquency characteriatic similar to the
familiar {mpedance-frequency curve, con-
taining peaks and valleys. And as in the
case of the {mpedance~frequency curve, the
interval between return loss peaks and veal-
leys 1s a function of the diastance between
the {rragularities, ‘Fig, 6 {llustrates
this discussion with return loss-frequency
curves of two Irregularities separately and
of the two combined, all referred to the
gending end,
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