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D.. DESCRIPTION OF CIRCUIT CHANGES 

D.l To cover the complete 4etaUed cir .... 
cuit description liilich was not fur .... 

nilhed with issue l of tbe drawing;. 

0.2 Note 103 revised to add lS2V .. 
All other headings under "(tbant;i!Uii •" No 
change. 

1. PURPOSE OF CIRCUIT 

This c;ircui t is used as a _re ater .-~ 
the high frequency line of a . Car .... 
rier System. It. is one of two similar 

er circuits and 'is designated ·a 
gh (L .... H) fte,peater. 

) • J'UHO-TIOIS 

).l Thia repeater receives s,igna;la at 
low aroup frequencies (44 KC ... l~ 

IC) from the line .. trwu~1ate's. them to 
bip group trequencies (164 KC "" 260 KO), 
t.he,n suitably amplifies and regulates 
them for transmission at the desired 
output level. This re . ter is used al, ..... 
ternately along trhe ea e with another 
repeater designated Hi.gb•Low (H ... L) Re ... 

·~ peater. 

) .2 The re ter provides a trans:!!!lis""" 
sion a acrose the band adjust ... 

able to about J~ero, two or f'our db. 

) .,) Wiring adjustment is provided . to 
obtain a fixed repeater· gain in 

place of the regulated gain to be used 
when the repeater is used for testing or 
1n the repeater switching set. 

) ... The repeater provides metma, when 
rEu;auired, to transmit power over 

the cable in either or both directions 
to another repeater or to receive power 
in a like manner from another repeater. 

,3 .; The repeater provides means for 
filament acti Vi t.y tests and 

tor meae ng spac,e currents! filament 
current and the regulated vo tage for 
the tubes .. 

z.,. COHliEC11:NG CIRCUITS 

Carrier Telephone ... Applica• 
tion Sohe:natic t"or Re,peater 
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DESCBIHION OF OPiRAfiOH 

5• GillBRAL 

).l Over•Ul Repiiiater 

;.11 The eipals are handled on a four .. 
wire basis thro and the cir-

cuits of th!ik 1-1' subassemblies 
are identical,. Tbe input signals from 
the line pass tb an input filter 
to remove un~ quencies. They 
are then modulated by a )04 kc carrier 
to change bands fro~a the low group to 
h1gb group,. 'The .. same oscillator is 
used to aupp,ly the· 304 kc carrier in the 
H-L Repeater. The action whereby the 
repeater t.ransm.it.s a. d.ifferent frequencJ 
band than 1 t rec&i ves is termed nrre ... 
quency frogging11 • It is also tha b.1i!.sia 
forth& re ter-nomenclature Low-High 
(L .... H). _ ator out.put is passed 
through the second filter to suppress 
carrier leak and the unwanted sideband. 
The output of this filter is a ied to 
the t of the regulating fe ck 
ampl r. This amplifier automatical• 
ly adjusts tbe gain by a t~hermiator 
regulator to main ta.in an power 
which is almost constant the 
operating range of the input power~ 

5,.12 Only a small amount of e i;a .... 
tion is accompliehed by re• 

peater. Most of the equali~ation de• 
pends upon having approximately equal 
cable lengths between repeaters and use 
of llfrequency froggingu at each repeater. 
fhe residual alo ization illil ad• 
.;lusted tbe ( ADJ) Control in 
tb!ii!: 

6. DETAILED DESCRIPTION 

6,.01 iepa,ate,r Input Coil 

6,.011 The repeat·er input coil 
servea to match the 1mJPi!Hial1Lce 

the incoming 135 on. line to 
the )000 ohm filters"' 
and (02) are shunted the 
to improve the transm.ission cba.racter:lt""" 
tic. Th.is coil provides the 
simplex to the line for the 
pur'PQSe or supplying pqw11r 
over the ~ aida in ma~~-, 
""""·""·*·*""'·""6 an adequate longitudin.al 

the line to suppreas 
"''*\.!\ ""''·Loi:la..i!k noise. 
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~~G .. 1 • SCHIEUfiC AND INSERTION LOSS 
CH!P~Cmi.ISTIC OF (fLl) FILDm. 

tb& 110dulator. Tbia output filter 
includes a peak section to rejee• 

the )04 ke carrier that ia .preaent d.ue 
to imperfect modulator balance. 

FILTERS ., 
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6.,0) Modulator P'ad 

61110,ll A 4- db pad (Rl, R2 and R,l) ia 
used between the modulator o·ut ... 

put coil and the modulator output fil ... 
ter® Thie pad ves the impedance 
match between t ilter and modulator 
and materially 1 oves the transmis ... 
sion charaeteris and stabilizes the· 
change a with temperature,. 

6,.04, Modulator 

6~041 The modulator receives the low 
frequency group and modulates it 

with the carrier (304 kc) to pro .... 
duce the hi tre quency group. Of the 
modulatio·n products uced the 
modulator o wer side is 
desired. ator is of the 
double balanced type (input. signal and 
carrier both balanced from the output) • 
It consists of a eopper ... oxide varistor 
(CRl) connected between t11!10 repeating 
coila (T2) and (TS). 

6.0Jt2 The modulator actio·n may be eon ... 
siderEJd as a double .... pole double ... 

throw switch inserted in the signal 
pat·· .. h b.e. tw.•eHa.n t.he in and output coils. 
Tbi.a 'Switch action activated by the 
plua and minus vol es of the carrier 
applied lcmgitudin y through. the 
transformers ( T2) and ( f5) , When the 
carrier voltage is sitive at (JE9) 
and negative at ( ) the carrier 
cu:rrent flows through tliiO outer 
rectifying elements,. Their impedance 
is then made low. A sent in 
tbe input will then flow c tly 

h the modulator to the out 
t ormer. During the next h 
cycle or carrier, the carrier potential 
is reversed and the current flow& 
thro the inner rectifying units mak• 
ing ir impedance low,. This is 
equivalent to reversing the path tor 
signal vol s from the input to the 
output trans.. :rmsr. 

6.043 This double ... pole double-throw 
switch action or the balanced 

modulator has the inherent function 
that many of the modulation product& 
formed do not at the ou :t 
terminals of circuit. If 
symbol ( v) represents . the incoming 

of signals and (c) repre aents the 
c carrier• the modulation products 

formed within the modulator may be 
considered in tour sets;!> These seta 
arem 

nee ±nov 
JlioC ± UeV 

± 

304 KC Carrier Oscillator 



them t;he 
at 
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it:! ate 
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the value ot 
du~~ the desired 

ohms to match 



6.09 Repeater Gain & Regulation 

6,.091 The repeater gain is controlled 
by the loss of' the feedback cir ... 

cuit.. The fixed condition is pro .... 
vided by use ot e fixed resistance 
(R24). The regulated gain condition 1a 

vided use of' the thermistor regu ... 
tor (R which functions to hold the 

repeater output nearly constant for a 
considerable range of inputs. This 
regulated gain is essentially flat with 
frequency. The t}lermistor is activated 
in proportion to the total power at the 
out f the repeater. This power 1.s 

y +12 dbm and the thermistor 
holds this output power to within ± 1.; 
db f'or a change in input ~evel of ± 10 
db., This regulation performance in 
terms of change of output from a mean 
condition vs. change in input 1 s show 
in Fig,. ). The thermistor pellet is 
protected from de voltages between it 
and the thermistor heater the con• 
densera (011) and (Cl2). 

REPEATER INPUT db 

FIG., 3 • IBGULATION CHARACTERISTIC OJ' 
LOW-HIGH REPEATER 

6.092 The thermistor regulator reac-
tion time is plotted in Fig. 4 

in terms of the time required for the 
regulator to attain a given percentage 
ot its ultimate change after a trans­
miaaion alteration. This react.ioa 

time is different in the two d1rectioaa 
of regulator change. The regulator de• 
e reasee out put three to tim.es as 
fast as 1 t . inoreaeea it.... reaction 
time materially int'lue.zlces use in 
that after any transmission cn.an~i!',;liill.., 
a waiting riod is required 
circuit stabilize within any 
sired measuring accurac:yi!ll This wait• . 
1ng pedod is plotted in Fig. S in termAW~ 
of stabili~ation within one db 
and also one tenth db mea.slxr:lLng 

Tbe "Output ..~..n.crll!'lal!illlill!![l" 

apply for changes which have 
the output above normal and 
regulator to 
i.ng the gain 
put curves 
creased in ou·tPtLt 
regulator rest(:l'J:'EHS 
·Creasing 
increase input of 2 db 

re a wait of about four 
:r one tenth db ~l'tlr:n""~c,v 

whereas a decrease 
would a wait of 

cold reoo~:rte1r 
at 

mal 
to one 
st.abilimation 
six minutea waitill! 
tenth db 
to tw~~nt.v m,l.n:~ort.~S~Sm 

The thermistor 
sists of a ~ner1n:u!f~t;r 

and tber associated 
control for this 
tor pellet is a """"F.<:l!l '"""' 11'1<;;f 

coefficient 
mally 
ohms to twenty thousand ohms"' 
Under abnot'lmt:::~l transmis siou 
it i'1t'om a few hundx·ed 

thousand 
the 

resistance 
t;housand oEuns,.. 

to illiii.S the 

' 
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? ... POWER REGULATOft ... DISfRIBU!OB CilUJUif 

eer:lii!i!HI!I• This arrangement gives an ap­
pro.:~dmation of the desired condition of 
constant heater power which is preferred 
rather than either constant current or 
eonstant voltage heater operation* Tbi! 
beater stri includes a potentiometer 
(Fil .. Cur .. ) r adjusting tha circuit 
current to the desired 98 millia.mperes 
ud has test jacka TST2 and 3- to measure 
::Lt. 

7., 4 The regulated voltage of 100 volts 
is obtained by me-ans a 427A 

-v:oltage regulator tube. tube pro-
duces a large- change in current through 
it {J to A;,O milliamperes) a small 
change in applied voltage to 101.5 
volta}., This large change gas tube 
current varies the line current which 
flows through the . line :resistance and 

uces a voltage drop to 
r a change in the 

The to which s 
t.ion is obtained is indicated by 
re ation characteristics shown 
8. Changes in gas tube curr-ent 
plotted against changes in <llll'.pjp.,J!...ll;..1!lHdl. 

tery voltage (B), line 
and electron tu~ space currents 
Each curve expresses the change 
one variable only. The effect on 
the gas tube is summation 
ot the individual 
ill) 
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7..,5, T.n_--e V .. _a. tube curren_ t is· adjusted, 
by the vari.able resistance (VR 

CUR) 11 for· diffe-reneiiis in tubes and ap­
plied line voltages· to a_ nominal value 
of 20 milliampere:a., With this adjust­
ment there is su.ff'ieient regulation range 
available to a.ceo-mmodate fo-r the ohangel 
in line with temperature and 

myjj.i';,ili,,l~""" ba!ttii!!I'Y voltages of 
nominal 260 

1 

\ 
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cathode feedbl!:u~k 
Resistance 

l faciliti~a for the and this ca.·t.n<:;ae 
are about 

thiit ro\~tine t;e.::;,~.ts 
~.u in,.r,;;;:1rviee basis,. 'rhe 

electron tube 

the current .for tbi!!i 

with the 


