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1.1 circuit is used a.s a repeat·E!".r' in 
line .Nl-type 

two similar 
:de·s;t,~~:rtE!i'd a high ... 

2. GENERAL DESORIPTIOI OP OPERATION 
2.1 The signals are handled on a 4-wi:re basis throughout and the amplifier o1r­ou1 ts .for the two directions of trane.mission are identical. The input signals from the line pass through an input :filter to, remove unwanted frequencies.. They are then mod­ulated by a 304-k:o carrier to change banda from the h1gn g:ro,up to the low group.. The same oscillator is used to supply the 304 .. ko carrier in the low ... high (L .... H) :repeate:r,. The action the repeater transmits a frequency dif.f'erent from the one received is termed frequency frogging.. It 1s also the basis for the repeater nom.enolature H-L.. The modulator output is passed through the second filter to suppress carrier leak and the unwanted sideband.. The output of' this filter is applied to the input of' the feedback amplifier.. This ampli ... a:tttomatically adjusts the repeater gain by a thermistor regulator to maintain an output power which is almost constant over the opera t:tng range or the input power. 

2.2 Only a small amount of' equalization is accomplished by the repeater, Most or the equalization depends upon having approx­imately cable lengths between repeater and the use or frequency f'rogging at each repeater. The residual slope equalization is adjusted by the control SLOP! ADJ in the amplifier. 
S~iON II. - DETAILED DESCR! PT!ON 
l • OVER-ALL REPEATER 

1.1 The Nl high-low repeater circuit consists parts, the east ... west 
the weat ... east (W-E) sub­

oscillator subassembly. 
2. E-W AND W-E SUBASSE:MBLIES 

2.1 The E-W and W-E subassemblies, which are identical. consist of: . 
(a) A modulator with input and output filters plus associated transformers. 

gain 

a.mpli fier with regulating 
slope adjustment# and flat .. 

3" OS01LLATOR SUBASSEM:aLY 

(a) A crystal-controlled oscillator and second harmonic rejection !"1.lter. 
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(b) A cult"rent adJustment, VI\ OO'R,. tor the VR tube V41-. 

( o) A currtmt adJtu!l tment, FIL COR,. f'or the heatere of' the tubes,. 

4. REPEAlfER INPUT OOIL 

4.1 Repeater input coil Tl serves to match the impedance of the incoming 130-ohm line to that of the 3000 ... ohm filters. Capacitor 02 is shunted across the coil to improve the transmission charaeteristic. This input coil provides the simplex connec­tion to t;he line for the purpose of obtain .. or suppl.ying power .over the line. It aida in maintaining at adequate longi­tudinal balance to the line to auppress lOngitudinal noise. 

5 • MODt:rLATOR FILTJ:RS 

5 .. 1 The modulator f1lte.rs -uaed at the. 1 t . and output ot the modulator select desired frequency. groups. These. t1lter3 are designated PLl, FL2.- PL3, FL4, and FL5. 

Page 2 

(a) Modulator input filters FLl and FL2 pass signals of the incoming high .. group frequencies to the modulator and reJect the unwanted low-group signals that are present at the repeater input due to cross­talk between the cable pairs. This filter is a filter with a config'~.:rration and (measured betweer1 3000-ohm resistances), as shown in CD Fig. l(A). 
(b) Modulator input filter. PL5 in addition to (a) also reJects the image band which is as a modulation product ot the and is transmitted 

• The image 
to pass through the modu· produee!!ll interf'ili!renae,.whieh haa 

beats, in the outgoing low ... group frequency band .. The bandpass ohar-acteristic of' thi.s filter attenuates the image band and eliminates thia source or beats, The filter configuration and char ... aeter1at1e (measured between 3000 .... o.hm resistances) is shown in CD Fig., l(B), 
5,.2 Modulator output filters .FL3 and "~. CD Fig. 2,. are low-paas filter. en 
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CD Fig. l(D) "" S,;L··~,r-: ~· $.nt1 Ir. ,,·; ~ ·,n Loss Characteristic or 630A Filter 
select tbe'lower sideband created modulator fo.r tranam:tssi:on to 
and reject the sideband. modulation and the of the 

group at the of the 

6 . MODULATOR PAD 

6.1 A pad 
bet"reen the 

and the modulator 
'the j.;m;pe(:ta:rl.ce 

This filter 
to reject the 

due to 

'and an,d·material.:~;N 

7. MODUI .. ATOR 

7 .1 T'he modulator reced. ves the 
frequency group and modulates with 

the low-
Of modulation pro ... 
the modulator, only the lower :ld.!eb!Ema ia desired. The modulator is of' the double balanced (input signal and carrier balanced the output). It consists or a varistor CRl connected between repeating coils T2 and T5. 

7.2 

a:nd 
cat"'r''ier flows 

outer rectifying elements. 
is then mad"'="' low • A signal the innut w:tll then flow the modulator to the trans .. fo:t"mer. Duri.ng the next half of 
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CD Fig. 2 ... Schematic and Insertion 
or 

This $';'\i';i tch a~:::ti.on or the balanced 
mcdnlator ha5 the :tr1<herent function 

of the modu.la ti on formed 
the of 

t''l(~preaents 
odd. or 

odd orde:l:" set 
t~erminals 

seta of modulation 
bal,S;noed ou.t , 

dit"feren•;}e 
dea1l"ed 

santa 

ISSUE 3B 

the filters the 
modulator is not 

sets (l f ;.u-"''·'""'"''··•·n 
from the other 

does appear at 
Th-is :Ls 

signals 
db and the 

s u.ppres~H~d about db. 

8. MODULATOH REPEATING COILS 

8.1 sideband co1.l T2 is used 
t:he modula t;or and a low­

is used at the output 
modulator. coils have an imped-ance ratio of' 3000 ohms to 130 ohms and serve to ma.t;;eh the of the filters to · 

that of the and to from an unbalanced filter circuit to a 
modulator (Jiroui t, To maintain 
balance in this circ~uit~ ia 
that the onl;v· ac 
modulator circuit at T5; as 
These sa.rne t·~m eoila are used for the L-H 
repeater trxt .in reverse circuit pos1.tions. 

c 
a 
to 
of' the t1Jbe 

CAHTUEH OSCILLATOR 

quartz 
t}lrcu.:tt, The plate 

11:1 thin the 
but provides the cou­

t;he oarri er power for the 
the 
the 

that of 
By 

better 

The 
maintained 

reaiators 
and beatei" 

volts of each 
a 



10. 

10,1 

and 

Af4PL!l<"~!ER 

resi.stor 
resistance. nesistor 

antising res1st;or. 

adju~;tment 
eircu;tt, 

eireuit is com1ecte(i as s•t~r~es f'~:;c:dback at tb~:l' Jnpnt and high-ide hybrid feedback at the 

10.2 is 
filter 

transfo:r'TI1€:r' T3 • :r t 
to match the 

tr·a:rlaf'oru:tc~r are 
by the res1stance term:tnation on t:he Th1.a trans formfH' Etlso serves to separation of grounded rtlter circuit fr•om the runplifier ctrr._~tdt which 1:1 at '(0 vo1tn frorn de Wh(~n power la received over the 

10. 3 'rhe 1 nti!"!rB tage network 
coupled circuit of 1~2 lf! 

$;~r:td 
tor 

anti res o;nan t w:'L th tl:v:=~ tube and 1tances in the fra-

from ob.rns 
the feedback 
output . Thee e 1!!1Pi~d;!'n<re v·<;>'""'"''·'""""" to provide the level output s1gna1. TJ:"H:l' nominal value 

tt-le 
do 

the cable 
of the 

correct resistance. 
and the value of resiato~ R21 the desired output impedance of 

oms to match that ot the cable 

ll • J!'LAT- GAIN ADJOSTMDrrS 

ll,l to the input tube 
is controlled 

Rl3» 
R13 wtth 

aa a voltage 
and Rl2 provide 
use in · 

variatior:d!; due to the 
f'or the accumulated 
circuit oomporu!!nts. 

11.2 

C~) and res is tor 
that the 
be 

R7 ro.rm a de block 
bias on the 

~;ain 
provldes 

the ent·tre 

matntenance 
is 

by 
place 

resistor 
than 

12 .1 ~.r;h..::. r;;:•peatt::r• 1s controlled by the l.c~~:~s of feedback circuit. The :f'Lx:ed c;atn GotvJ. 1 t:ton use or the f':l.xc~d regl;;,~ toP gain cond1. .1 :':!. i~:;;r·cv tded thermistor RTl which functions to hold the ctJtput n;;;:arly constant for a consid-er Thta regulated gain 

\d.:tl1i.n 
of :l':lO 
te::rme of 
tio:n 
em 
from vol t~.r.t;:;;;;..:::ta 
h~~ater by · 

12.2 The 

ti.l'l't!S 

The 
to the 

to 
1nput level 

in 
a mean cond1-
shown in 

ts protected 
Hnd the the:rm.:lstoJ:~ 

Cll and 012. 

reaction tim:e 
in terms o:f' the 

to attain a g1"v·en pe:rr;::ent.:::1.ge o:f.' ita after a transm:l.ssi.on alteration. Th~Js time is different in the two directions of 

in:f'luenc~~s 
tranamis.l~i on 

The decreases tlmes aa fast as it 
reaction time materially ttse ::tn that arter 
a wa1 ·required before circuit within any degJred measuring accuracy. 
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REPEATER INPUT db 

CD Pig .. 3 - Regulation Characteristic of' High-Low Repeater 

This waiting period is plotted in CD Fig .. 5 in terms of stabilization within 1/4 db and also 1/10 db measurlng The output increased curves 
which have increased above norrnal and wh:1ch the restores to normal by repeater gain while the curves apply for decreased output which the regulator normal the Thus, an input 2 require a wait of about 4 minutes 

+ 

,Q 
"!Q 

i~~---
C) 

2: 5r----

CD Fig. 5 - Stabilization Time 
(Within 0 db and 
0.1 db of Value) 

accuracy, whereas a 
2 db would require minutes. A cold wh!!.'m 1.nserted is at h:1.gh for a noromal have l:t 

minutes wait. 
requires a wait 
12.3 The the:r.mistor unit RTl consists of a thermistor pellet and the assoc:l.ated 

control for this pellet. is a negative temper­resistance un::tt that nor ... from about 1000 ohms to about Under abnormal transmission 
from a few hundred 

ohm~. For a 
the nominal the them ... reaia tan.c~ will be ohma. This value is referred to as value., 

12.4 Bet.".:<U.!tl-•.:! tht~ tht1rrrt:l .• '::l tor changes ::t ts resJ.s ta.nce with in a .• Ti:blent 
realatance Hence buJ.l t .a.round thf:'~ pelhd; a temperature above nornv1l 
t~emperature at 'ld'lich 1 t~ 1f.l trom ~~h1 a amblent 

ted l.n 
from th~;:: 

tance :la 9000 ohma. 

The 

~ 

af'I"'ect the 
a hea t;e;~r :ta 
maint,;:dn lt at 

The 
the heat 

1a 
with ·t· dbm 

r;e;H'!la ... 

and 
1o 

heater 
in 

~-
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CD . 6 - High-Low Repeater 

obtained from the 
electronic tube 
temperature 
the-rmistor to 
tures between 
appreciable 

c 48 

-8 

Slope Circuit 

from one repeate!:' to the 
~em~e:r~al 1s not vi tal to opera t1ng 

.1 The power connections to the cable pairs are made at the center tap of 

Circuit 

and output 
Ll and L5. 

~ 

1RT I 
~ ...... lll!lll!t->lllild$~"""" 

W-E REP. 
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14.2 is 

The power 
is 
whereas 

of the vacuu:.m tubes, the oscillator tube, and the thermistor ambient control is regulated as well as 
power is filtered 

leads. 

for the 
voltage 1s re~ulred 
tubes to g;1ve good 
oscillator to provide 
and by the thermlstors 
controlled temperatura. 

s ta.bi 11 ty, 
their 

• 3 The heat;ers of the tubes are used two in parallel and these pa1rs in ser•ies. This arrangement gives an of the desired condition power which 1 s rather than constant current or constant voltage heater operation. The heater string includes a 

\ii.l <!1>00 
0 z ,i!ii!liil 

~ j!f,.!!) 

;;r~ "!!); w 
~ ·~l!!O 

~ tOO 
m c 
u 
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1'1 ..a' 
!114 2 
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!Iii ~0 q 14 !I •• tO Iii! 2'* fili 14111 i!liO M lli>4 
GAS TUiE CURRENT MA. 

CD • 8 - Voltage Regulation 

FIL CUR, for adjusting the current to the desired 98 mill1-.amperes and haa teat Jacks TST 2 and TS'r 3 to measure it. 

14.4 voltage of 
means of a 

tube produces a 
in current through it, 3 to mill1amp~r·es, for a small change in 

8 

resistance 

100 to 101.5 volts, This 
tube current varies the flows through the 11ne produces a voltage to a in the 

which 
is 1.nd1 cated 

characteristics shown 
in tube current are 

battery 
and electron currents curve expresses due to one variable The 

tube current is summation several individual effects. 
.5 The voltage tube current is by the variable resistor VR CUR, in tubes and .l1.ne voltages to a ncm1.nal value 20 With this adjust-ment there is reg;ulation range available to nccorr~modate for the in line :ces1s tance w:I th temperature for battery about ::1::10 from the value. 

14.6 The VR tube volt-of 130 on the tr:tgger to make the tube and to start regulation action. this, the trigg,er electrode number ia connected means of t';I!:~~J :1 s tor R51 to power sup ply 

series with 

is wired 
a switch 
the 

for 

14.7 At a 
\'!!here 

is obtrdnf~d 
battery s our•ce, the 
not r~~qul red and 

resistances to 
The 

connected 
test 

Th:J.a tube 
it serves aa 

well aa to 
the thermistor and 

used 1n of' voltage Th.is serves aa a switch connect and thermi;:,tor circui.t to the source as did the VR h:ibe, It also connection to short of the regula.tor circuit control to compensate for the nominal 
ox' 130 volts 1.natead 

at a nonpowered repeater. 
is resistor 

15 TESTING ~~RANGF.MENTS AND FACILITIES 
15.1 The testing facilities for the type Nl are arranged so that all routlne be made on an in-service basis • include~ 

(a) The customary electron tube activity teats. 



Adjuat~ents of the current for the heater s tr1ng • 

c) Ad.Justm;ent of the voltage 
tube current. 

These tests can be 
2P tube teat set or 

Jacks FIL ACT 

the 

the 
access the circu:1 t,s for the tube and tm~e;nt;s T'he tube activity test is ACT 

'~>Ji th the 2P tube teat set in 
manner by the change in tube 

current for a 10 cent red'!JC tion the hea tar curr11mt.. all of the tubes in the are in one thi,e test be for tria whole at once. 

across 
Resistor 
to prevent 
first stage. Hesistor R:20 
caoacitor and this cathode res:tator 
duces about 5-db local feedback around the second s The ~;rcreen or tube Vl ls 

its cathode capacitor C7 
V2 by C9. 

15.3 

compensate for 

to 
value of to 
this measurement is 

procedure, 
terH:t:rtce check. 

SECTION III - REFERENCE DATA 

1 • WORKING LIMITS 

1 .. 1 Temperature: -40 F to +140,F. 

1 .. 2 Input Level: ... 44 dbm ±8 db. 

2 .1 This repeater reo•1ves J!!tl@nals ~fb ... group frequene1ea ( 164 ke to 
from the line, translates them to low-group (36 kc t,o 140 ke), and then · 

amplifies and regulates them ror 

2.2 

a 'bout 

at the desire,d output level" 
ru:oeii:tT:.>!!i:iir is used alternately along 

1..W.ith another repeater designated 

provides a transmission 
across the band adjustable to 

or ... 4 db. 

2 . .3 is provided toobta1n 
in place or the 

be used when the repeate-r is used for testing or in the repeater switching set. 

2 The repeater provides means$ when 
to transmit power over the cable or both directions to another repeater and to receive power in a like manner !'rom another repea tar. 

provides means for making 
activity testa and for measur­

filament current, and 
for the tubes. 

3.1 ~~Nln Carrier Telephone - Appl:1eat1on 
Schematic for SD-95124-01 

In Fig. l 

2 - Filters FLl 
FL2 
and 

2 - Filtera I'Ll 
FL2 

and 

In Fig. 2 

l ... Filter FL5 
630A 

1 - Filter FL5 
630A 
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D* DESCRIPTION OF CIRCUIT CHANGES 

D-l The "C'' and 1'D" options were added 
to cover B .l above . The "en 

BELL. TELEPHONE LAOORATORIBS 1 INCORPORATED 

DEPT 2169-LES-DDS 

Page 10 
10 Pages 

. 1lii; 

option was 
":Mfr D1sa. 

shown but not rated 

All other headings under Changes, no change. 


