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CIRCUIT DESCHIPTION

TRANSHMIDSTON SYSTEME

DEVELUPHMENT DEPARTMERT

COMMON ST8TEE
YH1¥ CARRIER TRELEPHONE
HIGH-LOW REPEATER CET,

CHANGES

B.

B.1 Buperseded

CHANGES IH APPARATUB

Superseded by

In Fig. 3
3 - Capacitors 3 - Capaclitors
(O O (chi, chs,
Cub) ché)
KS-1h1bh, L2 5194
0.1 uf 0.1 uf
In Figa. 1 and 2
1 = Capacitor 1 = Capacitor
{€13) {Ci3)
KS-1hikds, 12 5194
¢.1 uf 0.1 uf
1 « Capacitor 1 - Capacitor
(C6) {C6)
Ks-14337 5008
L uf 5 uf
1 = Yaristor 1 - Varistor
{CR1) {CR1)
L84 k&8
D. DESCRIPTION OF CIRCUIT CHANGES
D.01  Options PAY and YBY were added o
Figs. 1, 2, and 3.
D02 Option ¥AY was rated "Mfr. Disc.¥
D03 HNote 101 formerly read, YA1l wiring is
D1* unlesgs othervise spenified.”
D.Ok In note 102, (Vi0) was formerly (V2)
in error.
D.05 HNote 202 formerly read, "The placement

of apparatus end srrangement of erit-

ical wirding must be in accordance with eguilp-
ment requirements.®
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DEPT. 2161-FH-LP
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ED-95073-31 wasz added to the equipment
information,

ED-G2719.30 and ED-92720-30 replacse
ED-97719-01 and ED-92720-01 as eguip.
informstion. :

The 1iszst of 8D §r§giﬁg$ affected by
changes on thls drawing was added.

At the input to Fig, 2, Th and R4 were
formerly shown a3 T1 and Rl in error.

At the output of Fig. 2, R2 was
formerly shown ss B3 in error.

In Fig. 2, the AWALB 1FDR (16} was
formerly shown az AWALY in error.

The tube shields on Vi, V2, Vh0, and
Y1 were mot formerly shown.

A1l inductors designeted “INDR® wers
formerly designated YRET, COIL.%

£11 inductors were formerly shown with
terminals In errvor.

4
Lead designation Tl was not Formerly
shown at the Input to Fig. 1.

Lesd colors were not Tormerly shown
for the CHY9 inductors in Figs. 1

=

The nots with Figs. b and 5 formerly
read, "Used with (V41) -~ see note :

Fig. % was formerly drawn in such a
manneyr that a conmsction beiween
3 and b might bave been conceived,

ther headings, no change.
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CIRCUIT DESCRIPTION :

D. DESCRIPTION OF CIRCUIT CHANGES

Dsl To cover the complete detailed cire
cult description which was not prow
vided with issue 1 of the drawing.

D.2 Note 103 revised to add 152V.

All other headinge under Changes, No :
changs, 4

1. PURPOSE OF CIRCUIT

This circuit is used as & repeater in
the high frequency line of a Type N1 Care
rier System. It is one of two similar
repsater circults and is designated s
HigheLow {H=L) Repester,

3. FUNCTIONS

- 3s1 This repeater receives signals at
high group frequencies (164 KC -

260 KC) from the line, translates them
to low group frsqueac{eﬁ {4t KC - 140

KC;, then suitably amplifies and re§a~

& dew

- lates them for transmission at th

sired output level, This repeater is
used alternately along the cable with
another repeater designated Low-High
{L=H)} Repeater,

342 The rsféater provides a transmiaw
sion slope across the band adjuste
able to sbout zmero, two or four db.

3+3 Wiring adguazﬁsat is provided to

obtain a fixed repeater gain in
place of the regulated zain to be used
when the repeater is used for testing
or in the repeater switching set,

- nomenclature High~Low

T —— sgaes
TRAN N SYISTEMS ELOPMENT DEPAR gaus
Lo ﬁag; Iasue 2=D
COMMON SYSTEMS a,_
"N1" CARRIER TELEPHONE ) b
HIGH-1OW REPEATER CKT. oy
1.
© CHANGES DESCRIPTION OF OPERATION g»

5 £ 4 %m : ;’

5.1 Over-All Repeater

5.11 The signals are handled on a |
- fourwwire basis throughout and
the cireuits of the E«W and WeE sube

R—

‘assemblies are identical., The input

signals from the line pass through an
input filter to remove unwanted frow
quencies, They are then modulated by
a 304 ke carrier to change bands from
the high group to low group., The same
oscillator is used to supply the 304 ke
carrier in the L-H Repeater. The ace
tion whereby the repeater transmits a
different frequency band than it ree i
ceives is termed “fregueacy frogging®,
It is also the basis for the repeater
(HeL}s The modu=
lator su§§¥$ is passed through the
second filter %o suppress carrier leak
and the unwanted sideband, 1he .output
of this filter is applied to the input
of the regulating feedback amplifier,.
This amplifier automatieally adjusts
the galin by a thermistor regulator to
maintain an output power which i3 ale )
most consbant over the operating range
of the input power, )
5:12 Only a small amount of squalizge

tion is accomplished by the re-
peater. Most of the equalization de-
Ppends upon having approximately equal .
cable lengths between repeaters and -
use of "frequency frogging" at each re=
peater, The residual slope squaliza=
tion is adjusted by the (SLOPE ADJ)
control in the amplifier.

3ok The repeater provides means, when 6. DETAILED SES%&ZPTE&&

) required, to transmit power over
the cable in either or both directicns
to another repeater or to receive power
in a like manner from another repeatsr,

3«5 The repeater provides means for mak-
ing filament activity tests and for

@ uring space currents, filament curw

rent and the 1sgulated voltage for the

LA HET: N

he CONMECTING CIRGUITS
hel "HLY Carrier Telephone = Applicaw

tion Schematic for Hepeater «
SD=051 2001,

§

6.01 Repeater Input Coil

£
6.011 The repeater iaput coil (T
serves to match the impedance of -

the incoming 130 ohm line to that '
the 3000 ohm filters. 4 condenseri{01)
iz shunted across the high impedance
side of this coil to improve the trange
miselon characteristic. This input coil
frafiﬁas the simplex connection to the

ine for the purpose of obtaining or
supplying power over the lina. a%g also
§i§§§2§ giingainéﬁg §n adequate longi~

i ance %o the line to supore
longitudinal noiss, Ppress

Printed in Ue 8. A ?&g& 1
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FIG. 1 = SCHEMATIC AND INSERTION LOSS

6,02 WModulator Filters

6,021 The modulator filters used at the
input snd oubput of the modula-

tor select the desired frequency Eroups.

These filters are designated FL1, 2,

3 snd b

6,022 The modulator input filters (FL1
and FL2) pass signals of the in=
soming high group frequencies onto the
modulator and rejects the unwanted low
group signals that are present at the
rapeater inpub due ©o crosstalk betwsen
the cable pairs. This filter is a high
pass filter with a configuration and
characteristic, (measured between 3,000
ohm resistences) as shown in Figs Le

,M“grgm&ﬂﬁugwwﬁmu,ﬁhsM,ﬂm§agﬂa
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sooch s ; %«ﬂr‘ém‘!ke{ s
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P 1. B e SCHEMATIC AND IKSEATION LOSS
CHARACTERISTIC OF(FL3) AND
{FLy) FILTERS

CARR

fove FREQUENCY KCS—=

CHARACTERISTIC OF FL1 & FL2) FILIERS

6.023 The modulator output filters

(FL3) and (FLL) Fig. 218 8
low=pass filter which selscts for trans-
mission to the amplifier the lower side~
band created by the modulator and re-
jects the upper sideband, all other
modulation products and the signals of
the frequency group applied at the ine
put of the modulator. This output £ile
ter slso includes a peak section to re-
Ject the 304 ke earrier that is present
due to imperfect modulator balance.

6,03 Modulator Pad

6,031 A L db pad (Rl, B2 and R3) is
psed between the modulator dne
put filter and the modulator input coil.
This pad improves the impedance match
between the filter and modulator and
materially improves the transmission
characteristic and stabilizes the
changes with temperatiule. '

5405 Modulator

6,041 The modulator receives the high

frequency group and modulates it
with the group carrier (304 ke) to
produce the low frequency gIoup. of the
modulation products produced by the
modulator only, the lower sideband is
desired, The modulator is of the
double balanced type (input signal and
carrier both balanced from the output).
It consisbs of a copper-oxide varistor
{Citl} connected between two repeab-
ing coils {T2) and 1T5)e

6,042 The modulator action may be
considered as g double-pole

g

,“g
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double=throw switch inserted in the
aignal path betwsen the input and out-
put coils, This switch action is
activated by the plus and minue voltagms
of the carrier applied lon itudinally
through the transformers (T2) and (T5).
When the carrier voltage is positive at
{JE9) and negative az%éﬁlﬁ}; the care
rier current flows through the two
outer rectifying elements. Their ime
pedence i1s then made low. A signal
present in the input will then flow
dirsctly through the modulator to the
output transformer. During the next
half cycle of carrier, the carrier
Eetss&ial is reversed and the curvent

lows through the inner rectifying
units making their impedsnce low. This
is equivalent to reversing the path
for signal voltages from the input to
the output transformer.

6,043 This switch sction of tha
balanced modulator has the ine
herent function that many of the modue
lation products formed do not appear at
the output terminals of the circuit.
If the symbol {v) represents the income
ing group of signals and {¢) represents
the 304 ke carrier, the modulation pro-
ducts formed within the modulator may
be considered in four sets, These sets
are;

net & n,v
nge £ nv
nge * n,v
n,t * n.v

where ng represents even integers and
ng represents odd. Of these modula-
tion products only the odd order set
n.¢ I n,v appears at the output termi-
nals of the modulator, all the other
sets of modulation products ars _
theoretically balanced out., Of the
odd order set the simple difference
{;-vé is the modulation product des
sire

304 = (154 « 256) = (4O — 140)

The other components of this order are
rejected by the filters following the
modulater. As perfect acdulator
balance is not achieved some energy
from the other sets of modulation pro-
ducts does appear at the output termiw
nals. 7This is composed principally of
the input signals (v) which are sup-
pressed about Z0 db and the 304 ke
Egrgier {c) which is suppressed about

6,05 HModulator Repeating Coils

6,051 A high group sideband coil {72}
~ is used at the input to the modu-

lator and a low group sideband coil (T5)

§ e

at the output of the modulator. These
coils ‘have an impedance ratio of 3,000
ohms Yo 130 ohme and serve toc match the
impedance of the filters to that of the
modulator and to change from an un-
balanced filter circuit to a balanced
modulator circuit. To maintain the
proper balance in this circuin, it is
important that the only a-c ground cone
nectlon to this modulator circuit be

at (T5) as indicated., These same two
coils are used for the L-H repeatsr

but in reverse circult positions.

6,06 304 KO Carrier Ossillator

6.061 The carrier frequency used at
sach repeater is supplied by the
30k ke crystal oscillator, Thie ocseile
lator employs a 4084 electron tube and
& guartz crystal to form the oscillats
ing eirculs. The plate of the tube is
not included within the oscillating
circuit, but provides the coupling to
obtain the carrier power for the modue
lators. This power passes through the
output transformer (T40) which steps
down She dmpeodanss of the cseillater

5o match that of the two modulator cive

cults in parallel. By use of an elsce
tron couplsd oscillator better

stability of frequency and cutput power |

are obtained than if the plate of the
tube and oubput transformer were.
directly in the oseillating circuit,
The output transformer is tuned by
condenser (C47) to provide discriminge
tion against harmonics of 304 ke,
Between the output transformer and the
varistors, there is a rejection filter
composed of components (L40), (CL9),
(C50) o further suppress &li freguens
cies in this circuit above 304 ke.
ggiskfiiter has 3 peak suppression at
ce

6.062 The frequency of the oscillation

is controlled by the crystal
(Y40) and is 304,000 cycles + about 10
eycles within the range of operating
temperatures expected,

6,063 The screen voltage for the oscile
lator tube comes from the ree
peater regulated voltage supply, in
order to provide as stable a sourcs as
possible, This stabilization is not
necessary for the plate excitation which
comes from the non-regulated voltage
used for the amplifier tubes, The
cathode of this oscillator is maintained
20 volts above =B voltage by resistances
(RE1) and (RL2) to keep the cathode and
beater potentials within about 5D volts
of each other, HResistance (R42) pro-
vides a voltage drop for measuring the
E?g&} vacuum tube current. Resistances
BL3 )} and (R44) with condenser {CL4)
provide filtering in the regulatsd powsy
supply to the oscillator. Condensar
(CL3) provides the screen losd impede
ance for the oseillator cireuit, The

Fage 3

-
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sseillater fesdback voltage from the
gersen to the grid is provided by con-
denser (CLO) and crystal (¥40). The
grid eireult losd impedance is provided
By condenzer (CL1) with resistance [§:%0))
‘providing the é?ié bias resistance.
gﬁ%é%@aa@% {R4E) 12 = high frequency
snbi=-sing resistance. g

6,07 Amplifier

6,071 A high group amplifier is used
in the R~=L repester. The ampli-

fier uses two LOBA pentode tubes stabi=
1lized by feedbsck and is sransformer
coupled at both input and output. is
has o thermistor flat galn adjustment
Cand & slope conirol adjustment incore
porated into the feedback cireuit.

The fesdback circuit is connected as
series Teedback ot the input and
bridegs type high-side hybrid feedback
at the outpub.

‘.02 The input to the amplifier is
soupled from the modulator oute
put filter by the emplifier input
Lransformer (72). It has a 3,000 ohm
low side impedance to match the imped-
ance of the modulator output filter
and & 20,000 ohm high side lmpedance
eharehy giving as much gain as ls prac-
tienl for the band-width and frequencies
used. The impedance vslues of the
sransformer are stabilized in the cire
it by the 20,000 ohm resistance Ler-
mination, (R} on the high side, This
transformer 2180 serves to provide de-o
separation of the grounded filter cirw-
euit from the smplifier clrcull which
ig pperated at 70 volts from d-c ground
when power is received over the cable.

6£.07% The intersbage network 1s a

. simple impedance coupled circuit
econsisting of an inductance (L2) in the
late oircuit, a 330,000 ohm grid leak
R19) and & coupling condenser (C8)
between them. The inductance is antle

resonent with the tubs and cireuit .
sapacitances in the low group frequency
THNES.

6,07 The soupling from the amplifier

. pubtpat to the line 1s obtained
by the smplifier output transformer
{Th)s Tnls trensformer 1s a hybrid cdl
and mlso providss coupling to the feed-
beak sirouit., The output stransformer
hes impsdsnce transformation ratios
from 6100 ohms at the plate to 4200
ohna at the feedback clreult and 135
ohms at the outpub. These lmpedance
yalues are chosen to provide the dew
gired lavel of the regulated ﬁﬁ%ﬁ;& sig~
nal, The nominsl value of 135 ohms
clossly meatchas the cable lmpadance
over the Frecuency rmnpge of the low
group. The vaguwum tubs does not termis
nste the outink tppnsformer by its cor-
rect resistance! L ehe feedback and

§§g§ I

the value of resistance (R21] do pro=
duce the desiped outpub ilmpedance of
135 ohms to match that of the eable
paire. s =

6,08 Plat Cain AdJustments

6,081 The feedback voltage to the ine
put tube (Vi) from the thermlis-
tor is controlled by resistances (R7),
{r9), (R10},(R11), (R12), (R13) end
condenser (C5). Resistances (B9) and
(R13) with resisbances (R10), (R1l})
and [R12} act ag-a»xsltaga’ég idera
Registances (R10), (R1l) and -(R12)
provide 1 db gain adjusiment steps for
use in menufacture Lo compensate for
the accumulated variations due to all

the circuit components, Condenser (C5) ™.

and resistance (R7) form a dwc blocgk
and byepass so that the grid bias on
the tube will not be altered with gain
adjustment changes. Condenser {6@%
provides the a~c ground connection for
the entire amplifier circuit,

6,082 When the repeater is used for
switehing purpeses or during
maintenance tests a fixed gain without
regulation is desired. This condition
is obtained by using the 20,000 chm ve=
sistance {R24; in place of the thermise
tor regulator. This ressistance proe-
vides about & db wore repeatar gain
than that provided by the thermistor
at its mean operating value., Ths re-
sistancs is also used for manufacturs
ing and repair testing. It will nor=-
mally be replaced by the thermistor for
field installation.

6.09 Repeater Gain & Regulation

6,091 The repsater gain is conbrolled
by the loss of the fesdback cire
cuit. The fixed gain condition is pro-
vided by use of the fixed resistance
{R24}, The regulated galn condition
is provided by use of the thermistor
regulator (RT1) which functieons to hold
the repeater outpub nearly constant
for a considersble range of inputs. ¢ .
This regulated gain is essentially flat
with frequency. The thermistor is acti-
vated in proportion to the total power
at the output of the repeater. This
power is nominally +3 dbm and the
thermistor holds this output power Lo
within # 1,5 db for a change in input
level of & 10 db,  This regulation perw
formance in terms of change of output
from & mean condition vs. change in
input is shown in Plg. 3.  The thermise
tor pellet ls protected from dec
voltages between it and the thermistor
?gizir by the condensers [C11) and

6.092 The thermistor regulator regce
tion timo is plotted in RBisenh
in terms of the time required for the
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regulator to abttaln a given percentage
of its ultimate change after & trans-
mission alteration. This reaction time
is different in the two divections of
regulator change. The regulator des
creases oubput three to five times as
fast as it increases 1%, This resction
time materislly influences fisld use
in that after any transmission change,
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& walting perdod is required before the
gircuit %igﬁ stabilize within any de-
sired measuring accurssy.  This walting
period is plotted in Fig, 5 in terms
of stabilization within one quarter db
and also one tenth db ﬁ%&3§§i§§ Bgw
curacy. The "Output Incressed® curves
ﬁigiy for changes which have increased
the output above normal and which the

- regulator restores to normal by decreas

ing the repsater galn whils the ”%a%gat
Dscreased® curves ii;i? for decrease
changes in output which the regulator
restores to normal by increasing the
repeater gain., Thus an increase in ine
put of 2 db would reguire & waist of

" about four minutes for one tenth 4b

Beasuring accuracy, whereas s decreanss
in input of 2 db would vequire a walt
of sbout fourteen minutes, A cold re-
peater when inserted is at high gain
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and for a normal input will havs &
high output; so to obtain one quarter
db ascuracy of stabilization output
regquires about six minutes wailt. Ace
curacy within one tenth db requires a
walt of fifteen to twenty minubes.

6,093 The thermistor unit (RTL) cone
elats of & thermistor pellat
and the associated ambient temperature
control for this pellet. The thermipe
tor pellet is a negative temperature
coefficient resistance unit that nors
mally varies from about a thousand ohms
to aboub twenty thousand ohms. Under
abnormal transmission conditions, it -
may vary from a few hundred ohms Lo ups |
wards of forty thousand ohms, Fora -
repeater having the "nominsl® gain the
thermistor resistance will be sbous
nine thousand ohms, This value is re=
ferred to as the "design™ value.

6,094 Baceuss the thermistor changes
its resistance with temperaturs,
changes in ambient temparaturs would
affect the resistance valus. Hence a
heater is built around the pellet to
maintain it 8t a temperature above nore
mal smbient, The temperature at which *
it is held by the heat from this o
ambient compensation heater is ad justed
in menufacture so that with +3 dbm oute
put from the repeater ths pellet ra=t
slstance is 9000 ohms. This thermoe
stated temperature in genersl is
betwean 135° and 186°F, Thin Cemperge
ture compensation is obtained by a
dise thermistor in the hester nebwork
which varies the power dissipated in
the pellet heater with the ambient
teaperature. The powsr for the heater
network is obtained from the regulated
Bupply for the slectronic tube heaters.
This ambient temperature control pere
mits the regulating thermistor to be
used at operating temperatures betwsen
=20°F and +130°F without apprecisble
change in its operating periormance,
Beyond these temperaturs extremes the
repulating level will vary with
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with incressing temperature producing
# jecreasing repeater output level.
sver, this change is not cumulative
from one repeater to the next sof in
general ia not yital to operating per-
formancs. :

6,10  Slope Adjustment

£.101 The amplifier slope adjustment
rovides the manugl conmtrol of
the amplifier frequency characteristic
to obtein the desired slope across the
band,. The slope changes are produced
by varying the amplifier feedback 'as
shown in Figs 6. The adjustment 1s in
three steps designated (A}, (B) and

How- 7.

. ;’xu\\\ , FIL GUR.
’v‘fvi}i

{C), respectively providing slopes of
about O db, =2 db and =4 ab of gain for
chennel 12 with respect %o channel 1.
These sdjustments are so arrsnged that
for each setting the repeater has the
same power outplt.
setting may be made on an operating
system without effecting the thermister
regulating action. The slope adjuste
ment network is a shunt acrosa the
feedback cireuit. The shunt gongists
of two parts, a series resonant circult
(16) ana (C13) with varied Q by re-
sistances (R16) and (R25); end varied
resistences (Rlh), (R15) and {RI7} to
position the gain of the repesater so
that the integrated power of the usual
twelve channel carries remains at the
same value.

POWER ARRANGEMENTS

7.1 The power connections to the ecable

pairs are mede at the center tap of
the appropriate repeater input and outs
put coils through the choke coils (L1}
and {L5). Condensers {(CL2) and (C51)
with choke coils (Ll) provide power sup=
ply filtering. :

7.2 The power used by & repeater is a

plied to the repsater at jacks i§§§}
gnd (PAll), and is distributed to the
several components as shown in Fig. T
The power to the amplifier vacuum tubs
plates is supplied with only noiss

¥R TUBE TST

AAAAAN A
RE7IRESH

TO Va0
SOREEN

filtering, wheress the povar Lo the
hesters of the vacuum tubes, the screen
of the 304 ko oscililator §§§a, and the
tharmlgtor smbisnt temperature coutrel
18 regulated as well as filtersd. The
mein power supply is [iltered by con-
denser (C4LA) across the batbery leads.
Thias filter is supplemented for the
amplifiers by reslstances (R22) and
{K23) with capacity (C13) and further
by resistence (R18]) and inductance {1k},

Page b

FIG. 7 = POWER REGULATOR-DISTRIBUTOR CIRCUIT

Inductance (L4} also serves to prevent
the power supply to the outpub trans-
former from being a low impedance cone
pection noross the oubtput impoedance con-
trol resistance {(B2l). The féas} ot
donser filter ia supplemented for the
304 ke oscillator by resistance {RL5}
with capacities (Ci5) and (C46). The
regulated voltapge is required by the
heaters of the tubes to give good life,
by the 304 ke osecillator to provide

Thus change in slope-
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freguency stability and by the thermis-
tors to control theilr thermostated tem-
parature. :

7.3 The hesters of the tubes are used
two in parallel and these pairs in
geries., This arrangement gives an ap=-
proximation of the desired conditlon of
constant heater power which is preferred
rather than either constant current or
gonstant voltage heater operation. The
heater string inecludes a potentiometer
{FIL CUR) for adjusting the circuit cur-
rent to the desired 98 milliamperes and
has test Jjacks (TST 2 and 3} to measure

La

7els The regulated voltage of 100 volts
is obtained by means of a 4274
voltage regulator tube. This tubs pros-
duces a large change in current through
it {3 to 40 millismperes) for a small
change in applied voltage (100 to 101.5
volts}. This large changes in gas tube
current wvaries the line current which
flows through the lins resistance and
produces a voltage drop to compensste
for & change in the applied voltage.
The degree to which this balancing ac-
tlicn is obtained is indicated by the
regulation characteristics shown in
Fige 8. Changes in gas tube current am
plotted against changes in applied bab~
tery voltage (B), line resistance (&)
and electron tube space currents (C).
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Each curve expresses the change due to
one variable only, The net effect on
gas tube current is the summation of
the several individual effects.

75 The V.R, tube current is aafugtéa,

by the variable resistance (VR
CUR}, for differences in tubes and ap~
plied line voltages to a nominal value
of 20 milliamperes. With this adjust-
ment there is sufficient regulsation
range avallable to accommodate for the
changes in line resistance with tempers
ture. and for applied battery voltages
ofabout £ 10 volts from the nominal
260 volt valuve,

7i6  The V.R. tube requires an applied

voltage of 130 volts or more on
the tripger electrode to muke the tube

conducting and to start regulation

w ISBUE 2-D

setion., To obtain thiz the trigger
slectrode (#7) is connected by means of
resistance (R51) to the power supply
ahead of the adjusting resistances to
obtain the full applied voltage. The
tube has a small resistance (R52) cone
nected in series with its cathode to
provide test voltage for adjusting pure -
poses. This tube is wired internally

8o that it serves as a switch to connect
as well as to regulase the voltage ap-
plied to the thermistor and vacuum tube
heaters.

77 Abv 2 loecally powered repeater stas
tion where the applied repester
voltage is obtained dirsctly from s’
reguliated battery source, the voltags
regulator is not required and a 3374
shorting plug is used in place of the
voltage regulator tubse. is shorting
plug serves as & switch to conneet the
heater and thermistor gircuit te the
power source as did the V.R. tubs.
It also has a connectlon to short out
part of the regulator circuilt control
resistance to compensate for the nominal
applied voltage of 130 volts instead of
the 140 volts used at a nonw-powsred
repeater. Where & 136 or 1352 volt bate
pery is used a 164 resistance lamp is
uged in place of the 3374 plug.

8. TESTING ARRANGEMENTS AND FACILITIES

.1 The testing facilities for the

type Nl repeater are arranged so
that all routine tests may be made on
a?uéﬁssér?iﬁé basis. The tests ine
clude:

1} The customsry slectron tube
activity tests.

2} AdJjustments of the current for
the heater string.

3) Adjustment of the voltage regu=~
lator tube current.

These tests can be performed with the
2P Tube Test Set or its eguivalent.

8.2 The (FIL ACT) and (T8T) jacks proe
vide the necessary access points
in the circuits for the tube tests and
ad justments. The tube activity test is
made at the (FIL ACT} jack with the 2P
Tubie Test Set in the usual manner by
observing the change in tube space curw
rent for a ten percent reduction in the
heater current. 4As all of the tubes in
the repsater are in one string this
test can be made for the whole repeater
at once. The change in heater current
is obtained by connecting an adjustable
regsistance toe provide the dasired change,
The tube space curvents are measured by
Joek compeelions ncross the cathode rew
slotors (RE) and (R20). Hesistanee (K8}

Page 7




12 -, introduces about five db local feedback lator tubes. The current of 20 mi
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;;,,;g 33;3?&?335%@3 by condenser (g6) to pre- dividual sdjustment sach time a %@z&sé L -

_ient cathode feedback around the first is replaced to compensate for varying
mtage, Reasisbance {R20) has no by-pass heater resistances or variations in
- sondenser and this cathodse/ resistance voltage provided by the yoltage rag;z :

" around the second stage. The sereen of amperes required in the wvoltage .
Che (V1) tube isiby-passed Lo its regulator tube also necessitates in- . It
. cathode by condefsers {c7) and (V2) by dividual adjustment to compensate for
LT . . . the variations asaa;;% V.R. tubes with
REore ! ; the same applied voltags and to com= o
L Bs3 The measyrenent snd adjustment of pensate for variations that may exist
: the \currents in the, vacuum tubs - in the applied line voltage. The ap-
i nester string.and the voltage regila- plied line voltage measurement is made i
“hor tubs, andithe measurement of the ~ to check and to control the adjustment .
L lins volkage igag%ig{i to the repeater of the nominal velue of 140 volts to - -
| ave also made with the 2P Tube Test Seb the Yepeater. Although this measure- ¢
i i The beurrent reguirement for tha elec~ ment is primarily an installation -ad= E
iy bron tube heater string is 98 milli- justment procedure, it provides & good I,
‘s ] amperes. The survent requires in- maintenance check. R e,
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