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1. GENERAL 

• 

3 

3 

1.01 This section describes methods of bench 
tes ting 43Al Carrier Te legraph Channel 

Term inals and the associated 453- and 454-type 
networks and 407 A, 408A, and 429A electron 
tubes using the -165Cl Test Set. The tests out­
lined in this section ai·e to be made al the main­
tenadce center. Section E45.437 contains genera l 
descriptive information about the 165Cl Test Set . 

1.02 This section is reissued as a general re• 
vision of the section. Inc luded is an im­

proved method for testing the discrimi nator of 
454-type netwo r ks. As this is a general revision, 
the arrows norma lly used to indicate changes 
have been omitted. 

1.03 Two basic types of 43Al channel termi -
nals may be tested: neutral loop an d hub. 

All termina ls of each type are f undamenta lly 
alike . Howeve1·, terminals of each type may be 
operated under a number of different condit ions 
depending upon t he wiring of t he connector jac k 
into which the 43Al term ina l plug-in unit is in­
ser ted, These conditions are simul ated by the 

• 

circu its of the l.6fiC1 Test Set under the control 
of switches , keys, jacks, ,1ttenuators, rheostats, 
etc , Tests are made with sources of signals at 
60 speed. 

1.04 Each terminal is g iven a basic test under 
a fixed set of condition s which may revea l 

tro uble conditions in the terminal. Each ter mina l 
may also be given a supplementary test using: 
external connections which simu late the cit·cuit ~ 
arra ngements under which it will be used. This 
supplementary test will serve as a check of the 
compatib ility of the ter minal with its associated 
operating circuits. Either test may be made first 
but the sequence of testing operat ions should be 
followed uniform!)'. Upon fai lure to meet a par­
ticular t.est the literature on the 4aAl equipment 
should be consu lted to determine the ca use of the 
tro uble. Any 4fi3 or 454 network may be tested 
in the test set. 

1.05 In order to properly test the 43AI cha n• 
nel term inal , the following equipment is 

needed in addition to the test set : 

(a) A high-impedance mul t iscale volt-ohm-
meter suitable for measuring de voltages 

from 3 to 300 volts with an accu racy of at 
least 2 per cent of the f ull-scale value, and 
ac voltages from 3 to 60 volts with an accuracy 
of at least 5 per cent of the full -scale value. 
The de impedance of the mete r should be 
20,000 ohms per volt, while t he ac impedance 
shou ld be 3000 ohms per volt (the KS-14510 
meter is adequate). 

(bJ A source of test signals (the 110C multi­
ple sender may be used) . 

(c) A I 18C3 or a 164Cl or C2 transm ission 
measur ing set. 

(d) A level meas uring device wit h a 600-ohm 
input impedance (t he 18A t ransm issiop 

measuri ng set may be used) , If a vacuum ' 
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voltmete r with a db scale is used, a 600-ohm 
termination and a coil must be connected 
across its input since such mete!'s are high­
impedance devices and theil· inputs are unbal­
anced . 

(e) A frequency ,o urce and a frequency meas­
uring device accurate to ± l cps within 

the range 300 to 6000 cps. (The 72A frequenci • 
meter is of sufficient accuracy to be used.) 

(f) One 144B and one t44C coupling unit to 
be known as "refe rence coupling units." 

Th ere .should be no legs relay associated with 
the ClJupling units. 

(g) Two 43A I cha nnel terminals equipped for 
62.5-milliampere neutra l loop operation 

which are to be used as "reference units." 

(h) A fu ll complement of 453- and 454-type 
networks plus an additiona l 453U and 

454U network. The two pairs of "U" networks 
are to be used as "reference netwol'ks" in the 
"reference units." 

(i) A vacuum tube voltmeter suitable for 
\ measurement of ac voltages as low as 

0.1 volt wit,h an accuracy of at least 5 per cent 
of the full-scale value. It should have a scale 
reading direct ly in decibels. The Hewlett­
Packard 400A or 400C vacuum tube voltmeter 

, may be used. 

1.06 Certain items of the accessory equipment: 
channel terminals, networks, and coupling 

units, are referred to in this sect ion as "refer ­
ence" equipment. Any two channel te rminals 
may be used as "refere nce terminals" provided 
they meet the test requirements on Pages 5 
through 10. All reference equipment should be 
checked at intervals of not more than two 
months. It should also be checked after each 
pei-iod of nonuse of the te,t set for over two 
weeks and at any time when a test set is moved 
from one location to another. 

~ 
1.07 Elect ron tubes used in reference equip­

ment should have at least 25 hours of 
prior use or equivalent aging. They may be se­
lected to enab le the reference equipment to meet 
:1.~ limits. 

1.08 Electron tubes used in channe l terminals 
under test may be either new 01· used tubes 

and after test may or may not be shipped with 
the terminal unit as required. 

1.09 Any electro n tube used in either reference 
units or units under test shou ld be able to 

meet t he requirements on page 18 of this sect ion. 

I. 1 o Before start ing to test a channel termi nal, 
it shou ld be carefully inspected for phys-

ical defects. 

1.11 It is assumed that power is applied to the 
test set and that all supp li• voltage limits 

are correctly maintained at all times when the 
set is in use. 

1.12 The set provides a Aexibility of arrange-
ments which wil l permit additional testing 

operations as suggested by local condit ions and 
by the acquisition of skill and familiarity with 
the set on the pa1t o'f the operator. 

2. BASIC TESTS OF 43A 1 TERMINALS USED AS 
REFERENCE UNITS 

2.01 1'est Arrangement: Two channe l term i-
nals are used with the 165Cl Test Set 

as reference u11ils with which unknown or te,·­
minals under test are compared. Tests are made 
using a frequency of 5050 for sending and re­
ceiving for all units. One of the channel termi­
nals to be used as a reference unit with its 
associated 5050 reference send and receive net­
works and its associated electron tubes should 
be mounted in J}osition A or the test set. The 
other reference unit similarly equi1>ped should 
be mounted in position B. Position A is normally 
referred to as the "test" position and position B 
as the "reference" position. Tests shou ld then 
be made as prescribed on Pages 5 through 10. 
Adjust test set and te1·minals as given in 
Table A, ltetn 1. (Page 4) 

3. BASIC TESTS OF NEUTRAL LOOP TERMINALS 

3.01 Test Arrange,nent 

(a) One of the channel terminals used as a 
reference unit with its associated 5050 

rete,:fnce send and receive networks and its 
assodated electron tubes should be mounted 
in position B of the test set. 

• 
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(b) A set of refere nce networks assoc iated 
with the other refer ence unit and a set 

of electron tubes which meet the requiremen ts 
of Parag ra phs 1.06- .09 sho uld be mounted in 
the unkn own uni t under test. The unit shou ld 
be mounted in position A of the test set. Tests 
should then be made as prescribed on Pages ti 
through 10. Controls should be set as spec ified 
in Table A, Item I. (Page 4) 

4. BASIC TESTS OF HUB TYPE TERMINALS 

4.01 These tests are intended to ind icate 
trou ble condit ions in any 43Al carrier 

terminal arranged for No. 2 hub type operation. 
Hub ty pe te rminals differ from neutral loop 
type terminals in t he arrangements on the de 
side of t he terminal wher e a directio nal contro l 
circuit is added. 

4.02 1'est Arrt1ngements: The test arrange-
ments are t.he same as required for neu­

tral loop term inal s except that 144B an d 144C 
reference coupl ing uni ts must be connected to 
the test set. These units shou ld be wired to t he 
set as shown on SD-70696-01, equip1>ed wit h 
electron tube s and supplied with powel'. Con­
tl'ols on the test set and channel terminals 
shou ld be adjusted 1>er Tab le A, Item 2. Hub 
type terminals a!'e tested in position A of the 
ttst set against a neut ral type referenc e te r­
minal in position B, since the carr ier line JJor-

I 
I 

SECTION E~~ . . 

tions of both termina ls are simi lar . Tests should 
be marle as described on Pages f> through 10. 

5. SUPPLEMENTARY TESTS OF CHANNEL 
TERMINALS 

5 .01 Fo,· a ll supplementary tests a refe l'ence 
cha nnel terminal sho uld be mounted in 

()Osition B of the test set. The uni t to be tested 
shou ld be equi pped with networks and electron 
tubes and mounted in position A. \Vhet·e 2-wire 
operat ion is desired, the reference netwo rks 
can not be used for bot h directions of t ran smis­
sion. Any pair of frequencies may be used for 
t he two directions of tra nsmissio n, as long as 
t he)' differ by at least 170 eyeles. 

6. NETWORK TESTS 

6.01 Fi·equency and voltage measurements may 
be mad e on any 453-type send or 454-type 

receive netwo rk. A refe rence channel ter mina l 
is insta lled in position A, and the network to be 
tested is inserted in the reference unit. Contr ols 
should be set as specified in Table A, Item 21. 
and tests m,,rle as prescribed on Page 16. 

7. ELECTRON TUBE TESTS 

7.01 407 A, 408A, and 429A e lectron t ubes may 
be tested in the tube lest panel at the top 

of the test set. Tests are made as described on 
Page 18. 

SUPPLEMENTARY TESTS OF CHANNEL TERMINALS 
CONTROL 

TYPE Of VF TYPE Of LOOP LOOP SETIINGS - TUT 

CHAN. TERM. llNE OPUA llO N VOLTAOE CURRENT i mo) TAIL( A OtSCRIPTION 

Neutral 4•wi re FDX + 130 62.5 Item 3 Page .s 11 & 13 

" .. .. + 1so fi2.5 4 .. 
" .. . ' + 130 20 .0 5 .. 
.. .. .. .. 48 20.0 6 .. 

Neutral 4-wire HDX ± 130 6., -:...~ 7 Pages 12 & 13 .. " .. +130 62.~ 8 " .. .. .. +130 20.0 9 " 
" " . ' ± 48 20.0 10 " 

Neut ra l 2-wire FOX ± 130 62.5 11 Pa~~s 11 & 13 

" .. " +130 69 r' 12 " -·" 
" 

,, .. +130 20.0 13 " 
" . ' .. ± 48 20.0 14 " 

Neutral 2•wir e HDX ± 130 62.5 15 Pages 12 & 13 .. " " +1 30 62.5 16 " 

" " " +130 20.0 17 .. 
" .. " ~ 48 20.ll 18 .. 

Hub 4-wir e FDX I!) Pag 

Hub 4-wir e IIDX 20 



ITEM 
NO. CAH IU 

l • 

1 4W 

2 4\V 

3 4W 
4 4\V 
5 4\V 
6 4\V 

7 4\V 
8 4\V 
9 4\V 

10 ,1\V 

11 2V,' 
12 2\V 
13 2\V 
14 2W 

15 2\V 
16 2~' 
17 2W 
18 2W 

19 4W 

- , 
20 4\V 

• 21 LOC 

LINE l 
ATTIN 

LINE 2 
Affl N 

TABLE A 

CONTROL SETTINGS OF 165CI TEST SET AND CHAN 

FOR TESTS ON FOLLOWING P 

I N TE ST SE T 

OXA oxa 

*SEND switch should be set on M for all tests 
except where otherwise specified in text. 

16db 16db NEUT 

16db 16db HUB 

16db 16db NEUT 
16db 16db NEUT 
16db 16db NEUT 
16db 16db NEUT 

16db 16db NEUT 
16db 16db NEUT 
16db 16db NEUT 
16db 16db NEUT 

14db 14db NEUT 
14db 14db NEUT 
14db 14db NEUT 
14db 14db NEUT 

14db 14db NEUT 
14db 14db NEUT 
14db 14db NEUT 
14db 14db NEUT 

16db 16db HUB 

16db 16db HUB 

16db NEUT 

FDX FDX ± 130V 62.5ma 

FOX FOX ± 130V 62.5ma 

FDX FDX ±1 30V 62.5ma 
FDX FDX +1sov 62.5ma 
FOX FDX +130V 20.0ma 
FDX FDX ± 48V 20.0ma 

HOX HDX ± 130V 62.5ma 
HDX HDX +1sov 62.5ma 
HOX HOX +130V 20.0ma 
HOX HDX ± 48V 20.0ma 

FOX FOX ± lSOV 62.5ma 
FDX FOX +1sov 62.Sma 
FOX FDX +130V 20.0ma 
FDX FDX ± 48V 20.0ma . 
HOX HOX ±1 30V 62.5ma 
HOX HOX + 130V 62.5ma 
HOX HOX +130V 20.0ma 
HOX HOX ± 48V 20.0ma 

FDX FDX + 130V 62.5ma 

HDX HOX ±lSOV 62.5ma 

FDX ± 180V 62.6ma 

tA.P. denotes "Adjusted Position" as specified 
4>Position B terminal not required 



TAILE A 

TEST SET AND CHANNEL TERMINALS "A" AND "8" 

ESTS ON FOLLOWING PAGES 

OH CHANN[l TERMINAL 

SWITCHES 

... OS<: SEND .,c 

OFF HM H+ 

V 62.6ma ON HM H+ 

V 62.5ma ON HM L + 

V 62.5ma ON HM H+ 
V 62.5ma ON HM H+ 
V 20.0ma ON HM H+ 
V 20.0ma ON HM H+ 

V 62.5ma ON HM H+ 
V 62.5ma ON HM H+ 
V 20.0ma ON HM H+ 
V 20.0ma ON HM H+ 
,v 62.5ma ON HM H+ ,v 62.5ma ON HM H+ ,v 20.0ma ON HM H+ 
:v 20.0ma . ON HM H+ 
,v 62.5ma ON HM H+ 
,v 62.5ma ON HM H+ 
V 20.0ma ON HM H+ 
iV 20.0ma ON HM H+ 

IV 62.5ma ON HM L + 

IV 62.5ma ON HM L + 

,v 62.5ma ON HM H+ 

Position" as specified in the testing procedure . 
terminal not required for this test. 

SE.ND 
UV 

MAX CL 

MAX CL 

MAX CL 

A.P.t 
A.P . 
A.P. 
A.P . 

A.P. 
A.P. 
A.P. 
A.P . 

A.P. 
A.P . 
A.P . 
A.P . 

A.P . 
A.P . 
A.P . 
A.P . 

A.P . 

A.P. 

MAX CL 

CONTROLS 

UC HC IJ' 
GAIN IIAS cu• 

Position B (" Referen ce" Position) 

MAX CL )UDPO~ 62.5 ± 2.5 m, 

Position A (Unit Under Test) 

l,fAX CL MIDPOS :MID POS 

MAX CL MlDPOS •• 
••s et loop current of 

144Bl coupling uni t at 62.5 ma 

MAX CL A.P.t A.P. t 
MAX CL A.P. A.P. 
MAX CL A.P. A.P. 
MAX CL A.P . A.P. 

ll!AX CL A.P. A.P. 
MAX CL A.P . A.P. 
MAX CL A.P. A.P. 
MAX CL A.P. A.P . 

MAX CL A.P . A.P. 
MAX CL A.P. A.P. 
MAX CL A.P . A.P. 
MAX CL· A.P. A.P. 

MAX CL A.P. A.P . 
MAX CL A.P. A.P. 
MAX CL A.P. A.P . 
MAX CL A.P. A.P. 

MAX CL A.P. A.P. 

MAX CL A.P. A.P. 

MAX CL A.P. A.P. 



,., 
CUR 

on) 

e 2.5 mi 

IDPOS 

•• 

?.5 ma 

A.P.t 
A.P. 
A.P. 
A.P. 

A.P. 
A.P. 
A.P. 
A.P. 

A.P. 
A.P. 
A.P. 
A.P. 

A.P. 
A.P . 
A.P. 
A.P. 

A.P. 

A.P. 

A.P. 
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Fig, 1 - 16SC1 Test Set - Front View 

Table A 

Page 4 
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( Important: Perform Tests in BASIC TESTS 
Numbered Sequence) For Refe rence Units and Neu tral l◄ 

For Hub Type Terminal, 

(See Par 

,) l ESJS OJ: 

CMAN, l'Ul:MS 
• USED AS NEUT • Hua 

11:EfEJtf.NCE lOOP TYPE 
UNITS JUM S, THMS. TU T P A:OCEOUltE 

• l 1 1 Filament (a) Turn A FIL rheostat max. counterc lockwise 
Adjust Connect KS-14510 voltmeter. 

• Adjust A FIL rheostat. 

(b) Tur n S FIL rheostat max. counterc lockwise. 
Connect KS-14510 voltmeter. 
Adju st B FIL rheosta t. 

2 2 Loop Patch from DC mil liammeter jack of 165 set t o : 
Curre nt 

,. 2 Send Check hub voltage with 1<S-14510 meter . 
Level 

3 3 3 )lax. Send Operate SEKD LEV cont ro l on A chan nel termin 
Level - clockwise. 
Term. A Connect 18A T~'IS (or equivalen t) with patch CO] 

•I 4 4 Min. Send Operate OSC switch on A chan nel termi na l to 0 
Level -
Term. A Restore OSC switch to ON. 

• 5 5 • Send Level (a) Turn SEND LEV contro l on A cha nnel tern 0 

Contro l and smoothly counterclock wise. 

• l b) Adjust SEND LEV control. 

6 
• 6 Send Recheck send loop curren t . 

Cont rol 

• Cir cuit )1easure and record voltage using 300-volt scale c 

SEND SWITCH ON UNIT SIHD SWITCH 

(a) LM s 
(b) HM s 

-• (c) HM M 

,,. 



BASIC TESTS OF CHANNEL TERMINALS 

For Reference Units and Neutral loop Terminals-Set Controls Per Table A - Item 1 

For Hub Type Terminal,- Set Controls Per Table A-Item 2 

{See Parts 2, 3, and 4 in TelCt} 

PRO(lDUR f MfASUll:E A f: MEASUIUD UQUIHMIHT 

'IL rheostat max. count erclock wise. 
:S-14510 voltm eter. AF + and F - 20 = O.!i volts 
FIL rheostat . 

"[L rheostat max. counterc lockwise. 
:S-14510 voltmeter . BF + and F - 20 :,: O.fi volts 
FIL r heostat. 

; milliammeter jack of 166 set to: Term. A - SL CUR 62.5 = t.5 ma 
Term. B - SL CUR 62.5 ± 2.6 ma 
Term . B - RL CUR n2.o = 2.5 ma 

Note: If rdgs are not obtained check ba 
range of 125-135 volts (see SD-70696-

ltage with KS-14510 meter. HP : Send & SG + 60 = 3.0 volts 

> LEV control on A cha nnel terminal max. 
I 

f1IS (or equiva lent) with patch cord. F.qpt. A Not less than + 4 dbm 

switch on A channel terminal to OFF. Eqpt. A Relow -45 dbm 

switch to ON. 

o/D LEV control on A channel terminal s lowly Eqpt. A Level shou ld increase slig htly and the 
thly counterclockwise. decrease smoothly to below -45 dbn 

;;No LEV control. Eqpt. A -10 ± 0.5 dbm 

loop current. Term. A- SL CUR 62.5 ± 2.5 ma 

record volta ge using 300-volt scale on meter. 

4 ON UNfT SINO SWITCH ON 165 HT 

4 s Term. A- MD & C + 120 vol ts min. 
II s Term. A - MD & C 15 ::t: 2 volts less than Step (a) 
II !\>[ Term. A - MD & C At leas t 12 volts less t han Step (b) 



n 1 

MEASURED RfQUlltEMINT 

20 :,: 0.5 volts 

20 ::: o.r; volts 

G2.5 :,: 2.5 ma 
62.5 ::!: 2.5 ma 
62.5 = 2.5 ma 

.Vote: If rdgs are not obtained check bat tery 
range of 125-135 volts (see SD-70696-011). 

-60 = 3.0 volts 

::-1ot less tha n +4 dbm 

Below :..4fi dbm 

Level shou ld increase sligh tly and then 
decrease smooth ly to below - 45 dbm. 

-10;;; 0.5 dbm 

62.5 ± 2.5 ma 

+ 120 volts min. 
15 ± 2 volts Jess tha n Step (a} 
At least 12 volts less than Ste p (b} 
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fig. 2 - Test Set Connect ions with CARRIER Switch 
Set on 4W 
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(See test.J 3, 4, 51 7, and 8 for all terminals ) 
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Fig. 3 - Test Set Connections with CARRIER Switch 
Set on 2W 
(This switch sett ing used only Jn Supple • 
mentary Teats, Pc9e1 11-13) 

Pogo 5 
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(Importa nt: Pet·form Tests in 
Numbered Sequence) 

HAN . TUMS 
USID AS 

RffHlN CE 
UNIU 

7 

8 

9 

TUJS Of-: 

NEUt . 
lOOP 
TEI.MS. 

7 

8 

HUI 
TYPE 

HIMS , 

6 

7 

8 

TUT 

Send 
Contro l 
Circuit 

Send 
Frequency 

Send Level 
M-S 
Turnover 

BASIC TESTS OF CH 

PttOCEDURE 

~Ieasure and record voltage using 300-vol t sca le 

(a) 
(b) 
(c) 

SEND SWIT(ti ON UNIJ 

LM 
Hl<I 
HM 

SEND SW 

Adjus t output freque ncy using OSC control on 
of A channe l termi nal. Measure with 72A Freq 

(a) 
(b) 
(c) 
(d) 
(e) 

SEND SWITCH ON A CHAN. THM . 

HM 
LM 
LM 
HM 
HM 

SEND SW 

Adjust output frequency using OSC control on 
of channel terminal A. 

(a) 
(b) 
(c) 

(d) 
(e) 

SEND SWITCH ON UNlf UNDER TEST 

HM 
LM 
LM 

HM 
HM 

SEND SW 

Alternately operate SEND switc h on 165 set to 11 
tions, respect.ively. 111easure send level with 1 
equivalent. 

Leave SEND switch in M position when through. 

Alternately operate SEND switch on 165 set to ~ 
l ions. respective ly. Measure send level with 1 
equivalent . 

Leave SEN D switch in M position when thr ough. 

Interchange channel terminals to be used as re fe 
positions A and B. Repeat tests 1 through 8. 



BASIC TESTS OF CHANNEL TERMINALS 

,aocrou • E MEASURE AT: MfA$Ul:lD UQUIHMfNf 

d record voltage using 300-volt sca le on metel'. 

SWITCH ON UNIT SEND SWIJCH ON 165 sn 

LM s Term. A - MD & C + 245 volts min. 
HM s .. 15 ::t: 2 volts less than Step (a) 
HM M: " At least 12 volts les.., than Step (b) 

>ut frequency using OSC control on send network 
el termi nal. Measul'e with 72A Fr equency meter. 

:H ON A CHAN , TEIM, SEND SWtrC:H ON 165 SET 

HM .M Eqpt. A 5100 ± 1.0 CPS 
LM s .. Less than :r 1.0 CPS chang e 
Li1 M " 5000 ± 3 CPS (Refel'ence Value) 
H.M s .. Less than ± LO CPS change 
HM M " 5100 ± 1.0 CPS 

,ut frequency us ing OSC cont ro l on send network 
:erminal A. 

H ON UNIT UNDE.lt TEST SEND SWITCH OH 14.S SET 

H-r-1 M Eqpt. A 5100 ± 1.0 CPS 
LM s " Less than :!: 1.0 CPS cha nge 
LM M " Reference Value ± 1.0 CPS 

(See Step (c) above) 
HM s " Less than :!:1.0 CPS change 
HM M " 5100 ± 1.0 CPS 

operate SEND switch on 165 set to M and S posi- Eqpt. A Less than 3.5 db difference 
-ctive ly. Measure send level with 13A TMS or Record Send Level as 

HReference Value" 

) switch in M posit ion when through. 

operate SEND switch on 165 set to M and S posi- Eqpt. A Reference Value ± 1 db 
,ctively. 11-leasure send level with 13A TMS 01· (See above) and less than 

3.5 db difference 

D switch in M position when through. 

chann el ter minal s to be used as reference units in 
and B. Repeat test.~ 1 through 8. 



Mf.ASURED HOUIUMfNl 

+ 245 volts min. 
15 :r 2 volts less than Step (a) 
At least 12 volts less than Step (b) 

iHOO ± 1.0 CPS 
Less than ± 1.0 CPS change 
5000 :1. 3 CPS (Reference Value) 
Less than ± 1.0 CPS chan ge 
5100 ± 1.0 CPS 

5100 ::t: 1.0 CPS 
Less than ± 1.0 CPS cha nge 
Reference Value ± 1.0 CPS 
(See Step (c) above) 
Less t han ± 1.0 CPS cha nge 
5100 :r LO CPS 

Less than 3.5 db difference 
Record Send Level as 
"Reference Value" 

Reference Value ± 1 db 
(See above) and less than 
3.5 db difference 

SECTION E35.437 

MD 

$1 
SEJ<D 
HM 
1 2 

TO 

VAAISl OR { 
8RIOOE 

MODULATOR ..._ _ _. 

Rl4 
1000n 

" 

4000Jl 

Rll 
9,100'1 

Rl6 
2000Jl 

_.cv-~ " 

1 
-13(W 

Fig. 4o - Measurement at MO and C Jacks in 
Neutral loop Terminal s 
{See te$t 6 on preceding page ) 

4 

TO 5 6 

VAJIISlOft {-~=L=M:::tt---' BRIDGE 
fM)()UI.ATOR 

... 
1.ooon 

.,. 
2,ooon 

RII 
9,100.Q 

1 
- 13(W 

f'ig. 4b - Measurement at MO and C Jacks In 
Hub Type Tetmlnal s 
(See test 6 this page ) 
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(Importa nt: Perform Tests in 
Numbe1·ed Sequence) 

• U STS Of: 

HAN , URM.$ 
U$10 AS NEUT. HUI 

H FlltENCl 1.00, fYPl 
UNITS TYMS , 1H MS, TIST l'IOCEDU IU 

• 10 9 9 Receiving 01>erate OSC switch on reference te 
Amplifier 

)leasu1·e levels using db scale on v Output 
osc SWITCH ON UNIT UNDER n sr 

(a) ON 
(b) ON 
(c) ON 

• (d) OFF 
(e) ON 

Turn REC Gain control on Termin 
counterclockwise. 

Restore REC GAIN control to ma 

11 10 10 Receive- (a) Using 13A TMS ( or equivalen 
to-Send level. (Both OSC switches shoul 
Crossfire 

(b) Operate OSC switch on Termina 

(c) Restore OSC switch on Terminal 

• 12 11 11 Supervisory (a) Measure supervisory circuit cu 
Circuit and 
Send-to-
Receive (b) Operate OSC switch on referenc Crossfire 

Restore OSC switch to ON. 

(c) Increase LINE 2 attenuator to 

Restore LINE 2 attenuator to 

13 12 Receive (a) Using LP CUR control of A ch 
Loop receive loop current . 
Current (b) Turn LP CUR control to max . • Control 

(c) Turn LP CUR control to max. 

(d) Restore adjusted value. 

(e) Using dummi• plug to open 
check current as follows: 

• IUC SWITCH IN UNtT UNDER TUT 

(1) H+ 
(2) H+ 
(3) L+ 

-• (4) L+ 
(5) H+ 



BASIC TESTS OF CHANNEl TERMINALS 

PlOCEDU I E 

switch on reference termina l in position B to ON. 

,Is using db scale on vacuum tube voltmete r. 

ON UNIT UNOU TEST osc SWITCH ON u,nENCE UNIT 

ON 
ON 
ON 

OFF 
ON 

ON 
ON 

OFF 
OFF 
ON 

ain control on Terminal A slowly and smoothly 
vise. 

GAIN control to max. clockwise position. 

iA TM$ ( or equivalent), recheck output car rier 
,th OSC switches should be ON) 

DSC switch on Terminal A to OFF. 

)SC switch on Terminal A to ON. 

supervisory circuit current. 

OSC switch on reference unit (position B) to OFF. 

OSC switch to ON. 

LJNE 2 at tenuator to 86 db. 

LINE 2 attenuator to 16 db. 

~ CUR control of A channel terminal, adjust 
>OP current. 

CUR control to max. clockwise position. 

' CUR control to max. counterclockwise position. 

adjusted value. 

unmy plug to open SL CUR B jack in 166 set, 
rrent as follows: 

IN UNIT UNDH TUT SL CUR I JACK 

H+ Closed (~1) 
H+ Open ($) 
L+ Open (S) 
L+ Closed (M) 
H+ Closed (.M) 

MIASURE AT: 

A chan. term. 
pin jacks: 
Al-G 
A2-G 
A2-G 
A2-G 
A2-G 

A2-G 

Eqpt. A 

Eqpt. A 

RS CUR 

RS CUR 

RS CUR 

RL CUR-A 

RL CUR-A 

RL CUR-A 

RL CUR-A 

RL CUR-A 
RL CUR-A 
RL CUR-A 
RL CUR-A 
RL CUR-A 

M.IASURlb RIOUIRlM.lNT 

+ 16 ± 3.0 dbm 
+ 31 ± 4.0 dbm 
below + 2.0 dbm 
below -20 dbm 
.1.31 ± 4.0 dbm 

Level should decrease smoothly to t 
0 dbm at extreme counterclockwise po, 
of contro l. 

- 10 :: 0.6 dbm 

Below -45 dbm 

Between !\ and 13 ma, 
SU relay operated, 
RS lamp lighted . 

0 ma, SU relay released. 
RS lamp exting uished. 

Greater than 5 ma 
(SU relay may or may not operate, 
depending on adjustment .) 

62.5 :c 2.5 ma 

At least 10 ma increase above adjustec 
value. 
At least 10 ma decrease below adjust 
va lue. 
62.5 :t 2.5 ma 

62.6 ± 2.5 ma 
Less than 3 ma 
Same as Step (1) 
Less than 3 ma 
62.5 ± 2.5 ma 



.su•10 l:EQUIREMENT 

m 
m 
m 
n 
n 

leerease smooth ly to below 
ne counterclock wise position 

n 

n 

13 ma, 
.ted, 
<i. 

released. 
~shed. 

ma 
· or may not operate, 
djustment.) 

increase above adjusted 

decrease below adjusted 

'.1) 

SECTION £35 .437 

SA 

Cl8 
,01 ,. f 

I VI (a) 

S,KD • FILTER $.ENO SOCJ<IT AMP. 

., 
3600 

= .!"~..:·~·~·--- ---= ::::::::;::===;----♦ 13DV-
10,0000 .,. 

OJ MEG 

C6 
\13(1) .,. 

3 

C4 
I ,t 

Al 

A20 
..01 MEG 

cs 

R22 V'J(b) 6 0:<'561&I 
Rfe GAIN R21 7 

O.S MEG 0,$ 1 tt£G 
• 

l 
I 
' I 
I 

' , 
I 

I 
J 

I 
I 

,.,_ I 

• 
I MfQ ' 

= CID 

'"' 0.22 MEG 

II 

c, .,, 
REC AM.Pl 

A:13 
30000 

8 RECAMP2 '=' ~--
C8 R.24 

4 11t 620011 "r • 
+ 130V 

fig . S - Circuit Arrang em ent, for Tests of 
Receiv ing Amplifier Output 

= 

(See top of this page) 

RS 
Kl 

GltE£N 

+ 130V 

Fig. 6 - Test Set Arrangement of Supervisory 
Circuit 
(Se-e te st of Supervisory Circuit 
on this poge } 

R27 
82000 

• 
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(Important: Perform Tests in 

• Numbered Sequence.) BASIC TESTS OF CHA~ 

nsrs o, : 
CHAM. THMS 

usa, AS HEUT . HUI 

• .IPfll:ENCE ,oo, TYPl 
UNITS lUMS . THMS. TISI PROCEDURE 

12 Directional ){ea.sure DC voltage and current for Channel Teri . Control accordance with the sequence of steps in Table I 
Circuit 

. 
14 13 13 "~fark Hold" (a) Operate OSC switch on reference unit (posilio1 • Operation 

(b) Restore OSC switch on reference unit to ON. 

15 14 DX (a) Operate DXA switch in 165 set to NEUT HD 
Control (b) Open SL CUR B jack in 165 set with dummy 

Close SL CUR B jack. 

(C) Operate SEND switch in 165 set to S. 
Restore SEND switch to M and DXA switch to 

• 16 Interchange channel terminals to be used as ref 
in positions A and B. 

Repeat tests 10 through 15. 

17 15 Receiving (a) ~1.§2..u!J!e of undistorted miscellaneous tel 
Bias and SL CURB jack in 165 set, 
Distortion Connect transmission measuring set (such 1 

RL T~IS A jack in 165 set. 
Vary REC BIAS control on unit A. 

Note: If lOOA Distributor is used as test si; 

• (not norma lly desirable), a suitable bias me 
such as the 160Al Test Set must be used. 

. (b) Operate REC switch on unit A to L+ and SE~ 
reference unit to LM. 
Vary REC BIAS control in unit A. 

• Restore REC switch to H+ and SEND switch 

• (c) Adjust average bias to O ± 0.5 % . 
Change LlNE 2 atte nuator to 4 db. 

(d) Change LINE 2 attenuator to 34 db. 
Restore attenuator to 16 db. 

I • .! 

' 



BASIC TESTS OF CHANNEL TERMINALS 

PROCEDUlf MEAS.URE Af: Mf.ASURED UO UI REM.liNT 

•oltage and current for Channel Terminal "A" in 
ith the sequence of steps in Table B on Page 9. See Page 9 See Page 9 

>SC switch on reference unit (position B) to OFF. RL CUR-A Greater than 50 ma 
(RS lamp exti nguished) 

)SC switch on refe1·ence unit to ON. RL CUR-A 62.5 ± 2.5 ma 
(RS lamp lighted) 

)XA switch in 165 set to NEUT HDX. RL CUR-B 62.5 :t :!.5 ma 

CURB jack in 165 set with dummy plug. 
CURB jack. 

RL CUR-B t<o change 

!END switch in 165 set to S. RL CUR-B Less than 3 ma 
END switc h to Ma nd D:XA switch to NEUT FDX. 

hannel terminals to be used as reference units 
and B. 

LO through 15. 

•rce of undistorte d miscellaneous test signa ls in Average bias reading on 118 set should 
3 jack in 165 set. - come more positive as contro l is tu, 
:ransmission measuring set (such as l 18C) m ' clockwise. Range of + 10% to - 10% a 
!I. jac k in 165 set. age bias. Algebraic sum of maximum 
; BIAS contro l on unit A. RL TMS A & minus not greater than 15. Total di.! 
f 100A Distributor is used as test signal source tion not to exceed bias by more than 5. 
nnally desirable), a suitable bias measuring set 
the 160Al Test Set must be used. 

:EC switch on unit A to L+ and SEND switch in 
unit to LM. 
:: BIAS contro l in unit A. 
:EC switch to H+ and SEND switc h to HM. 

RL TMS A Same limits as above apply. 

,erage bias to O ± 0.5%. 
,INE 2 attenuator to 4 db. RL Tll1S A 0 ± 2% bias 

INE 2 attenuator to 34 db. RL TMS A 0± 5% bias 
:tenuator to 16 db. 



MEASUUD UQUJREMENJ 

See Page 9 

Greater than 50 ma 
(RS lamp extinguished) 

62.5 :r 2.5 ma 
(RS lamp lighted) 

62.5 :,: 2.5 ma 

No change 

Less than 3 ma 

Average bias reading on 118 set should be­
come mor e positive as control is turned 
clockwise. Range of + lOo/o to - 10% aver­
age bias. Algebraic sum of maximum plus 
& minus not greater than 15. Total distor­
tion not to exceed bia.~ by more than 5. 

Same limits as above apply. 

0 ± 2% bias 

) ± 5% bias 

SECTION E35.437 
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I 
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' 
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, 

' 
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,.,. ... ? Ith 

" 

To,1 Se, Termino tion for Channel Terminal 8 
'Refor9 n(e Unil ): 130 Volt-s and Ground , 
6'2.5 M111i1'1mperes, eit her Full or Half 
D•Jp fpv 

(C"h'!I""' •f Terminal " A " Arrangements Are 
Sh1,wn in Figs, 9, lO, and 13 through 20) 

t, 

T C 

01$CltlMlNA1'-", 
POIITION Of •54 TYP( 0 

TO 
f ROM REC(lyt N ETWCIRK R3S OONlROl 1.1,-.1tER ~ CR& I G GRID OF -----rtJBE(V•) 

II \.OW .033 f R32 OUTJIUT ANODE fREQ. P 0.2 MEG TU8l( $) 
RECBIAS .,. R3G 

10.ooon 1 MEG 

II 
HIGH 

"" FFt(Q .. 03Jl"f 
0.2 MEG TO _,..,.. __ 

Ct.THODf 
CR7 Of 

+nov OUTPUT 
C TUBECS) 

Fig. 8 - Simplified Schematic Showin9 Cir<uit 
Arrangements Involvin g REC BIAS Control 
(See tests of Receiving Bias and Oistort1on 
-bottom of thi, page ) 

J, 

" , ... 
~ 

\ 
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V erg I mportanl: 

TABLE 8 

TESTS OF DIRECTIONAL CONTROL CIRCUIT 

(See Hub Terminal Procedures -Test No. 12) 

Thes e tests must be performed m numbered sequence. 

VOI.TAGE TO PIN JACK SG REC 
fROM PIN JACKS IN TEST sn~ .. DXA SWITCH UNIT SL cu•-e SEND KEY sn, • SWITCH UNDU TEST JACK IN TUT $61 SEND HP REC HP fDX HP 

l HUB -HDX L + Open (S) M - 80 X 2 - - - 1 

2 HDX L + Closed (M) M + liO ± 8 - - +· 
3 HDX L + Closed (M) s - 80 ± 2 - - -
4 HDX L + Closed (M) t-1 + 60 ± ~ - - + • 
5 HDX L + Open (S) s -60 ± 10 - - - 1: 

-
6 I-IDX H+ Closed (M) M -30 ± 2 - - -1 
7 IIDX R+ Open (S) M +60 ;;1; 3 - - + 

8 HUB -FDX L + Closed ()I) M +60 ± 3 + 60 ± 8 - 10 :t 2 -
9 FDX L+ Open (S) M + 60 ± 3 - 30 ± 2 - 65 + 5 - 1 

10 Restore Step l 

•To obtain the specified voltage and cur rent readings, the operatio ns shou ld be performed in seq 

**To adjust current in the · RL CUR-A jack, use the LP CUR control 
current at the SL CUR -B jack at any point in the testing procedu re . 

in the 144Bl coupling uni 

• •• All voltage measurements with the KS-14510 voltmeter shoul d be made using 300-volt scale. 



VOLTAGE TO ,1N JACK G 
FIOM , 1N JACKS IN UNtT 

UNDER TEST (PO S A) •• • a.l CUll.•A 
JACK "" " D« SC MD •• LAM, 

7 ± 1 + 16 ± 3 + 46 :t:3 Less tha n 3 ON 

O:t: g + <lO ± 3 + 60 ± 3 62.5 :!: 2.5 OFF 

0 ± 2 - 26 :!: 10 - 26 ± 6 Less than 3 OFF 

0 ± 3 - 26 ± JO + 60 + 8 62.5 ± 2.6 OFF 

9 ± 4 - 26 ± JO - 26 :t:6 Less tha n 3 ON 

7 ± 1 +16 ± 3 + 46 ± 3 Less than 3 ON 

0 ± 3 +60 ± 8 + 60 :!.3 ('25 + 9 " ) ., - -- 0 OFF 

0 ± 10 - 20 ± 10 + 60 ± 3 62.5 T 2.5 OFF 

7 ± 4 - 20 ± 10 +60 ± 3 Less than 3 ON 

ence from left to right for each step . 

. The current at this ja ck shou ld be the same as the 

Note: See also Fig. 11, next page, for 
measurements in channel terminal. 

fOllf'(I"' 
u, (11 ' 

• 

. w, ...... _ ---

SECTION E35.437 

•uo 1111 rn 10 -IPL., U ~ •~ ---tt )OII ~ 19)B l'SII U I O 

- en- ... 
I -11 ~ c fl.&11 ,~ 11 
I «..,_ ~ I 

.. a11 ,_ ..... ... - - - - - - --..:::-... 

M 

Fig. 9 - Circuit Arro ngcmonts for Tests of 
Directional Control Circuit in HOX 
Hub Terminal 
(See Steps 1•7 thi s page) 

• 
f(iOltd. • 

~" ' 
~ !'!..-!-~~ -- ­... •-c.• -

.,, 
'"' 

• IR • 

fig . 10 - Circuit Arrangements for Tesh of 
Directional Control Circuit in FOX 
Hub Terminal 
(See Step s 8-9 this page ) 

Table B 

Page 9 



(Important : 

• HAN, TUM . 
UHD AS 

IDlllNCI 
UNITS 

• 

• 

18 

• 

19 

• 
20 

• 
21 

• 
--

Perform Tests in 
Numbered Sequence) 

f, 

NI\JT. HUI 
LOOP TY" 

TMMS, THMS. 

14 

16 16 

17 16 

nn 

Receiving 
Bias and 
Distortion 

Sending 
Bias and 
Distort ion 

Discriminator 
Voltage 

BASIC TESTS OF CHA 

,aoc1outu 

(a) Connect undistorted miscellaneous test signal 
B jack in 165 set. 
Connect transmission measur ing set (such 
RL TM$ A jack in 165 set. 
Vary REC BIAS control on unit A. 

Note: If a lOOA distributor is used as test 
(not normally desirable), a suita ble bias 
such as the 160Al test set must be used . 

(b) Operate REC switch on unit under test to 
switch in reference unit to LM. 
Vary REC BIAS control in unit A. 

(c) Operate SEND switch in reference unit to 
Adjust average bias to O ± 0.5 % , 
Change LINE 2 attenuator to 4 db. 

(d) Change LINE 2 attenuator to 34 db. 
Restore attenuator to 16 db. 

(a) Con~ un~i§,w:te.qfil&:!!..~\,to SL CUR A j 
(or SEND HUB jack for u lte rmlnals ). 

Connect transmission measuring set in RL T 
165 set. 

(b) Operate SEND switch in unit A to LM and R 
reference unit to L+ . 

Restore SEND switch to HM and REC switch 
Disconnect signa ls and transmission measurin 

(a) .Measure DC volta ge - Unit A. 

(b) Operate REC switch on unit under test to 

(a) Measure DC voltage - Unit A. 

(b) Operate REC switch on unit under test to 

Interchange channel terminals to be used as rete 
positions A and B . 
Repeat tests 17 throu gh 19. 

Seal or mark contro ls on both reference terminals . 
be in the sealed positions unless otherwise spec! 
next basic test of reference terminals ls made. 



BASIC TESTS OF CHANNEl TERMINALS 

, . oc1ou1u MEASURE AT: MlASURID RIOU IHMf:NT 

; undistorted miscellaneous test signals in SL CUR Average bias reading on 118 set shoul, 
in 165 set. come more positive as control is tu 
: transmission measuring set (such as 118C) in counterclockwise. Range of + lOo/o to -
S A jac k in 165 set. RL T?.tS A average bias. Algebraic sum of max. 
EC BIAS control on unit A. & minus not greater than 6. Total disto 
· U a 100A distribu tor is used as test signal source not to exceed bias by more than 5. 
normally desirable), a suitable bias measuring set 
u the 160Al test set must be used. 

, REC switch on unit under test to L+ and SEND 
ln reference unit to LM'.. 
EC BIAS control in unit A. RL TMS A Same limits as above apply. 

SEND switch in reference unit to HM. 
average bias to O + 0.6%. 
LINE 2 attenuator to 4 db. RL TMS A 0 ± 2% bias. 

LINE 2 attenuator to 84 db. RL TMS A 0 ~ 5 ~ bias. -
attenuator to 16 db. 

:..!!!ldislgJ:kd signals to SL CUR A jack of 165 set 
-fD HUB jack forliiioterminals5. -

; transmission measuring set in RL TMS B jack in RL TMS B Average bias should be O ::l: 2%. Co: 
in receiving circ uit of reference unit s 
be in same position as at last previous 
of ref. units. 

, SEND switch in unit A to LM and REC switch in 
~e unit to L+. RL TMS B 0 ± 5<µ bias. 

SEND switch to HM and REC switch to H + . 
. ect signals and transmission measuring set. 

e DC voltage - Unit A. D and C + 85 = 5 volts 
Record as "Reference Value." 

REC switch on unit under test to L+. D and C -47 ± 7 volts 
Record as "Reference Value." 

1 DC voltage - Unit A. D and C Reference value ±8 volts. (See above) 

, REC switch on unit under teat to L+. D and C Reference value + 8 volts. (See above) 

channel termina.ls to be used as reference units in 
and B. 
, 17 through 19. 

k controls on both reference terminals. They should 
,aled positions unless otherwise specified until the 
eat of reference terminals is made. 



Ml .UutlD RIOU IREMlNl 

average bias reading on 118 set should be­
:ome more positive as control is t urned 
:ounterclockwise . Range of + 105'• to - 10% 
overage bias. Algebra ic sum of max. plus 
l minus not grea ter tha n 5. Total distortion 
,ot to exceed bias by more than 5. 

Same limits as above apply. 

l :: 2% bias. 

l :!: 5 j'f bias. 

i\verage bias should be O :!: 2%. Controls 
in receiving circuit of reference unit shoul d 
Ile in same position as at last previous check 
>f ref. units. 

l 5'N bias. 

t 35 :::::: 5 volts 
{ecord as "Reference Value." 

-47 :!: 7 volts 
lecord as "Reference Value." 

ieference value ::3 volts. (See above) 

i efer ence value :!:3 volts. (See above) 

... .... 

.,, 
• 

...... 

'" .... 

... .,,,. 

"' ...... 

"'" 

SECTION E35.437 

t 

Fig. l 1 - Illustrat ion of Voltage Measur e ments In 
Dire ctiona l Cont ro l Circl.lit 
(See Steps 1-9 on preced ing page ) 

c:::, 

' 
0 

l 11 2 R35 
. . 

* Cll · 
R32 200 H l MEG 

0.2 MEG 0.033,. f 
R34 ClS REC SIAS ~0.033}'1 R36 10,00011 ' l MEG 

, ~ Cl2 R33 
.033,. t 0.2 MEG 

200 H \ 

3 - •\ fllTER 

' 

Fig. 12 - Circuit Schematic Showing Where 
Measur ement, Are Made in Discriminator 
Voltage Test 
(Thi• poge ) 
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• 
• 

• 

• 

• 

• • 

( I mportanl : Perform Tests in 
Numbered Sequence) 

FOX NIUftAl LOO, 10 MIN.US 
CONTIOL SffllNOS - fAlll A ITIMt 

4W 8 4 5 6 

2W 11 12 18 14 

Z1 10V +uev +1,ov :!:41V 
62.1 MA 62.S MA 20MA 20 MA 

'°°" lOO,S LOOPS LOO,s 

1 1 1 1 

2 2 2 2 

s s 8 s 

4 4 

4 4 

5 5 

5 6 

6 6 6 6 

7 7 7 7 

(Remainder of Supplementary Tests 
for FDX Terminals on Page 18) 

SUPPLEMENTARY TESTS 

(Seo Part 

TUT 

Line-up Adjust output level using 
Procedure Operate OSC switch on Refere 

Check output level adj us ting, 
control in reference unit. 

Set LINE 1 attenuator for diff 
-26 dbm. 

Set LINE 2 atten uator for diJf 
value of receiving level for uni 

Using LP CUR control on unit 

Using LP CUR control on unit 

Check loop currents. 

Check loop currents. 

Operate SEND key in 165 set 

Restore SEND key to M . 

Open SL TMS B jack. Check c 

Close SL TMS B jack. 



SUPPLEMENTARY TESTS OF CHANNEL TERMINALS 

(Sff Part 5 In Text) 

Adjust output level using SEND LEV control in unit under test. 

Operate OSC switch on Reference Unit to ON. 

Check output level adj us ting, if necessary, by means of SEND LEV 
contro l in reference unit. 

Set LINE 1 attenuator for difference between specified value and 
-26 dbm. 

Set LINE 2 attenuator for difference between - 10 dbm and specified 
value of receiving level for unit under test. 

Using LP CUR control on unit under test, adjust current in 165 set. 

Using LP CUR control on unit under test, adjust current in 165 set. 

Check loop currents. 

Check loop currents. 

Operate SEND key in 165 set to S. 

Restore SEND key to M. 

Open SL TMS B jack. Check current. 

Close SL TMS B jack. 

MIAIUU AT: 

Eqpt. A 

Eqpt. B 

RLCUR A 

RL CUR A 

RL CURB 
SL CURB 
SL CUR A 

RL CURB 
SL CURB 
SL CUR A 

RLCURA 
SL CURB 
RL CURB 

RL CURB 
SL CUR A 
RL CUR A 

-10 ± 0.5 dbm or , 
value for unit under 

-10 ± 0.5 dbm 

62.5 ± 2.5 ma 

20 ± 2 ma 

62.5 ± 2.5 ma 
62.5 ± 2.5 ma 
62.5 ± 2.6 ma 

62.5 + 2.5 ma 
62.5 ± 2.5 ma 
20 + 2 ma 

No change from Ste~ 
No change 
Less than 3 ma 

No change from Ste 
No change from Ste 

p 
p 

Less than S ma 



MIAIUII AT: MWUHO HQUIHMINt 

Eqpt. A - 10 ± 0.5 dbm or specified 
value for unit under test 

Eqpt . B -10 + 0.6 dbm 

RL CUR A 62.5 ± 2.5 ma 

RL CUR A 20 ± 2 ma 

RL CURB 62.5 :t 2.5 ma 
SL CURB 62.5 :t 2.5 ma 
SL CUR A 62.5 ± 2.5 ma 

RL CURB 62.5 ± 2.5 ma 
SL CURB 62.5 :t 2.5 ma 
SL CUR A 20 ± 2 ma 

RL CUR A No change from Step 4 
SL CUR. B No change 
RL CURB Less than 8 ma 

RL CURB No change from Step 5 
SL CUR A No change from Step 5 
RLCURA Less tha n 8 ma 

SECTION £35.437 
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-u,, 

• 

Fig. 13 - Full-duplex Neutral Laop Termination 
± 130 Volts, 62 .5 Milliamperes 
(See te1t1 in first column , 
Pages 11 and 13) 

... 
,.L 

,..,,,_.:'- ·v-+>'-~,w•it-.,,.::;~:_>_.i:;:i...ikl~ 
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Fig. 14 - Full-duplex Neutral Loop Termination 
+ 130 Volts and Ground, 
62.5 Milliamperes 
(Se• tHh in second column, 
Pages 11 and 13) 
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• 
( Im porta nt: Perform Tests in 

• 
Numbered Sequence) 

SUPPL 

HOX NEUTRAL LOOP THMINALS 
CONTROL HTTlNGS - TAILE A ITEM: 

4W 7 8 9 10 

2W 15 16 17 18 

• ± 13-0V + 1:sov +1 30V ., .. v 
62..S MA 62.S MA 2G MA 20 MA 

LOOPS LOOPS LOOPS LOOPS , .. , 

1 1 1 1 Line-up Adjust output 
Procedure 

Operate OSC s 

2 2 2 2 Check output le 
in r~ference uni 

3 3 3 8 Set LINE 1 at 
- 26 dbm . 

• Set LINE 2 at 
value of recei · 

4 4 Using LP CUR 

4 4 Using LP CUR 

s 5 Check current. 

5 5 Check current. 

• 6 6 6 6 Operate SEND 
Check current. 

Restore SEND 

7 7 7 7 Open SL TM$ 

• Check current . 

Close SL TMS 

~ --~ (Remainder of Supplementary Tests 
for HDX Termina ls on next page) 



) 

u.re 

SUPPLEMENTARY TESTS OF CHANNEL TERMINALS 

(See Part 5 in Text) 

Adjust output level using SEND LEV control in unit under test. 

Operate OSC switch on Referen ce Unit to ON. 

Check output level. Adjust, if nece.ssary, by means of SEND LEV contro l 
in re"ference unit. ' 

Set LINE 1 attenuator for difference between specified value and 
-26 dbm. 

Set LINE 2 atte nuator for difference between 
va lue of receiving level for unit under test. 

-10 dbm and specified 

Using LP CUR control on unit under test, adjust current. 

Using LP CUR control on unit. under test. adjust curre nt. 

Check current. 

Check current. 

Operate SEND key in the 165 set to S. 
Check curren t. 

Restore SEND key to M. 

Open SL T.MS B jack and check cur rent. 
Check current. 

Close SL TMS B jack . 

MIA.SUH Al : Mi.ASURED IEQI 

Eqpt. A -10 ± 0.5 dbm 
value for unit u, 

Eqpt. B - 10 ± 0.5 dbm 

SL CUR A 62.5 ± 2.5 ma 

SL CUR A 20 ± 2 ma 

SL CURB 62.5 ± 2.5 ma 

SL CURB 20 ± 2 ma 

SL CUR A Less than 3 ma 
SL CURB Less than 3 ma 

SL CUR A Less than 8 ma 
SL CURB Less than 3 ma 



' MlASUUD UOUllEMfNf 

- 10 ± 0.5 dbm or specified 
. value for unit unoer test 

- 10 ± 0.5 dbm 

' 62.5 ± 2.5 ma 

' 20 ± 2 ma 

l 62.5 ± 2.5 ma 

l 20 + 2 ma 

' Less than 3 ma 
' Less th an 3 ma. ' 

' Less than 3 ma . Less than 3 ma ' 

e 

0 

SECTION E35.437 
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Fig. 15 - Half.duplex Neutral loop Termination 
= 130 Volts, 62.S Milliamperes 
(Se-e tests in first column , 
Pages 12 and 13) 
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Fig. 

" 
16 - Half-duplex Neutral l,oop Termination 

+ 130 Volts and Ground , 
62 .5 Milliampe,.s 
(See tests in second column, 
Pages 12 and 13) 
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• 
• 

•' 

• 

• 

~ 
• 

(lmPortant: Perfo rm Tests in 
Numbered Sequence) 

NEUTRAL LOOP TEtMINALS 

Both FDX & HDX, Both 2W & 4W 
± 134y + 13ov + 130V ± -48V 

62.5 MA 62 .S MA 20MA 20 MA 
I.OOPS lOOPS LOOP$ LOOllS 

8 8 8 8 

9 9 9 

10 10 10 10 

11 11 11 11 

I 

12 12 12 12 

13 13 13 13 

TEST 

Transmission 
Tests-

Receiving 

Transmission 
Tests -
Sending 

SUPPLEMENTARY TESTS OF 

Connect source of undistorted signa 
and transmission measuring set to R 
jack (HDX). 

Operate REC BIAS control in unit 
then maximum counterc lockwise pos 

Adjust bias using REC BIAS contro 

Operate REC switch in 
reference unit to L.M. 

Restore REC switch to H + and SE 

Decrease attenuatio n of LINE 2 at 

Restore attenuator to original settin 

Increase attenuation or LINE 2 atte 

Restore attenuator to original settin 

Connect source of undistorted sign 
"iiiii! transm1ss1on measuring set to 
TMS B jack (HDX). 

Operate SEND switch in unit under 
ence unit to L+ . 

Operate OSC switch on Reference U 



SUPPLEMENTARY TESTS OF CHANNEL TERMINALS 

PIOCEDUU MEASURE AT: MEA.SUIED HQUIIEMENT 

Connect source of und istorted signals to SL CUR B jack in the 165 set 
and transm 1ssion-meii:suring set to RL~MS A jac k (FDX) or SL TM$ A 
jack (HDX). 

Operate REC BIAS control in unit under test to maximum clockwise and RL TM$ A Range of + 10% to . 
then maximum counterclockwise position. or bias. "Total distor tion" 

SL Tl\1S A ing shou ld not differ by 
than 5 points from "a, 
bias" reading. 

Adjust bias using REC BIAS cont rol. RL T.MS A 0 ± 1% bias 
or 

Operate REC switch in unit under test to L+ and SEND switch in SL TMS A 0 -1- 2% bias 
reference unit to L~L 

Restore REC switch to H + and SEND switch to HM. 

Decrease attenuation of LINE 2 atten uator by 10 db. RL TM$ A 0 ± 2% bias 
or 

Restore attenuator to original setting. SL TM$ A 

Increase attenuation of LINE 2 attenuator by 20 db. RL TMS A O ± 5% bias 
or 

Restore attenuator to original setting. SL TM$ A 

Connect source of undistorted signals to SL CUR A j ack in the 165 set RL TMS B 0 ± 2% bias 
"aiia ·transm ission measuriT1g set to l.he RL TMS B jack (FDX) or SL or 
TMS B jack (HDX). SL Tl\1$ B 

Operate SEND switch in unit under test to L1'1 and REC switch in refer - RL T:l.tS B 0 + 3% bias 
ence unit to L + . or 

SL TMS B 
Operate OSC switch on Reference Unit to OFF. 



Utl ATi MIASUUD l£QU IHMfNT 

:MS A Range of + lOo/o to - 10% 
or bias. "Tota l distortion" read-
'MS A ing should not differ by more 

than 5 points from "average 
bias'' read ing. 

rMs A 0 ± 1% bias 
>r 
'.?tfS A 0 ::1: 2% bias 

:MS A 0 ± 2% bias 
>r 
'MS A 

:MS A o ::1: 5 % bias 
or 
'MS A 

:?tfS B 0 ± 2o/o bias 
or 
'.?,fS B 

;MS B 0 ± 3% bias 
>r 
'MS B 

SECTION £35.437 
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Fig. 17 - Full~duplex Neutral Loop Termin ~tio n 
+ 130 Volts and Ground , 20 Milliamp e res 
(See tests in th ird column , 
Pages II and 13) 
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Fig . 18 - Full•duplex Neutral Loop Terminat ion 
..:.48 Volt s, 20 Milliam~r•• 
(See tests in fourth column , 
Pages II ond 13 ) 
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• 
• 

• 

• 

• 

• 
• 

• 
• 

( Importan t: Perform Tests in 
Numbered Sequence) 

Hua lYP( TERMINA~S 

TA9U A SETTINGS 

ITEM 19 
4W fOX 

1 

2 

3 

4 

5 

FDX 
test s 

continue 
on 

next 
page. 

ffEM 20 
4W HOX 

1 

2 

TE$T 

Line-up 
Procedure 

SUPPLEMENTARY TESTS OF CHA 

PROCEDUIE 

01)erate OSC switch on Reference 
Check voltage in 165 set. 

Check current. 
Current in RL CUR B jack may be 
reference unit . 
Current in RL CUR A jack may be 
144B coupling unit. 

Operate SEKD key in l 65 set to S. 

Restore SEND key to M. Check current. 

Open SL TMS B jack. 
Check voltage and curre nt . 

Close SL TM$ B jac k. 

Adjust output level using SEND LEV control 

Check output level. Adjus t, if necessary, by mea 
in reference unit. 

Operate OSC switch on Reference 
Check voltage in 165 set. 

Check current. 



SUPPLEMENTARY TESTS OF CHANNEL TERMINALS 

(See Part 5 in Text) 

P ROCEDUIE 

►SC switch on Reference Unit to ON . 
.age in 166 set. 

rent. 
l RL CURB jack may be adjusted by LP CUR contro l 
unit . 
o RL CUR A jack may be adjusted by LP CUR cont rol 
>ling unit. 

END key in 165 set to S. 

~ND key to M. Check current. 

TMS B jack. 
tage and current. 

fMS B jack. 

tput level using SEND LEV contro l in unit under test. 

iut level. Adjust, if necessary, by means of SEND LEV control 
:e unit. 

SC switch on Reference Unit to ON. 
:age in 165 set. 

rent. 

Ml.A.SURE AT: MlAS.UlttO RtOUIRE.MlNT 

SEND HP +60 ± 3 volts 
REC HP +60 ± 3 volts 

SL CURB 62.5 ± 2.5 ma 
on RL CURB 62.5 ± 2.5 ma 

RL CUR A 62.5 ± 2.5 ma 
JO SL CUR A 0 

SEND HP -30 ± 2 volts 
REC HP No change (60 ± 3 volts) 
RL CURB Less than 3 ma 

SL CUR A 0 

REC HP -30 ± 2 volts 
SL CURB Less than 3 ma 
RL CUR A Less tha n 3 ma 
SEND HP No change (60 ± 3 volts) 

Eqpt. A - 10 + 0.5 dbm or specified 
value for unit under test 

·ol Eqpt . B - 10 ± 0.5 dbm 

SEND HP +60 ± 3 volts 

SL CURB 62.6 ± 2.5 ma 
RL CUR A 62.6 ± 2.5 .ma 
SL CUR A 0 



MUSURED aEQUIUMENT 

+6 0 ± 3 volts 
+ 60 = 3 volts 

. 62.5 ±: 2.5 ma 
62.5 = 2.5 ma 
62.5 ±: 2.5 ma 

0 

-30 :t 2 vol ts 
No change (60 ±: 3 volts) 
Less tha n 3 ma 

0 

-30 ± 2 volts 
Less than 8 ma 
Less tha n 8 ma 
No change (60 ± 3 volts) 

- 10 = 0.5 dbm or specified 
value for unit under test 

- 10 ± 0.5 dbm 

+ 60 ± 3 volts 

62.5 + 2.5 ma 
62.5 ± 2.5 ma 

0 

C 

"''' OISCllllll/~lOft & 
LP flt TUI' OUt,u't 

CIW'illll fDl:Ml'tM. J. 

fO SD40 ,.,_, 
... 

" 
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" " 
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' ' 
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Fig. 19 - Half .duplex Neutral Loop Termination 
+ 130 Volts and Ground , 20 Milliamp«ues 
(Se& tests in th ird column , 
Pages 12 and 13) 
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Fig. 20 - Half-duplex Neutral l oop Termination 
:!;48 Volts, 20 Mill iam peres 
(See tests in fourth column , 
Pages 12 and 13) 
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(Importa nt : Per form Tests in 
Numbered Sequence) 

HUI TYPE TSl MINAlS 

JAllf A SETTINGS 
flfM 19 ITEM to 

◄W fOX 4W HDX 

3 

4 

!; 

6 6 

7 7 

8 8 

TEST 

Transmi ssion 
'l'ests-
Rece iving 

Transmission 
Test-
Sending 

SUPPLEMENTARY TE.STS OF CH.I 

PftOCEDU a t 

Ope.ra te SEND key in 165 set to S. 

Open SL TM$ B jack. 

Close SL TM$ B jack. 
Restore SEND key to !\II. 

Adjus t outp ut level using SEND LEV c.ontrol ir 

Check output level. Adjust, if necessary, by mea, 
in reference unit. 

_!'.;ltc.b-tlJ.,e source of test signa ls to SL CUR B i• 
transm ission measurlng setto RL TMS A j ack 

Oper ate REC BIAS control in unit under test · 
then maximum countercloc kwise positions. 

Adjust bias. 

Decrease attenuation of LINE 2 att enuator by 
Restore attenuator to origina l setting. 

Increase attenuation of LINE 2 attenuato r by 
Restore attenuator to original setting. 

Patch the. source of Hub type test signals (+6C ----- - -in 165 set and telegrap h transm ission measuri 

Operate OSC switch on Reference Unit to OFF. 



SECTION E3~. 437 

' 
r 

SUPPLEMENTARY TESTS OF CHANNEL TERMINALS 

P RO CEOUI( MlAS UA:E AT: MEASUUD 11:EOUUtEMENT 

D key in 165 set to S. SEND HP -30 ± 2 volts 
SL CUR B Less tha n 3 ma 
RL CUR A Less than 3 ma 
SL CUR A 30 ± 3 ma (reverse meter) 

l B jack. SEND HP At least -60 volts 
SL CURB Less than 3 ma 
RL CUR A Less than 3 ma 
SL CUR A Less than 2.5 ma ( reverse meter) 

; B jac k. 
) key to M. 

: level using SEND LEV control in unit under test. Eqp t. A - 10 ± 0.5 dbm or spec.ified 
value for unit under test 

level. Adjus t., if necessary, by means of SE ND LEV control Eqpt. B -10 ± 0.5 dbm 
mit. 

~e of test Sigl)als to SL CUR B jack in 165 set and telegraph 
measuringset toR L TMS A ja ck. 

BIAS control in unit under test to maximu m clockwise and RL TMS A Average bias of at least + 101/, 
n counterc lockwise positions. to - 10% should be obtainable 

"Tota l, Distor tion" read ing 
should not differ by more than 
5 f rom "average bias'' 

RL TMS A 0 ± l % bias 

nuat ion of LINE 2 attenuator by 10 db. RL TMS A 0 ::t 2 t;f bias 
uator to original setting. 

,uation of LINE 2 atten uator by 20 db. RL T~fS A 0 ± 5% bias 
uator to original setting. 

rceyf Hub tlPe test signals (+ 60~ to SEND HUB jack 
d telegraph tra nsmission measuring set to RL TMS B jack. RL T11S B 0 ± 2% bias 

switch on Referenc.e Unit to OFF. 
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( I mporta n t: Perform Tests in 
Numbered Sequence) 

NITWOIK fYPI -
STIPS 

Send 
(458 Type) 

1 

2 

3 

4 

6 

Receive 
(454 Type) 

1 

TH1 

Maximum 
Output Level 

Normal 
Output Level 

Output 
Frequency ­
l.'.farking 

Output 
Frequency­
Spacing 

Send Level 
M-S Turnover 

Received 
Level­
Ma.rking 

(Balance of Network Tests 
on following page) 

NE 
Set Control, 

(See 

,1oc1ou11 

Install a reference channel unit in position A or 165 
Insert sending network under test in reference unit. 
See that SEND key on 165 set is in M position. 
Measure output level with l SA Tl.'.fS or equivalent.. 

Using SEND LEV control in reference unit, adjust 

Measure output frequency using 72A Frequency Me 

Operate SEND key In test set to $. 

Restore SEND ·key to M. 

?vfeasure change in level when SEND key is opera te 

Note: The OSC control and the strapping of te 
the networks should be used if necessary to m 
test s 3, 4, and 5. 

(a) Install reference unit in position A of 165 set. 
Insert receiving network under test in referenc 
Connect source of frequency to LINE A jack. 
frequency should be not less than - 20 dbm. 

(b) Set LINE 1 attenuator for difference between 
source and -26 dbm. 

Set frequency of the source for the nominal v 
quency of the network under test :;t; 1 cycle . 

(c) :Measure level in reference unit. 



NETWORK TESTS 

Set Control, pe r Table A - Ite m 21 
(Seo Part 6 In To•tl 

P • OClDUltl 

-ence channel unit in position A or 165 set. 
r network under t~st in reference unit. 
D key on 165 set is in iM position. 
d level with 13A TMS or equivalent. 

LEV control in reference unit , adjust output level. 

ut frequency using 72A Frequency ?vleter. 

D key in test set to S. 

o· key. to ~1. 

,ge in level when SEND key is operated from M to S. 

OSC control and the st rapp ing of terminals 5, 6, and 7 on 
ks should be used if necessary to meet the requirements of 
.nd 5. 

eference unit in position A of 165 set. 
ceiving network under test in reference unit. , 
source of frequency to LINE A jack. The level of the 
y should be not less than -20 dbm. 

C: l attenuator for difference. between level of the frequency 
rnd -26 dbm. 
1ency of the source for the nominal value of the higher fre-
,f the network under test ± 1 cycle. 

level in reference unit. 

MIASUH Af: 

Eqpt . A 

Eqpt. A 

Eqpt. A 

Eqpt. A 

Eqpt. A 

Al-G 

M.IASURlD H OUIIIMINT 

Not less than + 4 dbm 

-10 ± 1 dbm 

\1/ithin ± 8 cycles of nominal value 
higher frequency of the network . 

\1/ithin ± 8 cycles of nominal value 
lower frequency of the network. A V 

l of the measured values of highe 
lower frequencies should be within 1 
of the nominal midband frequency 
network . 

Not more than 3 db change 

Not less than + 16 db for networks t 
nominal midband frequency of 8141 
or less. Not less than + 12 db fo: 
works having nominal midband freq 
of more than 3145 CPS. 



MIASUR.10 RIQUIHMENT 

S'ot less tha n + 4 dbm 

- 10 :±: l dbm 

Within ±3 cycles of nominal value of the 
iigher frequenc y of the network . 

.Vithin ±3 cycles of nominal val ue of the 
ower frequency of the network. Average 
,f the measured values of higher and 
ower frequencies should be within 1 cycle 
,f the nominal midband freque ncy of the 
ietwork. 

S'ot more t han 3 db change 

~ot less than +16 db for networks having 
1ominal midband frequency of 8145 CPS 
,r less. Not less tha n + 12 db for net­
•orks ha ving nominal midband frequency 
,t more than 3145 CPS. 

CHANNE 
TERMINA 

A 

l 
l 

17 
0--

SEND 

14 
<>--

19 
<>--

RECEIVE -
18 
<>--

. 

. 
• 

. 

. 

Fig . 

I 

SECTION E35.437 

A 
EQPT. LINE =--= > 

' > < 

LI 
1770 

REPEATING COil 
17 I 

IN OUT I 
0-: I ► 

• I ~ LINE I • I 0 

14 0- I 
l 

1 I 
l 

SG 
A 

~ SG 
L2 

1170 
REPEATING COIL 

19 I 
I > 

0- I 
I . I 

18 0- I 
I 

• I 
l 

-'E' SG 

21 - Test Set Line Connections for Network 
Tesls wilh CARRIER Swilch Sot on LOC 
(As specified in Table A, Item 211 
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( I mportant: Perform Tests in 
Numbered Sequence) 

NETWOIK TYPE TEST 

Receive 
(454 Type) 

Cont. 
2 Receh•ed 

Level -
Spacing 

3 Discr iminato r 

NETWORK TESTS 

Set Controls per Table A - Item 21 
(See Part 6 in Text) 

PROCfOUIE 

Set frequen cy of source for nominal value or the lower fr equency of · 
work under test ± l eye le. 
(See that level of source does not change.) 
Measure level in reference unit. 

(a) Select a 108A t ube whkh has a minimum plate curren t of 10 ma w 
measur ed accord ing to Step 8 on Page 18. 
Use this t ube as V4 in the referen ce unit. 

(b) Remove tubes V5 and VG from refere nce unit . 

(c) Carefully shor t out resis tor R42 in reference unit. 

(d) Apply the nominal mid-band frequency of t he network using met 
as in receiving network tests 1 (a) and {b) above. 

(e) Adjust REC BIAS cont rol in reference unit until equal and op])< 
voltages are obtained when th e REC switch in t he termina l is o 
ated alternately to the H + and L + p-0sitions. 

(f) Leave the REC switch in the H + posit ion. 

(g) Apply the higher frequenc y of th e netwo rk as in receiving net, 
tesLs 1 (a) and l (b) above. 

(h) 1feasure the disc riminato r output voltage in the H + and L+ l 
tions of the RE C switch. 

(j) Leave switch in H + posi tion . 

( k ) Apply the lower frequency of l he network usi ng method as in re 
ing netwo rk tests in 1 {a) and 1 (b) above. 

(/) b<feasure the discrim ina tor out put voltage with the polar ity o! 
voltmeter leads reversed fr om that of step (h) above. 

iiliiii 



NETWORK TESTS 

Set Controls per Table A - Item 21 
(See Port 6 in Text) 

PIOCfDURE 

e for nominal val ue of the lower freque ncy of net ­
cle. 
:e does not change.) 
nee unit. 

which has a mi nimum p late curr ent of 10 ma when 
g to Step 8 on Pa ge 18. 
I in the refere nce un it. 

ind V(l from reference un it. 

l resistor R42 in refe rence unit. 

mid-band freque ncy of the netwo rk using method 
Nork tests I (a) and (b) above. 

contr ol in reference uni t until equa l a nd opposite 
1ed whe n the REC sw itch in t he term inal is oper­
the H ; and L + positions. 

tch in the H ; position . 

freq uency of the network as in receiving network 
b) above . 

minatot· output voltage in t he H + and L+ posi­
;witch . 

~ positi on. 

equency of th e network us ing method as in receiv-
1 I (a) and 1 (b) above . 

m inator output vo ltage with the polari ty of the 
•ersed from that of step (h) a bove. 

MEASUIE AT: 

Al-G 

D and C 

D and C 

D and C 

SECTION EJS.437 

MEASURED IEOUlltf.MENJ 

Same as requireme nts in test 1 ab ove. 
Resu lts shou ld not differ by more than 1.5 db 
from those in test 1. 

Reading m either posit ion not greate r t han 
5 volts. 

Greate r t ha n -'-35 vol ts and bot h wit hin 
± l volt. 

Greater tha n + 35 vol ts a nd not more than 
5 volts differe nt from measureme nt in (h) 
above . 
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IUCTION TUii 
sn, COOE NO, 

1 407A 

2. 407A 

3 407A 

4 407A 

5 407A 

6 407A 

7 407A 

8 40SA 

9 40SA 

10 408A 

11 429A 

12 429A 

13 429A 

14 429A 

15 429A 

PU. KIY ,OS . 

V7 v, 

SU N 

SC N 

SU N 

SC N 

SU N 

SC N 

N N 

N N 

N N 

N N 

N L 

N H 

N L 

N H 

N N 

ELECTRON TUBE TESTS 

(See Part 7 In Text) 

IIA S KU' ,OS, 

VT, VI v, 

C N 

C N 

C N 

C N 

co N 

co N 

N N 

C N 

co N 

N N 

N C 

N C 

N co 

N co 

N N 

SHOIT CKT 
KIY l'OS, 

N 

N 

N 

N 

N 

N 

SHORT 

N 

N 

SHORT 

N 

N 

N 

N 

SHORT 

•Tapping tube lightly should not change meter reading . 

POSITION IN 
CHAN, TU M. 

Vl, VS 

Vl, V3 

V2, VS 

V2, VS 

Vl, V2, VS 

Vl, V2, VS 

VI, V2, VS 

V4, V7 

V4, V7 

V4, V7 

V5, V6 

V5, V6 

V5, V6 

V5, V6 

V5, V6 

+ Minimum current IO Ma when tube is to be used to test 454 networks. 



ION TUBE TESTS 

l'art 7 in Text> 

.S K.EY POS. 

Vt 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

C 

C 

co 

co 

N 

SHOii Cl<T 
KIY POS. 

N 

N 

N 

N 

N 

N 

SHORT 

N 

N 

SHORT 

N 

N 

N 

N 

SHORT 

not change meter reading. 

,OSITION IN 
CHAN. TERM. 

Vl, VS 

Vl, VS 

V2, VS 

V2, vs 

Vl, V2, VS 

Vl, V2, V3 

Vl, V2, VS 

V4, V7 

V4, V7 

V4, V7 

V5, V6 

V5, V6 

V5, V6 

V5, V6 

V5, V6 

lien tube is to be used to test 464 networks. 

CUlHNT 
MA 

MIN 7 

1'UN 7 

MINS 

MIN 8 

MAX 0.4 

1'fAX 0.4 

o• 

MIN 9 + 

MAX 1.4 

o• 

MIN 82 

MIN 29 

1'1AX 0.5 

MAX 0.5 

o• 

t·-· .. ,,_ 
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••• 'ff' 
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\ • ._ t 

•• 

Fi 9. 22 - BIAS V7, V8 Key Fig. 
in C Position 
for 407A Tube 
(See Step• 1-4) 

... ..... 
M 

Fig. 25 - BIAS V7, V8 Key Fig. 
in C Position 
for 408A Tube 
(See Step 8) 

. ., ... ... "( . 

.. '"" 

Fig. 28 - V9 BIAS Key 
In C Position 
fo r 429A Tube 
R4S S/C in Step 1 1 
!See Steps 11-121 

Fi9 . 
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Fig . 22 - BIAS V7, VB Key 
in C Position 
for 407 A Tub e 
(See Steps 1-4) 
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Fig. 25 - BIAS V7 , VB Key 
in C Po1-ition 
for 408A Tu be 
(See Step 8) 
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Fig. 28 - V9 BIAS Key 
in C Position 
for 429A Tube 
R45 S/C in Step 11 
(See Steps 11-121 
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., . -" 
., . . ...... 
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O.N0/1 

Fig. 23 - BIAS V7 , VS Key 
in CO Position 
for 407A Tube 
(See Step• S-6) 
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. .... Oil. 
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Fig. 26 - BIAS V7 , VB Key 
in CO Position 
for 408A Tube 
(See Step 91 

-, ... 

110 -.. ,., 

" o • .11 --~--•l t. U 

©·,.•· 

Fig. 29 - V9 BIAS Key 
in CO Position 
for 429A Tube 
R45 S/C in Step 13 
(See Step• 13-14) 

SECTION E35.437 

.. 
... .......... 

Fig ., 24 - SHORT-CKT Key 
in SHORT Position 
for 407 A Tube 
(Seo Step 7) 

...... ., 

.., .. 
• l • ~ ... ...... 

... ... 

Fig . 27 - SHORT-CKT Key 
in SHORT Position 
for 408A Tube 
(See Stop 10) 

., .. ., 

... ........ . .. u, . .. 

.. ..... 

Fig. 30 - SHORT-CKT Koy 
in SHORT Posltton 
for 429A Tubo 
(Soo Stop 1 SI 
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