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BELL SYSTEM PRACTICES 
Plant Series 

SECTION 067-201-102PT 
APPENDIX 1 

Issue A, February, 1962 
Pacific Tel. 

GFELLER LINE CONCENTRATORS 
49-9-2, 49-11 + 1-2, 49-12-2 

DETAILED CffiCUIT OPERATION 
DC OPERATION 

1. GENERAL 

1.01 This appendix is issued to include the 
necessary information on units con­

verted t9 DC battery operation. 

1.02 The following .additional information 
and alteratiori of the main section is 

necessary for DC operation. The main sec­
tion text is valid, as is, for AC operation. 

1.03 The following paragraphs, figures and 
charts of the main section are re-

placed: 
1.05 
4.04 
5.14 
SC 1 

4.05 
4.06 
8.03 
SC 2 

4.10 
4.11 
8.16 
SC4 

4.12 
4.14 

Fig •. l 
OS l 

1.05 The remote unit is powered from the 
central office unit and 3-1 /2 cable 

pairs are required for power feeding and 
circuit control functions. See Figure 2A 
attached. 

4. INITIAL CIRCUIT OPERATION AND 
TRUNK PRESELECTION 

4.04 The application of +45 volts DC to 
RI and RII connections and of -48 

volts DC to Rill at the central office unit 
ccluses relays RA to RF to operate in both 
units. Tables B and C, respectively, show 
the -various combinations of RA to RF re­
lays along with the control and lead cut-in 
relays used for the selection of particular 
vertical and. horizontal bars. 

4.05 The principle of operation for these 
marking relays can be followed by 

referring to Fig. IA which replaces Fig. l 
of the original section and shows the modi­
fied circuitry. All six pairs of relays are 
pictured. The normal contacts of only 12 of 
the marking control relays are used in the 
figure. Actually, more control relays are 
used in the circuits in order to control the 
required number of selections. 

4.06 The Power Equipment Company (PEG) 
power supply furnishes 70 volt alter­

nating current to the rectifier. One rectifier 
output lead is grounded and the other sup­
plies +45 volts de through RI and RU. Re­
sistor RUI is supplied -48 Yolts de from 
the central office battery. The remote ends 
of all the relay circuits are tied together 
and grounded. The currents applied to the 
circuit can be varied by the adjustment of 
variable resistors RI, RU, and RIII. When 
the line up of the equipment has been cor -
rectly completed, as specified in the appen­
dix to Section 067-201-201, the signaling 
currents through RI, RII, and RIII, in com­
bination with other circuit currents which 
flow during the concentrator idle (no switch­
ing occuring) condition, will cancel each 
other at the remote end. Thus, only a neg­
ligible current should flow in the common 
earth return when the switching mechanism 
is inactive. 

4.10 Direct current from the rectifier di-
vides between RI and RII and is then 

further divided between relays RA,. RD, RB, 
and RE. This current operates these 8 relays, 
four in the central office unit and four in 
the subscriber unit. Similarly, central office 
bettery current flows in the RC and RF re­
lay pairs and in resistor RUI and operates 
these four relays. Although the current in 
relays RC and RF is flowing in the opposite 
direction with respect to the currents in RA, 
RD, RB, and RE, this does not affect the 
circuit function, -because the direction df 
current flow in the relay does not change 
its manner of operation. 

4. ll If the above established circuits are 
now interrupted at either end by the 

operation of the PA or Gl relay, no current 
will flow through the RA relays and both will 
be released. However, current will still ·now 
through the RD, RB, RE, RC, and RF relays 
keeping them operated. When the PA or Gl 
relay, depending on which was considered 
operated, is released, current will again 
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flow, re -operating the RA relays in both 
units. This circuit arrangement provides 
control of two sets of relays; one set in 
the central office unit, the other at the re­
mote subscriber unit. The other pairs of 
relays, RD, RB, RE, RC, and RF, function 
in the same way. 

4.12 The winding of each relay RA through 
RF is shunted by a capacitor whose 

purpose is to regulate relay switching speeds. 
The capacitors tend to make the relays 
somewhat slower in operating and slightly 
slower in releasing, due to the respective 
charging and discharging effect. 

4.14 The circuit function of marking the 
vertical bar (trunk) 1 for selection 

proceeds with the M relay operating relay 
N. Relays M and W operate relay VB 1, 
which closes a circuit from ground through 
the winding of the BSU relay through the 
previously loaded vertical bar l sleeve flag 
contact and horizontal bar 50 sleeve contact 
finger to 600-ohm battery through the AK 
key normal. Relay VB l operated also re­
leases relay W. 

49-9-2 and 49-12-2 

The operation of relay BSU operates 
relay PD, one of the four marking control 
relays' used for vertical bar selections. The 
PD relay opens the path of current to the 
RD relays, releasing them in both units. 
Continued at 4.15. 

49-11 + 1-2 

The operation of the V2 relay (4.13) 
opens the path of current to the RF relay 
to the remote unit i!:nd transfers the current 
through Rl 7 to ground. The relase of the 
RF relay in the remote unit releases the 
SCH. This prevents any operation from an 
originating call interfering with the opera­
tion of the central office unit until a verti­
cal can be preselected. The operation of 
relay X, (4.13) operates relay V. Although 
relay X releases almost immediately due 
to the operation of relay UB, the V relay 
is held operated from ground through nor­
mal D relay contacts, operated C relay 
contact, operated contacts of the V2, BSU, 
V2 relays, released K, operated SCH through 
the winding of the V relay to battery. The 
V relay operates the V 1 relay and the oper­
ation of the Vl relay, releases relay V2. 
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The release of relay V2, closes the path of 
current to the RF relay in the remote unit 
reoperating the RF relay. The RF relay 
operates the SCH. Relay V2 released, opens 
the ground for relay V and prepares an op­
erate path for relay PD. The time interval 
for the operation of the PD relay is deter­
mined by the slow release of relay V. With 
the release of relay V, relay PD operates, 
slow release relay V 1 starts to release but 
relay PD establishes a locking path so that 
relay V 1 will not release. The release of 
the V2 relay also operates relay V3. The 
operation of relay PD opens the path of 
current to the RD relays, releasing them in 
both units. 

4.23 The central office unit Al relay op-
erates relay V which releases the 

marking control relay PD, re-establishing 
the flow of current to the RD relays, re­
operating them. Relay V, in the 49-9-2 
model with serial numbers 448 and up, all 
49-12-2 models, operates relay V 1. Relay 
Vl on the above models, operates relay 
AB 1. The RD relays operate their re spec -
tive SCH relays. The Al relay also provides 
a path to hold the UB relay, which is one 
of the trouble detecting features of the line 
concentrators. It will be covered in detail 
later under trouble dete.cting features. 

5. ORIGINATING CALL 

5.07 The G6 and Fl marking control re-
lays operated in the remote unit now 

function to condition the two sets of marking 
relays RA to RF. Relay F 1 opens the cir­
cuit to the RD relays and they release. The 
G6 relay opens the circuits for the RB and 
RC relays and they release. The released 
RB, RC, and RD relays release the SCH re­
lays in their respective units. The SCH re­
lays released, close battery through the 
windings of the PIRT and RT 1 relays in 
series to ground through the normal contacts 
of relay RD and operated contacts of relays 
RE and RF in their respective units. The 
RT-relays close through the leads from the 
horizontal bar magnets T 1 to T49 in each 
unit. The RT 1 relay closes through the leads 
for magnets Tl, T2, and T3. Only T2 mag­
net will be operated at each unit, however,, 
due to the combination of RA operated and 
RB, RC relays released. The PIRT relay in 
the central office unit operates the KO and 
KOl relays. The KO, KOl, and PIRT relays 



( 
open the ope rating path of all RA to RF 
marking relays, preventing, in this case, 
the possible reoperation of relays RB, RC, 
and RD until this call is established. The 
operated RA, RE, and RF relays are locked 
through their own contacts. 

5.14 At the central office unit the released 
D relay reoperates relay C and mag­

net T50. It also opens the circuit to lead 
cut-in relay RT 1 and slow release relay 
PIRT, releasing them. The released PIRT 
relay releases relays KO and KOl. These 
three relays released close through the de 
current !o marking relays RB, RC, and RD, 
respectively, reoperating them. Released 
relay KOl also operates relay AB 1. 

8. ALL-TRUNKS- BUSY FEATURE 
49-11 + 1-2 

8.03 Slow release relay V 1 will release 
because marking control relays PA­

PD did not operate to indicate that a vertical 
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APPENDIX 1 

bar (trunk) is idle. Relay: Vl released, op­
erates relay V2. Relay V2 operated, opens 
the path of current to control lead VII which 
causes the release of relay RF in the re­
mote unit. Relay RF released, releases re­
lay SCH. Relay SCH released, prevents the 
remote unit from setting up a call until the 
all-trunks-busy condition is removed. In the 
central office unit, the operation of relay V2 
prevents the release of relay RF by trans­
ferring the current from control lead VII to 
ground through Rl7, releases relay V3 which 
is made slow release. The combination of 
an operated V2 and slow release V3 will 
give a tabulation on the all trunks busy reg­
ister, if provided. 

8.16 Relay V operated, operates relay Vl 
which in turn releases relay V2. The 

release of relay V2 re-establishes the cur­
rent in control lead VII operating marking 
relay RF which in turn operates relay SCH 
in the remote unit. The release of relay VZ 
also operates relay V3 and releases relay 
Al. 
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REMOTE UNIT 

I 
CONTROL LEADS I-n-m-Y.-1ZI-E 

1 RA 1 RB 

CHARGE 
3500MF 
CON0 

I RC 

4 SCH 

I RO 

4 SCH(SR) 

I 
I 
I 
I 

CONTROL LEAD N 

I 
I 
I 
I 

CONTROL LEAD 7 

I 
I 

3 RS3 3 RS2 3 PIRS 

I 
I 
I 
I 

3 SI (MAG) 

3 ABS 3 A 

I 
I 

RI NG OF TRUNK NO. l 

3 PIRS 3 RS2 3 RS3 3 ABS 

I 
I 
I 

(SR)-SLOW RELEASE 
S- (MAG)-LIFT MAGNET 

CONTROL LEAD Y. 

NO.ON LEFT -OS DRAWING NUMBERS 
T-(MAG)- CUSTOMER BAR MAGNET 

1 AB 

I C 

1 RA 

# 
1 ABI t 

2 

CENTRAL OFFICE UNIT 

ACVOLTAGE CONNECTED 

1 RB 1 RC t RD t RE I RF 
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~--- DC VOLTAGE CONNECTED 

UB 

X 

2 X 2 w 2 M 4 SCH 

2 VBt 2 N 

2 w 2 BSU 

3 PO 

I RO 

4 SCH(SR) 

3 RS2 3 ..PIRS 3 RS3 

3 KO 

3 SI (MAG) 

3 vt* 

2 TSO 
{MAG) 

3 PD I ABI* 2 BSU 

1 RO 

4 SCH 

# S 10460-3 ONLY 
* S 10460-4 

IFIAO DOES 
3 RS3 3 RS2 NOT OPERATE 

3 PIRS 2 M(SR) 1 UB 

3 KO 

6 A2 

6 u 

2 VB2 

2 BSG 2 VBI TOSC7 

INITIAL OPERATION set 
(49-9-2 a 49-12-21 
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1 j RA 

I 
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350 
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AP 
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1 RF 

4 SCH 

3 l RS3 

31 ABS 

31 RS3 
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REMOTE UNIT CENTRAL OFFICE UNIT 
- - - - -CONTROL LEADS I n m 1l ~ 1m 

1 RC 1 ~ RD 1 RE 1 ~ RF 1 . RA 1. RB 1 RC 

CONTROL LEAD N 1 AB 1 l V3 1 V2 1 l ABl l UB 41 SCH 

4 SCH CONTROL LEAD 1ZII 
_1 - ~ RF l C 1 - -- V3 (SR) 2 - -- X 

4 -- SCH (SR) 

CONTROL LEAD W 

1 ! V3 

CONTROL LEAD 1z: 

1 - - RD 

4 - - SCH (SR) 

3' RS2 3 PIRS 3 ~ RS2 

3 Sl 
Tl P OF TRUNK No. l 

I 

3lA 3 ~ A 

3 - -- RS2 3 l PIRS 3 j_ ABS 

CONTROL LEAD 1z: 

1, RD 31RS2 31RS3 3 • - PIRS 

4, SCH 3 • - KO 

1 

2 

1 

3 

1 -

1 -

3, 

1 -

4 -

3 

3 

3 

1 

3 -

1 : 

4; 

6 

~ AC VOLTAGE APPLIED 

RD 1 . RE 

le X 2 w 

V 2 ~ VBl 

Vl 2 ~ BSU 

- V2 

-- V (SR) 

PD 

- RD 

- SCH (SR) 

PIRS 3 l RS3 

Sl 3 ! KO 

Al 21 BSU 

V 

L.. PO 

1 RF 

2 M 

2 ~ N 

2 -- W 

..,--DC VOLTAGE APPLIED 

1l T50 

IF (Al) D OES 
RATE NOT OPE 

RD 2 - ,_ M (SR) 1 - ... UB (SR) 

SCH 2. VB2 2 X 

A2 2 - - VBl 2 l BSG 
TO 

SC 7 _ -
6, U 

INITIAL OPERATION SC1 
(49-11 + 1 - 2) 
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CENTRAL OFFICE UNIT 
RELAYS OPERATED-
RA to RF, SCH,A,A1,A2,AB, 
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1 'v1* · 
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I RD 
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I -
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CUT-OFF *.-------.-----t------------- CLOSURE OF STATION TO LINE EOUIPMENT--------------------

5 ~H" 
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OPENED OPENED 

4- D{SR) 

I RC 

3 t ABS 

4- T2 (MAGI 

I RO 

, SCH 

4 PIRT 

,_ SCH(SR) 

3 PIRS 

3 S2 (MAG) 

3 A 

3 PIRS 

t f RC 

•* SCH 

3 RSI 

TN - LINE RELAY 

CONTROL LEAD m 

CONTROL LEADS Ir & ~ 

CONTROL LEAD m 

RING OF TRUNK 2 (D 

CONTROL LEAD m 

T- (MAGI - LINE BAR MAGNET 
TR• CUT·OFF CONTACTS LINE 

OISCONNECTBAlf 
S•IMAGI - LIFT MAGNET 

SR - SLOW RELEASE RELAY 
NC).ON LEFT - OS DRAWING NUMBER& 

I 
I 

I 
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I 
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Z M 
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3 ... KO 

____________ _. 

6 A2 

6 U 

ORIGINATING CALL 
LINE •2 TO TRUNK#1 

5C2 
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;;ROUND ON SLEEVE 

FROM SC6 

1 -ABI 
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15MF * IF RELAY Vl IS PROVIDED 
~ 

IN 49-9-2 

V2 
V3 

48V 

~ 48V · - l:J - I · TO 0S6 

' 1 

V 
V 1 
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-

48V ...... ~ ...... ---1,-+--11, 
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2 

M A2 
--~--+-..... ,, 

2 3 

@ RO RE RF 

f ;1 11 11 Jr, r:;1 
( 4 )( >) 1,, 1 

X 
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,, 

V V2 BSG 

D K I,~ :; H ·: I <= SCH 

41 2 I )( 
3 i" ,,. 
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MARKING RELAYS AND INITIAL 
RELAY OPERATION 

001-A 

+45V 

Rectifier 

-48\TIX; 

_i_ 

(!)49-9-2 

@ 49-11+1-2 

Q) 49-12-2 
t!2!:ll: 

Remote Unit 

Control Lead ~ 1 

~IL 

G2 GJ G6 G7 

Control Lead VI 1 RE 4 "1-4---

Rf I 

1 - Battery for Horizontal Mags. Tl to T49. J500HF 
2 - Battery for Remote Unit. except Mags. R1 AB Control Lea<1 IV D R5 l+rl•· Tl to T49. , _[ii I~ - - - - -< 1--.-....+----''-n"'-'•---

7 (No e 1) O + 
(Note 2) 
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N 

48V 
3 
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D 
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BES(MAG) 

48V 110 
4 1 

G7 

© 
@ 
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PC 

4 
Ir 
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~ 1 
,, 

© ~,, 
C 

M 
1, 

PIRS 

I• 
I 
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6 

X ~,, 
I• 

@4 ~ 48V· -l:J - I ·TOOS6 

4 
48V ... · ....,...., .... 

,, 500"'' 
600"' 

V3 BES KO 

" 
M 

4 1 NI 2 2 

C 48V ,, 
D 

2 
,, 

4 50"' X BSU 
1 l 

M 

J 49-9-2 2MF 

49 -11 + 1 - 2 

49-12-2 4 

49 - 9 - 2 SERIAL NOS. 2 TO 4 ONLY 
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