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1. GENERAL 

1.01 This is one of a group of sections covering 
the Gfeller line concentrator. This section 

contains a detailed circuit description, sequence 
charts, operational sketches and reference mate­
rial. 

1.02 This section is reissued to include infor-
mation on the Gfeller line concentrator 

models 49-11 + 1-2 and 49-12-2 and the title has 
been changed accordingly. Since this reissue cov­
ers a general revision, arrows ordinarily used to 
indicate changes have been omitted. 

1.03 The basic equipment element used in the 
Gf eJler line concentrator is a crossbar 

type switch. The function of this · switch is to 
permit a circuit connected to any one of the 49 

horizontal bars to be closed through to any one 
of the circuits connected to the vertical bars. 
There are two switches associated with each line 
concentrator, one in the central office unit and 
the other in the remote unit. 

1.04 The Gfeller line concentrator enables 49 
telephone lines, individual or multiparty, 

to be served by central office line equipment over 
nine cable pairs in the case of the 49-9-2, eleven 
cable pairs in the case of the 49-11 + 1-2 or 
twelve cable pairs in the case of the 49-12-2. 
These are the maximum capacities of the concen­
trators, but other combinations less than these 
can be utilized. 

1.05 The remote unit is powered from the cen­
tral office unit and two cable pairs are re­

quired for power feeding and circuit control 
functions. See Fig. 2 attached. 

2. SWITCH FUNCTIONS 

2.01 The switch at the remote unit has 49 
horizontal bars for connecting to 49 cus­

tomer lines. The switch at the central office unit 
has 50 horizontal bars, 49 of which can be con­
nected to line equipments. The 50th bar provides 
a sleeve connection to battery for certain trunk 
selection circuit functions. There are vertical 
bars on each switch to which the trunks are con­
nected. 

2.02 Each horizontal bar has sets of wire con-
tact fingers which are arranged so that 

a set is in line with each of the vertical bars. 
In the central office unit each set consists of three 
contact fingers: tip, ring, and sleeve. They are 
multiple wired at the rear of the horizontal bar, 
that is, each of the tips are wired together, as 
are the rings and sleeves. The remote unit is 
arranged in the same manner except that the 
sleeve connection is omitted. The horizontal bar 
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and its sets of two or three contact fingers is 
moved to the right whenever its associated coil 
T- is energized. See Fig. 3 attached. 

2.03 The vertical bar extends from the first to 
last horizontal bar and is aligned with the 

49 or 50 sets of contact fingers ( one set per bar). 
It is mad.e of transparent plastic in which three 
metal contact strips, extending the length of the 
bar, are partially embedded. Each contact strip 
has 50 triangular projections cut out and bent to 
the left. These are called flag contacts. The flag 
contacts coincide with the horizontal bar and will 
engage the horizontal bar contact fingers after 
the circuit operations of moving the horizontal 
bar to the right and dropping the lifted vertical 
bar. The vertical bar is raised whenever its lift 
magnet is energized and falls when the magnet 
is de-energized. Fig. 4 attached, illustrates the 
switch, rear view, of the 49-9-2 concentrator and 
is indicative of all three models. 

2.04 When the vertical bar descends and makes 
contact with the particular set of contact 

fingers it will push the horizontal bar contact 
fingers still farther to the right due to the shape 
of the flag contacts. This action is shown in Fig. 5 
attached, which shows the rear of one flag con­
tact and its associated contact finger. This move­
ment of the contact fingers will push the discon­
nect bar, which is part of the horizontal bar 
assembly, to the right operating the horizontal 
bar cutoff contacts TR-. This additional follow 
also assures a good contact between flag and 
finger. 

2.05 At the central office unit one pair of op-
erated TR- contacts opens the circuit to 

the T- coil, which releases the horizontal bar and 
its unused sets of contact fingers. The other pair 
opens the path for operating the line relay TN-. 
At the remote unit both pairs of TR- contacts 
open the path for operating the line TN- relay 
from the customer's loop. 

2.06 The equipment is so arranged that circuit 
operations for controlling the switches 

cause the same numbered horizontal bar contact 
fingers and vertical bar flag contacts to be en­
gaged at both units. 

2.07 There are also sets of contacts associated 
with each vertical bar. They are desig­

nated to correspond with their lift magnets. 
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These contacts remain open until the lift mag­
nets are operated. 

2.08 In the central office unit the leads from 
the horizontal and vertical bars are wired 

to a terminal strip. In all models of the concen­
trators, tip, ring and sleeve of the 49 horizontal 
bars are wired to this strip. The vertical bar 
leads are wired to this strip as follows: 49-9-2, 
the tip and ring are connected, 49-11 + 1-2 and 
49-12-2, the tip, ring and sleeve of the numbered 
bars are connected. They are then cabled from 
this terminal strip to a terminal strip on a dis­
tributing frame. This provides a flexible method 
of cross-connecting the horizontal bars to the 
assigned line equipments and the vertical bars 
to the assigned trunk cable pairs. The sleeve 
leads of the vertical bars of the 49-11 + 1-2 and 
49-12-2 may be cross-connected as required for 
applique circuits. See Section 067-201-103. 

2.09 In the remote unit the tips and rings of 
the 49 horizontal bars and the vertical 

bars are wired to the lugs of a protector mount­
ing within the unit. This provides protection 
against accidental contact of outside plant with 
foreign high voltages, lightning or sneak cur­
rents that might damage the concentrator equip­
ment. They are then cabled from the protector 
mounting to an external cross-connection termi­
nal that permits flexible connection with the 
distributing cable pairs. 

3. SEQUENCE CHARTS AND OPERATIONAL 
SKETCHES 

3.01 Sequence charts and operational sketches 
are included as an aid in understanding 

the circuit operation of the Gfeller line concen­
trator. 

3.02 Sequence charts, abbreviated SC, indicate 
the relative order in which various relay 

and switch functions occur. The action pro­
gresses from top to bottom on a chart. Where 
more than one action takes place as a result of a 
function, horizontal line or lines are used to indi­
cate this. Slow release relays are designated SR. 
The symbol X is used to show a relay or a mag­
net operated and the symbol - for released. 

3.03 A sample section of a sequence chart with 
an explanation is shown on page 3. 



2 VB I 

esu 2 w 

PO 

f RD 

SCH (sR) 

This is interpreted as follows: The VBl relay op­
erates followed by the release of the W relay and 
the operation of the BSU relay. The operated 
BSU relay causes the operation of the PD relay, 
which in turn causes the release of the RD relay. 
The released RD relay causes the release of the 
SCH relay which is slow in releasing. Although 
contacts of the W relay are used later in the cir­
cuit, no attempt is made to indicate this by draw­
ing a vertical line to these points since to do so 
would unnecessarily complicate the chart. Th£. 
number to the left of a contact on SC charts 
refers to an OS drawing number where the des­
ignated relay may be found. 

3.04 Operational sketches, abbreviated OS, are 
simplified circuit representations that en­

able the reader to better understand circuit func­
tions. The operating paths of relays and magnets 
are shown from battery to ground using de­
tached contacts of relays, jacks, keys, and other 
apparatus. This arrangement makes a clear, con­
cise drawing permitting particular functions to 
be isolated and considered individually. Shown 
in Table A are typical symbols used on the OS 
drawings. Adjacent to the symbols will be found 
the equivalent attached contact symbol. 

Note: Relay contacts are individually num­
bered by groups and a group may consist of 
two contacts (make or break) or three con­
tacts (transfer). 
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TABLE A 

OS SYMBOL ATTACHED CONTACT 
DRAWING EQUIVALENT 

RELAY -G- iJ_ WINDING 

SLOW -D- it RELEASE 
RELAY 

L_f 
NORMAL ----i--4-- -a, CONTACTS 

OPERATED 
~ ~ CONTACTS 

T~ANSFER 1-.J 
CONTACTS +t OR+-b ~ 
FIXED 
~ RESISTOR 

VARIABLE 

~ RESISTOR 

CAPACITOR --ir 
METALLIC -c+-RECTIFIER 

TEST @® JACK 

3.05 Equipment troubles can usually be iso-
lated by a combination of observing the 

equipment in operation and referring to the ap­
propriate SC chart. The exact point of failure 
of a circuit may then be found by use of the OS 
drawings and the circuit description. 

4. INITIAL CIRCUIT OPERATION AND TRUNK 
PRESELECTION 

4.01 Before the line concentrator is turned ove1· 
for customer service a line-up procedure 

is followed. This includes various tests to assure 
reliable operation of the equipment. The line-up 
procedure is covered in Section 067-201-201. The 
following explanation presumes this line-up of 
the equipment has been completed and that the 
point of putting the units in service has been 
reached. 
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4.02 Prior to making the equipment available 
for service calls all vertical bars must 

be loaded on the 50th horizontal bar at the cen­
tral office unit. Loading as used in this section 
refers to the engaging of vertical bar flag con­
tacts with horizontal bar contact fingers. It is 
accomplished electrically as explained under 
switch operation. Manual loading consists of 
manually moving a horizontal bar to the right 
to its operated position, and then in turn lifting 
and dropping a vertical bar. The horizontal bar 
is now released, leaving the flag contacts en­
gaged with the contact fingers. To load all ver­
tical bars on horizontal bar 50 manually neces­
sitates holding horizontal bar 50 to the right 
until each of the vertical bars has been, in turn, 
raised and then dropped. This will provide bat­
te:r.y on the sleeves of the vertical bars, simulat­
ing an idle sleeve indication. This is necessary 
for the functions of preselecting the vertical 
bars. After the vertical bars have each been used 
once to serve a call, the sleeve indication will be 
provided by the connected line equipments. 

4.03 The functioning of relays when power is 
applied and during the initial selection of 

vertical bar 1 is shown on SCl. An explanation 
of these functions will be found in the para­
graphs that follow. 

+ POSITIVE 

0 r,. r,. 0 vvv +r\ 0 

4.04 The application of ac potential at the cen-
tral office unit causes relays RA to RF to 

operate in both units. These two sets of RA to 
RF relays are part of the marking circuit and, 
when they are operated or released in identical 
combinations, will cause the operation of the 
same numbered vertical bar or horizontal bar in 
both units. Tables B and C, respectively, show 
the various combinations of RA to RF relays 
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 mark-
ing relays can be followed by referring to 

Fig. 1. This shows two of the six pairs of relays 
with their rectifier elements. The normal con­
tacts of only four of the marking control relays 
are used in the figure. Actually more control re­
lays are used in the circuit in order to control 
the required number of selections. 

4.06 The 115-volt alternating current from the 
commercial power supply is stepped down 

to 70 or 80V ac by a transformer whose second­
ary is grounded on one side. The remote end of 
the circuit is grounded so that circuit continuity 
is achieved using one metallic conductor and a 
common earth return. The amount of ac current 

I 0 0 I - NEGATIVE 
PA RA RECTIFIER RA GI RI I + + 

~ ~ 
-:-

C 

7 

PD RD RD 
Fl + 

vv v 0 
CENTRAL OFFICE UNIT REMOTE UNIT 

Fig. 1 
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applied to the circuit can be varied by adjust­
ment of a variable resistor, RI. 

4.07 Alternating current has the characteristic 
of changing from a positive to a negative 

polarity during each cycle. The commercial 
power supply makes 60 complete cycles each 
second and several are shown graphically in 
Fig. 1. One cycle of ac can then be considered to 
contain one positive half cycle and one negative 
half cycle or in one second, 60 positive half cycles 
and 60 negative half cycles. 

4.08 Rectifiers or diodes have the property of 
presenting a very low resistance to a cur­

rent of one polarity and a very high resistance 
to a current of the opposite polarity. Therefore, 
these diode (two-electrode) devices may be used 
in a circuit to pass one polarity of current while 
effectively blocking the opposite polarity. The 
manner in which the electrodes are connected in 
a circuit determines the polarity of current, 
positive or negative, that will be passed and in­
versely that which will be blocked. 

4.09 The rectifier symbol as designated in 
Fig. 1 shows the arrow side as positive. 

This conforms with the original theory that cur­
rent flow was from positive to negative. Conse­
quently the arrow of the rectifier symbol points 
in that direction. Although this is contrary to the 
present day electronic theory, that states elec­
tron flow is from negative to positive, it does not 
alter the circuit objective of discriminating be­
tween positive and negative current. Regardless 
of which theory is used the results achieved will 
be the same. 

4.10 The ac current applied through the RI 
resistor divides between the RA relay in 

series with its rectifier and the RD relay in series 
with its rectifier because the rectifiers are poled 
exactly opposite. The positive half cycles of cur­
rent operate the RA relays and the negative half 
cycles of current operate the RD relays, one in 
the central office unit and one in the remote unit. 

4.11 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. 
The negative half cycles of current will still keep 

ISS 2, SECTION 067-201-102 

the RD relays operated. When the PA or Gl re­
lay, depending on which was considered oper­
ated, is released, positive half cycles of current 
will flow, reoperating the RA relays in both 
units. This circuit arrangement is unique inas­
much as it provides control of two sets of relays, 
one set in the central office unit, the other at the 
remote unit over one cable conductor. The other 
pairs of relays, RB, RE and RC, RF with their 
rectifiers and cable conductors, function in the 
same way. 

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

pose is to smooth out the half cycles of ac cur­
rent, thus preventing armature chatter. The 
capacitors tend to make the relays somewhat 
slower in operating and slightly slower in releas­
ing, due to the respective charging and discharg­
ing effect. This side effect, however, does not 
adversely affect the relays' circuit functions. 

4.13 The initial application of de voltage to 
the central office unit causes various relay 

functions that lead to the selection and opera­
tion of the No. 1 vertical bar (trunk). At the 
point of de voltage application, as shown on SCl, 
the foil owing relays operate in the central office 
unit: 

49-9-2 serial nos. 2 to 447 
AB, ABl, M, SCH, UB, W, and X 

49-9-2 serial nos. 448 and up 
AB, M, SCH, UB, W, and X 

49-11+1-2 
AB, ABl, M, SCH, UB, V2, V3, W, and X 

49-12-2 
AB, M, SCH, UB, W, and X 

The T50 magnet coil is also energized, oper­
ating horizontal bar 50. The operated AB re­
lay, closes battery to control lead 4, operates 
the SCH relay and charges the 3500 MF capaci­
tor in the remote unit, and operates the C relay 
in the central office unit. 

4.14 The circuit function of marking the verti-
cal bar (trunk) 1 for selection proceeds 

with the M relay operating relay N. Relays M 
and W operate relay VBl, which closes a circuit 
from ground through the winding of the BSU re­
lay through the previously loaded vertical bar 1 
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TK NO. 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

LINE 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
JS 
39 
40 
41 
1..2 
43 
44 
45 
46 
47 
48 
49 
AK 
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TABLE B VERTICAL BAR (TRUNK) SELECTION RELAYS 

MARKING CONTR()L LEAD CUT-IN MARKING 
PA 

--
X 

X 

--
X 

X 

-
X 

-
X 

PB PC PD RSl RS2 RS3 RA 

- - X - X X X 

- X - X - - X 

- - X - X X -- X - X - - -
X - X - X X X 
X X - X - - X 
X - X - X X -
X X - X - - -- X X - X X X 

- X X - X X -
X X X - X X X 
X X X - X X -

Note: 49-9-2 uses trunks l to 9 only 
49-11+1-2 uses trunks l to 11 only 
49-12-2 uses all twelve trunks 

RB RC 
X X 

X -
X X 

X -
- X 

- -
- X 

- -
X -
X -- -- -

TABLE C HORIZONTAL BAR (CUSTOMER) SELECTION RELAYS 

MARKING CONTROL MARKING 

G- F- RA RB RC RD RE 

5 l - X - - X 
6 l X - - - X 
7 :?. - - - - X 
8 2 X X X X -
l 2 - X X X -
2 2 X - X X -
3 2 - - X X -
4 2 X X - X -
5 2 - X - X -
6 2 X - - X -
7 2 - - - X -
8 1 X X X - -
l 3 - X X - -
2 3 X - X - -1 1 - - X - -
4 3 X X - - -
5 3 - X - - -
6 '3 X - - - -
7 3 - - - - -
8 4 X X X X X 
l. 4 - X X X X 
2 4 X - X X X 
3 4 - - X X X 
4 4 X X - X X 
5 4 - X - X X 
6 4 X - - X X 
7 4 - - - X X 
8 5 X X X - X 
l. 5 - X X - X 
2 5 X - X - X 
3 5 - - X - X 
4 5 X X - - X 
5 5 - X - - X 
0 5 X - - - X 
7 5 - - - - X 
8 6 X X X X -
l. t> - X X X -
2 6 X - X X -
3 6 - - X X -
4 0 X X - X -
5 6 - X - X -6 6 X - - X -
7 6 - - - X -8 7 X X X - -
l. 7 - X X - -
2 7 X - X - -
3 7 - - X - -
4 7 X X - - -5 7 - X - - -6 7 X - - - -

RD 

-
X , -
X 

-
X 

-
X ----

RF 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
y 

X 

--
-
--
-
-
-
----
--------------
-----

RE RF 

X X 

X X 

X X 
X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

LEAD 
CUT-IN 

RT-
l 
l 
l 
2-3 
2-3 
2-3 
2-3 
2-3 
2-] 
2-3 
2-3 
4-5 
4-5 
4-5 
4-5 
4-5 
4-5 
4-5 
4-5 
6-7 
6-7 
6-7 
6-7 
6-7 
6-7 
6-7 
6-7 
8-9 
8-9 
8-9 
8-9 
8-9 
8-9 
8-9 
8-9 

10-ll 
10-ll 
10-ll 
10-ll 
10-11 
10-ll 
10-ll 
10-ll 
12-13 
12-l.] 
12-13 
12-13 
12-13 
12-13 
l.2-13 



sleeve flag contact and horizontal bar 50 sleeve 
contact finger to 600-ohm battery through the 
AK key normal. Relay VBl operated also re­
leases relay W. 

49-9-2 and 49-12-2 

The operation of relay BSU operates re­
lay PD, one of the four marking control relays 
used for vertical bar selections. The PD relay 
opens the path for the negative half cycles 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 for the negative half cycles of 
current to the RF relay to the remote unit and 
transfers the current through Rl 7 to ground. 
The release of the RF relay in the remote unit 
releases the SCH. This prevents any operation 
from an originating call interfering with the 
operation 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 re­
leases almost immediately due to the operation 
of relay UB, the V relay is held operated from 
ground, through normal D relay contacts, oper­
ated 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 Vl relay and the oper­
ation of the Vl relay, releases relay V2. The 
release of relay V2, closes the path for the nega­
tive half cycles 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 
operate path for relay PD. The time interval 
for the operation of the PD relay is determined 
by the slow release of relay V. With the release 
of relay V, relay PD operates, slow release relay 
Vl starts to release but relay PD establishes a 
locking path so that relay Vl will not release. 
The release of the V2 relay also operates relay 
V3. The operation of relay PD opens the path 
for the negative half cycles of current to the RD 
relays, releasing them in both units. 

4.15 The release of relay RD, at the central 
office end of the marking circuit, releases 

relay SCH which in turn operates relay PIRS, 
RS2 and RS3. The RS2 and RS3 relays cut 
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through the odd-numbered leads from the 
56-ohm windings of all odd-numbered S-lift mag­
nets to the contacts of the RA relay. The combi­
nation of RA, RB, and RC relays operated closes 
through battery operating lift magnet Sl to 
ground on the operated PIRS relay. Relay PIRS 
also operates relay KO. Relay KO prevents false 
operation of relay A2 until the vertical has been 
operated and checked. 

4.16 The release of relay RD, at the remote 
enq of the marking circuit, releases its 

SCH relay which in turn operates relays PIRS, 
RS2, and RS3. The RS2 and RS3 relays cut 
through the windings of all the odd-numbered 
S-1 magnets in the remote unit. The combination 
of RA, RB, and RC relays operated close through 
battery to operate lift magnet Sl via the operated 
PIRS relay to ground on the normal contacts of 
the A relay. 

4.17 The vertical bar (trunk) 1 is now lifted 
at both units. No. 3 contact of the Sl lift 

magnet in the remote unit closes through a path 
to operate relay ABS from battery through R2 
resistance, normal SCH, operated No. 3 contacts 
of S1 lift magnet, through the winding of relay 
ABS, operated PIRS to normal A relay contacts 
to ground. On models of the 49-9-2 with serial 
nos. 2 to 234 and 270 to 331, the remote unit was 
not equipped with an ABS relay. The function 
of the ABS relay is to remove battery to the 
line TN- relays until a vertical bar has been 
lifted, checked and ready to serve an originat­
ing call. 

4.18 The operation of these connector bars is 
now checked in both units as follows. The 

Al relay in the central office unit is operated 
through the operated contact of lift magnet Sl, 
the Sl magnet 300-ohm winding to ground 
through the operated M relay contacts and nor­
mal contacts of the A2 relay. This provides a 
supplementary path to hold this lift magnet 
operated. Battery through the winding of the 
A relay in the central office unit is closed 
through R14 resistance, test jack MC5, operated 
C relay to the Sl contacts. 

4.19 49-9-2: The path continues through No. 2 
contacts of the Sl lift magnet to the ring 

side of the cable pair associated with the No. 1 
vertical bar to the remote unit. The path con-
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tinues through the No. 2 operated contacts of 
the S1 lift magnet, the S1 magnet 300-ohm wind­
ing to ground through the A relay winding, thus 
operating the A relay in each unit. 

4.20 49-11+1-2 and 49-12-2: The path contin-
ues through the No. 1 contacts of the 

S1 lift magnet to the tip side of the cable pair 
associated with the No. 1 vertical bar to the 
remote unit. The path continues through the 
No. 1 operated contacts of the S1 lift magnet, 
the S1 magnet 300-ohm winding to ground 
through the A relay winding, thus operating the 
A relay in each unit. 

4.21 All models: The operating path just de-
scribed also provides a holding path for 

the S1 magnet in the remote unit. The central 
office lift magnet Sl, is provided with a second 
holding path to ground through the operated 
contacts of the A relay in that unit. The two 
lift magnets have now been checked operated. 

4.22 The remote unit A relay opens the path 
to the 56-ohm operating winding of the 

S1 lift magnet and releases cut-in relays RS2 
and RS3, and relays PIRS and ABS. 

4.23 The central office unit Al relay operates 
relay V which releases the marking con­

trol relay PD, re-establishing the negative half 
cycles of current to the RD relays, reoperating 
them. Relay V, in the 49-9-2 model with serial 
numbers 448 and up, all 49-12-2 models, oper­
ates relay Vl. Relay Vl on the above models, 
operates relay ABl. The RD relays operate their 
respective SCH relays. The Al relay also pro­
vides a path to hold the UB relay, which is one 
of the trouble detecting features of the line con­
centrators. It will be covered in detail later un­
der trouble detecting features. 

4.24 The release of the PD relay in the central 
office unit also releases the PIRS, M, and 

cut-in relays RS2 and RS3. Relay M released, 
operates relay VB2, part of the vertical bar walk­
ing circuit. The VB2 relay operated release VBl 
and allows the BSG relay to operate to 600-ohm 
battery on the sleeve of connector bar 2. This 
vertical bar will be used on the second call that 
is handled by the concentrator. 
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4.25 The released PIRS relay in the central 
office unit releases relay KO which, with 

relay SCH, operates relay A2. A2 operates re­
lay U. The U relay operated closes through bat­
tery to the winding of the Ul (originating call) 
relay which is connected through the operated 
contacts of the S1 magnet to the trunk num­
ber 1. On the 49-9-2 models the path just men­
tioned is connected to the tip conductor of the 
trunk. On the 49-11 + 1-2 and 49-12-2 models, the 
connection is to the ring conductor of the trunk. 
The remote unit is now in a condition to serve 
an originating call. The operation of the Al re­
lay in 4.18 closed through the path for operating 
the K (terminating call) relay which permits a 
terminating call to be served. 

5. ORIGINATING CALL 

5.01 SC2 assumes a call being made by a cus-
tomer connected to horizontal bar 2 and 

assumes vertical bar (trunk) 1 has been pre­
selected and operated as shown on SCl. The 
relays found operated in both units as this call 
begins are designated at the top of SC2. 

5.02 The station short operates horizontal bar 
relay TN2 in the remote unit. This closes 

a circuit from ground through normal contact 2 
of the GI- G5 relays, the winding of relay G6, 
contact 1 of relay TN2, resistor RTN-2, through 
both windings of relay Fl, through normal con­
tact 1 of F2 through F7, MC4 test point to the 
S1 lift magnet operated contacts. 

5.03 49-9-2: The path continues through con-
tact 1 of the S1 lift magnet, over the tip 

cable conductor of trunk 1, through contact 1 
of the S1 lift magnet in the central office unit. 

5.04 49-11 +1-2 and 49-12-2: The path contin-
ues through contact 2 of the S1 lift, 

over the ring cable conductor of trunk 1, through 
contact 2 of the S1 lift magnet in the central 
office unit. 

5.05 All models: The circuit from the S1 lift 
magnet contacts continues through the 

1-2 winding of relay Ul, through variable resis­
tor R-12, operated contact 1 of relay U, test 
point MC4, operated contact 2 of relay ABl, 
operated contact 5 of relay A2, through resistor 
R4 to battery. 



5.06 Due to the combined circuit resistance, 
only relay Ul operates. The Ul relay locks 

to its 3-4 winding. The 1-2 winding is short­
circuited by its operated contact .3. This de­
creases the circuit resistance by 3200 ohms which 
increases the current flow in the circuit, allow­
ing relay Fl to operate. The Fl relay short­
circuits its 3-4 winding by contact 1 thereby 
further increasing the current flow permitting 
relay G6 to operate. 

5.07 The G6 and Fl marking control relays op-
erated in the remote unit now function 

to condition the two sets of marking relays RA 
to RF. Relay Fl opens the circuit for the nega­
tive half cycles of ac current to the RD relays 
and they release. The G6 relay opens the positive 
half cycles for the RB and RC relays and they 
release. The released RB, RC, and RD relays 
release the SCH relays in their respective units. 
The SCH relays released, close battery through 
the windings of the PIRT and RTl 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 Tl to T49 in each unit. The RTl relay 
closes through the leads for magnets Tl, T2, 
and T3. Only T2 magnet 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 op~rates 
the KO and KOl relays. The KO, KOl, and PIRT 
relays open the operating path of all RA to RF 
marking relays, preventing, in this case, the 
possible reoperation of relays RB, RC, and RD 
until this can is established. The operated RA, 
RE, and RF relays are locked through their 
own contacts. 

5.08 At the remote unit magnet, T2 is operated 
through contacts of the operated RA, nor­

mal RB and RC relays, operated PIRT relay 
to ground through the winding of the D relay. 
This operates relay D which in turn locks on its 
3-4 winding under control of the operated con­
tacts of the S1 lift magnet. The D relay removes 
the battery supply from all TN- relays, releas­
ing TN2 and any other TN- relay that might 
be operated on a can waiting to be served basis. 
The released TN2 relay releases the marking 
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control relays Fl and G6. The marking relays 
RB, RC, and RD remain released due to oper­
ated relays PIRT, KO, and KOL 

5.09 At the central office unit, magnet T2 is 
operated through contacts of the operated 

RA, normal RB and RC relay contacts, operated 
relay KOl contacts to ground through the wind­
ing of relay D. Relay D operates and in turn 
releases magnet T50 and relay C. Relay KOl 
operated releases relay ABl which in turn re­
leases relay Ul. The T50 magnet releasing re­
stores horizontal bar 50. This will prevent the 
sleeve of bar 50 from becoming engaged when 
the vertical bar is dropped. 

5.10 Relay C released opens the circuit to relay 
Al and lift magnet S1 in the central office 

unit, releasing relay Al and lift magnet S1. The 
released lift magnet drops vertical bar 1 which 
engages the contact fingers of operated horizon­
tal bar 2. The mechanical movement resulting 
from the flag contacts engaging the contact fin­
gers moves disconnect bar 2 opening the cutoff 
contacts TR2. The contacts TR2 open the path 
for operating relay TN2. This prevents a false 
operation of relay TN2 when the sleeve becomes 
grounded by the central office line equipment. 
The other set of TR2 cutoff contacts opens the 
circuit for the T2 magnet and relay D in series, 
releasing them. 

5.11 Relay C released also opens the circuit for 
the remote unit S1 lift magnet and the 

A relay in both units, releasing them. The S1 
lift magnet releasing drops vertical bar 1 which 
engages the contact fingers of operated horizon­
tal bar 2. This causes disconnect bar 2 to oper­
ate opening its two sets of cutoff contacts TR2, 
which removes the TN2 relay winding from the 
ring side of the station loop and the ground from 
the tip side. 

5.12 The customer station is now closed 
through the remote unit switch over 

trunk 1 through the central office unit switch to 
the line equipment, which now functions in the 
regular manner. The line concentrator proceeds 
with recycle functions, as discussed below, that 
lead to preselecting the vertical bar (trunk) to 
be used on the next call. 
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5.13 At the remote unit, the released vertical 
bar Sl contacts open the circuit for relay 

RTl which in turn releases horizontal bar mag­
net T2. The Sl contacts opened also open the 
circuit to slow release relay D. 

5.14 At the central office unit the released D 
relay reoperates relay C and magnet T50. 

It also opens the circuit to lead cut-in relay RTl 
and slow release relay PIRT, releasing them. 
The released PIRT relay releases relays KO 
and KOL These three relays released close 
through the ac current to marking relays RB, 
RC, and RD, respectively, reoperating them. Re­
leased relay KOl also operates relay ABl. 

5.15 All the marking relays RA to RF oper-
ated in both units operate their respective 

SCH relay. The SCH relay operated in the re­
mote unit releases relay PIRT in that unit. At 
the central office unit the operated SCH relay 
releases the slow release A2 relay. Released 
relay A2 releases relay U. 

5.16 When the Al relay in the central office 
unit releases it starts the release of the 

V relay by removing ground from its windings. 
The V relay is slow in releasing due to an RC 
network which consists of an R3 resistor, V ca­
pacitor and its three windings. The release time 
varies directly with the product of total resist­
ance times capacitance. This RC network main­
tains a current flow through the V relay windings 
while the V capacitor is discharging. The release 
time can be decreased by strapping out one or 
two windings. This slow releasing of the V re­
lay allows time to recharge the 3500 MF capaci­
tor when the battery is reconnected by the 
released D relay. The V relay released closes 
the circuit to the marking control relays PA 
to PD. ' 

5.17 49-9-2 and 49-12-2: Relay V also releases 
slow release relay Vl. On models of the 

49-9-2 with serial nos. 2 to 447, the line concen­
trator was not equipped with a Vl relay. 

5.18 49-11+1-2: Relay V also start_s to release 
relay Vl but the operation of relay PC, 

as explained below, prevents Vl from releasing. 
Relay PC locks relay Vl through its No. 5 con­
tact. 
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5.19 The function of preselecting a vertical 
bar, in this case bar 2, proceeds. The ver­

tical bar walking circuit which controls the 
se~ection of vertical bars on a rotational basis 
had been partially conditioned after vertical 
bar 1 had been operated. As shown on SCl, the 
VB2 and BSG relays operated indicate that VB2 
was the next vertical bar to be selected and that 
it is idle. With relays V and D released and re­
lay C operated, ground is closed through the 
operated BSG relay to battery through the wind­
ing of relay PC. Relay PC operates and opens 
the circuit for marking relays RC and they re­
lease. The RC relays released open the circuit 
for their respective SCH relays. The released 
SCH relays operate their PIRS and RSl relays, 
closing through lift magnet leads 2, 4, 6, 8. The 
S2 lift magnets will be operated due to the RA 
to RF and RSl relay operated and released com­
bination. 

5.20 49-9-2: At the central office unit, the op-
erated contacts of the S2 lift magnet 

closes a path from the A relay winding over the 
r-ing side of the trunk to the remote unit through 
its operated contacts S2, the 300-ohm winding 
of lift magnet S2 to the winding of the A relay. 

5.21 49-11+1-2 and 49-12-2: At the central 
office unit, the operated contacts of the 

S2 lift magnet closes a path from the A relay 
over the tip side of the trunk to the remote unit 
through its operated contacts S2, the 300-ohm 
winding of lift magnet S2 to the winding of the 
A relay. 

5.22 Both A relays operate, thus checking that 
the same numbered lift magnets have op­

erated at each end. The vertical bar 2 operating 
opens its sleeve circuit, releasing relay BSG. 

5.23 At the remote unit, the S2 lift magnet 
contact 3 closes through a path to operate 

relay ABS. Relay A releases the PIRS, RSl, and 
ABS relays. At the central office unit, relay A 
operates as does the Al relay from the S2 lift 
magnet contacts. Relay Al operates the V relay. 
Relay V operated, releases marking control re­
lay PC which closes the circuit for marking relay 
RC in both units and they reoperate. Relay V 
also operates relay Vl in the 49-9-2 and 49-12-2 
units. Released relay PC also releases relay RS:t 



and slow release relay PIRS. The RC relay oper­
ated in each unit operates its SCH relay. The 
PIRS relay releasing, releases relay KO and the 
combination of operated relay SCH and released 
relay KO operates relay A2 which in turn oper­
ates relay U, closing through the winding of re­
lay Ul to the trunk conductor of trunk 2. The 
remote unit can now serve the next originating 
call. 

5.24 The connection established on this call 
will rernain closed through the switches 

after the customer station and line equipment 
restores to normal at time of disconnect. The 
connection will be released only when this ver­
tical bar is next operated during the rotational 
selection of trunks as explained below. Until 
that time the customer will be connected through 
to the central office equipment. 

5.25 When relay PC released, it started the re-
lease of slow release relay N of the walk­

ing circuit. Relay N released operates relay M 
which operates relay VB3 and reoperates re­
lay N. VB3 relay operated releases relay VB2 
and closes a circuit to operate relay BSU. The 
BSU relay, in this instance, operates from bat­
tery on the sleeve of horizontal bar 50. 

5.26 Walking Circuit: The walking circuit, as 
mentioned above, consists of relays M, N, 

W, BSU, BSG, and VB- numbered relays in each 
central office unit. They function to rotate~ the 
selection of vertical bars (trunks) and to check 
their sleeves for an idle or busy condition, pass­
ing over any that indicate busy (ground on the 
sleeve). 

5.27 Mand N are slow release relays that func-
tion together to alternately operate the 

odd and even VB- relays. One of the odd VB-­
relays will be operated with relay M operated 
and one of the even VB- relays with relay M -
normal. Relays BSU and BSG are connected 
through to the odd and even vertical bar sleeves 
respectively. If the vertical bar is idle (battery 
on sleeve) relay BSU or BSG will operate. Relay 
BSU or BSG operated stops the walking circuit 
with a VB- relay operated. The VB- relay oper­
ated will be used during the recycle function 
which occurs after the next call is served. If a 
vertical bar that tested idle to the walking cir­
cuit becomes busy because of a previously estab-
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lished connection (see 5.24) during the interval 
before it is operated, application of ground over 
the sleeve will release BSU or BSG. This will 
advance the walking circuit until the next idle 
vertical bar is found, as indicated by battery on 
the sleeve to operate and hold relay BSU or 
BSG. 

5.28 49-9-2: After the walking circuit has ad-
va:nced and operated the VB9 relay, the 

next release of relay M will release VB9 which 
in turn allows relay W to operate through con­
tacts of all VB- relays normal. Relay W closes 
the circuit to operate relay VBl. This will start 
the whole sequence of rotation over again at re­
lay VBl when relay M reoperates. 

5.29 49-11+1-2: After the walking circuit has 
advanced and operated the VBll relay, 

the next release of relay M will operate relay W 
through operated contact 2 of relay VB 11. The 
operation of relay W opens the lock path of 
VBll and VBU releases. Relay W also closes 
a path to operate relay VBL This will start the 
whole sequence of rotation over again at relay 
VBl when relay M reoperates. 

5.30 49-12-2: After the walking circuit has ad-
vanced and operated the VB12 relay, the 

next operation of relay M will close a path to 
operate relay VBl through contact 2 of relay 
VB12. VBl operated releases VB12 by opening 
VB12 relay lock path with its No. 2 contact. This 
will start the whole sequence over again at re­
lay VBl. 

5.31 If a11 trunks are busy, the circuit will 
continue to walk until a trunk becomes 

idle (BSU or BSG operated). 

5.32 Sequence Chart 3, for the walking circuit, 
continues from a point on SC2 immedi­

ately following the V relay operated. It shows 
the relay functions that result when the next 
preferred vertical bars are busy with established 
service calls. The chart assumes vertical bars 3 
and 4 are in this condition and that No. 5 is idle. 

5.33 The release of marking control relay PC, 
due to the V relay operating, removes 

ground from slow release relay N. Relay N re­
leased operates relay M which in turn operates 
relay VB3 and relay N. Relay N removes ground 
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from slow release relay M. Relay VB3 closes its 
vertical bar sleeve to the winding of relay BSU 
and releases relay VB2. In this case, the sleeve 
of verticar bar 3 is grounded due to the busy 
condition and BSU remains nonoperated. Relay 
BSU not operating to provide a holding circuit 
for relay M, allows M to release. 

5.34 When relay M releases it operates relay 
VB4 which in turn releases relay VB3. 

Relay M released, removed ground from slow 
release relay N starting its release. Relay VB4 
closes its vertical bar sleeve to the winding of 
relay BSG. Due to the sleeve being grounded 
from the busy condition, relay BSG remains non­
operated. Relay BSG not operating to hold re­
lay N, causes its release. Relay N released re­
operates relay M. 

5.35 Operated relay M operates relay VB5 and 
relay N. Relay VB5 closes its vertical bar 

sleeve to relay BSU which will operate to bat­
tery on the sleeve (idle conclition). Relay BSU 
operates and holds relay M and the walking ac­
tion ceases. 

6. TERMINATING CALL 

6 .. 01 SC4 assumes a call being terminated over 
trunk 2 to a customer whose telephone is 

connected to horizontal bar 1. It also assumes 
that the central office line equipment provides a 
ground on the sleeve when it is activated or if 
not, that an applique circuit provides this 
ground. 

6.02 When the central office line equipment is 
activated, prior to signaling the associ­

ated customer station, a ground is placed on the 
sleeve of horizontal bar 1. This operates relay 
TNl from battery through its winding to the 
grounded sleeve. Relay TNl operated, operates 
relay K from battery through resistor R4, oper­
ated contacts of relay ABl, winding of relay K, 
operated contacts of relay Al, normal K relay 
contacts, through both windings of relay Fl, op­
erated TNl relay contact~, winding of relay G5, 
normal contacts of relays G4, G3, G2, and Gl 
to ground. 

6.03 Due to the total resistance of the circuit, 
relays G5 and Fl do not operate. Relay K 

locks to its operated No. 1 make-before-break 
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contact. The K relay operated releases relay U 
which in turn removes battery from the Ul re­
lay 1-2 winding which is connected to the tip 
side of trunk 2 on model 49-9-2, or the ring side 
of trunk 2 on models 49-11 + 1-2 and 49-12-2, 
through contacts of magnet S2. 

6.04 Relay K in operating also opens the path 
for slow release relay ABl. The release 

of relay ABl releases relays K, Fl, and G5. Re­
lay K released reoperates relay U. 

6.05 Relay Ul normally operates to ground at 
the remote unit on an originating call. 

Consequently any originating call will be locked 
out at the point of operating relay Ul. The origi­
nating call would wait with a TN- relay oper­
ated until circuit functions, on the terminating 
call, progress and operate relay D in the remote 
unit. Relay D removes battery from all TN­
relay windings. The average over-all time for 
completing a call is within two seconds, so that 
any consequent delay is negligible. 

6.06 The released relay U closes battery from 
the R4 resistor through contacts of oper­

ated relay A2, and relay ABl, normal contacts 
of relay U, contacts of operated relay K, through 
resistor Rll and the Fl and G5 relay windings. 
This lower resistance path for the circuit allows 
relay Fl to operate. Relay Fl operating short­
circuits its 4300-ohm winding, causing an in­
crease of current which operates relay G5. 

6.07 Relay Fl operated releases marking re-
lays RD. Relay G5 operated releases the 

RA and RC marking relays. The released mark­
ing relays release relay SCH in each unit. Relays 
SCH released operate their respective RTl cut-in 
relays and PIRT relays. 

6.08 In the remote unit the RTl and PIRT 
relays operated close a path from magnet 

Tl through the operated and released combina­
tion of marking relays RA to RC and the D re­
lay winding to ground at resistor R4. Magnet Tl 
and relay D operate. Relay D operated removes 
battery from the 3500 MF capacitor. 

6.09 At the central office unit relay PIRT op­
erated, operates relays KOl and KO. Re­

lays KOl, RA to RC, and RTl operate horizontal 
magnet Tl and relay D in series. Relay D oper-



ated releases relay C and horizontal bar 50. 
Relay C released, releases relay Al which in 
turn starts the release of relay V. 

6.10 Released relay C, in the same manner as 
in 5.10, also releases the S2 lift magnets 

and relays A and Al. The dropped vertical bar 
in each unit moves the disconnect bar 1 opening 
its TR contacts. This action releases relay TNl 
at the central office unit and the remote unit re­
moves relay TNl and ground from the ring and 
tip to the customer loop. The released S2 magnet 
contacts in the remote unit, also releases relays 
RTl, PIRT, D, and magnet T. 

6.11 At the central office unit relay D released 
reoperates magnet T50 and relay C and 

releases relays RTl and PIRT. Relay PIRT re­
leased reoperates the RC marking relays and 
releases relays KO and KOL Relay KO released 
reoperates marking relays RA and RB and relay 
KOl released reoperates marking relays RD and 
ABl. 

6.12 The reoperated marking relays reoperate 
relay SCH in their respective units. Relay 

SCH reoperated in the remote unit releases re­
lay PIRT. At the central office unit, relay SCH 
reoperated releases relay A2 which in turn re­
leases relay U. 

6.13 When the slow release relay V releases, it 
operates marking control relays PA and 

PD, which in turn release marking relays RA 
and RD in both units. The RA and RD relays 
released, release relay SCH in their respective 
units, which in turn operate their PIRS, RS2, 
and RS3 cut-in relays. These relays operated, in 
combination with the marking relays operated 
and released, operate lift magnet S3 in each 
unit. This establishes vertical bar 3 for use on 
the next call. Relay PIRS at the central office 
unit reoperates relay KO. 

6.14 The vertical bar (trunk) 3 operated, 
through contacts of S3, operates relay 

ABS in the remote unit. On models of the 
49-9-2 with serial numbers 2 to 234 and 270 to 
331, the remote unit was not equipped with an 
ABS relay. Contact 3 of lift magnet S3, in the 
central office unit, operates relay Al. Contacts 
of S3 also operate the che~k relays A in both 
units. The A relay in the remote unit, releases 
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relays ABS, PIRS, RS2 and RS3. The A relay 
in the central office unit locks the Al relay oper­
ated. The Al relay operates relay V. Relay V 
operated, releases relays PA and PD, and oper­
ates relay Vl on model 49-9-~ with serial num­
bers 448 and up. 

6.15 Relay PD released reoperates marking re-
lay RD and releases relays PIRS, RS2, 

RS3, and M. Relay PIRS released, releases relay 
KO which in turn reoperates marking relays RA. 
Relay RD operated in the remote unit operates 
its SCH relay. Relay RA operated in the central 
office unit operates its SCH relay which in turn 
operates relay A2. Relay A2 operated, operates 
relay U. 

6.16 Relay M released functions the walking 
circuit, causing relay VB4 to be operated. 

Relay VB4 operated releases relay VB3. Relay 
VB4 operated extends its vertical bar sleeve to 
relay BSG which operates in this case to the 
No. 50 bar sleeve battery. 

7. TROUBLE DETECTING AND TEST FEATURES 

7.01 AB Relay Timing for Horizontal Bar 
Magnet Operation: The slow release AB 

relay is used to check the function of operating 
a horizontal bar magnet in the central office 
unit. As shown on SC5, relay functions start 
from a point on SC4 (terminating call) immedi­
ately following the operation of relay PIRT in 
the central office unit and assumes relay D does 
not operate. Relay D not operating allows relay 
AB to release. 

7.02 Relay AB released opens the battery sup-
ply to the magnets and relays in the re­

mote unit. This causes the T- magnet and any 
operated relays to release. Relay AB released 
also releases relay C in the central office unit. 
Relay C released, releases the preselected S- mag­
net in both units, and operates T50 magnet. At 
the remote unit, no switch connections· will be 
established when the vertical bar drops due to 
the prior release of the T- magnet. At the cen­
tral office unit, however, a sleeve connection will 
be established to bar 50. Relay C also releases 
relays A and Al. Relay Al releasing, releases 
relays PIRT and RTL Relay PIRT released, 
operates relay AB which recloses the battery 
supply to the remote unit over control lead 4. 
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Relay PIRT also closes through the path to 
reoperate marking relay RC in both units. Relay 
PIRT also releases relays KO and KOl which 
in turn reoperates the marking relays RA and 
RD in both units. Relay KOl released, operates 
relay ABl. Relay SCH reoperates through oper­
ated marking relays RA to RF in each unit. The 
reoperation of relay SCH releases relay A2 
which in turn releases relay U. As mentioned 
above, the AB relay reoperated will operate re­
lay C. 

7.03 The recycle function of selecting the next 
vertical bar now takes place and can be 

followed on SC4 starting at the released V relay 
and proceeding to relay A2 operated. Relay A2 
operated permits the F- and G- marking control 
relays to be operated and a second attempt can 
be made to complete this call. 

7.04 The circuit action, due to the released AB 
relay, takes place any time relay D does 

not operate in series with the T- magnet of the 
central office unit. In the case of an originating 
call that fails in this manner, similar functions 
will take place which lead to a recycle operation 
and operation of the next idle vertical bar. All 
subsequent attempts to complete a call, whether 
originating or terminating, must compete in the 
F- and G., relay preference chain circuits with 
other demands for service. 

7.05 ABl Relay Timing for Marking Relay 
Lock-in: At the central office unit slow 

release relay ABl starts to release when relay K 
operates for a terminating call or relay Ul oper­
ates for an originating call. When relay ABl 
releases, it in turn releases relay K or Ul. If, 
at the time relay K or Ul releases, relay KOl 
has not operated, relay ABl will be reoperated. 
Relays KOl and KO are operated when relay 
PIRT operates and these three relays operated 
open the operating paths for the marking relays 
RA to RF. The RA to RF relays that were oper­
ated prior to this remain locked, while any that 
were released are prevented from being falsely 
reoperated on this call. 

7.06 The operation of relay KOl can therefore 
be considered the point of marking relay 

lock-in. Relay ABl reoperates when relay KOl 
remains unoperated due to some circuit malfunc­
tion. This in turn allows relay K or relay Ul to 
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reoperate and the call will start over again from 
this point. 

7.07 SC6 picks up from a point on SC4 imme-
diately below relay PIRT operated. When 

relay ABl releases, it in turn releases relay K 
and relays G5 and Fl. Relays G5 and Fl re­
operate relays RA and RD, which in turn oper­
ate relay SCH in their respective units. Relays 
SCH operated release their associated PIRT and 
RTl relays. 

7.08 Relays K and KOl released reoperates 
relays U and ABl. Operated relay ABl in 

turn reoperates relay K. The functions can now 
be followed on SC4 at a point immediately below 
relay K operated and continues in the same man­
ner as for the first attempt. This failure occur­
ring on an originating call would result in a 
similar action with relay Ul substituted for 
relay K. 

7.09 UB Relay Timing for Vertical Bar Opera-
tion: The UB relay is normally operated 

at all times. When relay PIRS operates for ver­
tical bar operation, as shown on SCl, it opens 
the circuit for relay UB and it starts to release. 
However, the UB relay 3-4 winding is shunted 
by a resistor-capacitor combination which delays 
its release. When the lift magnet S-, associated 
with the selected vertical bar, is operated, its 
operated contacts close through. a path to oper­
ate relay Al: Relay Al operates and in turn pro­
vides a circuit to hold relay UB. Thus relay UB 
not releasing is indicative of successful vertical 
bar operation. 

7.10 We will assume that relay Al does not 
operate due to a nonoperated lift magnet 

or other circuit fa ult and that relay UB releases 
as shown on SCl. Relay UB released operates 
relay X. SC7 shows the resulting relay action 
and the walking circuit progress that leads to 
the selection and operation of the next idle ver­
tical bar. In this case vertical bar 2 is next pre­
f erred and is idle. 

7.11 Relay X operated, operates relay V and 
on serial numbers 2 to 4 of the 49-9-2 it 

also operates relay UB. Relay V operated, re­
leases marking control relay PD and relay Vl on 
49-9-2 models with schematic S10460-4. Relay 
PD released, reoperates marking relay RD and 



relay SCH in both units, releases relays RS2, 
RS3, PIRS in both units and relay M in the 
central office unit. Relay PIRS released, releases 
relay KO. In 49-9-2 serial nos. 2 to 4 only, relay 
M released, releases relay X and operates relay 
VB2. In all other models and serial nos.,' rt\!ay 
PIRS released, operates relay UB which in turn 
releases relay X. Relay M released, operates re­
lay VB2. 

7.12 Relay VB2 operated, releases relay VBl 
which in turn releases relay BSU. Relay 

VB2 operated, closes the sleeve of vertical bar 
2 to the winding of relay BSG and it operates 
to the 600-ohm battery on the sleeve of bar 50. 

7.13 Relay X released, releases relay V which 
in turn operates relay PC and releases re­

lay Vl on schematic S10460-4. Relay PC oper­
ated, releases marking relay RC in each unit, 
which in turn releases its associated relay SCH. 
Relays SCH released in each unit reoperate re­
lays PIRS and RSl, which in turn close through 
the S2 lift magnet lead and magnet S2 operates. 
The circuit action can now be followed on SC2 
from a point immediately following lift magnet 
S2 operated. 

7.14 AK (DISENGAGEMENT) Test Key: 
Test key AK provides a mean of testing 

vertical bar operation by loading them on bar 50 
in the central office unit. Any vertical bars that 
are idle will be closed to bar 50 in the following 
manner when key AK is depressed. 

7.15 Holding key AK operated in the central 
office unit will close through a path to op­

erate relays K, G6, and F7 in the same manner 
as on a terminating call. The relay functions 
are similar to a terminatin,r call except relay D 
does not operate. This allows magnet T50 to re­
main operated until the vertical bar is dropped. 
This circuit action will be repeated until all idle 
vertical bars that had been engaged with hori­
zontal bars are loaded on bar 50. The walking 
circuit will continue to step as long as key AK is 
operated, even though all idle connector bars be­
come loaded. The walking circuit action, how­
ever, will not disturb the vertical bars loaded 
on bar 50 because the 600-ohm sleeve battery for 
bar 50 is openeq at the operated contacts of the 
AK key. 
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7.16 Any vertical bar that is idle and does not 
load on bar 50 may have become unloaded, 

that is, not connected to a horizontal bar. This 
condition puts the associated trunk out of serv­
ice until the veritcal bar is manually loaded on 
bar 50. 

7.17 At the remote unit the circuit action re-
sulting from the central offi:.; unit AK 

key operated, causes the associated numbered 
vertical bars to become unloaded. 

7.18 Holding key AK operated in the remote 
unit will close through a path to operate 

the associated G6 and F7 relays over the tip side 
of a trunk through the winding of relay Ul in 
the same manner as on an originating call. The 
relay functions are similar to an originating call 
except that no horizontal bar magnet will be 
energized in the remote unit and bar T50 will 
be operated in the central office unit. When the 
vertical bars are dropped they will be unloaded 
in the remote unit and loaded on bar 50 in the 
central office unit. 

7.19 The operation of either of the AK keys 
will affect service calls because of their 

position in the F- and G- relay chains. In addi­
tion the A TB register, if provided, will tabulate 
as the battery supply to horizontal 50 is removed 
by the operation of this key giving the appear­
ance that all trunks are busy. 

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

8.01 This model of the Gfeller iine concen-
trator has a feature that enables the cen­

tral office unit to return overflow tone to a 
terminating call in the event that all eleven 
trunks are busy. This tone is connected to the 
terminating call by the operation of the vertical 
bar designated BES located on the cross-bar 
switch in the central office unit. 

8.02 Upon completion of connecting a termi-
nating call through to the station the con­

centrator will attempt to preselect the next idle 
trunk as explained in 6.13. For this explanation 
of the all-trunks-busy feature, it is assumed that 
no trunk is idle and as indicated on SC4, the 
sequence of operations is shown on SC8-A. 
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8.03 Slow release relay Vl will release because 
marking control relays PA-PD did not 

operate to indicate that a vertical bar (trunk) 
is idle. Relay Vl released, operates relay V2. Re­
lay V2 operated, opens the path for the negative 
half cycles to control lead 3 which causes the 
release of relay RF in the remote unit. Relay RF 
released, releases relay SCH. Relay SCH re­
leased, prevents the remote unit from setting up 
a call until the all-trunks-busy condition is re­
moved. In the central office unit, the operation of 
relay V2 prevents the release of relay RF by 
transferring the negative half cycles from con­
trol lead 3 to ground through Rl7, releases relay 
V3 which is made slow release. The combina­
tion of an operated V2 and slow release V3 will 
give a tabulation on the all-trunks-busy register, 
if provided. 

8.04 Relay V2 operated operates relay Al from 
battery through the winding of relay Al 

through operated contacts of relay C, 250-ohm 
resistor R8, released contacts of magnet BES, 
operated relay V2 contacts to ground. 

8.05 Operated relay Al operates relay A2 
which in turn operates relay U. The cen­

tral office unit will now remain in this condition 
until either a terminating call (incoming) is 
placed into the concentrator, or one of the eleven 
trunks becomes idle. It is assumed that a termi­
nating call is placed to line 3. 

8.06 Ground on the sleeve lead from the line 
equipment operates line relay TN3 which 

in turn operates relay K. Relay K operated, 
starts the release of slow release relay ABl, 
releases relay U. Relay U released, operates re­
lay Fl. Relay Fl short-circuits its 3-4 winding 
by contact 1 lowering the resistance thereby in­
creasing the current flow permitting relay G7 
to operate. 

8.07 Relay Fl operated releases marking re-
lays RD. Relay G7 operated releases RA, 

RB, and RC marking relays. The released mark­
ing relays release relay SCH in the central office 
unit. Relay SCH released operate the RTl cut-in 
relay and PIRT relay. 

8.08 Relay PIRT operated, operates relays KOl 
and KO. Relays KOl; RA to RC, and RTl 

operate horizontal magnet T3 and relay D in 
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series. Relay D operated releases relay C and 
magnet T50. Relay C released, releases relay Al. 

8.09 Relay C released also closes through the 
path to operate (lift-up) vertical bar BES. 

The construction of this vertical bar is such that 
the crosspoints are closed through when the ver­
tical is lifted rather than when it is dropped. 
This is opposite to the manner of closing the 
crosspoints on trunk verticals. The path for oper­
ating vertical bar BES is from battery through 
the winding of BES lift magnet, released V3 
contacts, operated D contacts, released C con­
tacts to ground. 

8.10 Lift magnet BES contacts operated, close 
through a ground path to start an over­

flow tone circuit if required, operate the discon­
nect bar contacts, and close through a path to 
operate relay PR. Relay PR operates from 
ground on the sleeve lead from the line equip­
ment through released V3 contacts to battery 
througli the winding of relay PR. Relay PR locks 
up vertical bar BES, under control of the sleeve 
lead. Disconnect bar contacts operated, release 
relays TN3, D, and horizontal bar magnet T3. 
The tip and ring of vertical bar BES is wired to 
the cathode and control anode of a 313C cold 
cathode tube. The purpose of this tube is to fire 
on receipt of ringing current causing a short to 
appear between tip and ring to trip the ringing 
cycle. Attached to the ring conductor of the BES 
vertical, capacitor C313C permits overflow tone 
to be transmitted to the calling party. 

8.11 Relay D released reoperates magnet T50 
and relay C and releases relays RTl and 

PIRT. Relay PIRT released reoperates the RC 
marking relays and releases relays KO and KOL 
Relay KO released reoperates marking relays RA 
and RB and relay KOl released reoperates mark­
ing relays RD and ABl. 

8.12 The reoperated mark!ng relays reoperate 
relay SCH. Relay SCH reoperated re­

leases relay A2 which in turn releases relay U. 

8.13 When the customer hangs up, the ground 
on the sleeve lead will be replaced with 

battery from the line equipment. This battery 
opposing the battery on the winding of relay PR 
causes relay PR to release. Relay PR released, 
releases vertical bar BES. The release of BES 
removes ground start to the overflow tone source 



if requir~d, releases the disconnect blir TR3 con­
tacts, and operates .relay Al. Relay Al operated, 
operates relay A2 which in turn operates relay U. 

8.14 Each time a terminating call is received 
by the central office unit, the above se­

quence will be repeated starting with 8.06. The 
sequence of operations when a trunk becomes 
idle is shown on SC8-B. 

8.15 As mentioned before, an idle trunk has 
battery on the sleeve lead. During the all­

trunks-busy condition, the walking circuit has 
been testing for an idle trunk by sampling each 
sleeve lead for battery. SC8-B assumes that ver­
tical bar 3 becomes idle. Relay VB3 of the walk­
ing circuit operates and, because of sleeve bat­
tery, will operate relay BSU. Relay VB3 also 
releases relay VB2. Relay BSU operated, stops 
the walking circuit by holding relay M operated, 
and operates relay V. The path for operating 
relay Vis battery through the winding of relay 
V, operated contacts of relay SCH, released con­
tacts relay K, operated contacts relay V2, oper­
ated relay BSU contacts, operated V2 relay 
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contacts, operated C relay contacts,_ through re­
leased D relay contacts to ground. 

8.16 Relay Voperated, operates relay Vl which 
in turn releases relay V2. The release of 

relay V2 re-establishes the negative half cycles 
on control lead 3 operating marking relay RF 
which in turn operates relay SCH in the remote 
unit. The release of relay V2 also operates relay 
V3 and releases relay Al. 

8.17 Relay Al releases slow release relay V 
which in turn operates marking control 

relays PA and PD. Relays PA and PD operated 
open the path for marking relays RA and RD, 
releasing them in both units. Relays RA and RD 
released, releases relay SCH in their respective 
units, which in turn operate their PIRS, RS2 
and RS3 cut-in relays. These relays operated, in 
combination with the marking relays operated 
and released, operate lift magnet S3 in each unit. 
This establishes vertical bar 3 for use on the 
next call. Relay PIRS at the central office unit 
reoperates relay KO. The sequence continues as 
given in 6.14. 
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\RELAYS (PA · PD) DO NOT OPERATE 

._...,;.;R::.JF,:..;S;.;;C;.;,:H:..;R~E;;,:;L;:;:EA..::;S::;E~D~IN:!..!:R::E!!!M~OT!!E~UN~l~T---~------=l~ V2 

V3 3 Al 

6 A2 

6 U 

TERMINATING CALL ATTEMPTS TO COMPLETE 

5 TN3 

6 K 

6 U 

RD RELAY RELEASED IN REMOTE UNIT 6 Fl 
..,__~....;.;.;;;;;==..::.;:..:.:.:::;::.::.:.:;~.:.......-""T""- ___ .:.....J 

6 G7 1 RD 
RA, RB, RC RELEASED IN REMOTE UNIT 

1 RA RB 1 RC 4 SCH(SR) 

4 RTl 4 PIRT 

3 KOl 3 KO 

4 T3(MAG) 4 D 

ABl(SR) 

6 K 

6 U 

1 T50(MAG} 1 C CALL CONNECTED 
~O OVERFLOW TRUNK 

1 BESlMAG) 

GROUND START 
3 

FOR OVERFLOW TONE 
5 

4 

RC OPERATED IN REMOTE UNIT 

RA, RB, RD OPERATED IN REMOTE UNIT 
3 

1 ABl 1 RB 1 

Al(SR) TR3 GDISC) 
BAR 

TN3 4 D 

RTl 

4 PIRT(SR) 

KOl 3 KO 

RD 1 RA 

4 SCH 

6 A2 

6 U 

TERMINATING CALL HANGS UP 
BATTERY ON SLEEVE 

1 PR 

1 BES {MAG) 

1 PR 

4 T3(MAG) 

1 T50(MAG) 

1 RC 

GROUND START REMOVED 
FOR OVERFLOW TONE 

3 Al 

6 A2 

TR3 /DJSC) 
\_BAR 

6 U 

REPEAT FOR EACH TERMINATING CALL 
DURING ALL - TRUNKS · BUSY CONDITION 

WHEN A TRUNK BECOMES IDLE, GO TO SC8-B 

SC8-A 

1 C 

RF, SCH OPERATED IN REMOTE UNIT 

6 Fl 6 G7 

RA, RD, SCH RELEASED IN REMOTE UNIT 

- TIP OF TRUNK 3 

ISS 2, SECTION 067-201-102 

BATTERY ON SLEEVE OF IDLE TRUNK 3 
FROM SC8-A 

3 PA 

1- RA 

3 ! RS3 

3!A 

SC8-B 

2 VB3 

2 BSU 

1 V 

3 Vl 

1- --v2 

3- Al{SR) 

3- .. V(SR) 

3 PD 

1 - RD 

4- SCH(SR) 

3 RS2 

3 S3(MAG) 

3 Al 

TO SC4 

21 

1} 

3 

3 ,, 

21. 

VB2 

V3 

PIRS 

KO 

BSU 

ALL - TRUNKS - BUSY FEATURE sea 

Page 28 



REMOTE UNIT 

V2 Rl7 ~,, 
soow 

BATTERY 
FOR HORIZONTAL 
MAGS. Tl TO T49 

RA 
I . GI G3 G!S G7 

F3 f'5 F7 

4 4 3 

G2 G~ G6 G7 

F2 F3 F6 F7 

2 2 4 2 

G'4 G5 G6 G7 

3 3 4 

F4 F5 F6 F7 

2 2 2 4 

R5 '3500MF -~,1 
o- + 

BATTERY 
FOR REMOTE UNIT 

EXCEPT MAGS. Tl TO T49 

48V 

48V 

48V 
4 

G7 

+ 

-

N 

PC 
r---~t-----11, 

4 

X BSG .~, 
..,__. _ _.,_--<~fl 

2 l © 1' M ~,, 
M ..,. __ ---t4,-----111 

3 

I• 

D ,, 48V 

C 
AB 

3 I 

C 

600"' 
BES(MAG) V3 BES 

110 
1 2 2 

D 

4 

© 49-9-2 

@ 49-11 + 1 -2 

@ 49-12-2 

,, 

KO 

C 

2 

PIRS 
I ,, 

Al 

6 
,, 

X 

~Ir 
@4 

11 

,, 

Ir 

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

C 

~ 
48V - L:J - .-- TO 0S6 

M 

48V 

M 

2MF 

50w X 
1 

15MF 

PD 

4 

ISS 2, SECTION 067-201-102 

.,. (f,n 
.... -+=-. ~ 

t@t K 3 UI I 

-* IF RELAY Vl IS PROVIDED 
IN 49-9-2 

-

V3 

48V 

V 
\. 
1 

V 

lOOMF 

A 
9--M----11, 

2 

M A2 

1 

-

------A--+---tf1 
2 3 

V2 

®t 

@ RO RE RF 

f ;I 11 11 ,,, 
Q Vl 

( 4)( >> 1 ~ ,,, 

X 

3 

,, 
V V2 BSG 

K 

1
2

; :; H ·: I 
C SCH 

41 
)( 

3 
1 )( 

1 2 5 

MARKING RELAYS AND 
INITIAL RELAY OPERATION 

051 

D 

2 I ,,, 

Page 29 
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PC 

RI 

CENTRAL OFFICE UNIT 

KO PA G7 G5 G3 GI RA 
REMOTE UNIT 

RA GI 63 G5 67 
N 

X BSG . . (1.2)) I 

,......._-1t----<~J1 
2 l @ t M ~,, 

C I . 
3 48V 

I! 

PD F7 F5 F3 Fl RD F3 F5 F7 
V2 PIRS 

~ 
2 3 4 4 2 4 4 3 48V I• I 

I• 48V 1 ,, 
(Y) 

D Al ,, 48V !• 6 PB 67 GS G3 G2 G2 o, 66 GT 
X 

~ 
3 3 3 3 C 

AB ~1, 
I ~4 48V TO 0S6 

I• RB 

KOi F7 F6 F3 F2. F2 F3 F6 FT 
4 .:: 

48V 3 2 4 2 2 2 2 4 2 

RE 

R3 

PIRT PC G7 G6 G5 G4 RC RC G4 G5 G6 GT Ir 500"" 
600"' 4 3 3 3 4 BES(MAG} V3 BES KO 

M 70 AC 
48V 110 ,, 

NI 
60'\I 

4 1 2 2 4 0 1 ..l.. 

~ 
48V 0 ,, 1,3 

C 0 - D .... KOi F7 F6 F!S F4 RF F4 F5 F6 FT ,, 
4 2 

501&1 X BSU 4 4 2 2 2 I• 2 2 2 4 1 1 
2 800"' 

G7 M RF 

+ © 2MF 49- 9- 2 

RI AB D R5 3500MF - ® CONTROL LEAD 4 49-11 + 1-2 PD ~•I• YN,\ )(2 o-------- 2 -~,, 9""' 

® 4 o- -+- 49- 12- 2 
BATTERY 

FOR HORIZONTAL 
BATTERY © 49 - 9 - 2 SERIAL NOS. 2 TO 4 ONLY 

MAGS. Tl TO T49 
FOR REMOTE UNIT 

EXCEPT MAGS. Tl TO T49 



ISS 2, SECTION 067-201-102 

{@ CONTACT I] 

I @ CONTACT 2 (!) 
I 

w I 
4 0 1 VBl I VB2 VB3 VB4 VB5 VB6 VB7 VB8 VB9 Rl5 VB9 

48V lO I 11 
r-,. 
('I) l 1 A A 2000.n 2 

I 
I 
I 
I 

® VBl I 
I 

VB2 VB3 VB4 VB5 VB6 VB7 VB8 VB9 

/ 4 4 0 1 B 
I 

0 
0 

I C\I 

I 

48V ® I 48V TO @ 
I 48V 48V 48V 48V 48V 48V 48V 

I @® 
VBll VB12( w VBl VB2 VB3 VB4 VB5 VB6 VB7 VB8 OR VBlO VBll R15 

\ 
2 2 \ 2 2 2 2 2 2 2 @ 11 

\ 
1 1 2000.n 

@ \ B \{@ CONTACT 2] 
@ CONTACT 4 

w 

© 
l 

® 

l C 
M 

48V 48V 
VB9 VBlO 

= 
2 

(1,2,3) VBl 1 VB2 2 B 

1 3 3 

1 

© BSG VB3 3 VB4 4 C 
BSU X 2 PC 

It 3 
X 

3 
1 4 

~ 
VB5 5 

VB6 
6 

@ 

M X N 3 TO 
3 

TO VBlO VBll VB12 R15 
0 4 0 4 

11 
0 1 0 VB7 OS-5 VB8 OS-5 
0 48V 48V 00 48V 7 8 A 1 1 1 2000.n 
'<t r-,. 

PD N 
3 3 

® 4 1 50Sl VBlO VBll VB12 VBl 
UB M VB9 VBlO 10 2 Mff1@ = M 1 3 9 

( )( 4 O 1 

= = 3 @) 3 0 
0 

2µ.f 
N 

A2 = 
VBll 11 VB12 12 

3 (!) 49-9-2 
( )( ( )( 48V 48V 48V 

@ @ 3 VB9 VBlO VBll 
. (g) 49-11+1-2 2 2 2 

@ 49-12-2 11 B 

@ 49-9-2, SERIAL NOS. 2 TO 4 ONLY BSU BSG C 
WALKING CIRCUIT FOR 

CONNECTOR BAR PRESELECTION 

052 
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Is 
.Iµ.f 

911 

G) 

® 

BES 

®IJ, 
® 

V2 

RS3 PIRS 
2 

2 4 VB3 

4 @ S10460-4 ® 
VB7 •I~ 

@Sl0460-3 ® 4 
@3 VB4 

4 ~m @2 
D VBB BSG V PA 2 

4 2 
I• 

t'ri::'i C VBlO ®t r® 2 ( s" ) 
V2 V 

VB12 HS 
II ) 

PB VB5 Q) 
4 

~~ VB7 BSU Vl 

5 1 2 4BV VB!l t'@/t ( 5l( ) 

VB6 n VI 
4 3 4 
VBB PC 

15µ.f 600.ll PC PD 
5 3 5 
VB12 

PC E H ) PD -=- -=-
G) 6 @ 

2 

A2 PIRS 

3 
I• 

PD KOI KO 
PIRT 

48V 4BV 

4BV 

$-CONTACTS © CONTACT No. 2 

@CONTACT No. 1 

TRUNK CONDUCTOR © RING 

@l TIP 

SI 

----
SI 

A 

RS2 

2 

RA 

4 

CD 49-9-2 

@ 49-11+ 1-2 

@ 49-12-2 

S3 

S3 

-<II 

S5 

S5 

RS2 

4 

RA 

3 

RB 

2 

Rl 

6.ll I4.ll 

PIRT 

@ 

S7 S9 Sll 

---- -----
S7 S9 S11 

@ 

RS3 RSI 

RA 

RB 

RC 

REMOTE UNIT 

NOTE: RSI ANO RS3 RELAYS 

G) ONE \'IINDING I TO 4 1000 OHMS 

0 TWO WINDINGS 
I TO 2 INDUCTIVE 630 OHMS 
3 TO 4 NON-INDUCTIVE 370 OHMS 

(§2 
@3 

C 

RA 

RF 

RS3 

S2 S4 S6 

---- ----
S2 S4 S6 

RS3 

6 

RE RD RC 

4 2 RSI 
A RS3 

A RS2 

3 
RC J 0 4 Ill ..... ,.., 

RS3 
RTl 

SEE NOTE 

SB 

SB 

SEE NOTE 

SIO 

SlO 

PIRS 

ISS 3, SECTION 067-201-102 

Sl2 

Sl2 

CENTRAL OFFICE UNIT 

ABS 

ABS 

R6 

250!2 

1 PIRS 
9!2 

A 

PIRT SCH 

50.ll R2 

T 

TO 
0S4 

lift Magnet Cut-in and Control Relays 0S3 

Revised November, 1963 
Page 31 



CENTRAL OFFICE UNIT 

M 

A A2 A 

-=-

3 3 

S1 S3 S5 
Rl3 C 

225.Q ,225; 
Al 

48V 

RS2 RS2 RS3 RSl RSI RS3 

2 4 4 .... ---+----+----
RA RA RA 

RB RA RB 
RC 

PA 

R5 
48v---6-.Q~A-t--t--K .. O_l ___ _, E 

14!1 

NOTE: RSI RELA.Y 

(z} ONE WINDING 1 TO 4 1000 OHMS 

@ TWO WINDINGS 1 TO 2 INDUCTIVE 630 OHMS 

RF RE RD RC 
3 TO 4 NON -INDUCTIVE 370 OHMS 

E 
4 

A2 

RS2 RSl PC E 
@ 

~ 

t t 
SEE NOTE PC 

RS3 PIRS 
4 3 1 o 4 2 1-------------- .... --M-- ....... _-l:;;----.... -V\/l,-­

R2 

PO SCH 

48V 

VB3 

4 
V87 

4 
VB4 

@ S10460-4 

@ S10460-3 

BES 

V2 

Is 
.lµf 

9!2 

® 

PIRS 

@3 

~ V? f r,; ® 2 

-------<-~~".>--B*SG ____ ...,v _____ 
0 
... 2----11, 

tYt 
2 

4 
VBB 

4 
VBlO 
5H 

VB12 
H 

VB5 

4 
VB7 

5 
VBll 
SH 

~~ 1 

f'@/t 
VB6 

4 
VBS PC 

5 3 
VB12 

ll 
6 

PD 

2 @ 

PIRT 

BSU 

2 

®t 

48V 

C 

VI 

Vl 
4 

15µf 600!1 

2 
V 

"'~'° ls sl 
-:'" '=" 

A2 PlRS ____ .....,6,._ ____ 3•--111, 

KOl KO 

48V 

S-CONTACTS (!)CONTACT No. 2 

@ CONTACT No. 1 

TRUNK CONDUCTOR (!) RING 

@ TIP 

Sl 

----
S1 

A 

RS2 

RA 

4 

S3 

S3 

S5 

S5 

RS2 
3 4 

RA 

RB 

2 

Rl PIRT 
-il•t----'INl~---1--.---1 

(!) 49-9-2 

@ 49-11 + 1-2 

@ 49-12-2 

6!2 14!1 

RE 



Rf 

RD 

RT3 

RC 

NOTE: RTI RELAY 
@ONE WINDING 1000w 

~ TWO WINDINGS 

ONE INDUCTIVE I TO 2 630w 

TWO NON-INDUCTIVE 3 T04 370w 

RE 

RT3 RT7 Rl9 

SI 
3 

THRU 
S2-~1 
---it---

R2 
S12 

0 
-BATT. 

I 

0 
3 

CENTRAL OFFICE 
UNIT 

REMOTE 
UNIT 

RTl3 

~ .,, 
0 

f2 
CD 49-9-2 
~ 49-11-1-2 

49-12-2 

~ [Rj 
4 3 ..... llr 

~ 

ISS 2, SECTION 067-201-102 

2 

SEE NOTE 

RTI 2 TRI 
Tl 

!f.!!.!.!...--~:+:.:~-------+1' rnL :,l!J,..,. -
NOTE: 'a DT' ., TD? 2 

~ ,. . 
A ftTO 

" --- 3 

I .AT? " 2 TR4 4 

2--RT2 2 TR5 !'I 

3--RT2 2 TR6 6 

4 "T2 ?.TD7 7 

I --RT'.'I "' 2-TR8 B .. RT3 2 TR9 9 .. DT'& ?.TD"' IO --,,.-
4- RT3 2 TRII ' II ,. 

I .. RT4 2 lRt2 12 

~ ~·· ? TD .... 13 , 

" DTA .. TDOA 14 

4 DT4 -, TAl!'I 15 

I RT5 2 TRl6 16 
---,,, 

2 RT5 2 TRl7 17 ... 
3 RT5 2 TRIS 18 ---,,, 

4 RT5 2 TRl9 19 
"' I -RT6 2 TR20 20 --,,.-

2 RT6 2 TR21 21 
'9. DTC r. , TR22 

T 

22 

4- RT6 2 TR23 23 

I -RT7 2 TR24 24 ,.. 
" nT7 ., TR2!1 , .. 

,..-
3 RT7 2 TR26 26 -,,.-

4 •• RT7 2-TR27 27 
I "TA 

.,_ ... ,._ ,11 
" 2- RTB 2-TR29 29 

3 •• RTB 2 TR30 30 

4 .. RT8 2 TR31 31 
I .. RT9 2 TR32 32 

2--RT9 2 TR33 33 

3- RT9 2 TR34 34 

" 4 RT9 2 TR35 35 ...-
I .. RTIO 2 TR36 36 

2- RTIO 2 TR37 37 

3 RTIO 2 TR38 38 
4 RTIO 2 TR39 39 

I -RTII 
~ 

2 TR40 40 ..,,.. .. RTII 2.TR41 41 
... RTII 2 TR42 42 

~ 

4- -RTII 2 TR43 43 
"' I - -RTl2 2 TR44 44 

"' 2 DTl2 2 TR45 45 
3. RTl3 2 TR46 46 ... 

4--RTIZ 2 TR47 47 
I .• RTl3 " 2 TR48 48 ~ , 

2 RTl3 2 TR49 
, 

~ 

A 

Pl RT O I R: + 2 j 
., ~ 0 !_ . I 

--.¥...,..-t-+----~ .., - 100"" 11• 
@ R7 

-+ 0 t:f1153 
i ,, < ''x 4•rgi•' - I - "" " ~1-e,...,.----1111~~1• @REMOTE UNIT 

@ KOi C 

@cENTRAl. OFFICE UNIT 

T49 

~ 

TR-CONTACT 2 
IN CENTRAL OFFICE 
UNIT ONLY 

,_ 48V 

I 

CONT 
LEAD 

N0.4 

',1428 

► 
,~Rt 

j ► 9"' 
-BATT. 

•.. T -
g-W ....,-

2/1750T· . .t uf:r-----
-=-

*s104so-4 

MAGNET CUT-IN RELAYS 
AND 

HORIZONTAL BAR MAGNET 
OPERATION 

0S4 
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R 

TK4 

S4 
2 

TO REMOTE UNIT 

T R T R 

Tt<5 TK6 

T R 

no 
T R 

TK8 

T R (DTK9 
S9 

@TK9,10,1 I 
S9, 10,11 

@TK9, 10,1\ 12 
S91 10,11112 

+--,t----+--+--+----+-+-+---t--t-+--+--t--t---+--+-t--1~2-48 

s 
4 

s 
I 

5 CONTACT OF ASSOCIATED VB-RELAY SEE OS-2 

s 
7 

~ ~ t TRH RC 2~00w ®1 'w ai-TR-49 

)$~ TN49 

1 g 2 
D ® F®l 

e d 

CENTRAL OFFICE UNIT 

s 
8 

49 

T R 
TK-

'Z 

T R 

TKS 

T 

TK7 

REMOTE UNIT 

- BATT. _ __,, 

(D 49-9-2 

~ 49-1f+f-2 

(3) 49-12-2 

R3 

400"" 

D 

I 

R 

ABS 
2 

TO CENTRAL OFFICE UNIT 

T R 

TK6 

T R 

TK5 

2 

6.3) CONTACT 2 
(g) CONTACT 1 

T R JT R TK4 TIU 

S4 
2 1 

S3 
2 

TR49 TR2-48 

r R T -R 

TK'Z Tk't 

S2 
2 

155 2, SECTION 067-201 - 102 

-

-

@coNTACT 1 

@CONTACT 2 

TRI 

T } TO 
R STATION 

TR2·48 

T } TO 
R STATION 

T 

R 

TR49 

TO 
STATION 

TN49 TNZ-48 TN I 
TRf 

A 
4 

TN 

'------ ..... ~ .,_+ __ 
l 

45MF LINE AND EQUIPMENT 
RELAYS AND SWITCHES 

0S5 

Page 33 



FOR BES VERTICAL 
REFER TO 0S6 

T R 

TK1 

T R 

TI<2 

I S2 2 

T T R 

TK4 

TO REMOTE UNIT 

T R T R 

Tl(5 TK6 

T R T R 

TK7 TK8 

T R (DTK9 
S9 

@TK9,10,11 
S9, 10,11 

@TK9, 10,1\12 
S9, 10,11,12 

~! {~:!l.....-~4--+--+------il-4--+---+-l~---+-+-l---+--l-+---+-+--+----1-+-+--H--t--+-t-iH 
EQUIP. _s2,_---4~:LJ.--+-+--l-l---+---+-l~---+-+-l---+--l-+---+-+-+----IH-+--HH---t--t--1r-"..:a..1 

T R 
TK-

T R 

TK8 

T R 

TK7 

TO CENTRAL OFFICE UNIT 

T R T R 

TK6 TKS 

L: {-!1:---1~-+-+-1----+--+-+--~--+--+---1-1---+---~H--+-+-..._--+--+-+---++-+---H-+-ss:.t2-48 2-48 tsS~-1-+-----4-+-+--H--+--+-t--t----rrr- ...... 
EQUIP. 

{: 
TO 

LINE 

EQUIP. 

( 

®1 @ 

,--g.,,\,f'\l\,l'--9--< 

@ S 10460-4 
(9 S 10460-3 

® 

s 
I 

) I I 

@ TTRI 
I 

s s s s 
2 3 4 I 

TO NO.! CONTACT OF ASSOCIATED VB-RELAY SEE OS-% 

CENTRAL OFFICE UNIT 

49 

s s 
7 8 

v1* 
4 @ R6 
~ )( ) ' '>--vVV\r-- 48 V 

9w 

*s10460-4 

REMOTE UNIT 

CD 49-9-2 

(2) 49-11+1-2 

(3) 49-12-2 

R3 

400w 

D ABS 
'Z 

A 
4 

°'3) CONTACT 2 
(g) CONTACT 1 

TN49 

TH 

1-----------1- ~ 
45Mf 



1 TNl RTN-150 . h Fl 
1 Fl 

l TN2 

~ \J 1 TN3 

1 TN4 
. 

1 TN5 
.. 0 

"' .__ 

1 TN6 

l TN7 -'-. 
1 TNS b. f2 1 f2 

l TN9 g 3 

1 TNlO 
.. 

1 ~lJ 1 TNll 
0 

1 TN12 "' -
1 TN13 

1 TN14 -
l TN15 6. F3 . l F3 

1 TN16 g 3 
-,,. 

1 TN17 

1 :lJ 1 TN18 

1 TN19 "' .__ 
1 TN20 . 

1 TN21 -
l TN22 6. F4 

1 F4 
1 TN23 ~3 . 

1 TN24 

1 ~u 1 TN25 

1 TN26 
0 

"' -
lv TN27 

1 TN28 --
1 TN29 1 f5 k F5 

1 TN30 g"3 . 
1., TN31 . 

2 :u 1 TN32 

1 TN33 "' -
1 TN34 . 

1 TN35 

1 TN36 -. . 
1 TN37 1 f6 ~ F6 

1 TN38 83 

1 TN39 . 
2 :u 1 TN40 

TN41 -=- Gl 
1 "' .__ 

1 TN42 

1 
46 

4 TN43 1 -. 

GI 

1 TN44 k~3 
1 f7 

- 2 1 TN45 

G2 
1 TN46 

1 =~ 1 TN47 
. . 

46 . 
I 4 l TN48 "' .__ 

1 TN49 . 
2 AK KEY 

G3 G4 

~~ 
G7 GS @ CENTRAL OFFICE UNIT 

f8: I' ~ 46 46 46 @ REMOTE UNIT 
4 4 1 4 1 l 

2 2 2 2, 2 . I ' I 

G2 G'3 G4 G5 G6 G7 

s- {D9 TK- (y9 

@ 9, 10 & 11 CD TIP CONDUCTOR @9, 10 & 11 

@ 9, 10, 11 & 12 J[~ RING CONDUCTOR @ 9, 10, 11 & 12 

~-· 
~ I 

!/'°""" s-1T K- t1 S-
-48V 

:~it TK 8 tsa 

S71t TK 7 t1s1 
-48V 

S61t TK 6 ts6 

S51t TK 5 t S5 

54 1t TK 4 ti S4 
, 

S31t TK 3 t S3 

s21t TK 2 t S2 

Sl 1t TK 1 ti Sl 

Ul 

~ .fill 49-9-2 SERIAL NOS. 2 TO 234 
AND 270 TO 331-500!1 

0 
ALL OTHER SERIAL NOS. 
AND MODELS· 700 a .. 

A2 

u 

ISS 2, SECTION 067-201-102 

3 
Al 

KO 
1 

SCH X 
4 3 i,....---~--... ---1-.;... .. ,1, 
A2 

~ 
~ 1+ ½ 

313C 
11-----11i,---oC 313C 

MC4 Ul 
0 R12 D 600Sl 

® n 4 K 

© Rll _.,_ K 
1.., 

5 2 
Al Ul 

l 0 4 

~ 
..., ,.._ 
"' 
K 

ABl 

1 

u 1 

½ 2 
--K 

~~ 5 rt ABl 

2 
R4 (D 49-9-2 
20.n 

@ 49-11+1-2 

-48V @49-12-2 
OR 

-72V 

0 

MC4 
0 

SES 

TO 
0S1 

MARKING CONTROL RELAYS 

FOR HORIZONTAL BAR 

SELECTION 

0S6 
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