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SECTlON I - GENERAL DESCRIPTION 

1. PURPOSE OF CIRCUIT 

1.01 This circuit is for use in multifr@• 
quency (MF) pulsing· syste.as to receive sig­
nals in the forn, of MF pulses fro,11 a t.ru11k, • keyset, or sender and to convert the SiQtadls 
into direct current pulses +o operate various 
code combinations of relays in an associated 
sender, key monitoring circuit, aut0111a•ic 
,oonitoring circuit. r@gister cireui~ • or !lllf" 
test circuit. 

GENERAL D~SCRJytION OF orr;w10, 
2.0t The multifrequency pulsing receivina 

circuit is essentially a circuit for trans­
lating signals consist-:ing of various eo,abin .. -
tions of fr~~uenci~s sent ~wo at a timP, ~• 
indicated in 1.01 of section II, im:n 1c 
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,dications suitable for operation of the 
~gis~~r or translating relay circuit of an 
;~ociated sender which then completes the 
~11 in ~he usual manner. The multifrequency 
ignale may be sent out manually by an 
perator using a keyset which connects the 

Proper frequencies for each digit to the 
runk or automatically by an MF sender. 

2.02 The receiving circuit may also be 
.,sed in conjunction with a key monitoring 
circuit at the $ending end to check the 
1utgoing pulses, and it may be used as part 
,f a test circu!.t to check the pulses sent 
,ut by senders or operators. 

2.03 The multifrequency Gignals which are 
1lternating voltages across t'.ie tip and ring 
ire received ·from the trunk, MF sender, or 
~eyset over the. T and R leadD. They are 
transmitted through the input elt~en~s of the 
receiving circuit consisting of t;e trans­
former, an impedance correcting network, and 
input transformer IN. No pad adjustment for 
incut level is required for ~his receiver and 
no socket for nluq-in pads is ~upplied. From 
the secondary of the IN transformer, the 
siqnals are placed on the grids of ei,ctron 
tubes or gates of hybrid integraLgd network 
(HIN) devices, L1 and L2, of the volume 
limiter which serves to provide adequate 
amplification for the operation of the 
desired channels, but which also limits 
strong signals to such a valuP that they will 
not cause interfering signals in channels 
other than those for the two frequencies 
received. 

2.0- Optional wiring is provided at the 
TM transformer to permit it to be used as a 
r.attery supply coil and to reduce the bridg­
ing loss caused by the receiving circuit when 
it is associated with key monitoring cir­
cuits. Wiring and apparatus options are also 
provided to allow the receiver to have either 
a 600- or qoo-ohm input impedance. The 
limiter tubes or HINs L1 and L2, together 
with associated potentiometers, resistors, 
and capacitors. are mounted in a plug-in unit 
which may easily be replaced in case of 
trouhle. 

2.os The output of the limiter supplies 
energy to three separate circuits. Resistors 
A, B, and c form a 6-dB, 600-ohm pad between 
the limiter output and the common input 
circuits to the channel filters. In addition 
the input terminals of the bandpass filtP.r SP 
for the signal present circuit are connected 
across resist~r c of the 6-dB pad. The third 
circuit receiving energy fran the limiter is 
the VQriable bias circuit with input con­
nected 4irectly to the plate of electron t11be 
L1 or the drain of HIN L1. 

l.06 There are six channel circuits, one 
for each frequency. Each circuit consists 
el'sentially C'lf a filter, Ol'lP half of a Jq6A 
,:,lectron t11he or KS-21079 HIN, which recti­
fles the ac ~iqnal to a positive de poten­
tial, a 2021 hot cathode thyra~ron tube or 
KS-210R1 i-l!N, and a f11~t oper11tinq rel11y with 

------ - -

its winding in the plate circuit of the 
thyratron tube or drain circuit of the chan­
nel HIN. The equipment is so arranged that 
the two channel filters for the two lowest­
frequency channels are housed in a single 
case and the two middle-frequency channels 
and the two high-frequency channels in a 
second and third case, respectively. The 
channels are paired similarly in using the 
two halves of a Jq6A electron tube or KS-
2107q HIN as rectifying diodes. This tube or 
HIN, together with the two associated thyra­
tron tubes or HINs and associated resistors 
and capacitors, is mounted in a sinale plug­
in unit. Thus, in case of trouble any one of 
the three units may easily be replaced. An 
ac ~ignal of sufficient amplitude from the 
filter, when rectified to overcome the nega­
tive potential from the bias producing cir­
cuit on the grid of the associated thyratron, 
causes that tube to fire, operating the 
associated relay connected to the plate or 
drain circuit. 

2.07 The KP signal, consisting of a rela­
tively long pulse of 1100- and 1700-Hz, is a 
priming signal that prepares the receiving 
circuit for the reception of digit pulses. 
It is provided because the receiving circuit, 
when connected to a tr11ni,_ or keyse+, may be 
exposed to speech or other interferina cur­
rents, causing false registration in the 
sender or other associate~ circuit if the 
channel relays were in the pulse receiving 
condition at that time. To o~tain the nece~­
sary orotection, the circuit is arranged to 
require the oresence of the KP signal alone 
for a definite length of time (without the 
presence of any of the four other frequen­
cies) before it will unlock. The incoming KP 
signal frequencies traverse their respective 
filters, and th~se fr 0 quencies are rectified. 
The resulting positive de potential~ are 
added to the negative bias potential on the 
grids or gates of their respective channel 
thyratron tubes or HINs and on the grid and 
suppressor or aates of the SP electron tube 
or HIN through back contacts of the KP2 
relay. The thyratron tubes or HINs for 
channels 2 and 10 will remain unfired due to 
absence of plate or drain potential. If the 
potentials OP. the grid and suppressor or 
gates of the SP tube or HIN, caused by the 
addition of the rectified signal and the 
negative bias, are sufficiently positive, a 
plate or drain current will flow in the SP 
tube or HIN and the SP relay will operate. 
The SP tube or HIN requires a definite change 
toward positive potential on both grid and 
suppressor or gate elements to produce the 
required plate or drain current. 

2.08 Relay KP is initially held on its 
back contact hy reverse current through its 
secondary winding. The ooeration of the SP 
relay removes qround from terminal 6 of the 
KP rPlay. This causPs the rurrent throuqh 
the seconnary winjinq ~o decay PxponPntially 
because of the presence of capacitors E, F, 
and c; and resistor K. When the s,:,condary 
current has heen r~duced to a crede+prmined 
value, the current in the nrimary windinq 
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causes the KP relay to operate to its front 
contact. In operating, relay SP connects 
ground t.o the J lead. ·This·· ground ·is 
returned through chain circuit or timing 
circuit relay contacts in the associated 
register or sender over lead L to operate 
relay LK which in.operating connects 130-volt 
battery to the winding circuits ·of the chan­
nel relays except relays 2 and 10. These two 
circuits are open at contacts of the· KP2 
relay in the pre-KP condition to avoid firing 
these two thyratron tubes or HINs and operat­
inq their associated relays. Conduction in 
these tubes or HINs at this time would 
produce an undesirable effect on the voltage 
applied to the grid and suppressor elements 
or gates of the SP tube or HIN. Nonoperation 
of the 2 and 10 relays permits the other 
channel relays to function as third-frequency 
guards. 

With relay KP operated, the release 
SP at the end of the KP signal 

relays KP1 and KP2 which lock up 

2.09 
of relay 
operates 
through a 
provided 

ma~e-contact on the KP1 relay, 
-48 Vdc has been applied on the BAT 
2 leads by the connecting circuit. 1 and BAT 

2.10 Under certain applications, as 
described in section II, 2.02, the receiving 
circuit can be primed artificially by apply­
ing ground to the UL lead after -48 Vdc is 
applied to the BAT 1 and BAT 2 leads. This 
action will operate the KP1 and KP2 relays 
and arrange the receiving circuit for signal 
reception. 

2.11 The 
changes the 
recent ion Of 

operation of relays KP1 and KP2 
circuit to the condition for 

digit pulses, a change which may 
as follows: • 

be described 

(a) 

(b) 

(C) 

(d) 

Ground is connected to the lover arma­
ture springs of all channel relays via 
the upper make-contact of the LK relay 
(tK option) so that when the LK relay 
and a channel relay are operated, this 
ground is connected to its associated 
lead (O, 1, 2, 4, 7, 10) in the 
connecting circuit. 

The grid and suopressor or gate ele­
ments of the SP tube or HIN are 
transferred from channel 2 and 10 
rectifiers to cathode or source ter­
minal 2 of the signal present biased 
detector BF via a resistor-capacitor 

- network consisting of resistor P, 
capacitors c and H, and diodes c, D, 
and E. 

Resistors 2 and 10 are 
terminal 7 of relay CI<2. 
their associated channel 
same as the other channel 

connected to 
thus making 
circuits the 
circuits. 

The bypass capacitors, BC, in the grid 
circuits of thyratrons 2 and 10 are 
connected to the bias producing cir­
cuit, the same as in other channe1. 
circuits. With iM wiring the 2 chan­
nel is permanently connected. 

(e) A short circuit across the winding of 
the CK2 and CK3 relays is removed. 

' 

(f) 

• 

The path is opened ry which channel 
relays o. 1, q, and 7 cancel an 
incoming KP signal when a third chan­
nel frequency is present. 

(g) A high negative potential is ...... removed 
from the grid or gate 3 ter111inal of 
the BR tube or HIN. 

SECTION II - OFTAILED DESCRIPTION 

1. COUES AND FREQUENCIES USED 

1.01 The signaling frequencies used for 
multifrequency pulsing are 700, 900, 1100, 
1300• 1500, and 1700 Hz and have been desig­
nated O, 1, 2, 4, 1. ann 10, respectively, as 
an aid in remembering the diqit codes. Fre­
quencies O through 7 are used for the diqit 
codes, and frequency 10 is used in combina­
tion with other frequencies for th~ KP and·ST 
signals. Table~ gives the frequency assign­
ment for the various codes. 

TABLE A 

I Freq I I • Diqit I 
I in t I ' . ' ·~ ' ' I • I ' ' ' I I i 

I Hz I Desig 101112131415161718191KPISTI 

' t I I ' ' ' ' I ' ' ' ' ' ' ' I 700 I 0 I ,,,x, IX I. I IXI I I I I 
I 900 I 1 I IXI IXI IX I I I XI I I I 
I 1100 I 2 I ' IX I XI I I XI I IX I XI I 
I 1300 ' " I XI I I IXIXIXI I I ' I I 
I 1500 I 7 t XI I I I I I IXIXIXI I Y. I 
I 1700 I 10 ' ' I ' I ' ' I ' I ' XI ~, 
• • I • I • • I I • I I I • I 

X = Frequency used. 

1.02 Table A may be reproduced at will 
from the memory designations: thus, the 
digit 1 is 1 + O or 700 Hz and 900 Hz~ digit 
3 is 1 + 2 or 900 and 1100 Hz. etc. It is 
necessary, of course, to memorize the combi­
nations for O, KP, ann ST. 

2 1 PREPARATION FOR Rl'!CEIVING MF SIGNAL.<; 

RECEIVING CIRCUIT ASSOCIATFD WITll A SENDER 

2.01 When a sender havinq an associated 
multifrequency pulsing receiving circuit is 
seized and thP call requires the use of th~ 
receiving circuit, the sender cuts the T and 
R leads through to the trunk and connects 
battery to the BAT 1 and BI\T 2 leads. 
Battery over the BAT 2 lead energizes the 
operate (primary) winding of relay KP, bu~ 
the relay remains released because its secon­
dary windinq is energized from local battery 
over a path to ground via its contacts 4 an~ 
7 and contacts 4 and 7 on relay SP. Poten• 
tial on the BAT 1 preoare~ relays KP1 and K~2 
for future operation. 

Paqe 3 
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RECEIVING CIRCUIT ASSOCIATED WITH A RE'!' 
MONITORING CIRCUIT 

2.02 When a key monitoring circuit is 
seisf!d in order to monit.or on multifrequency 
l"llsing eignals, the monitoring circuit con­
nects the T and R leads to the keyset of the 
switchboard position being checked and con­
nects battery to the BAT, and BhT 2 leads to 
the multifreq¥ency pulsir.g receiving circuit, 
preparing it for the receotion of signals as 
described in the preceding section. In addi­
tion, because the KP signal is not sent to 
the monitoring e..:;·;Ai'[)tne,'.t by certain switch­
hoards, the monitorinq circuit primes the 
receiver artificially when th~se switchboards 
are used. This is done b~ having the mon­
itoring circuit apply ground i. , the UL lead. 
With ground on this lead and j~ttery on the 
RAT 1 lead, relays RP1 and KP2 operate 
immediately and transfer ·the ci:t--:uit to the 
digit condition in the sa~e way as the 
operation at t:,e end of a regular :<I- signal. 

RECP.IVING C!RCUIT ASSOCIATED W-~'l'H A TEST 
CIRCUIT 

2.03 When a test circuit is s~t op to 
Wik~ tests on outgoing multifrequency pulsing 
sig11als frorn senders or keysets, the te8t 
circuit connects the T and P leads to the 
sender or ~eyset under test and supplies 
battery over leads BAT 1 and BAT 2 to the 
receiving circuit associated with t~e test 
circuit. preparing the receiving cir~uit in 
the same way as described in 2.01. 

RECEIVING CIRCUIT ASSOCIATED WITH THE TANDEM 
OFF.ICE CALLS-WAITING SIGNJ\L CIRCllIT FOR AMA 
IN COt~JONCT!ON WITH CAMA 2-WAY SIGNALING 
CIRCUIT 

2.04 When the CAM.~ 2-way signaling cir­
cuit is energized, the receiving circuit is 
in the digit receive condition with RP1 and 
XP2 relays operated. Multifrequency signals 
are then received from the CAMA 2-way signal­
ing circuit to operate the receiver channel 
relays. The channPl relays in operating 
connect ground to the CAMA 2-way signaling 
circuit and either indicate 1:Pam size or lamp 
signals corresponding to the number of calls 
waiting. 

3a 1NPUT ~IRCUIT1 FIG 1 1 

3.01 The IN transformer is a well 
balanced, shielded coil provided to reduce 
the effect of longitudinal currents which 
might cause false operations of the receiving 
circuit. It: is pro•,1ided with optiona 1 wiring 
Rnd RpparatuA arranqementa which depend upon 
th4 type C\f circ11it l'\SSOCi<'ltli'd with t.h'" 
r'"c•iving circ:11\t. 

3.02 When the associated circuit requires 
the transformer to be used as a battery 
supply coil, leads T1 and Ri are used. 

3.03 When battery supply feature is not 
required, V wiring is furnished except when a 
900-ohm input impedance is neede~. 

3.04 When the receiver is used with sen­
ders or registers in 900-ohm 2-wire offices 
including 2-wire senders or registers in No. 
5 crossbar offices. ZF option is provided. 
This option adds a 316-ohm (R1) resistor in 
series with a 2-MF (B) capacitor between the 
input windings of the IN transforn,er which 
has a nominal input impedance of 600 ohms, 
thus giving the receiver a nominal 900-ohm 
input impedance. WhP.n ZF or ZE option is not 
provided, option ZD is provided and the ac 
path is completed either by v wiring or a 
2-MF capacitor in the associated sender or 
register. 

3.05 When the receiver is associated with 
2-wire incoming registers in a No. 5 cross­
bar office, the T2 and F2 leads are used so 
that relay contacts in the register which are 
across the R1 resistor permit switching the 
inout. impedance from 900 to 600 oruns. 'l'his 
is necessary in No. 5 crossbar offices 
because the receivers serve both 600- and 
900-ohm trunks. 

3.06 When the asRoci~tea circuit requires 
this circuit to have an input impedance of 
600 or 900 ohms, w wiring is furnished to 
obtain a 1:1 impedance in the transformer. 

3.07 When this circuit is used for mo.i­
itoring and is required to have a high input 
impedance, X wiring is furnished to obtain a 
4:1 impedanc~ r~tio. 

3.08 Resistors P1, P2, and P3 provide an 
impedance matching network and cause a loss 
of approximately 7 dB for 600-ohm input 
impedance or 5.5-dB loss for 900-ohm input 
impedance to the valuP of incoming signal. 
The grounded midpoint of resistor P3, a 
balanced circuit point, is provided for th~ 
removal of longitudinal currents. 

3.09 In order to compensate for varia­
tions in the cable capacitance where the 
office cable iR built out, Fig. 5 provides a 
building-out c2~acitor. 

!~ VOLUME LIMITER 

WITH ELECTRON TUBES, OPTION ZP, FIG. 2 

4.01 Electron tubes L1 and L2 and their 
associated input and output circuits consti­
tute a volume limiter which provides adequate 
amplification of the multifrequency pulses to 
cause operation of the desired chanr,els but 
which also limits the amplitude of high-level 
incoming signals to such a value that unde• 
sired channels will not operate due to spill­
over from adjacent ch~nnel~. 

4.02 The limitinq action is obtained by 
means of the control qrid resistors and 
capacitors L1 and L2 which cause the grid 
bias to become more negative when the alter-
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nating current on the grids becomes large 
enough to cause them to draw current during 
the positive half cycles. When this condi­
tion is reached. the power output increases 
very slowly with further increases in the 
grid voltage. The actual point at which 
limiting occurs is controlled by the voltage 
on the screen grids and on the cathode as 
well as by that on the control grids. The 
desired value for the screens is obtained 
from variable potentiometer P. The potential 
on the cathodes is obtained from voltage drop 
in resistor L3. 

4.03 In order to compensate for varia­
tions of volume limiter tubes, potentiometer 
P has been provided. The field adjustment of 
the volume 13miter can only be made when 
there is no shunt path on the input caused by 
other circuits. With a 2-frequency digit 
signal from the pad circuit as inpt1t t-_o the 
receiver at a nominal level of -9.6 ±0.8 dRm, 
the voltage (as read by a KS-14510, 1,1 !'let.er 
on its 12-volt ac scale plugged into the LEV 
test points. tJ.p and ring) sho11ld be adjusted 
by varying potentiometer P until it reads 
11. 0 vol ts. l\11 thyratrons Rhould he in 
place, and relays KP1, KP2, and LK should be 
nonoperat.ed. 

4.04 To increase the severity of certain 
tests. thereby making them more effective in 
determining the point of failure under actual 
working conditions. provision has been made 
to degrade operation toward failure from 
modulation products by reducing the negative 
bias on the grids of the channel thyratrons 
by 30 percent. This is accomplished by 
grounding lead N which short-circuits resis­
tor F. 

WITH HINs. OFTION ZQ. FIG. 2 

4.05 Two KS-21078 HIN devices are used in 
sockets L1 and L2. Each network consists of 
two field-effect transistors connected in 
cascade with internal fusing and a protection 
diode. The network provides gain in the 
linear range and limits high level input 
signals. Sir.ce the HIN device does not have 
a screen grid for adjusting the limiting 
point, the P potentiometer is no longer used 
and is turned fully cloclcwise. before the 
HINs are installed, and left in this posi­
tion. (See HIN kit instruction sheet.) 

q.06 Limiting action with the HINs is 
achieved by carefully controlling the range 
of IosR (drain to source current with normal 
source biasing resistor) so that the limiting 
point of the input signal is held to small 
variations. The variable bias adjustment is 
then used to compensate for variations in the 
limited output signal. 

q.01 HINs are made of solid-state 
materials and do not change parameters with 
agP; therefore. an initial adjustment is made 
by following the instructions set forth in 
th9 current isau~ of BSP 179-612-701 or 
179-612-702. The adju~tment consists of 

recording 
adjusting 
ing value 

the volume 
the variable 
shown in the 

limiter 
bias to a 
BSPs. 

reading and 
correspond-

ADJUSTMENT WITH HINs, OPTION ZQ 

4.08 There are two adjusting pad circuits 
that are available for aligning MF receivers. 
One pad circuit. SD-95664-01, uses MF fre­
quencies from the office MF current supply 
circuit. This pad circuit requires no change 
for use in adjusting HIN receivers; however 
the co~panion BSP 179-612-701 must be Issue 8 
or later. 

4.09 The other adjusting pad circuit, 
SD-95779-01, uses a 1000-Hz milliwatt sup~ly 
to deliver certain levels for adjusting the 
receiv~r. This adjusting pad circuit must be 
modified per Issue 6B and Issue 7 or later of 
~he companion BSP 179-612-702 must be use~. 

4.10 A field adjustment using a 21A TMS, 
or equj_valent, is outlined in 4. 11 for us~ in 
adjusting receivers with HINs in offices that 
normally use the 1000-Hz adjusting pad cir­
cuit per SD-95779-01 but have not modified it 
per IsRue 6B as yet. 

4. 11 
form 1 
sheet. 

( 1) 

(2) 

When initially installing HtNs, oer­
through 10 of the kit instruction 

then: • 

Remove any shunt oath on the input 
caused by the connecting circuit. 

Set 
dBm 
the 

. 
the TMS output for 1000 Hz at 

and insert cord at the IN jack 
• receiver. 

-12 
of 

(3) Block relays 
nonoperated. 

KP1• KP2, and LF 

(4) using a KS-14510, L1 meter. or equiva­
lent, on the ac scale, observe and 
record the reading at test points T 
and R. Reading should be between · 9. 0 
and 16.5 Vac. 

(5) If reading in 
greater than 
and/or L2 HINs 

(4) is less than 9.0 or 
16.5 Vac, replace L1 
until (4) is satisfied. 

Caution; Remove and restore power Pex 
instruction sheet. 

(6) 

(7) 

(8) 

(9) 

(10) 

( 11) 

Disconnect the meter leads. 

Set the meter to the 60-Vdc scale. 

connect the 
test points 

- and 
Rand 

Adjust 
ing to 

the BIAS 
Table B. 

Repeat (4) • 

+ meter leads to 
GRD. respectively. 

potentiometer accord-

If the limiter 
repeat (fJJ • 

reading has chang~d, 



I 
I 
I 
I 

I 
I 
I 
I 

• , 
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I 
I 

I 
I 
I 
I 
I 

' I 
I 

' I 
' ' ' I 

(12) Disconnect the meter 
and rE::1110'7e blocks from 
!l:P2. and LIi:. 

leads and TMS 
relays JCP 1 , 

(13) see 5.07 for SP adjustment. 

TABLE B• 

If Vol11J11e Limiter ' Adjust variable I 
Reading is (Vac): ' Bias to (Vdc): I 

9.0 - 9. 7 I 20.3 I 
9. 7 - ,o. 1 I 21.2 I 
10.1 - 10. 5 I 22.1 ' 10.s - 10.9 I 23.0 I 
10.9 - 11.25 I 23.8 I 
11.25 - 11.6 I 24. 5 I 
11.6 - 12.6 ' 25.6 ' 12.0 - 12. 5 I 26. 5 I 
12.5 - 13. 1 ' 2"1. 3 ' 13.1 - 13. 7 I 28.2 I 
13.7 - 1 ... 3 I 29.1 I 
11J.3 - 14.9 I 29.9 1 
1,.9 - 15.5 ' 30. 8 ' 15.5 - 16.5 ' 31. 8 I 

only when adjusting wlth 
source. 

1000-Hz 

5. SIGNAL PRESENT CIRCUIT 

WITH ELECTRON TUBES• OPTION ZP, FIG. 1 

5.01 ThP. output of the volume limiter is 
connected to three circuits as follows. The 
input to the bias producing circuit is con­
nected to the plate of electron tube L1; the 
secondary terminals of the output transformer 
OUT are connected through a 6-dB T pad to the 
common input terminals of the six channel 
filters. The shunt m~mber of the T pad 
consists of two resistors, ~ 200-ohm unit and 
a 600-ohm unit, connected to the conmon side; 
the input terminals of the bandpass filter of 
the signal present circuit are connected 
across the 600-ohm resistor element of the T 
pad. This bandpass filter, a 7000-ohm to 
7000-ohm unit. has a fairly flat low-loss 
characteristic from 600 to 1780 Hz and is of 
considerable value in making operation poss­
ible over noisy circuits. The output of this 
filter is te11uinated in a 7000-ohm resistor 
to mate~ its characteristic impedance. The 
7000-ohm unit is made up of two resistors, R 
and s. which serve as a potentiometer to 
provide the desired voltage at the input 
terminals of transfor,aer SP. The voltage 
output of this transformer is applied to the 
qrid, terminal 3, of electron tube BR which 
functions as a rectifier by virtue of the 
negative qrid bias supplied by potentiometer 
SP. The output of this tube. a de potential 
taken from its cathode, is connected through 
resistor P to the grid and suppressor ter­
minals nf electron tube SP after the KP 
signal has been received and the KP condition 
established. Prior to and during the recep­
tion of the JCP signal. this tube is held 

6 

nonconducting by 
terminal 3. 

a negative bias on grid 

5.02 capacitors c and H comprise a filter 
of which the H capacitor is selected to 
provide a signal recognition time of approxi­
mately 20 ms. Diodes c, D, and E are so 
connected that they reduce the time-constant 
of the P resistor, H capacitor combination at 
the end of a signal, and thus reduce the 
release time of the SP relay. The cathode 
terminal 2 of tube BR is connected to resis­
tors AA and AB, forming a negative bias on 
the grid and suppressor elements of tube SP. 
'11lis bias is approximately -8.3 volts. The 
SP tube operates as a de amplifier having the 
secondary or operating windinq of relay SP in 
its plate circuit. As both tubes operate on 
a threshold bias, the points at which relay 
SP will operate and release are less than 1 
dB apart. 

5.03 Adjustment of the operating point by 
means of potentiometer SP may be made after 
the adjustment of the limiting amplifier has 
been completed. Battery voltages should be 
-48 and +130, relay LK should be block 
nonoperated, and rPlays KP1 and KP2 should be 
blocked operated. The;, using the 2-frequency 
adjusting pad circuit pp• ~~-95664-01, with a 
digit 6 signal, 11GO ;i.nd 1300 Hz, having a 
level of -27 t0.8 dBm connected to the 
receiver input terminals, control SP is 
adjusted until the SP relay just operates. 
The relay should release when the inout 
signal is reduced by 1 dB. 

. 

WITH HINs, OPTION ZQ, FIG. 1 

5.04 Operation of the signal present cir­
cuit with an HIN ievice is the same as with 
an electron tube. The network KS-2 1,:AO HTN, 
replacing the 415A electron tu~e, consists of 
two series-connected field-effect transistors 
in series with 3 curr~nt limiting resistor in 
the drain and a diode connected to the drain. 
In addition, a limiting resistor is in series 
with each gate. 

5.05 This network is used to drive the SP 
relay. It ie operated in two modes. In the 
pre-KP mode. qates 1 and 7 are connected to 
the rectified outputs of the 1100- and 1700-
Hz channel filters and serve as an ANO gate 
to detect the KP signal. In the post KP 
mode. gates 1 and 7 are tied together, via 
operation of the KP2 relay, and are driven by 
the output of the signal present amplifier 
(one-half of the KS-21077 HIN). 

5.06 Adjustment of 
circuit by Jllf'ans of thP 
the same as outlin~d 
tube operation. 

the signal present 
SP potentiometer is 

in 5.03 for electron 

SP ADJUSTMENT WtTH HIN~ USING A T~S 

5.07 This adjustment should be made after 
the adjustment of the RIAS potentiometer ae 
outlined in Q.11. .. 

• 

• 

• 

I 

I 

I 

I 

I 
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(1) Set the TMS for 1000 Hz at -26.6 dBm 
and insert cord at the IN jack of the 
receiver. 

(2) Block relays KP1 and KP2 operated and 
. Ll'C nonopera ted. 

(3) Adjust the SP control witil relay SP 
just operates. 

(4) Reduce the TMS level by 1 dB. 

(5) Relay SP should release. 

(6) Disconnect the TMS and remove blocks 
from relays KP1, KP2, and LK. 

6.01 The SP pulse corrector is 
to prevent a pumping condition 
occur on short input pulses mainly · 
by operator keying. 

designed 
which can 
generated 

6.02 A short input pulse (8 to 18 ms) can 
cause the following action, without the ~ulse 
corrector installed. 

6.03 The SP relay in operating causes the 
Ll'C relay to operate via ground on the J-L 
loop. The LK relay in operating activates 
the channel relays and the CK2 relay, if two 
channel relays are operated. The CK2 relay 
operates and normally locks the LK relay 
operated through an addi tiona.l ground on the 
L lead via Q option. However, by the time 
the CK2 relay has operated, the LK relay 
releases becaus€ the SP relay has released by 
virtue of the short input pulse. Although 
the CK2 relay rele~ses because the LK relay 
has deactivated the channel relays, the brief 
operation of the CK2 relay can reoperate the 
LK relay and hence the channel relays and CK2 
relay. In this manner there can be several 
cycles of pumping of the CK2, channel, and LK 
relays before the action subsides. Although 
the input signal has disappeared at the time 
pumping occurs, the channels are still reac­
tivated by virtue of charge stored on the 
0.022-uF BC and BD capacitors in the thyra­
tron grid circuits. With a minimum required 
input signal of 27 ms, the SP relay is 
operated for sufficient time to lock LK and 
a2 r~lays. 

6.04 The SP pulse corrector is basically 
a monopulser which puts a positive pulse of 
about 22 ms on~o the operate grids or gates 
of the SP tube or HJ:N via the D lead in Fig. 
6. This action increases the time the SP 
relay stays operated on short input pulses 
but has little effect on normal pulses. The 

. mls• COl'rector is activated when the SP 
relay operates relllOving ground from the B 
lead via 4 (SP) relay. 1.n additional ground 
on the E lead throwJh SU(l(P1) inhibits the 
pul•• corr.ctor until after receipt of the JtP 
tone. 

6.05 In the quiescent state, capacitor C1 
has a 24-volt charge with the end connected 
to the base of Q1 at ground potential. Since 
no current flows through C1, Q1 is held off. 
When the SP relay operates, C1 will start 
charging toward 48 volts through resistor R2, 
causing current to flow in the base of Q1, 
turning Q1 on. When the charging current 
through C1 reaches about 0.6 mA (current 
through R3), the base current of Q1 goes back 
to zero and Q1 is turned off. The action of 
Q1 turning on and off causes a positive pulse 
at the collector which is connected via diode 
CR4 to the grid of the SP tube. Diode CR3 
protects Q1 from a high reverse breakdown 
voltage across the base-emitter junction when 
the SP relay releases. 

6.06 Diodes CRS and CR6 are attached via 
the C lead to the BR tube or HIN. These 
dLodes are designed to clip the operate 
voltage to the SP tube at 4.3 volts to give a 
more uniform operate time of the SP relay 
regardless of signal strength and to prevent 
its operation on any high level, short burst 
noises. 

6.07 Included as part of the SP pulse 
corrector circuit is ZM wirinq. This wiring 
removes a KP1 make-contact in the operate 
path to the grid of the channel 2 thyratron 
tube. This is done to protect against miss­
ing the A digit if the following condition 
exists: a short A digit (about 20 ms or 
less, containing channel 2 and any other 
channel preceded by a short gao (about 10 ms) 
between the end of the KP tone and the A 
digit. This condition, ~lthough highly 
improb3ble in machine pulsing, can occur with 
improper operator pulsing. 

7. VARIABLE BIAS CIRCUIT 

WITH ELECTRON TUBES, OPTION ZP, FIG. 3 

7.01 Energy for operation of the variable 
bias circuit is taken directly from the olate 
element of electron tube L1. The lead.from 
that point is connected through capacitor AA, 
resistor AC. and variable potentiometer BIAS 
to the fixed potentiometer formed by resis­
tors AD and AE of Fig. 3 between -48 volt 
battery and ground. The variable arm of the 
potentiometer is connected to grid 7 of 396A 
electron tube BR which operates as an ampli­
fier. The plate circuit of this tube is 
coupled to the diode voltage doubler circuit 
consisting of diodes A and B, resistor N, and 
capacitors D and AB of Fiq. 1. 

7.02 The grid circuits of the channel 
thyratrons are each connected to the co11m1on 
filter input terminals through a megohm 
resistor. either BA or BB. and this camlllOn 
lead in turn is connected through resistor N 
to the fixed potentiometer formed by resi■-
tors o. E, and F between -48 volt battery •nd 
ground. The values of D, E, and F are such 
that a potential of -18 volts is normally 
supplied to this coi■;;on lt1tad when no in .. oming 
signal is present. If a signal is applied to 

- - I 

-1 

hge f7. 
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the in-pat t.exmlnals of the receiver• a Wll 
al -~ernating ,roltage fron, the limiter output 
is connected to grid 7 of the Bit tube, 
amplif1ted therein, and passed to the rectifi­
er voltage &>ubler circuit. The polarity of 
the diodes is such that a negative potential 
is produced at the common filter tetminal, 
addi1:1g to the -18 volt potential mentioned 
pr-,rlously. As the input signal is 
in,c:reased, the value of negative bias on all 
thyx:atr0t1s also increases, thus maintaining 
the ~rg1n of safety from ope.ration . of 
unwanted channels. 

7.03 An adjustment .check may be made as 
follows. With no signal applied to· the 
receiver input terminals, the dit•ct voltage 
::.e,aaured between the tip and ground at the 
LEV test points shOuld be between •16.7 and 
-11;0 and the voltage from terminal 7 of the 
BR tube to ground should be between -9.25 and 
-10.6 •. wi+h a 2-freq ... ency signal· of -9.6 
t0.8 dBm applied to the receiver input, the 
BIA$ potenti;;;meter adjustment should be such 
that the voltage measured ~etween the tip and 
ground of the LEV test points is -31.0 volts 
de •. These voltages should be meas~:ed with a 
KS-111510, L1 i:.eter on its 60-volt de scale. 

WITH HINs, OPTION IQ, FIG. 3 

7.011 The 396A electron tube in the BR 
socket is replaced by a Jl:S-21077 HIN. The 
network consists of two field-effect transis­
tors, each with internal fusing and an 
internal diode. This network performs the 
s••"• functions as a dual-triode electron 
tllbe. One section takes signals from the 
output of the signals present (51') filter, 
rectifies them, and derives a de signal that 
is used to drive the SP HIN. The second 
section is used to d~velop a variable nega­
tive bias .. voltage for the channel relay 
drivers. 

.· 7~05 Adjusbt.ent of the variable bias cir­
cuit is made by setting the BIAS poteni011eter 
to a corresponding level of the recorded 
limiter level a$ 'outlined in the current 
lane of BSP 179-612-'701 or 179-612-702. 

• • 

WY'rfl EL.!C."1'11<>1' .TUBES, OP'l'IO!I IP, FIG~ 

8.01 As previoualy described, the output 
of . the limiting amplifier is .connected 
tht.~h a 6-dB tranamisaion pad to the comn10n 
in,at teminala of the six channei filter■ 
whlctl ••rate the aignaling fr•quencies into 
chinnela O to 10 corresponding to. bands '700 
t•S !ta, ,00 t•5 Ha up to 1700 tq5 Ha. A 
co~••ting filter, terminals , and 5, of 
the 201D filter is ~rovided to improve the 
characteristics of the 700- and 1700-Ha fil­
ters by simulatift9 the effect wh\ch would be 
produced · by adjacent filters below and above 
them. 

8 

8.02 The transmieaion pad between limiter 
outpot and filter input aervea a threefold 
putpose: 

(a) It provides the attenuation required 
to match channel sensitivity to limit­
er output level; 

(b) It provides a relatively constant 
impedance termination between the fil­
ters and the varying output of the 
limiter; 

(c) It attenuates transients reflected 
from. the filters to· such an extent 
that they do not advereely affect the 
SP channel. 

8.03 The output of each channel filter is 
connected through one-half of 396A electron 
tube A, operating as a diode rectifier, to a 
1-,negohm resistor termination shunted by a 
0.01-uF capacitor. Thus a signal passing 
through the filter is rectified in the c!iode 
which is poled to produce a posi~ive de 
potential with accompanying voltage ceaka 
bypassed by the 0.01 capacitor. At the 
junction of the diode cathode and the ter­
minating resistor, the potential resulting 
from the. addition of ~he positive r-ctified 
signal and the negative potential frnm ~he 
bias producing circuit is placed, via e~ther 
resistors BC and BF or BD and BF (~iq. •l, 
on the control grid of the·associated channel 
thyratron tube B or c. A second bypass is 
provi~ed by capacitor BC or BD, Piq. 4. 

e.o, Prior to the recept:ion of the · Kl! 
signal · and operation of the P.:P1 and P.:Pi 
relars, the junction points of the channel 
rect fier cathode and the channel ter,ulnatinq 
resistor BA in channels 2 and 10 are con• 
nected to the grid and su~essor ~lments, 
respectively, of the SP tube. The volta~e 
resulting from the addition of the poelt:ive 
rectified RP frequencies and the· negative , 
voltage fr0111 the bias circuit is applied both 
to the gri'ds of the respectiff channel tb1ra"'­
trons and to the grid and supprnsor of· the 
SP tube. However, no action takes place in 
the thyratrons due to the condition of the 
plates, but at the SP tube the action is a• 
outlined in Section I, 2.07. '!.'he circuit of 
the bypass capacitor BC nearest the qrid of 
the thyratron is open in · the · nonoperated 
condition of relay ICP1 to minillli'7:e tt.• 
required for release of the SP relay. HOiie ♦• 
er, with IM wiring only channel 10 is held 
open in the post KP condition as explained 
under BP pulse connector operation. 

8.05 The channel thyratron. a hot cathOde 
gaa tetrode of miniature type. has a neep 
control charact~ristic with very low ~reoon· 
duction right up to the ~•quired condu01:lon 
or firing point. In thia circuit, condu~ion 
may take place with 2 volt• negative poten­
tial between grid and cathode. ~s the tube 
ages. this critic&~ voltage v~ll approact) O. 
During the operated condition, the anode 
plate current will be in the order of 10 Ilk 
and the voltage drop across the tube w111 ·' be 
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approxiaately 8 volts. cue should be taken 
to ensure that no plate potential is con- . 
nected to tile tube until the heater has been 
energised for a minimum period of 10 seconds. 

• 

8.06 Thli channel relays. each with its 
winc!ing:connect:ed in the plate circuit of the· 
al! ■OClated thyratron. are of. a fast operat­
ing. faat r•lease type. Il'l the digit recep­
tion con4iitio11. i~e. after recept.i<>n and rec-

. 09nitio1, of 11he IP signal. · operation of the 
LJC. nl.ay (U option) and.,-ofa channel relay 
co~• -gro,md to the _associated (O, 1, 2. 
•• 1 • . 10) lead to tb~ r~ster or sender. 
P.rior to the operation of relays KP1 and ICP2• 
the connection between the channel 2 and 10 
relay windinc,s and t.er.minal 7 of relay a2 is 
open ao that 110 opezation of these two 
channel• can take place.· 1111 explained in 
section r. 2.07. Under this condition, the 
other ct-•nliel relay contacts are used as a 
thirtt-f:equency guard in· that this ground 
will be·app11ed to terminal. It of the ICP relay 
to discharge capacitors E, . "• and. G and hold 
~lay JP nonoperated. A~er reception of the 
KP ••iCJMl• the above conditions are removed 
and.· the opetation of ·al.l channel relays 
depenc!e upon the firing of their associated 
thyratr0t16. · 

•• 

8.07 Pig.· 7 adl!s COfttact "P,rotection 
diodes to• protect· the outp1t UA•2 relay 
contact• in ·receivers which cloae ground to 
wipzotec:1:ed register relays in the associated 
c:1rcuit. Sinc,e contact.· · ezosion will vary 
!rO& one r.ceiver to enotber. Fig. 7 need 
only be 11• ea when ther_e· i,s evidence, that 
contact noel.on has •t¢ea · and should be. 
S.n~led only in receiflr• associated wit}) 
circait• listed in NOte 110. 

, 

8.08 The three Jta• eletton tubes used 
•• 4ual 410.SM in the r•c~i•inf ch~nn•l• ha;e 
blt•n replaced by J:S-210"19 IIDI•- The new HI1' 
device con•i~• of two cSi.CMUB. Three net­
works• are 11,11ed to provide rectification of 
the siz channel filter oulp.at signals •. 

, 
' ~ . , . ' • 

. 8.09 'l'be raplacelllent for'.~he 2D21 elec-. ·~ . . 
t., •. babe t,llyrat:ron ii a ~8-21081 HIN. Thi• 
nebloclt corieiats of a thyrieti>r. field-effect 
transi.ewr,. diod19., resistc,t', ♦nd a capacitor. ·•· 
Thia r.etwor" is ued to operate its corres­
"PQn4inq cbannel relay wla•.r. a ei9nal fraa it.e 
aesociatecS rectifier (J:S-21079) appeen on 
9ate 1 ana. the drain voltage.- • 130 Vda, has 
t.• applied.by ~•rat.ion of the LJ: relay. 
The network will continue to operate l-t.a 
c:bannel relay in SCR faahlon·after the ·gate 
el,nal i• rwwed •• long •• load current itl 
p.ruent. When the lJt :elay releases and 
~• • 130 V4c froa •~ SCR anode, tbe 
network ie turned off, causing the channel 
relay to release. 

--ISSUE 13B 

9, ffitCAL QPERATIOM . 

9.01 Typical operation of the receiver is 
described below in · teL,,18 of electron tube 
operation. The operation of a receiver eon­
verted to HINs is the same except where 
differences are described in II.OS through 
11.01, 5.04 through 5.06. 7.011 and 7.05, and 
8.08 and 8.09. 

9.02 When a register or sender. is · -selsed 
by a trunk for the reception of an incollinq 
MP' call, relay oper-ation in tbis cire.sit 
connects battery to "the- BAT 1 and UT 2 · leads 
to the MF receiving circuit to energize the 
primary winding of relay RP and -it;o sopply 
battery for the future operation m relays 
KP1 and KP2 and connects the T and R lead$ of 
the receiver to the inc0ming line pair. The 
i1,c:oming KP frequencies. 2 and 10, pass 
through the limiting amplifier for amplifica­
tion or amplitude limiting, as required, by 
their received level. At the outpu~ of the 
limit.er. the signal divides three ways with 
the m11jor oortion of the energy traverainct 
the 6-dB pad with corresponding attenuation 
to the common input.to the channel fil~ffS. 
The greater part of the signal divides and 
passes through the 1100- and 1700•8~ fil~ers. 
although s.:>n,e energy is released in the fOLm 
of a 11- to a-ms traneient at the output of 
the other filters as a re9ult of shock 
excitation. At the output of the channel 
filters, the signal ts·changed to a positiv~ 
de potential in the channel rectifier tqbe. 

' 

. . 
. 9.03 At the out-put Qf the limiUng ampli­

fier. the voltage across the 600-ohm res·tator 
in the shunt element of the 6-dB · pad is 
•~plied through the 201D bandpass filter SP 

· and SP input transfatme.t to grid 3 o-f tube BR 

. . 

. . 

in the signal present cf,rcuit. This perfor1us · ·· 
no useful function at this time as the outpu~ 
circuit of this tube is open at the KP2 relay 
contacts, and the tube grid is qiven a 
high-negative bias thtough contacts on the 
same relay to avoid placing a posit·ive etiarge 
on capacitors c and H. 

9~0• At the output of the amplifier, a 
small part of the signal voltage at the plate 
of the L1 tube is applied to grid .7 terminal 
of the BR tc~b• •. This. signal is amplified and 
passed on to the volt•g~ doubler diode cir­
cuit. where it is rectified. and the re110lting 
negative voltage is added to the fi•ed nega­
~lve bias voltage (apc►.toKimately -18 volts) 
produced by fixed potentio.ae'ter reeist~• D, 
z. and F. Thia pote~tial is conn~ted 
through 1· ... egohm reaietora to a point in each 
channel at the output of ,the channel rectifi­
er tube. Here. the bias voltage and the 
positive rectified sign~l-voltage •~e adc!~d. 
and the resulting potential is •~plied to the 
grid of the channel tbyratron. Duri119:the 
reception of the J:P signal. this resulting 
channel Mrect voltage ie applied both tQ. the 
channel thyratron grids and also to the cyrid 
and suppressor ele, .. e •• ts, respectively, of the 
SP tube. 

• 
• 
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9.05 The resulting flow of plate cux-rent 

in this tube operates relay SP which in turn 
xeL1l0YeS groun~ f1.om terminal 7 of relay KP to 
sta~t the operate timing circuit for this 
relay. and connt::cts ground to lead J which is 
connected via the associated register or 
sen41tr to lead L to operate relay LK. Relay 
LR operated connects 130-volt battery via the 
shunted windings of relays CK2 and CJC3 and 
back contacts of RP2 relay to each·thyratron 
plate circuit, except 2 and 10, via a 1260-
ohm reaietor aM the winding of the channel 
relay. The tiu,e ruq1.ired for the · operation 
of J:lelays SP ~nd LR pe1.1oits the transient 
condition in the filters of the unwanted 
channel~ to die out before the plate voltage 
is available to fire th€ thyratron. The 
thyratrons · for channels 2 and 10 do not 
beco11, conducting at this time. Relays CK2 
and -C1t3 remain unoperated 5_n the pre-KP 
coMition due to the fact that \·heir windings 
are short-circui~ed at upper conta~ts •-5 of 

. . 

relay ltP2. ln case any channel thyratron has 
operated, in turn operating its associated 
relay, ground from the upf 0 r relay contact 
will be connected to ter,.,inal 4 of the KP 
relay and will stop the timing oper•tion by 
again gcounding capacitors E, F. and r. 

9.06 When no third frequency is present, 
the E, F, and G capacitors associated with 
relay ~P have been receiving a charge from 
battery through the 6- 1 winding of .the relay 
since the SP relay armature left its back 
contact. thus continuing to hol~ the KP 

.armature on cont.act 4 for a period of time. 
After about 55 ms, the current in winding 6-1 
is reduced to the point where the 5-2 winding 
takes control· and the armature moves to 
eo•tact 3. No further action takes place 

. un~il the end of the received KP siqnal. 
, Then relay SP releases connecting ground from 

its back contact via the 7-3 contacts of 
relay ·l(t)_to operate relays KP1 and KP2. This 
changes the circuit to the condition for the 
reception of digit P\llses as outlined in 
se~ion r, 2.20. Relay KP remains operate1l 
for the duration of the digits transmission. 

9.07 When the 2-frequency signal repre­
senting the first digit is received, it 
traverses the various circuit elements. 
limit1ng amplifier, etc. as described for the 
preceding RP signal, and becomes a,,ioltage on 
the grids of two channel thyratrons •. This 
voltage as previously described is the addi-

- tion of a positive rectified signal from the 
channel filter and a negative fixed bias 
augmented by a negative potential controlled 
by .the incom_ing signal amplitude. A small 
.. m~~ of power •Y traverse other channel 
fil~rs caused by ge-nera-tion of thir6-order 
9roducts in the limiting amplifier, products 

_ which hllve the correct channel frequencies. 
However. the amplitw!e of third-order pro­
duct• is small in comparison with the digit 
siqnals. and adequate protection is afforded 
against falee operation from this aouce. Yn 
the digit condition, the SP signal chennel is 
ma4e co,.t:inuo,,s by otieration of the JtP2 
relay. and the voltaqe applied to g1.id 3 of 
the 1'1~ t.ube throuqh band filter SP dnd input 

,o 

transfvxn,er SP is rectified in:it:he tube. Tlw 
resulting direct voltage ta~en from the BR 
tube cathode, terminal 2, is applied throu9h 
resistor P to the grid and suppressor ter­
minals of tube SP, a de amplifier stage. The 
resulting current flow in the plate circuit 
of tube SP operates relay SP which in turn 
operates relay LK over the J-L. loop in the 
associated register or sender." ()pera~ion of 
the LR relay connects battery to the chann~l 
thyratron plate circuits, and the t:wo tube■ 
with firing voltage on their grids break 
down, in turn operating their associated 
relays which in turn connect ground potential 
to the -as11ociated channel l.eads and to lead.J 
to the sender or register. 

9.08 Relay CR2 operates with two channel 
tubes conducting and perfo1.ms the followingi 

(a) Removes qround fl.()IU the F resistor 
increasing the fixed pOtP.ntial' on the 
thyratron qrids from -18 to -•e volts 
to ensure that no other channel thyra­
tron will fire from the end transien~ 
condition when the signal ceases. 

(b) 

(c) 

(d) 

(f) 

Removes ground from the M 
associated s~nder or register 

lP.ad to 
circuit. 

connects gro,1nd to the H lead to 
associated sender or register circuit. 

When Q wiring is spe~ified, nlaces a 
second ground on leads J and Q to the 
associated sender or register. a 
q~ound which is independent of the SP 
relay. 

When B wiring is specified, connects 
ground to the F resiator via lead W 
from the associated CAMA sender. 

When A wiring 
ground on the 
CAMA sender 
relay. 

is specif~ed• plac~s a 
v lead to the associated 
independent of the SP 

9.09 The grounds placed on two of the 
channel leads Oto 10 result in operation of 
the register relays in associated senders or 
register wh~~h, together with the chanqing 
condition on leads H and M, causes the 
connected circuit to open the J-L loop. Tbis 
releases the LK relay, in turn releasing the 
channel relays and reiay a2. If the signal 
is still incoming, the SP relay remaiu 
operated and ground on the J lead does not 
permit the sender to reclose the J-L loop. 
This precludes the possibility of a double 
registration on a single digit signal. tn 
case nf a short signal and slow registration. 
the SP relay may release. but the grOtJDd on 
lead J from the make-contact of the CJt2 relay 
holds relay LR operated until the J•L loop 1• 
opened to show that registration la complete. 
With the end of the double signal and with 
regietration complete, the SP and LR relays 
release. This de-energizes the thyratron• 
and releases the channel relays and relay 
ci2, and the circuit is reaay to receive the 
nf'xt .-, iqi t. 

• 

• 

f 
• 

r • 
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9.10 In the digit condition. the CR3 
relay will operate in.· case three channel 
thyratrons become conducting due to the pres­
ence of a third channel frequency. operation 
of this relay removes the chain advance 
ground fro,u lead K to the associated sender 
or register and grounds lead RO to the same 
circuit to start a reorder signal to the 
originating operator. 

9.11 When H wiring is provided, operation 
qf any channel relay ~laces ground on leads. 
This permits use of a single-frequency 
advance feature. 

10. START SIGNAL 

10.01 The start signal ST, consisting of 
· frequencies 7 and 10. is sent out after ,,ill 
the diqit codes have been transmit~~a, but 
whether it serves any useful purpos,, depends 
upon the register arrangement provided in ~he 
sender or other circuit with wh~ch the 
receiving circuit is associated. In some 
cases the traffic is such that all calls 
involve the same number of digii:s, and I t.he 
sender or oth~r circuit proceeds as soon as 
the full complement of digits has been 
received. In other cases the numher of 
digits varies from call to call, a11d it. is 
necessary to indicate when all that are 
necessary have been reqistered. The start 
signal serves this purpose. Although it is 
superfluous in the former case, it is always 
transmitted in order to avoid operating 
complications. 

10.02 When the 5ender ~r other circuit is 
arrang'!d to accept the ST signal, the receiv­
ing circuit functi.ons in the same way as on 
digit Pulses "xcept that it gro,1nds +:he 7 and 
10 leads. When the sender or other circ 11it 
does not require the ST signal. arrangements 
ar1> provided to prevent its reception in 
order that it may not interfere with the 
proaress of the call. In either case. bat­
tery is subsequently removed from the BAT 1 
and BAT 2 leads and ground is removed from 
the UL lead when it is used to restore the 
receivinq circuit to normal. 

11. MISCELLANEOUS 

11.01 The w leaa 
associated CAMA sender 
in the receiver. 

is required by the 
to prevent bias shift 

11.02 The V lead is required 
associated CAMA sender to allow digit 
tration on a short signal. 

by the 
regis-

11.03 Y wiring and leads TC1 and TC2 are 
provided so that the maximum KP relay operat­
ing time can be increased from 55 ms to 88 ms 
when the receiver is part of the incoming 
register or sender test circuits. Leads TC1 
and TC2 connect to a capacity of 6.48 uF 
located in the test circuit. ~Jith Z witinq 
the KP. relay operate time is 55 ms rnaxin1um. 

to 
11.04 Jacks CK3, KP, and SP are 
facilitate testing the 280-type 

the circuit. 

provided 
relays in 

11.05 The IN jack is provided to facili­
tate adjustment of the limiter, signal pre­
sent, and variable bias circuits. 

11.06 Fig. Bis provided for use where 
the receiver is employed as a monitoring or 
testing unit and will not be used in conjunc­
tion with the filament supply circuit. In 
this case no transfer to de is involved, and 
the transfer relay, Fig. A, is not required. 

11.07 Resistor LK provides a leakage oath 
to discharqe any oo~e~~ial stored in the 
capacitOI ,;,l.ernent of con+.act protection unit 
LK by a possible rebound of contacts on relay 
LK when releasinq. 

11.08 ~he Plead provides a ground 'remov­
al each time the SP relay operates. 

~1~2,J,._~L~O~TING TROYBLES IN RECEIV~RS WITli 
ELECTRON TUB~S. OPTION ZP 

12.01 The initial orocedure in locatinq a 
trouble in a suspected receiver is to "lpply 
all the ~F receiver i:ests from i:he sender or 
register test frame. By varying the digits 
pulsed, the trouble can 11sually be isola+ 0 d 
to a particular receiving channel or if 
several digits are failing, the trouble could 
be a con•ponent common to all receivinq 
frequencies. 

12.02 The next step is to a~oly all +he 
adjustments listed in BSP 179-612-701 or 
179-612-702. These tests will verify nroper 
functioning of the volume limiter, varia~le 
bias, and signal present circuits. The pulse 
corrector should also he checked if Fig. 6 
is installed. 

12.03 If any electron tubes are suspect, 
they should be checked in a tu~e tester. 
However, it st1ould be noted that the test 
performed by certain tube testers is not an 
accurate measure of the performance of the 
tube ir. a receiver. The final criterion for 
usag€• should be satisfactory operation in th<> 
receiver circuit as checked by the sender or 
register test frame. 

13. 0 1 
and 12.02 

The procedur,;,s 
shall be applied 

described in 
first. 

WITH 

13.02 HINs do not have heater filaments 
and, therefore, should feel cool or only 
slightly warm in normal operation. An HIN 
that feels hot, relative to the other H!Ns, 
is suspect and should be reolaced. 

13.03 With the limite'!'." !!It:-,;, KS-21078, 
thf>r.<> are cer+-ain crln1itions where the cooler 
af •hP t~•n JiJ1itPr •IINs is s11spec+. Th@y 
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should be replaced one at a time. following 
the procedure described in BSP 179-612-701 or 
119-612-702. 

SECTION III - REFERENCE DATA 

1 • WORKJNG LIMITS 

DIGIT CODES 

1.01 With pulses of 27 ms or longer free 
from contact chat~er, the receiving circuit 
will operate satisfactorily over the follow­
ing range of powers measured at the receivinq 
circuit input: 

(a) Maximum power of 1 milliwatt at each 
signal frequency. 

(h) Minimum power at 22 dB below 
watt at any siqnal frequency, 
that the difference in power 
any two frequencies ~aking up 
does not exceed 6.5 db 

1 milli­
provided 

between 
a signal 

KP SIGN!l.L 

1. 02 When Z wiring is usea, the receiving 
circuit will function satisfactorily on the 
KP signal over th~ ranges given in 1.01 
except that pulses of 55 ms or longer are 
re1uired. When Y wiring is used, a KP signal 
of 88 ms or longer is required. 

1.03 The circuit applying the 
not cause a click within 20 ms 
start of the signal. 

1.04 Voltage Limits 

Voltage {de) 

-48 
+130 

-45 
+125 

1.05 current Drain -

signal 
before 

!'lax -
-50 
+135 

must 
the 

Receiver 
condition VOltag~ 

Current Drain (mA) 
Option :f~ Option ZQ 

Idle 

Post KP 
(With NO 
Signal) 

Post. lC.P 
(With 
~;\'lnal\ 

-48 Vdc 
BAT 1* 
BJl.'f 2* 
+130 Vdc 
110 Vac 

-48 Vdc 
BAT 1* 
BAT 2* 
+130 Vdc 
11 O Vac 

-48 Vdc 
BAT ,. 
BA'!' 2• 
+ 1.10 vac 
1111 Vl'IIC 

30 
0 
0 

36 
450 

12 
140 

50 
33 

1150 

120 
140 

C,Q 

2 1 <; 

4'>0 

30 
0 
0 

32 
Not used 

12 
140 

50 
32 

Not Us':!rl 

130 
1110 

50 
2\)() 

Not 11 "',, n 

2. FUNCTIONAL DESIGNATIONS 

2.01 

Designation Meaning 

CK2 

CI(J 

KP 

LK 

ST 

0 

1 

2 

7 

10 

, 

Two-Frequency Check 

Three-Frequency Check 

Filament Transfer 

Key Pulse Signal 

Lock Function 

Sig!'al. Present Function 

Start Signal 

700-Hz Channel 

900-Hz Channel 

11 00-Hz Channel 

1300-Hz Channel 

1500-fiz Channel 

1"10()-l~Z Channel 

3. FUNCTIONS -
3.01 This 

the following 
circuit is designed to perform 

functions: 

(a) To receive and amplify multifroouency 
pulsing signals in the form of various 
combinations of alternatinq currents 
coverinq a ranqe from 700 to 1700 Hz 
in 200-Hz steos. 

(b) As a part of incomina or termin~tinq 
senders or register circuits. to 
receive and check incoming multifre­
quency pulses from trunks. 

(c) As part of key monitorinq circuits. +o 
receive ani check outgoing multi­
frequency oulses from oo.,rator 
keysets. 

(d) As part of senner and position test 
circuits, to receive and check outao­
ing multifrequency pulses from sender 
and operator keysets. 

(e) To respond to a gate OpPninn nulse 
(KP} consisting of a r"'lat ively long 
combination of 1100 and 1700 Hz for 
protection aqairist fals 0 op<>ration on 
speech and noise. 

(fl 

(q) 

T'l pt:ef,are the circui + 
pul si I\Q ;,\ ft er a 'lllCCE'SS ful 
in,1 KP ,~i<1nal. 

for r<>qular 
qat(' open-

Tn infn1·1r ti,., :-1,~n•lf'r 
ni<1nal \n•1 t,y "'•"Y of 
s iqn.t l. 

,,,- t-t,e Pnn of MF 
t 11<> !~'l' ( st.1\rt\ 

' 

• 

• 
• 

• 

,. 
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.. 

• 
• 

(h) ~er the· reception Of the XP signal, 
to connect ground to leads extending 
to an associated sender, register, key 
IIClllitoring, or test circuit to cause 
the operation of relays in the asso­

·ciated circuit corresponding to the 
various signal cnuwinations being 
received. 

. (i) Tc;> C01.11Pensate for differences in the · 
input si,gnaling pow~ and. to reduce 
the. interfering' effect of the tran­
sient current generated when the mul­
tifreq~ency signals start and stop and 
when they build up ·and die down in-the 
filters. 

(j) 'l'O ma~e the channel thyratron circuits 
less susceptible to operation on modu­
lation. products by varying the grid 
b~a ·voltage applied to these tubes 

-aitl!er control of the incoming signal 
amplitude. 

(kt To prevent p~o~onged signal pulses 
froa causing duplicate registration of 
a single diqit by lll&ans of a signal 
pr•sent circuit and re~ay. 

(lt 

(1, 

(2) 

(3t 

TO indicate to the: s•der, register, 
key no11itoring, ·- or test circuit the 
following conditionsi 

• 

To check that an incomplete diqit 
signal consisting of one freq~ency 
has been received • 

To check that a digit signal 
sisting of two freq.iencies has 
received • 

eon­
been 

To check that an incorrect digit 
signal consisting_ of three or more 
frequ~cies has been received • 

(") -· 'l'q, check the margin of safety from 
operation on mc,4alat:ion products by 
4ecreasing tile aa.rgJn approximately 
30 J)!trcent. 

• 

(mt To interpret M,- signals which origi• 
nate from the tandem office calls­
waiting signal circuit for AMA in 
conjunction with CA!ICA 2-way signaling 
·circuit. The MF signals can either 
indicate team size or corresponding 
lallff) signals for the number of calls 
waiting. 

9,9 
. 
' . 

,.01 Typical connecting circuits are: 

Toll Systems - MF 
Ueed With ,011 
SD-56012-01 • 

(bt Toll Systems - 'loll 

• 

• NO. • - Xeypulsing 
SD-68016-01. 

Rwertive Senders 
Switchboards -

&witching System 
Incoming Sender -

(ct Toll Sys~ems - Toll Switching System 
No. 4 - Outgoing and Incoming Sender 
Test Circvit - SD-68075-01. 

(d) Toll RyStl"tr,S - Toll SWi tchboard No. " 
- Posit1,1r, Te~: .. Circuit - SD-68080-01. 

(f) 

• 

(g). 

{h) 

Toll Sys~ems - Toll Switchboard ~o. 5 
- eosition Test Circuit - SD-68156-01. 

Toll Sysr.ems - Toll Switching System 
No. 4~ - Multifre~uency Pulsinq 
Inco,uinq sender - SD-68222-01 • 

Toll. 
No. 
Test 

sy:;t~ms -· To) 1 Switching 
4~ - ~~ Pulsing Incoming 

Circuit - S0-68226-01. 

Toll Sy~tems - Toll switching 
No. qM - Multifrequency 
Incomi~q 5ender - S0-6842q-01 • 

' 

system 
sender-

Systero 
Pulsing 

(i) Toll Systems - Toll Switching System 
No. 4A or 4M Overseas sender Circuit 
- SD-:-6·8551-01 • 

(j) 

(k) 

(1) 

(m) 

(n) 

(0) 

C~on Systems - Sender Circuit - Toll 
Switchb~rds No. , • - 1B, 3, 3B, or 3C, 
Switchboard No. 15C - SD-95481-01 • 

co1111110n systems 
Desk No. 12 
SD-95521-01. 

common systems 
Adjusti1"19 TOne 
so-95664-o 1. 

-- service 
Position 

Obsettving 
Circuit -

- Pad 
to Ml" 

Circuit for 
Receivers -

cn~m~n systems - Filament supply cir­
cuit - S0-95616-01 • 

common System~ - CAf9. Two-Way Signal­
ing Circuit - SD-95116-01. 

common systems - MF 
Adjusting Circuit -

Pulsing Receiver 
SD-95779-01. 

(p) Common Systems - ANY Outpuls'!r­
tdentif ier Test Circuit - .SD-95815-01. 

(q) Common syste19s - Lin~ concentrator No. 
1A MF Signaling Circuits - SD-95971-
01, SD-95972-01. 

(r) common systems - Key Monitoring Cir- . 
cuit - SD-96314-01. 

(8) 

(tt 

(v) 

crossbar system No. 1 - SUbacriber 
Sender Test Circuit - SD-2S221-01. 

Crossbar Tandero 
- SD-)5364-01. 

Crossbar System No. 1 - Mlaltifr~uen• 
cy Pulsing Terminatin~ Sender Circuit 
- SD-251155-01. 

Crossbar System No. 5 - Sender Test 
circuit - s0-25~7~-01 • 
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(W) 

(x) 

(y) 

(z) 

(aa) 

(ac} 

Crossbar System No. 5 - Master Test 
Frame - ~utomatic Monitor Register and 
Sender Test Circuit - sn~25680-0t. 

Crossbar System No. 
Multifrequency Register 
SD-25730-01. 

5 - Incoming 
Circuit -

Crossbar Tandem - Multifrequency Send­
er Circuit - SD-25769-01. 

Crossbar ~andem - Sender Circuits 
Arranced for Al'I.A - SD-25961-01 0 SD-
25999-01, SD-27024-01. 

Crossbar Tandem - sender Test Circuit 
for PCI, DP, MF, er RP Senders With 
or Without AMA - SD-25963-01. 

Crossbar Tandem 
Sender Circuit -

- ~ultifrequency 
SD-2"i978-01. 

crossLar 
Register 

system ~To. 5 - Incoming 
- SD-26042-01. 

(ad) crossbar system No. ; - Trunk Test 
Register circuit - s~-27643-01. 

(a,;,\ svs systems - r10. 1 ',iit:h A.'-'JI. 5Pnier 
Ic'l<>ntification ani Trilnsverter TST 
Circuit - SD-32208-01. 

(a f) 

(ag) 

(ah) 

(a i) 

sxs Systems -
Office With CAMA -
SD-32261-01. 

Step-By-Step Comn,,~n C:-ontrol, Manual 
and Automatic Test c~rcuits - SD-
32362-010 SD-3236"i-01. 

Panel Systems 
Test Circuit -

- Subscriber 
St'-21186-01. 

Sender 

Telecrraph and Data 
tors Training Desk 

Svstems - Ooera-. . 
- S:1-710~3-01. 

(ai) PAX Systems No. 758C - FeqistPr 

1 4 

Sender Circuit - SD-67045-01. 

(ak) Step-by-Step (SAMA) ~runk OutpulsPr 
Test Circuit - SD-32511-01. 

(al) 

(am) 

(an) 

(ao) 

(ap) 

Toll Switching 
Sender Circuit -

No. 4A MF Incoming 
SD-68575-01. 

Selectinq and Monitorinq Circuit -
SD-95917-01. 

Control Pulsing circuit -
i:::>-95981-0 1. 

Pcsition Display Circuit -
SD-95982-0 1. 

Position Test Circ11it - SD-':15984-01. 

("ont ro l E•u l!S i ng 
!-O-Q598C.-01. 

<·ro!'sh,, r No. 
('ircuit. fnr fJ~e 
c-D-27RA1-01. 

"res+- Circuit -

t; T,:-,1nk 1'PSt. PPqistPr 
in Wl<lPhand c-Prvire -

2~ MANUFAC·rURING TESTING REQU!REMENTS 

5.01 The manufacturing testing require­
ments for this circuit are covered in Y.-
67459, Manufacturing Testing Requirements for 
Multifrequency Pulsing Receiving Circuit. 

£• TAKING EQU!fJ:1~NT OUI_QE_§ERVI~~ 

6.01 When this receiver is associated 
with a connecting circuit which supplies 
off-normal battery {BAT 1 and/or BAT 2) to 
the receiver, follow the TEOS information for 
the connecting circuit. 

6.02 When the receiver is not opera+-ed in 
the manner stated previously, the following 
procedure should be used: 

(a) Check that 
condition, 

the receiver is in the idle 
no rPlays opera+-ed. 

(hi Remove power in the following order: 
+ 130 Vdc, -48 Vdc, 110 Vac. 

(c} When pow,,r is anolied, th<> above order 
should t)<• i:e.._.,·,,-·,ea. 

NotP.: -ZP. 

7. ALARM INFOR"'1JITT011 --- ---
7.01 The electrnn tube filament heat<>r 

circ•1its are sun,,liei wi+-.!'1 6. 3 volts ac from 
a filament transformer mounted on the receiv­
,,r panel. When +-hp receiv'?r i:3 assoriat,:>o 
with thE> Fi lam•'r• S11n,-,ly Circuit, SD-956'7":-
01, Provision i~ ~ade hy means of +-he FT 
relay for automa•ic transfer to de offic~ 
battery in casP of ac pow,,.r failure. The 
alarm is indir.a+-Pd at +-he filament suonly 

• • circuit. 

7.02 If the +110 Vic or the -48 Vdc f11ses 
operate, thP alarm will be indicated at the 
top or bottom of +-he relay racY. on which the 
rPceiver is mounted. 

SF-CTION IV - RF.ASON~ FOR REISSUE -- - ---- - ---
!l.:. Changes in APQarat us 

B.1 l\dded 

Hybrid InteqratPd 
Option ?.Q 

Fig.:. Sockets -
1 SP 
2 L 1. L2 
l FIR 
4 A, "'· 

,,. 

" B, B, ~. 
c. ~. C 

Networks (HINs). 

HIN code -
KS-210AO 
l<!--21078 
KS-21077 
KS-21079 
l<S- 2108 1 

• 
• 

• 

• 

• 

.,. ' 

,.. 

,... z. 



r 

• 

• 

• 

• 

,,,-.. 

-

• 

' 

C0-95536-01 - ISSUE 13B 

o. 1 qption ZQ i~ u~ed to ident.ify an MF 
receiver tha.t · h~s been converted from elec­
tron tqbe (¢ption ZP) to HIN· operation. An 
instructl9n sheet is ipcluded in each HIN kit 
and is.repeated· in ~te 305~ 

BELL TELEPHQ~ LN30PATQP-ES, 
• - ' •·· &t 

INCORI'OID\TEO 
' ' ~ ' 

DEPT 4131-FWF-EGS 

• 

• 

' 

0.2 Fig. 7 adds contact protection 
diodes to protect output UA42 relay contacts. 
The diod~s are mot,nted on a printed wiring 
circuit pack that is installed on the back of 
the receiver. Instructions governing the use 
of Fig. 7 are detailed in Note 110. 

' 

• 
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