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1. GENERAL 

1.0I This section is reissued to add coverage 
of the circuit swit ching call control unit. 

Since al l changes are in 1.01, 1.06, and 5.01 
through 5.52, marginal arrows are omitted. 

1.02 The function of a call contro l unit is to 
couple a teletypewriter either to tele ­

gr aph networks or , through a data set, to te le­
phone networks. In some applications, the call 
control unit provides faci liti es for initiating, 
accepting, contro lling , and comp leting calls ; 
while in others, it acts as a connecting device 
only . 

1.03 The call control unit used in \Vestern 
Union TELEX service operates over 

shor t and intermediate length teleg r aph loops 
us ing neutral s ignaling or over longer loops 
with pola r signaling when m.odified with proper 
polar -to - neutral converting circuitry. It in­
cludes a power supply, local - remote control 
ci rcuits, a se lector magnet driver circuit, and 
a motor delay t imer circui t. Paragraphs 2.01 
to 2 .13 outli ne in general terms the call con­
tro l unit ' s overall operation. Parai:raphs 2.14 

Page 2 

through 2.48 explain its deta il ed operation . 
The applicable schematic wirlng diagra m is 
4779WD, 

1.04 The call cont rol unit is used in Bell Sys -
• 

tem switched netwo rk service. When it is 
connected with the appropriate data set, it is • 
connected with conventional t elep hone ce ntral 
offices havi ng the r equir ed routing and message 
accounting equipment. These are genera ll y the 
sa m e offices and equipment se r ving te lephone 
customers in the area. Direct curr ent sig nals 
are used for both ori ginating and terminating 
traffic-p r oviding the same conditions as for 
conventional local telephone set oper ation. The 
dial on the call control unit, for initiation of call • 
connections, may be either a de pulsing or a 
multifr eque ncy (MF) tone device . Also included 
in the call cont rol unit ar e r inging or tone 
sou nding apparatus for alerting the called party. 
Parag r aphs 3.01 th rough 3.06 outl ine in general 
terms the ca ll control unit's overall operation . 
Paragraphs 3.08 through 3.32 explain its detai led 
oper ation . The principal applicable schematic 
wiring diagram is 5918WD. For additional wiri ng 
information , see the pertinent wiring diagrams, 
associated with· the call control unit or , when 
pr ovided, the appr opriate sect ion. 

1.05 The call contr ol unit used in pr ivate wire 
service operates over sho rt or inter­

med iate length telegrap h loops using neutra l 
de signaling . It includes a power supply, a 
se lecto r magnet driver circuit and a power 
switch. Paragraphs 4.0 1 thr ough 4.03 describe 
the call control unit generally, and parag r aph 
4 .04 through 4.07 explain in detail it s only 
manual contr ol- the power switch. For wiring 
Information see either 6353WD or 6355WD. For 
fur ther wiring infor mation see wir ing diagram(s) 
associated with the particular call cont rol unit or 
(when provided) appropr iate section. 

1.06 The cal l control unit used in a circuit 
switching network opera tes over short 

and intermediate length te legrap h loops using 
neutral signalin g or over longer loops with polar 
s ignaling when modified with proper pola r -to­
neutral converting cir cuitry . It differs from the 
call contr ol uni t used in Western Union TELEX 
service pr imarily in the call originating cir­
cuitry. Paragraphs 5.0 1 through 5.10 outline 
the unit 's overal l operation . Paragraphs 5.11 
th rough 5.52 explain its operation in detail . 
The applicable wir ing diagrams are 7227WD, 
7267WD, and 6481WD. 

Note: This unit can also be used In 35 
equipmen t for certain circ uit switching ap­
plications. 

• 

• 

• 
• 
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2. CALL CONTROL UNIT- \VESTERN UNION 
"TELEX" SERVICE 

OPERATION 

A. General 

2.01 A selec tor magnet dri ver circ uit delivers 
marking sig nals of 0.500 ampere and 

spacing signals of esse ntially O ampere to the 
associated selec tor magnet. The signa ls trigger 
the selecto r magnet driv er ci rcuit at about half 
the current level for normal (0.060 ampere mar k) 
neut r al input s ignals. In t eletypewriters modified 
for polar operation, the signa l is applied topo lar ­
to -n eutra l converting circuits and then to the 
se lect.or magnet driver . 

2.02 The operato r 's controls, us ed for or ig ­
inating ca lls. consists of a set of push­

button keys and a telep hone-type dial : 

(a) Ther e are four translucent, nonlocking 
pushbuttons. An ill uminating lamp as ­

sociated with each pushbutton is energized 
under the operating conditions des cribed in 
the following paragraphs. except that the 
START lamp is a spare and does not light . 

(b) The dial, a conventional telephone -t ype 
oper ates normally closed bifu rcated pul ­

sing contacts that open and close to send 
dialing pulses durin g the dial run-down in ­
t er val. The pulses a r e produced at a rate 
of ten per seco nd with the contacts open for 
0 .061 ± 0 .003 seco nd during each puls e in­
te r val. A pair of normally open off-n or mal 
contacts close when the dial wheel is rotated 
from its idle posit .ion. These contacts pr o­
vide a steady ma rk curr ent to "blind" the 
se lector when dialing Is undertaken. This 
prevents the pr inti ng of spurious characters 
if diali ng is nec essary when in the co nnected 
condition as In multi address ca lli ng. 

B. Neutral Signaling Conditio n 

2.03 In the idle condit ion, with the motor and 
typing unit s topped and visual indicators 

de-en ergized, there is a positive current of 
0.005 ampere in the telegra ph loop. When the 
call ing stat ion operator depresses the START 
pushbutton. it caus es the s hunting of a major 
por tion of the loop resistance, and the loop 
current increases to 0.060 ampere. The START 
pushbutt on must be held In the depressed posi­
tion, while switch ing appar atus in the telegraph 
exchange is made available . When the circuit 
is r eady, t he telegraph exchange interru pts the 
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0.060 ampere loop curren t for about 0 .025 sec­
ond. This "pr oceed -to -dial" signal causes the 
DIAL lamp to be illuminated at the ca lling sta­
tion, and it locks in the shunt to the loop resis ­
tance so that the operator may now r elease the 
START pushbutt on and proceed to dial the num­
ber of the called station. Rotatio n of the dial 
trans mit s s ignals consisting of no current for 
0.06 second followed by full cur r ent (0.060 
amper e) for 0.0 4 second duri ng eac h dia l pulse 
interval. When dialing is completed , the ex­
change furnishes the connectio n and signifi es 
this by reve r sing the telegraph loop current 
from pos iti ve to negative which ca uses t.he typing 
uni t motor to s t art and the CONN lamp to llght. 
Message transm iss ion can now be exchanged 
between the connected tel etypwrit er s. The line 
sig nals are 0.060 ampe r e marking and zero cur­
rent spacing . 

2.04 If the dis tant called station is busy 
or disa bled at the ti me of a cal l , the local 

telegraph exchange r everses the loca l loopc ur ­
r ent from positi ve to negative for about 0.2 
seco nd and then causes it to reve rt to posi tiv e 
cur rent again. This causes the loca l motor to 
sta rt and the CONN lamp to light momentar ily, 
but they then both tu rn off. The telety pewriter 
r eturns to the idle condition as the positive 
curre nt is detected . 

2.05 The local t elegraph exchange responds 
to an Incoming call by r eve r s ing the idl e 

signa l loop fro m p0sitive to negative current . 
At the loca l station, the CONN lamp is illumin ­
ated , and the motor is tur ned on as the shun t 
to the loop resistance Is appli ed in r espo nse to 
the cur re nt change. Message transmission can 
now take place with unatte nded service at the 
rece ivi ng station . 

2.06 Foll owing completion of traffic a dis-
connect can be or iginated from either 

the calling or the call ed station . Holding the 
STOP pushbutton depr essed ca uses the lin e 
to go open (zero curr ent). In approximately 3 
seco nds the loca l exchange ca uses the con­
nection to the distant station to be broke n, and it 
r eve rs es the cur r ent in the local loop so that 
positive curr ent flows-limited by the local 
station loop resis tance. This turns offthe motor 
and extinguis hes the CONN lamp . The STOP 
pushbutton is released after the CONN lamp 
goes out. The ori ginal idle condition ls now 
resto r ed. When a disconnect is initiat ed from 
a remo t e statio n, the local exchange r ecognizes 
the open line interva l and breaks the connection. 
The loop cur rent is reverse d back to positive, 
and the local statio n is re turned to the idle con­
dition as stated above . 
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2.07 Loca l ope r ation is provid ed by depres-
sing the LOCAL pushbutton until the LO­

CAL larnp is turned on. This places the tele­
typew ri te r in an off-line ope r ating cond ition 
for copy preparation, pr actice , or maintenance 
purposes. To return to the idle conditio n, the 
STOP pushbutton is held ope r ated until the larnp 
is extingu ished, or a call can be initiated by 
depressing the START pushbutton directly. If 
a call is received while the te letypewriter is 
in the local condition, the buzzer will sound for 
an inte rval of 2.6 seconds, and the teletype­
writer will automati call y shift over to the call­
co nnect ed condition with the CONN lamp ill u­
minated . 

C. Polar Signaling Condition 

2.08 Call control units that are modified for 
polar operation respond to and tr ans­

mit polar te legraph signa ls on separate receiv­
ing and send ing legs extend ing to t he t eleg r aph 
exchange facil ities. The operating co nditions 
and sequence are similar to that for neutral 
signaling. 

2.09 In the idle condition the sending and 
receiving legs each have from 0.015 to 

0 .040 ampe r e posit! ve current flowing. The send ­
ing leg cu r rent is supplied by the ca ll co ntr ol 
unit , and th e receiving leg curren t is supplied 
by the central exchange. At the loca l statio n 
the polar adapter Inte rconnec t s the legs with the 
neutral signaling contro l and teletypewriter cir ­
cuitry. Operation of the ST ART pushbutto n caus­
es the current in the se nding leg to reverse to a 
negative pola rit y wit h a value equal to the posi ­
tive current former ly applied (0.015 to 0.040 
ampere) . The teleg r aph exchange responds by 
reversing the c urrent to negative on th e r e ­
ceiving leg for 0.025 second. This causes il­
lumination of the OIAL lamp at which t ime the 
START pushbutton sho uld be released. The dial­
ing s ignals go out over t he sending leg in polar 
form with each pulse interval consisting of 0.06 
second of positive curren t followed by 0.04 
second of negative current. When the co nnec ­
tion is completed , the exchange reverses the 
polarity of the r eceiving leg from posit ive to 
negative current. After 0.08 second of this 
reversal , the call control unit causes the moto r 
to tur n on, and the CONN lamp to be illuminated. 
Traffic can now be exchanged. Each station is 
ar r anged to record Its transmitted copy. Trans ­
mitted and r eceived signals consist of pos itive 
cu rr ent for space and negative current for mark 
on both signal legs . 
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2.10 When r eceiving an incoming call, the 
loca l exchange reverses the re ce iving 

leg cu rr ent fr om positive to negaUve . The loca l 
call control unit, after 0.08 second of negative 
cu r rent , turns on t he motor and the CONN light 
and causes the se nding leg current to be re ­
vers ed from positive to negative . 

2.11 If the distant statio n that is ca ll ed is 
busy, it will res ult in the momentary ap ­

pli ca tion of negative current to the local rece iv­
ing leg followed by a return to a continuous posi ­
tive cur ren t. The motor may run br iefly, but the 
teletypew r ite r will be qui ckly placed back Into 
the idle condition. 

2.12 In effecting a disconne ct , operation of 
the STOP pushbutton causes t he tr ans­

m ission of pos itive current on the send ing leg. 
The exchange will then r eve rse the curren t on 
the r ece iving leg to positive as it break es con­
nec t ion to the distant statio n. The call co ntr ol 
unit det ects the positive c ur ren t . After 1.3 sec­
onds it turns the motor and CONN lamp off as 
it applies a steady pos itive current to the se nd­
ing leg and restores the teletypewriter to the 
idle co nditio n. If the disconnect is initiated at 
the distant teletypewr iter, the positive current 
disco nnect s ignal, when app li ed to the local 
receiving leg , causes the local teletypewriter 
to go into the idle condition after 1.3 seconds , 
and the se nding loop becomes pos itive again . 

2 .13 For loca l operati on the interna l con-
ditio ns are the same as for neutral 

signaling. Externa lly, the signal legs rema in on 
pos itive current unless a call is r eceived. When 
a call is received , a negative curre nt on the 
r eceiving leg for 0.08 second causes the buzzer 
to sound for 2.6 seconds. Following the buzzer 
sound, teletypewr iter shifts to the call-connected 
conditio n. 

POWER SUPPLY 

2.14 Fig ur e 1 illust r ates aschemal:icdiagram 
of t he power input circuit . 

2.15 A fused power supply operates on 115-
volts ac ;; 10% at 60 cps and a power in­

put of 12 watts. It floats with respect to the 
input line; that ls, it is not at earth ground . 
There for e , the center tap of the tr ansformer is 
± 120 volts to earth ground in neutr al signaling . 
The polar adapter, on teletypewriters equipped 
for polar ope r atio n, also contains a power 
supply . When operating on a pola r line , this 
power supply, as well as that of the ca ll co n­
trol unit, is ope r ated with gr ound to ea rth . 
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LOCAL-REMOTE CONTROL CIRCUITS 

A. General 

2.16 The local-remote control is a pr inted 
card assembly consisti ng of t hree cir­

cuits that accomplish the switching called for 
by the input line or operation of the call con­
trol unit pushbuttons. These circui t s are the 
pr oceed -to -dial , connect, and loca l ci r cuits . 
They are essentially binaries (flip-flops) that 
have been modified to perfor m their function. 
All the circ uits are protected with a diode arc 
suppressor against trans ients and voltage pul­
s es generated by their assoc iated relays . A 
negative voltage, gene r ated at the collector of 
a transistor , Will be shorted throug h the diode 
to res istor R27. The tr ansien t Will be devel­
oped across R27 and the lamp asso c iated with 
the re lay. The diodes per forming this func.tion 
are CRl O, CR12, and CR19. The circuits are 
also protected from transient noise induced 
into the m from leads in the cab le to the dial 
and key and lamp assemb ly. A low-pass filter 
or delay network of the RC type is placed in 
a feedback loop In each binary , The delay net ­
work slows the response ti me of the associa­
.ted binary. This red uces its susceptib ility to 
nois e . These delay networ ks are made upofRlO 
and C3, R21 and C4, and R39 and Cll. The sig­
nal line inputs are filtered against spurious noise 
occurring on the signa l line . There are two of 
these filters, both of the RC type. In the pro­
ceed-to-dial ci rcuit , the delay networ k (R5 and 
Cl) provides 0.001 second delay . In the con­
nect circuit, the delay network (Rl 2 and C2) 
pr ovides a 0.02 second delay. The RC net­
work, cons isting of R31 and C6, in the 240-
volt signal line acts as an arc suppresso r to 
pr otect assoc iated contacts. 

B. Pro ceed- to-Dial Circuit 

2.17 Figure 2 ill ustrates a schemati c diag r am 
of the proceed-to-dial circuit. 

2 .18 This circ uit consists of a binary with a 
line Input amplifie r . Tt,e amplifier con­

sists of transistor Ql and asso ciate d compon­
ents , and the binary cons ists of transistors Q2, 
Q3, and associated compone nts. The ampli fie r 
is connected to the binary through a low- pass 
filter or delay network (RS and Cl) which s up­
presses signal line noise. Input to the binary 
from the filter thro ugh R6 will tu r n on the pro ­
ceed-to -dial circuit. Two other contr ol inputs 
turn off the proceed -t o- dial circuit. Oneolt hese 
is through resistor R15, and the other is through 
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pushbutton cont act S3-1. Oper ation of tile trans­
sistors In the proceed to -dial-circuit is as 
foll ows: 

(a) When transistor Q2 is In conduction, 
it s collecto r is near neutral potential. 

Cur re nt will flow through Q2, Rll. S3- 1, 
S3- 2, and R27. Current will also flow from 
+18 volts through R8 and CR9 to the collec­
tor of Q2. The base of Q3 will be held + 0, 8 
volt with respect to the collector of Q2 due 
to the current flow through CR9. The base of 
Q3 will , the r efore. be slightly positive with 
respect to neutral, and Q3 will be turned off. 
With Q3 turn ed off, its collector will be nega­
tive, and base cur rent to Q2 will be supplied 
through the low-pass filter consisting of R9, 
RIO, and C3 which holds Q2 in conduction. 

(b) When transistor Q3 is in conduction, 
the proceed-to-dial circuit is on. and 

the collector is near neutral. Current flows 
thr ough Q3, Kl, DS-2, and R27. Sincethecoi­
lector Q3 is nea r neutral, current flow thr ough 
R7, R9, and RIO produces aposit ivepotentia l 
at the base of Q2 which holds Q2 off. With 
Q2 off, base current for Q3 will flow through 
CR9, Rll. S3-1, S3-2. and R27 holding Q3 in 
conduction. 

(c) If an input current In excess of 0.002 
ampere flows fr om TB-8 across CR4 to 

neut ral, a +0.8 volt is developed across CR4 
This pos itive potentia l holds Ql in conduction 
and its collector nea r neutral potential. 
Neutra l potential at this collecto r has no 
effect on the base of Q2 because of isolation 
pr ovided by R5 and R6. If the input cur ren t 
falls below 0.002 ampe r e, a - 0.8 volt is 
deve loped ac r oss CR4 due to the flow of cur­
rent through R3, R2, and CR4. This poten­
tial turns off QI, and its coll ector becomes 
positive. Current flows through R4 and R5 to 
cha rge Cl toward a +18 volts. When suffi ­
cient voltage is develo ped across Cl , the 
base of Q2 Will be back -biase d t hrough R6. 
Transistor Q2 tur ns off, and Q3 turns on. The 
proceed -to -dial circuit Is now on. Back-bias 
to the base of Q2 is supplied by the voltage 
divider R7, R9, and RlO so that the positive 
potential applied across R6 Is no longer re ­
quired to hold Q2 off. If mor e than 0.002 am­
pere begins to flow across CR4 again, Ql 
will turn on, and its collecto r Will go to neu­
tr al, but this Will have no effect on the base 
of Q2. 
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• 

• 
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Fig'1re 2 - Pro cee d-t o-Di al Cir cuit 

(d) If negative signal is applied to the side 
of Rl5 oppos ite the base of Q2, enough 

cur re nt will fl ow to forward -b ias the bas e of 
Q2 and cause It to co nduct . Q3 will turn off 
and supply sufficient base current through 
R9 and RIO to hold Q2 in co nduction . The 
negative signal on R15 ca n now be r emoved , 
and Q2 wil l remain in co nduction. 

(e) \Vith the proceed- to-dial circ ui t on, 
Q3 in conduction , base curren t for Q3 

fl ows thr ough Rl 1 and CR9. By ope r ating the 
STOP pushbutton, the c urrent path through 
S3-1 is br oke n. Q3 will then tur n off, and 
Q2 will turn on. Collecto r cu rr ent will not 
fl ow in Q2 but will be near neutra l and hold 
Q3 off. When the STOP pushb utton is released, 
coll ecto r cur re nt will flow in Q2 . The pro ­
ceed-to-dial ci r cuit is now off. 

C. Connect Ci r cui t 

2.19 Figur e 3 i llus tr at es aschematicdiagram 
of th e connect cir cuit . 

2.20 Thi s ci r cui t consis ts of a bina r y (Q4 a nd 
Q6) of whic h one side is d riv en by emi tter 

follower Q5. The only control input to this cir ­
c uit is by the signal lin e throug h Rl2 and Rl3 . 
C2 and Rl2 form a low-p ass filter or delay net ­
work . Signal de lay in the netwo rk is approXi­
mate ly 0.02 seco nd. A s ingle passive contr ol, 
consisting of R28 and CR3 , is used for low­
paper condi ti ons: 

(a) Tran sis tor Q5 co ntrols the bas e of Q4. 
If Q4 is in conduction, its coll ecto r is 

near neutral. Volt age divide r R17 and Rl8 hold 
the base of Q6 pos iti ve so that Q6 is off . The 
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Figure 3 - Connect Circuit 

collecto r of Q6 will then be negative, and the 
base of Q5 will be held slightly negative 
through R20 and R2 l. Since Q5 is an emitte r 
follower , its emitter will be beld at the 
same potentia l as its base. With its emitter 
at a negative potential, Q4 will be held on. 

(b) When the connec t circuit is on, Q6 is 
in conduction, and its collector is near 

neutral. The voltage divider Rl9, R20. and 
R21 holds the base of Q5 and therefore the 
emitt er , positive. \Vith the emitter of Q5 
positive , the base of Q4 will be back-biased, 
and Q4 will be off. The collec tor of Q4 will 
then be negative. Base current for Q6 will 
flow through Rl6 and Rt 7 holding the connect 
cir cuit on. 

(c) To cont rol the connect circu it a high 
voltage must be developed at the junction 

of CRl and CR2. This voltage will be approx ­
imately ±200 volts . If a +200 volt signal is 
applied at this point, the base of Q5 will be 
biased positive, and Q4 will turn off. Q6 will 
turn on. If a -200 volt sig nal is applied, the 
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base or Q5 will be biased negative, and Q4 
will turn on . Q6 will tu rn off. An input signal 
at or near neutral will have no effect upon 
the connect circuit , and it will remain in its 
prio r state. 

(d) The base ol Q5 is protected aga inst ex-
cess ively high voltages by t ransistor 

oper ation or by CRl l. If a -200 volt signal 
is present, the voltage on the base of Q5 will 
fall and force its emitter to follow. When the 
emitter of Q5 becomes negative with respect 
to ground, Q4 will turn on. With Q4 in con­
duction, its base potentia l is held close tothe 
emi tter potential. Therefore , the base cannot 
go more negative than approximately -0 .4 
volt. Thi s action also holds the base voltage 
of Q4 within -0 .4 volt of its emitter. The 
base voltage ol Q5, then , cannot become more 
negative than approximately - 0.8 volt. If a 
+ 200 volt signa l is present at the input, the 
base ol Q5 will s tart to become positive. 
The diode CRll Is forward-biased to positive 
base voltages . It will limit the voltage on the 
base or Q5 toapproxlmate ly+O.Svolt. There-

• 
• 

• 

• 

• 

• 
• 
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fore, under the severest input conditions. a 
voltage swing of mor e than ±0 .8 volt is not 
expected. 

(e) Resistors R24, R25, R26, and capacito r 
C5 are used where a polar conve rt er is 

employed. As they are shown co nnected in 
4779WD, the y have no effect on the ope r atio n 
of this ci rcuit. 

D. Local Circuit 

2.21 Figure 4 illust r ates a schemat ic diagram 
of the local circuit. 

2.22 A binary and a unijunction trans istor 
timer make up the local circuit. Binary 

operation of QB and Q9 is the same as that of 
the proceed-to -dial circuit. There ar e four input 
=ontr ols available. 

ISS 2, SECTION 574-123-101 

(a) Operation of the LOCAL pushbutton turn s 
on the local circ uit (Q9 on). When con­

tact $2-1 is c losed, base cu rrent is s upplied 
to Q9 through R37 and R38, and Q9 will tur n 
on. Q8 wil l turn off. If the anode of either 
CR13 or CR14 is neutral, current flowing 
through R38 will flow through one of the diodes 
a nd not reach the base of Q9. These two 
diodes allow the local circuit to be tu rn ed on 
only when the proceed-to -dial and connec t 
circuits are off. 

(b) The local circ uit can be turned off by 
operation of either the START or the 

STOP pushbut ton. When the local circuit is 
on, the base current for Q9 flows through 
contacts S1- 1 of the START pushbut ton and 
contac t S3-1 of the STOP pushbutton. Since 
the contacts of t he two pushb uttons are In 

START Sl - 2 TO S3-l A::-:- =-:;--;---~:;-:;;-------:;:;:;~~-;::--
LOCA L --~ S~2_- 2;;..... _____ ~T~O~DS~~-LG~ 

S1- 1 \ LOCAL TO CONN 
S2•\ 1,, ,--- - ---- ------, 

1 .---- -+------'I i-------- - --, 
0:, :.:: 

I 2 «: 
I . 18V K3 - CRI3 

I ~ 
I + 18V 5 

w 
+ l BV +- -C -,Ri-1_4 _ ___ -, 

I <O :.:: -:.:: :.:: <- - 18V .., .,, 
0 "' M 

0 :.:: a: . 
I~~ -t---te- - --+-t----' 

CRIS 
ci: - - a: 

"' M 
.0:: 

Q8 

R39 
33K 

R42 
4. 7K 

Cll 0.01 

Q9 

0. 1 

CR17 ClO 

M :.:: ... 
;Ii "' 

.., 
0:, 

a: 

0 
0 -

0 
r-..,, 

I 
I 
I 
I 
I 

I R29 ;:. R30 ;> 

I 

C9 

"' :.:: 2 0 

~ R33 0 

220K 

IOMFD 
+ 

TO CRlO 

TO CR12 

"' «> - -a: 
u 

a: u 
I 
I 
I 
I 
I 

I 
L ----

f°D:r~ 
-- - ----- - - ----~ 

If\ If\ If\ TO MOTOR 11\ 
DELAY TIMER I 1' TO MOTOR DELAY TIME R 

Figure 4 - Local Circuit 
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series, operating eithe r of them will turn 
Q9 off. 

(c) The unijunction tr ansis tor output will 
also tur n off the local circuit. This 

transistor (Q7} ls a br eakdown device. If 
the voltage on C9 is more negative than 
approximately -8 volts , th e resistance or the 
junction between the lead co nnected to C9 and 
the lead connected to R35 is high . When the 
voltage on C9 becomes more pos itive than 
app r oximately - 8 volts. the resis tanceofthis 
junction will becom e very low , and C9 will 
recharge through R35, The increase in cur­
rent flowing thr ough R35, while recha rging 
C9 , will cause a n increas e in the voltage drop 
across R35 . The positive pulse is coupled 
through ClO and CR! 7 to the base of Q9 and 
causes it to tu r n off and Q8 to turn on . The 
local Circ uit is then off . As capacitor C9 is 
recharged , the resis tance of the junctio n again 
becomes high . 

(d} Capac itor C9 is discharged toward neu­
tral or neld at about - 18 volts through 

R32 and R33. If the input to R32 is negative 

"LOCAL 0 "STOP" 
PUSH- PUSH-

BUTTON BUTTON 

I 

(connect cir cuit off), the capac ito r will be held 
at - 18 volts. If the input to R32 is nea r neu ­
tral (connect circuit on), capacitor C9 wil l 
disc har ge through R32 and R33 toward neu­
tral. At the end of 2.3 seconds inte rva l. the 
voltage on C9 will be approximately -8 volts 
and the unijunctio n will break down and tur n 
the loca l circuit off as desc r ibed above . 

E. Cir cuit Interconnections 

2.23 Figure 5 illustrates a block diagr am of 
the local - remote control c ircuits . 

2.24 Proceed- to- dial: 

(a) In orde r to turn on the proceed-to-
dial c ircu it, two condi tions must be sat ­

isfied: The START pushbutton must be ope r a­
ted . and the proper line sig nal must be re­
ceived fro m the exchange. The START push ­
button presents the prope r signal to the 
exchange so that the request to dial is 
recognized . It also pr ote cts the proceed­
to-d ial c irc uit fr om an open line and long 
line breaks such as those ge nerated when 
the dial ls ope r ated. 

' 'START" 
PUSH-

BUTTON 

PROCEED-TO -

-
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Figure 5 - Block Diag r am of Local - Remote Control Circuits 
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(b) The proceed -to -dial cir cuit can be turn ed 
off in two ways : If the STOP pushbutton 

is operated or the connect circuit operates, 
the p roceed-to-dial circuit will turn off. 
Local contro l is provided by oper ation of the 
STOP pushbutton , while the connect c ir cuit 
provides automatic control initiated by the 
exchange . 

2.25 The connect ci rcuit is controlle d only 
by the line and , ther efore. has only one 

input. This input is from line sensing and con­
tro l as shown in Figur e 5. 

2 .26 Local Circu it: 

(a) To tut·n the local ci rcuit on, t hr ee 
conditions must be satisfied: 

(I) The proceed -to-dial and connect cir­
cuits must be off, and the LOCAL 

pushbutton must be depressed. 

(2) The input of both the proceed-to-d ial 
and the connect circuit protect against 

accide ntal operatio n of the local circuit 
whic h would otherwise cause an automatic 
discon nect. 

(b) The local circuit is turned off by oper a-
ating the STOP pushbutton, the START 

pus hbutton. or the 2.3 -s econd time r . The 
START and STOP pushbuttons provide loca l 
contr ol of the circu it, while the 2.3-seco nd 
timer provides automatic control. The 2.3-
second time r is contro ll ed by the connect 
circuit which is. in turn, contro ll ed by the 
li ne. The 2 .3-second tim er continues to os ­
cillate as long as t he connect circuit is on, 
but only the first timing pulse is required 
to tur n off the local circuit. 

(c) Each of the above three cir cuits has an 
input to the li ne se ns ing and contro l. 

The inputs are in the form of r elay conta cts 
which switch the line throug h the proper inter ­
nal pat h in the local and r emote control as ­
sembly. When either the connect or local cir­
cuit is on . a motor contr ol r elay is oper ated . 
The contacts of the r elay ar e used to turn on 
the motor of the associated typ ing unit. 

F. Idle Line Condition 

2.27 Figure 6 is the firs t of two schematic 
diag1·ams which ill ustrates the local­

remote control cir cui t . It shows the cur r ent 
flow dur ing the idle llne condition. 
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2.28 ln th is state all relays and lamps are off . 
This requires that transistors Q3. Q6. 

and Q9 be off and that Q2, Q4. and Q8 be in con­
duction. The output tr ansisto r of the motor delay 
timer is off, and the se lector magnet driver is 
marking . 

(a) The signal loop is a 240-volt sou r ce 
with 4000 ohms in series. In the idl e 

condition the loca l- r emote cont rol offe.r s 
43.800 ohms of loca l resistance to the sig ­
nal loop. The flow of loop current in th.is 
condition is shown in Figur e 6. Cur r ent 
flows from TBS, the positive idle termina l. 
across CR4, thr ough Rl and CRl in par all el 
with the base emitter junction of Q4 and QS. 
R13 and R12. Fro m this point, curr ent 
flows through the dial pulse contacts to te r m­
inal TB9. 

(b) Loop cur r ent deve lops a pos itive po-
tential at @ in Figure 6 holding transis ­

tor QI on. The collector of Ql is shorted to 
ground through contacts Sl-4 and Sl-5 on 
t he START pushb utton . Therefore, no signal 
is developed at the coll ector unless the 
START pushbutton is depressed. Loop cur ­
rent deve lops about -200 volts with re ­
sp ect to neutra l at point @ . This potentia l 
holds Q4 in conduction and the connect cir­
cuit off (Q6 off). 

(c) The sele ctor magnet dr iver is supp li ed 
0.060 ampere locally to hold the selecto r 

magnet. This current is suppli ed t hr ough R23 
and flows throug h contacts "hl" and "wl." the 
distrib utor and the selecto r magnet drive r to 
neutral . 

G. Initiating a Call 

2.29 A call can be initiated with the te letype -
writ er in either idle or loca l conditio n 

by depressing the START pus hbutton . This per ­
for ms three functions : Contacts S1-1 and Sl-2 
open and turn off the local ci r cuit . Cont acts 
S1-4 and Sl -5 open and r emove the s hort from 
the collecto r of Qt . The collector will remain 
at ground since more than 0.00 2 amper e is 
flowing through CR4. Contacts S1-6 and Sl - 5 
close, sho rt ing the local loop resistance which 
all ows the loop cur re nt to rise to 0 .060 ampere. 
The loop current now flows fro m TBS, through 
CR4, contact Sl - 5, cont act Sl-6, CRl , and the 
dial impulse contacts to TB9. Short ing out the 
local loop resistance ca uses the voltage at point 
@ to r ise neutr al. This has no effect on the 
s tate of the connect circ uit. 
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Figure 6 - Loca l - Remo te Control Circuit-C urr ent Flow (Idle) 

(a) Proceed-to -dia l: When the START push-
butt on is depressed , a proceed -to - dia l 

pulse will ca us e th e coll ecto r of QI to go 
positive and, in tu rn, operate the proc eed-to­
dial circuit (turn on Q3). With Q3 in conduc ­
tion , c urr e nt will flow through the A(Kl) re­
lay and the DIAL lamp. This c aus es both of 
them to be operated. The normally ope n co n­
tact "a" of the A(Kl ) relay will operate the 
short co ntacts Sl - 6 and S1- 5 of the START 
pus hbutton. Loop current now flows fr om 
TB8, th rough CR4, contac t "a," CRl , and the 
dial pulse co ntacts to terminal TB9. 

(1) With Q3 in conductio n, its collector 
will be near neutral. This holds th e 

junction of R37 and R38 in th e loca l cir ­
cuit near neutral th r ough CR13 as the 
LOCAL pus hbutton is depressed. The 
local circ uit cannot now be tur ned on. The 
proceed -t o -dia l circuit may be turn ed off 
by opera ti ng the STOP pus hbutton. Con­
tact s S3-1 and S3-2 will open and cause 
Q3 to turn off as d escribed earlier . With 
Q3 turned off the te letypewriter will revert 
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to the idle lin e condition , and the cur rent 
loop will be as shown in Figure 6. 

(2) In init iating a ca ll , iftheSTART push-
button is released at any ti me before 

the proceed-to-d ial pulse is given by the 
exchange , the t ele typewrit er will revert to 
the idle line co nditi on. The exc hange r e ­
quires a s hort time to r ese t aft er the 
START pushbu tto n is r eleased ea rl y and 
should not be reoperated for a few sec­
onds . 

(b) Dialing: The dia l is in the sign al 
loop at all tim es, but It may be used 

to transmit information to the exchange 
only during the proceed-to-dial and the 
connect conditi ons. Since the dial impulse 
contacts are in ser ies with t he loop, ope r a ­
t ion of the dial will completely break loop 
current. In order to prevent damage to the 
dial contacts, an arc suppr es sor, R31 and 
C6, is p laced across the contacts. 
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Figure 7 - Local-Remote Contr ol Circuit-Cu rren t Flow (Local Connection) 

H. Connection 

2.30 Figure 7 is the second of two schematic 
diagrams which Illustrates th e loca l ­

remote control cir cuit. It shows the current 
flow during local connection. 

2 .31 Local Connection: If a call Is Initiated 
locally, current In the loop will be O .060 

ampere from TBS to TB9 through the path 
described In 2.28 before connection. When 
the loop polarity is reversed by the exchange , 
current flow is from TB9 to TBS. Diode CR! 
becomes r everse -b ias ed and stops cur r ent flow 
except through R12 and R13. This current flow 
tur ns off Q4 and turns on the connect circuit 
(turns on Q6). With Q6 in conduction , the H(K2) 
r elay will operate and the CONN lamp will 
light. The transf er contacts "hl" of the H(K2) 
r elay will switch and allow loop cur rent of0.060 
ampere to flow through th e distributor and selec­
tor magnet drive r as shown in Figure 7. Loop 
current now flows fro m TB9, through the dial 
pulse contacts, CR2, the contacts of "hi" and 
"wl ," the distributor , the selecto r magnet driver 

and CR4 to TBS. Current will also flow through 
CR! 5 to opera te the motor delay timer and, in 
turn, the motor control relay M when Q6 is In 
conduction. Contacts K4 will close and start 
the motor. Q4 is cut off, and its collector is 
negative. Feedback from the collecto r of Q4 to 
the base of Q2 through Rl 5 will turn off the 
proceed-to -dia l circuit. The A(Kl) relay will 
release , and the DIAL lamp will go out. The "a" 
contact will open, but it does not have any effect 
upon the loop current flow, since It is not now 
in the current loop. The junction of R37 and R38 
is held nea r neutral from the collector of Q6 
through CR14, preventing local cir cuit operation. 

2 .32 Remote Connection: On an incoming call, 
the teletypewriter may be connected r e­

motely while in the idl e line or local conditions . 
The loop path ls shown In Figure 6 for both of 
these conditions. The incom ing call causes the 
exchange to reverse the loop polarity . This 
causes th e potential at the junctio n of CRl and 
CR2 to change from - 200 volts to approximately 
+ 200 volts. The potential causes th e connect 
c ir cuit to operate as described In 2.31. 
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2.33 Low-Pape r Cir cuit: If the pape r in a 
teletypewrite r has become low and the 

low-pape r contac ts operate, the junction of 
Rl 2 and R13 will not be allowed to become 
positive. Q4 cannot be tu rn ed off, and a co,1-
nectio n cannot be made. If lowpaperoccursdu r ­
ing a ca ll , the teletypewriter will r emain in the 
connected state, since zero potential at the 
juncti on of Rl2 and Rl3 will not effec t the con­
nect circuit. A disconnect will occur in t he 
nor mal manner, since CR3 will be back-biased 
to a negative potential at the junction of Rl2 
and Rl 3. If a call is initia t ed locally with a 
low-paper condit ion, the nor mal sequence of 
events will occur until a connection is atte mpted. 
When the exchange cannot connec t, it will re­
verse the loop polarity, and t he tele typewriter 
wll! retu rn to the idle state. 

I. Disco nnect 

2 .34 Local Disconnect : Oper ation of the STOP 
pushb utton while in the connect condition 

opens contacts S3-4 and S3-5, which a r e in 
s eries with the loop, and breaks t he loop. When 
the exchange recognizes the break, it r everse s 
the loop pola r ity. The reverse po la.rity is blocked 
by CR2, and cur r ent flows th r ough CRl along 
the path shown in Figur e 6. At point @ -200 
volts is develo ped due to cur r ent flow as des­
cri bed in 2.27 and 2.28 . This potentia l causes 
the connect circuit to turn off. The CONN lamp 
goes out and the H(K2) relay re leases. The "hl" 
contacts retu rn to the blinded condition, and the 
te letypewriter stops ru nning open. The input to 
the motor delay timer bec omes negative, and the 
ti mer will ti me out. After 0 .55 seco nd the mo­
tor control re lay releases, and the motor wil l 
tur n off. This delay allows the clut ches to latch. 

2.35 Remote Disconnect : The operation of the 
circuits and the loop paths are the sa m e as 

those desc ri bed in 2.32. The STOP pushbutton 
is not oper at ed locally, but the signal conditio ns 
appear identica l to the loca l -re mote control. 

J. Local Off-Line Operation 

2.36 When the teletypewriter is in the idle 
line conditio n, oper at ion of the LOCAL 

pushbutto n will cause the local ci rcuit to oper ­
ate (Q9 turns on). If the control is in the 
pr oceed- to-dial or connect conditions, CR!3 
or CR14 will prevent oper atio n of the local 
circ uit. When the local circu it operates, the 
W(K3) relay operates and the LOCAL lamp will 
light. Contact "wt " of the W(K3) relay will short 
out cont acts "bl" in the dis t ri butor -se lector 
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magnet driver loop. Cur rent to t his loop will 
then flow th rough R23, "wl,"thed ist r ibutor, and 
the selector magnet dr iver to neutral. Curr ent 
will also flow t hroug h CR16 to turn on the output 
transistor of the motor delay ti mer . The motor 
cont r ol relay will operate , and t he motor will 
start. The te letypewr iter is now r eady for off­
li ne operation. To ret urn to the idle line condi­
tion, the STOP pushbutton may be depr essed. 
Contacts S3-1 and S3-2 open and tur n off the 
local circ uit. A call may be initi ated in the local 
condition In the us ual manner . When the START 
pus hbutton is depressed, contacts Sl- 1 andSl-2 
open and tu rn off t he loca l circ uit in the same 
way as the STOP pushb utto n. 

(a) If an incom ing call is rece ived while the 
te letypewrit er is in the local condition, 

the action of the cir cuit is the same as that 
descr ibed in 2.27 and 2,28. The H(K2) relay 
opera tes to shunt the line thr ough the distri ­
butor and selecto r magnet driver, but this 
operation cannot be accomp lis hed, since the 
''wl" contacts have shorted the "hl" contacts 
out of the circ uit. Operation of the "112" con­
tac ts will complete the 115 volt ac circ uit to 
the buzze r caµsing it to sound. 

(b) When the connect circ uit is tur ned on, 
the coll ector of Q6 approaches neutral . 

This ca uses the timer to start. At the end of 
a 2.3 second peri od, a positive pulse fro m the 
time r is coupled to the base of Q9 through 
ClO and CR17. The pul se causes the loca l 
ci rcuit to tur n off, t he LOCAL lamp to be 
extinguished, and the W(K3) r elay to be re­
leased . The "wl" contacts sho rt the signal 
loop thro ugh the distributor and selecto r mag­
net dri ver . The "w2" contacts open and the 
buzzer will tur n off. The te letypewriter is 
now in t he connect condit ion. 

SELEC TOR MAGNET DRIVER 

2.37 Figu re 8 ill ust r ates aschematicdiag r am 
of t he se lector magnet dr iver ci rcu it. 

2.38 The se lector magnet dr iver, comb ined 
with an external power tr ansformer, a 

res istor, and a filter capac itor , provides 0.500 
amper e for dri ving a se lector magnet from a 
te legraph signal source of approp ri ate input 
lin e cur rent. The input signals are applied 
through termi nals no. 7 and 13, with Rl deter ­
mining the switching level. 

2.39 For mark input, positive curr ent is 
appli ed to ter minal no. 7, providing a 
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positive bias to the base of tr ans istor QI that 
overcomes the nor mal negative bias supplied 
through Rt and stabilized by Zene r diode ZDl. 
Qt tur ns off as t he incr eas ing posit ive current 
reaches one- hall of its final value . The coll ector 
of Qt goes negative, and the drop acr oss the col­
lector load res isto r R3 is applied to the base of 
Q2. This tu rns Q2 on. R4 p rovides emitte r bias 
to Qt, and supplies a r egene r ative action to the 
transition. 

2.40 The selector magnet , in series with the 
external resisto r, is connected between 

the collecto r of Q2 at terminal no. 6 and nega ­
tive battery at ter minal no . 15. It supplies the 
load for Q2. On marks , the cur r ent thr ough 
Q2 quickly rises to 0.500 ampere . as set by t he 
external resistor , and energizes the selecto r 
magnet. 

2.41 On space input , the positive input bias 
decreases , and Qt is tur ned on at the 

half - line current point by negative bias through 
Rl. The collecto r of Qt rises towar d ze ro­
applying reverse -bias to Q2, turning off Q2, 
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and de - energizing the se lector magnet. The 
selector mag net opposes the change in current , 
and it applies a transient to the collector of 
Q2 which is more negative than the battery poten­
tial at te rm inal no. 15. CR3 now conducts ­
passing the transient to Cl and RS which li mit 
the transien t to a value well under the breakdown 
voltage of Q2 while the selector magnet ene rgy 
is being dissipated. 

MOTOR DELAY TIMER 

2.42 Figur e 9 illust r ates a schematic diagram 
of the motor delay ti mer circuit. 

2.43 The motor delay timer provides a means 
to delay motor turn-off in the teletyp e­

writer. This allows the te let ypewr iter to com­
pl et e its prin ting cycle and come to rest before 
the motor begins to stop . This circu .it is mounted 
on the same circuit ca r d assembl y with the 
se lector magnet driver, but the ci r cuit is elec­
trically independent of it. It is designed todriv e 
a motor cont rol relay connected between points 
no. 3 and 5 and is oper ated when either the con­
nect or local circuit is on . 
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Figure 9 - Motor Delay Timer Circuit 

2.44 The motor delay timer consis ts of a 
regenerative switch (Q3 and Q4) and an 

output drive r (Q5). Tile input to tile motor delay 
ti mer is from the collector of Q9 throug h diode 
CR16 or from the coll ector of Q6 th rough diode 
CR! 5 in the local and connect ci r cuits of the 
local- re mote control ci r cuit . The diodes provide 
insu lation betwee n the i!'put of the motor delay 
timer and the trans is tors of the local - re mote 
control for negative signa ls . When the input of 
the motor delay timer at point no. 2 is gr ounded, 
the output dri ver will tu rn on immed iate ly. When 
the input signal is re moved, the output driver 
will rema in in conduction for approximate ly 0. 55 
second while holding the motor contr ol relay 
operated long enough to all ow the telet ypewriter 
to complete its pr inter cyc le befo r e turning off 
the motor. 

2.45 When a negative input s ignal is appli ed 
to point no. 2, base cu rr ent to Q3 will 

flow through R7, RS, and R9. Q4 will be held 
in conduction by base cur r ent flowing through 
R12 and Rl3. The collector of Q3 will be at 
appro ximate ly - 1.6 volt.s. The voltage divider, 
R12 and R13, will hold the base of Q5 positive, 
and Q5 will be cut off. 
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2.46 If gro und is now applied to the input , the 
base of Q3 will approach gro und and be­

come reve r se biased . This turns Q3 off. The 
collecto r of Q3 will become -10.0 volts. This 
voltage will cause the voltage att he base and the 
emitter of t he emitter foll ower Q4 to be -8.5 
volts . The emitter ofQ3w illbeheldat -8. 5 volts 
by the emitte r of Q4. This holds Q3 off. The 
-10 .0 volts at the collec tor of Q3 wil l cause base 
cur rent to flow to Q5 through CR7, CR8, and Rl2 . 
Q5 wil l then go into conduction , and operate the 
external motor contro l relay. 

2 .4 7 If the ground input Is now r emoved, cur-
re nt will flow through R7 and RS and 

charg e C2 toward - 18 volts. After about 0.55 
second the voltage on C2 reac hes -8.5 volts, the 
voltage on the emitter of Q3, and Q3 goes into 
conduction wit h its collecto r going less negative . 
Th.is causes the base of Q4 and, therefo r e, the 
emitte r of Q3 and Q4 to become less negative. 
The process continues until both Q3 and Q4 ar e 
sat urated . C3 will then discharge through R9 
and the base of Q3 to gr ound. Base curr ent to 
hold Q3 in conduct ion is supplied th rough R7, 
Ra, and R9. 
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2.4 8 At 25 degr ees C with 390 ohm output 
load, the delay of the motor delay timer 

is from 0.475 second to 0.675 seco nd when the 
supp ly volt ages are within 3 percent of thei r 
nomina l values . 

POLAR ADAPTER 

A. General 

2 .49 The following descr iption is based upon 
schematic wiring diagram 5923WD. 

2.50 The polar adapter converts the types of 
signals received fr om the receiving leg 

and the teletype writer into those usable by the 
circ uitr y and the se nding leg . Some of the func­
tions of the r elay contacts are modified by the 
polar adapte r , but they serve the sa m e genera l 
pur pose . The outward operations of the call con ­
trol unit , with the polar adapter at tached, are 
identical to those of the call control unit alone. 

2. 51 The pola r adapte r consists electrically 
of four basic parts. These parts are: 

(a) Receiving polar r elay: This re lay con-
verts the rec el ved signa ls into t hose 

us able by the circuit ry of the adapte r and the 
ca ll contro l unit. 

(b) Sending pola r r elay: This re lay converts 
the make -break signals generated by the 

dist r ibutor into transm itted line signa ls . 

(c) Connect contro l time r : This circuit is 
made up of four basic parts and dif ­

ferentiates between control and infor mation 
sig nals. 

(d) Current ampli fie r : This circuit ampli ­
fies t he signals of the r eceiving polar 

relay to contro l the sele ctor magnet drive r . 

2 .52 The pola r adap ter oper ates on a 3-wire 
basis. Two of these wir es are the se nding 

and rece iving legs. The third wir e is an ea rth 
return for these two legs. The polar adapter 
will , therefo r e, not opera t e unless ear th gr ound 
is supplied. The chass is of the polar adap ter Is 
gr ounded to the power supply. When ins ta lled 
in the ca ll control unit, electrical connectio n is 
made through th,1 chass is contact to the third 
wire In the power plug. This third wir e in the 
power cord must be connected to a suitab le 
earth ground . 
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2.53 The sending and rece iving pola r r elays 
ar e of the non bri dging mercury -wetted 

contact type . They are housed in metal cylin ders 
with an 11-p in tube socket at their base. Because 
of the mercury in the r elay capsule, they must 
be opera ted withi n 30 degrees of vertical to 
preve nt s horting of the contacts . 

(a) The coils of the polar re lay are as 
follows : 

Pins no. 2 and 11 - Driv e coil 
P ins no . 3 and 10 - Drive coll 
Pins no. 5 and 9 - Bias coil 
Pins no. 6 ·and 8 - Bias coil 
P ins no. 1 and 7 - Contacts 
Pin no . 4 - Tongue 

(b) In the polar adapter, contact no . 7 has 
been chose n as t he spacing contact . and 

contact no. 1 as the marking contact. To 
close cont act no. I and the tongue. cu rre nt 
must flow from either pins no. 2 to 11, 3 to 
10, 9 to 5, or 8 to 6. 

2.54 All polar r elay contact s are protected 
by arc suppressors. These arc supp r es­

sors slow the r ate of change of voltage across 
the m erc ury wetted contacts of the pola r relays. 
On the re ceiving polar relay the arc suppres­
sors are made up of R32. R33, C5. and C6. On 
the sending polar relay they ar e made up of 
R43. R44. C7, and CB. 

2.55 All voltage sou r ces are isolated by at 
least 120 ohms . In the event of a momen­

tary short, cur r ent thr ough the polar relay con­
tacts or the connectors Is lim it ed to 1 amper e· 
or less . If a s hort is of long duration , the re­
sistor will act like a fuse and open the shor ted 
ci rcuit. These resis tors are R34, R36, R38, 
R41, and R42 . 

2.56 When polar s ignals a r e being t ransmitted 
by the send ing polar rel ay, a noise sup­

pressor is used in the send ing leg. This sup­
pr esso r consists of a "pi" filter and ls mad e up 
of CllA , CllB, and R45. The filter rejects au · 
high frequency components of the tran smitt ed 
sig nal. It is not used when neutra l s ignals ar e 
trans mi tted . 

B. Receivi ng Polar Relay 

2.57 This polar relay and its associated com ­
ponents convert incom ing s ignals into 

those usab le by the circ uitr y of the polar 
adapter and the call contro l unit. 
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2.58 Seve ral types of input signals to this 
polar relay ar e possible . These modes of 

operation may be selected by approp ri ate strap­
ping of the binding post s on the TP18160 7 printed 
card assem bly . The various modes of operation 
are : 

(a) Polar s ignals, battery supplied remote ly. 
This is the normal mode of oper ation , 

and all polar adapters are supplied with s t rap ­
ping for this type of operation . 

(b) Neutr al s ignals, batte r y supplied by the 
polar adapt er. In this condition . posts 

no. 3 and 4. 5 and 7 and 12 and 13 are s t rap­
ped toge ther. 

(c) Neutr al sig nals, battery supp li ed r e-
motely (batte ry negative) . In this condi ­

tion , posts no. 5 and 12, 6 and 13, and 3 and 
4 are strapped toge ther. 

(d) Neutra l signa ls, batte ry s upplied re ­
mote ly (battery positive). In this cond i­

tion, posts no. 3 and 4, 12 and 13, and 5 and 
6 a r e s tr apped toget her. 

2 .59 With t he wir ing as described above , a 
spacing signal will cause the tongue (4) 

of the polar relay to rest on the space contact 
(7). With a mar king signal, the tongue will 
res t on the mark contact (1). The tongue (4) of 
the polar relay is supplied with + 120 volts 
through R34. It supplies this voltage to the 
se lected contact , while the other contact has 
no pote ntial appli ed. Both contacts have two 
outputs. One of these Is a voltage or di rect 
output , while the other is curr ent output. The 
curr ent output is through a diode and a r e­
sistor and wil l supply approximate ly 0.010 
amper e to ground. The diode pr events re­
versed cur r ents from flowing when the con­
tact is not supplied with + 120 volt s from the 
tongue. The output diodes and resisto r s are 
CR! l. CR12. R30 and R31. 

2.60 The bias for this relay . when used in 
neut ral operation , is 0 .030 ampere and is 

supplied throug h R37 and st r apped terminals no. 
3 and 4. Oper ating current for neut r al oper atio n, 
when supplied locally. is supplied from -120 
volts and is li mited to 0 .060 ampere by R46 and 
the signal line res ista nce. 

C. Sending Polar Relay 

2.6 1 This polar r elay conver ts the neutra l 
make-brea k signa l gene r ated by the dis -
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t rib utor and the dial into those required on the 
sending leg. There are a variety of poss ible 
s ignal types that can be t ransmitted . These are: 

(a) Polar signa ls, battery supp li ed by the 
polar adapte r . Th.is is the normal mode 

of operation and all polar adap ter s are s up­
plie d wHh str apping for thistypeofoperatlon . 

(b) Neutral sig nals . battery supp li ed by the 
polar adapter. In this conditio n, posts no. 

10 and 11 ar e st r apped toge ther, and the 
st r aps between posts no. 8 and 9, 14 and 15, 
and 16 and 17 ar e cut . 

(cl Neutral sig nals, batte r y supplied re -
motely . In th.is condition posts no. 6 and 

10 are strapped togethe r , and straps between 
posts no . 8 and 9, 10 and 11, 14 and 15, and 
16 and 17 a re cut. 

2 .62 Since both the d ri ve and bias windings 
are wired in series, both windings are 

supplied with the sa me amount of current . The 
input cur r ent of 0.021 ampere to the dr ive 
windings ls supplied th rough R40 from + 120 
volt s. The 0.021 ampere to the bias is supplied 
through R39 from + 120 volts. 

D. Connect Contr ol Timer 

2.63 This ci r cuit consists of four basic par ts 
on theTP181606assemb ly. These are: a 

strobe pulse generator two ti mi ng tr ansmissio n 
gates. and binary. 

2.64 The st robe pulse generato r gene r ates a 
120 cps sq uare wave. This square wave 

and the output s from the receiving pola r r elay 
are used as inputs to the two timing transmis­
sio n gates. The outputs of these two gates ar e 
used to cont r ol the bina r y. The output or the 
bina r y. in turn, is used to control the connect 
circ uit in the call control unit. 

2.65 The str obe pulse generator Is made up 
of Ql and Q2 and assoc iated components. 

It is cont rolled and caused to oscilla te by 
alt ernating curre nt fro m the power transformer 
of the call contr ol unit . This 12.5-volts ac 
(18-vol t peak) sine wave is r ect ified by CRl and 
CR2 to form a negative 120 cps wave . The 
base of Ql is biased by R2 and R3 such that 
-3. 9 volts is necessa ry at the junction of CR! 
and CR2 to turn on Ql. When base cur re nt does 
flow to Ql. it wHl tur n on, and its coll ector will 
become nearly gr ound. R4 and R5 form a volt ­
age divide r which back -biases the base of Q2 
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and holds it off. The voltage at the collector 
of Q2 will be set by a voltage divider made up 
of RB and R9. This voltage is - 9.1 volts. Feed­
back, through R6 from the collector of Q2 to 
the base of Ql, will help provide snap - act ion. 

2.66 When the 120 cps wave becomes more 
positive than -3.9 volts, base current to 

QI will cease to flow. The collector of QI wil l 
become -5. 7 volts . Base cur r ent to Q2 will 
flow through RS and cause it to turn on. Its 
collecto r will become ver y nea rly ground. This 
circuit will continue to oscillate as described 
as long as power is applied to the control unit 
transformer. 

2.67 Two 1- perce nt tolerance resistors (RB 
and R9) in the coll ector of Q2 set the 

voltage at that point at - 9.1 volts . This voltage 
level is important in controlling the binary and 
setting the proper time delay interva ls in the 
timing gates. The square wave generated at the 
collector of Q2 will be ground for approximately 
0.0013 second and -9.1 volts for approxi mately 
0.007 second. 

2.68 When spacing signa l is present on the 
r eceiving l eg, • 120 volts ls applied to 

contact no. 7 and no voltage is applied to contact 
no. 1 of the receiving polar relay. No voltage 
will appear ac r oss R28, and the voltage at the 
junction of R28 and R26 is set by current flow 
thr ough CRlO and R26. This voltage will be 
approximate ly - 60 volts. CR8 will conduct and 
the voltage across C3 and at the anode of CR5 
will be held at - 60 volts . If Q4 is in conduction. 
its base will be near ly ground, and CR5 will 
be back -biased by 60 volt s. 

2.69 The 9.1 volt s t robe pulse intr oduced at 
C 1 will cause the voltage at the anode 

of CR5 to rise to -50 .9 volts . The negative 
pulse, that follows in 0 .0013 seco nd will lower 
it to -60 volts. The net result of these strobe 
pulses upon the volt.age on C3 is, therefore, 
zero, and CRS is not forwa rd-biased at this time. 

2. 70 When a marking signal appears on the 
re ce iving leg, + 120 volts is applied to 

one side of R28 through the marking contact of 
the r ece iving pola r relay. The voltage divider 
consisting of R26 and R28 sets the voltage at their 
junction at +22 volts and back -biases CR8. 
This isolates C3 from R26 and R28. C3 will 
begin to discharge throu gh R20 from -60 volts 
toward ground . The voltage at the anode of CR5 
will follow, thus red ucing the back -bias on CR5. 
After approximate ly 0.08 seco nd the voltage on 
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C3, and, the r efor e, at the anodeofCR5, will have 
risen to -9.1 volts . The next strobe pulseto ap­
pea r at C 1 will caus e CR5 to become slightly 
forward-b iased , and part of the pulse will appear 
at the bas e of Q4 . 

2. 71 The gate just desc r ibed is the connect 
timing gate and produces a signal delay of 

approxi mate ly 0.08 second . The disconnect tim ­
ing gate operates in a si milar manner. The input 
to R27 is fr om the spacing contact. When mark 
appears on the receiving leg, R25 and CR9 hold 
the voltage on C4 at -60 volts. When a spacing 
signa l appears, CR7 will be back-biased, and 
C4 will discharge thro ugh R19 fro m -60 volts 
towar d g round. In appr oximately 1.3 seconds 
the voltage across C4, and, there fore, at the 
anode of CR4, will become mor e pesitive than 
- 9. 1 volts. The next strobe pulse Introduced 
across C2 will cause CR4 to be for ward biased, 
and par t of the strobe pulse will appear at the 
base of Q3. 

2.72 C3 will recharge to -60 volts fr om -9.1 
volts in 0.004 second. C4 will recharge in 

0.01 second. Both of these recharge times are 
less than onecodeelementlengthandcanbe con­
side r ed instantaneo us . 

2. 73 The outputs of the transmission gates 
contr ol the binary which is made up of 

Q3 and Q4 and associated components. The 
opera t ion of this binary is si mil ar to that of the 
binaries in the call control unit . The control of 
the binary by the t ra nsm iss ion gates is the 
same as that of the 2.3- secondtlmer controlling 
the local circuit in the ca ll contro l unit. A posi ­
t! ve pulse at the base of Q4. thr ough CR5, will 
turn off Q4 and tu rn on Q3. The collector of Q3 
will then be near ground . Cur ren t will flow 
thro ugh R35 and through ZDl to the collector 
of Q3. The cathode of ZDI will be +9 .1 volts 
with respect to its anode, so that the voltage at 
the cathode will be + 9.1 volts . This point is 
t he output to the connec t circu it of the call 
control unit . 

2.74 A positive pulse at the baseofQ3through 
CR4 will turn off Q3 and turn on Q4. The 

collector of Q3 will go negative. Current flow 
through CR6 and R23 will hold this voltage to 
- 18 volts . Cur r ent flow th rough R35 and ZDl 
will hold the volt age at the cat hode of ZDl to 
+ 9.1 volts of -18 volts. The output will then 
be -8 .9 volts. A negative output (Q3 off) will 
hold the connect circ uit of the call contro l 
unit off, and a positive output (Q3 on) will 
hold the connect circuit on. 
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E. Current Amplifier 

2.75 This circuit is made up of Q5 and associ-
ated components on the 181606assembly. 

Base current to this amplifier is supplied through 
CR12 and R31 from the marking contact of the 
recei vlng polar relay. 

2.76 If ground is applied to the emitter of Q5 
throug h CR3 or by strapping binding posts 

no. 1 and 2, the base Is back -biased by the volt ­
age divider made up of R13 and R14. If base 
current ls now supplied, the transistor will turn 
on. With the collector load as shown In Figure 12, 
0.060 ampere of collector current will now. 

2.77 If the ground to the emitte r ofQ 5 through 
CR3 Is switched to + 120 volts, CR3 will 

become back-biased. The emitter is biased to 
near + 18 volts through Rl2 . Since both the 
emitter and collector are biased to + 18 volts, 
no current wlll flow between them. Base current 
supplied to the tr ansistor will flow into both 
th e collector and emitter. The current in the col­
lector will flow from the base. through the col­
lector, the selector magnet driver, and R23 to 
+ 18 volts . This current flow is in the reverse 
direction of the normal cont r ol current for the 
selector magnet drive , and it wlll be held spacing. 

2. 78 The amplifier will supply marking cur-
rent only when ground is applied to the 

emitter. and base current Is supplied. If eithe r 
of these conditions is not fulfilled, the selector 
magnet driver will not bes uppliedinputcu rr ent, 
and its output will be spacing. 

2.79 Str apping post no. 1 and 2 will perman -
ently apply ground to the emitter and 

allow dupl e x operation of the teletypewriter. 

F. Circuit Interconnections 

2. 80 Figure 10 is a block diag r am s howing 
the polar adapter connected to the call 

control unit. The call contr ol unit portion of 
the block diagram is the same as that shown 
in Figu re 5 with one exception. Th e lin e s ensing 
and control block of the call control unit is 
rewired through the conn ectors (J4 , J5 , and J6) 
and is now cal led the sending loop control. All 
of the compone nts a r e identical in these two 
blocks, but rewiring allows the block to control 
the send ing leg rather tha n the signal loop. This 
block also has outputs to the current amplifier 
and the selector magnet driver . The input to the 
current amplifier allows the teletypewriter to 
read its own copy. The input directly to the 
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selector magnet driver is for teletypewriter 
blinding. 

2.81 The receiving polar relay marking con -
tact supplies input s t o both the connect 

co ntr ol timer and the current amp lifier. The 
input to the current amp lifier allows the tele­
typewriter to read Incoming copy. The input to 
the connec t control timer allows the pola r 
adapter to recognize a connect signal. The 
spacing contact supplies inputs to both the 
connect co ntr ol timer and the proceed-lo-dial 
circuit of the call control unit. The input to 
the connect con tr ol timer allows the polar 
adapter to r ecog niz e a disconnect signal. The 
Input to the proceed -to-dial circuit supplies 
cu rr ent for spacing signals and no current for 
mark. This allows this circuit to operate in the 
normal manner. 

G. Idle Li ne Condition 

2.82 In this condition both th e sending and 
receiving legs are spac ing. All the cir­

cuits in the ca ll control unit are off. The spacing 
contact of t he receiving pola r r elay is + 120 
volts and allows C4 to be discharged. CR4 will 
then allow strobe pulses to pass to the base of Q3 
and hold it off. The output of the connect cont r ol 
timer is then negative and holds the connect 
circuit In the call control unit off. 

2 .83 Figure 11 Is a schematic wiring dia-
gram of the sending loop control circuit 

with the cu rre nt amp li fie r and the send ing polar 
relay. Blinding current to the selector magnet 
dri ver flows fro m + 18 volts through R23, J5-2, 
the selector magnet driver , J4 - 3, and "hi " con­
tact , the "wl" contact , J4-9, and the distributor 
to ground. No current nows In the drive coils 
of the sending polar relay , since neither the 
start contact, the "a" contact, nor the "hl" con­
tact are operated to supply grou nd. 

2.84 The marking contact of the receiving 
polar relay has no volt age appli ed. No 

base current will then flow from this contact 
to Q5. The em itter of Q5 is biased to + 18 volts 
through Rl2 . The cathode of CR3 is at + 120 
volts which is supplied through R39 and the 
sending relay coils, and CR3 Is back-biased. 

H. Initiating a Call 

2.85 A call may be initiated when the ca ll 
control unit Is in eithe r the Idle line or 

local conditions as described earlier. Depres­
~ing the START pushbutton will allow c urrent 
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to flow through the dr ive coi ls of the sending 
pola r relay. This sending polar relay will then 
transmit a mark ing signal on the sending leg . 
The current path through the coils Is shown 
dotted In Figure 11. 

2.86 Oper ating the START pusnbutton will also 
remove ground from the collector of Ql in 

the ca ll control unit. Cur rent to the input of the 
proceed-to-dial circu it (base of Ql) Is supplled 
fr om the spacing contact of the receiving polar 
re lay. This Is not shown in Figur e 11. The pro­
ceed-to-dial circuit will not operate until this 
current Is interrupted . 

I. Proceed-to-Dial 

2.87 The exchange wlll recognize the mar king 
signa l tran smitted as a r equest to dial. 

When the exchange has se lected the proper 
equipment, it will tr ansmit a0.025 second mark ­
Ing s ignal on the receiving leg. The rece iving 
polar relay will r espond to this signal by 
Inter rupting the cur r ent flow to the Input of the 
proceed-to-dial circuit. This cir cuit will then 
turn on, and energize the A(JCl) re lay and the 
proceed -to-dial lamp. The "a" contact will oper ­
ate and shunt out the START pushbutton contact. 
The START pushbutto n may now be r eleased. 

2.8 8 When the r eceiving polar relay responds 
to the 0.025 second pulse, C3 in the con­

nec t contro l timer will start to disc harge. After 
0.025 second the r eceiving leg r eturns to spacing 
and causes C3 to be recharged to -60 volts. In 
the 0.025 second inte rval , the voltage ac r oss 
C3 will not rise to - 9.1 volts, and no strobe 
pulses will be passed by CR5. The connect con­
tr ol timer, therefo r e, will not respond to a 
proceed-to -dial pulse. 

J. Dialing 

2.89 The dial signaling contacts are In se ri es 
with the drive coils of the sending polar 

r elay as shown in Figure 11. The dial contacts 
will thus energize and de- energize this r elay 
whenever cur r ent is flowing through them . The 
make -break signal generated by the dial con ­
tacts will be transmitted as mark -space sig nals 
by the sending polar relay. These mark -space 
signa ls ar e used by the exchange to make the 
necessary connect ion. 

K. Call Connection 

2.90 With the call control unit in the proceed­
to-dial conditio n, the sending leg is mark -
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ing. and the receiving leg is spacing. When 
dialing Is completed, the exchange will switc h the 
r eceiving leg to marking. This sig nal causes the 
tongue of the receiving polar relay to transfer and 
apply + 120 volts to R28. CR8 will become back­
biased, and C3 will begin to discha rge towar d 
gr ound. After 0.080 seco nd, the voltage across 
C3 will be approximate ly -9.1 volts. The next 
strobe pulse to appear will pass through CR5 to 
the base or Q4. The output of the connect control 
timer will then become positive and cause the 
connect cir cuit to tur n on. As described earlier , 
the proceed - to-dial circult will tur n off. As the 
connect c ircu it turns on, the H(K2) re lay will 
operate , the "bl" contacts will transfer , the 
CONN lamp will light , and the motor will turn 
on. 

2.91 Curren t flow to the dr ive coils or the 
send ing pola r r elay is now through R40. 

the drive coils, the dial contacts , CR2, the 
s top contacts, "hl ." "wl," and the keyboar d 
contacts to ground as shown in Figure 12. 
Base cur rent to Q5 is now suppli ed fr om the 
marking contact of the receiving polar re lay 
through CR12 and R31. Input current to the 
selector magnet driver will flow fr om +18 volts 
through R23, the selector magnet driver, Q5, 
CR3, J4- 1, CR2, the stop contacts , "hl, "''w l," 
and the distr ibutor contacts to ground. 

2.92 Both the current paths for the dri ve 
coils of the se nding polar relay and the 

selector magnet dr iver are t hrough the dis­
tr ibutor contacts. If the dist ri butor is operated, 
the signa l will be transmitted on the send ing 
leg and cause the se lector magnet of the tele­
typewrite r to operate . When infor mation is re ­
ceived from the distant stat ion, the rec el vlng 
polar re lay will operate and make and break 
base cur rent to Q5. This will cause Q5 to make 
and break curr ent flow to the se lector magnet 
driver without affecting the sending circuit. 

2.93 The longest possible normal spacing 
signal generated by the distant teletype­

write r will be less than 1.3 seconds. This is the 
length of spacing sig nal r equir ed to cause the 
connect control timer to disconnec t. Therefore, 
under nor mal signaling, the connect contr ol 
timer will not beafrectedbyinformatlonsignals. 

L. Remote Coimection 

2.94 The call cont r ol unit may be connected 
r emotely from eithe r the idle line or 

local condition. An incoming call Is Indicated 
by the exchange by its transmission of a marking 

• 
• 

• 

• 

• 

• 
• 



• 
• 

• 

• 

• 

• 
• 

signal on the receiving leg . The connect con­
tr ol timer after 0.080 second, will turn on the 
connect circuit in the control unit . When the 
"hi" contacts transfer , a current path to ground 
is set up thr ough the drive coils of the sending 
polar r elay. It will then transmi t a marking 
signal on the sending leg to s ignify that the unit 
bas connected. The r emainder or the operations 
are the same as descr ibed in 2.90 through 2.93. 

2.95 If the paper in the teletypewriter has 
become low and the low-paper contacts 

operate , the voltage across C3 will be held at 
-60 volts through R29. This will stop any con­
nections from occurr ing. If the call contro l unit 
is already in the connect condition, when the 
low-paper contacts close the call may be com­
pleted, but subsequent connections will be block­
ed. 

2.96 If a call is originated locally with a low-
paper condiion, the normal sequence of 

events will occur until the connection is attempt­
ed. When the exchange does not rece ive a mark ­
ing signal on the sending leg, it will return the 
receiving leg to spac ing (idle line condition). 

M. Call Disconnect 

2.97 If the STOP pushbutton is depressed 
while the teletypewriter is in the con­

nect condition, the stop contacts in series with 
the drive coils of the sending polar relay will 
open. The relay output will then be spacing. 
The exchange will recogn ize this long s pacing 
signa l as a request to dis connect and will send 
a spacing signal on the receiving leg . The re­
ceiving polar relay contacts will transfer and 
allow C4 to discharge toward gro und. After 1.3 
second, the voltage across C4 will be - 9.1 volts, 
and the next strobe pulse will pass thr ough CR4 
to the base of Q3, The output of the timer will 
become negatl ve and turn off the connect circuit 
in the call contro l unit. When the "hi" contacts 
tr ansfer, cur r ent to the dr ive coil ofthesending 
polar r elay will be held off so that the STOP 
pushbutton may be rel eased . The "hi" contacts 
will now also supply blinding current to the 
selector magnet dr iver. The control unit is now 
in the Idle line condition. 

N. Remote Disconnect 

2.98 When the r emote unit generates the spac-
ing signa l to disconnect , the receiving 

polar re lay wUI allow C4 to discharge and 
afte r 1.3 seconds the timer will turn of! the 
connect circuit. The "hi" contacts will trans -
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fer, stopping cur rent flow to the dri ve coils of 
the s ending pola r relay and blinding the selec­
tor magnet driver. The call control unit ls now 
in the idle line condiion. 

0. Local Off-Line Operation 

2.99 This oper ation is identical to that of the 
call control unit without polar adapte r 

except for the cu.rrent path to the selector mag­
net driver. Thi.s path ls shown in Figure 11. 

3. CALL CONTROL UNIT-BELL SYSTEM 
SWITCHED NETWORK SERVICE 

OPERATION 

A. General 

3.01 The call contr ol unit provides for sig-
naling speeds of 100 wpm from de mark ­

ing and spacing intelligence pulses originating 
from the distributor in the associated teletype­
writer. These pulses are directed to the input of 
the selector magnet driver in the call control 
unit where they are amplified and returned to 
the typing unit as 0.500-amp ere de pulses to 
opera te t he selector magnet. 

3.02 If the orig inate (ORIG) pushbutton (non-
locking ) on the call control unit has been 

depressed and connection with a cal led station 
has been satisfactorily completed, the intelli­
gence pulses origina t ed by the distributo r are 
sent to the data set. The data set converts the 
de pulses to tone signals for transmissio n over 
telephone lines. Another data se t, located at 
the called statio n, conver ts the tone signals 
back to de pulses, which are directed to the 
input of the selector magne t driver to operate 
the selector in the teletypewrite r of the called 
station. The teletypewr it er at a given station 
copies both the transmitted and rece ived de sig ­
nals, operating on a half-duplex basis. 

3.03 Although the data set is not a part of this 
equipment , a bri ef discussion of its func­

tion is necessary to understand the operation of 
the system. Start-stop de signal pulses form 
essentially a square wave which cannot read il y 
be transmitted over telephone lines. The data set 
is basically a convert er which changes the de 
signals from the sending or calling station into 
fr equency-shifted tones for transmiss ion over 
the telephone network . A marking pulse from a 
sending station is converted to a 1270-cycle 
marking signal (F1 mark) and a spacing pulse 
becomes a 1070-cycle spacing signal (F1 space). 
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The data set at the r eceiving or called station 
sends a 2225- cycle marking signal (F2 mark) 
and a 2025-cycle spacing signal (F2 space). 
During transmission of a message the calling 
station sends mark and space tones (F1 mark 
and space) while the called station se nds a con­
tinuous mark tone (F2 mark). In this way the 
telephone facilities are operated on a full ­
duplex basis. If the signal received at either 
station (F 1 mark and space at the called sta­
tion and F2 mark at the calling station) shifts 
to a space tone for more than one second , or 
if the r eceived signal is lost for one second, 
the data set wilt ca use the station to be dis­
connected. This provides assurance that the 
connection is maintained for the entire period 
of message transmission. 

3.04 The call control unit used with the data 
set operate s with conventional telep hone 

central offices that have the necessary routing 
and accounting facilities. In operation, a call is 
originated by depr essing the ORIG pushbutton. 
A lamp illuminates the pushbutton and the dial 
tone will be hea rd thr ough a loudspeaker. If the 
line is busy, a busy signal will be hear d and the 
clear (CLR) pushbutton (non-locking) should be 
depressed. If the lin e is not busy, the operator 
dials the number or the des ired station. This 
causes the called statio n to go into connect con­
dition. If the t eletypewrite r is manually ope rated. 
the called statio n operator presses the answer 
(ANS) pushbutton (non-lock ing). Following a 
short interval, about 1-1/2 seconds, in which 
telephone facilities are connect ed, the called 
station transmits a mark tone (F2) and r eceives 
a mark tone (F1) from the calling station. Re­
ceiving the continuous F2 mark tone from the 
called station for second causes the calling 
station to go into connect condition, and its 
motor 1s turned on. Likewise , the co ntinuous 
F1 mark tone from the calling station for 1 
second causes the called station to go into 
connect condition, and its motor is turned on. 
Either station can now transmit . 

3.05 At the end of the message, either station 
may originate a disconnect by depressing 

the CLR pushbutton , at which time each sta ­
tion goes back to its idle condition, r eady to 
receive or originate other calls. For keyboard 
practice , maintenance purposes, or preparation 
of copy, the local mode (LC L) pushbutton 
(locking) is depressed . This turns on the motor 
and disables automati c answering facilit ies, 
if present. In the event of an incoming call 
during local operation, the call control unit 
re sponds to ringing signals and the ANS push-
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button must be operated manually. Operation of 
the test (TST) pushbutton (locking) causes re ­
ceived signals to be retransm itted to the test 
center for maintenance purposes. A lamp, as­
sociated with each pushbutton, illum inates the 
pushbutton whenever that pushbutton has been 
operated and the operating condition exists. 
The ANS lamp is pulsed in response to ringing 
signals of an incoming call, and lights contin­
uously when the call Is answered. The CLR 
lamp is automatically extinguish ed 1. 5 seconds 
after the pushbutton has been depressed, and 
disconnect ls completed. 

3.06 A steady mark signal blinds the associat-
ed teletypewriter during all intervals, 

except when in the connect condition. This pre­
vents spurious characters from being printed 
except when due to loss of signals, circu it 
nois e, or delibe r ate break or space-disconnect 
signals. 

B. Power Requirements 

3.07 Power input to the teletypew riter is 
115V ±10 per cent, 60 cps ±2 per cent. 

Average power cons umption ls 35 watts (not 
including typing unit motor) with peaks up to 
50 watts permitt ed. 

PROGRE3S OF A CALL 

3 .08 To originate a cal l , the ORIG pushbutton 
is momentarily depressed. This connects 

the station to the line and lights the ORJG lamp. 
During the period of time in which connection 
is being made, the telephone central office 
makes no time measureme nts. When the ORIG 
pushbutton is closed, the call control unit is 
connected to the t elephone line through the data 
set and an off-hook condition ls set up. The 
amplifier is connected into the cir cuit so that 
the dial tone from the central office is hea rd. 
The cal led statio n is dialed whlle the amplfier 
monitors the progress . 

3.09 At the called station audible and visible 
signaling devices are operated. The call­

ed station goes off hook and into the connect 
condition upon operation of the ANS pushbutton 
cir cuit, by manual or automatic means, at the 
distant point . At this tim e, ther e is a nonsi gnal­
ing interval or 1.225 seconds during which ac­
counting and toll recording facili ties at the 
tele phone exchange will be cleared. Following 
the nonsignaling interval, the called station 
t ransmits it s F2 mark tone and sets its mon­
itoring timer to respond to the F1 mark tone 
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from the calling station . When the contin uous 
F 2 mark tone is received at the calling station 
for a period of I second, Indicating that a station 
has answe r ed, it wlll go into the connec t condi­
tion and turn on its motor. When the contin ­
uous Ft mark tone is received at the called 
station for an interval of I second, it will go 
into the connect condiion. The station may 
now acknowledge the call eithe r by operator 
keyboarding, or by automatic answer-back mes­
sage transmission. The monitoring timers 
at both statio ns are set to r espond to reception 
of a space tone from the distant s t ation. Tra ffic 
can now be exchanged from eithe r station on a 
half -duple x basis . 

DISCONNECTING A CALL 

3.10 Dur ing the time the two stations are con­
nected (traffic interval) , either station 

can initiate a disconnect as foll ows: 

(aJ A call is norma ll y te r minated by the 
end- of-t r ans mission (EOT) code com ­

bination which provides fast disco nnect with­
out introducing hit cha r acters. This is ac ­
complished by the data set in response to 
EQT contact closures in function boxes of 
both the sending and receiving teletypewrit ­
ers. 

(b) A call connection can also be cleared 
manually by momentarily depressing the 

CLR pushbutton. Operation of the CLR push ­
button at either statio n will cause transmis­
sio n of a spac ing signal of 1.5 seconds dura ­
tion, after which the statio n originating the 
disconnect will discontinue its tone transmis ­
sion and go back on hook. The other stat ion, 
afte r receiving the spac ing signal for 1 sec­
ond, will automatically transmit its 1.5-sec­
cond spaci ng sig nal and then go on hook. Both 
stations will t hen be back in their original 
idle condit ion in which cal ls can be either 
originated or accepted. 

ANSWERING A CALL 

A. Manual Answering 

3.11 To answe r a call manually , momen-
ta r ily depress the ANS pushbutton. This 

connects the station to the line and lights the 
ANS lamp. The lamp remains lighted until the 
answer mode Is t erm inated. Manual answer ing 
is necessa r y only when the automatic answe r ­
back ci rcuit is disabled. The automatic answer­
back c ir cuit is disab led by low-paper contacts, 
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data set relay contacts (when in local mode), 
and the OUT OF SERV. key. 

B. Automatic Answering 

3 .12 Call cont r ol units equipped with automatic 
answe ring facili t ies will respond to re­

ceived r inging signals, tur ning the teletypewriter 
on at the end of the ringing interva l and proceed ­
ing through to the connect condition. Automatic 
message answer-back is a part of t his feat ur e . 
The presence of an operator is r equired in order 
to comple te disconnect and retu r n the te letype­
writ er to idle conditio n. Fo r unatte nded se rvi ce, 
an auto matic disconnect timing device (optional ) 
act uated when a call is answered, will cause the 
teletypewriter to go through the connect condi­
tion, send the I. 5-second spacing tone, and go 
back on hook if the F1 mark tone is not received 
within 8 seconds after the called station answer ­
ed. This is des igned to p reve nt the unattended 
station from being made busy by (telephone) 
calls that fail to cause a full connection to be 
set up. This feature does not affect normal auto ­
mat ic disconnect upon receiving the I - second 
spacing tone or loss of tones due to a dropo ff. 

LOCAL MOOE 

3.13 The loca l mode (LCL) provides off-line 
operatio n of the tele typewr ite r . The oper­

ator se lects the local mode by depress ing the 
LCL pushbutton. This lights the LCL lamp and 
operates the motor control relay (MCR) to ener­
gize t he motor. The data set connects the 
se nding circ uit to the receiving circuit and 
enab les t he keyboar d and answer-back totrans­
mi t. In this condit ion the teletypewriter can be 
used !or pr epa rin g copy, for operator pr actice, 
or !or maintenance purposes . If an inco ming 
signa l is received duri ng this time, ringing 
sig nals are received and manual operation of 
t he ANS pushb utton is requ ir ed in order to r e­
ceive the message. If the te letypewriter is in 
a ter minal hunting group, the opera tor must 
turn the out- of-service (OUT-OF-SERV.) knob 
to the RESTORE position momenta r ily and t hen 
to NORMAL. 

"OUT-OF-SERV ." SWITCH 

3.14 The OUT OF SERV. switch preve nts the 
automat ic answer ing of incom ing ca ll s. In 

its NORMAL pos ition far r ow on knob upr ight), 
it has no effect or function; in the OUT OF 
SERV. posi t ion (knob rotated counterclockw ise 
and detented) It sets the following conditions : 
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(a) A contact Is closed that causes the 
OUT OF SERV. lamp to light. 

(b) A contact Is closed that shorts the 
ringer coils. This makes the ringe r 

inoper ative. As an option the contact can 
be located to shunt both the ringer and 
series capacito r (l e , the telephone line). 
This makes the station appea r to be in an 
off-ho ok condition or busy to the cent ra l 
office. 

(c) A contact is opened that breaks the auto-
matic answer cir cuit to the answer relay . 

This prevents the relay from operating in r e­
sponse to the ring-up relay and thus the 
teletypewriter will not answer . 

3.15 For stations that ar e not in terminal 
bunting groups, the operato r may return 

the teletypewriter to service by turn ing the 
OUT OF SERV. knob to the NORMAL position . 
For terminal hunting stations, however, the 
operator must turn the knob to the RESTORE 
position and hold it unti l a dial tone is heard. 
In this position: 

(a) A contact is closed that shorts the tip 
to ring (off-hook condition). This con­

dition Is detected by the central office which 
the n r eleases the teletypewriter from lock­
out and applies the dial tone . 

(b) A contact is c los ed that completes a path 
from the speaker amplifier to ground. 

This permits the amplifier to pass the line 
signals (dial tone). 

The OUT OF SERV. switch is then resto r ed to 
NORMAL. 

LOW-PAPER ALARM 

3. 16 A low-paper alarm Is provided in the tele -
typewriter. When a low-paper condition 

occur s , make contac ts in the low-paper switch 
provide ground to the low-pap er buzzer , per­
mitt ing it to operate. Depressing the buzzer ­
release (BUZ-RLS) pushbutton (locking) In the 
call contr ol unit silences the buzz er and cause s 
the BUZ- RLS lamp to light. Attempting to r elease 
t he pushbutt on without replenishing the paper 
supply will result In the buzzer operating. When 
the paper has been replenished, the tele typewri t­
er is return ed to normal by releas ing the BUZ­
RLS pushbutton. 
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3.17 Break contac ts on the low-paper switch 
disab le the automatic answer-back cir­

cuit . The operator can override this condition 
by answering manually. If the low-paper alarm 
accurs during a call the oper ator has the option 
of completing the call before changing the paper, 
or interrupting the call. To interrupt the call, 
the operato r stops transmi ss ion by depressing 
the keyboard BREAK key, and then depressing 
the BRK-RLS pushbutton to notify the distant 
statio n of the prob lem. The connection is 
cleared by s imultaneously operating the control 
(CTRL) and EOT keys on the keyboard. Turning 
the OUT OF SERV. knob to the detent pos ition 
insures that the te let ypewriter will not automa­
ticaUy answer a call while paper is being re­
plenished. 

3.18 To restore the teletypewriter to service 
alter the paper bas been inserted, depr ess 

the CLR pushbutton and re tur n the OUT OF SERV. 
knob to Its NORMAL position. (For teletype ­
writers in terminal hunting group s , tur n the 
knob to Its RESTORE pos ition and hold It there. 
When dial tone is heard, release the knob.) 
The teletypewrit er is now In a norma l idle 
operating position. 

RESTRAIN LAMP 

3.19 This high intensity restrain (REST) lamp 
lights when a r est raining signal is r e­

ceived from an 8-leve l to a 5-level converte r 
used in transmission to 5-leve l TWX stations 
on the DDD switching plan. The lamp re mains 
lighted until the restraining signal is remo ved. 
The purpose of this featur e is to limit the se nd­
ing speed from 8-leve l te letypewriter t r ans­
mitting at 100 wpm to 5- level teletypewriters 
receiving at 60 wpm. 

TEST MODE 

3.20 If the TST pushbutt on is oper ated while 
the teletypew r ite r is connected to a t est 

ce nter , the message sent by the t es t ce nte r will 
be recorded on the te letypewrit er and turned 
around and sent back for analysis. This is ac­
complished by connecting the te letypewriter to 
the data set through a set of tr ansfe r contacts and 
a break contact to ground. This type of operation 
can be terminated by momentarily operating any 
of the nonlocklng pushbuttons which will then 
r elease the TST locking pushbutton . 
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SIGNAL GENERATION 

3.31 The te letypewr iter can se nd by oper at -
ing the keyboar d, answer -back mecha n­

is m, or BREAK key. The keyboard sig nal gen­
erator contac ts and answer -back contacts a re in 
par allel with the s ignal generator (dist ribu tor) 
whlch is, in turn , connected to the data set. 
The BREAK key connects to the data set via 
separate leads. 

SELECTOR MAGNET DRJVER 

A. General 

3.22 The data set supplies a 20- ma de signal 
to the se lector magnet driver assoc iated 

with the teletypewriter. The selector magnet 
dr iver ampllfies the signal to 500 ma to operate 
the se lector on the teletypewriter . The selecto r 
magnet drive r is a 2-stage tr ansistorized ampli­
fier capable of switching high output cur rents 
(0.500 ampere) at very close ly controlled input 
current levels. The output of the selector mag­
net driver is automatically regu lated and is 
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essentia lly independen t of normal variations in 
power supply voltage and of selector -magne t 
and current -limiting resistance values . 

B. Circuit Descripti on 

3 .23 Figure 13 illust r ates a sc hemati c draw ­
ing of a selector magnet driv er circuit. 

3. 24 Open Line: When the line circuit is 
open (spacing), tr ansistor QI wilt be 

turned on by the regulated curr ent flowing 
th r ough Rl into lts base. Thi.s current , which 
Is cont rolle d by Rl, will be set nea r the de­
sired switching level. With Qt conducting, Q2 
will be cut off, since the potential at the base 
of Q2 will be more pos itive than at the emitter. 
ln this conditio n only small leakage currents 
will flow in the collector circ uit. 

3 .25 Space-to-Mark Transition: As the space-
to-mark tra nsition begins, the negative 

bias current flowing in the bas e of Ql is di­
verted to the line circu it. As the li ne current 
r ises toward the marking cur r ent value, it 
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extracts base curren t from QI. When the line 
cur r ent appr oaches the total cu rre nt s upplied 
to the base of Ql to within 0.001 ampere, which 
is about one-half the nominal mark current 
value, Qt begins to tu rn off. Q2 will then be­
gin to r ece ive forward bia s current from RS 
and begin to turn on. The base curr ent will then 
be amplif ied by Q2, and a curren t which is a 
multiple of the base cur rent will appear in the 
emitter ci rcuit. This increase in emitter cur­
rent results in an Increase in the negative po­
tential meas ur ed across R3. The Increase In 
the negative potential at the emitte r of Qt 
causes it to go further into cutoff. The feedback 
process continues until the current in the selec ­
tor magnet r eaches a value which is det erm ined 
by the Zener refere nce voltage, cla mp diode 
CR4, and the emit ter resistance of Q2 (the 
emitter resistan ce of Q2 is adjus t ed by R4 to 
compen sate for component var iations. As the 
line cur r ent comple tes t he tra .nsit ion to the 
final mark ing current value , the base of Qt 
becomes pos itively biased. The posit ive bias 
cu rrent will be approximate ly one- half the 
total marking line current. The positive poten ­
tial to the base of Ql is clamp ed to appr oxi­
mately 0 .6 volt by the Input protec ting varistor , 
CR5. 

3.26 Mark -t o- Space Tr ansition : The line cur -
rent, In changing from mark to space, 

will finally r each the point where RI will begin 
to supply some forward cur r ent to the base of 
Ql. The line current level at which thi s occurs 
will be a litt le more negative than the point at 
which the circ uit switched fro m space to mark, 
due to the common emitter resist or voltage 
feedbac k. As QI begins to turn on, the cur ren t 
through RS will be divert ed fro m the base of 
Q2, causing it to begin to turn off. As Q2 
turns off, the voltage ac ross R4 will begin to 
go posit! ve, causing Ql to be further turned 
on. This effect give s r egeneratio n to the mark­
to-s pace tr ansition. 

3.27 Mark-to-Spa ce Switching Transient : When 
Q2 is tur ned off during the mark-to ­

space t ransition, a negative voltage transient 
is deve loped at its collec tor. This tr ansien t is 
due to dissipation of the energy stored In the 
magnetic field of the driven magnet when ener ­
gized by 0.500 ampere . If the high voltage de­
veloped at the collec tor of Q2 wer e not limit ed, 
it would continue to rise until it r eaches the 
point where the collector -to -e mitter breakdown 
voltage is exceeded . It has bee n found that r e­
peated breakdown of this kind causes deteriora ­
tio n of the tr ansisto r and finally a coll ector-to-
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emitter sho rt circuit. Ther efore, itisne cessa ry 
to provide a t ra nsie nt supp ressing network at the 
collector of Q2. The tr ansient-s uppress ion net­
work pres ently in use is a compromise which 
affords a minimum peak voltage combined with a 
magnet r elease tim e to provide for adequate te le ­
typewriter marg ins. The network consists of Ct 
in paralle l with R9. CR3 isolates the network 
from voltages mor e positive t han negative bat­
te r y potentia l. 

SPEAKER AMPLIFIER SYSTEM 

3.2S Figure 14 illust r ates a schematic dia­
gram of a speaker amplifier circuit. 

3.29 The speake r amplifier is powered only 
after the ORIG key Is operated and is 

quie ted when the station connects. It has two 
inputs, one from the te lephone line via the buf­
fer amplifier in the data s et li mit er and the 
othe r from the mult ifrequency (MF) tone dialer. 
Three outputs are provided: (1) into the sp eaker 
or opt ional hand-held receiver; (2) Into the 
telephone line through the sending amplifier in 
the data set; and (3) an auxili a ry output int o the 
data se t. The line-to-speaker connection per ­
mits monitoring of supervisory sig nals when 
originating a call. The TOUCH-TONE dial ­
to- line and TOUCH-TONE dial-to-speake r con­
nection provides for amplification of the out ­
going MF dialing signals and for monitori ng the m 
dur ing outpulslng . The line -to -s econd -output 
connection is provid ed for the dial tone detec­
tor (when fu rnished), The var ious connections 
mentioned are established by swit ching in the 
data set and by the commo n switch In the 
TOUCH-TONE dialer . 

3 .30 The speake r amplif ier is a conventional 
direct-coupled , 2-transis tor audio am­

plifier . The input signals from the telepho ne 
line are fed through the receiving buffer am­
plifie r In the data set into the pri mary winding 
of the input transformer (Tl) . The primary 
winding continually car r ies approxi mately 4 ma 
quiescen t current from the receiving buffer 
ampli fier. The other input, from the TOUCH­
TONE dialer is fed directly into Ql t hrough 
C5. Both inputs are de isolate d from the 
amplifier stages . 

3 .31 Two outputs are taken fr om tra nsistor 
Q2, one from the collector circui t and 

the other from the emitter . 

(a) The collector output is fed throug h a 
step-down output transformer (T2) into 
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the speaker (or receive r ) . A potentiometer 
is used to set pr oper volume for varying 
loop loss and amb ient noise le ve l. The 
TOUCH -TONE dialer s ignals are independ­
ent of loop loss . 

station connects, the amplifier input is short ­
circuited in the dial se t. 

(b) Th e emitter output splits into two signal 
lines: one for injecting the MF dial tones 

Into the data set sending amplifier, and the 
other for feed ing the dial - tone detection cir ­
cuit (when prov ided). The signal leve l fr om 
the em itter output is essentially independe nt 
from the setting of the potentiometer. 

3.32 Bypass ed R6 is a supply voltage drop-
pi ng resistor. Diode CR! is provided to 

block a sneak path (in the answer mod e) from 
ground through the ANS and ORIG lamps. With ­
out the CRl, the ORIG lamp would be dimly lit 
and the amplifie r would not be silent when the 
station is in the answer mode. The amplifier 
operates only in the orig ina te mode until the 
s tation connects. In any mod e other than or ig­
inate, the ground is disconnected. When the 

DIALER MECHANISMS 

A. Pulsing Rotary Dialer 

3.33 For rotary dialer applications, a puls-
ing contact of the ro tary dialer is insert­

ed Into the telephone line. The manual rotary 
dialer is equipped with a normally closed puls­
ing contact and a normally opened off-normal 
contact. The pulsing contact Is insert ed into the 
telephone line when the station originates acall . 
When answering, a short circuit is applied across 
the puls ing contac t . The off-normal contact is 
placed across the output of th e amplif ier and 
silences the speaker whenever the dialing disc 
is moved . 

B. Pulsing Card Dialer ( 40A Dialer) 

3.34 The 40A diale r is operated by direct 
cur r ent furnished f r om the centra l office. 
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3.35 To use the card diale r , the ORIG push -
button is depressed. After a dial tone 

has been rece ived. a card with the telephone 
number punched In it is inser t ed in the sl ot 
and entire ly pus hed in. This operation winds a 
sp r ing motor, which later pus hes the card out 
of the slot as the dialing proceeds . 

3.36 The card dialer is s ta rt ed by momentar-
ily depr essing the START bar. This 

operates the card dia ler star t contact and es­
tablis hes a path from the ring s ide of the tele ­
phone line through point no. 5 on the ca r d 
dia le r. the r eleased puls ing relay K(P) contacts , 
r eleased home and dial s tart contacts, operated 
dial s ta rt contac ts, and point no. 2 on the card 
dialer to the tip side of the te lephone line. The 
cur ren t fro m the ce ntr al office batte ry opera tes 
the K(P) contacts which transf ers the ring -to­
tip pat h to the mat ri x. Thi s path is closed or 
ope ned acco rding to thecodepunchedinthecard. 
The dial pulse is transmi tt ed as the se nsing 
spr ings se nse the holes in the card. 

3.37 Sending of the dia l pulse means inter-
rupti on of the cur r ent in the telephone 

line. Thi s releases the K(P) contact. Moveme nt 
of the K(P) relay a r matu re rota t es the scanning 
dru m by 1/ 16 revo lution so that the next digit 
pulse can be sensed and tr ansm itt ed as the 
K(P) relay r eoperates. After two pulses have 
been transmi tt ed. the home contac ts operate 
and r emain ope rated until the end of the scan ­
ning drum revo lution. This esta blis hes a direc t 
operating path for the K(P) relay so that . when 
the station is retu rn ed on hook in the middle of 
the digit, the digit pulsing can be completed and 
the dr um wil l be re turn ed to its norm al (home) 
position . 

3.38 In this manner. the drum comp letes the 
revoluti on in 16 steps. Ten of the steps 

are required to send t he digits, and si x to pro­
vide the int er digital t ime. At the completio n of 
the r evolutions. an escapemen t is tripped which 
permit s the next row of holes on the card to be 
placed in position for sensing. 

3.39 This sequence is repeated at each row as 
the card advances out of the ca rd dialer . 

If no "stop" code is punched in the ca rd , the 
card dialer wil l keep advancing the card (even if 
no numbe r code is punched) until the ca r d is r e­
leased . If the "sto p" code is sensed, the card 
dial er stop contac ts oper ate . With t he home con­
t act s released, a t ra nsmission path is es tab ­
lis hed fr om the telephone llne to the data se t 
input as follows : Ring sid e of t he t elephone line 
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through point no. 5, dial st op contacts oper ated, 
home contac ts r eleased, point no. 1, hyb rid 
transformer in the data set, tothetips ide of the 
telep hone line. The data se t ca n then complete 
the connection . 

3.40 When the statio n is connected , the ca rd 
can be released by operatin_g the RE­

LEASE bar . No att empt should be made to re ­
lease the card by reope rating the START bar, 
as this will tr igger the ca rd dialer mechanism 
and the following sho r t circui t wi ll be placed 
across the output of the data set: Point no. 1, 
home and dial start contacts released , dial 
s tart contac ts oper ated, point no . 2. And, after 
the two first pulses on each r evolution: Point 
no. 1, home contac ts operated , point no. 6. This 
shu nt will preve nt the station fr om receiving or 
sending unt il the card is disengaged . If thi s con­
dition per sists, the dat a se t will disconnect . 

C. Pulsing Card Diale r (41A Dialer) 

3.4 1 Figu re 15 illus trat es a sc hem atic draw ­
ing or a pulsing card dialer (41A dialer). 

3.42 In locations with 60-cycle ac power t he 
4 IA diale r Is us ed. In thi s dial er the 

power to operate the comm utator disc Is derived 
from a synchro nous motor powered by the 14V 
ac sou r ce in the teletypewrite r. The power to ad­
vance the card in the dial er is derived from a 
sp ri ng wound by inserting the ca r d in the s lot . 
The switching funct ions and the motor contro l 
a re independent of the s ignal path. These fea­
tures res ult in a superior perfo rm ance as com ­
par ed with the 40A dialer. 

3.43 To operate the dialer . the card is ins er t ed 
and the START bar is momentarily oper ­

ated . This closes the s tar t contac ts and power 
is applied to the motor which sta rt s drivi ng the 
commutator disc. In rotating, the disc closes and 
opens the path between points no. 5 and 6, caus­
ing the dial puls es to be sent to the lin e . 

3.44 When the puls es sent reac h the number 
punche d in the card, contr ol relay Kl 

operates. Operation of Kl applies a short cir ­
cuit between points no. 5 and 6 and disengages 
the c lutch, allowing the disc to r etur n home . 
Mechanical linkage then per mits the spring , 
wound by inse rting the card, to advance the card 
for the next digit to be read and dialed . 

3.45 As the "stop" code is r ead, t he dialing 
stops . The card can the n (as also at any 
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Figur e 15 • Pulsing Card Dialer (41A Dialer) Circuit 

other time) be released by operating the RE­
LEASE ba r, 

D. TOUCH- TONE Dialer 

3.46 Figure 16 illustrates a schematic dr aw­
Ing of a TOUCH-TONE card dia ler cir -

cuit. 

3.47 For multif r equency (MF) dialing appli-
cations, the dialing frequencies ge ner at ­

ed by the TOUCH-TONE dialer are fed th rough 
the loudspeaker amplif ier and into th e t elephone 
line via the sending amp lifie r in the data set. 
As the stationconnec ts, theoutputoft he TOUCH­
TONE dialer is disconnected from the data set 
so that there is no haz ar d connected with im ­
proper operation of the TOUCH-TONE dialer at 
that ti.me. 

3.48 The TOUCH-TONE MF signal ge nerated 
is a I -tr ansistor oscillator generating 

two fr equencies any time a sing le pushbutton is 
operated . Seven frequencies are pr ovi.ded, wi.th 
each dial digit co rr esponding to two frequencies 
according to the table be low: 

TOUCH-TONE 

Frequencies 

cps 1209 1336 1477 
I 

697 1 2 3 

770 4 5 6 Dial 

851 7 8 9 Digits 

941 10 
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3.49 When the station is idle. a cur rent of about 
25 ma flows fr om ground through PT 

resistance of point no. 1 of the TOUCH-TONE 
dialer; then thr ough vari sto r s RV3 and RV4, 
resistor Rl , and out of point no. 6 to -20V in 
the data set. The transistor Ql ls energized, 
so that there will be no click wben the circuit 
starts to generate the MF signal. The oscil­
lations are suppressed by de current through 
the tank coils Tl and T2 maintained by the po­
tential difference ac r oss RV4. By inter rupting 
this initial coil current the oscillation build -up 
time is n1inimized. 

3.50 To dial a digit, a pushbutton on t he dialing 
plate is operated. This c loses two fr e­

quency-deter mining contacts, one for theTI -Cl 
tank circui t , and the other for the T2-C2 t ank 
cir cuit. The com.mon s witch (CS) operates in the 
Collowlng sequence: 

(t) Y-Z contacts open, making the speaker 
amplifie r input availab le t o MF signal 

only. 

(2) S-T contacts close and establish a path 
from the speaker amplifier, through the 

sending amplifier in the data set, and into 
the telephone line. The feedback through the 
re ceiving buffer amplifier in the data set 
back into the speaker amplifier ls disabled 
by prev iously oper ated Y-Z contacts . 

(3) W 4-V contacts open, disabling the re-
ceiving buffer amplif ier In the data set. 

This eliminates a possibility of false connect 
due to MF signals. 

(4) Q- P contacts open, toge ther with w2-Y 
contacts, resetting the dial-tone detect­

ing circuits, when furnished. 

(5) W 1 -U contacts open, interrupting the de 
current thro ugh the tank coil s. Since the 

tank Tl-Cl and T2-C2 are coupled to the 
co ils in the QI circuit, the unit st arts oscil­
lating with a very short build-up time. 

3.51 The same functions could be ass ur ed with 
W 2- V contacts oper ating fir st and Y - Z 

contacts eliminated . However, the interruption 
of current in the primary coil of the input t r ans­
for mer in the spea ker amplifier would cause a 
loud click to be heard every tim e a digit is dialed. 

3.52 The freque ncies above 1000 cps ar e gen-
erated at a somewhat higher levelto com-
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pensate for greater line loss at thos e fr equen­
cies. There is also a var iation of amplitude 
for various digits. The PT r es ist or is se t 
at the time of assemb ly of the ca ll cont rol unit 
with t he data set for an output of O dbm on the 
telep hone line for the digit with the highest 
output level. 

E. TOUCH- TONE and Card Dialer 

3.53 To use the automatic card diale r , the 
ORIG pushbutton is depressed . After the 

dial tone has been recei ved, a punched car d is 
inserted into the slot and pushed down. The 
START bar is then momentarily operated. The 
card dialer proceeds with dialing under power 
of a spring motor wound by insertion of the 
ca rd. When a "stop" code is read, the dialing 
stops . The card should then be released by re­
operating the ST ART bar . 

3.54 The sensing contacts in tile card dialer 
are in paralle l with the frequency - deter­

mining contacts In the associated TOUCH-TONE 
diale r . As the ca rd advances out of the slot., 
the sensing contacts sense the holes punched 
in the card and thus dete r mine the pr oper fre­
quencies to be transmitted. This occurs Cor 
every row on the card. 

3.55 The normally opened E contacts in the 
ca r d dialer are placed across the ex­

citation W 1 - U contacts in the TOUCH- TONE 
dialer. When diali ng manually , the E contacts 
are opened and ther e Is no interference from 
the ca r d dialer. With the car d down in the slot , 
the operation of the START bar closes the E 
contacts and opera t es the common switch, 
t hrough mechan ical linkage , for the dur ation 
of dialing. The common switch connects the 
input and output c ir cuits of the loudspeaker 
amplifier , as described previously. Opening of 
the W 1 -U contac t s trans fers the excitati on 
functio n to the E contacts In the card dialer. 
As the card advances out of the slot, the E 
contact s open for eachrow,exci ting theTOUCH­
TONE dialer Into general.Ing the MF signals . 

3.56 During dialing, there are short inter-
vals of time when all the sensing con­

tacts ar e opened and the E contacts are open. 
Therefore, the TOUCH-TONE dialer will break 
into spurious osci lla tions somewhe r e between 
7 and 14 kc. Although this frequency band is 
suppressed by the telephone line, these fre ­
quencies would be noticeable on the loudspeake r . 
The actions of capacitors CK and C4A in the 
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speaker amplifier combine to suppres s this 
spu r ious signa l from r eaching the loudspeaker . 

3.57 Since the card advances out of the slot 
very r apidly, there is no needfo r ase pa­

r ate RELEASE bar. When the station connects, 
r elay contacts in t he data set disconnect the 
M F signal input and remove any hazard con­
nected with false operatio n of the TOUCH­
TONE dialer. 

4. CALL CONTROL UNIT-P RIVATE 
WIRE SERVICE 

OPERATION 

4.01 Power for the motor. selector magnet 
driver , local power supp ly, and tape 

rea der power pack , when provided, is supplied 
from fused 115-volt ac, 60 cps power . Direct 
curre nt of either 0.02 0 or 0.060 ampe r e is re ­
quir ed for the signal ll ne(s) and for oper ation 
in the loca l mode. Batte r y for the signal li ne(s) 
is s uppll ed by the custo mer 's faci lities, while 
local battery for operation in the local mode Is 
furnis hed through the oper ation of the local 
power supply ci r cuit in the call cont rol unit. 
At the rear of t he call contro l unit is a terminal 
st ri p which pr ovides the point of entry for the 
ac power and the s ignal ll ne(s) into the 
teletypew ri te r. 

4.02 Th e purpose of the selecto r magnet 
driv er is to amplify rece ived de mar k ­

ing and spaci11g Intelligence pulses. Received 
de intelli gence pulses are directed to the in­
put of t he se lector magnet drive r ci r cuit in the 
call contr ol unit where they are ampli fied and 
retu rn ed as O .500-ampere de int elligence pulses 
to oper ate the typing unit se lecto r . A det alled 
descriptio n of the operatio n of a selecto r mag­
net dri ver is given in 3.22 th r ough 3.27 . The 
se lecto r magnet driver described ther e is 
s imilar to the ones used in private wire se r ­
vice. 

4.03 A 3-positlon rotary power switch is t he 
only manual contr ol on t he cal l contro l 

unit. Its pu11>ose is threefo ld: Thro ugh the 
operation or the rotary power switch , the tele ­
typewr iter can be (1) placed in the external 
signal line loop for communicatio n wit h other 
teletype writers, (2) removed from the external 
signa l lin e loop for local operatio n, or (3) 
placed in the off condition. 
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PO\VER SWITCH 

4.04 Figure 17 is a schematic dra wing of the 
r otary power switch and local power 

supply circ uits. The following chart Indicates 
the conditio n of the rotary power sw itch con ­
tacts - either open or closed - when the control 
knob is turned to one of its positions: 

Knob 
Position 

LINE 

LOCAL 

OFF 

Line Segment 
From To 

Ll 2 
Ll 1 
L2 2 

LI 2 
Ll 1 
L2 2 

Contacts 
Conditio n 

Closed 
Closed 
Open 

Closed 
Open 
Closed 

All Open 

4.05 With the rotary power s witch In the off 
mode - the control knob is ln the OFF 

pos ition-the signal line is diver ted ar ound the 
local te letypewriter , and other t eletypew ri ters 
In th e externa l signal line loop can communi ­
cat e without interfere nce . AU power in the call 
contro l unit. except the ac power to the se l ec tor 
magnet driver, is off. 

4 .06 When the rota r y power sw itch is placed 
In the local mode-the control knob 

turned to the LOCAL positi on-the line relay 
is not energized . The normally closed contacts 
A r emain closed, and the nor mal ly open con­
tacts B remain open. In th is condition the c ir­
cuit is suc h that (1) local batte ry is supplled to 
the se lector magnet d ri ver and the send cir ­
cui t, (2) t he externa l signal line loop is divorc­
ed fro m the selector magne t driver, and (3) 
the externa l signal line loop is shunted so that 
ot her te letypew ri ters ln that loop can com muni ­
cate without being affected by the oper ation of 
the loca l teletypewrite r. 

4. 07 If the rota ry power switch is placed in 
the li ne mode - the control knob tur ned to 

the LINE position-the li ne relay is energized . 
This causes the nor mally closed contacts A to 
open and the nor mal ly open contacts B to close . 
Thus, the normally closed contacts A and the 
noramally open contacts B are conditioned s uch 
that (1) the external signal li ne loop is united 
with the se lector magnet drive r , and (2} the 
loca l teletypewriter is placed In the external 
signa l line loop, so that it can comm unicate with 
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Figu re 17 • Rota r y Power Switch and Loca l Power Supply Circuit 

other teletypewriters in that loop. With battery 
on the s ignal line , any transmissio n from the 
keyboard or tape reade r , when provi ded, will 
cause the typing unit distributor to send sta rt­
stop signa ls to other teletypew r ite r s in the 

external signal loop. Als o, the loca l teletyp e­
writ er is able to rece ive, through the typing 
unit se lector , the start-stop sig nals t ransmitted 
from other te letypewri ters In the external sig nal 
line loop. 
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5. CALL CONTROL UNIT-CIRCUIT SWITCH­
ING SERVICE 

OPERATION 

A. Gener al 

5.01 The call contro l unit prov ides the facili -
ties for operating a teletypewriter in a 

circui t switching networ k . The facilities include 
means of initia.t!ng or accepting, and controlling 
calls over telegraph loops utilizing neutral sig­
naling. Pr ovisions are made for including a 
polar adapter. In the following discussion, refer 
to wiring diagrams 6481WD, 7227WDor7267WD, 
as applicab le. 

5. 02 A selector magnet dr iver circ uit delive r s 
marking signals of 0.500 ampere and 

spacing signals of essentially O ampere to the 
associated selector magnet. The signa ls trigge r 
the selec tor magnet driver circuit at about half 
the current level for norma l (0.060 ampere 
mark) neutral signals . In teletypewriters mod­
ified for polar operation, the signal is applied 
to the polar - to- neut ral converting cir cuits and 
then to the selector magnets. 

5.03 The operator's controls consist of four 
pushbuttons for selecting the var ious 

operating conditions. They are designated 
REQUEST, CONN, LCL, and DISCONN. Eac h 
pushbutton except DISCONN contains an internal 
lamp to provide a visual Indication. 

B. Idle Signal Line 

5.04 When the telegraph loop is quiescent 
(positive current of 0.005 ampere applied 

throug h the designated terminal), the tele type­
writer is idle with motor off and all visual indi­
cators extinguis hed. 

C. Request Circuit 

5.05 Operation of the REQUEST pushbutton 
shunts the major portion of the loop re­

sistance, causing loop current to inc r ease to 
0.060 ampere. The REQUEST lamp lights and 
the motor tur ns on. The lamp is extingu ished 
when the pushbutton is re leased or when a con­
nect ion ls made . The motor turns off when the 
REQUEST pushbutton is released before a con­
nection is made . 
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D. Connect Circuit 

5.06 The exchange fac ilities acknowledge the 
request signal by connecting a r egister 

unit to the calling position's teleg r aph lines. 
A registe r attached signal is transmitted to 
the calling station. This signal is a reversal 
of loop current, which lights the CONN lamp and 
extinguishes the REQUEST lamp . The calling 
station may then proceed, by tape, to send the 
pr efix and call numbers of the call ed subscriber 
to the register. The register stores the char­
acters and then proceeds to set up the connec­
tion. If a connection can be made , the register 
seizes the called stat ion, tur ning on Its motor 
and lighting the CONN lamp by reversing the 
loop cur rent from positive to negative . The 
register then trans mits the char acter WRU to 
the called station, tripping its answe r -back. As 
the answe r -back is t ransmitted, the reg ister 
compares it with the stored call number to in­
sure that the correct subscr iber was reached. 
If the comparison indicates a correct connec­
tion, the register r eleases from the circuit. 
Transmission of traffic may now proceed using 
line signals of 0.060 ampere for mark and zero 
cur rent for space. 

E. Disconnect Circuit 

5.07 When transmission has been completed, 
the operator at either station may re­

lease the connection by depressing the DISCONN 
pushbutton which causes an open line (ze ro cur­
rent). The exchange initiates a disconnect at the 
distant station by reversing the loop current. 
Within three seconds, and with the DISCONN 
pushbutton depressed, the local moto r turns off 
and the CONN lamp is extinguished. The idle 
condition is res tored . 

F. Remote Disconnect Circuit 

5.08 When the called station initiates a dis ­
connect , the exchange reverses the loop 

curre nt at the local station to pos itive and the 
station Is restored to idle as above . 

G. Busy Signal 

5.09 In the event the distant s tation is busy, 
the register transmits the designated 

characters to the calling station, initiates a dis ­
connect , and releases the connection. 
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H. Local Circuit 

5.10 Operation of th e LCL pushbutton places 
the teletYPewriter in an offline operating 

mode, The associated lamp lights giving a visual 
indication of the condition. The teletYPewriter 
Is restored to idle when the DISCONN push ­
button is depressed. A call can be initiated, 
without first disconnecting, by depressing the 
REQUEST key. If a call is received while the 
teletypewriter is in LCL, a time Interval of not 
more than 2.6 seconds will elapse during which 
lime an audible alarm (buzzer) is sounded. The 
teletypewriter automatically switches to the 
call-connected condition and lights the CONN 
lamp. 

ANALYSIS OF CIRCUITS 

A. Selector Magnet Driver 

5.11 The selector magnet driver is described 
in Paragraphs 2.37 through 2.41. It is 

illu .strated schematically in Figure 8. 

B. Motor Delay Timer 

5.12 The motor delay timer is described in 
Para graph s 2.42 through 2.48. It is il­

lustrated schematically in Figure 9. 

C. Polar Adapter 

5.13 The polar adapter that may be used with 
the call contro l unit for circuit switching 

service is described in Paragraphs 2.49 through 
2.99. 

D. Reques t Circuit (Figu r e 18) 

5.14 This circu it consists of a binary with a 
line input amplifier. The binary consists 

of transistors Q2 and Q3 and associated com­
ponents . The low pass filter or delay network is 
made up of R5 and Cl. The line input amplifier 
consists of QI and associated components and 
is connected to the binary through a low pass 
filter or delay network , which Is used to sup­
press line noise. Input to the binary from the 
filter through R6 turns the request ci r cuit on. 
One other control input ls available, throu gh 
resistor R15 which turns the request off when 
the set is connected. 

5 .15 When transistor Q2 is in conduction, its 
collector is near neutral potential. Cur­

rent will then flow th rough Q2, Rll, S3-1, S3-2, 
and R27 . Current also flows from + 18 volts 
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through RS and CR9 to th e collector of Q2. The 
base of Q3 is held at +0,8 volts with respect to 
the collector of Q2, due to the current flow 
through CR9. The base of Q3, therefore, is 
slightly positive with respect to neutral, and Q3 
Is turned off. With Q3 off, it s collecto r is nega ­
tive and base current to Q2 Is supplied through 
a low pass filler consisting of R9, RIO and C3 
wruch holds Q2 in conduction. 

5.16 When transisto r Q3 is in conduction, the 
request circuit is on and the Q3 collector 

is very near neutral. Current flows through Q3, 
Kl, XDS-1 and R27. Since the collector of Q3 
Is near neutral , curr ent flow through R7 and R9, 
and RIO produces a positive potential at the base 
of Q2 which holds Q2 off. With Q2 off, base 
current for Q3 flows through ~R9, Rll , S3-1, 
S2- 3, and R27, holding Q3 in conduction. 

5.17 When an input cur r ent of less than 0.008 
ampere flows from terminal TB across 

CR4 to neutral, a potential of -0. 8 volts is de­
veloped across CR4, and holds Ql off. The col­
lector of QI becomes positive. Current flows 
through R4 and R5 to charge Cl towards + 18 
volts . When sufficient voltage is deve loped 
across Cl, the base of Q2 is back - biased through 
R6. Transistor Q2 turns off and Q3 turns on if 
a negative potential is connected to its base, 
Back- bias to the base of Q2 Is then supplied by 
the voltage divider R7, R9 and RIO, and the 
positive potential across R6 is no longer re­
quired to hold Q2 off. Should more than 0.008 
ampere flow across CR4 from terminal TS to 
neutral, a potential of +0.8 volt will develop 
across CR4 turning on Ql. The Ql collecto r 
then goes to neutral. 

5, 18 If a negatlve signal Is applied to the side 
of R15 opposite the base of Q2, sufficient 

current flows to forward-bias t he base of Q2 
and bring it into conduction. Q3 will turn off 
and supply suffic ient base current through R9 
and RIO to hold Q2 in conduction. The negative 
s ignal at R15 may now be removed , and Q2 will 
remain in conduction. 

5.19 With the request circuit on,Q3 is in con-
duction , base currentforQ3 flows through 

Rl 1 and CR9. By operating the DISCONNECT 
pushbutton, contacts S3-1 and S3-2 open the cur­
rent path. Q3 will then turn off and Q2 will turn 
on. Collector curren t does not flow in Q2, but 
Its collector Is near neutral , holding Q3 off. 
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Figure 18 - Block Diagram of Contr ol Circuits 

E. Connect Circuit (Figur e 18) 

5.20 This circuit consists of a binary (Q4 and 
Q6), one si de of which is dr iven by an 

emitter follower. The only contro l Input used 
is connected to the emitterfollowerthrough RI2 
and R13. C2 and Rl2 form a low pass filter or 
de lay net work . The signal delay In the ne twor k 
ls app roximately 0.02 second. The control is by 
the signal line only and no positive local cont rols 
are available. A single passive control, con­
s is ting of R28 and CR3 is use d for low paper 
conditions . 

5.21 Emitter foll ower QS controls the base of 
Q4. If Q4 is In co nduction , its collector 

is near neutral . The voltage divider , R17 
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and R18, holds the base of Q6 po sit ive and off . 
The collector of Q6 is negat ive and the base of 
Q5 is held slightly negative thr ough R20 and 
R21. Since Q5 is an emitter follower, its emit­
ter is at the sam e potential as its base. With 
its emitter at a negative potential, Q4 is held on. 

5.22 When the connect circui t is on, Q6 is in 
conduction and its collector is near neu­

tral. The voltag e divider cons is ting of R19, R20 
and R2 l holds the base of Q5 (and theref ore the 
emitter) positive . With the emitter of Q5 posi­
tive, the base of Q4 is back -b iased and Q4 is 
off . The collector of Q4 will then be negative. 
Base current forQ6 flows through Rl6 and R17, 
holding the connect circuit on. 
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5.23 To control the connect cir cuit , a hlgh 
voltage must be developed at the junction 

of CRl and CR2. This voltage will be approxi­
mately :!:200 volts. If a +200 volt signal is pres ­
ent, the base of Q5 is biased posit ive and Q4 
will turn off, turning on Q6. If a - 200 volt sig­
nal is present, t he base of QS Is negative and 
Q4 will tu rn on, tu rn ing Q6 off. An Input signal 
at or near neutral does not have any effect on 
the connect circuit and it will remai n in its 
previo us state. 

5.24 The base of Q5 is protected agains t ex-
cessively high voltages by transistor 

operation or by CRl 1. If a -200 volt signal is 
present, the voltage at the base of Q5 will fall, 
and force its emitter to follow. When the emit ­
ter of Q5 becomes negative with r espec t to neu­
tral, Q4 turns on. With Q4 In conduction, its 
base potential is held close to the em itter poten­
tia l. There fore, the base cannot go more nega­
tive than - 0.4 volt. T his act ion also holds the 
base voltage of Q4 within -0 .4 volt of Its emit ­
ter. Therefore , the base voltage of Q5 cannot 
become more negative than approximately -0 .8 
volt . If a +200 volt signal is presen t at the In­
put, the base of QS will become positive. Diode 
CRll Is a forward-biased diode topositive base 
voltages, and will limit the voltage on the base 
of Q5 to approximately +0.8 volts. Therefore, 
under the seve res t input conditions, a voltage 
swi ng of more than :to.a volt Is not expected . 

5.25 Res istors R24, R25, and R26 and capac-
ito r C5 a re used when a polar converter 

is emp loyed. As they are connected In 7267WD 
and 6481WD, they have no effect upon the opera ­
tion of this circuit. 

F. Loca l Cir cuit (Figure 18} 

5.26 This circuit consists of a bina r y and a 
unijunction transisto r timer . There are 

four Input controls available . Operation of the 
binary is the same as that of the request circuit . 
T he loca l circuit is turned on (Q9 on) by means 
of the LCL pushbutton. If contac t S2-1 is closed , 
base current Is supplied to Q9 through R37 and 
R38. This base curr ent causes Q9 to turn on, 
turning QS off. If the anode of CR14 is neutral, 
cur ren t flowing thr ough R38 goes t hrough the 
diode and does not reach the base of Q9. This 
allows t he local circuit to be tu rned on only 
when the connect circuit is off. If the anode of 
CR3 is also neut r al, cur rent fro m R38 flows 
throug h both CR14 and CR13 keeping the local 
circuit off when t he teletypewriter is in a re­
quest conditio n. The local circuit may be turned 
off by two Inputs consisting of two pushbutt on 
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contacts In series . The contacts are S2- 1 of the 
REQUEST pushbutton and S2- 3 of the DISCONN 
pushbutto n. If the local circuit is on, the base 
current for Q9 flows thro ugh these contacts. 
Opera ting e ither of these pushbutto ns will turn 
Q9 off. 

5.27 The unijunction transistor output also 
turns the loca l cir cuit off . The unijunc ­

tion tr ansistor Q7 is a breakdown device. If the 
voltage at C9 is more negative than approxi­
mately -8 volts , the resistance of the junction 
between the lead connecte d to C9 and the lead 
connec ted to R35 is high. When the voltage at 
C9 becomes more positive than approxi mate ly 
-8 volts, this junction will become very low in 
resistance and C9 will recharge thro ugh R35. 
T he Increase in cur rent thr ough R35, while re ­
cha r ging C9, will cause an increase in the volt­
age drop across R35. This positive pulse is 
coupled through ClO and CR17 to the base of Q9, 
cau sing it to tu r n off and QS to turn on . The 
loca l c ircu it is then off . As capacitor C9 is re­
charged , the junction obtains a high resistance. 

5.28 Capacitor C9 may be discharged toward 
neutral or held at approximate ly -18 

volts thro ugh R32 and R33 . If the input to R32 
is negative (connect circu it off), the capacitor 
will be held at -18 volts. If the input to R32 Is 
near neutral (connect circuit on), capacitor C9 
will discharge th rough R32 and R33 toward neu­
tr al. At the end of a 2. 3 second inte r val, the 
voltage at C9 will be approxi mately - 8 volts and 
the unljunctlon will break down and turn the 
local circuit off as previously described . 

G. Cir cuit Interconnections (Figures 18, 19 
and 20) 

5.29 To turn on the request circu it the RE-
QUEST pushbutton must be operated . 

This connection is shown in Figu r e 18. De­
pressing the REQUEST pushbutton presents the 
proper s ignal to th e line so that the request is 
recognized . 

5.30 When the connect circu it Is operated by 
r eversing the polarity of t he input sig nal 

from the line, the request circu it is turned off . 
The connect circuit is controll ed only by the 
line and therefore has only one input, fr om the 
line sens ing and control portion of the call con­
trol unit, as shown In Figur e 18. 

5.31 To turn the local circuit on, three con­
ditions must be met. The request and 

connect circuits must be off and t he LCL push ­
button must be operated. The connect circui t 
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input protects against accidental operation of 
the local circuit during the connected condition, 
which would cause an automatic disconnect. The 
request input also protects against accidental 
operation of the LCL pushbutton. 

5.32 The local cir cuit may be turned off by 
operating the DIS CONN pushbutton or the 

REQUEST button, or through the 2.3 second 
timer . The REQUEST and DlSCONN pushbuttons 
provide local cont rol of the ci r cuit, while the 
timer provides automatic control. The timer is 
cont rolled by the connect circuit, which ls in 
turn controlled by the line. The timer will con­
tinue to oscillate as long as the connect circuit 
ls on, but only the first timing pulse ls r equired 
to turn o!f the local circuit. 

5.33 When either the connect or local circuit 
is on, the motor delay time r output is 

operated. The contacts of the motor delay relay 
associated with the timer are used to turn on 
the motor of the teletypewriter. When either the 
local or connect circuit turns off, the motor de­
lay timer holds the relay on for approximately 
0.550 second. 

H, Idle Line Condition (Figures 19 and 20) 

5.34 1n the idle line condition all relays and 
lamps are off. To accomplish th.is tran­

sistors Q3, Q6, and Q9 are off and Q4, Q2 and 
Q8 are in conduction. The output transistor of 
the motor delay timer is off and the se lector 
magnet driver is ma rking. The signal loop is a 
240 volt source furnishing 0.060 ampere . In the 
idle condition the call control unit supplies 
43,800 ohms of local resistance to the signal 
loop. The flow of loop cur r ent in th.is condition 
ls shown in Figure 19. Current flows from 
TBS, the positive Idle terminal, across CR4, 
thro ugh Rl and CRl in parallel with the base 
emitter junction of Q4 and Q5, Rl3 and Rl2 to 
te r minal TB9. 

5,35 The loop current develops a posi t ive po-
tential at point @ in Figure 19 hold­

ing Ql on. The collector of Ql is shorted to 
ground through contacts Sl (4-5). Therefore, 
no signal may be developed at the collector un­
less the REQUEST pushbutton is depressed. The 
loop current develops approximately -200 volts 
with respect to neutral a t point @. This poten­
tial holds Q4 in conduction and the connect cir ­
cuit off. 

5.36 The selector magnet driver is supplied 
0. 07 ampe r e locally to hold the selector 

magnet energized. This blinding current is sup-
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plied through R23 from + 18 volts and through a 
resistor in the 120 volts auxiliarypowersupply, 
through CR3 in the power supply. This curre nt 
flows through contacts K2-t and K3-1, the send­
ing apparatus (keyboard signal generator and 
distributor) th rough the selector magnet driver 
and to neutral. 

I. Initiating a Call (Figures 19 and 20) 

5 .37 A call may be ln.itiated with the teletype-
writer or local condition. To initiate a 

call, the REQUEST pushbutton must be de­
pressed. Depressing thiS key performs four 
functions. Contact Sl (1-2) opens and turns off 
the local circuit. Contact Sl (4- 5) opens and re­
moves the short to neutral across the QI col­
lector. Contact Sl (5-6) closes shorting out the 
local loop r esistance. This allows the loop cur­
rent to rise to 0.060 ampere. Contact Sl (1- 3) 
closes and provides negative battery to the base 
of Q3 and the collector of Q2. The last Uiree 
contacts must operate in a sequence to complete 
the request function, as explained below. 

5.38 Loop current then flows from TB-8, 
through CR4, contact Sl (5-6), CRt to 

TB-9. Shorting out the local loop resistance 
causes the voltage at point @ to rise to neutral 
with no effect upon the state of the connect cir ­
cult as explained above. 

5.39 As the REQUEST pushbutton Is depressed, 
contact S1 (4-5) opens, removing the 

shunt from the collector of Ql to neutral. This 
allows the collector to go positive. Cl charges 
towards + 18 volts and the base of Q2 is back­
biased through R6. Q2 turns off. As the push­
button is depressed further, contact Sl (1-3) 
closes and -18 volts ls applied to the base of Q3. 
Q3 conducts, turn ing on the Kl relay and the 
REQUEST lamp. Contact Sl (5-6) closes, allow­
ing the loop current to increase to 0,060 ampere. 
The base of Ql is forward-biased and Ql turns 
on with no effect on Q2. 

5.40 With Q3 in conduction and its collector 
near neutral, the junction of R37 and R38 

in the local circuit is held near neutral through 
CR13 as the LCL pushbutton ls operated . The 
local circ uit can not be turned on. The near 
neutral condition at t he collector of Q3 results 
in the base of Q3 In the motor delay timer being 
reversed-biased. The transistor is turned off 
and its collector is negative, causing the base 
of Q2 in the timer to be forward-biased. Q2 
then conducts, and the motor contro l relay ener­
gizes, turning on the teletypewriter motors . 
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Figure 19 - Control Circuits in Idle Condition 

5.41 If the REQUEST pushbutton is released 
at any time before the connect circuit ls 

turned on, the teletypewriter will revert to the 
idle line condition. 

J . Call Connection (Figures 18 and 20) 

5.42 If a call is ini t iated locally, current in 
the loop is 0. 060 ampere. When the loop 

polarity is reversed by the exchange, current 
flow is from TB9 to TBS. Diode CRl becomes 
reverse-biased, stopping any current flow ex­
cept that through R12 and Rl3. This current 
flow turns off Q4 and turns on the connect cir ­
cuit. With Q6 in conduction, the K2 r elay oper­
ates and the CONN lamp lights. The t ran sfer 
contacts K2-1, then switch and allow loop cur ­
r ent of 0.060 amperetoflowthrough the distrib­
utor and selector magnet driver as shown in 
Figure 20. The loop current then flows from 
TB9 through CR2, the contacts of K2-land K3-1, 
keyboard signal generator and distributor, the 
selector magnet driver, and CR4 to TBS. 

5.43 With Q6 in conduction, CR15 is forward-
biased and will turn on the output tran­

sistor (Q2) of the motor delay t imer. The motor 
control relay operates, closing contacts K4, 
turning on the motors. Q4 is cut off and its col­
lector is negative. Feed back fro m the coll ector 
of Q4 to the base of Q2, through R15, turns off 
the requ est circuit . The Kl relay re leases and 
the REQUEST lamp extinguishes . The Kl-1 
contact opens, but does not have any effect upon 
loop curre nt flow, since it is not in the current 
loop. The junction of R37 and R38 is held near 
neutral from the collector of Q6 through CR14 
and pr events operation of the local circui t. 

K. Remote Connection (Figures 18, 19 and 20) 

5.44 The teletypewriter may be connect ed re -
motely when it is in the idle line or local 

condition. The incoming cal l causes the ex­
change to reverse the loop polarity from that 
shown in Figu r e 19. This causes the poten­
ti al at the juncti on of CRl and CR2 to change 
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Figure 20 - Control Circuits in Connected Condition 

from -200 volts to approximately +200 volts. 
This potential causes the connect circuit to 
operate as described above. 

5.45 If the paper in the teletYPewrlter becomes 
low and the low paper contacts operate, 

the junction of Rl2 and R13 is not allowed to be­
come positive. Q4 may not be turned off and a 
connection cannot be made . If low paper occurs 
during a call, the teletypewriter remains in the 
connected state since zero potential at the junc­
tion of R12 and R13 will not affect the connect 
circuit. A disconnect occurs in the normal man­
ner, since CR3 will be back-biased toa negative 
potential at the junction of R12 and R13. 

5.46 When a call is initiated locally and a low 
paper condition exists, the normal se­

quence of events occur until a connection is at­
tempted. When the exchange cannot connect, it 
reverses the loop polarity and the telet ypewriter 
returns to the idle condition. 
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L. Call Disconnect (Figures 18 and 19) 

5.47 Operation of the DISCONN pushbutton 
while in the connect condition, opens the 

signal loop. When the exchange recognizes the 
break, it r everses the loop polarity. The re­
verse polarity is blocked by CR2 and current 
flows through CRl alon~the same path shown 
in Figure 19. At point B -200 volts ls devel­
oped by current flow as escribed in 5.35. This 
potential causes the connect circuit to turn off. 
The CONN lamp is extinguished and the K2 re­
lay releases. The K2-l contacts return to the 
blinded condition and the teletypewriter stops 
running open. The input to the motor delay timer 
1s negative and the timer times out. After 0.550 
second the motor control relay re leases and the 
motor turns off. This delay period allows the 
teletypewriter clutches to latch. 

M. Remote Disconnect 

5.48 The operation of the circuits and the loop 
paths are the same as those described in 

5.47. The DISCONN pushbutton is not depressed 
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loca lly, but the signal conditions appear Identi­
cal to the call control unit . 

N. Local Offline Operation 

5.49 If the teletypewriter is in the idle line 
condition, operation of the LCL push­

button causes the local circuit to operate (Q8 
turns on). If the unit Is in either the req ues t or 
connect condition , CR13 or CR14 prevents oper­
ation of the local circuit. When the local circuit 
operates, the K3 relay operates and the LCL 
la.mp will light. Contact K3-l of the relay shorts 
out contacts K2-1 in the signal loop. Current in 
this loop will then flow through R23, K3-l, the 
keyboard and the selector magnet driver, to 
neutr al. CR16 Is forward - biased, causing the 
output transistor of the motor delay timer to 
turn on. The motor control relay operates and 
the motor starts. The associated apparatus a.re 
now ready for offline operation . 

5.50 To revert back to the idle line condition, 
the DISCONN pushbutton is depressed. 

Contact S3-2 opens and turns off the local cir ­
cuit as previously described . A call may then 
be initiated in the local condition in the usual 
manner. When the REQUEST pushbutton is de-
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pressed, contact S1- 2 opens and turns off the 
local cir cuit in the same manner as when the 
DISCONN pushbutton is depressed. 

5.51 If an incoming ca ll is received while the 
teletypewriter is in the local condition, 

the action of the circuit is the same as that de­
scribed in 5.42 and 5.44. The K2 relay operates 
to shunt the line through the sending components 
of the set and the se lector magnet driver, but 
this operation cannot be accomplished, since 
the K3-1 contact has shorted the K2- l contact 
out of the circuit. Operation of the K2- 2 con­
tact completes the 117 volt ac c ir cuit to the 
buzzer causing it to sound . 

5.52 With the connect circuit on, the collector 
of Q6 is near neutral . This causes the 

timer to start . At the end of a 2.3 second 
period , a positive pulse from the timer is cou­
pled to the base of Q9, through C 10 and CRl 7. 
This pulse causes the local circuit to turn off. 
The LOCAL lamp is extinguished and the K3 
relay is re leased. The K3- l contact shorts the 
signal loop through the sending and rece iving 
apparatus of the set. The K3-2 contact opens 
and the buzzer turns off. The teletypewriter is 
now in the connect condition . 
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