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West End, N.J., assignors £¢ Bell Telephone Labora-
tories, Incorporated, New York, N.Y., a corporation of
New York
Filed Sept. 13, 1963, Ser. No. 308,716
23 Claims, (Cl 35—6)

This invention relates to training equipment and more
particularly to automatic training equipment for use in
training operators of telephone switchboards.

Innovations and improvements in telephone facilities
in recent years have resulted in a marked increase in the
number of telephone calls which are customer dialed as
contrasted with those which are operator completed.
While there has obviously been a resulting decrease in
the use of conventional operator attended cord switch-
boards, it has at the same time become necessary to pro-
vide 1n vastly increased numbers key-operated switch-
board positions of the so-called assistance type. Attend-
ants, or operators, at these positions assist in many differ-
ent ways in the completion of various kinds of customer
dialed calls which do not go through on a fully auto-
matic basis such, for example, as person-to-person, collect,
credit card, and coin distance dialing. The duties of
the attendants .at these assistance positions, or traffic
service positions as they are also commonly designated
are varied and are far more complex than those of the
operators attending the conventional cord switchboard.
For example, the tasks of the assistance operators may

10

20

30

include setting up the proper charge indications, con-

trolling the start of AMA timing, supervising the deposit

oif coins and the collection or return of the deposited

comms. The problems presented to the attendants, or to
state 1t differently, the questions asked, are usually by
distinctive lamp indications, while her responses or
answers may be by key operations, voice responses, or
both. Even the most experienced and skillful cord switch-
board operators are not usually qualified to act effi
as assistance operators without a substantial amount of
special training. ' |

Since the need for operators for assistance switchboards
Is increasing at a rapid rate, the desirability of providing
proper training equipment for such personnel is apparent.
In view of the varied and complex nature of the tasks

performed by the assistance operators, the equipment and:

methods previously utilized for training operators for the
conventional cord switchboards are entirely inadequate
for the training of assistance operators.

Accordingly, it is an object of our invention to im-
prove operators’ training equipment.

Another object of our invention is to facilitate teaching
persons unfamiliar with cordless telephone switchboards
the proper manner of operation of such equipment.

Another object of our invention is to minimize the
amount of assistance needed from an instructor in the
training procedure. |

A further object of the invention is to simulate different
types of calls normally handled at the switchboard.

A still further object of the invention is to facilitate
varying the program of simulated calls presented to the
trainee, |

A still further object of the invention is to indicate to
the instructor or supervisor the degree of proficiency of
the trainee. |

Yet another object of the invention is to facilitate
routine maintenance procedures in connection with oper-
ators’ training equipment., -

The novel arrangement contemplated by our invention

ciently
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introduces the use of a stored program for the control of
simulated training calls. The program, contained on.
punched paper tape of the type used in the teletypewriter
field, controls circuits which, in turn, control visual dis-
plays and audible signals at the training position, or con--
sole, that is the “problems” or “questions” for the trainee.
The circuits also detect and record students’ operating
errors. Voices of customers and distant operators are
simulated as they would occur on actual calls and are
recorded on a magnetic tape that is played back to the
trainee in conjunction with the signals controlled by the
proper tape. The services of an instructor are required
only when the trainee experiences unusual difficulty as
might occur, for example, early in the training. In such
event, manual control of the various. steps may be tem-
porarily exercised by the instructor.

This technique represents a major advance in the
training field. The advantages from an economic stand--
point are obvious. Further, the trainee is more apt to
be relaxed than she would be when under direct sur-
velillance of an instructor and can therefore concentrate
more fully on her task. The automated “teacher” has
unlimited patience, is tireless, immune to distraction, and
can have, through careful programming, as thorough a
“knowledge” of the subject matter as any expert in the
field.

In accordance with a specific embodiment of the in-
vention, the automatic training equipment includes as
program elements a tape reader, preferably in the form
of a printing telegraph transmitter-distributor, and a
magnetic tape reproducer. Also included are the train-
Ing position, or console, which has substantially the same
key and lamp arrangement as an actual working assist-
ance position, and the necessary control circuitry. The
control circuitry includes a matching and advance circuit.

The teletypewriter tape, a punched paper tape, is the
program source of all code signals to light, flash and
extinguish training position lamps and to start signal tones.
and to stop the same when they are not self-limiting.
These signals are termed the WRITE codes and, in gen-
eral, they present the “problems” or “questions” to the
trainee. This tape is also the source of the READ
codes which serve to set up or store in the matching and.
advance circuit the checking conditions for the. trainee’s
response anticipated in the first segment of the call, that
is the conditions which require appropriate matching
action by the trainee, or in other words, the “correct
answers.”. The READ codes are transmitted first fol--
lowed by the WRITE codes, the: PRIME relays being
operated between the two transmission periods in @ man-
ner and for a purpose which will be discussed subse-
quently.

The WRITE codes, first referred to above, also con-
trol the starting of the magnetic tape which is preferably
of the two channel type, simulated speech of customers
and distant operators being recorded on one channel,
and control pulses being recorded on the other channel.
These control pulses may be of two different types, one
being used to stop the tape at the end of each voice
message and the other being used as an end of pro-
gram mark for synchronizing the two tapes at the start
Of a new program. -

Each call program on the punched paper tape is divided:
into discrete parts or segments; each segment controls one
function, or one group of functions, performed by the
equipment and it also checks the trainee’s response to
them. At the start of a training period, the two tapes
are synchronized as described in detail subsequently, after
which the punched paper tape starts the program by trans-
mitting READ codes as described above whereby to set
up in the matching and advance circuit the checking con-
ditions for the anticipated traines responses. The
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WRITE codes are then transmitted whereby to present

the problem or question to the trainee, and the paper tape

stops at the end of the segment. The magnetic tape may

also be started during this period by the WRITE codes.

in which event it will run to the end of the segment and

then stop. If the trainee responds properly, that is by

correct key operation and/or verbal response, and does
so within a predetermined time interval, a MATCH has

been accomplished and the paper tape is advanced 1nto

the next segment.

This alternating situation-and-response-by-play between
the program and the trainee continues smoothly through
one call and into the next unless the trainee “fails.” That
is, if she operates a “wrong key,” or fails fo operate a
key or respond vocally within a prescribed interval, the
circuit action stops immediately, a FAILURE lamp lights
and a register scores the error.
her ADVANCE key and the tapes are skipped over the
rest of the incorrectly handled call and then advance nor-
mally into the next call on the paper tape.

In view of their respective functions the WRITE codes
will be referred to on occasion as the “problem” or
“question” codes and' the READ codes will be referred
to as the “answer” or response > codes.

A feature of our invention is transfer means whleh per-
mits use of the same code leads for transmission ol beth
the READ and the WRITE codes.

Another feature of the invention is variable timing
means whereby the permissible time for responses by the
attendant may be varied under control of a program code
in accordance with the complexity of the particular task
to be performed.

A further feature of the invention is a W—Z relay divider
means for combining translated alphabetic code into
pan's

Yet another feature of the invention is means effec-
tive upon occurrence of a failure by the trainee to cancel
the remainder of the program.

A still further feature is means whereby the fraining
supervisor on occasion may take over the training proce-
dure and manually advance the program segments siep
by step. -

A full understandmg of the arrangement contemplated
by the present invention as well as appreciation of the
various advantageous features thereof may be gained
from consideration of the following detailed description
in connection with the accompanying drawing in which:

FIG. 1 shows schematically the general over-all ar-
rangement of one specific illustrative embodiment of our
invention; |

FIG. 2 shows particularly the tape reader control path
and the code contact leads of the tape reader with as-
sociated —A and —B relays;

FIG. 3 shows particularly relay circuits involved in
the reader tape start and advance and in the manual con-
trol embodiment; |

FIGS. 4 and 5 show relay circuits particularly involved
in the magnetic reproducer control;

- FIG. 6 shows parucularly position key and relay cir-
cuits used by the trainee in her responses to the problem
prescented;

FIG. 7 shows a portion ‘of the 1-out-of-n and 2-out-
of-n check circuit together with an alarm relay circuit;

FIGS. 8 and 9 show the character relays of the transla-
tor circuit;

FIG. 10 shows the other portion of the check circuit
of FIG. 7;

FIG. 11 shows a portion of the code leads together
with the controlling contacts of the wvarious character
relays;

FIG. 12 shows certain of the WRITE code relays;

- FIG. 13 shows certain of the READ code relays;

FIG. 14 shows additional code relays, both READ

and WRITE;
FIG. 15 shows a CHECK relay circuit together W1th
additional position key and relay circuits;

The trainee then operates

- 4
FIG. 16 shows particularly the circuits of the RIGHT

 KEY relay and the WRONG KEY relay;

10

15

20

25

30

40

45

- auxiliary contact which is operated in every cycle.

o0

315

60

70

75

FIG. 17 shows particularly the circuits of the four
DELAY relays together with certain code relays involved
in application of tones;

FIG. 18 shows addltlenal WRITE and READ code
relays;

FIG. 19 shows particularly the timing and time-out-
failure register circuits; |

FIG. 20 shows the position telephone circuit, the voice
detector, and the circuits for application and defection
of tones;

FIG. 21 shows particularly the key pulser, the key
pulsing key circuit, and the PRIME relay circuits;

FIGS. 22 and 23 show certain of the WRITE code
relays;

FIG. 24 and 25 shows the control circuits for the
gas-filled numerical indicator tubes;

FIGS. 26 and 27 show certain of the READ code
relays; -

FIGS. 28, 29, 30 and 31 show part1cularly certain of
the lamp energizing circuits; |

FI1G. 32 shows another portion of the code leads, some
of which are shown in FIG. 11, together with the con-
trolling contacts of the various character relays;

FIG. 33 shows additional WRITE relays; and

FIG. 34 shows the manner in which the various figures
should be arranged to show the specific illustrative ems-
bodiment of the invention.

A detailed description of one specific illustrative em-
bodiment of the invention will be given subsequently with
reference to FIGS. 2 to 33. However, it is believed that it
will be of interest first to consider an overall description
of the arrangement in general terms with particular ref-
erence to the schematic showing of the major elements af-
forded by FIG, 1.

- Referring, therefore, to FIG. 1, there are shown sche-
matically as program sources, a tape reader 101, which
may comprise a teletypewriter transmitter-distributor, a
tape reader control circuit 102, and a magnetic recorder-
reproducer 103 with control circuit 104. The tape reader
is shown loaded with program tape 105 and the magnetic
recorder-reproducer with program tape 119.

- Teletypewriter transmitter-distributor 101 may be of
the type well known in the telegraph art which transmits
eground on n-out-of-5 leads, depending on the particular
character, and which also includes in its output a grounded
(It
will be understood that, while a five-line tape with #n-out-
of-5 transmission is shown and described, other tapes may
be used in the same general manner, for example a seven-
line tape with n-out-of-7 transmission.) In the instance
of the specific illustrative embodiment it will be assumed
that the transmitter-distributor or tape reader 101 is geared
for a speed whereby one revolution takes 100 ms. and that,
during each revolution or cycle, outputs are produced
from approximately the 20 ms. point to the 80 ms. point.
Further, it i1s assumed that the device will cycle indefinitely
as long as its clutch magnets are held operated, producing
outputs as long as punched paper tape 1065 1s passed over
the sensing fingers; that when clutch magnets are released,
the contact actuating mechanism will complete the cycle
in which the magnets released, stopping at the zero point
provided the release occurred before half the cycle had
been completed and otherwise running through the com-
plete succeeding cycle; and that the clutch magnets may
be released and reoperated within a revolution without
interrupting the continuous running of the reader. Gen-
eral features of the transmitter-distributor may be as dis-
closed, for example, in Patent 2,348,214, issued May 9,
1944, to E. A. Gubisch.

Teletypewriter tape 185 may be punched to contain in
coded form all the information for setting up training calls
for a given period of time, for example one-half hour.
Several simulated calls will be on a single tape. These
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may all be the same type of call or a mixture of types
of calls depending upon the training requirements. The
tape may be considered to be divided into programs,
which is that portion covering one call, and segments,
which are parts of a program consisting of information re-
quired by the trainee up to the point where she must re-
spond by appropriate action such as key operation and/or
speech. A segment may be considered to be divided into
two parts, READ codes and WRITE codes; these terms
have been referred to above and will be further explained
subsequently.

The program under control of the punched tape 185
presents to the tramnee a training situation that exactly
duplicates an actual working situation, and the tape is pre-
pared in advance with a number of such situations in
mind. The call to be simulated is analyzed as a number
of natural groups of events that occur between its initia-
tion and its completion. For example, a group of lamps
light at the switchboard accompanied by an audible signal
to the operator indicating that a customer has initiated a
call, whereupon the operator offers assistance. FEach pro-
gram segment of the tape constitutes one such group of
events. The lighting of the lamps and the audible signal
comprise the “problem” and are effected through. the
WRITE codes, while the offer of assistance represents the
“response” and is controlled by the key operations and/or
verbal response by the trainee. In the meantime, the cor-
rect response has been “stored” under control of the
READ codes for comparison with the trainee’s response.

The magnetic reproducer 103, with magnetic tape 1109,
supplies the “voice” normally furnished by the customer
and/or distant operator. The magnetic tape is started dur-
ing certain parts of certain segments under control of the
WRITE codes, and, once started, it runs to the end of the
segment and then stops. As pointed. out above, the tape
i1s preferably of the two-channel type, the voice being re-
corded on one channel and control pulses, or tones, re-
corded on the other channel. These tones may be utilized
for synchronization purposes and as an end-of-program
indication. The magnetic tape is also utilized on occasion
to obtain a “delay” for example to simulate “answering
time.”

A suitable attendant’s console E86 is provided at the
training position which preferably is similar, with regard
to number and location of keys and lamps, to the actual
assistance position for which the trainee is being prepared.
Such a position, by way of example, may utilize upwards
of fifty lamps which must be controlled, all being lighted
or extinguished at various times and some being flashed.
The position is also provided with keys which the at-
tendant is required to operate from time to time, the
number of keys provided being approximately the same
as the number of lamps. As described subsequently, the
position may also be provided with a plurality of gas-
filled numerical indicator tubes, or lamps, for visually
indicating rates, time, etc. Such indicators, as indicators
124, 125 and 129, are shown on console 108.

A relay is provided for lighting each of the lamps at
the training position which responds to a particular code
from the tape reader 181. When the lamp is required
to flash, a second relay is provided which responds to
another code. Still another relay responding to a differ-
ent code 1s provided for extinguishing the lamp in most
instances, although in the instance of certain groups of
lamps a relay common to the group may serve the pur-
pose. The codes which operate these relays are the

WRITE codes referred to above.

A match relay is provided in the matching and advance
circuit 109 for each of the keys referred to, each of which
match relays operate in response to a READ code. The
READ codes are also referred to above.

The codes transmitted are composed of a combination
of two teletypewriter code characters. The first tape char-
acter of a pair is translated into one out of twenty-six pos-
sible characters designated by letters of the alphabet and
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is stored on the first tape reader revolution or cycle. On
the next revolution. the second character is translated to
an alphabetic code and the two codes are then combined
in a pair by relay divider 107 for transmission.

The READ codes, which may be considered the “cor-
rect answer” codes, are transmitted first over the code
leads represented by single lead 108, and serve to- set up,
by relay operations in the matching and advance circuit
109, conditions which the attendant is required to match
by appropriate action. Upon completion of the transmis-
sion of the READ codes of the particular segment, one or
more of the PM (PRIME) relays 111 operate and close
certain transfer contacis whereby to permit use of the same
code leads for transmission of both the READ codes and
the WRITE codes. By virtue of this transfer action, which
will be fully described in connection with the subsequent
detailed description of the arrangement, the READ and
WRITE codes, while transmitted over the same code leads,
are properly directed to their respective ultimate destina-
tions, that is the READ relays and the WRITE relays, re-
spectively, of the matching and advance circuit.

The WRITE codes, which may be considered the “ques-
tions” codes, are now transmitted over the code leads 108
and control the lighting of the lamps at the console 106
whereby to present the question or problem to the attend-
ant for appropriate action. The WRITE codes also serve
to start the magnetic recorder-reproducer 193, to set the
timer 112 into operation, and to connect any necessary
tones from source 118 to the attendant’s circuit, Simu-
lated *“voice” may also be transmitted over line 136 at
this time to the trainee position. At the completion of
transmisston of the WRITE codes the tape is stopped
awaiting successful MATCH.

Generally speaking and as pointed out above, a match
relay is provided in the matching and advance circuit 169
for each “responding” key of console 18€6. The trainee,
alerted to the “question” by the lamp lighted by the
WRITE codes, now answers or responds to operation of
the particular key which in her opinion represents the
proper response. For example, assuming that the COIN
COLLECT Jlamp 113 was lighted, the attendant should
respond by operating the corresponding COIN COLLECT
key 114, If the attendant does, in fact, operate key 114,
and does so within the particular time interval measured
by timer 112, the corresponding operated match relay in
the matching and advance circuit 109, that is, the relay
representing the stored correct answer, will be released
over lead 116 indicating a match and causing tape 105 to
advance to the next simulated call problem. However,
assuming that the attendant, through error or inadver-
tence, operates another key, for example COIN RETURN
key 115, the match relay will not release and the FAII -
URE register 121 will be scored. In this instance,
through means which will be fully described subsequently
in connection with the detailed description of the specific
illustrative embodiment of the invention, the tape is pre-
vented from advancing until the trainee operates her
ADVANCE key 122. This same preventing action would
have resulted, and time out register 123 would have been
scored, had the attendant’s response, even though correct,
not have been made within the particular time interval
measured by timer i12. The timer intervals are adjust-
able under control of the program tapes whereby different
permissible intervals may be prescribed for different types
of problems.

FAILURE lamp 126, which lights steady when a failure
1s registered, and which flashes when a time-out is regis-
tered, is provided at console 106 to advise the trainee that
a failure or time-out has occurred. Another failure lamp
128 also may be provided, if desired, on the console and,
if desired, a separate time-out lamp, as lamp 127, may be
provided in which event lamp 126 may be used solely as
a failure indicator.

In certain instances a correct answer by the trainee may
require the inclusion of a spoken response. In such event,
if the trainee does, in fact, respond verbally the speech
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will be picked up by her microphone 131, detected and
amplified by voice detector 132, and applied over lead 123
to the matching and advance circuit 109 whereby to satisfy
the match conditions set up by the program. A receiver
135 is provided in order that the trainee may hear tones
and conversation incoming to her position.

In the detailed drawings, the so-called “detached con-
tact” representation of relays is utilized wherein, gener-
ally speaking, the respective contacts are shown separated
from the relay windings, suitable designations being pro-
vided to properly indicate the association between the
respective contacts and the controlling windings. This
type of disclosure permits functional groups of circuits to
be shown separately thereby facilitating an understanding
of the operational features embodied in the system. Nor-
mally open or “make” contacts are represented by an X
with proper identifying designation and normally closed
or “break” contacts are represented by a short straight
line with proper identifying designation. A showing of
a make and a break contact respectively arranged across
circuit leads at their point of infersection represents
a “transfer” pair, and where the continuity is important,
for example, make-before-break, this will be brought out
in the description at typical points.

To further facilitate consideration of the specification in
connection with the drawing, each illustrated item, such
as relay, lamp or key, is preceded by a suffix indicating the
fisure of the drawing in which it appears, for example,
relay winding 3ADV appearing in FIG. 3. Further, each
relay contact designation is followed by a reference digit
in parenthesis indicating the figure in which the particular
contact appears; for example, the contact designation
3ADV-1(2), which indicates that the No. 1 contact of
relay 3ADV appears in FIG. 2 while the relay winding, as
pointed out above, appears in FIG. 3.

Operation and synchronization of program tapes

Coming now to a more detailed description of the spe-
cific illustrative embodiment of the invention and assuming
that the teletypewriter program tape 105 (FIG. 1) has
been placed in the transmitter-distributor or tape reader
(101, FIG. 1), this will close the tape-out contact 201
(FIG. 2) whereby to connect ground to lead 2062. At the

same time it will be assumed that the trainee has plugged

her telephone set into telephone jack C (FIG. 20) at the
console thereby closing contact 301 thereof and operating
relay 3PO (FIG. 3). Relay 3ETP1 operates following
operation of relay 3PO from ground, make contact
3P0-4(3) of relay 3PO, break contact 3ETP-3(3) of
relay 3ETP and winding of relay 3ETP1 to battery. The
trainee now closes the advance key provided at the console
(122, FIG. 1) whereby to complete a path for operating
relay 3ADV (FIG. 3) from ground, contact 392 of the
advance key, make contact 3PO-1(3) of relay 3PO,
winding of relay 3ADYV to battery.

~ Relay 2SR operates following operation of relay 3ADV,
from ground, make contact 3ADV-7(2) of relay 3ADYV,
upper winding of relay 2SR to battery; relay 25R, oper-
ated, closes a shunt path through make contact 2SR-6(2)
around its lower winding whereby to impart a slow-to-
release characteristic, and locks to ground through its
own make contact 2SR-5(2), either the make or break
contacts of transfer pairs 2ZW-6(2) and 2Z-5(2), (relays
2W and 2Z are either both operated or both released),
and the make contact of transfer pair 3PO-7(2) of relay
3PO.

- The leading edges of both the teletypewrifer program
tape (105 of FIG. 1) and of the magnetic taje (119, FIG.
1) of reproducer 103 (FIG. 1) will have “dead space”
containing no useful information. Each of the tapes
therefore must first be advanced to the points where the
“useful” information starts and both must be at that
exact point before the first program information is trans-
mitted. To accomplish this the magnetic tape is advanced
‘to the starting line first (as will be described below).
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When it reaches this point, the reproducer transmits an
“end of program” signal to the magnetic tape control cir-
cuit and the tape stops. The signal causes the control
circuit to connect ground to the control circuit for the
teletypewriter tape, as described subsequently, which then
starts and Tuns to its “starting line.” When it reaches that
point an “end of program” signal is sent to the matching
and advance circuit (109 of F1G. 1). The tapes are syn-
chronized and the teletypewriter tape is advanced into
the first program.

Relay 2TTO operates from ground, tape-out contact
201, lead 202, make contact 3PO-2(2) of relay 3PO,
winding of relay 2TTO to battery, and upon operating,
locks to the ground through its make contact 2TTO-4(2).
Relay 3ADV, operated, opens tape reader start lead 203
at break contact 3ADV-1(2) and closes, through make
contact 3ADV-2(4) and break contacts of certain un-
operated relays, an operate path for relay 4A. Relay 4A
operated, completes at its 4A-1(4) make contact an oper-
ate path for relay 4B. |

Relays 5TN and 5EP are normally operated so that
when relay 4A operates, and before the resulting oper-
ation of relay 4B, a path is closed for operation of relay
4ADV traced from ground, make contacts SEP--1(4) and
4A-2(4), break contact 4B-1(4) of relay 4B (not yet
operated), winding of relay 4ADV to battery. Relay
4ADV, upon operating, locks to ground through its
4ADV-1(4) make contact so that it remains operated
even though relay 4B operates as previously described.

With relay 4ADV operated, a path is completed for
operation of relay 66N from battery, winding of relay
60N, make contacts 3PO-3(6) and 4ADV-6(6) to
ground, relay 60N operates and locks to ground through
its own make contact 6ON-1(6) and make contact 2T TO-
1(6) of relay 2TTO.

Upon release of the advance key, and following oper-
ation of relay 4ADV, relay 3ADV releases.

Relay 4ADV, operated, closes at its 4ADV-2(4) make
contact a loop through leads 402 and 403 for energizing
reproducer. circuit 401 (103 of FIG. 1) whereby to start
the magnetic reproducer. Also at this time the operate
paths for relays 4W and 4Z are opened at break contact
4ADV-3(4) of relay 4ADYV, and relay 4MO is operated
over lead 404 from the reproducer circuit 401. The mag-
netic reproducer now continues to advance until an “end
of program” pulse is received.

Upon receipt of an “end of program” pulse, normally
operated relay S5EP releases. Relay 5EP, released, com-
pletes a path for operating relay 4EPA from ground, break
contact SEP-2(4), make contact 4MO-1(4), winding of
relay 4EPA to battery. Also, relay SEP upon releasing
opens the holding path of relay 4ADV at make contact
S5EP-1(4), and relay 4ADYV releases.. Relay 4EPA oper-
ated, opens at the break contact of its transfer pair
4EPA-1(4) a path to relays 4W and 47 and provides a
holding path (for relay 4EPA) to ground through the
make contact of the same transfer pair and break con-
tact STN-1(4) of relay STN.

Further, relay 4EPA operated, completes through its
4EPA-2(6) make contact an operate path for relay
6EP1.

When relay 4ADYV releases, as above described, and

assuming that power switch 204 has previously been

closed, a path is closed over lead 203 for operating the
tape reader (101, FIG. 1) from ground, break contacts
4ADV-4(2) of relay 4ADV and 3ADV-1(2) of relay
3ADV (now also released), make contact 2TT0O-2(2),
break contacts 3ETP-2(2) and 3SYT-2(2), make con-

- tact 60N--3(2), break contacts 1 6WK—-4(2), 3ALM-2(2),

19TOF-8(2), 2PD-3(2) of relay 2PD, 3WR-3(2),
2STP1-1(2), 2STP-1(2), and 9CHLF-1(2), operating

winding 205 and contacts of magnet 205, resistor 206 to
‘battery. While only one clutch magnet 205 is shown, 2
‘plurality of magnets may, of course, be provided. The
teletypewriter tape (185, FIG. 1) is now advanced and
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when- its “starting line’’ is reached, ground is applied to
code lead 3I2WU (in a manner described in detail sub-
sequently) operating relay 3ETP. If at this time the
magnetic tape is still in motion, relay 4MTON will be
operated since the operate path will be closed through
make contact 4MO-2(4) of relay 4MO; relay 4MO is
held operated from the reproducer circuit 481. Under
these conditions, relay 3SYT will operate from ground,
make contacts AMTON-1(3) and 3ETP-1(3), winding of
relay 3SYT to battery; relay 3SYT locks to ground
through 1ts own make contact 3SYT-1(3) and the make
contact of the 4MTON relay. |

When the ground is subsequently removed from code
lead 32WU, relay 3STP releases, but start lead 2€3 is

held open at break contact 3SYT-2(2) of relay 3SYT
and the tape reader does not start. When the magnetic
tape subsequently stops, relay 4MTON releases, releasing
in turn relay 3SYT whereby to close start lead 203 and
start the tape reader.

In the above instance, had the magnetic tape already
been at rest when the “starting line” pulse had been trans-
mitted on code lead 32WU and relay 3ETP operated,
relay 3SYT would not have been operated and, when
relay 3ETP subsequently released, start lead 203 would
have been closed and the teletypewriter tape started into
the first program segment.

It will be apparent from the above that the novel
arrangement provided is such that both tapes are first
automatically advanced to the proper start line, 1.e., the
beginning of the useful information, and that the program
transmission proper is not started until both tapes have
been properly synchronized at the program start position.

Production and combining of codes—OQOperation of
character relays of translator circuit

-~ When the tape reader (101, FIG. 1) is set into oper-
ation and the teletypewriter tape (105, FIG. 1) has
reached the “start line” as described above, outputs are
produced, as also described previously, from approxi-
mately the 20 ms. point of rotation or cycle to approx-
imately the 80 ms. point. The output paths include a
grounded auxiliary contact 207, which is operated i1n every
cycle, and some combination of the five multiple wire out-
put contacts, or tape sensing fingers, 208, 269, 211, 212,
213, the combination in each instance depending upon
the tape character “read.”

As previously stated, the READ codes are transmitted
first and with two exceptions, which will be discussed
subsequently, each code consists of two characters which
are transmitted serially by the tape reader. During the
first rotation of the tape reader, respective relays of the
group 2A1, 2A2, 2A3, 2A4, 2AS5 are operated depending
upon the “grounds” transmitted by the multiple wire
output contacts 208, 209, 211, 212, 213. This depends
in turn, of course, upon the program punchings in the
teletypewriter tape (105, FIG. 1). The selective oper-
ation of the 2A1-2AS5 relays will, in turn, govern the
operation of respective relays in the group 2B1, 2B2,
2B3, 2B4, 2BS.

By way of description, Iet us assume that in the above
instance relays 2A1, 2A3 and 2AS5 operate. Obvious
operating paths for respective relays 2B1, 2B3 and 2BS
are now completed through make contacts 2A1-1(2) of
relay 2A1, 2A3-1(2) of relay 2A3, and 2A5-1(2) of
relay 205. The 2B1 relay, upon operating, locks to
‘ground through its make contact 2B1-1(2), resistor 214
-and break contact 7CK—-4(2) of relay 7CK; relay 2B3
locks to ground through its make contact 2B3-1(2),
resistor 215 and break contact 7TCK-4(2) of relay 7CK,
and relay 2B35 locks to ground through its make contact
2BS5-1(2), resistor 216 and break contact 7CK-4(2) of
relay 7CK. Also, for each operated relay in the 2A
group an operate path is completed for the 2STP relay,
these respectively completed paths in the present instance
being through make contacts 2A1-2(2) and 2A1-1(2)
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of relay 2A1, 2A3-2(2) and 2A3-1(2) of relay 2A3
and 2A5-2(2) and 2A5-1(2) of relay 2AS5.

Relay 2STP, operated, opens at its 2STP-1(2) break
contact the operate path over lead 203 for the clutch
magnet 205 of the tape reader whereby to release the
clutch magnet (or magnets). However, as described
above, the reader tape advance and output contact mech-
anisms will continue to function; they will stop at the
end of the cycle unless the clutch magnets are reoperated
before that point is reached. Also, relay 2STP, upon
operating, opens at its break contact 2STP-2(7) the
operate path for alarm relay 7ALM whereby to prevent
talse operation of the relay which might otherwise oc-
cur early in the cycle.

Operation of relays 2B1, 2B3 and 2BS, as above de-
scribed, establishes parallel operating paths for relay
ZSTP1 through respective make contacts 2B1-2(2), 2B3—
2(Z) and 2B5-2(2), the make contact of transfer pair
25R-1(2) of relay 2SR, winding of relay 2STP1 to battery.
In addition to its functions in the transiator circuit (FIGS.
8 and 9) referred to immediately below, the 2STP1 re-
lay, operated, prepares at its make contact 2STP1-3(7)
a locking path for the check relay 7CK, partially com-
pletes at its 28TP1-4(7) make contact an operate path
for relay 7ALM, and opens at a second point, at its
break contact 2STP1-1(2), the start lead 203 for clutch
magnet 205.

A respective one of the twenty-nine “character” relays
of the translator circuit (FIGS. 8 and 9) is operated de-
pending upon the particular relays of the 2B1-2B5 group
which are operated as described above. It will be re-
called that relays 2B1, 2B3 and 2BS operated during the
first rotation of the tape reader (101, FIG. 1). An
operating path for character relay 8CHY of the trans-
lator circuit is accordingly completed, traced as follows:
Relay SCHY is operated over a path from ground, break
contact 7Cx-1(8), make contact 2STP-5(8), the make
contact of the transfer pair 2B1-3(8), the break contact
of the transfer pair 2B2—-1(8), the make contact of trans-
fer pair 2B3-3(8), the make contact of transfer pair
2B5-3(8), the break contact of transfer pair 2B4-1(8),
winding of relay 8CHY to battery, Relay 8CHY oper-
ates and Jocks to ground through its SCHY-1(8) make
contact, lead 881, make contact 2STP1-6(9) to ground.

This operation of relay 8CHY takes place, it will be
recalled, as a result of the first rotation of the tape reader.

It will be noted that this relay is now locked operated

under control of the 2STP1 relay.

It will be evident from the above description that an
important feature is inherent in the functioning of the
25TP1 relay which, as described, operates following op-
eration of the 2B1-2B5 relays. It assures through the
control exercised by its make contact 2STP-5(8) that
there will be no output from the translator network until
the affected relays of the 2B1-2B35 group have had ample
time to operate.

When auxiliary contact 207 closes to lead 217, relay

2W operates from ground through the break contact of

transfer pair 2Z~1(2) of relay 2Z and break contact
2A-1(2) of relay ZA. This ground is also applied to
one side of the lower winding of relay 2Z. Relay 2W,
operated, connects ground to this same point through
make contact ZSR-2(2) of relay 2SR, break contact
TCK-2(2) of relay 7CK, the break contact of transfer
pair 27~-2(2) of relay 2Z, and make contact 2W-1(2)
of relay 2ZW. Relay 2W also locks to. ground over this
path traced. At this same time, that is, upon the opera-
tion of relay 2W, ground is applied to the other side
of the lower winding of relay 2Z through make contact

- 2ZW-=2(2) of relay 2W and through break contacts of
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the three “single character” relays of the translator cir-
cuif, that is, break contacts SCHLE~1(2) of relay SCHLE,
SCHLEF-2(2) of relay 9CHLF and 9CHSP-1(2) of re-
lay 9CHSP. Relay 27 is accordingly short-circuited and
prevented from operating in the first of a pair of tape
reader rotations, or cycles, until the auxiliary contact
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207 opens on the one hand and either relay 7CK oper-
ates or the 2SR relay releases, on the other hand.
Relays 2W and 27, as will be apparent from subsequent
description, act to combine the codes produced by ‘the
first and the second reader rotations or cycles, that is,
functions performed by relay divider 107, FIG. 1.
Also, relay 2W, upon operating, establishes through its
2W-3(9) make contact a second locking path through
lead 801 common to all the character relays of the trans-
lator circuit; partially completes at its 2W-4(7) make
contact the 1-out-of-n check circuit (FIGS 7 and 10);
opens at the break contact of its transfer pair 2W-5(7)
the operate path of alarm relay 7ALM; and opens at the
break contact of its transfer pair 2W—6(2) the previously
traced locking path of telay 2SR. Relay 2SR is slow-
to-release and does not restore immediately.
 With relay 2W operated and with the character relay
8CHY also operated as above described, the check relay
7CK now operates over a path from ground, lower rail or
lead 1001, through break contacts of character relays

included therein as series elements, make contact SCHYZ—-

3(7) of relay SCHY to center rail 1002, break contacts
8CHZ-3(7) of relay 8CHZ, 9CHSP-3(7) of relay
9CHSP, SCHLE-3(7) of relay 8CHLE, 9CHLF-6(7) of
relay 9CHLF, make contact ZW-4(7) of relay 2W, the
break contact of transfer pair 272-3(7) of relay 2Z, the
break contact of transfer pair 7JALM1-1(7) of relay
7ALMI1, winding of relay 7CK to battery. Relay TCK
operates and locks to ground through its make contact
7CK-3(7) and make contact 2STP1-3(7) of relay 2S5TP1.
-~ Relay 7CK, operated, opens at iis break contact
7CK-2(2) the locking path for relay ZW and one of the
short-circuiting paths on the lower winding of relay 2Z;
opens at its break contact 7CK-4(2) the locking paths
for the operated relays in the 2B1-2BS group; opens at its
7TCK-1(8) break contact the common ground connection
for the translator circuit contact network of the same
sroup of relays whereby to open the operating paths of
all the character relays, as SCHY for example, and pre-
vent false operation of the translator relays upon release
of the 2B1-2B5 relays; opens at its break contact
TCK~-5(7) the operate path of alarm relay 7TALM; and
closes at its make contact 7CK-6(2) a shunting path
around the open contacts 2STP1-1(2) of relay 2STP1
and 2STP-1(2) of relay 2STP whereby to reclose operate
path 203 of clutch magnet 205.

The purpose of the last described function of the 7CK
relay is to assure that clutch magnet 203 is operated when
the tape reader mechanism reaches the zero point of the
cycle whereby to prevent a momentary stoppage at this
point. |

When approximately 80 ms. of the first tape reader
cycle have elapsed, the code contacts and the auxiliary
contact 207 are opened. Removal of ground from the
code contacts releases the operated relays in the 2A1-2A3
group, in this instance the 2A%, the 2A3 and the 2A5.

Removal of the auxiliary contact ground from lead 217
opens the operating path of the 2W relay and also re-
‘moves a short-circuiting path on the lower winding of
relay 2Z leaving the winding effectively 1n series with the
‘previously traced locking path of the 2W relay. Under
these conditions, relay 2W holds operated and relay 27
operates through make contact 2W-2(2) of relay 2W and

break contacts of the single-character relays, that 1s,.

‘SCHLE-1(2) of relay SCHLE, $CHLF-2(2) of relay
'9CHLF and 9CHSP-1(2) of relay 9CHSP. |

 Relay 2Z, operated, closes through its make contact
27-4(9) still another locking path over lead 801 for the
character relays of the tramslator circuit; opens at the
break contact of its transfer pair 27-3(7) the 1-out-of-n
operating path of relay 7CK; closes at the make contact
‘of its transfer pair 2Z-5(2) the locking path of relay 2SR,
maintaining this slow-to-release relay operated; partially
completes at the make contact of its transfer pair 27-6(7)
‘an operate path for relay 7ALM; and transfers the two
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now opened ground paths, one under control of auxiliary
control 207 and the other under control of relays 2W,
7CK and 2SR, from the above-mentioned terminal of the
lower winding of relay 2Z to one terminal of its upper
winding. This converts these circuit paths from short-
circuiting paths on the lower winding to locking paths on
the upper winding. During the uncoming second cycle,
therefore, relay 2Z will be locked operated until the auxil-
iary contact 207 opens and relay 7CK operates or relay
ZSR releases.

Also, the 2Z relay operated, prepares operating and
holding paths for relay 2A in series with its own (2Z)
upper winding. The purpose of the 2A relay is to pro-
vide a faster release for relay 2W, at break contact 2A—
1(2), on the second of a pair of reader cycles, than would
be possible with the more common shuntdown arrange-

ments.

Relays 2A1, 2A3 and 2AS5, upon releasing as above de-
scribed, release the respective controlled relays 2B1, 2B3
and 2B5, together with relay 2STP. Release of relays
2B1, 2B3 and 2BS5 is followed by release of relay 2STP1.
A path is now completed through break contacts 2STP-
1(2) and 2STP1-1(2) for holding lead 203 closed when
relay 7CK releases. Also, relay 2STP1, released, removes
at its 2STP1-5(8) make contact ground from the frans-
lator network thereby opening the common operating path
of the character relays at still another point.

Also relay 2STP1, released, opens the operate path of
relay 7TALM at another point, its 28TP1-4(7) make con-
tact, and opens at its make contact 2STP1-6(9) one of the
locking grounds provided on lead 801 for operated char-
acter relays. -In the specific instance described above,
however, the operated relay 8CHY will hold to the
erounds supplied through make contacts 2Z-4(9) ot re-
lay 2Z and 2W-3(9) of relay 2W.

Also, since relay 2Z is operated, release of relay 25TP1
will be followed by release of relay 7CK since the hold-
ing path is opened at make contact 2STP1-3(7). Relay
7CK, released, opens at its 7CK—~6(2) make contact the
shunt path around break contacts 2STP-1(2) and
2STP1-1(2) in lead 203; prepares at its break contact
7CK—2(2) a locking path for relays 2Z and 2A in series;
prepares at its break contact 7CK-4(2) a locking path
for subsequently operated relays in the 2B1-2BS group;
partially recloses at its 7CK~1(38) break contact the op-
erating path for the character relays; and partially com-
pletes at its break contact 7CK~5(7) the operating path
for relay 7TALM.

At this point relays 2W, 2Z and 8CHY remain oOp-
erated. At approximately the 20 ms. point in the second
rotation or cycle of the tape reader, auxiliary contact 207
recloses ground to lead 217 and ground is applied through

Tespective code contacts 208-213 to the 2A1-2AS group

of relays depending upon the program recorded in the
tape (105, FIG. 1). In this instance, it will be assumed
that ground is closed through contacts 209 and 212 there-

by operating code relays 2A2 and 2A4. In the general
‘manner” described above in reference to the first cycle,

relay 2B2 will now operate through make contact 2A2—

2(2) of relay 2A2 and will lock to ground through its

make contact 2B2-2(2), resistor 218, and break contact
T7CK-4(2) of relay 7CK, and relay 2B4 will operate
through make contact 2A4-2(2) and will lock to ground

through its make contact 2B4-2(2), resistor 219 and

break contact 7CK-4(2) of relay 7CK. Also, relay
2STP will operate over obvious paths through make con-
tacts 2A2-1(2) of relay 2A2 and 2A4-1(2) of relay 2A4,

Relay 2STP1 operates over parallel paths through make

contacts 2B2-4(2) of relay 2B2 and 2B4-4(2) of relay

2B4.

Also in the general manner described above, character
relay 9CHR of the translator circuit will now operate
from ground, break contact 7CK-1(8), make contact
2STP1-5(8), the break contact of transfer pair 2B1-3(38),
the break contact of transfer pair 2B5-4(9), the make
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contact of transfer pair 2B4-3(9), the break contact of
transter pair 2B3-4(9), the make contact of transfer pair
2B2-3(9), winding of relay $CHR to battery. Relay
9CHR operates and locks to ground through its make con-
tact 9CHR-1(9), lead 801 and make contact 2STP1-6(9)
of relay 2S5TP1. |

At this point, therefore, we have two of the character
relays in the translator circuit which have operated and

locked in operated position, relay 8CHY, which operated

during the first reader cycle, and relay $CHR, which op-
erated during the second reader cycle. With the two
character relays operated, a particular one of the approxi-
mately 200 code output leads (FIGS. 11 and 32) to the
matching and advance circuit (162, FIG. 1) is grounded
operating a relay in that circuit. This action will be de-
scribed in detail subsequently, particularly in the section
Read Code Transmission.

Auxiliary contact ground applied to lead 217 operates
relay 2A in series with the upper winding of relay 2Z.
Relay 2A, operated, interrupts at its 2A-1(2) break con-
tact the holding path for relay 2W, which releases. Relay
2W, released, opens at its 2W-2(2) make contact the
operating path through the lower winding of relay 2Z and
closes at its Z2W-7(2) break contact the locking path
through the upper winding of the same relay. Relay 27
is held operated therefore under control of auxiliary con-
tact 207 on the one hand and relays 7CK and 2SR on
the other. With relay 2ZW released and 2Z operated, the
locking path for the 2SR relay is opened. Relay 2SR
being slow to release does not release immediately. Also,
relay 2W, released, opens the operate path of relay
7ALM at the make contact of its transfer pair 2W-5(7),
and opens at its make contact 2W-3(9) one of the lock-
ing paths through lead 881 for the character relays.
Also relay 2W, released, partially completes at its 2W-—
8(7) break contact the 2-out-of-n check operating cir-
cuit of the 7CK relay.

Since, as pointed out above, character relays 9CHR and
6CHY of the translator circuit are locked operated at this
time, check relay 7CK operates over a path from ground,
break contacts in lower rail or lead 1001, make contact
9CHR-2(7) to center rail 1002, break contacts in cen-
ter rail 1992, make contact 8SCHY-2(7) to upper rail
1003, break contacts 8CHZ-2(7) and 2W-8(7) the make
contact of transfer pair 2Z-3(7) of relay 2Z, the break
contact of transfer pair 7TALMI1-1(7) of relay 7TALM]1,
winding of relay 7CK to battery. |

Relay 7CK, operated, opens at its 7CK-5(7) break
contact the operate path of relay 7ALM, opens at its
7CK-4(2) break contact the locking paths for relays
2BZ and 2B4, and removes at its 7CK-1(8) break con-
tact ground from the common operating paths of the
character relays of the translator circuit. Relays SCHY
and 9CHR remain operated over the locking paths pre-
viously traced. Also, relay 7CK, operated, provides at
1ts 7CK-6(2) make contact a shunting path in clutch
magnet lead 263 whereby to operate clutch magnet 205
(unless Iead 203 is open at contacts controlled from the
matching and alarm circuit), and opens at its TCK-2(2)
break contact one of the paths holding relays 27 end
2 A operated. |

When the tape reader reaches the 80 ms. point on this
second cycle or rotation, the code and auxiliary con-
tacts open and the circuits return to normal as above
described; as previously pointed out the operated char-
acter relays remain locked in operated position.

Transmissicn of READ CODES

[t will be recalled that in the :above description of the
translator circuit specific translator circuit character re-
lays 8CHY and 9CHR were presumed to be operated
by the circuit functions traced. These relays are merely
representative and it will be understood that the other
character relays of the translator circuit are operated in
a generally similar manner. Since it happens that in the
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detailed circuit arrangement the disclosed contacts of the
8CHY and 9CHR relays are actually involved in the con-
trol of gas-filled indicator tubes, a feature which will
be described at a further point, the immediate descrip-
tion will be furthered if it be assumed that two of the.
character relays actually involved in the early READ
operations are operated. Accordingly, it will be as-
sumed for purposes of present description that character
relays 8CHA and 8CHB had operated as the result of
the first and second cycles of the tape reader and had
locked in operated position over circuits similar to those
described above in connection with relays 8CHY and
OCHR. (It will be obvious from examination of the
drawing, FIGS, 8 and 9, that operation of relay SCHA
results from operation of code relays 2B1 and 2B2 over
a path from ground, break contact 7CK-1(8), make
contact 25TP1-5(8), the make contacts of transfer pairs
2B1-3(8) and 2B2-1(8) and the break contacts of trans-
fer pairs 2B3-5(8), 2B4-5(8) and 2B5-5(8), and that
operation of relay 8CHB results from operation of code
relays 2B1, 2B4 and 2BS5 over a path from ground, break
contact 7CK-1(8), make contact ZSTP1-5(8), the make
contact of transfer pair 2B1-3(8), the break contacts
of transfer pairs 2B2-1(8) and 2B3-3(8) and the make

~contacts of transfer pairs 2B4-6(8) and ZB5-6(8).)

With relays 8CHA and 8CHB operated, therefore,
ground 1s closed over code lead 11BA (FIG. 11) to the
matching and advance circuit, this ground being applied
to common ground lead 3201 through break contacts
1I9TOF-1(32) of relay 19TOF, 3ALM-3(32) of relay
3ALM, 16WK-1(32) of 16WK and 2PD-1(32) of relay
2PD and being applied in turn to code lead 11BA through
make contacts of the two operated character relays, that
is, make contacts 8CHA-2(11) of relay 8CHA and
8CHB-2(11) of relay 8CHB. This ground is applied
over code lead 11BA to the lamp control relay circuit,
FIG. 12 (WRITE relays); since the PRIME relays, in-
cluding relay 21PM, are released at this time, the ground
is transferred to READ code lead 13BA, through the
break contact of transfer pair 21PM-1(22) of relay
21PM, and applied over code lead 13BA to operate re-
lay 13CC of the matching and advance circuit. Relay
13CC, upon operating, locks to ground through the
make contact of its transfer pair 13CC-1(13), break
contacts 17DLI-1(13) and 15CCK-5(13) in parallel, -
break contact 3MA-1(33) and make contact 3ETPi—
1(33). Transfer pair 13CC-1(13) operates with a make-
before-break continuity, that is the make contact closes
and completes the locking path for relay 13CC before
the break contact of the pair opens code lead 13BA.
Code 13BA is opened at this point in order to prevent
a ground transmittal back over the code lead with possible
false operation of certain of the relays.

Generally speaking, in the instances of all code relays
which operate over a code lead and then lock to ground
through their own make contact, this contact will be the
make contact of a transfer pair having make-before-break
continuity; immediately after the locking path has been
completed by closure of the make contact of the transfer
pair, the respective code lead is opened by the break con-
tact of the pair. This assures against a “back-up” of
ground on the code lead and possible false operations.

In order to avoid unnecessary complexity and cluttering-
up of the drawing, the connection of the code leads (of
which there are a large number), to the WRITE relay
circuits, and, in turn, the connection of the READ code
leads (with the PRIME relays released) to the READ
relay circuits are indicated schematically by heavy broken
lines representing, respectively CODE LEAD cables and
READ CODE LEAD cables.

¢lay 13CC is one of the MATCH relays of the match-
ing and advance circuit and stores the correct answer
awaiting proper response by the attendant to the problem
subsequently transmitted. As pointed out above, the
MATCH relays are operated by the READ codes. It
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will be understood that other MATCH relays are operated
in a generally similar manner. For example, assuming
that translator relays 8CHA and 9CHH are operated,
oround from lead 3201 will then be applied to code lead
11HA through make contacts S8CHA-2(11) of relay
S8CHA and 9CHH-2(11) of relay 9CHH and transmitted
over code lead 11HA to the lamp control relay circuit
(FIG. 18). Since PRIME relay 21PM is released the
eround is transferred to READ CODE lead 13HA through
the break contact of transfer pair 21PM-2(18) of relay
21PM. The ground applied over code lead 13HA op-
erates MATCH relay 13CTG which, upon operating,
locks to ground through the make contact of its transfer
pair 13CTG-1(13), break contacts 17D1.1-2(13),
15CTGK-1(13) and 3MA-1(33) and make contact
3ETP1-1(33). Here again, as in the instances of relay
13CC referred to above and of other code relays described
subsequently, transfer pair 13CTG-1(13) has make-
before-break continuity so that the locking path is closed
at the make contact before the code lead is opened at
the break contact.

Operation of PRIME (PM) relays—Transmission of
WRITE codes

As previously pointed out, it is a novel and important
feature of the present invention that the same code leads
may be utilized, first for transmission of the READ codes
and next for transmission of the corresponding WRITE
 codes. In the examples described just above, the ground
transmitted over code lead 11BA was diverted fo a
MATCH relay 13CC and the ground transmitted over
code lead 11HA was diverted to a MATCH relay 13CTG
since PRIME relay 21PM was in released condition. In
the first instance described, had the 21PM relay been op-
erated the ground would have operated WRITE relay
12CMDR and, in the second instance, the ground would
have operated WRITE relay 180A0. These relays are
both involved in the lamp control circuits, that is, they
are “WRITE” relays which have a part-in presenting the
problems or questions to the trainee at the position. The
operation of the 21PR relay and associated relays 21PMI,
21PM2, 21PM3 and 21PM4 relays which control the
READ-WRITE use of the code leads is as follows.

After the last READ code of the particular program
section has been transmitted, a “single character” SPACE
code is initiated by the tape reader which resuits in the
operation of code relay 2B3. This results, in turn, in the
operation of character relay 9CHSP over a path from
ground, break contact 7CK-1(8), make contact 2STPI1-
5(8), the break contacts of transfer pairs 2B1-3(8),
2B5-4(9), 2B4-3(9), and 2B2-5(9), make contact
2B3-6(9), winding of relay SCHSP to battery. Relay

9CHSP operates and locks to the ground on lead 801

through its make contact 9CHSP-2(9). With relay
9CHSP operated, the ground on lead 3201 1s applied
through its make contact 9CHSP-3(32) to code lead

32SPA (FIG. 32) and is transmitted thereover to operate

relay 21PM. Relay 21PM, upon operating, locks to
ground through its make contact 21PM-3(21), break
contact IWR-1(21) of relay 3WR and make contact
3ETP1-2(21) of relay 3ETPI1.

Relay 21PM, upon operating, completes operating
paths for the associated relays 21PMi, 21PM2, 21PM3
and 21PM4 through respective make contacts ZIPM-
4(21), 21PM-5(21), 21PH-6(21) and 21PM-7(21).
All of the “PRIME” relays, 21PM-21PM4, are similar
with regard to function, that is,  when operated, to ef-
fectively connect the code leads to respective WRITE
relays, and, when released, to connect the same code leads
to respective READ relays. Since a large number of
code leads are involved it is advantageous to distribute
the function between the fivée PRIME relays rather than
to attempt to control the necessarily large number of
transfer contacts by a single relay. To illustrate, the code
leads associated with relay 14CGDR are switched through

10

20

30

ol
Gt

40

] |
i) |

60

7\

16

transfer pair 21PM1-1(14) of relay 21PMI1, the code
leads associated with relay 14CSR are switched through
transfer pair 21PM4-1(24) of relay 21PM4, the code
leads associated with relay 27TLO are switched through
transfer pair 21PM3-1(27) of relay 2iPM3 and so on.

The function performed by the PRIME relays 1s a par-
ticularly valuable one in the present circuit wherein by
necessity a large number of code leads are involved. Ob-
viously, the dual use of the leads, permitted by the PRIME
relays results in substantial simplification of the overall
arrangement., |

After the transmission of the WRITE code has been
completed, a “single-character” code, “Line Feed” 1s trans-
mitted whereby to operate the 3WR relay. This code is
transmitted by operation of relay $CHLF which operates
following operation of code relay 2B2 over a path from
eround, break contact 7CK-1(8), make contact 25TP1-
5(8), break contacts of transfer pairs 2B1-3(8), 2B3-
4(9), 2B4-3(9), make contact of transfer pair 2B2-5(9),
break contact of transfer pair 2B3-7(9), winding of relay

"9CHLF to battery. Relay 9CHLF operates and locks

through its make contact 9CHLF-3(9) to the ground on
lead 801. With relay 9CHLF operated, the ground on
lead 3281 is applied to code lead 32LNF (FIG. 32)
through make contact $CHLF-4(32) and transmitted
over the code lead to operate relay 3WR. Relay 3WR,
upon operating, locks to ground through its make contact
3WR-2(3) and make contacts 15CK—-2(3) of relay 13CK
and 3ETP1-3(2) of relay 3ETP1. (Relay 15CK oper-
ated following operation of MATCH relay 13CC, as above
described, through make contact 13CC-3(15) of relay
13CC). Relay 3WR, operated, opens at its break con-
tact SWR-3(2) lead 203 of clutch magnet 285 (opens at
its 3WR-1(21) break lead the holding path of relay 21PM
and performs certain other functions which will be de-
scribed subsequently. The PRIME relays 21PM, 21PMl1,
21PM2, 21PM3 and 21PM4 release at this time.

Response by attendant—Attainment of MATCH

It will be assumed now that, in the manner described
above, the READ codes have been transmitted whereby
to operate and lock match relays in the matching and
advance circuit (109, FIG. 1) whereby to simulate the
the “correct answers” and that the WRITE codes have
been transmitted to light certain lamps at the console
(106, FIG. 1) whereby to present the problems to the
attendant. It will be further assumed that the match re-
lay held operated in the matching and advance circuit is
the 13CC relay which in the illustrative embodiment de-
scribed is the match relay for operation of the coin collect
key at the position. Also, it will be assumed that the
WRITE code resulted in lighting lamp 113 at the console
106, which, in the illustrative embodiment, in the particu-
lar lamp which when lighted, indicates that the proper
response by the attendant is operation of coin collect key
114. Relay 15CK, as pointed out above, operated fol-
lowing operation of relay 13CC from ground on lead 1506
through make contact 13CC--3(15) of relay 13CC.

In the present instance it will be assumed that the attend-
ant, upon observing the lighted lamp 113 (FIG. 1), re-
sponds properly by operating the “right key,” that is, the
“coin collect” key 1501 (corresponding to key 114, FIG.
1), and, further, it will be assumed that this operation
occurs within the predetermined permissible time interval.
The operation of the timer (112, FIG, 1) will not be de-
scribed at this point, therefore, even though the time of
response is, of course, measured. The timer operation
will be described subsequently in connection with Failure
and Time QOut registrations.

When the attendant “responds to the problem” by clos-
ing coin collect key 1501, relay 15CCK operates from
ground on lead 1502 and break contacts of Ring Back
Key 1503, Ring Fwd key 1504 and Coin Return key 1565.
Remembering that match relay 13CC of the matching and
advance ¢ircuit is operated, it will be seen that a path for
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operating “right key” relay 16RXK is now completed from
ground, lead 1601, make contact 1SCCK-1(16) of relay
1SCCK, the make contact of transfer pair 13CC-2(16) of
relay 13CC, winding of relay 16RK, resistor 1602 to bat-
tery. Also, relay 15CCK, operated, completes through
its make contact 1SCCK-2(17) an operate path for relay
17DLI. Relay 17DL1, and the relays of similar function
17012, 17DL3 and 17DL4, are provided in order to as-
sure, through inclusion of their respective break contacts
in the hold circuit of the various match relays, adequate
titme for operation of the 16RK relay before the pertinent
match relay releases. "Thus, in the present instance,
match relay 13CC is held through a path which includes
break contact 17D1.31-1(13) of relay 17DL1.

When relay 17DL1I operates, as above described, the
holding circuit of match relay 13CC is opened at break
contact 17DL1-1(13) and relay 13CC releases. Relay
13CC, released, releases relay 15CK at its make contact
13CC-3(15). Relay 15CK, released, releases relay 3WR
by opening its holding path at break contact 15CK-2(3).

“Right Key” relay 16RK, upon operating, as above de-
scribed, locks to ground through its make contact 16RK-
1(16), lead 1603, make contact 15CCK-3(16) and lead
1604. Relay 16RK, while operated, opens at its break
contact 16RK-2(16) the operate path for “WRONG
KEY” relay 16 WK whereby to prevent the possible false
operation thereof. |

When the attendant releases the coin collect key 1541,
relay 1SCCK releases, releasing in turn relays 16RK and
17DL1 and a successful “match” has been attained.

Several additional MATCH situations are discussed sub-
sequently in the specification under the heading Additional
Match Sitnations And Lamp Controls.

WRONG response or delayed response by attendant

It will now be assumed that in the above instance the
attendant responded incorrectly, that is, operated the
wrong key, and it will be further assumed that the re-
sponse, though incorrect, was made within the prescribed
interval,

For purposes of present description it will be assumed
that the attendant in response to the lighting of lamp 113
at console 106 (FIG. 1) instead of depressing key 114
(the “right key”) depressed key 115, the “wrong key.”
Closing of Coin Return Key 1505 (FIG. 15) correspond-
ing to key 115 (FIG. 1) operates relay 15CRK from the
ground on lead 1502, the break contacts of Ring Back
key 1503 and Ring Fwd key 1504, the make contact of
Coin Return key 1505, winding of relay 15CRK to bat-
tery. Relay 15CRK, operated, closes through its 15SCRK-
1(17) make contact an operate path for relay 17DL1.

A path is now closed from the ground on lead 1601,
make contact 15CRK-2(16), the break contact of trans-
fer pair 13CR-1(16), lead 1605, break contacts 16RK—
2(16) and 3IMC-6(16), winding of relay 16 WK to bat-
tery. Relay 16WK (wrong key) operates and locks to
oround through its 16 WK-2(16) make contact and make
contacts 6O0N—-3(16) and 3ETP1-4(16). (The proper
MATCH relay for Coin Return key 1505 and relay
15CRK is relay 13CR, and it will be apparent that in the
event relay 13CR has been operated then an operate path
for the Right Key relay 16RK would have been com-
pleted through the make contact of transfer pair 13CR-
1(16) of relay 13CR.)

Relay 16WK, operated, removes at its break contact
16WK-1(32) ground from 2all the code leads except code
lead 32WU (FIG. 32). Also, relay 16WK, operated,
opens at its break contact 16WK-4(2) start lead 203 to
clutch magnet 205 whereby to prevent the reader tape
(105, FIG. 1) from advancing, completes at its make con-
tact 16WK-5(29) a path for operating Wrong Key
Failure register 29WKR corresponding to register 121,
FIG. 1, completes at its I6WK-6(29) make contact a
path for lighting “Failure” lamp 2901, corresponding to
lamp 128 at console 106 (FIG. 1), and completes at its
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make contact 16WK-7(2%) a path to interrupter 3006
for “flashing” Failure lamp 2962, corresponding to lamp
126, FIG, 1.

The remainder of the specific program involved is
thereby cancelled. When the attendant then closes her
ADVANCE key, both the magnetic tape and the teletype-
writer fapes are advanced to the next program in the
manner prevailing at the start of the test as described
above. When the tape reader reaches the end of the can-
celled program on the tape, character relays SCHW and
o6CHU of the translator circuit are operated whereby to
momentarily apply ground to code lead 32WU (FIG. 32)
through their respective make contacts 8SCHW-2(32) and
8CHU-2(32). This ground, in turn, is connected through

~code lead 32WU and the code lead cable to relay 3ETP,

which operates. Relay 3ETP, operated, releases relay
3ETPI, which was previously operated from ground
through make contact 3P0O-4(3), and break contact
3ETP-3(3). Relay 3ETP1, released, releases any oper-
ated code relay (WRITE or READ) and opens at its
make contact 3ETP1-4(16) the holding path for relay
16WK, which releases. Relay 16WK, released, releases
register Z9WKR and extinguishes Failure lamps 2901 and
2902. 'The system now proceeds into the next program.

For purposes of further description, it will now be
assumed that the attendant’s “response,” whether correct
or incorrect, is not made within the period of time allotted
by the program to the particular “problem” involved.
As pointed out above, an important feature of our in-
vention is that difierent permissible periods of time for
the attendant’s response are provided, depending upon
the nature of the specific problem presented. In the spe-
cific illustrative embodiment this feature is attained
through provision of four different timing relays, 191P1,
19TP2, 19TP3 and 19TP4. Operation of each of these
four relays is effective in setting up a different timing
interval, which intervals, for purposes of description, will
be assumed to be 5 seconds, 10 seconds, 20 seconds and
40 seconds, respectively. The five-second interval is used
unless one of the other intervals is indicated by the pro-
gram, the “five second” interval relay 19TP1 being oper-
ated following operation of relay 3WR, provided no
other timer relay is operated, over a path from ground,
make contact IWR—-4(19) of relay 3WR and break con-
tacts 19TP2-1(19) of relay 19TP2, 19TP3-1(19) of
relay 19TP3 and 19TP4-1(19) of relay 19TP4, winding of
relay 19TP1 to battery.

The other three timer relays are selectively operated
as required by the program. For example, relay 191P2
is operated when the program is such that character relays
SCHQ and 8CHX are operated. Relay 8CHQ operates
from ground, break contact 7CK-1(8), make contact
2STP1-5(8), the respective make contacts of transfer
pairs 2B1-3(8), 2B2-1(8), and 2B3-5(8), the break con-
tact of transfer pair 2B4-7(8), the make contact of trans-
fer pair 25B5-7(8), winding of relay 8CHQ to battery.
Relay 8CHQ, upon operating, locks through its make con-
tact 8CHQ-1(8) to the ground on lead 801. Relay
S8CHX operates from ground, break contact 7CK-1(8),
make contact 2STP1-5(8), the make contact of transfer
pair 2B1-3(8), the break contact of ftransfer pair
2B2-1(8), the respective make contacts of transfer pairs
2B3-3(8), 2B5-3(8), and 2B4-1(8), winding of relay
SCHX to battery. Relay 8CHX operates and locks
through its make contact 8CHX-1(8) to the ground on
lead 8¢1. With relays 8CHQ and 8CHX operated, the
ground on lead 3201 is applied to code lead 32XQ through
make contacts SCHQ-2(32) of relay 8CHQ and S8CHX-
2(32) of relay 8CHX, and applied over the code lead
through the code lead cable to operate relay 19TP2.
Relay 19TP2, upon operating, will Iock to ground through
the make contact of its transfer pair 19TP2-2(19) and
make contacts ISCK—4(19) and 3ETP1-5(1%9). As in
the instance of previously described code relays, transfer
pair 19TP2-2(19) has make-before-break continuity.
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In a manner similar to that just described, relay
19TP3 will be operated when transistor relays SCHR
and 8CHS are operated whereby to apply ground to code
lead 32SR (FIG. 32), and relay 19TP4 will be operated
when translator relays 9CHR and 9CHYV are operated
whereby to apply ground to code lead 32VR (F1G. 32).
‘Relay 19TP3, when operated, will lock to the ground on
lead 1901 through the make contact of its transfer pair
19TP3-2(19), and relay 19TP4, when operated, will lock
‘to this same ground through the make contacts of its
transfer pair 19TP4-2(19). Both transfer pairs 19TP3-
'2(19) and 19TP4-2(19) are make-before-break.

Each timer relay, when operated, sets up a particular
timing interval by connecting through respective make
contacts 19TP1-1(19), 19TP2-3(19), 19TP3-3(19) and
19TP4-3(19) particular combinations of the resistors
1902, 1903, 1904 and 1905 to marginal current device
1907. Device 1907 may be one of several well-known
arrangements, for example it may include a capacitor and
“a breakdown tube which “breaks down’ and conducts cur-

rent after the capacitor has been charged to a certain.

point. In such case the charging rate would be deter-
mined by the particular RC combination set up.

It will be assumed now that, at the end of a program
-segment, relay 3WR operates as previously described and
that operation of timer relay 19TP1 follows (no other
timer relays being operated) over a path from ground,
make contact 3IWR—4(19) of relay 3WR, break contacts
- 19TP2-1(19) of relay 19TP2, 19TP3-1(12) of relay
-19TP3, 19TP4-1(19) of relay 19TP4, winding of relay
'19TP1 to battery. Relay 3WR, operated, also completes
an operate path for “start timing” relay 3STO fraced irom
“ground, break contact of transfer pair 3MC-1(3), make
-contact 3IWR-5(3), break contacts I6WK-8(3), 35TM1-
1(3), and 4MTON-2(3), winding of relay 35STO to bat-
tery. Relay 3STO operates and connects ground through

its 3STO-1(19) make contact to one side of the 19D relay
-and also connects, through the make contact of 1ts trans-
fer pair 3STO-2(19), battery to marginal current device
1907 through the particular combination of resistors de-
- termined by the timer relays.
- Had the attendant responded before expiration of the
time interval, that is before relay 19D operated, the re-
lease of the 15CK relay would release the 3WR relay and
~any operated relay in the group 191P2, 191P3 and
19TP4. Relay 3WR, released, would release relay
19TP1,
stopping the timing operation and restoring the timer to
normal. In this instance, however, we are assuming
that the attendant does not respond within the allotted
- time 1interval.
as determined by the particular timer relay operated,
marginal current device 1907 will operate relay 19D to
the ground applied through make contact 3STO-1(29) of
“relay 3STO. Relay 19D, upon operating, locks to bat-
- tery through its make contact 19D-1(19) and resistor
1908. Relay 19D, operated, completes at its 19D-2(19)
- make contact an operate path for “fime out failure” relay
- 19TOF which operates and locks to ground through its
19TOF-2(19) make contact and make contact 3ETP1-6-
(19) of relay 3ETP1.

Relay 19TOF, operated, closes a path at its make con-
tact 19TOF-3(29) for operating time-out register
29TOFR (which corresp-ands to register 123, FIG. 1),
whereby to “score” a “time out failure.” Also, relay
19TOF, upon operatlng, completes a path at the make
contact of its transfer pair 19TOF—-4(29) and at its make
contact 19TOF-5(29) for “flashing” lamp 2901 (cor-
responding to lamp 128, FIG. 1) from interrupter 3036
as an indication to the attendant of time-out failure and

also completes at its make contact 19TOF-6(29) a cir-

cuit for flashing lamp 2903 (corresponding to lamp 127,
FIG. 1) as an indication to the instructor or supervisor
of the time-out failure. Also relay 19TOF, operated,
removes at its break contagt 19TOF-1(32) ground from

if operated, and would also release relay 3STO,

Accordingly, at the end of the interval
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all the code leads except code lead 32WU (FIG. 32),

and opens clutch magnet lead 203 at break contact
19TOF-8(2) whereby to prevent the reader tape from

advancing.
The attendant, observing the flashing lamp 2901, closes
her Advance Key which results in operations described

‘above which cause the program tapes to advance into

the next program. When the tape reader reaches the

‘end of the cancelled program, relay 3ETP is operated

as above described. Relay 3ETP releases relay 3ETP1,
at break contact 3ETP-3(3) which, in turn, releases
all operated code relays (READ and WRITE), and opens
at its make contact 3ETP1-6(19) the holding path for
relay 19TOF which releases. Relay 19TOF, released,
releases the “time and failure” register 29TOFR, and
extinguishes flashing lamps 2901 and 2903.

Voice detector—Audible response by attendant
As previously pointed out, in some instances the pro-

gram may require that a correct response by the attendant

must include an audible response spoken Into micro-

phone 131 (FIG. 1).

When the program requires that a proper response by
the attendant include audible response, translator relays
9CHL and 9CHM will be operated whereby to con-
nect the ground on lead 3201 to code lead 11ML (FIG.
11). This ground over the code lead through the cable
operates MATCH relay 17VO which locks to ground
through the make contact of its transfer pair 17VO-
1(17), break contact 17VD1-1(17) and make contact
3ETP1-7(17). Transfer pair 17VO-1(17) is make-be-
fore-break continuity. Relay 17VO, operated, completes
at its make contact 17VO-5(15) an operate path for relay
15CK and also connects the voice detector circuit (FIG.
20) to the attendant’s telephone circuit 2000 through
make contacts 17VO-2(20) and 17V0O-3(20). As pre-

‘viously pointed out, relay 3PO operates when the at-

tendant’s telephone set is plugged into the associated
telephone jacks so that, with this condition, battery is
connected to the detector circuit through reststor 2001
and make contact 3PO-5(20) of relay 3P0O. With no

"speech present on the line, transistor 200Q2 will switch

to “ON” and operate relay 20VD.
Relay 20VD, operated, completes at its make contact

20VD-1(17) an operate path for relay 17VDI1 which
operates and,

in turn, operates relay 17VD2 through
make contact 17VD1-2(17). A holding path for relay
17VD2 through its make contact 17VD2-1(17) is con-
trolled by make contact 17VO—-4(17) of relay 17VO.

Transistor 208Q1, resistors 20R1, 20R2 and 20R3, and
capacitor 20C1 comprise an amplifier which will amplify
only negative portions of speech and invert them to posi-
Accordingly, when the trainee speaks into
microphone 2002, corresponding to microphone 131,
FIG. 1, transistor 20Q1 conducts and the normal —24
volt potential on the base swings toward ground. This
change of potential is coupled to tramsistor 26Q2 through
capacitor 20C2 and diode Z20CR1 then to the base of
transistor 20Q2. The base of transistor 20Q2 is thus
driven positive with respect to the emitter -and is switched
to “OFF” releasing relay 20VD. Relay 20VD, released,
opens at its 20VD-1(17) make contact the operate path
of relay 17VD1. Relay 17VD1 releases and relay 17VO
now holds through the break contact 17VD1-1(17) of
relay 17VD1, released.

When transistor 20Q2 turns OFF, the potentlal at
the collector changes by a substantlal amount, depend-
ing upon the particular circuit characteristics, thus chang-
ing the potential on the upper side of capacitor 20C3
by an equal amount. The other side of the capacitor
immediately changes by the same amount but instantane-
ously starts to discharge at a rate determined by resistor
20R.5 in series with the winding of relay 20VD and capaci-
tor 2¢C3. Since capacitor 20C3 is across the base and
collector electrodes of transistor 20Q2 the collector-base

-
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diode' 20CR3 is held back-biased until capacitor 2002
has discharged. Capacitor 26C4 is provided to accumu-

late the small interval charges resulting from the in-

dividual negative spikes of voice currents and hold
the base of transistor 20Q2 positive with respect to the
emitter leng enough to complete the switching operation.

When the speech ends and capacitor 20C3 has dis-
charged, transistor 28Q2 will again turn ON, operating
relay 26VD which, in turn, operates relay 17VD1. Relay
17VDI1, operated, opens the holding path of relay 17VO,
which releases. Relay 17VO, released, releases at its
make contact 17VO-5(15) check relay 15CK to com-
plete a successful “MATCH” as above described.

Resistors 20C and 26D connected between the trans-.

mitting and receiving pairs of conductors (FIG. 20)
provid.? side tone to the trainee while she is talking.
It will be understood that the operation just described
18 subject to the timing steps previously described and that
trme-out registration occurs as before described if the per-
missible interval is exceeded. If it be considered de-
sirable to give more than a “presence test” for the verbal
response, that is, to check the actual correctness of the
words spoken, this may be accomplished by the instruc-
tor “listening-in” on the circuit.

Application of tones and voice

When the program requires the application of tones
to the telephone circuit (FIG. 20) corresponding code
relays will be operated whereby to connect the respective
tones from suitable source 2003 over leads 2084 and 2005
to the telephone circuit. For example, when the applica-
tion of “line busy” tone is required, character relays
sCHB and 8CHD are operated whereby to apply the
ground on lead 3201 through make contacts SCHB-3 (11)
and SCHD-2(11) to code lead 11DB and thence through
the code lead cable to operate relay 17LBY. Relay
Y7LBY, upon operating, locks to ground through the

make contact of transfer pair 17LBY-1(17), break con-

tacts 17LBYR~1(17) and 3ADVF-1(17), break contact
of transfer pair 15CCWK-1(17), break contact of trans-
fer pair 1SPRK-1(17) and make contact 3ETP1-7(17).
Also, relay 17LBY, upon operating, connects the respec-
tive tone from source 2903 to the telephone circuit
through make contacts 17LBY-3(20) and 17L.BY-2(20)
and respective leads 2004 and 2085. When the line busy
tone 1s to be removed, relay 17LBYR is operated over
code lead 32AX, FIG. 32, make contacts SCHX-3(32)
of relay SCHX and 8CHA-3(32) of relay 8CHA whereby
to open at break contact 17L.BYR-1(17) the hold path
of relay 17LBY.

Similarly, when the program requires the application
of “no circuit” tone, relay 17NCT is operated over code
lead 32XW and locked over a path including the make
contact of its transfer pair 17NCT-1(17) and break con-
tact I7TNCTR-1(17) of relay 17NCTR; relay 17NCT is
released by operation of relay 17NCTR over code lead
- 3272X. When relay 17NCT is operated the respective
tone from source 2803 is applied through make contacts
I7NCT-2(20) and I7TNCT-3(20) to leads 2004 and 2695.
As 1n the instances of previously discussed code relays,
transfer pair I7NCT-1(17) has make-before-break con-
tinuity. '

In the general manner discussed above, “audible ring-
ing” tone is applied by operating relay 17AR over code
lead 32BW and “all trunks busy” tone by operating relay
17ATB over code lead 32AW. When relay 17AR is op-
erated the respective tone from source 2003 is applied
through make contacts 17AR-1(2¢) and 17AR-2(20)
and when relay 17ATB is operated the respective tone
from source 2083 i1s applied through make contacts
P7ATB-1(20) and 17ATB-2(20).

When the program requires that so-called “Zip Tone”
be transmitfed to the trainee (at the beginning of every
call) relay 17ZT is operated over code lead 32VU and
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locks to ground through the make contact of transfer pair
172T-1(17) and make contacts 2SR-3(17) and 3ETP1-
7(17). When relay 3WR operates at the end of the seg-
ment, and with relay 17ZT operated, a path is completed
through make contacts 3IWR-6(17) of relay 3WR and
172T-2(17) of relay 17ZT for operating relay 17TN.
Relay 17TN, operated, connects continuous tone from
source 2003 to the telephone line through make contacts
17IN-1(20) and 17TN-2(20), and releases at its break
contact 17IIN-3(17) slow-to-release relay 17SR (which
operated through make contact 3PO-6(17) of relay 3PO
at the time the attendant’s telephone circuit was closed).
Relay 17SR, released, opens at its make contact 17SR—
3(17) tbe holding path for relay 17ZT, which releases
and releases, in turn, relay 17TN., Relay 17TN, released,
removes the tone from the attendant’s telephone circuit
and recloses the operate path of relay 17SR.

The program may also require the application to the
attendant’s telephone circuit of simulated coin deposit
signals, and gongs 20A and 20B (FIG. 20) are provided
for this purpose. If the amount, the deposit of which is
to be. simulated, is below 25 cents, code lead 32CW
(FIG. 32) will be grounded once for each 5 cents and if
the amount is 25 cents or multiple thereof, code lead
32YX 1s grounded once for each 25 cent deposit to be
simulated. In the manner previously described above,
code lead 32CW is grounded from lead 3261 when char-
acter relays 8CHW and 9CHC are operated under con-
trol of the program tape and code lead 32YX is grounded

- ‘when character relays 8CHX and 8CHY are operated.

When code lead 32CW is grounded, relay 21V oper-
ates. Relay 21V, operated, completes at its make con-
tact 21V-1(20) an operate path for relay 20VA and also
closes paths at its make contacts 21V-2(28) and 21V-

3(20) for connnecting the gong tone pick-up circuit

through to leads 2004 and 2005 for connection to the
attendant’s ielephone circuit.

Relay 20VA, operated, closes at its make contact
20VA-1(20) an energizing path for gong 20A. The
signal produced by gong 20A is picked up by microphone
2006 and transmitted to the attendant’s telephone circuit
at a volume controlled by rheostat 2007.

When relay 21XXV is operated, a path is completed
at its make contact 2IXXV-1(28) for operating relay
20XXVA, and paths are closed at make contacts 21XXV-
2(20) and 21XV-3(20) for connecting the gong tone
pick-up circuit through to the attendant’s telephone cir-
cuit. Relay 20XXVA closes at its make contact 26 XX VA~
1(20) an energizing path for gong 20B. The signal pro-
duced by the gong is transmitted to the telephone set
as above described.

With further regard to audible response and tone ap-
plication discussed just above, at such time as the pro-
gram requires “voice” from the magnetic tape reproducer,
103, FIG. 1, ground applied to code lead 32TQ (FIG. 32)
through operation of translator relays 8CHQ and 9CHT
will operate relay 4STM which, upon operating, short
circuits its secondary winding at make contact 4STM-1(4)
whereby to make the relay slow to release, and closes
a path for operating relay 3STM1 traced from ground,
make contact 4STM-2(3) of relay 45TM, break contact
AMTON-3(3) of relay AMTON, winding of relay 3STM1.
to battery, Relay 3STMI, upon operating, holds to the
ground through its make contact 3STM1-2(3) and make
contact 4STM-2(3) of relay 45TM. Also relay 3STM1,
operated, closes leads (not shown) to start the magnetic
tape.

Relay 4MGT operates at this time through make con-
tact ISTM1-4(4) to ground and closes at its make con-
tacts 4MGT-1(4) and 4MGT-2(4) lines 407 and 408
for application of the reproduced voice to the attendant’s
telephone circuit (FIG. 20). (Lines 4807 and 408 cor-
respond to line 136, FIG. 1.) Relay 4MGT, upon op-
erating, locks to ground through its own make contact
AMGT-3(4), break contacts 15PRK-2(4); 3ADVF-7(4);
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15CCWK-2(4); 5SYNC-2(4); and make contact 3SETP1-
9(4).

'~ When ground is removed from code lead 32TQ as the
tape reader completes transmission of the particular code,
relay 4STM will release followed by release of relay
3STM1. Relay 4STM being slow to release ensures that
a period ensues sufficient to make sure the magnetic rep-

roducer is started. The magnetic tape, once started, runs

to the end of the segment. If the magnetic tape has not
returned to normal from a previous start at the time a
second demand is transmitted, relay 4MTON will be op-
erated through make contact 4MO-2(4) of relay 4MO.
As before described, relay 4STM will be operated over
code lead 32TQ. The “Hold Start” relay SHS now Op-
erates from ground, make contacts 4MTON-4(S) of
relay 4MTON and 4STM-3(5) of relay 4STM, break
contact 3STM1-3(5) of relay 3STM1, winding of relay
5HS to battery. Relay 5HS, upon operating, locks to
ground through its make contact SHS-1(5) and make
contact 4AMTON-4(5), and completes at its make contact
SHS-2(5) an operate path for relay SHS1. Relay SHSI,
upon operating, closes at its make contact SHS1-1(S) a
path short-circuiting its secondary winding and causing
the relay to be slow to release. When ground is removed
from code lead 32TQ, relay 45TM releases.

When the magnetic tape comes to rest, relay 4MTON

releases (since relay 4MO releases) which, in turn, re-
leases relay SHS. Relay 3STMI1 now operates (before
slow-to-release relay 5HS1 has released) from ground,
break contact SHS-3(3) of relay S5HS, make contact
SHS1-2(3) of relay 5HS1, break contact 4MTON-3(3)
of relay 4MTON, winding of relay 3STM1 to battery.
Relay 3STM1, operated again starts the magnetic repro-
ducer. When relay 5HS1 does release it releases relay
3STM1. |

When a “delay period” instead of voice is desired
from the magnetic tape code lead 32ZW is groumed,
through operation of character relays 8CHW and 8CHZ,
whereby to operate relay 4SYN, upon operating, locks to
ground through its make contact 4SYN-1(4), break con-
tact SSYNC-1(4) of relay 5SYNC and make contact
3ETP1-9(4) of relay 3ETP1. Relay 4SYN, operated,
completes a path at its make contact 4SYN-2(15) for
operating relay 15CK.

Following transmission of ground on code lead 32ZW,
ground is transmitted on code lead 32TQ whereby to oper-
ate relay 4STM which functions as previously described
to again start the magnetic tape which now runs for the
prerecorded delay period. At the end of the period,
relay 5SYNC is operated following operation of relay
5S from the magnetic tape control circuit. Relay
5SYNC, operated, opens at its break contact SSYNC-
1(4) the holding path for relay 4SYN which releases.
Relay 4SYN, released, releases relay 15CK, at make
contact 4SYN-2(15). Relay 15CK, upon releasing,
opens at its make contact 1SCK-2(3) the hold path for
relay 3WR, which releases and closes the start circuit
for the tape reader as previously described.

Gas filled indicator tube control

Among the many indicator lamps included in the calls
simulation equipment are a group of ten gas-filled nu-
merical indicator tubes or lamps. These are preferably
polycathode gas tubes each of which may be caused to
break down and conduct in selected ones of its ten posi-
tions. The general arrangement may be, for example,
as disclosed in C. R. Williams Patent 2,769,939, Nov-
ember 6, 1956 or F. A. Mathamel Patent 2,962,698,
November 29, 1960. These indicator tubes are shown
on the console 106, FIG. 1, for example tubes 124, 125
and 129. In the present application, each tube can dis-
play a character from “1” to “0” depending upon which
terminal of the tube is energized. For convenlence in
the present instance the ten fubes are designated respec-

tively A, B, C, D, E, F. G, H, J and K, and with a view
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to simplification of the drawing only one, tube 2501,
is shown in detail with the other nine indicated by cap-
tioned boxes (FIGS. 24 and 25). The respective con-
trol leads are shown in FIGS. 24 and 25, in some in
some instances being indicated by a captioned rectangle
in further effort toward simplification of the drawing.

It will be assumed that either all ten tubes or the
last seven of the group are used to display called number
simulation (depending upon use of 10-digit or 7-digit
members). The last seven of the group, D to K, are
used to display calling numbers (always 7 digits). Tubes
A, B and C are used to display charge information,
tubes E and F are used to display minutes and tubes H,
J and X are used to display rate information. Suitable
“pilot” designation lamps are provided in conjunction
with each of these subgroups of tubes.

Provision is made in the matching and advance cir-
cuit for six different charges and four different minute
codes. “Charge” and “minutes” are displayed together
and automatically upon receipt of the codes. When
the program segment requires display of charge and min-
utes during the transmission of WRITE codes, ground is
connected by operation of respective character relays
(FIGS. 8 and 9) to one of the code leads 32YR, 3215,
32VS, 32WO, 32RQ, 3Z2VQ, whereby to operate one of
the “charge” relays 22CHG1 to 22CHGS, and to one

~of the code leads 32XS, 32ZS, 32UT, 32ZWN, whereby

t0 operate one of the “minute” relays 2ZMN1 and
23MN1 to 23MN4. The operated charge relay, assumed
to be 22CHG1, locks through a make contact of a trans-
fer pair having a make-before-break continuity, in the as-
sumed example to make contact of transfer pair
22CHGI1-1(22), break contact 22ZCHGR-1(22) of re-
lay 22CHGR, and make contact 3ETP1-10(23) of re-
lay 3ETP1 to ground. The operated minutes relay, as-
sumed to be 2Z2MNI, locks to ground through the make
contact of transfer pair 2ZMN1-1(22), break contact
23MNR-1(22) and make contact IETPI-16(23).

The charge relay operated operates a corresponding
relay in the group 22CHGA, 22CHGB, 22CHGC,
22CHGD, 23CHGE and 23CHGF; in the assumed ex-
ample with charge relay 22CHG1 operated, relay
22CHGA. will be operated through make contact
22CHG1-2(22) of relay 22CHG1 and break contact of
transfer pair 6DRK-1(22) of relay 6DRK to ground.

It will be recalled that tubes A, B and C of the group
are used for charge display. Accordingly, the operated
relay in the group just mentioned, that is, in the illustra-
tive example, the 22CHGA, will connect negative battery
to one terminal of each tube A, B and C. Referring to
FIG. 25, the energizing path for indicator tube A is
traced from negative battery, lead 2503, make contact
25CHGA-1(25) of relay 25CHGA, terminal of tube A
(represented by tube 2501), resistor 2582 to positive
battery. In the instance of tubes B and C, the respective
paths are completed through similar make contacts of
relay 25CHGA included in the contact assemblies rep-
resented by rectangles 2504 and 2505. A complete
charge display is attained.

The operated “minutes” relay, 22MN1 and 23MN?2 to
23MN4, operates a corresponding relay in the group
2Z3IMNA, 23MNB, 23MNC and 23MND. In the present
instance, having assumed operation of relay 2ZZM N1, relay
23IMNA operates through make contact 2ZMIN1-2(23)
of relay 22MN1 and the break contact of transfer pair
6DRK-1(22) of relay 6DRK. As stated above, tubes
E and F are used for “minutes” display. Make contacts
of the operated 23MNA relay in the groups represented
respectively by rectangles 2401 and 2432 (FIG. 24) com-
plete energizing paths to terminals of tubes E and F in
the manner described above whereby to complete the
“minutes” display.

- The “charge” and “minutes” di:splay may be temporar-
ily extinguished by closing Display Rate key 661 (FIG.
6) whereby to operate relay 6DRK from ground, the
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respective break contacts of the transfer pairs of Display
Called No. key 603 and Display Calling No. key 602,
make contact of key 601, winding of relay 6DRK to
battery. Operation of relay 6DRK opens the operate
paths of relays 22CHGA and 23MNA at the break con-
tact of transfer pair 6DRK-1(22), the relays release and
extinguish the display or indicator tubes. However, since
the locking paths of the operated charge and minutes
relays are not affected, the display again comes on when
key 601 is released. The charge display is wiped out
when relay 22CHGR is operated over code lead 32BX
since the hold path of the charge relays is interrupted at
break contact 22CHGR-1(22) of relay 22CHGR. Simi-
larly, the minutes display is wiped out by operating relay
Z3MNR over code lead 32YS since the holding path of
the minutes relay is interrupted at break contact
Z23MNR-1(22) of relay 23M NR.

- Charge lamp 2507 and minutes lamp 2506 are lighted
when relay 12CMD is operated over code lead 11CA
under conrtol of the program. Relay 12CMD, operated,
locks to ground through its make contact 12CMD-1(12),
break contact 12ZCMDR-1(12) of relay 12CMDR, and
maxe contact 3ETP1-11(18) of relay 3ETPI. Lamps
2596 and 2597 are now lighted from ground, through
make contacts 3WRI-2(25) of relay 3WR1 and
12CMD-2(25) of relay 12CMD. (Relay 3WR1 op-
erated following operation of relay 3WR and locked to
ground through break contact 3ADVF-2(3) of relay
S3ADVF, its own make contact 3WR1-1(3) and make
contact 3ETPi-3(2) of relay 3ETP1.) The lamps are
extinguished by operating relay 12CMDR over code lead
11BA, i.e., a WRITE code with Prime relay 21PM op-
erated, whereby to release relay 12CMD. -

Provision is made for three “rate” displays, tubes H,
J and K being used to display the rate information. When
the program segment requires rate display, one of the
rate display code leads 32WT, 32YT, or 32AT, is
grounded whereby to operate a respective relay of the
group 22RA1, 23RA2, 23RA3. In the present instance
it will be assumed that relay 22RA1 is operated and forth-
with locks to ground through the make contacts of trans-
ter pair 22RA1-1(22), break contact 23RAR-1(22) and
make contact 3ETP1-18(23). Now, when Display Rate
key 601 (FIG. 6) is closed, relay 6DRK operates over
an obvious path. Relay 6DRK, operated, completes a
path for operating either one of the three relays, 22RAA,
22RAB or 22RAC, depending upon which of the three
control relays 22RA1, 22RA2, or ZZRA3, is operated. In
the present example, since relay 22RA1 is operated,
relay 22RAA will operate from ground, the make con-
tact of transfer pair 6DRK-1(22) of relay §DRK, make
contact 2ZRAI1-2(22) of relay 22RA1, winding of relay
ZZRAA to battery. With relay 22RAA operated, poten-
tial from respective leads 2483, 24064 and 2405 will be
applied to one terminal of each rate tube H, J and K
(each similar in arrangement to tube 2501) through make
contacts 22RAA-1(24) 22ZRAA-2(24) and 2Z2RAA--
3(24) of the operate relay. Also, with relay 22RAA
operated, rate lamp 2508 may be either lighted “steady”
or “flashiing” under control of the program by ground
applied over code lead 32TR to operate relay 27RD or
over code lead 32SM to operate relay 27RDF (a “WRITE”
code with relay 21PM4 operated). Either relay 27RDF
or relay 27RD, upon operating, would lock to ground at
make contact 3ETPI-21(27) of relay 3ETP1 over ob-
vious paths each of which includes break contact
2TRDR-1(27) of relay 27RDR. Either operated relay
will be released, therefore, when relay 27RDR is operated
over code lead 11GA.

Relay 27RD, operated, will complete a “steady” path
for lighting RATE lamp 2568 from “steady” ground,
make contact IWR1-2(25) of relay 3WR1, either make
contact 22ZRAA-4(25), 22RAB-1(25) or 22RAC-1(25)
depending upon which of the three relays is operated,
make contact 27RD-3(25) of relay 27RD, the break con-
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tact of transfer pair 27RDF-3(25) of relay 27RDF,
through the lamp to battery. Operation of relay ZTRDPF,

on the other hand, will complete a “flashing” path for

the lamp from “interrupted” ground at interrupter 2569
through the make contact of its transfer pairs 27RDF—
3(25). -

Provision is included for ten “called-number” displays
under control of the program, relays 23CDN1 to 23CDN4
and 22CDNS5 to 22CDN19 being selectively operated by
applymg ground to the respective code leads for this pur-
pose. Each relay, as operated, will be locked over a re-
spective path through one of its own make contacts and
either break contact 22CDNR-1(22) or 22CDNR-2(23)
of relay 2CDNR. Accordingly, operation of the last-
mentioned relay over code lead 32SQ will release any oper-
ated relay in the group. In the present illustrative exam-
ple it will be assumed that relay 23CDN3Z operates and
locks in that position.

With a relay in the above group operated, closure of
“Display Called No.” key 603 and operation of relay
6CDNK will be followed by operation of an associated
relay in the group 22CDNA-22CDNC and 23CDND-
23CDNL. In the present illustrative example with relay
23CDN1 assumed operated, one relay 22CDNA will oper-
ate through make contacts Z3CDN1-2(22) and 6CDNK-
1(23) to ground. The operated 22CDNA relay will con-
nect battery through respective make contacts to the re-
spective indicator tubes as represented by tube 2501.
Such connections will be closed from battery on lead
2405 through make contact 22CDNA-1(24), from bat-
tery on lead 2494 through make contact 22CDNA—2 (24),
from battery on lead 2403 through make contact
22CDNA-3(24), from battery on lead 2503 through
make contact 22CDNA-4(25) and through similar con-
tacts not shown but included in the groups represented
by rectangles 2497, 2402, 2401, 2406, 2505 and 2504.

Provision is also made for display of four simulated
calling numbers under control of the program. When the
program segment requires a calling number display ground
on the appropriate code lead 3XV, 322V, 32BV or 32CV
will operate respective code relays 23CGN1, 23CGN2,
23CGN3 or 3CGN4; the respective relays, upon operat-
ing, will lock to ground through a make contact of its re-
spective transfer pair (make-before-break continuity)
break contact 23CGNR-1(23) of relay 23CGNR, and
make contact 3ETP1-18(23) of relay 3ETPI. In the
present illustrative example, it will be assumed that relay
23CGNI1 operates and locks to ground through the make
contact of its transfer pair 23CGN1-1(23) and the path
just described. Now when “Display Calling No.” key 602
1s closed and relay 6CGNK operated, relay 22CGNA will
operate to ground through make contact 23CGN1-1(22)
of relay 23CGN1 and make contact §CGNK—1 (Z2) of
relay 6CGNK. Battery will now be supplied to respective
terminals of the display tubes, for example from lead
2405 through make contact 22CGNA~1(24) to tube K,
from lead 2404 through make contact 22CGNA—-(24) to
tube J, and from lead 2493 through make contact
22CGNA-3(24) to tube H.

Result of failure, time out, alarm or premature disconnect

As described above, if the trainee operates a “wrong
key” relay 16WK operates and opens at its break con-
tact I6WK-4(2) magnet start lead 283 whereby to stop
the reader tape. Similarly, if the trainee does not “re-
spond” within a predetermined period, relay i9TOF op-
erates which also opens start lead 263 to break contact 19
to F-8(2). If the trainee disconnects her headset from
the position telephone jack before the program tapes have
run out (premature disconnect) the resulting release of
relay 3P0, with relay 2TTO still operated, will operate
relay 2PD from ground, the break contact of transfer
pair 3PO-7(2) of relay 3PO, make contact 2TTO-3(2)

of relay 2TTO, winding of relay 2PD to battery. Relay

2PD, operated, locks to ground through its make contact
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2PD-2(2) and break contact 3ETP-4(2) of relay 3ETP.
Relay 2PD, upon operating, opens start lead 203 at its
break contact 2PD-3(2) stopping the reader tape. If an
alarm condition arises in the teletypewriter read control
circuit, the operation of relay 7TALM (as described above
and as will be described in greater detail subsequently)
closes a path for operating alarm relay 3ALM from
ground, make contact TALM-3(3) of relay 7ALM, wind-
ing of relay 3ALM to battery. Relay 3ALM, upon op-
erating, locks to ground through its make contact 3IALM-
1(3) and make contact 3ETP1-3(2) of relay 3ETPI, and
opens at its break contact 3ALM-2(2) lead 203 whereby
to stop the tape reader.

It will be readily apparent from examination of FIGS.
11 and 32 that operation of any of the above referred to
“trouble” relays, 19TOF, 3ALM, 16 WK, 2PD, will remove
ground from all of the code leads except code lead 32WU
which has a separate ground connection through make
contact SCHU-2(32) of relay 8CHU. This, of course,
effectively eliminates any further code relay operation
while the tape is being advanced through the remainder of
that particular program.

After any of the above “irregularities” has occurred,

the training operation can be resumed only by closing the

ADVANCE key 302 (key 122, FIG. 1). In addition,
in the case of “premature disconnect” the telephone cir-
cuit plug must be restored in the jack (to reoperate relay
3P0O) and in the event of an alarm the condition causing
the alarm. must be cleared. When ADVANCE key 302
is closed, relay 3ADYV operates over an ©obvious path
through make contact 3PO-1(3) of relay 3PO. |

Relay 3ADV, operated, reoperates off-normal relay
60N (in the case the relay had been released through pre-
mature disconnect) through its make contact 3ADV-5(6)
and make contacts 3PO-3(8) and 2PD-4(6). Also relay
3ADYV, operated, will operate relay 3ADVF through 1ts
make contact 3ADV-6(3) and over one of four shunt
paths depending upon which “trouble” relay has operated,
that is, a path through make contact 19TOF-9(3) of
relay 19TOF, a path through make contact 16WK-9(3)
of relay 16WK, a path through make contacts 2PD-5(3)
of relay 2PD and 3P0O-8(3) of relay 3PO, or a path
through make contact 3ALM-4(3) of relay 3ALM and
break contact 7ALM-4(3) of relay 7ALM. Relay
3ADVF, operated, locks to ground through its make con-
tact SADVF—-4(3) and make contact 3ETP1-3(2) of re-
lay 3ETP1. Also, relay 3ADYV, upon operating, closes
a shunt path through its make contact 3ADVEF-5(2)
around the break contacts of the ““trouble” relays in
start lead 2903. | | |

With both relays 3ADV and 3AVF now operated, a
path is closed to operate relay 4A of the magnetic tape
control circuit from ground, break contact IMC-2(4) of
relay 3MC, make contacts 3ADV-2(4) of relay 3ADV
and 3ADVI-6(4) of relay 3ADVEF, break contacts
6EPI-2(4) of relay 6EPI and 4WU-1(4) of relay 4WU,
winding of relay 4A to battery. Relay 4A operated,
closes at its 4A-1(4) make contact an operate 'path for
relay 4B, and also closes (before relay 4B operates) a
path for operating relay 4ADV from ground, make con-
tact SEP-1(4) of relay SEP, make contact 4A-2(4) af
relay 4A, break contact 4B-1(4) of relay 4B, winding of

relay 4ADV to batiery. Relay 4ADYV, upon operating,

locks to ground through its 4ADV-1(4) make contact,
and closes at its make contact 4ADV-2(4) a path for
starting the magnetic reproducer. At the same time the
tape reader start lead 263 is opened at break contact
dADV-4(2).
relay 3ADYV releases. -

When the magnetic tape reaches the end of program,
relay SEP is released from the magnetic tape control cir-
cuit which opens the hold path of relay 4ADV at make
contact SEP-1(4). Release of relay 4ADV recloses start
Jead 203 at break contact 4ADV-4(2) and causes the
reades tape to run to end of program at which point ground

When the ADVANCE key 302 is opened,.
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is transmitted over code lead 32WU to operate relay
3ETP. Relay 3ETP, operated, closes an operate path for
relay 4WU from ground, break contact 3MC-2(4) of
relay 3MC, make contact 3ETP-5(4) of relay 3ETP, wind-
ing of relay 4WU to battery; releases relay 3ETP1 which
in turn releases all relays held operated to ground through
make contacts of that relay, this including the 3ADVE
relay; holds start lead 203 open at break contact
3ETP-2(2); and closes through its make -contact
3ETP-1(3) an operate path for relay 3SYT in the event
the magnetic tape is still running and relay 4MTON is
operated.

Removal of ground form code lead 32WU releases relay
3ETP. If relay 3SYT is normal, start lead 263 will now
be closed at break contact 3ETP-2(2). If the magnetic
tape is still running, the teletypewriter tape reader start
lead 203 will be held open at break contact 3SYT-2(2)
of relay 3SYT. When the magnetic tape does come to .
rest, relay 4MTON releases as previously described
thereby releasing relay 3SYT and closing the start lead
203 of the tape reader. |

When relay 4WU operates as above described it locks
to ground through its make contact 4WU-2(4) and
through parallel paths through make contacts 6EPI-3(4)
of relay 6EP1 and 4EPA-3(4) of relay 4EPA. Also,
upon operating, relay 4WU opens at its break contacts
AWU-1(4) the hold path of relay 4A which releases.
After the magnetic tape has stopped and relay 4MO,
released, has released relay 4EPA, the operation of relay
4WU is effective to release relay 6EP1 since it opens the
holding path thereof at break contact 4WU-3(6). Relay
GEP1, released, releases relay 4WU at make contact
65P1-3(4) and the magnetic tape control circuit 1S now
normat. |

During the course of the magnetic tape reproduction
when a TONE pulse is generated, relay STN is released by
the magnetic tape control circuit. At this point relay 4W
will operate from battery, resistor 405, winding of relay
4W, break contact of transfer pair 4W-1(4), make con-
tact 4MQO-3(4), break contact 4ADV-3(4), break con-
tact of transfer pair 4EPA~1(4), break contact STN-1(4)
to ground. When the tone ceases, relay 4Z will operate
from battery, resistor 406, winding of relay 4Z, the make
contact of transfer pair 4W-1(4), break contact 5S1-1(4)
to ground. Relay 5S now operates from ground through
make contacts 4W—2(5) of relay 4W and 4Z-2(5) of
relay 4Z and, when operated, closes an operate path for
relay 551 at make contact 55-2(5). Also, relay 58S, oper-
ated, stops the reproducer by opening at its break contact
5S-3(4) a control lead to the reproducer circuit 401,
and closes a path at its make contact 5S—4(5) for oper-
ating relay SSYNC. |

Relay 5S1, operated, releases relays 4W and 4Z by
opening the hold path at break contact 551-1(4); relays
4W and 4Z, released, release relay 5S. Relay 55, re-
leased, releases relay SS1.

When the magnetic reproducer stopped following opera-
tion of relay 58S as above described, relay 4MO released.
Following operation of relay 4WU as above described the
magnetic reproducer circuit restores to normal.

Translator check failure alarm

In the event a “character” relay of the translator cir-
cuit, for example SCHW or 9CHT, should fail to operate
in a particular cycle due to some operational difficulty, cr
if more ‘than one “character” relay should operate for
similar reason, or if one or both of the operated character
relays should fail to release at the end of the second cycle
of a pair, resulting in two or more character relays being
operated in the next cycle, the operating path of the 7CK
relay through the 1-out-of-n-check or 2-out-of-n-check
networks (FIGS. 7 and 10) would not be closed. The
action of the circuit upon failure of relay 7CK to operate
for the above reasons is as now described.

With relay 7CK released, the opening of the tape reader
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contacts, as 208, 209 etc., at the 80 ms. point in the tape
reader cycle will release the particular operated relays in

the group 2A1-2AS; this in turn will release relay 2STP.

The operated relays in the group 2B1-2B5, however, will
remain operated being locked to ground at break contact
TCK-~4(2) of relay 7CK; the 2STP1 relay is therefore
held operated. With relay 7CK released and relay 2STP1
operated, the operating path for the intended character
relay is maintained at break contact 7CK-1(8) and make
contact 20TP1-5(8), while a locking path for operated
character relays is also maintained at make contact
2STP1-6(9). | |

With the failude of the 7CK relay to operate, start lead
203 of the clutch magnet is not closed at the shunt path
through make contact 7CK—-6(2), and with relay 25TP1
held operated, the lead is open at break contact
25TP1-1(2). Accordingly the tape reader stops at the
end of the rotation. The opening of auxiliary contact
207 at the 80 ms. point in the tape reader cycle removes
one of the short circuit paths around the lower winding
of relay 2Z (which was referred to above in the early
portion of the detailed description) if this is the first cycle
of a pair, or removes one of the holding paths of the 27
and 2A relays in series if the failure occurs in the even
cycle. In either event the 2A, 27 and 2W relays do not
change condition at this point due to the second short-
circuiting path or holding path, as the case may be,
through break contact 7CK-2(2) of relay 7CK and make
contact 2SR-2(2) of relay 2SR. Since the 2STP and
7CK relays are released and the 2STP1 relay is operated,
the operate path for ALARM relay 7ALM is now comi-
plete except for the 2W and 2Z relays being in the transient
state, that is one operated and the other released whereby
the path at transfer contacts 2Z-6(7) and 2W-5(7 ) is
open. This condition of the 2W-2Z relays also results
in the locking path of relay 2SR remaining open.

When the slow-to-release relay 2SR does release, the
short-circuit or holding path in the 2Z-2W relay
circuit through make contact 2SR-2(2) is opened per-
mitting relay 2Z to operate or relays 2Z and 2A to re-
lease, respectively. Thus, we have relays 2W and 2Z
compatible, either both operated or both released and
relay 7ALM operates from ground, make contact
25TP1-4(7) of relay 2STP1, either the respective make
or the respective break contacts of transfer pairs 2Z-6(7)
and 2W-5(7) of relays 2Z and 2W, break contacts
1CK-5(7) of relay 7CK and 2STP-2(7) of relay 2STP,
winding of relay 7ALM to battery.

The release of relay 2SR referred to above is effective

through the break contact of its transfer pair 2SR—1(2)
to insert resistor 221 in series with the operating winding
of relay 2STP1 whereby to reduce heating of the low
resistance winding during the prolonged period of opera-
tion.
- Relay 7ALM, upon operating, as above described,
locks to ground through its make contact 7TALM-5(7)
and break contacts of TROUBLE RELEASE keys
701 and 702. Also relay 7ALM, operated, closes at its
TALM-6(7) contact a path for lighting ALARM lamps
703 and 704; closes a path at its make contact 7TALM—-3(3)
for operating relay 3ALM, which upon operating opens
tape reader start lead 203 at break contact 3ALM-2(2),
and removes at its break contact 3ALM-3(32) ground
from all the code leads except code lead 3ZWU. Also
relay 7ALM, upon operating, opens at its break contact
TALM-4(3) an operate path for relay 3ADVF, and closes
at its make contact TALM-7(7) an operate path for
relay 7ALMI1. Relay 7ALM1 upon operating locks to
ground through its make contact TALM1-2(7) and either
break contacts SCHLF-5(7) of relay 9CHLF and
9CHSP-4(7) of relay 9CHSP or break contact 7CK-7(7)
of relay 7CK. | |

Relay TALM1, operated, partially completes at its make
contact 7ALM1-3(2) an operate path for relay 2STP2
and transfers at the make contact of its transfer pair

30
TALM1-1(7) control of the 7CK relay operate circuit
to either keys 7601 and 702 or to relays 2STP1 and

- 25TP2Z,
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The circuit is now locked in an ALARM condition with
all components of the transmitting portion of the circuit
except relays of the 2A1-2A5 group held in their operated
or working condition, with the reader tape stopped at
the end of the character which was not properly trans-
lated, and with its ALARM relays 7AILM and 7TALM1
operated and CHECK relay 7CK released. |

In order to resume “training” the reader tape must be
made to skip over the remainder of the “call” in which
the alarm occurred to the next program. To avoid a pos-
sible immediate recurrence of the alarm condition a
special cycling sequence, without checking, is utilized to
bring the tape up to the next single character code, either
WRITE or READ, at which point the normal checking
sequence is continued to the end of the call. This method
1s based on the fact that a single character code cycle
can be used as an identifiable landmark since it always
results in the restoral of the circuit to the odd cycle condi-
tion. Output codes are not transmitted during either
phase of the “trouble running” sequence, except for the
“end of program” code. |

When the trouble has been cleared, or when “training”
is to be resumed, either trouble release key 701 or 702 is
closed whereby to operate relay 7CK through the make
contact of transfer pair TALMI1-1(7) of relay 7TALMI.
Relay 7TALM releases following operation of the trouble
release key and operation of relay 7CK.

Relay 7CK operated, releases operated relays in the
group 2BI1-2BS by opening the locking path at break con-
tact TCK—~4(2); this in turn releases relay 2STP1. With
relay 7CK operated and relay 2STP1 released, clutch
magnet start lead 203 is closed at make contact 7TCK—-6(2)
of relay 7CK and break contact 2STP1-1(2) of relay
25TP1 although it is open at another point under con-
trol of the ADVANCE key, |

Relay 7ALM, released, extinguishes ALARM lamps
703 and 704. Release of the TROUBLE RELEASE key
701 or 702 releases relay 7TCK. |

Operation of relay 3ADV, following closure of AD-
VANCE key 302 by the trainee, closes at its make contact
JADV-7(2) an operate path for relay 2SR; relay 2SR,
operated, closes through its make contact 2ZSR-6(2) a
shorting path for its secondary winding, whereby to im-
part slow-to-release characteristics, and locks to ground
through its make contact 2SR-5(2), either make or break
transfer contacts of relays 2W and 2Z (both either
operated or released) and the make contact of transfer

pair 3PO-7(2) of relay 3PO. The magnetic tape is now

advanced to its end-of-program point, at which time the
teletypewriter tape reader starts running. The teletype-
writer tape reader control circunit (FIG. 2) functions as
in a normal cycle as previously described to operate a
“character” relay (FIGS. 8 and 9) and to “flip” or “flop”
the 2W-2Z relay combination into the first or second
cycle off-normal condition depending upon iis condition

~at the time the alarm occurred. Under this condition,

however, with relays 2SR and 7ALM operated a path is
completed upon operation of relay 2STP1 for operating
relay 258TP2 from ground, make contacts 2STP1-7(2),
7TALM1-3(2) and 2SR—4(2), winding of relay 2STP2 to
battery. Relay 7CK now operates from ground, make
contacts 2STP1-3(7), and 2STP2-21(7), make contact of
transfer pair 7TALMI-1(7), winding of relay 7CK to
battery; relay 7CK, upon operating, locks to ground
through its make contact 7CK-3(7) and make contact
25TP1-3(7) of relay 2STP1. At the end of the cycle
relay 28TP1, released, releases relays 2STP2 and 7CK.
The operate time of the 28TP2 relay is such as to permit
the selected “character” relay (FIGS. 8 and 9) to operate
before the common ground connection is opened at break
contact 7CK-1(8) of relay 7CK.

The circuit continues cycling in this manner until the
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next single character code is reached Upon operation
of either “single character” relay $CHLFEF or 2CHSP, one
of the two holding paths of relay 7TALMI1 will be opened
either at break contact SCHLF-5(7) or 9CHSP—-4(7).
Then when the 7CK relay operates in the cycle, the other
holding path is opened at break contact TCK-7(7) of
relay 7CK, and relay 7ALM]1 releases. Relay 7ALMI,
released, releases relay 2STP2 by opening the operate path
at make contact TALM1-3(2), and restores through the
break contact of transfer pair 7ALM1-1(7) the operate
path of relay 7CK to the check circuit.

The alternate hold path for relay 7AILLM1 through a
break contact of relay 7CK, as described above, is pro-
vided to prevent operation of the single character relays
9CHLF or 9CHSP from releasing relay 7ALM1 before
relay 7CK has operated following operation of relay
2STP2 (over a path which includes a make contact of
relay 7TALM1). Operation of relays 9CHLF or 9CHSP
also opens at break contacts 9CHLF-2(2) or 9CHSP-
1(2) break contacts the combined 2Z relay operating
and 2W relay holding path of the odd cycle state of these
relays. When the tape reader contacts open near the

end of the cycle, relays 2W and 2Z, if operated, release -

and relay 2STP1 releases in the normal manner releas-
ing relay 7CK.

When the “end of program”
tape reader, ground is restored to the code leads (FIGS.
11 and 32) and operator training may resume.

Key pulsing key check and counting circuit’

On certain training calls a trainee may be required to
key pulse given numbers of pulses.
the program segment requires the trainee to key pulse
a “trouble code” the KP TRBL lamp 2801 must be lighted
before the trainee may key. Ground applied to code
lead 32RO as a WRITE code, ie., with Prime relay
21PM2 operated, will operate relay Z26KPTL through
the make contact of transfer paid 21PM2-1(26) of relay
21PM2; relay 26KPTL, operated, locks to ground through
the make contact of transfer pair 26KPTL-1(26), break
contacts 26KPTF-1(26) and 26KPTR-1(26) and make
contact 3ETP1-20(27) of relay 3ETP1. Relay 26KPTL,
upon operating, closes a path for lighting lamp 2801
“steady” through resistor 2802, the break contact of trans-
fer pair 26KPTF-2(28) of relay 26KPTYF, make contact
26KPTL-2(28) of relay 26KPTL, lead 28@3, make con-
tact 3IWRI1-3(31) of relay 3RWI1 to ground. Also relay
26KPTL, operated, closes a path at its make contact
26KPTIL-3(21) for operating relay 21KPTI1; relay
21KPT1, operated, in turn completes a path through its
make contact 21KPTi1-2(21) for connecting relay
21KP7 to No. 2 terminal of rotary switch 2102. Relay
21KPT1 locks to ground through its make contact
21KPT1-1(21), break -contact 21KPT-2(21) of relay
21KP7, make contact 3ETP1-8(21) of relay 3ETP1.

When the segment requires the trainee to key pulse
a rate code, KP RATE lamp 3101 must be lighted before
the trainee may key. Ground applied to code lead 32TO
(FIG. 32) as a WRITE code, ie., with PRIME relay
21PM2 operated, will operate relay 26KPRI. through
make contact 21PM2-2(26) of relay 21PM2; relay
26KPRL, operated, locks to ground through the make
contact of transfer pair 26KPRL~3(26), break contacts
26KPRF-1(26) and 26KPRR-1(26) and make contact
3ETP1-20(27). Relay 26KPRL, operated, closes a path

for lighting lamp 3101 “steady” through resistor 3102,

the break contact of transfer pair 26KPRF-2(31) of
relay 26KPRF, make contact 26KPRL-4(31) of relay
26KPRL., lead 2803, make contact 3IRW1-3(31) of re-
lay 3RW1 to ground. Also relay 26KPRL, operated,
closes at its make contact 20KPRI—1(21) a path for
operating relay 21KPR1; relay 21KPRI1, operated, con-
nects relay 21KP7 through make contact 2IKPR1-1(21)
to #3 contact of the bank of rotary switch 2102.

code is reached by the

For example, when
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erated, having been operated by ground apphed to code
lead 32SM as a READ code with the Prime relays un-
operated through the break contact of transfer pair
21PM4-2(27) of relay 21PM4, to code lead 26SM and
over that lead to operate relay 13KPN, which upon op-
erating locks to ground through the make contact of its-
transfer pair 13KPN-1(13), break contact 21KP7-3(13),"
lead 3361, break contact 3IMA-1(33) and make contact
3ETP1-1(33). (Transfer pair 13KPN-1(13) 1is make-
before-break.) Accordingly, when the first key of the
Key Pulser (FIG. 21) is closed, relay 21P will be op-.
erated over an obvious path through make contact
13KPN-2(21) of relay 13KPN. Relay 21P, operated,
closes a path through its make contact 21P-1(21) for
energizing rotary magnet 2101 of selector 2102; this
causes the selector to step to contact #1. When the se-.
lector moves off normal, the OFF NORMAL vcontact
2103 closes. |

Release of the Key Pulser key releases relay 21P.
Each subsequent operation and release of a Key Pulser

- key results in the operation and release of relay 21P
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26KPTL-2(28).

with resultant advance of the selector to the next termi-
nal. As rotation continues if a Trouble Code is being
pulsed, with reiay 21KPT1 operated, relay 21KP7 will
operate when the contact #2 of the rotary bank is en-
gaged; if a rate code is being pulsed with relay 21KPR1
operated, relay 21KP7 will operate when contact #3 is
engaged; and for a different code will operate when con-
tact #£7 is engaged. At each operation of relay 21KP7
it opens at its break contact 21KP7-3(13) the hold path .
of relay 13KPN which releases; tocks to ground through
its own make contact 21KP7-1(21) and the selector
OFF NORMAL contact 2103; and closes at its make
contact 21KP7-4(21) a path for energizing release mag-
net 2104 of the selector. |

Relay 13KPN, released, opens at its make contact
13KPN-2(21) the operate path for relay 21P whereby:
to prevent any further key operation from interfering
with release of the selector 2102. Operation of release
magnet 2104 as just described causes selector 2102 to re-
turn to normal. When it has returned to normal, OFF
NORMAL contact 2103 opens, releasing relay 21KP7
whereby to de-energize release magnet 2104.

Lamp 2801, lighted “steady” as above described,
extinguished by operating relay 26KPTR by apphcatmn
of ground to code lead 32SO; the hold path for relay-
26KPTL is opened at break contact 26KPTR-1(26)- of
relay 26KPTR and relay 26KPTL releases and opens
the energizing path of lamp 2801 at make contact:
Lamp 3101, lighted “steady” as above
described, i1s extinguished by operating relay 26KPRR
by application of ground to code lead 32VO. This re-_
leases relay 26KPRI. by opening the hold path at break
contact 26KPRR-1(26) of relay 26KPRR; relay 26-
KPRL, released, opens the energizing path of lamp 3101
at make contact 26KPRI1-4(31).

The lamps may be “flashed” over circuits generally
similar to those described above. In order to “flash”
lamp 2801, however, relay 26KPTF is operated instead .
of relay 26KPTL, and in order to “flash” lamp 3101, .
relay 26KPRF is operated instead of 26KPRL. Relay
26KPTF is operated by applyving ground to code lead
1ING, and upon operating, locks to ground through
the make contact of transfer pair 26KPTF-3(26), break .
contact 26 KPTI.—4(26), break contact 26KPTR-1(26),
and make contact 3ETP1-20(27). (The relay may be
subsequently released by operation of relay 26KPTR.)
Relay 26KPRF is operated by applying ground to code

~ lead 32UO and when operated, locks to ground through -

70

At this point relay 13KPN, the “match” relay is op- 75

‘the make contact of transfer pair 26KPRF-3(26), break:

contacts 26KPRI-5(26) and 26KPRR-1(26) and make
contact 3ETP1-20(27). (The relay may be subsequent—
ly released by operation of relay 26KPRR.)

Lamp 2861 is now “flashed” over a path through the
make contact of transfer pair 26KPTF-2(28) of relay
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26KPTYF, lead 2888, make contact 3IWR1I-4(31) of re-
lay 3WR1, to interrupted ground at interrupter 3112,
while lamp 3161 is “flashed” over a similar path through

the make contact of transfer pair 26K PRF-2(31) of re-
Iay 26 KPRF.

Manual control

As previously pointed out above, the novel arrangement
provided 1s such that, on occasion, the training supervisor
may assume manual conftrol of the training procedure and
advance the program step-by-step as desired. Such a pro-
cedure may be advisable, for example, at the very start of
the training, or during portions of the program that are
found particularly difficult by a trainee. The magnetic
tape 1s not utilized during the manually controlled pro-
cedure, the “voice” being that of the supervisor. The
teletypewriter tape is used to supply “command” informa-
tion to the trainees and * information. The

match”
tape does not, however, advance automatically upon
a successful MATCH but waits for the supervisor to
momentarily operate her control key.

To start the manually controlled training period, the
proper teletypewriter program tape is placed in the tape
reader, but no magnetic tape 1s provided in the magnetic
reproducer, The MANUAL CONTROL key (FIG. 3),
a locking key, is now closed whereby to close a path
through its make contact 304 for operating relay 3MC.
Relay 3MC, operated, closes an operate path for relay
3MA1 from ground, make contact 3IMC-3(3) of relay
3MC, break contact 3MA-3(3) of relay 3SMA, winding of
relay 3MAI1 to battery. Also relay IMC upon operating,
partially establishes at its make contact 3IMC-4(6) an
operate path for relay 60N; opens at its break contact
IMC-2(4) the ground connection to the 4A and 4WU
relays whereby to disable the magnetic tape controi cir-
cuit; opmens at the break contact of its transfer pair
IMC-11(3) the operate path of relay 3STC whereby to
disable the timing circuit; and opens at its break contact
IMC-6(16) the operate path of relay 16WK, whereby to
disable the WRONG KEY operation circuit.

The trainee connects her telephone set to the telephone
circuit, which operates relay 3PO as previously described,
and then closes the ADVANCE key 302 whereby to op-
erate relay 3ADV. Relay 680N now operates from ground,
make contacts 3ADV-5(6), 3MC-4(6) and 3P0O-3(56)
of relay 3P0, winding of relay 68N to battery. When
the trainee releases the ADVANCE key 382, relay 3ADV
releases and closes at its break contact 3ADV-1(2) start
lead 203 of the tape reader clutch magnet. The teletype-
writer tape now starts to run, as described above, and
continues to run into the first segment of the program.

It will be recalled from the above description of the
automatically controlled training procedure that when the
trainee attains a successful MATCH of the information
stored in the matchine and advance circuit, the release
of the particular MATCH relay releases the 15CK relay,
which, in turn, releases the 3WR relay whereupon the
reader tape is advanced into the next segment. In the
instance of manual control, however, the 15CK relay
does not release at this point since the involved “MATCH”
relay is held operated to ground through a break con-
tact of the 3MA relay. For example, assume that
MATCH relay 33RLF had operated and that relay 15CK
was held operated through make contact 33RLF-1(13)
of relay 33RLF. Now relay 33RLF does not release at
MATCH since it is locked to ground through break con-
tact 3MA-1(33) of relay 3MA, and relay 15CK is ac-
cordingly held.

When key 305 of the JACK and KEY circuit (not
shown) is momentarily closed, relay 3MA (MANUAL
ADVANCE) operates from ground, closed contact of key
365, closed contact 366 of MC key winding, of relay 3MA
to battery; relay 3MA, operated, releases at its 3MA-—
1(33) break contact any operated MATCH relays (FIG.
33), thereby releasing relay 15CK, and opens at its IMA-
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3(3) break contact the operate path of relay 3MA1 where-
by to release that relay; relay 3MA1 is slow-to-release.

Relay 3MA1, when released, re-establishes at its break
contact 3MAI-1(33) the holding path for MATCH re-
lays as they operate, and in turn, operate relay 15CK.
The slow-to-release characteristic of relay 3MA1 assures
a measure “open” period long enough to assure the re-
lease of any operated MATCH relays and the release of
relay 15CK, and yet short enough to make sure that these
relays will lock on the next segment even though the
supervisor may be slow in releasing key 305. When key
305 1s released, relay 3MA releases and relay 3MA1 is re-
operated.

At the completion of the manually controlled train-
ing period the MC key (contacts 304 and 30¢) is restored
to normal whereby to release relay 3IMC.

Additional match situations and lamp controls

It is believed that it may be of value to consider ad-
ditional MATCH situations at this point as well as ad-
ditional lamp controls.

- Let us assume now, therefore, that a READ code is
transmifted whereby ground is connected to code lead
3ZVP through operation of CHARACTER relays 9CHP
(make contact $CHP-2(32)) and 9CHV (make contact
SCHV-3(32)). Since the PRIME relays are released on
READ codes, the ground on code lead 32VP is connected
to code lead 27VP (FIG. 27) through the break contact
of transfer pair 21PM2-3(27) of relay 21PM2 and trans-
mitted thereover through the READ CODE LEAD cable
to operate relay 1I3NCG. Relay 13NCG, operated, locks
to ground through the make contact of transfer pair
13NCG-1(13), break contact ISNCGK-1(13), lead
3381, break contact 3IMA-1(33) and make contact
3ETP1-1(33). This is in effect, the “correct answer”
stored in the matching and advance circuit.

fter the READ transmission has been completed and
the PRIME relays have operated as above described,
ground applied to code lead 32VP as a WRITE code will
operate relay 2Z7NCGL through the make contact of trans-
fer pair 2iPM2-3(27) of relay 21PM2; relay Z7TNCGL,
upon operating, locks to ground through the make con-
tact of transfer pair 27NCGL-1(27) having make-betore-
break continuity, break contacts 27TNCGF-1(27) and
2TNCGR-1(27) and make contact 3ETP1-20(27).
Also, relay 27NCGF upon operating closes a path for
lighting NO CHARGE lamp 38601 *“steady” from battery,
resistor 3062, lamp 3681, resistor 3683, the break contact
of transfer pair 27NCGF-2(39) of relay 27TNCGF, make
contact 27TNCGL-2(30) of relay Z7TNCGL, lead 3004,
make contact 3WR1-5(39) of relay 2WR1 to ground; NO
CHARGE lamp 3861 lights whereby to present the “ques-
tion” or “problem” to the attendant.

The “proper response” by the trainee to the lighted NO
CHARGE lamp 3021 is closure of her NO CHARGE key
1567 (FIG. 15) whereby to operate relay ESNCGRK. As-
suming, therefore, that this is done, and that the opera-
tion is performed within the predstermined time interval
assigned to that particular problem, a MATCH is at-
tained; relay 15NCGK, operated, operates relay 17D1.2
through make contact ISNCGK-2(17), and the hold path
of the MATCH relay 13NCG is opened at break con-
tacts ISNCGK-1(13) and 17D12-1(13). Relay 13NCG,
released, opens at its make contact I3NCG-Z(15) the
operate path of relay 15CK,; release of relay 15CK is fol-

lowed by release of relay 3WR and the other circuit func-

tions following MATCH is previously described above.
At different points in the program it may be in corder
to light lamp 3001 “fiashing.” To accomplish this ground
is applied to code lead 1IMI which operates relay
2TNCGE; relay 27NCGF, upon operating, locks to ground
through the make contact of its transfer pair 27NCGF-
3(27), break contacts 27TNCGL-3(27) and ZTNCGR-
1(27), lead 27841 and make contact 3ETP1-20(27). Lamp

3001 is now lighted “fiashing” from battery, resistor 3692,
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lamp 3001, resistor 3003, the make contact of fransfer pair
27NCGF-2(30) of relay 27NCGF, lead 3395, make con-
tact 3IWR1-6(38) of relay 3WR1 to source of interrupted
ground 3006. |

Relay 27NCGR is operated by application of ground
over code lead 32WP, and since break contact 27TNCGR~
1(27) of this relay is included in the hold path of relays
27NCGF and 27NCGL, either of the two last-mentioned
relays, if operated, will be released by operation of relay
ZTNCGR. |

For purpose of further description let it be assumed
now that a READ code, that is with the PRIME relays
unoperated, is transmitted over code lead 11HE; since
relay 21PM3 is unoperated, the code ground is passed
through the break contact of transfer pair 21PM3-2(26¢)
of relay 21PM3 to code lead 26HE and thereover through
the READ CODE LEAD cable to operate relay 33RLBE.
Relay 33RLB, operated, locks to ground through the make
contact of transfer pair 33RLB-1(33), break contacts
6RLBK-1(33) and 17D1.3-2(33), lead 33901, break con-
tact 3IMA-1(33) and make contact 3ETPI-1(33). The
“correct answer” is now stored in the matching and
advance circuit. |

Upon completion of the READ codes the PRIME re-
lays operate as above described after which the WRITE
codes are transmitted. The code ground now applied to
code lead 11HE passes through the make contact of
transfer pair 21PM3-2(26) of relay 21PM3 and op-
erates relay 26RLBL; relay 26RLBL, operated, locks
to ground through the make contact of its transfer pair
26RIL.BL-1(268), break contact 26RLBR-1(26), lead 2601
and make contact 3ETP1-22(27). Relay 26R1L.BL., op-
erated, lights RLS BACK lamp 2904 from battery, lamp
2904, resistor 2905, make contact 26RLBI.-2(29) of re-
lay 26RIBL, lead 3084, make contact 3IWRI-5(30¢) of
relay 3WR1 to ground. Lamp 2904, lighted, presents the
“problem” to the trainee.

The proper “response” by the trainee to the “problem”
is operation of RELEASE BACK key 604 whereby to
operate relay 6RLBK. Assuming that the tratnee so re-
sponds and does so within the preassigned interval, a
MATCH is attained; relay 6RLBK, operated, completes
a path through its make contact 6RILBK~2(17) for op-
erating relay 17D13, following which the holding path
of MATCH relay 33RLB is opened at break contacts
6RLBK-1(33) of relay 6RLBK and 17D1L3-2(33) of re-
lay 17DL3. Relay 33RLB, released, opens at its make

contact 33RLB-2(15) the operate path of relay 15CK;

relay 15CK releases followed by release of relay 3WR
and the other circuit functions following MATCH as pre-
viously described above. |

Relay 26RILBL may be released by operating relay
26RI.BR since break contact Z6RLBR-1(26) of the latter
relay is included in the hold path of relay 26 ELBL; relay

26RLBR is operated by applying code ground over code
lead 111IE.

As an additional illustrative example let it be assumed
that as a READ code, ground be applied to code lead
110J through the break contact of transfer pair 21PM3-
3(27) of relay 27PM3 to code lead 270J and thereover
through the READ CODE LEAD cable to operate
MATCH relay 33STG: relay 33STG, operated, locks to
ground on lead 3301 through the make contact of trans-

fer pair 33STG-1(33) and break contacts 6STGK-1(33)
and 17DL3-3(33).

Upon completion of the READ codes transmission, the

PRIME relays operate, as above described, and ground
now applied to code lead 110J passes through the make
contact of transfer pair 21PM3-3(27) of relay 2iPM3

to operate relay 27STGL; relay 27STGL, operated, locks
to ground through its own make contact 27STGIL-1(27),
break contacts 27STGF-1(27) and 14STGR-1(27) and
make contact 3ETP1-22(27). Relay 27STGL, operated,
closes a path for lighting ST.TMG lamp 3104 “steady”
from battery, lamp 3104, resistor 3105, the break con-
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tact of transfer pair 27STGF-2(31) of relay 27STGF,
make contact 27STGIL~2(31) of relay 27STGL, lead
2803, make contact 3WR1-3(31) of relay 3WR1 to
eround. The “correct answer” has now been “stored”
by operation of MATCH relay 335STG, and the “prob-
lem” has been presented to the trainee by lighting lamp
3104.

The correct response by the trainee to lighted lamp

3104 is closure of TS.TMG key 605 whereby to operate

relay 6STGK. Assuming that the trainee does so act, and
does so within the permissible time limit, a MATCH
is attained since when relay 6STGK operates, relay 17DL3
is operated through make contact 6STGK-2(17), fol-
lowing which the hold path of relay 33STG is opened at
break contacts 6STGK-1(33) and 17DL3-3(33); relay
33STG opens. at its make contact 33STG-2(15) the oper-
ate path of relay 15CK which releases and initiates the
circuit functions following MATCH as previcusly de-

scribed.

In the event the program segment required lamp 3104
to be “flashed” instead of lighted “steady,” relay 27STGF
would have been operated over code lead 11PJ, and, hav-

ing operated, would lock to ground through its own make

contact 27STGF-3(27), break contacts 27STGL-3(27)
of relay 27STGL and 14STGR-1(27) of relay 145TGR
and make contact 3ETP1-22(27) of relay 3ETPL. Lamp
3104 will then be lighted “flashing” through the make
contact of transfer pair 27STGF-2(31) of relay 275TGF
and make contact 3IWR1-4(31) of relay 3IWR1 to in-
terrupted ground at interrupter 3112.

Either relay 27STGL or relay 27STGF may be re-
leased by operating relay 14STGR over code lead 11QJ
whereby to interrupt the holding path at break contact
14STGR-1(27).

It is believed the operation of the other lamps shown
but not described in detail with regard to their circuits,
will be clear from the above detailed description of simiiar
circuits. For example, it will be clear that CW lamp
2807 is lighted by operation of relay 14CW and CCW
lamp 2806 by operation of relay 18CCWL. Also that
lamps in the group 3106 to 3169 can be flashed at three
different rates, or lighted steady, and lamps 3110 and
3111 can be flashed at 120 I.p.m. or lighted steady. For
example, it will be clear that CLDO lamp 3106 can be
flashed at 60 l.p.m. by operating relay 12CDFA; at 30
l.p.m. by operating relay 12CDFB; at 120 l.p.m. by op-
erating relay 12CDFOQO; and can be lighted “steady” by
operating relay 12CDLO with the other relays released.

It will be understood that the training equipment con-
templated by our invention may also be utilized, particu-
larly in the earlier stages of imstruction, as a means of
issuing complete instructions to the trainee. For ex-
ample, the magnetic tape might be arranged to “inform”
the trainee, “The customer has just deposited a coin
through error; you are now required to operate your ‘Coin
Return’ key.” The response of the trainee to these di-
rect instructions would then be observed.

It is contemplated, and the novel arrangement permits,
that routine maintenance of the equipment will be fa-
cilitated by the use of properly programmed test tapes
instead of the written type of maintenance information
normally used in similar situations.

It is to be understood that the above-described arrange-
ments are illustrative of the principles of the invention.
Numerous other arrangements may be devised by those
skilled in the art without departing from the spirit and
scope of the inventiomn.

What is claimed 1s:

1. In training equipment for control board attendants,
a training position, visual indicators at said position for
indicating program problems to a trainee, a first group
of relays for controlling said visual indicators, a group

‘of match relays, a program tape perforated to control the

origination of problem codes and of response codes, a
plurality of code transmission leads. means for connect-




3,261,111

37

ing said code transmission leads to said match relays,
means for transmitfing response codes over said leads
when so connected whereby to selectively operate match
relays in accordance with the particular program seg-
ment, means effective upon completion of the transmission
of said response codes for connecting said same code
transmission leads to said first group of relays, means for
transmitting problem. codes over said code transmission
leads when so connected whereby to selectively activate
said visual indicators in accordance with the particular
program segment, @ plurality of keys at said position for
use by a trainee in responding to indicated problems, and
a respective responding circuit closed by each of said
keys, each of said responding circuits corresponding re-
spectively to one of said match relays, closure of a re-
spective responding circuit being effective to release the
corresponding match relay if operated whereby to indi-
cate a correct response by the trainee.

2. In training equipment for control board attendants,
a training position, visual indicators at said position for
indicating program problems to a trainee, a first group of
relays for controlling said visual indicators, a group of
match relays, a program tape perforated to control the
origination of problem codes and of response codes, a
plurality of code transmission leads, means for connect-
ing said code transmission leads to said match relays,
means for transmitting response codes over said leads
when so connected whereby to sslectively operate match
relays in accordance with the particular program seg-
ment, means effective upon completion of the transmis-
sion of said response codes for connecting said code
transmission leads to said first group of relays, means for
transmitting problem codes over said code transmission
 leads when so connected whereby to selectively activate
said visual indicators in accordance with the particular
program segment, a plurality of keys at said position for
use by a tramnee in responding fo indicated problems, a
respective responding circuit closed by each of said keys,
each of said responding circuits corresponding respectively
to cne of said match relays, closure of a respective re-
sponding circuit being effective to release the correspond-
ing match relay if operated whereby to indicate a correct
response by the trainee, additional responding means for
the trainee comprising a microphone, and means associ-
ated with said responding circuits for detecting sounds
picked up by said microphone.

- 3. In training equipment for control board attendants,

the combination defined by claim 2 further characterized
1n advancing means for said program tape, and means
effective upon indication of a correct response by the
trainee for activating said advancing means.

4. In training equipment for control board attendants,
the combination defined by claim 3 further characterized
in means for rendering said advancing means ineffective
and additional manually controlled means for advancing
said program tape. |

3. In training equipment for control board attendants,
the combination defined by claim 3 further characterized
in means for indicating an incorrect response by the
trainee.

6. In training equipment for control board attendants,
the combination defined by claim 5 further characterized
in a register and means effective upon operation of said
last-mentioned indicating means for actuating said regis-
ter.

7. In training equipment for control! board attendants,
the combination defined by claim 6 further characterized
in a second program tape having voice segments recorded
thereon and means for reproducing said voice segments
at said training position.

8. In training equipment for control board attendants,
the combination defined by claim 7 further characterized
in means for timing the interval between completion of
transmission of said problem codes and the response by
the trainee.
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9. In training equipment for control board attendants,
the combination defined by claim 8 further characterized
in means-controlled by said response codes for starting
said timing means.

10. In training equipment for control board attendants,
the combination defined by claim 9 further characterized
in means controlled by one of said program tapes for ad-
justing said timing means whereby to indicate different
predetermined intervals.

11. In training equipment for control board attendants,
the combination defined by claim 1@ further characterized
in a second register and means effective upon failure of
the trainee to respond within a respective one of said pre-
determined intervals to actuate said second register.

i2. In training equipment for control board attendants,
the combination defined by claim 11 further characterized
in that said means for rendering said advancing means
ineffective is effective both upon operation of said first-
mentioned register and operation of said second register.

13. In training equipment for control board attendants,
the combination defined by claim 12 further characterized
in that said means for connecting said code transmission
leads to said first group of relays includes an additional
relay operated by a code transmitted after said response

codes and while said code transmission leads are still con-

nected to said match relays.
14. An automatic training equipment for switchboard -
attendants comprising a training position having visual in-

dicators, keys and an attendant’s headset thereat, first pro-

gram means storing coded problems and coded responses
thereto, second program means storing vocal instructions,
additional storage means, means for first transferring said
responses from said first program means to said additional
storage means and for then transferring said problems
from said first program means to said indicators, means
for transferring said vocal instructions from. said second
program means fo said attendant’s headset, means for
comparing the response of the trainee with said responses
in said additional storage means, means controlled by said
comparing means for advancing said first program means
on proper key or vocal response within a predetermined
time interval, and means controlled by said first program
means for varying said time interval during the comparing

of the response of the trainee with said responses in said

additional storage means. |
15. An automatic training equipment in accordance

- with claim 14 further characterized in that said means
for transferring said responses from said first program

means to said additional storage means includes means
for temporarily storing a first portion of each coded re-
sponse, combining it with a second portion of the same
coded response, and subsequently transmitting the com-
bined portions.

16. An automatic training equipment for switchboard
attendants comprising a training position having visual
indiactors thereat, an attendant’s telephone circuit at said
position, a first program means storing coded responses
and coded problems to be presented to the position, second
program means storing vocal instructions to be presented
to said position, code leads connected to said first and said
second program means, additional storage means, trans-
fer means for initially connecting said code leads to said
additional means to store said responses thereat and for
then reconnecting said same code leads whereby to se-
lectively energize said indicators for presenting said prob-
lems to said training position, means for comparing re-
sponses from said training position with said responses

stored in said additional storage means, means for stop-

ping said first program means on presentation of a
problem to said training position, means for subsequently
advancing said first program means, a first relay operat-
ing upon improper operation of said comparing means, a
second relay operating upon a failure of said comparing
means to operate within a predetermined interval after
presentation of a problem to said position, a third relay
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operating upon an alarm condition in said equipment, a
fourth relay operating upon disconnection of said attend-
ant’s telephone circuit from said position, and means
effective upon operation of any one of said relays for
rendering said advancing means ineffective.

17. An automatic training equipment for switcboard
attendants comprising a training position, visual indicators

and an attendant’s telephone circuit at said position, a

first program record storing coded problems and coded
responses, a second program record storing vocal an-
nouncements, each of said program records comprising a
plurality of discrete segments and an initial start portion,
said segments being grouped to simulate complete calls,
additional storage means, a first advancing means for
said first program record and a second advancing means
for said second program record, means for first activating

both of said advancing means whereby to synchronize

both of said program records with respect to the respective
initial start portions, means for then activating said first
advancing means whereby to advance said first program
record through successive segments in turn, means effec-
tive during the advance of said first record for first trans-

ferring said responses therefrom to said additional stor-
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age means and for then transferring said problems there- -

from to said visual indicators, means controlled by said
first record during the advance thereof for activating said

second advancing means whereby to intermittently ad-

vance said second program record, and means effective
during the advance of said second program record for
transferring said vocal announcements therefrom to said
attendant’s telephone circuit.

18. An automatic training equipment in accordance
with claim 17 further comprising means for comparing
the response of the trainee with said responses in said ad-
ditional storage means, and means for interrupting the ad-
vance of said first program record at the end of each re-
spective segment and for resuming the advance upon
proper response by the attendant.

19. An automatic training equipment in accordance
with claim 18 further comprising means effective upon an
incorrect response by the attendant for inactivating both
said first and said second advancing means, |

20. An automatic training equipment in accordance
with claim 192 further comprising additional means effec-
tive upon an incorrect response by the attendant for by-
passing the remaining segments of the respective groups
and advancing both program records to the next respective
group of segments. . |

21. Training equipment for switchboard attendants
comprising a training position, visual indicators at said
position, control means for said indicators, storage means,
control means for said storage means, program means
containing groups of answer codes and groups of problem
codes, a plurality of code transmission leads, means for
connecting said code leads to said second-mentioned
control means for transmission of said answer codes for
control of said storage means, means effective upon
completion of the transmission of said answer codes for
connecting said code leads to said first-mentioned control
means for transmission of said problem codes for control
of said visual indicators, trainee responding means in-
cluding a microphone at said position, and means for
comparing the trainee’s response with information stored
in said storage means, said last-mentioned means including
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a voice detector for detecting voice picked up by said
microphone.
22. Training equipment for switchboard attendants

comprising a training position, visual indicators at said

position, control means for said indicators, storage means,
control means for said storage means, program means

containing groups of answer codes and groups of problem

codes, a plurality of code transmission leads, means for
connecting said code leads to said second-mentioned
control means for transmission of said answer codes for

control of said storage means, means effective upon com-

pletion of the transmission of said answer codes for
connecting said same code leads to said first-mentioned

control means for transmission of said problem codes

for control of said wisual indicators, trainee responding
means at said position, means for comparing the trainee’s
response with information stored in said storage mearns,
first registering means, means effective upon failure of a
match between the trainee’s response and information
stored in said storage means for actuating said first
registering means, second registering means, means for
timing the interval between the completion of transmission
of said problem codes and the trainee’s response, means
effective upon said interval exceeding a predetermined
limit for actuating said second registering means, and
means controlled by one of said codes during transmission
thereof for varying said timing means whereby to indicate
different time intervals.

23. An automatic training equipment for switchboard
attendants comprising a training position having visual
indicators thereat, a first program means storing coded

| -

responses and coded problems to be presented to the

position, second program means storing vocal instructions
to be presented to the position, additional storage means,

‘code leads connected to said first programs means, transfer
means for initially connecting said code leads to said

additional storage means to store said responses thereat

~and for then reconnecting said same code leads whereby

to selectively energize said indicators for presenting sard
problems to said training position, means for comparing
responses from said training position with said responses
stored in said additional storage means, means for stopping
said first program means on presentation of said problems
to said training position and for subsequently advancing
said first program means on proper operation of said
comparing means, means for disconnecting said second
program means from said training position and for con-
necting a supervisor’s headset thereto, means for pre-
venting operation of said means for advancing said first
program means on proper operation of said comparing
means, and manual means for advancing said first pro-
gram means,
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