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WARNING

Certain modifications are necessary to both
the G-15 Computer and Typewriter. These
modifications are described in Sectlons VI
and VII of this manual.

The equipment will NOT operate correctly
until these modifications are madee.



SECTION

I

IT

IIT

VI

VII

TABLE OF CONTENTS

PARAGRAPH

l.o GENERAL L ] * L] - L] L J L L] o * . L ] . * .
l.1l Function =+ ¢« ¢ o ¢ ¢ o o o o o o o »
1.2 Physical Description « ¢« « o« ¢ o « &
1.3 Electrical Description « « « « o « &
2.0 CHARACTER CODES 4 o « o o » s s o s =
2.1 Numeric Codes s s s o s 6 8 s s 8 8
2e2 Alphanu.meric Codes « o o o ¢ ¢ o o
3.0 TYPEWRITER « « o = o ¢ o o ¢ o o s o
3.1 Description « « o« o ¢« o o o s o« o o o
302 Contacts s o & @ 6 o B & & & & s s o
3.3 Timingooolcoaooooo-..
3.k Relation to COUDPLET « o o o o o « o &
)'".O ENCODI.NG ¢ & & s 8 & © ¢ 5 & @ o * 0
)'l'ol General 8 &6 o & o © & & ® 8 » o 5 &
) Numeric Encoding « o « « o o o o o o
4.3 Mphanumeric Encoding o « o o o « o
)'l'o)'l- Encoder Control e & o 6 ¢ 8 & s » »
4.5 Design Criteria . o« o o o o o o o &
500 DECODER s & 8 & 5 & & e+ & & o s b
5.]_ General ¢« & & & o o » & 2 3 ¥ o 8 @
5.2 Numeric Decodlng e o « « s ¢ s o s &
53 Alphanumeric Decoding o « o o o » »
6.0 MODIFICATIONS TO G=-15 s v s o 8 s o

T«0 MODIFICATIONS TO TYPEWRITER o o o « o

PAGE

e N I

ASIEERS RN |

11
11
11
15
15

19
19
2l
22
25
37

L1
L1

L2
b5

59

63



FIGURE NO.

ii

1-1
2-1
2-2
2-3
2=k
2-5
3-1
3-2
3-3
3-4
3-5
L1
L-2
k-3
Lk
L-5
L-6

h-7
L-8
4-9
L-10
h-11
L-12
413
L1k
L-15

LIST OF ILLUSTRATIONS

DESCRIPTION

ANC-2 Alphanumeric Coupler « o « « o &
Input Codes, Numeric Coupler « « « s+ &
Marker Bit, M23 « « « ¢ & & + o & &

Input Codes, AN Characters « « « s « «
Oscilloscope Trace of "t" in M23 . . .
Oscilloscope Trace of "T" in M23 . « «

Contact Locations, Bottom, AN Typewriter

Contact and Switch Location, Right Side
Contact Location, Rear, AN Typewrilter
Simplified Wiring « « ¢« « o o o o o &
Time Sequence, Character Input « « « .
Block Diagram, Encoder « « o o o » =« &
Typical Circuit, Special Characters .
AN Relays, K8 and K13 '+ s s o o » o
T,, T, Generator (simplified) .« « + &

Timing, T, - T2 Generator « « ¢ o &

1

Timing Details, T, - T2 Generator and

1

K20 SWwitch o v o v o o o o o &
Details, Tl
Generator of (SA) = S.A. TYPE . « . .

Gating of Characters with SA .« &

- T2 Generator and Control

Key Probe Signal « « o o o o o o o « &
Fast Rise, Slow Fall Circuit . . . .
Output, Fast Rise, Slow Fall Circuit .
Refined, Fast Rise, Slow Fall Circuit
Schematic, Two Output Lines « o e
Equivalent Circuit of Figure L-14k , .
Block Diagram, Decoder System .+ « « &
Character Signal Relay, ANC-2 . . . .
Output Codes, Numeric Mode . . « o« o .
Decoder Control, Numeric Decoder . . .
Numeric Feedback « « ¢ ¢ o o o o o« o+ &

Output Codes, Alphanumeric Characters

PAGE

ON V1T

9/10

9/10
12
13
14
16

17/18
20
2k
25
26
27

28
30
32
33
3L
35
35
36
38
38
L1
L2
Lo
43
Ll
ks



FIGURE NO.

5-10
5-11
5-12
5-13
5-1L

DRAWING NO.
1

2
3
L

DESCRIPTION
Basic Computer Timing, Alphanumer
K6 and K7, Pick and Hold Circuits

ic Output -«

.« 9 ¢ & ¥

Qualitative Timing, KT Pick and Hold « s « =

Shift Circuit, AN Decoder . .« .
Shift Feedback e s e s s e
Special Character Shift « « « .
G-15 Internal Gating for Special

Timing of Special Character, "*"

ANC=2 Circuits Controlling G-15

ANC=2 Relay Control o« s « o o o
ANC-2 Encoders « s« o s » o o s »
ANC-2 Decoders o o s » s o & &

APPENDIZX

Wiring Diagram e o « s « s = ¢ =
Decoder e« o ¢ o » o o s o s s ¥
Photo Composite - ANC-2 o « o

Encoder e ¢ 8« s o & & © » o &

. L d - £ d - -
L . L 3 . L 4 .
. . L] . . .

Characters.

. . . . L

PAGE
46
48
L9
51
52
5L,
56

57/58

65
66
67/68

O a W

iii



1.0
1.1

1.3

SECTION |

GENERAL

FUNCTION

The ANC-2 acts as a coupler between the typewriter (lD300l) and the
G-15D computer. It translates key signals from the typewriter to
sultable G-15 codes and receives codes from the G-15 for translation

to appropriate typewriter signals.

-Codes for entry to the G-15 are generated in a combination relay-

diode matrix. Output codes from the G-15 are translated in a

relay matrix.

The unit is composed of two couplers in one package; an alphanumeric
coupler and a numeric (hexadecimal) coupler. Although they time-share
many of the same components, they are logicsally separate, and are so
presented.

Both the hexadecimal and alphanumeric couplers have an encoder to
transform typewriter signals into machine language and a decoder to

translate machine language to the appropriate typewriter signal.

PHYSICAL DESCRIPTION:
Height ¢ ¢« ¢« ¢« ¢« ¢ ¢ ¢« o ¢« « & «» 23 inches
Width o o« ¢« « ¢« ¢« o« « . « o 18 1/2 inches
Depth &+ ¢ « « « o« ¢ o « o« « &« « U inches
Weight v ¢ « o ¢« ¢« o o o o o« o« 421/2 1bs

Color « + .« .+ « « « «» Bendix light blue,
BCD Spec. 3-2-A

ELECTRICAL DESCRIPTION

(a) Power: The following voltages are required:
-25 volts at 1 amp generated inside the
coupler; +160 volts at 0.25 amperes
(max) - supplied by G-15; 117 volts ac
at 0.125 amperes - supplied by G-15.

(b) Off/On
Switch: The unit is wired so that the off-on

switch in the typewriter controls +160
volts in the ANC-2.



Figure 1-1., ANC-2 Alphanumeric Coupler



() Connection
to G=-15: A single plug with 15 feet of cable to

the "typewriter" receptacle at the rear of
the computer.

(a) Connection
to Typewriter: Two cables, one terminated in a male and

one in a female connector. Each cable
approximately 4 ft 6 inches long.

(e) Input
Signals: From typewriter, O volts, generated by

closure of mechanical contacts to ground:
From G-15: Negative going signals from +160
volts to +80 volts from power amplifiers
within the computer. Logical reference volt~
age (OVa) is supplied by the computer.
Grounding is accomplished with OVb, the relay
power return.

(£) Output: To typewriter: +160 volts in series with

a 500 ohm resistor.

To computer: Logical signals of -25 volts
or zero. Speclfications for these signals
are discussed in the particular area in which

they apply.

The unit consists, logically of four parts:

1. Numeric Encoder
2. Numeric Decoder
3. Alphanumeric Encoder
L, Alphanumeric Decoder

3/4
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2.1
2.1.1

2.1.2

SECTION 1|1

CHARACTER CODES

NUMERIC CODES

The numeric or HEX coupler must encode and decode the sixteen hexa-
decimel digits, plus the format characters tab, minus, reload, and
carriage return. Perlod and space are not encoded since they are
not input functions. However, they are decoded and the typewriter
will respond to them during output operations where they are used
for editing purposes.

Input codes for the 20 hexadecimal characters to be encoded are
listed in Teble 2-1.

1 0001

1 0010

1 0011
1 0100
1 0101
1 0110
1 1000
1 1001
1 1010
1 1011
1 1100
1 1101
1 1110
1111
0 0010
0 0001
0 0101

1 0111

(@)

'y

n

w
N
a
[e2]
~
0]
(o]
d—
o
—
—
—
n
—
w
—
KN
—
(6]
-

>

w

MINUS | RELOAD
CR

TAB

2.1.3

2.2
2.2.1

. .
DIGITS FORMAT

Teble 2-1, Input Codes, Numeric Coupler

Note that & one bit in level 5 separates digits from format char-
acters. Inside the computer, this level 5 bilt gives rise to a
signal called "digit in the OB's", meaning that the character is a
number and should go into memory. A zero in level 5 indicates a
control code in the OB's that should not go into memory.

ALPHANUMERIC CODES

AUTOMATIC RELOAD

The AN system utilizes the automatic reload feature of the G-15 and
eny discussion of it must necessarily begin with a brief description

of automstic reload.



Normal input to the computer through memory line M23 consists of

4 information words, each made up of seven digits and sign. These
L words completely fill M23 and a reload code transfers it into the
intermediate buffer MZ on the way to ML9. This "standerd" format
of 7 characters and reload is distinctive to the G-15. Thus, punched
tapes not especially prepared for the G-15 had to be repunched to
include reload codes.

"automaetic Reload" was introduced to eliminate the necessity of
repunching tapes by generating a reload signal internally each time
M23 is filled. Many tapes not previously readable without rework
can now be used. The PR-2, in conjunction with Automatic Reload,

ellows almost any tape to be resad.

Any double precision input-output commend will initiate automatic

reload by clearing M23 end inserting a marker bit in Tl or word OO,
As characters are precessed into the line, the marker is moved along
L pits at a time. Finally, after the 28th precession, M23 looks
like Figure 2-2.

BITS —8»29 28 27 26 25 24 23

%

/ L v A J

.MARKER ®BIT CHARACTER 2

CHARACTER | CHARACTER 3

Figure 2-2. Marker Bit, M23

Note that because M23 had been cleared (all zeros) before starting,
the OA's had been left reset after each precession. When the 29th
precession (which fills M23) starts, a bit -- the marker bit -- will
be left in the OA's for the first time. This marker bit is detected




in the OA's and caused to generate a reload signal.

The TF pulse (T29 of word 3 mod 4) is used to interrogate the OA's.
At TF of the 29th precession, the marker bit appears at the

output of OA-3. Only at the time of the 29th precession

(whiéh fills the line) will this coincidence occur between TF and
OA-3. This signal is the basis for transferring M23 to MZ.

Again, any double precision input-output command (DS-EV-Cl) will
initiate the action by setting the AS -- automatic/stendard --
flip-flop. A light, the "elpha" light on the computer control panel,
follows tpe AS flip-flop. This light, however, does not stand for
alphanumeric during input operations; it stands only for automatic
reload, which can apply to either alphanumeric type-in or numeric
paper tape input. A second flip-flop, the OH flip-flop differentiates

between numeric and alphanumeric mode.

AS*OH = Numeric Mode

AS*OH = Alphanumeric Mode} Automatlc Reload

T T, GROUP
GROUP
Sla|gl=(8|a|2|=|8|5|2|=|8]| & 2
g1818|8|5la|5|5/|2|8|8|g|=| = |=
17101 |+ |afs|lc|olel|lFrlalnu]lv > 1)1 3 ~
11110 -l |kl |{m|nN]o]|P |a]|R|CRI$ |* | TAB
111 o |/ s |Tlu|v|w]|x |y ]|z , | (| SPACE
1 1100 0O |1 213 1|4 5161|7819 =
1 1001 AlBl|C E|DJ|F |G |H I I : v
1 1010 JIKIL|IMIN|[O[P |]Q]R
1 101 S|T U VIW | X |Y | Z 1
1 1000 - - 1017

Table 2-3. Input Codes, AN Characters




2.2.2

2.2.3

ALPHANUMERIC CODES

The standard G-15 code of 5 bits cannot supply the 53 possible com-
binations required for alphanumeric encoding. Hence, a 10 bit code
was introduced. Only 8 of the 10 bits go into memory; these 8 bits
parallel the IBM card code.

Each character is put into the computer in two groups of 5 bits each.
The groups are separated in time and are designated the Tl and T2
groups., This Tl and T2 has nothing to do with G-15 internal timing.
They are group designators, generated in the coupler for use in the
coupler. Table 2-3 charts the Tl and T2 codes for AN characters.
The code for the AN character "A", for example, is found by locating
A in the table. Directly to the left of A is seen the Tl group,
11001. Above A 1s the T
11001 10001.

5 Broup, 10001L. The input code, then, is

It will be noted that the only difference between "A" and "a" 1is
that the upper case form has & zero in level 3 of the Tl group, while

the lower case form has a one.

11001 10001
11101 10001

A

a

The T2 group is the same for both upper and lower case.

There are seven exceptions to this general rule. In order to maintain
compatibility with the IBM card code, the symbols $, +, (, ), *, /,

and = are coded as lower case, slthough in typing out, the typewriter
carriage must shift up. Special provision is made for these characters
in both the encoder and decoder.

Referring again to Table 2-3, the character "t" for example, is encoded
as: 11111 1001l. The particular key -- that is, "t" or "I" is
identified by levels 1 and 2 of group 1, and levels 1, 2, 3, and 4 of

group 2.
xxx11 x0011 = "t" or "T"



Only six of the ten signals are needed to specify the particular
key "t" or "T" -~ on the typewriter. Because there is no standard
format in the alphanumeric mode, all characters (including format
characters) go into memory. Hence, both groups of every character
contaln a one bit in level 5., Addition of these bits gives:

""" or "I = 1xx11 10011

For the convenience of G-15 internal logic, level L of the Tl group
alweys contains a "1", giving:

"t" or "I = 11x11 1001l

Again, upper case and lower case characters are separated with
level 3 of the Tl groups

"£" = 11111 1001l

"M = 11011 1001l
Level 5 of both groups is discarded between the OB flip-flops and
line M23 in the usual msanner.

2.2.4 If "t" were the first character
typed in, examinstion of M23
would show: while "T" would eppear as:
-+ SWEEP *——————————— SWEEP
L1t 1 1y o001 | Il 10V 1 001
ov. ov.
-zov. o ~2ov b L | Lot
[N N y \N VXN V)
4 A" 4 h 4 A4
MARKER BT GROUPT,  GROUP T, MARKER BIT T, GROUP T, GROUP
Figure 2-4, Oscilloscope Trace of "t" Figure 2-5, Oscilloscope
in M23 Trace of "T" in M23

9/10
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SECTION 111

TYPEWRITER

DESCRIPTION

Before going into the coupler itself, a brief description of the
contacts in the typewriter will be helpful. The typewriter is
an TBM, alphanumeric input-output writer with 88 characters and
the normal typewriter functions of tab, carriage return, space

and shift.

CONTACTS
Each typewriter key, except space, tab and carriage return, has

three sets of contacts assoclated with it.

(a) "key" contact-4l sets total (one set per key).
(p) "character common" contact --1 set shared by all keys.
(e) "character interlock” contact --1 set shared by all keys.

The key contacts are cam driven from the key levers of each in-
dividual key. Pressing down on a key button mechanically drives
the points of that particular key contact together. One side of
each of these L4 switches is brought to a comnector on the rear
of the typewriter., The other side of each is tied into a common

bus.

The character common 1s a single set of contacts, cam driven by
the typewriter ribbon mechanism, each time a key -- any key --
types. When the typing of the character is complete, the contacts
open again. Because the tab, space and carriage return functions
make no use of the ribbon mechanism, striking them will not effect

the character common.

The character interlock is a single set of normally closed points,
driven open by the same cam that operates the character common.
The space, tab and carriage return will not affect the character

interlock.

Space, tab and carriage return each have two sets of contacts

11



—— CARRIAGE RETURN
INPUT CONTACT

SPACE INPUT CONTACT

SPACE - CHARACTER
INTERLOCK | INTERLOCK
CONTACT

CONTACT

 sasasnassasan

TAB INPUT
CONTACT

INPUT COMMON CONTACT

Figure 3-1. Contact Locations, Bottom AN Typewriter

12



*2-¢ aan3td

JoqTamedAl, NV €opTS 4uSTY €UoT9BOOT UOFTMS PUB 30B3UOD

€T

CARRIAGE RETURN

CONTACTS INTERLOCK CONTACTS

POWER ON-OFF
SWITCH (SW5)




T

*C-¢ aan3Tg

JoqTamadAT, NV ‘Jaesy ‘uoTqeO0T 30BQUO)H

TAB FEEDBACK &

TAB INTERLOCK
CONTACTS

PLF1A
—PLMA 2A




3.k

associated with them, an input contact and an interlock contact.
However, there is no "common" contact involved. Both the tab and
carriage return interlocks are constructed so as to stay open during

the entlire time the carriage is in motion.

Figures 3-1, 3-2 and 3-3 show the locations of varlous contacts in
the typewriter. Figure 3-2 also shows the mechanically operated
SHIFT contacts which monitor the carriage position - whether in

upper case or lower case position.

The simplified wiring diagram, Figure 3-4, shows how the various
contacts are wired inside the typewriter. Appendix Drawing No. 1
shows the complete wiring, together with pin connections to the
two plugs on the rear of the typewriter.

TIMING

When any key is struck, that particular key contact closes. As

the key lever moves to strike the paper, it activates the ribbon
1ift, closing the character common contact. After striking the
page, the lever drops back, sllowing the common to open before the
key contact does. The timing of these two contacts 1s not critical,
the only requirement being that the character common remain closed

not less than 30 milliseconds.

Key Contact

S|
1

Character Common
30 ms., min.

The necessity of this 30 millisecond requirement will be developed

in the Section on encoder control.

RELATION TO COUPLER
The key probe generator is driven from the character common contacts,

going through a cycle each time a character is typed. The "key"

15



probe" is returned from the generator to the typewriter, through

the key contact and into the encoder matrix.

Since space, tab, and

CR do not have a common contact, each of them is tied indirectly to

the key probe generator as well as the matrix through relays.

The sequence of events, then, is -- as diagrammed in Figure 3-5:

(a)
(v)
(c)
(a)
(e)

Key contact closes.

Char. common closes, cycling key probe generator.

Key probe is developed and fed back thru key contacts.

Char. common opens, ending key probe.

Key contact opens.

ENCODER

r

TYPEWRITER

16

KEY PROBE v‘L
KEY CONTACTS
-0 TYPICAL OF
ENCODE MATRIX = 44 sETS
o e :
o—e" O
- -
“T =’s %/‘ﬂ_— TAB
ENGODE MATRIX = < —O 4/' O~ srace
4 o A—. R,
Key pROBE 4/‘
CoheRrnror O u——i CHAR. COMMON
FEEP BACK - WUMPER TAR
‘ . INTERLOCK
- up N
< -o—b
ENCOPE MATRIX
s Feepsack | @ O SHIFT
- >
__
Figure 3-4. Simplified Wiring, AN Typewriter




7Ime >

KEY cowracr " :
t 50 M5 y
MIN »

30Ms )

/f]’l‘:f | MIN bl |

CHAR. COMMON : :

ov
KEY PROBE m -25y

Figure 3-5. Time Sequence, Character Input
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SECTION 1V

ENCODING

GENERAL

There are three general types of information to be fed to the
computer.

(a) "Control" information in which the computer is directed

to perform certain functions with a single signal rather
than a full commend. Examples of this type of infor-
mation are:

M mark place.

P read photo tape.

Q gate numeric type in.

E gate alphanumeric type in.

(v) "Input" information in which the characters (either
letters or numbers) go into memory or are acted

upon as commands,

(c) "Feedback" information to tell the computer what is
heppening to the typewriter. Feedback will be dis-
cussed in detail in conjunction with the decoder.

The first type of information to be discussed will be input infor-
mation. The block diagram of Figure 4-1 shows the general encoding

scheme.,

The outputs of the encoder rest at -25 volts unless grounded
through the typewriter contacts to the zero volt key probe.
The probe is a single long pulse of zero volts for HEX, or two,
shorter pulses for AN.

The typewriter key contacts are energized through the key probe,
and when closed by depressing a keyboard button, ground a series
of selection gates which choose appropriate combinations of signals

to encode the character. The character is encoded in both hexa-

19



decimal and alphanumeric simultaneously. The correct code for
the 5 level-lines is chosen by the AN relay, K8, gating either
the hexadecimal or alphanumeric lines to the computer. The choice

of lines depends on:

AN
HEX

K8 =
B -

characters are encoded in two groups,
Details of K8 and K20

Since the alphanumeric
further separation is supplied by K20,
will be found in paragraph 4.4, Encoder Control.

Level 3 is brought from the encoder through TYPE relay, K1O.
In an input situation, level 3 is encoded as described under
numeric or alphanumeric encoding. In an output mode, it is used

as a feedback line.

Ké Y PROBE TYPEWRITER
ur
oN
7YPICAL KEY LINES
SELECT/ON GATES
70 coMPuTER
—— 3
NT, 42
K20 T ]
PP \ A .. S comsmanon cares
e (] cr— N g
FILTER s -g — en———— 2 2
C > K8, Ki3 —eee. Jr—
-/
HE R C—
K10 .Vl HExY 3
[nre] TveE —_— 2
EMCODER CoNTROL m— /
o |
OUTPUT FEEPBACK

20

Figure L4-1.

Block Diagram,

Encoder
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h,2,1

NUMERIC ENCODING

EXAMPLE

When a hexadecimal digit, 7 for example, is struck on the typewriter,
the key contacts close, connecting the "7" line to both the key probe
line and the matrix. Inside of the matrix, the line goes through

a series of selectlon gates where it chooses the proper combination
gates to generate the HEX code 10lll. It also generates both the

AN, T, group and AN, T2 group at the same time.

1
The AN relays = K8 and K13 - are not energized, and only the HEX lines

are coupled from the encoder to the computer.

Detalls of the selection and combination gates are found in Appendix
Drewing No. 4 - Encoder. Across the top of the drawing are shown
some typical typewriter key contacts. With the "7" key contact
closed, a circuit is made for the key probe through the selection
gates to four combination gates.

AN, T, -1 & HEX-1

2
AN, T, -2 & HEX-2
AN, T, -2 & HEX-5
AN, T, -3 & HEX-3

These combination gates feed the encoder output lines (both AN and
HEX). On the HEX lines, the digit "7" has been encoded (10111).
The clrcult is then completed through the normally closed side

of K8 and K13 to the low pass trash filters and G-15. Level 3

is brought through the normaelly closed (NOT) contacts of relsy
K10, the "TYPE" relay. This relay is used in conjunction with
feedback in an output situation and will be discussed in some de-
tall with the decoder.

Any other hexadecimgl character can be traced through the encoding

matrix in the same manner; First, through the selection gates,
and then, through the combination gates.

21



4.3

4.3.1

22

ALPHANUMERIC ENCODING

In an alphanumeric input, the key probe consists of two pulses,
Tl and T2
It is evident from the schematic diagram of the encoder that no
separation of groups (HEX, T, or T2) is made within the matrix
itself., Consequently, during Tl time, all three codes are gen-

of zero volts, dropping to -25 volts between them.

erated. The same holds true during T2 time.

As indicated previously, separation of HEX and AN codes is accom-
plished with relays K8 and K13. Time separation of the Tl and T2
groups is a function of relay K20. K20 is de-energized during

Tl time and couples the T, group to the computer through its

1
"Normal" contacts. During the interval between T, and Tg, K20

pulls in and during the T2 key probe couples in the T2 group to the

computer.

EXAMPLE
Using "x" as an example, reference to Drawing No. 66 will
show how the required code of 11111 10111 is obtained.

During the closure period of the "x" key contact, selection gates

54, 55, 56, 57 and 58 are utilized as follows:

GATE
N Tl T2 HEX
5k Selects the Combination of | 00000 00001l | 00001
55 Selects the Combination of | 00000 00100 | 00100
56 Selects the Combination of | 00001 00100 | 10000
57 Selects the Combination of | 00010 00000 | 01000

58 Selects the Combination of | 00010 00010 | 00000

Giving a Logical Sum of 00011 00111 |11101

It is to be noted that although the encoder is operating in the
AN mode, that the code for HEX "x" is actually developed. It is,

however, disconnected from the computer input by K8 and K13 as



4.3.2

previously described.

The AN code "x" thus far generated is 00011 OOlll.

Level Tl-3, indicating a lower case character, is taken directly
from the T, - T, generator (K19-1) through TYPE (K10 12-10) TP
(KL4A 1-3) to computer input - level 3 through the "Normal" points
of transfer relay K20.

During Tl, with K20 in the "Normal" position, computer level 3 is
o with K20 in the "Transfer" posi-
tion, level 3 is directly dependent on what is generated within
the encoder. (In this example, also a "1").

raised to zero volts. During T

- The code generated now is: 00111 00111

Level 5 is always forced high for both Tl and T2 of all alpha-
numeric characters. This 1s accomplished by connecting the out-
put of the Tl - T2 generator (K19-1) directly through the "trans-
fer" contact of the AN relay (K13-2-1) to computer input level

5. The result is that level 5 is connected directly to the Tl -
T2 generator and will be forced high by the generator during
alphanumeric input.

Level 4 input is also connected to the generator, but through
"Normal" contacts (3-1) of transfer relay K20. Hence, during
Tl it is always high, and during T2 is dependent on the encoder
output.

SPECIAL CHARACTERS

The specisl cheracters $, +, (, ), *, and =, are upper case
characters, coded as lower case. For example: "$", is typed
with the combination of shift key and 4 key, that is, "upper

case 4", However,

L = 11100 10100
$ = 11110 11011

the two codes in no way resemble each other, and "$" is not

encoded as "upper case L4".
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Figure 4-2. Typical Circuit, Special Characters

Since both characters use the "L" key contact and line, pro-
vision is made to separate them in the coupler. The circult

of Figure L4-2 accomplishes this separation.

Seven sets of contacts of relays K14A and K14B, following the
UP/DN typewriter contacts choose the proper selection gates

for the seven specleal characters,

With K14A energized, the "lower case" signal (level 3 of T,
group) must be supplied by each special character itself through
a diode.

All special characters utilize similar circuits.

2k




L4

ENCODER CONTROL

b b1 K8 and K13

Switching of the AN-AN relays (KB and K13) is accomplished with
the HEX-AN signal from the G-15. This relay driving signal
operates K8, which in turn controls K13 as shown in Figure 4.3,

FROM RELAY ORIVER

B

1760 AN

k8 ‘ n

4460
o 12

- 7/60. AN

Ova

Ki3

L.h.2

Figure 4-3. AN Relays K8 and K13

K13 is controlled by K8 rather than the signal directly to
reduce loading of the tube., It 1s returned to OVb'§K for
reasons that will be discussed in paragraph L4.L4.6.

Tl and T2 GENERATOR

Generation of Tl and T2 and the switching of the AN lines be-

tween T, and T, is a function of relays K18, K19 and K20.

The requirements of this circuit are:

(a) The matrix rise to zero volts during Tl.

(v) Drop to -25 volts between T, and T,.

(c) The AN lines Qe switched between T, and T,.

(a) The metrix rise to zero volts during T,.
for HEX input.

(e) There be a single, long T,
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Figure 4-4, T T, Generator (simplified)

l’
The circuit of Figure 4-L is designed to accomplish these aims.
The diode-resistor combination of CR 18, R18 has been chosen
to provide a drop out time of at least 15 milliseconds to relay
K18. K18 is powered by +160°TYPE to prevent operation of the

circuit during a typeout operation.

When the typewriter contacts of tab, space, carriage return or
character common close, K18 is grounded through K19-(4-6).

K18 pulls in, grounding K19 through K18(4-5). In the HEX mode,
this is the end of the operation; K19 and K20, being powered

by +160°AN, cannot operate. K18 remains pulled in until the
typewriter contacts open again. In the AN mode, K19 pulls in,

opening the path of K18, allowing it to drop out, and creating
a hold path for itself through its own contacts, K19(k4-5).

K19 also grounds the matrix switching relay K20, disconnecting
the Tl lines and connecting the ‘I‘2 lines to the G-15. The
timing of K18 and K19 is illustrated in Figure L-5.
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(£)

Figure 4-5. Timing T T, Generator

l)
At some time, Ta’ a typewriter contact closes, ener-
gizing K18.

K18 requires a finite time to pull in. Its transfer

contacts make at time t. , completing a path for K19.

K19 normal contacts opei at tc, de-energizing K18.
K19 transfer contacts make at td
A finite time later, t., K18 contacts drop out.

The typewriter contacts open at tg, de-energizing K19.

K19 contacts drop at th, completing the cycle.

The two groups of AN information are entered into the computer
at Tl and T2 times, defined as:

T, = KI8°K19

T, = EKIB8*K19

Relay K20 makes its transition during the period between Tl

and Tg‘

A detailed timing diagram, including K20 appears in

Figure 4-6, which illustrates why the diode-resistor timing

circuit is used.

s holding the K19 coil.
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L.L.3 TIMING
The relays have a nominal pull in time of 10 milliseconds. Allow-
ing an additional 50% safety factor gives a maximum pull in time
of 15 milliseconds.

A typewriter contact closes at some time, Ta' This closure
starts the cycle. Some time later (up to 15 milliseconds), K18
pulls in, making the path for K19. Within 15 milliseconds, at
td, K19 is pulled in, de-energizing K18, making a circuilt for
K20, and entering the period between Tl and T2 of:

T, + T, = K18'K19

K20 is pulled in by td +15 milliseconds. And, because of dlode-
resistor timing combination around K18, the -Tl—-l-—Te- period will
last 15 milliseconds, which is ample time to switch the matrix
with K20.

TYPEWRITER ONTACT | |

t

o 11111111101} NN

T = lg + /5 MAX

by =t #/5

«s NI G

Te,Td = by +75 MAX th=+4tqg 120

k2o IR |

€d + /5 MAX END = ¢h +20

S 11111/ e S B

Figure L4-6. Timing Details, Tl -T2 Generator and K20 Switch
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At the end of Tl +15, K18 drops out, entering the T2 period =
K18°K19, which will last until K19 drops out.

The typewriter contacts are required to remain closed long
enough for the T2 lines to be connected to the computer. This
time is the summation of three relay pull-in times and could
concelvably require 45 milliseconds of contact closure in the

typewriter.

The addition of a resistor-diode timing combination around K19,
constrains K19 from dropping out until 20 milliseconds after it
1s de-energized. The typewriter contact, then is not required
to be closed for the pull-in time of K20. It can drop out as
soon as K19 is pulled in and K20 still has ample time to pull in.
The required typewriter closure time, then, is reduced to 30
milliseconds.

30 milliseconds of closure is entirely reasonable to expect of

the character common and carriage return contacts.

SPACE, TAB, CARRIAGE RETURN

If tab, space, and carriasge return were encoded directly from
thelr typewriter contacts without majJor rewiring of the type-
writer, power ground (OV%) would be introduced into the encoder,
and mixed with logie ground (ova). To eliminate this condition
and its attendent transient problems, buffer relays K15, K16, and
K17 are added.

These relays also offer advantageous possibilities of timing and

encoding as discussed below.

The space and tab contacts may not remain closed for 30 milli-
seconds without speclal adjustment. To prevent the necessity of
adjustment, advantage is taken of buffer relays K15 and Kl6.

The typewriter space and tab contacts energize K15 and K16 respec-
tively, instead of K18 directly. The K18 connection is mede through
the transfer contacts of the relays. Both relays are timed with
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diode combinations to remain closed for at least 30 milliseconds

which is ample time for Tl -T. generation.

2

Closure time of the space and tab typewriter contacts is, thus,
reduced to 15 milliseconds (maximum pull-in time of K15 or K16),

a reasonable figure.

The carriage return contact also energizes a buffer relay, K17.
K17 serves as a mechanical filter for cerriasge return contact
bounce. The mechanical inertia of the relay effectively filters
out long period bounce, while any bounce introduced by the relay
contacts themselves is fast enough to be filtered with RC circuits.

Since only one set of points is required of any of these buffer
relays, the spare points are used to encode the characters in

place of additional matrix diodes.

Figure 4-7 shows the more detailed form of the Tl’ T2 generator
and key probe. Notice that the character common, tab, space, and
carriage return ground for K18 is shown as qualified with SA..
The reasoning behind this qualification will be developed in
paragraph L.4.6.

CONTROL KEYS

The keys (:), ¥, 'yR,Qy M, I, E, C, B, and A are control keys.
In conjunction with the ensble signal, they cause specific oper-
ations to take place in the computer.

In addition to being connected into the encoder, these keys are
taken directly to the computer, where they are gated internally
by < SA >. The typewriter keys themselves are gated with the key
probe, and for the benefit of these twelve control keys 1s added
"SA", giving for the probe:

key probe = (T, + T,) + SA

1
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The < SA > signal to the computer has been modified to:
< BA > = SA°TYPE

The result is two different enable signals;
SA (used only in the coupler) = ensble

< 8A > (used in computer) = SA*TYPE

which are existant in the coupler. This modification of the
signal causes no change whatsoever in the G-15, either in hard-
ware or programming. The reason for modification lies in the
hebit of many computer operators of using the enable switch to
temporarily interrupt a typeout. There is a possibility that
if certain characters are being typed when the enable switch

was turned ON, the state of the computer would be changed.

For example: in typing out memory line ML9, the OC flip-flops
have the configuration 100l. If the enable switch is turned
ON while a "B" is being typed, the signal < SA >-B would
enter the computer, changing the OC configuration to 1111--
READ PHOTO TAPE~-and the photo reader would turn ON.

If "R" were belng typed, a RETURN signal would be sent in,
disrupting both AR and the command register. The program
would be lost.

By making < SA > = SA-TYPE, a typeout operation can be inter-
rupted with the ensble switch, but the G-15 signal < SA > will
remain low. Figure h58 shows the gating of the signal.

<SAY= SA-TYPE

70 G5 4

2y
-——
w2 (5] o)

-a25 ov,
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Figure L4~8. Generation of < SA > = SA-TYPE
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SA and SA

While the SA signal is high, only the twelve control keys should

be typed.

However, it often happens that an operator will strike

the TAB, CR, or SPACE keys with SA, resulting in an unwanted code

entered into the computer.

This problem is prevented by grounding the TAB, CR, and SP input
contacts to OVb‘EK rather than OVb. It 1s impossible to energize
tab, space, or carriage return buffer relays with the enable switch

ON. Hence, the assoclated codes cannot be generated.

ENCODER
MATRI X

KEY PROBE
GENERATOR
TYPE - 54 (7, r73) +5SA

BUFFER
RELAYS

TAB

CHAR

./

./

ENVABLE WITGH

!l

24
Conracrs

The key probe generator is returned to OVb‘§K through the input

Figu.re )'""90

Gating of Chearacters with SA

common contact and typewriter enable switch, giving the equation:

K18 = +160°*TYPE*SA*(CHAR + SP + CR + TAB)
while the key probe itself is:
KEY PROBE = TYPE-§K-(T1 + T2) + SA

The key probe is developed as shown in Figure L4-10,
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SA- (7 +73)r 54
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Figure 4-10. Key Probe Signal

Relay K13 is also controlled by SA, with the equation:

K13 = K8-ovb-§”A‘

This is necessitated by the E key being both a control key
and a legitimate alphanumeric character. When choosing

alpha gate type-in, the E key is struck with ensable ON,

giving the signal < SA > *< E >, The computer enters the
"SLOW IN" state immediately and is receptive to codes, includ-
ing the E Key whose contacts would still be closed.

Gating K13 with SA eliminates this problem by keeping levels
1, 2, 3, and 5, the encoder output, in the HEX mode until the
enable switch is returned to OFF. Since there is no E code
in HEX and there is no level 4 in T, of the AN code, the out-
put remains at -25. By the time the physical motion required
to return the enable switch to OFF 1s complete, the E key

contacts are open again.

HC BUFFER INVERTER

If the encoder output lines drive HC directly, any bounce or
trash on them could cause multiple codes to enter the computer.
To eliminate that possibility, the output lines are heavily
filtered with low pass fllters and final control of HC is taken
from them and given to the Tl, T2 generator. The (Tl + T2) key
probe supplies the drive signal. This signal is operated on




so that 1t rises to zero volts before the input lines, and falls

back to =25 volts after the input lines. The circuit appears in
Figure L-11,

7, +7,

/20

cR/9

_I_ P 4 cC
</ z 9o
I.sm/ 10K

-~ -25

Figure L-11. Fast Rise, Slow Fall Circult

In the quiescent state, Cl is charged to -25 volts. When Tl or

T2 goes to zero volts, Cl is discharged very rapldly by a current

flow through diode CR

19° With only 120 ohms of series resistance,

the time constant of this discharge is:

T =

RC =120 x .8 = 96 microseconds

If contact bounce exists in the Tl, T2 generator, the input to

the circult floats during the bounce. Deprived on the ground

signal, the output charges agaln toward -25 volts. However, the
charge path 1s through Rho’ 10 kilohms, in parellel with the high
Iinput resistance of HC. The resulting charge time constant is
almost 10,000 microseconds.

The circult, then, is a fast rise, slow fall circuit and over-

rides contact bounce in the Tl, T

, generator. Figure h-12

illustrates this filtering action.

7,472

ovrrPur
O HC

T

I

i [T
[~ N\

Figure 4-12,

Output, Fast Rise, Slow Fall Circult
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A refinement is made to the circuit of Figure 4-11 to further
increase the fall time during Tl and T2.

While 1t is desirable to lengthen the fall time as much as
possible, a limit is reached when the OB reset term becomes
marginal between Tl and TE'
To lengthen this time constant during Tl
T, and T2. resistor R4O is carried to =25 volts through a relay

1
configuration representing Tl + Tg.

and 'I‘2 but not between

Tl=m8‘7r_l—9"
T2=K'L"8'K19
T, + T2=K18'm9+m"ﬁ§

TI=KI8- K19

P HC
(o] R40
T2=Ki8-ki? I 10K
- -25.-(T)+T - = . ——
(M+72) 25= K18 K7L o

-25=XI8-Ki9

Figure 4-13. Refined, Fast Rise, Slow Fall Circuit

In Figore 4-13, it is seen that resistor R40 is carried to =25
volts as a functlon of the Tl + T2 equation.

During Tl + T2, R4O 1s dlsconnected from -25 volts and the charge




L.5

path of Cl is through the high input reslstance of the HC buffer
inverter. This circuit will allow Cl to charge approximately 1/3

volt for each millisecond of bounce.

ENCODER =~ DESIGN CRITERIA
In examining the encoder it will be noted that many redundancies

exist. For example, the "C" key raises level Tl -1 in TWO WAYS:

AOPF —> A20TC Tl-l
AINJ —> APORE Tl-l

These redundancies are deliberate; they afford component economy

and reduce the forward current requirement of many diodes.

Tt will also be noted that no more than two diodes will exist in

series with ground and a level-line output to the computer.

In many cases (e.g. the H key) no diodes were needed since iso-

lation is obtained by virtue of open contacts.

In the numeric encoder TAB and CARRIAGE RETURN generate the same
code (00010) since their input control functions are identical
and the extra hardware required for different codes would be

useless.,

Four major design criteria were used:

l. Circuit should operate with diode reverse
resistances reduced to 100 kilohms.

2. Maximum forward voltage drop in any diode
may reach one volt.

3. A "logical absence" signal should not rise
above =15 volts at any time.

4, A "zero" volt signal should not fall below

-2 volts at any time.

These conslderations constrict the design of the encoder matrix

by:
(a) Conbining (2) and (4) specifies that not more than two
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forward conducting diodes may be in series with
a zero volt signal.

(v) Combining (1) and (3) specifies the maximum number
of diode reverse resistances that may be connected

to any line.

When any output line is raised to zero volts, all other lines con-
nected to it through a reverse biased diode will tend to rise also.
Figure 4-14 shows a line with N diodes connected between it and
another line. The zero signal applied should raise output #1 to
zero volts, while output #2 remains at -20. The resistance of

4.7 kilohms represents the pull down resistor for that line as
found in the trash filter circuits.

Figure 4-15 shows the equivalent circuit when SW-1 is closed and
SW-2 1s open. R.b is the parallel reverse resistance of all the

diodes between the two lines.

_r.—“ ovrAr®
.l SW/
) cer Py Yy Yy YO 47K
r./' [ ovrauré2 —&°
w2

y M-
4.7K
-20
Figure h-1k. Schematic, Two Output Lines
& 30— OUTRPUT [ cmm——l
1 Swi
- Ry
[, OUTPUT T 2 ol
swe
= 47K
-290
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Figure 4-15. Equivalent Circuit of Figure 4-1h




The paralleled reverse resistances of N diodes forms a voltage
divider with the 4.7 K resistor to -20 volts. The output
voltage of line #2 will be:

-20 Rb

Eo, = 4.TK + R

From criterion #3, Eo, may not exceed -15 volts.

2

-20 Rb

-15
L.7K + Rb

14.1 K.

]

R.b

From criterion #l, if each diode reverse resistance = 100 K,
and N = the maximum allowable number of reverse resistances

between lines 1 and 2, then,

100K

14,1 K

Hence, not more than 7 diode back resistance are allowed to

load any output line.

Although the matrix could have been designed with fewer
dlodes, the restrictions of 7 back resistances and 2 forward

voltage drops results in increased reliability.
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5.0
5.1

SECTION V

DECODER
GENERAL

The decoder portion of the ANC-2 is composed of three relay decoders;

one for numeric, one for alphanumeric, and one for special characters.

The AN relay (K8), under the control of the AS flip-flop, chooses
either the AN or numeric decoder. The special character decoder i1s

a speclal case of alphanumeric decoding where the characters are

coded as lower case, but still cause the typewriter to shift before

typing. Figure 5-1 shows a Block Diagram of the three decoders.

S/anvacs

Av
AN Decorer
F2OM OB
\m

+>)

r—-i[ SFPEC/AC CHARACTER

SurFr

> TIPENRTER

'-‘[ Hex

)

Figure 5-1. Block Diagram, Decoder System

Signals from the G-15 are brought to the coupler through relay driver

tubes to a series of relays, the Kl through K5 series, corresponding

to the five output levels of the computer.

the relays are carried to +160°TYPE.

The TYPE relay, K10, follows the G-15 TYPE signal.

As shown in Figure 5-2,

Gatling them with TYPE pre-
cludes their chattering needlessly during an input operation.

This is not to

be confused with the TYPE PULSE which drives the EXECUTE relay K9.
The TYPE signal is a configuration of the OC flip-flops and remains

steady for the entire duration of a typeout operation.

L1



The TYPE PULSE 1s an execute pulse that finally energizes the

appropriate typewriter solenoid.

The relays of Figure 5-2 are set up and held by the OB flip-

flops, creating a path through the contact matrix.

The TYPE

PULSE, operating EXC relay K9 energizes the chosen typewriter

through this path.

Lo

SCNAGS FROM /5
AN
r ™
reLay REAY rRELAY RELAY RELAY
DRIVER DeIVER DRIVER DR/VER DRIVE R.
TYrPE 757E 2 /
~Pse SewvaL > 4 3
V4] Lo /C5 «y £3 K2 V<4
exc ZEcay's R&ays reecayvs FEars eears
® 4 4 o- '
4 I: ! ] : : . '
léov : ! ' | :
V]
2z COnTACT MATE/X
Y 4760 exc
(
€ 3 R
J
h 4
70 TYPEWRITER KEY SOENVOrrS
Figure 5-2. Character Signal Relays, ANC-2
5.2 NUMERIC DECODING
Table 5-3 charts the required output codes for a numeric type-
out. The decoder is designed to respond to these codes with a
straight-forward relay tree.
(@] — (@] — (@] — (@] - (@] - (@] - (@] -— (@] - (@] — (@] -~ o
s|l8lglal2|l2|=l=|8|8|5|5|2|e|=|=|8|8|5|3a|=
o o o o o o o o — — — — — — — — @] o o o (@
CODE
-— -— - Ll - — -— -— — — — L — - — — o @} (@] (@] o
0123456789UVWXYZSP—CRTAB.
DIGITS FORMAT
Table 5-3. Output Codes, Numeric Mode




In Figure 5-4, diodes are added to the K1, 2, 3, end L relay
serles, while capacltors suppress the inductive trensilents of
K8, K9 and K10. The diodes serve both as transient suppressors
and timing control.

G5 PLI

#/a A33 Aw Az2 A2+ *25 *ze *27

ABco ABCD ABcp ABCD,
K9 == K4 K3 Kz K/ KE == 5
«©
ceqd 3 crZe. cer
—

—

+ 160 TyrE
1169
! 2
? «16 [772]
3 1160 - TyPE

r—-. + /60 -
70 “" w
k8 (i)

cRes
t160- AN "

/2

Figure 5-4. Decoder Control, Numeric Decoder

Tt is desirsble that only the heavy duty contacts of EXC relay

K9 break the inductive losd of a typewriter solenold. Since

all relays sre de-energized simultaneously, without timing control,
the fastest relay would break the load. Introduction of a diode
sround the coils, holds up drop out time approximately 20 milli-
seconds; ample for K9 to drop out first.

Forvreasons to be developed in Paragraph 5.3.2, it is necessary
to remove the diode around K5 during an elphanumeric typeout.
Hence, CR5 is connected to +160°AN instead of +160°TYPE. It is
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seen that the diode will float during an alphanumeric typeout,
with the coil being suppressed with C5 only.

Refer to Appendix Drawing No. 2, Decoding Tree. A numeric
character, 5, for example, can be traced through the tree.
From Table 5-3., the code for the digit 5 is seen to be 10101,
indicating that relay series K1, K3 and relay K5 are energized.

In the numeric mode, K8 is de-energized.

A circuit is made at EXC time through K9(4-5) = KB(L-6) = K5(1-2)
=K3B(7-8) = RK2C(4-6) = KID(1-2) = R4C(7-9) and into the type-
writer solenoid through PL2A-3T7.

Any other numeric character may be traced the same way.

5.2.1 NUMERIC FEEDBACK
Feedback 1s restricted to the tab, space, and carriage return
functions. In Figure 3-4 1s seen the series connection of type-
writer interlocks. These interlocks are carried through typewriter
plug PL2A-54 and PL2A-57 into the coupler feedback eircuit of

Figure 5-5,

-~
PLZ
‘ ( TAB crR sP
ST M
LEVEL 3
/IVTERLOCKS
9£— F Jumpce
¢z W o
7Kl 4
8
55
R36 5,:7 cHaracrel
/K IMOER. 1N TopEmEIrER: INTERLOCK
Yk
-
TYPEWR ITER

Figure 5-5., Numeric Feedback
Ll



As mentioned previously, level 3 is used as the feedback line.
During an output operation, it is held at -25 volts through ensble
relay Ei§; and the interlocks. The opening of any interlock or the
turning ON of the enable switch removes the -25 volts, allowing
level 3 to be pulled up to nearly zero volts through the 1 kilohm

resistor.

Level 3 will raise HC (but cannot reset OY), preventing further
output until the interlock closes again or the enable switch is
returned to OFF. It should be noted that the character interlock
in the typewriter is shorted out, preventing feedback. It may be

removed where a slower type-out rate is desired.

53 ALPHANUMERIC DECODING
5¢361 GENERAL
Just as alphanumeric information enters the computer in two
groups, it is extracted in two groups termed the first and
second extraction. Table 5-6 charts the output codes for the
two extractions.
1sT
EXTR. ZND  EXTRACT ION
IHHBEEBBEEEEEEEEEE
ololo|lojl]o|]o|lo|]o |o | o o o| o o o
1 1101 +]als|lc|op|le|F|a|Hu]| > 1) ; ~
1 1110 ~-JJy KL |M|N]J]O]P]|]Q]|R CR | ¢ | * TAB
111 o |/ s |Tlu v |w|x]|¥Y]|z s | SPACE
1 1100 o011 213 |4 |56 |7]|8]9 =
1 1001 A|B |C |DI|E Fl{1G|H | < ? : v
1 1010 JIKi{L|IM|NJOI|P|Q|R
1 101 S |T|JUJVIW]|XI|Y ]| Z 0
1 1000 - - ¢[]

Table 5-6. Output Codes, Alphanumeric Characters
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5.342 LOGIC

The OB flip-flops, as shown in Figure 5-7, receive the first
extraction from the OA's, transfer it to the coupler, clesar,
receive the second extraction from the OA's and transfer that

information to the coupler.

Recall that the relay series Kl's through K5 follow the 0B flip-
flops. Since the OB's reset between extractions, thé’first ex-
traction information must be remembered by the coupler until it
can be combined with the second extraction to completely identify

the character.

oy \ J L I
ou | L

MI9 —~ 0AS /57T 2nvo

Q& EXT EXT

oo —1 | L

/7517 ZND

08 Exr exr

TYPE PULSE Exc
—.—*

L6

Figure 5-7. Basic Computer Timing, Alphanumeric Output




As an example, from Figure 5-6, the output code for "a" is seen

to be:
11101 00001.
(first ext) (second ext)

Recalling that "a" or "A" is identified by:
xxx01  x0001,
and speclfically lower case by:
xxX1XX =~ XXXXX.
levels 1, 2, and 3 of the first extraction must be examined by
the decoder. If level 3 is a zero, the shift solenoid of the type-
writer must be energlzed and held until the type pulse arrives.
The shift circuilt will be discussed in detall later.

The three levels are to be remembered by the coupler only if they
occur during first extraction. Hence, a method of identifying
first extraction is necessary. This is done with level 5.

LEVEL 5 = first extraction

LEVEL 5 = second extraction.

This identification is confirmed in Table 5-6. In all alpha-
numeric codes, first extraction has level 5, while second extrac-
tion does not. To the coupler, then,
LEVEL 1 * LEVEL 5
LEVEL 2 « LEVEL 5
LEVEL 3 * LEVEL 5

remember

1]

remember
shift and hold.

I

Refer to Figure 5-8. K6A, B, and C remember level 1 of first
extraction. K7 remembers level 2 of first extraction.

K6(pick) = LEVEL 1 « LEVEL 5
KY(pick) = LEVEL 2 * LEVEL 5.

If level 1 1s present during first extraction, a circuilt is
made for K6 through K1D(10-11) =--K5 (8-7) and the 1 Kilohm,

current limiting resistor.
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Figure 5-8. K6 and K7, Pick and Hold Circuits

Level 2 and level 5 energlze K7 through K2D(10-11) and XK5(10-11).

Examination of the K7 circuit indicates that when the OB flip-
flops reset, all relays following them, including K2D and K5 will
be de-energized, open, and in turn de-energize the memory relay.
However, K7 will not be de-energized until either K2D or K5 trans-
fer contacts actually move from the transfer slde. Following that,
there is an additional delay in K7 itself (due to collapse of the
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magnetic field) before the K7 transfer points move.

If the K5 transfer contacts have returned to their normal
position before K7 transfer contacts (lO-ll) open, the relay
is re-energized through K5(10-12) and K7(10-11).

Here then, 1s the reason for capacitor suppression of K5 in the
alphanumeric mode as mentioned in paragraph 5,1. The drop out

time of K5 should be as low as possible. The timing diagram of
Figure 5-9 i1llustrates the described action.

/sr 2 ~no

EXT EXT.

4

K22 % } X
J t/: 3 %6
ks 4 ! L
X r X 1&-———-—————-
1 tf: lt;
! I
L}
| o
K7 COo/L X —
K7 CONTACTS 1 1
! L
T2 tr

Figure 5-9. Qualitative Timing, K7 Pick and Hold

At time to’ when the first extraction (calling for a level 2),
appears in the OB's, K2D and K5 are energized. They are pulled
in by tl, energizing K7, which in turn is transferred by tg.

At t3 -- the end of first extraction -- K2D and K5 are both de-
energized. K2D drop out 1s delayed until time t6 by its sup-
pressor diode. K5 opens more quickly, its transfer contacts
moving at th’ de-energizing K7 coll, but re-energizing it at t5,
through K5 contacts. If not re-energized, K7 contacts would have

opened at t7, but through EE, they are held on through second
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extraction,.
The circuit operation of the K6 series of relays is exactly

the same as K7.

K6 and K7 will remain held in until the first extraction of the
following character when K5 is again energized. If that character
does not call for a level 1 or 2 in first extraction, they will

be open and remain de-energized., If they are called for, they
will remain pulled in.

5¢3.3 ATPHANUMERIC DECODING TREE
Returning to the example of paragraph 5.3.2, refer to Appendix
Drawing No. 2. At the end of the first extraction for "a",

the decoder contains the information:

(a) TYPE (KLO)

(v) AN (k8)

(c) LEVEL 1 (K6)

(a) LEVEL 2 (KT7)

(e) LEVEL 3 (no shift)

With the arrival of second extraction, the K1 relays sasgain pull
in, giving the overall decoder set up as:

K8 K9 KO X/ kK6 X5 X+& X3 kK2 K.

With this information, the cilrcuit for the "a" solenoid can be
traced through,
PL2A-21-KB(3-1) --K2B(9-7) -~K3B(3-1) --KLA(8-T) -~
K6C(8-7)--K7(6-4)--K8(5-k)--k9(2-1) R22 and +160 volts.

Exactly the same path energizes the key solenoid in upper case.
The ‘only difference being that during first extraction, an
additional path is set up to energize the shift solenoid.

Any alphanumeric character except the "special" characters +, (,
)y ¥y /, =, and $ may be traced through the tree in the same

manner.
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5364 SHIFT CIRCUIT
Relay K11A energizes the shift solenoid when called for by

LEVEL 3 °*LEVEL 5,
In Figure 5-10, the shift circult is isolated. During a first

extraction calling for LEVEL 3 = SHIFT, a circuit is made for
KL1A through K5(4-5) and K3D(10-12).

+160 +160-TYPE + /6?- AN
A
]
KilA
FANNE vs
L Py ]
9 KIIA K3D 6
—»
5 6 " 12
PL2-2¢
SYIFT
SoLeENOIp Ki/A

Figure 5-10. Shift Circuit, AN Decoder

K11A pulls in, completing a path for the shitt solenoid and closing
its own hold contacts KL1A(1-2).

At the end of first extraction, K5 drops out, completing

the hold circuit.

KllAhOl q = K11A ~ K5.



The total hold equation is:
KI1A 4 = KlA (XK5°K3)

For K11A to drop out and release the shift solenoid, both K5
and K3 must pull in., This happens only during the first ex-
traction of a lower case character. Hence, once energized by
K11A, the typewriter will stay in upper case position until the
next lower case character or the end of the typeout operation.
This prevents the typewriter carriage from beating up and down

during a long series of upper case characters.

535 AN FEEDBACK
AN tab, carriage return, space feedback and typeout interrupt
with SA 1In exactly the same manner as described in paragraph
5.2.1, for the numeric mode. In the AN mode, additional feed-
back is provided for the carriage shift, elther up or down.

Operating through the FB line to raise HC, its actlon 1s shown
in Figure 5-11.

8
3 2% s /</4A*h" st crse
Stow FALL e £
K 0 .}l SHIFT] LeP)
& §EZZ z

Figure 5-11. Shift Feedback

K14A follows the UP/DN typewriter contact, being energizea

in the UP position. During first extraction of an upper case
character with the carrisge in lower case position, K11A pulls
in, completing a ground path for the FB line to HC.

FB = K10(1~2) * K11A(7-8) * KILA(3-1)
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5¢346

The FB line is carried through the fast rise, slow fall circuit
of paragraph 4.,t,7 as a convenient filter. The FB signal raises,
HC, preventing second extraction until K14A pulls in, releasing
the ground path.

When shifting down from upper case, K11A is de-energized during
first extraction and drops out to its normal position. Kika,
however, being grounded through the UP contacts of the type-
writer is still pulled in. When calling for lower case while
the carriage is in the upper case position, FB follows the

equation:

FB = mo(i—e) * K11A(7-9) * rika(2-1).

Second extraction is held up until the carriage moves to its
lower case position, opening its own UP contacts and releasing
K1LA.

SPECIAL CHARACTER DECODING

With a normal upper case character, the shift solenoid is ener-
glzed during first extraction and begins shifting. Second ex-
traction, with the accompanying type pulse, is delayed through
feedback until the shift is complete.

A specisal character, however, is not recognized until the entire
character is decoded, at second extraction time, coincident with
type pulse., At this, the shift must be energized and the type
pulse kept out of the typewriter until the shift is complete.
Then, without changing the OB configuration (which would destroy
the character), the type pulse must be repeated to print the
character.

Requirements of the circult at second extraction time are:

(a) Prevent the EXC pulse from reaching the typewriter.

(v) Energize the shift solenoid.

(e) Supply feedback to repeat the type pulse after feedback
is gone.
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Figure 5-12. Speclal Character Shift

Requirements (a) and (b) are met through the simplified circuit
of Figure 5-12. While using "*" as an example, it should be
remembered that all seven speclal characters are treated in the

same manner.
The typeout code for "*" is:

* = 11110 01011,
which configuration gives a path for EXC to the common contact
of relay K11C. The final connectlon to the typewriter key is
made through transfer contact K11C(1-2). The normal contact of
K11C is connected to SHIFT relay, KllA.

During second extractlion, then, a path is made through EXC relay
K9, not to the typewriter, but to SHIFT, KL1A. The EXC shot
energlzes K11A, starting the shift as previously described and
completing a path for KL1C and K11D through K11A(11-10).




5347

When K11C and K11D pull in, they break the K11A circuit and
connect the EXC relay through to the typewriter. Since Kl1lA
supplies its own hold circuit, the EXC pulse may be safely

removed.

K11C and K11D are not allowed to pull in immedistely. If they
did, the EXC pulse ==~ which may still be existant -- would be
connected to the typewriter with no guarantee that the carriage
had completed its ghift. The delay is caused by placing
capacitor C3 and resistor R2 in parallel with K1L1C and KL1D coils.
C3 and R2 prevent the coll voltage from rising rapidly. Hence,
K11C and K11D's pull=in time 1s extended.

This time delay is long enough for the EXC relay to drop out
before K11C and K11D complete the path to the typewriter.

After completion of typing the particular specisl charsacter Cl

is discharged through KllD(7-8) as soon as the relasys pull in.

If the carriage shift 1s complete, the type pulse reappears one
drum cycle later, energizing KO again, and completing the cir-
cult for the typewriter solenoid.

SPECTAL CHARACTER FEEDBACK
Speclal character feedback utilizes the same hardware as normal
shlft feedbacke. That is,

FB = KI1A °* KiLA

but has a different effeet inside the computer.
From G-15 logle, it is recalled that;

TYPE PULSE = OY * OE * Other Terms

and from Figure 5-T7, ML9 to OA precession for first extraction
implies: OY * OH.
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Through the simplified G-15 gating of Figure 5-13, it is seen
that if feedback is raised during second extraction (Gﬁ), oY

is immediately reset. Without 0Y, the TYPE PULSE is killed.

The difference then, is that if feedback goes high during

second extraction, type pulse is killed and OY is held low un-
til FB is gone. At the first To after FB is gone, OY comes

high again, allowing type pulse to be generated and ML9 to begin
precessing out the bits for first extraction of the following

character.

The term "AS" on the OY reset gate constricts this action to

occur only during alphanumeric output.

The timing diagram of Figure 5-14 1llustrates the special

character FB in terms of G-15 drum cycles.
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Figure 5-13. G-15 Internal Gating for Special Characters
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6.1

6.2

6241

6e2.2

SECTION VI

MODIFICATIONS TO G=-15

GENERAL
Certaln minor modifications are necessary to both the existing
typewriter and G-15 to ilncorporate the ANC-2. None of these

changes affect programming or operating rules in any manner.
G-15 WIRE CHANGES

Because the ANC~2 uses only the typewriter plug on the rear
panel of the computer, all signals must be brought to this plug.
The "AN" signal must be transferred from PL-14-32 to PL-l. Pin
18 1s cleared for it by developing the -20 volt logic voltage

for the coupler inslde of the coupler. The changes are:
TS1_-9 to PL-1-18 (remove =20 V not brought out)

TBL_-CF to PL-14-32 is now
TBL_-CF to PL-1-18 ("AN" signal).

The OC, term ® *(<sa>+0H* OC, * OC,), has been
simplified to:

oc, = (®-(<sa>+ 0H.)

Without this change, alpha typeout of line 19 may not be terminated
at the typewriter. Since M9 typeout involves source 9, the

(:) * OH ° 62& . 66; term cannot reset the OC's.

This leaves only the < (:) > < BA > term, and since < SA > =

SA * TYPE, it cannot exist during a typeout operation.
Removal of the OC qualifiers allows MLO to be terminated with
< (:) > « OH. This change does not affect programming of the
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6.2.3

computer in any ways The wiring changes are:

E45P Disconnect both wires, splice together.

E4LT to A39D Remove,

ELUN to ELLM Remove.

ELLM to ELLR Remove.

ELLK Transfer to E4L5P

In a type configuration, feedback 1s provided by the interlock
chains, The Tl’ T2
ing typeout to (l), save wear and tear on the points and relays,

generator is deliberately innactivated dur-
and (2) prevent undesirable feedback from character keys.

When an alphanumeric typeout terminates, the TYPE relay (KlO)
drops out when the OC's reset at the end of the first ML9 to
OA precession, ending interlock FB.

"Encoder" FB must be substituted before the first TO signal and

be continuous until the final mechanlcel operation is complete.

Otherwise OD will be reset and READY will arise before the type-
out 1s actually finished,

To fulfill the "encoder" FB requirement, the Ts T,
must be made to function in the numeric mode (single, extended,
Tl). To facilitate this, the AN relay (K8) must be de-energized
at the same time as the TYPE relay (K10). This requires minor
modification to the G-15.

generator

(a) Change AS reset from READY to OC .

Remove D9A - B3A  (removes READY)
Add E45K - LOCE (pick up ocr).
Add LOE - B3A (ocr to AS reset).

(b) Substitute OH for AS in the OD reset term AS'EE'TO‘EEZ



6.2.4

Remove Al6E - C12R (removes AS)
Add  AL6E - CLIR (adds OH).

(¢) Substitute O for AS in the OE set term ASeFAST OUT « (©) -0D

Remove B1OJ - D1OT (removes AS)
Add  BlOJ - Cl2D (edds OH)

—

A 25% increase in the speed of an AN typeout of ML9 can be optained
by adding [éign] of to the 0OS set term, Tl~CN°<:)-Ml9.

For all alphanumeric characters except the last four, this term
interprets ML9 as containing a minus, setting 0S, which holds
up OY an additional drum revolution. Adding [éigﬁ] of (which does

not exist in AN) will disable the term during an AN typeout, but
st1ll allow proper operation in the numeric mode .

Field modification of machines NOT having ECO 1096 in them is:
Add C34S - B39V (pick up [éignj]of)
A4 B3%K - H35K ( [sien] . to 0S_..).

For machines which HAVE 1096 in them;

A34 FU5S - D3BA (pick up [gig@] o)

Ad D38U - H35K ( [sien | op T 05, 1)+
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SECTION VII

TYPEWRITER MODIFICATIONS

GENERAL (Refer to Appendix Drawing No. 3).
Because of the method of handling of certain signals, some modl-

fications to typewriter wiring are necessary.

Locate the wire from the character common contact to the key
contacts. Disconnect this wire from the character common con-

tact, and connect it to PLF1A~T2.

Add a new wire from the side of the character common contact
which was freed 1in step 7.2 to PLF1A-TO.

In the typewriter base, locate the wire from:

SWl (enable)-2 to SW2 (Rewind)-2,

and change it to:
SW 1-2 to SW 2 (punch)=3.

Add a Jumper wire around the character interlock contact.

Ad the sdhesive-backed identification tag to the bottom of the

typewrlter base.
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THE FOLLGWING MODIFICATICNS ARE REQUIRED.
Refer to Appendix No. 1

1. Locate wire from SW1-2 to SW2-2,

CHARACTER
INTERLOCK SWITCH

Terminal B_—\ Terminal A:—'
l w2y — =
rg‘
Terminal Ai

CHARACTER COMMON

2. Disconnect end from SW2-2 and solder to SW-3.

3. Remove wire from Character Common Switch, terminal A.

4, Connect this wire to PLF1A-72. Use extruded tubing (Item
4)-. 87 inches long to insulate the taper pin. If the wire
won't reach PLF1A-T72, cut off the taper pin and splice an
extra piece of wire (Item 6). Use a butt connector (Item
2) to make the splice. Use taper pin (Item 5) and extruded
tubing (Item 4) to connect PLF1A-T2.

5. Cut a piece of wire approximately one inch long. Terminate
each end of this wire with a ring tongue terminal (Item 7).
Connect the wire between terminal A and terminal B of the

TYPEWRITER BEFORE MODIFICATION Character Interlock Switch, shorting out the contact.
6. Add a wire from Character Common Switch, terminal A to o
SWi-2 _ SWI1-1 PLF1A-70. Use a 16A56 taper pin (Item 3) to connect to

terminal A and a 16A19-001 taper pin (Item 5) for the PLF1A
connection. At PLF1A, insulate the connection with extruded
tubing.

7. Place the nameplate stick-on (Item 8) as shown.

8. Wire the tab feedback contact in parallel with the tab input

contact.
ITEM | NO. PART
NO. | REQ. NUMBER DESCRIPTION
1 1 1E2182 ASSY. TYPEWRITER
SW2-2 2 1 61A198-001A CONNECTOR BUTT
} 3  SwW2-1 SWwW3
SW1 SW2-4 SW2 Sw2-3 3 1 16A56A PIN, TAPER
4 66S9-010 TUBING, EXTRUDED
DETAIL A (2)
5 2 16A19-001B TAPER PIN R Ll 311
T o 1%9‘{&' .
6 67C60-022C WIRE ELECT. STRD. INSUL. () —— // Lo
7 4 11C8-004B TERMINAL, RING TONGUE ().87 IN. LG. 4PLFiA \@
TYPEWRITER AFTER MODIFICATION
8 1 40C112A NAMEPLATE, STICK-ON
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