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ABSTRACT

This report,describes the electronic laboratory station designed for

student use in learning electronic ihstrumentatiOn and measurements by

means of the Computer-Guided Experimentation system. The station is

located in Room 248 Electrical Engineering Building and features rack-mounted

electronic laboratory equipMent on a laboratory table adjacent to a PLATO IV

terminal. An Integrated Logic System behind the laboratory instrument anel

interfacesthe-terminal and dial'sensors within the laboratory equipment with

the PLATO system. The logic interface provides-PLATO with the ability t

sense student-made interconnections between thirty terminals and the ---7

student-made settings of twenty-two dials on the laboratory equipment.

CGE-PLATO software subroutines enable instructors to program complete

Connection Checks and/or Dial Checks whenever desired. For e her case,

PLATO guides the CGE hardware through the check and stores t result for

subsequent use in displays or in instructional programs. complete record

of the actual external interconnections between thirty terminals of the

experimentation.equipmefit is generated in less than five se nds. A complete

record of the settings of twenty-two dials of° the experimentation equipment

'is generate4 in less than\four seconds.
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CHAPTER I - INTRODUCTION

1.0 Characteristics of GE Station

\I\

This report describes` (tructureand Operation of the laboratory,

station, hardware and software designed for use in the CGE-PLATO IV

Computer-Guided Experimentation (CGE) system of laboratory instruction.

Theretare four general requirements whichlmay be used to characterize

a CGE-PLATO station. First, the station must, be capable of serving the

needs of a broad'class of relativey unsophisticated users, most of whom

will be encountering a CAI terminal and electronic laboratory equipment for

the first time. Second, the electronic instruments and the parts of the circuit

boards must bed commercially ayailable general-purpose type equipment

suitable for use in the variety of ways useful to introductory electronic

laboratory instruction in electronic instrumentation and measurements.

Third, modifications of the instruments and circuit boards which provide

terminal and dial sensor connections to the interface logic system should be

relatively inconspicuous and not change the external appearance or method of

operation of the laboratory equipm nt. For new multiple installations, the

internal instrument modifications should be made by their manufacturers

prior to delivery. -Four, the lo c system interfacing the sensors of the

CGE laboratory equipment with th PLATO system should be compact, accurate,

reliable, and fast operating sofithe programmed connection and dial checking

does, not significantly distrac from or impede the student's learning and

experimentation.

1.1 The CGE Research Project

The object of this CGE r search project is to demonstrate that the

Computer-Guided Experimentat on system will provide unique and worthwhile

improvements in undergradua or technicians laboratory instruction, when

properly used by competent nstructors.

1



The CGE station. consists:of a PLATO IV console-, Serial No..324,

Station No. 7-27, a CGE-PLATO Interface Logic System0five rack-mounted
+,

0

electronic instruments, and various eXPerimentation:OrOuit'bos for student

use in learning electronic instrumentation and measurements. The layout of
.1

the CGE station equipment is illustrated in FigUre 1. A block diagram of the

CGE-PLATO IV systsm is shown in Figure 2.

The CGE-'PLATO Interface LogicNSystem enables any instructor-author to

program the automatic sensing of the interconnections between thirty terminals

on the rack-mounted equ pment or on'the currently-used circuit board and/or

the settings of .twenty- --of the dials, knobs, or.switches on the equipment.

Records of the checks re stored by PLATO for subsequent use as however

.:programmed.

The'CGE station experimentstion equipment is illustrated in Figure d.

The CGE rack-mounted instruments are:'

1 alab Dual-Trace Scope Type 1120 and Plug -In Type 700

Exactr.Function'Generator Type 251

1 Hewlett-Packard Audio Oscillator Model 200AB

1 Hewlett-Packard Wacuum Tube Voltmeter Model 400D

1-Harrison LAb. Model 865B Power Supply.,

The CGE-PLAT01 Interface Logic System is m unted behind the instrument
.

rack panel, beneath\theFunction Generator.

The automatically sensed terminals are identi ied by T numbers, and,the

automatically sensed dials are identified by'D numb s in Figure 4.

Adtual laboratory. experiments are programmed by knowledgeable laboratory

instructors on the cAa system. The instructor writing a program provides for

the automatic sensing of terminal interconnections and/ordial settings

/
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INTgNSIT

D16 Y DI7

T25 T26

DIALS AND TERMINALS, ENSED ON THE RACK - MOUNTED

EXPE31 ENTAT4N_ EQUIPMENT

Figure Dials and Terminals Sended on the Rack - Mounted Experimentation,EquipMent

12



-de

wherever he deems' necessary- The response of the program to the fed back

.information of the'student's physical operations can be used in any manner

the instructor devises for improving the student's learning.
t

Each student can-work independently at a CGE station and learn at hiss

Irate hdw to Use the equipment, and perform or devise meaningful experiments.

. .

CGE is an enti ely new instructional system, and, research is 'required

to develop, its teaching capabilities and demonstrate its superiority in

-comparison with conventional laboratory igbtruction or training simulators.
A

CGEis not simply a new teaching aid, it is a new teaching method with
%

unexplored. and unknown capabilities. ' V,;

A student at a CGE station in'a laboratory is provided.;leady access to

laboratory facilities, theoretical material, computer assistance,' and

instructor assistance as visualized in Figure 5.
r

1.2 History of CGE

0 The concept of Computer-Guided Experimentation originated in 1968 from"'

diffcussions,o04ehe Capabilities of automatically monitoring the terminal

fik'c,interaonnectionS and dial settings made by a,student while perforMing an,

electrical laboratory experiment. These discussions. were initiated by.

,

J. P. Neal With D. L. Bitzer and R. L. :Johnson on 2], Jae 1968.

Beginning in October 1968,. Larry Weber worked with R. L. JOhnson to
9

* )

develop and,demonstrate:.in January 1969 a sys m for autoillatically measuring

and graphically displaying on'a PLATO screen the,interConnections between
.

.

..- .

. . .

foUr terminals.

.

.

Also beginning in October-1968, Tony. Maher and'Rod Parks worked with.

Neal in developing means for auftmatically sensing the settings
,0
of dials

nd the termlnal-interconnections of the rack-mounted electrical experimen-
:, 4

.

tation equipment. A studyof the pOssible positi?ns. of 0.10Xhe dials on the

7
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laboratory equipment. revealed that twentyfciur angular poOtions evenly

spaced at 15° included all podbibTedetented dial positions. Furthermore,

sensing the position of any continuously variable dial shaft to within 15°'

would also be'adequate. Therefore, a circular wafer was designed for dial

4

position sensing so that it would provide a unique five-digit binary number

for indicating each of the twenty -fou/different dial Settings. Iransmission

.;
'of this five-digit binary number electrically would require five parallel

sensing lines from every dial.
f.

f.

- -4

In a discussion on 13 December 1968, D. L. Bitzer suggested ad alternate ,

scheme, namely, the' use of a shaft potentiometer which would deliver a

proportional to the dial shaft positioq via a single,, sensing line.

Then,at a'single point in the logic hardware, convert these analog voltages.

to five-bit binary numbers for transmission to PLATO. This scheme greatly

simplified the internal wiring modifications necessary within the laboratory

instruments.

During the spring of 1969, Bob Bradley joined Neal on this project and,_

with the assistance of the Electrical 'Engineering Electronic Shop, installed.

potentiometer units or wafers on the shafts df the twenty-two rack-modnted

instrument dials whose positions should be monitored. Relays for disconnecting,

fifteen of the external instrument terminals from the interior instrument

t5.

circuits were also installed so that the remote- sensing of interconnections

would see .only those connectilLs-mada externally by a student during an

experiment.

1...,...../....InI11970,safter the experimentation equipment modifications were completed,

the Computer - Guided Experimentation Research Laboratory'(CGERL) Station was moved

to Room 261, Engineering Research Laboratory, adjaceqt to PLATO III, and

I

15
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b

interfacing it with PLATO III began. In.the meantime,, David L.%Meller and

other students working with Neal.develdped And programmed:software-for the

CGE'system and explored ways of programming worthwhile electrical engineering:

laboratory experiments.

Thereafter, Robert Arthur and other students working with Neal

Continued to deVelop and construct the CGE-PLATO III Interface. Logic System.

This logic system was designed to respond tocdmmands programmed in the'CGE

lessons apd automatically measure and report to PLATO III the external

interconnections between thirty terminals on the laboratory equipmen ,apd/or

automatically sense and report to PLATO. III thasettings,of twenty

the rack-mounted labmiatory instruments at the CGE station.

- e

On 3 August 1971, the,CGE-PLATO III Interface Logic'Syatei becamenfully,

o dials

o eratiOnal. The sensing nd report to PLATO III of the thirty terminal

nterconnectinns was relihly accomplished in three seconds, and the

in less than one second.

sensing and reporting of he twenty-tWo dial settings was reliably accompliSheid'

)",

The CGE-PLATO III interface hardware had grown to nccupy four rows of

an eighteen -incli relay rack and consisted-of about sixty 4" x'6 1/2," integrated.

circuit boards, including-eight dc per supply boards. No funds were

available for the CGE project,-but space and materials "were furnished by. the

Computer-Eased Educational Research Laboratory in the Engineering Research

Laboratory. Student participatign in the CGE project continued because of

their interest and they were ,able to earn limited academic credit for

special problems.

CGERL efforts continued towards the following

l.. Modifications of the logic hardware to interface with PLATO IV,

soon to become operational.

10
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2. Reduction in the,size and complexity of the CGE interface hardware.

Improvement of the use of the GGE-lystem in guiding students to

learn, laboratory work.

Modifications of the CG PLATO interface were ade s that it could be

operated with either PLATO.III or PLATO IV. The literfac with PLATO IV,

Serial No. 118, became operatignal in Room 261, Engineering Research Lab,.

/

on 25 September 1972.

PLATO III was beii.phaSed-out. herefQ e, on-23/October r972, the
,

.

interfa e Was permanently modified to ope :te only with `PLATO IV, and the

IC.boards'aecessary fox PLATO III,were removech

On 24 (:)tobex 1972, CGERL-and the CGE-PLATO. IV station wa= moved

- where, treyfrom Room 261 ERL to Room248 Electrical Engineering Buildin

are now located. gotmunicatIon

was now established over a pair Of telephone tin

/

'th the central PLATO' IV

telephone lines :termin ate at PLATO in a site c' troller itch communicated

with'the central V over a high-4Need' li . The s te controllers are

Furth

tem.

ore, the

programmed to receive signals from stations a a xate not, exceeding

fivekes/second. Thits-materiallY slowed CG operation. Wb re we had ..,

. ...

previauSly. completed a'oonnection check re uiring the equivalent Of 150 keys

in'three seconds% a connection check now eqyired thirty-seconds: This was

ark untenable situation and it justified a complete review of the - methdd of

operation.'

Another advantageous ituation developed. In Ow spring'of 1973,
. ,

solid -state switches became commercially available. Use of these integrated.

circuit chips (Inselek 02) enabled Richard L. Brown, working on a Master's

thesis with Neal, to veplace the magnetic reed relays and multiplexing IC'chips

used in the dial Oh ker and improve its simplicity -.and Speed of operation.



.

'A more sophisticated IC chip (Inselek 14)5) became available durii\g the
. 1

summer of 1973. These IC chips provided a reliably uniform low reSist4ice in
' 4 1

lc
the "on" position so that it became feasible to replace the sixty magnetic

reed relaysand associated multiplexing chips used in the connection checker.

Consequently, with -the start of the funding of the CGE project in the

middle of 1973, efforts were concentratl- on a complete redesign and

reconstruction of the entire CGE - PLATO /IV Interface hardware and:software.

'43

gliplas Dowden, Gunther Frank, P a l 114,fault and DO4glaS Zanter,,working

with Neal, accomplished this redesignand reconstruction. During this

reconstruction, terminal4eactivating relays were also installed for the

,/
fifteen cir uit board terminals. One br akthrough was the inFoiporatIbn of

a proCedureifor checking one terminal or dial at a °time, rather than

automatically reporting an entire series of checks, of all dials or all terminals

as a block-Dperation. This,methoa placed the burden on PLATO software for

memory and processing, and reduced the complexity of the hardware.

Donglas G.-Dowden worked Out the entirely new software routines

required and .Gunther Yrahk led the Ilardiiare 'redesign. With, this neW,system,

only 30 equivalent keys need be sent to PLATONfpr a complete connection

r"
check, instead of. the 150 equivalent keys previoUsly required.. Cons

.s
the time for a complete connection check by PLATO IV was reduced fro

thirty secondgi_to less than five seconds. Furthermoretithe more,soph
.

4

hardWare system occupied space equivalent-to only foqr IC boards, instead of

the sixty IC brds,formetjly used with the originals stem.

The reductign in volume of the CGE-hardware interface permitted 31 to be

quently,

about

sticated

concealed and ventilates, in the rack - supporting the experimentation ins ruments

and the separate relay rack was discarded.

12
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Thi§ entirely new CGE system interfaced with a new type PLATO ]V console,

Serial No 324, became fully oiierational on 3 December 1973 as Station 7-27.

0

This practically completed the hardware and software subroutines for the

CGE-PLATO IV Interface Logic System. Minor improvements or repairs continue

to be, m d"e as needed.

Now, the major effort of the CERL grOup is.directed towards testing,

evaluating, and improving the.instructional value 'of the CGE experimentation

lessons.
1

7
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19
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CHAPTER 2 - CGE _HARDWARE

2.0 List of CGE-PLATO Hardware Items

The

from the

glibibrbana.

electronic laboratory equipment'at the CGE-PLATO station is on loan

EleCtrical Engineering, Department of the University of Illinois at

The major items of equipment at the CGE-PLATO station, Including the

CGE-PLATO interface, are:

Item No. *

11

'12
13
14
1-5

16

17

25
26

31

32

33

34

35

36

37

38

item Name.

CGE Logic System:
Front Interface Logic Board
Rear Interface Logic Board
Relay Driver Board
Connection-Check APDT Relay
DC Logic Power Supplies

Rack-Mounted Instruments:
Scope (Analab Dual-Trace Scope Type 1120)
Plug -In (Analab Plug-In Type 700)
Function Generator (Exact*Type 251)
Audio-Oscillator (HP Model 200AB)
Vacuum Tube Voltmeter CRP Model 400D)
DC Supply (Harrison Lab Model 865B)

. Circuit'Board Panel- Socket

PLATO Terfikinal Connectors:

EXT OUT-Ccinnectoi (PLATO console 4324)
EXT IN Connector (PLATO console #324)-

Experimentation Circuit Boards;
General eurpose Board
Resistor Board=
'.RC Board ,

RL Board
Impedance.Board
Two Port Network
Thevenin Board

- Superposition Board

2.1 Modifications-6f Laboratory Instruments and Circuit aciards for the
Sensing of Terminal'InterConnections

Internal to each rack-mounted electronic laboratory instrument and'

underneath.each circuit board, e'sensing lead is extended from every terminal

to be sensed. Each terminal sensor lead terminates on a pole of a

* Numbers 6-10, 18-24, and 27-30 are unassigned.
4 l

14

20



62R4 to inal-deactivating re y There is one normally open contact and one

normall closed contact associated with each relay pole. The terminal-
.

deactivating relays for each instrument are instalAd'within that instrument.

The termi al-deactivating ielays4for th circuit bOards are on Item 3, the

Relay_Driver,Board.''

C.
For the sens s of instrument terminals, the interior wiring to a sensed

terminal is connected to the normally closed contact of a terminal-deactivating

-relay, an the terminal is connected to the associated relay pole. Hence, when

no Connection, Check is in progress, the interior circuit connection to ,the

Instrument terminal is closed and the instrument operates normally.

The circuit board terminals are also connected to poles of terminal-

deactivating,relays. However, the normally closed contacts of these terminal.-

deactivating relays are left unconnected. Therefore, when no Connection Check

is in progress, the circuit bords of the experimentation system operate normally.

When an order froin PLATO causes the CGE interface to initiate a Connection

Check, all terminal-deactivating relays operate. First,peach circuit terminal

connected to a relay pole is disconnected from the normally closed terminal-

deactivating

deactivating

. deactivating

relay contact,_and then connected to the normally open terminal-:

relay contact. Each of the normally.open contact of the'terminal-

/
-

relay poles are wired to poles of the CC 36PDT relay, which at this

moment is unoperated Each of the normally closed contacts of the CC xelay are
. A

conne ted to ground through individual forty-seven ohm resistors. Hence,

the operation of the terminal-deactivation relays disconnect-1 all instrument

sources and circuits from the experimentation circuit, then grounds all

terminals of the experimentation circuit forthe purpose of dissipating all

circuit-stored energy. In other words, the .student's experimentation circuit

is deenergized.

15
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The twenty -four volt supply to the CC relay coil loops Serially through
1.

a pole and normally open contact on every terminal-deactiva fmg relay. After

all terminal-deactivating relays have operated, the pat su plying twenty-four

'volts'to the CC relay coals closed and that relay operates. This disconnect

all terminal sensors from ground through the normally
/

losed contacts of the

CC relay and then connects all terminal sensors through the normally open

contacts of that ray to the inputs of the L05's. This'situation remains

until an EXT 0 or DC signal is received from PLATO, or, if CC is not

,reactivated by PLATO within 5.5 seconds, the CGE system will clear

-- firstfirst releasing the QC reay,'then releasing all the

terminal-deactivating relay and returning the experimentation circuit to

normal.

2.20 Modifications of Laboratory Instruments for he Sensing of Dial Settings

Inside each instrument, for each instrument d l' whose angular position

is'remotely sensed by the CGE Logic System,,a afer potentiometer or,

twenty- four - position rotary switch has been installed and keyed to the dial

shaft. This wafer provides an ana&kvoltage proportional to the dial position.

tinear potentiometers are used for sensing the positions of continuously

variable,dials. Single-pole rotary switches with discrete positions uniformly

space at 15° angularly are used for sensing the positions of,discrete-position

dials, because every disctete-position dial on the rack-mounted exOdrimentation

instruments has twenty-four diacrecepositions or some submultiple of,

twenty-four discrete pOsitiemaltxnamely, twelve, six, oyfiree.

The rotary dial- position - sensing switches are made into potentiometers by /

connecting equal-resistance resistors between adjacent contacts.
/

All dial-position sensing potentiometers (continuously or discretely

varying) have their initial end connected to the chassis ground and the

, 2 2

16



Ifinal'or high end connected to + 5 volts dc through a trim resistor. /The trim

resistors and the intercontact resistors are designed to cause the n
t

position of every dial to produc

re sistance o each tinuously

the same analog sensor voltage. Tte total

ariable poteritiometer is about 23,000 ohms.

For sensing t -four discrete positions evenly spaced angularly,, one
i

.

1,000 ohm resistor is connected between each pair of adiacent terminals of

each twenty-four position rotary switch.
, -

The Analog-to-Digital COnversions of the Di"a4.Sensor Voltages -are listed

in Figure 6. The Dial Setting-Codes sensed, and stored-C)I-MATO for till

various settings of the twenty-two sensed dials are tabulated in Figure 7.

Figure 6. Analog-to=Digital Conversions of_Dial Sensor Voltages.

I ----t

Dial 'Input to Pin 3, Input to Pin 23;. Output of A/D Converter

Setting SN7274Z, Sheet.7*. A/D Conv., Sheet 7* land Report to PLATO

I.

Volts

1 O.
2 .238

3 .476

4 .714

5 .952

6 1.191

7 .1.429\

8 1.667

9 \ 1.905

10 2.143

11 f. 2.381

12 2.619

13 2.857

14 3.095

15, 3.333

16 3.571.

17 3.809

18 4.047

19 4.286

20 4.524

21 4.762

22 5.000

* See page 27.

1.

Volts

.469'

.781
1.093
1.406
1.719
2.031
2.348
2.656
2.969
3.281
3.594
3.906
4.219
4.513::
4.844
5.156
5.469

5.781
6.094
6.406
6.719
7.031

23

/ Binary.
NuMber

00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011
01100
01101
01110'
01111

%,10000
10001
10010
10011
10100'
10101
10110

Letter
Code:

a

b

e

a

f

g.

h

J

k

",

n
0

p
q
r

t

u.



'Letter Setting
PLUG-IN
Dl: B VOLTS
D3: A VOLTS

a

e
f

h

3
k

1

m
n
0

,p
q

Figure . Dial Setting CodeS.

Letter Setting
D4: B PREAMP
D7: TA PREAMP

a
mV FCW*

d

20 "

50

100
200
500
1

2

5

10

20
50
100

200

D2: TIME

a

b

d

e

f

g
h
i

3

k
1

m
n
0

q
r

t

v.

10

20

50
100
`200

500

2

5

'10

20

50
100
200
500
1

2

5

10

"20 7,

50
EXT C

It

It

11

tl

It

11

FCW
+AG
+pc
-DC

,OFF
BALSET FCCW

D5: SWEEP MODE

VAR. LENGTH.:

a -, ARM Fad
b

AUTO
d DRIV
VAR. TE:
e DRIV
f OFF

FCCW*

Letter S

FUN.-GEN
D10: TR

ttin

GOER

T FCW
FCCW a

b

v.

D11:

Letter Setting

D14: ATTENU OR

LIER

a .001 FCCW
b .01

) ).1
d 1.

e 10.

f .100#

1000. FCW-

`D12: CYCLES/SEC.
(MULT TER = 10)

FCCW a
,b

e

f

g
h

k
1

D6: RIGGER SOURCE

a
FCW b

ci
d

e

f

g
h

SCOPE

LINE FCW
AC EXT/20
DC EXT/20
AC EXT
DC EXT
AC INT
DC INT
OFF .FCCW

D8: Y DISPLAY

d

e

A FCCW
B
A&B CHOP
A&B ALT'
A vs. B FCW

D9: X DISPLAY
0

SWP x 5 FCW
8WP
.EXT FCCW

FCCW b

* Fully Clock-wise
** FIJI* Counter-clock-wise

18

24

m
n
0

q
r

a
t

u

9

15

19
23

28
3'2

36,

41
46
50.

55

60
64

69

73
76

82

87

92

96
100
102

± 3 C
± 3.

±.2.
± 3
± 2
± 2
± 2
± 3
± 3
± 2

± 3
,±. 3

± 3
± 2
±

4- 2

± 3
± 2
± 2

± 2 FCW

f

k
1

m

D13: OUTPUT

d

b
a,
b

SQUARE FCCW
TRIANGLE
SINE
VRAMP
INE . FCW

6 ± 1 V FCCW
+ 2 PP

12 '± 2

14,± 1
17 ± 2

:19 ±2
2Q ± 1

±1
22 ± 1
23±

724 ± 1
; 25 ± 1

25 ± 1
i 26 ± 1
27 ± 1
28 ± 1
28 ± 1
'29 ± 1

29 ± 1
, 30 ± 1

30 ±,1

31 ± 1 FCW

D15: DC LEVEL
(3C & D14 FCCW)

1

a,b,c,d OFF FCCW
d -57 ± 1 V

-56 ± 1
f -53 ± 3

g -48 ± 3
h +

i -39 ± '3

j,, -35 ± 2
k -31 ± 3
1 -27 ± 1
m - -24 ± 2
n -20 ± 3
o -17 ± 2
p -14 ± 2
q. -13 ± 1
r. - 13 ±'1
s -10± 3
t 2 ± 11
u . 30± 17

56 ± 11



Letter Setting
DC SUPPLY
D16: METER

a

V
VOLTS
AMPS

D17: .VOLTAGE
(OC & D18 OFF)

V
-.7 .1: .1

V -.7 ± .1

D17: VOLTAGE
(OC & D18 .1A)

V

a .7 + .7 FCCW
b 2.9 ± 1.5
c 5.8 ± 1.4
d 8.6 +_ 1.5

e 11.3 ± 1.3.

f 14.0 ± 1.5

g 16.,3 ± 1.3

h 18.8 ± 1.3
i 21.0 ± 1.0
j 23.0 ± 1.0
k 25.5 ± 1.5
1 28.0 i

30.0 ± 1.0
n 32.3,± 1.3
O 34.5 ± 1.0
p 36.5 ± -1.0

38.8 ± 1.3
4I.i ± 1.3

/43.3 ± 1`.3
45.3'± 1.3

u 48.0 ± 1.5
50.0 ± 1.0 FCW

Figute 7. piaf Settin§ Codes (cont.)

FCCW
FCW

FCCW

FCW

irk

D18: CURRENT
(SC & D17 FCCW)'

A.

a -.02 -2, .01 FCCW

b -.01 ± .01
.01 ± .01

d .03 ± .01

.03'± .o1 ,FCW

I

Letter. Setting
D18:. CURRENT
(SC & D17 FCW)

.A-

b

d

f.

g
h

k
1
m
n

0

1:;

t q

r

02 d .01
± .01

..02 ± .02
.04 ± .02
.07,± .02

A-,
.12 + .02
.15 + .02

%19 ±..02
+ .02

.25 + .02

.27 + .02
:29 -1- .02

..32-± .02

'.38 ±. .02.

.41 ±'.02

.4.4 1.-.02

.46 ± .02

t /.49-± .02
.51

.53± .02

AUD. OSC.

D19: AMPLITUDE
(o(G & 1000 Hz)

Vrms
I ± 1
-2 ± 1
4 ± 1
5 ± I
7 ± 1
8

10 ± 1
h 12 ± 1/
i 13/1-4,

j 14 1

k 1

1 , '17 1

19 + 1
n 20 ± 1
0 21 + 1

23 ± 1
24
26 ± 1
27 +1
29 ± 1
30 -1-'1

31 +1

25
19 :

a.

b

d

/15r

't

u

V

A,-etter Setting
D20:' RANGE

FCW.

FCCW

100
200 FCW

D21:' FREQUENCY
(0C &:RANGE x 1)

b, 19 ±1
c 21 ± 1
d- 22 ± 1

e 24 ±1
f 25 ± 2
g 28 ± 2
h 31 ± 2

35, ± 2

j 40 ± 3

.1( 46 ± 3
1 53 ± 4
m 61±5 -

n 71 1 6
82 -6--/

94 t6
108 ± 8
122 ± 8
140 ± 10,

160 ± 10'
185 ±.15
210 ± 10 FCCW-

q

2r-

s

t

v

VTVM

D22: RANGE
Vrms -sine

a .001

,b .003
.O1

d .03

'.3

1

3'

10
30

'1,00

300 FtW-

FCW



An alternate method is used for sensing the positions.ofawitchet on

circuit boards. In those cases the switches simply change cirquit connections,

and terminals,:of each switch are sensed like dther'circuit terminals, and the

terminal interconnections sensed by the Connection Check* reveal the twitch

,potitions to PLATO.

2.3 Schematic Diagrams of the CGE-PLATO Interface Hardwtarg

The next ten sheets of schematic'diagrams cover the CGE-PLATO interface
'N

°hardware and are seOstately indexed as gollows:

Sheet Nqe

CGE Input from PLATO

The ConneCtionichecker
fo,

The. Connected - Terminal Selector.

The 'CC Relay". .

Jlerminal Sensors I

Terminal 'Sensors -11

The,Dial Checker

Dial Setting Seniors

CGE Output to.pLATO

Power Supplies,

* For details see Chapter 3 and 4.

I
20

26

5

6

7,

9

10

4

L

ti
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2.4 Descriptionsof'amportant Hardware-Components

ThrohghOut the CGE-PLATO Interface Logic lyatem, resistors, calacitors,

and diodes have been introduced to stabilize'the operation', or prevent

Z/7
.. - .

.

. .

transient effects that nay damage the'.*ntegrateeeircuit components. Every
...

cOmponent used had been found necessary through practical experience with,
.

I

.

the system., The 14st'modificatiori to 'the hardware'was made on 25 Ma

.and no significant CGE hardware faiiures have'occurred since that time.

As of April 1974, complete "Connection Checks and complete Dial Checks have

been performed since 3 December 1973.

Certain hardware components m4terially contributed,toAncreasing the spee

and /reliability of the, interface and enabled a tremendous reduction in the

nu ber and size of its discrete components. 'Therefore, it seems desiraiple to

reproduce the manufacturer's descriptions of these components in thilreport,

as follows

Component

Inselek ZO2 SOS/MOS 8 ehannel Multiplexer

Pages .

32-'33

Inselek LO5 Low -Resistante 8 Channel Multiplexer 34-36

37-38
A4.1 Econoverter

a,

Servotron EE5S2O0 +5 V DC Supply- 39-40

LCD 2.15.200 ± 15 V DC Supply and

LCD 1.5.1000 V DC Supply 41-42

3rV

31



*.*

MINNICIPTITS1.1-444INW:ETIT713

L02
sos/mos

8 Channel Multiplexer

GENERAL DESCRIPTION

4-4-4715

The LO2 is an 8 channel multiplex sWitch with
output enable control and 1-out-of-eight decoder
inclUded on the chip. Vastly superior chaiacteristics
are obtained through the unique process of form-
ing SOS /MOs transistors on an insulating substrate.
The logic .inpu't lines of the LO2 can be used directly.
with TTL logic levels with no level shifting interface -

required. The channel switching time is typically
20 times faster, while power dissipation is only
one tenth that for conventional P-MOS multiplexers.

;

FEATURES

TTL Compatible Input Logic Levels
One-Out-Of-Eight Decoder on the Chip
High On-Off Ratio
Output Enable Control
Fast Switching Time 50 ns
Low Power Dissipation
Input Gate Protection'
Low Leakage Current
Zero Offset Voltage
±5 V Analog Signal Flange

APPLICATIONS

A/D Converters
Data-Transmission, Multiplexing
Signal. Selectors .

t'

A

FUNCTION DIAGRAM

rilPu;

5% 55 51 5. t, 5'
0

? -Cu,. WINO

TRUTH TABLE

1001C INPUTS GOMM

7 2' 21 OE

L L LH S.N/LLN-S,
11141.11 5,

Ou; a. 14.1 OICOvi *ss NH S5

'6044 ,1 NN S,
L fINN S,

Oulftt I NMI N141114 S,

._..
Ale .11,o, XX X L 011

PIN CONFIGURATION
(16 Lead DIPi

;OE

VSS

OUT

.NC

Sg

S7

S6

S5

V 0

S2

S3

S4

00005 '1272



ABSOLUTE maxanna RATINGS

Supply voltage** with respect to most positive supply voltage *,111. 22V .c.

Control input voltages with respect to Vu .i. 22V
,

Data input and output voltages with respect to Vs%
It

22 V
.

,
Storage temperature TA --65°C to +150°C

Operating temperature TA 0°C to +75°C

ELECTRICAL CHARACTERISTICS (25C) Vss = 5.0V, VDD 15V, 5.0V < VOUT <5.0V

r

RECOMMENDED
OPERATING VOt.TAG

Vss = + 5 V + 5%.
VOD =-15V+5%.

SYMBOL CHARACTERISTICS Milt. TYP. MAX. UNITS TEST CONDITIONS

) RON

(
Data Channel "ON" Resistance

%,

250 400 Ste
/ , .. - '

i

'VOUT -50 V TOUT =-10141°

,
ROFF Data Channel "OFF_' Resistance 7 '1.5 , 3.0 al VOUT = 0 v. OE =0V VIN = 5V.

IDLO Output Shunt Leakage Current
't

-,

,

". 50 PA
VOUT =0V. OE =OV. VtN = N.C..

ULM Data Input Shunt Leal age Current too . 500 pA VIN = 5V. OE =0 V. VOUT = N.C.

. v IL , Logic Gate Input "Low" Level 0.8 V

V
1}-4

Logic gate input "High" Level 3.2 V
4

I
I

s
Channel Switching Time 45 70 ns . FtG. 1

Cdb Output Capacitance 8.5 pF VOUT ' 5 V f : 1.0' MHz

SS (

.
Data Input Capacitance

..r," 2.5 pF - VIN ..- 5 V. f = 1,0 MHz

PD . Power Dissipation . 50 150 /11W OE -77 0 V

Fig. 1- SWITCHING TIME TEST CIRCUIT

LOGIC INPUT

GNP

VIN 2 t

.
The output transition time is a function of
external R and C and the Ron of the se-
lected switch

1111 WEL IRK
39

33

OUTPUT

10%

rtsi

University. Park Plaza
743 Alexander Road..
Princeton, New Jersey 08540
Phone: (609) 452-2222
Cable Inielek



if 11111 .11,1

LO5
Low Resistance

8 Channel Multiplexer

Apr'
GENERAL DESCRIPTION

Low. On. Resistanet:
15 Ohms

Dual Mode:
Sinlgle 8/Dual 4 Channe

Fast: 75 nS
Channel To Channel

TTL Compatible

Expandable:
Output Enable Provided

The LO5 is a I ;resistance 8-channel multiplex
switch with Al coding and output-enable (chip
select) controls Three-address input lines are de-
coded to select e of The eight channels. Alter-
natively, the most significant address line IV)
may be connected to VDD, thereby changing the
switch, mode to dual 1-out-of-4. The remaining
address liries (2' and 2°) then are decoded to
select the desired pair of channels.

The TTL-compatible address and output-enable
input buffers incorpopte a'unique latch feature;
these input terminals retain their last logic state
wherithe input terminal is floated.

OPERATION

1-out-of-8 Mode: Connect Output A to Output B.
/ Apply binary address codes to the three address

lines.

-Dual 1-out-of-4 Mode: Connect 22 address line
to VDD supply. Apply binary cbdes to 21 and 2°
address lines.

All switches are disconnected when Output Enable
(OE) is low.

PIN CONFIGURATION
,.., h . ,

Supply voltage VSg 0.
Address 26 U

.94111301 eititne1:1E II
Output 8 U

Input SR. n
Input S7 (1
Input S5 El
InPu! S5. ILJI

IL) VD0 Supply-, voiraqe

ER Address22
1.

al 21' Addttss -

cH A - Outptit
(El St Input; I

III S2 Input

CE S3 Ir(put
U S4 Input

I.

FUNCTION DIAGRAM pui .4

S.

7° --t ...

_

-

..

4
s3

7I a
,

A00/1155
Of C00111

42' MODE
J.. ONTHOL

e . .

Or --- --
...

7... Se,

. ,
IMO

TRUTH TABLE CONTROL INPUTS A
CONNECTF11..

TO

11

CONNIC(10
TO72, 7' 70 OF

0 0 0

0 0 I 1

0 1 0 1

0 I 1 1

I 0 0 1

I 0 I

I 1 0 I

1 1' I I

5,

S

S.,

5,

I

2

S,
S.,

5,
S,,

Vor, 0 .0 1

00,3 0 I. 1

000' 1 0 I

V., I I 1

5, .

S,
S,
S,

55

Sn

Sy

Ss

X X X 0 OXI AI SlAt Ai

I HIGH (*VI
0 1.61,4001

PACKAGE OUTLINE .

.370
I MA X

.04
IAN

APO 00.
,....

..60
MA L

f.1

.1 TO
T IP

1**-40 xf. 015 :17'1.
11

/-:;-
.01

C00238 AUGUST 1973

UNIVERSITY PARK PLAZA 743 ALEXANDER ROAD PRINCETON NEW JERSEY 08540
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ABSOLUTE MAXIMUM RATINGS ,
-a--

Supply voltage V00 with respect to most positive supplV voltage Vss
_

-25V ,

Control input voltages with respkt to Vss -25V

Data input and output voltages h respect to Vss -25V
t

Data (switch) current «
50 mA

Storage temperature TA 65°C to + 150°C

:Opera(ing temperature TA . 0°C to + 75°C

,
CAUTION. Care in -handling of this device is`mandatory to prevent damage to the outpUts due to static
electricity. To retain the inherent high impedance levels of the device, no protective circuitry is used at the out-.

puts. Recommendations include use ot conductive foam or trays for out-of-circuit handling, grounding of
soldering iron tips, grad device removal o insertion only with power supplies turned off. Operators handling the
components during test or assembly shout wear grounded wrist-straps.

105

RECOMMENDED
OPERATING VOLTAGES

VSS' + 5V ± 5%.
VIM= -16 ± 5%

1

ELECTRICAL CHARACTERISTICS (25°C) V$s = 5.0y, VDD -16V, 51)4 OUT <

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS I TEST-CONDITIONS

RON a Channel "ON" ResistanceDatt.
.

15 40 11
VOUT = OV, Iota = 1 mA

RoFT Data Channel "OrF"fiesistance . 10 , 250 MS! I VOUT= OV, OE 'OV, y,N - -5V

I i o
.

Output Shunt Leakage Current 500 PA 1 VOUT --' OV, OE = OV, V1N N C

'Lot Data Input Shunt Leakage Current 1
, nA 'I, VIN = -5V, OE = OV, VouT r' N.C.

VCS Control Input "Low" Level VDD 0.8
,

.

Vc ' Control Input "High" Level 3.2' VSS Vii;
_

r
.

IcF Contrbf tnput Load Current . 10
I

iii VC =-0V

ICR Control Input Leakage Current Ato 6 I. VC = 5V

Cdtt.,\v
,.

Output Capacitance 3 i Votrr = 5V, f -= 1.0 MHz

Cis _Data Input-Capacitance , pF .VIN = 5V, f = 1.0 MHzr,
Po Power Dissipation

.

150 400 W
.

OE = OV

A transient current of maximum value 1.6 -rnA occurs during a one to zero transition at terminal.

SWITCHING CHARACTERISTICS (Fig. 1)

Vss = 5V = -16V TA = 25°C

.
. PARAMETERS

LIMITS
UNITS

MIN. TYP. MAX.

tcc

..-

Channel to channel switching time a.
75 150

t EC
Enable to channel switching time '50 150 nS

tot Disable to channel switching time\ 75 150 .
nS

35 1 '



LO5

'70

60

ADDRESS STABLE

FIGURE 1

SWITCHING' TESTS

TA 325 2+5V, VDD" -I6V V9DD VSSSS
1 I

RON 1../orVoliTA) /Is 22, OE

IOUT ''' 5° Ma e 1.: _L - I I
`IouTio ma OUT IMP No

71--
, I

a Se

0 1.0LITOLITAIO

VINPr
0. .

.
. 4

I

-19

VIN - VOLTS

FIGURE 2

TYPICAL ON RESISTANCE VERSUS ANALOG - INPUT VOLTAGE

0

I
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.
1314EL
SYSTEMS, INC.

Datel Systems has achieved major
breakthrough. in Analog to Digital con-
verter design by use of a proprietary
measurement technique and state-of the
art packaging fabrication. The Econo-
verter is completety- self cootained in a
miniature plastic case -measuringr x 2" x .375".'

Simplified operation, small size, and low
cost make this corwerter ideally suited
to OEM applications. Market areas in
elude avionics, automatic semi-

conductor test equipment, computer ,
equipment, process control, geophysical
instruments; medical electrobic instru-
ments/systems, oceanographic, instru
ments, data transmission or any require;
ment where high resolution is, not of
prime iMpoitance.

Econoverter is avail,abl With six bit -
resolution with a digitizing speed of 50.
.usec for a full scale input excursion and
is proportionally faster for less than full
scale inpOts. Analog input voltage range
can be either unipolar (OV to +5V or OV

to +10V) or bipolar (4-2.5V or ±5V) by
means of externally programming the
unit via pin strapping. Overall accuracy
is adjustable to + 1/2 LSB. Output
digital coding is straight binary' for
unipolar inputs and offset binary for
bipolar inputs.

The Econoverter is .adjustment tree
over. an operating temperature range of
0° to +70°C and has a temperature
coefficient of ±1.00 ppm / °C with long
Wan stability of ±0.1%/year: All digital
inputs and outputs are compatible with
standard TTL/DTL logic levels. Input
power' requirements are +5VDC @ 80
ma, fl 5VDC @115. ma; and 15VDC @
5 ma.

Econoverter is fully encapsulated and
features dual-in line pinning compati-
bility, ,100" grid pin spacing.

4/74 "

All

20 KHz

ANALOG -TO- DIGITAL

CONVERTER

ADC ECONOVERTER

0 CONVERTER FOR UNDER S30.00

FEATURES

L.04., cost

'Small size'
Low power consumption .....
Programmable input
past Conversion rate
Self contained
Excellent long term stability
pEhtl designed

$29.95 single quantity
1.6 cubic inches
0.7 watts
Unipotar or bipolar
20 KHz, 6 Bit resolution
Simply apply D.C. power
±0.1%/year
Generous'discounts available

BLOCK DIAGRAM - ADC ECONOVERTER
1 .

., ,

® !;:2,
f 0 A CONVT (11(11

JJ 41,11

'at

INPUT I C>

INPUT 7 8

fUllStALI
ADJUST

rKIITTITT IL (?)

I ill$1
41.

1,1 ( OMPARA 1011

COUNT, H

START
ONVI RI I
iNPUT

LOCK CONTROL LOUR

(ATI

11:11):Z1,,

NINAII
RBI`,

L

WCHANICAL DIMENSiONS,INCHES (METRIC)

2 000*
17 11eml

i /0 PINS
020 DIA
1 5mm)

SIDE
VIEW

100 1 BOO 1
12 5 I 1 14.57cm)

mml 2.000 15 08cm)
1.850

20 .

3
4 7 SPACES
5 AT 100 EACH

1 1.1a

250
(41,..I4Nmm I

375 19.5mm)

43

18
19

22
23 - -
24

BOTTOM
VIEW

9
10

e50

2.000 I-7 11cm) ---1

350
250
IRV

INPUT /OUTPUT
CONNECTIONS AI

PIN FUNCTION

1 E 0.0 (STATUS)
OFFSET CONTROL

3 START CONVERT
4 INTERNAL CLOCK OUT

(SERIAL OUTPUT)
5 81T 1 EtUT WSW

6 BIT 2 OUT
7 BIT 3 OUT ,

8 8IT 4 OUT
9 BIT 5 OUT

10 BIT 6 OUT ILSE)
17 +5V POWER INPUT

18 +15V POWER INPUT

19 -1.5V POWER INPUT

20 POWER GROUND

21 F.S. ADJUST

22 ANALOG GROUND
23 ANALOG INPUT 2
24 ANALOG INPUT I

a.



"
ELECTRICAL
Inoutti:
Milo, Input voltage

range

Input impedance'

.
VOLTAGE

RANGE

ANALOG
.INPUT

PIN

.
JUMPER

PINS

OV to +5V

-
21 22 to 24,

2 to 20
0V to +10V

-
24 22 to 23,

2 to20'
'2.5V /

,,

23 22 to 24,
2 to 17

t4V - '24 22 to 23,
2 to 17

Input pin 23: '2.4K Ohms
Input pin 24: 4.2K Ohms

Input overvoltage t 20V *
Sun of conversion 2V min. to 5.5Y max.

Ponilv pulse with duration of 100
num min. Rise and fall times <500
mist
Leading edge resets converter.
Trailing edge initiates conversion.
Loading: 21T1, loads

Outputs: .

Parallel output deur . . . . 6 parallil lines of data held until
-4" next conversion commend. _.......,,,f..

V out r0"1.4,...0(!.or .

. . .1/ cuff > +2.4V
.-....-- -

,,,,,.....-'' "tech output eble of driving up
to 6 TTL loads. s

A

Output coding Straight binary (Unita:gar input)'
Offset binary (Bipolar input(

End of conversion V out ( "0 ") < +0.4y during
conversion

V got ( "1 ") > +2.41/ conver-
sion complete

Loading up to 6 TTL loads.
NOTE: End or conversion output;,

will remain at logic "0" if ana-
log input exceeds the positive
full scale voltage.

u

Internal clock aerial
output) Pulse train, 50% duty cycle 1TTL

logic levels)' Each negative transi
tion,indicates one count, up to
63 counts.

ORDERING INFORMATION

Performance:
Resolution One pert in 64.
Linearity' t 1/2 LS8.

I Full scale accuracy . . . . t 1 LSE.
NOTE 1: The +15VDC power

supply input is used as
the reference voltage.
Therefore, the F.S. vol-
tage is directly.propor-
tional to this voltage.

NOTE 2: The full scale accuracy
can be improved by exi
terns, trimming.
To reduce the F.S. vol-. tap connect a trim re-
sistor frdm pin 21 to pin
18. .
To increase the F.S. vol-
!IMP connect a trim re-
sistor from pin 21 to
pin 22; Trim'resistor

Long term stability . . . .

Temperature coefficient'

rangi 50K to 2 Meg.
t0.1% /year

*I0OPPmr C
Encoding time Min: 0.5 )'sec (zero scale)-

, Max: 50 psec (full scale)
Reedisig rate Up to 26,000 maples/sec. for lullI sglkiproportionally faster for loss

Ofien F.S. Inputs.
Input power

reziirements +15VDC, t0.5VDC 15 rite max
,15VDC, t0.5VDC 0 5 ma max
+ 5VDC, t0.25VD*C @ 80 ma max

- -
PHYSICAL-ENVIRONMENTAL
Operating temp. range. . . 0° to +70°C"
Storage tamp. range . . . . -55°C to +85°C
Relative humidity Up to 100% non-condensing
Size 2111x 2"t, x:13.375H
Pins, . ....... . 0.020': round gold plated, 0.250"

lonir min. r"5

Casa material Black Diallyl Phthalate,-per
MILM-14. converters full repairable

*Weight 4 oz. max. - .. .

,
Matisig Socket . DI LS-2, 2 Req'd. per module, $6/or.

MODEL - ADD ECONOVERTER
'UNIT PRICE ... $29.95 ea.

OUTPUT COOING FOP ECONOVEPTEP

ANALOG INPUT
RANGE

....125V,F51

.
ofFSET UNARY

ANALOG INPUT
RANH

10 Totiov. rsf
STRAIONT IIINART.

4.14 111111" 1.1114 11 I I11
*4.37 .. 111100 11173 1 1 1 00 0

375 I 11000 *7.50 11-0000
02.50 110000 5.00 T00000

0.00 o 00000 2.80, 010000
-2.50 01 op o0. 1.25 001000
-3.75 001000 t 0.00 000000
-4.37 000100
-4.14 000001
-5.00 000000

DIVEL

FULL SCLA

IMMO
VOL14C lit

,Clt

_L_Itiroot tlYr !O r
Q, YMl CON:f,104 TIME

':121.21.12 VOLTAGE VERSUS CONVERSION TINE

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE'

SYSTEMS, INC. 1020 TURNPIKE STREET, CANTON, MASS. 02021 TEL. (617) 828-8000 TWX: 710-348-013 TELEX: 924461
PRINTED IN U,S.A. COPYRIGHT ©1974, DATEL SYSTEMS, INC. ALL RIGHTS RESERVED 4/74
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ECONOMY ENCAPSULATED

LIEGE 'TO' DC

REGULATED POWER SUPPLIES

L7VI

ERVOTRON
CORPORATION

SERVOTRON'S EE SERIES of regulated povver supplies was.de

signed to provide the "power fit" in performance, price and

packaging for the new, to Ai cost LED, MOS, TTLTL,.0A Con-

verters, Function, Modules and Operational Amplified.

'WOULD you BELIEVE???

Regulatdd (0.25%) dual and single outpuls

Compgct (2" >Y 2".5r.87.5") modular packaging ...
Priced at $12 ** in unit quantities ...

42. .

UNBELIEVABLE?. BUT TRUE!

StE9IAL FEATURES'
$9.97* (1K quantities)

Short Circiiit Protected.

Miniature Size

No Derating Over Specified Temperature Range

SPEgIFICATIONS":

MODEL- EE5S200 EE12D25 EE15025

Output Voltage Vdc 5 - ± 12 ± 15

Output Current mA 200" 25" 25"

Line (105-125 Vac)
Regulation

Load 10-100%)

.25%.

.25%*

Ripplb and Noise mV,rms

Temperature-Coefficient

2*

.02%

Warm Up Drift f mV

Outptit Voltage. Tolerance (FaCtory set )
tei 3

Input Voltage and Frequency 105-125 Vac, 50.440 Hz

Operating Temperature -25 to + 71°C

Storage Ternpei4ture 25 to +85°C Z...

Case pimensions (Syvotro'n SCP3 Outline) 2" x 2" x .875-

SC-3E3
Connecting Inst,uctions-

Prke
$12.00(1-99) $14.00

/Price (1 K) $11.75. Sap]
----c----

Indicates maximsm specifications. "For Dual Output Models.

39 5 Data cheat gE-7t 50
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OUTLINE DIMENSIONS

SERVOT N SC 3 OUTLINE

.175

150 4 1150

NOTE

2000
1.700

,'75 Co--
BOTTOM VIEW

NOTE:
1. FIVE PINS .046 DIA. x .250 LG. MIN

CONNECTING INSTRUCTIONS

SINGLEOUTPUT MODELS

SERVOTRON SC-3A
CONNECTING INSTRUCTIONS

PIN 1. ac input

2. ac input

3. Vdc output
4. No connection

5. .+Vdc output

DUAL OUTPUT MODEI.S

SERVOTRON SC-3B
CONNECTING INSTRUCTIONS

PIN 1. ac input

2. ac input

3. :Vdc output
4. Common

5. +Vdc output

S

OPTIONS: (Add as suffix to part number)/
t..1/

Input, 200 to 240 Vac, 50 to 440 Hr

($2.00 additictnal charge, 1:99)

ORDERING INFORMATION:

Prices are F.O.B. Haverhill, Mass. Terms remittance must include $1.00 fortrane -.
are, net 30 days to accounts that have portation cat. Orders of less than
established credit with Servotron. Orders $25 without accompanying remittance
of Less than $25 with 'accompanying will be shipped

t
C .0.D..

-

attoE
CORPORATION
RV 0 T R 0 Ai

1
\-.....vv- P.O. BOX 292 HAVERHILL, MASSACHUSETTS 01830 TELEPHONE (61 ) 374-0777

0

4° 4 6

1



otter to Buy Than Build"

vig151;°;4'.'
ti

ca

SCI CREED: "To furnish the best possible soption. . . at a most favorable "price."

SEMICONDUCTOR,61 PUITS, INC:
HAVEFIH1LL, MASSAC SETTS

'z
41

47



OUTLINE DIMENSIONS

n5
I

090

I 4175

3

I

ISO 1 700 .4
1.1 2 00

150

4
'00

ISO

50
+700

so I
i

le 5

2 5,

2 200

No .5 11

io

204

I
15

3 '

/ V NOTE ? 1

.0 / 4.
I

S

2

, 40 10 131'

CONNECTING INSTRUCTIONS
SINGLE OUTPUTS DUAL OUTPUTS

PIN 1 ACin PIN
2 ACin
3 Vdc out
4 No Connection
5 tVdc out

6 High Isolation
Option only

1 ACin
2 ACin
3 -Vdc out
4 Common
5 tVdc out

t
I

e Series

Fig, 1

Fig. 2

OPTIONS: 'f3e Page 11 For Details

Fig. 3

sq
P741
DPS
LCD

LOW COST NuNIATURE POWER SUPPLY. SERIES
WITH BETER THAN AVERAGE REGOCATION

INPUT VOLTAGE AND FREQUENCY:
105 to 125 Vac - 50 to 440 Hz
RIPPLE AND NOISE (PARD):
ImVrms

TEMPERATURE COEFFICIENT:
0.02%/°C-typical

OUTPUT VOLTAGE TOLERANCE:
Factory set at ±.1% (fixed)

OPERATING TEMPERATURE RANGE:
-25°C to +71°C
STORAGE TEMPERATURE RANGE:
- 25 °C 'to +85°C

OUTPUT
MODE VOLTAGE

NO Vdc

OUTPUT,
CURRENT

fnA

SQ1.5.20 I5 200
SQ2.12.3 112 1. 30
SQ2.12.50 t12 150.
SC12,15.30 +15 - ± lo
S02.15.50 115 1 50

P741:50055 5 500
P741.10I2 112 1_100
P741-1015 115 1:100

DPSI.5.1000 5 1000

4 CD1.5.500 5 500
LCD1.5.1000 5 1000
LCD2.6.60 ±6 + 50
LCD2.12.100 112 1100
LCD2.12.200 112 1200
LCD2.15.25 115 1 25
LCD2.15.50 +15 + 50
LCD2.15.100 115 IWO
LCD2.15.200 115 1200

48
3A n

SHORT CIRCUIT PROTECTED
NO DERATING UP THRU +71°C
COMPACT SIZE
ECONOMICALLY PRICED
FLEXIBLE MOUNTING PINS

REGULATION
LINE LOAD

% %'

Icy

PACKAGE UNIT
SIZE PRICES
fig. 1 9

0.25 0.25 1 $19.95
0.25 0.25 1 19.95
0.25 0.25 1 28.95
0.25 0.25 1 19.95
0.25 0.25 1 28.95

' 0.20
0.20
0.20

020 2 $29.95
0.20 2 39,95
0.20 ' 2 33.95

0.50 0.50 3-8 $29.95

0.20 0.20 3-A $37.95
0.20 0.20 3-8 49.95
0.20 0.20 3-A 43.00
0,20 0.20 IA 45.00
0.20 0.20 3 -B 59.95
0.20 0.20 3-A 19.95
0.20 0.20 3-A 35.00
0.20 0:20 3-A 5.00
0.20 0.20 3-8 59.95

Other Models Available Upon Request.



2.5 Item Wiring, Records and Parts Lists

The wiring lists and pafts for the CGE -PLATO Interface Items, listed in

,Section 2.0 above, are reproduced on the folluwiug pages.

43
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OGIC BRD - FRONT

Item Name

Part: 1 44- tact Vector Plugbord Receptacle Type R-644 ($2.62)

J .NealI Date 1 March 74

Connected Item This Item

Use No. Pin Cable Wire Term Chip

GRD Chassis

-45 5 4 GN (Blk) B 72741

4

NC C

NC D

NC
,

NC

o '

*F

#

NC ,

NC
.

NC

NC
L

+15 5 5 Red (Blu) M
72741

7

CGE
Ready 26 10 Red (B1k) N

74123

C/12

7 26 1 ,Ora (B1k) P

7450

A/6

2' 26" i Yel (Blk) R
7450
B/S

P. 26 Blu (Blk)
- ,

s

74Z0

B/6

--2-r 26 4 Wh (Grn) T
7450
C/8
7430

C/624 26 5

.

Wh (B1k)
4

U

Test
bit

26 Brn (Blk) V

7404

A/12

D16 16 ,q Red W,

LO2
C/12
L02
C(11D17 16 4 Ora

D18 16 5 Grn
Y, L02

C/10

T30 4

N.O.

30 Red (B rn

LO5'

D/6

44
5 0

1

Item No.

Connected Item' This Item

Use No. Pin Cable Wire Term Chip

+5 5 1 r

+5
Flt. 5 2 Rid (Brn)

.

N.C. ,

25 1 Red (Blk)
)

4

7404
B/1

7404

B/3

DATA

25 2 Grn (Blk) 5CLK

WE 25 3 Wh (Blk) 6

7404
Ail

NC .)

,

. 7.

NC

NC .

NC
10

NC

,...

11

NC
112

Or.

FLT. 5 3 Brn(Rd-Brn)
13

CC5 4

POLE
36 Yel (Red) 14

74123,

B/2

CC1 C Red (Yel) 15
7411
C/12

+5
.

,

.
16

LOZ
B/10Ado 13 3 Blu . 17

14,

Dll 13 4
.

Ora 18
L02
B/9

D12 13 5 , Grn - 19
LO2
B/8

D13 13 Grey
,

2a
LUZ

B/7

D14 13 Blk 21
L02

B/6

D15 13 8 Wh '

22
L02-

111/5.



CGE LOGIC BOARD - BACK

Item Name
PART:. 1 44- CONTACT VECTOR PLUGBORD RECEPTACLE TYPE R-644

Date 4 DEC. 73 By JPN

Connected Item This Item

Use No. Pin Cable Wire Term Chip

it

NC A
LO1

D8 11 2 JBRN

LO2B

12

D9 11 3 BLU C

LO2B
11

D19 14 3
.

GRAY
D

LO2C'

9

D20 14 4 WH E

LO2C

8

LO2C

7

102C

6

D21 14 5 VIO

D22 15 3 GRN H

T15 4

N.O.

15 YEL (RED)

LO5B

5

T16 4

N.O.

16 RED (YEL)

,

K
LO5C

12

T17 4

N.O.

17 RED (BLU) L

LO5C

11

T18 4

N.O.

18 BLU (RED) M
LO5C

10

T19 4

N-41.

19 WH (GRN) N

LO5C

9-

r

T20 4

N.O.

20 GRN (WH)'

LO5C

.8

T21 4

N.O.

21 RED (ORA) R
LO5C

7

T22 4

N.O.

22 ORA (RED) S

LO5C

6

T23 4

N.O.

23 BLU (GRN) T

LqC
5,

T24 4

N.O.

24 GRN (XTR) U
Lp5D

12

T25

N.O.

25 BLU (BLK)

LO5D

11

T26 4

N.O.

26 BLK (BLU) W
LO5D
10

T27 4

g:O.

27 YEL (BLKY X
LO5D

9

T28 4

N.O.

28 BL (YEL)
x

LO5D

8

T29
.

4

N.O.

29 (RED)

LO5D

7.

45

51

2 .

Item (o.

Connected Item This Item

Use No. il Cable Wire Term Chip

NC 1
LT

DI 12 3 WH
2

.1,02A

3'

LO2A
II

10D2 12 GRAY

D3 12 5 RED/GN

LO2A
9

LO2A
8.D4 12 6 RED/YEL 5

D5 12 7 RED/BLK
6

LO2A
7 ,

D6 12 8 TAN 7

LO2A
6

D7 12 12 YEL "
8 LO2A

5

T1 4

N.O.

1 BRN (BLK) 9

LO5A

II

,,

T2

N.O.

2 BLK (BRN)
10

LO5A

10

T3 4

N.O.

3 ORA (BLK) 11.
LO5A

9

T4

N.O.

4 BLK (ORA)
12

LO5A
8

T5 4

N.O.

5 RED (WH) 13
LO5A

7

T6 4

N.O.

6 WH (RED) . 14
LO5A

6

T7 4

N.O.

7

.

RED ,(BLK) 15
LO5A

LOP
12T8 4

N.0,

'8
. .

BLK (RED) 16

T9 4

N.O.
9 BLK (WH) .17

LO5B

II

,T10 4

N.O.

10
..

BWH (BLK)
.

18

LO5B

10

TII

N.O.

11 GRN (BLK) 19
LO5B

9

T12 4

N.O.

12
/7

BLK (GRN) , -20

LO5B
8

T13 4

N.O.

13 RED (GRN)

...,

21
LO5B

TI4 4

N.0:

II
14 GRN (RED)

22
LO5B

,



Chip side
of RC
socket

PARTS LAYOUT
CHIP. SIDE--

PART; t 41/2" X 61/2" Vector 838 WEION IC Board.
30 16 all D.I.P. sockets

2 Adjustable POT.

BOARD 2

/®
d DC SCALE

ADJUST

kL05A1

LO5A

LO2 A

k7476

1)41238

h7408

1)174164

BOARD I

L05131

11 L058

L028

1)1 7411

1)74123C

117404A

1)7404E1

DIODES

LO5C1

hLcac

LO2C

IS S

HOPII

CHC
R

I

1)7412301

1)74193A1

674 5 0 A

®A TERMINAL
STRIP

72710

kLO5Di

LO5D

LO2D

k7402

117419313

117450C

1174508

11 f.
22

SEE ITEM 2 LAYOUT

CHIP ELEMENTS

74123 C 7412313 74123 A
e-A-N

6 14 6 14 6. 14 + 5VDC
16 15 14 13 12 11 10 9
O

7412313

74123C

74I23D

R1 CI R2 :C 2

ITEM 1..

101 6.8p.F 101 .0IAFI

101 .01p.F 104 .0Ip,F

22/e .0Ip.F 221 6.8pF

4
7 15 7 15

74123D 74I23C

7 15

741238
2
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RELAY DRIVER BOARD

Item Name

e 4 DEC. 73 By JPN
--Connected Item

Use No. Pin,Cable Wire

24V
AC 5'

C2 12

24V 13A
CC1

5V

T1

T2

T3

8

14 14/8
8 15/8 *16/8

15 ,RED -(YEL)

POLE
1 RED

POLE
2 '10111

8

Item No

This Item

Term Chip

A

B

.COenected Item :Ibis Item'

Use NO'. d4/e Wire Term
.)t

4V
AC 1

ND
CC1

24V BLU

-Chip'

2

PINK

T2- 17 2. WH

T3 GRAY

T4 17. 4 VIO

T5 17 5 BLK

POLE
3" BLK /WH

raLt.

T4 4 I 4 BLU/BLK

T5

T6.

T7

POLE
5 'ORA/BLK

POLE
6 GRN/WH K

POLE
7 GRN/BLK

T9 4

T10 4

POLE
8, RED/WH .

POLE
9 BLU/WH

POLE
10 GRN

T11 4

T12

POLE
11 RED/BLK

T13 4

LE
*12 WH/BLK

POLE
13 BLU T

T14 4

POLE
14 ELK

T15 4

POLE
15 OR

W

X

[A

'0 LLED
GRD 4
CC

TC 4
, .

COIL
2 RED (ELK)

POLE
.31 BLK (RED).

48

5 4

5

6

8

T6 17 6 YSL

BRN
10

T8 17 8 BLU
11

T9. TAN 12

T10 17 10 GRN 13

GRN/RED 14

9

15
T12 YEL/RED

16

T14 17 14 BLK/RED 17

115 15 ORA 18
CC3
24V 13A 9 SLATE: 19

NC

NC

NC

2'O

21

. 22



RELAY DRIVER BOARD PARTS LIST

1 Vector No. 3662:6.5" x 4.5" Plugboard

1' Vector R044 PC Receptacle'

RCA 2N2270 Transistor

1 Int. Rect. IR 18DB2A, F.W. Rectifier

sOo I, 1 watt, 5% resistor

1 Int. Recto 1N270 Diode

1 3 mF capacitor

1 11.5/25.2 V transformer

1 Sigma 62R2 -24V Relay

5 Sigma 62R4-24 V Relay

1 Sigma AD-22 Relay'Socket

Sigma AD-P Relay Socket

14 ON-OFF puWer switch with pilot' lamp

e,

49

Item 1.
15 5-October 1973

e



CC RELAY = POLES & COIL

Date 1 MAR 74

Item Name

By JPN
Couni.cted Item , This Item

Use

T23

No. Pin Cable Wire Term

13A 5 BLU 23

T24 13A

16

r 7 , tIO 24

T25 7 WH 25

T26 16 6 BRN 26

T27

T28

T29 `

14 6

7

6

RED 27

-2814

15

BLK

BLK - 29

3(T30' 15 7 RED

CC

LATCH; 3 S BLK (RED) 35.

32

.. 33

34

35

CC5 1 14 YEL 36

RELAY COIL ,

11:17T)
CC4 16 9 4* GRN 1

CNTRI*

CARD . 3 ' RED (ELK) /2

4
Item No.

SHEET 1 OF 3

Connected Item l'his Item
Use No. Pin Cable Wire 'I.,rm

T1 3 D RED 1

T2
-K---
T3,

3 - WH
2

3 F BLK/WH ,3

T4 3 H . BLIY/BLK 4

T5 3 J ORi/BIK. -

T6 3 . K GRN/WH : .. 6

T7 3 L GRN /BLK -.7

'T8 3 M. RED/WH 8

T9 3 N BLU/WH 9

T10 GRN 10

T11, 3 R RED /BLK 11 ../

T12 WH/BLK 12

T13 3 T BLU 13

T14 3 U BLK .14

T15 3 V OR 15

if16 12 9 YEL 16

T17 12 10 GRAY 17

T18 12 11 ORA 18

T19 13A 19

T20. 1

//-
20

-r-
2 GRN

/

13A 3 RED 21

T22 13A - ORA , 22

r-

so 5 6



CC RELAY%, N.C. CONTACTS

Item Mune
SEE NOTE BELOW

Date 1 MAR 74. By JPN

Connected Item This Item

Use No. Pin Cable Wire Term

. 4752 . ' 23

. 24

25

, .

26

lib
27

. .

28

29

.1 \q/
30

..

31

32

33

,

. .

, 34

.

35

GRD
C .

GI
IS

36

\
'ut

-

,..

.

, .

.
_

4

Item No.

SHEET 2 OF 3

Connected Item 'Thit Item

Use No. Pin Cable Wire Term

GRD 470

2

.
.

3

4

5

6

/ .

.

.

f
.

...

10

.,
.

11

/

. 12

13

14

15

16

. 17

18
. ,

19

- 20

21

,

22 .'

Each N.C. CONTACT No..1-30 is connected through a 470, 1414. resistor
to ChassIs Ground. 5.7

51
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CC RELAY - N.O. CONTACTS

Date I MAR 73

Item Name

By JPN

. Connected Item This -Item

Use
L.

No.J Pin Cable Wire Term ,

T23 2 BLU (GRN) 23.
.

T24 2 ,U GRN (XTR) 24

T25 ,2 V BLU (BLK) 25

T26 2 W BLK (BLU) 26

T27 2 ,..,.X YEL (BLK) . 27

T28 2 Y BLK (YEL) 28

T29' TO
,

BRN (RED)
29

T3 1 0 , RED (BRN) 3Q

GND
CHASSIS,

GND 31

32

:...

t

33

34

-- r ,;.

+5V 1 1 BLU. 36

.

. _

,

.

,
.

.

52

4

P Item No.

SHEET 3 OF 3

Connected, Item This Item

Use No. Pin Cable Wire Term

T1 2/ 9 (BLK) 1

T2 2 10 BLK (BRN >2

T3 2 11 ORA ,(BLK)

T4 2 12 BLK (ORA) 4 '

T5 2 13 RED (WH) 5

T6 2 14 WH (RED) .6

T7 15 RED (BLK) 7

T8 2 16 BLK (RED) 8

T9 2 17 BLK (WH). ?.

,T10 18 WH (BLK)
(

10.

Til 2 . 19 GRN (BLK) ir

T12 2 .20 BLK (GRN) 12

T13

,

21. 1RED,(q4N) ..,%13

T14 2 22 GRN (RED) 14

T15 2. J YEL (RED) 15 . .

T16 2 K RED (YEL) 16

T17 2 L RED (BLU) 17 .

T18 2 M BLU--(RED) 18

'T19 2 N ,WH (G )
1

.

T20 2_
.

P GRN ( ) 20'

T21 ORA) -.
21

't22 2

,rRED

S \GRA(RED) 22



CC RELAY PARTS LIST.

1 36PDT T.-Bar Type 801 Electronic Controls No. 36C24

0 65 1 kS1, 1/4 watt, 5% resistors 06,4. 29),

a

IP

V.)

59.

53/

V

Item 4
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C G E. PoWe Fc 3 41 PPL. Y. Assomw
Item Name

Date ID DEC 73 By G. Fs

Rem ENV;

CoMONIPAI 0

4C.
0

+5 V

LCDl, 5.1000,
(+re 14)

2.

AC.

AC

GRN

Item No.

Connected Item This Item
Use No. Pin eable Wire erm

+ 5v
_

Ku,
0 V
WI I 113

15. V 4

'HO 1 m .

5

(44,95s /5

A .51 ,
AC .%2

,
i 7

A4 3 A

t
9

dia.i.tedz. &rut iZa V AC,

1111-r-- Lc° 1, I. r. 2, V 0± sr e
SERVS re4/ e&S'S2. vi

(4.)- fte4r).

vtArs ,r1.0.+7"
.20 4r VOATS 0047"

- - J

'If V44( 60 A 2,

;A, vito45
Go's? I

N4 Cif

60

54



.),e4E-46 ,scare .7,744 114.
Wovij (4L 4Q. N44 'Mc; &?oPE)

c ,co Atopwic04-rioN cHeloirrc

VIAL- 5a145 (t4G-:*.L-

17,41Z7.5

Ibietiliebi... /7 - 24z:r70 . 91. ',Is/ A4/4-
/7 - .511 -0/ _C491.6 C:44.4M P..

50ie .5o/soh; ,."x DISPLAy FdArCTICA" PEAL AvoitrhzA I:

OAK .5see/6-..5 r, .3 -PaS/T, 0/41.j J- Po "Vs.voiziws -rYPe-
1Z4t,r04 ty swirc,N r-

A. i v 5% Ris/s 72) AtX 4'0 fii/drIV C A/7"4CrS.' \
R40 .4-.14, 14/, '77z7r/ tesisreitrOirvisto Joisr ado/fixer .t *6.10

"off -51',$/si 1/4 11,Y Pise44Y Folic-now ~ ',JAL l'Ax/r/oA/

OAK 5ER /ES 5-130..s/ rpDA,/, / tog,,zej is404,46wdycritys TrPr
sw/rcA,

1. 14/..) 40f /Tx F.,1/

/ //,2. 774-,m R.8"4 is ToA 6Pb-roises Msr 14;71-.71//;./

Item Numbers 6-10 are unassigned.

55

61



Isletu. SCOPE PL.11611

Avoulle 1f 760 P1-116"-I
CGS 144121P-icAriOd, segrfroone

.26 SFr 73

CON WECTI 0 a SSW %, 141 G

.A.1NPOT

0 'INAPT

reiG 1.14P01

CC SIGN41_

1?esal ettA .44PDTh.L4 V

1 fAXP

CY"
COACtio Ggik

1 WO Yft.

to . tett

Dvii, SE- ti

IS
Mr , .B4K

Pus te.

Gghy 1 P.9te 17 ® T17-

ORA fata Igo 778

Rev

WH

.014N

6011

Ar,2)

LA,

RED

'50 cc/

WH

-2-z.f...._2±P121k

REP/01.1

.----34
aiai 6\ 7G Reo/eciir; _ 05'

oisA 6-ijt__._:TAL___ .._zt

ox. I

V

P1

Dz

P3

D4z-

Db

56



ANALAB TYPE 700 PLUG-IN MODIFICATION PARTS

1 Amphenol 17-10150 15 pin Connector

Connection-Sensing Parts:

1 Cable #79 CC

Sigma 4PDT-24 V Relay

1 Sigma AD-24 Relay Socket

1 relay-mounting bracket

Dial-Sensing Parts:

1 Cabie' #79

1 AMphenol 17 -10150 15 pin Connector

"B Volts" and "A Volts," each:

1 Centralab Series'4000, 17-position, 1-pole, shorting type

rotary switch

16 1 1(52, 1/4 watt, 5% resistors

1 5 Id2, 1/4 watt trim resistor

"TIME":

1 Centralab Series 4000, 22-position, 1-pole, shorting type

rotary switch

21 1 Id2, 1/4 watt, 5% resistors

"A PREAMP" and "B PREAMP," each:

Oak Series F, 6-position, 1- pole;-non- shorting type rotary switch

5 5.6 kQ, 1/4 watt, -.5% resistors

1 100 lel, 1/4 watt trim resistor

"TRIGGER. SOURCE ":

1 Oak Series F, 8-position, 1-pole non-shorting type rotary switch

7 5.6162, 1/4 watt,, 5% resistors

100 162, 1/4 watt trim resistor

63
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"SWEEP MODE":

1 Oak Series F, 6- position, 1-pole non-shorting type,rotary switch

5 '5.6 k4, 1/4 watt, 5% resistors

1 100 kO, 1/4 watt trim_resistor

law

4

6,1

58



J,Pileqh rd/z 0 W. Grr.",/i6 ,4IV,t)

C GE 14DP) C#97) CA/ 5CHirikriAIC

SR-Ws i N 6

Porgwriottrrcgs 7-a P
Co ill,

7-RIGGEK

as

cora r

Aire N.

PC
SIX

3 ezul 17

f114

og41 18, i

3- a RNI 19)

6 VI.

t

)

ei,K1 /-4
)".

\, Wi/ I .12,1

65
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FUNCTION GENERATOR EXACT MODEL 251 MODIFICATION. PARIS

\

Dial Sensing Parts.:

1 Amphenol. 17- 20090,9 -pin Connector (Top, Right)

For "TRIGGER":

1 PA -60 switch wafer (2 positions: ground and

///For "MULTIpLIER":
N

4 PA-60 .switch wafer

6 1 kR, 1/4 watt, 5% resittors

1 15 kR, 1/4 watt, 5% trim resistor

For "CYCLES/SEC":
0

1 3-sections IRS-CTC potentiometer: 30 kft, 20 VI, 25 jcft trim resistor

For "OUTPUT":

1" PA-60 switch wafer: 3 -1 kR and 1 18 kn trim resistors

For "ATTENUATOR":

1 Ohmit Dual 100 kn Potentiometer

For "DC ,LEVEL":

.1 Mallory RUL54 T353 3-section PotentioMeter:. 1 FP14R, 1 US43, and
1 SL45j

Connection-Sensing Parts:

1 Cable #81CC

1 Ampheno "17-20090 9-pin-Connector (Bottom, Right) '

2 Siga 4PDT-24 V relays..

Sigmla AD-24 relay sockets

ay- mounting bracket

61
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.

HP 200AB AUDIO-OSCILLATOR MODIFICATION PARTS

AmphsnoP17-20090 9-pin Connettor

41- Con ctial-Sensing Parti: 3

1 C bles#83CC

1 Sigma 4PDT-24 V Relay .

1 Sigma AD-24 Relay'Socket

1 relay- mounting bracket

Dial-Position-Sensing Parts:

-"AMPLITUDE,". D19

Ohmite'AB Dual 25 laPotentioieter,.

"RANGE," D20

cV

o
1.Centralab AD, 6,pos4tion, 1-pole shorting switch

*

3 1:5 kg/, 1/4 watt, 5rtsistorS'

1 100 kp trim resistor

"FREQUENCY," 021

Ohmite AB 25 oeenti eter

'69

63
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Equipment .Wire Connector
Dial. ID# Pin # Color , Pin

AMPLITUDE D19 3 gray D-19
4

READING UP
0,- 100%

READING DOWN
100 .-0 0%

POSITION VOLTAGE VOLTAGE LETTER
LABEL READING L" READING CODE

O.% 1.1Q 1.10 L
5. 1.11 1.15

10. .1.53 1.58 d
15. 1.92 1.99 f

20. 2.33 2:40 8
25. 2.66. 2.73 h

y_30. 2.98 3.02 i
35. 3.26 3.38
40. 3.63 3.67 k
45. ;3.95 4.02 1.

`50. 4,.31 4.37 -m
55. 4.67 4.78 0
60. 5.08 p
65. 5.43 5.45 q
70. 5.76 5.84
75. 6.10 6.12
80. 6.41 6.48 t

85. 6.79 6:84 u
90. 7.13 7.21 V
95. 7.44 7:53 V

100. 7.62 7.62 V

RANGE

. Equipment Wire Position Voltage Letter
Pin it- Color Label 'Reading Code

D20 4 white x200 2.03 f

k100 1:72 .r :e
o x10 1.4L i1

. x14 1.10 i c

I

64
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J (1, fir,2/...
oc-T HP-9-0a

c6e 1.1= pa cArb*il Sciit wan<
1

C4 AiEc.71) N ,E1/41 N G :
IOW

INPur

- otirPOr

.1aM1 *'pr -zitV
RELAy

)117..
o/aA

kir

.16 YEL.. 15,
K

r 13.1.11 8
16,

1/1 5 5 hi AiG

. D

4W1.7 GN

WH'

EM1

.

J

Av., 29 '72?

/ ORA

4

H,

°C) 2.* v

3 G.gye

71_
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HP 400D MODIFICATION TARTS.

1 Ampheno417-20090 9-pin Connector

Connection-Sensing Parts:

1 Cable #84CC

1 Sigma 4PDT -24 Relay

1 Sigma AD-24 Relay Socket

relay-mOunting bracket

-Dial-Position-Sensing Parts:
.

"RANGE," D22

1 Centralab AD, 23-position, 1-pole shoiiing switch PA-4000

11 1 kG, 1/4 watt,' 5% resistors

1 20 ya 'trite resistor,

.44

4

. 7 2
A

66
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HARRISON 865B DC SUPPLY-MODIFIOAT/41.PARTS

1 Amphenol 17-20090 9-pin Connector

Connection- Sensing Parts:

1 Cable #85CC

.1 Sigma 4PDT-24 V Relay

1 Sigma ADL24 Relay Socket

1 relay-mounting bracket

Dial- Position - Sensing Parts:

"METER," D16

Centralab AD,.4-position,, 1-pole

3 1:5 k&, 1/4 watt, 5% resistors

100 kR trim resistor

"VOLTAGE," '.D17

Ohmite AB Dual 25 kR Potentiometer (1 is used for dial position sensor,
the other is used forPower Supply voltage control)

shorting switch

it

"CURE " D18

1 Ohmite AB "Dual 25
the other is used

k2 Potentioketer (1 is used for dial position sensor,.
for PoWer Supply current control)

//
./

_68
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3-14V 73 CIRCUIT. BOARD. SOCKET
SIP/,/ (oN _To& wooer -Reick fitr(CL.)

FARTS L/57-;.

Sif/.50

Ti

7:e

T8

rf

itrrtm /7

/ A 1417NEN01.- ltitr -10/ sw &cep, riocs.e, '/7-aa -4' 444.
ci,ewp Amp / . c X.o.senefe.y.

2 r 1.5" 4e.22, ir6 5TrAiss) e

koRiAla _17/4a/P/3M

BO,

@ 1

It

Rev /6-QV

"-%..04 / k" 4. P

OR A
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EXT OUT From PLATO

Item Name

Date 4 DEC 73 By JP14

25 *

Item No.,

Connected Item This Item

Use No. Pin Cable Wire Term

DATA 1 4 1

CLK 1 5

WORD
END 1

dim A

11 A

11 A 6

7

-....." 9

6' of #22 AWG 3 Twisted-Pair Cable

1 Connector for J26 PLATO Console Socket

Item Numbers 18-24 are unassigned.

70-
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EXT IN TO PLATO

Item Name

Date 4 DEC 73 By JPN

Connected Item This Item

Use No. Pin Cable Wire, Term

GND 1

NC

-?

'RED (BLU) 23

24

Connected Item This Item

Use No. Pin, Cable Wire
.,

Term , ,

LSB
00 1 P ORA (BLK) - 1

01 1 YEL (BLK) ,

2

02 1 S BLU (BLK) 3

03 1 T GRN .(BLK)

MSB
04 1 U WH (BLK) 5

NC
,

6
,-

TEST
BIT 1 V BRN (RED). 7

8

NC 9

CGE
RDY 1 N RED (BLK)

NC 11

NC 12

GND . BLK (ORA) ,

.

1 A BLK (YEL) 14

BLK (BLU) 15

" 1 A BLK (GRN) 16L

11 , A BLK (WH) 17

" 1 : A RED (ORA) 18

" 1 A RED (BRN) 19 ,°

" 1 A RED (YEL)° 20

'NC 21

GN1: 1 A BLK (RED) 22.

PARTS: 6' 'of #22 AWG, 15 Twisted-pair cable '( pair not used)

1 'Connector for J26 PLATO Conigole Sock t
7'

71



/

JP1( Nov. 73 GENERAL PURPOSE CIRCUIT BOARD ITEM -11-17.-'`

0 0 0 0 0,
1 2 3 4 5

0 -0 0 0 .0
6 .7 8 9 10

0 0
11 12 f

0 $6\
14 15

A

. -

Pin Cable Wire Color

1 YEIe Ti

2 ,

WH T2

3

4 RED T4

5
EiLK - T5

6 WR/GRN T6
.

7 WH/BLU. -T7 ' ..

WH/BLK - T8
e

PARTS:

Pin. Cable Wire Color .

9 BRN T9

10 TAN
T10

11
WH/RED

I

T11

12
WH/YEL

ot .

T12

13

14 RED/BLK T14

1
*5 REp/GRN T15

1 Micarta Board 8"L x .5"W 04"T
4 Bass spacer le Dia. x 1"L with machine screw bumpers

14 Johnson.11L-104 6=way green ginding posts
1. Amphen61 17-20150 Plug, 17-311-01 Ceiba clamp
3'15 Pr. #22 AWG Cable

4

72 78
4( Item Numbers 27-30 are unasitignid.



B y J. r Yer4

Date "if- Ai' 7/

ITEM NAME

SISTo R BOARD

ITEM NO. 32

Sheet / of sheets.

5O
Oz

421.fiwirs' iNVIP011M l-)-7.61(- 44 o No. 036L T 2;1)25 W )

/?)'4

3

0 ifs.
CoNevi)re Piv/P o-rm, Aro -2rigc-Jr-o

41.z.5-0 06
COHMirt avail" po N0. 1725 w

5 0

foe

eq-IM sr iagoon.) PEVR. No. 17 90

(00(ivlsra e,R0 piev)c, No. 1786, . ?;,23 IZ.

No,

Cable Connector: Amphenol 17-311-01 with latches.

Pin ,Cable Wire Color

1 SA-ActC/ aLUE.

2 1131-AcK/Iiifirfrr6

3 /52. OE

4 W korrE

5 8 RowAl

6 Ygl-i-vti/ ,

7 ev....AcK/c. ke-a-hi
..

8 81.../ti..4C/ REC

PAgr-s:

to .

Pin
...

.Calile Wire Color

9 CKE:0011

10 ARP11.

11

12
.

13

14

15 .

lerA eaftgio S x .5 "Wx

ke,q5.5 ..544ers )4"1:0/4.x I ISOPP1,14%19rs

/0 .lAcKs 'TYPE
A miweA/04. 7-go/go PAvS 76-

.3 1 .6-re ,022 4W6 CA sLE , 7 9
ortgirt. Resin Ms si0140) AesoVa. \ 73



By P.NEAL

Date A.A.ge

ITEM NAME--

KC /30A,C.0

ITEM NO. 33
'Sheet Lof sheets.

0

(2 K.Q.,11u, 570) 0.4-7,44,4000,070)
/Q. MAr-0

I debt . '"` ,
Cable Connector: Amphenol 174-311-01 with latches:

Pin Cabl Wire Color

4 1Z054- W 7
W 11.5

: p

4 - .

6 .

.

.

74

80

Tyro- 27*

Pin Cable Wire Color

9

10

11 , - -

12

13

14

15,



Datc4 Apg

CIRCUIT B
ITEM NO.

" : Sheet of / sheets.,

Li 0

moiciv
opLi.Itis AP.; .,2406- .23'3

o.114o AnN

kgshs re2/2

iW
.1300P.

O

Pin Cable Wire Color

tTep- TI

OgowN T g,

Yel.Loot T3

BI_UF -I

5 .

_
i

.:,

Pin Cable Wire Color

9

10

11
.

12
. .

13

14'y
I

15

/ k/c/wr/9 81 4A- W

14,14.11/1, I 4" - ScRg w age / /qics* 41,/ ,e7 4-170 it /12_, ss

I A"t-s (sr.", , c'c, -0-
Zivpt.x- rt) A p',

75
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.By Ver'oti

Date Z./. AciG

ITEM NAME."

1 OPFDA144':F.

ITEM NO.

sheets.RO Sheet . Hof

NV

.Cable Connector: Arophenol 17-311-01 with latc

Pin Cable Wire Color

1111 R'EL,

. 5 goo/a

3

_.

yC L (-1.7 k

4

5

6

5 I. l/ i::--.

G )-e /4

W--- / -r-

. ...-

,.-

k

1
76

Pin Carble Wire Color

9
. . ,

10

12
t

4)

13 G.

14

15 ''

. .
.: .

ei. .,,.... K / )4?t.E to

A

t

a



By off A/

Date /{9g 744

61RCUIT BOARD

TWO tYRT derxiait
ITEM NO. .S6

Sheet / of I sheets.

t

Pin Cable Wire Color

,,1 ,, . i14P .. -ri

2 OR/44/d TZ

3 Ye ae-w
1*,

.?3

4

.45*

43i-V4 TS

5
0 GFAIgL. . 7.26-

6 .' L

7

,
.

.

Pin Cable Wire Color

9 . ) -

10
- -

,.

11

12

,

13
. .

_.c.-

14
, -

.

15 .

AdI (4 nr,:i wr tv , .4.7r
A4,9i1;11",fe t3o.fit,A).s .4 rip 4 .4,9 X /

er. .z7 i,fc?..5.
g,...->ps rote d 04,4 _a_ 2. W .
Pz.c5 ra ;Zo, PIP

,11,1 rcic
1_ rev? 77

83

13A1, -CF:41Ch-l<



By p.

Date A06 11

ITEM NAME

THC.1.." V '1.41 N E30A RD

1TEl$N 3 7

Sheet I / sheets.

Cable Connectdr: Arnphehol 17-311-01 with latches.

Pin Cable-Wire Color

1 'KE:17..

O.Rovki 0

3

q
714 14.1.; tr

4 D L. t,J,

eg6- 0

--

i,

-

W,41 re-

f...)L2.-1(...gkit

. ;

-
L.:- e td,'

,
r Ts Stt /14,1

78

81

Pin Ca..be Wire Color

9

10

.

11 . 131-4c. K. 13poWid

12 ,

13- ": "\
1

.zt
-

1



By .1*-19.

Date '- hay. 7/

ITEM NAME ITEM NO. 38

5-0POR PoS( ria4 BOARD Sheet j of / sheets.

eDiode: IN6 47 or equivalent

Sw3, Sw4, SPST (2)

SPDT (2)

R 3300.n. +550, 2w

Rgl , R g2, 20040-5%, lw

(3

C, 0. Olpf at 600V, tubular paper

Type 274J jacks (GR) (4)

Cable Connector.: Amphenol 17-311-01 with latches.

Pin Cable Wire Color
,

REP,

2 -
.BIZ 0 v4/ Isi

yk.:L(.01A1

131..0 C-

.

5 . GREEnh

6

7

8

'

, 1

VI H t--r5

5,..,4.C.ic / 'q- i...c..c.o.)

./7")./e{ci. / .51.21)E7.

eVZI3 4136itIt7

79

85

Pin Cable Wire color

9 13i..AC.K/Ggeetsi

10
..

,

11
,t3LACK / i3govvedi

12
I .

13

14

15 .
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'CHAPTER 3 = OPERATION OF TBE CGE -PLATO INTERFACE SYSTEM

1,0 Use, of the PLATO EXT OUT Commend(

This operational description refers directly to'the ten 'sheeta of

schematic dingrams in Section 2.3, p. 21-30. Signal flow should beollowed

on th schematic diagrdits as the operation il:described. :A component

numher followed by a sheet number refeo to one of. the schematic diagram

. .

sheets.

(1) When an EjCT Chmmand ie executed in a CGE-PLATO program, the EXT OUT

data, channel connect r on .thq'baCk side ht the PLATO IV Console, Setial No,

324, deiiver's apfteen-bit data word s riaily) highest-order bit tirst,.into

the shift register SN74164, Sheet 1 of th

the lowest-order eight bits are retained in

(2) Each Setial input totheifteregist

schematic diagrams. However, 'only
4

the latch SN741,00, Shdet 1.

' binary word In negative true logic as follows:

where

3 9 2 4

Code WE CLK DATA

r consists Of.athree-bit

da.

WE means Word-End Bit (called EXT TRANSFER by7PLATO)

'CLK means Clock Bit

DATA means Data Bit
-_

Serial signal timing is shown in Figur;e 8.'

(a) The clock bit sequenced the shift register and'sets the

,simultaneous data bit'in the lowest-order output hit

shift register;

"(b)

the'' lgth

As 1111ustrated in ,Figure 8,,

.

dataibit is being eent, then
k

.
.

0741(10 to store and.duiput the highest-order seven bitS of the shift .

Poe; tioh of the

the Word -rnd Bit r wins low until

its-2 -p4u1se caus s the latch

register.

00



Continuous:

CLOCK

Continuous:

DATA

FOR PLATO IV CONSOLES WITIpD NO: t262

=111,

1

1260
or

-74 Ili

BIT 1

Word

Only after an EXT, OUT word:

'EXT TRANSFER'

Called Word End by CGE

/

,BIT 0

2 Us 20 ns

START BIT 19 BIT 18

Word i

-/

Fig. 8. PLATO EXT OUT Signal Timing.

61.
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.

(3).The format assigned by CGE toethe eight-bit binary number output of

the latch can be displayed as follows:

Bit NO.: 8 7 6 5 4 3 2 1
DC, CC (4 5 bit address 0.) (Parity)

(a) Bits 8 and 7 order the CGE interface to operate as follows:

SS Clear the CGE interface

SI Report the first terminal found-connected ti the
. .

addressed terminal., after checking in sequence from

Chg-addressed terminal tq higher-numbered terminals

14 Report the setting of.the'dial addressed.
4 .

(b) Consequently, Bit 7 is called CC tor.Connection-C k and .

.

Bit 8 is called DC for Dial Chetk. When Bits .8 and 7are both 0 all CGE

outputs andrelays are deactivated.'

(c) Bits 6 through form the .five -bit binary address of the

particular terminal '011r dial tobe reported on by CGE.

disregard:Old...by CGE system.

BitA. is a parity bit used by the PLATO terminal and is

3.1 Summary o a Single-Connection Check Operation

(1) An EXT CoPPLATO signal Olxxxxx (i.,n binary form at CGE) says, in

effec t Begin with the terminal-next.higher innumber to the-address number

fr

and\mea ure the externally-connected resistance between that tthe connected)
\ :

t,'

teroin\al a d the addresaed terminal..q ..

(2)\if the resistance measured by th Wh atstoneBridge (0.B. on
..

1

chematic diagraI Sheet 2) is less than 6 ohs, report t P he number
1

I

v.-'Of the Connected terminal. I

<3) If the resistance measured by W.B. 'is Areater..than 36 ohms, sequence

oand connect tiathW next higher-numbered terimital and repeat the.W.B.-measdrement:

82
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(4) Conduct this search cyclically through the entire thirty terminals,

sequencing from terminal '30 to terminal,l, until a connection to.the addressed

I
terminal is found and reported. Hence, if no other terminal is connected to-

the addressed terminal, the hardware will sequence through all the terminals

(in about 3 ms) and simply report that the

itself. If other terminals .are ternally

the hardware will report the numbe of the

I .

number to theladdressed teminal.

(5) Software routines programmed into

addressed

connected.

connected

t,

terminal is connected Ito

to the addressed terminal,

terminal next higher in

the CGE -PLATO lessons determine

what PLATO does with the report of the next connected terminal from CGE,.and'

establish the next PLATO command.

(6) If the next EXT silinai from-PLATO is either 00xxXxx or 1 xxxxX;.the

connection checker system. is deactivated.
!

(7) The step-by-step signal flow a .Connection Check command through

the CGE-PLATly.nterface hardware is s

chart, Figure 9.

arized on the accompanying flow-

3.2' Detailed Flow of a Single Connection Check Operation

-(1) 'When a connection check signal is received from PLATO, the EXT

TRANSFER.,(palled WE for Word -End' in CGE) pulse goes high, before the CCO

'- output of latch SN74100, Sheet 1, goes high. Timing Of the,EXT PUT

serial -data signals is
U.

(2) Output 1Q°O

falling edge 'cif the' -

high by that tithe. I Th

0

restarted, at

shown in Figure- 7,.

onostable #1,,014123A,Sheet 1, goes high with the

h
WE pulse, betause the CCO Signal at Input°1B,

5.5-sectnd length 9f the 1Q,output pulse Is

each endingof-S pulse, in each checkf a sequenqeof

89
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PLATO requests a Connection Check of Terminal N

Set the Addressed-Terminal and Connected-Terminal

selectors to Terminal N-

Advance the Connected-Terminal selector to the next

Terminal Number (Terminal followsTerminal 30)

Is there a connection between Terminal N and the

newly selected ConnectedTerminal ?

Yes

Report to PLATO the number of thenewly

selected Connected-Terminal Number

Figure 9 CGE Hard

a

e lIoceasing of a PLATO Cot hection Cheek Request

§4
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connection checkS. If no EXT signal is received fro'! LATO within

5.5 seconds, the 1Q output will go low automati ly and deactivate the

CC system through 'he subsequent CC1 signal as a safety precaution, even
.#

though the CCO signal output of latch 9N74100 remains high.

1(3) Output 1Q of Monostable #1, SN74124A,_is added with CCO to

. t I

produce the CC1 sighap.; This CC1 signal cotrols the terminal deactivation_
,

.

system (Sheets 5 and 6), and the clock-Counter system (Sheets. 2and 31

1

producing the CC Connected-terminal address: In the GC clock system, 'the

1
CCl sigill releases the preset of Monostable 1, SN7476, Sheet 2, t can

,"be clocked later by the 1Q outpUt of 074123B, Sheet 2.

(4) Consider the terminal deactivation system begtnqing on Sheet 5.

The CCi signal turns on transistors Ql.and 02, 1 closes the ground path to
, . n

the CC relay, Shesu4gr"112causes the 62R2-24 V,dc relay to operate and

/4'..

,
uce the 24 V CC2 Sj.gnal whichf,causes all the b2R4-24 V dc terminal

deact 'tion relays, Sheets 5 and 6, to operate.

,

(5) When all 62R4 relays, Sheets 5 and 6, have operated, the.24 V CC2

? .

signal1 passityg in series as the CC3 signal through one normally-opened

0

contact on'each of those relays, is sent as the CC4 signal to the C elay

Coil, Sheet 4, and causes the ..GC felay 6 operate:"

...------
(6) Operation,of the 36PDT CC relay, Sheet 4, connects the thirty

deactivated terminals of the experimentation equipment, Sheets.5 and 6, Ito

the ,inputs of the address-terminal L02'4,- Sheet 2; and the connected-terminal

L02)s, Sheet 3.
%'

(7) The 62R4 terminal deactivation relays disconnect the instrument
i , .

. I,

:terminals from.the interior circits of the instruments an connect the

thirty.inStrument and circuit ',Card terminals:to the norma irciosed contacts

of the CC relay. During the short interval between 'the operation of the
.
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.11

62R4 relays and the CC ,relay, the 47 ohm grounded resistors permanently

connected to the normally - closed contacts of the CC relay cause any.charges

or currents in the e2(perimentation circuit to die drained to zero before the

' CC relay operates. This is essenaal, because the solid-state switches,

,Sheets 2 and 3, will not tolerate high voltages (see ratingaof,Inselek LO2A

and L05's o es 32-36).

(8) Operation of the CC relay, Sheet,4,.aleo sends the + 5-V CC5 signal

to input' 1B, SN74123B, Sheet 2, causing Output 1Q todeliyer a 23 ms,+,5.V pulse.
.

This pulse width is Provided to allow all relay bounces to settle to zero:

The falling edge of this pulse clocks Monostable 1, 07476, Sheet 2..

Subsequently,.thel.Q and 2Q outputs of SN7476 and the 2Q output of SN74123B

are all,high and are added to deliver + 5 V to Input 18 of SN74123C,

Sheet 2. This starts the CC clock formed by Monostable #2, SN74123B; -and.

Monostables 1 and 2.,of SN74123C,'Sheet 2. The 1Q output of SN7476 also

sends the-CC6 Signal to the CGE output network, Sheet 9.

(9) Meanwhile, the SN74193A and B counters, Sheet 3,have been loaded

witb.the terminal address received from Latch 5N74100, Sheet 1, by the WE
4 1

zero pulse. Consequently, at this time the addressed-terminal-L05's,

Sheet 3, andtheconnected-terminal LO5's, Sheet 4,,are both set t e same

-.0

addressed terminal. This terminal, addressed by-PLATO, is called-Terminal N

hereafter.

(10) The period of theCC clock consists of three distinct pulse lengths,

and

the

each pulse length is 34 his in lesgth. the + 5 V eignal

.

123C starts the,fiist pulselof the CC clock period, a 'zero
f .

ut 1,Q The trailing
I

edge of that zero pulse drives Input

second pulSe of the CC clock, Monostable #2
,

of SN74123C.

o 113

pule

211a

Also

of

at !

i

d starts

the.

trailing edge of the first pulse counts the CC counter composed of SN74193A

92
.
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and B, Sheet,3, advancing the connected-terminal LO5's to Terminal .N.,+ 1.

-"Ito

The, secOnd pulge drives Input 2B of SN74123B. The trailing edge of the

second pulse starts the third pulse of the CC clock at OUtput 2Q of 074123B.

During the second pulse, Output 2Q of SN74123B is high and is'added th.the.

output of the comparator SN727N, Sheet 2, to.drive-the clear put o

Monostable 2, SN7476, Sheet 2.

I - 1

(11) If TerMinar'N is connected to Terminal. N, Mo stable 2, 5N7476,

will be cleared,,its output 2Q will go low, and /top the-CCFloc as its
10. /

output 2Q goes high, sending the. CC READY,siga,1 inverted to Input A of

SN74123D, Sheet 0. At that time,,ehe connected-terminal N + 1 address is m

1

into the SN7450, Sheet 9, outputtsystem to PLATO. The leading edge of the.

inverted CC READY signal triggers Monostable 1 of SN7412311, aheet 9, so the

leading edge of/the zero pulse of Output 1Q'triggers the Monostab 2, SN74123D,

Which sends a 49 ms zero pulse as the CGE READY signal tothe PLATO console:

Quite reliably, the PLATO console records the EXT IN data within 15 ms.'

(12) If Terminal N,+ 1 is not connected .to.Terminal N, Monostable 2,

SN7476, will not be cleared 1i the comparator, and the trailing edge of the

,third pulse during the-first CC clock period will initiate the first pulse_

the second CC clockperiod as Output 2Q of SN74123B drives Input 1B of SN74123C.

As' described above for the first CC clock period, the CC counter again advances

okay

to make the connected-terminal N + 2. This CC cloCk and counter sequencing

continues at'the rate of about 100 us per,CC clock period until a terminal

ound connected to the addressed terminal. The sequencing wraps arvund-
,

-f-roO7fermiOal 30 to Terminal,.1 continuing until a terminal
1 Mind connected,

Termi al N. I Hence, if no terminal. Is found conilectedItO Terminal-N, CGE
ff

will rep rt to PLATO within 3' ms that 'Terminal N is connected to Terminal-N.



(13) The

connection, an

programmed les

terminaloftware routines process each CC report of a t

order checks of 414essive terminals es needed in the ftATO

on. far as the CGE hardware is concerned, the complete

check of thirty term

diSdipate plus A0

required for

Is on the or

malts need only require'. an initial 23 ins fOr relay bounces.

times 3 ms, or a total of abo t 113 ms. The actual time

order and receive a complete check of thirty terminals"

s x seconds becaUse the round-trip transmission time,of a

single CCterminal\r port theugh the PLATO siJe,controller to PLATO an4.return

is about 200 ms per s transmission.

3.3 Summary of a gingle,DiaitheckOperation

(1) An EXT DC PLATO signal 01xXxxx fdim at ccE).says, in effect:

Report. the dial setting of the addres$'-numbered dial Dia1Setting Codes

automatically reported by CGS to PLATO are in Figure 7.

(2) The step-by-step signal flow of a Dial Check .command through the

CGE-PLATO 'interface hardware is summarized on the accompanying flow chart,-

Figure 10.

(3) Software routines programmed nto/the CGE-PLATO lessons

to store the reported dial setting and request -the setting of th

It is unnecessary to turn any hardware bff after sending any dial setting.

guide PLATO

next dial.

3.4 Detailed Flow of a Dial Check

(1) When a dial check signal 10xxxxx is received from PLATO,_

from Output Q8 of the latch SN7410, Schematic Diagrams, Sheet l

the DCsignal

triggers a

40 pp pulse in Monostable#2, SN74123A, Sheet 1. The lea ink idge'of thi 40 116

pulse resets the Analog- Digital Converter ADC Econo0Ortv Sheet 7, while
_

.
, . ,et ''''.,*
.

1

.o.
1sensor addresq output of the latch"SN74100'Sheet 1, taus

to connect the dial sensor Addressed throng

Sheet 7, to Analog. -Input 12 of the ADC.

the

s the L02's, Sh et 7,,

the buffer amplifier, 274r

88
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rid

PLATO requestS the DiOl Setting of the Dial N

!
1.

r

, Set th Addressed:- Dial selector to Dial. N

,

Y

.

.

40p.s delay. topermit the analog signal from

Dial N to propagate to the A/p Converter ,

41, .

. .
.

Convertlhe analog*dial sensor

signal to a binary number 90 ire--

, o

,

Report the code for the setting of Dial N tp -PLATO

T

Figure 10.- CG Hardware Pr ces ing of,a PLATO Dial' Check Request

tic
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I

(2) The falling edge Of the 40 us pulie causes the ADC to convert, i.e.,

output the binary digital number corresponding to the input dial sensor

0 voltage. This sensed dial setting code is set into the SN7450, Sheet 9, output

system to PLATO.

(3) The leadfng edge of the inverted DC ready signal from Mouostab e
.10

SN74123A, Sheet 1, triggers #1\Mondstable of SN74123D, Sheet 9, then

leading edge of the zelo pulse of Output 1Q trilgeis #2 Monosta le f SN74123D

which sends a 49 ms zero pulse as'the CGE READY signal to'the PLAT console.

Quite - reliably,, the PLATO console ,records the EXT IN..data with 5. ms.

Ar
(4) The CGE softWke routines process each DC report end rder successive--_,

4

dial checks as needed 4n the PLATO-programmeOessen. As far a the CGE

hardware is concerned -,'the complete check of twenty-two dials/need only require

22 times the,40 *pulse delay or a total of about 880 us. The actdal ti e

for PLATO to order and receive a compete check of twenty-two dial settings is

on the order_of four seconds because the round-trip transmission of's single

'dial check through the PLATO site co dtroller is about 200 ms per signal

transmission.'

a

o.

9q
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CHAPTER 4'- SOFTWARE, OF THE CGE-PLATO SYSTEM

4.0 Control of,Connection and Dial Checks by the CGESoftware Subroutines

As tan'be seen from Figures 9 and 10 in the explanation of the operation

of the CGE hardware, one command from-OPLATO for a connection check or a dial,

check elicits a single respon e from the hardware. Consequently, a complete

check of either all the to al interconnections or all the dial settings

requires a series of command and responses.*

The original design of-tAe CGE -PLATO interface performed-and reported

to PLATO a complete check of all terminal inter6nnections or all dial

settings in response to a single command from PLATO. Though simple in cotcept,

this report of a string of data into PLATO was found to be unreliable, becetise

characters of the string would occasionally be lost in the transmission. High

transmission reliability was achieved by reporting a single data word in

response to a request from PLATO-and holding this data on ihe line until a,

second PLATO request is received. So far, it has not been found necessary to

have PLATO repeat back each data word as a check. Though hardware was

designed to handle such a check, it was not built.

The minimum amount of hardware and the maximum reliability were achieved

4regi

with the present system. The CK software subroutines organize and conduct

each complete check terminal,by,terminal or dial by dial.

For a connection check, PLATO begins by, asking the CGE station, "To

what terminal is Terminal 1 connected?" The CGE hardwarethen tests for an
4

,external connection between Terminal 1 and each of the other terminals in a

numerical and-cyclIcal sequencein which one follows thirty. If CGE replies

"Terminal 1," the hardware must have cycled through all of the terminals and

found that none of them were interconnected with Terminal-1. Instead, suppose

.CGE replied "Terminal 11." Thismould mean that no terminal between 1 and.11
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4'
was interconnected with 1. In this case, PLATO would ask, Pi's) what terminal

is Terminal 11:connected?" If one other terminal is. interconnected with 1 and

11, CGE would report that terminal number. If not, CGE would report "Terminal 1."

The CGE subroutines order the connection check in the above manner and

flag each terminal number-as it is reported. All terminals,of an interconnected

set are'similarly flagged. Such a set is called a node in elgctrical, circuit

. -

theory. In the above case where only Terminals 1 and,11 were found in the

1st node, PLATO would then a6k, "to what terminal is' Terminal 2 connected?"

CGE would 'rep/y, and the queries and responses-would continue until CGE reports

ah each of the thirty terminals., When, PLATO, in Sequencing through the list

0 thirty terminals, enc unters a terminal previously flagged as having been

reported on by CGE, it skips that terminal'aq xesumes its.check with the next

higher numbered terminal that has na been sojlagged. Thus, only thirty

queries aad responses establish aki. the possible interconnections between the

thirty terminals.

Compared to a connection check, a complete dial check is quite simple.

PLATO, simply asks the setting of each dial and CGE reports that dial setting.

PLATO continues, dial by dial, until twenty-two.queries and responses have

enable PLATO to receive and store the setting of each of the twenty-t*o.dials.

4.1 Autho Usa e of the GGE-PLATO Subroutines

All CGE 'erimentation lessons ';use" ,the CK (Ohecket). subroutine package

contained in lesso eexOO. The v. ious-subroutines in.this package provide

CIE authors with sever corm ient and flexible means of using the CGE -PLATO

hardware interface to, au tically check the terminal interconnections and

s

the dial settings of the CGE ekperimentation equipment, and judge the actual
\ .

setup against author-s ecified cotect setups. .Each authoecan use the results.

of the connection and dia checks in, any manner.he can devise for improving
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student learning. Considerable experience indicates that the least instructive

method is td'dimply display the errors in the student's setup.

The identificatibq numbers of the terminals and dials sensed by the

CGE -PLATO nterface are displayed in Figure 4, Dials and Terminals Sensed

on thp Rac Mounted Experimentation Equipment.

The'TUTOR commands "do" or "join" are used to call a subroutine. Befoie

the call is made to the subroutine, it is necessary to tell the subroutine
\,

what.the correct setup is supposed to be. This is accomplished'throuih the use

of the TUTOR command "pack." All CK subroutiries expect to find the correct"

setup codes starting in student variable n33. Thus the following two commands

first establish the corrector author setup connection codes and then call a

subroutine which directs the CGE interface to perform aconnection check.

pack. n33adbbodd00004000000000000c00

\ 4

do ckc

$$ packs conn. codes

$$ performs conn. check

When the subroutine "ckc" is called, it causes CGE to perform a connection

check, temporarily store the result, judge the student setup against the author

setup currently in n33, and then sets the number oferrors in n47.

All the CK subroutines return with variable n47 = -(number of,errors

",fouad in setup)._ There are 150 student variables. ThesCK subroutines use student

variables, nl through n49. .,Therefore NOrCGE experlment is allowed to use

student variables nl through n49.

A Connection Check author setup code is specified as follows:

pack n33,+0+00a0aba0bOnO0n0000000000000 $$ 30 characteis

\

This code specifies the follOwittsituation as the correct o author etup

torthe connections:. '

G9
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Terminals
Terminals
Terminals

Termina4s
connected:

Terminals
to anythin

6,,8, and 10 should be connected together as a node.
9"and 12 should be connected together as a node.
14, and 17 shpul4 be connected together. as a node.

land 3 are "don't cares" it doesn't matter what they are.
1

(

2,45,7,11,13,15,16,18,19,20.0...,29,30should not be connected
g.

.Note the character 0 (zero) specifies NO CONNECTIONS.
The character + (plus) specifies a "don't care."

Any other character may be used to indicate nodes; e.g.-, w,-bc-abd n were used
above.

I

The dial cedes which correspond to the dial settings are listed in
I

Figure 7,'Dial S tttng Codes. "PLAib-lesson GEEI, ird als8-1.Neful fof
.

.

1

determining the actual settings of dials.
.

Dial+Check Codes should be packed in 'V-ariable n33 as in the following

example:

pack n33,d+ac+(def)+++(gh) I I I I I IA 1 I

This rode specifies the "correct setup"

Dial 1 set to position "d"
Dial 3 set to position "a"

Dial 4 set to position -"c"
Dial 6 set to position "d," "e,
Dial 10 set to position "g" or "h'

;And Dials 2,5,7,8,9,11,12,13,...,21,22 '

judge any of these as being correct .1

judge either correct

care" judge anything corrdct.

Noteithal the group of codes within parent

settings on a single dial to beirred. T

--7-

allowing.for,tplerances when(, specifying the

aliow you to specify multiple

dials.

. Another method of packing permits an aut

pairs of di 1 settings for any two dials whic

1

.

numbers. FOr this method, two or more accepta

particularly useful in

f continuously adjustable

tP.apecify various-accept

e adjaPent,identificatio

airs of settings are
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enclosed in angle'brackets. For example, consider -the Audio Oscillator.

For 2100 Hertz, the RANGE and FREQUENCY dials could be set at.10 and 210,

respectively (codes bv), or at 100 and 21, respectiVely (codes cc). To

accept either of these pairs of ngs,the pack for dials 20 and 21 would

,hvcd. The second letter for any pair can be shown as a multiple

setting in parentheses as illustratedin the preceding-paragraph. This is

not true for the first letter of any, pair. For example, -if 'the'code for a

pair of dials is entered as c(fgh)de then acceptable pairs would be cf, 1100

cg,'ch, or de.

Two basic sets of CGE checking subi.outines Are available. The CKC

series checks and judges a student's connections. The CKD series checks and

,judges a -student's dial settings. FloW diagrams for the CKC series are shown

,in Figure 11. The CKD series 'flow diagrams are siniklar to.those for the CKC

. -

series.-

The following.subroutines comprise the CKC series:'

CKC Performs a complete connection checkusing the CGE interface hardware

and stores the student setup data. rt also judges the atudent,setup .

,against the current author setup in n33 and returns n47 =, -(number of errors).

,It also initializes the "Best Match Setup" to the current author setup

in n33.,

CKCW Same as) CKC but additionally it performs a full screen erase and

generates an error display for the student. (w because it writes)

CKC1 .Takes the.student setup data which were stored by either CKC or CKCW

and - judges theM,aiAinst the current author setup in n33 and returns n47

as above. If the number of errors found in this.setup is fewer than .

that, found in the previous "Best Match Setup"'then the "Best Match.Setup"

is set to the current author code-in n33.

CKC1W .Same as CKC1 butAktdoes. i full-screen erase and generates a,41.isplay

of the incorrect. connections and the missing connections..

CKC2 Takes the student setup data which were stored by either CKC or CKCW

and judges them against the current-"Best Match Setup." It does this

by automati lly.packing n33 with thes"Best Match S \tup." It returns

n47 as above.

CKC2W Same as CKC2 but,it does a full-screen erase and generates an error display.\



CKC

NO.

PRINT

Both the CKC series of subroutine entries and the.CKD series

of subroutine entries have the same overall structure.

CKCW

.

SET

PRINT
FLAG

USE HARDWARE To

CHECK'STUDENT SETUP

AND STORE DATA

INITIALIZE BEST

MATCH TO CURRENT

AUTHOR CODE .7. n33

CKC1.

NO

PRINT

(CKC1W) (CKC2

V

SET.

PRINT
FLAG

NO

PRINT

7T-1_

a

CKC2W)

V

SET
PRINT
FLAG

V

JUDGE STUDENT SETUP

AGAINST CURRENT n33

-AUTHOR CODE

O

PACK n33
iNITH CURRENT

"BEST MATCH''

ON
GENERATE

ERROR

DISPLAY

NO

SET ntIZ =

(NUMBER ERRORS)\ alCALLING -11GM
)

v

RETURN TO

Figure 11. Basic Flow Diagram of the CKC Series of Subroutines.
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The following subroutines comprise the CKD series:.

CKD Performs a complete dial check using the CGE interface hardware and
stores the data About the student setup in character form starting'in
variable n30. _(Ii remains there after use of the subroutine. If you

desire to access specific'dial codes, use the TUTOR command "move"
in order to move characters out individually.) It then judges the
student setpp against thecuirent author setup in n33 and returns
n47 = -(numher of errors). It alsckinitializes the "Best Match Setup"

to the current author ietup'in n33.

CKDW amelas CKD but'also a, full-screem.erase,and generates a display showing
nly these dials which weir' inoorrectly set, without showing the

correct settings.

or 1

CiD1 Ta es the student setup which is stored ih n30 and judges it against .

th- current author setup in n33 and returns n47 as above. If the number

of errors found in this setup is fewer than that found in the previous
"Be t Match Setup," then the "Best Match Setup" is set to the current,

-cod in n33.

CKD1W Same as CKD1 but also does a fullzscreen erase and genedates an error
disp ay.

CKD2 -Take& the student setup which is stored'in n30 and judges it against the
current "Best Match Setup" by first packing n33 with the "Best.Match."
It than returns n47 = -(number of errors found).

CKD2W Same a CKD2 but also'-does a full-screen erase,and generates an. error

displa .

PLATO lesSon CGERL allows experimenytion with the various subroutines and

with packing co4esintc,n33. The following examples should be useful, in

addition to othet_options mentioned above, in helping authors determine what

the author codes, should be for a particular setup:

unit simplest
meat ' 510
write SeA, dials and then Press -NEXT:-.

pause 1 $$ wait for student to'Press NEXT

pack' n33,/ etupl/ $$ specify author code

do ckd $$ perform dial check

jump 4 n47,wr ngunit,rightunit $$ then branch on basis,of outcome o check

1u3
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unit one $$,snother example
at 510 ,_

write Set dials and then Press -NEXT-
pause ofq-
pack n33,isetupl/

',

do ckd' $$ perform check and judge against setupl
pack n33,/set 2/

do , ckdl $ judge student setup against another setup
do ckd2w $$ then display errors made, in the better of the two setups
next n47,wronguilit,rightuhit

unit one
at 510

rt

write Set dials and then Press -NEXT-.'
,next check
help helpunit
unit check $$ separate unit for check useful when you don't want a

0 Muse in the first unit because you may want HELP or BACK etc
pad; n33,/setup/

,,,

do ckdw
,

next 'n47,wrOngunit,rigtItunit

It is usually desirable tdiNOT give an error display arld.insted send the

student to some special help unit on the basis of the type of error he made.

unit one
at 510
write Set dials andtheri Press -NEXT-,
inhibit erase $$ prevent a full - screensrase from being done wh
next two $$ presses NEXT
unit ,two

pack n33,/setupl/ $$ Setupl=dddaddddddddlIMIIIII
do ckd
pack, n3J,/sstup2/ $$ setup2=ddd+ddrfdddddliiiiIIIii

jump n47,x,allright $$ jump if no errors in setupl
do ckdl
jump n47,someother+ lie or7wrong

,In every eventA%tbe author should be silie the stude

loop without advice on haw te'proceed or repeat s

4.2 Summary of the CGE-PLATO Lessons

task.

s not trapped in a

Names of the TUTOR language_PLATO lessons or files used-by CGE are,given

below. The "inspect" code is cge for all these files:
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.
, 1,

cge - A sumMary description of the Computer-Graded Ekperimentation

Research project for general,information. This.leSson is accessibletoany'

-

student from lesson "SAMPLE. The CGE:atition equipment,--is described,in this
4

'lesson.

- This file contains CGE hardware test routines and information

for CGE authors.

ee244 :and eecge These are the PLATO courses assigned. to CGE.

.cgeindex - This iile is the router lesson for the CGE laboratory lessons

in PLATO courses' ee244 and eecge." All CGE experitents have PLATO names

beginning with eex, and are indexed in this file and are accessed from thiS

lesson.

0'

cgedata - This is the student dataxecord file for courses ee244 and eecge.

eexOO - This is the introductory CGE. lesson which assures 'that a student

can, communicate with PLATO, is oriented with the laboratory statione and

learns the Safe Initial Mode in which the experimentation egnipme4t is to'be

set at the beginning of each experiment. The CGE' subroutines,, used in all

CGE experimentation lessons, are included in this. file.

eexOl - The Oscilloscope.

eex02 - The Function Generator.

eel43 - The Audio. Oscillator.

eexO4 - The, DC .Supply.

eexO5 - The Vacuum Tube Voltmeter:-

eex06 - Transients.

eexO7 - Impedance.

eexO8 - Two=Port Networks.
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