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INTRODUCILON TO REPORT UN THE
ELECTRONIC NUMERICAL INTEGRATOR AND COMPUTOR (ENIAC)

0. INTRODUCTIONM

The Report on the ENIAC consists of five separately bound parts, as
follows: | |
1) ENIAC Operating Manual
2) ENIAC Maintenance Manual
3) Part I, Technical 5escription of the ENIAC
| Volume I - Chapters I to VI
4) Part I, Technical Description of the ENIAC
Volume II - Chapters VII to XI
5) Part II, Technical Description of the ENIAC

Included with the Operating Manual and Parts I and II of the Technical Descriptic

are all>drawings (sce Table 0.3 below) which are required for understanding these

reports, The Maintenance Manucl assumes access to the complete filc of ENIAC

drawings,

Part 1 of the Technical Description is intended for those who wish

to have a general undeérstonding of how the ENIAC works, without concerning them—
selves with the details of the circuits; it assumes no knowledge of electronics

or circuit theory, Part II is intended for those who require a detailed under-

standing of the circuits, Its organization; to a great extent, duplicates that

6f Part I so as to make cross ruferencing between the two parts easy,

The ENIAC Operating Ménual contains a complete set of instrgctions

for operating the ENIAC, It includes very little explanatory matcrial, and

hence assumes familiarity with Part I of the Technical Description of the ENIAC.

The ENIAC Maintcnance Manual includes description of the various test units and

procedures for testing, as well as a list of common and probable sources of

trouble, It assumes a complete understanding of the circuits of the ENIAC, i.e,,

a knowledge of both Parts I and II of the Technical Description of the ENIAC.



The Report on the ENIAC and the complete file of EﬁIAC drawingé

constitute a complete description and set of instructions for operation and
maintenance of the machine, The drawings cerry = number of the form PX-n-m,

The following tables give the classification according to this numbering system.

TABLE 0,1 X
Values of ' Division
n
1 General
2 Test Equipment B
3 Racks zand Pancls
0 Trays, Cables, adaptors, and Load Boxes
5. Accunmulators
6 High Speed Multiplier
7 Functjon Table
8 -Master Progravmer
9 Cycling Unit and Initiating Unit
10 Divider znd Square Rooter
11 Constant Transmitter . p
12 Printer
13 Power Supplies
T4BLE 0.2
Values of Subject
n
101-200 ‘ Wiring Diagrams
201-300 ) Mechaniexsl Drawings
301-400 Report Drawings-
4,01-500 Illustration Problem Sct-Ups,




The reader of this report ﬁill be primerily interested in the types
of drawings listed in the following paragraphs., & table on page 4 gives the
corresponding.drawing numbsr for each unit of the ENIAC.

1) Front Panel Drawings, Thesc ‘drawings show in some detail the
switches, sockets, etc., for-eéch panel of each unit, They ‘contain the
essential instructions for setting up 2 probiem on the ENIaC.

2) Front View Drawingé. There is one of these drawings for each
kind of paqgl used in the various units of the ENIAC, These show the relative
position of the trays and the location of thﬁ‘ﬁarious neon lights, Since these
drawings show the neon lights,they can be used to check the proper Operation of
the various units,

3) Block Diagrams, - These drawings illustrzte the logical essentials
of the internal'circuitslof ¢ach unit, That is, resistors, condensers, and
some other electrical details arc not shown; but complcte channels (paths‘of
pulses or gates representing numbers or program signals) are shown in all their ;
.multiplicity; Thesg drawings will be of interest to those who are interested
in Parts I and II of the Technical Report,

4) Cross-section Diagrams, These draﬁings are electroﬁically‘complet
except that only one channel is shown whe;e there is more than one, Thus, these
drawings show every resistor and condenscr and any obther electronic elements
belonging to any circuit, These drawings will bé'of particular interest to
the maintenance personnel and to those reading Part II of the technical repbft.

5) Detail Drawings. Aall other drawings of the ENIAC come under
this heading, A4 complete file of drawings is availeble at the loeation of the

ENIaCq



Table 0,3
ENIAC DRAJINGS

—*]hﬁt

Front Panel

Front View

Block Diagram

——

Cross = Section

Initiating
Unit

PX~9-302
__9-302R

PX*95305""

PX-9-307

Cycling Unit

PX-9~303
9=303r

PX~9=301,

PX-9-307

—p—

iecunulator

PX-5-301

PX~5-305

PX-5-304

PX~5-115

Multiplier

PX-6-302
6=302R
6=303
6-303R
6-304
6-304R

PX-6-309

PX-6-308

PX-6-1124
6~112B

Function Table

PX-7-302
7-302R
7-303

=303k

PX-7-305

PX~7-304

PX-7-117 -
7-118

Divider and
Sguare Rooter

PX-10-301
10-301R

PX-10-302

PX-10-304

Constant Trans-
mnitter

PX-11-302
11-302R
11-303
11-303R
11-304
11-304R

PX-~11-306

PX-11-307

PX-11-116
11-309
(C.T. and

R.

Printer

PX-12-301
12-301R
12-302
12-302R
12-303
12-303R

PX~-12-306

PX-12-307

PX~12-115

Pnaster Pro-
grarmer

pPX-8-301
8-301R
8-302
8-302R

BX-8-303

PX~-8-304

PX-8-102

Floor Plan

IBM Reader
plugboard

Other drawings of particular interest:

4.C, Viring

PX-1-302
PX-1-303
PX-11-119
PX-11-305

and

IBM Punch and
Plugbozrd

PX-12-112
PX-12-305

Pulse .nmplifier :nd PX-4-302

Block Diagram

Interconnection of Hultiplier end accumulators
Interconnection of Divider sind accumulators

PX-4~-301
PX-6-311
PX-10-307




The front view drewings and the large front panel drawings (whose
numbers do not end with "R") are bound as a part of the Operator's Manual,

Included with the report is a folder containing all the drawings
1isted in the above table except the‘large‘ffont panel (see obove) drawings.

1, GENERAL INSTRUCTIONS FOR _OPERATING PERSQINEL

ra

1. Inform maintenance personnel.immediately of any trouble and note
same in the“}og book,

2. Occasicnally check the filament fusa indicater lights (refer to
front view drawings bound in this volume); if any ere out turn off the d-c power
(switch is iocated on a-c distribution pancl, see PX-1-304).

3. If ENIAC shuts down from overhesting do not try to restart; call
maintenance personnel, If &ny pansl ruﬁs consisﬁénily much hottef than the
others, do the sane,

4o The d-c power should be turned cn only with operation switch
(either on cycling upit or on the hand contral) turned to "continuous", Aftér
-the d-c has becn on a4 few scconds it may be turned té cither of the other two .
positions, Failure to follow this rulé causcs certain d-c fuses to'bldw, -24L0
and =415 in particular, '

5, is a general metter certain units nct being used nay have their
heaters turned off. In such cases it is unnecessary to remove the d-c power or
even tc turn off the d-c power when turning on thesc units., On the other hand £h¢
three panels of the constant tranémittef must be turned on 02 of f simultaneously.

6. Do not remove zny covers, front or back. |

7. Do not open d-c fuse cabinet with the d-c power turned on, This.

net only exposes 2 person bto voltage differences of around 1500 volts but the



person may be burned by flying pieces of molten fuse wire in case a fuse should
‘blow,
8. Padlocks are provided for locking the d-c power off., Loék the

power off énd carry the key with yoﬁ'asilﬁngias you are working on the machine,

9. Do not rémove éccgmplator intercomnector plugs, or function table
or IBM macﬁine connector cables,'%hile the d-c is on, A1l other front panel
plugs may be safely moved while the power is on, |

10, Do not pull directly on wire or cable; always use the plug case
as a grip. | | |

11. Do not put sharp bends in cables or heng anything on them,

lé; Da not leave cables dengling on the floor.

13. Do not pound or force plugs; if thay do not respond to steady
pressure notify mnintenance personnel, o -

la; Do not leave IBM cablec connectogs or portable function table
connectors lying out in the open, kecp in the receptacles provided. Also, make
use of the ramps to protect the cabies of any such units which zre connected to
the ENIAC,

15, Do not forcec any switches.

16. Kéep the door to the room closed to keep out dust, avoid stirring
up or producing dust,

l7é Always move the portable function‘tables with care, Keep the

brekes on when not moving them,

2, PROBLEM SET UP REMARKS

2.1. MN:FD FOR SYSTEMATIC CHECKS

Since the ENIAC makes use of a hierarchy of chennels (first, in that a



pumber of units may be carrying on computstions simultaneously; sgcond, in that
jt always hondles ten to twentj digits of 2 number simultaneously; &nd third,
in that certain units use = coded system giving four channels for each digit)
running 2 standard check problem is nofié sufficient check on the accuracy of
the rusults, Thus, in arrgnging g-problem for the ENIAC pr&vision should be
made for occasional systematic cﬁécks of all the units,

Procedurcs for systematic checking are deséribed»in some detail in
the meintenance manu2l, Brief procedurcs will be outlined here for the numerical
anits. The following test procedures are not comprchensive tests and the ex-
perienced operator will perhaps use varistions of them, In particular, the
tests given below are not designed to‘check the operaztion of the various program
controls. However, they arc designed to check the numerical circuité in each
unit 2nd to a considerable extent check the program control‘used to carry out
the test,

2,2, TESTING AN ACCUMULLTOR

Cords should be prepuzrcd as follows:

i. P 11111 11111

2, P 00000 0COOL
The numbers should bz so placcd on 2 card that one group in the const&ng trans-
mitter, say ALR’ corresponds to these numbers., Next, & master programh&r sﬁepper
should be uscd to transmit the first number into the accunulstors which are tc |
be ﬂested cighteen times, At this time the accumulators should read

1 99999 99998
and all stages of cach decade have been chocked s well as the deluyed carryhéver
circuits. How the stepper (used above) should csuse tho rcader to read the next

card and the number to be transmitted to the accumul&tors twice. This should



give
P 00000 00000
and checks the direct carry-over circuits, Note that this test assumes that
the significant figure switch is set to "10"™, If this is not so the operator
can modify the above procedure to take carc of this. -
This test does not check the following circuits (for & complete check-
ing procedure see the maintenance manual):
Transmiésion circuits ‘ Input channels (except for the one used)
Clearing circuits Program controls (cxcept for the one used)
Repeater ring

2.3. TESTING THE MULTIPLIER

The following set of cards should be prepared:.

e pracoH i o
1 P 00000 0000 P 111l 111
2 ' P 11111 11111 P 11111 11111
3 | P 11111 11111 P 22222 22222
10 P 11111 11111 P 99999 99999
11 , P 22222 22222 P 11111 11111

12 P 22222 22022 P 22222 22222
82 - P 99999 99999 P 99999 99999
83 P 11111 11111 M 11111 11111
84 M 11111 11111 P 11111 11111

85 M 11111 11111 M 11111 11111



On a second set of cards, or on these same cards in different ficlds

the proper answers should be punched, Noﬁe that these answers will depend upon

accumulators are used as ten or twenty digit accumulators.

There ére two methods of usihg these cards to check the numerical
gircuits of the multiplicr, One is to have the answer on the same card end
arrange for its transmission to the product accumulators with its sign éhanged
(or the sign of onc of the factors may be changed). In this case the whole
sequence of cards in run and the presence of "zero" in the product accumulctors
jndicates (with high probability since thére could be compensating errors) that
the numerical circuits are =1l right.

A sccond method is to run the test and cause¢ the answers to be punched
on other cards. These results may then be compared with standard answers by
use of the reproducing punch,

This prbcégure does not check the following:

| Rounding cff circuits

Program contrels.(other than the one used),

2,4, TO TEST a FUNCTION TABLE

An accumulator is used to build up the argument. A program control
on the function table has its function switch set to "-2" and a second switch
has its argument'set to men,

The programming is s0 arrangéd that the "=2" program is activated and
the output sent to an accumulator associated with the printer, The result is

punched on a card, "one" is added to the argument, and the process repeated..
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The master programmer can be used to repeat the "-2" program 96 times and thén
glternatcly activate the "2 and the "+2" progrzm four more times, (Or
yerious other schemes may be devised to obtain all 104 entries to the fqnction
table.) The cards punched in this fiamnrer ‘can then be compered with a standard
deck.

Notz that the zbove chock is not a systematic check of the numerical
circuits as a whole, In other words this check should be repeated if any switches
on the portable tablc (or on pancl No, 2) arc changed.

Fﬁrthermore, the 2bove procedure docs not check the various program

controls of the fungtion table.

2.,5. TO TEST THE DIVIDER AND SQUARE ROOTER

\

The divider and square rooter can test be checked by performing test
division problems and square root problems, Drawing PX-10-111 gives the neans
which should be 1lit at various places in the process, The operator can check

ageinst this by going through the problem at one addition time.

2,6, CONST4NT TRANSMITTER TEST PROCEDURE

’

Thé 1, 2, 2', 4 channels in the constant transmitter can all be checked
simultanéously by reading caerds with nine punches on them, Since it is un-
desirable that the same number be punched in all columns of & c¢ard (this weakens
a card increasing the probability éf "jamming" in the feading mechanisn of the
IBM nachines) it is suggested that cards be prep&rud‘as follows.

1) 9's in groups App and Brp

2) 9's in groups C._ and D

LR LR

1 3 ~ .
3) 9's in groups Epand F o
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4) 9's in groups GLR and HIR

5) Four more cards similzr to zbove but with minus punches.

The programming should be,arranged,so that the numbers are transmitted
into aécumulators when they qan~be inébécted.visually or perhaps punched on other
cerds and compared with a standarg deck using the reproducing punch,

Note that Jip and Kjp éhould be checked in o similar menner., (These
only heed be checked for the numbers used in the sct-up provided they are re-
checked anyfiime that some of the switeh scttings are ehanged,)

This procedure deoes not check all the program contrcls,

2.7. PRINTER TEST PROCEDURE

The printer can be tested by causing 211 possible digits in each
channel to be punched and by checking the PM deléys. The following cafds shceuld
bc prepared, |

1) P 01234 56789
.2) P 11111 11101

3) P 11111 11011

s 6 0 0 95 s o 0o s 8

10) P 01111 11111

11) P-11111 1111

The programming should be arranged to cause the numbers on the test k
cerds to4be,read by the IBM reader, trensmitted to the printing accunulators, and
the result punched, The rcsulting cards may be compored with a standard deck by
use of the reproducing punch,

Card number oﬁe has the numbers O to 9 punched in it to prevent the

Same digit from being punched all scross a card,



If any decades of the master programmer are used in printing they
pay be checked at this time by transmitting the program pulse (used to activate
the above sequence) into each decade diredt~input.

This constitutes a complete test of the printer.

2,8, TESTING FOR TRAKSIENT FAILURES

If transient failures are suspected =z master programmer stepper should
pe used to repeat the appropriate test (such as one of those above) a large
number of times,

In case of an accumulator this can be done using enly one card (say,

P 99999 99999) and using a second program control set to aC (receive on a and
correét) to obtain the one pulse in the units decade,

For the ﬁultiglier it becomes necessary to punch the answers on the
cards with the factors (see 2.3) aﬁd cause these to be-transmitted to the
product accumulators for each multiplication, If more than ten digit answers
are used the adjusted answer to card 83 must be carefully prepared in order to
get minus the answer from the constant transmitter to the product accumulators
(since the constant transmitter only compiemﬁnts at most tenrdigits at 2 time)}

Repetition of a function teble test is straight forward. It may be

worth while to receive into 2 twenty digit zccumulztor and repeat the transmission
10% times, say, and see if the proper number is cbtained,

The square root of zero is perhaps the easiest test to repeat on the

divider-square rooter.

The constant transmitter can be caused to transmit any group repeatedly

to some accunulater, Dust particles may cause transient relay failures so avoid

stirring up dust in the ENIAC room. Also, if any relay case is removed, always

N
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replace in exactly the same position in order not to disturb dust inside the

cas€e

Transient failures in the printer sre probably relay faillures. See

printenance manual for list of probable failures,



AccuriyLpror 9
Moeriperee)

Accumuraror 8
Cwirrz)

Secumutaroe 7
(Swrer I)

Aecomoverror 6
(Desrvou/vproe
Seuoee Loor Z )

Aeccumnror S
(Dewom/naToR
SQurre Roor I )

Aecumuepror ¢
(Wewersroel)

Aecumuinror3
(Wuscearoel)

Drwroce f ,

AecumULproe 2
(@Quorrent)

Aecumoinror 1

Foyerron JoaLe [
/RVEL R

Funcrron JpmLe 1
Ponee 1

MASTER PROGRAMME R
APAINEL 2

MasTer AeoceinnEr
~owvel 1
(Pesnvreel)

Cycl/iNG
UnNnrr

INITIRTINMGE
UNIT

S T\ R ~
33 03 0% 0" Y., ohiRy
88 Y Y ¥ RisEdistia
9

Y @ ¥ GG
IR K R Y¥QQY ShHyeYdes
S N 3 Y X
N BN MR R
S\ X TR TS R8N

17[15)
¢£5)

~RsNTER. 4

Aec
6.

| Peocesis £ D/ Jenys

SPecsonm £ D/ TsvS

OGNy ELD/GIT e8RS

{

Slocsar FD/GCIT THRYS

SROGRAM TeRYS

(1. [ nE)
PrRTABLE

A fonerionTrecE s

1 L L

MOORE SCHOOL°F ELECTRICAL ENGINEERING

UNIVERSITY *F PENNSYLY ANIA

1 _[1

Loceisry £ D/6/7 Tesy's

AecumulAToR 15
- (Pervrer 6)

Vol s Y Y2

Accumulrroe /6
(Pewrse 7¢8)

Aecumuiaronl7
(Perwvrer 9¢/0)

%06

AeeumyLrroe I8
(Penreell £72)

1

. forTrBLe
Sowerron 798l B

Puwcrion7asLe 2
FPrNEL L

L

10

L L

| FunerronTasLe 2

NELR

[1 [

rrrR8LE
fonerrominace C

fowcrronlomLe 3
onEL S

]

5\

P

I8M Chreo
RERDER

\

\

\

N
N

cH
MAR
PuNcH

MCheD |

| , 78
PUN
o,

uu

| Powerrow 7Tosie T .

- fenvELZ

AccumulATor 19
(Pesnrer I3E1L)

AAeccumulaTror 20
(Pervrer 15416)

EDi617 78S | /ROSeIIsE D/IE/T TRAYS

- CONSTAINT
JRANSMITTER
ronvee 4

Consranr
JRANSMITTER

Aonesl 2

\ Peocesrs

CONSTRANT

. TRANSMITTER

PeINTER
el Z

SRNnTER
SPNEL 2

N

fRIUTER.
RNELS

Ensme
FLOOR LAyouT
PX~/-302




2

Lp-9-7 | 568

. THE ENIAC
LIRS S I e i N ]
. vt ottt

[Y— S

FrONT PanEL

\

Nc} e o ¥
| 1
00 00 00 ©
00 00 0@ 00 00 ©
2 3 4 5 €& 2 89 1o 1]
(1- 8)—SeLecTive CLEAR TrAaNsCEIVER NEONS GG 0 0 O OFQrOSOroIQ
1234586

HeATER Fuse NEONS

. EEISSISISSISIERTS) 7
T 0OVOO VOO |
1 QOO )
[ — 90O VSO It
C_ ] Q0 OO \
—] O OO J
L1 00000050000 3

MOORE SCHOOL of ELECTRICAL ENGINEERING
UNIVEESITY f PENNSYLVRN/A

A

(7- REAPERIF)E PrInreRIP) START NVEONS

F-REARDER FINISH NEON

I -Resper INTERLOCK NEON
9-Reaver SyncHRoNIZING (S) NEON.
jo-_ - |
- PrRINTER FinvisH NEon

S~ PRINTER SYNCHRONIZING INEOW
/7=
L - /viriAarinGg Pucse INPur NVeow

L S=/. P Srwvcrronizing INEON

~——ProcraM TRAYS:

INVITIATING
UNIT

FRONT V/IE W
PX=-9-308




0P Frip-Fror NEown

PuLse QureuT TeemivaL For T
Puises Iv Same Puage As 3P

(Every Purse Time)

Exrernvat OscittaTor
Swiren

00CCCCOCCO000COCCO00

1 23 ¢ 856 789 10111213141516178 19 20

—— O O==

Crcrivag Unir Rinve Neons

CCG Frip-Fror NEon

N

Fron1 PANEL

/"

00
‘ 1 234568
Heater Fuse NeoNs

\ ExrernAL OsciLiaToR

InPUT TeERMINAL

0000000200

QOO0OOPOOOOO

[olo)eXelsIoIsIslofeYs)

QOO0

O0O0OOOROOe

OO0 POOOOLOO

00000000000

AL A

MOORE SCHOOL & ELECTRICAL LNGINEERING
UNIVERSITY of PENNSYLVANIA

CYCLING LWIT
ARCNT LUEW

X -9-304




|

L_—=___|
i
WO000O00O O 00 1T
00000000 00
10000000 00
WOO00D0OOO0 O
SO0 000000 00
WD 0000000 D«
030000 0000 0sC L1677 Neors
MO0 O OOOOOO 0:0 ,
p1000000000I
000 000 0 Q00 000
2
109,87 >
————DechApDE AUILBLL S
O000O0O00O0 0O O 05(’405/’4//——/‘20,04/&04/:
—— in————
| 1
1 %
C_J [—| 1
— 1 / ’
[ ]-r—ﬂ/é/rz'epy:
C — \
C_1 [— )
(3 1 |

0oooy|

-

(I

3
»
L]
[

i

w
«a
“

6

’

L J
3

«

o7 eofs o

s

.|
[
3
¢
3
0

—— oo T FENVE L

b
-«
-
-
»

AN rAry,
A © @ O ©
PVOE QOO D OO
e
1-9 fecever Alconss
. 0301 93C50607208C9010011 012 $12 78 priscerver Aleok's
. , 08 0204 2
KEpearer Meow s O ﬁﬁ; ry ?’é T~ Vearer Fuse NMeows
9 NARN Not ConNECTED
03 y
02
ol
[— POV 7
(] QOOVOOOTOD 1\
—1 QOO | o
— SOORID e o Ty
] 00000000606 al (ROGEAN TRAYS
[—] SEERESEe06) !
] QOO

MOCRE SCHOIOL of ELECTRICAL ENGINEERING
CYNIVERSITS ©F PENMIHLVANIA

ACCUMULRTOL
FRONT VIEW

PY-5-308




ArqurenT NeEons T i
tnNirs TeNS
0123456789 01 234a5£75910
0000000000 0OOOLVOOD
¢ AS 3210123456739
ARGUMENT SeT-Up NEon >0 00 000000ICLCO00
oo § SueTract Neows- - -
PrograM RING NEONS
\ — I
( | — i — | \
1\ [— — (
[ ] [ — <« DigiT Tiiavs
! 1 [ — B
) | — | I \
/ [o—] — )
( — [ |
" g 2 o I o [ ¢ Jis & ] 2
: 2. »
slafioll s - e e e e I:I I:I
lelslols |~ | lll Balll Kl Kod
T | | | [ EEEE
4 v 4 v - v P , ’ ’ ,
FE W AW AW AN = FRGNT Pan:L
— L 1
. ’ " ’ u ’ , ’ L’ as. u(. (3] IB' M. mr'
- j [Y) [ (3 [T [T LD
O® 00 OO0 OO OO ©O M LA WA S A
0 OO OO O OO 0O ] |
Txnmscmvsg Neons
299392020900
A VoVaVa /\%OOO
LI B 123465
HeaTER Fuse Neons HeaTer Fuse Neons
’ ] COOEOTOPOC ]
T G _A,
‘[ g*-fj"kc.u;m«-. Travs
) . :‘»@@e@«,@@ | |
| C 0000000000 q
> v
MECKE STHOOL of ELECTRICEL ENGINIERING ravel e
! e o

UNIZERSITY o5 PENNSYI VLN 4

FRON T Ve
Fr=7- 205




NEONS ON DURING DIVISION

ApD. |PROG.| PLACE D'y [N§ D [N7|N*
TiME |RiNG | Ring | RECENVER o313 TS Te 7 (e |9 10
I-I | A | 9 ®| . ON|ONjON|  [oN —
2 | B |9 ON NOND| &
S | ! s - ONJjON| * | * : s
o-1 | A | L™ DaorDg| " ONJoN| |« | @
2 | A | A FlowQgl” il I B NEON LAMPS
[ | A JOretesiNa, S <) ON| [ON] || * " DivioE FLIP-FLOP
~ H . "w
(2 | A 4~ Sac,N¥ | ON) |« [Cyotes / 2.GLEAR FLIP-FLOP
O/ | A |10+ |Npc, S| " ON[ | “1 3. INTERLOCK FLIP-FLOP
. J.
£ | Jomte] ae | o henen
> ~_iPsoe DA: : - O : , 6. PULSE SOURCE
4] 2 | " iDsoRDay" ON o FLiP-FLoP
5] 3 | ' |DsoRDp}" _IoN ol 7. PROGRAM RING
©| 4 | ' IDgoRrDy!" ON ol FLiPp-FLoP
71 5 " iDs oaDAE " oN! - w | o 8.DeNOMINATOR FLIP-FLOP
8 | o PR M . w| w : _ 0 9.NUMERATOR RING =
! . .
9 T . :(*'l OR“,! “ " " r-—:—__l |O-NUMERAT°R ﬂ'NG+
I ' , ———
Q"C)**! od &3 o YD 3;8‘3 5] | ANSWER DisPosAL(l-4)
] 28, %o 08 co’, ?‘a?" > 9 RECEIVER NEONS
IN-1| 7 " " : : @ " 03 t
8‘5‘ ReECEIVER NEONS
ce< PLACE RING NEONS
I ;'.5 \ ( NumeeRreD To
c L L ef CorRESPOND To DECADES
OF AN ACCUMULATOR
NEONS ON DURING SQUARE ROOTING ¢ 4 )
ApD. | PROG.[PLACE Dy [Ny D [N™[N" v (l
Time |Rine|Rine (RECEWER e T T o Te [0 110 » ‘ )
I-I | A | 9 ) ON|ONjON| |0 — — . I
2 | B | 9 ON|ON| " | |ON S N X — T 3
3 | 9 ON [ON| * ON r'r'r::l:d’}
4+ | A S |Dw,t! , ON " ON :.r.r.rd:.rar“'
TT={ A | L¥* Dg orDp ON|ON “| ® ool slole]s
2 | A | A4 [t2or2Dy oN| || - ey ————a
—1 oR1 | » e LA AV P AN AV 4V 4
| A [Qeues On| ON " "
: © 0 ©
55 BIELSLY 808060 6060 80 80 39|
. "I—\ORfI ‘ ——
2 L1 N ON| [ON| |* |Cycues
y - ¥, Sac . =111 TRANSCEIVER NEONS
Im-1| A [I0-p |-1 oR+I, OoN @ | 02979 9993 ¢ §; -8
HEX —<Thaeaem ofl ||
1 U o | ¢
2 | B | [NgsSa Cycies Hearen Fusr Neows §§7‘ PRoGRAM RING NEONS
S | Y DBORDS : !ON. " @ m‘
4 2 o DAORDS! : :ON: " “ { )
3 " : i Tant! " "
5 . 'D"“D.S: o 0060000000 ]
6 | 4 " DA oRDs, ON! L [ ’ SO0 000000 1.
715 | * |DaomDs! OoN “| - 'Y 00080095030 \
8|l 6 [ " | ' N - S0006 200000
! I 0000000000
9 | 7 | " lFeor+z)) - “| o 00000002000
| DU)**‘ . 0002000600
m_’ 7 “ - | “ " » v .
> 7 T @5@; @ —T— o Diviber-Square Rooter
T 3.4 on === FronT ViEw
i A | 9 P2 _10-
CEIVER FYy— ON [ON(O! ON O PX-10-302
Foot NoTES

@ OnN IF PREVIOous PROGRAM WAS A DIVISION.
® ONIF DENOMINATOR IS POSITIVE WHEN RECEIVEDIN DENOMINATOR ACCUMULATOR.
Q IF BEFORE DENOMINATOR Is AbbED To OR SUBTRACTED FROM NUMERATOR, THE NUMERATOR IS Posi TIVE NEon*#4 s
ON5> OTHERWISE NeoN#3 |s ON.
@ GoES ON WHEN INTERLOCK PULSE IS RECEIVED.
® GoEs ONn ONE ApDITION TIME AFTER III-9
© Goes ON:a~- IN NI Case, Two AooiTioN TIMES AFTER III-9. ’
' b-IN I ChAsE,IN WHICHEVER Occurs LATER: Two Abpi TION TIMES AFTER ]I[—9 OR ONE ADDITION TIME AF TERNEONT
*92LZI10-p WHERE A 15 THE SETTING OF THE PLAGCES SWITGH.

%% ONLY IF NO OVERDRAFT RESULTS.

N



TrenSCEIVER ) »o O 0 0O 0O 000 0 0
Neons '\ 2 3 4 5 6 78 @ ¥
TRANSCEIVER]
_ OO0 0 0 0000O0 o
Neons J 0 12 12 M i5 16 17 18 19 20
T — — o
4 — — ]
\ [— — -
— jj— —] T
L  N— | T
\ =T
[ — p——
¢ - - o
§ [— — B

i

© 00 OO ©

TEEEFEEEE

|

i
[+71

B] [
Hannannannn

BEAREAEARER

TRaNSCEIVER

o O O 0 2000 O
Neons  J 2 22 % U % % 3 30
[aVaVaYal

/l 2345¢
HEeATER FUSE NEONS

/§?
HeaTeR Fuse Neons

QROVEPEOOVQ

UNIVERSITY of PENNSHLVAN/IA

0RO IO — ' .
OOEOE 0RO OOCOOOOR OO — »
00000000000 00600000000 [ 1] -
00O RO QOO OO 1 i
00000 00000 @@@@@@@@@0@ fffjﬁ ===============;?=========ﬂ
ROOIO OO (6]S]S]S]SISIO1SISI0 ) —
9000000000 00000000000 1
C O 0
4
° . COMSTANT
MOORE SCHOOL of LLECTRICAL ENGINEERING FRANSMITTER

FAONT V/IELW
PX= 1= Joé




_ — | L
1 n ]
..3, m’ : |-:r 4; .’ | 1, l'f’ 4, PI.PO%L :' -o, u’ oi' o-u’ m’ n; l«,
: [ | — ]
Y (5] e 3 | . i ) ) 5 |[w =3 W45 1516 03
» » » L . _( Il » ,p'—\"-;T FaAVarays »”~ » » ”
[ - L -
m = _ ‘ ——ea
" Broogo
HeaTER Fuse NEONS
L e, aree————————
@) O O
MOORE SCHCOL of ELECTRICAL ENGINELRING PRINTER
: ‘ FRONT LIEW
UNIVERSITY of PENMNSYLVANIA
PX-/2-306




{l

Q00

000

50000000000
0OOCO00000
0000000000

0000000000

FO000000000

:
n

[soo0co00000
30000000000

4 13 1z

D 000000
® 000000
N 000000

o 000000
m Q00000

=OCOCO00000

*0000000000
2OCO0000000
=O00CO00 000
~0000CO0 000
wOOOOOOO000
Moo eeeselelee)

Decape Neans

Stepper NEONS

-—f:\; AN 1*

T 000000
« OOO000
= 000000

v |

1Y
|
)

v ffwC
A}
%

“
LN

A )
Y
A

/] -

l‘lﬁ”lrl)'l_{_l
4111;:11::1
rAVAV AP AR AV AV AV AP AV
A CAC AV AT AV APAV AV AV 4
.IlLlLlﬁo"I
[lllﬂl"l"lll"ll’l’

FRONT PaNEL

HeATER FuskE Neons

"+ 1 Fal [x] Bl

Fm

| - . - i

© OO0 © 0 00 @ 0 @

PO OO ©0O® Q0® 000

O 90 OO0 PO O O

OO0 000 VOO OV PO O

Q Cg o] o 0O (o] O (o] (o] QO —-

[} < [ [ F L2l J K
( - /;x\nnm
123456 123456

HeaTer Fuse Neowns

b Q080000000 00000000006 [ -
{ 0000000008 O 0000000 I
{ 00000000 d 000 EVOERORE ﬁ
1 000000099 Q Q00 EeO00000 [—
C 0000000 Q0000000000 [ —
l Q000 OOV X151 SISISISISISTSIS) 1
) 000003000 ___©0000000000 [ —
O O

MOORE SCHOOL of ELECTRICAL ENGINEERING
UNIVERSITY of PENNSYLYVAN 1A

\

Stepper InpuT Neons

ProcrAM TRaAYS

MASTLR
PROGLAMMER

FRONT L7ch’
sX ‘8 = 303




0)6/7 JRRY

sPoseRr TRRY

OO0CO0O000O0CO0CO OCo0CocCCcOO0OO0 O
occooeCcocCcaoCo cocooococcCcOCO
cccccCooCoO O0CCCOCGCCOOo
cCcocCcoQoOoOC o OCO00O00OO0O0O0C -
ococccooQCCCoO DOOO0O0O0COO0
S CCO0000 0000 O000O00O0OO0OCDO
cO0CoCO00OO0QCCC 000000000 O0O0
CCcCCCoOCOo0o0 S 00 C0000CO0OO0
Oo0OCOOCCCOO O000 0000 O0O0
OO0 C0CCOoCCCOCoOo 00000000000
0000000 OO0 O0O0OO0OO0O0 OO0 O0
HHHHT HHHH
| HHHE HHHE _t— SULSE
X =gkl ArIPLIFIER
= g v GNP
e [— — [ [ D1 61T TRRY
/ — 1 1 [—
1 [— [ - )
[E— [— | ] /
P [—— [— C_1 [ }
[ [— [ [ [ \
{ 1 [— [ L1 k)
) — i — 2 CJ (
— —l f‘._
000000000 nguangong
HEN o L] i
Dl L ) l:l - 1 IL_’
HEEERRN l’?fll L]
| |
I I L L Wl I If
4 cC_ C . C O
ccucceoo Tl co oceco OO"MT”C((“FOO(“OOJ
gQcoocccccavo 8’“21006..»':60{?00
C faVaVaYnaVaVal ’CC L
G e A
8 Q HHHH A
¢ |
|0 3 EF mxﬂ//’w:e‘
~ : _r""':———] AMPLIFIER
5—-[ 0000000000 [— 0000000 - .
{ 0000000CCOO 1 [ — 000COACCO0 ) FeoGRIM JRRY
' 00000000000 [— [ OO0000000CO )
{ 0000000000 1 [— 00000CCOC 00 R
{ 0000000000 1 [— 000000000
L 00000000000 [ [ —] 00000000000 \

MOORE Scroor of LrECTRICHL LNGINELRNG

UINIVERSITY oF /SENMVSYLVANIA

Co etoe.e
FPauves

S

PUesE ArrLrFremr

TEARTONNECTION DIAGRAM
X -4 ~-302




D~C voltage hum oscilloscope.

o

THE ENIAC

Etecmonic NumeicaL |NTEGRATOR ANDCorpuTor

D=C voltage mater-

D=C voltage sslector switches >

T

D=C voltage chart

White numbers on the voltage ehart indicate
voltages at the ends of a power supply. Black
numbers indicate voltage pairs in which at least
one voltage is derived from a blesder tap,

Behind the voltage chart are the oscillo-
scope adjustments,

The d=c voltage amplitudé and the a=c hum
amplitude of every voltags of the ENIAC may be
measured with respect to some other voltage at
this panel,

Start end stop switches

Pushing the start switch turns the amber
light on and starts the initiating sequence
for the ENIAC, turning on the d=c power supplies,
the hemters of the various panels, and the fans,

. and operating the initial clear, Vhen this

sequence has been completed, showing that the
ENIAC is ready to operate, the §reeB ljight goes
on,

Pushing the stop switch turne the ENIAC
off, including the heaters, the d-e power sup=
plias, snd the fans,

Deverorsn, D:suuv mip ConsTRucTED
B [

MO ORE SCHOOL or ELECTRICAL ENGINEERING
OF TH

|3
UNIVERSITY OF PENNSYLVANIA
1944

D=C power supplies clock

This shows the number of hours the d-c power
supply filements have,been on,

Initiel clear switch

' Though the ENIAC is initimlly cleared when=-
ever the start switch is operated, an initial
clear switch is provided so that the operstor
can clear the machine without turing it. off,

The cperation selector switch on the cyoling
unit must be set at Cont. for initial clearing
to take place.

Selsctiye clear program controls

ci = progrem pulse input terminal for selective
clear program control,

o = program pulse output terminal for selective
clear program control,

Whenever a program pulse is supplied to a
- C4, all accumulators set to SC will be clesred,
and a program pulse will be emitted from the .
corresponding C, one addition time later. For
neon bulbs of associasted transceivers see
- PX=9~305. -

N\ ~ X
- D E 56y
sc F‘ 4 8
N H 3 9
2 13
) "
DC VOLTAGES DC VOLTAGES -
®) .
423|456 ,7 .8 9 wla
A -
‘ —4
K
D
€
F
6
] H

AC VOLTAGES

Doar Switoh Shunt
Ordinarily the ENIAC will not operats with any of the doors off, This is a

safety feature, since removing the doors exposes dnn%rous voltages, If 1t is
necessary to operate the ENIAC with the doors off, this may he done by holding

this switch closed,

A~C voltage meter

e 5 voltage selector switch

By means of UR18 switch and meter the three phases of v_e of the two bus

systems supplying 110 ‘Volts a-c to the filament tfsnsformers .of the various units
may be measured. .

R, - pulse input teimipel foy reader imterlosk

Ty -"pules input teminal for roader

“R, - program pulse output teminal for reader

- “PRSEE TUMNINATS K&Ye to do with the operation of the IBM card reader, When-
ever a pulse is supplied to Rj the IBM reader starts to put a new card ir position,
After the card is read and the relays have set up the constant transmitter gates
the information is ready to he taken from the constant transmitter, A pulse is
emitted from R, after the constant trensmitter is ready and after a pulse has been
received on Ry, The operation of the constant transmitter progrem controls is
described on PX~11-302,

Judor start switch

« Terminal for paralleling the reader start switch

Operation of the reader start switch starts IBM card reader,. After the card
has been read a pulse is emitted from Po,
" Rg is ‘a'terminal for paralleling the reader start switch with a switch which
may be carried anywhere around the ENIAC and which is connected to this terminal
via a program line which hes no losd boxs Or by meens of a special catlq.

O

READER STANT INTIATING PULSE
SroP SwiTcH SWITLH
S ©
" ) )
O © 0 o] o o [P o)
O READER PRINTER INITIATING PULSE
DC. POWER DOOR SWITTH- INTERLOUCK
INTIAL CLEAR & SUPPLIES O SHunT O‘W' am’wo INPUT  oUTPUT ourpur o
' o o o

0,6 ® O

el

o'

Pi « pulse input terminal for prianter

o = program pulss output terminal for printer

Whenever a pulse is recelved oniPi the IBY punch starts to opeTate and the printer relays start to piek up,
A pulse is emitted from P, as soon 88 the relays are set up, Any time after this pulse 1s emitted Py may again

be stimulated, but this will not csuse a second punching until the first is finighed,

Initiati ulse switch
Y Nﬁmf for paralleling the ini

Y' ulse output term >

m:oncwr the initiating pulse switch is pushed a simgle program pulse (i.e.,

a gated CFP) is emitted from I,, This pulse may be used to initiate any sequence
of operations set up on the ENIAC.

Ig is a terminal for paralleling the initiating pulse switch with a switch
which may be carried anywhere around the ENIAC &nd which -is connected to this term-
inel via a progrem line which has no loed box. or by msans of a special
eable.

Note: Portable cControl Station is shown on PX-9+303.
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HEATERS

off O ON

OHOURS

ocv;un WITO

102 Pyp vewse A%conr.
O 7
op cCcq
cpr _P -
1PULSE{1 800 TI08 orer G aore Py oPERATON
O,

®,

Qzcillogeope on which can be aesn the cyeling unit pulses end gutes, the gele~tive 2laer gate (o5UG) (when 1t fe programmed ),
op any exteranl «igpial trancmitted to the terminal merxed ®kxte®, Th2 ~yrling untt pulses and getes *o be seen are shown
on the cecomparnying ohart, belind which emr the oseillescope adjustments, The oscillosecpe inrst switeh selsets the signal
%0 b sphown on the cseilloscope, A 7ignal may ba transmitted t2 the terminal WSxi.® on a programsline which has ne 1~ed
—_— ke

box,e

Heatsr switceh

Heater cloek

© OPERATION ©

@ <—— Green Pilot Light
Seme as on Tnit{ating Unit
front penel .
operation Selsctor Switch °m‘® ! Ao B
The control by this switch | PuLSE

and the 1 pulse - 1 add,

push button is the sems as INITIAL
thet provided by the switch © ciear ©

on the cycling unit front
pamsl, Note: The switch

which is not being used . e READER =)
must be set to "1 pulsen, START
INITIAL

o PULSE Q ©

1 PULSE
1 Pulse ~ 1 Add-Push Button © 1 ADD - O ©

Push Buttons

Control provided is the same

as provided by corresvonding
push buttons on Initiating

Unit Front Penel - See PX-9- 302,

S

.

Cable

portable Control Station

s

Fush button for 1 pulee time >r one aidition time

PA= Tarminal for parallsling this purh button

Operation seloctor switch

1A and Cont. = Terminals for persllsling the operation selector switch

1}
2)

3)

1}
2}

-=The cycling unit hAs three modes of operation, se.sctad by the switeh or its sssoclated termipals (14, Cont,):

Conte = The pulses end getes are given out continunusly,

1 Add, = The pulses uud zwves for one addition *ime are ~rmitled whenever the pushe~button for 1 pulse time or 1
addition %ime is pushed,

1 pPulsa = The pulses and eates for one pulse time ere emi“ted whanever the push-button for 1 pulee time or 1
addition time {¢ pu-hed,

=portable push hutions mey be used in connecticn with terminels PA, 1A, snd Cont. These may be pluggsd intn
a program linz which has no load bux und that line plugged inte the terminals, -

A push buttor eonnerted 15 1A pavallales the 1 pulse and ! 4dd. push button,

Fush huttons copnected t= 1A and Cont, enable the cperator to parsllel the operation salactor awitch, <hen this
switeh {1 get to the 1 pulse position, holding closed the button ocnnected to 1A gives the 1 eddition time
wode of opsration, while holding closed tna button connscted to Cont, gives continucus operation,

MOORE SCHOOL OF ELECTRICAL ENGINEERING
UNIVERSITY OF PENNSYLVANIA

CYCLING UNIT FRONT PANEL

MATERIAL FINISH SCaLE
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i accumuletor Interconnection =~ Liseram
The digit terminale ere to be connected to the digit trunks {trays} (393 i’x“;)';305¥ by the digii “:‘f’lzﬁemr
recaiving and transmitting numbers, The operation of thess terminsls is governed.by the program coutrols goa )
accumulator. (Thus digit pulses transmitted on & trunk to which the oC terminal is connected are received only if ﬂﬂﬂ oooo D.A-X oooooag goooaoao X
the accumulator is programmed to receive on of ¥ N . . . 0 O
Multiplication by powers of ten may be ?::rmplishﬂd by means of shifters (PX=U-104} which transposs the o
digit wires, Shifters must be plazed only in iig’t input terminals, not in digit output teminals, n 1 .
Deleters (PX-4=109) are used 1n connratinon with the significant figures switch; they may be pleced only |

te! 8
in diglt cutput m.iﬂnal * 10 decade accumulator ) 20 decade accumulator )

V: Acc. intercomnnector cable (verticalj (FX-5-121)
H: Ace, interconnector cable (horizontal) (PX=5-110)
. X indicates position of ace. intercomnector terminal losd box (PX~5-109)
’ Kote: Each of the I ‘;irc;gram’controls of the 20 decade accunulator
governs the operation of all decades and of the common pro=

Diglt Input Toowminels Digit Jutput merminels . graaning circuits of both accumulators,
0 o 0 : © o :
p
9 E# olgy |o
R IR
RN @ y ¥ 8 ¢ A s 5‘3 ° .
Oolf¥ o ol o
5‘7‘; 3V, St S¥s SVs Srs Sw, S, ST2 » .

Switshes 1-li; Operstiod
switches for non-repeat
program controls. . O (o]

o

Sselactive. ¢lesr switeh
If *his switch 1s set to SC the accumuletor is clsared whenevar s program pulse is transmitted
to one of the selactive clear inputs of the iritiating unit,

Ie2

Tanmina.

b— S3imificant firures switel

Thie switch determines which decade (if any} is cleared to § instead of O whenever the acoumu-
lator 1s sl4ared snd cn whick line the subtract pulee is transmitted on s subtrart transmissicn,
It does not govern the deletion of non-significent digits; this must be done by means of deletars
{PX-“-109) (When the switch ir set to r, deleter nurher m'shmld be used, etec,)

If the switsh 18 set to m, decade 10-m (counting from the right) is clenred. to 5, and the
subt-act pulse is trensmitted on digit line 1lem.

When & 20 decade accumulator is formad, the two significant figure switches ars tc be ured ss
£61lows: .

(A) Wher 9 or less significant figures are desired, the left hand switch is set to the number
desirad end the right hand switch to 10,

(B) When 10 or more significant figures ar» desired, the left hand switch is set to 1 and the
— 1 right hand switch set so that the sum of the two switch readings equals the number of significent

o
RE

Clear gorrect switeh

6]}
o0
mo

a"‘;*

(-]

3witches S-12: Qperation
gwitches for vepeat
program ¢ontrole.

4+ 8¢ +5¢ +Se + 58 45¢ 456 45¢ +5 ¢ figures desired,
7 3 7 3 7 .
2 8 2 -] 2 Repeat gwitoten for
1 9 1 9 1 9 repast pr ) controls 5e12

[e} feeh swite

Be B8 8

(0]

h governs the number of addition times its repeat program control operates.

s

Cperdtjion switches gnd clear-correct gwitches:

(o) o]
o@ SO

Terminals 14, 24,,..4, U1 Termingls 50, 60,....,120 These operate together in the follcewiny; manner:
Trograr pulse input temminals for non-repeat Frogram pulse cutput terminals for -
program controls 1-4 respectively, repeat program controls 512 . gperetion switch Operation programmed Uperation programmsd by .
: raspectively, settin, by operation switch clear-correct switch if
Bont ng el At A baldeti il b 14 e 2
Terminels 5i,....,121 ; 8ot ko L.
Program e input terminals for repeat
::ggrmn zgi:rolgmﬁ-lz’ respectively, ? . oC Receiwe on ol digit input terminsl A correct pulse (wn inter
. ¥-] Receive or A digit input terminal nelly gated 1! pulse) iz
: Y Recoive on ¥ digit input terminel placed in the unite decads
on-repeat program controls 1l k) Receive on § digit input terminal at each 2ddition time,
Non o * & Recaive on € digit input terminel
Thase operate for one addition time and emit no progran output pulse,
Each control consists of  ~ . ) o Nothing
1} Program pulsa input temiral (when stimulated with program pulse causes program control to program oparation A Trensmit on ndd digit output termirel The accunvletor ie cleared
in accordance with ite switch settings) AS Trensmit on both add end subtract cigit at the end of the lsat adde
2} Operation switch output terminsl ttion time of the program,
3) Clear=correct switch 3 Transmit on subtract digit output terminal
4} Associsted receiver (For neon bulbs sea PX=5=305)

Repeat program controls 5-12,

e s s ’ MOORE SCHOOL OF ELECTRICAL ENGINEERING
gl:::ecg:g;ec:ﬁ:i:t:d:;nonu times, where n is the satting of the repeat switeh, UNIVERSITY OFA PENNSYLVANIA

1} Program pulse juput temine) !wher stimulated with program pulse causes program control to program cperation

in accordance with its switch settings], A(LUMULATOQ rPONT PANEL

2} Program pulse output terminal (emits program pulse at end of nth addition time}

3) Gpermtion switch MATERIAL FINISH SCALE
61 Associated transceiver {(For nson bulbs ses Pi=5=305) . : _ Orawn by; | Crecned Aporovec Oy:

4} Clear-correct switch
ov: |
S | T PX5 301

5} Repest switch
- Weos PX-5-30IR7




Multiplier Accumlator Clear Switch
Al ) . This governs the clearing of the multiplier acec, by méans of the static ceble running into
the multiplier ace. PM plug=-in init. If this switch is set on C, the multiplier ie cleared
during the last additicn time of thé mmltiplication,

Multipl ier’I;ccumlator Receive Switch

NOURS . Whenever a program pulse is received on a program input teminal of a given program control,
HEATERS o —/ O a pulse i irmediately emitted from R%- RE , or rot at all, accordingly as the multiplier acc,
I——J ) function smt progrem control is set onoc=A , or ¢ respactively, These pulses may
be used to cause the multiplier accs to receive the multiplier during the next addition time by
having them transmitted to properly set multiplier ace., progrem <controls, i.,e. by connscting

orr O on HIGH SPEED

HMRIIPLIER
PAMEL 4 . ReC~ Rg to five program pulse impute of the multiplier acc, (#9) and setting the eorresponding
Multinlisr Acc, —X ra 3 € < < < < operstion switches to receive on o - € respectively.
Tesr switen oy [RExye IRy IIye | RInTe IEIIe R Te K de -
—_— 8 8 A8 8 8 A B It is to be noted that all 24 multiplier progrem controls cause pulses to be emitted on RL =-Re
a 80 that only five multiplier ace, program controls are required to receive all 24 multipliers,

B © [ o o o ° o
a « a a a o a
MULTIPLER ACIIMULATOR | BRTIPLIER mnumi VLTIPLIER ACCUMULATOR] [MULTIPLIER x(umuvoq MULTIPLER NUMULITIR |mmrua\ ACUMULATOR | [MVLTIPLER ACMULATOR | [MULTIPLER ACUMULATOR

Multiplicand Acc, ———W T T [~ & /N
= I3 s s D s CD B 8 CZj 3 ED 8 . .
Clear Switch P r ®¢ D Py Go T "o ‘5"‘ fQO A"' ‘0 a7l (‘o ‘6’" €° Multiplicend Accumulator Clear Switch . -
a a -

8

a

a da This operates the sama as the multiplier acc. clear switch except that it governs the
) : cledring of the multiplicend acc.
mm Imm Eﬂm MATIPUGID AGMULATOR | [HULTIRIOND ARWULATOR | IMVLIPLICAND ATINGLATOR THLIOND ACOMBARR & P ‘
] 6 5 €5 6 5 © 5 e 5 © 5
4 3 - 4 4 57 4 6 7 (+ 4 8 7 Multiplicand Accumulator Receive Switch :

[ 65
Mumber of the program 1 4 2 7 4 7 T - -
control to which the switches 8 3 8 3 8 3 8 3 8 1y 8 ) 8 3 8 3
in a given column belong and 9 2 2 2 9 2 9 2 9 2 9. 2 9 2 9 3 This "ions the seme as the multiplier acc. receive switch except that it gives out
OFF OF¢ ’ OFF K OFF - OFF orr ors 1] - orx gram ;. “#s on terminals DoC to DE and may be used with the multiplicend acec, N
to which the corresponding senipont rices || siotbowt rioes| | scliowt riares | | st miciees || sidlon e || siodfonr riaRes || siotbrow pciies || sclon ricores progrem » n terminals Doc € P ce. (£10)

°®

numbered program input and “
program output terminals be= A g y (RS 5 65 ﬁs 6y WS ¢ ms ® 5 ﬁs 6, ms 6, ms 6 5 Significant Fisure Switch
4 4
3 3
2 2

long. + 8 4 8 + 8 4 8 4 € 4 8
3% 9 3%9 ~%9 3 9 3% e %9 Multiplier rlaces Switch
2 o 10 2 0 10 0 2 10 10

T PRODUC! A PRODUC A
AS 9 e MAS°M: T © ae S ‘As"n: s © ac w&us°ac :
S SC S sC S sC S sC s¢ S sC S sC
A% AL A \% R A @ AsC A % Ast % ASC A Asc A ASC Product Disposal Switch
© |

858 86 © 200886 |

0,6, 0h 08 e Be e, .f

Torminals 11, 21,.0...,20 Terminels Rek = R¢ .
Program pulse input temainals for program controls Program pulse output terminals associated respect- )
1-24 respectively. ively with &. @, ¥, §,€  ~n the 24 multiplier”
accunulator function switches,
Terminals 10, 20 yeeve...4240 Termirels Dk = D¢
Program pulse output terminals for progrem contrels Program pulse output terminals mssociated rospece— ’
1-2l respectively. tively with &, Q,¥r, &6, € on the 2! multiplicend

accunulator function switches,

There are 24 multiplier program contrels, each consisting of

1) Progrem-pulse input terminal (when stimulated with program pulse cauzas program control to
program multiplication in accordance with its switch settings].
2) Program pulse output tewminal {emite procram pulse on completion of multiplication).
g) Multiplier eacc, receive switch .
] Multiplier acec, clear switch
5} Multiplicand acc. receive switch Deseribed on this drewing —
6) imltiplicand acc. clear switch

7) Significant figures switch} Seseribed on PAe6e303

8} places switch
9} Product dispossl switch ——————— Described on PZ=6=304 ‘ INEERING
10} Associsted transceiver ['or neon bulbs see PX=b=209 ' MOORE 3:?350""5"9: ::5(;::':::'.'!‘:?‘ €
The high=-speed multiplier operates in conjunction with four cr six associated accumulators., The3se are the
multiplier aco. {#9), the multiplicand acc. (#10), the laft-hend partial products scc, (#11 and per- HlGH‘SPEED MULT‘ PL'ER FQONT pANEL Noci
haps #12) and the right~hand products ace., {#13 and perhaps #18), For a diagram showing the inter— ) =
connections of the highwepeed multiplier with its associsted eccurmlators see PX=6-311, MATERIAL FINIS > SCALE
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Sienificant Figures Switch

This switch mey be used to give a variable round-off; i.e., & product which is rounded off in a
This switch governs the addition of 5 pulses into the

different place for each program controle

HEATERS G
off O oN || meu seeeo
MULTIPLIER O
PINEL 2
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ﬁ V] OD 8 °O B ‘°Q "' oo “' ( oD ‘q. oo ‘T Coo
a d a a o « a a @
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s & s s s 5 ‘D' [ 56 3 8
T8¢ T 5¢ T Z S € Z ; T e L
8 oD 8 o1l 8 * Yy O 8 o 8 o “r £ "V co
« a « o a o a o
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G5 ‘ 65 Ve S ) ' € 5 ® 5 s
94 4 |0+ 4 - + |12 4 « [[137 « 114+ + ||I52%5%4 [l67%°«
8 3 s 3 ] 3 8 s [} s 8 s 8 3 8 3
9 “2' 9 “2 9 O% 9 2 9 2 L] 2 [} -] 9 (3
. add oFF ¢
FIGWES . FIGRES| | ScNmom Fimes roes || siohonr raRs s || slnow rees
56, 5 65 $69y 5 67 ) “l!;-, & s 6
4+ 8 4 [} 4 . 4 8 4-5 73 4 { ] 4-5 7o 4 )
3 9 %9 3 9 3 3 ° 3 9 3 9 a 2
2 L | Y 4 0 0 ] © s 10 F s 0
ﬁﬁ'ac P o e ™ o n S © ac X
SL ] SC S h S sC ) SC s
4@& A Ast A [ 13 agm A ASC A
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Time schedule for multiplication

A multiplication requires from 6 tc 14 addition times {depending upnn the setting of the
places switch) including the time required for receiving the multiplier ard multiplicand, but
a0t including the time regquired for disposal of the product,

Qperaticn

fProgrsm Thnput pulse received at end of O
eddition time) .

Addition time

p+2

p+3
pt+h

Multiplisar and mul*iplicand received
Five round-off pulses transmitted to left-hand product ace, (#11, 12}
Multiplicand mutiplied by first place (10th decade) of multiplier

and left and right hand components tranemitted to left and right hand

product acc,

This is continued up to the p4 2d addition time, whers p setting of
places switch
Complement corrections are made when necessery,
Accumulated left hand products are added into accumulated right hend

products,

(Prbgram output pulse and enswer disposal pulsefemitted at end of p+Uth sddition time]

plication,

proper place of the left-hand product acc, {#11, 12} during the second addition time of the multi-

1t does not control the deletion of the non=sgignificent digits of the product nor the placing

of the subtract pulse in the proper channel of the product on a subtract transmission.

Since these

vary with the setting of the significant figures switch, they must be taken care of at the accumulater

which receives the product,

Hence in cases where every product is to be rounded-off to the same

number of places, it is best to use the round-off facilities of the right-hand product acc, (#13, 1by,

Places Switeh

This governs the number of places of the multiplier that are to be used in the multiplicaticn,
The multiplier digits are used from left to right, s¢ that the most sisnificent digits ere used first,

The places referred to are the pleces of the multiplier scc. counted from the left,
The places switch is completely independent of the significeant figures switch,
this is that all digite of the multiplicand are used in the multiplication process,

of the pleces switch is to save time.

The reason for
The only purpose

MOORE SCHOOL OF ELECTRICAL ENGINEERING

UNIVERSITY OF PENNSYLVANIA

HIGH-SPEED MULTIPLIER FRONT PANEL NO.2

DEC. 1944

MATEMAL FinaS _ sCaLE
Drown oy Chernec oy: aooroves Oy:
=T Px6303




Important note concerning the partial products digit ontput terminals

These terminals are to be semi-permanently connected to the @ digit input terminals (see note on terminals 1,r)

No load boxes are to

of the product accumulators {#11, 12, 13, 11} by trays or cablss not used for any other burpose,
Ut from Inverter Lubes whirh

be used,

Cannct be connectad in parallel with enything else and which have their own resistors.

The digit pulses emitted from these terminels are not supplied from trenemitte*s,
Hence the &€ digit input terminals

of the product accumulators cannot be used for receiving any other numbers.

No shifters or delaters are to be uged,

Aceunuletors 11 and 12 end accumlators 13 snd 14 are paired when more

than eight places is desired in the product,

The load on these outputa rmst be kept es snall as possible.

Recormeaded method of commectinn is:

L.H. #2 By spacial cable to sccumulator 1l.
L.H. #2 By short cable to trhy (only one tray), and short cable to Accumulator 12,
ReH. # 1 By special cabls to Accumulator 13. ’
R.H. # 2 Similar to 1.H.'#2 and Accurulstor 12, See elso drawing PX-6-311
Digit Jutput Terminals for Partial I'roducts
HEATERS rovRs \
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Product Adisposal switch
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O
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0
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Terminals A=ASC
Program output terminals associated
respectively with A, S, AS, AC, SC,
ASC, on product disposal switch,

Terminals RS, DS, F
Progrem pulse “outout terminels for transmitting pulses used in the

programuing of each multinucationv

DS = A program pulse is emitted at the end of the p+42d addition time
if the multiplier is negative. Semi-permanent connections must be
established so that this pulse programs the multiplicend acc, to trans=-
mit subtract and the right hand product accumulatnr I(#13) teo roosive.

RS = A progren pulse is enitted at the end or the p4-2d addition time
if the multiplicand is negative, Semi-permanent connections rmst be
@atablishad so that this pulse programs the multiplier acc. (#9) to

4ransmit subiract and the left hand partial products acc. I {#11) to

receive,

F = A program pulse is emitted at the end of the p-+43d addition time,
Semi=psrmanent connections must be established eo that this pulse pro-
grams the left hand partial products accumulator (f11, 12} to transmit
add (without shifting) end clear and programs the right hend product
accurulator (#13, 14) to receive, or vice-versa.

Terminals 1,r

Receiver cathode follower buffer output lines,
program the product acc, to receive the partial products,
" semimpermanent counections ere to bde establirhed.
le- 1 i8 to be connected via ace, interconnector cable (Mult.}
(F4=5=~131) into the interconnsctor terminals I.; and I,, of
left=hand partisl products ace, I (#11). & digit &2])
terminel is to be used to receive the partiel produects,
2, r is to be similarly connected into right-hend product accumu-
intor I (#13). likewise, the oc digit input terminal is to be
used to receive the psrtial products,

These ere to be used to
The following

This switch operates in conjunction with program pulse output terminels A through ASC end
provides program facilities for the disposal of all 24 products using at most 6 program coantrols

of the rightehand product accumlator (#13, 14},

At the end of the p4lth addition time (i.e., at the seame time »s the program output pulse
is emitted) a program pulse is emitted from A=~ASC according to the setting of the product disposal
switch of the program control being used, '

Semi-permanent connections may be established by connecting A through ASC to six program
pulse inputs of the right-hand product acc. (#13, 14) and aettjns the corresponding operation
switches and clear-correct switches to transmit on A-ASC.
“we used to stimulate thet unit of the ENIAC which is to receive the transmitted product.

The program ccntrol output pulse may
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Argoment {nput terminal

This input is open for reception of the twn=digit argument during the 2nd addition
time of operation, The units plece is received on line [, the tens place on Jine 2y
Shifters (Pi=lU=10%) should be used in this temninal to shift the arcument i¢ it copes
froo other Jdecades than the 54k and oth, The other lines of thie terninal are uncon=
nacted, co a deleter is not requirad,

The ecrurmlator whici trsnanits the argument may be programied from terminals KC
and C.

The funetion ..ole automatizelly rlesrs its ergument at the end of each operaticn,

There are eleven progcam controls on each functior table, Each progrem control consists of a
program pulse input terminal {which, when stimulsted with & program pulse, causes the pregram
control to program the looking up of a function ¥Value}, a program pulse output terminel (which
apits a pulse on completion 8f the operation}, the three switches described below, and an associate?
trunsceiver {for neon bulhs see PX=~7=305},

This switch operates in conjunction with program pulse output terminals KC and ¢ end may be
used to program sn aceumulator or accurmulators to transmit the argument.

at the end of the lst addition time a program pulse is emitted from NC or © if thie switch is
g6t on NC or C respectively., Semi-permanent connections mey be established by connacting NC end
C %o program input terminels of the argument accumulator and setting the corresponding eperation
switches to trarsmit and transmit-and clear respectively,

Terminals 11, Pi,.0...331
Program pulse input terminals for program controls l=11l respectively

Terminals 10

Terninal NC
Program pulse output terminal asso-
clated with NC on srgument recaption

20 jee4s.110 switch,
Program pulse output teminals for program controls le=ll respeciively
Terminal C

Froagram pulse output terminal asso=
eiated with £ on argument recaption
switch,

Time Schedule for Function Table

Addition time

Cperation

{(Program input pulse rezeived et end of Cth eddition time)

Circuite set up

Argument rezeived

Argument, modifiad by the additien of 0 to 4 pulses,

At 1hith pulss time portable funecticn table starts

to sel up.

Fuzction table firishes satting up

value of functivn transmitted

This is continued up to the r4li*h addition time, wheve
r iz the satting of the funetinn repeat switch,

{Progoam output emittad et end of rhlith addition time)

This switch determines whether the function value (add) or its complemeut (subtract} is trans-

1t also determines whether the function value of the argument received, or the function value of
one of the neighboring erguments, is transmitted, Thue pcsitions-2, =1, O, +1, 42 give f(a=2},
f(a-1), f(a), f(a+l}, f(a+2) respectively, where & is the argument,

Y
—o‘ 1 oll 2 o |l3 o |l 4 o |lS o
HOURS
» NC NC NG NC NC O |Argument Inpt |0
© — Cc 06 c <7C G.c ) Terminal

RUNCTION TABLE |(00 | (+2 %2 \ 08| b 12 +2 ,SuB|[ws .2+2  SuB|laoo 202  om||Mo .2 +2 o8 S85 o
Omis O 0@0 o@o ° ° ° o ,o@o
-1 - - “4 - -1 - -t “ -

277 2 277 a -2 -2 - 2 -8 2 N
HEATERS p =5= ? ===;= s
4 20 4 Ve 4 e ¢3¢ 43¢ Argument reception switch

OFF O ON|| 3 7 3 7 a 7 3 4 3 7
2 8 || 2 @ g || 2 % s %93 2 [
' 9 b\ 9 1 9

) 1 o

1B.M.
Plug
(To PorTasLe
Fumerion Tasce) gperation switch
o ritted,
Operation repeat switeh
SF o}

This switch determines the number of times the function value is trausmlited.

Note thet 4 addition times are required for the functicn table to set up, receive the argumeny,
ote, This loss of time must be takean account of in programning the accumulator which receives the
value of the function, Thus if that accumulator is programmed with the same pulss that progrems
the function table with i1ts repeat switcn set to 9, it could receive the velue of the function only
5 times,
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Yunction output terminals
The digit pulses representing the value of the function sre transwitted from these teminals, A
ronnection table snpears helnw, Hase termirals are to he connected to the digit trunks (trays)
(see Y=7=305} by the digit cables for transmission of the function value to another unit of the INLAC.
It is to be notad that the division of the @iught constert digit switches and the 12 function table
. antriss into the groups A ard 3 was an arbitrary one, and by means of special edantors (FX=-l=110) those
’ can be regroupad in any manner, '

Tabla showing coanections of furntion output terminals

Line Tomminal 4 Terminal B
12 ground Sround ) Ground
11 #M Ml M 2 .
10 ¢Billione place) . . Constant digit switch Al Consteant digit switch B
. i de o Punct , inals 9 Constent digit switch Ao Constent digit switeh B3
| Mester Fif Switches | [ funetion cutput Terminals - g ) Constant digit switch A2 Constent digit switch E?
¥ ¥ 7 . Constant digit switeh AL Constant digit ewiteh Bl
j [ ’ ) Subtract pulse switch AlO W g [Subtrect pulse switch B1C
1 P M Tamie 2 P" TABLE. o c R g_§ Subtract pulse switch AQ T8 Subtract vulse switch E9
' ‘ E ; W, 5 |subtract pulse switch Af o & £ |Subtract pulse switch hda
3 (Hundreds Place; ” g € é g Subtract pulse switch A7 g o g wllubtrect pulss switeh B7
2 {TMens Place) - E 2 & 8 [Subtract pulse switch AG £ & F)subtract prive swite 26
o A3 A4 A B o) 1 (Units DPlace) - E %5 Subiract pulse switch A5 %‘;‘:%E Sudtract pulze switeh 55
- TC L% .
Al juuu A2 j Libd :yw"! e 588 7588
OoN ON N ON
& CONSTANT - || CONSTANY CUNSTANY CONSTANT 8X Sy
. S &
9 5e 7 4 > 67 4 5 67 4 7 - \0 o Digit delete switch . .
3 & 3 % 3 8 3 When the digit delsts switch i set to delete the constent digit ewiteh is disconnected from its
2 Ng—g 2 P" 2 \91 R le HOURS function ovtput teminal, ntharwise 14 is left connected,
| " ) L8 ! PM 51zits which ere constant for all the valuss of a function may be set up on the constant digit
or o tHe o Pz oz | O O . o 3t . a1l , : g
o | ] . switches,
If thege switchas are set tc PMl or FM2, the outputs of the corresponding mastsr ¥M switches are
B1 Om“"‘ B2 Obﬂﬂl B3 Oo[ltlt B4 Ofmﬂl Pmr.w:: TasLE fed through these switches to the output terminals, This festure is used when some of the 1aft hand plecas
! O e 9 ) of e functinn with both positive and negative values are zeros; these switches then supply zeros when the
ON oN ON oN PANEL 2
CONSTANT CONSTANT  ° CONSTANT CONSTANT ' transmitted number is positive and ninets when the transmitted number is negative, thus avoiding the use
I.B.M 5 6 4 56 P 6 a 5 6 of shifters at the receiving terminsle, .
By 7 7 y ~7 HEATERS
Plug - 3 8 3 e 3 8 3 8
2 3 2 9 2 9 2 9 OFF : ,
C Y Yo ot "o priatt o o O o o '
‘ Copstant digit switch
\ L]
AS | (L | LA 11 R9 Ao
d d O d - Subtract. pulse switch
. ° : On a subtract transmit these switchas feed a subtract pulse onto their corresponding functionr output
o S ! !
' te™iinal lines if they are set to S5, Thus the switch corresponding to the units digit of the funmetion
-} should be set to §; the others feeding onto the same digit trunk should be set to O,
BS , B6 . . ||B7 , B8 BY 8o,
‘
y
Sample row of switches on portable function table showing ¢onpection to function output terminals,
Terminal A Terminal B
argumant——=181 . [FOICONIERN 2426 | 3270 | a4 0 DA dtaa et s [ st | L2g, 81 : :
A L4
p { ‘ﬂ d ?ﬂl B 3 ' : ) sl ! p
R @ k oW g | oW 'Y o \ \ oW Blo¥Wy g' P n
NANNNWN N NN .

Al ine 6 Liue 5 Line 4 Line 2 Iine 2 Iine 1 1ins & Line 5 Line ¥ 1ine 3 Line 2 Line 1 M2

For a positive number, set P\ to P and set the nuﬁxber on the switches,

For a negative number, set MM to if and set the complement of the number with reapsct to 1c?
on the switches, -
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Numper of the program——_|
control to which
switch and pulse
inels in a given

belong.

Diagram

®

Showing Semi-permanent Connacticns to be Made Between Divider-Souere=3eoter and its gssociated vaczgglators

©
O @
pomooog oo oef| nonono n::un-mcmun gdood gucu:mr:mtg gaooo Dﬁ nunannuck
QUOTIENT DIVIDER AND NUMERATOR NUME RATOR DENOMINATOR ¢ DENOMINATOR SHIFTACC. T SNIFT Ace. TT
Acc.(%2) SQUAREROOTER_| | ACC.T ("3) ACC.T(*4 ) | |S§ RooTACCE("5) so.mmc.m'cg L2 (ﬁ: )

I
(in dividing the

quotient is built
up here, This ace,

is not used in

square-rooting,}

Notes on cables:

{The numerator or quantity to be
sguare~rcoted is to be pleced

here,)

(In dividing the dencminator
is to be placed hére,

in

square rooting twice the
square root is BuIlt up here,}

There &re eight divider square rooter program controls, each consisting of a program pulse input terminsl (which,
when stimulated with a program pulse, causes the program control to program an operation , in ecccrdance with its
switch settings}, a program pulse output terminal (which emits a program pulse on coumplation of the operation,
including interiocking) the eight switches described below, and an associated transceiver (for neon bulds ses
PX=10-302},

E’g E‘ (A} Accumulator intercommector cable {quotient) (PX—‘}-I’!M !
&8, 8 [|(B] Acc, interconnector cable (denom.S.R.) (PX=5=136}
ex’ed Ji0) accs interconnector cable {shift} (Px=5=135)
%S98y <(D) Standard diglh cable, with adspters (divider) (PX=U=lll) plugged into program terminal,
23582 (B} sStanderd digit cable, with adepters (divider) (PX=4=11k} plugged into program terminal.
o Sow § |[(F) Acc. interconnector cable (divider} (PX-5-137}
2R8%¢ (G} Trunk to tranemit digit pulses for quotiert and square root,
This trunk is not to be usad for an any other ose, since the pulses emitted are not supplied
from transmitters but from Inverter tubes ) w%ﬁnnot be connected in parallel with anything
else, These inverters have their own load resistors, so no load box is to be used in connection
with them,
(K) Standard digit trunk (with loed box} using+1 shifter in ol input of the shift accumulstor,
(L) Stendard digit trunk trensfer (with load box),
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Numerator Accumulator lear gwitch
This governs the clearing of the remainder by means of the static cable running into the numerator accumulator
PM plug=in unit. If this switch is set on C, the numerator asccumulator is cleared of its remsinder during the last
addition time of the division or square root,

Numerator Accumujator Receive Switch
When semjw~permanent corrections are made, this switch programs the numerator accumulator to receive on the oC
and ﬂ digit input terminals during the first addition time of the dividing or square-rooting,

Denominetor-gquare~Root accumulator Glear Gwitch
This switch operates the same as the numerstor accumulator clear switch excopt that it governs the clearing
of the denominator-square-root accumulator.

Denominator-Square=Root 'Accunulator Receive Switch
When semi-permanent connec etions are made, this switch programs the denominator and square root accumulator to
receive on the o and 4 digit input terminals during the first addition time of the dividing or square-rooting,

Round-Off Switch
When set to RO this switch causes the answer to be rounded off in the last place,

Even when the number (s) operated on are such as to give an exact answer this switch must be set to RO to give
the correct answer,

Note:

Divide=3guare=Root and Places Switch
This “awiteh ¢ selacts which process is carried out’and the number of places (eounting from the 10th decade, i,.e,
the highest place} of the answer, )

Note: The digit answer output terminel is so wired that the answer is built up sterting in the 9th decade (counting
from the right}. For ordinary operation the numerator (or number to be rooted) and denominator should be placed
so thet there is & 0 in the 10th decade of their eccumulators., If the pumber to be rooted has en odd (even)
rumber of places to the left of the decimal point it should be placed so that the left-~hand digit is in an cad
{even} numbered decade, Hence the answer will have at least one place lecs than the setting of the places
switch,

(ORI ® B B @ B
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Interluc" Switch
This switeh is used whenevar anothar operation or set of operations is carried on simultaneously with the divi-
sion or square-rooting.
An avarage division (in which thore is & zerc in the 10th decsde [ the answer
takes 13p eaddition times, whare p 1is the sstting of the places switel,
. If interlocking is used, and the interlock pulse arrives after the operatisn has beer completed, a program cute
\ put pulse is emitted during the second addition time following, :

atCwwulator} or square-rooting

Answer Disposal Switch
This ewitch may be used to program trensmission of the quotient or twice the square-root during the first
addition time following the completion of the opsration, The program control ocutput pulse will then be used to
stimuiate thet unit of the ENIAC which is to receive the answer,

{ Q
’D\ ’)

o A

Terminals 14, 2i,.¢00..,81 = Program pulse input terminals for program controls le=f respectively,
stimulated with program pulse causes progrem control to progrem di
with its switch settings,

Terminels 31, 21,..4....81 = Interlock pulse input terminsal,
If the interlock switeh of a given program control is set et NI, thesa terminals are not used,
If thke interlock switch is sat at I, a pulse must heve been received on any interlock terminal since

emitted, The interlock pulse mey be a program pulse
Terminels 10, 2C,seees4480 = Program pulss output terminals
awitch {8 set at

the last noneinterlock operation or initial clearing

When

grem pulse after both the operation is oompleied end an interlock pulse is recel ved (if interlock

vizicn or square-roct in accordance

of the divider before a program output pulse is
or & digit pulse or pulses,

for program controld l-f respectiveljeEmits pro=

Positione 1 and 2 are normally used to govern the quotient accuhulator,
mined by adapter {divider)

The nperation they perform is deter-

(PA~U~114}, " Thus if PX-l-114a
is nsad
Disnceal 1 - Causes quotisnt

MOORE SCHOOL OF ELECTRICAL ENGINEERING
UNIVERSITY OF PENNSYLVANIA

scc, to edd transmit,
Disposal 2 = Causes guntisnt

~ DIVIDER AND SQUARE ROOTER FRONT PANEL

acc, to add transmit end

clear, MATERIAL FINISH SCALE
Similarly, positions 3 and U are
normally used to govern the de=
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Digit OQutput Terminel

‘ihenever the transmission of a-constent is programmed diglt pul:es rspresenting this constant are emitted from this terminal.
to a digit trnk (tray] (See PZ-11-306) by a digit cable for transmission of the corstant to acother unit of the ENIAC.
A table showing the connecting of this terminal for left-hand and right=hand five digit groups, snd combined left and right-hend ter digit sets, appears below,
It should bs noted that a left~hand five-digit group would be received in tha left-hand half 97 an sccumulstor amd a right-hand five-digit group would be recei ved in

the right-hsnd helf if no shifter were urad,

This teminal 1s to be connected

H=digit right=hand number {R}

Ground

PX (of R)

™* (of R}

PM* (of R)

PM* {of R}

Fu* (of R)

PM* (of R)

Ten-thousandths placs - [
* o o & 0 - ’

" e o 0o o
Tens place
Units place .

Cengtant selector switch

General Zxplanation of the Constant Trensmittsr

The constant transmitter hes a capacity of 100 digits and 20 signs, These are divided into 10 sets
(AyB,ee0es3, J,&,) each consisting of 10 digita and 2 signs, Eight of these sets (A,B,....G) are supplied
from IBl cards throuzh tha IBM reader when proper cornections are made on the IBM reads~ plug board (see
PX-11=305}, Two of these sets {J,X} ere supplied from the constant set switches and PM set switches of
penel 2 (see PX-11=303),

Bach set may be further divided into two groups, a left-hand group and e right-hand group, each con=-
sisting of 5 digits and a sign, This division must remain fixed throughout a given set-up, For exemple,
if the C set is divided into five-digit gmups, then any or all of the constant selactor switches 7 to 12
may be set tc C, or (. but not to o Convsrsely, if the & set is not divided, then any or all of the
constant selector switches 13 to 18 mey be set to but not to E, or E_.

The IR resder is programmed from the initiating unit (see Pk—9~30 e
Plug=board are described on Px=11=305,

The IBM reader controls and

Constant Transmitter Prosram Controls

There are 30 constant transmitter program controls, each capable of transmitting certain of the con=
stants over the Aigit output teminel, oOnly one program control can be used at a time, hence only one
number can be trensmitted at a time,

Fach program control consists of

Line 10-digit number (LR 5=digit left-hand number (L}
- 12 3round Ground
11 Pd (of L) M (of L)
10 Billions place Ten=-thousandths place
9 e e s e s e a e I I
8 e e s s e e 0 e R
7 s e s 00 0 e e e Tens place”
' T 6 TR Units place
S ® o 0 ¢ 00 0 0 0 liothing
1 i et e e Nothing
3 Humdreds placa Nothing
2 ¢ Tens place Nothing
1 Units place Kothing
“‘rhusb ¢ pulmes are transmitted on theée lines when the constant is positive, 9 pulsaes vien it Is a zomplement, Hence it is unnecessary to usas a shifter on a
recaiving accumulator to receive this constant into the units to ten-thousands decadas of that accunulator, .
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erminals 1

Program pulss input terminals for program controls 1-30

Teminals 1 , 2 ,.....0,30
Program pulse output terminals for program vontrols 1=30

1} Program pulse input terminel (when stimulated with program pulse causes program control te program
transmission of number set on its constant selector switch}

2} Constant selsctor switch

3) Frogranm pulse output temrinal {emits program pulse after constant has been transmitted, i,e,, one addition
time after the program pulse input teminal has received a pulse, ’

4) Associated trensceiver {for neon bulbs see PX~11-306)

Program controls 1-24, which trensmit constants read from the IBX cards, cannot be usad during the
operation of the card reader, except during the firdt 50 addition times of this operstion, That is, after
a vulse is supplied to Ri on the initiating unit Cront panel {see PX-9-302), these controls mey be used
during the 50 subsequent addition times, but not thereafter until a pulse is emitted from Ro,
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IM et Switeh

vonstent Set Switches

Conztant et Switches

Conatant LSet Switches

Conatant Set Switches

For a positive number, set the PM te ¢ end set the number on the switches,

.roi' KL

for K.
. o

For a negstiva numbar, set the PM to i and set the complement of each digit
with respect %0 9 on all but units switch where the complsment with
respeet to 10 is sat.

For a ten-digit number. both Pl switches should be set to the sign of the number,
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The Polarity Switch

Located on the front of the IBM Reader is a double pole double throw switch
which changes the polarity on the holding coils of the relays which control the

group selection and the reset control. By ¢hanging this switch one can either wire

these circuits on the plug board in the manner indicated there or in the reverse
menner, This gives the following types of control:
(A) With the polerity switch in pormal position,
The common terminal *C® is then wired to some hub of the #l reading
brushes and the group selection hubs are wired to hubs of the digit
selector, Thus, all controlling is done by various punches in one
column, The variety or things controled is given by plugging to
different digits (12, 11, 0,sscs00039) Of the digit selector,
(B) With the polarity switch in abnormal position,
In this case "C" is wired to some digit on the digit selector and the
group selection hubs are wired to verious columns, Here, all the con-
trol is obtained by a certain punch (for example, a 12 punch) with dif-
ferent things being controlled by plugging to different columns,

Pluggzing Illustrstions

(a) This shows the common hub "CM wired to column 21, The two hubs above and
below C are connected so the wire could have goune to either of thems Note
that besides the wire (a) one could connect this upper hub for C to some
other column, say 2, getting an Wor® control. That is, if a certain number
(12, 11, 0,+...,9) 18 punched in column 21 or column 2 then whatever hub
under group selection was plugged to that number of the digit selector causes
the corresponding group selection relays to operate,

(b) This wire causes the reset control to operate whenever there is a 12 punch
in column 21; that is, a card with such a punch ia called a master card,

1c end d) These leads cause information in storage relay groups 6 and 7 to be
held as long as cards come through without a 12 punch in column 21, ‘“then~

ever a card with a 12 punch in column 21 (a master cerd) comes along the k
1 be

information in groups 6 and 7 will be dropped and new information wil
put in from this master card, Immediately, the resder wil go on to read
the next card,

(e) If a card has a 6 punched in column 21 this lead ceuses group selection
relays for group 12 to be activated giving a circuit from C through B in-
stead of A.

(f and g) If a9 is punched in column 21 groups 15 and 16 group selection re=-
lays will be activated. Diesgonal leads such as (f) enable one to operate
as many groups af desired from just one punch,

(h, j, and K) This shows the plugging to hendle ten digit negative numbers,
The PM punch is in column 1 and, by the diagonal connection in the minus
control, the PM relays for groups 1 snd 2 are operated by this ome punch,
The first digit resches the storage relays through (J). (k) illustrates
the plugging for the rest of the digits, .

(n, o, and p) If there is a 6 punch in column 21 the digit from column 20
will go to the fifth digit of group &8, Otherwise, the digit from column
40 will go there, ,

(m, q, and r) If there is a 9 punch in column 2] the aigit in column 80 will
be the fifth digit of group 12, Otherwise, it will be the fifth digit of

group 16,

NOTE: If during the course of a computation the IBM reader should run out of
cards the starting relay (see FX-11-307) will be closed so the moment new cards
are dropped in, the reader will go through a cycle, To make sure that the reader
does not fail to feed this first card the stop button should be held down until
the cards are firmly in place,

#1 Read Brushes
The #1 Reed Brushes read the card before the #2 Read
Brushes do, The #1 brushes are used for control purposes
and the #2 brushes for reading the numbers and their PM's.

Group Selection

AN

— [ J— #1 Read Brushes - 15 20 The hubs numbered from one to sixteen control the
° ° ° ° ° ° ° ° o ° ° ° ° ° ° ° group selection releys whose terminals are located on the
25 10 15 ho lower half of the plug board, These are double hubs, thet
Lo ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° is, the hub above and below the number ars common, The
4 : 5 55 60 single hub located to the left of these end labeled RC
° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° controls the reset control, The features of group selec-
. 65 . 70 75 80 tion and reset control are described below, For detsils
° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ses the IBM reader wiring diagram PX-11-119,
PL to 1 RB - Plug to digit sel - Group Selection ) e
o o o ef 0o O 6 o o] o o o o o o °o of ** Reset Control and Reset Shunt
— S Ryb . 2 H . ? 6 7 8 9 10 1 BLANS U] 6 Certain groups of relays (depending upon plug board
o\o*-o ° ° ° ° ° ° ° s ° ° ° ° P% g_ arrangements) may be caused to hold their information while
- — Rbset shunt ~11 — o - Digit selector -- 7 8§ —9 a sequence of "detail® cards are reed. This is accamplished
° ° ° ° ° ° ° ° ° ° ° ° ° o ® o by connecting the corresponding terminals under Reset Con-
| | I l [ | I trol to any of the Reset Shunt terminals, To chesnge the
° ° ° ° ° °<{/’° ° 6 - o ° ° ° a ° ° o ; information which is being held in these relays a "master®
PL to reset shunt Reset control ".' card is inserted in the sequence of csrds, A particular
10 2 30 W 50 k 70/ 8 90 100 1llo 120 130 4o 150 160J o ° ‘ punch on this master card can cause the held informstion to
drop out and as the mester csrd passes the #2 Reeding Brushes
° ° ° ° ° ° » ° ° ° ® ° ° ° ° ° new information can be stored in these relays until the next
5 #2 Read Brushes 15 20 master cerd comes along., Whenever such a master cerd is read
/o o ] o o o o o ) o o o ] o oy the Reader will immediately read the next detail card before
. 25 20 95 o it gives out a computing signsl to the ENIAC,
° ° ° ° o ° ° o ° ° ° ° o ‘0 ,\ WAPNING: The detail cards either must not contain information
“5 %0 5% 60 in the fields corresponding to the relays that are holding
° ° ° ° o, o ° ° ° ° ° ° ° ° ° ° mastar card information or slse group selection must be used
e 7 o) g0 to prevent such informetion from disturbing the held relays,
o [} -] ] o o o o o [} [ o ] o o o\
Plug o RB—- Minus control - Group Selection Relays
\g ° o o o o o ° o o o o o ry 9 There are sixteen five pole double throw relay switches,
1 ? 3 N 5 6 8 9 10 1 12 13 I s called the group selection relays, The common terminals are
o o o o o © o ©6 o ©® o o P labeled "C" and normelly the circuit is through the terminals
{" labeled "A", When activated (picked up) the circuit is
o ° ° ® ° o ° o ° ° 2 o ° o o o through "B", These circuits ere isolated (internally) from
Plug to @ BB —- . Group selection 1 the other circuits of the reader so there are many other
06 o o o o ¢o o o [ oG o [ o [} c o ) o possible plugging arrangements other than those indicated on
Plug to ST relays the plug board,
op o0 o o ohko o o o |opo0o o o o 'S o ofllNnlo
Plug to ST relays : Minus Control
oB o P P o ° o o oB o o o o B o o o By mesns of cems in the Reader these terminals connect
Plug to 2 RB — 6 7 8 to the PM relays of the Constant Transmitter only when the
2C o o ° o C ° ° ° o0 o °o ° o "] ° o ° IBM card is in positions 11 and 12, thet is, when the PM
Plug to ST relays punches would be under the #2 Read Brushes, The two hubs,
oA O ° ° oA ° o ° oA o o o o A rS o ebove and below the group number, are common, Usually, the
Plug to ST relays punch for minus indication will occur in the same column that
oB o o ° o B o o ° B o o o o B o ) a digit punch appears, Thus, the same reading brush will
Plug to 2 BB 10 11 indicate the PM of the number and later as the positions zero
0oCo Q ° o0 ° 0 [ oC o o [ ° C o oy to nine pass under the brush indicate the digit punched,
Plug to ST relays . other cems (called coding cems) energize the numerical cir-
oAo o o oA [ o [ o Ao [ o o A o td cuits only during the zero tc nine part of the cycle ensbling
Plug to ST relays the digit punch in that column to cause the proper relays to
oB o o o oB o o o o Bo o o o B o o be set up in the Constant Trensmitter, The coding cams con-
Plug to 2 RB 1 15 — — sist of two groups, one group is used for positive numbers
oCo .o o o C o o o o C.o o o o c o o and the other group causes complements (with respect to 10“-1)
Plug to ST relays to be set up by storage relays, The PK relays datermine which
o Ao ) o oA o [} o o Ao o o o A o oy P set of coding ceams are used,
Plug to ST relays .
oBo o o oB o [ ° oBo. o [ o o o Storage Relays
\ / The storage relays are located in the Constant Transmitter
o o o o o o o o o o o o There are essentially four relays associated with each digit,
Storage Relays —_— r That is, four relays representing respectively 1, 2, 2', and
o [} ° o o o [} [} o o [} [} 4 can, in various combinations, represent any digit from zero
—— up 6 Group 7 - —=— C{ to nine, These four relays are indirectly (through vacuum
° ° o o ° o [} ] o o [ tube circuits) associsted with the 1, 2, 2!, and U pulses sent
Group 10 Group 11 — - out by the cycling unit, That is, each relay opens a gate tube
o o o o o o o o [ o o] , which through an inverier opens a second gate tube, This
-~ -~ Group 13 —- p— e p 1% - | —— group 15 ---——|——— Group 16 ——— second gate tube passes the 1, 2, 2!, or Y4 pulses,
o o o o o o o o o o o o o For positive numbers the hubs of the #2 reading brushes

can be wired directly to the hubs of the storage relays in any
order whatsoever, Negative numbers must be handled in groups
which are multiples of five, To indicate the nesgative number
there will be en 11 or 12 punch in some column, The wire
from the hub representing this column must go to the minus con=-
trol hubs of all the storage relay groups used for this nege-
tive number, There must also be a connection to the hub cor-
responding to this digit in the storage relays, See the exam—
ples shown to the left, .
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This switch ccuples two groups of digits together when it is set to the C position, It provides fop
the carryover when an ENIAC complement is converted to a true value,

The switches on this drewing and PX-12-303

Table Showing Original Set of Nacades Connected to the Printer

Printer Group

are set for the arrangement shown in the table below,

Decades from

1 Master ngramgeré Fanel 1, Dacades
141
Pl Accumulator 13, Decadee 6-10
1 Accumulator 13, Decades 1l-5
i Accumulator 1l, Decades 6-10
5 Accumulator 14, Decades 15
6 Accumulator 15, Decades 6-10
7 Accumulator. 16, Decades 6-10
g Accumulator 16, Necades l-8
9 Aecumulator 17, Decades G6=10
10 Accumulator 17, Decades 1=5
11 Accumulator 18, Decedes 6-10
12 Aceummlator 18, Decades 1-5
13 Accunulator 19, Decades 6-10
h2 ' \ Accumulator 19, Decades 1-5
15 Accumulator 20, Decades 6-10
16 Accumulator 20, lecades 1=5
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HOURS
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9 100 . {|h 12
orr wewr || oeeenr || orr Pt | oFr mINT

senerel Explenetion of Printer

The printar operates from the static outputs of accumulator and master programmer decades,
The cables connecting the decade static terminels to the printer 1is in a troughk st the top of
the front of the muchine, A table, showing the original set of eonnections, appesrs om T'i=12-301,
Rvery sccumulator decede and PIf unit and every master programmer decade hes s static output term=
inal, .

The numbers to bs printed ara divided intc sixteen groups of % digits and a DM, numberad
from 1 to 16, The printing switches determine which groups are connected to the IBM zeng purch.
Crawing P{-1P=305 shows the 18K geng purnch plug board and gives instructions for comneeting it ur,

Aby geoup of five digits eni 8 ¢ may be connected to an adjecent group by means of the
~oupling switeh, ac that 10 digit, 1% digit, ete, numbers mey be punched,

whern the number £o bs printed is = compiement (1.8, the PN counter registers M), the true
valnz of the number iz punche? elong with an 11 punch to indicats that it is negative,

_ ‘hanever infr-ation in the megter nrogrammer is printed adaptor PZ=12-114 B must be u:ed
et the printer pluzs on panel 2 so as ta ground the unused Il lead going into the printer,

The printer is programmed from the irdtiating unit (see P£-9=302), Controls or the (3L Z2ne
vunch' are explairad on I'Y-17-305,

rrinting switel

OFF PRINT

14

OfF PRINT

OFF FRINT

CFF MRINT

CARD
stop STACKER o
CHER
= : mﬂ:’u ' E’Q//— SwiTcH
Masten DetaiL Swrrcu_( 1 GREEN
Avways Szt ToMAsTER”| LGt
' PLUG
BOARD ?
Jv‘v W—
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3

mhie switch connects (in the #rrint® position} or disconnects {in the #off" position] the voltsge
. aupply tc the huffer tubes of its group, 3¢ that these tubes do (or do not) opsrate the Telays when the
crinter it prosrammed, For the group of digite to be punched it is necessary rcot only that this :v{itch
e set ts Wprint® but slso that proper connections be made on the IEX gans punch plug board (sea Ti-12-20f),.
This gwisoh rust be turned off if the decades to which the grour is connected ars\nc-t turned on,

M
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Computer Result Zxit

These hubs connect directly to the digit rolays in the priunter. To
punch positive numbers they can be plugged to the punch megnet hubs in
any desired arrengbment. Thus, it is possible to place the digits coming
from the group 1 relays in any five of the eighty columns on the IBM
card,

Minus Indication,

The sixteen hubs under minus indication go dirsctly to the PM relays
of the sixteén groups, The minus indication of any group could be punched
in any of eighty columns on the card simply by connecting the corresponding
minus indication hub with the particuler column hub of the punch magnets.

Usually, however, the minus indication will appear above some digit

of the number on the card, To place the minus indication (an 11 punch)

above the first digit of the number the minus indication of the correspond-
ing group is plugged to one of the terminels labeled "AM under column splits,
The hubs "BW and %C® directly under the A-hub usad are to be plugged, respect-
ively, to the digit hub (Computer Results Exit) above which the minus punch
is desired and to the corresponding hub of the punch magnets, )

The column splits is simply a sixteen pole double throw.relay switch.
This switch is controlled by a cam in the IEM punch which causes the wCH hubs
t0 be connected to the resnective "A" hubs during the 11 position of the card
and to the "3n hubs during the G,e.....,9 position of the card,

" Emitter Outputs

If one of these hubs is plugged to a punch magnet hub the corresponding
number will be punched in that column of the card, The five rows of five
common hubs to the right of the emitter outputs enable one to punch the same
number in more than three columns, The connection labeled (e) on the diagram
causes nines to be punched in the columns 77veseeo80 on the card, Connections
such as these cause the corresponding number to be punched in every card,

This cen be used to give identifying numbers to the cards or to punch dates on
the cards, Alphsbetic punching cannot be done on this machine,

PLUG BOARD FOR GANG PUSKH

[———- Growp 1- — ——————-—— Computer Result Exit Oroup ¥ - _
. 3 o o [ [ o o o c | © -] o o [ [ o o o o
/ >GRO §— - Group 6 ' growp 7 — - - Group &.
° o o o ) [ o [ ) o o o o [ o [ o [ [ o
/ Group9 -~ —— | Group 10— Group 11 ———_Oroup 12 __ _
A o o o o o|o o o o o]|o o o o o|0 o o o o
- —Group 13 -~ .-+ —Growp 1% ______ | _Growp15..— | ... Group 16 . _
o o o o o ‘o o o o ) o o [ o o o o o o o
a CI ° o o [ o o o ) o 0 o o o o ) [ o [ o [}
o o o o [ o ] [ o ) o [ [ o [ o o o o [
1 -2 --3 — Minus Indication 10 —11--12 —13 —14 15 16 — - -
o [ o o [ o ) o o ) [ o o [ o o ° ) o o
PL to Minus Ind ———— -— Column Splits .. _ . . . [ Plugging Illustrations
\\;Lﬁooow:ter ;..“1: ht: ° ° ° o ° ° ° ° ° ° ° ° ° ° ’ (a) This illustrates the type of pluggingin columns where no
ho B o ° ° ° ° ° ° ° ° ° ° ° e ° ° ° ° ° ° minue indication is desired.
%o Punch ots
o T e o 6 o o o o o o o o oleo o o o (b, ¢, and d) When the 11 position of the card s under the
e ) , punches there 1s a comnection through leeds (c) and (4)
i y from the punch maegnet hub to the minus indicetion. If
o o ] o o o o o
C ® © o o o 98 & © © @ 0 0© the group 1 PM relays were activated a signal will arrive
° ° ° ° ° ° ° ° ° at this time causing the 11 to be punched in column 1 on
N 5. 1’:neh \OBBM:’ ° ° 1: ° ° ° ° 28 the card, If the 11 punch indicsting a negative number
ho \° ° » ° ° o ° ° ° o o N ° ; ° ° ° ° ° were desired in column 2 leads (a) end (c) must be inter-
25 20 35 %o changed at the punch magnet hubs and leeds (a) and (d)
° ° ° ° > ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° interchenged at the computer exit hubs, Then the first
b5 50 55 60 column of the computer exit comes directly to the first
column punch and the second column leads go through the
e ° ° ° 6; . ° ° ° ° 7: . ° o ° ° 7; ° ° ° ° '8; - minus indication hubs and the column split,
o ©°o o © © o o ©® o ©o o o o o o o ¢ p p {e) These connections will cesuse nines to be punched in the
; ? :nitt;r m?puts ? o ﬁ_ L_L ~ lest four columns on the card,
La 611 L L ?2 Ia ;6 7 L o0 o o
b L 5 6 1) s J Y W W S
° ° o o [ o ° o o ° o o o o o ¢ 00— 000 v
o ? o o L] o -] - o ° [ [ [ ° [ [ U V. G W)
o L) o o o o o o o o o o o o ° ° -] o o L)
? o o o o o o o o ° o o o ° o o ° o o °
° [ o o ] ] ° o [-] o o o ® [ -] [-] o -] a -]
[ ) [ o o o [ o o o o o o o o o [ o o [
[ o o o o -] o o, o o o o o o o o o o [ o
] [} -] o o ° [ -] ] o [} ] o o o o o o o ]
o ] (-] o ] ] ] ] o o o o o -] o o o o o o
o -] » [} ] ) o [} [} [} o ) [} o ] o [ o o o (] '
-] o o ° [-] o ° [ o e o o o o o o [ ) o o
[ o [ [ o [ o o [ [ o o o [ o o o o o o
9 [ ] [ o o o ) [ ) o o o o o o o o ) o
o o [} ] o [ o ° [ o ° o ° o o o o o o ]
o [ o o o o o o [ o o o o L} o ] o o o
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HEATERS o HOURS o General Explanation of Steppers and Decades
OFF O ON :j . A stepper is a six stage ring counter., It hes the following associated with it:
MASTER E 1) Stepper program pulse input terminal .
ORoG?WLRO ) _ 2) Six stepper program pulse output terminals, one associated with each stage of the
. PANEL | stepper.

3) A group of decades(of fram O to 5, depending upon the etepper and the settings of

. the decade essociator switches, The n (n%0yeeesy5) decades of each group ere inter-
b E . connected by a direct carry-over circuit (;lvhnvn is no delayed carry-over circuit)
| Decade Acsotintor enabling them to count (not accumulate) 10 =~ 1 pulses,
Swikch E 4y Stepper clear switch- .
: 5) Stepper direct input terminal .
6) Stepper.clear direct input terminal

§:

»
»

(]
[

=

lc C 7) Eech decede has a uirect input terminal
4SS i

3 343

2 ?

1 8

S
7]
»
2}

The operation of a stepper and its associated equipment is as follows:

At the end of the initial clear each stepper is left on the lst stage and each decade
is cleared to O. .

Suppose & progrem pulse is recei ved on a stepper progrem pulse input terminal, One

- addition time later a program pulse is emitted from the program pulse output terminal core-

»
o

']
[

S

responding to the stage the stepper is on @&t the tims it is emitted and a program pulse ie
45 sent to the units decade of the group of associated decades,

Whenever a group of decadss counts to the number set on those decade switches corre=~
sponding to the position of the stepper, one addition time later these decades are cleared
to zero and the stepper is either stepped to the next position, or (if it is on the position
set on its stepper clear switch) clsared to the first position. Though the decades will

¢ ¢

7]
»
@

«
»
("]

[
o
l§
o0
o b"“"uo
o v
NI
° ‘“ov°
- 3]
%
N
tn" Oi"'; Nur"
Opau®

L
ﬁ
wa,‘m
q§
L
OO“O
o
@~
q"'N
.o‘.ﬂ
Gig‘ “u
Q“iﬂ\
Y
0"0

™
Y
L)

S

[

You

count either program pulses or digit pulses, any pulse which might cause this cleering and
458 stepping action must be a progrem pulse,

The decadss count both the pulses supplied to the pssociated stepper's program pulse
input temminal (with a one addition time delsy) and those supplied to the decads direct
input terminals, No set-up is permissible which might lead to pulses being supplied to a
decade from both sources simylteneously, or from a decade direct imput terminal and a carry-
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over from a previous decade simultsneously.

An example illustrating & common application of a stepper in programming will show how
items 1 through 4 operate together, Consider stepper D, and suppose that decades 12 and 13

are associated with it and that its stepper clear switch is set to 4, Then four two-digit

C IC C D "F numbers (Rj.....ny) may be set up on the decade switches, each number associated with the
3 4+ 5° 34 S 6 34 S s AS 45 45 45 e 5 gorresponding stage (l.....lt) of the stepper and hence with the cqrraapondn‘xg program pulse
2 A AR (-} 2 (] 3 6 3 L] (-] 3 () output terminals (Djo,.....D4o). Whenever a program pulse is received on D) a pulse. is
1 slli 8 ; 71e ? 7 7112 7 emitted from one of the output terminals (one addition time later). The first n) pulses
P ° ¥/ 0 1 CRN:S 4| l1 slls LERES 8 received on Dj are emitted from Djo; the next np pulses Treceived on Dy are emitted from Dyoe..
9 o k] () 2 lle 2 hd ess, the 188t nj pulses received on Di are emitted from Dyo, and the stepper and its ssso=

ciated decadss are then léft in their original stets, ready to repeat the process, The time

"N“

|s*5, Cs“_s Cz.* s Ca‘.so 2t 5, D‘QS 34 5, §4 s achedule of tbese operations is as follows:
: D@ ; f g ? : ? ﬂ ; % AL b 4 2 ] ’7 Program Pulse Op_ération
81l 1 81|t 8 8
9 Jlo 3 9 9 9 9 9 :l 98 0 Input program pulss (to Di)
C lc C .E 1 Output program pulse emitted (from Djo,...Dyo)
a Decade stapped to next stage
v 3‘ s 6 34 5 (J 3* s (] 9' 50 +8 ¢S5 4 55 2 In case th§ decades register the number set up on

the decade switches, all decades (associsted with

P
3 3 3
71]e 71| 2112 7112 A RE] FANE] 7112 7
CRIES 8|12 8]l 8l aljr slld 8] 8 stepper D} ere cleared to zero and the stepper (D)
hd ) 9 ° 9 ol ) 9 9 9 o 9 . 18 stepped to the next stage or (if jt is on the
. position 4) it is cleared to the first stage,
34 5 C g3 % 5 D 23 + 5 | ] 4. To disassociate a decade from its stepper pull out gate tube 63 in the stepper plug-in unit,
% © 1 % 3 1 g ® 1%‘ : See block diagram PX-E-30%. ‘
L .
S+QPP“ Clear Switch arminals Ai, Bi,eeee. i Stepper program pulse input terminsls
Terminels Aj0,cse0000000:K30 Stepper prosrim pulse output terminals associsted
) with Stage 1
Oasecsseesssskp0 Stage 2.eeccesccccsece
:EO:......-....K&A stege 6
L]
- one addition time after a program pulse is supplied to en input terminal (such ss Di)

0'7 A O~ o o S O ®) a program pulse is emitted from the output terminal corresponding to the stege the stepper is on
’ : at the time it is emitted (thus if the stepper is at position 4, when the pulse is emitted it
(0] (o] (@] (o] (o] (¢] (o] omes from Dyo), and a unit 1s added to the comtents of the associated decades.
[o)

0~ © O~
@ @ @3 @ o@ @ opb O@ @ O@ O@ Terminals. Acdi,.....l(cdi Stepper clear direct input terminals.
O Q, OO OO O Oo ~ OO o O, OO Oo O A pulse supplied to this ‘terminal will cleer the stepper to the first position, If &
@ 0639 @ @ @ @ @ clearing pulse end a stepping pulse arrive at the same time, the stepper will be cleared, not
30 o O O, (o) o o0 o- o (o) (o) stepped, :

O~ © opiedo)
@O@}, @o@o@, | ' | MOORE SCHOOL OF ELECTRICAL ENGIREERING
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Stepper program pulse input terminals
Ago;..l(lo....xso Stepper program pulse output terminals MATERIAL FIoaS s  obALE
i Stepper direct input terminals -
Decads tAml!......!{cdi Stepper clear dirsct input terminals o o Cven -
' PO H "ed Oy Aporovea by:
D120, eee.Dd11 Decade direct imput terminals J.EELSACK Sk sofrglfy Ve ().
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To disassociate a decade from its stepper pull ovt gate tube 63 in the stepper plug-in
unit = See Block Diagrem Px-8=304,

Decade Aesocintor Switches
Decades prov:lded with these switches mdy be connected to vhe decades associated with either of two

steppers, Thus if the J=K switch is ‘set to X, decade 2 is connected in series with decade 1, while if it
is set to J decade 2 is made the units decade associated with stepper J, and decads 3 (formerly the units
decade associated with that stepper) becomes the tens decade of that stepper, i.e., is put in series with
decade 2,

,
D de switches associated.with the 1st steges of the steppers.

Decade switches associated with the 2nd stages of the steppers,

Decade switches associated with the 3rd stages of the steppers,

G H H H J K
45 5 e 45

3436 |] 5% 3% % |3 33632 3456 |43 356|336
D BB B 22 |23 [ B3

1 1 1 8]2 LIRE ali1 1 21} LN EY
3 S 9 9 9 9 JL¢ 96 9 ¥ 2 | Lt ;6

G H H H J M K
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2 ? e 7118 7112 71(1e 7 e zlle 7112 7112 7112 7
1 8] LIRE 811 81l 811 2 RES LARE 8|1 8111 8
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Decade switches associated with the Uth stages of the steppers,

pecade switches associated with the 5th stages of the steppers,
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Decade switches associated with the 6th stages of the steppers,
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TERMINALS 1di, 2d1, eee.e520di = Decade direct input terminals essociated respectively with decades 1, 2,....,20.
(counted from right to left)

Pulses supplied to these terminsls will be counted by the decades, These pulses may be either program or digit
pulses, though any pulse which steps the decades to the number set up on the decade switches cormsponding to position
of the stepper must be a program pulse., and any pulse which causes a carry-over mist be a program pulse,

No program pulse should be supplied to the decade direct input of the units decade of a stepper oue addition
time following the reception of a program pulse on the program pulse input terminal of that steppers

Pulses cen be fed into the direct input terminals of decades other than the units decade only at times when there
are no carry-over pulses from previous decades of thes set,

Stepper clear switch ’

This switch determines the number of stages of the stepper and agsociated decade switches which are
used, After the stepper gets to the stage set on its clear switch and counts to the number set on the
corresponding decads switches it clears to its first position instead of stepping to the next position,

Terminals Adi,....,Kdi = Stepper direct input terminals.
Pulses supplied to one of these terminals will be counted by the stepper, These pulses mey be either

program pulses or digit pulses, If digit pulses are used the stepper clear switeh must be set to 6.
The stepper will count modulo ¢, where ¢ is the setting of the stepper clear switch,

A progream pulse is emitted from one of the stepper program pulse output terminals one addition time
after a program pulse is received on the stepper program pulse input terminal. This pulse is emitted from
the terminal corresponding to the state of the stepper at the time it is amitted. The stepper may be stepped

or cleared at the same time without effecting that pulse,

No pulse should be supplied to this terminal at the same time as a atepping action is ceused by the
decades,
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