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ABOUT THE STUDENT TEXT 

STUDENT TEXTS are authorized by the Air Training Command as 
student training publications for use in training situations peculiar to 
courses in this Command. They contain specific information required 
by the student to achieve the learning objectives. It contains the 
necessary information which is not suitable for student study in other 
available publication. 

STUDENT TEXTS are designed for ATC COURSE USE ONLY. Every 
effort is made to keep in-use student texts current with technical 
orders and other directives. Students are cautioned not to use them 
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Computer Systems Department 
KTTC, Mississippi 

I. INTRODUCTION 

\ I 

TABLE OF COllTENTS 

A. Purpose and Objectj.ve 
• I 

II. ltlVIIW ~.JBOGRAM ELEMENT. 

A. Physical te.yout 
B. Functions 
c. Address Register 
D. Index Registers 
E. Program Counter 
F. I/O Address Counter 
G. I/O Word Counter · 
H. I/O lbffer 
.I. Drum Control Register 

III. INTRODUCTIO?I TO SELECTION CONTROL 

A. Physical Ie.yout 
B. Function 
C. Breakdown 

IV. SELECTIOU CONTROL 

. A. General 
B. Index Interval Register 
C. PER SEL 1'N Matrix 

V. JE.D!/OUTPUT ELEMENT 

A. General 
B. I/O Break Control 
c. I/O ~ogra.mming - General 
D. LDC Instruction 
E. SEL Instruction 
F. SDR Instruction 
G. RDS Instruction 
~. WR!' Instruction 

VI. INPUT/OUTPUT REGISTR'...R 

A. Use 
B. Programing 
C. Timing 

Student Text 
12 July 1966 

Page 0010 

00/iD 

0050 
0050 
oo7o 
0010 
0120. 
01/iO 
0140 
0160 
01/iO 

0180 
0180 
0180 

0190 
02.30 
02/iD 

0270 
0320 
0350 
0350 
0370 
0370 
0380 
C390 

0410 
0410 
0420 



AN/FSQ-7 Page 0020 

VII. MANUAL n;?UT MATRIX 

'· Descrii:;·tion O!J;,O 
B. Programming 0490 
c. Central Computer Tiff1ing 0510 
D. Reading Operation of MIM 0520 

VII. BURST Tr.!E ccm:'I'IRi 

A. Description 0590 
B. Programming 0610 
c. Central Comp'llter Tirin~ 

..i.. 
0620 

D. Reading eperation of ~c 0620 

II. WARNING LIGR!'S 

A. Use 0650 
B. Operation of Warning Lights 0650 
c. !r.o~ 0670 
D. Central Computer Ti.ming 0670 
E. Writing Operation Of Warning Lights 0700 

I. Type 71.3 CARD READER 

'· General 0750 
B. Basic Timing 0750 
c. Card Feed Unit 0780 
D. Ca.rd Feed Contacts 0820 
E. Operating Controls 08.30 
F. Indicator Lights 0830 
G. Demonstration 0840 
H. Programing 0850 
I. Timing and Control 0850 
J. Detailed Analysis of Electrical Circuits 0910 

XI. TYPE 72.3 CARD R'.;CORDER ' 

A. Introduction to Card Recorder 1050 
B. Mechanical Operation 1050 
c. Automatic Switches 1110 
D. Operating Controls 1110 
E. Indicator Lights 11.30 
F. Demonstration 1140 
G. Programming 1140 
H. Central CoMputer Timing and Control 1210 
I. Familiarization of Recorder 'Wiring Diagram 1310 



AN/FSQ-7 

XII. COMPUTER ENTRY PUNCH INTRODUCTION AND GENERAL INFORMATION 

A. Purpose 
B. Basic Requirements of CEP 
C. Description 
D. Principles of Operation 
E. Electrical and Functional Details 
F. IBM Card Description 

XIII. COMPUTER ENTRY PUNCH BLOCK DIAGRAM ANALYSIS 
A. General 
B. Card Travel 

XIV COMPUTER ENTRY P.UNCH DETAILED CIRCUIT ANALYSIS 

rY. 718 LINE PRINTSR 

A. General 
B. Operating Princi~les 
c. Indicator Lights 
D. Operating Controls 
E. Carriage Controls 
F. Carriage Control Tape 
G. Printer Control Panel 
H. Control Panel Wiring 
I. Demonstration 
J. Programming 
K. Timeing and Control 

ATTACHMENTS 

1. Dynamic Timer 
2. Card Reader Cams 
J. Card Reader Schematic 
4. Card Recorder Schematic 
5. Computer Entry Punch Wiring Diagram 
6. Line Printer Schematic 



I. DfiiODUC£1U 

A. Purpose and Ob3ect1w: !l.'h18 coaree 18 w 1mtnc1; 
1D the eperaticm ot the Selection &Dd CGatro1 ot I/O 
4evices. 9UB 1B a general c:nd;JJ.m ot tbe ccnane. 

1. Rev1ev ot the Program n..at. 
2. . Selecticm JD.emzrt Ul4 Cmrtnla. 
3. lliacellauou 'I/O .S.ta. 
4. Cud llacb~zi•s 
5. Ta»e• 

These Will be broken 1Dto '9U"iou aectiau. Pw 
eumple: card. llachil'M 1• 'b1"0lma into: 

1. !'1Pe 713 Card. Rn4er. 
2. !me 723 Card. Becomer. 
3. !'J:pe 718 Lim Printer. 

D1Bcus•ecl will 'be the ue ot the 'ftZ':loa Dita 1 
program1Dg ot tlleae Ullits, the Ullits operaticm, 
and call,Ptl'ter tDdDg. :Bl.oclt d1agraB &Dd J.osic 
will be uea.. 

Sept;em'ber 15, 1960 
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Intormtion 

II. REVIEW 08 Plm1WI EI.liJmf.r (Ulfrl' f6) 
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B. J'aDctioDB 

l. Control sequence ot progz'8llDd 1-tructioDB. 

a. Program Counter 

2.' Select ?D41cated Mmaol7 UA1t and Specific 
Memol7 Address. 

a. Program eomrter (P.r-!l!im) 
b. Adclreas Register ( a.r - !rDm) 
c. I/O .A44re•• Counter (Dariag :Breaks) 
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3. JloclUT addreases tlazoagh illldezing. 

a. Address Regiater 
b. Ad.areas Register .Adder 
c. J:D4ex Begiaters 

4. Parti&l Ccmtrol ot I/O OperatioD 

a. I/O Word Counter 
b. 'i/O Address Counter 
c. Drum Control Regiater 
d. I/O Butter 

5. Serves u an 1Df'onatioD path for same I/O 
dev.l.ces. 

a. r./O Batter 

6. General. 

Drmn1I 
Card Reader 
Jlp.nnaJ :Dlpl.tt Matrix 
Burst Tm counters. 

The program el.emlmt, acting llllder the 
cantrol ot the mstructioD control element, 
carries out the mstructicm. sequence 
scheduled b7 the progrmmer. The prosnm 
eie.nt regiaters pertom the toll.ow1.Dg 
f'm:lctiom 1u the achedu' 1ng and seqwmcillg 
of operaticm.s to be pertormd b7 the il/ 
J'SQ-7 Combat DirectioD Cezrliral: 

a. Select the mem1'7 ait, ad the 
...,17 addnaa withiu that 11Dit, 
u apecitied bJ' the program 1.u
atnctioD. 

b. RepJ.ate the DOrmJ. program. mtraa• 
ticm. seqwmce ad the bruch1ng ot 
ccmtrol 80 that the program 1a mcnrted 
Pl'OJel"~· 
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c. MDcli1"T the addre88 portion of the 
wtruction 'W01'd 'bJ' tbe' proceaa of 
1;ex1ng. Thia procesa llDClitiea 
the ccmteDt ot the addreas register 
1D the progr,.m elemlmt without 
attectiDg tlM! 1D8truct1on 'W01'd con
ta1Decl 1D the 'llJl!l1IJDr1' el.emeDt. 

Program el.eEDt operat1cma an a1JlChranized 
with the operat1cma ot both the 1Dlltru.ct1on 
control elemlmt alld. the I/O elaent. Brie~, 
the I/O element gaeratea the ccmwnc"a that . 
execute the actual traater ot W01'da 1Dto 
or out ot the core mmo17 eJ.emeDt, the 
:lutraction control element ·generates the 
copw.nila which execute the program 1D
atruct1oD81 u4 the :program element exerciaes 
control ot :lutruct1ons duriDg internal 
Catn.1 CCmlplter System operations. 

An internal CeDtral Cclllplter S19tem oper
at:l.oD is cletiDed aa cme 1D which 1D8truct1ons 
ad data contaiDed 1D the 'M1IJOrY element 
a:re ued who~ withiD the Central CCllmplter 
S,..tem. When ~ 1a used 1D the trw
ter ot a word to or frail an external deTice 1 

auch a truaater 1a referred to as an 'I/O 
operation ad 1a ~ aeparate17 as a 
function ot the I/O elemnt. 

Ac14reaa Regiater 

1. Loa4e4 frail: 

a. M1Jaa17 Batters -- IS ot L.x.:e. ml 
:as-n5 ot R.x.:e. at P.r-7. 

b. lJMlez Regiatera (1, 2, 4, and 5) -
!L'!lrollP A44reaa M.cler 

3) 

At P.r-8 cleJ.&194 vben 1D"ex1ng 
At P.l!· 3 ot a ccmditicmal. BPX 
Instruction (Red.uciDg Specified 
IDdex Register) 
At P.r-9 ot _an Am Instruction. 

li'igm'e 4-1 
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J)lfonm.ticm. Preaeatation Botea 

2. 

c. Bight .AcCUlll\llator (ll Beg 13) -
T.lu:oagh Address AM.er 

.At P.r-10 ot au XAC IUtru.cticm 
At P.r-8 del.qecl whela :1D(lex1ng 

At P.r-9 ot .&n.ADX IDatru.ction 

d. Left AcCUlll.llator Sign -- 9arc:n1g1l 
addreaa 114aer at P.r-10 at llD J'.lC 
(10) Distraction. 

e. ~Dt of J):l4ex J:lrtenal Begia
ter at P.r-2 ot :aP% I:Datru.cticm. 
(Prqa.riztg to red11.ee s119c1t1e4 ll 
Beg.) 

Loe4a 

a. I/O .Addreaa CoaDter at P'l-3 ot llD 
LDC Dutract1c:m. 

b. I/O Word Coater at P.f-2 ot a RDS 
or WRr IDatructioa. -- Co.QJ.emimt 
trazaater. 

c. Program Cotmter at P.f-0 ot Bnmc:l:L 
CJ.aaa Distraction whea Brauch eoa-
41t1on 1a mt. 

d. I'lldex Begiatera (11 21 4, or 5) 

1) .At P.r-6 ot ~ ccm41t1cmal. m 
IDatrwrtioD 1t IS • O 8114 'bru.ch 
non • 

2) .At P.r-6 ot 11D DC :Daatruction 
it IS • O. 

3) At P.r-6 ot aa XD Iutractim 
1t IB II o. 

e. Bigb.t A Regiater -- At Pf-5 ot aa 
Am IUtra.ctioa. 

t. ll!aDoz7' ~·· Begiatera 

~~ At P.r-0 1t BrUl.ch 'J7 1a aet. 
At ar-o 
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16 Bits to JIAR 1 -- IS-1U5 
l2 Bita to llAB 2 -- R4-1U5 
4. Bit• to !!.X. MAB -• Bl2·1U5 

I• J>r\111 Cmtro1 Register 

At P!-2 ot an mm n:ustnictioa 
At P.r-2 ot a SEL'Iutnicticm 

3• Oezaeral •• MdreH Register 

!'be add1"e88 register 18 a 17 bit register 
tbat hol.d8 the r:f.Pt half'-vord ot the imltruc
t:Lcm vmd received t1'Q1I the -..or:!' el.elmat 
cblriDI a prograa cyc1e. The 17 b:I. ta are 
J.oa4ed. mit~ with 1Dtor-.t1cm frca bite 
IB ot the l.eft -.-oq butter ad f1"0a bits 
RS-IU.5 ot the right Jm110r7 butter. !'he 
ccmtezita ot the acldre88 reg:Later a.re then 
util:l.zecl :1D otber ng:Laten ot the c:omprter, 
u •Jec1tie4 b7 the operat:l.oD part ot tbe 
:tmtnct:Lcm. 

rt 1JM'ex1ng 18 apec1t1ed b;r the iJ:ultract:l.oD, 
the caa.teata ot both the •e1ected :1Jldez regis .. 
ter all the a44reH ng18ter are added :lD the 
:1Jldez a4cler betore the right halt.-worcl :1D the 
addnH :regillter 18 llt:l.lized :1D the other 
regi8ter• ot the CCll.llplter. !be 1D4ez a44er 
18 a iategn.1. part ot the 8'!4re88 ngillter: 
!ale 11.14ex1Jts optZ"&tioa moclit1ea the oper&D4 
adch'UI c&llecl tor 'b7 the 1Dl~t1cm. · !!Mt 
nm of the msez ng:l.8ter Ul4 the :1D1t1al cm
teJIU .ot the &44n•• l"eg18ter 18 b.el4 :1D the 
~- resuter tor tartber optnt1cma. TJJe 
orig:tpa'I COAta.t8 ot the lld4reaa :reg18ter an 
lGllt 'b7 tb1ll a441t1m bv.t cu. be toad 111. tbe 
...,.T ns18ter trm wtdch the w1g1ml 111.• 
1tract:1.oD wu tue11. !'be coateatll ot the 
1D4ez ng:Later remm 1111ebaapcl m:al.eH tartber 
operat1cm8 are •pec1t1ed vb.:l.ch clump 1 t. Bot 
all 11aatnct1cma my be :lDIJez m tb1ll mamer. 
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D. lll1ez Begiaten (11 21 4, ml 5) 

l. Lolldecl tram .Address Resister at P.r-6 
of a XD mtrw:ticm :lt IS 11 o. 

2. A44reaa Adder 

a. U•ecl 1D cGDJU11Ct1cm with 1Dl1ex 
:reg1aten. 

For 1)¥'ez1ng 
Dming a caa41t1ollal BP% 
1118tnct1oa 
Dar1Jlg - .Am 1nst:ru.ct1cm 

b. Re'riew qeraticm ot adder uiDg 
l!'igare l. 

AUer Beg. 
:Dll1ez Beg. 

0.101 
o.uo 
r:m 

0.101 
l.Oll o.ooo 

l 
o.m 

c. !rrace 1D Losic -- 1'arm1 Md.er 
Logic 

3. OeDenl. - l)Mlez Begiater8 

l!'oar :badez :reg1aten, each 17 bits lolls, 
an proT.lded 1D tbe 1l1"0SZ'8ll eJ.mmrt. Da 
ad41t~ to tbeae reg18tera1 the rigb.t.ac
camalator :resiater ot the aritbmtic 
tlemmlt. -:r a:Lao be ued u a illdez 
. :resister. SelectiGD ot u. 1zd1:ri.clml. :bM1ex 
reg18ter is ae~ bJ' the cGDteata flt 
bita Ll, J.2,· ud L3 •f the qeratioa iaart 
rd t1ae mtractioD wra. 
A.a :aoted, it is the tactica ot the illdez 
registers to ~ the address 1M)1"1;1cm 
of tlae 1M1inlcticm wrd wtum. th1a tne ot 
qeratioD 1B apec:ltied bJ' the operatioa 
pa.rt flt tbe :IDBtz:gcticm WJ.'d. 

]!'igare l 

CC Logic Vol II 
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'!be tour 1D4ex registers are uaecl 1a w
t01'111Dg eycllc ~ programs; the right_ 
accmmil&tor register '111&7 be us~ as aza , 
1D4ex resister to perform. table l.ooJm;p 
operations. ·.!!be right accwmilator reg~
ter caza also be used to reset &rJ7 one ot 
the tour index registers tor nbseqwmt 
c1'CJ.1c ;Loop operation. !!be 1lld.eac registers · 
are im.tially loaded. 'bJ' 1Dstruct:l.ou ot the 
reset class. 

Prograa Comrter 

l. 17 Bit Counter stepped b7: 

a. EftZ7 P'f-7 .. 
b. O'f-9 ot a !l.'OB 1Dstruct1cm. 1t the bit 

teated equals "l" (Step P. c. one 
extra t:lllle) • - . . 

c. C1l-7 ot a ~ 1Dstruct1cm 1t the nrst 
bit tested equal.8 "l" (step PC two 
extra t:lllles ) • _ 

d. C1l-9 ot a !w.r:B 1Dstruction 1t the secozad 
bit tested equals "l" (step PC om extra 
t:lllle). -

e. 0'!-9 ot the CQllPLl'8 1Dstructiou 1t 
DO Ccmpu:"e canclition (Step PC one 
extra time). 

2. Set to 3.7776o b;r: 

a. Se1ect !I!. M. Pashbutton 

b. Start frm !I!. JI. PashbuttoD 

3. Set to 3. 77770 b7 aa .Alarll :Branch 

4. Loaded frCD the .Address Register at !rP~O ot 
a Bnmch Clas• 1Dstruct1cm. 1t the :Branch n 
is set. 

5. !rramlterred to B. A. -Sister at IP-11 ·ot a 
braDch 1Dstruction 1t the br&Dch n is set. 

6. !rramlfers to llABs at P!-0 1t the :Branch n 
is clear. -- Start Jli!mc>r7• · 

CC Logic Vol. II 
o.4.1 
l'1gare 4-1 
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7. General. -- Program Counter 

~ Program Comrt.er 18 a 17 bit registv 
that 18 ued to specif7 the mmm."1 ~·• 
ot the DeXt mtru.ctic:m. m t1le program. » 
soc:m u an 1Dstructic:m 18 tnmsterrecl to the 
operaticm 8lld add.re•• reg18tera fram. tbe . 
~ butter reg18ter1 a 1 18 ad4e4 to. the 
ccmtents ot the Jl"Oll'8ll counter so that th18 
counter Y.Ul. al.ftp specif1 the ~ 
a4ch'e88 ot the DeXt program 1.D8tru.ct1cm.. 

~ ccmteDts ot the prog:raa counter m¥ 
'be chaDgec1 'b7 1-tru.ctiom of the braCb 
c1us, which a:r 'be either ccm41t1oml. or 
UDCcm41ticmaJ.. A ccalit1cmal bruacll mtra.c
tic:m 8eD8e& tor me ot the following: the 
status ot the sip bit of the selected· 1D4ex 
reg18ter, tlle atatu ot certaiD Ng1aten m 
the arit1metic elemll.t, or the stat. ot 
certam· ~micaton lm4 al.ams, both :tzrter
Bal. Ul4 ~ to the · ccmtpl't;er. .AD •
cODliticmal branch 1natn.ctic:m 18 al.way8 . 
pe~oned. . 

When the braDch ccm41t1c:m 18 met tor a 
con41t1onal. branch 1D8tra.cticm, or it an 
UDCOZl41t1cmal branch 18 to 'be pertol"MC11 

the program branches to tbe ~ . .adre88 
spec1tiecl 'b7 the add.re88 Portic:m of the 
branch :iutn.ctic:m wod.. !rh1a add.re•• 
1• transterNd. fram. the a44reH regifter 
to ·tbe ~ a44reH regiater wb1ch 
tbea selects tbe a44resa 1A tbe lmlClll7 . 
eie.nt tzm 1ddch the next mtnctioD 
18 to be taan. V:adar these cODU.tiom, 
the p:osrm comrter 1a c1eare4 u4 the 
... a44re88 :te 'tnuterrecl to the pro-. 
gram coater ao that ncceeclilag iutru.c
tiom are selected fram. sequatial -wq· 
J.ocatioDa start1Dg With th1a ileW a44re88. 
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1. Control.a Jlmllorj Sel.ecticm dm1Jls I/O 
gperatimas. 

2. Loa4ecl traa MdreH Begister at P.r-3 ot 
an LDC illstracticm. 

3. Stepped b7 :BI-2 or B0-2 palses -- iDhibitecl 
b7 Pl!lB(75) •· 

4. General -- I/O MdreH CCNllter 

~ I/O ad4re88 cOmrter 18 uec1 clmi.llg I/O 
operatimul to 4.es:l&D&te tb.e ....-q 844nHea 
ti.. wlUch or 1Dto vtaich vma. &re to ~ 
tnasterrecl cluriltg break qcles. !be ~t:l&l 
~ e44:resa 1llUch 18 1Jm»lft4 :ID a ~ 
transfer 18 1oa4ecJ. :brte the I/O a4dres~. 
coater fr. tb.e dreas reg:ls'ter b1' ~ 
IAMld. I/O Mh'e88 coater (me) 1Mtract3.cm• 
J:ator-.tiaD ti-wter be._ tb.e ·mm17 
elellelrt ad tbe.extienal storage eq11ipmmt 
can ocear ill eitbar clirectiOD. » each 
1I01"cl is trautured.1 a 1 18 a4a8d to the ccm
tents ot the I/Q_eMze88 c~, .t!au 
masur1mg tbat .., ~' sequent~ -.-rT 
ad4re88 18 qecitied tor tb.e ab~. 1I01"d 
truster. 9le I/O address~ 8114.i/O 
.word coat.-.:r ue al,vap Wied .10~ _._ 
1/0 operaticm8. 

I/O Word Coater 

1. Loaded 'b7 

b. 

c. Set to cmp.1 emllt o; ~8 'b7 "Load 
traa Carel i Bea4er· Ol' "1-4 trom 
All~·. ···~ 

CC Logic Vol.. :a 
o.4.1 
11gUe 4-1 

CC Los1c Vol. :C: 
0.7 •. 3 



MEMORY UNIT 
SELECTION 

START Mt:lll I 
1211121 
IO-Z.1.41 

START MEMI 
11421 
(0.1.41 
OR 
START TEST 
MEM 
10.1.11 

IX INT REG 
10.4.11 
L MEM llFR 
10.1.11 
R MEM 8'R 
co.1.21 

2 

lllTS 
RIO-RISI 

STEP CTlt 
10.111.11 

OR 
(0.4.11 

12 
llTS 
RS-Rll 

e1so 

llT 
LS•O 

-----llTS BIT.--- --• 
L5•1I ro ADDRESS I 

COUNTER 

INOEIC 
REG N0.6 

(0.4.ZI 

12 WAY 
OR 

(0.4.11 

llTS 
RS-Rll 

INOEIC 
REG N0.4 

(0.4.21 

RS-1111 

INDEX 
REG N0.2 

(0,4.21 

(0.4.1) 
l--

INDEXING 

STEP 
IYIOll2 

10.1.21 

ADDRESSING 

L ACC llT LS 
ON XAC OPTION 
10.1.11 

II ACC REG 
IX REG NO.I 

· 10.1.21 

llgure 4-J. Program llement, logic lloc• DI.ram 
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JDtcmaat::lcm Presentation Bates 

:e:. 

2. Stepped b;y 

a. CQ!!PW1d 290 .;._ P.r-3 of RDS or 1iR'l 

b. BI-2 or B0-2 for aJJ. I/O Devices 
except Drums am. 'Warn1JJg Lights. 

3. Controls the muaber of words to be trazJs
ferl'ed duriDg an I/O operation. 

I/O Batter 

l. Used tor temporar;y storage duriDg I/O 
operaticms. 

2. Loaded trm. 

a. Drams 

ADgul.a.r Position Counter (APO) 
Drum Words 

b. C&Td Reader 
c. M.I. 11!1.tr:ix 
d. Barst Time Counters 

3. Transfers to I/O Register 

4. Use in con.junction with Drum Control Be&ister 

a. To compare APC duriDg addressable 
drum operation. 

b. !o Campa.re identity bits 4\a!'ing S°\i,.tus 
Identity drum operatiOD. · 

Dram CODtrol Register 

l. Used to determ1*: 

a. StartiDg address duriDg addressable 
drum operatiOD. 

b. Which words to accept duriDg Status 
Iaentit;y drum operation. 

2. Loaded frcm .Ad4ress Register at P.r-3 of SlJR 
am. at P.r-3 of m.. 

CC Logic Vol. II 
0.7.1, 0.7.2 

CC Logic Vol. II 
0.7.2 
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l. The Program Counter is used to: 

2. The I/O Butter is used to: 

3. The Address Resister is ~ ~ed to load which ot the tollow1ng: 

a. Drum Control Resister 
b. I/O Resister 
c • ijo Word counter 
d. Memory Address Resister 

4. !rile IJJd.ex Resisters are used to: 

5. Bame the registers that can load the Address Register and s:l:ve the times 
when it is loaded by each register. 

6. PA fl in 6cu (o.4.1) 9B is dei'ective. The contents of which memory 
location will be in the accumulators at the end of this instruction? 

1000 1 CAD 1.01776 
C(Ix1) • 0.00011 . 

7. 00! 17 in 4EH (o.4.1) 13C is detective. Wbat instructions will be affected 
and how? 

8. PA 15 in 4l!'E (o.4.1) 6A. is detective. Wbat instructions will be affected 
and how? 

9. Address comparison tor Drum. operations is made -between which resister? 

a. I/_o Butter and I/O Resister 
b. i./_o Register and Drum Control Register 
c. i./_o Butter and Drum. Write Resister 
d. i/O Butter &Dd Drum Control Register 
e. J1emo27 !Utter aiid I/O lteg:l.Bter 
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fb1Bic&l ~ ot Unit 5 

B c D I ., 
Senae SIL Drum Break Card 
Oates • la/ Ccm- Mach. 
ml PIR wm trola _,., 
I/O O&tea con- am. am. 
Parity trola Break Iliac • 
Cbeck PIJJ.ae Con-
Circuits Gen. trola 

G z 

Alarm Power 
Ildica-
torn 

B. hDctiODS 

1. I/O UDit •election and control 
2. :B8B :DultructiODS -- senses the ·status ot an 
3. PE :Dultru.ctiona -- Operate variou =1t• 
4. Jtreak control. and pglae generation. 

c. Jtreallr1owD 

1. Selection control. -- pertOZ'llS a selection 
tunction. . 

2. I/O BlWllt -- ccmtrol8 'I/O t:rwters. 

!l'be tol.J.ow1Ds two sections will 10 1Dto detail on tlaeae 
two •l.emnta. 



A. General 

!l'he ae1ecticm element of the central Ccm;mter 
performs a se1ection fUDction du;r:f.zls the execu
tion of six specific :l.Dstructicms: 

1. !rest One Bit (!l.'OB) 
2. !rest ~ Bits (!'m) 
3· Operate (PER) 
4. Branch am·Senae (BBB) 
5· SeJ.ec:t (Bmi) 
6. Sel.ect Dnm (SDR) 

Ea.ch ot these :l.Dstructicms uses the se1ect1on 
el.ement circuits.to determ:lm which specitic 
circuit ot an associated group is to be operated 
on by a commend generated by- the :l.Dstructicm 
ccmtro1 e1ement. 

As shown ::lD f':Lgure 1-251 the sel.ecticm el.ement 
conta:l.Ds :t;he 1Ddex ::lDtervaJ. register 1 the P.D
m:m •trix, the test, PER, am. B81I cir
cuits, am the se1ect gates. Dur:f.zls the execu
tion of an-:r of the above :l.Dstructiona, bi 1is IJ.O 
through IJ.5 of the :l.Dstruction word(which·· 
ccmta::lD the coded :lDtormation to specUy the 
des:lrecl circuit to be operated on) are trans
ferred to the.1Ddex interval. register. !1'be 
output of the 1Ddex ::lDtervaJ. reg1s1;ttr is fed to 
the PKBSET·Bn •trix, which determ::lDes which 
ot the 64 »ossib1e codes is specified. !Die 
sel.ected 1:1m of the P.IBSELBSn matrix is .8UP
pl.1ed to the test, PER, BSI, am. sel.ectecl.cir
cuit groups, cond1t;lon1ng only' one circuit in 
each group.· !he :l.Dstruction contro1 e1enient 
specities which·'circuit group is 1Dvo1ved ::lD the 
operation b7 ge:aerat:f.zlg the proper cmmmmO 
puJ.se. . . 

!he test-bit circuits ot the se1ecticm element are 
used dur:f.zls the execution of the !rest One Bit 
(!l.'OB) and the Test ~ Bits (!!m) ::lDstructiODS 
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to specify which bit (or bits) of the selected mem-
ory word is to be tested. If' the specified bit (or 
bi ts) of the 1JJ1MJJOry word is a 11 the prosram 
counter is stepped one or more times so that the 
next one or more sequentia1 program instructions 
Will be skipped. 

Durillg the execution of the PER instruction, the 
selected PER gate generates 811.doperate pW.se to 
perform the specified operation. 

!l.'he BBB circuits of the se1ection el.ement contain 
the BSW se1ection gates and the associated flip
f1ops which are used to iJJdicate the status of a 
1arge number of operatillg cOllditions in the Aif-
FSQ-7 equipaent. Durillg the execution of a :e8B 
iJlStruction, a specific coDdition is sensed to deter
mine whether a branch of pi-ogram control is to be 
performed. 

The selection gates of the selection eJ.ement are used 
durillg the execution of the Select (BEL) am. Select 
Drum (SDR) illstructions to set the specified I/O 
selection circuits and I/O transfer control circuits 
ot the I/O element. !L'he selected circuits in the 
I/O element specify the I/O devices to be used 
durillg the subsequent I/O operation and the mode 
of data trm;isfer to be used. 

It may be seen from figure 5-1 that the selection 
element consists of the iJJdex interval register, 
the PEBSELBSB •trix, test circuits, PD circuits, 
BSB circuits, and Sl!lL gates. Durillg execution 
ot BSB, PD, !OOB, !l'm, SDR, and BEL illstructions, . 
the iJJdex interval portion (IJ.O-IJ.5) of the 
illstruction word is transferred from the left 
merDDry bu:tf'er register to the iJJdex interval 
register. !l.'he de levels generated by the iJJdex 
interval register are used to coDdition the P.ER
m;esw •trix. !l.'he PEBSELBSB •trix decodes 
these levels and produces levels to co:adition the 
output 11Jle which reflects the contents of the iDdex 
interval register. This. selected. output is used to 



LX INT. 
'>MP. 

LEFT MfMOAY IUfFUt RE(jl~T,11 

INDEX INTERVAL 1----.-----•NDCJ INTlAVAL CCOlllPLEMENTI 
REGISTER TO \DDllESS REGISTER 

SELECT MAIN DRUMS _______ _. --------SELECT AUXILLIARY DRUMS 

SEL 
GATES 

IO SELECT CIRCUITS 

POSELllN 
MATRIX 

TEST 

---• CIRCUITS 
(lob, 11111 

BSN 
CIRCUITS 

PEA 
CIRCUITS 

figure 5-f. Selection llement, Simplified 81oclc Dla9ram 

03.~-f-----'-~-+-... --"'--__,i--...__._~-+-... --..._~ .......... ------t-.... ~~ 

~I.;. 
Q.R • 

• 5r-~--'------+---L~---t ..... ---'~~ ..... 1--....L...~--1~.....1:,._ __ ~I--' 

To PER SEL. BSN Matrix 

Figure 2, Index Interval Register 

TO 
DRUM 
SYSTEM 

. SET 
INTER· 
LEAVE 
FF 
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ccm41ticm the· circuit associated Wit1l t1le clesirecl 
sense unit, deTice to be operated, word 'bit (s) to 
be tested, or I/O device to be se1ected. 

IJ:ldex Jnterval Begister 

!l'he :Lm.ex interval register is cQlllW)secl ot six 
tlip-t:Lops aDd their associated outpu.t gates, 9ie 
1zKlex interval portion ot the imtructicm word (Ll.0-
Ll.5) is 1oaded into tb11 register tram the mamory . 
e1ement by~ ot the ~tt "llJllJl//IJry butter register. 
!l'he sigDif'icance ot the 1D4ex interval bi ts clepeJlds 
upon the iDStructicm word. The clc l.ne1s generated 
by the fl.ip-tl.ops a.re ued to ~'ft tbe PJ58Rt.1¥QI 
matrix am. also to coutroJ. tbe action ot tbe asso
ciated gates. 

The outpu.ts ot tbe 1Ddex interval register gates 
perform the followiJJg tuncticma: 

1. Se1ect a main drum 1'ie1d. 
2. Se1ect an aux111Ary cl.rm 1'ie1d. 
3. !rramlter the 1JMlex interval ( cma;pl.emnt) 

to the address register duriDg tbe exee11.tim 
ot the BPX 1Datruct10D. 

4. Set inter1eave :f'lip-tlop. 

General cm JDdex J:Dterval Begister 

1. Loaded from Bits Ll.0-Ll.5 ot Lett J1!mor7 
Buffer at P':-7· 

2. Used as cantrol bits in: 

a. PBR 
b. m. 
c. :BSll 
d. ml51 !'.l!B -- Specil'ied bit1 to be 

tested. 
e. SDR -- IX J:Dt. transterred·to drum 

se1ecticm.register. 
t. J:Dter1eavizlg .. , 

01b;r8 
02 by 16 
o4 by 64 

Log1c 0.6.1 
J'igure 2 
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g. OVerflow -- Suppress overflow alarm 
h. BPX -- ~ansters to Adr. Reg. in 

compJ.ement form at P.r-1 

c. PER SEL BSN Matrix 

The de outpu.t levels of ~ index interval register 
flip-flops drive the PERSELBSN matrix. The 
matrix produces only one positive outpu.t level at 
a time. This single outpu.t is determined by the 

. instruction code. !l'o obtain a positive outpu.t level 
for a specific index interval, the corresponding 
levels from the index interval register are mixed in 
an AM> circuit. Each possible combiilation of the 
index interval bits has an AM> circuit assigned to 
it. Because some of the index iuterval codes are 
utilized by several instructions, each output line of 
the PEBSELBS1' matrix conditions several gates. 
The selection of which gate is to be used tor a 
given instruction is made by the command pu.lses 
origiilating in the instruction control element. 
During execution of an instruction, o~ the con
ditioned gate which pertB.ins to that instruction is 
sensed. 

l. 63 "AM>" circuits fed from Index Interval 
register. 

2. Used to obtain one level to control an oper
ation. 

3. Same index interval amount may be used with 
ditterent instructions; ·1.e., PER 011 BEL 011 

BS1' 01. 
4. O!r t:1me necessary iD these instructions due 

to rise time of matrix. 
5. J!.:xan;>J.e of PER instruction using PER 75. 

(Lock Adr. Ctr. ) 

a. Index int. reg. loaded at PJ!-7 with 
75. 

b. Level out of 330 ''AID" at 5AD7 
(0.6.1) 8A to 5Clll (o.4.1) lD to con-
dition <1.r-7. · 

c. <1.r-7 strobed at a.r-9 to clear "Lock 
Adr • ctr• 11 1'l I preventirlg Stepping 
ot I/O Adr. ctr. 

PER ~truction 
timing 
Logic Index Appen
dix "A" 
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d. Note that even though the address 
portion of the "PER ins~tion has 
no signif'ica.uce, 'lie'a:Jr,j will still 
be started. and the location specified 
will be read out to the memor,y buf
fers. 

6. Exam,ples of PER instruction using PER 01 
(Condition Light ll) · 

·a. Level out of' 330 "AND" at 5ACA7 
(0.6.1) 14D to 5BCB2 (0.7.4) 13B 
and condition O'l!-1 in 5CIC. 

b. GT-l strobed at OT-9 to set c.L. fl 
F.F. 

7. Exam,ple of BSN. instruction using BS1' Ol 
(Condition Light #1) 

a. Level (01) out of' matrix co:Dditions 
one leg of 56o "Am>" above "Cond. 
Light fl" F.F in. .5BC (0.7.4) l4B. 
FF being set cOllditions other JJ!~. 

b.. GT5 in 5BV (0.7 .. 4) 4D conditioned 
which results in BSB Cond. met 
pulse at OT-9· 

c. Cond. met pulse sets "Brauch" F.F 
and clears "Cond. Light #1" F.F. 

8. Exam;ple of SEL instruction using BEL 01 
(Ca.rd Read.er) 

a. Level from matrix co:adi tions G!rl 
in 5cr (0.7.4) 6A.. 

b. P.r-5 of SEL sets "Read.er Not 
Ready", "Card Read.er", and Ca.rd 
Machine Oper. FFs. -- "Read.er Not 
Ready" F.F ·sensed on BBB ll. (Used 
to determ:lne which I/O tJnit is selected.) 

BS1' Instruction 
T~ 
Logic J:Ddex Appen-
dix "A" 

am. Instruction 
!1'1ming 
Logic J:Ddex .A,ppen
d~ "A" 
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' 
!l.1ae lD4ex JD1;enal Beg:l•tv :lB 118ecl to: ,i:i"~ /:~~ 
!!!he JD4ex IDtenal. Beg:lBter :lB l.oa4ed from: L /1'18 f't 
Bow~ poe:lt:lw output l.eTel.B doe• the PDSl!IMI pit out •t _cm.e t:lMT / 

Los:lc 0.7.4 • 5CJC'A7(l.3A) :la open. !lb1• will cause wbat to b&ppen evel'7 
t:lM a P.D inBtruct:lon 1a executed 1 

Log1c 0.7.4 - 5BOO'l-6 hall open fSlement•. Bow will th:ls affect the con· 
41t1on l.1sbt an •euecl b7 :aa (03)1 

Wb&t b:lta are UBeCl to •pecif7 the 1Ddex intenal.T At wbat t:lM are the7 
loe4e4 into the J:a4ex IDtenal. Beg:laterT j_ 1 o -· 1 ,j- ~ /-7 
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The 1/0 element of the Central Computer (Fig. 1-25) 
contains the control circuits and transfer registers 
required to accomplish tb.e transfer of information 
betw"een the memory ele'ment and the various 
asynchronous. slow-speed 1/0 devices associated 
with the Central Computer. Since the transfer 
of I/O information is initiated by the stored program 
(except for initial program loading), the Central 
Computer must execute specific instructions to 
prepare the 1/0 element circuits before any 
information transfer can occur. These instructions 
must specify the following: 

1. The 1/0 device or drum field to be involved 
;in the subsequent 1/0 operation. 

Z. ··The drum starting address or identity code 
to be used if the subsequent 1/0 operation 
involves the Drum System. 

3: The starting memory address from which 
or into which in formation is to be transferred. 

·4. The direction of information transfer; that 
is. whether information is to be transferred 
into or out of the memory element. 

5. The number of words to be transferred 
during the subsequent 1/0 operation. 

·This basic information, which must be supplied to 
·the 1/0 element each time a block transfer of 1/0 
data is· to take place, is supplied by a group of 
three instructions which constitute an I/O pro-

. gram." The basic 1/0 program is composed of the 
following instructions. 

1. Select (SEL) or Select Drum (SDR) 
Z. Load 1/0 Address Counter (LDC) 
3. Read (RDS) or Write (WR T) 
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Generally, the three required instruction• are 
executed in the sequence noted above; the only 
re1triction is that the Read (RDS) or Write (WR T) 
instruction must be executed last. 

As n~ted above, one of two separate selection 
in1tructions is used to specify which I/0 device 
ii to °!)e involved in the subsequent I/O operation. 
Two separate instructions are required because 
the •elective capacity of a single instruction is 
not great enough to specify all the I/O devices 
&Hociated with the CAtntral Computer. If one of 

·the individual I/0 devices (other than a drum 
field) is to be 8elected, a Select instruction is 
·used.: During the execution of a Select instruc
'tiCm, the I/O selection and transfer control cir-
cuits" pf the I/ 0 element are cleared, and the 

'.de•ired controls (flip-flops) are set as directed 
by the control 1ignal generated by the conditioned 
iielec::t gate of the selection element. In this case, 
the •elected controls indicate which I/0 device i~ 
1elected and the type of transfer control that will 
b'~ exercised during the subsequent transfer of 
data. If the Central Computer is to be aaaociated 
with one of the 39 fields of the main drum, or 
with one of the 36 fields of the auxiliary drum, a 
Select Drum instruction is used. The Select Drum 
instruction performs three distinct functions;· it 
'1et1 up the specified. field selection cirt;uits in the 
Dr\im 13yatem, sets up the I/O selection and trans
fer control circuits in the I/O element, and desig
nate• the drum starting address or identity code if 
this information is required by the selected drum 
field. During the ip.itial execution of this instruc
tion, the I/O selection and transfer control circuits 
of·the·l/0 element and the main and auxiliary drum 
field selection registers of the Drum System are 
cleared in preparation for the new selection. Dur
ing the latter pa~t of the instruction cycle, the con
tentl of the index interval register (which specifies 
the selected field in either drum) are transferred 
to the selected drum field selection register ( spe
cified by the contents of Rl of the instruction word). . . 

F 
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At the same time, the conditioned select gate of 
the selection element will generate a control sig
nal to set the associated I/O transfer control 
cycle, the contents of the address register (which 
specifies the drum address or identity code to be 
used) ·are transferred to the drum control register 
of the I/O transfer control circuits. Thus, the 
Select' Drum instruction functions to set up the 
specified conditions in both the Drum System and 
the I/ 0 element of the central computer. 

The Load I/O Address Counter (LDC) instruction 
of the basic I/O program specifies the starting 
memory address to be used during the subsequent 
I/O operation. During the execution of this instruc
tion, the contents of the address register (which 
specifies the memory starting address) are tr.ans
ferred to the I/O address counter of the I/O element. 
Subsequently, as each data word is transferred, the 
contents of the I/O address .counter are increased 
by 1, with the result that consecutive memory 
locations are utilized during any I/O operation. 

Th'e final instruction executed during the proces
sing of a particular I/O program depends upon the 
direction that the I/O data is to be transferred. If 
I/O data is to be transferred from the selected I/O 
device to the memory element, the Read (RDS) 
in"Struction is executed; if I/O data is to be trans
ferred from the memory element to the selected 
I/O device, the Write (WRT) instruction is executed. 
The address portion of each of these instructions 
is used to specify the number of words to be trans
ferred during tlie subsequent I/O operation. During 
the execution of either of these instructions, the 
following operations are performed. 

1. The I/O interlock is set. 
Z. The complement of the addr•ss register 

content is transferred to the I/O word counter. 
3. The specified read or write control circuit 

is set. 
4. A Stll:rt Read or a Start Write command is 

generated. 
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The Ito interlock, which forms a part of the I/O 
termination control• of the I/0 element, is alway• 
iet at the beginniilg of an I/O operation and remains 
a·et for the dui-ation of tlie operation. The I/O 
interlock function• to prevent subsequent I/O pro
gram instructions. from disturbing the I/O operation 
in process. If such a condition occurs, all internal 
operations will be halted until the I/O operation in 
process is terminated. 

"The I/0 word counter of t~e I/O element functions 
'to keep a running record of'the number of data 
words that remain to be transferred during the 
-remainder of the I/0 operation. As each data word 
is transferred, the contents of this counter are 
increased byl. When the contents of this counter 
are stepped from negative to positive zero, an end-

\__...J' 

carry pulse is generated which is used to terminate 
the I/O operation in process. 

The read and write control circuits, which form a 
part of the break cycle generation and control cir
cuits of the I/0 element are used to specify which 
type of break cycle will be generated during the 
subsequent data word transfers. If the read fiip
fiops is set, the subsequent break cycles will be 
·d.efined as BI cycles; if the '!Vrite flip-flop is set, 
the subsequent break cycles will be defined as BO 
cycles. 

The Start llead or Start Write command generated 
during the execution of the llead {llDS) or Write 
(WRT) instruction functions to start the I/0 oper
ation. These commands, which are generated in 
the instruction control element, are used to sense 
the I/O operation circuits of the I/0 element, so 
that a start pulse may be applied to the selected 
I/O device. Thia start pulse functions either to 
set the selected I/O <fevice in motion or to condi
tion its control circuits. From this time until the 
I/O operation is terminated, the Central Computer 
is under the control of the selected I/0 device. 
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During the I/0 operation, the selected 1/0 device 
informs the computer, by means of the break re
quest circuits, each time it is ready to transfer 
data between its associated 1/0 transfer registers 
and the memory element. The manner in which the 
"I/0 devices are connected to the 1/0 transfer 
registers (I/0 buffer register and I/O register) is 
shown in detail in figure 1-25. As noted in the 
figure, the transfer of 1/0 data into or out of the 
memory element is accomplished between the 
memory buffer register and the I/O register. The 
I/0 buffer register, which is used only during the 
transfer of input data, provides temporary storage. 
The transfer of data from the 1/0 buffer register 
to the 1/0 register is effected by the 1/0 transfer 
and control circuits. · 

After the I/O program instructions are executed, 
the Central Computer continues to execute the 
internal operations as directed by the stored 
program. At-the end of each machine cycle, the 
break request circuits of the 1/0 element are 
sensed to determine whether I/ 0 data is to be 
transferred into or out of the memory element. 
If the break request circuits are cleared, the 
computer continues with its internal operations. 
If the break circuits are set, the internal com
p~ter operations are stopped for one machine 
cycle, and the next memory cycle is designated 
as a BI or BO cycle. During the break cycle, 
the time pulses generated by the instruction con
trol element are converted into BI or BO pulses 
to accomplish the required operations. These 
break pulses effect the data word transfer be
tween the I/0 register and the memory element 
and step the 1/0 word counter and 1/0 address 
counter in preparation for the next break cycle. 
After the break cycle is completed, the com-
puter resumes its internal operations .. This . 
process of interleaving break cycles with internal 
machine cycles is repeated until the proper num
ber of I/ 0 data words have been transferred. 
When the I/O operation is completed, the 1/0 
terminating circuits generate a disconnect signal, 
;,hich either stops the selected 1/0 device or de
conditions its control circuits. 



AN/FSQ - 7 

~12.0 

B. Input/Output Break Control 

1. ·Execution of any I/ 0 cla11 instruction or 

2.. 

a HLT instruction, when the I/O interlock 
is set, will set the pause FF, preventing 
the execution of any more instructions until 
the pause FF is cleared. Pause FF is 
cleared after the I/ 0 interlock FF is cleared. 

Break and Pause Char.acteristics 

The outputs of the break and pause fiip
flops are arranged so that four operational 
set-and-clear combinations are possible. 
U, in the course of Central Computer inter
nal operation, an arithmetic pause is speci
fied by the instruction, the pause fiip-fiop is 
set as the instruction requires; if a break . 
request occurs, the break fiip-fiop is set at 
the end of the cycle then in progress. 

During a no-break no-pause condition, both 
the TP driver and IP driver outputs supply 
pulses to the time pulse distributor. During 
this time, the break or no-pause output level 

Logic O. 2. 2, O. 2. 3 

is applied to the AND circuit auociated with 
the TPD 0 stage to allow the time pulse dis
tributor to continue supplying time pulses and 
instruction pulses to the Central Computer 
System. During the resultant internal oper
ation of the computer, the break-request flip
flop is sensed at TP 10 delayed of each memory 
cycle to determine whether the next memory 
cycle is to be aHociated with either a Bl or 
BO cycle. 

During a break-but-no-pause condition, the 
IP driver output is inhibited to terminate the 
internal operations of the computer. How
ever, since the break-or-no-pause line re
mains at the ~ lOV level, the time pulse dis
tributor will continue to function to develop 
time pulses. 
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When a pause-but-no-break condition occurs, 
the generation of time pulses and instruction 
,pulses stops because the break-or-no-pause 
output line is de-energized, causing the time 
pulse distributor to be deconditioned. Under 
this ·operating condition, the break request 
flip-flop is sensed at a Z-mc rate. 

When a break-and-pause condition exists, the 
IP driver output line is inactive, but the break
or-no-pause' level to the TPD 0 stage is 
energized to keep the time pulse distributor 
active and functioning. The break-request 
flip-flop is examined by the sense-break-

.. request output at TP 10 delayed. 

3. Pulses which will be generated when: 

a. No Pause and No Break 

1) TPs, IPs, possible Z MC oper
ate pulses. 

Z) Check for break with TP-10 
delayed. 

b. Pause and No Break 

1) Possible Z MC operate pulses. 
Z) Check for break with Z MC IP 

driver pulses. 

c. Break and No Pause 

1) TPs, BI or BO, possible Z MC 
operate pulses. 

Z) Check for break with TP-10 
delayed. 

d. Pause and Break 

1) TPs, BI or BO, p·ossible Z MC 
operate pulses. 

Z) Check for break with TP-10 
delayed. 
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Break Timing Instr. Instr. 
F.F." Pulse• Pulses Break Being 

Status (TP'•) (IP's) Cycle Executed 

·O Yes Yes No Yes 

1 Yes No Yes No 

0 No No No No 

1 Yes No Yes No 

4. Break cycle generation 

The initial conditioning of the I/0 control 
circuitry for an 1/0 operation is accomplished 
through the execution of the SEL and LDC in
structions. With the execution of the RDS or 
WR T instruction, further setting up is per
formed and the transfer operation is initiated 
with a start-read or a start-write pulse. 
However, every transfer of a word requires the 
initiation of a break cycle. 

Three flip-flops (0. Z. 3, B-c· Z-3) are involved 
in this portion of the operation: break-request
sync, break-request, and break. The break
request- sync flip-flop is set by any one of six 
pulses, provided that at the time the pulse is 
generated the word counter is not equal to 0 
(note gate). The source of these pulses will 
be covered later in connection with the trans
fers to or from the various I/0 units. The 
.first Z-mc pulse generated after the setting 
of break request sync will set the break-
reque st flip flop. The gate conditioned by the 
l side of break-request flip-flop is strobed 
by a TP 11 pulse or a Z-mc pulse (if pause no 
break condition). A gated TP then sets the 
break flip-flops. (A second break flip-flop 
exist• in unit 4. It is set and cleared with 

I 
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the one on 0. 2. 3, but its output levels per
form different functions.) The break request 
flip-flop is also set directly by a 2-mc 
pulse generated under an I/O register 
empty-I/O buffer full condition. This condi
tion occurs only during a read operation of 
drums, BTC (Burst time counters), or MI 
matrix. 

The level output frorp the break flip-flop is 
applied to two 2-way AND circuits (0. 2. 3 
D4). The second inriut to each of the AND 
circuits is from the write and read flip
flops. The output from the AND circuit with 
the read level input is applied to gates which 
pass TPs to generate the BI pulse. The out
put from the AND with the write level input 
is applied to gates which pass TPs to generate 
BO pulses. The BI pulses or the BO pulses are 
distributed to control the transfer of the word 
for which the break cycle was initiated. 
Tables 6-2 and 6-3 give the function of the 
BI and BO pulses, respectively. 

c. ~t/Output Programming -- Gen!!!J. 

1. Instructions are: 

a. LDC 
b. SDR 
c. SEL 
d. RDS 
e. WRT 

2. All instructions check I/O interlock before 
operating .. 

3. Used to set up for transfers between 1/0 
equipment and Memory. 

4. All instructions are indexable. 

D. . LDC Instructions 

1. Used to. load I/O Address Counter 
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TAILE 6-2. FUNCTIONS OF 11 PULSES 

PULSE 

BIO 

Bl I 

Bl 2 

Bl 3 

Bl 4 

BI S 

BI 6 

BI 7 

Bl 8 

Bl 9 

BI 10 

BI 11 

FUNCTIONS 

I. Clear break request FF 

2. Transfer IO address counter to MAR 

3. Start memory 

Not used 

I. Step IO address counter ( 0.4.1) 

2. Clear IO register status ftip-ftop (0.7.7) 

3. Step 10 word counter (if drums not 
selected) 

4. Transfer IO registers to memory buffers 

I. Start parity count ( 0.1.2) 

2. Inhibit sample pulse (0.1.4) 

3. Clear parity write ftip-ftop if IO word 
has parity bit ( 0.1.1) 

Transfer memory buffers to test registers 
(if test memory selected) (0.1.1) 

Not used 

Generate IO register bieak request pulse 
(if IO register selected) (0.7.S) 

1. Transfer IO buffer to IO register (if card 
machine operate ftip-ftop set; 0.7.6) 

2. Sense parity check control flip-flop 
(0.1.1, Bil) 

3. Parity count (if no parity assigned) 

Not used 

Generate card mach 2nd break request (if 
2nd break request ftip-ftop set; 0.7.6) 

Not used 

I. Generate clear IO interlock pulse (if 
word counter equals O and if IO buffer 
and IO register status is empty or BTC 
or MI matrix selected) 

2. Generate word counter equal 0 pulse for · 
tape adapter (if word counter equals 0 
and tapes selected, 0.7.8) 

3. Generate clear IO interlock pulse if IO 
register selected 

·:. i: ~E 6-3. FUNCTIONS Of IO PULS~ 

PULSE 

BO o 

BO 1 

BO 2 

BO 3 

BO 4 

BO S 

BO 6 

B07 

BO 8 

BO 9 

BO to 

BO 11 

FUNCTIONS 

1. Clear break request FF 

2. Transfer IO addres.s counter to MAR 

3. Start memory 

Not used 

1. Step IO address counter ( 0.4. 1) 

2. Step IO word counter (if MI matrix 
burst time counter, or drums not se
lected, 0.7.3) 

Not used 

Not used 

Transfer test memory to memory buffer 
(if test memory selected, 0.1.3) 

Generate ·IO register break request pulse 
(if IO register selected, 0.7.S) 

I. Transfer memory buffers to IO register 

2. Start parity count and set parity check 
ftip-ftop 

J. Set IO register status ftip-ftop 

1. Transfer IO register to tape write reg- . 
ister (if tapes selected) 

2. Transfer IO register to warning light 
register (if warning lights selected) 

Not used 

Not used 

t. Generate clear IO interlock pulse (if 
word counter equals 0 and drums se
lected) 

2. Generate word counter· equals O pulse 
for tape adapter (if word counter equals 
0 and tapes selected) 

3. Clear write ftip-ftop (if warning lights 
selected) 
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z. Address portion specifies memory location 
of first word to be transferred in or out of 
memory. 

3. Time .;_ 6 microseconds 
4. Study timing - - Logic Index App. A 
5. Commands for logical instruction 

a. Pause option (PT-10) 
b. Address Reg to I/O Address Counter 

(PT-3) 

6. FollOJW commands #148 and #72 on logic 
o. 4. l. 

E. SEL Instruction 

1. Address portion of instruction is meaning
less. 

z. Used to select a particular I/ 0 Unit other 
than Drums. 

3. Index Interval Bits specify the I/O Unit 
4. Decoded in PERSELBSN Matrix 
5. Time -- lZ microseconds (PT) (OT-A) 
6. Study timing -- Logic Index App. A 
7. Commands for logical instruction. 

a. Pause option (PT-10) # 134 
b. Deselect Pulse (OT-5) #155 

NOTE: This is preliminary clearing of 
Sel. Control equipment. 

c. Select Pulse (PT'-5) #156 

NOTE: 'rhis sets FF associated with a 
particular I/O Unit. 

d. OT time used to allow the I/O equip
ment to deselect before selecting. 

8. Follow SEL pulse in logic. Logic O. 7. 5 

F. SDR Instruction 

, ·--····-·· --·- - ., . . .. 
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1. U •ed to select particular logic drum. 
2. AddreH portion of instruction specifies 

adclreH of drum. 
·3. R/l bit specifies Aux 11 111 or Main i 1011 

4. Index Interval Bite specific logical drum 
field. 

5. Index Interval decoded in drum· control 
frame. 

6. Time -- 12 microseconds (PT) and (OT) 
7. Study timing chart - - Logic Index App. A 
8. Commands for !ogical instruction. 

a. Pause option (PT-10) #134 
b. Deselect Pulse (OT-5) fl55 
c. AddreH Reg. to Drum Control 

Reg. (PT-3) #151 
NOTE: Used for compare functions. 
d. Set drum Sel FF (PT-5) #325 
e. Transfer Index Interval Reg to 

Drum Selection Reg (PT-5) (0. 6.1) 
f 325 

9. Follow PT-5 Pulse in Logic 0. 7. 7 (9A) 
(f325) 

G. RDS Instruction 

1. Used to initiate transfers into Memory from 
I/O Units. 

2. Addre•• portion indicates. the number of words 
to transfer. · 

3. I/0 Word Counter loaded from Adr. Reg. 
(Complement form) 

4. Study timing - - Logic Index Appendix A 
5. • Command• for logical operation. 

a. Pause option (PT-10) fl 34 
b. Set I/O Interlock (PT-1) #294 
c. Clear I/O Word Counter (PT-1) 
d. AddreH Reg. Cpl to I/0 Word .. 

Counter (PT-2) fl52 
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e. Step 1/0 Word Counteir (PT-3) f290 
I 

NOTE: Thi•. keeps us from reading one 
move tha,n indicated by address portion. 

NOTE: Provides means of detecting 
. RDS• 11 0 11 • . 

f. S~t Read FF (PT-6) #180 

1) Start Read Pulse to selected 
I/0 device. 

2) This actually conditions cir
cuits so breaks may start. 

g,. Show command• in logic. 

1) CL. I/OW. C. (149) Logic 
O. 7. 3 6/A 

Z) Adr. Reg. Cpl to 1/0 W. C. 
(152) Logic 0.4. 1 13C 

3) Step I/0 W. C. (290) Logic 
O. 7. 3 Z/B 

4) Sets Read FF ( 180) Logic 
0.7.3 6E 

H. WR T Instruction -
1. Used to initiate I/O transfer from Memory 

to I/0 Unit. 
Z. Most other functions identical to RDS inst. 
3. Differences from RDS Instruction. 

a. PT-6 set Write FF 
b. Send "Start Write Pulse" to selected 

I/O device. 
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Summary Questions 

L The 1 l/O.Element contains: 

A. 
B. 

• 
Control circuits only 
Transfer registers only 
The PERSELB:>N Matrir 
Cont.rol circuits and transfer registers. 

e. Complete the following Ulble indicating the type of pulses obtainable for 
each of the following circumstances. 

STATUS 
No Pause No Bre~k 

Pause No Break 
No Pause Break 

Pause Break 

3. In order to get break-in pulses, the <f.p s FF and the ;4,MaL FF 
must be set. In order to get break-out pulses, the @T FF and the 
4.JI e <' h FF must be set. 

Answer the' following True or False: 

4. The De-Select Pulse occurs at PT- 5. r-
5. PT-1 of a· RDS instruction will set the 1/0 Interlock. -r' 

). PT-6 of a WR T instruction will set the Br'eak FF. F: 

1. The I/O Word Counter is loaded at PT-2. time from the Address Register.I 

~. The Break FF is cleared by the Word Counter going to zero. ~ 
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VI. INPUT/OUTPUT REGISTER 

A. Use 

1. Used to clear memory. 

a. By programming 
b. Master reset or clear memory push

buttons 

Z. Used to store a pattern in memory by pro
gramming. 

NOTE: Although the I/O register is generally used aa 
the intermediate storage register between core memory 
and a selected I/O device, it may itself be &elected as an 
I/O device using the SEL (04) instruction. The I/0 regis
ter, so selected, serves as a source of words containing 
all 0 1 s when it is desired to clear memory. locations, or 
a word of any configuration when it is desired to write a 
test pattern into memory. 

B. Programming Figure 8 Page 

1. General 

When any SEL instruction is executed, the 
I/ 0 register ia cleared (0. 7. 1, B-7, ctrl 
clr/deselect pulse). Normally> during the 
execution of a subsequent RDS or WR T 
instruction, the I/ 0 register is cleared. again, 
(0. 7. 1, C-7, command 144 and 147). Prior 
to the transfer of each word the I/O register 
·is cleared. However, the SEL (04)" instruc
tion causes a gate (0. 7.1, C-7. 1/0 reg not 
sel level) to be conditioned which prevents 
the clearing of the I/O register between. 
transfers and when the RDS or WR T instruc
tion is executed. 

Z. To clear manory locations. 

The basic I/O program is used to clear 

0610 



c. 

3. 

a. 

b. 
/-·c. 
~d. 

LDC 

SEL (04) 
llDS 

0000 

N 

Starting Mem. 
location 
SEL I/0 lleg. 

Clear• N memory location• in N break 
cycle•. 

To store a pattern in memgry 
• n ~ ""• "•• ··- •"• 0 ·-·" ~ ' 

To write a particular pattern into core mem
ory, .the following program i• used. The 
location specified in the LDC in•truction con
tain• the teat word. Note that the I/0 regis
ter i• not •elected a •econd time before 
iHuing the llDS instruction. To do •o would. 
cau•e clearing of the I/ 0 regi•ter and the loH 
of the teat word. 

a. 
b. 
c. 
d. 

~e. 
, f. 

LDC 
SEL (04) 
WllT 
LDC 
RDS 

----(To pattern Word) 

0.00001 

·N 

,. 
Puts the pattern in the I/ 0 Register and . 
then stores it into N memory location• 
in N memory cycle•· 
If more than WRT one ie programmed, 
a logical add of the word• written will 
re•ult in the I/O register. 

Timing 

1. SEL (04) 

a. 

b. 

OT-5 deselect clears I/0 Reg and 
clear• all I/0 control•. 
PT-5 select sets I/~ Reg. FF. 

~ogic O. 7. 5 

Logic O. 7. 1, O. 7. 2, 
o. 7. 5 
Logic O. 7. 5 
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2. R.DS J5~ 
a. PT-1 

1) Clear I/0 Word Ctr. (0. 7. 3) 
2) Set l/0 i~terlock (0. 7. 3)(0. 3. i) 
3) Clear R.ead and Write FFs (0. 7. 3) 
4) Set Word Counter Status FF 

(0. 7. 3) -- Indicate• if Word CTR. 
• 0 or /. O. 

5) Clear the parity check control FF 
(0. 1. 1) -- Allows parity asaign-
ment during break•. 

b. PT-2 -- Load I/O W.ord Counter (trans-
fer Adr. R.eg. Complement to Word 
Ctr.) (0.4.1) (0. 7. 3) 

c. PT-3 (Command 290) (0. 7. 3) 

1) Step I/O Word Counter (0. 7. 3) 
2) Set Sense Word Counter FF (0. 7. 3) 

a) Allows I/ 0 Word Counter 
end carry. due to command 
290 of a R.DS or WR. T zero 
instruction, to clear the I/O 
interlock. 

b) l/O Word counter end carry 
alao clears Word Counter 
Status FF. 

d. PT-6 

1) Set the R.ead FF if the Word 
Counter /. 0 (0. 7. 3) (Determined 
by Word Counter Status FF) 

2) Clear the Sense Word Counter 
FF (0. 7. 3) 

3) Set the Break R.eque st Sync FF if 
the l/O Word Counter/. 0(0. 7. 5) 
(0. 2. 3) 

e. Next 2 MC pulse sets the Break R.equeat 
FF (0. 2. 3) 

f. Next TP-10 Delayed sets the Break FF 
(O". 2. 2) (0. 2. 3) 
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3. Break In Cycle 

a. Refer to I/ 0 Break Control in section 
VB 

b. Applicable pulses. 

1) BI-0 
2) BI-2 
3) Bl-3 
4) BI-4 
5) BI-6 
6) BI-7 
7) BI-11 Clear 1/0 interlock if 1/0 

word counter : 0. 

4. Successive breaks are taken until the 1/0 
Word Counter = 0 -- If 1/0 Word Counter : 0, 
then a BI-11 pulse will clear the 1/0 interlock. 

5. WR T -- Same as RD'S except PT-6 sets WR T 
FF instead of RDS FF (0. 7. 3) 

6. Break Out cycle 

a. Refer to 1/0 Break control in section 
VB. 

b. Applicable pulses 

1) B0-0 
2) B0-2 
3) B0-5 
4) B0-6 
5) B0-7 
6) B0-11 -- Clear 1/0 interlock 

if 1/0 Word Counter : O. 

7. Successive breaks are taken until 1/0 word 
counter goes to zero. If 1/0 word counter 
: 0, then a B0-11 pulse will clear the::I/O 
interlock. 

Table 6-2 

0~60 
Table 6- 3, Page 
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Summary Questions 

1. 

z. 

What is the purpose of being able to 11Select11 the 1/0 Register? 
~ .. ,./\.,/111-(.A\( I &'\, ~ IY'l)., ~ -~" 

At what rate are worcfs transferred from or to the 1/0 Register when 
selected? 

3. The 1/0 Register when selected is cleared by PT-Z of RDS' or WRT in
struction. (T or» 

4. The computer will not do any computations while the 1/0 register is 
selected and writing. (!. or F) 

5. Several patterns can be loaded into memory from the l/ 0 register 
during the execution of one WR T instruction. (T or..!} 



VII. 

AN/FSQ - 7 

MANUAL~INPUT MATRIX 

Olf-hO p 

~~r 
A. Description 

Certain types of data are fed into the Central Com
puter through a buffer storage device called the 
manual input (Ml) matri.X and which is a part of the 
manual input element of the Input System. The 
matrix is made up of tape cores arranged in 12.8 
rows of 33 (one core not used) cores each. Infor
mation is read from the matrix under computer 
command at a rate of one row (one computer word) 
every 2.0 usec. The MI matrix can be read entirely 
or in part during the execution of one transfer 
operation, but the reading is always sequential 
starting from the fir st row. 

The status of the cores in rows 7-12.8 is deter
mined by tile setting of the keyboard switches on 
keyboard panels associated with various display 
consoles to which the cores are connected. In 
addition, certain cores in these rows are connec
ted to simplex equipment (e.g. Input System chan
nels and Display System consoles) sq that the 
active or standby status of this equipment can be 
determined by the computer program. The read
ing of the cores in rows 7-12.8 does not affect the 
status of these cores (nondestructive readout). 

The cores in the first six rows are connected to 
the ACTION pushbuttons on the several keyboard 
panels and to the light guns associated with cer
tain situation display consoles. A core is set to 
the 1 state when the ACTION button to which it is 
connected i8 depressed (or if connected to a light 
gun, when the light gun is fired). When the cores 
in rows one through six are read, they are 
switched to the 0 state in the process (destruc
tive.readout). A core in the first six rows serves· 
to indicate to the computer program whether the 
keyboard data for a particular· console is to be 
recognized. The program determines which cores 
in rows 7 through 12.8 are associated with a parti
cular core in rows l through 6. 
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1. (128ho word register (200)9 
2. Each word consists of 33 tape cores ( 1 not used) 
3. Stores information from Display Consoles 

concerning requests or actions initiated by 
conaole operatora. Also, the statua (Active 
or Standby) of the Input Channels and dis
play conaolea are stored in cores within the 
matrix. 

a. First 2 words -- core• set by light 
gun• (Destructive Readout) 

b. Next 4 word• -- cores set by action 
puahbuttona on the keyboard panels. 
(Destructive Readout) 

c. Last (122) 10 word• -- corea con
trolled by keyboard switches on key
board panels and by Input Channel
Diaplay Console Unit Status Switches. 
(Non-Destructive Readout). 

4. Three methods used to set core• in MI matrix. 

a. Keyboard Button and. Unit Status Switch 
(Non-Destructive Readout) 

1) Keyboard Button 

a) The keyboard button will 
set certain cores in the 
MIM, which when read 
out will indicate to the pro
gram what operations have 
been requested by the oper
ator. 

b) Operation - - With the but
ton closed, the core contains 
a ''one". Once the bltton is 
depressed, it will remain 
closed until a release button 
is depreued. Thu1, read
out of the core i1 non-des
tructive. 

Figure 3 
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2.) Unit Status Switch 
~ 

a) Cores in the MIM are 
read out by the program 
to find out the status of 
simplex· units. 

b) Operation - - When in the 
11 Standby11 position, it will 
put a "one" in ,a core of 
the 11 Standby11 computer's 
matrix and a 11 zero" in a 
core of the 11 Active 11 com
puter 1 s matrix. When in 
the "Active" position, it 
will put a "one" in a core 
in the 11Active11 computer•s 
matrix and a 11 zero11 in the 
"Standby" computer 1 a ma
trix. 

Action Button (Destructive Readout) 

1) The active circuit is a logic 
circuit which applies a ~ lOV 
pulse to an associated core upon 
depression of the action push
button. In Input System logic, 
the action pushbutton is used by 
the c·onsole operator to signal the 
-Central Computer that there is a 
keyboard message in-the core ma
trix ready to be read into the 
Central Computer. This is done 
after a message has been set up at 
a console keyboard. 

2.) Operation - - The action push
button is normally open, allow
ing Cl to charge to ~lOV through 
Rl. When the pushbutton is de
pressed, mercury contact relay 
Kl is momentarily energized, 
providing a discharge path for 
the capacitor through R 2. and 

Figure 4 
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the associated core in the core 
matrix. This action reaults in 
a pulse being applied to the core, 
setting the core to the 1 state. 
During the readout operation of 
the core matrix, the 11 A" bit con
tained in the core associated with 
a specific action pushbutton is dea
troyed and is not reatored until 
the puahbutton is again depreued. 

Light Gun (Destructive Readout) 

1) At preaent the purpoae and use 
of the light gun signal& are claas- · 
ified. Refer to MI leaaon plan. 

2.) Operation - - Firing the light gun 
generates a llOV level for 10 usec 
which puts a "one" in a core. The 
level goes from - 30 vol ts to I l 0 
volts for 10 usec and then returns 
to - 30. The return to - 30 allows 
destructive readout. 

B. Programming 

1. LDC xxx: 
2.. SEL(06) 
3. RDS 2.00 

a. Matrix contains 12.81oor 2.009 words. 
b. RDS 2.00a reads entire matrix. 
c. RDS more than 2.009 would read entire 

matrix and then put poaitive zeros into 
memory until the Word Counter goes 
to zero. 

Example: 

1) 
2.) 
3) 

LDC 
SEL(06) 
RDS 

2.00 

400 
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4) Memory locations 2008-3779 
would contain information from 
th_.e MI Matrix and locations 
4009-5779 would be cleared. 

d. The first word in the matrix will always 
be the first 'Yt'Ord read. 

e. Any time the fir st 6 word• in the MI 
Matrix are read, they are no longer 
retained in the Matrix. (Destructive 
Readout) ·. 

c. Central Computer Timing 

1. SEL 

a. 
b. 

OT-5 -- Deselect 
PT-5 -- Set MI ,Matrix FF 
(Selects MI Matrix) 

2. RDS -- Same as for I/O Reg except for 
the following: 

a. 
b. 

PT-2 -- Clear I/O Register 
PT-6 -- Start read pulse to MI 
Matrix read control (Logic O. 7. 7) 

3. Break In Cycle 

a. Start read pulse starts in the MI 
Matrix read control circuitry. 

b. Words are transferred at a 20 usec 
rate. 

c. 

d. 

e. 

f. 

As each word is loaded into the I/O 
Buffer, a buffer loading pulse from 
the MIM controm circuitry will set 
the I/ 0 Buffer Load Sync FF (0. 7. 7) 
Next 2 MC Pulse sets the I/O Buffer 
Load FF (0. 7. 7) 
Next Z MC Pulse sets the I/O Buffer 
Status FF (0. 7. 7). 
Next Z MC Pulse 

Logic o. 1. 1 

Logic O. 7. 1, 0. 7. 2 

Logic O. 7. 7 
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1) 
Z) 
3) 
4) 

Xfer 1/0 Buffer to 1/0 Reg 
Set 1/0 Reg Status FF 
Clear 1/0 Buffer Status FF 
Sets Break Request FF 

Refer: I/ 0 Break Control Section 
VB for Bl pulse functions. 
'Applicable pulses 

1) BI-0 
Z) BI-2 
3) BI-3 
4) BI-4 
5) BI-7 
6) BI-11 

i. Words are Xf erred at a 20 usec rate 
until the 1/0 Word Counter goes to 
"zero". 

j. Programming a RDS "Zero" will start 
the MIM read circuitry. As a result, 
2009 words from the Matrix will be 
logically added in the 1/0 Buffers, but 
no breaks will be taken. If another 
1/0 operation (which uses the 1/0 Buf
fers) is programmed while the Matrix 
is transferring information, a logical 
add of the matrix information and inf or
mation from the other 1/0 device will 
result. 

D. · Reading Operation of MIM 

Reading of the MI matrix i's initiated at PT 6 of the 
RDS instruction, which gates a start-read pulse to 
the core matrix control circuits. 

This pulse is used to initiate the transfer of data 
from the MI matrix to the computer. When this 
operation is initiated, the control functions of 
reading and transfer are performed by the core
matrix control circuits, the core sh.ift register, 
the thyratron core drivers, and the sense ampli
fier. (See Figure 6-6). The core-matrix control 

Logic O. 7 .1, O. 1. Z 

Logic O. Z. 3 

aw•o 
Table 6-2 Page 

Figure 6-6 
Logic 2. Z. Z 
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circuits initiate, control, and terminate the read.-
. out' operation. The core shift register and thyra
tron core drivers cause a sequential (word-by-word) 
readout. The sense amplifiers amplify, filter, and 
shape the pulses which transfer the data word from 
the core matrix to the central computer system. 

As shown in figure 6-6, the MI matrix derives its 
timing pulses from the MIXD. drum-timing circuits 
which are located on the OD side of the Drum Sys
tem. The timing pulses are designated OD-1, OD-2, 
OD- 3 and OD-4, and they occur at intervals of 2. 5 
usec. Since OD-1 pulses, which are generated every 
10 usec, are frequency divided readout of the core 
matrix occurs every 20 usec. When the readout pro
c'ess is initiated, a shift level is produced to transfer 
a word from the matrix, and a break-request pulse 
is generated and routed to the central computer sys
tem to inform it that a data word has been transferred 
from the core matrix. The computer keeps a cumu
lative count (in the I/O word counter) of the transfers 
and, when the specified number of transfers has been 
received, it transmits a disconnect Ml matrix pulse to 
the core-matrix control circuits. As a result of 
receiving the disconnect pulse, the core-matrix-con
trol circuits stop the generation of shift levels and 
terminate the readout of the core matrix. A detailed 
loglc circuit analysis .of the core-matrix-control 
cir·cuit s is presented in the following paragraphs. 
As shown in figure 6-6, the read-manual-input-~atrix 
pulse triggers SS-1. The resultant output pulse of 
the single-shot is designated the load-shift-register 
pulse. The load- shift-register pulse simultaneously 
writes a l in the first core (CS-1) of the core shift 
register and sets FFl. The resultant de level which 
is generated at the. 1 side of FFl conditions GTl. 

The next OD-1 pulse simultaneously examines FF l 
and FF Z, by pulsing GT l and GT Z, respectively • 

. Since FF 1 is set and FF 2 is _clear, the OD l pulse 
is gated by GT l and supp,reHed by GT 2. · The 
gated OD l pulse sets FF 2, and the resultant de level 
generated at the l side of FF Z conditions GT 2. 
Because FF Z is now in its l state, the next OD l 
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pulse ia gated through GT 2.; aa a result,. FF 3 and 
FF -i are both set. The de level generated by the 1 
aide of FF 3 is applied (through OR 6) to the 16 core 

.· ahift drivers (shift/reset). At OD 2., a pulse paHes 
through OR -i to clear FF 3, thus establishing the 
length of the ahift pul1e at 2.. 5 usec. The 2.. 5 usec 
ahift pulse is applied to the 16 core shift drivers 
which in turn apply a read-current pulse to the 12.8 
core- shift circuits. Since core shift bit CS 1 con
tain• a 1 (all others contain 0 1 s) an output pulse is 
developed. which set• core shift bit CS 2. and which 
applies a pulse to thyratron core driver TCD 1. 
The output of the thyratron core driver is used to 
drive all of the cores of the aHociated word to the 
0 state. The cores that contained 1 1 s develop out
put pulaea on the asaociated sense line• which, 
when amplified and •happed into O. 1 usec standard 
pul•e• by the aenae amplifier blocking oscillator, 
are used to set the aHociated bit of the I/O buffer 
register. 

At OD 3, the status of FF 4 is examined by 
pulsing GT 3. Since FF 4 is set, GT 3 is condi
tioned and the OD 3 pulse is gated. The output 
pulse of GT 3 clears FF 4 and FF 2. and is routed 
to the Central Computer System aa a break-requeat 
pulse. At the same time, the first data word ia being 
transferred into the 1/0 buffer register. 

·Since the speed of the MI matrix ~· comparable to 
that of the Drum Syatem, break-requeat circuit• 
are also uaed for the MI matrix. Aa ahown in 
figure 6, the break-request pulae iB gated through 
GT 11 and, aa a result, the I/O-buffer-load-aync 
flip':..flop ia set. 

The break-in cycle ia aubaequently aa aigned, 
~uring which the I/O word counter and the I/0 
addreH counter are stepped by TI 1 and BI 3 
reapectively. The word in the I/0 buffer register 
is tranaferred aucceuively to the I/0 regiater 
and to the memory buffer register, and the break
rffquest flip-flop ia cleared. Each new word is 
treated in the same way, the rate of their arrival 

Fig. 6 
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being constant and dictated by the design of the MI 
matrix. As soon as the I/O word counter contents 
are equal to 0, the end-carry pulse resulting from 
the'final stepping of this counter clears the I/O~ 
word-counter- status flip-flop. The 0 aide of this 
flip-flop and the 1 side of the Ml-matrix flip-flop 
fully condition AND Z whoae output is gated by GT 
13 to become a clear-I/0-interlock pulse and a 
disconnect-manual-input-matrix pulse at BI 11 
(figure 6). 

As shown in figure 6, the disconnect MI matrix 
pulse clean FF 1 and FF Z after paaaing through 
OR 1 and OR Z, respectively. The pulse also 
triggers SS Z after pauing through OR 3. The 
resultant output level of SS Z is applied through 
OR 6 to the core shift register as a reset level 
which clears the core shift register in anticipa
tion of the subsequent readout operation. 

The disconnect operation can also be accomplished 
manually through the duplex maintenance console. 
In this case, the manual-reset pulse, which originate• 
at the duplex maintenance console, is applied to OR. 
circuits 1, 2., 3, 4, and 5 simultaneously, thus clear
ing.flip-flops 1, 2, 3, and 4. The clearing of these 
flip-flops permits the operator to immediately term
inate the readout operation. The manual-reset pulse 
also triggers SS Z, which applie• the reset level to 
the core shift register through OR 6. The reset 
level clears the core shift register in anticipation 
of the subsequent readout operation. 
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Summary Que1tion1 

1, The MI ¥atrix i1 reacl at a ,:::;l._ r.O micro-1econd rate. Thia is done 
10 that the -C~Al--C un.e~wlll not overheat. 

z. 

3. 

I/ 

W'bat will occur if a R.DS in1truction greater than 2009 is given with the 

MI ~tr~ 1elected? ·all: ·'2 j -,-?IJ .:af-dld;:Ji='4 ~ ~J ~~ ~ 

Wh~~~~~-; '~ ·wt~t;~ ~~~~e~t(£~/:1:S ~.Jorifo~ is~iven:no words 
are read into memory, A R.DS instruction of leu than 2008 functions pro
perly. Thil could be cau1ed by: 

A. 
B. 

E. 

Pluggable Unit SEL-F7 open (0. 7. 3 - 2B) 
Thi• i1 improper progr~mming and the re1ult i1, therefore, normal. 
I/O word counter R.8 a FF remains aet. (0. 7. 3 - 3BJ 
Addre11 R.egi1ar not tranlferring to I/O WD. Ctr.'. .. 
Pl1111able Unit 6FU-Gl open (0. 7. 3 - 3B) · 

5, Wbat information will 'be read into Core Memory if the MI MatriX ii 
1elected and a R.DS 0. 00006 i1 given? 



VIII. BURST TIME COUNTERS 

A. Description 
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The types of output data processed and transmitted 
by the Output System are ground-to-ground (G/G), 
teletype (TTY), 

and ground..;to-air, time division (G/A
TD). The Output System reads output data from 
the OD side of th.e output bu.ffer drum fields and 
examines each word to make up message• accord
ing to type of data and word sequence. The mes
sages are made up by temporarily storing the 
individual words in particular locations of a ferrite 
core array, before reading out the completed 
messages to the transmission equipment. The 
left half-portion of the output words contains the 
information for making up the messages. 

Besides sepa.rating data words by type and word 
sequence, it is necessary to identify data wor!lf 
as being associated with a particular mess e..!!!_ 

J. given ype. o accomp 1s .. t is, t e Output 
System has four message counters (call burst 
counters), one for each type of output. Each out
put data word h.as a burst time count in the left 
half-portion of the word. Th.e Output System checks 
for comparison of the burst count with the setting 
of the appropriate burst counter. Those words with 
burst counts less than the burst counter contents are 
rejected but left on the OB drum for future reading. 
Those th.at compare are stored for subsequent 
transmission. Those words with burst counts 
gre:ater than the burst counter contents are re
jected but left on the OB drum for future reading. 
A burst timt: counter is stepped by the Output System 
as each message is completed. 

For the operating program to. assign burst numbers 
to output data words, it must be able to obtain the 
contents of the various burst counters at any time. 
This facility is provided in the equipment so that the 
burst time counters can be read using the basic 10 
program. 
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4. Ground to Ground Burst Time Counter 

a. 8 FF Counter 
b. Stepped every 70. 8 millisec. 
c. G/G used for G/G meuages from the 

computer. These meaaagea are sent 
over phone lines to computer& at other 
sites. 



0610 
AN/FSQ-7 

5. Teletype Burst Time Counters 

a. 5 FF Counter 
b. Stepped approximately every 1/2 sec 

(45/91 sec) 
c. TTY used for TTY messages from the 

computer. These messages are sent 
over phone lines to teletype machines 
at manual DCs, Missile Master Centers, 
Weather Stations, Texas Towers, Direc
tion Centers, Combat Centers, etc. 

6. Ground to Air Time Division Burst Time 
Counters 

a. 8 FF counter 
b. Stepped every 90 millisec. 
c. G/A-TD used for G/A messages from the 

computer that are transmitted to inter
ceptors. Will also be used for transmis
sion to future missiles. Uses time division 
type of t.ransmission at the Data Link. 

B. Prog·ramming 

1. LDC xxx 
2. SEL(2 l 
3. RDS 2, 3, 5, or 10 

a. RDS 1 reads+ 0 
b. RDS 2 reads G/G, and BTC 
c. RDS 3 reads G/G, and TTY 

BTC 
d. RDS 4 reads G/G, and TTY 

BTC and positive zero. 
e. RDS 5 reads G/G, and TTY 

BTC, positive zero, and G/A TD BTC 
f. RDS 6-10 reads BTCs and then positive 

zeros. 
g. RDS more than l~, disconnect generated 

in output system, but will not clear I/O 
Interlock. 
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C.' Central Computer Timing -- Timing i9 identi
cal to MI Matrix timing, except word• are tran•
f erred at a 10 u•ec rate. 

D. Reading Operation Of BTC 

Execution of the S.EL (21) (Select Bur•t Time 
Counter•) in•truction re•ult• in aetting the bur•t 
time counterm Hlect flip-fiop (0. 7. 7, A-B). The 
output from the 1 •id.e of thi• flip-flop gate• the 

. PT 6 puhe of the RDS in.litruction. The gated. PT 
6 pul•e i9 aent to the output computer aection of the 
Output Syatem to set up the circuitry for reading 
out the content• of the burat time counter•. 

The bur1t time counter• are read one at a time 
under control of the circuit• in the output computer 
Hction. (See figure 6-7) The PT 6 (select and 
read) pulle Ht• FF 1. The following OD 3 pulse 
will be gated by the 1 aide to •et FF 2. The 1 •ide 
of FF 2 condition• GT 4 to pa•• succeHive OD 1 
pul•e• which are uHd to •et a 3-flip-flop counter. 
The output levels of the counter are decoded with. 
five 3-way AND circuit• to produce bur•t counter 
1eiection levela. A• the counter ia •tepped by OD 
1 pul•e• the proper Hlection level i• applied to a 
number of 2-way AND circuit•. The HCond input 
to the •e AND circuit• i• from the 1 •ide of the flip- -
flop• in one of the bur•t time counter•. The output• 
of the H AND circ~t• are applied to the rea4ou.t 
gate•. The readout gate• are •trobed by the OD 1 
pulaea for transfer to the I/O buffer register. 

Thi• circuit arrangement provides transfer• at a 
10 u•ec rate (the aame a• for addre•sable drum 
transfer•). To read all four burst counte~• the RDS 

• inatruction muat specify at least 5 word•.. Note that 
0' • ·will be transferred when the selection counter 

· equah 011 2 . 

The read operation i• terminated whe~ the word 
counter goes to 0 or when the selection counter la 
atepped from lllz to 0002 depending on then.umber 
of word• apeclfied in the RDS in•truction. 

Logic 0. 7. 7 

Figure 6-7 



0,30 
AN/FSQ .• 7 

Summary Questions 

2. 

3. 

l. ·--
• ~~vt../~,z...,,__; 

What are the BlJ.rst _:rime Counters used for ?O<-d- '3rc... - -7 · - · - f ~ 
~ ·~~~u.~~·~, 

I 

What will be read into Central Computer for e-.ch of the following in•truc-
tions with the BTC' s selected? 

A. RDS 0.00001 
B. RDS 0.00002 
c. RDS 0.00003 
D. RDS 0.00010 
E. RDS o. 0001'1' 

The following program is given: 

SEL21 
LDC 100 
RDS 01 
HLT 

At the completion of the program, the G/G BTC is found to be contained 
in location 101. This would be the result of: 

A. 
B. 
c. 
D. 
E. 

P. U. SES, pin HS open 
P. U •. SEL, pin F7 open 
P :U. SER, pin A6 open 
P. U. SFT, pin Fl open 
P. U. SFV, pin Bl open 

(0. 7. 3 - 7 A) . 
(0. 7. 3 - 2B) 
(0. 7. 3 - 7A) 
(0. 7. 7 - l 3B) 
(0. 7. 7 - l 3C) 

Information is transferred from BTC' s at a _....._l .... O.._ __ uaec rate. 
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IX. WARNING LIGHTS 

A. Use 

l. - Provides program controlled indicatQ%.8-
which notifiPersonnel at display consoles 
·of speclil computer actions. 

-----------~--~--~---
a. Audible alarm and light controlled by 

operator. 
b. Neon light controlled by compu-.:er. 

4 Warning lights ~re used to alert operatau 
_....!! differenl-k9nsoles o£ certain Central ~ 
~uter System operations.;:,Provisio~ ; . Jy is made for ,156 lights. divided into _!ight ~ 

\)fr, groups of, 3Z lights each. Each group is · 
\. ~sidered a 3Z bit register. To make use 

B. 

{ of theWarning Light SystemLDC, SEL, 
·· WR T is the basic I/ 0 program which must 

be executed. The circuits in the I/0 ele
ment required to implement the use of the 
Warning Light System are shown in figure 6:5. 

Operation of Warning Light 

1. Explanation 

a. Conditions set up - - ·Unit 30 11 A 11 relay 
is energized to allow signals from the 
11 A 11 computer to go to the console. 

b. With the warning light FF set it will 
condition the WLD (Warning Light 
.Driver) to pick Kl in the display con
sole -- at the same time the FF will 
also light the steady: neon on the dis
play console. 

c. Kl picking will cause the thermal 
flasher to operate as long as Kl stays 
picked. 

d. The thermal flasher will cause KZ to 
pick and drop cycles until Kl is de
energized. 

Figure 7 
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e. KZ picking and dropping will cauae the 
red lamp to light up and go off at the 
same time aa the bell ia "Dinging". 

Programming' 

1. LDC xxx 
2. SEL (10) 
3. WRT 10 

WRT 10 will write in all 8 registers. On a 
WRT more than 10, W.L. registers will be 
W·ritten in more than once. Always start 
writing in the first register. 

Central Computer Tim~ng 

1. Double compiement method of loading ·w. L. 
registers (for economy). 

The principle of operation depends upon the 
fact that complementing a flip-flop an e.ven 
number of times does not alter its original 
status. To write new information into the 
warning light registers, the 1/0 registers 
are loaded with a new word every second 
memory cycle. For each word transferred, 
the first of the two cycles is a breakout 
cycle during which the word in the 1/ 0 
registers is used to complement the eight 
warning light registers and the selected 
warning light register is cleared; the second 
cycle is a dummy cycle during which the word 
in the 1/0 register is again used to comple
ment the eight warning light registers. Under· 
this condition, the original content of the 
seven non- selected warning light register a 
will not be destroyed. l:ach of the eight 
warning light registers is modified in~ sim
ilar manner so that, at the end of the l/O 
process, each register will duplicate the sta
tus of the core memory word assigned to it. 

o'IO 
Figure 8 Page 

Logic O. 7. 9 
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04 I CLR 1/0 Intlk. 
I/ 0 REG No Breaks 

06 
MIM 

Abnormal Op. , 
Start .MIM, · 
Logical .fa.DD in 
I/0 Bfr. at 20 u. 
Sec Rate. 
CLR I/0 Intlk. 

WRT 0 

CLR 1/0 Intlk. 
No Breaks 

Does not 
StartMIM 
SET IE CLR 
I/0 Intlk. 

I RDS. 3. 77777 I WRT 3.77777 

I Normal 
Operation 

'Abnormal 
Programming 

. Logical ADD 

t' 
I to 1/0 REG . 

Read 200 Word]Cannot CLR. 
Normally, all 1/0 Intlk., 
0 1 a after 200 HANG ON NEXT 
words in Memo 1/0 Operati~n 
CLR 1/0 Intlk. 

I :BxEAK 
FREQUENCY 

6 uaec. 

I 

20 uaec. 

N~ 
RDS or Wll't 

I WRT 1 
RDSX 

I 
. . 

RDS 200 

0 • ------~-r-C-LR---I/_O __ In_tlk ____ -;--C-LR---l/-O--ln-tlk---.-;--C-ann--~o-t-C-LR.--.• ----+-A-b-n-o-r-m-al------+-~----------+--W--R-T-1-0~-----~ 

No Breaks No Breaks 1/0 Intlk. , Programming 
HANG ON NEXT W. L.' s will be 

10 
W.L. 

21 
BTC 

Abnormal 
Programming -
Logical ADD 
1/0 Bfr., 
No Breaks, 
Set IE Clr 
1/0 Intlk. 

FIGURE 8, 

Abnormal 
Programming 
Does Not 
Start BTC 
SET le CLR. 
1/0 INTLK. 

1/0 Operation written into 
more than once. 

·Read more than~ Cannot CLR. 
10 words, I/0 Intlk., 
will cause HAN HANG on next 
on next 1/0 Inst. 1/0 Operation 

12 uaec. 

10 usec. 

PROGRAMMING su:tl~ l)F MISCELLANEOUS 1/0 DEVICES 

RDS 1-5 
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a. Load.I/O Reg. from W. L. image in 
C.M. 

b. Complement each bit position in 
every W. L. Reg. where there is a 
"one" in the I/ 0 Reg. 

c. Clear only the W. L. lleg. which is 
to receive the new word. 

d. Complement each register as in b. 
e. Without double complement method, 

approximately 224 more GT's would 
be needed. 

2. SEL. 

a. OT- 5 deselect 
b. PT-5 set W. L. FF, clear Aux. W. L• 

FF. 

3. WllT -- PT-6 set W. L. Ctr. to 001 set Brk. 

4. 

Request Sync. 

Breaks 

a. TP-10 delayed sets Break FF 
b. B0-8 sets Break Reg. Sync. Comple

ments each W. L. Reg. ~here there. ~s 
a "one" in the corresponding bit posi
tion in the I/O Reg. 

c. B0-11 set aux. W. L. FF. Clear Write 
. FF. This starts the "dummy" break 
cycle which is required to allow th.e 
W. L. FFs time to settle down. (0.nly 
TPs generated) 

d. TP:.4 step I/O Wd. Ctr. Clear W. L. 
Reg. #1 • Step W. L. Ctr. to 010. 

e. TP-8 check to see if Wd. Ctr. has gone 
to zero. U it baa, clear I/O Interlock 
fond Break FF. 

f. TP- ~ 1 complement (Second time) W. L. 
Regs. according to contents of I/0 
!leg. Clear I/O Reg. Set .Write FF to 
Start next break cycle. 

g. This proceaa continues until I/0 Wd. 
Ctr. goes to zero. Requires 12 usec 
to change each W. L. Register. 

Refer to BO Timing·. 
Page ... 

0360 
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Writing operation of W'. L. 

I 

The addreaa of the firat core memory word to be 
uaed ia placed int.he I/O addreH counter by the 
LDC instruction. During the SEL in1tructton, the 
warning-light flip-flop ia aet and the auxiliary
warning-light flip-flop ia cleared. (See figure 6-5) 
After the W'RT inatruction, the I/O interlock and 
the 1/0-word-counter-atatua flip-flop• are aet, and 
the I/0 word counter contain• the complement of the 
right half-word of the WR T instruction. The magni
·tude of the number in the I/O word counter cannot 
eyceed 8 because there are only eight warning light 
regiatera, but it can have any intermediate value 
between 1 and 8. 

The final pulse of the WRT in1tr\lction, PT 6, re
quests a break, 1ets the warning-light-counter No. 
1 flip-flop, and clear• the other two warning-light
counter flip-flops. The register matrix converts 
the reading of the warning light counter into a. poai-
'tive de level on matrix output 001. AND circuit 9 
ia therefore energized conditioning GT ZS. 

As a reault of the break request, the next manory 
cycle ia aHigned aa a breakout cycle. The I/0 
word counter is stepped by TP-4 during the dummy 
break cycle and the I/0 address counter i1 stepped 
at BO Z. After the stepping process ia completed, 
the I/O word counter contains N-1 and the I/O 
addrea1 counter contain• the address of the core 
memory word which i1 to affect the aecond warning 
light register. The word for the first warning light 
register ha• already been placed in the MBR 1a. This 
first word ia transferred from the MBR• to the I/0 
regiltera at BO 7. 

Aa ahown in figure 6-5, the BO 8 pulae ia gated by 
GT 28 aaaociated with the warning-light flip-flop. 
Sinc.e this flip-flop waa aet at P'l' 5 of the SEL ia
.atruction, the BO 8 pulse ia paaaed to cauae the 
content of the I/O regiatera to complement the 
eight warning light regiatera. The warning light 
register flip-flop• are alow- speed, flip-flop•s there-

Figure 6-5 
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fore, about Z usec must elapee before they cah be' 
operated upon again. Since there is not enough time· 
between BO 8 and BQ..ll to proVide the Z usec, a 

I 

dummy cycle must be auigned. Accordingly~ the 
BO 8 pulse requests a break. To prev,.nt the gener
ation of breakout pulses during the dummy cycle, 
the write flip-flop is cleared at BO 11. · The BO 11 
pulse also sets the auxiliary-warning-light flip-flop, 
conditioning the circuits which are to be inapected 
during the dummy cycle. 

Since the auxiliary-warning-light flip-flop is set, the 
gate tubes associated with its 1 side are conditioned~ 
At TP 4, the 1/0 word counter is stepped and the 
eight gate tubes aHociated with the register matrix 
are simultaneously sensed. At this stage in the pro
ceu, GT ZS is conditioned; therefore, warning light 
register No. 1 is cleared. 'I'.he status of the other 
warning light registers remains unchanged. The TP 
4 pulse also steps the warning light register counter· 
by complementing the warning-light-counter No. 1 
and warning-light-counter No.· Z flip-flops. The 
resultant output from the register matrix is therefore 
0 J.O, which conditions GT z6 and deconditians GT ZS.· 
H<>wever, the clearing pulse generated by GT ZS for 
warning light register No. 1 is developed before the 
gate tube is disabled. 

'£he 1/0 register is not affected during the dummy 
cycle because .of the abs~nce of breakout pulses. 
At TP 11 (of the dummy cycle), the flip-flops of the 
warning light registers are again complemented in 
accordance with the contents of the 1/0 register. 
The TP 11 pulse also clears the auxiliary-warning
light flip-flop, resets the write flip-flop, and1clea~s 
the 1/0 register. · 

With the break flip-flop and the write flip-flop set, 
the following memory cycle ia another breakout 
cycle. During thia cycle and it• attendant dummy 
cycle, the content• of the aecond warning light 
regiater are changed to conform to the dictate• of 
the word in the I/0 regtater. After TP I 1 of the 



n Iii n 
0·7l.O "' "' "' 2 g g 

Cl't'CI 

Crt'Ot 

CITOI 

11'.L'OI 

Cl'Z'CI 

en· a 

11'.L'OI 

I 
IZ'.L'OI 

I 1n·o1 
CE'Z'OI 

11'.L'OI IS'.L'OI 

Cl'Z'O) 
·11'201 

1£l'O) 

I I • E Iii 
!! .. 

J 
... .. .. 

.J .; .. Ii " .. • .. ~ " d 
I i t I~ i .. I • • • "' f .. : i • .. 4 4 .. .. .. 

~ 

I = II • • Q • • • !I • 4 ! ... .. .. .. 
I • " .. s: .. 
I " I J 

I I I 
I 
I 
I 
I 
I 
I 

I 

I· --. --.-------t=.......J 
I ~·· •tif 

L-----------------------~---j 



.AN/FSQ - 7 
0730 

dummy cycle, the fir•t two war~g light re1i•t•H 
are correctly conditioned, GT 24 is conditioud by 
the register matrix, and the remaining re1i8ter• 
•till retain their Wtial content•. Each TP 11 · 
pulae that i• generated examine• the atatu• of 'the 
1/0 word counter. As •0011 a• the content• of' this 
counter are equal to 0, a gate tube conditiC)Ded by 
the 1/0-word-counter-status flip-flop gate• the TP 
11 pulse. As a rHult, the 1/0 interlock and the 
counter-control-flip-flop are clared, terminatiD.1 
the I/O proce••· 
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1. How much time is req~red to change each Warning Light IlegiBter? / .J.~ .~ • 

2. The following program ia given and runs to completion. Nothing i• 
written into the Warning Lighta. (Asaume all are cleared at atart. ) 

000 SEL10 
001 LDC 
002 WRT 
003 HLT 

1"00 
010 
000 Thi• malfunction could be caused by: 

A. 
B. 
c: 

~· 

SEK - Cl open 
SGL - A7 open 
SGE - E6 open 
SGK - ES open 
SGK - H6 open 

(0. 7. 3 - 7E) 
(0. 7 •. 9 - 4C) 
(0. 7. 9 - 2B) 
(0. 7. 9 - 3C) 
(0. 7 •. 9 - 3C) 

3. The following program waa executed with PAS, P. U. SGL, removed. 
What ia in Warning Light R.egiater f 5 when the program halt a? All 
W. L. Reg.• clear at atart. 

000 SEL10 
001 LDC 002 
002 PER7s 001 
003 WRT oos 
004 HLT 000 
oos 1.77774 0.11111 
006· o. 35212 1. 31126 

A. 1.77774 o. 11111 
B. o. 3S212- 1. 31126 
c. .0.00000~ 1. 31126 
D. o.0011s· 0.00001 

© o. 00000- 0.00001 
F. 1>.00000 0.00000 
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The IBM 713 Card Reader is a modified version of 
the standard IBM 711 Card Reader. It is used as a 
maintenance tool for the com uter by pro~Cling a -

· JD,eans ransferrin data to the centra com uter 
-;.~....-~----~....,. ...... --ll'IK'~~~';"'.:"--~~~~~~....-~----r 6 m repunc e cards. ~ 18 accomplished 

by mechaii1ca ly feeding the cards (usually pro
grams). into the card reader, seuing the punched 
holes w:l:h brushes, and transferring the data to the 
computer via the summary punch connector. 

The 713 Card Reader is a slower machine than the 
computer. After energization of the card feed by a 
Read (RDS) instruction, it takes approximately 20 
ms for a card to travel from one row to another, 
whereas the computer can act on an instructiOn in 
microseconds. It is not feasible, therefore, to have 
the computer wait while the card travels from row 
to row, card by card, for the computer could com
plete many instructions during this time. Thus, 
be~een rows, the computer returns to its normal 
pr~gram. When the card reader bas information 
ready for the computer, it indicates this fact by a 
request-break-in signal. The computer bas contin
ually inspected for this signal and, when finished 
with its particular problem, takes a break cycle. 
At this time, the information is put into Memory. 
Twelve break-in signals are generated, one for 
each row of the card. Between break-ins, the com-· 
puter returns to its normal program. 

The following will be a discuHion on the physical 
functions of the Card Reader. 

B. Basic Timing -- The timing of the card reader i• 
discussed below; the discussion includes cycles, 
cycle points, and the machine index. 

1. Cycle Definition - - The card reader can read 
150 cards a minute, which indicates that it starts 
and complete• a sequence of operation 150 
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times in one minute. Thia sequence is re
ferred to as a cycle and is termed a machine 
cycle or a card f_eed cycle. It is called a 
card feed cycle because cards must be feed
ing when reading takes place. A machine cycle 
is any cycle that the machine operates. Thus, 
a .inachine cycle can, and often does occur 
without _its being· a ·card' feed cycle; but for a 
card feed cycle to oc·cur, a machine cycle 
must be coincident. 

2. Cycle Point -- Since the card Tii fed 9-edge 
first, the first point during the cycle when the· 
brush could read would be when a 9-hole is under 
the reading brush. The second point which could 
be read is an 8-hole. This procedure continues 
until the 12 reading position has been reached. 
The distance from one point, such as a 9, to the 
adjacent point, a. is one cycle point. 

The distance between centers of adjacent punched 
holes is 1/4 inch; this means that one cycle 
point must result in a l /4 inch movement of the 
card. Because there is 1/4 inch of card above 
and below the first and last punched hole, the " 
card is 3 1/4 inches from top to bottom. Thus, 
since a cycle point represents 1/4 inch card 
movement._ a card is equivalent to 13 cycle 
points. If cards were fed edge to edge, it 
would result in a cycle which would contain 13 
cycle points. However, because time is re
quired to restore operating mechanisms to a 
normal position, a apace is provided betWeen 
cards. To provide this time and apace, the 
feed rolls are geared to move the card 5 inches. 
Thia results in 1 3/4 inches between cards 
and 20 cycle points per cycle. For the 12 
reading positions, the cycle points will be 
identified with the corresponding digit. Figure 
3-4 illustrates the 20 cycle point machine 
cycle and its relationship to card movement. 
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3. Machine Index -- Many mechanism• on the 
card reader are timed to !'tart or complete 
an operation at a specific tiD'le during a 
cycle. Thu•, an index is attached to the 
card reader and is geared to make one :tevo
lution per machine cycle. The machine· 
index is marked with gradua:tions repre
senting degrees so that mechanisms can be 
timed to it. An index with all 360 degree• 
indicated is used because this provides a 
finer definition of timing. The card reader, 
using 20 cycle points per machine cycle, has 
18 degrees per cycle point. 

Figure 3-5 shows a timing chart which 
represents the machine index and timing 
relationships. The chart indicates one 
cycle divided into both cycle point• and 
degrees. -The timing relationships between 
the brushes and the circuit breakers are 
illustrated. 

Card Feed Unit 

1. Speed is 150 cards per minute -- 3600 words 
per minute. 

2. Card Hopper - - holds 800 cards. The aide 
plates are adjustable to align the card columns 
with the read brushes. 

3. Feed Knives -- pull a card from the hopper to 
the first set of feed rolls. The card feed 
employs mechanical feed knives to feed a card' 
into the unit. The cards are placed in the 
hopper 9-edge first, face down, under the 
card weight. At a fixed time in each card 
cycle, the card is engaged by two feeding 
knives and fed through the thrdat. The feed 
knives are accurately timed and are designed 
to rock independently so that they may adapt 
themselves to the feeding of card•, which may 
not lie perfectly flat on the hopper bed. 

Figure 9 
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4. Feed Throat -- while the feed knives will 
engage only one card, the friction between 
cards may cause more than one card to ·be. 
fed if some means is not provided to prevent 
it. The feed throat (Fig. 3-8) is used to over
come this. The throat is placed at the point 
where the cards attempt to enter the card 
reader and is adjusted to permit the pas·sage 
of only one card per feed cycle from the' hop
per. 

5. Feed Rolls -- At a fixed time in each card 
cycle, the two feed knives come in contact 
with the edge of the card and move it through 
the throat to the firat pair of feed rolls. The 
six pairs of feed rolls are so spaced that, be
fore one pair loses control of a card, ·the next 
pair grips it. This positive control continues 
until the card has passed through the feed unit 

6. 

7. 

8. 

and is stacked. 
Contact Rolls -- There are two contact rolls in 
the feed unit, one associated with each brush 
assembly. Since only the upper set of brushes 
is used for reading, its associated contact roll 
is the only one discussed. 

The electrical circuit from the read brushes 
to the summary punch connect.or is completed 
when the brushes make contact with the contact 
roll through the holes in the card (Fig. 3-9). 

Read Brushes -- There are two sets of 80 
brushes, but only the last 64 brushes of the 
upper set are used for reading. The second 
set, and its associated contact roll. is merely 
used as an aid in positioning the card as it is 
fed through the feed unit. The 64 brushes used 
control the inputs to core memory. This is 
done by completing a circuit, via the contact 
roll, through the punched .holes, as the holes 
pass under the brushes (fib. 3-9). 
Stacker -.,. The stacker drum rotates only 
when the card feed clutch is engaged. As the 
drum rotates, its four pairit of gripper fingers 
are cammed open and shut to grip the cards 

Figure 3-8 

Figure 3-9 

Figure 3-9 

Figure 3-10 
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as they emerge from the last pair of feed. 
:m;olls, and to releaee the card when its correct 
stacking position is reached. The fingen 
grip the card in the center of the 9-row and. 
stack the cards in an upright position in their 
proper sequence (Figure. 3-10). 

9. Feed Control -- The card feed mechanism 
does not rotate until the feed clutch is pick(llld 
by a RDS instruction. 

Card Feed Contacts 

1. Hopper Contact -- closes when cards are 
placed in the hopper. When the contact ls 
open, it prevents card reader operation with 

• no cards in the hopper. When the card hop
per become• empty, the upper card lever 
remains open and stops th~ card reader. The 
computer loses control of the card reader, 
and the NOT READY light i• turned on. To 
restart the card reader, place a deck ol. 
cards in the hopper, and perform the normal 
run-in procedure. 

2. Upper Card Lever -- contact indicates that 
a card is in position to be read. It also cl.e
tects card feed jams. When a card jam· 
occurs, the upper card lever remains open, 
and the card reader stops. The computer 
loses control of the card reader, and the 
CARD FEED STOP and NOT READY lights 
are turned on. Clear the jam at the throat, 
repunch any cards that may have been 
damaged. 

3. Lower Card Lever -- is not used. 
4. Stacker Stop -- •witch etops the card reader 

operation when the capacity of the stacker i• 
reached. When the stacker become• full, 
the stacker atop switch is activated, the. co~- · 
puter loses control of the card reader,, and 
the card reader stops with the NOT READY 
lamp lit. To restart the card reader, remove 
the cards from the stacker, and depreu the 
START pushbutton ae in the normal run-in 
procedure. 

Figure 9 



E. 

F. 

Cfl!JO 
AN/FSQ - 7 

Operating Controls 

1. 

2. 

Main Line Switch -- Applies 115V, 60 .. 
cycles to the drive motor and the l46VDC 
supply (40V to 46V). 115 V comes from 
the Line Printer which does not have to be 
on to get this. Also 17ZVDC is supplied 
from the printer. The printer main line 
switch must be on before the card reader 
can be operated because of the l72V. 
Start Pushbutton - - Puts the reader under 
computer control if there is a card at the 
read station. ][t will feed one card if there 
is no card at tb.e read station. then put 
reader under computer control. "Ready 
I/O Units" or "Master Reset" PBs on the 
maintenance console 'do the same thing. 

3. Stop PushbuttoD. - - Stops the card reader 
and removes it from computer control. 
U a card is being read at the time the 
button is depressed, the reader will not 
stop until finished reading the card. 

4. Feed Pushbutton -- Will cause successive 
feed cycles as long as button is depressed. 
It is in.operative w:b.en the reader is under 
computer control. 

Indicator Lights 

l. Read -- Light indicates that the reader 
has received a RDS instruction (PT-6 of 
RDS). The computer is reading or trying 
to read when the light is on. · 

2. Fuse -- Light indicates that an indicator 
fuse has blown in the card reader relay 
circuit. 

3. Not Ready -- light indicates that the reader 
is not under computer control for one or more 
of the following: 

a. Fuse blown 
b. Stacker full 
c. Hopper empty (la1t card past fir1t 

read 1t&tion) 

\ 
Figure 10 
µ it i8 de1irable to 

___ associate controls 
and lights with the 
wiring chart, refer 
to Par J of this 
section. 

Figure 10 
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d. Card feed jam 
e. Stop PB depreHed 
f, Start PB not depreHed 

Additional "Not Ready" conditions for tb.e 
computer are: 

a. Main line •witch off 
b. nzv lost from printer -
There la a "reader not ready11 light also on 
Duplex Maintenance Con•ole. 

4. '· Card Feed Stop - - Light indicates a card 
feed failure from tb.e hopper or a card 
jam. 

5. _ Power On -- Light indicate• that 46V and 
7ZV power is present. Main line switch is 
on. 

.i.l; * l't9. •. ,ttA ~~ ;.~ ~· 

STOP FEED READ .. SE NOT 
~ ~-41 READY <!hr4(, 

~ ""~~ 
.,,._:r-~ 

-,;; . ( c'"'Y.~• 
~ 

Figure 10, operating Controls and Indicating Lights. 

G. Demonetration :-· At thi1 time it may be de1ir
able to look at and operate the card reader. 
Notice the following: 

a. Fu••• 
b.· Feed CB• 
c. Feed clutch 
d. Hopper 
e. Path of card 
f. 
g. 

Feed interlock contacts (hopper contact) 
Contact roll and brushea (remove brush 
blocks) 

-. 
~r, I.. r. d::P-

I. 
CARD POWER. 
FEED ON 

.STOP 

J ~ 
·•Pushbutton 
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Operation: 

1. Observe operations by running cards through. 
the machine with the use of the hand crank. 

2.. Become familiar with the use of the card 
gauge and the Go-No-Go gauge. 

H. Pr-ogramming 

1. A typical program is: 

0.00100 
0.00101 
O.OOlOZ 
0.00103 
0.00104 

SEL(Ol) 
LDC 
BSN(ll) 
RDS 
HLT 

0.00000 
0.00102. 
0.00030 
0.00000 

z. 11 Load From Card Reader11 PB executes a 
similar program. However, after the RDS 
instruction, a second SEL (01) i11 simulated 
to hang up the computer until the 30 word• 
are read. Then a BPX to zero will be 
executed. 

3. Binary Punched Card 

4. 

•· Col. 17 -80 hold information in binary. 
( 1-16 not usedJ 

1) Col 17-48 Left Words 
2) Col 49-80 Right Word• 

)». Each card holds 2410 words (309) 
c. Carda read 1 row - - 2. words - - at a 

time. 

Data Flow 

a. Left word from card goes to I/ 0 Reg. 
b. Right word from card goea to 1/0 Bfr. 

I. Control and Timing 

1. SEL (01) 

OT- 5 (Deselect) 
a. Clear Reader Not Ready FF 
b. Clear Card Reader FF 

Select card reader 
First location. 
Check I/O Unit R.eacly 
Read 30 worda, can 
specify any no. ·of 
words. 

Figure 11 • 12. 

0.7.4 
0. 7. 6 (SB) 
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Clear 2nd Break lleg. FF 
Clear Card Mach. Op. FF 

PT- 5 (Select) 
a. Set Card !lead.er FF 
b. Set !leader Not lleady FF 
c. Seta Card Machine Op. FF 
d. Clear llDS- Wll T Zero FF 

LDC 

a. 

b. 

RDS 

PT-1 
a. 
b. 
c. 
d. 
e. 

PT-2 

1) Thia FF provides for clearing 
the I/ 0 Interlock on a llDS""zero 
instruction for all I/ 0 Unit• 
except Card Machine• and 
Tapes. 

2) A card !leader RDS zero will 
feed one card and no words will be 
read. 

PT-10 -- Set Pause FF if I/O Inter-
lock on. Occur• on any I/0 in1truc-
ti on. 
PT-3 -- Load I/O Addreu Ctr. 

Clear I/ 0 Buff er 
Set I/0 Interlock 
Clear I/O W'd. Ctr. 
Set I/0 W'd. Ctr. Statu1 FF 
Clear RDS and WB.T FF 

a. Load I/O Wd. Ctr. 
b. Clear I/O llegilter 

PT-3 
a. Step I/O Wd. Ctr. 
b. Command 290 
c. End carry will clear Wd. Ctr. Statu1 

if a B.DS zero in1truction ha• been 
given. 

O. 7. 6 (6C) 
O. 7. 6 (7B) 

(8B) 
0.7.4 
0. 7. 6 (7B) 
0. 7. 3 (4D) 

O. 2. 2 (8B) 

0. 4. 1 

o. 7. 1 
O. 7. 3 (3D) 

(7D) 
(7E) 
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a. Set RDS FF .. _ If I/0 Wd. Ctr, • 0 
b. Trigger BSS to '•tart reader 

1) Pick• K-1 Z in Reader which 

Z) 

energize• feed clutch card• 
start ·feeding. 
In approx, ZO m. •·, CF-18 will 
close to fire PQ .. 4 generating a 
break request, Row 9 on card 
under read bruahe•. 

a) 
b) 

Set Znd Brk. Req. FF 
Set Brk. Reg. Sync. FF 

(1) Next Z MC eeu B:rk. 
Req. 

(Z) TP-11 1ete Brk. FF 
and clear• Brk. Req; 
Sync. 

3) Left word on card to I/O lleg., 
right word to I/0 Buffer. 

Breaks 

BI·O 
a. Clear Brk. B.eq. FF 
b. Clear Memory Buff en 
c. I/O Adr. Ctr. to MAR 
d. Start Memory 

BI00 Z 
a. I/O Reg. to Mem. Bfr•. 
b. Clear I/O Reg. 
c. Step I/0 Adder Counter 
d. Step I/O Word Counter 

BI-3 
a. Inhibit sample 

BI·7 
a. Inst. word in memory 
b. I/.O Bfr. to I/O Reg. 

O. 7. 3 (3D) 
O. 7. 6 (9B) 

O. 7. 6 (6B) 

O. 7. 6 (6C) 
O. 2. 3 (2B) 

0, Z. 3 (3B) 
o. 1. 1 
o. 4. 1 

o. 7. 1 

o. 4, 1 
o. 7. 3 
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Card Mach. FE .set 
Seco~d word now in I/ 0 R.eg. 

c. Clear 1/0 Buffer. 

BI-9 
a. Set Brk. R.eq. Sync if: 

1) Card Machine FF •et 
Z) Second Break Req. FF set 
3) Word Counter • 0 

b. Clear second Break R.eque st FF 

TP-10 Delayed 
a. Set Break FF for second break. cycle. 

Second break cycle same as fir•t except 
BI-9, Brk. Req. Sync FF not aet because 
second Brk. R.eq. FF is clear. 

Next series of br.eaka comes approximately 
ZO m. a. later aa Row 8 comes under the. 
read brushes. 

Disconnect 

Card reader generates a request disconnect 
at the end of each card. 

a. Every O. 4 aec. 
b. Clear 1/0 Buffer 
c. Clear 1/0 Reg. 

If Word Counter : 0 

a. Clear 1/0 Interlock 
b. Disconnect Card Reader 

1) Piclu K-13 which atop• card 
feed, turn a out "Read" light. 

Z) Reader is still "Ready" unle•• 
last card in deck was just read. 

O. 7. 6 (7C) 

0.7.6 

O. 7. 6 (llA) 
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J. DETAILED ANALYSIS OF ELECTRICAL CIRCUITS 

This secrion describes iri detail the operation of 
the electrical drcuia employed in the 713 Card Reader. 
Pint, a general cliscussion of the nomenclature and 
description of duo-type relays is presented. Following 
this. applicable relay sequences are presented, with relay 
sequence timing charts as aids to discussion, Emphasis 
is placed on the important manual controls (ST ART 
and FEED) and on the computer RDS instruction and 
comp.uer-diKOnnect signal. The remaining sequences • 
are not discussed in detail, since only the cyclic opera. 
dons may be checked with the dynamic timer,' Finally, 
the power supply is analyzed, and the input voltages 
and dt• · rectifier unit within the card reader are 
discutllld. Wiring diagram 3374010 (fig. 3-15) was 
used ror this text. 

1 RILAYS 

All the relays used in the card reader are of the 
standard duo-type. The number of coils in the relays 
used in this ma:hine vary (fig. 3-16). Relays also vary 
with respect to the number and types of contacts used. 
Normally closed relay contacts are referred to as NC; 
normally open contacts, as NO. Some contact points are 

• transfer points, with a normally open and a normally 
closed side (fig. 3-16). 

At times, an individual contact point on a relay 
may be referred to as the NO point, the NC point, or.the 
operating point (OP) to better identify the point in
volved. For example, on the transfer point shown in 
figure 3-17, the lower point would be the NC point, 
the center point would be the OP, and the top point 
would be the NO point •. 

Some relays have only one :coil (fig. 3-17); whi:n· 
ever a circuit is completed to · this coil, the magnet is 
•energized and the armature is attracted. (See sect. 2A 
of fig. 3-15, foldout, for an example.) 

OP NO OP Nt NO OP NC 

figure 3-16. Contact Terminology 

Some relays are made with two coils (fig. ~17), 
and whenever a circuit is ·completed to either of these 
coils, the magnet is energized and the armature is at· 
tracted. One of these coils is the pickup coil, nonnally 
used for energizing the relay. The other, thi hold coil, 
is normally used to keep the relay energized for a given 
period of time. The pickup coil will be referred to by 
the letter P; the hold coil, by the letter H;. For example, 
relay 1 is a 2-coil relay (fig. 3-15). The pickup coil will 
be referred to as RIP; the hold coil, as RlH. 

Some relays are .wound with three coils (fig. 3-17) 
and, whenever any of these coils has a circuit completed 
to it, the magnet is energized and the armature is at· 
tracted. Two of the coils are picking coils; the third is 
the holding coil. Such relays are normally used when it 
is necessary to pick up or energize a relay from either of 
two separate circuits. The pickup coils are distinguished 
from one another in that one of ,the coils is known as 
the pickup upper (PU), and the othei as the pickup 
lower (PL). 

Relay contacts are designated as the A or the B 
contacts, depending upon their location on the relay 
assembly. The relay A contacts are on the left side of 
the relay, and the B contacts are on the right side of 
the relay, facing the armature end o( the. relay (fig. 
3-17). In general, the B side of the relay coils is m, 
common side and is connected to fuse. 

Where two contact groups -.re mounted on the 
same side of the relay, they are designated AU and AL 
for A upper and A lower and BU and BL for B upper 
and B lower. 

All relays that use two or three coils must have 
those coils correctly polarized when they are connected. 
The wires to the coils must be connected in such a way 
that the magnetic polarity of all :coils will be in the 
same direction. This should be watched when installing 
special features or new circuits. If the pickup and hold 
coils do not have the same polarity, the magnetic fields 
of these coils will oppose each other and the relay may 
fail to hold. 

2 SIGNAL FUSES 

The card reader is equipped with four 5-amp signal 
fuses located on the fuse panel. A small brass plunger 
is built into the nontransparent fuse cartridge and is 
held under tension of a compression spring by the 5· 
amp fuse wire. When a fuse wire breaks, the compression 
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~pring forces the plunger into contact with a bus bar 
lnounted under the row of fuses. Contact with any 
~leased plunger and the bus bar provides a path for 

the energization of the signal fuse relay (#14). The 
4A (NC) point in section lA of figure 3-15, 

opens the card reader running circuit, causing the card 
reader to stop. The circuit remains open until the blown 
~use is replaced. 

It is important that the signal fuse be inserted 
in its clips with the plunger end toward the bus. After 
·he fuse is replaced, the cards are run out of the card 
.-eader, and the deck of cards is rerun through the 
card reader. 

3 RELAY SEQUENCE FOR PLACING CARD 
READER UNDER COMPUTER CONTROL 

It is assumed that, before an attempt is made to 
>lace the card reader in operation, there are cards in 

the hopper, the stacker is not full, power is available, 
and all fuses are good. With these assumptions, the 
pain line switch is turned to ON, and the following 
sequences are initiated fig. 3-15. 

Turning the main line switch to ON places 115V, 
ISO cycles, across the drive motor through the two 10-
~mp fuses and to the primary of the power supply 
transformer through two 5-amp fuses. The motor starts, 
'\nd the rectifier, which is in the transformer secondary 
1inding, produces 48V de for the relay circuits. The 

positive side of the rectfier is tied to a bus line com
mon to the majority of the cam-activated contacts. The 
11egative side is led to a bus common to the signal fuses 
and is tied to system ground. 

The NOT READY lamp is lit by completing its 
:ircuit from a 72V input through the 300-ohm resistor 
(R8) and the 4AL (NC) point to ground. This results 
in an illuminated indication of the machine's present 
•tatus. 

Relay R7 (hopper relay in sect. 4A, fig. 3-I5) is 
picked by the closing of the hopper contact, one of the 
starting assumptions being that there are cards in the 
~opper. However, its points are used merely to set up 
circuitry for following· relay sequences. 

Relay 11 (48V interlock in sect. 48) is picked, 
~nee it is directly between the 48V line and ground. 
Relays I lA (NO) and ·118 (NO) points in section 38 
close and complete the circuit from the 72V supply 
(sect. IB) to pick RIO (power-on relay in sect. 48). 
tlelay RI I uses dual contact points for this circuit to 
distribute the current drain res,ulting from the comple
tion of the circuit. The 108 (NO) point closing in 
.ection 38 completes a circuit for the POWER ON light 
'sect. 48). The relay IOA (NO) point in section IA is 
.1 the start circuit and n:iust be closed to complete the 
ircuit when. the ST ART pushbutton is depressed. 

Note 

If there is no card at the read brushes, de
pressing the ST ART pushbutton causes the 
card-feed mechanism to operate for one card 
cycle, moving the first card from the hopper 
to the read brushes. Control of the card reader 
is then transferred to the computer, and the 
NOT READY light is turned off. If there is a 
card waiting at the read brushes, depressing 
the ST ART pushbutton merely transfers con
trol of the card reader to the computer and 
turns off the NOT READY light. The ST ART 
pushbutton is operative only if power is on, if 
the fuses are good, if there is no card-feed 
failure, if there are cards in the hopper, and 
if the stacker is not full. The ST ART push
button is inoperative while the card reader is 
under computer control. 

The START pushbutton (sect. IB) or the READY 
IO UNITS pushbutton on the duplex maintenance con
sole is depressed, and the following circuits are com
pleted (fig. 3-I8) (assume the START pushbutton is 
depressed at 260 degrees): RIP (auto start relay in 
sect. 28) is energized through the path provided by 
lOA (NO), the STOP pushbutton, the stacker stop 
switch 6AL (NC), 14A (NC), the ST ART pushbutton, 
SAL (NC, 7BU (NO), 4AU (NC), 8BU (NC), the pick 
coil and to ground. The hold relay of RI (sect. 2A) is 
energized when cam-actuated contact CF4 makes at 3IO 
degrees and completes the circuit through RIAU, which 
is closed until 250 degrees, for a total of 300 degrees. 
Because the card feed unit is latched up, CF4 is in 
the closed state. This permits the RI hold circuit to be 
completed when the ST ART pushbutton is depressed. 

The hold circuit for the original power path is 
completed by IBL (NO), which parallels the START 
pushbutton (sect. IB) .. 

CFI, in conjunction with IBU (NO), completes 
the circuit to the card-feed clutch magnet at 293 de
grees when the contact closes (sect. 28). Energizing 
the magnet attracts the clutch armature and latch, and 
at 330 degrees the clutch disc engages with the clutch 
pawl and mechanical feeding starts. 

When the card reaches the upper card lever, the 
contact is caused to close and· the following takes 
place: at 2I9 degrees, the upper card lever closes (sect. 
3A) and provides a path to energize the RSP coil 
(upper card lever relay in sect. 4A), when CF7 closes 
at 222 degrees. The SAU (NO) point enables the Raff 
and R9P coils to pick when CP6 makes at 252 degrees. 

R9 has been added in parallel with Raff to give 
another point in the upper card lever circuit. Its action 



completes· the circuit for the automatic start and places 
the card reader under computer control, waiting for an 
RDS instruction to feed cards under this control. How
ever, at 250 degtees. CF4 opens and RIH (sect. 2A) 
drops. Since the pick coil wu originally de-energized, 
all points of relay RI are returned to a normal state. 
The IBU (NO) opening (sect. 28) de-energizes the 
feed clutch magnet when CF2 opens at 296 degrees. At 
330 degrees, the card feed clutch pawl is mechanically 
disengaged from the I-tooth ratchet of the clutch disc, 
and the feed unit stops with the binary initial loading 
card just before the read brushes. 

4 RELAY SEQUENCE WITH CARD READER 
UND& COMPUTER CONTROL 
With the binary initial loading card just ahead of 

the read brushes, the LOAD FROM CARD READER 
pushbutton located on the duplex maintenance console 
is depressed fig. 3-I9, Assume that it is de
pressed at 260 degrees. This selec.ts the card reader 
through internal circuitry and readS the 24 words on 
the binary initial loading card into the first 24 memory 
registen. 

At PT6 of the RDS instruction, the read thyratron 
energizes the RI2 pick coil (sect. 3B, read relay) 
through CFll (which is closed), through the llA (NO) 
point, through the I IB (NO) point, to the 72V source 
in section IB. The I2AU (NO) point in section 3A 
provides a path to energize the hold coil of RI2 (sect. 
4A) and also lights the READ light, which parallels 
the hold coil. The I2AL (NO) point provides a path to 
energize RIP (sect. 2B auto start relay) through CFIO, 
which is closed at this time. RlH (sect. 2A) is picked 
via the lAU (NO). point and CF4, CF4 also being made 
at this time. 

'flte card feed clukh magnet (sect. 2B) is energized 
through the lBU (NO) point and CFI being closed; 
at 330 degrees (clukh-engaging time), the binary initial 
loading card is fed under the read brushes with the 
card reader under computer control. . 

Note 
Since 4AU (NC) point is open (sect. 2B), the 
ST ART pushbutton is ineffectual. 

The 4AL and 12BU (NO) points (Sec:t. 4B), in 
conjunction with CFl 7 a~d CF16, provide a path for 
the read brushes. The brushes are connected to the first 
64 connections of the summary punch connector. CF18 
generates the first request-break-in pul~ (sect. 4B). 

Note 
The entering and leaving of the punched holes 
by the read brushes is followed and anticipated 
by the respective cam contacts. This prevents 
the read brushes from initiating or terminat· 
ing a~· ~lectrical circuit and from burning their 
rips because of arcing. 

The combination of the request-break-in pulse 
(card-reader-index pulse) and the set condition of the 
word counter status .flip-flop in the Central Computer 
permits the computer break-request circuit to initiate 
break-in pulses at TP 11. Consequently, the punched 
information is transferred from the IO register and the 
10 buffer register to core memory. Between break-in 
requests, the computer returns to its normal function. 
A total of 12 break-in requests are generated, corre-' 
sponding · to the number of rows on the card. For a 
thorough discussion of break-ins and word transfer, see 
the theory of operation manual on the Central Com· 
puter. · 

4. l RDS Instruction 
The RDS instruction sets the feeding mechanism 

in motion and reads the entire card into the 10 register 
and the IO &uffer register. The address portion of this 
instruction, which is placed in the IO word counter, 
specifies the number of words to be transferred during 
the read operation; e.g., RDS (24) words would be one 
complete card, RDS (S) words would be the first five 
words of the first card, etc. If this number is not a 
multiple of 24 (one or more complete cards), the words 
on the card after the number specified will not be read 
into core memory because the word counter contains the 
total number of words to be read. Each word that is 
read will step down titis counter by I until the word 
counter goes to O. 

.4.2 Word Transfer 
As each index point is reached on the card being 

read, two words are simultaneously transferred from· 
the card reader to the Central Computer, the even or 
left, word going to the IO register and th~ odd, or 
right, word. going to the IO buffer register (fig. 3-20). 
At the same time, a break-request pulse is transmitted 
by the card reader to the Central Computer. 

This break request initiates circuitry which results 
in a break-in level. During this break-in cycle, the word 
in the IO . register is transferred to the memory buffer 
register, the IO register being cleared during this proc
ess, and t~e word in the IO buffer register . is trans· 
ferred to the IO register. An additional break-in cycle 
is required in order to place the secocd word in the 
memory buffer register and from there into core mem
ory. This second break-in level is generated by Central 
Computer circuitry. At BT 11 of this second break-in 
cycle, the computer is again sensed for a break request. 
Since there are none, no more break-ins are generated, 
and the computer reverts to operate time and continues 
with its normal program. Approximately 20 ms later, 
another row of the card will be under the read brushes 
and the above process will be repeated. When the 
word counter equals O, the break-in ·circuitry is decon· 
ditioned and no more break-ins are developed. 
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is as follows. If the ST ART pushbutton is depressed 
and the first card fails to feed, the card lever contact 
fails to close, R8P fails to pick, and R8H and R9 are 
not energized. As a result, the R9A point in I8 opens 
and drops the auto start relay. This added point pre
vents continuous running of the card feed mechanism 
if the tirst card fails to feed. 

Note 
The make and break times of CF6 and CF7 
cams overlap each other so as to encompass 
360 degrees. T~us, as soon as a card trips the 
card lever, the energization of R8 is assured 
for one complete cycle. 

The original power path for the start circuit, 
which was completed to RI, is now directed to R3H 
(sect. 28, calculator interlock relay) by the transfer of 
the dual-contact 88U operating point. This 88U op
erating point drops RIP (sect. 28), but its hold coil 
(sect. 2A) remains energized until 250 degrees, when 
Cf4 opens. 

The 38L (NC, sect. 4Ji) now opens a\ld discon
'aiects ground from the SP 51 A90 connection, permit
ting the computer to sense a re11dy state for the card 

reader. The 3AL (NO) point causes R4 and RI5 (Sect. 
2A, calculator interlock relays) to be energized. Picking 
R4 opens the 4AU (NC) point, and the R3H relay is 
now dependent on CF9 (sect. 18). The NOT READY 
light is now out because of the 4AL (NC) point open
ing (sect. 48). The 3BU (NO) point (sect. 28) closes 
and completes a circuit at 240 degrees by the action of 
CF3 to pick R3P. 

Note 
Observe that the roles of the hold and pick 
coils have been reversed, as the hold coil may 
remain energized for long periods when the 
machine is not in use. The pick coil is used 
only as a running hold. Relay R3 is continu
ously energized by the overlap timing of Cl'3 
and CF9. CF3 energizes the pick coil of R3 via 
3BU (NO) from 240 to 315 degrees; Cf9 
energizes the hold coil via 3AU (NO) from 
3IO to 250 degrees. 

The 4AU (NC) point (sect. 2B) ha$ interrupted 
the original start circuit; therefore, when CF9 opens, 
R3H is de-energized (occurs at 250 degrees). This will 
not affect the status of R3 points, however, as the pick 
roil is still energized. The 4BU (NC) point (sect. 18) 



5 RELAY SEQUENCE ON RECEIPT OF 
COMPUTER .. DISCONN~CT SIGNAL 

When the card reader has read the last word sped· 
lied by the RDS instruction, the IO word counter equals 
0. This 10-word-counter-equals-O level will condition a 
gate in the computer which is pulsed by a request-dis
connect signal at 270 degrees. 1 This pulse, getting 
through the gate, will fire a single shot; this, in turn, 
will trigger a thyratron relay driver. When this relay 
driver is fired, the following takes place (fig. 3-JSl 

The thyratron relay driver completes a path with 
128L (NO) and CF13 to pick Rl3 (disconnect relay in 
sect. 38). At 261 degrees when CF13 closes, 13A (NC) 
opens and breaks the hold circuit for Rl2 (sect. 3A) 
and for the READ light circuit. Relay Rl3 remains ener
gized through its own 138 (NO) point till 297 degrees, 
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figure 3-20. Information Transfer 

when CF13 opens. The 12AL (NO) 1mint"s opening 
causes RIP (auto start relay in sect. 28) to drop .. The 
hold circuit for the card feed clutch magnet provided 
by CF2 is broken at' 296 degrees. At :Bo degrees, the 
card reader will latch up. 

6 RELAY SEQUENCE FOR MANUAL STOP 

The manual STOP pushbutton may be depressed 
at any time to stop the reading of following cards.' De
pressing the STOP pushbutton will cause the computer 
to lose control of the card reader and turn the NOT 
READY light on. If a card is being read at the time 
the STOP pushbutton is depressed, the stop action is 
delayed until the end of the current card cycle. For this 
discussion, assume that the pushbutton was depressed 
at 100 degrees; thus, the card reader continues to read 
the card under the brushes. 

The pick coil of R6 (stop relay in sect. 2A) is ener
gized through the path provided by IOA (NO), the 
STOP pushbutton, R6P, and to ground. The hold cir· 
cuit for R6 is completed through its own 6AU (NO) 
point, and the lAL (NO) and lOA (NO) points which 

-are now dosed. The 6AL (NC) point (sect. IA) opens, 
interrupting the circuit to the hold coil of R3, and, with 
the pick coil circuit already broken at 31 S degrees of 
the previous cycle by CF3, R3 is de-energized. 

The hold circuit of Rt is maintained until 2SO de
grees by CF4, thus sustaining the card feed clutch mag· 
net via the I8U (NO) point in section 28. After _2SO 
degrees, the card feed clutch magnet relies on CF2 until 
296 degrees and is then de-energized (sect. 28). Thus, 
the cycle is completed, and information is read into core 
memory. Meanwhile, 6AL (NC in sect. IA) opens the 
power line to RIP and prevents the energizing of RIP 
at 24S degrees. Relay R6 is de-energized by the lAL 
(NO) point in section 2A, permitting 6AL (NC) to 
close again, but the hold coil of R3 cannot be picked 
because of the I8L (NO) point's being open. 

Witt-. the dropping of R4, 4AL (NC) assumes its 
normal position, and the NOT READY light circuit is 
completed. Because RI S parallels R4, "it is also de~ 
energized and ISA (NO) interrupts the ready relay 
circuit (sect. 48), turning on the CARD READER NOT 
READY light on the duplex maintenance console. 

CFI4 (sect. IA) shunts the stop key and stop relay 
contact 6AL (NC). CF14 is closed from 332 degrees to 
222 degrees and prevents dropping the calculator inter
lock relays if the stop key is depressed after the CF 
clutch unlatches (330 degrees) and before CFS makes 
(0 degrees). If the stop key were depressed between 
those timings, without CF14 in the circuit, a card would 
be fed without reading. 



Note 
The precise adjustment of the timing of CJ:-"14 
will prevent the trouble stated above and will 
allow the stop key to render the card reader 
not-ready when the feed is latched as well as 
when it is operating. 

7 AUTOMATIC STOP 

0910 

Three automatic switches are incorporated in the 
card reader. The card reader will stop ~nd become not· 
ready when any one of these switches are activated. The 
following paragraphs discuss the operation and relay 
sequence of each switch. No relay sequence timing charts 
are included, these not being cyclic operations that can 
be checked with the dynamic timer. Reference is made 
to the wiring diagram. Following the automatic switches 
is a brief discussion of the operation of the four signal 
fuses in the card reader. 

7.1 Card Feed Jam 
The upper card lever serves to energize the com

puter interlock relay. This lever is located just ahead 
of the read brushes. When a card feed jam occurs, the 
upper card lever opens and signals the card reader. 
Certain assumptions must be made befor~ starting the 
analysis of this sequence: the cards are in the hopper, 
the card reader is functioning normally, and the stacker 
is not full. At this point, a card feed jam occurs at the 
throat. 

Note 
When a card feed jam occurs, the NOT 
READY lamp lights, the CARD FEED STOP 
light is turned on, the READ light remains lit, 
and the card reader stops with three cards po
sitioned past the read brushes. 

The last card through the throat is read. At ·219 
degrees ·of the last card cycle, the first abnormal action 
takes place; the upper card lever fails to make, since no 
card is coming through the throat. Thus, RBP in section 
4A is not energized at 222 degrees. The RBH coil drops 
at 225 degrees through the action of CF6, and the B8U 
and BBL (NO) points open in section 28. The BAL 
(NC) point, dosing (sect. 2A), picks R5P (feed inter· 
lock relay), since the hopper relay is still energized and 
the 3AL (NO) point is dosed. The 5AU (NO) point's 
dosing provides a path to pick R5H. This also lights
the CARD FEED STOP light as the light parallels R~. 

Relay R3P cannot pick at 240 degrees, as is nor
mal, since the 88L (NO) point is now in its normal 
condition. Relay R3H drops at 250 degrees, and the 
3BL (NC) point in section 48 completes the not-ready· 
signal circuit. Relay R3H, dropping at 250 degrees, 
leaves R4 and R 15 dependent on CF5, and they drop 
when the cam opens at 290 degrees. The 4AL (NC) 
point in section 48 doses and turns on the NOT 

READY light. The 4BU (NC) point in section 18 
doses and opens the circuit to RIP at 290 degrees. This 
action opens the IBU (NO) point in section 28 and 
turns control of the card feed dutch magnet over. to 

CF2, which opens at 296 degrees. Thus, the card feed 
dutch will latch up at 330 ~egrees, and the card reader 
will stop. 

7 .2 Cards Removed from Hopper 
The hopper contact prevents card-reader operation 

if there are no cards in the hopper. This contact is 
located in the hopper and opens when the cards are 
removed from the hopper. Certain assumptions must 
be made before starting the analysis of this sequence: 
the cards are in the hopper, the card reader is function· 
ing normally, and the stacker is not full. The cards are 
removed from the hopper. 

Note 
When the hopper contact opens, the NOT 
READY light is turned on, the READ light 
remains lit, and the card reader stops, with 
three cards positioned past the read brushes. 

The hopper contact opens at 219 degrees of ·the 
previous card cycle (last card to be fed through the 
throat). The last card to enter the· feed unit is read in 
the normal fashion. The upper card lever opens at 75 
degrees as the last card passes it but fails to make 
again at 219 degrees since no card came through the· 
throat. Thus, RBP in section 4A is not energized at 
222 degrees. The RBH coil drops at 225 degrees through 
the action of CF6, and the B8U and BBL (NO) points 
open in section 28. Relay R3P cannot pick at 240 de· 
grees, as is normal, since the 88L (NO) point is now 
in its normal condition. Relay R3H drops at 250 de· 
grees, and the 3BL (NC) point in section 48 completes· 
the not-ready-signal circuit. Relay R3H, dropping at 
250 degrees, leaves R4 and Rl5 dependent on CF5, 
and they drop when the cam opens at 290 degrees. 

The 4AL (NC) point in section 48 doses and turns 
on the NOT READY light. The 4BU (NC) point in 
section 18 doses and opens the circuit to RIP at 290 
degrees. This action opens the 18U (NO) point in sec· 
tion 28 arid turns control of the c;ard feed clutch mag· 
net over to CF2, which opens at 296 degrees. Thus, the 
card feed dutch will latch up at 330 degrees, and the 
reader will stop. 

5.7 .3 Stacker Stop Switch Activated 
. The stacker stop switch prevents card reader opera· 

tion when the capacity of the stacker is reached. This 
switch is located at the rear of the stacker. 

Since the stacker stop switch is rarely activated (the 
capacity of the stacker is 800 cards), and the relay se
quence is similar to the sequence initiated by the STOP 
pushbutton's being depressed, this discussion is brief. 



"''o The assumpcions made before starting the analysis by the action of CFS. The 4AL (NC) poinc turns the 
are: the cards are in the hopper, the card reader is NOT READY light on. 
operating normally, and the stacker is one card short 8 RESTART 
of its capacity. When this last card is stacked, the fol. 
lowing occurs. 

Note 
When the stacker stop switch is activated, the 
NOT READY light is turned on, tbe READ 
light remains lit, and the card reader stops, 
with three cards positioned past the read 
brushes. 

The stacker gripper fingers open at approximately 
345 degrees to stack the card. Since the card feed clutch 
is engaged at 330 degrees, the card reader action con· 
tinues another cycle and reads one more card. At 345 
degrees, che R3H circuit is broken by the action of the 
stacker stop switch (sect. IA), and, witb the pick coil 
circuit broken at 31 S degrees of the previous cycle by 
CF3, R3 is de-energized, sending che not-ready signal 
to the computer. 

The stacker stop switch opens the cirfuit to RIP 
and prevents the RIP coil from being energized at 245 
degrees. Bue the hold circuit of RI is maintained until 
250 degrees by CF4, thus sustaining the card feed clutch 
magnet via the IBU (NO) point in section 28. After 
250 degrees, the card feed clutch magnet reUes on CF2 
until 296 degrees and is then de-energized. Thus, the 
cycle is completed, and information is read into core 
memory. 

250° 

Rel,ays R4 and Rl5 (sect. 2A) dro.P at 290 degrees 

2 
CFI 
28 

ll()()• 330" 360° 

111&{~f 
AT 330 

50" 100" 

Visual indications of a card feed jam are: the. 
CARD FEED STOP light is. lit, the NOT READY 
LIGHT is lit, and the card reader is halted with a jam 
at the throat. 

To restart the card reader when a card feed jam 
has occurred, proceed as follows: 

I. Turn main line switch off, and remove remain· 
ing cards from hopper. This turns CARD FEED
STOP light off. 

2. Removejammed cards from throat. 

3. Locate and correct c-.tuse of card feed jam. 
4. Employing normal runout procedure, stack three 

cards that are positioned past read brushes. 

5. Repunch any cards damaged by jam, and replace 
them in their correct positions in deck. 

6. Depress MASTER RESET pushbutton on duplex' 
maintenance console to clear core memory of 
data that was read prior to jam. 

7. Replace deck of cards in hopper. 

8. Depress ST ART pushbutton to feed in first card; 
this turns off NOT READY light. 

9. Depress LOAD FROM CARD READER push
button located on duplex maintenance console; 
card reader will read deck into core memory, 
functioning normally. 

150" 200• 250" 

figure 3-21. feed Sequence 
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9 RUNOUT OPERATION 

The FEED pushbutton i~ operative only when the 
card reader is not under computer control and causes 
the card feed to operate for one or more cycles until 
the pushbutton is released. The pushbutton is ineffec
tive once Jhe card reader is in the ready cof!dition .. since 
48U (NC) in section 18 will be open, interrupting the 
circuit to R2 (feed relay). If all conditions are normal, 
and the card reader is in the not·ready. condition, de-

pressing the FEED pushbutton causes the following to 
occur (fig. 3-21). Assume that the FEED pushbutton 
was depressed at 270 degrees, The R2 pick coil is ener
gized (sect. 28). Picking R2 causes 28 (NO) in section 
28 to close, and this, in turn, energizes the card feed 
clutch magnet through CFI. The card feed clutch will 
remain engaged for one or more card feed cycles, de
pending on how long the FEED pushbutton is kept de
pressed. 
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Summary Questions 

© 
© 

What card columns contain each of the following? To what register is 
each directly transferred.? 

A. Right words i./Cf-'!50 Yo~· 
B. Left.words I ?-'f-ef' l/o ~ 

List the four steps necessary to make the Card Reader 11Ready 11 • 

The "Request Disconnect" from the Card Reader will clear the I/O Inter-
lock only if the WO/ CAi1';; . has stepped to zero. 

A RDS lOOs words is given. How many cards will pass under the read 
brushes before the card feed halts? 3 

Write a program to read one card and load this information into Core 
Memory starting with location 0. 00000. · 

Given: A card with 208 words in the first 20 8 locations on the card. 

Program A Program B 

SEL01 0000 SELOl 0000 
LDC 1000 LDC 1000 
RDS 0020 RDS 0030 
HLT 0000 HLT 0000 

Select the correct answer in regard to the above programs from the 
following: 

A. 
B. 
c. 
~ 
E. -

Program A will require more time than Program B. 
Program A will not clear the 1/0 Interlock. 
Program B will not clear the 1/0 Interlock. 
Program A and B will require the same amount of Machine Time. 
Program B will require more time ~han Program A. 

7. Given the following program 

SEL01 0000 
LDC 1000 
RDS 0030 
HLT 0000 

The Computer hangs up in an 1/0 pause and passes all cards through the 
card reader. A cause for this could be: 
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Summary Que•tion• 

A.~ 

B. 
@ 
D. 
E. 

5FH-H7 open 
GT4 in 4EW, open filament• 
SEP-Al open 
GT-7 in SEP, open filaments 
c FF 4 in 5 FH cannot be set 

(0.7.6 - 6C) 
(0. 7. 3 - SD)· 
(0. 7. 3 - 7D) 
(0. 7. 3 - 3D) 
(0. 7. 6 - SB) 

8. The Word Counter Statu• FF remain• set. (0. 7. 3 - 7D) The following 
program when executed would re•ult in: 

10. 

000 SEL01 
001 LDC 1000 
002 RDS 1000 
003 LDC 2000 
004 HLT 

A. Hang up on •tep 002 with the I/ 0 Interlock on .. 
B. Hang up on •tep 003with1/0 Interlock on, Prog. Ctr. : 4 
C. Hang up with program counter = 3 
D. Halt with Program Counter • S 
E. Hang up on •tep 004 with 1/0 Interlock on. 

The 1/0 Buffer transfers to the 1/0 Regi8ter at wb&t time during a RDS 
operation? 

A. TP-6 
B. BI-2 
c. Bl-7_ 
D. IP-9 
E. B0-2 

What card reader trouble could cause the following failures? (Aaaume 
loading program bad "LDC 1000) 

In Memory Should be in Memory 

1000 CAD llOOS 1000 CAD. 11005 
1001 ADD 11006 1001 ADD 11007 
1002 FST 00101 1002 FST 00101 
1003 ADD 11002 1003 ADD 11003 
1004 FSD 11011 1004 FST 11011 
lOOS BPX 20006 lOOS BPX 20007 

etc. eti::. 



Summary Questions 

A. Read Brush 48, 

~ 
Read Brush 7 5, 
Reaa Bru.-h 80, 
·Rea:d Brush 17, 

E. Read Brush 49, 

open 
open 
open 
open 
open 

AN/FSQ - 7 
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If GT9 in 5FF, logic O. 7. 6-llB,, pauea ~l pulses and the following pro
gram is given, which of the statements below would be moat correct? 

SEL01 000 
LDC 100 
RDS 030 
HLT 000 

A.· I/O Interlock would never be cleared. 
® I/O Interlock would be cleared after 30th word. 
C. I/O Interlock would be cleared after lat word. 
D. Two words would be put into memory. 
E. I/O Interlock would be cleared after 60th word. 

12. The following program is executed while 5FH-H7 ia open (0. 7. 6-6B). 
Which of the statements below ia correct? 

SEL01 0000 
LDC 1000 
RDS. 0030 
HLT 0000 

A. Locations 1001, 1003, 1005, etc., will contain zeros. 
B. Computer will hang up in an I/O pause. 
C. The Card Reader would have to send two cards through before it 

could get a disconnect. 
D. The RDS 30 would function normally. 
E. No' words would be read into Memory. 

13. In executing the following program, only the first word is loaded into 
Memory correctly. All other words read in are a logical add of two 
words. Which of the following could cause this: 

SEL01 000 
LDC 050 
RDS 010 
HLT 000 
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Summary Queatfona 

A. 
B. 
c. 
D. 
E. 

SDW-Al open 
GT3 in SER open filaments 
5FH-H7 open 
5ET-H3 open 
SET-BZ open 

(0. 7. 7 - 11 B) 
(0. Z. 3 - ZB) 
(0. 7. 6 - 6C) 
(0. Z. 3 - ZA) 
(0. Z. 3 - ZA) 

The first card of a deck ia fed into the Card Reader with the "Start" key, 
making it 11Ready11 • To cause more cards to be fed, it ia necessary to 
depress the: 

A. ••Start" key again 
B. "Feed" key 

,,C. '"Load from Card Reader" PB 
D. 11Ready 1/0 Units" PB 
E. 11 Maater Reset" PB 

What ia the information path for all the ODD words read from the Card 
Reader fo Central Computer? 

A. I/ C) Buffer to Memory Buffer to Core Memory~ 
B. 1/0 Buffer to 1/0 Register to Core Memory. 
~ 1/0 Buffer to 1/0 Register to Memory Buffer to Core Memory. 

D. 1/0 Register to Memory Buffer to Core Memory. 
E. 1/0 Regbter to 1/0 Buffer to Memory Buffer to Core Memory. 

16. Answer the following true or false: 

A. On'e machine cycle of the Card Reader may allow 309 words to be 
read. -r 

B. Two words from the Card Reader are trnaaferred to the 1/0 Buffer 
and 1/0 Register at the same time. / 

C~ Twelve index pulaea from the Reader generate 309 break cycles to 
read one card into Memory. --r-. 

D. Feeding un-punched cards into the Card Reader transfers no infor
mation to Memory. F 

E. The Card Reader 11Requeat Disconnect" pulse clears the 1/0 Buffer 
Register. ,--

17. Computer is operating normally. The following program ia run. What are 
the results? 
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Summary c;iue•tion• 

00'0 SEL01 007 BPX 004 
001 LDC 1000 010 PER27 
002 BSN11 002 011 LDC 2000 
003 RDS 030 012 lXIN 1.77777 
004 ··CSW 013 1BPX01 ·013 
005 ADD 015 014 HLT 
006 BFZ 010 015 0,00000 0.00025 

A. In.formation read will be put in location 2000-2027. 
B. No cards will be read because l/O Interlock is cleared before 

reader can start. · 
C. Firat two words in locations 1000 and 1001 rest in locations 2000-

2025. 
D. Ohly the first two words read in, rest of the information is lost. 
E. Infor:rnation read will be in locations 1000-1027. 
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XI. TYPE 7Z3 CARD RECORDER 

A. Introduction to Card Recorder 

1. The Card Recorder is an automatic card 
punch designed to punch standard IBM 
cards with up to 24 binary words, of 32 
bits each, at the rate of 100 cards per 
minute. It serves to pro4uce a punched 
card record of data generated in Central 
Computer. Punching is under control of 
the computer at all times. Used to punch 
out: 

a. Program decks 
b. Data 
c. Marginal Check Control Cards 

B. Mechanical Operation 

1. Block diagram - - General 

This section and its associated logic block 
diagram, figure 3-1, give an overall pic
ture of the 723 Card Recorder and the con
trol of it by the Central Computer. Each 
block in the diagram is discussed briefly in 
the subsequent text in relation to its function 
and its relationship to the other blocks. 

The feed magazine stores the cards before 
punching. It contains the feed knives, roller 
throat, and magazine card lever. The maga
zine will feed one card at a time to the first 
set of feed rolls. The feed rolls are used to 
move the card:.intermittently through the ma .. 
chine from station to station. There are three 
sets of feed rolls, all of which are drived by 
the drive unit. 

The punch station receives the information 
from the Central Computer and punches it in 
the cards as they pass through the recorder. 
Power to drive the punches through the card 
is supplied from the drive unit through the 
eccentric shaft. 

Presentation Notes 

Figure 3-1 
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The read •tation reproduce• information 
from column• 1 to 16 of the card at the 
read station into the card following it. 
This is accomplished by 16 brushe•. which 
can be connected directly to the fir•t 16 punch 
magnets. The information that ia repro
duced i• usually of an identifying or control 
nature and iB common to all cards to be 
contained in one desk. 

The stacker •tores the card• temporarily 
after they have been fed through the ma
chine and punched. Power is supplied by 
the third set of feed rolls through a gear 
train. 

The drive unit is u•ed to change the continuou• 
motion of the drive motor into intermittent 
motion to drive the feed rolls. The intermit-

-;>1,;'' ...... 

tent motion is provided by the Geneva mech.;:,.. 
~ism ana is 8UJ>Plied to the feed""fOlT driv~ . 
..1.ears. The drive unit alao supplies mechan
ical power to the feed magazine, the •tacker 
station, and the circuit breakers. 

The circuit breakers are used to initiate 
signals to be sent to the computer at cer
tain index times to help transfer informa
tion to the punch. They are also used to 
control relay sequence by providing paths 
which cause relays to be picked up or drop
ped out at certain index times. The mechan
ical power for the circuit breaker• come• 
through a gear train from the drive unit. 
The relay• are used to control all manual 
and automatic machine operation•. 

The punch clutch is u•ed to couple the drive 
motor to the drive unit. Thie clutch can be 
engaged manually or autom~tically by the 
computer. When engaged, the punch clutch 
causes the cards to be fed. 
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The manual controls, START, FEED, and 
STOP, are used to prepare the recorder for 
computer control. · 

The signal lights, NOT READY, WRITE, 
POWER ON, FUSE; andCARD FEED STOP, 
are used to indicate the status of the machine. 

The drive motor furnishes the mechanical 
power to the drive unit. The motor can be 
used manually, or automatically by the com
puter. 

Before the card recorder can be used by the 
computer, the recorder must be in a ready 
state, which requires the existence of the 
following conditions: 

a. There must be a card at the punching 
station and a quantity of cards in the 
hopper. 

b. The stacker must not be full. 
c. Power must be on. 
d. All fuses must be good. 

To put the recorder in the ready state, place 
a stack of cards in the feed magazine, turn 
on the ac power, and depress the START 
pushbutton. This causes a card to be fed from the 
magazine to the first feed rolls. The first feed 
roll moves the card to the punch station, and 
the card recorder stops. The NOT READY light 
is extinguished, and the not-ready signal to the 
computer is removed. The card recorder is 
now in the ready condition. 

The computer can now start the card recorder 
by sending a write signal to it. When the write 
signal is received by the recorder, relay cir-_ 
cuitry starts the drive mot~r and engages the 
punch clutch. The car.d starts to move inte-r
mittently, one row at a time, past the punches', 
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NOT REAO'I' 

~ 

CENtRAL COMPUTER 

R£QUEST OISCONNECT 

REQUEST BREAKOUT 

COMPUTER 
WOROSl21 

PROGRAM 2.JPER 741 

CARDS IN [·~ {~ MAGAZINE 1 I 

I~ ~ I~ lI FEED PUNCH READ STACKER 
j MAGAZINE STATION STATION 

1f~ 
~ 

J H I ~ 
I~ h I ~ I ~ h i-

j ECCENTRIC( 1* J )j* SHAFT j* J 
- DRIVE UNIT . 

1Wi) I~ ~ 

l..Jl .___ 

CB'1 AUTO START PUNCH 
CLUTCH 

' 

'"" 
~ - ... . -- .- .. .... . ~- . . . .. , .. ~ .. - - ~ 

1 Ir J _ CARD AT PUNCH 
L...-

WltlTE CARD AT BRUSHES DRIVE 
DISCONNECT_.. MOTOR 

IPE8731• RELAYS 

~R?'ll..., MOTOR START j J MOTOR STOP 

MANUAL l 'ITACICER STOP 
CONTROLS 

~ROGRAM 2 I PER 741 

SIGNAL l'ROGRAM I IPER 731 
LITES NOTI!: 

'11ur• 3-r. 723 Card IHOrder, lloclc Dla1ram 
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As each row moves to the punches and stops, 
the circuit breakers send a breakout request 
to the computer, which sends two words from 
memory to condition the appropriate punch 
magnets. The punch bail then drives the proper 
punches through the card. The card now moves 
with its next row under the punches, and 
another breakout request is sent. This results 
in two more words being transferred and 
punched. This process continues until all 
lZ rows of the card have been punched. As 
the last row of the card leaves the punch 
station~ the circuit breakers serid a discon
nect request to the computer. If all infor
mation has been transferred, the computer 
will send. a disconnect signal to the punch. 
The disconnect signal will turn off the drive 
motor and allow the punch clutch to latch up, 
causing card feeding and punching to stop. If 
all information has not -been transferred, the 
punch will continue to feed and punch cards 
until a disconnect signal is received. 

The card recorder may be used for gang 
punching by the computer, if desired. The 
punch is capable of reproducing. in each suc
cessive card all information contained in 
columns 1 through 16 of the first card of a 
deck. To accomplish this, the computer 
must use two Operate instructions: PER 73 
and PER 74. 

The information to be punched into the first 
16 card columns is identification information 
used to identify all cards belong-ing to one 
deck. Since the first 16 punch magnets (65-
80) are not permanently wired to the compu
ter, a PER 7 3 instruction must be included 
in the computer program. This instruction 
will select certain relays in the card recorder~ 
The relays will transfer tire information nor
mally found in card columns 17 through 3Z to 
card columns 1 through 16. The first card 
that is fed through the machine will now con
tain the punched identification information in 
columns 1 through 16 of one card to columns 1 
through 16 of the next card, a PER 74 instruc-
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tion muat be given. Thia instruction will 
connect the read brushes over column• 1 
through 16 to the punchea over card column• 
1 through 16. 

Aa the 9 row of the first card reachea the 
bruahea, the 9 row of the aecond card ia at 
the punch station. The first and second 
card• proceed in step through the read and 
punch station, and all information in columns 
· 1 through 16 of the fir at card ia punched into 
columns 1 through 16 of the second· card. Aa 
the aecond card proceeds thrQugh the punch 
station, the data word.a from the computer 
will be punched in it. Thi• proceaa continue a·· 
to tranaf er the information in column• l through 
16 of the card at the punch station. until all 
data ~orda have been transferred from the 
computer and. a disconnect signal baa been 
received to atop the recorder. 

Hopper -- hold• up to 800 card• which are 
placed face down 9 edge forward. 
Feed Knivea -- Pull card from hopper, 
through throat, to feed rolls. 
Feed Rolla -- the three aeta of rollers move 
the card• with an intermittent motion (card.a 
must be stationary while being punched) 
from hopper to punch atation, punch atation to 
read •tation, read station to •tacker. . 

5. Geneva Mechanism -- Provide• the inte.rmittent 
motion for feed rolls. 

6. Stacker -- Holda up to 800 card• and baa a 
stacker atop switch to prevent card.a from· 
being jammed intQ the stacker. 

7. · Principle• of punching 

a. Eccentric abaft continuously rotating. 
b. Magneta energized through thyratron 

regiaterll from central computer. 
c. Magnet trip• interposer allowing punch 

bail to drive punch through card.. 
d. 80 magnet• and interpoaera. 

Figure 14 



c. 

D. 

AN/FSQ - 7 
1110 

81 Reading 

a. 80 read brushes that make contact 
with contact roll through holes in 
card. 

b. Similar to sensing in Card Reader. 
c. .Only 16 read brushe• uaed. 

' 1) Col. 1-16 
Z) Used for gang-punching 

Automatic Switches 

1. Magazine Card Lever 

a. Closes when cards are in hopper. 
b. Prevents recorder operation when 

open. 

Z. Die Card Leverl 

a. Closed with card in punch station. 
b. Prevents recorder opt:z.~tion when 

open. 

3. Die Contact Strap - - Open with die not 
latched in position. 

4. Brush Card Lever 

a. Open with card not in read station. 
b. Detects jams. 

S. Stacker Stop Switch -- Stops recorder 
when stacker is full. 

Operating Controls 

1. Main Line Switch -- Applies to llOVAC to 
the motor. The printer supplies ~46V 
and nzVDC. llOVAC comes from a 
buss in the printer but the printer main 
·line switch need not be on for the punch 
to receive this voltage. 

If it is deairable to 
associate controls, 
lights, and switche• 
with wiring diagram, 
refer to Part I of 
this section. 

Figure 15 
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z. Start Pushbutton -- Puts recorder under com
puter control if there is a card at the punch 
station. Will feed one card if there is none at 
the punch station, then put the recorder under 
computer control. Inoperative when under 
computer control. "Ready I/O Units" or 
"Master Reset" PBs on the Duplex Maintenance 
console do the same. 

3. Stop Pushbutton - - Removes t~e recorder from 
computer control. U a card is being punched,· 
the recorder will not stop until the end of the 
card. 

4. Feed Pushbutton -- Causes successive feed 
cycle-s as long as the button is depressed. In
operative when under computer control. 

·• 
STOP 

• 
FEED NOT 

READY 
WRITE 

CARD 
FEED 
STOP 

Figure 15, Operating Controls and Indicator Lights. 

E. Indicator Lights 

1. Write - - Is lit while the computer is writ
ing or trying to write. Turned on by PT-16 
of WR T with punch selected. 

2. Fuse -- Indicates a blown signal fuse. 
3. Not Ready -- Indicates the punch is not 

under computer control for one or more of 
the following reasons (Punch Not Ready·light. 
also on DMC). 

a. ?ower off (Printer must be on to light 
the Not Ready light). 

b. Signal fuse blown. 
c. Start PB not depressed. 
d. Stop PB has been depressed. 
e. Magazine (hopper) empty. 

POWER 
ON 

* Pushbutton 

Figure 15 

FUSE 
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f. Stacker Full. 
g. Card Feed jam. 
h. No card at the punch station. 
i. Die not in place. 
j. Knockoff bar not in place. 

NOTE: Some of these conditions light other 
indicators also in order to allow the operator to 
distinguish between conditions. 

4. Card Feed Stop --.Indicates a feed failure 
or a card feed jam at the throat. 

5. Power On - - In.dicatcs all power is avail
able. 

F. Demonstration -- It may be desirable to look at and 
operate the Card Recorder. Notice the following: 

G. 

1. Hopper 
2. Magnet Unit 
3. Card Feed 
4. Gang punch brushes (bru~h assembly removal) 
5. Punch die assembly (removal) 
6. Stacker 
7. Fuses 

Operation - - Familiarizt:i yourself with the opera
tion of the reco1·der. 

1. Observe operat:ion.s by running cards through 
using the hand crank. 

2. Check registration using th:: card gauge. 

Programming 

· 1. A typical program to punch data in cards 
is: 

0.00100 
0.00101 
0.00102 
0.00103 
0.00104 

SEL(OZ) 
LDC 
BSN (11) 
WRT 
HLT 

0.00000 
0.00102 
0.00030 
0.00000 

Select card recorder 
First location 
Check I/ 0 Unit ready 
Write 30 words, can 
specify any no. of 
words. 

Refer to Instruction 
Analysis lesson plan 
Section XXI 

( 
\ 
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I/So 

· 2. Data Flow 

a. Data flows from Memory to Memory 
1 Buffer to~I/O Register. 

b. The 1/0 Register will condition two 
sets of write thyratrons. Which set 
of thyratrons fires is dependent upon 
which side of the card the computer 
word is to be punched in. 

c. When the thyratron fires (one for each 
bit position) it will pick a punch mag
net which will stay picked until both 
computer words are transferred and 
the holes are punched in one row. 

3. PER(73) 

a. This instruction is used to punch data 
in columns 1 - 16·. 

b. Always should follow the WR T instruc
tion, if programmed as below, the PER 
(74) could possibly be operated on with
in the punch before the PER (73) due to 
pick speed of the relays involved. 

SEL(02) 
LDC 
PER(73) 
WRT 
PER(74) 
WRT 

~ the PER, any preceding WR T instruc-
~ tion would have to be completed befo_re 
~ the PER instruction would be reached 

thereby insuring proper operation. 
c. Information normally punched in cols. 

17- 32 will be punched in cols. 1-16. 
d. Normally used in punching identification 

information in the first card of a deck. 
e. Examine how the card image is arranged 

to give the proper punching format. Figure 17 
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a. Used to gang punch in columns 1-16 
whate:ver is in columns 1-16 of the 
previous card which is at the read 
atation. 

b. Always should follow the WR T instruc
tion (as explained above). 

c. Both PER (973) and PER (74) will 
remain in effect until the end of the 
associated WR T instruction and need 
not be programmed for each card to 
be u 

5. Typical program using PER (73) and PER (74) 

SEL (02)' 
LDC 
BSN (11) 
WRT . 
PER (73) 
WRT 
PER (74) 

6. A WRT 0 feeds one card but will punch no 
information. Can be used to keep succes
sive punched decks separate by program
ming a WR T 0 between the decks. 

·central Computer timing and control 

1. SEL (OZ) 

a. PT-10 set the pause FF if the I/O 
Interlock is on. 

b. OT- 5, deselect any previous selec
tion. 

c. PT- 5, select. 

1) 

Z) 
3) 
4) 

Set Punch Not Ready test FF 
(0. 7. 4) . . 
Set Punch FF (0. 7. 6) 
Set Card Mach. Oper. FF (0. 7. 6) 
Clear RDS/WR T zero tapes and 
C. M. FF (0. 7. 3) 

12,0 lllO 
Pages-and
Figure 6 ... 4 and 18f 
suggest to use these 
figures first, then 
go i~to logic. 

Note: Called punch 
not ready FF in logic 
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2. LDC -- loads the I/O address counter. 
3. WRT 

4. 

a. PT-1 

1) 
2) 
3) 
4) 
5) 

b. PT-2 

1) 

2) 

Set the I/O Interlock 
Clear RDS and WR T FF 
Set the W. D. CTR Status FF 
Clear the I/O.Word Counter 
Clear the I/O Buffer 

Adr. Reg. to 1/0 Word Ctr. 
( com'plement form) 
Clear I/O Register 

c. PT-3 -- Prestep the I/O Word 
Counter (command 290) 

d. PT-6 

1) 

2) 

Set WRT FF (if the I/O Word 
Counter ~O) 
Pulse out at 5 ELG2 (Start WR T 
pulse) goes to (0. 7. 6) 5 FDF3 
and 5 FDB3 conditioned by the 
punch FF has output which fires 
the BSS in 5 FE. 

a) GT- 3 in SFD conditioned 
by the Punch FF has out
put which fires the BSS in 
SFE. 

b) Start Punch to logic O. 9. 1. 
c) Approx. 43 M. S. later, a 

break request will be initiated 
by the recorder as row 9 on 
the card is coming under the 
punch. 

Break cycle introduction 

a. Each break request from the punch will 
cause two break cycles to be taken 
since two computer words are punched 
simultaneously. 

0.3.1, 0.7.3 
o. 7. 3 
o. 7. 3 
o. 7. 3 
0.7.2 

0.4. 1, o. 7. 3 

0.7.1,·0.7.2 

0.7.3 

o. 7. 3 

0.7.6 

· Figures 6-14, 18, 19; 
suggest to use these 
figures first, then go 
into logic. 
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b. Break cycles controlled by the Card 
Machine RDS/WR T Control Circuit. 

c. 4 Basic Delays 

1) 

2) 

3) 

4) 

Condition screen grids of first 
set of thyratrons for initial de
lay. Must be. conditioned approx
imately 10 usec before control 
grid to insure proper firing. 
Condition grid of thyratron for 
more than 5 usec to insure pro
per firing (2nd delay). 
Condition screen grids of second 
set of thyratr"ons. (Same as 1.) 
(Third delay.) 
Condition con.trol grids. (Same 
as 2.) (Fourth delay.) ,. ,, 

Break Request (Index Pulse, Card Mach.)~~ 
.17"~~ 

a. Generated by the recorder 0.4/, 6 
b, Clear the WRT FF O. 7. 3 
c. Set the Break Req. Sync. FF (If the 0. 2. 3 

d. 
e. 
f. 

1/0 word ctr. JO) 
Set the card word XFER FF 
Set Cond. Delay FF 
Clear THY BFR Control FF 

1) Conditions the screen grids of 
BRDY 1 s for punching cols. 17-
48 (first level). 

2) BRYD 1s will fire when the I/0 
REG FFs are set (second level). 

3) RYD 1s must have the condition
ing level applied to the screen 
grids for at least 10 usec before 
the conditioning level is applied 
to the control grids. 

4) Level on the control grid must 
be up for at least 5 usec in order 
to insure firing of the thyratrons. 

0.7.6 
0.7.6 
0.7.6 
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Next Z MC pulse sets the Break Req. FF 
TP-7 (#1) sets the lnterword Delay FF 
TP-11 

a. 
b. 

Clear Break Req. Sync. FF 
Set the Break FF (Note that no break 
pulses occur as yet because the WRT 
FF has been cleared). 

9. TP-7 (#2) 

a. Clear lnterword Delay FF 
b. Clear Cond. Delay FF 
c. Clear Card Word XFER FF 
d. Set WR T FF (begin generating B. O. 

pulses, B0-8 through B0-7) 

10. 80-11 (TP-10 delayed) 

•· Strobe GT 1 s over the Brk. Req. FF 
I>. Break FF Already set but is still 

pulsed on the set side. 

11. 80-0 

&. Clear Break Req. FF 
'b. Start Memory 

lZ. B0-2 

a. Step 1/0 Ad:r. Ctr. 
b. Step 1/0 Wd. Ctr. 

13. TP-7 (#3) and B0-7 

a. Transfer Memory Buffers to 1/0 Reg. 
(B0-7) 

NOTE: 1/0 Reg. will remain filled until TP-7 
(#5) to allow time for thyratrori.s to fire. 

b. Set firing delay FF. 
c. Set Card Word Transfer FF 
d. Clear Write FF (stop BO pulses) 
e. Set Brk. Req. Sync. FF 

0. z. 3 
• 0. 7. 6 

o. z. 3 
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14. Next Z MC pulse - set the Brk: Req. FF so 
that the Brk. FF will remain set at the next 
TP-10 delayed. 

15. TP-10 delayed, clear the Brk. Req. Sync FF 
16. TP-7 (#4), set INTERWORD DEL. FF 
17. TP-7 (#5) 

a. Set Delay FF 
b. Clear Firing Delay FF 
c. Clear lnterword Delay FF 
d. Clear 1/0 Register 

1) Thyratrons for Col. 17-48 are now 
fired, have picked punch magnets, 
and will stay fired until ~ 7ZV is 
removed from plate by cams in the 
recorder. 

Z) No punching as yet. 

18. TP-7 (#6), set lnterword Del. FF 

19. TP-7 (#7) 

.. 5;;_;-
a. CUsse Cond. Del. FF 
b. Clear lnterword Del. FF 
c, Set THY, BFR, CTRL. FF (third level) 

1) Conditions BRYD's for punching 
cols 49-80. 

Z) Second word to the 1/0 Reg. wiU 
fire the thyratron&. 

ZO. TP-7 (#8), set lnterword·Del. FF. 
Zl. TP-7 (#9) 

a. Clear Cond. Del FF 
b. Clear lnterword Del. FF 
c. Clear Card Word Xfer FF 
d. Set WRT FF (start generating BO pulses 

BO- 8 through BO-7) 

ZZ. B0-0 

a. Start memory. (to bring the second word out) 
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b. Clear Brk. Req. FF (if the word ctr. 
had gone to zero prior to this, the 
brk. FF would have been cleared by 
the TP-10 delayed pulse and only 
B0-8, 9, 10 and 11 would be gener
ated. The second word would not be 
brought out of memory. Thi• would 
occur on a WR T 1 instruction. 

23. B0-2 

a. Step I/O AddreH Counter 
b. Step 1/0 Word Counter 

24. TP-7 (#10) (Also B0-7) 

a. Transfer second word from Mem. 
Bfr. to the I/0 Reg. 

b. Begin conditioning thyratron• for coli. 
49~80 (fourth level). 

25. Next 2 MC pulse, set the Brk. Req. FF (if 
the Brk. Req. Sync. FF was set). 

26. TP-10 delayed, Brk. FF remain• set o,t. the 
Brk. Req. FF was set.) 

27. TP-7 (#11), set Interword Del. FF 
28. TP-7 (#12) 

a. Clear Delay FF 
b. Clear Firing Delay FF 
c. Set Conditioning Delay FF 
d. Clear Interword Delay FF . 
e. Clear Card Word Transfer FF 
f. Clear Break Req. FF 
g. Clear I/O Register 

NOTE: Thyratrons for Col. 17-80 are now.fired 
and the first two words will be punched into Row 9 
of the card at the punch station approx. 20 MS later. 

·.:.v.~ 
h. . Set Write FF. 

NOTE: If the Break FF is still set, B0-8 through 
11 will be generated, but will do no~ng. 
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2.9. TP-10 delayed. 

a. Clear Brk. FF (stop generation BO 
pulses) 

b. WR T FF remains ~set until the next 
index pulse from the recorder. 

30. Time elapsed from the break request to the 
above TP-10 delayed is approximately 72. 
usec. The time will vary due to the fact that 
the punch is in no way synchronized with CC. 
therefore, the break requE'.st could occur such 
that the first TP-7 used might occur after the 
BRK FF had been set. The computer can re
sume internal operations for about 42.. 8 msec 
before the next break request. 

31. The above process continues until the Word 
Ctr = 0. When the Word Ctr goes to zero, no 
more break cycles will be generated; there
fore, no more punch magnets energized. 
Note that the I/O Interlock is NOT cleared 
by the Word Ctr. end carry. At the end of 
the card in_which the word ctr. goes to zero, 
the request disconnect will be honored. 

32.. Disconnect 

33. 

a. 
b. 

c. 
d. 
e. 

Set DISC. I/O Interlock Sync. FF 
Clear all delay FFs except cond. 
delay which had previously been 
cleared. 
Clear the I/O Buffer 
Clear the I/O Register 
Disconnect pulse to punch to drop the 
WRT relays. 

PER (73) and PER (74) 

a. Index interval decoded by PERSEL
BSN matrix OT-9. -- Trigger bSS 
to fire aR YD. 

b. P.ick Prog. 1 or Prog. 2. relays in 
recorder. 

1) Prog. 1 relays connects out
put of thyratrons. 

··· o~ 1. 3 
0.7.6 

o. 7. 1, o. 7. 2. 
o. 7. 1, o. 7. 2. 
0.7.6 

0. 7. 6 (lB) 
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Z) Prog. Z relays connect read 
brushes for col. 1-16 to punch 
magnets for col. 1- 16. 

3)1 Both Prog. 1 and Prog. Z relays 
held through write relay contacts 
86-1. 

I. Familiarization of Recorder Wiring Diagram. 

1. Orientation 

a. Power input (lB) 
b. Card Levers (lA) 
c. Contact Roll (7A) 
d. Punch Magnets (SA) 
e. Relay Contact Charts (9A) 
f. Timing Charts (llA, lZA) 
g. Point out that the punch magnet des

ignations are reversed from the 
columns which they will punch. That 
is, magnet 80 punches col. 1, 79 
punches Z, etc. 

h. Mention that timingsshown are with 
reference to teeth on the index gear 
in the punch and that.its designati_ons 
are reversed with respect to actual 
card index points. Thia is due to the 
fact that cards are fed into the machine 
lZ edge first in commercial applica
tions. 

2. Turn on Main line switch (printer main line 
switch must also be on) 

a. Pick HD-3(1B) - HD- 3 points (lA) 
allow 40V to relay circuits. 

b. Turn on Not Ready light (3B) . 
c. Pick HD-Z (lA) allow 7ZV to the recorder 

circuits. 
d. Pick RZ(4B) 7ZV interlock. 

1) Z-Z points (4B) light the "Power c;>n' 
light. 

Z) Z- 3 points (ZA) allow 40V to start 
and feed keys. 
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3. Place deck of blank cards in the magazine -
Pick R84( 1 B) 

4. Depress Start Key (ZA) 

a. Pick R3P (ZB) Ready Interlock 

1) R3-l holds R3H(ZB) 
Z) R3-Z picks RlOP 
3) R3-3 picks R6P 

b. Auto start relay 

1) R6-l holds R6(3B) 
Z) R6-3 picks R9 and HD-1 Motor 

Start (3B) · 
3) R6-4 picks punch clutch magnet 

(ZB) start a cycle. 

c. Die card lever contact makes at 8. 0 

1) Pick R83-83-Z picks Rl 
Z) Rl-Z (3B) picks RllH, Rl4P 

and R26. 
3) Rl 1- 3 extinguishes the "Not 

Ready11 light. 

d. R6H drops at 9. 4. 
e. Punch clutch latches up at D. 
f. The machine is now "Ready". 

5. Show how depression of stop key makes the 
recorder "Not Ready". 

a. Drop Rl and Rl 1 H 
b. Turn on Not Ready Light 

· 6. Program a WRT Instruction (assume ready) 
-- Pick RBP (SB) 

a. Turn on Write light (6B) 
b. Pick R86 (6B) 

1) Energize Isolation relays (SA) 
2) 86- 3 and 86-4 (8AB) insert are 

suppression networks across 
isolation relay points. 
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c. Pick R7P (6B) 
cl. Provide path to Disconnect relay 

R82 (BB) 
e. Pick R6P (2A) 

1) Energize clutch magnets. 
2) Energize Motor Start and 

Motor Control relays (3A). 
3) Motor i• now running and the 

card is being moved under the 
punch station. 

7. Request Bre~k 

a. Point out CAM.16 (7B) 
b. Refer to· cam timing chart to show when 

breaks are requested. 
c. Correlate punching action with break request 

timing as shown in the charts. 

8. Information Flow 

a. Input from thyratron• (7 A) 
b. Through isolation relay points. 
c. Pick various punch magnet•. 

9, PER (73) (Operation Prog. 1) and PER (74) 
(Operation Program 2) op~ration. 

a. PER (73) 

1) Pick RlS (SB) 
2) . 15-1 and 15-2 points (SB) pick 

Rl 7, Rl8 and R20 through N/c
point• of a program 2 relay. 

3) Rl7, Rl8, and R20 points (?A) 
cau•e"the information which 
would have gone to magnets 49-
64 to be routed to magnets 65-80. 
Punching will then occur in cols, 
1-16. 

4) 20-5 N/O points provide a hold 
path for the Prog. 1 relays. 
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b. PER (74) 

1) Pick Rl6 (SB) 
2.) 16-1 and 16-2. points (SB) pick R2.l, 

R·2. 3, and R2.4 through NI C points 
of a Prog. 1 relay. 

3) R2.l, R2.3, and R2.4 points (7A) 
transfer the info from the read 
station to the punch magnets for 
cols. 1-16. 

4) 2.4-S N/O points provide a hold 
path for the Prog. 2. relays. 

c. The program 1 and 2. relays interlock 
each other so that only one operation 
may take place on a given WR T instruc
tion. 

d. The program relays are held for the 
entire duration of the WR T instruction 
through S6.;. l N/O points in SA, thus, it 
is not necessary to program the PER 
instruction for each card punched. 

10. Request disconnect 

a. Point out cam l S (7 AB) 
b. Show timing on cam timing chart and 

point out that the request comes near 
the end of each card. 

11. Disconnect 

a. Pick RS2.( SB) 
b. Drop RS and RS6 (6B) 
c. Drop isolation relays. 
d. Drop program relays. 
e. Prevent energizing R6P (2.B) 

1) Drop clutch magnets. 
2.) Prevent energizing Motor Start 

and Motor Control relays (3B) 
3) Motor coasts to a stop between 7 

and 9 time dependent upon CR 
CAM (3A) 
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12. Checks made of the recorder. 

a. 
b. 
c. 

d. 

Ready condition 
Time required for break cycles, 
Correct punching i•. checked 'by 
punching the deck and then read .. 
ing it into CC to check it. 
PER instruction• ai-e visually ' 
checked. 

Note: This is a 
sampling only and 
not intended to be 
all inclusive, 

September 15, 1960 
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Summary Ques~ivns_ 

1. 

z. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The card recorder can punch - j.C () cards per minute. 

How many punch ma,gnets in t~ Card Recorder? '? 0 . 
{ \ 

What is ,the purpose for using the Geneva Mechani,sm ?~ ~ 
~hK.~-~ 

How are tile pu/ich magnets energized? ~~~ ~ ~ 
~~ .. 

What voltages does the Line Printer supply to the Card Recorder? 
'f i'" v <i- -!- -; ;;z_ v l:? <:::_ 

Of what use is the PER (7 3) instruction? I' ....,..-J.. d.A.-,_, ~ ~ / - J? 

Of what use is the PER (74) instruction?:'te;~~ .;,..:. ~. f-/'-wiJ
W04,_,z,!,,,... 'ettf, /-If.-,~~~ 

What will occur if the fpunch is selected and a WR T O. 00000 is given? 

The following program is given: 

SELOZ 
LDC 
WRT 
HLT 

0.01050 
0.00060 

When the program is completed, it is found that only~08 words were 
punched. The computer did not hang up. This could be caused by 
which of the following? 

A. 
B. 
c. 
D. 

t!f 

4EW-C7 open 
GT9 in 4FD has open filaments 
SFF-Jl open 
FF4 in SFD has open filaments 
FF8, 9 in 6FT remains set 

(0. 7. 3 - SC) 
(0. 7. 3 - SC) 
(0. 7. 6 - llB) 
(0. 7. 6 - 9A) 
(0. 7. 3 - 4A) 

10. The following program is run; two cards feed past the punch. 

SELOZ 
-LDC 
WRT 
HLT 

0.00000 
o.ozooo 
0.00030 

The trouble could be: (0. 7. 3) 

A. 
B. 
c. 

SEL-H6 open 
6FE-ES open 
SEL-F7 open 

(ZB) 
(SB) 
(ZB) 
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Summary Questions 

D. 6FE-H3 open (5B) 
E. 

I . 

GT6 in SER paBiles no pulse~ · (7D) 

11. I/O Register Right· Sign FF won't clear. c(lOOO) to c(l027) : ~l zero•. 
The following program is run •. · 

SELOZ 
LDC 1000 
WRT 30 
HLT 

A. Punches in Columns 33 and 65, first and Hventh rows only. 
B. Punches in Columns 33 and.~5, first row only. 
C. No punches in any columns. 
B,... Punches in Columns 33 and 65, all ·rows. 
E. Punches in Columns 65, rQw l. 

l Z. The Card Punch places both words on the even •ide of the card, thus 
requiring twice the normal number 'of cards. Thi1 could be the effect 
of: (O~ 7. 6) 

A. 3LF-F$ opening (SB) 
B. SFF GT4, open filament (7C) -c. 3KD- Cl opening (7D) 
D. 3KD-E6 opening (tf'D) 
E. SCT-G3 opening (ZD) 

13. The gate tube for the punch "~equest Disconnect" pulse paa8es all 
pulses. With the following program .given, ·which of the below would 
occur? 

000 SELOZ 
001 LDC 1000 
OOZ WRT 110 
003 HLT 

A, Punch 3 cards and halt. 
B. Punch Z cards and halt. 
C. Hang up on step 003 and paH all cards through p\inch. 
D. Punch l word and halt. · 
E. Punch 1 card and halt. -
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14. The following program is executed: 

.. SEL02 0000 
LDC 0000 
WRT 0060 

At the completion of the WRT instruction, ,it js found that only 209 words 
were written, but the comput1er did not hang µp. Which of the following 
malfunctions listed below could cause these symptoms? 

A. 
B. 
c. 
o. 
E. 

4EW-C7 is open. 
GT9 in 4FD, open filaments 
SFF-Jl is open 
FF4 in SFD has open filaments 
FF8, 9 in 6FT remains set 

, 
(0. 7. 3 - SC) 
(0. 7. 3 - SC) 
fO. 7. 6 - llB) 
(0.7.6 - 9A) 
(0. 7. 3 - 4A) 

l S. The following program is executed and upon completion nothing has been 
punched in the card. Locations 1000 through 1027 contain ones in RlO-RlS. 

A. 
B. 
c. 
D. 
E. 

000 SELOl 
001 LDC 
002 RDS 
003 . BSN 14 
004 SEL02 
OOS LDC 
006 WRT 
007 HLT 

0 •. 00000 
0.01000 
0.00030 
0.00003 
0.00000 
0.01000 
0.00030 
0.00000 

No output from GT6 in SEC. 
No output from CF9 in SEM. 
aFF in 6FT remains set. 
GT4 in SER passes all pulses. 
GTl in SEE, open filaments. 

16. List the Flip-Flops by name that make up the .armenian delay. 

(0. 2. 3 - 2D) 
(0. 7. 3 - ZD) 
(0. 7. 3 - 4A) 
(0. 7. 3 - 7D) 
(0. 2. 3 - 4D) 
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COMPUTER ENTRY PUNCH 

Xll• INTRODUCTION AND GENERAL INFORMATION 

A. Purpose 

B. 

l, The primary function of .the 020 Computer Entry Punch is 
-······· 

to serve as one of the means of entering data into the 
Central Computer System of AN /FSQ-·7 Combat Direction 
Central or AN /FSQ-8 Combat Control Central. The design 
of the CEP enables it to operate' as a printing card punch, 
as a printing card punch and r'eader, or as a p~e -punched 
card read~r~ The use of t_he IBM card system in the 
oper-ci.tion "'Of'this manual input ·(MI) equipment pi:ovides a 
permanent record of data entered into the computer. 

2. The following types of dat~ are entered through the CEP: 

a. Flight Plans 
b. Weather 
c. Interceptor and Weapon Status 
d, Boundaries 
e. DEW 
f. Texas Towers and :Picket Vessels 
g. AEW 

h, 'T~ 
Basic Requiremt"nts of CEP 

1. Adapted from commercial model 026. 

2. Must be able to read cards and store information until 
called for by MDIE. 

~. Must be able to recognize a change of computer status, 
and give indication to operator that status has changed. 
Sequence of cards must be rerun to assure all informa
tion in a sequence going to the same computer when a 
status change has taken place,' 

C. Description 

1. The 020 Computer Entry Punch is manufactured by IBM. 
The machine is J=2 1 /2 inches long_, _:4 inches wide, and 
39 inches high. The front of the machine is the vertical 
surface on whi,ch the reading board is mounted. (Fig. 2-1). 
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Located on the reading board are the keyboard and 
the unit- status control panel. The keyboard can 
be moved to any position on the reading board 
convenient to the operator. It is a combination 
alphabetic and numeric keyboard wi!,h 44 keys 

Jl.nd a space bar. A number of the keys are used 
to manually control machine functions such as 
duplicating, feeding and skipping. Above the keys 
on the keyboard are the functional control switches, 
which are used for various automatic and manual 
operations. The unit-status control panel, mounted 
on the left, has two lights and two switches. 

Located at the top of the machine are the card hopper, 
the detail bed, the punch station, th~ master bed, 
the read station, the card stacker, and the main 
line switch. Below the reading board are the chip 
box and fuses. The main fuse is located on the 
left front leg of the machine. Two others are 
located behind the chip box and are accessible when 
the box is removed. 
Mounted on the rear legs of the CEP are the power 
and signal connectors (fig. 2-2). The two signal 
connectors are 40 position connectors with spring
loaded contacts. Power is brought into the machine 
through the power connector, located on the right 
leg (facing the rear) above the signal connector. 
This 30 position, quick-disconnect connector and 
the a-c connectors supply all voltages necessary 
for operation of the machine. 

By removing the top cover and tilting the base unit 
to the vertical position, the card feed cams and card 
feed circuit breakers can be seen, located behind the 
hopper (fig. 2- 3). The print head unit is located 
above the punch station. To the right of the print 
head unit is the program unit. In the rear, beiow 
the program unit, are the punch cams (P cams) 
and punch circuit breakers. Located behind the 
stacker is the drive motor. which supplies the 
necessary mechanical power to operate the machine. 

Removing the rear cover exposes the relay gate 
(fig. 2-3), which contains 18 duo-·type relays, 2!_ 
wire-contact relays, and one high-speed relay. 
;;T:;-;:h:-:e::-:r:-:e~·."::::a:":-:y:-:s:-..a"'"f~e,-.-:::n~U~m be red Tr om I ef t to rig ht in ' 
each row when viewing the relay gate from tfi'e rear. 

3 
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COMPUTER ENTRY PUNCH 

The first number bi a row comes -immediately 
after the laat number in the row above; e.g. , if 
20 ·is the number of the relay at the extreme right 
in a row, then 21 is the number of the relay •t the 
extreme left in the row immediately below it. The 
duo-type relays are located in the first, or top, row;. 
the wire contact relays, in the second and third l'ow•. 
A blower i• mounted on the relay gate to dis•ipate 
the heat from the relay•. The relay gate i• hinged 
to facilitate acceH to the terminal board• and 
electrical components located behind the gate. 
Figure 2-4 shows the rear of the machine with 
the relay gate lowered. Pointed out in thi• figure 
are the rectifiers, the power relay•, the card 
count mechanism, the filter capacitor, and the 
terminal post•. · 

The tube chaHi• is located on the right •ide of the · 
machine behind a loiivered cover panel (fig. 2-5). 
Eifgeen tubes (type 25L6> are »Hd to energize 

5 

.relay• and magnet•. "1Z;r ~ ~ +r'~ .lo/~ 
Card Hopper: The card hopper (fig. 2-1) hold• 
approximately 500 card•, which are held forward 

' by a •pr1ng-dr1ven piatr. Two magazine •pring• · 
keep the card• from falling through the knife and 
block-type throat as each card advance• to the 
feeding po•ition. 

Detail Bed: The detail bed (fig. 2-1) located to the 
right of the punch iitation, is that portion of the 
card bed into which card• are fed from the hoppe-r. 
Card• may also be placed in the dei.,il bed by hand. 

Punch Station: Punching i• performed at the fir.at 
of two •tation• in the card bed, ·through which card• 
e;~ fi'om flgll! to left. '..l'h• punch •tation ii •hown 
in1gure Z-1. 'It contain• 12 rectangular punch•• for 
punching information onto the IBM card•. 

Ma•ter Bed: The ma•ter bed (figure 2-1) i• located 
between the read (sense) station and the p\anch •tation. 
A card can be inserted manually at thi• point in the 
card bed whenever it is desired to duplicate prepunched 
information on any number of •ucceeding card•. The 
whole card is visible before it is r·egistered at the read 
•tation. 
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6. Read (Sease) Station: The read station (fig. 2-1), where 
the holes in the card are sensed for reading is 'located 
approximately the distance of one card length to the left 
of the punch station. There are 12 sensing positions at 
the read station, each position containing dual sensing pins. 

7. Card Stacker: The card stacker (fig. 2-1) holds approxi
mately 500 cards and is located at the upper left side of the 
machine on a level with the hopper. After a card passes 
the read station, it is fed into the stacker automatically 
or by key depression. Cards are stacked at an angle with 
the 12 edge down, card face to the rear, and are held in 
position by a card weight. When removed from the stacker, 
the cards are in their original sequence. 

8. Main Line Switch: Figure 2-1 shows the location of the 
main line switch. Operation of the machine may be 
started approximately one -half minute after the main 
line switch has been turned on. This delay allows suffi- · 
cient time for the electron tubes to heat. When the stacker 
becomes filled to capacity, the switch is automatically 
turned off, 

9, Card Feed Cams ana-cir~uit-·Breakers: Located below 
the hopper are six card feed cams and the associated 
circuit breakers (fig. 2-3), The card feed circuit 
breakers are numbered 1 through 6, from right to left, 
when viewing the machine from the rear. 

10, Print Head Unit: The print head unit (Fig. 2-3) houses 
the printing and ribbon feed mechanisms. The ribbon 
feed mechanism contains two ribbon spools and the 
ribbon reversing mechanism. The printing mechanism 
qmtains the .code plate from which the individual characters 
are printed. ·-.l?.nnting tc;!.ke s place. at the disc re ti on of the 
operator. The coded .. character punched in a column is 
printed across the top of the card above that column in 
which it was punched. 

11. Program Unit: The program unit is located in the 
center of the base assembly above the master bed 
(fig. 2-1) and contains the program drum. A program 
card with co·ded information is fastened around 
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the program drum. Behind the program drum is 
the auxiliary drum, which is used for column count. 
The column count is sent to the computer as part 
of a wor-?t.-- At the base of the program-drum holder 
is the column indicator, wqich indicates the next 
column to be punched. 

12. Punch Cams and Circuit Breaker: The P cams 
and associated circuit breakers are located on the 
rear center portion of the base assembly, beneath 
the program unit (fig. 2-3). The punch cam circuit 
breakers are numbered in order from bottom to top. 

D. Principles of Operation 

1. The 020 Computer Entry Punch is used as a card 
punch, manual input unit for the AN /FSQ-7, 8 
Systems. 

The standard IBM card has 80 columns and 12 
rows, a total of 960 punching positions; of these, 
a maximum of 240 (3 per column per card are 
normally utilized. The 80 columns .are numbered 
consecutively from left to right across the card. · 
The 12 rows are numbered 12, 11, 0, 1, 2, 3, 4, 
5, 6, 7, 8, and 9 from top to bottom. Rows 12, 11, 
and 0 are called zone rows; rows 1-9, numeric rows. 
Various types of information are segregated on the 
card by means of fields. A field is defined as a 
related set or group of consecutive columns. 

2. Card Path: Cards are fed into the detail bed from 
the hopper (fig. 2-1 and fig. 2-7) either automatically 
or under manual control, and move from right to 
left to the punch station, to the read station, and 
finally into the stacker. Normally, there are three 
cards in the card bed during machine operation: 
one in. the detail bed, one at the punch station, and 
one at the read station. As a card is fed into the 
detail bed, the card presently in the detail bed is 
registered (positioned to punch into column 1) at 
the punch station. Simultaneously, the card which 
was previously punched is registered (positioned to 
sense column 2) at the read station; the car..: which 
was at the read station is fed into the stacker. 
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Two mechanisms control the movement of the cards 
through the machine: the·card f~ed--ana'tlie escape
ment mechanisms. The card feed me.chanism operates 
to feed a card to the detail bed, to register the card 
in the detail bed at the punch ·a·tation, ·to register a 
card in the master bed at the read station, and to 
eject a card into the stacker. All four operations 
are performed simultaneously during a card feed 
cycle. 

The escapement mechanism controls the card movement 
through the punch and read stations and drives the 
program drum and the column count drum in synchronism 
with the card movement. The program mechanism con
trols the machine when automatic operation is selected. 
All these operations occur during an escape cycle. 

3. Punching: When a card reaches the punch station, 
the information is punched into the card, column by 
column. The punching code used is the standard IBM 
Hollerith code, The Hollerith code uses one hole for 
each numeric character, two holes for each alphabetic 
character (one zone and one numeric), and either two 
or three holes for each special character. Ordinarily, 
one to three holes are punched in any column, depending 
on the character selected. 

Punching may be initiated either manually by use 0£ 
the keyboard or automatically by duplication. Dupli
cation is automatic reproduction on the detail card 
of the information being read from the master card. 
Skipping (bypassing columns or fields not pertinent 
to the current operation) may also be performed. 
However, duplication and skipping can be controlled 
either manually or automatically. Automatic operation• 
are contr~lled by programming; manual operations, from 
the keyb'oard. 

4. Printing: The printing feature of the CEP is optional 
since printing may be suppressed, when desired, by 
program control or by use of the keyboard switch. 
When the information being punched is to be printed, 
a system of wire printing is used to print the 
selected character above the column being punched. 
A code plate with projections outlining all characters 
used in .the system is positioned during the punching 
process and pressed against,a group of 35 sturdy, 

9 



10 COMPUTER ENTRY PUNCH 

5. Reading: Information is read when the card reaches 
the read (sense) station. Twelve sets of dual sensing 
pins are used, one for each row in the IBM card. 
When the dual sensing pins sense holes in the cards, 
they close circuits to pick interposer relays •. These 
relays, in turn, clos~ circuits .to transfer information 
to the computer, to duplicate or to do both, as determined 
by the machine operation selected. 

Duplication is the operation in which data which is being 
read may be automatically reproduced on the following 
card as it is read. Skipping (bypassing columns or fields 
not pertinent to the current operation) may also be per
formed. The· reading rate will vary according to the 
number of columns to be read. The maximum reading 
rate is 13 cards per minute, based on the reading of all 
80 columns in a card. When the card has been read and 
column 80 passes the sensing pins, the card moves to the 
eject station (fig. 2-7). During the subsequent feed cycle, 
the card is moved into the stacker fingers and placed in 
the stacked position, 

6. Information Transfer: The information which is sensed at 
the read station is sent" (when programmed) to the MI unit 
(unit 23) with th.e card count and column count information. 
The MI unit adds identifying information and transfers the 
assembled word to the Drum System for eventual transfer 
to the Central Computer System. (fig. 2-10). 

a. Word Makeup: Information from the CEP is 
transmitted to the MI unit as 24 bit words. 

LS - Lll • Data 
Ll2 - Ll5 = CEP identify (made up in MDIE) 
RS - Rl & Not used 
R2 - R6 = Card Count, a "one" bit in only I of 

these five positions 
R 7 - R 13 = Column Count in octal 
R 14 - R 15 = Type of data (CEP • 00 )(made up in MDIE) 
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There are 12 bits of information (corresponding 
to the 12 rows in each card column) and 12 bits 
of identification for each card column (card 
count and column count). 

The identification bits are required so that the 
computer can reconstruct a message when 
data from more than one card from a machine 
is" stored on the MI drum field at one time. 
Five of the 12 identification bits are used to 
assign a card count to each card read into the 
computer. The card counter me,chanism gener
ates the card counting pulses by raising one 
of its five outputs to +lOV while the remain-
ing four are at - 30V. Except for a card in 
which an error has been detected, the impulse 
counter advances one position between cards. 
The remaining seven bit~ of identification are 
a binary indication of the sensed column. This 
binary indication is generated by the column 
count drum mechanism. Each column of the 
card associated with this mechanism is punched 
to indicate the binary number of that column. 
The associated sensing mechanism transmits 
this indication as the column count drum is 
moved in synchronism with the program drum. 

b. Information Path: Data is transferred as de 
levels from the CEP to the Ml unit. As the 
column is read, an information-ready pulse is 
sent to the MI unit. Interposer relays are 
energized for each column in which a punched 
hole is sensed. A drum-demand pulse 
(originating in the MIXD drum) strobes the 
Ml unit on a priority basis. If the information -
ready pulse has been received and the drum
demand pulse selects the CEP, data bits are 
written on the drum. 

The interposer relays are then released, and 
the next card column is read. If information 
cannot be accepted by the drum, a P-cam 
causes the interposer relays to be held 
energized and the CEP is interlocked to 
prevent the card from advancing to the 
next card column position. This dependence. 
on the drum-demand pulse allows the CEP 

13 
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to operate on a serial demand system, with interrup
tion of card reading when higher-priority information 
is ready for transfer to the MI drum field. 

c, Programming: Card machine operations can be 
controlled automatically by SE'nsing punched holes 
in a program card mounted on the program drum, 
The program card can contain either a standard 
program code, an alternate program code or both. 
The standard program utilizes 6 of the 12 rows of 
the program card. The alternate program feature, 
which uses the remaining 6 rows of the program card, 
makes it pas sible to punch codes for two separate 
card designs in the same program card, The alter
nate program is selected from the keyboard. By 
proper programming, any or all of the 80 columns 
of an IBM card can be read into the computerw. 

E. Electrical and Functional Details 
l, Voltage Characteristics: Table 2-1 lists the nominal 

voltage requirements of the CEP. 

Table 2-1. 

Application 

Input 
Output 
Filament 
Plate 
Bias 

2. Motor Data: 

Voltage Requirements 

Voltage 

115 ac, 50-60 cycles 
IO de 
22-25 de 
130 de 
-49 de 

a. The drive motor is a l / 12 hp motor that operates 
on ll5V ac, single-phase, 60 cycle power at 1, 725 
rpm, with a current drain of 2. 1 amperes (amp). 
Running the motor will cause a 400 C (72°F) rise in 
the motor temperature, 

b. The fan motor used has a rating of 20 cubic feet per 
minute ( cfm) and operates on l l 5V ac power at 3, 250 
rpm. 
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3. Tube, Relay, and Fuse Complement: The CEP 
uses 15 type 25L6 pow~r amplifier tubes and 
three fuses, two 2-amp fuses and one 4-amp 
slow-blow fuse. 

4. Functional Characteristics: Table 2-2 lists the 
functional characteristics of the machine. 

Table 2-2. 

Function 

Printing 

Reading 

Skipping 
Duplicating 

Functional Characteristics 

Description 

A 3/ 4 inch by 1-1/4 inch code plate 
is used to actuate a 35 wire matrix 
(7 x 5). 
Twelve punches, one for each of 
12 rows. 
Twelve sets of dual sensing pins 
operate at 13 cards per minute 
(based on reading 80 columns per 
card). 
Maximum of 80 columns per second. 
Eighteen columns per second in 
automatic control; 9 columns per 
second in manual control. 

F. IBM Card Description 

1. Because of their flexibility and because of the 
availability of the associated punching, verifying, ' 
and duplicating equipment, IBM cards are used as 
a primary input medium for the SAGE Computer. 
Information can be verified prior to computer entry, 
and errors can be detected and easily corrected. The 
simultaneous preparation of data on several CEPs 
expedites the input operation, and the use of cards 
provides a permanent record of the data entered into 
the computer. 

2. There are 80 columns in which punching may take 
place. These columns are numbered, from left to 
right, 1 through 80. In each column are 12 punching 
positions (rows), which are numbered 12, 11, 0, l, 2, 
3~ 4, 5, 6, 7, 8, 9 from top to bottom. Rows 12, 11 
and 0 are called zones, rows 1-9 numerics. 

15 
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TABLE 3-1. HOLLERITH CODE 

NUMERIC NO 12 11 
PUNCH ZONE ZONE ZONE 

None (Blank) & 

A J 
2 2 B K 

3 3 c L 

4 4 .D M 

5 5 E N 

6 6 F 0 

7 7 G p 

8 8 H Q 

9 9 R 

8-3 # s 
8-4 @ ll • 

LETTERS 

ABCDEFGHIJKLMNOPORSTUVWXYZ 

00000000 ll' 
llHJUIHIOUI 

11111111[ 

0 
ZONE 

0 

I 
s 
T 

u 
v 
w 
x 
y 

z 

% 

SPECIAL 
CHARACTERS 

a ~-t•1 '1#• 

aoo 
0000000000 0 ~~~ UUHHllHHHllfl ~ ~ .. 
111 111111 I I II 

12 Punching 
Po~ition 

11 Punching 
Position 

00000000 
J)J4151111111•1l' 

11111111 

-n22u2222 222222212 2 2222222222 2 2 22222222 

33333333 

44444444 

55555555 

61616666 

11111111 

11111111 

UUJUUU UJaU33J3 3J 3 3J33333333( 31 , , I~ 
444444444444 44444444444 444 H 44 H I~ 4444444444 II 4 I~ 4 

5555555555555 ~: 555555555555 55 55 l~ IP5 5 D ~ I~ 5555555555 5 5 

111111111111110•4 UUUllUIU 11111! I~ u II I I~ 11111161664 IOj 116 
71lllllllllllllj 1111111lll111lt llllllf ll ll l 01 lllllll71l 

: 1: 1 1111111111111111 111111111111111 11111111 II .... , 11111111111 

II 11111It11119111 99 99 991 It 9 99 9! 9! 99911991IIt1111 ~J 919 U II 919 9 9 9 99 9 9 9 9 9 9 9 99 9 9 9 9 
111•11111•nQQM.0•11 •N11nn"nNJJHHHn11nM MllMH•••UUMdMlrou•11un11HMIJMHHllUIJUHhlJHH~JIJll)JIJlnrrNr1• 

Figure 3-1. Punching Positions in IBM Card 
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3. As illustrated in figure 3-1, numbers are 
recorded by a single hole in the corresponding 
numeric or zone position of the desired column. 
A letter is recorded as a combination of one zone 
and one numeric punch in the desired column, 
and special characters are recorded as one, two, 
or three holes, in the desi.red column. Punching 
of the correct number of holes in a column for a 
letter or special character is automatic on de
pression of the corresponding key at the keyboard. 
The complete code- (Hollerith code) for the AN/FSQ-7, 
8 is shown in table 3-1. Each numeric punch may be 
used alone or with any zone punch. Each combination 
signifies a different character .. For example, a 5 
punch (indicated in the Numeric Punch column) used 
with a punch in the 11 row signifies the letter N 
(indicated in the 11 Zone column). A 5 punch used 
alone signifies the numeral 5 (indicated in the No 
Zone column).. A 5 punch and a 12 zone punch 
indicate an E; a 5 punch and 0 zone punch indicate 
a V. The special characters are signified by an ·8 
and a 3 punch, an 8 and a 4 punch, or an 8- 3 zone 
or 8-4 zone punch combination. Notice that the 
letters A··l use consecutive numeric punches in 
combination with a 12 zone punch. Letters J-R 
use consecutive numeric punches in combination 
with an l J. zone punch. Letters S- Z use consecutive 
numeric punches (starting with a 2 punch) in com
bination with a 0 zone punch. Eleven characters 
other than the standard 26 alphabetic and 10 
numeric characters may be punched. 

• 

G. Summary Questions 

Questions: 

1. What three operations are possible with the 020 CEP? 

2. How many cards will the hopper hold? 

3. How is printing accomplished in the 020 CEP? 

4. How many bits are transferred from the CEP to 
MDIE and what do the bits represent? 

5. What does an information-ready pulse sent to the 
MDIE from the CEP. mean? 

17 
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6. 

7. 

COMPUTER ENTRY PUNCH 

What does the drum demand pulse do? 

What code is used on IBM cards in the CEP? 
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II. BLOCK DIAGRAM ANALYSIS 

A. General 
1. The 020 Computer Entry Punch is used as a manual input 

device for the AN /FSQ-7, 8 equipment. It can punch 
information on IBM cards and simultaneously print the 
same information across the top of the card. The source 
of duplicated information is a previously punched card 
being passed through the read station. 

2. Card information sensed at the read station can be sent 
to the MI unit (unit 23) or duplicated in the following 
card, or both operations can be_ performed concurrently, 
depending upon the desired operation. 

3. The operations of the machine are controlled manually 
from the keyboard and automatically by programming. 
Some operations may be manually initiated at the key
board with control taken over by the program unit, 

B. Card Travel 
1. The cards used in the 020 will be from one of four sources 

(fig. 3-2), depending upon the type of data to be handled 
by the machine: 

a. Cards punched by the 026 Card Punch. 
b. Cards processed by the 056 Verifier 
c. Prepunched cards from the permanent files. 
d, Blank cards for the transcription of original data. 

2. Cards placed in the card hopper are moved through 
the machine as indicated in figure 3-2. A card 
feed cycle moves a card from the hopper to the 
detail bed. The next card feed cycle moves the 
card from the detail bed to registration at the 
punch station. As the desired punching operations 
are being performed, the card moves from the 
punch station to the master bed. The card is moved 
column by column through this station and the 
read station by escapement cycles in conjunction 
with the punching operation, Subsequent card feed 
cycles move the card from the master bed to regis
tration at the read station and from the read station 
to the stacker. As each card progresses_ to a new 
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station, its former position is filled by a card 
simultaneously fed from the preceding station. 
This assures a continuous flow of cards until the 
supply of cards in the hopper is depleted or until 
the feed cycle is interrupted by some other function. 

3. Cards may also be inserted individually into the 
machine at the detail bed or at the master bed. An 
instance in which this arrangement might be advan
tageous would be the duplication of a single pre
punched card. The card to be duplicated is inserted 
in the master bed, and the blank card is inserted in 
the detail bed. Single cards should not be fed into 
the machine from the hopper. Since it is not 
practical to read blank cards, the block diagram 
shows no provision for inserting blank cards directly 
into the master bed. 

C. Mechanical Operation 

1. All the mechanical moving parts of the machine 
receive power from the 1 /12 hp drive motor (fig. 
3-2). The reduction drive unit is belt-driven 
directly from the motor. A second belt drives 
the punch drive unit under control of a punch 
clutch. The reduction drive unit drives the card 
feed and the escapement mechanisms to move 
the card through the machine. The punch drive 
unit drives the punching, printing, and reading 
mechanisms simultaneously. 

2. The card feed mechanism operates to enter a 
card into the detail bed from the hopper, to regis -
ter the card in the detail bed at the punch station, 
to register a card in the master bed at the read 
station, and to stack a card in the stacker. These 
operations are performed simultaneously under 
control of the card feed clutch. Energizing the 
card feed clutch initiates a card feed cycle. The 
card feed index is latched up at 0 degree. There 
is 2. 78 milliseconds (ms) per degree, or 1 second 
per card feed cycle. 

3. The escapement mechanism, which controls card 
movement through the punch and read stations, 
receives the driving power from the reduction 
drive unit through a friction clutch. The program 
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unit and column count drum are also driven by the 
escapement mechanism in synchronism with the 
card movement through the.punch and read sta
tions. An escapement cycle is initiated by ener
gizing the escapement magnet. It takes 6 ms to 
move the armature out of a tooth of the escape 
wheel. When the wheel is moving, it moves at a 
rate of 12 ms per tooth. One tooth represents one 
card column. 

4. A punch cycle i~cludes the punching operation, the 
printing operation, and the sensing operation. All 
three operations are controlled simultaneously by 
the punch clutch. The punching and printing 
operations enter information on the card while 
the sensing operation detects the punched card 
information for duplication or computer entry. 
Each of these operations is performed on a 
column-by-column basis. A punch cycle is ini
tiated by energizing the punch clutch. The punch 
clutch is latched at 345 degrees and one cycle 
moves the index through 360 degrees at ~ rate of 
O. 154 ms per degree, or 55. 44 ms per punch 
cycle. 

The timings of the escapement cycle, the card 
feed cycle, and the punch cycle are completely 
asynchronous. 

D. Electrical Operation 

1. Electrical power for the 020 Computer Entry Punch 
is supplied by the simplex input CB unit (unit 56). 
The unit status switch is capable of selecting either 
the standby or the active power supply and of con -
necting the data outputs of the relay switching net.
work to the corresponding MI unit. It is also 
capable of connecting the machine to the standby 
power supply and leaving the signal outputs discon
nected entirely. 

2. Power from the selected power supply is connected 
to the terminal panel through the relay switching 
network for distribution to the various subassem -
blies. Power from the terminal panel is used to 
operate magnets in the keyboard, the interposer 
magnets, a~d the relay switching network. It 
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also supplies the drive unit with 115VAC to operate 
the 1 I 12 hp drive motor. This motor supplies the 
poyver for all the. mechanical action of the machine. 

3. The card count mechanism controls a counting pro
cess to identify the cards as the card data is entered 
into the Ml unit. The card count forms a portion of 
the identification section of each word as the word is 
placed on the drum. Each word is identified by a 
column count and a card count. Because of the 
relatively slow operation of the card machine, it 
is not necessary to have a card count greater than 5. 

4. The operation of the relays which control the machire 
function is dependent upon the action of either the 
program sensing unit or the function controls on the 
keyboard. 

5. A means .is provided for sensing a change of computer 
status. A change will stop machine operation and. 
light the DUPLEX SWITCH light at the unit status 
control panel. Operation cannot be resumed until 
the cards in the punch and/or read station are 
removed and the RESET button at the. unit status 
control panel is depressed. A connection between the 
unit status control panel and the maintenance console. 
(unit 47) enables monitoring of machine status at the 
console. 

6. The drum-demand pulse initiates the data transfer 
from the CEP through the Ml unit (unit 23) to the 
MIXD drum. The initiation takes place when a CEP 
cam (P7) passes an information-ready pulse (through 
relay switching), and a subsequent drum -demand 
pulse causes unit 23 to select the CEP as the MI 
unit which is to transfer data. The drum-demand 
circuitry is also used as an interlock on machine 
operation when data is to be transferred. The 
absence of a drum demand due to acceptance of 
higher priority data at unit 23 will prevent the card 
from be1ng moved to the next column. This e~iminates 
the possibility of reading a second card column before 
the preceding column data has been transferred to 
the MIXD Drum. 

7. The information-ready circuitry is connected to 
the appropriate MI unit through the relay switching 
network. 
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E. 

COMPUTER ENTRY PUNCH 

Data Flow 

1. Data may be entered into the CEP either through 
the keyboard or by inserting prepunched cards 
from other machines. Data entered through the 
keyboard is passed to the interposer magnets by 
key depression. When a punch cycle is taken. the 
interposer magnets transfer the data to the card 
by punching the card. The card carries the data 
to the read station, where it is read and sent to 
the interposer relays. The interposer relays 
energize the interposer magnets if duplication 
is desired. The data to be transferred is passed 
from the interposer relays through the relay 
switching to the MI unit. 

2. A column count and a card count are also trans
ferred through relay switching to the MI unit. 
These two quantities, with the original data, are 
assembled with other identifying information to 
make up the final input word as it is transferred 
from the MI unit to the MI drum field. The fim 1 
input word is assembled in the following form. 

p LS Lll Ll2 Ll5 
NOT CARD CEP 
USED INFORMATION IDEN 

RS Rl R2 R6 R7 Rl3 Rl4 R15 
NOT CARD COLUMN INPUT 
USED COUNT COUNT UNIT ID 

F. Summary Questions 

Questions: 

1. The cards used in the 020 are from what four sources? 

2. How many degrees on the card feed index are there in a 
card feed cycle? 

3. At what degree does the card feed clutch latch at? 

4. How many columns can be punched in one punch cycle? 

5. How is a punch cycle initiated? 
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II. OPERATING INSTRUCTIONS 
A. General 

1. The 020 Computer Entry Punch (fig. 2-1) can be 
used as a printing card punch and reader or as a 
pre-punched card reader. The various machine 
operations are: 

a. Skipping: Omitting columns where informa
tion is not to be punched or sensed. 

b. Duplicating: Reproducing data into the detail 
card from the master card. 

c. Field Defining: Sensing the extent of field. 
A field is defined as a columnar di vision of 
a card used to segregate various types of 
information. It may be any number of columns. 

d. Alpha-numeric Punching: Punching alphabetic 
or numeric characters in an IBM card according 
to the Hollerith code. · 

e. Data Transfer: Transferring information from 
the 020 to the computer via unit 23. 

f. Zone Suppression: Preventing transfer of 
0, 11, 12 data to the computer. 

g. Print: Printing the character above each. 
column as it is punched. 

h. Print Suppression: Preventing printing on 
card without affecting punching. 

i. ;Feeding: Moving cards from the hopper to 
the detail bed. 

j. Multipunching: Punching more than three 
characters in one column. 

2. The function relays governing machine operations 
are controlled either manually by the keyboard 
switches and keys or automatically by the program
sensing mechanism. The program controls the 
mode of operation. 

3. Certain operations may be controlled either manually 
or automatically. Multiple-punching, registering 
(REG key), releasing a card in error, and switching 
to the alternate program are possible only under 
manual control. Defining a field, transferring data 
to the computer, and zone suppression are possible 
only in automatic control. Automatic feeding is 
possible but is controlled by a switch rather than 
by programming. 
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4. A circuit is provided which automatically stops 
the machine and lights the DUPLEX SWITCH light 
if the computer status is changed. The cards must 
be removed from the read and/or punch station and 
the RESET button must be depressed to restore the 
machine to normal operating condition. The inter
rupted sequence of cards must be restarted to ensure 
that all the information contained in the cards is 
transferred to the correct computer. 

B. Operating Controls 

1. Manual Controls 

a. The computer entry punch employs four 
groups of manual controls: the keyboard 
controls, the unit status controls, the 
function control switches, and the three 
miscellaneous switches. 

b. Keyboard 

1) A combination alphabetic and numerical 
keyboard is used. (See fig. 5-2) Punching 
keys are gray with blue lettering. The 
keyboard is interlocked to prevent two 
character or functional keys from being 
depressed at the same time. The alphabetic 
keys are arranged so that the standard 
typewriter touch system can be used. A 
group of dual purpose keys at the right side 
of the keyboard serves for numeric as well 
as alphabetic punching. This permits 
punching numeric characters with the 
right hand and frees the left hand for 
document handling. 

2) The touch system for the 10 numerical 
keys is as follows: index finger for digits 
1, 4, and 7; middle finger for digits 2, 5, 
and 8; ring finger for digits 0, 3, 6, and 9. 
The punching of a digit or a letter with any 
of the combination keys depends upon the 
shift condition of the keyboard. For exam -
ple, the depression of the 4-J key punches 
a 4 when the keyboard is in numeric shift 
but a J when in alphabetic shift. This 
shifting is similar to upper or lower case 
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TABLE 5-1. KEYBOARD CONTROLS 

MANUAL CONTROL PROGRAM CONTROL 

On the first depression, one card is fed to the Same as manual control. 
detail bed from the hopper. On the second 
depression, this card is registered at the 
punch station, and the second card is fed 
to the detail bed under the first card. Dur· 
ing subsequent operations, registration at 
the read station and stacking of cards in the 
stacker also take place. · 

REG (Register) When depressed, the same functions are per- Same as manual control. 
formed as those performed when the FEED 

ENTRY 

key is depressed except that cards are not 
fed from the hopper. 

Releases cards at the rate of 12 ms per column. A card is released at the rate of 18 columns 
per second except when a skip field is 
programmed without the entry. Under 
this condition, the card will be released 
at the rate of 80 columns per second. 

Figure 5-2. Comhination Keyhoard 
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TABLE 5-1. KEYBOARD CONTROLS (cont'd) 

KEY MANUAL CONTROL 

SKIP (Key 33) Punches in the 11 row. 

Space Bar 

NUM 

ALPHA 

DUP 

SKIP (Key 36) 

ALT PROG 
(Alternate pro~ 

The card is advanced one column each time 
the bar is dep1·essed. 

Shifts the combination keyboard into numeri
cal status as long as it is held down. Used 
to permit the punching of numbers in an 
alphabetic field. 

When duplication is being performed, this 
key permits automatic spacing over blank 
columns. 

Causes duplication on a column-by-column 
basis as long as it is held depressed. 

Performs same function as space bar. 

Not used. 

PROGRA"M CONTROL 

Serves as an 11 key during numeric punching 
and as a dash-skip key during alphabetic 
punching. In numeric operation, one de
pression is required for each field to be 
skipped. An 11 is punched in the column 
in which the key was depressed, and the 
remainder of the field is skipped at a 
rate of 12 ms per column. 

Same as manual control. 

Shifts keyboard to numerical position when 
depressed in· programmed ALPHA field. 

Normally used to permit punching of letters 
in a numerical field. Shifts the combina
tion keyboard into alphabetic status as 
long as it is held down. Prevents skipping 
caused by X punching. 

A single depression causes duplication of the 
field i'l which it is depressed. 

Operated on a nonrepeat basi~ for each field, 
requiring a separate depression for each 
field to be skipped. 

Shifts program control to the lower rows of 
the program card. Program contacts 4 
through 9 become operative for the re
mainder of the card in which ALT PROG 
key is depressed. 1 

MUL T PCH Shifts keyboard to numeric status; prevents Inoperative. 
(Multiple punch) escapement to new column until key is 

released. While depressed, any number of 
numeric keys may be depressed one at a 
time. 

ERROR Not normally used. Releases the detail card, which is in error, 
at the rate of 50 ms per column and pre
vents any data from this card from, enter
ing the computer. 
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shifting on a standard typewriter and may be con
trolled automatically by the program unit or man
ually by key depression. The sect.ion containing 
the combination keys is readily distinguished by 
the shaded blue area of the key plate. 

3) The top row contains four special-character keys 
at the left, These keys punch eight characters as 
shown on the key tops. The shift status of the 
keyboard will determine which of the two charac
ters will be punched and printed by each of the 
four special-character keys. 

4) The keyboard also contains the shift key for alpha
betic and numeric, the MULT PCH, the manual 
DUP, the ALT PROG, the FEED, the SKIP, the 
ERROR, and the ENTRY keys. The uses of the 
keyboard controls are listed in table 5-1. 

5) Keys 1-18 can be depressed to punch the appro
priate letters only when the keyboard is in alpha
betic shift. If one of these keys is depressed 

6) 

while the keyboard is in numeric' shift, the. key
board becomes locked up. Operation can be re
sumed by releasing the card or by depressing the 
alphabetic shift key to allow the letter to be punched 
and printed. Figure 5-2 shows the numbered key
board. 
Combination keys 19-:29 punch the characters 
indicated below: 

~ Numeric Shift Al;eha Shift 
19 & p 
20 0 I 
21 1 u 
22 2 I 
23 3 0 
24 4 J 
25 5 K 
26 6 L 
27 7 M 
28 8 8 
29 9 9 
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7) Special-character keys can be depressed 
when the keyboard is in either numeric 
or alphabetic shift to punch and print the 
characters listed below: 

40 
41 
42 
43 

# 

$ 

@ 

°lo 
* 
)( 

8) The punching code for the different 
characters is known as the Hollerith 
code (table 3-1). 

c. Unit Status Panel Controls'. There are two 
switches on the unit status control panel: the 
unit status switch for establishing the CEP 
power and signal status, and the RESET push
button, for initiating the restoration of con
tact between the computer and the punch. 
(Fig. 5-4 and Table 5-2) 

d. Functional Control Switches: Four 2 posi
tion switches are located just above the key 
section of the keyboard. The two positions 
for each switch are ON and OFF. The switches 
are identified and their functions described 
in table 5- 3. (See Fig. 5- 3) 

e. Miscellaneous Control Switches: A number 
of controls on the computer entry punch 
are listed independently because of their 
isolated locations. The functions of these 
controls are described in. table 5-4. 

1) Program control located on bottom 
PROGRAM DRUM 

2) Main line located in stacker 
3) Keyboard Restore located on side of 

master bed. 

C. Indicator Lights: Two lights are located on the unit 
status control panel (fig. 5-4) to the left of the RESET 
pushbutton. The POWER ON light indicates. that power 
is applied to the punch. The DUPLEX SWITCH light 
.indicates a change of computer status. 
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TABLE 5-2. UNIT STATUS PANEL CONTROLS 

TYPE OF SWITCH 

4-position rotary 

Pushbutton 

FUNCTION 

OFF: Power and signals are disconnected from the punch. 

POWER ON: Power is available to the punch, but no signal 
connections are made. 

STANDBY: Power is available to the punch, and signals are 
connected to the standby computer. 

ACTIVE: Power is available to the punch, and signals are 
connected to the active computer. 

Restores normal machine operation after the computer has 
undergone a status change and the interlock has prevented 
any futher reading to the computer. 
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CONTROL 

AUTO FEED 

AUTO SKIP AUTO DUP 

PRINT 

AUTO ENTRY 

CONTROL 

PROGRAM CONTROL 

MAIN LINE 

KEYBOARD RESTORE 

TABLE 5-3. FUNCTIONAL CONTROL SWITCHES 

TYPE 

Toggle switch 

Toggle switch 

Toggle switch 

Toggle switrh 

FUNCTION 

ON: Initiates automatic feed cycle immediately after column. 
80 of the detail card has been passed. 

OFF: Suppresses automatic feeding. 

ON: Allows programming for automatic skipping and auto
matic duplicating. 

OFF: Prevents automatic duplicating and automatic skipping 
by program control but does not affect manually controlled 
skipping and duplication. ·· 

ON: Permits printing above the punched column. 

OFF: Suppresses printing. 

ON: Automatically releases cards at the rate of 18 columns per 
second to allow a deck of prepunched cards to be read and 
the designated data to be entered into the computer. No 
punching possible. 

OFF: Prevents automatic entry. 

TABLE 5-4. M•scELLANEOUS CONTROL SWITCHES 

TYPE 

Lever switch 

Toggle switch 

Pushbutton 

FUNCTION 

ON: Engages program sensing mechanism, making program 
control effective and shifting the keyboard to numeric status. 
Serves as a mechanical interlock by preventing program 
drum removal. 

OFF: Disengages program sensing mechanism. Shifts keyboard 
to alphabetic status. 

ON: Supplies power under control of unit status control switch. 

OFF: Disconnects power. Operates automatically when stacker 
is full. 

Restores locked keyboard to operating condition. 
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D. Operating Sequence 
1. Visual Check: The following steps should be observed 

for proper operation: 

a. Be sure that POWER ON light is lighted. 
b. Make sure that signal and power connectors are 

properly connected. 
c. See that detail and master beds are free from any 

pieces of cards that may interfere with proper 
operation. 

d. Be sure that DUPLEX SWITCH light is out. To 
extinguish it, depress RESET button. 

I • 

z. Loading Cards into Hopper: Cards are placed in the 
hopper face forward, 9 's down, and are fed front 
card first. 

3. Starting the Machine: To start the machine, proceed 
as follows: 

a. Turn main line switch on. 
b. Turn unit status switch to POWER ON. This lights 

the POWER CONTACTORS CLOSED light (simplex 
maintenance console) associated with the standby 
power supply. 

c. Depress RESET button. 
d. Turn unit status switch to STANDBY position, 

assuming that A computer is active and B computer 
standby. 

e. If AUTO FEED switch is off, depress FEED key 
twice to register first card. H swit;ch is on, 
depress FEED key only once. 

4. Punching, Single and Multiple 

a. Single punching is performed by standard operation 
of the keyboard. In multiple punching, two or more 
numeric characters may be punched in one column 
by holding the MULT PCH key down while the keys 
are depressed one at a time. 

b. The keyboard is automatically shifted to numerical 
status when the MULT PCH key is depressed. 
Multiple -punched columns other than standard 
alphabetic characters or special characters should 
not be duplicated. 
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c. Multiple punching is generally used for preparing a 
program card when more than two punches are re
quired in a column. 

5. Column Spacing 

a. Depressing the space bar will move the card one 
column without punching. 

b, Without program control, the DUP key may be used 
to space over columns if the corresponding columns 
are blank in the preceding card or if there is no card 
immediately ahead. This operation is faster than 
using the space bar. 

6. Skipping: This operation is controlled manually by 
depression of the SKIP key. Skipping is used when no 
information is to be punched in a column or field, 

7. Manual Card Insertion 

a. When single cards are to be fed manually, they should 
be placed directly in the detail bed for punching or in 
the master bed for reading. Depress the REG key 
once to position the cards properly for punching or 
reading. Single cards should !lot be fed from the 
card hopper. 

b. Detail Bed: To insert cards in the detail bed, 
proceed as follows: 

1) Place a card in detail bed right of punching 
station, positioning right-hand edge of card 
against card p~sher. 

2) Depress REG key to register card at punch 
station. 

3) Punch desired information, starting in column 1. 
Depress numerical shift key when necessary. 

4;) After punching, release card, 

35 



36 COMPUTER ENTRY PUNCH 

5) Insert next card in detail bed to right of 
punch station, and depress REG key. 
This· registers first card at read station 
and new card at punch station. First 
card is released to left of read station 
when ENTRY key is depressed after 
punching of second card; it is moved 
into stacker when third card is registered. 

c. Master Bed: When certain fields are to be 
duplicated from a prepunched master card, it 
is necessary to insert the master card manually 
in the master bed before duplicating the fir st 
card of the group. The master c;:ard is inserted 
in the master bed in the following manner: 

1) Turn AUTO FEED switch off before 
completing punching of last card of 
preceding group. 

2) After last card is released from punch 
. station, manually move it to left until 
its left end touches feed rolls at read 
station. 

3) Depress ENTRY key to advance card 
past read station. 

4) Place master card in master bed, posi
tioning it so that left edge is just betwe.en 
feed rolls and not in registered position. 

5) Depress FEED key to r.egister master 
card and detail card, which is at detail bed, 
and to feed a new card from hopper. 
Turn AUTO FEED switch on. Normal 
punching of first card of new group may 
then proceed, with automatic feeding of 
detail cards following. 

8. Clearing Card Bed: 

a. When the card bed is to be completely cleared 
at the end of a· punching operation without 
feeding more cards from the hopper, the 
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AUTO FEED switch should be turned off during 
punching of the next to the last card. The 
last card is then registered for punching by. 
depressi~g the REG key. After the last card 
is punched and moved to the master bed it 
is moved to the st~cker by depressing the REG 
key again. 

b. If the AUTO FEED switch is turned off after 
the last card to be punched is completed, the 
ENTRY and REG keys must be depressed 
alternately three times. In this case, two 
blank cards will be stacked oehind the last 
punched card in the stacker. 

9. Duplicating: Depressing the DUP key will cause 
the information sensed at the read station to be 
reproduced in the corresp,onding column in the 
detail card at the punch station. Duplication 
occurs only as long as the key is held down in 
manual control. In program control, depressing 
the DUP key in a manual field will cause duplica
tion of the entire field. Manual duplication is used 
in the repunching of damaged cards and in the cor-
rection of errors. · · 

10. Error Correction -- Blank Detail Cards; Errors 
in punching are often noticed and cor_rected by.the 
operator at the time they are made. Normally, 
this involves rekeying a large. portion of the card. 
The 020 reduces re-keying to a minimum, requires 
no concern about the precise column in which the . 
error occurred, minimizes the possibility of making 
another error while correcting the fir-st, and practi
cally eliminates card handling. To correct this 
error, proceed as follows· 

a. Depress ERROR key immediately upon 
detection of error. This advances the card 
without punching for the fields coded for 
manual punching, but causes duplication of 
the fields programmed for automatic dupli
cation beyond the point of release. This 
retains the common information for duplica
tion into the following cards. The three 
cards in the card bed advance to their proper 
stations, and a new card feeds from the hopper. 
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b. Duplicate correctly punched fields by a single 
depression of DUP key for each field. 

c. Re-key field in which e+ror occurred, and manually 
punch remaining fields programmed for manual 
punching, 

d. Remove card containing error fr·om stacker and 
continue normal• operations. 

11. Error Correction -- Partially Prepunched Cards: 

a. Partially prepunched cards in the hopper may 
contain prepunched names or codes, or they may 
be serially numbered and punched. When an error 
is made in the punching of cards of this type and the 
correction is to be made immediately, automatic 
feeding from the hopper must be interr'9pted and a 
blank card must be inserted manually in the card bed. 
Since each card fed from the hopper contains some 
prepunched data, it is not possible to duplicate into 
the following card. Make the correction as follows: 

I) Turn off AUTO FEED switch. This will prevent 
the feeding of a card from the hopper and the 
registering of the card from the right of the 
card bed when the error card is released. 

Z) Depress ERROR key. The error card will be
advanced past the punch station without punching, 
except for the fields which are programmed for 
automatic duplication. The duplication of these 
fields retains the data for duplication into the 
correction card. 

3) Turn off AUTO SKIP and AUTO DUP switch to 
prevent automatic skipping during correction of 
error card. When correcting an error in pre
punched fields programmed for automatic skipping, 
manually duplicate these fields into the blank card. 

4) Remove card following error card from deta~l 
bed, and insert a blank card 'in its place. 
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5) Depress REG key to register error card at read 
station and blank card at punch station. This will 
also stack card from left of read station. 

6) Duplicate correctly punched fields by depressing 
DUP key at beginning of each field. 

7) Re-key field containing error. 
8) Duplicate remaining fields. 
9) Turn AUTO SKIP AUTO DUP switch on, and 

replace card removed in step 4. 
10) De-press FEED key to register correi:tion card at 

read station and replaced card at punch station, 
to feed next card from hopper, and to stack error 
card. 

11) Remove error card from stacker, turn AUTO 
FEED switch on, and continue normal operation. 

12. Card Removal 

a. A card may be removed from the master bed without 
affecting the succeeding cards by manually moving the 
card into the read station and depressing the· ENTRY 
key. This moves the card to the left of the master 
bed, where it can be lifted out manually. 

b. When a card has been released from the read station 
but not stacked, it is positioned to the left of the mas -
ter bed. For easy removal, move the card to the 
extreme left by pressing down on the eject arm that 
extends from the left of the read station. If, for any 
reason, a card must be removed manually from the 
punching or read station, the pressure roll release 
lever should be held down while the card is pulled out. 
If a card at the punch station does not move easily, it 
may be freed by depressing all the numerical keys. 
Then, with the pressure roll release lever held down, 
the card can be pulled out without tearing. 

13. Keyboard locking and unlocking: The keyboard is locked 
under the following conditions: 
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a. The main line switch is turned off and then on 
while a card is registered at the punch station. 
The keyboard may be unlocked by depressing 
the RESTORE button. 

b. An alphabetic key is depressed in a field pro
grammed for numerical punching. The keyboard 
can be unlocked by releasing the card or by 
depressing the alphabetic shift key. In the first 
method, the card is released without punching. 
In the seconq method, the letter is punched. 

c. A blank column is duplicated in a field programmed 
for numerical punching. This serves as a blank 
column detection device to ensure that a digit is 
punched in every column of a numerical field which 
is being duplicated. The keyboard can be unlocked 
by depressing the RESTORE button or the alpha
betic shift key. 

d. A card is not registered at the punch station. This 
feature makes it impossible to do any punching or 
spacing unless a card is in position to be punched. 

·The REG or FEED key can be depressed to move a 
card into punching position, 

e. The REG or FEED key is depressed when a card is 
registered at the punch station, The keyboard can 
be unlocked by depressing the ENTRY key. 

14. Stopping Procedure: 

a. When an operation is to be stopped and the main 
line switch turned off before a quantity of work is 
completed, the card at the punch station sh.ould 
first be completely punched and released. Before 
the card is released, however, the AUTO FEED 
switch should be turned off. This will permit 
restarting the job without additional card handling. 
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b. When one deck of cards is to be followed by 
another deck, using the same master infor
mation and program control, a blank card 
should follow the last card of the group 
through the punch station. The blank card 
can be released past the punch station at the 
time that the last card is released past the 
read station. This will cause the blank card 
to be automatically punched with the master 
information for duplication into the first 
card of the next deck and thus eliminate the 
necessity of rekeying the master information. 
The AUTO FEED switch should be off when 
the cards are released. 

15. Program Control: 
a. The program unit provides automatic control 

of machine operations. The program card is 
a basic part of the unit and is moved through 
its cycle in synchronism with the cards in the 
card bed. The holes punched in the program 
card determine the operations to be performed 
on the cards in the machine. 

b. Program Codes: The following codes are used 
in preparing a program card: 

Normal Alternate 
Code Function Code 

12 Field definition 4 
11 Start auto- skip 5 

0 Start auto-dup 6 
1 Alphabetic shift 7 
2 Computer entry 2 
8 Zone suppression 8 
3 Print suppression 9 

Blank Start normal field Blank 

Both the normal and alternate codes may be 
punched in a single program card. This per
mits changing operations without changing 
program cards. 

To use the alternate program feature for a 
complete card, the ALT PROG key may be 
depressed either before or after the card is 
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registered, depending upon the normal program 
coding in column 1. If column 1 of the normal pro -
gram is coded for manual punching, the key may be 
depressed after the card is registered. If column 1 
of the normal program is coded for automatic skipping 
or duplicating, however, this key m"ust be depressed 
before the card is registered. In this case, the AUTO 
FEED switch must be turned off before the preceding 
card is completely punched. Then depressing the 
ALT prog key, after the preceding card is released, 
causes transfer to the alternate program and also 
initiates a card feed cycle. 

When the first part of a card is punched under normal 
program control and the remainder is punched under 
alternate program control, this key is depressed 
whenever the alternate program is to be effective. 

When the ALT PROG key is depressed, programming 
from the alternate program is effective for the re -
mainder of that card. When the following card is fed, 
the normal program again becomes effective. It is 
not possible to return to the normal program in the 
same card cycle once the ALT PROG key has been 
depressed. 

Program cards punched with both normal and alternate 
program codes should not be duplicated. 

The following explanation of the various functions 
are presented as an aid for preparation of program 
cards: 

1) Field definition: The determination of the length 
of a field. Each column except the first column 
of a field must have a hole punched in the 12 row 
(or 4 row for the alternate code). The first 
column will contain the punch designating the 
desired operation. 
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2) Autom~tic Skipping: When a hole is punched 
in the 11 row (or a 5 for the alternate code) 
of a program card, skipping will start at that 
point and continue as long as consecutive 12 
holes are encountered. If several successive 
fields are to be skipped, they should be pro
grammed as one single continuous field. 

3) Automatic Duplication: When a hole is punched 
in the 0 row (6 for alternate program), auto 
dup will start at that column and continue as 
long as consecutive 12 holes are encountered. 
A field programmed for automatic duplication 
will cause the data of that field of the master 
card to be reproduced in the corresponding 
field of the detail card. If several consecutive 
fields are to be duplicated, they should be 
programmed as one single continuous field. 
Any field programmed for auto-duplication 
should also be programmed for alphabetic 
shift. This will eliminate the possibilities 
of undesired skipping and of a machine halt 
when a blank column is encountered. 

4) Alphabeti.c Shift: The keyboard is normally 
in numeric shift when the machine is under 
program control. If all or most of a field is 
to be punched alphabetically, it should be 
programmed for an alphabetic shift ( 1 punch 
in program card for each desired alphabetic 
column; 7 punch for alternate program). In 
a duplication field, an alphabetic shift will 
permit duplication of blank columns and 
prevent skipping when a column to be dupli
cated only contains a punch in the 11 row. 

5) Computer Entry: Data to be transferred to 
the computer must be programmed for such 
a transfer. A 2 hole must be present in 
every column that is to be transferred. 

6) Zone Suppression: Where a punch in a 
zone row of a card is not to be entered 
into the computer, programming for 
zone suppression of that column will 
prevent such a transfer. Zone rows 
sometimes contain control or identification 
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punches which are not part of the computer 
data. It should be evident that zone suppression 
will only be necessary in columns programmed 
for computer entry. 

7) Print suppression: Printing may be controlled 
by the PRINT switch, but it is not precise enough 
to allow column-by-column control. Printing 
may be suppressed by programming for individua: 
column control. 

8) Manual field: The absence of a punch in the first 
column of a field signifies that manual operation 
is desired for that field. Keyboard punching is 
usually performed in such a field, but manual 
skipping 01' duplicating is also possible. 

c. Program Card Installation: 
1) The program card is mounted on the program 

drum for insertion into the machine. The 
program drum has a clamping strip to hold 
the card and a handle on the top to tighten or 
release the strip. To fasten a card around the 
drum, proceed as follows: 

a) Hold drum in horizontal position with 
handle to right. Turn handle away 
(counter-clockwise direction) as far 
as it will go. This loosens smooth edge 
of clamping strip. 

b) Insert column 80 edge of card under 
smooth edge of clamping strip. Two 
alignment check holes in clamping strip 
make it possible to see that card is flush 
with metal edge under strip. The card 
should be positioned so that 9 edge is 
against rim of drum. 

c) Turn handle to center position. This 
tightens smooth edge of clamping strip 
and loosens tooth edge. 
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d) Wrap card tightly around drum, 
and insert column 1 edge under 
tooth edge of clamping strip. 

e) Turn handle in a .clockwise direc
tion as far as it will go. This 
fastens tooth edge of clamping 
strip. Drum is now ready to be 
inserted into machine. 

2.) To remove a card from the drum, re
ve.rse the p1'ocedure. 

3) To place the drum on the spindle, 
raise the program sensing wheels,_ 
using the program control lever. Ro
tate the drum on the spindle so that 
the aligning pin falls into the aligning 
hole in the column indicator dial. The 
clamping. handle may have to be rotated 
slightly to properly position the aligning 
pin. Turn the program control lever to 
lower the reading star wheels onto the 
program card, and depress the ENTRY 
key to eng~ge the reading mechanism 
fully. Before removing the drum, oper
ate the program control lever to raise 
the star wheels. 

d. Numerical and Alphabetical Punching 

l) Although the keyboard is normally in 
numerical shift when the program is 
turned on, alphabetic information can 
be punched by changing to alphabetic 
shift. This is done automatically by 
punching l's in the program card as 
11hown in figure 5- 7. 

2.) If a field is to be punched with both 
alphabetic and numeric characters, 

. it should be programmed for which
ever will occur most frequently. 
Since keyboard control takes precedence 
over program control in determining 
shift status, the appropriate keyboard 
shift key can be used when a shift is 
necessary. 
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e. Duplicating: Sensing a zero hole in the first 
column of any program card field automatical· 
ly starts duplication when the AUTO SKIP 
AUTO DUP switch is on. The operation is 
continued by the 1 Z 's punched in the remain
ing columns of that field. This is illustrated 
in the sample program card shown in figure 
5-7. Figure 5-8 shows a sample card which 
could be punched using the program card 
shown in figure 5- 7. 

f. Error Correction· 

1) When an error has been made while 
punching, the operator can depress 
the ERROR key to prevent the card 
containing 'the error from being read into 
the computer. This card is released to 
the read station. Computer entry and 
duplication of the preceding card remain 
under control of the program drum. 

Z) Duplicate the information preceding the 
error from the error card into a cor
rection card. Correct the error, and 
continue the operation interrupted by 
the error. 

g. Manual Punching of First Card of New Group: 

1) Master information must be punched 
into the first card of each new group 
manually. Therefore, automatic dupli
cation must be suspended for that card 
by turning off the AUTO SKIP AUTO 
DUP switch. 

Z) Several procedures for punching the 
first card of a group are discussed in 
the subsequent text. The procedures 
vary according to card design. 

3) Whenever possible, the first field of 
a card should be programmed for 
manual operation. (See Fig. 5-9. A). 
This gives the operator an opportunity 
to turn the AUTO SKIP AUTO DUP 
switch off before punching the first 
card of a new group: 
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a) When first card of a new group is 
registered at column 1, turn AUTO 
SKIP AUTO DUP switch off. 

b) Keypunch complete card. 
c) When second card of group is registered 

at column 1, turn AUTO SKIP AUTO DUP 
switch on. (This switch may be turned on 
after the master information has been 
punched.) 

4) Automatic duplication should not immediately 
follow an automatic skip. (See the card 
illustration in fig. 5-9, B). Design a manually 
operated field between the two operations if 
possible. 
a) Keypunch first field. 
b) Automatically skip second field 

(AUTO SKIP AUTO DUP switch on) 
c) Turn AUTO SKIPQAUTO DUP switch 

off. Keypunch third field. 
d) Keypunch fourth field. Turn AUTO 

SKIP AUTO DUP switch on. 

5) Sometimes other factors in the use of the 
cards make it necessary for automatic 
duplication to follow an automatic skip. 
(See the card illustration in fig. 5-9C). 
In such a case, the pas sible procedures 
should be studied and the best one followed. 
Two procedures are outlined below. 

a) Long Skip Field 
(1) Keypunch first field. 
(2) Automatically skip second field. 

During skip, turn off AUTO SKIP 
AUTO DUP switch to prevent 
automatic duplication in following 
field. This can be done if the skip 
i~ fairly long. 

(3) Keypunch third field, and turn 
AUTO SKIP AUTO DUP switch on. 
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b) Short Skip Field 

( 1) Turn AUTO SKIP AUTO DUP switch 
off when card is registered at column 1. 

(Z) Keypunch field. 
(3) Skip second field by use of SKIP key. 
(4) Keypunch third field, and turn AUTO 

SKIP AUTO DUP switch on. 

6) When automatic duplication is immediately 
followed by an automatic skip, the first card 
is punched as shown in figure 5-9, D. 

a) Turn AUTO SKIP AUTO DUP switch off 
when card is registered at column 1. 

b) Keypunch first field. 
c) Keypunch second field. Either during or 

at end of this field, turn AUTO SKIP AUTO 
DUP switch on so that following field can 
be automatically skipped. 

d) Automatically skip third field. 

7) If an automatic skip must come first in a card 
and is immediately followed by automatic duplica
tion, follow the long skip field procedure outlined 
below. (See card illustration fig. 5-9, E). 

a) Long Skip Field 

( 1) Automatically skip first field. During 
skip, turn off AUTO SKIP AUTO DUP 
to prevent automatic duplication in 
second field. This can be done if 
skip is fairly long. 

(Z) Keypunch second field, and turn AUTO 
SKIP AUTO DUP switch on. 

(3) Keypunch third field. 
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b) Short Skip Field 

(1) Turn AUTO SKIP AUTO DUP 
switch to OFF before last 
card of preceding group is 
punched in column 80. 

(Z) Depress SKIP key to skip 
first field. 

( 3) Keypunch second field, and 
turn AUTO SKIP AUTO DUP 
switch to ON. 

(4) Keypunch third field. 

8) When an automatic skip field comes 
between two fields programmed for 
automatic duplication (fig. 5-9), the 
first card is punched as outlined below: 

a) Turn AUTO SKIP AUTO DUP 
switch off when card is registered 
at Column 1. 

b) Keypunch first and second fields. 
c) Skip third field by using SKIP key 
d) Keypunch fourth field, and turn 

AUTO SKIP AUTO DUP switch on. 
16. Column Indicator: The column indicator located at 

the base of the program drum holder, indicates 
the next column to be punched. Spacing to a par
ticular column is facilitated by reference to the 
indicator. 

17. Column Count Drum: The column count drum, 
which is identical with the program drum, moves 
in synchronism with the card being read at the 
read station. By placing the column count card 
(shown in fig. 5-10) on this drum, a binary indi
cation of the column being read is entered into 
the computer as part of the word being transferred. 

E. Ribbon Replacement: The ribbon on the OZO (fig. 5-11) 
may have to be replaced because of wear or deterioration. 
Ribbon replacement is accomplished as follows: 

1. Turn off main line switch. 
Z. Remove ribbon spool retaining-clamp. 
3. Cut or break old ribbon. 
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4. Remove both spools from their spindles and pull 
out the two pieces of ribbon. Empty one of the 
spools. 

5. Place spool of new ribbon on right-hand spindle, 
positioning it so that ribbon feeds from top of 
spools toward front of machine. Lift up right 
end of ribbon-reversing arm, and unroll about 
1 1I2 feed of ribbon; then push right end of 
ribbon-reversing arm down to hold spl:)ol steady. 

6. Feed metal leading-end of ribbon between punch 
die and card bed, sliding it through groove in 
center of detail bed (between punching positions 
3 and 4). The groove permits the extra thickness 
of the metal end and reversing eyelet to pass be
tween the punch die and card bed. Be sure to keep 
the ribbon straight, with the top side up at all 
times. 

7. Hook metal leading-end of ribbon in slot center 
of empty spool, and wind ribbon onto spool until 
reversing eyelet is on spool. 

8. Place spool on left spindle, positioning it so that 
ribbon feeds onto spool over top. Be sure that 
ribbon is not twisted and that top side of ribbon 
i.s still up. 

9. Hook ribbon around right and left wire ribbon 
guides, and slide it through right and left ends of 
reversing arm and over rollers in front of ribbon 
spools. 

10. Slide ribbon up under punch die so that it is in 
the upper groove provided for it in card-printing 
position (above punching position 12), and take up 
the slack. 

11. Replace ribbon- spool retaining clamp. 

F. Chip Box: The operator is to keep the chip box clean at 
all times. The chip box is located under the reading 
board. It is free to be removed like a drawer. 
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Summary Questions: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Match the following: 

1. 12 a. Computer Entry 
2. 11 b. Print Suppression (Alt. Program) 
3. 0 c. Alpha Shift (Alt. Program) 
4. 1 d. Start Auto Skip 
5. 2 e. Start Auto Dup. (Alt Program) 
6. 3 f. Field Definition 
7. 4 g. Start Normal Field 
8. 5 h. Print Suppression 
9. 6 i. Field Definition (Alt. Program) 

10. 7 j. Start Auto Dup. 
11. 8 k. Alpha Shift 
12. 9 1. Zone Suppression (both programs) 
13. Blank m. Start Auto Skip (Alt. Program) 

If keyboard is in. numeric shift and key 11 4011 is 
depressed on the keyboard Fig. 5-2. what will 
result? 

For the card on the program drum to have control 
over skipping and duplicating. what functional 
switch(s) must be ON? 

What are some things that will cause keyboard to 
lock up? 

Name the functional control switches. 

What is the function of the "Duplex Switch" light? 

True or False 

a. The "Mul Punch" key automatically shifts the 
keyboard to numeric shift. 

b. Manual duplication and skipping cannot take place 
unless the Auto Skip Auto Dup switch is on. 

c. The keyboard is normally in numeric condition 
when in manual control. (Star wheels raised. ) 

d. Pushing an alpha key when in numeric shift 
will lock the keyboard. 
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e. Pushing the 11 Entry" key when in manual 
control will release cards at 80 col/ sec. 

f. The unit status switch is a 5 position switch. 

g. The 11Reset11 pushbutton is used to unlock the 
keyboard. 

h. Turning the "print" switch on will suppress 
printing. 

8. What will be the machine ·operation if a 110 11 punch 
in the program card is followed by tt!ln "1211 punches? 

9. What will be the machine operation if an "11" punch 
is followed by seven "1211 punches? 

10. Besides allowing us to punch alpha characters, 
what two other functions do the "1 11 punches in the 
program card perform? 

11. What are the three ways to put the machine into 
alpha shift? 
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DETAILED CIRCUIT ANALYSIS 

XIV. COMPUTER ENTRY PUNCH 

Tlil information is intended 
as an aid in circuit study and as a reference in diagnosing 
machine malfunction. A basic knowledge of the function 
of mechanical components and of the purpose of specific 
circliits is assumed. 

The action of the mechanical and electro-mechanical 
devices employed in the CEP is closely interrelated with 
that·of the electrical circuitry. Consequently, information 
is included (when applicable) : defining the ·mechanical 
action which occurs as the result of a completed electrical 
circuit. In general, the step-by-step sequential operations 
which are listed for each circuit are presented in the 
sanie order in which the circuits are completed and in 
which mechanical operations take place. When simul
taneous or parallel operations occur, the operations are 
listed in logical sequence and the order· of presentation 
does not indicate circuit priority. The CEP wiring dia
gram 337022-D (App A) shows the wiring arrangement, 
the referenced electrical components, and the electrical 
and mechanical timing charts. 

9UNIT STATUS SWITCH 

The objective is to apply the necessary power to 
the CEP and to connect the signal output to the proper 
computer, under control of the unit status switch. 

"'switch Position 1 (OFF) 

No power is applied, and no signal transfer occurs. 

'Switch Position 2 (POWER ON) 

Assume that the C power ·supply is active, the D 
power supply is standby, and the CEP main line switch 
is on: 

1. -4SV is applied to pins 9 and I 7 of power plug 
from active and standby power supplies. 

2. Pick RI and R20 using -4SV applied through 
2B, top deck of unit status switch. 

3. RI contacts apply novae from D po~er supply 
to the drive motor, blower motor, CEP power 
transformer, and POWER ON light. 

4. R20AL (IB) lights D POWER CONTACTORS 
CLOSED light on simplex operating console. 

5. R20L (IOB) applies +IOVdc to signal circuits. 

Switch Position 3 (STANDBY) 
Assume that the D power supply and B computer are 

standby, that the CEP main line switch is on, and that 

-4SVdc is applied to pins 6, 7, I2, I4, 9, and I7 of the 
power plug: 

1. Apply power from standby power supply as in 
D.1.2. 

2. Pick R3 (2B) through R3B and center deck of 
unit status switch. 

3. R3B (2B) lights B SIGNAL CONTACTORS 
CLOSED light on simplex operating console. 

4. R3A (2B) picks B signal relays. CEP signals con
nected to unit 23B. 

5. R3A (2B) also applies -4SV from pin 7 of 
power plug to RI6BL (9B). 

6. RI6 (2B) picks through RI 7BL. . 
7. Hold RI6 through RI6AL, RI9AL. 
S. Pick RI 7 through RI5AL, RI6BL. 
9. Pick RIS through RI6AU. 

IO. RISAU lights DUPLEX SWITCH light. 
IL RISBL (6B) prevents computer entry. 
I2. RISAL (SB) prevents card feeding. 
I3. RISBU (SB) prevents pick of R2. 

Note 
At this point, manual intervention is 
required to release the interlocks and 
enable normal machine functions to 
proceed. 

I4. Depress RESET switch to pick RI9 (lOA). 
I5. RI9AL (9B) opening drops RI6. 
I6. RI6AU (9B) opening drops RlS. 
17. Rl7 held through Rl5AL, JU7BL. 

The CEP can now be operated. If the status of the 
computers is switched (B computer made active), the 
following sequence takes place: 

1. Drop R3 and pick R4 (2B) caused by -4SV 
changes at power plug when computers were 
switched. Unit status switch still in standby and 
A signal relays now picked. 

2. -4SV applied through R3A to Rl6BL (9B) is 
removed, dropping Rl7. 

3. -4SV applied to Rl4BL (9B) through R4A 
(2B). 

4. Pick RI4 through Rl5BL. 
5. Hold RI4 through RI4AL, RI9BL. 



6. Pick R15 through RI7AL, R14BL. 

7. Hold R15 through Rl 7AL, R15BL. 
s. Pick RlS through R14AU, to disable CEP. 

To release interlocks 1md allow normal operation 
to resume: 

1. Depress RESET to pick R19. 

2. R19BL opens to drop Rl4. 
If there were cards in the CEP at the time of switch

over, R2 (SB) would be picked. R2BL (9B) would then 
hold R14 until the cards have been removed. 

1. Depress ENTRY key to remove cards' and drop 
R2, and then depress RESET button. 

2. R14AU (9B) opening drops RIS, and CEP is 
restored to operation. If information was being 
entered into the computer when the switchover 
occurred, the complete sequence of cards should 
now be rerun. 

'.Switch Position 4 (ACTIVE) 
The sequence is the same as for position 3 (ST AND

BY) except that power is received from; the active power 
supply and signals are sent to the active computer. When 
the signal relays are picked, either R9 or RIO is also 
picked. R9AL or RlOAL (lOB) supplies +ioVdc to 
enable operation of MI interlocks and to set the unit 
status core in the MDI matrix. 

CARD FEED 
The objective is to fc;ed cards into an operating posi

tion using the FEED key. Assume that power is on, cards 
are in the hopper, and no cards are in the d.etail or 
master bed: 

1. Depress FEED key (7B). 

2. Pick card feed clutch through RlSAL. 

3. Pick card count (SB) through R6BL. 

4. Card feed mechanism is now rotating. 
5. Pick keyboard restore magnets through CF4 (5A) 

at 6°. This opens up FEED key contact to drop 
CF clutch and card mount magnet. 

6. CFl ( 5B) disables DUP key until cards are reg~ 
istered and pressure rolls have dropped (67° of 
feed cycle). 

7. Card enters feed rolls at 5S0 • 

S. Card lever switch (7B) makes at 210°. Note that 
this contact makes after CF3 (7B) opened (140°) 
so that R4 will not be picked on this feed cycle. 

9. Card feed latches at 0° since feed clutch has been 
dropped. 

10. Depress FEED key. 

11. Pick CF clutch. 

12. pick card count. 
13. Restore keyboard through CF4 at 6°. 

14. Register first card at 67° and feed second card. 
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15. Pick R4P (SB) at 60° through CF3 and the card 
lever switch. 

16. Pick R2P and R3P through R4AU (SB). 
17. R2, 3, and 4 held through program cam contact 

2 until column S71/2 of program drum. 
lS. R3BU opens to remove the ground from the 

FEED and REG keys, disabling these keys. 
19. R5 will be picked through CF3 and the read car~ 

lever on the next cycle. A card in the master bed 
will close the read card lever. 

20. RS picks on each feed cycle at S0° (SB). RSAL 
drops Rl if in auto-entry (SA). RSBL prevents 
picking of R34 (6B); RSBU initiates punch cyde 
(5A). This punch cycle will enter column 1 in
formation into the computer if there are "2" 
holes in the program card. 

REGISTER KEY 
.Register operation is the same as feed, except that 

the card feed latch prevents the feed knives from oper
ating. No card is fed: 

1. Depress REG key. 
2. Pick card feed latch magnet. 

3. Pick CF clutch and card count magnet through 
CF latch magnet contacts. 

4. Hold CF latch, CF clutch, and card count magnet 
through CF2 and CF latch magnet contacts until 
255°. 

AUTO-FEED 
Auto-feeding consists of maintaining an automatic 

and uninterrupted flow of cards to the card bed at the 
proper time, through the use of the AUTO FEED switch 
and a program cam contact. Assume that the program 
card and the master card are registered at column SO and 
that the detail card is registered at column 79: 

1. Depress key on keyboard to punch last column in 
detail card causing escapement. 

2. Program cam contact 1 closes to cause a skip to 
column 1. 

3. Program cam contact 2 closes at column S7Vz· 
ssvz. 

4. Relays 2, 3, 4, 5, and 7 drop. 
5. Pick CF clutch through AUTO FEED switch and 

RlSAL. 

6. Pick card count. 

7. Repick and hold R2, 3, 4, and 5 through CF cycle. 

ALPHANUMERIC SHIFT 
The objective is to shift the keyboard from numeric 

status to alphabetic status, to provide for duplication 
over blank columns, and to suppress skipping if a column 
containing an 11 punch is duplicated. 

With the program star wheels down, the keyboard 
is in numeric shift unless programmed for alphabetic (1 
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punch in program card or depression of the ALPHA 
key on the keyboard). With program star wheels raised 
(manual control), the keyboard is in alphabetic shift un
less the NUM key is depressed. 

When R30 ( 6B) is eicked, the machine is placed in 
alphabetic shift status: 

1. Pick R30 in manual control through program 
handle switch 2, numeric key contact, and MP 
key contact. Depressing NUM key will open this 
path to drop R30. 

2. Pick R30 in program control through star wheel 
contact 1 or 7, numeric key contact, and MP key 
contact. Keyboard can be put into numeric shift 
by depressing the NUM key (except when dupli
cating). When duplicating, R29-2 (5B) will be 
closed, bypassing the NUM and MP key contacts. 

Note 
There is no hold for R30 through 12 
holes in the program card. There must 
be a 1 hole for every column which is 
to be in alphabetic status. 

3. R30 contacts operate as follows: 

a. R30-l ( 5A) provides a path for duplicating 
over blank columns. 

b. R30-2 (3~) transfers ground from numeric 
latch contacts to alpha bail contacts on key
board. 

c. R30-3 (3B) grounds zone punch bail contacts 
on keyboard. 

d. R30-4 (4A) prevents picking of X-skip relay 
by dash-SKIP key when in alphabetic status. 

e. R30-5 ( 4A) determines whether bail contact 
15 will pick interposer magnet 3 or 4 for 
special characters. 

• KEY PUNCH OPERATION 
The objective is to space one column and to punch 

a hole in a card by depressing a key on the combination 
keyboard. Assume that the machine is in numeric status 
and a numeric code is to be punched: 

1. Depress key 1 on keyboard. 
2. Pick interposer magnet 1 through latch contact 

1 (4A). 

3. Close interposer bail contacts (5A). These con
tacts will open when punch bail pulls punch oper
ating interposer down. 

4. Pick escape magnet through bail contacts R25-4, 
R24-3, MI interlock, R22-3 (6A). 

5. Close escape armature contact, and escape to first 
column. 

6. Pick R22 through escape armature contact and 
R25-5: 

a. R22- l ( 7 A) holds R22 until 65 ° of punch 
cycle. 

b. R22-2 (5B) is used only for manual dupli
cation. 

c. R22-3 (6A) drops escape magnet (escape only 
one column). 

d. R22-4 (5B) picks punch clutch. (B+ for 
punch clutch through Pl). 

7. Refer to punch mechanism timing: 
a. Interposer armatures restored by 36°. 
b. Punches through card at 126°. 
c. Printing occurs at 130°. 
d. Punch clutch relatches at 345°. (Punch clutch 

de-energized at 0° when Pl opens.) 

'MULTIPUNCH 
The objective is to punch more than one numeric 

character in a single column by depressing several keys 
while the MUL T PCH key is held down: 

1. Depress MP key, and hold until all desired keys 
have been depressed. The first number key will 
initiate a standard escape cycle. 

2. Pick R24 through R35-3, R22-6, R28-6, and MP 
key (6A). 

3. Hold R24 through R35-3, R24-1, R28-6, and MP 
key. 

4. Inhibit further escapement by opening R24-3NC 
(5A). 

5. Further punch cycles will be initiated through the 
interposer bail contacts, R25-4, and R24-3NO 
(5A). 

6. R24-? prevents auto-skip operation (5A). 
7. R24-4 prevents auto-duplication operation (5B). 
8. MP key stem upper contact (5B) places keyboard 

in numeric shift (R30 dropped). 
9. MP operation is suppressed when the CEP is used 

for computer entry by R35 being picked (R35-NC 
opens) (5A). 

• SKIPPING OPERATION 
The objective is to cause skipping, punching, spac

ing, or combinations of these operations under manual 
or program control. 

·O.&. I "'Single-Column Skip Operation 
The CEP is in manual control when the star wheels 

are raised or when the star wheels are down and there 
are no field definition punches in the program card. 
Each depression of the SKIP key causes a 1-column skip: 

1. Depress SKIP key, and pick R21 (4A). 
2. Pick space interposer magnet through SKIP key 

and R21-2. 
3. Close interposer bail contacts (5A). 
4. Pick escape magnet through bail contacts, R25-4, 

R24-3, MI interlock, and R22-3. 



5. Pick keyboard restore through ball contacts, 
R28-3, and R25-3. This opens skip contact on 
keyboard. 

6. R21 held through P2, and R21-l, until 65°. 
7. Pick R22 through R25-5 and escape armature 

contact (5A). 
8. Pick punch clutch through R22-4 (5B). 
9. Pick R25 at 10° through P3, R21-4, R24-2 (5A). 

10. Drop R25 when P3 opens at 60°. 
11. Drop R21 when P2 opens at 65°. 
12. Punch clutch relatches at 345°. 

SKIP Key with Field Definition 

The star wheels are down, and field definition 
punches are in the program card. Skipping will con
tinue until the end of the field. Operation is the same 
as in D.8.1 until step 10. 

1. Hold R25 through 12 star wheel contact and 
R25-1. 

2. Drop R21 when P2 opens at 65° (SA). 
3. Pick escape magnet at 180° of Pl (B+ returns) 

and through 12 star wheel contact, R25-l, R25-4, 
R24-3, MI interlock, and R22-3. 

4. Prevent picking of R22 by opening R25-5 NC 
(5A). 

5. R25 and escape magnet stay picked until end of 
12 punches in program card. No further punch 
cycles are taken. Card escapes at 80 columns per 
second. 

Dash-SKIP 

Depressing the dash-SKIP key while in either nu
meric or alphabetic status causes an 11 hole to be punched 
in the card: 

1. Depress dash-SKIP key. In numeric status, the 
X-skip relay (R21) is picked. Skip operation is 
the same as in D.8.1 and D.8.2 except that an 11 
hole is punched in the first column. 

2. Depress dash-SKIP key. An 11 hole is punched 
in the card. 

3. R30-4 NC points are open, and R21 is not picked. 
Skipping does not occur whjle in alphabetic shift 
status. 

Programmed SKIP 

Assume that the star wheels are down and an 11 hole 
is sensed by the program mechanism: 

1. Pick R25 through 11 star wheel, R39-2, AUTO 
SKIP-AUTO DUP switch, and R24-2. (6A). 

2. Pick escape magnet through R25-4, R24-3, MI 
interlock, and R22-3. 

3. Hold R25 and escape magnet through 12 star 
wheel contact, R38-l, and R25-l. Skip at 80 col
umns per second to end of field. If no 12 punches 
are present, skip only one column. 
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'MANUAL DUPLICATION 
The objective is to duplicate information from a 

master card into a detail card by depressing the DUP 
key. Two types of operations are involved: 

1. Duplication is continued only as long as the 
DUP key is depressed .. 

2. Duplication is manually initiated by depressing 
the DUP key and continued automatically by pro
grammed field definition. 

Manual Duplication with Manual Control 

Manual duplication requires two punch cycles for 
each column punched: first a dummy punch or sensing 
cycle, then a normal punch cycle. Manual duplication 
with star wheels raised, or with star wheels down and 
no field defined, occurs as follows: 

1. Depress DUP key (5B). This contact stays closed 
as long as finger is held on key, even if keyboard 
is restored (key-stem contact). 

2. Pick R28 and R29 through DUP key, CFl, R22-2, 
R27-5, R21-3, and R25-2 (6B). 

3. Pick R34 through DUP key, CFl, R22-2, R27-iS, 
R8BL, R43-l, and R29-5 (6B). 

4. Hold R34 through R22-4, and R34-l until R22. 
picks. After R22 picks, hold R34 through P4 and 
R34-1. 

5. Computer entry inhibited by R34-4 (lOB). 

6. R28-3 picks keyboard restore (5A). 

7. Pick punch clutch through R27-4, R28-4 (5A). 
Note that escape magnet is not picked. 

8. Drop punch clutch when Pl opens at 0°. 

9. Pick R27H through P3 (at 10°), R28-5 (7A). 

10. Hold ~27P through R27-l (6B). 

11. Pick R4 l, 42, and 43 through P5 and R27-2 at 
86° (3B). 

12. Interposer magnets energized through pin sense .. 
contacts when P6 makes at 120°. 

13. Interposers drop but do not latch under punch 
bail. Punch bail is in its downward travel. Inter
poser bail contacts make. 

14. Ground grid of tube 3 through interposer bail 
contacts, R25-4, R24-3, MI interlock, and R22-3. 

15. Escape magnet picks at 180° when Pl makes. 

16. Card starts to move at 219°. 

17. Escape armature contact closes to pick R22 
through R25-5. R34 now held through P4. 

18. R22-3 drops escape magnet. 

19. R22-4 picks punch clutch. 

20. Punch shaft would normally latch at 345 ° but, 
since the punch clutch is picked, it now starts a 
second cycle. lnterposers dropped during the first 
cycle will latch under the punch bail. 
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21. P4 opens at 355° to drop R34. 
22. R34-2 opens, dropping R27, 28, and 29. 
23. P2 opens at 65° to drop R22. 
24. Interposer bail contacts are now open so escape 

magnet does not pick when R22-3 closes. No 
escapement on this punch cycle. 

25. If duplicating only one column, the DUP key 
contact will be open at this time so R27, 28, 29, 
or 34 will not repick. If DUP key is held, R28 
and 29 will repick. R34 does not repick because 
R43 will pick before R29. R43-1 opens befoi:e 
R29-5 closes (58). R2? will not pick until P3 
closes at 10° of the next punch cycle. R27-2 (38) 
open will prevent the picking of any interposers 
on this punch cycle. 

26. Punches driven through card by 126°. 

27. The punch clutch relatches at 345° since the 
punch clutch magnet was dropped when Pl 
opened at 0°. If the DUP key had been held 
down, the punch clutch would have been repicked 
at 180° and the dummy punch cycle for the sec
ond column would start. 

28. Picking of R34 is necessary only for manual 
duplication with star wheels down, no field de
fined, and 2 punches in program card. Under the 
above conditions, R34 will be picked during 
dummy punch.cycles to inhibit sending informa
tion to the computer twice per column. 

Manual Dupllcatlon with Fleld Definition 
Manual duplication with the star wheels lowered 

and a field defined on the program card is similar to auto
duplication. The only difference is that in manual dupli
cation R34 is picked on the dummy punch cycle to inhibit 
sending information from the first column of duplication 
to the computer twice. 

. AUTO-DUPLICATION 

The objective is to duplicate information from a 
master card ~to a detail card with control initiated and 
continued by the program sensing mechanism in con
junction with the AUTO DUP-AUTO SKIP switch. 

The initiation of an automatic duplication process 
depends on the method of card movement into the dupli
cation fi·eld. If the program control caused a skipping 
operation immediately preceding the duplication field, 
the first column of the field to be duplicated would not 
be sensed and a dummy punch cycle (sensing only) is 
taken to energize the necessary relays. If a normal punch 
cycle is taken immediately before entering the duplica
tion field, the necessary relays will be energized by that 
sensing cycle and a dummy punch cycle is not required. 
In the following sequence, assume that a dummy punch 
cycle is necessary: 

1. Pick R28 and 29 throu_g.h- 0- program contact, 
R39-3, AUTO SKIP· AUTO DUP switch R24-4 
(58). 

2. Pick keyboard restore magnet through R28-3, 
R25-3 (5A). 

3. Pick punch clutch magnet .through R27-4, R28-4 
(5A). 

4. Pick R27H (SA) through P3 (10°), R28-5. 
5. Hold R27 through R27-1 (68). 
6. Drop punch clutch when Pl opens at 0°. 
7. Pick R41, 42, and 43 (38) when P5 makes at 

86°. R27-2 is closed. Interposer relays pick. 
8. Pick interposer magnets through P6 at 120°. 

Punch operating interposers drop but do not 
latch under punch bail. Interposer bail .contacts 
close .. 

9. Pick escape magnet (when Pl closes at 180°) 
through interposer bail contacts, R25-4, R24-3, 
MI interlock, and R22-3 (5A). If a blank column 
had been sensed, the interposer bail contacts 
would not have been closed. If the CEP is in 
numeric shift, there will be no escapement; if in 
alphabetic shift, the escape magnet would be 
picked at this time through R30-1, R27-3, R25-4, 
R24-3, MI interlock, and R22-3 (5A). 

10. Close escape armature contact at 215°. 
11. Pick R22P through escape armature contact and 

R25-5. 
12. R22-3 opens to drop escape magnet. 
13. R22-4 picks punch clutch. 
14. Hold R22 through P2, R22-1 until 65° of the 

next punch cycle. 
15. Punch slraft does not latch up at 345° since the 

punch clutch magnet is picked. 
16. Drop punch clutch magnet at 0° when Pl opens. 
17: The second punch cycle punches holes in a col

umn of the detail card and sets up interposers 
for punching in the next column .. 

18. 12 holes in the program card will hold R27P, 
R28, and R29 through R38-1, R28-2, R27-5, 
R21-3, and R25-2 (5A). 

19. Auto-duplication will continue using subsequent 
punch cycles as sensing cycles. 

·-
ENTRY 

The objective is to release cards through the punch 
and read stations under varying operating conditions and 
speeds. 

Entry operations should not be confused with com
puter entry. The only requirement for entering informa
tion in the computer is that there be a 2 punch 'in the 
program card. The ENTRY key and the AUTO ENTRY 
switch on the keyboard are used to release cards through 



the read and punch stations at either lB or BO columns 
per second. 

Entry Operation without Fleld Definition 
Assume that there are no 12 holes in the program 

card and that the start wheels are down. Depress ENTRY 
key, or throw AUTO ENTRY switch on. Cards will be 
released at lB ·columns per se~ond: · ' 

1. Pick Rl through ENTRY key or AUTO ENTRY 
switch (BA). 

2. Hold Rl through lAL and program cam contact 
2 until column B7Vz· 

3. Pick keyboard restore magnet through Rl8L 
(5A). 

4. Pick escape magnet through Rl8U, R38L, pro
gram handle switch 1, R25-3, R25-4, R24-3, MI 
interlock, and R22-3. 

5. Pick R22 through R25-5 and escape armature 
contact. 

6. Drop escape magnet when R22-3 opens (6A). 
7. Pick punch clutch magnet through R22-4 (58). 

B. Start punch cycle. 
9. Drop punch clutch magnet when Pl opens at 0°. 

10. Drop R22H when P2 opens at 65°. 

11. R22-3 closes and initiates another escape-punch 
cycle. Card is released at lB columns per second 
until end of card. 

12. If AUTO FEED switch is on, a card will be fed 
and the release operation will continue until 
either the ENTRY key is released or the AUTO 
ENTRY switch is turned off. 

· Entry Operation with Field Definition 
Assume that the star wheels are down and 12 holes 

are present in the program card. The AUTO ENTRY 
switch is on or the ENTRY key is depressed. The card 
is released at BO columns per second: 

1. Pick Rl (BA). 

2. Pick keyboard restore magnet through R18L 
(5A). 

3. Pick skip relay R25 through 12 star wheel con
tact, R3B·l, R2B-2, and RlAU (6A). 

4. Pick escape magnet through R25-4, R24-3, MI 
interlock, and R22-3. 

5. R22 will not pick when escape armature contact 
closes because R25-5 (5A) is open. Escape mag
net stays picked, and card is released at BO col
umns per second until the end of the 12 punches 
in the program card. 

Entry Operation with Star Wheels 
Raised 

Assume that the AUTO ENTRY switch is on or 
the ENTRY key is depressed; the star wheels ar.e raised. 
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Under these conditions, the card is released at BO columns 
per second: 

1. Pick Rl. 

2. Pick skip relay R25 (6A) through RlBU, R38L, 
program handle switch 1 (NO). 

3. Pick escape magnet through R25-4, R24-3, MI 
interlock, and R22-3. 

4. The escape interlock (R22) does not pick since 
R25-5 (5A) is open. Cards escape at BO columns 
per second. 

COMPUTER ENTRY 
The objective is to enter information into the com

puter under CEP program control: 

Standard Computer Entry Operatlon 
To enter information into the computer, it is neces

sary to have the star wheels down and to have 2 punches 
in the program card: 

1. Pick R35 and HS13 through star wheel contact 
2, R58L, and RlB8L (68). 

2. R35-4 closes (108). 

3. As punch and sense cycles are taken, the inter
poser relays will be picked. P7 (108) closing at 
135° grounds a PG in the MI section to give an 
information-available pulse. 

· -D.l.2.2'\.' Computer Entry Precede~ by Skipping 
The maximum rate of entering information into the 

computer is lB columns per second. If the CEP is in an 
operation where the skip relay (R25) is picked (Le., 
skip, or entry operation with star wheels down and 12 
punches in program card), the card will be released at 
BO columns per second. This is slowed down to lB col
umns per second when 2 holes are sensed as follows: 

1. R25 being picked will hold the escape magnet 
energized. 

2. Pick R35 and HS-13 (68) through 2 holes in 
program card. 

3. Pick R22P through R35-3, R25-6, and R13-l. 
This path will be closed because HS-13 is a fast 
pick relay. R13-l will close approximately B ms 
before R35-3 opens. 

4. R22 picking drops the escape magnet (R22-3 
opens) and initiates a punch cycle (R22-4 closes). 

5. The escape interlock (R22) will be picked on 
future cycles (as long as 2 punches are present 
in the program card to hold R35 and HS-13) 
through R35·2 when the escape armature contact 
closes. 

D.-13;ERROR 

· The ERROR key is used if the operator mak~s an 
error while punching a manual field and the info~ation 
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being punched was to be e_ntered into the computer from 
the read station. Depressing the ERROR key will release 
the card as in entry operation, inhibit the sending of the 
information on the error card to the computer, and in
hibit the stepping of the card count: 

I. Depress ERROR key. 

2. Pick Rl through ERROR key and diode (7B). 
Card will be released. Computer entry and dupli
cation of the preceding card remain under con
trol of the program drum. 

3. Pick R6 through ERROR key. Hold R6 through 
CF2 and R6AU (SB). 

4. Pick CF clutch at column S7V2, through program 
cam contact 2 and AUTO FEED switch. 

S. R6BL (SB) prevents picking of card count. 
6. Error card registered at read statio_n. 
7. Pick R7P at 60° through CF-3 and R6AL (SB). 
S. Hold R7 through R7AU and program cam con

tact 2. This will hold R7 until column S71/2 of 
the error card. 

9. Prevent entry of inform~tion to the computer 
(R7BL open) (IOB). 

PRINT SUPPRESSION 
Printing is set up as a punch or punches are mechan

ically driven through the card. Normally, the actual 
printing occurs a short time later in the punch cycle. 
When the print suppression magnet is energized, the 
action of the print drive rod is inhibited and printing 
is thereby suppressed. The print suppression magnet can 
be energized through three circuits. 

1. PRINT switch off (5B). 
2. 3 or 9 punches in program card through tube 9 

(SB). 
3. 12's in program card will pick the print suppres

sion magnet through R2S-l, R21-5, and R31-l. 
This prevents printing O's to the left of a sig
nificant digit in a field. The first significant digit 
in a field will pick R31 when the interposer is 
picked (4A). R31-l (SB), opening, drops the 
print suppression magnet. 
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A. General -- The 718 printer is used to make per
manent visual records of data from the Central 
Computer, primarily for test and maintenance. 
By selecting proper programs, the operator can 
use the recorded data to: 

1. Check programs 

.a. Program listings 
1>. Memory printouts 

2. Check a problem at various points during 
its computation. 

3. Print out the results of marginal check 
programs. 

a. Success and error indications 
b. Which line checked. 

4. Prepare tab:l.es 
5. Print out new programs for inspection - -

memory printout. 
6. Printed record for troubleshooting analysis. 

The printer is also used as a source of power; it 
supplies power to the 723 Card Recorder and the 
713 Card Reader. All ac power for the reader and 
recorder comes by way of the printer. 

Using the 718 printer, the computer can make 
permanent and readable records. The printer 
consists basically of a mechanical printing device 
and drive unit and the necessary electrical cir
cui~ry to control the various functions of the 
printing mechanism. 

The mechanical driving force for the printing 
mechanism, obtained from the drive motor and. 
controlled by the magnetic drive clutch, is dis
tributed to the various parts of the printing 
mechanism by th.e main drive unit. The main 
drive system of the printer is a train of shafts 
and gears that deliver the power to the various 
sections and units of the printer. 

Figure 3-1 
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The magnetic clutch is the link between the drive 
motor and the main drive. The drive motor runs 
continuously as long as power is supplied to the 
printer. The main drive is driven by the motor 
only when the clutch is energize·d. The clutch is 
energized as a result of the computer's executing 
a Write instruction when the printer is under com
puter control, or as a result of the PRINT push
buttoii' s being depressed when the printer is in the 
test mode. As a result of energizing the clutch, 
the printing mechanism prints whatever data is 
sent to the printer. 

The overall operation of the pri'nting mechanism (fig. 
3-1) covers the operation of the analyzer unit, print 
magnets, and the print mechanism represented by 
three blocks on the diagram. Since the operation of 
one is dependent upon the operation of the others, 
the three must be considered together. 

The printing action of this machine is perfoP-med 
in cycles (print cycles). One print cycle results 
from the execution of one Write 30 instruction by 
the computer. One print cycle causes one· revolU:-' 
tion of the dy·namic timer index, which is divided 
into 360 degrees. All timings for this machine are 
in degrees corresponding to the timer index. 

The early part of the print cycle is used to position 
the typewheels for the character• to be printed, and 
the later part is used for the actual printing; i.e. , 
the typewheels are driven to the platen by the print 
cams. 

Data to be printed is in the form of pulses which 
cause the print ;magnets to be energized at some 
time during the print cycle. The time at which a 
print magnet is pulsed determines which character on the 
typewheel is printed. For example, a print magnet 
receivihg a 4 pulse and an 11 pulse cause• the letter 
M to be printed. 
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The analyzer unit is a mechanical time delay and de
coder between the print magnets and the print mechanism. 
A time ~elay is necessary to permit the extra 
pulse to be received when special characters are 
being printed which require three pulses (8 and 3 pulses 
or 8 and 4 pulses in COJ!lbination with a zone pulse). 
Consequently, time must be allowed before the type
wheels are set up. 

·The printer has two modes of operation: normal 
and test. The operator determines the mode of the 
printer by use of the TEST switch. When the TEST 
switch is placed in the NORMAL position, the printer 
can be placed under computer control by depressing 
the START pushbutton. 'When the printer is under 
computer control, it waits for the computer to select 
it and to execute a Write instruction. Upon the 
execution of ·a W'rite instruction, the computer sends 
the printer a write-pdlse that causes the drive· clutch 
to be energized and, therefore, the printer to begin 
a print cyd-e. · · The·-isolation relays are energized at 
this time, connecting the printer to ·the data lines 
from the Central Computer. At 12. different times 
during the first-part of-the-print-cycle; ·the printer 
sends the computer breakout requests. At these 

·times, the computer sends print impulses to the 
printer from the card image in core memory. The 
implihes are available a.t the 64 control panel cal
culator exit hubs. The manner in which the control 
panel is wired determines which of the 12.0 printing 
positions are printed. The print impulses energize 
the print. niag·nete ·at-specific times that determine 
what characters on the typewheels are to be printed. 
As long as the computer executes Write instruction11, 
the printer continues to print out the data contained 
in the card image. The number of Write instructions 
of course, depends upon the program. When the 1/0 
word counter goes to zero, which means that the 
c;omputer is finished writing, a gate is conditioned 
so that the dilconnect pulse, which is produce~every 
print cycle by the printer, is allowed to pan and to 
cause the printer to be disconnected from the com
puter. The printer remains under computer control, 
but mus~ be selected again by the computer before it 
can be instructed to write. 
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'In the test mode, the printer is isolated from the 
computer through the use of relay circuitry; only 
the PRINT pushbutton is operative. The printer 
is caused to operate by the PRINT pushbutton•s 

·being depressed and held down as long as printing 
is desired. The only source of print impulses under 
test conditions is the character emitter. The out
puts of the character emitter are wired to the con
trol panel. Using the control panel, the operator 
can connect any of the character emitter outputs to 
any or all of the 120 printing positions. Any posi
tion not wired to print will be inactive because of 
the action of the print control contacts. 

B. Operating principles 

1. The speed of the printer is 150 lines per 

2. 

-!Jlinute. There are 24 cycle points per 
print cycle with 16, 7 msec per cycle point:.. qtJO.-i.,JJ.A-<-~ ev~ . 
The capacity of tlie printer u l20 characters / - -
per line (120 type wheels). 

. 3. 

4. 

a. 48 characters on each type wheel 

1) 26 alphabetic 
2) 10 numeric 
3) 12 special characters -- one 

of the asterieks cannot be 
printed. 

b. The computer can set up only 64 char-
~cters per priiit cycle. 

The Control Panel controls operation of 
printer. Print positions, spacing, selection cl'\n 
be controlled by wiring in the control panel. 
This allows for greater flexibil~ty. 
Hollerith Code -- Review ' 

a. 
b. 

Card image in memory. 
Esta·blish a card image to print 
out one line of information. 

Ref: Programming 
Card and Section XX 
of Instruction AnalysitJ 
lesson plan. 



l'f30 

CAltltlAIE 

~---- -· ,.,,. 
~!."':!~~-.......,. 

E} 
UllT 

. 

1 
I J 

ANALYUlt 
UNIT 

....,. t CDITllCL 
l 

IJIAITllt 
MAIN CONTINUCUl.Y• 

ClltCUIT -- -- llUNNING 
lltlAIClll 

~ DltlVI 

CAMI 
, CAMI 

J 
1 

lll.IUll MAllNITIC 
DlllVI 

OIL "'*' CWTCll 

l: MOTOlt 
41 VOLT 

UNlllATOlt 

fltu,. 3-f. 711 #'rlnt•r Mecllanlc•I Drive, lleclr Di.,,. .. 



* 
START 

c. 

AN/FSQ - 7 

I If lf o 

5. General -- The printer, in orde.l" to print 
one line (64 characters when computer con
trolled) of information, will take 3 print 
cycles. They are called: set up, print, and 

1 idle. For two lines, it would be set up, 
print, print, idle. The printer will take one 
print cycle for each line to be printed. 

Indicator Lights 

1. Power On -- Indicates that 46V and 72VDC 
power supplies are supplying power to printer 
and other ca.rd machines, Main Line switch 
"ON". 

2. Form -- Indicates that form in carriage has 
nearly come to an end, and cause "Not Ready" 
light to light if 11 Form Stop" switch is on. 

3. Not Ready -- Indicates the printer is not under 
computer control for one or more of the follow
ing reasons: 

a. No paper (form stop) 
b. Power off 
c. Fuse blown 
d. Control panel not in place or "PR ON" 

hubs not wired. 
e. Stop key depressed 
f. Carriage stop key depressed 
g. Test switch on 
h. Start button not depressed 

4. Fuse -- Indicates that signal fuse in printer 
circuits has burned out. 

s. 

• 

* 
STOP 

' Write - - Indicates that printer has been 
instructed to write . 

FORM NOT 
READY 

Figure 22, Operating Controls and Indicator Lights 

~ ~~,,~7-iA ~ ~ h-.... --/?ft-~ r VVI - - - -. 

Figure 22 

FUSE POWER 
ON 

* Pushbutton 
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D. Operating Controls 

ALTER 
1 

Figure 23 

Pushbuttons 

1. Start -- Puts printer under computer control 
if all ready c0nditions are met. Ready 1/0 
Units or "Master Reset" PBs on the mainte
nance console do the same thing. 

2.. Stop -- Releases printer from computer con
trol and cause1 "Not Ready" lamp to go on. 

3. Print -- Causes contili11oua print cycles when 
not under computer control; when printer is 
under computer control and "Stop Before Print" 
switch is on, the print PB will allow one print 
cycle. -

Switches 

2.. 

3. 

4. 

s. 

6. 

7. 

Main Line -- Switch connects 2.08 VAC, 3 phase 
to the printer. ;J~-rz; ;/5- V/1t 
Test -- Switch places printer in test status 
for manual control. Effectively releases 
printer from computer control. 
Stop Before Print -- Switch causes computer 
to hold up printing until operator hits "Print 
PB". 
Form Stop -- Switch causes the printer to 
stop before carriage runs out of paper. 
Alteration -- Switches pick relays through 
the control panel to change printing format. . . 'L'h~ 
There are 4 switches. --t;;;~/~~-- -
Drive Clutch - - Switch pei1nits machine to 
take full print cycle or partial machine cycle 
under control of "Auxiliary Start" jack. Used 
in "test". 
Auxiliary Start -- Jack serves to plug an ex
tension starter ndtch, used for convenience 
during maintena~ce. 

STOP 
ALTER ALTER ALXER BEFORE TEST 

2. 3 4 PRINTING 

Switches 

FORM 
STOP 



E. 

F. 

• 

Carriage Controls 
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1. Platen Clutch --·Controls the platen drive .£!1 II~ -

by engaging or disengaging the platen clutch. 
Z. Restore -- Causes the carriage to be restol"ed 

to start, or home, position (hole in channel 1 
of control tape). 

3. Stop -"'.' Will stop the carriage instantly, halts 
printer at end of print cycle, and removes 
printer from computer control. 

·4. Space -- Advances carriage one space each 
time PB is depressed. 

5. Platen Knob.-- is used to position paper when 
platen clutch is disengaged. 

6. Vernier Knob -- Used to move form paper 
up or down to obtain exact printing registra
tion with platen clutch engaged. 

7. Form thickness -- Adjust varies distance 
between typewheels and platen. 

8. Pressure Release -- releases the paper. 
9. Platen Shift -- Shifts the platen laterally. 

ro. Shift Lock - - locks the platen shift. 

Carriage Control Tape 

1. General -- The control tape has lZ channels 
in which control punches may be placed (fig. 
6-3). A maximum of ZZ inches (13Z lines) 
can be used for the control of a form, al-
though for convenience the tape blanks are 
slightly longer. Horizontal lines on the tape 
are spaced six to an inch for the entire length 
of the tapP.. Round holes in the center of the 
tape are pr'epunched for the pinfeed drive in the 
tape-sensing mechanism. The tape advances 
through the sensj.ng mechanism. The tape advan
ces through the sensing mechanism. in synchron
ism with the movemer1t of the printed form 
through the carriage.· 

Thirteen brushes, one for each channel, plus 
a common brush, are positioned over the tape · 
to sense the holes that may have been punched 

/37:t~~~~ 
PIA-(),~~ 

Figure 6-3 
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in the various channels. As viewed from the 
front of ,the machine, the channels and brushes 
are· numbere51) through_ lZ fro~ left to right, 
excluding the common. ·Brush 1. rests on 
c~nel 1, brush Z on channel Z, anc:J, so on. 
A hole in a chantiel of. the tape allows· th~ aSBo
c;iated briish to make con~act with the ~etal 
contact roll and to· s~t up the necessary cir
cuits that are normally used: to stop ski:pping 
or to initiate an overflow. 

Z. Tape Channels - - Tape c;han~els are punched 
to control the foll•:>wing functi~J,l~: 

a. . First printing line stop. Channel 1 is 
normally punched for the first printing 
line of a form. This is called the start
ing or home position. 

b. Normal skip. stops. Channels Z through 
10 are used to stop a form at one of 
nine positions including the first body 
line. They may be used in any order or 
sequence desired. Skipping is initiated 
by wiring the carriage skip hubs on the 
control panel in the desired manner. 

c. Overflow control. The lZth channel of 
the tape must be punched in a position 
corresponding to the last printing line 
of a form. The overflow hubs on the 
control panel emit a pulse when this 
punch ia read and a.re generally wired 
to carl"iage-skip-one hubs to initiate 
the overflow. 

d. Selective space. All line spacing may be 
controlled by the SEL hubs on the control 

. panel and a hole in channel 11 of the tape. 
Control panel wiring will initiate spacing; 
sensing a hole in channel 11 will stop the 
operation. 

Printer ·control Panel 

1. General -- The control panel is a...e_atch panel 
by which the operator can control the various 

1.870 
Figure Z4, Page 
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functions of the printei;. Carriage £:unctions 
such as skipping,, spacing, and overflo~ns 
are confi.olled py the control panel in conjunc
tio~with the ~rriage control ta.E_e. 

Figure 24 shows the controi panel with the 
layout of the outlets or hubs. To facilitate 
the finding of the various hub location!', num
bers 1 through 44 appear across tb.e ·t,op of the 
plug board, and letters A th~ough HH.appear 
from top to bottom through the center of the 
plug board. A coordinate system .~~ploying 
the above numbers and letters identifies the 
hub groups. · ·. 

2. Carriage Skips Hubs 1-10 (Location· l-10, F) 
' . '· ... ;,;..,. 

a. 
b. 
c. 

d. 

NOTE: 

10 hubs ,.. :.:, :,,;;;':;; 
When impulses, carriage s~,l'tS to; stp.p. 
Carriage will stop when hole .. is ,.;i:l-~8'9 
in that channel on control ~P~· . . .... ,,_• 3·· 
Normally wired to operate :«;xits. · _.,. '';·;·· 

· .. 

Skips 1 is normally wired, fo~.carS4.~ie 
., -.:.· h' 

overflow, to overflow hubs. ·:1· 
... :~ ·~. 

e. When one of the carriage s~pl hubs 1-10 
receives an impulse, the ca.rriage starts 
skipping, stopping only when .t!ie, next hole 
in that channel is read by the c.~trol tape 
read brushes. These hubs are usually · 
wired from the operate exits ]iubs, and 
carriage skips 1 is normally wlred for 
carriage overflow to the overfl9w hubs. 
To be effective, an impulse. to ·tb.e car
riage skips hubs must oc,9U,r· behveen 230 
and 315 degrees of a print cycle. 

3. Short Skip Hubs 1-4 (Location 2i-z.4/ A-D) 
...... · 

a. Hubs 1-4 provide for skipping'with no 
interruption of printing.. · 

b. Used only for a skip of less tha11 two 
inches. 
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. ·:·~; ·taJa tMtt-.ktp hubs 1·4 provide for 
·· ": · -·· ~'*1th rio interruption of print-

' · tij.· . A dloiit •kip hub can be used when-
. tWtJI .l'klp h leu than 2. inches or when 

Ii. d~erflo• occurs that is less than 1 
t4lrio' AU •paeing and sheet overflow 
...... at low l!lpeed, while all skipping 
•*~tiotlil a.re done at high speed. An 

.::..·;~·- ~-•i,t• i~PU;l.se used to cause a 
· ~ tl l••f tlian 2 inches should be · .•. t.•• from & short skip hub to a car
.· .. •pl ·bt&b. An impulse to a short 

. ' •. ~·: ;'< :• r~"••e• the interlock, which · , ., .. · · " y 'e&llaea the printer to lose at 

".!_.. . . • · · ... ;ii,~ ~hiae cycle for each skip-
.. ·~'~ .... · '/, ijn;.ct•. 
:',";, ~. ':~\: (f -:: , j,_:, .·· ; .. •! '.,, ·'.l .... fLot'ation 19, DE) -- Wiring the 

~-.'. · \ .·~.' -• •. •!er re~ulta i.n one space of 
.. . . . . . . p~~t\tlng tak~s place. 

t/,. ... f' . ·~ (~ation ZO, DE) -- Wiring the 

·;;.~ ·: ·• ,:;~:r;:t~~t~a~~w;1:::.ces of 

·'~e 'Setect) Hube (Location 18, ~y:,. 
!I. ,. •. 

, .,: ....... . ··, .. -: . ;( > .. ~:. . 
" ....... 1 ........... ••c:Uve 1pacing of less than 7 

. · \ ....... (.1.Crolled by- channel 11 of control 

a/ . ~-~ wo •elective apace hubs are 
· : -M;e tepti'&er, they allow spacing of 

·, .. · ·'·1"a ·94 .. ven lines to be selectively 
\·. • . · 1 '.-' ,. . · ~ ,,·: _. lfy pU.11<!he a in charu:1oel 11 of 

'. .. : ·.': · . .,<, :j:;· '.' . -~ :f-1 ·ta~. The action i• such that, 
"7' ,•:.·:·· r.~·):· . · . .' jUne ~f printing spacing is 
· ,...~,\· ( ': · ·r~· ;~ · · " I tarted, a punch in channel 
.: 1r::~.~~_<~·~\c~fi, ;, ·. -.~ ~·qacin«. For spacing of less 
<·:~ : ~: . ~~ >;.,' · , _ .,._·ltftel, it ii necesaary only to 
- · · · ~ t di• ·n1ective apace hubs and to 

~ ~. · th. de aired po•ition• in the tape. 
-·~ ' ir .;.cilli of more than three but less 
; · .· · ~ .·••vezi U:n••~ it ia necessary to im-
) ·. . ~.je· tl&e ·•p&c$•11Uppress and extra 
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7. Extra Space Hubl (Location.'""" rr, · l!t 
a. 

b. 
c. 

8. SUP (Space-Suppreu} Hub1 (.(,,oqatl-...1 ... 'U, ·• 

a. 

b. 

c. 

: ' . 

Supp_reu all normal 1pacba1 4'••'111· cr•Mi 
it is impulsed. · · · ·. · . 
Normally wired if extJ:a 1,an .... 
supprees spacing befor• prl,.. ·· 
If one of the space-1u~pr•••~.1if 
pulsed. all no:rm-1 1~e.l-t ii: · 
during the cycle in ~1'. ... 
impulsed. Jf 1pace-l\1p~· · 
space hubs are impulJtd. · ., .. 
space a after printing. 4a · .· .· ' 
to these space-auppr••• ~!. 
320 and 140 degreH will t.J.llllil9tll 
before printing. '· 

'' 
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9. NI? .. (Nonprint) Hub (Location Zl-ZZ, G) 

. , ~~ :,U \znpulsed at start of cycle (before 
110 degrees), it suppresses print-

. , · ;ing and spacing before printing. 
b·. · Normally wired to operate exit. 

10. Print Cycles Hubs (Location 11-ZO, C) 

a. Emit a continuous pulse for most of 
ev"~ry print cycle (355° to Z850) 

b. May be used in spacing 
c. May be .used to pick selector relays. 

11. <?VFL (Pverflow) Hub (Location Zl-ZZ, E; 
zz. F) - - The overflow hub emits a pulse 
w.he:q.ever a punch in channel lZ of the con
trot ~pe passes the control-tape reading 
brus.hes. The OVFL hub is usually wired 
to a CARRIAGE SKIPS 1 hub, providing a 
~kip f~om the last line printed on the page 
to the first line of the next page. 

lZ. Sense Entry Hubs 1 and Z (Location 11-15, D) 
-- The sense entry hubs supply an indication 
to the computer that the printer has finished 
or started a certain operation, depending upon 
which impulse is wired to the sense entry 
hubs. These hubs can be wired to be impulsed 
by machine impulses depending on the require
ments of the computer program. A BSN 31 or 
BSN 3Z in.struction, '!hen executed by the 

·.computer, senses these hubs and, if the hubs 
· a:re bei~g impul&ed at this time, the computer 
branches to the address specified by the BSN 
ili•.~ruction. 

13. Spl4 _Column Control Hubs (Location 11-Zl, F) 
-- SpJ.it column control hubs emit impulses 
b.~tWeen normal digit impulses. A coselector 
pickup wired from hub 8. of this group causes 
the selector to be transferred between the cor
responding print times. The selector should 
be transferred after 8 time and before 7 time. 
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14. PR On (Print-On) Hubs (Location 22, A; B) 

a. These print-on hubs must be connected 
if the printer i• to be used as an I/ 0 
device with the computer. 

· b. U •ed to pick an interlock relay - - this 
relay must be picked··or printer cannot 
be made. ready. 

15. Pilot Selector Pickups Hubs 1-.10 (Location 
1-10, D) · - - The pilot selector pickup• hub• 
will accept imp\llses to t:ransfer .the cor:re•
ponding p~lot selector, location 1-10 (G to L). 
A pilot selector is a relay equipped with two 
transfer points which are directly connected 
to the hubs in the panel, thua acting as. an 
automatic switch. When a pilot selector is 
in the normal, de-energized state, a circuit 
can be completed through the C and the N 
hubs. In the energized state, a circuit can. 
be completed through the C and the T hubs. 
Each selector has a coupling exit (16) which 
emit• a~ impulse when the selector i• ener
gized. A common application for a pilot 
•elector i• to impulse the pilot selector 
pickups hubs .from the operate exits hubs to 
transfer information through the selector 
points. 

Thia impq.bing cause• the selector to be 
tran•ferred from 315 degrees of the print 
cycle impulsed to 286 degrees of the follow
ing print cycle. A pilot selector picked up 
from the digit· would not transfer until the 
Bf!ICOnd print cycle. 

16. .Pilot SEL (Selector) Coupling Exits Hubs 
1-10 (Loca~ion 1-10, C) -- Each of the 
coupling exit hubs 1-10 emit• an impulse 
during 330 to 195 degrees of each cycle 
t,hat the' pilot selector is energized. Coup
ling exit hub• are normally wired to cose
lector pickup hubs for the purpose of 
expanding the pilot selector beyond ~o 
position•. · 
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17. Pilot Selector Huba 

a. Picked at pick up hub. 
b. Once picked, the contacts are not 

transferred until end of that print cycle. 
Once transferred, remain so until end 
of next cycle. ' 

c. Coupling exit - a pulae is made avail
able here when contacts transfer. 

NOTE: Thia pulse normally used to pick co-
·aelectora or other pilot selectors. 

d. 10 relays uaed. 
e. Z sets of points per relay available at 

plugboard. 
f. Common use is to pick from ope~ate 

exita. 

18. Coselector Pickup Hubs (Location 1-Zl, A~B; 
1-13, )4-N) -- Coaelector pickup hub• accept 
any impulse and cauae the coaelector relay to 
be energized immediately. The relay will be 
held and tranaferred to the remainder of a 
print cycle, provided that it is impulsed aome
time after 350 degrees. A co selector pickup· · 
hub wired t~ split column control 6 would be 
tranaferred by 5 print time. The.refore, print
ing impulse• 9 to 6 could be printed through 
the C and T huba. Operate exit hubs should 
not be used to pick coaelectora for transfer
ring printing impulaea. 

19. Coaelector Huba 

a. Picked at pick up hub. 
b. Once picked, will be held for moat of 

the ·rest of the print cycle. 
c. 3Z relays used. 
d. 5 aeta of points per relay available at 

plug board •. 
e. Generally used to transfer inputs to 

print entry hubs. 
f. Normally picked by alteration hubs. 
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20. Ope.rate Exits Hubs 1-10 (Location 1-10, E) 
-- There are 10 operate exits which emit 

I 

impulses on Operate (PER) 51-62(B) instruc-
tions. The operate exits are conditioned so 
that pulses can be emitted from these hubs 
at the end (240 and 350 degrees) of a print 
cycle. The operate exits impulse is available 
only for 340 degrees of a cycle during which 
a carriage skip operation is started. Extra
space, space- suppress, and non-print opera
tions may be controlled directly from operate 
exits hubs. 

Zl. CALC (Calculate) Exit Hubs:' Odd Words and 
Even Words (Location Z5-40, A-D) 

a. Transfers words from computer to 
printer. 

b. May be wired directly to print entry 
hubs or through selector relays so 
some form of alteration may be used. 

c. Calculate exit hubs are exits for words 
s_,nt from core memory to the printer. 
There are 64 hubs; they may be wired 
directly to any print entry hubs, or 
they may be routed through coselectora 
to print entry ao that· some form of 
alternate format can be used. 

ZZ. Print Entry Huba (Location Z5-44, K-V) 
The entry hubs are for impulaea to the indi
vidual printing positions. There are lZO 
printing positions and lZO hubs. Any hub 
that is wired from a ca!culator exit or from 
the character emitter will print. Therefore, 
any combination of print positions can be 
wired to print, such aa every other one; hubs 
from the middle section; right or left end, or 
whatever the operator desires. 

23. Filter Hubs: In, Out (Location 21-ZZ, 0-HH) 
The filter hubs are used to provide a one-way 
circuit to prevent back circuits under certain 
wiring conditions. The pulaea may enter the 
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filtere from either the entry (in) or exit (out) 
hub•, clepending upon the polarity of the 
source in que•tion. The character emitter• 
and calculate exit pul•e• all mu•t enter the 
entry (in) hub in order to complete the circuit 
through the filter, while all other input• 
•hould enter the exit (out) aide in order to 
complete the circuit through the filtere. The 
filter circuit• con•~•t of selenium rectifier• 
with the anode terminal connected to the in 
hub and the cathode terminal connected to the 
out hub. 

24. Exit Group Hub•:.(Period), $ (Dollar Sign), 
and, (Comma) (Location 21-22, H-J) 

a. The exit group hub• emit proper 
impulses to print period•, dollar •ign•, 
and commas. 

b. Not normally used. 

25. Alter (Alteration) Huba 1-4 (Location 21-22 
C-D)' 

a. 4 Used 
b. When the auociated Alteration Switch 

i• on, an impulse ii made available at 
the beginning of each print cycle. 

c. Generally used·to pick co-selectors and 
pilot selectors. 

d. The alteration hub• emit an impulse in 
every machine cycle, provided the cor
responding ALTERATION Switch ii in 
the ON position. The purpose of these 
hubs, which are normally wired to co
•elector pickup hub•, is to change the 
control panel Htup without actually 
changing the wiring. The coselector•, 
in turn, are used to change the function• 
performed. The type of reports may 
then be changed by operating the ALTEll
ATION toggle switches. 



t 
t· 
~ 
< 

} 
~ 

i 
~ 

l 
1 
1 
!· 

t 
~-

I Z S 4 5 • 7 I t 10 a IZ IS 14 IS .. rr 18 19 20 21 ZZ

- CO-SEL.ECTOR "'QUI ~ 

ONO 0 0 0 0 0 0 

oco 0 0 0 0 0 0 0 
--~~~~-5~~~~--

0TO 0 o O o O O 0 

ONO 0 0 0 0 O O 

oco 

OIONO 
o o o oco o o 

o 19o o loTo 

0 0 0 ONO 

OTO 0 0 0 IOTO 0- 0-0-,-0-TO 0 0 0 IOTO 0 0 010 5 o 
ZI ZZ ZS 24 4 

ONO 0 0-0 ONO 0 0 0 ONO 0 0 0 ONO 0 0 0 0 0 

oco o. o 01oco o o 01oco o o oloco o o 0110:0 

OTO 0 0 •10To 0 0 OloTo 0 0·010TO 0 0 0 
ZS Z6 rt 28 

ONO 0 0 O ONO 0 Q 0 ONO 0 o 0 ONO 0 0 0 

0 0 
1 

0 0 

• oco 0 0 0 oco 0 0 0 oco 0 0 0 oco 0 0 0 0 0 

OTO 0 0 0 OTO 0 0 0 OTO 0 0 0 OTO 0 0 0 o 9 o 
Zt JO Sf. SZ 10 

ONO 0 0 0 ONO 0 0 0 ONO 0 0 O ONO 0 0 0 0 0 

• - . II ~oco o o o oco o o o o...i...o o o o_oco o o o o 
.-: 18· rz 
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 ~ ~ 0 0. 0 0 0 0 0 
IS 

0 0 
14 looo o o oo o o o o-.o o o o o o ooo o o 
15 

0 0 0 0 0 O· 0 0 0 . 0 0 0 0 0 0 0 0 0 0 0 0 0 . ~ 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .• 0 0 0 0 110 

•• 0 0 0 0 0 • 0. 0 0 0 o-o 0 0 0 0 0 0 ••• 
It 

• 0 • • • 0 0 0 • 0 0 • 0 0 0 0 0 0 • 0 0 0 
20 

0 0 _JL9 o O o O O O O •-• 0 o O -~ _jLO O 0 0 TY1'1: 711 lllCIOlfllED SS71Z9 .-rr1D • _..__ 

A 

B 

c 
D 

E 

F 

G 

H 

J 

IC 

L 

u 

N 

0 

p 

Q 

R 

s 
T 

u 

v 
'II 

x 
y 

z 
AA 

• 
cc 

DO 

u 
FF 

• 
HH 

232425MZT2829l031323334»36373Bli40414Z~-

-™.--... ·• --·--.... rr-uuu~--Lui=-~~ 

,n 
llJS 

I I oco 0 0 0 oco 0 0 0 oco 0 0 0 oco 0 0 0 

oTo o o o oro o o o oTo o o o oTo o o o 
5 I 1 I 

ONO 0 c 0 oHo 0 0 0 0 0 oNo 0 0 0 

O 0 OCO o 9 A aJ::O O ~ 2. 

11 
! I I I LI I t·I Lt 1 TI1 l l ~ I~ 
IIIIIIIIX!!IIlIIIIIIJ 
! Ill fl I I! (i 1 i I [I I I I U 
lIIIIIl II !Ii!! lllll l~ 
i I-I If I l I 1 f I I I l II I I I 11' 

ll 'f I I I 'f I I I J0 JJ~~T) l i I I I I ~ 1 
OTO 0 0 0 oTO ~ = ~,o~o 0 0 0 OTO 0 0 ~ ! 

t 0 j II IZ ' 
.flloNo o o o_oNo o ~ 01-:.!'!o o o o oNo o o o 

- ' ' oc 0 0 0 0 0 c 0 0 0 0 0 c 0 0 0 0 oco 0 0 0 

OTO 0 0 0 OTO O O O OTO O 0 0 OTO 0 0 0 
IS 14 15 16 

ONO 0 0 0 ONO 0 0 ol5N~ 0 0 0 OHO O 0 0 

61oCooooocooool>-:o o 

·o-o aa ~ 0 0 oc 
;..:-4._.; " & I. II • 0 I" 0 • 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
OISTUYWllTZ 

:-: : : : .----"'°'6J' 1~ H H Ii H 
1 00000000 

• 1 - l'RINnD W USA 

Figure 24, Printer Control Panel 
I WHOL £ f>l1NfL 

...... 

~ 
0 



H. 

IS-8.0 
AN/FSQ - 7 

Z6. *CTRL (Asterisk Control) and Entry Group 
Hubs (Location Zl-ZZ, K-N) -- The aateriak 
control, and the *• 11-lZ, and 0 entrie• should 
not be used. 

Z7. Bua Hubs -- The bus hubs are 50 aeparate' 
common hub groups, at various location• on 

... the control panel. The hubs are tied together 
as the lines on the control panel indicate. Any 
hub on the bo~rd can be expan,ded through the 
use of these hubs. This facility is eapecially 
useful when making up boa.rds that involve a 
considerable aimount of wiring. 

ZS. Character Emitter Hubs 

a. Emit p-qlses at correct time for print
ing constant-information. 

b. Used in non-computer teating of printer. 

Control Panel Wiring -- There are two kinds of 
hubs on the control panel, exits and entriea. An 
exit is one which usually emits an impulse but, 
may at times accept a;n.impulse. ...... Some exits are 
under the control of the computer;. others eznit 
pulses as a result of some function previously per
formed, or are automatic for every print cycle. 
An entry hub is one which can accept or em.it an 
impulse when properly wired. A connectio~ in 
most cases will be made from an exit to an entry 
by placing one end of a wire in the: exit •hub and 
the other end in the entry hub. Which exits and 
entries are used will depend entirely upon ~he 
operation the machine is called upon to perform. 

Whenever two or more hubs are connected by 
lines scribed on the surface of the control panel 
{figure 6-9) these hubs are common; that is, two 

·or more exits or entries serve' the same purpose. 
Such an arrangement eliminates the need for split 
wires· {wires with more than two ends) because 
these hubs are actually connected and serve the 
same purpose aa split wirea. · 

16/0 
Figure 6-9, Page 
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In figure 6-9, isolated examples of ·connections 
used in control pan.el wiring are shown. If the 
function of the control panel hubs is considered, 
the purpose of hub interconnection becomes more 
apparent. Wires 1 through 11 for each of the con
necMons in figure 6-9 are identified and their 
purpose explained below. 

a. Wire 1. The information contained in the 
even words from memory bits Rl through 
RS is applied to print entry hllbS Z through 
9, via the normally closed contacts of 
coselectors 1 and z. 

b. Wire z. A PER 51 instruction causes an 
impulse from operate exits 1 to energize 
pilot selectors 1. Pilot selectors coup
ling exits 1 then ·energizes coselectors 1 
and: Z. With coselectors 1 and Z energized, 
the letters A, B, C, D, and E from the char
acter emitter print in print positions 5 to 9 
through the transferred points of the cose
lectors, and words from Rl to RS of the 
calculator exit hubs are not printed. 

c. Wire 3. This wiring permits only numer
ical information to be printed in print 
position 1. 

d. Wire 4. This wiring causes the carriage 
to skip to the punch in channel Z of the 
carriage tape when a PER 5Z is read from 
the progra.m. The printing is normally 
interrupted to allow time for the skip. 

e. Wire 5. When skipping is wired, this wire 
is added to prevent interruption of printing 
during the skip. This wiring can be used 
only when the skip is Z inches or less. 

f. Wire 6. This wiring causes the paper to 
overflow to the;next form when the punch 
in channel lZ of the carriage tape is reached. 
The overflow is stopped by the first punch 
in channel 1 of the carriage tape. It is nor
mally used to allow ma?"gins at the beginning 
and at the end of the forms. Depressing the 

. RESTORE button on the carriage also stops 
the paper at the first punch in channel 1 of 
the carriage tape. 
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g. Wire 7. This wiring causes no print
ing or spacing to be done in the print 
cycle in which a PER 54 instruction was 
given. 

h. Wire 8. This wiring causes coselector 18 
to be energized when ALTERATION switch 
1 is on. This connects the space hub to the 
2 hub through the transferred points of the 
coselector, causing the printer to double 

· space. When ALTERATION switch 1 is off, 
the space hub is connected to the 1 hub, 
causing the printer to single- space. 

i. Wire 9. With ALTERATION switch 2 in 
the ON position, coselectors 18 and 19 
are energized, causing a double space 
through coselector 18 and an extra double 
space through coselector 19. The wiring 
to energize the coselector must be con
nected through filters to prevent back cir
cuits so that ALTERATION switch 2 will 
energize both coselectors 18 and 19 while 
ALTERATION switch 1 will energize only 
coselector 18. 

j. Wire 10. A PER 57 instruction causes 
all normal spacing to be suppressed; how
ever, if extra space is impulsed, the 
carriage spaces after printing, even 
though space suppresa is impulsed. 

k. Wire 11. This wiring is followed to inform 
the stored program of a form overflow. 
The BSN 31 instruction is given some time 
within the portion of the print cycle in 
which the overflow hub is emitting a sig
nal. If during the execution of this sense 
instruction the sense entry hub is being 
impulsed, the stored program branches 
control. For example, if page numbers 
were printed at the top of the page, the 
program would branch to print the. page 
number after an overflow. 



OTO 0 0 0 0 0 0 

01110 0 • • • 0 0 

oco • • • • • • 0 0 oco 0 

~~M¥Nola I' o a o o a o o a e 
110011011a11a1 

OTO 0 0 0 OTO 
CO· ll~ECTOllS 
0 0 0 OTO 0 0 

II H IS 
01110 0 0 • ONO 0 0 0 ONO 0 0 

oco 0 • 0 oco 0 0 0 •co 0 0 

OTO • 0 0 OTO • 0 0 oTo 0 0 

• .. rr 
0110 0 0 0 01110 0 0 0 ONO 0 0 

oco 0 0 • oco 0 0 0 oco 0 0 

OTO 0 0 • OTO 0 0 0 OTO 0 0 
H :so SI 

01110 • • 0 ONO 0 0 0 ONO • 0 

oco 0 0 0 oco • • 0 oco • 0 

I I 0 I • 0 I I I . ., I • • 
• • • I • • • I I • • I I • 

• • I I • • • I a • • • • . 
• 0 0 • • 0 • 0 0 0 0 0 0 

• 0 • • 0 • 0 0 • 0 0 • • • 
• • • • 0 0 0 • • • • • • • 
• 0 0 • 0 0 • 0 0 • • • 0 0 

• • 0 0 • • • 0 0 0 • • • 0 

• • "'" ,,, Tio& ... : •• 0 s11111° 0 

a 

0 ONO 0 0 0 

0 oco 0 0 0 0 'o 

O OTO 0 0 0 • 0 0 
II 7 

0 01110 0 0 0 0 0 

• 0 oco 0 0 0 0 0 

O OTO 0 0 0 0 •o 

0 0111• ... 0 0 o'°o 

• oco • II 
0 0 

• • • I I I 
II • • IS • I • • I I • • 14 

I I I • • • • • 15 
0 • 0 • 0 • • • 11 
0 • 0 0 • • • • 
0 0 • • • 0 •"• 

" • 0 0 • 0 • • 0 

• • • • • • .. • • IO • •..:...t..• .. :u 0 0 

" s 

u 

.. 

H 

• 
cc 

DO 

H ,, 
•• 
"" 

U 14 2S 21 21 21 2t 50 JI JI H ,_ :s5 31 11 • J9 40 41 41 4J 44 

0 OTO 0 0 0 
4 

0 ONO 0 .o 0 

0 0 0 oco 0 0 • 

OTO 0 0 0 OTO 

ONO o 1o 0 ONO 

• OTO 0 0 • • • olllo 0 0 • 
• oco 0 0 • II IO 

OTO 0 O 0 
11 

0 ONO O 0 o 

oco o o o oco o o o oco o o o oco o o o 
OTO 0 0 0 OTO 0 0 0 OTO 0 0 0 OTO 0 0 0 

IJ 14 IS II 
ONO 0 0 0 ONO 0 0 0 ONO 0 0 ONO O O 0 

oco ••• oco •• 0 •• 

....~.~.~.~ ... ~.::;.;::::;.;:;::o:l!ii'rt::l:it:Jc:it"'.r-1"'i1i";~rl 

I a 

I C 

I I 

•I ' • • o o oo...,.•-•-••-eo'i;:i;oo o o 

~ ~ ~ ~ ~ ~~~~ i ! 
711 MODIFIED H7H7 

I I 
0 0 

U ¥ W I Y I 
0 0 0 0 0 0 

i i f f i i i - ... ' ..... 
S.:118 a ula 0 0 

f19ure '-'· Control Panel, Typical Wlrlnt Connection• 



AN/FSQ - 7 
/b2.0 

I. Demonstration - - It may be desirable at this time 
to look at and operate the 718 Line Printer. Notice 
the following: 

J. 

1. Switches 
Z. Power Supplies 
3. Fuses 
4. Carriage operation 
5. Control panel 

Operation: Become familiar with the physical oper
ation of the printer. Wiring problems: 

1. Simple board wiring - - Wire boards to print 
Team #, Class f, Dept. I in type wheels 1- 35. 

Z. Using pilot and coselectors 

a. Wire board as above, except be able to 
delete any portion by using the al tera
tion switches. 

b. Wire to print the names of three mem
bers of the group on consecutive print 
cycles, and keep repeating the sequence. 

Programming 

1. A typical program is: 

Select Printer 
First location 

Refer to Instruction 
Analysis lesson plar 
Section XXI. 

·o. 00100 
0.00101 
0.00102 
0.00103 
0.00104 

SEL(03) 
LDC 
BSN (11) 
WRT 
HLT 

0.01000 
0.00102 
0.00030 
0.00000 

Check I/ 0 Unit Ready 

W ~I~ ~JA .("lrlJ...-(/'/JJ..F.5 

~3CO 

z. 

Write 30 words, can specify 
any number of words. 

Hollerith Code -- The Hollerith code is 
used for printing information with the line 
printer. In order to use this, a card image 
must be set up in Memory to aupply the 
printer with the necessary data. Uthe words 
International Business Machines Corporation 
were to be printed by the Line Printer with the 
preceding program, the card image received 
would be as shown in figure ZS. The memory 
locations would contain that shown on the same 
figure. 

Ref: Programming 
Card 
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0.01000 
0.01001 
0.01002 
0.01003 
0.01004 
0.01005 
0.01006 
0.01007 
0.01010 
0.01011 
o. 01012 
0.01013 
0.01014 
0.01015 
0.01016 
o. 01017 
o. 0·1020 
0.01021 
0:01022 
0.01023 
0.01024 
0.01025 
0.01026 
0.01027 

CORE MEMORY CONTENTS 

1. 04200 
0.22200 
0.00000 
0.00000 
0.00000 
0.10000 
0.00100 
0.44100 
0.52040 
0.00040 
0.00001 
0.00000 
0.20410 
1.00400 
0.00002 
0.00000 
0.01020 
0.01000 
0.20401 
0.00400 
0.46150 
0.76140 
1. 11222 
1. 01200 

0.40020 
0.00000 
0.00040 
0.00000 
0.00000 
O.OOOQO 
0.00000 
0.00000 
0.30014 
0 •. 00000 
0.00400 
0.00000 
0.00100 
0.00000 
1.06002 
0.00000 
0.00200 
0.00000 
1.06002 
0.00000 
0.20410 
0.00000 
0.50364 
0.00000 

Figure 25, CARD IMAGE FOR PRINTING 
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a. Same a1 Card Recorder except ilola
tion relays in printer are picked 
instead of in the punch. 

b. The data sent to the printer during the 
308 break cycle• i1 temporarily stored 
and interpreted in the analyzer unit. 

Timing and Control 

1. Timing and control for the printer i• e11en
tially the 1ame a1 the pµ.Dch. The differences 
are: 

a. Printer index pulles every 16. 7 m1ec. 
b. Printer request disconnect every 0. 4 

sec .• 

2. Review Figure 6-4, 18, and 19 completely. 

Page 1700 

Pre1entation Note• 

Figure 16 and 16"A 
o!" Section XI. 

Figure 6-4, 18, 19 o. 
Section XI. 
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Summary Que•t~ons 

1. List the two main uses of the 718 Line Printer.-z;,..~ A.k.11~~ 
r>J. ~ '~~ -;;Af~ 0 r···-- I 

Tliere are J 1 718 Line Printen at each sector. 2.. 

3'. 'They are Units , f.' ft ti? 

The 718 Line Printer is capable of printing ; ,,[Q line•/minute. 

S. The 718 Line Printer ii capable of printing a maximum of _1 ... :i,..O __ _ 
characters /line. 

6. When programmed by the computer, the 718 Line Printer can print only 
0 '( characters/line. 

7. There are . & lf · cycle points/print cycle. 

P Each cycle point is equivalent to /~,?an e<v of time, 

'9. There are _-41 .... 4......,0 __ type wheell. 

~. Each type wheel contain• --i?J,_l<..._ __ characters. 

l l. What is the main advantage in u•ing a Control Panel to control Printer 

o~~~.~~~~Jl·~~)~ 
l 2.. The selection code for selecting the Line Printer is what? ( · 3 

3. When programming for the Line Printer, the addreu portion of the WR. T 
in•truction should be in multiples of what? "'1;!!! A 11 < ' diZZ. 

<3 o~ Jv.ef'. ~ ~ . 
4. A card image in Core Memory will contain how many locations? 

'2.'{ 
15. The Wheel Code contains how many special characters? /2-. 

l 6. The following program is run. What would result if aFF in SAX (0. 6.1.:.10A) 
·could not be set? 

000 SEL 03 
001 LDC 
002. WR.T 
003 CAD 
004 ADD 
005 .FST 

0.00000 
0.01000 
o. 00030 
0.03000 
0.03001 
0.03010 

006 
007 
010 
011 
012. 
013 

BSN 14 
SEL 02. 
LDC 
R.D.S 
CAD 
HLT 

o. 00012. 
0.00000 
0.02.000 
0.00030 
0.03002. 
0.00000 
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A. Computer would hang up on Step 002. 
·B. Computer would hang up on Step 007. 
C. Program wquld halt with Prog. Ctr. = 14. 
D. Program would not halt, but would go into a pause at Step 013. 
E. Program would hang up on Step 001. 

17. The following program is given: 

SEL 03 
LDC 000 
WRT 030 
HLT 000 

Instead of printing out the desired information, it was punched on the Card 
Punch. This could be caused by: 

A. Punch in "Not Ready" condition. 
B. P. U. SAX, pin ES open (0. 6. l - l lE) 
C. P. U. SAC, pin BS open (0. 6.1 - 130) 
D. P. U. SAY, pin Cl open (0. 6. 1 - lOA) 
E. P.U. SAY,pinASopen(0.6.1- lOA) 



A. Dynamic Timer 

1. Purpose (Figure 15} 

a. A dynamic timer (located . on the 
right side of the card reader} is provided to 
facilitate checking pulse timing and duration. 
The dynamic timer consists of a plastic disc 
(graduated in degrees} and a timer disc 
(mounted in back of the plastic disc}. Two 
neon bulbs are mounted on the timer disc. 
The two bulbs serve as pointers as the 
timer disc rotates. Each bulb is supplied 
with a separate control circuit, making it 
possible dynamically to compare two separate 
conditions. Power for the neon bulbs in pro
vided by the dynamic power pack. 

b. Hubs on the power pack are mark
ed COM (common}, COIL LO-V, COIL HI-V, 
and CONT (contact}. Testprobes are plugged 
to CONT and COM, or to COIL and COM, 
depending upon the type of operation to be 
checked. The power pack is plugged into the 
dynamic timer base. Figure 15 illustrates the 
hookup of the power pack with the dynamic 
timer. 

2. Basic Theory of Operation 
(Figure 16} 

a. Tube is normally cutoff by the 
-38 volts bias. 

b. Objective is to overcome thia bias 
to light the neon. 

3. Use of Common and Contact Termi
nals 

a. Neon is lit by shorting these termi
nals together. 

b. Al~ voltages should be removed 
from the relay points when using the timer 
to indicate when they are closed. 

c. Polarity is not considered when 
used in this manner. 

4. Use of Coll and Common Connectors 

a. Can be used to indicate the presence 

D 
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Figure 16 

of voltage by having the voltage overcome the 
normal negative grid bias. 

b. Can indicate the energizing of a 
relay. 

c. The low voltage coll terminal can 
be used to indicate a voltage as low as five 
volts. 

d. Polarity of connections must be 
considered using these terminals. 

Dynamic Timer 
Atch. /ft 
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I 211. !W 48 228419 

9 100....,_ !IW 41 454187 

10 36o- !W IA 117'58 

NO YAL LOC MltT NO 

" ,_ 10 104101 .. SAW 211 104901 .. .... .. 104109 ,. j!" ... •• 104101 

•• OF .. 9022 

" ... ,. 125716 ,. JsAMP II 125716 

L,.L-1 11-" 107HI 

LTL·I SAllPll IOTHI 

•FOR l/JHP N.OTOR 
**FOlll 1/4 HP llOTO" 
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