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INTRODUCTION 

Technical Newsletter Number 1 is the first of a series to be 
published by the Applied Science Department of the International 
Business Machines Corporation. The purpose of these Newsletters 
is to allow rapid interchange of information between computers 
concerning computational methods on IBM punched-card equipment. 

Technical Newsletter Number 1 describes general purpose 
control panel diagrams which have been used successfully. Three 
of these diagrams are for the IBM Card-Programmed Electronic 
Calculator. The fourth diagram is for the IBM Type 604 Electronic 
Calculator. 
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1. 

604 Electronic Calculator Control Panels for Multiply, Divide~ 
and Square Root on the Card-Programmed Electronic Calculator. 

D. W. Pendery 
Internationa 1 Business Machines Corporation 



IBM ALL VALUES ASSUMED 
LESS THAN 1.0 

ELECTRONIC CALCULATING PUNCH -TYPE 604- PLANNING CHART 

OPERATION - NOTES 

READ 

ROFS3, RI + 

ROFSI 2, RI+, RI 3rd 

ROCTR, RIMQ 

RRCTR, RIGS3-4, R06th 

~ ROGSI 2, MULT + 
iii ... 
5 RRC TR, RIFS 1-2, RO 6th 
z 

ROGS3 4, RIMQ 
... 
Q 
Q ROFS4, MULT + 
u 
Q 

II: 
Q 

RRCTR, RIGS3 4, RO 3rd 
IC 

10 ROGSI 2, MULT + 

ROFSI2,RI+ 

Z ROGS3 4, RI + 
Q 
;. 
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~ ADJ, RI3rd 
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II: 
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II: 
~ 
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1M 
~ 
1M 

PUNCH 

a I-lOX b I-I 0 = C 1-10 

P T CARD PROG CALCULATOR AP LlCA ION PROBLEM MULTIPLICATION -10 DECIMALS 

I~~ 
FACTOR STORAGE GENERAL STORAGE 

I~~ 6'4 
ASSIGNMENT 

6'4 ASSIGNMENT 
<Ej) 8:6 MULl 

COUNTER (fi) 0 QUOT. 

I:~ I:i 

~ . 

I i- 2 i_ 3 :_ I :_ 2 :_ 3 :_ 4 ;_ 4 i- : : 

103-10 !01-2 b l -2 Ib3-10 
IxlXlXf !XIX; i I IXIX! I " I : II: Jill 

RO 
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fiR 06-10 
11 i 1 T I Ii II II II ; II II 1 r rTT T r T1 II II II : I I : 

01-5 X 1 !i-IO RIO 
II III I ! 11 1111 11 I I ! I I r 11 I I : I I. i II I I 

R 
XlXIX: ITT I rl1 ! 1111 111111 I I I :- 1 T f I I I! I /I I : 

06-10 RO 
1f; I II I : I I: I I /I : I I I 1 II I: I IT T1 r I: II i II II 

RO 06- I"IlI. bl-2 
II; II II 1 II II! I: III I I rill liT 11111 r I: I I I Ii 

III II II : lTT 1111 III I 1111 Tl T 11 i II II : I I: 
06-10 xb~-IO R 10 

II i I 1/ I , I II II i I II I i. II: I I II : I I : I I I I 
R 10 

1 1 : I II I r I: II II : I1I1 II! 1111 : I I : 1111 
RO 

II; I II I I I: 1TT1: I I II : II: TT I I : I I: II I I 
~I-IO~ 

11 :- III I 1T I I II " II i 
Ii I I: 1111' r,/1 II I I 

11 II II : r I: /I II 1 I T I I : lllTTl I: II i 1T II: II I II r: 
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IBM 
ALL VALUES ASSUMED 

LESS THAN 1.0 

ELECTRONIC CALCULATING PUNCH -TYPE 604- PLANNING CHART 

OPERATION - NOTES 

READ 

ROFSI-2, RI +, RI3rd 

ROFS3, RI + 

RRCTR, RIFSI-2 

ROGSI 2, RI+, RI 3rd 

ROFS4, RI+ 
iii 
III 

5 RRCTR, RIGSJ- 2 
z 

RIFS3, RIFS4 
III 
0 

8 
ROFSI-2, RI+, RI6th 

0 
I: 
0 

ROFS3, RI +, RI 4th 
M 

10 ROGSI-2, DIVIDE, 

RRCTR, RIGS3-4. 

Z 
ROGS3 4, RI+, RI6th . 

0 
~ 
u z RO/="S4, RIGS3-4, RI4th 
::) 
l&-

I: 
0 ROGS3 4, MULT. 
III 
2 
4 
Z ROMO, RIGS3-4 
0 
I: 

~ 16 ROGSI 2, DIVIDE 

17 RRCTR 

.. ROGS3-4, RI+, RI6th 

i ROMO, RI+ 
0 
I: 

~ 20 
III 
...J 
III 

PUNCH 

01-10 
--=CI:"IO 
bl-10 

L I APP ICAT ON CARD PROG CALCULATOR 

I~; 
FACTOR STORAGE 

I!~ ~ ASSIGNMENT 
MULT. 8-6 
OUOT. 

I~~ I~i 
I ;_ 2 1_ 3 :_ 4 :_ : 

3-10 01_" bl-2 
IxlxlXi IXIX! I [ IXIX! II I I ~ 

R 
11 : II I ! 1 TT III1 r [TI r 

RO 
I I ! III i I I I III T11-T 

xlxlx! 1 I ; II II ! III I 

r 11 II I i I I: I III I [TI ; 
RO 

T I: " TT 1T1 II II : II T I: 

I I In 1[1 I IT I : II 1/ : 

11 ; III: 00 1100: 11TI 
R ) 

I I II I I : I I! II II i TIT[: 
RO 

I I I III ; I I: II II i -TTTI 

10 
Ie 6-10? 

11 T " I I ! I I I II I 

II; I III : I I: I II I l -II r I: 

I I : I II I I Ii II II ! II II ! 

I I ! I I II ! I I ~ II II ; I I r I i 

I I : I II I I I IT I I : ITTI; 
RO 

III III-I I I: I I II j II II ; 
ICI-5 '7 

I I Illn 1 IT III1 

I I! I III: 1 I : I I II ; II r I : 

II i I I II II: II 1 I i ITTl i 
tID 

II 1111: 11: II III -ITT Ii 

P Roe LEM DIVISION -10 DECIMALS 
GENERAL STORAGE 

6-4 ASSIGNMENT 

COUNTER <U 0 

I i- 2 :_ 3 i- 4 ;_ 

b3-IO 
D<IXlx) II: II II : 
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RR 
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III. II: IIITT IT: " " : :> 
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IT I I I I i I ITT ; rTl II II 
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RO 
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RR 
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IBM 
ALL VALUES ASSUMMED 

LESS THAN 1.0 

ELECTRONIC CALCULATING Pl)NCH -TYPE 604· PLANNING CHART 

OPERATION - NOTES 

READ 

ROFSI-2, RIFS3-4, (GROUP SUPPRESS) 

EMIT 5, RIMQ (GROUP SUPPRESS) 

ROFSI 2, MUL T + (GROUP SUPPRESS) 

1.. ADJ 
2 (GROUP SUPPRESS) 

RRCTR, RIFSI-2, RO 2nd (GROUP SUPPRESS) 
iii 

ROFSI-2, RI +, RI6th '" t z 
ROFS3 4, DIVIDE 

RRCTR, RIGS 3 4 '" 0 
0 
0 

ROGS3 4, RI +, R 16th 
0 
II: 
0 
)( 

10 ROMQ, RIGS 1-2, R 14th 

ROFS3 4, DIVIDE 

.,. RRCTR 
0 

ROMQ, RI+, RI2nd 
;. 
0 z 
;:) 
~ 

14 ROGSI-2, RI+, R14th II: 
0 

'" 
I!I t ADJ, RI3rd 

2 c z 
0 

16 EMIT 5, RIMQ, RI3rd 
II: 
C 
0 

ROFS3-4, MULT + 

ROFS3 4,RIGSI 2 

RRCTR, RIFS3-4, R04th 

ZO ROFS3-4,RI+, GROUP SUPPRESS D.D: 

PUNCH 

Xn = .XXXXXXXX N = • XXXXXXXX 

Xn+l=t (Xn + ~n) PAGE IOF 2 

APPL CAT ONCARD PROG CALCULATOR I I PROBLEM SQUARE ROOT - 8 DECIMALS 

li~ 
FACTOR STORAGE GENERAL STORAGE 

i~~ 0 
ASSIGNMENT 

MULT. 6-4 ASSIGNMENT 
<B> QUOT. COUNTER 0 /0) 

If~ ,fi 
I :_ 2 !_ 3 : 4 :_ : I ;_ 2 :_ 3 ;_ ~ :-

N 
Ixlxlx: I I IITT 1 11~ II II : I I : II II ~ 

R ) Xo :N 
II: I II I ~ ~Xlx: I 1\ II I I III: I I·: I II I ! I I II II . 

Ii: III i I I : III: 1 15! I /I I I I II I: r I: " /I i I I I II I . 
-tN 

II: 11 I i I I 111 : I : I II I I: " I I ! I I: 1 I 11 ; 

I I ; II I i I I I I II I II 1 1 I I I I I I 1 1 I I 15; I I : I II I I I.; II II 
N_ iXn BE 

IXlXIX~ XlXlXl T : II I I I I II I II! 1/1 I 1 III 1/ I I : 
R 

I I : II I ; I I I I I : 1 I I I II i 1111 I I,j /I 1/ i 
RIO t1-N1Xn)n~ '10 REMAII\ )ER 

II, III: j I II I : I II I J I : I II I : I I II II : 
Hii DC J\I"lnFR 

I I ; II I ! I I III: I 111111 III: 11: 1111: ~I)< 

11 ~ II I : J 1 ' III: I 1 

~IQ 
I II ; II: IIII I I /I j Ii 

10 
t( (~N/) ,n)6-10 ., 

r r : II I ! I I I 11 : 1 111111 III IXIXJX: IX/XI I I : " " I I L 
R 10 ~.~ ~n)I-5 REM~ I~ )ER 

I I : I 1/ I : III III T 1111 Tl1 I 1/1 : 1/ I Jl I ; 
H .... 

II; II I : I I: III: I i 1 II 1 I I I I I I I " " ~ I I ' I II I : 
RO 

I I : I I I ! I I I I I I I I Ii I I I I I I : IT " I I i I I II II j 
~N/Xn R 10 

I I II I : I I, I III I : I :- TT /II I : I I 11111 

I I II I! 1 1 ' III : I : II /I I I 15/ I 1 II j II II ; II /I II : 

II: I I I ~ 11 I 111 1151 ! II II I I 1 II; T1l 1/1 I : II lllL:. 
R IXnT' =t (X" ±l'V X n ) 

11 : III; I I I II : 1 i I I; II II II : III 11 Ll : 
R X" 

I I : II I: I I I I Ii I II I : 1111111 1111 ~1' II j 1 I I Ii 
Xn+1 RR 

T I III: ~!Xj 
, .. ~,; 1 II 1 I \I /I I I I lIT 11 i I ill: II; 1I1I 

R Xn+1 
1'0_1111 11: I I 11 : II i 1/11 

111111 I II II " II : I I ; I I I I 

.; 
n 
o 
::s 
~ . 



IBM 
ELECTRONIC CALCULATING PUNCH-TYPE 604-PLANNING CHART 

iii 
III 

~ 
Z 

'" 0 
0 
IJ 

0 

IE 
0 
K 

Z 
0 
;. 
IJ 
Z 

~ 
IE 
0 

'" a 
4 z 
0 
IE 
4 
IJ 

til 
w 
t-
t­
O o 
a:: 
w 
a:: 
« 
::J 
o 
(f) 

~ 

T 
-' « 
~ 
(3 
W 
o 
(X) 

(I) 

1 

Zo 
011 
i= (I) «I 
o£ 
::::ix: 
a.. (I) 

i= !. 
- -' 0 
::J 

~ 

121 

122 

123 

124 

12 

16 

10 

OPERATION - NOTES 

READ 

RaGS 1-2, RI , SAL TEST 

RRCTR, RIGS3 4 

ROGS3 4, RI , SAL TEST, (SUP ON ) 

RRCTR, PROG. RPT, GRP SUP PU. (SUP ON +) 

ROFS3-4) RI+, RI4th (SUP ON ) 

READ 

ROFSI 2, RIMQ 

ROFS3-4, MULT + 

RRCTR, RIGS 1 2, R06th 

ROFSI 2, RI+ 

RRCTR, RIMQ, R06th 

ROFS3 4, MULT + 

ROGSI2, RI + 

~ ADJ, RI3rd 

PUNCH 

PAGE 2 OF 2 

APPL CAT ON 1 I PROBLEM 

:~~ 
~A~OR STORAGE GENERAL STORAGE 

I~i 6-4 
MULT 6-4 ASSIGNMENT 

8-6 8-6 COUNTER 8-6 8-6 

!~~ Ifi 
OUOT. 

I ;_ 2 I 3 : 4 :_ 
;~';- 2 :_ 3 :_ 4 :-

I I : II I ! I I I I I I ! I I I I : I I . TT1T i II: 1\ I I ; 

I I Ill! II 
.rt+ ,n -R r6 

I I II " " : J II I 11- TTl n 11 I I I I 
RR (Xn+ I Xn) 

II 1111 I I: I I II II I I 1 I I I I I I I I 11 111 TTT I: ~XIXl 
I-

II: III i I I; 
-(Xn +IXn) RiO 

II " : " I I l 1 I I I r: TTTT1 T I! " II . 
1+ R 

11 L 1111 II: I I II 
" " i 

II 1\ I I I I I 11 Tl -; II 1\ : I I II 1\ : 
1- R 10 I{ 

I I II I : I I ! 1\ II : III I I I I I I ! " I I : T I: -I ITT 

I I : II I I I I I I I I " I : 
" " I 

11 I fl' I I i " " : I I I I II 
1°1-8 I b l-8 

D<IXIX: D<IXIX II II 1 I I T 1 " II I I I : III I I I II II 
R 

11; II I; I I! I I I I I I I Tl 1\ 1\ I II: IIII II 11 II: 
R 10 

II: Ill: II: " II ! I " I ! II; IIII! T Il T I I I ; 
10 RR 

II; II I ! I Ii I " I ; II I I llifl II " I : xlXlx: lTT 1 J r J : 

RO 
II, I II : I I: 11111 1111; 1 I " II! " " ; I I; 1111: 

RR 
I I : II I : II; III : I IXIXIXl 1111111111111 11 : 111-1 ; liT 1111· 

R 10 
I I ! III: I I: I II I ! II II i I I I : III I I I: 1111 : 

I I II I: I I I " I : " II ! I I I 1 1 " : II 11-1 I : 
I--C 1-8--ooj 

II! II I: I Ii II II : I I I I I I II; TTl I 11 . 11 I I : 

' 16 
I I II I! II i II I I \I I I ! IIIII 11111 II: 1 1/ I II II I I : 

II: II I: II! I II I : II I I III I I II II I i I I : 1 I " : 1 I ; " II . 

I I : II I! II! I II I ! " II : ITTTl T 1 I II j " 1111 11 i 1111 : 

11 III! I I: I I " IIII i II II I 11111: 11 : 111rr TT, 111 I : .: 
:'0_11111 I " II ; II: III I I I I I II : 

1 Tll1 I I II I I I : III I I I: " II : 



2. 

The "DUZ" General-Purpose Control 'Panel for the IBM type 604 
Electronic Calculator 

William Bell 
Tele computing Corporation 

The' 'DUZ" General-Purpose Control Panel is designed for calcu­
lation of 

1. Eight-digit by eight-digit multiplication. 

2. Eight-digit by eight-digit division. 

3. Addition of eight-digit numbers. 

4. Subtraction of eight-digit numbers. 

5. Summation of successive eight-digit numbers. 

6. Differencing of successive eight-digit numbers. 

7. Multiplication of eight-digits numbers by a five­
digit constant. 

through Card-Programming. 
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FACTOR FACTOR 

COUN'f£R 

I :_ 

Paper 2. 
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X 80 

ASSIGNMENT 

CO 

2 :_ 3:_ 4 ,_ 



Paper 2., con't. 

APPLICATION 

FACTOR STORAGE 
ASSIGNMENT 

O'i' 

2 ,_ 3:_ 

MULl 
QUOT. 

: 

PROBLEM 

COUNTER 

1 :_ 

GENERJH STORAGE 

ASSIG MENT 

([])r.'\ 

2 ,_ 3;_ 4 ,_ 

: I ; IT·! I : ; I I: 
N RO RI RI 
3 ; I ; : I I J Til I l I ; xlxlx XIX II X): 

N 24 RI+), RI 3rd RO R:O 
!. Ii; I I i I xl! : I ; : I ! 

RO RI RI 
3 25 ,I ; I; I r; ; T j:OlvO. Jl ][ 1 I I : 

RC a F:E 
3 ~7 ; I ; I ~ T r; i T I J: : I : 
N RC H 
3 28 ,1 l I : 1 I; ; T I IXlXl : I ; 
N ~ (+ ~ 3 rd 
3 29 T : I 1 T r ; I x x x I : ! I 1, 

RO RO 

C~D+IE 4 N n:C I RO (-~ R .) rc 
~ I i I I; ; I IXX I! i I: I I 

u 

..... 

CODE 8 
K 

''''' RO R'J 
'.. I r I ! rT 

,-~ ~ ~ rc 
i 1 IX J( .; Jl II X II 1 : 1 I ' rl T; 

+ R 3 rd RO RO 
~41rr;rrrlrr;;rrrl;r:IITIII~TTTT:iTTr~,x~x~X~+'lX~X~X~x~x7TI:1~T::TTITTT::++~,+TI+T~I~: 

35 RO RO RI RI 
1 : I : I I: i T I I ! ; I : XlXlX x x x x x 

""~ RO RO 
~~ : T: I 1 I I : ! I 
37h1r;rrrrr-r~r;~rrrrl~IITirrr-~)~~~~~O~~~TiTTTT+TTTTT++RTOT+TTRTO~ I : I ; I I ; r x llllllll II I! ! I : ! I I 

RO RO 
38 i I I: I I : I T I I : ! I 

RI ~I 
, XlXI~ lr lr lr. lr lr' 

39 ~) R) 
,1 ,I 1 I I i 

III JI r 
x ; I ; : I I' 
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3 . 

A General-Purpose 604 Board for the Card-Programmed Electronic Calculator 

Donald B. MacMillan and Richard H. Stark 

This Control Panel is designed after the pattern suggested in the pre-

liminary manual on the calculator. It performs the elementary arithmetic 

operations t and extracts square roots. It doe s all of these operations to 10-

digit accuracy, using 10-digit factors. 

The board also has provisions for transferring factors and results 

among the 604 storage units. It provides a 10 -digit storage unit in the 604, 

in which a number may be retained through several card cycles, providing 

neither division nor square root is done. It provides for the summary 

punching of two 10-digit numbers from the 604. It provides one operation in 

addition to the elementary ones; this is multiplication followed by addition 

or subtraction: 

AB + D. 

Four IO-digit electronic storage units are set up~ A, 13, C, and D. 

C is in the counter, and D is all general storage, so that summary punching 

may be done fr~m both of these. The counter is reset on the first program; 

it is'suggested that channel C common on the tabulator be Wi~d to counter 

RO, so that a result may be both stored and summary punched. 

Operation 1 is addition. A + B = C 

Operation 2 is subtraction. A B :: C 

Operation 3 is multiplication. A B C 



Paper 3. 

Operation 4 is division. A .;.. B. C This operation 
is subject to the restriction A(B. 

Operation 5 is square root. 4A = C The number 99999 99999 

starts. 

must be entered on channel B, to 
serve as a fir st gue s s at Ii\. The 
root will be taken as though a pe­
riod appeared to the left,of the ten 
digits of A. 

Operation 6 is transfer of C to A at the end of the calculationo 

Operation 7 interchanges the numbers in Band D before calculation 

Normally, C is read into D after each calculation, so that the result of 

the calculation appears in both C and D. Operation 8 prevents this, so that what-

ever was in D at the beginning of the calculation is preserved, providing it has 

riot been destroyed by the calculation. 

If the machine is not instructed to do any of oper ~tions 1 through 5, A 

will be transferred to C. 

There are two combinations possible among the first five operations. 

They are 1 and 3, and 2 and 3. The calculations performed with these double 

instructions are, respectively, AB + D, and AB - D. If operation 7 is added 

. to one of these combinations, the resulting calculation is AD + B or AD - B. 

This finds particular use in the evaluation of polynomials. 

Storage A is undisturbed by calculation, except division. Storage B is 

destroyed by multiplication, division, and square root. It is partially destroyed 

by addition and subtraction; this partial destruction makes it useless for multi-

plication, but does not affect its usefulness for other calculactions or suznrnary 

;punching. Storage D is destroyed by division and square root. It is undisturbed 

13 
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Paper 3., con't. 

by addition and subtraction. It is partially destroyed by multiplication; this 

partial destruction is like that described for B J above. 

One of the requirements under which this control panel was designed 

is peculiar to non-net balance ope ration. Referring to the programming of 

this control panel,notice that only two of the three positions of GS 3 entry 

are to be wired to channel exit hubs (on the accounting machine control panel). The 

other hub will be unwired. With this wiring, if a positive figure or a neg­

ative true figure is read into GS 3, the unwired position will go to zero, but 

if a complement figure is read into GS 3, the unwired position will receive 

a nine (while the two wired positions convert the complement to t:rue figures). 

The unwanted nine may be eliminated by wiring on the accounting machine control 

panel, atthe cost of tying up selector s (channel minus may be wired to the vacant 

positions, but must be selected out whenever a true negative figure is on the 

channel); we have designed this board to handle the problem in the 604. 



OPERATION c::> ::z 
....,: ~ 

t-= yi c:::II:: 
0 CD :> g c::> 
0 :::::> :::::> 

2i a:: 
c:[ V) ::E Q.. 

X X X X XI 
ACTIVE 2 
ONLY ON 3 

_OPERATION 4 
_~UNBER 5 
SEVEN 6 

7 
X 8 
X 9 

X X X X X 10 
X X X X X II 
X X X X X 12 
X X X X X 13 
X X X X X 14 
X X X X X 15 
X X X X. 16 
X X X X 17 

X X 18 
X 19 

X X 20 
X X 21 
X X 22 
X X 23 

X 24 
X X 25 

STORAGE ASSIGNMENT: 

READ OUT READ IN 

R.a R 
MQ Ctr. 
GS4 MQ 
R8R GS 4 
FS 3'84 Ctr. 
GS 182 FS 3 64 
R8R GS I a 2 
FS 384 Ctr. 
R8R FS 3 a 4 
GS 3 Ctr. 
~1:, 40~~E:~ GS 3 
RSR ~~ 2NOfH~~C. x 
GS 3 etr. 
~~ 2Noltflf x GS 3 
R8R _~~ 9~o:! .~~p. x 4 TH R 

FS 162 Ctr. 
GS :3 Ctr. 
FS:3 84 
FS 182 x 
R8R GS 182 
.GS 182 etr. 
MQ GS I a 2 
FS:3 84 
FS 3 a 4 MQ 
R 8 R FS IS2(OIV. ONLY) 

A: First eight digits, FS I 82, last two digits, GS 3 (pas. 3.;..2). 

8: First eigttt digits, FS 384, last five digits, MQ. 

C: Counter (pos. 13-4). 

0: First eight digits, GS 182, lost five digits, GS 4. 

SHIFT SUPPRESSION COMMENTS 

None 
7 
7 
7 
7 
7 
7 
3 

Out of 4 3 
Into 3 0 
Into 2 0 
Out of 4 0 See note on Read -In Order. 
Into 3 0 
Into 2 0 See note on Read -Out Order. 
Out of 4 0 See note on Read -In Order. 
Into 6 I '1 When none of operations 1-5 is ordered, these 
Into :3 I J two programs ore active to couse A-+C tronsfer. 

2 
:3 
2 

:~tg~~ 2 
Into 4 2 

2 
:3 
2 No Read-In on Square Root. 



OPERATION ci READ OUT READ IN SHIFT SUPPRESSION COMMENTS z: 
,~ ....,: 

...,.: c..:) c::: Q I~ :> oj 
0 

Q '::;l c::: 
CI: (15 :IE Q V) a.. 

X 26 FS 384 Ctt. Into 3 5 
X X 21 GS 182 Ctr. - INTO 3 (rONLY) 2 No shift on -+-
X X 28 MQ Ctr.- 2 

.. X 29 MQ GS -4 5 
X 30 Emit 5 MQ Into 3 5 
X 31 MQ Ctr.- BT 5 

X X 32 R8R GS 182(DIV.ONLY) 2 No Read -In on r- -

X 33 GS';4 x 5 
X ~4 GS 4 MQ 4 

X 35 Emit 5 MQ Into 5 5 
X X 36 GSI82 x 2 
X 31 FSI82 Ctr. Into 3 4 
X X ~8 FS 3 S.4 ~8~~ 2 

X 39 R a R FS 384 Out of 6 3 
X' 40 RSR FSI82 4 
X 41 FS 182 Cfr. Into 2 4 
X 42 MQ FS 182 4 
X 43 FS 3 64 4 

X 44 GS 3 x 3 
X 45 RSR 4 
X 46 GS 182 Ctr.- Into 6 4 
X 41 MQ Ctr. Into 3 4 
X 48 FS 182 Ctr. Into 4 4 

X 49 FS 384 Ctr. Into 4 3 
X 50 R8R FS 384 Out of 5 3 
X 51 FS 182 x 3 
X 52 FS 384 Ctr. Into 2 3 

X X X 53 ~!'A~~~H~R 8t~: ": 8~ +·8'1lt..'f R.- - N Y rNRibG6R~1i~~ .,- SUPP. ON NEG. BAL. 11 No Read - In unless either 
X X 54 ~t~~~~ gl~~~!~~_ Into 4 None J + or - is ordered. 

X X X 55 Half Add Into 3 0 
X 56 RO FS 31H ON..r- Out of 6 None 8T FOR SAL.P.U.OTHER 

51 RO GS 182 Out of 6 8 
58 RO GS 4 Out of 4 8 
59 RO FS 182 Out of 6 6 
160 RO GS 3 Out of 3 6 



Paper 3., con't. 

NOTE TO PROGRAMS 12, 14, and 15: 

On these three programs the MQ order should be given when addition 

or subtraction is being done, unless multiplication is also being done; the GS 4 

order should be given whenever multiplication is being done. without exception; 

and the GS 4 order should be given when division or square root is being done. 

A suggested wiring for this is: 

Calc. Sel. 1 (Addition) 

Calc. Sel. 2 (Subtraction) 

Calc. Sel. 3 
(Multiplication) 

KEY TO SUPPRESSION: 

PROG. 14 - 0 o - PROGS. 12 & 15 

o - - - GS4 RI 

- - MQ RI 

, , 
PROGS. 
11 & 54 

Suppression Type 0: These programs should be active when any of 

operations '1-5 is ta~ing place, and otherwise 

suppressed. 

Suppression Type 1: These programs should be suppressed only when 

multiplication is taking place, and otherwise 

active. 

17 
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Suppression Type 2: These programs should be active when d'ivision or square 

root is taking place, and otherwise suppressed. 

Suppression Typ~ 3: These programs should be active only on multiplication. 

Suppression Type 4: These programs should be active only on division. 

Suppression Type 5: These programs should be active only on square root. 

Suppression Type 6: These prograrn.s should be active only on C --.. A transfer. 

They should always be suppressed on positive balance. 

Suppression Type 7: These programs should be active only on D ++ B inter­

change. 

Suppression Type 8: These programs should be suppressed only on D preserva­

tion. 

The suppression must be wired so as to use only three positions on 

calculate selectors Nos. 4 (division) and 5( square root) together. 

R & Rand RO, when they appear in the ,Read-Out column, mean counter 

Read-Out and Reset, and Counter Read-Out, respectively. The symbols x and +, 

where they stand alone in the Read-In column, refer to the Function Control hubs 

on the 604 control panel, and mean multiply + and Divide, respectively. 

When the symbols +, -, x, +, r appear with orders in the programmi'ng, 

they indicate how the orders must be selected so the programs may be used for 

several purposes. For example, in the Read-Out section of program 11, we have 

"G54 on x, MQ other. " The program hub would be wired through a position of 

selector number 3 (mllltiplication), so that when the selector is transferred, the 

connection goes to GS4 Read-Out, and when it is normal, the connection goes to 

MQ Read-Out. 

We will be glad to answer questions about the wiring or programming of this 

control panel, or about the wiring of an accounting machine control panel to go with it. 



4. 

604 Electronic Calculator Diagrams for the calculation of Sin X, Cos X, eX, 

_x2 
e ,Sinh X, and Cosh X on the Card-Programmed Electronic Calculator 

B. Oldfield 
U. S. Naval Ordnace Test Station 

The 604 wiring diagram outlined~ when used in conjunction with the combina-

!l. 
tion, will compute Sin x, Cos X j eX, e -x , Sin h x, and Cos h x very rapidly. 

It was primarily wired for sine. and cosine and computes the other functions 

with a small amount, of additional selectiono One card is required with no ad-

ditional instruction cards. The time required is approximately two and one 

half cycle·s, depending on the size of x. Nine hundred sines and nine hundred 

cosines have been computed [0 ~ x ~ 90 0 in intervals of .10
] in a total time 

of 30 minutes. The functions were computed to seven decima1.p1aces with the 

following results: 

For Cos x 

exact to seven decimal places 296 angles 

one digit too small 20 II 

one digit too lar ge 3.15 f1 

two digits too lar ge 190 " 

three digits too lar ge 72 " 

four digits too lar ge 7 " 

Total 900 

19 
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Papel" 4. 

For Sin x 

exact to seven decimal places 439 angles 

one digit too lar ge 42 r1 

one digit too small 363 " 

two digits too small 55 rt 

three digits too small 1 " 

Total 900 

This was more accuracy than we require at the moment so no attempt has been 

made to improve the results. You will notice considerable bias, especially in 

the cosine x, which could undoubtedly be improved. The accuracy of the remain­

ing functions was not investigated, but it seems reasonable to expect correspond­

ing accuracies if an adequate number of terms are computedo The actual speed 

natually depends on the punching required; by punching seven angles at a time, 

the overall speed can be considerably increased. 

Use the 604 control panel as follows: 

Function to be computed Selectors to be picked up 

Sin x 8 

Cos x 7 

eX 1, 4, 5, 6, 7 

1 
e-x 4, 5, 7 

Sin h x 6, 8 

Cos h x 6, 7 



Paper 4., con't. 

We require the sine and cosine in any quadrant and also for negative angles 

smaller than 90 0
• The following selector system has been very useful. 

Step (1) The angles expressed in min and sec are run through a 604 

and converted to radians in the first quadrant. This is done by identifying the 

quadrant that the angle is in with a one, two, three or four and using this iden­

tification as a means of selection. 

Step (2) The cards are put through the combination computing the sine 

or cosine and supplying the proper sign by emitting the "c" channel code that· 

tells the accounting machine counters to add or subtract by the following selection. 

An eight in the operations channel compute s the sine while a seven will compute the 

cosine. A seven or an eight along with the quadrant identification is sufficient to 

select the proper sign. 

21 
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8 FROM DE 

P.U P.U 
8 4 

T 

N 

y 
7 FROM DE 

P.U P.U 
8 4 

8 P.U INDICATES 
I P.U INDICATES 
2 P.U INDICATES 

3 P.U INDICATES 

4P.U INDICATES 
xP.U INDICATES 
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• • 

I 
. 8 FROM DE 

P.U P.U 
X 3 

• 

I 

TO CHANNEL "C" 
CODE. 7 MEANS 
COUNTER ADD. 
S MEANS COUNTER 
SUBTRACT. 

7 FROM DE 

P.U P.U 
2 I 

SINE 
FIRST QUADRANT 
SECOND QUADRANT 

THIRD QUADRANT 

FOURTH QUADRANT 

A NEGATIVE ANGLE SMALLER THAN 90 0 



Paper 4., con't. 

Read in 9 -+-- FS land 2 .and GS 1 and 2 

9 is in radians with seven decimals. 

x2. occupies GS 1 and 2 

n-2 

L of the se'rie s is in FS 3 and 4 

x , 
(n-2)' occupies FS 1 and 2 n is in GS 3 and 4 

( 1) GS 1 and 2 -+- ctr. 

(2) ctr. -+ MQ 

(3) ctr" --. GS 1 and 2 Re set - out of 6th 

(4) FS 1 and 2 RO - Multiply 

(5) GS 1 and 2 -+ MQ 

(6) ctr. -.. GS 1 and 2 Reset - out of 6th 

(7) GS 1 and 2 --... ctr. 

(8) FS 1 and 2 RO - Multiply 

(9) 1/2 adj. --. 2nd 

(10) ctr. -+ GS 1 and 2 out of 3rd - Reset 

(11) Digit emit 1 -+ MQ into 5th 

(12) MQ -+ FS I and 2 into 4th 

(13) 1 -+ GS 3 and 4 (emitted) 

(14) FS 1 and 2 --+- FS 3 and 4 

(15) FS 1 and 2 -+ ctr. 

(16) ctr. ~ MQ 

(17) ctr. ~ FS 1 and 2 - Reset - out of 6th 

Wired normal through 

Calculator Sele ctor 1# 1 

If III is picked up, pro­
grams 1-10 are suppressed. 

also if GSPU is active 

prog. 1 - 14 are 

suppressed 

Start Cosine if cal. se-

lector /17 is picked up. 

Start Sine if cal. se1. 

'8 is picked up. 

Program active if either 
cal. sel. 17 or cal. sel. 
II 8 is picked up. 

2.3 
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(18) GS 1 and 2 RO - Multiply 

(19) FS 1 and 2 -+ MQ 

(20) ctr ..... FS land 2 - Reset - out of 6th 

(21) FS 1 and 2 ~ ctr. 

(22) GS 1 and 2 RO - Multiply 

(23) 1/2 adj -+ 2nd 

(24) ctr. -+ FS 1 and 2 - Reset - out of 3rd 

(25) GS 3 and 4 ....... ctr. 

(26) emit 1 .... ctr. 

(27) ctr. -+ MQ 

(28) emit l~ ctr. 

(29) ctr...... GS 3 and 4 - Reset 

(30) GS/3 and 4 RO - Multiply 

(31) ctr. ~ MQ - Reset 

'(32) GS ,3 and 4...... ctr. 

(33) GS 3 and 4 -... MQ 

(34) MQ ~ ctr. into 6th 

(35) ctr. ~ GS 3 and 4 

(36) FS 1 and 2 -.. ctr. into 3rd 

(37) MQ ~ FS 1 and 2 into 6th 

(38) FS 1 and 2 RO - Divide 

(39) GS 3 and 4 --. FS 1 and 2 

(40) ctr. -+ GS 3 and 4 ,. Reset 

If .cal. sel. 114 is picked up, suppress this step_ 

If cal. liS is picked up, 

suppress 30 and 31. 

This programis suppressed unless 
cal. liS is picked up. 
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(41) GS 3 and 4 -+ ctr. into 6th 

(42.) MQ --. GS 3 and 4 

(43) FS 1 and 2. RO .. Divide 

(44) ctr. Read out and Reset 

(45) MQ ~ ctr. 

(46) GS 3 and 4 --+ ctr. into 6th 

(47) 1/2. adj. -+ 2nd 

(48) FS land 2. ~ Mel 

(49) MQ -+ GS 3 and 4 

(50) ctr. -+ FS land 2. out of 3rd .. Reset 

(51) GS 3 and 4 ~ ctr. negative 

(52) 1 ~ ctr. into 2.nd 

(53) 1 -+ ctr. into 1st B. T. for step. Sup. 

(54) Ctr. Reset - Group Sup. Drop out. 

(55) 1 --. MQ If cal. 116 picks up programs 55-
56 - 57 will be suppressed. 

(56) FS 1 and 2. RO .. Multiply negatively 

(57) ctr •. ~ FS 1 and 2. (Doesn't reset) 

(58) FS 3 and 4 -i- ctr. 

(59) FS 1 and 2. ~ ctr. This progra:m will be active only 
if cal. sel. 116 is picked up. 

(60) ctr. -+ FS 3 and 4 Reset .. Prog. Repeat and GSPU * 

* Step No. 60 suppressed on a negative balance. 

25 
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