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61T TMG. WRT FF, 43R4
SiGS. M/U~-3.9 5:3L3, 5:3L6, 5:3L7
@
REAU
& RESET
FROM S“fNPvi:;"Dg,\ WRITE DELAY FF_4'3RS
TrS i 4:206, 6:2L5
M/U —310
M- 36

EXTIs __«=3%

(4:3)
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a
(€1 Boo| Dl
2 17 = (duMpTO B9
GATE TRY
anp \* | Ree’ % commano ar H)4:4Ri
FFI C/U-2.2 DiGIT P 2:203
w4 .
£ OVERFLOW
5:4R5 C/U-2.24
M FFI
“Vlcn-2.26
#4L3TK4 RD " 4482
>'2R6 54RS
RS
5. 4R7
wa
0 4R5
4:4L6 MULTIPLY DECODER § 5
2:3TI o
AND 4:4R3
2.9 RESET FF4 & FFB OF PHASE 2:2.5
DIGIT |a- CONTROL GNTR.
P SENSE
MULT REG,
H FFi
5:4R9 "o -2.27
RS
54R7 ano \&
w-
4:4L9  READ AMP TK5 2
5:2R7

FXLED _ AEE (44)
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UP=ON & RESET UP

5:IR6
a
RESET FF| 5:RI
4:1L10
[ %
CARRY b-
FFI
A/U—~4]
5:R2
4:1L9
5.L2 20D
I[4R2  2:3T2, 2.1T8
" BROAD LINE
4:IRI|
i
5. 4RE
siLs _ BORROW b BORROW Fre 5:1R3
W4 & SUB OR W3 & COMP 2.2L8, 11413
GELY
FFI BORROW FFe 5:1R4
"é‘_';gl SET-BORROW FF A/U - 51 |(ENABLE SET ALL FF'S) 4.Iis
31L7 R SET - BORROW FF
6 2RI
A/U-6.4
a
a AN EAD DELAY RESET 5:1R5
A/U-6.2 UP—oDN & 4:2R2
UP—+-DN & RESET UP A a RESET up
3:3RI NETWORK
g UP—= ON 8 RESET up 5:1R6
A/U~6.| 5HLI1, 4L, e:Lnl
HA H

A/U-86.3
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CULATOR
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w3
5:4R4
anD \% w3g ApD 5:2R3
M/U-4, 4:2L9
5202  AOD /
14 Ri
RE AD
TR
READ
FROM ;“’e l g AND %
TK4 M/U-2,
M/U-2 |
RS
5:4R7 DATA FROM STG 5:2R4
5:2L5 ENABLE TKS5 READ GATE 4aLreaLs
2:5R)
READ
FROM QE -
TKS
M/U=-2.2
ADD
[[4RZ, 2:3T2, 2:1T8
AND \& ADD 8 CARRY 5:2R5
. . o4, 4:2L5
1 'ﬂ FF "~
3L5
5:2R6
7:3L2,4:4L3
READ AMP TKS 5:2R7
4:4L9

FIXIIo:___ A"

(5:2)
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WRITE
TRACK

4
HEAD

2
@ mu-317

WRITE

TRACK
4
HEAD

i
| mu-3is

WRITE

TRACK
5
HEAD

WRT Fr°
4:3R3
53L2 N
3 3R|
AND \%
MAU-3,1
WRT FF,
43R4
[
_WRT_FF
33R3
ano \%
WU-3)
WRITE
33R2
ano \¥
-3}
WRT FFe
43R4
WRT FFq .
43R4
5.3L8 _ WRT DRIVER TK5
2'5R3
WRT FF"
4:3R3

FIs _ 3™

& msu-3.19

(5:3)
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CALCULATOR

TK2 %}
READ B
M/U-5.]

™ Ja

READ P
M/U-52

3,523,282

133 Sheets-Sheet <9

Wi 54 RI
-
Wig 5:4R2
-~
w2 5:4R3
-4
w3 5:4R4
TIMING =
GENERATOR w4 5:4RS
-4
rRs® 5:4R6
M/U - 5.3 S, -
RS, 5:4R7
-
N 5:4R8
-4
Hy 5:4R9

FI=s___3a<a

(5:4)
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Aug. 4, 1970 R. A. RAGEN
CALCULATOR
Original Filed Oct. 23, 1 ULTIPLIER COUNTER)
o L) <
- N4
13 £l BF e
Ol ola Ola B]e
B
] 3 a3 3
g ¢ g ¢
ol 3 3J &
[+ 4 [v4 [+ 4 [+ 4
[:+] [} <] ID. o
s o) < o 2
8°BROAD LINE
4RI
8,8ROAD LINE
4 R2
4°BROAD LINE
&iR3
4,BROAD LINE DOWN
41R4
2°BROAD LINE COUNTER
4IRS
2,BROAD LINE ANU—2 .|
4 1R6
I’BROAD LINE
3IRT
1,BROAD LINE 5
3'1R8
6.1L9 ADVANCE DOWN GNTR
6iZR2
WRITE DELAY FF, /ENABLE ZERO SENSE
4:2R| -
UP-=DN & RESET UpP
5IR6
'S
[T
z
(o]
- 4
x
(o]
[:+]
EXID_ e, (6:1 .
&
-1
= J
oo

6:182

4:3L7
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6:2L! W4 8 SUB OR W3 & COMP
6 3R
READ DELAY FF° AND \& 6:2R}
4:2R2 7 eA/u-a ADV UP CNTR B RESET 4:1L12
6:2L3 DATA FROM STG BORROW FF 5:L7
5:2R4
AND ¥
A/U-3,
W4 8 SUB OR W3 8 COMP
6:3R2
6:2L5
RESET-WRITE DELAY FF
43R5
AND & 6:2R2
-3, ADV DOWN CNTR 6.1 L9
62L6___ WRITE DELAY FF,
4:2R]

FIl=__AEs (62
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w4
54R5 ENABLE BORROW FF GATE
AND (W4 & SUB OR W3 & comp) 6:3Ri
aie -3 6:2L1, 5:1LS
: sus
I'4R6
w
CRTTa = u 6'3R2
ano \& W4 8 SUB OR W3 8 comp S-2L4
a/U-3.6 4:2L10
A/U-35,
comp®
14R4

FIIs__ AL (6:3)
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f & _—iav
ENABLE GATES (INSERT) INH
D/U-2.1
7:1RI
7.3R8
&
40 AND 4q° 7 IR2
7°3R2 “W’ 8:1L3, B:1L20
@
g* AND 8 T:iR3
7:3Ri U-2, 8:1L15, 8:ILI8, 8:IL25
[+ 7]
. 8 ~ AND 20 4 ge 7:1R4
73R VU2, 8:1L1, B:ILS, 8:1L10
2.
7:3R4 f
o
. g* AND o 40 7:IR5
73RI -2, 8:iL2
l.
7:3R6
a
. 4° AND * 4l 7:1R6
73R2 o/U-2. 8:iL7, 8:1L 22
le
7:3R7
R
4 AND 4% + 2 7:R?
73R2 2.7, 8:1L9
2.
7:3R4 .
-
= FrXris_ 368 (7:1
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Tv:um

o

oe 2% 4 |* 7:2R|
73R4 y B:1L4,811L8, 8:1L i3, 8:1L 24

‘.
7:3R6

. K 2° +1, 7:2R2
73R4 imj“ 8:iL 2|

le
T:3R7

1® K 1° + 4 7:2R3
7:3R6 AU-2 | 8:1L6 »81iL12, B:1L17, 8:1L 23

4
7:3R3

. hr\ [id + 2, 7:2R4
7:3R6 VU-2.1 | 8:iLIl, 8:1L9

2,
7:3R5

a° ’-ﬁ 4* + 2, 7:2R5
7:3R2 U-2 | 8:1L1i4

2e
7.:3R5

4, AND 4e + 2°¢ 7i2R6
7:3R3 !yu.zJ BriLis

2.
73R4

EXI=__ " (7:2)
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[« 1]
o 8* 7:3R|
~ 7HL2, THIL3, 705
FFI
—D/u-1. |
[+ 7
“ 4 7:3R2
7L, TLT, 7519, Te2Ls
FFI 4. 7:3R3
F /U1 7:206,7:2L11
[+ 73
0 2¢ 7:3R4
7:1L4, :ILI0, 7:2L1, 7:2L 3, 7:2L |2
FF1 B2 7:3RS5
-y - :
# ~ o/u-13 7:208,7:2L10
[ 7}
| i 7:3R6
TiIL6, 71202, 7:2L5, T:2L7
RS
a Rl bl 7:3R7
o 7108, 7:2L4
A oru-14 rae
D/U-1.6 THR)
Q@€
RS A @
5:4R
DIU-1,7) AND
D= 1.5
TK4 READ 4 3
5°2R6 |
RS
5T4R7
FIs__ <32 (7:2)
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7 R4
orR \% )
7:1R% SET_STRK OFF 8:IRI
X 3 t
7IRE -2 9L
7:2R!
7:1R4
- OR \@ .
7.2R3 SET _STRK. 6FF 8:IR2
ﬂ)ﬁ-m 9:iLY
7:1R6
7 2RI
7:1R7
OR \* et stre. 5 FF g:1R3
FIR4 byu-2, 9LE
7:2R4

Q
72R3 m SET STRK. 4FF 8:iR4
7:2R5

aQ
7:R3 OR SET _STRK. 3FF 8:IRS
7:2R6 Qf’“j“ 9:iL 4
7'2R3
7R3
72R3 OR A% sev srax. 2¢F __8'IR6
7:2R2
77IR6

&
T 2R3 OR SET STRK. | FF 8:1R7
T:2RI jyv 9uL2
7R3

FEXiIm_ <3} (8:1)
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SET STRK. 0 FF
8:IRI

133 Sheets-Sheet 57

READ }ja Q
TK6 A
oN-3.00 0/U-3.9

0
SET STRK. {FF 4
IRT
& a
SHIFT 9:4RI
10:1L4
| FF2
}oru-32
—_SET STRK 2FF
8'1R6
d 5:3R9
H a
2 fro RESET HORIZ 9:I1R3
10:1L3
on-33 9:1R4
SET_STRK. 3 FF STEP VERT 10:1L2
87IRS
a
3 FF2
ou-34
SET STRK.4 FF
B8IR4
Qe
4 FF2
U-35
SET STRK. S5FF Eaé 9:1R7
8:1R3 e STEP HORIZ.
RESET VERT.
10:1L1
5 FF2
U-3.6 5:4R2
a:szET STRK 6 FF a 9:1R9
a o , TO GRID
AND UNBL OF CRT
/-5 o/u-8,
6 FF2
DU-37

IS __ <g,.= (9:1)
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STEP HOR /RESET VERT ~r VERT,
9IRT STalIRcAs: |@ ’
< D VERT STAIRCASE 10: 1R}
STEP VERT GEN. eien
Ny
9'R4 D/U‘4.7
DG HOR.
RESET HOR STAIRCASE :G} HOR STAIRCASE 10:1R2
9:IR3 R
GEN. L2
DN-4.8
/)
see. |V SEG. I° 10:1R3
# -4
SHIFT | MLe
CHE]
BU-4.9 H:ILs
RESET SEG_GEN 2 &
9.1R5 i i b
7))
SEG. SEG. 2° 10:iR5
2, =~ T T
FF3 SEG. 2, 1D IR6
/U410 = g L3, 1L
SEG.
*3
@
FE3 SEG. 4, 10 IR7
FXI=>_ _ U 411 I:1L4, N:IL7, (L I0
X
. Q
(io:1) SEG. SEG. (4')* HOR 10:IR8
8y P
4 1=-4e s
FF3 SEG. (4')eVERT 10:IR9
U412 E ? WL
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SEG. (4')e VERT
10:1R9
INH o
osc__ [VU-5.
SEG. (®
10:IR3 | VERT [
X
SEG. 26 VESI;:T /:I
10:I1R6 AT D/U-5.6
SEG. 44
10:iR7
SEG.(4)® HOR INH Yo
10:IR8 osc [VU-54
SEG. 2°* HOR.
10:1R5 = o Mix b
HOR. -
SEG. 44 U-4.14, 57
10:IRT
0/u-5.8
a
: SEG. |e osc
10:IR4 et
a BLE D/U-5.%
SEG. 2o + 0sC
I0:1RE /U~
SEG. 4
10:IR7
VERY. DEF. (+) 1 LERY
VERT STAIR
10:1RI
a VERT. DEF. {~) I:iR2
SLANT
ADJ. >
D/U-6.3
HOR. DEF (+) 1IR3
HOR STAIR
I0:IR2
HOR. DEF. {~) 11:1R4




Aug. 4, 1970 R. A. RAGEN 3,523,282

CALCULATOR
Original Filed Oct. 28, 1963 133 Sheets-Sheet 40
FLIP FLOP || "0" “I" |FF. ouT
T GND. | -6V Q
I GND. |-6V Q
piiy GND. |-I2V Q

~ GND,= POS. VOLTAGE LEVEL
~—6VOLTS OR -12VOLTS = NEG.VOLTAGE LEVEL .

g
3
.
5
f

4,
ov ~6V
-v_r f G ov
o OO
J ov
sl e

ov ov
- sv_r-h._o soHNoET —“_'GVJ_L

EEXI=___ <k
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e~a &
‘—_ -6V ] -6V _]
RS3 l RS6 I
! IK 1K !
! |
ol RSI RS7 l ]
L ca
470pf 5.6K =
B 56K [470pf l
Ql Q2
) 0c46 ' ocas Y !
DI = l = D4
RS2 OA-95 ) 1 OA-95 RS8
39
39K RS4 ' RS5 K
D2 12K 12K ¥pz
0A-95 l OA-95
+6Y I +6V
[ ] c2 | c3
T s560pf 560pf
; I
| |
Lol | _ mnups |*ssse000 R
—JL A 3 s f
FXEi = <}
;
_7 ‘
‘ ¢ Q
5
b
f I
EFIXis__ <k KBy
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Q

—=

‘ PHILIPS
l________. ‘_L *2p 727 07 __‘
G . . o __—G~ T
AP f”l e
EFEEXIm_ 3 =
7
9 o .
£ i
2 |
- b
¢ ¢ 1T —
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T v _l'
' RS2 +12V 42y RS J
‘ 2.2K RSS RS6 2.2K
l Cl 56K 56K C4 ]
330 330 l
| D::f— —i ,
Q! .
! RS3 RS7 ;' 55
] 6.8K 68K
l RSI Q2 Ql‘) RS9 l
10K . 10K ,
l D2 DIH |
j c2 c3
- 560 560 = ]
l ——f——j}— |
l‘ -2V ———J\K(i;\/\,——*_u ’
1.2K
N _
J'j%

FAXL=_ "
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ONE-SHOT
DESIGNATION

FIG. No.\”w/l \

ONE SHOT NO.

ONE (WITHIN FIG)
SHOT

_—

CAC

——=__ONE SHOT TYPE CODE

(SEE FIG. BELOW)

FIXIs__ =—Hh O

*2N1305

UNLESS OTHER-

WISE NOTED
[ C {pf) »

A .00082 R2({ _n.)

B | .00l RI (K .n) A 680

¢ | .o0I5 A 6.8 ) ™

D .0033 B 10 C 2.2K
C A C



Awug. 4, 1970 R. A. RAGEN 3,523,282

CALCULATOR

Original Filed Oct. 28, 1963 133 Sheets-Sheet 45

ca

PHILIPS —6v
‘*ee 950 Ol
RS3
IK

RSI
_L 5.6K
Tci
I_:WOpf ') Qi
0C46

N

RS2
39K

MWW

+6vV
XD o,
ONE
‘ SHOT
SIG. IN I “r—-SIG. ouT
-
c4

T

Ml______jl

E XD =gy
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I — —__~—.—._I

| Rsl cl D2

IK 0033uf
7\ DI
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INVERTING OUTPUT

"AMPLIFIER" DESIGNATION

IN 12(BFBB
Z1.8)
. AMPLIFIER TYPE CODE
AMPLIFIER NO. INSIDE PARENTHESES
(WITHIN FIG) (SEE FIG. BELOW)

EFI>__Eas"

F

RI(K_n.)

A |SHORT

Bl
Cupf c |33 R2 (K.n)
a]100 Dl4.7 Al 10 v
8| 220 E|5.6 8| 22 VOLTS D.C.
c| 330 F|6.8 c| e7 Al -6
D| 470 G|8.2 0| 33 B| ~-12
E | OPEN H| 10 E | OPEN C [TERMINAL

\(‘B . B{

<

R3 IN KILOHMS
FIIi=_ s
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Aug. 4, 1970 R. A. RAGEN
CALCULATOR
Original Filed Oct. 28, 1983
R
N
NG ————— ¢
>

ouT

FIG. NO. "GATE" DESIGNATION
GATE NO. (WITHIN FIG)
IN ouT

SOURGE VOLTAGE
(V) NEGATIVE

FEXiID=__ "1

T e e ———— e e

WITH BLOCK SYMBOLS

! + ELDED c

Cl BLE RI R2
, L 33K 390K
|

l -2V -

COMMON LOAD
RESISTOR (R} IN

KILOHMS

.022pf

XIS _ >
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RSI
27K

RS3

150 Q5
Q3 2NI304

47K
L -12v _}
FII=__ ™
7
READ
HEAD
B8r—
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47K +12v |
RS4§ = ~6v l}
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l =12V +i12v  -j2v -12v ,
] RS3 RS6 RSII ]
47K 100K Ci K
200pf
' 15V
+i=
l =
RS4
] 47K
l (VERT AMP
A | 100 uf
I Q3 c2 { 15V)
2NI304 +
l T (HOR. AMP.
500uf
l -90V -90V 1ev)
8 l RSI4 >RSI6 l
33K <33k
D
E
Q4
RSI3 2N398A\L

4700

— —— i e [ Y

FI=__
—"Y
D
—2B8  0er awme I
c E

FIs__ &
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EXI=__ ™"=3 (20

12001
{20R}
— 121R2

i20R2
121R4

120R3
12IR3

120R4
121R]

I20RS!
120RS

12201

12008

120K _
() -
.022;f 120DI10 ‘+
120014
120K+~ *ﬁ—+

120012
<:§ )
120013 I120R
0227 ‘ W 12086
ie2L2
120D14
120K5

120015
() o —
ST 120016

120017
%l
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i21K4
121D
12IRI
@ [ {;: 120R4
121D2
022p1 12IR2
4 120RI
12103
I2IR3
121K3 120R3

12104
12iR4
@ 'l T20R2
53T 12105 Jr

i

12iK2
12106 R
: Y 215
12213
022 pf i2ip7?
121K

2106 || fgmse
2208
G22pf 12109 ‘

fid

121K0
12101 R
2:\L° l ‘Azﬁ' As,."i I2iR7
L 123L1
022 pf

EEXI=__r5S3 (2)
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122FF|
122¢i
Q I I22R|
8 “_4{_* L "8" KEYBOARD BUS
I
122RS5
122L1
I20RS
j 122FF2
i
” 4 122R2
“4" KEYBOARD BUS
I
122RS6
12212
J20R6
122FF3
o 122R3
"2" KEYBOARD BUS
I
122RS7
2213
12TR5
12214
COM. DIGIT
BUS (123L2) 122FFa
| 122R4
"I KEYBOARD BUS
122R58
T
12215
121R6

XIS _ £ (225
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12301
12IR7
123L2
COM.DIGIT 8US
123FF|
COM.
8 piGiT
]
G g 4
‘ [ ‘
-6V
SL {E) BUS 123RI
1234
I{CFBB
)]
123FF2
COM.
L& et |9
2
S ¢
w 123RS|
123L3
H BUS (I138T5)

123C1

i ———WW,

Il ___ &8s (i23)
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124 L1
126R3

12412

12512

3,523,282

R. A. RAGEN
CALCULATOR
133 Shests-Sheet 5
I24FF]I
T Q 124R}
12701
L_O I 124R2
124K 126L1
(::::) 12401
124FF2
022uf
L T 124R3
12702
#“O I 124R4
@ 12402
124FF3
022pf
Ri Q 124R5
127L3
I I124R6
124K 3 12613
12403
124FF4
.022uf i2
R 127L4
I 124R8
124 K 4 12614
12404
124FFS
.022uf
¥ FFa |9 124R9
127LS
— I I124RI0
124K5 126L5
124D5
022

FIis_ __ <&y

(124)
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(25L1 125FF1
126R4
—e |0 125R
27L6
12512
2412
I I25R2
125K 126L6
@ 12501
125FF2
.022uf Q I25R3
- 12707
I 125R4q
125K2 26L7
@ 12502
125FF3
-022pf a 125R5
12708
I 12586
125K3 12618
<::::> 12503
125FF 4
.022pf
Q i25R7
"+' 128L2
I 125R8
125K4 2613
<::::) 12504
022pf

EXIl=__ &8k

(125)
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126 L1
124R2
26L2
i24R4
26L3
‘24R6
26L4
124R8
126L5
124RI10
26L6
125R2 126G|

6L7 12

-2

i?5R4 o]
26L8

125R6

126L9

I25R8

126L10

OIV 8US(I30R9)

26L 11

'AULT BUS (I30R2)

126 5wW) l
126FFI -
126L12 FUNC. |o
H'BUS (13775 TIMING 126R2
CLR ENT. BUS
3915, 14iL13
1
, 126R3
I126FF2 124Li
C.F. 126R4
STORAGE 125L 1
L/J ~12v
I26L13 I j\RSOl
COM. DIGIT :
BUS (123L2) I26RS|

FEX= &S (6
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N TIBUS I27RI
12701 1274 TI BUS I27R2
i27L1
Tear—— DH— Keees {
) 127RSI T2 BUS 127R3
1274
I0(EF BB
12702 1274 -
127L2 2?5533 10) T2 BUS I127R4
i24R3 b o ]
127
RS2 R BUS I127R5
D
12703 12703 RI_BUS 127R6
i24R5 LA ]
127
RS3 R2 BUS |27R7
127 A
I2(EFBB
12704 1274 -10)
1270L4 N
124R7 A ﬁg;zes R2 BUS 127R8
127
RS4
N FFA BUS I27R9
12705 1274
12705 &
124R9 % f‘f;ﬂﬂ
:fs-g NN SR(A)BUS _ i27RIO
127 A 14703
NN 13(cG08
27L6 12706 1274 -10)
) — 6(EEBB
125R1 A -12) SR{A) BUS i27RI!I
127
RS6
) SL{A) BUS 127R12
2717 12707 133R2,141L5, 14213, (591
N
125R3 2
127
RS7
. 127R13
12811
12708 127A
127L8 rnd
125R5 —1>t 8(cEBB
-12)
12
RS8
127L9 |
126 R
28RS FEX=S__E%E (127)
127L10

128L4
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128R]
12903
128L1
[27RI3
1284
4(EFBB
-10)
128L 2
125R7
128RSI
128R2
128L3 129L1
126R6
128L4
127L10
128 FF2
12861
. acc. |a 128R3
| -
128L5 zéto SIGN legL2
BOR BUS {I52RT)
I 12BR4
129L4

(2]

128R5
142C2, 140L7, 14I1L4

12BFF|
+—* comp. |9

o

w

i2BRE
140L 5

i28A

7(BG0B
~10}

128L6
HBUS (13775)

EEI=Z__ ™ (128
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129141
128R2

129L2
128R3

12913
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128RI

i29L4

128R4

-6V

12901

+
-
-

129RSI

129RS2

12901

129¢iI

FIl=___ &S

i—

1294
3(eFB8
~10)

129A
4(EFBC
-0)

™~

ADD BUS |29R3

ADD BUS I29RiI

129R2
143L 1

129R4

I29A

5(EFBB
-10)

1294
6(EFBC
-0)

1295wW|

-i2v

129RS3

CLR BUS i29R6

143L8

SUB_BUS I29R5

412

129RS4

CLR' BUS i29R7

130L, 140L1
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~i2v

130Ri
1330
130RSI
-ley MULT, BUS I30R2
126L1
130 L
CLR' BUS (129R7)
I30FF| ]
130049 muLT 9 MULT BUS 130R3
15812
130L2 I 130D6
PH CNTR ZERO BUS (132R|[) 130RS2
13001 |30RS3
130 K1 130FF2 13007
130RS4 130 .
RS5 DIV Q DIV. BUS 130R4
130 14012
D5
.0022pt +6v
I -i2y
130K2

@ 13002 I130RS6E
130Q2
.0022uf I30RS?7 130R8
13401, 1350
+6v

01V, BUS I30R9
{26110
130L3
132R10
' 13062
130L4 —_—7//-\\\_ 130RI0
H BUS (I13776) 6-10 132L9

130L5
MULT GCNTR ZERO BUS (158R7)

FIl=__&saa=—y (130)
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-6V

13IRS5

131
RS6 §13|R57

131 RS| 13101
3L 131RI
SUB BUS (i29R5, I34R4, 135R5) \ 13202, 13672
BIL2 13I1RS2 13102
+1Q REG {I34R3) i
313 13ici 13103 31R2
13671 J gl 13203
131RS3 13104
= 13105 131R3
13204, 13673

13106

13162 13107
‘_l 131R4
132L6

13108

I31R5S
13207
13ic |
131L4 : 3L37 3(09
H BUS (i3775) J
i31cq 131010
— & N 13IR6
I A 132L8

13IL5 13) RS4 131011 -
SL (E) BUS (123RI, 135|R4) WWy ‘ Dt 132010

131L6
BOR®BUS (152R7)

13107
H BUS (i3875)
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Hazm

™ 132RI
132 A PH CNTR 8,BUS
HECBB

-i0)

NN 132R2

Jiz2 A PH CNTR 8°8BUS

2(ecBs

-10)

S I32R3

1324 PH CNTR 4,8US
3(EcBB

~10)

\ 132R4

i32A PH CNTR 4'BUS
4(ECBB

~-10)

™ [32RS
1324 PH CNTR 2,BUS
S(ECBB

-10)

I32R6
PH CNTR 2°BUS

™~ 132RT

1324 PH CNTRI,BUS
7(ECBB

I32FFI
13202
13IRY, 13672 8 Q
13213 I
I3IR2 L__1

132FF2
13204
13IR3, 136713 4 Q
13206 I
i3IR 4

132FF3
13207
13IR5 2 Q
13208 I —
I31R6

132FF4

| Q

13219
I30RI0 Izg;
132110 I
3IR7
132L11

H BUS (13775}

-10) I132R8

j SF BUS
“\\ I32R9
132A PH CNTR I'8US
8(eces

-i0)

132R 10
328 130L3
9(ccoB
-10)
N [32R11

132A PH CNTR ZERO BUS

FIIl=_"91 (132)

10{AF BB
-8.2
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13301
130R1
133RS|
13302
PH CNTR 8,BUS (132RI)
*>- 133RI
(a—+M/glausS
133L3
PH CNTR 4,BUS (I132R3)
133L4 J
PH CNTR 2,BUS (132RS5) 133RS2
13305
> 133R2
PH CNTR I"BUS T
(132R9) SL (A} BUS
133L6 |
PH CNTR 2'ausT
(I32R6)
1337 133RS3
FH CNTR 1,8US
(132R7) 3383
SL (M/Q) BUS
133011
RS7
I133RS4 A I33R4
SET WRT DEL
133p22 FF BUS
Sﬁ?}?GNTR ZERO + [33RS
ADD BUS
BUS (IS8RS5)
133L9
PH CNTR 4°BUS ] 4
(I132R4)
I133RSS
133R6
13687
133D20

Il __ "= (133)
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134L1
i130R8, 135L]

134L2
PH GNTR 1°BUS
(132R9)

13401

134L3
PH CNTR 2%8US
(132Ré)

134L 4

PH CNTR 4°8US
(132R4)

13415

PH CNTR 8°BUS
(i32R2)

134D5

134L6
PH CNTR |,B8US
(132R7)

13417
PH CNTR 2,8US
(132R5)

134L8

PH CNTR 4, BUS
(I32R3)

134Di3

134L9

PH GNTR 8 BUS
(132R))

FEX=___ =3
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134 RI

1344
l(cFes
~10)

(M/Q=a) BUS

134R2

(A—=E)BUS

134R3

+1 Q REG BUS

134R4

134 A

SUB BUS

SL (M/Q) BUS

134R6

158L 4
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135L1
130RB, 134L1

13502
PH CNTR I°BUS (I32R9)

SR (E) BUS I35R|
135L 3

PH CNTR 2, BUS (I32R5) '
135L4

PH GNTR 4°BUS (I132R4)

135L 5

PH CNTR 8, BUS (132R1)

135R2
14702

135L6
PH CNTR |,BUS (132RT)

ADD BUS I35R3

13517

PH CNTR 2°BUS
(132R8)

13508

PH CNTR 4_BUS 135R4
(i32R3) ?;7 SL (E) BUS

135A

5(cFec
~10)

SUB BUS I35R5
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139L1
St (M/Q) BUS (I34RS, 133R3)

139L2
(M/@—~A) BUS (134R1)

139L4
(A-Mp)BUS(msanl

139L 5

CLR ENT BUS (i26R2)

139GI
12-12

R. A. RAGEN
CALCULATOR
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139RI

1394
I(EFBB
-10)

14587

_WRT DRIVER TK5 BUS 39R2

WRT

149L5

TKS BUS !139R3

139L6
140R1

i39L.8 w4 BUS

14716

Wl BUS 139R4

139L9
H BUS (137T5)

139110
RA, BUS (13774)

139111
RB,BUS (13773)

139L12

RAYBUS (13771 T

139113
R8*BUS (1I3772)

13964
12-12

13965
12-15

EFIlm___ "2sr%

Wi BUS 139R5

W2 BUS 139R6

W3 BUS (39R7

NN
139A
8(DEDB
1394 -3.3
4(CFBB
-3.3
P\\¥
1394
9(DEDB
139A -3.3
5(CF8B
~33
IS
10(DEDB
6(CFBR
-3.3
I139A
1(DEDB
1394 -3.3)
7(CFas
~3.3

(139)
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1400
140L1 N
CLR' BUS {I29R7) A
140FFI
14002 CLEAR
DIV BUS (I30R4) —3 Q REG.
’ L I40R|
< I 139L6
14013

H 8US (I37T5)

R
140L4 SENSE BOR BUS i40R2

W2 BUS (I39Ré)

140L5 140R3
I28Re T43L10
140L6

W3 BUS (139R7)

140L7
128R5, 141L 4, 14202

EF XL _ A=W (40)
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141!

R. A. RAGEN
CALCULATOR

FF A BUS(I27R9)
41L2

T

CLR BUS (I29Re6)

141L 3
SUB BUS (I129RS, 1134

141L 4

R4, 135R5)

i28R5, 140L7, 142
14IL5

——

SL (A) BUS (127Ri2
i41L6

3R2)

1416G)

{M/a—AYBUS (134R)
141L7

i2-12
0

ADD BUS (I29R!1, |2
(41L8

, I3[3R5, |35R3)

(A —MQBUS [i33

141L 9

Rl BUS (127R6)
145L10

R2 BUS (127R8)
4111

(A—E) BUS (I134R
141L12

3L {E) BUS (23R, SR4])
141113

SLR ENT BUS (12 2)
41L14

Tt BUS (i27R2)

141L15

T2 8US (127R4)

14i1L16

SR (A) BUS (i27RIl

141L17

SR (€) 3US (135R1)

3,523,282
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WRITE A 141RI
141a BuUsS 4442
I{E~"BB
=10}
WRITE E i41R2
BUS 144L 14
READ A 141R3
1414 BuUs I44L6
3(EFBBR
=10}
141R4
14418

FIl=__ A xRnn (14")
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1421
+1 Q REG (I134R3) 142R}
14312

14212
i28R5, 140L7, 141L9 COMP,

142L 3
SL (A} BUS (133R2, 127RI12)

142C) 14202

+1Q REG_ 142R2

1 142R3

SET ONE FF BUS

4214
(A—=MGIBUS (133RI)

14215
(MQ—A) BUS (134RN

142L6
Ti BUS (127R2)

142L7
T2 BUS (127R4)

14218
Ri BUS (127Re6)

142LI10
SUB BUS (129Rs5, 134R4, 135RS5)

i42R4

1421141 143L4

R2 BUS (127R8)

142t 12
St (E) BUS {123R1, 135R4)

142L13
SR (A) BUS (I27RI))

142L14
(A—=E) 8US (I34R2)

142015
SR {E} BUS (1Z25R))

142R5
143L6

1421186
ADD BUS (129R!, 129R3, |33R5, 135R3)

142L17
FFA BUS(127R9)

142118
SL (M/Q) BUS (134RS5, |33R3)

FIXIs_1IoDaxn (142)
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143RI
UP —DN/RESET
14301 UP BUS
W2 BUS (I39R6
2 BUS (I139R6) 14361 143A (1I53L8)
o2 1(CFBB
143L2 f2o) -4.7)
142R1
14313 .
W3 BUS (I39R7) 14362 1434
1212 2{cFBC
143L4 -0)
142R4
143L5
W4 8US (139L8) 14363 1434
12-12 3{CFBC
14316 ¢ “1-0)
142RS
143R2

ENABLE SET BORROW FF BUS

14364
143L8 '2;'2
129R4 SUB BUS

143R3
146L2
14365 \  [143A
5(CFBB
143010 ’2;'2 -4.7)
I40R3
(43R4
1a6L1

14366
143 L1 '2;'2
129R2

EFEXIm>_ R EE= (43)
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READ COM
144R|
BUS 14581
144L1
W1 BUS (139R5) 14461 144 A
I(cFeB
144 L2 2212 -4.7)
RI BUS (127R5)
144L3
w2 BUS (139R6) 14462 144
2(CFBC
14414 f2-1e -0)
R2 BUS (127R7)
144L5
W3 BUS (I39R7) 144G3 144 A
3{CFBC
1446 12-12 -0)
141R3
144L7
W4 BUS (139L8) 14464 144 A
4({CFBC
144L8 12~z -0)
141R4
144L9 WRT COM_BUS 144R2
T2 BUS (127R3) 14465 147L5
12—12

144012

14466
12-2
¢

14}R!

144L14

141R2

144L16

14467
I2-12
€

T1 BUS {127R)1)

1444
6(cFec
-0)

1444
7(cFBC
~0)

144A
B{CFBC

-0}

14468
12-12
£

EFEIXI=___ B R (144)

L
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1460!
14611 N
43R4 A
146C) -12v
] L—
1
1461 2
143R3 146RS! 146RS2
-12v 146RI
ADV UP CNTR
BUS
14613 146 146
EN SET BOR FF BUS 04
(143R2)
146R2
RESET BOR BUS
] 14661 ESET BOR B
146L4
RESET READ OEL FF BUS (153R8)Y 12-12
-6V
146L5
14572 146R4
* 14662 1464 ADV DN CNTR BUS
* 3(cFBC 153L6
{2=12 -0)
14616
RESET WRT DEL FF BUS 146 G3 146 A
{1a8711) 4(CFBA
12-12
-1}
146FF I
14608 WRITE
4575 [ ] oeLay
14619 — 1 ‘ 146R5
SET WRT DEL FF BUS (I33R4, ¢ WRITE DELAY BUS
142R2, 145T4, |50R5) 15518
146FF2
READ |q
.__<> DEL AY
46112 1
SET READ DEL FF BUS (14576,
IS8R/)

FII>__ 1 LR (46)
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147L)
w2 8uUs (139Ré6) 147A
I{CFBC
-0)
147L2
I135R2
147L3 147RI
127RIO 149L2
147L 4
Wi BUS (I39RS)
147R2
14885
147LS
WRT COM BUS (144R2)
14716
WRITE TK5 BUS (I39R3)
i47R3
~j2v 149L 4

147RSI1
147 SWi

I 147RS2

147D1

F LG __ AN (47)
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14911
14873
14961
14912
147R) 7
149 WAl
TK4
8 WRITE,
HEAD 2
1491 3
14872
149G3
149L 4
147R3 1
{49WA?2
TK4
8§ WRITE
HEAD®
14915
WRITE DRIVER TKS BUS
tI39R2) 149WA 3
TKS
8 WRITE
HEAD

E EXL=___ R ERIE%49)
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EF I __ 1A LR"A(50)

ISOFFI
18005 Q I50R!
CARRY 520
(50RS1 )
150 L1 ‘SDOI N I I50R?
ADD 3US (129Ri, 129R3, 15212
I133RS5, I135R3) 150G
15061
1501} 12-12
.BRCAD LINE (I52R5) '
(UP~CNTR)
ISOFF2
a4 I50R3
8 8"BROAD LINE
150L3 I I50R4
“8”KEYBOARD |BUS (I2RN) 8,BROAD LINE
15003
{50N!
150L4 s%%er soc2 15004 50R5
woLs | D — l
SENSE BOR B|US > "‘ SET WRT DEL FF BuS
(140R2) I
P , 1
ol ga‘ 2,’2 m:
[o B O — O - Q-
we 00 v Ry
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-— o~ " <
o8 ne %
o 0w wlo oo
15/D8
(uP-CNTR)
J5IL IS1FFI
‘4”KEYBOARD 6US
(i22Rr2) 4
i51c2
1
I5IRSI
I5IRS2
SiL2 I15iCI 15109
I53R6, 1541,
I55L 1
(UP-CNTR)
ISIFF2
2
I
15IL3

"2”KEYBOARD BlUS
(i22R3)
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15iR]
4° BROAD LINE

I5IR2

4,BROAD LINE

I5)R3
2°8BROAD LINE

ISiR4

15184
1527
15182
15272

XIS __ 132w (5)

15183
152T3

2. BROAD LINE
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- ~
53 5D Lo
wfo olo ©lo
lszcs‘t___ —-i52c4
152RS5 I
i152L1 AW
I50Ri M
I152RS6
152L2
{50R2
15206
R (up-cNTR)
|5203[ i l IS2FFI
- D e 152R3
152L3 I°BROAD LINE
ADV UP CNTR B8US (I146RI) l g
152L 4 1 2273
I, BROAD LINE
SET ONE FF BUS (i42R3) 15204 ‘
15205
152L5 '1>|
"""KEYBOARD BUS (I132R4)
I52RS7
I52FF2
152Gt 5201 152 A
i52L6 I N RR FDA
H BUS (138T5) | SORRow '.(,E) °
I52RS| 15202
152L7 | I ]
EN SET BOR FF BUS (I43R2)
152.8
RESET BOR BUS (I46R2)
i52R7
-6V 152 A BORROW BUS
152 2AEGDB
152RS2 RS4 -10)
152¢2
) I52R8
——'I 15414, 155L7
I52RS3

FIri=__111

(152)
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ABSTRACT OF THE DISCLOSURE

The disclosure relates to an electronic desk-type cal-
culator capable of performing the basic arithmetical func-
tions as well as store, recall and shift. The calculator auto-
matically clears the entry register when a digit key is
operated after a function key. All functions are per-
formed by use of a single pair of counters, each capable
of counting to ten, the functions of multiplication and
division requiring an additional storage device.
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2
INTRODUCTION

This invention relates to calculators, and, more partic-
ularly, to calculators adapted for at least one mode of
data entry, viz.,, manipulation of a keyboard, and is a
division of the copending application, Ser. No. 319,273,
filed Oct. 28, 1963 now abandoned.

Further, this invention relates to calculators which
employ electronic means for performing calculations, as
distinguished from the gear trains, racks, electromagnetic
relay banks, and similar devices, of the great bulk of the
prior art.

Also, this invention relates to calculators which em-
ploy electronic means for displaying the data entered into
the calculator resulting from the calculations performed,
as distinguished from the mechanical dials, and the like,
of the prior art.

More particularly yet, this invention relates to elec-
tronic calculating devices of the highly compact type,
ie., those ranging in size from the volume of a small
stenographer’s desk to the volume of a present-day, ro-
tary, mechanical calculator, or even smaller, exclusive
of auxiliary devices,

It has been broadly suggested in the prior art that a
single, incrementable-type electronic counter be used in
a large-scale, complex bookkeeping machine for the pur-
pose of up-dating stored records.

The prior art has also disclosed a character display
device in which the character is generated by selectively
unblanking or turning on the stroke traces of a recti-
linear-trace character raster in response to an unblank-
ing signal selected by gating from among a set of N
blanking signals, said blanking signals being continuously
generated by N different blanking signal generators.

Those skilled in the art have long recognized the desir-
ability of combining various principles and expedients
which have evolved during the development of large-
scale, automatic sequence controlled calculator tech-
nology, and automatic industrial control technology, into
a compact, quiet, high-speed, keyboard-controlled cal-
culating device which would perform at least the four
basic arithmetic operations, addition, subtraction, multi-
plication, and division.

It has been generally recognized in the calculator art
that it is highly desirable to provide, in keyboard-con-
trolled calculating devices, retrievable storage means
which are capable of storing a factor in response to the
depression of a single key, and of retrieving the con-
tents of this storage by depression of another single
key. It has also been recognized that, desirably, such
retrievable storage means should be “visible,” rather
than “blind,” i.e., that it should be possible to see the
contents of such storage displayed upon the face of the
calculating device at all times.

In addition, it is generally recognized that magnetic
storage drums are produced which are extremely com-
pact and free from the problems usually associated with
moving parts, and that it is desirable for these reasons,
where possible, 1o incorporate such magnetic storage in
electronic apparatus, e.g., in automatic sequence con-
trolled calculating machines.

It is also well known in the art that, where possible,
the substitution of solid state components for space dis-
charge devices is desirable for reasons of saving space,
avoiding the problem of heat dissipation to a large de-
gree, avoiding the use of filament voltage supplies, or
ionizing supplies, and to provide a device which is gen-
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erally rugged and free from excessive difficulties due to
mechanical shock.

It is also desirable, in an electronic, keyboard-control-
led calculating device, to provide a keyboard arrange-
ment having a large number of “unconditional” func-
tion keys, i.e., keys, the operation of which is independ-
ent of the setting of other keys. This freedom from “con-
ditional” function keys, results, of course, in a greater
freedom from arbitrary rules of calculator operation such
as are characteristic of devices of the prior art, and which
have to be thoroughly learned before proficiency can be
attained in the use of such prior art calculating devices.
This freedom from arbitrary rules of operation results
in lowering the cost of training clerical operators, and
extends the usefulness of such an electronic calculating
device to embrace a class of “casual” users, such as
scientists and technicians.

It is also recognized as desirable in connection with the
present invention to provide an external utilization de-
vice which can be directly connected to and controlled
by the electronic calculator. Such utilization devices
could comprise storage devices, printing devices, dis-
play devices, data transmitting devices, punching devices,
etc.

It is also recognized as desirable in connection with
the present invention to provide cathode ray display
means capable of displaying the contents of a plurality
of stores, in addition to current keyboard entry, or the
result of a previously calculated step.

1t is therefore an object of the present invention to
provide a compact, electronic calculating device includ-
ing, as its principal storage means, a magnetic storage
drum.

Another object of the present invention is to provide an
arithmetic unit in an electronic calculating device which
is capable of arithmetically combining numerical factors
emitted by a storage means in pulse-count or unitary,
notation without the interposition of means for con-
verting to a second form of notation.

Another objzct of the present invention is to provide
a compact electronic calculating device, substantially all
of the function keys of which are free from conditioning
by other keys.

Another object of the present invention is to provide
an electronic, keyboard-controlled calculating device hav-
ing a multi-row, single-scan cathode ray tube display.

Another object of the present invention is to provide
an arithmetic unit for a keyboard-controlled, electronic
calculating device adapted to receive numerical data in
the form of a pulse train expressing said data in pulse-
count, or unitary, notation, and to transmit the result,
or partial results, of arithmetically operating upon such
data in the form of a pulse train in which said results,
or partial results, are expressed in pulse-count, or uni-
tary, notation.

Another object of the present invention is to provide
an electronic calculator wherein a single basic group of
electrical circuit elements provides a principal portion
of the electrical circuitry utilized in all digit entry and
function operations of the calculator.

Another object of the present invention is to provide
an electronic calculator which is easily connected to a
utilization device.

A further object of the present invention is to provide
a single monosequenceable and contrasequenceable regis-
ter which coact to perform at least a portion of all
arithmetic and information shifting operations.

A further object of the present invention is to provide
an excess bit code system whereby a decimal zero is
represented by two different pulse code groupings.

A further object of the present invention is to provide
an excess bit code system whereby a decimal zero is
represented by a reproducible or a nonreproducible or
suppressed zero code notation,
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A further object of the invention is to provide a
calculator wherein entered digital information is re-
tained for further use in an entry register until a function
operation is performed and then further digital informa-
tion is entered into the calculator.

Other objects of the present invention will in part be
obvious, and will in part appear hereinafter.

The present invention accordingly comprises the fea-
tures of construction, combination of elements, and ar-
rangement of parts, which will be exemplified in the con-
struction hereinafter set forth, the scope of the instant
invention being indicated in the claims.

For a fuller understanding of the nature and objects of
the invention, reference should be had to the following
detailed description, taken in connection with the ac-
companying drawings, which may be described as follows:

FIGURES

FIG. 1 is a perspective view of the calculator in ac-
cordance with the present invention.

FIG. 2 is a pictorial description of the output signals
from track 1, track 2 and track 3 read head circuits of
the magnetic drum including a reference scale designated
‘IT.,"

FIG. 3 is a pictorial description of track 1 of the mag-
netie drum.

FIGS. 4 and 5 are pictorial explanations of the definition
of the signal time periods.

FIG. 6 is a pictorial description of the registers of
tracks 4 and 5 of the magnetic drum and the relationship
of the write and read heads therefor.

FIG. 7 is a description of the timing signals obtained
from the timing circuits and the levels of these timing
signals during the various time periods of operation.

FIG. 8 is a symbolic diagram of a flip flop as used in
the logic diagram of FIGS. 14 to 44.

FIG. 9 is a description of symbols utilized in the
description of FIGS. 14 to 44.

FIG. 10 is a symbolic diagram of a one shot as used
in the logic diagram of FI1GS. 14 to 44.

FIG. 11 is a block diagram of the principal units of
the calculator in accordance with the present invention.

FIG. 12 is a description of the arrangement of FIGS.
14 to 44,

FIG. 13 is a description of the portions of FIG. 12
which comprise the principal units of the calculator ac-
cording to FIG. 11.

FIGS. 14 to 44 comprise a logic diagram of the calcu-
lator in accordance with the present invention.

FIG. 45 is a symbolic diagram of a flip flop as used in
the circuit diagram of FIGS. 79 to 134,

FIG. 46 is a symbolic diagram of a one shot as used
in the circuit diagram of FIGS. 79 to 134.

FIG. 47 is a circuit diagram of a type I flip flop.

FIG. 48 is a symbolic diagram of a type I flip flop.

FIG. 49 is a circuit diagram of a type II flip flop.

FIG. 50 is a symbolic diagram of a type 1I flip flop.

FIG. 51 is a circuit diagram of a type III flip flop.

FIG. 52 is a symbolic diagram of a type III flip flop.

FIGS. 53 and 54 describe the circuit of certain one
shots used in the circuit diagram of FIGS. 79 to 134.

FIG. 55 is a circuit diagram of a type I one shot.

FIG. 56 is a symbolic diagram of a type 1 one shot.

FIG. 57 is a circuit diagram of a type II one shot.

FIG. 58 is a symbolic diagram of a type I one shot,

FIG. 59 is a circuit diagram of a type III one shot.

FIG. 60 is a symbolic diagram of a type III one shot.

FIG. 61 is a circuit diagram of a type IV one shot.

FIG. 62 is a symbolic diagram of a type IV one shot.

FIG. 63 is a circuit diagram of a type V one shot.

FIG. 64 is a symbolic diagram of a type V one shot.

FIG. 65 is a circuit diagram of a type VI one shot.

FIG. 66 is a symbolic diagram of a type VI one shot.
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FIGS. 67 and 68 describe the circuit of the inverters
used in the circuit diagram of FIGS, 79 to 134.

FIGS. 69 and 70 describe the circuit of certain gating
circuits used in the circuit diagram of FIGS. 79 to 134.

FIGS. 71 and 72 describe the key circuits nused in the
circuit diagram of FIGS. 79 to 134.

FIG. 73 is a circuit diagram of the read head circuit
used in the circuit diagram of FIGS. 79 to 134,

FIG. 74 is a symbolic diagram of the read head circuit
of FIG. 73.

FIG. 75 is a circuit diagram of the write head circuit
used ia the circuit diagram of FIGS. 79 to 134.

FIG. 76 is a symbolic diagram of the write head circuit
of FIG. 75.

FIG. 77 is a circuit diagram of the vertical and hori-
zontal deflection amplifiers used in the circuit diagram
of FIGS. 79 to 134,

FIG. 78 is a symbolic diagram of the vertical and hori-
zontal deflection amplifiers of FIG. 77.

FIGS. 79 to 134 comprise a circuit diagram of the cal-
culator in accordance with the present invention.

FIG. 135 is a timing diagram of the digit entry opera-
tion.

FIG. 136 is a timing diagram of the first factor func-
tion.

FIG. 137 is a timing diagram of the add function.

FIG. 138 is a timing diagram of the subtract function.

FIGS. 139 and 140 are timing diagrams of the subtract-
complement operation.

FIG. 141 is a diagram of the phase sequence of opera-
tions for the multiple function.

FIG. 142 is a timing diagram of the multiply phase 1
operation.

FIG. 143 is a timing diagram of the shift left accumu-
lator key and multiply phase 2 operation,

FIG. 144 is a timing diagram of the multiply phase 3
and divide phase 6 operations.

FIG. 145 is a timing diagram of the multiply phase 5§
operation,

FIG. 146 is a diagram of the phase sequence of opera-
tions for the divide function.

FIG. 147 is a timing diagram of the divide phase 1 and
phase 7 operations.

FIG. 148 is a timing diagram of the divide phase 3
operation,

FIG. 149 is a timing diagram of the divide phase §
operation,

FIG. 150 is a timing diagram of the divide phase 8
operation.

FIG. 151 is a timing diagram of the divide phase 9 .

operation,

FIG. 152 is a timing diagram of the divide phase 10
operation.

FIG. 153 is a timing diagram of the transfer to tem-
porary storage register No. 1 function.

FIG. 154 is a timing diagram of the transfer to tem-
porary storage register No. 2 function.

FIG. 155 is a timing diagram of the recall from tem-
porary storage register No. 1 function.

FIG. 156 is a timing diagram of the recall from tem-
porary storage register No, 2 function.

FIG. 157 is a timing diagram of the shift right accu-
mulator register function,

FIG. 158 is a timing diagram of the operation of the
segment flip flips of the display unit and a description of
the timing signals obtained by the magnetic drum track 6
read head circuit.

FIG. 159 is a pictorial description of the output signal
of the wvertical staircase generator and the horizontal
staircase generator of the display unit.

FIG. 160 is a timing diagram of the unblanking cir-
cuitry of the display system.

FIG. 161 is a diagram of a typical character raster pro-
duced on the face of the cathode ray tube of the display
unit.
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FIG. 162 is a table of the weighting of the output sig-
nals of the segment flip flops of the display unit.

Referring first to FIG. 1, there is shown the complete
calculator in accordance with the present invention,
wherein digits may be entered into the calculator or func-
tions may be performed in the calculator by the depres-
sion and release of one of the keys 2. The digit entry into
the calculator or performance of a function by depression
and release of one of the keys 2 is provided by means
of the circuitry 3 which operates in conjunction with tim-
ing and storage tracks on a magnetic drum 4; the contents
of the digits entered and the result obtained by opera-
tion of a function key being displayed on the display
tube 1.

TIMING

Since the operation of a calculator is primarily de-
pendent upon the timing therein, it is initially essential
to understand the operation of the timing pulse generator
system and subsequently, the timing required for the per-
formance of each operation of the calculator. The basic
timing signals utilized in the calculator in accordance with
the present invention are obtained from magnetic tracks
located on the drum 4 of FIG. 1.

FIG. 2 sets forth the output of the read heads of tracks
1, 2 and 3 of the drum indicated as TK1, TK2 and TK3,
respectively. It is assumed that the drum is rotating to-
ward the left as indicated by the arrow in FIG. 3. Track 1
produces H pulses, track 2 produces R pulses and track
3 produces B pulses. Each pulse in FIG. 2 represents a
change in the state of the magnetic material on the drum,
this change being sensed by the reading heads associated
with the drum to produce a bit pulse,

Track 3 produces bit pulses, these pulses being a con-
tinuous set of 1200 individual pulses, equally spaced from
each other and continuing during the revolution of the
magnetic drum between time TOC and T100B. Track 1
produces H pulses, these pulses comprising two individ-
ual pulses per revolution of the magnetic drum, these
pulse bits being closely spaced on the drum as shown in
FIG. 3. The short space of time between these H pulses
lettered H1 and H2 is referred to as “dead time” since
no operations of the calculator take place during this time
period. Track 2 produces 101 equally spaced pairs of
timing pulses positioned in time from TOB to T100C.
These pulses are set forth in FIGS. 4 and 5 at the B
and C times. It will be noted that B time occurs one half
bit time prior to A time (the A times being equally
spaced between B and C times) and the C time corre-
sponding to the second bit of the R bit pair occurring
one half bit time after an A time.

In summary, it can therefore be seen that in the op-
eration of the drum, first and H1 pulse will appear, then
there will be a short period of “dead time” when no op-
erations occur. There will then be a first R pulse at time
TOB (FIG, 2), then, one bit later at TOC time, an H2
pulse and a second R pulse at time TOC. This is fol-
lowed by 10 bit pulses occurring via track 3, these 10
bit pulses being labelled BIT NO. 0 to BIT NO. 9, and
occurring in the time period from one bit time after the
TOC time until one bit time prior to the next following
TOB time. The above time periods are set forth on the
exemplary time scale T of FIG. 2. This sequence will
continue for one hundred such pulse groups about the
track until time T100B has been reached, whereupon an
H1 pulse and an R pulse are received and then a “dead
time” returns until the following R pulse which occurs
one bit time prior to the next H2 pulse,

Referring now to FIG. 6, the top track therein is
labelled track 4 of the magnetic drum and includes a
space marked H which corresponds to the space between
position H1 and H2 of track 2 or the “dead time.” This
space is not restricted as to size. Immediately upon oc-
currence of the H2 signal, the following track space which
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corresponds to the portion of track 4 corresponding to
times TOC to T1A of track T in FIG. 2 is the area in
which the least significant digit of a number to be stored
in the temporary storage register No. 1 (Tl1) will be
stored by the reading therein of a number of bits equal to
the value of the number to be stored therein plus one
“excess” bit. As shown, the number “3” (3 bits plus 1
“excess” bit) is stored therein. The portion of track T
corresponding to the time period from time TI1A to time
T2A, corresponds to the portion of track 4 labelled T2,
this portion of track 4 being similar to register T1 and
being utilized as a second temporary storage register.
The portion of track 4 corresponding to track T in time
T3A is referred to as the accumulator (ACC) whereas
the portion of track 4 corresponding to times T3A to
T4A is referred to as the entry register (ENT). Each of
track portions T1, T2, accumulator register and entry
register indicated as 1/1, 1/2, 1/3 and 1/4, respectively,
will store the least significant digit of a number to be
stored in the entire temporary register T1 or T2, accumu-
lator register or entry register. During subsequent times
as referred to in the T scale of FIG. 2, track 4 will con-
tinue to include space for more significant digits of the
storage register Tl, storage register T2, accumulator reg-
ister and entry register until at time T100A there will
have been 25 of each of these registers. The registers
set forth in track 4, as indicated supra, are referred to
by utilization of two numbers located in each register
block, the top number of which indicates the significance
of the digit and the bottom number of which indicates the
particular register, i.., temporary storage register T1 (1),
temporary storage register T2 (2), accumulator register
(3) or entry register (4).

Both read and write heads are positioned adjacent
track 4 for reading therefrom or writing therein, there
being two such write heads and one read head. These
heads are so positioned that track 4 write head 2 is posi-
tioned 3 time periods T behind track 4 write head one,
track 4 write head one being positioned 3 time periods T
behind track 4 read head.

Track § includes the multiplier/quotient register. This
register is utilized for storing either the multiplier dur-
ing the multiplication operation or the quotient during
a division operation. It will be noted by reference to
track 5 in FIG. 6 that the portions of track § positioned
the same as the temporary storage register T1 of track
4, will be used as the multiplier/quotient register, the
remainder of track 5 not being utilized in this opera-
tion. Track § includes one write head and one read
head, the read head being positioned ahead of the
write head by 3 time periods T. Also, the track 5 write
head is positioned at the same point with reference to
track 5 as is track 4 write head one with reference to
track 4, whereas track 5 read head is positioned in the
same relative position with respect to track 5 as is
the track 4 read head with respect to track 4. The posi-
tioning of the various registers and the write and read
heads of tracks 4 and 5 are important for an under-
standing of the operation of the calculator in accord-
ance with the present invention since this positioning
is required for proper operation thereof with the specific
circuitry set forth in the preferred embodiment of the
invention described hereinafter.

Track 6 of the drum is utilized to provide proper
timing signals for the display. This track is depicted
in FIGS. 159 and 160. It is noted that track 6 pro-
vides seven bit pulses during each RS time period and
during each T period. The circuitry for providing the
above bits will be more fully discussed hereinafter.

Referring now to FIG. 7, there is shown a timing
diagram of the various timing signals provided by the
timing circuitry of the calculator. The T scale indicates
the various time periods from TOC to T100A, identical
to the T scale of FIG. 2.
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H TIMING SIGNALS

It is noted that the timing circuitry provides two dif-
ferent types of H signals, these being, in one case,
a shift from the positive voltage to the negative voltage
level at time TOC, this signal remaining at the negative
voltage level until time T100B when this signal returns
to the positive voltage level. A second H signal shifts
from the negative voltage level at time TOC to the
positive voltage level and remains at the positive voltage
level until time T100C when this signal then shifts
back to the negative voltage level. These signals are
indicated as H. and H- respectively. It will be noted
that the portion of the drum between the H1 and the
following H2 signal is the “dead time” indicated in
FIG. 3.

These H signals are provided by the circuitry set
forth in FIG. 97, wherein the H2 indication on track
1 on the drum is sensed by track 1 read head 138RA2
and transferred through inverters 138A2 and 138A3
to the input terminals of the H flip flop 138FF2. The
input signal provided by inverter 138A2 is a positive-
going pulse, also the signal provided by inverter 138A3
is a positive-going pulse. The positive-going pulse pro-
duced by inverter 138A2 is applied to the input of the
flip flop 138FF2 and sets this flip flop, thereby pro-
viding negative voltage level signals on the bus 138T4
and the H- bus 138T5. These signals will appear and
will remain on buses 138T4 and 138T5 until the next
following H2 pulse which will reset the H flip flop
138FF2 and invert the voltage levels on these buses.

RS TIMING SIGNALS

The negative voltage level RS. signal is obtained on
bus 138T3 100 times during each revolution of the
drum from the time TOC to T1B, T1C to T2B . ..
T99C to T100B as indicated in FIG. 7. It will be noted
that the first RS. signal commences at time TOC by
going, at that time, from a positive voltage level to a
negative voltage level and remaining in this negative state
for eleven bit time lengths or until the next following B
time whereupon this signal reverts to its positive volt-
age level until the next following C time whereupon
this signal again reverts to its negative level. This cycle
commences for 100 T periods, Similarly, the positive
voltage level RS- signal on bus 138T2 is identical in
all respects to the RS. signal on bus 138T3 except that
this signal goes from a negative voltage level to a posi-
tive voltage level at the identical times that the RS.
signal on bus 138T3 goes from a positive voltage level
to a negative voltage level and vice versa.

These RS signals are obtained by reading the signals
from track 2 as shown in FIG. 2 with the track 2 read-,
ing head 138RA1 (FIG. 97), these signals being in-
verted in the inverter 138A1 and transferred to the com-
plement inputs of the RS flip flop 138FF1. Upon read-
ing the signal on track 2 corresponding to the B time
of FIGS. 4 and 5, the RS flip flop 138FF1 is set by a
positive-going voltage pulse thereto, and provides a nega-
tive voltage level output on RS- bus 138T2. Simultaneous-
ly, a positive voltage level signal is applied to the RS
bus 138T1 through inverter 138Ad4. When the follow-
ing bit pulse taken from track 2, which corresponds to
the time C FIGS. 4 and 3, is received from track 2 read
head, this signal will provide a second positive-going
voltage level and reset the RS flip flop. Thereby, the
voltage levels on the RS buses 138T1 and 138T2 are
inverted to provide significant voltage levels on these
buses only in the time period between a C time and
the following B time on the drum. It should be noted
that the output on bus 138T3 will be identical to the
output on bus 138T1 and, therefore, buses 138T3 and
13811 are RS. buses.
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W TIMING SIGNALS

The pulses on bus 138TS (FIG, 97) are transferred
through a diode 137D1 (FIG. 96), a time delay one shot
137N1, and the inverter 137A1 to the complement in-
puts of the RA flip flop 137FF2. This RA flip flop, along
with the RB flip flop 137FF1 comprises a binary counter
with four states. Therefore, for each positive going tran-
sition on the RS flip flop RS. bus there will be a corre-
sponding change in state of the counter composed of the
RA and RB flip flops. It can be seen that the RA and
RB flip flops are initially both in the reset condition due
to a positive going transition resetting signal applied on
the H. bus 137T5. This positive voltage level on the bus
137T5 disables the one shot 137N1 through diode 137D3
by holding the omne shot input at a positive voltage level.

It should be noted that the H flip flop 138FF2 and the
RS flip flop 138FF1 are synchronized by the positive volt-
age level on bus 137T5, which level is applied through
the diode 137D2 to the RS, bus 138T3, thercby setting
the RS flip flop for time synchronization with the H flip
flop. When the voltage level on the H bus 137T5 then
goes to a negative voltage level, the RA, RB, and RS
flip flops and the one shot 137N1 are unlocked.

Concurrently with the unlocking of the RS, RA and
RB flip flops and the one shot 137N1, an input signal to
the RS flip flop 138FF1 resets this flip flop, this resetting
having no effect on the timing circuitry. At time TIR, a
positive-going transition to the complement input of the
RS flip fliop 138FF1 sets this flip flop and provides a posi-
tive-going transition on the RS. output bus thereof. This
positive-going transition is delayed in the one shot 137N1,
the negative-going output therefrom being inverted by the
inverter 137A1 and setting the RA flip flop 137FF2 at
time T1A. At time period T1C, a positive-going transi-
tion to the input of the RS flip flop 138FF1 will reset
this flip flop, producing a negative level on the RS. bus,
this negative level having no effect as before. This pro-
cedure is continued for each T time to thereby step the
counter composed of the RA and RB flip flops and pro-
vide various significant voltage levels on the buses 137T1
through 137T4 in accordance with the condition of the
RA and RB flip flops. The voltage levels on these buses
137T1 through 137T4 will aid in providing the W timing
signals as will be described hereinbelow.

The RA and RB signals are utilized to provide the
W1, W2, W3 and W4 signals utilized throughout the
calculator, As shown in FIG. 7, the W1 signal remains
in its positive voltage level condition except during times
indicated as T1, ie., the time period between times TOC
and TI1A, the time period between times T4A and
TSA . ... It will be seen that this W1 pulse is pro-
vided at every fourth time period beginning with time
TOC. It should also be noted that the W1 pulse extends
in time from a first A time to the next succeeding A time
as shown in FIG. 4 for all time periods except T0. This
extended range is provided by the time delay obtained
in the one shot 137N1 since the RA and RB counter ad-
vances during the positive-going portion of the RS signal
on bus 138T3,

Similarly, the W2 signal is provided between times T1A
and T2A and during every fourth time period thereafter
as indicated in FIG. 7. Also, timing pulse W3 is obtained
between time periods T2A and T3A and every fourth
time period thereafter as indicated by ACC in FIG. 7.
Timing pulses W4 are obtained during the time period
between time T3A and T4A and every fourth time period
thereafter as indicated by ENT on FIG. 7. The W1 pulses
on bus 139R4 are identical to the W1 pulses on bus
139RS with the exception that the W1 signals on bus
139RS5 are obtained by passing the W1 signal on bus
139R4 through an inverter 139A8, thereby providing an
inverted signal thereof.

It can now be seen that, in the time period between
time TOC and T1A, the H bus 13919 will have a signifi-
cant negative voltage level signal thereon as explained
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supra and shown in FIG. 7. Also, since at time TOC the
RA and RB flip flops 137FF1 and 137FF2 will both be
in the reset state and thereby provide a negative voltage
level output signal on the RA bus 137T4 and 139110 and
a negative voltage level signal on the RB bus 137T3 and
139L11. Accordingly, at this time the AND gate 139G4
is enabled and provides a negative voltage output there-
from, this negative voltage level being inverted by in-
verter 139A4 to provide a positive voltage level output
on the W1 bus 139R4. A negative voltage level signal is
applied on the W1 bus 139RS due to the inverter 139A8.

At time T1B, the RS flip flop is set and applies a de-
layed positive-going signal through the one shot 137N1
to set the RA flip flop 137FF2 at time T1A. Accordingly,
at this time, the RB bus 137T3 will remain in its negative
voltage condition, whereas, the RA bus 137T1 and
139L12 have now changed from a positive voltage level
condition to a negative voltage level condition, thereby
enabling the AND gate 139G5. The output of this AND
gate is a negative voltage signal which is inverted by
inverters 139A5 and 139A9 to provide a negative voltage
level signal on the W2 bus in the time period between
the times T1A to T2A.

The next positive-going transition on the bus 13873,
as before, will again change the count of the RA and RB
flip flops by “1” and accordingly, the RA buses 137T4
and 139110 as well as the RB buses 137T2 and 139113
will be at a negative voltage level, thereby enabling the
AND gate 139G6 to provide a negative output signal
therefrom, This signal is inverted by inverters 139A6 and
139A10 to provide a negative voltage level signal on the
W3 bus 139R7 during the time periods between time T2A.
to T3A,

At the next positive-going transition of the RS signal
on bus 138T3, as before, the counter composed of flip
flops 137FF2 and 137FF1 will again change in count by
“1" and provide a negative voltage level signal on the
buses 137T1, 139L12, 137T2 and 139L13, thereby en-
abling AND gate 139G7 and providing a negative voltage
level output therefrom. This negative voltage level output
is inverted by inverters 139A7 and 139A11 to provide a
negative voltage level signal on the bus 13918 during the
time between times T3A to T4A.

Accordingly, as set forth supra, each of the timing
signals required is obtained at its proper time by means
of the above described circuitry as clearly set forth in
FIG. 7.

The preferred embodiment of the invention will first
be described with reference to the logic diagrams thereof
wherein the calculator is depicted by logical circuitry.
These diagrams comprise FIGS. 14 to 44.

CONVENTIONS

It is necessary to understand certain conventions that
are utilized herein. In FIG. 8, e.g., is shown a symbolic
diagram of a flip flop as used herein. This flip flop com-
prises terminals numbered from 10 to 21. The output
terminals are numbered 11 and 12 and will be referred
to as the FF- and FF. output terminals, respectively. As
noted in the table, a binary “1” or set condition exists
when a negative voltage level appears on the FF- output
terminal (about —6 volts) and a positive voltage level
appears at the FF. output terminal (about O volts), It
follows that the flip flop will be set when the FF. output
terminal thereof is at a positive voltage level and the FF-
output terminal thereof is at a negative voltage level. At
some places herein the FF- terminal is designated Q, or
a; and the FF. terminal is designated non-Q, or 5.

Referring now to FIG. 9, taken in conjunction with
FIG. 8, there are noted the various symbols utilized and
the definitions thereof. The transfer symbol is located on
the flip flop of FIG. 8 at terminals 14, 15 and 21 thereof.
These three symbols always occur together and are de-
fined to indicate that the impressing of a positive-going
voltage transition on terminal 14 will transfer the voltages
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on the terminals 15 and 21 respectively to the terminals
12 and 11. That is, if a negative voltage is located on
terminal 21 and a positive voltage is located on terminal
15, the application of a positive-going transition on termi-
nal 14 will set the flip flop, or, in other words, place a
negative voltage level at the FF- output terminal and a
positive voltage level at the FF. output terminal thereof.
Of course, if the flip flop is already set, no change will
take place. Also, if the terminals 15 and 21 each have a
negative signal thereon, no change will take place.

The symbol on terminals 17 and 20 indicates that the
occurrence of a positive-going transition on one of the
said terminals will reset the flip flop. The symbol on ter-
minals 19 and 16 indicates that the occurrence of a posi-
tive-going transition on one of the said terminals will set
the flip flop. The symbol on terminal 18 indicates that
the occurrence of a positive-going transition on this ter-
minal will complement the flip flop, i.e., change the state
of the flip flop from the set condition to the reset condi-
tion or from the reset condition to the set condition, de-
pending upon the initial condition of the flip flop.

The symbol on terminal 10 of the flip flop indicates
that the placement of a positive voltage level thereon will
reset the flip flop. The symbol on terminal 13 of the flip
flop indicates that the placement of a positive voltage
level thereon will set the flip flop. The above symbols
and the other symbols set forth in FIG. 9 can be used to
depict each of the operations of the flip flops utilized in
the calculator to be described hereinafter.

The symbols set forth in FIG. 9 are also utilized to
depict the various gate circuits utilized in the present in-
wvention. The gate circuits set forth in FIGS. 14 to 44
are labelled as either AND gates or OR gates. The sym-
bols at the input and output terminals are defined to in-
dicate the type of input required to provide the designated
output. That is, assuming an AND gate, if all input termi-
nals thereto are provided with the neg. level symbol of
FIG. 9 and the output terminal thereof is provided with
the pos. level symbol of FIG. 9, the symbology states
that if a negative level is applied to all input terminals of
the gate (AND function) then a positive voltage level
will appear at the output terminal thereof. If the gate
under consideration is an OR gate having the pos. level
symbol on the input terminals thereto and a neg. level
symbol on the output terminal therefrom, the symbology
states that if a positive level is applied to at least one of
the input terminals thereof (OR function) then a nega-
tive voltage level will appear at the output terminal there-
of. Other types of gate configurations utilizing the above-
explained symbology can also be utilized.

The symbology set forth in FIG. 9 can be used in
many other situations. This symbology, when tied to a
bus legend will indicate the signal required on that bus
for the bus function to be performed. This symbology is
also utilized at the input and output terminals of other
types of circuits to indicate the output obtained when a
particular input signal is applied thereto. This type of
symbology is depicted in FIG. 10, wherein a one shot is
set forth, the symbology indicating that a positive-going
transition signal at the input thereto will provide a posi-
tive level at the output terminal thereof.

It should be understood that various combinations of
the signal symbols set forth in FIG. 9 can be used, each
symbol indicating the function defined thereby.

FIG. 11 sets forth the various units required in the
preferred embodiment of the invention. These units are
defined as the FEntry Unit (E/U) wherein digits are
entered into the calculator and wherein the varjous func-
tional operations of the calculator are initiated. The Con-
trol Unit (C/U) provides the timing for the calculator
and includes the circuitry for directing the calculator to
carry out the programs thereof in proper sequence. The
Arithmetic Unit (A/U) provides the circuitry for carry-

ing out the various arithmetic operations as directed by
the control unit. The Memory Unit (M/U) provides the
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memory and the required circuitry for writing into and
reading out from the storage drum. The Display Unit
(D/U) includes the circuitry required to provide a dis-
play of the contents of the several storage elements.

FIG. 12 indicates the manner of arrangement of FIGS.
14 to 44, the complete logic diagram of the preferred
embodiment of the invention. It will be noted that each
of FIGS. 14 to 44 includes therein a number as explained
by the key of FIG. 12, this number indicating the posi-
tion of the particular figure.

FIG. 13 indicates the particular units comprising the
calculator as described by the FIGS. 14 to 44.

In the labelling of all buses, the numbers above the bus
indicate bus number designation, whereas numbers below
the bus indicate continuing portions of the bus. The
numbers utilized to designate buses include a first number
indicating the column, a number after the colon indicat-
ing the row, a letter (T, B, L, R) indicating the top,
bottom, left or right side of the sheet and a number indi-
cat.ng the bus designation on the sheet. The first two
numbers describe the row and column of a sheet of
drawing as set forth in FIG, 12. For example, a bus
marked 5:2L3 describes a bus on FIG. 32 (column 5,
row 2 of FIG. 12), entering this figure from the left and
being the third bus down from the top.

With the above conventions and positioning of the
figures in mind, the calculator will now be described in
detail with respect to the logic diagram as set forth in
FIGS. 14 to 44.

TABLE OF LOCATIONS OF CERTAIN GATES
Co]umlrl
i

M/
Misc
E/U-2.3

My U4 o
DISCUSSION OF LOGIC DIAGRAMS

The various operations of the calculator which occur
during digit entry therein or during some function opera-
tion thereof, are a result of one or more programmed
operations of the calculator, many of these individual
programmed operations being utilized in a plurality of
the calculator functions. These programmed operations
will now be discussed in conjunction with the digit entry
and function operations of the calculator.

DIGIT ENTRY

A digit is entered into the calculator by the depression
and release of one of the digit keys (FI1G. 14) marked
from “0” to “9” in the digit signal generator E/U-1.0.
This depression and release of a digit key, as indicated in
the digit entry timing diagram (FIG. 135,) produces a
positive-going pulse on the common key output line and
sets the Common Digit No. 1 flip flop E/U-2.2 (FIG.
14). With the arrival of the first H pulse thereafter on
bus 1:1B2, the Common Digit No, 2 flip flop is set, the

Common Digit No. 1 flip flop remaining in its set condi-
tion. With the arrival of the next positive-going transi-
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tion on the H bus 1:1B2, the Common Digit No. 1 flip
flop is reset, thereby producing a positive-going transition
upon the FF* output lead thereof and producing a posi-
tive-going transition on the reset and transfer bus to te-
set the digit signal generator which was previously set
by the depression and release of a key therein.

The reset and transfer signal to the digit signal gen-
erator produces positive-going transitions on the digit
entry buses 1:1R1 to 1:1R4 in accordance with the digital
value of the key previously depressed and released (ie.,
depression of the “7” key would provide a positive-going
transition on the X1, X2 and X4 digit entry buses
labelled 1:1R1, 1:1R2 and 1:1R3, there being no posi-
tive-going transition on the X8 digit entry bus 1:1R4).
These positive-going transition pulses are transferred
along the respective digit entry buses to the up counter
(FIG. 27), thereby setting the up counter to indicate the
digital value of the key originally depressed and released
in the digit signal generator.

COMMON DIGIT FLIP FLOPS

At this same time (denoted as H2 on the digit entry
timing diagram FIG. 135), a shift left entry signal is
generated as follows:

The Common Digit No. 1 flip flop being reset at this
time will have a negative voltage level on its FF. output
lead, whereas the Common Digit No. 2 flip flop will
have a negative voltage level on its FF* output lead. The
occurrence of these two signals at the input of the AND
gate E/U-2.3 will produce a positive level signal at the
output thereof and on the bus labelled shift left entry
(1:1R5).

READ

The positive voltage level signal on the shift left entry
bus 1:1RS5 is also transferred to bus 3:1L13, this bus
being one of the input terminals of the OR gate C/U-3.2.

GATE C/U-32

This positive voltage level on the input terminal of OR
gate C/U-3.2 enables this gate and provides a negative
voltage level at the output thereof, this voltage level
being applied to one of the input terminals of the AND
gate C/U-3.6. When a negative voltage level appears
on the W4 bus 3:1L12 concurrently with the negative
voltage level output from OR gate C/U-3.2, AND gate
C/U-3.6 is enabled and provides a negative output signal
thereat, this negative level being applied to one of the
input terminals of the OR gate C/U-3.7.

GATE C/U-3.7

The negative voltage level at the input of OR gate
C/U-3.7 enables this gate and provides a positive voltage
level output thereat, this positive voltage level being in-
verted by the inverter C/U-3.8 to provide a negative volt-
age level on the read bus 3:1R1.

GATE M/U-2.3

The occurrence of a negative voltage level on the read
bus 3:1R1 will provide a negative voltage level on the
read bus 5:2L3, one input of AND gate M/U-2.3. When
a concurrent negative signal level appears on the RS bus
5:214, bit pulses appearing at the output of the read from
track 4 head M/U-2.1 will pass through the now enabled
AND gate M/U-2.3 and appear as positive voltage levels
at the output thereof.

SHAPE AND INVERT M/U-2.5

These positive voltage levels will then be transferred
to the input of the shape and invert circuit M/U-2.5 to
provide negative voltage levels at the output thereof on
the data from storage bus 5:2R4.

These negative voltage level signals on the data from
storage bus are applied to the data from storage bus
6:2L3 input of the AND pgate A/U-3.1 and also to the
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input data from storage bus 4:2L7 of the read delay flip
flop M/U-4.5,

GATE A/U-3.1

Since at this time, the enable borrow flip flop gate
bus 6:2L1 is at a negative voltage level and the read delay
FF* bus 6:2L2 is at this time at a positive voltage level,
the read delay flip flop (FIG. 28) being reset at this time,
the AND gate A/U-3.1 will not be enabled. The first
bit from the data storage track will, therefore, not be
transferred through the AND gate A/U-3.1 due to this
positive input signal on the input lead labelled read delay
FF- bus 6:2L2. Instead, the positive-going edge of this
first bit signal will set the read delay flip flop M/U-4.5
(FIG. 28), thereby causing a negative signal level to
appear on the output lead thereof labelled read delay
FF- 4:2L2 and enable AND gate AU-3.1. Accordingly,
a positive voltage level appears on the output terminal
of this gate at the advance up counter and reset horrow
flip flop bus 6:2R1, the data from storage bus 6:213
continuing to transfer positive pulses along the bus 6:2R1.
The transfer of pulses along the advance up counter
and reset borrow flip flop bus 6:2R1 causes the digits
in track 4 to be counted into the up counter along the
bus 4:1L12 and to reset the borrow flip flop (if the
borrow flip flop is set) along the bus 5:1L7.

‘UP TO DOWN AND RESET UP

The up to down and reset up counter transfer signal
is developed as follows:

The positive voltage level on the shift left entry bus
1:1R5 will also appear on the bus 3:3L12, this bus being
the input to OR gate C/U-5.2 (FIG. 25).

GATE C/U-5.2

The positive voltage level at an input terminal of OR
gate C/U-5.2 enables this OR gate and provides a nega-
tive voltage Ievel output therefrom at the input to AND
gate C/U-5.5. When the W3 signal on bus 3:3L4 is at
a negative voltage level, AND gate C/U-5.5 is enabled
and provides a negative output level thereat, this negative
level being applied to one of the input terminals of the
OR gate C/U-5.7.

GATE C/U-5.7

The negative voltage level on one of the input ter-
minals of OR gate C/U-5.7 enables this gate and pro-
vides a positive voltage level output therefrom, This posi-
tive voltage level is inverted by the inverter C/U—5.8 and
provides a negative voltage level on the up to down and
reset up bus 3:3R1. This negative voltage level is applied
to the up to down and reset up bus §:1L8, this bus being
the input of a one shot A/U-6.2 (FIG. 31). The signal
on this bus at this time does not constitute a significant
level, however, and it is not until the end of the W3
time period that a significant signal is developed, namely,
the positive-going transition from the negative voltage
level to the positive voltage level as shown in the arrow
in FIG. 135.

At the end of W3 time, the AND gate C/U-5.5 (FIG.
25) is disenabled and provides a positive voltage level
output thereat, this positive voltage level disenabling OR
gate C/U-5.7 and providing a negative-going voltage
level at the output thereof. This change from a positive
voltage level to a negative voltage level at the output
of OR gate C/U-5.7 therefore provides a positive-going
transition at the output of inverter C/U-5.8 and to the
one shot A/U-6.2 (FIG. 31). The output of the one
shot is transferred to the up to down and reset up net-
work A/U-6.1 and produces a positive output signal on
the up to down and reset up bus (5:1R6).

The positive up to down and reset up signal on bus
5:1R6 is transferred to the up to down and reset up bus
6:1L11 and thereby to an input of the down counter
A/U-2.1 (FIG. 35). This input signal to the down
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counter causes a transfer of information in the wup
counter to the down counter.

At the trailing edge of W3 time, as discussed above,
the positive-going transition on the up to down and reset
up bus 5:1R6 is applied to the up counter A/U-1.1 (FIG.
27) along the bus 4:1L11, thereby resefting the up
counter.

Also, at the end of W3 time the up to down and reset
up network (A/U-6.1, FIG. 31) will produce a positive
going transition signal at the read delay reset output
(5:1R5). This positive going transition signal is applied
to the read delay FF* output (4:2R2) of the read delay
flip flop (M/U-4.5, FIG. 28) thus forcing the read delay
flip flop to a reset condition. Also, this positive going
transition signal (5:1R5) is applied to a set input of the
write delay flip flop (M/U-4.4, FIG. 28) and thereby
setting the write delay flip flop.

WRITE

The positive signal level appearing at the output of
AND gate E/U-2.3 (FIG. 14), as mentioned supra in
the discussion of the common digit flip flops will appear
on the shift left entry register bus 1:1R5 and also at the
shift left entry register bus 3:2L15 of the OR gate C/U-4.2
(FIG. 24).

GATE C/U-4.2

As a result of this positive input signal level to OR gate
C/U-4.2 a negative output signal level is produced there-
from and appears on one input of the AND gate C/U-4.6.
When a concurrent W3 signal appears on the W3 bus
3:2L17, the AND gate C/U-4.6 will be enabled and a
negative voltage level signal will appear on the output
thereof and simultaneously at one input terminal of the
OR gate C/U-4.7.

GATE C/U-4.7

The negative voltage level signal at an input terminal
of the OR gate C/U—4.7 will enable this gate and pro-
vide a positive voltage level signal at the output thereof
on the write bus 3:2R1. This positive voltage level on
the write bus 3:2R1 is transferred to the write bus 4:3L5,
an input terminal of the OR gate M/U-34.

GATE M/U-34

The appearance of a positive voltage level on one of
the input terminals of OR gate M/U-3.4 provides a nega-
tive voltage level at the output thereof, this negative level
being applied to one of the input terminals of the AND
gate M/U-3.5.

GATE M/U-3.5

The input terminal 4:3L7 of AND gate M/U-3.5
is connected to the down counter zero bus 6:1B2. The
down counter zero bus is coupled to each of the elements
of the down counter A/U-2.1 and provides a positive volt-
age level thereon when the down counter contains a zero
count, this bus having a negative voltage level thereon
at all other times. It can be seen that, when the down
counter does contain a count, a negative voltage level
will be provided on the down counter zero bus and,
thereby, a negative voltage level is applied to the bus
4:3L7 of AND gate M/U-3.5. The concurrence of these
negative voltage levels at the input of AND gate M/U-3.5
will, concurrently with bit pulses obtained from the track
3 read head M/U-3.6, provide a positive-going voltage
level at the output thereof. It therefore follows that, for
each bit read from track 3 at this time, the AND gate
M/U-3.5 will be enabled and thereby provide a positive-
going voltage transition at the output thereof.

These bits, read from track 3, will continue to be read
through the AND gate M/U-3.5 until the down counter
A/U-2.1 has been counted down to zero (to be described
hereinafter), the down counter zero bus at this time shift-
ing from a negative voltage level to a positive voltage level
and, thereby, disenabling the AND gate M/U-3.5.
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WRITE FLIP FLOP M/U-3.9

These positive-going voltage transitions are applied
to the complement or toggle input of the write flip flop
M/U-3.9, causing this flip flop to change state with each
positive-going input voltage transition thereto, As a result,
the FF* and FF. output leads of the write flip flop will
also change in polarity in response to each of these input
signals, the output signals from the write flip flop appear-
ing on buses 4:3R3 and 4:3R4 being applied, respective-
ly, to buses 5:3L4 and 5:3L6. These latter buses provide
the input for one terminal of each of AND pates M/U-
3.13 and M/U-3.14.

Concurrently with these voltage levels at the output
terminals of the write flip flop, the write bus 4:3L5 will
provide a positive voltage level to the inverter M/U-3.3
to provide a negative voltage level on the write bus 4:3R2.
This negative voltage level is applied to bus §:3L5, this
bus being the second input of each of the AND gates
M/U-313 and M/U-3.14. The concurrence of these
input signals to these AND gates (the WRITE and WRITE
FF signals) will alternately enable and disenable these
gates, thereby causing an alternating input of signals to
the write track 4 head No. 1 (M/U-3.18) (FIG. 33),
thereby causing the number stored in the down counter
to be written onto track 4. It should be noted at this point
that the number of bits to be stored on track 4 will include
an “excess” bit, i.e., one bit more than the value of the
count read out of the down counter, The manner in which
the excess bit is obtained will be described hereinafter.

EXCESS BIT

When the Common Digit flip flop No. 1 provides
a positive-going transition at the FF* output terminal
thereof, the read delay flip flop M/U-4.5 (FIG. 28).
is set by the Common Digit flip flop No. 1 output signal
(positive-going transition). This signal is applied along
the Common Digit No. 1 bus 1:1B1 to the Common Digit
bus 4:21.8 and thereby sets the read delay flip flop M/U-
4.5,

Concurrently, with the complementing of the write flip
flop M/U-3.9, these same positive voltage level signals
from AND gate M/U-3.5 (FIG. 29) are transferred to
the input of the shape and invert circuit M/U-3.10,
causing a negative output level to be developed on the
reset write delay FF bus 4:3RS. The trailing edge of this
pulse will be positive-going when the AND gate
M/U-3.5 is disenabled and will reset the write delay
flip flop M/U-4.4, causing a negative signal level to ap-
pear at the FF. output 4:2R1 labelled “Write Delay FE.”
of this flip flop. This negative voltage level is transferred
to the write delay flip flop FF. but 6:2L6, this bus being
one input of the AND gate A/U-3.3. The second bit
from the track 3 read head, which passes via AND gate
M/U-3.5 and shape and invert circuit M/U-3.10, ap-
pearing at the advance down counter AND gate A/ U-3.3
(FIG. 36) together with the negative signal level on the
write delay FF. bus 6:2L6 will cause a positive voltage
level to appear at the output of this AND gate, thereby
debiting the down counter by one count by a positive
transition on bus 6:2R2. The down counter will be simi-
larly debited for all following bits from the track 3 read
head which are applied along the advance down counter
bus 6:2R2 to the advance down counter bus 6:1L9. In
this manner, there is a one bit delay provided prior to
commencement of counting down or advancing the down
counter, thereby providing the “excess” bit on track 4.

FIRST FACTOR

The first factor operation is performed to transfer a
number stored in the entry register into the accumulator
register. The timing diagram for this operation is shown
in FIG. 136. This operation is initiated by depressing
the FFA key of the function signal generator E/U-4.1.
When the FFA key is released, a positive output signal
appears on the FFA bus 1:3R9. This positive signal is
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transferred to the input lead of OR gate E/U-3.5 via
FFA bus 1:3T7 and bus 1:2B7.

GATE E/U-35

This positive input signal to OR gate E/U-3.5 causes a
negative signal level to appear at the output thereof, this
negative signal level being impressed at the FF* output
lead of the function timing flip flop E/U-3.1 (FIG. 15).
This signal enables the function timing flip flop by un-
blocking same and allowing this flip flop to be set by the
next positive-going signal pulse on the H bus 1:2L1 which
pulse complements the function timing flip flop. Upon
setting of this flip flop, a positive signal level appears at
the FF. output thereof, this positive voltage level being
transferred to one of the input terminals of the OR
gate E/U-3.5, thereby causing this OR gate to remain
enabled after the release of the FFA key. Concurrently,
the positive output signal level at the FF. output lead of
the function timing flip flop E/U-3.1 appears at the input
of the inverter E/U-3.4 and provides a negative voltage
level at the output thereof on the bus 1:2B12.

This negative signal level is impressed on the bus
1:3T12 and enables the FFA output lead 1:3R9 (or the
output lead 1:3R1 through 1:3R14 and 1:3R17 through
1:3R20 corresponding to the depressed function key) of
the function signal generator E/U-4.1, causing a positive
signal level to be developed on this output lead. This
positive signal level is transferred to the FFA bus
3:1L15, this bus being an input terminal of the OR gate
C/U-3.2 (FIG. 23).

At this point the first factor read operation continues
in the same manner set forth supra in the sections with
gates marked: C/U-3.2, C/U-3.7, M/U-2.3, M/U-2.5
and A/U-3.1.

UP TO DOWN AND RESET UP

The FFA bus 1:3R9 also applies a positive voltage
level to the bus 3:3L18, thereby enabling the OR gate
C/U-5.3 and providing a negative output level thereat.

GATE C/U-53

This negative level at the input to OR gate C/U-5.3
is supplied to an input of AND gate C/U-5.6 and, in
conjunction with a negative level on the W4 bus 3:3L14,
will provide a negative voltage level at the output of this
AND gate and upon an input terminal of OR gate
C/U-5.7.

This output from AND gate C/U-5.6 will enable gate
C/U-5.7 to provide at W4 time, the necessary up to
down and reset up signal on bus 3:3R1, explained supra
in the discussion of gates C/U-5.7. As shown on the first
factor timing diagram, FIG. 136, the up to down and
reset up function takes place at the trailing edge of W4
time,

WRITE

The positive voltage level on FFA bus 1:3R¢ provides
a positive level on the FFA bus 3:2L1, an input terminal
of OR gate C/U-4.1.

GATE C/U-4.1

This positive level on an input terminal of OR gate
C/U-4.1 (FIG. 24) enables this gate and provides a
negative level at the output thereof. This negative level is
applied to one input of the input terminals of AND
gate C/U-4.4 and, in conjunction with a negative level
W2 signal on W2 bus 3:2T1, AND gate C/U-4.4 will
be enabled and provide a negative voltage level at the
output thereof.

The negative voltage level at the output of AND gate
C/U-4.4 will enable the OR gate C/U-4.7 at W2 time
in the manner set forth supra to provide a positive voltage
level write signal on the write bus 3:2R1 and write the
contents of the down counter into the accumulator
register as described supra.

At the end of the revolution of the drum, an H signal
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is provided on the H bus 1:2L1, this H signal resetting
the function timing flip flop E/U-3.1 (FIG. 15). The
positive-going signal then developed on the FF* output
of the function timing flip flop E/U-3.1 will set the C.F.
Stg. flip flop E/U-3.2. The negative signal appearing on
the FF. output of the function timing flip flop will then
be transferred to the input of the OR gate E/U~3.5 and
to the input of an inverter E/U-3.4. A positive signal
will be developed at the output of the inverter E/U-3.4
and will be transferred to the “Reset” input of FUNC.
SIGNAL GEN. E/U-4.1, resetting the FFA flip flop and
developing a negative signal level on the output bus of
the FUNC. SIGNAL GEN. numbered 1:3T7 (FFA).
This negative signal level is then applied to the input of
the OR gate E/U-3.5, and, because one other enabling
input (from the FUNC. TMG. FF. output) is now also
at a negative level, the OR gate E/U-3.5 is then disen-
abled, producing a positive voltage level signal at the
output thereof. This positive voltage level signal is then
applied to the FF* output of the FUNC. TMG. flip flop
E/U-3.1, locking the FUNC. TMG. flip flop in the re-
set state. Further H pulses applied at the complement in-
put of the FUNC. TMG. flip flop E/U-3.1 will then have
no effect.

This completes the first factor operation.

It should be noted that, for all functions of addition,
subtraction, multiplication and division, it is required
that one number be placed in the entry register and
the other number be placed in the accumulator register.
This order would be (1) either addend or augend in the
accumulator register and the other factor in the entry
register for addition, (2) the subtrahend in the accumu-
lator register and the subtracter in the entry register for
subtraction, (3) the multiplicand or the multiplier in the
accumulator register and the remaining factor in the entry
register for multiplication and (4) the dividend in the
accumulator register and the divisor in the entry register
for division.

CLEAR ENTRY

Whenever a digit key is depressed and- released after
the depression and release of a function key, a clear entry
cycle is initiated as follows: as a result of the depression
and release of any function key the C.F. STG. flip flop
will be set. The FF- lead thereof therefore being at a
negative signal level, upon depression and release of a
digit key a typical digit entry cycle is initiated wherein
the common digit No. 1 flip flop is set, producing a nega-
tive signal level at the FF- output thereof.

‘GATE E/U-3.3

This negative signal level is then applied to an input
terminal of the AND gate E/U-3.3 together with the
negative signal level applied to the other input of this
AND gate as developed at the FF- output of the C.F.
STG. flip flop. AND gate E/U-3.3 will thereby be
enabled, producing a positive signal level at the output
thereof on the CLEAR ENTRY bus 1:2R1.

This positive voltage level will therefore be trans-
ferred along the clear entry bus 1:2R1 to the clear
entry terminal 3:2L16 of the OR gate C/U—4.2. As ex-
plained supra, a positive input to OR gate C/U—4.2 will
provide a positive voltage level on the write bus 3:2R1
during the W3 time period. As explained supra, a nega-
tive voltage level will be provided on the write bus
5:3L5 to prime the AND gates M/U-3.13 and M/U-
3.14. However, since the write flip flop is not being
complemented, only one of the AND gates M/U-3.13 or
M/U-3.14 is enabled, thereby providing a constant signal
to write track 4 head No. 1, this constant signal erasing
any information written in the entry register of storage
track 4.

ADD

Referring to the add timing diagram in FIG. 137, the
add function is performed by depressing and releasing
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the add key of the function signal generator E/U-4.1,
thereby providing a positive voltage level on the add
bus 1:3T4 and 1:2B4, one of the input terminals of
the OR gate E/U-3.5 to enable this gate.

The output of OR gate E/U-3.5 performs the same
function set forth supra, thereby providing a positive
voltage level on the add bus 1:3R12,

A positive voltage level will be produced at the out-
put terminal of AND gate E/U-3.3 and will provide a
clear entry operation in the same manner as set forth

hereinabove.
GATE C/U-19

A positive voltage level is also developed on the add
bus 1:3R12. This positive voltage level signal is applied
to the input terminal 1:4L2 and inverted by the inverter
C/U-1.2, this being one input terminal of the AND
gate C/U-1.9. At this time, the accumnulator sign flip
flop C/U-1.5 is in its set condition (as shown herein-
after), thereby applying a negative voltage level to the

other input of AND gate C/U-1.9 and providing a posi- 2

tive voltage level at the output thereof at bus 1:4R2. The
output of AND gate C/U-1.9 is also inverted by the
inverter C/U-1.13 to provide a negative voltage level
on the add bus 1:4R1, the positive voltage level being
transferred to the add bus 3.1L4.

GATE C/U-3.1

The positive voltage level signal on the input terminal
3:1L4 of the OR gate C/U-3.1 (FIG. 23) provides a
negative output level therefrom. At the W3 time period,
when a negative voltage level appears on the W3 bus
3:1T1, the AND gate C/U-3.4 will provide a negative
output level to enable the OR gate C/ U-3.7, as described
supra. A read signal will then be provided on the READ
bus 3:1R1 and carry out a read function at W3 time.

READ DELAY FF

During the write function, the read delay flip flop
M/U-45 (FIG. 28) is reset as follows: At the end
of the W3 time period, a positive voltage transition signal
will be developed on the W3 bus 5:2L1, this bus being
the upper input of the AND gate M/U-4.1 (FIG. 32).
A negative voltage transition signal will thereby be pro-
duced at the output bus 5:2R3 of AND gate M/U-4.1.
This negative voltage transition signal is applied to the
inverter M/U-4.8 via the W3 & ADD bus 4:2L9 and
diode M/U-4.6, producing a positive voltage transition
signal at the output thereof. This positive voltage transi-
tion is applied to the reset input of the READ DELAY
flip flop M/U-4.5, resetting this flip flop.

READ

The positive voltage level on add bus 1:4R2 is also
applied to bus 3:1L14, an input terminal of OR pgate
C/U-3.2. At W4 time, as stated supra, a negative level
read signal will be provided on the bus 3:1R1 in the
same manner set forth supra. During this time the con-
tents of the entry register will be transferred to the up
counter as previously described and added to the number
already therein. This provides the required addition for
one significant digit level.

As the up counter counts from 8 to 9 in the process
of adding the two digits together, a “jam back” signal
will be developed by the negative signal level appearing
on the FF* lead of the No. 8§ flip flop (not shown in
the logic drawings) of the up counter and a positive-
going signal on the FF* lead of the No. 1 flip flop (not
shown in the logic drawings) of the up counter as this
latter flip flop is set. This “jam back” signal will set
the No. 4 and No. 2 flip flops (not shown in the logic
drawings), thus causing the up counter to count to “15”
to represent the digit “9.” At the arrival of the 10th
count at the input of the up counter, all of the flip flops
will be reset, the resetting of the No. 8 flip flop of the
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up counter causing the carry flip flop A/U-4.1 (FIG. 31)
to be set,

CARRY

The setting of the carry flip flop A/U-4.1 (FIG. 31)
is provided as follows: The add bus 5:1L2 will be at a
positive voltage level at this time. Therefore, when the
No. 8 flip flop of the up counter is reset, a positive-going
voljage transition will appear on the 8- broad line 4:1R1
thereof and at the 8- broad line 5:1L3. The concurrence
of these two conditions enables the AND gate A/U-4.2
and. provides a positive-going transition at the output
thereof to set the carry flip flop A/U-4.1.

The setting of the carry flip flop A/U-4.1 (FIG. 31)
will develop a negative voltage level at the FF. output
thereof and a positive voltage level at the FF. output
thereof. The negative voltage level at the FF. output is
applied to an input of the AND gate A/U-4.3 (FIG. 31)
and the positive voltage level produced at the FF. output
is applied to an input of the AND gate A/U-4.4 (FIG.
31). Upon the operation of the up to down ad reset up
counter metwork A/U-6.1 (FIG. 31), a positive-going
transition signal is developed at the output thereof desig-
nated up to down and reset up (5:1R6). This positive-
going transition siganl is applied to the inputs connected
directly to the 5:1L1 terminal of the AND gates A/U-
4.4 (FIG. 31), thereby enabling the AND gate A/U-4.4
(FIG. 31) and producing a positive-going transition sig-
nal at the output designated set FF1 (5:1R2). The AND
gate A/U-4.3 (FIG. 31) will be disenabled, producing
a negative voltage level at the output designated reset
FF1L.

Fhe positive-going transition signal developed on the
output designated set FF1 (5:1R2) of the AND gate
A/U-4.4 (FIG. 31) is applied to the set FF1 input
(4:1L9) of the up counter A/U-1.1 (FIG. 27), thereby
setting the No. 1 flip flop in the up counter. The negative
voltage level developed on the reset FF1 output (5:1R1)
of the AND gate A/U-4.3 (FIG. 31) will have no effect
on the carry operation at this time.

During those periods of operation when the carry
flip flop A/U-4.1 (FIG. 31) is reset, a positive voltage
level is produced on the FF- output thereof an a negative
voltage level is produced on the F. output thercof. The
positive voltage level produced on the FF- output is ap-
plied to an input of the previously mentioned AND gate
A/U-4.3 (FIG. 31) and the negative voltage level pro-
duced on the FF. output is applied to an input of the
previously mentioned AND gate A/U-4.1 (FIG. 31).
Upon the operation of the up to down and reset
up counter network A/U-6.1 (FIG. 31}, a positive-
going transition signal is produced on the (5:1R6) out-
put thereof. This positive-going transition signal is
applied to the input of the AND gates A/U-4.3 and
A/U-4.4 (FIG. 31). The AND gate A/U-43 (FIG.
31) will thus be enabled, producing a positive-going
transition signal at the reset FF1 (5:1R1) output, and the
AND gate A/U-4.4 (FIG. 31) will be disenabled, pro-
ducing a negative voltage level at the set FF1 (5:1R2)
output, This negative voltage level will have no effect
in the carry operation at this time. The positive-going
transition signal developed on the reset FF1 (5:1R1)
output of the AND gate A/U-4.3 (FIG. 31) is applied
10 the reset FF1 (4:1L9) input, an input of the up counter
A/U-1.1 (FIG. 27), thereby resetting the No. 1 flip flop
in the up counter when an up to down and reset up
counter signal is developed.

UP TO DOWN AND REST UP

The positive voltage level on the add bus 1:4R2 is
also impressed upon the add bus 3:3L17, this bus being
an input terminal of the OR gate C/U-5.3 (FIG. 25).
This positive voltage level existing at the input of this
gate will provide a negative level output therefrom, this
negative level output, in conjunction with a negative level
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on the W4 bus 3:3L14 will provide a negative voltage
level at the output of AND gate C/U-5.6, which appears
at 3:3R1. The subsequent positive going transition at
3:3R1, which occurs at the end of W4 time, performs
the up to down and reset up functions described supra,
shifting the sum from the up counter to the down counter.

WRITE

The positive voltage level on the add bus 1:4R2 is also
impressed upon the add bus 3:2L7, this bus being an
input terminal of OR gate C/U-4.1 (FIG. 24). As de-
scribed supra, at W2 time, a significant write signal will
be provided on the write bus 3:2R1 to provide a W2 write
operation,

The above completes the required steps of a typical
add operation.

SUBTRACT

With reference to the subtract timing diagram (FIG.
138), the subtract operation is initiated by depression and
release of the subtract key of the function signal generator
E/U-4.1, thereby providing significant voltage levels on
the clear entry bus 1:2R1, as described supra, and the
substract bus 1:3R13 in the same manner described
supra,

The positive voltage level on bus 1:3R13 is applied to
the subtract bus 1:4L1. This positive voltage elvel is
inverted by the inverter C/U-1.1, the negative voltage
level thereat being applied to the input terminals of AND
gates C/U-1.10 and C/U-1.12. The accumulator sign
flip flop C/U-1.5 is set at this time, thereby providing
a negative voltage level on the input terminal thereto of
the AND gate C/U-1.12 and providing a positive voltage
level output therefrom on subtract bus 1:4R3. This
positive voltage outut is also inverted by the inverter
C/U-1.14 to provide a negative voltage level on the sub-
tract bus 1:4R6.

The positive voltage level on the subtract bus 1:4R3
is transferred to the subtract bus 3:1L5, this bus being an
input terminal of the OR gate C/U-3.1 (FIG. 23) and
providing a negative voltage level at the output thereof.
As explained supra, during W3 time, a significant read
signal is provided on the read bus 3:1R1 to provide the
read function.

The positive voltage level on the subtract bus 1:4R3
is also impressed on the subtract bus 3:3L10, thus bus,
being an input terminal of the OR gate C/U-5.2 (FIG.
25). As discussed supra, at the trailing edge of W3 time,
the output of this OR gate will provide a significant up
to down and reset up signal on the bus 3:3R1 to provide
the proper functions connected therewith as discussed
supra.

During W4 time, a negative voltage level signal ap-
pears on subtract bus 1:4R6 and bus 6:3L2.

GATE A/U-3.4

The concurrence of the negative level W4 signal and
the subtract signal at the input terminals of the AND
gate A/U-3.4 (FIG. 37) provides a positive level at
the output thereof on the enable borrow flip flop gate
bus 6:3R1. This positive output level is also inverted
by the inverter A/U-3.6 to provide a negative level
on the bus 6:3R2,

GATE A/U-3.2

The negative voltage level signal on bus 6:3R2 is
transferred to bus 6:2L4, this bus being one input ter-
minal of AND gate A/U-3.2, Concurrently, a negative
signal level is applied to this AND gate on the read
delay flip flop bus 6:2L2 and, thereby, the second pulse
and all pulses thereafter read out of the read from track
4 head M/U-2.1 along the data from storage bus 6:2L3
will pass through AND gate A/U-3.2 and provide a posi-
tive voltage level at the output thereof. This output is
the advance down counter bus 6:2R2. The output on
this advance down counter bus will be a group of posi-
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tive voltage level pulses corresponding to the number of
pulses read from track 4 less one pulse.

The down counter is then counted down.

The positive voltage level on the subtract bus 1:4R3
is applied to the subtract bus 3:11.16, this bus being an
input terminal of the OR gate C/U-3.2. When a negative
level appears on the W4 bus at W4 time, a significant
read signal will be applied to the bus 3:1RI as ex-
plained supra, thereby providing an entire read operation,

as discussed supra.
BORROW

The positive voltage level on the bus 6:3R1 is ap-
plied along the bus 5:1L5 to the AND gate A/U-5.2. At
the moment the down counter is counted down past
zero, the number 8 flip flop (not shown in the logic
diagrams) of the down counter is then set and a posi-
tive-going pulse will be applied by the set borrow flip
flop bus 6:1B1 to the bus 5:1L6, thereby providing a
positive-going transition at the output of AND gate
A/U-5.2 and setting the borrow flip flop A/U-5.1.

At the end of the W4 time period, the read delay
flip flop M/U-4.5 (FIG. 28) will be reset as a result
of a positive-going transition appearing on the bus des-
ignated 4:2L10. This positive-going transition is delayed
in the one shot circuit comprising capacitor M/U-4.7,
resistor M/U-4.9 and inverter M/U—-4.8 and is then ap-
plied to the reset input of the READ DELAY flip flop
M/U-4.5, resetting this flip flop.

The subtract bus 1:4R3 has a positive voltage level
thereon, this positive voltage level being applied to the
subtract bus 3:2L3 and enabling the OR gate C/U-4.1,
During W2 time, as explained supra, a positive voltage
level is applied to the write bus 3:2R1, thereby providing
the necessary operations to write the contents of the
down counter into the accumulator register.

SUBTRACT-COMPLEMENT

During a subtract operation which involves the sub-
tracting of an integer from a smaller integer, a comple-
ment operation will result as follows:

Assuming that the smaller integer has been entered into
the accumulator register and the larger integer has been
entered into the entry register, depression and release
of the subtract key will initiate a subtract function as
previously described. However, a deviation will develop
from the typical subtract operation when a borrow is
required. This deviation will occur during the first W4
time period after an H2 time period (refer to FIGS.
139 and 140). The positive voltage level, as normally
developed on the subtract bus 1:4R3, is applied to the
input of an inverter C/U-1.14 (FIG. 17) causing the
inverter to produce a negative voltage level at the output
thereof designated subtract (1:4R6). This negative volt-
age level is then applied to the input designated subtract
(6:3L2) of an AND gate A/U-34 (FIG. 37) and,
concurrently with the application of a negative voltage
level (during W4 time period) at the other input thereof
labelled W4 (6:3L1), this AND gate A/U-3.4 (FIG. 37)
will be enabled, thereby developing a positive voltage
level at the output thereof labelled W4 & SUB or W3 &
COMP (6:3R1). This positive voltage level is applied
to the “enabling” input labelled W4 & SUB or W3 &
COMP (5:1L5) of a dynamic AND gate A/U-5.2 (FIG.
3.

Also, during the first W4 time period, the contents
of the entry register are subtracted from the contents of
the accumulator register. In this instance, as the larger
number is subtracted from the smaller number in the
down-counter, the down-counter will pass through “zero,”
producing a positive transition signal at the set borrow
FF (6:1B1) output of the down-counter A/U-2.1 (FIG.
35). This positive transition signal is then applied to the
“dynamic” input designated set borrow FF (5:1L6) of
the borrow flip flop AND gate A/U-5.2 (FIG. 31) and,
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concurrently with the positive voltage level previously
applied at the input labelled W4 & SUB or W3 & COMP
(5:1L5), the borrow flip flop AND gate will be enabled,
producing a positive transition signal at the output there-
of. This positive transition signal is applied to the “set”
input of borrow flip flop A/U-5.1 (FIG. 31), setting
the borrow flip flop and producing a negative voltage
level at the FF* output thereof designated borrow FF.
(5:1R) and producing a positive voltage level at the
FF* output thereof designated borrow FF. (5:1R4). (The
tens complement of the difference between the larger num-
ber and the smaller number will be left in the down-
counter.)

During the second W2 time period, a write signal is
developed since a positive voltage level has been applied
to subtract (3:2L3) input of the OR gate C/U-4.1 (FIG.
24), enabling this gate and producing a negative voltage
level at the output thereof. This negative voltage level
is then applied to one of two inputs of an AND gate
C/U-4.4 (FIG. 24) and, concurrently with the negative
signal level developed during the W2 time period at
the remaining input thereof labelled W2 (5:4R3), this
AND gate will be enabled and develop a write signal
on the write bus (3:2R1) as previously described. The
tens complement of the difference of the two numbers in
the down-counter is then written into the accumulator
register during the W2 time period.

The negative voltage level produced at the FF. output
(1:4R5) of the comp. flip flop C/U-1.6 (FIG. 17) will
be applied to one input (2:5L14) of an AND gate C/U-
2.17 (FIG. 22) and, concurrently, at the beginning of
the W3 time period, a negative voltage level is produced
at the other input (2:5L.13), thereby enabling this AND
gate C/U-2.17 (FIG. 22) and producing a positive transi-
tion signal at the sense borrow output thereof (2:5RS).
This positive transition signal is applied to the sense bor-
row input (4:1T1) of a one shot circuit A/U-1.2 (FIG.
27), producing a positive transition signal at the output
thereof.

This positive transition signal from one shot A/U-1.2
is applied to an input of the AND gate A/U-1.3 (FIG.
27). The positive voltage level developed at the borrow
FF. output (5:1R4) of the borrow flip flop A/U-5.1
(FIG. 31) is applied to the other input of AND gate
A/U-1.3. AND gate A/U-1.3 is thereby enabled, produc-
ing a positive going transition signal at the output thereof.
This positive going transition signal is then applied to an
input of the up-counter, setting the up-counter 10 represent
a count of “9” as indicated by all flip flops thereof being
set, i.e., the binary count of “15.”

During the second W3 time period, if there is a digit
in the tens position (i.., a second order digit) of the ac-
cumulator register, the borrow flip flop will be reset as
follows: the digit in the tens position of the accumulator

register will be read into the up counter during the second ;

W3 time period due to the application of a positive volt-
age level at the subtract input (3:1L5) of an OR gate
C/U=3.1 (FIG. 23) and the subequent development of a
typical read command signal, When the first information
bit pulse appears (from TK 4) on the advance up counter
and reset borrow FF bus (6:2R1), this bit pulse will be
applied to the reset borrow FF input (5:1L7) of the bor-
row flip flop A/U-5.1 (FIG. 31), resetting the borrow
flip flop. The ensuing transfer of the second order digit
from TK 4 into the up counter leaves a digit one bit
smaller in the up counter due to the “9” previously stored
in the up counter. The first bit of the second order digit
will merely count the up counter up to zero.

The positive voltage level on the subtract bus is ap-
plied to the subtract input (3:3L10) of an OR gate C/U-
5.2 (FIG. 25), enabling this gate and producing a nega-
tive voltage level at the output thereof. This negative volt-
age level is then applied to one of two inputs of an AND
gate C/U-5.5 (FIG. 25) and, concurrently with the ap-
plication of a positive transition signal at the end of a
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second W3 time period at the input designated w3
(3:3L4), this AND gate C/U-5.5 (FIG. 25) is disen-
abled and subsequently develops a positive-going transi-
tion signal on the up to down and reset up bus (3:3R1).

Thus, the “9” in the up counter is then transferred to
the down counter during the second W3 time period as
previously described. During the third W2 time period,
a write signal is developed as previously described and
the “9” in the down counter is written into the accumu-
lator register. The borrow flip flop will remain set
throughout the remainder of the H period if there are no
further digits in the higher order positions of the accumu-
lator register to initiate a resetting of the borrow flip flop.

At the beginning of successive W3 time periods, a sense
borrow signal will be produced as previously described,
whereby the up counter will be set to register the count
of “9,” this “9” being transferred to the down counter
and subsequently being written into the accumulator reg-
ister. :

As a result, a series of “9's” will be written into- the
accumulator register to the left of the least significant
digits. In this case the least significant digit is the tens
complement of the difference of the original integers. The
negative voltage level developed at the borrow FF* output
(5:1R3) of the borrow flip flop A/U-5.1 (FIG. 31) is
applied to one input (1:4L3) of an AND gate Cc/U-1.4
(FIG. 17). Also, as a result of the initiation of the sub-
tract operation, a positive voltage level will be developed
on the subtract input (1:4L1) of the AND gate C/U-1.3
(FIG. 17). A negative voltage level is produced at the
output of this AND gate and will be transferred to the
remaining input of the AND gate C/U-14 (FIG. 17),
thereby enabling this AND gate and producing a negative
level at the output thereof. This negative signal level is
applied to the upper gate input of the comp flip flop
C/U-1.6 (FIG. 17).

Also, this same negative voltage level is applied to
the input of an inverter C/U-1.7 (FIG. 17) producing
a positive voltage level at the output thereof. This posi-
tive voltage level is transferred to the lower gate input
of the comp. flip flop C/U~-1.6 (FIG. 17).

SECOND CYCLE

At the end of the first H time period, a positive voltage
transition signal is developed on the H bus and is applied
to the transfer input (1:4L5) of the comp. flip flop, C/U~
1.6 (FIG. 17). This positive voltage transition signal
transfers the negative voltage level at tie upper gate in-
put of the comp. flip flop and the positive voltage level
at the lower gate input of the comp. flip flop to the FF*
and FF. outputs thereof, respectively, thus setting the
comp. flip flop. At the following H2 time, a positive transi-
tion signal is applied to the input labelled H (5:1L4) of
the borrow flip flop, resetting the borrow flip flop. The
complementing operation then proceeds as follows: The
positive voltage level applied at the comp. input (3:1L6)
of the read OR gate C/U-3.1 (FIG. 23) enables this
gate and develops a megative voltage level at the output
thereof. Additionally, at the beginning of the first W3 time
period, a megative voltage signal level is applied to the
input labellel W3 (3:1T1) of an AND gate Cc/U-3.4
(FIG. 23) and, together with a negative voltage level from
the output of the read OR gate C/U-3.1 (FIG. 23), the
AND gate C/U-3.4 (FIG. 23} is disenabled and de-
velops a typical read command signal (negative voltage
level) on the read bus (3:1R1). The negative voltage
level read command signal is applied to the read input
(5:2L3) of an AND gate M/U-23 (FIG. 32) and, to-
gether with the negative information bits from the read
from TK 4 circuit (M/U-2.1) and the negative signal
level developed during the RS time period on the RS
input (5:2L4), this AND gate M/U-2.3 is enabled and
positive pulses are thereby developed at the output thereof.
These positive pulses are applied to the input of the shape
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and invert circuit (M/U-2.5), causing negative pulses to
appear at the output of the circuit, designated data from
storage (5:2R4). The first pulse of these negative pulses
is applied to the data from storage input (4:2L7) of the
read delay flip flop, setting the read delay flip flop (by the
positive going trailing edge of this bit pulse) and pro-
ducing a negative voltage signal level at the read delay
FF* output (4:2R2). This negative voltage signal level is
applied to the read delay FF* input (6:2L2) of an AND
gate A/U-3.2 (FIG. 36).

The negative voltage level produced at the output desig-
nated comp* (1:4R4) of the comp flip flop C/U-1.6
(FIG. 17) is applied to the comp* input (6:3L4) of an
AND gate A/U~3.5 (FIG. 37) and, together with the
negative voltage level applied to the W3 input (6:3L3)
during the first W3 time period, this AND gate A/U-3.5
(FIG. 37) is enabled, producing a positive voltage level
at the output thereof. This positive voltage level is applied
to the input of an inverter A/U-3.6 (FIG. 37), causing
a negative voltage level to be produced at the W4 and sub-
tract or W3 and comp output (6:3R2). This negative volt-
age level is applied to the W4 and subtract or W3 and
comp input (6:2L.4) of the previously mentioned AND
gate A/U-3.2 (FIG. 36). The negative bit pulses de-
veloped at the data from stg output (5:2R4) of the
shape and invert circuit M/U-2.5 (FIG. 32) is applied
to the data from stg input (6:2L3) of the previously men-
tioned AND gate A/U-3.2 (FIG. 36) enabling this AND
gate and producing positive pulses at the advance down
counter output (6:2R2),

The AND gate A/U-3.1 (FIG. 36) is disenabled at this
time because the positive voltage level on the enable
borrow FF gate output (6:3R1) of the AND gate A/U-3.5
(FIG. 37) is applied to the input labelled W4 & SUB or
W3 & COMP (6:2L1) of the AND gate A/U-3.1 (FIG.
36), and thus, disenables this gate and prevents pulses
from advancing the up counter,

The positive pulses developed on the advance down
counter bus (6:2R2) are applied to the advance down
counter input (6:1L9) of the down counter A/U-2.1
(FIG. 35), counting the down counter down from zero.
That is, the digit being entered at this time into the down
counter is the tens complement of the difference of the
two original numbers and, as the down counter is counted
down from zero, a new tens complement of the first tens
complement will be left in the down counter.

The comp flip flop C/U-1.6 (FIG. 17) is set and the
FF* comp* output (1:4R4) is, therefore, at a negative volt-
age level. This negative voltage level is applied to one input
comp® (6:3L4) of an AND gate A/U-3.5 (FIG. 37) and,
together with the negative voltage signal level applied dur-
ing the first W3 time period after the second H2 time
period to the other input thereof labelled W3 (6:3L3),
the AND gate A/U-3.5 (FIG. 37) is enabled and a posi-
tive voltage level is developed at the enable borrow FF
gate output (6:3R1).

This positive voltage level is then applied to one of two
inputs designated enable borrow FF gate (5:1L5) of an
AND gate A/U-5.2 (FIG. 31).

The down counter, in being counted down, as previously
described, will immediately pass through zero and develop
a positive going transition signal at the output thereof
designated set borrow FF (6:1B1) of the down counter
A/U-2.1 (FIG. 35). This positive going transition signal
is then applied to the input designated set borrow FF
(5:1L6) of the borrow flip flop AND gate A/U-5.2
(FIG. 31), thereby enabling the borrow flip flop AND
gate and producing a positive going transition signal at the
output thereof. This positive-going transition signal sets
the borrow flip flop A/U-5.1 (FIG. 31).

The read delay flip flop is reset at the end of the first
W3 time period as follows: A negative voltage level is
applied to an input designated comp* (6:3L4) of an AND
gate A/U-3.5 (FIG. 37) and, together with the positive-
going transition signal at the input labelled W3 (6:3L3),
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this AND gate A/U-3.5 (FIG. 37) is disenabled, produc-
ing a negative-going transition signal at the output thereof.
This negative-going transition signal is applied to the input
of an inverter A/U-3.6 (FIG. 37), causing a positive-
going transition signal to be developed at the output
thereof designated W4 and subtract or W3 and comp.

This positive transition signal is delayed in the “one-
shot” circuit comprised of capacitor M/U-4.7, resistor
M/U-4.9 and inverter M/U—4.8 and is then applied to
the reset input of the READ DELAY flip flop M/U-4,5,
resetting this flip flop.

The positive-going transition signal developed at the
output designated read delay FF* (4:2R2) of the read
delay flip flop M/U-4.5 (FIG. 28) is applied to a set input
of the write delay flip flop M/U-4.4 (FIG. 28), setting
the write delay flip flop. Since the borrow flip flop A/U-5.1
(FIG. 31) is set, as previously described, the output desig-
nated borrow FF. (enable-set all FF’s) (5:1R4) will be at
a positive voltage level. This positive voltage level is ap-
plied to the input designated borrow FF. (enable-set all
FF’s) of an AND gate A/U-1.3 (FIG. 27). Because the
comp flip flop C/U-1.6 (FIG. 17) is set, the FE* output
thereof designated comp® (1:4R4) is at a negative voltage
level. This negative voltage level is applied to one of two
inputs designated comp* (2:5L12) of an AND gate
C/U-2.16 (FIG. 22) together with the negative transition
signal developed at the beginning of the second W2 time
period at the other input thereof labelled W2 (2:5L11).
This AND gate C/U-2.16 (FIG. 22) will therefore be
enabled and a positive-going transition signal will be de-
veloped at the output thereof designated sense borrow
(2:5RS). This positive-going transition signal is then ap-
plied to an input designated sense borrow (command set
all FF’s) (4:1T1) of a one short circuit A/U-1.2 (FIG.
27), developing a positive-going transition signal at the
output thereof. This positive-going transition signal is ap-
plied to an input of the previously mentioned AND gate
A/U-1.3 (FIG. 27), enabling this AND gate and produc-
ing a positive-going transition signal at the output thereof.
This positive-going transition signal is applied to an input
of the up counter A/U-1.1 (FIG. 27), setting all flip flops
in the up counter. A count of “9” will therefore be indi-
cated by an actual binary count of “15” in the up counter.

The positive voltage level developed at the output desig-
nated comp. (1:4R5) of the comp flip-flop C/U-1.6
(FIG. 17)is applied at the input designated comp. (3:2L4)
of an OR gate C/U-4.1 (FIG. 24), enabling this OR gate
and producing a negative voltage level at the output there-
of. This negative voltage level is applied to an input of
the and gate C/U-4.4 (FIG. 24) together with a negative
voltage level produced during the first W2 time period
at the other input thereof labelled W2 (3:2T1). AND
gate C/U-4.4 (FIG. 24) will thus be enabled and a posi-
tive voltage level write signal is developed on the write bus
(3:2R1). The new tens complement in the down counter
is then written into the accumulator register of track 4.

The positive voltage level developed at the output desig-
nated comp. (1:4R5) of the comp flip-flop C/U-1.6
(FIG. 17) is also applied to an input designated comp.
(3:31.2) of an OR gate C/U-5.1 (FIG. 25), enabling
this OR gate and producing a negative voltage level at
the output thereof. This negative voltage level is applied
to an input of an AND gate C/U-5.4 (FIG. 25) together
with a positive-going transition signal developed at the
end of the first W2 time period at the other input thereof
labelled W2 (3:3T1). This AND gate C/U-5.4 (FIG. 25 )
is thus enabled and a positive-going transition shift sig-
nal is developed on the up to down and reset up bus
(3:3R1). The “9” in the up counter is then transferred
to the down counter.

The positive voltage level developed at the output desig-
nated comp. (1:4R5) of the comp flip-flop C/U-1.6
(FIG. 17) is applied to the input designated comp. (3:11.6)
of an OR gate C/U-3.1 (FIG. 23), enabling this OR
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gate and developing a negative voltage level read signal
on the read bus (3:1R1).

Bit pulses representing the “9” on track 4 are then ap-
plied to one of three inputs designated data from storage
(6:2L3) of an AND gate A/U-3.2 (FIG. 36). These bit
pulses are also applied to the input designated data from
storage (4:2L7) of the read delay flip-flop M/U-4.5
(FIG. 28), setting the read delay flip flop and develop-
ing a negative voltage level at the read delay FF* output
(4:2R2). This negative voltage level is applied to one of
the two remaining inputs designated read delay FF*
(6:21.2) of the previously mentioned AND gate A/U-3.2
(FIG. 36).

The negative voltage level at the output designated
comp® (1:4R4) of the comp flip flop C/U-1.6 (F1G. 17)
is applied to one of two inputs designated comp* (6:3L4)
of an AND gate A/U-3.5 (FIG. 37) and, together with
the negative voltage signal level developed during the W3
time period at the other input thereof labellel W3 (6:3L3),
this AND gate is enabled, thus producing a positive volt-
age level at the output thereof. This positive voltage
level is applied to the input of an inverter A/U-3.6
(FIG. 37), producing a negative voltage level at the
output thereof designated W4 and subtract or W3 and
comp (6:3R2). This negative voltage level is then applied
to the remaining input designated W4 and subtract or
W3 and comp (6:2L4) of the previously mentioned AND
gate A/U-3.2 (FIG. 36), thereby causing this AND gate
to be enabled upon the introduction of the second infor-
mation bit from the “9” stored on track 4. (The first bit
from the information on track 4 is used to set the read
delay flip flop and develop the necessary negative voltage
level at the input of the AND gate A/U-32 (FIG. 36)
designated read delay FF* and thus enable this AND
gate to pass the remaining bit pulses from track 4.) The
positive “information” bit pulses will then appear as posi-
tive pulses at the output designated advance down counter
(6:2R2) of this AND gate A/U-3.2 (FIG. 36). These
positive bit pulses are applied to the input designated
advance down counter (6:1L9) of the down counter
A/U-2.1 (FIG. 35), causing the down counter to be
counted down from “9,” this “9” having been previously
transferred into the down counter at the end of the W2
time period. As a result, the down counter will contain
a zero.

The negative voltage level developed at the output desig-
nated W4 and substract or W3 and comp (6:3R2) of the
inverter A/U-3.6 (FIG. 37), as described supra, is ap-
plied to the input designated W4 and subtract or W3 and
comp (4:2L10) of a one shot circuit M/U-4.7 (FIG.
28), causing a negative-going transition signal to be de-
veloped at the output of this one shot at the end of the
second W3 time period. This negative-going transition
signal is then applied to an input of an OR gate M/U-4.6
(FIG. 28), enabling this OR gate and developing a posi-
tive-going transition signal at the output thereof. This
positive-going transition signal is then applied to a reset
input of the read delay flip flop M/U-4.5 (FIG. 28)
resetting the read delay flip flop and producing a posi-
tive transition signal at the output thereof designated read
delay FF* (4:2R2). This positive-going transition signal
is transferred to a set input of the write delay flip flop
M/U-4.4 (FIG. 28), setting the write delay flip flop.

The positive voltage level developed at the output desig-
. nated comp. (1:4R5) of the comp flip flop C/U-1.6
(FIG. 17) is applied to the input designated comp (3:2L4)
of the OR gate C/U-4.1 (FIG. 24), enabling this OR gate
and subsequently developing a positive voltage level write
signal during the third W3 time period on the write bus
(3:2R1).

This positive voltage level is applied to the input desig-
nated write (4:31.8) of the OR gate M/U-3.4 (FIG. 29),
enabling this OR gate and producing a negative voltage
level at the output thereof. This negative voltage level
is then applied to an input of the AND pgate M/U-3.5
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(FIG. 29) and, together with the input from track 3 con-
taining the negative bit timing pulses and the negative sig-
nal level on the input designated down counter zero
(4:3L7) this AND gate is enabled, producing positive
pulses at the output thereof and developing a write opera-
tion as described supra with the following exception:

Since the write delay flip flop M/U-4.4 (FIG. 28)
has been set while the down counter A/U-2.1 (FIG. 35)
remains at zero, a single bit will be written into track 4,
indicating a zero as follows: The first bit developed at
the output of the previously mentioned AND gate
M/U-3.5 (FIG. 29) is applied to the input of a shape and
invert circuit M/U-3.10 (FIG. 29), thereby developing
a negative transition signal at the output thereof desig-
nated reset write delay FF (4:3RS). The positive-going
trailing edge of this negative pulse is applied to the input
designated reset write delay FF (4:2L6) of the write
delay flip flop M/U-4.4 (FIG. 28), resetting the write
delay flip flop and causing the output thereof designated
write delay FF* (4:2R1) to return to a negative voltage
level. As a result, the down counter zero bus will return
to a positive voltage level and disenable the AND gate
M/U=3.5 (FIG. 29), thereby preventing further bit pulses
from being read from track 3. This negative voltage level
is applied to the inputs designated write (5:3L5) of AND
gates M/U-3.13 and M/U-3.14 (FIG. 33), causing one
of these AND gates to be enabled and the other to be dis-
enabled and thereby producing an output thereat, so that
write track 4 head No. 1, M/U-3.18 (FIG. 33) will write
a single bit into the accumulator register representing a
ZETO.

In a similar manner, zeros will be written during
succeeding W3 time periods for the remainder of the
digit positions provided in the display.

The single positive pulse produced at the output of
the AND gate M/U-3.5 (FIG. 29) as previously de-
scribed, is applied to the complement input of the write
flip flop M/U-3.9 (FIG. 29), causing the voltage levels
at the outputs thereof designated write FF- (4:3R3) and
write FF. (4:3R4) to change polarity. The voltage levels
on the inputs designated write FF- (5:3L4) and write
FF. (5:3L6 of the AND gates M/U-3.13 and M/U-3.14
(FIG. 33), respectively, will also change polarity. The
positive voltage level developed on the write bus (4:3L5)
is also applied to the input of an inverter M/U-3.3 (FIG.
29), causing 2 negative voltage level to be developed at
the output thereof designated write (4:3R2)).

As previously described, the comp flip flop C/U-1.6
(FIG. 17) is set at the end of the first H period. There-
fore, a negative voltage level is developed on the FF-
output thereof, designated com- (1:4R4) and a posi-
tive voltage level is developed on the FF. output thereof
designated comp. (1:4R5). Also, the input designated sub
(1:4L1) of AND gate C/U-1.3 (FIG. 17) will be at
a negative voltage level and the input designated add
(1:4L2) of this AND gate C/U-1.3 (FIG. 17) will also
be at a negative voltage level, thereby enabling this
AND gate and producing a positive voltage level at
the output thereof. This positive level is applied to an
input of AND gate C/U-14 (FIG. 17), disenabling
this AND gate and causing a positive voltage to be de-
veloped at the output thereof. This positive voltage is
applied to the upper transfer input of the comp flip
flop C/U-1.6 (FIG. 17) and to the input of an inverter
C/U-1.7 (FIG. 17), causing a negative voltage level
to be produced at the output thereof. This negative volt-
age level is then applied to the lower transfer input of
the comp flip flop C/U-1.6 (FIG. 17).

The positive-going transition signal developed on the
H bus (5:4R9) at the end of the second H period is
applied to the transfer input labeled “H™ (1:4L5) of
the comp flip flop C/U-1.6 (FIG. 17), causing the posi-
tive voltage level at the upper transfer input of the comp
flip flop and the negative voltage level at the lower
transfer input of the comp flip flop to be transferred
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to the FF* and FF. outputs thereof, respectively. The
positive-going transition signal thus developed at the FF*
output of the comp flip flop is applied to the comple-
ment input of the ACC sign flip flop C/U-1.5 (FIG. 17),
resetting the ACC sign flip flop. A negative voltage level
is thereby developed on the ACC FF. output thereof,
and is applied to the input of the drive circuit C/U—1.8
(FIG. 17), causing the drive circuit to energize the nega-
tive indicator C/U-1.15 (FIG. 17). The lighting of the
negative indicator indicates that the information con-
tained in the accumulator register is a negative quantity.

Also, the negative voltage level developed at the FF.
output of the ACC sign flip flop C/U-1.5 (FIG. 17) is
applied to an input designated acc FF. of an AND gate
C/U-1.11 (FIG. 17) and also to the input designated
acc FF. of an additionaj AND gate C/U-1.10 (FIG. 17).

If it is now desired to subtract an additional integer
from the quantity now stored in the accumulator regis-
ter as a result of the preceding complement operation,
the subtract key of the functional signal generator
E/U-4.1 (FIG. 16) is operated and a positive voltage
level is developed on the subtract bus (1:3R13) as previ-
ously described. This positive voltage level is applied
to the input designated sub (1:4L1) of an inverter
C/U-1.1 (FIG. 17), causing a negative voltage level
to be developed at the output thereof. This negative
voltage level is applied to an input of the previously
mentioned AND gate C/U-1.10 (FIG. 17), enabling
this AND gate and producing a positive voltage level
on the output thereof designated add (1:4R2). The quan-
tities in the entry register and the accumulator register
are then added together as in a normal add operation,
However, since a borrow operation is not generated dur-
ing the add function, the comp flip flop C/U-1.6 (FIG.
17) is not affected and the acc sign flip flop C/U-1.5
(FIG. 17) will remain in the reset condition. Thus, upon
the completion of this last operation, the negative indi-
cator C/U-1.15 (FIG. 17) will remain lit, indicating
a negative quantity in the accumulator.

An additional variation of the complement operation
is produced by the entering of a digit into the entry
register and operating the add function key in the func-
tion signal generator E/U-4.1 (FIG. 16). A positive
voltage level is thereby developed at the output thereof
designated add (1:3R12). This positive voltage level is
applied to the input designated add (1:4L2) of an in-
verter C/U-1.2 (FIG. 17), causing a negative voltage
level to be developed at the output thereof. This nega-
tive voltage level is applied to an input of the previously
mentioned AND gate C/U-1.11 (FIG. 17), thereby en-
abling this AND gate and producing a positive voltage
level on the output designated sub (1:4R3).

Two further variations are possible at this point. If
the integer in the entry register is smaller than the in-
teger in the accumulator register, then operation of the
add function key will result in the development of a sub-
tract operation. However, if the integer in the entry reg-
ister is smaller than the integer in the accumulator reg-
ister, the borrow flip flop A/U-5.1 (FIG. 31) will not be
set and therefore the comp flip flop C/U-1.6 (FIG. 17)
will remain in the reset state. Since the comp flip flop re-
mains in the reset state, a positive-going transition signal
will not be applied to the complement input of the acc
sign flip flop C/U-1.5 (FIG. 17). Thus, the acc sign flip
flop will remain in a reset state and the negative indicator
lamp C/U-1.15 (FIG. 17) will remain lit, indicating a
negative quantity in the accumulator.,

A second variation wherein the integer in the entry
register is larger than the integer in the accumulator reg-
ister, will produce a positive quantity in the accumulator
register as follows:

Since the integer in the entry register is larger than
the integer in the accumulator register, the subtract func-
tion, which had been developed as previously described,
will result in the setting of the borrow flip flop A/U-5.1
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(FIG. 31) and the setting of the comp flip flop C/U-1.6
(FIG. 17). At the end of the second H period, during this
operation, the comp flip flop will be reset, thereby de-
veloping a positive-going transition signal at the output
thereof. This positive-going transition signal is applied
to the complement input of the acc sign flip flop C/U-1.5
(FIG. 17) and thereby setting the acc sign flip flop and
de-energizing the negative indicator lamp C/U-1.15
(FIG. 17). Therefore, a positive quantity will be indicated
in the accumulator register.

MULTIPLICATION

The multiplication operation is initiated by depression
and release of a multiply key of the function signal gen-
erator E/U-4.2. This operation of the muitiply key en-
ables the OR gate E/U-3.5 as described supra, and pro-
vides a positive voltage level signal on the multiply bus
1:3R17 and a negative voltage level signal on the multiply
bus 1:3R18.

This positive voltage level on the multiply bus 1:3R17
is applied to the multiply bus 2:2L10, an input terminal
of OR gate C/U-2.7 (FIG. 19) to provide a negative
output level therefrom.

GATE C/U-27

This negative level at the output of gate C/U-2.7 is ap-
plied to one input terminal of AND gate C/U-2.6. At
this time, a second input terminal to this AND gate des-
ignated multiply counter zero bus 2:2L9 will be at a
negative level due to the fact that the down counter is at
a zero count and the write delay flip flop is reset. AND
gate C/U-2.6 is therefore enabled on the application
thereto of a negative signal level on the H bus 2:2L6,
thereby producing a negative level at the output there-
of. When the level on the H bus changes to a positive
level, the output of the AND gate C/U-2.6 goes positive,
this positive-going transition being fed to the phase con-
trol counter C/U-2.3 (the phases of which are shown in
FIG. 141 for the multiply operation), thereby advancing
the phase control counter to phase 1 thereof.

For each phase of the phase control counter, a com-
bination of signals will be applied at the output terminals
thereof labelled 2:2R1 through 2:2R8, this combination
indicating the phase of operation at a particular point in
time.

The output terminals from the phase control counter
are applied to the input terminals 2:3B1 to 2:3B8 of the
multiply decoder C/U-2.8 and, upon receipt of the first
advance pulse by the phase control counter, set the multi-
ply decoder to multiplication phase 1.

MULTIPLICATION PHASE 1

At multiplication phase 1, as shown in Timing Diagram
FIG. 142, a positive voltage level is applied to the trans-
fer from accumulator to multiplier quotient register bus

5 2:3TS5, this positive voltage level being applied also to the

transfer from accummulator to multiplier quotient reg-
ister bus 3:1L8, an input terminal of OR gate C/U-3.1.

As explained supra, when a negative voltage level ap-
pears on the W3 bus 3:1T1 in conjunction with the en-
abling of gate C/U-3.1, a negative level will appear on
the read bus 3:1R1 and provide the necessary signal
thereon for reading the contents of the accumulator reg-
ister into the up counter,

At the trailing edge of W3 time, the transfer from ac-
cumulator to multiplier quotient register bus 3:3L5 will
also have a positive voltage level thereon due to the posi-
tive level of bus 2:3T5. Accordingly, as set forth supra,
at the trailing edge of W3 time an up to down and reset
up signal will be applied to the bus 3:3R1 to shift the con-
tents of the up counter into the down counter and reset
the up counter.

The positive voltage level on the transfer accumulator
to multiplier quotient register 2:37T5 is transferred to bus
2:517, this bus being an input terminal of OR gate
C/U-2.14,
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GATE C/U-2.14

This positive voltage level at the input of OR gate
C/U-2.14 provides a negative output level therefrom, this
negative level, when applied to AND gate C/U-2.15 con-
currently with a negative level on W4 bus 2:5L10, will
provide a positive output level therefrom on the write
track § bus 2:5R4.

The positive voltage level on write track 5 bus 2:5R4
is applied to write track 5 bus 4:3L6, this bus being an
input terminal of the OR gate M/U-3.4.

The application of the positive voltage level signal to
an input terminal OR gate M/U-3.4 provides a negative
voltage level at the output thereof and, in conjunction
with a negative voltage level on the down counter zero
bus 4:3L7, provides output bit pulses from track 3 read
head M/U-3.6. The output of the AND gate M/U-3.5
will provide output signals on the write flip flop buses
4:3R3 and 4:3R4 and reset delay flip flop bus 4:3RS as
described supra.

The output terminals 4:3R3 and 4:3R4 of the write
flip flop are coupled to the AND gates M/U-3:15 and
M/U-3.16. Upon the arrival of a write driver track
5 negative voltage level signal on bus 5:3L8, this signal
being provided at the output of OR gate C/U-2.14 (FIG.
22), the bits read from track 3 will be written onto
track 5 by the write track 5 head M/U-3.19.These
bits will continue to be written onto track § until the
down counter has been counted down to zero whereupon
AND gate M/U-3.5 will be disenabled and cut off the
passage of bit signals from track 3 to track 5.

The positive voltage level on the transfer accumulator
to multiplier quotient register 2:3TS is also applied to
the transfer accumulator to multiplier quotient register
bus 3:218, this bus being an input terminal of the OR
gate C/U-4.1. As described supra, at W2 time, when a
negative voltage level appears on bus 3:2T1, the write
bus 3:2R1 will have a positive level thereon and provide
the write operation discussed supra for gate C/U-41.
Since, at W2 time, nothing is stored in the down counter,
only one of AND gates M/U=3.15 or M/U-3.16 will
be enabled and, accordingly, the contents of the ac-
cumulator register will be erased.

MULTIPLICATION PHASE 2

The next positive-going transition on the H bus 2:216
will step the phase counter C/U-2.3 to its phase 2
state as shown in FIG. 143. As explained supra, under
the discussion of the phase 1 operation, the output of
the phase control counter will be fed to the multiply
decoder and provide an output on the phase 2 bus, this
bus being the shift left accumulator register bus 2:3T4.
This phase 2 operation takes place after the phase S op-
eration and will be discussed after the phase 5 operation.

MULTIPLICATION PHASE 3

The next positive-going transition on the H bus 2:216
will step the phase control counter to phase 3 thereof
as shown in FIG. 144 and, thereby, as explained supra,
provide a positive voltage level on the phase 3 bus,
this bus being the shift left multiplier quotient register bus
2:3T3. The positive voltage level on bus 2:3T3 is in-
verted by inverter C/U-2.9, producing a negative voltage
level on bus 2:3T6. This negative voltage level is ap-
plied to input terminal 3:4L7 of the AND gate C/U-2.22
(FIG. 26). This will enable this AND gate as a result
of the negative signal levels having been applied to the
remaining inputs thereof, one of these signals being a
negative level multiply signal on the bus 3:4L6 and the
other being a negative level signal from the FF. out-
put of the digit sense flip flop C/U-2.19. The concur-
rence of these signals at the input of AND gate
C/U-2.22 will provide a positive level output therefrom,
this level being applied on the stop phase control counter
bus 3:4R2 to the 1. bus 2:2R2 of the phase control count-
¢r. The phase control counter (C/U-2.3, FIG. 19) is
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then locked in the multiply phase 3 state and will remain
so locked until the most significant digit in the accumu-
lator register is sensed. The most significant digit in the
accumulator register is sensed by the following series of
operations:

The positive voltage level on the shift left multiplier
quotient register bus 2:3T3 is applied to the shift left
multiplier quotient register bus 2:5L1, this bus being an
input terminal of the OR gate C/U-2.12 (FIG. 22).

GATE C/U-2.12

A negative level is thereby applied at the output of
this OR gate on the enable track 5 read gate bus 2:5R1,
thereby applying a negative voltage level to the enable
track 5 read gate bus 5:2L5, an input terminal of AND
gate M/U-2.4. Upon the occurrence of a negative volt-
age level on the RS bus 5:2L4, the output from the read
from track 5 head M/U-2.2 will pass through the new
enabled AND gate M/U-2.4 and be transferred through
a shape and invert circuit M/U-2.5 to the data from
storage bus §:2R4.

It should be understood that, though the read head
from track § is constantly energized due to the appear-
ance of an RS negative signal on AND gate M/U-2.4
during each W period, the contents of the multiplier
quotient register are only read during W1 time, at all
other times the multipler quotient register having no
information stored therein. It is for this reason that the
RS timing signal can be used alone.

Thus, the data on the data from storage bus 6:2L3,
read out by the track § read head, will be transferred to
the up counter along bus 6:2R1 in the manner set forth
supra.

The positive voltage level on the shift left multiplier
quotient register bus 2:3T3 is applied to the shift left
multiplier quotient register bus 3:3L19, this bus being
an input terminal of the OR gate C/U-5.3. Accordingly,
as discussed supra, at the trailing edge of W4 time, a
positive going transition will appear on the up to down
and reset up counter bus (5:1L8) to provide an up to
down and reset up function, thereby shifting the contents
of the up counter to the down couter.

The positive voltage level on the shift left multiplier
quotient register bus 2:3T3 is also applied to the shift
left multiplier quotient register bus 2:5L6, this bus be-
ing an input terminal of the OR gate C/U-2.14. At w4
time, when a negative level appears on the W4 bus
2:51.10, the write track 5 head M/U-3.19 will be ener-
gized and write the contents of the down counter into
the multiplier quotient register on track § in the manner
set forth supra in the discussion of phase one of multiply
operation.

The positive voltage level on the shift left multiplier
quotient register bus is inverted by the inverter C/U-2.9
(FIG. 20) to provide a negative level on the shift left
multiplier quotient register bus 2:3T6, this negative level
being applied to the shift left multiplier quotient register
bus 2:4L6. When the voltage level on the H bus 2:4L§
goes megative, the concurrence of this negative voltage
level and the negative voltage level on the shift left
multiplier quotient regisetr bus 2:4L6 will enable AND
gate C/U-2.11 (FIG. 21) and provide a megative volt-
age level at the output thereof. When the voltage level
on the H bus 2:4L5 goes positive, the output of AND
gate C/U-2.11 will go positive a positive-going transition
on the command broadside bus of the multiplier counter
C/U-2.10. A number contained in the down counter
will now be transferred to the multiplier counter along
the broadside line buses 6:1T1 to 6:1T4. The multiplier
counter will thus contain a count equal to the count of
the down counter.

As a result of a count being entered into the multiplier
counter, a positive transition signal will appear on the
multiply counter zero bus 2:4R2, this signal being trans-
ferred to the multiplier counter zero bus 3:4L5. This
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positive transition signal on bus 3:4L5 provides a posi-
tive transition at the output of AND gate C/U-2.23
since a positive voltage level is now applied to the phase
3 bus 2:3T3. This positive voltage transition at the out-
put of the AND gate C/U-2.23 will set the digit sense
flip flop C/U-2.19 and cause a positive voltage level to
appear on the FF. output lead thereof. This positive
level signal will disenable AND gate C/U~2.22 and al-
low the phase control counter to be advanced to its next
phase. This positive voltage level tramsition will also be
applied along the multiplier counter zero bus 2:2L9 to
one input of the AND gate C/U-2.6, thereby disenabling
this AND gate and providing a positive-going transition
on the output thereof. Thus positive-going transition will
be applied to the advance bus of the phase control
counter and thereby advance the counter to its next
phase.
MULTIPLICATION PHASE 4

The phase control counter now sets the multiply de-
coder to its phase 4 state, thereby developing a positive
voltage level on the phase 4 or add bus 2:3T2. Thus, a
typical add cycle will be initiated, adding the contents of
the entry register to the contents of the accumulator
register and leaving the sum in the accumulator register.

The above is accomplished because the add bus 2:3T2
is tied to the same terminals as the add bus 1:4R2 of
the add operation and, therefore, performs the same op-
erations as performed by the existence of a positive level
on bus 1:4R2.

After the phase 4 addition operation is completed,
the following positive transition at time H1 will attempt
to advance the phase control counter through the AND
gate C/U-2.6. However, if the multiplier counter con-
tains a count therein, the AND gate C/U-2.6 will be
disenabled due to the positive voltage level on the input
lead thereto labelled multiply counter zero (2:21L9).
Therefore, the phase control counter will remain in its
phase 4 operation so long as the multiply counter con-
tains a count therein.

With the arrival of the next H pulse, the multiplier
counter C/U-2.10 will be debited one count. The add
cycle will again be instituted and the contents of the
entry register will again be added into the accumulator
register. This operation continues until the multiplier
counter has been counted down to zero, whereupon the
multiplier counter zero buses 2:4R2 and 2:2L9 will con-
tain a negative level thereon and enable AND gate
C/U-2.6.

MULTIPLICATION PHASE 35

Since AND gate C/U-2.6 is now enabled, the follow-
ing H pulse will cause a positive transition on the output
thereof and advance the phase control counter to its
phase 5 state as shown in FIG. 145. Accordingly, as de-
scribed supra, the multiply decoder C/U-2.8 will provide
a positive voltage level on the phase 5 output bus 2:3T1
thereof.

The positive voltage level on the phase 5 bus 2:3T1
is applied to the multiply decoder phase 5 bus 4:4L6,
this bus being an input terminal of AND gate C/U-2.28
(FIG. 30). This AND gate will be enabled in the fol-
lowing manner: During RS time periods, a positive level
signal is applied on the RS bus 4:4L8, this bus being
an input terminal of AND gate C/U-2.29. Also, in-
formation remaining on track 5 will appear as negative
pulses on the read amp. track 5 bus 4:4L9, this bus be-
ing the other input terminal of AND pate C/U-2.29,
The positive transitions of the pulses on the read amp.
track 5 bus 4:4L9 will provide positive-going transitions
at the output of AND gate C/U-2.29 and will set the
digit sense multiply register flip flop C/U-2.27. This will
provide a negative level at the FF* output of the digit
sense multiply register flip flop. With the next succeed-
ing positive-going transition on the H bus 5:4R9, the
digit sense multiply register flip flop C/U~2.27 will be
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reset and provide a positive-going transition on the FE*
output thereof, this positive-going transition passing
through the AND gate C/U-2.28 previously enabled by
the positive level on the multiply decoder phase 5 bus.
This positive-going transition appears on the reset FF4
and FF8 of phase control counter bus 4:4R3.

This positive transition on the reset FF4 and FF8 of
phase control counter bus 4:4R3 is applied to the bus
2:2L5 to reset the phase control counter to its phase 2
state. This resetting of the pase control counter to its
phase 2 state will be initiated due to the information still
remaining in the track 4 storage register. The calculator
will then proceed to operate in the multiply function
from phase 2 on as described supra.

MULTIPLICATION PHASE 2

When the multiply decoder is in the phase 2 state, a
positive level appears on the shift left accumulator bus
2:374.

This positive voltage level is applied to the shift left
accumulator bus 3:1L1, an input terminal or OR gate
C/U-3.1 (FIG. 23). As explained supra, enabling of OR
gate C/U-3.1 will, at W3 time, provide a negative level
on the read bus 3:1R1 and thereby read the contents of
the accumulator register into the up counter.

This positive voltage level of the shift left accumulator
bus (2:3T4) is applied to the set input designated shift
left accumulator (3:4L1) of the ACC SL DELAY ilip
flop C/U-2.18 (FIG. 26), setting the ACC SL DELAY
flip flop on the application of the next succeeding posi-
tive-going transition signal on the reset input labelled
H (3:41.2). The ACC SL DELAY f{lip flop will be reset,
thus developing a positive-going transition at the output
thereof. The input designated multiply (3:4L6) of OR
gate C/U-2.20 (FIG. 26) will be at a positive voltage
level, thereby enmabling this OR gate and producing a
positive voltage level at the ontput thereof.

This positive voltage level is then transferred to the
input of the previously mentioned AND gate C/U-2.21
(FIG. 26) and, together with the positive transition signal
developed at the output of the ACC SL DELAY flip flop
C/U-2.18 (FIG. 26), as previously mentioned, the AND
gate C/U-2.21 (FIG. 26) will be enabled, thereby pro-
ducing a positive transition at the output designated set-
read delay FF (3:4R1). This positive-going transition is
applied to the set input designated common digit No. 1
(4:2L8) of the read delay flip flop M/U-4.5 (FIG. 28),
thereby setting the read delay flip flop and producing a
negative voltage level at the output thereof designated
read delay FF- (4:2R2).

The previously mentioned positive voltage level pro-
duced on the shift left accumulator bus (2:3T4) is applied
to an input designated shift left accumulator (3:3L3) of
the shift OR gate C/U-5.1 (FIG. 25), thus enabling this
OR gate and producing a negative voltage level at the
output thereof. This negative voltage level is applied to
an input of the AND gate C/U-5.4 (FIG. 25) and, to-
gether with the positive-going transition signal applied to
the input designated W2 (3:3T1) at the end of the first
W2 time period, this AND gate C/U-5.4 (FIG. 25) will
be disenabled and develop a positive-going transition
signal on the up to down and reset up bus (3:3R1). The
positive-going transition signal on the up to down and
reset up bus (3:3R1) is applied to the input designated
up to down and reset up (5:1L8) of a one shot circuit
A/U-6.2 (FIG. 31), enabling this one shot circuit and
producing a negative going transition signal at the output
thereof. This negative-going transition signal is applied
to the input of the up to down and reset up network
A/U-6.1 (FIG. 31), thereby developing a positive-going
transition signal at the output designated read delay reset
(5:1R5).

The positive-going transition signal on the read delay
reset bus (5:1R3) is applied to the output designated
read delay FF- (4:2R2) of the read delay flip flop
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M/U-4.5 (FIG. 28), thus forcing the read delay flip flop
into a reset condition. Also, this positive-going transition
signal (5:1RS) is applied to a set input of the write delay
flip flop M/U-4.1 (FIG. 28), thereby setting the write
delay flip flop.

MULTIPLICATION PHASE 5

When the phase control counter is advanced to its
phase § state as shown in FIG. 145, and no information
remains in track 5 of the drum, no pulses are applied to
the input bus of AND gate C/U-2.29 (FIG. 30) desig-
nated read amp. track § bus 4:4L9. Therefore, the digit
sense multiply register flip flop C/U-2.27 (FIG. 30) will
not be set and the input to the digit sense multiply register
flip flop next appearing on the H bus 4:4L7 will have no
effect thereon and not provide a positive-going transition
on the FF- output thereof. Therefore, the AND gate
C/U-2.28 is not enabled and the next incoming positive
transition on the H bus 2:2L6 will advance the phase
control counter continually, one step for each incoming
positive transition thereto, through a complete cycle back
to a zero count or phase zero. At this point, all inputs
to the AND gate C/U-2.31 (FIG. 19) will be at a nega-
tive level since each of the FF. terminals of the flip flops
of the phase control counter are now at a negative level.
The following H pulse on the H bus 2:2L6, after the
phase control counter has been counted to its zero phase,
provides a negative signal level at the input to AND gate
C/U-2.31, thereby enabling the gate and causing a posi-
tive level signal to appear at the output thereof. This
positive level signal is applied to the reset input of the
function signal generator E/U-4.2 (FIG. 16) along buses
2:2R9 and 1:3L4 to reset the muttiply flip flop (not
shown) in the function signal generator E/U-4.2. Con-
currently, the negative signal level is developed on the
multiply output bus 1:3R17 of the function signal gen-
erator multiply and divide circuit, this negative signal
beign transferred to the multiply bus 2:2L10, an input
or OR gate C/U-2.7. This OR gate is then disenabled
and produces a positive level at the output thereof, this
positive level being applied to one of the inputs of AND
gate C/U-2.6 and disenabling this AND gate. Disenabl-
ing of AND gate C/U-2.6 prevents the phase control
counter from being advanced by the application of further
H pulses thereto.

The positive-going leading edge of the signal appearing
at the output of AND gate C/U-2.31 is applied to an in-
put terminal 3:4L3 of the digit sense flip flop C/U-2.19,
thereby resetting this flip flop.

The above completes the set of operations required to
provide the multiplication function.

DIVIDE

The divide operation is commenced by depressing and
releasing the divide key of the function signal generator
E/U-4.2 and thereby providing a positive voltage level
on the divide buses 1:3L3 and 1:3R19 and a negative
voltage level on the divide bus 1:3R2¢ to institute the
phases of the divide operation as set forth in FIG. 146.

The positive voltage level on the divide bus 1:3L3 is
transferred to the divide bus 1:2B2 and enables OR gate
E/U3.5 in the same manner described supra to perform
the operations associated therewith. The positive voltage
level on the divide bus 1:3R19 is transferred along the
divide bus 2:2L11 to the input of OR gate C/U-2.7 to
provide a negative level output therefrom as described
supra in the multiplication operation.

Since a negative level appears on buses 1:3R20 and
2:2R9, as described supra in the multiplication operation,
the negative level output of OR gate C/U-2.7, in conjunc-
tion with a negative level on the multiply counter zero
bus and a positive transition on the H bus will shift the
phase control counter C/U-2,3 to phase 1 of the divide
operation,
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DIVIDE PHASE 1

When the phase control counter C/U-2.3 is shifted to
phase 1 as depicted in FIG. 147, a combination of signals
is provided on the output buses 2:2R1 to 2:2R8 thereof
to indicate a phase 1 divide operation. The voltage levels
on these buses are transferred to the input buses of the
divide decoder C/U-2.1, these buses being labelled 2:1B1
through 2:1B8. This operation sets the divide decoder to
its phase 1 state, producing a positive level signal on the
output lead therefrom labelled phase 1 sub bus 2:1TS5.

The positive voltage level on the subtract bus 2:1T5
provides the same functions described supra when a posi-
tive level appears on the subtract bus 1:4R3. Therefore,
the contents of the entry register will be subtracted from
the contents of the accumulator register in the manner set
forth hereinabove under subtraction with the following
change:

Because neither the add nor subtract function keys have
been operated, the subtract bus (1:4L1) and the add bus
(1:4L2) will be at a negative voltage level. Therefore,
the input labelled “subtract” (1:4L1) of AND gate
C/U-1.3 (FIG. 17) will be at a negative voltage level
and the input labelled “ad” (1:4L2) of this AND gate
C/U-1.3 (FIG. 17) will also be at a negative voltage
level. Therefore, this AND gate will be enabled and a
positive voltage level will be developed at the output
thereof. This positive voltage level is applied to an input
of AND gate C/U-1.4 (FIG. 17), disenabling this gate.
Therefore, because the AND gate C/U~1.4 (FIG. 17) is
disenabled, the borrow signal appearing on the BORROW
FF- input (1:4L3) of the AND gate C/U-1.4 (FIG. 17)
will be inhibited and will have no effect on the COMP
flip flop C/U-1.6 (FIG. 17). At those points of the divide
operation wherein an integer is subtracted from a smaller
integer to develop a borrow signal, the COMP flip flop
C/U-1.6 (FIG. 17) will remain in its reset condition at
the end of the H time period when a positive-going
“transfer” signal is applied to the COMP flip flop.

DIVIDE PHASE 2

The next following positive transition on the H bus
2:216 will advance the phase control counter to phase 2
and thereby provide a positive voltage level on the phase
2 and add bus 2:1T8 of the divide decoder. Phase 2 of
the division operation constitutes a restoration of the pre-
viously subtracted quantity (subtracted during phase 1)
into the accumulator register. This restoration is provided
by adding the contents of the entry register to the con-
tents of the accumulator register, this function being the
normal add function and, accordingly, the positive level
on the add bus 2:1T8 will provide the same add function
as provided by the add bus 1:4R2, when a positive volt-
age level appears thereon, thereby restoring the accumu-
lator register to its original condition.

DIVIDE PHASE 3

When the H bus 2:2L6 again shifts from a negative to
a positive voltage level, the positive-going transition will
shift the phase control counter to phase 3 of the divide
operation and thereby, as described supra, place a positive
voltage level on the phase 3 shift left entry bus 2:179.
This positive voltage level on the shift left entry bus
2:1T9, as shown in FIG. 148, provides the same function
as a positive voltage level on the shift left entry bus
1:1R5 and, thereby, shifts the contents of the entry reg-
ister one digit space to the left or, effectively, multiplies
the contents of the entry register by 10.

The positive voltage level on the shift left entry bus
2:1T9 is also applied to the enabled jump to phase 1 at
H bus 2:2L4. The application of this pasitive voltage level
at the input of the phase control counter will, at the next
H time, jump the phase control counter back to phase 1
rather than continuing the count onward to phase 4. The
phase control counter then proceeds to cycle through the
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phase 1, phase 2 and phase 3 cycles of the divide opera-
tion until, at a subsequent time, a subtraction operation
in phase 1 provides a negative value result.

When the subtraction in phase 1 of the divide opera-
tion provides a negative quantity in the accumulator reg-
ister, the borrow flip flop A/U-5.1 (FIG. 31) is set in
the manner described supra during the borrow operation
of the subtract function. Setting of the borrow flip flop
will provide a negative voltage level on the borrow FF*
bus 5:1R3 and also on the borrow FF* bus 2:2L8, there-
by priming AND gate C/U-2.4 for conduction when a
negative voltage level appears on the H bus 2:2L7. At
the next H time when the H bus 2:2L7 goes negative, the
output of the AND gate C/U~2.4 (FIG. 19) will have a
positive-going transition thereat and thereby jump the
phase control counter to phase 4 by providing the posi-
tive-going transition on the jump to phase 4 command
bus.

DIVIDE PHASE 4

When the phase control counter has shifted to the
phase 4 state, a positive voltage level is provided on the
phase 4 and add bus 2:1T8 of the divide decoder C/U-2.1.
This add function is identical to the add function of
phase 2 of division and adds the contents of the entry
register back into the accumulator register as described
previously for the add function.

DIVIDE PHASE 5

At the next positive-going transition on the H bus
2:216, the phase control counter will advance to phase
5 which is a shift right entry function as depicted in
FIG. 149. A positive voltage level will appear on the
phase 5 shift right entry bus 2:1T7 of the divide decoder
in the manner previously described.

In the shift right entry register operation, the positive
voltage level on the shift right entry bus 2:1T7 is applied
to the shift right entry bus 3:1L17, this bus being an
input terminal of the OR gate C/U-3.2. As explained
supra, enabling of OR gate C/U-3.2 will cause a negative
level to appear on the read bus 3:1R1 at W4 time and,
thereby, as explained supra, read the contents of the
entry register into the up counter.

The positive voltage level on the shift right entry bus
2:17T7 is also applied to the shift right entry bus 3:3L16,
this bus being an input terminal of the OR gate C/U-5.3.
As explained supra, enabling of OR gate C/U5.3 will
provide a negative voltage level on the up to down and
reset up bus 3:3R1 at the trailing edge of W4 time, there-
by transferring the contents of the up counter into the
down counter and reseiting the up counter.

The positive voltage level on the shift right entry bus
2:1T7 is also applied through the inverter C/U-2.2 to
the shift right entry bus 2:1T1 and thereby to the shift
right entry bus 4:3L2 as a negative voltage level. During
W2 time when a negative voltage level appears on the
W2 bus 4:3L1, the AND gate M/U-3.1 is enabled and
provides a positive voltage output thereat.

The positive voltage level at the output of AND gate
M/U3.1 is applied to one of the input terminals of OR
gate M/U-3.4 and is described as an N signal, This
positive N signal at an input terminal of OR gate M/U-
3.4 provides a negative voltage level at the output there-
of.

The positive voltage level at the output of AND gate
M/U-3.1 is also applied to the inverter M/U-3.7 to pro-
vide a negative voltage level on the N bus 4:3R1, this
negative voltage level being applied to the N bus 5:3L2.
The positive voltage level on the bus 5:312 is applied to
an input terminal of each of AND gates M/U3.11 and
M/U-3.12, the other input terminal of each of these
gates being fed by the write FF* and write FF. output
terminals 5:3L1 and 5:3L3.

Since the output of OR gate M/U-3.4 (FIG. 29) is
at a negative level and, concurrently, the down counter
zero bus 4:3L7 is at a negative level due to the non-zero
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condition of the down counter, AND gate M/U-35 is
enabled and pulses read by the read head from track
3 M/U-3.6 pass 1o the write flip flop M/U-3.9 and the
shape and invert circuit M/U3.10 in the manner described
supra. Accordingly, the alternate negative levels on the
write FF* and write FF. buses, in conjunction
with the ncgative level N signal on bus 5:3L2,
will enable the AND gates M/U-3.11 and M/U-3.12
to pass pulses therethrough in the manner described
supra. Thereby the contents of the down counter are
placed in track 4 via track 4 write head 2 (M/U=-3.17)
(F1G. 33) to shift the contents of the entry register one
position to the right.

DIVIDE PHASE 6

At the end of the phase 5 operation, the next succeed-
ing positive transition on the H bus 2:2L6 will advance
the phase control counter to phase 6 and thereby, in
the manner described above, provide a positive voltage
level on the phase 6 shift left multiplier quotient register
bus 2:1T6 of the divide decoder, and provide the steps
set forth in FIG. 144.

The positive voltage level on the shift left multiplier
quotient register bus 2:1T6 is transferred to the shift
left multiplier quotient register bus 2:5L1 and thereby
enables OR gate C/U2.12 (FIG. 22) as explained supra
in phase 3 of the multiplication operation. Thus, as
explained supra, the AND gate M/U-2.4 (FIG, 32) is
enabled and the contents of the track 5 are read into
the up counter. This reading of the contents of the multi-
plier quotient register into the up counter will take place
during the W1 time period because the contents of the
multiplier quotient register pass under track 5 read head
at W1 time,

The contents of the up counter are shifted to the down
counter and the up counter is reset by the application
of the positive voltage level on the shift left multiplier
quotient register bus 2:1T6 to the shift left multiplier
quotient register bus 3:3L19, thereby enabling the OR
gate C/U-5.3 (FIG. 25). In the manner described supra,
enabling of the OR gate C/U-5.3 will provide the neces-
sary signal on bus 3:3R1 at the trailing edge of W4
time, to shift the contents of the up counter into the
down counter and resetting the up counter.

The positive voltage level on the shift left multiplier
quotient register bus 2:1T6 is also applied to the shift
left multiplier quotient register bus 2:5L6 and thereby
enables the OR gate C/U2.14 (FIG. 22) in the same
manner indicated supra. Accordingly, as described supra,
at W4 time, a significant write TKS5 signal will be pro-
duced at the output of AND gate C/U2.15 to read the
contents of the down counter into the multiplier quotient
register during the W4 time period.

DIVIDE PHASE 7

After the phase 6 operation has been completed, the
next positive-going transition on the H bus 2:2L6 will
advance the phase control counter to its phase 7 state
and thereby provide a positive voltage level on the phase
7 subtract bus 2:17T5 of the divide decoder.

The phase 7 subtract operation is ideniical to the phase
1 subtraction and will subtract the contents of the entry
Tegister from the contents of the accumulator register
in the same manner described supra for the phase 1
operation.

DIVIDE PHASE 8

At the next positive voltage transition on the H bus
2:216, the phase control counter will shift to its phase
8 state and thereby provide a positive voltage level on
the phase 8 and add one to the multiplier quotient regis-
ter bus 2:1T4 of the divide decoder as indicated in FIG.
150.

The division phase 8 operation proceeds in the follow-
ing manner: At the beginning of the phase 8 condition of
the divide decoder, phase 8 bus 2:1T4 is shifted from a
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negative level to a positive level thereby providing a posi-
tive-going transition thereon. This positive transition is
transferred to the add 1 to the multiplier quotient register
bus 4:213 and thereby sets the write delay flip flop
M/U-4.4.

The positive voltage transistion on the add 1 to the
multiplier quotient register bus 2:1T4 is also applied to
the add 1 to the multiplier quotient register bus 4:1L6 of
the up counter, thereby setting the number 1 flip flop at
this time (at the beginning of W1 time). The subsequent
bits obtained by a reading out of the count in track 5
is also read into the up counter due to the negative volt-
age level on the enabled track 5 read gate bus 2:5R1 and
5:2L5 thereby adding “1” to the present contents of the
multiplier quotient register. This sum is then subsequently
rewritten back into the multiplier quotient register. It is
to be noted that, due to the setting of the write flip flop,
and excess 1 bit will be placed into the multiplier quo-
tient register in the same manner as previously described.

The positive voltage level on the add one to the multi- ¢

plier quotient register bus 2:1T4 is also applied to the
add one to multiplier quotient register bus 3:3L1 aund,
thereby, as explained supra, enables OR gate C/U-~5.1 and
provide a negative voltage level on the up io down and
reset up bus 3:3R1 at the W2 period.

Accordingly, at the trailing edge of W2 time, the con-
tents of the up counter are shifted to the down counter
and the up counter is reset.

The positive voltage level on the add 1 to the add one
to the multiplier quotient register bus 2:1T4 is also applied
to the add one to the multiplier quotient register bus
2:5L3, this being an input terminal of the OR gate
C/U-2.12.

As explained supra, the positive voltage level at the
input of OR gate C/U-2.12 provides an enabling pulse
for the AND gate M/U-2.4 which, in conjunction with
an RS signal thereto, will read the contents from track 5§
into the up counter, this function taking place immediate-
ly upon sensing any data stored in track 5.

The positive voltage level on the add 1 to the multiplier
quotient register bus 2:1T4 will also be transferred to the
add 1 to the multiplier quotient register bus 2:5L8, there-
by providing a positive level on an input terminal of the
OR gate C/U-2.14. As explained supra, enabling of OR
gate C/U-2.14 will provide a signal level at the output
thereof so that the track 5 write head will be energized
during the W4 time period to write the contents of the
down counter back into track 5 of the drum.

JUMP DIVIDE PHASE 8 TO PHASE 7

The positive voltage level on the bus 2:1T4 is also ap-
plied to the enable jump phase 8 to phase 7 bus 2:212
and, thereby, at the conclusion of the phase 8 operation,
will shift the phase control counter back to the phase 7
state. Thereby, the phase 7 and phase 8 operations of the
multiplication operation will be continued until a negative
number is sensed in the accumulated register.

JUMP TO DIVIDE PHASE 4

This negative number will occur when a subtraction
during the phase 7 operation results in a negative result,
thereby providing a positive voltage level signal on the
enable jump to phase 4 bus 2:2L1 and thereby jumping
the phase control counter back to phase 4,

The operation now continues with phase 4 and con-
tinues through phases 5, 6, 7 and 8 in the manner previ-
ously described.

JUMP TO DIVIDE PHASE 9

Upon jumping from the phase 7 operation back to the
phase 4 operation as described above {when an advance
to the phase 5 operation produces a low order digit over-
flow), a jump from the phase 5 state to the phase 9 state
is produced in the following manner: At the commence-
ment of a phase 5 divide operation, the change from a
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negative level to a positive level on the phase 5 shift right
entry bus 2:1T7 is also placed on the shift right entry
bus 4:411, thereby setting the first digit gate flip flop
C/U-2.24 and producing a negative level on the FF- out-
put thereof. This negative level, in conjunction with a
negative level on the RS bus 4:41.4 and a negative level
on the W4 bus 4:4L5, will enable AND gate C/U-2.25
upon the occurrence of a negative level on the track 4
read bus 4:413, thereby providing a change from a nega-
tive level to a positive level at the output of this AND
gate. Each pulse along the track 4 read bus 4:4L3 will
provide a positve-going transition at the output of AND
gate C/U-2.25, these positive-going transistions being ap-
plied to the entry register digit overflow flip flop C/U-
2.26, thereby setting this flip flop and producing a nega-
tive level on the jump to phase 9 command at H bus
4:4R1,

The negative level on the jump to phase 9 command
at H bus 4:4R1 is shifted to a positive level upon the
occurrence of a positive voltage transition on the H bus
4:4R2, this pulse resetting the entry register digit overflow
flip flop and providing a positive transition on the jump to
phase 9 command at H bus 4:4R1, this positive transition
being transferred to the jump to phase 9 command at H
bus 2:2L3 and, thereby, jumping the phase control counter
to phase 9. This jump to phase 9 takes place concurrent-
ly with the application of an H pulse to the phase control
counter via H bus 2:2L6.

DIVIDE PHASE 9

When the phase control counter is set to phase 9, in
the manner described supra, the divide decoder provides
a positve level during phase 9 on the transfer from ac-
cumulator to entry reigster bus 2:1T3 as described in
FIG. 151,

The positive voltage level on the transfer from ac-
cumulator to entry register bus 2:1T3 provides a positive
voltage level on the similarly designated bus 3:1L9, this
bus being an input terminal of the OR gate C/U-3.1
(FIG. 23) to enable this gate. In the manner described
supra, enabling of OR gate C/U-3.1 provides a significant
voltage level on the read bus 3:1R1 at the W3 time period
and the contents of the accumulator register are trans-
ferred into the up counter.

The positive voltage level on the transfer from ac-
cumulator to entry register bus 2:1T3 is applied to the
similarly named bus 3:3L15, this bus being an input ter-
minal of the OR gate C/U~5.3 (FIG. 25) and, as ex-
planed supra, enables this OR gate and, thereby, provides
a positive going transition on the up to down and reset
up bus 3:3R1 at the trailing edge of W4 time. Accord-
ingly, the contents of the up counter will be transferred
to the down counter and the up counter will be reset.

The positive voliage level on the transfer from accu-
mulator to entry register bus 2:1T3 provides a positive
voltage level on the similarly named bus 3:2L14 and,
as described supra, enables OR gate C/U-4.2 and pro-
ides a significant voltage level on the write bus 3:2R1
during the W3 time period to write the contents of the
down counter into the entry register.

It should be understood that the contents of the ac-
cumulator register which are read into the entry register
at this time represent the remainder of the division op-
eration.

DIVIDE PHASE 10

The next incoming positive voltage transition on the H
bus 2:2L6 will advance the phase control counter to phase
10 as described in FIG. 152 and thereby provide a posi-
tive voltage level on the phase 10 transfer from multiplier
quotient register to accumulator register bus 2:1T2 of the
divide decoder.

The positive voltage level on the transfer from mul-
tiplier quotient register to accumulator register bus 2:1T2
is impressed on the similarly named bus 2:5L2, thereby
enabling OR gate C/U-2.12 (FIG. 22) in the manner pre-
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viously described. Accordingly, the track § read head
AND gate M/U-24 (FIG. 32) will be enabled and
transfer the contents of track 5 into the down counter
as soon as read, this being during W1 time. This opera-
tion is fully explained supra.

The positive voltage level on the transfer from mul-
tiplier quotient register to the accumulator register bus
2:1T2 provides a positive level on the similarly named
bus 3:3L6, thereby enabling OR gate C/U-5.2 (FIG. 25)
and providing a positive going transition on the up to down
and reset up bus 3:3R1 at the trailing edge of the W3
time period in the manner similarly set forth supra. Ac-
cordingly, the contents of the up counter are shifted to
the down counter and the up counter is reset.

The positive voltage level on the transfer from the mul-
tiplier quotient register to the accumulator register bus
2:172 is also transferred to the similarly named bus
3:2L6, thereby enabling the OR gate C/U-4.1 (FIG. 24).
As explained supra, by enabling OR gate C/U-4.1, the
write bus 3:2R1 will havea significant voltage level ap-
plied thereto during the W2 time period and, thereby,
write the contents of the down counter into the accumu-
lator register.

Accordingly, in the division operation the quotient is
now stored in the accumulator register and the remaind-
er is stored in the entry register,

This completes the basic operation required to per-
form a division operation.

TRANSFER TO TEMPORARY STORAGE 1

The contents of the accumulator register are transferred
to the temporary storage register No. 1 by depression and
release of the T1 key (FIG. 16) of the function signal
generator E/U-4.1 as shown in FIG. 153. As described
supra, depression and release of the transfer to storage
register 1 key will provide a positive level on the bus
1:3T10, thereby providing a significant level at the out-
put of OR gate E/U-3.5 (FIG. 15) as described supra.
Also, a positive voltage level will be applied to the T1
bus 1:3R2 and a negative level will be applied to the T1
bus 1:3R1.

The positive voltage level on the bus 1:3R2 is trans-
ferred to the T1 bus 3:112 (FIG. 23), this bus being an
input terminal of the OR gate C/U-3.1 to enable this
gate. As set forth supra, by enabling of OR gate C/U-
3.1, the contents of the accumulator register will be read
into the up counter at the W3 time period due to this
positive level at the input of OR gate C/U-3.1.

The positive level on bus 1:3R2 is transferred to the
T1 bus 3:3L7, enabling the OR gate C/U-5.2 and there-
by providing a positive going transition on the up to down
and reset up bus 3:3R1 as explained supra, Thereby, the
contents of the up counter are transferred to the down
counter and the up counter is reset.

The negative voltage level on the Tt bus 1:3R1 is
transferred to the T1 bus 3:2L10, thereby providing a
negative input level to one input terminal of the AND
gate C/U-4.5 (FIG, 24). When a negative level appears
on the W4 bus 3:2L9, the AND gate C/U-4.5 is enabled
and provides a negative output level thereat and at an
input terminal of OR gate C/U-4.7, This negative input
level to OR gate C/U-4.7 will provide a significant voltage
level on the write bus 3:2R1 as discussed supra. The above
steps will transfer the contents of the accumulator reg-
ister into the temporary storage register No. 1.

TRANSFER TO TEMPORARY STORAGE 2

Information is transferred from the accumulator reg-
ister to the temporary storage register No. 2 in a manner
similar to the transfer from the accumulator register to
the storage register No. 1 described supra. This opera-
tion is commenced by the depression and release of the
T2 key of the function signal generator, thereby enabling
the OR gate E/U~3.5 as described supra and providing a
negative voltage level on the T2 bus 1:3R3 and a posi-
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tive voltage level on the T2 bus 1:3R4 as shown in FIG.
154,

The positive voltage level on the T2 bus 1:3R4 is trans-
ferred to the T2 bus 3:1L3, this bus being an input of OR
gate C/U-3.1 to enable this gate. As described supra,
enabling of OR gate C/U-3.1 will provide a significant
voltage level on the read bus 3:1R1 and thereby transfer
the contents of the accumulator register to the up counter
during the W3 time period.

The appearance of the positive voltage level on the T2
bus 1:3R4 also provides a positive voltage level on the
T2 bus 3:3L8, thereby enabling the OR gate C/U-5.2
and, as described supra, providing an up to down and
reset up signal on the bus 3:3R1 at the trailing edge of
W3 time. Thereby, the contents of the up counter are
transferred to the down counter and the up counter is
reset.

The negative voltage level appearing on the T2 bus
1:3R3 is transferred to the T2 bus 3:2T3, this bus being
an input terminal of the AND gate C/U-4.3. When a con-
current negative voltage level also appears on the W1 bus
3:2T2, AND gate C/U-4.3 is enabled and provides a
negative output level thereat and at an input terminal of
OR gate C/U-4.7 to provide a significant signal on the
write bus 3:2R1 in the manner described supra,

The above operations will transfer the contents of the
accumulator register into the temporary storage register
No. 2.

RECALL FROM TEMPORARY STORAGE 1

Information can be transferred from the temporary
storage register No. 1 into the entry register by depressing
and releasing the R1 key of the function signal generator
as shown in FIG. 155. Depression and release of the
R1 key will provide a positive voltage level on the R1
bus 1:3T8 and thereby provide a negative level at the out-
put of OR gate E/U-3.5 to provide the operations de-
scribed supra. Also, a negative level will appear on the
R1 bus 1:3R5 whereas, a positive level will appear on
the R1 bus 1:3R6.

The negative voltage level on the R1 bus 1:3R5 will
provide a negative voltage level on the R1 bus 3:172,
this bus being an input terminal of the AND gate C/U~
3.3. When a concurrent negative level appears on the W1
bus 3:1T3, AND gate C/U-3.3 (FIG. 23) will be enabled
and provide a negative level at the output thereof and at
an input terminal of OR gate C/U-3.7 to provide a
significant read signal on the read bus 3:1R1 as set forth
supra. Therefore, the contents of the temporary storage
register No. 1 are read into the up counter.

The positive voltage level on the R1 bus 1:3R6 is trans-
ferred to the R1 bus 3:3L9, thercby enabling the OR gate
C/U-5.2 (FIG. 25) and providing a positive going tran-
sition on the up to down and reset up bus 3:3R1 at the
trailing edge of W3 time as explained supra. This positive
going transition on the up to down and reset up bus will
transfer the contents of the up counter to the down coun-
ter and reset the up counter.

The positive voltage level on the R1 bus 1:3R6 will pro-
vide a positive voltage level on the R1 bus 3:21.12, there-
by enabling the OR gate C/U-4.2 (FIG. 24) and provid-
ing a significant voltage level on the write bus 3:2R1 dur-
ing the W3 time period as explained supra. Accordingly,
the contents of the down counter will be written into
the entry register.

The above operations are required to recall the con-
tents of the storage register No. 1 into the entry register,

RECALL FROM TEMPORARY STORAGE 2

The contents of the temporary storage register No. 2
are recalled to the entry register by the depression and
release of the R2 key (FIG. 16) of the function signal
generator as shown in FIG. 156. Depression and release
of the R2 key provides a positive voltage level on the
R2 bus 1:3T9 to cnable the OR gate E/U-3.5 (FIG. 15)
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and provide the functions as described supra in connection
therewith. Depression and release of the R2 key will also
provide a negative voltage level on the R2 bus 1:3R7 and
a positive level on the R2 bus 1:3R8.

The appearance of a negative level on the R2 bus
1:3R7 provides a negative level on the R2 bus 3:1L11,
this bus being an input terminal of the AND gate C/U~
3.5 (FIG. 23). When a negative level appears on the
W2 bus 3:1L10, AND gate C/U-3.5 is enabled and pro-
vides a negative output level thereat and at an input
terminal of OR gate C/U-3.7 to provide a significant read
signal on the read bus 3:1R1 as described supra. The con-
tents of the temporary storage register No. 2 are there-
fore transferred to the up counter.

The appearance of a positive level on the R2 bus
1:3R8 will provide a positive level on the R2 bus 3:3L11,
thereby enabling the OR gate C/U-5.2 (FIG. 25) and, at
the trailing edge of the W3 time providing a positive going
transition on the up to down and reset up bus 3:3R1 as
explained supra. This positive going transition on the up
to down and reset up bus 3:3R1 will shift the contents of
the up counter to the down counter and reset the up
counter.

The presence of a positive level on the R2 bus 1:3R8
will provide a positive level on the R2 bus 3:2113, there-
by enabling the OR gate C/U-4.2 (FIG. 24) and, as
described supra, thereby provide a significant voltage
level on the write bus 3:2R1 during the W3 time period.
Therefore, the contents of the down counter will be
written into the entry register.

The above operations are required to recall the con-
tents of the temporary storage register No. 2 into the
entry register.

H DELAY CIRCUIT OPERATION

The H delay circuit is designed to clear the up counter
and down counter of surplus numbers which may in-
cidentally have been left in the counters at the end of an
H time. At the end of every H period, a positive-going
transition signal is applied to an input labelled H (5:1B1)
of a special one shot circuit A/U-6.2 (FIG. 31). This
special one shot circuit contains an H delay network
wherein, upon the introduction of the previously men-
tioned positive-going transition signal on the H bus, a
delayed signal will be initiated by the initial H signal.
On the application of the initial positive-going transition
(H) signal to the previously-mentioned one shot A/U—-6.2
(FIG. 31), a negative-going transition signal will be de-
veloped at the output thereof. This negative-going transi-
tion signal is applied to the input of the up to down and
reset up counter network A/U-6.1 (FIG. 31), causing
a typical positive-going transition up to down and reset
up counter signal to be developed on the output labelled
up to down and reset up (5:1R6).

This positive-going transition signal is applied to an
input designated up to down and reset up (4:1L11) of the
up counter A/U-L.1 (FIG. 27). Also, this positive-going
transition signal will be applied to the input designated
up to down and reset up counter (5:1L1) of the AND
gates A/U-4.3 and A/U-4.4 (FIG. 31) and resetting the
carry flip flop A/U-4.1 (FIG. 31) if the carry flip flop
has been set. Finally, this positive-going transition signal
will be applied to the input designated up to down and
reset up (6:1L11) of the down counter A/U-2.1 (FIG.
35). Therefore, whatever count may have remained in the
up counter at the end of the H time period is now trans-
ferred to the down counter and the up counter will be
reset to zero.

The H delay signal which is developed shortly after
the application of the initial H signal at the end of the
H time period will also produce a negative-going transi-
tion signal at the output of the special one shot circuit
A/U-6.2 (FIG. 31). This negative-going transition signal
is applied to the up to down and reset up counter net-
work A/U~6.1 (FIG. 31), causing a positive transition

ot

30

35

40

45

50

55

60

65

70

75

44

signal to be developed at the output thereof, designated
up to down and reset up (5:1R6). This positive-going
transition signal is applied to the previously mentioned
inputs designated up to down and reset up (4:1R11) of
the up counter A/U-1.1 (FIG. 27), reset up counter
(5:1L1) of the carry flip flop A/U-4.1 (FIG. 31) and
the AND gates A/U-4.3 and A/U-4.4 (FIG. 31) and the
input designated “up to down and reset up” (6:11.11) of
the down counter A/U-2.1 (FIG. 35).

Therefore an additional transfer operation will be
initiated wherein the zero now contained in the up counter
will be transferred to the down counter, leaving a zero
in the down counter and resetting the up counter and
leaving a zero in the up counter, i.e., clearing the up and
down counters.

SHIFT LEFT ACCUMULATOR REGISTER

The contents of the accumulator register may be shifted
to the left by depression and release of the shift left key
(arrow pointing to the left) (FIG. 16) of the function
signal generator. Pepression and release of the shift left
key will provide a positive level on the shift left accumu-
lator bus 1:3T6, thereby enabling the OR gate E/U-3.5
(FIG. 15) and providing the functions thereof as dis-
cussed supra. Also, a positive voltage level will appear
on the shift left accumulator bus 1:3R11.

This positive voltage level on the shift left accumulator
bus (1:3R11) is applied to the set input designated shift
left accumulator {3:4L1) of the ACC SL DELAY flip
flop C/U-2.18 (FIG. 26), sctting the ACC SL DELAY
flip flop on the application of the next succeeding posi-
tive-going transition signal on the reset input labelled H
(3:4L2). The ACC SL DELAY flip flop will be reset, thus
developing a positive-going transition at the output there-
of. The input designated multiply (3:4L6) of OR gate
C/U-2.20 (FIG. 26) will be at a positive voltage level,
thereby enabling this OR gate and producing a positive
voltage level at the output thereof.

This positive voltage level is then transferred to the
input of the previously-mentioned AND gate C/U-2.21
(FIG. 26) and, together with ihe positive transition signal
developed at the output of the ACC SL DELAY f{lip flop
C/U-2.18 (FIG. 26), as previously mentioned, the AND
gate C/U-2.21 (FIG. 26) will be enabled, thereby pro-
ducing a positive transition at the output designated set-
read delay FF (3:4R1). This positive-going transition is
applied to the set input designated common digit No. 1
(4:2L8) of the read delay flip flop M/U-4.5 (FIG. 28),
thereby setting the read delay flip flop and producing a
negative voltage level at the output thereof designated
read delay FF* (4:2R2).

The positive voltage level developed on the shift left
accumulator bus (1:3R11), previously mentioned, is also
applied to the input designated shift left accumulator
(3:1L1) of the OR read gate C/U-3.1 (FIG. 23), there-
by enabling this OR gate and producing a negative voltage
level at the output thereof. This negative voltage level is
then applied to an AND gate C/U-3.4 (FIG. 23) and,
together with the negative signal level applied at the other
input thereof labelled W3 (3:1T1) during the first W3
time, this AND gate C/U-3.4 (FIG. 23) will be enabled
and develop a negative voliage level “read” signal on the
read bus (3:1R1). The integer in the units position of the
accumulator register is then read from the accumulator
register into the up counter.

The previously mentioned positive voltage level pro-
duced on the shift left accumulator bus (1:3R11) is ap-
plied to an input designated shift left accumulator
(3:3L3) of the shift OR gate C/U-5.1 (FIG, 25), thus
enabling this OR gate and producing a negative voltage
level at the output thereof. This negative voltage level is
applied to an input of the AND gate C/U-5.4 (FIG. 25)
and, together with the positive-going transition signal
applied to the input designated W2 (3:3T1) at the end
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of the first W2 time period, this AND gate C/U-5.4
(FIG. 25) will be disenabled and develop a positive-
going transition signal on the up to down and reset up
bus (3:3R1). The positive-going transition signal on the
up to down and reset up bus (3:3R1) is applied to the in-
put designated up to down and reset up (5:1L8) of a
one shot circuit A/U-6.2 (FIG. 31), enabling this one
shot circnit and producing a negative-going transition
signal at the output thereof. This negative-going transi-
tion signal is applied to the input of the up to down and
reset up network A/U-6.1 (FIG. 31), thereby develop-
ing a positive going transition signal at the output desig-
nated read delay reset (5:1R5).

The positive-going transition signal on read delay re-
set bus {5:1RS) is applied to the output designated read
delay FF* (4:2R2) of the read delay flip flop M/U-4.5
(FIG. 28), thus forcing the read delay flip flop into a
reset condition. Also, this positive-going transition signal
(5:1R5) is applied to a set input of the write delay flip
flop M/U-4.1 (FIG. 28), thereby setting the write delay
flip flop.

The positive voltage level developed on the shift left
accumulator bus (1:3R11), previously mentioned, is ap-
plied to the shift left accumulator (3:2L5) input of the
write OR gate C/N-4.1 (FIG. 24), thus enabling this OR
gate and producing a negative voltage level at the out-
put thereof. This negative voltage level is applied to an
input of an AND gate C/U-4.4 (FIG. 24) and, together
with the negative voltage level applied to the W2 input
(3:2T1) during the second W2 time period to enable
this AND gate and develop a positive voltage level write
signal on the write bus (3:2R1). This positive voltage
level is applied to the write input (4:3L5) of the write
OR gate M/U-3.4 (FIG. 29), thereby enabling this OR
gate and producing a negative voltage level at the out-
put thereof designated N or WRITE or WRT TKS5 (FIG.
29). This negative voltage level is then applied to an in-
put of an AND gate M/U-3.5 (FIG. 29) and, together
with the negative signal level applied to the down counter
zero input (4:3L7) and the negative bit timing pulses
from the read from TK3 circuit M/U-3.6 (FIG. 29) on
the remaining input, this AND gate M/U-3.5 (FIG. 29)
will be enabled and develop positive pulses at the output
thereof. (Input 4:3L7 is placed at a negative voltage level
because the write delay flip flop M/U-4.4 of FIG. 28 is
set, thereby enabling the down counter zero gate in the
down counter A/U-2.1 of FIG. 35 and developing a neg-
ative voltage level on the down counter zero bus 6:1B2.)

The first of these positive pulses as applied to the in-
put of the shape and invert circuit M/U-3.10 (FIG. 29)
will cause a negative pulse to be produced at the output
thereof designated reset write delay FF (4:3R5). The
positive-going trailing edge of this negative pulse is ap-
plied to the reset write delay FF (4:20L6) input of the
write delay flip flop M/U 4.4 (FIG. 28), thereby reset-
ting the write delay flip flop and producing a negative
voltage level at the output thereof designated write delay
FF. (4:2R1). This negative voltage level will then dis-
enable the down counter zero gate in the down counter
A/U-2.1 (FIG. 35) and produce a positive voltage level
on the down counter zero bus (6:1B2). This positive
voltage level is then applied to the down counter zero in-
put (4:3L7) of the AND gate M/U-3.5 (FIG. 29), thus
disenabling this AND gate and preventing further bit
pulses from passing through this gate.

Therefore, one “information” bit (a positive pulse)
will be applied to the complement input of the write flip
flop M/U-3.9 (FIG. 29) and thus, cause a change of
voltage level at the output terminals thereof designated
WRT FF- (4:3R3) and WRT FF. (4:3R3). This single
change of voltage levels will be applied to the WRT FF-
(5:3L4) input of an AND gate M/U-3.1 (FIG. 33) and
and the WRT FF. (5:3L6) of the AND gate M/U-3.14
(FIG. 33) and, together with the negative signal level on
the write bus (5:3L5) will enable these AND zates and
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cause a single change of voltage level at the output ternm-
nals thereof. This single change of voltage level is then
applied to the write track 4 head No. 1 M/U-3.18 (FIG.
33), thereby causing a single bit representing a “0” to be
written into the accumulator register. Therefore, each time
the shift left accumulator key is operated, a zero will be
produced and displayed to the right of the least signifi-
cant or lowest order integer.

SHIFT RIGHT ACCUMULATOR REGISTER

The contents of the accumulator register can be shifted
to the right by depression and release of the shift right
key (arrow pointing to the right) of the function signal
generator as indicated in FIG. 157. Depression and re-
lease of the shift right accumulator key (FIG. 16) will
provide a positive voltage level on the shift right accu-
mulator bus 1:3T5, thereby enabling the OR gate E/U-
3.5 (FIG. 15) and providing the operations consonant
therewith, Also, a positive voltage level will appear on
the shift right accumulator bus 1:3R10 and a negative
voltage level will appear on the shift right accumulator
bus 1:3R14 due to the inverter E/U—4.5.

The positive voltage level on the shift right accumula-
tor bus 1:3R14 is transferred to the shift right accumula-
tor bus 3:1L7, thereby enabling the OR gate C/U-3.1.
As discussed supra, enabling of OR gate C/U-3.1 pro-
vides a significant voltage level on the read bus 3:1R1
at the W3 time period, thereby reading the contents of
the accumulator register into the up counter.

The positive voltage level on the shift right accumula-
tor bus 1:3R10 is also applied to the shift right accumu-
lator bus 3:3L13 to enable the OR gate C/U-5.2 and
thereby provide a positive going transition on the up to
down and reset up bus 3:3R1 at the trailing edge of W3
time as described supra. This positive going transition on
the up to down and reset up bus 3:3R1 will shift the
contents of the up counter into the down counter and
reset the up counter.

The negative voltage level on the shift right accumu-
lator bus 1:3R14 will provide a negative voltage level
on the shift right accumulator bus 4:3L4, this bus being
an input terminal of the AND gate M/U-3.2. During the
W1 time period, a concurrent negative voltage level ap-
pears on the W1 bus 4:3L3, thereby enabling the AND
gate M/U-3.2 and providing a positive level at the out-
put thereof,

The positive voltage level at the output terminal of
AND gate M/U-3.2 enables OR gate M/U-3.4 and,
thereby, as described supra, will write the contents of the
down counter into the accumulator register during the
W1 time period.

The above operations will shift the contents of the ac-
cumulator register one digit position to the right.

INITIAL CLEARING QOF CALCULATOR

Before initiating operation of the calculator, it is often
desirable and even necessary to clear one or more of the
registers on track 4 and/or track 5 of the drum. These
operations are performed in the following manner:

CLEAR ENTRY KEY

The entry register is cleared or erased by closure of
the clear entry key E/U-4.6 (FIG. 15). Closure of this
key completes a circuit and provides a positive voltage
level on the clear entry bus 1:2R1. In the manner de-
scribed supra during the discussion of the clear entry
operation, the entry register will be cleared since the same
type of positive level is applied to the clear entry bus by
closure of the clear entry key as was provided in the prior
discussion by the enabling of the AND gate E/U-3.3

The positive voltage level on the clear entry bus 1:2R1
is also transferred to the clear entry bus 2:5L9, this bus
being an input terminal of OR gate C/U-2.14. As ex-
plained supra, a significant voltage level will be applied
to the write driver track 5 bus 2:5R3 and, during the W4
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time period, to the write track 5 bus 2:5R4 due to enabling
of OR gate C/U-2.14.

Since the write flip flop M/U-3.9 is not complemented
due to the disenabling of AND gate M/U-3.5 at this
time, only one of the AND gates M/U-3.13 or M/U-3.14
will be energized and, therefore, write track 4 head will
erase the contents of track 4 whenever the entry register
appears thereunder as explained supra. Also, only one
of the AND gates M/U-3.15 or M/U-3.16 will be ener-
gized during the W4 time period. Since the track 5§ write
head is over the multiplier quotient portion of track 5
during the W4 time period, write track 5 head will erase
the contents of the multiplier quotient register.

CLEAR ENTRY AND ACCUMULATOR REGISTER
KEY

Both the entry register and the accumulator register
may be clear of any information thereon by closure of
the clear key E/U-4.4, thereby placing a positive voltage
level on the clear bus 1:3R15. Also, this change to a
positive voltage level will be delayed by the delay one
shot circuit E/U-4.3. The output of the delay circuit
is a positive voltage level. Therefore, this change to a
positive voltage level on the clear delta bus 1:3L1 is
applied, through diode E/U-4.7, to the clear delta bus
1:4L4 and, thereby, setting the accumulator sign flip
flop C/U-15.

The output on the clear delta bus 1:3R16 is also applied
to the clear delta bus 2:5R2, this positive voltage being
applied through diode C/U-2.30 to the FF. bus of the
clear Q register flip flop C/U-2.13 and, thereby, setting
this flip flop.

The positive voltage level on the clear bus 1:3R15 is
applied to the clear bus 3:2L2 and to the clear bus
3:21.11. As explained supra, the positive level on the
clear bus 3:2L2 will enable the OR gate C/U-4.1 and,
thereby, during W2 time, provide a significant voltage
level on the write bus 3:2Ri, thereby writing the contents
of the down counter into the accumulator register. Since
the down counter has no count therein, no bits will be
entered into the accumulator register and, accordingly,
this register will be erased.

The positive level on the clear bus 3:2111 will enable
the OR gate C/U-4.2 and, as described supra, thereby
provide a significant voltage level on the write bus 3:2R1
during the W3 time period. Since the down counter will
have no count container therein, no bit information will
be written from the down counter and accordingly, the
entry register will have no bit information written therein
as explained hereinbelow.

The positive voltage level on the clear delta bus 1:3R16
is applied to an input terminal of the OR gate C/U-2.14.
As explained supra, enabling of OR gate C/U-2.14 pro-
vides 2 significant voltage level on the write driver track
5 bus 2:5R3 and, during the W4 time period, to the write
track 5 bus 2:5R4.

Since the write flip flop M/U-3.9 (FIG. 29) is not
complemented due to the disenabling of the AND gate
M/U-3.5 (FIG. 29) at this time, only one of the AND
gates M/U-3.13 or M/U-3.14 (FIG. 33) will be ener-
gized and, therefore, write track 4 head No, 1 will erase
the contents of track 4 whenever the entry and accumu-
lator registers appear thereunder as explained supre. Also,
tnly one of the AND gates M/U-3.15 or M/U-3.16 will
be energized during the W4 time period. Since the track
§ write head is over the multiplier quotient portion of
track 5 during the W4 time period, write track 5 head
will erase the contents of the multiplier quotient register.
Accordingly, the calculator will be reset to compute a
new problem at this time.

DISPLAY SYSTEM

The following is a description of the operation of a
preferred embodiment of a display system which can
be utilized with the calculator in accordance with the
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present invention. It is understood that many utilization
devices beside the one described herein could be utilized,
such as other displays, punches, printers, etc.

The content of each of the storage registers on track
4 of the drum will be constantly displayed by the display
device. The content of each register is displayed on a
separate row on the face of a cathode ray tube, thereby
indicating the contents of each element of the individual
registers, i.e., the entry register, the accumulator register,
the temporary storage register No. 1 and the temporary
storage register No. 2.

Wo assume initially that the track 4 reading head is
at the trailing edge of the dead time portion of track 4,
and is about to commence reading of the data stored in
the first or least significant digit position of the tem-
porary storage register No. 1. This section of the tem-
porary storage register No. 1 is indicated by the numbers
1/1 of track 4 in FIG. 6.

As the track 4 read head passes over the first section
(1/1) of the temporary storage register No. 1, all biis
stored therein will be read and, for each bit read, a
pulse will be obtained baving a negative-going transi-
tion, this negative-going transition being applied to the
track 4 read bus 5:2R6. This negative-going transition
also appears on the track 4 read bus 7:3L2, this bus
being an input terminal of the AND gate D/U-1.5. The
concurrence of a negative level on the RS bus 7:3L3 and
the negative-going transistion on the track 4 read bus
will enable AND gate D/U-1.5 and provide a positive-
going transition at the output thereof, this positive-going
transition being applied to the complement input of the
No. 1 flip flop of a display entry counter composed of
flip flops D/U-1.1 to D/U-14. All subsequent negative-
going transitions on the track 4 read bus 7:3L2 will pro-
vide additional positive-going transitions at the output
of the AND pate D/U-1.5 and thereby continually set
the display entry counter to provide an indication of the
number stored in the first section of the temporary stor-
age register No. 1. It will be noted that the count obtained
from the temporary storage register No. 1 will include
the “excess” bit and, therefore, the count obtained in the
entry counter of the display circuit will be one greater
than the number to be ultimately displayed on the display
device.

The flip flops of the display entry counter are, there-
fore, either in their set or reset condition to indicate the
digit read from the element 1/1 temporary storage reg-
ister No. 1. This reading into the display entry counter
takes place during the time period beginning at TOC and
ending at T1B, this being the first RS period as shown on
FIG. 160. At the end of the first RS time period, the
positive-going transition on the RS bus 7:3L1 is applied
to the input of a one shot D/U-1.7, a negative-going
pulse being developed at the output of this one shot.
This negative-going pulse is applied over the bus 7:3R8
to the bus 7:1R1, this bus being an input terminal of the
inhibit gate D/U=2.1, the other input to this gate being a
negative voltage level signal. The concurrence of this nega-
tive voltage level signal and a negative-going transition
on the input bus thereto 7:1R1 will enable this gate
D/U-2.1 and produce a negative voltage level at the output
thereof. This negative voltage level is applied to one of the
input terminals of each of the AND gates D/U-2.2 to
D/U-2.13 of FIGS. 38 and 39. Each of these AND gates
D/U-2.2 to D/U-2.13 will provide a negative voltage
level output thereat if each of the input terminals thereto
is at a negative level. The input terminals of these AND
gates are directly connected to the output terminals of the
entry counter flip flops D/U-1.1 through D/U-1.4 (FIG.
40).

Tt can be seen that the FF* output of the No. 8 flip flop
D/U-1.1 of the display entry counter is applied via the
bus 7:3R1 to the sole input of AND gate D/U-2.3, an
input of the AND gate D/U-2.4, an input of the AND
gate D/U-2.5.
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The output of the FF* output terminal of the No. 4
flip flop of the display entry counter is transferred along
the bus 7:3R2 to an input terminal of the AND gate
D/U-2.6, and the AND gates D/U-2.7, D/U-2.12 and
the only input of D/U-2.2.

The output signal on the FF. output terminal of the
No. 4 flip flop D/U~1.2 of the entry counter provides a
signal on the bus 7:3R3, this signal also appearing at the
input terminal of the AND gates D/U-2.10 and D/U-
2.13.

The FF* output of the No. 2 flip flop D/U-1.3 of the
display entry counter provides a signal along the bus
7:3R4 to the AND gates D/U-24, D/U-2.7, D/U-2.8,
D/U-2.9 and D/U-2.13.

The FF. output of the No. 2 flip flop D/U-1.3 of the
display entry counter provides a signal on the bus 7:3RS5,
this signal being applied to an input terminal of the AND
gates D/U-2.11 and D/U-2.12.

The FF* output terminal of the No. 1 flip flop D/U-1.4
of the display entry counter provides a signal along the
bus 7:3R6 to an input terminal of AND gates D/U-2.5,
D/U-2.8, D/U-2.10 and D/U-2.11.

The FF. output terminal of the No. 1 flip flop of the
display entry counter D/U-1.4 provides a signal along the
bus 7:3R7 to an input terminal of the AND gates D/U-
2.6 and D/U-2.9.

The output from the one shot D/U-1.7 is delayed by
one shot D/U-1.6 and resets the flip flops D/U-1.1 to
D/U~1.4 inclusive after the information has been read
into the shift register D/U-3.1 to D/U-3.7 inclusive (to
be explained hereinafter).

It is assumed that the AND gates have been enabled
by a negative level at the output terminal of inhibit cir-
cuit D/U-2.1. It can be seen by an inspection of the
input terminals of the AND gates D/U—2.2 through D/U-
2.13 that, the AND gate D/U-2.2 will provide a negative
level at the output thereof when the No. 4 flip flop of the
display entry counter is in the set condition, The AND
gate D/U-2.3 will provide a negative level at the output
thereof when the No. 8 flip flop of the display entry
counter is in the set condition. The AND gate D/U-2.4
will provide a negative level at the output thereof when
both the No. 8 flip flop and the No. 2 flip flop of the dis-
play entry counter are in the set condition. The AND
gate D/U-2.5 will provide a negative level at the output
thereof when both the No. 8 and the No. 1 flip flops of
the display entry counter are in the set condition, The
AND gate D/U-2.6 will provide a negative level at the
output thereof when the No. 4 flip flop of the display en-
try counter is set and the No. 1 flip flop thereof of this
counter is reset. The AND gate D/U-2.7 will provide a
negative level at the output thereof when both the No.
4 flip flop and the No. 2 flip flop of the display entry
counter are in the set condition. The AND gate D/U-2.8
provides a negative level at the output thereof when both
the No. 2 and the No. 1 flip flops of the display entry
counter are in the set condition. The AND gate D/U—-2.9
provides a negative level at the output thereof when the
No. 2 flip flop of the display entry counter is in the set
condition and the No. 1 flip flop thereof is in the reset
condition. The AND gate D/U-2.10 provides a negative
level at the output thereof when the No. 1 flip flop of the
display entry counter is in the set condition and the No.
4 flip flop thereof is in the reset condition. The AND
gate D/U-2.11 provides a negative level at the output
thereof when the No. 1 flip flop of the display entry
counter is in the set condition and the No. 2 flip flop there-
of is in the reset condition. The AND gate D/U-2.,12
provides a negative level at the output thereof when the
No. 4 flip flop of the display entry counter is in a set
condition and the No. 2 flip flop thereof is in the reset con-
dition. The AND gate D/U-2.13 provides a negative level
at the output thereof when the No. 4 flip flop of the dis-
play entry counter is in a reset condition and the No. 2
flip flop thereof is in the set condition.
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It can be seen from an inspection of the above and
FIGS. 38 and 39 that each of the respective buses 7:1R2
to 7:1R7 and 7:2R1 to 7:2Ré6 will have a negative volt-
age level thereon when their associated AND gates have
been properly enabled.

It should at this point be understood that the charac-
ters to be displayed are produced from a scanning raster
designed to scan a figure “8.” This raster is displayed in
FIG, 161 wherein the figure “8” is composed of a plu-
rality of stroke segments numbered from 0 through 6.
Each of the possible characters to be displayed on the
face of the cathode ray tube is composed of certain ones
of these stroke segments and, therefore, in order to prop-
erly display a particular character, it is only necessary to
suppress the display of certain ones of the strokes.

Suppression of the undesired strokes is accomplished
by means of the OR gates D/U-2.14 through D/U-2.20
of FIG. 41.

The OR gate D/U-2.14 is coupled to the output termi-
nal of the AND gates D/U-2.2, D/U-2.4, D/U-2.5, and
D/U-2.8. Therefore, when a negative voltage level ap-
pears at the output terminal of any of the above men-
tioned AND gates coupled to an input of the OR gate
D/U-2.14, a positive level will appear at the output of
this OR gate on set stroke zero flip flop but 8:1R1.

The OR gate D/U-2.15 provides a positive voltage
level at the output thereof on the set stroke 6 flip flop
bus 8:1R2 when at least one of the AND gates D/U-24,
D/U-2.6, D/U-2.8 or D/U-2.10 has a negative voltage
level at the output thereof.

The OR gate D/U-2.16 provides a positive voltage
level at the output thereof on the set stroke 5 flip flop bus
8:1R3 when a negative voltage level is provided at the
output terminal of one of the AND gates D/ U-2.4,D/U=~
2.7 or D/U-2.11.

The OR gate D/U-2.17 provides a positive voltage
level on the set stroke 4 flip flop bus 8:1R4 when a nega-
tive voltage level appears at the output of one of the AND
gates D/U-2.8 or D/U-2.10.

The OR gate D/U-2.18 provides a positive voltage
level on the set stroke 3 flip flop bus 8:1R5 when a nega-
tive voltage level appears at the output terminal of one
of the AND gates D/U-2.3, D/U-2.10, D/U-2.12 or
D/U-2.13.

The OR gate D/U-2.19 provides a positive voltage
level at the output thereof on the set stroke 2 flip flop
but 8:1R6 when a negative voltage level appears at the
output terminal of one of the AND gates D/U-2.2,
D/U-2.3, D/U-2.9 or D/U-2.11.

The OR gate D/U-2.20 provides a positive voltage
level on the output thereof on the set stroke 1 flip flop
bus 8:1R7 when a negative voltage level appears at the
output terminal of one of the AND gates D/U-23,
D/U-2.6, D/U-2.8 or D/U-2.10.

The signal levels on the buses 8:1R1 to 8:1R7 operatoe
the shift register flip flops D/U-3.1 to D/U-3.7 (FIG.
42) in the following manner:

The output voltage level signal on the bus 8:1R1 will
be applied to the FF. output lead of the zero flip flop
D/U-3.1 (FIG. 42) along the set stroke zero flip flop
bus 9:1L1. Similarly, the output voltage level on the
bus 8:1R2 will be applied to the FF. output lead of the
No. 6 flip flop D/U-3.7; the output voltage level on the
bus 8:1R3 will be applied to the bus 9:1L6, this being
the FF. output terminal of the No. 3§ flip flop D/U-3.6;
the output voltage level on the bus 8:1R4 will be applied
to the set stroke 4 flip flop bus 9:1L35, this being the FF,
output terminal of the No. 4 flip flop D/U-3.5; the out-
put voltage level on the set stroke 3 flip flop bus 8:1RS5
will be applied to the set stroke 3 flip flop bus 9:1L4, this
being the FF, output terminal of the No. 3 flip flop
D/U-3.4; the output voltage Ievel on the set stroke 2
flip flop bus 8:1R6 being applied to the set stroke 2 flip
flop bus 9:1L3, this being the FF. output terminal of
the No. 2 flip flop D/U-~3.3; and the output voltage level



3,523,282

51
on the set stroke 1 flip flop bus 8:1R7 will be applied
to the set stroke 1 flip flop bus 9:1L2, this bus being the
FF. output terminal of the No. 1 flip flop D/U-3.2.

Thus, when the output voltage level on one or more of
the buses 8:1R1 to 8:1R7 has a positive-going transition
thereon, predetermined ones of the flip flops of the display
shift register will ultimately be set by he output signals
from the OR gates of FIG. 41.

During each of the RS time periods, a series of seven
positive-going pulses are generated in response to infor-
mation on track 6 of the drum, these pulses being read by
the read track 6 head D/U-3.10 (FIG. 42). These posi-
tive-going pulses pass through the one shot D/U-3.9 and
appear at the output thereof as negative-going transitions.
These negative-going transitions which are delayed by
the one shot, are then inverted by the inverter D/U-3.8
to provide positive-going transitions on the shift but, this
bus being coupled to the transfer terminal of each of the
flip flops of the shift register D/U-3.1 through D/U-3.7.

This transfer input terminal of the flip flops D/U-3.1
to D/U-3.7 will transfer the levels from the input termi-
nals thereof to the output terminals thereof when a posi-
tive-going iransition is applied thereto. In this manner,
the content of the shift register is shifted completely there-
through by the 7 positive-going transitions applied to the
transfer input of the flip flops thereof by the track 6 read
head (FIG. 158).

The positive-going transition appears at the output of
the one shot D/U-3.9 at the trailing edge of a pulse
produced from track 6, such positive-going transition is
also applied to one of the input terminals of the AND
gate D/U-5.1. This AND gate is enabled by the con-
current positive level input on the RS bus 9:1R6 and a
positive level on the sct stroke zero flip flop bus 9:1L1.
It can be seen that the level on the set stroke zero flip
flop bus 9:1L1, which is applied to the input of the AND
gate D/U-5.1 will depend upon the condition at that
particular time of the zero flip flop of the shift register
D/U-3.1. A set condition of this flip flop will provide
a positive level on the FF. output thereof and thereby
provide an enabling signal for the AND gate D/U-5.1.
However, the absence of a set condition i.e., a reset condi-
tion of flip flop D/U-3.1 will provide a negative level
on the FF. output terminal thereof and thereby disenable
the AND gate D/U-5.1.

The condition of the AND gate D/U-5.1 determines
whether or not an unblanking pulse will be provided to
the grid of the cathode ray display tube D/U-7.0 (CRT)
(FIG. 44). The unblanking signal is provided, as ex-
plained supra, by the concurrent positive levels at the
input terminals of AND gate D/U-5.1, thereby providing
a negative output level therefrom, this output level being
inverted by the inverter D/U-8.0 (FIG. 42) to provide
a positive level to the grid of the cathode ray tube along
the bus 9:1R9. Conversely, it can be seen that the disen-
abling of AND pate D/U-5.1 will provide a positive out-
put level therefrom and, it follows, that a negative output
Jevel will be provided on the bus 9:1R9, thereby cutting
off the grid voltage for the CRT and blanking same dur-
ing that particular stroke time period.

The significant voltage levels on the set stroke zero
flip flop bus 9:1L1, which are provided at the input
terminal of the AND gate D/U-5.1, are obtained in the
following manner: after the flip flops of the shift register
have been initially set by the OR gates D/U-2.14 to
D/U-2.20 in the manner explained supra, succeeding
positive transistions applied to the transfer inputs of the
shift register flip flops D/U-3.1 to D/U-3.7 will succes-
sively shift the output voltage on the output terminals of
any one of these flip flops to the next following flip flop of
descending order. That is, the output voltage on the FF.
and FF- terminals of the No. 6 flip flop D/U-3.7 will be
shifted to the output terminals of the No. § flip flop
D/U-3.6 by the first positive-going transition on the
transfer terminal of the No. 6 flip flop. Similarly, the
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output voltages from the No. 5 flip flop will be trans-
ferred to the No. 4 flip flop; the output voltage from the
No. 4 flip flop will be transferred to the No. 3 flip
flop; the output voltage from the No. 3 flip flop will be
transferred to the No. 2 flip flop; the output voltage from
the No. 2 flip flop will be transferred to the No. 1 flip
flop and the output voltage from the No. 1 flip flop will
be transferred to the zero flip flop. Accordingly, for each
successive positive transistion on the transfer inputs of
the shift register flip flops, the contents thereof will be
shifted upward to the next succeeding flip flop for each
incoming positive voltage transition.

It can be seen that the shift register will be completely
reset after 7 positive-going transitions have been applied
to the transfer inputs thereof. This is caused by the fixed
voitage levels at the input terminals of the No. 6 flip flop
D/U=3.7. The first positive-going transition to the transfer
terminal of this No. 6 flip flop will reset this flip flop due
to the voltage levels at the input terminals thereof, this
reset condition being transferred upward to each of the
succeeding flip flops until, after 7 such transitions, all
of the flip flops will be reset in the manner described
supra for shifting the signals in the shift register.

In the manner described supra, it can be seen that the
cathode ray tube grid circuit (not shown) will be en-
abled during certain predetermined time periods only,
these time periods being determined by the condition of
the shift register prior to the application of the transfer
signals thereto.

It is also necessary to locate the cathode ray tube
beam in the particular area thereof at a particular period
in time.

Individual characters are positioned by the applica-
tion of horizontal and vertical incremental changes in
sweep voltage. The appearance of these wave forms is
similar to a stair step configuration (FIG. 159).

There are 4 horizontal tracks displayed on the face of
the cathode ray tube. The bottom-most track is a display
of the contents of the eniry register, the next track is a
display of the contents of the accumulator register, the
next track is a display of the contents of the temporary
storage register No. 2 and the topmost track is a dis-
play of the contents of the temporary storage register No.
1. It can therefore be seen that, in order to display, first,
the contents of the least significant portion of the tem-
porary storage register No. ! then the contents of the
least significant portion of the temporary storage No, 2,
then the contents of the least significant portion of the
accumulator register and then the contents of the least
significant portion of the entry register, it is necessary that
the position of the cathode ray tube beam be positioned
vertically downward by one track level after reading of
each section of each of the registers. That is, after the
least significant digit of the temporary storage register No.
1 has been displayed, the cahtode ray tube beam will
be positioned vertically downward to the next track posi-
tion and the contents of the least significant digit position
of the temporary storage track No. 2 will there be dis-
played. The cathode ray tube beam will then be positioned
vertically downward to the next level whereupon the con-
tents of the least significant digit position of the accumu-
lator register will be displayed and, then, the cathode ray
tube beam will again be positioned vertically downward
to the bottom-most track whereupon the contents of the
Jeast significant digit position of the entry register will
be displayed. This process continues with the beam
being shifted horizontally by one digit position and then
the vertical scanning cycle continuing ad infinitum until
the entire contents of each digit section of the registers
have been displayed.

The above is accomplished in the following manner:

The voltage waveform necessary to effect a change in
the vertical position of a cathode ray tube beam is de-
veloped by the vertical staircase generator circuit D/U-
4.7 (FIG. 43). This circuit receives a negative-going
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input signal at the end of each RS period. This negative-
going voltage level is obtained when the RS bus 92:1R6
(FIG. 42) goes negative, thereby providing a positive-
going output from the inverter D/U-4.2, this positive-
going output being delayed and inverted by the one shot
D/U-4.3 to provide a negative-going output on the step
vertical bus 9:1R4. This step vertical signal is applied
to the step vertical bus 16:1L2, this bus being an input
terminal of the vertical staircase generator D/U-4.7
(FIG. 43).

These input pulses at the end of each RS period are
received by the vertical staircase generator and, through
a voltage build-up of a capacitor circuit therein, a voltage
waveform is built up, causing the required deflection of
the electron beam in the cathode ray tube (see FIG. 159).
At the end of every fourth RS time period, a positive-
going signal is produced on the step horizontal and reset
vertical bus 10:1L1 by the next succeeding positive volt-
age level W1 timing signal on bus 9:1R8. This signal,
in conjunction with a negative RS signal on RS bus 9:1R6
resets the vertical staircase generator D/U-4.7 and, there-
by, introduces one step into the horizontal staircase gen-
erator D/U-4.8. This single pulse input to the horizontal
staircase generator will properly position the succeeding
digit position in the horizontal display, this procedure con-
tinuing as shown in FIG. 159, At the end of each H time
period, a reset pulse is introduced to the horizontal
staircase generator on reset horizontal bus 10:11.3 and,
thereby, resets this generator to its original starting volt-
age level position, The output wave forms of the verti-
cal and horizontal staircase generators are indicated on
FIG. 159,

As explained supra, the vertical staircase generator
D/U~4.7 is advanced one step by storing a voltage in a
capacitive circuit, this voltage being applied by negative-
going transitions applied along the step vertical buses
9:1R4 and 10:112. At the following Wi time period,
one of the input terminals of the AND gate D/U-4.5
will have a positive voltage level on the W1 input termi-
nal thereof, this terminal being the W1 bus 9:1R8. When
the RS bus 9:1R6 goes positive, a positive-going transi-
tion will be applied at the output of AND gate D/U—4.5
due to the concurrence of positive signals at the input
thereof, this positive-going transition being delayed by
the delay circuit D/U-4.6 and appearing on the step
horizontal reset vertical bus 9:1R7. This positive-going
transition is applied to the step horizontal/reset vertical
bus 10:111 to reset the vertical staircase generator and
step the horizontal staircase generator to its next position.

It is noted that this operation takes place once every four |

RS time periods or, after the track 4 read head has tra-
versed one digit segment of each of the registers therein.

At each resetting of the vertical staircase generator
D/U-4.7, a negative voltage going transition is provided
at the output of the vertical staircase generator and trans-
miited to the input of the horizontal staircase generator,
thereby stepping the horizontal staircase generator D/U—
4.8.

The horizontal staircase generator is reset once every
revolution of the drum. The reset signal is obtained on
the H bus 9:1R2 when this bus has a negative transition
thereon. This negative transition is delayed and inverted
in the one shot D/U~4.1 to provide a positive-going tran-
sition on the reset horizontal bus 9:1R3. This positive-
going transition is applied to the reset horizontal bus
10:113, this bus being an input terminal of the horizontal
staircase generator, and resets this circuit to its initial
condition. The output of the vertical staircase generator
is applied over the vertical staircase buses 10:1R1 and
11:1L11 to one of the input terminals of the vertical
amplifier D/U-6.1.

The output of the horizontal staircase generator is ap-
plied along the horizontal staircase buses 10:1R2 and
11:1L12 to one of the input terminals of the horizontal
amplifier D/U-6.2,
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Additional signals required to develop the relative posi-
tions of the strokes for each character are produced in
the following manner:

The track 6 timing signals previously discussed, are
applied along the shift bus 9:1R1 1o the shift bus 10: 114,
For each of the 7 pulses obtained from track 6 as dise
cussed supra, a positive-going voltage transition will be
obtained, this positive voltage transition being applied to
the complement input of the segment flip flop No. 1
D/U-4.9 (FIG. 43), alternately sctting and resetting this
flip flop.

After the seven strokes have been obtained from the
track € read head, the next succeeding signal on the RS
bus $:1R6 will provide a positive-going transition on the
reset segment generator bus 9:1R5 and 10:1L5 to reset
the segment flip flops D/U-49, D/U-4.10, D/U-4.11
and D/U-4.12 of FIG. 43,

The segment flip flops D/U-4.9, D/U-4.10 and D/U-
4.11 of the segment or stroke gencrator act as an up
counter because the resetting of the segment No. 1 flip
flop will cause the segment No. 2 flip flop to be set while
the resetting of the segment No. 2 flip flop will cause the
segment No. 4 flip flop to be set, thus producing a binary
output signal pattern as indicated in FIG. 158. The fourth
flip flop of the segment generator D/U-4.12 produces a
signal output with a staggered timing pattern in relation
to the other three flip flops. This output signal will shift
the output of a stroke oscillator between the vertical and
horizontal deflection amplifiers as required.

The segment generator outputs labelled SEG I, SEG
2., and SEG 4. are applied to the input terminals of the
vertical summing network D/U-4.13 (FIG. 44), the out-
put of which is subsequently applied to the vertical mix-
ing network D/U-5.6 and then to the vertical deflection
amplifier D/U-6.1. An additional input is applied to the

ertical summing network through a resistor D/U-5.8
which originates at the output of the oscillator OR gate
D/U-5.2 which resistor is part of a circuit (not shown)
for providing a decimal point.

A slant adjustment circuit D/U-6.3 is coupled between
the buses 11:1L11 and 11:1L12.

Segment generator outputs labelled SEG 2 and SEG 4.
are applied to the input of a horizontal summing network
D/U-4.14, the ontput of which is applied to the input of
the horizontal mixing network D/U—-5.7 and then to the
horizontal deflection amplifier D/U-6.2.

Two inhibit gates D/U-5.5 and D/U-5.4 control the
path taken by the oscillator stroke-producing signal by
the application of signals from the segment generator.
That is, the output of the segment flip flop No. 4 FF,
terminal 10:1R9 is applied to the inhibit gate D/U-5.5,
thereby enabling this gate and transferring the oscillator
signal to the vertical deflection amplifiers.

The output of the segment flip flop No. 4’ FF- terminal
10:1R8 controls the inhibit gate D/U-5.4, this gate con-
trolling the transfer of the oscillator stroke signal to the
horizontal deflection amplifier when enabled by the signal
of bus 10:1R8. The sequence of the stroke generation
pattern is shown in FIGS. 161 and 162.

Typical generation of the character stroke proceeds as
follows:

During the zero stroke time, as determined by the pulses
on track 6 of the drum, all of the FF- outputs of the
various segment flip flops D/U-4.9 to D/U—4.12 (FIG.
43) will be at a negative voltage level thereat. As a re-
sult, the segment flip flop inputs to the vertical summing
network D/U-4.13 (FIG. 44) will be at the following
levels:

The segment No. 1 flip flop FF* output will be at a
negative voltage level, the segment No, 2 flip flop FF.
output will be at a positive voltage level, the segment
No. 4 flip flop FF. output will be at a positive voltage
level (see FIGS. 161 and 162).

A relative “weighting” of “two” is developed as a
result of the various output levels of the segment flip



3,523,282

55
flops being applied to the vertical summing network dor-
ing the zero stroke time.

In addition to the vertical positioning voltage, a hori-
zontal positioning voltage is developed by the output levels
on the FF* output of the No. 2 segment flip flop, which
output will be at a negative signal level while the No. 4
segment flip flop FF. output will be at a positive level.
The “weighting” thus produced for the horizontal voltage
level will give relative “weight” of “one”. This places
the origin of zero stroke at the center of the character
raster.

Similarly, during the No. 1 stroke period, the FF* output
of the No. 1 segment flip flop will be at a negative voltage
level, the FF. output of the No. 2 segment flip flop will
be at positive voltage level and the FF. output of the
No. 4 segment flip flop will be at positive voltage level,
this producing a relative “weighting” of 4 in the vertical
direction. The horizontal “weighting” will then be pro-
duced by the negative voltage level appearing at the FF*
output of the No. 2 segment flip flop and the positive
voltage level appearing at the FF. output of the No. 4
segment flip flop. Thus, with a relative “weight” of “one,”
therefore, the number one stroke will appear at the top
center of the character raster.

The FF* output of the No. 4’ segment flip flop will
be at a negative level during the zero stroke time and
thus will enable the inhibit gate D/U-5.4, thereby causing
a stroke signal as produced by the oscillator D/U 53
to be directed to the horizontal deflection amplifier D/U-
6.2. Also, during the No. 1 stroke time, the inhibit gate
D/U-5.4 will remain enabled, again producing a horizon-
tal stroke during the No. 1 stroke time.

This operation is carried on for the remaining strokes
in a similar manner to generate ecah segment of the “8”
pattern of FIG. 161, As mentioned spura, the desired
character is described on the face of the CRT by timely
blanking of the CRT grid, thereby eliminating certain
ones of the figure “8” strokes. In this manner, the contents
of the track 4 registers are displayed on the CRT.

SAMPLE PROBLEM

The operation of the calculator as set forth in the
above described logic diagrams (FIGS. 14 to 37) can
be clearly understood from the solution of the problem
as follows: (18+23)(22—19)+3—5-47.

The above problem includes most of the circuit opera-
tions provided in the calculator.

The solution of the above problem will first require
entry of the number “18” into the entry register. This is
accomplished by first entering the “I” of this number
by depression and release of the one key of the digit signal
generator of FIG. 14. This operation is described here-
inabove under DIGIT ENTRY and in FIG. 135.

Since no information exists in the least significant digit
register of the entry register, the digit entry read opera-
tion will provide no significant operation. However, the
remaining operations described under DIGIT ENTRY
will be utilized to enter the “1” into the least significant
digit portion of the entry register.

The “8" of the number “18” is then entered into the
entry register by depression and release of the “8” key
of the digit signal generator of FIG. 14. On this occasion,
all of the functions set forth in the section entitled DIGIT
ENTRY will be utilized by (1) reading the “8” into the
up counter, (2) shifting the “8” into the down counter and
resetling the up counter at the trailing edge of the W3
time period, (3) reading the “1” from the least significant
digit portion of the entry register into the up counter dur-
ing the W4 time period, (4) writing the “8” in the down
counter into the least significant digit position of the entry
register during the following W3 time period, (5) shift-
ing the “1” in the up counter to the down counter and
reseiting the up counter at the trailing edge of this W3
time period and (6) then writing the “1” from the down
counter into the next less significant digit position of
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the entry register during the next following W3 time
period.

Accordingly, in the manner described supra with refer-
ence to the DIGIT ENTRY operation set forth herein-
above, the number “18” is entered into the entry register.

The number “18” now stored in the entry register is then
shifted to the accumulator register by depression and
release of the first factor key of the function signal
generator of FIG. 16.

As described hereinabove under the FIRST FACTOR
operation and in FIG. 136, during the W4 time period,
the “8” in the least significant digit portion of the entry
register will be read into the up counter. At the trailing
edge of the W4 time period, the “8” in the up counter
is shifted to the down counter and the up counter is reset.
During the following W2 time period, the contents of the
down counter (8) are written into the least significant
digit portion of the accumulator register.

During the next W4 time period, the contents of the
next less significant digit portion of the entry register (1)
is read into the up counter, and, at the trailing edge of
this W4 time period, the “1,” read into the up counter,
is transferred to the down counter and the up counter is
reset. At the following W2 time period, the track 4 write
head 1 will be positioned above the next less significant
digit portion of the accumulator register and the con-
tents of the down counter (1) will be written therein,
thereby transferring the “18” from the entry register to
the accumulator register.

In the same manner described hereinabove for entry
of the number “18” into the entry register, the number
“23” is now entered into the entry register. Accordingly,
the number “18” now appears in the accumulator register
and the number “23” now appears in the entry register.

The numbers “18” and “23” are added by depression
and release of the add key of the function signal generator
of FIG. 16.

The operations utilized in this add function are fully
set forth hereinabove under the title ADD and in FIG.
137.

In the add operation, during the W3 time period, the
contents of the least significant digit portion of the ac-
cumulator register are read into the up counter, thereby
placing an “8” therein. During the W4 time period, the
“37 stored in the least significant digit portion of the
entry register is read into the up counter, thereby stepping
the up counter around past “10,” thereby setting the
carry flip flop and retaining a count of “1” in the up
counter. At the trailing edge of the W4 time period, the
contents of the up counter is shifted to the down counter
and the up counter is reset to a count of “1” due fo re-
setting of the carry flip flop. During the following W2
time period, the “1” stored in the down counter is written
into the least significant digit portion of the accumulator
register.

During the following W3 time period, the “1” stored
in the next less significant digit portion of the accumulator
register is read into the up counter and, during the next
W4 time period, the “2” stored in the next less significant
digit portion of the entry register is read into the up
counter, thereby providing, in conjunction with the count
of “1” provided in the up counter by the resetting of the
carry flip flop, a count of “4” in the up counter. At the
trailing edge of this W4 time period, the contents of the
up counter (4) is shifted to the down counter and the
up counter is reset. During the next following W2 time
period, the “4” in the down counter is written into the
next less significant digit portion of the accumulator
register, thereby storing a “41” in the accumulator
register.

The “41” stored in the accumulator register is trans-
ferred to the temporary storage register #1 by depres-
sion and release of the T1 key of the function signal
generator of FIG. 16. This function is provided by the
operations set forth hereinabove under the section en-
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titled TRANSFER TO TEMPORARY STORAGE
REGISTER #1 and FIG. 153,

This operation is performed by reading the “1” in the
least significant digit portion of the accumulator register
into the up counter during the W3 time period. At the
trailing edge of the W3 time period, the “1” is shifted
from the up counter to the down counter and the up
counter is reset. During the following W4 time period,
the contents of the down counter (1) is written into the
least significant digit portion of the temporary storage
register #1 (T1).

During the following W3 time period, the contents of
the next less significant digit portion of the accumulator
register (4) is read into the up counter, thereby storing
a “4” therein. At the trailing edge of this W3 time period,
the “4” in the up counter is transferred to the down
counter and the up counter is reset. During the following
W4 time period, the “4” stored in the down counter is
written into the next less significant digit portion of the
temporary storage register #1, thereby storing the “41”
in the temporary storage register #1.

In the manner set forth supra, the number “22” is
entered into the entry register and then transferred to the
accumulator register., The number “19” is then entered
into the entry register. Therefore, a “22” will now appear
in the accumulator register and a “19” will now appear
in the entry register.

The “19” is subtracted from the “22” by depression
and release of the subtract key of the function signal
generator of FIG. 16. The operations required to provide
the subtract functions are set forth supra under the sec-
tions labelled SUBTRACT and SUBTRACT-COMPLE-
MENT and FIGS. 138 to 140,

During the W3 time period, the “2” stored in the least
significant digit portion of the accumulator register is
read into the up counter. At the trailing edge of the W3
time period the “2” stored in the up counter is trans-
ferred to the down counter and the up counter is reset.
During the W4 time period, the “9” stored in the least
significant digit portion of the entry register is read into
the down counter to count down the down counter and
set the borrow flip-flop when the count in the down
counter has passed through “0.”

Thereby, the down counter is counted past zero and
down through “9” until a count of “3” is contained there-
in and the borrow flip-flop has been set. During the fol-
lowing W2 time period, the *3” stored in the down
counter is read into the least significant digit portion of
the accumulator register. At the beginning of the follow-
ing W3 time period, the borrow flip flop is sensed and,
thereby, sets the up counter to a count of “9.” During
this W3 time period, the contents of the accumulator
register (2) is read into the up counter to provide a count
of “1” therein due to the previous setting thereof to a
“9.” At the trailing edge of this W3 time period, the “1”
stored in the up counter is transferred to the down counter
and the down counter is reset. During the next W4 time
period, the “1” stored in the least significant digit portion
of the entry register is read into the down counter and
reads the down counter down to a count of zero. During
the following W2 time period, the “0” read in the down
counter is sensed and read into the next less significant
portion of the accumulator register as a single bit (an
excess bit).

Thereby, the “3” representing the difference between
“22” and “19” is stored in the accumulator register.

The “41” stored in the temporary storage register #1
is now recalled to the entry register by depression and
release of the R1 key of the function signal generator
of FIG. 16.

The above function is accomplished by utilization of
the operations set forth supra under the section labelled
RECALL FROM TEMPORARY STORAGE REGISTER
#1 and FIG, 155,
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During the W1 time period, the “1” stored in the least
significant digit portion of the temporary storage register
#1 is transferred into the up counter. At the trailing
edge of the W3 time period, the *“1” stored in the up count-
er is transferred to the down counter and the up counter
is reset. During the next following W3 time period, the
“1” stored in the down counter is written into the least
significant digit portion of the entry register,

During the next succeeding W1 time period, the “4”
stored in the next less significant digit portion of the tem-
porary storage register #1 is read into the up counter.
At the trailing edge of the next W3 time period, the “4”
stored in the up counter is transferred to the down
counter and the up counter is reset. This “4” is written
into the next less significant digit portion of the entry
register during the next succeeding W3 time period. Ac-
cordingly, the number “41” is stored in the entry register.

At this time, in view of the above operations, a “3” is
stored in the accumulator register and a “41” js stored
in the entry register.

The numbers “3” and “41” are multiplied by depres-
sion and release of the multiply key of the function sig-
nal generator of FIG. 16.

The operations utilized in this multiply function are
fully set forth hereinabove under the title MULTIPLY
and in FIGS. 141 to 145.

The multiply operation requires five separate and dis-
tinct phases as set forth in FIG. 141.

Phase one of the multiply operation is a shifting of
the contents of the accumulator register into the multi-
plier quotient register of track § (FIG. 142). Accord-
ingly, in phase one of the multiply operation, during the
W3 time period, the “3” stored in the accumulator regis-
ter is read into the up counter. At the trailing edge of the
W3 time period the “3” is transferred to the down counter
and the up counter is reset. During the W4 time period, the
“3” in the down counter is written into the multiplier
quotient register on track 5§ of the drum. During the
next following W2 time period, the “3” is erased from
the accumulator register. Therefore, the “3” will appear
in the multiplier quotient register of track 5.

The phase two operation of the multiply function is
a shift left of the contents of the accumulator register
(FIG. 143). This operation will not take place at this
time, however, since the accumulator register is erased
by the transfer of the contents of the accumulator regis-
ter into the multiplier quotient register during phase one,
only blanks will be shifted to the left and, accordingly,
nothing happens at this time during the phase two oper-
ation.

Phase three of the multiply operation is a shift left
of the multiplier quotient register (FIG. 144). The “3”
in the multiplier quotient register is read into the up
counter during W1 time pericd. During the trailing edge
of the W4 time period, the “3” is transferred from the up
counter to the down counter and the up counter is reset.
During the next succeeding W4 time period, the “3” in
the down counter is read into the next less significant
digit position of the multiplier quotient register. Accord-
ingly, the “3” has been shifted to the left by one digit
position. This “3” is continually shifted to the left until
it is shifted off the end of the multiplier quotient regis-
ter, i.e., off the 25th digit portion of the multiplier quoti-
ent register. Shifting of the “3” off the end of the multi-
plier quotient register will place this “3” into the multi-
plier counter. The presence of the “3” in the multiplier
counter provides a significant signal to advance to phase
four of the multiply operation.

In phase four of the multiply operation, the contents
of the entry register are repetitively added into the pre-
viously cleared accumulator register and, each time the
contents of the entry register are added into the accumu-
lator register, the multiplier counter is debited or counted
down by one count, Thus, the “41” in the entry register
will be added to the contents of the accumulator register
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three times and entered into the accumulator register as
described hereinabove, at which time the multiplier
counter will have a count of “0” therein.

If the multiplier quotient register contained a second
digit, then the multiply operation would jump back to
phase 2, otherwise the multiplication operation would
be at an end. This step is accomplished during phase five
of the multiply operation wherein track 5 of the multi-
plier quotient register is sensed by the track 5 read head.
Since no information remains in track 5, the shift back
to phase 2 will not ensue and the multiply operation will
terminate.

Accordingly, the product of the numbers “3” and “41”
or “123” will be contained in the accumulator register.
The number “123” is transferred from the accumulator
register to the temporary storage register #1 in the
manner described supra.

The “3" is then entered into the entry register and
shifted to the accumulator register in the manner de-
scribed above. Then, a “5” is entered into the entry regis-
ter and the subtract key is depressed and released.

Subtraction of a larger number from a smaller num-
per will provide a negative difference and provide op-
eration in accordance with the SUBTRACT operation set
forth hereinabove in FIG. 138 and with the SUBTRACT-
COMPLEMENT operation set forth hereinabove and
in FIGS. 139 and 140.

The initial subtraction of the number *5” from the
number “3” will result, by utilizing the standard sub-
tract operation described supra, in a “9” in each of the
digit portions of the accumulator register with the ex-
ception of the least significant digit portion thereof which
will contain an 8. During the next following revolu-
tion of the drum, as described supra in the SUBTRACT-
COMPLEMENT operation, the least significant digit
portion of the accumulator register will be tens comple-
mented whereas the remaining digit portions of the accu-
mulator register will be nines complemented. According-
ly, a “2” will appear in the least significant digit portion
of the accumulator register and a “0” will appear in the
remaining digit portions of the accumulator register. Also,
a negative indicating light will be enabled to indicate that
a negative number is being stored in the accumulator
register.

The number “7” is next entered into the entry register
in the manner described supra. This number is then
added to the negative “2” stored in the accumulator regis-
ter by depression and release of the add key in the man-
ner described hereinabove.

Addition of a positive and a negative number results
in a setting of the calculator into the subtract phase as
indicated supra. Accordingly, the “minus 2” will be en-
tered into the down counter as a “2” in the manner de-
scribed supra in the subtract operation. Then, the num-
ber “7” will be entered into the down counter and count
the down counter through zero and around to a “5,”
thereby enabling the borrow flip flop. Since the borrow
flip flop is enabled and, as described hereinabove in the
SUBTRACT-COMPONENT operation, a “9” will appear
in all of the digit portions of the accumulator register
except the “5” in the least significant digit portion of the
accumulator register. The calculator will then go through
the SUBTRACT-COMPLEMENT operation. According-
ly, each of the digit portions of the accumulator register
with the exception of the least significant digit portion
thereof will be nines complemented and provide a zero
therein whereas the least significant digit portion of the
accumulator register will be tens complemented and
thereby provide a “S” therein, The resnlting “5” will be
stored in the accumulator register.

Accordingly, at this time, the “123” is stored in the
temporary storage register #1 and the “5” is stored in the
accumulator register. It is now desired to divide the “123”
in the temporary storage register #1 by the “S” in the
accumulator register.
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The above is accomplished by first transferring the
contents of the accumulator register (5) into the tem-
porary storage register #2. This is accomplished by de-
pression and release of the temporary storage register #2
key of the digit signal generator of FIG. 14. This opera-
tion is described hereinabove under TRANSFER TO
TEMPORARY STORAGE REGISTER #2 and in FIG.
154,

In this operation, during the W3 time period, the “5”
in the accumulator register is read into the up counter. At
the training edge of the W3 time period, the “5” is trans-
ferred from the up counter to the down counter. During
the next following W1 time period the “5” in the down
counter is written into the least significant digit portion
of the temporary storage register #2.

The “123” in the temporary storage register #1 is
transferred to the entry register by depression and release
of the recall from temporary storage register #1 key in
the manner described hereinabove, This number “123” is
then transferred to the accumulator register by the opera-
tion of the first factor key of the digit signal generator in
the manner described hereinabove. Accordingly, the num-
ber “123” is now stored in the accumulator register.

The number “5” is then recalled from the temporary
storage register #2 into the entry register by depression
and release of the recall from temporary storage register
#2 key of the digit signal generator of FIG. 14. This
operation is described hereinabove under RECALL
FROM TEMPORARY STORAGE REGISTER #2 and
in FIG. 156.

In this operation, the contents of temporary storage
register #2 (5) is read into the up counter during the
W2 time period. At the trailing edge of the W3 time pe-
riod, the “5” is transferred from the up counter to the
down counter and the up counter is reset. During the next
following W3 time period, the “5” is written from the
down counter into the entry register.

Accordingly, the calculator will now have a *“123”
stored in the accumulator register thereof and a “5”
stored in the entry register thereof,

The number “123” is divided by the number “5” by
depression and release of the divide key of the digit signal
generator of FIG. 14, This operation is described here-
inSabove under DIVIDE and in FIGS. 144 and 146 to
152,

The divide operation comprises ten phases of opera-
tion, the first phase thereof being a substraction of the
“5” in the entry register from the “123” in the accumula-
tor register in the manner set forth hereinabove in the
substract operation. The difference is sensed and will
result in a positive remainder. Accordingly, the divide
operation will step to phase two thereof and add the
contents of the entry register back into the accumulator
register to restore the original “123” into the accumulator
register, The calculator then steps to phase three of the
divide operation and shifts the contents of the entry reg-
ister to the left by one digit position (FIG. 148).

The shift left of the contents of the entry register
(5) is accomplished by reading the contents of the least
significant digit position of the entry register (5) into the
up counter during the W4 time period. At the trailing
edge of the following W3 time period the “5” in the up
counter is transferred to the down counter and the up
counter is reset. During the next following W3 time pe-
riod the “5” in the down counter is written into the next
less significant digit portion of the entry register. Ac-
cordingly, the “5” has been shifted one digit position
to the left in the entry register, The divide operation then
shifts back to phase one and continues with the phase
two and phase three operation, thereby again obtaining a
positive remainder (12—5) adding the “5” back into the
accumulator register and shifting the “5” one digit posi-
tion to the left in the entry register, then returning to
phase one of the divide operation.
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The next subtraction of the contents of the entry reg-

ister from the accumulator register, i.e., substracting a
“5” from a “1” will result in a negative difference and
thereby jump the divide operation to phase four thereof
wherein the contents of the entry register are added back
into the accumulator register to provide the “123” there-
in.
The calculator then steps to phase five of the divide
operation wherein the contents of the entry register (5)
are shifted one digit position to the right (FIG. 149).
This is accomplished by reading the contents of the entry
register into the up counter during the W4 time period.
At the trailing edge of the W4 time period the “5” in the
up counter is transferred to the down counter and the up
counter is reset. During the following W2 time period,
the “5” is written back into the entry register but one
digit position to the right, i.e., in the next less significant
digit portion of the entry register. Since this shift right
of the entry register does not carry the “5” off the right-
hand side of the entry register, the calculator will con-
tinue into phase six of the divide operation.

Phase six is a shift left of the multiplier quotient
register on track 5 of the drum (FIG. 144). This opera-
tion is accomplished by reading the contents of the multi-
plier quotient register (a blank) into the up counter dur-
ing the W1 time period. At the trailing edge of the W4
time period the contents of the up counter (a blank) is
shifted to the down counter and the up counter is reset.
During the next following W4 time period, the blank
in the up counter is read into the muitiplier quotient
register of track 5 but shifted to the left by one digit
position.

The calculator then proceeds to phase seven of the
divide operation wherein the “5” in the entry register
is substracted from the “12” in the accumulator register
to leave a “7” in the next less significant digit portion
of the accumulator register.

Since the gifference of the substraction of the “5”
from the “12” is positive, the calculator steps to phase
eight of the divide operation wherein a *1” is added into
the multiplier quotient register and the divide operation
returns to phase seven thereof.

Phase seven is again repeated and a “12” remains in
the next less significant digit portion of the accumula-
tor register. Since a positive result is obtained, a second
“1” is added into the multiplier quotient register during
phase eight of the divide operation and the divide opera-
tion again returns to phase seven thereof.

The subtraction of the “5” in the entry register from
the “2” in the accumulator register will now leave a
negative remainder and thereby step the calculator to
phase four of the divide operation.

During phase four of the divide operation, the “5”
will be added back into the accumulator register to leave
a “28” therein as described hereinabove.

The calculator then steps to phase five of the divide
operation and shifts the “5” in the entry register, one
digit position to the right. Since the “5” does not over-
flow on the low order end of the entry register, the
calculator again proceeds to phase six of the divide opera-
tion and shifts the “2” in the multiplier quotient register
one digit position to the left as described hereinabove,

The calculator then advances to phase seven of the
divide operation and substracts the “5” from the “23,”
then advances to phase eight and adds a “1” into the
multiplier quotient register and then returns to phase
seven. This procedure is repeated until a “4” has been
entered into the multiplier quotient register and the ac-
cumulator register contains a “3” therein,

The next subtraction of the “5” in the entry register
from the “3” in the accumulator register during phase
seven will provide a negative difference and the divide
operation will jump back to phase four. The “5" is then
added back into the accumulator register to provide a “3”
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therein during phase four and the “3” in the entry register
is again shifted to the right during phase five,

Since the “5” had previously been in the least sig-
nificant digit portion of the entry register, the shift right
in phase five will cause the contents (5) of the entry
register to overflow in the low order digit direction,
Therefore the calculator will jump to phase nine of the
divide operation (FIG. 150),

In phase nine of the divide operation, the “3” in the
accumulator, which is the remainder of the divide opera-
tion, is read into the up counter during the W3 time
period. At the trailing edge of the W4 time period, the
“3” is transferred from the up counter to the down
counter and the up counter is reset. During the next
following W3 time period, the “3” is written into the
entry register.

The calculator then proceeds to phase ten of the divide
operation wherein the “24” in the multiplier quotient
register is transferred into the accumulator register. In
this phase of operation, the “4” in the least significant
digit portion of the multiplier quotient register is read
into the up counter during the W1 time period. At the
trailing edge of the W3 time period, the “4” is trans-
ferred from the up counter to the down counter and the
up counter is reset. During the next W1 time period, the
“2” in the next less significant digit portion of the multi-
plier quotient register is read into the up counter. During
the following W2 time period, the “4” in the down
counter is written into the least significant digit portion
of the accumulator register. During the trailing edge of
the next following W3 time period the “2” in the up
counter is transferred to the down counter and the up
counter is reset. During the next following W2 time
period, the “2” stored in the down counter is written
into the next less significant digit portion of the accumula-
tor register.

Accordingly, at this time, the division operation termi-
nates with the quotient (24) in the accumulator register
and the remainder (3) in the entry register, thereby pro-
viding the solution to the original problem.

FIGS. 79 to 134 set forth a typical circuit diagram of
the preferred embodiment of the invention previously
described, The operation of this circuit will be described
by the solution of a problem which utilizes substantially
all of the functional operations available in the calcula-
tor.

Before discussing the circuit diagram, it will first be
necessary to set forth the conventions utilized and the
contents of various blocks depicting a typical circuit con-
figuration,

CONVENTIONS

In order that the buses of the various sheets of draw-
ing be easily followed, bus numbers have been provided,
some of which appear above the bus line and some of
which appear below the bus line. These numbers include
a first number, a letter (T, B, L or R) and a second
number, The first number refers to the sheet number in
parentheses ( ) rather than the figure number, The letter
indicates top (T), bottom (B), left (L) and right (R).
The second number indicates the number of the bus.

All bus numbers appearing above a bus line refer
to that bus on that sheet. All bus numbers appearing
below a bus line refer to the sheet or sheets and bus
thereon to which this bus is connected. For example, a
number 157T2 above a bus line indicates a bus which
leaves sheet (157) at the top thereof and is the second
top bus going from left to right. A number 159110 be-
low a bus line indicates that the bus line continues at
sheet (159), the tenth bus down from the top on the
left side of sheet (159).

SUMMARY OF THE “FLIP FLOP MODES OF
OPERATION” DIAGRAM (FIG. 45 )

Referring to FIG. 45, the table therein defines the
RESET (“0”) and the SET (*“1”) conditions for the
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several flip flops numbered I, II, IIT used in the circuit.
The flip flops are defined as being RESET if output “5”
thereof is at a negative voltage level and output “a”
thereof is at a positive voltage level. The values provided
in this table are approximate values only.

FIG. 45 also illustrates all possible input and output
configurations, though it is apparent by referring to the
individual flip flop diagrams, that only certain combina-
tions of these inputs are used with any given flip flop.
This diagram will serve primarily as a reference aid to
location of flip flop terminals. As set forth in FIG. 45,
the following inputs require a positive transition signal
(ie., a rapid change in voltage levels from a negative
voltage to a positive voltage level), “i,” “R” “g~ “f.”
The following inputs operate by the application of a posi-
tive pulse: “d” (T), “c” (W), “a,” “b.” (Note: connec-
tions “a” and “b” may be considered as bifunctional con-
nections in the sense that these connections primarily
function as outputs. However, a positive pulse may be
introduced into the flip flop to momentarily forcing the
appropriate output connection to a positive voltage level).
Terminals “j” and “e” serve as static inputs, i.e., changes
of voltage levels at these inputs do not, of themselves,
change the state of the flip flop. Rather, these “gate”
inputs serve to retain appropriate voltage levels until
it is desired to transfer these levels to the corresponding
output terminals “g” and “b” by the application of a
positive transition signal to the input “¢” (W). Input
“d" (T) operates as a “toggle” input. That is, the flip
flop will continue to change states upon the application
of successive positive transition signals thereto. As shown
in FIG. 45, a positive-going transition on the “f” and “A”
input terminals will set the flip flop, whereas a positive-
going transition on the “g” and “” input terminals will
reset the flip flop. If the “g” and “A” input terminals
are tied together, these inputs will then operate as a
complementing input for all positive-going transitions
applied thereto, thereby alternately setting and resetting
this flip flop. A positive voltage level applied to the “b”
input terminal will set the flip flop, whereas a positive
voltage level applied to the “4” input terminal will reset
the flip flop.

The above symbology will be utilized in depicting all
flip flops in FIGS. 79 to 134,

FIG. 46 illustrates the operation of a typical one shot
circuit. Upon the application of a positive transition
signal at the left-hand input (denoted by a diamond
shaped symbol), the one shot circuit will produce a nega-
tive output signal. The pulse width of this signal is de-
termined by the RC time constant of the one shot. The
letter M signifies a connection point to the one shot cir-
cuit wherein an external capacitor may be connected
from point M to the output connection in order to change
the pulse width of the output signal.

FLIP FLOP I CIRCUIT OPERATION

FIGS. 47 and 48 set forth the circuit diagram and
block diagram of the type I flip flop. The type I flip
flop is typical of the type circuit designed to remain in
one of two stable states at the termination of a triggering
signal thereto. Six separate input terminals are available,
two of which make use of bifunctional connections being
primarily operated as outputs. The four connections used
as inputs only are labelled: “i,” “h,” “g” and “f.” Two
outputs (previously mentioned as bifunctional connec-
tions) are provided: “a” and “b.” A typical cycle of opera-
tion follows wherein it is assumed that the flip flop is
reset, i.e., in FIG. 47, Q2 is “on” (conducting} and Q1
is “off” (non-conducting). Assuming further that a posi-
tive transition signal is to be applied to the “h” input, the
“» input would be initially at a negative level, The lower
side of capacitor C3 would then be at a negative voltage
level. Also the upper side of this capacitor would be at a
positive voltage level because of the connection thereat
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to the collector of transistor Q2 through resistor RS5. As a
result, capacitor C3 will have a charge of approximately
6 volts thereacross. At the arrival of the positive-going
transition pulse, the lower side of capacitor C3 will be
driven to a positive voltage level, causing the upper side
of capacitor C3 to be driven to a level of approximately
-+6 volts. The diode D4, pointing toward and connected
to the base of tramsistor Q2, will transfer this positive
transition signal to the base of transistor Q2, causing
this transistor to be turned “off.”

As transistor Q2 is turned “off,” the collector thereof
will approach —6 volts. A negative transition signal will
be devecloped at the collector of transistor Q2, therefore,
and will be transferred to the base of transistor QI
through capacitor C1. This negative transition signal, by
being applied to the base of tramsistor Q1 will turn
transistor Q1 “on,” causing the collector thereof to ap-
proach a positive voltage level. A positive-going transition
signal will, therefore, be produced at the collector of
transistor Q1 and will be transferred to the base of tran-
sistor Q2 through capacitor C4, aiding in turning “off”
transistor Q2 by the initial positive transition signal ap-
plied to input “h” thereof. As a result, a rapid build-up
of reinforced signals will develop wherein transistor Q2
will be turned “off” and transistor Q1 turned ‘‘on.”

Biasing networks for each transistor will establish the
required voltage levels at the respective bases of each
transistor to maintain the resulting state of the flip flop
as follows: Since transistor Q2 is now turned “off,” the
collector thereof will be at a negative voltage level. As
a result, the midpoint of the voltage divider composed of
RS1 and RS2 and connected to the collector of transistor
Q1 will be sufficiently negative to maintain transistor Q1
turned “on.” Also, the voltage level at the midpoint of
the voltage divider composed of RS7 and RS$ and con-
nected to the collector of transistor Q1, will be sufficiently
positive to maintain transistor Q2 turned “off.” The diodes
D2 and D3 are used to speed up the charging of capaci-
tors C2 and C3, respectively, at the time the flip flop
is changing states.

Resistors RS3 and RS6 serve as load resistors for
transistors Q1 and Q2, respectively.

Additional methods of triggering the flip flop may
be employed, such as applying a positive pulse to input
“f which is connected directly to the base of transistor
Q2. (It has been assumed that the flip flop is “reset”
and transistor Q2, therefore, would be turned “on.”) A
positive transition signal, being applied directly to the
base of transistor Q2, will initiate a triggering action
similar to that caused by a positive transition signal
at the input “A.”

Again, assuming the flip flop to be “reset” with tran-
sistor Q2 turned “on” and transistor Q1 turned “off,”
a negative transition signal may be introduced via input
“i directly to the base of transistor Q1. Transistor Q1
would then be turned “on,” the collector thereof ap-
proaching a positive voltage level and developing a
positive transition signal which would be introduced
through capacitor C4 to the base of transistor Q2, turn-
ing transistor Q2 “off.” As transistor Q2 is turned “off,”
a negative transition signal is developed at the collector
thereof and further aids the negative transition signal
applied to the base of transistor Q1 via input “i.” This
action continues with a result that transistor Q1 is
turned “on” and transistor Q2 turned “off,” thus setting
the flip flop.

A final variation in methods of triggering the flip
flop involves the “grounding” of one of the output leads.

Beginning 'with the flip flop in the reset condition
(“@’ at a positive voltage level and “b” at a negative
voltage level), the application of a positive voltage
level signal to output “b” will result in a positive tran-
sition signal being applied to the base of transistor
Q2 and to capacitor C4, turning transistor Q2 “off.”
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As transistor Q2 is turned “off,” a negative transition
signal is developed at the collector thereof which signal
is applied to the base of transistor Q1 through capacitor
Cl, turning transistor QI “on.” As tramsistor Q1 is
turned “on,” the collector thereof will remain at a posi-
tive voltage level as previously established by the positive
voltage level signal at output “4.” Transistor Q2 will re-
main turned “off” and transistor Q1 turned “on,” upon
the termination of the initiating positive voltage level
signal at output “5.” With the exception of the fact
that a positive voltage level signal is established at
the collector of tramsistor Q1, sooner than usual, the
application of a positive voltage level signal to the
output “b” will produce a triggering action similar to
that produced by applying a positive signal to the input
“f.”

Inputs causing the flip flop I to change from a “set”
to a “reset” condition, initiate triggering action similar
to that developed by input signals changing the flip
flop from a “reset” to a “set” condition. Assuming the
flip flop to be set, the application of a positive transition
signal to input “g” will turn transistor Q1 “off” and
turn transistor Q2 “on” in the same way as that pre-
viously described for the application of a positive transi-
tion signal to input “A.”

SUMMARY OF FLIP FLOP TYPE I
TRIGGERING METHODS

Group A signals (reset to set)
Input “"—negative transition signal

Input “h”—positive transition signal

Input “f"—positive transition signal

Input “b”—positive transition signal
Group B signals (set to reset)

Input “i”—positive transition signal

Input “g”—positive transition signal

Input “f*—negative transition signal

Output “g”—positive transition signal
FLIP FLOP II

Referring to FIGS. 49 and 50, there is shown the
circuit diagram of the type II flip flop. The type II flip
flop is typical of the type of circuit designed to remain
in one of two stable states at the termination of a
triggering input signal. The principal differences be-
tween the type II flip flop and the other flips flops in
this series are limited to the methods of triggering
the transistors and the inclusion of “gating inputs.”
Four separate inputs are available, two of which make
use of bifunctional terminals primarily operated as out-
puts. The two connections used as inputs only are
Iabelled “/” and “f.” Two outputs previously mentioned
as bifunctional connections are labelled “s” and “5.”
In addition, two gates (“gating inputs”) “/ and “e”
are included. Finally, a transfer input is used to change
the state of the flip flop upon each application of a
positive transition signal. This input is labelled “c” (W).

The two gate inputs, “j” and “e,” peculiar to the
type II flip flop, serve to transfer voltage levels appear-
ing on these inputs to the outputs “z” and “b” re-
spectively. Output terminal “a” will assume the voltage
level on gate input “f” while the output terminal “b”
will assume the voltage level on the gate input “e.” A
typical cycle of operation follows wherein it is assumed
that the flip flop is reset, i.e., transistor Q2 is “on” and
transistor Q1 is “off.” Assuming further that a positive
transition signal is applied to the transfer input “c,” in-
put “c” will be at a negative voltage level. The com-
mon plate of capacitor C2 and C3, connected to input
“c” will be at a negative voltage level also. (An addi-
tional assumption will be made at this point that gate
input “e” is at a positive voltage level and gate input
“j” is at a negative voltage level.) The plate of ca-
pacitor C3, therefore, connected to resistor RS6, will
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be at a positive voltage level, while the plate of ca-
pacitor C2, connected to resistor RS3, will be at a negative
voltage level. As a result, capacitor C2 will have no
charge thereacross while capacitor C3 will have an ap-
proximate 6 volt charge thereacross, At the arrival of
a positive transition signal at input “¢” (W), the com-
mon plates of capacitors C2 and C3 will approach the
positive voltage level, while the plates of capacitor C3
connected to resistor RS6é will approach +-6 volts. There-
fore, a positive transition signal of approximately -6
volts will be applied to the base of tramsistor Q2 through
diode D4 (pointing toward and connected to the base
of Q2), turning transistor Q2 “off.” Since capacitor C2
has no charge thereacross, there will be no effect upon
the base of QI at the arrival of the positive transition
signal at input “c¢” (W).

As transistor Q2 is turned “off,” a negative transition
signal is developed at the collector thereof, this signal
being applied to the base of transistor Q1 through ca-
pacitor C1 and turning transistor Q1 “on.” As transistor
Q1 is turned “on,” the collector thereof approaches a
pusitive voltage level, developing a positive transition
signal at this point. This positive transition signal is
then applied to the base of transistor Q2 through ca-
pacitor C4, aiding the initial positive transition signal
applied to the base of transistor Q2 from input “c.”
Therefore, a rapid change of state will ensue wherein
transistor Q1 will be turned “on” and transistor Q2 will
be turned “off.” The flip-flop will now be set.

Biasing networks for each transistor will establish the
required voltage levels at the respective bases of each
transistor to maintain the resulting state of the flip-flop
as follows: Since transistor Q2 is now turned “off,” the
collector thereof will be at a negative voltage level. As
a result, the midpoint of the voltage divider composed
of RS1 and RS2 and connected to the base of transistor
Q1, will be sufficiently negative to maintain transistor
Q1 turned “on.” Also, the voltage level at the midpoint
of the voltage divider composed of RS7 and RS8 and
connected to the base of transistor Q2 will be sufficiently
positive to keep transistor Q2 turned “off.” The diodes
D2 and D3 are used to speed up the charging of ca-
pacitors C2 and C3 respectively at the time the flip-flop
is changing states. Resistors RS4 and RS5 serve as load
resistors for transistors Q1 and Q2 respectively.

Additional methods of triggering the flip-flop may be
employed such as applying a positive pulse to input “f*
which is connected directly to the base of transistor Q2.
(It has been assumed that the flip-flop is “reset” and
that transistor Q2 is, therefore, turned “on.”) A posi-
tive transition signal, applied directly to the base of
transistor Q2 will initiate a triggering action similar to
that caused by a positive transition signal at the input
“c.” A third triggering method proceeds as follows: As-
suming the flip-flop to be reset (transistor Q2 “on,” tran-
sistor Q1 “off”"), a negative tramsition signal may be in-
troduced via input “#” directly to the base of transistor
Q1. Transistor Q1 will then be turned “on,” the collector
thereof approaching a positive voltage level and develop-
ing a positive transition signal which is applied, through
capacitor C4, to the base of transistor Q2, turning tran-
sistor Q2 “off.” As transistor Q2 is turned “off,” a nega-
tive transition signal is developed at the collector there-
of which further aids the negative transition signal applied
to the base of transistor Q1 via input “;.” This action con-
tinues with the transistor Q1 being turned “on™ and tran-
sistor Q2 being turned “off,” thus “setting” the flip-flop.

A unique feature of the type I1 flip-flop concerns the
relationship of the gate inputs “” and “¢” and the outputs
“a” and “b.” This relationship is such that if the outputs
are at the same voltage levels as the respective inputs,
there will be no change of state of the flip-flop upon the
application of a positive transition signal at the transfer
gate “c.” If, however, the input gates have voltage levels
of opposite polarity to those voltage levels at the re-
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spective outputs, then, upon application of a positive
transition signal at the transfer gate “c,” the flip-flop
will change states wherein the outputs will assume volt-
age levels matching the voltage levels at the respective
gate inputs.

SUMMARY OF FLIP-FLOP TYPE 1I TRIGGERING
METHODS

Group A signals (reset to set) gate voltage levels

(K1

Input “f
Gates
Input “e”—positive voltage level

Input “/”—negative transition signal
Input “f’—positive transition signal
“Transfer” input “¢" (W)-——positive transition
signal
Input “/”"—negative transition signal
Input “f’—positive transition signal

_—negative voltage level

Group B signals (set to reset) gate voltage levels

[Input “j”"—positive voltage level
Gates {
{Input “e”—negative voltage level
Input “i*—positive transition signal
Input “f’-—negative transition signal
“Transfer” input “c” (W)—positive transition
signal

FLIP-FLOP III CIRCUIT OPERATION

Referring to FIGS. 51 and 52, there is shown the cir-
cuit diagram of the type IIl flip-flop. The type III flip-
flop is typical of the type of circuit designed to remain
in one of two stable states at the termination of a trig-
gering signal. Principal differences between the type IH
flip-flop and other flip-flops in this series are: (a) the
type III flip-flop uses supply voltages of negative 12 volts
and positive 12 volts rather than the 6 volt supply used
elsewhere, (b) there are no speed-up diodes used in
conjunction with the charging of the capacitors in the
triggering circuits and (c) the toggle input “d” is con-
nected to a negative 12 volt source through a resistor.
Two separate inputs are available, one of which makes
use of a bifunctional connection basically classed as an
output. The single connection used as an input only is
labelled “¢” (T) and is used as a “toggle” input, ie., the
flip-flop will change states upon the application of suc-
cessive positive transition signals at this input. Two out-
puts are provided: “a” and “b” (note: output “b” has
previously been mentioned as a bifunctional connection).
A typical cycle of operation follows wherein it is assumed
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that the flip-flop is reset, i.e., transistor Q2 is “on™ and

trensistor Q1 is “off.”
The application of a positive transition signal to input
terminal “¢” (T) indicates a previously established nega-

tive voltage level at this input wherein the input capaci- &

tors C2 and C3 are charged as follows:

The common plates of these capacitors, connected
to the input “d,” are at a negative voltage level. The
plate of capacitor C3, connected to the collector of
transistor Q1 through resistor RS9, is at a negative level
because transistor Q1 is turned “off” and the collector
thereof will be at an approximate 12 volt level. The
plate of capacitor C2, connected to the collector of
transistor Q2 through resistor RS1, is at approximately
positive voltage level due to the fact that transistor Q2
is turned “on” and the collector thereof is at about
ground level. Therefore, capacitor C2 will have an ap-
proximate 6 volt charge thereacross whereas, capacitor
C3 will have no charge thereacross. Therefore, since a
positive transition signal is applied, the common junction
of input capacitors C2 and C3 will approach ground
level. As a result, a positive pulse of approximately 6
volts will be applied to the base of transistor Q2 through
the diode D2, pointing toward and connected to the base
of transistor Q2, Transistor Q2 will then be turned “off,”
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the collector thereof approaching a +12 volt level and
a negative transition signal being developed at the col-
lector. This negative transition signal is applied, through
capacitor C1, to the base of transistor Q1, turning tran-
sistor Q1 “on,” and developing a positive transition sig-
nal at the collector thereof. This positive transition signal
is applied to the base of transistor Q2 through capacitor
C4, aiding in turning “off” transistor Q2 by the initial
positive transition signal applied at input “d.” A rapid
change of state therefore occurs wherein transistor Q2 is
turned “off” and transistor Q1 is turned “on,” setting
the flip flop. Biasing networks will maintain the flip flop
in a “set” condition as follows:

Since transistor Q2 will be turned “off,” the collector
thereof will be at an approximate -+12 volt level. There-
fore, the midpoint of the voltage divider connected to the
collector of transistor Q2 and comprising resistors RS3
and RSS, will be sufficiently negative to maintain transis-
tor Q1 turned “on.” Conversely, the collector of transis-
tor Q1 will be at an approximate ground level. The mid-
point of the voltage divider connected to the collector of
transistor Q1 and comprising resistors RS7 and RS6, will
be sufficiently positive to maintain transistor Q2 turned
“off.” As a result, the flip flop will remain in a set con-
dition, i.e., output “q” will be at +12 volts and output
“p” will be at an approximate ground level. Resistors
RS2 and RSS$ serve as load resistors for transistors Q2
and Q1 respectively. An additional set input is available
by “grounding” (applying a positive transition signal to)
the output “b.” This action will impress a positive transi-
tion signal upon the base input of transistor Q2 through
capacitor C4, turning “off” tranmsistor Q2. A negative
transition signal is then produced at the collector of
transistor Q2 which is applied to the base of transistor
Q1 through capacitor C1, turning transistor Q1 “on.” As
transistor Q1 is turned “on,” the collector thereof will
approach ground level, developing a positive transition
signal which signal will aid in turning “off” transistor Q2
by the initial “grounding” of the output “b.,” Transistor
Q2 is then turned “off” and transistor Q1 is turned “on,”
thereby “setting” the flip flop.

Identical triggering action is established in setting and
resetting the flip flop upon the application of successive
positive transition signals to the input “d” (T). The ap-

= plication of a ground level signal to output “b” will re-

sult in a positive transition signal being applied to the
base of transistor Q2 through capacitor C4, turning
transistor Q2 “off.” With the exception of the fact that
a ground level signal is established at the collector of
transistor Q2 sooner than usual, the application of a
positive transition signal to the output “b” will produce
a triggering action similar to that produced by applying
a positive going transition signal to the input “d.”

SUMMARY OF FLIP FLOP TYPE IIL
TRIGGERING METHODS

Triggering methods for the Type III flip flop are limited
to two types: the “toggle” input “4” (T) and a “SET-
TING” input using the bifunctional connection “5.” The
latter input may be considered as a means of changing
the state of the flip flop by forcing one or more outputs
to the desired voltage level.

STANDARD ONE SHOT

Referring to FIG. 54, there is shown the circuit dia-
gram of the standard one shot (FIG. 53). The principal
function of this circuit is to develop output pulses with:
(a) voltage transitions corresponding to those of the in-
put signals that are delayed by a fixed amount and (b)
specific waveshapes and pulse widths relatively independ-
ent of the input signals. Differences between the stand-
ard one shot circuit and others of this series are (a) the
output signal is delayed from the input signal, (b) the
output signal is inverted in relation to the input signal
and (¢) a single transistor is used to accomplish the one
shot function, A typical cycle of operation is initiated by
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the application of a positive transition signal at the
input thereof (demoted by the diamond shape symbol).
Prior to the application of the initiating input signal, the
“rest” condition of the one shot is as follows: the in-
put lead to capacitor “C” is at an approximate —6 volt
level while the other plate of capacitor “C” connected to
resistor R1 and to the base of transistor R2 is at ap-
proximately ground level. This ground leve] is developed
because the transistor is biassed “on” by the connection
to the —12 volt supply through resistor R1 and, there-
fore, the voltage drop across resistor R1 will establish a
ground level voltage at the junction between resistor R1
and the base of the transistor. The transistor is then
turned “on,” the collector thereof approaching an ap-
proximate ground level. The positive transition signal
impressed upon the input lead is transferred to the base
of the transistor as a +6 volt signal due to the 6 volt
charge across the capacitor, This 6 volt positive transi-
tion signal will then turn the transistor “off,” driving the
collector thereof toward 412 volts, i.e., a negative transi-
tion signal will be developed at the collector of the transis-
tor. The output of the one shot will then remain at a
negative voltage level for a period of time determined
by the RC time constant of capacitor “C” and resistor
R1. At the time capacitor “C” has discharged to a suffi-
ciently low negative voltage level, the transistor will be
turned “on” and the collector thereof will return to an
approximate ground level. The one shot, therefore, pro-
duces a negative pulse of predetermined pulse width upon
the application of a positive transition signal at the in-
put terminal.

This type of one shot, when set forth by letters (e.g.,
CAC in FIG. 53) refers to the components set forth in
the one shot of FIG. 54. Referring to FIG. 54, it is noted
that the first such letter refers to the value of capacitor
C, the second letter refers to the value of resistor R1 and
the third letter refers to the resistor R2. Therefore, the
one shot CAC would be a one shot as set forth in FIG.
54, wherein the capacitor is 0.0015 uf., resistor R1 is 6.8K
ohms and resistor R2 is 2.2K ohms,

ONE SHOT I

Referring to FIG. 55, there is shown the circuit diagram
of the type I one shot (FIG. 56). The function of the type
I one shot is such that an independently controlled posi-
tive output pulse of variable width and shaping will be
produced upon the application of a positive transition in
put signal thereto. The principal difference between the
type I one shot and other one shots in this series is the use
of two transistors acting in a type of flip flop operation to
produce the output pulse. Also, there is no inversion of
the input pulse as this input pulse is acted upon by the
one shot, ie., a positive input pulse will produce a posi-
tive output pulse.

A typical cycle of operation proceeds as follows:

The “rest” position of the one shot is indicated by tran-
sistor Q1 being “off” and transistor Q2 being “on,” the
output terminal, therefore, being at a negative voltage
level.

The input (denoted by a diamond shape symbol), being
at a negative voltage level prior to the application of the
input signal thereto, the plate of capacitor C2 connected
to the input will also be at a negative voltage level, The
other plate of capacitor C2 is connected to ground through
resistor R34. As a result, capacitor C2 has an approxi-
mate 6 volt charge thereacross. Upon the application of a
positive transition signal to the input, the plate of capaci-
tor C2 connected to the input terminal will be raised to
ground level (0 v.) while the other plate thereof, con-
nected to diode D2, will be raised to approximately L6
volts. Thus, a -+6 volt transition signal will be applied
to the base of transistor Q2 through the diode D2, point-
ing toward and connected to the base of transistor Q2.
Transistor Q2 will, therefore, be turned “off,” producing
a negative transition signal at its collector. This negative
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transition signal is then applied to the base of transistor
Q1 through capacitor C1, turning transistor Q1 “on” and
causing the collector thereof to approach ground level
0 v.).

Capacitor C3 connected from the base of transistor Q2
to the collector of transistor Q1 has an approximate 6
volt charge because the plate of capacitor C3 connected
to the base of transistor Q2 is at ground level (0 v.). This
ground level is established because transistor Q2 is turned
“on” with the base thereof being close to ground level due
to the voltage drop across resistor RS6. The other plate
of capacitor C3 will be at an approximate +6 volt level
because tramsistor Q1 is turned “off” and the collector
thereof is at an approximate —6 volt level, The plate of
capacitor C3 connected to the base of transistor Q2, will
then approach a 46 volt level. A ++6 volt transition signal
is therefore applied to the base of transistor Q2 aiding the
initial positive transition signal applied to the base of
transistor Q2 through the input circuit. Therefore, tran-
sistor Q2 will be turned “off” and transistor Q1 will be
turned “on.” The one shot will remain in this condition
until capacitor C3 has discharged sufficiently to cause the
base of transistor Q2 to return to a negative voltage level,
turning “on” transistor Q2. As transistor Q2 is turned
“on,” the collector thereof approaches ground level, pro-
ducing a positive transition signal which is applied to the
base of transistor Q1 through capacitor Cl1, turning tran-
sistor Q1 “off.” Therefore, the one shot will be returned
to its original state wherein transistor Q2 will be turned
“on” and transistor Q1 will be turned “off.”

A Dbiassing circuit is provided to maintain a positive
“cutoff” voltage on the base of transistor QL. This biassing
circuit is comprised of resistors RS1 and RS2, the upper
side of this biassing circuit being connected to the col-
lector of transistor Q2. Resistors RS3 and RS5 serve as
load resistors of transistors Q1 and Q2 respectively. Ca-
pacitor C4 is an optional component which may be used
to change the RC time constant as initially determined
by capacitor C3 and resistor RS6 of the one shot and
thus vary the output pulse width thereof.

ONE SHOT II

Referring to FIG. 57, there is shown the circuit diagram
of the type II one shot (FIG. 58). The principal function
of the type II one shot is the generation of an output
pulse that is: (a) of the same polarity as the input pulse
and (b) delayed by a fixed amount from the input pulse.
Differences of the type II one shot circuit from others
in this series are: (a) the inclusion of decoupling and
speed up components and (b) the output pulse is of the
same polarity as the input pulse. Typical cycle of opera-
tion: Before applying an initiating signal, the “rest” con-
dition is established by a negative signal level at the input
(denoted by a diamond shape symbol) and the biassing
“on” of transistor Q1 and the biassing “off” of transistor
Q2. Transistor Q1 is biassed “on” because the base there-
of is connected to a 412 volt supply through resistor
RS2. Transistor Q2 is biassed “off” because of a ground
level voltage developed by a voltage divider comprised
of resistors RS4 and RSS, the mid-point of this divider
being connected to the base of transistor Q2. The voltage
divider is connected to the collector of transistor Q1
which is at ground level.

Capacitor C1 will have an approximate 6 volt charge
because the plate of the capacitor connected to the input
will be at a negative voltage level of approximately —6
volts while the other plate of this capacitor will be con-
nected to the base of the tranmsistor Q1, which, being
turned “on,” will be at an approximate ground level. Upon
the -application of a positive transition signal at the one
shot input, diode D1 will be turned “on” and will transfer
the input signal via capacitor to the base of transistor Ql.
This positive pulse at the base of transistor Q1 will turn
“off” transistor Q1, causing its collector to approach 12
volts, thus generating a negative transition signal. This
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negative transition signal is then coupled through capaci-
tor C2 to the base of transistor Q2, turning transistor Q2
“on” and developing a positive transition signal at the
output, i.e., the collector of transistor Q2 will be driven
to an approximate ground level. A positive transition sig-
nal, therefore, will be developed at the output of the one
shot upon the application of a positive transition signal
at the input.
ONE SHOT IIL

Referring to FIG. 59, there is shown the circuit diagram
of the type III one shot (FIG. 60). The principal func-
tion of the type II one shot is the generation of an out-
put pulse that is inverted and delayed with respect to an
input pulse and is relatively unaffected by small amounts
of input “noise.” The principal difference between the
type 111 one shot and other one shots of this series is the
inclusion of a noise “standoff” circuit. During the quies-
cent condition, a small negative voltage level is main-
tained at the junction of resistor RS1, capacitor C1 and
diode D1, pointing toward and connected to the base of
transistor Q1. This negative voltage level is developed
by a voltage divider comprised of resistors RS2 connected
to a —12 volt supply and resistor RS3 connected to

ground, resistor RS1 being connected to the common .

point of resistors RS2 and RS3. Since the base of tran-
sistor Q1 is connected to a —12 volt supply through re-
sistor RS4, this transistor will be turned “on” and the
junction of resistor RS4 and the base of transistor Q1 will
be at an approximate ground level. Therefore, the side
of diode D1 connected to the base of transistor Q1
will also be at an approximate ground level. As a result,
diode D1 will be reversed, biassed by a small voltage. The
side of capaictor C1 connected to the input (denoted by
a diamond shape symbol) will be at a negative voltage
level. The other side of capacitor C1 connected to diode
D1 will be at a low negative voltage level. Capacitor C1
will then have a charge of a few voits. The fact that tran-
sistor Q1 is turned “on™ establishes an approximate
ground level at the output of the one shot. Upon the
application of a positive transition signal at the input,
the plate of capacitor C1, connected to diode D1, will be
driven sufficiently positive to forward bias diode DI,
causing this diode to conduct and transfer the positive
transition signal to the base of tranmsistor QI, turning
transistor Q1 “off.” As transistor Q1 is tumed “off,” the
collector thereof approaches —12 volts, developing a
negative transition signal at the output of the one shot,
The pulse width of this negative transition signal will
be determined by the RC time constant of capacitor Cc1
and resistor RS4. Therefore, the application of a positive
going transition signal at the input of the one shot will
create a negative pulse at the output thereof of a predeter-
mined pulse width.

ONE SHOT IV

Referring to FIG. 61 for the circuit diagram of the
type IV one shot (FIG. 62), the principal function of
the type IV one shot is the provision for means to trigger
a transistor common to a number of input circuits serv-
ing as one shot inputs. In addition, the type 1V one shot
is constructed to differentiate the input signal and “clip”
the negative pulse of the resulting signal. Differences be-
tween the type TV one shot and others in this series are:
(a) an integral transistor stage is not used, (b) the in-
clusion of a differentiating circuit, a “clipping” diode,
and a current limiting resistor, During the quiescent con-
dition as indicated by a negative signal level at the input
(denoted by a diamond shape symbol) capacitor C1 will
have an approximate 6 volt charge thereacross since the
plate thereof connected to resistor RS1 will be at a nega-
tive voltage level while the other plate thercof, connected
to ground through resistor RS2, will be at ground level.
The application of a positive transition signal at the input
of the one shot will develop an approximate 6 volt positive
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transition signal at the junction of capacitor C1 and diode
D2, forward biassing diode D2 and developing a positive
transition signal at the output thereof. As the input signal
returns from a ground level to the initial negative signal
level at the one shot input, the charging of capacitor C1
would develop a negative transition signal across resistor
RS2. However, the “clipping” diode D1 will be forward
biassed at this time and will short circuit resistor RS2,
thus preventing the development of a negative transition
signal. Resistor RS1 serves to limit the current through
capacitor C1 during the recharging cycle.

ONE SHOT V

Referring to FIG. 63 for the circuit diagram of the type
V one shot (FIG. 64), the principal function of the type
V one shot is to establish an approximate —12 volt signal
level at the output of the one shot for a period of time
determined by the RC time constant of the one shot upon
the application of a positive transition signal at the input
thereof (denoted by a diamond shape symbol). During
the quiescent condition of the one shot, as indicated by
a negative signal level at the input, the transistor Q1 will
be biassed “off” by being connected to 2 —90 volt supply
through resistor RS3, establishing, therefore, a relatively
positive signal level at the output. Capacitor C1 will have
relatively little charge thereon because both plates thereof
will be very nearly at —12 volts. Also, capacitor C2 will
have a relatively small charge thereon, due to the small
voltage drop across resistor RS2. A positive transition
signal applied to the input will be transferred through
capacitors C1 and C2 to the base of transistor Q1, turning
Q1 “on.” The output of the one shot will then be driven
to an approximate —12 volt signal level and will remain
at this level for a period of time determined by the RC
time constant of capacitor C1 and resistor RS1. When
capacitor C1 has discharged to a sufficiently low voltage,
the base of transistor Q1 will return to a sufficiently nega-
tive level to turn transistor Q1 “off.”

At the time transistor Q1 is turned “off,” the output
thereof will return to a relatively positive level.

ONE SHOT VI

Referring to FIG. 65 for the circuit diagram of the
type VI one shot (FIG. 66), the principal function of
the type VI one shot is similar to the type V one shot,
except that the type VI one shot operates slower as a
result of the omission of a speed-up capacitor across the
transistor base input resistor thereof. Differences between
the one shots type V and VI and others in this series
are the inclusion of additional resistors in the transistor
base bias circuit and stabilization of the —12 volt supply
and a collector resistor RS4. During the quiescent condi-
tion of the type VI one shot, as indicated by a negative
signal level at the input (denoted by a diamond shape
symbol), transistor Q1 will be biassed “off” due to the
negative voltage level established at the base of the
transistor Q1 by the connection thereto of a —%0 volt
supply through resistor RS3. The transistor output, there-
fore, will be at a relatively positive voltage level. Since
both plates of capacitor C1 will be at a similar —12 volt
level, capacitor C1 will have relatively no charge there-
across. A positive transition signal applied to the one shot
input, therefore, will be transferred to the base of tran-
sistor Q1 through resistor RS2, turning transistor Q1
“on.” As transistor Q1 is turned “on,” the collector thereof
will approach —12 volts and a negative transition signal
will be developed at the output of the one shot. The
output of the one shot will remain at a negative signal
level for a period of time determined by the RC time
constant of capacitor C1 and resistor RS1. When capaci-
tor C1 has discharged to a sufficiently low voltage, the
base of transistor Q1 will return to a negative level such
that transistor Q1 will be turned off, causing the collector
thereof to return to a relatively positive level.
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STANDARD INVERTER

Referring to FIG. 68 for the circuit diagram of the
standard inverter (FIG. 67), the principal functions of
the standard inverter are: (a) the inversion of an input
signal, e.g., if the input signal is negative, then the out-
put signal will be positive (b) the amplification of the
input signal (in this application, the inverter may be
considered as a “buffer”). FIG. 67 indicates the symbol
used to represent the standard inverter. In addition, the
designations describe the location of the individual in-
verter within any particular figure and the type of in-
verter, ie., the values of the components that are used
for that particular inverter. The tabulations of FIG. 68
summarize the various parameter values of the com-
ponents indicated for different inverters. The example
shown below these tabulations would be interpreted as
follows: The first “B” indicates that the input capacitor
C has a value of 220 upf. “F” indicates that the input
resistor R1 has a value of 6.8K ohms (6.8 thousand
ohms). The second “B” indicates that the bias resistor
R2 has a value of 22K ohms. The third “B” indicates
that the voltage supply “V” has a value of —12 volis.
The figure 1.8 following the dash represents the value
of the load resistor R3 in kilohms, in this case, 1.8
kilohms. During the quiescent condition, the transistor
will be biassed “off” by a positive voltage developed at
the base of the transistor because the base of the tran-
sistor is connected to a +6 volts supply through re-
sistor R2. A negative signal applied to the inverter input
will be transferred to the base of the transistor through
“speed up” capacitor C. Resistor R1 is a “current limit~
ing” resistor, which limits the input signal current flow=
ing in the base circuit of the transistor. The negative-
going signal appearing at the base of the transistor will
turn the transistor “on” (cause the transistor to conduct)
and develop a positive-going signal at the output thereof
since the collector thereof is driven toward ground. There-
fore, an input signal will produce an inverted and ampli-
fied output signal.

STANDARD GATE

Referring to FIG. 69 for the circuit diagram of the
standard gate (FIG. 70), the standard gate can be op-
erated to perform either of two logical functions, the
“AND” function and the “OR” function. The gate is de-
fined as an AND gate, if a particular output signal is
obtained only upon coincidence of all input signals. A
coincidence of inputs in this case would constitute the
presence of negative signal levels at all input terminals to
the gate. The particular type of gate illustrated may
be further defined as a NEGATIVE AND gate due to
the requirement of negative signal levels at the inputs
assuming a negative source voltage.

Resistor “R” is the gate “load” resistor across which
the output voltages are developed. If any of the inputs are
at a ground level (0 volis), then the output terminal will
also be at ground level. At the instant all inputs acquire
negative voltage levels, the output terminal will also
develop a negative voltage level. This effect is caused
by the reverse biassing of all diodes in the gate, thus
establishing a high resistance between the input voltage
and the suply voltage. Therefore, the predominant part
of the difference between these voltages will be developed
across the diodes, causing a voltage level to develop at
the output terminal closely approaching that of the
supply voltage. FIG. 70 illustrates the symbol used to in-
dicate the standard gate.

The circuit of FIG. 69 will also operate as an OR gate.
Assuming a negative source voltage, a positive voltage
on any of the input terminals will provide a positive
voltage level at the output.

Accordingly, the circuit of FIG. 69 and the gate sym-
bol of FIG. 70 may represent an AND or an OR gate.

The first number of the lower line of FIG. 70 repre-
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sents the negative value of the source voltage (V) while
the second number represents the value in kilohms of the
common load resistor (R) (FIG. 69).

KEY PULSE GENERATOR

Referring to FIG. 71, there is shown the circuit dia-
gram of the key pulse generator (FIG. 72), the function
of which is to produce a positive-going transition signal
upon the operation of a “key” or push-button switch.
The “FF” push-button switch indicated in FIGS. 71
and 72 is representative of the type of designation that
may be assigned. Operation of the key pulse generator is
initiated by depressing the push-button key. One plate of
capacitor “C” will then be connected to a —12 volt sup-
ply via resistor R1, the other plate thereof being con-
nected to a —6 volt supply via capacitor R2, thus placing
an approximate 6 volt charge across the capacitor., Upon
releasing the push-button key, the plate of capacitor “C”
connected to resistor R1 will then be grounded, causing
the opposite plate, connected to resistor R2, to be driven
to approximately -6 volts above ground and producing
an approximate 6 volts positive-going transition signal
at the output thereof. Therefore, each time the push-
button key is depressed and released, a positive-going
transition signal will be produced at the output thereof.

The value of the capacitor “C” of FIG. 71 is set forth
above FIG. 72 for each such key pulse generator. In
the example of FIG. 72 the capacitor “C” has a value
of 0,022 uf.

READ HEAD

Referring to FIG. 73 for the circuit diagram of the
read head (FIG. 74), the read head senses changes in
the flux patterns of the various storage registers on the
memory drum. As the read head senses information on
the drum, a signal is produced thereby which varies the
bias on the transistor of a “phase inverter” circuit. The
phase inverter circuit generates an additional signal which
is 180 degrees out of phase with the original signal. Two
signals, then, are produced, which signals are applied to
the bases of two transistors (Q2 and Q3) forming part of
a “push-pull” circuit. Signals at the outputs of these tran-
sistors are then applied to the bases of two more tran-
sistors (Q4 and Q5) and then to the output terminals
(7 and 8) of the read head and amplifier circuit. The
output signal at either output terminal (7 or 8) will be
a series of negative pulses. In applications where the
output terminals are “jumpered” together, the negative
pulses will occur at twice the rate of those pulses pro-
duced by either transistor alone. Successive pulses, there-
fore, would be produced by first one transistor and then
the other, ie., one transistor will be turned “on,” pro-
ducing a negative pulse while the other transistor will
be “cut off.” This condition is then reversed during the
next half of the input signal.

More specifically, the information “bits” or pulses,
which are developed in the read head as information is
read from the drum, are applied to the base of transistor
Q1, causing transistor Q1 to operate about the mid-point
of its operating range (class “A” operation) as determined
by the biassing resistors RS1 and RS2. As the positive
portion of the input signal is developed on the base of
transistor Q1, the conduction of transistor Q1 will de-
crease, causing the voltage level at the collector thereof
to approach —6 volts and the voltage level at the emitter
(at the junction of resistor RSS, capacitor Cl1, resistor
RS6 and capacitor C4) to approach ground level. There-
fore, two signals are developed (at the same time) of
opposite polarity. *

The —6 volt supply voltages for the read head circuitry
is provided by a voltage stabilizing network comprised
of resistor RS7, capacitor C2 and capacitor C5. The
negative-going signal developed at the collector of tran-
sistor Q1 is applied to the base of transistor Q2 through
capacitor C3, increasing the conduction of transistor Q2
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and causing the collector thereof to approach ground
level. The bias voltage at the base of transistor Q2 as
developed by resistor RS8, connected from the base of
transistor Q2 to ground, and the two resistors in the
emitter circuit RS11 and RS12, connecting the emitter of
transistor Q2 to a 46 volts, will be such that transistor
Q2 will be partially conducting. The positive-going signal
thus produced at the collector of transistor Q2 will be
applied to the base of transistor Q4 through resistor RS16,
transistor Q4 having been previously biassed “off” by the
negative signal developed at the collector of transistor Q2
during its quiescent state. Transistor Q4 will then be
turned “on,” causing the collector thereof to change from
an approximate +6 volt level to a —6 volt level,

A negative pulse, therefore, will be produced at the
output terminal 7. Concurrently, with the development of
the negative-going signal at the collector of transistor Q1,
the positive-going signal being developed in the emitter
circuit of transistor Q1 will be applied to the base of
transistor Q3 through capacitor C4, decreasing the con-
duction through transistor Q3 and causing the collector
of transistor Q3 to approach —12 volts., A negative-going
signal is therefore developed at the collector of transistor
Q3 and is applied to the base of transistor Q5 through
resistor R17, causing transistor QS to remain turned “off,”
transistor Q5 having been previously biassed “off” by the
negative signal level as developed at the collector of
transistor Q3 during the quiescent state. The output signal
produced at the collector of transistor Q5, connected to
the output terminal 8, will remain at an approximate --6
volt level. Therefore, during the positive portion of the
input signal as applied to the base of transistor Q1, the
output signal at output terminal 7 will be negative while
the output signal at output terminal 8 will remain posi-
tive. During the negative portion of the input signal as
applied to the base of transistor Q1, the signal at the out-
put terminal 8 will be negative while the signal at the out-
put terminal 7 will remain positive. For applications where
output terminals 7 and 8 are connected together, a series of
negative pulses will be produced as previously described.

WRITE HEAD

Referring to FIG. 75 for the circuit diagram of the
write head (FIG. 76), the input terminals of the write
head are indicated by connections 7 and 8. These inputs
are connected to the write FF- and write FF. outputs
(M/U-3.9, FIG. 29). Therefore, if a positive transition
signal is applied to input 7, a negative transition signal
is applied to the input 8, etc. These input signals are
further developed by the write head circuitry and applied
to the final transistor stages. Only one of the transistors
will be turned “on” at a time. As the transistors connected
to the write head coil are alternately turned “on” and
“off,” first one half and then the other half of the write
head coil will be energized. This action, then, results in
the recording of an alternating flux pattern on the drum.

Detailed circuit operation: The base of transistor Q1 is
connected to a -6 volt supply through resistor RS3,
biassing transistor Q1 “off.” The base of transistor Q3
is connected to a negative voltage level at the collector
of transistor Q1 through resistor RS7, biassing transistor
Q3 “off.” The base of tramsistor Q5 is connected to a
positive voltage level at the collector of transistor Q3
through resistor RS11 and will also be biassed “off.” In
a similar manner, all transistors associated with input 8
will be biassed “off.” Assuming the application of a
negative transition signal at the input terminal 7, this
signal will appear at the base of transistor Q1 via capaci-
tor C1, turning transistor Q1 “on” and causing the col-
lector of transistor Q1 to approach ground level. A posi-
tive transition signal is then developed at the collector of
transistor QS. This positive transition signal will energize
the section of the write head coil connected between the
collector of transistor Q3 and the —6 volt supply via
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resistor RS13 causing the writing of a “bit” of information
on the drum.

Since a negative transition signal is applied to input 7,
a positive transition signal, therefore, is applied to the
input terminal 8. However, no change occurs in the state
of the transistor associated with the input 8, because all
the transistors associated with input 8 are biassed “off”
and a positive input signal causes these transistors to
remain in this condition. Therefore, the section of the
write head coil connected between the collector of tran-
sistor Q6 and the —6 volt supply via resistor RS13, will
not be energized.

Upon the reversal of the input signals, the section of
the write head coil associated with the transistor Q6 is
energized while the other section thereof will be de-ener-
gized, causing a change in the flux pattern on the drum
and the writing of another “bit” of information. For
operation of the write circuitry in an erase mode, the
input signals do not alternate but remain at fixed levels,
causing the write head coil to establish a flux pattern in
one direction only on the drum, thereby erasing any in-
formation previously stored. The quiescent condition of
the write head is indicated by positive voltage levels at
both inputs and thereby disenabling the write head.

Diodes D1 and D2 serve as negative voltage “spike”
suppression diodes, protecting the output transistors Q5
and Q6 from high voltages which may be developed by
the write head coil.

DEFLECTION AMPLIFIER

Referring to FIG. 77 for the circuit diagram of the
vertical and horizontal deflection amplifier (FIG. 78),
the principal function of the deflection amplifier is to
amplify: (a) “staircase” type voltage signals which posi-
tion characters on a cathode ray tube screen and (b)
stroke generating signals which create and position the
individual strokes for each character through the use of
differential amplifiers. These signals are then amplified
and applied to the appropriate deflection plates of a
cathode ray tube. During the quiescent period, transistors
Q1 and Q3 will be biassed “on.” Transistors Q2 and Q4
will also be biassed “on.” However, the voltage levels
on the outputs of transistors Q2 (output “D”) and Q4
(output “E”) will develop deflection potentials at the
cathode ray tube such that the first character to be dis-
played will be positioned in the lower right-hand corner
of the display pattern. Transistors Q1 and Q3, together
with their associated components, form a high input im-
pedance circuit or “buffer” unit between the staircase
generators and the actual circuitry of the deflection am-
plifiers. Representative signals applied to input “A” of
the “buffer” unit comprise incremental positive voltage
steps. These positive voltage steps applied at input “A”
will be transferred directly to the base of transistor Ql,
turning transistor Q1 “off” and developing positive tran-
sition signals at the emitter thereof. These positive tran-
sition signals are then applied to the base of transistor
Q3, turning transistor Q3 “on” and developing a series
of positive transition signals at the emitter thereof. The
first of two directions taken by these positive transition
signals at transistor Q3 is through a coupling capacitor
(C1) to the junction of three resistors: RS3, RS4, and
RS6. These signals are then applied to the base of tran-
sistor Q1 through resistor RS4 and reinforce the initial
signals appearing at input “A.” The positive transition
signals developed at the emitter of transistor Q3, as
previously mentioned, will also be applied to the base
of transistor Q4 through capacitor C2, turning transistor
Q4 “off” and developing a series of negative transition
signals at the collector thereof. These negative transition
signals are then applied to the appropriate deflection
plates of the cathode ray tube and thus contribute to the
generation of the display pattern. Signals applied to the
input “B” are representative of the stroke developing
and positioning signals from the stroke generator. These
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signals will be applied to the base of transistor Q2 through
resistors RS1 and RS2, developing voltage levels at the
collector of transistor Q2 and subsequently at the ap-
propriate deflection plates of the cathode ray tube to
generate and position the individual strokes for each
of the characters in the display pattern. Input “C” rep-
resents the connections between the vertical and horizon-
tal amplifiers for the “character slant” control circuit.
Potentiometer RS2 is typical of the two centering con-
trols, one for each deflection amplifier, provided for the
positioning of the display pattern. Potentiometer RS10
is typical of the two adjustment controls, one for each
deflection amplifier, provided for the adjustment of the
size of the display pattern.

CIRCUIT DIAGRAM OPERATION

The following problem will be solved on the calcula-
tor and described in steps of operation of the circuit
diagram set forth in FIGS. 79 to 134 to more fully dis-
close the operation and circuitry thereof:

(18+20) (22—-19)

(3—547)

It will be assumed that initially the calculator was
“cleared,” i.e., the CLEAR (1295W1), CLEAR ENTRY
(1265W1), T2 (124K2) and T1 (124K1) keys have been
depressed in succession, thereby eliminating all of the
displayed characters from the screen, and clearing all
digit information from data tracks 4 and 5 on the drum.

ENTRY OF DIGIT 1

This computation is begun by depressing the 1 key
121K1. Upon depression and release of the 1 key a posi-
tivet spike is produced at the No. 1 output 121R6 of the
digit key pulse generator bank.

This positive spike is passed by the key pulse encoder
to (a) the non-Q or b output of the No. 1'flip flop
122FF4 of the digit storage register, (b) the non-Q or
output of the Common Digit No. 1 flip flop 123FF1 of
the number entry cycle control counter and (c) to one
of the inputs of the shift left entry register gate Fig.
123G1.

It is to be noted that the digit storage register (122FF1
to 122FF4) is at this time in a reset state, i.c., the a or q
outputs of each of the flip flops comprising this register
are at positive potential. It is also to be noted that the
number entry cycle control counter (123FF1 and
123FF2 is in its reset state, i.e., the g or Q outputs of
both Common Digit No. 1 flip flop 123FF1 and Common
Digit No. 2 flip flop 123FF2 are at a positive voliage
level.

Then, since the digit storage register was previously
in reset condition, the occurrence of the before-mentioned
positive spike upon the non-Q or b output of the Com-
mon Digit No. 1 flip flop 123FF1 of the digit storage
register will set that flip flop.

Further, the occurrence of the before-mentioned posi-
tive spike upon the non-Q or b output of the Common
Digit No. 1 flip flop of the number entry cycle control
will cause this flip flop to assume the set condition, i..,
the condition wherein its Q or a output is at a negative
voltage level. The occurrence of this positive spike will
not, however, cause an output pulse to be produced at
the output of the shift left entry register gate 123G1 nor
set the Common Digit No. 2 flip flop of the number entry
cycle control counter.

NUMBER ENTRY CYCLE CONTROL COUNTER

Considering, for a moment, the operation of the num-
ber entry cycle control counter (123FF1 and 123FF2),
it may be seen that this counter will assume 4 states: (1)
the reset state in which the Q or & outputs of both flip
flops are at a positive voltage level, (2) the state in which
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the Q or ¢ output of the No. 1 flip flop is at a negative
voltage level and the Q or a output of the No. 2 flip flop
is at positive voltage level, (3) the state in which the Q
or a output of both flip flops is at a negative voltage
level and (4) the state in which the Q or a output of
the No. 1 flip flop is at positive voltage level and the Q
or a output of the No. 2 flip flop is at a negative voltage
level.

Having thus described the successive states of opera-
tion of the number entry cycle control counter, it will
be seen that the depression and release of the No. 1 key
has impelled the number entry cycle control counter,
which was in its reset state, forward to the set condition
so that the entry cycle control counter is now in the (2)
state described supra.

Further operation awaits the occurrence of a positive
going transition of the signal on the H bus 123L.3 which
is applied to the ¢ or W input of the flip flops 123FF1
and 123FF2 of the number entry cycle control counter.

Occurrence of this positive going transition on bus
123L3 next after the actuation of the No. 1 key causes
the No. 2 flip flop of the number entry cycle control
counter to be set.

(The transition of the number entry cycle control
counter to this state enables the clearing of the entry
register on the drum if and only if a function key has
been depressed immediately prior to the depression of the
1 key (to be explained later); however, since this is not
the case in the problem under solution, no further opera-
tion of the machine will be accomplished during this
phase of the number entry cycle control counter opera-
tion.)

Receipt of the next positive going transition of the
signal on the H bus 123L3 causes the Common Digit
No. 1 flip flop to be reset and places the number entry
cycle control counter into phase (3).

Upon this resetting, since the Q or a output of the
Common Digit No. 1 flip flop goes to a positive potential
level, it may be said that the o output of Common Digit
No. 1 flip flop experiences a positive going transition.
This positive going transition is applied along the Com-
mon Digit bus 12312 to the 12214 terminal, thereby
producing a reset pulse at the cathode of diode 122D1
and resetting the No. 1 flip flop 122FF4. The resetting of
the digit storage register in the present problem amounts
to resetting the number 1 flip flop 122FF4 of the digit
storage register,

The resetting of the No. 1 flip flop 122FF4 will, in the
well known manner, produce a positive going transition
on the Q or a output thereof. This positive going transi-
tion on the Q or @ output of the No. 1 flip flop 122FF4
of the digit storage register causes a corresponding signal
to be conveyed over the “1” KEYBOARD but 122R4 to
the No. 1 flip flop 152FF1 of the up counter (150FF2,
151FF1, 151FF2, 152FF1), thereby entering the same in-
formation into the up counter previously contained in
the digit storage register.

It will be recognized, of course, that, in order for this
entry to be made in the up counter, the up counter was
previously reset in a phase of operation which will be
described hereinbelow.

SHIFT LEFT ENTRY

In addition, the resetting of the Common Digit No. 1
flop flop 123FF1 of the number entry cycle control
counter produces, in the well-known manner, a negative
voltage level signal on the non-QQ or b output thereof.
This negative voltage level signal appears at the upper
input terminal of the shift left entry register gate 123G1,
and does so in concurrence with a negative voltage signal
supplied to the lower input of the shift left entry register
gate by the Q or a output of the Common Digit No. 2
flip flop 123FF2 of the number entry cycle control
counter,

Thus, the shift left entry register gate 123G1 is enabled,
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producing a significant positive voltage signal level on
the shift left entry register [SL(E)] bus 123R1.

The occurrence of this signal, or significant positive
voltage level, upon the SL(E) bus 123R1 causes the write
entry command gate 141G2 output through inverter
141A2 to go to a negative voltage level at bus 141R2,
This negative voltage level signal is applied to the W3
write gate 144G7 along with the W3 signal applied on bus
144L5 thereto, and via inverter 144A7 causes a positive
voltage level on the WRITE COM bus 144R2 during the
W3 period.

This positive voltage level signal is applied to bus
147L5 and, thus, to the input of the inverter 147A4. The
inverted signal from said inverter is applied to the pair
of AND gates 149G3 and 149G4. However, these two
AND gates will remain disenabled, ie., they will not
convey any bit pulses from track 3 read head 148RA1
to write head 1 on track 4, 149WA2, since the AND gate
148G1 remains disenabled due to the presence of a posi-
tive Ievel signal on the lead 148B4 thereof. This positive
level signal applied to the AND gate 148G1 results from
the presence of a negative voltage level on the zero sense
bus leading from the zero sense gate 155G1 of the down
counter, this negative level being inverted in inverter
155A5 to apply the positive level signal to lead 148B4
AND gate 148G1, thereby disenabling the gate 148G1.

Thus, no information from the down counter is writ-
ten into track 4 at this time. At the termination of the
W3 period, the SL(E) bus 123R1 remains at a positive
level. Thus, the output of the gate 143G2 is maintained at
negative voltage and the bus 14314 is maintained at nega-
tive voltage due to the inversion by inverter 142A1 of the
positive voltage output of OR gate 142G1.

Upon positive transition of the W3 timing signal on
bus 143L3, the gate 143G2 is disenabled, therefore swing-
ing the common output terminal of inverters 143A1,
143A2 and 143A3 of gates 143G1, 143G2 and 143G3
from positive to negative level.

This transition, or these voltage levels, are inverted
in the inverter 143A7 thereby causing the transition at the
UP TO DOWN/RESET UP bus 143R1 to take place
from negative to positive level (significant voltage level).

The UP TO DOWN/RESET UP bus 143R1 is con-
nected through bus 153L8 to the input of a capacitor one
shot composed of capacitor 153C1 and resistors 153RS1
and 153RS2.

The output of this one shot is applied through inverters
153A1 and 153A6 to the W or c inputs of all 4 flip flops
(154FF1, 154FF2, 155FF1 and 155FF2) comprising the
down counter and, at the same time, to the reset input
15112 of the up counter. This positive going transition
appearing on the output of the above mentioned capacitor
one shot, then, “broadsides” the information (“1”) in
the up counter forward to the down counter, and, also,
resets the carry 1, 2, 4 and 8 flip flops (150FF1, 150FF2,
151FF2 and 152FF1) of the up counter, shifting the input
on the G or e and j inputs of the flip flops of the down
counter to the 2 and b outputs thereof by pulsing the W or
¢ inputs thereof and pulsing the up counter reset on bus
15112,

(It will be recognized that, where a carry is stored in
the carry flip flop 150FF1, the No. 1 flip flop 152FF1 of
the up counter would be set, rather than reset, as in the
present example wherein no carry is presently being car-
ried forward.)

Continuing the shift left entry register operation, the
SL(E) bus 123R1 is still at a positive voltage level.

Thus, the read from entry command gate 141G4 has
a positive level at its output and the inverter 141A4 im-
mediately following this gate has a negative level at its
output.

This negative signal is applied to the lower input of
W4 read AND gate 144G4 and, in conjunction with the
appearance of the negative W4 signal on bus 144L7 at the
upper input of this AND gate, a negative voltage level
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will appear at the output of this AND gate, and the
READ COM bus (FIG. 103) will receive a positive go-
ing signal and come to rest at a positive voltage level.

This positive voltage level signal on the READ COM
bus will be inverted by the inverter 144A9, thus applying
a negative voltage level signal to the bus 144R1 and AND
gate 145G1.

Thus, when the RS line 145B6 goes to a negative volt-
age level, the gate 145G1 will be enabled and allow data
to pass from track 4 as received at the track 4 read head
145RA1.

The pulses comprising this data are inverted by inverter
145A1 and reshaped by the one shot 145N1. The output
on bus 145T2 will be the inverse of the output of the one
shot 145N1 due to the inverter 145A3 coupled to the
one shot. Thus, the output pulses at bus 145T2 will be
negative going pulses from the positive to the negative
voltage level.

The positive-going, or trailing edge, of the first one of
the data pulses occurring at bus 145T2 and 146L5 will
set the read delay flip flop 146FF2. However, since the
gate 146G1 must have an input level supplied thereto
from the Q or a output of the read delay flip flop, said
level being negative during the occurrence of the first data
pulse, the first occurrence of the data bit pulses at bus
145T2 and 14615 will not be passed therethrough because
the negative voltage level is not supplied from the Q or
a output of the read delay flip flop 146FF2 until after
the termination of this first occurring bit pulse.

Thus, it may be seen that the read delay flip flop func-
tions to eliminate the passage of the first, or “excess,”
pulse of each pulse train through the gate 146G1.

It will be recognized, however, that in entering a num-
ber, such as “1,” the first number entered after the cal-
culator has been completely cleared, there will be no fur-
ther data available on track 4 to be passed through the
gate 145G1, the one shot 145N1, etc., and, therefore, no
data will be passed to the AND gate 146G1.

If, however, such data were available, it would be
passed through AND gate 146G1 and the associated in-
verter 146A2 through the output level clamping network
146D2 and 146D3 to the ADVANCE UP COUNTER
bus 146R1 and 152L3.

These data signals, if they were available at this stage
of operation, would then be passed by the ADVANCE
UP COUNTER bus 15213 to the complementing or g
and h inputs of the No. 1 flip flop 152FF1 of the up
counter, thus advancing the up counter by a number of
counts equal to the number of counts read from the drum
in the W4 period, less the one “excess” bit which was
“suppressed” by the operation of the read delay flip flop
146FF2 in conjunction with the AND gate 146G1.

However, since the “1” which was just entered, the
entry of which is the subject of this present description,
was the first number key depressed after the clearing of
the machine, there will be no data forwarded into the up
counter, and the up counter will remain totally reset.

The SL(E) bus 123R1 still remains in its positive volt-
age level condition, thus continuing the shift left entry
register cycle. That is to say, the previous cycle of (1)
writing from the down counter into the entry register
during the W3 time, (2) broadsiding (ie., transferring
data from the up counter to the down counter) the con-
tents of the up counter ino the down counter and reset-
ting the up counter on the trailing edge of the w3 time,
and (3) reading the data from the entry register of track
4 into the up counter during W4 time will now be re-
peated and will be repeated successively for each order
of the entry register, i.e., until the next H pulse.

In the present consideration of depression and release
of the “1” key immediately after the calculator has been
cleared, however, the next (3) phase will cause the 1
originally entered upon the keyboard and currently stored
in the down counter, to be written in the lowest order
position of the entry register upon the drum, the remain-
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ing cycles of the left shift entry program being in the
sense mere blanks, or no information is read from the
successive orders of the entry register on the drum, and,
thus, the up and down counters are not disturbed, and
blank, or no information is “written” back into the suc-
cessive higher orders of the entry register upon the drum.

This repetitious cycle continues until the next succeed-
ing H pulse, which resets the No. 2 flip flop 123FF2 of the
number entry cycle control counter, thus disenabling the
shift left entry register gate 123G1 and terminating the
shift left entry register cycle.

Now, the digit “1” having been entered into lowest
order of the entry register upon the drum, and appearing
at the right hand of the entry register as displayed upon
the screen (to be explained later), the No. 8 digit key
120KS8 is depressed and released.

ENTRY OF DIGIT 8

Depressing and releasing the No. 8 digit key sets the
No. 8 flip flop 122F1 of the digit storage register as de-
scribed hereinabove, and also sets the No. 1 flip flop
123FF1 of the number entry cycle control counter, as
also described hereinabove.

Following upon this, the next succeeding pulse upon
the H bus 12313 sets the No. 2 flip flop 123FF2 of the
number entry cycle control counter but, since a function
key was not immediately previously depressed, this phase
of the operation of the number entry cycle control
counter, accomplishes no further operation.

The next arriving pulse upon the H bus 12313, how-
ever, resets the Common Digit No. 1 flip flop 123FF1
of the number entry cycle control counter, thereby reset-
ting the No. 8 flip flop 122FF1 of the digit storage register
thus transferring the number “8” stored in the digit storage
register to the up counter via bus 122R1. In addition, the
resetting of the Common Digit No. 1 fiip flop 123FF1 of
the number entry cycle control counter places an en-
abling negative potential upon the upper input terminal
of the shift left entry register gate 123G1, thereby pro-
ducing a positive voltage signal on the shift left entry
register bus 123R1 which initiates the shift left entry regis-
ter program.

This positive voltage signal existing upon the shift left
entry register bus enables the write entry command gate
141G2, and places a negative voltage level upon the bus
141R2. This negative voltage level signal upon the bus
141R2 is transferred along bus 144L14 to AND gate
144G7 and, in conjunction with the W3 signal occurring
at W3 time upon the bus 144LS of the same AND gate,
produces a write command (positive voltage level) signal
upon the WRITE COM bus 144R2. Since, however, the
contents of the down counter at this time are zero, the
counter having been drawn down to this condition upon
the writing of the numeral “1” in the previous key de-
pression cycle, the zero condition of the down counter as
sensed by the down counter zero semse gate 155G1 will
disenable the write circuit by disenabling AND gate
148G1. Thus, nothing will be written into the lowest
order of the entry register on the drum, and there will
be no tendency to destroy the recording at that point.

Since the number entry cycle control counter has re-
mained in the same state, and the positive voltage level
signal on the SL(E) bus 123R1 is still produced by the
shift left entry register gate 123G1, the occurrence of the
trailing end of the W3 timing pulse will result in a broad-
side transfer of the “8” stored in the up counter flip flop
150FF2 into the down counter flip flop 157FF1, as de-
scribed hereinbefore under ENTRY OF DIGIT 1, and
will also result in a resetting of the up counter, as de-
scribed hereinbefore, there being no carry in the carry flip
flop to cause the No. 1 flip flop 152FF1 of the up counter
to be set, rather than reset.

Again, since the phase of the number entry cycle con-
trol counter has not changed (and will not change until
the occurrence of the next H pulse), the positive voltage
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level signal remains on the SL(E) bus 123R1 until the
occurrence of the next H pulse, the read from entry com-
mand gate 141G4 is enabled, thus producing at the output
of its associated inverter 141A4, a negative voltage signal.
This negative voltage signal on bus 141R4 is applied at
the 144L8 bus and to the AND gate 144G4 in conjunction
with the W time pulse on bus 144L7 will cause a positive
voltage level signal to occur on the READ COM bus.

The appearance of this positive voltage level signal
upon the READ COM bus, and its inversion by the in-
verter 144A9 will, at the time of the occurrence of a
negative voltage signal on the RS bus 145B6, enable the
gate 145G1, thus permitting data to pass from the entry
register of track 4 through the inverter 145A1 to the
shaping one shot 145N1 and through the inverter 145A3
to the bus 145T2. The positive going transition of the
trailing edge of the first bit occurring at the 145T2 and
146L5 bus will set the read delay flip flop 146FF2, thus
enabling the second and subsequent, if any, bits from the
14572 bus to pass through the gate 146G1, but not allow-
ing the first bit from track 4 to appear because the read
delay was set by the trailing edge of the first bit.

In the problem now being considered, there will, of
course, be two bits written upon the drum in the lower
order digit entry register position. The first of these two
bits will be suppressed by the operation of the read delay
flip flop 146FF2 in conjunction with the AND gate
146G1, and the second of these bits will be passed on,
after being limited to a definite voltage level to the AD-
VANCE UP COUNTER bus 146R1 and 152L3 thus ad-
vancing the up counter by “1.” That is to say, in this
phase of the shift left entry register cycle the “1” stored
in the lower order of the entry register on the drum has
been “copied” into the up counter.

The writing of the “8” previously stored in the down
counter takes place during the next succeeding W3 period.
This is accomplished by the fact that the positive voltage
level signal on the SL(E) bus 123R1 is applied to the
write entry command gate 141G2, causing a negative
voltage level signal to be produced at the output of the
associated inverter 141A2 upon the WRITE “E” bus
141R2.

This negative voltage level signal upon the WRITE
“E” bus 141R2 is applied to the input of the W3 write
timing gate 144G7 and, thus, when the W3 period occurs
at bus 144L5, the W3 signal applied to the upper input
terminal of the gate will cause a positive voltage level
signal to be produced on the WRITE COM bus 144R2.
(At the time this depression and release of the 8 key, as
distinct from the original depression of the 1 key, a num-
ber is stored in the down counter, viz., the number “8.”)
Thus, the signal on the zero sense line 155R1 of the down
counter will not disenable the AND gate 148G1.

In addition, the signal on the WRITE COM bus 147LS
as inverted in the inverter 147A4, is applied to the two
central AND gates 149G3 and 149G4. Thus, when the
other inputs of these two AND gates are excited (de-
scribed hereinbelow) by bit signals from the write flip
flop 148FF1, which signals are in turn provided by the
output of the aforementioned AND gate 148G1, the out-
puts of the AND gates 149G 3 and 149G4 will successively
be applied to the inputs of the write circuit or the No. 1
write head on track 4 149WA2.

These successive bit pulses will be applied to the inputs
of the write circuit for the No. 1 write head on track 4
and, at the same time, the down counter will be “debited”
by one count state for each bit signal passed to the write
circuit for the write head on track 4.

As explained above, the application of a significant posi-
tive voltage level signal on the WRITE COM bus 147LS
to the input of the inverter 147Ad, causes a negative volt-
age level signal to be applied to both of gates 149G3 and
149G4 thereby enabling these gates, when excited by bit
pulses, to pass these bit pulses onto the track 4 through
track 4 write head 1 circuit 149WA2.



3,523,282

83

In addition, the positive voltage level signal on the
WRITE COM bus 147L5 is applied to an input terminal
of the OR gate 147G3. This results in a negative voltage
level signal at bus 147R2 after passage through inverter
147A3, which signal is applied to bus 148BS, i.e., to one
terminal of the gate 148G1. This gate 148Gl now is
“enabled,” insofar as its 148B5 terminal is concerned, by
the presence of the positive voltage level signal on the
WRITE COM bus 147L5. Also, since there is a quantity,
viz., the numeral “8,” stored in the down counter, there
is an enabling (negative voltage level) signal on the
148B4 input terminal of this gate. Thus, since the gate
is enabled as far as both of its “level” inputs are con-
cerned, any bit signals fed from the read head of track 3
into gate 148G1 will appear at the output of this gate
and, thus, will appear as positive-going pulses at the out-
put of the associated inverter 148A1. These positive-
going bit pulses are fed to the complement input of the
write flip flop 148FF1 and forward to the gates 149G3 and
149G4 through inverters 148A3 and 148A4 which, as
described above, have been placed in the “enabled™ state
by the presence of a positive voltage level signal on the
WRITE bus 147R3. Thus, each said positive-going bit
pulse will now be fed directly to the track 4, write head 1
write circuit, and thus will be recorded in the lowest order
entry position on the drum.

EXCESS BIT

However, as described above, it is desired to add an
“excess” bit to the train recorded on the drum, ie., to
record 9 strokes on the drum, rather than to only record
8 strokes on the drum corresponding to the number now
stored in the drum counter.

In order to insert this extra bit, or “excess” bit, the
following circuits are utilized: the gate 146G3 in the
up/down counter control and the write delay flip flop
146FF1.

The said positive-going bit signals, at the output of in-
verter 148A1, are applied to the one shot 148N1 for
“shaping” purposes. These bit signals will generally be
spikes, and not necessarily of suitable shape for actuation
of the digital circuits of the machine. For this reasom,
each of these successive spikes will be used only to initiate
operation of the one shot circuit, the output of the one
shot circuit driving its associated inverter 148A2 to form,
on bus 148T1, suitably “rectangular” information pulses
for processing in the calculator.

These information pulses are fed via the bus 148T1
labelled RESET WRT DELAY FF to the lower reset or g
input of the write delay flip flop 146FF1 and also to an
input terminal of the up/down counter control gate
146G3.

As described above, the resetting of the FF1 type flip
flop can only be done by a positive pulse, or a positive
going transition. Therefore, the write delay flip flop will
not be reset until the occurrence of the trailing edge of
the first bit pulse conveyed to its lower reset or g input
via the RESET WRT DELAY bus 146L6.

The up/down counter control gate 146G3, however,
will be “disenabled” until it receives a negative voltage
level signal on the input terminal thereof from the non-Q
or b output of the write delay flip flop 146FF1 which
negative voltage level signal is only produced when the
write delay flip flop is in its reset condition. Also, the
output of the gate 146G3 in the up/down counter con-
trol is conveyed by the ADVANCE DN CNTR bus
146R4 to the down counter, and is used to advance the
down counter.

It may be seen from the above that, since the first bit
is fed to the input of this gate before this gate is “en-
abled” by the write delay flip flop 146FF1, this first bit
will be fed to the write head, but will not be able to
advance the down counter.

Thus, through the operation of the write delay flip flop
and the gate 146G3 in the up/down counter control, the
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first occurring bit in the group of bits occurring during
W3 time will be “written” on the drum, but will not ad-
vance the down counter. It is the down counter, how-
ever, which controls the termination of the writing of bits
onto the drum and, therefore, the writing of bits will be
terminated by the zero sense down counter signal on bus
155R1 after the writing of the 9th bit on the drum rather
than the writing of the 8th bit on the drum.

Thus, the down counter has been cleared and, in so
doing, the “8” which was stored in the down counter has
been written into the appropriate position on the drum in
“excess 17 notation, ie., 9 strokes have been written on
the drum.

Now, as described above, the termination of the W3
timing pulse results in the transfer of the numerals stored
in the up counter, viz., the numeral *1,” to the down
counter, and the resetting of the up counter which, be-
cause no carry is retained in the carry flip flop, has each
one of its flip flops returned to the reset state. Now, here
is the beginning of the W4 time. Since, however, the next
order of the drum has a “blank” written therein at this
time, there are mo pulses applied by the output of the
track 4 read head circuit to the middle input terminal of
the AND gate 145G1 and, therefore, as above, the up
counter will not be advanced, i.e., the “state” of the up
counter will not be changed.

Thus, during the W4 period, nothing is read from the
drum, ie., the up counter is left in its zero indicating
state. As will be clear, each “attempt to read” from the
subsequent higher orders of the entry register during this
present shift left entry register period will result merely
in leaving the up counter in its “0” state.

Returning, however, to the present phase of the shift
left entry register cycle, and numeral “1” remains in the
down counter, and must be “written” into the drum at
the second lowest order digit position, that being the next
W3 time.

Now, during the subsequent W3 time, the fact that the
SL(E) bus 123R1 still has a significant positive voltage
signal thereon will result in the disenabling of the write
entry command gate 141G2 which will, in turn, in con-
junction with the W3 signal on bus 144L5, enable the
write timing gate 144G7 and place a significant positive
voltage level signal on the WRITE COM bus 144R2.
This will initiate the write cycle, as described above, and
will cause 2 bits to be written on the drum in the second
lowest order position of the entry register.

In so doing (i.e., counting the down counter to zero),
the down counter will be reset. Thus, both the up and
down counters are now standing in the reset condition.

Since both the up and down counters are now standing
in the reset position, i.e., containing a count of zero, and
since the interrogation of every subsequent order of the
entry register will produce no bit signals at the 148B4
input lead of the gate 148Gl, the arithmetic unit will
not be disturbed at any of the succeeding higher order
positions of the entry register on this turn of the drum.

At the next occurrence of the H pulse, the shift left
entry register gate 123G1 will be “closed” i.e., the signifi-
cant positive voltage level signal will be taken off the
SL(E) bus 123R1.

This is accomplished, as described above, by the reset-
ting of the number entry cycle control counter into its
“home™ state by the receipt of the H pulse, which resets
the Common Digit No. 2 flip flop 123FF2 of the number
entry cycle control counter, therefore leaving both flip
flops of the number entry cycle counter reset, this being
the (1) or “home” phase of the number entry control
cycle counter, as described above.

TRANSFER FROM ENTRY REGISTER TO ACCU-
MULATOR REGISTER

Having entered the number “18” into the entry regis-
ter, it is now desired to transfer this number “18” into
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the accumulator register. This operation is initiated by
pressing and releasing the first factor key (FFA).

Depression and release of the first factor key causes
a positive pulse to appear at the output of the FFA key
pulse generator 124K5. This positive pulse is applied to
the non-Q or b output terminal of the first factor flip
flop 124FFS5, thereby setting the first factor flip flop, and
also holds the first factor flip flop input to the function
OR gate 126G1 at a positive voltage level. Also, the Q
or a terminal, in the manner well known to those skilled
in the art, is placed at a negative voltage level.

This negative voltage signal is applied to bus 127L§
which is one of the two terminals of an AND circuit
composed of the diode 127D5 and the resistor 127RS5.
This, with the application of the negative voltage level
signal from the Q or a output of the first factor flip flop
124FFS to the bus 127L5 of this AND circuit, the AND
circuit is conditioned to pass a negative voltage level sig-
nal to the input of the inverter 127A5 when, and only
when, the lower terminal of this AND circuit (the re-
sistor 127RS5) is also supplied with a negative voltage
level signal,

Now, considering the output of the function gate
12G1, the application of a positive potential to one of
the inputs of this gate upon the setting of the first factor
flip flop 124FF5 causes the output of the function gate
to go to a positive voltage level. This positive voltage
level at the output of the function gate is applied to the
input of inverter 126A1.

The output of the inverter 126A1 is a negative voltage
level which is applied directly to the Q or @ terminal of
the function timing flip flop 126FF1. When the output of
this inverter is at a positive voltage level, the function
timing flip flop 126FF1 will be held in the reset condi-
tion. When, however, the positive voltage level pulse is
carried forward from the output of the function gate and
applied to the input of this inverter, the output thereof
will then go to a negative voltage level and, as may be
deduced from consideration of the circuitry of the type
1 flip flop, the function timing flip flop will be “unlocked,”
i.e., the function timing flip flop will remain in its reset
state, but will then be capable of being complemented by
an input to the complementing input of this flip flop.
The complementing input of this flip flop, however, is
tied to the H bus 1261.12.

Thus, after the depression and release of the first
factor key has caused a positive voltage level output to be
produced upon the output of the function gate 126G1,
thereby altering the signal tied to the Q or g terminal of
the function timing flip flop 126FF1 to a negative volt-
age level, and thereby “unlocking” this flip flop while
leaving it in its reset state, the occurrence of the next H
pulse will “complement” the function timing flip flop,
transferring it to its set state.

In the set state of the function timing flip flop, the
non-Q or b output terminal thereof is at a positive volt-
age level.

This positive voltage level signal on the non-Q or »
output terminal of the function timing flip flop is tied to
the input of an emitter follower 126Q1, the output of
which is tied to the input of an inverter 126A2, the out-
put of this inverter being tied to the input of a successive
emitter follower 126Q2 and, finally, the output of this
emitter follower being tied, via bus 126RS5, to the resistive
input 12719 of the AND gate previously described which
includes diode 127D5 and resistor 127RSS5. Thus, the
positive voltage level signal at the non-Q or b output of
the function timing flip flop 126FF1 occurs at the re-
sistive input of this AND gate as a negative voltage level,
thereby “opening” this gate at the occurrence of the H
pulse on bus 126112 and resulting in the production of a
positive voltage level signal at the output of the inverter
127AS. This output of the inverter 127AS is the FFA
bus 127R9.

Thus, the depression and release of the first factor
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key has resulted in (a) placing the function timing flip
flop 126FF1 into its set state at the occurrence of the
next succeeding H pulse, and (b) producing a significant
positive voltage level signal upon the first factor FFA
bus 127R9.

As employed in the first factor program, this first
factor (FFA) bus 127R9 is tied to the inputs of 3 gates,
the write accumulator command gate 141G1, the read
from entry command gate 141G4 and the broadside com-
mand gate 142G2.

The arrival of the significant positive voltage level
signal on the first factor (FFA) bus 127R9 conditions
all three of these gates to produce a significant negative
voltage level signal at the output of the inverter associated
with each said gate (141A1, 141A4, 142A2).

Thus, the significant negative voltage level signal pro-
duced at the output of the inverter 141A1 associated
with the write accumulator command gate 141G1 is con-
veyed by means of the bus 141R1 to one input of AND
gate 144G6. This input signal so conditions this write
timing gate 144G6 that, when the W2 timing pulse ap-
pears on bus 144L3, the WRITE COM bus 144R2 tied
to the output of the inverter 144A6 of the output of the
write timing gate 144G6 goes to a positive voltage level.

The occurrence of this positive voltage level signal on
the WRITE COM bus 144R2 initiates the normal write
cycle described hereinabove, which would write the con-
tents of the down counter into an accumulator “slot” on
track 4. But here, however, nothing is stored in the down
counter and, consequently, the corresponding signal on
the down counter zero sense line 155R1 prevents writing
by means of AND gate 148G1. No part of the transfer
cycle from entry to accumulator in response to the de-
pression of the first factor (FFA) key occurs during the
W3 time period.

Now, starting the W4 time period, because of the sig-
nificant positive voltage level signal remaining on the
first factor (FFA) bus 127R9, the read from entry com-
mand gate 141G4 has on the output of its corresponding
inverter 141A4 a negative voltage level signal, for reasons
stated hereinabove. This negative voltage level signal is
applied to one of the two inputs of the read timing gate
144G4. Thus, at the occurrence of W4 time, the W4
signal on the 144L7 bus is applied to the other input of
this gate 144G4 on the W4 bus, the READ COM bus
having a positive voltage level signal applied thereto.

This positive voltage level signal is inverted in inverter
144A9 and applied to one of the inputs of the gate 145G1.
Thus, when the signal on the RS bus 145B6 is at a nega-
tive voltage level the bits read from data track 4 will be
passed through an inverter 145Al, a shaping one shot
145N1, and an inverter 145A3 to the set or A input of
the read delay flip flop 146FF2, and also to one of the
inputs of the gate 146G1. This signal is passed in the
form of negative-going pulses, but since the read delay
flip flop can be triggered only by positive-going transi-
tions, the read delay flip flop is not triggered until after
the passage of the first bit pulse, i.e., the trailing edge of
the first bit pulse. The gate 146G1 will not be enabled
until after the occurrence of the first bit pulse of the
series. Therefore, the first bit pulse of the series will not
be passed to the ADVANCE UP COUNTER bus 146R1,
but the subsequent bit pulses of the series will be passed
to the ADVANCE UP COUNTER bus by gate 146Gl1,
which will be opened by a signal supply from the a out-
put of the read delay flip flop 146FF2 when this flip flop
has been triggered by the passage of the trailing edge of
the first bit pulse.

Thus, the bits read out of track 4 during W4 time will
all pass to the ADVANCE UP COUNTER bus, except
one. These bits (8 in number) on the ADVANCE UP
COUNTER bus will result in the up counter being ad-
vanced through its “8” state,

As described above, during the presence of the posi-
tive voltage level signal on the first factor (FFA) bus
127R9, an output signal will also be produced by the
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gate 142G2, this output signal providing negative voltage
level on the output of the associated inverter 142A2. This
negative voltage level is applied to one of the inputs of
the gate 143G3. Thus, when the W4 timing pulse is re-
ceived on bus 143L5 by the other terminal of this gate
143G3, a positive voltage level signal will be produced
at the output thereof. After passing through inverter
143A3, the signal on the UP TO DOWN/RESET UP
bus 143R1 will be at a negative voltage level. In the
manner described hereinbefore, a positive fransition of
the potential on this bus at the termination of the w4
pulse will cause the number “8" stored in the up counter
to be broadsided to the down counter, and the up counter
to be reset.

No part of the entry register to accumulator register
transfer cycle in response to the depression and release
of the first factor key appears during the W1 time.

Next, during the W2 time, the number “8,” which was
just broadsided into the down counter, is rewritten into
the lowest order of the accumulator register as represented
on the surface of the drum. This reading out of the down
counter into the drum is effected in the manner described
hereinabove during W2 time.

As stated above, no portion of the entry to accumu-
lator transfer cycle in response to the depression and
release of the first factor (FFA) key, occurs during the
W3 period.

Next, during the W4 period, the number “1” stored
in the second lowest order of the entry register on the
drum is entered into the up counter, whereafter, at the
end of the W4 period, this number is entered into the up
counter, is broadsided into the down counter, and the
up counter is reset. Since the number “18” appeared in
the entry register before the depression of the first factor
key, and since this entire number “18” has been entered
into the accumulator register by the operations described
immediately hereinabove, the treatment of the balance
of the higher order digits is of no concern, the termina-
tion of the transfer cycle taking place when the poten-
tial on the first factor (FFA) bus 141L1 is returned to
its normal negative voltage level by the action of the
next succeeding H pulse on bus 126L12. That is, the
H bus 126112 signal next proceeding excites the comple-
menting or g and 2 input of the function timing flip flop
126FF1, thereby returning the function timing flip flop
to the reset state. This return of the function timing flip
flop 126FF1 to the reset state has two effects. The first
effect of the return of the function timing flip flop to
the reset state is to set the common function storage flip
flop 126FF2, which is done by the positive-going transi-
tion read from the Q or a output of the function timing
flip flop to the set or h input of the common function
storage flip flop.

The second effect of the resetting of the function tim-
ing flip flop is to reset any of the function storage flip
flops which have been set by depression and release of
a function key.

This is accomplished by the negative-going transition
occurring at the non-Q or & output of the function timing
flip flop 126FF1, which negative-going transition passes
through emitter follower 126Q1, is inverted by the in-
verter 126A1, and then fed to the reset line 12411 and
125L1 which is common to all of the reset or g input
terminals of the function storage flip flops 124FF1 to
124FF5 and 125FF1 to 125FF4. :

This resetting will, of course, reset the first factor stor-
age flip flop 124FF5, which was previously set by the de-
pression and release of the first factor key. An additional
effect of toggling or complementing the function timing
flip flop 126FF1 is the appearance at the bus 126R5 and
126R6 and, therefore, on the resistor input 127L9 of the
diode resistor gate including resistor 127RS5 and diode
127D5 of a positive voltage level signal. This positive
voltage level signal applied to the resistive input 12719
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of the gate terminates the presence of the significant posi-
tive voltage level signal on the first factor bus 127R9.
By so doing, the first factor cycle from entry register
to accumulator register is terminated.

DIGIT ENTRY 2

Now, in order to enter the digit “2” of the number 20,
the No., “2” digit key 121K2 is depressed and released.
Thus, as hereinbefore described, the number “2” is en-
tered into the digit storage register by setting only the No.
2 flip flop 122FF3 of the digit storage register. Also, the
common line 12312 of the key pulse encoder provides a
positive pulse to the non-Q or » input of the Common
Digit flip flop No. 1, 123FF1 of the number entry cycle
control counter. This impels the number entry cycle con-
trol counter into its (2) phase, as set forth before. In this
phase a negative voltage level signal is produced upon the
Q or a out-put of the Common Digit No. 1 flip flop
123FF1 of the number entry cycle control counter. This
negative voltage level signal on the common digit bus
12312 is applied to one of the inputs of the clear entry
gate 126G2. The other input of the clear entry gate,
however, is presently held at a negative voltage level due
to the common function storage flip flop 126FF2 placed
in its set condition by the immediately preceding depres-
sion and release of the first factor key, as described above.

Thus, the output of the clear entry gate 126G2 is at
a negative voltage level and the output of the inverter
126A3 directly attached thereto is at a positive voltage
level. This positive voltage level signal is applied to the
CLEAR ENTRY bus 126R2. The application of this
positive voltage level signal on the CLEAR ENTRY bus
to the input of the write entry command gate 141G2
causes a negative voltage level command signal to be
transmitted over the bus 141R2 to one input of the W3
write grate 144G7.

Upon the occurrence of the negative voltage level W3
time pulse on bus 144L5, this gate 144G7 is enabled, thus
producing a significant positive voltage level signal upon
the WRITE COM bus 144R2. This positive voltage level
signal occurring upon the WRITE COM bus causes a
negative voltage level signal to be applied to one input
terminal of each of the gates 149G3 and 149G4 along
the bus 147R3. The number now stored in the down
counter is “0,” however, and, for this reason, the zero
sense gate 155G1 of the down counter produces such a
signal on the zero sense bus as to maintain the gate 148G1
disenabled.

Since the gate 148G1 is disenabled, the write flip flop
148FF1 will remain in one of the set or reset states. Since
the write flip flops remains in one of its stable states, only
one of the two gates 149G3 and 149G4 will be able to
produce a negative voltage level output signal. For: this
reason, the track 4, write head 1, will cause a constant
direct current through one half of the write coil during
each W3 period, i.e., so long as the significant positive
voltage level signal remains upon the CLEAR ENTRY
bus 126R2. Thus, during each W3 period, so long as the
CLEAR ENTRY bus remains in its “significant” positive
voltage level state, the data appearing in the entry register
on track 4 of the drum will be erased. That is, the data
will be replaced with unidirectional D-C magnetization of
the drum surface in those areas.

This erasure process will continue, entry digit by entry
digit, until the appearance of the second H pulse next
succeeding on bus 1261.12. That is, the appearance of the
first H pulse next succeeding will impel the number entry
cycle control counter forward to phase (3), but the re-
setting of the common function storage flip flop 126FF2
must wait upon the resetting of the Common Digit No. 1
flip flop 123FF1 of a number entry cycle control counter,
and this does not occur until the next successive H pulse,
which impels the number entry cycle control counter
forward to the (4) phase.
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The occurrence of the next, or second succeeding H
pulse will propel the number entry cycle control counter
forward to its (4) state and reset the Common Digit
No. 1 flip flop 123FF1 of the number entry cycle control
counter. In so doing, the Q or a output of this flip flop
123FF1 goes through a negative to positive voltage tran-
sition, thereby resetting the common function storage
flip flop 126FF2, and terminating the presence of the sig-
nificant positive voltage level signal upon the CLEAR
ENTRY bus 126R2.

In addition, the occurrence of the positive going transi-
tion on the Q or a output of the No. 1 flip flop 123FF1
of the number entry cycle control counter will reset the
digit storage register, and transfer the contents of the
digit storage register to the up counter, in the manner
hereinbefore described,

Having entered the highest order digit, “2,” into the
entry register by depressing and releasing the No. 2 digit
key, we now proceed to enter the other digit of the num-
ber desired to be entered, viz., zero.

DIGIT ENTRY (0)

Since the digit entered is, in this case, zero, the setting
of the digit storage register counter will remain zero,
i.e., will not be set.

The common output line of the key pulse encoder
121R7 will, however, be pulsed just as in the case of the
eniry of any other digit.

This pulse will, as before, impel the number entry
cycle control counter forward to its (2) state.

The first occururence of an H pulse thereafter will ad-
vance the number entry cycle control counter to its (3)
state but, since the common function storage flip flop
126FF2 has not been set in the course of the cycle taking
place upon the depression and release of a function key,
this portion of the cycle of the number entry cycle control
counter will not be utilized to carry out a function within
the machine,

Then, upon the occurrence of the second succeeding H
pulse, the number entry cycle control counter is advanced
to its (4) state.

At the commencement of this phase of the number
entry cycle control counter, the Q or a output of the No.
1 flip flop 123FF1 of this counter makes a positive-going
transition to the positive voltage level. This positive-going
transition is transmitted by the common digit bus 12312
to bus 145B15. In the pulse forming network coupled to
bus 145B1S5, this positive-going transition is differentiated
by the resistor 145RS7 and capacitor 145C3 network,
thereby producing a high amplitude positive-going spike
at the bus 145T6 and the lower set input of the read
delay flip flop 146FF2. This signal at the lower set input
of the read delay flip flop sets the read delay flip fiop,
causing the Q or « output thereof to pass through a nega-
icive 1going transition from a positive to a negative voltage
evel.

In the instance of entering a zero by means of the
zero digit key, as in the present case, it will be recognized
that, when the digit storage register counter is reset, the
transfer which would otherwise take place from the digit
storage register to the up counter does not take place,
ie., the up counter remains entirely in its reset condition.

It may be considered that the presence of the totally
reset condition in the up counter amounts to having a
zero stored therein.

Further, in the normal digit entry cycle as described
above, the contents of the up counter will be “broad-
sided” into the down counter at the termination of the
W3 period. In this case, no change will actually take
place in the state of the down counter, since, when enter-
ing zero, the up counter is in its totally reset state even
after the “transfer” of the contents of the digit storage
register into the up counter.

At the end of the W3 period, in addition to the “broad-
siding” of the contents of the up counter into the down
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counter, the UP TO DOWN/RESET UP signal also
causes the production of a positive-going read delay reset
signal by means of the network terminating at bus 153RS
and 14614, This read delay reset signal or RESET READ
DEL FF bus 146L4 resets the read delay flip flop 146FF2
and also sets the write delay flip flop 146FF1.

Since the write delay flip flop is set, the non-Q or b
output thereof is at a positive voltage level. However, the
non-Q or b output of the write delay flip flop is directly
tied via WRITE DELAY bus 146R3 and 155L8 to one
of the inputs of the down counter zero sense gate 155G1.
Thus, a positive voltage level signal is applied to one of
the inputs of the down counter zero sense gate, and this
causes the potential on the ZERO SENSE bus at a posi-
tive voltage level. This positive voltage level signal on
the ZERO SENSE bus is inverted in the inverter 155A5
thus enabling the gate 148G1. Immediately afterward,
in the W4 time period, the number “2” is read from the
lowest order of the entry register into the up counter in
the manner described hereinabove.

Consultation of the timing diagrams will show that no
phase of the zero digit entry occurs during the W1 and
W2 time periods, Then, during the W3 time period, the
contents of the down counter, viz., zero, is read into the
lowest order digit position of the entry register on the
drum, However, it will be recognized that the code to
be read into the drum for a zero is not itself an absence
of bits, but a single “excess bit.” This excess bit is entered
as follows: the occurrence of the W3 pulse at the input
144L5 of the gate 144G7 produces a significant positive
voltage level signal on the WRITE COM bus 144R2.
This signal on the WRITE COM bus is applied to one
of the input terminals 14705 of the gate 147G3 and causes
a negative voltage level signal to appear at the output
of inverter 147A3 coupled thereto and, thus, upon the
148BS bus input of the gate 148G1. This gate, however,
already has a negative voltage level enabling signal
applied thereto via bus 148B4 by the operation of the
down counter zero sense gate 155G1 in conjunction with
the non-Q or b terminal of the write delay flip flop
146FF1.

Therefore, a bit from the read head 148RA1 on track
3 is applied to the write flip flop 148FF1 through the
gate 148G1, impressing a bit upon track 4 in the lowest
order position of the entry register. This bit signal, how-
ever, is not only applied to the write flip flop, but also,
after reshaping by the one shot 148N1 is applied to the
WRITE DELAY RESET bus 148T1. Thus, since this bit
pulse is negative-going, its trailing edge is applied to the
lower reset or g input of the write delay flip flop 146FF1
and resets this flip flop.

Since, however, the non-Q or b output of the write
delay flip flop, which is now at a negative voltage level,
is tied directly to one of the inputs of the down counter
zero sense gate 155G1, the signal on the ZERQO SENSE
bus goes to a negative voltage level, therefore applying
a positive voltage level signal to one of the inputs of the
gate 148G1, and blocking further passage of bit signals
from bit track 3 to the write flip flop 148FF1, and thus
to the data track 4. By the above described process, a
single “excess” bit is applied to the appropriate entry
space of the data track 4 when the zero key is depressed
and released.

The re-entry of the digit “2” into the next higher order
of the entry register is carried out as described herein-
above and need not be re-described at this point.

As a result of the above described process, it will be
recalled that the number “18” has been entered into the
accumulator register, and that the number “20” is now
entered in the entry register.

ADDITION
It is now desired to add the number “20” in the entry

register to the number “18” in the accumulator register.
In order to do this, the add key 125K4 is depressed and
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released. Depression and release of the add key causes
a positive voltage pulse at the 125R8 and 126L9 bus in
the manner described hereinbefore. This positive voltage
pulse sets the add flip flop 125FF4 in the same manner
described hereinbefore for the first factor (FFA) flip flop.

Also, as described hereinbefore, the add flip flop re-
mains in the set condition, therefore causing the non-Q
or b output thereof to remain at a positive voltage level
condition. This positive voltage level state of the non-Q
or b output of the add flip flop is applied to one of
the inputs of the function gate 126G, causing the output
of the function gate to go to a positive voltage level which
level, when inverted by the inverter 126A1 to a negative
voltage level signal, is applied to the Q or a output of the
function timing flip flop 126FF1. The application of this
negative voltage level to the Q or a output of the func-
tion timing flip flop, as hereinabove described, “unlocks”
this function timing flip flop, thereby making it susceptible
of being toggled or complemented by its toggle input, but
Jeaving it in the reset condition until so toggled. The func-
tion timing flip flop, then, is in its reset state, and is “un-
locked.”

The arrival of the next significant transition upon the
H bus 126112 complements the function timing flip flop
126FF1. When complemented, the function timing flip
flop has a positive voltage level signal at its non-Q or b
terminal, which positive voltage level signal is applied,
inter alia, to the chain of emitter followers 126Q1 and
126Q2 and inverter 126A2. As a result of passing through
this chain, the positive voltage level signal at the non-Q
or b output terminal of the function timing fiip flop ap-
pears at bus 126RS5 and 126R6 as a negative voltage level
signal.

This negative voltage level signal is applied to the re-
sistive input 128L3 of the resistor 128RS1-diode 128D1
gate. The other terminal 12812 of this resistor-diode gate
is concurrently supplied with a negative voltage level sig-
nal from the Q or a output terminal of the add flip flop
125FF4. Therefore, an output signal is produced at the
output of the inverter 128A2 associated with this resistor-
diode gate. This output is a positive voltage level signal
which is applied to the input of the inverter 128A5, there-
by being inverted to a negative voltage level signal, which
is then applied to the 129L1 input terminal of the gate
129G1 in the accumulator sign control, The other terminal
of this gate 129G1 in the accumulator sign control has
a negative voltage level signal applied thereto because it
is tied to the Q or a output of the accumulator sign flip
flop 128FF2 which is in the set condition.

Thus, the gate 129G1 of the accumulator sign control
is “open” and a positive voltage level signal is produced
at the output of its associated inverter 129A3, i.e., on the
ADD bus 129R3.

The presence of this positive voltage level signal on the
ADD bus 129R3 enables the write accumulator command
gate 141G1, thus producing a significant negative voltage
Jevel signal on the bus 141R1 at the inverter 141A1 out-
put, which signal is applied to the 144112 input of the
gate 144G6.

Thus, with the WRITE A negative voltage level signal
applied to one input of the W2 write gate 144G6 the oc-
currence of the W2 signal on the 144L3 input of this W2
write gate will cause a significant positive voltage level sig-
nal on the WRITE COM bus 144R2.

As a result of this signal, the write circuits are con-
ditioned to write the contents of the down counter into
the accumulator register. Since, however, in this case,
there is nothing stored in the down counter and the write
head is in “dead time” on the drum, this phase of opera-
tion will not succeed in making a significant entry upon
the drum.

The significant positive voltage level signal remains
upon the ADD bus 129R3, however; thus, in the next
succeeding time period, viz., W3, the machine will be

10

20

30

40

60

65

60

65

70

75

92

conditioned for reading the lowest order digit from the
accumulator register of the drum into the up counter.

This is done by the following: producing a significant
negative voltage level signal upon the bus 141R3, which
signal is tied directly to one of the inputs of the W3 read
gate 144G3. Thus, as described hereinbefore, upon oc-
currence of the W3 timing pulse at the 144L5 input of
the W3 read gate 144G3, a significant positive voltage
level output signal will be produced upon the READ
COM bus.

This signal upon the READ COM bus is inverted by
inverter 144A9 to a negative voltage level and applied
to the 145B1 input of the gate 145G1.

Upon application of this negative voltage level signal,
gate 145G1 is enabled, as described hereinabove, to pass
data signals from the track 4 read head 145RA1 during
the “on” periods of the RS bus 145B6 to a pulse shaping
network 145N1 and an inverter 145A3, whereby each
of the bits read from track 4 is produced at one of the
inputs of the sequence control gate 146G1 and at the
upper set or i input of the read delay flip flop 146FF2,
in the form of negative-going pulses.

The read delay flip flop 146FF2 and the counting se-
quence control gate 146G1 now function in the manner
described hereinabove to maintain the counting sequence
control gate 146G1 in the disenabled condition during the
occurrence of the first bit pulse from the read head
145RA1 of track 4 thus eliminating the “excess™ bit pulse,
as hereinbefore described in detail.

The subsequent bits will, of course, pass through count-
ing sequence control gate 146G1 and will then be applied
to the ADVANCE UP COUNTER bus 146R1 in the man-
ner described hereinbefore. Thus, the numeral “8” stored
in the lowest order position of the accumulator register
upon the drum is fed into the up counter. ‘

At the termination of the W3 pulse, the read delay
flip flop 146FF2 is reset by a positive-going transition
applied to its lower reset or g input terminal. This positive-
going transition is applied from the output of the inverter
146A1 associated with the timing sequence control gate
1 composed of diode 146D1, resistor 146RS1 and capaci-
tor 146C1. The input to this sequence control gate 1 is
supplied from the output of the inverter 143A6 associated
with the add cycle read delay reset gate 143G#6. This gate
has as its inputs an ADD signal (the signal on the ADD
bus 143111 and the W3 timing signal 1431.3). Thus, when
the W3 timing signal on the W3 bus 143L3 and the sig-
nificant signal on the ADD bus 143L11 occur simul-
taneously, a positive voltage level signal occurs at the out-
put of sequence control gate 143G6.

However, at the termination of the W3 timing pulse
as applied to the 143L3 input of the add cycle read delay
gate 143G6, a negative-going transition is applied to the
diode input 146L1 of counting sequence control gate 1.
As a result, a positive-going transition is produced at the
output of the associated inverter 146A1 and, thus, applied
to the lower reset input of the read delay flip flop 146FF2,
resetting the read delay flip flop. ‘

Now, at the commencement of the W4 time period, the
continued presence of the significant positive voltage level
signal on the ADD bus 141L7 will cause a significant
negative voltage level signal on the bus 141R4, which
signal is applied to an input 14418 of the W4 read gate
144G4 and, in conjunction with the occurrence of the
W4 timing pulse on bus 144L7, produces a significant
positive voltage level signal on the READ COM bus as
hereinabove described. This significant 'signal on the
READ COM bus will, as hereinbefore described, initiate
the operation of suppressing the first, or “excess” bit, and
will cause the reading of the bits stored on track 4 in the
lowest order of the entry register (though only 1 bit is
present in the instant problem), these bit signals being
produced at bus 145T2 as negative-going, shaped pulses.

In the instant problem, the number to be read from
the lowest order of the entry register is zero and, there-
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fore, the read delay flip flop 146FF2 will conjoin with
the counting sequence control gate 146G1 to suppress the
only pulse read from the drum, viz., the “excess” bit.

Thus, it may be considered that the “zero” from the
lowest order of the entry register has been entered into
the up counter “on top of” the “8” which was previously
read from the lowest order of the accumulator register
on the drum. It may also be considered that the sum of
the “8” and the “zero” from the lowest orders of the
accumulator and entry registers, respectively, now exists
in the up counter. (It should be understood that if the
sum of these two lowest order digits had been greater
than “9,” the up counter would have operated to set the
carry flip flop 150FF1. Since, however, the sum of the two
digits here under consideration is not greater than “9,”
the carry flip flop remains in its reset condition.)

At the termination of the W4 time period, the conjunc-
tion of a negative voltage level signal from the output of
the inverter 142A2 associated with the broadside com-
mand gates at one of the input terminals of the broadside
timing gate 143G3 with the trailing edge of the W4 timing
pulse will cause a positive-going transition on the UP TO
DOWN/RESET UP bus 143R1. This positive-going tran-
sition on the UP TO DOWN/RESET UP bus will cause
the number “8” stored in the up counter to be “broad-
sided” or shifted into the down counter, and will reset
the up counter in the manner hereinbefore described.

CARRY

It is noted that, had the carry flip flop 150FF1 been
set, it would have been reset by this positive-going tran-
sition on the UP TO DOWN/RESET UP bus. Consider-
ing for a moment, the operation of the carry flip flop in
determining whether the No, 1 flip flop 152FF1 of the
up counter will, or will not, be reset upon receipt of the
UP TO DOWN/RESET UP significant positive voltage
level signal, let us first consider the present case, wherein
the carry flip flop remains reset. In this case, the positive
voltage level at the Q or « output 150R1 of the carry
flip flop is applied to the bus 152L1. This bus is tied to
one end of a resistor 152RS5 which comprises a part of
the pulse gate tied to the upper or i reset input of the
No. 1 flip flop 152FF1 of the up counter. This pulse gate
comprises in addition to said resistor, a capacitor 152C4
tied between the other end of said resistor and the bus
15272, and a diode 152D6, the cathode of which is tied
to the upper reset or i input of the No. 1 flip flop 152FF1.

Considering, now, a period when the UP TO DOWN/
RESET UP bus 143R1 is in its “normal” negative voltage
level condition, it may be seen that this negative voltage
level is applied from bus 153L8 through the time delay
circuit including capacitor 153C1, resistors 153RS1 and
153RS2, inverters 153A1 and 153A6 to the capacitor
input terminals 15112 and 152T2 of the pulse gate. Thus,
the capacitor 152C4 of the pulse gate will be charged to
the point where it is storing a negative voltage level, its
lower plate as shown in the diagram being relatively
positive,

Subsequently, when the UP TO DOWN/RESET UP
bus makes a positive-going transition to its significant
positive voltage level, this positive-going transition is
reflected to the upper terminal of the capacitor 152C4,
bringing that point to a positive voltage level, Thus, in-
stantaneously, the upper plate of the capacitor 152C4 is
driven in the positive direction.

This positive transition of the lower plate of the capac-
itor 152C4 of the pulse gate passes a current signal through
the diode 152D6 to the upper or i reset input of the No. 1
flip flop 152FF1, thereby resetting this flip flop.

From the above, it may be seen that, in the case where
the carry flip flop remains reset, the No. 1 flip flop 152FF1
will be reset by the occurrence of the UP TO DOWN/
RESET UP transition on the UP TO DOWN/RESET UP
bus, as are the 2, 4, and 8 flip flops 151FF2, 151FF1 and
150FF2, respectively, of the up counter,
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It will be evident from the above considerations that,
were the carry flip flop 150FF1 in its set position, a posi-
tive voltage level signal would be applied to the resistor
input 152L2 of the similar pulse gate including capacitor
152C3 and diode 152D3 and, upon the occurrence of the
positive-going transition on the UP TO DOWN/RESET
UP bus, the No. 1 flip flop 152FF1 would be or remain
set, as the case may be.

We have now arrived at the end of the W4 time in the
add cycle, having broadsided the contents of the up
counter into the down counter and reset the up counter.
Thus, the sum of the two lowest order digits from the en-
try register and the accumulator register is now found
stored in the down counter.

During the next succeeding W2 period, the contents
of the down counter are written into the lowest order of
the accumulator.

This means, of course, that the contents of the down
counter, viz., the numeral “8,” must be written into the
lowest order storage position of the accumulator register
on the drum, not as 8 stored bits, but as 9 stored bits,
the additional stored bit being the “excess” bit referred
to at several places hereinabove. The addition of this
“excess” bit is brought about by the write delay flip flop
146FF1 acting in conjunction with the counting sequence
control gate 146G3.

First, it will be recognized, that the write delay flip
flop 146FF1 was actuated into its set condition at the
time that the read delay flip flop 146FF2 was actuated
into its reset condition as described hereinabove. This
was accomplished by the tie between the Q or g terminal
of the read delay flip flop and the upper set or # input
terminal of the write delay flip flop. Thus, the write
delay flip flop is now in its set condition.

Since the write delay flip flop is in its set condition,
and since its. non-Q or b output is tied to one of the
inputs of the counting sequence control gate 146G3, this
counting sequence control gate will remain disenabled
until the write delay flip flop is complemented.

As hereinbefore described, the occurrence of the signi-
ficant negative voltage level on the WRITE COM bus
144R2 in conjunction with the non-zero signal from the
zero sense gate 155G1 of the down counter will enable
the gate 148G1. Thus, this gate is enabled to pass the
bit information from the timing bits stored on track 3.
The bit information produced at the output of this gate
148G1 is, as described hereinabove, fed to the write
flip flop 148FF1, and in addition, fed through the shaping
network 148N1 and inverter 148A2 to an input of count-
ing sequence control gate 146G3 and the lower reset or
g input of the write delay flip flop 146FF1. The bit infor-
mation fed to counting sequence control gate 146G3 and
the write delay flip flop 146FF1 is in the form of negative-
going pulses.

In operation, the first occurring of these negative-going
bit signals cannot pass counting sequence control gate
146G3 due to the positive voltage level signal applied
thereto by the non-Q or b output of the write delay flip
flop 146FF1. This first pulse, however, is passed to the
write flip flop 148FF1 and, thus, inscribed upon the drum.
Thus, a pulse is inscribed upon the drum and the down
counter is not “debited” or counted down in correspond-
ence thereto. It will be recognized, of course, that this
pulse inscribed upon the drum without debiting the down
counter is the “excess” bit stored upon the drum.

Upon the occurrence of the trailing edge of this first
bit pulse the write delay flip-flop 146FF1 is reset, thus
“opening” counting sequence control gate 146G3, where-
after each pulse which is inscribed upon the drum by
means of the write flip flop 148FF1 is also debited from
the down counter. Therefore, when the down counter re-
turns to zero and the signal on the zero sense bus 155R1
returns to its quiescent state, the gate 148G1 will be dis-
enabled thus preventing the feeding of further pulses from
the timing bit track 3 onto track 4. Thus, the “sum”
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stored in the down counter has been entered into the ac-
cumulator register in the lowest order position.

The addition of the second lowest order digit in the
accumulator, viz., the numeral “1,” to the second lowest
order digit in the entry register, viz., “2,” is accomplished
in the same manner as the addition of the lowest order
digits. It will be recognized, of course, that had a carry
been generated in the lower order it would have existed
as a preset “1” stored in the up counter and would have
been added into the total of one and two without further
steps taken within the machine.

In addition, if the second lowest order digits had been
sufficiently large to gemerate a carry, this would have
left a 1 stored in the up counter, which would then have
been written into the third lowest order digit position
of the accumulator in the course of normal operation of
the machine.

Thereafter, until the end of one revolution of the drum
is reached, the machine will, in its normal course of opera-
tion, add “blanks” as stored in the accumulator register
to “blanks” as stored in the entry register, and record
“blanks” in the remaining positions of the accumulator
register.

It will be recognized that, in the operation of addition,
no erasure of the information stored in the entry register
takes place and, thus, at the end of the add operation,
the content of the entry register on the drum remains
the same, and this content is displayed in the entry register
position of the display tube (to be explained later).

At the termination of sweeping one revolution of the
drum (during which time the addition is performed), and
H pulse occurs, which pulse is fed from the H bus 126L12
into the toggle or complement input of the function timing
flip flop 126FF1, thus resetting this flip flop. The resulting
negative voltage level upon the non-Q or & output of the
function timing flip flop, as inverted by inverter 126A2
is impressed upon bus 126R4 and 125L1, resets the add
storage flip flop 125FF4, and places a positive voltage
level on the resistive input terminal of the resistor-diode
gate at bus 126R6 and 126RS, thus terminating the pres-
ence of the significant positive voltage level signal on the
add bus 129R3.

In addition, the negative voltage level signal appearing
on the non-Q or b output of the now reset add storage
flip flop 125FF4, travels via the function gate 126G1 and
“relocks” the function timing flip flop 126FF1 by pro-
ducing a positive voltage level through the inverter 126A1.
This positive-going transition will also set the common
function storage flip flop 126FF2.

Thus, the add operation is terminated and the machine
is conditioned for the next state of operation.

TRANSFER FROM ACCUMULATOR REGISTER
TO TEMPORARY STORE

It is now desired to transfer the numbers stored in
the accumulator into the number 1 storage register. This
operation is initiated by depression and release of the
T1 key 124K1. As hereinbefore described, the depression
and release of the T1 key sets the T1 flip flop 124FF1,
produces an output from the function gate 126G1 which
“unlocks” the function timing flip flop 126FF1, and
produces a negative voltage signal level at the input
12711 of the diode 127D1-resistor 127RS1 gate. The
occurrence of the next significant H signal on the H
bus 126112, thereafter, will set the function timing flip
flop, as hereinabove described, thus producing a negative
voltage signal level at the resistive input 12719 of the
resistor diode AND circuit. This, in turn, will produce a
significant positive voltage level signal on the T1 bus
127R2, and will produce a significant negative voltage
level signal on the T1 bus 127R1.

Having now provided a significant negative voltage
level signal on the T1 bus 127R1, and a significant posi-
tive voltage Jevel signal on the T1 bus 127R2, and also
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having set the function timing flip flop 126FF1, the next
procedure is to transfer the contents of the accumulator
to storage 1.

Broadly speaking, this transfer from accumulator to
storage 1 is accomplished by (1) reading a single digit
of information from the accumulator during the W3 time
period, (2) “broadsiding” the information from the up
counter to the down counter at the time of transition from
W3 period to W4 period and (3) writing the contents
of the down counter into the storage 1 register during
the W4 time period.

To effect the transfer from the accumulator into the
up counter, the T1 signal on bus 127R2 is applied to the
read from accumulator command gate 141G3 at bus
141L14, which in turn excites the W3 read gate 144G3,
at W3 time, the W3 read gate producing a significant
positive voltage level signal on the READ COM bus.
This significant signal upon the READ COM bus. as
hereinbefore described, causes the reading of the con-
tents of the lowest order of the accumulator appearing
on the drum into the up counter.

At the termination of the W3 time pulse the broad-
side timing circuit gate 143G2, which is enabled by a
signal produced by the broadside command gate 142G1,
produces a positive-going signal upon the UP TO DOWN/
RESET UP bus 143R1, thereby “broadsiding” the con-
tents of the up counter into the down counter, and
resetting the up counter.

The T1 signal at bus 127R1 is applied to the W4
write gate 144G8 and, thus, upon the occurrence of
the W4 pulse, the WRITE COM bus 144R2 has a
significant positive voltage level signal produced there-
upon.

This WRITE COM signal, in the manner hereinbefore
described, causes the contents of the down counter to
be written upon the drum in the lowest order of the
T1 storage register.

This cycle is repeated until the entire content of the
accumulator, i.e., in this case “38,” is transferred into
the T1 storage register, and continues thereafter to
“transfer” blanks from the accumulator register into
the T1 storage register.

This process is terminated by the receipt at the toggle
or complement input of the function timing flip flop
126FF1 of the next H pulse on bus 126L12.

The complementing of the function timing flip flop,
as hereinbefore described, causes the resetting of the
T1 flip flop 124FF1 and also the disenabling of the diode
127D1-resistor 127RS1 gate, thus terminating the ex-
istence of significant signals on the T1 buses 127R1 and
127R2.

Now, having transferred the first factor on the left
side of the numerator of the equation which is being
considered into the temporary storage register 1, let us
proceed with the problem.

DIGIT ENTRY (22)

Since all of the steps in so doing are set out here-
inabove, it is assumed that the number “22” has been
entered into the entry register and transferred to the ac-
cumulator register in the same manner set forth supra
for the number “18.”

It should be noted that erasing is constantly cairied
on during the process of writing any number in this
machine by the fact that the termination of the number
of bits written by the writing head at any one pass across
digit entry on the drum, the head continues to have a
unidirectional current passed therethrough and, there-
fore, will tend to strongly magnetize the remaining por-
tion of the digit space on the drum in one polarity. Thus,
it will be impossible for the read head to read out any
bit, since the read heads read transitions, ignoring the
D-C level on the drum.
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DIGIT ENTRY (19)

It will now be assumed without description herein,
since the same process is described hereinabove, that
the number “19” has been entered, as found in the
numerator of the problem under consideration, into the
entry register, and that, thus, the accumulator new con-
tains the number “22” and the entry register contains the
number “19.”

SUBTRACTION

Proceeding with subtraction (i.e., subtracting 19 from
22), this is carried out by depressing and releasing the
subtract key 125K3.

Depression and release of the subtract key sets the
subtract flip flop 125FF3, thereby causing the function
gate to produce a negative voltage level signal at the
Q or a output of the function timing flip flop 126FF1,
thereby “unlocking” the function timing flip flop and
leaving it in the reset state. In addition, the setting of
the subtract flip flop causes a negative voltage level signal
at the diode input 127L8 of the diode 127D8-resistor
127RS8 gate,

Upon arrival of the first H pulse at the toggle or com-
plement input 126L12 of the function timing flop flop
126FF1, the function timing flip flop is set, thereby
producing a negative voltage level signal at the resistor
input 126R5 of the said resistor-diode gate, and thereby
applying a negative voltage level signal to the bus 129L3
of gate 129G4 of the accumulator sign control at the
output of inverter 128A3.

However, the terminal 1291.2 of the gate 129G4 of
the accumulator sign control also has a negative voltage
level signal applied thereto by reason of the state of
the accumulator sign flip flop 128FF2 and, therefore,
a significant positive voltage level signal is produced
on the SUBTRACT bus 129RS5.

During the W2 period, as a result of the presence
of this significant positive voltage level signal on the
SUBTRACT bus 129RS, the write in accumulator com-
mand gate 141G1 is conditioned, and produces a nega-
tive voltage level signal on the WRITE A bus 141R1
which, in turn, conditions the W2 write gate 144G6.
The W2 write gate, then, in the W2 period, produces a
significant positive voltage level signal upon the WRITE
COM bus 144R2. This signal upon the WRITE COM
bus initiates the writing of the contents of the down
counter into the accumulator. However, in this case,
the down counter is in cleared condition, and, in addi-
tion, for this lowest order position, the write head
149WA2 is in dead space. Thus, nothing will be written
out of the down counter at this time.

During the W3 period, the contents of the accumu-
lator is read into the up counter by operation of the
read from accumulator command gate 141G3 and the
W3 read gate 144G3. The operation of the read delay
flip flop 146FF2, the write delay flip flop 146FF1, etc.,
has been described hereinabove.

At the end of the W3 time period, the operations
of broadsiding the contents of the up counter into the
down counter, and clearing the up counter, are carried
out as hereinbefore described.

At this point, however, the operation not hereinbefore
described of “debiting” the down counter with counts
from the entry register takes place. In doing this, the
read from entry command gate 141G4 is caused by the
signal on the SUBTRACT bus 141L3 to produce a sig-
nificant negative voltage level output signal on the READ
E bus 141R4, which signal is applied to one of the inputs
of the W4 read gate 144G4. Thus, during the W4 period,
the W4 read gate will produce a significant positive
voltage level signal upon the READ COM bus.

In addition, in order to feed the information which is
read into the ADVANCE DOWN COUNTER bus
146R4, the significant positive voltage level signal on
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the SUBTRACT bus 129RS5 is inverted in an inverter
129A8, and is then applied to one of the inputs of the
borrow flip flop control gate 143G4. The other input
to this gate is the W4 signal on bus 143L5. At the occur-
rence of the W4 signal, gate 143G4 produces a negative
voltage level output signal which, when inverted in in-
verter 143A4, transmits a positive voltage level signal
to a second inverter 143A8, thereby producing a negative
voltage level signal at the output of this second inverter.
The output of this second inverter is applied to the input
14612 of the AND gate 146G2.

A second input to gate 146G2 is the Q or a output
of the read delay flip flop 146FF2; the read delay flip
flop and gate 146G2 operating in conjunction to suppress
the first or “excess” bit as described hereinabove. The
third input to gate 146G2 has the data train applied
thereto at bus 146LS§ directly from the circuit which
cooperates with the read head 145RA1 of track 4. Thus,
the calculator is now conditioned to read the contents of
the lowest order digit of the entry register onto the
ADVANCE DOWN COUNTER bus 146R4.

As pointed out above, a “2” is already stored in the
down counter and a “9” is now being read into the
advance down counter line pulse by pulse. Also, gate
143G4, which is coupled to the inverted SUBTRACT
signal bus 14318 and the W4 bus 143L5 supplies, by
means of an intermediate inverter 143A4, and the EN
SET BORROW FLIP FLOP bus 143R2 and 152L7, a
positive voltage level signal to condition the pulse gate
composed of resistor 152RS1, capacitor 152C2 and diode
152D2 to set the borrow flip flop 152FF2 upon receipt
of a positive-going pulse from the Q or a output of
the No. 8 flip flop 154FF1 of the down counter.

Now, as the nine counts from the entry register are
successively fed to the ADVANCE DOWN COUNTER
bus 153L6, the down counter, which was previously set
to “2,” and is so set, will follow the following count-
down cycle: 2-0010; 1-0001; 0-0000; 9-1111 (a binary
15); 8-1000; 7-0111; . . . 4-0100; 3-0011. That is to
say, the contents of the down counter have now been
counted down through zero to a binary representation of
the difference in this order, viz, “3.”

BORROW

In addition, the borrow flip flop was set at the transi-
tion of the down counter from indicating the number
zero as its contents (0000) to indicating “9” as its con-
tents (1111) (i.e., the transition of the 8 flip flop 154FF1
from its zero to 1 or reset to set state).

At the time of the next succeeding W2 period the
machine is conditioned in a manner described herein-
above to write the contents of the down counter into
the lowest order of the accumulator register on the drum.

The borrow flip flop remains set.

Since the borrow flip flop 152FF2 remains set, and
its Q or a output, inverted by inverter 152A1, is applied
to the D-C input of a pulse-gate, which pulse-gate is
adapted to set each stage of the up counter to 1 (the
representation of “9”), and since the A-C input of the
same pulse-gate is tied to the output of the sense borrow
network on bus 150L4, then the up counter will be
set to “9” at the beginning of the W3 period. The sense
borrow network referred to hereinabove comprises gate
140G1 and the associated inverter 140A1. The pulse-
gate referred to directly hereinabove comprises: the ca-
pacitor 150C2 the resistor 152RS7 and, inter alia, diodes
152D4, 151D6, 151D3 and 150D3.

The up counter has been set to “9” (represented by
binary 1111) at the commencement of the W3 period.

Then, under control of the gates hereinbefore described,
the numeral “2” which is the numeral in the next lowest
order of the accumulator (i.e., the *“2” giving the numeral
20) is read into the up counter, it being kept in mind that,
since a “9” has just been entered into the up counter via
the borrow flip flop, the value finally set into the counter



3,523,282

99
will not be 2, ie., 20, but 1, i.e. 10. This takes place dur-
ing the W3 time (i.e., “9” “27”).

At the end of the W3 period, the UP TO DOWN/
RESET UP bus is pulsed in the usual manner, resulting
in the transfer of the “1” in the up counter into the down
counter, and the resetting of the up counter.

Thereupon, during the W4 period, the contents of the
second lowest order of the entry register, viz., “1,” are
read into the down counter in the manner described here-

inabove, leaving, in the present problem, a zero registered

in the down counter.

It should also be noted that it is the function of the
same pulse-gate used to write a “9” into the up counter
to set the write delay flip flop along bus 150RS in order to
add the “excess” bit upon writing the contents of the down
counter back into the accumulator register.

During the entry of the “2” from the second lowest
order of the accumulator register the operation of the
read gate 146Gl in the up/down counter control causes
a reset borrow pulse to be applied to the lower reset or g
input of the borrow flip flop 152FF2 thereby resetting
the borrow flip flop. It must be remembered that, if there
had been no digit at the place of this “2,” then the borrow
flip flop would not have been reset. However, this ‘27
having been present, the borrow flip flop is now reset.

At this point in the operation of the machine, the up
counter is reset, the down counter contains a zero repre-
sentation and the borrow flip flop is reset.

The time is now the termination of the W4 period.

At this point an important operation of the present
calculator must be considered. As will be clear from the
above, the occurrence of the next write cycle, i.e., the
W2 time, will result in a writing of the contents of the
down counter into the second lowest order of the accumu-
lator. However, in this calculator no means have been
provided for resetting the write delay flip flop during a
subtraction of the type described directly hereinabove.
Therefore, though the answer to this particular part of the
problem is the single digit “3,” we will, because of this
operation, have the present contents of the down counter
written out into the second lowest order of the accumu-
lator register as a zero. However, the writing of this single
stroke indicating a zero in the second lowest order of the
accumulator register will, in the normal course of opera-
tion as described above, result in resetting the write delay
flip flop. As a result of this resetting of the write delay
flip flop the subsequent higher order digits of the ac-
cumulator will contain blanks, not zeros.

As a result of the above operations, the sum of the
first addition, viz., the number “38,” has now been
stored in the T1 storage register. As a result of the
more recent operations wherein the subtraction described
directly hereinabove has been performed, we have the
remainder stored in the accumulator register on the drum,
viz., the number “3.”

RECALL FROM STORAGE TO
ENTRY REGISTER

As the next step in the solution of the problem de-
tailed above, the R1 key 124K3 is depressed and released,
thereby transferring the contents of the T1 storage regis-
ter back into the entry register. The number “38” will
remain in the T1 storage register for further use if
desired, since no erase function takes place.

As a result of depressing and releasing the R1 key,
the R1 flip flop 124FF3 is set, and the function timing
flip flop 126FF1 is “unlocked.” Thus, at the appearance
of the next H pulse, the significant signals are produced
on the R1 (124R5) and R1 (124R6) buses, in the manner
substantially described hereinabove in connection with
other function keys.

The significant R1 negative voltage level signal is there-
by applied to the input 144L2 of the W1 read gate 144G1,
whereafter the occurrence of the W1 pulse on bus 144L1
causes a significant positive voltage level signal on the
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READ COM bus. This significant signal on the READ
COM bus as hereinbefore described, initiates the reading
of the lowest order digit of the T1 register into the up
counter.

In the next time period, viz., W2, this transfer process is
not carried forward.

During the next succeeding time period, viz., W3, the
contents of the down counter are written into the entry
register. However, as described hereinabove, for this
lowest order, the contents of the down counter are “written
into dead time” and, therefore, are merely ineffective to
make a visible entry into the entry register.

At the end of the W3 period, as described hereinabove,
the UP TO DOWN/RESET UP bus is pulsed, there-
fore, in the present problem, transferring the “8” from the
T1 storage register which was just previously put into the
up counter into the down counter, and clearing the up
counter.

The next time period during which significant action
takes place is the W1 period.

During this period, the next higher order of the T1
storage is read into the up counter, viz., the numeral
“3” in the present problem. Again, as described herein-
above in connection with this transfer operation, the
W2 time does not contribute to this transfer operation.

During the W3 time, the contents of the down counter
are entered into the lowest order of the entry register.
At the trailing edge of W3 the UP TO DOWN/RESET
UP action takes place, transferring the “3” previously
stored in the up counter into the down counter and clear-
ing the up counter.

This transfer cycle is terminated by the occurrence of
the next H pulse on bus 126112 which, in the manner de-
scribed hereinabove, resets the function timing flip flop
126FF1, thereby terminating the presence of the signifi-
cant signal levels on the R1 buses 127R5 and 127R6.

Thus, the contents of the T1 register have been trans-
ferred into the entry register, while the accumulator reg-
ister has been undisturbed and contains the result of the
previous subtraction,

In the above described transfer operation, it is to be
noted that the erasure of any undesired strokes left in any
position of the entry register has been effected by the
D-C erasure method described hereinabove.

MULTIPLICATION

It is now desired to multiply the contents of the ac-
cumulator register by the contents of the entry register.
This is effected by depression and release of the multiply
function key 130KI1.

At this time, the number “38” is stored in the entry
register and the number “3” is stored in the accumulator
register.

Depression and release of the muliiplication function
key, then, will set the multiply flip flop 130FF1, thereby
applying a positive voltage level signal from the non-Q
or b terminal of the multiply flip flop to gate 130G1.

The appearance of the positive voltage level signal on the
input of gate 130G1 causes the output thereof to go to
a positive voltage level, and the output of the associated
inverter 130A2 to go to a negative voltage level. This
negative voltage level signal is tied to one of the inputs
of the gate 130G2.

The other inputs to gate 130G2 are the H signal on
bus 130L4 and the multiply counter zero signal on bus
13015,

Starting, now, with the multiplier guotient register
(track §) blank; the multiplier “03” is entered into the
accumulator register with the numeral “3” at the lowest
order position of the accumulator register; and the mul-
tiplicand 38 is entered in the entry register with the “8”
in the lowest order position of the entry register,

A discussion of phase 1 of the sequence of phases in
the phase control counter will now be presented.
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In phase 1 the contents of the accumulator register,
viz., 03, are transferred into the multiplier quotient regis-
ter, wherein the 3 is displayed in the lowest order posi-
tion, and the accumulator register is erased.

In phase 2 the contents of the accumulator register
are left shifted, that is to say, the blanks which exist in
the accumulator register can be thought to be shifted to
the left, each blank being shifted to the next highest order
position. When commencing any multiplication opera-
tion, of course, the first operation of phase 2 will result
in merely shifting blanks, but since this shift left of the
accumulator register is essential at the later stages of mul-
tiplication, and since it does no harm when involving mere
blanks, it is not suppressed at this stage of operation but
merely carried out,

Phase 3 is a branching operation, that is to say, it is
an operation in which a test is carried out, this test being
applied each time the contents of the highest order posi-
tion in the multiplier quotient register are “dumped off

the left end” into the multiplier counter. Each time the -

contents of the highest order position of the multiplier
quotient register are “dumped off the left end” into the
multiplier counter, the zero sensing means of the multi-
plier counter determines, in effect, whether to so operate
the multiply phase counter as to continue shifting left,
or to proceed to phase 4. To state this differently, in
phase 3, the number in the multiplier quotient register is
successively shifted left until the first, highest order, sig-
nificant digit is “passed out of the left end” of the multi-
plier quotient register, and registered in the multiplier
counnter, The presence of this significant digit in the multi-
plier counter, as sensed by the multiplier counter zero
sensing network, provides a signal to the multiply divide
phase control counter which unlocks the phase control
counter and allows the multiply program to proceed to
phase 4.

In phase 4 the contents of the entry register (the mul-
tiplicand) are repetitively added to the previously cleared
accumulator register, and each time one multiplicand
value from the entry register is added to the contents of
the accumulator register the multiplier counter is “deb-
ited,” or counted down, by one count. Thus, when the con-
tents of the multiplier counter reaches zero, the uniqgue
output of the zero sensing device of the multiplier counter
terminates the adding of successive multiplicand values
into the accumulator register and “notifies” the multiply
divide phase control counter to proceed with phase 5.

Phase 5 is actually a “steering” rather than calculating

phase. That is to say, in phase § the entire contents of ;

the multiplier quotient register is sensed to determine if
any digits are left anywhere in the multiplier quotient reg-
ister. If the previous operation has completely exhausted
the contents of the multiplier quotient register, then the
multiply divide phase control counter is “notified” to ter-
minate the multiplication operation.

More specifically, at the start of the multiplication
function the MULTIPLY COUNTER ZERO bus 158R7
will be at a negative voltage level {since the multiply
counter flip flops 157FF1 to 157FF4 are at zero, thereby
opening gate 158G1). Thus, since the two outer inpuls {0
gate 130G2 are at a negative voltage level either before
depression and release of the multiplication function key
or thereupon, and since the third input to this gate 130G2
is the H bus 130L4, the appearance of the next successive
significant negative voltage level signal upon the H bus
will cause such a transition upon the output 130R10 of
this gate as to advance the phase control counter (flip
flops 132FF1 to 132FF4) by 1 count, i.e., advance the
phase counter to a state such that its successive stages 1
(132FF4), 2 (132FF3), 4 (132FF2) and 8 (132FF1) are
set, reset, reset and reset, respectively. The code appear-
ing upon the group of output leads of the phase control
counter as a result of this transition to the 1 count appear
upon the input terminals of the gate composed of diodes
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133D1 1o 133D4 inclusive, causing a significant positive
voltage level signal to appear at the output of inverter
133A1 on the transfer accumulator register to multiplier
register (A to M/Q) bus 133R1, which is tied to the out-
put of the inverter 133A1 associated with this gate. It is
to be noted that this gate and each of its associated gates
(composed of diodes 133DS5 to 133D8; 133D9 to 133D12;
133D13 to 133D17 and 133D18 to 133D21) requires, in
addition to the inputs from the phase control counter, an
enabling signal. This enabling signal is supplied in re-
sponse to the depression and release of the multiply func-
tion key 130K 1 and appears at bus 133L1 via the non-Q
or b output of the multiply flip flop 130FF1, diode 130D3,
inverter 130A1 and emitter follower 130Q1 to bus 130R 1.

This significant positive voltage level signal appearing
upon the A to M/Q bus 133R1 is applied to the input
13914 of the gate 139G2, the 141L8 input of the write
in accumulator command gate 141G1, the read from ac-
cumulator command gate 141G3 and the 142L4 input of
the broadside command gate 142G1, respectively.

Thus, as described hereinabove, the conditioning of
these gates by the signal on the A to M/Q bus 133R1 en-
ables further gates, e.g., the W2 write gate 144Gé6 during
preselected time phases of the operating cycle of the cal-
culator.

As a result of the operation of the calculator (consider-
ing 1 digit at a time) conditions are established for writ-
ing the contents of the down counter into track 4 but,
initially, these conditions are set up during the “dead time”
and, therefore, no actual writing takes place at this time.
During W3 time the contents of the lowest order digit of
the accumulator are read into the up counter.

More specifically, at time W3, the signal on bus 14118
enables OR gate 141G3 and provides a positive voltage
level output therefrom, this output signal being inverted
in inverter 141A3 and passed to the W3 read gate 144G3
which gate provides, at W3 time, a negative voltage signal
at the output thereof. This signal is passed through in-
verters 144A3 and 144A9 to AND gate 145G1 and en-
ables this gate to read out the contents of the accumulator
register to the up counter in the manner previously de-
scribed. At the trailing edge of W3 time, the signal on bus
14214 causes the transfer from the up counter to the down
counter and resets the up counter in the manner previously
described.

At time W4, with both the WRT DRIVER TKS5 bus
139R2 and the WRT COM bus 144R2 in their significant
negative voltage levels, gates 149G5 and 149Gé6 are en-
abled by the input thereto on bus 149L5. The signal on the
WRT COM bus 144R2 at W4 time is passed to bus 147L5
where, in conjunction with a negative voltage level signal
on wrile TKS signal of bus 14716 and a closed state of
gates 147G1 and 147G2, gate 147G3 is enabling and pro-
vides, through inverter 147A3, a positive voltage level
signal to input 148B5 of gate 148G1. Since the down
counter is not at zero, a negative voltage level signal will
appear on bus 148B4 and enable gate 148G1. Therefore,
in the manner previously described, track 3 bits will be
read out through write flip flop 148FF1 to gates 149GS
and 149G6 which are now enabled, thereby causing these
bits to be recorded on track 5. No significant action in the
multiplication operation takes place during the W1 period.

During the W2 period the write circuit for write head 1
of track 4 (149WA2) is conditioned to write, i.e., the
gates 149G3 and 149G4 are opened permitting the levels
supplied by the two inverters 148A3 and 148A4 asso-
ciated with the write flip flop 148FF1 to be transferred
to, and energize, one-half of the windings on the track 4
No. 1 write head. Since, however, the gate 148G1 is
maintained in a disenabled condition, no bits from the bit
track (track 3) are fed to the input of the write flip flop
to change its condition and, therefore, the unidirectional
current through the track 4 write head No. 1 will cause
erasure of whatever is written in the accumulator register.
What has been described hereinabove with respect to this
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phase of multiplication has referred fo the lower order
digit of the accumulator, but the same remarks apply to
the operation which successively affects the sncceeding
higher order digits of the accumulator and multiplier
registers, and need not be repeated herein.

Thus, the contents of the accumulator register are now
found in the multiply register (track §) and the accumu-
lator register has been cleared.

The occurrence of the next successive H pulse on bus
130L4 will be passed through the gate 136G2, causing
the phase control counter to be advanced by one count,
such that its respective flip flops 1, 2, 4 and 8 now are in
their reset, set, rest and reset states.

The receipt of the signals from the multiply phase
control counter flip flop output terminals at this time,
along with the common or enabling signal upon the bus
133L1, enables the AND gate composed of diodes 133D5
to 133D8, causes the appearance of a significant positive
voltage level signal at the output of inverter 133A2 and
upon the shift left accumulator register [SL(A)] 133R2
bus.

The receipt of this significant positive voltage level
shift left accumulator signal at gates 141G1, 141G3 and
142G3 causes the following order of operations in the
manner described hereinabove. During the W2 period
the W2 write gate 144G6 is “opened” and the contents of
the down counter (if any) are written into the accumu-
lator register; for the lowest order, however, this writng
from the down counter will take place merely in “dead
space” and, therefore, no significant recording will be
made.

At the end of the W2 period, the W2 shift gate 142G3
is enabled and the contents of the up counter are broad-
sided into the down counter, and the up counter is reset
(i.e., if there is anything in the up counter to be broad-
sided).

During W3 time, W3 read gate 144G3 is enabled and
the contents of one of the accumulator register orders
are read into the up counter.

No significant part of the shift left accumulator register
cycle takes place during the W4 time.

Returning, then, to the W2 time period, the machine
apain “attempts” to write from the down counter into
the accumulator register. This time, however, while the
appropriate write head is correctly located to write into
the lowest order of the accumulator register, there is no
content in the down counter to be so written.

At the termination of the W2 period, the up to down/
reset up operation is initiated, thereby transferring the
contents of the up counter (the lowest order digit former-
1y in the accumulator) to the down counter.

During the W3 period the next highest order digit is
read into the up counter.

Returning, then, to the W2 time period, the lowest order
digit formerly stored in the accumulator register, which
is now stored in the down counter, is written into the
second lowest order digit position in the accumulator
register.

This process is continued until the entire contents of
the accumulator register are shifted left one place in the
accumulator register. This shifting process is terminated
by the receipt of the next H pulse at the input 130L4 of
the gate 130G2.

Generally, the first occurrence of the phase 2 operation
is non-significant, since no digit is available for manipula-
tion and therefore no phase 2 operation takes place at
this time. However, if the contents of the accumulator
register were to be shifted to the left due to the existence
of a plural integer number in the multiplier-quotient
register, then the positive voltage level appearing on the
SL(A) bus, that stands for shift left accumulator bus
133R2, would provide the same scries of operations as
provided when a positive voltage level appears on the
SL(A) bus 127R12, as set forth hereinafter in the section
entitled “Shift Left Accumulator Key.” It will be noted
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that the SL(A) busses 133R2 and 127R12 are connected
to each other and are therefore the same bus.

Starting, now, with the phase 3 period of the multipli-
cation operation, the phase control counter is set to indi-
cate 3. The 3 output indication of the phase control
counter by means of the gate composed of diodes 133D9
to 133D12 in multiply phase decoder causes a significant
positive voltage level signal on the shift left multiplier
quotient register [SL(M/Q)1 bus 133R3. This signal
causes the entire contents of the muliiplier quotient register
to be shifted left (on the drum) via the up and down
counters in the manner described hereinbefore, This
shift left operation is carried out one bit at a time, and,
at the end of each bit shift, the contents of the multiplier
counter is interrogated as follows. .

The output of the multiplier counter zero sense gate
138G1 is applied through a pulse-gate composed of ca-
pacitor 159C1, resistor 159RS2 and diode 159D2, to the
f input of the digit sense flip flop 159FF2, the digit sense
flip flop being normally reset. The b output of this digit
sense flip flop, which is normally at a negative voltage
level, is applied to the gate 158G4. This signal from the b
output of the digit sense flip flop, is applied to the stop
phase counter gate 158G4 in addition to a signal from
the multiply flip flop associated with the multiplier func-
tion key along bus 158L2 and a signal conditioned by the
SL(M/Q) bus 134R* (1581.4), thereby maintaining the
stop phase counter gate “open” (i.e., producing a positive
voltage level signal al the output 158R4 of its associated
inverter 158A2) only until a significant digit appears in
the multiplier counter, that same significant digit having
been “taken ofl the left end” of the multiplier quotient
register. This positive voltage level signal produced by
the stop phase counter gate is applied via bus 158R4 to
the » output of the No. 1 flip flop 132FF4 of the phase
control counter along bus 132R8, thereby “locking” this
flip flop, and preventing toggle inputs thereto from alter-
ing the state thereof and, thus, from advancing the phase
control counter., Thus, the stop phase counter gate 158G4
prevents the phase control counter from advancing
until a significant digit is sensed as present in the multi-
plicr counter and thus, the presence of a significant signal
upon the SL(M/Q) bus 133R3, operating through the
program control gates, is enabled to repetitively shift the
contents of the multiplier quotient register to the left
until such time as a significant digit which has “fallen
off the left-hand end” of the multiplier register into the
multiplier counter is sensed. At the time that a significant
digit is sensed in the multiplier counter the digit sense flip
flop 159FF2 is set, thereby removing one of the essential
signals from the input of the stop phase counter gate
158G4 and enabling, or “unlocking” the No. 1 flip flop
132FF4 of the phase control counter and, thus, allowing
the phase control counter to advance to its No. 4 decimal
count, initiating multiplication phase 4.

Now, the phase control counter having advanced to its
decimal 4 indication, i.e., the multiply divide phase con-
trol counter now reading reset, reset, set, reset, phase 4
of the multiplication operation commences.

The output on the output leads of the phase control
counter is “decoded” by the gate in the phase decoder com-
posed of diodes 133D13 to 133D17, thereby producing on
the ADD bus 133R5 a significant positive voltage level
signal, which signal is applied, as hereinabove described,
to the program gates 141G1, 141G3, 141G4 and 142G2,
resulting in the addition of the multiplicand as stored in
the entry register into the accumulator. In addition, the
addition of each multiplicand value in the entry register
into the accumulator register results in the “debiting” of
the multiplier counter. This is accomplished by the suc-
cessive H signals at bus 15612, each of which causes the
multiplier counter to be counted down by means of the
down counter sequence control gates 156G1, 156G2,
156G3 and 156G4. It should be noted that, during this
phase (4) of the multiply program, no shifting of any
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of the registers takes place but, rather, the successive
additions of the contents of the entry register into the
accumulator register take place with this same decimal
alignment. The successive “debiting” of the multiplier
counter each time one multiplicand value is added into the
accumulator register from the entry register results in the
return of the multiplier counter to its zero setting after
the correct number of multiplicands have been added into
the accumulator register to satisfy the value of the order
of the multiplier being operated upon at that time in any
given repetition of the inner loop of the multiply pro-
gram. When the multiplier counter returns to zero, the
signal on the output of the inverter 158A3 associated with
the multiplier counter zero sense gate 158G1 applied to the
input 13318 of the gate composed of diodes 133D13 to
133D17 in the multiply phase decoder (the phase 4 gate},
causes the termination of the add signal on the ADD bus
133RS5. In addition, the disenabling signal on the input
130L5 of the AND gate 130G2 provided by the multiply
counter zero network is terminated, thereby permitting
the next successive H pulse to open gate 130G2 and to
advance the phase control counter to its § output condition.
Thus, the No. 5§ multiplication phase is commenced. Dur-
ing phase 5 the entire multiplier quotient register is tested
to sense the presence of any digits remaining therein. If
any digits remain therein the multiply program is con-
tinued by return to phase 2. If, on the other hand, no
further digits remain in the multiplier quotient register,
then the multiply program is not returned to phase 2,
and the multiply divide phase control counter is enabled
to advance through all of its decimal set phases to zero
npon the occurrence of successive H pulses,

Upon the return to zero of the multiply divide phase
control counter the zero state of the multiply divide phase
control counter causes the gate 132G1 to produce a posi-
tive voltage level signal at the output of its associated in-
verter 132A10, thereby resetting the multiply flip flop
130FF1 and enabling the gate 130G1 which, in turn,
causes a positive voltage level signal to appear upon an
input connected thereto of gate 130G2, disenabling gate
130G2 and preventing further feed of H signals from bus
13014 to the toggle or complement input of the No. 1
flip flop 132FF4 of the phase control counter and, thereby,
leaving the phase control counter in its zero state until
the next depression and release of a multiply or divide
key again places this counter into operation.

The return to phase 2 of the multiply operation, in the
event that any digits remain in the multiplier quotient reg-
ister, is accomplished as follows.

The presence of information stored in track § is sensed
by the gate 136G2. The lower terminal 136B6 of this gate
is fed directly from the read amplifier of track 5§, i.e,, if
any digits remain written in track 5, then, between H
pulses at least some bit signals will be applied to the
136B6 input of this gate,

The upper lead 136B2 of gate 136G2 is fed with RS
pulses (i.e., a train of pulses remaining in its significant
state during each digit reading time).

Thus, this gate 136G2 is enabled by the RS pulses
during each digit reading and, if any digits during these
periods are found on track 5, these digits appear as pulses
on the other terminal of this gate, thereby producing posi-
tive-going pulses at the output of the associated inverter
136A2. These positive-going pulses are applied to the h
input of the digit sense multiply register flip flop 136FF2,
and set this flip flop each time one of these pulses is gated
to this flip flop. The a output of this flip flop is applied to
the capacitor 136C1 input of a pulse gate including resistor
136RS1 and diodes 136D1 and 136D2. The D-C input
136B7 of this pulse gate is supplied from the output of the
phase 5 gate diodes 133D18 to 133D21 of the multiplier
phase decoder. Since this positive voltage level signal from
the ouput of the phase 5 gate of the multiplier phase
decoder is applied only during the operation of the phase
5 gate, it is only during this period that transitions applied
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to the capacitive input 136C1 of this pulse gate are for-
warded via buses 136T2 and 136T3. That is to say, pulses
are forwarded by this gate via buses 136T2 and 13613 only
upon resetting of the digit sense multiplier register flip
flop 136FF2, and this resetting takes place only upon the
occurrence of each H pulse on the bus 136BS5.

Thus, pulses can be forwarded from buses 136T2 and
136T3 only if the digit sense multiplier register flip flop
136FF2 has first been set, and then is reset by the receipt
of an H pulse. This setting, however, only takes place if at
least one digit has been detected in the previous scan of
the multiplier quotient register.

If, then, during the preceding period, at least one digit
has been detected and the digit sense multiply register set,
the occurrence of the H pulse at the end of this period will
cause the emission of pulses from buses 136T2 and
136T3, which pulses will reset the 4 and 8 flip flops
132FF2 and 132FF1 of the phase control counter. In
addition, the receipt of an H pulse at gate 130G2 pro-
vides a pulse at the toggle or complement input of the
No. 1 flip flop 132FF4 of phase control counter and will
cause the No. 1 flip flop of the phase control counter to be
reset, which in turn will set the No. 2 flip flop 132FF3
of the phase control counter. Thus, at the termination of
a word period in which digits have been detected in the
multiplier quotient register, the multiply divide phase con-
trol counter will be forced back into its phase 2 indica-
tion, and phases 2, 3, 4 and § of the multiplication pro-
gram will be repeated, successively, until the multiplica-
tion is completed, i.e., until the multiplier quotient reg-
ister is found to have been exhausted by the detector cir-
cuit including the digit sense multiplier register flip flop
136FF2 and the gate 136G2.

When this circuit no longer finds digits written in the
multiplier quotient register, it then does not reset the mul-
tiply divide phase control counter to phase 2, and the
phase control counter is free to continue traversing its
successive states upon receipt of successive H pulses un-
til it reaches its zero state. At this time, the conjunction
of an H pulse input on bus 132111 to the gate 132G1,
along with the conjunction of negative voltage Ievel pulses
from the b output of the 4 stages of 132FF1 to 132FF4 of
the phase control counter, will cause a positive-going
pulse at the PHASE COUNTER ZERO bus 132RI11,
thereby resetting the multiply flip flop 130FF1, and re-
setting the digit sense flip flop 159FF2 and causing a neg-
ative voltage level on input bus 132R10. This voltage on
bus 132R10 along with a negative voltage level input from
the newly reset multiply flip flop, will disenable gate
130G1, causing a positive voltage level pulse to be applied
to the upper terminal of the gate 130G2, thereby ter-
minating the transmission of the H pulses from bus
13014 to the toggle or complement input of the No. 1
flip flop 132FF4 of the phase control counter, and leav-
ing the phase control counter in its zero state ready for
the receipt of subsequent depressions and releases of the
multiply or divide key.

As a result of the multiplication previously described,
the product (“114”) has been computed, the product be-
ing the numerical value of the numerator of the prob-
lem under consideration which is now stored in the ac-
cumulator register, and displaved on the screen of the
display tube (to be explained later).

Also, the No. “38” is stored in the T1 register, and in
the entry register, and is displayed in the corresponding
places on the screen of the display tube.

TRANSFER NUMERATOR FROM ACCUMULA-
TOR REGISTER TO STORAGE

Thus, the value of the numerator as now found in the
accumulator will be transferred to the T1 storage register
by depression and release of the T1 key thereby effectively
erasing the “38” now appearing therein and replacing the
“38” with “114” in the manner described hereinabove.

After this transfer, “114™ will appear in the T1 storage
register, the T2 storage register will be blank, the accu-



3,523,282

107

mulator register will contain “114” and the entry register
will contain the number *38.”

DIGIT ENTRY (3)

The calculation of the denominator of this operation
is begun by depression and release of the digit 3 entry
key 121K3 which, as described above, enters the numeral
“3” into the lowest order position of the entry register
having first erased the contents of the entry register.

TRANSFER FROM ENTRY REGISTER TO
ACCUMULATOR REGISTER

In further preparation for carrying out this operation,
the first factor key is depressed and released, causing the
accumulator register to be cleared and the contents of the
entry register, viz., the numeral “3” to be entered therein.

DIGIT ENTRY (5)

The No. § digit entry key 120KS5 is then depressed and
released, clearing the entry register and entering the No.
“5” therein,

At this point, the number “114” is stored in the T1 stor-
age register, the T2 storage register is blank, the accu-
mulator contains the number “3” and the entry register
contains the number “5.”

SUBTRACTION

The subtract key 125K3 is now depressed and released.

Depression and release of the subtract key results in
the “unlocking” of the function timing flip flop 126FF1,
the subsequent receipt of the H pulse then causing the
setting of the function timing flip flop, and the production
of a positive voltage level signal at the output of the sub-
tract gate at bus 127R13.

This positive voltage level pulse is inverted in inverter

128A3 to a negatie voltage level and applied to the up-

per input of the gate 129G4 of the accumulator sign con-
trol. The lower input of this gate is maintained at a nega-
tive voltage level by the accumulator sign flip flop 128FF2.
This accumulator sign flip flop is set because of the
presence in the accumulator of a positive number, viz,
‘h31’.

Thus, the output of the inverter 129A6 associated with
gate 129G4 produces a significant positive voltage level
signal upon the SUBTRACT bus 129RS.

As a result of the appearance of this significant signal
upon the SUBTRACT bus 129RS5, the number “3” from
the accumulator is entered into the up counter as herein-
before described, and is then transferred to the down
counter,

As a further result of the appearance of the significant
signal upon the SUBTRACT bus 129RS, the 5 counts
stored in the entry register are fed to the ADVANCE
DOWN COUNTER bus 146R4 and 15316, thus causing
the down counter to go successively to 2, 1, 0, 9 and 8.
In passing from the zero state to the 9 state, however,
the borrow flip flop 152FF2 is set. This is accomplished
by sensing the transition upon the a output of the number
8 flip flop 154FF1 of the down counter. This transition
is applied to the input of a pulse gate composed of diode
152D2, resistor 152RS1 and capacitor 152C2. The other
input of this gate is currently being held at a positive
voltage level by gate 143G4, and its associated inverter
143A4, which voltage is applied to bus 152L7.

At this point, the down counter is now set to 8, and the
borrow flip flop 152FF2 is in its set state. This introduc-
tion of the 5 count from the entry register into the dewn
counter took place during the W4 time period. The sub-
sequent W1 time is not the occasion of any significant
portion of the present operating cycle.

During the next succeeding W2 time the 8 from the
down counter is written into the lowest order of the ac-
cumulator (on the drum), as previously described.

At the commencement of the W3 time a significant
positive voltage level signal appears upon the SENSE
BOR bus 15014, thereby, since the borrow flip flop is set,
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altering the status of the up counter to 9. During the W3
period, an “attempt” is made to read the next order on
the accumulator register into the up counter. However,
in the present problem, since the number in the accumu-
lator register was a one-digit number, nothing can be
read into the up counter and, consequently, the up counter
remains in its “9” status. At the end of the W3 period,
the contents of the up counter are transferred to the down
counter and the up counter is reset.

During the W4 period, the contents of the correspond-
ing order of the entry register are read on to the advance
down counter bus. However, in the present problem, only
a one-digit number was stored in the entry register and,
consequently, the contents of the down counter remain
undisturbed, i.e., set to “9.”

During the next W2 period the “9” from the down
counter is read into the accumulator register. This process
continues until, where the progress of the operation of the
calculator instantaneously halted, the contents of the ac-
cumulator register would show as all “9’s” except for the
“8” in the lowest order position.

SUBTRACT-COMPLEMENT

Now, the machine operates to convert this entry in the
accumulator register into the tens complement of the
lowest order digit and the 9’s complement of the digits
in all the other orders.

In so doing, considering first the complement flip flop
128FF1, the upper gate or j input thereof is supplied
from the output of the gate 128G1. There were two in-
puts to gate 128G1, the first of these inputs is supplied
directly from the borrow flip flop along BORROW bus
152R7 and, consequently, is at a negative voltage level
whenever the borrow flip flop 152FF2 is set, as now,
while the second input is supplied from the subtract gate
composed of diode 127D8 and resistor 127RS8, through
the gate 128G2, and is at a negative voltage level in the
subtract operation, whenever the subtract button has been
depressed and released and the subsequent receipt of an
H pulse has caused the output of the subtract gate to go
to a positive voltage level, Thus, since its two inputs are
at a negative voltage level the output on the gate 128G1
is a negative voltage level and, consequently, the input
to the upper gate or j input of the complement flip flop
128FF1 is a negative voltage level.

The signal applied to the lower gate or e input of the
complement flip flop is the inverse of the potential applied
to the upper gate or j input, a positive voltage level, due
to the presence of inverter 128A1.

Thus, at the occurrence of the next succeeding H pulse
on bus 128L86, the just previously described inputs to the
complement flip flop will be transferred to the outputs
thereof. As can be seen, the a output of the complement
flip flop 128FF1 is connected to the toggle or comple-
ment input of the accumulator sign flip flop 128FF2 but,
since the transition is negative going, in this case, the
accumulator sign flip flop will not be complemented.

As a result of the transfer of inputs to outputs on the
complement flip flop, the b output thereof will go to a
negative voltage level while the & output thereof will go
to a positive voltage level.

The appearance of these respective complement signals
on buses 128RS and 128Ré6 causes the associated program
gates to carry out the following operations.

The gate 143GS is so operated as to bring the output
of its associated inverter 143A5 to a positive voltage level
during the W3 time period. Concomitantly, the output of
the inverter 143A8 goes to a negative voltage level, This
negative voltage level signal is applied to the input ter-
minal 14612 of the gate 146G2. As hereinbefore pointed
out, the data bits from the track 4 read head are fed to
the 14612 input of this gate, This is due to the read com-
mand from the gate 141G3, and the operation of the W3
read gate 144G3. The third input to gate 146G2 is placed
in its enabling state after the termination of the first bit
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from the read head, the trailing edge of which sets the
read delay flip flop 146FF2. That is, after the cessation
of the trailing edge of the first bit read from the read
head, the subsequent bits are fed through the gate 146G2
to the ADVANCE DOWN COUNTER bus 146R4. Due
to previous operations, the down counter is now in its
zero state. Upon the injection of 8 pulses read from the
read head (9 pulses read from the read head less the one
bit suppressed by the operation of the read delay flip
flop) the down counter will be counted down to read 2.
It is important to note that in the process of counting
the down counter down from zero to “2” a transition is
taken through the “9” defining state of the counter which
uniquely produces an output at the a terminal of the No.
8 flip flop 154FF1 of the down counter, thereby seiting
the borrow flip flop 152FF1 in the manner described
hereinabove. Due to the concatenation of signals pro-
vided to the program gates, the SENSE BORROW bus
150L4 will be so signalled as to set the up counter to a
count of 9 at the commencement of the W2 period. During
the W2 time the contents of the down counter, viz., “2,”
are written into the lowest order of the accumulator
register.

At the termination of the W2 period, the contents of
the up counter, viz., “9,” are broadsided into the down
counter and the up counter is reset.

In the next succeeding W3 period, the contents of the
second lowest order of the accumulator register, viz., “9,”
are read onto the ADVANCE DOWN COUNTER
153L6, thereby counting the contents of the down counter
to zero. As will be remembered, the contents of the down
counter were previously set to “9” by transfer from the
up counter,

At the beginning of the next succeeding W2 period, the
up counter is again set to *9” because of the condition
of the borrow flip flop. During the W2 period, the contents
of the down counter (zero) are read into the second
lowest order of the accumulator register. At the end of
the W2 period, the contents of the up counter, viz., “9,”
are broadsided into the down counter, and the up counter
is reset. In the particular problem under consideration,
this cycle is repeated throughout the entire word stored
in the accumulator register, i.e., until all of the orders
except the lowest order, have been 9's complemented, the
lowest order having been 10’s complemented.

Now, the complementing of the contents of the ac-
cumulator register having been accomplished, and the
output of the subtract gate having returned to a negative
voltage level, its quiescent state, at the time of the
previous H pulse, which initiated the complementing
action, the arrival of an H pulse at the W or ¢ input of
the complement flip flop 128FF1 carried forward the
input of the complement flip flop to the corresponding
output terminals thereof. As hereinbefore described, the
input conditions of the complement flip flop are es-
tablished by the gate 128G1. At the time of the previous
H pulse which commenced the complementing operation,
the output of the subtract gate returned to a negative
voltage level and, thus, by means of an intermediate in-
veter 128Ad4, the input of the gate 128G1 went to a
positive voltage level, thereby “closing” this gate, and
imposing a positive voltage level signal upon the upper
gate or j input terminal of the complement flip flop
128FF1. The lower gate or e input terminal of the com-
plement flip flop was, by the same action, taken to a
negative voltage level by inverter 128A1. Thus, at the
arrival of the H pulse presently being considered on bus
12816, the lower gate or ¢ and upper gate or j input
terminals of the complement flip flop are at a positive
voltage level and at a negative voltage level, respectively.
The arrival of this H pulse transfers this configuration to
the output terminals a and b of the complement flip flop
128FF1. Thus, the output terminals of this flip flop are
now in the following condition: a output is at a positive
voltage level and b output is at a negative voltage level.
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The positive-going transition on the g output tied to the
toggle complement input of the accumulator sign flip flop
128FF2, causes the accumulator sign flip flop to be com-
plemented, thereby changing the condition of the output
terminals of this flip flop to the following: a output is
at a positive voltage level and b output is at a negative
voltage level. The negative voltage level signal appearing
at the b output of the accumulator sign flip flop causes
the operation of the lamp driver circuit including tran-
sistors 129Q1 and 129Q2, and resistors 129RS1 and
129RS2, hercby lighting the negative indicator lamp
129LTL

The difference “3” minus “5” is now stored in the ac-
cumulator, the negative sign being indicated by the lighted
condition of the negative indicator lamp.

ADDITION

It is now desired, in accordance with the problem
stated, to add the number 7 to this negative result ap-
pearing in the accumulator. Therefore, the number 7
digit entry key 120K7 is now depressed and released
thereby entering the digit “7” into the entry register.

Immediately thereupon, the add function key 125K4
is depressed and released. The depression and release of
the add function key sets the add flip flop 125FF4 and
“unlocks” function timing flip flop 126FF1, as herein-
before described. This time, however, unlike the previous
additions described in this discussion, the significant posi-
tive voltage level signal does not appear upon the ADD
bus 129R3.

Inspection of the denominator of the problem, in view
of the common and well-known rules of algebra, will
show why it is now desired and, in fact, happens that
the calculator is put into the subtract, rather than the
add, operation.

This is accomplished in the calculator as follows. Be-
cause of the current condition of the accumulator sign flip
flop 128FF2 (reset) the two gates 129G2 and 129G3 are
enabled. It will be noted from tracing the circuit that the
other terminal of each of these gates (not connected to
the accumulator sign flip flop) are connected to the out-
puts of the add and subtract gates respectively. It will be
noted, additionally, that the outputs of these two gates
are connected to the ADD and SUBTRACT buses 129R3
and 129RS5. It should be particularly noted that, with
respect to these two gates, gate 129G3 having its output
connected to the SUBTRACT bus 129R5 has one input
connected to the add gate, while gate 129G2 which has its
output connected to the ADD bus 129R3 has one of its
inputs connected to the subtract gate. Thus, when there
is a negative number in the accumulator, as at present
and, thus, only the two gates of the accumulator sign
control are enabled by the accumulator sign flip flop
128FF2, the depression and release of the add button,
as now, and the setting of the add flip flop 125FF4, will
result in the energization of the SUBTRACT bus 129R5
and not the energization of the ADD bus 129R3.

Thus, having been “notified” to subtract, the calcula-
tor will proceed to subtract *7” from “—2.” The calcula-
tor will enter the digit “2” into the down counter. Then,
the calculator will “debit” the down counter with the
digit “7,” setting the borrow flip flop as the count passes
from zero to “9.” The result of this “debiting” will be
to leave the tens complement of the “answer” in the ac-
cumulator lower order, viz., “5.” Additionally, at the
end of the first order subtraction the borrow flip flop
will be left in its set condition. Thereafter, through suc-
ceeding higher orders, the calculator will inject “9’s™
into the successive orders of the accumulator as described
hereinabove. Having performed this quasi-subtraction,
the machine will then proceed to complement accord-
ing to its laws, i.e., take the tens complement of the low-
est order and the 9’s complement of all the other orders
in succession. Upon the occurrence of the H pulse at
the end of this complementing operation, the complement
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flip flop 128FF1 will be reset, thereby enabling the ac-
cumulator sign control gates 129G1 and 129G4, since
a positive number will now be stored in the accumula-
tor and, of course, extinguishing the negative indicator
light 129LT1.

The numerical value of the denominator of the prob-
lem (“5”) now exists in the accumulator register, and
the numerical value of the numerator of the problem
now exists in the T1 register.

TRANSFER FROM ACCUMULATOR REGISTER
TO STORAGE

To continue with the solution of the problem, the T2
function key 124K2 is depressed and released, thereby
storing the contents of the accumulator in the T2 storage
register in the manner described hereinabove in connec-
tion with the T1 storage register.

RECALL FROM STORAGE TO ENTRY REGISTER

The R1 function key 124K3 is then depressed and re-
leased, thereby inserting the contents of the T1 storage
register into the entry register.

TRANSFER FROM ENTRY REGISTER TO
ACCUMULATOR REGISTER

The first factor function key is depressed and released,
thereby inserting the contents of the enry register into
the accumulator register in the manner hereinbefore de-
scribed.

RECALL FROM STORAGE TO ENTRY REGISTER

The R2 function key 124K4 is depressed and released,
thereby inserting the contents of the T2 storage register
into the entry register in a manner substantially described
hereinabove in connection with the T1 storage register.

Now, the numerical value of the numerator of the
problem is stored in the accumulator register, viz., the
number “114.”

Also, the numerical value of the denominator of the
problem is stored in the entry register, viz,, the number
“5.» However, in the particular calculator under consid-
eration, no zero suppression means have been provided
for this particular case and, therefore, due to subtraction
and complementing, and the carrying forward of the re-
sult in the form so produced, the contents of the entry
register will actually read “5” in the lowest order posi-
tion and zero, rather than blank, in the remaining orders.

DIVISION

Now, in order to complete the solution of the present
problem, the division key 130K2 is depressed and re-
leased.

Before describing the operation of division in detail,
with reference to the specific circuit, the division program
will be described in terms of the phases of the phase
control counter.

Considering, then, that the number “114” stands in
the accumulator register, and the number “5” stands in
the entry register, the first four phases of the phase
counter operation constitute an alignment test. In the
first phase, the contents of the entry register (5) are sub-
tracted from the contents of the accumulator register
(114). This operation will not result in the contents of
the accumulator being negative and, therefore, the cal-
culator proceeds to phase 2, wherein the contents of
the entry register are restored to the number in the ac-
cumulator register, leaving the original number in the
accumulator register (114). The program then proceeds
to phase 3 wherein the contents of the entry register are
shifted to the left, leaving the number “50” now stored
in the entry register.

The program now returns to phase 1 and this new
entry register content (50) is subtracted from the con-
tents of the accumulator register (114). In the present
problem the result of this seccond subtraction will also
be that the contents of the accumulator register do not
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go negative and, therefore, the program will proceed to
phase 2, wherein the amount in the entry register (50)
is restored to the accumulator register. The program will
then proceed to phase 3, wherein the contents of the
entry register are again shifted to the left, leaving “500”
in the entry register.

The program will now proceed according to the jump
instruction of phase 3 to return to phase 1.

In phase 1 the new contents of the entry register (500)
will be subtracted from the contents of the accumulator
register, this time producing a negative content in the
accumulator register.

Since, in this test, a negative content is produced in
the accumulator register, the program will now jump
to phase 4.

Phase 4 consists in the restoration of the contents
of the entry register to the accumulator register for
the last time. That is to say, in phase 4, the “500” in
the entry register which was subtracted from the ac-
cumulator register to produce a negative result in the
accumulator register is now restored, leaving 114 in the
accumulator register.

The program now proceeds to phase 5, the first com-
putational phase, as distinct from test phase.

In phase 5, the contents of the entry register are shifted
to the right. It will be seen that the method carried
out hereinbefore is precisely the method employed in
“pencil and paper” division, and that in this phase (5)
the result of having “over-tested” is remedied by re-
turning to the mext rightmost column to continue sub-
traction.

Before considering phase 6 of the division program
it is necessary to consider the location of the various
terms of the division within the calculator itself, and
the placement of the results at the termination of the
division operation. The dividend is originally entered in
the accumulator register, and the divisor is originally
entered in the entry register. During the course of the
division operation, the quotient will be built up in the
multiplier quotient register,

At the termination of the division operation, yet to
be described, the quotient will be transferred from the
multiplier quotient register into the accumulator register,
and the contents of the accumulator register will be
transferred to the entry register, this number constitut-
ing the remainder.

Returning, then, to phase 6, this phase consists in
shifting the multiplier quotient register to the left. In the
first order of division there will be nothing in the multi-
plier quotient register to be shifted to the left, but this
operation, which will be necessary in every succeeding
operation, is carried through at this point as a matter
of uniformity of operation and simplicity of mechanism.

Having shifted the “contents” of the multiplier quo-
tient register to the left during phase 6, the program
now proceeds to phase 7.

In phase 7, the contents of the entry register are sub-
tracted from the accumulator register (i.e., the “5S0” in
the entry register is subtracted from the 114 in the ac-
cumulator register), leaving “64” in the accumulator
register.

In phase 8 of the program a single count of “1” is
added to the contents of the multiplier quotient regis-
ter and the phase 8 program forces a return to phase 7
wherein, in the present problem, “50” is again sub-
tracted from the contents of the accumulator register,
leaving 14 in the accumulator register.

Again, the program proceeds to phase 8, wherein 2
second count is added to the contents of the multiplier
quotient register, leaving a “2” in one order of the
multiplier quotient register.

Immediately, according to the phase 8 program, the
phase 7 operation is repeated again subtracting “50”
from the contents of the accumulator register, On this
subtraction, however, since the content of the accumu-
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lator register was “14” before the subtraction, the result
in the accumulator register is a negative number,

Since, now, during phase 7 the result in the accumulator
register is a negative number, the phase 7 branch in-
struction is carried out, and the phase 4 operation is
commenced.

This phase 4 operation consists of adding the contents
of the entry register (50) into the accumulator register,
leaving “14” in the accumulator register.

Having completed phase 4 the division program now
proceeds with phase 5. In phase 5, the contents of th: en-
try register are shifted to the right, leaving “5” therein.

The calculator now proceeds to phase 6, wherein the
contents of the multiplier quotient register are shifted
to the left, leaving the numeral “2” in the second lowest
order of the multiplier quotient register.

The calculator proceeds to phase 7, subtracting the
contents of the entry register (5) from the contents of
the accumulator register (14); continues with phase 8,
adding a count of “1” to the lowest order of the multiplier
quotient register; returns to phase 7, subtracting the con-
tents of the entry register (5) from the contents of the
accumulator register (9); returns to phase 8, adding *“1”
court to the lowest order of the multiplier quotient
register, thereby leaving the number “22” in the multj-
plier quotient register; returns to phase 7, subtracting
the contents of the entry register (5) from the contents
of the accumulator register (4) and producing a nega-
tive result in the accumulator register.

This production of a negative result in the accumulator
register causes a jump to phase 4 of the division program.

In phase 4 of the division program the contents of
the entry register (5) are restored to the accumulator
register, leaving “4” in the accumulator register,

At this point the number “22” stands in the multiplier
quotient register, the number “4” stands in the accumu-
lator register, and the number “5” stands in the entry
register.

The division program proceeds with phase 5.

In phase 5, the shifting of the number “5” in the entry
register to the right will cause an overflow signal, re-
sulting in a jump to phase 9 of the program.

Phases 9 and 10 of the division program consist merely
in transferring the contents of the accumulator register
to the entry register, ie., displaying the remainder in
the entry register; and transferring the contents of
the multiplier quotient register to the accumulator regis-
ter, thereby displaying the quotient in the accumulator
register.

In the particular problem under consideration, the ac-
cumulator register will contain the number “22” and the
entry register will contain the remainder “4.”

It is to be noted that the entry register will not contain
the decimal remainder, but will contain the remainder,
ie., the numerator of the fractional remainder which
fractional remainder will be 45.

Having described broadly the various phases of oper-
ation of the division program, a detailed discussion of
carrying out these same phases in terms of calculator
operation will now be provided.

The divide function key 130K2 is depressed and re-
leased, thereby setting the divide flip flop 130FF2.

The negative voltage signal level appearing upon the
a output of the divide flip flop is tied via DIV bus 130R4
directly to the upper set or & input of the clear quotient
register flip flop 140FF1. The appearance of this negative
voltage level, or transition thereto, however, does not
alter the condition of this flip flop at this time.

The positive voltage level signal at the b output of the
divide flip flop 130FF2 is tied to the DIVIDE bus 130R9,
and produces a significant positive voltage level divide
signal.

This divide signal on DIVIDE bus 130R9 is tied to the
upper input of the phase counter control gate 130G1 and,
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directly upon its appearance, causes a negative voltage
level enabling signal to be applied to the upper input ter
minal of the advance phase counter gate 130G2.

At the commencement of the division operation, how-
ever, the multiplier counter (157FF1 to 157FF4) is in its
zero condition and, therefore, a negative voltage signal
level is supplied to the 130L5 input of the advance phase
counter gate 130G2.

Thus, immediately upon the appearance of the next
succeeding H pulse on bus 130L4, thus pulse will be
passed through the advance phase counter gate to the
toggle or complement input of the No. 1 flip flop 132FF4
of the phase control counter, thereby advancing this
counter to its No. 1 state.

Since this counter is advanced to its No. 1 state, and a
significant positive voltage level signal is present on the
DIVIDE bus 130R9, the phase 1 gate composed of diodes
135D17 to 135D20 of the divide phase decoder is en-
abled.

The enabling of this phase 1 gate supplies a significant
positive voltage level signal to the SUBTRACT bus
135RS.

At this point it should be recalled that the first four
steps of the divide program, i.e., 1, 2, 3 and 4, constitute
an alignment test preliminary to the actual division.

Keeping in mind that this is an alignment test, then,
the appearance of the subtract signal on the SUBTRACT
bus 135RS causes the subtraction of the contents of the
entry register (5) from the contents of the accumulator
(114) as hereinbefore described. This subtraction will, of
course, not result in a negative content in the accumu-
lator register.

Since, however, the contents of the accumulator regis-
ter did not become negative, the program proceeds with
phase 2 at the time of the next H pulse.

The next H pulse passing through the advance phase
counter gate 131G1 advances the phase control counter,
therefore disenabling the phase 1 gate and enabling the
phase 2 gate composed of diodes 135D13 to 135D16.

The opening of the phase 2 gate puts a significant posi-
tive voltage level signal upon the ADD bus 135R3. This
bus has the same function and is the same bus as the ADD
buses 129R1 and 129R3 of the addition operation. The
resulting addition restores the immediately previously
subtracted quantity (5) stored in the entry register to
the amount of the accumulator register by normal addi-
tion, leaving “114” in the accumulator register. At the
time of the next H pulse, the phase control counter is
advanced, thereby disenabling the phase 2 gate, and en-
abling the phase 3 gate composed of diodes 135D9 to
135D12. The opening of the phase 3 gate produces a
significant positive voltage level pulse upon the SL(E)
bus 135R4.

The appearance of this significant shift left entry
register signal, shifting the contents of the entry register
to the left, will result effectively in the substaction of
“50” from the “114” in the accumulator register at the
time of the next “test,” though the zero of this “50” will
not appear but a blank will take its place.

The significant positive voltage level output of the
phase 3 gate is, however, also applied to bus 131L1 which
bus is the D-C input of a resetting network adapted to
reset the phase control counter to phase 1. Thus, at the
time that the phase 3 gate opens, this resetting network
is conditioned, via bus 131L1, resetting the phase control
counter to phase 1. However, the A-C input 13114 to
the network is not energized by an H pulse until the end
of this shift left entry cycle, phase 3.

At the end of phase 3, the occurrence of the H pulse
terminating this phase causes the diode network com-
posed of diodes 131D1 to 131D10 to force the phase con-
trol counter back to its 1 indication, This is accomplished
providing positive going transitions through diodes 131D4,
131D5, 131D9 and 131D11 to buses 131R1, 131R3,
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131R5 and 131R7, thereby resetting flip flops 132FF1,
132FF2, 132FF3 and setting flip flop 132FF4.

This 1 indication of the phase control counter will cause
the phase 1 gate to be enabled and will, again, cause a
significant positive voltage level signal to appear upon
the SUBTRACT bus 135RS.

This subtraction constitutes the reinitiation of phase 1
of the division program, but this time, the “50” which is
effectively stored in the entry register will be subtracted
from the contents of the accumulator register.

Since, however, the content of the accumulator regis-
ter was “114,” the “50” now subtracted therefrom in phase
1 will not result in a negative accumulator content and,
therefore, the appearance of the next H pulse will cause
the phase control counter, via the advance phase counter
gate 130G2, to go to the phase 2 state.

As before, the phase 2 operation will cause the con-
tents of the entry (this time “50”) to be returned to the
accumulator register, leaving “114” in the accumulator
register.

Upon the occurrence of the next H pulse (phase 3)
the contents of the entry register will be left-shifted, there-
by effectively leaving “500” in the entry register.

Again, as before, the presence of the phase 3 gate sig-
nificant positive voltage level output upon the SL(E) bus
131L5 in conjunction with the appearance of the H pulse
at bus 131L4, will cause the phase control counter to be
forced back to its 1 condition in the manner previously
described.

Again, as before, the “opening” of the phase 1 gate
will cause a significant positive voltage level signal to
appear upon the SUBTRACT bus 135RS5, initiating the
phase 1 operation.

In this repetition of the phase 1 operation, however,
the calculator will subtract the contents of the entry reg-
ister (500) from the contents of the accumulator regis-
ter (114), thereby producing a negative content in the
accumulator register. This appearance of a negative quan-
tity in the accumulator register will initiate a jump to
phase 4 as follows.

In the course of the previous subtraction (phase 1)
because the result was negative, the borrow flip flop
152FF2 remained in its set condition at the termination
of the subtraction. The a output of the borrow flip flop
is applied to one input terminal of the jump to phase 4
gate 131G1 along bus 131L6, thereby enabling the jump
to phase 4 gate to produce a significant output upon oc-
currence of the H pulse on bus 131L7. This is accom-
plished by providing an output on buses 131R1, 131R4
and 131R5 due to the output of gate 131G1 and inverter
131A1 in conjunction with an H pulse on bus 13117.
These output signals reset the “2” and “8” flip flops of
the phase control counter, set the “4” flip flop thereof,
the “1” flip flop being reset by the H pulse at gate 130G2.
Thus, upon occurrence of the H pulse, a significant pos-
itive voltage level signal is produced by the output of
the inverter 131A1 associated with the jump to phase 4
gate 131G1. The network associated with the output of
inverter 131A, which network also requires, and has, a
significant positive voltage level signal upon bus 13111,
functions to force the 2 and 8 flip flops 132FF3 and
132FF1 of the phase control counter, respectively, into
their reset states. In addition, the concomitant H pulse
fed through the advance phase counter gate 130G2 serves
to reset the No. 1 flip flop 132FF4 of the phase control
counter. Thus, the phase control counter is forced into
its phase 4 state. The output of the phase 4 divide gate
composed of diodes 135D5 to 135D8§ occasioned by the
phase control counter going into its 4 state causes a sig-
nificant positive voltage pulse upon the ADD bus 135R3,
thereby causing the addition of the contents of the entry
register into the accumulator register, ie., restoring the
contents of the accumulator register to 114 in this par-
ticular problem,

It should be noted at this point that, in the operation
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of subtraction during division, the complementing step
which takes place in normal subtraction does not take
place. That is to say, the operation of gate 128G1 does
not take place as in normal subtraction due to the pres-
ence of a positive voltage level signal at the output of
inverter 128A4. This positive voltage level signal occurs
due to the potential applied at the output of inverter
128A4 which is applied, not from the SUBTRACT bus
129R5, but from the a output of the subtract flip flop
125FF3. Then, since the subtraction which takes place
during the division operation is not a result of depress-
ing and releasing the subtract key, thereby setting the sub-
tract flip flop, this gate 128G1 will remain disenabled
thereby preventing the complementing operation which
characterizes normal subtraction during the division op-
eration. The effect of this may be seen by considering the
present step of the division operation. The subtraction
of the effective “500” stored in the entry register from the
“114” stored in the accumulator register will result in
the three lowest orders of the accumulator register read-
ing “614” and the remaining orders of the accumulator
register reading 9's. This number is the number which
would usually be provided by such a subtraction, which
would then have to be complemented by the complement-
ing action of normal subtraction. Here, however, in di-
vision, the number “500” in the entry register is restored
in phase 4, as described above, and will return the count
in the accumulator register to “114.”

Having completed phase 4, the next H pulse, via the
advance phase counter gate 130G2, advances the phase
control counter to its phase 5§ indication. This will result
in the output of the inverter 135A1 associated with the
phase 5 division gate composed of diodes 135D1 to 135D4,
causing a significant positive voltage level signal upon the
SR(E) bus 135R1. This signal upon the SR(E) bus will
cause the contents of the entry register to be shifted to
the right.

This shift to the right takes place as follows:

The shift right entry register signal is inverted in in-
verter 135A2 and then applied to the 147L2 input of the
gate 147G1. Then, the occurrence of a W2 signal on bus
147L1, applied to the other input of this gate 147Gl,
causes a significant negative voltage level signal to be
applied through inverters 147A1 and 147AS5 to the com-
mon input 14912 of the gate pair 149G1 and 149G2. This
gate pair controls writing by write head 2 upon track 4,
as energized by bit signals from the write flip flop 148FF1.
In this case, these bit signals from the write flip flop will
be applied to track 4 through write head 2 during the W4
period, as conditioned by the gate 147G1. The positive
voltage level signal at the output of the inverter 147A1
associated with the gate 147G1 is also applied to the AND
gate 147G3, thereby opening the bit write control gate
148G1. Thus, the contents of the down counter, if any,
are written into track 4. However, the first write out from
the down counter in any shift right entry register cycle
results in no writing because, inter alia, there is nothing
in the down counter to write.

If there were, however, a significant digit present in
the lowest order of the entry register, then this would
result in effective cancellation of the shift right entry reg-
ister cycle, the division program then jumping to phase 9.

In the present portion of the computation being con-
sidered, there is a blank in the first order of the entry reg-
ister and, consequently, the shift right entry register cycle
continued.

The first write out during the shift right entry cycle
results in no write out because nothing as yet has even
been read into the up counter, and the track 4 write head

2 is over “dead time.” In the next succeeding W4 time the

track 4 read head reads the contents of the lowest order
of the entry register. At this time, if there is a significant
digit entered therein, the shift right entry register cycle
will be terminated. However, in the problem under con-
sideration, the shift right entry register cycle continues,
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That is to say, a blank is read into the up counter from
the lowest order of the entry register.

At the end of the W4 period, the blank is “transferred”
from the up counter to the down counter, and the up
counter reset. No significant portion of this cycle takes
place during W1 time.

At the next W2 time, the signal to write is again trans-
mitted to the track 4 write head 2, but this write head is
over “dead time,” and so no writing takes place.

Going to the next W4 time, the contents of the second
lowest order of the entry register are read into the up
counter (in the particular problem being considered, there
is a blank in this order also).

Again, at the end of the W4 period, the up to down/re-
set up cycle takes place.

In the next W2 time track 4 write head 2 is located at
the lowest order digit of the entry register. The concomi-
tant W2 signal to write, however, does not succeed in writ-
ing anything into this lowest order of the entry register
because the quantity just previously shifted from the up
counter to the down counter was a blank.

This process continues, the next extraction being a “5”
from the third lowest order of the entry register, this
“5” being entered into the second lowest order of the
entry register at the next W2 time. Thus, in the present
problem, the contents of the entry register have been
shifted to the right by one order. That is to say, phase §
has been completed.

The occurrence of the next H pulse, via the advance
phase counter gate 130G2 causes the phase counter to
advance to its phase 6 indication.

The receipt of this phase 6 indication upon the inputs
of the phase 6 counter gate composed of diodes 134D17
to 134D20 causes a significant positive voltage level sig-
nal upon the SL(M/Q) bus 134RS5.

This signal causes the contents of the multiplier quo-
tient register to be shifted left in the manner described
hereinabove in connection with the operation of multipli-
cation.

At the termination of this left-shifting of the multiplier
quotient register, the occurrence of the next H pulse, via
the advance phase counter gate 130G2, causes the phase
control counter to advance to its phase 7 state, This ad-
vance to the phase 7 state causes the phase 7 gate com-
posed of diodes 134D13 to 134D16 to impose a signifi-
cant positive voltage level signal upon the SUBTRACT
bus 134R4.

Upon energization of the SUBTRACT bus 134R4 in
phase 7, the contents of the entry register (50) are sub-
tracted from the contents of the accumulator register
(114) in the manner described in connection with the
description of phase 1 hereinabove,

This subtraction does not result in a negative entry in
the accumulator register and, therefore, at the termina-
tion of this subtraction, the occurrence of the next H
pulse, via the advance phase counter gate 130G1, will
cause the phase control counter to advance to its phase
8 state. This will cause the phase 8 pate, composed of
diodes 134D9 to 134D12, of the divide phase decoder,
and its associated inverter 134A3, to place a significant
positive voltage level signal upon the add one to quotient
register (4-1QREG) bus 134R3.

This signal is tied, inter alia, to bus 142L1. Bus 14211
is the input terminal of a pulse gate composed of diode
142D1, capacitor 142C1, resistor 142RS1 and diodes
142D2 and 142D3, biased for noise suppression, or stand-
off, and the two outputs of this gate are connected to set
the write delay flip flop 146FF1 via bus 142R2, and via
the SET ONE FF bus 142R3 to set the 1 flip flop 152FF1
of the up counter respectively. Then, at the end of the
next W2 time, the UP TO DOWN/RESET UP bus 143R1
is pulsed, thereby tramsferring the “1” entered into the
up counter by the action of the SET ONE FF bus 142R3
to the down counter, and resetting the up counter.
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No significant action takes place during the W3 time
period. During the W4 time, the “1” now standing in
the down counter is written into track 5, i.e., into the
lowest order of the multiplier guotient register. It should
be noted at this point that, had there been a digit al-
ready present in the lowest order of the multiplier
quotient register, this would have been entered into the
up counter in addition to the “1” entered in the up coun-
ter by the action of the SET ONE FF bus 142R3 during
the W1 time period when the first RS signal is sensed,
thereby subsequently causing the re-entry of this digit
from the lowest order of the multiplier quotient register
augmented by “1” back into the lowest order of the
multiplier quotient register, This is accomplished by
producing a significant voltage level on bus 139L3 to en-
able OR gate 139G1 and thereby, in conjunction with an
RS signal, enable AND pgate 145G2 thereby enabling
AND gate 146G1 to provide a significant signal on the
bus 146R1 and advance the up counter,

The significant positive voltage signal on the +1QREG
bus 134R3 is, however, also applied to bus 13112, ie.,
to a network comprising diodes 131D2, 131D6 and 131D10
which is adapted, in conjunction with the next occur-
ring H pulse on bus 131L4, to reset the phase control
counter to its phase 7 state, by placing a positive-going
voltage pulse on buses 131R1, 131R4 and 131R6 to set
the 2 and 4 flip flops 132FF2 and 132FF3 while reset-
ting flip flop 132FF1. The 1 flip flop 132FF4 is set by
the incoming signal on bus 130R10 obtained from gate
130G2 at the next H pulse. Thus, on the next occurrence
of an H pulse, the phase control counter is reset to its
phase 7 state, and the phase 7 gate of the divide phase
decoder again provides a significant positive voltage
lIevel signal upon the SUBTRACT bus 134R4. This causes
a repetition of phase 7, as described above, in which the
number standing in the entry register (50) is subtracted
from the number now standing in the accumulator
register (64), resulting in a positive quantity remaining
in the accumulator register (14). Upon the occurrence of
the next H pulse the phase control counter advances to
its phase 8 state and a one count is added to the lowest
order of the multiplier quotient register described here-
inabove.

Thereupon, as described hereinabove, in connection
with phase 8, the phase control counter is forced back
to its phase 7 state, and again the contents of the entry
register (now 50) are subtracted from the contents of
the accumulator register (now 14), resulting in a nega-
tive quantity stored in the accumulator register. This
negative quantity is represented in the accumulator
register as “4” in the lowest order, “6” in the second
lowest order and “9” in each succeeding higher order.

The occurrence of this negative quantity in the ac-
cumulator register causes a jump to the 4 state of the
phase control counter in the manner described herein-
above in connection with phase 1.

Phase 4 then takes place, the contents of the entry
register (50) being added to the contents of the ac-
cumulator register, with the result that the quantity
“14” is restored to the accumulator register.

Now, upon the occurrence of the next H pulse, as de-
scribed hereinabove, the phase control counter is ad-
vanced to phase 5, thereby subsequently causing the con-
tents of the entry register to be shifted to the right.

It should be noted at this point, that in the present
problem, the only digit in the entry register (5) is now in
the lowest order of the entry register.

Upon the occurrence of the next H pulse, the phase
control counter advances to phase 6, resulting in the
shift of the contents of the multiplier quotient register to
the left as described hereinabove.

At the completion of this operation, and the occurrence
of the next H pulse, phase 7 commences, wherein the
contents of the entry register is subtracted from the con-
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tents of the accumulator register, leaving a positive bal-
ance of “9.”

Since the balance of “9” is positive, the next transfer
will be to phase 8, wherein a one count will be added to
the lowest order of the multiplier quotient register as de-
scribed hereinabove, and the program will jump to the
7 phase.

In the 7 phase the contents of the entry register (5)
will again be subtracted from the contents of the ac-
cumulator register (now 9), again leaving a positive
quantity in the accumulator register, and allowing a shift
to phase 8.

In phase 8, again, a count of “1” will be added to the
lowest order of the multiplier quotient register (leaving
“2” therein), and a jump to phase 7 will take place.

In phase 7 the contents of the entry register (5) will
again be subtracted from the contents of the accumulator
register (now 4), resulting in a negative number in the
accumulator register, which negative number will be

carried in the accumulator register as a 9 in each place ¢

of the accumulator register.

As a result of this negative content in the accumulator
register, a jump to phase 4 will take place in the manner
described hereinabove.

In phase 4, the contents of the entry register (5) will
be added to the contents of the accumulator register,
leaving a “4” therein.

Upon the occurrence of the next H pulse the phase
control counter will advance to its phase 5§ indication,
causing a significant positive voltage level signal to ap-
pear upon the SR(E) bus 135R1.

The occurrence of this signal will set the first digit
gate flip flop 136FF1. The a output of the first digit gate
flip flop will provide a negative voltage level signal (en-

abling signal) upon the upper input of the overflow 4

ate 136G1. The W4 timing signal on bus 136B4 is also
connected to an input of the overflow gate 136G1, and
will enable this gate during the W4 time period.

Also, the RS timing signal is connected to an input
of gate 136G1 via bus 136B2 and, in conjunction with the
W4 signal, will permit this gate to enable only during
the RS time period. The bits from the track 4 read ampli-
fier are applied directly to an input of the overflow gate
136G1 along bus 136B1.

From this, it may be seen that only bits occurring dur-
ing the lowest order digit time of the entry register will
be allowed to pass through this gate 136G1.

Thus, it may be seen that the occurrence of the first
bit, if any, during the lowest order period of the entry
register time will be passed from the output of the asso-
ciated inverter 136A1 to the h input of the entry register
digit overflow flip flop 136FF3, thereby setting the entry
register digit overflow flip flop, and producing a negative
voltage level overflow signal at bus 136T1 and, there-
fore, at bus 131L3. Bus 131L3 is the capacitive input via
capacitor 131C1 of a pulse network adapted to jump
the phase control counter to its phase 9 indication, but
this jump to phase 9 takes place only upon receipt of &
positive-going transition and, since the most recent transi-
tion was negative-going, the phase control counter is not
reset to phase 9 at this time.

Thus, the right-shifting of the contents of the entry
register is carried out during this phase 5 time.

At the end of the phase 5 time, the occurrence of an
H pulse at the 136BS input of the entry register digit over-
flow flip flop 136FF3 causes that flop to be reset, thereby
producing a positive-going transition at bus 136T1 and
bus 131L3, and forcing the phase counter to its 1110
state, i.e., the state in which the number 1 flip flop is
reset, the number 2 flip flop is set, the number 4 flip flop
is set, and the number 8 flip flop is set. Actually, phase 9
is represented in the phase counter by a binary 14. This is
accomplished by the setting of the 8 flip flop 132FF1 by
the pulse on bus 131R2. The remaining flip flops pre-
viously contained a count of “5,” i.e., the flip flops 132FF2
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and 132FF4 were set and flip flop 132FF3 was reset. The
succeeding pulse on bus 13219 at the next H time resets
flip flop 132FF4 and thereby sets flip flop 132FF3. Since
flip flop 132FF2 was already set, a binary “14” is pro-
vided in the phase control counter.

The phase counter, then, being set to such a state as
will enable the phase 9 gate composed of diodes 134DS$
to 134D8 in the divide phase decoder, phase 9 proceeds
by the transfer of the contents of the accumulator register
into the entry register in a manner analogous to the trans-
fers described hereinabove along the A to E bus 134R2,

At the termination of phase 9 the then-occuring H pulse
causes the phase control counter to advance to its 1111
state (binary 15), thereby enabling the phase 10 gate
composed of diodes 134D1 to 134D4 of the divide phase
decoder and initiating the operation of transferring the
contents of the multiplier quotient register to the acccu-
mulator register in a manner analogous to the transfers
described hereinabove along to Q to A bus 134R1.

At this time, then, the operation of division is com-
pleted, the quotient standing in the accumulator register
and the remainder standing in the entry register.

DESCRIPTION OF THE DISPLAY CIRCUIT

The display circuit described herein displays informa-
tion contained in various storage registers of a memory
unit, certain of these storage registers serving to indicate
the solutions to various arithmetical operations developed
in a calculating device.

Basic circiut description

Integers to be displayed on the cathode ray tube are
entered into an entry counter in the form of informa-
tion or “bit” pulses. This information is then modified
by the following steps: (a) encoding into decimal nota-
tion by a diode array (b) decoding into a seven count
notation by a diode array (c) transfer to a seven stage
shift register. The output signals generated by the shift
register controls the “unblanking” of the various segments
required to generate a given character.

The unblanking operation is accomplished by means for
controlling the voltage levels at the grid of the cathode
ray tube which in turn controls the brightness of the char-
acters to be displayed. Concurrently with the development
of the unblanking signals, character generation and posi-
tioning signals are developed as follows: Horizontal and
vertical “staircase” waveforms are produced to establish
the relative positioning of the characters on the cathode
ray tube display. A segment (stroke) timing generator is
provided to: (a) develop the segments used in the forma-
tion of each character in the display and (b) control the
directing of the individual segments to either the hori-
zontal or the vertical deflection amplifiers as required. A
sine wave oscillator is provided to generate the individual
segments for each character. Positioning of the segments
in the manner required to form each character is accom-
plished by a “weighting” or current summing circuit such
that each segment is assigned a vertical and horizontal
voltage to establish the position of each said segment in
each character. The segments (as produced by the sine
wave oscillator) and the segment positioning voltages are
mixed together before being applied to the deflection am-
plifiers. The deflection amplifiers mix the “staircase™ wave-
forms with the segment development signals and apply
the resultant waveforms to the cathode ray tube.

Detailed circuit description

In addition to the introduction of integers in the form
of information or “bit” pulses, the display unit is designed
to operate with the following timing signals: (a) positive
and negative pulses applied at the beginning of each digit
interval (the time required to display each character) here-
in referred to as the RS signal or RS time period; (b)
a series of seven negative “segment timing” pulses evenly
spaced throughout the RS time period herein referred to
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as the track 6 timing signals, (c) a positive-going transi-

tion signal applied at the beginning of every fourth RS .

time period herein referred to as the W1 signal and (d)
a negative-going transition signal applied at the beginning
of each display period (a display period is that period of
time required to display each of the 25 characters on the
cathode ray tube) herein referred to as the H2 signal.

Positive RS pulses are applied to the input (161L2) of
a diode (161D3) such that, during the RS time period,
this input will be a negative voltage level. Negative in-
formation bit pulses applied to the input labelled track 4
read amp (161L1) of a diode (161D2) concurrently with
the positive input on bus 16112 will produce negative
pulses at the junction of diodes 161D2 and 161D3, These
negative information pulses are applied to the base of
transistor 161Q3 through resistor 161RS6 in parallel with
capacitor 161C2, thereby causing transistor 161Q3 to
develop positive output pulses at the collector thereof.

Resistor 161RS4 develops the voltages occurring at the
junction of diodes 161D2 and 161D3, resistor 161RS9 is
a base bias resistor and resistor 161RS11 is the load re-
sistor for transistor 161Q3.

The positive output pulses produced at the collector
of transistor 161Q3 are applied to the complementing in-
put (160L2) of the No. 1 flip flop (160FF4) of the entry
counter, thereby setting the No. 1 flip flop (it is assumed
that all flip flops in the entry counter have been reset
prior the application of the information pulses to the
entry counter). The application of the second information
bit to the complementing input (160L2) of the No. 1
flip flop (160FF4) will reset the No. 1 flip flop causing
a positive-going transition signal to be developed at the
FF* output thereof. This positive-going transition signal is
applied to the complementing input of the No. 2 flip flop
{160FF3), setting the No. 2 flip flop. In a similar manner,
succeeding information bit pulses applied to the input
(160L2) of the entry counter will count an integer into
the entry counter as indicated by the states of the various
flip flops.

The signal developed at the FF* output of the No. 1 flip
flop (160FF4) is applied to the base of transistor 160Q7
through resistor 160RS8. The signal developed on the
FF* output of the No. 1 flip flop is applied to transistor
160Q6 through resistor 160RS11. The signal developed
on the FF. output of the No. 2 flip flop (160FF3) is ap-
plied to transistor 160Q5 through resistor 160RS7. The
signal developed on the FF* output of flip flop No. 2 is
applied to transistor 160Q5 through resistor 160RS10.
The signal developed on the FF. output of flip flop No. 4
(160FF2) is applied to the base of the transistor 160Q3
through resistor 160RS6. The signal developed on the
FF* output of the No. 4 flip flop is applied to the base
of the transistor 160Q2 through resistor 160RS9. The
signal developed at the FF. output of No. 8 flip flop
(160FF1) is applied to the base of the transistor 160Q1
through resistor 160RSS5. The resistors numbered
160RS12 through 160RS18 are bias resistors for the above
mentioned transistors.

The information stored in the entry counter is applied
to the input of a diode encoder (FIG, 121) as follows:
the signal developed on the collector of transistor 160Q7
is applied to the input (162L4) of the encoder. This input
is connected to four diodes numbered 162D6, 161D12
162D15, and 162D17. The signal developed on the collec-
tor of transistor 160Q6 is applied to the input (162L5)
of the encoder, this input being connected to two diodes
numbered 162D8 and 162D14. The signal developed at
the collector of transistor 160Q5 is applied to the input
(1621.3) of the encoder, this input being connected to
five diodes numbered 162D4, 162D10, 162D11, 162D13,
and 162D22. The signal developed at the collector of
transistor 160Q3 is applied to the input (162L1) of the
encoder, this input being connected to four diodes num-
bered 162D1, 162D7, 162D9, and 162D19. The signal de-
veloped at the collector of transistor 160Q2 is applied to
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the input (16216) of the encoder, this input being con-
nected to two diodes numbered 162D16 and 162D21. The
signal developed at the collector of transistor 160Q1 is
applied to the input (162L2) of the encoder, this input
being connected to three diodes numbered 162D2, 162D3,
and 162D5.

The output of the encoder (FIG. 121) is applied to the
input of the decoder (FIG. 122) when a negative pulse is
applied to the input (162R1) of the encoder.

This negative pulse is developed when the input bus
designated RS165L2 (FIG. 124) receives a negative
transition thereon. This negative transition is applied to
the input diode 165D2 and, in conjunction with resistor
165RS2 produces a negative transition at the junction of
the said diode and resistor. This negative transition is
applied to the base of transistor 165Q2 through the re-
sistor 165RS54 and the capacitor 165C2 in shunt there-
with.

A positive transition signal will be developed on the
output (165R2) of the transistor 165Q2 at the junction
of the collector and the collector load resistor 165RS8
thereof. This positive transition is applied to the input
(167B5) of the one shot 167N2 (FIG. 126), developing
a negative pulse on the base of the transistor 167Q5, this
negative pulse being developed on the emitter of tran-
sistor 167Q5 and at the output therecof (167T4). As a
result, a negative pulse will be applied to the enabling in-
put (162R1) of the encoder previously mentioned (FIG.
121).

This negative pulse is applied to resistors 162RS1 to
162RS12, thereby enabling this encoder. The outputs of
this encoder, 162R2 through 162R13 inclusive, are ap-
plied to the inputs, 163L1 through 163L12 inclusive, of
the decoder (FIG. 122).

The negative voltage level applied to the input 16211 of
the encoder (FIG. 121) develops a negative pulse at the
output thereof (162R2) when the enabling pulse is applied
to the enabling input 162R1 of the encoder. This negative
pulse is applied to the input (163L3) of the decoder
(FIG. 122), producing a negative pulse at the inputs to
the diodes 163D3 and 163D20. The negative pulse at the
input of the diode 163D3 is applied to the base of the
transistor 163Q1 through the said diode and the resistor
163RS1. A positive pulse will be developed at the col-
lector of the transistor 163Q1 on the output thereof
(163R1).

The negative pulse at the input to diode 163D20 is
applied to the base of the transistor 163Q6 through the
said diode and the resistor 163RS6. In a similar manner,
when a negative pulse is developed on the input to any
of the diodes numbered 163D1 through 163D25 inclu~
sive, a positive pulse is developed on the output of the
associated transistor.

Positive pulses developed on the outputs 163R1 through
163R7 of the decoder, are applied to the inputs 164L1
through 164L7 “inclusive” of the shift register flip flops
164FF1 to 164FF7, inclusive (FIG. 123). Positive pulses
developed at the inputs to the shift register are applied
to the FF. or b inputs of the appropriate flip flop therein,
these positive pulses setting the appropriate flip flops.

The flip flops in the shift register (FIG. 123) num-
bered 0, 1, 2, 3, 4, 5, and 6 represent the segments of
the character to be generated. This information, then,
will provide the unblanking information for the display.

The signals for the transfer or W input (164R2) of
the shift register are developed at the output of the read
amplifier of track 6, 167RA1 (FIG. 126). A negative
transition, applied to the base of transistor 167Q1 from
the output of the TK6 read amplifier through resistor
167RS1 and capacitor 167C1 produces a positive transi-
tion at the collector of transistor 167Q1 at the junction
of the collector load resistor 167RS3 and the input to
the one shot circuit 167N1. The positive transition signal
developed at the input to the one shot circuit 167N1
produces a negative transition at the output thereof, this
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negative transition being applied to the base of the tran-
sistor 167Q2 through the resistor 167RS4. The capacitor
167C2, tied to the base of the transistor 167Q2, suppresses
noise appearing at the base of the said transistor.

The previously mentioned negative transition applied
to the base of the transistor 167Q2 produces a positive
transition at the collector thereof at the junction of the
collector load resistor 167RS6 and the resistor 167RS8.
This positive transition is applied to the base of the tran-
sistor 167Q3 and, thereby, produces a negative transition
at the collector thereof. The resistor 167RS11 is the col-
lector load resistor for the transistor 167Q3. The negative
transition is applied to the base of the transistor 167Q6
through the resistor 167RS12 and the capacitor 167C3
in shunt therewith to produce a positive transition at the
collector of the transistor 167Q6.

The resistor 167RS14 is a collector load resistor, and,
in association with the diode 167D4, clamps the collector
at a negative (—6) voltage level. Therefore, the positive
transition produced at the collector of transistor 167Q6
will be about a 6-volt transition rather than a 12-volt
transition.

The positive transition developed at the output 167T1
(FIG. 126) is applied to the input 164R2 (FIG. 123)
of the transfer input W (164R2) of the shift register.
The transfer input provides seven shift pulses for each
integer.

The FF* or a output and the FF. or b output of the
flip flop 164FF7 (FIG. 123) is applied to the upper or
j and lower or e gate inputs (G) of the flip flop 164FF86.
Thus, on the application of a shift pulse the information
stored in flip flop 164FF7 (No. 6) is transferred to flip
flop 164FF6 (No. '5). Similarly, the information in flip
flop 164FF6 (No. 5) is transferred to flip flop 164FF5
(No. 4). Also, the information in flip flop 164FF5 is
transferred to flip flop 164FF3; the information in flip
flop 164FF3 is transferred to flip flop 164FF2, and the
information in flip flop 164FF2 is transferred to the flip
flop 164FF1.

The first shift pulse will transfer a zero into the flip
flop 164FF7 because the left-hand reset or j input (G)
is connected to ground and the right-hand set or e input
is connected to —6 volts.

As the information contained in the shift register is
shifted forward to the output (the FF. or b output)
(164R1) of the “0” flip flop (164FF1), the voltage level
at this output will vary from positive to negative in
accordance with the information contained in the shift
register. This output signal of alternating positive and
negative voltage levels on the shift register output
(164R1) is transferred to an input (167B4) of a diode
(167D3).

The negative pulses produced at the output of the one
shot circuit 167N1 are applied to the input of diode
167D1. During the RS time period, a negative voltage
level is applied to the input (1651.1) of a diode 165D1
and, in conjunction with the negative voltage level at one
terminal of resistor 165RS1, a negative voltage level is
developed at the junction of diode 165D1 and resistor
165RS1. This negative voltage level is applied to the base
of transistor 165Q1 through the shunted capacitor 165C1
and resistor 165RS3. Transistor 165Q1 is then turned
“on” developing a positive voltage level at the output
thereof.

Resistor 165RS5 is used for biasing whereas resistor
165RS7 is the load resistor for transistor 165Q1.

The positive voltage level developed at the collector
of transistor 165Q1 is applied to the base of transistor
165Q3, turning transistor 165Q3 “off” and producing a
positive voltage level at the emitter (165R1) thereof,
resistor 165RS9 being the load resistor for transistor
165Q3. The positive voltage level on the emitter (165R1)
of transistor 165Q3 is applied to the input (167B3) of
the diode 167B2. During the interval between the nepa-
tive pulses produced ut the output of the one shot 167N1
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(segment time periods), a positive voliage level willl be
developed on the input to diode 167D1. During those
segment time periods, when a positive voltage level is
developed on the input {167B4) of the diode 167D3, the
junction of diodes 167D1, 167D2 and 167D3 will be at
a positive voltage level, This positive voltage level will
be applied to the base of transistor 167Q4 through resis-
tor 167RS7, turning transistor 167Q4 “off” and develop-
ing a negative voltage level on the collector (167T3)
theerof.

During those segment time periods wherein a negative
voltage level is developed on the input (167B4) of the
diode 167D3, the junction of diodes 167D1, 167D2 and
167D3 will be at a negative voltage level, this negative
voltage level being applied to the base of transistor
167Q4 through resistor 167RS7, turning transistor 167Q4
“on” and producing a positive voltage level on the col-
lector (167T3) thereof. Resistor 167RSY is a biasing resis-
tor for transistor 167Q4. Positive and negative voltage
levels, developed at the output of the shift register (FIG.
123}, will cause transistor 167Q4 to be alternately turned
“on” and “off,” the periods when transistor 167Q4 is
turned “off” allowing the segment generated during the
particular segment time period to be displayed on the
cathode ray tube.

The positive “unblanking” signal developed at the col-
lIector of 167Q4 is applied to the input (173L1) of the
base of transistor 173Q1 through resistor 173RS2 turning
transistor 173Q1 “on” and developing a positive-going
transition signal at the output (173R1) of the collector
thereof. Resistor 173RS1 is the load resistor for transistor
167Q4. Resistor 173RS3 is a biasing resistor, and resistor
173RS14 is the load resistor for transistor 173Q1. The
positive-going transition signal developed at the collector
output (173R1) of the transistor 173Q1 is applied to the
input (174L1) of the input of the cathode ray tube
(174R5) through capacitor 174C3. Resistor 174RS13 in
conjunction with capacitor 174C3 serves as a differen-
tiator for the positive-going transition signals developed
at the input (174L1). The positive pulses produced at
the output (167T2) of the collector of transistor 167Q6
are applied to the T or d input (170L.2) of the #1 flip
flop 170FF1.

All of the flip flops 170FF1 to 170FF4 inclusive (num-
bers 1, 2, 4 and 8) of the segment timing generator are
in the set state at this time. Therefore, upon the appli-
cation of the first positive pulse thereto, the #1 flip flop
170FF1 will be reset and thereby produce a positive volt-
age level on the FF* or a output (170R1) thereof and a
negative voltage level on the FF. or b output (170R2)
thereof. Upon the application of the second positive pulse
thereto, the #1 flip flop 170FF1 will be set, producing a
negative voltage level on the FF* or a output (170R1)
thereof and a positive-going transition signal on the FF.
or b output (170R2) thereof. This positive-going transi-
tion signal developed on the FF. or b output of the #1
flip flop 170FF1 is applied to the T or d input of the #2
flip flop 170FF2, resetting the #2 flip flop and developing
a positive voltage level at the FF* or a output (170R4)
thereof and a negative voltage level on the FF. or b
output (170RS5) thereof. This sequence is then continued
with the following result:

The #1 flip flop changes states upon the application
of each positive pulse to the input thereof, The #2 flip
flop 170FF2 changes states upon the application of every
second positive pulse to the #1 flip flop. The #4 flip flep
170FF3 changes states upon the application of every 4ih
positive pulse to the #1 flip flop (refer to F1G. 158).

Whenever the #2 flip flop 170FF2 is reset, a positive-
going transition signal will be developed at the FF* or a
output 170R4 thereof. This positive-going transition sig-
nal is applied to the T or d input of the #8 flip flop
170FF4, resetting the #8 flip flop. Therefore, the set
states of the #4 flip flop 170FF3 and the #8 flip flop
170FF4 will be displaced by one-half of the cycle
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produced by the #2 flip flop 170FF2, At the end of the
RS time period, the negative going transition signal de-
veloped at the emitter ouput (165R1) of transistor
165Q3 is applied to the input (166L1) at the base of
transistor 166Q1 through resistor 166RS1, turning tran-
sistor 166Q1 “on” and developing a positive-going transi-
tion signal at the collector thereof.

Resistor 166RS3 is a biasing resistor and resistor
166RS6 is a load resistor for transistor 166Q1.

The previously mentioned positive-going transition sig-
nal is applied to the one shot 166N1, producing a positive-
going transition signal at the output thereof. This posi-
tive-going transition signal is applied to the base of tran-
sistor 166Q4 through resistor 166RS11, turning transistor
166Q4 “off” and developing a negative-going transition
signal at the collector output (166R2) thereof.

Resistor 166RS13 is a biasing resistor and resistor
166RS16 is a load resistor for transistor 166Q4.

The negative going transition signal developed at the
collector output (166R2) of transistor 166Q4 is applied
to the “setting” inputs of each of the flip-flops (1 to 4 and
8) of the segment timing generator. This is accomplished
as follows: The input 170L1 is connected through diodes
170D1 to 170D4 to each of the FF. or b outputs of the
flip flops 170FF1 to 170FF4 in the segment timing gen-
erator. The connection of the FF. or b output of the #1
flip flop 170FF1 is made through the diode 170D1. The
connection to the FF. or b output of the #2 flip flop
170FF2 is made through the diode 170D2. The con-
nection to the FF. or b output of the #4 flip flop 170FF3
is made through the diode 170D3 and the connection to
the FF. or b output of the #8 flip flop 170FF4 is made
through the diode 170D4. A positive voltage level ap-
plied to each of these FF. or & inputs of the above
named flip flops will force these flip flops to a set state.

The negative pulse developed at the output of the
one shot 166N1 is transferred to the output (166R1)
through diode 166D4. This negative pulse is applied to
the input (168L3) of the base of transistor 168Q1
through resistor 168RS3, turning transistor 168Q1 “on”
and developing a positive pulse at the collector thereof.

Resistors 168RS1, 168RSS, 168RS3 and 168RS6 are
biasing resistors; resistor 168RS$ is the load resistor for
transistor 168Q1; and resistor 168RS9 is a current
limiting resistor which serves to limit the discharging cur-
rent of capacitor 168C2 through diode 168D1 and tran-
sistor 168Q1.

The positive pulse developed at the collector of tran-
sistor 168Q1 causes capacitor 168C2 to be discharged by
a fractional amount. A positive “step” voltage will
thereby be developed at the junction of diode 168D1
and capacitors 168C2 and 168C3 as a result of the appli-
cation of the positive pulse at the collector of transistor
168Q1. This positive going transistion or “step” will be
developed at the output (168R3) through capacitor
168C3. Succeeding positive pulses produced at the col-
lector of transistor 168Q1 will serve to further discharge
capacitor 168C2 and thereby develop the characteristic
“staircase” waveform as indicated in FIG. 159.

The reset signal for the vertical staircase generator
will also step the horizontal staircase generator at the
same time. This signal is developed as follows: The W1
signal, as previously mentioned, is applied to the input
(166L.2) at the base of transistor 166Q2 through diode
166D2 and resistor 166RS4. The W1 signal is at a posi-
tive voltage level during the W1 time period. A negative-
going transition signal developed on the input (166L1),
as previously described, occurs at the end of each RS time
period. However, only one of every four of these nega-
tive-going . transition signals, occurring at the end of
each RS time period, is passed through idode 166D1 and
appears at the junction of diode 166D1 and diode 166D2.
This negative-going transition signal, occurring at the
end of every fourth RS time period, is developed at the
junction of diodes 166D1 and 166D2 as a result of the
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W1 signal remaining at a positive voltage level, as ap-
plied to the input of diode 166D2.

When the W1 signal is negative, this negative voltage
level will be passed through diode 166D2 and appear
at the junction of diodes 166D1 and 166D2, thereby pre-
venting the remaining negative-going transition signals,
occurring at the end of the RS time period, from being
developed at the junction of diodes 166D1 and 166D2.
The RS negative-going transition signal, as now produced
at the end of an RS time period at the junction of diodes
166D1 and 166D2, is applied to the base of transistor
166Q2 through transistor 166RS4, turning transistor
166Q2 “off” and thus developing a positive-going transi-
tion signal at the collector thereof.

Resistor 166RS7 is a biasing resistor, whereas resistor
166RS9 is the load resistor for transistor 166Q2,

The positive-going transition signal developed at the
collector of transistor 166Q2 is applied to the input of a
one shot circuit 166N2, causing a negative-going transi-
tion signal to be developed at the output thereof. This
negative-going transition signal is applied to the base
of transistor 166Q5 through resistor 166RS12, turning
transistor 166Q5 “on” and producing a positive-going
transition signal at the collector thereof.

Resistor 166RS14 is a biasing resistor, whereas resistor
166RS17 is the load resistor for transistor 166Q5.

The positive-going transition signal developed at the
collector of transistor 166Q5 is passed through diode
166D2 and developed at the output (166R3) thereat. This
positive-going transition signal is applied to an input
(168L2) of a one shot circuit 168N1 through resistor
168RS4, causing the one shot circuit 168N1 to produce
a negative pulse at the output thereof. Resistor 168RS2,
in conjunction with diode 166D2, forms a decoupling
circuit for the signals developed at the collector of tran-
sistor 166Q5. The negative pulse developed at the output
of the one shot circuit 168N1 is applied to the upper
terminal of capacitor 168C2 (the junction of diode 168D1,
capacitor 168C3 and capacitor 168C2), causing a charge
to be developed on capacitor 168C2. Resistor 168RS10
is a current limiting resistor which serves to limit the
charging current generated as a result of the charging
of capacitor 168C2.

Capacitor 168C2 is, therefore, recharged by the de-
velopment of signals originating with the negative-going
transition signal occurring at the end of the RS time
period following within each W1 time period. Resistor
168RS7, one terminal of which is connected to a —12
volt supply, and capacitor 168C1, one end of which is
connected to ground (zero volis), serve to establish a
stabilized —12 volt supply. This stabilized — 12 volt
supply is developed at the junction of resistor 168RS7
and capacitor 168C1 and is indicated on FIG. 127 by the
output terminal with a circle containing the notation
—12V’, The negative-going transition signal developed
at the output (168R2) of the one shot circuit 168N1 at
the end of the RS time period is applied to the input
(169L1) at the base of transistor 169Q1 through the
resistor 169RS2, turning transistor 169Q1 “on” and de-
veloping a positive-going transition signal at the collector
thereof. This positive-going transition signal causes capaci-
tor 169C1 to be discharged by a fractional amount through
diode 169D1, transistor 169Q1, and resistor 169RS7. A
positive-going “step” will, therefore, be developed at the
junction of diode 169D1 and capacitor 169C1. Resistor
J169RS7 is a current limiting resistor to limit the discharge
current of capacitor 169Cl1, through diode 169D1, and
transistor 169Q1.

The positive-going “step” signal developed at the junc-
tion of diode 169D1 ,and capacitor 169C1 is developed at
the output (169R1) through capacitor 169C2. Resistors

169RS4, 169RSS, 169RS2, and 169RS1 are biasing re-
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sistors whereas resistor 169RS6 is a load resistor for
transistor 169Q1.

Capacitor 169C1 is discharged, therefore, in positive
voltage increments or “steps” occurring at the end of the
RS time period within every W1 time period. A series of
25 positive “steps” are thereby developed at the output
(169R1). A negative-going transition signal is applied to
the input (166L3) of the base of transistor 166Q3 through
diode 166D3 and resistor 166RS5 at the beginning of each
H time period. Transistor 166Q3 will thereby be turned
“on,” developing a positive-going transition signal at the
collector thereof. Resistor 166RS2 and diode 166D3 form
a decoupling circuit for the H signals being applied to
the input (166L.3). Resistor 166RS8 is a biasing resistor
whereas resistor 166RS10 is the load resistor for tran-
sistor 166Q3.

The positive-going transition signal developed at the
collector of transistor 166Q3 is applied to the input of a
one shot circuit 166N3 and, thus, develops a negative
pulse at the output thereof. This negative pulse is applied
to the base of transistor 166Q6 through resistor 166RS1S5,
turning transistor 166Q6 “on” and developing a positive
pulse at the output thereof. This positive pulse is developed
at the output (166R4) through diode 166D6. Resistor
166RS18 is a biasing resistor, whereas resistor 166RS19
is the load resistor for transistor 166Q6.

The positive pulse developed at the collector output
(166R4) of transistor 166Q6 through dlode 166Dé is
applied to the input (169L2) of a one shot circuit 169N1,
thereby producing a negative pulse at the output thereof,
Resistor 169RS3, in conjunction with diode 166D6, forms
a decoupling network for the signals produced at the
collector of transistor 166Q6. The negative pulses de-
veloped at the output of the one shot circuit 169N1 will
recharge capacitor 169C1 through diode 169D2 and re-
sistor 169RS8. Resistor 169RS8 is a current limiting re-
sistor which serves to limit the charging current as a re-
su}t of the charging of capacitor 169C1. Capacitor 169C1
will, therefore, be charged at the beginning of each H time
period.

The three-step positive staircase waveform developed
at the output (168R3) is applied to the input (172L1)
labelled A of the vertical amplifier circuit 172A1. The
25-step positive staircase waveform developed at the out-
put (169R1) is applied to the input (172L3) labelled A
of the horizontal amplifier circuit 172A2. These staircase
waveforms are then mixed in the vertical and horizontal
amplifiers with the segment generating and positioning
signals which are developed as follows.

The individual segments or strokes are created by the
sweep oscillator comprised of transistor 171Q1, resistors
171RS2, 171RS7, 171RS13, and 171RS14, and capacitors
171C1, 171C2, and 171C6 and the coil 171L1. The sine
wave signal developed at the collector of transistor 171Q1
(sine wave oscillator circuit) is applied to the inputs of
two “signal directing” circuits, one of which is comprised
of resistors 171RSS, 171RS6, 171RS10, and 171RS12 and
diodes 171D4 and 171D7 and capacitor 171C4, the other
“signal directing” circuit being comprised of resistors
171RS3, 171RS4, 171RS8, and 171RS11 and diodes
171DS5 and 171D6 and capacitor 171C3.

When the display cycle reaches the points wherein
the No. 8 flip flop 170FF4 of the segment timing genera-
tor (FIG. 129) is reset, the FF. or b output (170R9)
thereof will be at a negative voltage level. This negative
voltage level is applied to the input 17114 of the first
mentioned “signal directing” circuit through diode 171D4,
This negative voltage level is thereby applied to the
junction of resistor 171RSS and diode 171D7, allowing
the sine wave signals produced at the collector of tran-
sistor 171Q1 to be developed at the output (171R2) as a
result of passing through resistor 171RSS, diode 171D7,
capacitor 171C4, and transistor 171RS12.

Since the No. 8 flip flop 170FF4 of the segment tim-
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ing generator (FIG. 129) is reset as previously men-
tioned, a positive voltage level is developed at the FF*
or a output (170R8) thereof. The positive voltage level
is applied to the input 171L35 of the second mentioned
“signal directing” circuit through diode 171DS5, thus
establishing a positive voltage level at the junction of re-
sistor 171RS3 and diode 171D6. This positive voltage
level will prevent the sine wave signal developed at the
collector of tranmsistor 171Q1 from passing through resis-
tor 171RS3, diode 171D6, capacitor 171C3, and resistor
171RS11 and being developed at the output (171R4).
Therefore, the reset state of the No. 8 flip flop 170FF4
of the segment timing generator (FIG, 129) will direct
the sine wave signals produced at the collector of tran-
sistor 171Q1 to the output (171R2) while inhibiting the
development of these sine wave signals at the output
171R4.

Conversely, the set state of the No. 8 flip flop 170FF4
will cause the previously mentioned sine wave signals to
be directed to the output (171R4) while inhibiting the
development of these sine wave signals at the output
(171R2). Resistors 171RS6, 171RS106, 171RS4, and
171RS8 aid in the proper functioning of the “signal
directing circuits,

The circuit appearing in FIG. 130 comprising resistor
171RS9, one end of which is connected to a —12 volt
supply, and capacitor 171CS, one end of which is con-
nected to ground (zero volts), performs a voltage stabiliz-
ing function wherein a stabilized —12 volts is established
at the junction of resistor 171RS9 and capacitor 171CS.
This stabilized voltage appears at the output of resistor
171RS9 and capacitor 171C5 as indicated by the circled
quantity —12V’. This source of a stabilized —12 volts
is provided for the sine wave oscillator and is connected
to the points indicated by the circled quantity —12V".

The inputs 171L1), (171L2) and (171L3) of diodes
1711, 171D2, and 171D3, respectively, receive signals
from the segment timing generator for the purpose of
controlling the output of the sine wave oscillator. Signals
developed at the outputs (170R1), 170R5), (170R6)
and (170R4) are applied to the inputs (173L3), (173L4),
(173L5) and (173L6), respectively. These signals con-
stitute the segment timing signals developed in the seg-
ment timing generator (FIG. 129) and are “weighted”
(assigned relative voltage levels) by two “weighting”
circuits or “current summing” circuits, one of which is
comprised of resistors 173RS4, 173RS9, 173RSS5,
173RS10, 173RS6, 173RS11, 173RS15, and 173RS17,
and diodes 173D1, 173D2, and 173D3.

The other segment “weighting™ circuit is comprised of
resistors 173RS7, 173RS12, 173RS8, 173RS13, 173RS16,
and 173RS18, and diodes 173D4 and 173DS. The seg-
ment “weighting” voltages developed by the first men-
tioned “weighting” circuit are developed at the output
(173R2). The segment weighting voltages generated by
the second mentioned weighting circuit are developed at
the output (173R3).

The segment “weighting” voltages developed at the
output (173R2) are applied to the input (1721.2) labelled
B of the vertical deflection amplifier 172A1. The segment
“weighting” voltages developed at the output (173R3)
are applied to the input (172L4) labelled B of the hori-
zontal deflection amplifier 172A2.

The positive-going “staircase” waveforms applied to
inputs (172L1) and (172L3), and the segment generat-
ing and “weighting” voltages applied to the inputs (172L2)
and 17214), as previously described, are mixed in the
deflection amplifiers 172A1 and 172A2 in a manner
which generates the required character shape and posi-
tioning as viewed on the cathode-ray tube. A character
slant adjust circuit is provided by the circuit comprised
of transistor 172Q1, resistors 172RS1 and 172RS2 and
capacitors 172C1 and 172C2. The output labelled C of
the vertical deflection amplifier 172A1 is connected to
the base of transistor 172Q1. The signal developed across
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the emitter resistor 172RS1 of transistor 172Q1 is applied
to the input labelled C of the horizontal deflection ampli-
fier 172A2 through capacitor 172C1 and transistor
172RS2 and capacitor 172C2.

The vertical deffection signals produced by the vertical
deflection amplifier 172A1 are applied to the cathode-
ray tube through the outputs (172R1) and 172R2). The
horizontal deflection signals produced by the hori-
zontal deflection amplifier 172A2 are transferred to the
cathode-ray tube through the outputs (172R3) and
(172R4). The voltages necessary for the proper opera-
tion of the display circuit are generated by the power
supply illustrated in FIGS. 133 and 134. 117 volts A-C
is applied to the inputs (17412) and (174L3) of the
transformer 174T1. The transformer 174T1 provides
the following voltages for operation of the display circuit:
30 volts RMS at 120 milliamps across the secondary wind-
ing indicated by the outputs (174R1) and 174R2), 90
volts RMS at 50 milliamps across the secondary wind-
ing indicated by the outputs (174R3) and 174R4), 1,700
volts RMS at 3 milliamps across the secondary winding
indicated at one end by the junction of resistor 174RS1
and diode 174D1 and the other end by a ground con-
nection and 6.3 volts (for the operation of the filament in
the cathode-ray tube) across the secondary winding in-
dicated by the outputs (174R7) and (174R8).

Further control of the cathode-ray tube display is
developed by the voltages and signals appearing at the
outputs (174R5) and (174R6) of the circuitry com-
prised of resistors 174RS1 through 174RS12 and resistors
174RS14 through 174RS23, diodes 174D1 through
174D14, and capacitors 174C1, 174C2 and 174C4. The
30 volts RMS developed at the output (174R1) and
(174R2) is applied to the inputs (175L1) and (175L2)
of a minus 12 volt D-C power supply comprised of tran-
sistors 175Q1 and 175Q4 and resistors 175RS1, 175RS4
and 175RS8 and diodes 175D1 and 175D2 and capaci-
tors 175C1 and 175C4. A minus 12 volts is produced at
the emitter of transistor 175Q4 serving as the output
for the power supply circuit, The 30 volts RMS devel-
oped at the outputs (174R1) and (174R2) is also applied
to a plus 12 volt D-C power supply circuit comprised
of the transistor 175Q3, resistors 175RS5, 175RS2 and
175RS6, and diodes 175D5 and 175D6 and capacitors
175C2 and 175CS5. An additional voltage supply circuit
to develop a minus 90 volts D-C is comprised of the
transistors 175Q2 and 175QS5 and resistors 175RS3,
175RS7, 175RS9 and 175RS10 and diodes 175D3 and
175D4 and capacitors 175C3 and 175C6. The 90 volt
RMS developed at the outputs (174R3) and (174R4) is
applied to the inputs (175L3) and (175L4) of the minus
90 volt D-C supply. An additional cathode-ray tube con-
trol voltage is developed at resistor 175RS10 and is pro-
duced at the output (175R4).

SHIFT LEFT ACCUMULATOR KEY

The depression and release of the shift left accumula-
tor key 125K2 will produce a positive pulse at the out-
put thereof. The positive pulse is applied to the FF.
output (125R4) of the shift left flip flop 125FF2 through
diode 125D2, setting the shift left flip flop 125FF2.

The positive voltage level developed at the FF. out-
put (125R4) of the shift left flip flop 125FF2 is applied
to the input (126L7) of an OR gate 126G1 enabling this
OR gate and producing a positive pulse at the output
thereof. This positive pulse is applied to the input of an
inverter 126A1 causing a negative pulse to be developed
at the output thereof, unlocking the function timing flip
flop.

The negative voltage level developed at the FF* out-
put (125R3) of the shift left flip flop 125FF2 is applied
to the input of a diode 127D7.

The negative voltage level produced at the FF. outpnt
of the function timing flip flop 126FF1 as a result of the
function timing flip flop being reset at this time, is applied
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to the base of transistor 126Q1, turning transistor 126Q1
“on” and developing a negative voltage level at the
emitter thereof. This negative voltage level is applied
to the input of an inverter 126A2, causing a positive
voltage level to be developed at the output thereof.
This positive voltage level is applied to the base of tran-
sistor 126Q2, turning transistor 126Q2 “off” and devel-
oping a positive voltage level at the emitter output
(126R5) thereof. This positive voltage level is applied
to the input (127L9) of resistor 127RS7. Therefore, the
junction of resistor 127RS7 and diode 127D7 will be
at a positive voltage level.

The positive-going transition signal occurring at the
end of the first H pulse (after operation of the shift
left accumulator key), is applied to the T or d input
(126L.12) of the function timing flip flop 126FF1, set-
ting the function timing flip flop and developing a posi-
tive voltage level at the FF. output thereof. This posi-
tive voltage level is applied to the base of transistor
126Q1, turning transistor 126Q1 “off” and developing
a positive voltage level at the emitter thereof. This posi-
tive voltage level is applied to the input of an inverter
126A2, causing a negative voltage level to be developed
at the output thereof., This negative voltage level is
applied to the base of transistor 126Q2, turning transis-
tor 126Q2 “on” and developing a negative voltage level
at the emitter output (126R5) thereof.

Resistor 126RS1 serves to reduce the power dissipation
developed in transistor 126Q2.

The negative voltage level developed at the emitter
output (126R5) of transistor 126Q2 is applied to the
input (127L9) of resistor 127RS7, causing the junction
of resistor 127RS7 and diode 127D7 to develop a nega-
tive voltage level thereat, This negative voltage level
is applied to the input of an inverter 127A7, causing a
positive voltage level to be developed at the output
labelled SL{A) bus (127R12).

This positive voltage level is applied to the set input
labelled SL{A) bus (159L1) of the ACC SL DELAY
flip flop 159FF1, setting the ACC SL DELAY f{lip flop.

At the beginning of the H time period, a positive-
going transition signal is developed on reset input labelled
H bus (1591.2) of the ACC SL DELAY f{lip flop 159FF1,
resetting the ACC SL DELAY flip flop and causing a
positive-going transition signal to be developed at the
FF* output (159R1) thereof. This positive-going transi-
tion signal is applied to the input (158L1) of capacitor
158C1. Diode 158D1 is a —6 volt clamp.

Previous to the application of this positive pulse, a
negative voltage level had been established at the side
of capacitor 158C1 connected to the input (158L1) while
the other side connected to the junction of resistor
158RS1 and diode 158D3 was maintained at a positive
level as established by the AND gate 158G2 and resistor
158RS1 as follows: The positive voltage level developed
on the input labelled MULT BUS (1958L2) (positive
voltage level when not in mult) is applied to an input of
the AND gate 158G2, causing a positive voltage level
to be developed at the output thereof. This positive volt-
age level is then developed at the junction of resistor
158RS1 and diode 158D3, thereby establishing the charge
on capacitor 158C1. Upon the application of the positive-
going transition signal to the side of capacitor 158C1
connected to the input (158L1), a positive-going transi-
tion signal will be developed at the junction of resistor
158RS1 and diode 158D3 and will be produced at the
output labelled SET READ DEL FF bus (158R1) of
the diode 158D3. This positive-going transition signal
is applied to a set input labelied SET READ DEL FF
bus (146L12) of the read delay flip flop 146FF2, setting
the read delay flip flop and causing a negative voltage
level to be developed on the FF* output thereof.

The positive voltage level developed on the input
labelled SL{A) bus (142L3) is applied to an input of the
OR gate 142T3, causing a positive voltage level to be
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produced at the output thereof. This positive voltage level
is applied to the input of the inverter 142A3, causing a
negative voltage level to be developed at the output
(142R1) thereof.

This negative voltage level is applied to the input
(143L2) of the AND gate 143G1, and together with the
positive-going transition signal produced at the input
labelled W2 bus (143L1) (at the end of the first W2 time
period), the AND gate 143G1 will be disenabled. A posi-
tive-going “reset” signal is subsequently developed at the
output labelled REST READ DELAY FF bus (153RS)
as previously described.

This positive-going transition signal is applied to the
FF* output of the read delay flip flop 146FF2 via bus
14614 labelled RESET READ DELAY FF, resetting the
read delay flip flop. This positive-going transition signal
is also applied to a reset input of the write delay flip flop
146FF1, setting the write delay flip flop and developing
a positive voltage level on the FF. output thereof labelled
WRITE DELAY bus (146RS).

The positive voltage level developed on the SL(A) bus
(127R12) is applied to the input (141L5) of the OR gate
141G3, causing a positive voltage level to be developed
at the output thereof, This positive voltage level is applied
to the input of an inverter 141A3, causing a negative
voltage level to be produced at the output thereof labelled
READ A BUS (141R3).

This negative voltage level is applied to the input
(144L6) of an AND gate 144G3 and, together with the
negative voltage level applied to the input labelled W3
bus (144L5) (during the first W3 time period), the AND
gate 144G3 will be enabled, producing a negative volt-
age level at the output thereof.

This negative voltage level is applied to the input of
an inverter 144A3, causing a positive voltage level to be
developed at the output thereof. This positive voltage
level is applied to the input labelled READ COM bus of
the inverter 144A9, causing a negative voltage level to
be developed at the output (144R1) thereof.

This negative voltage level is applied to the input
(145B1) of the AND gate 145G1. Concurrently, with the
application of negative pulses (produced by the track 4
read head 145RA1) to an input of the AND gate 145G1
through resistor 145RS1 and the negative voltage level
developed on the RS bus (145B6) (during the RS time
period), the AND gate 145G1 will be enabled, causing
a series of negative pulses to be developed at the output
thereof. These negative pulses are applied to the input
of the inverter 145A1, causing a series of positive pulses
to appear at the output thereof. This series of positive
pulses is applied to the input of the one shot circuit 145N1,
causing a series of positive pulses to appear at the out-
put thereof. This series of positive pulses is applied to
the input of the inverter 145A3, causing a series of nega-
tive pulses to appear at the output (145T2) thereof, This
series of negative pulses is applied to the input (146L5)
of the AND gate 146G1.

Since the comp flip flop 128FF1 is reset, a negative
voltage level will be developed at the FF. output thereof.
This negative voltage level is applied to the input of the
inverter 128A7, causing a positive voltage level to be
developed at the output (128R6) thereof. This positive
voltage level is applied to the input (140L5) which is con-
nected to the output (140R3). The positive voltage level
developed at the output (140R3) is applied to the input
(143L10) of the AND gate 143GS, causing a positive
voltage level to appear at the output thereof. This posi-
tive voltage level is applied to the input of the inverter
143AS, causing a negative voltage level to appear at the
output labelled ENABLE SET BORROW FF bus
(143R2).

This negative voltage level is applied to the input
labelled ENABLE SET BORROW FF bus (146L3) of
the AND gate 146G1.

The first of the series of negative pulses applied to the
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input (146L5) is applied to the set input of the read de-
lay flip flop 146FF2, causing the read delay flip flop to be
set and thereby develop a negative voltage level at the FF*
output thereof.

This negative voltage level is then applied to the in-
put designated RESET READ DELAY FF bus (146L4)
of the AND gate 146G1. Therefore, the AND gate 146G1
will not be enabled until the arrival of the second infor-
mation pulse on the input (146L5). A series of negative
pulses is thus developed at the output of the AND gate
146G1.

These negative pulses are applied to the input of the
inverter 146A2, causing a series of positive pulses to ap-
pear at the output designated ADVANCE UP COUNTER
(146R1) through diode 146D2.

This series of positive pulses is applied to the comple-
menting input designated ADVANCE UP COUNTER
bus (152L3) of the #1 flip flop 152FF1 of the up counter
(FIG. 111), thereby entering a digit into the up counter.

The positive voltage level applied to the input labelled
SL(A) bus (141L5) of the OR gate 141G1 will cause a
positive voltage level to be developed at the output thereof.
This positive voltage level is applied to the input of the
inverter 141A1, causing a negative voltage level to be
developed at the output labelled WRITE A bus (141R1)
thereof.

This negative voltage level is applied to the input
(144L12) of an AND gate 144G6, and, together with the
negative voltage level developed at the input labelled W2
bus (144L3) (during the second W2 time period), the
AND gate 144G6 is enabled. A positive voltage “write
command?” signal is subsequently produced on the output
designated WRITE COMMAND bus (144R2) as pre-
viously described.

This positive voltage level is applied to the input desig-
nated WRITE COMMAND bus (147L5) of an OR gate
(147G3), causing a positive voltage level to be produced
at the output thereof. This positive voltage level is applied
to the input of the inverter 147A3, causing a negative
voltage level to be developed at the output (147R2)
thereof. This negative voltage level is applied to the input
(148B5) of the AND gate 148G1, and, together with the
negative pulses produced by the track 3 read head 148RA1
through resistor 148RS1 and the negative voltage level
developed at the input (148B4) (note: this input will be
negative when the down counter has a count in it or
when the write flip flop is set), the AND gate 148G1 will
be enabled, thereby developing a series of negative pulses
at the output thereof.

This series of negative pulses is applied to the input of
the inverter (148A1), causing a series of positive pulses
to be developed at the output thereof. The first of these
positive pulses is applied to two inputs, one being the
complementing input of the write flip flop 148FF1, caus-
ing the write flip flop to change states and subsequently
write a single bit into the accumulator register represent-
ing a zero.

Additionally, this first bit is applied to the input of
the one shot circuit 148N1, causing a positive pulse to
be developed at the output thereof. This positive pulse
is applied to the input of the inverter 148A2, causing
a negative pulse to be developed at the output designated
RESET WRITE DELAY FF bus (148T1). This negative
pulse is applied to the reset input designated RESET
WRITE DELAY FF bus (1461L6) of the write delay
flip flop 146FF1. The positive-going trailing edge of this
negative pulse will reset the write delay flip flop, causing
a negative voltage level to be produced at the FF. out-
put labelled WRITE DELAY bus (146R5) thereof.

This negative voltage level is applied to the input
labelled WRITE DELAY bus (155L8) and is applied to
an input of the OR gate 155G1. Since the other inputs
to the AND gate 155G1 are negative, all inputs will now
be negative, producing a negative voltage level at the
output thereof. This negative voltage level is applied to
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the input of the inverter 155A3%, causing 2 positive volt-
age level to be produced on the output (155R1). This
positive voltage level is applied to the input (148B4) of
the AND gate 148G1, disenabling this AND gate. There-
fore, only one pulse will be developed at the output of
the AND gate 148G1 and subsequently, a single bit is
written in the accumulator register representing a zero.

The positive voltage level developed on the input
labelled SL(A) bus (142L3) of the OR gate 142G3 will
enable this OR gate, causing a positive voltage level to
be produced at the output. This positive voltage level is
applied to the input of the inverter 142A3, causing a
negative voltage level to be developed at the output
(142R1) thereof.

This negative voltage level is applied to the input
(1431.2) of an AND gate 143G1, and, together with the
positive-going transition signal produced at the input
labelled W2 bus (143L1) (at the end of second W2 time
period), the AND gate 143Gl is disenabled. A positive-
going “transfer and reset” signal is subsequently de-
veloped at the output designated RESET READ DELAY
FF bus (153R5) and the output 153R6 as previously
described.

This positive-going transition signal is applied to three
inputs, the first of which is the input (151L2) of the up
counter (FIG. 110). The positive-going transition signal
applied to the input (1511.2) is passed through capacitor
151C1 and diode 151D9 to the reset inputs of the flip
flops of the up counter, resetting these flip flops.

The second input on this positive-going transition signal
is applied to is the junction (154L1) of the transfer in-
puts of the #8 flip flop 154FF1 and the #4 flip flop
154FF2, causing the voltage levels appearing at the gate
inputs of these flip flops (representing the integer stored
in the up counter) to be transferred to the outputs
thereof.

The third input this positive-going transition signal is
applied to is the junction (155L1) of the transfer inputs
of the #2 flip flop 155FF2 and the #1 flip flop 155FF1
of the down counter, transferring the voltage levels ap-
pearing at the gate inputs of these flip flops to the out-
puts thereof. The integer stored in the up counter is
thereby transferred to the down counter and the up
counter is reset.

The positive voltage level developed on the input label-
led SL(A) bus (141L5) of the OR gate 141G1 will en-
able this OR gate and develop a positive voltage level
at the output. This positive voltage level is applied to
the input of the inverter 141A1, causing a negative volt-

age level to be developed on the output labelled WRITE

A BUS (141R1) thereof.

This negative voltage level is applied to the input
(144112) of the AND gate 144G6, and, together with
the negative voltage level developed on the input labelled
W2 bus (144L3) (during the third W2 time period), the
AND gate 144G6 will be enabled, developing a negative
voltage level at the output thereof and subsequently de-
veloping a typical write function as previously described.

The integer in the down counter will therefore be
written into the tens position of the accumulator register.
This completes the shift left accumulator operation.

SHIFT RIGHT ACCUMULATOR KEY

Upon the depression and release of the shift right ac-
cumulator key 125K1, a positive pulse is produced at the
output thereof. This positive pulse is passed through diode
125D1 to the FF. output of the shift right flip flop
125FF1, setting the shift right flip flop and causing a
negative voltage level to be developed on the FF* output
(125R1) thereof. This negative voltage level is applied
to the input (127L6) of the diode 127D6. The junction
of diode 127D6 and resistor 127RS6 will be at a posi-
tive voltage level until a negative voltage level is de-
veloped on the input (127L10) as previously described.
At the time a negative voltage level is developed on the
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input (127L10), a negative voltage level will be de-
veloped at the junction of diode 127D6 and resistor
127RS6. This negative voltage level is applied to the in-
put of the inverter 127TA6, causing a positive voltage
level to be developed at the output labelled SR(A) bus
(127R11) thereof. This positive voltage level is applied
to the input labelled SR(A) bus (141L16) of the OR
gate 141G3, enabling this OR gate and developing a
positive voltage level at the output thereof. This positive
voltage level is applied to the input of the inverter 141A3,
causing a negative voltage level to be developed at the
output labelled READ A bus (141R3). This negative
voltage level is applied to the input (14416) of the AND
gate 144G3. The negative voltage level developed on
the input (144L6), together with the negative voltage
level developed on the input labelled W3 bus (144L5)
(occurring during the second W3 time period), will en-
able the AND gate 144G3, causing a negative voltage
level to be developed at the output and subsequently de-
veloping a typical read signal as previously described. An
integer stored in the tens position of the accumulator is
thereby transferred into the up counter.

The positive voltage level applied to the input labelled
SR(A) bus (142113) of the OR gate 142Gl1, enabling
this OR gate and producing a positive voltage level at
the output thereof. This positive voltage level is applied
to the input of the inverter 142A1, causing a negative
voltage level to be produced at the output (142R4)
thereof.

This negative voltage level is applied to the input
(143L4) of the AND gate 143G2 and, together with the
negative voltage level applied to the input labelled W3
bus (143L3) (occuring at the end of the second W3
period), the AND gate 143G2 will be enabled, causing
a negative voltage level to be developed at the output
and subsequently producing a typical “broadside” signal
as previously described. The integer stored in the up
counter is thereby transferred to the down counter.

The positive voltage level applied to the input labelled
SR(A) bus (127R11) is applied to the input of the
inverter 127A13, causing a negative voltage level to be
developed on the output (127R10) thereof,

This negative voltage level is applied to the input
(147L3) of the AND gate 147G2 and, together with the
negative voltage level developed on the input labelled
W1 bus (147L4) (during the third W1 period), the AND
gate 147G2 will be enabled, developing a negative voltage
level at the output thereof.

This negative voltage level is applied to the input of
the inverter 147A2, causing a positive voltage level to
be developed at the output thereof. This positive voltage
level is applied to an input of the OR gate 147G3, causing
a positive voltage level to be developed at the output
thereof. This positive voltage level is applied to the input
of an inverter 147A3, causing a negative voltage level
to be developed at the output (147R2) thereof.

This negative voltage level is applied to the input
(148B5) of an AND gate 148G1 and, together with nega-
tive pulses (developed by the track 3 read head 148RA1)
applied to an input of the AND gate 148G1 through
resistor 148RS1 and the negative voltage level developed
on the remaining input (148B4) (this input will be at
a negative voltage level when the down counter has a
count in it or when the write delay flip flop is set), the
AND gate 148G1 will be enabled, causing a series of
negative pulses to be produced at the output thereof.

This series of negative pulses is applied to the input
of the inverter 148A1, causing a series of positive pulses
to appear at the output thereof. This series of positive
pulses is applied to two inputs, the first of which is the
complementing input of the write flip flop 148FF1. The
write flip flop will be caused to change states in step with
the applied series of positive pulses and, as previously
described, will write this information nto the accumulator
register of track 4,
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The positive voltage level developed at the output of
the inverter 147A2, as previously described, is applied to
the input of the inverter 147A5, causing a negative volt-
age level to appear at the output (147R1) thereof. This
negative voltage level is applied to the input (149L2) of
the AND gate 149G1 and the AND gate 149G2. The
alternating positive and negative signals applied to the
inputs (149L1) and (149L3) will cause the AND gates
149G1 and 149G2 to be alternately enabled and dis-
enabled. The output voltage levels thus produced will
cause the track 4 write head No. 2 149WA1 to write the
integer stored in the down counter into the units position
of the accumulator register of track 4. The integer initially
stored in the tens position of the accumulator register
is thereby transferred (shifted right) to the units position
of the accumulator register.

CLEAR ENTRY KEY

Depression of the clear entry key 126SW1 will develop
a positive voltage level on the output designated CLEAR
ENTRY bus (126R2). This positive voltage level is ap-
plied to the input designated CLEAR ENTRY bus
(139L5) of the OR gate 139G2, enabling this OR gate
and causing a positive voltage level to be developed at
the output thereof. This positive voltage level is applied
to the input of the inverter 139A2, causing a negative
voltage level to be developed at the output designated
WRITE DRIVER TRACK 5 bus (139R2). This negative
voltage level is applied to the input designated WRITE
DRIVER TRACK 5 bus (149L5) of the AND gate
149G5 and 149G6. However, only one of these AND
gates will be enabled as a result of the voltage levels
appearing at the output of the write flip flop 148FF1.
The track 5 write head 149WA3 will therefore be turned
on in one direction only and erase the entire contents
of the track 5 storage register.

In addition, the positive voltage level developed on the
output designated CLEAR ENTRY bus (126R2) is ap-
plied to the input designated CLEAR ENTRY bus
(141L13) of the OR gate 141G2, enabling this OR gate
and developing a positive voltage level at the output
thereof. This positive voltage level is applied to the input
of the inverter 141A2, causing a negative voltage level
to be developed on the output labelled WRITE E bus
(141R2).

‘This negative voltage level is applied to the input
(144L14) of the AND gate 144G7 and, together with
the negative voltage level developed on the input labelled
W3 bus (144L5) (during the W3 time period), the AND
gate 144G7 will be enabled, thereby developing a nega-
tive signal level at the output thereof.

This negative signal level is applied to the input of the
inverter 144A7, causing a positive voltage level to be
developed at the output designated WRITE COMMAND
bus (144R2). This positive voltage level is applied to the
input designated WRITE COMMAND bus (147L5) of
the inverter 147A4, causing a negative voltage level to
be developed at the output (147R3) thereof. This nega-
tive voltage level is applied to the input (149L4) of the
AND gates 149G3 and 149G4. However, only one of
these AND gates will be enabled as a result of the voltage
levels appearing at the output of the write flip flop
148FF1. Only one side of the TK4 write head No. 1
149WA2 therefore will be turned on. Thus, a single
erasing signal will be produced during each W3 period,
thereby erasing the entry register. This completes the
clear entry key operation.

CLEAR KEY OPERATION

The depression of the clear key 1298W1 will develop
a positive voltage level at the output designated CLEAR
BUS (129R6). The positive voltage level developed on the
output designated CLEAR bus (129R6) is applied to the
input designated CLEAR bus (141L2) of the OR gate
141Gl, enabling this OR gate and developing a positive
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voltage level at the output thereof. This positive voltage
level is applied to the input of the inverter 141A1, caus-
ing a negative voltage level to be developed the output
labelied WRITE A bus (141R1}).

This negative voltage level is applied to the input
(144L12) of the AND gate 144G6 and, together with the
negative voltage level developed on the input laballed W2
bus (144L3) (during the W2 time period), this AND
gate (144G6) is enabled, thereby developing a negative
voltage level at the output thereof.

This negative voltage level is applied to the input of
the inverter 144A6, causing a positive voltage level to be
developed at the output designated WRITE COMMAND
bus (144R2). This positive voltage level is applied to the
input designated WRITE COMMAND bus (147L5) of the
inverter 147A4, causing a negative voltage level to be
developed at the output (147R3) thereof. This negative
voltage level is applied to the input (1491L.4) of the AND
gate 149G3 and the AND gate 149G4. However, only one
of these AND gates will be enabled as a result of the
voltage levels appearing at the output of the write flip flop
148FF1. Only one side of the track 4 write head No. 1
149WA2 will therefore be turned on, thereby erasing the
contents of the accumulator register.

Also, the positive voltage level applied to the input
designated CLEAR bus (141L2) is applied to an input of
the OR pate 141G2, enabling this OR gate and developing
a positive voltage level at the output thereof. This positive
voltage level is applied to the input of the inverter 141A2,
causing a negative voltage level to be developed at the out-
put labelled WRITE E bus (141R2).

This negative voltage level is applied to the input
(144L14) of the AND gate 144G7 and, together with the
negative voltage level developed cn the input labelled W3
bus (144L5) (during the W3 time period), the AND gate
144G7 will be enabled, thereby developing a negative volt-
age level at the output.

This negative voltage level is then applied to the
input of the inverter 144A7, causing a positive voltage
level to appear at the output designated WRITE COM-
MAND bus (144R2). This positive voltage level is ap-
plied to the input designated RIGHT COMMAND bus
(147L5) of the inverter 147Ad, causing a negative volt-
age to be developed at the output (147R3) thereof. This
negative voltage level is applied to the input (149L4) of
two AND gates 149G3 and 149G4.

However, only one of these AND gates will be enabled
due to the voltage levels appearing at the output of the
write flip flop 148FF1. One side of the track 4 write head
No. 1 149WA2 will therefore be energized, thereby eras-
ing the contents of the entry register.

The positive voltage level developed at the output of
the clear key 129SW1 is produced at the output labelled
CLEAR’ bus (129R7) through resistor 129RS4.

This positive voltage level is applied through diode
129D1 to the input (1291.4) and to the FF. input (128R4)
of ACC SIGN flip flop 128FF2, setting the ACC SIGN
flip flop.

The capacitor 129C1 is used for noise suppression gen-
erated by the clear key 129SW1.

Also, the positive voltage level developed on the out-
put CLEAR’ bus (129R7), is applied to the FF. input
labelled CLEAR’ bus (140L1) of the CLEAR Q REG
flip flop 140FF1 through diode 140D1, setting the CLEAR
Q REG flip flop. The positive voltage level developed at
the FF. output (140R1) of the CLEAR Q REG flip flop
140FF1 is applied to the input (139L6) of the OR gate
139G2, enabling this OR gate and developing a positive
voltage level at the output thereof. This positive voltage
level is applied to the input of the inverter 139A2, causing
a negative voltage level to be developed on the output
designated WRITE DRIVER TRACK § bus (139R2).
This negative voltage level is applied to the input des-
ignated WRITE DRIVER TRACK 5 bus (149L5) of the
AND gates 149G5 and 149G6. However, only one of
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these AND gates will be enabled due to the voltage levels Resistor No.: Resistance (ohms)
appearing at the output of the write flip flop 148FF1. 130RSS . 47K
Therefore, one side of the track 5 write head 149WA3 will 130RS6 . 68
be turned om, causing the track 5 storage register to be 130RST 18K
erased. 5 130RS8 12K
Also, the positive voltage level produced on the output 13RS el 18K
bus labelled CLEAR’ (129R7) is applied to the FF- out- I31RS2 18K
puts of the MULT flip flop 130FF1 through diode 130E6 131RS3 e 12K
and the DIV flip flop 130FF2 through diode 130D7 wvia 3IRSd e 18K
the bus designated CLEAR’BUS (130L1), resetting the 131RSS e 150K
MULT and DIV flip flops. 131RS6 e 150K
131RS7 e 150K
CLEAR TRACK 4 KEY 133RS1 oo TTTTTTTT T 10K
Depression of the clear track 4 key 147SW1 will de- 133RS2 12K
velop a positive voltage level at the junction of resistors ;g 133RS3 e 12K
147RS2, 147RS1 and capacitor 147C1. This positive volt- 133RSE e 12K
age level is applied through diode 147D1 to the input of 133RSS 12K
the inverter 147A4, causing a negative voltage level to be 133RS6 oo 68K
developed at the output (147R3) thereof, This negative 133RS7 o 150
voltage level is supplied to the input (149L4) of the AND o 134RST oo e 12K
gates 149G3 and 149G4. However, only one of these AND 134RS2 oo 12K
gates will be enabled due to the voltage levels appearing 134RS3 oo 12K
at the outputs of the write flip flop 148WW1., Therefore, 134RS4 e 10K
only one side of the track 4 write head No. 1 149WA2 will 134RS5 oo e 12K
be turned on, erasing the entire contents of track 4. g5 135RST e 12K
All values of capacitance, where not otherwise pro- 135RS2 o e 12K
vided, are in micromicrofarads. Typical values of circuit 135RS3 oo T K
components used in the preferred embodiment of the in- 135RSE e 12K
vention, other than the circuit values provided in the 135RSS oo 10K
drawings are as follows: 30 136RS1 - oo 47K
The 1capacitcor C4 in one shot type I (FIG. 55) is 137RST e o™ 47K
optional.
The diode D1 in one shot type II (FIG. 57) is a type JdaRSy T 10K
1IN662 while transistors Q1 and Q2 are type 2N1305. 142RS3 . e 1K
The diode D1 in one shot type III (FIG. 57) is type 35 145RS1 .. _______ T 15K
1N662 and transistor QI is a type 2N1305. 145RS2 oo TTTTTTTTISK
The diodes D1 and D2 in one shot type IV (FIG. 57) 145RS3 e 10K
are type IN662. 145RS4 o e 1K
The diodes in the typical gate circuit of FIG. 69 are 145RS5 . T 12K
type IN662. 40 145RS6 oo 12K
In addition to the above, circuit elements provided in 145RS7 oo 12K
the drawings have values a follows. 146RS1 - Ok
Resistor No.: Resistance (ohms) 146RS2 o .. 10K
120RS1 e 68 147RSt e 47K
120RS2 e 68 45 147RS2 e _ 47
121RS1 e, 68 148RS1 e 1.5K
121RS2 e - 68 150RST oo e 12K
121RS3 e - 68 1851RSY e 2.2K
122RST e e e 47K 151RS2 e 330
122RS 2 e 10K 50 151RS3 e 12K
122RSY e - 22K 151RS4 e 12K
122RS4 e 330 152RS1 e 12K
122RSS e, 12K 152RS2 2.2K
122RS6 o 12K 152RS3 e 330
122RST e 12K 55 152RS4 e 12K
122RS8 e 12K 182RSS e 12K
122RS1 e 47K 182RS6 12K
126RSY e 220 152RST e e 12K
127RS e 33K 153RSE e 27K
127RS2 e 3.3K é0 153RS2 e 470
127RS3 e 3.3K 153RS3 e 220K
127RSE e 33K 153RSY o 100K
127RSS e 3.3K 153RSS e 15K
127RS6 e 13K 153RS6 e 15K
127RST e e 3.3K 85 154RS1 el 12K
127RS8 e 33K 154RS2 e 12K
128RS1 e 33K 154RS3 _ 12K
129RST e 1K 154RS4 e 12K
129RS2 e 10K 154RSS o 10K
129RS3 e 47K 70 154RS6 e 10K
129RSd e, 47 154RST . 10K
130RS1 e 12K 154RS8 o 10K
130RS2 e 47K 154RSY 12K
130RS3 e 68 185RS1 L 12K
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Resistor No.: Resistance (ohms) Resistor No.: Resistance (ohms)
155RS3 oo 12K 165RSS - e 22K
155RS8 oo e 12K 165RS6 oo oo e 22K
155RS5 oo e 10K 165RS7 oo e 22K
155RS6 o oo 10K 165RS8 o oo 2.7K
155RS7 oo 10K 165RSY + e eeeemm 10K
155RSS oo e 10K 166RST e e 6.8K
157RST e e e 47K 166RS2 oo e 12K
15TRS2 oo 47K 166RS3 oo 22K
157TRS3 oo e 47K 4 166RSH o e e 8.2K
15TRS4 oo 47K 166RSS - oo mm 6.8K
157RSS o e 22K 166RS6 - - oo oo 2.2K
158RSY e 33K 166RST oo e e 33K
158RS2 oo 12K 166RSS - o e mmmm 22K
159RST oo e 47K 15 166RSY - oo 10K
159RS2 o e 47K 166RS10 oo 22K
160RST o oo 6.8K 166RSTL oo oo memmme, 10K
160RS2 - e 6.8K 166RS12 - oo e 6.8K
160RS3 o e 6.8K 166RS1D oo 22K
160RSE o e 6.8K 20 166RS14 - o e meem 22K
160RS5 o e 10K 166RS1S - e 6.8K
160RS6 - e 10K 166RS16 — oo 2.2K
160RS7 e 10K 166RS17 oo 2.2K
160RSS o e 10K 166RSES — e 22K
160RSY e 10K o5 166RS19 _ e 22K
160RS10 o 10K 167RST oo mmmmmemm 8.2K
160RSI1 e 10K 167RS2 e e 22K
160RS12 e 33K 167RS3 o 1K
160RS13 e 33K 167RSA e e 3.3K
160RS14 e 33K 30 L67RS5 o e oo 10K
160RS1S oo 33K 167RS6 o e 22K
160RS16 e 33K 167TRST e 6.8K
160RS17 e 33K 167RS8 oo oo 10K
160RS18 e 33K 167RSY oo 22K
LIRS oo 12K 35 167TRS10 e 22K
161RS2 e mm 6.8K T6TRSIE oo e 22K
161RS3 oo 22K 167TRS12 oo eeemmem 6.8K
L6IRSE o oo 12K 167TRS13 e 22K
161RS5 oo mmm e 3.3K 16TRS14 e emmmmem 3.9K
161RS6 e 6.8K 40 168RST e e e mmm 2.2K
161RS7 oo 6.8K 168RS2 o e 2.2K
161RS8 o 22K 168RS3 o e 4.7K
161RSY e 22K 168RS4 e e e 470
161RS10 e 820 168RSS e e e mem 56K
16IRSIL e 1K 45 168RS6 o e o mem 12K
162RS1 oo 5.6K 168RS7 e e e 470
162RS2 oo e 5.6K 168RSS o e 56K
162RS3 e 5.6K 168RSY e 220
162RSE e cmmmmm e mmm e 5.6K O 1Ty 1 I — 10
162RSS e 5.6K 59 169RST - e 180
162RS6 oo emmm—mm e m e 5.6K 169RS2 - e 12K
162RST oo o m e 5.6K 169RS3 - oo 22K
162RS8 oo 5.6K 169RS4 oo 56K
162RS9 e 5.6K 169RSS oo e eeemmm 12K
162RS10 - e 5.6K 55 169RS6 e e 56K
162RST] oo e 5.6K 169RST e 820
162RS12 o oo 5.6K 169RS8 oo e 10
163RS] o e mmmmmmmm e 12K 17IRST e 22K
163RS2 oo e 12K TTIRS2 oo 220
163RS3 oo mmmmmmem e mmm o mm 12K g9 L 20 X R 47K
163RS4 o e 12K 17TARSS oo e eeeeam 6.8K
163RS5 oo e 12K 17IRSS e e 47K
163RS6 — e m—m = 12K 17IRS6 e e e 6.8K
163RS7 e 12K 171RS7 e 2.2K
163RS8 e 33K 65 171RS8 e 470
163RSY o e 33K 171RSY e e 47
163RS10 oo 33K T7IRS10 oo e 680
163RSH1 e 33K T7ARS1] e 470
163RS12 - o e 33K 171RS12 oo e 330
163RS13 oo 33K 70 171RS13 e 6.8K
163RS14 oo 33K 17IRS14 o e 6.8K
165RS] o e 12K 172RSL e SK
165RS2 - o e 12K 1T2RS2 e 10K
165RS3 e 6.8K 73RS e e 22K

165RS4 - 6.8K 75 173RS 2 e 6.8K
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Resistor No.: Resistance (ohms) Capacitance (micro-
173RS3 e 15K Capacitor No.: microfarads)
173RS4 e 1.8K 150CT o 560
173RS5 e 3.3K 156C2 o 3300
173RS6 - -—- 33K 5 151CY e 022
173RS7 e - - - 33K 15102 e 1500
173RS8 o - 33K 152CY e .001
173RSY e 33K 152C2 e 470
173RS10 6.8K 152C3 e 001
173RSIL e 6.8K 14 152C4 e .001
1T3RS12 e 6.8K 153CY e 001
173RS13 e 6.8K 153C2 oo 3300
173RS14 o e 22K 153C3 oo 1500
173RS15 500 154C o e 680
173RS16 1K 15 154C2 e 680
173RS17 e e 330 154C3 680
173RS18 e 330 154C4 e 680
174RS1 e 820K 154C8 oo 1500
174RS2 e 820K 155CT o 680
1T4RS3 e 820K 20 155C2 o 680
174RSA e 820K 15503 e 680
174RSS 820K 155CH o e 680
174RS6 e 820K 157CE e 001
174RST e e 820K 1570 e 001
174RS8 e m 820K 25 157C8 e 001
174RS9 e 820K 157C4 e .001
17T4RS10 e 820K 157CS e 2200
174RS11 e -- 820K 188C o e .001
174RS12 820K 159CE e 001
174RSI3 e 100K 30 161CY e 330
174RS14 e 150K 161C2 e e 330
174RS1S i 560K 165CT o 330
174RS16 o 500K 165C2 e 330
174RS1T e 820K 167TCH e 100
174RS18 e 22M 35 167C2 oo e .001
174RS19 .. . e ——————— e 820K 167C3 e 500
I74RS20 o 250K 168C1 e 200
174RS21 e 820K 168C2 _ e 0.15
174RS22 e 1M 168C3 e 0.47
174RS23 o 220K 40 169C1 0.47
175RSY e 18K 169C2 oo e 0.47
175RS2 _. e e 18K 1TICY e .01
175RS3 e 27K 17302 e 680
175RS4 e 33K 17103 e 330
175RSS e 82 45 171C4 oo 330
175RS6 oo e 33K 171CS e 100
175RST e 220K ATCE6 e 033
175RS8 e 3.3K 172C) e 62
175RSY e 33K 172C2 oo e .01
175RS10 e 20K 50 174C1 e e 0.5
Capacitance (micro- i;:g; """"""""""""""""""""" 0%§
Capacitor No.: microfarads) 17404 T .
122C1 e o0t Y4 0.5
12202 _________________________________ .001 175C1 ————————————————————————————————— 100
123 20 65 175C2 e 100
12204 o 001 1750 15
122¢c5 T 1001 7SO e 100
123¢1 220 175C8 100
- 175C6 oo 30
129C] e 0.1 60 ==
131CY o .001 Inductor No.: Inductance
131C2 o 022 1710 millihenry__ 1
13C3 - .022 Cathode ray tube oo ___ SDEP1
131C4 e .022 . .
133C1 1500 All transistors are type 2N1305 except the following.
————————————————————————————————— 65 . .
1360 o 2200 Transistor No.: Transistor type
137CY e 150 172Q1 o 2N1304
1420 022 173Qy o _ 2N398A
145C] o e 001 175Q2 . 2N398A
145C2 e 001 »q 175Q3 L 2N1304
145C3 oo 001 * 175Q4 e 2N669
145C4 — o 330 175Q5 2N669
146C1 680 Magnetic drum:
47CY 047 Bryant Utility

148C1 e em 430 15 Magnetic Memory Drum Model C-105
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All diodes are type IN662 except as follows.

Diode No.: Diode type
146D4 _ e INI92
171D4 e 1IN192
171DS e INI92
174DL o e D1-56
174D2 L. e D1-56
174D3 __ . D1-56
174D4 oo D1-56
174DS e D1-56
174D6 oo e eeem D1-56
174D7 o e Di1-56
174D8 e D1-56
174D9 o D1-56
174D10 _ e D1-56
174D11 D1-56
174D12 e D1-36
174D13 e D1-56
174D14 e D1-56
175D1 e D1-56
175D2 e D1-56
175D3 e D1-56
175D4 o D1-56
175D5 o e D1-56
175D6 e D1-56

The following list sets forth the components of the
circuit diagram (FIGS. 79 to 134) which are included
in the various blocks of the logic diagram (FIGS. 14 to
44) and is to be utilized to locate and identify the con-
tents of the various blocks of the logic diagram on the
circuit diagram.

BLOCK DIAGRAM TO CIRCUIT DIAGRAM
CONVERSION LIST

E/U-1.0 (FIG. 14)

FIG. 79: All

FIG. 80: All

FIG. 81: All

E/U-2.1 (FIG. 14)
FIG. 82: 123FF2
E/U-2.2 (FIG. 14)

FIG. 82: 123FF1
E/U-2.3 (FIG. 14)

FIG. 82: 123G1

FIG. 82: 123A1
E/U-24 (FIG. 14)

FIG. 82: 123RS1
E/U-2.5 (FIG. 14)

FIG. 82: 123C1
E/U-3.1 (FIG. 15)

FIG. 85: 126FF1
E/U3.2 (FIG. 15)

FIG. 85: 126FF2
E/U-3.3 (FIG. 15)

FIG. 85: 126A3, 126G2
E/U-34 (FIG. 15)

FIG. 85: 126A2
E/U-3.5 (FIG. 15)

FI1G. 85: 126G1, 126A1
E/U-4.1 (FIG. 16)

FIG. 83: All

FIG. 84: All

FIG. 86: All, except 127A13

FIG. 87: 128Dl1, 128RS1, 128A2

E/U-4.2 (FIG. 16)

FIG. 89: 130FF1, 130FF2, 130K1, 130K2, 130D1,
130D2, 130RS3, 130RS4, 130RS6, 130RS7, 130D4,
130D5, 130RS2, 130RSS, 130D6, 130D7

E/U-4.3 (FIG. 16)

FIG. 88: 129RS3, 129RS4, 129C1
E/U-44 (FIG. 16)

FIG. 88: 1295W1
E/U-4.5 (FIG. 16)

FIG. 86: 127A13
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E/U-4.6 (FIG. 15)

FIG. 85: 1265W1
E/U-4.7 (FIG. 16)

FIG. 88: 129D1
C/U-1.1 (FIG. 17)

FIG. 87: 128A3
C/U-1.2 (FIG. 17)

FIG. 87: 128AS5
C/U-1.3 (FIG. 17)

FIG. 87: 128G2, 128A4
C/U-14 (FIG. 17)

FIG. 87: 128G1
C/U-1.5 (FIG. 17)

FIG. 87: 128FF2
C/U-1.6 (FIG. 17)

FIG. 87: 128FF1
C/U-17 (FIG. 17)

FIG. 87: 128A1
C/U-1.8 (FIG. 17)

FIG. 88: 129Q1, 129Q2, 129RS1, 129RS2
C/U-1.9 (FIG. 17)

FIG. 88: 129G1, 129A3
C/U-1.10 (FIG. 17)

FIG. 88: 129G2, 129A4
C/U-1.11 (FIG. 17)

FIG. 88: 129G3, 129A5
C/U-1.12 (FIG. 17)

FIG. 88: 129G4, 129A6
C/U-1.13 (FIG. 17)

FIG. 88: 129A7
C/U-1.14 (FIG. 17)

FIG. 88: 129A8
C/U-1.15 (FIG. 17)

FIG. 88: 129LT1
C/U-2.1 (FIG. 18)

FIG. 93: All, except 134A6

FIG. 94: All, except 135A2
C/U-2.2 (FIG. 18)

FIG. 94: 135A2
C/U-2.3 (FIG. 19)

FIG. 90: All, except 131G1. 131A1

FIG. 91: All, except 132A9
C/U-2.4 (FIG. 19)

FIG. 90: 131G1, 131A1
C/U-2.5 (FIG. 19)

FI1G. 91: 132A9%9
C/U-2.6 (FIG. 19)

FIG. 89: 130G2
C/U-2.7 (FIG. 19)

FIG. 89: 130G1, 130A2
C/U-2.8 (FIG. 20)

FIG. 92: All, except 133RS6, 133C1, 133D22,

133RS7
C/U-29 (FIG. 20)

FIG. 93: 134A6
C/U-2.10 (FIG. 21)

FIG. 115: All

FIG. 116: All

FIG. 117: 158G1, 158A1
C/U-2.11 (FIG. 21)

FIG. 117: 158G3
C/U-2.12 (FIG. 22)

FIG. 98: 139G1, 139A1
C/U-2.13 (FIG. 22)

FIG. 99: 140FF1
C/U-2.14 (FIG. 22)

FIG. 98: 139G2, 139A2
C/U-2.15 (FIG. 22)

FIG. 98: 139G3, 139A3
C/U-2.16 (FIG. 22)

FIG. 99: 140G1, 140A1
C/U-2.17 (FIG. 22)

FIG. 99: 140G2, 140A2
C/U-2.18 (FIG. 26)

FIG. 118: 159FF1
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C/U-2.19 (FIG. 26)

FIG. 118: 159FF2
C/U-2.20 (FIG. 26)

FIG. 117: 158G2
C/U-2.21 (FIG. 26)

FIG. 117: 158C1, 158RS1, 158D3
C/U-2.22 (FIG. 26)

FIG. 117: 158G4, 158A2
C/U-223 (FIG. 26)

FIG. 118: 159C1, 159RS2, 159D2 10 FIG. 112: 153G1, 153G2, 153G3, 153A2, 153A3,
C/U-2.24 (FIG. 30) 153A4, 153A7, 153A8, 153A9, 153A5

FIG. 95: 136FF1 FIG. 113: All
C/U-2.25 (FIG. 30) FIG. 114: All

FIG. 95:

136G1, 136A1

C/U-2.26 (FIG. 30)

FIG. 95:

136FF3

C/U-2.27 (FIG. 30)

FIG. 95:

136FF2

C/U-2.28 (FIG. 30)

FIG. 95:

136RS1, 136C1, 136D1, 136D2

C/U-229 (FIG. 30)

FIG. 95:

136G2, 136A2

C/U-2.30 (FIG. 22)

FIG. 99: 140D1
C/U-2.31 (FIG. 19)

FIG. 91: 132G1, 132A10

C/U-3.1 (FIG
FIG. 160:

C/U-3.2 (FIG.

FIG. 100:

C/U-3.3 (FIG.

FIG. 103:

C/U-3.4 (FIG.

FIG. 103:

C/U-3.5 (FIG.

FIG. 103:

C/U-3.6 (FIG.

FIG. 103:

C/U-3.7 (FIG.

FIG. 103:

C/U-3.8 (FIG.

FIG. 103:

C/U-4.1 (FIG.

FIG. 100:

C/U-4.2 (FIG.

FIG. 100:

C/U-4.3 (FIG.

FI1G. 103:

C/U-4.4 (FIG.

FIG, 103:

C/U-4.5 (FIG.

FIG. 103:

C/U-4.6 (FIG.

FIG. 103:

C/U-4.7 (FIG.

FIG. 103:

C/U-5.1 (FIG.

FIG. 101:

C/U-5.2 (FIG.

FIG: 101:

C/U-5.3 (FIG.

FIG. 101:

C/U-5.4 (FIG.

FIG. 102:

C/U-5.5 (FIG.

FIG. 102:

C/U-5.6 (FIG.

FIG. 102:

C/U-5.7 (FIG.
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M/U-3.14 (FIG. 33)
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M/U-3.15 (FIG. 33)
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M/U-3.16 (FIG. 33)
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M/U-3.17 (FIG. 33)
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M/U-3.18 (FIG. 33)
FIG. 108: 149WA2
M/U-3.1% (FIG. 33)
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M/U-4.1 (FIG. 32)
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M/U-4.2 (FIG. 32)
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M/U-4.9 (FIG. 28)
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FIG. 96: All
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D/U-1.6 (FIG. 40)
FIG. 120: 161N1
D/U-1.7 (FIG. 40)
FIG. 126: 167N2
D/U-2.1 (FIG. 38)
FIG. 124: 165D2, 165RS2,
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FIG. 126: 167N2, 167Q5
D/U-2.2 (FIG. 38)
FIG. 121: 162RS1, 162D1
D/U-2.3 (FIG. 38)
FIG, 121: 162D2, 162RS2
D/U-2.4 (FIG. 38)
FIG. 121: 162D3, 162D4, 162RS3
D/U-2.5 (FIG. 38)
FIG. 121: 162D5, 162D6, 162RS4
D/U-2.6 (FIG. 38)
FIG. 121: 162D7, 162D8, 162RSS
D/U-2.7 (FIG. 38)
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D/U-2.8 (FIG. 39)
FIG. 121: 162D11, 162D12, 162RS7
D/U-2.9 (FIG. 39)
FIG. 121: 162D13, 162D14, 162RS8
D/U-2.10 (FIG. 39)
FIG. 121: 162D15, 162D16, 162RS9
D/U-2.11 (FIG. 39)
FIG. 121: 162D17, 162D18, 162RS10
D/U-2.12 (FIG. 39)
FIG. 121: 162D19, 162D20, 162RS11
D/U-2.13 (FIG. 39)
FIG. 121: 162D21, 162D22, 162RS12
D/U-2.14 (FIG. 41)
FIG. 122: 163D1, 163D2, 163D3, 163D4, 163RS1,
163RS8, 163Q1
D/U-2.15 (FIG. 41)
FIG. 122: 163D5, 163D6, 163D7, 163D8, 163RS2,
163RS9, 163Q2
D/U-2.16 (FIG. 41)
FIG. 122: 163D9, 163D10,
163RS10, 163Q3
D/U-2.17 (FIG. 41)

163D11, 163RS3,

FIG. 122: 163D12, 163D13, 163RS4, 163RSI1,
163Q4
D/U-2.18 (FIG. 41)
FIG. 122: 163D15, 163D16, 163D17, 163D14,

163RSS5, 163RS12, 163Q5
D/U-2.19 (FIG. 41)

FIG. 122: 163D18, 163D19,

163RS6, 163RS13, 163Q6
D/U-2.20 (FIG. 41)
FIG. 122: 163D22, 163D23,
163RS7, 163RS14, 163Q7
D/U-3.1 (FIG. 42)
FIG. 123: 164FF1
D/U-3.2 (FIG. 42)
FIG. 123: 164FF2
D/U-3.3 (FIG. 42)
FIG. 123: 164FF3
D/U-34 (FIG. 42)
FIG. 123: 164FF4
D/U-3.5 (FIG. 42)
FIG. 123: 164FF5
D/U-3.6 (FIG. 42)
FIG. 123: 164EF6
D/U-3.7 (FIG. 42)
FIG. 123: 164FF7
D/U-3.8 (FIG. 42)

FIG. 126: 167RS4, 167C2, 167RS5, 167RS6,
167RS8, 167RS10, 167RSI1, 167Q3, 167C3,
167RS12, 167RS13, 167RS14, 167Q6, 67D4,
167Q2

D/U-3.9 (FIG. 42)

FIG. 126: 167N1

D/U-3.10 (FIG. 42)

FIG. 126: 167RAL,

167RS3, 16701
D/U-4.1 (FIG, 42)
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167C1, 167RS1, 167RS2,

FIG. 125: 166D3, 166RS2, 166RS5, 166RS10,
166RS8, 166Q3, 166N3, 166RS15, 166RS18,
16RS19, 166D6, 166Q6

D/U-4.2 (FIG. 42)
FIG. 125: 166RS1, 166RS3, 166RS6, 165Q1
D/U-4.3 (FIG. 42)
FIG. 125: 166N1
D/U-4.4 (FIG. 42)
FIG. 125: 166RS11, 166RS13, 166RS16, 166Q4
D/U-4.5 (FIG. 42)
FIG. 125: 166D1, 166D2, 166RS4, 166RS7, 166RS9,
166Q2
D/U-4.6 (FIG. 42)
FIG. 125: 166N2, 166RS12, 166RS14, 166RS17,
166D2, 166Q5
D/U-4.7 (FIG. 43)
FIG. 127: All
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D/U-4.8 (FIG. 43)
FIG. 128: All
D/U-4.9 (FIG. 43)
FIG. 129: 170FF1, 170D1
D/U-4.10 (FIG. 43)
FIG. 129: 170FF2, 170D2
D/U-4.11 (FIG. 43)
FIG. 129: 176FF3, 170D3
D/U-4.12 (FIG. 43)
FIG. 129: 170FF4, 170D4
D/U-4.13 (FIG. 44)
FIG. 132: 173D1, 173RS4, 173RS9, 173D2, 173RS5,
173RS10, 732D3, 173RS6, 173RS11, 173RS15,
173RS17

D/U-4.14 (FIG. 44)
FIG. 132: 173D4, 173RS7, 173RS12, 173D5,
173RS8, 173RS13, 173RS16, 173RS18
D/U-5.1 (FIG. 42)
FIG. 126: 167D1, 167D2, 167D3, 167RS7, 167RS9.
167Q4
D/U-5.2 (FIG. 44)
FIG. 130: 171D1, 171D2, 171D3, 171RS1
D/U-5.3 (FIG. 44)
FIG. 130: 171RS9, 171C5, 171RS2, 17IC1,
171C2, 171L1, 171Q1, 171RS7, 171C6, 171RS13,
171RS14

D/U-5.4 (FIG. 44)
FIG. 130: 171D5, 171RS3, 171D6, 171RS4, 171C3
D/U-5.5 (FIG. 44)
FIG. 130: 171D4, 171RS5, 171D7, 171RS6, 171C4
D/U-5.6 FIG. 44)
FIG. 130: 171RS12, 171RS10,
D/U-5.7 (FIG. 44)
FIG. 130: 171RS11, 171RS8
D/U-5.8 (FIG. 44)
FIG. 130: 171RS1
D/U-6.1 (FIG. 44)
FIG. 131: 172A1
D/U-6.2 (FIG. 44)
FIG, 131: 172A2
D/U-6.3 (FIG. 44)
FIG. 131: 172Q1, 172RS1, 172C1, 172RS2, 172C2
D/U-17.0 (FIG. 44)
CRT (not shown in circuit diagram)
D/U-8.0 (FIG. 42)
FIG. 142: 173RS1, 173RS2, 173RS3, 173RS14,
173Q1

Though the invention has been disclosed with respect
to a single preferred embodiment of the invention, many
alterations and variations thereof will become immediately
apparent to those skilled in the art, For example, any type
of single digit storage device capable of performing the
operation of the device utilized herein could be used.
Rather than using an up and down counter, two up coun-
ters, or two down counters, or a down and an up counter
could be used with but minor changes in circuitry. Also,
the counters could be composed of any device capable of
indicating a count., A host of other variations could also
be made. It is therefore the intention that the appended
claims be interpreted as broadly as possible in view of
the prior art to include the above-mentioned variations
and all other variations apparent to those skilled in the
art,

What is claimed is:

1. An electronic device comprising:

{a) an entry register;

{b) an accumulator register;

(c) arithmetic function sensing means;

(d) entry means for entering a first digit into the entry

register;

(e) arithmetic function generating means for:

(1) entering the first digit from the entry register
into the accumulator register, and

(2) priming the arithmetic function sensing means;

(f) a retaining means for retaining a second quantity
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in the entry register equal to the first quantity; and

(2) means responsive to the co-operation of the entry
means and the arithmetic function sensing means
for clearing the entry register upon a subsequent op-
eration of the entry means.

2. A calculator apparatus comprising:

a memory having a plurality of number storage regis-
ters, each number storage register including a plu-
rality of digit storage locations, each digit storage
location including a plurality of bit storage posi-
tions;

source means periodically providing a clock pulse;

readout means for reading from each of said number
storage registers;

write in means for writing into each of said number
storage registers;

a keyboard including a plurality of numeric keys, and a
plurality of function keys;

a counter;

means responsive to the actuation of each of said
numeric keys for entering a different digit into said
counter;

means for connecting said source means to said counter
for decrementing said counter in response to each of
said provided clock pulses;

a gate;

means for connecting said source means and said count-
er to said gate for causing said gate to develop output
pulses in synchronism with each of said clock pulses
for so long as said counter is in a non-zero state;

means for identifying one of said digit storage loca-
tions;

means for coupling said gate to said write in means
for recording said output pulses in said identified
digit storage location with each of said output pulses
being recorded in a different one of said bit storage
positions; and

means responsive to the selective actuation of each of
said function keys for performing selected operations
with respect to the numbers stored in said registers.

3. A calculator apparatus comprising:

a memory including a movable surface having a mag-
netizable medium, divided into a plurality of tracks,
formed thereon;

said plurality of tracks including a clock track and a
plurality of number storage register tracks;

each of said number storage register tracks including
a plurality of digit storage locations, each digit stor-
age location including a plurality of bit storage po-
sitions;

a read out head and a write in head associated with
each of said number storage registers;

source means, including a clock track read out head,
for providing a clock pulse in synchronism with the
passage of each of said bit positions under one of said
heads;

a keyboard including a plurality of numeric keys, and
a plurality of function keys;

a counter;

means responsive to the actuation of each of said nu-
meric keys for entering a different number into said
counter;

means for connecting said source means to said counter
for decrementing said counter in response to each
of said provided clock pulses;

a gate;

means for connecting said source means and said count
er to said gate for causing said gate to develop output
pulses in synchronism with each of said clock pulses
for so long as said counter is in a non-zero state;

means for identifying one of said digit storage locations;

means for coupling said gate to a different one of said
register write in heads for recording said output pulses
in said identified digit storage location with each
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of said output pulses being recorded in a different
one of said bit storage positions; and

means responsive to the selective actuation of each of

said function keys for performing selected operations
with respect to the numbers stored in said registers.

4. In a calculator, an entry register, a plurality of func-
tion keys, a plurality of digit keys and means responsive
to operation of one of said plurality of digit keys subse-
quent to operation of one of said function keys to clear
said entry register.

5. An electronic calculator comprising an entry register,
an accumulator register, digit generating means for gen-
erating preselected digits, means for entering a digit from
said digit generating means into said entry register,
arithmetic function generating means for transferring a
function of said digit in said entry register into said ac-
cumulator register, and means responsive to operation of
said function generating means and subsequent operation
of said digit generating means to clear said entry register.

6. An electronic calculator comprising a first storage
means and a second storage means, a plurality of digit
entry means and at least one function entry means, where-
in operation of said digit entry means will enter informa-
tion into said first storage means, means responsive to
the operation of said function entry means to operate on
information in said first storage means in accordance with
said function operation and place the new information
after said operation thereon into said second storage
means and means responsive to operation of said function
entry means and subsequent operation of said digit entry
means to clear information from said first storage means.

7. An electronic calculator according to claim 6 includ-
ing means responsive to operation of said function entry
means to place a function of said information entered
into said first storage means into said second storage
means and retain said information in said first storage
means, the subsequent operation of said digit entry means
removing said information from said first storage means.

8. An electronic calculator according to claim 6 where-
in the operation of said digit entry means after operation
of said function entry means enters new information into
said first storage means, the further operation of prede-
termined ones of said function entry means combining
the information in said first and second storage means
in a predetermined manner and placing the result of the
combination in said second storage means.

9. An electronic calculator according to claim 7 where-
in the operation of said digit entry means after operation
of said function entry means enters new information into
said first storage means, the further operation of said func-
tion entry means combining the information in said first
and second storage means in a predetermined manner and
placing the result of the combination in the second storage
means.
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10. In an electronic calculator having a first storage
register having information therein and a second storage
register, a plurality of digit keys and at least one function
key, means responsive to operation of one of said function
keys to operate on information in said first storage register
in accordance with said function operation and place the
new information after said operation thereon into said
second storage register and means responsive to operation
of one of said function keys followed by the operation of
one of said digit keys to clear information from the first
storage register.

11. An electronic calculator according to claim 10 in-
cluding means responsive to operation of said function
key to place a function of information then in said first
storage register into said second storage register and re-
tain said information in said first storage register, the
subsequent operation of a digit key removing said infor-
mation from said first storage register.

12. An electronic calculator according to claim 16 in-
cluding means responsive to said operation of a digit key
after operation of said function key to enter new informa-
tion into said first storage register, and means responsive
to the further operation of a predetermined one of said
function keys including said means responsive to opera-
tion of one of said function keys for combining the in-
formation in said first and second storage register in a
predetermined manner and placing the result of the com-
bination in the second storage register.

13. An electronic calculator according to claim 11
including means responsive to said operation of a digit key
after operation of said function key to enter new infor-

mation into said first storage register, and means responsive

to the further operation of a predetermined one of said
function keys including said means responsive to opera-
tion of one of said function keys for combining the in-
formation in said first and second storage register in a
predetermined manner and placing the result of the com-
bination in the second storage register.
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Column 60: 1line 11, change "training" to -- trailing --;

line 48, change "substraction" to -— subtraction --;
L line 50, change "substract" to —. subtract --. -
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Inventor(s) HRobert A, Ragen

It 18 certified that error appears in the above-identified patent

and thalé sald Lettexs Patent are hereby corrected as shown below:
continued

Egiumn 6l: 1line 2 change "substracting" to -- subtracting —:!

line 35: change "substracted" to -- subtracted --;
line %8, change "substraction" to -- subtraction --;
line 64, change "substracts" to -- subtracts --.

Column 65: 1line 33, change "Input" to -- Output --.
Column 67: 1lines 17 and 18, delete these lines, they are

a duplication.
Column 69: 1line 46, after "in", last word, insert a hyphen (-).
Column 71: 1line 34, change "capaictor" to -- capacitor —--.
Solumn 73: 1line 63, change "suply" to -- supply --.
Solumn 77: 1line 35, change "tivet" to -- tive --.

Jolumn 78: 1line 5%, change "but" to -- bus --;
line 65, change "flop" to -- flip --.

Jolumn 79: line 25, after "148B4" insert -- of --;
line 54, after "150FF2," insert -- 151FFl ~-,

Jolumn 80: 1line 63, change "ino" to -~ into --;
line 64, change "w3" to -- W3 --,

Jolumn 81: 1line 20, change "122F1" t0 -~ 122FFl --,
Jolumn 85: 1line 23, change "12G1l" to -- 126Gl --.
Jolumn 88: 1line 37, change "grate" to -- gate —--.

Jolumn 89: 1line 31, change "occururence" to -- occurrence --.

L -
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Column

Column

Column

Column

Column
Column
Column
Column

Column

Column

Column

Column

Column

It 18 certified that error appears in the above-identified patent
and that said Letters Patent are hereby corrected as shown below:

96:
97:

103
104:

107:
109:
110:
113:
114:

115:
119:

120:

121:

line

line
line

line

line
line

line
line
line
line
line
line
line
line

line
line

line
line
line

line
line
line

18,

7,
25,

13,

27,
43,

35,

12,
30,
29,

40,
63,

change

change
change

change

change
after "

change
change
change
change
after "

change
change

change

change
after "

change
change

change

change

-change

change

ﬂ
"bus." to -- bus, --.
"new" to -- now --;
"flop" to -- flip --.
"rest" to -- reset --,
"134R*¥" t0 -~ 134R6 -—;
and" insert a comma (,5.
"negatie" to -- negative --.
"veter" to -- verter --.
"hereby" to -- thereby --.
"produces" to -- provides --,
ter" insert a hyphen (-);
"thus" to -- this --;
"substaction" to -- subtraction --.
"131A" t0 == 131A1 —-.
"ate" to -- gate --;
that" insert -- flip --.
"occuring" to -~ occurring --;
"acccu-" to -- accu- --;
"circiut" to -- circuit --.
"the" $t0 -- a -=;
"FF'" to -= FP. --;
"161D12" to -- 162D12 —-. i |
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It is certified that error appears in the above-identified patent

and that saeid Letters Patent are hereby corrected as shown below:

—

Column

Column

Column

Jolumn

Jolumn
Jolumn
‘olumn
rolumn

‘olumn

(continued)
124: 1line 1,
line 10,

125: 1line 54,
line 71,

128: 1line 24,
line 36,

line 67,

129: 1line 5,
line 17,

.line lé,

Line 20,

130: 1line 56,
131: 1line 11,
133: 1line 30,
134: 1line 74,
136: 1line 3,
_ line 7,
line 34,

change "willl" t0 -- will --;

change "theerof" to -- thereof --.
change "transistion" to -- transition --;
change "idode" to -~ diode --.

after "directing" insert a quotation
mark (");

before "171L1" insert an open Paren "i";
before "172L4" insert an open Paren "(".
change "deffection" to -- deflection --;
before "172R2" insert an open Paren "(";
before "174R2" insert an open Paren "é";
before "174R4" insert an open Paren "("¢
change "1958L2" t0 —-- 158L2 --.

change "REST" to -~ RESET --.

delete "on".

change "nto" to -- into --.

after "developed" insert -- on --;
change "laballed" to -- labelled —--:
change "cn" to -- on --.
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Invcn:or(a) Robert A, Ragen

"It to certified that error appears 1n tha above-identi!ied pltlnt
and th:t oaid Letters Patent are hereby corrcctod as lhnun bclov: ,,T'f

oo (continued o . o

| ;}"‘Column 137. line 23,. change "148WW1" $0 == 148FFl ==;

0. 1line 351,3ﬁ after "is" ingert -- a --. - E
‘ﬁ'Coiumn 143rf,11ne 53, change "E/U3.2" to —- E/U-}.Z'Q;g,ff"
Golumn 148. - line 51, change "67D4" to -- 167D4 ~-.

o < [
P Oolumn 149.-‘ .line 13, . change "732D3" to == 1T73D3 ==; -
| ~line 31, ‘insert an open parentheais n(e
S TN -bbefore "FIG., 44"; Yook o
. '!; - line 45" ~change "FIG.'142" to — FIG. ,132 - -

Signed and sealed this 9th day of March 1971.

(SEAL)

Attest:
.EDWARD M.FLETCHER,JR. WILLIAM E. SCHUYLER, JR
Attesting Officer Commissioner of Patents



