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l \ PIN 5 LINE lt l/
l I
!
i E {AL) !k |
- PIN 2 "we
| ! PING > ¢
l ) % i l
! ' | |
DELAY | ; FERRANT!| — STYLE L—-40
LINE } | TYPE 62-097 m.s,
CABLE #1 | |
=~ | l-reD
BLACK ~1 :
|
|
! |
LY ®
ALO SG. S.
SN AMPLIFIER =2
i
L)) @ K 2HAJ, K3HAF
FTT T
RN k
|
1' | TO CARD K2 GND.

FEIG_ o >
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DSP. MATRIX QUT @

R4 . S6.
\S

F_FFe

G_FF,

R| A SG.
A

F Fa

FF®

FFe

DISPLAY

FFe

/

G FF*

MATRIX I

O 1o Im [m ™M

FFe

DIGIT 7 OFFSET SG. S. @

DIGIT | OFFSET SG. S.

D5 FE*

DS FFe

D4 FFe*

D4 FF,

D3 FF*

D3 FF,

D2 FFe

D2 FF,

DI FF*

®EPEEEERIEIEEIEPEEIERPIEBIEEREI®

DI FF

HIB HAB

EEXI=_ o & &
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® G FF, 93
®@ DI FF. | 1305-12- ) ©
220-68-0 ®
~ S
FI3 GAY
M FF-hIOG
1305-12-~ \
® N FF*
220-10-0 ®
C.E STG. FF* j
FI3 GAY
(TO FI6.227) DPIa,N
106 > lo—-’ﬂ
. 1305-15-
elFLow s g 4 @
® G FF r:% 0 /
@ D FF.

FI3 cay

= __ "M
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COM. DIG. FFL+CF. FF!
32

i1305-12—
© 3> « g N-10-
0
Fl14 GAK
@ ¢ FF 108 "3" MODIFICATION
2
4
D FF*
@ E FFe
1305-12
@ F FF 330-4.7 . La,L @q
@ G _FFe* 0
D4 FF* PR
@ D3 FFe )
FI4 GAK
BLANK BUS— _|
@ 1o
DISP C. FF* o
305-12~ \
@ l330—4.7— . @
105 )~ 0 ,
FISGAM
F FFe uz
107 > 1305-12~ \. @
@ D FF. 330-N-0 /
FISGAM
33
@ DSP. MATRIX OUT —= | 1305 ~-N— \
330-N-0 /
| FI5GAM

FIAI=_ oo™ PF)
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1134114 )~ SG. SEGMENT | ,SEG. SG. S. ®)

b © GENERATOR Za

F17 HAE

HOR. STAIRCASE @

@ A—=D SG. SG. S.
d/ @ u/
DISP C. FF* HORIZ,
o7 STAIRCASE
@ COMPARE S6, GENERATOR
b/
F17HAE

FIG <Al
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@ (TO FIG. 282)
G FF. VDG, /
Ly
® E FF. VERTICAL
tg DOT
GENERATOR
F Fre
s (TO FIG, 282)
FI8 HAD VDG, S
_——TO SLANT AMP IN,
d-
SEGMENT SG.
e
e4 f4 g h
SEGMENT $6.| g | D
FR| FRe
HORIZONTAL
@ F FFe boT TO HOR. DEF. IN (%)
J T
d GENERATOR a
F18 HAD

DIGIT 7 OFFSET S6G.
[

HOR. STAIRCASE SG.

® ®

FIl=__ &l
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(TO FIG. 28/-VDGq)
S
® M FFe
e VERTICAL
N FF® STAIRCASE
d- GENERATOR -
(TO FIG. 281—VDGh) TO VERT. DEF IN. Q’)
¢ q~ -
FIBHAD
105 )-
b
A
P3-9

f
FROM BLANK BUS

TO CRT. PIN 2 (GRIDL e

a
CRT TO CRT. PIN 4 (A) “% by
DRIVER TO CRT. PINS 1,3 (FIL"&S‘}TH)?
CIRCUIT TO CRT.PINI2 (FIL) ° dy
TO CRT. PIN 8 {(A2) .
e/ v

EFEEI=_ "
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TO CRT TO CRT
PIN 10 PIN 9
VERTICAL
:P3_2| VERT. DEF IN. DEFLECTION
\e
AMPLIFIER
TO CRT TO CRT
PIN 6 PIN 7
HORIZONTAL
P3-5  HoR. DEE IN DEFLECTION
) AMPLIFIER
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DIGIT | OFFSET SG. P3-25-

CRT 5DEP|

-

ETID= o fa
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e ®

CLK

©®

He | ®

I

Co _SG. 99 (5
e o.C. —
1499-12- ™\
68-6.8— °® _
ADV. A SG. HS FFe @ 22-3.3
B FQ ‘
CLR. ALL HSFQ 15K
FE* ®
/o @ ~
HOME SG.

666 KC @

OSCILLATOR

H4 HAH

F T _ 243
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(Bj4+B,5) SG. S.
1305 - 12— 15 -
© S 220-82— @ @
J16 GAD
8 FFe 102
A
@ C FF* 1305 12— (Bp+B)) SG. S. @
220-~-8.2— e
© b FFe P

o

JI6 GAD

) b f = Y =
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rre @
CLK. FFe

®®

H8 FFe @

FN

?; |_FF. @E @
II

@@,®

|
I

2RO,

ke ®

Q)8
®®

|
Ho FFo @ HIO FFo O,
FP | FP
|
BIT COUNTER
1100 AT HOME
A FF.
104
@ B|5 ._34—_*_%
B FFa l—el _S. o
—__d Iggg-é%—_ . N.|1499-N-100- \. Bis s (®
® C FF. 9 22-47 6:8-33-10 j N
@ D FF, l J1GBG J1GBG

FEIE=__ &8s
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109

A FF,

B FF. o 1305-12— |, Jy
9 330-N-0

C FFa

ORI

Fi4 GAK L2 BLANK
BUS
) A _FFe ~H
) B FF® 1305-12 @l
3 4 330-N-0
C FF*

FI5GAM

F FFe 13
4

D) 0 FF. o 1305-12-330~ 13+114 ) SG. S.

[8.2-0] n4a

F 16 GAW
® A FF* 4
@ B FFe 1305-12-330-~

s ®

@ C FEe [8.2-0] 113

F16GAW

35
113+114 )~ SG, [H3+114 >~ s6G.
,.2 N | 1305-N- \ N ©,
= 330-2.2-0 ~
FI6GAW

X El=m__ 8% &
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@

g_fF. HiI FFe @! #@

[
; FF
H2 | FFe
FR

©

-2V
47K
.002 uf
. 15K
G ——ﬂ:__@
Hi3 FF @
@ Fp ] ' 39
F FF. '

| G12GBA
=6
REGISTER COUNTER
Ol AT HOME

E A= __ a5
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E FFe
1305—12— R SG.
@ e 220-56- o ' o (e)
GI2GBA © GI2GBA
E FR 7
1305 - 15—
® F Pl d330-10- e Rq SG.
G FF* 10O ~
GI2GBA GI2GBA
s
@ £ fr
1305—12 - Re SG.
@ ¢ fF 330-10— © OC @
. 0

GNGBU

GIIGBU

F A oy
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H ) FF*
<:> G FF* ‘I’
QE) Hi4 FFe (:) (:) Hi4 FFo Q@
EAB EAB
K _FL@ L FF®
@ J FF.
@ HIS FFe @ @ HIS FFe @
EAG EAG

=16
COLUMN COUNTER
Ol AT HOME

FIl=__ <311
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Gl4GBF

C2 SG. S,

e o
O , rn Lg

g 1305-15—
@ FFe —gN-3.3-0
® Fre G14 GBF
® Fre
@ e Le 120

o 1305~ 15—
@ FF* — ¢ N-47-0
@ FFe

GI4GBF
O, FFe 121
@ FFo 130512~ N~
© FE [6.8-0]i24
GI4GBF

® FF, -
® «rn Lla

g
@ FF*  —dnN-10-0 °
O, F Fe [—G

G14 GBF

Co+C, SG.S.

‘ Co SG. S.
1305—12—

FEIl>»_ """ 31
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0, FFe ©

) M N
O Ko
® Hie | FF. @|® Hie | FF (o
DIODE (IN662) ON CARD HI7 HAM/
ROW | INT OUT.
® C FFe
M FFe COMPARE SG, ©)
) E_FF "
® v Lh COMPARE
3 FFe SIGNAL
e GENERATOR
® F_FFe
® " e " KCOMPARE $G. 5.
@ F_FFe G16 GBJ

FiIilts_ _«—S393c"
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4y
Cp SG. 1305—12—N— Ca _SG )
e 10-0 ‘ 7
GI3GBM
® HOFF
123
J FF? Ci5S6. S
Lo 1305-12— 15 > ©)
® K_FF* —eg N—10-0
L. FFe GI3GBM
42 CIS,\SG' 124
A\ o
123 - 1305-12— DIV FF* |1305—12—-N-
N-10-0 l qee-oji2 ®
G13 GBM @ | GI3GBM
QCi5 S6.
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N FFe ROW |

INTENSIFIER

HI7HAM

ROW | INT. OUT.

D

FF®

© DISP C.

Cis _SG. H2

*————Pd EAC

FFe

COMPARE SG.
O

F Il 3
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AFTER ALL STAGES OF D CNTR.RESET

KEY DEPRESSED
of1(2|3|a|sfe|7 |89
FF DS ojojofofol |t ]t ]]1
FF D4 ofofjolojt 1|1 |i1]i]o
FF D3 ofo|o|1jtfi|t|ifo]o
FF D2 ojofrjr|i1|1]ifolol|o
FF DI ojr|jtft]rji]o|ofofo
FIlm. T
DIGITS COUNTED ONTO DELAY LINE FROM
C COUNTER
2" FLIP FLOP
REC.PULSE® Cl| ce c3 c4 cs
0 ( ! 0 0 0
| |
2 0
5 FLIP FLOP
RecPuLsE#|  Cl c2 c3 ca cs
0 0 0 0 | 1
| 0 0 1 | |
2 0 I | | |
3 | | ! | l
4 ! | [ | 0
5 | | | 0 0
6 ) I 0 0 0
7 | 0 0 0 0
8 0 0 0 0
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E/U~
(
95 CLR. ALL FF*
S
CLR. ALL b2 suB FFe®
— C> ADD FF*
S
SUB d5 CLR. ENT. FF*®
— €5 CHG. SGN. FF*
f .
ADD 3 REPT. FF
\——— 97 MULT FF*
T T
h
CLR ENT 1 DOlV FF*
iy C.F FF*

STORE

15 com. piG. FF*

k9 STORE FF*

CHG. SGN.

1y RECALL FF*

m+ DEC. PT. KD

RECALL

REPT.

MULT

CEUEE

Div

ENTER

DEC.PT.

gd

N
no COM. KEY SG.
BTy

Lz 7

RESETS (STORE, DIV, MULT, REPT,,
O'FLOW' SG. CHG. SGN., ADD, SUB) FF

.4__02__%

CHG, SGN. CHG. SGN.
FF IF|RECALL+ REPT.| KD
STORE ‘

SETS| REPT.
p7 EPCD SG. [STORE
&b

MULT MULT
a5 EPCC S6. SETS[DIV ]FF 'F[ piv ¥
A 24
. RESETS (COM. DIG,, C.F, DIV, MULT
r> EPCZ'SG. CLR. ENT,, ADD, SUB) FF o
L7
sy COM. DIG. FF* RESETS CLR. ALL FF

| FEX=__ =2 & (i
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D
! 7
) REPT.FF.  SETS RECALL FF IF RECALL KD
 —
2 ”’3 HOME SG.  RESETS(CHG.SGN.,REPT,RECALL)FF
— B
Ty
3
e/
)
4
aé(/i (l——:)KD
AV 74
5
X (2—=6)KD
) @
S
6 7j (3—=7)KD
\ _J >
— }’) (4 —=8)KD
7 &
e/
aa (5—=9)KD
A ®
E
E
E
ad RESET SG.
B S
ALY

v

L

E XTI «""2&%

(1:2)
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EPCZ SG. 6> 6)-
W I
23 B EP%: SG.
CLR.ENT. FF- FFF S SGN. G
N %)
L0 SG.g
G, SG. | S
© SUB FF.
N
DIV FF’ 2 SUB FF’ 6 DIV FE._ |7
D N
W ADD FF' D——  DPCZ SG.[9)
MULT FF° N ——G—N
N
DIV FF._ |g 749
EPCF SG.[)—
£ E N
C.F F { COM. DIG,_FF14+C. F. FF1
COM. DIG. FF* [P © caBFr
N e SR —
2> s
N
DPCZ SG. |
D CTR. Z SG. c
N
C.F. FF,
C.F [—
STG.
COM. DIG, FF.
—|2vjj7
33K CBBFF o
i | DPCZ SG. S.X,
C.F. FF° T~ RS A
DPCZ SG. L MULT FF.
- N
Epc:%’ S6. 0P |—
COM. KEY'SG. [—]) STG
DEC. PT. KD ]
At %4
C.F. FF. S
4>
o
TRANS | —*M/D B N PN el [ |
\J .
RESET SG. (2:1)
5T

[ N g
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EPCZ SG. C.F._STG. FF*
S EPCZ SG,
C. F_FF ~4 © Y
C.F_FF.
HO% > De—* D.P ST FF d
DPCZ_SG. 2
© D HOME_ SG.
D 35
N
D. P. ST. FF. i2
DPCZ SG. [D-
~ N
D.P. ST. FF, 13
-1 MULT FF- S
N
14
M
?eﬁn
. Olpf :
D.P ST FF | EPCB SG.+ EPCE S6.

2N1305

|ONE SHOT #t1]

DECIMAL POSITION

/\< THUMBWHEEL}/_\

H FF. P(2+5)P/{BP1 by
J FF. P(2+9)P/,hDPI C\
& —
J FE- DECIMAL DECIMAL P(2+9)P/DPLd
T POSIT ION POSITION PLO)P/ DPIT
KEFT | SIGNAL SIGNAL PR
K FF. GENERATOR GENERATOR P(2+5+9+13)P/DPI
A 24
L FF (Im) (1) P(O+2)P/DPT g
A "4
L FF. P(5+9+’,§)P/DPI h'\
(FIG. 205) (F1G. 190) i
DPILa

EEXil=___ RALan (2:2)
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SCN. C.FF. yis 15> 28 EPG 2 FF,
—Gt—:N DIV FE* ['NADD S6. S. EPC I FE. |,
N T
-2y , _2_2_____%
G FF' EPCI
18K 37 T—ga——— SG. S.
i A SGN. C. FF. 1, S6.
DIV FF DIV FF ——-—————-—————N SuUB SG. S. —-9-—_+N
-12v EPC 4 FF.
12K ‘ EPC 2 FF.
MULT FF;j MULT'FF’ EPG | FF’ _32 _
I 122 4. 303 | \EPCH
u2_’4u HOME SG_ SG S
COMP. FF'__ i EPC Oy
DIV'FF v i EPG 4 FF.
"4 —-5" EPC 2 FF a3
COMP. FF° SN —
) T'\7 * EPC | FF. |°
MULT' FF- [® EPCG
ADD | a] MULT FF. | SG. .
l|3—’2" N
TO 2 . SG.
° OREG 56 e HOME SG,
] — |
DIV' FF- o—3% . — a1
EPC 4 FF |ag
ADD | n5_’4u EPC _—'_z—ﬁ.
. 86. : FF. .
TO 2§EG SG 9 2 EPC F -
MULT' FF o—+ EPC ) FF'| sG. S.
un N
" " .
EPCH_SG. s-;c.)e | EPC 4 FF" |
~ .
DIV' FF o—¢ . EPG 2 FFl3s
: " - EPC | FF. [
4— 7" erL L PP
EPCF,SC_ 4o . MULT_FF._| SEGPCS:E
74+9> 1= EPC
Mgy 28 > ! EPC 4 FF'|
—
EPCF_SG. 22 EPC 2 FF 155
10> 3 —— EPC | FF' :ﬁepco
] ’ ’—'—“‘Mse‘ S
LI 2.2 4 PG 4 FF'|
437
RESET SG. EPC 2FF R
EPGC | FF. gpcc
EPCE SG. .86 s,
M N
e EPC 4 FF.|
35438 S
}/q\, DIV FE._ |3g
EPCB SG. (SHIFT 2 LEFT)  gpc 2 FF'%"“*
& TP EPCB
¢ EPC | FF. | sG. 5.
N

EFEEXI=__®RCARA 3
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HOME SG.  330pf. 23> | ,
i K 00| _HOME s6. EPC4 FF
100K K > ; DIV_FE_ lag
D CTR Z SG. — g o
® -2V — 24> EPC2 FE A% A
8 — 9, EPCI FF. | sG s
EPCD_SG. | 4 EPCIFF | N
® ) DPC 8 FF
RECALL FF- P—— EPC 2 FF" 29 =
EPC 4 FF' |* DPC 4 FF |
EPC Z SG. —————\EpPcz lao
&b 569 DPC 2 FF
SHIFT LEFT SG. N oGS k—
i) DPG | FF' | \OPC 2
N DIV_FF'_ |30 SG. S.
EPC Z SG L+ -2V N
& " N 100K
oPC Z SG. |
145
N 100K
DPC Z SG. =
COM. DIG. FF. |75 P Oa
SHIFT | LEFT SG./53)> Je
12> 2 & ac
N
TRANS | — M/D SG./24>-
13> 13 4
DRI b ] DPI f ].____
14> — L T ey | —— L
DP1g 7} DPC oPC
8 DPl e | 2
RESET SG. RESET SG.
3>~
DPI g l
DPId 13- 14>~
&____g DPI h 1
DPIc ——+4 DPC J DPC
DPC 2 FF. 4 '
MULT FF’ r
‘J'* 4y S —i——
RESET SG. 400> 5 RESET SG,

EXGD _ ALR® (3:2)
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17
26) 46
N-NSG. |4 LFL___,;
R, SG. o
s?%- - cCaBFF |
C . N R'r\%. -o
S o
HFE ADD |To§ REG. SG./52)> !
J FF'
K FF. R| 56, 6l |[6O+6l+62
—_——0 %‘w
L FF. a2 R“SEG' [ C, SG. o >S6.S,
0.P_ST. FF. S MSD S
Ry S6. L_FF. ST6. 50|
C CTR. Z $G RySG. [62
® EPCZ SG. [ BRA PN N c
DPCZ_ SG. C, SG.
D —'eﬁN
SHIFT LEFT s6. 72>
~ DCTR.Z ssl—- X
26> 2 il COMPARE s6. (63
4 N-N SG. [ S 4 >
> yi [KO'FLOW EPCZ S6.
A N
C & B FF, 2> [ GF
N l- R4 SG. 64
MSD STG. FF*
D CTR. Z SG. ST6. £F — s8> |
44 -8 ¢
MULT FF, >“‘ .
N RESET SG — 23
EPCD SG. 45 - N-N S6. gi
_‘ 4
MULT FE |9—— R ge.
N N
EPCD_ SG. EPCB SG.+EPCE SG.
46 =
C.F. STG. FF 5 —N-NSG. |g¢
COM. DIG. FF. E FF, S
N
EPCC_SG. . FFF N
@
1> 29__ R SG. o
TRANS [—=M/D SG./4T)> )_“_'
27> N
EPCD SG. a8 G FF°
Rq_SG. R, S6. [
—b N
H> 49 N-N SG. 1
EPCH SG. R R, SG |69
& : S—s
N (4:1) COMP' sG.
ﬁé—m

FXiS__ Ry
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TRANS | — M/D_SG./ 47>
@ ¢, 6. [T0
OVERF LOW ‘éO FLOW SG. S. R.\éG. )
SIGNAL N
GENERATOR woLT FF
O'FLOW FF. EPCD SG7!
b4 L/
R4 SG.
CLR. ENT. FF 4 36 \
12_-O'FLOW' SG. S. e SG
B 1% -
49> N
6> _ >
EPCC SG. {90 1> "
A A L/
G FF EPCB s%+ EPCE SG. .
" MSD_STG. FF" |5
222 3 Cis SG.
CHG. SGN. FF’ HOME SG N
N .
EPCG SG. 55> |
@ — 50> 74
EPCA SG.
— ADD I TO 2 EPCI SG. [
N REG. SG. S.
= 67>
453> — N
Ep([;t}\.; sg. |93 53> |
~ V 58a
L a— (SHIFT ILEFT)TP [ 63 -
zs IF 64 "
EPCD SG. 35+38)- gsg LEFT 5
G FF 54 c 88,
(SHIFT 2 _56“3'_”“
STORE FF. 54455 LEFT) TP
N - 55>
95 57>
Ro SG. | oo
N R ——
G _FF. €5
- RS 66> |76
E FF N
RECALL FF, [ 67>  [p——
N 68)
57 69>
RFi 88 —— EPCl SG.
N
59)-
46> 58 N
REPT. FF- [¥ 69>  j77
—
N 48> W
= ALRR(42) N
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AGFE® SET BOR. FF SG,
92 ®
ASFF T b
. HOME SG. cas
60+61462 > SG.
A4FF’ ‘—eﬂy
93
EPCDQS 6 . s> [
ADV. A SG.
ASFF. | A CNTR Z SG. i
N =
ASFF’
194
A
45 . fE
AIFF A CNTR.Z SG.S.
D
A4
A L
A3
A2
60+61+62 > SG.
® “pqe
Al
60461462 > SG.
© bes
RESET A SG. d
LA SS X
A\
D—=A SG. $ #%  ADV.A sG,
& B

EEXEI=___ SRI= (51)
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70)- 78
48)- v
(RESET A
41 SG. S.
N
71>
COMP’ SG.
so>  H9
V4
8
72>
N
E;,2 SG.
80
74)
L)
Co SG. :aA-G SG. S.
IN
Bs SG. ol
[ ]
75> . A-D SG. S.
Bys SG.
76)- 82
c%se. E]D»a SG. S.
N
19> ___ 183
B,s SG. X;—.
——%——“N RESET D SG. S.
Bis S6. o,
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to the above,

C= Common or shared collectors.



Dec. 8, 1970

Filed Oct. 25, 1983

“TRUE" INPUT
SEGMENT

"INVERSE"
INPUT SEGMENT

R. A. RAGEN

3,546,676

CALCULATOR
226 Sheets~Sheet 200
a )
< FE* "TRUE" OUTPUT
SEGMENT
- —~
FF. “INVERSE"
QUTPUT SEGMENT
— J

FLIP—~FLOP SYMBOL OUTLINE

EFIl=__ "% %"

G FFy
D
1
Mo CSG1
Y
E _FFy W
52 D
M \m.,FFl €S62
R
E FFl Y
¥ D €SG5
®
N FFl
& CSG3
F FF ) X
o1 D
N _FF
o CS64
F_FFl +
o )

FEEI=__ A2

COMPARE SG. S



Dec. 8, 1970

R. A. RAGEN

3,546,676

CALCULATOR

Filed Oct. 29, 1963

f UDDDDDDDDDDDD
boooooopooooo
- aoooonooonooog

 00000po0oo0ooon
0S

= TW-
B )] i
= JIE

20 995 e
o ] Q;]I.L - }

rUDDDDDDDDDDDD
uooooopoooono
tDDDDDDDDDDDDD

oooooonooooo3

226 Sheets~Sheet 201

ooooooooooooo
oooooopoooono
0oopooooooono
ooonooooooooon

UDDDDUDDDUUDD
000o0p0ooonoooooo
00o0ooooooopooo
ooopoopooo3i3-




Dec. 8, 1970 R. A. RAGEN 3,546,676

CALCULATOR

Filed Oct. 29, 1963 226 Sheets-Sheet 202

BINARY TABLE

SEG. COUNTER

NUMIDTETFTG
0 Cjojojo
| | 0]0O0 |0
2 oj1{otjo
3 ! it 100
4 0loij1 |0
S | 0 | 0
6 0 | | 0
7 | [ I 0
14 ) | | !
15 | ] | |

U
a
F’
W
-
3

5 a

10 "
SEGMENT SEQUENCE 3" MODIFICATION

FI>_ X A=) FIl=»__ Aa-ni01

~——Less than
I/2 CHARACTER

"7" OFFSET 1" OFFSET
FIl=_ a1 FEI=_.  R-R



3,546,676

R. A. RAGEN

Dec. 8, 1970

CALCULATOR

226 Sheets-Sheet 203

Filed Oct. 29, 1963

T YT —Sax

80€'914
n/w
90¢ 914
$0€'914
£0e9Id
60¢ 914 20€°9!14
80¢ 914 10£°914
gleold 40% ‘914 00£ 914 862'9i4
Olg "9l GOg '9i4 662 9I4 462914
n/a n/v ns>o ns3
lig '9id
n/1




Dec. 8, 1970

Filed Oct. 29, 1963

13 12 110
4 4 a4 4
13 12 11 10

w

@

R. A. RAGEN
CALCULATOR

-~
[+)]
(¢}
H

3,546,676

2268 Sheete-Sheet 204

n
2]

LA -
p
»




3,546,676

R. A. RAGEN

Dec. 8, 1970

CALCULATOR

228 Sheets~Sheet 205

Filed Oct. 29, 1963

S EHETT =X X

o ——— [274] __ . ___Tors] [emo] [l [srz

I 2//s]
IQ//s[

el
| v/6 |

2S3SINd ATIVL, ¥O 1S3SINd,
O1LSNOJV 3ININ OL OM3Z 40 ‘QNOM
11910, ¥0 L1NNOD, ¥ SNIVLNOD

HOIHM \7739, 3NO = T

1 /S

1//G1

v//0 £/0] e/0] __\\o_ _0\\2 jm\\o_ T _v\\m__ [e7sT] ?\\m;:

3S7Nd "HONAS



Dec. 8, 1970 R. A. RAGEN 3,546,676

CALCULATOR

Filed Oct. 29, 1863 226 Sheets~Sheet 206

D bz go
—_—— ;’»-25 v\ Eg :m
—~— o= 5385 NN EL: gy
- ‘68§° \ \g 0% =
=T geis Ay 88 o
T g<us ¥ ® - a3
. E9&S £3 =,
S F
% &
5 5 /—\.
sYNcH. | of« o"m o"m o~ o"o o"m L 34
-2
SIGN ’E—”v ml¢ *—"n m,m *—"N m,m >'5—"—— m,-— *—"o tum ~ "
Q
DISP COL. | N”-:r —|«¢ N"m —,m mum —,m N"— . N"O N"U) N
(&)
m”wr N,wr m"m N,ro mum N,N m"— N,—- m"o n"m "
O
v"v of< ¢”m mlm e e v”— m’— q-"o <r"<n <
Q
of|« v|¢ :n"m t|w u)"N ¢IN of— <rl— -n"o m"m ©
°
«.o”v LO’q- w"n mlm w"m lnlm w"— ml— co”o co"cn © w
(&
.\Hv w,¢ l\"m tD’m rx"m (D,N l\"— wl— r~"o rsﬂm ~ m
|6}
of ool alo oo | al v af- ofafo  [ofe  |a |
o
m“v m’¢ m"m mlm m"m m[m m"-— ool— o:"o m"zn o w
° m
S« of¢| o ofo) o | o of-fofo | ofw °
£
e Qe o oo | = | - of-[zfo | o 3
5
Mo o) Ao o | oo 2| - o-fofo | oo o
o S
e ol oo S| oo Sfoo| - wf-[ 2o | oo 2
(&
oise coL 3] Y« "_’lcr S"m E’.'m S"N QIN ‘_f"—— '2’— S’."o E"m il
2
o M B R I N - ISR o
- o




Dec. 8, 1970 R. A. RAGEN 3,546,676

CALCULATOR

Filed Oct. 29, 1963 226 Sheets-Sheet 207

CELL NUMBERS

LOCATION NAME OF CELL CONTENTS OF CELL
ON DISPLAY C/R ) (C/R)
ON LINE C/R (C/R)

WHERE : C= COLUMN, AND R := REGISTER, OR ROW.

EXAMPLES:

7/3 = "THE CELL IN COLUMN SEVEN AND ROW THREE
OF THE DISPLAY"

(1#4) = "THE CONTENTS OF THE CELL IN COLUMN
ELEVEN AND REGISTER FOUR ON THE LINE"

(X#Y)Z = "THE CONTENTS OF X/Y BEFORE SUBOPERATION z"

(X#Y); = "THE CONTENTS OF X/Y AFTER SUBOPERATION Z"

(X/#7Y"M") = "THE CONTENTS OF X/Y IS M. WHERE M IS 0,1,2,3,4,56,7 8,0R 9.

EXAMPLE:

(6/4"3"ySL2 . "THE CONTENTS OF THE CELL IN COLUMN
SIX AND REGISTER FOUR ON THE DELAY LINE IS THREE
TALLY PULSES IN THE LOOP CYCLE BEFORE THE

SHIFT DISPLAYED REGISTER TWO LEFT SUBOPERATION"

EFEXI=__ -3 ™
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MULTIPLY FLOW CHART

(n
TRANSFER REG. | — REG.
M/D [ERASE REG. )
(SET DEC. PT. CTR. TO 13)

, t

(2)

SHIFT REG. ! LEFT
(LEAVE MOST SIGNIFICANT DIGIT IN
D - DIGISTER) (SEQ. DEC. PT. CTR.)

(3)
SHIFT REG. 2 LEFT
(INSERT MOST SIGNIFICANT DIGIT OF REG. |
IN LEAST SIGNIFICANT DIGIT POSITION OF
REG. 2)

(LEAVE MOST SIGNIFICANT DIGIT IN D~ DIGISTER)

¥ r
—1 IS D-DIGISTER ZERO ?
ZERO ZERO
r y
ADD (4)
?
(SUB. ONE FROM D-DIGISTER)|  ['S DEC. PT. CTR. ZERO?
CARRY ZERO ZERO
(4—=7) —_
, (4=2)
(7
?
(5—ay LS C8B FF SET: SHIET DOWN
CARRY
(5)
ADD ONE TO REG.2

DECIMAL PQINT COUNTER SHOULD COUNT 13 + (13- DEC. POSITIONS),
() INDICATES ENTRY PHASE COUNTER POSITION,

EXTIn_ S Faae™®
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RIVIDE FLOW CHART

)
TRANSFER REG. | —
REG. M/D (ERASE REG. I)
(SET DEC.PT. CTR. TO 14)

i
2)

suB

POS. NEG.

‘ | (2—=4)

( 3 €]
LADD ONE TO REG. 2 ADD

{3—2)

IS DEC. PT. CTR. ZERO ?

ZERQ (4—7) ZERO

y

(5)

SHIFT REG. 2 LEFT .
(LEAVE MOST SIGNIFICANT
DIGIT IN D- DIGISTER)

i

(6)

SHIFT REG. | LEFT
(INSERT MOST SIGNIFICANT
DIGIT OF REG. 2 IN LEAST
SIGNIFICANT DIGIT

(7) POSITION OF REG. 1)
SHIFT DOWN (SEQ. DEC. PT. CTR.)

(6 —=2)

DECIMAL POINT COUNTER SHOULD GOUNT 14 +
DEC. POSITIONS.

() INDICATES ENTRY PHASE COUNTER POSITION.
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ABSTRACT OF THE DISCLOSURE

A calculator having a processor comprising an arith-
metic unit and a control unit, a last-in-first-out storage,
a keyboard unit for entering data words into the storage
and instructions, designating computing steps to be per-
formed by the arithmetic unit, into the control unit, and
a visual display for indicating the contents of the LIFO
storage. The processor includes control circuitry for en-
tering data words resulting from computing steps per-
formed in accordance with instructions into the entry
register of the storage. The processor also includes shift-
ing circuitry for shifting the contents of each of the regis-
ters in the LIFO storage to the next adjacent register in
a direction away from the entry register in response to the
actuation of a digit key representing the first digit of
a number.
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3. STATEMENT OF RELATED CASES

This application discloses subject matter common to
U.S. patent application Ser. No. 725,960, filed May 1,
1968 by George H. Hare for “Calculator,” which is a
continuation of U.S. patent application Ser. No. 366,235,
filed May 11, 1964, now abandoned.

4. FIELD OF ART

This invention relates to calculators, and, more par-
ticularly, to calculators adapted for at least one mode of
data entry, viz., manipulation of a keyboard.

Further, this invention relates to calculators which
employ electronic means for carrying out calculations, as
distinguished from the prior art mechanical and electro-
mechanical types employing gear trains, racks, electro-
magnetic relay banks, and similar devices.

Also, this invention relates to calculators which employ
electronic means for displaying the data entering into,
and resulting from, the calculations performed, as dis-
tinguished 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.

5. PRIOR ART
It has been broadly suggested in the prior art that a
single electronic counter be used in a large-scale, complex
bookkeeping machine for the purpose of up-dating stored
records.
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It has been known in the prior art (for instance, in the
work of Eckert and Mauchly) to use delay lines for very
short time storage of numerical data.

A sequential access “stack” type of organization has
been employed in prior art, large-scale, high-speed, au-
tomatic sequence controlled computing devices in pro-
gramming the arithmetic utilization of groups of “blind”
registers.

6. PROBLEMS SOLVED BY THE INVENTION

Workers in the art have recognized the desirability
of combining various principles and expedients which
have evolved during the development of large-scale, auto-
matic sequence controlled calculator technology, and
automatic industrial controls technology, into a compact,
quiet, high-speed, keyboard-controlled calculating device
which would perform the four basic arithmetic operations,
addition, subtraction, multiplication, and division.

It would be desirable to provide automatic decimal
point setting facilities in such a compact electronic cal-
culator, whereby the decimal point, as key-inserted dur-
ing the entry of each multidigit number, or factor, in the
calculation, would be “carried” automatically by the cal-
culator mechanism, the decimal point appearing in its
proper position in the result as displayed by the calculator.

1t is highly desirable to provide, in keyboard-controlled
calculating devices, retrievable, direct access, storage
means which are capable of storing a multi-digit factor
in response to the depression of a single key, and of re-
trieving the contents of this storage by depression of an-
other single key.

In addition, acoustic delay lines are known which are
extremely compact and free from the problems usually
associated with moving parts, It is desirable to employ

such delay lines in electronic apparatus, e.g., automatic .

sequence controlled calculating machines, as a substitute
for more bulky storage means,

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 providing a device which is gen-
erally rugged and free from excessive difficulties due to
mechanical shock.

Also, it is desirable, in an electronic, keyboard-con-
trolled calculating device, to provide a keyboard arrange-
ment having a large percentage of “unconditional” func-
tion keys, ie., function keys the operation of which is
independent of the setting of other keys. This freedom

from “conditional” function keys, results, of course, in -

a greater freedom from arbitrary rules of calculator op-
eration such as were characteristic of devices of the prior
art, and which had to be thoroughly learned before pro-
ficiency could be attained in their use. This freedom from
arbitrary rules of operation, then, can result in lowering
the cost of training clerical operators, and extending the
usefulness of such an electronic calculating device to em-
brace a class of “casual” wusers, such as scientists and
technicians.

It is also desirable in connection with the instant inven-
tion to provide cathode-ray display means capable of dis-
playing the contents of a plurality of stores, in addition to
the current keyboard entry, or result of the previous cal-
culational step, usually displayed in the accumulator
“dials” of mechanical calculators.

It is also desirable in connection with the instant inven-
tion to provide automatic successive factor storage anal-
ogous to the “Polish stack” register organization found
in some automatic sequence controlled electronic calcula-
tors.

It is desirable in connection with the instant invention
to provide a display of the contents of these successive
factor stores, wherein the rows in which the stores are
displayed are so juxtaposed as to exhibit the order of
entry and emission of the stored factors.
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7. OBJECTS OF THE INVENTION

It is therefore an object of the present invention to
provide a compact electronic calculating device includ-
ing as its principal storage means an acoustic delay line.

Another object of the present invention is to provide
an arithmetic unit in an electronic calculating device
which is capable of arithmetically combining multi-digt
numercal factors emitted by a storage means in “pulse-
count,” or “unitary,” notation without the interposition
of additional means for converting to a second form of
ntation, and reconverting therefrom.

Another object of the present invention is to provide
an electronic calculating device in which the arithmetic
unit and the display unit share a single timing chain and
a register.

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

Another object of the present invention is to provide
a keyboard-controlled electronic calculating device having
automatic decimal alignment.

Another object of the present invention is to provide
a keyboard-controlled electronic calculating device having
automatic successive factor storage means.

Another object of the present invention is to provide
a keyboard-controlled electronic calculating device having
automatic successive factor storage means, and means for
displaying the contents of said storage means in such jux-
taposition as to exhibit the sequence of entry and emis-
sion of said automatic successive factor storage means.

Another object of the present invention is to provide
an arithmetic unit for an electronic calculating device
which is adapted to receive numerical data in the form of
a pulse train expressing said data in pulse, count, or uni-
tary, notation, and which is adapted to transmit the re-
sults, 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 unitary,
notation.

Another object of the instant invention is to provide
an arithmetic unit for an electronic calculating device
comprising a plurality of single-digit registers, or “dig-
isters,” said digisters including a first sequenceable dig-
ister, a second sequenceable digister, and a non-sequernce-
able digister.

Another object of the present invention is to provide
an arithmetic unit for an electronic calculating device in-
cluding a plurality of digisters, one of said digisters being
advanceable, one of said digisters being recedable, and
one of said digisters being non-sequenceable.

Another object of the present invention is to provide
a shared digister means and displayed digit selection means
which enable the display of data being circulated in a
high-speed memory.

Another object of the present invention is to provide
means for allowing the display and timing chain to “free
run” when the calculator is “cleared.”

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 accom-
panying drawings, which drawings may be described as
follows:

8. BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a pictorial view of a machine embodying a
preferred form of the invention;

FIG. 2 illustrates the signal symbols used to denote
electrical signal levels, abrupt changes of such signal
levels, and sequences of such changes;

FIGS. 3 to 6 illustrate the basic flip-flop units, and the
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block symbols used to represent them, illustrating the com-
posite flip-flops employed in the instant embodiment;

FIG. 7 illustrates the circuit of an emitter follower em-
ployed in outputs of several of the composite flip-flops;

FIGS. 8 and 10 show a generalized dynamic gate circuit
and symbol which is used to designate it;

FIG. ¢ shows the block symbol used to indicate a basic
flip-flop and, in addition, a dynamic gate as in FIG. 8,
and an emitter follower as in FIG. 7;

FIGS. 11 through 30 are flip-flop input definition sheets
used for explaining the nature and operation of the sev-
eral types of composite flip-flop inputs of the instant em-
bodiment;

FIGS. 31 through 154 show by way of schematic cir-
cuit diagrams and corresponding block symbols the nature
of the composite flip-flops;

FIGS. 155 and 156 illustrate the circuit and symbol
respectively, of a 1305 gate;

FIGS. 157 and 158 show the circuit and symbol re-
spectively, of a non-inverting (diode) gate;

FIGS. 159 and 160 illustrate a typical 1305 gate used
in the circuit of the instant embodiment;

FIGS. 161 and 162 illustrate a typical noninverting
gate;

FIGS. 163 and 164 illustrate the circuit and block sym- ¢

bol, respectively, of a key filter KF for eliminating con-
tact, or key, noise in the entry unit of the present em-
bodiment;

FIG. 165 shows the several symbols for interconnec-
tions between electrical leads;

FIGS. 166 through 169 illustrate the method of em-
ploying conjoint signal symbols for indicating the “logical
one” levels at the AND and OR gate terminals;

FIGS. 170 and 171 show the circuit and symbol, re-

spectively, of a pair of interconnected inverting gates :

designated ANDOR gate herein;

FIGS. 172 and 173 illustrate the circuit and block sym-
bol, respectively, of a gate having a single input and a
single output, which type of gate is employed in the pres-
ent embodiment as an inverter;

FIGS. 174 and 175 illustrate the circuit and block
symbol, respectively, of a second type of an inverter em-
ployed herein;

FIGS. 176 and 177 illustrate the circuit and the block
symbol, respectively, of a second type of inverting gate;

FIGS. 178 and 179 illustrate the method of using con-
joint signal symbols for indicating the “logical one” levels
of the terminals of the second type of inverting gate shown
in FIGS. 176 and 177;

FIGS. 180 and 181 illustrate the circuit and the block
symbol, respectively, of a particular emitter follower;

FIG. 182 shows the circuit of the digit signal generator
of the instant embodiment, used for making numerical
entries therein;

FIG. 183 shows the block symbol used to represent the
digit signal generator in the circnit diagram herein;

FIG. 184 illustrates the circuit of the function signal
generator, used for controlling the operating functions of
the calculating device of the embodiment;

FIG. 185 shows the block symbol for the function sig-
nal generator of FIG. 184;

FIGS. 186 and 187 illustrate the circuit and block sym-
bol, respectively, of the reset signal generator;

FIGS. 188 and 189 illustrate the circuit and the block
symbol of the common key signal generator employed
herein;

FIGS. 190 and 191 show the circuit and block symbol
of the decimal position signal generator (I):

FIGS. 192 and 193 illustrate the circuit and block sym-
bol, respectively, of the compare signal generator;

FIGS. 194 and 195 illustrate the circuit and block sym-
bol of the row I intensifier;

FIGS. 196 and 197 illustrate the circuit and block sym-
bol of the overflow signal generator;
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FIGS. 198 and 199 illustrate the amplifier and shaper
circuits as well as the block symbol for the read amplifier;

FIGS. 200 and 201 illustrate the circuit and block sym-
bol of the oscillator;

FIGS. 202 and 203 show the write amplifier circuit and
block symbol therefor;

FIG. 204 illustrates the circuit and block symbol of a
noise clamp employed in the circuit of FIG. 20S5;

FIGS. 205 and 206 illustrate the circuits and block sym-
bol of the decimal position signal generator (II);

FIG. 207 illustrates the circuit of the display matrix;

FIG. 208 shows the block symbol for the display matrix
shown in FIG. 207;

FIGS. 209 and 210 illustrate the circuit and block sym-
bol for the segment generator;

FIGS. 211 and 212 illustrate the circuit and block sym-
bol of the horizontal staircase generator;

FIGS. 213 and 214 illustrate the circuit and block sym-
bol, respectively, of the CRT driver circuit to provide
suitable signals to drive beam control of the cathode-ray
display;

FIGS. 215 and 216 illustrate the circuit and block sym-
bol for the vertical dot generator;

FIGS. 217 and 218 illustrate the circuit and block sym-
bol for the horizontal dot generator;

FIGS. 219 and 220 show the circuit and block symbol
for the horizontal deflection amplifier;

FIGS. 221 and 222 show the circuit and block symbol
for the vertical deflection amplifier;

FIGS. 223 and 224 illustrate the circuit and block sym-
bol of the vertical staircase generator;

FIGS. 225 through 294 constitute a circuit diagram
which may be employed for explaining the preferred form
of the invention described herein;

FIGS. 295 and 296 show tabulations of digister opera-
tion;

FIGS. 297 through 313 constitute the logic diagram
used for explaining the operation of the present embodi-
ment;

FIG. 314 is a partial plan view of a typical printed
circuit board of the type on which the circuits shown in
FIGS. 225 through 294 are constructed;

FIGS. 315 and 316 show a partial view of a mother
board;

FIG. 317 is an elevational view of the present embodi-
ment illustrating the construction of the card racks, etc.;

FIGS. 318 through 323 are views of several signal
trains used for explaining the function of the present em-
bodiment;

FIGS. 324 through 331 show gate symbols used in the
logic diagram;

FIG. 332 shows a flip-flop symbol defining certain
parts of a flip-flop outline;

FIG. 333 shows a schematic diagram of the compare
signal generator used for explaining the block symbol
shown in FIG. 312 of the logic diagram;

FIGS. 334 through 337 show typical displays of decimal
posint settings and numerical results upon display screen
DS;

FIG. 338 is a segment display timing table;

;IG. 339 shows the sequence of segments making up
a digit;

FIG. 340 shows the modification of the central stroke
of the digit "3” as it will appear on the display screen;

FIG. 341 shows how the digit “7” is offset, as it will
appear on the display screen;

FIG. 342 shows the digit “1” offset as it will appear
on the display screen;

FIG. 343 is a block diagram to aid in the explaination
of the operation of the present invention;

FIG. 344 is a view of the display screen and shows
the cells where the digits of the various registers will
appear;

FIG. 345 is a schematic diagram showing the configura-
tion of pulse groups circulating around the delay line;
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FIG. 346 is a tabulation showing the relationship be-
tween the field word of information circulating in the
delay line and the information displayed upon the display
screen of the present embodiment;

FIG. 347 is a table explaining how the display cell
numbers and loop cell numbers are defined herein;

FIG. 348 shows in diagrammatic form the Compare
Signal which selects two digit words to be displayed;

FIG. 349 shows the waveform used in explaining the
Shift Left Register 1 operation;

FIG. 350 shows the waveform used in explaining the
Shift Left Register 2 operation;

FIG. 351 shows the waveform used in explaining the
Shift Down during Add and Subtract operations;

FIG. 352 shows the waveform used in explaining the
Shift Down during Multiplication and Division opera-
tions;

FIG. 353 shows the waveform used in explaining the
Shift Up operation;

FIG. 354 shows the waveform used in explaining the
Shift Up during Repeat operations;

FIG. 355 shows the waveforms used in explaining the
Store operation;

FIG. 356 shows the waveform used in explaining the
Recall operation;

FIG. 357 shows the waveform used in explaining the
Addition operation;

FIG. 358 shows the waveform used in explaining the
Subtraction operation;

FIG. 359 shows the waveform used in explaining the
Complement operation;

FIG. 360 shows the waveform used in explaining the
Transfer 1->M/D (Erase Reg. 1) operation;

FIG. 361 shows the waveform used in explaining the
operation of Adding One to Register 2;

FIG. 362 shows a Flow Chart for Multiplication;

FIG. 363 shows a Flow Chart for Division;

FIGS. 364 to 369 show a typical operation and results
as shown upon the display screen;

FIGS. 370 and 371 show a typical addition and re-
trieval operation, the several factors appearing upon the
display screen as it would appear to an operator; and

FIG. 372 is a simplified block diagram of the novel
calculator.

9. SYNOPSIS

The device of the invention may best be understood
by first becoming acquainted with the block diagram shown
in FIG. 343.

As shown in this figure, the device of the invention

may be seen to comprise six principal units, viz., the ;

Timing Unit (TU), the Entry Unit (E/U), the Control
Unit (C/U), the Arithmetic Unit (A/U), the Display Unit
(D/U), and the Memory Unit (M/U). It will be under-
stood, however, that the dichotomy between these units
is not so clear or definite as might be implied from the
block diagram of FIG. 343 since, for instance, one of the
counters employed in the arithmetic unit is also em-
ployed as the digit store of the display unit. Also, the
interconnection lines shown in FIG. 343 are merely gen-
erally suggestive of the existence of information transfer
channels, and do not carry the implication that one such
interconnection line necessarily represents a single wire,
or cable, or that the information transferred along such
an interconnection is necessarily unidirectional, or bi-
directional.

T/:U The Timing Unit comprises a chain of flip-flops,
or flip-flop counters, driven through their cycle by an
oscillator, the output of which is gated to the complement
input of the first flip-flop of the chain. The Timing Unit
also includes a plurality of gates which, having inputs
taken from outputs of selected flip-flops of the chain,
produce output signals indicating the occurrence of cer-
tain significant time periods constituting particular phases
of the operation of the embodiment described.

E/U: The Entry Unit comprises a plurality of switches
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actuated by the digit keys, and the function keys, each
of said switches being associated with signal generating
means,

The switches and signal generating means associated
with the function keys operate, inter alia, to set one or
more function key storage flip-flops, or key storage flip
flops, whereby the identity of the operation currently being
performed is preserved throughout the cycle of its per-
formance.

The switches, gates, and signal generating, or shaping,
circuits associated with the digit keys operate to produce
sets of signals upon a corresponding plurality of signal
lines which, when applied to one of the digisters of the
Arithmetic Unit, serve to transfer the number entered
upon the keyboard into the Arithmetic Unit.

C/U: The Control Unit comprises a plurality of gates
adapted to “interpret” the functions entered into the func-
tion keys, and to provide a series of signals which control
the sequence of suboperations performed by the Arithmetic
Unit upon the “field word” of information circulating
around the ‘loop” which includes the Arithmetic Unit and
the Memory Unit, thereby carrying out the calculation
indicated by the function key depressed. The Control Unit
also includes Decimal Position Signal Generators I and
11, though these two devices might well be thought of as
comprising a part of the Entry Unit, as noted herein-
above. The Entry Phase Counter, which orders the se-
quence in which the steps involved in performing arith-
metic and other functions are carried out, is included in
the Control Unit, as is the Decimal Point Counter, which,
in co-operation with the aforementioned Decimal Position
Signal Generators, takes part in the automatic decimal
setting operation of the device of the invention.

A/U: The Arithmetic Unit comprises a plurality of
digit registers, or “‘digisters,” and a plurality of controlling
gates peculiarly associated therewith. Digister A is a se-
quenceable digister or up counter into which the succes-
sive “digit words,” or “counts,” from the Memory Unit
are inserted in the performance of calculations. Digister
B is an intermediate, non-sequenceable digister, or storage
counter which temporarily stores numerical information
passing from digister A or digister D to digister C. Digister
C is a recedable digister or down counter from which
numerical information in pulse-count, or unitary, nota-
tion is returned from the Arithmetic Unit to the Memory
Unit. Digister D is a counter which is shared between
the Arithmetic Unit and the Display Unit, being em-
ployed both in calculation, and as the digit store for the
Display Unit,

D/U: The Display Unit comprises a cathode-ray tube,
sweeping means for sweeping out a plurality of rectilinear-
trace character rasters arranged in a multi-row display
raster upon its face, and blanking means responsive to
the number stored in the D digister for blanking selected
strokes in selected ones of said character rasters, thereby
producing a numerical display of the information circulat-
ing in the loop. ’

M/U: The Memory Unit comprises an acoustic delay
line having a delay of approximately five milliseconds,
means for “launching” pulses thereupon, and means for
receiving, amplifying, and shaping pulses derived there-
from. As noted hereinabove, the pulses for actuating said
launching means are derived from the C-digister of the
Arithmetic Unit, while the pulses received from the delay
line, amplified, and shaped are inserted into the Arith-
metic Unit by sequencing into the A-digister.

10. CONVENTIONS

The following symbology and nomenclature has been
adopted to facilitate the study of the instant specification
and drawings.

10.1. Signal Symbols

For convenience in discussion, the occurrence of cer-
tain potential levels, abrupt changes of potential level,
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and sequences of such changes are hereinafter designated
as follows:

(a) The existence of the more positive of two binary
potential levels upon a line is hereinafter called a “positive
level signal,” or “PL-signal.”

(b) The existence of the more negative of two binary
potential levels upon a line is hereinafter called a “nega-
tive level signal,” or “NL-signal.”

(c) The occurrence of an abrupt change from the more
negative to the more positive of two potential levels upon
a line is hereinafter called a “positive-going transition
signal,” or “PT-signal.”

(d) The occurrence of an abrupt change from the more
positive to the more negative of two potential levels upon
a line is hereinafter called a “negative-going transition
signal,” or “NT-signal.”

(e) A PL-signal, its immediately preceding PT-signal,
and its immediately following NT-signal, taken together,
are hereinafter called a “positive pulse signal,” or “PP-
signal.”

(f) A NL-signal, its immediately preceding NT-signal,
and its immediately following PT-signal, taken together,
are hereinafter called a “negative pulse signal,” or “NP-
signal.”

The nine symbols illustrated in FIG. 2 are hereinafter
designated “signal symbols.”

Each of these signal symbols denotes one, or more,
of the signals defined immediately hereinabove.

Thus, the upper left-hand or NL, symbol signal of FIG.
2 denotes an NL-signal as defined in paragraph b above.

Similarly, the upper right hand signal symbol of FIG. 2
denotes a PL-signal.

The uppermost signal symbol on FIG. 2 denotes either
a PL-signal or an NL-signal, but not both.

The middle figure in the left-hand column of FIG. 2
denotes an “NT-signal.”

Similarly, the middle symbol in the right-hand column
of FIG. 2 denotes a PT-signal.

The middle signal in the middle column of FIG. 2
denotes either an NT-signal or a PT-signal, but not both,
and will hereinafter be designated a “T-signal symbol,”
or “T-symbol.”

The lower signal symbol in the left-hand column of
FIG. 2 denotes an NP-signal.

The lower signal symbol in the right-hand column of
FIG. 2 denotes a PP-signal.

The lower signal symbol in the middle column of FIG.
2 denotes cither an NP-signal or a PP-signal, but not both,
and will hereinafter be designated a “P-signal symbol,”
or “P-symbol.”

The horizontal line extending through each of the
signal symbols of FIG. 2 and beyond, both to the right
and to the left, represents an electrical interconnection
line of the type found at many places throughout the draw-
ings. The signal symbols of FIG. 2 will most frequently
appear herein superposed upon the electrical interconnec-
tion lines of the drawings in the manner indicated by
their superposition upon these short, horizontal lines in
FIG. 2.

One of these signal symbols taken alone constitutcs
merely a partial statement, such as “A positive pulse
signal occurs upon this line when . . . ,” or “A positive
level signal at this terminal is called the . . . .” For this
reason, each of these signal symbols must have associated
with it a legend, symbol, or the like, which gives signii-
cance to the signal symbol, i.e., completes the statement
implied only in part by the signal symbol. The various
ways in which these signal symbols are given significance
by association with another symbol, a legend, or the like,
are discussed in detail hereinafter.

The term “two binary potential levels,” as used in
the signal definitions above, refers to those two potential
levels, either one or the other of which exists upon a binary
information-carrying line at all times, except during very
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brief transition intervals. As example of such a binary
information-carrying line is the FF- output line of the
basic I flip-flop shown in FIG. 3. As may be seen from
analysis of the wiring diagram of FIG. 3, the FF- line will
carry one of two binary potential levels, viz., a potential
level near ground when the left-hand transistor is con-
ducting, or a negative potential level when the left-hand
transistor is cut off.

The expressions “more positive,” and “more negative,”
as used hereinabove, do not imply that either one of said
two binary potential levels is specifically negative, posi-
tive, or at ground.

The term “pulse” as used herein, unless otherwise indi-
cated, refers to a signal on a binary information-carrying
line, the potential upon which remains at one of its two
binary potential levels for a shorter time than it remains
at the other binary level. A “pulse,” as defined herein,
occurs upon such a line when its potential goes from the
longer-time level to the shorter-time level, and returns to
the longer-time level. The pulses upon a line on which
the shorter-time level is the more positive are herein
called “positive pulses” The pulses occurring upon 2
binary information-carrying line whose shorter-time level
is the more negative are herein called “negative pulses”

The term “pulse,” as used herein, includes those pulses
having extremely short intervals between the transitions
defining their beginning an end, i.e., those pulses which
are referred to as “spikes.”

In addition, since two adjacent transitions and the in-
cluded fixed level interval of a square wave (i.e., a wave,
or signal, which remains at both binary levels for equal
intervals) are sometimes taken together and called a
“pulse,” this special definition of “pulse” will be adopted
herein, but only when it is clear that no confusion would
result from such practice.

10.2. Legends

Upon or closely adjacent to those lines of the drawings
which represent electrical interconnections, or signal lines,
there will be found a substantial piurality of legends,
either spelled out in full words, or stated at least in part
in the form of abbreviations.

These legends serve to indicate the significance of cer-
tain associated signal symbols. For instance, some of these
legends are so located with respect to a line that one-
half of a signal symbol superposed upon the line is located
between the legend and the line. An example of this prac-
tice is found in FIG. 244, where the input to inverter 10
has the legend “EPCC SG.” written over it, and a PL-
symbol is superimposed upon it directly under the legend,
i.e.,, so that one-half of this PL-symbol is between the in-
put line and the legend. Thus, the legend “EPCC SG.” is
associated with this PL-symbol, or completes the state-
ment implied by the PL-symbol. A similar example of this
practice can be seen upon the output line of the invertor
10.

This statement-completing association between a legend,
a line, and a signal symbol may be indicated in other ways.
Thus, where space is limited and clarity so requires, such
a legend is located somewhat remote from its associated
line and signal symbol and connected therewith by a lead
line (with or without arrowhead as clarity dictates). An
example of this practice may be found at the right-hand
side of the block symbol shown in FIG. 197.

These legends are used to indicate the significance of
their associated signal symbols in the sense in which the
term “significance” is used hereinabove in defining the
signal symbols.

Other means, however, are also used to define the sig-
nificance of some of the signal symbols used herein, the
method of employing legends constituting only one of the
methods of giving operational significance to signal
symbols.

A substantial plurality of the legends associated with
varjous electrical interconnection lines in the drawings
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will be directly related to, and give significance 1o, signal
symbols superposed upon those lines. However, other
legends employed herein will not be related to signal
symbols.

From above examples it may be seen that the legends
associated with the various electrical interconnection lines
of the drawings serve several different functions.

To this end, distinction is made herein between three
classes of legends, and distinctive nomenclature, and
symbology, are employed to identify the legends belong-
ing to these classes.

10.2.1. Point Designations: The first class of legends
recognized as distinct and treated separately herein is that
class of legends which, when associated with an electrical
interconnection line, indicate that the signal on that line
is the same as, or differs only, say, by way of amplitude,
from the signal derivable at the point designated by the
legend. An example of such a point designation legend
may be seen at the upper input of gate 105, shown in

FIG. 278. The legend “G FF.” will be found written upon &

the upper input terminal of gate 105. It should be noted
that this legend is not associated with a signal symbol.
Thus, this legend is merely the name of a point remote
from this input terminal, viz the name of the lower, or
“subdot,” terminal of the flip-flop herein designated “G.”
The presence upon the upper input terminal of gate 105
of the name of this remote point {i.e., the lower terminal
of the G flip-flop) indicates that the waveform of the
signal derivable at the upper input of gate 105 is the same

as the waveform derivable at the lower terminal of the !

G flip-flop, though, as will be apparent to those skilled in
the art, the relative scale of the signal at these two points
may differ, e.g., the more positive level (“PL”) may be the
same at both points, say, ground, but the more negative

level (“NL”) may be minus 12 volts at one point, and :

minus 6 volts at the other point. Thus, the waveform
may be the same at the two points, while the relative
scale, or absolute electrical magnitude of the signals, may
differ as between the two points. This may result, for in-
stance, from the fact that these two points are not coupled
by a direct, i.e., substantially zero impedance, connection,
but are coupled by means of, say, an emitter follower
which changes the relative scale, or ground reference
level, of the signal at one point with respect to that at
the other without altering the waveform, or waveshape.

For convenience, the practice is adopted herein of desig-
nating points which are either; (a) directly interconnected
by substantially zero impedance means, or (b) connected
by means of elements which cause the same waveshape to
appear at one point as at the other, though the relative
scale, or ground level, may vary between the two points,
as “logically connected.” Thus, reverting to gate 105, the
upper input terminai of gate 105 may be said to be logi-
cally connected to the lower output terminal of the G flip-
flop, though it is not evident from inspection of FIG.
278 whether the upper terminal of gate 105 is directly
connected to the lower output terminal of the G flip-flop,
or connected thereto by means of intermediate elements
which may alter relative levels, but which do not alter the
waveshape.

The practice of employing point designation legends
to indicate the logical connections of the flip-flop output
terminals to other circuit points is extensively employed
herein, the form of legend and its application to the asso-
ciated line shown in connection with the inputs of gate
105 being uniformly employed throughout.

An additional type of point designation legend exten-
sively employed herein is that used to indicate lines which
are logically connected to the outputs of gates. An ex-
ample of the symbology used for this purpose will be
found at the upper input terminal of gate 43, shown in
FIG. 245. Upon the upper input terminal of gate 43 will
be found the number “26” followed by a symbol com-
prising a rightwardly-arched semicircle having a horizon-
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tal straight line extending from its center a distance to the
right approximately equal to the radius of the semicircle.
This symbol will herein be designated the “gate output
symbol.” The meaning of the legend on the upper input
terminal of gate 43, then, is that that terminal is logically
connected to the output of gate 26. Similarly, it may be
seen that the middle input terminal of gate 43 is logically
connected to the output terminal of gate 1.

An additional convention relating to logical connec-
tions from gate outputs may be seen at the middle input
terminal of gate 87, as shown in FIG. 259. On the middle
input of gate 87 is shown the numeral “41” and the gate
output symbol, but in addition, a circle with a diagonal
line struck through it and an additional horizontal line
is added to the gate symbol. This entire symbol is re-
ferred to herein as the “inverted gate symbol.” The mean-
ing of the inverted gate symbol, in the example of gate
87, is that the middle input terminal is logically con-
nected to the output of an inverter, which is itself con-
nected to the output of gate 41. As with the other “logi-
cal connections” referred to hereinabove, it should be
borne in mind that the inverted gate symbol does not
imply that merely one inverter is inserted between the
output of gate 41 and the middle input of gate 87, but
rather implies that the waveform on the middle input
terminal to gate 87 is an inversion of the waveform
derivable at the output of gate 41.

Finally for a thorough understanding of this nota-
tion, reference should be had to the input terminal of
inverter 24, as shown in FIG. 259. In addition to the gate
87 output symbol found upon the input to inverter 24,
there is also found a PL-symbol which is tangent to the
straight left-hand edge of the inverter symbol. This PL-
symbol is not related to the gate 87 output symbol, but
serves, along with other signal symbols tangent to the
inverter symbol, to define the nature of the inverter
in the manner which will be described in detail herein-
after. Thus, those signal symbols located on terminal
lines, and tangent to, gate symbols, flip-flop symbols,
or other block symbols, should be disregarded when con-
struing legends placed upon these terminal lines.

10.2.2 Named Signal Designations: The second class
of legends which are treated as separate and distinct
herein are those legends which constitute the name of a
signal, e.g., the PL-signal, or the PP-signal, occurring at
a point, rather than simply the name of a point, and are
called “named signal legends.” These signals are desig-
nated by unique names specially assigned thereto. The
points at which these named signals originate (listed in
table SS, Appendix M) are identified in the drawings by
named signal source legends which comprise, first, the
name of the signal, and, second, the abbreviation “SG. S
In this abbreviation, “SG.” stands for the word “signal,”
while “S.” stands for “source.” Thus, these points are
identified as the sources of the named signals. For
example, the output of gate 29, FIG. 239, is indicated as
the “EPCZ SG. S.”, ie., the EPCZ signal source. The
legend “EPCZ SG. S.” occurs nowhere else in the draw-
ings but at the output of gate 29. Thus, the EPCZ sig-
nal is identified as the PL-signal occurring at the output of
gate 29, and that signal alone.

The waveform appearing at a named signal source
may be found inverted at some remote location in the
drawings. The occurrence of the named signal will be
manifested at this remote location by a signal of opposite
sign. For instance, if the named signal is a PL-signal, the
simultanecus signal at said remote location will be an
NL-signal. If a PT-signal, the remote signal will be an
NT-signal, etc.

For this reason, a named signal legend may have the
same signal symbol as that of its named signal source,
or a signal symbol of opposite sign.

As an example of this, it will be found that the upper
input terminal of gate 24, FIG. 237, carries the legend
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“EPCZ SG.” directly over a NL-symbol superposed upon
the input line. The EPCZ signal source (output of gate
29), as will be remembered from the example directly
above, has a PL-signal symbol located thereat. Thus,
it may be seen that the symbol associated with the named
signal legend at the upper input of gate 24 is opposite
in sign from the signal symbol associated with the source
(output of gate 29). This indicates that the signal at the
input of gate 24 has a waveform which is the inverse
of the named signal waveform, ie., the EPCZ signal
which occurs at the output of gate 29. Put differently, the
opposite signs of these signal symbols indicate that the
occurrence of the named signal (PL) is indicated at the
upper input of gate 24 by an NL-signal.

On the other hand, gate 23, FIG. 237, carries the
legend “EPCZ SG.”, and has associated with it the same
signal symbol as the signal symbol associated with the
EPCZ signal source. From this it may be seen, in ac-
cordance with the system of conventions employed here-
in, that the signal on this input of gate 23 will have the
same waveform as the named signal, ie., the signal at
the EPCZ signal source, i.e., a PL-signal at gate 23 will
accompany each PL-signal at the EPCZ SG. S.

When named signals are defined at their sources by
transition, or pulse, signal symbols, the same conven-
tion applies. For example, the occurrence of the PP-sym-
bol at the output of the reset signal generator, FIG. 227,
and also at the lower, right-hand input of the EPC4 flip-
flop, FIG. 238, both accompanied by a legend com-
prising at least in part the expression “RESET §G.”, in-
dicates that the signal occurring at the output of the
Reset Signal Generator, which is named the RESET
signal, also occurs at said input of the EPC4 flip-flop,
taking the form of a positive-going pulse at both the
reset input to the flip-flop and the output of the reset
signal generator.

10.2.3. Assertions: The third class of legends recog-
nized and treated as distinct herein is the class of legends
which, though sometimes in abbreviated form, are state-
ments, or assertions, about the state, or condition, of a
device or sub-circuit, rather than names of electrical
signals or points in the systems shown in the drawings.
These assertion legends, or assertions, are most usually
employed herein to indicate electrical conditions occur-
ring within the circuit portion of the device of the inven-
tion in response to the manipulation of function keys, or
switches, constituting part of the keyboard. Each of these
assertion legends is associated with a signal symbol, either
by means of a lead line from the assertion legend to the
associated signal symbol, or by the fact that the associated
signal symbol is superposed upon the interconnection line
in such a way that one-half of it is located between the
assertion legend and the line. In each such case, the signal

symbol indicates the “electrical truth value” of the asser-

tion. That is, the signal which will be present upon its
line during the time when the associated assertion is true.
An example of this may be found at the top of FIG. 225
upon the upper output line of the Function Signal Gen-
erator. The legend located directly above this upper out-
put line is “CLR. ALL KD.” On the upper output line
directly below this legend is found a PL-symbol, which
is the signal symbol associated with this legend. The ex-
pression “KD” is used herein to mean “**% key is de-
pressed.” Therefore, the meaning of this legend is the as-
sertion that “The CLR. ALL key is depressed.” The “clec-
trical truth value” of this assertion, as defined hereinabove,
is given by the PL-symbol located upon the output line.
Thus, the meaning of the Iegend and signal symbol asso-
ciated with the upper output line of the Function Signal
Generator may be stated: “The more positive of two pos-
sible electrical signal levels appears upon this line when
the CLR. ALL key is depressed.” Similarly, the legend
“ADD KD” and the associated PL-symbol found at the
third input terminal from the top of the Function Signal
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Generator may be seen to have the same meaning as the
following: “The more positive of two possible electrical
signal levels appears upon this line when the ADD key
is depressed.” Similar meanings may be derived in a simi-
lar manner for all assertion legends herein which include
the expression “KD.” It should be noted at this point,
by way of caveat, that the depression of the indicated
keys leads the appearance of the accompanying “elec-
trical truth signal” by approximately six milliseconds,
because of the operation of the Common Key Signal Gen-
erator network as described hereinafter. Since, however,
this six millisecond delay is negligible compared with the
minimum key depression time of which a human opera-
tor is capable, and with the length of time during which
the states of operation of the device of the invention
brought about by key depression continue, these state-
ments derived hereinabove, and derivable from the “KD”
assertions, and their associated signal symbols, are true
for the purpose of exposition of the overall operating
principles of the device of the invention, and are so re-
garded herein,

In addition, the following assertion legend forms may
be found herein:

The form “(***)BD,” which is equivalent to the partlal
sentence “*** is being displayed.”.

The form “(***)BE,” which is equivalent to the partial
expression “*** is being entered.”.

The form “(***)TP,” which is equivalent to the partial
sentence “*** ig taking place.”.

An example of another standard form of assertion
legend is found upon the upper output terminal of Decimal
Positions Signal Generator (I), which is shown in FIG.
227. Upon this upper output line is found the legend
“P(5+9)P,” which is located above a PL-symbol super-

5 posed upon the output line. The expression “P(*#%*)p»

is used herein to mean “The decimal point is in the ***
place.” The “plus sign” in the legend is used, not in its
arithmetic sense, but in its logical sense, and should be
interpreted as “logical” OR. Thus, this legend, when
taken in conjunction with its associated PL-signal sym-
bol, is equivalent to the following sentence: “The more
positive of two possible signal levels appears upon this
line when the decimal point is in the 5th place or in the
9th place.”

The expressions “place,” and “decimal place,” as used
herein may be thought of as having meaning in connec-
tion with the four registers of thirteen orders which are
displayed upon the cathode ray display screen means.
For best understanding of these terms, reference should
be had to FIG. 334, wherein a complete display consti-
tuting four registers of thirteen orders each, all filled with
zeros, is shown within the oblong used schematically to
define the area of the display screen DS, In this figure
the decimal point setting thumbwheel TW is so set as to
put the decimal point in each register in what is defined
as the “0 place,” as may be seen from the appearance of
the zero in the “window” immediately to the left of thumb-
wheel TW. For this reason, no decimal point is shown in
any of the 13-order registers on display screen DS. The
decimal points may be thought of as being in the O-place
ie., immediately to the right of the right-most column on
the display screen DS, and suppressed so that they do
not appear. In FIG. 335, by contrast, the decimal point
setting thumbwheel TW is set in the decimal-point-in-the-
fifth-place position, as may be seen from the appearance
of the numeral “5” in the “window” immediately to the
left of the thumbwheel. With this setting of the thumb-
wheel, the decimal points appear upon the display screen
DS as shown in FIG. 335. That is, a decimal point ap-
pears in each register, the four decimal points being verti-
cally aligned, and the vertical line of four decimal points
being located to the left of the fifth column from the
right of the display. It may be also said, of course, that
the vertical line of decimal peints appears to the right of
the sixth column of digits from the right side of the dis-
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play, but the most convenient way of remembering deci-
mal point position as defined herein is to recall that the
Nth decimal place is at the left of the Nth column of
digits from the right-hand edge of the display. Thus de-
fining the term “decimal place,” and recalling the inter-
pretation of the decimal place assertion legends, and asso-
ciated signal symbols, as given above, it may be seen, for
instance, that the decimal position assertion legend associ-
ated with the second output line from the top in Decimal
Position Signal Generator (I) FIG. 190 may be inter-
preted to mean: “The more positive of two possible elec-
trical signals appears upon this line when the decimal
point is located to the left of the second column from the
right on the display screen or when the decimal point is
located to the left of the ninth column from the right
on the display screen.”

One additional form of assertion legend used at some
places herein constitutes an assertion with regard to the
state of a given flip-flop. Thus, the legend “F FF;” located
immediately above a PL-symbol upon an electrical inter-
connection line anywhere in the drawings indicates that
that line at that point will carry a PL-signal at any time
that the F flipflop is “reset,” and will carry an NL-
signal whenever the F flip-flop is “set.” On the other hand,
the presence of the legend “F FF” immediately above
a PL-symbol superposed upon an electrical interconnec-
tion line anywhere in the drawings will indicate that,
upon that line, at that point, the more positive of two
possible signal levels will exist when the F flip-flop is
“set,” and that the more negative of two possible elec-
trical signal levels will exist, upon that line, at that
point, when the F flip-flop is “reset.”

As shown upon the output leads of Decimal Position
Signal Generator (I), (see FIG. 227), the convention

is employed herein of separating legends from mere :

identification codes, e.gz., DPla, by a slant mark, This
same convention of using a slant mark is employed herein
at many places to separate legends from each other.

10.3. Block Lead Designations

To facilitate the study of the instant application the
practice is adopted throughout of identifying the leads
of block symbols by means of lower case alphabetic
letters assigned in the following manner:

First, a lead is selected which is to be designated “a.”
Wherever possible, this “a” lead is the uppermost lead
on the right-hand edge of the block symbol. However,
when assigning block lead designations to a block symbol
which is so shaped that its right-hand edge is not clearly

and unmistakably identifiable, then a lead located gen- ;

erally in the upper, right-hand corner of the block symbol
is arbitrarily designated “a.”

Second, the succeeding lower case letters, “b,” “c¢,”
ww% gare successively assigned to the remaining leads of
the block symbol, passing clockwise therearound, i.e.,
so that the lead next below “g” in a clockwise direction
along the outline (a lead on the right-hand edge of the
block symbol, if any) will be designated “b,” etc.

An example of this practice may be found in FIG. 183,
and the application of this practice may be seen by com-
parison of FIG. 183 with FIG. 182, noting that the block
lead designations assigned in FIG. 183 are employed to
identify the corresponding leads in the schematic circuit
diagram of FIG. 182.

Further, as may be seen in FIG. 183, only such ones
of these block lead designating lower case leiters are
shown in the drawings as are required for clear explana-
tion, the designations of the unlettered leads being de-
ducible by traversing the outline of the block symbol from
the “a” lead in the clockwise direction. Thus, the lowest
lead on the right-hand side of the Digit Signal Generator
block symbol of FIG. 183 is the f lead. Similarly, the
third lead from the top on the right-hand side of the
Digit Signal Generator block symbol of FIG. 183 is the
¢ lead.

10

20

30

40

45

60

16

Thus, the lower case alphabetic letters are used herein
to designate certain leads which are more conveniently
designated with respect to the figures in which they are
found, rather than in a series continuing throughout the
drawings. Where, however, it is desired to designate block
symbol leads as originating at a particular block sym-
bol, then the particular lead to be so identified is desig-
nated by a reference which comprises an identifier for
the block symbol itself, with the lower case alphabetic
letter designating the lead following. An example of this
practice is found in FIG. 206, wherein the lead departing
from the lower edge of the block symbol is designated
“DPIla,” the term “DPII” identifying the block symbol
at which this particular “a” lead orginates. Also, lower
case letters are occasionally employed herein to co-identify
items found within a single sheet in a manner not con-
sonant with the above-described conventions, as in the
sheet containing FIGS. 7, 8, 9, and 10, e.g., see “d”’
and “g.”

11. EXPLANATION OF BLOCK SYMBOLS

To facilitate the study of the instant specification and
drawings, those block symbols which are used frequently
throughout the specification and drawings are described
and explained in this section. However, certain block
symbols which are used infrequently herein, e.g., in con-
nection with only one subcircuit, or subsystem, are de-
scribed and explained in other parts of the instant speci-
fication.

11.1 Flip-flops

The embodiment of the instant invention described
herein comprises sixty-two flip-flops as listed in Table FF
(Appendix L). Each of these flip-flops comprises a basic
flip-flop, either flip-flop 1 or flip-flop II, and one or more
dynamic gates. In addition, certain ones of these flip-flops
comprise emitter followers, diodes, etc., as indicated here-
inbelow.

The particular circuits herein designated “flip-flop I”
and “flip-flop II” are shown in FIGS. 3 and 5, respectively,
while the block symbols employed herein to denote these
flip-flops are shown in FIGS. 4 and 6.

As may be seen in FIG. 3, the circuit of flipflop I
comprises a pair of 2N1305-type transistors, by way of
example, interconnected in a bistable circuit of a type
well known to those skilled in the art by the name flip-
flop (see, for example, Digital Computer Components and
Circuits, R. K. Richards, 1959, D. Van Nostrand Co.,
Inc., New York, pp. 160 to 163), The collector terminal
of one of these transistors (the left-hand transistor in
FIG. 3) is designated the FF-, or “superdot,” terminal of
flipflop 1. Similarly, the collector terminal of the other
transistor (the right-hand transistor as shown in FIG. 3)
is designated the FF., or “subdot,” terminal of flip-flop I.

The base terminal of the left-hand transistor as seen in
FIG. 3 is designated the “B.,” or “B-subdot,” terminal of
flip-flop I. The base terminal of the right-hand transistor
as shown in FIG. 3 is designated the “B-,” or “B-superdot,”
terminal of flip-flop 1.

The block symbol shown in FIG. 4 is used to denote
the circuit shown in FIG. 3 at those other places in the
drawings wherein flip-flops comprising basic flip-flop 1
are shown. To identify this block symbol as that denoting
flip-flop I, “I” is placed approximately centrally thereof,
as shown in FIG. 4.

As may also be seen from FIG. 4, the FF- terminal
of flip-flop 1 is shown in the corresponding block symbol
as extending rightwardly from the upper half of the
right edge thereof, while the FF. terminal is shown as
extending rightwardly from the lower half of the right
edge thereof. Thus, the upper flip-flop terminal can al-
ways be identified because the accompanying dot is located
at the upper end of the letter-group FF which denotes
it, while the lower flip-flop terminal can always be identi-
fied by the dot placed near the lower edge of the letter-
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group FF which denotes it. This convention is preserved
throughout the instant specification and drawings, not
only in connection with basic flip-flop T and basic flip-
flop II, but also in connection with the sixty-two com-
posite flip-flops found in Table FF.

Further examination of FIG. 4 will show that ten dots
are located along its left-hand edge. Five of these dots
are located in the upper half of the left-hand edge, and
five in the lower half. As indicated by the symbol B- and
its associated lead lines, the five dots located in the upper
half of the left-hand edge of the block symbol shown in
FIG. 4 may be considered to be directly connected to
the B- terminal of the corresponding flip-flop I circuit.
That is, each of the five dots located on the upper half
of the left-hand edge of the flip-flop I block symbol
represents a terminal directly connected, i.e., connected
by means having negligible impedance, to the base ter-
minal of the right-hand transistor of the flip-flop circuit
to which it corresponds. Similarly, the five dots located
on the lower half of the left-hand edge of the flip-flop I
block symbol represent terminals which are directly con-
nected to the base terminal of the left-hand transistor of
the flip-flop circuit to which the block symbol corresponds.

For example, the lower dot located on the left-hand
edge of the block symbol shown in FIG. 4 may be con-
sidered to represent the dot found immediately to the
right of the base of the left-hand transistor in FIG. 3,
such that a connection to this lower left-hand dot in FIG.
4 is the same as a connection to the corresponding dot in

FIG. 3. Similarly, the other four dots located in the lower :

half of the left-hand edge of the symbol of FIG. 4 may
be considered to represent the dot found immediately to
the right of the base of the left-hand transistor in FIG. 3.

Similarly, the dots located on the upper half of the
left-hand edge of the symbol of FIG. 4 may be considered
to represent the dot located immediately to the left of
the base of the right-hand transistor in FIG. 3.

Upon comparison of FIG. 3 with FIG. 4 it will be
noted that the FF- terminal is adjacent (i.e., directly
above) the B. terminal in FIG. 3, while in FIG. 4 the
FF- terminal is adjacent (i.e., on the same horizontal
level with) the B- terminal. Also, the FF. terminal is
adjacent the B. terminal in FIG. 3, while in FIG. 4 the
FF. terminal is adjacent the B. terminal. In other words,
the positional interrelationship of the B and FF terminals
of the block symbol of FIG. 4 may be thought of as re-
versed with respect to the same interrelationship as shown
in the wiring diagram of FIG. 3. This convention of ter-
minal reversal as between the wiring diagram and the

block diagram has been adopted for the reason that cut- |,

ting off the left-hand transistor will result in the appear-
ance of a close-to-ground signal at the collector of the
right-hand transistor (i.e., the FF. terminal). The signal
required to cut off the left-hand transistor by way of its
base (i.e., the B. terminal) is a signal slightly positive
with respect to ground. The resulting signal at the FF.
terminal will be a signal slightly nepative with respect
to ground, due to the internal drop in the right transistor.
Stightly positive signals, such as that applied to the B.
terminal to cut off the left transistor, and slightly nega-
tive signals, such as the resulting signal appearing at the
FF. terminal, may be conveniently thought of as “nominal
ground” signals, since these signal levels are considerably
closer to ground than to any other logic level employed in
the system. When the signal of B. and the resulting signal
on FF. are so designated, then, it may be stated that the
appearance of nominal ground (slightly positive) at the
B. terminal results in the appearance of nominal ground
(slightly negative) at the FF. terminal. By similar reason-
ing, the appearance of nominal ground (slightly positive)
at the B- terminal results in the appearance of nominal
ground (slightly negative) at the FF: terminal. Or, stated
slightly differently, the appearance of nominal ground at
the superdot input terminal results in the appearance of
nominal ground at the superdot output terminal, while the
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appearance of nominal ground at the subdot input ter-
minal results in the appearance of nominal ground at the
subdot output terminal. In FIG. 3, however, the subdot
input terminal is diagonally opposite the subdot output
terminal, while the superdot input terminal is diagonally
opposite the superdot output terminal. The reversal of
terminals between FIG. 3 and FIG. 4 as mentioned here-
inabove, however, puts the superdot input terminal oppo-
site the superdot output terminal, and the subdot input
terminal opposite the subdot output terminal. Thus, with
respect to FIG. 4, the operation of the flip-flop may be
kept in mind by merely recalling that the appearance of
nominal ground at any one of the five upper input ter-
minals results in the appearance of nominal ground at
the upper output terminal, if not already there, while the
appearance of nominal ground at any one of the five lower
input terminals results in the appearance of nominal
ground at the lower output terminal, if not already there.
This “reversal” convention is employed uniformly in
the instant specification and drawings.

The wiring diagram of basic flip-flop II (FIG. 5) is
related to the block symbol denoting the basic flip-flop
II (FIG. 6) in a manner analogous to the relationship
between the wiring diagram of FIG. 3 and the block sym-
bol of FIG. 4. Thus, the collector terminal of the lefi-
hand (2ZN1499A) transistor of the basic flip-flop shown
in FIG. § is designated the FF- terminal, while the col-
lector terminal of the right-hand (2N1499A) transistor
of FIG. 5 is designated the FF. terminal. Also, the FF-
terminal is located above the FF- terminal in the block
symbol of FIG. 6, thus preserving the same relationship
between these two terminals as in the block symbol of
FIG. 4. In the wiring diagram of the basic II flip-flop
(FIG. 5), however, a 330 ohm resistor is interposed be-

7 tween the B terminals and the bases of the corresponding

transistors, unlike the wiring diagram of FIG. 3 wherein
the B terminals are the base terminals of the transistors.
That is, the lower terminal of the left-hand 330 ohm re-
sistor of FIG. 5 is the B. terminal of the basic II flip-flop,
and not the base of the left-hand transistor of FIG. 5. In
like manner, the lower terminal of the right-hand 330
ohm resistor of FIG. 5 is the B- terminal of the basic IT
flip-flop, and not the base of the right-hand transistor
of FIG. 5. Thus, the five dots located on the upper half
of the left-hand edge of the block symbol of FIG. 6,

] | . . .
and labeled “B”, denote terminals connected directly (i.e.,

by means having negligible impedance) to the lower ter-
minal of the right-hand 330 ohm resistor of FIG. 5. Ob-
serving the same convention, the five dots located on
the lower half of the left-hand edge of the block symbol
of FIG. 6, labeled “B.”, denote terminals connected di-
rectly to the lower terminal of the left-hand 330 ohm
resistor shown in FIG. 5.

As may be seen in FIG. 6, the block symbol denoting
the basic IT flip-flop has a “II” located near its center.
Unlike the basic I flip-flop block symbol of FIG. 4, how-
ever, the identifying II located near the center of the
block symbol of FIG. 6 has an additional term located
immediately to its right. This additional term, identified
as “Cy” in FIGS. 5 and 6, represents a group of Arabic
numerals indicating the value in picofarads of the speedup
capacitors of the flip-flop circuit to which the block sym-
bol corresponds.

The further practice is employed herein of denoting a
flip-flop which corresponds in all respects to the flip-flop
of FIG. § except that its B terminals are connected di-
rectly to the bases of the corresponding transistors with-
out the interposition of 330 ohm resistors, i.e., except that
its B terminals are connected as in FIG. 3, by the block
symbol of FIG. 6 having an additional note “(no 3300)"
located in its lower half, as shown in FIG. 6, and there
marked with a dagger.

In FIG. 7 is shown an emitter follower circuit herein-
after designated “emitter follower J.” Many of the named
flip-flops listed in Table FF include an emitter follower






