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" “ v E38(~. ~ ~ MDITTO IN LOMER 3X. LILT R
o w63~ NDITO In LOWER 2X. L I
w . e GO -~ )NBITTO ¥ LOWER 1X. x ! P
i I N
4 165 | OSCHLATE BAR #7 RECIPROCATE RACKS 83 XKXIX x—1\u/
DIFFERENTIALLY., : ;
i ]
T3 \SE \POSITIIN CAM BRI 525 (3 STERS BWMNESH GEAR RS fa Weooy RACK #66 /e |XiX[x|xl 1 1 1]
AODING IV YPFER EX. A
S 6'30{ v« OO N UPPER 4X. i\t 1 A
o <63 o YDITTOMW UPPER 3X, x[x|x| i
R C izwra W UPPER 2X, L I
=~ 33~ ~  ~ NDIITO 1N UPPER IX. Xl i
T 1
& | 2F |\OPERRIE BARS/IT N JX 708X \DISENCAEE WHEELS 122 FROM 7IEXIX|KIX|X ; ' \A
(W aX 12LY). AMEMBERS 129 AND /30. { b !
1
12| IR \ROTRIE CAMS #02 THROUSH | BRING INTO ACTION A20/T/0NRL K P
T REVRLLTION DURING EACH | EONIROL PLRTES(W.RE Y ERCH EROUA, I
OF IHE FTVE CYELES. DITTO(WO./I /W EREH &;fow) X | b
: DITIONG.20 ~ - ) X : - /\
przomaer - - 3 X bl
RELEASE m/m’oz oLhre 0.2r X Lo
IV EACH GROVA P !
|
17|18 | ROCK Baut $78. BELEASE CONTROL PLATES ot b A
. NOS. 3, 78,79 #ND 20. A
15 |2 | Rock sppeT oo ALINE AWD HOLD BARS 380, XXX XIK Ll /]
21 | IR | ROTATE SHAFT 32/a. MEASURE NOMBER OF WIWES' ON o
LEFT OF HIGNEST DIGHT IV DIVSS OR P
IND ENTER NUMBER ROSITIIELY T
ON DIFFERENCING DEVICE, i I : :
23| 2F |ROCK SHAFTZIO(R 278 1DLY), \ENGAGE CLyren 328, x| o
v 3/4a(RIIEIOLY). |\RECORD FOS/TION OF EACH DICIT IV AL
. IX OF VREUE OTHERWISE THRN 9’ I W
. 338 DISENCACE ROCKERS I51 WHILE X, g1 } !
SETTING DIFFERENEING DEVICE A
28.| 89, |kocn swarr 87, READ KEYBOARD SETTINGS.  |X|XIX|xlx J_U !
-~ 96 NEAGE CLUTCHES 93,94. KXXXXN—I 1= ‘
| |
— | = | OPERRTE JRANSFER BARS /33,139 | INSIWER JTRANSFER CHLLS IN /X 70 SXIX XX XX c‘-‘ ?mmt"e 0 l A AOSS
— | — |0PERATE BARS 138,735, \CeMIRRLIZE L0CH-BARS 726, IXIX|NX|X|__ 5 -
7. | 2R | ROk SHAFT #20. RAISE BRNS #10 AND SPECIAL X P \
ARN 213 70 NECATIVE POSITION) i

INVENTOR.

f/16 36a s

BY

ATTORNEY.
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I T/ING UFPER OX YSING CONTROL KEY

T. W. CHICK
CALCULATING MACHINE

Filed June 14, 1935

7

D A SHIFT NEY 273 WHEN COLUMN-SHIFTING.

2,298,263

82 Sheets-Sheet 46

| /YAVE . .
%‘Q GlrrwermaL PaRT DRIVEW, @) Porrose &) 7A0E OF RACK MMM ENTS
. . a b ec ad e Fal
1_\6dr\norare wiees 760. \ZEROIZE SHRFT 327 AND CAN 337, - _N;:/
| §
2 |\1r | RocK swaer 221, RELERSE SLIDES 212, ——t—
-~ -  283. " LRTCHED SHIFT KEY 823, P oo
& |2r [ Rocw swarr 360, LIFT TOOTH 358 0N GEAR 357 INTO PATH ! o
OF TOOH 356 ONDISC 355 FOR ! !
ZEROIZING AN 337, !
i ~  $80a. \WE /77 IV OX RIGHTWARD 70 SET ALL _\.._(
WAEELS JO7 ABONE THE SPLIT IV | -1 |
. SUBTRACT POSIT/ON. i !
"~ 514, ENSACE CLYTCMES S70, 57/, | i
7 |28 | Rock swaFT 220, RAUSE ARIS 410 IND SPECIA AtM 28| | H
. TO NEGRTIVE POS/T/ON. / N\,
SN I B 417100 ST 2O ESH GERE 87 3700 APCHS HE6, 957 WOX]
T3 | I ATAN CAN DR G35 700 STEXS DOWN \MESH GEAR S8ha VT RACK 466 IN OX. _
o\ SE R mocare A a50. RESTORE RRCAS 250,25/ LEFTNAKD. —\H/\—/—
L Rr hufrs/mrrmc wmox. LIFT YORES 186 W 699K O; ALSO LIFT N L — !
YOKES 787 /W LOWER OX JOLY. ! i
|4 |2 |Rocw swarT 235 ENEREE CLUTCHES 232,233 . I
" 245, - - 242,283, P
\MOVE 171 1W O LEFTINARD 70 SE7 ALL WWEELS . y
. . 280 T ARONE TE SPLIT IN BID” POSITION. b
. MOIE 172 Y OX LEFTWARD JO SET AL IWVEELS il :
107 BELIW THE SAUT IV RRD " POS 770K, Lo f
18 oK | oscucaTE BAR $7 RECIAROCATE RACKS 83 D Femeprmmcey| | 1 1 i
: 7O RELNIER AMOUNT /N OX WHEN A - ——t—t——rt} ~_~
SHIFT NEY 273 1S LSO 4SED. Porg |
OPERRTE RACK #06. RESET GEARS 204, 208, Py [
| ] i !
17 |\ R |ROCK BAIL 578. RELERSE NQ7 CONTROL FURTES o b ! Al
. AIND AEY S50/ r } ' o
15.\2F | PoS/T1oN B4R 700. AINE NP HOLD BARS 380. . R| 11 ] i
- 776 CHINGE TRANSEER ACTION 70 LATER TN L E—
K b H 1
20 |25 |\ROLK SHAFTS 58,AMD 2580 | RAKSE AND LOWER RRCKS 250,251 | I I T
(DISENCREE ROCAERS 37 WHILE I A B
ZEROIZING (AN 53/ O T S .
ROk SHALT I35 (2) DISEMCAGE ROCNERS 261 WHILE 4svs | N— T N/
SETTING OF LATCHED SHIFT AEY273. | | (1 |
- " 484, RELEASE 466,967 WHILE OPERRTED [ 1
BY A50 OF £50a. : i | i !
2 \2F \WPERATE BARS 13T N N 705K | DISENGAGE WHEELS /22 FROM 70E |~ ] /]
(¥ IX 70 SX 1DLY). MEMBERS 729 AND 1370. Pobgod :
[ 1
24 |2R | RoCK SHAFT 2/6. SE7 UP ZERYIZED AMOHT oW LOWER SUDES 272 N L S -
1
26.|9R. \ROTATE SHAFTS 190 WOXTOSX | ZERNZE UPPER OX(0PPéR 7X 05X #RE | | | 1 | !
(N IX 705X 7LY). NOT ZEROIZED BECHUSE THE IXTQ S5X _.}/!—’\1__.___
SHRFTS 1 ARE NOT ROTATED). o ! P
[
28 |2r | rocw swarT 96. ENGAGE CLUTCHES 93,94, oo
SLIDE SHAFTS 120 I OX 70 SX | SELECT X7 5X FUR ZERU ZING 1N BOTH PORTIONS J_U i I
(7% /X790 5X 1DLY). BUTONLY UFPER OX WILL BE ZERO/ZED . | !
\BECAUSE SHAFTS 118 IV IX 78 5X AND T T B
SHAFT /97 INOX ARE NOT ROTATED. I
— | |oPernne 7AANSFER BARS 129,| ANSHVER TRANSFER CAeLsmaxpmeaw | 1 L]
734. 7 \BAMOUNT 1M 4PPER X 15, .Wm.///v,«.r/,'/fr/,m‘'_'——‘—;hﬂ-av_‘1 I
ADDED 70 #AMPINT IV LOWE OX. ! ! <',Wﬂ"{” NO.2 AN
]
— | |WPERATE BARS 138,739. | CEWNTRALIZE Lok BARS 728. A — 1 A
INVENT R
f1G. 36e. %”M
BY

+

ATTORNEY.
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T. W. CHICK
CALCULATING MACHINE

Filed June 14, 193S

ZEROIZING LOWER OX. USING CONTROL KHEY &fﬂ/@
AND B SHRFT AEY 273 WHEN COLUMN-SHIFTING.

2

298,263

82 Sheets-Sheet 47

DR/ VIMG|
’”a",‘;”, @) ravcirac paRT osrvew, & urposE &) MG OF RACA Movers
(. e a 5 cj_=== €
¥
1. \685 | RoTATE WhEEL 750, \ZEROIZE SHAFT FST AND CAN 331, —J:\p\l\/
. I
2 |15 |Rock sworr 221, RELEASE SLIDES 272 ; +
- 283, “  LATEHED SHIFT KEY 273, P
3. | 15 |PosizIoN Camt BAR €35 WIESH GEAR $81a Wittt RACK 967 M0K. 1\ | |
ONE STEP DOWN. [
6. | 2K |\ROCK SHAFT 350. LIFT 700 358 O SEAR 357 Wro AT | | | ]
. OF 700TH 356 ON DISC IS5 FOR ! | i 1
ZEROIZING EAM 331 (R
“ = #80a. POvE 172 W OX RIGHTHARD 70 SET ALt [N T |
WHEELS 107 BELOW THE SPLIT IV | T
SYBTRACT " POSIT/ON. | I,
~ v 873. ENCRCE CLUTCHES 570, 571. b 1 }
Z 2R |\ Rock swarr#20. VRIUSE RRNS #10 AMD SPECIAL ARM 13 I b
7O NEGRTIVE POSIT/ON. I\
PRSIT/ON CAN BAR SH/7M0 SIEFS PONNIMESH GAAR S/ WITH RAICHS 66,867 WOX, | o
11._\9F |\RECIPROCATE BAIL_850. \RESTORE RRCKS 260,251 LEFTHWARD. S~ T~
. I !
70, |5E |\ROTATE SHAFT J1& N OX. LIFT YOKES /87 IN LOWER OX, ALSO %
257 yoxes 166 w B ox oLy, | Y|
| |
1 | 2F \ROCA SHAFT 235. EWERGE CLUITHES 232,233 |
“ v 298 “ . 292,243 ! |
f VHOHE 17/ W OX LEFTHIRD 70 SET AL WHEELS T A\
- - q80 107 PBOVE THE SPLIT /N 200" FOSITION. | | |
g POKIT2 IV OX LEFTMRDTD SETAUL WHEELS| | |
VO7BELOW THE SPLIT 1N BDD POSIT/ON. | by
19 | 0K\ 0SCILLATE BAR 27, RECIPROCATE RRCKS 83 Diremenmimty| |
TO RELNTER AMPONT IV OX WHEN A+ ~l_
SHIFT HEY 273 /5 ALSO USED. | i
. HERBTE RACK 406, RESET GEARS 204, 208. |
: 1
17 | 1R |\ Rock BAIL §78. RELEASE NO.10 CONTRAL PLATES. i i Al
AND KEY S59//0. i i
1.\ I \ROCK SHAFT" 283, RELERSE LATCHED SWIFT KEY 273. |\ | { /]
78.\2F \eostrron BAR 700. ALNE AND HOLD BARS 380. I |
- _~ 76 CHANGE TRANSFER ACTION 70 LATER TN\ | - | |
ROCK SHAFT 8% RELEASE 966,967 WHILE OPERRTED i
BY 980 0% #E0a. | !
20| 2F \ROCK SHAFT 58 AND 258a. |RAISE SND LONER RRLKS 250,25/, ' !
(1) DISENGREE ROCNERS I8 WHILE _\| [
ZEROIZING CAM 734, ——Y
ROCK SHRFT XIS,
S (B DUSENCACE RACHERS I41 WHILE USIHG i
SETTING OF LATCHED SH/IFT NEV 273
25| 2K \OFERITE BARS /F7 W OXRISX | DISENSHEE WHEELS 182 FROM T70E /]
(¥ 72X 70 5x10LY). MEMBERS 129 £70. i
24 |2R | Rock SHAFT 276. \SE7 9P ZERVIZED AMOINT ON LOWER SLIDES2/2. L4
26.| IR \ROTATE SHAFTS 191 IN OX 705X (ZEROIZE LOMER OXJLONER IXTOSX ARENOT i
(W 7X 72 5X 102Y). \ZEAOIZED BECHYSE THE 1A 70 5K SHAF TS| L~ |
V& AREMT ROTATED). | ]
28\ 2R \ROCK SHBFT 96 EVMEREE CLUTCHES 93,94, !
\SLIDE SHAFTS 180 W OX 7D SX \SELECT OXTISKFIR ZERNZNE SN 07K AARTINS] )
(W 1XroSX 1oL Y). BUT OMY LOWR OX Witd BE Zxw017eD | f |
BECAUSE SHAFTS I1E W IX 705X AND !
. SUAFT 190 1Y OX ARE MOT ROTRTED, ;
— | — |OFERBTE TRRNSIER BARS 133126, ANSWER TRANSILER CALLS IV OX. T T P
— | — |OPERRTE BARS /38,129, CENTRALIZE LOCNBARS /88, ! —

F16 37

BY

42
P
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CALCUi.:ATING MACHINE -

Filed June 14, 1935 82 Sheets~Sheet 48

‘550ﬁ7 FORTHE DIVIDING B MUTIFLYING OPERATAN WITNOUY RECORDING RESULTS.
5:;//// FOR ENTERING A POSITIVE PROPUCT RESULT

SIMYLTANEQYS DIVISION & MULTIPLICATION: 55012 “ ~ NEGATIVE --
SUBSEQUENT CYCLES, USING CONTROL KEYS. | 550//4 « " ~ POSITIVE QUOTIFNT  ~
~ S50//5 «~ " » NEGATIVE -~ -
l.a.v/wya 1DE O/’IIMIIVEI)‘
RACK | (3) cHNCInAL PIRT DRIVEN, &) PURPOSE. ) E\ & ¥ & (6) 7770 0 RACK MOVEMENTS
156 iy s a b c d e £
oo (o] T 1
il [ i
2. | 1F | Rock swaFr 221, RELEASE SUDES 212, X — N/
8. | IF. |POSIT7ON CAM BAR 635 ONE STEP \MeSH GEAR F8Fax WITH RACK €67 /N 0X X " \E !
DOWW (MEEATIVE PRODICT ONLY). Py t
6. | 2F. |Rock suaFr 573. ENEALE CLO7CHES 510, 51T Ny '
9. |10k |rorare waeer <e7. DRIVE RACNS 425,926 AMIHENCE | | | |XIX Pt
SHRFT TSI 70 ENTER QUOTIENT VALVE /N Q] _;\'—/:/ |
7. |2& |#ock swarr #20. RAISE ARMS 410 AND SPECIRL ARM 413 I
70 MEGAZIVE POSITION. N |
ﬂ,wm'amuua/”s MMIIHII[MESII CEAR 45/ WITH AACKS S6696TINCY| |X N | i
T SHASoRNeG A, - e IR !
" o n§39. P R " -« o« 2xIX _4__1'_‘_/‘__;_
" AN~ T, 2 " - - - - “ - o e~ IXIX | H |
P A - W e e m o a egX|x ] | . } .
3 v v §36. “ ” o - -~ - 2 R S 4.4 | 1! H
(rwo_s7eps Dawn) S
1. | 9K \RECIPROCATE BAIL 850. RESTORE RACAS 250,251 LEFTWARD. X "‘:\}__./T‘\_/—
0. |52 \ROTATE SKAFT 114 W OX.  |LIFT YORES 186 1N UPPER 0X & 167 W L0WER DX |X| ;o {
- W X, I Ay 31 o b
ST 'S L . S 2x|X [ R
" N .« 3X. “ I xix { { | | i
. . - 2X. N S XX by
- - X, . A 1t A
PISITION ZAR ﬂvéts ol/l//ﬂvraﬂy ROCK 237 REARWARDLY 70 MESH TEETH X A—
#52 (K CERR RE3. N—T
MVE 17/ IN ISOLATED TOTRLIZER RYGHTWARD | X | [
TOSET ALL WHNEELS 107 ABOVE THE SPLIT ot
ROTATE SHAFT 462 . N SUBTRACLT " POSITION. [ I
MOVE 172 IN /SOLATED T07ALIZER RKNTHAD]X, . i
70 SET AL WHEELS 107 BELOW THE SPLUT Pl ;
N SUBTRACT " POSITION. | : i
74, | 2F |ROCK SHAFT £69. \RELEASE 466,467 WHILE GPERATED 87 #50aAOOLX by o
j‘ MOVE 171 1N OXPO5X LEFTIWARD 70 SET AL |K b
" 280. WALELS FO7 RBOVE THE SPLT /1Y 900" Pos/man H | |
' MOKE 172 I IXTD 5X LEFTWARD 70 SET FLLIX, L} |
WAHLELS /87 BELOW THE SFLIT i 300 fIJW/M t i I\ 4
"t 480. MOVE 172 1N OX LEFTWARD 70 SET ALL X [ |
WHEELS /07 BELOW THE SHITIN DD POSITION| ! } P
“ o« 280a. MOV 172 INOX RIGHTWARD T2 SET MLL wieets| | | % Co :
107 BELOW THE SHITIH SUSTRACT PoSI740H, Loy |
19 105 | 0SCILLATE BAR 27 \RecirmocarE rACKS 83 DurerenTiN Ly (X, 4
OPERRIE RACK 406. [RESET ctans 201,208. X bt —
77 1R, |RocK B 578, \Rezense au Lamcwen comrwol piares & INKNXXN || Al
- THEIR RESPECTIVE CONTROL NEXS. i -
18. | 1F. |Rock sHarr 283. \RELEASE RNY LATCRED SHIFT HEY €73 )X| N ' Wann
15, |2 \ROCK SHAFT 278 (8330 /LY),  |LOCK SHIFT KEYS 273 ¥ RELEASED AOSITIONIX L .
\RocK SHRFT 700, ALINE WD HOLD BARS 380 x N /]
POSITION BAR /5. (CHINGE TRANSFER ACTAW 70 LATER TVING, X R |
20. | 2% [Rock Swas7 235. ENGAGE CLUreHhes 232,233, x ol i
“ 2es - - 242,243. X
socx SHAFTS L58R 258a- _ |RAISER LoWew RACAS 250,251, |%
25. | 2K | OPERATE BAR 797 170 3. \DIsENcAGE TRANSFER WHEELS 122 |X
) (70N T MEMBERS 129 & /30.
. |OPERRTE BAR 137 /Y OXTOSX. \DI7TYO IX
24 | 2R | ROCA SHAFT 276.. REGISTER 7S0CATED DIFFERENCE AND X
\PARTAH PRODUCT S OW SLIDES &/2,
~ - 335, . |DASENEASE Rockers I8 waE X
OSC/LLATING 70 IN ERCH CYELE:
OSCHLATE LINK 27D, CHANGE COLUMV-SHIFT SETTING BY X
ENCAEINE SUIDE 352 WHEN QUOTIENT
RESULT /S LESS TWAN 5.
82 | 28 | POSITION BARS 749 WX 705X { WENCAE RESET GERRS 145 WY GEMBIIX
2. - - s n v relx
26. |9k |ROZATE SHRFTS 190 W OX 70 5X. zmo/z:w’mwrimrmz/m’x
ROTATE SHAFZS I N OXT0 SX | LowkR -~ Ix
27, |98 |ROTATE SHAFTS 142 IN 1X 70 SK. \RESET MULTIPLES WERCH TOTARLIZER |X
28 2R |Rock sHaFT 96. (NEACE CLUTCHES 97, 94.
SLIDE SHRLTS 780 IN OX 70 5X . [SEZECT EACH TOIRLIZER /BR ZERDIZING. IX
— | = |OERATE TRANSFER BANS 193,179\ ANSHER TRANSFER CALS JW AL TOTIL/ZERS.
— | —|arepare Bars 128 739. CEATRNLIZE LOOK BARS 788,

F16 37a. BY
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ENTERING 7

T. W. CHICK
CALCULATING MACHINE.

Filed June 14, 193S

2,298,263

82 Sheets-Sheet 49

'ﬂ/V/J[A’ﬂ AMOUNT IV YPPER OX; USING CONTROL KEY SSOYE FORA POSITIVE ENTIY: ONE CYELE.

- “ o ~ S50/ - - NECHTIHE .
snvne \aDE 0PERATIIE B
TS (BPRINCIPIL FRRT DRIKEN. & rorrose. ) (B)7iMNG OF RACK MOVEMENTS.
‘Yoven| a c d e £
& | 2F | ROCK SHAFT #80. MOVE 171 WOX LEFTwpRD O SETAAN | T L
C WHEELS /07 ABOVE THE SPLIT IN o L
“A0D" POSITION. ooy
- «  480a. POVE 17/ N OX RIGHTWARDTO SETALE | X |+———]
WHEELS 107 RBOVE THE SPLIT IV —\——l/ Cob
SUBIRACT " POSITION . : | b |
- v FE4 RELEASE #66,F67 WHLEMPERATEDXIX| | |+ | !
BY #89 OR 480 . A T R
. i
7. | 28| ROCK SHAFT 420. RAISE ARMS 270 00 SPECHLAM | | | 11—
FIF TONECRATIVE POSIT/ON. i i ! !
I t ! |
& \10F |oscreLgre BAR #7 RECIPROCATE RRCH 53 XX~
. DIFFERENTIALLY. [ ! |
- |
8 \3R. | Fosi7ion CAM BAR E47  \MESH GEAR 481 WITH RACK #66 K| | A L Lo
THREE STERS DOWN. IV OX. S e T
: . !
16.| 2K |OPERATE BARS 157 /N OXD5X. | DISENGAGE WHERLS 122 FROM TOE K |K—t—t——] \/
/ MEMBERS 129, 130. | | ! {
1
17 IR, \RocA BAIL 578. RELEASE CONTROL AEY S50/8 X Eob i
AND NOB CONTROL FLATES. oo | Al
RELEASE CONTROL HEY $50/9 AND| KT 1 1 T i
NO.9 LONTREL PLATES. Lo ' | :
- 1
15, | EF |\ROCK SHAFT 700.. RLINE AND HOLD BARS 380. XX\ L - i /]
e " 1 { ]
21 | R |\ RoTa7E SHAFT F2/ Wreasume mumBer o youenrs ow x| 11 |1
LEFT OF HIGHEST SIENIF/CANT | A
\D/GST IV DIVIDEND /Y OX AND ENTER| L T
THE NUMBER MEEATIVELY ON THE P l
DEFFERENCING DEVICE. P oo
il
23| 25 | ROCK SHAFT 330(/ND 78 10LY)| ENCREE CLUTEH F28. XXl !
o SIHRNDI/a IDLY)\RECORD POSITION OFEACH SIGMFFEANT XX L L
DICITIN OX BY SETIING STOP !
MEMBERS 3/8. | A
-~ 335. DISENCACE ROCKERS 87 hwress  (XIX| 1 1 1 1
. |sermme prrEreNcNE DEVICE o | '1
T = |
28\ 2R \ ROCK SHAFT 87. \READ NEVBIRRT SETTINES, xx_)—'\ '! Co
- - 96 ENCACE CLUTCHES 93,94, XX ™~ —
0y oy
— | — |0rersze TRonsFER BARS. \ANSWER TRANSFER catismox XX | 11 P
733, /3%. THROYSH BARS 370 WHEN THERE -—,*——pm—‘-—————
/S A PREVIOUS ENTRY acamin l/yo.zt élwm/,wm 78
— | —\orerare sars 138, 779. CENTRALIZE LOCK BARS 728, MK : LA
b ! -
POSITION EAMBAR 635,  \MESH CERR #80a WITH RACK 966 | AN| | f—t+—r
12\IF | rHREE STEPS DOWN. SNV OX. e
ZEROIZING WHOLE OF @, USING CONTROL_KEY $50/3. ‘
TRIVING
%”” Lo %;’;"};‘;f Ten &) porrosE (6) rmuNe OF RRCK MOVEMENTS
Jularr : a c d_ e N
6 |27 |\ RoCK SHAFT 335, \DISENGCAGE COUPLER GERR 292 FROM EEARS 290y |\ Vs !
287 IN DENOMNATION S, ¢ evAL. | )
7\ 2R. |ROCK SHRFT 224 - VRAUSE ARNS S/0 R SPECIAL FRM #7370 NEGRTIVE /051770 ! H / j \
I\ OF |Roraze SHAFT 128M Q. | ZEROIZE WHPLE OF & ‘N_/,\i |
17| R, |\ Rock Bar 578, RECEASE O.13 CONTROL FLATES & CONTRIL KEY 550/43. | | | A
28 (2R | POSITION BAR 137 | MOVE TOOTH 123 INTO PATH OF T00T7H 07 N — :
WG LREH DENOMINATION. S :
‘/ﬁ 1] d .’
f76. 375, “
. . BY

ATTORNEY.
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CALCULATING MACHINE
Filed June 14, 1939 82 Sheets-Sheet 50

SIMULTANEDYS DIVASION & MULTIPLICATION: PREFARATORY cyaf
SSING CONTROL AEY S59/76.

N/ 72 /N OX RIGHT WARD 70 SET ALL WHEECS
107 Betow 7HE SPLIT IN SUBTRRCT PISITAON,

DY VNG
v””‘g;m G PRINCIPAL 25RT DRIVEN. @ purrose. @ v aF mpck OvEMENTS.
G a b o o e £
1
2 | IE | ROCK SHAFT 221. RELERSE SLIDES 2r2, }
6. |2F |Rock sHaFT $73. ENERGE CLUTENES 570, EY1. NV '
7 |2R \Rock swarr #20. ENSURE 7097 sems #10 AW0 SPECIAL ARM | 1] !
213 ARE RISED 7O NECRTVE FOSITION. | || |
PUSITON CAN BAR 691 Tt STEAS UM NESH GEAR 951 WITH RACKS 765,967 W OX. i !
o . . 620 « = l 7X. I f—
" v - 639 + = v | - B « . - “ “ 2X. } | ™\
" . - 638 - - P “ - " . . 3X. { }
“ v o« 637 # e L - - - " - “ 2X. i | |
" ’ 3 536 P a b ” o - " ” i SX. | | ] {
l /\L_/ |
11 | OF | RECIPROCRTE BAIL E50. RESTORE RALHS S50, 257, L EFTWARL, ] I .
0. \SE \ROZITE SHAFT 114 1V OX. LIFT YORES 185 1 UPER OX 8 187 IN LOWER OX. b |
B B o e fX. . X A |
“ “ “ o« 2X, N B ,. . X e " 2% 1 { }
M B v 3§_ B B M u 43,)(( . . 3; { [ '
“ ) & b “ " . N {
R 'S P e e X - R - !
\MOVE 171 X OX RIGHTIWARD 70 SET7 RHLE WHEELS |
[/ K y 74
po707E SHarT #62. 107 REOVE THE SHITIN SUBTRRCT “POSIT/O: I
i
[
i
1
1

I
i
1% |25 \Rock Swarr 235, ENGAGE CLUTCHES 238,233, !
o 295, : . “ " 248 243, |
MOVE 171 IV OX 70 SX LEFTHWARD 70 SET ALL i
LS/ V.4 /77
. - 280 WHEELS 107 BBOVE THE SPLIT 1N ADD POSITION. |\I /

VRWE 172 IN OX T SX LEFTHWRRD 70 SE794L WVEELS
07 BELOW THE SPLITIN ADD POSIT/ION.

|
1
|
i
i
|
I
{
1
|
|
|
i
|
T
!
|
|
]
|
i
I
i
I
I
|
l
2F |ROLK SHAFTS 258 AND 258a. |RA/SEAND LOWER RICKS £50, 257, "\;_'(

|
| |
- S84, WELERSE F6E, FE7 WALE OPLERATED BY #30. : ;
19 | 16¢ \oscrccnre Bar #7. \RECIPRICATE RALKS 83 DIFFERENCIALLY. ; ]
DPERATE RACH 206 rESET Crags 201, 208 \:—/_
77 |18 |ROCK BAIL 578. RELEASE NO. /6. CONTROL PLATES AND | | i Al
CONTROL NEY S50//6. T i
/8. |1 |Rock SHAFT 283. (RELEGSE ANV LATEHED SHIFT #EY 273. |\ : /]
75 | BF \ROGK SHRFT 278(RND 330 /0LY). LOLK SHIFT KEYS 273 IN RELEASED POS/TIM i
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UNITED STATES PATENT OFFICE

2,298,263
CALCULATING MACHINE

Thomas William Chick, Letchworth, England, as-
signor to International Business Machines Cor-
poration, New York, N. Y., a corporation of
New York ,

Application June 14, 1939, Serial No. 279,034
21 Claims. (CL 235—61)

This application is an improvement on the difference as the upper part of the dividend for
earlier machine of my United States application the next stage of the division, and multiplying
Serial No, 214,921 dated June 21, 1938, and re- mechanism comprising means for selecting those
lates to calculating machines, - of the said multiples of the multiplicand that cor-

Calculating machines at present on the market 5 respond to the various digits of a multiplier and
perform division .by repeated subtraction of the means for summing the selected multiples each
divisor from the dividend and require an average multiplied by a power of ten appropriate to the
of 6.5 cycles per quotient digit. Such machines

have been arranged to perform multiplication
by the method of repeated addition of the multi-
plicand and they require an average of 4.5 cycles
per multiplier digit. Such machines are, thus,
slow in operation. Multiplying machines are on
the market which only require one cycle per
multiplier digit but such machines do not per-
form division, .

One object of this invention is to provide a
machine that performs division at & much higher
Speed than the machines referred to above. The
speed of the machine may be as high as one cycle
only per quotient digit but economy of mecha-
nism can be obtained by operating at lower
speeds such as 1.5 or 2 cycles per quotient digit.

Another object is to provide & machine that
will multiply or divide at high speed.

Another object of this invention is to provide
a calculating machine comprising a plurality of
totalizers, means for calculating predetermined
multiples of a divisor and registering them each
in a separate one of the totalizers, means for en-
tering the upper part of a dividend into each
totalizer concuwrrently in such manner ag to ob-
tain in each the difference between the upper
part of the dividend and the multiple originally
in that totalizer, canvassing means for canvass-
ing the totalizers to select the totalizer con-
taining the smallest difference of a predeter-
mined sign, means for registering the said differ-~
ence as the upper part of the dividend for the
next step of the calculation, and means for reg-

istering the digit corresponding to the multiple

related to the selected totalizer as a quotient
digit.

Another objéct is to provide a calculating ma-
chine that performs both division and multipli-
cation and comprises means for calculating pre-
determined multiples of g, divisor or multiplicand,
dividing means for concurrently comparing the
multiples with an upper part of a dividend, se-
lecting the largest multiple that is not greater
than the s 4 upper part of the dividend, regis-
tering the- digit corresponding to the selected
multiple ‘as a quotient digit, and obtaining the
difference between the selected multiple and the

upper par: of the dividend and registering the 55

_ multiplier digit to which it corresponds.

Another object is to provide a machine that

10 divides & dividend by a divisor and concurrently

multiplies the multiplicand by the quotient of
the divisor and dividend, The machine calculates
predetermined multiples of a divisor and the
corresponding multiples of g multiplicand, com-

15 pares the multiples of the divisor with a dividend

to select the largest multiple that is not greater
- than the dividend and the corresponding multi-
.Ple of the multiplicand, subtracts the selected
multiple of the divisor from the dividend, sets

20 the difference as the new dividend for the next

step of the calculation and sums the selected
multiples of the multiplicanid each multiplied
by an appropriate power of ten,

With such a machine some of the denomina-

25 tional sections will be used for division and

others for multiplication so that the machine
is divided into two portion: and a further object
is to provide means for splitting the machine
between any two denominational sections into

30 the two said positions whose size can thus be

varied as desired. .

The machine may be arranged to obtain each
quotient digit in a single cycle only by using, as
the multiples, all the products of the divisor ang

35 each digit in the notation of the dividend, that

is the digits 0 to 9 in the case of the decimal
notation. Alternatively, the machine may use
fewer multiples so that & simpler multiple-form-
ing mechanism may be used. In such a machine

40 some, at least, of the quotient digits may require

two or more cycles to obtain so that the ma-
chine speed, measured by the reciprocal of the
number of cycles required to perform a calcula-
tion, will be reduced although this may be off-

45 set by the possibility of running the machine at g

higher speed owing to the lesser amount of mech-
anism to be driven.

If a series, such as once and twice, or once,
twice and three times, or once to five times, hav-

50 ing no discontinuity is used, machine time may

be saved by only performing a cycle, if, in the ,
Preceding cycle for the same quotient denomina-
tion the dividend was less than the greatest mul-
tiple. Thus with the series once to five times,
one cycle only is needed to obtain 0,1,2,30r4
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as a quotient digit, but if the dividend is five
times or greater than five times the divisor a
second cycle is required and the quotient digit is
obtained as 5+0, 541, 5+2, 54-3, or 54-4. The
average number of cycles with this series is 1.5
cycles.

Another object of this invention is to provide
means for measuring the positions of the highest
significant figures of the divisor and the dividend
to determine their relative -displacement as reg-
jstered in the machine and column-shift mech-
anism adjustable in accordance with the said rel-
ative displacement ai each stage of the calcula-

tion to correlate the dividend and the multiples .

of the divisor. L

Other objects and advantages of the invention
will be apparent from the following description
of one form of embodiment comprising an 18-
column key-set and handle-operated mschine
employing the decimal notation and based upon
the five-muitiple series of once to five times the
divisor. .

n the drawings: .

Figures 1, 1¢, 2, 3, 4,5, 6, 7 and 8 form & ver-
ticsl section through the keyboard, totalizers and
measuring apparatus of the machine, Figure 1la
should be arranged below Figure 1 and the re-
maining figures in order on the right of Figure 1.

Fig. 2 is also indicated as & section taken on
lines 2—2 of Figure 9. .

Tgure 3 is further designated as & section on
line 3—3 of Figure 9. :

Figure 6 is indicated as a section on line 6—86
of Figure 12, ,

Tigure 9 is & vertical section on the line 8—8
of Figure 2 through one section of the keyboard.

Figure 10 is a section on the line 10—Ii90 of
Figure 3 and shows the operation of the mecha-
pnism for splitting the clearing of the keyboard.

PFigure 11 is & view of one totalizer as seen from’

the opposite side of the machine to Pigures ¢
to 7. This figure is & section on the line fi—114
of Figure 12. .

Tigure 12 is & section on the line f2a—02 of
Figure 6 through one totalizer.

Figures 13, 14, 15 and 16 together form & hori-
zontal section through the highest denomination
of the totalizers and through canvassing mecha-
pism on the lines 13—i8, 14—I14,, 15—I5 and

 16—1{6 of Figures 4 to 7 respectively.

Tgure 17 is en end view of certain slides in the
keyboard section of the machine,

Tigures 18¢, 18b and 18¢ together form & ver-
tical section along the line 18—18 of Figure 38,
as seen from the left.

Figures 19¢, 18b and 19¢ together form & ver-
tical section through the machine on the line
16.—19 of Figure 38. These figures form an ele-
vation of the right-hand side of the machine with
the control keys and mechanism rgmoved.

Figures 20, 21 and 22 together form & vertical
seetion through the machine and show column
shift mechenism, quotient place mechanism and
part of the measuring apperatus. These figures
are in the same plane as Figures 1 to 8, and if
Figures 1 to 8 are superimposed on Figures 20, 21
and 22, a complete vertical section through the
calculating part of the machine is formed.

Pigure 23 is a section on the line 23—23 of
Figures 20, 21 and 22 and forms a plan of the
column shift mechanism.

Figures 24a to 2¢h are diagrams showing the
operations of the. machine and the results ob-

2,208,
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" ures 39a to 3%)

40
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55

80

85
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tained at each stage during the entering of a 75
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dividend, & divisor and a multiplicand during an
example of a calculation. :

Figures 25a to 25p are diagrams showing the
operation of the machine and the results obtained
at each stage during an example of a calculation.

Figures 26 and 27 are conventional diagrams to
illustrate in plan the arrangement of the driv-
ing cams and connections to various parts.

THigures 28 and 28e are together a vertical sec-
tion through the driving mechanism on the line
28—28 of Figures 39b and 39%e. i

Figure 29 is a section on the line
Figure 28.

- Pigures 30 and 30a together constitute a sec-
tion on the line 30—30 of Figs. 28 and 28a show-
ing & part of the control mechanism in action.

#igure 31 shows the construction of the con-
trol keys of the machine.

Figure 32 is a detail of & cycle-controlling cam
provided in the control mechanism.

Figures 33 and 34 together form a sectional
elevation on the line 34—34 of Figure 35. The
right-hand part of Figure 33 is, however, & sec-
tion on the line 33—33 of Fig. 35.

Figures 34a and 34b are conventional diagrams
to illustrate the action of the.multiple totalizer
selecting mechanism. . S

" Figure 35 is a vertical section through the can-
vassing mechanism on the line 35—35 of Figures
33 and 34. )

Figures 36 to 364 and 37 to 37c are timing dia-
grams for the machine. :

Figure 38 is a somewhat diagrammadtic plan of:
the machine.

“Pigures 39¢ to 39f inclusive (with Figures
394, 39b and 39c arranged side by side and Figures
394, 39¢ and 397 arranged side by side below Fig-
form a horizontal section
through the machine which is taken on a plane
lying just below the mechanism shown in Figures
2 and 3 and extending across the entire machine.
This section shows the relationship between the
column shift mechanism, the main drive and. the
controlling connections. k

Figures 40a, 40b and 40c arranged side by side
in that order form an outside elevation of the
machine as seen from the right in Figure 38 and
with the cover broken away. This view is faken
substantially on the line 40—&8 of Figure 38.

Figures 4la to 41d arranged with Figures 4le
and 41b side by side and Figures 41c¢ and 414 side
by side below Figures 41¢ and 41b form & front
elevation of the machine with the cover broken
away. This view is taken substantially on the
line §1—&1 of Figure 38.

Figures 42¢ to 42d arranged in the same way as
Figures 41a to 41d form g vertical section through
the machine on the line 42—42 of Figure 38.
These figures show the keyboard and the gearing
between the keyboard section of the machine and
the totalizers. .

Figures 43¢ to 43d arranged in the same way as-
Figures 41a to 41d form a vertical section on the
line 43—43 of Figure 38. This view shows the
totalizer OX together with the column shift
mechanism and the drive and control mechanism
in section.

Figures 44a to 44d arranged in the same way
as Figures 41a to 41d form a vertical section on
the line 84—44 of Figure 38. The view is similar
to that of Figures 43a—43d except that it is taken
through the totalizer 3X. :

Figure 45 is a horizontal section on the lines
#5—4&5 of Figures 7 and 8 and shows the mecha-
nism in five sections of the machine by which

2929 of
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the machine can be spiit into a multiplying and
dividing part. Only those parts involved in split-
ungthemachineareshowninthlsview; and

Figure 46 is a development of a section along
the line 48—46 of Figure 11 and shows from
underneath the mechanism for splitting the
means for zeroizing a totalizer, ,

Figures 47, 48 and 49 are sectional views show-
ing the detailed construction of & part of the
means for correlating the dividend and divisor,

Pigures 50 and 50c are together a sectional
elevation on tae line 58—358 of Figure 8 and shows
the construction of a part of the tens transfer
mechanism and of the means for interrupting
the transfer sequence
tion of the split.

Figures 51a, 51 and 51c are side elevation and
plan views of the machine showing the relative
Ppositions of the lines through which the sectional
views comprising the various figures have been
taken ’

l"lgﬁre 52 is a section on the line
-Mgure la and shows the action of
shift resetting means.

GENERAL DESCRIPTION
-Keyboard, totalizers and splitting

In Figure 38, which is a somewhat diagram-
matic plan of the machine, columns of depressible
keys 80 form the keyboard for the entry of nu-
merical data intc the machine. There are
elghteen columns, numbered 1 to 18 from the
right, each cclumn containing ten keys marked
.“0” to “9” in the order shown. Any setting in a
column can be cleared by d;pressing the “0” key
in that column For a general clearing of all the
columns to the left of the split, a clearing key
810 is provided, and for the clearing of all the
columns to the right of the split there is pro-
vided a similar key 818q, the number of columns
cleared in either case. depending upon the posi-
tion of the split. .

The results at each stage of a calculation are
indicated by iotalizers marked Q, 0X, IX, 2X,
3X, 4X and 5X. The dials of these totalizers are
denominationally in line with the corresponding
keyboard columns and, are visible through win-
dows 596.

The splitting of the ‘machine into two portions
includes the splitting' of the keyboard and all

52—852 of
the column

in accordance with the posi-

10

" operation required, control keys 550/1

15

20

25

30

E

45

50

the totalizers except the one marked Q, so that

all the denominations to the left of the split may
. be utilized for dividing and all these to the right
for multiplying. In the case of the totalizer Q,

splitting is unnecessary for a reason that will be"

apparent at a later stage. The position of the
split is determined by the column capacity re-
quired in each portion of the machine. 'This
position may be varied by manually rotating a
‘knob §99, and is signified by indicators showing
through windows {68, there being a separate in-
‘dicator for each denomination., Each indicator
has two positions, one showing & red signal and
the other a white one. All the indicators on
the left of the split show the red signal and all
those on the right show the white one; thus, the

53

times arranged in factorial order.

3

totalizers IX to 5X are mainly employed for reg-
istering the predetermined multiples of the
divisor entered negatively, the series of multiples
chosen for this embodiment being once to five
The lower
portions of these totalizers are mainly employed
for registering the predetermined multiples of
the multiplicand entered positively and in the
same factorial order as the divisor multiples.

Control keys

For controlling the functioning of the various
parts of the machine in acecordance with the
to 5850/11
are provided and each operation of the machine
is effected by rotating the handle 585 through
one or a number of complete revolutions after
setting an appropriate one or more of the control
keys. The principal use of each key is set forth
in Table 1 following: .

Table 1 .

Number of
machine
eycles

Control

key

Purpose
No.— .

Simultaneously zeroizing upper portion of
each of 1X to 5X.

Spare key: availyhle for any other operation.

-550/3 | Simultaneously entering divisor multiples

negatively in upper 1X to 5X and mult;-

pligg%ld multiples positively in lower 1X

to

Simulta'ucously 7eroizing lower portion of
each of 1X to 5X,
Spax;ie key: available for any other opreation._
o

Zeroizing upper portion of 0X. I
550/3 | Entering an amount positivaly in upper
portion of OX, especially a dividend or

multiplier. E

Entering an amount negatively in upper
portion of OX.

Zeroizing lower portion of OX_ ... ____

Accumulsting a product result positively in
lower OX.

Accumulsting a product result negatively
in lower OX.

Zeroizingwholeof Q.__.._.____._

Erntering quotient result positive in Q______

Entering quotient result negative in Q_ - _

Controlling preparatory cycle in dividing
and multiplying operations,

Controlling subsequent eycles in dividing
and multiplyine operations.

0,
Indefinite,
Do.

One.
Indefirite.
Do.

One,
Indefir ite,

Other uses for the control keys, either sepa-
rately or in combination, will become apparent
as the description proceeds.

Entering dividend

The dividend is set up on the keyboard in any
convenient position but preferably to the lett of
the split, and the control key 550/8 is depressed.

. The machine is then operated through one cycle,

80

85

split is indicated by the point &t which the

signal colors change. o
Quotient results are shown in Q and this total-
izer is also adapted for use as a multiplier reg-
ister. Within limits that will be defined, any
portion of OX may be utilized as & dividend
register without regard to the position of the
- 8plit, but product results are only shown in the
lower portion of OX. The upper portions of the

70

whereupon the dividend' appears in OX, each
digit being in line with its set-up on the key-
board. Near the end of the cycle the control key
is released.

Entering multiplier

As will later be explained, a multiplier is
entered as though it were a dividend, the same
control key 550/8 being used.

Entering divisor and multiplicand multiples

To enter the divisor multiples, the divisor is
set up on the keyboard to the left of the split,
the control key 550/3 is depressed, and the ma-

~ chine is operated through five cycles by rotating

75

the handle 595 once for each cycle. During
these cycles the divisor multiples are built up in
their respective totalizers by a series of successive
subtractions, the results being as shown in Table




4

2, each multiple being registered as a comple-

ment. )
To enter the multiplicand multiples, the multi-

plicand is set up on the keyboard to the right -

of the split, the same control key 650/3 is de-
pressed and
cycles. .During these cycles, the multiplicand
muitiples are built up in their respective totalizers

by & series of successive additions, the results

being as shown in Tables 3 and 4.

The divisor multiples and the multiplicand
multiples may be built up simultaneously if de-
sired by entering both amounts on the keyboard,

the machine is operated through five -

10

depressing the appropriate control key, then op-

erating the machine through five cycles.
Whether the divisor and multiplicand multiples
are entered separately or simultaneously, the de-
pressed control keys are not released until the
completion of the fourth cycle.
1t will readily be appreciated that a divisor

20

must not be entered with its highest digit in the

highest denomination of the machine, but instead
at least one denomination should be reserved on
its left to accommodate in the multiple totalizers
the tens entry relating to the multiples of that
digit. . .
Operating machine in dividing and/or
multiplying cycles

The construction of the ‘mechanism\ is such
that it always performs & multiplying cycle in

25

30

the lower portion simultaneously with each divid- .

ing eycle in the upper portion, using the quotient
result in the upper portion as a multiplier in the
lower portion.

1 no multiplicand factor has been entered, the
accompanying multiplication is that of multiply-
ing s blank or zero multiplicand by the quotient
result, which gives a blank or zero product. In
that case the machine is said to perform “di-
vision only,” because only data for a dividing
operation has been entered, the factors and re-
sults appearing in the totalizers as -shown in
Table 2. :

~If a dividend entry in OX is divided by “one” as
the divisor, the resulting quotient in Q@ will be
identicel with the dividend. If there is 2 multi-

35

40

45

plicand entry, the latter will be simultaneously -

multiplied by the quotient result but, because the
quotient result is identical with the dividend en-
try, it is equally correct to say that the multipli-
cand entry is multiplied by the dividend entry.
_Thus, to multiply together two factors, one fac-
tor is entered as a dividend and divided by “one,”

the other factor is entered as & multiplicand.

The machine is then said to perform “multipli-
cation only” because only data for & multiplying
operation has been entered, the factors and re-
sults appearing as in Table 3.

When & dividend entry is divided by &n amount
other then “one” and a muitiplicand entry is
simultaneously multiplied by the quotient result,
the machine is said to perform “division and mul-
tiplication simultaneously,” because data for both
& dividing and & multiplying operation have been
entered. The factors and results then appear as
in Table 4. _

In the present embodiment, no means are
shown for performing simultaneously & ‘dividing
operation and an independent multiplying oper-
ation in which the multiplier amount is other
than the quotient result, for the reason that du-
plex action of that kind is not included in the
" purpose of the invention,-

In “division only” quotients may be'entered'

&)

53

60

85

70

-into a dividing machine only.
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either positively by using control key §50/i4 or
negatively by using key 550/185, and quotients may
be totaled, if desired, by omitting to clear the
totalizer Q before commencing the next calcula-
tion. The totalizer may be cleared by depressing
the key 550/18. Also in “division only.” the posi-
tion of the split is immaterial as long as there -
are sufficient denominations in the upper portion
to accommodate all the digits of the divisor mul-
tiples. It may even be moved, if preferred, to the
extreme right so that the upper portion of the
machine includes all the denominations and the
lower none, thus virtually converting the machine
An intermediate
position for the split is preferred, however, in
order to minimize its aljustment in general use.

In “multiplication only,” multipliers may be
toteled as in “division only” because each multi-
plier is reentered as a quotient in Q. Products
may also be totaled, using control key 550/1i1 for
positive entries and 580/12 for negative entries.

Table 2
DIVISION ONLY

szt:}l' Upper portion TLower portion
5X:...| Five times the divisor entered | Blank,
negatively.
4X.._ | Four timos the "divisor entered Do.
) negatively.
3X_...| Three times the divisor eritered Do.
negatively.
oX_ __| Twice times the divisor entered Do.
negatively.
1X._...| Once times the divisor entered Do.
negatively.
0X .._.| Dividend entered positively......._--. Dividend: alterna-
tive position.
Q ....| Quotient result entered positively or
pegatively. 0000 emmecememmmeeee
Table 3
MULTIPLICATION ONLY
Tf:';l Upper portion Lower portion
5X_.__| Five times “one” entered | Five times the multiplicand
negatively. entered positively.
4X.___| Four times “one” entered | Four times the multiplicand
negatively. entered positively.
3X____| Three times ‘“one’ entered | Three timesths maltiplicand
negatively. entered positively.
92X ._.__| Twice times “one” entered | Twice times the mauliipli-
negatively. » cand entered positively.
1X..__| Once times *“one” entered | Ones times the multiplicand
negatively. . entered positively.
0X._..| Multiplier entered positively| Product result entered posi-
N . tively or negetively.
Qoeeee Multiplier reentered posi-
tively or negatively. .
Table 4

SIMULTANEOUS DIVISION AND MULTIPLICATION

T?;:rl Upper-portien Lower portion

5X____| Five times the divisor en- | Five times the multiplicand
tered negatively. entered posiiively.

4X____| Four times the divisor en- | Four times the multiplicand
tered negatively. entered positively.

3X____| Three times the divisor en- | Threstimesthe multiplieand
tered negatively. entered positively.

2X..._| Twice times the divisor | Twice times the multipli-
entered negatively. cand enterad positively.

1X____| Once times the divisor en- Onee times the muitiplicand
tered negatively. entered positively.

0X.._| Dividend entered positively | Product result entered posis

X : tively or negetively.
Qoo Quotient - result reentered

positively or negatively.

Correlating dividend with
. “seros” in dividend or mulliplier
It was stated as an object of the invention to
provide means for measuring the positions of the
ps )

75

divisor and skipping



highest significant figures of the divisor and divi-
dend and to correlate the latter with the divisor
at each stage of the calculation. There are two
methods of accomplishing this. As will be shown
later, every dividing or multiplying series of cycles
Is commenced with a special preparatory cycle
using the control key 580 (8, During this cycle,
no quotient or product result is entered. Each
subsequent, cycle, using the control key BIO/ i1,
is a result entering cyecle. ‘
One method of correlation is to measure the
positions of the significant digits on entering the
amounts and then effect an aligning column shift
of the dividend in the preparatory cycle. In each
of the subsequent cycles in which the quotient
result is less-than “5”, the basic adjustment re-
- celves a supplementary adjustment of one place
leftward so as to move the quotient signal right-
“ward one place in readiness for the next quotient
entry. :
Trge second method is to measure the positions
of the significant digits, not on entering the

amounts but early in each cycle, with the result -

that ‘any intermediate “zeros” in the difference

isolated from the previous cycle will cause an

extra shift of the latter one place leftward for
each “zero” encountered so that, what in the first
- method would be a blank cycle giving “0” as a
quotient result, would in-the second method be
entirely omitted. .

Each method has advantages but the first
method has been chosen to illustrate the inven-
tion.

It will be appreciated that the foregoing applies
equally well to the-correlating of the divisor
“one” and the multiplier treated as a dividend
as described in reference to “multiplication only”
for either method may be applied.

With the present machine a dividend and a
divisor may be entered with like denominations
in any relationship, provided that the divisor is
entered wholly on the left of the split. The divi-
dend may be entered anywhere in OX without
reference to the position of the split, but in this
embodiment its highest digit must not be more
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than nine columns from the highest digit of the .

divisor. In the preparatory cycle the machine
automatically column-shifts the dividenq in
whichever direction is required to align its high-
est digit with that of the divisor. This feature is
of particular value in An -extended calculation
where, for example, a product result in the lower
portion of OX is required to act as & dividend or
multiplier in a subsequent calculation.

Quotient place indicating

Quotient place indicating is effected by show-
ing a signal through a window 598 in whichever
denomination the quotient will be entered dur-
ing the cycle, and the column-shifting of g divi-
dend in one direction is always accompanied by
& corresponding shift of the quotient place signal
in the opposite direction. The position for en-
tering the first quotient digit is dependent upon
the position of the signal when commencing the
calculation, and also upen the amount the divi-
dend is shifted to.align it with the divisor. An
example of a calculation given later in the de-
scription will show how the commencing position
is influenced by these two circumstances. If the
highest digits are already in alignment, there will
be no aligning shift and consequently the first
quotient entry will be made in whichever column
is occupied by the signal. The position of the
signal can be adjusted before entering the factors
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5
by column-shifting a blank amount In one or
other portion of OX,

Quotient entering

As zet forth in the objects of the invention,
with the sgeries of multiples once to five times the
divisor, an extra ‘cycle for the same quotient
denomination is required if the quotient entry is
“5”. In this extra cycle the machine is required
to ascertain whether “5” is the true quotient or
whether it is only & partial quotient. If it ig the

frue quotient, then the quotient entry in the

extra cycle will be “0”, If it is only a partial
quotient, then the quotient entry in the extra
cycle will be either “1, 2, 3 or 4” and, because this
entry is made in g denomination already con-
taining “5”, the final or true quotient result winl
be “6, 7, 8 or 9”. ‘ :
In a “true-quotient” cycle or an “extra-quo-
tient” of the quotient value is
always followed by a rightward shift of the quo-
tient signal to the position required for the quo-
tient entry in the next cycle. It is therefore al-
ways possible to tell if the last quotient figure
calculated is g trye quotient by observing whether
or not the quotient indicator has moved to the
next column,

Column-shifting

The column-shifting means disclosed in this
Specification is applicable to (@) automatic shift-
ing of a dividend or product amount in OX dur-
Ing a calculating cycle: (b). manual shifting of
an amount already in OX,

(@) Automatic shifting hag already been re-
ferred to under “correlsting dividend with divisor
and skipping ‘zeros’ in dividend or multiplier.”
to the upper and lower portions
of OX and only takes place during g dividing
and/or multiplying series of operations, the
means for manual shifting being held locked.
f during the cal-

one amount, -

(b) Any possible automatic shift can be per-
formed manually by latching down an appropri-
ate one of a number of shift keys 273 and, which-
ever of the zeroizing control keys 550/7 or 550/10
controls the clearing of the amount to be shifted,
then rotating the handle one turn.

It will be observed that there are nineteen of
the keys 213; eighteen are arranged one in each
denomination and one on the extreme right, Each
is marked with g designating numeral o show
the amount of column-shift it controls. The
shift key in column 8§ and marked “N” is called
the “normal” Or “no shift” key because it ad-
justs the mechanism to give no column-shift
when operated as above but, although no column-
shift is effected, another purpose is served as wili
later be described in reference to the details of
the mechanism. The other keys are arranged in
two groups, one group on the left of the normal
key for rightward shifts and the other group on
the right for leftward shifts. A rightward shift
of an amount in OX is accompanied by a left-
ward shift of the quotient signal and vice versa.
With the quotient signal in the normal column
and using, for example, the “2” key in column {1,
the selected amount in ox is moved rightward
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two places and the quotient signal is moved lett-
ward two places from column 8 to column it
When the quotient signal is moved from the nor-
mal position, it will always move to the same col-
umn as the operative shift key, no matter which
key is selected. If the same key s used & second
time, the amount in OX will be moved rightward
a further two places and the quotient signal will
be moved leftward another two places to column
13. If used a third time, the amount will be
moved a total of six places rightward and the
signal & total of six places leftward to column
5. Using the “6” key in the first shift cycle
instead of the “2” key three times in succession
would have produced the same amount of shift.
From this example it will be understcod that
each shift key controls in each manual column-
shift cycle an amount of shift comprising a com-
plete step through as many denominations as are
signified by its designating numeral and in a
direction corresponding to its group. If a shift
takes an amount in OX beyond the capacity of
the machine in either direction, the part not
within the capacity will be lost; thus, column-
shifting an amount beyond the capacity of the
machine provides an alternative method of clear-
ing it. If the quotient signal is already displaced
from the normal position when a shift is made, it
will be moved from the displaced position through
the same number of places as though it were
moved from the normal position,

The “9” key on the extreme right is an extra
shift key provided to enable 2 maximum right-
ward shift of nine columns to be balanced by
an equal shift of nine columns leftward. It will
be noted that this key has no quotient place sig-
nal, none being needed for this purpose.

In manual shifting, an amount in one portion
of OX may be shifted to the other portion. If
there is an amount already standing in that por-
tion, then the first amount may be so shifted that
it may be added to the standing-amount.

In some calculations it may be preferred to
have the quotient signal in some predetermined
commencing position. The signal may be col-
umn-shifted to that position by leaving the up-
per or lower portion of OX blank, then using
that portion for a blank column-shift operation
which will move the slgnal to the predetermined
position. .

Transmitting a result from totalizer to keyboard

In a continued serles of calculations it fre-
quently occurs that a product or quotient result
is required to be set up on the keyboard for use
as a factor in a later calculation. A part of the
mechanism for this purpose is incorporated in
the drawings, but as it is not essential to the
description of the present invention it will only
be referred to briefly.

Clearing totalizers

An amount in the upper portion of X may be
cleared by depressed the zeroizing key 650/1 and
rotating the handle 595. If at the same time
there is an amount in any of the upper portions
of 2X to 5X, this amount will also be cleared by
the same operation. The lower portions of X
to 5X may be similarly cleared by using the key
. 550/4. The upper portion of OX may be cleared
by depressing the Key 550/7 and rotating the
handle. The lower portion of OX may likewise
be cleared by using the key §50/10.
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Decimal point indicators

An indicator is provided in each of the total-
izers @, OX and {X. They are independent
and .each may be manually adjusted by the ro-
tation of & knob 1i6a to any one of eighteen
possible positions. As the splitting of the ma-

_ chine provides for the entry of two amounts in
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each of the totalizers OX and IX as described,
and because there is only one indicator for each
totalizer, each indicator can only be used on one
side of the split at & time, but this suffices for
ordinary requirements.. In_the case of the to-
talizer @, this circumstance ‘doces not arise for
the totalizer is not split and only one amount
at & time is entered. Thus, in “division only,”
where the factors and results are disposed as in
Teble 2, the {X indicator is utilized to point off
the divisor in the upper portion-of X, and the
OX indicator to point off the dividend in which-
ever portion of OX it has been entered. In “mui-
tiplication only,” where the factors and results
are as set forth in Table 3, the i{X indicator is
moved to the lower portion to point off the mul-

- tiplicand, and likewise the OX indicator to point

off the product result in OX. In “simultaneous
division and multiplication” where the factors
and results are as shown in Table 4, both the
OX and the iX indicators may be employed in
either portion of their respective totalizers ac-
cording to the requirements-of the calculation.
As already described, the factors may be entered
in any position in‘their respective totalizers, pro-
vided that sufficient room: is left for the results
so that, when entering & factor in which the units
denomination is known, it follows that the deci-
mal point position for that factor is known and
the indicator can, therefore, be adjusted to that
position, For the position of the decimal point -
in the results, the customary rule is applied,
namely, that the number of decimal places in the
quotient is equal to the number of places in the
dividend minus the number in the divisor, and
the number of decimal places in the product
is equal to the number of places in the multi-
plier plus the number in the multiplicand. In
the case.of a product, it is preferred to position
its decimal point an additional column leftward
of that obtained by the foregoing rule owing to
the operation of the column-shift means as will
be explained.

Ezample of division and multiplication simul-
: taneously

A specific example of a simultaneous dividing
and multiplying operation will now be given.
Let it be required to divide 1498 by 14 and at-
gl:;e same time multiply the resulting quotient by:

The totalizers are first cleared of all values
by depressing control keys 550/1, 550/4, §50/1,
560/10 and 550/13 and then rotating the handle
§95 one turn. This cycle zeroizes both the upper
and lower portions of each totalizer, the de-
pressed control keys remaining latched down un-
til near the end of the cycle when they are re-
leased. The keys 810 and 870a are also de-
pressed to clear the keyboard of any previous
settings. Neither of these keys is latched down
and each is effective without rotation of the
handle 595.

The split is now adjusted to give sufficient
capacity for the dividing and multiplying opera-
tions; in this case, between columns {0 and 11
will be suitable. The machine is now ready for
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entering the glven data and commencing the
calculation,
In PFigures 24a to 24k are set forth the var-

" lous steps involved at each stage of the calcu- -

lation, Each figure shows the values in the to-
talizers and on the key board at the beginning
or at the end of a stage in each cycle of opera-
tion; also, which control keys are depressed and
whether or not any of them are released at the
end of a cycle, The position of the split is

shown by an asterisk ang the position of the.

‘quotient place signal by an arrow. The latching
of & column-shift key 273 or an equivalent col.
umn-shitt adjustment is denoted by an under-
lning of the designating’ number which repre-
sents it. The depressing of a control key at the

beginning of a cycle is marked by & bracket, and -

its release during a cycle by the omission of the
bracket. Decimal point indications are shown
&3 normal decimal points,

Entering dividend amount

With the machine cleared, the dividend «“1498”
is entered on the key-board to the left of the
5plit in, say, columns {1 to 14, as shown in Fg-
Ure 24a. - The contral key 850/8 is set and the
handle 595 given one rotation, whereupon the
dividend appears in the upper portion of OX as
shown in Figure 24b, the key 850/8 is released
and the keyboard is cleared.

Entering divisor and multiplicand multiples

The divisor “14” is entered on the keyboard
to the left of the split in, say, columns |4 and
{2, and the muitiplicand “33” on the right in
columns 4 and 5, these positions being chosen
as described. The control ke 850/2 is set as
shown in Figure 24¢ and on ro ating the handle
once the divisor is entered negative in the upper
part of §X and the multiplicand positively in the
lower part of the same totalizer, as shown in
Figure 24d. It will be noted that the control
key 850/8 is not released. On rotating the han-
dle a second time, the amounts are again en-
tered in 5X and also in 4X as shown in Pigure
24e, the control keys again being held. Rotat-
ing the handle a third time causes the amounts

“to bz entered in §X, 4X and 3X as shown in
Figure 247, the control keys still being held.
A fourth rotation enters the amounts in §X, 4X,
3X and 2X as shown in Pigure 24¢g; a fifth en-
ters them in §X, 4X, 3X, 2X and {X as shown
in Figure 24h; in the fourth cycle the key 550/8

. Isreleased. The machine now contains the multi-
ples of the divisor entered negatively and regis-
tered as complements in thelr respective totalizer,
and the corresponding multiples of the multipli-
cand entered positively and registered as true
amounts, Thus, the totalizar IX registers the
divisor 14 as its complement 99999986 and the
multiplicand 33 as a true amount, The totalizer
2X registers 99999972 as the complement of 28,
or twice the divisor, and 66 which is twice the
multiplicand. In the same way, the totalizers
3X, 4X and 5X register the appropriate multi-
ples of the divisor negatively and of the multipli-
cand positively. The upper portion of the total-
izer OX registers the dividend, PFinally, the dec-
imal points are adjusted as shown in Figure 24n
to conform to the.decimal point rule already
referred to.

Correlating dividend with divisor

When the dividend was entered, the dividend
and divisor aligning means, referred to under
“correlating of dividend with divisor and skipping
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‘zeros’ in dividend or muiltiplier,” automatically
measured the position of the highest figure in the
dividend by sensing the number of zeros on its
left as entered in OX, and then subtractively en-
tering that number on a differencing device
whereby column-shifting for aligning the divi-
dend is controlled. When the divisor entry was
made in IX during the fifth mulitple entering
cycle, similar measuring means ascertained the
position of the highest figure in the divisor by
sensing the number of nines on the left of its
complement as entered in I1X and then additively
entering that number on the differencing device,
It will be observed in this case that the number
of zeros is four and the number of nines is six.
Subtracting four on the differencing device and
then adding six leaves a difference of plus two.
This difference sets up a call in which the nu-
meral amount determines the number of de-
nominations through which the dividend must
be column-shifted to align its highest figure with
that of the divisor and the algebraic sign de-
termines the direction of the column-shift, in
this case rightward, for plus-means rightward and
minus means leftward. The actual column-ghift-
ing of the dividend in answer to this call does not
take place, however, until the first dividing and
multiplying cycle. It will be appreciated that the
same amount of column-shift would have been
called for if the divisor multiples had been en-
tered before the dividend instead of after, for
adding the six first on the differencing device and
then subtracting the four will produce the same
algebraic result of plus two.

Preparatory dividing and mutinlying cycle

To commence the calculation, the operator de-
bresses the control key 550/16, and afterwards
operates the machine through its first simul-
taneous dividing and multiplying cycle as shown
in Pigures 25a, 25b and 25c.

The following description of this cycle is split
up into six parts, (a) to (), to facilitate ref-
erence in describing the action of the machine.

(@) In this cycle, which in essence is a pre-
paratory cycle, the canvassing mechanism, whizh

In every dividing and mutiplying cycle is em-
" ployed

to ascertain which totalizer in its upper
portion contains the Smallest positive amount, is
utilized to isolate the totalizer OX. In an pre-
paratory cyles it is always OX that is isolated
because OX is the only totalizer containing a
positive amount in its upper portion. '

Each denomination of OX ig then connected
directly to the corresponding denomination of
the keyboard section, and at the same time the
totalizers IX to 5X are each directly connected
in each denomination to multiple resetting mech-
anism, whereby the multiple values can be re-
stored in -the totalizers after each comparing
operation as will be described. The totalizer OX
is not provided with resetting mechanism because
any divisor multiple corresponding to the quo-
tient digit “0” will itself be of zero value so that
there are never any multiple digits otherwise
than “0” to reset, which result is achieved when
required by operating the clearing means of this
totalizer as will be explained in (p).

(b) All the totalizers OX to 5X are then cleared
automatically with the resuit that because of the
connections described in (g) the dividend amount
in OX is transmitted without column-shift to the
keyboard section, while the divisor and multi-
plicand mutiples in IX to 5X are transmitted to

‘the multiple resetting mechanism of their re-




spective totalizers and each without any column-
shift. . -

In a preparatory cycle the quotient entering’

 mechanism is not operated because, owing to the
OX totalizer being always the one to be isclated,
the quotient result is always “0.” This ' leaves
the machine as shown in Figure 25a. '

(¢) The dividend amount transmitted to the

keyboard section is next registered therein in a.

manner anglogous to a Keyboard setting.
The column-shift mechanism remains adjust-
ed to give a shift of two places rightward in ac-
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cordance with the algebraic difference of “plus -
two” set up in the differencing device as described .

‘in “correlating of dividend with divisor and skip-
" ping ‘zeros’ in dividend or multiplier.” The quo-
tient signal also remains in column {1 as shown
in Figure 250. . '

(d) By means of the multiple resetting mech-
anism the multiples are again entered in to-
talizers 1X to 5X as shown in Figure 25b.

(e) Immediately following the resetting of the
multiples, the dividend registration on the key-
board mechanism is employed as though it were
s ‘keyboard setting to control the entering of
the dividend positively and concurrently in all
the toltalizers OX to 5X but column-shifted two
places rightward to align its highest figure with
that of the divisor in IX. This is equivalent to
multiplying each divisor muliiple by the second
power of ten and concurrently subtracting it
from the dividend in each case. Thus, the di-
visor muttiples are compared with an upper
~ part of the dividend and give the results shown
in Figure 25¢ in which it will be noted that each
totalizer is left registering in its upper portion
the difference between the dividend and one hun-
dred times the divisor multiple originally in it.
In the lower portion of each totalizer the multi-
plicand multiples remain at reset, but these also
must be considered as having been multiplied
by the second power of ten, for each is now a
partial product and one of them will be selected

in the mext cycle to form the first product’

result.
Actually, the tens transfers of the comparing
operation take place during (f), but it is more

convenient in this preliminary outline to con--

sider the comparing operation as having been
completed in the part (e).

Tt will also be noted that the differences in the
totalizers 0X and X are positive while those in
the totalizers 2X to 5X are negative. It will fur-
ther be noted that the units and tens denomina-

tions of the dividend have been entered in 0X

to 5X on the right of the split, but this causes

‘no difficulty since the values concerned are en-
tered in denominations in which the dials are
already standing at zero and so this lower por-
tion of the dividend is merely registered therein
until required in the next cycle as will be ex-
plained.

(/) Finally, the dividend registration on the
keyboard section is cleared and the control key
550/16 is released, leaving .the machine in the
condition shown in Figure 25¢.

Subsequent dividing and multiplying cycles

After the preparatory cycle the operator de-
presses the control key §50/47 and either of the
control keys 550/11 or §50/12, depending upon
whether the product result is required to be en-
tered positively or negatively in lower X, If
the quotient result is also required, either of the
keys 550/14 or B50/15 is depressed depending
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upon whethér the quotient result is reqlﬁred to be
entered positively or negatively in Q. The ma-

" chine is then operated through & number of cycles

until the calculation is completed. » »

The operations performed during these subse-
quent cycles.are in general the same as those
performed during the preparatory cycle, except
that each of these subsequent cycles is & quotient
and product entering cycle and there are & num-
ber of minor differences in the functioning of
the mechanism. _ ,

As in the preparatory cycle, the description of
each subsequent cycle will be split up into six
parts (@) to-(N. ' :

First subsequent cycle

(@) Early in the first subsequent cycle, the
multiple totalizers 0X to §X are canvassed to
ascertain, which in its upper portion after the
comparing operation of the preparatory cycle
containg the smallest positive difference and,
when this totalizer ({X in this case) has been

- found, the mechanism isolates it from the other

multiple totalizers and connects it to the key-
board section .in the same way as the totalizer
0X -was connected in the preparatory cycle, ex-
cept that the connection is made through the
column-shift means instead of direct. At the
same time, the totalizers {X to §X are connected
to their respective resetting mechanisms,

(b) All the totalizers 80X to 5X are then cleared
with the following result. .In the preparatory
cycle the column-shift mechanism was adjusted -
to give & shift of two places rightward which
means that an amount registered in the keyboard
section was transmitted from that section to the
totalizers with that particular smount of shift.
If at any time following such an operation one
of the totalizers were selected as described and
then cleared, the amount in the totalizer would

- be transmitted back to the keyboard section with

& contrary shift of two places leftward, provided
that the connection and the column-shift mech-

. anism were unaltered, because the second trans-
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mission would be & reversal of the first. Accord-
ingly, when the fotalizers are cleared, and be-
cause of the connection set up between the iso-
lated iX and the keyboard section through the
column-shift mechanism, the isolated difference
«gg» i3 transmitted to the keyboard section with

. a contrary shift of two places leftward from its
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position in IX so as to return this difference to
the denominations 11 and #2 it originally occu-.
pied as part of the dividend. At the same time
the partial product “3300” in the lower portion of
IX is likewise transmitted to the keyboard section
with g shift of two places leftward. It will thus
be seen that the amount in the lower portion
of the isolated totalizer, the partial product
«3300” in this case, is transmitted as though it
were part of a difference comprising the amount
“980003300”.

_ The other differences and their associated par-
tial products in the totalizer 2X to 5X are trans-
mitted to their respective resetting mechanisms

_but are later cleared as they represent quotient

values and product results that can be discarded
after the totalizer containing the smallest posi-
tive difference has been found.

During the transmission of the difference “98”
and partial product “3300” from the isolated- to-
talizer {X to the keyboard section, the quotient
value “17 corresponding to this totalizer is en-
tered in Q in the hundreds denomination, i. e
column i, as indicated by the quotient signal
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which has occupied that position since the be-
ginning of the preparatory cycle. This leaves the
machine as shown in Figure 25d.

(¢) The difference “98” and partial product
“3300” are now registered in the keyboard sec-
tion. The difference occupies the original de-
nominations 11 and 12, but the selected partial
product “3300” being shifted two places leftward
with the difference “98” now forms in the de-
nominations 7 to 4 a record of the product “3300”
which is once times “33” multiplied by the sec-
ond power of ten, because the quotient entry has
been made in the hundreds denomination, col-
umn {1, The reason for returning the difference
to the original denominations will be explained
at a later stage, but it will be noted that the
column-shift setting of two places rightward in
this' cycle will be utilized as a basic setting
throughout the calculation as described in ref-
erence to the first method in “correlating of divi-
dend with divisor and skipping ‘zeros’ in dividend
or multiplier.” : : )

At the same time the differencing device, which
is still set at “plus two,” now receives through
means associated with the isolating mechanism
the superimposed setting of “minus one,” and this
leaves the device with a difference of “plus one,”
which. means a call to column-shift the differ-
ence “98” and partial product “3300” one place
rightward when entering these amounts in the
totalizers for the comparing operation to be de-
scribed in part (e). of this eycle.

(d) The multiples are again resst in 1X to 5X
as shown in Figure 25e, and the column-shift
mechanism is adjusted to give a shift of one
place rightward in accordance with the new call
set up by the differencing device as described in
(¢) of this cycle. At the same time the quotient
signal moves to column {0 as shown in Figure
25e.

(e) Following the resetting of the multiples,
the difference “98” and partial product “3300”
registered in the keyboard section are positively
‘and concurrently entered in the upper and
lower portion respectively of each of the totalizers
0X to §X with a shift of one place rightward.
This is equivalent to multiplying each divisor
multiple by the first power of ten and concur-
rently subtracting it from the dividend in each
case. Thus, the divisor multiples are compared
with the isolated difference or remainder result-
ing from the comparing operation in the latter
part of the preparatory cycle, such remainder be-
ing now used as though it were a new dividend.

This gives the result shown in Figure 25f, in
which it will be noted that with the one excep-
tion of OX, which registers a positive difference,
each totalizer registers in its upper portion a
negative difference which is the difference be-
tween the remainder “98” and ien (i. e. the first
power of ten) times the divisor multiple original-
ly in it. In its lower portion each totalizer regis-
ters the corresponding multiplicand multiple,
multiplied by the first power of ten because the
- quotient signal (which is also the multiplier digit
signal) is in the tens denomination, plus the
partial product “3300”. One of these partial
product sums will be selected in the next cycle
to form the second product result.

(f) The registrations on the keyboard section
are now cleared and the control keys are re-
leased. However, in Figure 25f the keys are
shown as being still held depressed, for it is pre-

sumed that ‘the operator is continuing to hold
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them depressed during these subsequent cycles
and until the calculation is completed.

Second subsequent cycle

(@) At the beginning of the second subsequent
cycle, the totalizers 0X to 5X are canvassed as
in the previous cycle, and 0X is found to con-
tain the smallest positive difference “98”, The
mechanism isolates 0X and connects it to the
keyboard section through the existing setting of
the column-shift means. The totalizers X to
5X are connected to their respective resetting
mechanisms, .

() The totalizers 0X to 5X are then cleared
with the result that the difference “98” in the
upper portion of 0X and the partial product sum
“3300”, comprising the first partial product
“3300” plus zero times “33” . multiplied by the

rst power of ten because the quotient entry will
be in the tens denomination, are ‘both trans-
mitted to the keyboard section but with a con-
trary shift of one place leftward from their po-
sition in 0X so as to return these values to the
denominations previously occupied. It will be
observed that the difference and partial product
sum isolated in this cycle are identical with those
isclated in the previous cycle. This circumstance
¢nly occurs when the quotient value in the cycle
is “0” as in this case, for then the selected divisor
end multiplicand multiple are also of zero value,
so that the difference from the previous cycle is
undiminished in the present cycle and likewise
the partial product sum is not increased.

The other differences ahd their associated par-
tial product sums in the totalizers 1X to 5X are
discarded in the same way as the unwanted dif-
ferences and partial product sums in the previ-
ous cycle, :

During the above action of the machine in this
cycle, the quotient value “0” corresponding to
the isolated totalizer 0X is entered in Q in the
tens denomination, column 18, as shown in Fig-
ure 25g. : .

(¢) The difference “98” and partial product
sum “3300” are now registered in the keyboard _
section as shown in Figure 25¢, the difference be-
ing undiminished and the partial product not
increased as explained in (b).

Because the quotient value in this cycle is less
than “5”, the differencing device which is still set
at “plus one” now receives the supplementary
setting of “minus one.” This leaves the device
with a difference of “zero” which means a call
to enter the difference “98” and partial product
sum “3300” with no column-shift when entering
these amounts in the totalizers for the comparing
operation to be described in (e) of this cycle.

(d) The divisor and multiplicand multiples are
again reset in I1X to 5X as shown in Figure 251,
and the column-shift mechanism is adjusted to
give “no shift” in accordance with the new call
set up by the differencing device as described in
(c) of this cycle. At the same time the quotient
signal moves to column “9” in Figure 25h.

(e) After the resetting of the multiples, the -
difference “98” and partial product sum “3300”
registered in the keyboard section are positively
and concurrently entered in the upper and lower
portion respectively of each of the totalizers 0X
to 8X with no column-shift. This is equivalent
to multiplying each divisor multiple by the zero
bower of ten and concurrently subtracting it
from the dividend “98” in each case. Thus, the
divisor multiples are compared with the isolated
difference or remainder resulting from the com-
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paring operation in the latter part of the previous

cycle, such remainder being used in the present

cycle as & new dividend. .

This gives the result shown in Figure 25{, in
which it will be_seen that each of the totalizers
OX to 56X in its upper portion shows a positive
difference which is the difference between the
new dividend “98” and once (i. e. the zero power

of ten) times the divisor muiltiple originally in

it. In its lower portion each totalizer shows the
corresponding multiplicand multiple, multiplied
by the zero power of ten because the quotient
signal (which is also the multiplier digit signal)
is in the units dehomination, plus the second par-
tial product sum “3300”. One-of these partial
product sums will be selected in the next cycle
to form the third product result.

(f) The registrations on the keyboard section

are now cleared. The control keys are released
by the machine but are still held depressed.by the
operator.

Third subsequent cycle

(@) At the beginning of the third subsequent
cycle, the mechanism ascertains that the total-
izer 5X contains the smallest positive difference
«9g» It then isolates it from the other multiple
totalizers and connects it to the keyboard section
as in the previous cycles, and again the connec-
" tion is direct because the contrary shift in this
cycle is still at “normal.” :

At the same time the totalizers IX to §X are
. connected to their respective resetting mecha-
nisms. ' '

(b) The totalizers 8X to 5X are then cleared
with the result that the difference “28” in the
upper portion of 5X and the associdted partial
product sum #“3465” in the lower portion, com-
prising the .second partial product sum “3300”
plus five times “33” multiplied by the zero power
of ten because the quotient entry will be in the
units denomination, are transmitted to the key-
board section but with no contrary shift as stated
above. The difference is returned to the denom-
inations originally occupied as part of the divi-
dend; while the partial product sum is likewise
returned to the denominations occupied by the
partial product sum registered in the keyboard
section in the previous cycle. .

The other differences and their associated par-
" tial product siims are discarded as in the previous
cycles. )

During the above, the quotient value “5” corre-

sponding to the isolated totalizer §X is entered:

in Q in the units position, column 9, as shown in
Figure 257.

(¢) The difference “28” and partial product
sum “3465” are now registered in the keyboard
section as shown in Figure 257.
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Because the quotient value in this cycle is “5”,

then for the reason described under “quotient en-
tering” the differencing device, which is still in
the “normal” position, does not receive the sup-
plementary adjustment as in the first and second
subsequent cycles, so that the column-shift ad-
justment remains unchanged throughout the rest
of the cycle and in consequence the quotient place
signal is not moved from column 9. As ex-
plained under the heading referred to, the su-
perimposed setting is not applied when the ma-
chine is required to perform an extra cycle for
the purpose of ascertaining whether or not.there
is any additional quotient beyond the amount
“5” glready entered. )

(d) The devisor and multiplicand multiples
are again reset in the totalizers X to X as ‘shown
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in Figure 25k. The column-shift mechanism re-
mains adjusted to give “no shift” because of the

. need for the extra cycle, and the quotient signal

remains in column 8.

(e) Following the resetting of the multiples,
the difference “28” and partial product sum
“3465” registered in the keyboard section in the
previous cycle are positively and concurrently en-
tered in the upper and lower portion respectively
of each of the totalizers 0X to 5X with no col-
umn-shift. This is equivalent to multiplying
each divisor multiple by the zero power of ten
and concurrently subtracting it from the dividend
«98” in each case. Thus, the divisor multiples
are compared with the isolated difference or re--
mainder resulting from the comparing operation
in the previous cycle, such remainder being used
in this cycle as'a new dividend, and the compar-
ison is effected with the same ‘column-shift set-
ting as in the previous cycle because the quotient
amount resulting from the comparison is required,
in the next cycle, to be added to the quotient
amount already entered in the present cycle.

This gives the result shown in Figure 25m in
which it will be observed that each of the total-
izers 0X and X in its upper portion shows a
positive difference, 2X shows a zero difference
which is reckoned as positive because there are
no nines in its higher denominations while 3%,
84X and 5X each show a negative difference.
Each difference, whether positive or negative, is
the difference between the new dividend “28” and
once (i. e. the zero power of ten) times the di-
visor multiple originally in it. In its lower por-
tion each totalizer registers a new partial prod-
uct sum comprising the corresponding multipli-
cand multiple multiplied by the zero power of
ten, because the quotient signal (which is also
the multiplier digit signal) is in the units de-
nomination, plus the third partial product sum
«“3465”, One of these partial product sums will
be selected in the next cycle to form the fourth
product result.

() As in the previous cycles, the keyboard
section is now cleared. The control keys are re-
leased by the machine but still held by the oper-
ator.

This leaves the machine in the condition shown
in Figure 25m.

Fourth subsequent cycle

The product result “3531” could be read off
from the totalizer 2X at this stage, because it
will be observed that the difference in 2X'is of
zero value which signifies the end of the division,
but the quotient is not yet complete as shown
by the fact that the signal has not moved from -
column 9. It is therefore preferred to perform
an “extra-quotient” cycle, so that the product
results can be registered in OX and the quotient
be completed in Q.

(@) In this cycle, the totalizers OX to 5X are
canvassed and 2X is found to contain the -
smallest positive difference which in this case
is zero. The mechanism isolates 2X and con-
nects it to the keyboard section but with no
contrary shift, as the column-shift means is
still at “normal”. The totalizers {X to 3X are
connected to their respective setting mecha-
nisms.

(b) The totalizers OX to 5X are then cleared.
The isolated difference being zero, no significant
values are transmitted from the upper poriion of
OX to the denominations in the keyboard sec-
tion originally occupied by the dividend, but the
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assoclated fourth partial produce sum “3531”
in the lower portion is returned with no column-
shift to the denominations occupied by the par-
tial product sums registered in the keyboard
section in previous cycles. The sum “35631"” com-
prises the fourth partial product sum “3465”
plus twice times “33” multiplied by the zero
power. of ten, because the quotient entry will be
made in the units denomination.

The other differences and their associated
partial product sums are dealt with in the man-
ner already deseribed.

The quotient value “2” corresponding ‘to the
isolated totalizer 2X is entered in Q In the units
- denomination, column 9. This extra amount is
added to the partial quotient “5” already in that

denomination, thus making a true quotient of

“T” as shown in Figure 257.
"+ (e) The partial
registered in the keyboard section as shown in
“Figure 23n.

Because the quotient entry in this cyclé is less
-than “5”, the differencing
plementary setting of “minus one” which leaves
the device with a difference of “minus one”?
This means a call to enter the isolated differ-
-ence, which is zero, and the partial product sum
which is “3531”, both of which are now regis-
- -tered in the keyboard section, with a column-
shift of one place leftward when entering these
amounts in the totalizers for the comparing op-
eration to be described in (e) of this cycle.

. (d) The divisor and multiplicand multiples
are then reset as shown in Figure 250, and the
‘column-shift mechanism is adjusted to give a
shift of one place leftward in accordance with
‘the new call set up by the differencing device
‘as described in (¢) of this cycle. At the same
time the quotient signal moves to.column ‘8 as
shown in Figure 250. . :

(e) After the resetting of the multiples, the
zero difference and the fourth partial product
sum “3531” registered in the keyboard section
are positively and ‘concurrently entered in the
upper and lower portions respectively of each of
the totalizers OX to 5X with a colunm-shift.of
one place leftward. This Is equivalent to multi-
plying each divisor muiltiple by one-tenth (. e,
the first negative power of ten) .and concur-
‘rently subtracting it from the new dividend,
‘which is zero, in each case. Thus, the divisor
multiples are compared with the isolated Zero

device receives the sup--
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further quotient or product results are possible
when the difference in OX is zero.
Continuing to operate the machine beyond
this point without releasing the control keys
merely column-shifts the product result left-
ward one place with each operation. It will thus
be seen that, when the upper portion of 2X
showed a zero difference angd the product “3531”
occupied the lower portion as 'shown in Figure
25m, the product held the correct relation-

_Ship with the decimal point standing between

columns 4 and 5. When the machine had _.been
operated through s further cycle to complete
the quotient result, the product “3531” appeared
in OX, but relatively to the decimal point, ten
times. too biz. This is due to the operation of

~ the column-shift mechanism and should always

be allowed for by rlacing the decimal point one
more place leftward than that given by the
decimal point rule usually empleyed.

Keyboard -

provided with a keyboard com-
of columns of keys 50 (Figures

Each of these columns com-
Each key can be depressed
against the action of spring 5t which tends to
‘ove the key upwardly and each key is provided
with teeth 52 (Figure 2) meshing with a gear
sector §3. ‘The gear sector is secured to a rocking
bail 54. ) :

There is a separate rocking bail 54 for each key
and-each rocking bail co-operates with a plurality -
of locking slides §5. There is g separate slide 55
for each key arnd each bail 54 has a tooth' 56
which enters a notch 57 in the slide correspond-
Ing to the same key so that, when the bail rocks
clockwise, it moves this slide to the left,

Each slide has only one notch 5T and is cut
away as at 58 opposite the remaining bails 54,
that is, it can only be moved by one bail. Each
slide is provided with a lug 59 opposite another
tooth 60 of each bail except the one that moves
it. When a ball is rocked, it moves its associated
slide to the left and moves to the right any other

The machine is

2, 3, 38 and 42a)

+ slide which may be displaced to the left by means

50

- difference resulting from the comparing opera~

tion in the previous cycle.

This gives the result shown in Figure 25p,
It will be seen in this figure that OX in its upper
portion shows a zero difference which is reckoned
as positive, and that each of the totalizers 1% to
§X shows a negative difference. Each difference
‘Is the difference between the new dividend,
which is zero, and one-tenth (i. e. the first nega-
tive power of ten) times the divisor -multiple
originally in it. In its lower portion each total-
izer shows the corresponding multiplicand
" multiple multiplied by the first negative power of
ten because the quotient signal (which is also
the multiplier digit signal) is in the first decimal
denomination, plus the partial product sum
“3531”. One of these partial product sums
© would be selected in the next cycle, if the oper-
- atlon of the machine were continued, to form
the fifth product result. S

(f) The registrations on the keyboard section
are cleared and the control keys are released
both by the machine and the operator, for no

of its tooth' 60 engaging the related lug 59 on the
latter slide. It will be noted that the slide shown
in Figure 3 has a notch 57 co-operating with the
third bail from the right and has no lug 59 oppo-
site this bail so that this slide can be moved by
the bail in question.

Each slide 55 has & notch 61 and a tooth 62
except that associated with the zero key. This
latter slide has the notch 61 but is shaped as
shown at 63 in Figure 3 so that it does not have a

. tooth, :
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A spring pressed pawl 64 is provided for each
group of slides 55 and is pivoted on a rod 65. The
nose 66 of the pawl normally rests in the notches
61 of the slides but, if a slide 55 is moved .to the -
left, the nose 66 rides over the tooth 62 on this
slide and engages behind the tooth 62 to hold the
slide to the left. In so doing the nose 66 will
release any slide which was previously displaced
to the left so that it -can be ‘restored to the right.
by the related key spring 51. ]

Since the zero slide 55 has no tooth 62,1t will
not be held to the left by the pawl 64 but will be
restored to the right as soon as the zero key is
released. It will, however, rock the pawl 64 as it
moves to the left so as to release any other slide
that may be displaced to the left. The zero slide
55 thus serves as a means of clearing the column
of keys. :
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. The zero key is the left hand one in Figure 2
and merely serves to actuate the zero slide. The
remaining nine keys control g differential mecha-
nism in the following manner.

Each key, except the zero key,
two lugs 67 and 68.

Normally the upper lug 67 is opposite a pin 69
on the end of a floating lever 10 which is pivoted
at 71 on g slide 72 having teeth 89 (Fig, 3) mesh-
ing with a gear sector 88 on a shatt 81 rocked by
a cam on the mainshaft when required.

The floating lever 10 has a second pin 13 which
is normally free to move to the right, ;

A lever 14 is provided for each key except the
zero key and is pisoted at its lower end T on a
fixed member 16. The upper end of each lever
14 has a slot embracing the pin 69. If the slide
12 is moved to the right, each pin 63 will be pre-
vented from moving to the right by the lug 61 if

is provided with

the related key 50 is not depressed. Under these ;

conditions each floating lever 70 rocks counter-
clockwise and its pin 13 moves to the right under
thelug 68.

If a key 50 is depressed its lug 68 moves oppo-

site the related pin 73 so as to prevent it moving .

to the right when the slide 12 moves to the right
while its lug 67 moves below the related pin 68.
Thus, when the slide 72 moves to the right, the
floating lever 10 associated with the depressed key
will rock clockwise and will move the pin 89 to the

right. The lever 14 will thus be rocked clockwise

about its pivot 15.

Each lever 14 is pivoted at 77 on a striking
member 18 which is slidable along & rod 79 (see
Figure 3). The striking lever 78 engages one part
80 of a dog clutch, which is splined on & differen-
tial shaft 8{. When'a lever 14 is rocked as ex-
plained above its -part 80 is meshed with the
" cluteh teeth on & gear wheel 82. There are nine
gear wheels 82 one for each digit key and these
gear wheels are freely rotatable on the shaft 81.

It will be understocd that there is a differential
shaft 81 for each column of keys (see Figures 42a
and 42b) and a gear wheel 82 for each key except
the zero keys. All the gear wheels 82 for the keys
of the same digital value mesh with a rack 83
(see also Figure 42¢), there being one rack for
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_mechanisms to be operated in carrying out the
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each transverse row of keys and each rack is .

a movement proportional to the digital
Thus the racks will
. up to

given
value of its row of keys.
move respectively one step, two steps . .
nine steps.

_For this purpose. each of the racks'83 meshes
with a separate gear wheel 84 (Figures 18b and
18c), each gear wheel constituting a pair of
spaced gears fixed together, all being rotatable on
a shaft 85 (see also Eigure 42a). Each gear
whéel 84 also meshes with a separate vertical
rack 86. Each vertical rack carries a pin 48 fit-
ting into a shoe 48. The shoes are supported in
slots-in a bar 47 which is pivoted at one end at
5{5. ‘The bar 47 is oscillated about its pivotal
connection and the proportions are such that the
vertical rack 86 nearest the pivot of the bar will
move one step, the next will move two steps and
so on to the last rack which will move nine steps.
The bar 41 is preferably given g simple harmonic
motion from the main drive mechanism.of the
machine. The left hand end of link 47 is con-
nected by a link 517 (Figure 18b) to a rack 609
which‘is mounted for vertical reciprocation, and
theteéth of rack 600 mesh with a gear on one of
o niimber of shafts, all of which have the same
designation; 520. -

1t may be explained at this time that all of the
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functions of the machine are connected to one
or another of ihe shafts 520. These shafts in
turn are driven from the main drive shaft 548 of
the machine (Figure 19¢) which has gear con-
nection 715 with a shaft 714, Upon the extrem-
ity of shaft 704 is a handle 685 (Figure 44b)
through which the machine is operated. As will
be explained more specifically under the heading
“Control and drive mechanism,” the shafts 520

.are selectively coupled for oscillation by cams on

the main drive shaft 540 so that, when shaft 540
is rotated, certain shafts 520 operated at pre-
determined times during the cycle and the related
mechanisms operate. From the foregoing it will
be understood that each gear wheel 88 has a
simple harmonic movement proportional to the
digital value of its key. The depression of key-
50 moves the related clutch part 80 to engage the -
associated gear wheel 82 so that the correspond-
ing shaft 81 is driven,);y the gear wheel 32 with
simple harmonic motion and to an extent propor-
tional to the digital value of the depressed key.
The mechanism through.which the bar 47 is
oscillated will be explained later. o
In entering an amount, the proper keys are
depressed and the machine is operated through &
cycle by turning handle 595 a complete revolu-
ticn, which causes the main shaft 540 to also
make a complete turn. During this cycle a shaft
87 (Fig. 3) is first rocked in a manner to be ex-
plained later. Under the heading “The keyboard
and differential mechanism” it is explained that
shaft 87 .(see Figure 19b) has connection with
shaft 65 and through a vertical bar 738 with a
gear 740 on another of the shafts 528. Gear sec-
tors 88 mesh with gear teeth 89 in the slide 12 so
that the slides are moved to the right when shaft
87 rocks and the proper clutches 86—82 are en-
gaged. . The bar 47 is then given its counterclock-
wise stroke about its pivot 515 (see Fig. 18¢) so

‘that all the gear wheels 82.rotate and the various

shafts 81 are driven through angles proportional
to the digits set up on the keyboard. The shaft
87 is then restored so that the clutches 80, 82 are
disengaged. After this the bar 47 and the racks
83 are restored to their initial position.

Each shaft 81 has a gear wheel 0 (Figure 4)
keyed on it and each of these gear wheels meshes
with a gear wheel 91 which is rotatable on a
related totalizer drive shaft 92. It will be under-
stood that there is a totalizer shaft 92 for each
differential shaft 81 (see also Figures 42a and
42b) .

Each gear wheel 84 has clutch teeth 83 cooper-
at'ng with a clutch element 94 splined on the
shaft 92. Each clutch element 84 can be moved
to the left by a striking arm 95 to engage the
teeth 93 and clutch the wheel 81 to the shaift 82,

The arms 95 are keyed on a shaft 96 which,
when rocked, engages all the clutches 83, 94 so
that each shaft 8{ will drive the corresponding
shaft 92. The manner in which the shaft 96 is
rocked will be explained later. Suffice it to say
at the present time that it is rocked concurrently
with the rocking of shaft 81 so that, when the
racks 83 are moved to rotate shaft 81, the extent
of rotation will be transmitted to the shaft 92. :

When the shaft 81 is not clutched to the shaft
92, it is yieldingly held in its last position by a leaf
spring 8la (Figure 2) which engages the teeth of

- g gear wheel 81b fixed on the shaft 81 and having
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the same number of teeth as the clufch 83. A
similar spring and gear wheel 92 and 92b (Fig-
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ure 4) respectively are provided for holding the
shaft 92, :

The Totalizers

.The shafts 82 can drive any one or more of
seven totalizers Q (Figure 4) 0X IX (Figure 5)
2X IX (Pigure 6) 4X 85X (Figure 7). The seven
totalizers are substantially the same in construc-
tion and accordingly the totalizer 5X shown in
Figures 7 and 11 will first be described as typical
of the remainder. The differences in the total-
izers will be described afterwards, The shaft 92
has seven bevel wheels 87 fastened on it.

" The bevel wheel 87 for each totalizer drives a
pair of bevel wheels 88 and 99 (Figure 12) in
opposite directions (see also Figures 43a and 44aq,
which figures show the totalizers 0X and 4,
respectively). The bevel wheel 88 is integral with
gear wheel 100 which meshes with the gear wheel

181 rotatable on a shaft 102. One part 103 of a.

dog clutch is rotatable with the wheel (01. A
gear wheel 104 is integral with the bevel wheel 99
and meshes with a gear wheel 105 having teeth
106 forming another part of the dog clutch.

The whee] 105 is also rotatable on the shaft 102
and turns in the opposite direction to the wheel
{0l. A gear wheel 107 is rotatable about the
shaft 102 and can be moved axially to engage

. either clutch teeth Iv8 with the teeth 106 or
clutch teeth 109 with the clutch teeth 110 of the
clutch part 103.

Thus the wheel 107 can be clutched to the
wheel (01 to turn in one direction or to the wheel
198 to turn in the other direction depending upon
whether the digit transmitted through the total-
izer- drive shaft is to be added or subtracted.

13
134 respectively. The bars 133 and 134 are

. moved to the left-in Figures 7 and 8. The mech-
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The wheel 10T meshes with a gear wheel {11 (Fig- .

- ures 11 and 12) rotatable on a shaft 112 and this
wheel in turn meshes with a wheel 113 rotatable

on & shaft {14, The wheel {13 meshes with a’
wheel 118 rotatable on a shaft (16 and the wheel:

118 meshes with a wheel 11 secured to an indi-
cator wheel 118 which rotates on a sleeve 119,
The sleeve 119 is supported on g shaft 120. The
gearing Is such that the index wheel I18 turns
through a number of steps equal to the number
of steps of movement: of the shaft 92 and for-

wardly or rearwardly, depending on whether the

totalizer is to add or subtract respectively.
Transfers from one denomination to the next are
effected by the following mechanism which is
shown in Pigures 7 and 16.- The gear wheel 111
meshes with gear wheel 121 which is integral with
& transfer receiving gear wheel 122 and a trans-

fer calling tooth 123. The assembly (21, (22 and 5;

123 is rotatable on a shaft 124. The assembly
121, 122 and {28 completes one revolution for each
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revolution of the dial 118 (Figure 11) and each .

time the dial 118 turns from nought to nine or
from nine to nought, the transfer calling tooth
123 engages and rocks a single toothed wheel 125.
The wheel {25 will turn in one direction if the
dial has turned from nought to nine and one unit
must be carried to the next denomination, but it
will turn in the opposite direction if the dial has
. turned from nine to nought and a unit must be
borrowed from the next denomination. The
single tooth wheel 125 is integral with gear sectors
126 and 127 in the next higher denominational
section of the machine. :
meshes with rack teeth on the transfer lIock bar
i28. .
The transfer lock bar controls two toe members
129 and (30 which are pivoted at 131 and 132
respectively on transfer actuating bars 133 and

The gear sector (27

6l

anism which controls the operation of bars 133
and 134 is shown in Figure 19¢ and is described
in detail later under the heading “Setting an
amount {n the totalizer on the differential mech-
anism.”

In the position shown the lower end of the-
upper toe member {29 is locked while its upper
end is free so that it will rock counterclockwise
idly. The upper end of the lower toe member
130 is also locked and will rock clockwise idly.
If the transfer lock bar 128 has been moved up
owing to the rotation of the transfer calling
gears 125, 126, 127, the upper end of the lower
toe member 130 will be unlocked, while the lower
end of this toe member will be locked by a lock-
ing portion {35 of the transfer lock bar. The
toe member 130 will thus rock counterclockwise
to engage and turn the transfer recelving wheel
122 one step. This movemeni is transmitted
through the wheel 121 to the main driving train
cof the totalizer so that the dial is turned one step.
The toe member 129 is still locked at its lower end
and has no effect on the movement of the wheel
122. 1If the transfer lock bar 128 is moved down-
wardly from the position shown in Pigure 7 the
upper end of the upper toe member is Iocked by
the part (36 and this toe member will rock clock-
wise to turn the wheel 122 one step.

It wll be appreciated that the transfer lock
bar 128 is moved in one direction when a carry
Is to be made to its denomination and in the
other direction when borrowing is required from
its denomination and that the toe members 128
and 130 turn the wheel 122 in opposite direc-

tions to effect a carry or a borrowing as the case. .

may be. There is a transfer bar 133 and a
transfer bar 134 for each denominational section
of the machine (see Figure 444) and these
bars are operated in succession by cams on the
shaft carrying the handle 595 starting with the
bars in the lowest section but one so. that the
transfers are effected in succession. Each pair
of denominational bars sérves for all seven total-
izers in-its particular denomination.

After-all the transfers have been effected a
striking bar 137 (Fig. 16) is operated by a cam on
the-mainshaft so as to shift. the assembly 121,
122, 123 towards the top of Figure 16 and thus
move the tooth 123 clear of the tooth 125 and

‘the wheel 122 clear of the toe members 129 and

130. The transfer bars 133 and 134 are then re-
stored to the right to.the position shown' and
concurrently transfer centrallzing bars 138 and
139 are moved to the right. The bars 138 and
139 are provided with teeth 14f and 148 which
engage the two extreme teeth of the sector 126
and restore the sector 121, the transfer tooth 125
and the transfer lock plate 128 to their normal
positions. This restores the transfer mechanism
to its normal position.

Resetting the multiples

The totalizers IX to 5X are employed respec-
tively to register once, twice, three, four and five
times a divisor and/or a multiplicand and also

for the purpose of obtaining the difference be-

tween a multiple of the divisor and a dividend
and/or a partial product. After such difference
cr partial product has been obtained in one of

- these totalizers, the totalizer is cleared and the
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original multiple or multiples is reset on it. The
totalizers I1X to 5X are provided with the fol-
lowing mechanism for resetting the multiples as
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shown for the totalizer 4X in Fighre 16. Keyed
on 5 shaft 1682 are a number of sleeves 43, one
in each section of the machine. Each sleeve car-

ries & resetting tooth 1448, A second sleeve { 45

is rotatable on the sleeve 143 and is formed with
two gear wheels $46 and {47 and with 2 single
tooth 148.

ATl the sleeves i85 on shaft 142 are held by a
striking bar 148 in position shown in Figure 16,
with a pin {50, carried by a fixed part of the ma-
chine, engaged with the teeth of the gear wheel
186 so as to lock the sleeve 145. :

After the multiples have been calculated and
registered in the totalizers {X to 5X, the strik-
ing bars 149 are shifted by means of a cam on
the mainshaft so as to bring the gear wheels
187 on the sleeves 145 into mesh with the respec-
tive gear wheels 11{ in the main totalizer gear
train. 'This movement also moves the gear wheel
{46 clear of the pin 158 so that the sleeve 185 is
free to rotate. Each sleeve 185 will thus-partake
of the movements of the related totalizer gear
train during the subsequent entries into the to-
talizer and the zeroizing of the totalizer. The
sleeves 145 are not shifted sufficiently to bring
their respective teeth 148 into the path of the
teeth 148 at thi§ stage. Assume that one de-
nomination of one totalizer is to register —6
negatively as a digit of 2 negative multiple.
The related gear wheel {11 will have-turned 6
steps in the negative direction during the forma-
tion of the multiple, but the associated sleeve 135
will remain in its zero position as its wheel {47
is not then meshed with the wheel fii. If 91is
now added into the denomination after the sleeve
145 has been shifted to mesh the wheels {47 and
(11, both the wheels will turn 9 steps in the posi-
tive direction, so that the wheel 147 registers 8
and the wheel {#{ will register 9—6=3. If the
wheel {11 (and the gear train) is now zeroized,
both the wheels 111 and 147 will turn 3 steps In
the negative direction to register 3—3=0 and
9_3-—6. If now the wheel 141 is zeroized, it and

and the wheel 11! will turn 15 of & revolution

negatively leaving the wheel i registering —6.
Thus the multiples can be reset by zeroizing the
sleeves [85. 'When however the multiples are to
be reset, the striking bars 149 are moved further
to bring the teeth 148 into the path of the teeth
144 and the shafts 142 are turned through nine-
tenths of a revolution so that the teeth 144 pick
up the related teeth 148 and restore the sleeves
t45 to their initial zero positions. .

Since the sleeves 145 were coupled in the main
totalizer gear trains when the latter were reg-
istering the multiples, they will restore the gear
trains to their original multiple-registering set-

tings, thus resetting the multiples on the totaliz-

€rs.

The totalizer OX .registers nought times the
divisor or the multiplicand and since this mul-
tiple is zero, it need neither be calculated nor

reset on the totalizer OX. The multiple reset-.

ting ‘gear for this totalizer is therefore omitted
as shown in Figure 14, but the zeroizing mech-
anism is retained. - . ’
The totalizer Q is not provided with the same
form of zeroizing mechanism as explained later,
but instead has a sleeve 500 keyed on its shaft
124, as shown in Figure 13. This sleeve is pro-
- vided with a single tooth 501. During transfer
operations the assembly 121, 122, 123 is not moved
far enough to bring the transfer-calling tooth
123 into the path of the tooth 501. When it is

[543

10

20

25

30

40

45

53

<

60

65

desired to zeroize the totalizer Q, the striking 75

2,208,263

bar 137 is given an extra stepping movement so
as to bring the transfer tooth {23 info the path
of the tooth 58{. The shaft 124 is then rotated
through nine-tenths of a revolution to pick up
the transfer tooth 128 and restore it to its zero
position. Since the wheel {2{ is in mesh with
the wheel 11, the gear train and the tofalizer
will also be restored to its normal position.

Decimal point indicators

As explained under “General description,” an
adjustable decimal point indicator is provided for
each of the totalizers @, OX and 1X. The in- "~
dicator for each totalizer comprises a series of
wheels {16b (Figs. 12, 43a, and 43b), of which
there is one in each denomination arranged on
the right of the result indicator wheel 8. Each
wheel 116b is secured to a gear wheel {{6c ro-
tatable on the sleeve 187 in the same denomina-
tion. Meshing with each gear §ifc is another
gear wheel {16d splined on the shaft 116 so that,
when the shaft is manually rotated by means of
the knob {i6a, all the indicator wheels §16b are
rotated together and each through the same
amount. FEach indicator {18b has one mark or
signal represeniative of a decimal point and the
wheels 116D are assembled in relationship to-the
gears 116d so that adjacent marks are helically
arranged one-twentieth of a turn apart. Thus,
by rotating the knob fi6a the decimal point in-
dication may be caused to appear between any
two adjacent result indicators 118. An align-
ing spring of the type shown in Figure 11 for
aligning the wheel 192 may be employed to align
one of the gears.i{6c or 1i6d to hold the shaft
116 in any set position; or, if preferred, the shaft
may be frictionally held.

Splitting the machine

The present machine is arranged to perform
-division in its left hand or upper denominations
and multiplication.in its lower or right hand
denominations. The machine can be split into
a dividing and a multiplying part-between any two
denominational sections. The position of the _
split is determined by manually rotating a shaft
160 (Figure 4) which carries a plurality of pairs
of complementary cams 16 and 162. There is
8 pair of cams in each section of the machine
and the pairs are helically disposed on the shaft
160 so as to become operative in succession as
the shaft is rotated (see also Figure 42b).

Each pair of cams operates a separate bell- -
crank lever 163 and these levers are pivoted on
the shaft 96. With the shaft {60 in one extreme -
position, all the levers 163 will be in the position
shown in Figure 4. Each lever carries an indi-
cator 164, one half of which is visible at a win-
dow 165. The two halves of the indicator will
be differently coloured so that, in the position of
the shaft 160 assumed, all the indicalors 164 will
show white, for example, at the window 165. As
the shaft 189 is rotated, the bell-crank levers
163 will be rocked counterclockwise in succession
and the indicators 164 will be moved in succes-
sion to show red. The levers 63 are rocked in’
succession starting at the lowest or right hand
section of the machine and the split occurs be-
tween where the change over from red to white
occurs in the window £65.- :

A gear sector 166 is formed integral with each
lever 163 and meshes with rack f{eeth 167 in a
slide 168. There is one slide 168 in each section
of the machine and they will be moved to the
right in Figures 4, 5, 6 and 7 when the related
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bell-crank levers 163 are rocked. Thus all the
slides 168 in the upper dividing part of the ma-
chine will be disposed in their leftward position
- (as shown by the slide dotted in Figure 4), while
. all the slides in the lower multiplying part of
the machine will be disposed in a rightward po-
sition (as shown in full lines in Figures 5, 6 and
7). Each slide acts as a striking bar either to
hold sleeves 169 in the position shown in Pig-
ures 4, 5, 6 and 7 or to shift them to the right
along the-shaft 92 in the same section of the ma-
chine. Each sleeve 169 has a gear sector (70
which is thus positioned in mesh either with
& rack {Tf or with a rack (72 (see Figure 45).
Each sleeve 169 also has a gear sector (13 which
is in mesh with a rack 174 in either position of
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the sleeve. Thus each rack (14 in the dividing -

part of the machine will be coupled to the re-
lated rack 171 and each rack 114 in the multiply-
ing part of the machine will be coupled to the
related rack 112, Each rack {74 is integral with
a striking member 175 (Figure 12) by which the

20

gear wheel 107 is adjusted either to g neutral

bosition or to an adding positicn or to a sub-
tracting position. There is a separate striking
member 118 and rack (74 for each gear wheel
107, but the racks 171 and 112 are common to
all the gear wheels 107 in the totalizer. It will
be seen that the gear wheels 107 in the divid-
Ing part of the totalizer can be set for addition
or subtraction by moving the rack 171 of that
totalizer In one or other direction. The gear
wheels 107 in the multiplying part of the same
totalizer can be set in the same wWay by means
of the rack 172, : : :

Clearing multiple totalizers-

Each slide 168 (Pigure 8) is connected by a
lever 118, pivoted at | 18, to a bar 179 50 that the
bar 1719 moves to the left when the slide 168

25

185

that they can be moved axially vith the shatt
120, when the latter is moved by ‘a cam on the
mainshaft as will be described, so as to bring
& projecting portion 198 of one of the teeth of
the gear wheel 196 into the path of the pin 1985.
This movement also. brings the gear wheel 188
into mesh with the gear wheel 198 and out of
mesh with the gear wheel {92 (Fig. 46). The
gear wheel 186 is thus coupled through the gear
wheels 193, 194, 192 to the shaft 190 s0 that,
if this shaft is turned through nine-tenths of a
revolution, it will rotate the gear wheel 183 to
the same extent and the projecting portion 198
will pick up the pin 195 and turn the dial 118
to zero together with the related gear train.
Similar gears 182 and 193 are carried by the
shaft 181 and can be coupled together by gear
194 carried by the yoke 181. Thus, if the yoke
187 is raised, the wheel 196 will be driven. from
the shaft (81 instead of from shaft 180, the shaft
198 is used for zeroizing the dividing part of the
totalizer and the shaft 191 for zeroizing the mul-
tiplying part of the totalizer. oo .
The keyboard is also split so that either the .
left-hand or right-hand part can be cleared sep-

- arately by depressing one or other of two clearing

30

35

~the ‘shaft 804

40

moves to the right. The bar 119 is provided with _

projections 180 (Figure 11) and recesses 181 in
its lower edge so that in its rightward position
it obstructs upward movement of a pin 182, but
not of a pin 1883, while,
1t obstructs movement of the pin 183 but permits
movement of the pin 182. It should be men-
tioned that Figure 11 is a view looking in the
opposite direction to Figures 2 to
bar {719 will be to the left in Figure 11 when the
corresponding bar 168 is to the left in Pigures
4.5, 6, and 7 although these bars actually move
in opposite directions. .

The pins 182 and 183 are carried at the ends
of a lever 184 which is mounted on an eccentrie
185 secured on the shaft 114. A yoke 186 is sup-
ported by the pin 182 and a yoke 1817 is supported
by the pin 183. The yokes are guided for verti-
cal ‘movement by means of slotted portions 188

and 189 which embrace shafts 190 and 191, When'

the eccentric 185 is rotated through half a rev-
olution by a cam on the mainshaft one or other
end of the lever (84 will be obstructed so that it
will rock to raise the yoke 186 or the yoke 187
as the case may be. A gear wheel 192 (Figure
12) is keyed on the shaft 190 while a gear wheel
183 is rotatable on this shaft. When' the yoke
. 188 is raised both these gear wheels (92 and 193
will mesh’ with the gear wheel 194 carried by
the yoke 186 so that they will be coupled to-
. -gether. A pin 185 (Figures 11 and 12) is se-
.-cured inside the index dial 118. A gear wheel
198 1s rotatable on the ghaft
“with a sleeve 197,
. The sleeves 197 abut against one another so

In its leftward position,

‘keys 870 and

870a (Figures 38, 40¢ and 41b).
stem of the key 870 hag rack teeth
Ing with a gear 804a on a shaft
and 10) so that teeth 818b rock shaft 804 when
the key is depressed while the other key 810a
drives ‘& shaft 805 in the same way. The shaft
804 is thus rotated when the key for clearing
the left-hand part of the keyboard is depressed,
while the shaft 805 is rotated when the key for
clearing the right-hand part of the keyboard is
depressed. A number of gear sectors 808, one
for each section of the machine, ‘are splined on
| and each sector 808 has a gear
wheel 807 associated with it. The gear wheels.
807 are rotatable on the shaft 8304 and each of .

The
8105 mesh-
804 (Figures 3

* them can be coupled to the associated sector 808

7 so that the -
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120 and is integral -

_associated wheel

by means of a coupling gear 808, of which there .
is one in each section. o o ’
In the position shown in Figure 3, the gear
Wheel 808 meshes with the sector 808 and the
‘ 807. The shaft 805 carries; in
the same way, gear sectors 809 splined on it and
gear wheels 810 rotatable on it (see also Fig-
ure 42a). Each gear wheel 808 is rotatable on-a -
slide 8!1 which can be shifted to the.right so
as to disengage the wheel 808 from the sector -
806 and wheel 807 and mesh it with the sector
809 and wheel 810. Thus, if the shaft 804 is

? rotated, it will drive gear. wheel 807 in each sec-

tion of the machine in which the slide
the position shown in Figure 3, but it
drive the gear whee] 887 in each section
the slide 811 is shifted to the right.
lar way, the. shaft

8if is in
will not
in which
In a simi-
805 ‘will not drivé the gear
wheel 810 in the sections in which ‘the slide 811
is in the position shown in Figure 3, but will
drive the gear wheel 810 in each section in which
the slide 811 has been shifted to the right. The
slides 811 have rack teeth 812 (Figure 4) mesh-
ing - with a gear sector 813 which is connected
by a link 814 to the kell-crank léver 163.  As
the shaft 160 is rotated, it will rock the bell- )
crank levers 163 so that those in the sections to

the left of the split will be in the position shown

in Pigure 4, and the corresponding slides 811-
will be in the position shown in Figures 3 and 4.

The levers 183 to the right of the split will be

rocked from the position shown in Figure 4, so
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that the slides 811 are shifted to the right from
the position shown.

Thus, rotation of the shaft 808 by the clear-
ing key 870 will rotate the gear wheels 807 in
the sections to the left of the split, while rota-
tion of the shaft 805 by the other key 870a will
rotate the gear wheels 818 in the sections to the
right of the split. The gear wheel 807 and the
gear wheel 888 in each section cooperate with
teeth 815 and 816 on the slide 817 so that either
of them, when rotated, moves the slide to the
right. Each slide 817 is connected by a two-
armed lever 818 (Fig. 1a) pivoted at 818 to the
locking slide B5 (Figure 1) so as to move ‘the
slide in the same way as it is moved by the de-
pression of the zero Xey 50. 'This, as explained
previously, gives the effect of unlocking any other .
slide 55 that may be latched by the pawl 64"
(Figure 3) and thus releases any depressed key.
Tt will thus be seen that each portion of the key-
board can be cleared by depressing the corre-
sponding clearing key. ’

Setting an amount in the totalizer on the differ-
ential mechanism :

T4 will be understood from' the foregoing that
o totalizer can be zeroized as a whole or in part
by rotating both or one of the shafts 198 and 181
- after having rocked shaft 114. The gear trains

of the totalizers will be driven so that the gear
wheels 167 (Figure 12) will also be driven. If
these . wheels are in their neutral position, the
amount originally in the totalizer will be cleared
from the machine, but if the gear wheels 107 are
.set in the subtracting position during the zeroiz-
ing operation, the backward movement of the
dials will be transmitted to the shafts 92 so as &
' forward movement of those shafts. .
As shown in Figure 3, a gear wheel 206 is ro-
tatable on each shaft 81. This gear is formed
with clutched teeth 518 co-operating with a clutch .
element 5! splined on the shaft 8i. The cluich '
element 511 can be moved to engage the teeth
510 by an arm {12 splined on a shaft {13. Thus,
by rocking the shaft 548, each gear 206 can be
clutched to the related shaft 81. If the clutches
93, 94 are also engaged, each totalizer drive shaft
92 will drive a related gear 206 in the same sec=
tion of the machine. Each gear wheel 206 meshes.
with @ gear wheel 200 and each gear wheel 200.
meshes with the gear wheel 201 rotatable and
slidable on a stud 202, A single lug 203 is car-
ried by the gear wheel 201 and the angular po-
sition of this lug 203 is adjusted in accordance
with the position of the gear wheel 201, Each
slide 55 is provided with a lug 204 and these ugs
are arranged in a circle as shown in Figure 17.
The lug 203 is initially opposite the lug 204 -
on the zero slide 55 but is adjusted by the rota-
tion of the shaft 92 opposite the lug 204 on the
slide 55 corresponding to the digit which has
been cleared from the corresponding section of
the totalizer. Bach gear 201 can be moved to
the left in Figure 3 by means of a striking arm
205 keyed on the shafts 65 which may also be
rocked when required. After the zeroizing op-
eration, the shaft is rocked to move all the gear
wheels 201 to the left so that each lug 203 moves
the slide 55 which has its lug 204 opposite the
lug 1203 to the left and thereby sets up the ap-
propriate digit, corresponding to the position of
the lug 203, on the keyboard. This operation, -
however, forms no. essential part of the invention
and is described only in order to show the pur-
pose of the parts referred to. When this opera-
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tion is required, a special control key for the
purpose may be provided. :

The gear wheel 200 has driving connection with
8 gear wheel 208 through gear wheels 206 and.
907. The gear wheel 208 is slidable on a stud
209 and is provided with a lug 219 similar to lug
203. The lug 218 co-operates with lugs 2§ on
slides 212 which correspond to slides 85. The
slides 212 co-operate with bails 243 correspond-
ing to the bails 54 and each group of the slides
212 co-operates with a pawl 28 corresponding
to the pawl 64. The gears 208 can be slid to the
left by means of arms 215 secured on a shaft 218
corresponding to the shaft 65 (Figure 42D). The
lower slides 212 can be set by means of the gear
wheels 208 in the same way as the upper slides
55 can be set by the gear wheels 201, the gears
201 and 208 being of the same diameter so that
they rotate through the same amount when the
shaft 81, or 92, is rotated. )

Each slide 212 is provided with a lug 2{7 to
engage a separate striking meémber 218, Striking
members 218 are slidable along a rod 28 and
engage each a separate gear wheel 82 (see Figure
42g) so- that, when a slide 212 is moved to the
left, it moves a related gear wheel 82 to the left

_to engage it with the clutch part 80 and couple
it with its shaft 81. ‘

Thus, if a shaft 92 turns six steps during a zero-
izing movement, the slide 212 corresponding to
six will be shifted to the left and will couple

. its gear wheel 82 to the shaft 81 so that the lat-

ter can be turned six steps when the racks 83
are operated. The lower set of slides 212 in-
cludes a zero slide which co-operates with a bail
220 similar to the bails 213 except that it is keyed
on e shaft 22(. This zero slide has no lug 211
so that it cannot be operated by sliding the gear
wheel 208. After an amount set on the slides

2{2 has been transmitted through the shafts

8!, the slides 212 can be reset in readiness to re-
ceive another amount by rocking the shaft 22i
s0 as to move the zero slide to the left and there-
by rock the pawl 214 to release the previously
shifted slide. The bail 220 will restore this slide
to its normal position. As in the case of the up-
per slides the zero slide is not cut away at 222 to
provide & tooth 223 so that it is not held by the
pawl 2i4, but is restored to normal when the
shaft 221 is restored. o

Splitting transfer action

As explained before, the transfzr - actuating
bars 133 and 134 (Figures 8, 45 and.50) are op-
erated in succession. For this purpose each bar
133 is formed with rack teeth 365 which mesh
with an idler gear wheel 366 and each wheel 366
meshes with a gear wheel 367b. Each wheel
367b lies behind a similar wheel 367 and is
clutched to it as shown in Figure 50. This wheel
367 meshes with rack teeth 368 on the related
bar 138 and also with a vertical rack 369. Each
vertical rack 369 is associated with a second ver-
tical rack 310 (Figures 39D, 39¢ and 19¢) and the
vertical racks 370 are operated in succession from

. cams on the operating shaft Ti4, as will later be

explained. If a rack 370 is coupled to the related
rack 369'it will operate both the transfer bars
133 and 134 in the same section of the machine.
The slides 168 which control the split have T-
shaped ends 3171 best as shown in Figures 50
and 50a and a T-shaped lever 312 is pivoted at
313 to the slide 168 in the same section and
at 314 to the slide 168 in the next higher section.
All the slides 168 in the upper dividing part
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of the machine are to the left while all the slides
in the lower multiplying part are to the right.
The section shown in Figure 8 is the highest
section of the multiplying part of the machine
=3 that the section behind it in this figure is
the lowest in the dividing section of the machine
and the ends of the slides 168 in these two
sections will be in the position shown and will
cause the T-shaped lever 372 to tilt into the posi-
tion shown. This lever carries 3 pin 375 riding in
a slot 316 in a bell erank lever 377. The lever
371 is pivoted at 378 ang has a slot embracing
a short shaft 379. The shaft 319 projects from
a slide 380 and carries a gear wheel 381. It
will be observed that this gear wheel is held out
of mesh with rack teeth 382 provided on both the
related rack 369 and the related rack 370. The
slide 380 carries a tooth 383 which engages teeth
384 on the rack 369 so as to lock that rack against
movement. Thus movement of the rack 310 will
not be transmitted to the transfer bars 133 and
134 in the lowest dividing section of the machine.
In the case of all the other sections, each slide
168 will be in the-same position as the slides
in the two adjacent sections so that the pin 374
will be immediately above the pin 313 and the
T-shaped lever 312 will not be tilted but will hold
the bell crank lever rocked counter-clockwise from
the position of Figure 8. The gear wheel 381 will
then be held in mesh with the teeth 382 on both
the racks 369-and 370 while the tooth 383 will be
clear of the teeth 384. The gear wheel 381 serves
to couple the rack 369 to the rack 370 so that
the transfer mechanism will be operated in these
sections. It will be shown later in the description
that the racks 370 are operated successively at
one time in some cycles .and at another time
in other cycles. .

It will be observed that the slide 168 in the
No. 1 section is not provided with an upper bent
portion 311 as there is no lever 3712 on its right
with.which it can cooperate, but that the lower
portion of its T-shaped end pivots a pin 313 as
in the higher sections. This enables the No. 1
section to be included in the dividing portion of
the machine when the split is adjusted to the
right of that section. There is no slide 168 in the
dummy section, but there is a part 31ia similar
to the bent portion 371 of a slide 168 and this
part is fastened to the frame of the machine so
that it permanently pivots the pin 374 in the No.
18 section in coaxial alignment with any of the
other pins 374 that have been moved towards the
front of the machine as shown in Figure 45 in
the case of sections Nos. 11, 12 and 13. By this
arrangement, the most leftward position to which
the split can be adjusted is between sections Nos.
17 and 18, thus leaving a minimum of one section
(No. 18) in the dividing portion of the machine
for the entering of g dividend or multiplier
amount comprising only g single digit.

Column shift mechanism

From the foregoing description it will be under-
stood that an amount can be transmitted from
the shafts 81 through the gearing 90, 81 and the
clutches 93 and 94 (Figure 4) to the shafts 92
without column shift. )

A column shift mechanism is provided so that
an amount can be transmitted from the shafts
81 to the shafts 92 with column shift in either
direction. This mechanism comprises a set of
upper shafts 236 (Figures 3, 4, 20, 21, 22, 39, 39b)
and a set of lower shafts 231, Each shaft 81
can be connected to a related

5

10

[
[

20

25

30

35

40

45

50

55

60

65

70

upper shaft 230 76

283 is engaged. But the

17

by engaging clutch elements 232 and 233. The
clutch element 233 ig splined on a shaft 230’ and
can be slid along to engage the clutch element
232 by an arm 234 keyed on a rock shaft 235.
The clutch element 232 is Integral with a gear
wheel 236 which meshes with the gear wheel 30
keyed on the shaft 81, Each shaft 230° drives the
related shaft 230 through gear wheels 521 and
52la (Pigure 21). Each shaft 92 has a bevel wheel
239 (Figure 8) secured on it and this wheel
meshes with a bevel wheel 240 rotatable on a
shaft 241, The bevel wheel 240 has clutch teeth
242 €o-operating with g clutch element 243 splined
on the shaft 241, The clutch element 243 can be
moved to engage the clutch by an arm 244 secured
on a rock shaft 245, Each shaft 241 can drive or
be driven by a related lower column shift shaft
231 through bevel gearing 246. 1In connection
with this drive it will be observed that the gear
wheel 236 is smaller than the gear wheel 8o,
s0 that the shaft 230’ will rotate proportionately
faster than the shaft 81 when the clutch 232,
gear wheel 521q is smaller
than the gear whee] 521 in the same proportion
as the wheels 236 angd 90, so that the shaft 230
will be driven at the same speed as the shafts
81 and 92. Also, because the gears 206 and 207
are coaxial with the gears 90 and 236 respec-
tively, the gear 207 will rotate at the same higher
sPeed as the shaft 230°. Bug because the gear 207
is an idler between the gears 206 and 208, its
higher speed of rotation is of no disadvantage.
Proportioning the gears in this way instead of
making them all the same diameter enables the
height of the machine to be slightly reduced.

As shown in Figures 20, 21, 22, and 23, the
column shift mechanism comprises a set of upper
racks 250 and a corresponding set of lower racks
- Each rack 250 ig rigidly secured to the rack
251 below it (Figures 39a, 39b, 39¢, 43a ang 43b).
Each shaft 2308 has a single gear wheel 252 pinned
on it and these gear Wheels are arranged in a
diagonal row as shown in Figures 23 and 39
S0 that €ach one is over & different rack 250.
The racks are supported in combs 253 and 254
which are supported by links 255 and 256 at each
end. Each pair of links 255 and 256 is pivoted on
the end of an arm 251. The arm 257 in Figure 20
is splined on a shaft 258, while the arm 2571 in
Figure 22 is splined on & shaft 258q. By rocking
the shafts 258 ang 2584 in opposite directions,
the combs 253 and 254 are raised to mesh each
rack 250 with a gifferent gear wheel 252. Thus
each double rack 250, 25§ g driven by a different
one of the shafts 230, o

A number of gear wheels 259 are splined on the
shafts 231 and are normally positioned out of
alignment with the lower racks 251 ag shown.
Each of these gear wheels can be moved over the
adjacent rack 25| by neans of an arm 260 se-
cured on a rock shaft 261. There is one shaf
261 for each gear 259 and a single diagonal
row of these shafts are rocked at a time in order
to bring a diagonal Tow ‘of the wheels 259 over
the racks 251,

If the diagonal row of wheels 259, which is

“immediately below the row of wheels 232, is thus

shifted, each shaft

230 can drive the shaft 231
below it through its

. gear wheel 252, the related
double rack 258, 25814, and the shifted gear wheel
259 on the lower shaft 23(. This row of wheels
258 is known as the “normal” row because their
operation produces no column-shift in either gi-
rection. They serve only to transmit an amount
from the shafts 81 to the shafts 82 in the same
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sections or vice versa.. If the diagonal row of
wheels 259 to the right of the wheels 252 is
shifted, each shaft 230 will drive its own double
rack 250, 25/ and this rack will in turn drive
the shaft 231 in the next lower denomination of
the machine. In the first case each shaft 84
will drive the related shaft 230 which latter will
drive the related shaft 231 and this shaft 231
will drive the related shaft 92 so that the amount
will be transferred by the shafts 81 to the shafts
82 and hence to the totalizers, without a column
shift. In the latter case, each shaft 81 will drive
the related shaft 230 which will drive the shaft
231 in the next lower section of the machine,
this shaft 231 driving the associated shaft 92.
Each shaft 81 will thus drive the shaft 92 in the
next lower section of the machine so that the
amount will be transmitted with a column shift
of one denomination to the right. Other diagonal
rows of the wheels 259 can be shifted to adjust
the column shift mechanism for column shifting
an amount from one up to nine denominations
either to the right or to the left. The column
shift mechanism shown is for an eighteen sec-
tion machine but can be modified to suit any
number of sections. :

It should be mentioned that the movement of
_the shafts 92 obtained by zeroizing a totalizer as
explained previously may be used to drive the
shafts 81 through the shafts 231, the column
shift racks 250, 251 and the shafts 230. If the
clutch 510, 511 is engaged, the wheels 208 will
be positioned so that they can be used to set the
amount cleared from the totalizer on the differ-
ential mechanism. The amount can thus be set
up on the totalizer with any required column shift
within the capacity of the machine but the direc-
tion of tl.e column shift will pe reversed. Thus if
the mechanism is set for a column shift of four
denominations to the right when an amount is
transmitted from the differential mechanism to a
totalizer, that is from the shafts 81 to the shafts
92, the amount cleared from a totalizer will be
transmitted to the differential mechanism by &
reverse drive with' a column shift of four de-
nominations to the left.

As shown in Figures 23 and 43¢ each shaft 261
has an arm 263 secured on it. As shown in Fig-
ures 21 and 43a the arms 263 are arranged at a
number of different levels but with the arms 263
. on a diagonal row of the shafts 261 on the same
level. The ends of all the arms 263 at each level
are pivoted on a separate comb member 264.
Thus by shifting one of the comb members 264 to
the left in Figures 20, 21 and 92 one diagonal
row of the shafts 261 is rocked to shift one row
of the wheels 259 over the racks 251. The racks
250, 251 are then raised and the mechanism is
conditioned for column shiffing. After the
amount has been transmitted through the col-
umn shift mechanism, the racks are lowered and
then restored in the conventional manner by
means of 2 restoring bail 850 (Figures 39¢ and
43b).

This bail cooperates with lugs 851 on the racks
95§ and is supported by means of two crank arms
852 (Figure 395 and 853 (Figure 3%¢c). The
crank pin 854 on the arm 853 rides in a slot 855
in the restoring bail as shown in Figure 39¢c. The
erank pin, not shown, on the arm 852 rotates in
a similar slot in the bar, so that the bail can be
reciprocated by rocking the crank arms 852 and
853 toward one another through half a revolu-
tion and then restoring them. The arm 852 is
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secured on a vertical shaft 856 which is driven 75
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* gearing 851 from ohe of the shafts 520,
as shown in Figure 42d. A gear 858 (Figure 39
is secured to the shaft 856 and meshes with a
rack 859 (Figure 39¢) which also meshes with a
gear wheel 860 secured on 2 shaft 861 to which
the crank arm 853 is secured. In this manner,
the two crank arms are rocked in opposite direc-
tions by means of the same main drive shaft 520.
The manner in which the drive shaft 520 is op-
erated will be explained later.

The combs 264 are pivoted at each side to a
bell-crank lever 265 (Figure 23) and each lever
is pivoted to a common link 266 (see also Fig-
ures 30u, 39¢ and 39). The link.is pivoted to a

5 lever 261 secured on a shaft 210. Thus by rock-

ing the shaft 210, the link 266 is moved and
moves each side of the comb 264 equally. There
is a separate shaft 270 for each comb 264 and
the levers 261 are arranged at different positions
along the shafts to co-operate with links 266 and
combs 264. .
Each shaft 210 is arranged in a different sec-
tion of the machine and has a lever 271 (Figures
20 and 23) secured to its upper end. Each lever
211 is pivoted to a separate bar 212 so that, by
moving the bar along to the left, the correspond-
ing shaft 210 is rotated and shifts its comb 264.
Nineteen column shift keys 213 (Figures 1, 1a,
41g and 41b) are provided at the front of the
machine. Any one of the keys may be. set, in
conjunction with either of the control keys 550/1
or 550/10 as will later be described, to accom-
plish a shift of an amount in OX when the op-
erating handle 595 is rotated one turn, When
one of these keys is depressed, it is latched down
by a latch 274 which is common to all the keys
and engages a projection 215.  The lower end
of the key is forced into a crowding lock device
276 (Figure la) which serves, in a well known
way, to ensure that only one key is depressed at a
time. The depressed key also rocks a bell crank
Jever 217 about a shaft 278 and this lever, through
a link 219, rocks a lever 280 about a pivot 281.

There is a key 213, bar 272, shait 2170, link 2179,

bell crank 277 and lever 280 associated with each
comb 264 controlling a row of gears 258. Each
one of the bars 272 is pivoted to the lever 280 at
282 and will thus be moved to the left by the de-
its key. Thus, the key in column 9
marked “N” is connected through its correspond-
ing bar 272 with the comb 264 whereby -the nor-
mal row of gears 259 is made operative. The
keys on the left of the “normal” key and marked
«1» o “9” are similarly connected through their
respective bars 272 to the combs whereby right-
ward shifts of from one to nine denominations
may be accomplished, the amount of shift being
determined by the key selected. In the same
way the keys on the right of the “normal” key
are used for leftward shifts. From the forego-
ing, it will be seen that an amount in OX may
be set on the shafts 92 transmitted directly (. e,
without column shift) to the slides 212, then re-
entered in OX with column shift by operating
the differential racks 83 so as fo return the
amount through the shafts 230, shafts 230, racks
250 and 251, the appropriate row of gears 259
made operative by the selected key 213, shafts
231, vertical shaits 241, shafts 82 and hence to
the dials. At the end of a column shiit cycle a
shaft 283 (Figure 1) is rocked so that the projec-
tions 288 rock the latch 214 about its pivot 285
to release the depressed key which is restored by
a spring 286.
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Other details relating to manual column shift.

ing will be described later in reference to Figures

36¢ and 37.

Automatic column shifting is deseribed under
“measuring apparatus” and in the detailed de-
scription of the movements of the mechanism in
an actual example of a calculation.

Quotient place mechanism

As shown in Figure 13 each gear wheel Il in
_the quotient totalizer meshes with the gear wheel
290 which is rotatable on g shaft 151, Adjacent
to each wheel 290 is a whee] 29i which is splined
on the shaft 151. As shown in Figure 20 3 gear
wheel 282 is provided for each section of the ma-
chine and each of these wheels is supported in-
dependently by a separate pair of arms 293. The
arms 293 hang from a fixed shaft 294, In the
position shown in Figure 20 the wheel 292 does
not mesh with the associated wheels 2590, 291 so
that rotation of the shaft 151 will not be trans-
mitted to the wheel 290 or to the totalizer train.
The hub of each wheel 292 extends through a slot
296 in a slide 295, there being one slide for each
section of the machine. If the slide 285 is pulled
down, the slot 296 will cam the arms 293 to move
the wheel 292 into mesh with both the associated
wheels 290 and 291. The movement of the shaft
151 will then be transmitteq through the wheels
291, 292, 290 and (il to the totalizer. By this
means a quotient digit can be entered into the
section of the machine which has its slide 295
lowered. Each slide 295 is pivoted to a bell crank
lever 297 (Figures 20 and 42a). Each bell crank
lever is pivoted on a rod 298 and carries a pin
299 engaging a notch in one of the bars 212, 1t
this bar 272 is moved to the left, it will depress
the slide 295 in the same section of the machine.

Each slide 295 has rack teeth 300 meshing with
teeth on an indicator 30( so as to rock it about
a shaft 302. The indicator then indicates the sec-
tion of the machine into which the quotient digit
will be entered.

There are nineteen of the column shift keys
and of these eighteen are arranged one in each
section and each controls the entry of the quo-
tient digit into its own section. The nineteenth
key is arranged to the right of the others (Figure
41b) and controls the column shift mechanism to
give a leftward shift of nine places, but it has no
quotient place indicator, no coupler gear wheel
and no quotient entering mechanism. Other par-
ticulars relating to the quotient entering and
indicating mechanism are given later in the de-
scription of the movements of the mechanism in
an actual example of a calculation.

Measuring apparatus

With the present machine a dividend and a di-
visor may be entered with their units digits in
the same section of the machine instead of being
entered with their highest digits in the same
section as is the usual practice when performing
division, The machine will then automatically
measure the position of the highest figures of the
divisor and dividend and adjust the column shift
mechanism to column shift the dividend to such
an extent that its highest figure is in the same
section as the highest figure of the divisor. This
is effected by measuring apparatus as shown in
Figures 21, 1 and 1A.

The dividend is entered into the totalizer OX
which will contain zeros to the left of the high-
est significant figure of the dividend. The di-
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visor is entered subtractively into the totalizer 75
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IX and will thus be registered as a complement.
This totalizer will, therefore, contain nines to the
left of the highest significant digit of the divisor.
The transfer wheel assembly 121, 122, {28 in each
section of the OX totalizer is provided with a
projecting tooth 310 (Figures 14 and 21) which,
when a totalizer section is at zero, is immediately
above a nose 311 of a slide 312 so that the slide
cannot move up. The slide can be raised by a
bell crank lever 313 which is rotatable on a shaft
314. Each lever 313 is connected to the shaft 314
by a coil spring 315 so that, by rocking the shaft
314 clockwise, the lever 313 can be rocked clock-
wise if the slide 312 is free to move. If a totalizer
section is at zero, the slide 312 in that section

-will be prevented from moving by the tooth 310

and the bell crank lever 313 will not be rocked.
If the section is not at zero, the slide 3i2 can
move and the eorresponding bell crank lever 313
will be rocked and will move a link 3{6 to the
left. On restoring the ghaft 314, the slide 3i2
and link 316, if they have been moved, will be re-
stored with the shaft. The corresponding parts
for the totalizer (X have been given the same ref.-
erences with the suffix a and operate in the same
way except that the slides 3i6¢ move to the
right and that each tooth 310q is positioned to
obstruet its slide 312a when the totalizer section
registers nine, B
Each slide 316 is slotted to embrace a pin 311
(Figure 1a) on a stop member 318 which is piv-
oted on a rod 399. There is a stop member for
each section of the machine and each stop mem- -
ber will be rocked when its slide 31§ moves to the

5 left. Thus the stop members 318 will be rocked

in those sections of the machine which do not
contain zero in the dividend totalizer. Rocking
a stop member 318 moves it into the vath of a -
Separate projection 319 on a sleeve 320 (see
Figures 41a and 41b). The sleeve 320 is rotat-
able on a shaft 321, which can be rotated ohe
complete turn by means of a3 cam on the main-
shaft, and this sleeve is connected to this
shaft by a coil spring 322 so that it will rotate
with the shaft until it is arrested by the engage-
ment of one of the projections 319 with its stop
member 318, The projections 319 are arranged
in a helix so0 as to pass the stop members 318 in
succession commencing with the projection in
the highest section of the machine,

Assuming that the dividend has been entered
in the position shown in Figure 24b, the highest
significant figure will be in column {4 of the
machine and there will be a “0” in each of the
higher sections or columns. Then the stops 318
in the sections 15 to (8 will not be rocked so that
the four leading projections 319 can move past
these stops. The fifth projection will, however,
engage the stop 318 in column (4 and the sleeve
320 will be held after having moved a number of
steps proportional to the number of the higher
sections of the dividenq totalizer that contains
zero. -

An exactly similay arrangement is controlled
by the divisor slides 316a so that a sleeve 3204 is
moved through a number of steps proportional to
the number of consecutive nines in the highest
part of the divisor totalizer. In the example of
a calculation the number of nines is six.

The differencing device comprises an epicyélic
gear group (Figures-la, 41a, 47, 48 and 49) in
which there are two sun wheels -323a and 325q
and two pairs of planet wheels 322’, one planet
wheel in each pair meshing with the sun wheel
323a and the other planet wheel in each pair
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meshing with the other sun wheel 325¢. The
planet wheels in each pair are meshed together
and each wheel is mounted on an axle carried
between planet arms 322a and 322b. The sun
wheel 325a is secured to the sleeve 320, and the
other sun wheel 323a to a gear whee] 323. The
gear wheel 323 meshes with a gear wheel 324
secured to the sleeve 320ez. The two sleeves will
rotate the sun wheels in opposite directions so
that the planet carrier will turn through an angle
equal to the difference between the movements
of the sleeves. Thus the planet carrier will turn
a number of steps equal to the difference between
the number of zeros to the left of the highest fig-
ure of the dividend and the number of nines to
the left of the highest figure of the divisor. This
difference is the number of sections through
which the dividend must be column, shifted. -

The planet carrier is formed with a bevel gear.

325 which meshes with a bevel wheel 326 rotat-
able on' a shaft 321. The bevel wheel can be
clutched to the shaft 327 by means of a clutch
328 operated by an arm 323 on a shaft 330. The
shaft 327 drives a cam 331.by means of bevel
gearing 332. The cam is formed in & number of
sections, one for each denomination of the ma-
chine, and each section has a cam projection
333 and a complementary depression 334, When
a dividend or a divisor is entered, the clutch 328
is engaged before the shaits 321 and 32la are
rotated and is disengaged after the shafts have
been rotated. The shafts are then restored, with
the result that the sleeves 320, 320¢ and all the
parts in the differencing device driven by them
are also restored. This leaves the cam displaced
from the normal position by an extent equal in
size and direction to the required column shift.

In every cycle in which there may be a change in
the column shift setting a shaft 336 is rocked coun-
terclockwise to the position shown in Figure la so
as to move a pin 336 to the right by means of an
arm 337 and a link 338. There is a separate pin
in each section of the machine and each pin is
supported by a separate lever 339 pivoted on a
rod 340, Each pin 336 carries a rock lever 341
which also carries the pivot pin 281 for a related
lever 280. When the shaft 335 is restored by a
counterclockwise rotation from the position
shown in Figure la, the rock lever 341 is thus
moved towards the cam, the setting of which
may have become changed since the shaft was
rocked, and, if a projection 333 is opposite a
roller 383 on the lever 341, the lever will be
rocked counter-clockwise about the projection
333. The rocking movement is permitied by the
depression 334 which receives another roller 242
on the lever 341. The movement of the lever
341 causes the lever 280 to rock and thus moves
the bar 212 to the left to set the column shift
inechanism. The projections 333 and depres-
sions 334 are arranged helically so that only one
rock lever 341 will rock counter-clockwise.. The
remainder will rock clockwise owing to the roller
342 engaging an enlarged peripheral portion 344
‘of the cam, a reduced peripheral portion 345 of

the cam permitting the roller 343 to move. This -

rocking movement of one of the levers 341 moves
the related bar 212 slightly to the right but this
does not affect the operation of the machine. It
will be apparent that the particular lever 341
that rocks to movejits bar 272 to the left is de-
pendent on the setting of the cam 331. This set-
ting in turn depends on the relative position. of
the highest figures of the dividend and the di-
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shift appropriate to the particular dividend and
divisor entered. Before the shaft 335 is rocked,
the shaft 283 (Figure 1) is rocked to release any
depressed key 213 and the shaft 218 (Figure 1a)
is rocked. A bail 346 is carried by arms 347 se-
cured on this shaft and is thus raised to engage
a projection 348 on each key stem so as positively
to hold them up and prevent accidental depres-
sion of the keys. :

A ratchet wheel 350 is secured to the cam 331 .
and can be stepped round by a pawl 35i which is
carried by a slide 352, This slide is reciprocated
once in each multiplying or dividing cycle of the
machine whenever there is a true-quotient or
extra-quotient cycle so as to step the cam 334
round one unit of movement which represents
the supplementary setting of “minus one” re-
terred to in the “example of division and multi-
plication simultaneously.” This causes the
amount of column shift to change by one de-
nomination leftward when required. As ex-
plained later, the slide 352 is not operated in any
cycle when the same column shift setting is re-
quired in an extra-quotient cycle. If is neces-~
sary to disengage the pawl 381 from the ratchet
wheel 350 when setting the cam 33f by means of
the shaft 321. For this purpose a link 353 is con-
nected by a pin and slot connection to the arm
329 (see Figure 41a) which engages the clutch
328 and extends under a lug 354 on the pawl so
that the pawl 351 is rocked clear of the ratchet
wheel when the clutch 328 is engaged.

It is necessary to restore the cam 331 to a nor-
mal setting in which it will set the machine for
no column shift whenever a dividend or a divisor
is cleared from the machine. For this purpose a
disc 355 is pinned on the shaft 321 and carries a
single tooth 356. A gear wheel 357 is loose on the
shaft and has a single tooth 358 projecting. The
gear wheel can be slid along the shaft by an arm
359 secured on a shaft 360. When the gear wheel
is moved upwardly and then rotated its tooth 358 .
will pick up the tooth 356 and restore the shaft
327 and the. cam 331 to the normal position
wherein g zero stop pin 33la on the highest sec-
tion of the cam 331 contacts the end of a stop
lever 359b as shown in Figure la. This stop lever
is integral with the arm 359 and is only moved
into the path of the pin 33ia when the arm 359
is raised for zeroizing the shaft 327. The arm
359 is. also connected by a pin and slot connection
to the link 353 to raise 1t and rock the pawl 351
clear of the ratchet wheel.

Control and drive mechanism
The various parts of the machine requiring to

_ be operated are connected each to a separate
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shaft 520 in the base of the machine. Where a
number of similar parts require to be operated in
the same manner under all circumstances they
may be connected to the same shaft 520. The
shafts 520 are arranged in two planes as shown in
Figures 28, 43d, 18a and 18b and the connection
is taken from each part 'to the most convenient
one of the shafts 520. Thus, for example, the
bar 41 (Figure 18¢) requires to be oscillated about
its pivot 5i5. It is connected by a slipper 516 to
a vertically sliding bar 5¢1. This bar is con-
nected to a rack 600 (see also Figures 4la and
41¢) meshing with a pinion 681 secured on one
of the shafts 520, so that, by oscillating this shaft
the bar 517 is reciprocated and the bar 87 is os-
cillated. Similar connections can be made to
the various rock shafts, striking bars and corre-

visor. Thus the machine is adjusted for column 78 sponding parts,
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Each shaft 520 has a number of gear wheels

~ B41 splined on it and each of these wheels can be
moved from an idle position as shown in Flgures

30 and 38¢ into mesh with an adjacent related

rack §32. Each wheel B4f thus forms a device

for coupling its secondary driving shaft 520 to a

related main driving rack §32. Each wheel is

moved along its shaft by a striking arm 542

secured to a long pinion 843 having a single long

tooth 543a as shown in Pigures 28, 28a and -30.

- Each long pinion forms an actuating part for the
related coupling gear wheel and extends through
a group of control plates. Each control plate
comprises a number of bars 544 connected at one
end to a bar 548 and at the other end to a plate
848 50 as to be movable as a unit. 'The bars 544
- slide in comb members 54T (see Figures 28, 44c,
44d, 42c and 42d)- which support and space the

control plateés. - Each bar has one or more teeth

548 (Figure 30) or may have no such teeth. ‘The

- teeth are so positioned that each engages an ad-
Jacent long pinion 543 and rocks it to engage the

related wheel 541 with the related rack 532.

When the control plate having that tooth is

‘moved to the left in Pigure 29, it engages one or
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group of parts are required at the same time or
times in different sections of the machine, and
that alternatively each cross-shaft may be driven
by either of several racks where a movement is
required at one time in one cycle and at a dif-
ferent time in another cycle.

To illustrate the above in reference to the
Present’ embodiment, Figures 26 and 27 show
disgrammatically and in conventional form the
arrangement of the driving racks 5§32, the cross-
shafts 620 and the gear wheels 8§41 for the upper

and lower groups of control plates respectively. v
" A circle at the intersection of the line represent-
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ing & rack 532 with that representing a cross-
shatt 520 shows the position of & group of parts
comprising one of the gear wheels 841, and its
related long pinion 543. The racks 532 are num-
bered as shown at the top of each figure. The
figures on each side show the part operated in the
case of each cross-shaft 520, and the figures in

Jbrackets refer to the principal driving connection

between the part operated and the related shaft
§20. The driving connections will be described

" at a later stage.

more of the wheels 541 with the related racks 532 -

and couples the related shafts 520 to the related
racks 532; )

Each of the shafts 520 must be turned through
a Dredetermined extent to impart the required
movement to the connected part or parts when
a gear wheel 541 is meshed with a rack $32, and
then be restored to its initial position in order to
restore the parts. For this purpose each rack
532 is supported on blocks §33 (Figures 28 and
28a) and reciprocated by means of a pair of com-~
plementary cams 800 and 820 fixed on the shaft
$40 which is driven by gearing 715 from the main
operating shaft 714. The periphery of the cam
800, which is the driving cam, constantly engages
& roller mounted on a follower arm $35% which is
keyed to a boss 537 mounted on a cross-shaft.

The periphery of the cam 828, which is the
complementary cam, constantly engages a roller
mounted on g follower arm 8i8a also keyed to
the boss §31. Another arm similar to the arm
535 carries another roller coaxial with the roller
on the arm 535, and this other roller engages a
vertical slot in the rack 582 so that with each
turn of the shaft 540 the rack 532 is reciprocated
in accordance with the contour of the cam.
There is a plurality of such racks and cams and
each pair of cams is arranged to impart to its
rack a predetermined ‘movement or movements
at a predetermined time or times and to restore
the rack to its initial position at another prede-
termined time or timies. There are as many
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It will be understood that the various control
plates referred to above are identical except for
the position of their teeth 548 (Figure 26) so that
a control plate can readily be made and inserted
which'is designed to cause any combination of
barts to operate with any timing provided by the
available racks 5§32, Thus, the machine can be
made to perform any operation within its capac-
ity by inserting a suitable control plate. If an
operation calls for a timing or extent or direction
of movement of a part which cannot be obtained
from any rack 532 in the machine, a further
rack, pair of driving cams and related gear wheel
or wheels 541 can be added, space being, prefer-
ably, left for this. Additional parts may be con-
nected to an existing shaft 520 or an addition
shaft 520 may be provided. The arrangement is
thus very flexible and can easily be modified to
suit the operations the machine is to perform, in
most cases  the only modification being the ad-
dition or substitution of g control plate.

As shown in Figures 28 and 28a, the control
plates are arranged in two groups one above the
racks 543 and the other below those racks, The
upper group of control plates control the gear
wheels 541 on the upper shafts 520 and the lower
Broup of control plates control the wheels on the

~ lower shafts. Thus, if an operation requires the

5

pairs ‘of -cams and racks as there are different .

kinds of movements to-be imparted to the various
operative parts of the machine at the same or
different times. When a part or group of parts
is required ‘to operate at one time in one cycle
and at a different time in another cycle, the cor-
responding shaft 520 carries two gear wheels 541

| .associated with the two sets of racks and cams -

that produce the appropriate movement at the
appropriate times, and this system is extended
so that the number of gear wheels on each shaft
520 is proportional to the number of different
conditions under which, as to amount and di-
: rection’of movement and timing, the related part
‘has to operate.

It will be appreciated that each rack may drive
several cross-shafts where similar or simultane-
ous though dissimilar movements of a part or
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actuation of parts connected some to the upper
shafts 520 and others to the lower shafts 5§20, two -
control plates must be used to control the opera-
tion, one member from each group.

The control plates are moved to their opera-
tive positions by control keys 550 (Figures 3, 38 and
43b) each allocated to a different machine opera-
tion. Each key has a tubular stem 551 and is .
pressed upwards by a spring 552. The lower end
of the stem 851 is enlarged at 553 and has up-
standing ears 554 which project- through open-
ings in a fixed plate 555 so that the key stem 551
cannot rotate. An actuating shaft 556 is jour-
nalled at its upper end in the stem 55§ and is also
supported at its lower end by suitable frame mem-
bers as shown in Figures 41d, 424 and 43dso that -
it can rotate but not move axially. The shaft 556
is formed with an enlarged portion 551 having
two helical splines 558 which engage in helical
slots in the part 553 of the key stem 55{. Thus,
when the key is depressed, it rotates the actuat-
ing shaft 556 which operates one or more control
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plates as will now be described with reference to

Figures 27 and 43d.
The part 546 (see Figures 30 and 30a) of each

control plate is connected to another plate 946

by bars 947 and 948. The plate 946 has & num-
ber of plates 560 connected to it and these plates
slide in comb members 561 with corresponding

plates of the various setting members in vertical -

alicnment. The two outer plates 588 of each
control plate are connected fo bellcrank levers
562 and 563 pivoted on rods 564 and 565 and in-
terconnected by a link 566 so as to force all the
plates of the related control plate to move equal-
ly when one of them is moved. The actuating
shafts 556 extend through openings §67 in the
plates 560 so that each passes through one plate
560 .0f every control plate. Each shaft 556 has
a pinion 559 secured to it and each pinion has
three teeth on one side and a single tooth $70 on
its other side. One opening only in the plates of
each control plate is formed with teeth 874 mesh-
ing with the related pinion §5¢ while all the re-
maining openings in those plates have each a
single tooth 572, .

Thus, depression of a control key 350 (Figures
31 and 43b) causes the related pinion 559 to turn
and this pinion causes the plate or plates 560
with which it meshes to move to the left in
Figures 30 and 43d and thus moves the related
control plate or plates to the operative position.
At the same time the pinion 358 that is turned
brings its tooth 518 into engagement with the
teeth 572 on the remaining plates 586 through
which it passes so as to lock the related control
plates out of action or move them to their in-
operative position if they are not in that position.
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The locking of the unwanted control plates also

locks the remaining control keys since it locks the
related pinion 559, so that only one control key
can be depressed at once. The feecth 872 may,
however, be arranged so thaj control plates that
control complementary operations do noi become
locked if one of them is moved to its operative
position while control plates controlling conflict-
ing operations are locked. This allows of more
complex operations being performed by depress-
ing two or more control keys but introduces & risk
of two keys being depressed in error. In Table 6
the additional keys that may be uzed in the same
cycle with the conirol key first selected are
marked with an “X.” Thus, reading horizonial-
iy, the keys 530/4, 580/7, 558/18 and 589/13 may
be used with the key 850/! a5 the operations they
control do not conflict. The other keys are pre-
sumed to be locked 2s deseriked.

Tabile 6

Control key 550 in the same cycle

selected

11112]13{14115{16;
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Adaitionsl control keys that may be used
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Each control plate is held in its operative posi-
tion by a separate related latch 573 which en-
gages a tooth 574 on the related Iink 566 and
holds it and the control plate displaced. 'The
latches are pivoted on a shaft 5§78 and are rocked
to release the operative control plates by & bail
578 which is rocked, for this purpose, about the
shaft 564 at the end of each cycle by a connec-
tion to one of the shafts 520 (see Figure 43d).

When a control plate is restored it does not
restore any of the long pinions 543 if may have
operated. These pinions "are restored by two
restoring members (Figures 26 and 42¢) which
are identical with the control plates except as
explained below, the identical parts having the
same number but with the letter “R” affixed.
There is one restoring member in each group of
control plates, and each of its bars $44R has a
tocth 580 associated with each pinion 543, but it
has no teeth 548. Also, each of its plates 560
has o single tooth 57ia associated with each
pinion '559. Before any of the keys 550 is de-
pressed, each tooth 5T{¢ contacts a continuation
§58q of the central one of the three teeth §1i on
each pinion 559, When & key 566 is depressed,
its tooth 558a, by reason of its contact with the
related tooth 57ie on the restoring member,
moves the latter leftward to the position shown
in Figure 30. This movement occurs simultane-
ously with the leftward movement of the control
plate being set, with the result that all the pinjons
543 in the group are unlocked by the leftward
movement of the teeth 588, and all those that are
required o engage their wheels 54! with the re-
lated racks 582 are rockéd for that purpose by the
teeth 588. The restoring member, which for con-
venience is referred to as the restoring member
844R, has no related latch 573, so that when the
beil 518 is rocked to release the operative control
plates in each group and the pinion $58 connected
with each plate is restored by the spring $52 to
inoperative position, the restoring member 584R
cesses to be held leftward by 2 tooth 57ig where- -
upon & spring 849 connected to its link §66R re-
stores the member 588R and its teeth 580 engage
any operated pinions 543 gnd restore them to the
initial position, in which their associated wheels
844 are disengsged from the rclated driving rack
522 »s shown in Figure 3%e. )

T eoch group of conirol plates there is & piate
{or cach control key and four additional plates
associated with the plate velating to the key
550/3, maeking twenty-cne piates in each group.
These are arranged in the machine in the order
in which the keys are numbered for reference
commencing at the top with No. 1, and with the
four additional plates a4 the vottom in each group
numbered {rom eighteenn to twenty-one. The
jour additional plates in each group are employed
in cycles 2 to B when entering the multiples, and
their operation is as follows: .

The multiple entering key §58/3 operates con-
trol plate 549 (plate No. 3) (Figure 42d)- in each
group, an assembly of parts 544, 545 and 546 as-
sociated with & control key being referred io for
convenience as a control plate 544, and cells into
operation all the necessary parts for entering the
divisor and multiplicand amounts- into the to-
telizer 5X. 'This control plate does mnot cause
operation of the shaft 520 which rocks the bail
578, so that the control plate 1s not restored at
the end of the first cycle. But it does cause one
of the shefis 526 to turn & cam £62 in each group
through one-fifth of a revolufion. The shaft
drives the cam through bevel gearing 480 and &
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ratchet device 481 which is oscillated so as to
turn the cam 402 on its return stroke. Each cam
402 is provided with four cam rises 483 which
are spaced 72° apart. These rises are arranged
helically and operate on rollers 484, one on each
of the four additional control plates. Each of
these plates, except for the rollers 404, comprises
8 similar assembly of parts 544, 64§ and B4s;
but, because they are controlled'by,thg cam 402
instead of a control key, they are referred to for
- convenlence as the control plates’ B48- (Nos. 18

to 21). The cam is stepped round in each of the

first four cycles so that it operates upon the
plates 646 in succession, each becoming latched
by the pawl 573 in operative position. Thus, in
the first cycle, only the No. 3 control plate in
each group will be operative; in the second cycle,
the Nos. 3 and 18 plates will be operative; in the
third, the Nos. 3, 18 and 19; in the fourth, the
Nos. 3, 18, 19 and 20. Near the end of the fourth
cycle, the cam 402 is rotated through its fourth
one-fifth of a revolution and thereby. brings into

operation the fourth additional control plates

(No. 21 in each group) and momentarily latches

them, but almost immediately afterwards the bail

. 518 is rocked under the control of one of the No.
20 plates to release all the plates from being
latched so that plates Nos. 3, 18, 19 and 20 in
each group are free to return to their inoperative
position. - The unlatching of the No. 3 plates in
the fourth cycle also releases the control key
§50/3. Plate No. 21 in each group, however, is
still held in its operative position by reason of
its contact with the fourth cam rise, and this
plate takes over all the operative functions per-
formed by the plates that are now released.

Thus, in the fifth cycle, only the No. 21 plates
are operative; and, near the end of the cycle,
when the cam. 402 is rotated through a fifth one-
fifth of a revolution and has thus regained its
starting point, the cam rise which held each No.
21 plate in operative position Is removed from
contact with its plate and consequently allows the
restoring spring of each plate to return it to its
inoperative position. This, in turn, frees any of
the long pinions 543 which have been operated
and they are then restored to inoperative posi-
tion by the restoring member 544R in each group.
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by the released plates during that cycle. In the

fitth and last cycle, under the control of the No.
a1 plates, the amounts are again entered in 2X,
3X, 4X and §X and also in IX. The No. 21
plates also control the rocking of the shaft 31 da
(Figure 21), and the rotation of the shaft 32ia
(Figure 1a), so that the measuring apparatus
operates to measure the position of the divisor
in IX and adjust the cam 331 accordingly. Other
details relating to these operations are given later
under “entering divisor and multiplicand multi-
ples” when describing the movements of the
mechanism during an actual example of a cal-

culation, ’
Entering a dividend

A dividend is set up on the keyboard, prefer-
ably to the left of the split, the control key 560/8
is depressed and the handle 588 given one turn,
whereupon the dividend is entered in upper 0X
and the control key is released.

The numbers of the various parts that are
actuated in this cycle are set forth in the timing
diagram (Figure 36d). The first column glves
the designating numbers of. the racks 532 that are
utilized. The second column shows the number

“of -units of movement of each rack and "also
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It should be mentioned that all the ‘plates are -

apertured as shown in Figures 30, 39¢ and 397 to
permit the passage of driving connections from
some of the shafts 520 to the varlous parts of
the machine to be operated and that the cams are
located in this aperture.

The key-controlled plates 544 (No. 3 in each
group) cause the coupling of the totalizer §X to
the shafts 92 during the first multiple entering
cycle. Near the end of the first cycle, the first
cam-controlled plate 548 (plate No. 18) in each

roup causes the coupling of the totalizer X to
the shafts 92, so that during the second cycle the
divisor and multiplicand are entered in X as
well as in §X, and near the end of the cycle the
second cam-controlled plate 548 (plate No. 19)
in each group is made operative. During the
third cycle the amounts are entered in X, 4X
and 5X and the. third cam-controlled plate 546
(plate No. 20) in each group is made operative.
In the fourth cycle the amounts are entered in

2X, 3%, 4X and 5X and the fourth cam-con- ¢

trelled plate 548 (plate No. 21) is made opera-
tive. Near the end of the fourth cycle all the
operative plates are restored except the No. 21
In each group which, as explained above, now
takes over all the operative functions performed

16

shows, by means of the letters “F” or “R”,

“whether the commencement of that movement 1s

towards the front of the machine or towards the
rear. The third column gives the number of the
principal part or parts driven by each rack; the
fourth column shows the purpose of their being
oberated; the fifth column shows which parts are
operated when a dividend amount is entered
positively and which parts when an amount is |
entered negative. When a part is used, a cross is
marked against it in the appropriate column.
Thus, the parts that are used are readily dis-
tinguished by reading the appropriate column
vertically.

The sixth column shows
the timing, extent and direction of each driving
rack used.  The driving movement of each rack
is shown by a sloping thick line, g restoring move-
ment by a sloping thin line, and no movement by
a horizontal line. .

When the key 550/8 is depressed, it positions
the control plate 544 (plate No. 8) (Figure 30q)
in each control plate group and thereby couples
all the parts to be operated to the racks 532 in
the manner déscribed. The turning of the shaft
540 through handle 585 moves all the racks, but
only those that are coupled by a wheel 54
(Figures 28 and 39) to the required operative
i1.'>a,z't:s are effectively used. The others reciprocate

dly.

Thus, early in the cycle, the cam bar 641 (Fig-
ures 14 and 18b) is moved downward three steps
to mesh the OX gear 481 with its related rack 468,
and shaft 480 is rocked (Figure 18%) to move the
OX rack 111 (Figures 5, 35, 45) leftward to the

in diagrammatic form

- adding position in upper OX, coupling the wheel

107 with the wheel {05 (Figure 12) by clutches
106, 108, in each denomina‘ion above the split.
At about the same time the shaft 100 (Figures
8, 19¢) is rocked to lock the bars 380 and imme-
diately afterwards the shaft 87 is rocked (Figure
3, 18b) to read the keyboard settings so as to en-
gage the clutches 80, 82 (Figures 2, 3) relaiing
to the depressed keys. Concurrently, the shaft
98 is rocked (Figures 4, 19b) to couple the shafts
81 to the shafts 92 through the clutches 93, 94.
Bar 47 is now moved counterclockwise (Figures
18b, 18¢) so as to move the racks 83 to set up the
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dividend on the dials in upper OX through its
shafts 81, shafts 92, clutches 106, 108, and the

totalizer gear train in each denomination.
The shaft 480 is then. restored to return the

rack 171 to its neutral position, and so disengage

the clutches 106, 108. At the same time the shaft
_81 is restored, and also the shaft 96 to disengage
the clutches 93, 94. Immediately afterwards, the
cam bar 641 is restored and concurrently with the
restoring of this part the transfer actuating bars
133 and 134 (Figures 5, 8, 19¢) are actuated to
effect the necessary transfers when the dividend

is formed as the sum or difference of two or more

numbers entered in succession.
‘During the transfer action the racks 83 are re-
stored by the return movement of the bar 417, and

10
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multiples are entered positively in their respec-
tive totalizers below the split. At any time after
the fourth cycle, the control key may be released
and finally both. portions of the keyhoard are
cleared. : -

. 7The parts that are brought into operation in
this series of cycles are set forth in the timing
diagram (Figure 36a), which is arranged in a
similar manner to Figure 36d, except that it cov-
ers the timing for five cycles instead of one and
has reference to the totalizers 1X to 5X instead of
the totalizer OX. In order to distinguish which

~ parts are used in each cycle, the fifth column is
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immediately following the transfer action the .

shaft 314 (and 3i4a) (Figure 21) is rocked to
Tecord the position of each significant digit in
the totalizer OX by setting & stop member 38
(Figure 1la) for each such digit. The bars (37
(Figure 14) in totalizers OX to 5X are also oper-
ated (Figure 19b) to disengage the wheels §22
from the toe members (28, 138 (Figure 7, and

the lock bars 28 are centralized by the bars 128, .

138.

The cluich 328 is engaged by rocking the shaft
330 and then shaft 321 is rotated (clockwise in
Figure 1a) to measure the number of consecutive
“geros” on the left of the dividend in the manner
described. ‘Thus, in the example of 2 calculation,
the dividend “1498” was entered in OX with four

“geros” on the left of its firsi significant digit. .

Therefore, the sleeve 320 and the sun wheel 325a
are turned through four steps in & negative direc-
tion until a projection 318 contacts the most left-
ward of the rocked stop members 818 which is in

column & and signifies the position of the high-~
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est significant digit in the dividend. ‘This move- '

ment is imparted through the planet carrvier of
the gearing 322’ and its bevel gear 328 to the
shaft 327 and thence to the cam 88{. The rocks
ers 341 are disengaged from the cam 831 while
shaft 82{ is rotated.

Tinally, the clutch 328 is disengaged, the shafts
224 and 180 are restored, emd the beil 518 is
rocked to release the No. 8 control plates and with
them to key 556/8. Other restoring movements
will be apparent from the timing disgram (Fig-
ure 36d5. _

The keyboard is then cleared by depressing the
key 878. 'This leaves the machine in the condi-
tion shown in Figure 240, with the dividend
amount “1498” entered in OX in columns 11 $o 14,

Tt will be observed that, when entering an
amount negatively, using the key 558/9, as for
example when the dividend is required to be the
difference between two separate amounts enfered
in succession, the only difference between the
parts made operative by the No. O plate in each

. group as compared with the No. 8 pletes is that
rack 17t is moved rightward instead of leftward
S0 as to set upper OX to subtract, the cam dar 688
being positioned three steps down for this pur-
pose instead of the cam bar §81. In a1l other re-
spects, 2 positive dividend entering cycle i3 iden-
tical with 2 negative one.

Entering divisor and mvltiplicond multiples

The divisor is set up on the keyboard %o the
left of the split and the muliiplicand to the right.
The control key 550/8 is sét and the hendle 585 is
rotated five times whereupon the divisor multi-
ples ‘are entered negatively in their respective
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totalizers. above the split, and the multiplicend 75

headed “used in cycle No.” so that, when a part is
used in . cycle, an “X” is marked agawust it in
the column headed by the number of the cycle.
Thus, the parts that are used in each cycle are
readily distinguished by reading the appropriaie
column vertically. o o

- Table 7

FIRST MULTIPLE ENTERING CYCLE, USING CONTROL
PLATE NO. 3 IN-EACH GROUP

| (three steps down).
Operate bars 137 in
OX to 5X.

Driving]
I:ack Principal part driven Purpose
o— | -
[ S Rock shaft 480 ... Move 172 in 5X leftward to add in:
lower portion,
Rock shaft 480a..-... Move 171 in 5X rightward to sub-
. . tract in upper portion. )
3 Rock shaft 484 . ... Release 466, 467, while operated by
. 480 or 480a.
[ S—— Position cam bar 636 | Mesh 5X gear 481 with related rack
: (one step down). 487 to add in lower 5X.
[ S QOscillate bar 47_.__._. Reciprocate racks 83. ’
b S Position cam bar 625 | Mesh 5X gear 48l with related

rack 466 to subtract in upper 5X.
Disengage wheels- 122 from tos
members 129, 130, ~ -

... Rock shaft 87___._... Read keyboard settings.
Rockshaft 86_ ... Engage clutches 93, 94.
15 ... Rock shaft 700 .. __. Align and hold bars 380.

_| Rotate cams 402

through first one-
fifth of a revolution.

Bring into operation first additional
control plates (No. 18 in each
group) for use in the next cycle.

TROL PLA

Table 8

SECOND MULTIPLE ENTERING CYCLE, ﬁSING CON-

TES NOS.3 AND 18 IN EACH GROUP

Driving

3

TECE
Ne—

brought into oper-
plate No. 18

Additional perts

ation by control

Purposs

Pesition cam bar 637
(one step down).
Position cem bar 630

(three steps down.)
Rotate cams 402

BZesh 4X gear 481 with rolated rack
467 to add in lower 4,

Mesh 4X gear 481c with related
rack 486 to subtract in upper-4X.

Bring into operation second addi-

THIRD MULTI
TROL PLATES NOS. 3,

through the second tional control piates (No. 19 in .
one-fifth of & revo- each group) for use in next cycle.
lution. .

Table 9

PLE ENTERING CYCLE, USING CON-
18 AND 19 IN EACH GROUP

Additional parts

Driving] “prou :
. ght into opera-
lfﬁ)ci tion by plate Purpose
N No. 19

[ J— Position cam bar 638 | Mesh 3X gear 451 with related rack
(one step down). 467 to add in lower 3X.

) 1 S Position cam bar 631 | Mesh 3X gear 48la with related
(three steps down). rack 466 to subtract in upper 3%.

8. Rotete cams 402 | Bring into operation third addi-

through the third
one-fifth of a revo-
lution.

tional control plate (No. 20 in
each group) for use in next cycle..




Table 10
FOURTH MULTIPLE ENTERING CYCLE, USING CON-

TROL PLATES NOS, 3, 18, 19 AND 20 IN EACH GROUP
Additional parts
Driving brought into opera-
3k | tion by . control Purpose
- plate No. 20
L I Position cam bar 839 | Mesh 2X- gear 481 with related

(one step down).
Position cam bar 632
(three steps down).
Rotate cams 402
through the fourth
one-fifth of & revo-

lution.
Rock bail 578._...____

rack 467 to add in lower 2X.
Mesh 2X gear 481a with related

rack 466 to subtract in upper 2X.
Bring into operation fourth addi.

in each group for use in next
cycle,

Release control plates Nos. 3, 18,
19 and 20,

Table 11

FIFTH MULTIPLE ENTERING CYCLE, USING
CONTROL PLATE NO. 21 IN EACH GROUP

Driving Parts brought i
ght into
I\x}%ck_ operation Purpose
(O Rock shaft 420__.____| Move arms 410 and snecial arm 413
a to negative position,
6. Rock shaft 480_______ Move 172 in 1X to 5X leftward to
add in lower portion of each
: totalizer,
Rock shaft 480a...___| Move 171 in 1X to 5X rightward to
subtract in upper portion of
each totalizer, .
Rock shaft 484_______ Release 466, 467, while operated
by 480 or 4804, .

[ J— Position cam bars | Mesh gears 481 with their related
636, 637, 638, 639 racks 467 to add in lower 1X to
and 640 (one step 5X,
down).

4 ... Oscillate bar 47_______ Reciprocate racks 83, .

18 Position cam bars | Mesh gears 481a with their related
625, 630, 631, 632 racks 466 to subtrast in upper
3nd 634 (three steps 1X to 5X.

own),

18...... Opcrate bars 137 in Disengage wheels 122 from toe

: OX to 5X. members 129, 130. .

28 Rock shaft 87_______. Read keyhoard settings.

Rock shaft 96__ --| Engage clutches 93, 94.
5. .. Rock shaft 700 ______ Align and hold bars 380.
b S— Rotate shaft 321a_____ Measure number of “nines” on left
" __of divisor entry in upper 1X, ete.

2. Rotate cams 402 | Release control plate No. 21 in each
through. the fifth group.
one-fifth of a revo-
lution.

p= Rock shaft 330._____ Engage clutch 328, o

Rock shaft 314a_.____ Record position of each digit in 1X
otherwise than “9,”

Rock shaft 335__.____ Disengage rockers 341 while rotate
ing 321a.

Referring again to the example of a calcu-
lation, the movements of the mechanism during
the entering of the multiples when the divisor is
“14” and the multiplicand is “33" will now be
described.

First multiple entering cycle

During the first cycle the divisor is entered
negatively in upper 5X and concurrently the
- multiplicand is entered positively in lower 5X.
The cam bar 636 is moved downward one step to
mesh the 5X gear 481 with its related rack 461,
and at the same time the cam bar 625 is moved
downward three steps to mesh the 5X gear 481q
with its related rack 466. Shaft 480 is then
rocked to move the 5X rack 112 leftward to the
adding position for entering the multiplicand in
lower 85X, thus coupling all the clutches 106, 108
therein: below the split, and at the same time
shaft 480a is rocked to move the 5X rack I7(
rightward to.the subtracting position for enter-
ing-the divisor in upper $X, thus coupling all its
‘clutches 109, {10 therein above the split,
During the rocking of shafts 480 and 480q,
shaft 87 is rocked to read the keyboard settings

2,208,263

10

tional control plate '(No. 21) -
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to engage the related clutches 80, 82; also the 75

25
shaft 96 to engage the clutches 93 94, and the
shatt 708 to lock the bars 2380.

Bar 47 is now operated to move the racks 83
leftward to enter the divisor in upper §X nega-
tively through its shafts 81, shafts 92, clutches
109, 110, and the totalizer gear train in each de-
nomination above the split, and to enter the mul-
tiplicand in lower 5X positively through its shafts
81, shafts 92, clutches 106, 108, and the total-
izer gear train in each denomination below the
split. :

Shafts 480 and 480a are then restored to re-
turn the X racks 171 and 112 to neuiral posi-
1tion. At the same time shaft 87 is restored, and
also the shaft 96 to disengage the clutches 93,
94. TImmediately afterwards, the cam bars §38
and 62§ are restored and concurrently the trans-
fer actuating bars (33 and 134 tommence to move
in succession. '

During the transfer action the racks 83 are
restored by the return movement of the bar 41,
and immediately after the transfer action the
bars 137 in totalizers OX to 5X are operated to
disengage the toe members 129, 130, and the lock
bars 128 are centralized by the bars 138, 139.
These latter movements operate idly in this eycle,
it the totalizers IX to 5§X contain no previous
entry. . - :

Towards the end of the cycle the shaft 700
is restored to release the bars 380, and the cams
402 are rotated clockwise one-fifth. of a revolu-
tion to bring into action the first of the additional
control plates (No. 18 in each group) for use
In the next cycle. Each plate becomes latched
In its operative position as already described and
remains - so latched, together with the No. 3
plates, until the end of the fourth cycle,

This leaves the machine in the condition shown
in Figure 24d. Other restoring movements will
be apparent from the diagram (PFigure 36a),

In Table 7 is given a list of the parts made
operative by the control plate No. 3 in each
group as set by the key 550/3 and used in this
first cycle. Co

Secend multiple entering cycle

On reference to Figure 36a and Table 8 in
which is given a list of parts made operative.
in this cycle, it will be observed that all the
parts that are used in the first cycle are again
used in the second cycle, so that the divisor and
multiplicand are entered a second time in 85X
under the control of the No. 3 plates. At the
same time the divisor and multiplicand are also
entered in 4X under the combined control of the
plates Nos, 3 and 18 in each-group. The con-
trol plate No. 18 causes the 4X cam bar 637 to
move downward one step at the same time as
the 6X cam bar 636 is moved, being both now
coupled to the same driving rack 532 (rack No.
5). Likewise, the 4X cam bar 630 is moved down-
ward three steps at the same time as the 5X
cam bar 625 is moved, being both now coupled
to the same driving rack 532 (rack No. 13).
Thus, the gears 481 and 48lq in 4X and 5X are
positioned together so that, when the shaft 480
is rocked, the racks 172 in 4X and §X are moved
leftward to add the multiplicand in lower 4X and
5X. When the shaft 480q is rocked, the racks
IT1 in 4X and 5X are moved rightward to sub-
tract the divisor in upper 4X and 5X,

_ Thus, when the shafts 87, 96 and 700 are rocked
and when the racks 83 are reciprocated, the
amounts are entered in 4X as well as in 5X so
that, afier the transfer action .and the restora-
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tion of the parts, the 4X totalizer registers once
times the divisor and multiplicand and the X
twice times the divisor and multiplicand.

The cams 402 are rotated through a second
one-fifth of a revolution to bring into operation
the second additional control plates (No. 19 in
each group) for use in the next cycle, and these
plates also become latched and remain so until
the end of the fourth cycle.

This leaves the machine in the condition shown
in Figure 24e.

Third multiple entering cycle

In the third cycle, referred to in Table 9 in
which is given a list of the parts made operative
in that cycle, all the parts that were used in
the second cycle are used again under the com-
. bined control of the plates Nos. 3 and 18. At

the same time the divisor and multiplicand are

also entered in 3X under the combined control
of the plates Nos. 3, 18 and 19 in each group,
" the plate No. 19 causing the cam bars 638 and

631 to position the 3X gears 48! and 48iag re-
spectively when the §4X and 5X gears are posi-
tioned. Thus, when the shaft 480 is rocked, the
racks 172 in 3X, 4X and 5X are moved leftward
to enter the multiplicand in these totalizers and,
when the shaft 886a is rocked, the racks 174 in
these same totalizers are moved rightward to
enter the divisor.

When the shafts 87, 96 and 700 are rocked and
the racks 83 are reciprocated, the amounts are
entered in 3X as well as in 4X and X so that,
after the transfer action and the restoration of
_the parts, these three totalizers register once,
twice and three times, respectively, the divisor
and multiplicand as shown in Fizure 24/.

The cams 402 are rotated through a third one-
fifth of a revolution-to bring into operation and
also latch until the end of the fourth cycle the
third addition control plates (No. 20 in each
group).

Fourth multiple entering cycle

In the fourth nycle as shown in Figure 36a .

and Table 10, all the parts that were used in the
third -cycle are used again under the combined
control of plates Nos. 3, 18 and 19. Af the same
time the amounts are also entered in 2X under

the combined control of the plates Nos. 3, 18, 19

and 20. The plate No. 20 causes the cam bars
639 and 632 to position the 2X gears 481 and
481a, respectively, when the 83X, 4X and 5X gears
are positioned. When the shaft 480 is rocked,

the racks 112 in 2X, 83X, 4X and 5X are moved :

Teftward to enter the multiplicand in these total-
izers and, when the shaft 480¢ is rocked, the
racks 170 in these same totalizers are moved
rightward to enter the divisor. .

Rocking the shafts 87, 96, and 703 and re-
ciprocating the racks 83-cause the amounts to
be entered in 2X as well as in 3X, 4X and 5X
and, after the transfer and restoring actions,
these four totalizers register once, twice, three
and four times, respectively, the divisor and
muiltiplicand as shown in Figure 24g.

The cams 402 are rotated through a fourth
one-fifth of a revolution to bring into operation
the fourth additional control plates (No. 21 in
each group) and momentarily latch them, but
almost immediately afterwards the bail 578 is
rocked to release all the plates from being
latched so that plates Nos. 3, 18, 19 and 20 in
each group are free to return to their inopera-
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tive position. The unlatching of the No. 3 plates 76
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also releases the control key 550/3. Plate No. 21
in each group, however, is still held in its opera-
tive position by reason of its contact with the
fourth cam rise, and this plate takes over all
the operative functions performed by the plates
that are now released.

Fifth multiple entering,cycle

In the fifth cycle, as shown in Figure 36a and
Table 11, the parts that were used in the fourth
cycle are used again in the fifth to enter the
amounts in 2X to 5X under the control of the
No. 21 plate in each group.  This plate also con-
trols at the same time the entry of the amounts
in IX. Thus, early in the cycle the cam bars
636, 637, 638, 639 and 640 relating to the total-
izers 1X to 5X respectively are each moved down-
wards one step to mesh its gear 481 with its
related rack 467. At the same time the cam
bars 625, 630, 63{, 632 and 634 are each moved
downwards three steps to mesh its gear 48{a with
its related rack 466. When the shaft 480 is
rocked, the racks {712 in IX to 5X are moved
leftward for entering the multiplicand positively
in these totalizers and, when the shaft 480¢ is
rocked, the racks 171 in these same totalizers are
moved rightward for entering the divisor
negatively.

Rocking the shafts 87, 96 and 760 and recipro-
cating the racks 83 causes the amounts to be
entered in IX to 5X and, after the transfer and
restoring actions, these five totalizers register
once, twice, three, four and five times respec-
tively the divisor and multiplicand, as shown in

. Figure 24h.

Immediately after the transfer action the shaff
3i4a (and 314 idly) is rocked to record the posi-
tion of each digit in {X of value otherwise than
“nine” by setting a stop member 3(8a for each
such digit. .

The bars 137 in OX to 5X are operated to dis-
engage the wheels 122 from the toe members
129, 130, and the lock bars 128 are centralized
by the bars 138, 3{9. The clutch 328 is engaged

5 by rocking the shaft 330 and remains engaged

while the shaft 32fa is rotated (clockwise in
Figure 1a) to measure the number of consecutive
“nines” on the left of the divisor in IX in the
manner described. Thus, in the example, the
divisor was entered in I1X and six “nines” on
the left of its first significant digit. - Therefore,
the sleeve 320¢ and the sun wheel secured to it
are turned through six steps in a positive direc-
tion until a projection 319a contacts the most
leftward of the rocked stop members 318a which
is in column {2 and signifies the position of the
highest significant digit in the divisor. This
movement is imparted through the planet car-
rier of the gearing 322’ and its bevel gear 32§
to the shaft 327 and hence to the cam 33{, leav-
ing it displaced two units of movement in a posi-
tive direction, which position calls for an align-
ing column-shift of two places rightward in the
preparatory dividing cycle. :
Near the end of the cycle the shaft 700 is
restored to release the bars 380 and the cams

‘402 are rotated through a fifth one-fifth of a
“revolution, thus regaining their starting position.

The cam rise which held each No. 21 plate in
operative position during this fifth cycle is there-
by removed from contact with its plate so that
each of the latter is now free to return, under
the influence of its restoring spring, to its in-
operative position. This return of the No. 21
plates also frees the operative long pinions 543
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which are then restored to inoperative position
by the restoring memkber 581 in each group. The
restoring springs are not shown in the drawings
in order to avoid confusion. It should be men-
tioned that the gear 541 meshing with the Jriv-
ing rack No. 12 remains in mesh therewith until
the driving pressure on it is relieved, whereupon
the restoring member 581 is free to rcstore the
gear 541 to inoperative position.

It will be noted that the arms 410 are raised
to the negative position by the shaft 420.

Other actuating and restoring movements are
the same as those already described in reference
to the preceding multiple entering cycles as
shown in Figure 36a.

This leaves the machine
shown in Figure 24h.

Preparatory cycle

A description of the functioning of the mecha-
nism during the preparatory cycle will now be
given, reference being made to the example of a
calculation to illustrate the various steps in the
cycle. The description will be divided into six
parts, (@) to (f), and each part should be read
in conjunction with the corresponding part in
the example. :

The timing diagram, Figure 37c, is arranged
somewhat similarly to the previous diagrams,
except that the fifth column is omitted. The
sixth column is divided by vertical dotted lines

into six parts marked (@) to (f) to correspond

to the six parts into which the description of
the cycle is divided. The same divizions by verti-
cal dotted lines have been shown in all the tim-
ing diagrams to facilitate comparisen and refer-
ence.

In Figures 25a to 25¢ are shown the results as
they appear in the totalizers, etc. at the end of
the second, fourth and sixth stage of the prepara-
tory cycle. Reference is made in the example
to how these results are built up arithmetically,
but the details were not shown in the figures
referred to. These details are now given in Table
12 in the form of an analysis of the results at the
end of the cycle and some reference to their use
in the first subsequent cycle which follows.

The operator depresses the control key 550/16
and then operates the machine through a single
cycle, assuming that a dividend, a divisor, and
a multiplicand have been entered as described,
that the pesition of the split has been adjusted,
and that the quotient signal has been moved to
the required position (column f1).

When the control key is depressed, it positions
the control plate No. 16 in each group of plates
and thereby couples all the parts to be cperated
to the appropriate racks 532 as’described.

Preparatory cycle: (a) Isclating OX totalizer and
connecting it to the keyboard section

The first action is to release any latched shift
key 213 by rocking shaft 283 (Figures 1, 19a),
then lock the keys in released position by rock-
ing shaft 278 (Figures la, 19a). Because OX is
the only multiple totalizer containing a positive
amount of its upper portion, it is the only total-
izer with its related slide 415 (Figure 34) in an
intermediate position. Consequently, when in
the beginning of the cycle the shaft 462 (Figure
34a) is rotated to isolate the totalizer containing
the smallest positive amount, the upper end of
the OX lever 459 and the lower ends of the levers
464 and 465 pivoted to it are moved to the right
and thus set the OX bars 171 and 172 rightward

in the condition.
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to the subtract position in both portions. The
upper ends of the levers 459 in the other totalizers
are obstructed by the projections 455 on their
related slides 415 which have been lifted to their
highest position by the rocking of the shaft 420
in the dividend or multiple entering cycle. Con-
sequently, the bars ITI and 172 in those totalizers
are not moved from neutral position.

At the same time the shafts (14 (Figure 11)
are rotated to lift the yokes 186 to mesh the
coupler gears (94 in upper OX to 5X with their
related gears 192 and 193, and to lift the yokes
1871 to mesh the coupler gears 184 in lower OX
to §X with their related gears 192 and 193.

Shafts 120 (Figure 12) in OX to 5X are posi-
tioned rightward to bring each projection 198 mnto
the path of the pin 195 on its related dial (8.
These mavements condition each of the totalizers
OX to %X for zeroizing in both portions.

Striking bars 149 (Figure 14) in #X to 5X are
moved leftward one step to engage reset gears
145 with gears 111 to set the resetting gear in
each totalizer to record its multiple when the
totalizer is cleared.

The shaft 96 (Figure 4) is rocked to couple
shafts 81 to shafts 92 through clutches 93, 94.

Shaft 513 (Figure 3) is rocked to couple each
shaft 81 to its related gear train 206, 207, 208,
through clutches 510, 511,

These movements directly connect each dial in
OX to the corresponding gear 208 in the key-
board section. :

It will be noted that the shaft 335 (Figure la)
is holding the rockers 341 in contact with the
cam 33f, and that in consequence cne of the
rockers is holding in operative position the re-
lated diagonal row of gears 259 that will give the
aligning column-shift called for by the position
of the cam, this column-shift in the case of the
given examples being two places rightward. The
other rockers will hold their related gears 259 in
an inoperative position as described. This ad-
justment of the column-shifl mechanism, how-
ever, is ineffectual at this stage of the cycle be-
cause the transmission from OX to the shafts 81
is direct as described absve, the shafts 235 and
245 not being operated. The operative rocker 34i
also holds its related quotient place signal show-
ing in accordance with the column-shift call.
Thus, in the example the signal is showing in
column 1.

The striking bar T16 (Figure 19¢) is shifted
laterally to move the rockers T{1 from engage-
ment with the cams 113 used for amount enter-
ing cycles to engagement with the other set of
cams that are used for dividing cycles.

Shafts 268 and 258a (Figures 19¢, 23) are
rocked to raise the racks 250, 251 (Figure 21)
but the movement is an idle one at this stage and
is only performed because an existing rack (No.
20) used in subsequent cycles has been selected
by the control plate for raising the racks again
in (e) of the present cycle.

Preparatory cycle: (b) Transmitting dividend
from OX to the keyboard section

All the totalizers OX to 5X are now cleared by
the rotation of the shafts 199 and 191 (Fig. 11).
Since OX is the only totalizer coupled to the
shafts 92, the latter receive the dividend from
this totalizer and through the various connec-
tions described in (a) set the wheels 208 (Fig. 3)
in accordance with the digits of the dividend;
thus, the dividend is transmitted to the keyboard
section without column-shift. The divisor and
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multiplicand multiples in [X to X are trans-
mitied to the multiple resetting wheels 145 (Piz.
14) of their respective toializers, each without
column-shift. = .

‘Ball 850 operaies to free the racks 288, 256
(Figure 22) ; but the movement is an idle one in
this stage of & preparatory cycle.

This leaves the machine as shown in Fig-
ure 25¢. L

" Preparatory cycle: (c) Registering dividend in
. keyboard section c

The shaft 216 (Figure 3) is then rocked to
cause the dividend to be registered on the lower
slides 212 of the differential mechanism in the
keyboard section. .

‘At the same time, the bars 148 (Figures 5, 14)
in IX to 5X are moved another step leftward to
bring the tooth 148 on the reset gear {45 in each
denomination of each totalizer into the path of
the related tooth 44 in readiness to reset the
multiples in the totalizers by zeroizing the gears
{43 in (d). )

Shaft 96 (Figure 4) is restored to disengage
clutches 93, 94; and shaft 53 (Figure 3) is re-
stored to. disengage clutches 518, Bl

Shafts 258 (Figure 20) and 288a are restored
to lower the racks 256, 251.

Shafts 120 (Figure 12) in OX to 53X are re-
stored leftward to remove the projections {88 out
of the path of the pins {85 on the dials 148.

Shafts $14 (Figure 11) in OX to 5X are re-
stored to lower the yokes 186 and 187 in the upper
and lower portions respectively of each totalizer.

Shaft 462 (Figures 33, 35) is restored to return
the bars §17f and 172 in OX to neutral, and re-
store all the levers 459, 664 and 485 that have
been moved idly.

Preparatory cycle: (d) Resetting the multiples

The shafts 142 (Figures 6, 14) in {X to 8X are
now turned through nine-tenths of a revolution
" g0 that the teeth 148 pick up the related feeth 148

and restore to their initial zero positions any of
the reset gears (48 that have been displaced.
This restores the totalizer gear trains to their
original multiple-registering settings, thus reset-
ting the multiples in the totalizers.

The shafts 198 and (94 (Figure 11) are re-

stored. )
Cam bars 536, 637, 638 (Figure. 18a) 639, 648
and 64§ (Figure 18D) are each moved down two
steps to mesh gears 48/ with racks 866 and 4§87
in the totalizers OX to 8X.

Shaft 620 (Figure 18b) is rocked to ensure
that the arms 616 and the special arm 813 are
raised to negative position.

This leaves the machine in the condition shown
in Figure 250b.

Preparatory cycle: (e) Comparing awidend with
multivles .

The striking bars 149 (Figure 14) are restored
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Shaft 235 (Figure 4) is rocked to couple the
column-shift shaft 230’ to the shaft 81 through
clutches 232, 233, and gears 236 and 90. B

Shaft 245 (Figure 8) is rocked to engage the

‘clutches 242, 243, -

Shafts 258 (Figure 20) and 258c are also
rocked to raise the racks 250 and 281. ‘These

‘movements connect the shafts 84 to the shafts

82 through the column-shift mechanism so that
the shafts 81 may drive the shafts 92 with the
amount of column shift, two places rightward,
represented by the particular row of gears 259
made operative through the rockers 38! by the
position of the cam 331 (Figure 1a).

Bar 41 (Figure 18b) is now rocked counter-:
elockwise to operate the racks 83 with the result
that the shafts 81, the related clutches 232 and

- 233 (Figure 4), shafts 280’, shafts 230, racks 258
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to their multiple-receiving positions still mesh-

ing with the gears {11, .

Shaft 880 (Figure 35) is now rocked to move
the racks 866 and 487 (Figure 14) leftward in
each of the totalizers 0X to 8X. This movement
swings the levers 464 and 465 in each totalizer
about their pivots 458 so as to move the bars {7
and §712 respectively leftward to set the wheels
i87 in both portions of each totalizer to the add-
ing position by engaging clutches 168, 108,

70

75

and 251, the operative row of gears 258 and their
respective shafts 23(, vertical shafts 284 (Pigure
8), clutches 242 and 243, shafts 92, clutches 1886 -
and 108 (Figure 12), and the gear trains and
dials of each totalizer are all driven through

‘amounts proportional o the digits registered on

the slides 212, Thus, the dividend is transmitted
additively and concurrently to each of the total-
jzers 0X to 5X with the necessary aligning col-
umn-shift, two places rightward, to effect the
result indicated in Figure 25c. :

The bail 858 again moves rightward fo release
the racks 250 and 251. The gears 20! and 208 are
reset to zero position by the rack 408 as described.
The shafts {42 in 1X to §X are restored.

Preparatory cycler." (f) Transfer action and
- restorations

The shaft 216 (Figure 3) is rocked to release
the slides 242 and thereby disengage the clutches
88, 82 that were set in (¢) to record the dividend.

The shaft 420 (Figure 18b) is restored to free
the arms 410 to receive a positive setting in those
totalizers which, after the transfer action, will
contain a positive difference. :

Shafts 235 (Figure 4) and 245 (Figure 8) are
restored to disengage the clutches 232, 23% and
242, 243 respectively.

‘Cam bars 636, 631, 638, 539, 640 and 64{ are
now restored to return the gears 48{ to their
neutral position.

Shaft 488 is restored to move the bars {7{ and
{72 in 8X to 5X to neutral position to disengage ‘

‘the clutches 108, 168 in the gear frains of each

totalizer. -

" The striking bars 148 are now returned to their
initial position to disengage the reset gears 149
from the gears {{{ and reengage them with their
related pins 158. This is done in case the calcu-
lation is abandoned at their stage, for in that
circumstance the next operation may be one not
vequiring the use of the reset mechanism. If
the calculation is contained, the reset gears are
reengaged with the gears i{{ in part (@) of the
next cycle and so continue their purpose without
any change in their relationship to the gears
11, for they receive no rotational motion during
the change-over from engagement with their re-
lated gears 114 to engagement with their related
pins 188 and vice versa.

In the meantime, the bars (33, 134 (Figures
7, 8) are being actuated in succession by the
other set of cams Ti3 to effect the positive trans-
fers called for as a result of the positive entry of
the dividend in each totalizer. If the positive
entry in a totalizer is sufficient to leave it regis-



tering a positive amount, a positive unit will be
transferred to the dummy section of the ma-
chine and the wheel fllc (Pigure 16) will be
rotated to rock its arm 410 down again. Thus,
in the example, as shown in Figure 25¢ and Table
12, the 0X and IX totalizers contain a positive

difference while the 2X to §X totalizers show a .

negative difference, so that the (X arm 410 will
be moved down while all the others are left up
as shown diagrammatically in Figure 34b. This
actlon so disposes the links 411 that the 80X can-
vassing slide is moved to its lowest position, the
IX slide is moved to its intermediate position,
while the 2X to 8X slides are left in their high-
est position. This completes the actual compar-
ing operation in which the dividend “1498” is
concurrently compared with the divisor muiti-
ples, each of which is considered to be multiplied
by the second power of ten,-as shown in Table 12,
because the quotient signal is in the hundreds
denomination of Q. For the same reason, the
multiplicand multiples are also considered to be
multiplied by the second power of ten, If it is
desired to ascertain the product result (+3300")
at this stage by inspection of the totalizers, it
may be read from the totalizer containing the
smallest positive difference, the decimal point
being considered as having been moved three
places rightward, i. e., two places from its orig-
ina] setting because each multiplicand multiple
18 multiplied by the second power of ten and one
place to offset the additiona] column leftward re-
ferred to under “decimal point Indicators.” This
result is the product of 33x 100, 100 being the
quotient at this stage of the calculation accord-
ing to this reading. '

The striking bars 137 in OX to 5X disengage
the transfer wheels 122 from their related toe
members 129 and 130; and the bars 138, 139, cen-
tralize the lock-bars 128. .

During the transfer action .the bail 850 is re-
stored leftward and returns with it any of the
racks 250, 251, that were displaced during the
comparing operation,

The rack 406 is restored at the same time as the
bail 850,
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The bar 47 is also returned to its initia] position

50 as to restore the racks 83.

The striking bar 718 is restored to return the
rockers 11! to engagement with the cams Ti3,

Other restoring movements in this -cycle are
shown in the diagram (Figure 37¢).

Findlly, the bail 578 is rocked to release the
control key 550/158. . .

25c¢,
Subsequent cycles

Following the preparatory cycle, the operator
depresses the control key 550/17 and either of the
control keys 550/11 or §50/12 depending upon
whether the product result is required to be en-
tered positively or negatively in lower OX. If
the quotient result is also required, either of the
keys 560/14 or 550/15 is depressed depending up-
on whether the quotient result is required to be

entered positively or negatively in Q. In the

following description it is assumed that a positive
product and a positive quotient are required so
as to correspond with the example already given.
Therefore, the keys 550/11 and 550/14 are de-
pressed as well as the key 550/17.

Tables 13 to 16 are an analysis of the results at
the end of each subsequent cycle.

This leaves the machine as shown in Figure

50
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First subsequent cycle: (a) Isolating required -
totalizer and connecting it to the keyboard
section

The shafts 278 and 283 (Figure 1) are rocked

. to lock the shift keys as in the preparatory cycle.

The totalizers are now in the condition shown
in Figure 25¢ and Table 12, the positions of the
slides 418 for this condition are illustrated in
Figure 34b. It will be observed that the OX slide
418 is in its lowest position, the X slide is in its
intermediate position, and the 2X to 5X slides are
still in their highest position. Consequently,
when the shaft 462 is rotated the upper end of
the 1X lever 488 and the lower ends of the levers
464 and 468 pivoted to it are moved to’ the right -
and thus set the IX bars 111 and 172 rightward to
the subtract position in both portions. In the
OX totalizer the upper end of the lever 459 is ob-
structed by the projection 455 ‘on the slide 418
whilst its lower end 483 is free to move, while in
the totalizers 2X to X the upper end of each
lever 488 is obstructed by the projection 456 on
its slide 415 and its lower end 463 is free. The
levers 464 in OX and 2X to 5X are, theréfore, not
moved and their bars (71 and 112 remain held in
neutral position. This completes the isolating of
the totalizer containing the smallest positive dif-
ference, in this case the IX.

At the same time the shafts 1i4 (Figure 11)
in OX to 5X are rotated to 1ift the yokes 186 and
187 and the shafts 120 (Figure 12) are positioned
rightward to condition the totalizers for zeroing
as In the preparatory cycle.

Striking bars 149 (Figure 14) in IX to §X are
moved leftward one step to reengage reset gears -
145 with gears (H1. for recording the multiples
on the reset gears when the totalizers are cleared.

Shaft 235 (Figure 4) is rocked to couple the
column-shift shaft 230’ to the shaft 81 through
clutches 232, 233, and gears 236 and 90.

Shaft 245 (Figure 8) is rocked to couple the
column-shift shafts 231 to the shafts 92 through
clutches 242, 243 on the vertical shafts 241,

Shaft §13 (Figure 3) is rocked to couple each
shaft 81 to its related gear train 206, 207, 208,
through clutches 540, 5¢1.

Shafts 268 and 258a are rocked to raise the
racks 250 and 251,

These movements connect each dial in the iso-
lated totalizer §X to one of the gears 208 and with
the same shift of two places rightward as in (e)

- of the preparatory cycle because the row of gears
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Totating shafts 190 and 191

258 displaced by the cam 331 is still held in oper-
ative positipn and each gear 259 now meshes with
its appropriate rack 251. Therefore, the contrary
shift employed in (b) of this cycle will be two
places leftward,

When entering a quotient result positively, the
bar 450 holds the rack 447 in the position shown
in Figures 18b and 34, the teeth 45( meshing with
gear 453 (Figure 13). But when the quotient re-
sult is to be entered negatively, the bar 450 is-
moved, in part (a) of each subsequent cycle, to its
other position so as to mesh the teeth 452 with
the gear 453.

First subsequent cyecle: (b) Transmitting isolated
difference to keyboard section: Canvassing:
Entering quotient digit

All the totalizers 0X to 5X are now cleared by

(Figure 11). Since
IX is the only totalizer coupled to the shafts 92,
the latter receive the difference “98” and partial
product “3300” from IX and transmit these
amounts through the vertical shafts 24i and
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horizontal shafts 231, on which are splined the

operative diagonal row of gears 259, to the racks
251 and 250 with contrary shift of two places
leftward. The shaft is a contrary one, to the
left instead of to the right, because the drive is
s reversal of the drive in (e) of the preparatory
cycle in order to return the difference “93” to the
denominations it originally occupied in the key-
board section as a part of the dividend entry.
The racks 250 being in mesh with their respec-
tive gears 252 on the related shafts 230 which
in turn are geared to the shafts 230’ transmit
the column-shifted amounts through the clutches
232, 233, wheels 236 and 80 to the shaft 81, then
through clutches 510, 511 and finally through
gears 206 and 207 to the wheels 208. Thus, the
amounts are transmitted from X to the key-
board section with contrary shift as stated.

The other differences and their associated par-
tial products in 2X to §X are transmitted to their
respective resetting wheels (45 without column-
shift. The 0X totalizer is cleared as already
explained.

The bail 850 moves rightward to free the racks
250 and 25¢. '

Wheel 881 (Figure 18b) is operated to drive the
canvassing racks 425, 426 (Figure 34b) until
their projections 422 and 4§24 respectively contact
the canvassing slide 515 of the isolated totalizer
{X. .The rack 425 moves nine units and the
rack 426 one unibt, which latter movement rep-
resents the quotient result. This movement is
communicated to the shaft 151 by the rack 447
and then to the quotient dial in column {{ of the
totalizer @ through the coupler 292 which cou-

ples the gear 281 on the shaft to the related gear.

200 in the totazlizer gear train in that column
as described. Thus, the totalizers §X to §X are
canvassed and the quotient result entered.
This leaves the machine as shown in Figure
25d.
First subsequent cycle: (€) Registering difference
and partial product in keyboard section:
Changing column-shift setting ’

The difference “98” and partial products
«3300” are now registered on the slides 212 in
the same manner as the dividend was registered
in (¢) of the preparatory cycle.

Bars (49 are moved to prepare the reset gears
for the resetting of the multiples as in (¢) of the
preparatory cycle.

Shafts 235, 245, 258, 258a and 513 are restored
in order to disconnect the racks 250, 251 from
the gears 252 and 239 for later restoring of the
racks in part (d).

Shafts 120, 114 and 462 are restored as in
part (¢) of the preparatory cycle.

The ratchet wheel 350 (Figure 1a) which forms
the final element in the differencing device now
receives the superimposed setting of “minus one”
because the quotient result is less than “5”. Re-
ferring again to Figure 34b, it will be observed
that the 5X slide &5 being in its highest posi-
tion places the pin 872 in the narrow part of
the opening 473 so that, when the bar 478 is
oscillated, the bar 352 is moved with it and, as a
result, the pawl 35 imparts one unit of move-
;aent in & negative direction to the wheel 350.
Thus, the position of the cam 331 is changed
from a setting of “plus two” to & setting of
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“plus one”, which means a column-shift of one

place rightward.

During the movetent of the cam 831 the shaft
335 is rocked to disengage the rockers 341 and
disable the quotient signal by restoring the op-

75

erative bar 295. In the same movement the cor-
responding coupler 292 is restored to free the

shaft 151 and the “two places rightward” row of .

gears 259 are restored to inoperative position.

First. subsequent cycle: (d) Resetting the
multiples

The shaft 142 (Figure 5) are now rotated fo
restore the multiples as in the preparatory cycle,
the unwanted differences and their associated
partial product sums which were recorded on the
resetting wheels in (b) being discarded as al-
ready explained. o

The shafts 190, {81 are restored.

Gear 441 (Figure 18b) is restored to return the
canvassing racks 425, 426. This also restores the
rack 487 which remains in mesh with the gear
453 on the shaft 151, but rotating the shaft 151
during the restoring of the rack 4417 is no dis-
advantage for it will be recalled that the shaft
was disengaged from the quotient dial in (¢) of
this cycle. )

Cam bars 636, 637, 638 (Figure 18a), 639, 640
and 641 (Figure 18b) are each moved down two
steps to mesh gears 48{ with racks 466 and 467 in
each of the totalizers 0X to §X.

Bail 850 is restored leftward to return any of
the racks 250, 250 that were displaced in (b).

Shaft 335 (Figure la) is restored to reengage
the rockers 341 with the cam 331. This move-
ment also sets the diagonal row of gears 259 that
will give a column-shift of one place rightward,
and at the same time it sets the quotient signal
in column 0 and operatively engages the cou~
pler 292 (Figure 20) in that column.

This leaves the machine as shown in Figure
25e. : )

First subsequent cycle: (e) Comparing isolated
difference with multiples

The action of the comparing mechanism is
the same as in (e) of the preparatory cycle ex-
cept in the following particulars and in that dif-
ferent values are involved.

The shafts 235 and 245 are operated by the

driving rack No. 20 in subsequent cycles instead

of No. 14 as in the preparatory cycle.

When the bar &7 is moved, the difference “98"
and partial product “3300” are transmitted ad-
ditively and concurrently to the multiple total-
izers with a shift of one place rightward instead
of two places as in (e) of the preparatory cycle.
Since these amounts were transmitted from {X
to the keyboard section with a contrary shiit of
two places leftward, and now back to the total-
izers with a shift of onr place rightward, they
will have been shifted in the multiple totalizers
a net amount of one place leftward. In gen-
eral, it will be observed that throughout the
subsequent cycles the amounts are shifted one
place leftward for each rightward. shift of ‘the
quotient signal in every “true quotient” or “ex-
tra quotient” cycle. .

First subsequent cycle: (f) Transfer action, elc.

The action is the same as in (f) of the pre-
?aratory cycle except in the following particu-
ars.

The transfers are appropriate to the transfer
calls set up in (e) of this cycle.

As OX is the only multiple totalizer contain-
ing a positive difference (see Figure 257 and Ta-
ble 13) none of the links 41 ( is moved as a result
of the comparing operation. Consequently, the
OX slide 415 will be in its intermediate posi-
tion and each of the other slides will be in its
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highest position. This completr~ the comparing
operation. The difference “88” is concurrently
compared with the divisor multiples and each
multiple is considered to be multiplied by the
first power of ten, as shown in Table 13, because
the quotient signal is in the tens denomination
of Q. During the comparing operation the par-
tial product “3300” was additively 'and concur-
rently transmitted to the lower portions of OX,
to 8X with the same column-shift of one place
rightward, so that after the transfer action a
partial product sum is formed in each totalizer
comprising, as already explained, the correspond-
ing muitiplicand multiple multiplied by the first
power of ten plus the partial product “3300.”
The product result (“3300”) at this stage may

10

15

be read from the totalizer (OX) containing the

smallest positive difference (“88”), the decimal
point being considered as having been moved
iwo places rightward from its setting, 1. e., one
Dlace rightward because each partial product sum
is multiplied by the first power of ten and one
Place rightward to offset the additional column
leftward as already explained. This result is the
product of 33X 100, 100 being the quotient at this
stage of the calculation according to this reading.

This leaves the machine as shown in PFigure 25¢.

Second subsequent cycle: (a) Isolating required
totalizer and connecting it to the keyboard
section )

The action of the mechanism is the same as
In (@) of the first subsequent cycle except in
the following particulars. :

The totalizers are now ia the condition shown
in Figure 25f and Table 13. Because OX is the
only multiple totalizer containing a positive dif-
ference, the links 411 and their slides 41§ are
disposed in exactly the same positions as in (a)
of the preparatory cycle, so that when the shaft
482 is rotated the OX totalizer will be isolated
In the manner described in (q) of that cycle.

The various shafts and bars that are operated
in this part to connect each dial in the OX to-
talizer to one of the gears 208 are the same
as those employed in (a) of the first subsequent
cycle. The column-shift adjustment is one place
rightward as in (e) of that cycle because the
cam 831 is still set to give that amount of shift.
Therefore, the contrary shift employed in (b)
of this cycle will be one place leftward.

Second subsequent cycle: (b) Transmitting iso-
" lated difference to keyboard section: Can-
vassing: Entering quotient digit

The action is the same as in () of the first
subsequent cycle except that the values involved
are different as shown in Pigure 25¢ and that
the column-shift setting is one place instead
of two places rightward.

The. difference “98” and partial product sum
“3300” in OX are transmitted to the gears 208
with a contrary shift of only one place leftward
80 as to return the isolated difference to the
denominations it originally occupied as part of

. the dividend entry.

The other differences and their associated par-
tial product sums in IX to 5X are transmitted
to their respective resetting wheels 145.

Because the OX_ slide 415 (Figure 34b) is in
its intermediate position as explained in refer-
ence to thé preparatory cycle, the canvassing
rack 426 will contact the projection 423 thereon
immediately the wheel £41 commences to be op-
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- & positive one as shown

erated, while the rack 425 will be moved nine 75

31
units. Consequently, the rack 441, shaft (8l
and quotient dial in column 11 will not receive
any movement. Thus, the quotient valie “0” is
entered in Q.

This leaves the machine as shown in Figure
25¢g.

Second subsequent cycle: (¢) Registering differ-
ence and partial product sum in keyboard sec-
~ tion: Changing column-shift setting

The difference “98” and partial product sum
“3300” are now registered on the slides 212 in
the same manner as the amounts in (¢) of the
preceding cycles. .

Bars 149 are moved to prepare the reset gears
for resetting the multiples and various restor-
ing movements take place as in the preceding
cycle. ’

Because the quotient result is less than “5,”
the ratchet wheel 350 now receives the super-
imposed setting of “minus one,” the pin 472 be-
ing raised to engage the bar 352. Thus, the
position of the cam 331 which stood at “plus one”
is now changed to “normal.” At the same time
the quotient signal in column 10 is restored, the
“one place rightward” row of gears 259 is re-
stored to inoperative position, and the corre-
sponding coupler 292 is restored to free the
shaft 151,

Second subsequent cycle: (d) Resetiiny the
multiples: Readjusting column-shift

The action is the same as in (d) ‘of the first
subsequent cycle, except that when the shaft 338
Is restored to reengage the rockers 341 with the
cam 331 the “normal” row of gears 288, which

" will give no column-shift in either direction, will

be made operative. The same movement sets the
quotient signal in column § and operatively en-

 8ages the coupler 292 in that column,

This leaves the machine as shown in Figure
25h,

Second subsequent cycle: (e) Comparing isolated
difference with multiples

The action of the comparing operation is simi-
lar to (e) of the first subsequent cycle except that
different values are involved and the column-shift
setting gives no shift instead of one place right-
ward.

When the bar 47 is moved, the difference “98”
and partial product sum “3300” are transmitted
add:tively and concurrently to the multiple to-
talizers with no column-shift. Since these
amounts were transmitted from OX to the key-
board section with g contrary shift of one place -
leftward, and now back again to the totalizers
with no column-shift; they will have been shifted
in the multiple totalizers a net amount of one
Place leftward.

Second subsequent cycle: (f) Transfer
action, etc.

The action is the same as in (f) of the first
subsequent cycle except in the transfer action,
which is appropriate to the transfer calls set up
in (e) of this cycle, and in the following par-
ticulars. . )

Each difference in the totalizers OX to $X is
In Figure 25¢ and Table
14, and consequently the IX to 5X arms 410 will
be rocked down. The only arm left up will be
the special one 413. The OX to 4X slides 418
are thereby placed in their lowest positions, while
the 5X siide 41§ ig lowered to itg intermediate
‘position. This completes the comparing opera-.
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tion in which the difference “98” is concurrently
compared with the divisor multiples each of
which is now considered to be multiplied by the
zero power of ten, as shown in Table 14, because
the quotient signal is in the units denominati\on
of Q. During the comparing operation the par-
tial product sum “3300” was additively and con-
currently transmitted to the . lower portions of
OX to 5X with no column-shift, so that after the
transfer action a new partial product sum is
formed in each totalizer comprising, as already
explained, the corresponding multiplicand multi-

ple multiplied by the zero power of ten plus the -

partial product sum “3300”. ‘
- The product result (“3465”) at this stage may
be read from the totalizer (5X) containing the

10

15

smallest positive difference (“28”), the decimal -

point being considered as having been moved one:

. place rightway from its setting, i. e. no movement
from its setting, -because each partial product
sum is multiplied by the zero power of ten and
one place rightward to offset the additional col-
umn leftward as already explained. - This resuit
_is the product of 33105, 105 being the quotient
result at this stage of the calculation according
to this reading. )
This leaves the machine as shown in Figure 254.
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Third subsequent cycle: (a) Isolating required -

totalizer and connecting it to the keyboard
section - ‘

The action is the same as in (@) of the previous
cycle except in the following particulars.

The totalizers are in the condition shown in

" Figure 25 and Table 14, It will be observed that
all the differences are positive but that the small-

_ est is registered in 5X. Accordingly, all the arms
410 have been moved down, thereby disposing the
links 4f1 so as to position the OX to &X can-
vassing slides 415 in their lowest position, and
the 5X slide in its intermediate position, There-
fore, when the shaft 462 is rotated in this part
of the cycle the 5X totalizer will be isolated in
the manner already described.

The various shafts and bars that are operated
‘in this part to connect each dial in the 8X total-
izer to one of the gears 208 are the same as those
employed in (@) of the previous cycle, but with
“pormal” contrary shift as in (e) of that cycle,
for the cam 331 is still set to give no shift.

Third subsequ n: cycle: (b) Transmitting isolqted
difference to keyboard section: Canvassing:
Entering quotient digit
The action is the same as in () of the previous

cycle except that the values are different as
shown in Figure 25j, and the column-shift set-

ting is “normal” as in (e) of the previous cycle

instead of one place rightward.

The difference “28” and partial product sum
“3465” in 5X are transmitted to the gears 208
with “normal” contrary -shift so as to return the
isolated différence to the denominations it origi-
nally occupied as part of the dividend entry.

The other differences and -their associated par-
tial product sums in {X to 4X are transmitted to
‘their respective resetting wheels 145. The (0):4
totalizer is cleared as already explained.

Because the 5X slide 415 is in its intermediate
position as explained in (a) of this cycle, the
canvassing rack 426, when the wheel 441 is oper-
ated, will contact the projection 423 on the slide
when it has traveled five units while the rack 425
will travel four units. The rack 447 will trans-
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mit the movement of the rack 426 to the shaft 75
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{51 and quotient dial in column 8. Thus, the
quotient value “5” is entered in Q.
This leaves the machine as shown in Figure 257. -

Third subsequent cycle: (¢) Registering differ-
_..ence and partial product sum in keyboard sec-
tion: Column-shift setting

The difference “28” and partial product sum
“3465” are now registered on the slides 212 in the’
same manner as the amounts in (¢) of the pre-
vious cycles. . . .

Bars {49 are moved to prepare the reset gears

- for resetting the multiples and various restoring

movements occur as in the other subsequent

eycles.

Because the 5X slide 415 is in its intermediate
position, the pin 472 (Figure 34b) does not en- -
gage the bar 352 when the bar 470 is operated.
Consequently, the ratchet wheel 350 does not re-
ceive the superimposed setting as in the previous
cycles, and the setting of the cam 33{ which now
stands at “normal”-is not changed. At the same
time, the “normal” row of gears 259, the quotient
signal and the tumbler 292 in column 9 are re-
stored to inoperative position. This means that
the next cycle will be an “extra quotient” cycle,
in which the quotient result will be required to
be entered in column 9 again and added to the
“5” already entered in (b) of the present cycle. -

" Third subsequent cycle:. (d) Resetting the
: multiples :

The action is the same as in (d) of the pre--
ceding cycle. When the shaft 335 is restored to
reengage the rockers 34 with the cam 331, the
“normal” setting is restored so that the next
comparing operation will be made with-the same
column-shift setting as in the previous cycle and
likewise the next quotient entry will be made in
the same column of the totalizer Q. '

This leaves the machine as shown in Figure
25k.

Third subsequent cycle: (e) Comparing isolated
difference with multiples»

The action of the comparing operation is sim-
ilar to (e) of the preceding cycle except that dif-
ferent values are involved.

When the bar 47 is moved, the difference “28”
and partial product sum “34v5” are transmitted
additively and concurrently to the muitiple to-
talizers with “normal” contrary shift as in the
preceding cycle. Since these amounts were
transmitted from 38X to the keyboard section in
(b) of this cycle with no column-shift, then back
to the totalizers in this part of the cycle again
with no column-shift, they will have been entered
in the multiple totalizers without change of de-
nominational position.

Third subsequent cycle: (f) Transfer action, eic.

The action is the same as in (/) of the preced-
ing cycle except that the transfer action is gp-
propriate to the transfer calls set up in (e) of
this cycle. It also differs in the following par-
ticulars. e :

It will be observed in reference to Figure 25m
and Table 15 that the 2X totalizer contains a zero
difference; its arm 4{8 will, therefore, be rocked
down. The 8X and #X totalizers contain g posi-
tive difference, so that their arms 410 will also be
rocked down. The totalizers 3X to 5X each con-
tain a negative difference so that their arms 410
will remain up. This will so dispose the arms 411
that the 0X and {X canvassing slides 415 will be
in their lowest position, the 2X slide will be in its
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Intermediate position and the $X to BX slides
will be in their highest position. This completes
the comparing operation in which the difference
“28” is concurrently compared with the divisor
multiples each of which is again considered to be
multiplied by the zero power of ten, as shown in
Table 15, because the quotient signal is still in
the units denomination of Q. During the com-
paring operation the partial product sum “3465”
was additively and concurrently transmitted to
the lower portions of 0X to 5X also with no col-
umn-shift, so that after the transfer action a
new partial product sum is formed in each total-
izer comprising, as already explained, the corre-
sponding multiplicand multiple multiplied by the
zero power of ten plus the partial product sum
“3465”, .

The final product resuly (“3531") may be read
from the totalizer (2X) containing the smallest
positive difference (“0”), the decimal point being
considered as having been moved in the same
manner as in the preceding cycle.

But at this stage of the calculation the quotient
is not complete. A fourth subsequent. cycle is,
therefore, necessary, in which the quotient will
be completed and also in which the final product
will appear in the product portion of totalizer 0xX.

This leaves the machine in the condition shown
in Figure 25m.

Fourth subsequent cycle: (a) Isolating required
totalizer and connecting it to the keyboard
section

The action is the same as in (#) of the previous
cycle except in the following particulars.

The totalizers are in the condition shewn in
Figure 25m and Table 15. It will be. observed
that all the differences are negative except the
6X which has a zero difference. Consequently,
all the arms 410 will remain up, thereby so dis-
posing the links 4il that the canvassing slides
415 will remain in their highest position while
the 0X slide remains in its intermediate position.
When, therefore, the shaft 462 is rotated in this
part of the cycle the 0X totalizer will be isolated
as already described in reference to (a) of the
second subsequent cycle.

The various shafts, et¢. that are operated in

this part to connect each dial in the 0X totalizer

to one of the gears 208 are the same as those
employed in the previous cycle, but with “nor-

mal” contrary shift as in (e) of that cycle,. fpr-'

the cam 331 is still set to give no sh;ft.

Fourth subsequent cycle: (b) Transmitting
isolated difference to keyboard section: Can-
vassing: Entering quotient digit -
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The action is the same as in (b) of the previous = .
cycle. except ‘that the values are different. as
shown' in Figure 25n. The column-shift setting -

is still at “normal” as in (e) of the previous.cycle.
The difference “0” and partial- product _sum

80

“3531” in 2X are transmitted to.the gears 208 -

with “normal” contrary shift.

The other differences and their associated par- .
tial product sums in 0X, 1X and 3X to §X are.

transmitted to their respective setting wheels 148.
Because the 2X slide 415 is in its intermediate

~ contains a zero difference which is reckoned as |

position as explained in (@) of this. cycle, the -

canvassing rack 426, when the wheel 441 is op-
erated, will contact the projection 423 on the
slide when it has traveled two units, while the

- rack 428 will travel seven units. The rack 4471

v_« will. transmit the movement of the rack 426 to
< the. shaft 151 and quotient dial in column .
Thus, the extra quotient value “2” is entered in

ticulars.
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column § and added to the partial quotient al-
ready entered therein, making u true quotient
or “7".

Fourth subsequent cycle: (c) Registering differ-

ence and partial product sum in keyboard
section: _Column-shift setting

The difference “0” and partial product sum
“3531” are now registered on the slides 212.

Bars 149 are moved to prepare the reset gears
for resetting the multiples and various restor-.
ing movements occur as in other subsequent
cycles, : '

Because the §X slide 415 is in its highest posi-
tion the pin 412 engages the bar 352 when the
bar 410 is operated, so that the ratchet wheel 350
receives the superimposed setting of “minus
one.” Thus, the position of the cam 331 which
stood at “normal” is now changed to a setting
of “minus one” which is a call for a column-
shift of one place leftward, It will be noted that
the column-shift direction has now changed
irom rightward to leftward. At the same time
the quotient signal in column 9 is restored, the
“normal” row of gears 259 is restored to inoper-
ative position and the corresponding coupler 292
is restored to free the shaft 151,

Fourth subsequent cycle: (d) Resetting the mui-
tiples: Readjusting column-shift

The action is the same as in the preceding
cycle, except that when the shaft 335 is restored
to reengage the rockers 341 with the cam 33{,
the “one place leftward” row of gears 259 will
be made operative., The same movement sets
the quotient signal in column 8 and operatively )
engages the coupler 292 in that column.

This leaves the machine as shown in Figure
250. ’

Fourth subsequent cycle: (e) - Cotha}ing iso-
’ lated difference with multiples-

The action of the comparing operation is sim- .
ilar to (e) of the breceding cycle except that
different values are involved: o .

When the bar 47 is moved, the difference “0”
and partial product sum “3531” are transmitted
additively and concurrently to the multiple to-
talizers with a column-shift of one place left-

‘ward. Since these amounts were. transmitted

from OX 1o the keyboard section in (d) of this
cycle with no-column-shift, then back to the to-
talizers in .this part of the .eycle with column--

-shift-of one place leftward, they will-have been

shifted in-the multiple totalizers a net amount

of one place leftward. ' o '

Fourth subsequent cycle: (f) Transfer action,
REE ' etc. ; R :

The action is the same as in (f)-of the preced-
Ing cycle except that the transfer action is ap-

propriate to the transfer calls set up in (e) of - -

this cycle. It also differs in’the following par-

On reference to Figure.25p and-Table 16, Vit
will be observed that the totalizers IX to 5X con-
tain a negative difference while the 0X totalizer:

positive. Consequently, the arms 410, links 411
and canvassing slides 415 are-all disposed as in
() of the first subsequent cycie. This com-
pletes the comparing operation. in. which the
difference “0” is concurrently compared with the

* divisor multiples each of which is considered to

be multipled by the first .negative power of ten

5 as shown in Table 16, because the ‘quotient sig-

i .
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nal is In the first decimsal denomination of Q.

During the ' comparing operation the  partial

product sum “3531” was additively and concur-
rently transmitted to the lower portions of 38X to
5X also with a column-shift of one place left-
ward, so that after the transfer action a new
partial product sum is formed in each totalizer
comprising, as aiready explained, the corre-
sponding multiplicand multiple multiplied by the
first negative power of ten plus the partial prod-
uct sum “3531.” ,

Thus, the final product result “3531” now ap-
pears in the product registering portion of X
and in correct relationship to the decimal point
as set in accordance with the rule stated.

Continuing to operate the machine beyond
this point without releasing the control keys,
which have been manuslly held depressed

15

throughout the subsequent cycles, merely col- .

umn-shifts the product result lefiward one place
with each operation, shifts the gquotient indi-

cator rightward and enters in @ & succession of

" zero values. :
It may be mentioned that operaiing the ma-

chine with only the control key 868/!7 depressed '

causes the mechanism to perform the dividing
and multiplylng operation but it does not enter
the product or the quotient results in the dials.
The results are only entered when the parts con-
trolled by the keys 558/04, 5%9/02, §80/04 or
558/15 as shown in Figure 37¢ are brought imto
operation.
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Col, No.—
Lower

(AR
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ooooOoo

[AR— X0 LR -~

The partial product sum isolated in the next cycle will be 3300+
(33X0X101)=3300. .

The registration in the keyboard section in the next cycle will be:
8mallest positive difference=98; partial product sum=3300.

Table 1¢

ANALYSIS OF RESULTS AT END OF SECOND SUBSE-
QUENT CYCLE (SEE ALSO FIGURE 25)

Col, No.—
Upper
: 12|01)10]9
X ... 98— (14X 5X100) = 2] 8
4X_____} 98—(14X4X109)= 41 2
3X....C 1 98— (14X3X10%) = 51 8
2X .. 98— (14X2X100) = 71 0
1X_ ... 98— (14 X1 X100) == 8| 4
0X_.... 98— (14X0X10%) = 8] 8.
5X will be isolated in the next cycle,so that the quotient result will

then be 1604-(5X100) =105.

Table 12 Col. No. —
ANALYSIS OF RESULTS AT END OF PREPARATORY Lowet
CYCLE (BEE ALBO EIG. 26¢) 35 ! gl7}6|8614)3]2
Col. No.— 5X..--- 3300+533X6Xl0°)= 31 41 6] bl...j..
Upper 33X4X100) = 3] 4] 3| 2|
; 3300-4(33X3X109) = 3] 3] 8] 9f--uul-mm
12j11j10}9 33004-(33X2X1009) = 3] 3| 6 6]._..1...
%+(gxlx}g§)= - 30 3 31 3]--l---
B | 1408—(14XEXI0N= - - oo amemee ~{ 5] s8] o0f2 HEXOXIO) =t |ooee| 3] 3] O O oo
$X7] Lo reascion = 2|3 7] 0] 3 :
o - - The partial prod i i i -+
¥§_" ggg—g&%ggg; -; il 3 8 g (33><Bxpf(§°) : 314)55 X uct sum isolated in the next cycle will be 3200--
—— -  |-ma]eeen The registration in the keyboard section in the next eycle will be:
0X_._| 1498—(14X0X103) = o ommcmeeees +1 1| 4] 9] 8 Smallest positive difference=28; partial product sum=3465. i
45 '

1X will be isolated in the next eycle, so that the quotient result
will then be (1X10%)=100.

Table 15

ANALYSIS OF RESULTS AT END OF THIRD SUBSE-
Col. No.— QUENT CYCLE (SEE ALSO FIGURE 25m)
Lower 50
g8|7]6]|514]|3]2 Col. No,.—~
Upper -
5X... 6] 610 0 12|11|10]9
AX . __ 3] 210710
3X_._ | 91 0| O
2X. .. 61 61 0] 0 28— (14X5X1(9) = -4
1X... 313|010 28~ (14 X4 X109 = 2
0X._.. JRUROH UUO EVUVI FGUPUTSY PROREON FOON B 28—&14x3x10°)= 1
28—(14X2X100) = -
, - 28 (14X1X100) = 1
The partial product result isolated in the next cycle will be 28—(14X0X100) = 2
. 83X1X10¢=3300

The reglstratibn in the keyboard section in the next eycle will be:
Smallest positive difference=98; partial product, 3300

Table 13

ANALYSIS OF RESULTS AT END OF FIRSTSUBSEQUENT
CYCLE (SEE ALSO FIGURE 25f)

Col. No.—

Upper

: 12{11}10]9
5X..--- 98— (1AXEXIO = o — _eeeeemcmeceaea— | B[ O} 2|
4X . 98—(14X4X10) = __ ~| 4] 8] 2.
3X.o-- 98—(14X3X10)=__ —1 3] 2} 2"
oX. ... 98— (14X2X100) = -1 18} 2/
1X .. 98— (14X1X101) = | 41 2]
0X___ | 98—(14X0X10)=__ T o 8-

OX will be isolated in the next cycle, so that the quotient result
will then be160+-(0X101) =100. )

€0

75

92X will be isolated in the next eycle, so that the quotient result

will then be 105-+(2X10°) =107.
Col. No.—
Lower
g|7]|6]5|4[3]2
) u— 3465-{-533)(5)(100): ..... +[.---] 3} 6] 3| 0[---2]---
4X. ... 34854-(33X4X100) =._.__ 4+ |- 3} 5| 9| T [-a-c}---
3X..... 3465+E33X3X10°)= ..... A+ |- 31 &) 6 4
2X. .. -l 3] 81 3] 1
1IX ... ---|. 8] 41 81 8
0X._.... 34654-(33X0X100) = ... -ee] 3| 41 6| 5

The partial product sum isolated-in the next eycle will be 3465+
(33 X2X100) =3531. :

The registration in the keyboard section in the next eycle will be:
Smallest positive difference=0; partial product sum=3531,




Table 16

ANALYSIS OF RESULTS AT END OF FOURTH
SUBSEQUENT CYCLE (SEE ALSO FIGURE 25p)

N Col. N‘o.—-_ 5

Upper - -

2infwlo

5X..._. O—(UxEx10n=_. ol d |
4X07 0—(14X4 5101y = 17T — 5.8
53X 0~ (1435101 = - lag
2x. 0—(14%oK 101 = —2g
X007 0— (141X 1652 ~ 4

0X...o| 0—QXOX10-) = T S I e

OX will be isclated in the next cycle, so that the quotient Tesult
will then be 107-+(0X 101 =107.0, ) 15

Col. No.—
Lower - —
81765412 2
20

5X_____ 3531+(33><5>(10—1)=;--.+ 31 8| 4lns i __{ ___ -
4X___ 3531+(33X4X10-1)=,-_-+ 3] 51 4|42
J3X. . 3531+(33X3X10‘1)=--..+ 3] 5| 4109
2X .. 3531-5—(33><2><10‘1)= -1 31 5| 3i7.8
iIX_ . 3531+(33X1X10‘l)=._.-+ 31" 5 3jas8| R S,
0X.___. 3531+(33><0X10'1)=_-._+ 31 5] 3lue |- {7

25
The partial product sum isolated in the next eycle will be 35314
(33X0X16-1) ==3531.0, N
B The registraiion in the k sboard section in the next cycle will be:
Smallest position difference=0; partial preduct sum=3531.0. -

It may now be explained why the isolated dif-
ference in g subsequent cycle is registered in the 30
keyboard section in the denominations it origi-

. mally occupied as g part of the dividend. It is
done to avoid changing the column-shifi (except
‘for the supplementary setting of “minus one”
when required) between the transmitting of an 35
isolated difference from its totalizer to the key-
"board section in part (b) and the returning of
that difference from the keyboard section to the
multiple totalizers during the comparing opera-
tion in part (e). This has been referred to under 40
. “correlating dividend with divisor, ete.” as the
first. method. By the second method referred -
to under that heading, the cam 331 is zeroized

in each subsequent cycle and then readjusted by -
the measuring mechanism to a new position 45
whereby the dividend will be correlated with the
divisor as though the cycle was a preparatory
one, This second method has the advantage that

it permits the skipping of one cycle fo: each in- .
termediate “zero” in the dividend and for each 50
additional “zero” on the left of the isolated dif-
ference as measured by the rotation of the shaft
321, but it has the disadvantage that the measur-
ing mechanism and the zeroizing mechanism of .
the cam 33! are operated in every dividing cycle 53
instead of in the dividend and divisor entering‘
cyclesonly,” i

It may sometimes occur that the aligning shift
in a preparatory cycle may be one more place
rightward than is needed owing to the fact that GO
the machine is unable to. distinguish whether
the most rightward of the: “nines” on the left
of the divisor entry in IX is a°complemental sig-
nificant figure or & “nine” which arises from a .
‘negative transfer. For example, & divisor of “1” 65
is entered in column {1 and a dividend of “999”
"in columns i1 to 3. The divisor entry in IX

will read “99999999” and the divide!_ld entry in OX
- will read “00000999”. Now, there are seven
“nines” (columns. 12 to -18) on.the left of the 7°
divisor entry in column | of IX and that entry
produces another “nine” in that column, making
eight “nines” in all. 'When the shaft 32ia is
rotated to measure the number of “nines” on the -
left of ‘the divisor entry in IX, the “nine” in col-
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umn { I will be inciuded in the humber measured,
with the result that the cam 33( will receive g
setting of “plus eight” instead of “plus seven,” as
would be the case if the divisor had been other-

than “1” except “¢”, When the shaft 321
i3 rotated to measure the number of ““zeros” on
the left of the dividend entry in 0X, the cam will
receive a setting of “minus five;” These settings
together leave the cam with a net setting of “plus
three,” which means that in the preparatory

- an aligning shift of three places rightward. But

for correct alignment in this case, as an inspec-
tion of the entries wili reveal, a shift of onily
two places rightwarg ig required, an error of one
place rightward in excess of the frue requirement
occwrring for the reason stated above.

In the preparatory cycle, when this condition
arises, the machine completes the comparing op-

results in all the totalizers {X to EX remaining
negative. In the first subsequent cycie, this
causes the OX totalizer to be isolated in (a) of
that cycle and a quotient value of “0” tg pe en-
tered in Q during (») and, because the quotient
value is less than “5”, the link 4§70 (which is
only operated in subsequent cycles) engages the
slide 352, and imparts to the cam 231 in (¢) the

- superimposed setting of “minus one” as already

explained. This leaves the cam with a setting
of “plus two,” so that in the comparing opera-
tion d};ring (e) and (f) of thig cycle, the divi-

~of two places rightward. It will thus be seen

that, when thig condition arises, the quotient en-
try in the first subsequent cycle ig “0”, and that
automatically in (¢) of that cycle the first super-
imposed setting of “minus one” cancels the error,
after which the resuit entering cycles proceed as
described. The action is precisely the same in
principle when the aligning shift is a negative one.

A somewhat similar circumstance arises when
the first significant digit in the divisor is greater
than that in the dividend. For example, a
divisor of “9” ig entered in column i{ and a
dividend of “111” in columns Il to 3. The
divisor entry in X will read “99999991” and the
dividend entry in 0X will read “00000111”, There
are seven “nines” on the left of the divisor en-

- try in column {1} of IX, 50 that when the shaft

321a is-rotated, the cam 331 will receive a set- -
ting of “plus seven.” When the shaft 321 is ro-
tated to measure the number of “zeros” on the
left of the dividend entry in 0X, the cam will -
receive a setting of “minus five,” leaving ‘a net
setting: of “plus two” which means that the
aligning shift in the preparatory cycle will. be two
places rightward. But an inspection of the en-
tries will reveal that while this amount of shift

- will correctly align the first significant digit in

the dividend with that In the divisor, it is never-
theless one place rightward‘in excess of the true
requirement, This case is now shown to be simi-
lar-to the first case described, for in each case
the first superimposed setting of “minus one”
will cancel the excess shift; and, for the same
reason as in the first case, the quotient entry in
the first subsequent cycle will be “0”, after which
the result entering cycles broceed as described.
It will be found that the action is precisely the
same in principle when the aligning shift is g
negatlve one, =
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Zeroizing upper 1X to 5X

For this operation, the control key 556/6 is
used. This key positions the No. 1 control plate
in each group of plates 544 and thereby couples
all the parts to be operated to the appropriate
racks 532 as described. The machine is then
operated through a single cycle. .

Also, when zeroizing upper X to BX, the cam
33! is zeroized, so that when the multiples of a
new divisor are entered in upper {X to 8X the
cam may be set in accordance with the new
number of “nines” on the left of the entry in
upper {X in the manner already described in
reference to Figure 36a. ‘

The timing is shown in Figure 36, and to
tacilitate reference the description is again
divided into six parts, (@) to ().

(@) Shaft 283 is rocked to release any latched
shift key 278.

Shafts 114 in §X to 5X are rotated to lift the
yokes 186 in upper portion of each totalizer to
mesh the coupler gears 194 with their related
gears 192 and 188.

Shafts 126 in 8X to BX are positioned right-
ward to bring each projection 188 into the path
of the pin 185 on its related dial §18. These
movements of shafts {{8 and {28 together con-
dition both upper and lower poréions of X to BX
for zeroizing. : !

Shaft 335 is rocked to disengage the rockers
24§ from cam 336.

Also shaft 368 is rocked to lift tooth 388 into
the path of tooth 358 to condition cam 33{ for
zeroizing.

“(b) Shafts 190 in 8X to 5X are rotated. This
clears upper X to 5X, but not upper 8X because
the BX shaft (14 was not rotated in (@) The
lower portions are not cleared because shafis
161 are not rotated.

At the same time wheel 788 is rotated, thereby
zeroizing shaft 327 and cam 334.

(¢) Shafts 385, 360, (14 in IX to BX, 128 and
wheel 758 are restored.

(d) Shafts 180 are restored and shaft 828 is
rocked to raise arms 418 and special arm 443 to
" negative positions in case the next. operation of
the machine is performed with the key B50/18.

(e) No movements.
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(f) Shafts 283 and 20 are restored, and bail '

518 is rocked to release the No. 1 control plates
and the key 550/1.

Zeroizing lower 1X io 5X

In this operation (see Figure 36b) control key
§50/8 positions the No. 4 control plate in each
group of plates 544. On rofating the handle 5985,

(@) Shaft 283 is rocked as when using key
550/1.

Shafts 114 in 1X to 5X are rotated to lift yokes
187 in lower portion of each totalizer to mesh the

5]

§8

coupler gears 194 with their related gears fez -

and 1983,

Shafts 120 in 0X to §X are positioned right-
ward. These movements of shafts {14 and §20
together selectively condition both upper and
lower portions of IX to 5X for Zerojzing,

(&) Shafts 19! in 8X to 5X are rotated. This
clears lower §X to 5X, but not lower 0X because
the 0X shaft {14 was not rotated in (z). The
upper portions are not cleared because shafts 190
are not rotated.

(¢) Shafts 118 and 128 are restored.

(d) Shafts {9{ are restored.

{e) No movements.

“keyboard section.
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to release the No. 4 control plates and the key
§56/4.

Zeroizing upper OX: Reentering amount with

column-shift

For this operation (see Figure 36¢) the con-
trol key $50/7 positions the No. 7 control plate
in each group of plates 544. This couples to the
racks 532 not only all the parts required for
zeroizing upper OX but also certain of the parts
whereby the zeroized amount can be reentered
in OX with column-shift when so desired. The

-other parts necessary for effecting a column-~

shift are called into operation whenever a shift
key 278 is used as well as the key 550/7. Thus,
to zeroize upper OX, control key 550/7 is latched
down; to column-shift an amount in upper OX,
key 5%8/7 and one of the keys 273 are latched
down together. Latching down any of the keys
218 without latching the key §50/7 produces no
effect when the handle 589 is rotated. Also, when
zeroizing upper OX, the cam 331 is zeroized. so
that when 2 new dividend entry is made in upper
O, the cam may be set in accordance with the
new number of “zeros” on the left of the new
dividend in the manner already described in
reference to Figure 36d.

The movements of the mechanism when using
key 5587 for zeroizing only and when using key
$50/7 in conjunction with a key 2738 for column-
shifting will now be described. .

(@) Shaft {18 in 8X is rotated to lift the yokes
183 in the upper portion to mesh the coupler
gears £98 with their related gears 192 and 103.

Shafts 120 in 0X to 5X are positioned: right-
ward. These movements of shaft ({4 and shafts
128 together condition both upper and lower X
for zeroizing.

The shaft 86 is rocked to couple shafts 81 to -
shafts 92 through clutches 33, 84.

Cam bar 635 is moved down three steps to mesh
the 68X gear 48ia with its related rack 466, and
immediately afterwards shaft 488a is rocked to
move rack 174 in 0X rightward to the subtract-
ing position, thus coupling the wheel 107 with
the wheel ‘181 by clutches §02, 110, in each de-
nomination of 8X above the split.

Shast 513 is rocked to couple each shaft 81
to its related gear train 206, 207, 288, through
clutches 518, 514.

These movements directly connect each dial in
upper 8X to the corresponding gear 208 in the

Shatt 368 is rocked to lift tooth 358 on gear 351
into the path of tooth 336 on the disc 333 in
rea(gness to zeroize the shaft 327 and cam 331
in (). : .

Shefts. 258 and 258a are rocked to raise the
racks 250, 254, but the movement is an idle one
at this stage. _

Shaft 335 is rocked to disengage the rockers .
341 while cam 33! is zeroized, the diagonal row

" of gears 2589 which was operative being moved

to the inoperative position as shown in Figure 23.
Striking bar 716 is shifted to move the rockers
764 into engagement with the set of transfer cams
used in dividing cycles. )
(b) Wheel 158 is rotated to cause the tooth

70; 358 to pick up the tooth 356 on the disc 355 and

rotate the cam 33! until the zero stop pin 33la
contacts the end of the stop lever 358a as shown.
in Figure 1a.
Bail 850 moves rightward idly. *
Shafts 180 in OX to 5X are rotated. This

(/) Shaft 283 is restored. Bail §18is rocked T8 action zeroizes upper OX but does not zeroize
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iipper iX to §X because the I1X to 5X shafts (14
were nob rotated in (@) to lift their yokes [86.
Since the dials in OX are coupled to their respec-
tive shafts 92, the latter receive the amount in
OX and through the various connections de-
scribed in (a) set the wheels 208 in accordance
with the digits of the amount.

(¢) The following are restored: wheel 738,
shaft 114 in 0X, shaft 96, shafts 120 in 0X to §X,
shafts 258 and 258a, cam bar 635, and shafts 360,
480a, 484 and 513. Shaft 335 is also restored with
the result that the “normal” row of gears 259 is
moved to operative position, but the movement
is an idle one.

Shaft 216 is rocked to cause the zeroized
amount now on the wheels 208 to be registered
on the lower slides 212,

(d) The following are restored: bail 850, shaft
216, and shafts 190 in 0X to 5X.

Shaft 420 is rocked to ensure that arm &{0 and
special arm 413 are raised to negative position.

Cam bar 641 is moved two steps down to mesh
the 0X gear 481 with its related racks 466, 467.

(e) Shaft 235 is rocked to couple the column-
shift shaft 230’ to the shaft 8! through clutches
232, 233, and gears 236 and 90.

Shaft 245 is rocked to couple the column-shift
shafts 231 to the shafts 92 through clutches 242,

- 243 on the vertical shafts 241.

Shaft 480 is rocked to move racks (T4 and (712
leftward to the add position in both portions of
0X,.

Shafts 258 and 258a are rocked to raise the
racks 250, 251.

Shaft 335 is again rocked to disengage the
rockers 341 from cam 331, the ‘normal” row of
gears 259 made operative in (¢) being moved by
this action to inoperative position. .

Immediately following thése movements, the
bail 850 is moved rightward to free the racks 250,
251,

At the same time, the bar 41 is moved down-
wards to operate the racks 83, with the result
that the shafts 81, the related clutches 232 and
233, shafts 230°, and racks 250 and 251 are all
driven through amounts proportional to the digits
registered on the slides 212. But because all the
rockers 341 are disengaged from the cam 331, all
the diagonal rows of gears 259 are held in inoper-

ative position, with the result that the movements 5

of the racks 251 are not transmitted to the shafts
231 “which are connected through the vertical
shafts 241, clutches 242 and 243, shafts 92, and
clutches 106 and {08 to the gear trains and dials

of 0X. If, however, one of the shift keys 213 had *

been latched down, then the movements of the
racks 251 would have been transmitted to the
shafts 231, and hence to the dials of 0X, through
whichever row of gears 259 is associated with the
latched shift key 213. Thus, the zeroized amount
may be reentered in 0X with column-shift which
in amount and direction depends upon which of
the keys 213 is used.

(f) The following are restored: shafts 235, 248,
258 and 258a;, 335, 420 and 480. The cam bar
641 is also restored. It will be noted that be-

cause the cam 331 was zeroized in (b), restoring -

the shaft 335 causes the “normal” row of gears
259 to be moved into operative position, but this
is of no disadvantage as there is no further trans-
mission through the shafts 231 during this cycle.
At the same time, shaft 221 is rocked to release
the slides 212, and shaft 283 is rocked to release
whichever of the shift keys has been used.
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are restored leftward by the bail 850. Also, the
rack 806 is operated to reset the gears 201, 208.

It will be appreciated from the foregoing de-
scription that an amount in upper OX-may be
column-shifted rightward to lower OX and, it
there is already an amount standing in lower
OX, then the amount in upper OX may be added
to the amount in lower OX, provided that the
shift is not greater than nine columns in the
present embodiment and is such that it will bring
like denominations in the two amounts together.
Such operation may give rise to transfer calls
in lower OX and it was for this reason that the
bar 116 was moved in (a) so as to select the
later thansfer timing for the purpose. Cooper-
ating with the transfer bars 133, 134, are the
bars 138, {39, and bars {37 in the manner already
explained. -

Finally, the bar T16 is restored and the bail
5718 is rocked to release the control! key 550/1.

Should it be desired after this operation to use
the amount now in lower OX as a dividend, the
amount may be column-shifted manually as al-
ready described to align its highest digit with
that of the divisor muitiple, or & blank dividend
entering cycle may be performed using the key
550/8 and no entry on the upper portion of the
keyboard. This brings into operation the meas-
uring device and automatically sets the cam 331
in the required position for the preparatory cycle
of the dividing operation instead of setting it

i manually.
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Zeroizing lower OX: Reentering amount with
column-shift

In this operation (see Figure 37) the control
key 538/18 is used, either alone for zeroizing or
in conjunction with a key 213 for column-shift-
ing. The No. 10 control plates are positioned,
and the operation is in general the same as when
using key 558/1. The only differences are as
follows:

Shatt 114 is rotated to lift the yokes 186 in
upper OX and 187 in lower OX. :

Shafts 120 are positioned rightward. These
movements of shaft 114 and shafts 120 together
condition both upper and lower OX for zero-
izing, but shafts 191 in OX to 5X are rotated
to effect the actual zeroizing in (b) instead of
shafts 198 with the result that lower OX is zero-
ized instead of upper OX.

Cam bar 635 is positioned one step down in
(a) instead of three, thereby meshing gear 481qg
in OX with rack 467 instead of rack 466. Conse-
quently, when shaft 4808a is rocked, rack 112 in
OX is moved rightward to the subtract position
instead of rack (11, thus coupling the wheel 107
with the wheel 181 by clutches 1089, 110 in each
denomination of OX below the split.

An amount in lower OX may be reentered in
OX with column-shift in either direction. When
an amount in lower OX is column-shifted so as

~ to be added to an amount in upper OX, the op-
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After the above movements the racks 250, 251 75

eration affords a ready means of dealing with an
expression of the form
AXB
] : CXD

which may be written

AXB,, 1,
< b

A

may first be evaluated by a simultaneous dividing
and multiplying operation as already described,
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giving a product resul} in lower OX. This resulf
may then be column-shifted to upper OX and di-
vided by D in a “division only” operation, the final
product appearing in lower OX. Alternatively,
A may be divided by C; after that the quotient
result may be set up in upper OX and divided
by D while the quotient resulting from this sec-
ond dividing operation- is simultaneous multi-
plied by B. )
Zeroizing whole of @

For this operation (see Figure 37b) the con-
trol key 550/13 is used. It positions the No. 13
plate in each group of plates 544, and on rotating
the handle 595 the action is as follows: '

(@) Bar 137 in Q is positioned leftward to
bring the tooth 123 on the transfer receiving
wheel 122 into the path of the tooth 58{ on the
zeroizing sleeve 580. .

Shaft 335 is rocked to disengage coupler gear
292 from gears 288, 281 in the denomination
showing the quotient signal. ‘

(b) Shaft 126 is rotated to zeroize the sleeve
508 as already described.

(¢) Bar 1317 is restored and also shaft 338.

(d) Shaft 124 is restored. Shaft 426 is rocked
to raise arms 810 and special arm £43 to nega-
tive position in case the next operation of the
machine is performed with key 556/16.

(e) Shaft 124 is operated idly.

) (f) Shaft 420 is restored and also shaft 24,

Bail 518 is rocked to release No. 13 control plates
and key 556/13.

The machine may be used to perform division
only by adjusting the split to a position below
the lowest section of the machine, The opera-
tion during division will be exactly as described
except that no multiplicand will be entered and
no product formed. The machine may be ad-
justed to perform multiplication by setting the
multiplier in the machine in the same way as
the dividend was set in the machine. Unify is
set on the highest section of the machine as a
divisor and the machine is operated to divide
the multiplier by unity and multiply the quo-
tient, that is, the original multiplier, and the
multiplicand together. It is essential that the
dividend or the multiplier should be entered into
the machine in sections to the left of the multi-
plicand and so as to leave at least one clear
section between the lowest figure of the divi-
dend or multiplier and the highest figure of the
multiplicand to receive transfers during the cal-
culations of the multiples of the multiplicand.
The multiplier and dividend need only be en-
tered above the split if the multiplicand is en-
tered negatively and the machine should be split
at such a point as to leave at least one clear
section to its right above the highest significant
fisure of the largest multiplicand oceurring in a
series of calculations. A series of quotients can
be summed by leaving them in the quotient reg-
ister and the products may be summed by not
clearing the right-hand part of the totalizer OX.
The divisor and multiplicand can be cleared from
the machine for reset independently and for this
purpose the machine may be arranged to per-
form a zeroizing cycle in which the totalizers (X
to 65X are zeroized, the multiples are reset on them
and then one or more of the totalizers is zero-
ized in part or as a whole depending upon which
of a number of zeroizing keys has been depressed.

The keyboard is also split so that either the
left-hand or right-hand part cah be cleared
separately by depressing one or other of two
control keys, one of which is shown at 876 in
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Figure 41b. The stem: of one key has rack ieeth
meshing with a gear (not shown) on &-shaft 804
(Figure 3), so that it rocks it when the key is
depressed while the other drives g shaft 805 in
the same way. The shaft 884 is thus rotated
when the key for clearing the lefi-hand part
of the keyboard is depressed, while the shaft 865
is rotated when the key for clearing the right-
hand part of the keyboard is depressed. A num-
ber of gear sectors 886, one for each section of
the machine, are splined on the shaft 884 and
each sector has a gear wheel 887 associated with
it. The gear wheels 887 are rotatable on the
shaft 884 and each of them can be coupled to
the associated sector 806 by means of a coupling
gear 808, of which there is one in each section.
In the position shown in Figure 3, the gear
wheel 888 meshes with the sector 886 and the
associated wheel 867, The shaft 885 carries, in
the same way, gear sectors 889 splined on it
and gear wheels 818 rotatable on it (see also
Figure 42a). Each gear wheel 808 is' rotatable
on g slide 8! which can be shifted to the right
so as to disengage the wheel 808 from the sector
806 and wheel 807 and mesh it with the sector
808 and wheel 848, Thus, if the shaft 804 is ro-
tated it will drive gear wheel 807 in each section
of the machine in which the slide 8{{ is in the
position shown in Figure 3, but it will not drive
the gear wheel 807 in each section in which the
slide 81{ is shifted to the right. In a similar
way, the shaft 805 will not drive the gear wheel
810 in the sections in which the slide 81{ is in
the position shown in Figure 3, but will drive
the gear wheel 818 in each section in which the
slide §i{ has been shifted to the right. The
slides 811 have rack teeth 812 (Figure 4) mesh-
ing with a gear sector 813 which is connected
by a link 814 to the bell-crank lever 183. As the
shaft 160 is rotated it will rock the bell-crank
levers 68 so that those in the sections fo the
left of the split will be. in the position shown
in Figure 4, and the corresponding slides 8f{ will
be in the position shown in Figures 3 and 4. The
levers §63 to the right of the split will be rocked
from the position shown in Figure 4 so that
the slides 81! are shifted to the right from the .
position shown. Thus, rotation of the shaft 804
by one control key will rotate the gear wheels
807 in the sections to the left of the split, while
rotation of the shaft 885 by the other control
key will rotate the gear wheels 810 in the sec-
tions to the right of the split. The gear wheel
807 and the gear wheel 809 in each section co-
operate with teeth 815 and 8i6 on 4 slide 847 so

" that either of them, when rotated, moves the
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slide to the right. Each slide 847 is connected
by a two-armed lever 818 (Figure la) pivoted at
819 to the locking slide 55 (Figure 1) so as to
move the slide in the same way as it is moved
by the depression of the zero key B0. 'This, as
explained previously, gives the effect of unlock-

.ing any .other slide 85 that may be latched by

the pawl 64 (Figure 3) and thus releases any
depressed key. It will thus be seen that each
half of the keyboard can be cleared by depressing
the corresponding control key.

Isolating, canvassing and quotient entering

mechanism

As shown in Figures 14, 15 and 16, the highest
section of each of the totalizers {X to 5X is pro-
vided with a transfer mechanism operating on a
dummy section comprising a wheel {{{C con-

8 mnected to the highest section of the totalizer by
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the transfer mechanism. An srm 410 is secured
to each of these wheels 1{IC. If the totalizer
contains zero or a positive amount the arm 410
will be in the position shown in Figures 33 and 34.
If a negative amount is entered sufficient to leave
the totalizer registering a negative difference, the
highest section of the machine will borrow one

unit from the dummy section and will rotate the .

wheel (1IC to rock the arm 410 up as shown in
Figure 34a. This latier figure is purely conven-
tional and shows the relative positions of the
canvassing mechanism before the preparatory
cycle is commenced. If a positive amount is now
added which is sufficient to leave the totalizer
registering a positive amount, a unit will be
transferred to the highest section of the machine
and the wheel 11IC will be rotated to rock the
arm down again. The end of each arm 410 is
connected to the end of the next arm by a link
411. The end of the arm 410 for the totalizer {X
is connected to the extreme right-hand link 411
which is pivoted at its other end on a fixed pin
412. A special arm 413 is provided which is not
operated by one of the totalizers but serves to
support the left-hand link 411. A pin 414 is car-
ried at the centre of each link 411 and a separate
canvassing slide 415 is supported on each pin.
An operating link 416 is pivoted at 417 on each
arm 410 and on the arm 413 so that, by pulling
these links down, all the arms can be rocked up-
wardly. Each link 416 has a tooth 418 (Figure
35) co~operating with a tooth 419 on a shaft 420,
Before each comparing operation the shaft 420
is rocked by a cam cn the mainshaft and through
the teeth 418 depresses all the links 416 so as to
rock all the arms 410 and the arm 413 upwardly.
Bach of the links 41, except the extreme right-
hand one, is thus raised parallel to itself but the

right-hand one is tilted about its pivot 412. The-

right-hand canvassing slide, which is the one
associated with the OX totalizer, will thus be
raised one step while the other slides will be
raised two steps. This is also the condition when
the quotient result is “0”, and the mechanism
will now be described in reference to the enter-
ing of that particular quotient value. Each slide
415 is provided with a lug 421 co-operating with a
canvassing bar 425 and a lug 423 co-op-rating
with a canvassing bar 426. With the extreme
right-hand slide 415 raised one step and 21l the
ocher slides raised two steps, its lug 421{ will be
in the path of a lug 422 on the canvassirg bar
425 and its lug 423 will be in the path of 1 lug
424 on the canvassing bar 426. The canvassing
bars are employed as a differential means for
entering each value in Q and they are driven in
the same direction (i. e. leftward in Figures 33
and 34) by differential gearing shown in Figure
35 until they contact the lugs 421 and 423. The
differential gearing comprises a gear wheel 421
meshing with a rack 428 secured to the bar 425.
The wheel 427 is secured to a shaft 429 to which
one sun wheel 430 of a differential gear is secured.
The other sun wheel 43{ of this gear is secured
to a gear wheel 432 which meshes with a rack
433 secured to the bar 426. The sun wheels gear
with planet wheels 434 carried by a planet car-
rier 440. This planet carrier is integral with a
gear wheel 44( driven by a vertical rack 442
which is moved downward by a cam on the main-
shaft when a quotient value is entered. The
stroke of the rack is such that the sum of the
movements of the two canvassing bars will be
nine steps.

With the right-hand slide 415 moved one step,
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- the pin 458 while their upper ends are
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its lug 423 will ehgage the lug 424 on the bar
426 and prevent it moving. The bar 425 will
move nine steps when its lug 422 will engage the
lug 421 on the OX slide 815. The other slides
415 will remain raised two steps so that their
ligs 421 and 423 are above the level of the lugs
422 and 424 respectively. These slides will thus
have no effect on the movement of the convass-
ing bars. The canvassing bar 426 is provided
with rack teeth 443 meshing with a gear wheel
444, This gear wheel is secured to a gear wheel
445 (Figure 35) which meshes with a vertical
rack 446, A second rack 447 is pivoted on the
rack 446 at 448 and is guided for vertical move-
ment by a .pin 448 carried by a slide 450. The
.rack 447 (Figure 34) has two sets of teeth 45(
and 452. The slide 450 can be shifted by & cam
on the mainshaft so as to swing the rack about
its pivot 448 and mesh either the teeth 45i
or the teeth 452 with a gear wheel 453 secured on
the quotient entering shaft 151 (see also Figures
13 and 20). Thus movement of the rack 426 is
communicated to the shaft 151 either additively
or subtractively depending upon the position of
the slide 450. With the setting of the parts as-
sumed, the shaft 15! is not rotated so that no
quotient digit is entered. This condition is that
existing during the preparatory cycle and in all
subsequent cycles when the quotient entry wili
be “0”.

As shown in Figure 35, each slide 415 is pro-
vided with a control portion having projections
455, 456 and 457. When the slide is in its lowest '
position, the projection 455 engages a pin 458 at
the upper end of a floating lever 459. The lever
459 is pivoted at 460 on an eccentric strap 464.
This strap is mounted on an eccentric on a shaft
462 which can be rotated through half a turn
by means of a cam on the mainshaft. When the
shaft 462 is rotated, the lower end of the lever
458 will move to the right idly while iis upper end
wili be held by the projection 455. In the same
way the upper end of the lever 459 will be held
by the projection 456 if the slide is in its highest
position and the lever 459 will rock idly. On the
other hand, if the slide is in its infermediate
position, a pin 463 on its lower end will be ob-
structed by the projection 457 while the pin 458
will be free to move between the projections 455
and 436. Thus rotation of the shaft 462 will rock
the lever 459 and the upper end of this lever will
move to the right. The lower ends of two levers
464 and 465 (Figures 33 and 35) are pivoted on

pivoted

on racks 466 and 467 which are stationary at
this time. The levers 464 and 485 are pivotally
connected at their centres to the racks (T{ and
112 respectively of an associated totalizer. Thus,
when the OX slide 415 is in its incermediate posi-
tion, the corresponding lever 459 will be rocked
on the rotation of the shaft 462 and will rock the
levers 464 and 465 to move the racks {11 and 112
to the subtracting position so that the totalizer
is coupled to the shafis 82 which will receive
amount ir the OX totalizer on the latter being
Zeroized, .

Each slide 415 controls the racks 1Ti and (72
for a different one of the totalizers 0X to 5X
and the designation of the totalizer controlled
by each slide is shown against it in Figures 33
and 34. It will be understood that, with the
setting of the parts previously ‘described, the
slides 415 associated with-the totalizers IX to 5X
are in their highest position so that the racks 171

~and 1712 in these totalizers do not move from
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their neutral position. The slide 418 for the
totalizer 80X is in its intermediate position so
that the racks 174 and {72 for this totalizer will
be operated when the shaft 482 is rotated. This
shaft is rotated at the very ‘commencement of
the cycle and the operation of selecting one pair
of racks 171 and 172 and operating them is the
operation previously referred to as isolating a
totalizer. After the 8X totalizer has thus been
isolated, the amount in it may be transmitted
to the keyboard section. The canvassing racks
825 and 826 may be operated concurrently to
enter the quotient digit into the quotient total-
izer. In the preparatory cycle, however, the can-
vassing racks need not be operated as the quo-
tient value in that cycle is always “0” because
the 0X totalizer is always the one to be isolated.
But in each subsequent cycle the canvassing racks
are operated and,
been entered. The shaft 385 (Figure 1a) is rocked
to disengage the rockers 34% from the cam 83!
and at the same time disengage the coupler gear
282 in the column in which the quotient signal
is showing so that the shaft {51 is not coupled to
any section of the quotient totalizer. At this
time the canvassing racks and connected parts
are restored in readiness for the next operation.

While the canvassing racks are being restored,
s part 478 operated by a cam on the mainshaft
in each dividing cycle is moved to the left in
®gure 33. This part is hung on & link 474 from
the canvassing slide 415 for the totalizer §X.
The link 671 carrles a pin 472 projecting into
an opening 873 in the slide 352 which carries the
pawl 861 (Figure 1a) for stepping round the
column shift cam 33{. If the slide 415 for the

after the quotient digit has

<
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totalizer 58X is in its upper position, as it will

be whether the 8X totalizer is the one to be iso-
lated, the link 871 will be raised and the pin 472
will enter & portion 474 of the opening 473 so
that the movement of the part 479 will be com-
municated to the slide 852 and the latter will
move to the left in Figure 33, that is to the right
in Figure la, to step the wheel 350 and with it
the column-shift cam 33! round one step.  This
latter movement corresponds to the superimpos-
ing of “minus one” on the differencing device
and it only occurs when the quotient entry is
1ess than “5” as already explained. In this man-

ner the column-shift cam is stepped in each di- ;

viding cycle when necessary, except in the pre-
paratory cycle when the part 870 is not oper-
ated. A spring 815 serves to hold the slide 352
%o the right in Figure 33, unless it is positively
actuated.

in Figure 34b, which is also purely conven-
tional, the relative movements of the canvassing,
isolating and quotient entering mechanisms are
shown. for the case where the totalizer IX con-
tains the smallest positive difference. It will be
observed that the 8X and 1X arms 410 are in
the down positions because their totalizers each
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contain a positive difference, but the 2x%, 83X, 4X .

and 5X arms are up because their totalizers each
contain & negative difierence. Consequently, the
links 44! will be so positioned that the 0X slide
415 is moved to its jowest position, the 1Xslide 4 e
is moved downwards one step to its intermedidte
position, and the slides 415 for the totalizers 2X
to 5X remain in their highest position. = Thus,
the IX slide being the only one in the inter-
mediate position it will control the rocking of the
iX lever 858 so as to isolate the totalizer 1X in
exactly the same way 8s the isolating of the
totalizer 8X.
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The lowering of the 12 slide 415 one step places
its lug 821 in the path of one of the lugs 422
on the rack 425 so as to permit the latter to move
eight steps when the rack 482 is operated. Its
lug 423 will also be in the path of a lug 428 on
the canvassing rack 428 so as to permit the lat-
ter to move one step. This movement of the
rack 426 iz communicated to the rack £47 and
hence o the quotient entering shaft. {5 as de-
scribed.

While the quotient value is being entered, the
totalizers are cleared with the result that the
difference and partial product sum in {X are
transmitted to the keyboard section and the
amounts in each of the other totalizers are dis-
carded as described. :

The BX slide 815 being in its highest position,
the pin 412 on the link 474 will engage the slide
352 and step the column-shift cam 381 round
one step to effect a column-shift change.

“The 2%, 3X X and 5X totalizers are isolated
in exactly the same way as the X and (X, ex-
cept that in the case of the 5X its slide 415 being
in its intermediate position the pin 472 will still
be in the wide part of the opening 473 and the
slide 352 will not be moved by the part £18, for
in that case the machine will be required to per-
form the next cycle without a change in the col-
umn-shift adjustment so as to ascertain whether
the quotient result “5” is a partial quotient or a
true guotient. :

In ‘s complete set of operations in a dividing
cycle, the isolating of one of the multiple total-
jzers forms the first stage; the entering of the
quotient amount and the transmitting of the dif-
ference and partial product sum therein to the
keyboard section by zeroizing all the multiple
totalizers forms the second stage; and registering
the transmitted amounts in the keyboard section
while at the same time changing the setting of
the differencing device when necessary forms the
third stage. The fourth stage mainly comprises
the resetting of the multiples and the readjust-
ment of the column-shift setting, also the rock-
ing of the shaft 428 to raise the arm 413 and the
arms 816, The fifth stage comprises the com-
paring operation; and the sixth the transfer ac-
tion and the resulting movement of the slides 415.
Tt will be noted that these stages correspond to
the six parts into which each cycle in the exam-
ple of & calculation is divided.

It will thus be seen that after the zeroizing of
the totalizers in the second stage and the regis-
tering of the isolated amounts in the keyboard
section in the third stage, the next operation in
2 dividing cyele is resetting the multiples and
the shaft 420 is again rocked to raise the arm 443
and the arms 18 if they are not already raised.
The amount in the keyboard section of the ma-
chine is then entered into each of the totalizers
X to 5X. If this amount is sufficient fo leave
any one of the totalizers IX to 5X registering a
positive amount, the corresponding arm 410 will

_ be rocked down so that all the links 411 to its

right will be moved down into the position shown
in Figures 33 and 34. It will be appreciated from
Figure 34b that the totalizers to the left of that
containing the smallest positive difference neces-
sarily contain negative amounts while those to
the right necessarily contain positive amounts.
Also the arm 418 for the totalizer containing the
smallest positive difference and the arms 818 to -
the right are down while the arms 48 to the
left and the arm 443 are up. Consequently the
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links 411 between the arms 410, which are down,
are in their lowered position as shown, while the
link between the extreme left-hand arm which
is down and the adjacent arm which is up will be
inclined and will hold its slide 415 in the inter-
mediate position in which it serves to isolate the
totalizer containing the smallest positive differ-
ence. The remaining links on the left will hold
their slides in the highest position. It will be
seen that the slide corresponding to the required
totalizer is in its operative intermediate position,
those on the left are raised and so are not oper-
ative to isolate their totalizers, while those on
the right are in the lowermost position and also
do not isolate their totallzers. This completes
the action of the isolating mechanism during a
comparing operation.

10
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The lugs 424 are so pitched on the canvassing

bar 426 that the movement of the bar before one
of the lugs 424 engages the lug 423 on the slide
415 which is in its intermediate position is pro-
portional to the digit by which the divisor and
multiplicand were multiplied to form the multiple

20

registered in the totalizer which is associated with

that slide. The lugs 422 are so pitched that the
movement of the bar 425 is complementary to
that of the bar 426 so that the bar 426 is forced
to move the maximum distance possible. As ex-
‘plained previously the movement of the bar 426
is transmitted to the quotient digit entering shaft
151, so that the appropriate quotient digit can
be entered.

Mechanism is provided by which either part
of each of the totalizers 0X to 5X may be cou-
pled individually to the totalizer drive shafts 92,
either to add or to subtract. Splined on a shaft
480 (Figures 33 and 35) are a number of gear
sectors 481, one for each totalizer. Each gear is
embraced by ears depending from a separate
striking bar 482 so that each gear can be moved
independently into one of four positions. It will
be noted from Figure 33 that each gear has two
sets of teeth, separated by a gap. In the posi-
tion shown it meshes with neither of the racks
466 and 467. If it is moved one step, it meshes
with the rack 467 but not the rack 466 and, if it
is moved two steps it meshes with both racks,
while if it is moved three steps it meshes with
the rack 466 but not with the rack 461. Thus
the shaft 480 can operate one or the other or both
or neither of the racks to set the related part
of the totalizer to add. The rack 466, when op-
erated, moves the bar 111 to set the related to-
. talizer to add by rocking the lever 465 about the

pin 458 and the rack 467 operates the rack 112-

in a similar manner. A similar shaft 480a and
set of gear wheels 481a and striking bars 482a are
provided for setting the racks 17{ and (12 indi-
vidually in their subtracting position. Thus, any
desired combination of adjustments of the total-
izers to add and subtract can be obtained by
properly shifting the bars 482 and 482a. T.ock-
ing members 483 are provided for locking the
racks 466 and 467, except when they are to be
moved, and these members are positively actu-
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ated by a rock shaft 484 on which they are °

splined. Both the shafts 480 and 480a are rocked
by cams on the main shaft when required, and
either may be used individually or they may be
used together, depending upon the operation be-
ing performed. Table 5 shows a summary of the
adjustments of the bars {7{ and 112 made pos-
sible by the above arrangement in each of the
totalizers 0X to §X.

70
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Table §
‘When Is It meshes Then
gear— | moved— | with rack—| F0¢KIng Sets bar
shaft—
481 . 1step...| 467 only.. ] 480....[ 172 left to add in lower
portion.
481 ... 2 steps. .} 466,467_.__| 480_.__| 171leftward toadd inupper
portion, and 172 leftward
. to add in lower portion.
481 __..| 3 steps._{ 466 only.__| 480..._ 1711eltiwatd toadd in upper
portion,
481g___| 1step_..| 467 only...| 480a_..| 172 rightward to subtract
in Jower portion,
48la___| 2 steps.._| 466, 467____| 480a...| 171 rightward to subtract
in upper portion, and 172
rightward to subtract in
lower portion,
48la.. .| 3 steps..| 466 only_..| 480a...| 171 rightward to subtract
in upper portion,

The method of calculating the multiples of the
divisor and multiplicand described previously re-
quires five cycles. One cycle may be saved by
entering the factor into all five totalizers 1X, 2X,
3X and 5X in the first cycle and then into the
totalizer 2X only in the second cycle. In the
third and fourth cycles, the totalizer 2X is zero-
ized, the amount in it set on the keyboard sec-
tion and is entered into the totalizers 2X, 4X and
§X. The three different kinds of cycle will re-
quire three different control plates in the driving
section of the machine and these may be operated
in succession by separate control Keys or auto-
matically under the control of one key.

Other series of multiples may be used. For
example the totalizer 5X may be omitted and the
stepping of the column shift cam 331 (Figure la)
controlled by the totalizer 4X. The totalizer
4X may also be omitted in the same way. The
speed of the machine is, however, reduced by
omitting totalizers since the average number
of dividing cycles per quotient digit is increased
but this is partly off-set by the fact that only
three cycles are needed to calculate three times
a factor and three or four to calculate four times
a factor. A discontinuous series, such as once,
twice, three times and six times the factor, may
be used. The multiple six times the factor is
formed in the same way as the multiple five
times as explained in the preceding paragraph
except that an extra entry is made in the second
cycle. This series is so selected that any digit
4, 5,7, 8 and 9 can be formed as the sum of two
of the digits 1, 2, 3 and 6 so that the number of
cycles giving a significant quotient digit is a
minimum for four multiples. It is necessary,
however, to step the column shift cam 331 when
the quotient digit is 0, 1 or 2 but not when it is
3 or 6. This increases the number of cycles
giving 0 as the quotient digit so that there is no
saving over the use of the series once to four
times. More totalizers may be provided for reg-
istering higher multiples, the maximum speed is
reached if all the multiples from once to nine
times the factors are used. In this case the
column shift cam 331 is stepped in every cycle.
The multiples are calculated by first forming the
multiples once to five times, as explained in the
preceding paragraph, in the totalizers IX to
58X and in five additional totalizers 6X to 9X.
The totalizer 4X is then zerocized and the amount
in it set on the keyboard section and entered
from that section into the totalizers 4X and 6X
to 9X. .

When using all nine multiples, multiplication
may be performed directly, instead of dividing by
one, in the manner explained in prior British
Patent No, 502,958. This can be effected by ze-
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roizing the quotient totalizer in which a multi-
plier is set up and transmitilng the zeroizing
movement from one section of the totalizer
through the guotient-entering means to set the
canvassing racks in a position corresponding to
the digit in that section. The canvassing racks
adjust a set of gears in such & manner that, by
rocking the gear, the arms 418 are set in the
same position they would have been if the multi-
plier digit had been a quotlent digit. The re-
getting gear in the quotient totalizer permits the
multiplier to be reset in the quotient totalizer
ready for the next step of the calculation. This

method may be used in the present machine by-

providing two such sets of gear wheels one of
which controls multiplication by digits up to 5
or by 5 for higher digits while the other con-
trols multiplication by the remainder over 5 for
the higher digits. Means must be provided for
operating the proper set of wheels in each cycle,
the two sets operating alternatively. The method
involving division by unity as deseribed above
does not require these extra parts and is thus
preferred.

It will be appreciated that the present ma-
chine compares the multiples of the divisor with
the highest figures of the dividend by subtracting
the multiples from the dividend so'as to find the
largest multiple that is not greater than the divi-
dend. The difference between the dividend and
this multiple is the amount which the machine
requires for the next stage of the calculation and
the remaining differences are merely calculated
as part of the comparing operation. The ma-
chine thus, in effect, combines a comparing and
a subtracting operation, but the invention is ap-
plicable to machines in which the multiples of
the divisor are first compared with the highest
figures of the dividend and afterwards the ap-
propriate multiple only is subtracted from the
dividend as a separate operation, as described in
United States application Serial No. 89,570. In
such a case, each time a muitiple of the divisor
was subtracted, the corresponding multipie of
the multiplicand would be added in a suitable
totalizer. In the machine described in the prior

- specification, the multiples of the divisor are en-
tered subtractively into a dividend totalizer with
an appropriate column shift, and this totalizer

could be enlarged so as to have a number of i

empty denominations below the dividend into
which the multiples of the.muitiplicand would
be entered additively each with the same col-

umn shift as the corresponding multiple of the
The two corresponding multiples would :

divisor.
thus be treated as one amount, except that one
would be subtracted and the other added, as is,
in fact, the case with the present machine.
There is only one transfer actuating bar in the
dummy section of the totalizers, namely, that
which efiects positive transfers or carries, the
bar which effects negative transfers or borrowing
being omitted. 1If this were not done, negative
transfers would occur in each multiple forming
‘cycle owing to the negative entrles made so that
the arm 410 (Figure 33) .of the totalizer 5X (for
example) would move through five steps and be-
come disengaged from its link 4{1. The correct
positioning of the arms Is taken. care of by the

shaft 420 and the positive transfers occurring 7

during dividing cycles.
» Driving connections
The connections by which the various parts of

the machine are driven by the shafts 520 in the 7
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control and driving section are shown in Fig-
ures 18a, 180 and 18c and Figures 19a, 19b and
19¢. The connection for the bar 47 has aiready
been described with reference to Pigure 18b. The
remaining connections are as follows:

Canvassing mechanism.—The shaft 462 (see
also Figure 35) is connected by bevel gearing 602
(Figure 18D) to a vertical shaft §03 which is con-
nected by bevel gearing 604 to one of the lower
shafts 520. The shaft 420 is connected by bevel
gearing 695 to a vertical shaft 888 which is con-
nected by bevel gearing 607 to one of the upper
shafts 520. The shaft 480a is connected by bevel
gearing 608 to a vertical shaft 609 which is con-
nected by bevel gearing 610 to one of the lower
shafts 520, The shaft 480 behind the shaft 480a
(Figure 35) is connected by bevel gearing, a ver-
tical shaft and gearing 611 to one of the upper
shafts 520. The slide 450 (see Figure 34) carries
a pin 612 (Figure 18b) which enters a cam-slot
613 in a bar 614. The bar is guided at its upper
end for vertical movement and is also guided at
its lower end by one ofthe lower shafts §28. The
bar §i4 is formed with rack teeth 616 meshing
with a gear wheel 617 on one of the lower shafis
520. The rack 442 which drives the canvassing
bars has rack teeth 618 meshing with a gear
wheel 619 on one of the upper shafts §20. The
part 470 which steps the column shift is connect-
ed to a bell-crank lever 620 (Figure 18a). This
lever is connected by a link 62f to an arm 6§22
fixed on one of the lower shafts 520. The lower-
most striking bar 482a (see also Figure 35) em-
bracing the §X gear sector 48ia carries a pin 623
entering a slot §24 in a bar 625 which is mounted
to slide vertically. For this purpose the bar is
supported at its uper end in a comb 629 and is
formed with a slot 626 to receive a collar on one
of the upper shafts 520 so that its lower end is
supported by the shaft. This method of mount-
ing the vertically sliding bars is used wherever
possible. The bar 825 is formed with teeth 627
meshing with a gear wheel 628 on one of the up-
per shafts 520. The remaining striking bars
4824 embracing the 4X, 3X, 2X, IX and OX gear
sectors 481a are operated in the same way by bars
832 to 635 respectively, these bars being operated
by separate upper shafts 520. The slot 624 is
shaped to move the bar 482¢ into one of four
positions (as explained before) depending on how
far the bar 625 is moved down. The slot is pro-
vided with a dwell corresponding to each posi-
tion to ensure that the bar 482a is properly posi-
tioned in each of its settings. The striking bars "
482 (see Figure 35) are operated in the same way
by vertically sliding bars 636 to 841 respectively
and these latter bars are operated by gear wheels
on separate lower shafts 520.  The bars 636 to
841 are arranged behind the bars 482 and are
concealed by the bars 625 and 630 to 635 except
for their lower ends. The shaft 4828 (Figure 18d)
is driven by bevel gearing 642, a vertical shaft
643 and bevel gearing 644 from one of the upper
shafts $28. :

The shafts 520 shown in Figures 18a, 18b and
i8¢ only extend partlv across the machine as
shown diagrammatically on Figures 26 and 27,
and are in axial alignment with other shafts 520
which extend towards the opposite side of the
machine and are shown in Figures 19¢, 196 and
19¢. The latter shafts drive the remaining parts
of the machine as will now be explained.

Column-shift mechanism—The column shift
racks are raised by rocking the shafts 258 and
258a (Pigures 20 and 22). These shafts have
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each an arm 650 (Figures 195 and 19¢) fixed to
it and each arm is connected by a link ¢8f to an
arm §52 fixed on one of the lower shafts §28.
These two shafts 520 are rocked at the same time

so as to rock the shafts 288 and 2%8a in oppoaite

directions.

Zeroizing mechanism.—Each of ‘the shafts 1§
(see also Fig. 11) has a gear wheel $53 (Figs. 19
and 19¢) secured on it and all these wheels mesh
with a common rack 654. The rack §84 has teeth
654a which mesh with a gear wheel 887 secured
on a shaft 6§58 which is driven through bevel gear-
ing 858a from one of the upper shafts §20. Gear

wheels 658 are secured on the shafts 188 and-

mesh with a common rack 656. The rack $5§ is
formed with teeth 658a which mesh with a gear
wheel 859 secured on a shaft 668 which is driven
through bevel gearing 660a by another upper
shaft 828. Thus the shafts 180 are driven by one
shaft 520 and the shafts {9f by another shaft §20.
This allows of either or both parts of the total-
izers being zeroized. The totalizers can be se-
lected for zeroizing individually by means of the
‘shafts 114 (see PFigure 113. A gear wheel $8i
(Figures 18b and 18¢) is secured on each of the
shafis {14 and meshes with a separate rack $62.
Each of these racks meshes with a gear wheel 8§63
on a separafe one of the upper shafts 526, It is
necessary to shift the sleeves {37 (Figure 12) ax-
ially and they are conflned on the shafts {28 by
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collars one at each end of each shaft so as tc move |

axially with the shafts. Each shaft 120 i{s formed
with a slot into which extends an arm 688 (Fig-
ures 195 and 18¢) secured on & shaft 8§5. The
shaft 865 is rocked by an arm 666 which is se-
cured on 1. This arm is rocked to rock the shaft
by moving down a bar 687 which is pivoted to it.
The bar 687 pivoted at its lower end on an arm
668 secured on one of the upper shafts $28. The
shaft i24 in the totalizer Q@ is rotated to zeroize
that totalizer and has a gear wheel 680 secured
to it. This wheel meshes with a rack 881 which
_ also meshes with a gear wheel 682’ on one of the
upper shafts 520. The striking bar {37 relating to
the totalizer @ must also be moved and is formed
with rack teeth meshing with a gear wheel $82
which 1s secured to an arm 683. This arm is
rocked about a shaft 874 to shift the bar {37 by
moving a bar 685 down. The bar 685 is formed

with a cam slot in which a roller 684 on the arm 5

is engaged. The bar is also formed with rack
teeth meshing with a gear wheel 686 on one of the
lower shafts 520. 'The slot is shaped in the same
way a8 slots in other bars described later.

Resetting gear —In order to .reset the multi- ¢

ples, the shafts 142 must be rotated. A gear
wheel 869 is secured to each of them and these
wheels all mesh with a common rack 878 which
has rack teeth 670a meshing with a gear wheel
671 secured on a shaft 672. This shaft is driven
by one of the upper shafts 528 through bevel
gearing 672a. 'The striking bars 149 must also
be shifted and they are formed with rack teeth
meshing with gear wheels 613 secured on the

shaft 674. An arm 675 is secured on the shaft 6

878 and carries a roller 876 entering a cam slot
in a bar 817 which has rack teeth meshing with
a gear wheel 678 on one of the lower shafts §20.
The driving connections are similar to those de-
scribed previously for the striking bar 137 of the
totalizer Q.

Transfer operations require that the striking
bars {371 be shifted (see also Figures 13 to 16).
The drive for the bar {37 in the totalizer Q has
already been described Each of the other bars
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-nately (see Figures 3%a, 39b, and 39¢).
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is formed with rack teeth meshing with gear
wheels 85 secured on a shaft §86. An arm 697
is secured on this shaft and is rocked by a cam
slot in a bar 698 which is operated by a gear
wheel §88a meshing with teeth in the bar, the
drive being similar to that for the bar 37 in
the totalizer Q. The siides 380 (see also Figure
8) are locked by detents §99a which are splined
on a shaft 188. This shaft is rocked at the
beginning of each cycle into the position shown
to lock the slides and is restored at the end of
the cycle. The shaft has an arm 101 secured
on it and this arm carries rollers 102 engaging
cam rises 183 on a bar 704. This bar is mounted
to slide horizontally and is connected by a bell-
crank lever 188 pivoted at 708 and connected to
& link 787 which is connected to an arm 708 on
one of the lower shafts 820, Each of the racks
3170 is connected to a separate rocker T1i through
a.pin Tila (Figure 39¢) which is slidable in the
end of 370. Each rocker is pivoted on a shaft
712 and is operated by a pair of complementary
cams 113 and T{3a on the shaft TI4 which car-
ries the main operating handle 585. Tt will be
recalled that the fransfer operations may occur
at two different times in the cycle-and to permit
this another pair of cams 7i3b and Ti{3c¢ is pro-
vided on the shafi 714 and are arranged alter-
‘The
rockers can ke slid along the shaft 712 by a
striking bar 7i¢ to co-operate with either set of
cams as illustrated in Pigure 6 of British Patent .
Specification No. 502,958.. The striking bar T{§
is shifted by o gear sector 7{1 meshing with
teeth in the bar and secured on a shaft 713,
The shaft is rocked by an arm 7i% engaged with
a cam slot in a bar 720 which has teeth mesh-
ing with a gear sector 72f on one of the upper
shafts 528.

There is & pair of cams for each timing ar-
ranged in each of the sections Nos. 1 to 17. Each
pair of No. 1, through its related rack 370, oper-
ates the transfer bars 133 and 134 in No. 2, and,
similarly, each pair in No. 17 operates the trans-
fer bars in No. 18. The pair of cams for each
timing arranged in No. 18 section, through its
related rack 378, operates the transfer bars in
the dummy section. In the dummy section there
is a pair of cams 713d and Ti{3e for the earlier
timing shown in Pigure 36a and another pair
T13f and T13g for the later timing shown in Fig-
ure 37d, also another rocker Tii and a rack 310a
associated with them, for simultaneously operat-
ing all the bars {38 and 139 which restore the
transfer lock bars 128.

Thus, for the earlier timing when a dividend
or multiplier is entered in OX, or when an
amount is manually column-shifted or when an
amount is cleared from either portion, the strik-
ing bar 118 is not moved, and in that position it
holds the rockers Tii in operative engagement
with the cams T3 and T{3a in each section and
T113d and 1i3e in the dummy section. For this
timing, the cams in the No. 18 section which re-
late to the bars {33 and 134 in the dummy sec-
tion comprise a pair of plain disecs with no cam
rise .on one or a complementary depression in
the other, so that the bars in that section are
not operated. For the later timing in a prepara-
tory cycle and in all subsequent cycles, the strik-
ing bar 11§ is moved so that the rockers 7i{ are
held in operative engagement with the other set
of cams Ti3b and Ti3c in each section and 713f
and H3g in the dummy section. For this timing
the cams in the No. 18 section relating to the
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transfer bars in the dummy section are provided
with a rise on one and a complementary depres-
sion in the other, so that the bars in that sec-
“tion are operated for the comparing operation
when the difference in one or more of the multi-
ple totalizers may become positive. Negative
transfer bars (33 for the dummy section may be
omitted, however, as the correct positioning of
the arms 410 and the special arm 413 are desalt
with by the rocking of the shaft 420 in the man-
ner already described. Thus, all the racks 3790
relating to the transfer bars in sections 2 to {8
are operated during the earlier timing, but not
the bars in the dummy section; while all are oper-
ated during the later timing including those in
the dummy section. On reference to Figures i8¢
and 39¢, it will be observed that, when the strik-
ing bar 716 is shifted for the later timing, each
‘rocker can slide to engage either pair of cams in
its section without laterally moving its rack 310.
It has already been explained under “splitting
transfer action” that there is a rack 369 associ-
ated with each rack 310, and that each rack 368
meshes with a gear 387 through which the racks
133 and {34 are operated. Reference to Figures
50 and 50a will show that each rack 369 is bent
over to the left to mesh with the gear 381 and
that each of the latter is clutched to a sleeve
367a integral with the gear 8670 in the next
higher section. This arrangement for trans-
ferring the drive from the racks 368 and 370 in
one section to the transfer bars 133 and (34 in
the next higher section is provided in each sec-
tion of the machine.

‘The bars 138 and {39 (Figures 4 to 8, 45, 50 and

50a¢) which restore the transfer lock bars {28 are
formed with rack teeth meshing with gear wheels
799¢ and 710a respectively. Each gear wheel
709¢ is pinned on the shaft 789, but each wheel

7i8a is loosely mounted on the sleeve 367¢ be- !

tween the gears 367 and 8675. Therefore, when
the shaft 789 is rocked, all the gears Ti6ag will
be rocked at the same time with the result that
the bars 138 and §39 will be operated simultane-
ously to restore the lock bars {28. To rock the
shaft 708 there is provided in the dummy section,
in addition to the pair of cams Ti{3d and 71i3e,
the other pair 713f and 7139 and the rocker T({
already mentioned, & rack 3706e and a rack 38%
which are similar to the racks 370 and 369 re-
spectively, except that they are fastened fogether
and need not be provided with teeth 382. The
rack 389¢ meshes with a gear T8 mounted
loosely on the shaft 718. This gear meshes with

another gear 708 pinned on the shaff 789. -

Thus, when the bar 378a is actuatéd by one or
other pair of cams, the shaft 789 will be rocked
to operate the bars 138 and {39 as described.
The clutches must be operated individually to
connect the differential mechanism, the totalizers
and the column shift mechanism in the required
manner. This involves rocking the shafits 5i3
(Figure 3) 96, 235 (Figure 4) and 245 (Figure 8)
individually. The shaft 5(3 (Figure 19b), shown
in the clutched position, carries an arm 722
carrying rollers 723 cooperating with cam rises
7124 on a bar 725 which has rack teeth meshing
with a gear wheel 726 (Figure 19a) on one of
the lower shafts 528. The shaft 95 (Figure 19b)
has ah arm 727 secured to it and this arm cear-
ries a roller 7128 entering a slot 722 in a bar 730
which has teeth 731 meshing with a gear wheel
.182 on one of the upper shafts 528. The slot
129 is similar to the slots referred to previously
.and is shaped with a dweli at each end so as ac-
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curately to position the shaft and compensate
for lost motion in the connections. The shaft
235 is operated in a similar manner by means of
an arm 133, a bar 734 and a gear wheel 7135. The
shaft 245 (Figure 19¢) has an arm 7180 secured
on it and this arm carries two rollers 764 co-
operating with cam rises 762 on & bar 763. This
bar is operated to rock the arm 760 and the shaft
245 by a bell crank lever 764, a link 165 and an
arm 786 secured on one of the lower shafts
529.

The keyboard and differential mechanism.—
The shafts 6% and 216 (see Figure 3) are rocked
when setting an amount on the keyboard and the
differential mechanism respectively. These
shafts are rocked in a similar manner to the
shaft 96 by arms 735 and 137 (Figure 19b), bars
738 and 139 -and gear wheels 740 and T4i. The
shaft 87 is rocked when entering an amount set
on the keys by means of an arm 742 and & bar
743. This bar has teeth meshing with a gear

" wheel 745 rotatable ‘on the shaft 85 and meshing

with s rack 746 which also meshes with a gear
wheel 747 on one of the upper shafts 520. The

"shaft 221 (Figures 2 and 19a) is rocked to clear

the differential mechanism. The shaft 22¢ has
an arm 767 secured on it and this arm is con-

" nected by a link 768 to an arm 769 on one of the
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lower shafts 528. The rack 466 (see also Figure
4) is reciprocated to restore the wheels 28{ and
208 (Figure 3). It is formed with rack teeth 770
meshing with a gear wheel 77 which is secured
on a vertical shaft 7T72. This shaft is driven by
begel gearing 173 from one of the upper shafts
526. '

Measuring apparatus—The shafts 3!4 and
3i4a (see also Pigure 21) must be rocked to
measure the factors. For this purpose an arm
714 (Figure 19b) is secured to the shaft 314a and
is pivoted to a link 775. An arm 776 is secured
on the shaft 3{4 and has an open slot embracing
the pivot pin on the link 775. The link 775 is
pivoted on an arm 777 on one of the lower shafts
528. The shaft 32§ (Figure 19a) carries a gear
wheel 778 which meshes with a rack 780. This
rack meshes with a gear wheel 78f which also

"meshes with a rack 782 which is driven by a

gear -wheel 783 on one of the upper shafts 526.
A gear wheel 784 rotatable on the shaft 321 and
disposed on the leftward side of the gear 779 is
driven in the same manner from a wheel 783¢
on & lower shaft 520 which meshes with a vertical
rack 782z which in turn operates a gear 78ia
and rack 788a (which are identical with the gear
781 and rack 788). The gear 788 drives a gear
wheel 785 through an idler 788. The gear wheel
788 is secured on the shaft 32i¢. The clutch-
operating shaft 330 (see Figure 1a) carries an
arm 787 which is connected by a link 788 to a
bell crank lever 789 and this lever is connected
by a link 788 to an arm 78{ on one of the lower
shafts 528. An arm 792 secured on the column-
shift restoring shaft 278 is also connected to the
link 788 and rocked thereby. The shaft 283 is
rocked to unlatch the column shift keys by an
arm 793, a link 794 and an arm 795 cn one of the
upper shafts $20. The shaft 335 is rocked ‘to
render the column shift mechanism inoperative
by an arm 796 secured on it, a link 797 and an -
arm 798 on one of the upper shafts. In order to
reset the column shift control cam, the shaft
369 must be rocked. This is effected by an arm
7989 secured on it, a link 889’ & bell crank lever
864, a link 802 and an arm 803 on an upper
shaft 628. It is also necessary to rotate the gear
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wheel 857 (Figure 1a). This gear wheel is driven
by & gear wheel 150 (Figure 18¢) which is se~
cured on a shaft 151, 'This shaft is driven
through bevel gearing 182 from a shaft 1583 which
is driven by one of the lower shafts 520 through
bevel gearing T54.

' Figure 38 shows the positions of the various
sections of the machine in plan. The seven
totalizers are shown by dotted rectangles Q to §X
and the windows through which the index dials
are visible are shown at 596, The keyboard sec-
tion is shown at KBS and the gearing and
clutches connecting this section to the totalizers
is designated G&C. The measuring apparatus
and the column shift control mechanism is con-
tained in the section MA&CS. The canvassing
mechanism and part of the driving connections
are in the section CM&DC while the rest of the
driving connections are in the section DC. The

transfer cams and the main driving cams are

located in a section TC.

I claim:

1. A calculating machine comprising a plurality
of totalizers, means for calculating predeter-
mined multiples of a divisor and the correspond-
ing multiples of a multiplicand and for entering
each multiple of the divisor into 3 portion of a
separate totalizer and the corresponding mul-
tiple of the multiplicand into a different portion
of the same totalizer, the two multiples in each
totalizer being one positive and the other nega-
tive, an additional totalizer for receiving the
dividend, means for thereafter entering a divi-
dend into each of the first named totalizers in
such manner as to obtain in said first named
portion of that totalizer the difference between
the dividend and the multiple of the divisor,
initlally in that totalizer,
denominational allocation, means for selecting
the totalizer containing the smallest difference
that is of a predetermined sign, a settable means
controlled by the selected totalizer for register-
ing the amounts in the selected totalizer, means
for zeroizing all the totalizers, means for re-
entering the multiples in the respective totalizers
after the amount in the selected totalizer is regis-
tered in said settable means, means for entering
the amounts registered, in the same way as the
dividend, means for causing the recited means to
operate in order and then repeated, means for
column shifting the said amounts one denomina-
ticn to the left, before they are entered into the
totalizers, a product totglizer and means con-
trolled by the selected totalizer for causing the
related multiplicand multiple to be transferred
to said product totalizer when the remainder
therein is registered in the settable means.

2. A calculating machine according to claim 1,
in which each of the Plurality of totalizers has a
separate device for setting each of its denomina-
tions to add or to subtract and two actuators for
sald devices, one of which actuators is connected
to operate the devices for one portion of the
totalizer and the other is connected to operate
the remaining devices for the other portion,
whereby the two portions of the totalizer can be
set independently to add or subtract.

3. A calculating machine according to claim 1,
comprising two zeroizing devices for each totalizer
ard two coupling devices in each section of each
totalizer, each coupling device in one section of a

talizer being arranged to couple that section to
a different zeroizing device and arranged to be

with an appropriate’
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adjusted so that all the sections in one portion 75

45

. of a totalizer can be connected to one zeroizing

device and the remaining sections to the other
zeroizing device, '

4. A calculating machine according to claim 1,
wherein the column-shifting means is adjustable
to produce a column-shift of an amount trans-
mitted from the registering means to the totalizer
of an adjustable extent and direction and, with
ths same adjustment, a column-shift of an
amount transmitted from the totalizer to the
registering means of the same extent but with
the direction reversed, and wherein means is
provided for adjusting the column-shift means,
after an amount has been transmitted from the
totalizer to the registering means in a dividing
cycle, but before the amount is transmitted in the
reverse direction, so as to vary the column-shift
by one denomination to the left.

5. A calculating machine for effecting division,
comprising a plurality of totalizers, means for
calculating predetermined multiples of a divisor
and registering them each in a separate one of
the totalizers, means for entering a dividend into
each totalizer concurrently in such manner as to
obtain in each the difference between the dividend
and .the multiple originally in that totalizer,
selesting means jointly controlled by the total-
izers to select the totalizer containing the small-
est difference of a predetermined sign, means for
registering the said difference as the dividend for
the next step of the calculating and means for
registering the digit eorresponding to the multiple
related to the selected totzlizer as & quotient digit.

6. A calculating machine for performing divi-
sion and multiplication comprising a plurality of
tolalizers, means for calculating predetermined
multiples of a divisor and registering them each
in a separate one of the totalizers, a dividend
totalizer, means for initially entering a dividend
into the latter totalizer, means for transferring
the amount in the dividend totalizer to each of
the totalizers containing multiples of the divisor
and vice versa, mechanism arranged to cause the
transferring means to transfer the amount in the
dividend totalizer to each totalizer containing
multiples of the divisor in such manner as to
obtain in it the difference between the transferred
ainount and the multiple originally in that total-
izer, means operative to select the totalizer con-
tdining the smallest difference that is of g pre-
determined sign, means controlled thereby to
cause the transferring means to transfer the dif-
férence in the selected totalizer to the dividend
totalizer, and to register the digit corresponding
to the multiple related to the selected totalizer
as$ a digiv of a multiplier and means to cause the
transferring means to concurrently transfer the
multiple in the selected totalizer to the dividend
totalizer.

7. In & cyclically operable dividing machine, an

‘entry’ receiving device settable to represent an

amount, five accumulators, transferring mecha-
nism between said entry receiving device and each
accumulator for transferring amounts directly
or in the form of a complement, five sets of con-
trol mechanism, one for each accumulator, for
rendering the related transferring mechanism
effective to transfer said amount to the accumu-
lators in the form of g complement, driving
mechanism operable through five cycles, means
for selecting the first set of control mechanism
for operation by the driving mechanism during
each of the five cycles, means controlled by said
first set of control mechanism for rendering the
second set of control mechanism effective during
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each of the second to fifth cyClés, means con-
trolled by the second set for rendering the third
gst effective during each of the third to fifth
eycles, means controlled by the third set for ren-
dering the fourth set effective during the fourth
anid fifth cycles, and means controlled by the
fourth set for rendering the fifth set effective
during the fifth cycle, whereby upon completion
of the five cycles the five accumulators will re-
spectively contain the complement, two times,
three times, four times and five times the com-
plement of the amount standing in the entry
receiving device.

8. In a cyclically operable dividing machine,
an entry receiving device settable to represent
an amount, a series of accumulators, transfer-
ring mechanism between said entry receiving de-
vice and each accumulator for transferring the
amount directly or in the form of & complemqnt,
a plurality of sets of control mechanisms, one
for each accumulator, each for causing the trans-
ferring mechanism of its related accumulator to
be effective to transfer the amount in the form
of a complement into the accumulator, driving
mechanism for the sets of control mechanisms,
means for initiating and effecting repeated oper-
ation of the first set of control mechanisms,
means controlled by the first set of control mech-
anisms for causing the second set to be effec~
tive during the second and subsequent repeated
operations of the first set, means controlled by
the second and subsequent sets for causing the
next set to be effective during the second end
subsequent operations of each previously oper-
ated set, whereby each accumulator after the
Arst will receive the complement of said amount
one time less than the preceding accumulator
and the first accumulator will receive the com-
plement of said amount as many times as its con-
- trol mechanism is operated, and means controlled
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by the last set of control mechanisms for termi-

nating the transferring operations. v

8. In o dividing machine, a pair of accumula~-
tors, each having a predetermined number of
denominational order elements, means for set-
ting one accumulator to represent & dividend
amount, means for setting the other to represent
the complement of & divisor amount, a first test-
ing means for testing the clements of the di-
vidend accumulator for the presence of zeros to
the left of the highest significant figure, & sec-
ond testing means for testing the elements of the
divisor accumulator for the presence of consecu-
tive nines at the left of the divisor complement,
a differentially positionable wheel, one for each
testing means, means controlled by each testing
means for controlling its related wheel to cause
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it to take a differential position representative

of the consecutive number of zeros and nines in
the accumulators, respectively, said wheels being
rotated in opposite directions and forming part

- of an epicyclic gear group having a planet gear:

displaceable by the wheels in accordance with the
difference between the number of zeros and nines
tested, column -shift mechanism, transferring
mechanism including said column shift mecha-
nism between said accumulators, and means con-
trolled by said planet gear for adjusting said col-
umn shift mechanism.

10. The invention set forth in claim 9 in which
the denominational order elements of the ac-
cumulators comprise toothed wheels, the dividend
wheels having a single tooth for the digit zero

- and the divisor wheels having a single tooth for
the digit nine, positionable along an axial test-
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ing line when the wheels register zero or ning,
respectively, the means for testing comprising
slides, one for each wheel, positioned along the
axial testing line, and means for moving the
slides axially joward the wheels, the slides re-
lated to wheels registering zeros or nines being
intercepted by the single teeth in such positions.

i1. In a cyclically operable dividing machine,
a dividend sccumulator settable to represent a
dividend amount, five multiple accumulators, set-
table to each represent a different one of the
complements of one times to five times a divisor
amount, entering mechanism for each accumu-
lator, a denominationally ordered eniry receiv-
ing device, entering means therefor controlled
by the dividend accumulator to cause transfer of

the dividend to said device, adjustable column '

shift connections between said device and the
entering means of each of the accumulators,
mesans controlled jointly by the dividend accumu-
lator and the times one multiple accumulafor for
adjusting said column shift connections sc that
the element of the entry receiving device con-
taining the highest order digit of the dividend is
connected to control entry into the order of the
times one multiple accumuiator containing the
complement of the highest order digit of the di-
visor, -and corresponding orders of the other ac-
cumulators, meens for initiating and efiecting &
cycle of opsrations of the machine, and control
means effective during said cycle for causing an
operation of said first named entering means to
transfer the dividend to the entry receiving de-
vice and resetting said dividend accumulator,
part of said control means thereafier causing the
entering means of all the accumulators te be
controlled by said entry receiving device through
the adjusted column shift connections, whereby
each multiple accumulator will contain the dif-
ference between its initial entry and the column
shifted dividend amount and the dividend ac-
cumulator will contain the dividend in displaced
relationship with respect to the initial entry.

12. In a cyclically operable dividing machine, -
a dividend accumulator settable to represent a
dividend amount additively, & divisor accumu-
lator settable to represent a divisor amount sub-"
tractively, entering mechanism for each accu-
mulator capable of additive or subtractive opera-
tion, a denominationally ordered entry receiv-
ing device, means for transferring the amount in
the dividend accumulator to said device and for
concurrently resetting the dividend accumulator,
adjustable column shift connections between said
device and the entering means of both accumu-
lators, means controlled jointly by both accu-
mulators for adjusting said column shift connec-
tions so that the elements of the entry receiv-
ing device containing the highest ordered digit
of the dividend is connected to control the ele-
ment of the divisor accumulator containing the,
highest ordered digit of the divisor and also the

corresponding element of the dividend accumu- °

lator, transferring means including said column
shift connections and the said entering means
for additively transferring the amount in the

entry receiving device to both accumulators con- -

i

" currently, means for initiating and effecting a |
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cycle of operation of the machine, and control /
means effective during said cycle for causing suc-
cessive operation of said first and second named
transferring means. -

13. In a cyclically operable dividing machine,
a series of six accumulators, entéring means for
each arranged to effect additive or subtractive

i
1
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entries therein, means for controlling the enter-
ing means for said accumulators except the first
to enter in order the complements of one, two,
three, four and five times a divisor amount,
means for controlling the entering means for all
six accumulators to enter the same dividend
amount additively in each, whereupon one or
more accumulators in order will contain a posi-
tive amount, means for each complement receiv-
ing accumulator settable thereby to indicate
whether the related accumulator contains a neg-
ative or a positive amount, means jointly con-
trolled by all of said last named means for se-
lecting the highest order accumulator contain-
ing & positive amount, an entry receiving device,
and means controlled by said selecting means for
transferring the amount in said selected accu-
mulator to said entry receiving device. )

14, In a dividing machine, & plurality of accu-
mulators, entering means for each arranged to
effect additive or subtractive entries therein, an
entry receiving device, transferring mechanism
for each accumulator for transferring{ the
amount therein to said entry receiving device,
- means for initially controlling the entering means
of said accumulators to enter the complement of
a divisor amount and complements of predeter-

mined multiples of said divisor amount each into -

& different accumulator, means for controlling
the entering means of the accumulators to add
to the complement in each a dividend amount,
whereby one or more accumulators will contain
a positive remainder, means jointly controlled
by all the accumulators for determining which
accumulator contains the lowest positive re-
mainder, and means controlled thereby for ren-
dering effective the transferring mechanism be-
tween that accumulator and said entry receiv-
ing device, and means for causing the selected
transferring mechanism to transfer the selected
remainder. .

15. The invention set forth in claim 14 in
which a quotient accumulator is provided, means
for selectively entering therein digits correspond-
" ing to the multiples of the divisor initially en-
tered into said plurality of accumulators, and
further means controlled by said determining
means for causing the entry into said quotient
accumulator of the digit corresponding to the
accumulator containing the lowest positive re-
mainder.

16. The invention set forth in claim 14 in
Which a second plurality of accumulators is pro-
vided, one for each of the first plurality of ac-
cumulators, each settable in accordance with a
multiple of a multiplicand amount, g product
accumulator, transferring mechanism for each of
sald second plurality of accumulators for trans-
ferring the amount therein to said product ac-
cumulator, and means controlled by said deter~
mining means for rendering effective the trans-
ferring means between the accumulator of said
second plurality containing the multiplicand
multiple corresponding to the selected divisor
multiple and said product accumulator.

17. In a dividing machine, a plurality of ac-
cumulators, entering means for each, arranged
to effect additive or subtractive entiries therein,
an entry- recelving device, transferring mecha-
nism for each accumulator for transferring the
amount therein to said entry receiving device,
means for initially controlling the entering means
of said accumulators to enter the complement of
& divisor amount and complements of Dredeter-

10

15

20

25

30

-40

45

55

60

85

70

mined multiples of said divisor amount each into 78
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a different accumulator, means for controlling
the entering means of the accumulators to add
to the complement in each a dividend amount,
whereby one or more accumulators will contain
& positive remainder, means jointly controlled by
all the accumulators for determining which ac-
cumulator contains the lowest positive remainder,
8 second plurality of accumulators, one for each
of the first plurality, each setfable in accordance
with & multiple of a multiplicand amount, a
product accumulator, transferring mechanism for
each e) said second plurality of accumulators

for transferring the amount therein to said prod-

uct accumulator, and means controlled by said
determining means for rendering effective the
transferring mesns between the accumulator of
said second plurality containing the multipli-
cand multiple corresponding to the selected di~-
visor multiple and said product accumulator,

18. In a calculating machine, two sets of ac-
cumulators, entering means for each accumu-
lator capable of additive or subtractive entry,
means for causing the entering means of one set
to subtractively enter predetermined multiples
of a divisor amount in the accumulators of said
one set, means for causing the entering means of
the second set to additively enter corresponding
multiples of a multiplicand amount, an entry
receiving device settable to represent a dividend
amount, means controlled by said entry receiv-
ing device for causing the entering means of the
first set to additively enter the dividend amount
in each accumulator, means operative thereafter
for determining which accumulator of the first
set contains the lowest positive remainder, means
controlled by said determining means for trans-
ferring the selected remainder to said entry re-
celving device, a product accumulator, and fur-
ther means controlled by said determining means
for transferring the multiplicand multiple from
the accumulator corresponding to the one con-
taining the said remainder to sald product ac-
cumulator,

18, In a calculating machine, two sets of ac-
cumulators, entering means for each accumu-
lator capable of additive or subtractive entry,
means for causing the entering means of one
set to subtractively enter predetermined multiples
of & divisor amount in the accumulators of said
one set, means operative concurrently with the
last named means for causing the entering means
of the second set to additively enter correspond-
ing multiples of a muitiplicand amount, an entry
recelving device settable to represent a dividend
amount, means controlled by said entry receiving
device for causing the entering means of the
first set to additively enter the dividend amount
in each accumulator concurrently, means oper-
ative thereafter for determining which accumu-
lator of the first set contains the lowest positive
remainder, means controlled by said determin-
Ing means for transferring the selected remain-
der to said entry receiving device, a product ac-
cumulator, and further means controlled by said
determining means concurrently with the oper-
ation of the first named transferring means for
transferring the multiplicand multiple from the
accumulator corresponding to the one contain-
ing the said remainder to said product accumu-
lator. '

20. In a calculating machine, & set of devices
settable to represent predetermined multiples of
a divisor amount, a second set of devices settable
to represent the same predetermined multiples
of a multiplicand amount, a quotient receiving
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device, means for selectively entering thereln the

factors determining said predetermined multi-
ples, a product accumulator, column shift mech-

anism between said second set of devices and said -

product accumulator, transferring mechanism in= '

cluding said column shift mechanism for trans-
ferring any multiple of the multiplicand amounb
from said second set of devices to said producs
accumulator, means setiable to represent & div-
idend, dividing mechanism controlied by said
first set of devices and said dividend settable
means for determining the largest multiple rep-
resented in the first set of devices that is not
greater than the said dividend amount, means

controlled thereby for causing said selective en-.

tering means to enter the related factor of such
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‘ring means to transfer the corresponding multi-

plicand multiple to the product accumulator,
whereby the quotient and product of said quotient
timeés the multiplicand will be concurrently ob-
tained, . .

"31. The invention set forth in claim 20 iIn
which said dividing means includes devices for
obtaining and setting up the remainder in said
dlvidend settable means for a subsequent divid-
ing operation, means for repeating said dividing
operation to determine the largest multiple rep-
resented in the first set of devices that is not

" gredter than the remainder, said determining

15

means causing the concurrent enéry of the appro-
priate quotient. arnount 'end multiplicand multi-

_ ple to ohbtain the complete guotient and product

largest multiple into said guotient receiving de- |

vice and for concurrently ceusing the {ransier-

concurrently. |
 THOMAS WII_LIAM CHICK. .



