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CHAFTER 1.

INTRODUCTION
1. Moerits of the Lee's Improved Abacus

The Lee's IMPROVED abacus may well claim to be the best
of all kinds of existing agthmometer, in that:

€13 It makes speedy caleulation—The hndings of the intermafnmal
contests held in Mew York and Tokyo respectively in the year 1946
ac well a5 the several contests held in Taipei in 1953 and 1956 have
established the fsct that even the elecmic caleulator s no match
b the abacus in solving arithmatical problems; et alone other cal-
culating devices.

(23 It is ercor-proof—The very simple design of consistently assign-
ing the value 5 to ench hesd counter on the upper deck and the
value | toeach bead counter on the Jower deck, and the mechanical

ures called for in carrying out the operations, preclude any
ervor derivable from either human or machine failuces.

(33 It is easy for the beginnér w learn—The notation system that
each rod stands for a definite digit and each bead cunter, 2
number, leaves no doubt wiatscever even in the mind of
the very bepinner, Especially when one is to carey out the gpert-
tions for multiplication and divisivn, one can master the methods
employed on the Lee's IMPROVED shacus in a blink of an epe
le:fjded that one has an u::dct_i.i-a.nd.'m.g on the methnda
in ordinary arithmatic, and do a much faster and better job than
to write down all the steps on paper, which often becomes very
tiresome, or to do it on the old-styled abacus. which involves many
aperations that dény direct reasoning,

(43 Tt i handily crrisble-The whole thing weighs only 1%
pound, and can be handled as casily a3 an ordinary office file-holder.
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3. Notation system =

INTRODUCTION

€51 It s aay o ‘operate an—LInlike i calculating
. - y uwiu !
Efir. :Thd&.hmlﬂy beavy, one can l:;vgrhnnhmm
nes lap and complete the desived caleulstions without using
mﬂﬂgh sheet of paper or making s single stroke by the pencil, whgiﬂ.‘h
indispensable in. the svdinery arithmatic practioes

(6) It has besutiful codoak and durmble consteuctmn—The bead

a5 3 g The beneutaly: e e .
cxtraordinarily duml‘.u]:.. s s

; Th > g
instrument znd g mml‘-lhl: Iﬂiﬁfﬁ:iﬂﬂﬂﬂ. a valuable
(73 It is inexpensive—In spi . ;
: 5 spite of its multifarious ;

uhmhmhi:Hmth 1 m{ﬂ?h:ﬂi

Ber can afford to get ane with his or her own pocket money :
2, Newenclsture : :

' Luft A-0 { Auwxiliary

—— Operation}
—— Right A0 ;’;ﬂ

read 4
,mwgmmfmu“ﬁﬂﬂﬂnﬂﬂhh

a

IMNTREOQDUCTION

!-:f:ismbeus&diofmgsmﬁngn]ldigilsﬂi&mmdernf tens, the
'rhinimﬂmits-lefth.mb&tuﬂdfwmgiﬂdrhlga“digihﬁﬂi&
order of bundreds, we. The rods to the right of the dot are to be
used to register digits of the opder of tenths, Rundredths, thou

sanidths, &g,

To register any given number un the ahacus, temembes; Each
bead counter of the lower deck has the value of 1, while each bead
couner of the upper deck has the value of 5. The numbes register-
od o the ohasus in the sbove dllustration should thepefore read

12,345 6783

The same notation system applics o both the left and the
right AQ) fields as well.

4. The way to move the bead counters

To use the Lee's im ahacus property, it i cssential
aim ‘3t specd and accurecy. Femarkable akill ein be atbaned if
the wer is able 1o schieve coundination of his fmgers, and his hand
and beain.  Accuracy ard speed largely depend an skilful manipuls-
tine of the bead counters by the fngers.

T miave ihe bead counters of the PO field, we peaenally use
the thumb, index Anger or middle fnger of the right hand. The

thice fingers are wsed in the following way:

P T T Tl B

e A

RESRFECEREA




i NTHGDUﬂ'm-;:N : CHAPFTER L

"Mhﬂ“hm mmn!nfmehwqb&dmm ADDITION
) The inde fin T'Qmalwma&dﬁkmmuahnﬁhaimiﬂymmgﬁm&ﬂ
Cotmiters dwmm,dsfhm?lmls the movement of the lower hasd sumbers to be added one after another in accordance mth ﬂ'll!
T P A ¥ Som the beam, notation system explained above, following & left-wrright chﬂ_ufn
canters downtvards o the i,.p;,mj- 2 nmmvm‘-,- H::F;L r;i the upper bead are correctly placed, the fnal reading shosld be the sum in st
To mave the hegd , Ter all casos, the technigques jnvolved in making additions are as
A} e e countors of the Jefy P Folbers:
A0 B ] 44 o e

b Bnpers sic used iy ghe fopr . "B o the right 1. SIMPLE ADDING OF BEAD COUNTERS—This tech-

K way: niyue is wsed when, for instance, G is added to 2 In deing this,

a1l o need 1o do'is to move down one bead m':ln:rnfthe;ppﬁhe
;:--‘fiw‘.h_‘ H i i wk he beam and another. cne bead counter of t
FEERER fﬁf‘iﬁﬁ‘“ 4 e et congietd the apeverion of aiding & ihick,togetber
=£=i'=‘=‘%;ﬂ-=r i f'ii:t:t with the mnphe:-ld counters In the lower deck maved up m give the
# - _"_'_'_ -—E'ﬁ___l';j,l‘ﬂ member 2 before carrying out the operstion for addition, st
i '*-'L’:-.‘"l!-.-!- é'.?' ' 'i‘i matically shows the resaliant sum £,
- = o T | |
I=als =-=f= Sis
sSiSisiziiEE]

G Aprmaimn g Ieveodnee ol N
fj_:l TL: !I ; :nnmh H:E = mifu-n -ﬂrigin.p.l A e F } ar:,:,.:ml :;:‘:d.;ﬂ':ﬁk
Upwards 1o the beym, mevement of the lower bead Counter v leaarrsera. ] o= _: _,I + l

B I T Qi +
L2y The index £ X 2.t 358
wmﬂtﬂmh 7 R S I e +- 1
OO ndepy ds
mﬂte::,;k“m: !Eh Iwiy from gy m"""“f!hhmhmd - g=+4) 8 2= —4
mﬁehﬂﬂ.mwh;idr upper bead £ po.0.038 5= 4h 5 5
Thus the thumb & | e L o P i
2 do ' 2 i 7 =+7| +32 £
Na!urdlfalurmmyﬁ::ﬂﬂfhummﬁlﬂm ok A TR : :
ﬂiﬁ-‘ﬂfa{fuﬁq?“me L %mﬁmmwh for _'E___ -J_Irl Jo=_tR 4 AR
Mthelﬁ'ﬁﬁhprm-zﬂghxui_ kmd‘-ﬂﬂﬁabl:[nmw!mu ¢ Jo. g=+0| +% =i

Resmarks: “4" reprostnts the operation of moving the leead
comrnleel s close to the beaw,
Example: B76,543 2104123 456,769==599 955,999
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ADDITION

T
B L R A

b -i_?‘t.fﬂ = e aaacu SRR S |
=i | i SR

| 234444 -+4.321 432= L EEEHTG
(g}

Example:

ST B

& COMBINED A .

h ; DOENG :
g L ; cilled for whon the uq:ﬁFpﬂ'HNUlmm-hq- repistored
m;:;;;ehm _'il. bt wiil] become graager e -

mﬂiﬁm‘i ek, The operstion required i sy
UPper deck down 1 b i

12344 :
+l_4.l3 2_ lrd.._ga'
5555876

COMBINEI? TARKING-OFF AMND PLACE ADVANCE-
MENT_This technique is called for when a sum greater than 10
pecurs on o certain rod, The actual operation will then e o take

off Beod counters of the lower deck, or the wpper deck, o8 buseh,
and to add 1 on the god o its left. The uses may by 10 add 2 o

3

#ves the ang Coumer
er T of :
Upper deck, A for practice.
Jﬂ.ﬂrl.I "-J"i_gl"l'ulll 3 Sprahians et r 1 | q_'lh--i.'\-l:ﬂhl involyas 1
Awmingr Fdl"mﬂ’ﬂ. o e "1'——_- P AT ST E\n'-:' e Py roaled ';"H.I-\.liﬁ.lﬂ-"rlr-—'—l vasini | e sande o
Lo nlfgr w"#iq.t_f‘.r Ll =i le ol BT T 'u-\..r:'l.j-cﬂ-
1 h::- Il':ql Ll ) : i jue gk | appar sk Far and ITET 8
7 R e T 4 T el | e | L r L [i-e™
% .|""|'5—4'f 43 dh‘-d-._. A [l i = A el '1': -
= + | e Jrit e St ot
¥. 3, 2=+ 5. 3 — ] CR T T I T R S R (ST o R
—_:T__ S E & £ i T i =) i | i
i=t g g = ] 5 pearid 5wt "-Ir Tl
B - -II = = T =, 4+t
- s G Al 2l T TRIL Al O e ‘u' | = X
i el 5 A = == e fm=genl =3 ] L
Remacl.. o » 4+ e T e e A el S
Pyt the oo =, L et ——— :
Pemtion of meving the  hegd [ = [rigwarvgloe— 1+l =4 I ~

COUHEES) off he boar
[ Bele

Ewgmple: 9 (0,500, 644.32-4-1,020,304,567.§9=10. 11 121421221
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ADDITION

T i
| ‘_ ,ﬂ’;‘-’ﬂ: Isfi!ﬁf %;-3;;

-:'j'J

{2

Hlii%?é; [ -!ﬁi'.ml..m CA R

. Fﬂnﬁ. : _ﬁ &?‘tﬁyi:

i

% COMBINED
PLACE ADVANCEMEATT o UP:

EINT—There ara & TAKINGDEF  anp

-
] Em_ﬁ! e T
Sdag | gy ’_‘_|J_ }—-fT—
=7 Eyed - ews T i 2 X L0
B e ey

AR, e A R RN

ADDITION

Exsmple: 806,080, 5054-607 090909 1,413, 141,414

{2

Te has been found to be 3 much ﬂmp]t‘.l' :-rr-:! Faster procoss Lo
make additions on an shacus than w0 do them on paper, especially
when there are many numbers to be added tagether,

The scmal procedures can be shown os Follows:
Original number
=7 1st addition

Fet sum

+3 2Znd E:Td:ltu:ln
~ Znd sum

+3  3ed addition
el seam

43 4th additicn

(n—1) th sum
+7  nth addition
" ot sum (Final result)
g

PR T L et Sy Sttt o o o

G T | zﬁ;&mﬁ



A ey

STt R R
re e, P,

=,
-
.

R B
fo e

+ 125 071
p B78678
A e i

B gy

Lo yes iﬂn

.

b eyl ik v

_509087 13877¢
1387765 "'?—2{331 79,
164944

- Ll

1D

ol

el T

CHAPTER 3.

SUBTRACTION

To subtsact one number from anuther, bt reglster the minuend
ot thie abacas: then procoed to subtract place by place (rod by rod ),
starting frum the left. The final reading on the abacus shiould pgive
the - answer tequired.  For all cases, the techniques Involved in
making subtrictions are us follows:

1, SIMPLE TAKINGOFF-This s achigved by = simply
taking off one or vuore bead counters from the pack in the loweer
deck, of upper deck, or sometimes, bath, To sobtract 7 from 9,
Fue instance, all one has w do is to wke off one hegd counter in the
upper deck awd pwe io the lower deck from the original pack stand-
ing for 9, which is formed by one upper bead and four Jower beads. |
The two bead tounters left in the lower deck gives the remadnder 2.

me i cpamtions  Laveived
ti::l-h :;;?:::; Farmula luﬂ'ﬁq I-u-:lF::.rﬂl-
lowge daci | wppar dech
4 PR A T ) IR s
i 2397 89 -3 = =1 -2 L i
3 A4.88 — 3 =] -3 b
¥ 4.9 i ik =4
|l I o -5 = =5 {3
£ [ -k = =k -1 =2
£ bl -7 a—F = —
¥ e == =3 = f
9 & -9 =-9 - /

Escample: o 00 000 133 456, TRO = RT4 543,210

1n



[E

el | r-.;_ Lo by o :-;-, ::_;f it r: ] 7. :: :.,a. e ;
ESeEn | mareen y

e
e iy

i %.La.a. R A AT
-

Er AT o

¢ [ LI LI YTy
I o
876543310~

technigue i called For when ghe up ;NB Tﬂ!s{I.’*«'IE,L-::an__T]m-5
bers in the 3. TAKING-OFF FROM A ROD OF HIGHER ORDER

| RECIIICIARE |
-

take ET;T‘E?- SPEHn, one his i add l.tas! . 'ﬁe cneot 74 T AND ADDING-UP-—-This is called for when the number on 2
meang gn n:::? HWEI. head Coumler) inP'IL:n te lower deck and certsin tod 15 amaller than the suppused submahend as in :I.E case
ook 4, end Eives the ﬂ:ﬂ]:r deck, which of 134, To carry out this operation, one has 4o take off the one

t

Tdinder 3, bead counter [rom the sod Tt the order of tens; move one Bead
counter up fn the Jower deck, and meove down one bepd counter
in the upper deck, which means an actuel reduction of 4, and

e
o | minuany|  Formuia gives the corrcet remainder 9,
[ T i e Envdoived
i U v e slpal Sy | e ey 1| v AR R T ".:.*"....r.,-l_l..._.- ..-::_-:r
LIEEIRY ee) iy el el [ } 'L""_'_L - F
] .«l..-lrl..'l...l-ql.l iy o —p wag
¥ = . e le 2 T i [ £ o
" 367 [-3=d3s T e
=, _-___-_-—__. ____-" I . - . -
ff‘ I-"".'E.?:F_ -H#-FI —\-j o @d — = o e _-'| _|._._I‘_|____-I- i
Ersmile: = " x Qoid sy f=dmewird | —1 : 00}
e 5::‘55,3?!5—.4 3 & & T = &
= .11.432::!.134__4@ S STe erT = N r
I [ 3 L B =5z mig R =1 +3 ==
W g4 F3IFATE =F= —g 4T =4 1 |
13 Examplc: 10,111,2100200.20—1,020,304,567 89=19,050,505,632.31
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1

T
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ed for when the rumber on 4 i
Certin i5 - sroafler
mppmdmﬁmhmci,bmmjfinmb;im than the

bed by 126, T Earry out this subtraction

S I

Lo * el 2el Bvnee 5u) = ’ |
L Jede |-tawersi,| - T
§f jre =F=n g g v == 4
L ~0=g 4 5oy | -4 s
Example: 12393319 6,070 5B v.263 505 i
14

-------
SR T ey aTa iy i FT
_______

veonns

2.2 ol

— =

| =

To carry out a seres of subtractions. it Is obwloasly easier to
des an ahacus than to make the calculations on paper.

]hgxnu]pmﬂummh‘hﬂmﬂ ;

Original minuend
~3 lst subtractor L
Tst remdinder
—3 Znd subtractor
nd remainder

N

~—nth romainder (Final wesult)
Example:  3,573,509—1,321,402—443,086--693,715=1,115,308

15



SUBTRACTION
(3

il

T W R A R

= =

| EEERRREERE B mes

3573509 3573500
- 1321402

2252107

. et 1t

= -

{3)

2.22'1 : -ir
~ 443086,

—) 693715,

1805021,
The user must have o

Elerran-jmu-., one does moe kb
felds at 211 2

- 1115306,
ced that in cartying out sdditions and
ove to ute the two auxilisry operation

16

Wk Tk R |

;I;E.EIZ?E ?!"” = B RS EHe

CHAPTER 4.

MULTIPLICATION

The method of multiplication on the Lee's ahacus is similac
ti the method used in srdinary arithmatic, except fur the Fact that
it can be carried sut more tapidly, once the user gets wsed 1o it

To carry out the operations for multiplication, ene’ sheuld
follow carefully the steps prescribed brebow:

1. Register the multiplicant on the left A-O feld.
2. Repister the multiplier on the dght A-O held.

3. Turmn the place setting vernier of the PO feld so as to
have the red dot: fall between any two rods conventent for the
operations. Move the indicator 1o 3 place immediately under the
red dot.

4 Multiply the digits on the left A-O feld, rod by tod, in a
righttaleft order by the rightend digit on the right A0 Beld,
and register the products one after another an the P-0 Feld as in
carrying out the operations for additon. Be careful, however, not
to, plave the bead counters on wrong rods, and always remember
i naove cnerod to the left in registering the mext product. The
inddicator should be consulted a5 @ reliable guide for’ placement,

5. st the sacond digit from right on the: right AOQ feld
as multiplier to operate on the digits registered on the left A-O
field, rod by mod, in a rghteoleft gider, and zegister the products
on the PO Beld one after ancther as in carrping out ‘operntions
for addition. To avoid misplacing bead counters, move the
indicator one rod to the loft before adding up- the. products.

17



MULTIPLIGA TTON

6. LUse the thind iigit From right on the dehe A QO feld AE
multiplicr 1w operate on the digits regicterod o the Jobe A.O Geld
as before.  Remember to move the mndicaor oae md o the Jeft 1
ividd misplaring, —

fo Continue the operatinns at alove until every digsr on the
right A-O field hag been vsed once,

8.  The £nal reading on the PO feld gves the requied
Priduct, and the place SeHing vemier now iadicates the coprece

places for all digica

Hxemple 1, - B595%: 1013

.‘nh:]r!p_F!'qana v DI Negivter an the Tafs A6 fukd
Multiplier s 2 i Begster an the right A-Q) fiekd
# e = o= The position of the indicagoe
':."‘I"_:‘i-; 1 S a8 By T 1 7 21 Bl O
ff'rTI:\'f ! -I' 5; ] .-'2.-' 5]
¢ BT ey - - :
=

Produce BT = T réquited prodic

e

MULTIPLICATION
gy SR
LT T T e al hﬂﬂ o A

A5 R

ix1=+586

E:‘-;ilm'l.'ltl."‘ 2. S Ri=1240

Blultiplicant
Tefendraploce

(430
i Ly
(45 20
"' Sy
Product

= S ey Register on the lefe AO EE‘H_‘
Sl e e e . Regster on the might -ﬂl.-.l:-.'l‘ fizid
W FEE R ) poeition of the inchicator
12 T LA rethe B hield

. pAT o (g pa;,:rj;:n of the dndicator
8 . T3 Add on the PO Reld

. ,.
1242 ..., The roguired prodict




MULTIPLICATION
G- g

MULTIPLICATION ¥ - :
2 PP L ...ﬂ.-'ri- ﬁ'ﬂ-’l‘%‘iﬂ'ﬂ-i’ ﬁ?ﬂ i "‘J!'.lr]" i Iﬁiﬂi.
) i x -2 B---Xer Tﬁfm‘i EI. ‘_ ol Eio Qjﬁ_‘ =
i s e o] e
i"&.ﬁ.il‘\-i R R e ._ e : ; | g |

]
| r: SRR

--------
-----------

.=n= AR =;=a=;=z=r “‘ oEes

’ET, ;?:'Mf i

)

ix¥=48

g -r\..:..iﬂ*a-dﬂrki‘ﬂ-‘ii-ﬂ-‘l-
Example 3. 864%315=272 180 B +1“ 'ﬂ% liﬂé'm}'ﬁ‘
Mu]l.fp]!';'anl e Repister on the Ieft A-Q) Reld
Mu!hhﬂm o ____?:_15 P HL'giRLF_‘r an the ozht A0 held
«—— The pesition of the indicator 1

(605 W, (2; L
8005 1 Bl i

+  g—=The pmnun of the indicator i
(4100 i o i =
g 54 : 1;;; Add H:l:P—ljfl‘-;]r] ixi=+4
RO 107 & . CED o ML -

F &— The '|:-|:u.|h1:||:|. of the indicator {0) '
r‘l}{m) 12 ey A the PO Bald T T b TAT X E E LT L et L] g g T T R Ittt B T R e T
Sy T L DMLY T M

e A

e D i porGse) ) AR VS

A

Exi=+8
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MULTIPLICATION
) .BR%I

AT T W i.i'.i.'dﬂ].'u.'lirj.'ﬂr.i-trx-,

T
Ve EELPVRERD) |

s

A A O AT 3

M

| ey

§ S
pEm

:]::BEEI hni.;ﬂmprﬂmsfm 0 follow gre jusc the same g5 st
g 1:-1:3..-.-.»'&:, e.;_nemai dienten should be paid w he Jir.
e e s

ey - s Dok !fﬂd’b&{‘-‘:’dfrrf n
set lhe. :.nd:c‘:lt:{_;. m‘:e—md i the right of the red dot g HJ:;LI’:T
b IOVE it onemd #8000 goes on desling with
g‘uimt digits on ﬂ:c _rIght AD Geld in the ﬁpr:mibegga;:j‘

right-end dight is in the order of hmdré':ftha then sct thu.

21

MULTIPLICATION

indicator twirrod to the rght of the red dot on the vernicr befbose
gring ahead with the openitions.  'Ihe user may rely on the same
reasoning in setting the indicator when there should be multipliers
having decimal feactions conbiining more than three decimal 1:1]3:1:5.
After all products have been propetly registered on the P-O beld,
the red dot on the place setting vemnier—now used as the decimal
point—should be moved oncred o the left, provided that the
origingl mulriplicant containg a3 decimal fractiofi of one decimal
place. It should be moved tworod o the left, provided that the
awltiplicant contains & decimal fraction of two decimal places.
The user may apply the same reasoning to deal with multiplicants
containing decimal fractions of more than three decimal places,
The final reading on the PAO Beld as qualifed by the place sciting
vernier will be the answer required.

Example: . © 26.5 5 340001

Muhip!':;::mr ols M S Regster vn the: Jefe- A0 hebd
Multipliee ) 3.4 ...... Register on the right AQ ficld
_ ts  #—— The position of the indicator

0500 29 ., 013 Add on the PO feld
(6314 v & R 2
0.4 W et e %

o = #——The pi=ition of the indicitor
l;ﬂl.m':-{ﬂ 15] .= (4} Addon the P-O feld
€% )] 28 S 3 -
(201 +316 b 6 -
Produet O01.40 .. (77 Move the red dot on the place

I*I

setting vernier gnesnod b0 the lef
Elﬂ.llil-'f'h-.-mqﬂmdpmdm1

23



MULTIPLICATION

MULTIPLICATION
g B

e
L
+
= e

i1 }

L Ly :“ﬁ.j.j..ﬁ‘ﬂ'ﬂj.‘a ----- SR Y AT A AR .
m:s ) %ﬁﬁtﬁﬂmr ;z}sﬁﬁ E%#ﬁi ' o
Example 2 4.7 S35 =030 2

Multiplicant - 0,753 Begister on the lefe A &l
Mnloplier ) e .o Begister on, the right AQ J-'.-.:J.I

-u..i..a..v btla 1 7 mﬂ‘&ii#ﬂ“— - s Tk T R T T T T T T T g T o TR A N ] {-.-._—Tl'u: ""ll!n-ltlm af the lﬂd.c“.-_-.na

Wi m::&:m @m0t 20 “é' e
S Pada =~ GBOST
i o 3 Move thie sed dot on e place
TEEllm,.; vernier theee i to the
O30 o + The required preoduct

AR T WA A A T R

L’f %@ %ﬁiﬁf H}%ﬁ




MULTIPLICATION

mj ?-. --.-:h:-.....,-..,;

ST T e e e e e e ]

T R

T
P P

1
R e

|

T

CHAPTER 5
DIVISION

[l method of diviston on G Lew's abacus is alse based fm
e same principhe as that dov hnding quotieats in ondinary anith-
catic,  However, the Tormer has besen fonnd. bess: stigpmous. than
the latesr, TR carcy ot OpErations of - dhwision, R pEst e
theroughly Familiar with the operations of subtrgien which are

fundamental w the Wik,
The following step ate 12 b follaswed carefully:
. Maove the place stiing cetnicr 50 a5 tohawe the sed dot

(0l Between any two fods on the PO feld, tuking into cunsiders:
Gt the nomber of digits in. che dividend.

P

Bl the dividend poperly on the 40 held

L

Place the divisor properky on the befe. ALY feld.

4 When there is only one digit in the divisor, then set the
indicator right under the rod ripresenting the place af the hiphest
order in the dividend.  Should the digit registered oo thes rod he
vnaller than the divisor, then  move the imditator onerod 1o the
right to allow two digits 1o be aperated wpen. - When the divisor
comeins two digits, sct the indicator ander the ‘pxl Tepresciiing
the place of the second highest srder in the dindend. Sheld
thie number formed by the digits registercd oo the two joft-rnd
rade be amaller than the divizar, thém miad thi indpsHor omes mone
seud to the right to allow three digs to be operated wpon: By the
came reasoning the user will have no difficulty. in placing the
indicatur correctly when the divisesr gumiains more than  thrce
digits.
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DIVISION

5. The place order the Indicacor shows on the P-O feld 5
to be undersmod as the highest place order the quotient may have,
i, when the indicator eomes under the unit rod the quofiear muse
be a number under 18 when the indicator comes wnder the rod
wp;mnrins the order of tens, the quintient then must be woder
PO ez,

6. The quotient is to be found digit by digit. Whenever
oo digit of the guotient Is found, it sheuld be rephdesed on the
rAght A-O feld in accordance with the place order suggested by
the indicator on the P-O feld, and the product obeained by
multiplying this digit of the gquoticnt to the divisor should be used
a3 3 subtrahend w be deduced from the dividend on che PO field.

¥ Hi:f-l.':iﬂ.l attention shoald e parch to the Fact that tiwe :ﬁgi_t
of the lowest erder in the product falls exwetly where the indicutor
is as the lamter moves along throughour the process of the
aperations.

8. In subtracting the product of the quotient and the divisor
Fram the dividend, the same procedures should be followed a5 in
carrying out the eperations for multiplication, execpt that all
apezitions of addition should now be replaced by operations of sub
traction,

8.  After the subtraction is made, one can thon proceed to
find the next digit in the guotient. The - procedures 1o follow are
exputly the same 8s in finding che brst digit of the quotient.

19. Repear the procedures until the dividend on the P-O
held is exhausted, The number represented by the bead connters
on the right A-O fiecld should be the quotient in question.

DIYISION

Examplal.. 4.571--T=853
_____ Register e divisor oi the Tedt
AD held
i e v bt ey Tegister the quotient on the right
: n A0 Geld T
gal R e T Register the: dividend on the P-O
feld
. ter — The pmition of the indicator
=3 A2 .yienes o C1) Subteact From, the P-0) feld
i
. ¢ -»————=The position of the indicator
¥ O35 e 62 Bubtract fromethe PO feld
21

£ ——me— The pasition of the indicator
ST A Bubtract From the PAOY Geld
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Exuwmple 2. Tad8=Th=44

Repister the divisor oo the left

S S T e
SR b IV L Begister the gquatient on the right
; 1 = AT field
L _ Register the dividend on the PO
) hield
¢ g e Tht position of the indicabol
T S s (17 Subtrset from the P-0 feld
_j ‘?‘_3 L T EE} ol
o8
o = e The pasition of the indicator
i T £33 Subtract from the PO Reld
BN (4) ,.
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DIVISTON DIVISION
7oX b

= - (L)
Example 3. S7233=157=364 s ¢ e (I "
oy b e e Register the divisor som the Jeft rﬂfﬂ'r" K 4 li?i-l?;“g‘%xm
v rﬁ g;zr_m_ { ThOEE
= T TRy e Register the quotient on the rght =‘1 4y i
v 18T 57933 . . .... Pegister the dividend an the PO
L S i
: e The pisition of the indicator
21 , 113 Subreact [rom the PO ficld T i
o e i o i F
S R S L ; Thf—ﬁ--d 2
10833
s The position of the indicator
‘B Brda A
s Tk .4 Subirasct From the PO field “""*%; @Hm
3” TR : rﬁ:l i ,-;34 : :
0§ R i w
LA413
. = The position of the indicator
63 .. ..... £73 Subiract from the PO Geld

i, £ i (&) S CarRERAE
iz S SIaE— [ paserr R R R A AR . 3,.;“-"”.““; cacicy —,..-.r.a.rr*aﬁ*"“’“‘ i
e e ffﬁ'ﬁ* il i e

_Fﬁ-’#‘ﬂ'

Txg—— 2 1




BIVISIHON

11. In handling problems in which the piven diviger ds u
praper o improper decimal Fraction, one has o ransform the
divisor into an iptegral before peovesding.  with the opesations,
Tedo this, one simply has to meve the place setbing vernier oneod
i the riokr 3 'theie e comhv o desimial 5_:}.‘::.: in the divisse,
pwer-rogd 1'|:| the right iF thepe e two decion places in the -:']i'-'.'i.u:rr.
threepid to the dght if thére be three decimal. places, eic, and ds
the same with the dividend, both of whish are automarically
arfieved by moving the place sBlthnir Aerniby S5 diliy oo ] 1o IJl_

right-in the PO feld a5 therd ong deim il place in the ‘divisor.

120 Afrer the! decimmal went eothe de i e, | Lhe

operations [or bnding tho quotidnt muy Hen’ becan jedd o ithe

some waw-ne-prescribed abdve

DIVISION
Example 1. 7261-22.74=205
27457261 Move the red dot on the place
=r b

setting  vernier tworod o the
right
............................. Register the divisor on the left
: A-O held
WE e s Fiegrister the quatient on the right
ALY Reld
Begister the dividend on the P-O
hald
bR T crition of (e indikios
- ceian {17 Subtract from the PO feld

G .

The position of the indicator
7 €7y Subtract from the PO beld

-...H-q.a.a.aﬂ.-
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DIVISION

CHAPTER b
EXTRACTION OF SOQUARE ROOTS

To extract square roots on the Lec's abacyis is # much simple,
job, than ta do it .on paper, The steps to follow ard set forth
below:

1. “Divide all digits of the sguare number into grotps contain-
ing two dipits‘cach. In doing this, siare from the decimal point
toward the ‘right for the decimal fraction part and toward the left
for the intepral part.  Consider it a group by fiself even when
there is enly one digit at the lefrend, Bur, when there is ‘only
cne digit lelt at the rightend of the decimal fraction past, "0
shall be supplemented o complete the two digit group.

2, For each group in the squarc, number there will e tne
digit in the oot o be famd, There are, therefore, a5 many
digits iy the square mat as there are groups in - the square number,
By examining the grouping of the syuire’ number, ane can’ tell

of what place order the first digit of the oot will be.

| 3. Before starting to aperate, the plice setting vernier should
Bétdened to a position most canvenient for the-calculation.

4 Pegister he-square number on I]!_E. P field in reference
1o the place setting vermier,

5. ‘Move the indicator to mark out the first group from the

AT T PR U RATA

Teft.

6. When the square number has only one group for the
integral pass, the mot must be o number under 10. When there
are turo groups for the integral part of the sjuare number, the oot
must be 3 ‘number Joss than 100, When thete are three groups

P



7. In' maki

8. Secondly,

ofllewd it
um o the lofy A0

MW&m!ﬁememrhcf-m
2 again ‘o the oxiginal 3 on the
! Sum 5 from the firsy

EXTRACTION OF SQUARE KooTS

in the Squsne number, there mist

alss be thise i
the roor, ﬂl:mewwngh

05 good for all cases,
the caleulation, Brst add e
In the left A.Q Golg in
by the indicator, and subtmuct 1 from the

add 2 1o the ariginal 1 on the left
£ group on the PO
lefe AQ

ﬂddu?mbea&mmmﬁlnﬂwﬁn_ and
rom the left on the Jei A0 field Csymbol L1

Sasts, just g
number formed by e second group abane,

10 Fourthly, add 2 4 the Jefe A0
sum from the Pio feld; add

sublract the sum from the P-O field: ang

field, and subtrace the

2 again 1o the o AO ﬁc]d,_'qni_i-

50 on until the

gmupmdePCEridbecm
field,

smaller than the.

tegral places in

bead counter ip.
Wwith the’ placenment suggestin]
Brst group in the PO

A feld,
field; add
field, and sn!_nm: the:

EXTRACTION oF SQUARE RooTs
11 Bepeat the upm_linm.descrfbed.in_ Ttems 9 ang 1y when
12, Fifihly, When all' bpag COURMETs o the PG
him-o&'dlcbmq;agnmnkefﬁem bl

: #dd 1 to ghe-
"'"‘-Nllﬁeldcmw_dmdm- P Ty 15
ﬁw.ﬂﬁwm'khmwmm’t@&l The quotient

ool extraction made 5 po

A pesfecy
3 y the o Sbtained i
fPSERiens desenbod g 10 £ 8. go0d sppronine s e
Example; P S

L2 A2 S =2

+

Sperationy sy the = optation e the
IH A0 iy P2 fieid

45
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EXTRACTION OF SQUARE ROOTS
Example: T E T )

4" oparations LI, S N
Bperation |, ~om e lol il .
Fiostilures pec [ 2ad | 3d I 2ivar [ Secng
iC it iyl gricy | group
7 § I | ]
s e i g il
3 1]
E- vl
5 L lei 57 |
— 4
i i
Euem GUiRAlE =
e R e o
o

1y =45

15. Aher hoving followed the prescdptions in Tem 14,
mintend in the PO feld may still be smaller than th sum
left AQ fild, In such cases, the 4 :
Again twornd 1o the right und, instead of
0 be added t the Ieft AG field shuld thes |
“eosoning applies to all cases. of smilie. moitee:

445

Ehmcn(m : :
2 OF SOUARE ROOTS

Example, af & o‘af,g L
==

Heperag
AN o the | MG i
1l A0 gl . QNPTGJELM g

).o.c?i;tj = 200,
24,0 04 o) —

49




CHAPTER 7,
EXTRACTION of CUBIC ROOTS

The operations involved iy finding cubic oot o the: Lee's
abicus. are: by those of additions ard sublragtions, Ty exbrae
cubie 1o0ts, follow: the: Steps st Forth, befow,

L. Divide ot digits of the cyliis number ingg groups of thee
digits each. 1, doing  this, supe Frvm che décimu Point towied
the right fo the desimal frastion Pact and towird the lef; for the
integral pary, Consider it 5 Broup. by f1solf epen when thers 5
only one, o twa, digit loft 4t the lefrend. However, whes there
15 vnly one, ep Yoy digit left a ghe rightend of iy decimal
Fraction P, 0" mugy e supplamented o mafe the ETup. con-
tain theee digits:

2 For each Broup dn the cubic nunber, these will he o
digit in the roct o e found. “Thore o therefore, ns many. Jigits
in the cubic roor e there s BOOUPE i the cuble numbar, By
examining the Brotping of the cybic number, one gan tell of vl
place grder the first: digit; of the roue will be.

3. Before $tarting to operate,
be fumned 15 4 Prsition’ most cong.

Place seting vornier ghaudd
for 'the calenition.

% Register the cubic nutber on the Pogy Beld in refurenes
o the place setting vernjpr,

3 Move the sndicaror 1o mark out the fs £roup; from the
defi.

O When the cubie number . hae only one Broup fur the
integral part, ghe foo muist be s mumber foe, than 10 When
there are twy groupy for the integral pare of the cubijc number, thia
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EXTRACTION OF CUBIC ROOTS

oot must be s number under 100, When there are thres Sroups:
for the integral pare of the cubic number, the root must then be a
nimber under 1,000, The samie reasoning holds good for all cases,

7. In making the calculation, first add one- biead counter up
to the left AO field in sccordance with the placement su
by the indicator {hereafter seferred 1o 65 *Lonumber™), add on
bead counter up 5o the right AQ held Chereafter veferred o as
"Benumber"), ‘ond thep substract 1 from the st group on the
PO field. 3

. B Secondly, add 1 to the Loumber, 33d the resultant L.
sumber to the Boumber, 4dd 2 1o the Lenumber, add the reultant
Loumber (43 10, the Renumber, and subtract the resultant R
number (73 from the frst group on the P-O field. Then, add
to the Lnumber, add the resultant Lnumber to the Roy b
add 2 6 the L-number, ndd dhe resultant E-number to ‘the
number, and subtact the resultant Renumber from the firs %
on the PO field, Repeact thess operations unil the remainder.
of the Brst group of the cubic number beoomes smaller than ‘the-
corresponding Ronumber,

9. 'Thirdly, add 1 o thé Laumber and add ithe resultant.
Lenumber to the Bnumber,

10. Fouthly, add up one bead counter each to the frst
the secand digit from the Jeft of the Lnumber Coymbol 1.1 w
be weed hercafter) add the resultant Lenumber to the Benumber,
lowering the place ordee of the former by "two" in_ this addi
move the indicator threerod 1o the right, and then subteact the:
Benumber From the number formed by the Rrst and ‘the second
group of the cubic number.

EXTRACTION OF CUMC RooTs

1L Pl.fdl.ly‘ sdd | to the second digiy 4
the ssltaat Lttt (0 he R ynbu, ot P el
of the Lrumbar, gld o resltant Lnuimber g e R-nmfh‘gr;u.
subitract the geoulyng Remiriber from gy whond o of the bic.
e on the PO gl Repedt thees opmm.lm -h-':‘umdm
remairder of the “econd peop of the cubie Bumibsr on. the ()
field becomes simafier than e cormesponding: Rinamber,

R Continue the Operations

et described in Tiems 10, gnd i
13, gy i d
s :h:l:&ﬁg;m :ll berd counters in gha PO ficld have

off the # B Sule of the operations, add 2o the
Lenumber and divide it up by'30 The quoticot thus obiined w.ilr'
be the 1o segiited, . i

E:mmpln-: 3

B
L L i
e

'—"-ﬂml-m:n-
g
Haar
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the resultans Lnumbe; o the Bnumbey, add 2 to the second d; it.
of the -L-numh_:r, add the resuliang L-number 1 the Rnumﬁen.
subtrace the tesultant Boomimbyer From. the second group of l:hf: cubie
number on the PO feld Repeat these Operations untif the

13. Sixthl}q when sl bead counters in the P beld have
been taken off the beam 85 3 teanile of the operations, add 2 to the
Lnumber and divide Tup by 3 The quotient thus obeained wil]
be the roo required,

Example: T =3
“F° opEig Finmg o i g ¢ PR T roma R g ‘-'-ﬂ!'"-n-l'-'u"-'l‘rjﬁ-r
Figure Lelt A2 3¢50 rr'ghr A0 iely g P}
: :LT.-.-....-,,.I_”_-H E 1A= Rl by ol

Mg ; " Drder Orale = - F;:.r.'lt A ~:.-..-.:1-d
: | 2 Jreup Lo

I |
—

. S
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R e i EXTRACTION OF Curlc HOOTS

Exomple:

an

E..uﬁ rmﬁ%

— *-"‘-j-"i 6‘\1‘

14: In canying out the operations: described in Item 10
ahove, if the minuend i the PO field is still smaller than the
Bnumber sfter baving gone through the procedures of adding 1.1
to the Lnumber and moving the indicator three-zods to the: right
en the PO field, one has thon to move the indicator three-rod inore
o the night, add 1.01 instead of 1.1 to the L-dunber, and add thicig ¥
the_resultant Lnumber to the Bnumber, lowering. the former's e f:} :’“‘]‘“‘ by
place orger by “four” mssead of Stwo! in this addition. WY ndtuce,

10 the 1. numbey
ding the nestlisne

Irrl.r}\r\ the  Fory rder  should
! Lrder  should

B« :
The sume reasining holds oo for all
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EXTRACTION OF CUBIC ROOTS

Example; SE T, 05 g7 =20.03
4 uperaons. o k. | b sparitians an ina. | et opF rabons en in
Gparalion iefe A il ¥ight A+0 figln -0 feld
P cealumis ] i | i |
e | 2ot | 3k [k} Orin |k Ot Orcdier | 1 | A | Sk |
ISR I i o e, o T N Y S i 22 B s S
! o T A TS
b 4 i ] | | | 144
4 : R | TR
- g . Hi ¥ s - - -i.—l‘ | P M M BT B
g : 2 : et bt S BT G PO i i | i
4 o glofsfojoqes | 11 lalataleftfe fuly
i : £ lofa 1] { ] ] .
e sl by _If‘l‘:':'." U tele raete |
;i I I 7 5 O O O
o | 3 | | 1!'. Lol 00 S L O O P I s G T
¥ B O -lalilfd T — N Pl Fo 8 S0 %
io R e =
Ar=rigs | Pt - | =2dugd

16. ‘There may be cases when the remainder in the PO
feld 35 inexhaustble,  This means thar the unga}ia} number on
which the operstions of root extraction is made is not a perfect
cubic number. Even so, the toot obtained by carrying out the

operations described above makes a good approximation,
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