LECTURE NOTES -V

RECURRING DECIMALS, AUXILIARY FRACTIONS, DIVISIBILITY
AND THEORY OF OSCULATION, POWER SERIES, PARTIAL
FRACTIONS, DIFFERENTIAL EQUATIONS INCLUDING PARTIAL,
LOGARITHMS & EXPONENTIALS, TRIGONOMETRIC FUNCTIONS
INCLUDING INVERSE AND HYPERBOLIC, HCF
ON
JAGADGURU SANKARACHARYA

SRI BHARATI KRISHNA TIRTHAJI MAHARAJA'S WORK

VEDIC MATHEMATICS
By
S Ch.V. Saradhi , Smt. N. Bhanusri, Kum. Chaitanya, Sri D. Sarveswara Rao,
Prof. P. Gopalakrishna Murthy, Prof. T.K.V. lyengar, Prof. L.S.R.K. Prasad,
Prof. S.V. Krishna, Prof. M.G K. Murthy, Prof A. Sithapathi, Sri. K. V. Prasad
and Prof. C. Santhamma

Sponsored By
DR. GOKULAKUMARI GHANASHYAMDAS SHAH
VEDIC MATHEMATICS PROJECT

*Contact Person: Prof. C.Santhamma, Project Director,
8-60-1, Vidyanagar, Visakhapatnam — 530 003,
®: (0891)- 2755684, 6457515
e_mail : santhamma_c@yahoo.co.in




COPY RIGHT

BHARATEEYA VIDYA KENDRAM
Visakhapatnam

Publishers

BHARATEEYA VIDYA KENDRAM
49-12-18, Lalitha Nagar, Visakhapatnam — 530 016
Phone: 2523250, 2550727
E-mail: vbbeeveek@yahoo.com

Aug, 2007

Copies: 100
Price - Rs.250 /- In INDIA

Volume Il (b} is to be counted as Volume IV




Lord Dattatreya




THIS LECTURE NOTES IS DEDICATED TO
:-‘. o H- rg

. o X !—“
Sri Jagadguru Sankaracharya
Sri Bharati Krishna Tirthaji Maharaja (1884-1960)




r Dr. (Smt) Gokula Kumari Ghanashyamdas Shaw




FINANCIAL ASSISTANCE
Dr.(Smt) Gokulkumari Ghanshyam Das Shaw
Vedic Mathematics Project
is financed by Sri Ghanshyam Das Shaw

and

Publication assisted

by
Smt. Chandramma Memorial Charitable Trust

through Honourable Minister for State (Govt. of Indis)

Sri Ch. Vidyasagar Rao




DETAILS OF FINANCIAL ASSISTANCE

Sei Chanshryam Das Shaw Rs, 2,75,000/-

Smt. Chendramma Memorial Charitable Trost Ra, 1,00,00{v-

Throogh
Ex. Unlon Minister

Viswenatha Foundstion : Ras. 45,000/-

TOTAL Es. 4,20,000/-




PUBLISHER'S NOTE

Bharateeyn Vidym Keodram, Visekhapatnam is a well-known educational
organization in the Morth Eastern part of Andhre Pradesh, It is affilisted to Vidya Bharsthi,
Akhila Bharsteeya Sikshana Sansthan, Lucknow,

Vidya Bharathi is rumming approsdmately 20,000 educational instinrtions throughout
the country. Vidya Bharathi tempers the educational system with Bhamateeyats. A national
oricotation to the educational system is the need of the day. This orientation is based on five
aspects-Sanckrit, Sangest, Sharirk, Yoga and Naithik Sikshans,

Vidya Bharathi has seversl sctivities-publication of materials concerned with
Siahwvatika, Samskars kendrames, Yoga etc., Sanskrit education is one such.

Preseatly, Bhamaiecys Vidya Kendram undertakes propagation of the principles
explained by Sri Jagadguru Sankaracharya in his work on Vedic Mathematics. Conssqusnily
Bharsteeys Vidya Fendram has taken up the publication of seres of Lecture noies om
Jagadury Senkaracharys, Sri Bharathi Krishoa Tirthaji Maharaja’s work on Vedic
Muathematics,

Dr. Smt. Gokul Kumarl Ghana Shyam Das Shah Vedic Mathematics project has
undertaken the onerous job of preparing the lectore notes. The project graciously  handed
over the first, 7*, 3*(a), 3"(b) (treated as 4™ in the series) volumes in the series of the lecture
notes to the Bharateeya Vidye Kendram for publication. |t sugurs well for Bharateeya Vidya
Kendrmm accepted its publications with the sacred work of Lecture Notes-1 Multplication,
Lecture Wotes Il on Division, Lecture Notes ITHz) on Equations, Lacture Motes ITI(b):on
Squares, Cubes, cxpansions, Roots (Mumbers and Polynomials) and Equations (Contd.) and
the last in (he series a8 Volume V on Recurring Decimals, Auxiliary Fractions, Divisibillty
And Theory OF Osculstion, Partial Fractions, Powers Scrics, Differential Equations,
Logarithms & Exponentials, Trigonometric Functions Including Inverse and Hyperbolic,
HEFmImdeﬁnmhm:':wﬂ:,\'adﬂ:Mm

We are grateful to the Project for choosing us as the publishers.

Wi hope the poblication will be well received and our efforts will be fruitful in
reaching the wider circle of public, '

Bharateeya Vidya Kendram
Visakhapatnam
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DIRECTOR'S NOTE

Sanskriti Pracharm Samithi to work on a project on Vedic Mathematics, initiated by
Sri Jegadguru Sankaracharys of Puri Muott, with & view fo propagate and popularize the
methods, gutras, etc in & syskematic manner by bringing them in the form of & series of
lecture notes which include basic snd advanced mathematical operations. Mananiya
Sutheji was convinced of the merits of the proposal and assured me of arranging a major
part of the finances required. I wes very deeply touched by his instentanecus action by
contacting Sri Ghanshyam Das Shah, & philunthropist, [ was further inspired by the
promptness of Sri Ghanshyam Dias Shahji to sponsor the project.

[ would abeo like to go back to the genesis of the thought of working on Vedic
Mathematics. In the very late seventies, when S M. B. Appa Rao, the then Vice
Chancellor of the Andhra University and Dr. M. Gopalakrishns Reddy, the then Registrar
who became later the Vice Chancellor of Andhra Univerdity sent to me a letter written o
the University by Dr. A_P. Nicholas (UK.} to find out if Swamiji has graced the Andhma
University with his presence and also gave lectures on Vedic Mathematics xs a part of his
lectwre tour program both in India and abroad. Since then 1 was werking and
contemplating on Vedic Mathematical cperations. 1 participated in several workshops
conducted on these topics. 1 had the opportunity of lecturing on these topics both in India
and USA_ T had very useful discussions with several professors in mathematics who also
are convinced of the idea of a systematic preparation of lecture notes useful not only 1o
the students but also to the mathematicians and persons interested in basic as well a3
advanced mathematics.

: The project is a collective endeavor, Includes, in addition to the efforts of project
persomnel, the scrutiny of the lecture notes, by several experts, of Current (Conventional)
mathematical methods both in basic and advancad topics.

The Charitable Trust by name 86 Vangals Margimha Dikshitulu Srimathi
Allevelamma Smarska Dharma Samstha came forwand to provide the project, the office
and infrastructure,

The project is named as Dr, (Smt) Gokulakumar Ghanshyam Das Shah Vedic
Muthematics Project, afier the name of Late Smt, Gokulakumari as per the desice of her
hushand Sri Ghanshyam Das Shah, who funded the major part of the project.

It is highly gratifying io receive an amount of Eupess one lakh, through
Hoporable Former Central Minister 560 Ch Vidyssager Rao from




Smt. Ch . Chandramma Memonal Trust founded in the name of his late mother; which is
meant exclusively for publishing of the series of lectare notes,

We are extremely indebted to Viswanatha Foondation, Prasanthi Nilayam,

Puttaperthi, Anantapur District - 515134 for their liberal doastion towards the publishing
of Final Volume end other miscellaneous expenditure, an mmount of R, 45,000/-

The methods thet are brought out by Sri Jagadgure Senkeracharys are based on

16 Sutres and 13 Upasutras and coroliaries (Sub-Sutras) and their combinations. With the
belp of theso aphorisms, many aspocts of basic end advanotd lopics also could be casily
worked out. These are mostly for mental working with ease and clegance. The
philosophy bebind all this is to consider:

L.
2,

That the solution lies in the problees,

The symmetry aspect, total, or partial of varied degrees of symmetries in the sense
deviation (dther deficiency / excess) from & total symmetry.

The working ol of selution b generally done with one or more bits under one or
e differcet sutrad t well,

Each method stands the 1231 of proof, which is also aimed.

3. A comparison of the cxisting metbods with the Vedic methods is elaborately

worked out. The ease with which ooe can solve the problem is self-explanatory.

Simplification, elegance and ease are strikingly noticed in the application of the
Viodic Sutras.

Operstional techniques 1o work out Multiplication, Division, Squaring, Square-
mots, Cubing, Simple oquations, Simulaneous equations of two or more
Decimals, Divisfbility, Partial Fractions, Solid geometry, Co-ordinate peometry,
Differentin]l Equations, Integral and Integro Differentisl Equations, Partial
polypomials and poeer series eic e detadled io series of Lecture Notes.

This iz intended for the teachers and also for students and other learners who are
o work out the problems and train themselves before these are w0 be

implemented.
This is definitely innovative and 1 opine that the methods undoubtedly promote
research inio much deeper and more difficolt and unexplorsd wrest &5 well.

10. It is reslly commendable o see that the problems can be solved by observing
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of numbers inte polynomials and vice versa, simplifying techniques such as
comversion of & larger digit into m smaller one, existencs of G.P., AP, or relations
of ratios, writing down the remadnders, which are simply followed by the
quotients, solving simple equations from certain identities existing among the
various parts of the equations, transposing and adjusting, splitting the terms,
elimination and retention, addition and subtraction, to make functions complets,
Vadie code-decoding, groups and individuals, ultimate and penultimate relations,
bry mere inspection, certein striking identitles in rearrangement, ete.

11. The aim is more towards the explanstion end working methods, which cur great
Seers have passed on to us, with & view that these can be easily understood and
worked out as a routine by mathematicians and also by those who have a good
taste for mathematics. It is also aimed o see if these can be followed by
intreducing these methods in our curriculs. As we are all trained in the western
system, il may be difficult o switch on to this unless persons are first traimed in
these methods, Keeping this also in view the work on lectune notes is taken op.

12. We are also working cn bringing owt worked out examples spplying Vedic
mathematical principles to the problems in various texts. For & comparison, both
the Current Method and the Vedic Methods are presented throughout.

13.In case of Multiplication & Division we could successfully perform these
methods on the computer wsing Compater Language, which was attempted by the
Project Fellows, For the Lecture Notes 1T (a), IT(E) and V, it will be taken up a
later date.

4. We are planning to conduct workshops to train the tsachers in thesa methods, We
propose to hold & conference ai the end.

It is with this good mténtion [ approached many professors i mathematics whe
are willing to ke part in the work through their suggestions, expertise and scostiny of
the lecturs notes.

The project fellows of this Lechirs Notes Mrs. N, Bhanusri, ChV. Saradhi,
D. Sarveswara Rao and Miss Chaltanya and Miss Kalyani and Sai Eswari are very hard
working, diligent, efficient, and are found to be extremely deserving candidates in
working conscientiously. They really deserve applause. Their persistenl work with
dedication and sincerity are highly exemplary.

Technical assistance on Computer of Mr. Bhaskar for the general Muintenance is
exemplary, We ectend our deep thanks (o his patience and commitment to the word, We
thankfl of Computer assistance rendered by Mr. Naresh and Mr. Prasad
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My deep indebtedness i3 to 1) Mananiyva Satheji. But for his readiness, this work
mMmhwbmm&muﬁmdljmmmmwh
their inspiring, acceptance of my proposal and amanging for the financial aid from a
philanthropic sponser, Sri. Ghanshyarn Das Shahji

My grateful thanks to Prof LSREK. Prasad, Prof T.E.V. lyengar,
Prof. 8.V, Krishna, Prof. M.G.K. Murthy, Prof. D.R.K. Sangameshwara Rao, Prof
ASitapati, Prof Gopal Krishna Murthy for their help in going through the manuscript and
their valoed sugpestions.
~ 1 thank Dr. M. Oopelakvishna Reddy, Prof. P.V. Krishnaish
Prof. V. Lakshminarayana, Prof. ], Gopalakrishng and Prof. N. Rajagopala Rao, for their
keen interest in the topic, intense spprecistion of the work und for their valusble
suggestions,

My Special Thanks to the Former Prime Miister Late Sri. P.V, Narasimha Rao
and Sri Kiriti Joshi for providing an opportunity for me to attend National Seminars on
Vedic Mathematics at Jaipur, Ahmedabad and Meerut.

[ am grateful to the honorable (ex) Central Minister of state Sri. Ch. Vidyasagar
Rao for his liberal contribution made from the tust named afler his other, which
facilitated the publication of this worlk. .

Thanks to Mo Sodarshanji, and Late Ma, Seshadriji and Dr. Murali Manohar

[ thank all those elders who have been encournging and enquiring sbout the
progreas of this work,

Quite a number of well-wishers of the project participated in the Jecture notes
directly or indirectly, but for whose well wishes the project work, which is stupendous,
could not be completed.

We are grateful to the Bharateeya Vidya Kendram, Visakhapatnam for sccepting
to publish all the series of the lecture notes,

1 thank my husband, Prof C. Subrhamasys Sastry, for his constant
encouragement. [ thank my old mother of 9% yrs who had been taking care of me
(hroughout. _

Finally 1 bow down &l the feet of Lord Dattatreya for his Divine Directions and
Blessings.




A WORD TO READERS

1} This attempt of writing lecture notes on Swahili's Vedic Mathematies is mainly to
bring out the possibility of working out the mathematical problems using the Sutras
and Upasutras whose modus operandi is explained in his book.

2) Tt is also mimed at working out a number of problems extending to & more general cass,

3) General Proofs are given to various methods explained on the basis of sutras,

4) Animmhﬂnmﬂmﬁmpmﬂuﬂmmeﬁmdwhh&m“w
by using the sutras.

4) The book is written mostly with & view to provide an incentive to a teacher or &
researcher and to all those who are interssted in mathematics, o undsrstand the
operation and to work out the details by themselves.,

The reader is requested to go through all the working details given in the Lecture Notes,
We are confident that the elegance, stmplicity, case with which the problem can be worked
out applying the Vedic Sutras is undoubtedly transparent, This leads definitely to further
probing into the unexplored areas in mathematics. This Lecture Notes is the final in the series
and deals Recurring Decimals, Auxilliary Fractions, Divisibility and theory of Osculation,
Partial Fractions, Powers series, Differential Equations, Vedic Namerical code, Logarithms
& Exponentials, Trigpnometric Functions incloding inverse and hyperbolic, HCF.

The various Sutras wsed, the modus operandi and the working details are 1o be
concentrated unblased to verify their applicability.

It may be likely that a fow emors (Typographical nature by oversight) might have crept
in, inspite of our conscientivns effort in getting up this Lecture Notes. The Readers ane
requested kindly o communicate the same, if any, io the publishers

Elaborate procedures or working details, explanations of Sutras are given mostly in the
text. For the matter given in the Synopsis, the reader is requested to refer concemed sections
fior full explanation or working details,

Any suggestions for improvement are earnesily solicited.
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INTRODUCTION

His Holiness Jagad Gury Shanksracharys Sd Bharsthi Krishos Tirtheji Maharsj of
Govardhen Mutt, Puri, who bad his Post Gradustion in Sanskrit, Philosophy, English,
the epplication of sixteen main sutras snd thirteen Upastras, stated to have been found in the
sppendix of Adharvana Veda. The modus operandi of these mutras was explained snd the
spplication of them in different topics, in working of mathematics, which include not only
the general algebraical working but also higher and sdvanced working in differentials,
integrals, polynomials, tigonometry, partial differentiation, solution of equations (simpie,
quadritic, cuble, biquadratic, etc), squares, cubes, square roots and higher order sclutions,
probiems concemed with coondinate goometry, logarithms, exponential, sumration of series,
solid goometry, eic. A list of all the sixtcen main sutras and thirteen upasutras is given.
Herwever in cach pant of the Jecture potes the concomed and relevant sutres and upasutras are

The methods are surprisingly simple, at the same time clegant and even able to solve
huﬂhﬁuhﬁwmmmlﬁhdmm&&dl
total faith in the dicturn that

1} The solution of any problem is in the problem itself.

2) A symmetry of some order exists always in the problem which needs to be

tapped. (Wioriing is based also on soch existing symmetries),

3) A totality and & comprebensive thought of working is clearly depicted.

4} Alm is always towands a mental workiog, preservation and a lesser complication

in working details. _

These features arc chearly established in oporstional techniques as explained by the
great soer Sri Bharsthi Krishaa Tirlkaji. .

We have taken up a project to work oot the details and also to explore the possibilities
of sdvincing these methods o arrive st important deductions which ere found difficult or
which are being worked out clsbomalcly using current methods. The entine work is divided




into & number of topics such a8 multiplication, division, equations, caleulus, co-ordinags
geometry, logarithms, trigonometry, squares, square-roots, cube-roots, end higher roots and
the like. We intend to bring out lecture notes to enable not only mathematicians but also
persons who are imierested in mathematics to go throngh these methods and spread this
wmhmmlpqﬂiu.l _

As the first of the series of Lecture Notes, we have already published Lecture Notes
(T) Multiplication. We are pleased to say we have published also second in the series, Lecture
Notes-II-Division. As the part of the thind Lectare Notes - ITl{a) equations consisting of
Simpla Equations, Simple Simultancous Equations Multiple simultancous equations,
Quadratic Equations, Simultancous Quadratic Equations, Cubics, Higher Order Equations by
applying sbout 10 Sutras namcly Paravertya , Paravartya Yojayet, Sunyam Samya
Sarmuccaye, Scpantysdwayamantyam, Antyayoreva (Upasutram), Anurupyena, Sunysm
Anyat, Sankalana Vyavakalanabhiyam, Adyamedyeasntyamantiyens. (Upesutram followed
by Anurupyens), Lopanasthapansbhyam (Upasutram), Purana Apuranabhysm, Gunita
Samuccaysh Samuccaya Guniteh, Gunaka Semuccaysh in working out the solutions of
Higher Degree Equations. In the Lecture Notes 111 (b,

{1} Continuation of solution of cubic equations is extended using two different
miethads extendable upto any decimal range. A number of examples are worked out together
with & comparison. The suiras used are Vilokanam, Adyamadyena Antyamantysna,
Argumentation, Purana Apuranabhyam, Gunita Samuccays Samuccays Gunitsh. These
methods are eatended to solving higher order equations invelving even 8% degree equations,
wherein all the solutions are derived.

(2) Squares, Cubes, Higher Order Expansions of mumnbers and polynomials with 2
generalisation of expansion to any pogitive integer are worked out and tabulated.
These tables are found 1o be useful in working out in Roots of any order with the decimal
working and also determining the roots of polynomials with any number of variables as well,
The sutras used for this work are Vilokanam, Argumentstion, Lopana Sthapanabhyam,
Yavadunam, Anurupyens, Dwandhvayoga. A gencral formulae for the expansions inchuding
the co-cfficients of the various groups of the terms is worked out. The method for working
out the square roots, cube roots of numbers and palynomials is elearly explained. The same s
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extended o higher order roots as well similarly for polynomials containing more than one
varisble,

In this lecture notes topics on Recuring Decimals, Awiliary Practions,
Divisibility and Theory of Osculation, Power Scrics, Partial Fractions, Differential Equations
including Partial, Logarithms & Exponentials, Trigonometric Functions inchuding Inverse
and Hyperbolic, and finally HCF have been dealt with the westem method and also by
applying the sutras pertaining to the Yedic Method.

The introduction of Awdliary fractions, theory of osculstors are
considered to be for the first time defined by Swamiji. The logarithms and expopentials,
Trigonometric finctions including inverse functions have been detailed. The evaluation of
highest common factor using (HCF) Vedic method, appears to be muoch simpler. A few
differont types of Differential oquations are atiempted to solve. I's noticed that the
evalustion of Particular Integral (P.I) is extremely simpler than in the weston method.
Soluticns of a few Partial differential equations have also been demonstrated.

It is felt that & more exhoustive and extensive work on differential
equations is very much-needed using Vedic concepts. It is proposed to work out In detail and
completely covering or all types of differential equations, latter.

The work is. carried out with care and precession.  We request all the
readers kindly to go through the work presented in all the volumes. In case an error is crept in
this may be kindly brought to my notice for further correction. So that they can be comected.




SYNOPSIS ON VEDIC MATHEMATICS —\/

Section —1 deals with Recuring Decimals using several Vedic formulse. Full
working details arc clearly shown for cach formula applicd. The Vedic cods language as
explained by Swamiji is also enumersted with examples.

In Section -2 a new concept of Auxiliary fractions (called as Sahayaks) as introdoced
by Swamiji is explained, The method is simpler and the introduction of Auxiliary fractions,
vulgar fractions and the modus operanda of the method are clearly explained. The werking
when carried out in comparison with the current method is strikingly significant which makes
use of the sutras such as Ekndhikas ete. Vedic cods method is clearly demonstrated.

Section =3 is another innovative, introduced by Swamiji, of the concept of osculation
{theory of osculutors, simple, complex, multiplex osculators), which are termed as Vestanas,
Swamiji has explained {5 very interesting question &s o how one can Jetermine whedher &
certain given number, (it may be any long number) is divisible by the given number using
Vedic method. The concept of theory of osculation, positive osculator, negative osculator,
compiex osculator, multiplex osculator has been well defined and applied to determine the
divisibility. Quite & good number of problems ace worked out,

Section-4 deals with a fow problems worked out using both the coment method and
Vedic method. {Integrations by partial fractions).

Section-5 deals with powers of polynomials. Quite a good number of problems are
worked out. The method making use of logarithms and differentiation appears to be elegant.

Section-6 deals with cvaluation of logarithms and exponentials, The method is &

centinuation of the one described in power serigs,
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Section-7 deals with the evalustion of Trigonomenric, Hyperbolic and laverse
functicns, which could be considered for every small angles as an approximation. The details
of a Simpler method are worked out in appendioc for the inverse sin, o093 and tan functions.
This methaod i3 also very approximate, particulasly for small angles.

Section-§ deals with Differential equations. An attempt is made to solve the particular
ntegral in & few types of differcatial equations. The method is considered 1o be povel in the
gonese that & comparison with cument method gives a very surpeisingly simple &t work.. We
have extendad 1o study the partial differential cquations; the working details of which clogant
suggested by the British suthor. It is felt that a more comprehensive and extensive work on
.hwﬂqﬂmhmﬁnfmmmmeiqntw
Sages.

Section -9 deals with HCF. It is interesting in the sense that the working by using
Vedic methods is worthwhile practicing,




Section-1
RECURRING DECIMALS

One of the marvels of Vedlo Mathematios Is wotk on recurring decimals.

Preliminary note
Deflnition:

i) If n denorninator has only 2 or 5 or 10 a8 facters 1t glives & non- recurring decimal.
For example:
i

1

1eos; w0z L mon; 3 m0u2s
H)If denominators have caly 3, 7, 11 or higher prime mumbers as factors they give rise to
Recurring decimals and come under a separate group which will be deait with in this volume.

Similarly & dencminstor with factors partly of 3, 7 end 9 end partly of 2 and 5 leads to
2 mixed result which i partly recurring end partly non recurring decizmal.
For exampile:
1 1 1

N — -.l-__...-
TE mﬁ.ﬁ % 0.08

3
1.1 ogpé- Lol .
TR T Rkl el T
';T :-u.-uﬁmnm.

In every nonrecurring decimal frection with & standard pomerstor 1, it is observed that
the last digit of the denominstor and the last diglt of the equivalent decimal when multiplied
together ending in zero.

1
E-MH

. Last digit of denominator (5) when multiplied with the last digit of valoe i.e. 4 gives 20.
-~ The last digit of the product ends in zero.

0.045

In every recurritg decimal with a standard oumerntor 1, the last digit of the
denominator when multiplied with the last digit of its recarring decimal equivalent gives a
product ending in 9.

{The product is actually a continuous serics of nines)

For example:
i‘;-mﬁmﬂ:wu?ﬁﬂ

Now (7 lnst digit of the denominator) when multiplied with the last digit of recurring
ie 7 gives 49 ic. 9 ending and also all nines are resulted when the recurring valuc: is




multiplied by 17. Now tis enables us 1o detcrnine, before hand the last digil of recurring
decimal equivalent of a given YRlpar eSS 0 wanst 1)1

For example: _ o _ |
Al WAL Fa NI o Ty o e o sl Tl ?
75 Will ive s rcairring docimal cquivalent coding ia 7apdsoon.

Several methods are described by Swhonifistol work out the recurring decimal of valgar
fractions under a classification of 3 ending; 7 ending; 9 ending and 1 ending usingfikrent -

sutras such kel privieen RS S LLES T B TO s EURe TP [ T B P N T

s, 3w
Anerupyeos sepe Vogpe Lo L, 7
Ekadhikena | £
Ekanyuseas cic

mﬁmﬂmﬂwmaru recurring decimals of vulgar
fractions such as | v ;
{i) Geometrical Progressions
(i) The relstions between quotient digits and remadnders
(1id} Complerpents / Summations cic

The methods suggested by Swamiji bave & striking symmetry in working out enly
half of the answer (quotients) whike the second half can be simply written down as
complemnents from 9.
For example:
1
1—?-13.{}5!&1352

MIITE4T —» complements

TR
1—‘]; = 0.0 5882352 /94117647

In general points like where one has to stop werking and take complements of 9 from
then anwards is explaned.

UMMW#MMMWHP—;E digits (s first half) which are
then followed by the sames pumber of digits as the complements from 9 of the first half,

Swamiji has introduced & number of methods for the working of recurming decimals.,
i} Using Geometrical Progression relationship, Thus leads into a clear ratio between coe
remainder and another (or dividend), '
ii) By using the sutram Seshani Ankena Coramena cach remainder multiplied with Last

digit
i) Ekadhika process from L — R (by division) and R L (by multiplication)
W), Hsing Vegic code language. T
v & nubegrof relations hstyern qupticats and remainders.




vil Writing dewn the multiples of vulgar fractions b oreiderir., e “ogies” B 1 nd
numbering them in ascending order.

vii} By using Adysm Adyzna

Jii) By using Antyam Antyena

ix) and An independent method.

Explanation of the given methods:
(i) Geometric progression method (Anurupyens)

If the relationship bebween remainder or predecessor o Sucoessor is known then one
kmows all the rest of the retainders, 1f the former is in the G.P. with its successaor.

This method can be demonstrated es follows,
Jnnaidulhamu%

The first remeinder {rem) is 1, the sccond is 3, the succcssive remainders are
considered to be in G. P i.e. applying “Anunipyena sutram™ for writing deemn the successive
remainders followed by castings of the multaples of divisors one get the following results.
The frst 2 remainders are in the ratio 1 3 o wrile down the 3 od remainder, we have to
consider 3x 3= 9, -~ 9> T wecast out 1 x =7 from O which resulis in 2. 5o 2 happens to be
the next reciainder. :

Similar procedure 13 adopted for obiaining remaining remainders unti] the recurring occurs,
The following is the result;

Rem x G.PI Casting Successive TILO (0142857
Divisor rernainder g
a0
3 ) -
3xd=8 | I1x7T=T9-T- 2 20
2x3=68 0 & 14
ExI=18)2xT7=14,18-14 4 &0
dx3=12} 1x7=T,12-7 5 56
Sx3=15|2xT=1415-14 1 40
33
20

48

| —_




17 If *he denom’naton oF fraetion zoninins prime oumbers as factors then it givey exurag
decimals
Ex: % = 0.14285%
(2] A denominators which hes factors as 2 or § then non recurring decimal results
Ex: 5= 0.325.
(3) If the depomingior is partly of first type and partly of second type this glves o result
Hﬂyﬁmﬁmhumﬂymﬂpﬂﬂymm
Ex: E =(.0357 14285
The individual contributions are worked owl with the denominators of 13,79,
11

Eodorsing 5.3 mmmmamf{ﬁmiﬁm%mﬁmu

recirring and 50 o6

In évery non recurring decimal (with somemntor (V) =1) the product of the last digat of
denominator and tho Iast digit of equivalent decimal is zero, where as in the recurring
decimal the product is 9. Henoe ooc can estimate the last digit of recurring decimal.
1 1
Emliﬂ 31

When one works out for 1/7 remainders are metered (o bo in geometric progression.
For examplel, 3, (9 casting out 7, remainder is 2) 2, 6, (18 casting out 2 7, remainder is 4)
4. (12 casling out 7" remainder is 5) 5, (15 casting out 2xT=14, remainder is 1) |
remainders are 1, 3, 2, 6, 4, 5. This process is called Anurupyena. The remainders give
dividends by placing zero by its right side and quotients are obtained by dividing each one by
T
For example 1 3 2 & 4 5
These dividends 10 30 20 60 40 50 when divided by T gives the result
a5 the quotients 4 2 B 5 7
Thuzs the value of the recurring decimal is 0, 142857

Much simpier method — starting from the G.P method of obtaining remainders.
That is 3,2, 6,4, 5,1 and muliplying each one by 7 and considering only the [ast digits
Then one gets the quotients a5 0.1 4285 7.
This is as per the sutrem Seshani Ankena Ceramena.

meﬂc%mmt ends in 9 and 30 on,




5

It Is noticed that one half of the quotients are complements from the 9 for the next half

It is forther moticed that when the difference between Denominstor (D) and
Numerior (V) ia reached ne remninder, then ons can gtop and write down the complements
from 9 of the former set.

Lﬂmmﬁhl—lgindummudbtdﬂumdﬂmﬂﬂmﬂl Tha

remainders are 1, 10, 9, 12, 3, 4, they give dividends by placing 2eros by its right side and
gquotients are obizined by dividing cach one by 13

For example 1 w % 12 3 4

These dividends 10 W00 %0 120 30 40 when divided by 13 gives
the quotients as 0 7 & g 2 3

Thass the value of the recurring decimal is 0.0 76923

Here we notice that one half of the quotients are the complements from % for the next half.

We shall consider 9 ending denominator of the vulgar fraction W:T

Similariy applying the procedure of G.P for the remainders we get the total set of
remainders. Now consider 10 as the geometric ratio to obtain other remainders as
[(100 1)1 5) =5] §, [(S=10)— (19 =« 2y=12012,_____
- The 3ot of remainders are 1, 10, 5, 12,6, 3, 11, 15, 17, 18,59, 14, 7,13, 16,8, 4, 2.
We get dividends by placing zeros by right side of (he remainders
10, 100, 50, 120, 60, 30, 110, 150, 170, 180, 90, 140, 70, 130, 160, 80, 40, 20 — dividends
0,5,2,6,3,1,5,7,8,9,4,7,3,6,8,4,2,1 - Qset

The quotient digits are “Q) set” obtained on dividing the dividends by 19.
Thus the value of recurring decimal is 0.0 52631578947368421 .
Here we potice that one half of the quotients are the complements from 9 fior the next balf.
When the value D — N occurs as remainder or is the same as the remainder then one can stop
working further, consider the complements from 9 with reference to quotients.
ie. 1,10,5,12,6,3,11,15,17,18. D-N being 18 one can stop working at this stage, instead coe
can write the quolients for the corresponding remainders using the method specified
previously,




L

Thus the guotient digits are .0 52 6 3 1 5 7 8.The next stzp is to write down the
mﬂmuqfﬁn set, which completes the recurring decimal,

: E =0052631578/947368421.

(if) Seahani Ankenn Ceramena:
The second method is to apply the sutram Seshani Ankens Ceramena the working
details of which are as follows. This sutram is applicabls for remainders.

Fumphmﬁd:r[%]-
The remainders are 3, 2, 6, 4, 5, 1, multiply these remadnders by 7 (bere coramanka is 7) we

get 21, 14, 42, 28, 35, 7. Considering the right hand side digits or last digits (Cernmanka)
from each product

wam%-u.imi?

hmﬁf‘%ﬂnmhdntlmlﬂ.g.llll.l,mﬂﬁp]yﬂﬂtrﬂmiﬂmbr!ihﬂﬂ

Ceramankn is 3) we get 30, 27, 36,9, 12, 3.
mmmmﬁuurm products we get % - 76923,

In case Tli tbe remainders are 10,5,12,6,3,11,15,17,18,9,14,7,13,16,8.4,2,1.

ln case of § ending denominator of vulgar fraction the lest digits of remainders taken
in arder will be the recurring decimal. )
% =0.052631578947368421

But it is (o be noted that in case of 9 ending the ekadhikens sutram is the best applicable.

Ldmmnddnﬂnnm%.

We know that the remsinders are 10, 9, 12, 3, 4, 1. Here we cin meltiply the
successive remainder by 10, cast out 13's from the result to get the next remainder. This
process is continued 19 get the complete sat of remainders. This process can be stopped whea
D —N is reached for remainder, from which onwards the rest of the remainders are obtained
by writing down the complements from the divisor’ denominator to gel the complete sel.

10x9=0)=T8=12




Now this is oqual to D = N and bence we get the remainders ai complements from 13
whichare 3,4, a0d 1.

Now set of remainders are 10, 9, 12, 3, 4, and 1.l order to get the quotient digits
mitiply all the remainders with the Iast digit of the denominstor 3(of 1) the result s 30, 27,
36.9. 1% 3.

1
Hence E - ﬁ,ﬁfﬁii-

_Emﬂdu% '
We know that the set of remainders are 10, 5, 12, 6, 3, 11, 15, 17,18, 9, 14,7, 13, 16,

B, 4,2, 1 now let the first remadnder 10, be the geometric miio. Also we know that 5 is ned
remnainder.

Multiply 10 with 5 eod cast out 19 from it to get seccessive remainders.
10w 10=10)-95=5
le 10x §= 50- 38= 12 Thus 3'nd remainder is obtained.

Similerly 10x 12=112-114=§
Wx 6= 6)- 57= 3
10x 3= 30- 19=]]
10x11=110- 95=15

0x 2= 20=19= ]

- Tium by considering the remainder [0 23 Goometrical ratio between the successive
remainder we get all the other remainders. One can coasider any remainder a3 Geometrical
+atip to obtain the set of the remainder.

MNow let us consider the second remainder *5' =5 grometrical ratio. Then multiply
each preceding group of 2 remainders (- 5 is the second remainder) by 5 and cast out 1%'s
firom it to get the next remainders,

0% 5=50-38=12
SxSmif-19=§

= The next set of 2 remainders 12, 6 is sttzined.




Similarly 12 5=60—57=3 311
fix5=30=-19=1]

Ix5=135 1517

Il=5=35-38=17

15% S5=75_57=18 1%, 9

17 5=85—_Th=1 -
18=5=00-Ta=14 14,7
OxSmds-3f=7

__________ 13, 16
---------- 8,4
Ex5=40-38=2 2.1

4x5=2-19=1

Thus the remadnder set is obtained.

The remainders ars muttiplied with the *Ceramanicas’ of the denominators in the case of 3 or
7 ending and teke the last digits of the results to get the quotient digits, but in case of 9
ending the ceramanka of remainders themselves are the quotient digits.

Since 19 is a 3 ending denominator the quotient digits ere the last digits.
90,45,12,6,3,11,15,12,18.2.14.7.13.16,8.4.2,1

11—9 = 0,0 52631578947368421

Nﬂwwnﬁdn%
We kiow that the rermainders are 10, 22,25,15,4,1
Let us consider first remainder 10 to be the geometric ratio
0= 10=100- T4=22
22 % 10=220-195=25
25 x 10=250=-234=14
16x 10 =160<156=4
4x10= 40=-39 =]
- The remainders are 10, 22,25,16,4,1.
%-u.ﬁmi
Hence the remainders when considering the last digit we get the quotient digits.

In the G.P. method one can simply write down the remainders when once the first remainder
is known. This set is achicved




(@) By simply muktiplying the first remainder by itself and
(i) Casting the n times depominators (n € z* ) from it to arrlve at a value less than the

denominator — this is the successive remainder,
(iR mmmgbupumdmﬂthﬂ:mwmﬂmtﬂlywuﬂmm 1" or the

Examples:
T ending example:

% First remainder is 10; multiplied by itself

10 x 10=100—74 =26 — 2™ remuinder
26 % 10=260—253=1 — 3" remainder

2 The remainder set is 10, H,;

]

0, 1812

1 .
L —=0.027F
37

1 Ending example:

L
3

First remainder = 10

10 x 10=100— 9=7 x 9=63
Txll= T0-62=8x9=T72
B x 10~ BO- 62=18 x 9=167
I8 x 10=180=155=25 » 9=225
23 x10=250=-24=2 x 9=1|§
2 x10= 20- 0=XW=x9=180
0= 10=200-186=14 = 9= 126
4= 10=140-124= 16 x 9= |44
6% 10=160—-155=5x 9=45
S xl= 50~ 3N=19x9=171
19 = 10=190-186=4 x 9=3§
4 x 0= 40—~ 3]=%x 9=8]
Fxl0= 90— §2=28x =253
Bx10=280-2T9=1x 9 =9

% =0, 0I2258064516129
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3 ending cxample:

%w.mmmﬂumamdmummw“wm:uﬂ

remainders a2 10, 8, 11, 18, 19, 6, 14,2, 20, 16,22, 13, 15, 12, 5. 4,17, 9,21, 3, 7, 1.
MNow muoltply them with 3 and consider the last digits.
ie 30, 24,33, 34, 57, 18, 42, 6, 60, 48, 66, 39,45, 36, 15, 12, 51, 27,63, 9. 21, 3.

% - 0.0434TR26086 1 95652173913,

There are certain other methods which are based on very intoresting principles, and
charsctenistic fratures of the conversion of volger frectioas ioto decimals with regards o the
mmmh:udduqmm
The: significant points are
Whnﬁmhhmﬂnﬂ:ru&mb H comes o o remainder all the other remainders
are complements from the divisors Le. the denominator,

This mecens (het the qootient digits already obtained snd quolients to be obtained are
eomplementsry from 9.

Considening any remalnder and meltiplying it with the Cosmanics of denominator then the
luﬁ#tafﬂﬂuhmﬂhrﬂmuﬂmﬂhhhmwhmmmﬁi
division by s menber ending with 1 9)(But spplicable for 3 and 7)

Furuuq:lazl—g
The remainders are

10131424 8§ 22172518 26 28
4 11 31

18620 :
191615 521 712 4 1183078 MHMMW.
9
%-ﬂ.nlusz?ua:u“ -rg;—n-liﬁghs
B6551T7T24137931
It is interesting to note that the guotients are the Inst digits of the remainder,
{1f there iz only 1 digit in remainder then that itself is the guotkent.)

To wrive al the remaining 14 digits consider the complements from 9 of the set to
count (he final result.

The remainders are 10,19,1 when multiplied by 7 we get 70, 133, and 7 leaving the lefi side

digits (tmking only Ceramankas) we have

l =
= 0.032
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.. 1 1 1

Thizs will also give the confirmation of the resulf.

{lif} Ekadhika sutra (Process):

Ope can get an idea of last digit of the recurring decimal as 1,3,7,9 when the
denomiinator of the vulgar fraction ends in 9, 3, 7 and 1 respectively, (if 9 should be the result
of multiplying the last digit of the denominator with the expected last digit of the recusring
decimal),

From thiz rule ope koo the lagt digit of the recurring decinal before hand.
Applying ekadhikens sutram ie. one in excess to the digit or digits preceding the last digit
of dencrninator.

For eccample:
Mumber Ekadhikena
[ 2
2 21
1519 152 .......... omed BO DT

in the case of any other ending such as 3, 7 Ekadhika sutram is applicable when one converts
the vulgar fraction to its equivalent with 9 ending in the denominator,

For exarnple:

PR R

In this case the recurring decimal ends with L

5% -Sx%wmgmﬁr%mmmmlﬂmﬁﬂnﬂwm
Ekadhikena L -+ R (by division)

=3 = here i3 Ekadhika

Here we divide numerator 1 with 3 then 0 will be the quotient and 1 will be the
remainder and considering 1 with 0 ss 10 a3 dividend and dividing it with 3 we get 3 as
quitient and 1 as remainder, again considening 15 with zero a5 dividend and the process s
contimued all you get repetitions
034482758 620689635351 724137931
1112021210022211102010012200
.-.%-u.ususz?ns:nswﬁﬁj|'.rz4|3?931
We can also have complements from 9 &% soon s D-N ums up
E.ﬁ.%-.ﬂlddﬂl?iﬂﬁlﬂﬁﬂ

6551724137931

1
P
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Nombers ending in 9 :
1 =
=m L1
9
l—'g--ﬁsiﬂns?s Tt hast & digit, with complements of 9 from 9™ digit omwands
o4 TI6BEAZI
%--I:'HAHEE?SSﬁlﬂﬁE]thuﬂdiﬂu.uiﬂlmnﬂmnfﬁﬁmu"diﬁl
aawards
96551724137931
1 1 . 1
— TS = —— —
5 b i e f-nm'lhhmﬂm:ﬁuunﬂ:
i 1 0076523
13.45:-'&93.5. 5 = 0.025641
1 1 1
— = . 0204 6532 [ e I e,
B DR16326530 2448 e T

9T9591836734693877551
Wl!m%:ﬂ-ii!ﬁ# is divided by 7 then (he racurring neture appesrs afier repested divizion

ﬂr%,ﬁu".fﬂmui.t.ﬂ-‘hﬂi:lhm. of digits complements of 9 oecur from 21" digit
oavwands.

%-.ﬂlé!d?li!iiij'ﬂllI;‘-ES‘HEJHJ!!

8305084745762 71 1864406779661
58 digits complements of 9 ocpur from 29™ digit cowards,

;_g = .0 14492753627 1884057971

1.1 1
ChET] Eﬂaﬂuﬂnrul:n-f-a—

= (043428260865 56571 73913 on division by 3. We will get the recurning decimal of

Ekadhikena is no.of digits is not equal 15 79 - 1. Sub multiple of 78 ie. 13(factors)




13

puc] end in7:

1) /7 =0.142 } BST
Ekhadhikena applicable,
DN = & No. of digits.
Complements of ¢ from D-N/2 (3) digits.

2) 117 = 005882352 f S411764%F
Ekhadhikena applicabls,
D-N = 16 No. of digits.
Complements of 9 from D-M72 (8) digits.

3) 1427 = 0.03F SP. CASE -~ 27x 37 = 900
Mo, of digits = 3.

1/9% 1/ = 0173 =003
1A x19=03/9 = 0,037
43 1137 = 0,027 8P, CASE » 37x 27 =959

Mo, of digits = 3,
Ekhadhikenn not applicable.
5) 14T =TA29=1/329% 7
It heas 46 digits D-N.
711 24 62006 0 7902 73 85 5462131
3 4 BISX 6 -2 202 26 29 - 924 11 1818 20 710 3
X7
2872 34 04 25531 %14 8 9293617
0127 65 95 T4468 085 1063 8 2
g9 99 9 9% 99 999 999 099 999

Ekhadhikena applicable. After converting it as Sending.
Complements are seen from 23 digits (D-N/2 Digits)

6) 1/57 = 1/19x3
It hag 18 digita (D-N).
In acc with the factor 19
Complements are seen from D-N/2 digils.

T 1967 67112 = 662 = 33
It has (D-M/2) digits i.2., 33 digits.
Mo complements ag it has odd digits.
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) 187 =12%a
= It has (26-1) 28 digits in acc 1o the factor 29,
Complements occur from 14 digits.
Ekhadhikena applicable after conversion.

9) 197 =
Has 96 digits.
Complements from 43 degits.
Ekhadhikena applicable afier conversion.

111f13 =339 = 3 x139
Has no factors.
139 = (25641
121
339 = 3 x 025641 = 0.{76923
S13 = 0076023
Mo. of digits = (D-N/2) = 1272 = & DIGITS.
Complements from ¥ are obizined from D-N4 = 3™ digit cowards,

2) 1723 = 3/69 = 3 x 1/69
Mo, of digits is 22 {D-N).
Complements from 9 are seen from
It has no factors.

D-B72 = 11 digits cnwards.
014 4927 53623

1 8§ 7
133 61532412 1652 -456
1/69 x 3 = 3/69 =129 .

4347826085 / 95652173913

3) 143 =3129. It has no factors.
W29 x3

Wi2%= 2 f 39519 3 7984496174031
43 12641242 WSEI2T 1S 40

14129 = 0007751 9379844961 24031

1129%3
1743 = 0.023255813953488372092
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1743 have no 21 digits.
(D-M72) digits,

Wo complements since it have odd no, of digits.

2 tirnes the recuming gives - = 42

43 1/53 = 31159, Hes no factors.,

Ekadhikena is no of digits iz not equal 10 53-1 submultiple of 52 i513 {factor)

1/159 = 0006289308 1 761
1159 x 3 = 0.01BB6 79245283
S 53 =001 8B6T0245283
Has 13 digits.
(D-Mr2) digits.
No complements since odd.
4 times the recurming is D-N=52,

5) 1/63 has factors. MxdTxd
51021 % 173 = 1763

177 x 119 = 0.14287 / 9 = 0.015873
19x 177 =0.1/7=0.015873

1/63 = 0.015873

Mo, of digits = &
It sceordance with the factor 7.
The complenents are seen from 8.

&) 173 =1t i3 & special case.

7) /B3 =1/240 It has 41 digits.
Eka-25.
Without complements.
1249 x 3 =2 D-N/2 = No. of digits.
77T 51000 40 156 064 2 5702 B1
122011004 15 11610610417 -7 20 2 3%
1 2 4 49 7991 967871 48594137751
6 11712 24 1924 272 424 16 192017 31221 1423 10919 |8 12 2
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Mumbery epdizin |

1) 111 =0.09
Haa 2 digita.

D121 =117 x 173 = 0,142857 / 3 = 0.047515
117 =03/7 =0.047619
Have & digits in accordance with its factor 7.

3171 = 0.03225805451612% this comes umder sub meltiple rule.
D-N =30, 2X15=30

4141 Special casaas 41 x271 = 11111 Sub multiple rule.
1741 = 0,0243% IxB=40

5) US1=1117x3
It has. 16 digits in accordance with its factor 17,
1117 = 0588235204117647 -
(117) 3 = D196072431372540

&) 1461 = Mo factors.
Has 60 digits (D-N)
Complements are present from 30 (D-N).
T 171 Sub multiple rule.
Has 35 digits D-N"2 digits.
Complements ebsent. (- Odd 35)

§) /Bl =0.0373 = 0.01234567%
=1/ x 1/27=03/27 =0.012345679

9) 1M1 =1/13% 7
== 1113 x 1/7 == 0.07652%/7 - 0.010/909
= 17 x 1713 => 0.142857 /13 = 0,010 7 985
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SPECIAL CASES

11727
27 X 37 = 999,
27 = 999/37
1£27 = 37/999

w127 =0.037

7 1437
3727 = 999
37 = 900/27

137=0027.

3) 1141
41 %271 =1111
ST =271 = 271 x 990990 = 002439
Conversely 1/271 =41/11111 =41 x 5/99999 = 00360/90099 = 00368

{Or) it can be worked out as

141 =9369=0%x 1360 =>7 2 0
7332

1 ¢ 0 271
1 10 26 3

D027 x 9= - 02439

H1TA=73X 137 = 10001
10001 X 9999 = 00009000 - 1,73 = 137/1000] = 137 X G900,/00000000
06136 9863
{on)

t» can be worked out as

173=3/219=13x 1/219

1/0 0 4 5 6621
fF11012 14134 2
D0456621 x 3
={.01355853

3} 191
Ekhadhanikand
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COMPARISTON
Ekhanyuna sutm Ekadhika sutra
(1773) VT3 =3219 =3 x 17219
137 x 73 = 10001 Apply ekhadhanikens rule 1o 17219
10001 x 9999 = 99999999 1219=00045 /0 0 4 5 6 6 2 1
1473 = 137/10001 6621 /1 101214 13 4 2
= 137 x 999999999599 17219 x 3 = 0,00456621 x 3
=0.01369863 =, 01369863
| Complernents from §.
1M1 1/41 = %369 » 9 x 1/369
=4l 2271 = 11111 Apply eihadhanikens rule to 1/369
1111 2 9 = 00009 1369 = 00271 :
201061 = 2711111 =271 x 5/99999 110263
=0k 9 x 17368 = 9x0.00271 = 0.02439
127 and 1737
TxiT=999 -
1127 = 371999 = 0,037
1/37 = 27/99%9 = 0.027
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OTHER ENDINGS (With out factors in D)
Mow consider the fractions ending with 3 in D's but having no factors.

I.ul:u:uf% Il:umh:rufdi,giuhmmiugbﬁmﬂisﬁﬂnmmp—-ﬁ

2
W#MMWﬁm%,THmilinm halves ong s¢t is complementary fo the

other from 9. The end digit is 3. Ekndhils sutra is not applicable to it.

1
L~ 7698

In order to apply Ekadhikens one has to write 1—; H% for which the Ekadhiks is 4 on

qﬂimﬁmufmmdﬁmm%wmmmmmmm'r.m

wrile down
1

1 _oz25641
= &

221
ﬂw%nan%_maxmzmi-rﬁmﬂ
Y .

i o= 076923

hm:%mw:gﬂnmmthu%

wmﬁmuum%mmmuﬂynﬁmmmmmnr%mumﬁuw
1

the value of -

Hwapﬂhingﬂmﬂihmm%m&dhﬂni:l We get 22 digits of recurming

decimal

=0 1440275362318840576971

1336015324121 6524564

%=nmm*rm1¢mm3na

.'.-1—-3:l

&9 69

1
6
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ﬂwmﬂpﬂhmlh:}ruﬂmﬂ% Hn:iia%-ildhiumﬂnuﬁum
from 9w gl the full sof of recuTing.
%‘-ﬂ'iil?!lﬁﬂﬁﬁ-ﬁmphhnﬂm

95652173913 - derived set

= . (4347826086 § 95652173913
= 01,0434 TE260BGS6521 TA913

-

o = 0.M34TEZO0BGS56321TIN 3

nmwm;mmnmmmumu?

M%Th‘uhmn\rmdm % and Exadhiks sutram i applied. The Ekadhika Is 13 and

the last digit of the recurring decimal is 3.

.-.%--ﬁ:s:s 580139534 B8372093
3 4377101512646101 10 4921123

.'.lHntildﬂ;iuuLthnddmh-nﬂuhuzﬂl-ﬂ

43

Whichis2=N - % -21

H|"'Elﬂﬁ|m

2
Hus no complement.

Now % this is mbso 5 tho #bove case comvrting ioto % and applying Exadhiks sutram

whose eleadhikena is 16, Therefare we gﬂ%. But the no. of digits is 13.

1.3 01 386 792452863

55 1.
4131012143784 134

DM =52 and 4 times of 13 gives os 52
No complement as it is an odd cumber.

5—13 Can be done similarly and s00n___

Vulgar fractions having factors in the denominator.

1
Congider —

3%
11 1_ 1 1, 11
W Ix13°99 7Fx7'69 2x3'9@ 9xil

(48
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%u% %hmmmdﬂ%vﬂundmdiﬁdammﬂnﬂmﬂlﬂf—hﬂ

1o DOTEO23 _ o ks

1 - 1
B Has the same oo, of digits B S

% cam alsa be obtained by applying ekadhikens sutram but the no. of digits in the recurring

ummmmmﬁm-mmmﬂm

1 1.1

_—=

4 77

" i3 The total no. of dijgits in the recurring decimal is not 48 but (49-7) = 42
mm% ekedhikens is applicsble but the complements occar from 21 digits.
This comes under the case of similar factors.

1 1
Here we can add — 1% 13:-: Hmamlumu:mﬂ::ahnm

n;mmz l:’-E-:-'a total n. of digits in recurring and after 39 digits complements

ﬁ'ﬂmgmhaumm
1 1
Dn:mh:nhﬁ-:rma similar patiern inuuafﬁ- Tl

rmmmmmﬂmmmMmﬁmﬂﬁdighiﬂ soonm_

1 1 . . . 1 fa
— = e divide: 3.
Mow R |uuhtumnlh:.rtlhn_iﬂn ml.:u:rinidb:-im.llu EI:ll it by

" 1 '] 1 ¥ .1
—= = (0434782 173913 x =
& T3 0.04 34 TE26086/95652 g

ﬁl_g— 0,01 445927536231 BE405 971
.., It hag 27 digits as accordance with its factor 23,

T " 3x9'57 319 _

1.1 1_03 I 1

—_—== i A —x==— = 0037

="3"579 ﬂ.ﬂ!?nrgx3= 3 |

-:? a special case where the no. of recurring digits is 3.

Refer under special case section.

1 1 1
=" 3:1 Here we consider the value of lganddmﬂmgnh}r?rmgﬂuuwluwrﬂ

.1 iﬁn.usaﬁaﬁm‘mﬁam
EF 1873 3




%- 0.0175438596491 22807

The no. of digits in the recurring is 18, [n sccordance with the factor 19.

The Code Language at work:

Swamiji expluins the part of the unlocking of & few specimens in which the cods in
conjunction with ckanvens sutra can be utilized, for the purpose of postulating mental ooe-
line snswers. Infect the Viedic sutras which explain rapid process of mental arithmetic harve
been already demonstrated by Swamiji. But stll the master key for unlocking the other
portals have been illustrated only in & few cases. For example, “ Kevalaiah Saptalam Gunyst
where Saptakam means seven.

From the YVedic nnmniulmdﬁ{ﬁmhqqﬂﬂj:uhkﬂﬁmﬂwmﬁihﬂlﬁh
the chapter of Vedic numenical code) Kevaliah represents 143, In case of kevalish saptakem,
for 7, multiplicand should be 143,

Tx 143 gives 1001
e 7 x 143 = 1001

Mere this 1001 can be written uqmlm—-gg?g
b s I
!

1_ 143x999
Wow 7" 599999

Applying Ekanyunena sutram it beoones
This is simply .142857

While applying ekanyuncoa sutram, considering 143 x 999 one can immedistety write the
anmwer a3 1427837

wTxl43=

142/857
99599

Similarly another sutram rend &3 kala ksudrasaspioh from the code given in appendix
kalau stands for 13 and ksudresasioh represents 077, The spplication of ckanyunens.
In case of 13, 0772999 = 076 923 Le. on spplication of skanyunena 077 bocomes 076 when
multiplied with 999 the answer is 076913.& 923 being complements of 076 from 9°3.

There are 6 decimal digits in the case of &
13 x 077 gives 1001 = 13 x 1007 = 13091
and 1001 can be written &3
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The third cese where the Vedic sutram kamse ksamsdaba-khalairmaliah kamss, Kamss as
read from the code = 17 and mesns 05882353, this multiplisd by 99999090 can be worked
out by applying clanyuncna sotram as the first part of the answer and =
05882352941 117647 the results can also be represented as

17 x 05882353

17T x
ciifi be wiitien es

gives 10000 —1 ==17x05882353 = 100000001 and 1000 = 01

1 0SBBZ353x990099599
T —

17 9990099009999000
17x0588235294117647 = 9999995999959999

5 =0.0588235204117647

Remainder guotient complements cvcle:
This deals with nules goveming remaindars.
I.ﬁusmnaid:r% the successive remainders ane 3, 2, 6, 4, 5, 1 on reaching DN i.e. 6 then

half of the work is completed the second balf are nothing but complements from 7 of the first

healf.
ie. 326 —»firstpan

ﬂ'} ?j ?] —» second part (Complements)
Ehacanuj'ﬁ:ri

17

‘The successive remainders are:

WI1514 4 & 9 5 1672313118121

72 31311 B12 1

(7171717 17 17 17 17 .
The last § remainders are thus complements < from 17 = of the first eight ones.
Hnwhushyfht%th:rmﬂndmmlﬂ,?,uﬂlii.nﬂ}-mmﬁnmﬁ
remainder will be 3,4, 1.

10 9 12 =fr

34 1 -zpD

13 13 13

This is also applicable in case of 19.the remsinders are
05126 31115 17 18
214 713 16 B 4 2 1
OIS 9 09 15 19 19

Here agnin the first nine remainders, when added suecessively to the next nine, give 19 each
tims,
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. We obgerve that in every case the remainders = halves sre complements Fom the
individual diviscr and it is also clear that quotient- halves are complements from 9. Infact this
recdioces our working time for remainders.

1) Now in the case of 7 ending denominators with no factors. Regerding quotients
the recurring decimal ends with 7. The division shows. (no. of digits is D-N=6 )
71000142857 ; =0.142857

I
a0

-8 EREE B

mwmhaﬂmmmsﬁmnﬂH%ﬂﬁu&Mmm
stop and take the complements from 9,
m%mﬁhmismwmmmhmﬁmmhw
fraction must be convenied (o & fraction having a D ending in 9. '
1 _ 1x7 _ 7
For oxample &5 = 717~ 119
HﬁeﬂmhnﬁmuT:i:—guﬂ%mhﬂMhm:mﬂhll
Hﬂmﬂwﬂﬂhmﬂqﬂ@]ﬂlﬂ?hlﬁﬁjﬂiﬂammtﬁlﬂ%
oaly up o 16 digits by spplying Ekadhika as12. This is invarisbly 1. Multiply the last 8 digits

Yy 7 and then take complements of ? to ped the remaining 8. Thus the complete answer of

%isinﬂwﬁ:llm@gﬂmﬁpplyekﬂhﬂmm % 10 get 16 digits.

§ i =7226890756302521
) Multiply the 8 digits of (a) by 7 from the last digit. 94117647
¢) Take complements of (b) from 9 to get the complete valus of —

17
- (5882352 /94117647

%umﬁmmamw&mm
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#mﬂﬁiﬁﬂuwﬂq fior 23 digits ooe can get the remairing digits by writing the
comphements from 9.

%Hntuﬂy!!ﬂdh in s rocurring form &3 % isodd

%m%@uhhmm”mmﬂ digits one can write down
complements from 9.

(V1) Maultiples of basic fractiops:
First method:
1) Writing down the muliiples of vulgar fractions by considering the original fraction and

pusebering them in ascending order.

Lnunuiﬁn%

% = 0.142857 now numbering the digits of the remaining decimnal in ascending order

;-u.lqzss:-‘

(@ @) (6) (4 (5)
The Cycle for 2 starts with 1, a3 1 i firs in nuumbering and then moves in clockwise for all
tho six Ggits. Next 3
2 w0.285m4
zmmmmg starts with 2 and the similter method is adoptod.
2 =0.d28571
4 beiag he third in pumbering. 3 stars with 4 st similes method is sdopied.
;-u.muﬁ
S being Sourth i sabering, ; starts with 5.
2 «0.914285

?Hngﬂ!’d:hnmhu{ng.;mmh?.




; =(.857142

nmmumgmma
Thuse the cycle is performed.
Now in few cases, some digits are found more than opce.
For example:
% «0,0588235254117647
0.0 5 & 8 2 31529411 7 6 4 7
1) 109 (15) {14) (4) (83 (I (5 (16} (7Y (2) (3) (13) (31) () (12)

Here we find the digits 1,2, 4, 5, 7. § are repeating, and then one has 1o consider the very
ndndiplnfﬂ:rrp:ﬂmdiﬁuﬁrumﬁum_md sccordingly should be numbered,
nﬁhmmmhhmnfmamnﬂ%uuﬁnmm
numbering should be in sccordance with the increasing value. The first preference should be
given to the recurring mumber in a smaller value i.e. 1 from 11 should be numbered first and
next | in 17, » similar procedure is adopiod whenever the repetition ooturs.

This % starts with 0, and the rest of the digits are followed, aa it s in the sbove
case,

2 .
3 Can be written a3 starting with first 1 followed by 1, 7, 6.....c%. in cyclic order.
rd

17
Eimil.m-lz.r% is 0.1764... in cyclic order. Thus one can easily write down 5 u:—:- -
ﬂ,ﬂﬂﬁ_ﬂ-ﬂt.... completing the cyclic arder. (The values are written according o the
numbering)
_ In cases where the number of possible multiples are moch less than the digits i the
decimal equivalent then the values arc obtained by the simple multiptication. This is the case
1

Thig -~ = 0.1176470588235294

for =,

5

For example:

1 . |

1 0.0 T6HL3

. . . 1 .
E:uﬂﬂ:ﬂ.ﬁlh}'muhﬂrlﬂ 5] with 2,

1
_'r—.::l'z — Ly
13 * 3 x 0076923 = 0153846 and 50 00

d (i i) !

This method removes the ambiguity met with the numbering method.




Fxj

Consider 1—‘? = 0,05 8823529411764 7

First step:

Multiply the opening digit or digits 0.0538 by the required numerator for example when we
want the answer for 1_";; ie.2 x 0.0588 = 0.1176.

f‘_:, Should start with 1176, Then one can hﬂtﬂh}'immm—mﬂf

points 1176 and then write down answer starting with 1176 in cyclic order.

li? = 0.117647058823529 4.

Similarly 13—? starts 3 x (0,058 = 0,1764 on locating this value in % one can
wiite down with 0.1764 as starting point and complete n cyclic onder.
3

T =0, 1 764705882352041

Elmlnl}'nn:mnirﬁudumﬁ'nm%\wlnz,ﬂ!vﬂmnf% a8 follows.

215 x 0,0588 = 0882 )
On locating this value in—L., the value for = can be writien dowm starting with 0.862.., in
eyelic order. % = (LB §2352041176470 5

Third method (Antyam Antyena sutram}:

This method makes wse of the multiplication of the required multiple with the lest digit of the
denominator. Then one has to consider the last digit of the result and locaie n the value of
%ﬂmmmmmum
mempln,mmhmhﬂnlmnf% ﬁum 7 one has o adopt the following procedune
sﬂ-zsm% should end with 5.

% = 029411 76470588235

If the repetition of the digit oceur then has o consider the phenomenon adopted in numbering
the digits in ascending order as in the first method. '




Independent Method:
When onc wants to m;;'ﬂﬂsmbﬂwﬂnﬂm% -%.uﬂngmmdhiknwm

%wﬁmﬁkﬂh&kmmhjuﬂaﬂup&gmdiﬁdmmmgmﬁ:ﬂuﬂdm

One can stop working either when (D — M) or the last digit of ([ ~ M) is attained, from then
Onwards the complements from 5 can be written,

l:nui.d:rduwan-;l

w:mwmu%-mims?

;-% = Ekadhika purvals 5

Struight division by 5 gives  0.142/857
214

We can stop here 42 has artived (D -N =49 -T=42)

Henee take its complement.

2_2x7 14 _ 14
P D_N=49_14m
;%57 w5 P i

Straight division by 5 gives 28 5/TL4

4273

; = (L 3E571 4

3 3«7 2N

7= =2 L& Ne49-21=28

=7 49 5

Ehugl:.tﬁmmnhyiaim 0,428/571
142

=3 =g anesri

7

4 _4=7 _ 2 IB
— D-N=40-28=11]
7 T W 5
Straight division by Sgives 0.5 7 1/428

ipz

; =0.571428

S.5%7 35 3 p N-4s-35=14

7 Tx7 45 5
Stwight divisionby Sgives  0.714/285
621 ; =09 14285
6 6x7 42 42
6 _6x7 42 _ 4 o g 4.7
¥ Tx7 49 = 5 e
Straight division by 5 gives L85 T/ 142

230 g -0.857143
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Recapitulation (and Supplementation)

One can derlve the same result by contidering any O. P taken from the
remainder set. While doing 80 one has to consider the problem & group wise set of
rernainders.

For example let us consider the problem 17173 the enewver for this is 0. 076923

The method of obtuining set of remainders oo the basis of G. P among the
remainders and also applying the Seshani Ankens Cernmena is as follows:

1413 gives tha first two remainders &3 | and 10 on the basis of G. P among the
remainder one can consider 1082 G, P i}

With this as starting point we can derive the complets set of remainder.

Starting with 10 the next remainder is obtained 10 x 10 = 100 casting of
multiples of 13 from 100,

10091 = 4.

Next congider 9 and multiply by 10 (9 x 10 = 90) and cast oot multiples of 13
i (30-13%6 =12) gives you 1.

This process is continned until the recurrng mibare appear

12x10=120=117=3

Ixll= 30- 26=4

dxli= 40- 3=
<. The remainder s is 10, 9, 12, 3, 4, 1. From remainder set one obiaing the quotient by
multiplying each remainder with divisor or denominaior and consider the ceramankas.

{Application of Seshani Ankens Ceramena) thus ooc gets
10x13,9x13,12x13, 313, 4x13,1x13
130D, 11(7) LHE), 3(50, 5(2), 13)
= (. 07E323

One can oblain the same result by considering any of the remainders as G.P from the
set. The procedure adopted is grouping of remainders if the 2* remainder 9 is considered as
G.P group Lhe two remalnders &9 a single unit.

(5]
x® x9
1) Bl
=78 - T8
@] 3
D %0
108
- 10

“|EH

i
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The remainder et is 102 12 3 4 | - same st as derived incase of G. P = 10
Let us consider the 3% remainder 12 a3 G. P. Hence one has to consider or groep the

thres remainders a3 & single unit,

] Oz
x12 x 12 x 12
120 108 144

- 117 =104 143

= [ O

The remainder sed is 10,9, 12, 3, 4, 1 which i3 agnin same as the previous set.
Let us consider the 4™ remainder 3 23 G. P. Hence one has to consider or group the

dremainders a8 a single unil.
=1 2] [3]
x3 x3 x3 xl
k. 27 36 9
-6 26 - 26 0

s B w B

The remainders set 13 10,9, 12,3, 4,1
mmmqrmmm“umﬂmumﬂmm

Consider 5% remainder 4 as G.P. Hence the group comprises a3 5§ remainders zs a single wnit

my (LeJ Lejl3) L4
xd xd x4 x4 Ld

40 36 48 12 16

.19 26 19 0 -13
| 10 9 12 3

Henece the remainders ==t i3 10, 9, 12, 3,4, 1.
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Still apother method:

Sunting from first 2 remainders and starting with that 22 peometrical mtio one can simply
write doom the set of remainderns,

Fﬂn;qh. Hl:ﬂ-m:ﬁd:r% the first 2 remainders are 10, 5 giving peometrical ratios as 2
the remainder 1.5 being not an integer is modified by ndding 19 to it and divides G.R 2, 50

that the third remainder becomes l'h!-% -IJ). 12 this procedure is continued to et the

et of all remsinders. As soon a3 D-N is reached in the remainder sct one can write dowa the
rest af the remainders as complements from 19X denominator,

W 512 6 3 11151718

214 7 1316 8 4 3 ]
191919 19 1919 19 19 19

Thus the remalnder set obizined ia
10512 63 MNI151718914713 168421

We multiply the corumankas of the remainder by one. Then we get quotient digita
automatically.
119=0.0 52631576947368421

The ratio is determined by considering not caly the first two but sny two of them,

that is at any stage of the work.

Now in & case wheee the ratio of the remainder is %.%.%-—~~ then the procedure is as
follows.

Lﬂuﬂﬁﬂh’# the first 2 remainders are 10 & 15, The GR is | 1 s such, one hasto

he folkowing procedure.
— From the second remadnder 15 how o write down the next? Whensver an odd

number crops by, sy for example 15, lis suscessor is E;“uﬁ this is added to 15417
giving the result &3 48 (15+17+16) Now as 48 is greater then the divisor 17, one can cast off

2 x 17 from 48 resulting in the remainder | 4. Mow 14 being even number and G.R, being 1 _}5

the neoct value will be 14 + 7 = 21 from which the remainder is obtaioed after casting of 1 x
17 giving 4 a8 remainder -1, The next remainder is 4 + 2 which are 6. This process is
conlizeed in & similar manner bearing in mind the odd and even nature of remainder and also
coupled with result whether greater than remainder or otherwise and afler DN tums up onc
get the rest of remainders a3 complements foom 17,
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Thviss the remainder set ufili is

121514 4 6 9 5 16
T
171717 171717 17 17

Thus the remainder set obtmined is 10, 15, 14,4,6,9, 5, 16,7, 2,3, 13,17, 8,12, 1
Now multiplying the cernmankes of remainders with ceramankas of divisor 17 (.e. 7). One
pets the quotient sot {considoring the commankss of individeal repulis)

11-?-0. 0 58823529411764 7

No. Of decimal places

The no. of decimal places which on division, the decimal equivalent of & vulger fraction can
be known it advence without warking the full division.

With the help of successive remainders, we can work out all the forth coming
remainders. (Reference methods (id), (iii)) Application of geometrical progression and sutrem
Sesani Ankena Ceramena, This tabulation can be proparsd succesafully af any moment. The
method can be summarized as follows,

L As s00n ms one reaches the starting point for cxample
decimal places , remaining a hand can be easily known

i11 1
71317 19 O e 0o of
ii.

iil. As soon as one reaches the difference between the denominator and numerator (D - N,
Ooe can $op working and complete the remaining by considering the complements of
dendminator.

iv. Assoon & 0ne reaches the fadrly 2mall and manageshle. Remnainder one can cxsily sopect
the remaining.

Couider 5
The first remainder ia 3, this is taken &8 the successive multiplier together with the
provision for the casting out of sevens (7}

3,2,674,5, 1 = this i% the set of remainder a3 *1" is reached
(o)

Consider the remainders up to the value of D - N i, (7=-1) which i3 6 is resched a3
the remainder and hence one can stop ot this stage and take the complements of 71e. 4, 5, 1
&4 the rest of three suecessive remainders
(or)

From the consideration of guotients Le. the first two quotients are 1, 4 ot this stage
ibe remainder is 2 multiplying the two quotient digits (1 4) asa group by 2. We get 2 § as the
second group of quolients, At this slage the remamder s 4 5.8, 2 x 2 1.6 two times the first
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remaainder. Now furthering the proocss the group 28 is multiplied by 2 to get 56 o the third
Mhmmmwh4xlnlnpl??hﬂnuqﬂ
wuputi pow we have to add this to the group 56 which results in 57 and the final remainder

isl,
Snlhnnwﬁm-l is. 142857 .

anhﬂﬁhl—?

one has to consider the divislon to sen until the first minimum remainder is obtained.

This is achieved after four decimals, Which are 0588 multiplying the quotient (,0588) by
remamder 4 Lo 00588 x 4 = 2352 which s the second quotiont group. At this stage
m&uuuuqummﬁnmnﬂwuumu“—;"ummm
mm-iﬁnﬂ-wmﬁmhu?,im:—?-ummsﬂll?ﬂT

It iy ooticed thet the gecmetrical series concepd 1, r, ¢ _ _ _ is used fn
rh;uwpmmmafdmhﬂﬂpﬁﬂuﬁhww
Foc example in case of — 1 the remsinders aec 4, 47 —1',1’ o

17 ———7

o summary we can say thet Ekadhiks sutra works more superior (o other
methods, any and every vulgar fraction can be tackled and converted to the comaponding
recurring decimal and working out the decimal places in advance. Now these methods can be
worked et fur all pessible denominetors end sumerstor kading to the no. of decimals m any

The coaverse process is the onc in which the conversion of decimals into its vulgar fraction is
worked oot
The working details of one example is given below this is based on

the proposition .'.h%-l
Similarty .ﬂw%-l and
i '
‘H-ﬁ 'l'l. mﬂmﬁuﬂm

Knowing a recurring decimal one should find oat by what number the former is multiplicd so
that one gets all 95 as the result. The given recurring decimal is 0.076923
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This is moltiplied firgt by 3 007623
—_—
0230769

(From the point of view that the last digit of decimal i3 3) and to get the result in all 9

Step;

One should choose pext the digit in such & way that, when the given decimal is multiplied by
it, the last digit of the result when added 1o 6 again gives 9.

This procedure i3 continied until one gets the result all m #'s.

General explanation:
For example one can work out similary
4612326215434
0OSEB235204117647
%17
411764T058823529

—afi6235294]17647
5995303000099 990

Consider the recurring decimal
005682 35294117647, When this is multiplied by 7 we get the last digit of the resoht as 9. In
order to convert 2 to 9 ooe should multiply the recoming decimal end place it undementh the
digit 2. T ihe entire resull is in all 95
Henee (,0588235204117647
Consider another example
The recurring decimals,
0.01 44527536231 884057971, When this is multiplied by 7. We get the last digit of the result
a5 9. In order to convert 1o 9 one should multiply the recumring decimal and place it
undementh the digit. Thus the result is inall 9's,
44B26455221773 TEG
0.0144927536231884057971
X 69
1304347B26086956521739

0995039093 9999999999959
< 0014492753623 1884057971 -%




Significant points noted in the evaloation of the recurring decimals in case of vulgar fractions
[%]ma:nﬁmhmmms.

L ;!hmu?uhgﬂmh-nm

r mamber of digity in the recyering decimal aquivalent i
(Denominator (D) - Numersor (N)).

e, D-H) & (D-1) {Refer table ftem (a))

{In all cases where the Denominator has no factors)

But if the Deoominator has factors, the (2 - N) rule will be different and it will be
dealt under similar factors and dissimilar factors separately, However the Ekadhikena sutram
is apphicable and the final result fs thus obtained from it.

Recarring decimals of the fractions with the Denominator having similar
factors.

MMmhwm&gmm%

The number of digits of the recurring decimal equivalent is not (49 - 1). But it s 42. This can

be sxplained in the following manmer:

Lt s consider 3 = 014285 % and divide it by 7. Tﬁsﬁmmvﬂﬂnﬂ%.
The division when carvied will be complete whea 7 times the recurring decimal of -

is considered successively that smounts to 42 digits. Hence (49 = 7) = 42, instead of (49 - 1)

= 48 is the corect answer,

Under this category one can explain the recuming decimal of

1 1 1. 1

165 13x13'289 17x17

Recurring decimals of the fractions with the denominators haviag
dissimilar factors:
1_ 1 . 1_ 1 .1 _ 1

W 13x3' 69 B3’ 129 a3

Fmﬁmﬁtmmhm%t%,%
When Ekadhiks sutra is applied, the answer shows the following demmils regarding the

umber of digits which follows the sub-mulfiple rule, i.c., for example in the case of o, (D -

Hl
N) =78, The sub-multiples of 78 wre 2, 3, 6, 13, 26, and 39,
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The oumber of digits as obiained ﬁr.;—gb:.r using Ekadhika sutra will be 13 digits
which is sub-multiple of 78,

ﬁmﬂuhr,‘mlhnmuf%,{ﬂ—m-ﬂ.
MNumber of diglts in the recurring decimal equivalent is 44, which 13 sub-multiple of 88.

Sienilarty, in the case url—;é.{ﬂ-m- 136,
H;.mhu'nfdh:lll in the recurting decimal equivalent i3 46, which is also & sub-multiple of
138,

. 1 1 .
%Ehﬁhunpﬂmm—ﬁ*[u—!i],hmmhmﬁumm

of valy 6 digits (instead of 38). G2564i muquum%nr%,m%ar{.ﬂmﬂ;.%
gives 6 digits us its recurring value, Thu.sth:ﬁuln.umhnnfd!ﬁuin% is thus equals to 6
digits.

Similerly, when Exadbiks is spplicd to % 'Ela.&ﬂwﬁﬁemw
equivalent consisting of ealy 22 digia (oot 68 digits), 0144927536231884057971. This s

— % nf-;s. it % of (.0434282608695657173913). 315 Gives 22 digits & s

recurring value. Thus the final number of digits ia %hﬂ.

Similarty, when Ekadhika is applied to-=., it gives tbe recurring decimal squivalent
consisting of anly 21 digits (ot 128 digits) i.e. (,007751937984496124031) . This is cqual 1o
%nf%d.ﬂ., % of (. 023255813953488372093). 4i3 Gives 21 digits 3 s recurring value,
This the fnal sumber of digis in therecuring decimal value of -2 s 2.

Simsilarly, when Ekadhika is applied to-—L-. it gives the recurring docimal equivalent
consisting of only 48 digits (nt oot 118 digits).

JO084033613445378151 260504 20168067 226890756302521

This is equal to % -:nl':'—?,i.t..—;- of (005882352941 17647)




w

%ﬁmlﬁﬂﬁuuiumﬁmvﬂmnﬂywﬁmhhmﬁmﬂﬂmﬂﬁmﬂn{

mp:mddiviﬁmnfhhy?numﬁwl}r,du\ﬂunflhurmr‘mgdnﬁmuluf% i3 arrived

at this final pumber of digits in the recurring decimal value of 1_:94 is 4.
1

ﬁmm@,ﬂmﬁndﬁkmh@pﬁdmﬁ-(%:%]ﬁmhm
decimal equivalent consisting of only & digits but not (188 digits). 005291, This is equal to
1 .1, 1.1.1.1

— of=, 18 oxoR—x—,

P2 AR il B M R A
%Gim&diy‘m:uimmningnh:mddh'iﬁmnf%hyﬂruﬁmuﬁmm

Mmﬂ%.ﬁ:ﬁﬂmﬁﬂﬁﬁuﬁﬁemﬁuhhﬂﬂuﬁﬁ is 6,

Eegarding the recurring decimal of the vulgar fractions with its denominator ending
in 1, 3, 7. The detalls are given in that sections dealing with them.

Recurring decimal of fractions whose denominator ends with 1, 3, 7. The common
procedure is to convert them to 9 ending and then spplying the method described in the
previous section for the 9 ending cases,

1.2 5,1 L o6
F"m""’n'w Exﬂ.hpplyingekﬂﬂkmafhrgg

1- h:l- M = 3

m 9 e 9 (0.01) = 0.08

Does not satisfy the (D -N) rale, but it satisfies the sub-multiple rule 2x 49 = 58

exacily 9 times of {0.005281 ) |

% can also b written as %n%.[ti:%ﬂﬂ.ﬂbl:sluﬁmﬁnm% and dividing by 7 (or)

Mﬁngﬁ'nm%mﬂdhridiughyl

(&) Starting from % Le.. 0.3 and dividing by 7 successively 6 times one gets the recurring
1

nature for ¢ s 0.047619 .

The number of digits in recurring decimal is in accordance with the factors rule i.e., same as
that of the highest factor.
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(b) starting from % e, 0.i42857 and dividing by 3 one gets the vale for — &8
0047615
The pmber of digits in the recuming decimal is not 20 byt o accordemce with Factors rule.

;1 is obtained by converting it into & 9 ending decimal as i and epplying ekadhikena,

“ ulq:umlcu:nuxﬂt-l]lll- The valoe can also be oblxined by applying

Mﬂ:ln%. The recuning decimal equivalent of == = 0.62433.

1 271 271x9 2439 .
T = 002435 (99999 = 9x11111)

The number of digits in the recurring decimal equivalent is 5 (bot not 40). This comes under
sub-multiple rale 835« 8 = 40.

1 1 . : 1 L
TR Th:rnu.nﬂmda:mlnqmvllmmfﬁ 1s 16 digits bat not $0.

_1. « 0.019607B431372540

51 is workable stating from 1. and dividing by 17 (o) starting from 11__, and dividing by .

mwm%eg{u‘] und dividing it by 17 suceessively 16 times ooe gets the
. 1
mmfur—ﬂ.

(b) Starting fom Ili ie. (0.0588235294117647) and dividing it by 3 cne gets the value
dr;—lﬂ:nmmhnufdigiuinrhemuhgduhndﬁ;ui\mjmh I6 which are in

3 Egdlag:

1
303
%Emhmvmdinm%apﬂmmﬂﬁkmm _;5 and multiplying it with 3, we get

Mvﬂuﬂfﬁ 23 0076923,




k)

1 3 . 1. Y
B 5 "% 0.025641 x 3 = 0.076823

The number of digits is noEIEbiES, whichis . sub-multiple of 12.
%mm.m.w%,wm&-ﬂﬁtnm_%udmﬂﬂHMHmlmﬁh

i
valoe of —.
oe o 3

1 3 1
E-E-Juﬁnﬂx{.ﬂl‘iﬂmwu

'%-Mﬁﬂﬂ&!ﬁﬂlﬁ&li Tt has 22 digits.

%mumm%mﬁamw;—gmmmmms,hwm
1

value of .

1 3

E=E-BME_3:UJJI_UJ§3

The number of digits in the recurring decimal equivalent is 2 but not 32, We notice 2 is sub-

multiple of 32.

%zmabymvmuu%.mmhmuhmm%.

All the 3 ending cases can be convenied 1o 9 ending and then Ekadhika can be applied (or) if

there are factors then factors role is applied.

1 Ending:
1 _0iazss7,
7
: . 7 1 1
This can also be written as ﬁh"‘?“ﬁ {F:F:rlnﬁ]
7 1

1 .
ﬁ&nh:mnmi:dmﬂmdmgm 19 I_'R.:ﬁ:tnm}
1 1

I?Is!xixf

% is0.3 , when this is divided by 3, we get 0.1 now when again divided by 3 we get 0.037.
This can also be dealt with special cases,

% it & apecial case (Refer to its page ).




Section-2
AUXILIARY FRACTIONS
I the wsual division in case of vulgar fractions & decimal fractions we generally consider the

usual method of divisions by powers of ten and the resulting mumber is later considered for
the achusl division.

For example;

84 84 73657
l]jﬁ'? E}-H——I-?Jﬁﬂ'
73657
3]1::: = J3657 and 50 00

Swamii has developed a simpler method by introducing what are called sahayaks “Auxiliary
fractions™, and the work &ppesrs to be well facilitaied.

First Type:
Use is made of Ekadhiks purna sutram by means of which the last digit of the denominsior i
dropped out dnd the penoltimats is increased by coe.
This operation is applicable in case of denominators ending in 9.
This is known s Ekadhiks operation for example the (AF) auxiliary fractions for various
fracticns are as follows,

3 |

l}ﬁﬂ:ﬁl-‘i:i

48 . 448

3]%&51—‘1;%1
73 - 73

4} 22 e AF i 1=

16 T

5]—&;&:&:‘:%
a7 . 47l

6) s BeAFE S

257 257

7) Jgggg Mo AF s o
n . 0.00023

¥ Joem TR
1538 . 0.0001538

%) Tosonsgm WeAFE =5

10) ”W MMEM“':‘“_“W
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Moduos Operandi (first type):

In case of single nine ending the Ekadhiks mesns operation resulting in removal of 9
followed by adding 1 to the previoos digit

In case of number ending in two nines one has 1o write down the numerator consisting of two
decimals and applying Ekndhils to the denominstor after removal of two oines.

For example in the problem (8), 15 is the Ekadhiks of the denominator of
. N 4.71
ST in the AF as ic

This principle is continued for the rest of mumber 9 ending denomingtor a3 shown in
examples, .

To work out completaly let us consider the example

0.00023
3

A _
299999

23
is the AF of ——
299999

Now we write down prefining the remainder *2* to the first quotient group 2: 00007
And divide the new dividend 200007 by 3 the second quotient group is 66669 with zero
remainder.
_ The dividend 66669 by 3 we pet 22223 which is the 3™ quotient group with
remainder zero hence the next dividend is 22223 and dividing it by 3 we get 7407 with 2 a5

- The dividend is 27407 and so om
23 . 000023
Thhmhmmumhmmmhﬁm 3
3}!‘.‘.@?3
Q-.I.'IIII?-R-_E

JO00T: BELG0: XXXXT: MOT
2 10 r 12

Or considering & simpler problem

5 - |
E'“HJ"IFE—ET'

6)5.1
Qe=B-R=3

B 8 4 4 06
3:2:2:0:4 :
E1

59 B54404 50 0N
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The proof there of is
151

3
&3
SAm=0E edsoon

This method is 2l appliceble to the denominsior ending in 3 bocause i cen be
converted to & AF of denoniinator ending In 9.

For erample:
For luiimnhc wiitien s A=

[0
42 _ 4.2
The — e
AFu-fHu?

» P=0L 608695652
21 _ 63 6.3
73 219 AR o5
~ F=028T671232

For

Denominators ending in 9:

L punilisey Fraction = 01
{!]FNE,ALEHMFW 3

H}Fnr:—g-.A.F'i %

| i |
For L AF =21
G)Forg AF =3

@) For = A p= 28

&9 7
=9 . 08
{s}FWE.hF 9

1 0.1

& . 08
{?}Fu-rlﬂ.ﬁ.F =

0.6 0,006
For 28 A P=
(B Foryes 4

50 05
() For=z A F= =
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432 0432
10} Bor — =
{10y 5999 L AF 5

11) For—2— - 0.0005
{11} O g + A F =5

1 O ———— -

i
1) =
119

19)1.00(-052631 578947368421
25
50
28
120
114
6
57
30




'llﬁ = 0.0 52631578947368421

Vedic Method
1 A.F-%

E a
2)0.1{0.05 Q
0l

OR
0052 631578947368 42 1
0 10011110101 1000 0
% = 0.0 52631 578947368421

1
@ %

40 100 (020408163265 3061 I24489TO501 8367346038 77551




240
1%
444
% = ), 0 0408 1 632653061 2244 R0 L RIS THAYIRTTSS 1
1 0.1
w A= 5)0.1 {0.02
4l
]
002 0~ 4.0 B 1 & 3 X & 5 3 0 6 1 % 2 4 4
1] 20_403-[13:1103(:1!124#
g 7 %5 % i1 & 3 # 7T 3 4 6 & 3 B 7 T 5 5 1
34 2 40 4 1 3 3 12 35 41 4 3 3 2 2 00
.:_g' 0.0 20408 163265306 1 22448979501 83673465387755 1
: .
G}ﬁ |
Curresit Method
79) L.OO(0. 126582278481
18
210
158
50
474
460
293
650
&3
180
1ig
M
158
A2
—253
L]
_632
380
i l:]
G40
632




1 .
=), 0 126582270481
75 00

Yegdic Method
1 0.1
AT
B)0.01 {0.01 a)z1(2
0.08 16
0.02 2

0ol 2 6 5 &8 2 2 7 B 4 8 1
0.02 £ 4 61 2 6 63 6 00

%- 0.0 126582278481

OF

5955.0{- 1155420289855072463

ﬂ [
110

9
410

243
650

621
290

al6
140
138

00

Bk

138
620
332
680
f2l

390

%

380

345
350
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243
500
483
170
138
30
216
440
414
ol
207
530
483
470
414
560
332
. B
S == 0,1 1520080855072463 764
w 0.11 Tod
Yedic Method
8 .z, DB
E""P = 7)0.8(0.1
07

—l
0611 59 4 2028 9855072463 76 8

d 46 21020606353 303512423534 510

%- 0.1 159420289855072463768
5
©) 25

899)59.00 (0656284 TO0B4 53837597
4304
3060
4493
5650
i394
2360
1738
60

1192
4280




% = 0.06562847608453837597

L 0.5
e AT
9)0.59(n.06
0254
.}

006 56 28 47 60 B4 53
5 2 4 5 7T a4 7
559

is *ETH = ﬂ.ﬂﬁiﬂﬂ?ﬁﬂﬂﬂ B3Tsa7

&

575 9 ..

8 2

$Ea
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1
(5) 5

Cyrrent Methosd
129) 1.000(. 00775 153 708440
203
70
503
670
H45
250
128
1210
st
490

287

1030

=20
1270

1161
1090

1032
580

26
640

216
1240

1161
10
.
15 0.00773193798445

Vedic Method
1 p= 0l
=M B 13)0.1{0.0
20
1

I 10 9 6 2 12 4 10 1210 5 6 12

1
o = 0O0TTS L9 T9R44S
129




82
4 06
199)82.0( 412060301 507537688442211
J96
240
199
410
398
1200
1154
600
397
300
199
1010
595
1500
1353
1070
993
750
597
1530
193
1370
1154
1760
15362
1680
1582
880
19
840
796
440
308
420
194
220
198
210
199
Al

% = 0.41206030150753 7688442211
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Vedic Methiod

82 _ 0.82

m AT

2082041 041 20 60 30 15 O7 53 A BB 44 2 11....
1 1 0 0 0

02 0 1 0 O 0 1 0

0

% = (A1 2030] 575376 EAE22T1...

0.6
® 35
Current Method
0E &
399 3990
3990)6.000 ( 001503759398496240601 5
3990 '
20100
19950
15000
11970
30300
27930
23700
19950
37500
35910
15000

L3
39300

13310
33900

31920
19800
13960

3B400
33910
24500
23340
2600
19580
16200
13260
24000

23940
G000




290
20100

19950
130

.-.% = 0,001 S137503084962406015

Vadic Method
06 o 0006 o0 15 g3 75 93 98 49 62 40 60 5.

4
» § O 3 3 3 1 2 1 2 0 O

= BE b 0015007592984962406015
%
50

¥ 209

295)50.0(0.1672240802675 58528428093

222
2010
1794

2160
023
&0
bl |
720
=28

X0




3

25240
a9
1280
1196
B840
=
2420
232
2800
2691
10
g7
& ]
.-.ﬁ-u.mm:ssmmm
afiedled
™ MU

3
016 72 24 08 (2 67 55 85 28 42 B0 93....
2 0 0 0 2 12 0 L 2 2 1

% = 0, 167224080267558528428093

432
(1 55

6999)432.00(, 061 723103300471495927
41994
* T12060

5999
50610

48993
16170

13998
21720

1230




45003
10470

s
470
al996

671

£2991
#1450

34995
64950

62991
19850
1158

33920
48893
L2221

'E-
* 5550 0.0617231023004 71405927

4132 0432
g5 MF= =7

0061 713 103 300 471 493 92T...
4 0 2 3 3 6 &

! E-
" 5999 0,061 723103300471495927

W g
?!Eaﬂi5mmﬂﬂﬂﬂﬂﬂﬂﬂiESDD?IJ1!9?&5?*?0?l

129
207810

478120
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IS
781250
119991
612590
1k
525970
470904
459760
299995
597650
249993
376500
219996
$65740
239993
574700
339993
147070
19999
071
5
g " 0000062500781259765747071
iﬁhﬂﬂhﬂ
5 00005
7o F ==
0.0000 6250 O7E1 2597 6574 7071
5 1] 2 5 P "

,9:“ = 0. 000062300781 259765747071

a7 20

59955)600.000 00100000 6666694444507+

229 993
1000000

4000010
1399994
4000160
3390954
4001660
2500994
4016660




LS00
e = (001000001 666669444445074

500 .00

— A& F -—5_

000100 OODDI6 66669 44444 90740 ...
0 4 2 3 L

= (00100000 1 S666654444490740




255
781250

118991
612590
22293
525970
479994
459760
199995
597650
559993
IT65T0
219996
£65740
229093
F14T00
259993
147070
2900
S7071
- = (,0000562500781259765T4T07]
Yedic Method
5 ,p o 00005
Py v B
00000 6250 0781 2597 6574  TOTI
]

a
[ i

= 0,000062500781259765747071

600
(12) oz

599993 )600.000 (- 001 000001 665665444449074

1000000

S99
4000010
2329994
4000160
1590994
4001660
4529994

4016660




500
2 B0 0001000001 666669444445074
590990

Yedic Method
500 0,006

— AF = -ﬁ_
ﬂ,mlm mlﬁ m M Hﬂm Ak EdEEE

0 4 2 3 4

600
o — | G66664444490740
539999 0.00100000




Second Type:
If the denominator of the given fraction is ending im 1 fhen drop the | and decresse the
mumerator by 1,

E:lnplt:
_ﬁP-

T
-

>
(]

HE’EI&E[“

2}—
3}31”'
4}—.&1?

L] =i
1m|

2860 _ 2860
BOOD B

Modus Operandi:

The principles of the profixing eto. and other detzils sre the same as is in the previons

Ekadhiks Awsiliary fractions; but the procedurs is different in particulars, At the divisible

that is after the first division we prefix the remainder not to each quotient digit but o jis

pomplement from nine and carry out the division as wsual,

For example:

13 12 1.2

— A= =

41 44 4

i. We divide 1.2 by 4 and set 3 down as first quotient digit and O a3 the first remainder.

il. We then divide not 03 but 0, 6 {the complement of 3 from 9) by 4 and put 1 and 2 a5 the
lmmﬂqpmuudmhmﬂﬂmﬂﬂnﬂuﬂﬁ:mﬂmﬂhﬂb

*. We hivve 3 1
0 2
il We now take 28 as dividend instead of 21 dividing it by 4 we pet
317
020

Thus now we divide 02 by 4 30 on we get
F=3170713
0202140

Some mors (llustrative examples are: -
33 32 32
_A.F'-_ —==
WA=y =73
=064T0588

2302441




4 ppe 3 203
{1}13.1"”13-!3 13

(0305343
31064546

2 31 ,p 031
) 701 70 =7
004 56 49
3 03 0

24 _ 1423 . _ 1423
“ 361 ~ 3000 "3

L‘;E = 0474508497167

1424
5o = (L4T4508497167
30m

iv. In case the given fraction is not vulgar fraction then convent It into a mixed fraction

Ex:

198 = 6.+ 2% (vulgar raction)

Apply the rule 1 the vulgar fraction part ths
24 72 _ 71 _

el E-1=E 08888

186 _

" oy 6+ 08888

346 _ 1
6 35 =15+
L7 upa B 06
FE] 1&1“ 160 15
004347
06571213

i
S =1 7
7 15.0434




Second Type:
Denominators ending ko 1
(1) Far % Auzxiliary Fraction =

ﬂ}hl_z.j_'[-‘- E,E

21 50 5

51- l=53--5—3—
() For 5 AF=25=3

5 ,po 4 _04
@) For o AF= s

1,0
3 3

{10) For

o=

nizm[-nmsmimﬂjs

188

140
124
160

133
50

3l
190

185
40

k1]




o0
62
280
279
1040
23
T
i
20
62
180
1535
250
248
2
. 2 . &
1 =, [ 6451 6] 2MIL25
2. 1 41
a MTyxT3
o & 4

5 1 6 1 2 % 03 2 1 il/l}
1 1 1 6 1 040 20000 1 2 0f1
)

s = 0,0 6451612503225 8
12
@5

Curent Method
51)12.0 2352941176470588
102
1 80
133
270
235
150
n2
430
459
210
204
&0
21
H)
2l




a1

390

357
330

206
240
a4
360
251
300
233

450

408
420
408
12

% = 0,3352041176470554

12- 11 1.1
a M Tn=5

02 31 5 2 9 4 1 1 7 6 4 7 0 5 8 8) 2
1 21 4 200 332 3 0 2 4 4 171

% = 0.2352041 17647058 6
54
(3 el
91}5411},-5934::15
£ 50
19
310
273
370
kL]
&S00
b
-
A o, 503408




Yedic Method

u.%..i-;; 05 9 3 4 0D 75
8 3 3 0 5 5/ 8

.-.%-n.smmﬁ

5
® 51
Current Method
321)5.00(- 01557632398

42l
1790

1605
1850

1605
2450

2247
2030

135
1040

5
n—— = 0.015576323987
1

4 17 18 24 20 W0 7 12 31 M B 27
)
T 87

0.0155763239




13
(5) 1

171)13.00 [ 076023331 812865497

1197
1030

1210
1197
13
“-’-11-,,3—1 = 0.0 76023391 81286549 F
Vedh ethod
o 12 12
S IET]

g0 7 6 0 2 3 3 % 1 8 1 2 & 6 5 4 9 Uy
12 W 0 3 5 6 15 3 13 2 4 1411 9 8§ 16 12 '-f.-l.”!

% - 0.0 7602339181 296549}




601)2.000( D03 32TTRTO21 63061 564

1803
1970

1803
1670

45630

4207
1300

L2
980

601
1790

% = 000332778 2163061564

Yedic Method
1 001

AF=s —=—

000 33 027 7 T Il & 06 1F ...

1 1 4 4 1 3 0 0 3 0

% = 000332 7TBTO2 163061564




™ 5550

1501} 25,00 (.01 6655562958027981

1301
9990

9840

LB
. Jepy = 1.016655562958027981
Yedic Method

24 0.4

T T
DOl 66 55 56 29 58 02 79 Bl....

9 g B 4 8 0 11 12 3
25
Ao = 0,01 66555629580 7951

1501




&) 001
23001) 13,0000 00056519281 7703578

11 3003
149950
138006
119440
115004
44350
2301
213490
207009
64810
46002
18B0ED
184008
40720
23001
177190
161007
161830
161007
82300
132970
115005
179650

161007
186430

154008
_24n

13
f— = 5
3001 0.00056519817703578

Vediz Method
12 0012
AF= e
o000 S65 192 BI7 03 STE....
12 4 18 16 13 2
i3

= 0.00056519281 7703578
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235
) Ta00001
1m§:smm[-mmﬁmmmm1
1400001
04 59990
24 00006
10 99UE40
2 E00007
1 1998330
1 1200008
TEITN0
T000005
9832150
SE0000T
3214300
4142980
13429780
E297710
TOO0005
12977050
ITI0410
2800003
9704080
R4D000E
13040740
12600008
4407310
4200003
2073070
1400001
_GT3069
L85 TR5 02295926931
* 400001 0.00016
734 000234
AF= 00000~ 14

0.00016  7EST0 22959 26931 ......
10 3 3 6




235
= (. 00016785 TOZIRI926931
1400001

1
500000001

E00000001) 1.000000000(. 000000001 566666663888838

(10

—S00000001
I9ITII050
3600000006

3999999840

IF99998340

3600000006
3999983340

SH000005
3999833340

600000006
3998333340
J600000006

3983333340
00000006
3833333340
200000006
2333333340
1800000003
5333333370
AB0000000E
5333333620
5333336120
4800000008
5333361120
4500000008
5333611120

4500000008
5336111120
4800000008
336111113

1
e = (L0DDO0D001 666666663888838
G0000000L
Yedic Method
1, pa_ 0 _0.00000000
500000001 600000000 6




L

0.00000000 16666666  6358§REA
0 3 g
1

= 0,000000001 666666663 888858
E00000001 1 B88%

Other endings:
(s) Land 3

3

Es.mi- 081

(] EEE

- :
o 0.08i

i 9
ﬁ-mﬂdmmhluﬂm

_ 8 08
AF= 6" 1T

00 8 170
g 1 0 /38

S -
gy =008l

x|
2 1w

15?]23.9:- 137724550898 20359281

167
630

=01
1 290

1210




F0

r:" il ::u-i-.' m 1::..-::ur'|;|lzu=-i ﬁE\'rFEIFIﬁIE.:j :.:::.:
i £50 5 5
’ “_mﬁﬂ'ﬂ! T fﬁ%- FEaEAESIRTABER
!,!!E -Ipl- = kil M| it Bl i 1
e
iher grdings:
@imdi Lo
|
) 1336
Comni Method a4
37) .00 pRL 500
40 550
4 £35
3 _odel 1503
lll ey ““- ﬂ
Y 470
334
3 9 1380
T {Tmﬂimwdm%.ﬂ
AFw £ .08 167
(TTANT) N
=AY 59281

3 6
501
AT s o
167)E500 137T24550RP0684028% - 55 o8 98 ) B
487 i -1 2 %9 4 1 1
630 '
LA
2 %msmggmamm
1168
1210
1168
. 410
134

760
664,
a0




i |

'-}..-
s 0.03

OF

£33} 71.0{ 1332082551 594746

il
1710

1710
132
1o
1066
4400

4264
1360




71
m— =0.1332082551 54 T46
533

Ending in 8:
3
M 35

38)3.00 [ 0789473684210526
L.66

340
k..
360
32
]

1
152
2

pehiERE

“ PREtrd bREd
1




160
152

80
76
40
28
200
150
100
16
240
P}
A2

% = 0.0780473684210526

Yedic Method
Problem is -

38

In this context (denominstor ending with &) firt coavenl it to Al
Fraction which is i'qi-umnunﬁnm.mmmmmmmmm] o i
quotient () and read it as RO 10 get the result. Then the new dividend is got by adding (he
quoticnt to the regult first obtained. (RQ+1Q)
Stepl: 0 is the quotient () 3 is the remeinder(R)
Stepl: Prefix the remainder3 and write 30 in the order RQ.
Stiep3: Adding the quotient () 0 to the first resalt Le (30 + 0 =30).
Stepd: As quotient is zero (stepl) then this processes is continued i.¢ divide 30 by 4,
Step5: 7 is the quotient and 2 is the remainder.
Steph: Prefix the remainder 2, write the quotient in the order RQ i.e 27.Then add the quoticat
to this, which is 27+7=134 as the dividend for further division by 4 and 30 on.

00 7 8 9 4 7 3 6 8B 4 2 1 0 5 2
31 22 02 022000022020
-3:% = 0.07894736E4210526




T

17
2 798

798) 17.00 02130325814 5363408

1 040

17
= 0.0213032581 45363408
748

i? 017
78 "%

ooz 13 03 2% Bl 45 36 M O8....
1 o 2 & 2 2 2 O 4

17
= = {),021303258 145363408
798 00213
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Eading in T:
5
{ljﬁ

27)5.0(185
il
230
140

Problem s =
In this context (denominator ending with 7) frst conven it to Auvxiliary
h:ﬁﬂﬂi:hll%’g-ﬂvﬂhﬁnﬁnrhlihﬂthhpnﬁ:hmﬂdctuﬂmhi

o the quotient [Q) o get the result. Then he pew dividend i3 got by adding (wice the
quotient 1o the result first obtained. (RO+2Q).
Stepl: 0.1 s the quotient () 2 is the remainder,
Stepl: Prefix the remainder 2 and write quotient in the arder RO i 21
Stepd: Adding twice the quotient () (2*1=2) 1o the first result 1e21+2=23 ag dividend fo
funther dividing by 3 and 30 on
ar 8 5 1
2 1/ 1 2
5 _—
Cae ={(.185

135
@ 757

Current Method
79971135.00 (- 016881 330459893710]
ki
55 000

41982
7 0480

623976
65040
§3576

10640
19
26430

23991




)]

24390
23991
39000
31988
TR0
nei
T4
S39T6
Tt
71973
670
23991
26790
23979
8110
Tour
11300
7997
3303
135
e = [01688133049893 7101
ooy
Vedic Msthod
135 0,135
707 MR

0016 B8] 330 498
7 1] 3 &

135
s =—— =0.016881330498937101
7997

936

1101




Ending in 6:
7
(1) r
06)23.0(. 239583
192
3 80
288
920
B&4
560
480
800
. 168
320
288
_32
2B e 0239583
Yedic Method
Problem is %

[n this context (denominator ending with &) first convert it wo Awdliary
Fmﬂmwﬁwh-zﬁs-.mwmdmmmmw-hnhunmhmm to the
quotkent () to get the result. Then the new dividend is got by adding thrice the quothent 1o
the result first obtained. (RO+30), :

For example 23 divide with 10

Stepl: 2 is the guoticnt () 3 is the remainder

Step2: Prefix the remainderd and write quotient in the order RO ie32

Step3: Adding the thrice the quotient O {3*2=6) to the first result i.c 32 + 6 =18, as dividend
for further division by 10 and 50 on.

02 3 9 5 8 3 3
3 8 2 6 0 2 2

LB :
' o5 =0-239583




46
JO00R

39996)46.000(. 0011501

20 996
£ 0040

219996

2 D440

199930
46000

29006
6004

% _podns

46 _ 0.0046
e

o011 5011 5011
2 0 0

,ﬁ ' -
s =0.00115
39996 ,

Ending in 2:
23
O 5502

5002)23.000(, 00458160735705717

20 008
2 9920

23010
49100

40820
40016
8040
3002
30380
30012
36800
35014
17860

13004




2B540
&10
35300
23014
28600
22010
33900
23014
EB60
5002
18580
as0n4
2566

L2 .
“oopg - D459BI60735705717

Yedic Method
. 23
ﬁgm[ﬂ@mmﬁgmﬂmnmilmﬁuﬂhyﬁﬂm

which ig —E—.Ihwﬂudﬂimriuim:hl]lhwmpuﬁxlhtrumﬁndum}mdwﬁm

the 9's complement to the quotient () and subtract the quoticnt in each step. Put it as R
complement of Q) then subtract ©) from it io get the dividend. e BROS
m:umammmimziamm
r Prefix the remainder? and wiite 9° plement uotient i writin
in the order RO which iz 2995, e oed (004) 1. 953 y
‘;!-;p%: mm&:muﬁmt{mﬁtmiﬁ.ﬂmgmﬂﬂl.uhdiﬁﬂmdfmﬁm
gion by 5.

5)0.022 (0.004 ND= 2995
0.020 =004
-2 2991

0004 598 160 T35 705 TIT.......
2 1 3 4 4 4

' i -
" 5002 0.004528160735T05717




3
1200002

1200002) 3.000000 (- 000002499995833 34027
2 200004
5999960
480000
11999520
10800018
11995020
10800018
11950020

10800018
11500020

10800018
70000020

S000010
10000100
2600016
400040
JE00006
4008340
3600006
4083340
2600006
4833340
4B0000G
3333200
2400005
9331640
400014
531926

3
= (1, 000002499995833 34027
1200002 0

2 _0.00002
1200000~ 12

AF=

000000 24999 BEE3 M7 ...

2 1 5 9

3
= (0000024 9099583334027
1200002




Ending in 3:

33
0 503

8003) 53,000 (- 006622516556291390
45013
4 9820
48018
18020
16006
20140
16006
41340
40015
13250
~£003
52470
48018
44520
40015
45050
40013
50350

48018
23320
16006
13140
2037
1130
—EDo3
31270
24009
72610
12027
53
300 D-O0662251655629350

Yedic Mathod

Problem is —22_

B0O0O3

In this context (denominator ending with 3) first convert it 1o Auxiliary
Frastion which is %=ﬂgﬂ.ﬂunw1h¢deﬁmisﬁ. We shall have to prefix the
remainder (R) and write the 9's complement to the quotient {Q) and subtract twice the




B2

quotient in each step. Put it a3 R{9's complement of Q) then subtract 2Q from it 1o get the
dividend.

Stepl: 0,006 is the quotient () 4 is the remainder

S1ep2: Prefix the remsadnder 4 and write 9's complement to the quotient (008) Le. 993 write in
the order RO which is 49973,

Step): Then subtract twice the quotient (20=2%0.006) 012 from 4993; one geis 4993-
012=4981, as the dividend for further division by 8.

0.0 622 516 556 291  390......
4 5 3 3 3 &

D
g = 0.008822516556291390

7
) E500003

6000003) 7.000000(: 000001 166666083333624959

£ 000003
9999970

pLLLY S
19999670
36000018
39996520
3600001 &
39965020

36000018
39650020

26000018
36500020

26000018
50000200

44000024
20001760

200017510

1ED0000S
20175010

18000002
21750010
18000009

37500010
36000018
14999920
12000006
29999140

24000012




B4

;T$$$WﬂmT|WNMWMi.n?WMh
Sicp: Then subtract thrice the quotient (3Q=0*3=0) from 29 , one gets 29-0-29 as the
dividend for further division by 7.

00 4 0 574 0 5
2 1 3 4 i 4
3
Ao =i
i 0.0405

5

2 Te00s
m%.mtlmmlmnmm
16 004
B 9960

=
* 15004 0,001562109472631842




Yedig Method
25 AF 24 D024

16004 "7 T16000 0 16

0001 562 109 472 630 B4z ...
B 3 T 11 15 3

LB .
“Thooq - 001562109472631842

Astounding Application

In the case the oumbers are peither immedistely below nor ebove & len-power base of 4

multiple, the Anunspys sutra is applisd as follows

For example lot us consider %

- Bl
AF B
Step 1
Dividing 2.7 by & we get the first quoticnl s 3 end remainder a5 3 23 shown below IT?

3
3
1., prefiing the remainder on the left hand side of the qootient.

Stsp 2

The dividend now will not be 33 but it will be 33 + 3 which is 35 dividing this by § we get
the neact quotient a3 4 and tha recnninder as 4.
Which is thown as a4

34

dtsp 3:

Now the dividend is not 44 but 44 + 4 = 48,

This is divided by & gives & quotients and 0 remainder.
03 46
140

Step 4:

Now the dividend is oot & but 6 + 6= 12,

Dividing 12 by 8 we get |, 4 as quoticnt and remainder respectively.
03461
3404




Step &:

Mow dividing 41 + 1 =42 by 8 we get 5 8s & quoticnt and 2 as remainder.
034613
14042

We can continge this procedurs to amy required decimal of our choice

AF=03 45615384615
34042624042
Let us see the conventional method.

78) 27.0(0.346153846153——ete
234
360
312
480
458
120
78
420
a0

300
234
660
24
360

312
—a
__ 468

120
— T8
420

| -
30

A fow more illustrative examples
1) L]
117
Convenlional method
117B70(0. 7435897
g19
510
468
420
151




383
1050

9
1140

ET0

?E- a7

T AT

F=0743580274135
3369063309

Hers we add terice the quotient digit (since 117 is 2 bess from 119).
We also observe thet this is a recurring decimal of 0.743589

o T2 0.9 43588

117
1B 1.3
AF =
2w a7 5

Here we group 2 digits at a time as 497 is nearer to 499, Add twice the 2 digit at every step.

Yodic Methed: -
123
3
|

8|8

|

Conventional Metbod:

aamy 12300024 | 74] salo0] 94
. S
2360
__J088
3720
A
2410
1988
4200




2270
1988
282

5432 o _ 5432
w7 M7

F= I}I.?'.I'ﬁl 332
0 4

3

| m]
5

6997) 54320 (0.776| 332 | 71
48970

54310
48975
44310

23250
20991
22850
20991
15990
13994
9060
_ 48979
QE1I0

28130
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Section-3
DIVISIBILITY AND SIMPLE OSCULATORS

There are conadn general rules for fnding out the divisibility of a mmmber by 2, 5, 10,
3, 6,9 18,11, 12 and 22 and 50 on. These are well known and understood.  The advanced
part of the subject is dealt by Swamiji with the introduction of the term *Vestanas' means
osculators. The operation of which is a tool for divisibility and is dealt with elsborately. The
classification of thess are positive osculetor, negative osculator and complex multiplex
oscultors. The explanation and modus operandi is detailed below.

The Ekadhika purvena sutram is useful in determining the divisibility of certain given
dividend by the given divisor,

The Ekadhika for seven (7} is derived from 7=7 = 49 .5 is the Ekadhika of 7 We
have understood in the cheapter on recoming decimals such as 119, 1/29, 139 e, The
Ekndhika is 23,4 etc. So in order to get the recurring decimal of 1/7 one can comvert it o
7/49 which is equal to 7x 1/49 thus we can understand that we can take the Ekadhika of 7 as
5. The process by means of which one can identify the Ekadhika for a number and this
process is called Vestana or osculators.

Let us consider a mumber 21. 1f we want to know whether the number, is divisible by
7 or nod,

The following are the steps, _

Step1: Consider the osculator of 7 which is 5.

Step2: Multiply the last digit of given number with the osculator.

Step3: The result is added to the remaining oumber. The process is called osculation. If the
result of osculation is equal to the divisor or' a repetition of previous result we say that

the original nurmber is divisible by 7.

A few examples to show the divisibility by 7 are given below,
14, 4w3+1=21 and |« 5+2=7 .. yes,
63 3x5+6=21 (already done)
868,  Bx5+EO=126; 6x5+12=42
2x544= 14
3983; Jx5+308=413; IxS+4]= 56




6x 5+5= 35
Sxk5¥d= 23
Sx8+2=432
3084, 204398 =418; Bx5+41=§1
Sxl+E8=13
We know that 13 being | less than 14 is not divisible.
1815436; I0+1B1543 = 181573
15+18157 = |B172
10+1817 = 1827
5+182 =217
35421 =356(Divisible)
The table for the divisibility of 2 mumber by 17
The osculator for 1715 12
{Conversion of 17 10 9 ending gives 7 x 17 = 119 and when Ekadhiks considered is 12
<, Osculator is 12}
17;  7Tx12+] =85
Snl2+E =68
8x12+6=102
2x 12410 =134
41243 = 5]
1m1248 =17
38 already dealy; yes divisible
51, already dealt: Yes
68;  already dealt; Yes
85  already dealt; Yes
102;  already dealt; Yea
119; Sx12+11 = 119 (Tiseif . divisible)
3978; E=12+397=493
Ik 12449 =ES (already dealt) - Yes
3763; I 124376 = 412
2x 2441 =65 (650 3 bess 68 it is ool divisible) - No
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Examples of the oscolation procedure {Vestana):

17 Continuousty osculated by 12 gives 85, 68, 102, 34, 51, 17 et

9 (by 5) gives 45,25,47,39,48,44,24,22,12.11 ete

04 (by T) gives 34, 31,10.8 ete

BZ (by 3) gives 20,2,6,18.25,1722.8.24 exc

231 (by 15) gives 38,123,57,110,26 otc

4364 (by 12) gives 484.96,81,20.2 etc

19 (by 11) gives 9241, 935, 148, 102, 32, 2 atc

The Process can be continued s s0on as we reach & comparatively smaller number

which gives the clue for the divisibility or otherwise by the diviser whose Ekadhika is the
oaculator,
' An important robe s thus played by Elndhiks i the problem on divisibility,
Rules for Ekadhikas:
(1] ? ¢nding: If the divisor is % ending then ity Ekadhika is |+ the preceding aumber.

For example 239, 2341 = 24 is Ekndhilka of 239
() 3 gnding: If the divisor is 3 ending then convert it into 9 ending by multiplyving it with 3

and then mpply rule (1),

For cxarnple 123, 389 {123x3)

36+] = 37 is Ekndhika of 1 23

{3) 7 ending: If the divisor ts 7 ending then convert it inito 9 ending by mukbtiplying it with 7

and then apply rule (1).
Fot example 47,47=7=329
3241 = 313 15 Ekadlidkn

(4) Egding: If the divisor is 1 ending then convert it into a 9 ending by multiplying it
with 9 and then apply rule (1).
Forexample 71,639 (71x9)
£3+1= 54 is Ekndhika
Osculation by own Ekadhika:
It's interesting (o note that Osculation of any number by its own Ekadhika will give
the number itself or & multiple.




Let w3 consider & pumber 63
€3 osculated by its Ekadhilea 19 givea 63
Similardy
126 Qsculsied by 19 gives 126
252 Osculated by 19 gives 63
189 Dsculated by 19 gives 189
Operation of Osculation:
Let us consider the aumber 701119 to find cut whether this number i3 divisible by 19 or not.
Put dowm the given number 701119
Consider the Ekadhika of the divisor, which is 2.
Multiply the last digit of the given number by 2 end then add the result to the previous
digit 1. The regult is 3x24] =19,
Place the result under the second digit from right handside. 7 0 1 1 1 9
: 19
Mubtiply 19 by 2 and add the third digit (1). The result is 19x2 +]=39
Mow cast down 19"s from 39. Which gives the remainder as 1",
This remainder is to be put under the third digit. Now 2x 1+1 glves 3.

3 is to be placed under the 4™ digit 70 01 1 1 %
19 & 3 319 19

(1)
2% 340 =6, This is placed under zero.
2x6+7=19. When we el either 19 or multiple of 19 the given number is divisible by19.
{or)
The same result is obtained by osculating (by itself). The procedure is as follows.,
The first three steps adopied in the first method are followed,

We reach the step of 19 which is put under the 2* digit from right
7011189

19

Now osculating the result 19 itself and casting the 19's from it we get |
e (9x2+]) #+1 =20-19=1.
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Now put down 1 under 3" digit from right

Now osculating the result *1*
Irself and sdding the previous digit we pet
2xl=24] =3

Now put the result 3 under the 4™ digit
Osculating the result 3
And adding the previous
Digit *0" of the number
Weget dxiHl=6

Put the & under the 5 digit
Now osculating 6 by *2*
And adding 7 the previous digit we gat 12
Le. 2x6+7=1247=19
Mow put down 19 under 7
As 19 is the last digit
The given number is divisible by 19,

Let us consider another example.
1s 8759975704 divisible by 2485,
The Ekadhiks is 249
Stepl:
ET59 975764
4 249 = G06-+5 = 1002

Step2:
8 759 975 7 6 4
605 1002

2x 2494100 = 598+7=605

7 0 1

T 0011
6 3

1% 6 13

19

)
19

19




Siepd:
B 7 5 8 89 7 5§ 7 & 4
1310 605 1002
5w 245400 = | 30545 = 1310
Stepd:

8 75% 9 7T 5§ 1 & 4
138 1310 6035 1002
Ox249+131 = (31 +7=138

B7 5 o 9 7 5 1 & 4
2004 138 1310 605 1002
8 x 249 +13 = 2005 +5 = 2014

Steph:
-1 7 3 g @ 7 5 7 6 4
1206 2014 138 1310 605 1002
4x249 + 201 = 1197 45 = | 206
Blepl: _
B 7 5 9 8 7 5 7 &
1619 1206 2014 138 1310 &3 1002
G249 + 120= 1614 +5= 1619
Suepd:
B 7 5 9 9 7 5 7 G 4
2409 1618 1206 2014 138 1310 6O5 1002
9x 249 +161 = 2402 +7 = 2409
Step™:
g 7 5 9 g 7 5 T 6 4

(248070 2409 1619 T3 20014 138 1310 605 1002
Qoac 240+ 240 = 248 |48 = 2489
Hence it is divisible.




Is 152961988 divisible by 1239
The Elmdhiks is 124
1 5 2 9 & 1 % B B
1000
(124 x 8 =992 + 8 = 1000)
1 5 2% &1 9 8 B
100 000
124 % 0+ 100 = 100 +9 = 109
1 5 2 9 & 1 ] B ]
2T 108 1000
124 2 Q4+ 10 =11264+1=1127
1 5 2 g & 1 9 B

986 1127 109 1000

124 = T+ 112 = 980 + 6= 986
1 5 2 9 & 1 9 B

B51 9BE 1127 109 1000

124 w 6+ 98 = B42 + O = §51
1 5 2 g [ 1 a9 B B
211 B51 9B 1127 109 1000
124 = | + B85 =200+ 2 =311
1 5 2 g & | L g8 B
150 211 851 986 1127 109 1000
124 w1 +21 = 145 + 5 =150
1 5 2 9 L] 1 g g B
16 150 211 3851 988 L1127 109 1000
-~ The given number is not divisible by 1239
Some more examples:
(1) 1523 4 4 6 divisible by 19
Osculator = 2
2 3 4 4 B
19 18 17 16 Soyes




2%

Since 19 is the final result the given number is divisible by 19
(2)1s 3 5800 5 divisible by 29
Osculsator is 3
3 5§ 8 0 0 5
29 28 27 16 15 S yes
. The mumber is divisible by 29
() Is48155 5 divisible by 39
Ceculator is 4
4 &8 1 5 5 5§
2 13 31 27 25 oo N0
2 The number is not divisible by 39
(4) 15604934 divisible by 49
Oscolator is 5
& 0 4 9 5 4
49 38 37 36 25 - Yes
- The number is divisible by 49
(2)1aT281 823 K divimble by 59
Osculator is 6
7 2 &8 1 B 3 8
13 60 49 356 19 51 . No
. The number is not divisible by 59,
(6)Is68 13120 divisible by 69
Osculator is 7
6 &8 1 3 1 2 @
33 63 67 39 15 12 SoMo
- The number is nol divisible by 69
(71545017 36 divisible by 79
Osculator is §
4 5§ o0 1 7 3 6
o ¥ 4 3 20 3 S Yes
Z The pumber is divisible by 79




(B)Is7827%23 8 divisible by 89
Osculator s 9
T & 2 7 9 2 31 B
B¢ 19 2 12 50 54 75 S Yes
-~ The mmber iz divisible by 85
(MIs5623 031 7 divisible by 99
Orsculator is 10
5 6 2 3 0 3 1 7
9 49 34 23 2 MW N o Yes

. The given number is divisibla by 99

(1015142376073 divisible by 159
Osculator is 16
1 4 2 3% 1 6 0 7 3
150 149 19 11 BD 94 BS 55 . Yes
- The given number is divisible by 159

Positive Osculator (p)

For any given number, its Ekadhika 1s the positive Osculator (p)
Consider 19 Ekadhika = positive (Vestana) Osculator = 2

29 P=3

W P=8

23 Nxi=o8 P=7
53 Sxi=15% P=16
3T FTwTe259 P=16
17 17=x7=119 P=12
4] 41x9=369 P=137
21 2Ix9=189 P=139

Worked examples;

(Mls 63 Divisibleby 77
Divisor=7
THT =49
S P=35
IXKS5+6=21
lus+2=7 .~ YES




[2)Is 108 Divigible by 97
Divisar = 9
P=1
Exl+(0=]8
Exl+]1 =9 SYES

(3)0s 252 Divisible by 37
Divisor =3
Jxi=9
F=1
2u | +25=27
Txl+2=0 L YES

(4l T Divisibhe by T
Divisor =7
TuT=d40
=35
xS+ T=52
2S+5=15 SND

(3)Is 08 Divisible by 197

&0 8
1% 16 . YES
Oy the caculation resuls e 76, 19,

(6) [z 3828 Divisible by 297
Divisor =19
P=3

38 2 g
3 8 26 <« TES

(7) Is 4562 Divisible by 397
Divisor = 38
Ped

49 & 2
30 % 14 <o NO

(8) 13 26117 Diivisible by 497
Divisor = 49
P=3




. 1 1 7
49 20 34 3% = YES

(%) [s 9062387 Divisible by 597
PDivnm" =39
=5

20 6 2 3 8 7
47T % :M I w s < NO

{lﬂ]ln.'i-ﬁ?ﬂj Diivisible by 697
Divisor = 69
P=7

3 L] 7 4 2 L
6 3% 4 % W ~YES

(11} Is 100SETE2 Divisible by 797
. Divisor = TO
F=§g

1 o o0 9 8 7 & 2
% 27 3 M4 s 25 R 2 NO

(12) s 9427592 Divisible by 897
Divisor = 89
P=9

o 4 2 7 5 9 2
B9 BB 3 14 W 27 + YES

(13) Is 56T02136) Divisible by 997
Divizor =99
P=10

3 ] ) i 2 1 3 L 1

49 4 B 67T TE 47 o 16

(14) [s 7128950762 Divisible by 1097
Diwisar = |00
F=11

f .1 2 8B 9 5 0o 7T 6

s 3% 5 M 15 T 8 97 2%




(15)Is 2198760351 Divisible by 1197
Dhivisor = 119
P=12

21 9% & 7
6 45 8 26 6l

(16) Is 210023739 Divisible by 1297
Divisor = 129
P=13

21 o 0 z
12% 109 4 91 7

(17)1s 81021675 Divisible by 1397
Divisor = 139
P=14

g 1 9o .2 1
il 13 120 B8 25

(18)Is3024 Divisible by 217
Drivisor =21
21% 9= 1§90
P=1%

3 02 4
1839 159 78

(19) Is 1657953 Divisible by 337
Divisor = 33
IBxI=99
P=10

1 & 5 7 %

9 B9 33 33 &2
(20) Is 20978204 Divigible by 177
Divigor =17
1T=T=119

P=12

A 0 9 7 B
17 31 7 35 42

o4

121

a5

102

100

3

]

2

19

T

48

120

7 5

5

Fa
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(21) Is 412865107 Divisible by 437
Diivisor = 43
d3xi= 129
P=13

4 1 2 ] L 5 1
61 4 M 10 BB 4 30 09

Procedure of the above examples:

Is 608 Divigible by 19

Bx2+060=T6
G2+ T=18

Is 3828 Divisible by 29
B » 3 +382 =406
Ex3+d4D =358
Exi+s =10

Is 4962 Divisible by 9
2 x 4 + 496 = 504
4% 4+50 =66
txd4+6 =30
~NO

I3 26117 Divisible by 49
Tx 3+261] =2646
6 x 5+264 =294
4w 5+29 =49

[s 9062587 Divisible by 59
Tx6 + HO6258 = 906300
0=6 + 90630 = 0630
0xX6+ 5063 = HM3
InG+906 =924

dx6+92 =116
oxG+11 =47

THh+4 =46

c WO




I 367425 Divisible by 69
Sx 7+ 36742 = 38777
THT+ 77 =3726
ex7+3IT2 =414
AxT+4] =59

Is 10098762 Divisible by 79
2 X B+ 1009876 = (09892
2 % B+ 100080 = 101005

$ B+ 10100
0x 8+ 1014
4% 8+101
IxB+13
S N

= 10140
= 1014
=13}
=37

Is 5427592 Divisible by 89

2n G+ Q42759 = M2TTT
Tx9+ 04277 = 94340

0x9+ 9434

4%0 + 943
00 + 97
Bx+17
. YES

=9414

=979
=178
=89

s 567021361 Divisible by 99

1 =10+ 56702136 = 56702146

& x 10+ 5670214

4 = 100+ 567027
TR10+ 56706
& % 1045677
Tx10+573
I=10+64

= S6TUZT4
= 367067
-Hﬂ.ﬁ
= 3737

= 841
=04

I3 7128950762 Divisible by 109

2 %11 + 712895076 = 712895098
B =11+ 71289509 = 71289597

711+ 7128950 = 7129034
61+ 712903 = 712969
8311+ 712046 = F1395
S=ll+T139 =TI

4 =11 +T719 = Ta3
IxII+76 =109

s YES

102
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Is 2198760351 Divisible by 119
1 %12 + 219876035 = 219876047
TRI2+ 21987604 = 2198 7ol
B x12+2198768 = 2198864
4 %12+ 219886 = 2194034
4 x12+21993 = 22041

1 %12+ 2204 =216
& %12 +22] =293
3Ix12429 = G5
o NO

Is 210023739 Divisible by 129

9 )13+ 21002373 = 21002490
0 =13 +2100249 =2100240
9 R13F2I0024  =210141

1 ®x13+21014 =21027
Txl3+2102 =2193
Ix13+219 =258
§x13+25 = |29

Is BI021675 Dhvisible by 139
514+ 8102167 = 8102237
7 =14 + 810223 =810321
I %14+ 81032 =R1{d4
G214 +8104 =%188
Ex 14+BIE =930

0x14+93 =3
[5 3024 Drivisible by 21

d =19 +302 =378

Bx=19+3T7 =089

Is 1657953 Divisible by 33
3 %10 +165795 = 165825
5 =10+ 16582 = 16632
2 =]+ 1663 = 1683
Ix10+ 168 =108
Bx10+ 19 =00




Is 20978204 Divisible by 17

4 M U2+ 209780 = 97868
B 3124200786 = 200882

12+ 20988 =21002
2x12+2101 w2125
5=12+212 =371
2x 12427 = 5]
Ixi2+5 =17

Is 4128565107 Divisible by 43

TR0+ 41284510 = 41286501
1 %13 +4128660 = 4128673

104

3,%13+ 412867 = 412906
6x13+41290 =4]368
BEx13+4136 = 4240
0x13+424 =414
4xi3+42 “ 04
4 x13+9 =61
1%13+6 =19

Negative Osculator (Q)

An Introduction of second type of osculmtor which is callod as negative osculator (Q)
a3 being distinguished from the already worked out csculator which is positive and is
designated a3 (P).

This negative osculator is obtained twough the mutra “Paravarty2™ and is not the
addition ng in the case of (Ekadhike) Pogitive osculstor bul it is a subtrection left ward
Determination of negative osculation:

Negative osculator consists of cluses,

(i) Forall divisors ending in 1. Drop | and

(ii) In all other cases multiply the divisor by a digit to give the products as one” ending then
drop 1.
Ex: If the divisors are 3, 7, % multiply them with 7, 3, and 9 to get the products as one
Ending respectively.
In ¢ase of onc ending like 11, 21, 31, 41, 51, 141, 18), 171, 121, 10891 and scon the
Q'sare 1,2,3,4, 5,14, 18, 17, 12 and 1089 respectively,
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If it is 7" ending such as, 7,27,127,157,1037 and so on then one has to minltiply the

given divisor by 3 to convert it to *1 ending and then after removing the ending *1' &

we get the O's as 2.8,38.47,311 respectively.

If it is '3" ending one has to multiply the divisor by 7 to convert it to *1° ending
then after dropping the last digit *1's we get the negative osculator.

For cocample 23, 63, 103, 1133, 1243

The Q'"s are 16, 44, 72, 793, and 870 respectively

Ifit is 'Y ending owe has to multiply the divisor with 9 to convert it inio the *1* ending

and then after dropping the last digit of *1"s we get the Q's

The Q'sare 17,26,71, 143 __

It is interesting to note that whatever may be the divisor its P and ) when added then

gives divisor itself. ie PHQ=D

A table demonstrting the sbove rule s shown.

Table:
Number | Multiple for | Multiple for | P Q Total
(o) P Q P+Q=D
9 ) &l i IR
21 189 (21) 19 2 21
73 219 511 22 51 73
3 729 (81} 7 g 81
12] 1089 (121) 109 12 121
143 470 1001 43 100 143
277 1939 531 194 83 277
1049 (1049) 9441 105 944 1049
8967 62769 26901 6277 2690 | 8967
54153 162439 379071 16246 37907 | 54153
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Few similar examples:

{1)For29 P=3,0=26

() For 67 P=47,Q=20

(MFor2d P=7,Q=16

() Foe7l P=64,Q=7

(5)Fer139 P=14,Q=125

(B)For 109 P=11,Q=58

(T For 153 P=46,Q=107

() For 1241 P=1007, Q=124

(%) For 469, P =47, O =6T22

{10) For 14287, P = 10001, = 4286

Process of Negative Ouculation:

(1) 1a 259266 divisible by 217
Osculator (Megative) is 2(ooe digi)

Pt 6 under the 2* digit from right {In the process of pegative osculstion altemative addition
and subtraction is adopted) the process is illastrated from the following examples).
WmZ s 9 2 & &

6
2x6=12=6=6
Wi s 9 2 6 6
4 6
2x G214
@z 5 9 2 & 6
2 M4 6
Dad-laG =}

2 5 9 2 6 6
0 1 2 4 6
= The number i3 divizible by 21
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(2) Is 7162818 divisible by 131 osculstor is 13(two digits)
M 71628 18
103
13 uB=104-1=103
7?7 1 6 2 & 1 s
6 70 W 8 37 103
- The number is divisible by 131
(3) Is 75338 divisibde by 617
Osculator is 6
7 § 3 3 8
45 47 29 45
= The number is not divisible by 61
In negative osculation the alternative application of positives and negafives is
marked by means of Vincuhen from right 1o beft on all even place digits.
A cumber is s23d to the divisibde by divisor only when the final result is ‘0" or the
itselfl osculator.
3y Isl 3 3 7 9 0 3 is divisible by B1
Onculstor s (8)
1 3 3 7 9 & 3
<l 20 13 6 39 M4
- No the aumber is ot divisible by 1
(4) Is the number 309 8 59 5 is divisible by 251
Osculstor is 25
3 8 9 B s § s
0 30 202 T 144 116
* The oumber is divisible by 251




Negative Osculator (():
Consider
41  Megative Osculator (Q) = 4
2 Q=3
53 SIxT=3T1 Q=37
13 3x7T=91 Q=%
17 17%3=31 Q=5
87 &Tx1=261 Q=26
19 19x9=171 Q=17
29 Wx9=261 Q=26

Worked excarnples:

{13Is 99 Divigible by 117
Davisor = |1
Q=1
9= (9x1)=0

(2)1s 105 Divisible by 217
Diivisor = 21
Q=2
10-({5%2)=0

{(3)1s 341 Divisible by 317
Divisor=31; Q=23
3 i I
0 -l

()1 25681 Divisible by 417
Divisor = 41
Q=4
2 5 5 8
-4 4 10 -4
“ NO
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(5 1s 5036862 Divisiblo by 517
Divisor = 51

Q=3

5 0 3§
0 -l 10 32 B 4

ol
R

(6) 1n 965230134 Divisible by 617
- Divisor= 6l; Q=4
§, & 573 3 6 1 1 4
35 -8 -7 -2 0 W 5 2
.r‘ND L,
(1 §765376 Divisible by 719’
29 oo Divisor= 71 Qe
Woii-toninBbe 7 6 5 13 B
Wils 7 Mgz 9 0. 530 27 35 38
-'-m,.--rn‘w
Q=i :
(8) In 1205467123 Divisible by 817
3 =8;Q=8
(M 105 Dinedy1?0 -5 0§ 0§ F 1 3
68ivi39 235 S5 &7 19 B2 15 W
AINO
LR KE ) ]
(9) Is 185247702021 Divisibls by 917
Divisor=91; =9
Gylo 91 Rwis'g-ty3d17 4 7 7 1 0 2 o0 3 1

0 100y agli0dT 36 - -5 B0 19 63 7
3 i 1
(10} Is 27691605 Dividible by 277
i DiBEr =27
7 x31=§1;., Q=8
(4)Is 2501 Davisible by 417
Blviseg =4 o 1
3754 4 o4 ]
LYESE  § g 1
-14 -4 -0 -4




(11} Is 5268091 Divisible by 577
Divisor = 57
STx31=17;Q=17

5 2 6 B 0 § 1
31 82 15 8 136 8
<. NO

(12)1a 15049383 Divisible by 237
Divisor =23
B xT=161,Q=16

i 5 © 4 § 3 8 13
23 -102 57 -M =25 -1 40
(¥Is 3867374 Divisible by 19
Divisar = 19

19x9=17; Q=17

1 & & 7 3 F 4
3

=133 -8 @ e 14 6l
S. YES {(13=19xT

Procedure of the above examples:
(3 Ml

H=]xi=3] - YES
) 25681

2568 — 1 x4 =2564

256 =4 %4 =240

24 -0xd=24

2 =dxd=:]4 o NO
(5) 5036862

303686 - 2 x5 = 500676

50367 -6 =5 = 50337

33 -Tx5=4998

499 -B=S=450

45 —-9x5=0 = YES
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(4) 965230134
96523013 = 6 x4 = $6522089
0652298 — O x4 = 9652262
065226 -2 %4=965218
96521  —§ x4 =96489
9648 -9 x4=9612

961 =31 ¥4 =951

o5 =3 xd4d=83

8 -3 W=y + WO
{7 8763376

BT6537 - 67 = B75495

ETEAD = 5u7=87614

B761 —-4x7=§733

B73 -3IxT7=832

5 =-2uT=T7] +« YES

(8) 1205467123

120546712 = 3 x 8 = 120546688
- 12054668 = 88 = 12054604

1205450 —4x8= 205428

120542 -ExB=1204T8

12047  —-BxB=11983

1198 -3Ixd=1174

117 - dxf =85 s NO

(%) 1852477102021 '
1R524TF10002 = 1 == 18524771019
18524771019 = 30 = | §524 770593
1BS24T7099 = x99 = |RE24TTOR]
IBS247T08 - 1x 9= 185247699
18524769 = 9x9=18524688
1852468 = Bx9 = | 852396

|RS239 = Gx 9= 185185
18518 - Swl = TR473
1847 =3Ix0= 1830
182 =0x9= 182

18 -2x9=0 S YES
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(10) 27691605

1T69160 = Sx§ = 2769120

76912 = Ox8=274012

27691 - IxB~27675

2T - SxB=2127

P - TxE=216

21 = OxB=-27 . YES

(11) 5268091

(12}

526800 - |1x17 = 525792

52679 = 27 = 53545

324 = Sx17=35171

317 = Ix17= 364

36 - 4x17=-32 o NO

15049383
1504038 - 316 = 1504850
150480 = Dot b6 = 50480
15048 =9x16= 14904
14 =416 = 1426
142 =G l6=45
H=2K i3 .s TES

{13) 3E67374

3IB6TIT - 4x17 = 386669
IB666 - 917 = 38513
3851 = 3x17=3800
B/ - 0x17=380
38 = 017 =38
IB=2x19 - YES
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DIVISIBILITY AND COMPLEX MULTIPLE OSCULATORS
Coming to sizeable divisors the osculaiors also sccordingly larger. As such  scheme of
groupa of digits which can ba ssculated not a3 individual digits but in lumps.

Examples of Multiplex Vestana

(1) 123456 Osculuted by 4(P) for 2 digits af a tine gives 224 + 1234 = [458
74070 Osculated by 6(F) for 3 digits at a time gives 420 + 74 = 494
THOT0 Osculated by &(Q) for 1 Egits gives +74 - 420 =344
216743821 56 Osculated by 3(F) for 4 digits gives 10780 + 2167438 = 2178218
1684324163 Osculuted by 80 for § digits gives 16843 — 193304 = -1 76461
241687 Osculated by 7(p) for 3 digits gives 4809 + 241 = 5050
84569 Osculated by 8(Q) for 3 digits gives B4 - 4552 = 4468
(8) 2301 Osculated by 4(F) for 5 digits gives 0+ 9204 = 9204
(%) 14886 Osculated by 3(0Y) for 6 digits gives 0 — 44658 = 44658
(10) 123456789 Osculated by T(Q) for 10 digits gives 0 — 354197523 = 864197523

3853888

DIFFERENT CATEGORIES OF DIVISERS AND THEIR OSCULATORS

This is in relation to the poaitive and negative Osculators whick suit the divisors.

{iiy  These which end in nine or & series of nines come under Ekadhika type Osculator o
positive Osculator,

(i)  These which terminate in 1 or contain series of 2eros ending in | come under the
Jurisdiction of negative Oscaluior or *Viparita'.

(i) Those which by suitable multiplication yiekd a multiple of cither of the two sorts
deseribed in () and i)

First type

Let us consider the divisor 399999 its Osculstor p is 4 and covers 5 digits symbolically ps= 4
Few mote examples

(i} 3379 Py =338

{Hy 2719 Py=28

() 20001 Q=2




14

() 476999 Py=aT7
) 2500001 Q=29
(viy 76001 h=T5
(vil) S4999999 P35
{vill) 186590 Py=187
(ix) S40000O001 Qy=64
(x) 149999 Py=747
Reeality of the symbology

We notice that through the Oscalation process (be final result is the original number jtself or
& muktiphe o Zero,
Let us test pex it for previous examples
i 33799 (with py = 138) gives us 337 + 338 (39) = 334624337 = 33799
() 279 (with py=28) gives us 27428(9)=2T+252 = 279
(i) 20001 (with Qy=2) 2x1-2=0
(iv) 476699 (with PI=477) gives us 476+4T7(599) = 4765234 76=4T65999
(v)  Z900001{with Qy=29) gives us 29x1-29=0
(viy 76001 (with Qy=76) gives us Px1-76=0 .
(Vi) 54999999 (with Py=55) gives us S4+55(999990)=5499004 5+ 5434509999
() 6400000001 (with Qp64) 64x1-64=0
(x) 7469999 (with Py= T47) gives us 746 + T47(9999) = T46+T469253=T469999
Significence of the Symbology and we this will enable us to determine the no: of digits to be
taken in cach group and the actual Osculsior in each individual case
(1) Is 71475384 divisible by 799
Here P28 thercfore we have to split the number into 2 digit groop for
Osculstion by 8. Thus
71 47 X A4
T 91 405 S Ye
. The given number is divisible by 799
The Osculation results are 715105, 7191, 799
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() s 123, 334,542 divisible by 999

Here Py=1
123 334 542
g9 BM SYEs

_ . The number is divisible by 999 The Osculation results are 123876, 999,
kY] Is 587654321 divisible by 20017
Here Py=2
987 654 321
1580 1296 ZNO
‘The Osculntion results are 987975, 1962
) Is 1132370697 divisible by 6001
Osculator Ch=6
1 323 706 97
ol 132 370 697
0 S0 3812 - Tes
~, The given number is divisible by 5001
The pscvlstion resuliz ars [128188,0 0 Yes
(5 Is S9T2S63E5 divisible by 801
Q=8
597 29 53 29
0 500 375 B4 s
The given numbers is divisible by 301
The Osculation results are § 972 256, 59274, 0

5 Is 19665916 Divisible by 150
Py=I6
19 66 5% 16
166 308 315 S WO
The given number is not divisible by 159
The osculetion results are 196915, 2209 166
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(M 136171600433 divisible by 4999

Py=3
6 171 600 433

49993998 2765 " Yes

The given no: is divisible by 4999

The osculation results are 6173765, 9998 (49992=9904)
(8  Is 259797055 divisible by 210]
Q=21
2 % ™ T s
1189 1057 1854 1085 ~NO
The csculation results ars 2596815, 25653, and -857
(%) s 2002241654 is divisible by 17001
Q=17
002 102 241 654
0 15001 10877 ~.yes
The Osculation resulta are 2091123, 0
(10} 1s 2763889344 is divisible by 2799
Py~28
27T 6 B 93 i
279 99 B0l 1335 ' Yes
Osculation results are 27640125, 277101, 2799.
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Divisibility and Complex Multiple Osculators

Ending in 9 or 2 series of nines:
(1) 199 Py =2
{299 fy =1

{3 3993 Py =4
(4149999 Py =5
{3143 Py =3
{6 T P; =%
{T)299900 Py =3

{1} Is d9dZ1 5037707 Divisible by 299
Divisar = 299
| w3

9 8 13 W@ 77 97
%9 183 47 210 368

AM4Z1503 77 + (972 3) = 4942 | 50668
40421506 +(FEx3)=45421710
404217 + {10 3) = 404247
4942 +{4T = 3) = 5083

50 +(83x3)=299 .. YES

(2) Is 871390442885 Divisibly by 69997

Divizor = 6000
P=7
BTl 390 442 BG5S
G998 1875 5457 S YES

B71390442 + (B65xT) = 871356497
B71396  + (497X 7) = 874875
B4 + [B75x7) = 6999 . YES

(3 Is 92601874651 Drivigible by 3950907
Dhiviser = 39999
Fa=4

96 0187 4651
a9l 187N < NO




9260187 + (4551 x 4) =927879)

a7 + (B791 x 4) = 36091 2 NO
(#) Is Z7648068409471288 Divisble by 7999007
Dhvisor = 799999
Py=2

T 606 BADS4 71288
TOU999 499996 654192

{or)

2T64B0634004 + (T1288x8) = 276481254398
2764812 + (54398x8) = 3199996
3 + (99996x8) = 799599

(3) la Tr33933757 Divisibls by 997

T OB oW M N

% 121 187 o . YES
{or) -

77339337 + (STx 1) = 77339394
773383+ (1) = 773487

T4+ (87x1) =782

™ + 21x]) =59 - YES
(o)
TI+33+93+37+57=297
) 297=99x3 S YES
(&) s 1035468792567 divisible by 9997
Divizor = 9599
Py=1

1 035 468 792 567

Bs4 283 E2B 1389 < NO

{or)
1035468792 + (5673 1) = 1035469359
1035469  +(359x1) = 1035828
1035 +(828x 1) = 1863
' +(863 x1) =564

~. NO




(or)

e

1+ 035 + 468 + 792 + 567 = 1863

(7) Is 12345555443211  Divisble by 999997

{or)

{or)

Dhivisor = 99999
Ps=1
1234 55554 43211
2994949 OgTES .. YES
123455554 + (43211 % 1) = 123498765

1234 +(9B765x1)= 99999 . YES

1234 + 55554 + 43211 = 99000 .. YES
ending in 1 or & series of zerocs ending in unity.
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SECOND TYPE:
Divisor 24/3/68%0 Ending
13ls 335802224 divisible by 272 17
Factors of 272
136x% 2
68x2
Mxl
17Tx2
5 272 = 1 Ix2x2x2n2
Let us find out the Divisibility of the given no, by 17
<17 10 be converted ta 9 ending for / ending
9 ending 119
+ve =P=12
3 3 5 ] 0 2 2
85 I& T8 16 B %6 7 0
85 is multiple of 17
. The given number (s divisible by 272
Pi=12
3 3 5 g o 2 2
1 N 42 13 5 24 101 3%
18 is not & multiple of 17
< The given number is not divisible by 272
2. Is 335802224 divisible by 1824
Py=24
2x1912

]

[*]
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101 iz not multiple / Sub multiple of 3824
Hence it is not divisible.
[s 1956680344 divisible by 245

N
?/ \T

6
1 9 5 & & g 0 5
2% 4 3 18 42 9n 7
245 is not & multiple of 39
. The given number ia nod divisible.
Is 1956437184 divisible by 105
Q=5
P
5 21
i e § & i 3 7

. Q. I . I I 1 A |
105 is ot a ultiple of 3 (No)
3271604588  divisible by 346
2 !’f 1
173x3=519
pi=5l :
3 2 7 1 [ 0 4 5

6 485 249 384 267 65 141 352 4le

2306 is not & multuple of 346

=

1o

12
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6. 13306172616 divisible by 2487
x124

=3 2x52

- ¥es the number i3 divisible by 248
7. [Is148 148 1360 divisibleby 1207

260
Ixd=G 2430
o Pyl T x15

253

| 4 B 1 4 B 1
9 B 13 5 13 4 10
Yes the number is divisible by 120

Few more examples: _

m Is 1131415938819 Drivisible by 2017
Davisce =201
Q=2

0 -1 44 22  -F =50

{or) :
11314150388 - (19x2) = 11314159350
113141583 - (30%2) = 113141493
131414 - (93x3) = 1131228
11312 — [28x2) = 11256
- (56x2) = 0

132

17
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@ 15 2871640404196231  Divisible by 30017
Divisor=3001 ;: Q=3

3 BTl 640 404 196 231
0 1001 2044 1895 497 . YES
(or)
RTIGA044196 — (231X T) = 2671640403502
IRTIGA0403  — (503 x3)= 2871638894
2871638 - (94 x3)= 2868956
2868 _ {956%3) =0 ”. YES

G} s 928450123678  Divisible by 500017
Divisor = 50001
Q=35
o4 5012 3678
W/ITT 13378 - NO

M Is 44052692 714844556354 Divisible by 6000017
Divisor = 600001
Q=6 |
44052 69271 48445 56354
for) 440526927148445 — (56354 x6) = 44052692681032]
4405269268 — {10321 x6) = 4405207342
44052 = (073428} =0 .. YES

(5) Is  918274563820018365372819 Divisible by 10000017
: Diivisor = 1000001
Q=1
918274 563820 018365 372519
0 918274 354454 " YES
for}  918274563820018365 — (372819% 1) = F182T4563B19645546
918274563819 — (645546 1)=D182TIIB2T3
918273 — (918273%1)=0 . YES
for) 37219 - 0186365 + 563820 - 91824 =0 5. YES

(6)  1295432065412756891234 Divisible by TOO00001T
Divisor = 70000001

p=7

1 954320 6543275 6891234
33752097 14821857 41695363 o NO
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for)  129543206543275 — (6891234%7) = 129541158304637
12954315 - (B304637%7) = 71410756 . NO

(n Is 103634565364 163206543275 Divisible by 8000000017

Divisor = 800000001
Q=8

10363456 53641632 06543275
0 -1295432 <« YES

(or)  1036345653641632 — (065432758} = 1036345601205432
10363456 = (01295432x8) = O .

Other endings:

{(n 830031782  Divisible by 1237
123x]13= 559
S Py= G
9 30 03 17 B2
244 1314 480 1329
M6=123%2 . YES

Q) Is 168531 BRc50T 162 Drivisibie by T1737

T173%237 = 1700001

Q=17
168355 188585 oTLIE2
71730 103228
M7 =7T1T3x10 S YES

(5) I= 4703554296301 Divisible by 3817

3Bk 2] = 2001

vo (h=8

4 3 4 29 ol
1] 4000 1588 2112
. YES

M s 195 70T405015092593 7883 Dhivisible by 96585237
OGBSI w413 = J99995000
S Pg=dg
1195107 40501599 259907883
178208232 144253131
ITE0EFZ = 184 x D685
. YES5




] Is 1 204804895040741 Divigibla by 5677
5673 = 1701
S p=17
i 0 4 04 8 50 97 4l
~1134 667 41 1001 659 44 600

1134 = 5672
" YES
(i Is 3TTe464125535054029408  Dhivisible by 3607
350 = 27 = 00500
S Py=1
37 TE464 12553 50540 29408
69003 168965 92501 To048
69003 = 369 % 187
. YES
(of) 37+ 76464 + 12553 + 50540 + 29408
= 165002
165002 = 369 %458

(03 Is 339159262679121 1592626791 L4410 Drivisible by 332417
33241 x 36 = 12000001
S0 =12
33950 262679 121159 262679 114410
1130194 5065920 1444050 1110241

1130194 =33241 » 34

(15) 1s  28930442041S78074547  Divisible by 2407 ?
2407 457 = 1095999
S Py=11
28939 44294 15780 74547

447702 438069 835797
447702 = 2407 » 186
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B Is 6T01245321089254 Divisible by 8897
ERO x 9= B0
Q=1

6 101 245 321 089 254
TTEO 5975 6660 TBS4 1043
S HO

@ Is 1275605234123675  Divisible by 4217
421 ¥ 19 = 7999
Fy=8

1 75 605 234 123 675
1785  BI22 3993 4423 5523

< ND

(6) 13 8756431027952134517  Divisible by 8577
857 %7 = $699
S Py=6

B 76 431 027 952 134 517
34 6535 1963 1255 1371 3236
L NO

(8) 1= 4957I2653012568213  Divisible by 3537
353 x 17 = 6001

Y

48 712 653 012 G568 213
2868 6562 975 42T TIO

(1 Is B530153456745321078125  Daivisible by 9397
RO = 9] = RODS0
o Py=0

65 3015 3456 7453 2107 BIZS
23073 42556 44393 34548 75232

(12) Is 230156T01347658192365401 Divisible by 2217
221 %181 = 40001

S Qu=d
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[O1 S670 1347 6581 9336 5401
26130 17108 72860 16052 12368
- NO
{14} Is 126504321 568453213 Dh’i:il:h’h:.rﬁ??
137 = 731 = 10001
Q=1
9z 6504 3213 6845 3213
5008 B3] =417 =353 .. HNWO
(16) Is  S64321972158067934 Divisible by 69237
6923 3 13 = 85999
Pq.-g
56 4321 9121 5806 794
54538 46052 TAE36 T2 . HO
(17) Iz 107775622243756233 Divisihile by 737
§73 % 63 = 54909
. P‘;*ﬁ&
107 775 622 243 756 233
13968 1252 37008 31661 13571
13968 = B73 = 16
(18) s 7136543217065412856 Divisibleby 6777
677 % 13=8301
Q=88
7 11 65 4 21 M 65 41 2B 56
4736 2354 027 _1E10 -E322 5995 =769 -§ 4900
o NOD
(15) Is  31640300122705508024481 Divisible by 7517
751 x 249 = 186999
Py = 187
31 G40 399 122 TO5  S0B 024 481

114903 54614 118288 75630 334235 182174 B99T]

114503 = 751 = 153
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20y Is 1653215632140156132 Divisible by 4637
463 = 27 = 12501
@ =125

1 65 32 15 6 21 4 15 & 32
474 2504 6120 9850 4079 10834 6287 4851 3939

WO
Modus Operandi:
1. Asceriain the P and Q) for 127

T1aF 127
a2 X}
25 381
EL A 762

4655 2001
Fy=a7 Oy=E
Obviously Q=8 is preferable to Py=47

Test: Is 8128 divisible by 127
(128) 8-8=1024-8=1016 and 1016 is a multiple of 127.

Yes it divisible
3. Find out the P and O for 149
149 149
1 42
149 1341
185 —220
7599 7301
o By=13 Lp=T3
Pi=13 is preferable
Test: 1s 8§94 divisible by 14%
15(4) + 89 = 149

Yes it is divisible
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Ascertain P and Q) for 423
423 423
13 ¥
1269 2961
323 pxic)
5499 36801
Py=55 iz prafershle than Q=358
~. 13 38493 divisible by 423
(93} 55 + 384 = 5115+184=5400
and we know that 5409 i3 & multiphs of 423
Ascertain P and Q for 721
721 721
1 a1
6489 58401
721
3153
pratielt Q=584
Fy=23 Py=23 is preferable than G 584
Ascertain P and Q) for 5533
5533 5533
3 _197
16599 38731
: 49797
2333

1020001
Py=1£6 Qu=108 Q= 109 is preferable than Fr=166
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Section4
PARTIAL FRACTIONS AND APPLICATION TO INTEGRATION

Eﬂthﬂ:Man{E.thhmﬂ

partial fractions whers p and q #re functions of one varisble, A lew forms are
considered for solving. These ane
m fx+m E+m
(r=alz=8)" (@r+ENer+d)
{With one or more factors in repetition) For cxample square, cube etc
e mxtn b+ o+ 1

@ (x=a)x-B)x=c)' (ex+b)ex+dNex+ f}

b rmz+n ix* +mz+n
(x-af ad (eoe + B

This is belpful in the faciorization of the functions we give below the method
exisiing under cument fystem.
k+m
{(x=o)x—5)
Let us consider the cxampls

5K+ .
m This can be written as sum of two partial fractions

(3)
(1

S+l A B "
e e ) %42 Weq mdontherightaide

i!lﬁ:khgthnl..ﬂﬂ.md equating the corresponding cocfficients on both
WegetA+B=35 (n

JA#IB = J———(1)
Solving the above two, A=, B=9

— El
:+2+:+4

So the given expression is

In the Viedic method, the problom is simplified and one can write down
the valucs of A and B by paravartya operation which ks cxplsined ms follows.

x+m . + B
(x=a)fx—b) x-a x-5

Ome can get the values of A end B by equeting the each factor's
denominator successively lo zero which resals inx -8 =0orx—b=0ie
x=aorx=h,




i3

The value of A bs obisined by substinging the value x = & In the given
expression and omrTiag (x —~ a) i e denominatior
Thatis A ’";‘
Simukaneoosly efter swhitinging the valoe of x = b and oemitting (x-) in the
denom nator,

i+ m
B= b-a
Substititing the values of a and b Brom the given problom ms 8 = =1 snd b=-4 a3 read
from the expressions (x+2 = 0, x = =} x4 = [, x = 4) 1o rewrite the depominator.
The 1 and m are read from the numerstor of the ghven expressionas I=Send m =2
and the partinl fractions can be dmply writien down

The vabues of A and B are cbigined ss A= —f pnd B = §

Mkyﬂhﬁwmhﬁhmﬁhﬂhu
-4

E+d MHed

By Vedic Methad you can solve by the method of vilokenam as
desenbod above, when the expresiion is in the sbove form,

(2} Let us contider the resohation of the cxpression into partial fractions.

The numerstor of the given expreasion is of the Quadratie form.
Lat v consider
St w7
(- 2)(x + 1)(x # 3)
la the current method the given cxpression is split into the partial fractions of
A B c
%-2 xel X+3

By uking the L.CM. aad collecting the cotflicients of powers of x on the
RHS and compare thom with LHS.
S+ T-d= A 4 4AX + JA + B 4 Bx = 6B+ O - (2~ 2C

We get 3 equalions

A+B+C =5 ____ ()
tA+B=-C =7 __ ()
M‘m-t‘:h-‘ —_m

Sedving these ) oquations by seitabie comisnations we ot
{1} + @) gives SA+2B=12 ]
AN +(3) iA=48= § ——(J)
6B= 6=3B=)
A=2,C=2




EF

In the Vedic Mehod the exprestion b Smilady w¥itien

X-8 X-B X-€ !

The demominater of each fictor in the LH.5, s equated 10 rero which beads 1o
i=-g=0orrkx-b=0.x=borx-c=0,x=¢c

By ppravantya x=aorx~borx-¢

When x = a fa comibdarnd
The congtant A can be deduced by substituting the value of % in the numenstor
and in the denominator leaving x —a, and the other two are being substitoted.

fa" + ma+

(i =bNa=-c)

B b

(b =a)b=c)

L e +meen
{c=ae-8)

Mow the values of A, B, C gre obtained by substinuting the values a, b, ¢ and |,
e, o i read from norserator in the read from LHLS. of the given etpression.

le, A=

Sirablariy B =

fe.a=b==c==3aad |, m, mors 7,4 rspacbvely,

The given expression is written Into partial fractions as :: 5 *;%T 1.;%5
(1) Resohation of partial fractions of the type. {:“:;

el 3
Where the dencenlnator bas more factors of repetition
(1=

In the Cument Method, one can fesolve by two methods,

. A B
i e writien —
tcan & T ;{1_:]
Then LCM. b tken and comparison of x cocfficients is carried out which
leady b0 .
mAI= A+ B =x)
A+B=3
& Bmd
A=3
.'.ﬂim:;mhnh—}-i .t
(-x* 1-x)

This iz sl prrived &1 by keoping (1 = x)as p = p= (}=x). end rewriting the given
expression in tenms of pas




KK

Wi-p)+3 -2ps5 -2 5
P F P P
Substituting for p, the value 1 = x
-2 5
Wtﬂhﬁmm:ﬂmuﬁ+ﬁ
In the Yedle Method,

h‘.+3_ A \ B
-y {-x" 0-%)

‘This can be simplified as 2x +3=A+ B (1 - x)

Considering the denominator oa the LHS &8 zero and spplylng the usual
paravarys we gtx= |

In genenil the denominators of partisl fractions contain the descending
powers of repeating factor,

Substinating the valoe x =1, A=5
The above equation is troe for all values of x and hence we can give
any other vahse 3ay For exampla 0,
I=A+B
B=-32

Hencs glven expressicn -;';‘_—:% ¢an b written a3 F—%"ﬁ%ﬁ

I genera] s combinetion of 2 or more types of the sbove form can be solbved.
This can be extendable to include other powers of the denaminator a3 well.




Examples
1. Express into Purtial Fractions

E+m _ Sus+2

G-aix-5) (KedMmed) [ned)  (xed)

Cuirend Method

Gx+2 A B
{:+1}{x-4}-:-i*:44

L Alx+8) s B(x+2)
(x+2)x +4)

ix+2l=Ax+44 -+ Bx+ 2B
= (A B %+ 44+ 2D

~LA+B=3 (1)
dA+IB=22A+B= ]l —)

Subtracting (1) from (2)
A +B=1
Am—d

Substitating A in (1), we gt B =9

,_5%+2 9 4
T x+4) X+d w42

Vedic Method

We can express ino partial fractions
by using the fllowing formules:

Supposc the given cxpredsion ks in the
form

B +im - A B

(-oKx B} 0r-8) @ (x-b)
Baem Ih+m
MA.T—_IJ Blm

- I the given problem

_m-l!-_—n.-l-‘
i

Hm

=2 -2
We can calculate A and B meotally by
wsing the sbove formules,
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2. Express into Partial Fractions:
biem _  llx-1 A

C-aNx-B) (-DE+5 x-3

Current Method

1ix =1 - A + B .
(X=AH+D) X=3 X+

_ Alx +5) + B(x=3)
. (x—-3)x+5)
x=1=Ax+54+Bx— 1B

={A +B)x+5A- 3B

n
AR e (2]

:‘:ﬁlﬂﬂl (1) by (3) and adding with

A+B=11

3A+3B =133

A =3

A=4

Subsiituting A in 1, we get B =7
1ix=1 &4 F

{:t—!]{1t+5]-:—3+:|t+5

(x+5)

Yidic Meithod
I=l,m=-landa=3,b=-5

A=4B=7

L Mx=l 4 7
T =N +5 x=3 x+5
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[4 T T

__@Xe) | (a-3)e-3)_
pe1Z-Sk uraws 3
@) (e-ado-0)
T -i-5 urqu+a

X0 _f-oa-8)
S y-vie0z urew+ g

z-x_f{eex)i+ Wz —-x)
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Appendix

Current method of solving the partinl frections:
Usual snd routine method ic. adopted to get the values A, B is s follows

BMm o defined for x=aand x #aandx o b

(x—a)x b}
forx=nandx waandx = b
Ix 4+ mb A . B

[z=a}z=8) x-a x=b

ig

k+mb _ A(z-5)+B(x-a)
(%= aXx—b) (x=a)x=5)
Since x 2aand x b, we have Ix + mb = A (x-b) + B{x-a)
Now taking the limit

Alx=snie
Lt {lx+m)=R {Alx-b)+Blx-a))
x—a M=l

iela+m = Afsb)

la+m
A=
a=4

Similarly by taking 1t x— b
Ib+m =B (b-a)

Ib+ mi
b=a

hhmmmﬂdh%ﬂhmmmm
process the same result could be obtained.

Example:
2643 4 B
=z (-2 l=x

o H=

is defined forx = 1

2x+1 J+B{l x)

-7 (-
Forx = 1,24+ 3= A+8(1-x)
Taking the limit asx = | L2
Lt x+)=0 (A+B(l-x}
e | W= ]
SeA+h Bl-x)=A
A=5
Hence 2x + 3= 5 + B (1-x) is defined forall x = - | in particular
x=0,3=3+B=+B=2 orcquating the constant of x on both sides ,we get B = <2,
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Section-5

POWER SERIES (POWERS OF POLYNOMIALS )

Procedure 10 expand any power of the type (3+bx+ 0 +—===] by cument and
Vedic methods are &s follows. In the current method the given expression can be condensed
Lo (a+px)" where p can be either & number or polynomial. If p is a number, a single binomial
expansion will give the result. If the p is a polynomial then successive condensation is 1o be
carried out unti] we reach final expansion in the form of & + bx where b’ is mere number. At
every stage of condensation binomisl expansion should be camried oot end the results are o
be incorporated into successive steps, An example is given when a single condensation is
expleiped. The binomial expansion for +ve and —ve values of n using the given formuls.

In Vedic method, the following principle is followed. The given problem
{mtbocsex’+..,}* I8 written in the form of a power series taking into consideration, an identity
between the two and also the mutknum power in the power of the power series is detonmined
by the multiplication of o with the highest +we power in the problem.

If n is ~ve, sven then the same rule applics but it is to be cxpressed in the form of
infinite serics. The following points may be noted in equating the given problan in power
=iy
(1) The problem in general form can be taken o be (a+ bx + e ... Hisn
polynomial of definite order raised 1o the power n, o is a natural number.

I n 5 ot & natural oumber then the cxpansion will result in mfinite series.

In both the cases the method adopted by Nicholas group of workers ia to express the
given polynomial either in the finite series or an infinile series of the form as the case may
be.
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A+Br+ O + D + .o + K™ €N (Natural mumber)

A+Bx+Cxf +roisiinenve D N

In case the polynomial consists of —ve powers of x, then also if n is +ve we et finite
serics, if m is —ve, Infinite series. In addition, the expansion consists of the —ve powers of x
the minimum —ve power is determined by the quantity n multiplied by the minimum power
in the given polynomial. leiﬂgﬂmpuhmhmmnﬁdmﬁmihummufpdynmﬂ-l

i1 the povwer series can be written as follows;
(243 + 43 Y = A + Bx + OF + D + Ex* + x® + G

(2+07 + 4 P D+ Ol P+ By + A+ Bx + Cxf + Did + Ex"
+ Fx? + Gaf

43 4 = Gt Pl BN D+ O B A
(2+3n+ 4 = A+ B+ OF + DF + 1vvreareaen, oo, infimite Series
This i3 only being way of example shown bere.  For any polynomial ruised to any
power, this procedure is applicable.
The method actually consisis of
1) Considering derivative of the logarithm of the given polynomial,
For exarmple:
(2+3x+ &y = A + B+ O + D + Ex* + Fx' + Goe®
2) Taking derivative of logarithms on both sides we get
(log {2+ 3x+ 4"y =[log (A +Bx+Cx’+ D’ + Ex4Fx™+Gx®) |

3(3+8x) _ B+20x+3Dx? + 4% +5Fxt + 6Gx°

(243x+4x2) A+ Bx+ Ol + D0 + B 4 F +Gab
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3) By cross multiplication sod comperison the cosfficients of each power of X o6 both sides,
one can evalume A, B, C ... A few exemples are worked out taking certain powern using
bath the current method and the method adopted by Nicholes group. Using directly the
straight division method described by Vedic principles for a division, by polynomials, the
expansion of & polynomial when n takes & ~ve value also is demonstrated here,

For example when o takes 8 -ve valoe (1 + x +# x°)”

It can be identified by Parmvartys as

1

[1+.:+;}1
Concenfrating first on the denominator and proceeding in the same manner as
described above, one can get

{l+1+l{1]4-&+BE+C31+D13+EK4+F15+'ﬂ'.|lﬁ+H.KT+I':E
Where A, B, C, D, E, F, G, H end [ can be definitely worked oul by the sbove

method,

In ooder to pet the coefficients in the expension of (1+x+x’) ™ one by to sctmlly
divide 1 by the power series 30 obtained (Reciprocal of the power series). At this stage
applying straight division principhes a3 explained in the vedic system, one has to consider |
a5 the dividend and the power series &s the dvisor, with the proper partition of dirwajanks
and part divisos. This is explaimed in the example (Jx+2)7.

This method in case of ~ve powers of the polynomial expansion into power series can
be taken 10 be general whatever may be the degree of the polynomisl.
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Example: Expansionof {1 +x ™' +x'
(Given polynomial is expressed in terms of a power series as
D+ 0 e Bl + A+ BY + O + D + Ext + P+ Gt
1{1\:—.\:’2
Om taking logs and the derivatives w. 1 .t. x on both sides one gets =
l+x *+
—30h 4 _ a3 Bl s By e 3D 4B 1 5P LG
D3l 2 e Bl Ly A4 Bra O + DO 4 B 4 Fr 4+ Go®

Om cross multiplication and collecting the cocfficient of equal power of x

~3C+6B'=B +2C-B' »x'
~B=+5C-78

2C+3D=6A=3D - x'
C=34=3D .
B+4E+ 3D =68 =3E e o
iD=58 -TE

4E + SF + 2C =6C — 3F -
E=(C-3F

5F + 66 + 310 = 6D - 3G .t
SF=3D-9G

6E = 6G +4E X
E=3G

1B +&C =B - 20! e
B=2C!

-B'-3p'=6D'-34 . X
-B'=0oD' =34

-3B' = 220! - B . X
C'=pB'

=10f 20 = = 3! ot
nt=0"

From thase one can deducs the following relation
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a+x'+x2 Y ={1+xx*xp

Lat (x 2 + x)=p. Hence the given polynomial

= (14 )

1+3px+3p'% +p'x’

p={x"T+x)

P (xR o 4 7 B

Pt =t + 3+ 37+ 0

On substitution of the values of p, p* and ¢ we get

(L+x +x0P= 4+ 6+ 1+ 38+ 3 + o+ 7 o 3 37!

4
Awm=
3

B=2C'
c=c!

E=C!

=1
GHE

B! =
gl=g

L
D'==(
3

[1+x7 +f = [§+E.n:+::2 +o 4zt +%xﬁ +x Lix 3+% x‘j]

To evaluate C' we can give a value to x for example x = |




[141+1) =27 = E’[§+1+1+1+1+%+1+1+%] =l §=2T
Cl=3

27=9¢"

Ccl=3

Hence the given expension s x™ + 3x 04 I + 4+ G+ ¥ + 30 + 3t + b
Exzample: (I +x"+2x)"°
Taking logarithm and differentiate w. r. . x

0.5(2x +2)
1+x“+2x
x+1 _B+1&+1&t+4h3+5&4+6m5
142426 A+Brt O+ Do+ Exd 4 FO G0

A=B=1

C=0,D=0
¥  A=B=1
x! A+B=2B+2C - A=-B=2C=C=0

¥ B+C=4C+B+ID)=0~* 3IC+ID=0=D=0
¥ C+D=4E+2C+ED=EmD

x* D+E=SF+3E+3D=F=0
Lled e =1 4y
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Example: (8x° + 12x + 41 + 37 + 63 + 27x + 270
=A+Bx+ O+ +Ex* 4o

(167 +20x% 45625 +37x% +42x+9
1 4
Eqm—hm: H68+IL2 H126x+2) | plomana.

820 £ 120 + A2 4370+ 63724275427 | A+ Brt+ Coot DS+

A=1
¥ GA=17TH;A=3B = B=l
' SB+42A=54C+27B = C=2
B 12 AR AT 6T 4 I+ 2T =3 4 x v 24 L)
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POWERS OF POLYNOMIALS
Examples:
(1) Expand {1 +x)*
Current Method
{1+x°
By using Binomial Expansion
(+x7 = Sepxl® +5c,xl* nx + foyxl’ xx?
+5 X P x Y o el k¥ sy
= 15+ 10+ 100+ 52" 4t

Yedic Method
Let(l+zf = A+Bc+ 0+ +Et+

Take log and differentiate wrix,

5 B+20c+ 30" + 4B + 5
14X A+Ba+Cx + D00 + BX + P

By cross Multiplication, we get
54 + SBx + SO + 502 + SEx' + 5Fx
= B+20%+3Dx" +4E + 5P+ Bx+ 207 + 1Dy + 4B + 55
A+ 5B+ 50 4 507 + SES 4+ SR B4+ (B4 20 x+ (20 + A0 + (D + 4E) 2
+(4E + 5F) 2 + 5P,

Equating Coefficients of powers of x
Constant term 54 = 5

x term S8 = B +20 =28=C
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fterm 5C =2C+3D =C=D
Liem 5D =3D+4E =D=2E

term 5E = 4E+5F = E=iF

The first Cocfificient, £ = 1" = |
B=S4=S5
C=28=10
D=C =10
E-%-S
F-—:--I
Zol et 4 S+ 10 4 100+ St 4
(2) Bapand (2x + 3)*
Current Meihod
(2r+3)*
By using Binomial Expansion

(x+3)¢ mdey (@29 +40(2)’ X3 +dea @9 x ¥
il (2x) %P ddgy x ¥
w 16+ 96" + 216 +216x + 81
Yedic Mrthod
Let(Zx+3) = A+Be+OF + D + B

Take log and differentiate worL x, we get
1!_1__ B+ 20¢ + ot + A0
Bied A+Bx+Oc + D’ o Bx'

84 +88c + 804 + 8D + BBt

= 3B + 6Cx + 90x" + 128 + 1Be + 40"+ 6D + 8E¢*
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B4 + 8Br +80" + 802 + 85"

= 38 + (2B46C) x + (4C + 900> + (6D + 1250 + BEY*

Cocfficient of power x
R4=38
88=28+6C =2B=C
IC=4C+9D = 4C=9D
D= 6D + 128 = D=4E

The Firil Coefficient 4 = 34 = 8]

JBA 88l

? 3

=216

C=8=216

o 40 4x206

b 9 9

o

D %_
Ew —="rmlf

S 20+ 3) = 81 + 216k + 2162 + 962 + 16"

(3) Expand (3 - 2 + )
Current Method;
(-2 +2h)?
Let{x=2)=p
(3= +x) =3+ p)’
By using binomial Expansion
(34 pr) = Sc 3 # 50 3* (ps) + Sz 3° () B3 3 () + 5043 () + Sepe)®
=243 + 405px + 270p°2 + 90p™F + 15p%* + p'’
P=-2
= Seqx’ + 5o, (-2) + Sea (<207 + Seuf(-2)" + Sewd-2)* +5el-2)°
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=’ = L0t + die - B0n® + B0 - 32

B2y
=degx® + doy 2’ (<2) # deyx (=2) + ey 2 (=2)" + ey (-2
et ot 4 2 — 32+ 16

pr=(x-2y -’ - G+ 1208

pPee2erd-dred

(=204 =23+ 405 (x - x+ 200 (F —dr+ 8) F + 90 (= 6" #1 2x 8 + 15
(' = B 240 = 32+ 160+’ = 10" + 40" = Bl + Blx = 32’
=243 + 405" = B10x + 270" — 1080x" + 1080x" + 90=" = 5400 + 1080x" ~ 72007 + 15"
- 1207 4+ 360" — 4802° + 240" + 2 - 100" + 40" - 80" + 800" - 320
= 243 - Bllr + 1485 - 18067 + 1 590" = 1052 4 530" - 200" + 55" - 10" + 2™
Yedic Method
Lt -2ef) i mArBrs O+ D+ B + ...
Tuake log end differeatiste  wrl x, we get

HIn-2 _ Be20os 30 + 4B 4.,
I-Zusx’  AeBu+OF oD o Bty

104x + 1087 + 100 + 100" + 10E* = 104 - 108 = 100" = 100y = 10Ex" + _..

= 1B+ 60x + 90 + 1 2Ex"= 2Bx - 40" - 60 = 3Ex* + B
F20C + A0 v 4B 4 ...

= 104 4 {104 = 108) 2 + (108 = 100) £ + (10C - 100% + (10D = 10E)* + 10Ex" + ...
iR+ (6C - 28+ (9D —4C+ )X +(12E-6D+20)x + ...

Equating coefficients of power of x

- 104 =38
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104 - 108 =6C - 28 = SA—4R =3C
105-10C=9D -4+ 8 = IB-2C=1D
100 =10D= 12E =60+ 20 = 2C-D=3E
The first Coefficient 4 = 3* = 243

=10A _=10x243 _ oo

8= 5 3

3A-4B 3= 243 - 4-§10)
3 3

= (5 x B1)+{d x 2N}
= 14835

=

= 3B-2C _ 3-810)-21485)
3 3

=3 (—=270) — 2(495)
= - 800

_ 2C-D _ {1485} (-
E 3

= 2 (495) + 600
= 1590
S 3= 2x+ 0 =249 - BlLle + 1485 - 1800z" + 1590% .....

Expension of (a+b+¢)____ to the power of any integer can be directly written
down using the tables that are formed as the general expansion derived in Volume TIL (b)
page 75 and the tables N, O, P, Q, R, 5, T

One can derive such tables for the expansion (a+ b +¢) _ __ _ raised fo any Integern.
For example l=t us consider the expansion {3 =2x+x*),

The terms in the expension can be simply written down easily from the table (2) page
50,379 in Voluma [T (b) and details are as follows,




1™

Comsider x” a3 &, -2x as b and 3 as ¢ in the expansion (3 -2+ x*)" the temus wic

Na'ax®xlax® Hx » 2w -2x"x5  =-10x"
b = =32x% 51 3]!’.'-!- B = 3 u5 = +15x*
et = 2431 8% =t it 210 - ﬂ'

+ 55
- B

&) x" = a'bd? = x*. [y x 10
a'be -:"_.{nh}:fi = -’ 220 = - 30"

200%
5)x* s ab® w i (I6x')x5 = SOt
alcd @ x? 9 e Ox* 10 = Ot
2% m X (A7) 2 3 = 12" % 30 = 600"
+ 530"
6)x* =+ b¥ w(-32)x5 x1 = 32"
blea w (-2x)" Ju ¥ m 8?3 x 20 = 480"
= 540

a'ch = 9. (-2) % 30

1052

Tt blemibn'«Ixs = 240’
cfe? w27t 210 = Z70x"

b'cia =427 9% « 30 =] 080"
1590

B1x = bl w8 u9x10 = T2
b = 27 2% (~2x) x 20 = 1080
-1500%’
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#)3 = ac* = x2.B1x5 = 405}
b = 27 x4 «10 = 1080
1485y

103% = b =81 x{-2x) %5 = B10n
A (3= x?)® =2 —10x" + 55%" —200%7 + 530x% — 1052 + 1590u* — 18000 +
1485x* - B10x + 243
This is well compared with the current method and also with the method described wherein
Logs and derivatives are nsed as given by the British authors,
(4) Ewpand (26 -3x+1)®
Nedic Method
Let(Zd =3z+ D P=Ad+ B+ P+ O + B+ B 4.
Take log and differentiate w.r.Lx, we get |

Z2{4x -3} L Be200+ 300 +4BC 4 5 4.,
2o el A+Bx+OF 4000 B 4P 4.,

8866 B+ 208 4+ 30t + 457 4+ SRt 4 ..
el -+l A+BEa O 2D 4B o PO 4,

Bidx + BBEY" + 880" + B30 + BREY + BEFS+...
—66.4 - 668x - 66C5" - 660" — G6EC* - 66F=" + ...
=28 + 40 + 60x" + BE + 10FLE........
=3Bx - 60" — 90w — 128" - 15F2° ...+ B+20x + 3007 + 4B + 5B +

== 6id + (884 — 665) x + (888 = 660" + (B8C — 66D + (§8D - 66E)x*




1n

=B+ (30— 3B x+ (3D — 60+ 2B} 2 + (AE =90+ 40) P + (SF - 12E+ 6Dy 2 + . ...

Equating Coefficients of powers of x,
= -Shd=B
B84 -668=2C-10 = 8RA-6IB=2C
888 — 66C =3D — 6C + 25 = BSB - 60 = 1D
B8C - 66D =4E — 90+ 4C = B4C - 5TD = 4E

BRD - 66E = §F — |2E + 6D == 82D - S4E = 5F
First Cosfficient A =19=1

B= — 664 =66

o= BA ;m - “‘ﬁ:{“@ =213

BaB - 800

= =44352

BAC =5TD
i

E= 616370

523 = 3x o+ 1) 2= ] 66+ 21207 — 44352 + 676599 = BOMGIZC +.....
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(5) Expand (2x+1)*
Vedic Method
Lat(Zx+ 1) m A+ Be e OF # D' + B+ ..
Take log and differentiate wrix,

252 B+200+300 + 480 + oo
e+l AeBes o + D + B 4o

$ _ B+2Cx+3Dx’ 4B’ 4.
Ix+] A+Bu+Cx ' +Dnt+Bxt e

54 + 58x + 5Cx* + 500 + 5Ex* + ...
=B+ 20k + ADx® + 4B +........ + 2hx + 408 + 6D +AE* + ...
Equating Coefficients of powers of x,
SA=8
SB=28+2C =3B=21C
- =3D0+4C =C=30

SD=4E+ 60 = -Dw4E

First Coefficient & =13 =1
B=Sd=5
C-!-B—HS—-E-?!

2 2 2 7
ﬂcui.
D T°%.3 25
__n-;s—-—u.m
E=T=5

SoZe s 1P =1 452+ 750+ 250 082550 + L.
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(6) Expand (1 = 5x+ )"

Let(l=Sx+ ) *=pAsrs Cele DO+ B+
Take log and differentinte w.bt x,

L6{2x-5) = B+ 200 3 s dB 0.,
1=Sx+x'  AeB+OC +00) o B 4,

3-8 - .+m¥w+ﬂj*ul-
1=58430  A+BXeOF +0 4+ Bx* o,

32dx + 3287 + 3207 + 3200 + 128 +.,,.~ 84 - BBx - BOW - BD' - BES.,..
=B+ 2Cx + 300 + 4Ex° - SBx =100 15D = 20E¢" + BP 420% 410" + 4B +.,._

= =BA+(24-8H) x + (328 - BC) 2 4 (3.2C = 80) o + (3.2D = 8E) * +
=B+ (20-5B)x+ (30— 10C+ B) 2 + (4E= 15D+ 20) L+ ......
Equating Coefficients of powers of x,

B=—f4

324 -88=I0C-58B =12A=-1B=2C
12B-BC=3D-10C+H =22B+IC=ID
32C-8D=4E - 15D +1C =13C+1D=4E
First Coefficient A = |

Bw-§h=-§

Cwm 3*"‘;“ =136

D= ﬂﬂ;ﬂc =33

Ewm @gg,ﬂ

S =Seer) =] - R4 13,667 43280 + 068 &
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(x+2)”

Vedic Method

(x+2)7m

(B +27

Let(3x+2) = 4 + B+ OF + D@
Take log and differentiate w.r. x, we get

=3 - B+ 20+ 3t
B4l AsBu+Onf 4 Dn?

9 . B + 20 + A
T T

04 + 98z + 00 + 9wt
= 28+ 4% + 600 + 3B + 607 + 9Dy
O + 98y + 0% + 9

=28+ (4C+ 1B 5+ (8D +60) 7 + 5
Equating Cocfficients of powers of x

94 =28
$E=4C 438 = 1B=1C

O =60+ 60 = C=12D
First Coefficlent A = 2" = §

_ 3B 3xd
C= S ====54

[~ |
p=S.2.n
2 2

S (x 2y =B+ 36x 4+ 507 + 274

1 1
Gx+2Y ) B4 36% + 5450 4 2T
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Dhvajanka
4 Dy Dy
Mx S 2N 1 (Dividend)
L 9w 27a !15:’+l1l5:"+w
g 16 16 32 11 -
& e,
1
ME{QH'
&y
"y
36x
Steg: MD=0-| T -%
1
B
4
—9x 1 -9x
= 3" @
oy Dy
36 S4x®
Sigpd; ND=0- ><
17 e
8 16
Q @
as
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et 1 27x°
2 "% 16 Q)
oy h 173
¢ 36 LT 7
Stepd; ND =0 -
1 %= 27
8 16 14
2 @ ./
-135x" 1
=3 "%
-135x*
= Q)
Dy Da Dy
7 3 54 212\
T e
-9% et =135
1. [
V] & i r
p. _/
e
16

108t 1 1rst
% 8 128 @

o 1 &x Tt o135’ 1%’
+2t = e + Ty
Brtdl =g~ 16 1z 12
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{1 +x 4+
Vedic Method
(1+x+)~ =

Let (1 +x+ ) =4+ Bx + O+ D + B + A + G + B + B
Take log and differentiate w.r.t. x, we get

[1+:|u :E}i

H e 1) u+n+m=++a:! + 5Pt 60 + TS 4 BT
Temext  A+Biu+ OO +DC +Ex* « B o Gd* + M +Dx?

BAx + BB + 8O + B0 + BES + BFY® + 3Gx" + 8R* + B
+ 44 + 4B + 407 + ADP+ AE + 4R + 460 + ik + AL
= B+ 20+ 3D + 4B + 5P 46027 + TH + 8K

+ B+ 207 + 3027 + 4Ex* + 5P +6GxF + THY + Bl

+ B + 202 + 3Dx* + 482" + 5P + 6Gx + TR + RIS

44 + (R4 +4B) + (85 + 4CpA + (BC +4D1 + (D + 4E) x* + (BE + 4Fp’

+ (8F + 4G) 55+ (BG + 45" + (BH + 41 + 81

=B +(B+2C) x+(B+20+101 4 (2C + 3D + 4Ex
+(30+4E+ 5Fp* + (E+ 5F + 6G) £ + (5F + 6G + TH
(6G + TH + 8 x° + (7H + &' + 8&°
Equaﬁngﬂmﬂiﬁmunfpnﬁwfr

44=H

BA+4E=B+2C =4A+3B=2C
EE+4C=R+20+3D = TB+2C=1D
BC+dD=2C+3D+4E =6C+D=4E
BD+4E=3D+4E+5F =D=F
BE+4F=dE+5F+ 67 = 4E-Fu 6
fF+d40 = 5F+ 6+ TH =3F-1G=TH
IG+4H= GG+ TH+ Bl =2G-1H =41
B+ 40=TH + 8] =H=4]

First Coefficient A = 1* =1




1

f=dA=id

c-ﬁiﬂnliﬂ-u

o BB
e 1é
s 2,850

Ful=lg

= L ;Fﬂ“" Il"ulll

AR

20-3H 1013 _
|“‘—'-i—l i l

ot ba ke m L ds 10644 168 + 156+ 16" = 106 + 4] +a

|
5+ -
(x+27t Tedx+10n +16x" +192* +16x" +10x" #dx’ +u!

4 108 167 1t 16¢ 1 &' | )

| =dx+ &+ 0 - 155"
Qe & W O

wep 1 1e10@)
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m ND = -

Step:7 ND =0

Stepd ND =0 -

(L) = 1 = dog + 6+ = 15" + 240" — 65+ 3627+ ...




k2

% {tﬂ‘-bh}ﬁ = A+ B+ OF s Onc?

V2@x+2) W2+ . B4+200+ T
145 +3x 1+ +2c  A+Bx+O0 + 00

¥ Coefficlent : 24T A= B
x' Coefficient : 242 A + 242 B =28 +2C

=y2(A+B)=B+C

1’cnﬂhm:zﬂc;z-.i'iﬂ-n+¢c+man-:ﬁa

B=242
VI(14242)1=242 +C = V2 (242-1}=C

-‘-{I"-n*ﬂ::]'IIIE A+ B+ O+ D+ = 1+ VT I+ V2T L)+

To show that the Expanslon of power % {Cube Root) obtalned in either
ascending order or descendi-q order glves same result for a Perfect Culie:
B 4 12+ a2 HE0t 2 27

Asconding Order (Rasult)

(B 12 # 2437 + 63T + 270 427 P Ak B b O T 0 Bt Pt ON®
Taking logaritsm and difforentiate on both sldes w.rl x

Ead B &
PENC I ¥
lﬁ: + 42K *ﬂ: ﬂ;l Ty ﬁ '%%1%
Eamparing the like lerms on both sldes
¥= IN=37D A=En =3
A=iB B=l

s B +8ME=98+ 434




=

=

A=

X =
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54C=424 — 188

S4C= |26 - 18 = 108

=C=2

63B + 54C + 81D = 9C + 42B + 3TA

ZIB+45C 374 + 81D =0

21+ 90 - 111 +B1D=10

= D=

J'B+ 126+ RID + 108E = 564 + 378 + 420+ 3D

37 +252 % 10BE = 168 + 37 + 84

280+ IBE=280=E=0

428+ 74C +189D + 108E + 135F = 20A + 56B + 37C +42D 49K
42+ 148 + 135F = 60 + 56 + 74

190+ 135F = 190 = F =0

128+ B4C+ 111D + 172E+ . 5F + 1620 = 16A + 206 + 56C + 37D + 42E + 9F
12+ 168 + 162G =48 + 20+ 112

180 + 16205 = 180

G=0

(B 4 12x" + 420 B0 4 2 + 2N P m (34 D

Descending Order (incase of given expansion is p
(2T + 27T + 637 4 370 + 42x 4 1207 + )" x
Teking log and differentiate w. r. 1. %

27 + 126% + 111x? + 168" + B0 + 487 - +8

1 = +8
I 27n s 632 s T 1 2 1 1BC 1B O 4B A

9+ 42x437x" + 56" + 202" ¢ 162" 20e4B

27+ 2Tx+63x% +37x" +42¢ +12x° +Bx*  OC +Bx+A




184

Comparing like terms on both sides
x Cocfficient : gA=27B A=(2T) =2
x' Coefficient ! 424+ 9B = 27B + 54C B=1

126-18R=S4C=C=2
Verification:
x* Coefficient : ITA+ 428 + 9C = 63B + 54C
111442+ 18=63+108 =171 =171
Hente { iven expansion is Perfect Cube:

Imperfect Cube:

To showr that the roots obtained from two different methods j.e. Streight Division method wid
Power series method (A + Bx + O+ ......} in both ascending and descending order.

(o + 6t + 152 + 2V

Descending Order (Starting with hi, “est power of x)

i+ 15x+ 2N P =B+ A+ B+ ClxT+ DI BN L
Take log end differentiste w.r.t, x

1[ I+ 13 + 15 - B- Bl - 2cic? - oM - 4y Y
It B +15x 427 B+ A+B + O DY 4BV

I 2l ] = [ LV M,
X abr +15Me27 BxeA+BAT +Oxl el

* Coefficient : C'+4B"+5A = -2C'-6B"

278 -10B" = 2C'+ SA S
x* Coefficient : B'+15B=B' +4A + 3B

SR'+10B =44 ———
2 Cocfhicient : A+4B = 6B =4 = 2B wmemmrmrean }

X’ Coefficient : B=B
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;..I Coeffclent = DI"I"‘-CLHBI -_m1_1x1_1m1

40" = 160208 = D' = 4! - 5Bt 4
Am=2
Fem3 B=1
From?2 B'=l
From | =
3
From 4 D'= =2
3
.‘.{x’+ﬁf+I!x+mm-1+1+1"+§:"+ ?-x"-r.-h.
Strziaht Division Method
x e 15% 27 0
CD= 3t
—43
-12x 20 _—
xE
“3ab! Th'+abe)  Ibfc+dact
+ Gabd
2 _l.. i -43
x x ki ?




186

Ascending Order
B+ 15+ 2T = A4 Bx+ O+ D+ Ex L,
Taking logarithm snd differentiate cm both sides w.rt, x

1, 3 +12x+15 1= B+2Cx +30x" #dE...

3 60 +15x+27 A+ B0+ DY+ Ex

T 4dxes B+20x+3Dx + 45,
PR 415737 A+ BxeCr + Do+ o',
Comparing like terms on both sides
x" Cosfficient : 5A=27B A= =3
x' Coefficient: 15B + 54C = 5B+44

S4C =l V4+4A
-?nz -% =c-%-%

o Coefficient: 6B +30C +81D=A+4B +5C

BID =-2B-25C+A
=10 25X28

B e ———

9 243

_C2M0-T5 T

B1D
243

_ =266
19683
¥ Coefficient : B+12C+45D+ 108E =B +4C+ 5D
108E = -BC -40D




2JE = -2C -10D

187

_ =58 2660 _—2038

243 19683 19683

-2038  _ -2038
TTX1968F 531441
Straight Division
27 15 (e x o’
CD=3g% =27
=25y 005y - 2038x*
a 729 19683
-3ab? (b+6abe)  3bcedac
+ tabd
3 Sx 2957 - 2662 - 20381
9 243 19683 531441
i b o d €
THIskeed+ W= 34 2ge 2 2, 2206 5 —2038
(2 x x") g.:l = © 19683 + Saraa




(1)
Ex:

3+ x Y
w4y + 5':;:-']

+ny + b+ exy
Taking log and differentiating with respect to x

&y + 0%
[ +hy + gy

2. +9y) +hy' + 2oz
3+ 30y (9 18 7 )
Hy+ Gy a4+ bx+ oYt

4 78 L

+ay+  boy+ gy
16 s gl

L+t B e Ty )

Let x =y = [ in equation {17, we ge.
1} ay= 9, by cross multiplication method,

1 Gt BEt o
[3"' k]-[m.:n- By + qr‘r]

2) Unity in x, Bag= 36,=>b, = ..5;, =18

3 X Coefficient: 6by = 3by +86y = Bty = 3y
= cy= =9

4)3® cocfficient : 6 &, =6,

5)y Coellicient: Ga, +1Bay= 4by + 3y

144 + 162 = 72+ 3, = by= %- :

&) Xy Coefficlent
b +18h, = 6, + 3 + 8oy + 34,
68+ 124 =BGy + 234+ T2+ 16L
H| -324
g; =54

Eﬂ_l+1hl --t: "q'h|

= (1}

-+ @
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06 + 432 = b, + 312
Wy = 26=> by =72

- 3 ' ah+h;,.r+:|,r1
(3}[+4P+ 9 J"' +ay+hoyeex’y
w +a3, ) +bx ey

Teking log and differentipte w.r. by
& + B+ ot

Hd+9x) _ +2a,y+2hy+2oxy
f.+3.r] g + bx+ 2
W3] | rayrhayraxy
_+d1_}"'+bl_t_].f’-l-|:'rt,_'|.l'!_

Unity: Bag =33, =72=33;, = a; =4
¥ coefficient; Bay = 48, +5a;
by = 40y
By -%-lﬁ
Bcy + 16y = 8y + 16k,
wy® Cocfficient: #h, +18a, = 18a, +8b,
xy Coefficient: 8c, + 18b; = Bcy +6by + 4, + 9,
= 6Ly = 4C; + 9y —Bb; = 216 + 702 - 432 = 485
=&y =B

{4)
From the comperisons of the quotients obtained fr- muktiplications of the
Equations (2] & (3) we pet
o 18x Ox
1 ay | 0 o
dvi 9 = +2My+  TExy+ MHx'y
PEORL e e Tote BRI
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E&
f 9 12 28 16 16
Gt Bt X'+ A ex
24 4 62 36 24
: | vyt b+ grye  dily+ ex'y
[;* :;_ Sﬁr] A 46 I
y+ = ] : .
s bt v eV dX'y e ex'y
e i W) z 42 W 18
rar+ hot+ XY+ dXY+ er'y
i 4 10 12 9
l.."'“-l-"""" .ﬁ.;}l’-ﬂ- "lf.l'rl'*' #lr]]‘.‘{‘ a'-i;"'l.!""‘.-
Takiuy b and & fferentisting w.rt x

b, + Zex+  ME 4 dex’

+y+  Zoay+  MTy+ deXy

2+ B sy 4 20t MY+ dex'y

z[ﬂ_w- Ei;y] why'+ Zentt MY+ dex'y
2+ 697 ) L ebyte um'r MYy 4Dy ) o

3+ 2+ 4 ) [ O 12 28 16 16 )
[M}H Jgps 'y ht o har gpts didr e
++ gt Wy 24 34 62 36 p
vay+ o+ ory+ dry+ &5y
22 40 a7 46 33
s Bgs e e exy
B 2 42 U 168
ra+ bot+ i+ A+ ey
| 4 12 9
L+ 4 B - dFy e el

Lat substitute x = y =0 in equation (1) we get a,

By cquating (he Hke terms in the equation (2) by c.. . .aultiplication, we get the following
values:

(1) 8 =%

m 'q"lu ‘mﬂﬂﬁimn =h|;| =12

(3] 16a, + 4y = 2y +6Cy
E:D FI.“"’H = 168 == :u = 2
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(4) 16bg + 4, = 5y + 4y +4b,
Sdy = 1h, = 9d, =144 = d, =16
(5) 40y » 1, = 128y + 64y + By
1dey = Boy - 2dy = 128y =192 = 8y =16
(6) #8; +6ay = 3b, +4by
PGy +iE =3 =102 by =4
(T) 4b, +163, +6b, +128, = 6, + 2, + By + My
136+ 34+ T2+ 108 = by + 68+ 224 436
B =3 =gy mif2
(8) 9y =125, ~12d, + Sy
Sd; = #06-152 + 108 = 34
d|‘ﬁ
(9) ) + 16, + 6, + 120, = 12w, + 6y +Boy + 168, +5d,; +68y
128, = -20, +8c, - 3y +6c, ~168,
12e; = 72+ 456 - 48 + 168 - 256
128, = 2B8 = &) = 24
(10} 48, +6a, + 43, = 3b; +4b, + by
B+ 144 + 36 = 3by + 136 +12
I! -mﬁh: = 40 .
(10} #by + 168, +6by + 128, +4by + 128, =6, +2b; + 8, + 30, + 25, + 2y
]m+3ﬁlimﬁ+2ﬂ--4ﬂ+1m-ﬁct o B+ 406 4 102 & 56 + 24
By =402 = gy =467
(12} 40y #1560, +68, # 12y = F6g +. "y = 5, +4C; + 40, +12d, + 60 + 3y + 3y +90, + 30y
Oy = 13y + 90, + 9by - 13d; - 3d,
= 480+ 305+ 108 - 431 - 48 = d1d = d, = 46
(13) 4d; +16c; +60; + 12, « 3dy +13c, = 128, + 6d; +Bey + 168, +9d; +6e; +da, +6dy + 6c;
Limy =By - 3d; +60) —2dy + 60 -7 'y — 158 - 4y
12a; =536 - 108 + 372 - 12 + 168 - 354 - 54
ﬂl:; = 306 :tt = 33
[1.‘} “_: iﬁﬂlll"-ﬂl l*_: #'ﬁ: +h|
L+l 4 =3h+160+ M= by =22

[15} ﬂ]_‘+lﬁu_|+ﬁh-;-l-11l;+1b| I-llll -H]'I"r 2':]'1'31
ﬁ:, -Ellld-'.: . m:*lhi"k*'zﬂj
=4 + 68+ 1M G4+ 208 - 536 =124 = 252
ta -'42

(16) #c; + 15y +6c; + 120 +4¢; + 1280y = B, +4¢, 12d; +6cy +303 +3d, + 45, + 3y
Sdy = 12y +5by + 9, - 120, —3d,
Sy = 254 + 360+ 306 — 552 - 108 = dy = 30
(17) 4dy +16cy +6dy +12¢; + 4d; + 126, =128 +Bdy + 8Cy + 168, + 9y +BC; + 48, +6d; +6C;
138y = ~2dy +Bey - 3, + 6c; - 2, +6c, 48, - 168,
=60 + 336 - 138 + 402 - 72 + T2 - 96 - 528
12ey =216 = ey =18
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(18) 48, + B8y + 48y = Jby +4by + by
3h, =4+ 498+ 88 — B - 40
=ld=by =4 _ . ; R
(19) 4b, +16a, +Bby + 123y + 4by +120; =60, + 2y + B0y + 3y + 20; +2by
16+ 16 + 132 4 56 # 160 + 264 = 6y + 8+ 336 + 56 + 134 + 80
684 = B, + 624
6o, =60 =, =10
{20} 4¢, +16b, +Bey «12hy + 4c; +120; = 9d, + 40y + 4, + 12d, +6c; + 3y +3d; + 40y + 30,
40 + B4 4 252 + 264 + 268 + 480 = 5d, + 40 + 18 + 380 + 252 466 + 138 + 268 + 120
1368 = 3, + 1280 = dy =12
|
Ed.}riﬁl:,. #6dy +12cy +4dy +12¢; = 120, +6d, + By + 168y + 9y + 5y +48; +8d; + By
48 + 160 + 1B0 = 504 + 184 + B04 = 120, + 72+ 80 + 288 + 370 + 254 + 132 + I76 + 402
1880 = 120, +177i = 120, = 108 =2 0, = §

(9 12 28 16 16

a+ Bxt+ grte  dX'+ g

24 H 62 15 M4
14 24+ 4 ¥ ray+  Baps gr'y+  dx'ye  ex'y
Hy+ g+ Wy | =22 40 &7 4 n =+ ()
Wi+ e WY e e bote aXy e didYe axly

B . 42 a0 18

)+ b+ o+ Ay + sy

+a e bt e oy s d2y e oy

Tailng log and diferentlating wirt ¥
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a -+ Bre er+  di+ g2
Kay+ Woy+ edy+ My ex'y
:[“* dre 30 [Hap’s Mot dodyle MY+ dex'y
+2y+ dxps Gy) l+da ' + x4+ do Y+ AdXY+ dex'y
1+ 2+ 42 ) [ 9 PR 16 16 )
[:.'IH- Iy 4 Sf}f] Gt BEt  gx v x4 =3
+¥ ¢+ It e Uty 24 34 62 36 24
- +ay+ bay+ griy+ dFy+ g2’y
7 40 &7 44 33
) + Bot+ oY+ 4V + ex'y
8 22 42 W 18
+a+ bnt+ o+ 475+ e’y
vy’ bots e 42+ ey

(1) B3y =30, 8, = 24
(2) Bay + 40y = Bay + 48,
152+ 36 wlly t*:r-ﬂ. -%'n

(3) Bay + 48, = 9, + B2y +3,
176 + 56 = 90y + 176 + 24
Sy ali=n; =8
(4) 0, 42, =128, +122, + 22
128, = <48y + 28,
=M+ =1l=n, =1

From all the comparisons of like terms, we get

9+  lI2x+ ) 168+ L6
3+ 2+ 40 Y | s24y+ Mo Wdy+  Ux'y
Hy+ 3o+ 3y | =[422)0 4 Al d6e'y’ + 3y’
EEEEE

_‘,?n" & "‘q"l * + 11‘-{?‘.""' 91"1"
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Section-6
EVALUATION OF LOGARITHMS & EXPONENTIALS

The method of evaluation is deseribed by British suthors making use of Taylor's theorem,
differentintion and argumentition prneiphes.

For exarnple In (3.8}

It is written as In (3+8x)

This can be writien im power serics of X as

Stepl: In (3+dx) = grbrroc s bexshd's _ —
Whenx =0, log 3 =a = a= 1098612289

Stepi: Differentiating both shdes w. r. L x

3
Irex o LAl ——

In comparison of the quotients, we get
3H=h-§-1ﬁﬁ-ﬁmﬁ:

Examples:

1 In{3.8)
n(1.8) = In{3+8x) with x = 1/10
I (3+8) = o 4 box + oo+ dx? + ox + B+ i FL
g™ In3 = | 098612280
Drifferentiate w.rl x
afh b 42k + b + ded + S0+ 68 + ...
By Cross multiplication and comparing the like terms, we get

3&-!.—;!:-; = 2 GEO6GG6T
Bb+6c=0

=6c=-Bhe= -‘—Ei'E - -3,855555555
166 +9d = 0

==dr‘—;"’i-ﬁamm4

2d+12e=0
= ¢ = =2d = 0001264197531

In (3.8 ) = 1.098612289 + 0.266666666 - 0.03555555 + D.006320987654 -
0.001264197331 = 133478019
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Explanation:
Refeming to equation (1)
In {3.8) = In (3+Bx} whntu-tl-l

Whenx=0 log3=a,

Considering the differentintion equation (2)

[nml:tnnhtnnlhe quotients, one has to multiply the cooss wise of the equation (2).And
comparing the quoticnts on both sides (Argumentation) coe gets the values of b, ¢, &, €.

The final result

Lo (3.8) = 1.33478019.
The verification can be obtained by evaluating the exponentiala.
Refer example In (3.13520794)

2. In {43
n{7) =21In7 =2 x 1545910145 = 3801520268

31027} = In(3%) = 3In 3 =3 x 1.098612289 = 3. 205836867

4. In (183)
1IB3=3x 61

In (183) = In3} + In(61)

8l o 10.16566666.... = 10 x 101666666, ...

]
hnm-lnmun:ﬁxﬁ—;}
=[n (3} + In (B} + b (103 + o {1.0] 55666)

Evalustion of 1n (1.016666)=a+bx + oo # b’ +ex’ + ...
La(l +On+ 3+ 62+ 6 4+ 6’ +..) =  atbatods P4

0 v 1
Differentiating w.r.t x
2%+ 18 + 247 & 300 + ... 4 5
= b+ Dex A T - T
1ot 480 + 6 + 500 4.0
By eross multiplication and comparing the i, W gt
Zgmd=g=1

q+b=18= d=§
de+dom2d =de=22 =e-%
Si+3d+12e=0=f=0
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In(1.016666)= 0+ 0.000+0.01 +0.006+0.00055 = 0.016555
~l(183) =  In(3)+ o)+ {10} + In{1.016666)

In (3) = 1,098 612289
In (8) - 1,791759460
In (109 - 2302585509
I {1.016666) = 0.01655
in(183) = _S5.200507267

5. In (2.4612)
In (2.4612) = k(2 + dac+batex? + N ma+ b 4ol + e 4 et 4 L
I (2)=a=060314T180
D iferentiating worl x
4 +12% + 3 » B -
24+ 0 +xt + et bt 2ex+ 3+ dnd’ + 55!
By Cross multiplication and comparing the like terms, we get
brd=h=2
dct+dbh=12 =c=1
-17

fd+8c+b=3 = b6d=3-8-12=-17 :':rd-T

8 +12d+12ctb =8 S e= == =775

In (2.4612) = 0693 147180 + 0.2 M0000-0, 010000000-0,00283333 + 0000280000

= (1. 900593847
Evalnation of exponentials:
Example:

Exp 0324
Lofashcs of sde? +———-)= 0+ 3n-2a? +4n?
be 2o Ite? o - =3+ 1hed
a+brs? sde? 4 - nm
5 5

13 3 3
la=b=2b=3}
-da + 3b=2¢
G+ GmIe=ne=2S
12a-d4b+3c=3d

= - E -E-E
H=]2-12+ 2=nl:| 35" 3

exp 0324 = 100000 + 0.30000 + 002500 + 00025 = 13275
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The given exponential is rewritien if necessary in smaller figures for example
mmﬂy}mhmu
exp (033 4)

The working as follows Log power series i i

The wor 19 equated to the given exponential to be

Stepd: The given exponential 0,324
It is written fn the form of

hl: I“*ﬂ-‘ltﬂ +H“n-]Hm]I" o — {l]
‘ii'h:n:;-u_t

O differentiation on both sides, we get lo obtai
2L @ Ykt 12c —

Om eross muliplication and spplying argumentstion, the coeffickents can be obtained.
When x = 0 opc can et the value of 2 from equation (1)

exp 0.284
B =exp 0,284
exp0324
Lo(atbat o+ +...0 =0+ 3x - + &
b+ 200+ 3?4 ...
T =0+3-dx+ixc
5 5
1 = 2
] i 12
Ja=b =bm=]3
=da+3b= g
-4+ 9= dase=l 5

Tla-db+3e=13d
H*Ii-l?ir%
15 s

d_...._-_

3x2 12
exp03id4=1.00000+0.30000+0.0%_ » = 13275

Note on describing the interpoletion
L exp (0.284)

Ing = 2079441542
In6 = 1791759469

1'1('2-3 - 0.267682073
ln(@) = 0284
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hm}h{%}-m =.(0.004322133)

lﬂ% )= In(eibtet b e +hic's, ) = (MDA 3 2t 2 132
Dhfferentinte wrtx

bt 200 e 3cbe® + dmx? 4 500 4B’ o« Tt 4 T
P g g *EE' T = (-1 2%+ 120+ 100 12 Tt 2o 2 T
By croas multiplication and comparing like tarms, we gat

a=1]

axl=h=h=1{

O+ 0=de=c=0

—|1."'H=-d-..4

]E:I-“ = =7

10a=5f= f=2

AlxlMe=bg=pg=6

% = 14 040-0.00440,0003+0.00002+0.000006 = 099632600

= B =exp (0.234) = | .J28434667

2 exp {(4.2184)
B=42184
In (2) - 207944154
In(%) - 2197224577
(7)) = 4276666119
ol =4.2184

In {-___?-2-] = 0058266119~ (0,1423"

h{%} = Infatbrrexted e Hic+.) = B PRUCE NP P
Dafferentiate vl X

b 2ox o 3 4 den? + 50" *‘;‘E"iiﬁ,i: = Rkt 1 2+ 1 St 2o Tt 1 6+

a+b+or + it et BT et bt

By erods multiplication and comparing like terms, we get
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a=1

a=h =b=-1

m-u::-%

wab-a-:u:d-%

-Ih+6b-hh-d=4-a=-n-%

150-12b+6c+8d-e = 5= F= 22

40

a+15b-12c+6d+Be-T = b5 = g = %

% = 1.0-0.1+H0,045-0.0021 6667+0, 000504 1 6+0,00006325-0.00000399+ 0.000001672

= (943398422

B =72 x 0.042398422 = £7,924558638

o (4.2184) = 6792468638

3. eep (37)
In(3) = 1.092612289
In {8} = 2079441542
In(24) = 3178053831
In{24"% = 3], 78053831
exp (B) = 3200000000

021945169

B = = =mm
) = Q22154231

% = In (artbocreadrd he i+ ) = (e 2t a5 A+ 2 3t

Dafferentiale wort x
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e 2ox s 3] ¢ dee’ + St 2 6" $ Tt o g 32 206 1200 208
A+brc+ ot o vox? o) ot T 4

By Cross multiplication and compering (he Hke terms, we pet
=1
a=bh=hb=1

da+db=do=c=4

Aptib4de = 3d =d = %
HMa-IbHetdd=da=e= %

200+20b-3c+dd42e = 5 = f= -‘E
282004200 3 +4e42f = bg=sg = L:‘i

B 140.2+0.0404+0,00433333+0.00096666+0,00008933+0.00001 592

o
= | 24540524

B = 7.896290289 x 10"

4. exp (11.08)
In {8} - 2079441542
Sta () - 10397207M1
In () = 0593147180
mEXEh - 1109035489
In (B) = 11.08000000

In (B) - In(2X8%) =  -0.01035489

%- 001035489 = - (0.01035511)

= In (et ret i e it ) = O D03 i St o

Differentinte w.r.tx
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B o bidoreddelsdel oS0t a0 o Tt v Lo 002 100 duet S0t bt

DB pebmecs v em wbo et b’ .

By cross multiplication and comparing like terms, we get
a=1 ’
axl=h=b=1

2 =2 = g = -]

Zh=id=d=0
,m‘z:-hs.-:;

-Bgtlib-2d =S f=-5

30u-25b-126:2 = 6 = g = 5=

Ta-30b-25¢-124-2f=Th=>h=4§

fart To-30c-25d-126-2g = Bi = ' = llf’

% = 1 +0,0 -0.0140,0-0.00025-0,00005-0.00000216-+0.0000006-+0.00000009

= (.93969853
B = (2 X §%) (0.98969853) = 64860.88286 = 64860.883

5. exp (-0.672)
A=-0672
In (3} = 1.098612289
In () - 1791759469

m(F) = 06T

hm-u%p 0.02114718

m%“'} - 002114718 = 0.02115322
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lnl.'%"-"-} = In(a b ot i ) = e S 2 T 2

Dafferentinte w.rl X

B _ be2os3e? v dme? o 50" +6epc Tt ol Ot Do+ 25
B peb+oct fihY pe B ege® Hhe’ bV
18"+ 14u*-16x"
By cross multiplication and comparning like terms, we get

axl=b=b=0
da=t=c=2
Jpkdb=3d =d =1
datibric=de = e=]3

Vatdb+Ict+dd=5=f=7

-18a425bdotIdrde = bg=> | = >

& L

14g-18b+25cHidi3erdf = Th==h = 15

-16ar+14b-1BcF25dHdet3fHag = Bi = i = %

% = 1 + (4 0.02-40.00 1+0.0003-+0.00007+0.0000 MR 3+0,00000 1 50+0.00000001

= 102137231
A=0.510686135
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Section-7
TRIGONOMETRIC, HYPERBOLIC AND INVERSE FUNCTIONS

The evalustion of thess functions sre from the formulae in terms of & series
fenctions of x which is based on the series expemsion in power serles. (x in radisng)

- ———

? o i
Cosh (x) i+E+E+E+---

Tnh“{:}-x+-;—:+§+%:+—---

Evaluation bas been worked out by British Anthors”, We bave worked out in 1
slightly different way (direct method) and & comparison of the results obtained by both the
methods shows that in the forme  method the accuracy to a particular decimal is being built
up step by sicp starting from the jirst decimal, where a3 in the method suggested by the
mithor, 06é Starts with (b fequired decimal sccuracy, which ia being modified
sySematically. The evalustion in tbe first sicp itself can be wimed i by choosing the
exxpression of x in the power series with the choioe of requ’:. Jecimal in the beginning
itsell. This later method is a direct substitution. A few examples are ilkustrated below,

The results are verified with the standard +-° ilso those obtained from
computer / scientific calculator.
Cos 0.8235 ]
Cos0.15
Tan™' 0,323
Tan "' 0.35

Sin0.15
Sim 0.323




Tk
0.]0fs4[32]3

and

T o
L.m.m:ﬁm

2
Step (L}

(x? P = (0,67815225)* By using Duplex Method

0. J0]36 |84 145124138 [ 110133 ] 130 [ 131 [ 104 34 [58[ 24 [20] 25

F]
= (459800474 and %- 0019162103

atep 3
x.‘- (x,x*) By using Duplex Metbod

= 0459850474, — 0678152250
0.]0]24 [ 58] 121 | 155 | 207 | 165 | 167 | 167 | 209 | 167 | L17 | 92 |42 [42 [43 [20 ¢

- ]
x* = 0.3118757596966665 = 0.31187576 and HF - “_*“;iﬂ - DOM33LG

Similarty % =0,000005245 155' = (.O0DOMK0IS

_ IR I A Al e
SCoa(x)= 1 i‘.'|+*|1‘ 'E'|+E ]
= 1 =033 0076125 + 0010162103 — (.00, J5245 — DuOD0BHMaS
={0.670050424 = 0LETROHE02Y

Cos (0.B235) = 0.6TR652818

* Evaluated in British Authors Method
Cos (0.8235)
l_.x_tfi-.i*i-ﬁ
2 4 & 82 10
A AB AT AD

PR S D E
B TRt T AT L T




i — = = - —
L“_H- 1.3 350 % % 1 2 %
I.
5 0.0 1 91 6 21 0 3
-% g .0 ¢ 0% 3 31 B o0
Il
0.0 0 0 0 0 5 2 4 5
_'!m e
o .0 00D O0OCTOTOD 3 9
1.3 20 3§ 217 6

= 0.6 7 9 6 5 8 0 2 4

B{3)=9+6=1n

D3N~ M+HN=54+86=91r

DI =E+16=10+6=1r,
DIINT)=6+B+40=3+6=61,
D(IFNTIY=2+E+1+20=1T+6=27,
D(3a1124)= 28 +16+2+50=8+6=1r,
D{3F1T241)=6+32+4+1+20=1+6 =071,
D(3FITMTI)=12+8+8+4-10=28-14=14+6 =21,
D(IFIT24135) = 30+16+23+8+4+20=60+6=101,




- AB
nc 5

(3)=6+15=3 01

il
oy
+
L
1]
+
n
1]
'
e

+
=
i
W

- -
.l.

&l

]

by

]

"

=
BT

D= % By UT Multiplication

040 |0f12 1525'1512

AC=0.000012 25 25 16
Buowd

—.ur

12+28 =07,
25+120=145+28 =513
17+ =67+ M =21,
164110 =126+ 28 = 41y,
12+140=152+28=5r,




E+ﬁ-ﬁ1‘|5-irﬂ

Ed-ﬁ -Ear#.'i:ﬁri:

{2) Example:

Cos {0L15) (Substituting the value 0.15 as x value in radians.)

L x‘;x'+
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0Jo[o[o[o[0[t10[0]37 16|44 [20]25[0[0]0]0

Step L)
x* =(0.15)" By using Duplex Method
n,lﬂ|l]ll‘.i|!s = 00225

x! 001125
wd

Siep (2):
x" = (0:0225)% By Duplex Method

[ |n|u|n]4]a|u|m|zs = (00050625

4 o0 000050625
E_ WA L e——
md T T .u.mmn:rms
Sten ()

o =(x*, %) By using Duplex Metbod.
x'-» 0,00050625
w-+ 0.02250000

I"-

= 0000011390625 and % = 0.00000001 58203125
~Cas (0.15) = 0.988771077 (up to F decimals)

(%) Example: )
&in{0.15) (Upto nine decimal) x=0.15
Sin) = x- 220 X0

- - . T L

xi= I{i.|n!1 025 =0.0225
Step Ok ,

o= (£} () = 0.00337500 and l‘i-nmms
Stzp (3F

2 = ()




0. [0 [O]0[0[6[12]35[30[45|Z5[0]0 _ ;0000759375

and LS: = 000000063 28125

IT-ﬁ;HI]
0. [0 [0[0[0[0[0[ M [ [es[w[4sT25[00]0

= (LOMMOOLTOBIZITS

and % = 0,0000000003 350066964

~8in {0,15)=0.149438133

Yerifieation: -

Cos (0,15) = 0.988771077 from Eg. (1)

Sin? {0.15) + Cos® (0.15)

Sin® (x) + Cos® () = 1

0022331755 + 0.97T668242 = ).999990097 ~ |

(4) Example:
8in (0.323) x={0.323)

. Wl ows
S =X-g g wtT "
Step (1}

W= 0.|ﬂ|9|12[12||2|5| =, 104329

Step (2):
=Ny 0 JO[3[2]15]17[24 ]2

= [(LITEIE2ET and %-n.msmanm
Siep (3):
=)
B U B G L U L G B0 D

5
© = 0.003515706497843000 and %-u.mﬂﬂﬂ
- Sin(0.323) = 031741292,
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(5) Example:
Ten™ (0.35) x=(0.35)

']' [ =1 .._+—-—-+-r‘-‘--

Step (1):
= (0.35)°
o [0 |5 [0 [25 x= =012
Step G):
g = oho = O [O[3[V]I6]2[3]0]0 . oouems0

and % = (), 014291666

Bteo (3}
?I"'[l’j{f)' D.|ﬂ|ﬂ|4-|1l1|20|4? *ﬁ]ﬂ!*ﬂlﬂlu
= (0052521875

H
and %-ﬂ.ﬂﬂlﬂ.’ﬂlﬂﬁ

Sten (4):
X = N

5o 0 [0 [5 [ [0 4[5 [% (B[P [e 8]
= (,00064339206875 and -’%-n.mmamms

" -1 B OW e e — - ——
2 Tan (x) = % 7% ?+

Tan"(0.35) = 0.335666858

Example:
Ten'(0323) x=0.323

| R
Tnn{x]':-T+ = +
Step [1):
“!- Dn. |:| P II 12 t: g #ullmm




n

Step (2)
© = (x) = ﬂ.lﬂlﬂlillﬁ]l?l“llﬂ'lﬂlﬂlﬂ = (), 033698257

uﬂ“—; =001 1232755
 §tep (3
o = )

2|

0 [ojof3afz|18 (30 [47]89 [104 | 111 | 127 |122 |51 63

1
= (L003515706497843 and "?-n.mmmmz

Step (4):

gf(o|o[o|3|5[13 (34 |32 (60|96 |40 |03 |81 1254 (000D

= 0.000366790091274000 and %- ”-—'mim %0 - 0000052399
- Tan'(0.323) = 0.31 2417987

Hyper Bolic Functions:

Example:
Sinh (0.323) x=0323
Qi = L L
“*T+-_E_+H+
Steps 1 to 5 are same terms a8 sin (0.323) ' ) working
Sinh (0.323) = 0,323 + 0005616378 + 0.000 HE6TH

Cosh (0.8235)
L]
Cog hix) = 1+%+%+%¢---
Steps 1 to 6 are same terms as Cos (0.8235)  Refar Cos (0.8235) working
Cosh (0.8235) = 1 + 0.330076125 + 0019162103 + 0.00043316 +
= 1358671388
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Example:
Tem b™ (0.35)
Taa b (= o S0 K e Kovaem

Steps | to 7 are same terms ms tan” (035} Refer Toan™'{0.35) working
Tan b {0.35) = 0.35 + 0.014291 566 + 0,001050438 + 0.00091913 = 0.365434017

Inverse Sin, Cosine and Tangent

Inverse Sin

1 - -x—" i- -l -
S'IIIK X H+E --------- e slﬂdﬂm X
- e,

X sl‘u:+3+5l+

Examyde:

Sin™ (0.432) = Sin x = (0.432)
2 ¥
x= 04324 5= T #mm -

For lower angles Sing = x
By considering x = 0.432

? 1t

= D{x) = D{0.432)

By urdhva tiryak multiplication.
0.432
0432
00162425124
0.186624

*.'l1 -{r;,{::} By urdhva tiryak multplication

0.186624
0.422000
o] ¢ [*#] B[R[F
Step 3:-
g-gi“ﬂ:ﬁ-mmmm

g!-{x;:ﬂxi}
By urdhva tiryak multiplication
):Lt‘.l.ﬂEDEIISEE

| 18 |$| nn|

ol
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0 0 0 B |64 | 54 | 98

=
[ =]

140 93 8 40 2

GO 50459]1 950643 200
@ 0.01 5045920
Sisp 5:-
x _ 0015045920
| 120
= {1.0001 25382667
= 0,000125383

= (.432 - 0013436928 + 0.000125383 = 0.41 8588455
Method explained by British Anthor
gin™ {0.432)

x= 0.131+§+§+ ————— -

&9 I'Et’i |1"Er |IICII
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Inverse Trigonometric Fanction: (British Authors method)

In these calculations left 1o right maltiplication i3 very conspicuously brought
out. This is followed by working out digit by digit as they appear. This principle is used to
obtuin the next digits. As an excample let us consider inverse Sin Function.

Tu find Sin"'{0.3)
Sin(sinfx)) = %
3
Sinx = x—?ﬁﬁ-m )
3 3
rﬁﬂ:‘;—;:m @)

For small angles x, sin (x) = x sterting with such sinx value to obiain x. Applying the
formuala (2)

3
;-n.sﬂi-%q-.._. @

In grder to comvert info 2 standard formulse to find cut the value of x waing
formulae (). From formulse (T) Sinec is 0.3, For small angles, Sinoc can be considered a9 x.
Hence in the formulae (2, one can substitute for Simx, a vahue 0.3, The value is obtained, to
the required accuracy, by considering the various power scries terma.

Step : (1)

The warking details are shown in the table,
Sinx=0.30000

Step 1 (2)
The value of x in relaton to the 1* decima! is noted 23 0.3 pe without
3.8

i 2.5 o
Step : (3)
In order to arrive at the "';mn:un'- x* congidering the value of x upto
fhe point shawn originally 1. 0.3
=009 011 shownas 0.1;

This 1 has to be camied to second decimal position as 10 (1 X 10) again shown s 1 again
“{" has o be carried to the 3™ decimal position, (refer table).
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Step: (4) .
mmhﬂmufff ia obtained by multiplying x and x* up 1o the decimal poirts :lready
obtained.
ie.x=03 x =11 ’
x* is this obiained by multiplying 0.3 with 0.1 = 0.03 when it is divided by “6", the valu: i
k|
shown as 0.00; against the row representing :T This 3 bas to be carried to the 3 Liecimal

Poisit as 30 {3 x 10)

Step (5)

To arrive at the 1* decimal contribution from x* = (x* X «® ) it is clearly seen as '0" = (0.0 x
01.1) ona has o mudtiply x* and x* concerned with the 1™ decimal points, it is 0.0 and .1 1his

gives 0.00. To amive at the contribution to the 2 decimal of x* term (x* X %) = 0.00 x 0.11
gives value 0.

Step (6):
Thus the x value Is 030, One has to workout x* with x = 0.30 which is (0,307 = 0.0900,

This can be again writien as .011=0.1100. The second decimal with respect to % is |
carried from the 1% decimal point

Em 03 0 [ 0 o]
X' :

i 0.0 0, 4, Ti 1,

xl

i 0.0 0 0 0 9

X 0.3 0 7| 1

T BE 20

x 0.1, L, ! 3 8, |
gteg: (7) )
Innrdutnﬁh!”dnciulpﬁumnﬂhﬂmﬂ%,mluﬂmﬂﬁﬂy:aﬂﬂumkf

as 0.11 = 0.0330 when it is divided by 6" we gt -;m.uzam which i to be understood

230.00,3 that means
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16 fo.00(30 +3)] = 0.004,
This 7 hus to be reckoned &3 30 under 4™ decimal contribution.

S (8)
wmurwmw-‘i. One bis 1o consider the multiplication of

g
011 () and 0.00(c") = 0.0000
- ]
Third decimal point cottribution ageins “? is 7ero, Thwus the value of x now is 0.304.

Step: (%)

To evaluste x* with x = 0,304 the square of x = 0.09 024 0 16. The 0.090 is already dealt
with under the vakue of x* when x = 0.30. Now it is left thet cne haa to work with 24 can be
written a8 2, with the carrying of 2ero from the 2 decimal point naturally 0+ 2= 2. This 4
has to carvied to the 4* decimal pointas 4 x 10 = 40

Sham: (10)
Now o workow! the 4% decimal point contribution of i;-
multiplication of x 83 0304 with x* 5 0,112 which is equalic 0.03 3 10 4 8
- 3
0.033 hﬂ:ﬂjﬂwﬂl-ﬂthm#!m“%u“nh

15 consider 10, This on addition from mmived by camrying cut 30 from the previouws 3%
decimal poi resalt becomes 40, This is to be divided by 6 whi-h result can be written
m?,.

F.

oot has fo workom the

Stem: (11)
To workout the 4 decimsl poirt coetibuic s > Ope has to consider the

- 3 -
multiplication of u_n:::‘]mdn.wiii:- wegets 4B
This on division by 20 is oqual t9. 0.00002.... Thus! g to the contribution of 4* Decimal
5 =
muw’? is 2ero and bo 5* decimal point contribution is 2 as ooe has 10 consider -

%. The “x" value now is 0.3047.
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Step: (12}

Tndtumiimlluﬂlu:nf.t ot bas to square the 0.3047, one gets the value 0.0 %1 24 42 16
49, We have already considered up to 24, Leaving 42 which on consideration of previous
decimal point contribution, as 40 becomes 40 + 42 = B2 as shown as §; nguinst X*.

Sisp: (1)
Innrdu:mm%mhutnmulﬁplrmﬂ:}wiﬂm.li!! (x?) we get 0.0 331027 14

3
Mi&W:hHMduHﬂih@h#‘Wﬁrﬂu!‘D?mﬂbﬂimmimt‘i,m
fais to take 27 and one has to consider 20 as the contribution from the previcus poitt on
addition of this one gets 7. Which is to be divided by 6, the result is1,. Thus 5™ inx is |
L
~

Henee sin™ (0.3) = 030469
- x=0.30469 in radians

finally the value 1s 0.30471 = 030469,

(1), We can interpolite the sin Value from the standard tables

0.3 mdians = | 7 1BET" _
1 radiam = 57,2058 #

r. B30469 radian = 57,2958 X 0. W69
= [ 74574573,

To convert the decimal value into minutes = 17°27447438!
= 17°27" (app)
To read the Sin value of 17°27! = 020987

4

mvﬂiﬁuﬁmﬁumhﬁ“:blmuﬁngluxmunm.

% = 0,004714366609

£ o0 0MM021863146
120 o

F

Sin x = 0,30469 - 0.0047 14366609 + 0.000021883146 = 0.259997517 =3
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ll- - H:]'I
0.45246'X 60"
2744760

172712711

17* 271 = 029987
17* 28! = 030015

| mioute  0.00028

6 seconds — 0.00028
27 seconds — (LOOO2ZE * 27

= (LMD 12660

17 aiatl = 025087
+ 0000125
[l L2

i1} Eg. Sin"(0.263)

3

I'ﬂﬂ.‘l:-l-';—l-% T —

Here sin x' = 0,243

i 12 e 14
- 0 o 0 3

£_»
-
P
ﬂ'l;u 0 0 0 0 0 0

5|8
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=02 x* = 00
0.0 0.0
0.00 0.00
2) x'= 026
0.26
0.0424 36
3) x': 0.06 X' =0.06
026 - 0.00
0.0012 36 U TRRRT
4) 71 0265 ©: 0069
0.265 265
0.04 24 56 60 25 0.0012 54 B4 43
5yt =0.2659 x' = 0.06915
0.2659 0.2659

= 0,065
0.002

0.04 24 56 96 133 90 81

x=0.2659
= (), 26605

x .= 026600
X6 = (-)0.00314
={+

0.26297 m0.263

-:rm'_::s-l 114 189




(Z1Eg. Cos(0.012)

Cos'{Cosx )= Cos x = 0,012

n

E[nud:mailci:-:lnumguhumEndSh"ljﬂ.ﬂl!judmhuthmhﬂmE
Bin x R 1 2 0 1]

3
j'—--"—ﬂtnn. i 0 0 0 o

I &
x oL o 1 2 0 0
x o, 0 O 1
¥ =00 0.01

0.0 0.01

0.00 0.0001
* = 0012

1)

0.0000 12

Cos™ MII-% -0.012

= ] 5588
00120
1
000000
{3) Eg. Cos™ 0,92
© i Sf
m oy X ¥ K
Coix=x Il+4l a
4 xf
= i L M S ——
=2 mxhu 160 11
Hers Cos x = .92
l.ﬂ]"'I!

¥ 1
= (1) ==y = 21 - conx) +% _!ﬁ+ .......




Xl

¥ = 0161
—000]
0.000161

y=x'=0l

61117

016217

x= Jy = 0400703

Square root of 0.16217

08

+ 16 21

51
00

== 3

0,0

2(1-cos x) 0 L o Q (1]
}'_2,
12 19 100 &0
° ¢ E =] J—;l— m]] _3i -7
n 1] ]33 & “ 1]
]
-2
360 1] 1] ] 0 (1}
y=x 0 6 | 11 7
y = 0.1 y= 0.16
¥ = 0.1 ¥ =015
0.1 016
0.01 TR
y=0.161 w= 0161
¥ =0.161 y'=0.161 11
161 0161 11
0011238121 0.1 6l 11

0.01123834 13322121

0402703




Tan (0.23)
) © I
Tmu' O X e e
b= X=3*5
5
= _1 I_S_I_
%=t X+ 5|.+ -------------
Nx=02=x"=0.04
X =02
oo
0,00
7o 0 ¥ 023 v 005
023 0,05 0.00
mliﬁ il.ti‘.'FIﬁI! 0. 0000
P x=0.233
= 0233 X 0233 0003
0233 0.054 0054
0041221189 00010232712 000001512
- 1543 _,
4) x=023311
¥ =0.23311 ¥ 023311
023311 0.0547
0.0412216275121 0.00 1023 41 33 4577
x=0233114 = 0.23414
Tarx |0 |2 |3 |0 |0 0
0 o0 |0 |0 |3 |10 T
3 131, (3 1,
a2
& 0 |0 |0 |0 |o )
"5
X 0 |z |3 |3 |11 4
2 7 o, |5 [4 | %




.43

[un {1,143}

Tan [g —1.143) = tan (0.4278)

1.143ndlnmi=mlnr|;nnma!=fr;rm mﬁ-nﬂnmﬁh.mmwhrm
complementary angle, find its tangent and take the reciprocal,

n-un"(x}+?.‘?+"7- ________
tam () 0. 3 z 7 B
¥ 0. o 2; 1 B0
rd ) 0 0 % 7i
E 0. 0 0 0 3
;'{ 0, 4 4 4 12
X 0. 2 g 4,
Le=xXx rexXx T
x=0.4 x =04 x =002
x=0. 4 =02 =020
0.16=0.23 0.08 0. 0040
:n.mﬂxa-ﬂ'“s—“-n.ma,
2. =044 o mx Xl x = X
Cox=0.44 =044 ¥=0.002
x=0,44 =028 ‘=2 80
0.0163216 0.08H 32 0.0004160
_ 00004 0000 ¢ ooy

7
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1, x=0444 =t Xx ad X P
K= xe0.444 x=0.444 . =0.02156
xmD 444 ¥=0284 c=0.2840
0.01632 4832 16 0.0824 § 16 16 0,00418 444 74
=w-ﬁ+lﬂ-¥-n

Tan (1.143)=1 + 0.4452 = 2246181

Tan (1.952)

Here we observe that the tangent his & tegative value, and as can be seen from the dingram
Hmmﬂmhn[l.ﬂ:-;i,ﬂah reciprocal and change the sign.

" ! . X
o (x) I-T T- _______
5 ]
ST
tar i a 4 1 1 2
5?7 7] i} 2, 7y 6,
3
¥t 0 b G 23 10,
5
%7 L] [1] 0 [ 3;
7
X 4 3 1_5 1
x % r | %
1. x=04 Y= Xx
d=x=04 :I:I'.ﬂ.'l
x=0.4 x =104

0.16 =2




x5

2, x=043 e Xx oy X
M= x=0.43 x=0.43 =002
x=10.43 =021 ¢=021
0,016249 0.0832 3 0.0042
=ﬂ.ﬂﬂh!_ﬂ.ﬂl1_ﬂm
5 5
3. x=0.436 = 0Xx P o
Pex=0.436 x=0.416 H=0.026
x=0.436 »=0,213 *=0.213
0.0 1624 573636 008275 1518 00041012 I8
0.00010 3 = 20020 _ 5 0006
=X
0,002
¥=0.2T3
0.00042 & =m-s-$-m,

Tanu.m-g;u =0,4361

Tan (1,982 =-1+04361 = - 2.29305

Hyperbolle Functions:
Sinh~ (0.5324)

3 [ 1
Einh:-:+“?+%+'

x x
X=05432- = -

——— -
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Example (2)
sin’ (0.263) = 0266120 — Sin (0.266129) = 0.263

| radian = 57.2058
= 570 174"

| raddian = 57.2958

0.266129 = 572058 = 0.266119
= | 524800

= 130 14" 527

15 14* =0, 26275
157 19 m0, 26300
607 < 0. 00028

szmm-rw-u.mﬂﬁﬁ

15714 =0 26275
15714 527 = 0. 00024266

0, 26299266 = 0. 261

Examiple (¥)
Cos™ (0.012) = 1.5588
| madian = 57.2958
1.5588 radian = 1. 5588 x 57.2958
- §9, 1127
= 89" 1§’ 45"
Cos (89" 18" 45 = Sin (0" 41' 157
41" =0.01193 15" = QOO T2S
42 =000 = BI2007 ¢

60" =000029 = 0.012




Example (4)
Cos (0.52) = 0402703
57.2058x 0.402703
2307319055 =237 04 23"

Cos (23° 047 23")

23%04' 3 0.92005
23705 3 0919

60 & 0.00011

23" & 0.000042156

237047 23 D 0, 22005
(=) 0. DOO0

0. 92001 = 0.92

Example {3)
Tan (0.23) = 0.23414

13.17784665"

a -
e (023414) = ==

=0.22999673 =0.23

Tan (45)= 1 ¥ tan™ (1} =45

Example (6)
Tan (1.143)=2.24618

,—”'um'm = {1519

-l =
tan” (2.246181) =7 2958




APPENDIX
fnverse Fonction
Exnmple:
Sin”'(0.3) {Only for very small angles)

A Simpler method is sticmpled wsing direct evaluation of powers of x in the
formulne in determination ofSin™x. The working details are as follows for Sin(0.3).
¥ L]
sn-za!‘iﬁi,--m--- Siri{sin ) = x
¥ _!1-

& X
:’1"5”"—‘-11—"'—111##!
3 9

For small angles one can approximate the velue of Simx as x.
Sinx is considered as 0.3, '

In the formulss, x = Simx differcet powvers of x which Lad to be evalusted.
The method adopted is direct evalustion of x, X’ _ _ _ ‘with the successive computed values

of &
For he purpose of scourscy up to & particular decimal, the procedure is a3

- - Suep 1) Coraidersd 0.3 (Sinx) is the starting value of x.

3
Stop 2): To the above value of x, one has 1o add :i mm% .

xE 35 computed value
=503 + 0.004 - 0,000 = 0304 {up to 3 decimals)

Step 3): To workout the successive computed value with 0,304 s . and computed value is
= 0.3 + 000468 - 0.00002 = 0_I0466 [up to 5 decimals)

Step 4): The nect computed value with x = 0.3048<
%' x!
S T )
=03 +0.0MT] - 000002 =030+  upto 5 decimals)
This procedure is adoptable with the valos x, on, “sally given o any decimal.
Mote:
Sin"'{0.3)
s‘m‘ll-!'fi"‘-“—!"i'b##i-r---
-
Sin"(0.3) = 0.3+0.004 5+ 0.0000202 540000000043
= (304520293
= (35573
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The vahue obtained by the substirution in the direct formula sin™(0.3)=0.304520293

For verification sin (0_304520293)=0.299835573. However for value evaluated from the
puthors sdopled method i3 mere accurate resulting Sn (0.30464) = 029504077,

Examphe:

Let us consider evalustion of Sin” (0.263)

Sin" {0.263) == Simx = 0,263, in case of small angles, Sinx = x.

~Inthe formulas, x = Sinx + % = % + -‘% -------

x i3 evaluated as per the RHS expression. The working details are & follows.
1) Let ud congider 0.263 4 the mitial valoe of x.

i |
7) “i With x as 0.263 = 0.0030319.

3) :—; With x a3 0.263 = 0000010483,

4) Computed vahue of x is = 0.2660214135.
[ﬂ-ﬂ{:h— ‘i] Similarty

5) With a as the x value, one can again get the next computisd value for x.
X = 0003137607,

o
?-u.muu:mz
The computed value of x
3 g
=(Sinx + X -7 ) = 0.263 +0.003137607 - 0,000011102
w (1266126505
up 10 5 decimal polnts x =0266126.
6] A funber successive compuatation with x as”

:!
—_ " |
3 0003413

w
5" 0000011123

3 5
-'::nupmdvu]mnf:-smﬂi -!H_

= 0263+ 00031413 -0,00011123
= 02661300177 & 0.266130




pal |

The method edopted here is considered 1o be & direct one in the sense that one starts with
the entire given value for Sinx and then computes the contribulion in a swecessive
MATINET.

A comparison of this result with the one’s obtained by British authors is &
manmer where digit by digit calculations is consideped.

All the working detalls shewn under this chapter are considered to be general

and can be adopted for angles of small values.
1) Example:

eas (0.012) .
o5 (Cosx) = x = Cos(x) = 0.012
Since the angle s close to.90°, we consider sia”'(0.012) and then subtruct the result from =

gin {sin™t) =x =5 sinx = 0,012

%, - D012000288

Withx= x,

at

£l = Q.00DDDO2EE

“—5:- = (000000000
0.000000288

ik () 0012000000

Xa = 0012000288
ens (0.012) = ’—; -0.,012

= 1.5708 - 0.012
=1,5588

Yerification:
Cos {1.5588) = 0,01 1996 ~ 0.0




Ly

:E-ﬂlm}+ %-%4_—--......

Here cosx = 0,92
Lety = x? 2{1- Cosx) = &
=201 L SR
¥R Al-comt o e
= 2{1-com)} = 0.16
Lety =0.16 i
2
= Q00213333

=L

g5

= 0.00001138

000212195
2{1comx) (+1 016
016212195

¥, = 016212195

2
"’E = (002190207
% = () 0.000011836
0002178456
21-comx) (+) 0.16
0.1621 78456
v, = 0.162178456
rd
?E = 000219182
_.IIJ— = . Ha
360 (=1 0000011
0.002179971

Hl-cosxy 016

-+ ()
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¥, = 0162179571

y=0.162179971
y= mx= Jy = JO.162179971 = 0402715744
Yerification:

Cos (0.402715744) = 0.920000038 ~ 0.92
{(3) Example:

Tan (8.23)
OV ¢’ -

={-) 00001 28726

— = 0000004364

0.00353 1804
tanx  (+}0.23

0. 233931804

%, = 0.233931804

1‘; = 0004267234
-:'l'
£ = (0000140112

— = _0.000004264

0004131986
en'x (+) 01

0.234131566




Xy = 0234131586

= 0004278199

“? = () 0.000140712
_“:I'
= 0,000005509
0004142096
tan'x (+)0.23

0234142996

T

tan™ (0.234142996) = 0,229999652 2 0.23
x, = 0234142996

= 0004278802

= (=) 0.000140745

= _0.000005511

0.004143568
tanx (+) 03

0234143368

~| %, oL

' (0234 143568) = 0. 230000195 5023
{4) Example:
Tan (1.143)

1.143 radians is 100 large an angle for us 0 handle ey, 2 we go for the complementary
angle, finds its tangent and take the reciprocal.

Tm{g - 1,143) = tan (0.42780)
¥ W

N vl s S
e
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x‘!

Hi
= -1 o — fp——= ==
X En'x 3 5

"

Let x = 042780

= (.02609763

= {-) 0.002BEST2

'dl “—-I mi“v- M!Hul

= [.00037462

0.02360653
it () 04278

045140653

%= 045140653

= 0030660713

I:
3
N,
T =()0003748600
X
7

= 0.000545603
0027457716
tant x (+)0.4278
0455257716
¥, = (455257716
H:!
5 - 0,031452175
11-
T = (-} 0,003911258
“!
5 - 0000570032
0.0281 19949

tantx [+ 04278

1, = 0455519540
tan(x,) = 0.4277660 = 0.4278

Ten {1.143) =1 + 0455919849 = 2.193367303




(5] Example:

Tan (1.981)
Heere we observe that the tangeni has a negative valoe, and &5 can be seen from the diagram,

We need 10 evaluats Ta (1.982 - 7). tako the reciprocal and changs the sign.

m-lm.t.gi.% PO To(1582)  Te(1982-)

- i !I.i IT.-....

w0 TS D
i

(1982-3) = 1.982- 15708 = 0.4112 \_/ 1582

Let an'(x) = 0.4112
Letx=04112

= 0023175977

:I
El
:F
T = (0002351232
:1'
7

= 0000283970
OZ110871S
tan x 0.4112
= 0432308715
b ]
IT = 0.026931510
%’
5 = 5 000301995
7
X
= = 0000403143
0024314702
tan?x 04112
0435514702 —» D414
%, = 043551402
H’
T = DOXTEIST
I!
5 = (00031338083
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:T
El = 0.000424543

—_———m

0024826074
™ x 04117
436026074 — 0411172004

xy= 0436026074
Tan (1.982) =-1 + 0436026074 = «2 344078

(6) Example:
SiriT! (0.5324)
Sinh:!x+.§+§+----a----

3 =6, 5 =120, 71 = 5040
Sinhx = 0.5324
Latx=0.5324

— = 0025151442

0.0003 56458

%= 0000000405

() 0.025510305
Sinhx (#0534

i, = ), SOGRRHHIS
ket x1 = D.506889695
I!
Kl = (-} 0021706466
¥
5 - 3 0.000278859
:'J'
7 - (=)0, 000001 705
. {=) 0.02198703
Sinhoe (+) 0.5324
%3 051041257

—
”1
5 - @ oomes
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= () (000288687

= () 000000179
() 02452727
Sinhx (+) 05324

0.509947273

T ? w|

2, = 0509947273

Yerification:
_E.'lnli (0.50994T273) = 0.03233807
g = (LS09047273

x? 101643
i - {-}ﬂ.ﬂﬂ-

151 = () 0.000287372
% = () 0.O0DDDTTTY

() 0022390794
Sinhx (+)0.5324

0510009206

Sigk (0.510009206) = 0.532408 ~ 05324
Other wise Sinh~*{0,5324) = 0.51000193:
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Section-8
DIFFERENTIAL AND INTEGRAL CALCULUS

An attempt is made to sobve o fow differential equations. However it is noticed
that solving for the particular integral, the method adopted using the argumeniation suggesied
in the Vedic method shows 1o be elepant and easier,

It i3 noticed in certain cases the solving of the particalar integral in
1y +y =y 10n® + 367 + 1260 + B + 4

B Y-y +y=ht 2P 30+ -5
by western method appears to be very laborious when compared 1o the Vedic method.

Certain problems are quotsd from British anthors (These are meant as problems to be
worked) and some are constructed by suthors. In this chapter an attempt is made to solvw
integro differential equations wsing Vedic method. The work on differential equations is not
exchaustive, It is proposed by authors the more comprebensive and exhaustive and different
types of equations will be taken up shortly &8 & separate work.

ﬂ'”' (o +dja-(ax+bjc _ Bod+ad -ac0—be
o fiex + )2 {oc+d)?
i}ﬂ- B = b

D o df
Vedic methed:

v oyl | = [3d - bojl -
Tghle: =" x Toes it




?] y= !li!!ll!!

Tx-8
;;g.mmﬂ.t!ud:

2 K +58+6 U
EPET-W-?;U.VE!WUIK
Using quotient ruls (Q.R)
oy _ Ln-a]{:ps]-@:ﬁmﬁ]?

e (7~ 8)
_ (t4x? + 35x - 16x - 40) - (P + 38x = 42)
P+ )
(4t 410w - 40 -Tn? 35 -42) _ T’ -16x - 02

7+ 8)* (Fx+ )
Vedis method:
ya x+5M 6 _iiﬁlﬂ::
. TE=8 =8 & 7%
R
-B 7 a
ya {=B.5 - §.7K1 = 0} + (8.1 - OEXZ = Ot + (7.1 - 0.5)*
(7x-8Y
(042 +Txt
(M=
_-B2-16w4 7x?
7x - 8)F

3) xly=1

|

' HO0) = OXOI)(1 - 2 (1) - (OXOINO = 20 + (OND) = (OXAYI(O -1)
{’_-I:I'Il

=2 2

N —— i —

!
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4 K K a3
by= I!+EI—|.5

Current method:
Using quolient rule
dy _ (2 +2x—1S)2x+6)—{x +6x+ T 2x+2)
i (x'+2x- -15
e e} 120300 90)- (B 4 26 4126 # 124 B v )
{13 - — ml
(2n? o 100 —18x = 90) - (2x" + 14x® +18x + 6}
B (2 « 2% - 15)°
e . . k'
{xl_‘_h_ml
Vedic method:
2+ +d T+ x
¥l aqu=15 —15+2M+x"
x0 xl xZ
3 6 1
=15 2 1

_ {155 - 2,351 - 0) + (-15.1 - 1.2 - Ox + (2.1 - =1.6)2 - 1)x%}
{!i-r:lt :|.5:|E
[{-‘5"3'-5}+'[-15I1’1'J'+{-4}1"}
(z* +2x 15§
=96 - 36x - 't
[ﬂ:ilﬂ-—iﬂ!

Ny= X’ +2 = 2 Where u & v are functions of ¥
ylax-2 ¥

Current method:

Using quodient rule

:‘.L_.Lff — =2t - - 2YEx—1]]
i ] v

{3t - 3e? - By (@ e dn-x® -2
i Vi

I L L Y]
T o)t
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2 -l 1 Q

y < E20-CLN-0)+ (-20-0D)@ —0)x +{=2.1-(0.2)} A - 00" +{-1.1- (0.0} (3~ x
(s = -2)
(A= +{L1-.0))(3-Dx")
‘ﬁ_“_hz_a,:qu .“l -1!'-5!:-"-111]
{lj-ﬂ-ﬂl [:_1_:__:}1

L A
Currept method:

o @x-S)a+3)- (e 32
L (-5

_ ! - 10 + Bx - 15) - (267 + 6x)
(2x -5}
s
-5
Mgdic method:
%

ﬂf H+h_u

0 3 1
-3 2 0
V- {-5.3 - 2.0 + (-5.1 - 0.0X2 - O + (2.1 - 0.3)(2 -1
(2 -5}
_ =15 -10x # Il
{2 - 5)*
o x? =10 -15
-5

¥ sn-6
Ny- 2 -x-6
Curent method:
dy _ (x* -x-E)2x 4 1) - (x? o % - 6)x-1)
dx {x? =% -6)°
- (e o~ 2uf - - 12w -8 = (e -’ + 2 - x-12x 4+ 6)
(" -x-6)
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L -bi-12
{Kj —x—-ﬁ:lz
Vedic method:
:H xl :1
4 1 1
S | 1

y = (6-6K1-0)» (-6 6020+ {-1-1)2-1p? -12=2x’
(x*-x-8)? (x! —x— &)

4 ]
8yt -G+ X M
b EZ-l+x?! W
Current method:
(-2 Y -2 -k - B+t 2-xT)
dx gt
B T e e Bt i T o 12 e 2 R
i
bt emt. 2 3 B 6
P =
- h"—i:‘pﬂxr—lfx—hi-ﬁrl'-;:h!
W

_ x’{h—li-x‘if

G.F can be written ag
!*-ﬁ--t-l_ m
R LAV L
-1+t 2lowed
X x
¥ -6xlel (7 B4} uw

r= X2 ~n+1) T R
,‘,u_ﬂh" =3t + x0T 18y - (1’ -E 2]
"

Y - 0™ - 360% = 7 & 5005 2 T —180* ) - (8™ - e o Ic® et 2 18S _ 12t el -
and

y - {Bx"? - 4ac® + 5?4 120F 4+ 365 — 6t — B » T? - 2n)

\I'!
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Vedic method:

yo ¥ —Geu?
H-1+xt
¥ oyt oyl xl xt u? wt
1 1] 1] -8 1] 1] ] 1
] ] | -1 2 0 ] ]

. m—mm—:+n+m—m44=:um1mrw+m—ﬁ+ww+m-w-rﬁ - 08 -
(- e+ 2t - B)

dx+ 2 244240

% B o 2x O+2z+2s0

dz _ {4 - 2200 - 0)+ (0.0 - 2.2)(2 - O + (.2 - 4.2)2 - 1)’
dx _ [2:+'1:‘T
= = Bx = fx’
- AL+ x® + 2%
. -[I +2x +_i:r.‘}_ —-2x-2x*
i+ +2x) x¥+x' 422

F+6x + 92 + 18x’
10 z=
o 14 2% +dx? +8x°

d_z,{Lﬁ—uIl—tHL?—MIﬂ-ﬂhﬂ-lﬂ-iEi}l?-ﬂil+f2 -Gal2-i +218-680-1 +{415-9
dx +h

B —6x-x! =125
dx |:I+3:.+~1:"l +h1r




1
= TR

11. S LR
449 4 2x°

dz_ {4.7-2900-0)+ (43 -22)2- 0k + (93 - 7202 -1
dx [4+9x +2x7f
_10+16x+13x°

ilir*hrh‘]'

1+dx+9x7 + 327

i2.z= T .
243 +dx” +0x

de (24-1301-0)+ (2.9-1.402 -0} + [(23-1.9)3-0) + (3.9 - 442 - 1)}:" + A
d [243x442 490 f

A= (33-49)0-1)p + (4325

o S+ alx e dxt - 34y ~ 60x"

{I-l- Ix + 4x° +h’r

13, zm 2tduedxlex’
2adxa0m? 42

& (23-24)1-0)+ (24292 -0} + [21-2.2)3-0)+ (4.4 3.9)2— 1)} + 4

dx [2+d4x+82 47"

A= (41-32)0-1)" +(9.1-4.2)3 -2

== =T = dx® o x*
R+dx+5x’ +22')

-
&




=.|+4u'l: + Ot 43!

L4, S
Z#dx+dx” +5x

dz _ |:2+3:¢++I:|:* +91’I4+1h+91’}-|:l+4x+h=+3x’I]+!x+2Tx’]
dx [2+31+4x"‘+5h:1:f

B+12%+ 160 + 360" + 3600 4 554 & T2x" 4 162x" +18x” & 27x® + 36x" 490y
dz _ =3=12x=27xt —Ox? —8x 32w — T2t —2dxt — 27 — 108w - 243x" —Blx’

dx {2+J:+1u’+9’u‘?
_ 54 28x+2x7 - 54" —G0x*

ﬁ+31 +4x’ +91*?_-

Differential Equations

1D+ 2D + 1y =T+

Wiestern Method:

Axxiliary equation is m*+2m+1 =0 = (m+ 17 =0 = m =-1,-1
5 Yo = (CpHCp)e™

o1 14 m 1 4vE
W e (Zx4x} = (1+D)? (Zntx)

Since (14D)" = 1-2D+30° - 407+, + (=17 (+ 107
PI= (1204307 ) (2x4a)
= 1{2xdc) = 2 (245 #3 (2)
=y -#2
-~ The general solution of the given cquation ik ¥ =+ ~ 1,
Le. y={Cr+Cade™ + x*-2x+2

Vedic Method: (D7 +2D + 1) y = 2% +2°
=yl +2y Fy =2+
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y=a+bx+ o +de +ex’ + 6

¥ = b+ Zex + 3d? + dex” + 5hct
2y' = T+ dex + 6 + Bex + 10£c*
y'' = 2o+ 6dx + 12ex® + 206

G, Equation is y"'+ 2y" + y = 2x + ¢

the coefficients of liks terms on both sdes
Coeff: =
x* Coeff: |(f+e=(0=e=(
x' Coefl: 20f 4+ Be+ d =0 = d =0
X Coeff: 12e +6d +e=1 = g =
xCoeif Sd+dc+b=2 = d+h=2=h=.3
Constart: 2c + 2h+a =0
= 2-4=gora=2
2~ Solution is y =2 - 2x + x*

2D - 6D+ 9) y=54x + 18

Western Method:
(D37 y = 5dx + 18

Ye= Eclmlrkh
= m—_j]—l{ﬂx-l- 1)
= (3- D) (S4x+18)

-l B
-{nu?:r‘ (6x+2)

since {1 -3 =1+ 2%+ 3 +aud +_,, + ('

' 20 ip* 4p°
Plis [1+T+T+?+_.}6:+1]

= I(6x+2) + %Eﬁ.ﬁﬂ}

= foct2 + 4 = fix+
. The genersl solution of the given equation is y =y, + yy,

i ¥ = (CprCate™ + Gx+6




Vedic Method:
mtfmfmgf,:““'i
¥ ooy + Gy S+ 1
y=a+bx 4+ o+ dx’ + ex’
v ! = b+ 2ox + 3 + dex’
- 6y' = 6b - 12cx -18c’ -2dex’
9?-9a+9bx+9r.x=+9:br’+9n"
¥ 2o by + | 20
Equating the coefficients of like (erms
x" Coeff: D¢ =0 =ec=10
% Coeff 0d - 24e=0=d=0
% Coeff: 12e + 9 - 1Bd=0 =c=0
x Cocff: 6d + 9b - 12c = 54
=54 b=b
Constant: 2c+%a-6b = 18 = %a-06 = 18 or Pa =54, 0=§
oo Sohotion: 6+ 6=y

3D -DF-D+y=1+x

Western methnd:
Auxiliary squation = m’ —m* -m+ | =0
F1}= 1-1-1+1=0
o {m—1)isa factor
m—1}m - m* —m + 1{m* -1
M!_M!
-m+1
= +1
o A E=(mel) (- 1) = (m-1m-1{m+1) = {m= 1 {m+i)
Sl
S¥e=Ciet + (G #Gx e
| ] 3 -
S — P LT T
TR
= {1+ 2DADE 4. DD 4 ) e
=( |- D+D* 20207 +30° ) (1 +x
=(1+D+2D° (1 +x")
= a2+ 22
=X+ +5
-~ Plisy, =x*+2x+ 5
- The general sohstion of the given equation is ¥ = ¥« + ¥p

-~ e y=Cpet H{Cy +Cax I+ S




Vedie miethod:

DD+ y=1+x"
SR
y-a+bx+u‘+dx‘+u:"
-:||' = b~ 2ox - 3dx? - deor’
?" | = 2c - 6dx - 12ex®
"=Ed+24:-:
:.: * Coeffic=0
* Cocff:d-de=0 =d=0
T Coeffc-3d-12e=1 = c=1
‘xCocll:b-2c-6d+24e=0

., =bh-I=0=h=1
Cotstant: a-b-2c+6d=1

=a-2-1=la=5

. Sclution: y = 5 + 2x +x°

4.(D*-20° + DYy y =x
@ -0 +Dyy=x - ‘
.'.Amd]i.n'yaquhmlsm m’mi-nmm‘{u an+1;t-
=mim-1f=0" m=0,1orm=001,1 -
s CF=yp =g +C3x+(Cy +qx]|'
1
"y O
. L e o de= 48,012
(1) =14 200+ Fgx® + 4037 + 0
=1+2x+ 3+ + 5+ 6 i K { ki oo birary comstat)
ﬂ:-'n‘ [{1 D1i=0-0)?
[1+zn+3n*++n-"+sn"+£u"+._u

- [—+ E+3+4D+5D"+ﬁ[:’+ gx?

;“’u o + 3¢ + 4D + SDAC + 6D

-1 a2 o 03 0 660
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4 4
= [ des B+ 30 4 1207+ 305 36

8 l'l-
¥p~ HE+—2-+3:HJ + 12T +30x+ 36 .

». General solution is y =y .+ ¥p

5
=¥={cy H:fﬂhn +{eg +cqi)a™ + :ﬁ+%+3ﬂ{“‘ #12% 1 +20x+ 36

x*

x5
Ly oy + €0+ (Cg +Cqx)ER+ l‘ﬁ»,?m:’ #1252 + 30+ 36

Vedic Method:

!l‘ll_z,,m_',yu_!:
ym gt b 4ot + dxd + o'+ B
y' = bk Do+ 3o + deor’ + S’
¥ = 20 + idx + 12ex® + 206
-2].-“'-'-HH+24=1+
y' ' =240 + 1206

' -l
u’ﬂuﬁ'i’ﬂ! | = f=

<* Coeff: -120f + I‘h-ﬂ.li--ﬁ,.-%
x Coeff: ll‘ﬂf-l-h-hﬂ-lll
1 [
120x —E-“l i+H L1
G-24+6d=0orGd=18,d=3
Constant: 24e - 12d+ 2c= 0
.l
F

16+ 2=0,24-T+dc=0,4e=48,c=12

5
Solution ¥ ‘%+%+313+1h=+3h'|“”-|“- iy constmnth

.1|.11.._5
5-[D‘+ﬂ’+D!}3'-mtl+h:! iy ¥l

Westera method: .
I:D'+D’+D”J;-mx:t=+':ul

AEism'+m'+m =0 _ o
S m(mmEl)=0 enenrtion iy =y
& mi=0=rm=0,0 :

orm! +m+1=0




251

me VY8 _ 12458 14
2

2 2
- 1::1"51
Y=k g + a‘ [c, m%w‘m%]
R Sy
DD+ D+1)

-%[H{ﬂ%ﬂ-'}r::{nﬂ-ﬁ:]
-%[{-w*+ﬂ]+ (D* + DF -(0° + Y +.J? +82%)

-‘1_[1_.9* D+ 0+ DT 4207 < (DF + D +3D" £10%) +. ];m-’ + ")y

&mhghmpnmnfxmlmﬁhu]]‘ D¥ ete, since higher order derivatives other
than 3* order vanish,

=F[l—ﬂ+ﬂ Jeoet + 1)

- %[ax’ +hx’ — Dia® +8")+ D' + b))
#[m’ +b* = 2ax - 300 + 6]

-iﬂjfm’ +{a-38)x" — 2av + 68)
SB I ta—38) e~ 2a f + 66 ]

1| bt x
E[_ +{a 3&-}— - E:J'T +-E!ur]

- % I:"d:+ﬂ Ix‘d:-aj:‘dr+ﬁb f

3 5
-y 3ht 2 (a 3b) 1, b
¥ 371z T

General solution ¥y = v+ ¥y n,l"
= il PE] a  (a-3) %
Y ¢1+=:H+¢‘|:¢1mﬂ 2 +¢,8in > :|+3bx: 3t I"'+—-E
Vedic method:

YUyt gyl = gy 5 )
y=l+me+me +me gt e+ o




Vi 2o+ gt & A+ St + G’
:"-hwpufﬂi’-rm:hm‘
11 = fp + 24gx + 60ne + 1200
11 = 24g + 120rx + J600”

Coeffx'; 30t =0=st=0
Coeff ' 200 120 =b > 1= 2
Coeffx™: 12q + 60r+ 360t =2

= |:q+ﬁu.% + 360t =a

= 12q+ 3b = 8 - 360t ,-.q-"_‘%“’-
. a—3b
LS —
= bp+ g+ 120e=0
e pq8=30) 40 B
=bp=-24 3 Izﬂm
= fip = -2(a - 3b) 6k = -Zu +5b -6b = -2a
-&
r'rF'-T
Conatant: 2o+ 6p + 24q =10
=;h+ﬁ?+1¢!';_11'1.n
= 2n-2n+2a-6b={
= 2= Aborn= b

3 5
:,Pl-ﬁmhnh.:imfﬂjiur-lhz-%—d%a—’lx' ..%

6) (D? - 5D + 6}y = yu™
Westero method:

\ w1
D —sp+6 . (D-3KD-"

u 1 _ 1 ],,tr_ “u _ "I.r
©-3 (0-2) (D-3) (D-1)

Plof())is

-r“.]'n“.e"‘#»l" jnuru#

14 Ir _Il'[ﬂl r‘a-ﬁ” 'l'h
-I'kjﬂldl"l Il‘l' de= -¢' |- T-T
!l’p'tu[lt-

4
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Yedic method:
Pl ¥ -5y + Gy =™ {1}
Let y = ma% 4 nm** =1 {2}
¥ = 488%™ +hl::u.1¢“ +2%)
5y = doett 4 Alee™ + be'”
¥ = 16ae™ +4b(xde™ +e*) 4 dbe™
= 16ae"™ + 16tme* + 4be ™™ + dbe’"
ayt = 1638 4 16inm** 4 Bpe '™
_5.5'.1 = _mi:r _mdu = 5hett
E?_mi:l » Bhoe™®
¥ —5y! + 6y = (16— 208 + 5a + B — 200 + 6)e™” + {160 - 20b + Bbxe”
-{1::+3-£-}e"‘+1&:£"
.+ From (1} (2a+3b)e™ + 2bre = xe"
Equating the coefficients of like terms on both sides

a4+ == ﬂ'=——;-.!l

ad 2b=1= b=%
am 3 I N
ol Eh:" 2.2- 3

. Solution is y = ac™ + bue™
“_-'J _ EI‘H_EE“ =Bum_3}

7 4 4

=y= -%t"+

O - 5D+ 8y ="

Western method: c 1. 620
Aupclliary equation ALE = m"—3m+ 6 =
=m-im-2m+é=0=>{m-{m-2)=0

Complementary furction ¥.=C, g
i
1 .
B F_sD+6)  (D=340-T)
1 A i

e D RE-3  (D-3 (0-2)
| = A{D2)+ BAD-3) D=2

B=-1omdif}=3
A=1




AT T S S
LI T W
=gt Iﬂ"':"'dr—d'“ _[t"‘r"“nh
= gl ja‘dr-:”_[r"-:h
e
"ﬂh.ﬂ'— .?
P

-l =

2

T

E |
Ly Elnh-l-ctﬂh"" ‘2
Vedic method:

(@ -5D+6) Y ="
VT

T o= 4™
¥ =16 ac"

ae™ [16-20+6]=e"

dx e’
ge™ - 106" + 3¢ "
X
!.]%:;-3-1+51
e (D -1)Y=2+5X
Western method:

Auciliary equation=m’ - 1 =0=cm=,-1
coyes O e+ O™
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F

| i _ i
""'[rﬂ‘q]”’“f"[mru] (%

1 A 8
bt [{D-l}[ﬂ-ﬂ}] {.D+1}+ (D-1}

& 1=A{D-1}+BO+1)fD=1
I-EBarE-%mdil‘D--l

=1
I=-280rA=-2

) -1 1
L Yy [zw+u+:1[ﬂ—1}] (SX +2)

or

1l 1
¥ E[{D-u_qﬂu}] (5x+2)

1 L | 1
- E[w—uﬁ”n] ' i[mﬂ”ﬂ]

or ¥y, = -;—:' f{ﬁxﬂ}t"dr—% 3 _[{5.:+2}r'dr

consider [(Sx+2)e "dr =5 [xe~"de+2 fe e

- 5[_#-: _ I{_!-J H‘-’I— g

= x-S 2t m( SaeF =T . )
Now consider j[ﬁr+1}a'dr-5]n"d:+ g

H e
= Sxef— 5¢*+ 26" w Sxe* = 3 &' =+ (B)

By (A) & (B}
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Y= %e‘l-sn-' -7¢7] - %  sxe’ -3¢’

_.5, 153
2 22 1
SoNp=(-3x-2)

S Bolution ¥ = ¥a + yp= (Cy e +Hl3c" =2 = 5%)
Vedic Method:

¥ o-y=2+5x

y =5+ b+ o

Y =b+2ex

y' =Ic
Jo—a-tr=c =2+ 5x
b=-5

o=pg=2
Sa=-2,b=-5

y =2 = 5x = 2485x)

2} Western method:

yi byt ey maliet 4 3807 412607 4B & 5
I 1 s} L NS )
D? +D-1 [Em1+u}+.)§'u;+m]”""“ 7 R
= - At 4 ¥ I
[JS_[D+:|-}+ \El'ﬂ"'ﬂ"-m” + 38 1260 + B 4]
1 motiplying with = 10x*

Lot it :
Ep+ra) HD+E)
"W x* x*

“F D D)
- ji'?- (e [x*a™d-a™[x"%e™d,
We have I,= x* %--'-;[..
Where I, = [x"s™dx

el o A 4
Iq,f:tudt::n uI”_




a g™ aple™

aar I o et e o
o 27 ate™  adx'e™ o™ 24 o™
== ot ot a" PO
4 8™ ax’e™  ix'e™  ZAa™ & 4e™
I a’ at &
]
.-.-“'I:'enm-i:--? 2.2 E a0
Wmmmmmmﬂvﬂ\ﬁﬁﬁ‘ﬂ'}]
Similarty e[ x"e™ e yields

gt a4t m*mu

TEe e w0
+Byustion] = ::;-[{I}-E}l
HEEEERGEE
10 x4 ide? e M xt 3 gyt 2
BRI r o
LT 3 1 1. 1 .
-Tfs"[ B:' u{—-igj uu{-,— 57 = 24 n. iﬂ H;r i"'”
75"' “E-e0 W"’“’*%ﬂ'“l@; )+ ’:_;: 1
45 £ paf® L E
-js..m'ﬁﬂu‘#hm‘ﬁ + 72006 412045)
-%[uﬂu’dﬁhmﬂ!ﬂﬁ
= [l + 4?4 24007 & 7200 + 1200] — |
I maltiplying with 38x:

=1 1 ¥ I
[H—-ﬂ:r}*r{ﬂﬂl”h =4
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NP
E Bvatoep
= %,:;{i'"‘]-ﬂa”dx# ety
-%{-:“Ix'e"mn*h*el'm]
Consider -e = [xe™dx = (1)
== *“[:!'m-gxt] whmt-!':"-“u:-:"‘-T‘ﬂl...

a
a. g™ [":' :{i---l.}]

3
- e B )

1
- T 2L S )

o o o o a
- ] 3]!" (" i
[—;*;T‘;r*a;]l =+ (1}
Similarly ¢ [x"e™ax s | : rnw) @
- Equation 11 = 2 [(1) + )]

- H 2 ' fx 8 x* W' B 6
:&-[ & +a* _a’*n"-r ﬂ ﬂ’ *ﬁ" pt
- Z 1G9 :h‘n—--n—: (g ook 2]

s= B n“
r'u i ﬂ =
EE"] )36 ‘{uﬂ}“ “m}’ ()" )

[LO P
E[ﬂ U TEAT m"
':E[vx‘ﬂ'_-h"ﬁ-lhf-lﬁ-li]

=. 387 - 114 ? - 456x - 684 — I

Il meltiphyving with 126 :
{126x%) —» [

I =1 . 1
J5(D+0) 5D +1!:|
-3

- Float mw}’
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= %[I"' [-x?a=dx + o™ xlaP™ay |
= Tﬂ:i-[-t"'j::'e“dﬁ Pl PRt
Consider -e ™ [x’e™dx - (I}

i ]  where [,= :"%-%IH
- ”:" ALy
-E'ﬁ{ I.IE! z:::;‘ 1:: ]
-[-%+;r-ni,] -
Similarty l""h’l"d:ﬁ gives
R4 @
--E'lrlhﬂllm: F[U]""{i}]

26wt mx 2 o« w2
CEFe T e
x5 1 1
= j;.[,‘:{l_l}.m_ﬁr..TH;(B’ 'T,T”
(a8 o? -p a 'ﬂ’}
= I gy A )

5 ¥5)
- B el o

= 1y? 250y -804 = NI

B v
[II'El:mn} Forn ®

4
:fﬁr‘l[ﬂ*ﬂ] ©+E}

= Eﬂ'{tﬂl-m“m+ o™ e |

1

Consider & [- wa™dx —+ (1}
=g [xe™de

='-E'“[xt:' -%1.,] where [,= !"*u—-%lﬂ




m“_i‘"_]

a a®

'-I."[
-[.%+$] = {1)
Smj.larl:r e xeP by gives
=[B B;_'I - (2)

.,Eqmuunn’--;rsf'[{iﬁml

--f[mﬂ r1 v o = -1=> (of)*=1
=fx-8 = IV

¥ muttiplving with 4:

i) —» ¥

L] -1 1
% fpra VB
= -‘I%-[.Eﬂ [e™ i +a™[Pdx ]
ﬁ
T["“ e )

TI.E-—['?+'E]

(ot e
JE@m+a) 450 +B)

~PI=1+0+MI+I¥V+¥
= 10 g0 4 M0+ TR0+ 1200 = 1

= -38x? - 114x? - 456% - 684 -+ 1
=« 1262 «250% - 504 = [II
= = B = IV
-_4 —» I1III

= 10 + 257+ 0+ 4x )
~PHis y= 20wt + 207+ dx
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Vedic method:

yoby—y =10t + 38 + 12607 + B+ i
Lety=a+bx+cx’ +dx +ex'
y = b+ Jex + 3dx” + dex”
y"=2c + 6dx + 12ex’ 2 oo
o Oeneral B2 +b—a)}+(pd+2c—bix+(12e+3d—c)x" +{de-d) ¥ - &x
cauation s @e w10t + 38 + 1267 + B + 4
Comparing the coefficicnt of like terms on both sides.

x* Coeff: e =-10
=10
x’ Coeffs 4e-d = 38
sd=27
e Coeff: 126+ 3d - ¢ = 126
=0
wloeff 6d +2c=-bh=8
s b=4
Constant: 2¢ +b=n=4
sa=0

~Solution is y = 4x + 2x" + 10"

Iy =2y +y=3x* 20+ W0 +6x -5
Ye=x'+x' -5
2y =12+
Dy = 24 -t
y = 36t + 6x

Loyt eym ' a0+ Gx -5

Equaticn in the symbolic form is
(D =2D+ 1Y =0or (D-1) =0
BL
1
(D=1
Evaluating by part by part

I b
;_@-]-;[H_‘]

(-1 (D=1 D-1

- [3:'[:':":&] -+ I

(D-1)

bt —235" + 3027 + 62-5]
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[Mn:whwﬂ_ =[x e=dc= :.;- -2 IH]

e, X4
oo feterde= ——=h
- xlﬂdl_lr]

-1 =17
LT i [ s 12k

2. -r
ot e oy 12 [; ‘l 'lf:]

-1 =1

=t e 4 e - 12T M
=t eyt e 12 H"+14[£-—1—I ]

-1 -i"
wat et o e - 1B T - e et J'x':*d:
Substituting the sbove: in [

Ayt i3t 36 —Tx -T2 |
{D_l}[h" 125 - 36x ] =
again cvaluating part by part
m:@i
{;;"_“._3.'_[;*;'41: from the shove we have
=3z - dx' —12¢ - 24x+ 24|
=54 120+ Mt + T+ T2 > (A)
%:—lh'j:'.:“'d: =+ (1}
e e’ 3
J* e == -1k

-2
=™ + 3|:.'|! #'l -%II]

-ir-atet-o 2 Lo
= R e — e - e
Substibating i (i)

we get

=.12¢" | xte = x%e ™ —Gxet e~ |
=127+ 36xT 4+ T2+ T2 — ()




E!iﬁz- =

-36s" s
o1 n—iﬂu"lxlr de =+ (0

II!E-\J&- _:.E E—Cl. "‘1 II

--fa’“+2[lf—r+fn}--x‘="'-zn'"-zg"‘
Substituting the above i (1) we get
I+ T +72 O
|dm!— Eax'-
Lo =T Jeede
=- T2 [a(-e") - [(1.— e )]
=.72e" l—n"' * Iﬂ"':ﬁ]
=72 l—.::r"-:"]ll Tr+T72 = id)

!E!—!z:

=72
D-1

= =T jl“'ﬂ‘.'

= T2t — g™
=T (e}

& D (@) + (B¥HE) + (d) + (&)
B+ 127 + 36T + T2+ T2 — (8)
12 + 36 + T2 + T2 = (D)
It + T2+ T2 — (T)

Tho +72 — (d)

T2 — (&)

Joefor 3" = 3x" + 24x° + 108x* + 288x + 360

“ _:;!E’-_

— 23yt N | =23
(O=1% (D=1 (D=1)

1 T -
m_nPﬂt [+ é:] I




Ia:‘e";t:- —x'e™ 4135,
@ oe It 20
=g -3 ™ + 6l
= e - 3xT e (e )
=t 3 R e - e
Substituting the above in 1T we get
;[— 23" (=x'e ™ = Ixte " — e’ -E]
(D=1}

ﬁfnf +69¢ 1382 +138) ST
Agrin cvaluating term by term

o} 23

I' x =i
ﬂﬂr’ = e II’! dr
=736 |- e —3xte™ ~ b - 6e7 ]
- 23" — 69" — 138x - 138 —» (8)
() g9
Hop e [
= 696" |- xlem ~ 2xe™ -2

=-§9x - 138x~ 138 —+ (b)
]

138
(D-1)

{d) 138:

x=138e" fxe~dx=—138x-128 =+ ©

18 rge =138 = fu
Doh 138" fedde=~138 (u
o Il= a};g[:}ﬂn}ﬂd}
x - 6% — 138x— 138 = (a)
— 60— 13Bx - 138 = (b)
-138x =138 = (%)
~138 = (d)

230 - 138 —414x =552 = 11
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M3
1
(D-1y

o1 [30.':"‘ ]
D-DP-n
1 T e
={ﬂ_1}[3|:u feteras]

= [t v = e — Zue™ - 2™ substifuting this is TII we get
1
-m—n{w" - 60z-60] - Il
(a) 307

30x?

_ 30, e
E_T}-—Nl I:’: dx

- '34]3'[-:1:"-1:1!“ _Ej
=30 %"+ 600 + 60 — {a)

DE 4

- 60x .
iD-1) -—EU-F'IH o
- goe bz =
=60 + 60 — (b)
(e} =6k
{;I-iun = ~60e” I"'-l#- 60 — (&)

o D= (@) + (b} + ()
+ Gl + 6
&g + 60
&0

30 + 120x + 180 — III
IV fix

6 _ 1 [5;]
L= (D-1(D-1

. {ﬂ]_. X E‘. Iu-rd:]
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«—L_[oe’ (oxe - e )]

{D-1}
|
-m_l}[_ﬁ:-ﬁj] -+ IV
(a) {;_]}-—-ﬁu'l::“ﬁ'-—ﬁa‘{—n“ =¢ M mbr+b = (o)
-6

ﬂl—ﬁl Il dr=6 — (B)

| IV = (g (b)=x+ 125 IV
Vo5

-5 1[-5]

(D-1)  (D-D|(D-1)

1 a [ - 5
) {ﬂ—u[_'r"’ Je '*l'ile}

S RI=I+N+IMI+IV+V

Tt + 24 + 108 + 28 + 360 = [
237 =138 -414x-552 » [
3l + 120 + 180 — I
Gx+ 12 =+ IV

-5

W +xHH -5
L Plisy=3x*" x5

Yedic Method:

Y2y +y =3 23"+ 30 + Gx =5
lety=a+bx+ox+dd +ex' = (1)

= b+ 2ex+ 3de + dex

-2y = -Th-dox — 6’ - B’ — (2)

y'=2c+ b+ 126" — (3)

LEI}:-EDEIH-I]-IE{M—-I‘:+I1} +{12e-6d + &) + (-Be + d) o +ex*
- [ - -

=3 23 + 0 + =5 _

Equating the coefficients of like terms on both sides we have




Cocff of x':
e=13
Coeffof ™
Be+d=-27 = 2d+d=-13
wegmd
ot ] ]
Coeff of x*:
12¢ = 6d + ¢ =30
W—G+e=Dor c=0
Coeff of x:
6l—4c+b=68
=6&6+b=6 == b=10
Constant: :

(Ze-2b+a)=-5 sincec=0&b=0
= a=-5
Enhﬂitl.ﬂinsthmvalmm 1)
i.e. }'—l.+'b;l:+|'.::l='-l- + o we get
y--5+f+3x
ary=3x'+x’ -5

The following problems worked in Yedic method:
D y'P + (y1F + 2y 4y = 1728 2% + 1500 + 24x + 6

Lety = a+ bx +cx’
¥ =+ Zex :?hll-ih-!-d-m

= b + dcixt
; (b +2cx) = h’+an’:’+ﬁb‘m+ﬂh’¢‘

ven problem is
{h’+h’+‘.ab+|;p+|:ﬁh’:+4h= + do+ B x+ (Bhe? + 40t +¢)n r (Behy
= 172820 + 150" +24x + 6
mwmﬁnmﬂlﬁnmmmm

Coeff x'; 8= 1728 = ¢ = IT28B =116
nﬂﬁ =5 L o=h
Coeff: 6bc? + 4 +c =150
Subgtituting the vahe of ¢
{Bx 36) b+ ($x36) + 6= 150
150+ 144 + 6= 150
Or2l6b=0=hb=0
. Coeffy: b + 4be+4c+b=24
Bubstitating the value of b and ¢ we get
O+04+4E)+0 =24 =24=24
= ¥ cocfficient is zero
Constant: b +b*+ 2b+a=8




By substituting the value of b (=0)

. =

Su]ulinnisr=a.lbx+w:z
=y =6+ G’

) Y42y +6=4dx+ 16

Let?'-n+hf.+m’
Sy =bdex
Dy = 2a + T + Zo®
» General Equation is (b + Zex) + (2a + 2bx + Zox) + Gmdu + 16
= (28 + b+ 6) + (2b+ 2c) x + Zex’ mdx + 16
Comparing the eoefficients of like terms on both sides
o Coeff: Ze=0=c=0
x Coeff: 2b+2emd = b=2
Constant; Za+ b4+ 6= o =a=4
. Solution is y=4 + 2x

By +y =20+ 108+ 4955 + 9367 + 1521x"

Lm;,r-u+hx+$m’
=+ Zox
= b + 4ohd + S + dbex + 120dx” + Sbix®
SGEIs v+ () =(b+ 1)+ (20 + dbe) x + (3d + dc? + 6bd) o + 12edx’ + Sd2x*
ing the coefficient of like terms on both gides,
Constant: b* + b=20
L b=-54
Lt us nssuene b =4
% Coeff: 2¢ + dbe = 108
o=
x* Coclf: 3d + de’ + 6bd = 495
sd=13
¥ Coeff: 12cd = 936 = 036 = 936
%' Coeff: 9% = 1521 = 1521 = 1521
b = -5 will not satisfy tha given equation an. ... » + the only value for b
. Solution is y = 4x + 6’ + 13x°

4)y + 29+ Gy =14+ 2dx

Let y=a+ bt + e
f-bﬂm:zy‘-zwm
y =Jg

~GEis 20+ 2b + 4ox + Ga + 6bx + 6ox’m 14 + 24x
= {2¢ + 2b + 6a) + {dc + 6b) x + box’ m 4 + Ddx
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ing the coefficient of like terms on both sides.
%° Coeff: 6o =0 [e=0]
x CoefF: 4c + b =24 [-b=d]
Congtant:2c+2b+ Ga=14=2B+6a=14 [ a=1]
- Solutonigy=1+4dx

§) 2y + 3y’ + 6y = 5e" + 6™
Loty = ac® + be™
2y =2ge" + Zhe™
3y = Sac* + Ghe™
- {pe" + = gl + g™ + 2abe™
6y = Galr™ + + 12abe™

-3 E fs Sae® + (b + 6a) ¢ + 126be™ + 667" m 5¢™ + 6¢™
Comparing the cocfficient of like terrs on both sides

& Coeff 5a=5 [~a=1]

e Coef G =0 =b=0

- Solution sy =&

) ‘I]d=+3]'_1.ﬁ:-=1ﬁx+ 6
] -]
:4]m-|ﬁ=+ﬁf
Lety=a+bx =¢]:-¢-¢En+%=’l
]

q{n.»%x*}-mwx‘

Comparing the coefficient of Hke terms on both sides.
da=16>a=4and 42=6 ==

- Solutiomis y =4+ 3x

7 lﬂ}':d:+ ;[y#m 2r+%':* +2¢ +%x*

Let y=a+bx+ o’
ﬂr}-;‘+h‘f+¢‘x"+hh:+1bc:’ + Zeax”

X 2 2
I‘r’dﬁ = ut.: ..,,I,'__tﬂ + L:S * db.tl + E‘.t"' + Er-mﬁ
H 3 5 2 3




Ttde= 25 T T
Hl].rdr 1Iz+li "’f+3“ * 1-3+ u;5+ﬁ;4 - {1}
I
I;d:-m:+—:2+ = (2
Gun:l&quﬂmu[l)+{2}
2 I
- ghb 2. I:nbﬂ:}, (B2 +2ca) 4 5,62 6
e 1z c {:’ +5o*

Enmpnintﬂum:fﬁﬁmtﬂfﬂhtummbnﬂlaidu.
xloaffa=2
4

2
x’ﬂmfr:i'T*E-E=n-3

H:+l:

% Couff: =2=c=0

,.Thcmlnumm:.r-2+h

3 x
E}yﬂ+[%] +i[_r’.d: = |3+H~I+ﬂxz+g:3 +3:“'+4—5r5

Lﬂy-ﬂ+hx+¢ﬁl
¥ = al+bix 3+c1x"+3a!u+2m3+mz
y=b+2ex=y' =2 =+{1}
(P = b2+ de? x? +4bex {2}
¥ 2
!‘,zm-g1:+b_,3+£,5+ﬂhz+b_=;4+1_;ﬂxs .
; 3775 2 3
SGE s (1) + (@ +(3)
2.
:m+ﬁ+{aw+a1p+[ﬁ+mﬁ+{h -i:-,hér’*
: 17 .4
m st — -I-EI -
I + 3:’ e

Comparing the Coefficients of like terms.

x’En-:fl‘-:si'% ne=+2bute=-2isnotvalii . .=1

x'{'.‘um% mizsb=3

o Coefft ———
. Solution is y=2 + 3% + 2¢*

b +2ea_ 17
3 5 =a=3
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2 43
N{yF+y + :j'm- 4;;1+?:+ﬁ
i

Let y=a+bx +ex’
2
<] ee = {aC] + 262+

B Te
- — 1
[:r+—1+ 7 =1}

o =(br2e) 2=fplrattimal @
and ¥ = 2¢ =+ {3)

GE is{1)+{2)+ (M =h{b1+1c]+[:r+—+ +4bc}t+ de'xm E+-—x+4;2

Comparing the Coefficients of like terms
¥ Coeff: 40 = 4 = [c = 1,-1] c is taken as 1 since ¢ = -1 s not valid
« CoetE ﬁa+9b+:|:+m _33;

=s B3 4G9+ 14c + 2Mbe = S
Substitating ¢ = 1
e+ 33b=T72

Or
2a+1lb=24 3 A
Constart: b + 2c=6

b* = 4 or b= 2,-2 here b= 2 since b = <2 is not valld

Bubstitoting b = 2 in equation A,
MM =M=a=]
sSolution is y = 1 + 2x + x*

m}:,r'+'ﬂ_-.-*¢:-9x1+z:-s
1

=+ 2ox + b + Ao’ —— (1)
= 2¢ + Gdx + 12ext

st 2 3]

=2 - 3 - 48 + 2ox + 3 + dexd -+ {1}

l.ﬂ)gv-l+bit+m’+#3+ﬂ'




T2

L 2\ 3y Y
[frde=-2e-3d=de+2c| = | +3d4 3 +de| =
0l 2 Jy o \

= (-¢-2d - 3c) -+ (2}
GEB(I)+(2)= (b-c-2d-36) + 2ex + M + 4o m- 5+ 2x + O
Comparing the coefficient terms on both sides

x Coeff: 4c =10 =e={

x* Cocff: 34 =9 =d=3

x Coefl: 2= 2 =g=]

Constant: b-g =24 - 3g=.5
=b=12

Solution ts y = 2x + x* + 3x

1)+ [[p™ =206 -5

=

1
Loty = a+box + oo+ doc + B + g + b 4’
Y= b+ 2ox + 3dx’ + 4B + S’ + Bl + T
¥ = 20+ 6dbe + 1266 + 20g° + 30hoc* + 42ix”
a‘-ﬁd+z+&+mmﬁ+1mm*+z1mi': S
'f' = 241+ 120gx + 360hx® + B40pC
y "= 245+ G0gs* +I1ﬁh’+2[ﬂ'j.=]:

ik

= 24 + S0ge + 120c + 210" - 126 - 15g - |5h-%1

1 1
!ﬁy-- [IE}E:‘ + 200" + 30k +420° —12F -% ]1
ol o
5 1% 15, 105
af+ EE’-F?.&'I'IEJI' -5 2 -?h- 151

=(3r-5g-Tn-2y)

[a,- 3 - 59-_11-%]] + 6idx + 126" + 20’ + 30koe* + 425c*
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Equating the coefficients of lke terma on both sides

x 142 =0 j=0
x*:30h=0 h=0
% 20g =20 g=1
2126w f=0
x: Gd=0 d=0

Constant: 2c-3f- 53 22 - B y= 5

=-fg=-3 ore=0
P.i=x’
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PARTIAL DIFFERENTIAL EQUATION

Linear Differential Equation:
A differential equation is said to be linear if

(1) Every dependent variable and every derivative involved occurs in the first

(2) No products of dependent variables and / or derivatives occurred.
. A differential equation that is not linear as per the above is said to be non
IMPCar.

An Equation involving partial differential coefficients of function of two or
more variables is known as Partial Differential Equation. Such equations are said
to be linear if it is of 1™ degree in the dependent variable and its partial derivatives
(i. e powers or products of the dependent variable and its partial derivatives must
be absent). A differential equation, which is not linear, is called non linear
Consider the given problem (Ezample 1): u 3+ 2 +upgy = 12
To solve for "u “as a function of (x, ¥)

If boundary conditions (B. C) are given, they first to be consider, For example,

In this case (B. C)

Boundary Conditions are:

U g=4,Us (0, 0) =3, u,2(0,0) = 4

U 3(00) = 6, U, 4000 =0

U, (0,0)=2, u,2(0, 0)=2, 4,3(0, 0)

Un.{l],ﬂ']-ﬂ-, u,lr{ﬂ,ﬂ}*--—-ﬂ

The solution U is written in the general form »° ‘on of x and y in power
series as given below

U= a3 + bix + o8 + . e+

tay + by +  exfy+  dody+ ey +
+ay + by v exV+ ddyr ey
+ay + byt  exy+  dxly+  ex'y+
+ay' + bay't cedy' didy ey




LHS u 3 ru 3 +uy
" Coefficiont =5 6dy + 283+ by = 12
6+2+dm=]2
x' Cocfficient =2dey + 2by + 2¢, =0
=b2=0
¥ Coefficient = 2¢; + 3¢y = 0
=e=0
Similarly dy = 0, =0
Coeflicient = 24e; + Gy + 2¢, =0
Cocfficient =3 6cy+ 3d,= 0

=c3=0
Similarly d; =0, ;=0
v Coefficient = 6dy+ 24y + Iy = 0
=bi=0
¥y Coefficient = 6d3 + b4 =0
Similarly c4 =0, d4 =0
U= 4 3 2 1 -0
By + bex + e +  d’ + e +
2 4 0 0 o
tay +  bxy + exy+ dpdy+  exly+
i 0 0 0 ]
taf + bxy + cpdV+ dpdyi+ e’ T4
0 0 0 o . 0
ray + bxyr  oxlyr dx eyt ..
0 0 0 )
tayt v bxy't eyt e eyt L
U=d+3x+28+x + 2y +dxy +y
The coelficients ag, By oo renes By Bjeseres ey

Are to be evaluated with the help of Boundery Conditions and using the

method of argumentation.
Now by substitutions t:~ Zoundary Condition U (0, 0) = 4 in to the general
expansion of U. We get a,= 4 for ~itaining the remaining coefficients, one has to




ITh

sort out the differentiation. Contributions from the various terms pertain to the
different partial differentiated terms given in the problem. In addition to this one
has to also include the Boundary Conditions sppropriately getting the value of the |
coefficients. _

A few working details one elaborated .The LHS of the given example is
U3+ U3 + Uy |
In order to evaluate the coefficients of x0 one considers the comespoending
differentials of the terms in the expansion for U for example », coefficient fromn
Uy gives only 6 d, the x, coefficient from U ; is 2,5 . o Coefficient from v, is b,
The sum is equal to 12(RHS) all the remaining coefficients in the given expansion
can be similarly obtein by working out the comesponding contributions and
applying the argumentation . The full details are shown completely to get the final
result. " -

Example (2):

U +Hlﬂ =16

Upey =8, Uy (0,0) =6, Uy2 (0,0) =4

w30 — =0, Uy (0,0) = 3, u2y (0,0) ———=0
U (0,0) = 4, u,2(0,0) = 12, 7 3(0,0) == 0

U= 8 4 6 0 0

B F b+ o+, A ¢ e’
6 3 0 0 0

ey + bixy + ey +  dpdy + e
2 0 0 0 0

ey + b+ eyt d oy

+ay v byt e+ dy+ ey
0 0 0 '

vay' ¢ byt eodyts dadytt ey’




an

LH.5: U Uyt

+° Coefficient = 2o + 2= 12+ 4=16

x' Coefficient = 6dg + 2by =0

+? Coefficient = 2dey + 20 =0 = ¢; =0

¥ Coefficient = 2d, =0 = dy =0
Similarly &; = 0

xy Coefficient = 6d; + 6y =0=n =0

*%y Coefficient = 128 + 123 =0 = ¢y =0
Similarly dy = ey = Jrreeesmmen = )

xy* Coefficient = 6dy + 12by=0=>by =0

xy? Coefficient = 12e; + 12¢, =0 =>4 = 0
Similarly dy = &, = =0

S U=8+dx+ 63 +6y+3xy+2y
Example: (3)
U= 602 =0
Boundary conditions are:
U.2 (0, 0) = 18, U(0, 0) = U, {0, 0), U, (0, 0) = ~———0
U2 (0, 0) =32, U, = (0, 0), U3 ——=10

© Uy (0, 0) =24, U2, (0, 0) =0, Udy—=0

u= 10 0 9 0
By + bx + e +  dod +o.
0 24 0
+ay +  bxy + ey + wyp
16

+ay + b+ oy dil e

o
ragy v bat+ oxYE dxYH
- U=+ 24xy+ 16y°




2T

0 3 0 a
As + By + Cpf + D+

+ 11}" + Bixy + EIXZH"F | Dﬂ.’.!‘_f o
+AY + Byt Gy DY+
+A4Y +  Bay+ Gy + Dady e

Example: (4)

y U4 XUy + Uy - 20" =0

Boundary Conditions:

U{0.0) =1=a~1,1U,00) =2=h~2
U (0,00=2=>cy= 1,10, (0,0)=0=> dg= 0
U,{0,0) =2=a=2,U,(0,0) =2=ar-1
Uy’ (0, 0) = 0 = ag= 0, Uy (0, 0) =2 => by=2

U= 1 2 1 0
B o+ b + e 4 de o

2 2 0 0

+ay +  bxy v+ exy+ 4
1 0 0

tay ¢ b+ ey dixy T

0 0

PR S T

o U= 2ty 2yrxytl
The given relation can be verified as 2y +2x+2-(2x+2y+2=0
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U?s=] 1 0 0
Ao +* B * Cx + D +.
1
+Ay + Bxy + Oy +  Dxy*...
+Ay +  Bay'+  Caly'+  Dadv+
+A; ¥ + . Bxy+ Cafy+ Dy
o UM = (xbyt])
Example (5):

UM 2R, =1 ix"+ 260+ L6y +2y+3

U = 2+ 2y+3

U(0,0)=9=> ay=5, U, (0, 0) =12 => by=12
Ul=8=ro=4, U =0=>d;=0
U=12=a=2U =8=mn=4
Uj=0=8=0,Ugy=8=5Db=8

Uxly=0=r =0

UM+ 2xU, = 16+ 26 + 16xy + 2y + 3

u= 9 12 4 0
B+ b + e ¥ dx
12 8 0 o
tay + by + Xyt
4 ] 0
e b bR ey daye
ﬂ .
tay +  bxy+ exdy+ dxX'y+

U = 4+ 1 2004y +12y+Bxy+9

e;x')r?'+ RE




UR = 3 2 0
Ag + Bx + Cpf +
2 0 0
+Ay + Bxy + Cix'y +

+Ay + B+ Cxy+
+aAy + Byt Oy +
U{0,0)=9,Uy=12,U2=8,1U7=0,U,=12

U]E

ag=9=Ap=13 1™case with Ag=.1
=5 _1

By ™™ ==2

—Co-By' _4-4

Co= =, =0

7]
Dy =24 =g

=_‘L-E -
Ay T 2
B= by _ilnl =1
SO LS
Siﬂﬁhﬂ}" Dy=E =i}
1

0 0
Do’ + Egd'...

0 0
D|}I.J}'+ E|:l‘}'...
Dy’ + Ex'y’...

Dox’ ¥ + Epdy...

UT m(Ba2t+ 2yl Um (325 +2yF =9+ dx? + dy? 4120+ 12v 4+ Sy




X 2 2a,
x 0 2y
x 0 ey
X 0 2d;
Similerly ¢; =0
3 row ’

Coefficient o\ 2,
Xy 0 daz
xy 0 4b;
x'y 0 dc;

One need not evaluate beyond this.
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E.HS

26
16

R.H.S

2= 4

by=0




2™ Case with Ag=-3

9 12 )

g +  bx + X +
12 8 1]
+ay +  bxy *  oxy +
4

oyt by + oY
-3 -2 0

Ao + B +  Cx ¥
-2 0 0
+Ay+ Bpy +  Cxy+
FAn+ Bt Gyt
Ag=-3

-i=£=_

e by B 2
=:‘_B'lt.ﬂn

G 2hy -6 0

_ -G .

Dy A,

-l F£=-

Ay E‘F v 2

= b -2A8, o

B, T 0

c = a-RAG + BB _q

‘ A,
Sinﬁlm'ij’D|=E|=ﬂ

Considering Ay = +3, U'™ = (3+2x4+2y) and with . --3
Hence U is perfect square and U= 9 + 12x +4x™ 4 12y + Bxy + 4y,
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0 0

Dp? + Egxd...

D[H.J}" + ijd-}’.“

D'y’ + Esxdy2...

U= - (3¥2x42y)
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Example (6):

ui +uy =1+ D +xy + D'y

Boundary conditions: U(0,0) = 1,Ux(0,00=1 , Uy* (0,00 = U, (0,0) =10

............. =0
u =
Ul 6] ] ][]
8y + byx T+ Enxt + d,,:l;! + uux"'-l' --------
21 [z] [o] [o] [o]
+ ay t obpy toeply Foaply o oeplybo-------
L] L) [f [of [o]
+ eyt + b eyt dpdyt o etyideeeeen
- - | o] o] o]
1/12 1/6
+ oyt + bgy? ooyt odydy? + eyt
First Row;
u} =
1] (o] [o] f[o] [0]
Ay, + Bpx + Cpxt + Dgu? + Egxthecasaa
1] [ o] [o] [ |
+ Ay t By + Gy b Dy + By ==
L) (2] (o] [0 (0]
+ Ay’ F Byy? F Gy + Dy + O Eaty -eee
[ I O R

+ Ayt R Buy? o Gy + Dyt Eptlytoeee--




= gL, Co = 5200 = L6 = 32

1
U+, =l+2xexy+2x’y

Second row of U

Here we successively equating coefficients of 1,,x% *_ __ _ete. it is convenient to

pmdnwnrhgmmﬁhﬂimnfﬂutmmﬁ,u, and the RHS of equation (1} in o
table.

3 RHS of Coefficient
Coefficient | uy | Equation evaluation
of (1) from equation (1)
1 -1 | & 1 =1+ 8,=1 =a,=2
X 0 | b 2 by =2
xd (1] €4 0 =0
x* 0 4 0 4,=0
xt 0 8y 0 —
!'I nin -1—2- =1

by -2AB,  2-0
HL ::Tu”-.?..l

- (Cy-2AsCo -28,Bg) 0-0 _

24, 2"

€

b, =& 'fmu’::.+1:|f-n*mr"--}_n

L& D, 20C + 2By + A
] uu
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Third row of Uf
K EHSof | Coefficient
] Y | Equation | evaluation from
Cfl;rﬂfﬁﬂlmt (1) equation (1)
0
¥ -1 Za o Iy =1=>a, =1/2
X i ! 2, w23k, =1
xd 0 2
Y : 2 X, =220 ¢, =1
xly 0 Idy 0 4 i)
I
wy | 0 | = l 0 €20
I 1 1 1
-A =" iy
A =E-—L-1—= = i
YT, Tz TTaTYR
by -2dA;8, - 24,8/ ) 1-0-2 1
By = =+
2 ;TR T I
€, = am MG - 2oCy 20,8, -BT) _1-0-0-0-1_
m“ '1
D!"fz'{zﬂnf:*xnaa +m,.n,+1n,n.+1a,c,}=u-;m_n

Ml:l
E, =5 -(@B,0; +2C,C, +20,B, +2E A, +2AE, +2B,D, +2C°) L0-0

-2

14,

-2

0
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Fourth row of u
2 RHS of Coefficient
Coefficientof | vy Equation{1) | evalustion from
equation (1)
1 1 3 0
' 3 ’ Sl ¥
wt % 31_‘ D h.l. .__1‘;_
xly? 0 2, 0 =0
NEN 0 3, 0 dy =0
wly? i) 32y 0 & =0
1* solution of uis '

1+2'|r+11qr+-:-ﬁ +uy? # xlyd ‘i!i"l':'%ﬂ“iﬁ----"“
Example (T):
I
Ui+ U, =1+ 25 +xy + 2xly
This is the example given in B.A, book applying B.C. to the 1™ row only.

Algmdpmblumhychmﬂngﬂmmllﬁm{givmmb]m]bylpphﬁngﬂiéw
B.C. as

u=u +Uy=3 +3x+xy+ Dy +x’
Boundary conditions

U (0, 0) = 1,Uy (0, 0) = U (0, 0y = U, (0, 0) =
Uy (0, 0) = 2, Upy (0,0)=3, U2 (0, 0) =6

U asperBC &=l a=2b=3d;=I]




Cocy'+

dpd +

dLH}:I" +

-0

ex’ +

0
ex'y +

endy'+

e’y +
-2

ept'y*+
Ex' +
E]'.':l‘}' +
-3

)
Eax'y? +

+E p:"'_!,']
Eox'y'+

0
fox*

0
f|_ Kj}"

f 'y
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Let Ay=1
2™ row of U
Coefficient | 1 u BHS | Coefficient
of | evaloated
1 1 = 3 E|":
X 0 |by=3 3 by=3
K.E 0 £y 0 -n1-f.l
X 0 d.|=] 1 d]=1
¥ 0 e 0 gy =10
i
2™ row of U?
A‘I- E-| =1
24,
3
B= B-(2ABp) =3
2Ay
244

d—(2A D+ 2BCp+ 2B L) -
D= 2Aq X

&, — (2A4Eg + 28Dy + 2C,Cy) + 2B:D
E= 2Ag il

Similarly Fi=0




3™ raw of U
Coefficient I.F! (19 R.H.E Coafficient
of ' evaluated
Y 1 28, 0 _-1
B 2
3 2ba 1 =-1
xy = by h
Xy 0 2c3 2 g=1
x!r L zdl 0 d_: = _'_1
2 4
X'y 0 2e, 1] ey =10
!3"’ row of u%
Ag— Al
Ag= ZAg ==3

br- (2Bpds +2A0B)) -
Bf"" m 1= %

G = C; (2B BA2C, A4 24C#B ) g
2Ay )

Dy= M+M+WI+ELC|} _-Tb

&2~ (2BgD#2C,CrH DB 2B A 2B mamidg CF)
E, = - = 0-G/2

Fy =2 — (2B CoDst 2D 0ot 2B B+ 2F A+ 2 A F 4B Eg+2C, D)
m 1'.5",
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4® row of U
Coefficient 2 u RHS |Cochcient
of v evalusted
5'] ._E 3‘1 0 B3 -1: _1_
4 12 4
=13 3 [i] - 13
Xy = by by = 2
xy = gy 0 =3
B 24
Ij}r‘l' i 3151 0 d_] = ‘_5'_
8 24
=3 ey ] = 3
Xy ; o=3
4™ row of u%
L1141
Ay 21 ==
by . (2BoAa+2A Byt 2B Ag)
Bj = zla-ﬂ.'l
13 ,-13, =9
= —E-{T-'-T] ] 1E = E
2Aq 48
Ci-(2BBy+2C A +2A,Co 2B By+2C, Ay)
C, =
2hg
_-{H£+£+ﬂ}




Ejl
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§ =49
=g !

2Aa
% .18
24 6

dﬁiﬂucﬁzcnﬂﬂwlﬁ_@:*mlcﬁxﬂmlﬁﬂ
24,

5 {H+ﬂ- : '15+n+‘3}

2
,31
2 L1 24 12
[ +2 + TA +1CMD.§:—_|-EE]$3!
2Ay
1 -3-1--_15+ Tl -
1 (0+0+0+0 3 0 - )]
2
1,40
T!{F}
2
1
il




Fy = (2BgEs+2CoDy+2DgCy+2EgBy +24,Fr+2B B+ 2C, Do+ 2D, Gy 2B By 2F

Fy= TA
00+ 040+0+0+ 22 +23)
4 8 2
= 3 =E
5% row of U
Coefficient | 1 U | RHS | Coefficient
v evaluation
1 4a, 0 =1
N e
i I L
g B[ da | 0 =2
i)
X L) ad, | 0 -17
¥ 12 d"qan
‘ 21 des | O =22
Xy a 3:23
Xy L) 46 0 =8
16 _ k==
- ' - i 13
.-,U-l+1y+3:qr+xﬁr+T‘f-%x_u,r’+f}rz+71ff+1f+ﬁxf+
5 E 1 1_4 145 l_!f‘ ) _a I_E 4y
ﬁﬂhﬁﬁhi"?'ﬁr'ﬁxy xy' 31’# & XY

rammEE FELERTRL Y]




Example (8):
- UTH, = 1+ 2+ xy + 2%y
Boundary conditions:
U 0=1,0U,(0,0=0........
U0, 0p=1= ag=]

U= 1 0 0
ta *  bx 4+  opf
0 2 0
+ By + h|:1.'3" + ﬂsz‘_lf +
0 % 1
+ay v bt ooyl
0 =1 =1
54 5
+ay 4+ by’ + ey +
First row;
e
U= | )] 1]
Ay + B + Ced +
0 g 0
& A"F + B|H}" =+ Clﬂlﬁ""'

0

dpc

0

d|H!]|’

0

dax'y?

0

dix'y’

0 0
Dg!l! + pr‘
0 M
Dix’y+  Ex'y
M 1
& []-Jx'y1'+
+  TEY 4

Eax'y’

Ex'y’
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Second row
Coefficient| ! | U, |RHS | Evaluation
v of
Expansion
| 1 &y 1 ay=0
X o b1 2 | o=2.
s 0 =3 0 c=0
x 0 d; 0 d=0
al
A 3aT =0
— by - 2-0 2
Bi=A .22
C= =|"{33u’h|31qﬁ;'wﬁn‘-"1+ﬁﬁuﬂw’q} =ﬁ-§ﬂ =
D= _4i—(6AsDpA, + 3By’B) + 6ACB, + 6ABC, + 6AsAICH)
A"
Third row:
Coefficient| 5 | Uy [RHS Eﬂl;ufmm
Expansion
¥ (1] 28 1] g =0
2 [2b| 0 | poL
v 3 ba= g
Xy 0 2c; 0 =1
Xy 0 l2] 0 | &=0

0

=a

0




)
Ait_ﬂi:ﬁo.f&LL 5

3As =

B,= b:'ﬂﬂﬂ-ﬁ1=+ﬁﬁa3u=j_ﬂ+5ﬁ-nﬁiﬂﬂ _%
3 .

Ca ™= og — (3CoAs® + 6AgCoAs + 6AAIC, +6AcBBs) =

Dy=dy—()=0

1
vl =1+ day+ oy + XY
+

Uy =2x+ 2 xy+ 21y,
1+h+xy+%m’+zﬁr+%x’f
Fourth row:
Coefficient| 1 [ U, |RHS|Evaluation
of
Expansion
Y: 0 Ja; 1] a=0
1 K -
Xy | L] 0| B=g
Xy % 3y | O
Xy 0 [3dy| 0 | Dy=0
Iy L.2 1 1
ul l+§ﬂ+ﬁﬂ?+§ﬁg
+

1
Uy 'h+§w+2ﬁ-l -3
1+2x+xy+2

b m
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Section -9
H.C.F

In the Vedic Method, the following Sutrs ane applied to find ot the H.C.F,

I, Lopana-Sthapana Upasutra, Sankalana-Vyavakalana Process
2. Adysmadyena sub-sisira and
3. In spection and Argumentation (Vikmens)

Factoctzation as and when It is necessary.

To expluin the first Sutram ~ Lopans Sthapana, the elimination or retention ar in oiber
wordt altemate destruction of the highest and Jowest powers.

For cxample bet us consider 12x° +x — 1 mod 15:% + 8x + |
Here x° is the highest onc #nd x is the howest coe. In the firgt step elimination &
carried out for 1, and In the second step olimination is carrled out for x°.

Eg 12 +x -1, 157 + i+ |

B + Sx =5 1258 45— )
i’ + 32x + 4 +

= 2T = G =01 + 3x) O Oy (1 + 3x)
Al + 3xia the HCF

Al every step, 2 common factor or factorization is also tosted. While destroying the
lowest power of x, Le., by adding the two glven expressions, we can write the snawer
85 9% {1 + Jx). On examination, of the two exswers 1 + 3x s commen, therefors, 1 +
hhMmePﬂw,Thh!lﬂnwﬂnﬂm&fLﬁwmmd
Sanknlana -Vyavaknlans,

Bymﬁmmmmﬂhmmh?dhmhiwmgm
of the expressions 15" + 8x + 1, 2x, ™ asutres, Anurupyesa aud
Adysmadyensantysmantyenn onc gets the lre s, lalned as fiollows,

The middle term is split into two parts. The ratio of the coefficient of * to that of U
first part of the middle term, ie., 12x7 7 dx = -3x/1 which ks equal 10 the ratio of the
second pant of the middie term o the last term - = 7 =1 = 3x/],

So one of the factocs is | +3x

The oext factor is obtained by Adyamadyenantymsmantyena of this factor with
referencs to the sxpressio,

1261 (143} (-1}
Applying the same method 1o the second expression, we get {1 + I} 1+5x)
Factors are (143x) (1+5x) = The HCF is 1 + 3x




i

In some of the cases application of Lopana-Sthapena it succemsively canried out.
Bp2x'-2x'+x' #3x- 6,4 - B #3x -9

' - +ix=-9 Bt =+ 6x =18
- e + - #+ - -
==+ 3 et =t =
0 =0y~ b+ 2 = 1x - 3)
. riy 3 = — 3
- _31 —-
HCF -3

In certaln cases it is found thet the application of Lopans-Sthapens ks not giving the
HCF valoe &3 for (be procedune. This i3 observied in cuse where ihe result is showing
e expression eqeivalent o the order of the oo of the given expressioes and heoce &
factorization s ¢onsidered 1o be avallable il coe gets the fral snswer. It b abo
faally that when onoe HCF b declered then, thal thoold bo neccssanly comemon

fnctor to both e given exprestions.
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Highest Common Factor To Numbers

Eg(1} Find the H.C.F of 480 and T80 )
Current Method Vedic Methed
By addition we get 1260 and by
1 | 480 | 780 | 1 subtraction we get 300,
S0 | 380
1 | 180 | 300 | 1 1260 — 4 x 300 = 60
120 | 180 . H.C.Fis60
60 | 120 | 2
120
A
HEF is 60

Eg (2) Find the H.CF of 108 and 252

Current Method Vedic Methad
3 108 | 252 | 2 257 7 x 108 =36
108 | 216
o 16 - HCFiz36
-~ HCFizs16

Eg (3) Find the H.C.F of 2288, 4301

Current Methed
' Vedic Method
| 2288 | 4301 ] 1
2013 | 2288 2788 % 7 - 4301 =275
3 275 | 2013 7 5x§ =88
264 | 19235 x3 =11
11| #8)%8
2 ~ LG Fisll
i)




Eg (4)
Find the HC.F of 8305 and 13345

Current Method

1 5505 | 13543 1
2013 [ 8505
2 | 65| 5040 1

3130 | 3463
315 | 1575 5

1573
0
HLCF is 315

Eg(5) Find the H.C.F of 308 and 420

Current Method

2 e | 420 |1
24 | 108

3 g4 | 112 |1
M H
) P

Eg (5) Find the ELC.F of 559 and 728

Curresl Method

3 50 | T2R |1
209 | 323

4 52 1169 |3
32 | 138
g 113

s HEF 13

Vedic Method
13545 x2 = B505x 3

= INE0 - 2515

- 15373

255151575 16=31%

L HECFBIS

Vedic Method

420-308= 112
N2x4-420=2%
o HCFl1s 23
HCFls 28

Yealthe Method

TiE-3550 =169
£59 -3 x 169=52
168-3x 52=13

HCF is 1




J0dy

problems can be solved by Lopaes Sihapans method.

The following
1) a'x - a'bx - Bab'x

o'ho’ — dab® 4 3b'
Curreat G0 M Method

-’:-.—-‘bhﬁ.;*;;
n’;f;-h‘:—’ﬂh‘f

= bac'{a” - 4ab + 36%)

s | & —lab- % & -dab+30 |1

g
2b{a - 3b)| = 3bfa3b) |1

0
S%fa = 3b) is the Highesi Common

£l

2) 2o d, 4 1In4 5, D=2
Current G.C.M Method

x| 20 +9x+d | BEel1k+5) 1
2+ 1x 29z 4
fxt+4 e+l |1
42x+1) antl
1]

-2

ity
_ag=2
— 2+ 1)

s3w + 1 13 the Highest Common
Factor.

1] 2x+1
axtl
0

X

L

Vedle Method
o' = n'box — Gaby = mefa’ = &b - 6b™)
bt — ek’ + W
= beci(a® - dab + 3b%)
o ~ ab - &b
= +
Tab -
Tbdm - 3b)
o = gb - 60
- fah +
oy
Jaln - Ib)




ot

1) 3t o+ 8+t 3+ 1+ 6, 3 - e - 12

Current G.C.M Method

I Bt iyt =
It 1t =
2t - 1607 - 1247 =

+8x+4)
Fr11x+6)
- 16x - 12)

T+ Ll +6 | 3 - 16x—12
+llx+
—27x = 18
+Z)
EK+I
0

X |

1

—

48+ 4
-+

fx+4d
An+2)

S3x+ 2 is the Highest Common Faclor,

Jn+2
dn+3
0

4) 3Ma—by, e - 2ab + b
Current Method by Faclorizatdon

- by

~2ab + 1 = (= b
(& - b is the Highest Common
Factor

Carreat G.CM. Method

8- 2ah + b
={a=-tf a0’ [a-b

i}
= (a—bY is the Highest
Common Factor,

S
1

Vedic Method

I+ B d

30 - 1ix =13
2dx + 16
83x +2)

0 +24x+ 12

4+

dx(3x + 1)
I +1lx+6

27518
5{3x +2)

ok 4+ 22+ 12

o

Ix(3x+12)

Vediv » bod
Ha — by = 3% - Ba'h + Oub® - 31"

~3x + 2 is the Highest Common Facior,




5). 'y = o, Yoy = o
Curreat Meihod by Factorization

x 3"‘
r’ ﬂf *lr"'.'n"]

ﬁx ﬂh;u:;-l]ﬁulcm

Curréat GOM. Methad
x’w—ﬂ{;ﬂf NP

y|dy-2of+ ¥ | -¥

I Sre-» 1”5;:*“" Ix
l- -

b Dy -2y

20x- 1)

¥ = ¥) Is the Highest Common Pactor.

- §) & -36a,a" + 247 - 44a
Current Method by Factorizstion

g’ - 36a = a{g® = 36)
= ala =~ GNa +6)
ettt 4 2a-48)
= (s’ +8a - Ga - 48)

~efafatB)-GlatE)] |

= ain+ E)a—6)

/. aa = &) Is the Highest Common
Fastor

Vedic Method
Xy - y;),:’t:’-a’}
Yooy =¥ =5'(x -
=iy -7 +¥)
- 2
_—;‘+ X)) ey -2y
T -
Ha=y)
HI‘EEE*II

) .

Yodic Method by Factorteation

o’ = 36a= ufa’ - 36}
=a(s - G){a +5)

Vg - dia = ae’ v 20 - 48)
= afa -+ §)a—6)

2 oln = B) 15 the Highest Common
Foctor




~a(a - ) ks the Highest Common

Factor

Vedic Method

£ - J6a=a(a-3
o + 20t - 4Ba - ?4-:.—:3]

£ +2a-48 38°+b6a= 144
:I'l: EI_I:I
2n—-8&) a6 — a;

Safa — 6] 1a the Highest Coenmion
Factor

7) 4m* - 0, Gon’ — Sm” - 6m, 6ms’* + S’ - 6m”

Carreat G.C.M. Method

4m’* = 9 = w4’ - 9)
&m’ — 3m” — 6m = mi{bm’ — 5m - §)
6m" + Sm’ - fm” = *+5m - )

2 |4m?-5 b’ = 5m =6 |
A’ -~ 10m+6 | dm’ -9
10m-_15 | dw'-Sm+3m

2 - 3m

“Im+3

6m’ + 5m=-6 |1
4= |
2m+5m+3 |m
+
2m+1

b’ =Sm=6 | tm'+35m-6
1 ‘
I— —
]

& ‘There is oo further Comemon Factor,
= | 5 the Highest Common Factor.

Vadic Method

4'“4_ gmilmit‘m!_g}
fm’ - Sm® — 6m = m{6m” — 5m - &)
fm* + Sm? - 6m® = mH6m® + Sm - 6}

G’ = 5m -6
im®+ Sm — & —$m® —Sm + &
_ 10m — 10m

1200 -27  &m® T

12w = 10m =12 =18 + Lim+ 1%

— 10m=15 =l0m’+iSm
520 ) -Sm(2m-3)

12 -3 Em' — 18

. .E _Ii =14 E']E +|ﬂ
‘n=15 =10m’-15m
m+3) —Sm(Im +3)

= Thers I3 no farther Common Factor.
~.m b the Highest Common Factor.

m® - 5m -6




B 30 - 8% + da’, Ja' - 118 + 6™, 3a'x’ + 168 - 1247

Currenl G.C.M. Method

' - G’y s dam =Ba+d)
Tt = 10t = ' = ﬁ?:’-unm
Ja' + 16aM — 120" = o'x'(3a” + 162~ 12)
2|3t -Fa+4 |30~ 1la+6 1
W-2a |3 -fatd
—fn —a+2 1
U-3a+ -aa.*.z
s |3af-ga+da |3et+l6e-12 |1
15 = 24 37— Bat 4
sfh+d _a4n =16
1| =23a-1) B(3a-2)
Ga=-2)
]
B |3af-1la+6 | 3a'+16a-12 |1
W —2a M =1laté
=BG + 27818
1| -3e-p|  #a-D
a2

~a'x'(3a - 2) Is the Highest Commen Factor,

Vedie Mathod

'’ - B + daly
=o'y 3a" - Ba + 4)
W't - 1" + 6

et
- = 1+ E)
h‘£+tﬂ,lh‘:'
=o'’ + 160 - 12)

W - fa+d
g = 1+ 6
+3a-2

W -1la+6
3+ 16a—12 + |5y =

=%3a-2) Im{3a-1)
¥ -Gavd G’ = 24w+ 12
i + |6g =12 h‘."‘lﬂ—ﬂ
~2a+ 16 ]H—k
-§3a-1) dalla-1T)

. 8hT{3n = 2} is the Highest
Commn Factor
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9 A =S - 20,27 + 6 - Sx - 3D

Current G.CM Method

o] x-S -20 x:-lrﬁl’-h;-}ﬂl
+

= =

=
1]
. Highest Common Factor isx” - §

%9

It =o' = Sx—3, " =d’ = 1ix -6
Curreat G.C.M Method
x[x- x'-$x-3 :':--l‘.;.':—-llx- 1

=Ix"—fx-13
<3 2+ 1) i+

g
= Highest Common Factor s x¥ +2x + 1,
e+ 3 - B —24, 7+ 3 - 3x—9
Curreat GACM. Method
o |+ -3 -9

£

- -

+13 1
¥

XA - B -24] 1
o+ 3 =
-3x-9 - 8% - 15
= Hx+ ) =5(x+3)
a3
0

-~ Highest Common Factor is x + 3.

1 A -5

Yedic Method
0 Hnd — Sk =30 2x* +12 — 10 - 60

+
2 +3x

-
- x(x" - 5)

.. Highest Common Factor 18 x° - 5.

=10

Viedbe Method
-+ x=3 X -d = lIx=6
=4 —-1lx- 2 L 6
3£+§3+] - % _EE?._ X
3+ 2+ 1) x(x’+2x+1)
. Highest Common Factoris x* + 2x + 1.
Vedic Mcihod
Wi -x=0 ¢+ P42 -x-T2
+ 3" = g = - =y g +
+]3 +
| Sx(x+3)
s Factor ks x + 3.
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The following problems can be sobved by Adyumedyess apd Anuruprynes method

1) w'n—athx - Gab’x
oo — dab? + TN

Corrent Meibed by Factorimation

a'x -::hh -ﬁ;}}

-“{ _*_

= (mxfe’ = Jab + 2ab) - &%)
= me{m{n — 3b)+ 2ba - 3b)]
= mufn + Zha — Ib)

;‘t-z:‘:—m‘:‘;ﬂm’f

= Haty +
"ﬁt‘—lﬁ--!lﬁiﬁﬁ
= b{a{n - b) — Iba -

= bt = b)n = 3b)

soufa — k) bs the Highest Commenon
Facdor,

3 e, B M+ S 0 -Ix -2

Current Method by Factortzation
Wt +d=i rx+ B+ 4
= x{2x + 1)+ 4{2x + 1)
=(2x+ 1)x +4)
I+ 1t S=n tuv n+ 5
= x(Zx + 1)+ 3(2x + 1)
={2x+ I )x+35)
p ol PR [, o PR,
= dxfx - 2) +l(x -2)
=(2x+ 1)x~12)
(2% * 1] is the Highest Common
Factor,

Vedic Method by Factortzation

o' - a'by - Gab'x
= mifs” - ab - 6)

-h‘t:‘-ub::ih’]
= hae{m = ba — 3h)

~x(a-3b) B the Higbest Comemen
Facior,

Yedic Method by Fectorization
e +m+d
By Advemasdyens end Ancrupyens Sutnes
Rt el X!
;3:+l]{;+i]
+1lx+ 5
By Adyemadyens snd Anisrervens Sobres
=it vae 10+ S
=2+ 1Kx + 5}
-hx=2

By Adysmadyena and Ansrupyens Sutres
g -dx=-2=(2x+ 1Mx-2)

Laat+ | ks the Highest Conmon Factor,




3 Tt + 80 + 4 T+ Lt A, Bt - 16T - 1247

Current Method by Factorization

i
=30 + bx + Do+ 4)
= x[3xlx + 2} + 2x +2)]
=A% + 2)(% + 2)

B+ 1t + 6
=3 + 9 + I+ 6)
= 3xix +3) + 2x + 3}]
=+ 33+ 2)

h:zé:ﬁﬁx"— Ixt

- - 16x - 12}
=0 - 1B+ 2n = 12)
=X 3x(x — 6} + 2(x — §))
= ®(3x + 2){x - 6)

S + 2) is the Highest Common
Facior,

4) 307+ 7a-6,28° +Ta+3
Currest Method by Factorization

W4Ta=-6=0"+%a=-2a=6
=laa+3}-Ha+ 3
= (8+3)3a - T}

'+ Ta+3=20% +a+6a+3
=a(2a+ 1]+ 32a+1)
={2a+ e+ 3

Jufa+ 3} io tha Highest Common
Factor

Yodie Method by Factoriation

It Fad +

= + Bx +4)

ByAdyamadyena and Anurupyens Sutras
=i 4 6% + T+ 4)

= (x o+ 2+ 2)

It 1t +

=x'(3 + 11x+ )

By Advamadyens and Anurupyeis Soties
=x [T + O + 2+ 6)

=xfx+ I+ 2

3t - 16 - 12t

=x{3 - 16n - 1)

By Adyzmadyena and Anurupyens Sutras
=t — 1B+ 2x - 12)

= xx-6)3x+2)

S¥{3x + 2) i the Highest Commeon
Factor.

YVedic Method by Faclorioation
By Adyamadyena and Anomapyens Suiras
Ja'+ Ta-b=30"+%-20=6
={a+3)3a-2)
o'+ Ta+3=2atFa+ba+]
={2a+1Ma+3)

»~ [+ 37 is the Highest Common Factor




314

5} 4m* - om’, 6’ — Sm® — 6m, 6m" + Sm’ = 6m’

Current Methad by Factorization

‘ml-_gml- m!{lm!_u}
= m'{2m — 3)(2m + 3)
m® — 3m’ - fm = m{5m® — 5m - )
= m{fm’ = Fm + 4m — )
= mf3m(Zm - 3] +2{2m - 3}]
=mZm = 3Im +2)
6m* + 3m’ - 6m® = m{6m” + Sm — 6)
= m*{6m* + m = 4m - §)
= o TIm2m + 3) = 202 + 1))
= m(3m +3)3Im - 2)

. m is the Highest Cotnmon Factor.

6] 3a"x' - Batc + da™, 1a%xt - 1% + ga'y? 2y + 16 -

Carrent Method by Feclorization

3a*% = Ba'® +4u% = o’ (30 - Ba 4 )
= g (e’ - 6a—2a+4)
=g [3a(a - 2) — 2(8 - 2]
-11:’{1.-2){

't -116% +oa’x" = ~11a+6)
= g'x'(3a’ - Ba—2a+ 5}
= a'x[3a(s - 3) - 2~ 3))
= a"'(3a - 2)fa - 3)

I+ 16ty -1 2a%” = ot (Ia"+16a < 12)
= ahx’(3a? + 182 -2 - 12)
= e[ 3ala + &) - Ha + )]
(e + 6)3a-2)

e (3a — 2) is the highest Common
Fictor,

Vedic Method by Factorization

= midm’ -9
= m(2m - TY2m + 3}
By Adyamadyens and Anurupyens Sutras
6m’ - 5m” - 6m = m{$m” — 5m - )
= m{fm’ = m + 4m - )

By Adyemadyens and Anirupyena Sutras

= m2m - J}(3m +1}
- &m? = m*(6m® + 5m - §)

= m(Gm® + Sm — 4m — )

By Adyemadyena and Anurgpyena Sutras
= m{2m + 33 - 2)

»»m is the Highest Common Factor.

4m* = 5m*

&m* + Sm?

128"

Vedic Method by Factorization

By Adysmadyana and An Sutres:
3:‘:‘ B’ + datx’ = a%x (30" - B + 4)
=o'’ —fa—2a+4)
= ghe(a — 2){3a - 2)
3t — 11a% + 67 = 2*(38" - 118+ 6)
= g'x(1st — G2 2+ 6)

WY + 16550 -?;;ljl-%? 16a-12)

=a'x'(3a + 180 - 20 = 12)
=32+ 6= 1)

(3 - 2) b the Highest Consmon
Fastor,
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T o + 4 - Sx - 20, " + 6x” = Sn = 30

Vadic Method by Faclorization

¥+l - Ax =20
(= 4) + 4= 4= -4} - 20= 1] ?rﬂdﬂm-ﬂ:nmwaﬂdﬂnm:m
x+dls 3 wims
s one fucor - o+ — Sk — 20 = = 5)x + 4)
X+ 4) 60 + 4 - 5x =20 (x7 5 x' 4+ 6 - 85— 30
— - . By Advemadyaniysna and Anunapieas
=30 o 6t — S — 30 = (- SHx +6)
A = S = 20w (o = )+ ) - Highest Common Factor 18 x° — 3
X+ -5x-30
Wx=-6
{~6)" + {6(=6)’ = 5(~6) =30 =0
L+ 6 s one factor.
A+ + 0 = 5 =30 [ = 5
+
—&x -3
=
o 6o = = 0= (i - S)x 4 6)
. Highest Common Factor lsx* - 3




0 r+inf-gx-24, ]+ 3 = =9
Current Method by Facturization

o+ 3 - Bx - 24

frx=-3

(=37 +3(=3)' - Y- =2 =0
<X + 3 is one factor,

e+’ 430 B -2 (-8
dedd

“hx-2
—

S+ = Bx = 2= = B D)
W+id-Ix -0

Wx==3

0 +34-3'-3-3)-9=0
&%+ 5 is one fector,

2t a4 3 - Im -0 (P~ 3
La3d

~3x-9
_3x-0

0
LA - x-g=id - B +3)
< Highest Common Factor i3 (x+3).

§) o+ dod = T = 14, o = D’ -
x+3%

Carrent Method by Factorioition

2l - - 14

g=-2

U2 + 42" - WD) - 1= 0

.'.:+'.'1;:l|]mhjﬁm. 2

* e -Te -1 -7

E+1) N

=Tu=14
-h—14

i
At - Ty 14 = (2 - THx +2)
g — 10n* = 21x +35
- =5)-T73x-5)
=(2x" = T)(3x - 5)
.‘.I-Eihultﬂmmm-nrhh’—'?-

Ydic Methad by Factorization

Feit-Rx-24
By Adymadysnanatysmantysna end

Anarupscoa Sutrs

2 4+ 3] - By = 2=+ 3N - B

43l -39

By Adyumadyenantysmentysns mnd
Sutras

m'upfuu .
Cahl=Ix-9=(x+3Hn" =3}
~ Highest Common Factor lsx + 3.

By

=+ It -T)

ﬁga 10x* - 21x + 35

By and Anungpyena Sutros
-ﬂ;‘- -T}

- Highest Common Factor s 2x* - 7.
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I = - X X X~ M
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(r—xg- _nwnﬂn—+«uﬁ__l

(0 + ey + %
unﬂnlﬂ_ﬁiiﬂllun«h-ﬂ%

Iy + %5 + 2T1+ X6} - n_..:.nn.._l
=% — X1 = 6~ I+ XE) = - XE - X0 =
e
=
nx.aﬂ..

BORErLHGIE &g POl A3

GlE

1— (XE 5 0P USRnBOT) SagEE

{1 =% =M1 + %) =

T-x- H+ﬂanxﬁ+«uﬂ|

[z + =M1 + AL+ XE) =
__.uu+uu_+...ﬂ+n%_ A1+ g =
_"ﬂ+u+num+m.q.... A1+ XE)=

T-x— g — X = [l + )=
n _um Yo=d4¥

(0 —%— NI+ g} =T

(£ —%E— XENT + XE) =

#uﬁ-?ﬂn:.?mﬂ-

[+ 2EMT + A1+ XE) =

[C1+ el + (1 + Xgrel = :+mn|
{F + %€ + XT1 + 260 — 1 +
¥~ XE— XTI — N6 = {1 + XE} =

L+ 9+ X6 = “_”_+mﬂ_

£~ X — X9 - M — Xg= AL

=% = X = X6 "] % - 2T — XE - X0l




N =2+ # 3 = 6, =2+ 32— 9

Current Method by Factorization

LtEa' = +x +3x -6

15-4:" 4:"'+h’+t‘r:—-l1

(2 -3 =t - 127 +9

15*11-:’3 - 4 1 46 -21
— 3P - (e - 14 - G +21)

-a:’ 3y = (22~ Ty = 322 - )

= (2 - 3) - (2 - D= T)

- -3 -3-2u+T)

= (2 - I’ - 2+ 4)

E=( -3)x' =x +1I)

dr' =0 +Ix~9

B S -t T

= (20 =3 = (2 = 12 = 3x + 18)

= (2 = 3 - [ (- 6) = H{x = 6)]

= (o = 3 - (o = F)x - 6)
={ix" - ~1-x+8)
= (bl =3t =x+3)

.‘.Iﬂhﬂlﬂmwhh’-—l

320

Vedic Method by Facterication

[h' ﬂnr‘ﬁr::“-:Ir:i.ml:'[i

dn =1 + 9
:l]: o+ 6x - 12

=3 =+ 1 +6x - 20
-q;n* 31’ {dx® = 1doc® = 6 + 21)

-{_h’ wau-ﬂﬂ.nwjml&m

— - 3-2x 4T
-g-:ﬁm—hd—:}

2 -2+ £35 -6 = (€ - )’ =x

+:} 2t I =9

-{n‘ 3 h’+lh"+k 11
:!; 2x - 12 - = + 15)
By and Anusrupyens Sutnis
mﬁ-amfh_z E}H

- — =%

{0 = 3ibd = x ok 3)

- Highest Common Factor is 2o = 3,
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The following problems can be solved by Argumentation method

Find the Highest Commeon Factor of
L A+l e+ 600+ + 43
Current Method by Factarizotion

4+ rx+d

Mg ==3

H-2 Y- + (- + 6
Elb+ 1224 6=0
2 7 i ons fetor,

x+ 2+t d 6 (D =x 43
.
=X +u+h

In+6
x+6
i

W rIC +x+ b +2}{1|,’—1+ 3
et edx+d *

fx=<1

21y + (1) +2{-1) +3

=24 ] -243m0

i+ 1) ks one Bactor.

2+ )2 + )4+ I (D —n
o

++]3
I+l
3x+3

0

4+ el = I -2+ )
22" - % — 3 is the Highest Common
Factor,

V.M. by Factorization
et e3afdx+ 6

8s= 12, Factorsare 1, X, 3, 4, 6, 12
Lagt termm =

Whose ctorvare 1,1, 3,6
Possible Factors are 1, £3, 1

{x + 2} is one Factor,

By Paravartys Divishon, we get
another factor as e = x + 3

I+ v+ d

=5

S+ 1) s o0e facior

By Parwvartyas Division, we get
anather factor as 2x" —x+ 3
2t~ x + 3 by the Highest Commaon
Factor.




2. et +ist - l6a+ 12,8 +af - 10048
Current Mathod by Factorizatdon

o +3at-16a+12
ifa=1
1+3=16+12=0
(2 - 1) [s one factor.

= |):"+3u‘-t;.=.+1={a’+4--1:

—l&a+12
dai-dp
=28+ 12
=12g+13
i}

g’ + 3e% —168 +12 = {a = 1){a" +da - 12)
= {a-1}e’ +6a-20-12}
= {a— 1}{a(a + 6} - 2(a + 6]
=g - 1}a+EKn=2

£+ -10a+8
Ifa=1
i+1-10+B=0
-.{a = 1) is one factor,

a=1a'+a'—10a+B{a'+2a-§
=l10a
2o’ — 23
=En+8
-8a + §
1]

g +e'— 10a+3=(a=-1)a"+2a-5)
= (= 1at+4a—-22-8)
= (o 1)[a{a + 4)— 2(a + 4)]
= & — a+ 4pn =2}

- {a— 1}a — 2} is the Highest Common
Factar.

Vedic Method by Factorization

& +34° - 16a+ 12
=0
“{a=1) Is factor

By Paravartys Divison
&+ 4a - 12 I3 another factor
o (m+ 6)a - 2) axe fctors.

4+ -l 2=(a= 1Y e6a-2)
o+l = im+8

=0

Sl = 1) k5w factor

By Paravartys Divislon
+ 22 — B [= snother fector
& [+ 4 = 2) are Bclory,
o+ =100+ 8 =(a - 1)(a-2)a+4)

(= 1){a — 2)1s the Highest Common
Factor.




) ¢ -q+2q' -3 +7q-1
Currest Method by Pactorization

g -3q+2

ifg =1
ihenl=31+2={
Sig - 1) s one factor.

q- In’-‘-‘;ﬂiﬂ’ +q-2
-3g+2
=2
-2q+2
-hir:
0
g -3q+2=@Q-14g +a-1
=(g=1Xq" +29-q=2)
e
-{q= q
S

1-5+7T=3=0
Sl = 1) 18 one factor,

q-0q'- 55 Tq-3(g -4q+3
+'.'q -3

H..:.l
0

Q' -5g +7q=3=(g- INg'-4q+13)
=(g=1Ng'-q=3q+3)
={q = 1glq - 1) - Hig- 1)
={q=1Xq-1)q=3)

‘g = 1) = g' - 2+ | s the Highest
Commaa Facior,

Viedic Method by Factorication

q=3q+2
Sa=0
(g = 1) is one Mctor

By Parreartyz Divigico

q’+q-1hmﬁﬂm
(q+2Ma -
Hﬂ-" -~ +2)
h’ﬂt

-!.}hdliﬁﬂﬂl'

Parsvartys Division
ﬁ+3}hlﬁﬂ|ﬂrm

q=3}
ﬁ +7q-3=(g=q=3)
5q =2+ | s the Highest Commen
Tm.

5.




4. 3yt -3y - 157 = 9y, 4y’ = 16y* = day’ - 24y’

Current Method by Faclorimation

3y -3y - 15y - 9y
=3y’ - ¥ - 5y -9
Y -y-3y-3

=1 - (-1 =-H-1)=3=0
iy + 1) is one factor.

r+l}r‘—f-+:r-:u’-1=-a
=5y=1

-
-3

0
s =y Sy =dmiy e Y - 2y-3)
=+ i)y =Iy+y=13)
TGN 1y=3)
=+ Dy + Dy = 3)
4y’ = 16y" - ddy' - 24y
=dyly’ = 4y’ = 11y - )

y -4 = 1ly-6
Ify=-1

(-1 - &-1) = 11(=1) -6
o -4+ ==
oy + 1) s one Faclor,

y+ DY -4y = 11y - 6"~ 5y -6
*
=5 = 1ly~6

=5

¥ -4 = ly-6=iy+ Iy - Sy-6)

=(y+ Iy’ -6y +y-€)
syly + 1 =y + 2% + y I3 the Highest
Common Faclos,

Vedic Method by Factorizatios

:1' = 3y 185" -9y = 3y -y =5y -0}
-y =Sy=3

5.5,

S0y # 1) s one Eachor. =

?wﬁrﬁm:
=2y = 3 ia another factor
={y - 3y +1}

oy =y =Sy =d=(y+ 1y -2)
ay' = 165" = 44y’ - 24¥
=

e

S=5
J(y + 1) i3 onc factor,

P ui - )
= Sy = § is another factor

A 4

3- - I]}r-ﬁ- fy + 1Py - 6)
Sy # 1) s the Highest Common
Factor.




X6

5, 15x" = 156 + 1063 — 100, 300 + 120x* + 2007 + Bl

Carrent Method by Factorization

ot —1)
:I;r;f‘?;!:’ﬂhl + 2+ 8)

g Pl
Ifx=1
1-3+2=2=0

Sl =17 15 one fcior,

-3 =0t + 2 -2 (37 + 2
o

x -2
gz =1
1]

ail =l 4 I =2= (- 1P +2)
e+ 1+ 2+ 8

fx ==4

4 + 1247 + 24} + 8

B4+ 12 16=F+5=1)
S+ 4) is one factor

x4+ + 100 + x4 B0 +2
-k V-

2x+8
x+h
0

230+ 10 + 2+ B = (x + (I + 2)
25t + ) is the Highest Common
Factur.

Vedic Method by Factorization

18 - 15x" + 100 —10x = S (3’ = 3
+2x -2

ol -t -2

Se=0

~{x — 1) is one facter.

By Paravartya Divislon:
3! +2 is snother factor.

3n* + 120" + 20 + B0 = 10nc(3x
+1 + Zx +8)

B.=15

Factors ar= 1, 5,25

Last term is &

Factorsare 1, 2,4, 8

= Pessibla factor is 4

»~K + d 13 one factor,

By Paravartya Division:
3x? + 2 is ancther factor.

& Sx(3xt + Xy g the I-I1ghnt.l:m
Factor.




m

. Inteoxd + B — I2x, G’ - 6xd - 15x + 6

Current Method by Factortzstion

=g’ + It - 12

= Jxx’ = 3’ +dx - 4)
= rdn—d
Ify=2
B-3d)+ 42)-4=E-12+2-4=0
~.{x = 2) iz one factor.

:-I}x:— Pl ddx=d( —n+2

- K dx-4
- X+lx
2x -4
ax-—4
0

=il - (x-2NE = x+2)
I -0+ 12 = 12
=3x(x - 2%’ =x+2)
E:’-ﬁ:*$+;:
- - =5x+1)
=S a2
Hx=2
28y -204) -5() +2=16-8-10+2 =0
SE= 2 oo fctor,

x=h’ - bl -Sx+2 (42 -1

. —Sx+2
I =dx
=% %]
=x+32
a

Therefors,

Ex’ G =15x + 6= Hx -’ +2x 1)
5 3x = 2) ia the Higbest Common
Factor,

Vedic Meihod by Factorization

It O+ I - 12x

= Julx’ = 3o+ - &)
P et T T
Lastterm ig=4
Faciors ars &1, £2, 24
Bem=d
Factors are 11, 22
Possible fsctor s —2
sofx = 2) is one factar.

Parwrartys Division, we get,
— % + 2 a8 another Eactor.
.-_31*-9::"};;:[::;-11;
- . _l+n
E—EE::;;
- b -S4 2)
W - =5kl
Last term b 2
Faciors ane £, £
Sy==3
Factors are 1, 3
Possible values are 12
200 — 2) 1 one factor.

By Peravertys Divison
We pet 2 + 3w — 1 ms another faclor.
s =gt = 15+ 6

= 3x =22 + 2= 1)
2 3(x — 2) s the Highest Common
Factor.




7. 22’ - da* = g, o’ +4' - W’ = 34
Current Method by Factorization

20* - da' = Ga=2a(n' - 24" = 3)
W -2 -3

Ifam -]
(=1 - 2-1y =3=0
in+ 1) is one fcior.
) h’=—3{l’ 3+ Ja-1
+
-3’ ~3
I -3
=38 =3
s
a-2 = d=far -2+ 30
228" ~4a* —Ga = Zafer 1y’ ~20" +3a =3)

e -3 -t 4o -Ja-1)
Vegf-la-1

fa=-1

(=17 +=1F - 3=1) -3 =0

~{m+ 1) is one factor,

s+’ e’ -Ja-3(F -3
Py

=Ja=1

4

ot v e = 3a -3t =l + 1 - B)
sofa + 1) Is the Highest Common
Factor.

Vedic Method by Factorimtion

28" - dg' - Ga=2an’ - 22" - 3)
i=2'=1

S,= 5,

Sim# 1) is one Sector.

By Parwvartys Divisicn, we get,
-’ u"+:h 3 as another factor.
4.-1-;.+1 o -3¢ +ln=3)

"'-u‘ 3 - +8' =-a=-3)
g+ -3a-3

Su= 5y

S+ 1) is one Tactor,
?Pmﬂlmvhlm.“ﬂ.

- 1 g3 another factor,

ot gt — 2at - 307 w e+ 107 = 3)

a(n + 1) is the highest Common Factor,




[ L, (N [ Ve | Y 1

Current Method by Factoriztion " Visdic Method by Factorization

W+t -2 - 13 W el -2 - 15
Ifx=-3 S;=-12
(37 + 4 - N1 -15= 27436+ 6=15=0 | Factorsmre 1, £2, +3, 14, 46, +12
oufx+ 3} 15 one factor, Last term 13 —15
Factors are +1, #3, +5, £15
x+ Bt +dd 215 +x-5 Poasible Values are 1, 43, +5
+ - {x+3) is one factor,
x—Ix By Parvartyn Division, we get
wedx +x — 5 as another factor. ]
—5x =15 o ot =B =15 = et - 5)
x5 ¥ -2Ix-36
0 S, = =56
Faciors are +1 i, +T, *]
.‘.x$+-11*-:b:-15-[::+3]l[x’+:—ﬂ 438, +56 VLA
=2x =36 ifx=-3 Last terrm 15 =16
(-3 -27x-36=0 Factors are 1, 42, 43, #4, 46, $5,
(x+3)130ne facior. +12, £18, £36
4P -x =360 = =12 Possible values are 1, -2, 3, 6, =9
+ %+ 3} is ome factor.
=3x = 2lx = 36
=3y =0 By Paravartya Division, we get
T - — %x — 12 s amother facior,
—12x - 3 A= 20% - 36 = + N’ = 3x - 12}
0 s+ 3} is the Highest Comenon Fastor
o =2 - 36 = {x + 3 — Ix— 12}
%+ 3 [a the Highest Common Factor,




Dut e - B = 16,0+ - fx =24
Curreat Methad by Factorization

rrl_gx-16
Ifx=-3

=9+ 2= =8~ - 16=0
Six + 2) ks one factor,

:+1}:‘:h’ -8 - 160 -3

- -6
- hq— Iﬁ
i}
Sk e - = 16 = (o - E)n + )

eI = -24

fxm=3

=3P 3= =8{=N-24=0
S+ 3) b one factor,

:Hj:"': B —fx =24 (x"~8
-Bx =24
=R

A it = B == - Ex + 3)
+« Highest Common Factor i3 (x + 3)

30

Vedic Methiod by Factorization

X+ 2" -8 - 16

Sp==11

Factors ae 21, 23, 27, and £2]
Last term 5= 14

Factors are 21, 2, 24, £8 and £16
Postibde factors are 2, 4, and -8
[ + 2) is one factor,

By Adysmadyena Sutra the first and st
Emnfnumtﬁmn are x' - B,
¥ Gunita Samoccaye Sutra
3 +u-) = 21
3(=7 +h)=-21
=T+h=m=T
b=0
- Another factor is x° = B.
s *E-h—lﬁ'{h“-!ﬂ:+!}
X+t - -2
E=-28
Factors sre +1, 42 4, 47, +14, end 428
Last tgem == 24
Factors are £1, 42, #3, +4, 46, #8, £12,
mnd £34
Posaible factors are =2, £3, &, and -8,
cfx+ 3) 18 obe factor.
By Adysmadyena Sutra the (ist and kst
Twmm * and -8, Le,
+ bix = 8
By Guoits Sesyucesy Soirs
i -F+b)=<128
—T4b=—7
b=0
o Middle term is 0,
Ancther factor fs3® - 8
A I e 24 o - ENx +3)
. Highest Common Factor = x + 3

SHOF=x43
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M - =S =3, 0 - 4F— I1x - §
Current Method by Factorization

.
Ifx==1
(=1 - -1P -5 1) -3=-1 -1 +5 3 =0
S+ 1 is one factor,
ER T N o P . S T, |
+
- -S-3
3
=dx=3
cix-3

0
-k =Sk I - 2x=3)
=fx+ 1N —Ix+x-3)
= (x + [l = 3)+ L{x - 3)]
=(x+ 1+ 1x-3)
={x + 1{x—13)
£ -d=1lx=6
Ifx=-1]
1P —4- 1P = 11{-1)=-6=0
=+ 1} is one ictor.,

x+ 1 =4 - 11x -6 [ - Sx—§
+

=5 = 11x

— 57— 8y

C —fx—6
=iEsa

x =t = 1= 6= {x+ 1) = 5x - )
={x+ 1)x* = fix +x = §)
= {x+ 1) — 6} + 1(x - 6)]
={x+1}x+ x4
=(x+1y{x=86)

- Highest Common Factor is (x + 17%

Vedic Method by Factorization

Bt thekr total should be — 1,
S 1L=3

sh+bc+ca=—%
RS i 1 T o )
—d -11x-6

8=~ 20

Last term 13 — 6,

Whose factors are 1, 2, 3001, 1,6
Total should be - 4,

2L L -6

ab+be+ca==11
A=A = lx=b=(x+1Fx-5)

= Highest Common Factor is (x + 1.




' - = -t 4ot - 0 - m a2
Carrent Method by Factorization

Wbl -dx=-7
ifu==1
- 1- ﬁ-n’ 4{-1;-- -0

:l[ﬂ)x)‘ ~E-1:+?¢¢'-3:‘+11-T
-h’-lu-'!
wijz=]

Te-T
el

0

e = T = 3% T = T +1)
e -ld-xe2

[fx=-]

(14 (=1- 3=1) = (=1} + 2 =0
x| i one fictor.

;u]fu’ e x+2(’-Ix+2

=3 = x+2
I+l
2

0

st el =3 x4 2o (x # 10 = Jx 4 2)
I
Wx=lorl’-3x1+2=0

S = 1) ks one Betor,
=0 —Ix+2(d+x-2

} -Ix+2

il

—2x+3

o
Wand-hd-ae 2 (x + Ix - 1)f +x-2)
= 1Y = 1P+ 2 - %= 2)
=(x# I)x= x(x+2)~ Wx+2)]
(x4 = 1)k = Dix +3)
. Highest Common Factor is (x + I).

Vedic Method by Factartoation

M Y PR |
8= 5
=z + 1) is one Gactor.

?wm“ﬁ-murh
= im=T

P ek T

Bem=6.

Factors are 21, 22, 23, end 6.
Lasitwem=="T.
Factors are £1, 27

Possible factor ks — 7

Bt x - 7 i ot a factor.

= 1t s no frther factors

:'*h.h-u;:‘-'r
- =T+
!'*lsi.h'=1+2 !

= 1) Is one factor,
=5
(+ 1) s mnither factor,

By Parsvartys Division with x - 1 we
got Enother factorms x' + 2’ ~x -2

Again by Peravertya divison by x + 1

wegetxi 4x=2

Ceu=1o +m-x=12
-{I+2I“l}

ST I R

=(x+ Dix = 1{x +2)

. Highest Common Factor is x + 1.




1988 - 0+ 1x+ 7, 40 = 1F + 29+ 7

Carrent Method by Factorizatios

lﬂEl;Ih’;utﬁf+lI:+T

4E = Bx" — 200" + 4 + 28
Ex+1P=nd+ 100+ 6x+1

4F = (2x + 1) = 1F 4 38x + 27

= (x4 1) - (32 + 6 - Sz - 17)
= (24 1) = [16(2x + 1) = 2702 + 1)]
= (2x+ 1) - (2x + 116x - 27)

= (2% + D)f{2x + 17 = 16x +27)

= (2% 4 D’ +dx 41— 16+ 27)
= (2 + I}’ = 12 + 25)

CAE=(Ix+ 1P =+ T)

LaaFmdsd — 11 4 23+ 7
V6F = 6’ — 1760 + 400x + 112
(1) =’ v 40 + 12x |
16F = (§x + 1)’ - 224" + 388 + 111
={dx+ 1Y = - 388x = 111)
-{4I+I);’-{ﬂh‘-4-l4x+ﬁlh- 1)
= (g 1) = [x(56x =111} +1(36x =111}]
= (dx + 1) — (e + 1 56x — 111)
=l + 14 + 17 = S8+ 111)
= (dx + {16 + B+ 1 = 36x + 111]
= (dx + 1[16x" = 48x +112]

AF={dx+ 1 -3x+7)

. Highest Comman Factor isx” — 3x + 7.

Vedic Method by Faclorization
B -5+ 1+

First ierm =2

Facicraare 1,2

» Factors are (X + a)(Ex" + bx +¢)
of (Ix + )’ + b +¢)

Be=15

Foaciors are &1, £3, £5, and £15
Last terem i 7
Factors mre +1, £7

By Gunita Samuccay, Sam of CoefMickends
of factors b a factor of sum of coefMiciends
of the product,
< Possible factors are only
x4+ 1) @z~ 1)\ (2x-T)
is one factor
If (2% = 7) then ansther fackor 13
+hx=1)
By Gunita Samuccaye
(=3 +b-1)=15
=5b=15
b=-3
x" coefficient In the given cxpresalon bs - §
By these factors »° coefficient Is — 13,
 This combinathon is nod correst.
Ls ey Eacior
If {2x - 1) then another factor is (x* +bx - 7)
By Gunits Samucesy {11 *b-T)=15
-G+b=15
b==-2]
x coefficient s~ 5
By these factors x° cocficient ks 2b = 1
== 2)-1=—d3
=Fmw=4]
= This combination 18 pot comect.
s oo Factor
I (2x + 1) then snother facter s (6 +m+ T)
By Gunita Samuceay Sutra
{1 +b+T)=15
E+b=5;b=-13




134

uf coefficlent B 2B+ 1 =-6it1==5
x coeficint s b+ 14 = =3+ 14= 1]
Wi+l +T=(x+ NP =3x+T)

a4 - 11" +28x +7
First perm = §
Factors are 1, 2, and 4

- Factors are (x +a){dx’ +bx +c)
or (dx +a){x’ + bx + ¢)

or (2x + o)’ + bx +¢)

8. =15

Factors wré 1, 5, and 25,

Last ierm is 7. Faciors are £1, £7
. Possible factors are (dx+1)2x =1} 2x - T)

If 2x — 7 bs n facior then ancther Bicior is

(2 +h = 1)

By Gunita Ssamuscaye Sutra

(=52+b=1)=25

I+b==%

b=-4

x* coefficient in the glven expression: =11,

By these factors x° coefficient =~ 14 + 2h
= = |4 + 2~ 6)=-126.

<, This combination is mol cormeet.

1f 2z~ | then mother factor is (2x° +bx - 7)
By Gunits Samocciys Sutre

{12 +b=-T)=25

=5+b=215

b= 30

x coefficlent =— 2+ Zb=-2+ 60 = 38

.\, This coxnbination 13 not comect,

If (4x + 1) then mnother factor is (x* +im + T
By Gunits Samuccay Sutm
(SX1+b+ Ty =25
$+b=5
=3,
By these factors x* coafficient = 1 + 4b

=l 4=3)=1=12==1]
xcocflichnt =28+ b

=18 -3=3)
s = 11 + 29+ T = (o +1x" =3x +T)

. Highest Common Factor is (3 = 3x+ T
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13} 4x"y + ThCY - 6y — 9oy, facty? + 130 -y - 15y

Carrent Method by Factorization

My +
;tr?h‘?fg:‘rwx:: w;z,‘
43.-‘+11y' ¥=15"=0

K =¥ is one fector
1—}'}41:+Iﬁ— XY — 15" (d + 16y + 1597

ﬂ:ﬁ-'
Y- xy

0
-I!:!+lﬁqr+ljf
= dx + By + ey + 15%°
= 2x(2x + 3y) + 5y(2x + 3y)
= {2x + 3y}2x + 5¥)

e
= + Iy +
ey + 13
:H:f{;:’igf:?y 4;3-’ 159"
If% =y then

157 =90

6 + 13y — 4y —
+ X = ¥ is tne factor.
:-ﬂﬁtﬁ- J:F-’-lsf{ﬁfﬂhyﬂﬁf
1oy —
_lsx_-,r‘ 15"
ngﬂ.mg

6 + L9y + 15y
= g # Sy + 10y + 1597
= Inflx + 3y) + Sy(dx + 3y)

= (g 33k + 5y
6ty + 130y - 4})" - 15xy*
=y — yH2x + 3yhIx + 5y)
- Highest Comamon Factor 2 3000 — Y + 3v)

Yedic Method by Factortzation

Tty + Thi'y - Sty -
= Gcyig’
H?ﬂ:‘yq.:qz-ﬁu
=0 Lxmy

MK =¥ 15 ooe factor.

By Paravartya division, we get,
4 + Ly + 15y a3 another factor.
3 + 16y + 1557
= 4ot + iy + Loy + |59
By Adysmadyena and Anurupyens
Suiras
= (2 + 3¥N2x + 5y)

S 24y + T2y - b’y — Ny
ﬁx‘fﬂ:r‘ghh'thﬂ]

E::*+131:'].r-—4ﬂ':'—1;$’

7Ty

By Paravartya division, we get,
focd + 19y + 15y* ng another factor,
B + 1%y + 15y

= fa’ + Sy + 0oy + 15y°
By Adyamadyena and Anunapyens
Suiras

={3x + I¥iIx + 5v)

At + 1300 - iyt = 1y
-:f{x--y}{lt + 3¥H3x + 5v)

-~ Highest Common Factor s
xy{x - ¥)2x + 3y)




M - —xe LT+t 1
Current Meihod by Factorization

K -x —xt+1
am]
lel=1+1=i
=1 i one Gaetor,

:t—]]-:i ‘-nlﬂx+ll:1'+:|:’—l
x"-xI-:Hl
Ao

=x+1
=

=k i = 2t -1)
et ==+ 40 -1
=l # 1)+ = D+ 1)

=i+ Dt = 1)

. Highest Common Factor s &' +x' = 1.

Vedic Method by Factorization

Wax'mn+]

=0

~u—1 is oo Esctor.

By Paravartym diviaion, we gt =1
&5 another facior.

A= xR - 1)
aetex'=1

=t + )+t =1

=t 1) (7 + It = 1)

= (i + 1" +x" = 1)

. Highest Common Factor is x* +x" = 1.




1 l+x+ -, 1=xt=xf+x
Current Method by Factorization
1+u+x -
Hu==1
1-1+{-1)=(=1}=0
S+ 1 s one facior.

o+ - '+1’+;+1{-:"+:’+1

= E'+1¢’+-_-;+1
S o

x+l
A+l
[ 1'.- n
l+x+x' == n+ 1}l +x -x%
1-x' -+
=] -xf+x’ -2t x.t:’
={l-xhl+x)+ -1)
=-{l- 1+§-:‘ﬂ—:’]
=(1-x)1+x' -xY)

. Highest Common Factoris 1 +x* =x",

Viedic Method by Factortzation

1+x+x =x*
Be™ By

o (x + 1) ks one factor,

By Parovartya diviskon, we get,
1 +x - x* a5 another factor.
- -+’
m]-xfax'+x

= (1 - )1+ ) = x(] = %)

=[] =i +% -

- Highest Common Facter is 1+ x” - x",
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16)6 - 8a = 324 - 18a", 20 - 350 - 950" - 40a*

Currest Method by Fectorization

6-8a- 32 - 184
=2(3 - 4a - 162" = ")
=1 —da- 16" - o8
fa==]

3= 41 = 16(01 - N-=1)
=3l+d=16+9=0

=1 4+ p iy one Bactor,

at |]|-9.’;- 1687 — 4a+3{ =50 = Ta+3
= : T T |

Ja+3
W+l
0

Therefore, '
6~ Ba-320" - 188" = 3+ 1)1 = 7o - 0}

20 - 352 - 950" - 40w’
= 5{4—Ta- 199" - 8a")
4-Ta- 190" - 50"

fa=-1

4 =T0=1) = 19(1) = B(=1)
w4+ 7 =19+ F=0
a4 1 iy one fachor.

n+ |:r—h:- 1907 - Ta+4 (=62’ - 1la+d

=1la'=Ta+4
da+4
LEL
0
Therefore,
20-358 —95n" 400" = 5(n +1}(4 =112 -3

. Highest Commeon Factor isa + 1.

Viadic Method by Factorizstion

fe Ba -320° = 18" = 2(3 — 41 = 160" - 50")
1-da=16 -9

S.=5

SuF | s oo facior.

By Paru
(3=Ta~-

divighon, we got,
i another fstor,

6 - Ba-32a" - 18a% = 2(a+ 133 = Ta = %a")
20 =358 - 95a® —408’ =5(4 —Tn =19a" —Ea*)
4—Ta= 15" 88"

=5

e+ 1 b one factor.

By Perevartys division, we get,

{4 = 118 - 5a%) a3 another factor,
Therefore, ) :
20358 ~950" —60u" = S(a +1(4 ~11a 52"
+ Highest Common Factorisa + 1.




1T = 157 = 455" = 12, 42x - 49" — 200" — B

Current Method by Factorization

ok — 15x - 45x" = 124
=33 - 5x - 15T — dx)

LetE =3 = 5x = 155" = &

O = 27 - d5x — 135 - 36x

(3 +4x) = 27 + 108x + 144a + 64

9E = (3 +4x)’ - 153x - 279x - 100"
= {3+ du) — %153 + 279 + 100Y)

= {3+ 4x) = n{153 + 204 + T5x + 100"}
= {3+ e’ — x[S1(3 + 4} + 253 + 4]
= (3 + du) — w3 + $p{51 + 25x)

= (3 + 4x)[(3 + 47 — %(51 + 28]

= {3+ 40 + 24u + 160 = 51x = 25%°)
=3 + 4xHF = 2Tn = Fx°)

~LE={3 +-'I:::|-[I—3N—x"i

42x = 45’ = 203n" = B

= Tl = T = 2nd’ = 12x%)
6-Th—- 20 - 120

Mx==2"

6— N=2) - 24 - 1~ &) =0

LA+ 2 is one fector.

A +2) =125 =20 - T+ 6 {120 - 5x +3

-Ti+6
- _3:+-5
x+b
0
It + 5% -3
=100+ 9 —dx -1

= x4y +3) - 1{(4x +3)
={3x = 1}{4x +3)

S - 45 - 200 - Baxt
= Tx(x +2H3 + 4x)(1 - I}
~.Highest Commean Factor is x(3 + 4x)

Vedic Method by Factorization
ﬂx‘-lh‘—m"—méﬂ—-p
=33 — Sx - 15x = 4

-4 =150 - Sx + 3

g =—_21

Factors are +1, 33, £7, £21

First Term iz - 4

Factors are £1, 2, 34

(x+ a)= 4" + bt + )

or (dx + a){—x* + b + )

or (2x + @)= 2x + bx + ¢}

Last torm ks 3. Factors are £1, +3.
Poasible factors are (4x = 13dx + 3)dx -
I2x+ 12x - 1% - 3)

If {3x—1) |3 a factor then anolver factor is
{(=2x*+Hm=1)

By Gunita Samccay Sulra
(=1}=2+b=1)=~21

=34b=1]

b=24,

x* coefficient in the given expression is
-18, By this factor x° coefficient is
&+

=6+ 48 = 54,

. This combinetion is mol correct.

Ir(2x — 1) 13 & factor then another factor i3
—ixX+-3

By Gunita Semuccaye Sutra
{(IH-2+b=3p=-21

~5+b=-12i

b=-18 -

x cocfficikent =2 4+ 2b=12 - 32 = - 30

. This combination I3 also not correct.

If (2x + 1) i & factor then ancther factor is
[=2xF + by +3)

By Gunita Samuccaye Suira
(BH=2 +b +3)=-21

I+b=-7

b=-3%

¥’ coefficient » =2 +2b=-2 - 16=-1§
. This is il comest.

I (dx — 3] iz & factor the another factor is




(—uf wbx=1)

By Qunls Ssrmuccaye Sutns

(=1 +b=1)==2]

=l¢b==]]

b= %

£ coefficient =3 +4b= =76 = -TI = 13

If (4x = 1) s o facior then ancther factor i
(-x"#bx=13)
By Gunits Samuccaye Sulrs
(H-1+b-3)=-2I
—fthwr=Tmbhmad,
o coefficient = | +4db

= ===l e=15

[F (4= + 3} is & Gactor then another factor i
[ + ot 1)

By Gusits Samuccaye Sutra

M= 1*b+1)==21

bh=-1

¥ coefficient = =3 +4b=-3=12==15
xcotfficient = Jhddm =G+ d= =

f’t - 15 = St = IF;
= Y (o # A1 = 3%~
425, - 4% - 203 - BAx'
= Txf - T = 2 = 12
-1 -2 - Tx 46
First term 13 =12

Faclors e 21, 12, £2, 46, #3, &4
Poszible (hothms sre

(x 4+ a){-122 + bx +€)

(12 + a)= " + b+ )
[h-u]{-ﬁx‘ + b+ )

(6x + a)(- 2! + bac + €)

3x + )= dx’ +bx + )

(i + a)= 3% +bx +¢)

S;==42

Factors ane 1, £2, 19, 86, £7, 214, 21,
43

Lasttermis &

Factors are 1, 46, £3, 22

Possible laotors are (b a=IWxn+2 0 x-2]
(2% + D= 1 (2= 3)

6o+ 1)(3% + 1) = 1){3x=2)

{dx - | )dx + pdx - 3)




M

On verifieation we get
(m+ 2 — 1 4% + 3) oy Bactors

242 - 40 - 200x" - Bax
= Txix + 2)dx + )1 - Ix)

> Highest Comemon Factor bs xuildx #3)
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|3 I 2, k= A A

Current Mathod by FPaetorisailon -
e ddede=— |
Il‘u-:rl N EFLT
Vill=

Whﬂ:
l-iﬂli' ?!H‘-H{‘H‘*I-thldlnﬂ
'ein’ﬂ'
o)
ok ¥
=2x+d
[ UL TR TR I |
Ifre=1:
J+3al=ls !"ﬂ"

T '] II
:“1}!:" -h‘ h-lﬂu‘ﬂ:‘ﬂnl

=3y
45?2 A
Iy
‘.|E-_ 3_
|:| u
sad st e 2 e e 1A G+l D)

IS+ 3
Ifa=1
2=5+3=0
Sx - 1) i one festor.
P
It - 2t
i" -7 +3
3:.4_l1:i]l

- 50 +3

) 3_.2.!
_i§?+3
= Xut 3

-t d
i

o 5 b I =T

Vadie Method by Fastorieation

3nf e At 2
8;=0
&M= | 18 one fewor

I
n‘wwhﬂﬂfﬂ%
:u'm' it =2 =1

.-n -1 [ e (acior

[I:;Fll dlvision, we yat
4 Eﬂ-uumhwﬁm
Ty

8y=0
Y I I.mm““ m
- ﬁﬁ*n+ 2 08 enathee fantor

oot = 3 2
-{?-If’[a:hu’unm

2! = 5xd
e iaion e
!:"-I-h’i-li‘-!:-:tumhr

foctos.
rend+hi-3m-3
Se=1

[ = 1) is one factor,

By Parvartya division, wa get,
2% + d4x? + 6x + 3 us anather l'm:mr
ot gl 3 (- 17200 +
¥ Ex + 1)
~Highest Common Fastor is (x = 1P




M3

Ll e ol o P |
Hx=lor2+2+2=1=3=]

+{x— 1) i one factor.
x— 132 +h:+11’—3:—3 e+ + i +3

+ 2
e
F .
o — fx
-3
x—3
0

A s = 1Pl x4 T)
~Highest Commen Factor i3 {x - 1)
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Conclasion
Requesi: Attention

Preparation of this Lecture noles-V has taken unusually looger time duc to many
perwonal inconveniences duming (he course of the work. Bul we are glad thet it could be
sococasfully completed. The readers are requested (o kindly go through the details. If they
notics any mistakes or ermors which might have occurred due to oversight, they are requesied
1o bring them 1o the notice of the Project Director (Prof. C. Santhamma) so that they can be
got rectified if necessary [The Director feels that the chapler on Differentistion and
Integmition needs & more comprébensive and systematic work to cover all types of eguations
including various degrees and orders, which festure the director feels, that it is worthy of an
attempt and will be taken up later a3 & separate work making use of Vedic principles,

- Prof. C. Santhamma
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