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From chapter 18 on algebraq,
18 simple sutras* of symmetry
emerge that agree with basic
laws of physics.

* PLUS A CONTENTIOUS CONCEPT FOR KHAHARA OR DIVISION BY ZERO



Brahmagupta’s 5 Addition Sutras

AU UTHROTHURT: Yol A GH RUTHFI T HAHUTRIAT: Yedal: Yeda,

AS$1 positive plus positive is positive

AS2 negative plus negative is negative

nsa positive plus negative is the difference between the

positive and negative

ASA when positive and negative are equal the sum is zero

positive p!

n85 negative p!

Zero P!

us zero 1s positive
us zero 1s negative
us zero 1s zero
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Brahma% pta’s 5 Subtraction Sutras

3 €l TR UTH UG TIeheeITc] SaEd clgea] EATEVT el EeTHuT T
%mﬁﬁaﬂmuﬂaﬂmﬁramﬂmameﬁwuaammmm

A smaller positive subtracted from a larger positive is positive.

ssz A smaller negative subtracted from a larger negative is negative.

ssa [f a larger negative or positive is to be subtracted from a smaller

negative or positive, the sign of their difference is reversed —
negative becomes positive and positive negative.

A negative minus zero 1s negative,
ssn. a positive minus zero 1s positive,
Zero minus Zero 18 Zero.

ss5 When a positive is to be subtracted from a negative

or a negative from a positive, then it 1s to be added.
© 2020 Jonathan. J. Crabtree | www.podometic.in | Sign the Petition for Better Bharatiya Maths @ www.j.mp/BharatiyaMaths




Brahmagupta’s 4 Multiplication Sutras

HOTHUTHHAATETCT HTHUTAY: eiatll ¢ Hafa
sz AT mwﬁa‘rw: R[IH

MS1 The product of a negative and a positive is negative.

MS2 The product of two negatives is positive.

MS3 The product of two positives 1s positive.

The product of zero and a negative,
Msn. of zero and a positive, or
of two zeros 1s zero.
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Brahmagupta’s 4 Division Sutras

TAHF UTH RHUTEHYT Ul Hald T GHFd GH,
Wﬁﬂﬂwaﬁﬁma{wmﬁ
WIEHAHTT et T qeee, WHOTE a8 ar

RTINS w@@wqaaﬁ'ér—raa

ns1 A positive divided by a positive is positive.

DS2 A negative divided by a negative is positive.

DS3 A positive divided by a negative is negative.

D$4 A negative divided by a positive is negative.
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Despite this symmetric zero-based
genesis, a brief cross-cultural
review reveals an incomplete
understanding of Bharat’s zero in
the medieval Arabic world.



It appears zero as a place-holder
was fransmitted via the Arabic
world to renaissance Europe.



Yet the role of zero as a number,
defined by Brahmagupta as the sum of
equal yet opposing positive and
negative quantities... was neither
grasped in the Middle East nor
transmitted to Europe!
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So, neither negatives nor zero
appear to have been involved

in the development of Arabic
algebra.



These sutras or rules are correct yet,
21st C. maths pedagogies remain
disconnected from post-Vedic
Bharatiya maths.

This talk reveals meta mathematical
disconnects and how they
imperceptibly arose during the
passage of time and place.



& Tweet

. podometic.in = Simply Better Bharatiya Maths -
L A @jcrabtree

FYI Sanskrit isn't needed to learn #podometic!

Thanks to the help of Sanskritist maths professors
(E.g. Dr. Avinash Sathaye, Dr. K. Ramasubramanian
etc.) plus others who helped me explore more

languages I've done enough analysis & interpretation
to rebuild basic maths from ZERO!
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Greek qpiBpoC aplBpov moAumaoialewv Aéyetal. 0t'av Goat E0W £V aUT@L povadeg tooautakic ouveedijt 0 moAamaoalo uevog Kal YEvNTal TIg
Arabic 23l s ula (o Judlall 2all g & samal g 4 4 o adaall b g padaall dlal e dal gl duan (K8 AT 22al) dlal e el 2 2 g g8 syl
Latin - Numerous per alium multiplicari dicitur, qui totiens sibi coacervatur, quotiens in multiplicante est unitas.
talian - Quel numero se dice esser multiplicato per un'altro, il quale si e assunato tante volte, quante unita e in lo multiplicante.
German  Ain zal multiplicirt oder meret ain andere / wann die ander / als offt die erst zal ains in jr beschleiRt / genommen vnd zuesamen bracht wirdt. Als 4.
multiplicirt oder meret die zal 7. wann die zal 7. vier mal / in ansehen das ains in 4. viermal begriffen ist / ggnommen vnd zuesamen bracht wirdt.
French  Un nombre, se dict multiplier un autre nombre, quand autant d'unitez, qu'il y a en luy, autant de fois se compose le multiplie, & en naist un autre.
English A number is sayd to multiply a number, when the number multiplyed, is so oftentimes added to itselfe, as there are in the number multiplying unities :
and an other number is produced.
Spanish  Un niumero se dice multiplicar a otro quando tantas veces estuviere compuesto el que se multiplica, quantas fueren las unidades del multiplicador, y el
producto fuere algun numero.
Dutch  Fen getal segt men een getal te vermeenigvuldigen, als dat soo meenigmaal een saamgeset getal is, dat vermeenigvuldigt word, als ‘er eenheden in de
vermeenigvuldigende sijn, en dat ‘er eenig getal voortkomt.
Sanskit STUTEHAUeRTSRTEal 0TeTtel &AGel afd
Swedish Ftt tal sages multiplicera ett tal, ndr det sednare talet tages sa manga ganger, som enheter finnas i det frra, och ett annat tal (produkten) deraf
uppkommer
Chinese FHE BAEETHE HETARE. BHE MIBERFR EMHARSE.
Hungarian S73m szamot szorozni mondatik, midon a hany egység van benne, annyiszor rakatik a szorzando, és igy szarmazik szam.
Cech  Pravime, 7e Cislo Cislem se nasobi, kdyz nasobené (nasobenec) tolikrat se slozi, kolik v druhém jest jednotek, a néjake vznikne.
Hebrew MYV D'AYO MY IX WY D'AYD ‘MY 1) ,12 NN KIN WK "IWN 190102 WK D' TNKD ['103 D' WX D'NYD 79310 190NN KIN INK 190102 1100 190107
NIDY 90N X' 79500 Y372n 100001 22T N T X ITI RIOW 2010 KYn Kl
Danish £t Tal siges at multiplicere et Tal, naar det, som multipliceres, leegges sammen ligesaa mange Gange, som der er Enheder i det fgrste, og et eller andet Tal
frembringes.
Russian  [pgopAT, YTO YMCNO YMHOMAET YAC/IO, KOTJA CKOMbKO B HEM EIMHNLL, CTO/IbKO Pa3 COCTABNAETCA YMHOMKaEMOE 1 YTO-TO BO3HMUKAET.



Which way is she spinning?

R—

Clockwise
' or

—L

A Anti-Clockwise




LIKE MATHEMATICS, SHE SPINS BOTH WAY !

R——

R Clockwise
' AND

—L

A L Anti-Clockwise




Complete
the phrase...

For every action there is an...



Complete
the phrase...

For every action there is an...
equal and opposite reaction!

Newton's Third
Law of Motion



1 NEGATIVE
ELECTRON
+
1 POSITIVE
e+ positron HOMIINON

e electron

v neutrino JAS{®]

7Y quantum/photon
(511 keV)

By JENS MAUS (HTTP://JENS-M AUS.DE/) -
OWN WORK - PART OF PHDTHESIS HTTP://NBN-
RESOLVING.DE/URN:NBN:DE:BSZ:14-QUCOSA-23509,
PuBLIC DOM AIN,
HTTPS://COMMONS.WIKIMEDIA.ORG /W /INDEX.PHP2CU
RID=3/9922




SYMMETRY IS WHEN THINGS ARE
THE SAME AROUND AN AXIS.



SEEING SYMMETRY AND DISCERNING
WHEN IT BREAKS, IS A KEY
FOR UNDERSTANDING BOTH
MATHEMATICS & PHYSICS.



It's as if SUN YA I was decompressed,
creating infinite magnitudes
and multitudes from ZERO

GCONSERVATION OF MATTER AND ENERGY NEWTON'S
THIRD LAW

BRAHMAGUPTA BHASKARA SYMMETRY PODOMETIC



Planet

Nega-
fron

ZERO GRAVITY
Wherever opposing quantities or forces
or directions are equal you will find ZERO.

Bik13122110987 6543210123 456786 910011213115



THE ZERO-POINT CHOICE

FROM AN ARBITRARY POINT
WHICH DIRECTION DO WE GO?



"PROPORIION
IS THE KEY THAT
UNLOCKS THE
LANGUAGE OF
THE UNIVERSE”
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Arabic algebra entailed steps to

arrive at co-equal polynomials.

The following is an anachronistic
styling as modern equations.

ax: = Be v = ¢

AL-KHWARIZMI'S 6 EQUATION TYPES



AW IWANVAN BWA

2

ax> bx ax C

ax° = bx | ax* = c

AL-KHWARIZMI'S 6 EQUATION TYPES



bx = ¢ |lax’+bx = c

AL-KHWARIZMI'S 6 EQUATION TYPES



AN IWANWANS WA

ax* + ¢ bx bx + ¢ ax2

axc+c = bx |[bx+c= ax?
AL-KHWARIZMI'S 6 EQUATION TYPES



ax’—bx =
MISSING!

= |




ax’+bx +c = 0
MISSING!

o+ b+ c I “




Negative terms did not occur
in Arabic algebra, yet you
wouldn’t know that today.



AL-KHWARIZMI'S ALGEBRA TEXT C. 820 CE
ablaolls wall ol 0 ool LS

Al-Kitab al-mukhtasar fi hisab al-jabr wa'l-mugabala

The Compendious Book on Calculation by Completion
[or Restoration] and Balancing.



In mathematical language, the verb [jabr]
means... ... to transpose NEGATIVE
quantities to the opposite side by changing
their signs. The NEGATIVE quantity thus

removed...

KHWARAZMI, A. A. A. M. A. M., & ROSEN, F. A. (1831). THE
ALGEBRA OF MOHAMMED BEN MUSA. LONDON: PRINTED
FOR THE ORIENTAL TRANSLATION FUND.



The usual meaning of jabr in
mathematical treatises is: adding equal
terms to both sides of an equation in order
to eliminate NEGATIVE terms.

WAERDEN, B. L. (2013). A HISTORY OF ALGEBRA: FROM AL-
KHWARIZMI TO EMMY NOETHER. BERLIN: SPRINGER BERLIN.



Al-jabr means “restoration” or “completion”,
that is, removing NEGATIVE terms, by
transposing them to the other side of the

equation to make them positive

DEVLIN, K. (2012). THE MAN OF NUMBERS: FIBONACCI'S
ARITHMETIC REVOLUTION. LONDON: BLOOMSBURY.



Negative terms equidistant from

Zero as opposite positive terms
did

Brahmagupta’s algebraic
definition of zero as the sum of
equal and opposite quantities is



Brahmagupta’s 5 Addition Sutras

AS1 positive plus positive is positive
AS2 negative plus negative is negative

AS3 positive plus negative 1s the difference between the

positive and negative
AS4 when positive and negative are equal the sum is zero

positive plus zero 1s positive
ASY negative plus zero is negative
Zero plus zero 1s zero

© 2020 lenathan 1. Crabtree | weww.opodometic.in




Brahmagupta’s 5 Addition Sutras

AS1 positive plus positive is positive

ZEROS & NEGATIVE TERMS
ARE IN THESE SUTRAS!




Brahmagupta’s S Addition Sutras

AU TFHRUHURT: 0o} HHFE WH HUTHTT T ARV YAl Lrdd,

AS'I positive plus positive is positive

Brahma% pta’s S Subtraction Sutras

= o] TR UTHOTEH AR HAT SUE deeck TATEOT e UTHOT $afd
amﬁﬁmwaﬂmﬁal—qﬂmmaﬁwwmmmm

. AS2 negative plus negative is negative

ss1 A smaller positive subtracted from a larger positive is positive.

ssz A smaller negative subtracted from a larger negative is negative.

AS3 positive plus negative is the difference between the
positive and negative

AS4 when positive and negative are equal the sum is zero

If a larger negative or positive is to be subtracted from a smaller
ssa negative or positive, the sign of their difference is reversed —
negative becomes positive and positive negative.

positive plus zero is positive
ASY negative plus zero is negative
Zero plus zero is zero

A negative minus zero is negative,
ssn. a positive minus zero is positive,
Zero minus zero 1s zero.

© 2020 Jonathan. J. Crabtree | www.podometic.in | Sign the Petition for Better Bharatiya Maths @ www.j.mp/BharatiyaMaths

Brahmagupta’s 4 Multiplication Sutras

FOTFOTUATENAT UTOTAT: eeTasl e srafa
al—wh‘r A ml—q'zna‘ra%: YT,

885 When a positive is to be subtracted from a negative
or a negative from a pesitive, then it is to be added.

MS1 The product of a negative and a positive is negative.

| Sign the Petition for Better Bharatiya Maths @ www.j.mp/BharatiyaMaths
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Brahmagupta’s 4 Division Sutras

Wwwﬁmﬂaﬁ@m@ﬂ

FIHOT TAHOT TAH FOTHOT

@Iaﬂamlaﬂmaﬂa@mmm%war
HUTITAGT: E@m%’ﬂ%ﬁ!ﬁﬁaﬁ

MS2 The product of two negatives is positive.

DS$1 A positive divided by a positive is positive.

MS3 The product of two positives is positive.

BS2 A negative divided by a negative is positive.

The product of zero and a negative,
M$4 o zero and a positive, or
of two Zeros is zero.

BS3 A positive divided by a negative is negative.

DS4 A negative divided by a positive is negative.

© 2020 Jonathan. J. Crabtree | www.podometic.in | Sign the Petition for Better Bharatiya Maths @ www.j.mp/BharatiyaMaths

Acknowledgement: I am grateful to Avinash Sathaye, K. Ramasubramanian, Clemency Montelle, Kim
Plofker and Agathe Keller. Analysis, interpretation (& any mistakes) by Jonathan J. Crabtree.
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Brahmagupta’s 5 Addition Sutras

A UTHRUTHUTAY: YU THTFT TH RUTHF T YT AU YedAT: s,

_AS1
AS2

ASA when positive and negative are equal the sum is zero
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A UTHRUTHUTAY: YU THTFT TH RUTHF T YT AU YedAT: s,

_AS1
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ASA when positive and negative are equal the sum is zero
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Brahmagupta’s 5 Addition Sutras




A UTHRUTHUTAY: YU THTFT TH RUTHF T YT AU YedAT: s,

Brahmagupta’s 5 Addition Sutras

At
—|-pAd:Te] + |+

AS2
ASA when positive and negative are equal the sum is zero
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Brahmagupta’s 5 Addition Sutras

A UTHRUTHUTAY: YU THTFT TH RUTHF T YT AU YedAT: s,

RSt
BEo-2

AS2
AS3
ASA when positive and negative are equal the sum is zero
ASS
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A UTHRUTHUTAY: YU THTFT TH RUTHF T YT AU YedAT: s,

Brahmagupta’s 5 Addition Sutras

At
—|-pAd:Te] + |+

AS2
ASA when positive and negative are equal the sum is zero
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A UTHRUTHUTAY: YU THTFT TH RUTHF T YT AU YedAT: s,

Brahmagupta’s 5 Addition Sutras
_AST
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ASA when positive and negative are equal the sum is zero
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Add Integers to Zero
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Add Integers to Zero

Subftract Integers from Zero
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+Nn
Q. Il Q.1
@ X +n = Negative Product "a X +n = Positive Product
1.e. a debt added » tumes 1.e. a fortune added » times
to zero. 0+ a+ "a+.. to zero. 0+ a+ a+..

a a
multiplicand multiplicand
e.g. debt e.g. fortune



( (1
multiplicand multiplicand
e.g. debt e.g. fortune

“a X —n = Positive Product axX-—n= Negative Product
1.e. a debt subtracted » tunes 1.e. a fortune subtracted » tunes
from zero. 0-"a-"a+.. from zero. 0-"a- a+...
Q. III Q. IV
—n
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n times subtracted from 0



Q.1

"R +1n = Positive Product
1.e. a fortune added » times

1O Zero. 0+ a+ a+..




@ X +n = Negative Product
1.e. a debt added » tumes

1O Zero. O+ a+ a-+...

+H




@ %X —n = Positive Product
1.e. a debt subtracted n tunes
fromzero. 0-"a- "a-+..

Q. Il




+ » .

a X —n = Negative Product
1.e. a fortune subtracted » tunes
from zero. 0- a- a+...

Q. 1V




Addition of Integers to Zero
Negatives Added N Times to Zero Multiplier Positives Added N Times to Zero
81 ?2 63 54 45 36 2? 18 +9 18 2? 36 45 54 63 72 81
72 56 48 40 16 +8 32 56 64 ?2
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Representations of Negative and Positive Quantities on a
‘Brahmaguptan Plane’ for India’s Primary Classes

Jonathan J Crabtree

www.j.mp/BrahmaguptanPlane

Abstract: Children’s fear of maths is often associated with the introduction of negative numbers. By way of example,
asking adult non-mathematicians for the answer to ‘negative seven minus negative four’ usually results in a wrong
answer. However, asking the same question to 12-vear-old children in the form What does seven negatives minus four
negatives equal? usually results in the right answer. Why is the difference in comprehension so dramatic? In the
problematic expression negative seven minus negative four the syntactic structure is adjective adjective verb adjective
adjective. With the absence of a noun, the meaning of such maths for most children is lost. Instead, children (and adults)
cling to rules memorised without meaning, such as ‘two minuses make a plus’. So, what can we do? The answer is simple.
We return to 7" Century writings of India, where we discover the astronomer Brahmagupta documented ‘adjective-noun’
stvle laws of sign, not for abstract numbers, but for positive quantities, negative quantities and zero. With this insight, we
depict simple object-oriented representations of integer arithmetic involving positive and negative quantities. Such a
guantitative pedagogy is concrete in nature, yvet isomorphic to ‘signed numbers.” Therefore, a solid intuitive foundation
of integer arithmetic can be laid. Upon this foundation more abstract structures can be built. The integer teaching model
that emerges is called the ‘Brahmaguptan Plane’.




. | Unit of Positive

8 PO irives added

p e = A el
A [IINES = -+E.ﬂu_151."ﬂ &5




. | Unut of Negative

10 negarives added
J fimes = 30 negatives




JIx—6="18

3 negarives subtracted
6 times = 18 positives



S x _5="25

3 positives subtracted
3 times = 23 negatives




. 1 Unit of Negative . 1 Unit of Positive

10 negatives added
J times = 50 negatives

The Brahmaguptan [oxssms0 8 postives added

. N 3 times = 24 positives
Plane with both '8 x 43 =24
positive and

negative areas.

Ex_5="25

3Ix—6="18 5 positives subtracted

§ 1 . — A g
3 negarives subtracted J times = 23 negatives
& rimes = 18 positives

2019 J. ). Crabtree | All Rights Reserved
www.jonathancrabtree.com 1




sw If a larger negative or positive is to
negative or positive, the sign of th

negative becomes positive and posj

A negative minus zero is negative;
sm a positive minus zero is positive,

Zero minus zero 18 Zero.
subtracted fro
tive, then it 1s to b

815 When a positive is to be

or a negative from a posi

4




‘1 Laws | Smaller

Negativel

2, _8 — {%: _3
3-(7)=+4
| Larger

Negative!

If a lar
SI.3 neg;aili'

negatr

A negai

sm a positiv

Zero

15 When a posi.
s or a negative 1.




Al-Khwarizmi (c. 780-850)

- | had seen that the Indians
had set up 2 symbols in their
universal system of
numbering...

© 2019 J. J. Crabiree | All Rights Reserved www.jonathancrabiree.com



$ . S0 they made 9 symbols
| which are these:
987654321.

ANnd ... every number is put
together above one.

warizmi dl

|On Zéré‘ "Algorizmi said: since | had seen that the Indians had set up IX
symbols..." Crossley, John N, and Henry, Alan S. (1990) Thus Spake
Al-Khwarizmi: A Translation of the Text of Cambridge University
Library Ms. li. Vi. 5. Historia Mathematica. P. 110-111
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Al-Khwarizmi (c. 780-850)

... one Is the root of all number
and is outside number

1T Is tThe root of number because
every number is found by it.

But it [one] Is outside humber
because it Is found by itself, |
mean, without any other number.

v

mention zero and did
not consider one a
number.
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Al-Ugqlidisi (c. 920-980)

Why are the Hindi letters nine,
So much for the nine letters
zero the aim is only to occupy the place

We multiply the letter... to occupy the
place

tell that there is a place and that it is
empty.

Saidan, Ahmad S. (1978) The Arithmetic of Al-Uglidisi: The Story of
Hindu-Arabic Arithmetic As Told in Kitab Al-Fusul Fi Al-Hisab Al-Hindl.
Reidel, Dordrecht. P. 186



Ibn al-Banna (1256 — 1321)

"Then you add each digit of one of
the numbers to the corresponding
digit of the other. If there Is nothing
INn the corresponding place, then
the answer is the number, as if it
had a corresponding number.”

Courtesy Jeff Oaks via email



Ibn al-Banna (1256 — 1321)

"Then you add each digit of one of
the numbers to the corresponding
digit of the other. If there Is nothing
IN the corresponding place, then
the answer is the number, as if it
had a corresponding number.”

i.e. no addition operation occurs with zero



Al-Hawari (c. 1305)

“mulliplying the humber by the
zero or the zero by the number is
identical. It comes from voiding the
number or duplicating zero. Neither
of these gives a number”.

Courtesy Jeff Oaks via email
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Applying Indian Logic to Descartes’s Multiplication

oIt par excmple
A Blvnité, & qu'il fail-
le multiplier BD par
B C, ien'ay qu'aioindre
les poins A & C; puisti-

rer D E paralleleaC A,

. & BE eft le produit de

cete Multiplication.,

“For example, let AB be taken as unity, (1), and let it be required to
multiply BD (the multiplicand) by BC (the multiplier), | have only to

join the points A and C, and draw DE parallel to AC; and BE is the
product of this Multiplication.”
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Indmn LOUIC Meets Descartes' 1637 Multiplication Model.

“For example, let BA be taken as Unity, (1), and
v . LEGEND
; o = Origin let it be required to multiply BD (the Multiplicand)
BA = Unity (1) by BC (the Multiplier), I have only to join the points
: BD = Multiplicand

BC = Multiplier A and C, and draw DE parallel to AC; and BE

BE = Product is the Product of this Multiplication.”

www.geogebra.org/m/edrukjbs



https://www.geogebra.org/m/wprjkwam

= GeaGebra <

] Indlan Loglc Meets Descartes 1637 Multiplication Model www. podometlc 1

“For example, let BA be taken as Unisy, (1), and

let it be requured to mulaply BD (the Mulaplicand)

by BC (the Mulaplier), I have only to join the points

A and C, and draw DE parallel to AC; and BE

1s the Product of dus Mulaplicanon. ™

NSTRUCTIONS

:W.;g the Muitipicand (biue dot) and Multipller green got) 8 ong

{he dashed lines or axes. Watch what happens to the red Product
when Doth the Multipller and Multiplicand are "E‘“‘.'v" equsa

nd cppoaite on the other side of the origin
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= GegGebra <

Indmn LOUIC Meets Descartes' 1637 Multiplication Model.

“For example, let BA be taken as Unity, (1), and

v . LEGEND
; o = Origin let it be required to multiply BD (the Multiplicand)
BA = Unity (1) by BC (the Multiplier), I have only to join the points
- BD = Multiplicand
5 4 and C, and draw DE parallel to AC; and BE

BC = Multiplier

BE = Product is the Product of this Multiplication.”



https://www.geogebra.org/m/wprjkwam
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Indlan Lognc Meets Descartes' 1637 Multiplication Model WWW. podometlc i
“For example, let BA be taken as Unary, (1), and

let it be required to mulaply BD (the .\lulnphcand)

by BC (the Mulaplier), I have only to join the points

A and C, and draw DE parallel to AC; and BE

1s the Product of dus Mulaplicanon. ™

N- ‘._f-_'v

Drag the Muiltiplicand (Diue got) and Multipller (green dgot) aion

-
] STV I

the dashed lines or axes. Watch what happens to the red Product

ne when both the Multiplier and Multiplicand are negative (equs
5 2 i

- alh~ mm o » =l -.-‘0"- ~rirlie
)SILS ON the Other sige of The ongir



https://www.geogebra.org/m/wprjkwam
https://www.geogebra.org/m/wprjkwam

= GegGebra <

Indmn LOUIC Meets Descartes' 1637 Multiplication Model.

“For example, let BA be taken as Unity, (1), and

v . LEGEND
; o = Origin let it be required to multiply BD (the Multiplicand)
BA = Unity (1) by BC (the Multiplier), I have only to join the points
- BD = Multiplicand
5 4 and C, and draw DE parallel to AC; and BE

BC = Multiplier

BE = Product is the Product of this Multiplication.”



https://www.geogebra.org/m/wprjkwam

= GeaGebro <

Indmn Logic Meets Descartes' 1637 Multiplication Model.

“For example, let BA be taken as Unity, (1), and

. . LEGEND
N o =0rigin let it be required to multiply BD (the Multiplicand)
BA = Unity (1) by BC (the Multiplier), I have only to join the points
BD = Multiplicand
BC =1 Iler A and C, and draw DE parallel to AC; and BE

 the Product of this Multiplication.”
Ha

BE = Product

= 10[0 C () Aara draga o 1010 C PICT € @



https://www.geogebra.org/m/wprjkwam
https://www.geogebra.org/m/wprjkwam




Q.

Descartes’' Multiplication Depiction
from 1637 on the 'Cartesian Plane’.

Drag Multiplicand «—— 19

Drag Multiplier 1 - |

Click and drag to reposition the diagram. 8

Mouse wheel scroll to zoom in and out. 7
6
5
4
2
]

-13=-12=11-10-8 -8 =-f -0 =-b -4 -3 -2 -1 U 2 4 5 6 7 8 9 10 11 12 13 14
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, www.geogebra.org/m/mtugé2éq

_31
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DesCartesian D

VIsiOon

a:-b=cC

Drag Dividend a.
Drag Divisor t Dl
Make Quotient C

Click and drag the axes on your screen and
zoom in and out with your PC mouse wheel.
(If you can't, open with the GeoGebra App.)

-

15-14-13 =12 =11 =10 -9 -8 -7 -6 -5
The Divisor b is to the Fixed Unit 1

Dividend a 1Istothe Quotientc

A =8 =B -}

7~
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Brahmagupta's definition of zero
failing to be transmitted to Europe
via the Arabic world
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