Background slides & video at
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How India’s ZERO concept
never made it to the West
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Why primary teachers should
switch from arithmoi to arithmos
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How to reveal 2 — 5
to seven year-olds
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- Everyome knew... -

'Yet graV1t'y slowed thls
... expansion.




& Eventuall'y the universe
. ~_weu1d contract under the
force of graV1t'y 3

And the umverse vvould
o end in a' ‘b1g crunch’




" Yet three astronomers
g had a problem

S -~ g ‘ e \ 7 —— — .

o eif o cs.f‘ g the=
expansion of the universe
was speeding up!




®

This went against everything known
@

So, Dr. Adam Riess wrote

“Approach these results not with
yvour heart or head but with your

eyves, We are observers after all!”




' Ad Rless

By believing their eyes...

Sal Perimutter

Bran Sidtv




Nobel Prizes for the discovery of the accelerating expansion of
©  the Universe through observations of distant supernovae @ ©
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® Adam Riess Saul Perlmutter Brian Schmidt @




The Art of Calculation in Four
Books. Cuthbert Tonstall 1522




The Art of Calculation in Four
Books. Cuthbert Tonstall 1522

Elementary math
pedagogies have
been
DISCONNECTED
from science
since 1522



'TOUNDERSTAND
THE FOUNDATIONS

OF PRIMARY LEVEL |

)of MATIﬁ.’MﬁTIé F

= = P 5 Obc _\\mf(k+b
Seemg is bellea_rmg'




© I've been rebuilding ®

elementary maths Maths? It’s all in the

foundations from

ZERO since 1983. mind, says Jonathan




&)

T

It’s all in the mind, he says.

Jonathon will be holding two classes

After a four second calculation he 2t the Park Orchards Community

came un with the correct dav

Centre.

“I hope to change the way the West-~

ern world teaches maths,” Jonathon:

“I've learnt to tap the workings of the
brain.” -

Jonathon’s interest in brain powers
began when he completed a speed read-
ing class.

Using his speed reading ability, he
read and absorbed numerous books on
the imagination and the thing that
drives it — the brain.

Eventually Jonathon discovered a
revolutionary method of teaching

'@® maths to children.

Al1€ seCold Coulse wil run on rri-
days, March 4 and 11 at 1 to 3 pm.

This is Fantastic Maths, which
Jonathon says can enable you to be-
come a calculating whiz kid by learn-
ing how to mentally check the answer

to any sum you do.

These classes will be run on Tues-
days, February 23, March 1 and March
8.Grades five and six at 3.45 to 4.30 pm
and grades seven and eight 4.45 to
5.30 pm.

L 2 THRTYTYY
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How Science Simplifies and Supercharges
Primary Level Mathematics

Learning and Teaching

Futu re‘

Proofing

aamt eCON

29-30 Sept 2021 Dﬁ}%
10am-4pm AEST parlae
ey
e
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Science
has units of quantity so let
Mathematics
also have units of quantity




In Our Closed System
We Began With Zero Cubes

on Ocean Level Zero




THE
EQUAL & OPPOSITE

QUANTITIES
SUM TO ZERO




Then we Added Solid

Cubes to Ocean Level Zerxo




Did the Ocean Rise or Fall?




Neither!

Because Every Action has an
Equal and Opposite Reaction




Neither!

Because Every Action has an
Equal and Opposite Reaction

Here we added a solid cube




Neither!

Because Every Action has an
Equal and Opposite Reaction

Here we added a solid cube

mm Here we subtracted a solid cube




Neither!

Because Every Action has an
Equal and Opposite Reaction




Neither!

Because Every Action has an
Equal and Opposite Reaction




NEWTON’S THIRD LAW
Every aetion operation has an

equal and opposite reaction
operation




ZERO HAS BEEN
SYMMETRICALLY SPLIT INTO

EQUAL & OPPOSITE
QUANTITIES




THE
EQUAL & OPPOSITE
QUANTITIES
SUM TO ZERO




THE
EQUAL & OPPOSITE

QUANTITIES
SUM TO ZERO




THE
EQUAL & OPPOSITE

QUANTITIES
SUM TO ZERO




THE
EQUAL & OPPOSITE

QUANTITIES
SUM TO ZERO




THE
EQUAL & OPPOSITE

QUANTITIES
SUM TO ZERO

SOLID CUBES

LIQUID CUBES % Eiii E i




Neither Negative Cubes nor Positive Cubes
are Less than Zero.




Neither Negative Cubes nor Positive Cubes
are Less than Zero.
In our closed system they have ¢S
¥

equal yet opposing properties. (,0




Liu Hul, China 263 CE

“I read the Nine Chapters on the Mathematical Art (JLEE N Jitizhang
Suanshu ~100 CE) as a boy, and studied it in full detail when

I was older: I observed the division between the dual

_I_/.‘_/.‘_

natures of Yin and Yang [the negative and
positive aspects] which sum up
the fundamentals of

mathematics.”’

*263 CE
CHINA

urypIwopod- MMM | wodRpqeRUeeuof MMM | da3qel) f ueyjeuop




The B Lines of Brahmagupta*
“When the number of and NEGATIVE

quantities are equal the sum is 7RO

*398 — 668 CE




1 NEGATIVE
ELECTRON
+
1 POSITIVE
et positron HOMIINO)

e~ electron

v neutrino ZEROI

7Y quantum/photon
(511 keV)

BY JENS MAUS (HTTP://JENS-MAUS.DE/) - OWN
WORK - PART OF PHD THESIS HTTP://NBN-
RESOLVING.DE/URN:NBN:DE:BSZ:14-QUCOSA-23509,
PUBLIC DOMAIN,
HTTPS://COMMONS.WIKIMEDIA.ORG /W /INDEX.PHP?2
CURID=379922




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



Planet

Nega-
fron

LERO GRAVITY




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

Sik1312110987 65 4%3 210123435678 9101M112131L1L



THE ZERO-POINT CHOICE

FROM AN ARBITRARY POINT WHICH
DIRECTION DO WE GO?



oIt par excmple
A Bl'vnité, & qu'il fail-
le multiplier BD par
B C, ie n'ay qu'aioindre
les poins A & C; puisti-

rer D E paralleleaC A,

o & B E 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 Multiplicafion.”




= GeaGebra

Indlan LOUIL Meets Descartes' 1637 Multiplication Model.

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

d : LEGEND
N 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 =1 Iler 4 and C, and draw DE parallel to AC; and BE

C BE = Product s the Product of this Multiplication.”
\“\~
- \-.,_
\

~
S

dhat ha

- ~——

2 SN £ ™N WWW. j.mp/AAMT-MULT
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https://www.geogebra.org/m/wprjkwam

Numbers count/measure
quantities and actions




Numbers count/measure
quantities and actions

Our universe is made of
matter and enexgy




The least quantity of matter
or energy you can have is zero.




Therefore, negative numbers
cannot represent quantities of
matter or energy less than zero.




You cannot have a negative
number of actions.




The least numbeyr of actions
yvou can have is zero.




Integral multipliers cannot
be less than zero!




Integral multipliers cannot
be less than zero!

Let Liquid Cubes or Holes be Negative...




a X Hh =
—a added to

7ero b times




H X Hh= g X 2y
—a added to -3 added to

7ero b times 7ero 2 times




H X Hh= g X 2y
—a added to -3 added to

7ero b times 7ero 2 times

0.4 34 3




a X +p= =3 X% 42 =

—a added to -3 added to
Zero b times 7ero 2 times
0 + 3 + -3

Ocean Level Zero plus 6 holes
. or 6 liquid cubes




a . % Iy=
—a subtracted from
Zero b times




®

A X = 3 X)) =
—a subtracted from -3 subtracted from
Zero b times 7ero 2 times




®

A X = 3 X)) =
—a subtracted from -3 subtracted from
Zero b times 7ero 2 times

h 31




a X —p= 3 X 2=
—a subtracted from -3 subtracted from
7ero b times Zero 2 times

i 3.
Ocean Level Zero minus 6
holes or 6 liguid cubes

®




OCEAN LEVEL ZERO

(L0 bricks and )










Zexro minus oY

= 6 solid cubes







Brahmagupta’s S Addition Sutras
| YA AR : YeoTaReal HHe WA RUBE  UAAuALEaa): YEEn A
AS$1 positive plus positive is positive

Brahm a&upta s S Subtraction Sutras

aﬂﬁﬁﬁ?mmﬂ?raﬂqumaﬁ

ﬂﬁﬁﬂﬂmwmmﬂaﬁ%mmwwwwmwm
€81 A smaller positive subtracted from a larger positive is positive.

nsz negative plllS negative is negative ssz A smaller negative subtracted from a larger negative is negative.
nsa positive plus negative is the difference between the

positive and negative

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

A negative minus zero is negative,
ss4 a positive minus zero is positive,
Zero minus zero is zero.

AS4 when positive and negative are equal the sum is zero
' positive plus zero is positive
n35 negative plus zero 1s negative
Zero plus zero is zero

wiwnw. pod

ssﬁ 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.|.mp/BharatiyaMaths

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

Brahmagupta’s 4 Multiplication Sutras| Brahmagupta’s 4 Division Sutras

FUTHUTEATE A S uT: Yefatl te Hafd eI T H FOTgcH0T el $7afe & WHaFd W
YFAVTEY: WD TRFEET 9 Y SO LTI AT Gl wafa
WIEHTHYT U= a1 deiig ar
HUTHAAIEA: ¥ W T 9 Fiadd ad

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

BS1 A positive divided by a positive is positive.

MS2 The product of two negatives is positive.

BS2 A negative divided by a negative is positive.

MS3 The product of two positives is positive.
. DS3 A positive divided by a negative is negative.

The product of zero and a negative,
MS4 of zero and a positive, or
two Zeros 1s zero.

DS4 A negative divided by a positive is negative.

Acknowledgement: T am grateful to Avinash Sathave, K. Ramasubramanian, Clemency Montelle, Kim
Plofker and Agathe Keller. Analysis, interpretation (d& any mistafes) by Jonathan J. Crabtree.
£ 2020 Jonathan. ). Crabtree | www.podometic.in | Sign the Petition for Better Bharativa Mathe @ www.j.mp/BharativaMaths

D 2020 Jonathan. ), Crabtree | www podametic.in | Sign the Petition for Better Bharatiya Maths @ wwiw. |.mp/BharativaMaths




Brahmagupta’s 5 Addition Sutras

AR TR UTHUTAT: YU AR THFT @H RUTHFT T YeTHUTA AT YTl Yede

AS4 when positive and negative are equal the sum 1s zero

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




Brahmagupta’s 5 Addition Sutras

AR TR UTHUTAT: YU AR THFT @H RUTHFT T YeTHUTA AT YTl Yede

AS1
AS2

- BZEROB

AS4 when positive and negative are equal the sum 1s zero
ASS

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




Brahmagupta’s 5 Addition Sutras

AR TR UTHUTAT: YU AR THFT @H RUTHFT T YeTHUTA AT YTl Yede

—|-ypAdTe] + | +

AS4 when positive and negative are equal the sum 1s zero

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




Brahmagupta’s 5 Addition Sutras

AR TR UTHUTAT: YU AR THFT @H RUTHFT T YeTHUTA AT YTl Yede

AS1

w2 EEg -

AS3
AS4 when positive and negative are equal the sum 1s zero
ASS
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Brahmagupta’s 5 Addition Sutras

AR TR UTHUTAT: YU AR THFT @H RUTHFT T YeTHUTA AT YTl Yede

—|-ypAdTe] + | +

AS4 when positive and negative are equal the sum 1s zero
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Brahmagupta’s 5 Addition Sutras

AR TR UTHUTAT: YU AR THFT @H RUTHFT T YeTHUTA AT YTl Yede

AS4 when positive and negative are equal the sum 1s zero

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




®

A X = 1 x| =
—a subtracted from -1 subtracted from
Zero b times zero 1 times




a X —p= -]l x-1=
—a subtracted from -1 subtracted from
7ero b times zero 1 times




®

a X 9= F x 1=
—a subtracted from -1 subtracted from

7ero b times zero 1times="1




a X —p= 1 x-1=
—a subtracted from —1 subtracted from
Zero b times zero 1 times =
L2 -1 =157
consequence of
the definition of ZEero

() 75 ®




®

° “To say we define -1 x -1 ="1to
preserve the distributive property of
multiplication Is inane.




There are no negative terms In
(a — b)(c —d), Just positive terms
» being subtracted. ”




REALITY CHECK!
g - 4

* 12 positives minus 4 negatives is impossible




REALITY CHECK!
12 - 4

12 positives minus 4 negatives is impossible.
We don’t have any negatives to subtract!




REALITY CHECK!
12 - 4
12 positives minus 4 negatives is impossible.
We don’t have any negatives to subtract!
S0, we add the identity element 0 as 4 + 4




REALITY CHECK!
12 - 4
12 positives minus 4 negatives is impossible
We don’t have any negatives to subtract!

50, we add the identity element 0 as *4 + 4
Therefore, 12 + *4 + 4 — 4 = *16




Brahmagupta’s S Addition Sutras

YA UAHRUTHUAT: YAUTINecR HHFT TH HUTHTT T UTHUITaA!: Yo AT: Lrdd,

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 1s

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

© 2020 Jonathan. J. Crabtree | www.podometic.in | Sign the Petition for Better Bharatiya Maths @ www.j.mp/BharativaMaths
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Brahmagupta’s S Addition Sutras

YA UAHRUTHUAT: YAUTINecR HHEF TH RHUTHTT T UH U Yedar: Lrda]

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 1s

positive p.

n85 negative p|

Zero D

us zero 1s positive

us zero is negative Adding ZERO is a
lus zero 1s zero SImple power tool

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

© Jonathan J. Crabtree 2021 All Rights Reserved | www.jonathancrabtree.com | DOWNLOAD www.podometic.in/aamt-talk | PLEASE SHARE



How to reveal 2 — 5 to seven year-olds.

\ M

BRICKS FOR SALE!
BUY YOUR BRICKS!
3V

Podo the Puppy has
two Bricks for Sale




How to reveal 2 — 5 to seven year-olds.

I WANT FIVE

BRICKS PLEASE




How to reveal 2 — 5 to seven year-olds.

I DON'T HAVE
ENOUGH BRICKS!




How to reveal 2 — 5 to seven year-olds.

PLEASE COME

BACK LATER




How to reveal 2 — 5 to seven year-olds.




How to reveal 2 — 5 to seven year-olds.

I HAVE TO
ADD ZERO




In India Children Play the Happy Harappan
Positive Brick and Negative Hole Game!

./'

Ny |/

e =

3 BRICKS
3 HOLES

%
Ui




In India Children Play the Happy Harappan
Positive Brick and Negative Hole Game!

HOLES
FOR SALE!




In India Children Play the Happy Harappan
Positive Brick and Negative Hole Game!
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WHAT WE DO TO ZERO TO MAKE AN ADDEND

THAT WE DO TO THE AUGEND TO MAKE A SUM




THE LAW OF ZERO +

WHAT WE DO TO ZERO TO MAKE AN ADDEND
THAT WE DO TO THE AUGEND TO MAKE A SUM

AUGEND + ADDEND



THE LAW OF ZERO +

WHAT WE DO TO ZERO TO MAKE AN ADDEND
THAT WE DO TO THE AUGEND TO MAKE A SUM

AUGEND + ADDEND



THE LAW OF ZERO +

WHAT WE DO TO ZERO TO MAKE AN ADDEND
THAT WE DO TO THE AUGEND TO MAKE A SUM

SUM
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OF MATTER




" THE LAW OF CONSERVATION

OF MATTER

WE CAN'T DUPLICATE QUANTITIES IN THE EXPRESSION
THE MOST WE SHOULD SEE IN ‘THREE PLUS TWO' IS FIVE




THE LAW OF CONSERVATION
OF MATTER

WE CAN'T DUPLICATE QUANTITIES IN THE EXPRESSION
THE MOST WE SHOULD SEE IN ‘THREE PLUS TWO' IS FIVE

AUGEND + ADDEND = SUM




THE LAW OF CONSERVATION
OF MATTER

WE CAN'T DUPLICATE QUANTITIES IN THE EXPRESSION
THE MOST WE SHOULD SEE IN ‘THREE PLUS TWO' IS FIVE

AUGEND + ADDEND = SUM




THE LAW OF CONSERVATION
OF MATTER

WE CAN'T DUPLICATE QUANTITIES IN THE EXPRESSION
THE MOST WE SHOULD SEE IN ‘THREE PLUS TWO' IS FIVE

AUGEND + ADDEND = SUM
For every operation there’s an . .
equal and opposite operation . . .




THE LAW OF CONSERVATION
OF MATTER

WE CAN'T DUPLICATE QUANTITIES IN THE EXPRESSION
THE MOST WE SHOULD SEE IN ‘THREE PLUS TWO' IS FIVE

AUGEND + ADDEND = SUM




THE LAW OF CONSERVATION
OF MATTER

WE CAN'T DUPLICATE QUANTITIES IN THE EXPRESSION
THE MOST WE SHOULD SEE IN ‘THREE PLUS TWO' IS FIVE

AUGEND + ADDEND = SUM




LAW OF ZERO +

* WHAT WE DO TO ZERO
TO MAKE OUR B




LAW OF ZERO +

* WHAT WE DO TO ZERO
TO MAKE OUR B

* THAT WE DO TO A
TO MAKE OUR C

B

Direct Variation —

BB




LAW OF ZERO +

* WHAT WE DO TO ZERO
TO MAKE OUR B

* THAT WE DO TO A
TO MAKE OUR C

B

Direct Variation —

HE
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WHAT WE DO TO THE SUBTRAHEND TO MAKE ZERO

THAT WE DO TO THE MINUEND TO MAKE A DIFFERENCE




THE LAW OF ZERO -

WHAT WE DO TO THE SUBTRAHEND TO MAKE ZERO
THAT WE DO TO THE MINUEND TO MAKE A DIFFERENCE

MINUEND - SUBTRAHEND




THE LAW OF ZERO -

WHAT WE DO TO THE SUBTRAHEND TO MAKE ZERO
THAT WE DO TO THE MINUEND TO MAKE A DIFFERENCE

MINUEND - SUBTRAHEND




THE LAW OF ZERO -

WHAT WE DO TO THE SUBTRAHEND TO MAKE ZERO
THAT WE DO TO THE MINUEND TO MAKE A DIFFERENCE

DIFFERENCE
NOTE: Somewhere

. . . else, two were added.



Ba] =
e



()
1 ADDED

L

g 1 SUBTRACTED g :
= o D




LAW OF ZERO -

* WHEN WE SUBTRACT B
TO MAKE OUR ZERO




LAW OF ZERO -

* WHEN WE SUBTRACT B
TO MAKE OUR ZERO

* THEN WE REPEAT ON A
SO C IS OUR HERO

L

Direct Variation —

Bl




LAW OF ZERO -

* WHEN WE SUBTRACT B
TO MAKE OUR ZERO

* THEN WE REPEAT ON A
SO C IS OUR HERO

L

Direct Variation —

e




THE LAW OF ZERO -

WHAT WE DO TO THE SUBTRAHEND TO MAKE ZERO
THAT WE DO TO THE MINUEND TO MAKE A DIFFERENCE

MINUEND - SUBTRAHEND = DIFFERENCE




THE LAW OF ZERO -

WHAT WE DO TO THE SUBTRAHEND TO MAKE ZERO
THAT WE DO TO THE MINUEND TO MAKE A DIFFERENCE

MINUEND - SUBTRAHEND = DIFFERENCE




THE LAW OF ZERO -

WHAT WE DO TO THE SUBTRAHEND TO MAKE ZERO
THAT WE DO TO THE MINUEND TO MAKE A DIFFERENCE

MINUEND - SUBTRAHEND = DIFFERENCE




THE LAW OF ZERO -

WHAT WE DO TO THE SUBTRAHEND TO MAKE ZERO
THAT WE DO TO THE MINUEND TO MAKE A DIFFERENCE

DIFFERENCE
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WHAT WE DO TO ONE TO MAKE A MULTIPLIER

THAT WE DO TO THE MULTIPLICAND TO MAKE A PRODUCT




THE LAW OF ONE x

WHAT WE DO TO ONE TO MAKE A MULTIPLIER
THAT WE DO TO THE MULTIPLICAND TO MAKE A PRODUCT

MULTIPLICAND x MULTIPLIER




THE LAW OF ONE x

WHAT WE DO TO ONE TO MAKE A MULTIPLIER
THAT WE DO TO THE MULTIPLICAND TO MAKE A PRODUCT

MULTIPLICAND x MULTIPLIER
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MULTIPLICAND x MULTIPLIER




THE LAW OF ONE x

WHAT WE DO TO ONE TO MAKE A MULTIPLIER
THAT WE DO TO THE MULTIPLICAND TO MAKE A PRODUCT

PRODUCT




LAW OF ONE x

* MULTI-PLAYING CAN
BE FUN YOU C

e DO TO A AS
ONE MADE B

Proportional Covariation —
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* MULTI-PLAYING CAN
BE FUN YOU C

e DO TO A AS
ONE MADE B

Proportional Covariation —




LAW OF ONE x

* MULTI-PLAYING CAN
BE FUN YOU C

e DO TO A AS
ONE MADE B

Proportional Covariation —




The Podometic Multi-Play Song axh=c
Traditional Arrangement. Lyrics by Jonathan J. Crabtree @jcrabtree a + b = ¢
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Mul-ti ply-ing canbe funyou ¢ Doto a as 1 made b
A
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Divisionyou ¢ is lots of fun Doto a as b made 1
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Mul-ti PLAY-ing canbe funyou ¢ Doto a as 1 made b

This work 1s licensed under a Creative Commons Attribution NonCommercial
ShareAlike 4.0 International License. More Maths (@ www.podometic.in




QXD =C a+0b =c

Multiplicand Multiplier Product Biidand Divisor Quotient
MULTIPLICATION 1 1
B B AT
® @
DIVISION
® ®
LI B S s
® O ® O s o ® O
& ®
® ®
& I8 Multiplying can be fun you'll ¢ 5 27 Division you'll ¢ is lots of fun
AN Dotoaas1 madeb AN Dotoaasb madel
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Thank You for
Watching!

Jonathan J. Crabtree
www.podometic.in

www.jonathancrabtree.com




