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Mathematics for math-haters

by MAN-KEUNG S[U

Department of Mathematics, University of Hong Kong, Caurse sc 511 (later l'etltled
Hong Kon,
B as MATH 2001)

(Received 7 May 1976)

This articte o5 S 5 o cousse Development of Mathematical

commonly known as ‘ Mathema c rts Students ’, based on

the author’s thought and experience gathered from teaching such 4 course:

(1) Why should there be such a course? (2) What do we want to get across? ldeas
(3) What can we talk about in the course?

I, Prologue From 1976 to 2009 it was

In American college catalogues one usually finds a course described as

e offered to mathematics
¢ Mathematics in the Humanities ’, or * Mathematics for Liberal Arts Students ’,
or * Mathematics Appreciation’, or ‘ Introduction to Mathematical Thinking ’,

r * Mathematics for Poets’, or..., which are all euphemisms for ‘ Mathe-~ St'lldents as an eleCtive.

matics for those who hate mathematics, buthave to take it for a course requirement
anyway ’. Such a course is usually offered rndow ¢ho folforinn fovmoin on

exemplified by the numerous texts that appe:
course, but best described as ¢ Mathematical : A course on

of popular topics such as set theory, symbx “Introduction to

theory, topology, computers, group; (3) as :

mathematics, usually with a slant wwards 1 \lathematical ldeas”

These formats have their separate merits ¢

course is of sufficient signiﬁcance (in contrast taug htin 1974-1975

dismisses it as just an easy course ’ for thos

some serious discussion, in the hope of bettering the course wuh cooperative

effort. It is with such hope that the author ventures to describe what he has Course YSCN oooz
done while teaching at the University of Miami. No claim is made to any novelty

of idea, but it seems that not much discussion has been carried on so far in this Mathematics . A cultural
important direction. Indeed, the author based his plan on a very old article
by Oe [1] ' Heritage
2. Why should there be such a course? °
“1 am not going to be a mathematician, nor a scientist, nor an engineer, From 1999 to 2009 lt was

nor an accountant. Mathematics means nothing to me. I dor’t need it.”

“ Why should I care whether there is any odd perfect number or not? Offered as an elective for

The world won't be better off even if we know the answer.”

“ What's the point of doing math? Don't tell me math helps to put a man Students in any faculty and

on the moon. I know all that, but then what’s so important about putting a

man on the moon while millions are starving on this earth?” departme nt .

These are all sensible comments about mathematics. In a sense they reveal
a disturbing fact about modern day mathematics and mathematicians. We




One day after
class in 1974

a student asked
me, “Can you tell
me how | can
make a
lampshade?”

Making a Lampshade



What is the
shadow cast by

a lampshade on
the wall?




Steven Rossi, Xiao Xiao, Finding a unique
solution to Radon-Kaczmarz puzzles,

Pi Mu Epsilon Journal, 14 (2018), no. 9,
573-580.

GCAMES & PUZZLES

Games and Puzzles

Volker Ecke and Christine von Renesse,
with Julian F. Fleron and Philip K. Hotchkiss,
2015 ; current version 2018 .

Section 3.2 : Radon/Kaczmarz Puzzles
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15

15
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15 15 15 15

You are given the
three row sums,
three column sums
and the two
diagonal sums,

fill in the nine cells
in the 3 x 3 grid
with suitable
positive integers
chosen from 1 to 9.



2 | 7|6
9 | 5|1
4 13 |8
15 15 15

15

15

15

15

15

You are given the
three row sums,
three column sums
and the two
diagonal sums,

fill in the nine cells
in the 3 x 3 grid
with suitable
positive integers
chosen from 1 to 9.



5| 5|5
5| 5|5
5|5 |5
15 15 15

15

15

15

15

15

You are given the
three row sums,
three column sums
and the two
diagonal sums,

fill in the nine cells
in the 3 x 3 grid
with suitable
positive integers
chosen from 1 to 9.



4 16 |5
6|54
5146
15 15 15

15

15

15

15

15

You are given the
three row sums,
three column sums
and the two
diagonal sums,

fill in the nine cells
in the 3 x 3 grid
with suitable
positive integers
chosen from 1 to 9.



3157
9 | 5|1
3157
15 15 15

15

15

15

15

15

You are given the
three row sums,
three column sums
and the two
diagonal sums,

fill in the nine cells
in the 3 x 3 grid
with suitable
positive integers
chosen from 1 to 9.



/7| 2|6
4 15| 6
4 1 8 | 3
15 15 15

15

15

15

15

15

You are given the
three row sums,
three column sums
and the two
diagonal sums,

fill in the nine cells
in the 3 x 3 grid
with suitable
positive integers
chosen from 1 to 9.



276
951
438

5355
5355
5355

465
654
546

375
753
537

285
852
528

195
951
519

357
951
357

456
753
456

366
852
447

There are
altogether 41
solutions to
the puzzle,
falling into
essentially

O types with
the remaining
ones obtained
via rotation or
reflection.



393
95355
717

48 3
456
726

573
357
735

663
258
744

753
159
7353

There are 9 unknowns
and 12 equations. Why
can’t the given conditions
pin down the solution?

Even if In
addition we
are given
the five NW-
SE diagonal
sums the
answer IS
still not
unique.



393
95355
717

663
258
744

483
456
726

7353
159
7353

573
357
735

If In addition
we are given
all the ten
diagonal
sums, then
the answer
will be
unigue.



In general we are
looking at a system of
15 3§ linear equations with

9 unknowns, the rank
15 of the coefficient
matrix being equal to

7. Of the 9 unknowns
there are 7 pivotal

15

unknowns and 2 free
15 unknowns.
Question: What sort

15 15 15 15 °f conditions will

guarantee a unique
solution if one exists?



Steven Rossi, Xiag-Xlao, _Finding a unigue

solution tdRadon-Kaczmarzpuzzles,

Pi Mu Epsilon JOUTT A (2018), no. 9,
573-580.

A MerHERATCS ‘ Created by Julian F. Fleron

GCAMES & PUZZLES

Games and Puzzles

Volker Ecke and Christine von Renesse,
with Julian F. Fleron and Philip K. Hotchkiss,
2015 ; current version 2018 .

Section 3.2 : Radon/Kaczmarz Puzzles




Kaczmarz’s algorithm

for solving a system of
linear equations, 1937.

Radon (Inverse) Transform,

, 1917. |
g P B
Stefan Kaczmarz Johann Radon

(1895-1940) (1887-1950)

b2 Medicine for development of 0
Godfrey Newbold  diagnostic technique of X-ray Allan McLeod
Hounsfield Cormack

(1919.2004) CT (computed tomography), 1979. (1924-1998)



CT Scan (Computerized
Tomography)

6

== muhadharaty.com

Basically we try to figure out
the entries of a large grid
knowing the row sums, column
sums, diagonal sums, etc.



Kaczmarz’s algorithm
for solving a system of
linear equations, 1937. '\06’

A
wamg (Inverse) Transform,

, 1917. |
oo 7/7;;; D P,

Stefan Kaczmarz Johann Radon
(1895-1940) (1887-1950)

Medicine for de

Godfrey Newbold ~ diagnostic technique of X-ray
Hounsfield
(1919-2004)

Cormack

CT (computed tomography), 1979. (1924-1998)
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An evolutionary model based on view and idea of R.L. Wilder

— mathematics is a “subculture”
of a host culture

Engineering

Philosophy Physical Sciences Other
11 nformation
Other ‘ , ‘//‘; !S(Iiencets g:ﬁ:lres
Host Mathematncs 74
Cultures

L|terature Arts,
Architecture,

Movies, . B|olog|call
Medical Science

Social Sciences

Artificial
Intelligence

=== internal stress (hereditary)
— external stress (environmental)

—p |Nfluence on host culture

Raymond Wilder, Mathematics diffusion to and from other
As a Cultural System, 1981. host cultures



Curiosity, Imagination
(ﬁ%’t&‘ h Ju\%jj)

Disciplined and
Critical Thinking

(IR E B RYBRAS)

[precision in mathematics
as well as in words
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| Il Saggiatore (The Assayer)
Letter to the Illustrious and Very

Reverend Don Virginio Cesarini
from Galileo Galilei (1623)

Galileo Galilel
(1564-1642)



g y Galileo Galilei
4 Al (1564-1642)

HOW (MUCH) rather
than WHY?

[a quantitative rather than a
gualitative description]



Max Tegmark o “But why has our physical
OUR MATHEMATICAL world revealed such

UNIVERSE extreme mathematical

My Quest for the Ultimate C££C¢ regu|arity [] we’ll explore

‘\\\.

Nature of Reality wanut

o3 [...] a crazy-sounding belief
of mine that our physical

- world not only is described
by mathematics, but that it
Is mathematics, making us
self-aware parts of a giant
mathematical object.”

Chapter 1: What Is
Reality? (p. 6)

Max Tegmark, Our Mathematical Universe: My

Quest for the Ultimate Nature of Reality (2014). ('\43275“)”( Tegmafk



You are living in a world

of mathematics!

INT. J. MATH. EDUC. SCI. TECHNOL., 1984, voL. 15, No. 1, 47-52
. oy o N DN " N ——
AP N o -

You are living in a world of mathematics

by MAN-KEUNG SIU and NAM-KIU TSING

Department of Mathematics, University of Hong Kong, Hong Kong
(Received 24 September 1982)

All of us will probably agree that mathematics is essential to the advancement of

science and technology; it finds useful applications in various disciplines such as
physics, chemistry, biology, engineering, economics, management, etc. However,
ironic as it may seem, most of the time people are so dazzled by its achieveme

they forget about mathematics itself. Allan L. Hammond, of the magazine Science,

refers to mathematics as ‘our invisible culture’. Paul R. Halmos, a noted mathema-

TR,

(B354 0)

EHAREBER

! | o SSSNEE. A £
I i —

1980.11.08-09 (HKU Open

el
Days)

M. K. Siu, N. K. Tsing, You are living in a world of mathematics,
International Journal of Mathematics Education in Science and

Technology, 15 (1), (1984), 47-52.

Why 1s 1t like that?
Probably the long history of mathematics has something to do with it. Even
ther sciences began their modern forms, mathematics had already some two

thousand years of illustrious accomplishment behind it; only a small portion of this is

learnt in school. Even at the university level, while students in other science cee

from post-19th-century development to the latest achievement in the 20th century,
their knowledge of mathematics stops (more or less) at the beginning of the 19th
century! Thus mathematics gradually acquires a language of its own, which sounds
foreign and inaccessible to people not in the field. Besides, mathematics is a subject

with a cumulative nature; its past is forever assimilated in its present and future. B
ALELER LS

its nature, mathematics involves abstract thinking, and one must put in the requisite
amount of effort and time in order to come to grips with it. Although it ma 00

0 salltoputint t of eff t iti 1ble irable to

let each of us become aware of this hgmm sgdgaxog‘ cg]leg mgtlru:maticsI along with

its social impact and its relevance umap activities. l

About a slide show

made in 1980
Department of Mathematics of HKU
Received in 1981 a CASME
(Commonwealth Association of Science
& Mathematics Educators) Award, jointly
with N.K. Tsing.



Mathematics

| Modelling |

Theory

| Algorithm | | Computation |

\/
0’0

M. K. Siu, “Algorithmic Mathematics” and “Dialectic Mathematics”: The “Yin”
and “Yang” in mathematics education, Invited Lecture at the Second

International Conference on the Teaching of Mathematics at the
Undergraduate Level, Crete, July 2002.

4

M. K. Siu, The algorithmic and dialectic aspects in proof and

proving, Presentation at the 19t [CMI Study 19 on Proof and
Proving, Taipei, May, 2009.



http://upload.wikimedia.org/wikipedia/commons/7/7c/Yin_and_Yang.svg

James Clerk Maxwell
(1831-1879)

James Clerk Maxwell
(1831-1879)

1865

Maxwell’s Equations

| +J. C. Maxwell, A dynamical theory
- of the electromagnetic field,
. Philosophical Transactions of the
| Royal Society of London, 155, 1865,

459-512.

| +J. C. Maxwell, On a method of

making a direct comparison of
electrostatic with electromagnetic
force; with a note on the
electromagnetic theory of light,
Philosophical Transactions of the
Royal Society of London, 158, 1868,
643-657.

+J. C. Maxwell, 4 Treatise on
Electricity and Magnetism , Oxford
University Press, 1873.

Mathematics
(differential equations)

l

$cience
(waves)

_:LEEIIDITIEBI'IED[ wave dil



V:-D=p
V-B=0
VxE = —%—?
_ oD
James Clerk Maxwell
(1831-1879) 1 865

Heinrich Rudolf Hertz 1886

(1875-1894)

Guglielmo Marconi
(1874-1937)

S1

Basic Science
"BABE

52 v

Research
& Development

"R

Technology
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http://ggbtu.be/m1082291 -
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http://ggbtu.be/m1082291
m1082291-Projectile.html
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N. Rouche, Reaction to papers on geometry,
in One Hundred Years of L’Enseignement Mathématique:
Moments of Mathematics Education in the Twentieth
Century, ed. D. Coray et al, 2003, p.156.
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Q. What is the radius of the circle
touching all the four circles?™”

R=y124+12-1




Q. What is the radius of the sphere
touching all the eight spheres?™”

R =V1ZF12F12 -1
=3 —1.

What happens in the n-dimensional
case”



http://www.randomwalk.de/sphere/incube/pages/n09d464102.htm

radius of the n-ball touching all those
n-balls situated at the corners of the

n-cube with a side of length 4 = Vn -1

n

O O ANV &~ W

_—
(o

Vn-1
0.4142000
0.7320e° The n-ball in
1 the middle of

1.2360e°° the n-cube

1.4494 00 pokes out of
1.6457 oo the n-cube,
1.8284 eee when n > 9 |

2
2.1622000 >


http://www.randomwalk.de/sphere/incube/pages/n09d464102.htm

One way to visualize
a 3-D object is to
look at its slices In
2-D to piece up a

picture in mind.

How do we look
at this world
and interpret
what we see?




One way to visualize
a 3-D object is to
look at its slices In
2-D to piece up a

picture in mind.

Similarly this can be done for
an object in the N-D case, N> 3
(stepwise down to the 2-D case).
Naturally, it Is a much harder process.



Tesseract Hypercube



One way to visualize
a 3-D object is to
look at its slices In
2-D to piece up a

picture in mind.

A second way to visualize a 3-D object
IS to look at its net in 2-D, again, to piece
up a picture in the mind.



’ http://ggbtu.be/m185580

Flat cube Folding up

Net of a cube

Question: Is this a
net of a cube ?



http://ggbtu.be/m185580
m185580.html

There are altogether only 11 different nets
of a cube. http://ggbtu.be/m184894 [



http://ggbtu.be/m184894
http://ggbtu.be/m184894
m184894.html

A second way to visualize a 3-D object
IS to look at its net in 2-D, again, to piece
up a picture in the mind.

Similarly this can be done for
an object in the N-D case, N > 3
(with the net in an (N=1)-dimensional world).
Naturally, it Is even harder to imagine!



Crucifixion
(Corpus Hypercubus )

The crucifix is a 3-D net
which folds up to form a
4-D hypercube

Salvador Dali
(1904-1989)



World of School
Mathematics

World of
Mathematics
in Daily Life

World of
Tertiary
Mathematics

World of
Mathematics

World(s) of Mathematics



21t century Skills
Characteristics of Workplace Mathematics

Mathematical Competencies that Complement
the Work of Computers
Mathematics in Everyday Life

“Our focus has mainly been on the practical value
of mathematics in the world outside school.
The goal of mathematics education, however, Is
also to prepare students for further education
to which they add the importance of understanding
and appreciating mathematics as a goal
In and of itself.”

K. Gravemeijer, M. Stephan, C. Julie, F. L. Lin, M. Ohtani,
What mathematics education may prepare students for the society of the
future? Int. J. of Sci. And Math. Educ. 15 (Suppl. 1) (2017), 105-123.




1€ =8.748 HK$

If [ have E €, which amount

to H HK$, write down an &
expression showing the v
relationship between £ and A.
[s it E=8.748 H ,
or 8748F=H?

The language is different |




Tommy Dreyfus, Why Johnny Can’t Prove,
Educational Studies in Mathematics, 38 (1999), 85-109.

“In conclusion, the requirement to explain and justify
their reasoning requires students to make the difficult

transition from a computational view of mathematics
to a view that conceives of mathematics as a field of
intimately related structures.”

| “The deductive proof is the final step. [...] Proofs
of whatever nature should be invoked only where
the students think they are required. The poofis
meaningful when it answers the student’s doubts,
when it proves what is not obvious.”

Morris Kline, Why Johnny Can’t Add:
The Failure of the New Math,
Vantage Books, 1974.

THE FAILURE
| OF THE NEW MATH




AEARL - AHEA

(FmeR-L MR t)

“The deductive proof is the final step. [...] Proofs
of whatever nature should be invoked only where
the students think they are required. The poofis
meaningful when it answers the student’s doubts,
when it proves what is not obvious.”

Morris Kline, Why Johnny Can’t Add:
The Failure of the New Math,

THE FAILURE

il \/antage Books, 1974.




Three types of justification
* Argument
* Proof

“ Explanation

R. Duval, Argumenter, demontrer, expliqguer; continuité ou
rupture cognitive, «petit x» 31, 37- 61.

“ Mathematical thought concerning proof is different
from thought in all other domains of knowledge,
including the sciences as well as everyday
experience; the concept of formal proofis
completely outside mainstream thinking.”

Education Committee of the EMS, Do theorems admit exceptions?
Solid findings in mathematics education on empirical proof schemes,
EMS Newsletter, 82(2011), 50-53.



What is the main role of a PROOF ?

— “ritual” of the trade?

— for the purpose of verification?

— to guard against error?

— for enhancement of understanding?

By pan bl S
T Een, (EFRP) R ks
K :'i’alizi, 1989 15“ TR,
5 sl 1”:4—— 2008 i 117 T ﬂ ;‘-‘/71_,3-\
R < FHRA, 2016. -




No is equilateral.
Some isosceles triangles are equilateral.

Some is not isosceles.

valid argument ?

No is ruminant.
Some quadrupeds are ruminant.
Some is not a quadruped.

not valid argument ?

G. Lolli, QED Fenomenologia della dimonstrazione, Boringhieri, Torino, 2005,
reported in: Education Committee of the EMS, Do theorems admit exceptions?
Solid findings in mathematics education on empirical proof schemes, EMS
Newsletter, 82(2011), 50-53.



No is M .
Some P are M .

Some is not P .

The two arguments
are logically identical

No is M : and not valid !
Some P are M .
Some is not a P .

G. Lolli, QED Fenomenologia della dimonstrazione, Boringhieri, Torino, 2005,
reported in: Education Committee of the EMS, Do theorems admit exceptions?
Solid findings in mathematics education on empirical proof schemes, EMS
Newsletter, 82(2011), 50-53.



Each card has a number on one side
and a letter on the reversed side.

All4]M|[7

“If a card has A on one

side, then it has 4 on
the reversed side.”

Q. To check the truth of this statement by
turning over the /east number of cards,
which cards should you turn over?

P. C. Wason, Reasoning about a rule, Quarterly Journal of
Experimental Psychology, 23 (1968), 273-281.



Each card has the age of a person on one side
and the beverage that person orders
on the reversed side.

— -— -—

%09('( 25 (93&"‘ 15

L ] | L

Q. To check whether the following
rule Is violated or not by turning
over the /east number of cards,
which cards should you turn over?

No person under
18 can drink beer
on the premises.



The accumulated results collected

In my classes for a decade since the
beginning of 2000 give 37.9% and 88.4% for a
correct answer to the
first question and the
second guestion respectively.

This classic experiment was devised by the
English psychologist Peter C. Wason |
of University College of London

in the mid-1960s in connection
with his well-known study of
psychology of reasoning.

Peter Catﬁcart Wson
(1924-2003)




“In conclusion, the requirement to explain and justify
their reasoning requires students to make the difficult
transition from a computational view of mathematics

to a view that conceives of mathematics as a field of
intimately related structures.”

Tommy Dreyfus, Why Johnny Can’t Prove, Educational Studies in Mathematics,
38 (1999), 85-109.
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A:XZY X :
B: XZY Y:
7 :

C:ZYX

Matching £, 1 @ Stable or Unstable?
<

(a) AX,BY,CZ? unstable
(b) AX,BZ,CY ? stable

(c) AZ,BY,CX? unstable
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20005 1282H2:30-4:00pm HEXBHFGS KIBT2HRE
WE - mesams

Does a stable matching
always exist? How can
it be arranged?

\\
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)

A:XZY X:ACRB
B:XZY Y:CAB
C:ZYX 7:BCA

Matching £, 1 @ Stable or Unstable?
<

(a) AX,BY,CZ? unstable
A stable matching

(b) AX,BZ,CY ? stable always exists
(by the Gale-Shapley

(c) AZ,BY,CX? unstable Algorithm).



& Can the 2N girls be put into NV rooms (two to
each room) so that there do met exist two girls
who are not roommates but who prefer each
other to their current roommates?

This problem may look similar to the marriage
problem, but is essentially different.
A stable matching may be impossible (why?)



D. Gale, L. S. Shapley, College admissions and
the stability of marriage,
American Mathematical Monthly, 96 (1962), 9-15.

David Gale (1921-2008)

John von Neumann Theory
Prize 1980 (jointly with Harold
W. Kuhn and Albert W. Tucker)

Gale-Shapley
Algorithm

9 I'!:A $
Lioyd Stowell Shapley (1923-2016)

John von Neumann Theory

Prize 1981
Nobel Memorial Prize in Economic

Sciences 2012
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The Su-do-ku
Craze

Financial Times

Count me in on the

2005.05. 28/29 -

Count me in on the Sudoku number puzzle craze

1 first came across Sudoku
ago, when [ wandered  squares In such

a couple of nine. The idea s to Ol In

‘Saturday mornings ago, a

mnmmmnma-ﬂ- each column and every three-by-thres
writes square within

magic squares. Latin squares are grids
of any size in which each number
mutn column and each

row, just {28 I Sudok u puszles.
nmrllou of their heritage, I've
Sudoku can be compul-

sorees. In fact, hn sees. p-nn-l- triggered thelr o muuuuucn
| t

21 a “backtrack search’

-zt
fnishing
the same kind of buzz I get from math- of possible varlants of
emat

H
i
i

exercise In colouring”,
wm.-mr«ummu

valid -rrul-nnu is curnnm
fact that mathe-
them is maticlans have n.nnd e s the nub-r

Sudoku number craze
Stephen Pincock

Financial Times
May 28, 2005.



Count me in. The real puzzie behind
Sudoku is the idea that maths doesn't
come into play. Well, the number
crunchers will have the last laugh.

Stephen Pincock
Financial Times, May 28, 2005.

"One thing that mildly irritates me is
this idea that because you don't have

to add the numbers up in Sudoku then
it's not mathematics."

Charles Leedham-Green,
Professor of Pure Mathematics
at Queen Mary College, University of London.
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Preface in : J.B. Baylis, R. Haggarty,
Alice in Numberland: A Students’ Guide To the Enjoyment
of Higher Mathematics (1988)
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|[When a child is born, it needs
no great teacher ; nevertheless
it learns to talk as it lives with

those who talk. ] Shsenas! (Chuans Teu)
uangzi uang Tzu

Book 26 : Affected from Outside
(4t century B.C.E.)
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A magic card trick based
on the “Kruskal's Count”
credited to
the mathematician-

physicist

Martin David Kruskal
(1925-2006)
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U 1 step
Start with club Ace.
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u 1 step
Start with Diamond Jack.
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HOME

Start with any card in HOME and count your steps
by the next number you land on.
Stop when you first get back to HOME.




Shuffle a pack of cards, with half of them
face-up and half of them face-down.

Divide the pack in half with the same number
of cards face-up and face-down in each half.

4 face-up 4 face-up
2 face-down 2 face-down

A magic card trick

invented by Bob Hummer

[See: Chapter 1, Martin Gardner, Mathematics,
Magic and Mystery (1956)]



In general ..

N face-up

N face-down

N - a face-up
a face-down

N - a face-down

a face-up

a face-up
N - a face-down

a face-up

N - a face down



S M If m(S) — m(T)7

N
S the set of 26 face-up cards;

7" — the set of 26 cards in one pile (A).
Then (S\7') = the set of face-up cards

in the other pile (M — A);

(7°\S) = the set of face-down cards
in the pile A.

By reversing one of the two piles,
the number of face-up cards
in each will be the same.

the set of all 52 cards;



@ then 72 (S\7") — 1 (T\.S).

ABC D is a trapezium with AL parallel to IDOC’.

AC and B/ intersect at O.
Then DN A/ and DN BOC have the same area.

Let S = AACD:

T = ABCD.
Since NACD and A BCD have the same area,

it follows that AN AO D and A BOC have the

SAaIrre area.



S
T A £ B
G e —H

ABC D is a rectangle, and X is a point on the
diagonal B D).
F X F is a parallel to A/DD; G X H is parallel to AZF.

Then the rectangles AF X G and X HCOF have
equal area.

X X i
D= ¢ D F
Let S — CDGX EDB let 77 — ABH X F DD

Since C DG X EB and ABH X FD have the same area,
it follows that AF X G and X HCOCOF have the same area.
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(The horlzontal rectangle formed by part of the base and the
vertical rectangle formed by part of the perpendicular are

equal In area. Men of the past changed the names of their
methods from problem to problem ...)

Compare with Proposition ##&: (f+f+H X2 (E7))
43 of Book I of YANG Hui, Continuation of Ancient Mathematical

T Methods for Elucidating the Strange [Properties of
Buclid's Elements. Numbers] (Chapter I1) (1275)
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LIU Hui’s Method of Double-Difference
in Haidao Suanjing [/# § & % Sea Island Mathematical Manual]
(3"d century) as illustrated in Gujin Tushu Jicheng
[+ £ ®WZ &+ Complete Collection of Pictures and Writings

of Ancient and Modern Times] (1726)



Given a, d, by and bz, how can we express h and [l in terms of
a. d, b]_ and bg 7

http://ggbtu.be/m2812113 '

Explanation by YANG Hui on the
Method of Double-Difference of LIU Hui
(1275)



http://ggbtu.be/m2812113
material-2812113-Liu-Hui-Haidao-Suanjing.ggb
m2812113-Liu-Hui-Haidao-Suanjing--.html

Given a, d, b; and b, how can we express 2 and I in terms of
. d, b, and b 7

=

C.oad = (h — CL)bQ — (h — a)bl
= (hh — a)(bs — by)

e

i —

] =
o la =6(h — a) =

b, d
b — b,

http://ggbtu.be/m2812113 '

Explanation by YANG Hui on the
Method of Double-Difference of LIU Hui
(1275)

blad
bo — by

[ —



http://ggbtu.be/m2812113
material-2812113-Liu-Hui-Haidao-Suanjing.ggb
m2812113-Liu-Hui-Haidao-Suanjing--.html
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Factor of enlargement and
reduction in a photocopier
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a

axa—bxb
2

a<a=2x<xbx<xb

a—~/2>=<b

Magnifying factor = (V2) x 100 % = 141 %
Shrinking factor = (1/72) x 100 % =~ 71 %




A man weighing 50Kg can normally lift up 30Kg .
How much can a man weighing 100Kg normally lift

up?

T T to the cube of height.

2 A n Weight capable of lifting
I\ up (F) is proportional to the

{ LN / cross-sectional area of the

L Al muscle, hence proportional
' < to the square of height (H).

Wl _ Hf I:1 . Hl2

W, H: F, HZ
I:1

\V.\VAS 3
T herefore 12 — S
W, .
|:13 I:1 3
Ifwvw, = 2W., > then = 4> — = X/4 =1.5874...
* 2 3 =
2 2

Since F, is 30Kg > F iscomputedtobe 47.62...Kg .




An ant normally measures 0.005m. It can carry a burden
that is 5 times its own weight. If a giant ant were as big
as a man (say of height 1.75m), how much times of its

own weight would it be able to carry?

/AN >
1.75
H H, = H., =350H
2 1 0.005 2 2

W, =350=<x350<x350=<xW, > F, =350=<x350x< F, -

. —
It is known that 2 =5,
AVAVSS

I:l 350 < 350 < F,
therefore =
A\VAVAY 350 < 350 < 350 x<xW/,
350 W, 70

The giant ant can only carry 1/70 of its own
weight. It can hardly stand on its own feet!
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IS mathematics

— a useful science?

— a vibrant science?

— an amusing science?

— arigorous science?

— a heuristic science?

— an experimental science?
— a humane science?

Or even, Is mathematics a subject In
science or in arts ?



THE BLIND MEN AND THE ELEPHANT
John Godfrey Saxe (1872), based on an ancient Indian fable

The first felt the side of the
elephant and said: It’s a wall.

The second got hold of a tusk and
said: It’s spear.

The third felt the trunk and said:
It’'s a shake.

The fourth put his arms around a
leg and said: It’s a tree.

The fifth touched the ears and
said: It’s a fan.

The sixth grasped the tail and said:
It’s a rope.

“‘Though each Was partly
| inthetight,
“And all were in the wrong!”

John Godfrey Saxe
(1816-1887)
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Archimedes
(287-212 B.C.E.)

(1707-1783)

Isaac Newton
(1642-1727)

Carl Friedrich Gauss
(1777-1855)
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XU Guang-qi
(1562-1633)
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The Role of Maths in STEM
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#4508, STEM 1B : IR {FERRRIEEISTEM H B RYHEEL
School Mathematics Newsletter, Issue 21 (2017), pp. 6-11.



It was said that in 2001

SM ET Judith Ramaley,then Assistant
Director for Education and Human
o Resources at NSF, thought that
Science :

SMET does not sound as good
as STEM, so she changed

MGThemGTiCS the acronym to STEMI

Engineering

Technology STEM
Science
Technology
Engineering

Mathematics



STEM STEAM

Science Science
Technology Technology
Engineering Engineering
Mathematics Arts
Mathematics




STEM

Science
Technology
Engineering
Mathematics

STREAM

Science
Technology
Reading
Engineering
Arts
Mathematics



STEM i STREAM

Science information science
Technology Science
Engineering Technology
Mathematics Reading
Engineering
Arts
Mathematics




STEM

Science
Technology
Engineering
Mathematics

STREAIM

Science
Technology
Reading
Engineering
Artificial
intelligence
Mathematics



STEM THAMES

Science Technology
Technology

Engineering Arts/Arifici

intelligence
Mathematics Mathematics
Engineering
Science
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[Chinese translation of a presentation in a Plenary Panel
at the ICM-2020, Seoul, South Korea, August, 2014]



Thanks to the HKAME and the
OUHK for their invitation to give
this plenary lecture!

Any comment, suggestion
or question are welcome.

Please contact me at
mathsiu@hku.hk .

| like to thank Ms. Mimi Lui of the HKU
Department of Mathematics for her help with
the powerpoint slides, and Mr. Or Chi Ming
for his help with the GeoGebra applets.
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