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Message from the Editor-in-Chief F4RAJEE

Dear Readers,

Welcome to a bonus issue of Science Focus. Perhaps this will remind you
of the joy of science, when you are kept busy by study trips, revision, or
homework, during your Easter holiday.

We focus on biology and mathematics this time. Although most of us
have uniform skin colors that change little, some animals are far better at
changing theirs, at short notfice. We explore the color-changing secrets
of chameleon and octopus. For cat lovers, we discuss the physiology
and genetics of cats through memes. We also delve into the science and
ethics behind animal cloning. Have you ever watched the movie Good
Will Hunting? We bring you an equally captivating Korean movie that is
worth adding to your playlist. Finally, for those of you who are puzzled by
various ways to tie shoelaces, you will find a mathematical guide in this
issue.

We have just launched this year's “Science in Lyrics” Writing Competition.
For details, please visit our website by scanning the QR code on the back
cover.

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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What's HappeninginHong Kong? U O O O O O
Fun in Spring Science Activities FHE 2 4F8iH

Any plans for this Spring? Check out these activities!

FTEIFEEERNF EE TS ? RIEE LA TEE !

Science Fiction : Voyage to the Edge of Imagination O O O O

Are you a science fiction lover2 The Science
Museum has launched a special exhibition
called "Science Fiction: Voyage to the Edge of
Imagination.” This immersive experience takes visitors
on a journey through iconic science fiction exhibits,
featuring a variety of films, literature, and art. With six
immersive zones, including "Planet Mission" and "Bio
Lab", visitors can explore significant themes within
science fiction, such as space exploration, cyborgs,
and future habitats. This cross-disciplinary exhibition
should prompt visitors to reflect on the societal
implications of advancing fechnology, and consider
the opportunities and challenges of today and
fomorrow through science fiction.

Period: Now - May 29, 2024
Venue: Special Exhibition Hall,
Hong Kong Science Museum

Admission fee: Extra entrance fee applies to this
special exhibition. Please refer to
the museum’s website for details.
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Black Holes: The Information Barrier c 00— oo oooO

The special exhibition at the Space Museum
delves into the mysteries of black holes, revealing
their myths and truths. In addition to the technologies
used to "see" and "hear" black holes, visitors can
also learn about the paradoxes and possibilities of
these mysterious cosmic bodies. Is a black hole really
a time machine?2 What will happen if you fall into
a black hole2 While we did not recommend you
to find the answers by falling info an actual one a
few issues ago, you can now do it in the exhibition
through virtual reality goggles!.

Period: Now -May 27,2024
Venue: Foyer, Hong Kong Space Museum
Admission fee: Free admission
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Lazarus RisiNg:

The Attempted Resurrection of
the Gastric Brooding Frog

NSRS

The arrival of Dolly, the first cloned mammal in 1996,
marked an important page in human history. It was the
first time humans were able fo create a mammal in a
laboratory. Pictures of Dolly made headlines across the
world. But did you know that scientists also tried to use
the same technology to bring extinct frogs back to life?

The southern and northern gastric brooding frogs
(Rheobatrachus silus and Rheobatrachus vitellinus)
were discovered in 1972 and 1984 in Queensland,
Australia respectively. Both being very small (about 30-
54 mm for the southern and 55-80 mm for the northern
species) and living in a limited rainforest area (less than
1000 km?), they lived in streams of the Queensland
mountain ranges [1, 2]. Like many native Australian
species, the frogs were unique to the land down under,
and possessed extremely unique characteristics.

One such thing that caught headlines at that fime
was how they reproduce [3]. The mother swallows
a number of eggs and stops producing acid in ifs
stomach fo allow the eggs to hatch into fadpoles, and
later into frogs. It was suggested that a substance called
prostaglandin E2 secreted by the tadpoles can inhibif
the acid secretion of the mother [4]. Then the mother
does not eat for six weeks and stops breathing through
the lungs but the skin, as its bloated stomach has
squeezed the lungs to collapse. Eventually, the mother
gives birth to fully formed baby frogs via “propulsive
vomiting”, much like a Russian doll. This dramatic
method caught the attention of many, including
zoologists who couldn't believe this was true...until they
saw if for themselves. Sadly, these frogs did not live very
long, and by 1981, the southern breed had gone extinct
in the wild; the northern breed was also extinct in 1985,
within a year affer its discovery.

Mike Archer, a researcher from the University of New
South Wales, had read about the frog and decided to

By Sonia Choy &7
do something no one had seriously attempted before —
fo bring it back fo life [3]. His plan was fo use somatic cell
nuclear fransfer (SCNT) to transfer a somatic cell nucleus
obtained from the frozen frog sample to a fresh egg of
a reasonably close but existing relative, the barred frog
(Mixophyes fasciolatus). With a full set of the southern
gastric brooding frog's DNA as the blueprint of life,
they hoped the cell can divide and develop into a full-
fledged individual.

SCNT is divided into a few main steps. The first step
was fo use uliraviolet radiatfion to destroy the nuclear
DNA of a donor egg [9]. Into this “empty” egg, scientists
inserted a nucleus collected from the long frozen gastric
brooding frog’s fissue sample. For the cell to divide
and grow info an embryo, an electrical or chemical
stimulation is usually given o activate the manipulated
oocyte [6]. After many cell divisions, the embryo then
underwent the crucial step of development, known as
gastrulation, when cells in its exterior migrate internally —
and there it stopped [3]. In the best-case scenario, the
cell division and differentiation would continue further,
fo the point that we have a fully formed tadpole of the
southern gastric brooding frog.

Current technology is very far from even creating
a southern gastric brooding frog tadpole, but Mike
Archer’s great dream is fo bring the frog back fo life.
This is partially for the potential medical benefits it may
bring. As mentioned earlier in the arficle, female frogs
temporarily stop the production of gastric acid after
they swallow the egg and let it hatch. However, the
species was extinct before scientists could further study
them [7, 8]. If the cloning process is successful, this would
lead fo a better understanding of the southern gastric
brooding frogs, and potentially help human patients
suffering from too much or unwanted gastric acid. From
acid reflux fo ulcers and even more serious diseases, this



could be a potential, permanent cure.

But Archer’'s goal seemed simpler. Quote, “If we
were responsible for the extinction of the species,
deliberately or inadvertently, we have a moral
responsibility or imperative fo undo that if we can [3]."
Over the last century, many species have gone extinct
from human activities. Widespread deforestation and
global warming have destroyed the habitats of many
species, especially very rare ones that are endemic
fo Australia. Some, including Archer, believe that our
responsibility is to restore these endangered species to
their natural habitats, and undo the damage we have
caused in the past.

However, there are ethical issues surrounding this.
First of all, extinction is part of nature's cycle; species
regularly fall on and off the earth all the time. By cloning
the southern gastric brooding frog and bringing it back
to life, we are upsetting Mother Nature. By Archer's logic,
if species died out by human behavior, then we should
help restore those species back to the wild. The problem
is that species go extinct due to a myriad of reasons;
the Australian government, for example, lists the
pathogenic fungus Batrachochytrium
dendrobatidis as a possible

extinction reason of the gastric brooding frogs [1. 2].
This is not to underplay the role of humans in destroying
nature over the past century, but what is to say that the
species definitely died only by human influence? In this
case, why shouldn't we just let nature take its course?

Also, the world has changed since the southern
gastric brooding frog went extinct. The current
Queensland mountains are no doubt different from the
ranges where the frog last thrived over 50 years ago.
By sending them back into the wild after hatching in
the laboratory, we may be sending them fo a second
death, as it is very likely that they will not survive for an
extended period of time. In this case, what is the point
of doing this?2 More fundamentally, which species
should be brought back from extinction? Should
humans be playing God? Af least, most countries
across the world agree that cloning should not be
done in humans, making generating alternative organs
from individuals currently impossible.

Cloning technologies no doubt leave us with many
unanswered questions. It is a tool that can be used,
and misused; the very thin line between the two will

continue to be discussed for
some time.




£19% F 2EEHBIAEHY "ZF ) A LR
EANBELLEEN—F EREAFEREEREGAM
AI|EN - SRR A B 72 HRMEVTER - BIRIE
MBRNEBEURERFAENRCBENSESEENT?

EHERLEASER(NEESEZE BE0ARB
Rheobatrachus silus #1 Rheobatrachus vitellinus) 7
B 1972 K 1984 F7E 80N B L REH B R EEIR - 4 {FIAS Y
A (A miESRRA 30-54 =K MitHmiEL R
55-80 2K ) - EEHEELEUARR/INES - HLEEER
E—RPHK 1000 km? BV TRAM P [1, 2] - BRIRZEM AR
TE—% BEERETEMNEIR mMERATZBEENS
&

Hop SEEBEBEZHENESEEMNEEAR [3]-
EEE NECHID REBFIEDWERE  FINESEREN
M BEENSE -NEBEXRITBHEBE 2 WMAEISIIRE E2
ORGSR S oW [4] T NRN/NEESEAS
ER TEFLEAMYEE EmMERAREER BRIRE

HIIEMN B CEMENER SIS - & MERENEE—
B BESEBREMAYE N2 MR/ N\E - B2
BEMNEFAINSIETHIANEIR EFEEADRIRE
STHENSVER -BRNE ELEBEINRAERA:
B BER 1981 FHEHINEE MitEEFENEER
RIMEAE—FM 1985 FiEkg -

R E BT RIS Mike Archer :EFIBR BB
HENE REM—4RBEARBEAEBNSE . £558
YEFESE[E A [3]- A9 Et &l 2 5 AR B A% %4 (somatic
cell nuclear transfer / SCNT) 17 IR )2 B B 1%
AESHEARZERZHNGON — BRIEBESE
Mixophyes fasciolatus FEIIFIN - T REBEFELZER2
BTEEEY DNA WAMREREENE FREESHFNE

mEE P RWEBMBERTENEEEIERE -

BRARZBEINBEEEESR - F—LP2HRIMNE
BIRIRFROANAE4Z DNA [5] - REREXRESHNE B A
BRI MAREZ EEMACSEZNI TS -5 7 &40
NERLBBEMMRE MAABBEEFEMIUEENEER]
A DURE S ROEN AR [6] - AR IBZ RN D RE - s
KEFHRBERERRBMAA (gastrulation) FIEA 52
T8 ERRRIIEMREBEZEARE  RiNBRPHIKIRE
BRLEDHUL - REEB N [3] - RIRBHEFERZ A
DERNMDEEEET BRRRE—Ex=RENELER
BRI -

BRI B REERLE BB ERBEERE
1B Mike Archer WEBE2EBEBEEE - B0 REERZE
OIBERG R B R 2 i » HORU SOt - M B B EREE S R P
BEHEFRESER ZEONM- Rm BEEERBRAE]
— SR ZBIE AR [7, 8] tRBEAMINEZF - R

BRBEEHRELEBERERANERE  WATREE P

FeBEDAENBESMERIEA - LB R ERENH

EHER EE2EERENER MRBBEIESRE
BRRIRARIATA -

#AM Archer BN ETE ARG E - N FTAR -
"MRBPIERESME—EYERE £
BERMBERT RAMEERETNEH/E
BIR [3]-, EBEERELEL NFEEEFZ
MRERAE - KIRRIM M 2 IRE (CARER 7 R/F



ZYRNERN LEFE FHZRNEENERYE.
LEEHE Archer EABEARRRMERERKELIERE
WiE - PSS R R AR R R WER R R B E S
IRIRIS ALRVARIR -

BERERES RE—EREREE - YERLE
BAREEN—& MK EAEEEMYERLLE hEHFIR
FYRHAT MENEHEEECMESEEREE FEHE
BELRBRERE -8R Archer WRE - IRMER AT
RBAR BRMMEZ BB BELEYBERAER FEZE
M@ ABRNREEEAL—E - IR BT SRR E
Batrachochytrium dendrobatidis 3 \ & & & H 48K
ogERRZ— [1, 2] EEAZBEMAREBRE—HLH
ARBRERKE BRMAXEESE—AYEZAEER
ANEZEMRABR?EERER N IEEEANAEAT?

IE5h B AL EBERBLIR RECKE TRS 1R
RAELRLAKERSEE 50 ZEISEEEARRIVER M
KB - EEREFCRSHPIEZIE SN FPIOIsER 2154t
xRS _RIET AAHMMRARE B AETINRIEREZF
moEERFER N ERUBEEERRIT?ERANZE - B
YRS BRI MRLEA B ? ARz B L™IF 2 2
R EASHER RS AEZERALR  RIRERPIARE
BRREEENEERBRE

BRRIMRR B RFIHR TS RERZHEEDE;
EEUU—URERSZRANTE E—R ZERERK—
ERISES e B Z5TH

References 2E&EH:

[1] Department of Climate Change, Energy, the Environment and
Water, Australia Government. (2023). Rheobatrachus silus —
Southern Gastric-brooding Frog. Species Profile and Threats
Database. http://www.environment.gov.au/cgi-bin/sprat/
public/publicspecies.pl2taxon_id=1909

Department of Climate Change, Energy, the Environment and
Water, Australia Government. (2023). Rheobatrachus vitellinus
— Northern Gastric-brooding Frog, Eungella Gastric-brooding
Frog. Species Profile and Threats Database Profile. http://
www.environment.gov.au/cgi-bin/sprat/public/publicspecies.
pletaxon_id=1910

Yong, E. (2013, March 15). Resurrecting the Extinct Frog With

a Stomach for a Womb. National Geographic. https://www.
nationalgeographic.com/science/article/resurrecting-the-
extinct-frog-with-a-stomach-for-a-womb

Tyler, M. J., Shearman, D. J. C., Franco, R., O'Brien, P., Seamark,
R. F., & Kelly, R. (1983). Inhibition of Gastric Acid Secretion

in the Gastric Brooding Frog, Rheobatrachus silus. Science,
220(4597), 609-610. https://doi.org/10.1126/science.6573024

TED. (2013, June 27). Michael Archer: How we'll resurrect the
gastric brooding frog, the Tasmanian tiger [Video]. YouTube.
https://youtu.be/ErexJkoDhGI

Gouveia, C., Huyser, C., Egli, D., & Pepper, M. S. (2020). Lessons
Learned from Somatic Cell Nuclear Transfer. International
Journal of Molecular Sciences, 21(7), 2314. https://doi.
org/10.3390/ijms21072314

[7]1 UNSW. (2015, July 6). Back from the dead: Catastrophic
Science [Video]. YouTube. https://youtu.be/dirLxqgvXQG0

[8] Wondracz, A. (2019, April 2). Mysterious frog that reproduces
by regurgitating its young could hold the key to treating
stomach ulcers...but it hasn't been seen in almost 40 years.
Daily Mail. https://www.dailymail.co.uk/news/article-6875381/
Gastric-brooding-frog-help-treat-stomach-ulcers.html

2

13

(4

[5

6




> O PO ST \‘,

Can Your Cat Haz
Cheezburqerz?

T [OlEH]1ZZ1EE?
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By Aastha Shreeharsh

Since the dawn of the internet, cats have taken
over our explore pages in the form of funny video
compilations, heartwarming videos and of course:
memes. Meme culfure has guaranteed that cats can
gain the same amount of worship and reverence now
as they did in ancient Egypt. Some of these memes
raised frivial yet interesting questions:

Can Cats Have Cheeseburgers?

P T Al Ly > This may be
"f,ﬁ “ AS a seemingly silly

m nﬂm question with a
r a seemingly obvious
: : answer; however,
it may surprise you
to know that it can
prove beneficial to
occasionally feed
your cat hamburgers.
As carnivorous
animals, cats can
" have a variety
of meats — making plain hamburgers a safe and
welcome treat for them [1]. Feeding your cats burgers
comes with its own set of “terms and conditions”
though.

‘--'--

Unfortunately, your cat cannot “haz cheezburgerz”
(footnote 1) specifically. Contrary to popular belief that
cats love milk, most adult cats are lactose infolerant [1]
because they can no longer produce enough lactase
to break down lactose after weaning. Therefore, it's
probably wise to skip the cheese and seasonings we
add in our own hamburgers when you feed cats.
Toppings such as onions and garlic can also harm their
gastrointestinal tracts and damage red blood cells if
consumed in large amounts. The oxidative compounds
in onions can denature hemoglobin, causing anemia
(1, 2].

...0r Maybe a Little
Salami?

™
1‘. sunflowers

Is Salami OK for cats?

As per the meme,
Cats Can Have Little a Salami. ... Jellelel s Yo AN LIMVITI
_ have typed this out
) P and, technically, it
wouldn't be wrong.
While cats can have
a little bit of salami, it
shouldn’t become the

staple of their diet.

As a processed meat



with high sodium content, salami may exacerbate
health risks and conditions relating fo the heart and
kidneys [1, 3]. As all uncooked meats do, salami too
poses risks of Salmonella infection and trichinellosis (a
disease caused by infection with Trichinella parasites).
Kittens and pregnant cats should not be fed salami,
as their immune systems are vulnerable to foxins and
bacteria [3].

Are They Really Liquid Enough to “Sits” Where They
“Fits”?

We often ponder over unusual, inconsequential
ideas and their meanings. Often, scientists are among
those people pondering these questions. If you have
ever wondered whether cats are truly liquid as you see
yet another cat weasel its way info narrow crevices and
hilariously small containers,
you're in luck. Researcher
Marc-Antoine Fardin is
one such scientist, who

was awarded the Ig Nobel Prize in Physics (footnote
2) for answering this absurd question. Using rheology,
the study of deformations and flows of matter, he
found that, under certain conditions, cats may fit the
definition of a liquid [4].

To determine the state of a material over a
given time frame, rheologists look at the relationship
between two time periods: the relaxation time and
the experimental time. Aptly named, the relaxation
fime is the time taken by a material to modify its
form to fit in a container; in this case, it would be
the time taken by a cat to “fits” where it “sits”.
Experimental time refers to the time elapsed since
the deformation is observed; in this case, this could
be the time the cat is observed since it first puts ifs
paws in to “sits” in the fruit bowl. Finally, rheologists
look at the rafio between the relaxation time and
the experimental time — the Deborah number De:

D, ==~

i

(Where ¢ is the relaxation time and t, is the
experimental time)

When the Deborah number is less than 1, i.e. tp >
te, the material is considered relafively liquid. If you
think carefully, by this definition, whether a material is
perceived to be liquid or solid all depends on whether
you observe it long enough for the deformation to

take place. As Fardin puts it, “If you take a fime-
lapse of a glacier on several years you
will unmistakably see it flow down

the mountain [5].” Similarly, a




waterfall can also appear “frozen” in a photo taken by
a high speed camera. “For cats, the same principle
holds,” Fardin remarked. “If you are observing a cat on
a fime longer than its relaxation time, it will be soft and
adapt toits container, like a liquid would [5]."

Why Is Grumpy Cat So Grumpy?

Signalling the end of the weekend, Mondays
typically serve as the herald of yet another week filled
with classes, tests, and assignments galore; which is why
this cat’s displeasure towards Monday seems relatable
to us rather than unusual. However, if you were fo look
up Grumpy Cat memes on the internet, you'd very
quickly see what earned her this nickname. With her
piercing blue eyes forever narrowed in bemusement
and a permanent scowl marring her face, Tardar
Sauce, the star of the infamous Grumpy Cat meme,
rose to fame as the poster child of grumpiness.

Contrary to popular belief, Grumpy Cat's surly
expression is not caused by a morose disposition; rather,
it is the direct result of an underbite due to a type of
feline dwarfism known as achondroplasia [6]. Mutations
in the UDP-glucose 6-dehydrogenase (UGDH) gene
were suggested to cause this genetic disease [7, 8],
leading to abnormal bone and cartilage development.
This condition was speculated to have an autosomal
dominant mode of inheritance. Homozygous mutants
were not observed, likely because of its lethality at an
early embryonic stage [7-9]. Although the resultant
physical deformities may seem cute to us, they are
also associated with spinal and degenerative joint
problems [9], and a shortened lifespan [6]; yet breeders
confinue fo breed cats afflicted with feline dwarfism to

meet the high demand for unique-looking cats. Take
this arficle as a sign: Adopt, don't shop!

........................................................

1 Editor’'s note: The phrase “haz cheezburgerz” comes from
LOLspeak - the vernacular associated with the LOLcats Internet
memes that first became popular in 2007 [10]. LOLspeak
embodies what made the LOLcats memes so popular —
intentionally misspelled words that phonetically resemble the
grammatically correct word (“cheezburger” for cheeseburger)
and “purr-fect” puns that play on the fact that a cat is
supposedly saying these phrases.

2 Ig Nobel Prize: An award that celebrates scientific research that
“first makes people laugh, then think.”
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#AtE T (autosomal dominant mode of inheritance)
BE; IIRBRGHEZER Bt AT ELR - FAAEL(E
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BREKE AR X T MERKKERANERE  ShaEEs5HaEeME
B#ERF% (ML "cheezburger, & "cheeseburger. ) - thAEH R
HIEERARE (140 "purr-fect, « Tpurr, EFBREETIHIER ) -

2 BRHERE —ERENRE BESARSK EMBEANRE WRIBHE-
- \
|
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Directed by Park

Dong-hoon, the movie opens

with high school student Han Ji-

woo (Kim Dong-hwi) and his struggles with
mathematics. He crosses paths with security
mUVIE REVIELLI - guard Lee Hak-sung (Choi Min-sik), a North Korean
n defector and reclusive mathematician whose

story is gradually revealed throughout the movie,
In UUR pRImE and ends up asking him for help in preparation for
a tough exam. Hak-sung agrees to teach him - o
appreciate math, rather than to cram. The movie
then tracks their growing relationship (which the
actors portray very well), the involvement of Ji-woo's
friend Park Bo-ram (Jo Yun-Seo), the impact of the
exam and Hak-sung's proof of the Riemann hypothesis
(in reality still unsolved tfo this day). On the whole its
setup has been compared to the 1997 film Good
Will Hunting, which also features an anonymous but
mathematically gifted university worker, but it has a

E’ a strong story of its own and avoids rehashing the same
=7 07T - plot. Without spoiling the movie, let's see whether its
7 o~ IIX H’] %ﬁ plot makes sense in reality!

\
( 2022 ) Who Was the Old Man in Hak-sung's Flashback?

At the end of Hak-sung's first lesson he calls Ji-
woo an “epsilon”. The memory that explains this is
centered on Hak-sung's childhood meeting with Paul
Erdss, one of the most productive and eccentric
mathematicians of the 20th century, who also
independently proved the prime number theorem [1].
Erdés fraveled around the world with only one suitcase

of clothes, collaborating with so many
different colleagues that mathematicians

still use the “Erdés number” to track the
network of people he worked with. He

was also famous for his odd vocabulary,
where he called women “bosses”, men

“slaves”, lectures “sermons”, and non-
mathematicians “trivial beings” [2]. (Hak-sung
also calls Ji-woo a “trivial being” in the same scene.)
Children were called “epsilons” because in calculus
an epsilon represents a positive but very small number.

Erdés met many “epsilons” throughout his life.
According fo his biographer, Paul Hoffman, Erdés
“made it his mission fo seek out child prodigies all over
the world” and encourage them with further problems
[3]. He met the 10-year-old Terence Tao at the 1985
International Mathematical Olympiad (IMO), very



similar to Hak-sung'’s memory of Erdés meeting him at
the 1982 IMO.

Erdés had already been teaching children gifted
in mathematics as early as the 1960s:

“[LdszId] Lovdsz only started doing serious
mathematics late in life, said Erdés, ‘at the ripe old
age of nearly seventeen. When Lovdsz was still an
epsilon, in the first year of high school, he and ... a
fellow mathematician courted the same boss-child,
also a mathematician and not a bad one as bosses
go. The two slave children asked her to choose. She
chose Lovdsz,' and they got married. But the love story
could be improved upon, Erdés noted, by having the
boss-child answer: ‘I will choose the one who proves
the Riemann Hypothesis." [3]"

Did North Korea Actually Participate in the IMO?

In the segment announcing the proposed proof
of the Riemann hypothesis, the mathematician Oh
Jung-nam ftells viewers that he once represented
South Korea at the IMO alongside Hak-sung, who
represented North Korea.

In reality, North Korea has participated in the IMO,
but they did not begin doing so until 1990 and did
not participate between 1993 and 2006. They were
disqualified for suspected cheating in 1991 and 2010 [4,
5]. South Korea began participating in 1988 and has
attended every IMO since then [6]. So neither Jung-
nam nor Hak-sung could have gone to the IMO in 1982
as the movie shows. But it is quite likely that both would
have done well based on the overall performance
of the Koreas at the IMO: South Korea has the fourth
most gold medals and North Korea has the 23rd,
out of 120 participating countries in IMO history [7],
although it is worth mentioning that North Korea has
not participated as often as South Korea and the
two countries often perform similarly well in individual
tournaments.

What About the Nobel Prize?

Another newscaster heard that Hak-sung could
be awarded a Nobel Prize for his proof of the Riemann
hypothesis. This is not accurate. There is no Nobel Prize
for mathematics; the most prestigious prize is the Fields
Medal, which is only awarded to mathematicians 40
years old or under. The best estimate for Hak-sung's
age is 45-50 years old, so he would not get the prize.
However, he would certainly be awarded the Abel
Prize, established in 2001 and often described as a
mathematics' equivalent to the Nobel Prize, as well

as receiving the Clay Institute's prize of one million
US dollars for a successful solution to the Riemann
hypothesis, one of their Millennium Problems. (Out of
the seven problems, only one has been solved, the
Poincaré conjecture, which we wrote about in Issue
019. Remarking that “Everybody understood that if the
proof is correct then no other recognition is needed,”
Grigory Perelman, another “hermit mathematician”
like Hak-sung, refused both the prize money, and the
Fields Medal.)

Is the “nmSong” Real?

A review claims that the highlight of the movie
is the scene where Hak-sung plays the “m song” to
“"convince [Ji-woo] that math is of ethereal beauty”
[8]. With the digits of it written out in front of him, Hak-
sung says that he will “play " by assigning the digit
1 to the note C, 2 to D, and so on. He tells Bo-ram to
accompany the melody that this produces. This is
not a new way to represent the digits of m and many
examples can be found on YouTube [9, 10].

The opening of the song in the movie does
correspond to the first 14 digits of m:

3.1415 92
65358 97

As the accompaniment begins, aside from repeating
this block, Hak-sung also weaves extra notes into his
part of the song that do not correspond to digits of
n. Then after the first glissando, he plays a simple
repeating pattern of the next 14 digits:

9323 846 2643 383

But he does noft follow it exactly throughout. In fact
his part corresponds fo the sequence:

9323 846 2643 383
9323 846 5

The song dresses these 28 digits of m up
with a piano accompaniment. It does
not necessarily present many
digits of m in order, and is
more of an interpretative
art piece, though a
very beautiful one that
matches the tone
the director wants
to communicate in
the movie. By itself
n would not make




much of a song anyway, since there is perhaps nothing
mathematically special about its pattern of decimal
digits. What has turned this essentially random pattern
info a proper piece of music is the application of the
human imagination.

Nevertheless, it's a very fitting song for a movie
that celebrates the advancement of mathematics.
So much of this subject began as either a useless
curiosity, like a dead butterfly pinned on a card, or
a narrow solution to a narrow real-world problem;
it is our imagination that propels individual parts of
mathematics beyond either of these labels, and gives
it the power and scope that makes it beautiful.

What is the Riemann Hypothesis?

If you are a serious math
lover who wants to know
more about the Riemann
hypothesis and analytic
number theory, please find
the additional content on
our website.
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EEEFHNRHHNE DISPEREF (SHRIE &f)
BEIBNENERFSE BEFB LERTHMONRIL
REHBRFER (EIRE &)  BENSHERSHIE
EZTEE BEFTREFKTERBMEMNERWEE
EH-FBRER BREERAMMERNE  MAGERD
B NSRRI _ANZHEEAENEGR (EEHIE

ESRIEE!) BEFRAAANEE(BEF I &) /M
A BBSERABRNEZE  DINTERBRRARSIEE
(Riemann hypothesis) MR (TEIRE LREE
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B
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Introduction

Amidst the myriad of phenomena that
animals exhibit — from mimicry, hibernation, to
bioluminescence — one of the most fascinating
is the ability of some animals to change their
colors in the blink of an eye. As a result, they can
hide from predators, communicate with peers,
intimidate when threatened, and regulate body
temperature.

How Do Animals Change Color?

The process by which animals change color
involves specialized cells called chromatophores.
Located in the skin, they are colored cells that
contain pigments or photonic structures [1].
Pigments absorb specific wavelengths of visible
light and reflect those that are not absorbed,
resulting in the colors we see. There are
various types of pigment-containing
chromatophores, named
according to their color:
melanophores for black or
dark brown, cyanophores
for blue, xanthophores for
yellow chromatophores,
and so on. In addition
fo pigmentary colors,
there are structural
colors created by a
different mechanism.

G e,

Iridophores in fish, amphibians and reptiles are made
up of fransparent guanine nanocrystals [2] that
function to interfere with the light reflected off the
skin at certain frequencies [3]. Iridophores can also
produce iridescence, in which the color appears to
change depending on the viewing angle [1].

Chameleons

Chameleons are commonly known for being the
representatives of color-changing animals. While
most animals can change their color by controlling
the dispersion and aggregation of chromatophores,
chameleons have an additional level of control with
two overlaying sets of iridophores [2]. The upper layer
contains regularly arranged guanine nanocrystals. For
panther chameleons, they can change their skin color
by increasing the distance between these tiny crystals
to manipulate the interference of light, leading to the
reflection of longer wavelengths from blue to red. In the
background of yellow xanthophores, the skin color of a
male panther chameleon can thus change from green
to yellow or orange when it is excited in male contests
or courtship.

The lower layer contains disordered guanine
crystals of high reflectivity in the near-infrared region
(700-1,400nm). It provides passive thermal protection
to chameleons by reflecting direct and indirect “heat
radiations” from the sun back into the environment,
thus lowering their body temperature in the dry and
sunny habitat.

Mimic Octopus

While chameleons have been the fascination of
scientists for decades, the mimic octopus takes the art
of adaptation to complex new heights. Among the
diverse species of octopus, Thaumoctopus mimicus
stands out for its remarkable mimicry skills, through
a combination of sophisticated body movements
and dynamic skin patterning [4]. The color-changing
properties of the mimic octopus is enabled by the fine
control over its chromatophores and iridophores [1].
Surrounded by radial muscles, their chromatophores
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expand upon muscle contraction, increasing the
area of exposure of the pigment, hence displaying
a more intense skin color. Similar to chameleons,
cephalopods also possess iridophores to modify their
skin color through optfical interference. By modifying
the arrangement and molecular structure of reflectin
proteins and expulsing water out of the cell, iridophores
can be turned “on” and “off” as both actions can
change their optical properties [1]. By selectively
activating different groups of chromatophores and
iridophores to mix different colors, the mimic octopus
can accurately mimic the patterns of its surroundings,
and change its morphology to imitate a wide variety of
marine animals like flatfish, lionfish, and banded sea-
snakes [4].

In addition to chromatophores, the mimic octopus
also utilizes other specialized skin cells called papillae
to enhance its mimicry [5]. These papillae are small
muscular structures that can change the three-
dimensional texture of the octopus’s skin, providing an
added layer of deception.

Conclusion

The study of color-changing abilities in animals
such as chameleons and octopuses, highlights the
infricate mechanisms and adaptations in nature.
Through studying these processes, we gain insight into
the strategies of animal survival and communication,
enhancing our knowledge and awareness of the value
of biodiversity.

b1

EEBMBRTINZERES — HRE LR %UE%%’*
7 — HP—RBERSINE— LN ERRENESE
BREES] - Bt PIBE R B R EAAR  BEHEE - E
REBRTWE T DRSS ERE

B EEeE?
FNEBNBRLRZRERMIRAI MR -

B

BHENARUREEBA 2BBRIALTF
=8 [l - e XRWIRAPRERERN
R R BBLE R BRI BIRIER - ERE
ERMENEE -2 BENeEMBLL
Hegenm® SREeEAR (ReaF
we) EeRfiR =6
AREE-RTHERS
AR ESIN  ERER S —1E
[RIBE R4S B & (structural
colors) - A 4E- MZLE AN
R INEREAREEE
RS EIRSKEE [2] B8
F3% (interfere) t EEXRHER
FASESBERRY (3] RiEAMR
NMEEELBREEEEAaENRE
L3 [1] °

b 3=t

CEERMBNZZeEyMNx-
HtngEBEfleZannEmEe.
MEBEREMEREARMEESIE

BRERNES 2] tEE2HIEENS
EI2RKEIEE T ¥ & &5 (panther

chameleons) o] L35 38 12 A0 4 /)\ 5 32 5
BIUBR BRI SR T IR SR - (5 B
HEARFELERRFERRRENA
H-EMTEEERESEESFRIIKRE
TWER TEERAREHRESRET ©
BREECHERNSEENENER -

NE S S A S 4R (700
1,400nm) A& & 5 4/
HEALSEIL RS-



EfEEERNERREXGHN HAESR RIAZRRE
RHECRREHNBNIRAINGE  EHFIEREMNET
ERPERINSLAL T -

SEERMEERNBRZFLUR—BEEFXRNTR
Hiz BREEANGERMOABBMT EEFA
ZMBEAR - ERZmBENERP  Thaumoctopus
mimicus WAKRENEZ ARE TREEBEHNS
REENRESEEMFE R ESERERER 4] #
HERHHERMAMMN S ARSI SRR
BEE [1]- AN eRARKESNIRE R AR
ReZRARSMUER EBNEeERTNER THBE
HEgR HEEREMAL EEEMEAEMMMEY
ZRABTIUEHRENRBAR - BANERHNER

(reflectin) ERMHEAIF 7 F4E18 - DURIEKEEL A
fash - @Es AR Tl IR TRAR L - AR EmERERE
EBE BRI CBEHE (1]  ZREEMRIARE
FAeA R ARASKRAL AEEE  HEERTY
EREMARHIUERIENARI NEEE AR ES
BEELEY AIMEER  BREM (MFR) NEES
BtseE (4] -

BTEEMEN RESANEREALR
(papillae) WL R B AR SR AS ST RIBHL [5] -
BEAREM)NAAE T RESay SRS
B R AR E AR S B A S SRR RS -

FEEE

HREERE ERFFYNEBENMENMAERE Y
EYVRENERREREFRT R EHERRIRAE R -
WP FE LS HOTLTRE EFFBEAVRAS -
IEERFIHRE BB EY SR RE -

References 2E&H .

[1] Figon, F., & Casas, J. (2018, August 24). Morphological
and Physiological Colour Changes in the Animal
Kingdom. In H. Kehrer-Sawatzki (Ed.), Encyclopedia
of Life Sciences. Wiley. https://onlinelibrary.wiley.com/
doi/10.1002/9780470015902.a002806 5#pane-pcw-
references

[2] Teyssier, J., Saenko, S. V., van der Marel, D., &
Milinkovitch, M. C. (2015). Photonic crystals cause
active colour change in chameleons. Nature
Communications, é, 6368. https://doi.org/10.1038/
ncomms7368

[3] Manoharan, V. N. (n.d.). Structural color. Manoharan
Lab. https://manoharan.seas.harvard.edu/structural-
color

[4] Urefla Gomez-Moreno, J. M. (2019). The ‘Mimic’ or
‘Mimetic' Octopus? A Cognitive-Semiotic Study
of Mimicry and Deception in Thaumoctopus
Mimicus. Biosemiotics, 12, 441-467. https://doi.
org/10.1007/512304-019-09362-y

[5] Hanlon, R., Vecchione, M., Allcock, L. (2018). Octfopus,
Squid, and Cuttlefish: a Visual, Scientific Guide
to the Oceans’ Most Advanced Invertebrates.
The University of Chicago Press. https://doi.
org/10.7208/9780226459738




What is the best way to lace your shoes?

This isn't a math question, so let's change it
slightly: What is the shortest way, and what is the
strongest way fo lace your shoes?

My guess is you've never had to think about
these questions, but maybe your parents
remember cutting off lengths of shoelace to use
or testing the strength of their own shoelaces.
You can see how relevant those questions
might be. Nowadays we don't consider them
because the shoe manufacturers do it for us;
their costs and profits depend on it, and they
may even use the same mathematics as this
arficle describes fo come up with answers.

Lacing a Shoe

Mathematically, a shoe has two columns
of n eyelets each, which we can label Ay, ...,
An, Bi, ..., Bnin columns A and B (Figure 1).
Without loss of generality, let the gap between
columns A and B be g units, and the height
between successive eyelets in a column be h
units. A segment is formed every time the lace
go through an eyelet from the previous one.
A lacing is a way to pass a shoelace through
every eyelet once each, starting at A, and
ending at Bn. By counting, we know that a
lacing consists of 2n — T segments.

height (h)
=1

By Peace Foo #fi#E2
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EAEZEHBEE  RLGERMARERA:
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BEMT, RERMZAUARROZERHED
EHENMEAFHES MithPIRRARTFEE
HEORRE L/ - P AR AR
HEMEFLEE-

RREFHET

RHHEREE —EEHEAMITLAR 817858
n EFLAR - FAFITTLUE A 1770 B 1TROFALARIA AL Bl
An- & By 2l B TR (RE—) - AR —MRIERIIE
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Figure 1 A shoe in alacing which contains 2n — 1 segments.
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Since the main purpose of lacing a shoe is
to pull the two sides of the shoe together, we
can add a constraint that three consecutive
eyelets along a lacing can't all be in the same
column [1]. In other words, we can't form a
long vertical line along a single column.

“Dense” lacing methods have the exira
condition that the lace always alternates
between columns A and B; in other words,
there are no vertical segments. The three most
common dense methods are shown in Figure
2, which we'll call the crisscross, the European,
and the shoe-store methods [2].

HRFETNFIFEENEIEEN EEMENTE—
e AR MIIN—IERA FTRRET AR EEDS
W@ EE—THAR [1] 8= ZBIE2FMA
BEER—1TEF—RRERK-
TER HEEAS —ERIIMNMEH MEET
MWAEABIZERE AEESEERE-E
_HETR-RERRERMNEBRHE 2AER XA
(crisscross) ~ BUM #5)% (European) 18 [E 4805

(shoe-store)[2] -

Figure 2 Common dense lacing methods: crisscross
(left), European (middle), and shoe-store (right).

B BRNEEE XNEDE(Z) BONSLE () A
EIESUA (R)

On the other hand, two common methods
that use vertical segments are Canadian
straitflacing and the bowtie methods (Figure
3). (Canadian straitlacing is named for its
historical usage by Canada’s armed forces,
mainly because boots laced this way can be
easily removed with one cut of a knife in case
of emergencies [3].)

S—AH E2EEKRNMERSRFHEZMN
ZERAMEHE (Canadian straitlacing) B4
#E (bowtie) (B =) - (AIZERBHR LMEKRE
EERNHE BREEERA—IRaEEE#
HEGUIR B5EERE [3]°)

e
]
o}
o}

€ ]

[ XXX

o—0

Figure 3 Common lacing methods which use
vertical segments: Canadian straitlacing (left)
and bowtie (right). Gray lines represent the
segments that cannot be seen from outside.
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The Shortest Lacing

First let's test the dense lacings. Assuming
the laces are pulled tight, we could use
Pythagoras’ theorem to find formulas for their
lengths in terms of h, g and n [4]; interested
readers may try to derive them by referring to
the diagrams:

Crisscross RX#E @ g+2(n—1)
European BUOMADE © (n—1)g + 2

Shoe-store EE4EE :

But the alternating property gives us a nice
way to compare their lengths without doing
any calculation. Say one end of the lacing lies

(h? 4+ ¢°) +

(n—1)g+ (n—1)/(h2+ ¢?) + /[(n — 1)2h2 + ¢?]

REHWE

BEAERMARTEENL BRETFRUE
REARBRMMERZSHRE RAMERERE
B -LUh-gfMnEZnE@MEIMFENETRE
[4] BEBEEZULGEAEEEERESAT:

(h* + ¢?)

(n — 2)/(4h? + ¢2)

RMEMERRRENEEERMAFTETS
EMELEBR=BRE EUEFRRO—IRUR

ATTHY A FLER - RERFXFITE B ITRRE— IR A

TR BPRENATREREMIUKELE

Bk L WM BR/IHRN CIT M A RER

WIERR C- BPREEEBSHELR "#EH ., &

# [5] HANESRABEREEMTZE M

ZTREZRRNEDN EPSERRERBR
BERE-

on column A, at eyelet Axv. Imagine setting a
mirror on column B so column A is reflected;
then we can draw the reflected column A as
a new column C with the eyelet A« reflected
onto Ck. Continue “unfolding” the lacing in this
way [5]. Now instead of being laced between
two columns of eyelets, our lacing moves
horizontally across Figure 4 column by column,
while reflecting the real length of each
segment throughout the lacing.

/\/\

ZRERENPHNES=BI RMAMBELUR
XELETFRNES —ERRBONEHE - BABUNENE
MEERBIMEBREBHN=AFHNMIEKE MR
NHANEBRIA R TS =FE  FItRE=

By considering the orange triangle in Figure
4, we know that the crisscross lacing must be
shorter than the European lacing, because the
European lacing always runs along two sides

A B c.t.

Figure 4 "Unfolded” lacing paths of the three
alternating lacings: crisscross (red), European (blue),
and shoe-store (green) [4]. The triangle shaded in
orange can be used to compare the length of the
crisscross and the European lacings.

B =REAEADAK TiFER ) BRVREIEE : X NADE (A
B) BNEDE (Ee) MEEMNE (4e)[4)-BRe=A
T BEM AR EEER R R A AMBUMAT AR R E -

of a triangle while the crisscross runs along ABAER (=B AMKRENREE RN ELLER

the third side. By the ’rrlongle IHGQUOllTy (’rhe —F_ﬂ%%) EONABELER Y 45EE - EREHERE

sum of any two sides of a friangle is longer .

ihan the fhird side] the European s longer ;w|\|,£.;ﬂ>ﬁuﬁra,z.;ﬂ>awﬁuzﬁﬂ%m&wﬁﬁﬁﬁ(m
ZEERA n - 1 EKFERER) MERRENRE 1

than the crisscross. To compare the European

onq the shoe-store method we ehmmote the TEBREAEEIET () UEREERIEE -
horizontal segments from both lacings (each
of them has n— 1 horizontal segments) and
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the segments of matching slope. The remaining
segments form the paths in darker colors in
Figure 5 (left).

Now if we place a horizontal mirror at the
tip of each V, the reflections in lighter colors
show clearly that the shoe-store forms two
sides of a friangle and the European forms the
third (Figure 5 (right)). So again by the triangle
inequality, the shoe-store is longer than the

European, and of these three methods the
crisscross is always the shortest. In fact, it can
be shown that the crisscross is the shortest
among all possible alternating lacings [2].

To find the shortest lacing in general,
consider that we must keep the two sides of
the shoe pulled together. The shortest way
to do this while also advancing vertically is
to use crossings; notice that lacings with only
horizontal and vertical parts, such as the
Canadian straitlacing, use excessively long
vertical segments. Hence it is necessary for
the shortest lacing fo contain crossings. There
are many possible complex crossings with
overlapping crosses, but the shortest is clearly
a simple cross between the pairs of eyelets in
two adjacent rows. So the shortest lacing must
contain only simple crosses. But by the triangle

BWE LURBRTHRBEBRBEBNEESNA
RIARER AL ¥ = A RIMIIRIE - TEUMAD AR AR ER RIS
ME=IFE (B (A)) FB—RIRE=AAFE
o EESDALEBONADA R, M= Z PR XEPED
RER -FEL RXNETEHREBEZMBAITR
SRR RAEN—RK [2] -

Figure 5 (Left) “Unfolded” lacing paths of the European
(blue) and the shoe-store (green) lacings and their
reflections (lighter colors) after subtracting common
segments [3]. (Right) The triangle to determine the
length of both lacing methods.
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inequality, the sum of two vertical segments
is shorter in length than any crossing (as
visualized in Figure 6), so we want to maximize
the number of vertical segments and minimize
the number of simple crosses.

This can be obtained from the crisscross
by adding in the maximum number of vertical
lines to replace some crosses without making

EBAATEEMLEERRABIR T M
OIPIER XA EABEMAZERRAER D
RY- MBLNFLEAMBRET ?ARRBEE

sLAaE LM FRAELE S&MERENEA (6] -

Figure 6 Comparison of the length of a simple cross
(blue) and two vertical segments (green).

BN BERXX(ER) IMEEERE (F8) ZBNE
ELEE -

consecutive vertical lines, which exactly
describes the bowtie lacing! Since only the
bowtie has these exact characteristics, it must
be the shortest possible lacing [4].

The Strongest Lacing

Now, what is the strongest lacing? When
you pull on your shoelaces to fighten them,
the lacing at each eyelet acts like a pulley,
and the question can be restated in terms of
finding the strongest pulleys. When tied, the
tension along a shoelace is some constant
force T. The important thing to measure is the
horizontal fension Tn, the direction in which the
two sides of the shoe are being pulled together
by the lacing. For horizontal segments, Tn = T;
for vertical segments, T» = 0; and for diagonal
segments, Tn is the horizontal component of
T which can be calculated by trigonometry.
Then the total sum of Th across the eyelets of a

REROBE

A WEA B RIBZNEE? ERREETS
R FLERFEFREFEREMBIER (pulley)
E B B o A Rl T S SRR B iR A - ZRUF
BE%E HENDREEN T, MEMEAITHNIKFE
SR Th ARKFRIEEN A EMBHIE N
FE e EKELRESD Th = T, EEEHREF Th =
0; ERNE4RERD Tn 2 T HKFHE (horizontal
component) - BEUDIFEBEN=—ARETE -
—E#EPBEIRE Th WANKERB&®HAN
(pulley sum) - MEREZWHEBEERAN
BERA -
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lacing is called its pulley sum, and the strongest
lacing has the largest possible pulley sum.

Before we go further, let's set the gap g
between columns to 1 unif. This will simplify
any calculations because now h, the height
between successive eyelets in the same
column, can also be thought of as the ratio
of {height between eyelets}/{gap between
columns}.

There is a nice theorem that the strongest
possible lacings are also the two most
commonly used: crisscross and shoe-store
[6]. To determine which of the two lacings is
stronger in a given case, we need to consider
the number of eyelets n, and the relative
height between eyelets h.

Forn > 2, let C(n, h) be the pulley sum of
the crisscross lacing and §(n, h) be that of the
shoe-store lacing. Then for a given number n
of eyelets, there exists exactly one h, > 0 such
that C(n, hn) = S(n, hn); and furthermore:

* when h < hn, the crisscross lacing is
strongest;

* when h = hn, both lacings are strongest;

* when h > h,, the shoe-store lacing is
strongest.

In other words, the strongest lacing is the
crisscross when the eyelets are close together
in a column, and the shoe-store when they are
farther apart.

The approximate values of h, for small n
are listed in the following table [6].
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MRESE} / {ZAFARBR} ZEE-
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MEELDE 6] BIREERE—FR TNMETZR
BEZAADE RMFBEZRSAIREE n M LEMLREH
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En > 2/8ER T 58 Cn, h) B XA B
A-S(n, h) BEEFDEROBERA - SEFLIREHE n
BE—ERERY ha > 0 & C(n, hn) = S(n, hn) - T

cZh<hy RXBEERIBEZ;
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BEZ BARLCINSELERED &BXNEZE
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BhA -

HREEBVNAY n - hy WIALEDTRRE— [6]°

RAIBETEEE LSEBERZIEREHESE
h BEBIEHRAREE n- E£R L h, FHEEE-
FERERNERFEURXNMEZFNE E1E4
AR M h EXAR 04 FILIREFESREBRM
ERERRE - B REEEEESENETRLENE
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n 3 4 5

hn 0.9029 0.7412 0.6450

0.5794

0.5309 0.4931 0.4625 0.4372

Table 1 The approximate values of ha for small n.
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You can measure h as a ratio on shoes
with n pairs of eyelets, and compare n with
the corresponding value of hn in the table. As
| write this I'm wearing a pair of shoes laced
by the crisscross method: They have 4 pairs
of eyelets and h with value roughly 0.4, so
obviously | made the right decision when |
laced them. Of course, most shoes in stores
today are made with h very close to hn, so
whichever lacing you use will be quite strong
regardless [6].

So how should you lace your shoes? It
depends on whether you prioritize shorter or
stronger lacings. The one that best balances
minimal length and maximal strength
seems to be the crisscross, so without other
information you should go for that one,
although bowtie can give a reasonable
strength that at least your shoes won't fall
apart. But such information is always at your
fingertips if you have a ruler, internet access
(or a copy of Science Focus), and an inquiring
mind. The last one is the most important
of these — with that in hand, you can find
answers to almost any question that comes
your way.
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“Science in Lyrics” Writing_Competition
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Here comes the chance to quote your favorite line of
lyrics, and write a paragraph on a scientific fun fact
that is hidden in plain sight You may win an iPad, an
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