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Message from the Editor-in-Chief F4RHJEE

Dear Readers,

Welcome to the new issue of Science Focus. In addition to being
a source of your “book reports”, | hope this magazine can serve as a
starting point for your further exploration of specific topics. When our
writers prepare each article, they normally consult multiple references
to ensure the accuracy of the content. | hope you will develop the same
habit during your personal journey of discovery.

Did you know that elephants are much less likely to suffer from
cancer than us2 Find out why from our cover story on Peto’s paradox
when we discussed the surprising lack of correlation between body
size and cancer. One way to freat cancer is to undergo surgery. It
furns out we have Joseph Lister to thank for popularizing antiseptic
surgeries, which greatly increase the survival rate of patients. Turning
fo mathematics, we consider a seemingly simple quest of counting
objects or birthdays and how it can go wrong. We wiill also explore how
the concept of radioactive decay can be applied fo a mathematical
problem. For those of you who enjoy horticulture, we revisit how fertilizers
are made using the Haber process. Is there more to learn beyond the
chemistry textbook? Finally, don't miss our articles on the forefront of
scientific breakthroughs, from using light to control brain activities to using
artificial intelligence for mathematical proofs.

As always, please follow our social media channels for additional
bite-size scientific stories. Drop us a line in the comments section. We
would love fo hear from you!

Yours faithfully,
Prof. Ho Yi Mak
Editor-in-Chief
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What's Happening in Hong Kong? & 8 fil % 3% &)
Fun in Fall Science Activities ¥ BE 84785

Any plans for this fall? Check out these activities!

FTEIFEENKRAVGF ERE TS ? RGE BT &S !

Dinosaurs of Antarctica 3D &= EE20

The now frozen Antarctica was once warm
and forested hundreds of millions of years ago
with dinosaurs roaming freely. There was fierce
competition for survival on the continent. Let's
follow a team of paleoecologists to examine
the fossils of those prehistoric dinosaurs and
witness the dramatic transformation of the
southern continent through this 3D dome show
which utilized next-level computer graphics to
reconstruct the continent’s hidden-greener-past.

Show period: July 1, 2022 - March 31, 2023
Time: 2:00 PM and é:30 PM on Monday, Wednesday,
Thursday and Friday (except public holiday)
12:30 PM and 5:00 PM on Saturday,
Sunday and public holiday
Venue: Space Theatre, Hong Kong Space Museum
Admission fee: Standard admission:
$32 (stalls), $24 (front stalls)
Concession admission:
$16 (stalls), $12 (front stalls)

Remark: Please refer to the museum's website for
more details.

The Shaw Prize 2022 Exhibition
2022808 KIZREES

Established in 2002, the Shaw Prize recognizes
currently active scientists with recent significant
breakthroughs in scientific research. Three prizes
are awarded annually in Mathematical Sciences,
Life Science and Medicine, and Astronomy. In
the exhibition, you can learn more about the
Shaw Laureates of this year and their scientific
achievements.

Date: September 30, 2022 - November 30, 2022

Venue: G/F Exhibition Hall,
Hong Kong Science Museum
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do not have enough time to develop. In a
nutshell, there could be literally be cancers
killing cancers in large organisms.

With the cruel words of “there is no
tfreatment”, the earliest description of
cancer called the Edwin Smith Papyrus
was found in Egypt in about 3000 B.C. [11].
Still being incurable at present, it is not an
overstatement to say that cancer is the “king
of disease”. The good of studying Peto’s
paradox is that scientists may gain insights
info how organisms cope with cancer and
develop new therapeutic strategies.

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

1 Paradox: A confradiction that offen goes against
common sense.

2 Paenungulate: Members in the clade Paenungulata,
which includes smaller creatures like hyrax and
manatee (whose body size is still significantly smaller
than that of an elephant) [8].
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Not One

Less:

fFencePost €rrors

You have from 1 p.m. to 4 p.m. fo work on
homework assignments for subjects #1 to #4. If you
complete one assignment per hour you should get
them all done on time. Yes or no?

Now how about if you have from May 1 to May 4 to
complete them?2 Can you get away with completing
one assignment per day?

These kinds of problems lead to more questions [1].
Why are hours and days counted differently?2 Where
should we start counting from anyway?2 Applying what
we learn in school is never as simple as it seems — even
with something as simple as counting.

To set things straight, let's go back to preschool. We
learned fo count starting from one, two, three ... and
we also learned that this counting process lets us know
how many things there are — pencils, houses, or days.

By Peace Foo #iiE 2

To save time we can just let the labels do the counting
for us: The days of the month in June are labelled 1 to
30, so there are 30 days [1].

When we get fo subtraction, the teacher holds up
six pencils and takes four of them away one by one fo
demonstrate that 6 — 4 = 2. Subtraction is an arithmetic
operation, meaning an action (“operation”) is applied
to change the number of objects: In this case, the
act of taking a pencil away. Now we are considering
a slightly different concept, the span between
two numbers. This isn't the same as the numbers
themselves! Once we are introduced to the number
line, we get to represent the subtraction 6 — 4 = 2 as four
arrows bumping down from 6 to 2:

T BYAYA
—— ey

0 1 2 3 4 5 6 7

v

It's clear that this refers fo the four “spans” between
2 and é. But the operation actually “touches” five
numbers: 2, 3, 4, 5, 6.

The discrepancy between four and five is the
fencepost error. Suppose on the way to preschool
you pass by an eight-meter fence with posts every
two meters [2]. How many fenceposts are there? You
might do the mindless division operafion and think this
means there are four fenceposts in the fence. But in an
ordinary fence, with fenceposts at each end, there are
actually five. (Is your fence really ordinary? We'll return
to this later.)

What went wrong? There are two possible things
you can count in this problem: the number of segments
of fence between posts, or the number of posts. When



you do the division, you start with the total length of
the fence (eight meters) and divide by the length of a
segment. That will give you an answer of the number
of segments of fence. But the question was about
the fenceposts, not the fence segments. That means
that when dealing with these kinds of problems, the
important question is whether you need to count the
numbers or the spans [1].

Once you can distinguish between fence segments
and fenceposts, it's quite easy to see the oddities in
everyday counting conventions. In music theory, a
third denotes an interval of three notes: C-D-E is a third,
and so is E-F-G [2]. When you put them together you
get C-G, a fifth. In other words, two thirds make a fifth.
This is the same as making a longer fence out of two
existing fences: You'll find that there is an extra post left
over since the “post” E has been counted twice. The
issue is that thirds and fifths refer fo the spans between
notes but are named for the number of notes they
contain: They count the posts instead of the segments
[3].

Similarly, fence segments can be disguised as
fenceposts. When you celebrate your birthday what
you're actually celebrating is the number of years you
were alive [2, 3]. You can even see it in the wording
that most people use: On the first birthday you
celebrate, you turn one year old. The years are the
fence segments; the birthdays are the fenceposts.

In our original problems, you have four assignments
to complete and what you need to do is match them
with four time spans in which you can complete
them. That means you have to consider the fence
segments in the problem. In the wording of the
problem, the times 1 p.m., 2 p.m., ... , 4 p.m. are
markers of time (fenceposts) while the days
May 1, May 2, ..., May 4 are time spans (fence
segments) [4]. One gives a span of three hours,
the other a span of four days. That's why your
cramming session can fit info one schedule but
not the other.

A related problem that this also raises is
whether your count starts at zero or one [3]. We all
know that the first floor can refer either to the ground
floor or the floor above it depending on what country
you are in. You have ten fingers, but it is possible to
count 11 numbers with your fingers: Everyone forgets to
include zero fingers [3]. But these are mostly linguistic
conventions. More interestingly, think about labeling
a series of fence segments #1, #2 ... and so on and
consider the question of how to label the fenceposts: It
naturally requires a fencepost somewhere marked #0.

(If you think of the fence segments as fimespans spent
alive, in years, and the fenceposts as birthdays then
this all becomes a version of our birthday discussion
above, in which the day of birth can be considered as
the zeroth birthday.) This is where many of the problems
of confusing fenceposts and fence segments come
into play. For this reason, if you reread our original
problems about the eight-meter fence, you can see
that the question of whether to start counting from zero
is tied to whether you want to count fence segments or
fenceposts. Counting fence segments is easy. Counting
fenceposts requires you to remember that extra zero —
zero fingers, the zeroth floor, the zeroth birthday - and
add one accordingly [1].

So once again it's very important to know the
context of your question: Should you count the
numbers or the spans; fenceposts or fence segments?
What kind of fence are you dealing withe Just to leave
you with something fo think about, suppose the eight-
meter preschool fence actually stretches between two
walls and doesn’t need posts af either end. Or maybe
it closes up to form an enclosure. How many posts are
needed now?
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The Numher Segquence Thot

By Peace Foo i

Here's a list of numbers: 1, 11, 21, 1211, 111221. Read
it to yourself. Now fry and guess the next number.

Here's the next number: 312211.
And the next one: 13112221.
Can you guess the number after that?

This puzzle was given to the very famous
mathematician John Conway by one of his students.
He couldn't guess it [1]. But the answer is really quite
simple: The first number is 1. When you read/it to
yourself, that's “one 1", or 11. Read 11 to yourself; “two
1's”, or 21. Read 21 to yourself: “one 2, one 1", or 1211.
Read 1211 to yourself: “one 1, one 2, two 1's", or 111221.
Because it's generated by reading aloud, Conway
called this an audioactive sequence [2, 3], which is
also known as a look-and-say sequence.

This puzzle apparently started at the 1977
Infernational Mathematical Olympiad [4]. When
Conway heard it from a Cambridge math student
who had a friend attending the competition, and
after he failed to solve it, he decided to make the
problem even harder. Why?2 This is quite standard for
mathematicians — when you make a problem harder
and more general, it helps you think about howito
solve all possible versions of the problem.

The obvious way to make the problem harder is
to start with any number you like. But one of the first
things Conway noticed when starting to work on this
problem was that only the digits 1, 2, and 3 "occur
naturally” [1]. If you want other digits you'll need to
include them in the first number. So the “interesting”
digits are 1 to 3 and we should focus on them if we
want to find out more about the problem.

More subitly, if you extend your example out far
enough you may find something about your problem
worth investigating. The next number after 13112221 is
11132 | 13211, then 311312 | 11131221, then 1321131112
| 3113112211. Look at the bars we added that split
each number into two parts. If we take just the first
part, 11132, and treat it as a single number, we get
311312, then 1321131112 ... which are the first parts of

the next few numbers. The same thing'is true ffor the
second part, 13211. From this peint onward the two
parts in fact never interact with each other againy(1],
so Conway-called this a“split” and the two parfs its
“descendants”. He then starfed"leeking for numbers
that can’t be split.inithis way. Although there-are
infinitely many ofithese numbers, there are exactly

92 of them which must ultimately all appear as the |

descendants of every possible sequence, except 22,
which repeats itself [3]. Since,Conway obviously missed
studying chemistry in school,ihe called them “atoms’
or elements”. More complex humbers like 1113213211
thatican be split in this way are'called “compounds”.
So the process of splitfing compounds into elements is
called*audioactive decay” [5]. Surprise!

When.do these splits happen? For.the string 11132
| 13211, you can see that the firstqpart 11132 ends with
2,'s0 every step from then on ends with “seme number
of 2's™and keep ending with 2 no matter what the
second pdriwdoes. On the other side, 13211 begins
with a T @nd will'eontinue to begin with either.1 or 3,
but not 2,3;50 it will nevermess with the first part [1].

Each cg“udioocﬂve element is assigned to one of
the first 92 elements of the periodic table, as shown in
Figure 1, from hydrogen to uranium. 11132 is hafnium,
and 13211 s fin,

EE=ARNES

91 Protactinium

The full table can
be found on:

90 Thorium

1 Hydrogen

Figure 1 Lengths and strings of some Conway's elements.[5].

The names are assigned to resemble the real
physical process of radioactive decay info lighter



NEE[|5 to Be Soid
Il""'HiEﬁJ;Z!KE : BE Bl 1 & 5

ecays into
, and so on.

some elements are
[3] - for instan
ium (311332
be 13212
nts, promethium

. In"addition, the
11 until 13112221

92 numbers again, becouse they are “sufficiently
general” mathematically; this means they can fell us
something interesting about the sequence no matter

combination of

ch starting point we have.

be possible for you to guess
all elements occur in a decay
ss, any possible decay process will
eventually result in only these 92 elements.
But as all mathematicians know, a guess
is not enough. Conway proved this result
over about a month of work with assistance
from a fellow mathematician and called it
the "Cosmological Theorem™ [3]. Soon later
another simpler proof was announced, but
unfortunately both proofs were not published.
Eventually the result was proven again by
several others [4].

A consequence of this theorem is that
the number of digits of successive numbers
increases at a constant rate for all sequences



[3]. In our original sequence starting from 1, these
lengths are 1, 2, 2, 4, 6, 6, 8, 10, 14, 20, ... which you
can calculate for yourself gradually approximates
toward a ratio of 1.303577... times the number of digits
in the previous term [1]. Based on the proof of the
Cosmological Theorem, some application of linear
algebra can tell you that this rafio is a solution to some
equation of degree at most 92 (i.e. the highest power
of the unknown is x??) [3]. Conway and his celleagues
then deduced that 1.303577... is actually the largest
real root of a specific 71-degree polynomial so
unnecessarily complex that we're afraid to print'it
here [2].

Why does the answer to such a simple sequence
involve monstrous decay chains, maftrices and
71-degree equationse We don’t know,, but it shows
how even the simplest questions can. produce
genuinely engaging mathematics if you know how
fo look for it. Mathematics is a sport; mathematicians
love to challenge themselves. Challenge yourseif
enough, ask your questions in the right way, and
like Aladdin’s cave the door to a whole world of
interesting new insights will open.

PUF2— @21 :1, 11, 21, 1211, 111221- A XX
(BEX) IZ—R - REBEBF—EIR-

F—{ERZ: 312211
BR—E=Z:13112221-
REET 2 —EIRE?

MBEEZR John Conway AYE 4 B 40U fth f5 35 38 7t
& {8 Conway ;BB [1]- AME RN AL . £—EIR
1 HECIE—R: "—f@—. (onel) B 2E 111
—R11: "ME—. (two 1's) -FTLE 21-18—R 21: "—
@ — - —f&—., (one 2,onel) 1211-IR—*K 1211:
FT—f{@— . —f@_ MWfE—. (onel, one2,twol's) -
111221 - AR EEESIEZEBAEMESE - Conway 2
% "audioactive sequence, (& "radioactive, #2 B "X
St -1 "audio-s ROREIRNER ) [2, 3] P RILFE
%—fE@%&=F "look-and-say sequence. &K ZEE " Sk
B, -

SEEEBHRRN1I977 EERHEEMILE [4]- &
Conway RIBHBSENRFAM-—FKARERSE
REEEELSES REE? EHERHEITMEZ[E
WIZERF: EEEFSEREME BBEEERN R
yn{a]— SR EROR B B RIPR A R -

215 BB R B3 AR AR RL 2 7o 5T B 1E (T8
FRta - Conway EFFORBES —HEIRINZRBE
F 1232 BRGFE. W [1]; OREREMBELRE
85t N BEHSNE—EEMAZET A ET
1E3EZABERLE 2%, URAMEXAESERBE
MEEIREZR/EF -

EEL SEERMABEGHNEZILY  IRFHME R
FIMEN—— B SAREMCENERERIE—LES
MRS -13112221 6 F—EIES 11132 | 13211
2% 2 311312 | 11131221 B 244 2 1321131112 |
3113112211 - BEPEEFEHBENER IR MHERE
BIE 2R 11132 BV E A — BB BRI 28 T

ME152 311312-1321131112 . EMEZRREZ 2

BB R ATE S - #EBAT 13211 the —15- 1
{EIEHE - PR HE & BABE RS ER TS [1): Conway
BEEREA AR, (split) - REMEFSRAEIR
MPE RESENFREMESN  ATiHIE 92 4
FEEFRIR BRAEEHNHIBEFETERBIFRE
EHEED (BT 22 R ERARSRER 22)(3]
PR Conway, BE A S EBRRNLER - finiges
=BT, TeE ) - Ml 1113213211 SR A -

N\ TS EFEAE EEY,  (CEYHERTERB
EEES TGRS, (audioactive decay) [5] - 78

BPRHEETE?

BEER & Z 02 E 78I 6 11132 | 13211 B4
RALIERE 8D 11132 WEREF A 2 AEFE 87D
MNrEERENE BN ZENIRE L 2 BE -5—FH
13211 MU 1 &5 Mz #BrIET REEL 1 M 3#EE - 840
FER 2 At BXEATEE S DT HBEE—IE [1]°

SE "RHEMTR FRREETRRLNE 92 &
KW U—ERF SR (FxR—) ;11132 25 M/
13211 285 -



ERARRN:

[=]

Fx— —L Conway TEMEENZFES [5]

BFIENANBERMEENSMREPTEZEREN
BERECTTRNRER - FIush (3) REME (13) - RER
#1 (1113) - WLEERHE - BRI alpE SRR E TR EZ
TRGEUERETHARRNTSE BTRBETEREMN
HEERETRARNFTEAS TREMTERMEE £
—@BmE&% (3] Al (311332) W2 (132) -
311332 W R —EIE e 7% 2 13212312 - B E QLI & Bk
=EREWITER 0 (132) - §5(12) MEE (312) = bESH-
& 1-11-21-1211 2l 13112221 =SB IR # 45 5l a6 %
BTAH LRy (primordial elements) - AAEMAE
R B AGHIREMBOENE SIS [5]-Z8H—%:
Conway REARE R AFEEEAREMEHELE
PUESE J (sufficiently general ) 21&R%E ; M= < T8
ZE2ERESILEEZEFEME 5 92 AFBEELUSEH
M- LERSEESINEBmES -

HENCEBAEEAZTH TR SLIRE—ERE
BEREP BEOEN RS EREFERANIET/LEE 92 ETT
-2 MAZEXRERM B 2FLEHH - Conway
ES—EBHRERNEN MR T —ERFEERZREEREE
itE 2% " FEHHEE s (Cosmological Theorem)[3]-
AAZBHIR T EEBEMNER  BEREMMADERENRA
WA ERERBEMBBREIMER (6] -

SEEENEREMBEIENEMEENRES
PI—EEENEBI (3] £HRMERIL L FEIRNES
E.EBEEFENRERAN®S:1:22-4-6-6-8-10"
14-20... . BIFELEME R R EERE ZLEEB A
1:303577.... [1]- 2EZFHEmEENZH EF-LR

MREEESSMEREALANEBRESRA 2 (high-
ordered equation) Wi ZH 2 & e RIBHR O] ZE
92 R (BENRBSXRIET R x2)[3] - Conway MEE & #
it 1.303577.. HERE R 71 RAENHZAER-
BEMFOEEERSIHNAEILEMBES L
TEHRRT [2]-

HiU—EMIEEHENRINRESIREANTEE -
AEENM7TIRLDBENEREEEGSERATUERESD
Uk BESHREAMAREZRESEESHK EEE[E
WEETO LT E L REBNEE - BB E—1TRES) B2
ZEBRBEC ARB/ECES KIS  BRESE L
MR AEEANTNFIRE—1K —BEES UM
FRAVAIREAPIF B R IRMIT R -
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.The Father of Antiseptic Surgery: Joseph Lister
& F k1 2 X :Joseph Lister

By Dana Kim &1 =

Let’s start with a riddle. What is the translucent, blue
liquid that sits around the bathroom shelves in typical
households2 You can swish this around your mouth, but

ou cannot ingest it.

Perhaps, you know the answer by now. That's right —
> are referring fo a mouthwash!

To understand the inspiration behind the invention

odern mouthwash, we need to go back to history,

ifically to the 19th century, to catch a glimpse
development of antisepsis, which refers to the  pPathogeni
tion of infections on living tissues by eliminating  the wound
microorganisms. The British medical scientist, ~ wound frog

ister, was an important figure who paved the

e development of antisepsis.

ed High Surgery Mortality Rates in the

860s, people were not aware tha
iens was actually microorganis

ormulated an

application [8]. The

OOr cleaner or a cure fo

ar after being marketed as
event plaque and gingivitis
the modern mouthwash after
.a household name you must

e now a daily necessity sitting
om shelves, but its development
ee prominent scientists in history —
bh Lister and Joseph Lawrence. So,




1 Gangrene: The death of body parts caused by a lack o
supply. Bacterial infection can cause tissue swelling fl
or stops the blood supply, and eventually lead to g
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£Y) - BE TMEYMILIEYE B EEHEELL WA Louis
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By Lambert Leung 2 £5%

Have you ever doubted how the agricultural
supply manages to feed the exponentially growing
world population?2 One of the keys is to provide
nifrogen, an essential nutrient for good yields,
through the use of nitrogenous fertilizers. The question
then becomes: Where does all that nitrogen come
frome

The answer is the Haber
process — it should ring a bell
to some of you, especially
those taking chemistry
classes. To recap briefly,
it was discovered by the
German chemist Fritz
Haber, who was later
awarded the Nobel
Prize in Chemistry in
1918. Unlike its
suboptimal

predecessors, the Haber process was more energy-
efficient and scalable in converting nitrogen into
ammonia, which could be further processed into
nitrogenous fertilizers like ammonium nitrate (NH,NO3)
and urea ((NH,),CO) [1].

N,(g) + 3H,(g) = 2NH;(g)

Such an improvement can be attributed to the
Le Chatelier's principle (footnote 1), where chemists
maximize yields by casting some magic on chemical
equilibrium and kinetics — in industrial practice, the
Haber process operates at both high temperature
(around 450 °C) and high pressure (around 200
atm) [2]. The above is only a general picture of the
process, if not a tip of the iceberg (most probably
you have seen it in textbooks!). Let's dig deeper into
the steps behind the short equation.

It may be tempting to think that since about
78% of atmospheric air is made up of nitrogen, the
source for ferfilizers should be more than abundant.
Yet, atmospheric nitfrogen exists as inert diatomic
molecules (N,) held together by extremely strong N-
N friple covalent bonds. This is why nitrogen won't
react with hydrogen to form N-H bond under normal
conditions; moreover, it also prevents plants from
converting N, molecules to other useful forms by
themselves, at least not without the help of nitrogen-
fixing soil bacteria. It simply had posed a challenge
for scientists. For this reason, early fertilizers were
highly limited to natural sources such as manures
and niter mines (for KNOj).

To address the issue, scientists have made
attempts, both chemically and biologically, in
“cracking” nitrogen. In Haber process, the role of
nifrogen-fixing bacteria is chemically substituted by
high temperature, pressure, and an iron catalyst. This
breaks the nitrogen molecules into atoms for forming
ammonia, which will be converted into nitric acid
through the Ostwald process as the feedstock of
useful fertilizers like urea and ammonium nitrates.

Scientists are still searching for ways to fix nitrogen
under milder conditions. Inspired by the symbiotic
relafionship between legumes and soil bacteria,
a molecular biologist named Frederick Ausubel
once fried to transfer nitrogen-fixing genes

from soil bacteria to cereals crops
(not legumes) in 1970s to
benefit farmers who
cannoft afford
fertilizers,



but to no avail [3]. The incompatibility between bacterial \\
genes and plants, as well as conflicting mechanisms of

oxygenic photosynthesis and anaerobic nitrogen fixation,
posed technical challenges that were too difficult to
overcome [3]. Recent research focus has shifted to the use
of coordination compounds (footnote 2) and nanoparticles
of other transition metals [4].

Another key ingredient in the Haber
process is hydrogen, which naturally exists
in the forms of fossil fuels and water.
It is typically generated from steam-
methane reforming (CH4(g) + H.O(g) —
3H,(g) + CO(g)). then followed by water-
gas shift reaction to further produce
hydrogen (CO(g) + H,O(g) - Ha(g) +
CO5(g)) and pressure swing adsorption to
extract pure hydrogen from the gaseous mixture [5]. There
are several alternatives for hydrogen production. To name
a few, electrolysis of water has been known as a promising
option besides steam-methane reforming as scientists keep
exploring its potential by testing different electrolytes and
membranes. Second, dark fermentation offers a pathway
to produce hydrogen from biomass, which utilizes groups
of anaerobic bacteria to decompose carbohydrates in
absence of light and oxygen [6]. Current research aims to
reduce the emission of carbon dioxide and uses of fossil
fuels (methane as feedstock, others as fuels fo achieve high
reaction temperature) to better align with green chemistry.

With proper design regarding equilibrium and rate
of reaction, the Haber process has expanded food
productions by addressing crops’ needs for nitrogen, thus
preventing famine. It is amazing that the original Haber
process is still relevant and used nowadays. Despite its
immense contribution to agriculture, the Haber process
is energy demanding and relies on
the use of fossil fuels, being
responsible for 1.4% of globall
carbon dioxide emissions
plus 1% of global energy
consumption [7]. This calls
for modern adaptations
fo optimize conditions
and catalysts to ensure
the reaction is compatible
with the goal of sustainable
development.



1 Le Chatelier’s principle: When changes in conditions of
temperature, concentrations, pressure, and volume are
applied to a system, the equilibrium position would respond by
counteracting those changes.

2 Coordination compound: A central metal atom that is chemically
bound fo, or surrounded by, other groups of non-metal atoms.

3 Editor's remark: Recall that the breaking of bonds requires energy
(endothermic), while the forming of bonds releases energy
(exothermic).

ROBBBREREZ RERBBIEULTRI LA
HRAOR? A2RSRFMEEZREZNENER
IHEP—EFEREEZMUREREEYRHAR -T2 &
g X famzRiE?

BEMREBE HEREEICENRER EEER T
APaE - BEER—  BHEBE{EER Fritz Haber 5287 -
MMEHEE 1918 FWIRTHEEMIEBRRE - A7 RINEET
FARLE - IBRASEREN BRI AR EB(ERE MREX
MIEEE  RIEDRNI I T AR L (NHNO;) 3¢
FRZ= ((NH,),CO) ER/M. [1] -

N5(g) + 3H(g) = 2NH;(g)

IEAEBNILESZERREE=R 7T I BANEEREE (Le
Chatelier’ s principle) (5f—) - {EBXRE =B R ENIL

BV EMENERE SREAETE LHRIER (KK 450 °C)
MSE (KRK 200 atm) L@ REE &AL [2] - FB L
ERBEAEKL—ENET (MEEREKEEREER
BRHEBNTA) FRMARARNEREREEASEND
BRig !

ROBEERERIEARRER 78% Hi2a s EEREN
FEREZBREZE?AM ARPHEEUEUHERT
DF(N) WA HEE RFERRAKN N-N =HERE
B FEASELESER TESEEEERETHK N-H
# St EEYAEETRaERNEMBERFENRR -
EfEEER N ESZERARNER - EAREBRER—E
#EE THEREREERE RHNOENAZREZILABEAE
(KNO;) EXRMAKIE

BERRE REBZREHEEENEYEEIEE S 7 ik
B, -ERRET BEaAENEeHsSE  SEMEEEE
HEBBRERNL Ehan FHRITRETFAREES a1
BrEL—HERRIMTERY A (Ostwald process) i
FHEEmEE EMAERNEERENEKRESER
RIAEH - EEIRTE  MEBRNERRNEAESORMAVIEET
B D FEYEBZE Frederick M. Ausubel B2 G RI1EY)
MTEAE 2 BOHEERGE £ 1970 ERER LS A
BanEEA T EARERIREREY (MARERE
) REEEAEERWER B LIRS [3] - #iit
TS EERARNEYNERERTARS  MYESER
MESFEMET2EEFENER XEEFERELEESR
BESERAZREN 3] - AEMREHWER I RAE
Y (1) MEEEBEAKN FREA L [4] -

BRENS—KRHNEZR BEABRPLUCARR
MKNEAEE SREFTHZSRPHREE (CH(g) +
H:0(g) — 3Ha(g) + CO(q)) B4 - S K2 R (LR
rRERIEMARSESYPHIATS [5]- BRItz
KERBUOZ—RBESTEEN X RBRERRERA
EERBENIRENT L ERRELER D BRIEBEEETT AN
BEE - BN —RRIURE RN AN AREMREEEN
MRBWIRIE FERKESWIE BRPFREEVE
(biomass) B{LAERAITTIA [6] - B 7 BTG 4EBEER
MR RN RB AR B> EESRFFABIN Rt
Bix LA K B VB R IAR (B R E R RRIR R IR MR E

SEmAYARL) -

I HRANER T B R EEB T ENREER B8
mEREMHANBRRAXREREZFEYNEERE K
R T IERER BEBRMEICALBEFNESE RS
RS BANAKEZTE - BRI EX A IRHAS#REER
FEEAER A ERAEERMKBECORTBIAER
= - BRI RIS A B — SR AMNFEAREER D RIME 7
EIK_EEIRBEAREM 1.4% MEIKEESHFEMN 1% [7] -
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OPTOGENETICS: nzee: smienmazn

CONTROLLING BRAIN ACTIVITIES 4
WITH LIGHT an

¥ Have you read the article The Amazing
Cephalopods from our previous issue¢ We infroduced
to you how large and thick axons from marine
organisms like squids have contributed to our
understanding of nerve impulse. This time, we are
excited to present to you another useful technique
in the study of neuroscience. In earlier days of
research, scientists sfruggledto control a single type
of cell in the brain without altering other variables
in-the vicinity [1]. Previous technigues which involve
electrodes to stimulate neurons and record signals
were not ideal because they failed to target specific
cell types and electrical recording could be affected
by simultaneous stimulation at the same site [1].
Administration of drugs to control neurons is possible
but drugs act slowly [1] and may lead to unwanted
side effects [2]. In recent years, scientists have
invented a novel technology which can overcome
the problems above. They were inspired by the
discovery of bacteriorhodopsin found in archaea and
its sensitivity towards light [3]. Voilal Welcome to the
era of optogenetics.

Breaking down the word, “opto” indicates
“optical”, while “genetics” implies the modification
of the genetic material. With a specific set of
neurons in-mind, their genome could be rewritten
by editing techniques such that the cells would
express the newly inserted gene encoding the
light-sensitive bacteriorhodopsin. By exposing the
genetically modified organisms to the light of specific
wavelengths, scientists could therefore switch on or off
neurons, similar to a video gamer when they use their
remote control to command the avatar.

The haloarchaeal bacteriorhodopsin was the
first to be discovered. This membrane protein pumps
protons (H*) from the cytoplasm to the extracellular
fluid when activated by photons. Since its initfial
discovery in 1971, researchers also discovered
two other classes of light-responsive protfeins,
halorhodopsin in 1977 and channelrhodopsin in 2002
[1]. Yellow light-activated halorhodopsin is a chloride
pump which actively pumps negative chloride ions
(CF) into the cell upon excitation by yellow light; and
blue light-activated channelrhodopsin is a cation
channel which allows positive ions to flow into the
cell under concentration gradient upon excitation
by blue light [1, 4]. It is known that a neuron fires when

By Sirius Lee Fi5

it is depolarized, such as when positive ions rush

into the cell. Therefore, by expressing suitable light-

sensitive proteins and exciting them with suitable

colors of light, one could excite or inhibit a neuronal

cell by manipulating the ion flow [4]. With the key

fo instructing the networks of genetically modified

neurons, causal links between neuronal activities

and molecular or behavioral outcomes can be

established. . *
Optogenetics has quickly become a gold

standard for neuroscience research. For instance,

neuroscientists could first use a pharmacological

agent (drug), tetrodotoxin, to inhibit neuronal activity

in hippocampal slices in vitro (footnote 1), and then

repeat the experiment through light-directed inhibition

on transgenic mice expressing halorhodopsin in

vivo to confirm the neuronal activity-dependent

expression of a key protein [5]. In terms of clinical use,

researchers have explored the therapeutic use of

optogenetics, expanding its funclionality. Promising

results recently published in Nafure Medicine support

such an approach in restoring partfial vision to a

patient suffering from a neurodegenerative eye

disease, refinitis pigmentosa [6]. In the study, viral vector

containing channelrhodopsin gene was injected into

a patient's eye to genetically engineer the refinal cells

in fovea. Meanwhile, researchers designed a pair of

goggles which could detect the light intensity of the

surroundings, and convert the information to light

signal for stimulating the channelrhodopsin expressed

inthe retinal cells. With the aid of the goggles, refinal

cells were appropriately activated and partial vision

of the patient could be restored.

L

It could not be more amazing when nature's
terrific designs can be harnessed and transformed
info powerful tools in our pursuit of science. This
wisdom of using optogenetics has brought us one
step closer 1o illuminating the neural circuitry of our
brains, or perhaps, given us the key to untangling all
mysteries in neuroscience.

1 In vivo &in vitro: In vive means "“within the living” literally in Latin. It
often refers to experiments conducted in or'on a living organism,
as opposed toin vitro, meaning “in glass (labware)™.
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WILL MATHEMATICIAMS
BE REPLACED?P -

Computers in Mathematics

HNEXSHARIE?—
BRERETHAES

Could a computer do mathe

Well, you may think, of course it can - you only
need to type "1 + 1" info the Google search bar for it to
show the number two. Computers, in fact, were built o
do math; the name comes from the root “compute”,
and was formerly used to refer o actual people who
do calculations by hand before we had computers.
Indeed, by using Microsoft Excel or programming
languages such as Python or C++, a computfer can
do plenty of difficult calculations far faster than a
human being could. But mathematicians are far more
interested in another type of math — proof writing.

Consider the following problem: Start with any
number. If it is even, divide the number by two. If it
is odd, multiply it by three, then add one. Does this
sequence always get fo 1 eventually? This innocent-
looking problem is known as the Collatz conjecture, and
remains unsolved to this day. A computer could check
whether this is frue for an arbitrarily large number (given
enough time and computing power), but to prove that
it goes to 1 for any number takes far more effort and
new fechniques; we do not know how fo do it yet.

Consider another problem that we can solve.
Given the quadrilateral in Figure 1, how do you find the
highlighted angle? Well, we apply the theorem “exterior
angle of cyclic quadrilateral” fo prove that the two are
the same. Could a computer do the same thing? If we
teach it the theorem, then yes. Can computers, then,
prove things that we do not yet know?

ﬁ(/

-

By Sonia Choy &7

Figure 1 Exterior angle of a cyclic quadrilateral.

Well, maybe. We need fo teach a computer how to
do mathematics.

The first task is to formalize the mathematics we
know now. One recent contender for this is Lean, a
software developed by Microsoft engineer Leonardo
de Moura in 2013 [1]. Big swathes of basic university-
level mathematics have been formalized (rewritten in a
way a computer understands) since ifs foundation, and
there are multiple ongoing efforts to build up a bigger
mathematical library for Lean that it can draw on.

To get a taste of how this is done, there is a game
available online called The Nafural Number Game [2].
There you can fry feaching a computer fo count and do
basic addition and muliiplication — even the most basic
facts, like “the natural number after x is x + 1,” are things
we need to tell the computer.

Being able to count is, of course, a long way from
what current research in mathematics looks like. But
Lean can be fed more and more complex theorems
which allow it to do far more: At the end of 2020,
mathematician Peter Scholze had doubts about parts of
a proof he wrote. Scholze, a Fields Meddalist (footnote 1),

works in arithmetic geometry, a field known for being
extremely technical and abstract; he and Dustin
Clausen had proved a fundamental statement
to the field a few years ago, but there were parts
of it he was unsure about — and who better to
check it than a machine? Hence began the
Liquid Tensor Experiment, an attempt to verify
their proof using Lean [3].



Six months later, the results were positive - their proof
was correct, albeit with a few slight imprecisions. A
group of mathematicians, with the vast majority of work
done by Johan Commelin, were able to follow their
written out proof and "“teach” it to a computer, hence
verifying their proof [4].

So it is actually possible that a computer could
acftively participate in research-level mathematics -
with a slight catch. Here Lean is a proof assistant, not
a proof generator; the computer’s checking of the
proof relies on the human effort of formalizing the proof,
since it cannotf read and digest human prose by itself.
It also certainly cannot come up with a proof of this
very technical statement all on its own; while Lean can
make simplifications that might not come as completely
obvious fo humans, it still follows the skeleton of the
argument given by Scholze and Clausen and merely
checks whether it is logically correct.

There is also another dimension fo this problem;
research in mathematics is largely about proving
statements, but part of it is also about choosing
and proving the “right” statements. Offen when
mathematicians cannot prove a certain statement,
they go about proving a simpler version that is still
“inferesting”. These words, however, are much more
difficult to define than absolute concepts like tfrue and
false; for example, while we might not yet have enough
machinery to prove the Twin Prime Conjecture (i.e.
“there are infinitely many pairs of primes that have a
difference of two"), we are able to prove a weaker
version of this statement, that there are infinitely many
pairs of primes with a difference less than or equal fo
246 [5], and notably this weaker version is sfill of inferest
fo us.

To look for ways to simplify a given conjecture into
the right statement is straightforward to a human being,
but not necessarily easy to a computer. There are
ongoing efforts to study the difference between “easy”
and "hard” problems by using machine learning, such
as a recent effort began by Timothy Gowers [6]; once
this barrier is cleared, we might have more progress in
getting computers to prove “not-too-hard” statements
that are “useful” to mathematicians.

We are, also, still a long way away from solving
problems that need some sort of “cheat” or “hint”, or
involve constructing certain examples; these problems
are often extremely difficult by brute force searching
but are almost frivial once you know what method you
need. Without a human feeding the hint fo the prover,
at present it is impossible for a computer to come up
with the "hint” itself, and even for a mathematician, it
takes years of fraining fo be able to spot the best way to
attack a problem.

But recently, Als have also been able to solve
harder problems independently — it is now possible
for certain engines (ROBOT [6], Lean [7]) to solve
“routine” undergraduate-level math problems, as
well as problems from the International Mathematical

Olympiad, a worldwide competition for high schoolers
often called the Olympics of Mathematics. So it is only
natfural to expect that computers will be able to solve
harder and harder problems in the future — perhaps, at
some point, even surpassing human capabilities.

So what role will computers play in research-level
mathematics in the future2 The honest answer is that
nobody knows; Al-optimists will claim that computers
will eventually replace mathematicians, in the time
frame of ten years to a centfury; those less opfimistic will
claim that mathematicians are irreplaceable. As an
aspiring research mathematician, | surely hope that we
will not be replaced in the near future (very unlikely). But
it is also exciting to see progress both in improving the
knowledge base which software can draw from, and in
computers’ ability to solve problems hands-on. Perhaps
one day they will replace mathematicians — who knows?
But first there will surely be a fime when computers will
aid mathematicians greatly in their research, when they
gain the ability to prove tedious statements that nobody
wanted fo do.

1 Fields Medal: Regarded as the “Nobel Prize in mathematics”
(which does not exist), it is one of the most prestigious prizes
in mathematics, which is awarded to two to four outstanding
mathematicians under the age of 40 every four years.
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