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FOREWORD

Meet the Editorial Team of 2026!

Chiefeditor: Alex Wong
Deputy chief editor: Abhiraj Joshi

Team members: OjasNigam, Kristy Ho, SamuelChu, Nish Patkar, JacobDaniels, William
Tung

It is a pleasureto introduce this new issue of PRIMEmagazine.Mathematicsis often seenas
rigid and rule-bound, but this volume is a celebration of a play of numbers: mathematicsas
something dynamic, creative, and deeply connectedto the world around us.

The breadth and ambition of this issue are striking. From gametheory and cryptography to
music, illusions, finance, and quantum algorithms, these articles show students engaging
seriously with ideaswell beyond the classroom.They use mathematicsnot just asatool for
answers,but asa framework for logical exploration of creative ideas.

What impressesme most is the confidenceon display here. Many of the topics tackled are
challenging,yet they are approachedwith clarity and enthusiasm.This mixture of playfulness
and rigor is exactly the kind of mathematical thinking we hope to inspire at SGS.

| encouragereadersto explore freely, to dip in and out, and to enjoy the articles, puzzles(and
surprises) along the way. My congratulations and thanks go to the editorial team and
contributors for producing a magazineof such quality. This is mathematics very much alive.

Mr Vernazza
Head of Further Mathematics

PRIME

Maths Department
Sutton Grammar School
Manor Ln, Sutton

SM1 4AS

]

2 § <

Sutton Grammar School
© PRIME editorial team2026
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FOREWORD

Dear Suttonians,

Welcome to the 2026 edition of the PRIME magazine! | know you can hardly contain your
excitement, and rightly so.

Sce >t f”ie ftdomprises of 39 articles in total. Yes, we should get the Z'e%ote— £t
* f %o f cerechrd for that! But in all seriousness, | would like to say a huge thank you to all writers
readers, the editorial team, and Mr Vernazza. Every contribution, from Year 7s to Year 13s, bring:
unique perspective and insight—* —S+ —St+% 0 Zf> ,'hAighlighting’haiv every SGS
student has an undeniable passion and talent in Matl& f ¢ T gldd that this magazine can
showcase some of that.

| really hope that this magazine will spark your curiosity and make you love Maths beyond just the
lessons at school. Maybe you will read somethingS f — >*—i~ 1 371" —S ‘Se %dlite Jqu -
to choose your favourite section from the contents page, or have a go at the fun Maths quiz at the
end (with a special contribution from lestyn Ellwood-Thompson). Please read on.

Keep faith,
Alex (Kwun Wa) Wong ,
Chief editor

PRIME

Maths Department
Sutton Grammar School
Manor Ln, Sutton

7z B

SM1 4AS

Sutton Grammar School
© PRIME editorial team2026
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PRIZES

, NQRZ \RX FDQ-W ZDLW

WIINNIEIR of the 2026 cditlom:

The Coastline Paradox by Alexander Apoolingum 9G

0O ‘o— %o f %wer&®.0
- The Birthday Problem by Ben Laferton 9T

- The Most Normal Weird Number by Anchit Paudel 12B
- The Nothing That Built Everything by Kiaan Khera 8G

T’ <awdrds:

@k

- The Mathematics Behind Harmony by Harry Wang 12GA
- Number Theory by Alvin Leung 8M & Gabriel Banica 8M
- A Super Crammed Article About Dimensions by Simmons Wong 1BT

Honourable mentions:

Please also go and readl Model of Poker, Game Theory, Maths Magic of the Simpsons, When
Maths Break Your Brain & f et a

Finally, a huge well done to YOU, for contributing an article or reading this magazihe

*

® \\ “’ / — :
0/7% /ﬂ\ ﬁO/?cS / X

Sutton Grammar School 7
© PRIME editorial team2026



Section 1

Winner’s Entry

A huge congratulations to Alexander! This article shows
genuine passion for Maths and our team really liked how
it progressed logically throughout the article, diving
deeper and deeper into difficult Maths concepts. This
reflects the core qualities of a mathematician, and we
see great potential in this article.

So please enjoy!
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The Coastline Paradox
By Alexander Apoolingum 9G

How long is the coastline of Britain? This question probably seems veri siomppared to
some of the other articles in this magazine. You may think, how coaté fhossibly be a
complex enough answer to this to write a full article about it? Howeagryou will promptly
come to see, there is much more to this question than originally stet eye.

Let us start with a straight line. To measure it, we can just uskeaand read off the value

8Z 3§18 P]JA » pueV 8Z & [» JUE veA EX 0SZ}EPZAA A}woe. Z AZ § :
actually rounded it off to the resolution of the ruler we used, normatlym. So, we do have

a value for the length of the line, however it will most likely bghdly incorrect (by a trivial

amount).

Next, we can increase our measuring to tfé @mension and try and figure out the length
of the British coastline. Without a doubt, your first thought wobklthat it's a very large
number, maybe thousands of kilometres, but certainly not infinite. However,
counterintuitively, depending on how the coastline is measured, itccgaty much be so...

Well, to start off, how are coastlines actually
measured? The most common way is to place line
segments along the coastline of a fixed length, for
example 50km or 10km. Then, once the segment:
fully wrap around the coastline, you just simply
multiply the length of them by the amount of them
For Britain, this yields a value of 3400km when
us]vP fiilu o]v «X "}U 8Z & A « «]L
This image on the right shows all 68 segments the
add up to this number. Despite this seemingly
foolproof method, this is where the problems start
If you were to search for the length of the coastlin
on the internet, you would come up with a very
different value. Not just a few hundred kilometres
more or less, but over 5 times more, at 17,820km
(from the Ordnance Survey)! So, what did we do
wrong? Actually, our method was perfectly fine, th
only thing we did differently to them was use a
different length for our line segment.

Sutton Grammar School 9
© PRIME editorial team2026
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/-\ When looking at other examples in which lines might be used
to measure lengths, it seems impossible that it could result in

an increase of this proportion. Take, for example, the
c circumference of a circle. One of the ways that ancient

; mathematicians used to calculate it was by inscribing polygons
inside the circle and then gradually increasing the amount of
sides to get better accuracy. This is similar to us measuring the
coastline, as it uses an amount of sides with a known length to
find out the length of a more complex line. We can figure the
side length of the polygon through basic trigonometry, by first drawitrggagle with two
adjacent points on the polygon and the centre. Then we can split thedie in half to get a
right-angled triangle. Finally, we can multiply the radius by the airike angle marked x to
get the length I, and then multiply by 2 to get the full sldegth. A general formula for the

perimeter of an inscribed n-sided polygon with radius r is:

JHtNH-iéi‘@

As we increase n to get more circular shapes, this will converge totineifa that we all

IVIAU « £ X &8 ]JvoC v} i 8Ju » Z]PZ BASPM NgVR SZ A }Alp
formula. In fact, using a square in a circle with radius 1, we get a galé5 (2dp), only

(19 }((X ~} 8Z vU AZ &[« } J(( & v }us Z }e-Ba]vs ZvPEZ pu v
causes its length to skyrocket?

Well, the reason behind all of this is that a circle is simply one linee\wa coastline has
many intricacies that go far beyond the naked eye. When we used a 50km segment, we
missed out many finer details of the coastline that would only Haaen picked up with a
smaller segment, this is the reason behind the official length being so higlkkr than our
length. A larger segment may only show the rough outline, whereas if youdoant to

just metres or even centimetres, every single rock and pebble would be includedygreat
increasing the length overall. This can be clearly visualized if yautar¢hink about the
difference in length between a zigzag line across a set lengtla atraight line. The straight
line will always be shorter.

The coastline is actually a type of fractal that is self-similar, medhatgimilar to other
(E S o° o]l "] % ]vel][s SCE] VPO U ]85 }§3EvpusSpv §}Pw y8 (]S
gets infinitely smaller, to the point where it picks up every single atamgathe coastline
with all the nooks and crannies in between. This paradox shows thatalahapes like
coastlines can be fractals just like geometrically precise ones. Just like frdetatsasstline
has similar shapes at drastically different scales. A large bay looks just thasansenaller
bay, and a large headland has the same shape as a smaller one. Erosion worksaéd sl
leading to this explanation. But now this leads into another questidhei® any link
between the length used to calculate the coastline and the lemdttne coastline itself?
VA %E ]85 AZ §3Z } +30]v[* 0 vVPHIVA}RO iiiulNZiv WEVR v

Sutton Grammar School 10
© PRIME editorial team2026



PRIME Volume VI February 2026

1mm? The answer to this is yes! Apart from the obvious negative correlation betthie
segment length and the coastline length, there is actually a ratherlsigguation that links
the two together.

@ R &
dz € & (AAE o¢«Z EU-+}/[o0o P} SZE}IUPZ v [AE%o0 |v

L(d) is simply the measured coastline length with d being the leobthe segment being
used.

D is the fractal
dimension of the
coastline, which
varies between
different

coastlines. Let

me explain how

we can figure out
the fractal dimension of the British coastline. The main method of dihisgs by first
overlaying a grid with squares of side length L on top of a map of the io@asthen, we

need to count how many squares touch the coastline; let us call this Nigs) tifis, we have
to repeat this with different values of L, for example if L was 200km before, we dou
100km, 50km and 25km. Once we have the value of N(L) for all of these square sizes, we
finally need to plot a graph with log(1/L) on the x-axis and logd(ithe y-axis. After all of
this, we simply have to find the slope of this graph to give a decemhattifor the fractal
dimension of whatever coastline we used. For the British coastline, thgpreximately

1.25. We can tell how smooth or rough a coastline is dependints dractal dimension:
some countries have one around 1.05 meaning they have a smooth coastline, and some
have one over 1.5, indicating a rougher coastline. Britain is righeimiiddle.

'L ]

Finally, we can now go back to the formula@ R ‘& Now that we know D = 1.25, we
can calculate some values that are useful to us. If d = 10, then L(d) = 0.562e8nis that
A EC 8Ju A upo3]%oC }UE * Pu vs o VP3Z «GadjV [PSoZ RSz E
around 44%. We can test this with 2 values that are commonly seen wsearching this
% E }AEX t]5Z « Pu vs }( iiiluUu &E]8 Jv[e } *3o0]v ]JvROiilu Z}A
this to 50km, it goes up to 3400km, as we figured out earlier. Does ttosvftile formula
above? Well, if d = 2, then L(d) = 0.84. Luckily for us 2800/3400 is 0.82, vey olist
the formula gave us, meaning that it, although not perfect, is a very gootha&sti With
smaller values, and some refinement to the fractal dimension, this forwaulebecome very
accurate.

AU VIA §Z § A IVIA o0 }pd Z}A &} OoVPEZEUZE JASows]-sa

deep world of fractals, let us revisit our original question. How long is@astline? We

Sutton Grammar School 11
© PRIME editorial team2026
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now know that there really is no answer to this question, we can makeviever long we

want using the formula we saw earlier, 3000km, 30000km, it is technically possible.

However, how high can we go? Infinity must be possible if we caeegmingly as high as

A A v3) hv(}JESHV 8§ OCU §Z]s ]J* v}E §Z 18 UCeeBZOE 0iUPEZEE]V]
the world; the smallest unit of length is a Planck lengtti x $ir’7 <G 1.This is purely

ZC%}38Z 8] oU « } «80]Jv e }V[E Z A VvC ]SEZ@®]A D Z}A & BNDZ Ve
(Jv o o po 8]}v ]* cJu%oC 38} *Z}A AZ 350G *3]voe }(X BJZo} &[5}
how long can we possibly make our coastline. Well, we can first find hah the segment

length has been scaled by, which happens tost@x #r’ 84 Then, assuming that d in our

formula =s & x $ir’84, we can see that the coastline would be a staggedrif H s r©

times larger than the value for 100km, which was 2800km. Therefore, our ceaistlwith

no further ado...

24,895,911,740,544km!

Sources:

UK Coastline picturehitps://en.wikipedia.org/wiki/Coastline paradox

Box Method Coastline picturehitps://demonstrations.wolfram.com/BoxCountingTheDimensionOfCoastline

Information -https://en.wikipedia.org/wiki/Coastline paradokitps://www.livescience.com/planet-earth/whats-the-coastline-paraglox
https://fractalfoundation.org/OFC/OFC8-4.html

Sutton Grammar School 12
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Section 2

Applications
of

Why should we learn Maths? Because it has a wide range
of applications in the real world, from strucutral
engineering to computer science. It’s essential in nearly
every discipline and the following articles explore its
exciting real-world application.

13
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How Maths Created Impossible Materials
By Alex (Kwun Wa) Wong 12GA

Have you ever seen materials that get thicker as you stretch them? Or a realki®ility
o}l o]l Jv, EEC W}38 EM dZ E[* Ju%o}+e] 0 U QIEUIPZAZTU
these astonishing materials can be created and applied in so maayicits!

Metamaterials

dZ Z]Ju%o}ee] o0 u s E] o[ /[u E ( EE]VP S} & Sy ooC ooO
beyond natural materials as they are engineered to have properties not dugetoical

reasons but mathematically designed internal structutekirst theorised in the 1960s by

Victor Veselago, the theory of metamaterial was eventually proven in 2000 by John

Pendryl?l Here, | will explore auxetic and invisible metamaterials using the sriatiolved,

et Z * W}]ee}v[e Z 8]}JU SE]P}V}u SEC v P }u SECUWVYV oo > A
transformations.

Auxetic materialst iX hv &S v J[vP W}]ee}v[e Z 5]}

&]E+*30CU A 3 ES A]JSZ v 3uE o u 8§ E] o*X dZ W}k EGE\l[e Z 5]}
in a direction perpendicular to the direction of the applied folee.

Figure ¥ shows the formula Figure 2 shows the axial and
Rl 3BRLVVRQ:-V 5DW, lateral/transverse directions:
Strain in direction of load
V=— Transverse Load
Strain at right to load
T - _‘
gla'erai A! 5”
V=
8axiai

Strain is known as the ratio of the change in length to the caldength. Therefore, this
W}llee}v[e Z S]} (}EuUpO v Vv 0Ce e AZ v Clu BT VESE } i
so there is a strain) in the axial direction, axial strain increases dedames longer.

However, the change in width (in lateral direction) is negative, as thecblg contracting in

the lateral direction. Thus €;_._...; IS negative, whilgawdewe are increasing the length
. e g . . " LOUOcUED 46a0 A .
(in axial direction), ¢ © gyiai is positiReL | TONITIY: aﬁe‘a(gs%zao EPERA sbQve>AN a

have proven that v > 0.

Sutton Grammar School 14
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The same can be said about compressing an object in the axial directiaxighstrain
becomes negative, the lateral strain is positive. You can imagine botlesd# 8ituations in
the examples: stretching a rubber band, and compressing a football.

Figure 8 H[SODLQV KRZ 3RLVVRQ:V
1 . .
axial strain
- -—) (longitudinal strain) ‘ -
L) I
transverse strain transverse strain
(lateral strain) (lateral strain)

Now, we can consider auxetic materials, which are metamaterials thahgetetr as you

stretch them. In mathematical terms, this means that both axial anddasgrain are

%}*]3]A U 83Z & (}JE PJA]JvP v P 8]A W}]eew[@soBrs]} ~Az] Z ]-
/E u%0 AZ] Z pep 00C Z A A C iXisX us8 AZC WE u¥E Z}Au 3 E
v v P 3]A W}ee}v[e Z 3]} % E}A vM

Auxetic materials? 2. Hidden trigonometry and geometry

Auxetic materials have this unique property due to their engineereagptry.

Figure 4(b)

Figure 4(a)

Figure #' shows a type of structure for auxetic materials:

b

Relaxed Under tension

Figure 4 is the key maths model that | will use to explain this prgpEkre, a lattice of
identical rigid squares are connected at their corners (by perfect hingesar@free to
rotate. When stretched, the gaps between them expand due to this ratatio

Now, focusing on only 1 unit cell, let side length of a square bedethenangle of rotation

}X >}}]vP 3 &]PUE &~ U 3Z 3Sh3A0 ZME]I}vE~a A §Z ] t
(E}u 2z & SE&E] vPfom the greehdridngle). Using the same idea, the total
vertical heightisHA  <}jvw=1} }e I}is worth noticing that W= H.

Sutton Grammar School 15
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The same formulae will be found from Figure 4(b). This means thaAW }»=} <bv }
andk A ephv=}  }2.}

Therefore, the axial strain (let it be horizontal) can be calculate%%;)gD—SWhereas the

. A6 ? A5
lateral strain can be calculated as—

FtF*s,

. *S y
RLFgtFEos

’ 9s !
RLU*tF*SO 9s
 *s 9tF*95p

F*s
$A?=QO0OA *s L 9sé 98p

As H> Hand W,> W4, v is proven to be negative.

Above, we have assumed that the height increases with the increaseaioroaingle. We
can also prove that by differentiation.

@* A -~ }elvg- ,
&}E Z 1PZ§ 8} v E <]vPU E | ~AZ] 2]» }dFEAICes SEN +
¢Jv } E i

ts v} EI
dv}DIi

dz & (}& U } D an

The rotating-square metamaterial is only auxetic when the rotatiogl@is less than 45.

Iv }v ope]}VU A Z A % E}A v 8Z pE 5] % ENM6 WICBESIE}IUPZ
its geometric structure, showing how maths can be used to manipulate thisriabkinto
something completely different to conventional materials.

Auxetic materialst 3. Real-life applications

Where are auxetic materials usdd?

- Protective equipment including body armour, helmets, and knee padstease

impact time which can reduce injury (as you know from the momentum equatio
caey,

( L—g),

- Technical fabrics for aerospace and sports equipment;

- Medical devices such as medical stents and implants due to its confabnze |
design;

- Auxetic fabrics used to create comfortable and flexible clothing;

- Acoustic metamaterials for controlling sound and vibration.

Sutton Grammar School 16
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Figure 5! shows the types of auxetic structures (this article researched rotating only) ;
the applications:

Applications
Front Seat belt
bumper a ‘
1 &O
N = L s 4 48 0
Crash box Vehicle
? door
Common Forms -
NPT O 2 Textiles ~ 4 Jounce
ﬂ bumper
Foam IHI Composite
S < Cellular Structures Y
seat B A s e

Re-entrant

Rotating

Auxetic
Materials
and
_ Structures

Invisible materialst 1. A reversed refractive index

An invisibility cloak? Is it magic? The short answer is no. When we sdgean, we see the
visible light waves that reflect off the object. In order to make the ohjagsible, the secret
is to bend light away from i But now we have to take a deeper dive into the maths
involved in this and how this can be possible in real life.

&]E+*S }( ooU « Clu IVIAU ~v oo[* > A ]e 3Z B ABZS5~-RZASE V. 3

happens when travelling from two different mediums).

Figure # VKRZV 6QHOO -V /DZ
Ny b, Snell’s Law:

‘ 11 sin #; = ne sin f
Ny o1

In the equation, n is the refractive index, angamd n.are both positive.

E}A A Jve] & AZ S (( 8 8Z & (E 3]A 1w #HPMWVP §Z D A£A

n = L./ i

This equation links refractive index to electric permittivit§ability to resist the flow of
electric charge) and magnetic permeabild@fhow easily a magnetic field can pass through
it). In general, natural materials havé> 0 and &> 0. However, metamaterials haw 0

and &< 0, and this double-negative condition forces the negative squereto be chosen.

Sutton Grammar School 17
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Figure 7 shows that light (and EM waves) oscillates in 2 directions that are perpendic
to each other 2 electric field and magnetic field:

Electromagnetic Wave

Propagation
Electric Direction Vi

—_

Field (E)

Magnetic

i
D

<« '
1Y

Wavelength (£ )

\/

E}A /[o0 A%o0 Jv §Z & +}v (}E Z}}+]vP 3Z B AP 1A E E}
n):

Importantly, the wave being discussed here is a left-handed wave, or backveael This
means that the phase velocity is in the opposite direction of energy flow.

dZ « D £A oo[* «<u 8]}ve PJA 8Z & o §]}WZ]%e+ SA v U ,U v

k x E=wuH
k x H=—weE
Where

- Eis a vector describing the oscillation of the electric fiedte( to Figure ),

- His a vector describing the oscillation of the magnetic fiedte( to Figurer);

- ks a vector pointing in the direction of phase propagation (movement of afgpeci
%}]vs Jv 8Z A A e C o X

As you can see from the 2 equations, electric permittiiand magnetic permeability
affects k. Ifais negative andvis negative, the direction of k is reversed.

S is defined aS=ExH
Where S is the Poynting vector which represents energy flow.

v EPC (0}A ]s oA Ce AC (E}u 38Z <}uyE ~v EPC V[§ SE A
the same direction.

After all of that, we know that k is in the opposite direction of S.

Sutton Grammar School 18
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Finally, the relationship beloW#?! linking k to n, shows that when k reverses direction, n
becomes negative. Therefore proving that the refractive index of this metamahtsr
negative.

nw
k= —

C

L E [» §Z & +po08J

Figure 8% compares positive and negative refraction

Incident
Light Ray

Positive

Negative
Refraction

Refraction

Invisible materialst 2. Transformation optics

Now that we have established that these metamaterials have a negative refractive index,
we can continue to look at how they can become invisible.

Transformation optics is the mathematical framework that uses coordinate wamsttions
S} ul Z v ]JvP o]P Z3pdmpranpateridls have structures smaller than the
wavelength of EM waves, called subwavelength structures, this allows fieredif effective
electromagnetic properties (lik&< 0 andé< 0 talked about before). But importantlyfand
acan change depending on how the metamaterial is engineered. Therefore, drigeh
the refractive index and the movement of light, and changing the patiglof becomes a
possibility.

dE ve(}EuU 5]}ve ~0]l He]vP u SE] ¢+ E % %o0lL & FIvD £A o
distribution of refractive indices, the geometrical path (actual path) of light minimises

the optical path (optical path length = refractive index x geometricai patgth) of light can

bend according to the need!

By bending light, you are actually seeing everything behind the oljdgus is the very idea
that gives metamaterials the invisible effect.

Sutton Grammar School 19
© PRIME editorial team2026



PRIME Volume VI February 2026

Figure 9 shows how light would bend around a metamaterial:
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Courtesy of Ul Leonharat

All'in all, it is definitely interesting to find out about the mechamnibehind invisibilityt

Az] Z ]° v}§ &} Z]vA]e] o [ % ]v8 }E %ous W Pvu P] o P Eu vsl
metamaterials that have a negative refractive index, proven by maths, which keyhie

how they bend light. Now that you know invisible materials can indeed exisguah it will

be extremely hard to engineer the perfect invisibility cloak due to theall structures, and

even harder for it to become an everyday item.

Invisible materialst 3. Real-life applications

Where are invisible materials usd#f?
- Stealth technology that exceeds just radar absorption, instead thesdterials can be
hidden even from our eyes;
- MRI imaging quality enhancement;
- Screen displays and optical devices;
- Transparent solar panels which can be used instead of windowsdi@ased energy
generation.

Figure 16" is a potential result of invisibility: || Figure 1% is a transparent solar panel:

7 - -aga
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Conclusion

D §Z« ]* Z]v ou}e3 A ECSZ]VPY v ]3[« D €]vP AJG]ZA 35Z § (
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Image: Article.murata.com
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How Maths Predicts the Weather
By Abeeshan M7/M
4 % \w J“;‘ 'ii“fil -

h‘l\-'.‘ f‘:“f,
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/u Plv. A I]JvP p%U Po v JVP 3 C}UE %Z}v U v + ]¥R}SIU}EE}/
chance-6i9 Z v X_ /8 ( o0* VIEU oU } ev[8 ]5M uSvZ 3% L£}u SZ}uF
tiny percentage is a play of numbevsmillions of equations, billions of data points, and

computers racing against time to predict the sky above us.

UE Z E [+ 8Z ZA]+3W 3Z Su}le%Z E ]+P 43pSANP. 183 E (0€ Eo
V E]% %0 Jv3} «8}Eue E}ee UEI% X dZ 3[+ AZC (}JE <5« E

% E} ]o]8] Xtz v Cluy & NO19 Z v F(YE VB[ B 43 [@E velis0 S %Bo(E

running the same model dozens of times with tiny tweaks, to see hemtimbers play

out.

And yet, this play of numbers saves lives. Storm warnings give families time trqrep
Heatwave alerts protect the vulnerable. What looks like a simple icojpanweather app
is maths working quietly in the background, turning chaos into somethiengan
understand.

Using math to model the future state of the atmosphere is called numesieather
prediction, a branch of atmospheric sciences that was pioneered afteldWdar Il but
really took off in helping make reliable weather predictions in the d.fa 1980s with
advancements in computing and the development of the global modetisyst

Today, powerful supercomputers and advances in modelling capabilitidéiswero
improve weather, climate, and water prediction, especially for extreme events.

Survivorship Bias 2 The Biggest Error You Ignored in Life

By Samuel Chul2E

In WW2, the Allied Force faced a huge issue. A sizeable number of their bor@vers
destroyed due to enemy fire, which significantly weakened the aenaéfof the Allied
Force and caused many deaths.

In order to solve this, they recorded the number of bullet holeslamaged planes during
E % J]Eu v3X dZ C }puo v[E EUuIUE p% $3Z AZ}PAvQuu HEvP & A}
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an easy target, plus it would be too costly and inefficient. Ttihesy, produced the idea of
armouring up the area that contains the most bullet holkes justifiable solution, as
patching up the most damaged area should make it less likely fdvdhdber to be
destroyed.

However, Abraham Wald, a Hungarian-Jewish statistician, came up with a dhastical
different solution tthey should armour up the least damaged area of the planstead
[ev[8 §Z]e 3Z A}E+S %}ee] 0 e}ous]ivMm

But turns out, that was the best decision, since the prior action had a mayer The only
reason damaged planes could return is because their critical areas (the enginecipit)
were not destroyed, hence little bullet holes showed up on theggons; the most

damaged areag the wings and outer parts of the plartedid not cause the plane to fail.

Despite everyone being doubtful towards his decisions, his solution wasextiayb the

war-Juu ] § 0C 83Z vpu & }( e*p o8]« A E p }e]Bo]{]EvEOCX
lives were saved, as well as the budget of the army, and most importantly, hiswaerk

deemed as contributing for future operational researth E u EIl 0 %o ] W AYEI_ C
James O. Berger.

Although it has been over 60 years since survival bias appeared, it hadeonlypé® more
relevant to us in the modern days, as you will see with its extensjaublication bias, or
known as file drawer problem.

Ao o E]IV ] e 8Z EIVOC &1 o s U%O ¢ §Z & % <E |VBE}PRLE _+ 0

Drug advertisement in USA often exaggerates their
effectiveness, showing biased clinical result and hiding

negative ones. Take Cymbalta, for instance, which not onl b t -

i+ = %-C Z}o}P] 08 5]+ ~52 + us A|JRSALLETTAIT
S]u _ Z]P Zo]P Z3Sthesgttentiasql ke person feel like
= Story ‘,

our MDD patient to tuck in her kids.

reading, but also used a high number (2.75 time more
effective) to make it appear to be really effective, when in t
reality such results are nearly impossible to be re-created,
plus they did not provide sufficient details of the study to
proof its reliability.

In fact, the study® }vs v8 v 0Ce]* }( & o« v DJ]eo JvP o thvPlv d o A]
(}J& WE « E]%S]}v v E}viy®erb&Kieing in 2EQBund out that in 84
prescription and non-prescription cases, 57% of advertisement were potigntigleading,

and 10% were literally falsethat means over half of the drug advertisement were
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intentionally lying to you, trying to get you to blindly use their prot] despite the severe
side effects it may have on you, such as increased risk of bleeding, icondinsl aggression
by the build up of serotonin, and liver damage.

Fortunately, in the UK television channels, these advertisements were much raeeig du
the strict guidelines for advertisement (MHRA and ASA). Though this problgiin is s

common in the world, as shown by the recent paperE]S] o ] }Ju&E+s Vv 0Ce]e }( *}

media advertisements for GLP-GE %o S JWERad'& Melendez-Torres (2024), which
highlights the lack of focus on clinical testing on GLP-1 receptor drug agveetnt.

Survivor bias is not just limited to statistical or any scientific resednahalso in our lives,
and the choice we make.

In many other articles regarding survival bias, the cases with Mark Zuckerbe&jeared

Jobs were used quite oftehmaking the hypothesis that dropping out of college would give
you a better change for business opportunities, then proving it wrondney2018 Graduate
Labour Market Statistics, which showed that graduates have a higheogmenht rate and
median salary than non-graduates.

In fairness, this case is quite the effective example to show survival bilere is a real
case of someone who tried to do what Zuckerberg did and failed, cposimlife t llya
Zhitomirskiy.

Due to the increasing data collection by Facebook, he plannegptace it with Diaspora
a social media for users to have more control over how much data they woeld giv
However, due to depression and the high stakes (perhaps he sees thisigshepnly
option for success), he was overwhelmed and committed suicidefirNtember, 2011.

Survival bias is often used in the field of scientifically researaim fne famous cases of
Abraham Wald, the frequently mentioned of the obsession over successfplepand
misleading advertisement that affects our daily health.

Hopefully, after reading this, you will realise that survival bias affectsdaily lives, and
that you should pay more attention to it, whether it is realisingttbther journalism or
advertisement have issues with publication bias, or you accidentally making a wrong
conclusion because of it.

The Wonders of e and Exponents in Finance

By Ahmad Wahaj 12E

The constane is used ubiquitously throughout mathematics, and what has inteckste
most is its vital application in finance. Let us start by defieinbhe definition ok comes
from the idea ofcontinuous growth expressed as a limit agends to infinity: repeatedly
adding a small fraction of the current amount.
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l T T n
e — lim (l o —) : e’ = lim (l + —) )
n—+00 TL T2—+00 TL

This explains why the exponential function has the unique propertyithaate of change is
proportional to its current value, accentuating its importance in fireario fact,e is the only
known constant with this property.

In financial modelling;ontinuous compound interestan be described using the following
formula:

A = Pe™,

whereP s the initial investment; is the annual interest rate, artds time. This simple
formula can lead to dramatic growth of the initial investment. For examplesting £1,000
at an interest rate of 5% for 40 years results in a final value of appately £7,389.0&/
nearly7.5 timesthe original investment. This exponential behaviour is the primary
mathematical principle behind savings accounts, pension funds, and lomgrterket
growth.

As much as we might hope , market values do not grow smoothly. They flucradeantly
due to factors such as human behaviour, news events, and economic dyuebehaviour
can be roughly modelled using a combination of exponential growth and trigetram
functions, for example:

y = e""*(cos z + 0.5 sin 3z)

Here, x represents time. The exponential term models long-term economic growtle, whi
the cosine term represents major market cycles and the sine term adds-whartvolatility,
making the model more realistic. Multiplying these components togethermaehat the
size of the fluctuations increases over time, which closely resemble&rraacial markets.

Below, | have plotted togethenultiple exponentialttrigonometric modelson Desmos to
simulate different asset behaviours, including stable growth, cyctieakets, and highly
volatile speculative assets. When compared to a realistic trading simulatgverall
trends appear quite similar.

A real example of such behaviour can be seen at:

https://www.trading-game.uk/

Sutton Grammar School 25
© PRIME editorial team2026


https://www.trading-game.uk/

PRIME Volume VI February 2026

- % «
y= e(D'D‘hJ(cos(.\) +0.4sin(2x))
y = el995%) (cos(x) + 0.8sin(3x))
y= :»(“'0“‘)(:05(0,7\)—0ssinu 5x))

v = e (o) + 0.2 sin(2) )

Q8 Q8 &8 Q4

v = g(no“‘J[cﬁ(,\) + 0.5 sin(3x) - 0,&-(_05“7&]2))

Lastly, not all financial
equations can be solved
using standard algebra,
particularly those that
include variables both
inside and outside an
exponential This is where Lo N O < e e [
the Lambert W functionbecomes important. Although it is rarely encountered at school
level, this function is used to calculate how long it takes fonaastment to reach a specific
value under continuous growth, or when solving repayment models involvinghexpial
interest.

In practice, suppose £1,000 is invested at a continuous annual interest rate ah@%e
value of the investment after time t years is given by
A = 1000e"",

We want to determine how long it takes for the investment value Alduble. Substituting
this condition into the formula gives

2000 = 1000e™%% = 9 — 006

This particular case can be solved easily using logarithms. However, in a matereali
situation, we would need to take account of regular fees or repayments, ledoliag
equation of the form

tﬂ”.“fﬁlf hs 5.

Here, t appears both inside and outside the exponential, meaning staradigetiraic
methods can no longer be used. The following steps show how the equaitiecsolved
for t using the Lambert W function, which is defined by:

ve® — &, T =WI(k).

,_ W(0.3)

0.06te"% — 0.3 =  0.06t = W(0.3) —
e : (0-3) 0.06
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In short, the Lambert W function allows financial models involving expitadegrowth and
time-dependent effects to be solved exactly, rather than relying on trid-emor methods
or numerical approximations.

In conclusion, the constant e and exponential functions play a pivain shaping
modern financial markets and systems, and in the future these modélemy keep on
getting more efficient with the help of automation and quantuonguting.

Challenge: Try solve for x using the Lambert W function

3+ =6

Sources used: Chat GPT to format the formulas/equatibesmos
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Applications of Partial Differential Equations and Multivariable
Functions

By Isaac Li 12D
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Singularity
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How Mathematics Allows Computers to Break Classical Ciphers

By Ali Yousuf Sheikh 12ET

noe E SRR A C }( AE]S]vP_X dZ S[+ SZ "}}Po  (]JVIS]}v }(
meant to hide information. But what we will find out is that for morasdical ciphers, we

can expose the secrecy and breakthe sso Z« @& 5[ A]3Z u S$Ztaf §] » v
computational effort.

The Statistical Structure of Language
The English Language is predictable.

You already know this. Vowels appear more than consonants. E is the masbedetter
in the alphabet. Etc. Nevertheless, it goes much deeper than this ancematits can
exploit these seemingly random frequencies for letters into something more réadab

&}YE &£ u%o U IVIAJVP 8Z 8§ 83Z 0 853 E Z | %WPEP IESSIXH9
§Z 8}% SZE u}*S }uulv ]JPE ue ~% |]Ee }0JASJESr %EE Z]SE[U
and verify certain letters or words.

dZ]e SZ v §] « Jv8} (E <p v C VvV 0Ce]*W JvSZe G IB dE Zs]| %ok S T
iTX69 }(SZ SJuUSZ Vv Cly V e SE}IVPOC X H £Z 18 SZ2B2Z] SZ
ATE Zh/&[ %% @& « A & o 3]Ju * }v ]S YAv Clp v e<puR ][3[c Z:
on the type of cipher, this alone could give you enough informatiocrack the entire

ciphertext (encoded text).

D suCE]vP ~whRo]eZ

There are several numerical indicators that tell you how close todbngiur jumbled-up
pile of letters is. These can be used to help brute force (more on tlei9 letys for ciphers.

The Chi-Square Test simply tests how close the observed data is to whabeotesk
dZE}uPZz EC%SIPE %ZC 0 veW ~,}A o0} ]o $ZAJCEUDSW} VPO

6: 1UF|6
ves Y

where 1gis Observed Frequency ahgis Expected Frequency and i represents the letter
number in the alphabet
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dZ]e ¢ vS] 00C epue p% (}E Z 03835 E ~ ~i€E} ¢EiqrevZQA (d
and squaring the top to heavily penalise a larger difference comparadgsmall one.

Therefore a low chi-square would mean it is closer to plain Englisha &igh one would

mean the opposite.

The Index of Coincidence (IoC) is a statistical measure used to quamtifikély it is that
two randomly selected letters from a given text will be the same. A li§ of 0.0677 (1/15)
is the default for English, whereas for a completely even random chutekioit would be
0.0385 (1/26) as there is an equal chance of picking any letter twice.

A higher 1oC means we can more confidently predict our cipher i®atphabetic, meaning
our key is simply one letter mapped onto another: A -> G, B->X, C->H, ets, dsethinot
change the 10C due to the chance of picking the newly mapped lsilidoe the same as
English as 10C does not look at individual letters but rather sums them uplasia A
lower 10C could suggest a polyalphabetic cipher which is when mukagte (alphabet
mappings) are used on top of each other to flatten out letter frequeswed hide traces of
letter structure.

usu zZ}A } A 0 Ho §Z /v £ }( }Iv] v M, E [+ Z}AW

(V514

Ag=@5 B:BF s;
0:0 F s;

where Bjs the frequency of that letter, i is the index number of that letter ldnsl the text
length in letters

> §[+ & | §Z]« }AvX dZ E]PZ3 Z vBBF pGadlategthe E 3} E
number of ways you can pick two of that letter without replacemastioC measures the
probability of picking identical letters. This is then summed up fdetérs and divided by

the number of ways to pick any two letters from the text withouplacement. The formula
simplified basically calculates:

I=P?DEJC KBEBNIA HAPPAN
=HH LKOOE>HA L=ENO

What These Allow Us to Do

The key space for a cipher is the set of all possible keys that could bé&usleat cipher.
For example, for a Caesar cipher (where the alphabet is shifted along by a éegathere
are only 26 unigue ways you can shift the alphabet. Therefore, thepaye for simpler,
more classical ciphers are relatively small and can be easily brute f&aeld new
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allowing to show how close the text is to plain English.

Limitations

% ]88 §Z]+ & I8ZE}UPZ Jv E I]VP ]%Z0& @ PCIIVIEZ(}}0% E

ciphertext being long enough for us to run these calculations on thearciffher is too
short, then our accuracy for 1oC or Chi-Square decreases by a lot especiallyowieen s

0 38§ E+ }V[E AV %% @& }v X v &£ u%o }(BZP }@o AWX*D

E} }Juu}v o 8§ E« o]l Z][U Z+[ }E Zu[X dZ]eul + 8 M ®C Z E

ciphers of this length.

e

‘N

WE A]}psoCU /[A u vE]}v <pld (A 8Ju « Joo §2% Z @JU0 pE}us
ZAV[E 0 EoC (Jv SZ uX 0 *¢] 0 |%JUEE E I BIEESLE

symbols and preserve statistical structure, hence our ability to exploitaaak them using
computational mathematics.

Unlike classical ciphers, modern encryption has been designed to be kabteawithout
knowing the key; this is often because the key space is so large thanpossible with
current computational power to brute force all the combinations.

Key spaces will often start a® ® <and increase from there. To put that number into
perspective, that number is magnitudes higher than the number of stapsii universe.

> S§[¢« 81 v A u%o }( u} Ev v EC%S]}v u SZ}eduSLB} »

boundaries of cryptography. Advanced Encryption Standard (AES), is a modernueafniq
scrambling data repeatedly using a secret key until all structure isTibg& then makes it
impossible to crack the data using mathematics as there is no strukdiede advantage

of.

It first converts the plaintext to binary (Os and 1s) and groups them i28Mit blocks. The
128 bits (16 bytes) are then placed in a 4 x 4 byte grid where the bytes@exed by a
fixed lookup table, the rows and columns are then shifted aroand then a new key is
derived from the original to randomise the process in the next rodrds process is then
repeated at 10 times (minimum) to destroy all structure in the ciphertexhsdinal
product is completely random.

So, what have we learnt?

Classical ciphers are vulnerable because they preserve statistical struaitavang
mathematics to come in and expose patterns and break secrecy. Tools such anéyequ
analysis, chi-square testing, and the Index of Coincidence turn codehgeato a relatively
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simple computational problem. Modern encryption, however, removes structure entirely
and uses key spaces leaving maths with nothing.

The difference between breakable and secure ciphers is therefore not secrécy, bu
mathematical randomness.

The Prime Architecture of RSA

By William Tung 12Z

The great British mathematician G.H. Hardy once famously declared in his 1940 essay, A
Mathematician's Apology, that the most beautiful mathematics was thatiwhad no
practical applications. To Hardy, number theory, the study of integers, wasirihacle of

pure mathematics with its nature seemingly perfectly insulated frommessy world of
engineering and warfare.

,]*3YECU Z}A A EU Z ]1(( E v8 %0 v (JE , E C[* "pe 0 *«_ v§

30 years after his death, Rétvest, AdiShamir and Leonarédleman published the RSA
algorithm. Since then, it has powered modern secure data transmission tfi@HTTPS
protocol for visiting websites securely to the encryption of credit card traisas;
fundamentally powered by Hardy's own field, number theory, and more 8palty, the
unpredictable nature of prime numbers.

RSA is an asymmetric cryptographic algorithm, which is to say that only the rdtzsvire

private key, which is used for decryption and senders only have accessguolihe key,

which is used for encryption. This means that everyone with the pibly can send a

message to the receiver but even when the messages landed on other handsatimey ¢

be decrypted as only the private key can do so. For example, if Alice wantgita sen

use P 38} }U+Z Aloo pe } [* %op 0] | C &JBab@®PdS $Z u s+ P
decrypt the message with his private key when he receives the message. In esseree, it
mathematical equivalent of a post-box where anyone can drop a lettentiotly the

owner of the post-box has the right key to get the letters out.

(J& z~ v }SZ E *Cuu SE] oOoP}E]SZu*U ECU%S}IPE %ZC (
problem called the Key Distribution Problem. Consider the problem wy@nevant to send
a secret document in a locked safe. To let your friend open it, you must also senelythe k
which would be an issue if someone intercepts the key. By protettm@ey in a safe as a
secret you would need to send the key for the safe for the key for thefsafae original
secret, so on and so forth that the only solution to this involves a face to face ggelbén
the key beforehand, which would not work in the contextrdgrnet that it would not make
much sense to deliver the key that decrypt your payment information to the sall@Bay
in person. To do it without protection would not do either &ecrets of such sensitive
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nature i.e. banking information needs to be encrypted before being tramathover a
network so that they cannot be exploited even when malicious actors managecktoept
them.

While the post-box concept is intuitive, building a digital versemnuires a specialised set of
mathematical tools, beginning with the harvesting of 2 large unpredictatiee numbers,
usually at least 2048-bits long in binary, which is over six hundiggts in decimal. The
importance of the unpredictability and the size of the prime numbédrlva explained in due
course.

Trial and error for prime numbers is used to obtain the prime numbetserahan
calculating for them. This is because there is no known polynomial-time fothatla
JUS%opuSe }voC % EJu U AZ] Z 1+ 8} » C SUBZZ}Eudov[El®&
generating primes. Mersenne primes in the formtof F swhere Lis a prime number as
mentioned by the earlier article cannot be used either despite ited@d reliability as the
prime numbers would not be random and unpredictable if ius calculated from that
formula.

s
R &)
which is explained in depth in the previous articles. If we itkderivative2: T, N%é;, we

On the other hand, for trial and error, the Prime Number Theorem statais & T; N

can substitute our values in to see that the probability oLianber being prime around
t648fs around 2 :%48< N%,:Which means that on average a prime number can be

found in that region under 1500 iterations that it is a polynomiaietiproblem, which does
not take for the computer very long at all, as well as the fact that sisipping the even
numbers with other simple optimisations will allow the numbeitefations to cut by more
than a half, making it a lot more viable to find prime numbers this way.

And so, to start harvesting the prime numbers, we need to harvest entropy first. The

(1 1

random numbers are supplied by the Cryptographically Secure Random Number Generator

(CSPRNG). To be cryptographically secure, the condition is that where ita kamks
every number the generator has produced so far, they still have zero advantggessing
what the next bit will be. To achieve this, the operating systemegattiny unpredictable
timings e.g. the exact timings of your keystrokes, thermal noises in the CPU celgittar
in your hard drive, etc; noises from the environment which are randoeendumped as

]Jv EC A op » Jvd} ~%}}o_]Jv 8Z Ju%ous E[c | &vuolU XPX | Al

Linux). The pool is refreshed every few seconds to keep the numbers unipldelicThen, a
chunk of that harvested entropy is taken and used as a seed for theaener

With the cryptographically random numbers generated, we can check ifategrime one
by one. One of the simple optimisation to the algorithm would be to ensurettieat
number ends in 1, 3, 7, or 9, as all the even numbers > 2 are compositeersi(fnobmbers
that are not prime and compose of factors other than 1 and themselveshamders
ending in 5 and 0 all have the factor of 5 in it. We are not concerngdtiae number 5
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itself as the random number generated have about six hundred digiteentioned. Then,
the random numbers are checked for divisibility by small primes like 318, ¢y 13 and
removed if they are. Finally, if the low-level tests above have been passedathen
probabilistic test called Miller-Rabin primality test is use@waluate if the number acts like
a prime. Probabilistic means that the answer the test gives is baséledihood, and it is
not given with 100% certainty. We will consider about the reason farlttar.

To understand the mechanisms of the primality test and the RSA algoritamust first
understand some basic modular arithmetic before moving on. The easiesowhayk
}usS 1S ] 8} SZ]vl }( ]88 « o}l usZe X /v Vv}IEuU ona SZ*U vupu C(
straight line while in modular arithmetic, numbers wrap around inréeei much like the
hours on the clock. Consider a normal 12-hour clock, if it is 9:00 and ydorfastd 5
ZYUWEU ]S Jev[S }v ioWii }v §Z o} | ( irXmbdular arithmedicle }v TWiiX
terms, we would say: { E w t :e'stt; ®rin another word, we are trying to find the
remainder of :{ E wJ st which is 2 as mentioned above. The reason that the congruence
sign is used instead of the equal sign is because 9 + 5 is not the santmiathaf the
remainder of the sum is 2 when divided by 12.

A tool that will help us with understanding modular arithmetichie Quotient Remainder
Theorem, that all integercan be written in the form= L>ME , Where =being the
dividend, >being the divisor Moeing the quotient and\being the remainder. In the context
of modular arithmetic, N L = :(IK@ >;

The below will be laws of operations in modular arithmetic that gl needed for
understanding of the RSA algorithm.

The law of modular addition is as follows:
TE»IK@ J= IK@B:> I K@2AIK@ J;
The proof of the above is rather intuitive as well:
cEN>LJIME =LJM
.a*aba L :=E>; IK@ J;
L:JMENEJMEN; :IK@ J;
LIMEMENERN? IK@ J;
L ENEJN?: 1K@ J;
L:NER; :IK@ J;
L >= 1K@ J;E:> K@ J;? :IK@ J;

L 4a*a54
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AstowhyJ:ME M; IK@ J ,itis because any multiples &f GJIK @ J LPer the
clock example above, the hour hand will point towards the 12 whethedR iat noon or 12
at midnight in any day, or in modular arithmetic, O.

Other laws that we need to be aware of is the rule for modulattiplication and modular
exponentiation. However, in this case, proofs are left as exercises for conciseness.

Modular Multiplication:=>IK@ J L >:= IK@ J;:> IK@ J;? IK@ J
Modular Exponentiation=" IK@ J L := IR@KI® J

Another concept that we need to be aware of is the modular inverse, waisimilar to the
reciprocal to a number in normal arithmetic: , T s : 1K @n the sense that the
product of a number and its reciprocal = 1, but in the case of nasdguithmetic, have a
residue or remainder of 1. This is going to be crucial to the key geoeiater.

| 8} 8Z % E]Ju 0]3C & +3W ]38 A}JEIs C pc]vP %REGENHSE SC (E}L
for a prime Land any value of a whereis coprime withL(i.e. they have no common factor
except 1):
=?5 s K@ L;
which is derived from its standard form:
= = !IK@ L;
As the prime numbers that we have will be rather larges unlikely to be greater thah
and hence a would not be divisible hy(If =is divisible byl, as mentioned aboves IK@ L
would be 0 and division by 0 would break arithmetic) Therefore, we cadedboth sides by
atoget=2?% s [ IK@.L;

d} ulveS®E § §Z dZ }E uU o §[+ « C 3Z 3§ A AE dZJ]A A}EIl]vP A]
§Z §8Z 35} 0038Z vpu @Ee ] ,iU TU iQAfX &[> AC 1(1AS }( §Z
multiply the whole set by 3, for instancs, Hu L U4tHu L U4duHulL YaeBulLU
fiUBUIf,E A ve 5Z 5 Uupod]%o0C]JvP 3Z( +ud "GZpu(Yo+5 X3 dE
express this more formallyz5 5 :IK @ wherethesets L <satdudaal Fs=

's,t,ud Fs; :s=,t=,u=ldaF s=; [ IK@ ;L
‘LFse =2°5:LFseée:IK@;L
s =5 K@;L
In step 1, the notation simply means the product of all the eleménthe set. As=5
5:1K @ ;lthe product of all the elements ddmust be congruent to all the elements of
= 5The constant is merely multiplied out in the RHS. For step 2;thE se L :s , t,
u a:L F s;anditis just a shorthand and that there:i¢ F sgopies of a in RHS. For step

3, we have cancelled outL F sénd we can do so because a factorla$ not present in
:L F seas every element in it is lesser than
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Since the identity would not work for values bthat are composite numbers, we need to

review over the premise of the proof, that5 5 :IK@ ;K > [+ E pe $Z /A& u%o A
had but this time working with base 6 insteaBl. L <s a t4 uthig inveandu 5 L

<uaray ée.dhe=dentity breaks wheikis not a prime. Therefore, most composite

numbers cannot pass the test.

t ooU A]3Z "u}e8_ Ju%o}e]3 vpu E-+ v}S JviP VO3E}5%e}lus SZ § o
manages to. For example, some composites can pass the test for a specific base. They are

called Fermat pseudoprimes. For example, 341 is a composite and wHdstsitpass the

test with base 2, it does not for base 3 for instance. More significahiyetare Carmichael

Numbers, which can pass the test with every single baggven that=and Jshare no

( 8JEX « & po3U A VV}S ipesS B oC }v &UJEUBIE]]DISCHZ }

As a result, we need to use an extra algorithm to check if the numskzeCarmichael
number as well. Before which, square roots of unity in modular arithrersdtall be explain
first. The lemma (i.e. a smaller or auxiliary theorem) states that the congeughc

s :IK@ohly has the solution§ sand T Fs :1K @giken that pisa prime. To
proof this, we first start by rearranging it into:

TFs r :IK@ L;
"TF$TES r IK@ ;L

As the LHS is congruent to 0, this means that the product must have a dhqtpwhich
means that: T F sgnd/or : T E shiave a factor of p. Therefore, with arranging,

s :IK@ahd/or T Fs:IK@ ;lwith the latter just being: L F sinstead. The crucial
point here is that whenLis not a prime, then values dfother than 1 or: L F scan still
make the statement valid. For exampl® s : 1K @wwhen 4 is neither 1 nor 14. With
this property in mind, the algorithm is as follows:

- FactoriseJ F dgnto the form : t¥, @where n is the number that we are checking
and @s an odd number (essentially taking the all the factors of two out)
- Compute the sequencdy, L =8 IK@fd;G L rasaaaoa
- Jis composite if:
o ThefinaltermTg! s (1K@ ;3+]X X ( Jo]JvP & Eu S[* WE]u o]SC d
would have been caught already)
0 Or there exists somd, s such that the previous termi, ,5! G s
For the first fail condition, substituting back will allow us to sea this justt®, @r the
exponent, which is jusd F sFor the second fail condition, it means that there is a number
that is neither 1 nor : L F snanaged to satisifi® s : 1K @, @hich means that)is not
a prime number. Hencelis rejected.

> §[e pe 3Z eu 00 *3 @Eul] Z o vuu EJ kwyxheBca@ow AZ E
and G L v
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- T, Lt'%IK@vxs txu
- T LitxP:IK@vxs sxx
- TgLsxR:IK@vxs xy
- gL RE:SPRYU U

- LW eSPRYU U

As we can see whe® L ,uwhere there is a number that is neither 1 nor 560 giving a
remainder of 1, which contradicts the lemma, hence n is not priméigncontext, 67 would
be an example of non-trivial square roots of unity, or in another word arggroot of 1

(Put simply, unity is the fancier way of saying 1 in maths) that isereltimor F s hence
non-trivial.

To conclude the above, the Miller-Rabin primality test checkstheality of a number by

(]E*S pe]vP & Eu 3[* 8 5 AZ] Z A}po (]o3 B-pspddapAmesiu %o}e]s
(with the time complexity of approx1 : J)). Then, the non-trivial square roots of unity are

checked for, leaving behind the primes and the few strong pseudoprimesyddd news is

§Z § pvo]l & Eu 3[« § *3U A v §Z «SEIVP $uS U} BAEQU E VIS (|
strong pseudoprimes to all bases. By using 40 different bases, the prgbabd number

84
being strong pseudoprime to all of them drops to rouglﬁily L t?<%and hence
dependable enough to be considered a prime number.

With the two large, unpredictable prime numbers obtained, we can noallf continue

with using RSA. The two prime numbers willloend Mespectively, distinct from each
other. For the algorithm is based on the difficulty to do prime factoisabn large

numbers, Jis the most integral part of the algorithm wherk L L MTherefore,Land M

need to be unigue or else the attacker can simply take the squarteafoJ and calculate

the value ofLand M <JoCX pu$ (}E u}A]vP }vU v}8Z & 8Z]vP &} u v3§]
Totient, which is the functiord : J; which counts the number of numbers that are smaller
than Jand are relatively prime ta (i.e. they share no common factor except 1.). We need
not to delve too deeply into it but for our purpose, but it shoblel clear that for any prime
number L, by definition any number smaller thalwill be relatively prime tol. Therefore,
O0:L; L L F dor all prime values of. As 0 :J js multiplicative,6:J; L 6:LML d&lL;,
0:M L :L F s;:M EThen the encryption exponeniis selected, whereéAshares no
common factor except L witlv:J;and s O A O §,.Where As typically chosen as 65537
(t5° E 3. The decryption exponen@s the modulo inverse ofAmodulo 6 : J and this is

the reason for the requirement thafis coprime to0:J;is that @vould not exist

otherwise. The public and private key can now be obtained withrifeemation above,

being (e, n) and (d, n) respectively. With the public key, we can now enhgyptaintext |
where | O J,that ? L9 I K @wbere cis the ciphertext. To decrypt, substitute the
values into the formula L ?* |1 K @ardd you will get the plaintext.

A summary of the process:
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Ao 8 %U < [tz EL VM & }8Z % E]u
0O HOJSLLM
No S ]vS P Q % .0tJ;a@ sas OAOds6:J;
0 Mo 3 @LRIK@:6:J;:
Wup o] < C tA4;d
WE]JA S <C|:@alJ;
VvV EC% Y}V ?2LI?IK@ J
EC % Y}v L2 IK@ J

It might seem at first glance that it is rather confusing as to hawdtiginal message is

}s v

PJlvX ,}JA A EU ]38
Pv & o] §]}v }( & Eu [ >]830

\Y

%:4a;

sIK@;J

% E}A v A]§Z Hol«E[s d}5] v§ dZ
dZ }E&E uU A]sza@ thas | A .

X

And by substituting the encryption formula into the decryption fotenwe get:

LI %K@ ;J

And by the definition of modular multiplicative inverse and stedationship between d and

e:

@, A

s kIK@o 6

Which implies that there exists an integer k where:

Then:

| 2

/v v}§8Z & A}E U §z
exactly k revolutions and landing back exactly at one, so that effectiveljnessage had

v

vViau

E }( (noo & A}ops]}ve

@ ,AGOJ; E s

|D%é;>5:|K@;J

| P%3 | K@ ;J

| %&° | K@ :J

sP 1K@ ;J

I (1K@ ;J
34'a&a

E%}v vie ((

$]A oC @ J;hByrg for E}uv A

E}pv

(0]

NP 1§ MESZEGZ A2l Ev

it had started. This proves how the message after encryption and decrypttbe exact
same as the original message.
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With the mechanisms out of the way, the question left would be #wespn that the
encryption cannot be easily overcome by malicious actors. The main trapdaioiuis

the difficulty to do prime factorisation on large numbers. A trapdoorction is a function

that is relatively easy to perform in one direction but computagtyn nearly impossible to

E A E- AISZ}ps <% J(] %] I IV(IEu ]} BZIHNEOQXE&}EE}V
computers to multiplyLand Mfor example, every time the digits are doubled it only takes
about 4 times longer to multiply them, hence polynomial time (of degreetRBigncase).
However, even for the best algorithm available for factorising numbers, the General
Number Field Sieve, the time is still sub-exponential, whilst nobsgsiple, is still going to
translate to billions of years for the powerful digital or classioatjguters (quantum
computers are left for the end) to solve for the size of QukVhen applied, the difficulty
specifically lies on the difficulty to find the decryption expone@tvhich is needed for
decrypting the messagé for given? J, and A To find @the attacker needs to finad:J;,
which involves the attacker needing to factorise n to the forin F s ; : M Fas mentioned
above. Therefore, the difficulty to break the algorithm lies in tiféallty to factorise n,

which in turn relies on the size af which in turn is the reason we need to create such large
primes in the first place.

Iv @ o0 0]( %%o0] 38]}veU Z}A A EU 3Z "3 AESA}}u%PIv X oPNE]S.
example, the most notable change would be the use of padding. Without paddings RSA
deterministic, which means that the same message when encrypted witbaime key will
always produce the same ciphertext. A scenario which this problem weutldeb
opportunity for frequency analysis when an often-sent identical message ishsette
88 | EU XPX A" uC_ }E " 00_X &UESZ Eu)EextUsdit@® & EC +Z}C
person can be obtained from the intercepted ciphertext by guessing the message and
encrypting the guess with the public key to check if the ciphertextdmmatical, which is of
course not feasible for long messages without any context whatsoever, but the pibssibi
such attacks means that padding is needed. A relatively simple type of randidimga
works by filling the some different random numbers of a fixed leradter the message
itself, and so for any identical message, the ciphertext will albaydifferent and the
problem is mostly solved, with the receiver knowing the rule of the pagldnd discard the
padding bits and only keeping the message data.

However, one of the main drawbacks of RSA from making it more widely used saarbe
in its most widely used purpose, powering the HTTPS protocol, whigkdsevery time you
visit any modern websites. However RSA seems to be fitting for the jabeqrotocol,

with its asymmetric nature enabling the server and the client to transatia dvithout

having any prior contact, which is highly likely to be case fdimgsiebsites, RSA is simply
too slow. Whilst comparing encryption to decryption with RSA or primefiaettion J
without Land Mencryption is still lightning fast, but the problem lies ie #izes of the
numbers needed to be used to make the algorithm still effective, whielstilt way too
large to be transmitted and decrypted continuously, which in the contéxtternet means
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that for devices with limited bandwidth or weak processor power, thdyhave much

longer extra loading time and/or a fried CPU simply by visiting websites. Consequently, a

hybrid approach is used where RSA is reserved for facilitating the ingiakaaange, in

which some secret is encrypted with RSA and sent from the clieneteahver, which is

then used by both the client and the server to generate the same sessiowk&y is then

used to encrypt and decrypt all the data(the video stream, tHiES] o [+ § £ASU § o SA
the client and the server with much faster symmetric encryption algorg, namely AES,

which is roughly 1000 to 10000 times faster than RSA.

Whilst RSA remains the gold standard today for reliability, its foundaiander threat
(E}lu §Z A 0}%u v3 }( <p v3pu Ju%ousS]vPX < A Z A « vU Z7 |
entirely on the fact that factorizing a massive value of n into p and q tdes for a
0 *¢] 0 }u%us EX ,JA A EU v 0oP}E]S3Zu (}E <p VEZWUIU%o U S |
was developed in 1994, which enables large integers to be factorisedyingooial time,
which fundamentally rips the trapdoor of RSA off by the hinges shouildlibeome
sufficiently powerful enough. As the quantum computing improves, istsrare already
perfecting on other types of asymmetric encryption that would not be easily sdlydhde
quantum computers.

dz SZE& § S} }u@& }A&]S o]*%}35ivoC u SZ u 8] o v § Zv}o}P]
political. As we transition towards faster and more sophisticated algoritiragace an

increasing target from states around the world. The capacity for our activitiseoto be

observed and recorded is expanding not only at an unprecedentedbatelso in an

insidious manner. The obligation for the companies to give the governtherdccess to

private messages in real time (or essentially giving them the RSA keys to read ampd decry

for those chats), which was subtly proposed as part of the origdmdihe Safety Bill in the

UK is an excellent example for the matter, which was only retracted mfdgor platforms

such as Signal and WhatsApp threatened an exit to the UK market.

RSA was a revolutionary technology of its time that brought privacy and setueh

Jvd Ev 8 $Z § A« C 3§38} Aop 83ZuA EC up ZX qu3 HeG[ee pv A
Ao W@E _ U 5Ze % EIA 3} U A upes E o] 3ZdpragduEand pnE]3C ]
there is a long way to go. Any systems are only as good as their weakesas$irtkose

A | 3 o]vle JuE+ oA «U ]JvP Jv(}EuU Jus Z}A §Z 3@l §Z u 3]
our first line of defence. Whether the next threatis a quanta@E&} <} E Euvv]vP ~"Z}E]
Algorithm or a new government bill, the responsibility lies with us to baméd enough to

defend our own privacy.
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Maths can be
Fun

Puzzles, geometric constructions, and pattern finding offer
enjoyable and often surprising ways of looking at
mathematics. These approaches show that maths is not just
about rules and formulas, but also about curiosity, creativity,
and exploration. By viewing mathematics in this way, we can
uncover ideas that help solve real-life mathematical and
practical problems. This chapter explores how such playful
perspectives can lead to deeper understanding and useful
applications.
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Game Theory

By Kristy Ho 12GA
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Then, we find the maximum of these minima: -3, 2>-i{X [« u AJu]v-IA op ]

This means if A chooses the bottom strategy, they are guaranteed a minimum payhbff
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Then, we find the minimum of these maxima: -4,11->-iX [« u]v]u &A&-1A op ]
This means if B chooses the right strategy, they are guaranteed a minimum p&yoff
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B left middle | right
AN
top -3 1 -4
middle | 4 2 3
bottom | -1 5 -2
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Middle strategy strictly dominates top strategy (middle strategy always gives a
higher payoff for A than top strategy), so we remove the top strategy.

B left | middle | right
AN
middle | 4 2 3
bottom | -1 5 -2
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A Model of Poker: Game of Luck or Game of Maths?

By Alex (Kwun Wa) Wong 12GA
Disclaimer: this is NOT to encourage anyone to play poker. It is only an analysisaths behind it.
Mathematics has the power to model so many real-life situations, though naf%10

HE § oCX tZ v C}u[E %0 C]JvP P u }( op |l o]l %}l EU §Z
and that is when game theory, rule of 2 and 4, and statistical distoibs come into play.

How is Poker Played

To understand its secrets, we first need to analyse how (=) E.EE. M
most basic poker game is playéd& }E <Ju% 0] ]15C P ...lﬂ FOUR OF A KIND
ignore any bettings. '

From a deck of 52 cards, each player gets 2 cards, unkn
to other players. 5 cards are placed face-down on the
§ 0 X &JE3T E-+ E EA o Y ﬂﬁﬂﬁ.ﬁ B %0 [ X
Thed & ] 8Z v E A o v §Z] 1+ BRSNS LR

Thefinal® @& ]« E A o v §Z]+]e o

in: oo . ,aﬁﬂﬁnﬁx

remaining players reveal their best 5-card hand (i.e. -+ 2
combination), using their 2 cards and the 5 cards availalj - HHH “

o GRGHK

{PoKERCOACHING.COM

Figure #: poker hand ranking

The hands allowed (ranked in order of priority where 1 is
best and 10 is worst) are on the right.

Game Theory

An important concept of maths that can be applied to poker is gamerth& his involves
considering strategies that optimise resultstrategies of your own and more importantly,
strategies of your opponents. The Nash Equilibrium is when no player cafitdfesm
changing their strategies. In poker, this equilibrium occurs when each plagaresnthat
their strategy is optimal, after considering the strategies of other players asiell.

What are the main strategies?
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1. Balancing when to bluff and when to fold

This makes you more unpredictable, and as game theory requires players to predict
how each other would react, bluffing tips the equilibrium position.

2. Game of observations

[§[¢ *UE% E]*]VPOC Ju%}ES v3 8§} } » EA A EC %0 C EU
information about them, again improving your optimal strategy. By predidtneir

next move (betting, checking, or folding), you can decide on your current move. To

go further, you can even guess how another player would react to thistremn

readjust your strategy.

3. Pot odds and odds of winning

The pot odds can be calculated-gs———— —_—

caadeadqidaac > Oaagddigaea O
your odds of winning, you can then compare the two and if your oddsruofing are
higher, then calling has a positive expectatién.

EX calculating

An important question must be asked. How can you calculate your odds ohgihwell,
the answer is maths of course.

Rule of 2 and 4 How to Calculate Odds of Winning

&]E+*30CU /[oo o E](C AZ § Z} [ E ooC E}IU(Qv 8§ CEues }(u 38z
2:HKOA; + 2Usg an interesting rule in poker, you can find the probability of

winning, P(win), which will then be converted into odds for an easieresspn when

playing the game.

The rule

Count the number of outs (cards that will improve your hand)
If there are 2 cards to come (before the turn), then x4

If there is 1 card to come (before the river), then x2

Convert percentage into odds

PwnNPE

/Tu P}]vP 8} % E&}}( SZ u §Z- Zlv SZ]e S % C ¢S %X
Let the number of outs be O. Let the number of unseen cards in thelokebk

So the probability of getting an out (a good card that can make onesafdmbinations
described earlier) i%E a

Now, to calculate N, we consider the scenarios in step 2 and 3.

Because the total number of cards in a deck is 52, the number of cards you haldes 2,
number of cards revealed is 3,
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If there are 2 cards to come, N =52 t3 =47
If there is 1 card to come, N =582 t4 =46

Next, we figure out why we multiply by 2 or 4.

If there is 1 card to come:

1 .
2.CAPPEJKQPR— Usrr
Ltsy U 1
9DEREG>KQPU 1

We are just multiplying our number of outs Bfoto give the probability of success.

If there are 2 cards to come:

For simplicity, let T be getting an out on the turn, and let R be gettinguaon the river.

1

2:6;L7y

1

2.4, L—

V X
1 1
2:6;E 24;L— E—
Vy VX

But we have to subtract the probability of getting an out on both thentand the river.

1 .1Fs 15F 1
2:6 =J@ L4— U L
vy VX tsxt

OKSSABEJ@®; P 24;F 26 =J@ 4
1 1 1°F1
— E—F
vy Vvx tsxt
S 1Fs

S
L1l—E—F p
Vy VX tsxt

s _ s .
5AL:N:BABEa@F\1/PyIEVXL révura SBDEG>KQP Y~
Beforeladdressthdifs?_z%o E&U o0 &[+ (Jv }us §Z u AJupu A op §Z § K
2 combinations that can lead to a high O is flush and straight.{éuse, straight flush, and
royal flush will only give a lower O)

Flush:
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For the highest O, we have got 2 cards in our hands with the same giliit, @ard on the
§ o AJ8Z 8Z § ep]3X dZ E E ii *pu]d E o]W3}s @Fi(E}u TUITY
10.

Straight:

For the highest O, we have got 2 cards in our hands in sequence, ardldndie table in
sequence. We need 2 cards on either side of the sequence (two tailedaamdnumber
has 4 cards, e.g. we have 5 and 6, table has 7, we need 4 or 8 to complete tbacsdut
there are four cards with 4 and four cards with 8. Therefore, total outglaPe= 8.

, y20 .
Addressing theFWB%art.

We assume that the highest O can be is 10 (excluding special situations). B%%f’glse
r&sd” AZ] Z } ev[§ E}pv 8§} i9U ]38 ] v} it]dded (bt chdndertHeu E E po
4% already established.

An important part of modelling is to give simple approximations rathan 100% accuracy.
Therefore, | have proven that 4% is precise enough to give an idea of the pitytatbil
successfully getting an out.

At the end, we convert this probability (p) into odds (which is jatb) by the formula
5424 ,
a

a

An example:

We are holding cards 5 and 6. After the flop, on the table, K, 7 and 8 are revealed.
only card we need is either 4 or 9. There are four cards of each, so the number of ¢
is 8.

Using the rule, 8 x 4 = 32%.
So our odds are 2.125: 1.

< ?<

Now, using actual calculationg, Eg. Fog L ustt a’

Thus, the rule is precise enough for a quick estimation.

Types of Distributions that Model Poker
1. Binomial Distribution
First, we define:

x X = number of a specific hand combination (e.g. number of flushes)
x n = number of hands played
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x p = probability of getting a specific hand combination

Then, we can separately calculate p using combinatorics (which is a lwfametths that

uses combinationsG).

0Q1>AKBB=RKQN=

>HA D=J@O

L L
6KP=H JQKBAWOOE>HA D=J@O
4(5)

For example, to find the probability of getting a flus ¥ = (® which is equal to around
IXi1i66Y o} @E}uv 1Xi9 % & Z v o,e i v AliX
Other poker hand probabilities are shown in Figure 2.

< Full House | 3744 117694 . foosmauTOSHOW

- Royal Flush | 4, | 1849740 |
o= flh BT

Straight Flush |

ways :

chance

36 5 Vi FLIPS

Figure &!: poker hand probabilities (p)

: £10,200 i Tin { g
H« ------ Straiight ; 19200 110295 4 ofaKind | 624 1in 4,165
iE: E— . 1154,912 i 1in 47
‘ 3 of a Kind i °%; ,
i ways i chance y iR
One Pair ;1'0?,3;?40; ]C",:Uzn-cf
4888« Two Pairs | 123,552 { 1in21
: w : chance
H High Card
diilite ¢ i 1,302,540
Wﬂys
':’ c]h:ni
R ?.1.44.
Source: Scarne on Cards by John Scarne ‘ =
B No LimiTs | Denexa
www.denexa.com G A M E S

What is the chance of seeing at least 1 flush in 200 gama&H, we can use the Binomial

]*SE] pus]}v 8} o0 po § W~y H iX d
around 0.002.

dZ v pu $Z ]Jv}iu] o (Hv S]}v }tv
32.3%.

2. Normal Distribution

This distribution is for continuous random variables. The
which is due to the Central Limit Theorem.
oU A

&}E JUE %}l E u} § 352

hands (n).

0}}
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First of all, what is luck? In mathematical terms, this is the devidtmm expectation and
how frequently a player gets a specific hand combination.

Extramaealy Velnf Unlll.|cky Ncurlmal Lu::kgf ary Extremely
Lnluecky Lniucky Luchky Luchky

B Flushes (Holderm) E Straights (Holderm) M Sets (Holder)

Figure 8': a poker luck bell curve (this varies for different people)

We define:

x X = actual results expected results

x AU Vv ~]X X 8§Z %}*]S]}v }( ZE}EuU o }v A Fe-

x *= standard deviation (where 1 standard deviation is shown shaded@netfif
colours)

The Normal Distribution formula i8:

X N(Maoj)
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On the luck bell curve, the mean is at 0, as this is the position of trectegresult and any
value to the left or right is a deviation. Now we can standardiseXoulue to a z value
(which is to ensure that mean = 0 and standard deviation = 1) $ing:

X—p
g = ———
a

A} AZ [ §8Z pe }( o0 }( 8Z]*M t V Ju% EodQELBA § A]SZ §Z
outcomes of other players.

The question iswhat percentile am | in?
Using the bell curve, we can get an X value. Let it be 1.2.

As we are using a standard normal distributiors 0 ande = 1.
Therefore, z =1.2.

Next, we have to find P(Z < 1.2) which is the probability of choogfayar that has a z
score of lower than 1.2. Because the area under a bell curve is 1, whidd?ts W@ are
actually finding the proportion of players lower than 1.2.

Using the Normal CD function on a calculator, we find P(Z < 1.2) = 0.888% 88

As a result, we are luckier than 88.5% of players.
Conclusion

So is poker a game of maths? Absolutely. Maths can be used in so many stratpgiesr)
from game theory to probability estimations, but the most important partradths is to
Z 0% <u vS8](C JvS VP] 0 *% Se o]l Zopl[ v Z Z v [X

Zuu EUANe (E *3Z 0Ae}(usdZusdgleE (E S+ 0]3CU 5
Albert Einstein) but it is the most useful tool to estimate and medind that is what poker
needs.
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Coin Flips
By Aaryan G 7M

Coin flips are not what they seem to be. Most people agree that ostensillyflgs are

50/50-A19 Zv Z <« v A9 Zv § ]JoeU pus sZ s Je oS SEP W Z
(apparently but not necessarily). Actually, the probability of coin flips has many more

factors.

Starting simple, when the average person flips a coin, it has beenificaiyt proven that
though it is unnoticeable, people put a little wobbleiincausing it to settle a little bit more
onto one side. After measuring hundreds of coin flips, we have provenhbgtare actually
51/49, biased towards the side of the coin at the top before the flip.

As you can see in the image, when a human flips a
coin instead of it being at perfect 90-degree angles,
it has a small tilt causing it not to be a perfect 50/50.

But this is where it gets complicated. A coin does not
have two sides, but it actually has three or more
sides, the edges. On a three-sided coin, thereisa 1
in 6,000 chance that it lands on its edge. But on a
seven-sided coin, it is even less, 1 in 42,000.

Though the list continues of how many sides coins
have, the truth is coin flips are not actually a 50/50
shot.
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7KH ODWKHPDWLFV EHKLQG +DUPRQ\ $ YSOD\ R

By Harry Wang 12GA

A Clp AE A}V @ AZC ESZ ]V % |Ee« }( VI IHE © E &}
Ju Jv Y}IveM KE % EZ % %0 C ]Jve3Epu v3.U w YA}v }(E AZC
%0 C]JvP 8§ Zv]<pg o E *p0S |VSZIUEY |v NMUSUMER @&V vV
UusZuVY]veZA < 8Z eu <pgeYIVW ]e 8Z E Zu]SR]VP u §Z
Al8Z]v Z Gu}vCM

dZ <Z}ES VveA E ]* Cer U3 SZ E ] ( ¥+ %D {§P)EC 3Z v i
A ECS3Z]vPX_ v §Z]s EY o U A AJoo WEZEDIREEZIA (EQEL Vv C C
E% EJu vie A]3Z Spuv]vPU u} EvVv <pu o S u%BZERIWVS}I(V 3Z Z]
Z @u}v] » 00 }ul]v 83} Z 0% *Z % 3Z upe] A Z E } up Z 3§}

1- Sounds as Frequencies

Alpuv A}EIle SZEIPPZ A] E Yive Jv u JuueU Al @ «o}EPWUEY 0
A Ao JveleVYVP }((E E ( Y}ve Vv JU%E ++]WOSE (ZE A o (E}u
Al E Y}ve &} § 8}JEU epu Z « C}uE E-U }ECUU]EE}%Z}v X €i
Al & Y)ve }( 8Z +}uv A A % E + }v U & ELIRZ & %]% Z }(
(E <PV ]e @E+pod |v Z]PZ E %)% Z VI EHEIAZ 3 (€ VS G €} EZ
C ¢35} EV}IUu-eluyv «+83Z 3 ZA EvV}Iiu(E AL v §oeW & Lo S «
§8Z 8§ % %0C 38} vC 8 EYVP v}§ X

&YE /E u%o0o U "% E( & .LZ U AZ] Z Ivel]p¥F M}IZZ v}I&Zv Y}v }
LZ ~fi V}8 * % (E}u §Z + }E 3}v] VI3 « AZ]|%(E %uE(CEE V)
(JLESZU AZ] Z 1+ 8Z }tulv Y}v }( 8Z 3}vPuvdE 3MVEBZ od3Z-v}$
Z o Juulv E Y} }( OWiX €TUTe dZ ¢« « 3§ }( E YBoo)B]VPUIv-d W &

Musical Frequency What It Sounds Like /S ] ° o ] Pv ] . vsS § } \V; } IS
Interval Ratio . . ..
Z}A ¢]Ju%eo SZ o & Y}
Unison 1 The exact same note played twice. Perfectly consonant. E S } & S ‘M Z
, AESE }E Jv EC Z Eu}v]
Octave 2:1 The same note, but one is higher-pitched (e.g., middie C } A A EU §Z ] . ] o Vv } IS
and the next C up). The most stable interval. ' .
v ] v e 1S ]e
Perfect 3:2 A very strong, stable, and pleasing sound (e.g., C and G). §Z ¢ eJu%oo & Y} S$Z §
Fifth Forms the basis of most power chords in rock music. Z 0% O ] v u % $7 N } Hv
Perfect 4:3 Another stable and consonant interval (e.g., C and F). AAsv so C ue- Ho YVvP |
Fourth *u}}szZzu o v *luv
§Z §$ }JuE & Jve Sp ooC
Major Third 5:4 A bright, happy-sounding interval that is the foundation of -~ o «
major chords. ] VS E /00 CE S i Z CE u } \ (; X
€TUTe
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2-How did Pythagorean Tuning shape Early Western
music culture?

dZ oPv P} eU 8Z 88U }v Z]* AC Z}u U « A ol]vP
% 5 *}u 0 leu]8Ze Z uu E]JvP A C 3 u | (e
v}y *}u §Z]JvPr §Z § §Z Z uu €&~ % E} U ES ]V s}uv VvV

vi§ 0oC 82 8§ Z uu & 3A] 38Z ]I }( VISZYE]%EN W ( §}vheo o v
AZ v «SEp |l §8Z «u YuUAZ] Z A v}A AW $Z]e ovP} VS A B E}
VI8  3Z Ju%o0 § SEUSZU|ME &XGE%EBo (E <L v @ K& Y) J( ) &,
AZ] Z 8Z su 00 E Z uu E % E} T Yu « S ZEWEW C }( 3Z o
§3Z E (JE E YVP v Z Gu}lv] } 38 A X, IVYVEJWRYEIPVP }v §Z]
Al3Z ]+ E v *S3E]JVP & ve]lve 8} ee vY €06 YESZBZ BLIEES Suv]
Jv¥vpu Z]e e E Z (JE u3ZuY ©00CA% (H( G U%EOP 3} A %o
§Z AJEo A o0]A ]Jv 8} CX €0-

L E ] }A E]JvP 8Z §8Z & Y} }( % E( & ASZEA ¢EWI }E 17U
E Vv Iiu « v}S Vv | % upgoY%oC]JvP 8Z (& <« Vl] §}}PSZSZ -+ v}
v £ AiS8Z (E}u 8Z § v} W

&}E /A uU%o0 U 0 §[e ¢ (F& ((Flun AAI i\/%
O x = 660 e
I( v}$ & e 37 } &/ ; L Hz
JE]P]v o v}§ U A ]A §7

T8} o)A E |8 | ]vE) 8z ééOHz)( = 910 Hz

ie < % E % YVP 3Z]e (E}u v}s §}
Z] A 8Z it v}s e BSA v 3§z }sA-x
JAA EU 3Z E Ae | C %E} ou SZ 5§ 8Z]«vE § W uv]vPsii .LZ
vis§ ¢« ] v us8ZuyY o00C <po6} §A X dzZ]e v /E%o E oo
Remembes—: dz & (}& S8Z Suv]vP wvv}sS o]

Mulhyiy F”"""""? g 2 245k Bk, i echae o E( 30Cr +u 00 uJeu § Z &2
Su ooC v}y o ] @& epos }

12§ Az § A oo $Z W(CSZ P}E v

12_ A & &

2 g tuu U AZ] z & S v }us }(
(E_) = (29. 7. (2d.p) Suv ~tlo( A3Z_ ]Jvd EA oX dZ C

v x ; « =
3 2z WCSZ P}E v duv]vP A e v}sS SZ
2" # ["’> Uule3 }%Yu o ¢ (E pos }( 8Z]-

Ju% Elu]e X €0
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N

E A ESZtoc3®V }u%o}e Ee Z 8} E *3E] 8 3Z u* 0AvP\C pe]VvP §.
JES }( ipus Zz &} %S $Z €& A 1+ 5Z 30(JodyA ®XA/o A §U §Z
vv ]Jv §Z §Z}o] ZuE Z pE]VP 8Z uvlhod ]W }v vuAVio E

Z ooX €0

Due] ] ve 3Z & (JE +3E]A 3} % E} p 37 |@& }AVES m]VYPU-EES u-
uil}@®E $Z]E E Y} A+ © u%s 3§} He Jved X}viA A EU (}JE 57
(JE U 18 A ev[WSEZERP}&EXe e+ vY 00C E}I upe] X

(i.>x¢ Zj ” dZz (& VY}ve fuo v A E ULOY %0 0] C ]

2 % E} MU v £ SoC AZ}o vupu &

(5)‘ 2 7 " dZ & (JE& VvC &uv]vP «Ce% u plos 8} z].
¢ % E( $0C U SZ u Y 00C SpuV]VP «C*3 u A « Ju%

S Fachorns cen't
poocmee. exatt whole
Numbes

3-D} Ev upe] v <«<p o du% E uvswW &1A]JvP WCSZ P}

"}y (EU A ZA Yu 8} 8Z 5 38Z uled "%we Puvi Elued]udkojows E,
AZ}o vuu & E Yler Z}YA A BU 8Z E ] U **]Bo [E(u WGZ » E°
$}IP 8Z EX /( CIu | %o 8 I]JVvP % E( 3 ASZSTM}3A}0DZ A vBluooC
uszZ pu% Al3Z 8Z } § AU ps Iv[EX dZ]e u]leud Zu w}3 r $Z W
U Ve 3Z & SUV]VP *Ce3 ue ¢ }v % E( 8§ AZ}E ANEIXEEEUDPe v

us AZ 8 ](8Z C A & v[§ ¢ }v «Ju%o AZ}o vpu &E E Y}M

dZ <}opVYiv 8} WCSZ PYE [+ "% E( YIv_ A evqu]s E2X }%o %o}e]s
<L 03 Uu% EuviU 3Z } §A ]« ]A] JVeDC %S} SA®AP]IV CY o
P %+ ~UupoY%0C]JvP §Z 0 © E (E <p v C Ccu Vil VEwes Jvu d”ii
§Z i18Z E}}S }(TU AZ] Z ] %% E}A]u § oC YiXEXE60X dZ Eo]
A 0}%u v3 }( <m0 5 U% E u v3 cpPP ¢3¢ §Z 5§ Zdv]e u $Z u VY ]
§Z }E]*S *Zp * JCu  * E] §Z i1r8}v <p o0 8 u% E uvd A EC %
% % E}/AE]JUu 3 0C iAOIX €5
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C20.
L Biaguaty 5 &YE /£ u%o U (A +8 ES
Stir witn A ©40.00 ha- again,we multiplyby 2*1/12 to getthe next
L ogb 440X 2 =ty 16 ha sem?toneup (ne>.<tn0teup).We.dothis
continuouslyuntilwe have obtainedall 12
2. B q.q,oxp_b'i = ¢43.66h.  notesofthescale.[4]
b Tableshowingthe processof obtaining
3 C 440x2 = $23.25h.  egqualtemperamen{7]
12 A (octowe) ¢40x2 =  g€0.00ha
Note Equal-Temp Ratio Equal-Temp Freq (Hz) Pythagorean Ratio Pythagorean Freq (Hz)

A ‘ 1.00000 ’ 440.00 1.00000 440.00
Am/Bm 1.05946 ' 466.16 1.06787 469.86

B ‘ 1.12246 ’ 493.88 1.12500 495.00

C 1.18921 ' 523.25 1.20135 528.59
Cm/Dm ‘ 1.25992 ' 554.37 1.26563 556.87

D 1.33484 ' 587.33 1.33333 586.67

DM /Em 1.41421 ' 622.25 1.42383 626.48

E 1.49831 ' 659.26 1.50000 660.00

F 1.58740 v 698.46 1.60181 704.80

Fm/ Gl 1.68179 v 739.99 1.68750 742.50

G 1.78180 ’ 783.99 1.77778 781.33
GHu/Am 1.88775 ' 830.61 1.89844 835.31

A (octave) 2.00000 ’ 880.00 2.00000 880.00

Image/table source: ChatGPT generated via prompt [7]
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A A EBlu 3Z Bl WC v}Y SZ 8 <po S u% E uvs } e vis %E
E YHedZ C P & 0} &)} 3Z % E( & E Y} 3Z § WCEE P}E « A « &
c0]PZ350C }+X dZ]* ]+ p 3} 3Z ( % $Z 8% € wSVOH|AFSZ BEU
% E( 8 AZ}o vpu E E VY}e ]* 3u 00C Ju%o}ee] 03 8Jo0@] A W v}
E $Z}uPZX €3Ud-

As soon as equal temperament was established within the invention ofiéime pit spread

o]l Alo (]JE Po} 00C = 35Z %] V}[* %o} %dpoole(®E ii§ic séEifdsv X dZ]
perfectly okay to our earss the notes are similar enough for our brains to accept as being

AMv SpueYy X ] v u% (]JE]JvP WCSZ P}E6}[s ulss3 | « (3 E oo0X

ee vY 00CU <p 0 3 u% E uvs]e o0}P E]53Zu] 3SuR]vP «C+3 uU A

e ul8}v Z AJvP 8Z «u (E <pv C & Y}r EKd JVPZXueXu vpu

dZ]e }% VvV p% V A }%%}ESUV]Y * (}E upd}] A3V AZBSH E IAG}Weo0

* SZ C ipeS s}juv St} tus }( sSpv S} Al o A]S@quB]viv (XE u} p
}usS Z}A ~v Spuv _ t§S2hwsS u¥ EV <g 0 S U% E u vSU }u%ele E:
$ZYA VU Z}%]v v LeeC AJpo V}E Z A C SZEJURE @) E(E

| C Z vP «X €8U6e

4- Fourier Analysis and Harmonics- the Hidden Waves behind every Tone

tZv Vv}S ] %0 C U (}E A u%o A 33IZIUBSH IJvBZEFU VS %o
He 3Z JE 8} A] E & 081 Yu » % E « }v X ®ic/ w08V 57 A]
v *$ oU v A}po o}}l 15 o]l §Z].W

amplitude
o

time
This is a sine wave. [10]

JA A U Jv E 0]35CU JveSEpuU v3e } V)3 % EIE % Gf $ «]v A
% E} N UJE Ju%o £ A A Ju%le }( UOYBdD S P+AE vive]v A
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Ju v 8}P 8Z EBr 8Z + AESE +Jv AA+ ®& Coe vY®OR|u-lU v
H% SZ Z E 8 & }( % EY po E JveSEpu viX

tZ v e3E]VP ]» %o0opul U }IE |]E }opuvBRBE S «Y\VBo} tv]E Fus
} Cr ]38 o0} A] E §+ « suoo0 E A i A

- u Yu X dZ <}uv A A+ Spu o / ——
AlSZ]v §Z }opuv }( JEISE]VEF" h

*Jupod v }ueoC v SE A o Jv }z \ /
rd
A

vV 00]vP Z }SZ & }us 8} (J@&E 5
Azl Zz v e Vv }Iv&Z ]Ju PeX3} __ _
€EAUOG.

/3 1o v}S8 0 8$Z 5§ 8Z + }e ]o0o Y}ve % @E} p  AM¥Z A]& %o ¥v oA} UE
AZ] Z 3p 0o0oC (}EuUu AZ}o vpu E E Y}U (BREGWR]JAXK E]Iv}Av

Image source: Wikipedia, Harmonic Series (music) [5]

/IS ]* Ju%}ES vS 8§} o0°+} v}S S§Z § SZ
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The Mathematical Magic of The Simpsons
By Aarav Jain 7G
(Inspired by the Simpsons TV show and Google research)

Most people thinkThe Simpsonis just a funny cartoon about a family who get into silly

*18p 8]}veU p8 ]J( Clp o}l o}r oCU 3Z B[ dD}IAE]E &2}L[SZvV ]
are not just comedians - they include people who have master's degrees/ar subjects

like maths and science. Because of thise Simpsonsometimes includes secret maths

jokes and puzzles that you might not notice at first.

One cool example is from an episode calléd Wizard of Evergreen Terratrethis
episode, Homer wants to become an inventor, and behind him on thélobatd is a maths
equation that almost looks like it solve& Eu S[e > 3 ,chhichds affamous problem
mathematicians tried to solve for hundreds of years. The answer on the lmandng, but
the joke shows how the writers sneak in complicated maths ideas to nimekshtow more
interesting. Also, in this specific example the answer is so close sothieg the formula
that on basic calculators the answer shows that the formula has bel@d unless you use
a scientific calculator.

Another time, in the episode Marge and Homer Turn a Couple Play, the num@ikr 81

%o% Ee* }V %0 C E[e *Z]ESX dZjpevuD E VY[ E MW Jwpu EX
ul]Pzs Alv E]JvP AZ § "D E+ vv _ ]*M D GZ ¥v V* % E]Ju vu
expressed in the form Mn = 2”n - 1, where n is a prime number. The disis olumber is
like a secret message for maths fans watching!

There are also lots of references to pi, geometry, Pythagoras theorem and even calculus.

tZ]o e}u A] A E+ ul]PZ3 v}3 pv E+S8 v 5Z}+s WBED] 1 C[EUUPS (2T
school, it's used in fun and creative ways too. When you spot these Easter eggkes

you realise that maths is hidden all around us, even in TV shows.

| find it very interesting and magical! It can be clever, funny, and surgrigican make

% }% 0 0 PMPZU 3Z]JviU v A v ( o0 o]l IZ3DIC[EZ %} EHZOG (<W Jve]
AZ]1 Z 8 (JE+*S } eviSul sve u3 AZ v CRU]VA «3]P33E (UEESZN(E
0 *MU %] X
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[8[¢ JVe%]E]JVP 8} ¢ 3$Z & A v ¢}u $Z]JvP o]l EJu&@ZJPpwo Vv ]Jv op
lessons. It shows that maths is a big part of life and can be foutid:imost unexpected
places.

So next time you watclihe Simpsonkeep your eyes open - you might spot a bit of
mathematical magic!

What do Irrational Numbers and Sunflowers have in common?

By Jacob Daniels 12D

/lu P]v euv(o}A EU AZ §[* 3Z (]E-+3 $Z]vP 735 EIPZZ} W]woMA/
}o}pE&U §Z UHS](HO *u 00 }E u C ]S[* SV IuE B |X P WS SdEEX
sunflower grows its seeds on a circular disc which, as you might have no¢ifted,

E S ¢ MV]<H %% E v X Z]v SZ]*e u *u E4UvP]%0SS EvV §Z
reason which creates it, and to find that out, we need to take a lookational numbers.

> 5[+ A]ep o] 3Z VEE }( euv(o}A E 1€ 3Z GE PE \B)Z.5 uUE(
on the disc. Now if the sunflower wants to grow a seed, it has to tdkacton of a turn,

place a seed at that angle and turn again. If multiple seeds are placed at theasgiedhey

will stack up in a line. If we were to rotate ¥z a turn every seed placgniere would be 2

1% % }*]8 o]v e }( e ¢ (JEU]VP ]us &®U Az] z A V 00 Z*%
sunflower disc, like so.

JA A EU 8Z E [« ZuP ]J}o}P] o ]Jeep A]J3Z 3FdeX IMZSE [+ } u}
*uv(o}A & AZ & }3Z & « =« }po [A V %0P @Je}u@EvV v BuG@E A
the chance of reproduction. So how can we choose how much ohaduotate to waste

as little space as possible i.e. maximise seed density?

tz §1( A SE] 1(( & vs (& §Mhatpwodighiavlook like? ¥ au can
test this out using this link{tps://tinyurl.com/5aavfv5p but a rule is that the denominator
of the fraction is the number of spokes formed - so 8 spokes in this case. Thastistta
number of turns it takes to line back up with its starting positibhe main issue of space is
the gap between the spokes being unused. To fill the empty spacswebn these spokes
we have to have less of the seeds line up with each other, whichasevitnational numbers
come in.
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v ] EE §]}v o vpu & ] }v AzZ] Zz Vv][S§ E%%@ETqu pvSZP E-3}
Atu  Yuulv &£ u% o0  3IE Neo muatter how many turns you take, if the fraction
of a turn is an irrational number the seeds will never line up. Ll the number of turns
taken and x the fraction of a turn we rotate every seed. When x &@a number there is
a valueG H Twhich equals an integer meaning that there will be some seeds lirgrig
form spokes. But if x is an irrational number there is no value fanikh equals an integer,
0 5[ «Z}A §Z]e pe]vP 38Z Iv}Ao P 3Z 8§ |EE3yBv mawvpuu E-+ V|3
fraction of two coprime integers.
Let x be irrational and g be an integer

P e F F 2477 - M 3 4 K IR
If k X x = q foranyvalueof k then x = - , where q and k are both integers
x is irrational so it can't be equal to a fraction of two integers
Soan irrational fraction of a turn will have no straight spokes

The search is not over yet as some irrational numbers have denser packing ®ttsaed
others. And the main factor that affects this is how accurately cainrational be

%0 %0 E}YAE]U § e (E 3]1}v }( 3A} }% E]Ju JvE P E-2d&BIE £ u%
7116 «} J(A A E 38} SUEV il <« }( SpEVSIAEY X JoFZ 3}AGLId }eZ} A
22 spokes that appear curved as shown below:

To further improve our seed placement, we need to have a way for less spokestear

puvo]l Jv il «<X tZ § A uped } ] Z}}e v ]EEVI§IvV 0o vlouC E AZ]
approximated by a rational number so that there is no clear nunafepokes. Now the

guestion becomes how can you make the most irrational number?

To try and answer this we can express irrational numbers as a continueidfraeirst, | will
show the continued fraction for as an example.

| am going to use the term 'a bit' which isn't very mathematical, bugptesents a small
excess which is less than one.
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m = 3 + 'abit' and we can express 'a bit' as a fraction as it is less than one
fi e I . . .
a bit' = T where k is some irrational number
-1
Sowerearrange fork,(m — 3) =k, sok = 7.06251

We can again use 'a bit' to show thatk = 7 + 'abit'
1

T+ bit'

m=3 4+

/v 83Z «u ACS38Z 38 A SuEv Z ]18[]vd} E(® S]BZA u}s&vp 3§
creating a continued fraction which for would look like this.

1

m=3+

15 +

1+

202 +

1+

1+

1+

2+
1+ 1
3+ ——

1+

And this continued fraction would continue forever, but we coyigpr@ximate a value for

by truncating the continued fraction at a certain point such as 3+1/7, whieljual to

3.142 . You could truncate at later points for more accuracy but truncatidg292 is
](( & v§X dZ §[- pe {1767 ]« A EC u o0 ¥7uu E *} C ]Jv op
%0 %0 E}YA]u S]1}v CIu }v[S ¢]PVv](] vSoC Jv B ussS1§¥X d4J& ¢C }( 3

means that the approximation if you were to truncate before 1/292 was veryrate

showing that is well approximated early on, since the accuracy was onlyhsligpbtoved.

This explains why we seem to have 22 spokes forming as it is well approxingates b

rational number 22/7.

To get the most irrational number, we would have to have one whereyestep of the
continued fraction is as large a value as possible so that the irrationabeis not well
approximated by a rational number. So in this case as we are add@ujpaacal the value
we should use is 1 in our continued fraction. That would look like this:

Let x be our irrational number and show its continued fraction
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Now how can we solve for x? Well since the continued fraction is mfivetcan sub in x
into itself like so

1
x= 1 o ==
X
First multiply both sides by x
2
x =x+1
xz —x—-1=20
Complete the square to solve for x

2
x-5) —4—-1=0

1.2 5
=) =73
1 /s
X —5 =t
145
X =
x = 1.6180..

Some of you may recognise this number as the golden ratio which appears everywhere

v 3UE X dzZ (E 3]}v }( SuEV AZ] Z 1+ 8Z u}3]VEE $]13v[s ] 1>
affect the final turn. And that is the fraction of a turn whisunflowers use to arrange their

seeds due to it maximising the density of seed placement.

In the simple arrangement of these sunflower seeds the beauty of mathemaégprisssed
in the perfection of evolution as nature experiments with different esluUntil it finally
reaches thigjolden ratio

Sources:

1. https://lwww.youtube.com/watch?v=sj8Sg8qnjOg
2. https://blog.demofox.org/2020/07/26/irrational-numbers/
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Section 4

Theories and

Mathematical models and theories transform numbers
into data. Models put complex ideas into simple real-
world systems, from traffic flow to weather forecasts,
while theories explain patterns and relationships,
everything from probability to number theory, allowing
us to see the world more clearly.
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Recurring Binary Decimals
By Hailey Ng 13

dZ E E ]+ E V38 ACe }( E %E » VYVP vpu E-XAAEZ]vyu E- A
Jv. « iiU AZ] Z ] IV}Av « v ECX dZ E E YoP V0 EE(JLEu- }

]Jv op JvP Jv EC ~ ¢ iU } S0~ ¢« 0 v Z A JumC~ <« 0 A
e V]V }Uu% S E *eCeS ueX Kus }( $Z « U u}eS]|%Z }Bo0oEC 3Z@E ( L
}vel]eSe }voC }( JP]S i v iX

U3 eju 8Z]vP Jvd G «YVP ]JeU/ Vv }VA ES E VWEE]VAul]y EC

C pe]JvP 8Z (}E&upo (}E& S$Z espu 8} Jv.v]sSC }( WMA EPJVP P }u

Alv E Z}A 8} } 83Z Y% %}e]8 % E} HE t }EA GWEC v EC
Ju oX

Converting a denary decimal into a recurring binary decimal

>3 u *Z}A C}pu 8Z u 872} 38} }VvA ES v ECv C o ]MBIOWE

DuoY%oC 3§87 Ju o C 11X

Z }JE 3Z v P E % EEX

I( 8Z JvS P € % ES ]* iU sup SE § iX

Z % & 8Z %o@E} oo

Kv 8Z Aope P]Jvs} E % 3SU SZ v EQER]SIX(EDRU S$Z 3

d} u}veSE § §Z]U Z E ]Jo v A u%o W }vA EYVP iXid Jvs} ]\
iXiA 2 17 A iXoiU Jvs P EW i

iX61 2 1T A iXdiIU Jvs P EW iU iXdi ti A iXai

iX301 ?2 1 A iX0iU Jvs P EW i

iX061 21T A iX0iU Jvs P EW iU iXoi ti A iXoi

iX0i ?2 1T A iXTiU Jvs P EW iU iXTi ti A iXTi
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Sum to infinity
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Soo =
Using the sum to infinity equation
Iv Jv ECU 3Z ]P]3 ]V §8Z VSZ % }e]Y}v L ®@XSZ( b b}%}]P3sZ

E % S+ ]v .v]3 oCU ]88 (}Eue P INAWE] AZE | AI13ZZ EoWPSZ }(
E % & 0} IX

Sutton Grammar School 72
© PRIME editorial team2026



PRIME Volume VI February 2026
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@=FA IXid6iod
dZ o}l o vP38Z ]» 8U «} 3Z }uu}v E Y} J.W
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hel]vP §Z epu S} Jv.v]SC (JE&upo W

G4 _ 0.09375
1-r 1-0.0625
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Conclusion
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The Relation between Riemannian Geometry & Gravity

By Amogh Srivastava 12B

Riemannian geometry is named after the famous mathematician, Bernhard Riemann. He
JVSE} Z]*] ¢ }v ipv iU i6A0 Jv Z]«"OhGhéHypotesdd v P % % &E
tz] z >] § 8Z &}uv S]}ve[}( " }u SEC_X

What is Riemannian geometry? Riemannian geometry is the study of curved surfaces
(manifolds) and this generalizes Euclidean geometry (the geometry that we areafasmtih
e.g. x-axis & y-axis) to spaces that are curved. Manifolds are spaces that look conflaletel
but they may have a complex global structure. For example, a small patch cére sjim
look flat if you zoom in enough. By having manifolds, measurementsecaalculated such
as lengths, angles & volumes. These values can be calculated through the use of a
Riemannian metric which is a mathematical object that assigns an imoéugqt to each
tangent space. An inner product is simply a way to measure lengtharayies between
tangent vectors at a single point on a manifold.

[2] As you can see, the white paper is the
tangent space in this case to the poipt,The two
tangent vectors are & v. If you wanted to
calculate the length of the vectarthen the
equation needed is:

lull = 4/ gp(u, u)

g - Riemannian metric
p - point on manifold
u - tangent vector

To calculatey, (u, u) as shown above, more complex maths is required and the equation
required in this case is:

.. Thetangent vector u can be written as= (U,
gp(u, ‘U,) = Z Gij u' w2, ). All of these can be expressedidwhich
ij is a component of the vector along ti¢h
coordinate direction. Similarly, the same can be
done for thej-th coordinate direction which is a different direction compared.tgjis a
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matrix to explain how thé-th andj-th directions interact. Therefore, all of these complex
calculations are required just to calculate the length of the sienguéctor,u.

Now, if we had to calculate the length from one point of the
v - [EI, b] — M curved surface to another point, integration would be
required. Let the path be expressed as-5 ¢
[a, b] is an interval of real numbers amd is the manifold. Therefore, wherfalls in this
interval, v ~gives a point on the manifold. The derivative ~i$a tangent vector at the
point v ~ Jhe integral used to calculate the length is as shown below:

b b
Length = [ [/()dt = [ /5,00 (®)v(t) at

This uses the same maths as explained above for calculating the length of wéctionow,
we just integrate and then apply the limits to calculate theatdength of the curved path.

As we can see, this is a completely abstract concept and it seems tobaghkation to the
physical world. However, the rules and equations for this form of geomeirgie
ESE u oC pe (po (}E ]Jves Jv[e 3Z }EC }( P C&EspacEio $]A]8CX
treated as flat which is perfect for Euclidean geometry. However, Einstein discoeat
celestial objects with a large mass actually curve the space around them, anccetéstial
objects in orbit move around this curvature. Using Euclidea $Z A}po u | Jves Jv[e
equations inconsistent with the observed effects of gravity. Another forigeoimetry was
needed to explain his theories. This is when the completely abstractenafiRiemannian
geometry actually became real. By using Riemannian geometry instead of Euatidéan
Einstein could more rigorously test his gravitational field equations. dinedfations already
set by Riemann allowed for Einstein to explain general relativity. For dgathp equation
given above to calculate length was adapted by Einstein to also inciadeatid he
E %00 §Z Z] u vv] v u spaeédtimk hdefricsténsdf AZ] Z JVA}OA ¢ u e ~
v EPCX 7} Jves }( o VPEZU ]Jves Jv][e %% € No@d o B $]1A]
much time passes for an object moving through curved spacetime (proper time). Fgm th
we can determine orbits around stars or black holes, showcasing tkdetidhportance of
Riemannian geometry.

This perfectly showcases how theoretical & abstract concepts in purkemsttics become
essential for practical applications decades later. Geometry has shifted feamiding
shapes to predicting events in the physical world as showcased by Riemgeiiaretry.
Maths can reveal certain patterns in nature even before experiments asdreations. This
illustrates the deep connection between mathematics and nature. By understgqmaore
mathematics, we inadvertently understand more about the universe, as demoadtiat
Riemannian geometry which became the foundation for new theories of gravity.
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A Super Crammed Article About Dimensions

By Simmons Wong 13ET

/v VIEu o ]JoC o]A U CIu[A % E} o0oC Z E 38Z A3@EEwU]Ju ve]}lv
obviously with 3 dimensions. But what does it actually mean?

The Tip of the Dimension Iceberg

Dimension, according to Wikipedia, is the minimum number of coordinatedattt®
specify a point within itf1] To clear the confusion that Wikipedia tends to always give, let
me raise some examples.

Imagine a number line, the numbers on the line are each defined lyyard literal number,
and that forms our coordinate for one unique point on the liBce only 1 number is
needed to define this point, hence a line is a 1D space, which onlgine $Z Zo vPSZ]|

> §[¢Jv E ¢ }uE Ju ve]}v }pvs 8} X dZ]e JVA}oA < \&Z 13]1}v
extra number in our coordinate to define a point in this 2D space. ldstéanly having a

coordinate in the form (x), now we have coordinates in the form (x, y3. ddds an extra

U *pu@E& u v3U 8Z ZZ ]PZS[U AZ] Z o00}Ae pe 8} u le<gZEVRe 00

Now the final increment. We increase the dimension count to 3, makingspa&e. Like
before, this adds an extra axis, and an extra measurement called widshtuFins our
coordinates from (x,y) to (x,y,z).

Application of Calculus
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One of the reasons why Maths is like the language of the universe, is becénks itp the
dimensions in existence, and even the theoretical ones. | think we all knowant@awer is
called in Maths, raise a number to a certain power and multiplyntin@ber by itself n
times, where n is the power. For instance, x*n means x multiplie$ itsehes. But a lesser-
known fact is, raising a number to the nth power means putting a rermbthe nth
dimension as well.

For instance, the number 2*neans a line (1D) of length 2, 22 means a square (2D) of
area 4.

Now what links these dimensions together? Calculus! (This really is just dmewéys). To
increase the power of any number, say X, you can integrate. When integnabingaise the
power of x by 1 and divide your expression by this new power. You cenimggration
Al18Z Z+8E ]PZ3% ~[ *Cu }OW NX > 3[+ }ve] E *%Z E X

nNC |z A *%Z E A]SZ ~pCE( E J<«E"TU AZJEZIE P ]iVvW/ v
NO<E"T EX Z ]* 8Z %}A E }(E Ci v ]JA] SA PE%E «+]}v
8lT<E”iX dZ]» o}}48([upd @&t 31}v }( §Z A}qmwhichli§in3DkZ &

Now, onto the interesting stuff: Higher dimensions.

The Fourth Dimension - Both the Physics way and the Maths way

Remember how Wikipedia said that dimension is the minimum number of cuies
needed to specify a point within it? So in the 4th dimension, you raeeelxtra coordinate.

A WZGCe] ¢ (Jv » 8Z]e v A }}E Jv § ]+ d}ue ABEIWVE ¢viiAISEU
spaceS]u J* V Ju%}®E&S vS8 }v %SX uS S$Z S[e (}{Eo0 VIPE EPAE}Oo %
~8Z o Z}}o WZCe] » u P I]v U <} /[0o0 ipestimeis Wnd dhashdle Z E X ¢
new coordinate system where space is one of the axes and time is the other tospuply.

The reason why time can be regarded as a whole new dimension is because it specifies
where on earth something is located at what time with a number. Timnsber represents
the time and we can regard it as the 4th coordinate. Imagine a basketbaduld be at
(0,1,0) at time O unit time (coordinate (0,1,0,0)) and at (10,4,2) at timet3iome

(coordinate (10,4,2,5)).
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Mathematicians do this a whole different way, and it's simpler. They &f define this new
coordinate, or axis, by adding a new axis geometrically called the wHaxisrks the same
way as the other axes: giving rise to a new number in a coordinate. This makes our
coordinate into something like: (w, X, y, z).

4D space can be visualised by using a 4D equivalent of a cube, atesdBetow is a picture
of the tesseract:

X- axis

. Y- axis

Z- axis

W-Axis

[2]

As you can see, the tesseract is kind of like fully putting a snealter into a bigger cube
and connecting them with edges. All of these edges connect togethethetéaces of a
tesseract.

Which interestingly, forms 8 cube faces. The same thing actually happténa cube, which
l* (}JEu C }vv 8]vP 0 e<cuy & ( X ,JA A EU =« Zpd ve }Vv[§ Z
see 4D yet, we instead made a 3D shape to represent a tesseract.

This actually works the same way in higher dimensions than 4. You fustraelv number
to the coordinate and you're in one higher dimension than before. ymdcan also
visualise them with an n-tube, where n is the number of dimensibike a tesseract, which
is a 4-cube.
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Linear Algebra

If you think drawing a tesseract is too hard, there is another widely usedway to
visualise dimensions, linear algebra. This is something like a vectorairia and they
allow you to do pretty impressive things.

First of all, a vector is essentially a coordinate, but put veryicBkbsentially, it just look

!
something like this<_z , Which is a 3D vector. So a 4D vector would have one more row at
the bottom saying w. You can do the same thing to higher dimensions.

a b
You can transform these then by using a matrix. A matrix look Iike{f".’}[B]. By
multiplying a matrix and a vector, you can actually transform a point onto anpémd the
way a matrix does that is by transforming the whole grid.

hel]vP  uv]s e<cp & }v ES ¢ ] vPE] « v &£ u%o Wvdgss[e SEC
square has i and j unit vectors as 2 of the sides. This can be repddsna matrix called
the identity matrix as follows.

10
01

If I were to transform the 2 unit vectors into another 2 points, | can write thedioates of
the point that the vector i transformed to in the first column okttmatrix. Same thing for j:
put the point it transformed into in the second column. This isedathatrix multiplication.
By multiplying a vector (which is an nx1 matrix, n is the order of dimensrom matrix
representing multiple points of the nth dimension by any transforoatnatrix of that

[4
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dimension, the points will now be represented by the columns of the resattix. That
Ju%o0 5§ ¢« uSE]AE SE ve(}EU S]}vX us (}@& VoAX / A}v[E ]A ]v

By doing this, the normal Cartesian grid will transform into a whole new ghieternthe unit
vectors, instead of representing points (1,0) and (0,1), will represent the new pbays t
have transformed into.

> §[+ A]ep o] A]J3Z 8Z Ju P 0}AW

As you can see, the i unit vector, or the point (1,0), is transformediegoint (1,1)
represented by A, vector u. The j unit vector, or the point (0,1), is transformedhie point
(1,3) represented by B, vector v. Now the vectors u and v became the new unit vectors,
making the pink lines the new grid after the transformation. The 2 neiiwattors are
represented by

11
R 3] . o
the matrlx:[ , after the matrix multiplication.

Again, the same works for other dimensions.
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Fractals

You would have thought that dimensions must be integers and descight? Wrong!
&E 35 0 *Z % * }V[38 Z A Jv38 P & Ju ve]}veX dZWCOE ]Jves oZ
dimensions.

Before diving into some examples, there are 4 axioms, or properties that make somathing
fractal shape: Self-similarity, fractal dimension, having infinite complexiti having
infinite perimeter with finite area[6]

> §[« § ol Iu& §Z « /E]luew

1. Self-similarity: When a structure repeats itself but on a smaller and smaller
scale.

2. Fractal dimension: As mentioned, a fractional dimension.

3. Infinite complexity: The shape never reaches a point of complete detalil

4, Infinite perimeter with finite area: As the shape never reaches a point of

}u% o $ §JoU CIp Vv e ]85 o 38Z +Z % [vPo @aE]X § E AJoo
However, as the details are getting smaller, hence as you approach iofatéd,
the area of those details will tend to 0. The final result of the arealhah be A+0,
where A is a finite value.

How a fractional dimension works is as follows: there is another wagftoala dimension
of a shape: The number of copies that a shape takes to multgpsjze[7] For instance, to
double the size of a square, you need 4 copies of the square, veii2+4. It works the
same as tripling the size: 3°2=9 squares are required. This also works thesanteangle.

> 5[+ 0}}l Jv8} §8Z "] E%o]vel][s SE] vPo U AZ] BinjitaraddydE C ( ulpe
have repeating equilateral triangles being removed from the shape. Secdritig, a
fractional dimension.
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dZ Ju P }v 8§8Z o0 (S ] 8Z "] EB%]vel][s SC
can see, you only need 3 of the shape itself to double
its size. Hence, with the definition of fractional
dimensions in mind, we can calculate the dimension of
N % ]vel][e SCE] vPogbae 2}dh\3PwRIiZh o0}

}u ¢ }us 8} JuS iIXAGAX ¢ §Z]e Jev[S Vv
is said that it has a fractional dimension.

[8]

Thirdly, it has infinite complexity. You can recursively cut an &egudl triangle an infinite
number of times, leading to the fact that it never reaches a point of corapletail as the
shape can go infinitely.

Lastly, the more you cut the shape, the more equilateral triangle ytget, hence more
perimeter, and as this goes on forever, this perimeter is thought to beitef However,
because the more you cut it, the smaller these equilateral triangles areehthe area of
the entire shape tends to 0. This is because the equilateral trianglesrigithe shape all
tend to 0 as they get infinitely small.

&E}u 3Z]-U A ve 8§Z35 N E%]vel][s SE] vRB {18 *do%A) <JE
it is indeed a fractal. Yay!

Another one of these famous shapes is the Mandelbrot set which relatesatisdheory.
But I'm not going to dive deep as | will probably leave it to anatintcle about chaos
theory if | have the chance.

What do you mean the Universe has 26 dimensions!?

Yes, the Universe was thought to have 26 dimensions. To show you the full stdrgyve
got into the applied side of Maths. First things first, we alreadyeustdnd from quite a few
pages ago that 1 of the dimensions is time, which makes up 1 of the 26 dimen&ms.
leaves us with 25, but how?
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dZ]e Sp 00C (E 0 S ¢ 8§} «SE]VP §Z }ECX dZ|SR1BECSEZW® XS -
scale (1.6*10"-35m), we find that particles are just strings vibrating ferdiit ways. The

reason why it governs that there must be 25 spatial dimensions is bepduatens (packets

of light waves) are required to have 0 rest mass for them to actually reach éweel s light

and this principle is reflected perfectly when there are 25 spalimensions[9] With more,

the whole model will collapse. Anyway§Z S[e SZ WZCe] « $Z }EC ] }( SZ]JvP-

Explaining with applied Maths: Scientists found out that M_0 = (1+2}X®*1)+2 is the
mathematical model that explains this phenomen{l0] M_0 is the least mass of a photon.

First of all, the sum to infinity (1+2+3+...) in the formula comes framrhnite amount of
vibration modes of strings. This sum denotes the sum of the least energias iofinitely
different modes of vibration of strings, as rest mass is a type of enbigy, let D be the
Ju vellv §Z § §Z % Z}S}v ]Je JvX ¢ §8Z E ]Jev[E} VBZ VoEECVEE Ve
direction of travel, hence the vibrations only exist in the other disiens. This makes the
energy present in (D-1) dimensions. Lastly, according to quantum theangshvibration
modes of string, you will need twice the ground state energy (least eredrgypration) for
this model to be true, hence the +1] We know that M_0 is 0, hence this formula can be
used to find the number of dimensions required for string theory.

Applied Maths done, back to pure Maths. We now need to firelghm to infinity of the
natural numbers:

1. Let S be the sum: S = 1+2+3+4+...
2. Get a second sum by multiplying both sides by -4: -4S 21 2418-...

3. Add the two together: -3S = 1-2+3-4+5-6+...

1

4. Notice ¢*9° as a series expansior1-2x+3x -4x +.

5. If we substitute x=1 to both sides, we get the sum of the series:
1

6. w’ =-3S, -3S=1/4, S=-1/12.

Substitute this result into the M_0 equation: 0=-1/12(D-1)+2, 1/12(D-1)=2;2Z3, D=25.
Hence, string theory predicts that the universe has 25 spatial dimesisio
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t 00 IVIA §Z]e E +pos8 Jev[8§ SEN X BS W IE BAI®&ESZEC]|S¥S]e
perfect the theory, they used this result which you can kind of seeflsv in string theory.

There are other theories that improve the string theory model. However, they atbyre
U}E %ZCe] » $Z v u §Ze o} / A}v[E 8§ ol }us 8Z]e Z & X

Conclusion

So, this marks the end of my long article. Thank you for taking timeatbtres. Hopefully

you enjoyed this as much as | did. Anyways, dimensions are a cool cohlceg# is still so

Up Z & A}oAlvP E}uv 3Z]e 3}%] §Z 13 dithppduevddhdmdding} 2 E
too physics or too complicated or just too wrong or too long. Eithay veven though we

see a lot of theories surrounding the idea of dimensions, regardless of Maths ocs? hyes

still need to do a lot of work to fully uncover the mystery of dimensi

Disclaimer:Almost all content in the string theory section is either compietbEoretical or
highly theoretical with no sophisticated proof that they must beetr Please take that into
consideration. Also, my grammar and structuring is terrible. Sorry for the confiighere
are any.
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Why Zero is the Most Powerful Number

By Abilen K 7M, Dakshithram G 7M

This is the most useful number and is used in our everyday
lives. It is what links 10s to hundreds and hundreds to
thousands. It is the crucial bond between all the place
values we use in daily life, from maths lessons to banks. In

‘J i this article we will explore how vital O is and its importance.
'Zero'18 not nothing,
'Zero' is the starting point of

everything

Placeholder:

It is a crucial placeholder for all numbers.

Zero as a place holder

tens

hundreds
hundredths
thousandths

This is important for not only the two displayed numbers but the ynanmbers that one
can name.

The number itself:

The Number Zero
Definition and Facts
Zero is both & ber and a placehalder digit in

Adang a numser
slus 7era equals
hat rember

Tera s an aven
numter.

Lero is 3 whale
PR nceer, and

ravonal sumber

Tha usw of Terc Sates beck to the Ind
=7

rutes for yeea in the Tth contury.
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The history of the number O:

Zero may seem obvious to us now after centuries of use but have you ever aatkaty

yourself where it came from or what would have happened if itrabtlexist? Well, it is one

of the youngest figures in mathematical history, can you believe that? AncMhsgations

o]l §Z Co}v] ve v Z}u ve Z vpu Ee- u&SZ GE] vospud Al}vi
were confusing and incomprehensible. This led to major problems.

Babylonians Mayans Chinese Hindus

The first true figure of 0 was formed in Ancient India more tharOl\ars ago where

usSzZ u S]] ve pue *u 00 }S 8} Ju%eoC "V}SZE/ P ZX d&Z- /<@ uj]}v
World, then Europe, completely relieving the world from the situatbrconfusion. Zero

A e op zZ «35E VP ] § 3Z 3lu 3Z 3 u VIGE% A % G Z }u R[5S §|& 1A 3
dangerous to use. But once it became accepted, zero opened the door to algebedive

numbers, and the modern maths we use every day.

The Strange World of Dividing by O:

99999999... JA]]JvP C I E} ]* v}8 ipeSitiv}3 o00}A _ v
0] 4 mathematically impossible because it destroys the logical
-0 structure that numbers depend on. Division is defined as the
4 inverse of multiplication: for any non-zero numberthe
-0 expression> J 3s the numberTsuch that= H T L. But
4 when = L rthis definition collapses. If we tried to define J
=0 r, we would need a numbefsuch thatr H T L,yetr H
4 any number is always, never x This makes the equation
-2_ unsolvable. Even worse, if we pretend division by zero works,

it leads to contradictions like proving L tor that all numbers
are equal, which would make mathematics meaningless.

KV PE %Z+U JA] JvP G 1 &} pe = (p /-0 \/ e

without bound. For example, in the functioB: T, L—z asT X =1

approaches zero from the positive side, the valuez gfows f

larger, shooting upward towards positive infinity; from the - S — /.fa L SR
negative side, it plummets toward negative infinity. \ f,/“
/

AN

E Zu Pup%s [« Epo W
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E Zu PUu%sS [+ Epo « (]Jv &E]SZu §]
for 0 and negative numbers(debts/fortunes) and
include a geometrical formula for cyclic
guadrilaterals. Key rules include debts/fortunes
(the product or quotient of an equation is
debts/fortunes), O operations (zero times any
number is zero) and the area of a cyclic
guadrilateral.

Puzzles:

ONLY FOR GENIUS!
123 * 0 = 16 Find the
234+0=24 piceing

345 + Q0 =32 Number!
‘456+0=??

https://i.ytimg.com/vi/Z7ulquZW4fY/hq720.jpg?sgp=-

oaymwEhCKA4FEIIDSFryq4qpAXMIARUAAAAAGAEIAADIQ|0AgKID&rs=AON4CLAAD-
f dhlheaVgm TWDzBSFiCuuQ

How Maths see beyond 3D: Vector in Subspace
By Ojas Nigam 1ET

A S}JE Je }LVv =« E] e <HVYSC 8Z § Z e« }83% u Pv]syp v o
E % E ¢ v3e <H VYY o e Z ¢ Je%o uvs }E (BE XY,}MUA EU Jv
A S}1E ] v E % E * v§ - v IE & E EoQ}Asvuu E+ v §7Z
UusZuVY]vesd} o E&] *% *}( vC Ju ve]}vU v}8 ipvs 83Z 1 }@E

X

s S}EIW

9'1e o0wr Ju ve]}v o E Xo/&%}e .V e 87 <+ 5 Pf310%OCE }EE o0
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Number Theory
By Alvin Leung 8M, Gabriel Banica 8M

Number theory is one of the largest branches of mathematics, stemming from the field of pure
mathematics. It is defined as the study of integers and their properties (but it also studies more than
just integers), and the main branches of number theory are elementary number theory, analytic
number theory, algebraic number theory and geometric number theory. There are more branches of
number theory, one of which is probabilistic number theory. Elementary number trstadres

aspects of integers that can be investigated using elementary methods (for example elementary
proofs, which make no use of complex analysis), analytic number theory reliesnpteganumbers
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and techniques from analysis and calculus, algebraic number theory uses algebraic structures, such
as fields, rings, loops and lattices, to analyze the properties of and relations between numbers, and
geometric number theory uses concepts from geometry to study numbers. One key feature of
number theory is prime numbers.

PRIME NUMBERS
dZ (JE8 §Z]vP 8Z § ]Jev ¢ EC 8} pv E+3 v ]* ZAZ § ] % E]Ju v|
divisible completely by only two numbers: 1 and itself. All other positive numbersifiéxgll) are
products of primes. This is known as the Fundamental Theorem of Arithmetic.The products of
primes are known as composite numbers.
> &[+ PJv A]8Z Ju%o0 3Z }E u }( % E]Ju vpu EX dZ < *3]}v ] §
is a simple and elegant proof that gives the amount of primes as infinite, dating back to 32@BC,
was discovered by Euclid. It proves the infinitude of primes by proof by contradictioiRedsmtio
ad absurdumHere it is in full:
A% %} 3Z 3 A Z A (Jv]s 0]*8 }( %0 E]Ju U AZ] Z *p%o%o}e 0C }vi
can disprove this claim through proof by contradiction. So, suppose the list was rewritten as this
following statement:
PXRxRXRxRY A+ W=N
(The subscript refers to the term. For example, if in this version of the equation the list was
2,3,5,7,19,23,101 then the term Would refer to 2, Preferring to 3, Preferring to 5, and so on up to
P: referring to 101.)
E}AU ZE[ ]* 83Z vpu &E % E} u C *}JoAJvP §Z ««u 8]}vX dZ veA E
composite number. If the number is a prime, then the claim is unfounded. If the number is composite,
the number is a product of primes. If we try to divide it by any of the original primes, we get a
remainder of 1, because of that 1 at the end of the statement and that 1 is not divisible by any
primes. Hence, there has to exist at least one new prime. And when we add this to the list, we can
just run the whole process again to find more primes not in this list. So, the number of primes is not
(Jvls U v Z « §} Jv(lvl]s C }vSE ] S]}vX_
dZ]e % E}}( ]* A] oC }ve] E 3Z (JE*S % E}}( IUS % E]Ju » v A
,the Elements, Proposition 20 in Book IX. There are over 200 other proofs of the idioftpdmes,
but this is the simplest and most famous proof of this.
"Mtu }(SZ  }tvi SHUE ¢ ( SHE u}eS Jv S8Z Spu C }( %EJu e & }vi 8
conjectures and the Riemann Hypothesis, along with the conjectures concerning the distribution of
prime numbers, for example the twin prime conjecture.
'Jo Z[* }vi SuE « & 3Z }vi SpE « 3Z3}vU A EC Avvpu E
exactly two primes that add up to that even number (the even conjecture, also the strong
conjecture), and two, for every odd number above 5 there exists three primes that add up to that
odd number (the odd conjecture, also the weak conjecture). The even conjecture implies that the
odd conjecture, but not inversely. So far, the odd conjecture has been solved, but the even
conjecture remains open. This particular conjecture has been verified for all numbers up te 4 x 10
without a counterexample found. However, this is ridiculously small in the eyes of profalssion
mathematicians, and they need proof. There have been theorems proven that get significantly close
§} 8Z VeA U ep Z + Z v[e dZ }E ulUy AHitientipbadgé Aven dumiSer id E
the sum of a prime and a semiprime (a number that is the product of at most two primes).
Mathematicians also have shown using methods that almost all even numbers can be written as the
sum of two primes. The Riemann Hypothesis is one of the most famous conjectures involving
primes and the one mathematicians are most keen to solve, and will be explained later.
Primes are called the building blocks of number theory, because they showcase some of the core
aspects of number theory, including divisibility and integers. There are infinitely many prime
numbers, the set of prime number@Number sets are collections of numbers, which are in the form
a+bi).
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To INFINITY and Beyond
Infinity is a very slippery concept to begin with. The definition of infinity most leethjink: an
endless number, when in fact it is not even a number. The real infinity has not just one but endless
sets, the smallest of which we know is aleph-zero, the infinitude of the natural numbengy Geo
Cantor proved the infinitude of sets of infinity by proving his power set theorem. Alephiszero
ridiculously small in comparison with all the other sets of infinity. One of the apparent paradoxes i
thisisthe( u}jpeU o E & & +pos ,]Jo ES[e ,}3 oU AZ] Z u}veSE § « §Z
the following arguments:
x ,]Jo ES[e Z}8 oU v Jv(]v]S Z}5S oU ]e (HOO ~ZC%}SZ 8] o00CeX §
into the hotel and requests a room for the night. The manager, standing at the desk, comes
to sort out the apparently impossible scenario by asking the tourist to have a seat while she
P} «}v8} 8Z pn ]} *Ce3u v « CeU W0 + U AJoo A EC}v & o}
JEE] }E (E}u 8Z 0o} CX dZ vl C}p v Z A P}} 3 CX_ A EC
n to room n+1, for their own n, and the new tourist has a room.
x ,]Jo ES[* ,}S 0 % ES IX /S ]s (OO P JvU v He A]SZ Jv(]V]E %o
ZC%}S8Z §] ooCe dZ uvP &+ ¢« v P} }vs}SZ pnl]} CeSu P
A EC}v E o} § 8} 8Z E}lu AZ] Z ]» 8A] 38Z ]E uelsE v3 E}}u
that the bus driver tells everyone to remember their seat number and to go to room 2n-1, n
for their own seat number.
x ,]Jo ES3[* ,}5 0 % ES iX dZ Z}3 o ]* (pooU AZ v Jv(]v]E e « EC
UuvPE?se*Ce 3} 3Z pe EJA E }( pe iU At [E (poo pd / v *3]o
A EC}v 8} C}pE ueX_dZ pe E]JA E + Ce |S[* Ju%ko}ee] 0o 8} }
NdzZ]vl P JvU v E uu & SZ ¢ Se pueJvP ] P}vo & EXdzZ vU
*]JVPOo %0 X_~}Z ]J]U v 8Z & .pos P v A]8Z &z 0}AW

e passengers #1
e passengers #2
e Dpassengers #3

hotel
bus 1
bus 2
bus 3

dZ v «Z «] U E}A /-A }voC P}5 }v ]v(]v]d pupeo} U v [ Iv}A Z}
~W ES30C 51 v (E}u WE}( »*}E ~"§ A ES[- Jv 33}(DSZu3sd] o |
there is another approach that is not here)
The gatecrasher was if there were decimals between 0 and 1 on the infinite bus, and the bus was
(pooU 8Z v C}u A}po v[$ o 3} (18 oo §Z Ju oe Jv 8Z Z}5 oX %o

Sutton Grammar School 94
© PRIME editorial team2026



PRIME Volume VI February 2026

>]v U% 00 SZ Ju o Jv §Z Z}3 oU (}E& ZA& u%o0 1X0 }E IX0076016T

0 0 4 9 9 8 6 5 4
0 0 7 4 8 4 1 0 3
0 2 6 5 7 4 0 0 5
0 2 4 1 7 3 3 4 3
0. 1 3 5 5 2 9 4 9
0. 3 4 6 9 4 1 6 6

(Table extends to infinity)
Now, write a new decimal, which is created by lining up the first digit of the first decimal, second
digit of the second decimal, third digit of the third decimal, and in general the nth digit of the nth
Ju oX ~A Je }Juvs Jv]8] o i[** 8} E & W iXioA61ZY ~Jwdde]e } <]}vV
He X dZ vU Z vP 00 8Z ]P]8eU ¢} (}&E A u%o0 1Xi60o0iIlY v §Z]e
Z}S oU He SZ (]Ee+S P]1S }( SZ (]E-S Juo }ev[3 P& Al3Z §Z
§Z « }v JP]S }(SZ <« }v Juo }ev[8 PE A]3Z 8Z + }v ]1P138 }(
IP1S }( 8§82 SZ]GE Juo }ev[38 PE A]l3Z 87z 3Z]E ]P]3 }( 82z Ju
IP1S }( 82z vs§Zz Ju o } ev[&h dRiEof thA #iscmalz v
This approach always works by repeating the same process, and to be sure it can also be done with
minor variations.
dZ]e EPpu v Je IVIAv « Vv8}E[s ] P}Jvo EPpu vdX VS}IE A« v ]JL
understanding of infinity, and his power set theorem was the following: Start with thef settoral
numbers, which has the smallest infinite cardinality (the size), called Aleph-null / Ademh-z
VE}E[* $Z }E U % E}A » 3Z %}A E « § }(8Z v SUE o vpu @Ee Z o
the set of natural numbers, and in particular you can establishtor@ie correspondence between
the power set of the natural numbers and the set of real numbers. You can then take the power set
of the power set, which would be a bigger infinity, and this generates a sequence of ever-larger
infinite cardinal numbers, aleph-one, aleph-two, aleph-three etc.

Complex numbers
In 1545, the first written square root of a negative number was included in a book on algebra,
Magna, Latin for Great Art, and this was written by Gerolamo Cardano, who thought that the very
ideas of imaginary and complex numbers were rubbish. He presented the solutiansi¢o c
equations to problems (an example: 2 numbers sum to 10 and multiply to 40, and theransw
required the square root of -15), but the person most central to the understanding of imaginary
numbers was Rafael Bombelli, who established the rules for their arithmetic. Descartes coined the
§ Eu "u P]Jv EC_ (}& §Z u ]Jv inioX
The squarerootof ]« v u Z][ C u SZ u 8] ] ve ~8Z uv]S ] E % E + vS .
avoid confusion). i is quite special in the context of powers, because of its powers: as follows,

X =i

X i=ixi=-1

X FEixXixi=-1xi=-

X I=ixixixji=-1x-1=1

Which revolves around an anticlockwise spiral on the complex plane.
Adding any value of imaginary number to any value of real number gives a complex number, an
example of this being 3i +10.
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The complex numbers are a key piece of mathematics, because it enables us to solve ever more

Ju% o0 /£ % E} o usU PJA e« v /E% ve]lv }( 8Z Zvpu E o]Jv [U v ul
Z oP E] o00oC }u%o §$[Uu v]vP 83Z 8§ 00 %}oCv}lu] o R ¥]}ve ~ oP
indeterminates and coefficients, and involves only the operations of addition, subtraction,
upo3]% o] 38]}vU v E%}v v3] §]}v 8§} vivv P 3]A JvE P  %}A E-U v
and equal to 0. One example is8%-3=0) can be solved within the system - the Fundamental
Theorem of Algebra. They are used to analyze multiple items, including zeta functions and quadratic
forms.

PROBLEMS IN NUMBER THEORY
Problems in number theory are conjectures that concern number theory. The more famous
problems in mathematics are the Millennium Problems, by the Clay Mathematics Institute's
hand.The most famous unsolved problem is the Riemann Hypothesis, but it will be exphagned i
separate section.
Well-Iv}Av u i}E % E} o us Jv vpu & 8Z }EC Jv op '}o Z[* }vi SpE
the odd one has been proven, mentioned above), the twin prime conjecture, the collatz conjecture
(also known as the 3n+1 conjecture, 3x+1 conjecture, easiest unsolved problem, hailstone sequence,
V *lu }S$Z E v u **U SZ < *S]}v }(} % E( S vpu E-[ A]*S v U §.
Beal conjecture, and the Birch and Swinnerton conjecture (also a Millennium Prize Problem). Some
of these will be explained below:
x Twin prime conjecture. This conjecture is the unproven statement that there are infinitely
many twin prime numbers (i.e. primes of the form nx1). This is considered important
because it is a classic and seemingly simple but hard to solve problem that tests
mathematical methods. The solution (if it exists) will most likely require a new maitieah
area and a new strategy of tackling the problem. It will also likely provide tools ® solv
}18Z & % &} o u*U Jv ou JvP '}o Z[+ }vi $udBh&Riematea E}A <}u ]
Hypothesis. It also would suggest that there is some kind of pattern among the primes. Since
primes are used for cryptography, cryptography could catch some amount of usefulness
from a solution of this conjecture. In theory, this could lead to significant advances yirectl
and indirectly.

x Odd perfect numbers. It is hot known of the existence of any odd numbers, and if they exist
uped Z A 3 0 3 i1 ]*8]v 38 %E]Ju ( S}E+ ~ A v u}lE JE}v }(5Z
than 10X dZ 3[« i (}oo}A C iAii 1 EB}eX /E Z « 09} V % E}A  §Z
VUu E-<U o S[¢ 00 }v U Z « &g whére BB a plitkeuq isAfkodd
integer, and p and m are coprime (e.g. they have to share no common factor other than 1,
for example 31 and 194 would work) and there are other constraints on these possible
numbers, including needing to have a whopping 101 prime factors (not distictor$ can
count. The prime factorization of this numbex23x 7x 13 - a number that is relatively
large and the Google calculator just spits out an exponential for - would have 10 +3+2+9=24
factors), and the variables p and g would have to be congruent to 1 mod 4 (eg.
1,5,101,1829857 etc.), it is not divisible by 105 and must be divisibleebyuthbers 3, 5
and 7, or it has many factors. It may be the oldest unsolved problem, dating back to the time
of the Greeks. Efforts from multiple mathematicians have pinpointed it having partially
started in 100 CE, but being pondered by mathematicians such as Descartes in 1638 to 1640
and beyond.

x Collatz conjecture. This is by far the easiest problem to understand out of all of the currently
38 % E}ousU Zv ]3ev]lvu Z5Z *] 3 pvelmbeasyho E} 0 u[X
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The basic concept is that take any positive integer, from one onwards, and if it is odd, triple

it and add one to it, otherwise it is even, so halve it, and repeat the same process for the

next number, and the next. You will find that eventually they fall into the sarcle cy

~83ETEIESEITEIEdYU A v J( 3A} ]P]3 vpuu &E P} « }(( ]vs8} 8z sz

> 5§[e § ¢85 §Z]+ A]3Z 83Z vupu E dW
OETOEIOEOEITTEIIETOEIOEATEIOEITEOIETIEIIEAEIOEOEOETEIEOETEIY

So, the path stops after 17 steps, entering the 4>2>1 cycle. Ok, then. What about 277
27>82>41>12462>31>94>47>142>71>214>107>322>161>484>242>121>364>1824-91>27
>137>412>206>103>310>155>466>233>700>BAB>526>263>790>395>1186>593>1780
>890>445>1336>668>334>167>502>251>754>377>1132>566>283>850>425>1276>6
38>319>958>479>1438+9>2158>1079>3238>1619>482829>7288>3644>1822>911>2
73431367>4102>2051>6154>3077>9232>4616> 2308>1154+B3FZ7>866>433>1300>6
50>325>976>488>244>122>61>184>92>
46>23>70>35>106>5360>80>40>20>10>5>16>8>4>251

The especially interesting parts are highlighted in bold. This sequence is only a partaf the s
called Collatz multiverse, which is a larger variation of the Collatz conjecture, and contains
the standard form an+b. (To avoid wasting space, the video is linked to in the sources, but
also contains a bit of expletives) This is a big challenge and proves that even simple rules can
generate complex results.

x The abc conjecture. Also known as the Oesterlé-Masser conjecture, it is one of the most
important unsolved problems in number theory. It was formulated in 1985, and has many
Jve <p v U Jv op JVP % E}A] JVP  *Ju%o % E}}( (JE & Eu S[* >
by Andrew Wiles in 1995), proving other conjectures (e.g. the Beal conjecture) and
reiterating some already proven theorems. The point of the abc conjecture is: if two
numbers, a and b, are divisible by high powers of spratie numbers, the sum, ¢, will
usually not divide by high powers of small prime numbers. The formal equation.is c<K
rad(abc)- The a,b,c terms are coprime (do not share common prime factors). Rad(n), or the
radical of n, is to find all its distinct prime factors and multiply them together. The small
epsilon (9 is any fixed, random small positive real number. The & constant depending on
the starting value ofcand the conjecture asserts that such a constant exists foratycis
the implication of that for any exponent greater than 1, only a small finite number of a,b,c
SE]%0 * AJ}o 8 §Z ]v <p 0]8CX dZ Zeu 00[ v Zo EP [ % ESe (
sufficiently large or small number. The main significance of this is that it proposepa dee
relationship between additive and multiplicative properties of integers.

x Beal conjecture. This is the conjecture relating the adding and indices of certain numbers. If
A+B=C, and the numbers A, B, C, X, y, z are positive integers with x, y, z being greater than
2, then A, B, C all sharing a common prime fadtas.closely related to the Fermat-Catalan
}Jvi Su®E U Az] Z Aloo E] (0C ] pee (}oo}AM2R2E[A) * X juu}
which works because®2 ]+ <u]A 0 VEefY Zi~Te u}ed % }%o0 E }Pv]I U (}
2 can be written as-2 and also because 2, 2, and also 2 shares a common prime factor 2. In
fact, there are infinitely many solutions to this, still satisfying the same condfiere are
only trivial solutions like this as the problem claims that there are no nontrivial sp&iti
Some near-misses to the Beal conjecture are 85=37-1and 7+ 19=2%-1.

The Riemann Hypothesis
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The Riemann Hypothesis is an incredibly famous and unproven conjecture in mathematics,
proposed by Bernhard Riemann, predicting all non-trivial solutions (referred to by mathematicians as
ZI @}e[* }(8Z Z] uvv i § (pv 3]}v ol}heloonipex plar@ @he cotica] line),v
based in the field of analytic number theory. It has a significant sum of money for a proof or
disproof, and is one of the older unsolved problems. It governs the exact distributjmimoe
numbers, and would verify the existence of patterns among the irregular-seeming primes. If it was
false, it would mean there are Riemann zeta function zeros off the critical line, therefore there are
irregular fluctuations in the distribution of prime numbers, implying the patterns amongtimees

E *}u AZ & JeEu%3 Xt IVIA AZ §Ju P]v EC v Ju%B|FEZSPUwSIE.
the Riemann zeta function.

The Riemann zeta function, also the Euler-Riemann zeta function, is the mathematical function
denoted by the Greek letter(zeta), and is defined as the formula:

00

e
s

n=1 .

Z ~eo ALPHL/3+.. .=

The Riemann zeta function does not show what most people expect to see, as if you decided to
Z A z ~is C}u Alpo P § §Z-15 whitkis¥seemingly impossible. However, this
answer is defined through analytic continuation, and so the answer is technically correct. Another
 u%ciWAz i=1=1=0=M2Yakamous example of analytic continuation.
The significance of the Riemann zeta function is related to the primes by the Euler product formula,
linking a formula with the prime numbers, to the Riemann zeta function, as seen below:

The link is hard to understand, but the product on the far right is the critical one: this forgthla i

C(S)=ZI%= H 1+p_9

p prime

product running through all primes, p3Z epu ]Jv 8Z u] o ]J* 8Z Z]Juvv i § (pv §]}v
and the function on the left is the Riemann zeta function.

The equality and identity was first discovered (and proven) in 1737 by Leonhard Euler and was
% U 0]*Z v 833 BY *JZEA §]}v « |E (YaidiisObseryatjghs-dbout
Iv(]v]Ss ~ E] **X Z] u vv AS v 18 Jv Z]e i6A0 % % & "Kv ¥dZ Epu &E
D Pvlsp _UAZ & zZ FES v §Z (pv S]}v }vsS} 8Z Wu%o A %0 v U 7
understanding prime number distribution and formulated the Riemann Hypothesis.

Since the groundwork being laid by Euler and Riemann, there have been hundreds of disproved
proofs/disproofs of the Riemann Hypothesis, one of the more publicised ones beingBaeMi

$]C Z[* o Ju Jv TiidoXdZE}uPZ}us 8Z C nEddfruiligss sitemptdio o Z A
it, and others have made links from the Riemann zeta function and the Riemann Hypothesis to other
equations. Riemann himself only commented on the Riemann Hypothesis as a remark in his 1859
paper but did not expand on it (he felt it was unneeded for the project he was workiadg) thie
time). Its importance was recognized by several people, and David Hilbert marked it as one of many
of the key mathematical challenges at the time (many of them are now solved). Its sdiiso
elusive that in 2000, th€lay Mathematics Institut§ CMI) listed it as one of the Millennium Prize
problems, a list of 7 problems they thought were the most crucial to solve atrties ind only one

Azl z z » v *}JoA X d} «<i}&rdes i celBbrite/mathematics in the new millennium,
The Clay Mathematics Institute of Cambridge, Massachusetts (CMI) established seven Prize
Problems. The Prizes were conceived to record some of the most difficult problems with which
mathematicians were grappling at the turn of the second millennium; [...] the importancerking
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towards a solution of the deepest, most difficult problems; and to recognize achievement in
mathematics of historical magnitud¢ dZ }voC }v }ve] & +<}oA e $3Z W}]v GE
which had its solution announced in preprints on ArXiv.org in 2002-03, written by GrigomBRerel
(who rejected the $1 million that came with it). According to the CMI, the Rierhiypothesis has
been checked up to I{xeros, and not a single counterexample has been found. The vast majority of
mathematicians believe that the Riemann Hypothesis is true, over 90%.
Unless there are some major advances on solving the Riemann Hypothesis, or a new strategy to
tackle it works, we have no idea how to solve it, and we are only somewhere around therfihst
of the solution. Most mathematicians agree we are still very far from a complete salutio
Prominent claims have been made and are mentioned above, but for the most part they have
Z} AlYpue[ (0 AeX D}*3 % E}}(» Z A V] %o the}dlaims are accdptedloyC viv o }(
the mathematical community. Some are listed below:
x “@E& D] Z o 38]C Z[* Z% E}}([ Jv TiioX /& A e« (Juv 8Z 8 ]58 Z « A (
generally regarded as an ambitious, albeit unsuccessful, attempt by a legendary
mathematician in his final years, Atiyah having passed away in January 2019. Seme link
oJvl]vP 8} S]C Z[* % E}}( & 0}AW
dZ % E % E]vS 00 ~dZ Z] u vv ,C%}3Z ]« A « (}Juv }v 872 A
viXra documen{PDF version in the sources)
The real paper was found heréHE FINE STRUCTURE CONdinkid to the University of
Exeter).
X >}u]e E VP e[« 0 Ju }( % E}}( ]v Tiid v p% & < A E o S]Ju -«
versions are linked to below:
De Branges' 2017 attempt at the Riemann Hypothe¢g&iarlier attempt
More information on Louis de Branges can be found at the Purdue Univeedilsite.Louis
de Branges
x Popular approaches to the Riemann Hypothesis include using operators to conrgect zet
zeros to a physical system (the physics and quantum chaos approach), the Field with One
Element approach by translation into a geometric statement about zeta functions over the
field with one element (Hs what it is usually denotedasv v}U §Z]e Jev[S i}l ¢« v ]
attacks using analytic number theory. There are also others. Other more widely used
approaches can also be applied to the Riemann Hypothesis, for exanoplieby
contradictiond AZ] Z A ¢ pe 8} *}JoA u vGC % @E} o usU Jv op JVP % E}A
Theorem (heavily leaning on proof by contradiction), proof by grouping zeros, and proving
that those categories can only contain zeros of the form %2 +/- xi.

PUZZLES

Z/ o]l %opllo U 8Z C u |l u 38Z]viU v-Galyiet PeHic&20ZE Z « }usd
ZI(A 1Vv[8Z A %E} o usU 3Z v }uEAW Lesi®) 20phio v[S A£]-
Zhe important thing is not to stop questionin@uriosity has its own reason for existipd\lbert
Einstein 1955

"Our greatest weakness lies in giving upThomas Edison.

"Problems are not stop signs, they are guidelingdJnknown (attributed to many)

x The square number puzzle. If you arrange every number from 1 to 16 in a line, with the

}v 18]}v }( vpu €&+« Z U U U U S Y[X = upeS <p o <y E vy
which is a square number). Now what will the order g8Reck at the end of the article for
answers!)

For a further challenge try to see if it works with cubed numbers
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x The game is to put the balls in the box one at a time starting with ball number one. But
whenever you put in a square number ball you take out its square root and put it away in a
drawer somewhere safe. This means that the first move is a bit odd because when you put in
ball 1, 1 is its own square root so you take it straight back out. Then you can put in ball 2 and
3. When ball 4 goes in you take out ball 2 and put it in the drawer. Then balls 5 through 8 go
in, before adding ball 9 and take out ballT3e question is if you simply keep doing this,
which balls will end up in the box and how many are safe in the drawgiCheck at the
end of the article for answers!)

Answers

x 8-11510-6-313-12-4-511-14-2-7-9-16 (fun fact - the pattern for the additions are 9 - 16 -
25- 16 and repeating again from 9)

x  The surprise is that the box ends up completely empty. Now that seems impossible since
the number of balls in the box keeps getting bigger. But it is very well possible. Every
number can be squared, meaning whatever number is in the box it can still be replaced by
its square. This implies that there is never going to be a permanent ball staying in the box.

Sources (mainly mentioned pages)

Number theory - WikipediaRiemann hypothesis - Wikipedid he Collatz Multiverse - Youtube
Grid for hotel fromhttps://www.ias.edu/ideas/2016/pires-hilbert-hotel

The Riemann Hypothesis - PDF

Some information based upon the book called:
Things to Make and Do in the fourth Dimensidny Matt Parker

%HDWLQJ &ODVVLFDO /LPLWV $ *XLGH WR *URY
Algorithm

By Abhinay Naresh 12D

> §[¢ e C 8Z E ]+ (pv 8]}v (~ve AZ E v w }IwoE]IWs P E (E}u
number in this list would make f(n) equals 0.Understanding how thetilon works would
not help in solving the problem and you only have access to a verificatictidn which
returns true if n is the correct number .With a classical compukeronly way you could
find n would be going through every number, inputting it inte tverification function and
then trialling again. Therefore, on average it would take 1/2N numberai$to find a
solution to this problem. In the terms of time complexity, it wouddté an O(N) length of
time meaning the time taken to solve this problem is directly projowl to the size of N.
When N is reasonably small, using a classical computer to solve this prablgohbe fairly
quick. However, when N is extremely large, using a classical computer takaldundreds
of years to solve such a problem. On the other hand, following Groverstafgowhich is a
guantum algorithm, the number of trials is approximately pi/4 root N resglin a time
complexity of O (root N).

Before getting into the maths of Grovers algorithm, | will first explain the uyicheyl
principles of a quantum computer. In a classical computer the Os arfthilare stored are
predetermined by the fundamental hardware of that computer, meaning wedseattly
control what series of Os and 1s are stored but in a quantum compugesotiticome is non
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deterministic. For example, for 2 bits of memory there are 4 possible coméinsatif

storing it 00,01,11,10. Effectively, in a quantum computer there is alalisbon where each

of these 4 possibilities have a distinct probability of beingdpced. This means that a

<U VSHU }u%opS E } *Vv[S % E} M % ES] pdodEs Cus|%SUE Y e pBy
over all possible outputs.(figure 1) How is the probability distribution hetieed? Where

there are x possible outputs, imagine a vector plane with x dimensions whehnepeasible

output has a state vector in its own dimension. And the squareefithgnitude state

vector is the probability of that output being produced meanihg sum of each state

vector squared is equal to one. So, for 1 bit with either 1 or Osttstem has 2 dimensions-

the x axis where probability of one is 0 and y axis where the prbtyati O is 0. And the x

value of the vector and the y value of the vector squared represent thebgwilities which

sum to 1.(figure 2) For a k qubit quantum computer there tipossible states. The key

limitation however, is that we have no possible way of observing or changing tragse st

vector values apart from a select fundamental operations that | will disghss | explain

'E}A E[+ OP}E]SZuX Vv}3Z E JA%D BESUv% Epd H+]}ooC "E}oo
and measured the system the bit string produced becomes fixed and fronptivait

onward, the probability is 100 percent for that bit string. Y@awvd to repeat the algorithm

again to reset the probability. This is due to the Measurement Probldomdamental

principle of quantum mechanics.

To solve the problem | listed at the start of the article the state vector of eatiie N
possible numbers is set to be equal to each other using Hadamard gatehatgarich
ensures the value of each state vector is 1/root N(since sum of N stati@ sesgjuared
equals 0).0ut of these N planes ,visualise a 2d plane(figure 3) with the neprésenting
the dimension of the correct value and the x axis representstimebined dimension of all
the other possible outcomes. The angle between our balanced state vector andatkis,
which we can call alpha, can be calculated by the dot produdteo’éctor representing the
correcting solution and the balanced state vector which would he&/i@otN since only one
of the N outcomes is correct. Now let theta be the angle between the bestr and the
axis. Due to the rules of complementary angles, sin theta is equal to desatel when N
is high enough we can approximate theta to be sin theta meaning theta rexpmately
1/root N . Now we apply the quantum version of the verification fimttto the entire
superposition of values simultaneously, each iteration effectively rotatiegotise vector by
2 theta. This occurs because the operation firstly reflects the base vector aboxtatkie
and then, reflects it about the original base vector position. This procespested until
the vector almost completely points to the y axis effectively manipulating isteiloution
using this operation so that the probability the correct value is ouggaiis almost 1.The
optimum number of repetitions is the number of times the combinele?a clockwise
rotation occurs meaning it is (pi/2)/(2theta) which is pi/4root N therefreducing time
complexity from O(N) to O(root N).Now if there were M possible correstvans the
optimum iterations is pi/4 root M/N because the alpha value of themoduct would be
different.

Whilst this problem seems relatively simple, there are many real worldtgnsawhere the
Grover algorithm provides a significant speed up .There are a set of decisidarpsob
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known as NP which are solvable in polynomial time by a non deterministigyTaachine

but verified in polynomial time by a deterministic Turing machinepiilems include

examples like the Chinese postman problem which finds the shortest postigied walk

that traverses every edge of a graph at least once that applies to social mediaicias

who analyse graphs with billions of nodes as well as Cryptographic Hasiofslike SHA

256 which are pivotal to cybersecurity and games like battleshipseand} Iu X 'E}A E [

algorithm is only scratching the surface of the potential of quantumpaters. Whilst

'"E}A E[+ OP}E]SZu } ev[E Vv §Z A 3}E-. &} %0 E e VS ¢ }u

the only operation is reflecting and changing the sign of the&fEU oP}E]SZue 0]l ~Z}C(
oP}E]SZu } & oC }v }u%o £ vuu E*X"Z}E[*s oP®B}RZuU Z -

EeU 83 E 8Z v §Z K~E}}SEe }( 'E}A E[* OoPJE]|HLE]w ( B}EM-

of any number.

State Vector

-0.12 [0000)
+0.25 [0001)
-0.08 [0010)
+0.42 [0011)
+0.12 [0100)
+0.56 [0101)

! +0.11 [0110)

’Q> +0.23 [0111)

e ~0.09 11000)
v ( +0.29 [1001)
+0.09 1010)

-0.27 [1011)

+0.29 [1100)

-0.09 [1101)
-0.20 [1110)

figure 1
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figure 3

Vectors and Variations: A dive into Applications of
Vector/Variational Calculus

By Johan Kota 12Z

t[A o0o0Z & }( o pope v A[A 00 Z E -LprePpoistlaE*X & E}u
Al AU 8Z « 8A} IV %8s Jv u &Z u 8]+ }V[3 + u A A®Eo0 § Az
from an undergraduate/postgraduate point of view, these two seemingly utedla
concepts will show to support each other time and time again. The arstudiy that
involves the two is called vector calculus.

What is vector calculus?

s 83}JE o0 pope }u e pv E 3Z pu E oo § BuoJLuHB]A Elhope
studied in A-Level Maths and Further Maths, which typically involeabrdy with two-
dimensional space and single variable functions, this area involves stghgog and
geometry beyond the limitations of 2D space and also functions of multgsiables. For
example, single variable calculus involves one independent variable and onedaepe
variable e. g y=f(x) where f(x)=arsinh(x). Multivariable calculus involves multiple
independent variables and typically one dependant variable e. g zafi(gre f(x,y)=3xy-
2sin(x-y). The reason why multivariable calculus is usually more importantiffindit is
because it can model real life situations that have multiple indeleat changes occurring
§ 8Z o u 3Ju X /8[¢ Ju%o}ee] 0 3} 3pu C SZAEJ]Squ S]pvpqpriUuP -
therefore the applications of multivariable calculus go far beyond single vacallelus.
The two most fundamental concepts in vector calculus are vector-valuetdidms and
fields. The two main types of fields are: vector fields and scalar fields.

What is a vector-valued function?

Vector-valued functions are seen as analogous to parametric equations, areich
essentially a set of equations that trace out a curve or surface in sp@betypically each
coordinate being dependant on one or more independent variables (typicafig/for u &

v).The only difference being vector-valued functions output a vectorgbas out from the
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global origin to the point at which the curve traces. Parametric equationse typically in
the form (x,y)=(f(t),g(t)) which traces out a curve in 2D, or in the form (x,y,z)=((bH(Djt
which traces out a curve in 3D. Vector-valued functions come in the f@ni(t)i+g(t)kor
@@= f(ti+g(t) kh(t)l.arhey can also exist in higher dimensions, but are then too difficult to
deal with. They are useful for modelling the path/trajectory of objebteugh space as
(typically) time varies. The parameterisation of curves into these forms is especidilyy use
for doing calculations with fields, as it makes the mathematics more simjgictor-valued
functions/parametric equations can also be used to trace out surfaces, Quireemultiple
independent variables (usually u and v). See below the simple trajectany abject in
space over time using parametric equations.

What is a scalar/vector field?

A scalar field is a mathematical way of representing the outputs of a scalaavailnction
in space. A scalar field is defined identically to regular functionsaenty/pically
multivariable. A 2D scalar field can be mapped to be a 2D surface in Bbtheare defined
by functions in the form F(x,y). The difference between the two isdhH2iD scalar field takes
in a point (x,y) as an input and then displays the calculated sealae of the function on

that specific point typically by using colour gradients that change d#ipgron the
magnitude of the scalar(see first diagram below), while two-variable funstiake in a
point (x,y) and displays the scalar value of the function as the heighealrdvelow the xy
plane, represented by the variable z. A typical use of scalar fields is for tHeeatahaps
over specific areas, as temperature of a certain region depends on theisygiit that is
being observed. Using the scalar field, an average temperature could be cadciBatlar
fields exist in higher dimensions, however that is a topic to discuss antithe.

A S}E (] o ]» *0]PZ3%0C ](( & v3U walddefunctiesn thts $C % }( /
different visually. They are usually defined by a function that outputs towves a result, by
taking in a point as an input. Take the 2D vector fidiid,y)=P(x,yH+Q(Xx,ykin which for
each component of the vector has a function that defines the compbateach point. By
combining the values of those of functions, the result is a vectorhiohathe respective
origin of the vector is the point from which it is defined $8€ second diagram below). A
typical application of vector fields is especially prominent in phy$ies.gravitational and
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electromagnetic fields studied in physics can be represented as vieels, as the
guantities involved in the fields, such as forces, have both magnitudeliagction,
therefore a single scalar value is insufficient for such situatvastor fields also exist in
higher dimensions but get more complex to study like higher dimensioakdrdeelds.
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Operations on fields
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There are a few specific operations that we can apply to fields thdtduhelp us use these
(] 0« ]v % %0] 3]}vX dZ (]E+S ]» 3Z RS | Ehé&grabies EU AZ]
operator which when applied to a scalar field results in a veiiédd,in which each vector
points in the direction of greatest slope/change of the scalar field at paatt. It is defined
by taking the partial derivative of the function with respect takaariable and then having
that make up the components of the vector defining the field. An eXxerapthis in 2D is for
the scalar field F(x,y)=3x2y-2y, in which the result of applyiveggradient operator is
[F= (6xy,3x2-2). Its especially useful for finding the extreme values found in scalar fields.

dZ e« }v ]+ 8Z JA EP v }% E 3§}EYish&divErdence vjeratori€ Z
applied to a vector field, which results in a scalar field. It i;vddfby taking the dot product
of the gradient operator with the vector field or more simply by takthe sum of the partial
derivatives of each respective component of the vector defining the field. iMeeggnce at

a point is classed as being the net flow of vectors in or out of a pointhwésilts in each

point being either a local sink or a local source. A local sink occurs when the diweigenc

negative, while a source occurs when the divergence is positive. An example cdithbe
seen through electric fields of point charges, in which the divergence okatrielfield with
a negative charge is negative, while the divergence of an electric field wadhitive charge

IS positive, as negative charges are sinks and positive charges are sources.

dZ o0 «3 ] 3Z uEoO0 }% E 3§}EQ.TAZGuZoperatov sSapplied t@ a
vector field, which results in a vector field. It is defined byrtgkhe cross product of the
gradient operator with the vector field. The curl is classed as displayingtigonal
effect/circulation of the vector field at each point, which résun the display of a vector in
which the magnitude represents the circulation of the field atthoint. The curl can only
be applied to 3 dimensional vector fields, as the cross product isetkiising 3 dimensions.
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These three operators are presents throughout mathematics and physicasitemestingly
%% @€ ]Jv $Z A oo IVIAv ZD £A oo «u §]}vefuntibiz] Zz E 3§Z
governing electromagnetism as whole, which also branches into other areasistica
study of relativity.

Topics for further study

Vector calculus as a whole is intrinsically intriguing. By extending theotiseaplistic
concepts and combining them to make more complicated and inteiggstmcepts,
mathematicians and others in the field of applying mathematics haveaenteawonderful
basis to visualise the beauty hidden in the world around us, whitiekmownst to most
people is well described mathematically. Further on from vector calculus,ekiestep very
A oo u C Zdz 0 pope }( s &] 8]}ve[U AZpndfveetor « v = v
calculus and deals with problems of optimisation, very often useful iasdike Lagrangian
v , u]oS]}vl]vD Zv]e v o0°} YU VSpU &] QVHEZE}IBECX VP U(ZC}}
kind of mathematics, please feel free to spend time researching on thessdifuta
applications of mathematics.

Sources usedzurl (mathematics) - Wikipedia

The Perfect Number

By Thomas Ho 12Z

tZ S ul e vpu E SEPOC "% E( S _M

§ 83Z (JE*3 Pov U3Z AJE "% E( §_ + uudZup@®E] %ojUst I RBZ
the question seem ridiculous right?

HE AZ 3 1(/ 300 CIHEZ E E % E( § JuQ}pEZ]vI3B]= RYE/P X
be: a square number, a prime number, or actually a number that is PERFECT.
But what makes it perfect?

ZoU 16U 060Y][

What will be the next number in this list?

This is a list dPerfectNumbers,but what are they?

W E( 8§ VU Ee+ E %}*]3]A ]Jvd P Ee §Z 5[ kM]o}@&} SZ <pu }(
(excluding the number itself).

> § ZE] S§Z €& % & « vS SJ}v }( % E( S vpu EX

** This applies throughout the whole article

Properties of perfect number :

1. k
Don
n=1
c(n)—n=mn
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2.
3. .l
> @en—1y
n=1
4 2p-2

* These will be explained later in the article

Euclid formula for perfect number

&E}u 8§Z 0]*3 }( "W}A E }(T_U p o] ~(E}u % pAEV A «EENZ §]}vee
sum of 2 or more numbers in the list can make a prime number (from 270=t) nttultiply

it by the greatest number you have used in the sum, it will giveaquetrfect number. For

example, 1+2 = 3, then multiple 3 to the greatest number in the sumhwhi2, where 3x2 =

6 (a perfect number).

And thereby, he created a general formula for finding even perfect numbers.

N =22 F1,;2%%;

272 AZ & "% _]* % E]Ju vpu E ~ %%o0] ]Jv §Z AZ}o (&S] o
**and (22 F 1) is a prime
~dZ Z%[ pe Z E Aloo E % E » v3 g 8W A ®ul]v]y 8Z o

¢

Fun Fact

If we write a perfect number in terms of binary, it will have a totaldmigth of (2pt 1). and

§Z C AlJoo oA Ce P]Jv A&z o} | }( }v représéntingtiieuvs }( $Z ue
mersenne prime part ( which we will talk about in later pattahd end in a block of zeroes

~"% u}pvs }( SZEU%@E « v3]VP 3Z *%}A & }(1_ ( S}EX

—~+

4 perfect numbers that are found by Greek mathematicians

ZW[ A oy Perfect Number
2 6
3 28
5 496
7 8128
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Why is this formula only capable of finding even perfect numbers?

As 2 is the smallest prime numb 2 ¥? : must be a multiple of 2. and anything multiplies
by a multiple of 2 results in a multiple of 2. Hence, we can cdedluat this formula can
only find out the perfect numbers that are even.

E'| }u Zuo[ Pu ee o
Nicomachusgn Ancient Greek Neopythagorearhilosopher)had made 5 logical guesses

tusS % E( S vpu &E-e Jv v }( Z]e (u}lpe }ile M /EIEIPT L}y S}
] V[3 SEC 3} % E}A ]5 ]Jv Z]* o]( X

His 5 guesses are listed below:
1. The nth perfect number has n digits
2. All perfect numbers are even
3. The ending of perfect numbers alternates between 6 & 8
4. pm o] [* (JE&upo v (Jv }us 00 38Z AV % E( 8§ vpu E
5. There are infinite perfect numbers

Ibn Fallus

/| v.& oOope ~V PC%S3] v u3Z u 3] ] Vve %l 0]*Z ]H B[ ZooE( 3
}1SsZ & SZ v SZ (}HE (}pv C "E | u SZ u S] |}BUPWEE V GZiyuRER |
3 out of the 6 are proven to be wrong later on.

ZW[ A oy Perfect Number
9 (@) 130,816
11 (o) 2,096,128
13 33,550,336
17 8,589,869,056
19 137,438,691,328
23 (©) 35,184,367,894,528

From this list of perfect numbers:

AN oU 16U 060U 6i16U TiAATTToOU 6A60606006IA0OU 11601608111
Some of the guesses from Nicomachus are proven to be wrong. His first Guessthat
the nth perfect number has n digits which is wrong as the Bitiget number has 8 digits.
And his third guess is proven to be wrong as well as the 5th and theeétact number
both end in 6, meaning that the ending does not necessarily alternate bet®ek 8.

0 _
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Mersenne Prime
This is just Mersenne numbers that are prime as well. Mersenne numbersase tihat can

fit into the formula of:

28 F1
dZE}uPZ p o]l [+ Z] AuviUD Ee- vv
found, it also indicates that a new perfect number can be found.

IvViAe 3Z § AZIw A E v £

e (ES o[ ZC%}EZ o]
Descartes claimed that if there is odd perfect numbers, it must appear ifothe

N=p/?)

** where M can be any number

EuclidtEuler proof/ theorem
HO E Z s **(H0O0C % E}A v 8Z § pu o]A v (PEEKO 3 vWi{]vE 00 :

which thereby proved Nicomachus 4th guess as well.

Sigma function~)

First of all, he created a sigma functiefywhich is to sum up all the
( S}E-* }( Vvpu EX &}E A u%o0 U «~0° A il
§Z v (}uv }us 8Z SW «~E+ A TE

His proof:

N=22% F1)(2¢%)
And since N is even, N can also be written in terms of: 2 Pm(

ZZ Zu[ ]+ v} vpu E
77 H[
Since we know the2 P& m are coprime (gc@P m) = 1), primes that are a

factor of one cannot be the factor of the other as well.
** gcd t greatest common divisor

Hence, 2P Hm ) =2 P Hprime factors of m.
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Z [ ]R2RHE (W ,2PHm)}:
UpeS3 Z A S 1 v eJu % E]Ju @EPENME. (E}u }35Z

U

>
N

dZ @ JE U Z[ v AE]88v]IvsEz (Eu (W A EC

** where x | 2°; andy | m

Deriving equations

c~Ee 2°Hm)=A,,c A, (xy)
= Aézo xA .y
** This can be done like this as x does not depend on y and vice versa

v A IviAY

Aézo X:°25
Ay y=e~u-
Hence:

e~Ee 2P Hue APee~ye
272 vy AE]5527) 92 ARt = Y28
=2P% 11

e~Ee2Ri4jee~ue 2P TH )J=@"PHm

Euclid Lemma

I(P ~U « A iU v n X dZ]su ve3Z 3 n X AZ E Z ][]

In this case:
> § Z pPE#L)
S é 7 pbi),_

2°* t1)] 2" *)m

ged P t1,2P%) =1

Sutton Grammar School 110
© PRIME editorial team2026



PRIME Volume VI February 2026

**\We are sure that their gcd will be 1 as they are consecutive numbers.

So: 2P t1)|m

dZ]e u ve 8Z 8§ Zu[ v AETE8IW W u A -~
27 ZE&[ ]* ip+s vcambdapnuniber

\ pe Y

(2'”’l t |’--~u-2ﬂ’-)m
So:

2P t fee~Uus2AT2PL t1)r

'~U°2ﬁ2§1‘

&YE JvP ZE[ &} W

*] % E&]V ]%0 }( VHU & SZ }EC o0 Jue ~ po E[* EPHuU Vv
ANtZ v C}h upod]%oC vpu E C v}sZ R ( GAgraasesSZ )1 }(
(*8 B 8Z v §Z +pu }( 18+ JA]}E.

The largest divisor of m is m itself and all other divisors are smaller. 8o if w

UHO3]%0C]JvP u Al8Z Vv}3Z B ( 3}E Z [ ~APPEEU ENI® B A]
increase in the sum of its factors must be less than c times bigger.

Ho E % E}A 222 &SIW) <pR)r~
Z72&}E o00 ZE E i]

dZ]* Ju ov Z E (}E « ZE][ §} i «A v Y
c~Us28%*-E ARPL11))

Therefore:

m=2P%t1

And:
N=2Pm=2P@2P% t1)
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But why does (U> Ut 1) need to be a prime?
(Proof by contradiction)

> S[e eepu U ]- }u%}e]S vpu E W

That means that m has at least 2 nontrivial divisors and at leastiBainumbers as
its factors.

** Nontrivial divisor t divisors that are not 1 and the number itself

dZ]e € spods]Jv~riD Du_ Az E nu
Vv SZ E (}ER1le+drem

Av  Zwof@d]lev dz21[U A Iv}A I Z
v ue Ri[U A v EJ]A v <y 3]}v (JE e~ue W
e~uRM+4 ;ee~ue E u =i

He A O0E C Iv}ARPeeEwueAVe2D) =22 t1=m

AW e~Ee A o@etleeuE u~u = i
US 1( ZE[ ]* % E( & vpaP*Eu ~E- A i1E A ~
Andsincem2P% t1 ce2P2i=m+1
So:
e~Ee« A PEIm=m(m+1)
Conclusion:
SoifgP: tie Joe v}3 % EJu U E Aloo v}§ WMTE(XS vpu E « Z
And therefore 2P t 1) must be prime.

In this article, we have delved into the amazing and fascinating nafureths,
reminding us that mathematics is not just about boring and mundaneilegions, but its
patterns, sequences as well. From ancient time to modern period, perfeobauis always
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a well known manifestation of the captivating nature of numbeiat ttmathematicians have
been working on.

Out of all the unsolved problems, perfect numbers always sit in thescoad
between simplicity and mystery, standing as a symbol that represents howsevgple
number problems can lead to complex and stunning ideas.

This discovery of perfect numbers explicitly shows how maths is aspensable
factor in our life, sparked and shaped by human wonders and endless search
understanding the true nature of the world.
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The Secret Link Between The Hyperbolic And Trigonometric
Functions: The Gudermannian Function And Mercator
Projections

By Abhiraj Joshi 12ET

dC%] 00CU AZ v }v u C 8Z]vl }us 3Z oJ¢lu]csA }(vEZ|PAQ Y &EE)
(pv Y}ve v 8Z 5 v E SE]P}viu SE] (pv FAveY 3Z]¢l ABiud ou
] vYY « }vv YVvP 8Z u A] }u%o /£ vpu E- 5Zr8 AFo 5C%] o00C
&UESEZ E D §Z+U op Z -+

}eHEA JARZ~ vV  |M#E ] v EX

,JA A EU 03Z}puPZ v}S8 A EC A oo IVIAVUSS@ @ A]P& 3 ((®E]YP
SA v §Z « 3A} (u]o] «» MIMBZ }Iyu= }( Ju%o £ vpu E+X dZ]e |
]* IVIAv ¢ 8ZEu vv] v (pX Y}v

d} o C }Jus % E ] v]Y}vU 8Z 'p Eu va] vV} VCZERP o A E
] .v C 3Z (}oo}A]JvP ]vs PE oW

] sech t dt,
0

2
cosht et +etX

z SU §Z]* Jv3 PE o .v]Y}v }(]8* o(uC v} Suuge uo v@&EIu Z
v AZ § 8Z 'pm Eu vv] v } eU ]8[* Z 0% (HOVIIEE d &EE]P} B} ZBE ]
(pv Yive @E v Ulv pv]d JE o =« epZ o0}AW

Az E

secht =

K( JUE* U VGvviZ pv]s ]J]E o AJoo }EE *%}Vv}igyxz }}1E
dZpue Flw UJTE %o%oE} % E] S 0C JvS E% E § e 3Ze WIEY o0 %
§Z C A]*U v SZpelesZ C }}E Jv S HEvE %15 Y v \52Zv o]
E o YA &} 83Z }E]IP]v vV o} BAPZ "AHNE|BOEW %oE}i VY}Iv }( 57
}vs} sz A AlJU v ] 8Z ALEr }}E ]Jv S JCE W %LBvE Y vvs2ZvPov]
E o YA 38} 8Z }E]IP]v ¥Y 0ENA]*3Zd@& Y} }( 8Z « 7 ]*%0 u V3
§Zpue o0} 8Z PE& ] v38 }(SZ o]v 8Z S %ywSSY v SYELR]E S}ED L
S VAlyl }FX
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/v +Ju]l]o E A CU 8Z ZC% & }o] (pv Y}ve B 3Z JYws3Z ZC
ZC% E }o] {(fEvCWIiX
N

Y A 4

tz E %}vE }v 8Z E]PZS ] }( §Z] pv]3}ZL % B}E (A]Do
~ }eZ8U ¢]vZse AZ E 8Z]* % & u 3 E 3 JJ* SZVZC% SE $03Z vEo U
J(8Z ¢ S}E ~+Z}Av E JvEZ ] PE ue (E}u EEZ« ¥ }3UiX 5t} S ZUliee :
e U S3Z 8 8Z %}@® uss &EE] 3SA} ]+ €& vs§ §Z]vPeU pus 8Z Pp E1
e« /£ 30C AZ & }VA ESe §Z]° ZC% E }0] utho G wFo@ JMmB)Z 3 ujc
}AS VZEU} Ape ZSU}RAMVZEX

[—

dZ & (J&E U «Z}AJvP v 80C AZ § /| Z A © u%d JSPE u E]
Ju Jv e }83Z 8Z pv]3 ZC% E }o Vv uv]sS ]1BE BZX AQ %] VE B+ }VY IM
§ ~ }=JvZ2U .V]JVP ZC% E }o] =1USAEZ]p( ¥¥ ]Jvs E- VY}v A]S:
]E o } pEUY]FY }e.v]VP ]E po E MM XSHE Y4 @&Eu vv] v (pv Y}v
" AP =~2]e v ¢} §Z 5§ 8Z + 3A} e 3}Ee }EE *%}v 8} 8Z e u &E

ES}PE %Z E+ Z A }u U% A]JS8Z uvC A Ce SB3®ER( 3252 -

ES$Z }vd} G S8 E 3§ vPo 3Z 8] }VA v] v8 8§} A] BZ S vl %% Kv
HYO]Y « 3Z 'uw Eu vv] v &uV YIv ]Je 8Z D E%EEBE WU oA v
]* U %% o]v EoCU AR} o8 S Z A EY o00C v }E E 3} %
>38 v}S o VYsSuy ~]vE |JOAGWY WBZo A EY o }}JE ]JvE }v SZ D «
u %o X

$ 0 YSW ]38 v e« ]v §Z *StA 3 JE Y}V }v §Z ¢%FE E (
(Yo~ He JE o « }( 0o YSpu Z}A @EV]§*%3Z E X d} % E « EA
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§7 U %o UP+S «8CE & Z ]+8 v e« ]v 8Z VIEEZtI¥ES DE ¥}EUC-EZ
A EY o0 *3E 8§ Z]vP ( 8}E ups+s

- = sec Q.
CcoS @

dZ]e u ve 3Z 8 eu 64V D WBH upeS JEE *%}v 3} A EY o Z
CA « "U

«}8Z DE 3}E AEY o0 }}JE]JvE o VYe. «3Z ]+ EvVY 0 <pu Y}v
dy

— = 8ec .
do ‘

Solving the differential equation
dZ]e <pu Y}v ]J* 8C%] 0 ¢ % &E o ]+ & vY o <«W
e« "X

d} A oped U pe 3Z +8v E SE] | }( UpSVWhoo CHEPW Y ~-

sec ¢+ tan ¢ sec’ ¢ + sec ¢ tan ¢
/sec¢dg§—]sec¢f—¢d¢—/ et £ f @dﬁb
sec ¢ + tan ¢ sec ¢ + tan @

E}A v}Y 38Z §
d ‘
- (sec ¢ + tan ¢) = sec ¢ tan ¢ + sec” ¢.
D
4z & (JE U
d

g (sec g+ tang)
fseccjdcb— / ‘ — dop = lnlsecd)+taan')| + C.
sec @ + tan ¢

"}
Yy = h]lsecqb + ta,n(b‘ +C.

Choosing the constant
/§ ] v SUECA 3} 8 §Z <(pASIXEA]v o« T AT v &§viAiU

I AC-i* A ovni A ln== e A X

, v. 8Z D & S}E (}EuUpo ]-
y:hl(sccq5+tand)).

Writing the inverse using the Gudermannian
he]JvP 8Z ] vVYS3C
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‘ T 9 U
seco +tang = tan| — + —
4 2
A v o} AE]S
Yy = ln(tan (Z + g)) :
dZ]e & o Y}v v JvVA ES He]vP 3z '

(v Yivw

| " AP 68X |

dZpue 3Z 'u Eu vv] Vv % E}A] + 3Z £ 3 ARBYEe}IVIEIN ¥ 3Z
§Z D E 3}E u % Vv 3Z }uv " }o ¥ZU *%VZPE& X

/| Aloo v 8Z @€Y o A]8Z v] «<p *Y}v }VISD WU SZEU-FEDVI&W
§C%] o *"d W Y eY}vX u]Jo Z]E ii}*Z]>*u©}vPE uu EX+ Z}}o (

5 The Gudermannian function, gd(z), is defined below:

gd(z) = /; sech(t)dt.

(i) Evaluate the integral below:
/ sec(arctan(z))dzx.

Hence evaluate:

/scc(gd(:r))dm.
(ii) Evaluate the integral below:

/ sec(z) arsinh(tan(z))dx.
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Maths Mysteries and Paradoxes
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The Birthday Problem

By Ben Laferton 9T

The Birthday Problem is one of the most famous mathematical conundrunfemilitose
Az} Z Av[§+ v]3§ (JEUZE ]38 ]W

How many people does there have to be in a room for it to be moreyltkain not that two
of them share a birthday?

Before you read on, try to estimate the answer to the question.

It turns out that the answer i23. Surprisingly low, right? When most people estimate the

VeA EU §Z C P eo up Z Z]PZ € ~u VG %o }%0 Pu e i0AIT «} ]8[
some time to see why the answer is what it is.
&]E+*S 0 § pe }ve] E ]J( SZ & ] }voC }v DuEo}**]v SEXE}}uX >
Obviously, he cannot share a birthday with himself (hopefully). Therefore hidnece of
there being two people sharing a birthday is 0. The chances of there beingensharing a

birthday is 1 (which is equal &-. This will be helpful later.)

E}JA 0 §[+ ¢« AZ 3 Z %% Ve ]( * }v % Ee}v AvoX«d]Z5}Z8% €E}}ul
of Ben sharing a birthday with Alexander;%. Therefore, the chances of there being no

birthday-sharing is;—fg. This is all very simple so far.

KUE E}}u ] 13 U%S3C A]SZ }voC 3A}}%o IMeo00°]V]VS1E X}, be 3 u %o
]* KoJA EX Ko]A E[+ ]ESZ C }uo §Z e~ u + B ¥E V(E[ }E
his birthday being different to both others aré=" X dZ & (}E U $Z Z v =+ }( A EGC
JESZ C JvP J(( & v 8} A EC}v o0« [*]* <u o0 &}W

Z9-8Z Zv }( o AEv E[- |ESZ G JvP $Z +u - Z] }Ave

multipliedby;—f2~§z Zv }( v[e ]®&sz ¢ ]JvP ]J(( ® v§ S} o0 £ vV
multiplied by=— ~8Z  Z v }( Ko]A E[+ JESZ G JvP ](( & v& 8} o /

UXWUXVUXU UXwWUuXvuxu
; ; Lra{{sy{wzuvss
UXWUXWUXW UXWUXWUXW

Therefore, it is very unlikely that two of them will share the sanmthbay.

However, we want it to be more likely than not that two of them wfilbare the same
birthday. It is evident that we need to keep adding more people toroam. And when we
get to 23 people, this happens:
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UXWUXVUXU UV
1y b a b
uxwuxwuxw ux

u
VL rav{tyrtyxwxyxrsvw{tyy

We have found that for 23 people, the chance of them all havirfgréifit birthdays is less
than 0.5, therefore the chance of at least two of them sharing the shaintleday is more
than 0.5!

And for 22 people...

UXWUXVUXU UVvVV
; ®—a ®— Lrawtvurvx{tuuyvv{{usrz
UXWUXWUXW UXW

...we find that the chance of at least two sharing a birthday is less 0.5. We have solved
the problem!

hv(}ESpv 8§ oCU AZ v/ AE}S §Z]*U uC *]*3 E u % S} u v =
C EMJ_"lv [ 1Vv[8Z A vC3Z]vP 3} } $BX]®o0 u@-3(&CEVv}I}vU
calculations. So here we go...

> S[e }ve] @yearplackEThis block will contain one leap year and three normal

years. So 365+365+365+366=1461 days overall. Then, we have already worked out the

chances of birthday»Z E]vP A]3Z C & }( iofi CsU «} A v }8Z . u

i80iX ~ 3y ooCU AzZC }v[s§ A Z A C & }( id0i hCeM dzZ & A}u
] & v A}po u v/ }Vv[E PE3Z uC + E v 3] QXS C %% ]VP

The one problem with this scenario is that only the position withie four-year block
matters. Therefore, if | was born on Januafy2D12 and you were born on Januafy2013,
this method would say that we have different birthdays even though actuadly are the
same. Therefore, we will have to recalculate the chance of sharing a birthttagameone
else. In fact, the chance that | share my birthday with you is:

(chance of your birthday not being on a leap day * chance of my birthday besrgathe as
yours if yours is not on a leap day) + (chance of your birthday being on ddgapchance
of my birthday being the same as yours if yours is on a leap day)

In numerical terms this is equal to:

SVXI_ v s S o
svxdsvxBE Svxdsvxb

Which evaluates t®.002436424038. 1/365 is nearly identical at 0.002739726027, so
slightly more likely, which is what we expected. Well done maths!

Now that we have the probability for a given two people sharing a birthday, we can use it
to solve for ANY two people sharing a birthday. Adjusting the formula from earlier, we
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get the following (obviously continuing for more terms), which is the chance of everyone
having the same birthday:

SVXS SVXI Vv S o FEL Xr v S &
. ms ; m s ;
svxs$ svxésvxg svxésvxg svxésvxg svxésvxg

Using product notation, which just makes life so much easier, this &l ¢éou

4?5 6
N SVXI v S
Ns FELI F
V@4

svxdsvxa© 'svxs

wheren is the number of people in the room.

The top formula is sort of a big souped-up mess but also makes senseastpartiis just

the chance of one person sharing a birthday with themselves, so one, theameelier.

The second part is one minus the chance we worked out earlier fopeaple having the

same birthday. Thus, it calculates the chance of the second person (Ben) aalifegent

birthday to the first person (Alexander). The third bit calculates thech of the third

person (Oliver) having a different birthday to both the second and tegeople. This is

AzC 82 —AZ § 182 Zv 38Z]E |ESZ QUlo&Roe]lu G &M 35} ]
reflect that there are two people with which Oliver might shargirghday. If you think

about it, this is, in its process, the same as the calculation from easligrex is the chance

two given people share a birthday (earlk;?g, here the equation above):

S, .SFT,;sFtT,:sFuTa

However, even though the equation is more manageable than it first seemstilt &

MONSTER calculation to do on the calculator. This is why | asked aoplitoit for me :}

Atfter telling it to do the calculation using my method, it gave theveer « 11U «} A [E o0
happy. (This was also the answer that | had found online.)

/( C}u I}v  }us8 S8ZE}IUPZ 8Z 83U 00 ]38 +] A e< ¢] 00C 0 % C G
DIFFERENCE. Or do they? Well...

hv(}ESPV 8§ oCU JUE ESZ[* *%]V ]* *} U oo % 3Z Sv}IA v 0 %o
sufficiently accurate. It turns out that years that are a multiple of 100nau 400 (e.g. 2100)

are NOT leap years. Multiples of 400 (e.g. 2000) are still leap years. So | dacstory

calculations again. Using a similar method to before, the new, foolproof foris¥ath

some things simplified to keep it on a line):
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SVXIrr vrr _{y °

svxr{;’}svxr{e svxr{y

s ,ns FLI

SVXIIr vrr _{y °

|
s Ft ’L'svxr{ysvxr{gE svxr{y

etc.

And using product notation again:

a?5 6
- SVXrrr vrr {y
Ns FELI F

U@a svxr{ysvxr{Ej) svxr{y

wheren is the number of people in the room.

Ju Jvl]vP 8Z u 8Z} « A [A pue 38} o0 po 3-o8Zsh&#ingEd ]o]3C }( v}
birthday, we can now calculate a general formula for the chance ofngosbaring a
birthday wherep is the number of people in the room and your date set containsrmal
years which havd days and leap years which have an extra one day:
a?5s 6
Ns FELI @JE@H JEH E H GEI
Do @IEQH@HE @R E@IE @HE H

For the equation above (the one using the 400-year rake365,n=303 and=97.

THEN | found out that, of course, some birthdays are more common than others. Aad sinc
&E ooC Vv][S§ 18Z E 38} o upuo § Z}A 3Z 5§ DwRSe SZDwPeU /
, & [* *}Ju %opllo e o0}A]Jv + CIH[E ]JvE E 5§ W

1) There are about 1.8 million postcodes in the UK. How many people doay@uto
have in a (big) room to make it more likely than not that at least two of thieanesa
postcode?

2) On the planet of Zog, there are 676 days in the year. How many Zoggians do you
have to have in a room to make it more likely than not that at least tivihem
share a birthday?

3) On the planet of Zag, there are only 180 days in the year. On the firsv@@inies
as many Zaglets are born per day as on the other 80. How many Zaggians do you
have to have in a room to make it more likely than not that at least tivihem
share a birthday?
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When Numbers Lied
By Esah Khan 11M

Numbers are meant to be neutral. There are numerous theories related to matheahat

paradoxes and illusions, yet the greatest illusion of numbers we face in the&itsiry is

§Z $ vuu Ee+ E pv ]+ X dZ C }v[3 0] US3SZ CU[BVEESA | <] U
opinions. This is inherently true. Yet when numbers are mixed witham psychology and

the media, they stop being just maths they become a tool. A tool to manipulate the

public. The minds of everyone, including you.

d|l ¢85 8§]e§] ¢« ]JvsSZ u ] X" EJu % C Ti9X _dh@udngBul E U Juu
30% of what? From when? In which area? Was it three incidents becoming four, or

SZ}ue v ¢« SHUEV]VP JvS} SZ}ue v ¢« u}E M d4sSv]|su } EvKEhedfS 0] Vv
AZlo SENSZ ]8Z EX Vv u}ed % }%0 }V[3 +5K% dZ]¥5 EE}P &
emotional reaction is the real product being sold.

dZ v 8Z E [+ A E P U §Z u}+s %S]A  Ju(}ES "0AVESP]v u} C
e 0 ECU 8Z "A EP _Z}pue Z}o U 3Z ~"A E P _ 3y v3X A E F
until inequality becomes invisible. If one person earns a million @mel eéarn nothing, the

A EP «Ce AEC}V [+ }VP (Jv X dZ usdZ]e JM&E 38X dZ }v

OP}E]SZues %opeZ $Z] A v (MHESZ EX z}uE ( U C}9®E E }luu v
v all governed by numbers claiming objectivity. Engagement rates. Watch time.
Click8§ZE&}uPZ % E vS P ¢X }o U o0 po § U v usSE oX A %S 8Z
behaviour, and humans are not neutral. Bias goes in, bias comes out, radlpkcale. The
Joope]l}v Z E ]ev[8 8Z 8§ S§Z]33%3 F MEWBZw» ] ( |EX

Even graphs lie with a straight face. Stretch the y-axis, compress thg, xtzoose colours

that scream danger. The data stays the same, but the story changes complegelytled

SCE v Ju e EJe]*X *Z E% *%o]l Ju o "vrdEiviusts AJEEC
the picture before it questions the numbers behind it. Thastris exploited daily.

All of these combined create a lethal trump card large corporations widly&ios can play,

O |JvP S8} e e ey Z e SZ Jv( u}lpe } }o Wwhetd CHcaLolao u [ =+ U
gained negative media attention for allegedly using statistics to esipagplic opinion on

obesity. In the 2010s, the company heavily funded research suggestingdkaif exercise,

not sugary drinks, was the main cause of obesity. Some reports cited that only 25% of

weight gain could be linked to diet, implying soda was largely innocent.
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The truth? These studies often ignored large datasets showing that sugary dnikibute
significantly to obesity. By highlighting certain percentages whiletmmibthers, Coca-Cola
made its message seem scientific. Graphs in press releases exaggerated small differences
activity levels and cut out context, making minor correlations look decisive.

Even promotional materials used selective numbers. For example, one report clhiated
"% }% 0 AZ} E]vl }I & Ppo EoC } v} A WPEBE®E _SPWEIVR ?
the larger populations where excess sugar intake clearly correlates witarhigivil.

dZ]e ¢ % E}A ¢ §Z %}]vEW vpu Ee §Z ue oA CAAEEV[S (| U
%o E ¢ VS  *%o UV SZ *S}ECU % E}S S]vP E v [« Ju P X /S[s %o
statistics can be manipulated to mislead the public.

This is the real play of numbers in the 21st century. Not equationsatral&board, but

(]JPUE « Jv Z o0]v eU +Z } E U v 3]Ju o]V]vXXEdh QE» ABEV[S §.
were. But in the wrong hands, or even careless ones, they become makksng

uncertainty, simplifying complexity, and persuading without ever needing teeafgow, in

a world where artificial intelligence is making such tasks even dastr, it is imperative

we spread such knowledge to increase awareness.

"U SZ % & }AE ]Jev[S §Z § vpu E- JA peX /3%e@BEZ]8]Av 0 § §.
for truth, and confidence for correctness. And until we leargo@stion not just what the

numbers say, but who chose them and why, the biggest illusion will reamdguched: that

maths is just maths.

And we will remain in the dark.

Coca Cola case study: https://www.downtoearth.org.in/food/almost-every-middle-inc ome-country- _is-being-
targeted- by -big-food-and- its -scientific-agents

The Nothing that Built Everything: How an Invisible Number
Holds the Universe Together

By Kiaan Khera 8G
Intro

Imagine waking up and discovering that the number "0" has been defetedhuman
memory. It sounds like a minor annoyance - until you realise your phonecicasne
nothing more than a piece of metal, your bank account is a mess, and everujgunas
betrayed you.

The Binary Blunder

Without zero, your light goes from a helpful tool to a nuisancslézp with. This is because
]S 1« E 00C ipes }oo 3]}v }( ]doWe Hisld%i3dDd <A Z jvU
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flips it off. Without zero, every switch in your lightand other gadgets - stays stuck on at
the same time. Your phone wouldn't be a smartphone anymore - it wostdje a glowing

E] I }( Po eeX v }v[S SZ]vl C}UE }u%o uImfbterecoddlikelssZz X dZ]
secret language made of dots (1s) and spaces (0s). Without zero, the spaces vanish. Your
computer screen would turn into one giant, solid block of text withgaps, making it
impossible for the computer to follow a single instruction.

Video Games: The End of Reality

Z}YU[E %0 C]JvP CIuE ( A}JuE]S P u X dzZ (JvudE}-Z]|d@ VAV33} i :
all over. Your character manoeuvres below his slashing sword, through his armour and

DJ A %3Y v}3 E o00CX t]3Z}us Al B} _ Z DikawpEbelu 3} E
iges JA 1 B}V 8Z pv 8 0 }eeX pu3 3Z 3[+ VIREZ }voC % E}
coordinate in games is (0,0) or (0,0,0) in 3D. Without zero, there would ree®or
houses or anything. Instead, you would spawn into an infinite grey void.

The Placeholder Panic: The Ruler and the Riches

tZz 8[« 3Z ](( & v SA v Z AJvP =il Jv C}uE %} | BE w «}0iiiM
"nothing"- but those circles are the difference between buying a couptiioks and buying

Me EX i]s |1 C %0 Z}o & 3Z 5§ | %othed ZVithaquuit, ZE[+ A Oop * &
multi-millionaire with 3,000,000 in his bank account becomes poorer tharn year t old
e AJVP pu% %} | $ u}jv CX AV C}JuE Epo E +3 ES*AEQP 3} Clux
measurement becomes a subtraction sum. On top of all this, without zero, fomkdwe
make cars? With cars, the parts are made to fit within the exact 0.01cm. How can you get
that without zero? The measurements would just be complete guesses instead cfepreci
numbers.

Romans Built the Colosseurh us §Z C  }lpo viIs } it
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The Romans conquered the known world with swords and stone Hawytwere defeated by
a simple math problem: they never learned how to count to nothing. Asisksd earlier, O
]+ 32 1 C 38} Jv ECU v 3Z E (}JE Ju%pusd E-XVvi{EBEIUuS | E}U §7
make any technological advancemerttstunting what has sometimes been called the
greatest empire in history. The most interesting thing about the Romansatishey used
abacuses, in which to hold the place value, they did actually leave nothsognia of the
Jopuveld dZ E}u ve A E pe]JvP 37 ] (1T E}]&WX 82 C ] v[s A

The Origin Story: How "Nothing" Conguered the World

E}A 8Z § C}u IVIA Z}A pe (Mo v Z}A Ju%}ES v3 3Z 1V 38]14( Zv}sZ
to find out the origins of this number. The first evidences of the usagermf was the

Mayan civilization in Mexico, where they used a shell symbol to represghtng in their

Jv E ] oC HE S ov E+X ,}JA A EU $3Z5¢ S |E&XS & ES
the hero of the story, a mathematician named Brahmagupta, from 7th-century IHdia.

was the first to treat zero like a real numbesomeone you could add, subtract, and play

with. He called ishunya which means "the void."

Conclusion

| 8} JUE C*3}%] v AJEo Al3Z}ps 1 E}X dZPpuyHVvEALAS Y}® Ti0o
Ao v X :pes %o ]Jv AIA E <Jov X tZCM A (E v]$¢ SUVE]ERS %o
down to anything. Without zero, no matter how much you keep counting dohenyalue
will never run out. Thankfully, you then woke up, realising that it wigsistl a bad
nightmare. Thank you for reading, and | hope you are now enlightened on hioritél
Av}SZIVP v v 82 A ECSZ]vPX

The Most Normal Weird Number

By Anchit Paudel 12B

Which two-digit number is the weirdest? Some people would be dremanprime number
like 37 or 29, or a more superstitious number such as 13. Some people bwslidspicious
of this question being a trick. They would be rigftte real answer is 7@ particularly
unsuspecting number that nobody could guess unless they already knew the trickid/tha
about a number that could grant it the special and prestigious titleeifd® The real
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answer involves discovering deep mathematical truths about the nature rmbeus in
number theory and revealing the rigorous mathematical journey that numteks to reach
perfection. This adventure is, unfortunately, reserved only for posititegers.

Prime Numbers and Factorisation

Number theory is a branch of mathematics specialised in dealing witprthgerties of
integers. One of the most fundamental and revealing integer properties irbeutheory is
the number of factors that it has. Every number can be broken dowrfaators, meaning
that it can be divided by integers into more integers. For examplea$aix factors because
dividing it by 1, 2, 3, 4, 6, or 12 gives an integer result. Numbergwaitifactors are known
as prime numbers since their only factors are 1 and itself. Numbehsmaote than two
factors are known as composite numbers. 1 only has one factor, placingsitowiit special
category.

Factors are important since they quite literally reveal what parts a nungeomposed of.
An example of this is how square numbers are the only numbers witildmumber of
factors. This happens because factors pair together most of the times lmy number, and
b is a factor of n, then n/b is also a factor of n, meaning thetdbn/b are paired together.
The only exceptions are numbers where n/b = b, i.e., when n = b2,

Even though prime numbers behave similarly to each other,

composite numbers have a lot of internal variety. For example, 90 and

91 are both composite numbers, although in my opinion, 91 is closer

to being a prime number than 90. There is a way to visualise this by

using prime factorisation: meaning to repeatedly break the factors of a

number down into prime numbers. 90 can be broken down into four

prime factors (2 x 32 x 5), while 91 can only be broken down into tvmeepfactors (7 x 13).
In this sense, having more prime factors makes a number more composite. Knowing the
prime factors of a number is useful since there is a trick to fiedniimber of factors of that
number with only three steps: represent the prime factors using exponead,1 to each
exponent, and multiply the results together.

Numbers with more prime factors also have a high number of factors, howkiseddes not
mean that each prime factor is unique. For example, 30 has three unigue [eaictors (2 x

3 x 5) and has eight factors, while 32 has five similar prime factors (2 x 2 x 2)>b@t»nly
has six factors. More unique prime factors mean more arrangements of thiose factors,

leading to more factors.

Quantifying Compositeness

Counting the number of unique prime factors in a number isiakgand easy way to
estimate how composite it is, but this method still fails to capture stimmg crucial. Take
two numbers, 58 (2 x 29) and 57 (3 x 19), for example. Both numbers havadtars and
two unique prime factors, however, small factors have more uses and are therefaee mo
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important, which should place 58 ahead of 57. The issue with thisitiefi is that it does
not consider what the factors of a number are, but only whetheytlare unique, leading to
the significance of smaller factors, such as 2 or 3, not being considered.

One solution is a new definition where compositeness is measured by sumreirfggctors

of a number. Numbers whose factors sum to a higher number shmitdore composite

§Z v Vv}8Z & vpu EX dZ]e ]+ IvVIAv o vpu E[UYUE} (s FA]}E X
numbers with smaller factors like 2, which is explained by the tengehéactors to pair

together. For any number n divisible by 2, the largest factor of n is n/Zhwkithe largest

factor a number can have, contributing more to the sum of divisors. By trergum of

divisors, 58 has a score of 90 (1 + 2 + 29 + 58), 57 has a score of 80 (1+ 5/} d®d 56

has a score of 120 (1 +2+4 +7 + 8 + 14 + 28 + 56).

Even though this method works well on a small scale, it becomes metstanable as
larger numbers are introduced. Because the sum of divisors of a numbegivgyhbiased
towards the size of that number, large prime numbers can outperform eoene
composite numbers. An easy fix is to only use the proper divisors of n,imgealhfactors of
n excluding n itself. This is known as the aliquot sum of a nunilsene numbers have an
aliquot sum of 1, which nullifies bias from large numbers. The@tisum is seen as the
best way to measure the compositeness of a number for this reason.

Now that there is a reliable way to measure compositeness, the numbers can be csgegori
into two main groups. Numbers with an aliquot sum greater than themselves,asu88,

are abundant numbers since it is greater than the sum of its parts. Msnhaith an aliquot
sum less than themselves, such as 57 and 58, are known as deficient nuibstrs.
composite numbers also turn out to be deficient numbers.

Into Open Arms: The Perfect Numbers

dz J(( & v SA v 38Z o0]<pu}s cpu }( VMMBAE v wpw JEE[e( ] |
abundance, where numbers with abundance > 0 are abundant and nsmiagr
abundance < 0 are deficient. There are a few numbers, however, with an aleendarero.
These are known as perfect numbers, which are numbers that are quite iitecalal to the
sum of their parts. The first four perfect numbers are 6, 28, 496 an8,81&2 become
increasingly rare afterwards. Perfect numbers are a cornerstone of numbentihecause
it has remained unsolved for thousands of years whether there are anténfinmber of
them and if any odd perfect numbers exist, making perfect numbers amtanis source of
debate. Only 52 perfect numbers have been discovered so far, with the mostrecen
discovery in October 2024 being over 82 million digits |€yi Th&re are many more
unproven conjectures in number theory, with some of the most famous beia@tillatz
Conjecture, the Twin Prime Conjecture, and the Riemann Hypothesis.

Falling from Grace: The Weird Numbers
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Not all numbers can be perfect, but some numbers still claim thehiessurable title of

e U]% E( SU AZ] Z ] AZ v 8Z E Je op « § }( Svepw B [v X% E} %o
Since deficient numbers can never be semiperfect and all perfect ergrave automatically
semiperfect, this term is only relevant to abundant numbers. It turns out thast

abundant numbers are also semiperfect, with the rare exceptions being 704836, 5830,

etc. This is the long-anticipated sequence of weird numbers, ¥tkticking out like a sore

thumb. Nevertheless, 70 is still irredeemable. It does not help that tbpey divisors of 70

are all deficient, which unfortunately also classifies 70 as a primitivedssi number. All

primitive abundant numbers pass the threshold to become abundant byeath arguably

making primitive abundant numbers less perfect.

Even though 70 is a weird number, however, it does have applications ifeahldi to
being a multiple of 10. Not even the perfect numbers, such as 28 and)yéB&cognition
outside of textbooks. What can a number do to be hailed as a heheireal world and
where can these numbers be found?

Super Composites

The sum of divisors, aliquot sum, and abundance are all related to ¢laeh) which is easy
to see in their special function notations in number theory: the sdmisors is denoted
e~velU §Z 0]<u}S epu JevlUv}g epwvert e yHR2n. Baek function
Z s+ A El}ps AVEP e v EA Ie +%]5 3Z u o}}IBJPvelee]ulo G
a multiplicative function, meaning that, if a and b are coprime (the@ye no factors in
JuulvelU SZ v e~ o ? e~ o A o~ X asilgibP splitpnio c@sime parts with
prime factorisation, making finding the sum of their divisors quickee. allquot sum is used
to measure compositeness since prime numbers receive the same score of 1. Abuisdance
great at defining abundant and deficient numbers which reve#ds about the way that a
number behaves.

Because these functions only differ by n, dividing each functionrbgurces them into one
Hv](]  (pv 8]1}vX dZ (uv 8]}v e~velB]vvEAuSRV]YWPoQ (fiv *3]oo0
multiplicative. This determines what is known as the relative abundanceTdfenrelative
abundance of a number is also equal to the sum of the reciprocats factors, for

example, the relative abundance of 6 is 2 (1 + 1/2 + 1/3 + 1/6), which iduito the way

that the factors of a number pair together. Deficient numbers havelative abundance <

2, perfect numbers have a relative abundance of 2 and abundant nusiizse a relative
abundance > 2. Prime numbers approach a relative abundance of 1 as (ash)/n

increases. On the other hand, numbers with a higher relative abundamaceevery number

that precedes it are defined as superabundant numbers.

Superabundant numbers are convenient to use due to having an extremelyigber of
factors and therefore are the numbers with global usage, even with usage as far back as
5000 years ago. One example of this is the ancient Egyptian 360-day yeanfavith fi
celebratory days outside of the year to match astronomical observati€risi Another
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example is the ancient Babylonian base-60 number system. The Babylonianknee/n
for huge advancements in mathematics, such as the knowledge of the Pytlaagtheorem
over 1000 years before the Greeks, as well as approximations of squareg§déatg &
Babylonians also gave circles 360 degrees. The historical links to supgaaboumbers
are more reasons why they appear everywhere, such as in imperial unitgnaadAttempts
to change this have been made, such as with the Revolutionary reformesaeane, with
100 seconds in a minute, 100 minutes in an hour and 10 hours in altagy3tem failed
since dividing days into sections became more difficult and it cordlieith trade

Conclusion

Why should we care? Even on the mathematical journey to perfectionnpisrtant to

know what numbers are by your side because it opens a new perspective ofttia¢m
cannot be taken for granted. Sometimes it is okay to travel with the numbers/thatre
averse to because there could be something magical about them. Sometimes it isanport
to realise that being a perfect number is not necessary to be a champiory. Eweber has
something special and no number should be ashamed of what they are, abp&6.
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The 7 Bridges
By Avaneesh Piradeepan 11M

The Seven Bridges of Konigsberg is a historical mathematical puzzle that origmiied
18th century German city, Konigsberg. This city was unique for being lcmateither side
of the Pregal river, with two large islands in the middle. As pictineddw, 7 bridges
connect the islands to each other, and the mainland. A curious madtieian, Carl Ehler
guestioned whether it was possible to cross all 7 bridges without ever crassirigge
twice. Despite its simplicity, the problem is much hardertfjan o}}leY v C}u (]v
solution?
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3X]]OLQJ ULJKW" ,Q IDFW W
IDPRXV PDWKHPDWLFLDQ /HI
SURYH WKDW VXFK D VROXW
(XOHU LGHQWLILHG WKDW W
.RQLJVEHUJ FRXOG EH UHGU
DEVWUDFW JUDSK WKDW UH!
ODQGPDVV DV D YHUWH[ RU
FLUFOHV DQG HDFK EULGJH
DV DQ HGJH WKH OLQHV FR
FLUFOHV <RX PD\ ILQG WKF
WKH ULJKW WR EH YHU\ GLII
PDS DERYH EXW EH UHVW D
VDPH PDS Rl WKH SUREOHP
VXLWHG WR VROYH WKH SUR
QRW FRQFHUQHG ZLWK WKH
ODQGPDVV DQG LW KHOSV »
ODQGPDVV DV D VLQJOH HQ\
KHOSIXO ODWHU $GGLWLRQ
WKH JUDSK LV GLVWRUWHG
VWUHWFKHG EHEDXVH RQO\
FRQQHFWLRQV EHWZHHQ QR

z}uu C zZ A v}Y §Z 8§ AEC Yu Clp v (&0 A G2 EAGQEY APC
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Euler explained that the possibility of traversing each edge exactly once dependéd
PE <« }(8Z v} X dzZ 8§ EGu Z PE [ E ( E- S} §Z 2pu CE }(
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node. The desired path, from the problem, is only possible if the gnaglexactly O or 2

vl « A]3Z } PE U v J(]5[*3Z o0 88 @Y 3Z vv3Z3 %Z3Z A}puo
nodes with odd degrees. Now, such a path that crosses each bridge exactlyg catied an

Eulerian path. Later on, as a result of Soviet bombing in WWII, two of the bridges

destroyed; this left two 3-degree nodes and two 2-degree nodes, makintgadfupath

possible.

A slight variation of the puzzle is to find a path that crosses eadgéudnce, starting and
ending at the same point, or node. The solution to this problem is calldtLarian circuit,
and demands all the nodes to have an even degree. You can see why frdiadham:
returning to the same point means that you have to leave every node yar,amhich
consequently requires an even number of bridges from each node.

z}uu C Ajv & AZ §3Z & orA}Eo0o E o A veU}(usp]Z o SEIA]® ¥
0 CJVP §Z (Juv VYive (JE v SA}E| §Z }ECXENE §LO)CE] b Z{ »PeGo P
§Z JECU ps 18]+ £ ve]A oC E o A v3 SANEE AEEQ E QAZUE

AMUE ZWo s WIT vXATIT% ] XIEPIANITIN A vz E] P +z}(z<9 i9 ov]Pe EP
ZO% *WIIVE] ZXu 3Z+X}EPIOEYIE}IPUCE] per

=HQR:V 3D¥§DGR]

By Vanij Pandravada 7G
Who was Zeno?

Ne vi}( o ~ X 00itoii e Ae v V]VE 'E | %Z]0}*}%Z EX _
A A < (}ooParmEnideswho claimed thathange, motion, and plurality are

illusionsvs§Z § E 0]SC ]* }v U pv Z vP]JVvPU v }vS]vu}peX_
Many people disagreed with Parmenides, so Zeno created paradoxieseiod him

If you believe motion exists, then your logic makes you think differently

So, Zeno used logic as a weapon.

The Famous Paradoxes

Achilles and the Tortoise
Achilles races a tortoise.
The tortoise gets a head start.

To catch the tortoise, Achilles must:
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Z Z 8Z S}ES}]e [* S ES]VP %}]vsX
But in that time, the tortoise moved ahead.
Z]loo «c E Z * SZ S %}]vsSY
4. dZ 38}ES}]e Z < u}A P vy
This continue$orever because there are infinite points Achilles must reach.

W e

Zeno concludes:

Achilles can never catch the tortoise.

Yet in real life, he obviously does.

The Key concept forgotten:

Speedt if Achilles is faster than the tortoise he will catch up to thertoise before it
reaches the next point

] Z}8}uC ~dz ~, o(AC_W E }A&E-
To reach any place, you must first trahalfway.
Then half of the remaining distance.
dZ v Z o( }( 8Z 8Y
This createsn infinite number of movements

So, Zeno claims:

To move, you must finish infinite tasks.
Finishing infinite tasks is impossible.
Therefore, motion is impossible.

Key concept forgotten:

If travelling to a certain place there is a certain distance therefaravelling half each time

would then lead to reaching the end of the certain distance

Example:
Distance steps might be:
*=, =/ =1ilio =Y
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dZ]e Je Jv(]v]s Y
But it adds to a finite total:

So:
Infinite as in endless time
Infinite steps can be completed in finite time.

The Arrow Paradox
Ny EE}A ]e (oC]JvP 3ZE}uPZ 32z JEX

At every single instant in time:

X the arrow is inone exact position
X at that instant, it isnotionless

If every instant is motionless, then:

Time = a collection of frozen instants
Frozen instants cannot create motion

Therefore motion is impossible™
Key concept forgotten:

When changing to the next exact position you are creating mover get to the next

position.

WHY THEY ARE CONFUSING
Zeno is not saying:
AD}A u v3 ( 0+ *SE VP X_

He is saying:

M you believe movement exists, your own reasoning becomes contradictory.

This forced philosophers and mathematicians to question:

X What is infinite?

Is space continuous or made of tiny pieces?
Is time infinitely divisible?

Zeno spotted logical problen&000 years before calculus existed!
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Patterns and lllusions
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When Maths Break Your Brain: Impossible Shapes and Optical
lllusions

By Muhammed Sameer 12D
Introduction

DSZ]e}Lve v evpu E+*U 0 © E*U Vv *Z % * }v o% PuX ,}A A
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/v §8Z]e Jeep }( Wo C }( Epu E.U A [EWRGE ADo-G)EIVE
ulJvr v JVP ¢Z % U Jv.v]8 % © EveU }%Y
E 3Z]vl 8Z J]E SEN %}A EX

%
oSpPoduu]kveiuv vuu

Impossible shapes that couldn't exist
dl §8Z W vE}s dE] vPo X /3 0}}le *}0]
KE SZ]Jvl }us8 « Z E—-+ Vv 0 ¢° 5 |E
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Fractals: infinity in a shape
&E S o & v A Erv ]JvP % © EveX tZ v Clp BISZIY 8Fu]SXK %o
z}p Vv .v SZ u JvW
§ E SuUE W E} }o]JU «v}AG | U EJA E v 3A}EIsU v 0]P.
D §ZeW dZ DvVv 0 E}S *Sr % © Ev SZ S E % S+ Jv.v
eSUVV]VvP E epoSe ~&]PX 0O
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Optical illusions with numbers
Epu Ee SZ ue 0A e+ Vv SE] I C}pE &E JvX }ve] EW
” D P] e<uy E W EE vP vpu E»+ } §Z § Z E}AU }ouput
8} 8Z e+ u 3}5 oX /8 e ue Ju%o}se] 0 r p3 13 0A Ce AJEI+X -
D} JHe *3E]% W dA]e8 «5E]% }( % % EVHCU ¥Z & % &
*SE]% Z * }voC }v ] vV }v PJdZ YXEP HOSEP «d}}% SA]
Azl zZ + us K]JvP 8 .E+*3 Pov X ~&]PX 0+

. . Fig.6: How to construct a Mobius strip
Fig. 5: An example of a magic square

These puzzles show that maths isn't
just abstract - it challenges your
brain and perception
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Number puzzles that bend reality
D §Z« 0¢} %0 Ce §@&] I+ A]$Z 0}P] Vv % &} ]o]iCW

D}vSC , oo WE} o uW C *A]$ Z]JvP C}uE Z}] U C}pu ]v
Alvv]vP A v J( 15 ( o AE}VP ~&]PX0-
” ]JESZ C W E }AEW /v E}}Iu }( ipgesS 71 % }%ad 8 $Z E -
T % }%0 «Z E $Z e u JESZ Cr (E (A E68Z v uled % } %

Fig.7: The Monty Hall Problem
Fig.8: Graph illustrating the birthday

paradox

Simple numbers and shapes can
create surprises that seem magical
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Maths in art, architecture and technology
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Conclusion
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AvEZ YZ } o 0}A (JE Clp &)

o &) e §7 ECVP( 3T+ &
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Mandelbrot Set Monty Hall Problem

Magic Squares Puzzles Escher's Endless Staircase

Penrose Triangle Maths Optical Illusions
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&OXVWHULQJ ,OO0XVLRQ :K\ :H 6HH 3IDWWHUQV
There

By Bhavik Kasani 8M

Scenario

"zip Z & }us SZGE ]JE% o0 v & *Z ¢ ]v }v u}vsZ
and wonder if something deeper is going on. You win

the lottery on a scratch-off ticket, then try again,

SZ]vI]JvP C}u—-CE Z}v SCE I[X z}p Z | C}pE
horoscope after a rough day and feel like it somehow

% E ]S ]S o00X_

tZ S C}u[E & o00C Vv}S] JvP Jev[S % SS EvVv]S[e C}pE
brain trying to create one.

The clustering illusion is the cognitive bias that tricks

us into seeing meaningful groupings in random data.

KUE €E Jve E A]JE (JE }JE EU A v AZ v Z }e]e 00 8Z §[+ §.
What This Bias Is

Theclustering illusionrefers to our tendency to perceive patterns or clusters in random
A vieU Av AZ v v}v SH 00C AE]*SX /8[* <% ] ooC *SE}VP A:
emotionally relevant, statistically improbable, or narratively satisfying.

We mistake coincidence for connection. Flukes for fRénd in doing so, we often draw
}v ope]}ve §Z 8§ ¢Ju%oC E V[S *U%o %} ES C &E o]sSCX

Why It Matters

The clustering illusion feeds our need for certainty and narrative. Beadls| to poor
decisions, misplaced fear, and false patterns of meaning.

{ It reinforces superstition: We believe we can gain randomnrélsough
rituals, routines, or intuition.

{ It warps risk perception: We overestimate the danger or significance of
temporary spikes or coincidences.

{ It undermines objectivity: Once we see a pattern, we interpret future
information through that lens.

{ It leads to wasted action: We prepare for threats or duplicate suduaessd

on events that have no predictive value.

The Psychology Behind It
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dZ]e ] ] €&}}S ]Jv }IpE E Jv[* % S 6n€oOYOUEMOsPpojefin (adeS uv
sometimes misleading) survival tools.

1. Pattern-Seeking Mind

Humans evolved to detect patterns as a survival advantage. Seeing a pattastling
leavesv even if it was just win# could mean avoiding a predator. Better to see a pattern
§Z § ]ev[8 §Z E SZ v u]es }v SZ § ]X

2. Narrative Coherence
We crave stories that explain the world. Randomness feels chaotic, so we inguese ¢
and-effectv A v AZ v ]§ } ov[§ AE]*5X

3. Post-Hoc Rationalisation
Kv v Av3} pE-U A o0}}I Il v (]Jv }3Z AU &£ VEERZSFAZOC p
constructing clusters of meaning.

4. Selective Memory
We notice, remember, and retell patterns that feel emotionally releva@he times we were
wrong fade away.

How to See Through It (Bias Interrupt Tools)

iX IW " lyo S8Z]*« R E Vv }uM_
(JE E S3S]vP 8} % E JA % 35 EvVU +3}%}]v M}ve] EW tZ §

2. Consult the base rate
Check the statistical norm. Are these events truly unusual or justgbardrmal variation?

3. Delay your interpretatiofR
Give time for more data to emerge. Patterns that persist are more meanirtgial ¢dlusters
that fade quickly.

4. Break it down numericallg
When in doubt, count. Frequencies and probabilities often cut threembtional distortion.

5. Separate meaning from pattefR
"HeS pe }u SZJvP ( o ¢]PV](] VvS } ev[S u Vv |]SBZ pe 00C }\
urge to turn every coincidence into a story.

In conclusion, the clustering illusion plays to one of our deemssinicts: to impose order
where none exists.

/8[« ZYA A SEC 8} 3 u 3Z Z 3} }(3Z AlEo EYE[-5&UN E A
coincidences, and flukes. But sometimes randomness is just... random.

dZ & [* %}A E v % S$]vP §Z 3§ v}§ A ECSZ]vVvP u v}ee}lu SZ]VvP
messageR
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And that wisdom often begins where the illusion of control ends.

Links

https://profrjstarr.com/cognitive-biases/clustering-illusion-whye-see-patterns-that-arent-really-there

https://psychotricks.com/clustering-illusion/
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Maths Problems and Conjectures
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Cryptic Conjectures
By Fareed Ahmed 7G

dZ AYE Z }vi SPE o— }u + (E}u $Z > Yv
Z}vi SUE [ u V]VP Jv8 E% E S Y}v }E Pu -
usZuyY o }vs £3U }vi SpuE « E 3 35 u
E o] A &} SEu e }v «3E}VP A] v
} o EA % © Eve pd v}s C 8 % E}A vX

& uluye tvi SUE -

‘1o Z[+ }vi Wu@& EC A v ]v§ P EPE 3§ a
AE]J]©O v « 8Z epu }( 8A} %o @®Equ » ~ XP:

dA]Jv WEJu W dZUE E ]Jv.v]3 0C u vC % EJu % ]E+ A]sZ ]
iTeX
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]Jvi P E oA Ce o0 =« 3} iX
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KWWSV EULOOLDQW RUJ

KWWSV PDWKV RUJ

KWWSV QOHZV FQUYV IU

7KH *ROGEDFK:V &EBRQMHFW XUH
By Ruhaan Setia 7M

A Letter that haunted Mathematicians for many years.

Most of us left prime numbers behind in primary school, but for mathematicthey, are
the atoms of our numerical universe. They are the building blocks of mbers, yet they
still hold secrets we are nowhere near uncovering. Among these secrets, the Goldbach
Conjecture stands as one of the greatest unsolved mysteries in the historgtbématics.
The conjecture is quite simple: it states tleatery even natural number greater than 2 is
the sum of two prime numbersin mathematical terms, this is written as:

2n = pl + p2
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Examples:
4=2+2
6=3+3
10=5+5
28=23+5

While it may seem easy to write down, it is one of the hardest challeimgasmber theory.
The mystery began in 1742 when a Prussian mathematician named Christian Goldbach
wrote a letter to his friend_eonhard Euler. To those who aren't familiar with the name,
Euler was a renowned Swiss polymath. He was a mathematician, physicist, astrpaoth
engineer, known for groundbreaking work in everything from mechaniosusic theory.

When Euler received the conjecture, intrigued, he replied:

"dZ 8§ A EC Avvpu E ]J* espu }( 8A} % E]Ju U / }ve] E v VS]E of
vv}s % E}A 135

Goldbach proposed two versions of his idea: the Strong (Binary) ConjectlitbedVeak
(Ternary) Conjecture. The formula above represents the Strong version formulastifiich
remains unsolved. In the weak conjecture, every odd integer greater than becan
expressed as the sum of three primes. Here is the formula:

N=pl+p2+p3

Unlike the strong Goldbach conjecture, the weak conjecture was soiva@ll3 by a French
Peruvian mathematician called Harald Helfgott. He used a very complex logigrtvérthe
old formulas. He managed to prove that the formulas started workingnatieh lower
numberve% ](] ooCU iiii ~ i (}oo}A C il 1l E}eeX hB]}S8]» *3]J00
much smaller than the old starting point. Harald Helfgott split the mobinto two teams:
Team Math (The "Huge" Numbers) and Team Computer (The "Small" Numbers). By
JA E]JvP 8Z ~ ]P_vpu @E+ v "eu 00_ VHu E-U Z <}oA 3Z A

Sutton Grammar School 148
© PRIME editorial team2026



PRIME Volume VI February 2026

Information from Google

*ROGEDFK:-V &RQMHFWXUH

By Stanley Kawase Harrison 8G

On June %,1742, a Prussian Mathematician named Christian Goldbach sent a letter to
Leonhard Euler, initiating one of the most famous unsolved problems inemattics.

In the letter (also known as letter XLIII), Goldbach proposed that integers could be
expressed as sums of prime numbers. After re-reading his letter, he presentedlarsimp
conjecture:

Conjecture 1: $W OHDVW LW VHHPV WKDW HYHU\ QXPE
the sum of three primes [
(At the time, 1 was considered a prime number)
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23 days later, Euler replied and suggested that this conjecture steutdfined into the
modern-day version:

Conjecture 2:” (very even integer is the sum of 2 primes

He regarded it as a completely certain theorem, yet he could not prov&ntl, even 284
years later, in 2026, no one has found complete proof for the conjecture. Caprgua it?

Advancements in proving the theorem:

The weak (ternary) conjecture was proven by Harald Helfgott in 2013.

Z v[e dZ }JE uW WE}A vV C Z v :JVPEMNV ]Jv iBOOEPRS 3Aev3Z § A
number can be expressed as the sum of either two primes or a prime and a see{gri
product of two primes).

Mathematicians have used various methods to show that "almost all" even numbers can be
written as the sum of two primes, in the sense that the number of exoaptbecomes
negligible as numbers get larger.

Extra uses for proof of the theorem:

X Itis used in structural design to identify the minimum numbeprafcast
components (base rods) of prime lengths needed to construct any givenlerngth
structural edge.

X The hunt for proof tests the limit of computational power.

X The pursuit of a proof requires developing new techniques in analytic number
theory. Proving it will also make significant advancements in muliiglds of
mathematics, as well as making advancements in other conjectures, such as the
Polignac conjecture.

A Play of Numbers (1)

By Jaden Siggy Simon 8G

The number O

r J r has always been a mystery. Some people say it is 0 because anything else divided by 0 is 0 or
they say infinity or it could be 0 because nothing divided by nothing would not be agythiyrou

o}}l 8 0 po S}EU ]88 « C+ Zu 3 Zven& cBl¢da{oridiesznotvkndy vWHex we

look at the basics of division, we see circles (the divisor is the number of circles) wéttifecsp
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number of dots in it for the division. So, if we were to split 0
dots into O circles we would call this undefined because we
cannot split nothing (0) into more parts.

The Monty Hall problem

Imagine you

are in a game
show, and you have a chance to win a car. You are
asked to pick 1 of three doors. You pick 1 and a goat
is revealed in another. He asks you if you want to
switch. Most people would not care because the
chances are 50/50 anyway, right? Wrong, math says
that you should change for a higher chance of

winning. This is because you havéczhance of
picking the door with the car angof picking the one with the goat. The host will only pick the one
with the goat, so you have a higher chance of winning by switcle?)rtga(n not switchingi.

Scenario | Your Initial Pick | Monty Opens... | If you stay| If you switch
Scenario A | Car Either Goat A or § Win Lose
Scenario B | Goat A Goat B Lose Win
Scenario C | Goat B Goat A Lose Win

The Collatz conjecture

This is an unsolved puzzle with rules that state if N (a positive integer) is
even then you divide it by 2, or if it is odd, multiply it by three then add 1. It
has been tried up to 295 quintillion. The aim is to prove it and find out if it is
true or false in all cases. For example, let us start with 6,
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t
—Ls
t

This is an unsolved problem, does this work with every number?

The Goldbach Conjecture

This is instead to do with prime numbers and how they add up to
every even number abovée For exampleyist E tor xisu E u
But higher numbers such asz »are wand s z slt has been tried

by numbers up to 4 quintillion. It still works in this example
however we know that prime humbers get more sparse and less
frequent as the range gets higher so if we try it with a very high
number such as/ z x w z y u v v zthievdrime numbers are these
u{ut{uxytvtwu E u{ut{uxptsth{ftheory true?

Why don't you try to solve this?

Mobius strip and the Klein bottle

Have you ever heard of a

1-sided shape? Well one

of them is the mobius

strip. This occurs when

you get a rectangular

strip and then twist one

of the short edges and
glue the short edges together you can get your
very own mobius strip. This shape has only 1 side
and edge. You can make one using paper too
(assuming that the paper is 2 dimensional because otherwise it would not count). A similag item i
the Klein bottle, with 1 side and no distinct outside or inside which leads to the question, can it be
filled? In real life, a 3D Klein bottle can be filled when kept underwater and shaken, to release air
bubbles; however, a mathematical Klein bottle cannot be filled.

A Play of Numbers (2)
By Atharv Mehrotra 7W

tZ8§ Av E vpu E+M tZ [« §Z P 0Z EM v UU}S Juk}ES vio!
they used in real life?

No, they are not some alien concepts. In fact, numbers are far, far older

than the belief of aliens itself-they've been around since Mesopotamia (in

*Ju ACU +Z % }E (}Eu+J dZ C[E *°] o0C §Z 0%Z S }(uSZ u s]
they can be understood anywhere and by anyone.

We use numbers way more than we notice! Imagine all the bills printed every
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minute: supermarket receipts, electricity and gas bills, rent papers, and

insurance forms. There are more than two million of them popping out every

single minute, and each one is filled with prices, dates, and codes. That adds

H% 3} }JA E ]Joo]}v vuu E=* ipesS (E}u Jooe o}v X v 8Z §[e }voC }v
of everyday life. Numbers are everywhere, quietly helping the world stay

organised, just like invisible helpers keeping track of everything we do.

Architecture turns numbers into buildings. Skyscrapers like the Shard and

the Burj Khalifa stand tall because engineers use math to predict and control

forces. Numbers guide wind-load calculations, weight distribution, and

US E] o *SE VPEZU VepuE]VP 8Z ¢ U ¢¢]A «SEU SPE + }Vv[S 8}% %0 X
shape geometry, scale, and symmetry, and even influence beauty through

ideas like the Golden Ratio and Fibonacci sequence. From structural integrity

to HVAC and plumbing, numbers are the invisible framework that makes

architecture both functional and elegant. Without numbers, the Shard would

be a pile of glass and the Burj Khalifa - a very expensive domino.

Astronomers use surprisingly simple math to understand how planets move,
V < %0 E[* dZ]E > A Je}v }(83Z ]E u}ed %}A E(po 3}}oeX /3 o]vle
distance from the Sun to the time it takes to complete one orbit by saying that
the distance (cubed) is proportional to the orbital period (squared). This
means that planets farther from the Sun take dramatically longer to travel
around it, and the relationship is so consistent that if astronomers know how
long a planet takes to orbit, they can estimate its distancand if they know
the distance, they can predict the orbital time. With this single mathematical
idea, scientists can map out entire solar systems and study planets around
distant stars using nothing more than careful observation and a bit of algebra.

In nature, Cicadas (a type of insect that are found in warm

countries like Mexico) emerge every 13 or 17 (prime numbers) years to avoidgyvitirpredator
Co°*UAZ] Zu ve 3Z 85 %E 3}Ee V[5 E oC }v §Z u -

steady source of food because they only come out when the predators are

either just born or about to die. This mathematical "hide and seek" ensures they

emerge only when their enemies are least expecting them.

DS$8ZuC o}}l (poo }( *SE vP +Cu }o*U pnS pv Ev SZ ]85 ooU J§[c E
VHu @Ee+ }]vP 8Z AJEIX d | < ~%]*W ]8[* ipe3 iXidiAdU v ]38 «Z}Ae p9
everyday things like measuring pizza sizes, designing wheels, or calculating

Sz & }( ]JE po E P E vX dZv 38Z E [+ U }us 1X6ioU AZ] Z %%
real-life situations that grow or shrink smoothly, like bank interest, bacteria

multiplying, or radioactive materials decaying. So even the weirdest symbols

in maths are really just numbers with specific jobs in the real world.

To conclude, | say that numbers are the prime factor in the maths

XQLYHUVH O\ IDYRXULWH QXPEHU LV 'KDW:-V \RXUV '
he | 8} & ¢ E Z < %o E[s 8Z]E o AU v 8Z Jv(}Eu §]}v }v ]
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A Play of Numbers (3)
By Suryansh Pandey 7G

"A Play of Numbers" is a wonderful theme because it shows that math isn't just aboutrfinishi
messy worksheets in class and following instructions from a textbook for difficult calculations.
think it's about how numbers hide in plain sight, like when you are counting beatsoingaor
checking the stats of your favourite sports player. It makes me feel like a detective searching for a
secret code that connects everything together in the world. When we "play" with numbersstwe g
to solve complex puzzles and see patterns in nature that most people just walk past. Thés idea
fabulous because it proves that math can actually be an adventure if you look at it the right way.

Using numbers as a game makes learning feel a lot less like work and more like a chalbe=aie t
You can find numbers in the way a skateboarder flips their board or in the pixels that make up the
screen of your device. It is interesting to see how people use logic to build hysaghers or even
to invent the magic tricks that confuse us. | think this theme helps us understand that you dea't h
to be a mastermind to have fun with shapes and sequences.

There is one thing in the whole of mathematics that fascinates my brain the most: The Fibonacci

Sequence,( which works by starting with 0 and 1 (or 1 and 1) and then generating each new number
as the sum of the two preceding onas0,1,1,2,3,5,8, etc), discovered by Leonardo of Pisa, or
Leonardo Bonacci (better known as Fibonacci), in his 1202 tdglodr "Abaci"although the
sequence itself was described earlier in Indian mathematics; he used it to illustrate a rabbit breeding
problem, popularising it with Hindu-Arabic numerals and this fundamental pattern, lk&tiden
Ratio, which is a special mathematical proportion where a line is divided so the tehlaliezer-part
eqguals the smallete-larger-part, creating balanced, aesthetically pleasing patterns found in nature
(shells, flowers, trees and many more) and art.

>1}]vP IlU /[A & o] Vvpu E+ E v-5 iues (}JE u SZe2D] *+yvI¥ 3Z C-
everything from nature to my favourite games. This 'play of numbers' shows that every digit has its
own story and a bit of mystery behind it. So, next time you see a number, don't justitsebtep

V ¢ 3Z % 35 Ev ]5[* SEC]VP 8} «Z}A C}uJ

A Play of Numbers: The Hidden Stories Behind Mathematics (4)
By Avik G7M

(Al has been used throughout this article)

When most people think of mathematics, they imagine endless equations, exam papérs, or t
dreaded times tables. But mathematics is far more than a subject confined to classrodnisa

language that describes the universe, a toolkit for solving mysteries, and a playground for
imagination.

Take paradoxes, for example. The famous BatiBatski paradox suggests that a solid ball can be

split into pieces and reassembled into two identical balls of the same size. Impossible in the physical
world, yet perfectly valid in the abstract realm of mathematics. This paradox reminds us that
numbers can bend reality, challenge our intuition and force us to rethink what is possible.
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Patterns are another way numbers play with us. From the spirals of seashells to the branching of
trees, mathematics reveals hidden structures in nature. The Fibonacci sequence is not just a list of
numbers; it is a code embedded in sunflowers, pinecones, galaxies, and just nature in general. What
looks random at first glance often hides a deeper order waiting to be uncovered by eagat mind

Even in everyday life, maths performs its silent magic. Algorithms decide the YouTubenedeos
watch, the routes we travel, and even the music we listen to. Behind every illusion of cheiae li
careful manipulation of numbers. In this way, mathematics is both invisible and omnipresent
shaping our world like we know it while remaining hidden in plain sight.

Ultimately, mathematics is not just about solving problems; it is about asking gogstial solving

them. What patterns remain undiscovered? What paradoxes are waiting to be explained? What new
things could reshape our understanding of reality? To play with numbers is to play with ideas, and i
that play, we find creativity, beauty, and truth.
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Fun Maths Quiz
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Beginner level (suitable for YZY8):

Disclaimemost questions can be done without GCSE or A Level knowledge,
S0 no need to overcomplicate!

Q1) There are 2 dice. Die A has numbers 2, 7,7, 12,12, 17, and die B has numbers 3, 8, 8,
13, 13, 18Four players roll the 2 dice at the same time for 20 times and added up all the
results. The highest scoring player wins, but anyone who lied (i.e. score reported not their
total) will be disqualified.

Player 1 has score 385, Player 2 has score 428, Player 3 has score 840, Player 4 has score
105.

Who is the winner?

3333333333333333333333333333333333333

Q2) There are 100 light bulbs numbered from 1 to 100, all initially turned off. One hundred
people are also numbered from 1 to 100. The n-th person toggles (i.e. changing bulb to
on/off) every bulb whose number is a multiple of n.

For example, person 1 toggles all bulbs, person 2 toggles bulbs 2, 4#&nd so on. After
all 100 people have taken their turns, which bulbs remain on?

3333333333333333333333333333333333333

Q3)' A farmer has to get the wolf, goat and corn across the river but can only take one at a
time in the boat.
They must not leave the wolf alone to eat the goat or leave the goat alone to eat the corn.

How many unique solutions can you find? Explain each one.

4 +HUH-V DQ HTXDWLRQ B B

The rule is that you can put any mathematical symbol(s) between each 5 on the left hand
side. Brackets are allowed anywhere. NO additional numbers can be seen in the eguation
SO no powers or roots allowed.

Hint this might require you to research more maths symbols.

3333333333333333333333333333333333333

! Question from MEI
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4 6D QWD cgmpd3é&ll of &/rectangle and a triangle on top of that rectangle. The area
of the rectangle is % of the area of the triangle. The length of the diagonal of the rectangle is
15cm. The ratio of the diagonal of the rectangle to the length of the rectangle is 5:4. What is
WKH WRWDO batHD RI 6DQWD -V

3333333333333333333333333333333333333

Q6)* A passcode is made of 3 numbers (positive integers from B-8)aths teacher tries
to solve this passcode and is given 2 hints.

1: the product of the 3 numbers is 36.

2: the sum of the 3 numbers is given to him.

However, with the 2 hints, he was 100% sure that theded V énolgh information.

A 3rd hint is needed: the largest number in the code appears only ONCE.

What is the passcode? (Only 1 solution)

Q7) Fill in the blanks with either +, -, / or * to make the equation true. You can use
brackets however you like and it will NOT count as using a blank

10.9 8 7.6_5 4 3_2_1=2026

Q8) Three friends are discussing their jobs and want to know the total monthly salary of the
group. However, no friend wants to reveal their salary to the group. Devise a strategy for
the group to calculate their total monthly salary.

Q9) A hiker leaves the base of the mountain at 10 AM and arrives at the peak at 4 PM. They
camp their overnight and descend back down. They leave the peak at 7 AM and arrive back
at the base at 12 PM. Was there a time when on both days, the hiker was at the exact same
spot? E.g. perhaps at 11:15 on both days, the hiker was exactly at the same place. Give a
small explanation justifying your answer

Q10) A drunken person comes home and tries to unlock her door. Her keychain has 10
keys on it and one of them unlocks the door. Due to her inebriated state, she randomly
picks a key and tries it. If it works, she goes in and if it does not, she again randomly picks a
key. Note that she can pick the same key twice in a row even if it did not work the first

time. What try is she most likely to unlock the door? Give a small explanation why.

2 Question from maths video
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Intermediate level (suitable for Y9Y11):

Disclaimemost questions here require GCSE maths content, and a bit of A Level
knowledge and further research.

Q1)® Problem of infinity

7TKHUH:-V DQ LQILQLWH Q XP E HdanRnlyK& WdjpdrsbhRrReBi rooG W K H U
so every room is filled.

(a) A new person arrives. How can you allocate a room to them?
(b) An infinite number of new people arrive. How can you allocate a room to every
person?

Hint for each of these scenarios, what do you tell each hotel room guest?
Limitationshotel room guests can ONLY move to other rooms and cannot interact with
each other or any other object.

3333333333333333333333333333333333333

Q2)* Using the following equation,f L Tt F T,

Sketch a graph, including roptsintercepts, and any asymptotes. Give a reason for the
shape of your graph.

3333333333333333333333333333333333333

Q3) As you know, the Pythagoras theorem states th&tE S$L %
In this question, a, b, ¢ must be positive integers.

(a) Find positive integers for a, b, ¢ which would work in this formula. How many are
there in total? (You may try numbers without proof)

(b) Now, can you find positive integers for a, b, ¢ which would work in the equation
="E %L 7%

Hint as you have used the Pythagoras theorem for part (a), what can you use for part (b)?

3333333333333333333333333333333333333

Q4) Prove that all cube numbers are either a multiple of 9, (a multiple of 9) + 1, or (a
multiple of 9) - 1.

3333333333333333333333333333333333333

54XHVWLRQ IURP +LOEHUW-V SDUDGR[ RI WKH *UDQG +RWHO
4 Question from MEI
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Q5)° An autobiographical number is a unique number where each digit describes how many
times a number occurs for that digit location. E.g. 1210 where first digit 1 means there is 1
JHUR DQG VHFRQG GLJLW PHDQV WKHUH DUH RQHV DQG

Now, find the number that has exactly 10 digits and is an autobiographical number. There is
only 1 correct answer! (Guessing not suggested)

Q6) In Cartesian form i.e. in terms of x and y, give the equation of the line which covers
every point where the distance from the origin to the point is equal to the angle to the
horizontal (This is the angle which the line connecting the origin to the point makes with the
horizontal) There is an example of a valid point,{#&) below:

Hint:How would you express the x and y coordinates of each point in terms of the angle or
distance?

Q7)

What is the sum of all the solutions to:

Q8) Given that} is acute, prove

You may only use the ratio definitions of sin, cos and tan taught at GCSE

5 Question from maths video
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Q9)

Given that

(This sum goes on forever)
Evaluate

And

(Hint: Research summation form and sigma notation)

Q10)
A right-angle triangle has all integer side lengths. Given that one of the non-hypotenuse sides
is 17, find the other two sides.

Advanced level (suitable for Y12Y13):

Disclaimequestions here require Year 1 and 2 A Level pure maths knowledge at a
minimum, but questions towards the end could require further maths or beyond.

Q1) From GCSE, we know that:

For the following questions, use radius =r, height = h

(a) Prove the equation for the volume of a sphere using integration.
(b) Prove the equation for the volume of a cone using integration.

3333333333333333333333333333333333333
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Q2) For a function,U L TSBNA P r
Find—,
xXe
Hint What do you do when you see a function that is exponential?

3333333333333333333333333333333333333

Q3) Find%'éof the function T L ve8U Fs ™St"f r Qr> Q
Hence, sketch the function.

3333333333333333333333333333333333333

Q4)°

Evaluate the integral.

3333333333333333333333333333333333333

Q5)

YOU MAY NOT USE A CALCULATOR FOR THIS QUESTION AND ALL STEPS OF
YOUR WORKING MUST BE SHOWN.

3333333333333333333333333333333333333

Q6) Prove thatif 2"-1 is prime then n is prime.

. >r_|gddae
Q7) EvaIuateéZ\ < @>—qg (Aé

Hint: Plainly substituting in x = 0 will result in an indeterminate form, so a different method
must be used.

Q8)’ Evaluate

® Question from the Daily Integral
7Q12 of Round 1 of the UK University Integration Bee 202526
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Q9) Prove that if a, b, ¢ are positive real numbers then

Hint: Consider the two ways you can solve a basic exponential equation

Q10) By considering the improper integral below

Evaluate the following series:

Additional HARD questions:
(Contributed by lestyn Ellwood-Thompson 13A)

1. The Dottie Number

ABC is a sector of the unit circle, where A is the centre of the circle and BC is an arc of
length x. A point D is placed on the line AB, between points A and B, such that AD is of
length x and ADC is a right angle.

See diagram below:

a. Show that x is the solution to the equation x = f(x), where f is some function in x to
be found.
b. Hence, taking 0.7 as an initial guess, determine the value of x to three decimal places.
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2. The Choose Function and n-Cubes

A "step" along a shape is a single movement across an edge between two vertices. How
many vertices are there on a

Square
Cube
Tesseract
n-Cube

oo oy

that take, starting from an arbitrary "start" vertex, exactly

i.
il
iii.
iv.

~DNPEF O

steps to reach at minimum.

e. Hence, or otherwise, show that the sum of entries in the nth row of Pascal's triangle
is 2

3. The Gamma Function
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4. Cosine Sum

6KRZ WKDW WKH VXP IURP U WR Q RI FRVY »U Q LV JHUR IF

5. The Error Function

7KH HUURU IXQFWLRQ HUI [ LV GHIL®@®G DV VTUW > WK

a. Write down, using summation notation, the Maclaurin series of the error function

Hence, show that, for X~N(, #*), P(X<x) = 2 (1 + erf((x-)/( *sqrt(2)) ) )
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