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HAWKING 

“We should seek the greatest value of our action” 

 

Life’s maxim of Stephen Hawking, a theoretical physicist and a public icon.  

 

This is a 21st Century version of Socrates assertion, “An unexamined life is not 

worth living” 2400 years ago when he decided to take death as the option instead 

of exile, two choices of punishment, after his trial for “poisoning young minds of 

Athens”, by drinking poison. 

 

Hawking was not just a scientist, but a socially conscious authoritative figure, who 

had proved his worth by living five decades more than predicted after being 

diagnosed with motor neurone disease, which left him almost paralysed through out 

that time.  
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As nations, people, communities, and individuals we have experienced a lot of changes since 
Socrates time.  

The exponential population rise, which has created fierce competition for resources, 
including food. Agro-industries have moved on from ‘farming’ crops to ‘farming’ animals, and now 
‘sea-food’.  

Our drive to consume more and more has made Seas bare and lands are filled with 
artificial fertilisers and pesticides and fungicides that some nature’s scavengers of sea and land are 
settling alongside the humans in large metropolises.  

Not only we are consuming Earth’s resources at a gigantic scale, instead of replenishing 
the Earth or time to recover by itself, we are filling the ‘emptiness’ we create with pollutants that 
need more than 300 years disintegrate and pollute the air that we breath, and contribute towards 
global warming, which further erode Earth’s natural resources. This requires us to consume many 
folds to ‘receive’ the same amount of nutrients as we would have done only two decades ago. These 
changes alone can explain why cancer one of the most dangerous disease has become familiar to 
us as common-flu. 

The fear of the threat of being overwhelmed by other races, similar to the fate of 
Neanderthals, is so real that the racial theories and solutions to allay this fear have become 
acceptable among many nations, despite being considered as ‘racist’ by the definitions of the 
recent past.  

Handful of people have become so ‘wealthy’ that they control more than 80% of the 
world’s wealth. The ‘market’, dominated by the few people, is so powerful that the ‘nation states’ 
have become meaningless. To understand this shift of power simply compare the British annual 
budget is about £900 billion to the daily financial transaction via the ‘markets’ in London of 
£3000 billion. Mark Zuckerberg, one such individual, can simply dismiss UK government request 
to appear before its parliamentary community, though his media company in embroiled in UK’s 
and USA’s issues with Russia at present. 

AI has become a serious worry even for a super brain like Hawking think the future for 
the majority is bleak.  

If death is our choice we will continue at present phase. Then, Hawking’s warning of the 
death of our Earth within 100 years would be immaterial but the natural end.  

Otherwise, we would add value to the Socrates introspection with his maxim, “greatest 
value of each action” with urgency.  

Hawking was a great scientist of his generation; the most obvious fact. Then he is one of 
many brilliant minds of his time.  
There are two questions often asked: “Why wasn’t awarded Nobel Prize?” and “What are his 
discoveries or proofs?” 

In the conventional sense Hawking hasn’t discovered anything, which is the job of the 
experimental scientists. As a theoretical physicist he is only expected to pool in various faculties 
together and build mathematical models that inevitably involves mathematical proofs, which 
explain the experimental results of the past and present and, give predictions that can be tested.  

Higgs Boson is a particle that gives mass to matter and was originally proposed in the 
“Symmetry breaking papers” in 1964. Though the idea for theory was proposed by Higgs, three 
group of theoretical physicists provided the mathematical mechanism. On the 4th July 2012 the 
discovery of Higgs boson in CERN’s Large Hadron Collider. Following that Peter W. Higgs and 
François Englert were jointly awarded the 2013 Nobel Prize for Physics, almost fifty years after 
their original paper.  

This example why predictions and, therefore time are factors to receive Nobel Prize. 
Secondly not everyone is bound to get a Nobel Prize even if their work is more than 

considerable.  
Tom Kibble, a huge mathematician with a seriously social conscious disposition, who 

wrote the GHK mechanism for Higgs particle lost out (G Guralnik and C R Hagen were the co-
authors).  

{Though humble and quiet, Kibble was a known anti-nuclear campaigner (Scientists 
against Nuclear Arms) and was a chair of the British Society for Social Responsibility in Science), 
and one of my referees for my PhD application.} 
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Could Hawking expect a Nobel Prize posthumously? Did he ever even think about such 
possibility? 

If you go by his own enunciations, it would make no difference to him.  
“I regard the brain as a computer which will stop working when its components fail. Th ere is 
no heaven or afterlife for broken down computers; that is a fairy story for people afraid of 
the dark.” 

Hawking arguably deserves a Nobel Prize some argue, for he brought together several 
different fundamental fields of physical theories such as gravitation, cosmology, quantum theory, 
thermodynamics and information theory. 
Then this does not tell us what he actually left as a legacy that can be tested, if that were the only 
guide to award Nobel Prizes. 

Hawking’s primary contribution to science is his discovery of Hawking radiation (1974), 
a process by which black holes can evaporate. It remains, however, a convincing but empirically 
unsupported mathematical model since we are so far unable to observe or test it.  
The American physicist Robert Oppenheimer, known for his part in the US atomic bomb and his 
student Snyder discovered the notion of singularity if a massive gravitational object collapsed into a 
small point of infinite density (1939). It was termed Black hole by John Wheeler in the late 1950s and 
became a subject of interest for theorists like Penrose (Oxford) and, Zel'dovich (Moscow). They were 
working on the Schwarzschild solutions (1916) to Einstein (gravitational) field equations. 

Hawking’s research interest started with the resurgence of such interest in the large 
scale structures in the universe, which naturally led to their microscopic effects. It is in these 
aspects, particularly of the gravitational field about black hole; his work brought quantisation to 
gravity, and as a result lead to Hawking Radiation by black holes. 

Most theoreticians are in search of a unified theory that naturally yielded all four 
fundamental forces Hawking focus was on gravity, in particular with the issues of black-holes and, 
the structure of the universe during the Plank-era, the first 10-43 seconds after big-bang.  

Programs to quantise gravity developed separately on many fronts. Loop quantum 
gravity for instance has the aim of extracting quantum gravity from the fundamental theories of 
quantum mechanics and general relativity. Reformulation of the Einstein theory of gravity by 
Abhay Ashtekar (1986) allowed others to develop the idea further using ‘Ashtekar variables’. Roger 
Penrose with his ‘spinor networks’ also made similar approach.  
This in contrast to the string theory, which aims to combine gravity to the already developed 
quantum field theory. String theory has its own problem of background dependency, and its 
dimensions not behaving like dimensions in space-time should; bend, wrap, etc. along with other 
issues. Membrane theories tries to address the two issues by combining super-symmetry theories 
with gravity, which Hawking preferred as his choice during his last years. 
Though confined to a wheelchair, Hawking was not only productive with his research until his last 
days but also the author of several books. “The large scale structure of the universe”, is a textbook 
that explains Einstein’s theory of general relativity. He also wrote many popular science books, of 
which “Brief history of time” is known to everyone on Earth with some idea of modern physics. 

Hawking irritated many believers with his comments on ‘god’ but, a popular figure for 
the ordinary person by becoming a leading spokes person for the socially conscious scientific 
community. Despite his disability he took lecture classes, some of which I had the privilege to be 
present, and spent a great deal of time with his research students.  
 
Ravi Sundaralingam 
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The magic of mathematics 
Hayden Amarr 
In mathematics, there is a fundamental basis in which we are able to utilise to improve, explore 

and further develop our understanding of mathematics. This article will describe ‘Pascal’s 
triangle’.  

 Historically, this mathematically ingenious discovery was first found by Indian 

mathematicians and was called ‘The staircase of Mount Meru’. Later in ancient Iran, it was found 

to be called ‘Khayyam Triangle’. Then the Chinese renamed it ‘Yang Hui’s Triangle’ now it is 
known by the French mathematician from the 1600s, Blaise Pascal as ‘Pascal’s Triangle’.  

 The triangle contains many patterns which have helped mathematicians to find 

sequences and speedily work out calculations. 
To generate the numbers in the triangle, we 

start with the number 1 and then imagine that 

there are zeros on each side then, in pairs add 

them together to generate the next level of the 
triangle. We can repeat this process indefinitely 

to generate more and more rows, figure 1 shows 
the first eighteen rows of the triangle. 

   The first use of the triangle is that 

we can use each of the rows to find the 

coefficients of a binomial expansion. For 

example, the format would be: (𝑥 + 𝑦)𝑛 n 

corresponds with the number of the row. An 

example of this would be (𝑥 + 𝑦)2 = (𝑥 + 𝑦)(𝑥 + 𝑦) = 1𝑥2 + 2𝑥𝑦 + 1𝑦2 the coefficients can be 

looked up more efficiently using the table. A second example would be (𝑥 + 𝑦)3 =
(𝑥 + 𝑦)(𝑥 + 𝑦)(𝑥 + 𝑦) = 1𝑥3 + 2𝑥2𝑦 + 2𝑥𝑦2 + 1𝑦2 where the coefficients can also be looked up in 

the table. 

 If we add up the total of each row we will find successive powers of 2. This is useful for 

computer science and where we have to deal with base 2 and logarithms such as finding the 

efficiency of algorithms. To the same token, if we were to treat each number as though it were part 

of a decimal expansion for example on row three: (1 × 100) + (2 × 10) + (1 × 1) = 121 another 

example would be row six 1,6,15,20,15,6,1 𝑒𝑥𝑝𝑎𝑛𝑑𝑠 𝑡𝑜 1,771,561 and then we do 

 
log (1,771,561)

log (11)
= 𝑙𝑜𝑔11(1,771,561) = 6. Thus, giving us the row number so, this shows how we can use 

the triangle to get successive powers of 11 as well as 2. 

Figure 1 
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The Triangle also has geometric applications for example: if we look diagonally along 

the triangle. The first set of diagonals we get: 1,1,1… Then if we look at the second set we get the 
natural numbers: 1,2,3… Next, if we look at the third diagonal line we get the triangle numbers: 

1,3,6 which can all be used to stack dots of equal sizes to form an equilateral triangle. Finally, if we 

look at the fourth diagonal we get the tetrahedral numbers because we can stack spheres of equal 
radii into perfect tetrahedra.  

 Suppose, we shaded in all of the 

odd numbers we would be left with the 

fractal of Sierpinski’s Triangle (figure 2). 
This can be used to perform combinatoric 

calculations used in probability. For 

example, if we had 5 children and we 

wanted to calculate the probability of getting 

3 girls and 2 boys, we do (𝑔𝑖𝑟𝑙 + 𝑏𝑜𝑦)5 =

5𝑡ℎ 𝑟𝑜𝑤 = 1𝑥5 + 5𝑥4𝑦 + 10𝑥3𝑦2 + 10𝑥2𝑦3 +

5𝑥𝑦4 + 1𝑦5 to work out the answer, we use 

the highlighted digits and it is 10 out of the 

total, 32= 
10

32
× 100 = 31.25%. Another 

example would be: if we wanted to select 5 

players out of 12 at random how many groups 

are there? We can represent it with the matrix, (
12
5

)  if you have come across factorial numbers 

you would recognise the formulea here to work out the answer: 

 
𝑛!

(𝑛−𝑘)!𝑘!
=

12!

7!5!
=

12×11×10×9×8×7×6×5×4×3×2×1

7×6×5×4×3×2×1×5×4×3×2×1
=

479001600

5040×120
= 729 

Alternatively, you could use the triangle go to row 12 and look at the sixth element, 792. 

 Recently, we have discovered how we can push the uses of the triangle to expand much 

more complex polynomials. Which would look like this: (𝑥 + 𝑦 + 𝑧 + 𝑤)𝑛 and an example of the 

longer expansion would be (𝑥 + 𝑦 + 𝑧 + 𝑤)4 = 

 

If 

we wanted 

to assign 

values to this for instance: (20𝑤 + 13𝑥 + 17𝑦 + 234𝑧)3 we would get: 

Since, this can 
be labour intensive to 

calculate, if you looked 

far enough down the 

triangle without a doubt 
the solution would be 
there. 

Pascal’s triangle is an amazing wonder of mathematics and new applications are being 
found. This is similar, to the case of how Fibonacci came up with a sequence of numbers. Then 

later it was found to be in nature. Further still: it was then linked to be interwoven with the golden 
ratio and other mathematical theories. 

Figure 2 
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Is humanity dominated by AI a possibility? 
Ravi Sundaralingam 
Addressing this issue meant answering the following three questions. 

  

1. Could AI ever be equal to HI,  

2. Could AI develop independent of HI, and finally,  

3. Would HI remains the same as AI develop with each generation. 

 

Could AI ever be equal to HI? 

In our last issue, we failed to find convincing evidence even to suggest this possibility. 

 

We found such a possibility at present only a belief with supporting citations of  the ‘victories’ against 

human champions in chess, go and jeopardy by computers, with a promise of a proof in the future. 

 

However, as AI develops in to areas hitherto considered human domains the benefits for the 

businesses and in some case to humanity are presented as compelling enough to have faith in this 

belief.  

 

What is more striking is the way HI constructed by those proposing AI as its replacement at present, 

which lacked finesse and rigour strangely in contrast to the ancient view, which looked at the whole 

realm of the mind and identified such things as sensory data, emotion, imagination, memories, 

semantics, symbols, thoughts, reason and will.  

 

We also find series deficiencies in modelling HI purely in mechanical terms in parallel to Descartes 

view of the physical universe, which is allowing us to reduce human brain to binary action models 

that of course conveniently place HI in parallel to AI.  

 

It is from this perspective easy arguments are presented suggesting every human endeavour to make 

AI similar to HI as another step towards putting AI in equal footing with HI and eventually 

overwhelming it.  

 

Again at least at this point, the key point here is the human endeavour, meaning HI, which is 

fronting this program. This involvement in the development of AI is the second key question 

mentioned above. 

 

Then the notions of equality and, inferiority and superiority already are difficult concepts to quantify 

or qualify in social context. How these are to be applied associating humans with inanimate things 

needs a leap of faith similar to only those with religious traits or people with very menial approach 

to life. 

 

Apprehension about the mechanised view of HI is completely justified because of the lack of 

knowledge of human brain, which we can compare to the concepts of ‘gods’ humans have, in the 

sense it is purely dependant on our beliefs. However human endeavour continue, to understand and 

model our “brains and minds” in on going multipronged projects, some of which involve AI.  

 

Machine Learning/ Deep Learning 
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These two aspects of AI are often used in the context of Big Data and Analytics. 

 

The experts in the business world tell us the difference between AI and Machine Learning by first 

defining AI as something “we consider smart”.  

 

Machine Learning is the application of AI with the idea that “we should give access to the machine 

the data so that it can learn for itself”. 

 

The deep learning is machine learning with the added faculty of self-teaching.  

 

By this new terminology, it is implied that the machines are somewhat independent of HI.  

 

This the sort of social-media-speak of the business conscious, techno-savvy experts reveal much 

less about AI and more about present socio-economic conditions. Naturally, those used to the 

rigorous constructs as in mathematics or pure sciences these are neither definitions nor adequate 

descriptions of the subjects. Besides, they are devoid of the science/ maths / logic behind the 

technological development they stand to represent. In effect they are merely views that represent 

more about the personal wishes than the facts about AI, Machine learning or any other 

terminology that is popularised, and about the going concern. 

 

The original terminology, “machine learning”,  is attributed to Prof A L Samuel (1901 – 1990), a 

prominent US electrical engineer, known more for this aspect in the Checkers-program (1959) he 

designed than other scientific/ technological contributions. His program was developed at a time 

when the memory space was so limited therefore, deployed an algorithm now known as the 

“alpha-beta pruning”. The algorithm aims to minimise the number of nodes in a game tree 

(search-tree), which considered from a position the chance of winning for both parties. By 

considering factors such as the number of pieces nearby, number of kings or that can be made 

kings, and assigning functions that gave probabilities. The computer therefore, choose the 

winning-path that represented the best probability. 

 

What is happening in the machine learning?  

To start with it is fed with a huge data and asked to categorise them according to the algorithm(s) 

developed by humans along with other data provided through neural networks. That meant 

algorithm would have differentiators to enable the machine to categorise more accurately 

according to the needs, which is again depends on the quality of the algorithm for self-corrections. 

As the machine delve into the all the data it is forced to use more differentiators. At the very basic 

level students would understand these as multi layered ‘loops’ within a program. If the machine is 

nudged along to uses several of these ‘loops’ in conjunction, one can claim the machine is teaching 

itself. 

 

An apparently momentous event of any kind can only be dismissed if a person is totally illiterate or 

has insight. However, when only hype and the hyperbole associated with the claims, which even 

those involved in the development of AI may find it difficult to accept, the cynicism among the 

ordinary folks therefore, their insight is justified. 

 

Recent headlines read, “Facebook shuts down after the robots develop their own language” 

(August 2018).  
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It sounded as a warning to humanity about AI at the same time assured the public those AI 

researchers and their financiers are conscious of their responsibilities and cared about humanity; 

didn’t they shut those ‘chatpots’ down when they realised the danger.  

The narrative continued. A researcher Mike Lewis explained, “The company chose to shut down 

the chats because our interest was having bots who could talk to people". However, he felt the need 

to reassure the AI enthusiasts, “not because we were afraid of results or we panicked.” 

 

So, what did the two ‘chatbots’ say to each other? 

 

Bob: i can i i everything else . . . . . . . . . . . . . . 

Alice: balls have zero to me to me to me to me to me to me to me to me to 

Bob: you i everything else . . . . . . . . . . . . . . 

Alice: balls have a ball to me to me to me to me to me to me to me 

Bob: i i can i i i everything else . . . . . . . . . . . . . . 

Alice: balls have a ball to me to me to me to me to me to me to me 

Bob: i . . . . . . . . . . . . . . . . . . . 

Alice: balls have zero to me to me to me to me to me to me to me to me to 

Bob: you i i i i i everything else . . . . . . . . . . . . . . 

Alice: balls have 0 to me to me to me to me to me to me to me to me to 

Bob: you i i i everything else . . . . . . . . . . . . . . 

Alice: balls have zero to me to me to me to me to me to me to me to me to 

 

The chatpots, Bob and Alice are engaged in a barter to buy/sell balls, books and hats, each had a 

given value by the programmers. The bots were instructed to work out how to negotiate and 

improve their bartering as they went along; and not to use English as a means of communication. 

 

 “They might have formed as a kind of shorthand, allowing them to talk more effectively. Agents 

will drift off understandable language and invent code-words for themselves,” Facebook AI 

Researcher Dhruv Batra said. “Like if I say ‘the’ five times, you interpret that to mean I want five 

copies of this item. This isn’t so different from the way communities of humans create 

shorthands.” 

In other words, though the ‘speech’ between the two bots may look bizarre and a new language to 

all of us, there is a logic/ an algorithm at work behind it all.  

 

How many of us would understand immediately 111 in binary base is 7 in our human language as 

long as we speak the numbers in decimal system?  

Suppose we have developed a language that transformed decimal numbers to binary numbers as 

we bought and sold things. If the algorithm we provided did not account for fractional values in 

both these bases what would the machine do? In most cases, it would stall and give Max Error as 

the value. If the algorithm allowed for two or more ways of rounding up numbers then the answers 

in terms of what they bought and sold would be interesting. However, in terms of the values 

recorded would be unintelligible in either systems. The whole conversation would be meaningful 

unless we have a system to calibrate and convert both into originals. It is in effect is what Mr Batra 

is saying; “there is a logic in the madness”. 

 

Then, AI of course in many cases can stand up for some of the claims:  

 It can compute faster than humans provided we tell them what we want and how we 

want them, and how to do them in the first place. 
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 It has the tolerance for going through huge sets of data.  

 It can categorise them to the order in which the algorithms have instructed.   

 Machines ability to accumulate and recall information, which we are not able to call its 

knowledge, compared to ordinary human is vast, though it is not a meaningful 

comparison.  

 Machine can approach its task methodically without interruptions until completions 

unlike most humans. 

 

Humans require these machine qualities, not because they are beyond them but the laborious 

tasks involved are much beneath their human qualities that are demand of them. 

 

Therefore, when machine learning is used in any field to relieve pain and retrieve time by 

performing basic procedural tasks they are welcomed by all, without fear or derision.  

 

However, machines replacing human at the work place and taking away their ‘thinking power’, 

even at a very basic level, have their consequences that is proving to be harmful to human 

conditions, even within the short period of its arrival. 

 

Application of AI to find cardiovascular risk factors of a patient: 
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“Results indicate that the application of deep learning to retinal fundus (eyeball’s interior lining) 

images alone can be used to predict multiple cardiovascular risk factors, including age, gender, 

and SBP(systolic blood pressure)…” say the authors V Varadaarajan, R Poplin, L Peng, D R 

Webster in their article in Nature Biomedical Engineering (12 January 2018). 

The results seem to be as accurate as any other method physicians have at present. Medical 

fraternity though give cautionary welcome with calls for more trials to check the reliability of the 

results as well as the algorithm used by the google to engineer the AI the research was based.  

What is Neural Networks 

The aim of a Neural Network is to make a computer think and make decisions like HI. It is a 

computer system designed to work by classifying information in the same way a human brain 

does. The system has algorithms to recognize images, sounds and behaviours and categorise them 

according to elements they contain. 

Data means statistics and eventually quantified by probability. It is this element of the data that 

enable AI to make statements, decisions or predictions with a degree of certainty. The addition of a 

feedback loop enables “learning” – by sensing or being told whether its decisions are right or 

wrong, it modifies the approach it takes in the future. 

Using these techniques machine learning applications can be used to read text and decide even to 

decide the type of narrative or listen to a music and decide on the emotions a person go through 

when listening to it. It can be even asked to compose its own music that suited person’s mood.  

Then, it would require huge amount of data in various forms and algorithms with various 

differentiators to achieve such tasks. 

Machine learning is used to understand vast nuances in human language in another application of 

AI is in the field, Natural Language Processing (NLP), which aims to understand human 

communication either in written or spoken form so that it can respond in kind. 
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The physics of computers  
Hayden Amarr  
Modern day computers, are capable of performing a multitude of tasks which would have been 
unthinkable only decades ago. In this article, I will explain what computers are, the history of 
computers, how electronic computers function and the key components that allow them to 
operate. 
                    A computer is any device that can perform mathematical operations which is why the 

first computers were abaci which allowed numbers to be input, represented, manipulated and 

output. The invention of electronic computers changed to way that numbers were managed in a 
computer system to potential difference. 

Computers use a system called Boolean logic this is where they can be in the state of the 

two conditions of true and false denoted by binary (zero and one) for off and on. By them combining 

these binary equations they can create logic gate circuits which can provide an output of a high or a 
low voltage based on whether the inputs meet set criteria. There are three main logical operations: 

conjunction, disjunction and negation. Conjunction gives a high voltage output when it receives a 

high voltage input else it gives a low voltage output, disjunction provides a high voltage output when 
it receives one high voltage input and finally negation provides a low voltage output when it receives 

a high voltage input. By combining these logical operations, they can be used to perform 

mathematical operations… Computer programs hold instructions about manipulating these binary 
digits. 

Early electronic computers such as the ENIAC or COLOSSUS relied on the basis of 

vacuum tubes which was a device whereby it was made from two electrodes (an anode and a 

cathode) in an evacuated glass container. When you give a voltage to the cathode it begins to warm 
and release electrons and if the voltage at the anode is higher the electrons will jump across to 

complete the circuit. Thus, by varying the potential difference at the cathode using a dimmer would 

allow for current to flow in one single direction releasing a different number of electrons. To improve 

the speed in which current could travel a third electrode was added called a grid which allowed 
electrons to pass through the system depending on if it is at a positive or negative charge. This 

allowed the signals to be amplified which then later lead to the invention of the telephone and the 

radio. The ENIAC had eighteen thousand triodes, had a mass of thirty tonnes, took up the space of 
a tennis court and used the same amount of electricity of fifteen homes in one hour. 

                    Today’s, computers however, work on a different basis but use the same concept to allow 

inputs and outputs to operate from the computer. They also contain many different systems for 
controlling data processes and they are also more complex than the first computers. 

                    Firstly, whenever you make a click on the mouse it is controlled by the basic input output 

system (BIOS) this acts as a way of the computer interacting with the environment and it ignores 
unnecessary inputs and interrupts the central processing unit (CPU) when an important input needs 

to be registered by the computer. When an important input is made it then interrupts the CPU. 

These devices are located on the motherboard which is a board which contains a circuit that has the 

principal components of the computer (or other devices) which allows them to be connected 
together and function conjointly. 

The C P U carries out the processes in the computer by performing basic calculations. The 

C P U is divided into different parts. The main component is the arithmetic logic unit (A L U) the 
main functions of the A L U is to perform logical operations, arithmetic processor registers (allowing 

access to different locations in the computer), fetching (from memory), supply operands… The C P 
U must pull instructions form the memory and then to execute those instructions.  
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The C P U is made from smaller electrical devices called transistors. In fact, many of our 

electrical goods today all rely on this primary invention to operate and function. This Invention 
would revolutionise computing.  

The transistor’s function is the same as a vacuum tube as previously described. However, 

the transistor works by using a semiconductor, silicon has four elections in its outer shell but as they 
are stuck in bonds they never get enough energy to travel freely around the lattice structure. To 

overcome this problem, they have to dope the silicon with an N type and a P type. By injecting an 

element with five electrons like boron allows there to be one extra electron available creating a P 

type. But in a N type doping phosphorous is added as there are three electrons which creates a hole 
for the other electrons to move freely into each other. The hole acts as a positive charge which can 
attract a negative electron.  

By putting the P type and a N type together, you get a P N junction. By using a P N 

junction, N P N transistors could be created with two electrodes at either ends with a source and a 

drain of electrons and a gate insulated from the transistor by an oxidised layer. This allows for 

electron to diffuse from the N type where there are more extra electrons to the P type. This then fills 
the gap to form a depletion layer. By varying the voltage at the gate will turn the transistor off (0) or 

on (1) allowing it to act like a switch or a vacuum tube but being much smaller and more effective 
making them more durable and also use less electrical energy. 

Computers today now contain: billions of these compact transistors and mobile phones 

can contain hundreds of millions of transistors allowing them to complete trillions of calculations 
each second. Which surpasses ENIAC and COLOSSUS and is only the size of a fingernail. 

                    Now the computer is able to process the data it must fetch the instructions that show how 

this data needs to be handled from the memory. There are two types of memory in a computer 

system: longer term memory and the shorter-term memory. The memory stores data in cells which 
can be turned on or off for the binary machine code that computers understand. In the short-term 

memory, there will be some space allocated for the running operations and tasks, kernel memory 

for basic tasks like security, file management, resource allocation… As these processes must be 

completed quickly they are able to be accessed in any order hence, random access memory (R A M). 
There are two types of R A M dynamic and static. In dynamic R A M a capacitor stores electrical 

charges and it is liked with a transistor and they can be tuned on or off, but the charges can leak 

away so they need to be continuously recharged. However static R A M or cache, it is much faster, 

and it is made up of six transistors that do not need to be recharged but, it is more expensive and 
takes up lots of space. This is why it is volatile so when there is no power data does not remain. So, 

to keep it must be transferred into the long-term memory where there are three types: magnetic 

which stores data as a magnetic pattern on grains, optical uses light and dark spots and solid-state 
drives (S S D) which are faster and use floating gate transistors to function. 

Next, the C P U must look up the address of the program and send a request to the memory 
subsystem for details on how to handle the incoming input. 

The connection is called a driver as it allows them to communicate between each other 

and to control the operation of the separate device. The time that this takes for them to communicate 

is the latency. The C P U can then use the connections with the sound card, graphics cards… To 

produce the desired output from the computer. This data can then be sent to a printer, monitor, 
speaker, projector… To then be displayed on the separate peripheral. 

This is the story of how your computer operates to provide the desired output from the 
given inputs. 
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Black hole 
Cheng Wang 
Abstract: Black holes are the most mysterious product of the universe, ceasing the law of physic. 
This essay will explain the four types of black holes using the four following metrics: 
Schwarzschild, Kerr, Kerr-Newman and Reissner Nordström. As General Relativity is the initial 
theory, suggesting the existence of black holes, the theory will be explained with predictions 
associating with black hole. Also, this essay will explain in brief the property of a black hole. 
 
 
 

Introduction: A black hole is defined to be a region of no return, primarily due to its 
gravitational pull, that even electromagnetic radiation, such as visible light, cannot escape it. A 
black hole is built of two segments: a singularity and an event horizon. A singularity, also know as 
the gravitational singularity, is a point where a huge amount of mass is packed in an infinitely 
small space, which then creates infinite gravity, density and curvature of space and time. The idea 
of a black hole was initially predicted by the Theory of General Relativity. Black holes can be 
organized into three categories: super-massive, stellar and miniature.  
Super-massive black holes (SMBHs) are located in the centre of galaxies, its mass is equivalent to 
billions of the size of our sun, and however, the formation of such product is yet to be discovered. 
From the current point of view, SMBHs are theoretically defined to be the by-product of galaxy 
formation. Due to supermassive black holes’ unique position, where stars and gases are congested, 
this allows SMBHs to continuously grow.     
Stellar black holes are the standard type of black holes, in which a massive star collapsed to form 
it.  
Miniature black holes are still only a theory, suggesting a black hole with the solar mass under 
three 1. 

General Relativity: General Relativity is a refinement by Albert Einstein of his earlier theory, 
Special Relativity, and Isaac Newton’s Law of Universal Gravitation. The theory is fundamentally 
based on the Principal of Equivalence- the relation between inertial mass and gravitational mass. 
Inertial mass is the mass present in Newton’s Second Law of Motion- the difficulty of altering the 
motion of an object. 
                             𝐹 = 𝑚𝑎  
Gravitational mass is the mass which describes the strength of attraction between two objects 
based on their gravitational pull. This can be calculated through Newton’s law of Universal 
Gravitation. 

𝐹 =
𝐺𝑀𝑚

𝑟2
 

 
Other than the Principal of Equivalence, General Relativity is based on the presence of matter 
curves space. From this, the view of gravity is a force is to be proven wrong, instead, gravity is a 
curvature in the fabric of space and time. Figure 1 present space and time without matter exerting 
gravity upon it, whereas Figure 2 highlight the curvature of space and time as mentioned in 
General Relativity. Overall, the second foundation of General Relativity can be described through 
2. 

Figure 1 Spacetime without matter Figure 2 Spacetime with matter 
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𝐺𝜇 + 𝑔𝜇 =
8𝜋𝐺

𝑟2
𝑇𝜇 

 
Also, General Relativity has made some astounding predictions: (1) Deflection of light by gravity, 
(2) Gravitational Redshift. 
 
Deflection of light by gravity: The deflection of light by gravity has a direct effect on the Principal 
of Equivalence, as the outcome from Einstein’s two calculations. Einstein’s initial calculation was 
only processed through the Equivalence Principle and the equivalent mass-energy of a visible 
photon. His second calculation, however, was a double of his first with the addition of space and 
time metric to his calculation. The second result is light is deflected by 1.75 arcseconds (less than 
1/2000th of a degree).The result was confirmed through the solar eclipse in 1919 by a British 
Astrophysicist Sir Arthur Eddington who led a pair of expeditions to West Africa and Brazil to 
observe the shift in the position of the Hyades cluster stars behind the occulted sun 3. 
 
Gravitational Redshift: As light travels through a gravitational field, energy is lost. Due to the 
energy of light is proportional to its frequency, a shift toward lower energy represents a shift to 
lower frequency and longer wavelength or a shift toward the red for visible light 3. 
However, General Relativity’s explanation towards of black holes is incomplete and is later refined 
by the four following metrics. 
 

Schwarzschild black hole: The Schwarzschild metric was the first solution to Einstein’s field 
equation in General Relativity. It was developed by German physicist Karl Schwarzschild in 1915. 
The metric described the space and time around a non-rotating mass in this circumstance a black 
hole. The Schwarzschild black hole can only detain mass. As shown in Schwarzschild metric that 
mass constrains the existence of angular momentum, electric charge and universal cosmological 
constant 4. 
 

𝑑𝑠2 = (1 −
𝑟𝑠

𝑟
) 𝑐2𝑑𝑡2 − (1 −

𝑟𝑠

𝑟
)

−1

𝑑𝑟2 − 𝑟2(𝑑𝜃2 + 𝑠𝑖𝑛2𝜃 2) 

 
Where, T is the proper time (time measured by a clock moving along the same world line with the 
test particle), c speed of light, t time coordinate (measured by a stationary clock located infinitely 
far from the massive body), r radial coordinate (measured as the circumference, divided by 2π, of 
a sphere centred around the massive body), θ colatitude (angle from the North, in units of 

radians),  longitude (also in radians), and rs Schwarzschild radius of the massive body, a scale 
factor which is related to its mass M by rs = 2GM/c2, where G is the gravitational constant 5. 

Kerr black hole: In 1963, Roy Patrick Kerr published a two-pages Phys. Rev. Letter (11, p. 237. 
1963) on a new (second) solution of Einstein’s equations which were valid outside of rotating 
masses. The letter was initially sent to Denis Sciama at Cambridge and was presented by Brandon 
Carter through a physical interpretation. The presentation states the fact that the solution belongs 
to a rotating black hole, which is mathematically axial symmetric and stationary. The solution 
presents that if a black hole has angular momentum, this means that the space and time outside of 
the horizon will be twisted. However, Kerr’s solution was in carthesian coordinates which is not 
appropriate for practical use and was later refined in Boyer-Linquist coordinate 6.  
The Kerr metric describes the geometry of space and time in the vicinity of a mass M rotating with 
angular momentum J. 
 

𝑐2𝑑𝑠2 = (1 −
𝑟𝑟𝑠

𝑝2
) 𝑐2𝑑𝑡2 −

𝑝2

∆
𝑑𝑟2 − 𝑝2𝑑𝜃2 − (𝑟2 + 𝛼2 +

𝑟2𝑟𝑠𝛼2

𝑝2
𝑠𝑖𝑛2𝜃 2 +

2𝑟𝑟𝑠𝛼𝑠𝑖𝑛2𝜃

𝑝2
𝑐𝑑𝑡 𝑑) 

 
Where r, θ and φ are standard spherical coordinate system, and rs is the Schwarzschild radius 
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𝑟𝑠 =
2𝐺𝑀

𝑐2
 Length scales have been introduced for brevity 𝛼 =

𝐽

𝑀𝑐
, 

𝑝2 = 𝑟2 + 𝛼2 𝑐𝑜𝑠2𝜃, and∆ = 𝑟2 − 𝑟𝑠𝑟 + 𝛼2. 
 
g00, Einstein’s metric tensor, highlights the difference between the space and Ergosphere as g00 

(space) < 0 and g00 (Ergosphere) > 0. Ergosphere is an additional section to a rotating black hole 
(Kerr BH), it has been characterized as a sphere where "the rotational velocity of the surrounding 
space" is dragged along with the velocity of light, and within the ergosphere, the speed is greater 
than light, thereby causing surrounding particles to co-rotate. Particles which have fallen in the 
ergosphere, may have a chance of escaping the black hole (ergosphere), as the force in the 
ergosphere forces particle to rotate faster, thus allowing particles to gain energy 6. 

 
Reissner Nordström black hole: The Reissner Nordström metric7 was the third solution of Einstein 
Maxwell’s field equation and was published by Hans Reissner and Gunnar Nordström. The metric 
corresponds with the gravitational field of a charged, non-rotating, spherically symmetric body of 
mass M (in this case black hole) 8.  
 

𝑑𝑠2 = (1 −
𝑟𝑠

𝑟
+

𝑟𝑄
2

𝑟2
) 𝑐2𝑑𝑡2 − (1 −

𝑟𝑠

𝑟
+

𝑟𝑄
2

𝑟2
)

−1

𝑑𝑟2 − 𝑟2𝑑2 

 

𝑑2 = 𝑑𝜃2 + 𝑠𝑖𝑛2𝜃 2 

𝑟𝑄
2 =

𝑄2𝐺

4𝜋𝜀0𝑐4
 

 
 

Kerr-Newman black hole: In 1965, Ezra Ted Newman published the fourth solution to General 
Relativity, the Kerr-Newman metric 9, which describes the space and time around a rotating, 
charged mass. 

𝑐2𝑑𝑠2 = − (
𝑑𝑟2

∆
+ 𝑑𝜃2) 𝑝2 + (𝑐𝑑𝑡 − 𝛼𝑠𝑖𝑛2𝜃𝑑)2  

∆

𝑝2
− ((𝑟2 + 𝛼)𝑑 − 𝛼𝑐𝑑𝑡)

2 𝑠𝑖𝑛2𝜃

𝑝2
 

Where =
𝐽

𝑀𝑐
 , 𝑝2 = 𝑟2 + 𝛼2 𝑐𝑜𝑠2𝜃, and ∆ = 𝑟2 − 𝑟𝑠𝑟 + 𝛼2. 

 
Mass of a black hole: Since black holes have satellites, and acceleration is directly proportional 
to mass as shown in Newton’s second law (𝐹 = 𝑚𝑎), the calculation can adapt a model (The Sun+ 
Earth) as ease towards computing. In this calculation, two fundamental formulas will be used: 
Newtonian law of gravitation 

𝐹 =
𝐺𝑀𝑚

𝑟2
 

And the centripetal force, which maintains an object traveling in a circular path.  
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𝐹𝑐𝑒𝑛𝑡 =
𝑚𝑣2

𝑟
 

 
Furthermore, as gravity is centripetal force, the formula can be shown as 
𝐺𝑀𝑚

𝑟2
=

𝑚𝑣2

𝑟
 

Due to the fact that, the mass is unknown as well as the force, thus Fgrav will be replaced by the 

following rearranged Fcent. 𝑀 =
𝑟𝑣2

𝐺
 . 

The next step is to adapt Fcent to Black hole, its satellites, Earth and the Sun

 

 
 

𝑀𝑆𝑢𝑛 =
𝑟𝐸𝑎𝑟𝑡ℎ𝑣𝐸𝑎𝑟𝑡ℎ

2

𝐺
 

𝑀𝐵𝐻 =
𝑟𝑆𝑎𝑡𝑣𝑆𝑎𝑡

2

𝐺
 

To work out the proportion, divide the one by each other 
𝑀𝐵𝐻

𝑀𝑆𝑢𝑛
= (

𝑣𝑆𝑎𝑡

𝑣𝐸𝑎𝑟𝑡ℎ
)

2

(
𝑟𝑆𝑎𝑡

𝑟𝐸𝑎𝑟𝑡ℎ
) 

Hawking Radiation: Pair production is the main concept of Hawking Radiation, during pair 
production, particles and anti particles in space pairs up. This phenomenon is the result of the 
incident, photon (energy) came in contact with a nucleus, the energy of a photon is converted into 
electron positron pair. Hawking radiation, whereas, showed how the strong gravitational field 
around a black hole can affect the production of matching pairs of particles and anti-particles, as is 
happening all the time in apparently empty space according to quantum theory 10. 

 

Reference: 
[1] Hubblesite.org, (2016). HubbleSite - Reference Desk - FAQs. [2][3]Cassucsd.edu, (2016). 
General Relativity & Black Holes [4]Cox, B. and Cohen, A. (n.d.). Human universe. [5]Wikipedia, 
(2016). Schwarzschild metric. [6]Kerr, Roy P. (1963). "Gravitational Field of a Spinning Mass as 
an Example of Algebraically Special Metrics". Physical Review Letters 11 (5): 237–238 [7] 
Wikipedia, (2016). Kerr metric. [8]Wikipedia, (2016). Reissner-Nordstrom metric. 
[9]Lect06Kerrmetric. (n.d.). 1st ed. [ebook] p.single page. [10]Physicsoftheuniverse.com, (2016). 
Black Hole Theory and Hawking Radiation - Black Holes and Wormholes - The Physics of the 
Universe.  
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A chef who knows physics 
Hayden Amarr  
 

What should I use each coloured pepper for?  

Yellow – barbeques, Orange – salads, Red – sauces, Purple – crudités and Brown – raw.  

How much nutrients gets lost if I juice or 

blend fruits? 

Fresh 100% vitamins and 100% fibre (using frozen is better 

because less nutrients escapes), blended 90% vitamins and 90% 

fibre and juiced 0.1% vitamins and 100% fibre.  

What cream should I use? 

Single cream – drizzling, Whipping cream – whipped 

cream, 

Double cream 

– heating, 

Clotted cream 

– deserts, 
Soured cream – South American dishes and 

Crème fraîche – sauces.  

Where is the best place to store my 

eggs?  

Separated – fridge, Boiled – room, Scrambled – fridge, Fried – room, Poached – room, 
Cakes – room.  

How can I test if my meat is 

done? 

You can match the feeling to the same of 

the base of the thumb. The way this 

method works is connect the finger to 
your thumb and feel the base of the 

thumb. Bleu – no fingers, rare – 1st, 

medium rare 2nd, medium – 3rd well done 

– 4th.  

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi93f7CmdHaAhUB1hQKHW7oAKQQjRx6BAgAEAU&url=https://www.kitchenproject.com/history/Peppers/Bell-Peppers/index.htm&psig=AOvVaw0KCwgb25NG-VLuQNjCfoYU&ust=1524600480057388
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwih0ITYmdHaAhVHaRQKHSKUDlUQjRx6BAgAEAU&url=https://www.createwithcream.ph/knowyourcream/types-of-cream&psig=AOvVaw0mJo4aX6-nwjOIvPBYMjia&ust=1524600519899808
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjhk9SAmtHaAhUBnRQKHZUKA70QjRx6BAgAEAU&url=http://bgr.com/2015/06/30/lifehack-egg-water-test/&psig=AOvVaw1j7xYRU3mKczfSeiN9aWYR&ust=1524600609012715
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Should I tenderise meat? 

Yes, however not too hard. 

Make sure to do it evenly 

on each side of the meat.  

What material 

should my pots 

and pans be made 

from?  
Stainless steel – +hardwearing -poor conductor, copper - 

+responsive to temperature changes – can react with acids in 

food leaving a metallic taste, aluminium – +good conductor 

– reacts with food, carbon steel - +durable -may rust and cast 

iron - +browns food -heavy.  

Does it matter what I use each knife for? 

Chef’s knife – slicing, Paring knife – peeling, Carving knife – meat, 

Serrated knife – bread.  

Is it worth marinating foods?  

Yes, however you should make sure not to overdo it (no more than twenty-four hours).  

What are the healthiest 

meats? 

In order of healthiness: venison, turkey, 

chicken, duck, lamb, beef, pork.  

What are the best eggs for cooking in a 

ranked order?  

Goose, duck, hen and quail eggs.  

What are the different types of 

sugar in order of how refined the 

grains are? 

The average person on the planet consumes 23 KG of sugar per year which works out to 

nearly two tonnes over a lifetime. In order of refinement they are: Molasses, corn syrup, 

malt syrup, raw brown sugar, brown sugar, table sugar, caster sugar and icing sugar.    

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj9pPeHmdHaAhXEvBQKHVz2COQQjRx6BAgAEAU&url=http://www.lifestylemenu.com/refined-sugar-alternatives/&psig=AOvVaw0DfjsZVgL7-7-Z8YvSeTVU&ust=1524600354705909
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj2sfPhmtHaAhWDvxQKHTqxARAQjRx6BAgAEAU&url=https://www.dreamstime.com/illustration/healty.html&psig=AOvVaw3PV6U_sDPdh4ixUQfQWdzq&ust=1524600780120603
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjE-ZGVm9HaAhXFXhQKHbJnBBsQjRx6BAgAEAU&url=https://creativemarket.com/Saggitarius/713932-Stopwatch-flat-icon&psig=AOvVaw1F5koBzXvN3HugWRq-NAgR&ust=1524600912996073
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjZzNHTndHaAhWFVBQKHSNCCtYQjRx6BAgAEAU&url=https://cooking.nytimes.com/guides/46-how-to-use-an-instant-pot&psig=AOvVaw2PEqMB5Xl3Pv9pZ9Lh7byO&ust=1524601588038676
https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjN0pL8ndHaAhULshQKHYE6DqEQjRx6BAgAEAU&url=http://www.readersdigest.ca/home-garden/tips/use-spices-around-house/view-all/&psig=AOvVaw2zWC3AeJmTj6Wy47XtERhp&ust=1524601671646979
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Did you know? 
  

 26% of adults say that they use their 

phones to message people 

who are in the same room 

as them.  

 Romaine lettuce was the 
first food to be grown in 

space. 

 The world’s largest omelette was made from 145,000 eggs.  
 There are nearly two million dietary calories in one metric ton of 

ice cream.  

 Zimbabwe has a one hundred trillion - Zimbabwe dollar banknote 
and during a time of hyper-inflation it was 

worth about 30 pence. 

 It would take just over seven trillion 
pennies to cover the United Kingdom. 

 There are more than forty-three quadrillion ways 
to arrange a Rubik’s cube each can be solved in at 

least twenty moves. 

 There are 5 oceans and 85 seas in the world can 

you name them all? 

 There are twenty thousand ampères in a 
bolt of lightning. 

 80% of millionaires inherited their 
wealth.  

 The first prime minister in the United 
Kingdom was Robert Walpole. 

 Buckingham palace has 775 rooms and is worth over five billion 
pounds making it the most expensive house in the world. 

 Russia has 11-time zones.  
 ‘Pelican’ in pelican crossings actually stand for pedestrian light 

control crossing. 

 The most commonly used word in the English language is ‘the’ it 
was even used at the start of this sentence! 
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 The human brain can perform thirty-eight quadrillion 
calculations per second and the fastest supercomputer barley 

manages to do 0.002% of that. 

 If you took all of the roads in the United Kingdom and laid them 

end to end they would reach further than 

the distance to the moon. 

 The last prime number year was 2017 
and the next will be in 2027. 

 Probability states that you would have to 

buy nearly 14 million lottery tickets to 

match all of the numbers on one. 

 There are more than 80 unvigintillion ways to arrange a pack of 
cards (an 8 with 67 numbers after it). 

 Chewing gum was the first item to have a 
barcode. 

 Even if you stir 
liquid then it will still 

freeze. 

 A water-flea has the most number of 
genes of any animal. 

 There have been nine kings named 
Henry. 

 “OMG” was first used in a letter to 
Winston Churchill. 

 The oldest tree is the Bristle Con Pine and 
it is nearly five thousand years old.  

 Light from the sun takes 8 minutes and 20 seconds to reach 

Earth.  

 54,000 tennis balls are ordered for the Wimbledon two-week 

championship.  

 You are unable to tickle yourself because the cerebellum in the 

brain anticipates it and counteracts it.  

 Diamond has a melting point of 4030 Centigrade.  

 William Shakespeare has the most filmed adaptations of any 

author, 410!  
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I.  If I multiply 1089 by 9 then I will get the reverse of 

9801 what number should I multiply by 4 to get the 

reverse of that number?  

II. I list all of the numbers from 1 to 1 quadrillion. Then I 

put them in alphabetical order. What is the last odd 

number that I put on the list?  

III. A train was moving in one direction for 5 hours and 30 

minuets during any one-hour period the train covered 

exactly 100 kilometres. Was the train moving at 

constant velocity for the entirety of the trip?  

Bonus: Was the average speed of the train 100 

kilometres per hour 

IV. A pile of potatoes weighing 100 KG was put into the 

sun. 99% of the weight of the potatoes is made up of 

water. After a day some water evaporates, with the 

result that 98% of the weight of the potatoes is now 

made up of water. What is the new weight of the 

potatoes?  

V. A telephone system is set up for 100 people. The first 

person gets a message and calls 3 people and those 3 

people call another 3 people and so on… What is the 

maximum number of people that do not need to pick 

up the phone for the message to get to everyone?  

VI. The square of an inter is called a perfect square; if we 

let x be a perfect square find the next perfect square in 

terms of x. 
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VII. How many four-digit positive integers are squares of 

integers?  

VIII. What is the first time between 4:00 and 5:00 that the 

hour hand and the minute hand are 10 apart?  

IX. A set of 17 points are chosen on the 
circumference of a circle. Find the maximum 
number of segments which can be drawn 
connecting pairs of points such that each 
segment intersects all others on the inside, not 
on the circle:  
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Research 
 
33 
 
Across: 
Factorial 
Equation 
Development 
Theory 
Mathematics 
Data 
Calculate  

Please submit your answers to the 

FM-G Editors Answers to the Puzzles 

on page 26 in this issue.  

 

Down: 
Integral 
Graph 
Investigate 
Experiment 
Chemistry 
Balance 
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Puzzle solutions (from issue 001) 

 
I. No.  

II. 38 

III. 7 

1. 

 

 

 

 

 

 

 

2. 

Let x be the number we want, and p2 and q2 the others involved in 
the clues. 

So we have, 𝑥 + 31 = 𝑝2, and 𝑥 − 6 = 𝑞2 

Subtracting we get (𝑝2 − 𝑞2) = 37 

(𝑝 + 𝑞)(𝑝 − 𝑞) = 37 

Since 37 is prime, (𝑝 + 𝑞) = 37 and(𝑝 − 𝑞) = 1 

Therefore, 𝑝 = 19  (𝑞 = 18 ). 

𝑥 = 𝑝2 − 31 = 192 − 31 = 330   

 

 

r 

r 

a a 

2a 

2𝑎 = 𝑟 + ඥ𝑟2 − 𝑎2 

(2𝑎 − 𝑟)2 = 𝑟2 − 𝑎2 

Expand, simplify and solve to get, 𝑟 =
3𝑎

4
, 2a = 10 cm. 

𝑟 =
15

4
= 3.75 𝑐𝑚 
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Games supplement 

Crossword 

  



 

25  

Pyramid puzzle 

 

 

   6973    

     3726   

    1884     

395     916  926 
 

 

Fill in the blanks to make the number above a summation of the two 

below it. 

 

 

Function machine 

 

 

 
 

X is a whole positive integer; you have 45 seconds to calculate it… 

 

 

  

80
60% of 

this
+1875 -147

Cube 
root it

/6
50% of 

this
x=

x= +9
Square 

root this
Cube it -29 /100 +3 x10000

Quadroot 
it

=10
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Anagram 
 

Rearrange the word below to make a new word: 

 

 

 

Using the numbers below: add, subtract, multiply and divide make the 

number below. You must use all the numbers.  

 

Target: 813 

25, 50, 75, 100, 1, 10 

  

S H A T T E R I N G

Answers 
(2178) 
(801801885) 
(No) 
(No, (it travelled 600 km, so it would be 109.09 kilometres per hour)) 
(50 KG) 
(67) 

( 𝑥+2ξ𝑥+1) 
(68) 
(4:20) 
(8) 
Straighten  
75-10=65 65X25=1625 1625+1=1626 1626X50=8130 8130/100= 813 
1 
72 
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Population statics – 2011 National Geographic 
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Message from the editorial board 

 

 

 

FMG-In touch has now gone online! We would like to thank: Mr Hobbs, 

Mr Hernandez, R Dawood and Y Akoon for approving and facilitating 

our online publications.  

The FMG group has been expanding and we now have more people who 

are joining from year 9 and 10; we would like to welcome you.  

We are now expanding out and we are now looking into other branches. 

Some of the new concepts that we are introducing are: philosophy, 

ethics, delving deeper into science, political questions, economics, 

society, psychology, logic and looking into the role that the arts play.  

Our vision is to provide a platform for students to look into their passions 

and communicate them effectively at a high standard. Therefore, 

allowing students to explore a wide range of world changing concepts 

allowing, them to be more well-rounded and prepared for life.  

For our other publications please visit the website: 

http://www.norlington.net/news-events/publications/ 

where you are able to view a range of our publications. 

 

http://www.norlington.net/news-events/publications/

