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Editorial 
 

Wafi Ali 

It has been a wonderful opportunity for me again to be able to edit the second edition of the 

journal and see new Physicists write about modern technology and phenomenon in our 

universe today from trains to black holes. Luckily, we have been honoured to have an article 

in this edition written by an expert in particle and experimental physics from Yale University, 

who I hope will inspire all of you who are reading this as much as he inspired me. I am 

certain that this journal has something of interest to everyone and will spark the light of 

Physics in you too.  

 

Ojas Tiwari 

Physics is a really interesting subject, and while what we learn at school can be fascinating, it 

is always amazing to read the articles that are being written, especially in so much depth on 

topics that are either little known, or not shown in enough depth at school. It’s really exciting 

to have an article from such a prestigious university in our journal, and I’m sure it will inspire 

many students to dive deep into researching physics! 

 
 
 
 
 
 
 
 
 
 
 



 
 

Putting the Mechanics in Quantum 
Mechanics 

Dr. Ben Brubaker, postdoctoral researcher at JILA, Boulder, CO, USA 

Try to imagine a particle whose position is not just unknown but fundamentally undetermined: 

neither here nor there but instead suspended between two distinct points in space. This 

phenomenon, called superposition, is just one of the many strange behaviors allowed by the 

laws of quantum mechanics, which underlie practically all of modern physics, from the 

dynamics of quarks and gluons to the organization of the periodic table to the origins of 

magnetism and superconductivity. 

But ironically mechanics — the study of motion and forces acting on macroscopic bodies — 

is the domain in which quantum phenomena remain most elusive. This is not because the laws 

of quantum mechanics do not apply to large objects, but rather because quantum effects like 

superposition are extremely fragile. The systems that exhibit the most pristine quantum 

behavior — individual atoms levitated in vacuum chambers, electric currents in ultracold 

superconducting circuits, pulses of laser light bouncing back and forth between highly 

reflective mirrors — are exceptionally well isolated from environmental disturbances. 

Physicists in the field of quantum optomechanics aim to bridge the gap between the quantum 

realm and the world of our everyday experience by conducting experiments with mechanical 

resonators — physical systems that vibrate or swing back and forth at a very specific frequency. 

In this short article I’ll explain the basics of how quantum optomechanics experiments work, 

and show you how the tools of optomechanics could one day be used to put a macroscopic 

object into a quantum superposition. 

Let’s begin by exploring the behavior of some familiar mechanical resonators. Imagine you 

happen across a swing set on a playground and give it a single sharp push: it will swing back 

and forth several times before coming to rest. Much the same thing happens when a diver vaults 

off the end of a long and springy diving board: the end of the board vibrates rapidly at a 

particular frequency for a few seconds and then settles down. 

In both of these examples the behavior of the resonator can be described by two numbers: the 

frequency at which it vibrates or oscillates — also called its resonant frequency — and the time 

it takes for the motion to die down after external forces stop acting on the resonator. We can 



quantify this time using a number called the quality factor. A resonator with quality factor Q 

will keep moving for about Q oscillation cycles before it comes to rest.  

The motion inevitably decays because the resonator’s energy leaks into the surrounding 

environment, through friction in the hinges of the swing set or air resistance, for example. A 

high quality factor helps to slow down this process, but the exchange of energy between the 

resonator and its environment is a two-way street: increasing the quality factor also reduces the 

rate at which energy can flow into the resonator from its environment. Quality factors less than 

10 would be typical for the two examples above. The resonators used in quantum 

optomechanics experiments, by contrast, have quality factors larger than 100,000, sometimes 

even as large as a billion!  

Now that we understand the basic physics of mechanical resonators, let’s consider a simple 

example of an optomechanics experiment. Imagine we suspend a heavy mirror from a very thin 

wire to make a pendulum that reflects incident light. We will put this reflective pendulum in a 

vacuum chamber so it isn’t buffeted about by passing air molecules. Even so, the mirror will 

not hang perfectly still, because the atoms that make up all solid materials are constantly 

vibrating with energy related to the ambient temperature. The vibrations of the pendulum’s 

support structure will be transmitted through the wire to the mirror, leading to random 

fluctuations in its position.  

We can measure this thermal motion by shining a laser at the mirror through a window in the 

vacuum chamber. It’s helpful to think of this laser beam as a steady stream of photons — 

discrete particles of light. We can simply count the photons that are reflected back towards us: 

as the mirror swings closer to us, the photons traverse a shorter path and therefore return sooner, 

and when the mirror swings away, returning photons will be delayed. In this way, we can 

reconstruct the mirror’s trajectory by studying the reflected light. 

But there’s another side to this story. Each incident photon imparts a tiny momentum kick to 

the mirror, like a ball bouncing off a fence: the resulting force on the mirror is called radiation 

pressure. If we continuously dial the laser intensity up and down at a regular frequency, the 

beam will push the mirror around at the frequency of the intensity variation. We can enhance 

the extremely weak radiation pressure force by varying the intensity at the resonant frequency 

of the pendulum, just as pushing a swing at its resonant frequency maximizes its motion. 

Put simply, the incident light affects the motion of the mirror, which is in turn mapped onto the 

reflected light. By timing things right — increasing the laser intensity as the mirror moves 

towards us and reducing the intensity as it moves away — we can cancel out the mirror’s 

random thermal motion, effectively reducing its temperature. This technique, called feedback 



cooling, is one of the many tools that physicists working in quantum optomechanics can use to 

manipulate the motion of an object with light.  

Recall that a mechanical resonator’s quality factor is basically a measure of how well it’s 

isolated from the outside world. A high quality factor makes it easier for the weak radiation 

pressure force on the mirror to compete with random thermal forces transmitted through the 

wire. If we can make the pendulum’s quality factor large enough, we can feedback cool the 

mirror all the way down to the quantum ground state, the lowest energy permitted by the laws 

of quantum mechanics. 

Cooling a mechanical resonator to its quantum ground state opens the door to even more 

extraordinary experiments. Today’s quantum technology makes it straightforward to generate 

a weak laser pulse in an equal superposition of one photon and zero photons: a quantum state 

in which the very presence of the photon is indeterminate. What happens if we send this 

quantum state of light towards our pendulum? In one half of the superposition state, the photon 

pushes the mirror, while in the other half, there’s no photon, so the mirror stays at rest. So we 

can use the tools of optomechanics to transfer a quantum superposition from light to the motion 

of a macroscopic object: this is quantum mechanics in the truest sense! 

Real optomechanics experiments use a wide variety of different mechanical resonators, 

ranging from tiny levitated silicon spheres containing about 100 million atoms to heavy 

mirrors suspended from quartz fibers less than a millimeter in diameter, very like the 

pendulum in our thought experiment above. Quantum control of the heaviest resonators 

remains an outstanding challenge, but scientists working with the LIGO gravitational wave 

observatory recently detected the effects of radiation pressure on the 40 kilogram mirrors in 

their detector [1]. Vibrating membranes weighing about 20 nanograms — not exactly large 

on a human scale, but visible to the naked eye, and containing roughly a quadrillion atoms — 

have been brought to the quantum ground state using 

feedback cooling [2] and other techniques, and other 

kinds of quantum states have been transferred from light 

to the motion of smaller resonators [3].  

 

These 40 kg mirrors, used in the LIGO gravitational 

wave detector, are the heaviest objects studied in 

quantum optomechanics experiments. 

Credit: Caltech/MIT/LIGO Lab 



 

 

 

These experiments are quite technically challenging: the radiation pressure force is very weak, 

and fluctuations in laser intensity, absorption of photons, and thermal motion all conspire to 

wash out fragile quantum effects. But optomechanical systems have already begun to push the 

boundaries of macroscopic quantum mechanics. In the future, they may help us network 

quantum computers, detect new fundamental particles, and even explore the quantum nature 

of gravity. The era of quantum mechanical mechanics is only just beginning. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 



The 4 Fundamental Forces 
Devaansh Lulla 

From laying on a bed to landing on Mars, physical forces are acting all around us, we just don’t 

realize it. To be exact, there are just four fundamental forces that govern everything that 

happens in the universe: 

• Gravity 

• The Weak Force 

• Electromagnetism 

• The Strong Force 

Every force is ‘carried’ by force carriers 

or interactions known as bosons as shown 

on the right in orange. The weak force is 

carried by the W and Z bosons while 

Electromagnetism is carried by photons. 

Strong force is carried by gluons and as 

for gravity, physicists haven’t yet found a 

boson that ‘carries’ gravity but they 

predict that there is indeed a boson for 

gravity called the ‘graviton’.  

Gravity 

Gravity, the weakest and probably the most well-known of the four fundamental forces, is the 

attraction between two objects that have mass or energy. In fact, Gravity is acting on you and 

everything around you right now as you read this. Gravity is the reason a tennis ball falls back 

when you throw it up or why you don’t ‘fly off the ground’, it is what keeps the Earth orbiting 

the Sun and it is also what causes tides.  

Gravity is the weakest of the 4 fundamental forces. This is because although Gravity is the 

dominant force on a macroscopic1 level, it has almost no effect relative to the other forces on 

an atomic or molecular level.  

Gravity unlike the other forces (apart from Electromagnetism) works on an infinite range, 

meaning that no matter the distance between 2 objects, there will still be a gravitational force 

between the two objects, although it will become smaller the further you go. 

Now you might be wondering, if Gravity is the weakest of the 4 fundamental forces, then why 

is it the most dominant on a macroscopic level? There are 2 main reasons: 



• Strong Force and Weak Force have an extremely limited range and therefore are unable to 

manifest themselves in the macroscopic universe. 

• Gravity, as said above, is the attraction between mass or energy, and since there are huge 

concentrations of mass in the universe (on a macroscopic[1] level), Gravity is the dominant 

force. 

 

The Weak Force 

Next up is the weak force. The weak force also known as the weak nuclear interaction is 

responsible for particle decay, in other words, the literal change of one subatomic particle into 

another. Physicists describe this interaction through force-carrying particles called bosons. In 

the weak force, the boson is either positively or negatively charged W Boson or a Z Boson with 

no charge.  

Protons and Neutrons are made up of smaller particles called Quarks. Quarks come in different 

‘flavours. Protons are made up of 2 ‘up’ quarks and 1 ‘down’ quark while neutrons are made 

up of 1 ‘up’ quark and 2 ‘down’ quarks. Now say a neutrino comes close enough to a neutron 

, (about 10-18 meters or 0.1% of the diameter of a proton is how close the particles need to be 

for Weak Force to work), a positively charged W Boson would travel from the neutrino to the 

neutron. 

When this happens, the neutrino having lost a positively charged boson, turns into an electron 

while the positively charged W Boson encounter a down quark and changed its charge from 

slightly negative to slightly positive. As a result, the down quark that interacted with the 

positive W boson flips and turns into an up quark. Now there are 2 up quarks and 1 down quark, 

turning the neutron into a proton. 

The diagrams below show this procedure. 

An example of this, is the conversion of Caesium-137 into Barium-137. A Caesium-137 atom 

consists of 55 protons, when one of the neutrons decays into a proton due to weak force, the 

atom ends up gaining 1 proton and now has 56 protons, as a result turning into a Barium-137 

atom (consisting of 56 protons).  

 

 

 

 

 

 

1Macroscopic: Relating to a large scale, visible to the naked eye; not microscopic 



Electromagnetism 

The Electromagnetic Force also known as the Lorentz Force explains how both moving and 

stationary charged particles interact. As the name suggests, the force has ‘two parts’, 

electrostatic force and the magnetic force although they are really the same fundamental force. 

The electrostatic force acts between all charged particles, whether they are moving or not, while 

the magnetic force only acts between moving charged particles. 

Electrostatics 

In electrostatics, objects that have electric charge are described as either being positive or 

negative. As Coulomb’s Law states, objects with opposite charges produce an attractive force 

between each other while objects with the same charge produce a repulsive force between each 

other. The greater the charge is, the greater the force and the greater the distance between the 

objects, the smaller the force. 

Just like with weak force, there is a special particle or boson that conveys or carries this force, 

the photon. Photons carry the electrostatic force between the electron and the proton. Photons 

are also the same particles that carry light and heat which why 

electromagnetism can travel at the speed of light. 

An example of electrostatic force, or static electricity, is when a 

balloon sticks to your sweater or your hair because you rubbed the 

2 substances against each other. Both substances are made up of 

atoms and atoms normally have the same number of electrons and 

protons, so they are electrically neutral. But what happens here is 

that some substances tend to take on electrons easily while some tend to give up electrons 

easily.  

Rubber is an example of a substance that takes electrons easily and wool is an example of 

substance that gives up electrons easily so when you rub the two against each other, the wool 

or the sweater, gives up its electrons, becoming positively charged 

and the rubber or the balloon takes up those electrons becoming 

negatively charged. And as we know, objects with opposite charges 

attract so they end up ‘sticking’ to each other. 

Magnetism 

As you know, electromagnetism acts on objects which have an 

electric charge, creating a field around the object. A magnetic field is 

a bit different from an electrostatic field. To start off, unlike charged 

particles, which can be either positive or negative, a magnetic field has a positive and a negative 



area, or the north and south poles. Magnets always have both poles, no matter what. But they 

still interact like charged particles, opposite poles attract while like poles repel. 

To demonstrate that electrostatic force and magnetism are both effects of the same force 

(Electromagnetism), we can create magnetism using electricity – an electromagnet. You can 

make one by passing an electric current through a wire  wrapped around a nail or a screw. Just 

switch on the current and the screw becomes a magnet, switch it off and the magnetism 

disappears. 

The Strong Force 

As the name 

suggests, the strong 

force or the strong 

nuclear interaction is 

the strongest of the 

four forces and is 6 

thousand trillion 

trillion trillion (39 

zeroes after the 6!) 

times stronger than the force of Gravity. The strong force binds the fundamental particles of 

matter to form larger particles. It holds together the quarks that make up protons and neutrons, 

and part of the strong force, known as the residual force, keeps the protons and neutrons of an 

atom’s nucleus together.  

Strong force, unlike the other forces, get weaker as the subatomic particles move closer, so it 

actually reaches full strength when the particles are farthest away from each other, but just 

like the weak force, the strong force only works at a subatomic level and the particles have to 

be somewhere within 10^-15 meters from each other, roughly the distance of the diameter of 

a proton. The massless Gluon is the messenger particle of the strong force. 

In an atom’s nucleus, the protons and neutrons are stuck together, very close together. This 

shouldn’t happen because as Coulomb’s Law tells us, particles with same charge repel, so the 

protons should not be stuck together. And yet, they are. This is because of strong force; strong 

force overpowers electromagnetism and makes sure that the particles are ‘glued’ together. So, 

we have strong force to thank for keeping the particles together (as well electromagnetism and 

weak force in some ways). 

Thinking about this, it is probably a good thing that strong force doesn’t work on a macroscopic 

level. 



These four forces are in action every single day, and even though we may not notice it, they 

are the reason we exist. If even one force didn’t exist, we would all die. If the strong force 

didn’t exist, the nucleus would not be able to be held together. Without gravity, we would have 

no atmosphere and suffocate. Without electromagnetism, we wouldn’t have ions, atoms, or 

light. All of the forces play a pivotal role in our world, even if we don’t always realise it. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



The Great Filter 
Arjun Jadhav 

Do we really want to find alien life? 

What if Nasa announced today that they had discovered aliens for the first time. Bacteria on 

Europa, ruins on mars, alien insects on Titan. Wouldn’t that be awesome? 

Well, no... It would be horrible news! It would mean the end of humanity as we know it was 

coming and it was coming soon! But why... Why would possibly our greatest discovery ever, 

be bad? 

Imagine life as it is as a giant 

staircase, from its inception to 

today. At inception we begin with 

dead chemistry, which needs to be 

assembled into self-replicating, 

stable and resilient patterns which 

are also able to change and evolve.  

 

In the second step, early life becomes more complex, using energy more efficiently and 

building more complicated structures.  

 

The next step harkens the emergence of multicellular beings, enabling further variety and 

complexity. Go one more step up, and these creatures evolve big brains, enabling the use of 

culture, shared knowledge and tools, creating higher complexity. This species can now 

become the alpha life form of its planet and will shape its planet according to its need. Life, 

as it is, naturally wants to expand, to cover any niche it can find. And, since planets don’t 

have infinite storage capacity, to survive a species looks for more places top move into. This 

means attempts at space travel begin. This is the stage we are now approaching.  

 

If a species is driven enough to take over a planet, like us, they’ll probably not stop there. We 

know that there are up to 500 billion planets in our galaxy alone, of which 10 billion are at 

least Earth-like. Many, in fact, have been around longer than Earth. But we’re seeing zero 

galactic civilizations, we should see something, but there’s nothing there...This means 

something is preventing living things from climbing the staircase, beyond the step we're on 

right now....Something that makes becoming a galactic civilization extremely hard, maybe 

impossible. This is the Great Filter....A challenge or danger so hard to overcome, that it 



eliminates almost every species that encounters it.

 

There are two scenarios: One means we are incredibly special and lucky, the other one means 

we are doomed and practically already dead. It depends on where the filter is on our staircase: 

behind, or ahead of us? 

This depends on where the filter is on the staircase of life, behind, or ahead of us. 

The filter is behind us: 

 

The filter is ahead of us: 

 

Scenario 1: The filter is behind us 

If the filter is behind us, that means one of the steps we passed is almost impossible to 

undertake. We don’t really have any idea which step it is though. It’s very hard to make 

predictions about how likely it is for life to emerge from dead things.  There is no consensus. 

Some scientists think Earth is the only place that life can exist others think as long as the 

planet is hospitable, life will be there. Another candidate for the location of the great filter is 

the complex animal cell step. A very specific thing happened in this step and as far as we 

know, it only happened once. A primitive cell swallowed another cell. But instead of 

consuming it, the two cells formed a union. The bigger cell provided shelter and resources for 

the smaller cell and in turn the smaller cell gave the bigger one more energy. With this 



abundant energy, the main cell could grow more and build new things to improve itself, while 

the guest became the powerhouse of the cell, the mitochondria. Maybe there are many 

millions of bacteria infested planets, but none, apart from us, have reached the level of 

complexity or intelligence required to advance. 

A brain is first and foremost an expensive evolutionary investment. It is fragile, won’t cause 

you to win a fight and cost huge amounts of energy. And yet, despite them, it still took us 

2000 years to reach civilization. Being smart doesn’t mean an instant win. Maybe being 

smart isn’t so great, we’re just the species that got lucky...  

Scenario 2: The Filter is ahead of us 

Plenty of others, tried and died already. If the Great Filter really is ahead of us, it will be of a 

danger level hitherto unheard of. Even if there is some major disaster, if we can recover from 

it and survive it is not a Great Filter, just a minor roadblock to an eventual galactic expansion.  

If there really is a great filter it has to be something so destructive, devastating and powerful 

that it destroys almost all advanced galactic civilizations. One really depressing hypothesis is 

that once a species takes over a planet, it will inevitably self-destruct. Something so obvious 

virtually everyone discovers it, yet so dangerous that it’s discovery almost always leads to 

death. Nuclear war, Genetic super bugs, killer AI... Or things we can't even see coming right 

now.  

Or it could be simpler. Competitive species necessarily destroy their planet while competing 

for resources. Maybe there are runaway chain reaction in every ecosystem which once begun 

is not fixable. And so, once a civilization is powerful enough, it will make its own planet 

uninhabitable, 100% of the time. Let’s hope that’s not the case... 

What we can hope for 

This is why finding life, in any part of the universe, would be horrible. If life is common and 

more advanced and complex, the more likely it is that the great filter is ahead of us and that 

we in turn will die. Bacteria would be bad... alien life alarming... ancient ruins of civilizations 

horrible.  

The best-case scenario for us right now would be if life is non-existent. We just have to hope 

that there are billions of empty planets out there... waiting for us to finally arrive. 

 
 

 



Wormholes  
Aaditya Nandwani 

Wormholes are one of the most well-known concepts of physics and are used in a multitude of 

different movies and TV shows from the 2001 movie: Thor, to the 2014 movie: Interstellar. 

However, unfortunately in many of these movies, the physics is deeply flawed and there are 

huge misconceptions on how these structures work and whether they can be used, both of these 

being important questions I will answer in this article. However, first it must be understood 

what exactly a wormhole is. A wormhole is a theoretical structure which acts as a bridge or a 

tunnel connecting two vastly distant places in the universe, even places in different galaxies! 

Before trying to work out how these structures work, one must first comprehend the concept 

of space-time.  

In 1905, Albert Einstein proposed his ground-breaking theory of Special Relativity and part of 

this consisted of theories on space-time. Before this discovery, space and time were thought to 

be separate entities which were separate from each other, however he stated that these 2 were 

fused to make one single entity which forms the fabric of our Universe. An interesting way to 

figure out how this works is by using a blueberry muffin. This delicious treat consists of the 

blueberries (Which can be thought of as the galaxies) and the actual muffin which is the space-

time.1  Albert Einstein then further developed this to describe that this fabric can actually be 

bent or warped, (which is in-fact gravity). So, this is precisely how a wormhole would work. 

 

 

An illustration of what space-time would look like 

(with the Earth) 

 

 

 The most 

common way to demonstrate it is by using a piece of 

paper. First, put 2 crosses on the opposite ends of a piece 

of paper. You would assume that the easiest and quickest 

way to reach from 1 cross to the other is by drawing a 

straight line between them. However, if you fold this 

piece of paper in half and line up the crosses over each 

other, finally connecting these 2 points with a tube (or pen in this case) , you would realise that 

you have found a much easier way to cross between the 2 points. This is exactly how a 



wormhole would work. The two points represent two distant galaxies, and the paper represents 

space-time, and by manipulating this space-time you have made a tunnel between the most 

distant places in the Universe. You might be tempted to start celebrating, after all we have now 

found a new way to explore the furthest and strangest corners of the Universe. I am sorry to 

break that happiness, but unfortunately (as I will describe next) there are simply too many 

problems with this for it to properly work. 

I will first, however, look at the different types of wormholes which exist and the problems 

which we have with them. The first kind of wormhole is the Einstein Rosen Bridge which was 

proposed in 1916, and is said to be a tunnel between a black hole and a white hole. Black holes 

are one of the most well-known cosmological structures, which are formed when super-

massive stars will implode to form a large warping in space-time. Black holes have an 

extremely strong gravitational effect, and it is said that not even light has the ability to escape 

from Einstein Rosen bridges. White holes are incidentally the exact opposite of black holes, 

which have an effect of anti-gravity: therefore meaning that instead of sucking things in, they 

blow objects out. Einstein predicted that such a wormhole can indeed exist between these 2 

structures. Many readers might be thinking: “Why don’t we just hop into one of these black 

holes?”. But, alas, scientists have shown that it is actually impossible to cross these tunnels. As 

they are so unstable, as soon as you send something down, the wormhole will immediately 

collapse.  

 The other type I will talk about is wormholes made from Strings. String Theory is one of the 

most confusing and complex physics theories however it is debated among many that it is even 

true which is perfectly shown by this quote: “Some string theorists prefer to believe that string 

theory is too arcane to be understood by human beings, rather than consider the possibility 

that it might just be wrong”. (Lee Smolin)  However, if this theory is true, it predicts that in 

the early stages of the Universe, multiple wormholes could have been created due to the 

vibration of strings. This directly relates to our next type of wormhole, instead of hunting for 

wormholes made in the early stages of the Universe, why don’t we make them ourselves? 



 

So, the final possibility is a man-made wormhole. If we have the right ingredients, us humans 

can theoretically create a wormhole ourselves. Before readers get excited though, I must warn 

you that this is incredibly hard and probably impossible, Now that we have got that out of the 

way, let me explain how we would make it. First, we would need 2 oppositely charged black 

holes which would act as the mouth of the wormhole. As discussed earlier, wormholes are 

extremely unstable and therefore are very likely to collapse, and so your journey through space 

would be rather unpleasant. To counter this, physicists have postulated the existence of cosmic 

strings- which are theoretical defects in space time. Cosmic strings would have the ability to 

produce an effect of anti-gravity, counteracting the gravity which causes the wormhole to 

collapse and so would mean that you could use the wormhole for a safe journey.  

In conclusion, wormholes are one of the most exciting and interesting topics in cosmology, 

however unfortunately the prospect of using one for interstellar travel does not bear much fruit. 

Finding naturally occurring wormholes are extremely unlikely, meaning that humans would 

have to build one. This is almost impossible as finding and harnessing 2 black holes is 

extremely difficult and many physicists believe that cosmic strings do not even exist. However, 

without doubt, the discovery of naturally occurring travelable wormholes will be one of the 

largest of this century, it would allow us to travel to extremely distant galaxies and find new 

worlds: some which may even be habitable. Unfortunately for now, wormholes are a mere 

figment of imagination for Sci-Fi movie directors, but who knows what the future holds for us.  

 

 

Perhaps, some day in the distant future, technologically 

advanced humans, will be able to build a wormhole which 

can be used as a portal 

 
 

 

String theory, which is famously 
known for predicting 11 dimensions, 
also predicts the existence of 
wormholes. 



Black Holes 
Vedant Agarwal 

Introduction 

The infamous, gluttony monsters that consume all matter and electromagnetic radiation – 

including visible light – Black Holes. Today we will talk about what they are, where they 

come from and what would happen if you just so happened to slip into its gravitational pull. 

Formation 

Let me take you on a journey – the journey of a star. Imagine you are a stellar nebula, a 

collection of dust and gas, until one day, you become a protostar, and then a main sequence 

star. Incidentally, you have more than 17 solar masses. After countless millennia, you die in a 

supernova explosion, like all your brethren. But, for the sake of simplicity, let us assume that 

your consciousness was transferred to the black hole you have become. But wait – lets 

rewind. Why did the supernova explosion take place at all? 

So, you’re a star? You emit light rays and radiation all the time. That must take a lot of 

energy. How do you power it all? Oh, that is right – nuclear fusion! You use intense heat and 

pressure to overcome the repulsion between nuclei, forcing them to fuse in the high-speed 

plasma you contain. But you need hydrogen for that, don’t you? Well, there is plenty of that, 

but it is going to run out some day... What are you going to do then? Use the fusion product, 

of course! We fuse hydrogen into helium, and helium into carbon, carbon into neon, neon 

into oxygen and oxygen into the iron-nickel core that cannot be fused any further. When you 

were alive as a star, gravity was pressing in on you, trying to force it inward, but the fusion 

energy prevented that, maintaining a delicate equilibrium. But when you get to iron in your 

fusion process - that’s it. Iron is a very stable element and although it is possible to fuse it, 

you would use up so much energy that the fusion output wouldn't be enough to sustain you. 

In 100 seconds, you collapse in on your own weight, your life as a black hole has begun. 

Important note: In this article, we will be considering all black holes as non-rotating black 

holes (unless specified otherwise), even though these only exist in theory. 

Properties 

As a black hole, your physical radius is smaller than your Schwarzschild radius. The surface 

at your Schwarzschild radius is called the event horizon. Even though these look rather scary, 

they protect us from all the weird and wonderful things inside a black hole – including the 

possibility for time travel. Fun fact – if a human approached the event horizon and looked to 

the side, they would see … themself! Light is trapped in an orbit around the black hole, and it 

loops from the back of your head to your eyes, so you see yourself in all directions. But one 



other key part of black holes has been missed out – the accretion disk; a huge ring of mass, 

not unlike the ones that adorn Saturn. It is made up of all the lonely bits and pieces that don’t 

get sucked into the black hole, but rather remain circling it forever. And finally, the most 

famous section of a black hole – singularity (or ringularity for rotating ones). It contains all 

the mass of everything that has been sucked into the black hole – and we know almost 

nothing about it. What we do know, however, is that every singularity in existence, whether it 

be supermassive or normal, past, or future, will have identical singularities. The final 

property of a black hole is unique to rotating black holes – the Ergosphere. Due to frame 

dragging (when an object is moving near another one, and both objects change their motion 

because of the other’s motion), the area located outside the event horizon is turned into a sort 

of cosmic whirlpool, where any object is forced to move in the direction that the black hole is 

spinning. At the outer edge of the Ergosphere, the motion speed is less than that at the inner 

edge. Usually, the Ergosphere is in an “oblate spheroid”, but a faster spinning one can 

produce a pumpkin shaped Ergosphere as well. 

Painful death 

There are so many ways to die involving black holes, I would need a separate book to list 

them all, but we can explain the most common: Spaghettification. When approaching a black 

hole, the gravitational pull on your feet is greater than that on your head, so you are 

elongated. In a smaller black hole, you are horizontally compressed as well, although this 

doesn’t take place in supermassive black holes. Eventually, you are a long thin stream of hot 

plasma flowing down the black hole. However, there are alternate theories, such as quantum 

mechanics saying that you would be immediately incinerated and Stephen Hawking 

exploring the idea that your body would be scrambled by apparent horizons. 

Enough of human death! How do these magnificent creatures themselves die? Well, the 

answer is one of the most recent discoveries about black holes – Hawking radiation. Empty 

space is far from empty – particles and antiparticles are created by large accumulations of 

energy, and when they collide, they annihilate and release that energy. However, when one 

forms inside of the event horizon, 

it is sucked into the hole and its 

partner escapes, reducing the 

mass and angular 

momentum/rotational energy of 

the black hole. The smaller a 

black hole is, the faster it will lose 



mass to Hawking radiation until it reaches the last second of its life and releases a colossal 

amount of energy in radiation. 

These fantastical beings are some of the most paradoxical, mind-bending, physics-defying 

objects in the known universe. And who knows? In the future, we could make some new, 

innovative discoveries about black holes that could change human science for the better. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



The Physics Behind Maglev Trains 
Nilay Balaji 

What are Maglev Trains? 

Over the past few decades, we’ve seen our society shift towards a more sustainable way of life, 

through things like solar panels, and electric cars. While our railways haven’t seen a dramatic 

change in a long time, recently a new technology has emerged. This is transportation through 

magnetic levitation, a much quieter and more energy efficient, high speed train. 

Why use Maglev? 

Maglev trains can handle an extremely high volume of 

passengers and do it with zero air pollution. The track also 

requires a considerably less amount of maintenance than 

traditional train tracks, mainly because Maglev trains never 

touch the track. Furthermore, Maglev eliminated many of the 

dangers of derailment as guideways wrap around the whole 

track, rendering derailment virtually unfeasible. Despite the 

extremely high speeds that the Maglev train can reach, the experience is extremely smooth, as 

unlike traditional trains, the only friction that the train encounters, is the air. This eliminates the 

main reason that traditional everyday trains do not reach extremely high speeds, as the copious 

amounts of friction mean that the heat generated is too much for the track and train, generating 

sparks, thus making the journey perilous.  

How does Maglev work in Trains? 

There are three main functions of the magnets. 

1. To push the train about 13 cm upwards. 

2. To keep the train stable horizontally. 

3. To pull the train forward. 

The third function is a system designed to propel the train 

forwards. Both attraction and repulsion are used to thrust the 

train forwards, the front corner of the train has magnets with 

the north poles facing outwards, and the back corners having the south poles facing out. Using 

alternating current generates electromagnetic fields, which allows the train to reach its top 

speeds of 375 miles per hour, as the electromagnetic fields pull the train forward from the front 

and push it forward from behind.  

There are 2 ways to magnetically levitate a train that are commonly used, electromagnetic 

suspension (EMS) and electrodynamic suspension (EDS): 



EMS Maglev 

This is electromagnetic suspension, it uses the attraction in electromagnets, placed on the 

guideway and on the undersides of the train. It is much simpler to apply than electrodynamic 

suspension, however at high speeds it is difficult to keep it levitating at the correct height. To 

ensure that the train doesn’t fall and come to a halt a complex feedback system is used to 

make sure that if the train drops at all, the driver is alerted. 

EDS Maglev 

This is electrodynamic suspension; it uses the repulsion in magnets placed in the guideway and 

the train to achieve magnetic levitation. While the train is moving the magnets move past each 

other, and the repulsion keeps the train in the air. It is incredibly stable at high speeds. However 

it must reach these high speeds to levitate in the first place. This method if suspension also is 

quite expensive when compared to the cost of EMS Maglev. 

 
 
 
 
 
 
 
 

  
 
 

 
 

 
 



How atomic bombs work 
David Wu 

Many have heard of the term “Atomic Bombs.”. You normally think of massive explosions, a 

gigantic mushroom cloud, the horrible loss of life or maybe when it was first used in a war. 

However, have you ever considered how they work? In this article I will enlighten you with 

this information, along with background context and the effects. 

The first, and only times when nuclear weapons were used: 

In 1938, in a laboratory in Berlin, Germany, a group of scientists discovered nuclear fission 

(more on that later), which is what made the atomic bombs possible. 4 years later, on 

December 28, 1942, US president Franklin D Roosevelt authorized a project called 

“Manhattan Project”, with the aim to develop a functional nuclear weapon initiated in 

response to fears that German scientists were doing the same thing. On July 16th, 1945, in a 

remote desert location in New Mexico, the first atomic bomb was successfully detonated.  

Almost 2 months later (the 6th and 9th of August), the US dropped 2 nuclear weapons on 

Hiroshima and Nagasaki in Japan near the end of World War 2, with 129000-226000 dying 

collectively due to the impact or poisoning later, reducing the cities to rubble. Japan, being 

alone, with the Soviet Union declaring war on them and following the 2 nuclear explosions, 

surrendered, sealing the win for the allies. There were mixed reactions, some saying that it 

brought a quick end to the war with minimal casualties (as more would have died on a 

mainland invasion of Japan) while others argued that the Japanese government could have 

been brough to surrender by other means. What do you think? 

How Atomic bombs work: 

Atomic bombs are designed to release energy in an explosive manner as a result of nuclear 

fission. Fission weapons are referred to as atomic bombs. 

In fission, when bombarded by neutrons, certain radioactive isotopes of uranium and 

plutonium (and some other heavier elements) will split into atoms of lighter elements, a 

process known as nuclear fission. In addition to this formation of lighter atoms, on average 

between 2.5 and 3 free neutrons are emitted in the fission process, along with considerable 

energy. The continuing process whereby neutrons emitted by nuclei induce fissions in other 

fissile or fissionable nuclei is called a fission chain reaction. In an atomic bomb, a small 

number of neutrons are given enough energy to collide with nuclei which in turn produce 

additional free neutrons. Some cause further fissions, others are captured by nuclei that do 

not fission and the rest escape the material.  



In order to detonate an atomic weapon, you need a critical mass of fissionable material (any 

species of atomic nucleus that can undergo the fission reaction). This means you need enough 

U-235 or Pu-239 to ensure that neutrons released by fission will strike another nucleus, thus 

producing a chain reaction. The more fissionable material you have, the greater the odds that 

such an event will occur. Critical mass is defined as the amount of material at which a 

neutron produced by a fission process will, on average, create another fission event. It 

depends on the shape, density and type of the material. In order to produce the explosion, 

masses of fissionable material must be rapidly assembled into a configuration. There are 2 

main ways to do this. The simplest way is the pure fission gun assembly device, where an 

explosive propellant is used to fire subcritical mass (fissionable material that doesn’t have the 

ability to sustain a chain reaction) down a gun barrel and into another subcritical mass. 

However, Plutonium cannot be used as the fissionable material in a gun-assembly device, 

because the speed of assembly in this device is too slow to preclude the high probability that 

a chain reaction will “pre-initiate” by spontaneous neutron emission, thereby generating an 

explosive yield of only a few tens of tons. Therefore, gun-assembly weapons are made with 

highly enriched uranium, typically, more than 80 percent uranium-235. The other method is 

implosion, in which a subcritical mass of fissionable material is compressed by a chemical 

high explosive into a denser mass. The material is normally plutonium, uranium or a mixture 

of both. The fissionable core is surrounded by a reflector which in turn is surrounded by the 

chemical high explosive. 

For example, in the weapon “Little Boy” - the atomic weapon dropped on Hiroshima – used 

uranium 235 to power the bomb. When there was enough of it, little boy was constructed 

using the gun type design that fired one amount of uranium 235 at another to combine them. 

This created a critical mass that set off a fission chain reaction to detonate the bomb. 

Effects of Atomic bombs: 

In most cases, the energy released from a nuclear weapon detonated in the troposphere can be 

divided into 4 categories: 

1 – The blast (40-50% of total energy) 

2 – Thermal Radiation (30-50% of total energy) 

3 – Ionising Radiation (5% of total energy) 

4 – Nuclear Fallout (5-10% of total energy) 

The energy distribution to any of the above categories can be higher or lower depending on 

the design of the weapon or where it was detonated. 



Nuclear Fallout is the radioactive materials that fall to earth as a result of a nuclear explosion. 

It normally consists of weapon debris, fission products and possibly radiated soil. 

Ionizing consists of subatomic particles or electromagnetic waves that have sufficient energy 

to ionize atoms or molecules by detaching electrons from them. This causes damage to them 

or even kill them off. The effects on the human body can range from cancer to sterility or 

mutations. That is, if you don’t die during the blast or burns.  

 
 
 
Mushroom cloud caused by a nuclear bomb 
 
 
 
 
 
 

 
 
 
 
The aftermath of the nuclear 
explosion in Hiroshima, 6th 
August, 1945. 
 
 
 
 
 
 

 
 
 
 
The “Little Boy” bomb 
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A cross section of a nuclear bomb 
 
 
 

 
 
 


