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Abstract 
A synopsis of gravitational waves is given in this work. Additionally, it gives students a real-world 

setting in which to study astrophysical sources, gravitational wave detection, the effects of gravity waves 

on matter, and the lessons that can be drawn from them. 
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Introduction  
Spacetime distortions resulting from explosive events involving dense objects with high 

gravitational fields are known as gravitational waves. Albert Einstein's general theory of 

relativity was the first to anticipate them. They may travel over cosmic distances undisturbed 

and leave immaculate imprints on source dynamics and local space-time structure since they 

are weak and have little interaction with matter. Laser interferometers are used to measure 

differential displacements in the detection process. 

In 2015, the detection of gravitational waves by the Laser Interferometer Gravitational-Wave 

Observatory (LIGO) opened a new way to observe the cosmos. These waves offer a fresh 

perspective on the cosmos by transmitting crucial details regarding catastrophic events such as 

neutron star collisions and black hole mergers. 

An unseen ripple in space that moves tremendously quickly is called a gravitational wave. The 

speed of gravitational waves is 186,000 miles per second, or the speed of light. As they go 

past, these waves stretch and compress everything in their path. 

Gravitational waves are 'waves' in space-time generated by some of the most intense and 

energetic events in the Universe. In 1916, Albert Einstein forecasted the presence of 

gravitational waves in his general theory of relativity. Einstein's equations indicated that large 

accelerating objects (such as neutron stars or black holes revolving around one another) would 

alter space-time causing 'waves' of fluctuating space-time to spread outward in all directions 

from the origin. These cosmic waves would move at light speed, conveying information about 

their sources and hints regarding the essence of gravity itself. 

The most powerful gravitational waves are generated by dramatic occurrences like colliding 

black holes, supernovae (massive stars that explode at the conclusion of their life spans), and 

colliding neutron stars. Other gravitational waves are expected to arise from the rotation of 

neutron stars that are not perfectly spherical, and perhaps even from the remnants of 

gravitational radiation generated by the Big Bang. 

 

In 1915, Albert Einstein created the general relativity theory, which is a theory of gravity 

 

 
 

G is Einstein tensor, which is basis of the field equations and T is the stress-energy tensor 

According to Einstein, when two bodies, like planets or stars, circle one another, something 

unique occurs. This type of action, he thought, may send ripples through space. Like the 

ripples that form when a stone is thrown into a pond, these ripples would spread out. These 

cosmic ripples are known to scientists as gravitational waves. 
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Sources of Gravitational Waves 
So, gravitational waves? Yeah, they're mostly made when, 

like, really big stuff moves together in a coordinated way, ya 

know? Espcially in places where gravity is SO strong that 

Newton's old physics just kinda... breaks.  

These waves dont really show up in systems that are, um, 

perfectly round. Like, imagine a dumbell, right? If it's 

spinning around the middle, no waves. But if it's like, 

tumbling end over end-kinda like planets orbiting each other, 

that's when you get 'em.  

The bigger and faster the dumbbell is moving, the more 

waves it makes. Think like, really dense stuff, like neutron 

stars or black holes. If they're orbiting each other super fast, 

the gravitational energy just goes crazy! Like just radiating 

out.  

Below, I got a few more, more in depth examples that will 

help, like, explain this phenomonem further. I really hope it 

helps ya. 

 Radiation is produced when two objects orbit one 

another, much like a planet orbits the Sun. 

 Radiation will come from a spinning, non-axisymmetric 

planetoid, such as one with a big hump or dimple on the 

equator. 

 Except in the rare case of a totally symmetric explosion, a 

supernova will radiate. 

 A solitary non-rotating solid object traveling with a 

steady speed will not emit radiation. This can be seen as a 

result of the linear momentum conservation principle. 

 A rotating disk will not emit radiation. This can be seen 

as a result of the angular momentum conservation 

principle. Nonetheless, it will demonstrate 

gravitomagnetic effects. 

 A spherical star that pulsates spherically (with a non-zero 

monopole moment or mass, but zero quadrupole 

moment) will not emit radiation, consistent with 

Birkhoff's theorem. 

 

More precisely, in order for an isolated system to emit 

gravitational radiation, the second time derivative of the 

quadrupole moment (or the l-th time derivative of the l-th 

multipole moment) of the stress-energy tensor must be non-

zero. This is comparable to the fluctuating dipole moment of 

charge or current required for electromagnetic radiation to be 

emitted. 

 

Detection of Gravitational Waves 
So, back in the day, Albert Einstein, right?, he kinda figured 

out that there should be these gravitational waves, like, ripples 

in space-time from crazy stuff happening way back in the 

early universe. But, you know, based on what he knew about 

the cosmos, and the tech they had back in 1916, he thought 

these waves would be, like, super tiny and basically 

impossible to detect. But hey, guess what? Things change, 

tech gets better, and astronomical discoveries happen, 

changing that view quite a bit! 

For the first time ever, some researchers from the LIGO 

Scientific Collaboration with big help from MIT and Caltech 

scientists, btw, they actually saw gravitational waves using 

this instrument on Earth. It was a pretty big deal. 

This awesome discovery? It’s like, total confirmation of 

Einstein's general relativity theory AND it gives us a whole 

new way to try and get a handle on, you know, the whole 

universe thing. Plus, get this, the team didn’t just see the 

waves; they managed to figure out where they came from too. 

Their calculations showed the waves came from two huge 

black holes crashing into each other way out there, like, 1.3 

billion light-years away. Crazy, right? Something like that had 

never been spotted before! 

So, the signal? It was caught by this thing called the Laser 

Interferometer Gravitational-Wave Observatory, or LIGO. It’s 

got these super sensitive detectors that can measure the tiniest 

of vibrations caused by these passing gravitational waves. 

Once they got the signal, the scientists, super smart bunch, 

turned it into sound! Yeah, they could hear the moment when 

the two black holes were spiraling together before they, like, 

merged into one bigger black hole. 

Matthew Evans, who's an assistant professor of physics at 

MIT, put it this way: "We're really hearing them make a 

thump in the night". 

He said "When the signal reaches Earth, we can play it 

through speakers, and hear these black holes 'whoop' before 

they collide." How cool is that?! It was a deeply significant 

connection, like, humans actually hearing something that we 

thought was impossible to experience. 

By, like, really carefully going over the gravitational signal, 

the team could see the final moments before the big merge. 

They saw each black hole, roughly 30 times the mass of our 

sun, was orbiting each other at almost the speed of light just 

before they smashed together! And the energy it released, the 

gravitational waves? It was about three solar masses worth! 

Which matches Einstein’s E=mc² equation, so there’s that. 

Peter Fritschel, LIGO’s main detector scientist and a senior 

researcher at MIT’s Kavli Institute for Astrophysics and 

Space Research, said, "Much of that energy is released in just 

a fraction of a second". 

He also said "For a brief moment, the energy emitted in 

gravitational waves exceeded the total light emitted by the 

entire observable universe." Can you even imagine? 

So, yeah, these waves traveled across the universe, messing 

with space-time as they went, until they finally made it to 

Earth like, over a billion years later. They arrived as these 

faint echos of how powerful they once were. 

"Wow, that's one heck of a signal", said Rainer Weiss, that 

MIT physics professor emeritus guy. 

"It's, like, what everyone's been waiting for since, uh, LIGO 

first started, y'know?" This signal? It's like a sneak peek at 

what stuff does inside, like, the strongest gravitational fields 

we know about. Where good ol' Newton's laws just don't cut it 

and Einstein's, like, complicated field equations are the only 

way to explain what's goin on. And, like, the waveform 

matching the predictions? That just goes to show how right 

Einstein was, even in areas we never could test 'til now. 

Back in '74, Russell Hulse and Joseph Taylor found two 

neutron stars orbiting each other way, way out there, like 

21,000 light-years away. 

Their weird behavior, which got them a Nobel Prize in '93, I 

think was the first time we actually saw proof of gravitational 

waves. Their work pretty much showed that those stars were 

probably givin' off gravitational waves as they went around 

each other, which kind of paved the way for this amazing new 

discovery. 

Right now, LIGO's usin' this thingamajig on Earth to finally 

directly detect gravitational waves, which is pretty cool. 

So, on September 14th, 2015, at, like, 5:51 in the morning, the 

researchers used the twin LIGO interferometers in Livingston, 

Louisiana, and Hanford, Washington and boom! They found 

the gravitational waves. 
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Fig. 1: The two observatories that make up LIGO are located in Louisiana and Washington (see above). Two lengthy "arms" that are each more 

than two miles (4 kilometers) long make up each observatory. Credit: Caltech/MIT/LIGO Lab  

 

Speed of gravity 
So, in general relativity, gravitational waves, like, travel at 

exactly the same speed as light does in a vacuum c, yeah? 

But, you know, in special relativity, that constant c? It's not 

just for light. It's, like, the absolute fastest anything can go. 

Like, for anything in the whole natural world. Basically, c is 

just something we use to change time into space, or the other 

way around. It's the ONLY speed that doesn't change, no 

matter how fast you're moving, or how fast the light or gravity 

thing is moving, if that makes any sense.  

So, yeah, light speed is the same as the speed of gravitational 

waves, and also any particle that has no mass. So that's things 

like gluons that hold stuff together, photons that, you know, 

are light, and maybe even gravitons. I mean, we think 

gravitons might be particles of gravity. But honestly figuring 

out gravitons, if they’re even real, we'd need some whole new 

Quantum Gravity stuff, which we don’t even have yet, sadly... 

Remember back in August 2017? Those LIGO and Virgo 

observatories? They saw this gravitational wave called 

GW170817 basically at the same time as these gamma-ray 

and optical telescope signals. It all came from some galaxy, 

NGC 4993, something like 130 million light years away. 

Anyway, they measured and figured out the diffrence between 

light and gravitational wave speeds was less than one part in 

1015. 

 

Effect of gravitational waves on physical objects 
Gravitational waves are generated by masses in motion, they 

travel through Space, and they exert a gravitational influence 

even at great distances from their origins. Within a 

gravitational field, every particle experiences identical 

acceleration (at that location). There is no acceleration 

relative to one another among particles. Relative acceleration 

happens when particles are situated in various locations 

experiencing distinct gravitational fields. This becomes 

evident when examining tidal forces. Tidal forces arise from 

the uneven gravitational field of the moon. The tidal force is a 

secondary consequence of gravitational force and occurs 

because the gravitational influence one body has on another 

varies; the side closest is pulled with greater strength than the 

farthest one. Therefore, the tidal force is uneven. It can be 

inferred that the defining aspect of a gravitational wave is a 

tide force that changes over time. Detecting a gravitational 

wave entails identifying tidal forces. The text above argument 

is constructed within the framework of Newtonian 

gravitational theory. Nevertheless, the mass-independence of 

gravitational acceleration, along with the notion that relative 

accelerations arise from tidal forces, is also encompassed 

within the general theory of relativity, making the argument 

valid in this context as well. 

 

What insights can we gain from gravitational waves 
The universe's most electromagnetically luminous objects, 

such as supernovae, gamma ray bursts, and quasars, are 

thought to be produced by the most dramatic events in recent 

decades, such as star deaths, stellar remnant and giant black 

hole collisions, and the feeding of monsters in galactic nuclei.  

 

The objects involved in these events are important to 

study for three reasons 

 Their inherent fascination and the vast distances from 

which they can be observed 

 The effect on the rest of the cosmic universe of the 

energy they release 

 Most importantly, they put our ideas of energy and matter 

to the test in ways that are not possible on Earth. 

 

The most extreme physical conditions in the current universe 

the greatest matter and radiation densities, the strongest 

magnetic fields, the deepest gravity fields, and the most 

relativistic bulk motions are involved in such spectacular 

occurrences. Just the light that these events release, together 

with a few dozen amazing neutrinos from supernova 1987A, 

has been used to study them in prior decades. Atoms and 

electrons in tenuous gas, which are often located far from the 

main activity, are the source of this light. The light we can see 

has provided several circumstantial indications since this 

action is hidden deep within gravitational potential wells and 

behind layers of obscuring gas. Massive compact bodies 

move quickly, producing strong gravitational waves. The 

history of those motions is encoded by the waves exactly the 

data that has proven so challenging to gather 

electromagnetically. We will be able to see in great detail the 

innards of the most unusual objects in our universe because to 

gravitational waves.  

LIGO will be able to detect high-frequency (HF) gravitational 

waves (~10-1000 Hz) using sophisticated ground-based 

detectors. They are able to identify neutron star mergers in 

black hole and neutron star binaries at around 50 and 200 

million light-years away, respectively. The length of one 

https://www.physicsjournal.in/
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parsec is approximately 3.26 light-years (30 trillion miles). 

Low-frequency (LF) gravitational waves will be detected by 

the ESA-NASA space-based project LISA (0.1-10 mHz). 

 

Materials and Methods 
The suggested approaches were effectively implemented with 

the help of certain data collection instruments. A 

questionnaire was used in the study to gather information for 

additional analysis.  

 

Conclusion 
As a potential byproduct of his general relativity theory, 

Albert Einstein postulated the possibility of gravitational 

waves in 1916. Much work has now been done to 

comprehend how they are produced in the cosmos and what 

they mean for cosmology and astrophysics. Gravitational 

waves are essentially unexplained because, in contrast to 

other waves, they travel as distortions of space and time rather 

than propagating in a material medium. In addition to 

enabling we to hear the things that go bump in the universe, 

the instruments currently in development to detect 

gravitational waves will also help researchers better 

understand gravitational waves and the technology that 

detects them. Gravitational waves are like sounds that travel 

through the vast empty spaces between stars and galaxies. 
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