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Introduction 

 It all started with Einstein’s theory of general relativity  

What is Einstein’s theory of general relativity? 

Theory which predicted that objects cause the fabric of the space time around 

them to curve. 

• Moving objects should therefore create ripples in space time. 

• It predicted that more massive the object, the larger the gravitational waves  

it would create. 



WHAT EXACTLY ARE GRAVITATIONAL WAVES? 

• RIPPLES OR OSSICILATIONS IN SPACE TIME. 

• ARE GENERATED WHEN MASSIVE OBJECTS ACCELERATE AND COLLIDE 

* THEY TRAVEL AT THE SPEED OF LIGHT. 

* THEIR STRENGTH WEAKENS PROPORTIONALLY TO THE DISTANCE TRAVELLED FROM THE SOURCE. 

* BY THE TIME THE WAVES REACH EARTH, THEY BECOME VERY WEAK AND DIFFICULT TO DETECT. 

Two-dimensional illustration of how mass in the Universe  
distorts space-time (Credit: NASA) 



What causes Gravitational Waves? 

 Supernova and stars collapse into neutron stars 

 Two black holes and/or neutron stars colliding or orbiting each other 

 Colliding galaxies 

 

Two neutron stars orbiting each other and producing gravitational waves before they combine into  

one mass and generate a large burst of gravitational wave(Credit: NASA/Goddard Space Flight  

Center) 



Gravitational Waves Vs Gravity Waves 

Gravity Waves 

* Physical perturbations in a gas or fluid (Planetary scale) 

* Driven by restoring force of gravity in terrestrial environments 

 

 

* Example: ocean waves or atmospheric waves 

 Gravitational Waves 

* Ripples in fabric of spacetime 

* Caused by events in the cosmos 

* Not an earthly phenomena. 

* Travel at the speed of light 

* Miniscule effects on earth by the time  

they reach it 



Gravitational waves first discovered? 

 Although GW were predicted to exist in 1916 by the general theory of relativity,  actual 
indirect proof of their existence did not arrive until 1974. 

First Discovered Indirectly 

*In the 20th century, researchers found indirect evidence of the existence of  
gravitational waves 

 In 1974 two astronomers Russell Alan and Joseph Taylor working at the Arecibo  Radio 
Observatory in Puerto Rico discovered a binary pulsar B1913+16---two extremely  dense 
and heavy stars in orbit around each other. 

 After years of observations, it was determined that these stars were getting closer  to each 
other at precisely the rate predicted by theory of relativity. 

 In 1979, results published by these two showed the gradual decay of the orbital period of 
the pulsar, which fitted precisely with the loss of energy and angular  momentum in 
gravitational radiation predicted by general relativity. 

 This left the astronomers with no doubt that the gravitational waves really do exist. 

 Russell Alan and Joseph Taylor received a Nobel prize in physics in 1993 for  their  
discovery. 



The First Direct Detection of Gravitational Waves  By 

 LIGO on Sep 14, 2015, but was not announced until Feb 2016. 

* It physically detected gravitational waves that happened when two black holes  
crashed into one another about 1.3 billion light years away. 

* The energy released was 50 times greater than energy being released by  
everything else in the entire universe combined. 

 
 

 LIGO (Laser Interferometer Gravitational-Wave Observatory) 

 
 

* It is world’s largest gravitational wave observatory 

* Made up of 2 observatories; one in Hanford, Washington and the other in  
Livingston, Louisiana. 

* Each observatory has two long arms, and each arm is 2.5 miles (4 km) long. 

 
 

* The design and construction of LIGO was carried out by LIGO laboratory  
scientists, engineers, and staff at the Caltech and MIT. 

* It exploits the physical properties of light and of space itself to detect and 
understand the origins of gravitational waves. 

Ligo observatory in Hanford,  

Washington…(Image credit:  

Caltech/MIT/LIGO Lab) 



How does the LIGO detect 

Gravitational waves? 

 Absence of Gravitational Waves 

 A laser beam is split and sent down a pair of long perpendicular tubes each 4 km long. 

 The two beams bounce of mirrors at the end of each tube and recombine at the base  
from where they were split. 

 The light waves converge on the base in such a way that they cancel out each other  
effects resulting in no light detected at the photodetector. 

 Presence of Gravitational waves 

 When Gravitational waves come into play, they distort space and change the  
distance between the mirrors, resulting in one arm becoming a little longer while the  
other becoming shorter. 

 The space of the arms switches back and forth and this causes the light waves  
emerging back at the base from the mirrors to no longer cancel out each other in the  
recombining beam 

 Causing some light to reach the detector with an intensity that varies as the distance  
between the mirrors vary. 

A schematic showing a LIGO's interferometer.  

(Courtesy: IOP Publishing) 



* By the time the gravitational waves emerging from black holes reach earth they change the  

LIGO’s instruments by 1/10000 the size of a proton which in other words is 1*10^-19 m and this  

shows how minute differences the LIGO can detect as an evidence for the presence of  

gravitational waves. 

 LIGO has already detected gravitational waves three times on its own. 

  The Fourth Detection 

  The fourth detection of gravitational waves by LIGO happened in  
collaboration with another observatory named VIRGO, located in Pisa, 
Italy. 

 Detected on August 14, 2017 

 The two observatories detected a transient gravitational wave 
signal  produced by the combining of two stellar mass black holes. 

 The two black holes that resulted in this gravitational wave detected had  
solar masses of about 31 and 25 respectively. 

 Black holes located 1.8 billion light years away. 

 * Newly produced black hole has 53 solar mass, which meant that 
about 3  solar mass of energy was converted and released as gravitational 
waves  during the fusion. 



The Fifth Detection 
 Detected just 3 days after the 4th gravitational waves were detected on August 17, 

2017. 

 Both the twin 8km long detectors of LIGO in Washington and Louisiana, and 6 km 
long Virgo detector spotted waves which were unlike any observed before. 

 The previous four events lasted a few seconds only with GW rippling at frequencies of 
tens of cycles per second. 

 The fifth detection observed G waves rippling at frequencies of 1000’s of cycles per 
second. 

 These gravitational waves came from two merging neutron stars of 1.1 and 1.6 solar 
masses. 

 The collision resulted in spilling of densest pure neutrons with light of all wavelengths. 

 NASA’s orbiting Fermi Gamma-ray Space telescope picked up a blast of high energy 
photons called a gamma ray burst. 

 Nearly 2 weeks later x-rays and radio waves were also observed 

 Gravitational waves coming along with burst of gamma rays is what let the 
astronomers conclude that the source had to be two neutron stars merging 

The merging neutron stars powered a seconds-

long gamma ray burst that beamed radiation into 

space. They also sparked a kilonova that glowed 

for days as it generated heavy elements 



Other Gravitational wave detectors of first generation 

 GEO-600, Germany 

 TAMA 300, Japan 

 CLIO, Japan 

The Future 

Scientists and engineers at observatories all around the world are planning to make 2nd generation  
detectors which include 

• Advanced LIGO 

• Advanced LCGT 

• LIGO Australia 

Which will be 10 times more sensitive at detecting gravitational waves compared to the detectors now. 

*** 3rd generation detector 

Einstein Telescope or Observatory 

• Third generation ground based gravitational wave detector currently under study. 

• Will be located underground to reduce seismic noise and gravity gradient noise caused  
by nearby moving objects 

• Would have three arms of 10 km length each making an equilateral triangle, with two  
detectors in each corner. 

• Each of the three arms would be composed of two interferometers, one optimized for 
operation below 30Hz and the optimized for operation at higher frequencies. 



NASA Using Lobsters 

 NASA is turning to an interesting source- lobsters eye optics to be used in  

an instrument which may be able to pinpoint the source of gravitational  

waves. 

 NASA’s Goddard Space Flight Center in Greenbelt, Maryland is  

currently studying the crustaceans eye as a model for new space-  

based instrument designed to seek out the cosmic events that produce  

the enigmatic phenomena. 

 Astronomers need to find the source before they can know where to  

look for the waves. To help with this, NASA is currently doing a feasibility  

study of the Transient Astrophysics Observatory on the International  

Space Station (ISS-TAO) as well as two similar experiments for the  

Explorer Mission of Opportunity, so the space agency can choose by 

2019 which of the three to build and send into space. 



 The idea is to create an instrument than can be sent to the ISS or  

aboard a satellite that can monitor the entire sky for signs of X-rays and  

gamma rays associated with the type of high-energy events that  

generate gravitational waves. 

 The instrument would not only seek transient energy emissions, but  

precisely locate the X-ray signatures of gravitational waves sources to  

allow other observatories to join in the study. 

 The new NASA instrument, called the X-ray Wide-Field Imager (WFI), is  
different in that it will use optics based on the eye of the lobster that will  

allow it to scan large swatches of the sky and pinpoint X-ray locations. 

Lobsters are hunters that live in extremely dangerous environments  

where they face constant threat from not only larger predators, but  
from other lobsters who are both territorial and cannibalistic. For this  

reason, they have evolved an eye architecture with long narrow cells  

that reflect small amounts of light from any given direction that gives  

them a very wide field of vision focused as a single image and the  
ability to see in near total darkness. 
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