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Ladies and gentlemen we have detected gravitational waves. We did it.
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Let me start with what we saw so on September 14, 2015 the two LIGO observatories in Hanford,
Washington and Livingston, Louisiana recorded a signal nearly at the same time nearly simultaneously.
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And the signal had a very specific characteristic.

TSNS A SRR E

A characteristic of, as time went forward the frequency went up and what was amazing about this signal is
that it's exactly what you would expect.
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What Einstein’s theory of general relativity would predict for two big massive objects like black holes in
spiraling and merging together.
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The discovery of gravitational waves is | think the most important breakthrough in modern science.
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Einstein’s ‘Impossible’ Theory Proved.
FRNHE R TR ) R -

David Reitze
KA - B2

LIGO Laboratory Executive Director, Caltech
LIGO E g =T EAENE TE e

What LIGO has done it's the first time the universe has spoken to us through gravitational waves and this is
remarkable up till now we have been deaf to gravitational waves, but today we are able to hear them.
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Prof. Szabolcs Marka
Szabolcs Marka Z¢$57

Columbia University / Physics Dept.
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So gravitational waves are the most elusive prediction of Einstein for hundred years we were seeking and
we did not find them.

EIT R E NETHATATENE T i icHy - BE— T EREM—E= kAl — AT -

Explain to me how gravitational waves work and how we are able to detect them through the Advanced
LIGO.
s R — NE TR IFEER - RO LIGO [RHIE TRy 7% -

Advanced LIGO is essentially a microphone you know, the first cosmic astro microphone.
JeiE LIGO FFE FE 2 - FEss—(ET i R v -

We are listening to the universe, not seeing the universe.
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So what LIGO will do, LIGO will measure the space-time distortions.
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so this space-time vibration propagates and changes the shape of everything on its path.
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Like even planets?
EEETE?

Even planets. The problem is, it's so small, so tiny that we needed to have the most exquisite technology
and that is what the LIGO project developed the most exquisitely sensitive technology to sense it.
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Does this change our understanding of our world and our universe?

SSRGS I SRR T E Y B ?

Absolutely, it changes everything.
W TR T ) -
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And why is it so significant, this discovery?
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Because of the universe...is hidden from us
R BT i BT B SR Y -

The gravitational waves, we see gravitational waves coming from everywhere and it will reach us.
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It will reach us even through the densest medium and that is really beautiful because this is like the X-ray
of modern science.
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The skies will never be the same.
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We will be able to study not only Einstein’s general relativity, we will be able to find object we only
imagined that they should exist.
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We should see a universe that has never been observed before.
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What is a gravitational wave?
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It’s a ripple in the fabric of space and time.
TR ZE AT TP

Imagine that space is a giant sheet of rubber: things that have mass cause that rubber sheet to bend, like a
bowling ball on a trampoline.

The more mass, the more that space gets bent and distorted by gravity.
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For example, the reason the Earth goes around the Sun is that the Sun is very massive, causing a big
distortion of the space around it.
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If you just try to move in a straight line around such a big distortion, you will find yourself actually moving
inacircle.
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That’s how orbits work: there’s not an actual force pulling the planets around, just a bending of the space.
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Gravitational waves are produced whenever masses accelerate changing the distortion of space.

BEITRHIELIREYENER - NSz R

Everything with mass and/or energy can make gravitational waves.
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If you and | started to dance around each other, we would also cause ripples in the fabric of space and time
but these would be extremely small, practically undetectable.
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Now gravity is very weak in the scale of the other forces in the universe, so you need something really,
really massive moving very, very fast, to make the big ripples that we can detect.
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How would you observe a ripple in space?
BT ZE R Ay 2

If the space between you and me stretched or compressed, we wouldn’t notice it.
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If we had made marks on our metaphorical rubber sheet for example, using equally spaced rocks because
these marks would also get stretched further apart.
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But there is one ruler that doesn’t get stretched, one made using the speed of light.
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If the space between two points gets stretched, then light will take longer to go from one point to the other.
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And if the space gets squeezed, light takes less time to cross the two points.
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This is where the LIGO experiment comes in.
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It has 4 kilometer long tunnels and uses lasers to measure the changes in the distance between the ends of
the tunnels.
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When a gravitational wave comes through, it stretches space in one direction, and squeezes space in the
other direction.

EEITRAEAEE - BRI > 55— T FBRYE

By measuring the interference of the lasers as they bounce between the different points, physicists can
measure very precisely whether the space in between has stretched or compressed.
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And the precision needed is incredible.
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To detect a gravitational wave, you need to be able to tell when something changes in length by a few parts
in 10 to the 23.
BPRHE TR - IRERES T W RI RS 10 1Y 23 K7 A EEEFE(L -

It’s like being able to tell that a stick one sextillion meters has shrunk by Smm.
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The effect of a gravitational wave is so minuscule and easily confused with random noise you need a smart
data analysis technique.
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Scientists hope to identify the patterns of gravitational waves by comparing the wiggles they measure in the
experiment to the wiggles they expect from the gravitational waves.
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That’s like trying to identify a song being hummed at a noisy party A very, very noisy party.
ERGEAIFE RS Lo S — TR B E A RIRE IR -

Imagine your whole life you had been deaf until one day your hearing was restored. You’d be able to
explore the universe in this whole new way.
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That’s why detecting gravitational waves is so significant. It’s a completely new way of studying the
universe.

ERERMPRMEI T E A ER » B BT Hr = -

Anytime there's a new way to investigate the universe, we discover things we didn't expect.
TR RS RTH - MEAEIMYEH -

It's really about looking for new things we didn't know existed examining the extreme edges of our
knowledge of physics and testing our theories about how the universe works.
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