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Theory of relativity for dummies

For 100 years, general relativity has been a pillar of modern physics. The basic idea is so elegant that you don't need superpowers to understand it. Start with Isaac Newton's first right of motion: The object remains in uniform motion unless it is triggered by force. This means that if you don't feel the force, you either sit still or slide forever in a straight line at a constant speed. But
Albert Einstein asked himself ... What happens if I get out of the roof? While I'm freefalling I feel weight-free. I don't feel any strength, even as I accelerate towards the ground! Einstein landed in a paradox. An object that does not feel force should move at a constant speed. But something accelerates because of gravity does not feel strength. Einstein realized that if he solved the
paradox, he could explain the origin of gravity. It's the happiest thought of my life! Einstein realized that massive things like earth distort the time-out. The free fall object then follows the simplest possible path in space-time. Thus, even if this path does not look straight at us, the object does not experience any force. It works something like this. Follow me back to the roof. If you turn
off gravity, I just swim by following a straight line in this diagram. Now turn on gravity. The earth's mass distorts the time-out, making time on the ground ticking slower than the time on the roof. We need to stretch the timeline closer to the ground, so the curves of the scheme. Now a straight line takes me from the roof to the ground! Of course, saying that gravity is a pervert of
space-time is much easier than turning that insight into quantitative theory. Einstein has worked over the years to explain mathematically exactly how the distribution of mass and energy distorts space-time. Today, Einstein's general theory of relativity remains the best understanding of gravity by scientists and the key to our understanding of the cosmos on the largest scale. Say
Einstein, and most of us think a) a cheeky oldster with wild white hair, his tongue pyjaling and b) either E=mc2, or relativity. Perhaps both. What was their significance? They were revolutionary. Why? Ach, it's a rub. As part of the celebration of Einstein's centenary, when, as a 26-year-old patent office official, he came up with his special theory of relativity (which differs from the
general theory of relativity that came 10 years later and was even more revolutionary - let's say she made gravity in an already hefty mix and leave it there), a prize of £15,000 is offered to anyone who can explain the theory in layman terms. So let's go. First, it's not entirely an original concept: Galileo used some kind of relativity to explain why we're not all swept off the ground
when it rotates. Imagine a moving ship, he said; in this ship everything works as if you were on dry land if you are worried about the movement of the waves, try the train). Einstein's observation was that the passage of time that everyone always had it is constant and immutable, it is not: it is the speed of light. Now Galileo would start to get miserable there, says Sir Roger Penrose,
author of The Road to Reality: A Complete Guide to the Laws of the Universe, because you think that if you move almost at the speed of light, the light should seem slower. Why does it seem to be happening at the same speed, no matter how fast you move? At first, it seems like a paradox. The theory of relativity was revolutionary because it showed how variable the speed at
which it happens; that space and time are not separate elements: time and space, and motion (i.e. movement in space) collapse into a fourth dimension in which everyone works on each other. You can't say now without saying here and how fast. Or, to put it other way, imagine you have a twin. You stay on the ground, your twin goes into space on a fast rocket ship for 10 years;
when they come back, they are a few years younger than you. It works even with airplanes: circle the ground, flying low; when you return to the starting point, the watch will be slightly behind. If you were moving at the speed of light (which you couldn't do, but let's say you can), says Penrose, your watch will stop completely. This is a rather more expensive method of age-defiance
than crème de la Mer, but then again, it has the advantage of being the physical law of the universe. Aida Edemariam In 1905, Albert Einstein determined that the laws of physics were the same for all non-shocking observers, and that the speed of light in a vacuum was independent of the movement of all observers. It was a theory of special relativity. It introduced a new framework
for all physics and proposed new concepts of space and time. Einstein spent 10 years trying to incorporate acceleration into theory and published his theory of general relativity in 1915. In it, he found that massive objects cause distortion in the time-out, which is felt as gravity. Gravity tug Two objects exert an attraction force, known as gravity, on each other. Sir Isaac Newton
defined the gravity between the two objects when he formulated his three laws of motion. The force jerking between two bodies depends on how massive each of them is and how far apart they lie. Even as the center of the Earth pulls you in his direction (holding you firmly on the ground), your center of mass retreats to Earth. But a more massive body barely feels a tug boat than
you, while with much less weight you will find yourself firmly rooted thanks to the same strength. However, Newton's laws assume that gravity is the innate force of an object that can operate at a distance. Albert Einstein, in his theory of special relativity, determined that the laws of physics are the same for all non-folding observers, and showed that the speed of light in a vacuum is
the same, regardless of the speed at which the observer travels. As a result, it concluded that and time were woven into a single continuum known as space-time. Events that occur at the same time for one observer can occur at different times for another. When he developed equations for his general theory of relativity, Einstein realized that massive objects caused time-out
distortion. Imagine setting a large body in the center of the trampoline. The body pressed into the fabric, causing it to hole. Marble curled around the edge of the spiral inward towards the body, pulled out in the same way that the gravity of the planet pulls on the rocks in space. Experimental evidenceWzwzed instruments can neither see nor measure space-time, several
phenomena predicted by its warp have been confirmed. Einstein's cross is an example of gravitational lensing. (image credit: NASA and the European Space Agency (ESA) ) Gravitational lensing: The light around a massive object, such as a black hole, is bent, causing it to act as a lens for the things behind it. Astronomers routinely use this method to study the stars and galaxies
behind massive objects. Einstein's cross, a quasar in the constellation Pegasus, is a perfect example of gravitational lensing. The quasar is about 8 billion light-years from Earth and is behind a galaxy 400 million light-years away. Four quasar images appear around the galaxy as the galaxy's intense gravity bends the light coming from the quasar. Gravitational lensing may allow
scientists to see some pretty cool things, but until recently what they noticed around the lens remained quite static. However, because the light moving around the lens has a different path, each traveling for a different time, scientists were able to observe a supernova occurring four times when it was magnified by a massive galaxy. In another interesting observation, NASA's Kepler
telescope spotted a dead star, known as a white dwarf, orbiting a red dwarf in a binary system. Although the white dwarf is more massive, it has a much smaller radius than its companion. This technique is tantamount to seeing fleas on a light bulb 3,000 miles away, about a distance from Los Angeles to New York, said Avi Shporer of the California Institute of Technology in a
statement. Changes in Mercury orbit: Mercury's orbit moves very gradually over time due to the curvature of space-time around the massive Sun. In a few billion years, it could even collide with Earth.Frame-dragging space-time around rotating bodies: The spin of a heavy object, such as earth, should twist and distort the space-time around it. In 2004, NASA launched the GP-B
gravitational probe B). A precisely calibrated satellite caused the gyro axes inside to drift very slightly over time, which coincided with Einstein's theory. earth as if it were immersed in honey, said Gravity Probe-B principal investigator Francis Everitt of Stanford University in a statement. As the rotates, honey swirls around it, and the same with space and time. GP-B confirmed two
of the deepest predictions of einstein's universe, with far-reaching implications in astrophysics research. Gravitational red shift: The electromagnetic radiation of an object is slightly stretched inside the gravitational field. Think of the sound waves that emanate from the siren in the rescue vehicle; when the vehicle moves in the direction of the observer, the sound waves are
compressed, but when it moves away, they are stretched or red-shifted. Known as the Doppler Effect, the same phenomena occur with light waves at all frequencies. In 1959, two physicists, Robert Pound and Glen Rebka, shot gamma rays of radioactive iron on the side of a tower at Harvard University and found that they were much smaller than their natural frequency due to
distortions caused by gravity. Gravitational waves: Violent events, such as the collision of two black holes, are believed to be able to form waves in space-time known as gravitational waves. In 2016, the Laser Interferometer Gravitational Wave Observatory (LIGO) announced that it had found evidence of these warning indicators. In 2014, scientists announced that they had
detected gravitational waves left after the Big Bang using the Space Extragalactic Polarization (BICEP2) background imaging telescope in Antarctica. It is believed that such waves are embedded in a cosmic microwave background. However, further studies showed that their data was contaminated with dust in the line of sight. The search for this unique record of a very early
universe is as difficult as it is exciting, Jan Tauber, european space agency project scientist for the Planck space mission in search of space waves, said in a statement. LIGO noticed the first confirmed gravitational wave on September 14, 2015. The pair of instruments, based in Louisiana and Washington, D.C., were recently upgraded and were in the process of calibrating before
they went online. The first detection was so large that, according to LIGO spokeswoman Gabriela Gonzalez, it took the team several months of analysis to find out it was a real signal, not a glitch. We were lucky at the first detection that it was so obvious, she said during meeting 228 of the American Astronomical Society in June 2016.The second signal was noticed on December
26 of the same year, and the third candidate was mentioned along with him. While the first two signals are almost definitively astrophysical - Gonzalez said that less than one part in a million of them is something else- the third candidate has only an 85 percent probability of being a gravitational wave. Together, the two detection companies provide evidence of a pair of black holes
spiraling inward and colliding. Over time, Gonzalez predicts that ligo and other upcoming instruments, such as those planned by India, will be detected by LIGO and other instruments such as the one planned by India. We can test relativity, and general relativity passed the test, Gonzalez said. [See our full history of discovery here and our full coverage of the historical scientific
discovery here] Here are 12 things to know about relativity. Relativity.
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