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How to Travel Faster Than Light
Without Really Trying

It’s often said that nothing can travel faster than light, but that’s only
part of the story.

Image credit: Lucas!lms / 20th Century Fox.

The speed of light, c, is an absolute physical constant. No matter where
you are in the Universe, or how fast you’re moving relative to something
else, the speed of light in a vacuum is always the same. That’s often
taken to imply that nothing can travel faster than light, but things aren’t
quite so simple. It turns out there are several ways things can travel
faster than light, depending on what you mean by a “thing,” “faster-
than-light,” and “travel”.

http://en.wikipedia.org/wiki/Speed_of_light
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One way is to note that the immutable speed of light only applies to
light in a vacuum. When light travels through a material, its e!ective
speed is reduced. This is often given by an index of refraction, n, where
the e!ective speed of light is c/n. (And n is pretty much always greater
than 1.) For example, when light travels through water, its speed is
about 0.75c. Because of this, it is possible for particles to “break the light
barrier” in a material while still traveling less than c.

For example, in nuclear reactors
electrons are emitted with so much
energy that they are traveling at
nearly the speed of light c. When
those electrons travel through the
coolant (water) surrounding the
reactor they travel faster than light
can travel through the water, thus
breaking the light barrier. You’re
probably familiar with a sonic boom
that occurs when a plane travels
faster than sound, which is caused by
a shock wave of air. A similar e!ect

occurs when an electron breaks the light barrier. The electron causes an
optical “shock wave” known as Cherenkov radiation, which gives nuclear
reactors their blue glow.

Another phenomenon that can travel faster than light through a medium
is sound waves in a star. In the Sun (as with any star) light is produced
in its core through nuclear fusion. Traveling at the speed of light, it
should be just a two-to-three second journey to the surface of the Sun.
But the Sun’s interior is packed so densely with charged particles that
light can’t simply travel in a straight line. On average, a photon in the
Sun’s core will travel less than a centimeter before colliding with an ion.
It is then scattered in an almost random direction. Imagine a photon
trying to leave the Sun, but getting bounced in a random direction every
centimeter. This random walk of a photon through the Sun means that it

The blue glow of Cherenkov radiation. Credit: Matt
Howard

https://medium.com/starts-with-a-bang/astroquizzical-what-happens-to-light-when-it-hits-the-sun-b55f68b46710
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actually takes about 20,000 to
150,000 years for light to travel
from the Sun’s core to its
surface.

But sound waves propagate in
a di!erent way. They are
pressure waves that transfer
energy through a material
rather than transporting
material itself. As a result, they
aren’t hampered by the ions in
the core. Sound waves can
travel through the Sun at
thousands of meters per
second, and they cause the Sun
as a whole to vibrate. The
study of these sonic vibrations
is known as helioseismology, or
in the case of other stars,
asteroseismology. By analyzing
these sounds we can determine
things such as the density and
pressure of the Sun’s interior.

While that’s all fine and good,
you might argue, neither of
these phenomena are actually
traveling faster than light.
What about something moving
faster than the speed of light in

a vacuum? It turns out that even that is possible in a way, thanks to
general relativity.

Since the 1920s we’ve known that the more distant a galaxy is, the
greater its apparent redshift, and thus the faster is appears to be moving

A random path of a photon through
the Sun. Credit: ATNF

Animation of the l=3, m=0 mode of
oscillation (shown greatly

exaggerated). Credit: D. B. Guenther.

http://www.atnf.csiro.au/outreach//education/senior/astrophysics/stellarevolution_mainsequence.html
http://www.casca.ca/ecass/issues/2001-me/features/guenther/DG4cass.htm
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away from us. This relation between redshift and distance is known as
Hubble’s law. Over time we’ve come to understand that this relation is
not due to galaxies racing away like an initial explosion from a single
point, but rather it’s due to the fact that space itself is expanding.

The rate of cosmic expansion is determined by what is known as the
Hubble constant. Currently our best measurement of the Hubble
constant is about 20 km/s per million light years. This means that two
point in space a million light years apart are moving away from each
other at 20 kilometers per second. Since all of space is expanding, the
greater the distance between two points in space, the faster they move
apart. Because of this, if you consider two points far enough apart they
will be moving away from each other faster than light. Since the speed
of light is about 300,000 km/s, with our current Hubble constant that
means that critical separation distance is about 15 billion light years.

Astronomy Magazine, 2007, via http://home.earthlink.net/~rarydin/hot%20stu".htm

http://home.earthlink.net/~rarydin/hot%20stuff.htm
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A galaxy 16 billion light years away is moving away from us faster than
light, but that distant galaxy isn’t defying relativity. After all, from that
distant galaxy’s perspective we are moving away from it faster than
light, speed being relative and all. The key point to remember is that this
relative motion is due to cosmic expansion, not galactic motion.
Relativity requires that nothing can move through space faster than light.
It places no constraint on the expansion of space itself.

Perhaps the most bizarre faster than light interaction involves quantum
entanglement. Suppose we have a mischievious mutual friend. She
decides to prank us by sending each of us one member of a pair of
gloves. She packs each glove in a box and mails one to each of us. We
find out about the prank, so we both know that we’re getting one glove
of a pair. But until either of us open our respective box, neither of us
know which glove we have. Once the box arrives at your door, you open
it up, and find you have the left glove. At that exact moment, you know
I must have the right glove.

This is the basic idea of an experiment known as the Einstein-Podolsky-
Rosen (EPR) experiment. For gloves it isn’t a big deal, because gloves

Image credit: Take 27 Limited / Science Photo Library.
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are not quantum things. In quantum theory, however, things can be in
an indefinite state until you observe them. It would be as if your boxes
contained a pair of something (gloves, shoes, etc.) but it is impossible to
know what specific something (left/right, spin up/down, etc.) until a
measurement is made.

In quantum theory we would say the boxes contain a superposition of
possible things, and the outcome only becomes definite when observed.
This means the outcomes of opening our boxes are entangled. Knowing
the contents of one box tells us the contents of the other. We’ve actually
done this experiment with photons, atoms and the like, and it really
works.

The experiments we’ve done have pretty much eliminated any possibility
for things like hidden variables or pre-determined results. Usually this is
done by waiting until the two “boxes” are sent on their way, and then
using a random number generator to determine whether your test for
“gloves” or “shoes” or whatever. Since the choice of what to look for is
random, and that choice is made after the experiment has started, there
is no way for the system to have advance knowledge of the outcome. In
principle, you could do an EPR experiment across billions of light years.
One proposal is to use quasars as a trigger to determine what
observation each person makes instead of a random generator.

Schematic of the quasar EPR experiment. Credit: Jason Gallicchio, Andrew S. Friedman, David I. Kaiser

http://arxiv.org/abs/1310.3288
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If we use the standard Copenhagen interpretation of quantum theory, an
observation of one state “collapses the wavefunction” of the entangled
system. This collapse occurs instantly, and thus is clearly faster than the
speed of light. But this again doesn’t violate relativity, since information
about the system doesn’t travel faster than light. In other words, your
knowledge about the measurements the other observer will make in no
way gives information to anyone faster than light; the observations they
can make will all be unaltered from their indeterminate state until they
receive information from you about what’s in their entangled system.

For an actual experiment of entangled photons, each observer has to
decide what to measure (typically something like polarization). If I
decide to measure vertical polarization and get an up result, the only
thing I know is that if you also measured a vertical polarization you
would get down. If you measure a di!erent orientation, say horizontal, I
don’t know what your result will be. Even if we agree ahead of time to
both make vertical measurements, knowing the other’s outcome doesn’t
tell us anything, because the outcomes are random. What this all means,
unfortunately, is that there’s no way to use this to send a faster than
light message.
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Lots of things can travel faster than light, and it’s pretty straight forward
to create devices that do this, but that’s because relativity doesn’t
prevent FTL travel. What it really forbids is the transfer of information
or objects through space at a speed greater than that of light in a
vacuum. So — unless we master the extreme curving spacetime and
passing objects through wormholes — it will still take us years, or
centuries, or millennia, to get to the stars.

. . .

Leave your comments at the Starts With A Bang forum on Scienceblogs!

Image credit: Les Bossinas (Cortez III Service Corp.), 1998 / NASA.

http://scienceblogs.com/startswithabang/2015/05/26/how-to-travel-faster-than-light-without-really-trying-synopsis/

