Do you know?

Time Runs Slower at Your Feet Than at Your Head

 K. Asvathi, DG Vaishnav College, Chennai 
Yes! You read it right. This is a simple and surprising truth from Albert Einstein's Theory of Relativity. It might sound like science fiction, but it’s a real and measurable fact. If you’re standing up, time is passing a tiny bit slower for your feet than for your head. This strange behavior of time is not just theoretical — it's been experimentally proven using ultra-precise atomic clocks. The reason behind this is gravity, and the explanation is quite complicated and lies in both Einstein’s Special Theory of Relativity (1905) and his General Theory of Relativity, proposed in 1915. Scientists have performed real-life experiments to prove this effect.
The Hafele Keating experiment
In the year 1971, Joseph C. Hafele, a physicist, and Richard E. Keating, an astronomer, took four cesium-beam atomic clocks aboard commercial airliners. They flew twice around the world, first eastward, then westward, and compared the clocks in motion to stationary clocks at the United States Naval Observatory. When they returned to Earth, their times were compared with a clock that stayed on the ground. The clocks showed tiny but measurable time differences, just as predicted by relativity! The picture shows Hafele and Keating on a commercial aircraft, with two atomic clocks. Why does this happen?
According to relativity, time can slow down. This is due to kinematic and gravitational time dilation, which we explain below.
Kinematic time dilation
Special Relativity says that moving clocks run slowly. This is called time dilation. For instance, a clock at rest (with zero velocity) on Earth (technically called an inertial frame) will show a different time than a clock on the moving plane.  So a clock aboard a moving plane will run slower than that on the ground. Remember that Earth rotates from west to east when seen from above (or from the North pole). So a clock on the plane going east (same direction as Earth’s rotation), will have a greater velocity than the clock on the plane going west, against the Earth's rotation. So the clock on the east-going plane will run slower than both the clock on the ground as well as the clock on the west-going plane, due to special relativity.
Gravitational time dilation
General theory of relativity says that clocks which are closer to the source of gravitation (massive bodies like the Earth) go slower, while clocks that are further away go faster. That is,

Stronger gravity = slower time;

Weaker gravity = faster time.

Since both planes flew at roughly the same altitude, both clocks on the plane (whether going east or west) speeded up due to this effect, compared to the clock on the ground. 

You can now see the complexity: special relativity causes the clocks in the plane to go slower, with the clock in the eastward-going plane having the maximum slowing down compared to the clock on the ground. But general relativity causes the clocks to go faster than the clock on the ground. The net effect they saw is therefore not easy to imagine, and also very very small. Hafele and Keating measured that the clock going eastward lost 59  ns (nanoseconds) while the clock on the westward plane gained 273 ns compared to the clock on Earth. The measurement had an average error of 10 ns. If you do the calculations for both special and general relativity, Einstein’s theories predict that the eastward clock should have lost 40 ns while the westward one should have gained 275 ns (with an error of about 20 ns). Hence the theory made the correct prediction, and Hafele and Keating verified Einstein’s theory.
BOX Caesium Clocks
In senior school, you will learn a model of the atom, due to Niels Bohr. Electrons do not randomly go around the central nucleus in an atom; instead, they are located in several orbitals with fixed energy levels around the nucleus. When energy (in the form of light, which is a form of electro-magnetic radiation) is given to the atom, the electron can "jump" from one level to another with greater energy. After some times, the electron drops back into its usual orbital, and radiates away the excess energy as light or radiation.

When the transition happens between two specific energy levels, the frequency of the light emitted is fixed. For instance transition between two “hyperfine levels” in a Caesium (Cs133) atom gives rise to radiation with a very precisely known frequency of 9,192,631,770 Hz! A microwave cavity is used to give the Caesium the correct energy so that only this frequency of light is emitted by it. Since frequency is the number of vibrations per second, by counting the number of vibrations in q given time interval, the time can be found with extremely high precision. In fact, this frequency is now the standard with respect to which the second is defined in SI units since 1967. 

Therefore such caesium clocks are used to define international standard time, as well as to synchronise precisely between two clocks, and also are crucial for networks and GPS systems which depend critically on time. 
END OF BOX

What about the clock on your head?!
Since your feet are closer to the center of the Earth, they experience slightly stronger gravity than your head. As a result, time passes just a little slower for your feet. The graphic (credit: Loel Barr for NIST) from the National Institute of Standards and Technology (NIST) shows that clocks tick faster if you are a foot higher!

In everyday life, the difference is incredibly small — on the order of nanoseconds (billionths of a second). But over millions of years, even these tiny differences add up. If you stood on a tall mountain your whole life, you'd age slightly more than someone who lived at sea level — though not enough to notice without precision instruments!

Let us relate this interesting theory with a real life example. Imagine you have two clocks — one at your head, one at your feet. Since, your feet are closer to Earth’s gravity, that clock ticks a tiny bit slower than the one near your head. You won't feel it, but the universe notices. So yes, your head is aging faster than your feet. This theory is highly applicable in the field of astronomy, and in communication where the GPS satellites orbit high above the Earth where gravity is weaker. Time ticks faster for the satellites than it does on the ground. But your GPS has corrected for this, and it shows not just the right time, but the right place! It is significant for high-accuracy physics experiments to consider gravitational time dilation. It’s one of those beautiful, strange truths that make physics such an exciting subject!
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