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THE EXACT MASS OF A KILOGRAM: PLANCK'S CONSTANT

In 2011, the International Committee for Weights and Measures formalized an approach to redefine the International
Prototype of the Kilogram (IPK) in terms of Planck’s constant.
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The Planck’s constant (denoted as h) is named after Karl Ernst Ludwig Max Planck — a German theoretical physicist
who was awarded the 1918 Nobel Prize for physics for his contributions to quantum theory.

This constant is related to the kilogram through two very
famous equations:

® According to the Planck-Einstein relation, the Planck’s
constant relates a photon’s energy (E) with the frequency of
its electromagnetic oscillation (v): E = hv

® According to Einstein’s mass-energy equivalence, any
object with mass (m) has an equivalent amount of energy
(E) through the speed of light in a vacuum (c): E = mc’

Viewing the two relationships together:

hv = m¢®
Max Planck used experimental data on black body radiation to
calculate the value of Planck’s constant to be = 6.55 x 10~ J/s.
We also know that if the energy of a photon with a frequency of
1 Hertz (Hz) were to be transformed into matter (mass), the
amount of mass that could be recovered = 7.375 x 107" kg.

The Planck’s constant is named after the theoretical
physicist Max Planck. Is this enough to redefine the kilogram? Not really. The Planck’s
Credits: Bundesarchiv, Bild 183-R0116-504, Wikimedia Commons. constant is such a small value that it is often described as being
URL:https://commons.wikimedia.org/wiki/File:Bundesarchiv_Bild_183-R0116- ‘the zero of classical physics. Consequently, it has been difficult
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the kilogram.

Is this the only constant that could be used to redefine the kilogram? Find out on page 87.
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