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News 

“Those constants ain’t so constant as we thought” 

Desire’ Dubounet 

The latest revision of fundamental quantities bodes well for the proposed overhaul 
of the international system of units. 

Eugenie Samuel Reich 

As cheat sheets go, it is a long one. Every four years, a task force of the Committee on Data 

for Science and Technology (CODATA), headquartered in Paris, releases a short-hand 

description of the physical world: the latest, painstaking determination of the values and 

uncertainties of more than 300 physical constants, from the familiar speed of light, c, to the 
more obscure mass of the tau lepton,τ. 

The most recent figures, from 2010, were first placed online in June and announced on 

19 July by the US National Institute of Standards and Technology (NIST) in Gaithersburg, 

Maryland. The numbers include reduced uncertainties for several key constants, which 

physicists say is encouraging because these will allow for better tests of theory. The more 

precise figures will also aid plans to redefine familiar units of measurement, such as the 

kelvin and the kilogram, in terms of unchanging fundamental constants rather than relying 
on a material object that might not be stable (as for the kilogram standard). 

“There’s progress in the right direction. It gives you more confidence doing science.” 

"There's progress in the right direction," says Peter Mohr, a member of the CODATA task 

force at NIST. "It gives you more confidence doing science." 

The task force revised the numbers that it had released in 2006 by reviewing the latest 

experiments and theory constraining fundamental quantities. Uncertainties decreased for 

the fine-structure constant, α, which is used in atomic physics; Planck's constant, h, which 

defines the size of energy quanta; Avogadro's constant, NA, the number of atoms in a 

sample of an element, the mass of which in grams equals its atomic mass; and Boltzmann's 
constant, k, which relates energy and temperature. 

Much of the progress arises from advances in measurement science. For example, a 2010 

measurement of Avogadro's constant made by counting the atoms in a lattice of highly 
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enriched silicon produced a revised number (see Nature 467, 892; 2010). This brought the 

figure closer to another value obtained using Planck's constant (which is related to 

Avogadro's constant) by measuring the electric current needed to support a kilogram test 

mass suspended in a magnetic field against the force of gravity. Combining the two 

methods reduced the relative uncertainty in CODATA's Avogadro's constant from 
±5.0 × 10−8 to ±4.4 × 10−8. For Boltzmann's constant, five new measurements lowered its 

relative uncertainty to ±9.1 × 10−7 from ±1.7 × 10−6 in 2006, when it was based on just two 

measurements. "That's a piece of good news," says Mohr. 

The improved precision, particularly in the values of Avogadro's constant and Boltzmann's 

constant, is a boost for a proposal to rationalize the international system of standard units 

(known as SI, Système International d'Unités) by linking four of them — the ampere, mole, 

kilogram and kelvin — to physical constants, says Terry Quinn, emeritus director of the 

International Bureau of Weights and Measures (BIPM) in Sèvres, France. The proposal is 

due to be voted on at the General Conference on Weights and Measures in Paris in October, 
and would put the SI on a path to be revamped by 2015. 

Plans for the ampere's revision have long been in good shape because measurements of the 

electron's charge are very precise. Using the latest values for Boltzmann's constant, the 

kelvin could also be redefined with ease, says Mohr. The sticking point has been the 

kilogram, which is currently defined by a prototype mass held at the BIPM that many 

physicists consider an embarrassment because it is thought to vary over time. The new 

proposal would define the kilogram in terms of Planck's constant, which has units of 

kilogram metres squared per second. Before that can happen, some experts would like to 

see the uncertainty in that constant's value decrease to ±2 × 10–8. 

Quinn says that given recent progress, he expects that to be achieved before 2015. But Ian 

Mills, a chemist and physicist at the University of Reading, UK, who is president of the 

BIPM's consultative committee on units, says that the uncertainty of Planck's constant is 

already low enough to redefine the kilogram reliably. "We could go ahead and make the 
change to SI today, but everyone is very anxious that we get everything tickety-boo."  
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Have physical constants changed with time? 

The fundamental laws of physics, as we presently understand them, depend on about 

25 parameters, such as Planck's constant h, the gravitational constant G, and the mass 

and charge of the electron.  It is natural to ask whether these parameters are really 

constants, or whether they vary in space or time. 

Interest in this question was spurred by Dirac's large number hypothesis.  The "large 

number" in question is the ratio of the electric and the gravitational force between two 

electrons, which is about 1040; there is no obvious explanation of why such a huge 

number should appear in physics.  Dirac pointed out that this number is nearly the 

same as the age of the Universe in atomic units, and suggested in 1937 that this 

coincidence could be understood if fundamental constants — in particular, G — 

varied as the Universe aged.  The ratio of electromagnetic and gravitational 

interactions would then be large simply because the Universe is old.  Such a variation 

lies outside ordinary general relativity, but can be incorporated by a fairly simple 

modification of the theory.  Other models, including the Brans-Dicke theory of gravity 

and some versions of superstring theory, also predict physical "constants" that vary. 

Over the past few decades, there have been extensive searches for evidence of 

variation of fundamental "constants." Among the methods used have been 

astrophysical observations of the spectra of distant stars, searches for variations of 

planetary radii and moments of inertia, investigations of orbital evolution, searches for 

anomalous luminosities of faint stars, studies of abundance ratios of radioactive 

nuclides, and (for current variations) direct laboratory measurements. 

One powerful approach has been to study the "Oklo Phenomenon," a uranium deposit 

in Gabon that became a natural nuclear reactor about 1.8 billion years ago; the 

isotopic composition of fission products has permitted a detailed investigation of 

possible changes in nuclear interactions. Another has been to examine ratios of 

spectral lines of distant quasars coming from different types of atomic transitions 

(resonant, fine structure, and hyperfine).  The resulting frequencies have different 

dependences on the electron charge and mass, the speed of light, and Planck's 

constant, and can be used to compare these parameters to their present values on 

Earth.  Solar eclipses provide another sensitive test of variations of the gravitational 

constant.  If G had varied, the eclipse track would have been different from the one we 

calculate today, so the mere fact that a total eclipse occurred at a particular location 

provides a powerful constraint, even if the date is poorly known. 

So far, these investigations have found no evidence of variation of fundamental 

"constants." The current observational limits for most constants are on the order of 
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one part in 1010 to one part in 1011 per year.  So to the best of our current ability to 

observe, the fundamental constants really are constant. 
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A universal constant on the move 

Is the proton losing weight, or has the fabric of the Universe changed? 

Mark Peplow 

How heavy is a proton compared to an electron? The answer seems to have 

changed over the past 12 billion years.© Punchstock 

It seems that nothing stays the same: not even the 'constants' of physics. An experiment 

suggests that the mass ratio of two fundamental subatomic particles has decreased over the past 
12 billion years, for no apparent reason. 

The startling finding comes from a team of scientists who have calculated exactly how much 

heavier a proton is than an electron. For most purposes, it is about 1,836 times heavier. But dig 
down a few decimal places and the team claims that this value has changed over time. 

The researchers admit that they are only about 99.7% sure of their result, which physicists 

reckon is a little better than 'evidence for' but not nearly an 'observation of' the effect. If 

confirmed, however, the discovery could rewrite our understanding of the forces that make our 

Universe tick. 

Fickle forces 

This is not the first time physicists have suspected physical constants of inconstancy. 

In 1937, the physicist Paul Dirac famously suggested that the strength of gravity could change 

over time. And arguments about the fine-structure constant, α, have raged for years (see 'The 

inconstant constant?'). The fine-structure constant measures the strength of the electromagnetic 
force that keeps electrons in place inside atoms and molecules. 

Some physicists have argued that the equations describing our Universe allow for variance in the 

relative masses of a proton and electron. In fact, they have said, this value could theoretically 
vary more than α does, and so might be easier to pin down. 

http://www.nature.com/nature/journal/v428/n6979/full/428132a.html
http://www.nature.com/nature/journal/v428/n6979/full/428132a.html
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Times they are a-changing 

To look for such variation, Wim Ubachs, a physicist from the Free University in Amsterdam, the 

Netherlands, and his colleagues studied how a cool gas of hydrogen molecules in their lab 

absorbed ultraviolet laser light. The exact frequencies of light that are absorbed by each 

hydrogen molecule (H2), which is made of two protons and two electrons, depend on the relative 
masses of these constituent particles. 

Then they compared this result with observations of two clouds of hydrogen molecules about 12 

billion light years away, which are illuminated from behind by distant quasars. Although the light 

changes frequency on its long journey through space, researchers at the European Southern 

Observatory in Chile were able to unpick what the original frequencies absorbed by the hydrogen 

were. 

Ubachs' comparison suggests that over this vast timescale, which is most of the lifetime of the 

Universe, the proton-to-electron mass ratio has decreased by 0.002%. The scientists report their 
research inPhysical Review Letters1. 

Constant craving 

Ubachs says that his team's laser measurements are hundreds of times more accurate than 

previous laboratory data. This improves their detection of the mass ratio effect by a factor of two 
to three. 

"They've done the best job of anyone so far," agrees John Webb, a physicist at the University of 

New South Wales in Sydney, Australia, who has studied changes in both the proton-electron 
mass ratio and the fine-structure constant2, 3. 

So what could be causing the ratio to change? Both Ubachs and Webb say that it is unlikely that 

protons are losing weight. Instead, some theories suggest that extra dimensions occupied by the 
particle might be changing shape. 

Or perhaps it's a consequence of the speed of light slowing down, or general relativity behaving 
in odd ways. "We just don't know what the explanation is," Webb admits. 

Firm it up 

ADVERTISEMENT 

If Ubachs' finding is confirmed, it would be an "experimental foundation stone" for physics, says 
Webb. 

Ubachs says that the observations could be improved or confirmed by looking at hydrogen clouds 

in the lab over a time period of, say, five years, but with a billion times greater precision. This 

would remove the difficulty of working out the precise wavelength of very dim light after it has 
passed through billions of light years of space. 

But it could also remove the effect altogether. "It may be that it was only in an early epoch of 
the Universe that the value changed," suggests Ubachs. 

Visit our universalconstantonthe_mo.html">newsblog to read and post comments 
about this story.   

http://www.nature.com/news/2006/060417/full/news060417-7.html#B1
http://www.nature.com/news/2006/060417/full/news060417-7.html#B2
http://www.nature.com/news/2006/060417/full/news060417-7.html#B3
http://blogs.nature.com/news/blog/2006/04/a%3Cspan%20class=
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CORRECTED: 

 This article originally stated that Ubachs' measurement was thousands of times 

more accurate than previous attempts to compare proton and electron masses. This 

has been corrected. 
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