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What are the physical constants and 
how meny are there ? 

Units of meassure vs. Fundamental constants 

ħ = c = G = 1          why not? 

Planck length  ≈ 2 x 10-35 m 

Planck time      ≈ 5 x 10-45 s 

Planck mass     ≈ 2 x 10-8 kg 

GR and quantum mechanics do not contain dimensionless 
constants – speed of light, gravitational constant and Planck 
constant are sufficient to establisch units of mass, time and 
length 



How many fundamental constants are 
there? 
Mass:  6 quarks (mass/MP) 

             3  leptons 

             3 neutrinos 

             1 Higssa particle  

             2 W+Z bozons 

-------------------- 

6 + 3 + 1 + 2 = 15 

Coupling constants: 

              elektroweak 

              strong 

--------------------------------------- 

= 2 



 W with quarks interactions 

Kobayashi-Masakawy matrix 

4 independent constants 

--------------------------------- 

= 4 

Neutrinos 

3 additional parameters for neutrino oscillations 

--------------------------------- 

= 3 

Cosmological constant Λ 

--------------------------------- 

= 1 

Parity breaking paremeter Θ 

------------------------------------ 

= 1 



Total:  23 fundamental constants 

but 

What with (for instance) photon mass = 0 

          number of spatial dimenssions = 3 (?) 

          index in the inverse square Newton or Coulomb laws (= 2)? 

Or with Lorentz signature? 



Are the physical constants really constant? 

1874 - William Thomson (Kelvin) 

            suggested viariations of the speed of light  

            (by 8 km/s/My) 

1927-1932  - a series of papers on decreasing value of the speed of light 

1931 – 1935 – cosmological arguments for decreasing value of  c 

1931 – James Hopwood Jeans  proposed changes in the sizes  

             of atoms as an explanation of redshift 

1935 – 1938 – papers on the secular variations of the Planck  

         constant (Chalmers, Nernst, Sambursky) 



Paul Adrien Maurice Dirac:  

Large dimensionless numbers coincidence 
hypothesis  

Forces:  

Proton-electron Coulomb interaction 

--------------------------------------------------------------------------  == 

Proton-electron Newton interaction 

=            ≈ 4.4 × 1040 

Lengths: 
         radius  of the Universe                   1026 m  

--------------------------------------   =           --------------   ≈  3 x 1040 
Classical adius of the electron                3 x 10-15  m  



Times: 

          Age of the Universe                        6 x 1017 s  

-----------------------------------------------    =   ----------------- = 6 x 1040 
Light crossing of elementary particle           10-23 s 

Number of particles in the Universe:     ≈ 1080 



Dirac’s hypothesis: 

G ∝ t-1 

Falsified by the results of observations in the Solar System 



Fine structure constant α 

fine-structure constant is a fundamental physical constant, 
namely the coupling constant characterizing the strength of 
the electromagnetic interaction. Being a dimensionless 
quantity, it has constant numerical value in all systems of 
units. Arnold Sommerfeld introduced the fine-structure 
constant in 1916. 

Sommerfeld developed Bohr’s theory by 
introducting elliptical orbits and relativistic 
corrections 

α = vI/c, where vI – electron velocity on the 
first Bohr’s orbit, c – speed of light 

Numerical speculations α = 1/137 (Arnold) 

Dziś  Δα/α < 10-9 



α today 
α = square of the effective charge, screened by the polarized 
vacum, observed from infinity 

α - value depends on energy 

     at energies corresponding to the  

     mass of W (approx. 81 GeV) 

     or at distances  2 x 10-18 m 

α ≈ 1/128 ! 



Is the value of α constant? 
Natural nuclear reactor in Oklo 









Sm – samarium 

Rb - rubidium 

Cs – cezium 

Pd – palladium 

I – iodine 

Sn – Tin 

Tc – technetium 

Np – neptunium 

Pu - plutonium 



Neodymium and rutenium isotopes 
abundances found in Oklo   





Limits on α variability on the basis of 
Oklo data: 

-0.9 x 10-7 < αOklo - αdziś < 1.2 x 10-9 

-6.7 x 10-17 y-1 < (dα/dt)/α < 5.0 x 10-17 y-1 

Laboratory limits:  
(H i Hg+ masers, time scales 140 days): 

 (dα/dt)/α < 3.7 x 10-14 y-1 



Astronomical data on α 





2005 











Δα/α  ~ (1.9 ± 0.5) x 10-5        (dla z > 1) 



Spatial variation in the fine-structure constant -- new results from VLT/UVES 
Julian A. King, John K. Webb, Michael T. Murphy, Victor V. Flambaum, Robert F. 
Carswell, Matthew B. Bainbridge, Michael R. Wilczynska, F. Elliot Koch 
(Submitted on 21 Feb 2012) 

We present a new analysis of a large sample of quasar absorption-line spectra obtained 
using UVES (the Ultraviolet and Visual Echelle Spectrograph) on the VLT (Very Large 
Telescope) in Chile. In the VLT sample (154 absorbers), we find evidence that alpha 
increases with increasing cosmological distance from Earth. However, as previously 
shown, the Keck sample (141 absorbers) provided evidence for a smaller alpha in the 
distant absorption clouds. Upon combining the samples an apparent variation of alpha 
across the sky emerges which is well represented by an angular dipole model pointing in 
the direction RA=(17.3 +/- 1.0) hr, dec. = (-61 +/- 10) deg, with amplitude (0.97 
+0.22/-0.20) x 10^(-5). The dipole model is required at the 4.1 sigma statistical 
significance level over a simple monopole model where alpha is the same across the 
sky (but possibly different to the current laboratory value). The data sets reveal a 
number of remarkable consistencies: various data cuts are consistent and there is 
consistency in the overlap region of the Keck and VLT samples. Assuming a dipole-only 
(i.e. no-monopole) model whose amplitude grows proportionally with `lookback-time 
distance' (r=ct, where t is the lookback time), the amplitude is (1.1 +/- 0.2) x 10^(-6) 
GLyr^(-1) and the model is significant at the 4.2 sigma confidence level over the null 
model [Delta alpha]/alpha = 0). We apply robustness checks and demonstrate that the 
dipole effect does not originate from a small subset of the absorbers or spectra. We 
present an analysis of systematic effects, and are unable to identify any single 
systematic effect which can emulate the observed variation in alpha 





Future constraints on variations of the fine structure constant from combined 
CMB 
and weak lensing measurements 
Matteo Martinelli1, Eloisa Menegoni2, Alessandro Melchiorri3 
1SISSA/ISAS, Via Bonomea 265, 34136, Trieste, Italy 
2I.C.R.A. and INFN, Universita’ di Roma “La Sapienza”, Ple Aldo Moro 2, 00185, Rome, Italy. and 
3Physics Department and INFN, Universita’ di Roma “La Sapienza”, Ple Aldo Moro 2, 00185, Rome, Italy. 

(Dated: February 23, 2012) 

We forecast the ability of future CMB and galaxy lensing surveys to constrain 
variations of the fine structure constant. We found that lensing data, as those 
expected from satellite experiments as Euclid could improve the constraint from 
future CMB experiments leading to a   
= 8 × 10−4 
accuracy. A variation of the fine structure constant is strongly degenerate with the 
Hubble constant H0 and with inflationary parameters as the scalar spectral index 
ns. These degeneracies may cause significant biases in the determination of 
cosmological parameters if a variation in as 
large as   0.5% is present at the epoch of recombination. 

arXiv:1202.4373v3 



GPS test of the local position invariance 
of Planck’s constant 
J. Kentosh∗ and M. Mohageg† 

Department of Physics and Astronomy, California State University, 
Northridge, Northridge, California 91330-8268, USA 
(Dated: February 29, 2012) 

Publicly available clock correction data from the Global Positioning System 
was analyzed and used in combination with the results of terrestrial clock 
comparison experiments to confirm the local position invariance (LPI) of 
Planck’s constant within the context of general relativity. The 
results indicate that h is invariant within a limit of |h| < 0.007, where h is a 
dimensionless parameter that represents the extent of LPI violation. 

PACS numbers: 06.20.Jr, 04.80.Cc, 06.30.Ft 

arXiv:1203.0102v1 [gr-qc] 1 Mar 2012 



Comment on “Global Positioning System Test 
of the Local Position Invariance of Planck’s 
Constant” 

J. C. Berengut and V. V. Flambaum 

School of Physics, University of New South Wales, Sydney, NSW 2052, Australia 

(Dated: 26 March 2012) 

http://arxiv.org/abs/1203.5592v1 

In their Letter, Kentosh and Mohageg [Phys. Rev. Lett. 108, 110801 (2012)] seek to 
use data from clocks aboard global positioning system (GPS) satellites to place 
limits on local position invariance (LPI) violations of Planck's constant, h. It is the 
purpose of this comment to show that discussing limits on variation of dimensional 
constants (such as h) is not meaningful; that even within a correct framework it is 
not possible to extract limits on variation of fundamental constants from a single 
type of clock aboard GPS satellites; and to correct an important misconception in 
the authors' interpretation of previous Earth-based LPI experiments. 



What would it possibly mean? 

In the past changes of the values of physical constants did 
take place (e.g. coupling constants) 

                                Laboratory data provide evidence for a 
constant value of α 

                                               In the epoch z ≈ 1 conditions                                                                                                                                                                            
simmilar to present day (density and temperature only  

    2 x higher) 

                                                      change in the epoch  

                                                       when  Λ starts to dominate 

                                                               A coincidence? 

                                                                       Explanations? 

                                                                      Systematical errors?                   



John Wilmot, 2nd Earl of Rochester (1 April 1647 – 26 July 1680), 

Since ’tis Nature’s law to change, 
Constancy alone is strange. 
Works (1926) A Dialogue betweenStrephon and Daphne 



Jan Kochanowski (1530 – 1584) 

„Nic wiecznego na świecie: …”  

                                                 — Jan Kochanowski  



Jan Kochanowski (1530 – 1584) 

„Nic wiecznego na świecie: 
Radość się z troską plecie.”  

                                                 — Jan Kochanowski  


