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BIG ISSUES IN PHYSICS 
 

Variation of the Fundamental Constants of Nature 

Which constants are fundamental ? 
 
Do we understand the constants and their values ? 
 
Dimensionless and Dimensional constants 
 
Various Phenomena in various epochs as a test ground 
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Constants Fundamental ? 

Galilei Galileo Isaac Newton 

mgF =

2r
MmGF =

Fundamental constant: “parameter that cannot be calculated for known physics” 



Lecture  Notes Fundamental Constants 2015; W. Ubachs 

Dimensionless Constants 

Wolfgang Pauli 

α = 1/137.035 999 710 (96) 
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Physical Review 82 (1951) 554 

See paper “Trialogue” 
Duff, Okun, Veneziano 
and Discussion Duff 

Note: α is a running coupling constant 
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The Large Number Hypothesis 

Dirac 

Teller 

40
221 10==

cme
ctN
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size of universe/size of electron 
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eN force ratio between e and p (EM/gravitation) 

80
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10==
pGM

tcN number of protons in the universe 

tNNN ∝== 21Large number hypothesis: via tG 1∝

Paleonthology 
Dirac’s paper (1937) 
Teller’s paper (1948) 
Gamov’s paper (1967) 

Outcome of Dirac’s paper: 
Constancy of fundamental constants 
must be experimentally verified 
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Testing variation of constants in various epochs 
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Constants in the early Universe 

Big Bang Nuclear Synthesis 

Driving Mechanism: 
 
-Where do the neutrons go ? 
-How long do the neutrons live ? 

See paper Olive (2000) 
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A. Shlyakter 

The OKLO phenomenon at z = 0.16 

235U/238U = 0.717 %  (usually 0.720 %)   
so  0.003 % missing 235U ? 
Fission products found 

Resonant capture of 149Sm -> 150Sm 
Level in 149Sm has changed < 20 meV 
α constant at 10-8 level 

Paper Shlyakter (1976) 
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Atomic Spectra from Quasars 

Paper Webb/Flambaum/Barrow (1999) 
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Constraints from Radioactive Decays 

HeThU 4
2

235
90

238
92 +→ Decay rates of 235U, 238U, and 235Th 

and constraint by the lifetime of the Earth 
 
Isotopic abundances 410/ −<∆ αα

(Dyson 1972) 

General ∆α would have resulted in a different nuclear chart, 
 with other elements stable 
 some stable elements subject to radiative decay (Dicke 1959) 

Analysis of some radio-active isotope, and/or isotope abundances in meteorites 

Discuss : 
 look-back times 
 systematics 
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Spectroscopy of atoms and molecules 

1. On a Cosmological time scale 
 
 
 
 

2. On a Laboratory time scale 

Quasar spectra, absorbing galaxies at high redshift 
Availability of existing species 
Sensitivity of Atoms and Molecules 

Ultraprecision metrology with stable lasers 
Frequency comb lasers 
Atomic clocks 
Any choice of species 
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Ultra-precision metrology with lasers 
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The time/frequency standard; Clocks 

HP-Standard Cs clock 
A "cesium(-beam) atomic clock" (or "cesium-
beam frequency standard") is a device that 
uses as a reference the exact frequency of 
the microwave spectral line emitted by atoms 
of the metallic element cesium, in particular 
its isotope of atomic weight 133 ("Cs-133"). 
The integral of frequency is time, so this 
frequency, 9,192,631,770 hertz (Hz = 
cycles/second), provides the fundamental unit 
of time, which may thus be measured by 
cesium clocks.  

NPL-UK 
1955 

Note: 
Definition of the meter by: 
 
C = 299792458 m/s 
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Better representation of the Cs Clock 

Time-of-flight broadening 
 
Ramsey spectroscopy 
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Frequency Comb Lasers 

ωn = nωrep + ωCE 

2005 

Linking Optical frequencies 
to an RF-clock 
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Frequency Comb Lasers 

“Self-referencing” and locking to clock 

feedback 
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Frequency Comb Calibration of a Laser 

frequency 

Int. 

0 

f0 fr 

atomic  
clock 

CW ultra- 
stable laser 

precision 
spectroscopy 

∆ f 

result 

0fnfff represult ±+∆=
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Toward optical clocks 

NPL 

(Single) Ion traps Optical lattice 

Faster realization of a standard at higher frequencies 
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The most accurate clock - almost 

Not absolute !! 
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With control of black-body radiation 

2014 
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