


Preface

I

Contents

The fundamental constants, their evolution and accuracy

1.1
1.2
1.3
1.4
1.5
1.6

1.7
1.8

1.9

1.10

2.1
2.2
2.3
2.4
2.5
2.6
2.7

Introduction
The number of fundamental constants

The evolution 1n the role of a fundamental constant

A basic metrological problem

The uncertainty in the value of a fundamental constant
The method of arriving at the uncertainty

The precision with which the fundamental constants are
known

How accurate are the output values from the evaluations of
the fundamental constants?

The units in terms of which the dimensioned fundamental
constants are measured

The measurement of time, frequency and wavelength: the key
to modern metrology

2 The constants as natural units: are they constant?

The basic properties of a system of units
Natural units

The constancy of the constants

Experimental limits on possible time variations
The anthropic principle

The role of « in dimensional metrology
Conclusion

The fundamental constants and the units of length, mass, the mole and
temperature

Sl

Introduction

1X

P
o OO0 h Lo — el

Il

12

[5

23
25
29
34
42
51
52
33

54
>4



CONTENTS

3.2  The velocity of light 54
3.3  The Rydberg constant 68
3.4  The Siegbahn constant 80
3.5 The Avogadro constant 88
3.6 Can we replace the prototype kilogram ? 91
3.7 The molar gas constant R and the molar volume of an ideal

gas 94
3.8  The Boltzmann constant 99
3.9 Conclusion 101
The electrically related fundamental constants 103
4.1 Introduction 103
4.2  The charge on the electron 104
43  The ratio of h/e 106
44  The measurement of 2e/h by the Josephson effects 108
4.5 Quantised Hall conductance: the Ando—~Klitzing method for

the fine structure constant 115
4.6  The gyromagnetic ratio of the proton 119
4.7  The faraday 132
4.8  Measurement of e/m 137
49  Direct measurements of the ampere conversion constant K 139
410 The realisation of the ohm 142
4.11 The absolute realisation of the volt 145

Dimensionless and calculable fundamental constants and tests of

quantum electrodynamics 148
5.1 Introduction 148
5.2  Quantum electrodynamics (QED) 149
5.3 The spectroscopic measurements of the fine structure
constant 151
54  The Lamb shift 164
5.5 The hydrogen hyperfine structure 172
5.6  QED tests on the muon 174
5.7 Positronium 176
5.8  The electron magnetic moment anomaly: g—2 for the
electron 181
5.9 The muon magnetic moment | 88
5.10 The current status of QED 191
5.11 g — 2 tests of special relativity 191
Dimensionless constants whose roles have changed 196
6.1 Introduction 196

6.2 The magnetic moment of the proton in terms of the Bohr
magneton 196



CONTENTS

Vil

4

6.3

6.4
6.5

6.6

The magnetic moment of the proton in terms of the nuclear
magneton

The proton to electron mass ratio
The magnetic moment and other properties of the neutron

Conclusion and possibilities for the future

The gravitational constants G and g

7.1
7.2
7.3
7.4
7.5
7.6
1.7

The universal gravitational constant G

Tests of the nature of gravitation

Current and future developments

The acceleration due to gravity

The gravitational acceleration of atomic particles
Gravity waves

Time variation of g

Some important null experiments

8.1
8.2

8.3
8.4

8.5
3.6
8.7

Introduction

The mass of the photon

Constancy of the velocity of electromagnetic radiation
Limits on the continuous creation of matter

The isotropy of inertia

The neutrality of matter

The proton decay rate

Experimental uncertainties and the evaluation of the ‘best values’

9.1
9.2

9.3
9.4
9:3
9.6
9.4

The uncertainty of the measurements
Estimating the uncertainty

Evaluation of the ‘best values’
The Birge ratio and recent developments

Recent evaluations of the fundamental constants
The pace of metrology
Conclusion

Appendix
References
Further reading

Index

203
214
220
225

226
226
236
248
251
258

259
262

264
264
264
270
278

281
282

287

288
288
292

296
304

306
311

313

315

320

338

340



	page1
	page2
	page3
	page4

