
Contents

About the book — VII

Preface — IX

Chapter 1
Understanding the electron is essential physics of electron microscopy — 1
1.1
1.1.1
1.1.2
1.2
1.2.1
1.3

Discovery of electrons and invention of the microscope----- 1
Is an electron is a particle or a wave? — 2
Electron is both a particle and a wave----- 4
Shape and structure of an electron----- 4
The electron model of a dynamic photon with toroidal topology----- 5
Description of a photon’s dynamic motion at the spatiotemporal 
scope of a corpuscle electron —13

1.3.1
1.3.2
1.3.3

Electromagnetic field energy density —13
How to describe the dynamic photon on surface of the torus? —15 
Relationship between a moving corpuscle electron with velocity vt and 
the internal dynamic process of a circulating vorticity photon in the 
corpuscle electron----- 19

1.3.4
1.3.5

Wave function, Maxwell equation, and Schrodinger equation — 22 
Relationship between the density of mass and charge and the wave 
function----- 25

1.3.6 Properties of a moving electron with velocity u(t) in the laboratory 
frame----- 30

1.4 de Broglie wave and internal oscillation of electromagnetic energy 
flux of the corpuscle electron — 33

1.4.1
1.4.2

What is the nature of the de Broglie wave? — 34
Wave function and dynamic parameters of a moving corpuscle 
electron — 35

1.4.3 Wave function of a free corpuscle electron — 40
References----- 42

Chapter 2
Intrinsic nature of a corpuscle electron in an electron microscope — 44
2.1
2.2

Electron in the electron gun of an electron microscope — 44
Electron flying along the optic axis of a transmission electron 
microscope — 49

2.3
2.4

Electrons flying through a magnetic lens — 52
Characteristics of the confined electromagnetic wave energy flux of a
corpuscle electron — 57
References — 61

http://d-nb.info/1336020946


XII Contents

Chapter 3
Motion duality of electron in space and time — 62
3.1
3.2
3.3
3.4

The electron flying in electron microscope — 62
Electron beam and a corpuscle electron----- 64
Energy and momentum and space-time----- 66
Relationship between phase of wave function and internal dynamic 
process of a corpuscle electron----- 71

3.4.1
3.4.2
3.4.3

Electromagnetic fields of a corpuscle electron at space and time----- 74
Electromagnetic field characters of a flying corpuscle electron----- 75
The interaction between the corpuscle electron and sample 
medium — 79

3.5
3.5.1
3.5.2

Traversing process of a corpuscle electron over a sample — 86
A corpuscle electron traversing over a nuclei of an atom----- 86 
Flying corpuscle electrons traverse through the sample in the spatial
and temporal domains----- 88

3.6 What is transmission electron microscopy?----- 118
References----- 120

Chapter 4
Quantum electron microscopy —123
4.1 Understanding what is a corpuscle electron pulse beam and what is 

an electron beam----- 123
4.2
4.2.1
4.2.2
4.3

What you see at the screen or CCD device? —127
Electron beam’s longitudinal coherence----- 128
Transversal coherence —128
Symmetric spatial-temporal periodicity of the electromagnetic field of 
sample detected by the ensemble corpuscle electron pulse beams as
Talbot’s effect----- 129

4.4 Converging corpuscle electron pulsed beam and narrow (nano) 
corpuscle electron pulsed beam —143

4.4.1
4.4.2

Phase of corpuscle electron in convergent beam----- 144
Robust single-electron scanning probe with single-electron detector 
would open a new field of quantum electron microscopy----- 144
References----- 147

Chapter 5 
Summary----- 149

Index —153


