Contents

Introduction

Chapter 1: The Optics of Simple Lenses
1.1 Analogies between particle and photon optics
1.2 The cardinal points of a lens
1.2.1 The construction of an image
1.2.2 The general ray
1.2.3 The nodal points
1.3 Matrix representation of lens parameters

Chapter 2: The Motion of Charged Particles in an
Electrostatic Field
2.1 The equation of paraxial motion
2.2 Some general results
2.2.1 The nodal and principal points
2.2.2 Relativistic effects

Chapter 3: The Determination of the Axial Potential
3.1 The functions ® and ¥
3.2 Mathematical approximations
3.3 The finite difference method: relaxation
3.3.1 A two-dimensional example
3.3.2 Cylindrical symmetry
3.3.3 Precision and accuracy
3.34 The SIMION program
3.4 Bessel function expansions
3.4.1 The variational principle
3.5 The charge density method

Chapter 4: The Optics of Simple Lens Systems
4.1 Aperture lenses
4.1.1 Three-aperture lenses
4.2 Cylinder lenses
4.3 The calculation of ray paths
4.3.1 Ray tracing in a known potential
4.3.2 Integration of the Picht equation

g

[T B

et

13
13
15
17
18

20
20
21
22
23
27
31
33
35
38
40

44
44
45
47
48
48
52



vi

4.4

4.5

4.6

Contents

Real and asymptotic cardinal points

4.4.1 The determination of the cardinal points by ray tracing
Windows and pupils

4.5.1 The energy-add lens

Multi-element lenses

4.6.1 Zoom lenses

4.6.2 The afocal lens

4.6.3 The zoom afocal lens

Chapter 5: Aberrations

5.1

5.2
5.3

54

Spherical aberration coeflicients

5.1.1 The axial displacement

5.1.2 The disc of minimum confusion
Off-axis aberrations

The calculation of aberration coefficients
5.3.1 Direct ray tracing

5.3.2 Perturbation of the paraxial solution
Interrelations of the aberration coefficients
5.4.1 The principal surfaces

5.4.2 The aberrations of retarding lenses
5.4.3 Figures of merit

Chapter 6: The LENSYS Program

6.1

6.2

6.3

6.4

6.5

The programs on the disc

6.1.1 Loading and running the programs
The screen display

6.2.1 The menu system

The Lens Data option

6.3.1 Error conditions

The Imaging option

6.4.1 Automatic and manual adjustments
6.4.2 Aperture lenses

6.4.3 Cylinder lenses

6.4.4 The Afocal and Varimag lenses
The print option

Appendix: Technical Aspects of LENSYS
A.l1 The programming language
A 2 Initialisation

A.2.1 The effect of processor type on the speed of the program

A3 Calculation of potentials

A.3.1 Aperture lenses
A.3.2 Cylinder lenses

A .4 Ray tracing for focal data

A.4.1 Accuracy and consistency

54
55
55
57
57
57
59
61

64
64
66
67
68
69
69
72
76
78
79
80

83
83
83
84
84
85
86
86
86
88
88
89
91

93
93
93
93
94
94
94
97
98



Contents vii

A5 Solving the imaging problem 98
A 5.1 The Afocal lens 99
A 5.2 The Varimag lens - 99

References 101



	page1
	page2
	page3

