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FOREWORD
Although beta-ray spectroscopy is about 65 years old, there is no monograph, or any
other kind of a book entirely devoted to a complete exposition of design and construction of beta-ray spectrometers. Development has been covered periodically only
by review articles in books and journals. The situation is completely oppomte from
the one in the neighbouring field of electron microscopy, which abounds in all kinds
of monographs and handbooks. That is the main reason why I have tried to include as
many as possible different types of spectrometers which were developed in the past,
although quite a few of them might not be used now for the measurement of beta
spectra. No spectroscopy has ever died. It may be neglected in one field to start a
new life in another. They are often born in physics, pass to chemistry and migrate
to many applied fields, from metallurgy to archeology. Since some of those new uses
might not need the sophisticated devices developed in nuclear physics, a rather
complete coverage of various types can help to find the optimum design for a given
case.
This book was developed g r a d u a l l y through p o s t - g r a d u a t e courses given in Belgrade,
Rome, Cairo and N a s h v i l l e . I am g r a t e f u l to Prof. S. S c i u t i , M. E1-Nadi and J . H.
Hamilton f o r the h o s p i t a l i t y and the chance g iv e n to w r i t e up some l e c t u r e s which
a r e p a r t s o f t h i s book.
My initiation in this field started in 1948, when Dr. R. J. Walen, the head of the
Physics laboratory gave me the subject for my diploma work: "Le calcul des trajectoires des ~lectrons dans une lentille magn~tique." His tireless guidance prepared
me for the next phase, which was the work in the Nobel Institute for Physics,
Stockholm. It was a bit of luck to come to Stockholm just at the time when they had
completed the first large double-focusing spectrometer and the whole field was in
the initial stages of the well-knownboom. I cannot forget the spirit and people I
met there, and I remain forever grateful to Profs. Manne Siegbahn, Kai Siegbahn,
Hilding Sl~tis, Arne Hedgran and Ingmar Bergstr6m.
Once back in Belgrade, I was given the chance by myprofessor, Parle SariS, founder
of "B. Kidri~" Institute, to build several spectrometers. I am grateful to him for
bringing me to this Institute and giving me all the opportunities that a young man
could wish.
My thanks are due to Mr. Nikola Skorupan, who not only helped me constructing the
spectrometers, but also made the drawings for this book.

Belgrade, December 1974

Milorad Mladjenovi~

CONTENTS

V

FOREWORD

I. HISTORICAL INTRODUCTION

2. ELEMENTARY DESCRIPTION OF SPECTROMETERS

15

2.1. Equations of motion

15

2.2. Radius of curvature of electron trajectory

16

• 2.3. Energy - momentum relations

17

2.4. Radioactive source

19

2.5. Dispersion in a magnetic field

21

2.6. Focusing in a semicircular spectrometer

22

2.7. Line width in a semi-circular spectrometer

25

2.8. Anatomy of a spectrometer

27

2.9. Performance parameters

35

2.10.Classification of spectrometers

38

References

3. ANALOGY WITH GEOMETRICAL OPTICS

41

53

3.1. Fundamental laws

53

3.2. Ideal lens

54

3.3. Real lenses

58

3.4. Gaussian systems

59

3.5. Aberrations

59

3.6. Spherical aberrations

60

References

4. ELECTRON MOTION IN CYLINDRICAL FIELDS

61

65

Magnetic field with axial symmetry

65

Series expansion of vector potential

66

Equations of motion

67

First order solutions

70

Focusing angles

72

VIII
Dispersion

75

Second order solutions

76

Solid angles

77

Wide aperture optimum field

78

References

80

5. SEMICIRCULAR SPECTROMETERS
Beam geometries

6.

Line shape

83

Performance parameters

84

Optimisation

86

Wide beam focusing

87

Spectrometers

88

References

90

~f2 SPECTROMETER

7. n 1 ~

83
83

97

Discussion of second order solution

97

Higher order calculation

I00

Iron magnets

I01

Iron-free spectrometers

103

Twofold focusing spectrometer

I05

References

106

SPECTROMETER

I15

HIV~spectrometer in Moscow

116

References

117

8. (~/2) If~SPECTROMETER

121

Spectrometer in Heidelberg
References

124

9. PRISMATIC (SECTOR) SPECTRC~ETERS

127

121

Focusing in uniform field sectors

129

Sectors with inhomogenous field

135

IX
Prismatic beta-ray spectrometers

138

References

143

10. CORRECTORS AND NON-SYMMETRIC FIELDS

157

Multistrip source

157

Corrector for semicircular spectrograph

159

Correctors for ~V~spectrometers

159

Ketron

161

Azimuthally v a r y i n g f i e l d s

164

References

167

11. TOROIDAL ("ORANGE") SPECTROMETERS

173

Theoretical analysis

174

Spectrometers

185

References

190

12. TROCHOIDAL SPECTROMETERS

201

Theoretical analysis

201

Magnet design

210

Six-loop spectrometer

211

References

214

LENSES

221

13. LONG LENSES

223

Theoretical analysis

223

Multiple ring focus baffle

231

Aberration correctors

232

Production of uniform magnetic field

232

Performances

233

References

235

14. SHORT LENSES

241

Theoretical analysis

241

Aberration corrector

247

×

Performances

249

References

250

15. INTERMEDIATE LENSES

253

Focusing properties

253

References

256

16. OPTICAL ANALOGY SPECTROMETER

263

Theoretical analysis

263

Deflecting magnet

271

Performances

275

Other spectrometers

276

References

277

