Chapter

CONTENTS

I-Introduction

PART |

T ; |
I'emperatures down to 1K; the use of Helium4

Chapter 2-Storage and Distribution of Helium

2.1
22

2.3
24
25

2.6
2.7

Storage Vessds for Liquid Heium

Evaporation of L|qU|d Helium; Enthalpy and Létent

Heat .
Thermal Oscil I ations .
Measurement of Evaporation - Rate
Level Indicators
2.5a Level detectors
2.5b Depth  gauges
Syphons . .
Gas Storage . . .
2.7a Low pressure  storage
2.7b  High pressure storage
2.7¢ Purity  testers

Chapter 3-Cryostats and the Design of Apparatus .

31
3.2
33

34
35

3.6
3.7
38

The Storage-Vessel as a Cryostat .
Smple Basic Cryodat
Dewar Vessds

3.3d Glass dewars

330 Metd dewars

3.3c Dewars for superconducﬂ ng electromagnets

3.3d Operation of meta dewars.
Smal  Portable  Cryostats .
Lowering the Temperature: The Helium F|Im
3.5a Cryostaa to reach bedow 1K .
3.5b Charcoad sorption pumps .
Precooling] . . . .
Manipulation of Liquid Heium

Design of Experimenta  Apparatus

3.8a Electrica leads. . .
3.8b Vacuum technique

Xi

15

17

21
22
23
24
24
26
29
34
35
36
39

43
43
46
51
51
55
60
61
62
63
66

71
74
78

86



Xii

3.9

CONTENTS

3.8c Thermal insulation, thermal contact, heat
switches

3.8dl Materias. .

3.84 Calculation of heat conductlon .

3.8f Mechanica mation

Superconducting  Electromagnets

Chapter 4--Measurement of Temperature.

4.1
4.2
4.3

4.4

4.5
4.6

4.7
4.8
4.9
4.10

Senditivity and  Accuracy

Types of  Thermometer

Gas Thermometer

4.34 Corrections

4.3bl Construction

4.3c Merits and demerits of gas thermometers
Vepour Pressure  Thermometry .
4.4a He?® temperature scales : { J
Metadlic  Resistance Thermometers .
Semiconductor Resistance Thermometers . .
4.6d Crysadline  semiconductors

4.6bl  Carbon resistors

4.6¢c Thermistors

Thermocouples .

Effect of Magnetic Fleld on Electrlcal Thermometers
Other  Thermometers . .
Cdlibration

Chapter 5-Control of Temperature .

51
5.2
5.3
54
55

Control of Vapour Pressure.
Control above 4-2K .
Continuous-Flow Cryostats .
Automatic Temperature Control .
Closed-cycle Refrigerators . .

PART 11

Temperatures below 1K

Chapter 6-The Use of Helium?.

6.1
6.2

6.3
6.4

Storage and Handllng of Hc]1um3]
H el i um® Cryostats

6.2a Sorption pumping

H el i um’ Refrigerators.

Helium? Dilution Cooling -
6.44 Helium’dilution cryostat .

91
94
97
99
101

105
106
107
108
112
114
116
116
124
124
128
130
135
140
141
144
145
148

154
154
159
164
168
170

173
175
178
182
184
190
194



6.5

CONTENTS

6.4bl  Continuous refrigeration by Heium’dilution
6.4c Simple Helium®dilution refrigerator .
Cooling by Solidification of Helium’

Chapter 7-Temperature Measurement Below 1K

71
7.2
7.3

7.4
7.5

Chapter

Thermal contact

Hed Vapour Pressure

Semiconductor Resistance Thermometers
7.3d Carbon resistors

7.3b Cdlibration .
Paramagnetic Thermometers -
Nuclear Orientation Thermometer

8--Data

Appendix, Suppliers of Materials and Equipment

Index

X111
196

206
208

211
211
211
213
214
216
216
223

226

243

250



