CONTENTS

WILLIAM HERSCHEL Sfrontispiece

7. INFRA-RED RADIATION
1.1. The infra-red spectrum 1
1.2. Detection of infra-red radiation 7
" 1.2.1. Thermal detectors 8
1.2.2. Photo-detectors 10
1.3. Uses of infra-red radiation 16

II. EMISSION AND ABSORPTION OF RADIATION

2.1,
2.2,

2.3.

2.4.
2.5.
2.8.
2.7.

Black-body radiation
Radiation laws

2.2.1. Kirchhoff’s law
2.2.2, Stefan’s law
2.2.3. Lambert’s cosine law

Variation of emitted power with temperature and wave-
length .

Numbers of quanta in black-body radiation

Absorption of radiation

Conditions for black-body radiation

Thermal impedance

2.7.1. Thermal resistance due to radiation
2.7.2. Thermal impedance due to conduction

ITII. THERMAL DETECTORS OF INFRA-RED
RADIATION

3.1.
3.2,

3.3.

Thermal detectors
The radiation thermocouple

3.2.1. Elementary theory of the radiation thermocouple
3.2.2. Numerical calculation of thermocouple parameters
3.2.3. Use of alternating flux

3.2.4. Equivalent circuit of a thermocouple

3.2.5. Thermo-electric materials

3.2.6. Optimum dimensions

3.2.7. Some modern bi-metallic thermocouples

3.2.8. Thermocouples using semiconducting materials
3.2.9. Blackening the receiver

3.2.10. Use of thermocouples at low temperatures

The bolometer

3.3.1. Elementary theory of the bolometer
3.3.2. Temperature distribution along bolometer element

21
23

23
23

25
35
37
45
47

50
51

56
56
60
65
68

75
77
80
85
89
91
91
94
103



viii

3.4. The superconducting bolometer
3.5. The Golay cell
IV. PHOTO-DETECTORS OF INFRA-RED RADIA-
TION
4.1. Photo-detectors
4.2. Photo-emissive detectors
4.2.1. Modern photo-cathodes
4.2.2. Vacuum photc-emissive cells
4.2.3. Dark current
4.2.4. Gas-filled photo-emissive cells
4.2.5, The photo-multiplier
4.3. Elementary theory of operation of photo-emissive -
detectors
4.4. Use of photo-emissive cells as infra-red detectors
4.5. Infra-red image convertors
4.6. Photo-conductive and photo-voltaic effects
4.7. Physics of the photo-conductive process
. 4.7.1. Intrinsic and impurity semiconductors
4.7.2. Primary and secondary photo-effects
4.7.3. Elementary theory of photo-conductivity
4.7.4. Mechanism of photo-conduction in lead sulphide,
lead selenide, and lead telluride
4.7.5. Theories of photo-conductivity in thallium sul-
phide
4.8. Elementai'y theory of operation of photo-conductive
detectors
4.9. Thallium sulphide photo-cells
4.9.1. Thallium sulphide photo-voltaic cells
4.10. Lead sulphide photo-cells
4.10.1. Lead sulphide photo-conductive cells
4.10.2. Construction of lead sulphide photo-conductive
cells
4.10.3. Properties of lead sulphide photo-conductive cells
4.10.4. Photo-voltaic lead sulphide cells
4.11. Lead telluride photo-cells
4.11.1, Properties of PbTe photo-conductive cells
4.11.2. Method of preparation of PbTe photo-con-
ductive layers
4.12. Lead selenide photo-cells

CONTENTS

3.3.3. Some modern metal strip bolometers
3.3.4. Semiconducting bolometers

Appendix

107
110

112
116

119
120

122
124
126
127
127

132
133
134
136
138

139
141
141

144

147

148
149
151
152
152

153
154
159
161

163

164
166
169



CONTENTS

v. LIMITATIONS TO THE ACCURACY OF MEASURE-
MENT SET BY RANDOM FLUCTUATIONS
5.1. Fundamental limitations to sensitivity
5.2. Mechanical fluctuations—the Brownian movement
5.8. Johnson noise

5.3.1. Nyquist’s formula _
5.3.2. Resistances at different temperatures

5.4. Shot noise
5.5. Current noise

5.5.1. Dependence of current noise on dimensions of
resistor

5.6. Flicker noise

5.7. Other sources of electrical noise

5.8. Thermal fluctuations

5.9. Fluctuations in a stream of radiation
5.10. Minimum detectable power

Vi. FLUCTUATIONS IN AMPLIFIERS AND INDI-
CATING INSTRUMENTS
6.1. Fluctuations in indicating instruments
6.2. The galvanometer
6.2.1. The oscillating galvanometer
6.3. Linear thermionic amplifiers
6.4, Equivalent bandwidth of any linear system
6.4.1. Equivalent bandwidth of a galvanometer
6.5. The galvanometer amplifier
6.6. Effect of rectification on bandwidth
6.7. Reduction of effective bandwidth after rectification
6.7.1. Use of smoothing condenser

6.8. Relationship between time-constant, bandwidth, and
observation time

VII. THE ULTIMATE SENSITIVITY OF INFRA-
RED DETECTORS

7.1. The thermocouple

7.1.1. Dependence of minimum detectable power on area
of receiver
7.1.2. Use of thermocouple at lIow temperatures
7.1.3. Use of several thermocouples in series to form a
thermopile
7.1.4. Use of thermocouples at high frequencies
.1.5. Use of thermocouple with galvanometer

ix

172
173
178
179
184
187
193

199
201
203
204
207
213

216
216
225
226
231

231

233
236
240
242

244

246

251
251

251
252
253



CONTENTS

7.2. The bolometer

7.2.1.
7.2.2.
7.2.3.
7.2.4.
7.2.5.

7.2.6.
7.2.7.

Low frequency or d.c. operation

High frequency operation

Comparison of performance of actual bolometers
with theory

Effect of non-uniform temperature distribution on
minimum detectable power

Effect of current noise on minimum detectable
power

Operation of bolometers at low temperatures

The superconducting bolometer

7.3. The pneumatic detector
7.4. Comparison of thermal detectors
7.5. Photo-electric detectors

7.5.1.

7.5.2.

7.5.3.

Minimum detectable monochromatic power for
photo-emissive detector

Minimum detectable power from black-body
source for photo-emissive detector

Practical limitations for photo-emissive detectors

7.6. Photo-conductive detectors

7.6.1.

7.6.2.

7.6.3.

7.6.4.

7.6.5.

Minimum detectable monochromatic power for
photo-conductive detector

Minimum detectable power from black-body source
for photo-conductive detectors

Practical limits to ultimate sensitivity of photo-
conductive detectors

Performance of some modern photo-conductive
detectors

Effect of time-constant on minimum detectable
power for photo-conductive detectors

7.7. Comparison between radio and thermal receivers

VIII. SOURCES OF INFRA-RED RADIATION

8.1. Infra-red sources
8.2. Colour temperature and brightness temperature

8.3. Some practical infra-red sources

8.3.1.
8.3.2.
8.3.3.
8.3.4.
8.3.5.
8.3.6.

The Globar

The Welsbach mantle
The Nernst glower
The carbon arc

The carbon rod

The tungsten filament

8.4. Emission from excited gases and vapours

8.4.1.

The mercury arc

256
258
263

266

267

268
271
273

275
279
280

283

288
290

293

295

299

300

303

305
306

308
312
312

313
314
314
316
318
318

320
321



IX.

CONTENTS

8.5. Luminescent materials
8.6. Sources of far infra-red radiation
8.7. Calibration of infra-red detectors

INFRA-RED OPTICAL MATERIALS

9.1. Requirements of infra-red optical materials
9.2. Prism materials
9.2.1. Common glasses
9.2.2. Quartz
9.2.3. Rock salt
9.2.4. Potassium bromide
9.2.5. Lithium fluoride
9.2.6. Calcium fluoride (fluorite)
9.2.7. Older prism materials
9.3. New prism materials
9.3.1. Silver chloride
9.3.2. Thallium-bromo-iodide (KRS-5)
9.3.3. Thallium-bromo-chloride (KRS-6)
9.3.4. Caesium bromide
9.3.5. Caesium iodide
9.4. The choice of prism material for infra-red spectroscopy
9.5. Infra-red window materials
9.5.1. Glass
9.5.2. Sapphire (Al,0,)
9.5.3. Periklase (MgO)
9.5.4. New fluoride crystals
9.5.5. Diamond
9.5.6. Selenium
9.5.7. Arsenic trisulphide glass
9.5.8. Plastics
9.6. Optical properties of germanium and silicon
9.6.1. Germanium
9.6.2. Silicon
9.7. Windows for the far infra-red

9.8. Choice of a window material

OPTICAL COMPONENTS FOR THE INFRA-RED

10.1. Comparison of optical components for the infra-red and
visible spectrum

10.2. Mirrors

10.3. Prisms

322
323
323

327
328
328
328
331
334
335
337
340
342

342
344

‘345

350
351

352
353
354
356
356
357
357
357
358
359
360
361
362
364

364

366
366
367



xii

XI.

10.4.

10.5.
10.6.

CONTENTS

Filters

10.4.1. Classification of filters

10.4.2. Principles of filter design

10.4.3. Filters depending on selective absorption
10.4.4. Filters depending on selective refraction
10.4.5. Filters depending on selective reflection
10.4.6. Filters depending on scattering

10.4.7. Reflection type interference filters
10.4.8. Transmission type interference filters
10.4.9. Frustrated wave type reflection filters
10.4.10. Filters depending on polarization
Diffraction gratings

Polarizers

INFRA-RED SPECTROMETERS

11.1.
11.2.

11.3.

XII.

11.4.
11.5.

11.6.
11.7.

Infra-red spectroscopy
Infra-red monochromators

11.2.1. The Perkin-Elmer spectrometer
11.2.2. The Leiss double monochromator
11.2.3. The Walsh monochromator

Double-beam recording spectrometers

11.3.1. The Tetlow spectrometer

11.3.2. The Hornig slit illuminator
Rapid-scanning spectrometers

Grating spectrographs

11.5.1. The Pfund-Hardy grating spectrograph
11.5.2. Limits of resolution

Spectroscopy in the far infra-red

Infra-red microspectroscopy

AMPLIFIERS FOR USE WITH INFRA-RED

DETECTORS

12.1.
12.2.
12.3.

12.4.

Importance of careful amplifier design

General design considerations

The galvanometer amplifier

12.3.1. Galvanometer amplifier with additional valve
amplifier

Direct current amplifiers

12.4.1. General Motors amplifier
12.4.2. The German Hisenwert and Hisentrol

368

368
369
369
374
376
378
385
386
389
391

392
394

396
397

398
400
402

404

405
407

407
409

409
411

412
415

418
418
419

420
421

421
423



CONTENTS

12.5. Low-frequency alternating current amplifiers for use
with thermocouples and low-impedence detectors

12.5.1. The principle of twin-T or parallel-T networks
12.5.2. Practical low-frequency amplifiers for use with
thermocouples

12.6. Alternating current amplifiers for use with photo-con-
ductive detectors

12.6.1. The homodyne amplifier

12.7. Special problems of amplifiers for use with a very low-
impedance source, for example, the superconducting
bolometer

XIII. ATMOSPHERIC TRANSMISSION OF INFRA-
RED RADIATION
13.1. Properties of the atmosphere
13.2. Early work on atmospheric transmission
13.3. Modern work on atmospheric transmission
13.4. Measurements of absolute transmission
13.5. High-altitude observations of the solar spectrum

AUTHOR INDEX
SUBJECT INDEX

Xiil

424
425
428

430
431

433

PLATES I-V at end



