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Page numbers in bold denote references to figures.

absolute value, 12, 13
absorption, 98
absorption coefficient, 117
amplitude, 3, 4, 5, 25
analysis, 207
angle, 6
angular dispersion, 214
angular frequency, 7, 8
angular resolution, 236
aplanatic lens, 176, 177, 178
Applications, 207–52
argument, 12, 13
attenuated total reflectance, 182
attenuated total reflection, 182
attenuators, 183
autocollimation, 214

band-pass filter, 184
Basics, 3–124
beam waist, 165
beam width, 163
beat frequency, 32
beat-frequency generation, 149
beats, 25, 26, 31–33
blackbody, 67
blackbody radiation, 54, 68, 69, 70,

65–71
blaze angle, 213
blazed grating, 213, 213
bolometer, 190, 198, 199
Boltzmann constant, 66
bound states, 127, 140–44

calorimetric sensors, 190
chromatic resolving power, 215
circular polarisation, 25, 54, 65, 66
collimating lens, 177, 177
COMBINING OSCILLATIONS, 25–53

compact notation for two-dimensional
oscillations, 42–4

counter-rotating circular oscillations, compact
notation, 44–7

Jones notation, 47–52
oscillations in two dimensions, 36–47

two counter-rotating circular oscillations,
41–42

two perpendicular oscillations: different
amplitude, 39–41

two perpendicular oscillations: same
amplitude, 36

two oscillations in the same direction, 26–35
two arbitrary oscillations, 26–7
two identical oscillations, 27–8
two oscillations that differ only in amplitude,

28
two oscillations that differ only in frequency –

beats, 31–3
two oscillations that differ only in initial

phase – interference, 29–31
two oscillations that differ only in phase, 28–9
two oscillations with nothing in common, 35
two oscillations with only amplitude in

common – more beats, 35
two oscillations with only frequency in

common – interference, 33–4
two oscillations with only initial phase in

common – beat-like, 34–5
compact notation, 11–15
compact notation for two-dimensional oscillations,

42–4
complex conjugate, 13
complex multiplication, 44
complex number, 12, 13
complex plane, 12, 13
complex refractive index, 114
Components, 127–204
computer-aided tomography, 247
computer-axial tomography, 247
conductivity, 102
conductor, 108

electromagnetic waves in, 113–18
confocal, 165
constant

Boltzmann, 66
electric, 57
lightspeed, 58
magnetic, 57
Planck, 55
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constructive interference, 31
continuous laser source, 149–51
continuously tuneable, 210
corner mirror, 170
cos, 7
cosine, 7, 8, 20
counter-rotating circular oscillations, compact

notation, 44–7

damping force, 104
depth of field, 238
depth of focus, 238
describing electromagnetic waves, 62–4
describing oscillations, 4–11
describing waves, 60–62
detectivity, 192
DETECTORS, 190–203

electro-optic, 200–1
parameters, 191–5
photoconductive, 201–2
thermal, 195–200

dielectric breakdown, 101
dielectric function, 98, 101, 107–11
dielectrics, 101
diffraction grating, 211, 211, 213
diffraction tomography, 249, 249
digital, 233
dipole radiation, 140
discontinuously tuneable, 210
dispersion, 78, 207
dispersive spectrometer, 207
dispersive spectroscopy, 210–16

echelon, 213
efficiency, 208
electric constant, 57
electro-optic detector, 190, 200, 201
electromagnetic wave, 54, 56–60, 62
electromagnetic waves at an interface, 118–22
electromagnetic waves in matter, 101–4
electromagnetic waves in a conductor, 113–18
electromagnetic waves in an insulator,

112–13
ellipse, 38, 40, 47
elliptical mirror, 173, 173
elliptical polarisation, 25, 54, 65, 66
emission spectroscopy, 211
energy

thermal, 66
environmental factors, affecting detector, 192
Euler’s theorem, 14
evanescent, 181
evanescent wave, 182

f-number, 235
far-field, 166
filters, 184, 183–5
finite potential well, 84–5
finite square well, 85

focal plane array, 233, 242
focal plane array imaging, 242,

243
Fourier analysis, 3, 18, 19
Fourier coefficients, 18
Fourier methods, 3
Fourier series, 18, 20
Fourier synthesis, 3, 18, 19
Fourier-slice theorem, 247
Fourier theorem, 17–23
Fourier transform spectrometer, 207
free charges, 127, 129–40
free electron laser, 127, 144
free particle, 78, 77–80
free-standing grid, 186
frequency, xiii, 3, 4, 5, 7, 25
frequency domain, 5, 6, 17, 18, 19
frustrated total internal reflection, 182, 183
function

Planck, 67, 68–70
Rayleigh-Jeans, 68
Wien, 67

fundamental frequency, 19

Gaussian beam, 164, 166
Gaussian beam propagation, 162
Gaussian optics, 162
Ge-laser, 127
geometrical optics, 162
germanium laser, 146
Golay cell, 190, 197, 197
grating, 211
grating equation, 212

half-wave plate, 187
harmonic, 9
harmonic oscillation, 7, 9
harmonic oscillator model, 104–12
hemispherical lens, 176
hertz, xiv
high-pass filter, 184
higher order, 213

image, 232
imaginary axis, 13
imaginary number, 12
IMAGING, 232–51

focal plane array, 242
near-field, 242–6
passive, 234–39
raster, 239–42
reflection raster, 241–42
tomography, 246–250
transmission raster, 239–41

imaging
reflection raster, 241–42

infinite potential well, 80–84
infinite square well, 84
initial phase, 3, 5, 5, 9, 25
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insulator
electromagnetic waves in, 112–13

INTERACTION OF LIGHT AND MATTER,
98–23

electromagnetic waves at an interface,
118–22

electromagnetic waves in matter, 101–4
electromagnetic waves in a conductor,

113–18
electromagnetic waves in an insulator,

112–13
harmonic oscillator model, 104–12
static electric field, 99–101

interface
electromagnetic waves at, 118–22

interference, 25, 26, 29–31, 33–34, 207
interferogram, 207
interferometer, 207
interferometry, 216–22
INTRODUCTION, xiii–xix
inverse Boltzmann constant, 66
inverse metre, xv

Jones matrix, 50
Jones notation, 47–52
Jones vector, 48

laser, 140, 146–9
lateral resolution, 236
left circular polarisation, 65, 66
lenses, 174–80
LIGHT, 54–73

blackbody radiation, 65–71
describing electromagnetic waves, 62–4
describing waves, 60–62
electromagnetic waves, 56–60
photons, 55–6
polarisation, 64–5

light
visible, 56

lightpipes, 180
linear polarisation, 25, 65, 66
linearity, 191
linearly polarised, 54
low-pass filter, 183

magnetic constant, 57
mathematical symbols [Appendix B], 254–6
mathematics [Appendix C], 257–61
MATTER, 74–97

finite potential well, 84–5
free particle, 77–80
infinite potential well, 80–84
multiple potential well, 85–7
oscillations of molecules, 87–95
Schrödinger equation, 75–7
wave mechanics, 74–5

Maxwell’s equations
free space, 57

mechanics
wave, 74–5

metre, xv
Michelson interferometer, 207, 217, 218
mirrors, 166–73
modulus, 12, 13
molecular laser, 127, 147, 148
molecules

oscillations, 87–95
monochromatic sources, 208–10
monochromatic spectroscopy, 209
multiple potential well, 85–7

near-field, 165
near-field imaging, 233, 245, 242–6
nonlinear, 158
numerical aperture, 236

optical path difference, 218
optical rectification, 158
OPTICS, 162–89

attenuators, 183
filters, 183–5
lenses, 174–80

focussing, 175
matching, 175

lightpipes, 180–81
mirrors, 166–73

elliptical, 172
parabolic, 170
plane, 169

polarisers, 186–7
linear, 186
wave plates, 187

prisms, 180–3
quasi-optics, 163–6
waveguides, 180–81
windows, 185–6

optics, 162
orthogonal, 21
OSCILLATIONS, 3–24

compact notation, 11–15
describing oscillations, 4–11
Fourier theorem, 17–23
time-bandwidth theorem, 15–17

oscillations, 3
oscillations in two dimensions, 36–47

two counter-rotating circular oscillations, 41–2
compact notation for two-dimensional

oscillations, 42–4
counter-rotating circular oscillations, compact

notation, 44–7
Jones notation, 47–52
two perpendicular oscillations: different

amplitude, 39–41
two perpendicular oscillations: same amplitude,

36–9
oscillations of molecules, 87–95
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parabolic mirror, 170, 170–2
parameters, 191–5
particle

free, 77–80
passive imaging, 235, 233–9
period, 7
periodic, 4
phase, 9
phase difference, 30
photo-Dember emitter, 157
photoconductive detector, 190, 201, 202
photoconductive emitter, 151, 152
photons, 54–6
Planck constant, 55
Planck function, 67, 68–70
plane mirror, 169, 169
plane-polar coordinates, 8
plane polarisation, 65
plasma, 110
polarisation, 25, 26, 38, 54, 64–5

circular, 25, 54, 66
left, 66
right, 66

elliptical, 25, 54, 66
linear, 25, 54, 66

polarisation, of detector, 192
polarisers, 186–7
polychromatic source, 209
potential well

finite, 84–5
infinite, 80–4
multiple, 85–7

prefixes [Appendix A], 253
principle of superposition, 25, 26
prisms, 181–3, 181
projection tomography, 248
pulsed lasers source, 151–60
purely imaginary, 12
purely real, 12
pyroelectric detector, 190, 198, 198

quantum cascade laser, 127, 147
quantum dot, 83
quantum well, 83, 84, 85
quantum wire, 83
quarter-wave plate, 187
quasi-optics, 164, 166, 163–6

radiation
blackbody, 54, 68, 69, 70, 65–71

radius, 8
Radon transform, 248
range, of detector, 192
rapid-scan interferometer, 219
raster, 234, 239–42
ray optics, 162
Rayleigh angle, 236
Rayleigh range, 165

Rayleigh-Jeans function, 68
reading, further [Appendix D], 262
real axis, 13
real numbers, 12
rectangular coordinates, 8
reduced mass, 89
reflection, 98
reflection imaging, 233, 241, 241
reflection raster imaging, 241–2
reflectivity, 167
refraction, 98
refractive index, 112
relative dielectric function, 101
resolution, 208
right circular polarisation,

65, 66
Rytov approximation, 250

scattering, 98
Schrödinger equation, 74–7
second, xiv
sensitivity, 191
sensors, 190

thermal
bolometric, 198
Golay, 197
pyroelectric, 197
thermocouple, 196
thermopile, 196

sin, 7
sine, 7, 8, 20
skin depth, 167
SOURCES, 127–61

bound states, 140–44
driven by continuous lasers, 149–51
driven by pulsed lasers, 151–60
free charges, 129–140
laser, 146–9
survey, 128–9
vacuum electronics, 144–6

sources
monochromatic, 209–210

spatial frequency, 61
spectral range, 208
spectral response, 192
spectrometer, 207
SPECTROSCOPY, 207–31

dispersive spectroscopy, 210–16
emission, 213
examples, 225
interferometry, 216–22
monochromatic sources, 209–210
time-domain spectroscopy, 222–30

compared to interferometry, 223
configurations, 223
time-resolved spectroscopy, 230

spectrum, 207
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speed of light in a vacuum, 58
speed, of detector, 192
spherical lens, 178
square well, 80, 84, 85
static electric field, 99–101
Stefan-Boltzmann law, 71
step-scan interferometer, 219
superposition, 27
surface emitters, 155

photo-Dember effect, 157
surface field effects, 155

survey of sources, 128–9
symbols

mathematical [Appendix B], 254–6
synchrotron, 127, 144
synthesis, 207

Terahertz
applications, 207–52
basics, 3–124
components, 127–204

terahertz, xvi
thermal detectors, 195, 195–200
thermal energy, 66
thermal sensor, 190
thermal sources, 127
thermocouple, 196
thermocouple detector, 196
thermopile, 196
thermopile detector, 196
time, xiv
time domain, 5, 6, 17, 18, 19
time-bandwidth theorem, 3, 16, 17, 15–17
time-domain spectroscopy, 207, 225, 226, 228, 229,

222–30
time-of-flight imaging, 241
time-resolved spectroscopy, 230
tomography, 233, 246–50
total internal reflection, 175
transducer, 190
transmission, 98
transmission imaging, 233, 239, 240
transmission raster imaging, 239–41
two arbitrary oscillations, 26–7
two counter-rotating circular oscillations, 41–2

two identical oscillations, 27–8
two oscillations in the same direction, 26–35

two oscillations that differ only in amplitude, 28
two oscillations that differ only in frequency –

beats, 31–3
two oscillations that differ only in initial phase –

interference, 29–31
two oscillations that differ only in phase, 28–9
two oscillations with nothing in common, 35
two oscillations with only amplitude in common

– more beats, 35
two oscillations with only frequency in common

– interference, 33–4
two oscillations with only initial phase in

common – beat-like, 34–5
two perpendicular oscillations: different amplitude,

39–41
two perpendicular oscillations: same amplitude,

36–9

uniform circular motion, 6, 7
unit circle, 10
unit diamond, 10
unit square, 10

vacuum electronics, 129, 144–6
vector, 42
visible light, 56

wave, 54, 60
electromagnetic, 54

wave equation
one-dimensional, 61

wave mechanics, 74–5
wave plates, 187
waveguides, 180
wavelength, xv, 61
wavenumber, xv, 61
waves

describing, 60–62
electromagnetic, 56–60

Wien function, 67
Wien’s displacement law, 71
windows, 185

zero path difference, 217
zeroth order, 213
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