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adjoint of ordinary differential operator, 135
advection compared with convection, 29
advection–diffusion

Boussinesq transformation, 43
in long thin domain, 246, 252
large-Peclet-number, 225

past cylinder, 232
past flat plate, 232

nondimensionalisation, 28
outflow condition, 247

Airy equation, 59
far-field expansion, 305

ampere, definition, 22
Archimedes’ principle, 60
astroid, 317
asymptotic expansion

algebraic equation, 173, 180
convergence versus divergence, 178
gauge function, 177
incomplete exponential integral, 178
inner, 217
iteration, 180
multiple scale, 294
order notation, 175
outer, 217
regular, 183
relaxation oscillations, 297
secular term, 195
WKB, 304

asymptotic sequence, 177
atom bomb, 25

back emf, 70
balancing singularities, 122
bathtub, flow in, 39
beam equation, 34

derivation, 50
for cable-laying, 53

bearing number, 276
beats, 208, 211

bifurcation, 59
Biot number, 44
blow-up of solution, 97, 106
boundary layer, 216

matching, 216
Boussinesq flow, 283
Boussinesq transformation, 43
Bridgeman crystal grower, 255
Brownian motion, 138
Buckingham Pi-theorem, 40

cable laying, 53
boundary layer analysis, 224, 231
no point force on cable, 124

capacitance
definition, 21
of sphere, 22

cardioid, 317
Cauchy principal value integral, 154
causality, 101
caustic, 308

in ellipse, 316
nephroid, 309

cgs units
conversion to SI, 25

characteristics, 82
first-order nonlinear equation, 90
first-order quasilinear equation, 82
heat equation, 96
projection, 82
second-order partial differential equation,

94
trace, 82

charge neutrality, 19
Charpit’s method, 90
coffee

caustic in cup of, 309
dissolution of sugar in, 44

colemanballs, xiv
compact support, 141
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complex system, 104
conservation law, 11

mass conservation, 12
Rankine–Hugoniot condition, 89
shock, 87

constitutive relation
heat flow, 6
inviscid fluid, 8
traffic, 106
viscous fluid, 8

continuous casting, 255
convection compared with advection, 29
convective derivative, 13
Coriolis theorem, 39
Couette flow, 9
Coulomb law, 18
curvature flow, 102
cymbals, 214

D’Alembert’s paradox, 35
Darcy’s law, 283
delta function, 114

derivatives of, 151
discrete, 137
discrete probability, 120
epsilonological construction, 149
formal definition, 143
impulse, 116
informally defined, 117
multidimensional, 130
point force, 115, 120

delta sequence, 149
diffusion

Fick’s law, 13
shear-enhanced, 289
Taylor, 289

diffusivity
molecular, 13
thermal, 17

dimensionless parameter, 28
bearing number, 276
Biot number, 44
Buckingham Pi-theorem, 40
Froude number, 282
Peclet number, 31

dimensions, 16
dipole, 152
displacement current, 23
distributions, 114

convergence of a series of, 151

derivative, 143, 151
dipole, 152
formal definition, 142
Fourier transform, 145
multidimensional, 145
partial derivatives of, 145
Schwartz, 145
tempered, 145
test function, 140
vector, 152

drag coefficient, 35
cylinder, 48
of cylinder, 40

drag on a cylinder, 40
dropping the primes, 32
dynamic viscosity, 36

egg
boiled, 45
incubation, 285
penguin, 285

eikonal equation, 306
for sandpile, 92

elastic plate equation, 214
electric field

of point charge, 19
units, 19

electric potential
of point charge, 19
units, 19

electrical conductivity, 64
electromagnetic waves, 24
electrostatic painting, 72, 200
electrostatics, 18

space charge, 203
elephants

capacitance of, 21
needed to separate 1 C point charges, 18

elliptic equation, 96
e-mail, random arrival of, 85
envelope of family of curves, 315
epicycle, 157
epsilonology, 119
Euler–Bernoulli beam equation

derivation, 50
Euler equations, 7, 10

leading to shallow water model, 282
Euler strut, 58, 197
Euler’s theorem, 98
expansion fan, 109
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Faraday’s law of induction, 23
Fick’s law of diffusion, 13
Final Fantasy, 52
fine structure constant, 24
firewalking, 26
first law of thermodynamics, 6
first-order quasilinear equation, 81

characteristics, 81, 82
expansion fan, 109
general solution, 98
shock, 87
solution blow-up, 97
solutions with gradient jumps, 84

FitzHugh–Nagumo system, 297
float-glass process, 271
fluid mechanics

dipole, 152
Hollywood style, 53
inviscid, 7
shallow-water equations, 281
viscous, 8

Fourier transform of distribution, 145
Fourier’s law, 6
Fredholm Alternative, 136

nearly singular matrix, 244
Froude number, 282
frozen fish, 7

gauge function, 177
Gauss flux theorem, 21
generalised function, 114
gong, 214
Green’s function, 125

for initial value problem, 135
heat equation, 132
matrix inversion, 137
Poisson’s equation, 130
regular part (Laplace equation), 139
two-point boundary value problem,

125

hair, 52
Airy equation, 59

harpsichord, compared with piano, 213
heat equation

characteristics, 96
derivation, 6
fundamental solution, 121, 132, 138, 148
Green’s function, 132
in long thin domain, 241, 249

similarity solution, 26
Heaviside function, 114

Fourier transform, 154
hyperbolic equation, 95

impulse, 116
incomplete exponential integral, 178
incubation of eggs, 285
inharmonicity, 210
inner expansion, 217
interior layer, 216

kinematic viscosity, 36
kinematic wave equation, 87

nonunique solution, 100
shock, 100
traffic, 105

Kirchhoff transformation, 44
Kirchhoff’s circuit law, 70
Kronecker delta, 137

Liénard form, 297
light ray, 306
limit cycle, 301
limiting equilibrium, 92
linear stability of orbital motion, 195,

196
logistic equation, forced, 198
lubrication theory

for fluids, 263
general approach, 240
reduced Reynolds number, 265
Reynolds’ equation, 265, 276
slider bearings, 263
tilting pad bearings, 275

magnetic field
units, 23

matching, 216
by intermediate region, 230
logarithms, 234
Van Dyke rule, 219

matrix inversion, 137
Maxwell’s equations, 23
molecular diffusivity, 13
mph in m s−1, 25
multiple scales, method of, 294

pendulum, 294
precession of Mercury, 300
Van der Pol equation, 301
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Navier–Stokes equations, 11
no-slip condition, 38
nondimensionalisation, 36
slow flow, 39

nephroid, 309
string art, 317

Newton’s law of cooling, 44
Newtonian viscous fluid, 9
no-slip condition, 38

impossible for inviscid flow, 47
nondimensionalisation, 28
nonlinear diffusion, 110, 113, 267
normal velocity

formula for, 93
in curvature flow, 102

olive oil, 279
optical fibre manufacture, 271
orbital motion

linear stability, 184, 195, 196
order notation, 175
outer expansion, 217

paint, electrostatic application of, 72,
200

paint flow, 270, 278
pantograph, 157

impulsive attachment, 160
near support, 162

parabolic equation, 96
parabolic reflector, 309
partial differential equation

first-order nonlinear, 90
first-order quasilinear, 81
second-order linear, 94

partial hodograph transformation, 284
Peclet number, 31
pendulum

damped, 32
exact period of, 299
multiple scale method, 294
phase plane, 196
Poincaré–Linstedt method, 292
small amplitude, 188

penguin egg, 285
phase plane, 186

pendulum, 196
piano

compared with harpsichord, 213
tuning ideal, 208

tuning real, 209, 215
Planck’s constant, 24
Poincaré–Linstedt method, 292

precession of Mercury, 300
Van der Pol equation, 301

Poiseuille flow, dimensional analysis,
47

Poisson process, 85
waiting time, 98

Poisson’s equation
Green’s function, 130

porous medium flow
Boussinesq model, 283
Darcy’s law, 283

precession of Mercury, 299
pseudofunction, 153

Fourier transform, 156
Ptolemy, 157

radius of gyration, 34
Rankine–Hugoniot condition, 89

as limit of smoothed problem, 227
derived by distributions, 123
kinematic wave equation, 100
nonuniqueness, 100
paint flow, 279
Stefan problem, 260

ray
complex, 311
first-order nonlinear equation, 90
light, 306
Snell’s law, 315

Rayleigh equation, 300
reduced Reynolds number, 265
relaxation oscillation

FitzHugh–Nagumo system, 297
Van der Pol equation, 301

resistivity, 64
Reynolds’ equation, 265

time-dependent, 276
Reynolds number, 37

reduced, 265
Riemann function, 133
rocket on cable, 158, 170
rowing, dimensional analysis, 26

sandpile, 92
Schrödinger’s equation, 24
Schwartz distribution, 145
second law of thermodynamics, 7
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second-order partial differential equation, 94
elliptic, 96
hyperbolic, 95
parabolic, 96

secular term, 195, 293
self-adjoint two-point boundary value problem, 125
self-organised criticality, 92
Severn bore, 282
shallow-water equations, 281
ship wave, 311
shock, 87

atom bomb, 25
causality, 101
Severn bore, 282
traffic, 107, 112

SI units, 16
conversion to cgs, 25

six-sigma quality control, 181
slider bearing, 263
slow flow, 39
Snell’s law, 315
space charge, 203
speed of light, 23
spray forming, 93
squeeze film, 276
stability

critical points in phase plane, 186
linear, 185
neutral, 187
orbital motion, 184

steel, continuous casting, 255
Stefan problem, 256
Stefan–Boltzmann law, 44
stiff boundary value problem, 58
stock market, 99

crash in, 181
Stokes flow, 39
stress tensor, 9

viscous fluid, 11
string art, 315

nephroid, 317
Study Groups, xiii

Taylor diffusion, 289
temperament, 207

equal, 212
tempered distribution, 145
test functions, 140

action of, 141
compact support, 141

convergence of sequence of, 141
open support, 153

thermal conductivity
temperature-dependent, 44
units and dimensions, 17

thermal diffusivity, 17
thermistor, 63, 235

and conformal mapping, 71
as fuse, 63
black-box model, 64, 69
heat flow in, 64
hot interior layer, 237
in a circuit, 67, 70
nondimensionalisation, 66
one-dimensional model, 69, 70

thermodynamics
first law, 6
second law, 7

thin viscous film
on solid substrate, 265
with surface tension, 277

tides, 280
tilting pad bearing, 275
Titanic, 53
tonal music system, 205

temperament, 207
traffic, 104

anticipatory model, 110
interior layer near shock, 227
jam, 107, 111, 112
local speed–density laws, 106
reaction time model, 110
two-lane, 113

transcendentally small terms, 217
transport equation, 306

solution, 314
Trent Aegir, 282
Trouton viscosity, 272
truncated random variable, 134
twiddles, ∼ , 176
two-point boundary value problem

adjoint boundary conditions, 129
Green’s function, 125
non-self-adjoint, 128
primary boundary conditions, 128
self-adjoint, 125

units, 16
ampere, 22
cgs, 25
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units (cont.)
electrostatics, 18
magnetic field, 23
primary, 16
SI, 16

Van der Pol equation, 300
limit cycle, 301
multiple scale method, 301
relaxation oscillations, 301

Van Dyke matching rule, 219
viscosity, 8

cgs and SI units, 25
dynamic, 36
kinematic, 36
Trouton, 272

viscous flow, 8
fibre, 271
lubrication theory, 263
Navier–Stokes equations, 11
no-slip condition, 38
Poiseuille flow, 47
slow, 39

stress tensor, 9, 11
thin layer on horizontal surface, 265
thin layer on inclined surface, 47, 270,

278
thin sheet, 271

volumetric heating, 65

water waves, 192
ship waves, 311
water above air, 194

wave equation, 95
D’Alembert solution, 134, 168
kinematic, 87, 100
Riemann function, 133

wind-chill, 232
WKB method, 304

Airy equation, 305
caustic, 308
for eigenvalue problems, 314
for Helmholtz equation, 306
ship waves, 311

Young’s modulus, 34
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