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Subject Index

Accelerated fluid, stability problems 648, 651–653.

Added masses in ship theory 567.
Air-water interface 645, 650.

Airy functions 487, 511, 600.
Aperture of a surface-wave system 485–489.

Archimedes’ law 565.
Asymptotic expansion for late times 472, 510, 512.
Average position of wave crest 508–509.

Barrier in a long canal 527, 529.
Basin of circular planform, shallow-water approximation 672.

Basin with elastic restoring forces 628.
Basin of rectangular form, shallow-water approximation 671.

Basin with sloping side-walls, waves 624–627.
Basins of different shape 623.
—, infinitesimal waves 620–631.

Beach, waves on it 537–542, 545, 547–551.
Bernoulli’s equation 449, 454.

Body of revolution, submerged 577.
Bottom covered with dipole sources 571.

—, irregular 569–571.
Boundaries of basins, special selection 622.

Boundary conditions at a beach 537, 548.
— — for capillary-gravity waves 631–632.
— — at a free surface 454.

— — at infinity 471–472.
— — at an interface 451–455.

— — at a rigid surface 454–455.
Bounded basin, surface waves 620–631.

Breaking of wave crest 681.
Breakwaters 544, 545.

Canal theory of tides 669.
Canal, wave resistance of a ship in it 581.
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Canal waves of long wavelength 669.
— — — —, bounded canal 670, 681.

Canonical form of a hyperbolic equation 691.
Capillary-gravity waves 511, 614, 631–638.
— — generated by a point sources 636–637.

— — initial-value problem 614, 631, 636.
— —, velocity 514, 614.

Capillary waves, existence theorem 757.
— — of large amplitudes 746–749.

— —, orbits in second-order infinitesimal-wave approach 661.
Carriage containing water, periodic motion 628.
Cauchy’s integral 534.

Cauchy-Poisson initial-value problem 603, 607–614.
— — — — for superposed fluids 614.

— — — — with surface tension 614, 631.
Cauchy principal value of an integral 476.

Cauchy-Riemann equations 470.
Cavitating hydrofoil 586–587.

Characteristics,in shallow-water theory 676, 677ff.
Chezy formula of hydraulics 697.
Circular cylinder, horizontal reflection of surface waves 528.

— —, submerged 574–577.
— —, vertical, diffraction of surface waves 544.

Circular-cylinder basin, shallow-water approximation 672.
— —, vertical motion 653.

— —, waves 623.
Circular orbits of first-order infinitesimal-wave theory 499, 501.

— —, modifications by second-order infinitesimal-wave theory 660,
665.

— — in ocean waves 499, 501.

Cisotti’s differential-difference equation 611.
Cnoidal wave 462, 654, 667, 702, 707.

— —, existence theorems 751–753.
— —, limiting height 712.

— —, second approximation to its profile 709.
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Complex variables for infinitesimal surface waves 470–471.
Complex velocity 471.

Complex velocity potential 470, 480, 489, 505.
— — — for finite depth 482, 490, 494–495.
Composite wave, second-order infinitesimal wave theory 662.

Confluent hypergeometric functions 613.
Continuity equation 448, 450.

Convolution theorem 492.
Coordinate choice for surface waves 447, 456, 466, 475, 485.

Critical depth for capillary-gravity waves 633.
Critical frequencies of canal waves 502.
Critical velocity for long waves 669, 676, 713.

Cylinder see circular cylinder.
Cylinders of any cross section, submerged 576.

Cylindrical coordinates for surface waves 485.
D’Alembert solution of the wave equation 669.

Dam breaking 681.
Damping coefficients in ship theory 567.

Damping by thin fluid layer covering surface 646.
— of waves in viscous fluids 639, 646, 631.
δ function 599, 602, 637.

Depth of water see also finite depth.
— —, determination 673.

Differential-difference equation of Cissotti 611.
— — of Levi-Civita 726–727.

Differential equations of elliptic type 667, 683.
— — of hyperbolic type 667, 673, 683, 691.

Diffraction of water waves by a freely floating body 566–567.
— — —, general obstruction 543.
— — — by a horizontal cylinder 545.

— — — by a vertical cylinder 544.
— — — by a vertical half-plane 544, 560.

Dimensional analysis in initial-value problems 610, 611.
Dipole approximating bow and stern of a ship 582.

Dipole singularity 484, 487, 489, 577.
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Dipole source covering bottom 571.
Discharge rate 569.

Dispersion law of capillary-gravity waves 614, 633.
Dispersion relations of surface waves 502, 507, 513–515, 518, 550.
Dissipation of waves in viscous fluids 639.

Dock problem 527, 536–537, 545.
Drag see also wave resistance and viscous resistance.

Drag of a hydrofoil 586.
Edge wave of Stokes type 550.

— — of Ursell type 551.
Eigenvalues of basin waves 623–627, 630, 652.
— of modes in a bounded canal 670, 671.

Elastic medium and fluid 455.
Elastic restoring forces of a movable basin 628.

Ellipsoid, submerged 577.
Elliptical orbits of first-order infinitesimal-wave theory 500, 501.

— —, modifications by second-order infinitesimal-wave theory 661.
Elliptic differential equation 667, 683.

Elliptic functions of Jacobi 706ff.
Energy flux in surface wave 519.
Energy integral for free-surface motion 718–721.

Energy propagation in surface waves 516–522.
— —, second-order infinitesimal-wave theory 661.

Energy of surface waves 458–460.
Epicycloids in hodograph plane 686, 692–694, 701.

Equation of continuity 448, 450.
Equation of state 449.

Equations of motion 448, 450.
Eulerian description 447.
Exact solutions in surface-wave theory 714–757.

Existence proof for the cnoidal wave 462, 668.
— — for the solitary wave 462, 668.

Existence of solutions approached by infinitesimal waves 654.
Existence theorem for capillary waves 757.

Existence theorems for surface waves 749–757.
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Expansion parameter of shallow-water theory 462, 667, 704.
Experimental investigation of capillary dispersion 633–634.

Explosion under water 619.
Fifth-order infinitesimal-wave approach for progressive waves 663,

665.

Finite-amplitude waves see also solitary and cnoidal waves.
— —, limiting height 703, 712ff.

Finite depth, complex velocity potential 482, 490, 494–495.
— —, effect on wave profile 659, 660.

— — for progressive ocean waves 499.
— — for standing ocean waves 496, 498.
First-order shallow-water approximation 467, 469.

Fishline problem 637.
Floating body 563ff.

Flow about submerged obstacles 571–573.
— over an uneven bottom 569–571.

Forced standing waves in viscous fluids 643.
Forces on a hydrofoil 586.

— on a ship 567, 580,
— on a submerged body 573–574.
— on a submerged cylinder 576.

Fourier analysis of initial-surface profile 507, 613–614.
Fourier integral 507, 523,

Fourier series for surface waves 522ff.
Fourier transform 475.

Fredholm equation for surface waves 535, 543.
Free-surface 446ff.

— —, boundary conditions 454.
Freely floating body 563ff.
— — —, diffraction of water waves 566–567.

— — —, initial displacement 619.
Freely floating sphere 568.

Fresnel integrals 545, 613.
Friedrichs’ shallow-water expansion see shallow-water approxima-

tion.
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Froude-Krylov hypothesis 566.
Froude number 581, 675, 676, 695, 699, 701.

— — for a cnoidal wave 713.
— — for a solitary wave 713.
Fundamental equations for first-order shallow-water approximation

667–668.
Gas dynamics, connection with shallow-water theory 677, 681.

— —, linearized 669.
Generation of waves by oscillating bodies 553ff.

Geometrical boundary 459.
Gerstner’s wave 742–744.
— —, uniqueness theorem 756.

Gliding on a water surface 587–592.
Gravity-capillary wave 614, 631–638.

Gravity-capillary waves, velocity 514, 614.
Gravity wave 508, 510.

Gravity waves, velocity 513–514.
Green’s function of second kind for surface waves 524, 543, 547, 559,

579, 604ff., 614, 616, 621.
Group velocity and energy propagation 519–520.
— — of surface waves 506, 509, 513, 514, 518.

Harmonic vibrations see also oscillations.
Havelock’s method for the investigation of wave crests 735–736.

Heaving circular cylinder generating waves 563.
Heaving hemisphere generating waves 562.

Heaving motion of a floating body 562, 619.
Heterogeneous fluid 506.

Heterogeneous fluids, theorems on wave motion 722–725.
H-function of Kochin 556–558, 573–574.
— —, time-dependent motion 617.

Hodograph plane 683–684.
Hodographic graphical construction 692.

Hull shape, effect on wave resistance 580–581.
Hydraulic analogy of shallow-water theory 668, 673.

Hydraulic friction 696–697.
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Hydraulic jump 685, 689, 692, 696ff.
— —, oblique 700–701.

Hydraulics 446.
— in open channels, steady one-dimensional case 695–701.
Hydrofoil close to surface 586.

— of finite span 586, 590.
—, thin-body approximation 583–587.

Hydrostatic approximation 468.
Hyperbolic differential equation 667, 673, 683.

— — —, canonical form 691.
Hypergeometric functions 612, 672.
Ice sheet on water 455.

Ideal fluid 448, 450.
Infinitely deep fluid 456.

Infinitesimal-wave approximation 456, 462, 463–466, 469ff.
— — —, limits of application 522.

— — — for viscous fluids 638–646.
Infinitesimal waves, higher-order approximation 653–667.

— — in irrotational flow 464.
Initial-value method of Havelock 472, 513, 515.
Initial-value problem for capillary-gravity waves 614, 631, 636.

— — — of Cauchy and Poisson 603, 607–614, 631.
— — —, method of images 610.

— — —, two-dimensional waves 610–614.
Initial-value problems for surface waves 603ff.

Integral equation method for three-dimensional surface waves 545.
— — — for two-dimensional surface waves 533, 535, 537, 543.

Integral equation of Nekrasov 729–730.
Integral equations of Villat 730, 742.
Interface, stress continuity 451.

— of two immiscible fluids 451–455.
Interfacial waves 502–506, 634–635.

— —, existence theorems 755.
— —, viscous fluids 644–646.

Inverse method of boundary-condition construction 736.
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Irrotational flow 449, 462.
Irrotational waves, existence theorems 749–755.

Isentropic flow 686.
Jacobian elliptic functions 706ff.
Jet thrown out by a glider 588.

John’s inverse method 740–742.
Kinematic boundary condition 451, 452, 455.

Kinematic viscosity 447.
Kinematical theorems for free-surface motion 715–716.

Kirchhoff’s approach to beach waves 537–542, 624–627.
Kochin’s formulas for derivatives of Bessel functions 609.
Kochin’s H-function 556–558, 573–574.

— —, time-dependent motion 617.
Kutta-Joukowski condition 560, 584, 588.

Lagrangian description 447.
Laplace equation 462, 667.

Laplace transform 483, 491.
Lattice-point method 691.

Laval nozzle 695.
Legendre polynomials 479, 671.
Levi-Civita’s differential-difference equation 726–727.

Lift of a glider 592.
— of a hydrofoil 586.

Limiting height of finite-amplitude waves 703, 712ff.
— for infinitesimal surface waves 463, 469, 554.

— of shallow-water approximation 668ff.
Linearization parameter 463, 466, 526, 554.

Linearized gas dynamics 669.
Liouville’s theorem 480, 610.
Long wavelengths in canal 669.

Mach angle 692.
Mach lines 687.

Mass transport in free-surface motion 716–718.
— — in second-order infinitesimal wave theory 661.

— — in viscous fluid 666.
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Material derivative 451.
Mathieu functions 652–653.

Maximum amplitude waves 731–736, 749.
Membrane generating waves 558–559, 616.
Metacenter 565.

Michell’s integral 580–581.
Michell’s method for the investigation of wave crests 732–734.

Milne-Thomson’s circle theorem 574.
Minimum of wave velocity for capillary-gravity waves 633.

Modes of waves in a basin 623–627.
Momentum integrals for free-surface motion 718–721.
Momentum of a surface wave 461.

Movable basin, surface waves 627–631.
Navier-Stokes equations 448.

Negative cnoidal wave 714.
Nekrasov’s transformation and integral equation 728–730.

Nekrasov-Yamada method for the investigation of wave crests 734–
735.

Neumann’s boundary problem 622.
Nozzle design 685, 693, 695.
Obstructions in long canal 526ff.

— originating diffraction of surface waves 543–545.
Ocean floor, waves from its sudden motion 617–619.

Oceanography 446.
Open-channel flow 466.

Orbits see circular orbits, elliptical orbits, particle orbits, trajectories.
Orthogonality of elementary solutions 522, 523.

Oscillating basins, resonance waves 627, 629.
— —, stability 651–653.
Oscillating boundaries, wave formation 553–563.

Oscillating submerged body generating waves 554–563.
Oscillations of a freely floating body, oncoming waves 566–567.

Oscillations of a freely floating body, steady case 563ff.
Oscillator in a wall generating waves 558–559, 616.

— not in a wall generating waves 560–562.
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Parameter of linearization 463, 466, 526, 554.
Particle orbits, second-order infinitesimal-wave approximation 660–

661.
— — in surface waves 496–497, 499, 501, 660, 661, 665.
Pendulum bob, containing fluid 631.

Periodic wave of maximum height 732.
Periodic waves in a basin 621–622.

Permanent finite-amplitude wave forms 702, 703.
Perturbation method for surface waves 462.

Phase shift between pressure and displacement in viscous fluids 643.
Phase velocity of an edge wave 550.
— of progressive ocean waves 499.

— of waves in a canal 502.
— of waves at an interface 503.

Physical boundary 459.
Planing on a water surface 587–592.

Plemelj-Sokhotskii theorem 535, 583, 613.
Polar coordinates for surface waves 475, 476.

Port basin waves 623.
Potential flow 448, 450.
Prandtl-Meyer expansion 693.

Prandtl-Meyer function 688, 690.
Prandtl relation for shock waves 698.

Pressure-displacement phase shift in viscous fluids 643.
Pressure distribution, any dependence on time 614–615.

— —, moving with constant velocity 597–602, 637.
— —, second-order infinitesimal-wave theory 665.

— —, suddenly applied 619.
Pressure distribution along a glider 592.
Pressure at a free surface 454, 460, 472.

Pressure at an interface 453.
Pressure periodic in time, generating waves, three-dimensional case

593–595.
— — —, generating waves, two-dimensional case 595–597.

Pressure point (δ function) 599, 602, 637.
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Principal value of an integral 476.
Progressive surface wave 456.

Progressive wave, second-order infinitesimal-wave approach 654–662.
— —, third-order infinitesimal-wave approach 657–658.
Progressive waves in a canal 502.

— — in an infinite ocean 498–501.
Propagation of energy in surface waves 515–522.

— — — —, second-order infinitesimal-wave theory 661.
Propagation of an initial elevation on a free surface 507–513.

Propagation velocity of a solitary wave 710, 711.
Pseudo-exact solutions of Davies and Packham 736, 744–746.
Pulsating source in three dimensions 475.

— — in two dimensions 479.
Pulsating vortex in two dimensions 479, 483.

Radiation condition 471, 475, 493, 595, 616.
Rayleigh’s higher-order infinitesimal-wave approximations 663.

Rectangular basin, waves 623.
Rectangular canal, infinitesimal-wave approximation 502.

— —, shallow-water approximation 670–671, 696.
Reduction method 525, 545, 546.
Reflection coefficient of surface wave at obstruction in canal 527, 528.

Reflection from horizontal circular cylinder 528.
Reflection of simple waves 693–694.

Resonance waves for oscillating basins 627, 629.
Riemann invariant 677–679, 687ff.

Rigid surface, boundary conditions 454–455.
Ring-shaped basin, waves 624.

— —, shallow-water approximation 672.
Ripples (capillary waves) 633.
Rolling of a ship 555.

Rotational waves, existence theorems 755–756.
Rudzki’s inverse method 737–738.

Rudzki’s transformation 727.
Sautreaux’ inverse method 736–737, 742.
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Second order infinitesimal-wave approach for progressive waves 654–
662.

Second-order shallow-water approximation 468, 469.
Sector-shaped basin, waves 624.
Semi-infinite channel 559.

— — for infinitesimal surface waves 472–475.
Shallow-water approximation 456, 462, 466–469, 667ff.

— —, first-order fundamental equations 667–668.
— —, non-linear theory 676, 701.

Shallow-water approximations of higher order 701ff.
Shallow-water results, connection with in-finitesimal wave approxi-

mation 673.

Shallow-water second-order approximation 668, 703, 704.
Shallow-water third order approximation 703, 705, 707.

Ship, dipole approximation 582.
— floating on water 563ff.

— heading into waves 567.
— rolling 555.

Ship, forces on its body 567, 580.
—, transient problems 616–617.
Shock polar 701.

Shock wave, connection with shallow-water theory 681, 693, 698
Short-crested wave 545, 547, 549.

Simple backward-facing wave 679–680.
Simple compression wave 689, 694.

Simple expansion wave 689, 694.
Simple forward-facing wave 679.

Simple wave 678.
Singular solutions including surface tension 635–638.
— — in infinitesimal surface-wave theory 475, 478, 479.

Singularities of constant strength in uniform motion 489.
— of higher order 481, 484, 495.

— in second-order infinitesimal-wave approach 656–657.
Slender body 573, 577, 578–579.

Slender profile in shallow water 675.
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Solitary wave 462, 654, 667, 702.
— —, existence theorems 751–753.

— —, limiting height 712.
— —, propagation velocity 710, 711.
— —, second approximation to its profile 710, 711.

Source of constant strength in uniform motion 483.
Source distribution replacing ship’s hull 581.

Source function see Green’s function.
Source of position and strength varying with time 490–495.

— of pulsating strength in three dimensions 475.
— — — — in two dimensions 479.
Source-type solutions including surface tension 635–638.

Specific heat ratio 2 677, 681.
Spectrum 507.

Sphere floating freely 568.
— heaving on water surface 562.

— submerged 577.
Spheroid, submerged 577, 578.

Spread of hump on a free surface 508.
Stability of motion, interface between moving fluids 648–650.
— —, interface of stationary system 646–648.

— —, interfacial waves 634, 635.
— —, moving basin 630–631.

— —, second-order infinitesimal-wave theory 663.
— —, surface tension effects 647.

— —, vertical oscillation of a basin 651–653.
— —, viscosity effects 647–648.

Standing capillary-gravity waves 632–634.
Standing surface wave 458.
Standing waves in basins 622–627.

— — in a canal 502.
— — in an infinite ocean 495–498.

— — in viscous fluids 641–646.
Steady state as asymptotic limit state 472, 506ff.
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Steady supercritical flow, shallow-water first-order approximation 682–
695.

Stokes’ edge waves 550.
Stokes’ second method 654, 726.
Stokes’ theorem on wave crests 731.

Stratified viscous fluids, interfacial waves 644–646.
Streamlines for standing ocean waves 496.

Stress continuity at an interface 451.
Stress tensor 452.

Struve function 533.
Sturm-Liouville problem 523.
Subcritical flow in an open channel 673, 675, 676.

Submarine explosion 617–619.
Submarine, wave resistance 577.

Submerged moving dipole 487, 489.
Supercritical flow in an open channel 673, 675–676, 696.

Supercritical steady flow, shallow-water first-order approximation 682–
695.

Surface normal 451.
Surface tension 451, 452, 460, 614, 631–638.
— —, effect on cnoidal waves 714.

— —, effect on second-order infinitesimal-wave approach 656ff.
— —, effect on stability 647.

— — in viscous fluids 638, 641ff., 646.
Surface waves, dispersion relations 502, 507, 513–515, 518, 550.

— —, initial value problem 603ff.
System of n fluids 506.

— of two fluids see interface.
Thin floating body, heaving motion 620.
Thin hydrofoil 583–587.

Thin-ship approximation 572, 579–583.
— —, transient problems 616–617.

Thin-wing approximation 572, 584, 590.
Third-order infinitesimal-wave approach for progressive waves 657–

658.
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Three-dimensional surface waves on the beach 545, 547–551.
— — — in a canal 551–553.

— — —, diffraction 543–547.
— — — higher-order infinitesimal-wave theory 662.
Tidal wave 466, 668, 669.

Trajectories of particles in surface waves 496–497, 499, 501, 660, 661,
665.

Transformations of Nekrasov and Rudzki 728, 729.
Transmission coefficient for surface wave, passing obstruction in canal

527, 528.
Transverse wave system 488.
Trapping modes 551.

Tsunami 617–619.
Turbulence of viscous-fluid surface waves 639.

Two-dimensional steady flow, shallow-water first-order approxima-
tion 682–695.

Two-dimensional surface waves on the beach 537–542.
— — —, dock problem 527, 536–537.

— — —, integral-equation methods 533, 535, 537.
— — —, obstruction 526ff.
— — —, reflection coefficient 527, 528.

— — —, transmission coefficient 527, 528.
Uneven bottom 569–571.

Unstable see stability of motion.
Unsteady flow, shallow-water first-order approximation 677.

Ursell edge wave 551.
Velocity ellipse in the hodograph plane 692.

Velocity of gravity-capillary waves 514, 614.
— of gravity waves 513–514.
Velocity minimum of capillary-gravity waves 633.

Velocity potential 449, 470.
Velocity of a wave see phase velocity and group velocity.

Vertical barrier in a canal 529.
Vertical cylinder cutting water surface 544.

Villat’s integral equations 730, 742.
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Viscosity 447.
—, effect on stability 647–648.

—, fictitious 479.
—, neglected 448, 462.
Viscous fluid, boundary conditions 451.

— —, surface waves in linear approximation 638–646.
— —, surface waves in second-order infinitesimal-wave approximation

666.
Viscous resistance, separation from wave resistance 581.

Vortex of pulsating strength in two dimensions 479, 483.
Vortex varying with time 495.
Vorticity of Gerstner’s waves 743.

Water-air interface, parameters 645, 650.
Water waves, diffraction 543–545, 560, 566–567.

Wave crest 487, 494.
— —, average position 508–509.

— —, breaking 681.
Wave crest form, Stokes’ theorem 731.

Wave generation by oscillating bodies 553ff.
— — by varying pressure distribution 592–603.
Wave length of surface wave 487.

Wave packet 509, 518.
Wave-profile, second-order infinitesimal-wave approximation 656, 659.

—, third-order infinitesimal-wave approximation 658, 660.
Wave resistance 576ff.

— — of a ship 580–581.
Wave velocity, definition 457.

Waves on the beach 537–542, 545, 547–551.
Waves of infinitesimal-amplitude see infinitesimal waves.
Waves at an interface of two fluids 502–506, 634.

Waves from a submerged oscillating body 554–563.
Wedge-shaped surface-wave system 488.

Wiener-Hopf integral equation 537, 545.
Wind-generating water waves 650.
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