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INDEX

Numbers preceded by letters are Appendix references. Appendices A, B, and C are in
Part One; Appendices D and E, Part Two; and Appendices F and G, Part Three.

Acceleration, centrifugal fluid, 729
centripetal, 59
Coriolis, 59
Eulerian variable, 727
fluid, 727
instantaneous, 45

Accelerator, electric field, 776
MHD, 825
particle, 608

Acoustic delay lines, 480
Acoustic waves, compressional in solid, 673

dilatational in solid, 673
elastic media, 671
fluid, 544
gases, 845
guided, 679, 683, 693
magnetic fields and, 846
membrane, 509
shear elastic, 675
string, 509
thin beam, 683
thin rod, 487, 681

Acyclic machine, 286
Air-gap magnetic fields, 114
Alfv6n velocity, 763
Alfv6n waves, 759

compressible fluids and, 841
cylindrical geometry, 767
effect of conductivity on, 772
mechanical analogue to, 766
nature of, 764
numerical example of, 771
resonances and, 771
standing, 771
torsional, 765

Amortisseur winding, 164
Ampere, 1
Ampere's law, B6, C3, E3, G3

dynamic, B9
electromechanical, 304
example of, B7
integral form of, B36, C3, E3, G3
magnetization and, B26

Amplifying wave, coupled system and, 608
electric field induced, 605
evanescent wave and, 607
space-time behavior of, 604, 606

Angular frequency, 513
Angular momentum, 248
Angular velocity, 47
Applications of electromechanics, 2
Approximations, electromechanical, 206
Armature, ac machine, 120

de machine, 141, 293
Armuture reaction, 297

Astrophysics and MHD, 552
Attenuation, microwave, 561
Average power converted, salient pole ma-

chine, 155
smooth-air-gap machine, 124

Beats in space, 595
Bernoulli's equation, 738

example of, 752
Bessel functions, 408

roots of, 409
Bias, linear transducer operation and, 201

piezoelectricity and, 711
Bode plot, 206
Boundary, analytic description of, 269, 668

examples of moving, 269, 276, 279, 280,
364, 392, 397, 451, 460, 563, 574, 605,
627, 704, 783

moving, 267
well defined, 267

Boundary condition, Alfv6n waves, 769
causality and, 491, 592, 607
conservation of charge, 279, 374, 376, 394,

399
convection and, 267, 587, 598
dispersion and, 618
elastic media, 671, 676
electric displacement, 278
electric field intensity, 275, 278
electric field systems, 277, E6, G6
electromagnetic field, 267
electromechanical, 668
field transformations and, 275
geometric effect of, 280
initial condition and, 513
inviscid fluid, 752
inviscid fluid slip, 740
longitudinal and transverse, 680
magnetic field intensity, 273, 280
magnetic field systems, 270, E6, G6
magnetic field system current, 272
magnetic fluid, 774
magnetic flux density, 271
MHD, 769
motion and, 267, 491, 587, 592, 598, 607
string and membrane, 522
summary of electromagnetic, 268, E6, G6
thin rod, 493
viscous fluid, 873

Boundary layer dynamics, 602
Brake, induction, 134

MHD, 744
Breakdown, electrical, 576, 782
Breakdown strength of air, 576
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Brush, dc machine, 292
liquid-metal, 316, 878
metal-graphite, 883

Bullard's equation, 336

Cables, charge relaxation in high voltage, 380
nonuniform conductivity in, 380

Capability curve of synchronous generator,
170

Capacitance, electrical linearity and, 30
example for calculation of, 32, 33
generalized, 28
quasi-static limit and, B18

Causality, boundary conditions and, 592,
607

condition of, 491, 592, 607
Center of mass, 46
Channel, variable-area MHD, 751
Characteristic dynamical times, excitation

and, 332
material motion and, 332

Characteristic equation, 181
Characteristics, wave fronts and, 618

wave propagation and, 488, 490
waves with convection and, 586

Charge, B 1
conservation of, B5
net flow and flow of net, B6
test, 12
total, 29

Charge-average velocity, B5
Charge carriers, effect of motion on, 290
Charge conservation, differential form of,

B5
integral form of, B5

Charge density, B1
effect of motion on, 290, 334, 382, 387,

388, 392, 397, 401
free, 7, B28
magnetic field system and, 288

Charge distribution, effect of motion on,
334, 382, 387, 388, 392, 397, 401

Charge relaxation, 330, 370
electrical transient, 372
examples of, 372, 375
excitation frequency and, 378, 400
frequency in frame of material and, 399
general equation for, 371
lumped-parameter models for, 331, 375
magnetic diffusion and, 401
motion sinusoidal excitation with, 392
moving frame and, 381
nonuniform properties and, 378
sources of charge and, 372
spatially and temporally periodic fields

and, 397
steady motion and, 380
thunder storms, and, 388
traveling wave in a moving material and,

397
uniform properties and, 372

Choking, constant area flow, 824

ex

Circuit breaker, transducer for a, 22
Circuit theory, 16
Coefficient, of sliding friction, 42

of static friction, 42
Coefficients of viscosity, independence of,

870
Coenergy, 73, E5, G5

electrical linearity and, 76
potential well motions and, 217

Coenergy density, electric field system, 464,
714

magnetic field system, 456
Collector rings, 120
Commutation in dc machines, 296
Commutator, 140

of dc machines, 292
Commutator bars, 142
Commutator machines, 140

ac generator, 329
brake operation of, 306
compound wound, 310
electrical power input of, 303
equation for armature of, 300
equation for field of, 297
equation of motion for, 297
generator operation of, 306
linear amplifier, 304
mechanical power output of, 303
motor operation of, 306
operation with alternating currents and,

312
properties of, 303
separately excited, 306
series excitation of, 309
shunt excitation of, 309
speed curves of, shunt excited, 310
speed regulation of, 307
summary of equations for, 303
torque-current curves of series excited, 311
torque-speed curves of shunt excited, 310
transient performance of, 306

Compensating networks, 198
Compensation in feedback loops, 198
Compressibility constant, 845
Compressibility of fluid, 725
Compressible fluids, 813

electromechanical coupling to, 820
Conduction, electrical, 7, B30

in electric field system, effect of motion
on, 371

heat, 815
motion and electrical, 284, 289

Conduction current, B6
absence of net free charge and, 374

Conduction machine, MHD, 740
variable area, MHD, 753
see also Commutator machine; DC machines

Conductivity, air and water, 388
electrical, 7
electrical surface, 7
mechanical strength and, 698
nonuniform, 380
numerical values of, 345, 377
Conductor, electric field perfect, 29, 213,
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390, 400, 401
magnetic field perfect, 18, 211, 223,

354, 401, 563
Confinement, electromechanical, 4, 407
Conservation, of charge, B5

displacement current and, B9
integral form of, B37

of energy, 63, 66
continuum, 456, 464
continuum coupling and, 455
equation, steady state, 820
fluid, 814
incompressible fluid, 757
integral form of, 819

of flux, lumped-parameter, 211, 220
perfectly conducting fluid and, 761

of mass, differential law of, 731
example of, 730
fluid, 729, 814
integral form of, 730

of momentum, fluid, 731, 814
integral form of, 733, 734
interfacial, 671
stress and, 733

Conservative systems, 213
Constant charge dynamics, 205, 213
Constant-current constant-flux dynamics,

220
Constant-current constraint, continuum, 628
Constant-current dynamics, 220
Constant flux, lumped and continuum, 212
Constant flux dynamics, fluid, 761

lumped-parameter, 211, 220
Constant of the motion, fluid, 738
Constant voltage dynamics, 204, 212, 226
Constituent relations, electromagnetic, 283,

B25
fluid, 815
fluid mechanical, 735
materials in motion and, 283
moving media in electric field systems

and, 289
moving media in magnetic field systems

and, 284
Constitutive law, mobile ion, 778

piezoelectric slab, 712
Contact resistance, MHD, 750
Contacts, sliding, 42
Continuity of space, 35
Continuum and discrete dynamics, 553
Continuum descriptions, 727
Continuum electromechanical systems, 251
Contour, deforming, 11, B32
Control, dc machines and, 291
Controlled thermonuclear reactions, 354
Convection, dynamical effect of, 584

and instability, 593
Convection current, B6
Convective derivative, 259, 584

charge relaxation and, 381
example of, 729
magnetic diffusion and, 357
see also Substantial derivative

Convective second derivative, 585
Coordinate system, inertial, 254
Corona discharge, 776, 782
Corona wind, demonstration of, 782
Couette flow, plane, 876
Coulomb's law, B1

point charge, B2
Coupling, electromechanical, 15, 60
Coupling to continuous media at terminal

pairs, 498
Coupling network, lossless and conserva-

tive, 63
Creep, failure in solids by, 704
Critical condition for instability, 568
Crystals, electromechanics of, 651

piezoelectric materials as, 711
Current, balanced two-phase, 113

conduction, B6
convection, B6
displacement, B9
electric field system, 29
free, B25
magnetization, B25
polarization, B29

Current density, B5
diffusion of, 343
distribution of, 332
free, 7

Current law, Kirchhoff's, 16
Currents as functions of flux linkages, 26
Current transformation, examples of, 226
Cutoff condition, 559
Cutoff frequency, 559

elastic shear waves, 695
membrane, 623

Cutoff waves, 556
electromagnetic plasma, 638
membrane, 623
power flow and, 637
thin beam, 684
see also Evanescent wave

Cyclic energy conversion processes, 79
Cylindrical coordinates, stress components

in, 437
'Cylindrical modes, 648

Damped waves, driven response of, 577
Damper, linear ideal, 40

lumped element, 36, 40
square-law, 43, 229

Damper winding in rotating machine, 164
Damping, magnetic fluid, 750

negative, 198
spatial decay and, 560
wave dynamics with, 576

Damping constant, 41
Damping frequency, 577
DC generator, magnetic saturation in, 310

self-excited, 310
DC machines, 140; see also Commutator

machines
DC motor, self-excited, 308

series excited, 311
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starting torque of, 310
torque-speed curves for, 306

Definitions, electromagnetic, 7, B1
Deforming contours of integration, 10, 18,

262, B32, 761
Degree of freedom, 49
Delay line, acoustic, 480

acoustic magnetostrictive, 708
fidelity in, 501
mechanical, 499
shear waves and, 696

Delta function, B2
Kronecker, 421

Derivative, convective, 259, 584, 726
individual, 728
particle, 728
Stokes, 728
substantial, 259, 584, 728
total, 728

Dielectrophoresis, 783
Difference equation, 620
Differential equation, order of, 180

linear, 180
Differential operators, moving coordinates

and, 257
Diffusion, magnetic, 576

magnetic analogous to mechanical, 580
of magnetic field and current, 335

Diffusion equation, 337
Diffusion time constant, 341

numerical values of, 344
Diffusion wave, magnetic, 358

picture of, 581
space-time behavior of, 359

Dilatational motion of fluid, 866
Direction cosines, definition of, 435

relation among, 439
Discrete systems, electromechanics of, 60
Discrete variables, mechanical, 36

summary of electrical, 35
Dispersion equation, absolutely unstable

wire, 567
Alfvyn wave, 769
amplifying wave, 602
convective instability, 602
damped waves, 577
elastic guided shear waves, 695
electron oscillations, 601
evanescent wave, 557
kink instability, 629
magnetic diffusion with motion, 357
membrane, 623
moving wire destabilized by magnetic

field, 602
moving wire stabilized by magnetic

field, 596
ordinary waves, 513

with convection, 594
on wire, 555
on wires and membranes, 513

resistive wall interactions, 609
sinusoidal steady-state, and 514
wire with convection and damping, 609

Displacement, elastic materials, 486
elastic media, 652
lumped parameter systems, 36
one-dimensional, 483
relative, 657
and rotation, 657
and strain, 658
transformation of, 659
translational, 657

Displacement current, B9
Displacement current negligible, B19
Distributed circuits, electromechanical, 651
Divergence, surface, 272

tensor, 422, G9
theorem, B4, C2, E2, G2, G9

Driven and transient response, unstable
system, 569

Driven response, one-dimensional con-
tinuum, 511

unstable wire, 568
Driving function, differential equation, 180

sinusoidal, 181
Dynamics, constant charge, 205, 213

constant current, 220
constant flux, 211, 220
constant voltage, 204, 212, 226
lumped-parameter, 179
reactance dominated, 138, 211, 220, 242,

336, 354, 368, 563
resistance dominated, 138, 209, 233, 242,

336, 354, 368, 503, 583, 611
two-dimensional, 621

Dynamics of continua, x-t plane, 488, 586
omega-k plane, 511, 554

Dynamo, electrohydrodynamic, 388

Eddy currents, 342, 628
Efficiency of induction machine, 134
EHD, 3, 552, 776
EHD pump, demonstration of, 783
Eigenfrequencies, 518

electromechanical filter, 707
magnetic field, shift of, 562
not harmonic, 563, 684
wire stiffened by magnetic field, 562

Eigenfunction, 518
Eigenmode, 517

complex boundary conditions and, 533
orthogonality of, 341, 519, 520

Eigenvalues, 518
dispersion and, 562
graphic solution for, 526
kink instability, 630

Elastic beam, resonant circuit element, 688
Elastic constants, independence of, 664

numerical values of, 486
Elastic continua, 479
Elastic failure, example of electromechani-

cal, 701
Elastic force density, 667
Elastic guiding structures, 693
Elasticity, summary of equations of, 666, 668
Elasticity equations, steps in derivation of,

651

I
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Elastic material, ideal, 485
linear, 485

Elastic media, 651
electromechanical design and, 697
electromechanics of, 696
equations of motion for, 653
quasi-statics of, 503

Elastic model, membrane, 509
thin rod, 480
wire, 509

Elastic waves, lumped mechanical elements
and, 507

shear, 543
thin rod, 543
see also Acoustic waves

Electrical circuits, 16
Electric displacement, 7, B28
Electric field, effect of motion on, 334,

382, 387, 388, 392, 397, 401
Electric field coupling to fluids, 776
Electric field equations, periodic solution

to, 281
Electric field intensity, 7, B1
Electric field system, B19

differential equations for, 8, E3, G3
integral equations for, 11, E3, G3

Electric field transformation, example of,
262

Faraday's law and, 262
Electric force, field description of, 440

fluids and, 776
stress tensor for, 441

Electric force density, 418, 463
Electric Reynolds number, 335, 370, 381,

383, 395, 399, 401, 575, 780
mobility model and, 780

-Electric shear, induced surface charge and,
400

Electric surface force, 447
Electrification, frictional, 552
Electroelasticity, 553
Electrogasdynamic generator, 782
Electrohydrodynamic orientation, 785
Electrohydrodynamic power generation, 782
Electrohydrodynamics, 3, 552, 776
Electrohydrodynamic stabilization, 786
Electromagnetic equations, differential, 6,

B12, B19, E3, G3
integral, 9, B32, E3, G3
quasi-static, 5, B19, B32, E3, G3
summary of quasi-static, 13, E3, G3

Electromagnetic field equations, summary
of, 268, E6, G6

Electromagnetic fields, moving observer
and, 254

Electromagnetic theory, 5, B1
summary of, 5, E6, G6

Electromagnetic waves, B13
absorption of, B25

Electromechanical coupling, field descrip-
tion of, 251

Electromechanics, continuum, 330
of elastic media, 651
incompressible fluids and, 737

lumped-paramete;, 60
Electron beam, 4, 552, 600, 608

magnetic field confinement of, 601
oscillations of, 600

Electrostatic ac generator, 415
Electrostatic self-excited generator, 388
Electrostatic voltmeter, 94
Electrostriction, incompressibility and, 784
Electrostriction force density, 465
Elements, lumped-parameter electrical, 16

lumped-parameter mechanical, 36
Energy, conservation of fluid, 814

electrical linearity and, 76
electric field system conservation of, 66
internal or thermal gas, 813
internal per unit mass, 815
kinetic per unit mass, 815
magnetic field system conservation of, 63
magnetic stored, 64
potential and kinetic, 214

Energy conversion, cyclic, 79, 110
electromechanical, 79
lumped-parameter systems, 79

Energy density, B23
equal electric and magnetic, B24

Energy dissipated, electromagnetic, B22
Energy flux, B22
Energy function, hybrid, 220
Energy method, 60, 450, E5, G5
Energy relations, summary of, 68, E5, G5
Enthalpy, specific, 820
Equation of motion, elastic media, 668

electromechanical, 84
examples of lumped-parameter, 84, 86
incompressible, irrotational inviscid flow,

738
linearized, 183
lumped mechanical, 49

Equilibrium, of continuum, stability of, 574
dynamic or steady-state, 188
hydromagnetic, 561
kink instability of, 633
potential well stability of, 216
static, 182

Equipotentials, fluid, 752
Eulerian description, 727
Evanescence with convection, 596
Evanescent wave, 556

appearance of, 559
constant flux and, 563
dissipation and, 560
elastic shear, 695
equation for, 557
example of, 556
membrane, 560, 623
physical nature of, 560
signal transmission and, 639
sinusoidal steady-state, 558
thin beam, 684

Evil, 697

Failure in solids, fatigue and creep, 704
Faraday, 1

_·_ _~__~_
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Faraday disk, 286
Faraday's law, B9

deforming contour of integration and, 262,
300, 315, 565, B32, E3, G3

differential form, 6, B10, E3, G3
example of integral, 262, 276, 286, 297,

315
integral form of, 810, B32
perfectly conducting fluid and, 761

Fatigue, failure in solids by, 704
Feedback, continuous media and, 548

stabilization by use of, 193
Ferroelectrics, B29

piezoelectric materials and, 711
Ferrohydrodynamics, 552, 772
Field circuit of dc machine, 141
Field equations, moving media, generalization

of, 252
Fields and moving media, 251
Field transformations, 268, E6, G6;

see also Transformations
Field winding, ac machine, 120

dc machine, 293
Film, Complex Waves I, xi, 516, 559, 571,

634
Film, Complex Waves II, xi, 573, 606
Filter, electromechanical, 2, 200, 480, 704
First law of thermodynamics, 63
Flow, Hartmann, 884

irrotational fluid, 737
laminar, 725
turbulent, 725

Flowmeter, liquid metal, 363
Fluid, boundary condition for, 725

boundary condition on, inviscid, 752
compressibility of, 725
effect of temperature and pressure on, 724
electric field coupled, 776
electromechanics of, 724
ferromagnetic, 552, 772
highly conducting, 760
incompressible, 724, 735
inhomogeneous, 735
internal friction of, 724
inviscid, 724, 725
laminar and turbulent flow of, 725
magnetic field coupling to incompressible,

737
magnetizable, 772
Newtonian, 861
perfectly conducting, 563
solids and, 724
static, 735
viscous, 861

Fluid dynamics, equations of inviscid com-
pressible, 813

equations of inviscid, incompressible, 726
equations of viscous, 871

Fluid flow, accelerating but steady, 753
around a corner, 751
potential, 751
unsteady, 746
variable-area channel, 751

Fluid-mechanical examples with viscosity,
875

Fluid orientation systems, 785
Fluid pendulum, electric-field coupled, 784

magnetic damping of, 750
Fluid pump or accelerator, 776
Fluid stagnation point, 752
Fluid streamlines, 752
Fluid transformer, variable-area channel

as, 756
Flux amplification, plasmas and, 354
Flux conservation, lumped-parameter, 211,

220
magnetic fields and, 352
perfectly conducting gas and, 849

Flux density, mechanical amplification of,
354

Flux linkage, 19, E4, G4
example of, 22, 23

Force, charge, B1
derivative of inductance and, 453
electric origin, 67, E5, G5
electromagnetic, 12
field description of, 418
fluid electric, 776
Lorentz, 12, 255, 419
magnetic, B6
magnetization with one degree of free-

dom, 451
physical significance of electromagnetic,

420
polarized fluids, 463, 572, 784
single ion, 778
surface integral of stress and, 422

Force-coenergy relations, 72, E5, G5
Force density, 7

averaging of electric, 440
averaging of magnetic, 419
divergence of stress tensor and, 422,

427, G9
effect of permeability on, 455, 456
elastic medium, 667
electric, 12, B3, 440, Gil
magnetic field systems, 419, 462, Gl
electromagnetic fluid, 732
electrostriction, 465, G11
fluid mechanical, 732
fluid pressure, 736
free current, 419, Gl
inviscid fluid mechanical, 737
lumped parameter model for, 455
magnetic, 12, 419, B9
magnetization, 448, 450, 462, Gil
magnetostriction, 461, 462, Gil
polarization, 450, 463, Gil
summary of, 448, Gl

Forced related to variable capacitance, 75
Force-energy relations, 67, E5, G5

examples of, 70
Force equations, elastic media, 653
Force of electric origin, 60, E5, G5
Fourier series, 340
Fourier transform, two-dimensional, 617
Fourier transforms and series, diffusion
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equation and, 340
eigenmodes as, 517
linear continuum systems and, 511, 554,

617
linear lumped systems and, 200
mutual inductance expansions and, 108,

153
Frame of reference, laboratory, 254
Free-body diagram, 49
Free charge density, B28
Free charge forces, avoidance of, 787
Frequency, complex, 181, 554

complex angular, 554
natural, 181, 515
voltage tuning of, 704

Frequency conditions for power conversion,
111, 155

Frequency response of transducer, 204
Friction, coulomb, 42
Frozen fields, perfectly conducting gas and,

849
Fusion machines, instability of, 571

Galilean transformation, 584
Gamma rays, B13
Gas, perfect, 816
Gas constant, 816

universal, 816
Gases, definition of, 724

ionized, 813
Gauss's law, differential form of, B5

example of, B4
integral form of, B3
magnetic field, B12
polarization and, B28

Gauss's theorem, tensor form of, 423, G9
Generators, electric field, 778

electrohydrodynamic applications of, 3
hydroelectric, 152
induction, 134
magnetohydrodynamic applications of, 3
MHD, 744
Van de Graaff, 3, 383, 385

Geometrical compatibility, 53
Geophysics and MHD, 552
Gravitational potential, 733
Gravity, artificial electric, 785

force density due to, 732
waves, 794

Group velocity, 614
power flow and, 638
unstable media and, 617

Guiding structures, evanescence in, 560

Hartmann flow, 884
Hartmann number, 887
Heat transfer, EHD and, 552
Homogeneity, B27
Homogeneous differential equation, solu-

tion of, 180
Homopolar machine, 286, 312

armature voltage for, 314
speed coefficient for, 314

summary of equations for, 316
torque for, 316

Hunting transient of synchronous machine, 192
Hydraulic turbine, 151
Hydroelectric generator, 152
Hydromagnetic equilibria, 561, 571
Hysteresis, magnetic, B27

Identities, Cl, El, G1
Impedance, characteristic, 497
Incompressibility, fluid, 735
Incompressible fluids, MHD, 737
Incompressible media, 380
Incremental motions, see Linearization
Independence of variables, 69, 97 (see

Problem 3.16)
Independent variables, change of, 72
Index notation, 421, G7
Inductance, calculation of, 22

electrical linearity and, 20
generalized, 17
quasi-static limit and, B18

Induction, demonstration of motional, 253
law of, B9; see also Faraday's law

Induction brake, 134
Induction generator, 134

electric, 400
Induction interaction, 367
Induction law, integral, B32; see also

Faraday's law
Induction machine, 127

coefficient of coupling for, 135
distributed linear, 368
efficiency of, 134
equivalent circuit for, 131
loading of, 137
lumped-parameter, 368
MHD, 745
power flow in, 133
reactance and resistance dominated, 137
single phase, 138
squirrel-cage, 129
starting of, 137, 139
torque in, 132
torque-slip curve of, 135
variable resistance in, 136
wound rotor, 106

Induction motor, 134
Inductor, 17
Inelastic behavior of solids, 699
Influence coefficients, MHD, 822

variable-area MHD machine, 832
Initial and boundary conditions, 513
Initial conditions, convection and, 587

one-dimensional continuum, 488, 512
Initial value problem, continuum, 488
Instability, absolute, 566

and convective, 604
aeroelastic absolute, 793
convective, 601
dynamic, 192
electrohydrodynamic, 571
engineering limitations from convective, 604

_____·__ ____~
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and equilibrium, example of, 185
failure of a static argument to predict, 192
fluid pendulum, 785
fluid turbulence and, 725
graphical determination of, 184
heavy on light fluid, 571
and initial conditions, 184
kink, 627
linear and nonlinear description of, 216
nonconvective, 566
nonlinearity and, 570
omega-k plot for, 569
plasma, 553
in presence of motion, 583
Rayleigh-Taylor, 571
resistive wall, 576, 608
space-time dependence of absolute, 570
static, 182
in stationary media, 554

Integral laws, electromagnetic, 9, B32, E3,
G3

Integrated electronics, electromechanics
and, 688

Integration contour, deforming, 11, B32
Internal energy, perfect gas, 816
Invariance of equations, 256
Inviscid fluid, boundary condition for, 752
Ion beams, 552
Ion conduction, moving fluid and, 778
Ion drag, efficiency of, 782
Ion-drag phenomena, 776
Ionized gases, acceleration of, 746
Ion source, 776
Isotropic elastic media, 660
Isotropy, B27

Kinetic energy, 214
Kirchhoff's current law, 16
Kirchhoff's laws, 15

electromeclianical coupling and, 84
Kirchhoffs voltage law, 16
Klystron, 601
Kronecker delta function, 421, G7

Lagrangian coordinates, 652
surface in, 669

Lagrangian description, 727
Lagrangian to Eulerian descriptions, 483
Lam6 constant, 667

numerical values of, 677
Laplace's equation, fluid dynamics and, 737

two-dimensional flow and, 751
Leakage resistance of capacitors, 377
Legendre transformation, 73
Length expander bar, equivalent circuit

for, 716
piezoelectric, 712

Levitating force, induction, 369
Levitation, electromechanical, 4, 195, 365,

370
demonstration of magnetic, 370
and instability, 574
of liquids, EHD, 552
MHD, 552

solid and liquid magnetic, 365
Light, velocity of, B14
Linearity, electrical, 20, 30, B27
Linearization, continuum, 483, 510, 556,

652, 842
error from, 224
lumped-parameter, 182

Linear systems, 180
Line integration in variable space, 64, 67
Liquid drops, charge-carrying, 388
Liquid level gauge, 416
Liquid metal brush, 878

numerical example of, 883
Liquid metal MHD, numerical example of

750
Liquid metals, pumping of, 746
Liquid orientation in fields, 785
Liquids, definition of, 724
Liquids and gases, comparison of, 724
Loading factor, MHD machine, 833
Lodestone, B25
Long-wave limit, 283, 574

thin elastic rod and, 683
Lord Kelvin, 389
Lorentz force, 419
Loss-dominated dynamics, continuum, 576
Loss-dominated electromechanics, 229, 249
Loss-dominated systems, 227
Losses, fluid joule, 815
Loudspeaker, model for, 527
Lumped-parameter electromechanics, 60
Lumped-parameter variables, summary of,

35, E4, G4

Mach lines, 624
Mach number, 624, 823
Macroscopic models, electromagnetic, B25
Magnet, permanent, 27
Magnetic axes of rotating machines, 105
Magnetic circuit, example of, 22, 23
Magnetic diffusion, 330, 335

charge relaxation compared to, 401
competition between motion and, 351
cylindrical geometry and, 408
effect of motion on, 354
electrical transient, 338
induction machines and, 746
initial conditions for, 339
limit, of infinite conductivity in, 343

of small conductivity in, 343
liquid metals and, 354
lumped-parameter models for, 331, 334,

336
sinusoidal steady-state, 358
sinusoidal steady-state with motion, 355
steady-state, 337, 347

steady-state in the moving frame, 351
traveling-wave moving media, 364

Magnetic diffusion time, 341, 772
Magnetic field, air-gap, 114

induced and imposed, 212, 286, 332
origin of earths, 336, 552

Magnetic field compression, 354
Magnetic field equations, insulating me-

I
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dium, 773
Magnetic field intensity, 7, B25
Magnetic field system, 6, B19

differential equations for, 6, B20, E6, G6
integral equations for, 10, B32, E3, G3

Magnetic field transformation, example of,
266; see also Transformations

Magnetic fluid, demonstration of, 777
Magnetic flux density, 7, B6
Magnetic flux lines, frozen, 763
Magnetic force, field description of, 418,

Gll
stress tensor for, 422, G11

Magnetic forces and mechanical design, 697
Magnetic induction negligible, B19
Magnetic piston, 354
Magnetic pressure, 369
Magnetic Reynolds numbers, 333, 349, 351,

353, 357, 401, 628, 741, 821
MHD flow, 754
numerical value of, 354

Magnetic saturation in commutator ma-
chines, 297

Magnetic surface force, 447
Magnetic tension, 767
Magnetization, B25

effect of free current forces on, 455
Magnetization currents, B25
Magnetization density, 7, B25
Magnetization force, fluids and, 772

one degree of freedom and, 451
Magnetization force density, changes in

density and, 461
example of, 460
inhomogeneity and, 460
in moving media, 285
summary of, 448, G11

Magnetoacoustic velocity, 850
Magnetoacoustic wave, 846

electrical losses and, 860
flux and density in, 851
numerical example, in gas, 852

in liquid, 853
Magnetoelasticity, 553
Magnetofluid dynamics, 551
Magnetogasdynamics, 551
Magnetohydrodynamic conduction ma-

chine, 740
Magnetohydrodynamic generator, constant-

area, 821
variable-area, 828

Magnetohydrodynamics, 551
constant-area channel, 740
viscosity and, 725

Magnetohydrodynamics of viscous fluids,
878

Magnetostriction, 697
one degree of freedom and, 452

Magnetostriction force, incompressible
fluid and, 776

Magnetostrictive coupling, 707
Magnetostrictive transducer, terminal repre-

sentation of, 711
Mass, conservation of fluid, 729

elastic continua, quasi-static limit of, 507
lumped-parameter, 36, 43
total, 46

Mass conservation, 731
Mass density, 45

elastic materials, numerical values of, 486
of solid, 486

numerical values of, 486, G12
Mass per unit area of membrane, 509
Mass per unit length of wire, 511
Matched termination, 497
Material motion, waves and instabilities

with, 583
Matter, states of, 724
Maxwell, 1
Maxwell's equations, B12

limiting forms of, B14
Maxwell stress tensor, 420, 441, G7, G11
Mechanical circuits, 36
Mechanical continuum, 479
Mechanical equations, lumped-parameter,

49
Mechanical input power, fluid, 756

variable-area channel, 756
Mechanical lumped-parameter equations,

examples of, 49, 51, 53
Mechanics, lumped-parameter, 35

rigid body, 35
transformations and Newtonian, 254

Membrane, elastic continua and, 509, 535,
electric field and, 574
equations of motion for, 511, 535, G13
two-dimensional modes of, 622

Membrane dynamics with convection, 584
Mercury, density and conductivity of, 750

properties of, 883
Meteorology, EHD and, 552
MFD, 551; see also MHD
MGD, 551; see also MHD
MHD, 551

compressible fluids and, 813
liquid metal numerical example of, 750
magnetic damping in, 750
transient effects in, 746, 759
transient example of, 750
variable-area channel in, 751
of viscous fluids, 878

MHD conduction machine, 821, 828
equivalent circuit for, 742
pressure drop in, 742
terminal characteristics of, 742

MHD constant-area channel, 740, 820
MHD flows, dynamic effects in, 746
MHD generator, comparison of, 839

compressibility and, 820
constant voltage constrained, 743
distribution of properties in, 827
end effects in, 797
examples of, 840, 841
Mach number in, 823
numerical example of, 826
temperature in, 823
variable-area channel, 828
viscosity and, 725, 884

_·_ 1 -1----11_-1-----··-



10 Ind

MHD machine, compressible and incom-
pressible, 825

constant velocity, loading factor and
aspect ratio, 834

dynamic operation of, 746
equivalent circuit for variable area, 756
loading factor of, 833
operation of brake, pump, generator, 744
quasi-one-dimensional, 828
steady-state operation of, 740
velocity profile of, 891

MHD plane Couette flow, 884
MHD plane Poiseuille flow, 878
MHD pressure driven flow, 884
MHD pump or accelerator, 824
MHD transient phenomena, 759
MHD variable-area channel equations,

conservation of energy and, 831, 833
conservation of mass and, 831, 833
conservation of momentum and, 831, 833
local Mach number and, 823, 833
local sound velocity and, 822, 833
mechanical equation of state and, 816, 833
Ohm's law and, 830, 833
thermal equations of state and, 820, 833

MHD variable-area machine, equations
for, 833

MHD variable-area pumps, generators and
brakes, 751

Microphone, capacitor, 201
fidelity of, 204

Microphones, 200
Microwave magnetics, 553
Microwave power generation, 552
Mobility, 289, B31

ion, 778
Model, engineering, 206
Modulus of elasticity, 485

numerical values of, 486, G12
Molecular weight of gas, 816
Moment of inertia, 36, 48
Momentum, conservation of, see Conserva-

tion of momentum
Momentum density, fluid, 734
Motor, commutator, 140, 291

induction, 134
reluctance, 156
synchronous, 119

Moving media, electromagnetic fields and,
251

Mutual inductance, calculation of, 22

Natural frequencies, 515
dispersion equation and, 517

Natural modes, dispersion and, 561
kink instability, 635
of membrane, 624, 625
overdamped and underdamped, 583
of unstable wire, 569

Navier-Stokes equation, 872
Negative sequence currents, 144
Networks, compensating, 198
Newtonian fluids, 861

[ex

Newton's laws, 15, 35
elastic media and, 653

Newton's second law, 44, 50
electromechanical coupling and, 84
fluid and, 729, 731

Node, mechanical, 36, 49
Nonlinear systems, 206, 213
Nonuniform magnetic field, motion of

conductor through, 367
Normal modes, 511

boundary conditions and, 524
Normal strain and shear stress, 662
Normal stress and normal strain, 661
Normal vector, analytic description of, 269

Oerstad, 1, B25
Ohm's law, 7, B30

for moving media, 284, 298
Omega-k plot, absolutely unstable wire, 567

amplifying wave, 603
convective instability, 603
damped waves, complex k for real omega,

579
elastic guided shear waves, 695
electron oscillations, 601
evanescent wave, 557, 559, 597, 615, 695
moving wire, with destabilizing magnetic

force, 603
with resistive wall, complex k for real

omega, 611
with resistive wall, complex omega for

real k, 610
ordinary wave, with convection, 594

on wires and membranes, 514
ordinary waves, 514, 555
unstable eigenfrequencies and, 569
waves with damping showing eigenfre-

quencies, 582
wire stabilized by magnetic field, 557

Orientation, electrohydrodynamic, 571
electromechanical, 4
of liquids, dielectrophoretic, 785

EHD, 552
Orthogonality, eigenfunctions and, 341, 519,

520
Oscillations, nonlinear, 226

with convection, 596
Oscillators in motion, 599
Overstability, 192

Particles, charge carriers and, 782
Particular solution of differential equation,

180
Pendulum, hydrodynamic, 746

simple mechanical, 214
Perfect conductor, no slip condition on, 769
Perfect gas law, 816
Perfectly conducting gas, dynamics of, 846
Perfectly conducting media, see Conductor
Permanent magnet, in electromechanics, 27

example of, 28
as rotor for machine, 127

Permanent set, solids and, 700
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Permeability, 7, B27
deformation and, 459
density dependence of, 454
free space, 7, B7

Permittivity, 9, B30
free space, 7, 9, B2

Perturbations, 183
Phase sequence, 144
Phase velocity, 613

diffusion wave, 358
dispersive wave, 598
membrane wave, 512
numerical elastic compressional wave, 677
numerical elastic shear wave, 677
numerical thin rod, 486, G12
ordinary wave, 487
thin rod, 487
wire wave, 512

Physical acoustics, 553, 651
Piezoelectric coupling, 711

reciprocity in, 712
Piezoelectric devices, example of, 717
Piezoelectricity, 553, 711
Piezoelectric length expander bar, 712
Piezoelectric resonator, equivalent circuit

for, 716
Piezoelectric transducer, admittance of,

714
Piezomagnetics, 553
Plane motion, 44
Plasma, confinement of, 552

electromechanics and, 4
evanescent waves in, 561, 638
heating of, 552
lumped-parameter model for, 223
magnetic bottle for, 563
magnetic diffusion and, 408
MHD and, 553
solid state, 553

Plasma dynamics, 553
Plasma frequency, 600
Poiseuille flow, plane, 878
Poisson's ratio, 662

numerical values of, 666
Polarization, effect of motion on, 290

current, B29
density, 7, B28
electric, B27
force, 463, 571, G11

Polarization force, one degree of freedom,
464

Polarization interactions, liquids and, 783
Polarization stress tensor, 463, G11
Pole pairs, 148
Poles in a machine, 146
Polyphase machines, 142
Position vector, 45
Positive sequence currents, 144
Potential, electric, B9

electromagnetic force, 738
gravitational, 733
mechanical, 214
velocity, 737

Potential difference, B10
Potential energy, 214
Potential flow, irrotational electrical

forces and, 738
Potential fluid flow, two-dimensional, 751
Potential plot, 214
Potential well, electrical constraints and, 217

electromechanical system and, 217
temporal behavior from, 224

Power, conservation of, 64
Power density input to fluid, 818
Power factor, 126
Power flow, group velocity and, 638

ordinary and evanescent waves and, 638
rotating machines and, 110

Power generation, ionized gases and, 552
microwave, 552, 553

Power input, electrical, 64
fluid electrical, 818
mechanical, 64
mechanical MHD, 743

Power input to fluid, electric forces and,
819

electrical losses and, 818, 819
magnetic forces and, 818
pressure forces and, 818

Power output, electric MHD, 743
Power theorem, wire in magnetic field, 637,

644
Poynting's theorem, B22
Pressure, density and temperature depen-

dence of, 816
hydrostatic, 735
hydrostatic example of, 736
incompressible fluids and significance of,

753
isotropic, 735
magnetic, 369
normal compressive stress and, 735
significance of negative, 753
velocity and, 753

Principal axes, 49
Principal modes, 681

elastic structure, 679
shear wave, 695

Principle of virtual work, see Conservation,
of energy

Products of inertia, 48
Propagation, 613
Propulsion, electromagnetic, 552

electromechanical, 4
MHD space, 746

Pulling out of step for synchronous ma-
chine, 125

Pump, electric field, 776
electrostatic, 778
liquid metal induction, 365
MHD, 744, 746
variation of parameters in MHD, 825

Pumping, EHD, 552
MHD, 552

Quasi-one-dimensional model, charge relaxa-
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tion, 392, 394
electron beam, 600
gravity wave, 794
magnetic diffusion, 347
membrane, 509, 648

and fluid, 793
MHD generator, 828
thin bar, 712
thin beam, 683
thin rod, 480, 681
wire or string, 509

in field, 556, 563, 574, 605, 627
Quasi-static approximations, 6, B17
Quasi-static limit, sinusoidal steady-state

and, 515, 534
wavelength and, B17
wire and, 534

Quasi-statics, conditions for, B21
correction fields for, B21
elastic media and, 503
electromagnetic, B19

Quasi-static systems, electric, 8
magnetic, 6

Radiation, heat, 815
Rate of strain, 864
Reactance-dominated dynamics, 138, 211,

220, 242, 336, 354, 368, 563, 759
Reciprocity, electromechanical coupling

and, 77
piezoelectric coupling and, 713

Reference system, inertial, 44
Regulation, transformer design and, 699
Relative displacement, rotation, strain and,

658
Relativity, Einstein, 254

Galilean, 255
postulate of special, 261
theory of, 44

Relaxation time, free charge, 372
numerical values of, 377

Relay, damped time-delay, 229
Reluctance motor, 156
Resistance-dominated dynamics, 138, 209,

233, 242, 336, 354, 368, 503, 583, 611
MHD, 750

Resistive wall damping, continuum, 583
Resistive wall instability, nature of, 612
Resistive wall wave amplification, 608
Resonance, electromechanically driven

continuum and, 533
response of continua and, 515

Resonance frequencies, magnetic field
shift of, 563

membrane, 624
natural frequencies and, 515

Resonant gate transistor, 688
Response, sinusoidal steady-state, 181, 200,

514
Rigid body, 44
Rigid-body mechanics, 35
Rotating machines, 103

air-gap magnetic fields in, 114

applications of, 3
balanced two-phase, 113
classification of, 119
commutator type, 140, 255, 292
computation of mutual inductance in, 22
de, 140, 291
differential equations for, 106
effect of poles on speed of, 149
electric field type, 177
energy conversion conditions for, 110
energy conversion in salient pole, 154
equations for salient pole, 151
hunting transient of synchronous, 192
induction, 127
losses in, 109
magnetic saturation in, 106
mutual inductance in, 108
number of poles in, 146
polyphase, 142
power flow in, 110
salient pole, 103, 150
single-phase, 106
single-phase salient-pole, 79
smooth-air-gap, 103, 104
stresses in rotor of, 697
superconducting rotor in, 92
synchronous, 119
two-phase, smooth-air-gap, 111
winding distribution of, 108

Rotating machines, physical structure,
acyclic generator, 287

commutator type, 292
dc motor, 293
development of dc, 295
distribution of currents and, 166, 169
four-pole, salient pole, 164
four-pole, single phase, 147
homopolar, 313
hydroelectric generator, 152
multiple-pole rotor, 146
rotor of induction motor, 107
rotor of salient-pole synchronous, 151
synchronous, salient-pole, 152
salient-pole, two phase, 158
salient-pole, single phase, 150
smooth-air-gap, single phase, 104
stator for induction motor, 106
three-phase stator, 145
turboalternator, 120
two-pole commutator, 294

Rotation, fluid, 865
Rotation vector, 658
Rotor of rotating machines, 104, 107, 112,

120, 146, 147, 150, 151, 152, 158,
164, 166, 169

Rotor teeth, shield effect of, 301

Saliency in different machines, 156
Salient-pole rotating machines, 103, 150
Salient poles and dc machines, 293
Servomotor, 140
Shading coils in machines, 139
Shear flow, 862, 864, 875
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magnetic coupling, 878
Shear modulus, 664

numerical values of, 666
Shear rate, 866
Shear strain, 543, 655

normal strain and, 663
shear stress and, 664

Shear stress, 543
Shear waves, elastic slab and, 693
Shearing modes, beam principal, 683
Shock tube, example related to, 276
Shock waves, supersonic flow and, 592
Sinusoidal steady-state, 181, 200, 514

convection and establishing, 592
Sinusoidal steady-state response, elastic con-

tinua, 514
Skin depth, 357

numerical values of, 361
Skin effect, 358
effect of motion on, 361

Slip of induction machine, 131
Slip rings, 120

ac machines and, 120
Slots of dc machine, 296
Sodium liquid, density of, 771
Solids, definition of, 724
Sound speed, gases, 844

liquids, 845
Sound velocity, see Velocity
Sound waves, see Acoustic waves
Source, force, 37

position, 36
velocity, 37

Space charge, fluid and, 780
Space-charge oscillations, 601
Speakers, 200
Specific heat capacity, constant pressure, 817

constant volume, 816
ratio of, 817

Speed coefficient, of commutator machine,
300

torque on dc machine and, 302
Speed control of rotating machines, 149
Speedometer transducer, 170
Speed voltage in commutator machine, 299
Spring, linear ideal, 38

lumped element, 36, 38
quasi-static limit of elastic continua and, 505
torsional, 40

Spring constant, 39
Stability, 182, 566, 583
Stagnation point, fluid, 752
Standing waves, electromagnetic, B16

electromechanical, 516, 559, 596, 771
State, coupling network, 61, 65

thermal, 816
Stator, of rotating machines, 104, 106, 120,

145, 147, 150, 152, 158, 164, 166, 169
smooth-air-gap, 103

Stinger, magnetic, 193
Strain, formal derivation of, 656

geometric significance of, 654
normal, 654
permanent, 700
shear, 543, 654

as a tensor, 659
thin rod, normal, 484

Strain components, 656
Strain-displacement relation, 653

thin-rod, 485
Strain rate, 724, 864

dilatational, 869
Strain-rate tensor, 864
Streaming electron oscillations, 600
Streamline, fluid, 752
Stress, fluid isotropy and, 868

fluid mechanical, 872
hydrostatic, 724
limiting, 700
normal, 432
shear, 432, 543
and traction, 424, G9

Stress components, 425
Stress-strain, nonlinear, 700
Stress-strain rate relations, 868
Stress-strain relation, 660, 668

thin-rod, 485
Stress-tensor, elastic media and, 667

example of magnetic, 428
magnetization, 462, G11
Maxwell, 420
physical interpretation of, 425, G7
polarization, 463, G11
pressure as, 735
properties of, 423, G7
surface force density and, 446, G9
symmetry of, 422
total force and, 444, G9

Stress tensors, summary of, 448, G11
String, convection and, 584

equation of motion for, 511, 535
and membrane, electromechanical

coupling to, 522
see also Wire

Subsonic steady MHD flow, 823
Subsonic velocity, 587
Substantial derivative, 259, 584, 726; see

also Convective derivative
Summation convention, 421, G7
Superconductors, flux amplification in, 354
Supersonic steady MHD flow, 823
Supersonic steady-state dynamics, 524
Supersonic velocity, 587
Surface charge density, free, 7
Surface conduction in moving media, 285
Surface current density, free, 7
Surface force, example of, 449

magnetization, 775
Surface force densities, summary of, 448,

G11
Surface force density, 445, G11

free surface charge and, 447, G11
free surface currents and, 447, Gll

Surface tension, 605
Susceptance, electromechanical driving, 531
Susceptibility, dielectric, 9, B30

electric, 9, B30
magnetic, 7, B27

Suspension, magnetic, 193
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Symbols, Al, D1, F1
Symbols for electromagnetic quantities, 7
Synchronous condenser, 127
Synchronous machine, 119

equivalent circuit of, 123
hunting transient of, 192
phasor diagram for, 124, 162
polyphase, salient-pole, 157
torque in, 122, 123, 125
torque of salient-pole, two-phase, 160, 162

Synchronous motor, performance of, 126
Synchronous reactance, 123
Synchronous traveling-wave energy conver-

sion, 117

Tachometer, drag-cup, 363
Taylor series, evaluation of displacement

with, 483
multivariable, 187
single variable, 183

Teeth of dc machine, 296
Temperature, electrical conductivity and, 380
Tension, of membrane, 509

of wire, 511
Tensor, first and second order, 437

one-dimensional divergence of, 482
surface integration of, 428, 441, 444, G9
transformation law, 437, G10
transformation of, 434, G9

Tensor strain, 659
Tensor transformation, example of, 437
Terminal pairs, mechanical, 36
Terminal variables, summary of, 35, E4, G4
Terminal voltage, definition of, 18
Theorems, C2, E2, G2
Thermonuclear devices, electromechanics

and, 4
Thermonuclear fusion, 552
Theta-pinch machine, 408
Thin beam, 683

boundary conditions for, 687
cantilevered, 688
deflections of, 691, 692
eigenvalues of, 692
electromechanical elements and, 688, 691,

701, 704
equation for, 687
resonance frequencies of, 692
static loading of, 701

Thin rod, 681
boundary conditions for, 494
conditions for, 683
equations of motion for, 485, G13
force equation for, 484
longitudinal motion of, 480
transverse motions of, 682

Three-phase currents, 143
Time constant, charge relaxation, 372

magnetic diffusion, 341
Time delay, acoustic and electromagnetic, 499
Time-delay relay, electrically damped, 249
Time derivative, moving coordinates and, 258
Time rate of change, moving grain and, 727
Torque, dc machine, 302

electrical, 66

Lorentz force density and, 301
pull-out, 124

Torque-angle, 123
Torque-angle characteristic of synchronous

machine, 125
Torque-angle curve, salient-pole synchronous

machine, 163
Torque-slip curve for induction machine, 135
Torque-speed curve, single phase induction

machine, 139
Torsional vibrations of thin rod, 543
Traction, 424, 432

pressure and, 735
stress and, 432, G9

Traction drives, 310
Transducer, applications of, 2

continuum, 704
example of equations for, 84, 86
fidelity of, 203
incremental motion, 180, 193, 200
Magnetostrictive, 708

Transfer function capacitor microphone, 204
electromechanical filter, 706

Transformations, electric field system, 264
Galilean coordinate, 254, 256
integral laws and, 11, 276, 300, 315, B32
Lorentz, 254
Lorentz force and, 262
magnetic field system, 260
primed to imprimed frame, 439
summary of field, 268, E6, G6
vector and tensor, 434, G9

Transformer, electromechanical effects in, 697
step-down, 698
tested to failure, 698

Transformer efficiency, mechanical design
and, 699

Transformer talk, 697
Transient response, convective instability, 621

elastic continua, 517
MHD system, 751
one-dimensional continua, 511
superposition of eigenmodes in, 518
supersonic media, 593

'Transient waves, convection and, 587
Transmission line, electromagnetic, B16

parallel plate, B15
thin rod and, 488

Transmission without distortion in elastic
structures, 696

Traveling wave, 487
convection and, 586
magnetic diffusion in terms of, 357
single-phase excitation of, 118
standing wave and, 116
two-dimensional, 622
two-dimensional elastic, 694
two-phase current excitation of, 116

Traveling-wave induction interaction, 368
Traveling-wave MHD interaction, 746
Traveling-wave solutions, 554
Traveling-wave tube, 602
Turboalternator, 120
Turbulence in fluids, 725
Turbulent flow, 43
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Ultrasonic amplification, 602
Ultrasonics in integrated electronics. 688
Units of electromagnetic quantities, 7

Van de Graaff generator, example of, 383,
385

gaseous, 778
Variable, dependent, 180

independent, differential equation, 180
thermodynamic independent, 64

Variable capacitance continuum coupling,704
V curve for synchronous machine, 125
Vector, transformation of, 434, 659
Vector transformation, example of, 435
Velocity, absolute, 44

acoustic elastic wave, 673, 677
acoustic fluid wave, 844, 846
Alfv6n wave, 763, 772
charge-average, B5
charge relaxation used to measure, 396
charge relaxation wave, 395
compressional elastic wave, 673, 677
dilatational elastic wave, 673, 677
elastic distortion wave, 675, 677
fast and slow wave, 586
light wave, B14
magnetic diffusion wave, 358
magnetic flux wave, 114
magnetoacoustic wave, 850, 852
measurement of material, 356, 362
membrane wave, 512
phase, 488
shear elastic wave, 675, 677
thin rod wave, 486, 487, 682
wavefront, 618

with dispersion, 598
wire or string wave, 512

Velocity potential, 737
Viscosity, 862

coefficient of, 863
examples of, 875
fluid, 724
mathematical description of, 862
second coefficient of, 871

Viscous flow, pressure driven, 877
Viscous fluids, 861
Viscour losses, turbulent flow, 725
Voltage, definition of, B10

speed, 20, 21
terminal, 18
transformer, 20, 21

Voltage equation, Kirchhoff, 16

Ward-Leonard system, 307
Water waves, 794
Wave amplification, 601
Wave equation, 487
Wavenumber, 357, 513

complex, 554, 607
Wave propagation, 487

characteristics and, 487, 586, 618
group velocity and, 616
phase velocity and, 613

Wave reflection at a boundary, 493
Waves, acoustic elastic, 673

acoustic in fluid, 544, 841, 842, 845
Alfv6n, 759
compressional elastic, 673
convection and, 586
cutoff, see Cutoff waves
damping and, 576
diffusion, 355, 576
dilatational, 672
dispersionless, 555
dispersion of, 488
of distortion, 675
elastic shear, 678
electromagnetic, B13, 488
electromechanical in fluids, 759
evanescent, see Evanescent waves
fast and slow, 586
fast and slow circularly polarized, 631
fluid convection and, 860
fluid shear, 760
fluid sound, 813
incident and reflected at a boundary, 494
light, B13
longitudinal elastic, 673
magnetoacoustic, 841, 846
motion and, 583
plasma, 553, 600, 638
radio, B13
rotational, 671
shear elastic, 675
stationary media and, 554
surface gravity, 794
thin rod and infinite media, 673

Wave transients, solution for, 490
Wind tunnel, magnetic stinger in, 193
Windings, balanced two-phase, 113

dc machine, 292
lap, 296
wave, 296

Wire, continuum elastic, 509, 535
convection and dynamics of, 584
dynamics of, 554
equations of motion for, 511, G13
magnetic field and, 556, 566, 627
two-dimensional motions of, 627

Yield strength, elastic, 700
Young's modulus, 485, G12

Zero-gravity experiments, KC-135 trajec-
tory and, 787




