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W here tiezoelectric crystal properties are involved, quariz is understood unless otherwise mentioned.

A, angles for designating plate orientation,
69, 114
Abrasives, kinds, 293
sizing, 294
Acid test equipment, 535
Acoustic effects, 286, 432
Activity of crystals, 393-410
see also Oscillator—amplitude of oscilla-
tions
Adjusting of crystal units to frequency, 317,
434, 528
of GT orientation compensation, 441
of sealed crystal units, 432
Aging, 321, 435, 529
Air-filled sealed units, 432, 434
Air-gap effect on frequency, 286, 432
Air-gap mounting, 285
Air transportation promoted by crystal de-
velopment, 5
Allison, S. K., 99
Aloxite, 295
Aluminum coatings, 340, 416
Aluminum oxide, 294
Alundum, 295
American Tel. & Tel. Co., 4
Amplitude of oscillations—see Oscillator—
Amplitude of oscillations
Angular orientation—see Cuts
Angular orientations, locus of, for zero co-
efficient NT, 550
Armstrong, E. J., 95
Assembly, 430, 525
Atanasoff and Hart, 42, 56
AT cut—see Cuts
dimensioning, 246
interfering resonances, 234, 236
mode of motion, 211
Atomic planes, distance between (d), 99,
100, 103
derivation of vector normal, 121
early hypothesis of, 99
intercepts on X-Y-Z derived from Miller
indices, 118, 119
Miller indices, 101, 102, 104, 106, 107
Miller indices and reflection intensity, 117
naming of, 101
Atomic planes, for orientation of given face,
116
orientation with respect to plate edges,
118-121

Atomic planes—Cont.
parallel to the X axis, diagram, 107
reflect X-rays strongly, 105-107
zonal relations, 135, 136

Agxes, crystallographic, 101
relation between a-b-c and X-Y-Z, 104
rectangular or orthogonal, 103, 104
righ&-s and left-handed systems, 103, 104,

1

X,Y,2Z,170
X, Y, Z defined, 103, 104

Axial ratio of quartz—c/a, 103

Bechmann, R., 25, 50
Bell Telephone Laboratories, 6, 8, 427
Bifluoride etching compounds, 192
Birefringence, 151
Blue inclusions, 144, 145, 159-161
Boella, M., 380, 381
Bond, W. L., 57, 95, 115, 170, 219, 290, 422
Bown, R., 4
Bozorth, R. M., 97
Bragg angle, 99, 100, 105
Bragg law of X-ray diffraction, 99
Bravais-Miller indices, 101
BT cut—see Cuts
dimensioning, 241
interfering resonances, 235, 238
mode of motion, 211
Bubble inclusions, 144, 159, 161
Bumpers, 429
Bureau of Standards, 2

Cady, W. G, 1, 13, 14, 20, 41, 356, 357,
358, 374
Cages for mounting, 429
Caldwell, W. C., 342
Calibration, general, 318, 325
in factory, 528
PI meter, 467
Cantilever mounting, 278
Cap faces, indices of, 104
Carborundum, 293
Chaffee, E. L., 383, 405
Channel spacings and crystal control, 7
Characteristic radiation, 95-97
Characteristics of oscillators by PI meter,
474
Chemistry of etching, 190-194

555
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Chrome oxide, 293
Chuva, 145
Circle diagram for crystal, 481
Circuits, equivalent of crystal, 21, 46, 358
equivalent of crystal in PI meter, 459
crystal combinations, 484
comparator, duplicator, 327
D spec. test set, 330
PI meter, 463, 465
plating machine, 352
see Oscillator circuits also
Citrine quartz, 143
Clamp type mounting (center), 276, 413
Clamp type mounting (corners), 285
Cleaning, 435, 527
Cleaning edges, 420, 521, 522
Cleavage figures, 165, 189
Coatings for plated units, 414
Coatings—see Plating, etc.
Color filters for quartz inspection, 149, 150
Color of quartz, 141-143
Colpitts, E. H., 360
Cooling liquids, 297
Combined twinning, 198
Comparator, 327
Comparison of various measured tempera-
ture coefficients, 55, 201
Compliance, stiffness relation, 38
Compton, A. H., 99
Conductivity, electrical and thermal, 164
Conformal representation, 479
Conoscope, instrument, 504-505
principle, 79-82, 149, 157
Contour, crystal surfaces, 320
Conventions in  quartz
167-170
Converse piezoelectric effect, 11
Copper radiation, wavelengths of, 97, 100
Corundum, 294
Coupling, between modes of motion, 205, 221
effect on shear and flexure, 224, 229
flexure to shear, 224, 230
L.f. shear to h.f. shear, 235
minimized by rotation of cut, 219
piezoelectric, 16, 45
Cracks in quartz, 143, 161
Crystal controlled oscillator—Definition, 358
Crystal control, in receiver, 7
Crystal—Function in oscillator, 356-359
Crystal oscillator—Definition, 358
Crystallographic axes, 101
indices, 101, 182-183
Crystolon, 295
CT cuts—see Cuts
mode of motion, 212
thickness, 496

nomenclature,
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Curie, Pierre and Jacques, 1, 11
Current level, effect on filter stability, 456
Cuts,

X, 20, 24, 171

Y, 24, 171

Z, 24, 171

AT, 6, 24

AC, 26

BT, 6, 24

BC, 26

CT, 6, 24, 412

DT, 6, 24, 412

ET, 6, 24

FT,6,24

GT, 6, 24, 28, 412

MT, 24, 412

NT, 24, 412

+5° X-cut, 24, 33, 412, 538

—18° X-cut, 24, 412

+8.5° 24
Cuts parallel to the X axis, diagram, 107
Cuts, orientation

X, 24, 63, 69, 186

Y, 24, 63, 69

Z, 24, 63, 69, 179, 184, 195

AT, 24-28, 63, 69, 137, 170, 182

BT, 24-28, 63, 69, 130, 131, 137, 170, 182

CT, 24, 28, 63, 69, 170, 182, 495

DT, 24-28, 69, 170, 182, 495

ET, 24

FT, 24

GT, 24-28, 63, 69, 170

MT, 24, 31, 63, 69, 544

NT, 24, 31, 63, 69, 132, 139, 548

+5° X-cut, 24, 63, 69

—18° X-cut, 24, 63, 69

doughnut, 24

+8.5°% 24

harmonic, 24
Cutting, fluids, 305

into dice, 514, 515

methods, 304

plunge, 304

speeds, 296

traverse, 304

Damping wire vibration, 430

Davey, W. P., 98

d, distance between atomic planes, 99

Debye, P., 110

Deposited electrode—advantages, 333

Deposition of metal electrodes, 333, 420

Design methods for plates, 205

d’Heedene, A. R., 436

Diamond, saw and sawing, 301-303, 504
crushing, 302
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Diffraction of X-rays by crystals, 100
Dimensioning, to isolate desired modes of
motion, 241, 322
AT cut, 246
BT cut, 241, 324
GT cut, 240
related to crystal defects, 162
Direct piezoelectric effect, discovery by
Curies, 11
Discoloration of platings, 336
Divided coatings, 416, 421, 449
Doerfiler, H., 261
Drews, W. F., 493
D. spec. test set, 328
DT cut—see Cuts
thickness, 496
mode of motion, 212
Duplicator, 327

Edge, removing plating, 420, 521
Efficiency of oscillators, 386
—18° X-cut—see Cuts
mode of motion, 212
temperature coefhcient, 24
frequency constant, 440
Egerton, L., 190
Elastic constants
by Atanasoff and Hart, 42
by Mason, 45
of rotated cuts, 50
by Voigt, 40
Elastic properties, 164
Electric axes, 166, 170
Electrical testing of twinned plates, 202, 203
Electrode, connections, 417
plated, 420, 497
weight of, 344, 420
Emery, abrasive, 293
wheel, 290
Equivalent circuit, of crystal, 21, 459
derivation of, 46
Error measurements in Laue photograpks,
131
see also orientation
Espenschied, L. E., 15
Etch figures, 167-200
Etch figure instruments, 178, 190, 194, 195
Etch pits, 169-178
Etching, chemicals and process, 190-194
factory process, 506-507
to adjust frequency, 193-194
to clean, 337
to determine twinning and orientation,
164-203
to stabilize frequency, 413, 446, 457
ET cut——see Cuts, temperature coefficient
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Eutectic solder, 422

Evacuation of crystal units, 434

Evaporation of metals, 333

Expansion, linear thermal, 164

Extensional, vibration, 207
equations, 217

Facets, etch pit, 169-183
Fair, L. E., 6, 25, 59, 203, 279, 356, 395, 552
Figure of Merit
derivation of, 394-396
equations for, 395, 459, 473
measurement of, 409, 473
purpose, 458-459
relation to activity, 396408

Filters, electric, 8, 14, 414, 436

Filter, for K3 radiation, 97, 98
for monochromatic light, 149
Filter crystal units, effect on performance
with current level, 456
divided coating, 449
etching, 446
humidity, dirt, etc., 454
inductance variation, 437
internal defects, 444
linear dimension deviation, 441
orientation deviation, 439
resistance deviation, 438
silver spotting, 448
soldering supporting wires, 449
wire resonances, 451
Finish, on crystals, 319, 419
Finished plates, effects of interior imperfec-
tions on, 160-163
effects of twinning on, 194-203
Firing of silver spots, 419, 520
+5° X-cut—see Cuts, temperature coeffi-
cient, etc.
flexure crystal, 541
longitudinal properties, 547
Flat lay cutting, 66-67
Flatness, measuring, 307, 308
Fattening laps, 308
Flexural equations, 214, 542
Flexural, +35° X-cut plate, 445, 541-543
Flexural motions, 205
Flexure and shear
see Shear and Flexure
Fluorescent screens, detection of X-rays,
97,98
Fluorine etching compounds, 190-193
Fluxes for soldering, 424
Fracture, 143, 161
Frequency, accuracy in adjustment, 317
adjustment in factory, 499
adjustment of sealed crystal units, 432
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Frequency—Cont.
modulated radio transmitter, 537
of vibrations, 254-255, 258-261, 265, 266
of rotated X-cut crystals, 43
range of mfd. crystals, 499
Frequency constant
X-cut, 43, 440
Y-cut, 26
AT-cut, 26, 201
AC-cut, 26
BT-cut, 26, 201
BC-cut, 26
Y-cut rotated, 26
+5° X-cut longitudinal, 440, 443, 540
—18.5° X-cut, 440, 443
+5° X-cut flexure, 445, 543
with rotation about axes, 43, 219
X-cut rotated about X-axis, 223, 440
Frequency stability, coefficient of crystals,
390-393
discovery of need, 4
of oscillators, 375, 386-390, 396
Frequency stabilization of crystal units, 434
Frequency-temperature relation, second
order derivative, 29
FT cut—see Cuts, temperature coefficient,
etc.
FT-241 unit, 281, 403

Gamma (), definition of, 105
Garnet, 295
Gas, effect on plating, 336
Geiger-Miiller counter for
X-rays, 98
Glass housings, 432
Glass sealing tool, 433
Goss, F. A, 422
Greenidge, R. M. C,, 412
Grinding, 290
definition, 291
to thickness, 513, 515
effect on etch and cleavage figures, 179,
182, 185-189
vs. lapping, 298
Grinding machine
Ultralap, 314
Blanchard grinder, 315
Grindstone, 291

detection of

Grit size, 294
GT cut—see Cuts, temperature coefficient,
etc.

flexure resonances, 239
mode of motion, 212

Handedness, 103, 104, 166, 170, 185, 188
Hardness, 298

INDEX

Hardness, of materials, 293
Harmonic shear and flexure modes, 234
Harrison, C. W., 410, 458
Harrison, J. R., 442
Hartley, R. V. L., 360
Haiiy, R. J., 99
Haworth, F. E., 97
Headed wire, mounting, 282
for support, 425
advantages, 427
tool for making, 428
Heater, for plating metals, 339, 341
Heater, materials, in plating, 343
Heegner, K., 380
Heising, R. A., 1, 360, 380, 386
Hight, S. C., 6, 27
History, 1, 11
h k 1, definition, 102
Holder, for grinding, 510, 512
Holder, losses, 410, 472, 473, 485
effect on activity, 409
effect on P I Meter, 487
Holder—see Mounting
Hooked wire attachments, 425
Hooke’s Law, 250, 268
Hot air blast soldering, 424, 498, 524
Housing of crystal units, 431
Humidity, effect on filter characteristics, 455
Hydrofluoric acid etching, 190-194

Immersion fluids for quartz inspection, 90,
146, 150-152
Impedance,
circle diagram, 481
of crystal, 479, 480
Imperfections, interior, 140-163, 166
effects on finished plates, 160-163, 194-203
Inclusions, 144, 145, 159-161
Index of refraction, 150-152, 164
Indices, Miller, crystallographic, 101,
182-183
Inductance constant of X-cut plates, 440, 444
Input admittance of vacuum tube, 383-386
Inspection for twinning, 164-203
for interior imperfections, 140-163
Inspectoscope, 145, 152, 502-503
Insulation tests between electrode coatings,
421
Interfering resonance, general, 33, 223, 226-
229, 245, 323
AT-cut, 234-236
BT-cut, 235-238
Interior defects and imperfections, 164-203
Interplanar spacing, 99, 100, 103
Tonization chamber for detection of X-rays,
97, 108



INDEX

LR.E. crystal orientation angles, 62-63
standard conventions, 168, 170

Jacobsen, L. S., 215
Jensen, R. M., 446

Kelvin’s model of quartz crystal, 12, 17
Koga, 1., 25, 56, 370-372, 377, 381
Kohman, G. T., 90

Lack, F. R., 6, 25, 59
Lambda (M), relation to theta (8), 100
Lambda (), definition, 99
Lane, C. E., 416, 449
Langevin, Paul, 1, 12
Lap,
making flat, 308-310
materials, 296
wheel, 502
Lapping, 290, 295
definition, 291
edges, 515, 517
final adjustment, 319
nest, 312
precision, 305
process, speed, 299
squaring, 313
strokes, 309, 311
to size, nest lap, 514, 516
vs. grinding, 298
Lapping machine
Ultralap, 314
Blanchard grinder, 315
Hunt Hoffman, 315
improved, 316
Lattice constants, 103
Laue, 99
Laue camera, 129
Laue photographs, 128-135
Lawson, A. W., 42
Leak testing, 529, 530
Left-hand quartz, 59, 166, 170, 185, 188
Limiting frequency of oscillator, 368, 369,
372, 377, 381, 382
Linear thermal expansion, 164
Lippmann, G., 11
Llewellyn, F. B., 370, 386
Location of mass on mounting wire, 287, 431
Longitudinal vibrations, 253-255
also see Modes of motion
Low frequency quartz crystals, 537
Low temperature coefficient, 6
also see Temperature coefficient

Manufacturing, education, 8
expansion, 8§
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Manufacturing—Cont,
operations, 500
Mapping (conformal representation), 479
crystal impedance, 481
Marrison, W. A, 6, 13
Martin, D. K., 4
Mason, W. P., 6, 11, 215, 287, 395, 412,
439, 537, 538, 543, 545, 552
Matrix,
of errors in orientation, 134, 135
Matriz,
for the plate edges Pi, P;, P; on the
X, Y, Z coordinates, 115
McSkimin, H. J., 208, 249
Measurement,
of circuit Q, 465
crystal voltage, 471, 477
Figure of Merit, 409
oscillator characteristics, 474, 477
Performance Index, 409, 461, 463
Menke, H., 110
Merit, Figure of, 394-396, 409, 458-459,
473
Metal electrodes,
materials and processes, 333-334, 414-416
Metal housings, 432
Meter, Performance Index, 458
Miller, J. M., 357, 358, 360
Miller indices, 101, 182, 183
Modes of motion
complex, 207
couplings, 23, 205, 219
equations, 214
—18.5° cut, 23
extensional, 23, 207, 217, 249, 253-259
+5° X-cut, 538
flexure, 205, 214, 249, 541-543
isolating desired motions, 240, 453
longitudinal, 23, 207, 217, 249, 253
259
shear, 25, 209, 217, 230, 249, 259-264
standard cuts, 211
types of, 23
with rotation about axes, 219
X-cut rotated about X axis, 222
Modes of vibration
see Modes of motion
Mohs scale of hardness, 293
Morrison, J. F., 33, 537
Mounting
air-gap type, 285
cages, 429
cantilever type, 278
clamping at corners, 285
clamp type, 5, 276
loss of activity, 409, 410
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Mounting—Cont.
pressure type, 5, 414
principles, 276
tank crystal, FT-241, 525, 526
wire mounted unit, 498
wire supported, 279, 415-417, 498
MT cut—see Cuts, temperature coefficient,
etc.
ratio of capacities, function of width to
length ratio, 547
frequency, function of width to length
ratio, 547
frequency vs. temperature, 549

Needle inclusions, 144, 145, 160, 161
Nest, lapping, 312, 516
Nicolson, A, M., 1, 12, 356-338
Nomenclature, used in quartz, 167-170
Non-linear crystals, 469
Normascope, 79, 531
NT cut—see Cuts, temperature coefficient,
etc.
connection in oscillator, 551
frequency as a function of width to length
ratio, 550
mode of motion, 212
performance characteristics in
oscillator, 553
unit, photograph, 553
unit, station W2XOR, 554

special

Optic axis, 153-6, 166, 170
Optical effect of etch-pits, 173-178
Optical properties, 150-153, 164
Optical orientation means, 154, 155
Optical twinning, 143, 156, 166-169, 198,
202-203
Oriascopes, 178-190, 506, 510, 531
Orientation
choice of atomic planes, 116
choice of method, 128, 164, 166
effect on frequency, 201, 219
electrical and optical rules for, 170
hy etch process, 164-190
by Laue photography, 128-135
by natural faces, 63-66, 95
by optical means, 95, 155
by X-rays, 95, 108-139
prior to final plate check, 136-139
Orthogonal axes, 103
Oscillator—Amplitude of oscillations
crystal grid-to-cathode, 367-368,
376, 385
crystal grid-to-plate, 367, 368, 378
effect of crystal quality, 393, 396, 403,
406, 407

375,

INDEX

Oscillator characteristics, 474, 477
correlation, P1 measurement, 469
crystal control, 1
equivalent circuit, 458

Oscillator circuits
arranged for PI purposes, 459
Cady’s, 357
equivalent, 369, 379
history, 356-358
limiting frequency (fo), 368-372, 377,

381-382
Nicolson’s, 15, 357
NT flexure crystal, 551
quality, 394
quartz crystal, 13
Rochelle salt, 13

Oscillator circuit analysis
by complex functions, 369-379, 478
conditions for oscillation, 361, 370, 379,

380, 383
differential equations—general, 361

differential equations—crystal grid-to-
cathode, 363-365

differential  equations—crystal  grid-to-
plate, 362, 363

differential  equations—resistance load

circuit, 365, 366
filter theory application, 379, 380
negative resistance concept, 382-386
vector method, 380, 381
Oscillator frequency—As function of
air-gap, 374
amplification factor (u), 374, 375

capacitance, grid-to-cathode, 375
capacitance, grid-to-plate, 374, 385
capacitance, interclectrode, of tube,
367

capacitance, paralleling crystal, 404,
405

generated harmonics, 385
plate circuit impedance, 365-369, 374,
375, 378, 385
resistance, crystal, 367, 381
resistance, grid lead, 369
resistance, input of tube, 368
resistance, oscillatory circuit, 368
resistance, plate of tube, 374, 375
Oscillator frequency—Equations for
crystal grid-to-cathode, 365, 371, 373,
404, 405
crystal grid-to-plate, 363, 366, 377, 404,
405
Oscillator harmonics—effect on frequency
and amplitude, 385
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Patents, 1, 12, 14, 15, 23, 25, 410, 422
Performance Index (PI)
change with crystal drive, 409
definition, 398, 402, 461
definition by equations, 460, 463
derivation, 398-400
effect -of leakage resistance on, 410
equations for, 399, 401, 402
in crystal design, 407
measurement of, 409, 470
measurement theory, 461
purpose, 460
relation to activity, 405-407
Performance Index meter
accuracy, 478
analysis with crystals, 483
calibration, 463, 464, 471
circuital equations, 465468
circuits, 463
conformal representation application, 479
derivation of equations, 465, 490
errors, 487, 489
functional requirements, 462
other uses, 472
oscillator correlation, 469
typical performance curves, 474, 477
voltage generator, 469
Phantoms, 144, 157-159
Pierce, G. W_, 2, 13, 356, 365
Piezoelectric
coefficients, 45, 164
constant d;; of a rotated length vibrating
crystal, 546
constants’ relations, 39
equation by Voigt, 34
pile, 12
theory, 17
Pin-hole-oriascope, 184-190, 506-508
Pirani gauge, 348
Pits, etch, 169-178
Plated crystal units, 281, 412, 493
Plating, division stylus, 422
equipment, 338
machine, 345, 347
method, 339
operation, 353
thickness, 338, 340, 344
with silver, 520
Polarized light, applied to crystals, 70
for inspection, 146
Polarizers for inspection instruments, 148
Potter, R. K., 4
Power output of oscillators, 386
Precision lapping, 303
Predimensioning—see Dimensioning

Pressure—air, for metal deposition, 334
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Pressure type mountings, 414
Processing of quartz plates, 413
Protection of crystal plates, 429

Q, of crystal, definition, 458
observed, 23

Q, of crystal, plus circuit, 465

Quality—definition, 393

Radio, telephone, 3
I'atio of capacitances of crystals
effect on Figure of Merit, 396
effect on frequency stability, 392
equation for, 45
of flexure crystal, 544
relation to electromechanical coupling, 45
relation to oscillator frequency, 405
Rayleigh, Lord, 214
Raw quartz imperfections, and inspection,
140163
Raw quartz, orientation of, 153-157, 183
Receivers, use of crvstal control, 7
Reflection oriascope, 178, 531
Refraction correction nomograph, 92
Refractive indices, 150-152, 164
Refractoscope, 88, 151, 531
Reich, H. J., 383
Resistance, effective, of crystal, 399, 401-
404
Resonance of supporting wires, 430
Resonant frequencies, theoretical
extensional modes, 254, 255, 258
shear modes, 259, 260
flexural modes, 261, 265, 266
Resonator, quartz, 2
Right-hand quartz, 58, 166, 170, 185, 188
Rings, conoscope, 155
Ring eccentricity correction, 84, 91-94
River quartz, 140, 153
Rochelle salt, 11, 12, 37, 50, 249
Rotation about axes, effect on,
frequency and coupling, 219
piezoelectric constants, 220
Rotation of X-cut about X axis, effect on
resonant frequency, 223
Rouge, 295

Sand blasting, 183, 522
Sawing, 290
definition, 291
diamond, 301
muck, 300
Schramm, F. W., 243
Sealing crystal units, 432
Sectioning, 508, 506
Shape, size, source of raw quartz, 140
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Shear—see Modes of motion
Shear, high frequency, 230
Shear and flexture, 225

resonances, 226, 227

similarity of meotions, 225
Shear, theory, 19
Shop, operations, 500
Signal Corps, 8
Silicon Carbide, 295
Silver paste, 418
Silver spots, 417-424
Silver spot compressor, 318, 519
Silver spotting, 448, 518
Sizing abrasives, 294
Slab cutting, 510, 511
Smoky quartz, 141, 142
Soldered connections, effect on unit charac-

teristics, 450
Soldering leads—Hot blast method, 424
Soldering leads—Iron method, 424
Soldering machine, 524, 525
Soldering supporting wires, 498, 523-525
Sorter, for blanks, 201-203, 534
Sosman, R. B., 100
Sowers, N. E., 390
Speeds, of cutting, 296
Spotting with silver, 417, 516, 518
Spring suspension of crystal plates, 429
Stability of sealed units, 432
Stabilization of crystal units, 434
Stauroscope, 533
Stiffness—Compliance relation, 38
Straight wire attachments, 424
Straubel, J., 25
Stress component equations, 253
Stress—Strain equations for isotropic media,
268

Structure, theory of, 99
Submarine detecting devices, 12
Support, by wires, 495
Support wire soldering, 497
Swickard, A. E., 493
Sykes, R. A., 27, 204, 205, 276, 537
Symmetry of quartz, 57
Symmetry effect on piezoelectric constants,

Tank crystal, FT-241, 494
Temperature coefficient,
comparisons, 55, 201
of elastic constants, evaluation, 53
filter plates with deviations, 440
from Voigt’s relations, 49
rotated cuts, general equations, 52
X-cut, 32
rotated X-cuts, equations, 545

INDEX

Temperature coefficient—Coni.
+35° X-cut, 24, 545
-+5° X-cut, extensional, function W/,
33, 540
-+5° X-cut, flexure, 445, 541-543
-+5° X-cut, flexure, analysis, 544
—18.5° X-cut, longitudinal, 24, 443
Y-cut, 27, 54
Y-cut rotated, 27
AC, 27
AT, 6, 24, 27, 29, 54, 201
BC, 27
BT, 6, 24, 27, 29, 54, 201
CT, 6, 24, 27, 29, 201
DT, 6, 24, 27, 29, 201
ET, 6
FT, 6
GT, 6, 29-32
MT, 24
NT, 24
NT, ratio W/1, 549
doughnut-shaped cut, 6, 24, 29
long bar, 27, 32
Terry, E. M., 358, 360, 363, 368
Test methods for crystal activity, old and
new, 460
Test set for oscillator, 328
Thermal fracture, 144
Thermal properties of quartz, 164
Theta (¢), Bragg angle, 99, 100, 105
Thurston, G. M., 5, 243, 317, 393
Tillyer, E. D., 25
Time standards from quartz crystals, 13
Titchmarch, E. C., 481
Transducer, quartz crystal, 12
Transformation, linear fractional, 479
Transoceanic radio telephone, 3
Transverse mode of vibration (see shear
also) 259
Twin and twinning, 143, 155-157, 166-169,
182, 196-200
Brazil (optical), 143, 155-157, 166-169,
198
combined, 198
Dauphiné (electrical), 143, 166-169, 198
effect on polarized light views, 156
effect on etch figures, 167-169, 182
effect on filter plates, 445, 451
effect on finished plates, 202, 203
in process, 419, 422, 448-451
inspection for, 156, 167-169, 182, 202
Twinoriascope, 180, 510, 512

Vacuum, for metal deposition, 334
gauges, 348
sealed units, 432
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Vacuum—Cond. ' Wire supported mounting, 279, 417
sealing crystal units, 434 Wright, J. W., 358
tube development, 2 Wyckoff, R. W. G., 103
valve, 351

VanDyke, K. S., 15, 21, 358, 458 1
Vapor pressures of metals, 335

Veils, 145, 159-161

Vertical cutting, 67-69 X-rays, absorption of, 98

Vibrations, normal modes
> N . angle between beam and plate (g), 99,
see also Modes of motion 105, 110-114, 122-128

extensional

X axis determination, 183-189, 508, 509
X-cut—see Cuts, temperature coefficient,
etc.

long thin bar, 253 Bréglggg ll(;L(;MIOB«;agg enele of refection @)
q thin lrectang‘ular plate, 254, 255 characteristic radiation, 95, 96, 97

exilr:l a 260 detection of, 97, 98

plate flexures, i diffraction by crystals, 99-100

shzzi:l;‘;‘gss flexures, 264 | filter for Ky radiation, 97, 98

. . . goniometry, 108-128, 336
x;;;z:f::xa;d sshsoscksggotectlon, 429 intensity of, factors governing, 95, 96,
] *y )

; . . . 97

Voigt, piezoelectric equations, 1, 34, 40 i intensity of reflection from quartz, 103,
Wave equations, mechanical vibration, 252 [ 107, 108
WEAF, 4 " interlocking goniometer, 536
Wehe, H. G., 333 method for orientation, 165
Weight vs. thickness—platings, 344 . ‘“‘order” of reflected, 99, 100, 103
Weights, for controlling supporting wire |  physiological effects, 98

vibrations, 431 production of, 95, 96
Weinhart, H. W., 333 protection, shielding materials, 98, 99
Western Electric Company, 2, 7, 8, 427, ‘ spectrum, 96, 97

430 target metal, choice of, 95, 96
Wheeler, L. P., 368 | wavelength of, 95, 96, 97, 99, 100
White radiation, 95, 96, 97 white radiation, 95, 96, 97
Willard, G. W., 6, 25, 27, 45, 59, 88, 140,

164

| Y-cut—see Cuts, temperature coeflicient, etc.
! Y-cut rotated, 26
Young’s modulus, 164, 250, 267

Willey, L. F., 441
Wire attachment machines, 423, 426 ‘
Wire mounted crystal unit, 493 i
Wire mounting, wire resonance problems, !
280, 283, 430, 451 | Z-cut—see Cuts
Wires, headed attachments, 422 | Z section cutting, 67-69
hooked, 425 orientation, 179, 184
straight, 424 Ziegler, A. W., 412, 425, 552



