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Activity, 148 
Activity dip, 75, 148, 155, 159,228 

Admittance diagram, 126, 129 
Admittance circle, 127, 130 
Aging, 10,208.228 
Aging tests, 218 
Aluminum plating, 213 
Alpha quartz, 5 
Amplitude-frequency effect, 220, 221, 227 
Anisotropy, 11, 15 
Anodic oxidation, 21 3 
Antiresonant frequency, 103, 104,122 

Atomic planes, 17 
Atomic spacing, 182 
Axial systems, 13 
Axis, 13 

AC-cut, 154 

AT-cut, 1 ,22,73,136,  139,142,152 

BC-cut, 154 
b-mode, 228 
Bessel's functions, 77,231 
Boundary conditions, 66,73,76 
Bragg angles, 182 

calculation, 182 
table, 183 

Bragg diffraction, 180 
Bragg relation, 181 
Bravais-Miller indices, 13, 18, 183 

tables, 19, 183 
BT-at ,  7 ,22,73,139,  143, 152 

c-mode, 228 
Capacitane. See Static, Load, and Motion- 

al capacitance. 
in parallel, 109, 117 
in series, 108, 109 
ratio, 122. 167, 246 

Co.  See Static capacitance 

Cady, W. G., 2 ,87 
Cap faces, 12 
Collimating crystal, 185, 189 
Compliance coefficient, 43,45 

matrix, 45 
table, 49 

Contouring, 76, 165 
Converse piezoelectric effect, 3 ,55 
Correlation of oscillators, 11 1 
Coupled modes, 149 
Coup ling 

elastic, 152 
electric, 15 1 

Coupling coefficient, 102, 167,246 
Critical frequencies, 120 
crystals, 3 

Cultured quartz, 20 
Curie temperature, 16, 21  
Cut-off frequency, 169 
Cut-off wavelength, 169 

CT-cut, 69 

Damping, 87, 122, 123 
Dauphine' twinning, 16 
Defects in quartz, 23, 216 
Density of quartz, 89 
Dielectric constant, 25, 31, 35, 235 

Dielectric matrix, 32 
Diffraction, 180 
Dimensional ratio, 158 
Dimensioning, 158 
Diopter, 166 
Dipole, dipole moment, 51,234 
Displacement current 

dielectric, 85, 233 
piezoelectric, 85, 233 

Double rotation, 195 

table, 35 

DT-cut, 69 
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Electrical axis, 15 
Electrical conductivity, 11, 84 
Electrical twinning, 15 
Elastic constants, 4 3  

Elastic limit, 40 
Electrode stress, 222 
Electrostriction, 2 
Energy trapping, 76, 81, 168 
Equivalent circuit, 82,83,87,101,  109 

table, 49 

exact, 83  
limited, 83 
measurement of parameters, 106, 113 

Errors in x-ray measurements, 194, 199 
Etching, 15 
Etching curve, 210 
Eder’s formula, 239 

Fabrication techniques, 8 

Face shear, 8 ,41,  70,83 
Flexure, 155 
Frequency constants, 135, 142 

table, 136 
Frequency-stress effect, 222 
Frequency-temperature coefficients, 1 37 

Gauss’ law, 236 

SC-cut, 223 

Harmonic modes, 134,137,161 
Holder and aging effects, 217 
Hooke’s law, 42,136 

generalized, 44 

Identity matrix, 28 
Impedance 

parallel resonance, 105 
series resonance, 104 

Imperfections in quartz, 22, 216 
Index of refraction, 25 
Infra-red absorption, 5 
Inharmonicmodes,75,77,160,173, 176 
Inversion temperature. See Curie 

Iodine process, 212 
temperature. 

IT-cut, 223,228 

K a  radiation 179, 181 
K p  radiation, 180,181 

LaPlace’s equation, 237 
Lattice vacancies, 23, 216 
Load capacitance, Cx, 108, 109,118 

effect, 112, 118 
maximum value. 118 

Miller indices, 17 
Modulus of elasticity, 42 

table, 49 
Motional parameters, 98 

capacitance, 98, 101, 106, 107 
inductance, 98, 106 
resistance, 98, 106, 113 

Nickel filter, 184 

Oil can effect, 221 
Optic axis, 14 
Optical twinning, 15 
Orientation, 22, 178, 196 

Overtones, 77, 160 
Overtone spectrum, 75, 166 

table, 195 

Parallel resonance, 103, 11 1 
Parallel resonant frequency, 11 1, 120 
Passive network, 78, 114 
Performance index, 105 
Piezoelectric 

coefficients, table, 62 
converse effect, 2, 55 
direct effect, 2,55 
equations, 56 
matrix, 59 
matrix for quartz, 60 
strain coefficients, 56 
theory, 50 

Piezoelectric effect, definition, 2 
Poisson’s equation, 88, 237 
Polarization, 3,54,57, 233 
Pure shear, 41 

Q or quality factor, 102, 106,119, 228 

Quartz 
importance, 119 

cultured, 4 ,20,224 
natural, 2 ,4 ,9 ,  11 
right and left, 13 

Quartz crystal unit, 9 
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Reciprocal of a matrix, 28 
Reflection plane, 201 
Resistance, 

equivalent resistance, Re, 111, 114 
motional, R,, 96,98 

Resonant frequency, 103,104 
Rotation of axes, 29 

SC-bars, 221 
SC-cut, 222 

b and c modes, 228 
characteristics, 227 
fabrication, 223 
frequency constant, 136 
history, 222 
orientation, 223 
testing, 230 

Series resonant frequency, 103,111,120 
Shunt capacitance. See Load capacitance. 
Silver iodide, 212 
Spurious modes, 75,80,160, 173,224 
Spurs. See Spurious modes. 
Standing waves, 168 
Static capacitance, CO, 84,93,98, 101 

measurement, 106 
Stiffness coefficients, 45 

AT- and BT-cuts, 149 
table, 49 

Stress and strain 
definitions, 38 
matrices, 44 
matrices for quartz, 45 
relationships, 42, 43 

Stress compensated unit. See SC-cut. 
Swept quartz, 24,216 
Symmetry relations, 24 

Temperature coefficients of 
density, 138 
elastic constants, table, 139 
frequency 

AT-Cut, 143, 145, 146 
BT-cut, 143, 146 
SC-cut, 230 
X-mt, 139 
Y-cut, 139,143 
2-cut, 143 ’ 

linear expansion, 36, 137 

Test sets, 112 
Thermal stress, 47, 221 
Thickness shear, 8 ,  84 
Tip-over effect, 221, 228 
TS- and TTS-cuts. See SC-cut. 
Twinning 

electrical, 15 
optical, 14 

Vector voltmeter, 114, 243 
Vibrating systems 

one dimension, 64,68 
two dimensions, 69 
three dimensions, 72,76 

Wafer, 22 
Wave equation, 65,69,73, 170 
Wave length, 171 
Wave velocity, 65, 135, 172 

X-axis, 15 
X-cut, 7 ,16 ,72 ,74  

temperature coefficient, 7, 139 
frequency constant, 136 

X-ray diffraction, 180, 189 
single crystal, 184 
double crystal, 185 

care in use, 183 
characteristic radiation, 180 
nature, 179 
table of wavelengths, 181 

X-rays, 178 

X-ray standards, 189 

Y-axis, 17 
Y-bar, 22 
Y-cut, 7 ,8 ,12,73,14,  139,143 

frequency constant, 136 
temperature coefficient, 7, 139, 143 

Young’s modulus, 42 

Z-axis, 13, 14, 20 
2-cut, 143 

temperature coefficient, 143 
2-section, 15 
Zero phase resistor, 243 
22” angle, 191 
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