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INDEX 

(See also Cross Index of Crystal Oscillator Subjects) 

A 
A element 

calculation of series resonance of, 1-207 
change in temperature-frequency characteris- 

characteristics of, 1-112 . 
frequency vs. drive, 1-260 
static capacitance of, 1-192 

Abbreviations (see Appendix V) 
AC cut, characteristics of, in thickness-shear 

Acknowledgments (see Appendix I) 
Activity quality, 1-227, -228 

for parallel resonance, 1-230, -231 
for series resonance, 1-229 
in grounded-grid oscillator, 1-411 
in Meacham-bridge oscillator, 1-360 
p as an index of, 1-235 
PI as an index of, 1-236, -237 
Q, as an index of, 1-232, -233 
Q,,, as an index of, 1-234 

tics of, 1-253 

mode, 1-111 

ADP crystals, physical characteristics of, 1-34, -35 
Aging of crystal units, 1-173, -174 

reduction of, 1-175-1-181 
cleanliness, 1-177 
etching, 1-176 
heat cycling, 1-179 
lapping, 1-175 
low' drive level, 1-181 
low relative humidity, 1-180 
mounting, 1-178 

Antiresonant frequency 
see also Parallel-resonant frequency 
of crystal unit, 1-208 
effects of changes in shunt capacitance on, 1-211, 

measurement of, 1-222, -223 
measurement of effective resistance at, 1-224 

-212 

Asymmetrical displacement of charge, 1-69 
Automatic gain control (see Pierce oscillator) 
Axes of quartz, 1-50-1-55 

asymmetrical displacement of charge, 1-70 
conventions, 1-87 
rotational symbols, 1-88 
X axis (see X axis) 
Y axis, 1-53 
Z axis ( S C C  Z axis) 
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B 
B element, characteristics of, 1-114 
Bandwidth and selectivity parameter, 1-227, -246 

the capacitance ratio, 1-247 
electromechanical coupling factor, 1-248 

BC cut, characteristics of, in thickness-shear mode, 

Bias ( see  Pierce oscillator) 
Bibliography (see Appendix 11) 
Bragg's law, 1-127 

1-113 

BT cut, 1-23 
with B element, 1-114 
mounting for, 1-140 

see also Cross Index of Crystal-Oscillator Sub- 

design procedures, 1-387 

Butler oscillator, 1-376, -377 

jects, Sect. I 

frequency stability considerations, 1-380- 
1-385 

frequency stability, 1-380-1-385 
effect of crystal, 1-386 

loop gain of, 1-378, -379 
modifications, 1-386-1-391 

C 
C element 

characteristics of, 1-115 
dielectric constant for, 1-193 

Calibration ( see  Crystal calibrators) 
Capacitance 

distributed, effect on crystal-unit parameters, 

in k l l e r  circuit, 1-332 
in Pierce circuit, 1-279-1-281, 1-290-1-292 
ratio, 1-247, -286 
series-arm 

1-188 

computing value from measured parameters, 

effect on parallel crystal circuit due to varia- 

equivalent, estimating, 1-197 

effects of changes in, 1-211, -212 
measurement of, 1-219 

of crystal, rule-of-thumb for estimating, 1-191 
total shunt, estimating, 1-201 

1-225 

tions in, 1-215 

shunt 

static 
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Capacitance-bridge oscillators, 1-364 
see also Cross Index of Crystal Oscillator Sub- 

basic circuits, 1-365-1-368 
compared with Miller oscillator, 1-366 
design model for, 1-369 
for greater power output in 50- to  80-mc range, 

miniature, 50- to 120-mc, 1-371 
modifications, 1-315 
multitube, operable up to  and above 200 mc, 

single-tube, 50- to  90-mc, 1-370 
two-tube, 50- to lOO-mc, 1-373 

jects, Sect. I 

1-372 

1-374 

CI (crystal impedance) meter, 1-220, 2-60-2-65 
Colpitts oscillators, modified for crystal control, 

see also Cross Index of Crystal-Oscillator Sub- 
1-227, -436, -437 

jects, Sect. I 
Conductance (see Activity quality) 
Conoscope, use for determining optical axis, 1-124 
Control of radio frequency, 1-6, -7 
Cracks, in quartz crystals, 1-47, -175 
Crystal blanks 

cleaning, 1-177 
effect of twinning on, 1-178 
lapping, 1-175 
mounting of 

see also Crystal holders 
button mounts, 1-153 
cantilever clamp, 1-158, -159 
corner-clamped, air-gap mounting, 1-140, -141 
dielectric sandwich, 1-143-1-149 
edge-clamped mounts, 1-170 
gravity air-gap mounting, 1-138, -139 
gravity sandwich, 1-134, -135 
headed-wire support, 1-168, -169 
knife-edged clamp, 1-160, -161 
nodal-clamped, air-gap mounting, 1-142 
plated crystals, 1-154, -155 
plated-dielectric sandwich, 1-150-1-152 
pressure-pin mounting, 1-156, -157 
pressure sandwich, 1-136, -137 
to  reduce aging, 1-178 
solder-cone wire support, 1-164-1-167 
wire mounting, 1-162, -163 

Crystal calibrators, 1-438, -439 

Crystal filters 

preparation of, 1-131 

employing frequency regenerative divider, 1-440 

pass band of, 1-247 
quartz elements and cuts used as, 1-36, -38, -96, 

-97, 1-99-1-104, -107, -115 
Crystal holders 

see also Crystal blanks 

Crystal holders- (Cont) 
see also Military specifications 
definition of, 1-132 
development of, 1-24 
Military Standard types, Sect. 111 

see aEso Cross Index of Crystal-Oscillator Sub- 
see aEso Packaged crystal oscillators 

circuit analysis of (see Cross Index) 
design of (see Cross Index) 
functional characteristics of (see Cross Index) 
fundamentals (see Cross Index) 
phase rotation in vacuum-tube oscillators, 

principles, 1-263, -264 
requirements of stable forced-free oscillations, 

types, 1-274-1-276, 1-355, -356 
Butler (see Butler oscillator) 
capacitance-bridge (see Capacitance-bridge 

Colpitts modified for crystal control, 1-436, 

crystal and magic-eye resonance indicator, 

grounded-cathode two-stage feedback, 1-433- 

grounded-grid (see Grounded-grid oscillator) 
grounded-plate, 1-421, -422 
impedance-inverting, 1-426 

Crystal oscillators 

jects, Sect. I 

1-268-1-273 

1-265-1-267 

oscillator) 

-437 

1-354 

1-435 

Miller, 1-432 
Pierce, 1-430, -431 
transitron, 1-429 

lator) 
Meacham-bridge (see Meacham-bridge oscil- 

Miller (see Miller oscillator) 
oscillators with crystals having two sets of 

electrodes, 1-351-1-353 
Pierce (see Pierce oscillator) 
transformer-coupled (see Transformer- 

transitron, 1-423-1-425 
two-tube parallel-resonant, 1-345-1-350 

coupled oscillator) 

Crystal ovens 
construction of typical small oven, 4-14 
Military Standard types, Sect. IV 
provisions for minimizing power requirements, 

provisions for temperature control, 4-9, -10 
technical requirements, 4-8 
thermal analogues (see Thermal analogues of 

thermostatic heater control (see Thermostats) 
types of, 4-7 

4-11-4-13 

crystal-oven electrical parameters) 
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Crystal units 
see also Military specifications 
aging of (see Aging of crystal units) 
air-gap, equivalent circuit of, 1-185 
definition of, 1-132 
electrical parameters of ( see  Parameters of 

equivalent circuit of, 1-182-1-184 
fabrication of (see Fabrication) 
housing of, 1-171, -172 

see also Crystal blanks 
impedance curves of, 1-209 
methods of expressing relative performance 

characteristics of (see Performance char- 
acteristics of crystal units) 

crystal units) 

Military Standard types, Sect. I1 
production of, 1-25 
typical operating characteristics of, 1-217 

Crystals 
ADP, 1-34, -35 
blanks (see Crystal blanks) 
DKT, 1-38, -39 
EDT (see EDT crystals) 
elements (see Quartz elements) 
physical characteristics of, 1-26-1-54 
plating of, 1-154, -155 
Q of (see Q) 
quartz (see Quartz crystals) 
raw quartz (see Raw quartz) 
Rochelle salt (see Rochelle salt crystals) 
tourmaline, 1-29-1-31 

Crystal and magic-eye resonance indicator, 1-354 
see also Cross Index of Crystal-Oscillator Sub- 

jects, Sect. I 
CT cut, 1-23 

in C element, 1-115 
Cuts, crystal (see Quartz crystals) 
Cutting quartz crystals 

direct wafering, 1-125 
preparation of crystal blanks, 1-131 
preparation of wafers, 1-130 

Z section Y bar, 1-125 

D 

X block, 1-125, -128 

D element 
characteristics of, 1-116 
dielectric constant for, 1-194 

constant, formula for, 1-191 
material, 1-143 

Dielectric 

Distributed capacitance (see Capacitance) 
Distributed inductance (see Inductance) 
Distributed resistance (see Resistance) 
DKT crystals, physical characteristics of, 1-38, -39 
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Drive level 
effect on crystal parameters, 1-256 
vs. frequency, 1-257-1-260 
in grounded-grid oscillator, 1-412 
in Meacham oscillator, 1-361 
vs. resistance, 1-261 

DT cut, 1-23 
in D element, 1-116 

Duplex crystals, 1-351 

E 
E element 

capacitance ratio of, 1-246 
characteristics of, 1-99 

physical characteristics of, 1-36, -37 
use in frequency-modulated oscillators, 1-247 

EDT crystals 

Effective resonance resistance (see Activity 

Electrodes, types used in mounting crystal blanks, 

Electrostricture, definition of, 1-13 
Elements (see Quartz elements) 
Etching, 1-176 

quality) 

1-134-1-169 

ET cut, 1-23 
characteristics of, in combination mode, 1-117 

F 
F element, characteristics of, 1-102 
Fabrication 

of crystal holders 
covers, 3-8 
insulating, impregnating, and sealing com- 

pounds, 3-10 
solder, 3-11 
solder flux, 3-9 
springs, 3-12 
threaded parts, 3-13 
workmanship, 3-14 

aging of crystal units (see Aging of crystal 

bonding, 2-22 
crystal holders, 2-23 
cutting X block, 1-128 
electrical connections, 2-24, -27 
etching, 2-25 
glass seal inspection, 2-37 
housing of crystal units, 1-171, -172 
marking, 2-26 
methods of mounting crystal blanks in crystal 

mounting, 2-27 
preparation of crystal blanks, 1-131 
preparation of wafers, 1-130 

of crystal units 

units) 

holders (see Crystal blanks) 
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Fabrication- (Cont) 
of crystal units- (Cont) 

sectioning the stone, 1-125 
solder, 2-28 
solder flux, 2-29 
workmanship, 2-30 

Figure of merit of crystal activity, 1-235 
Filters, crystal (see Crystal filters) 
5" X Cut, 1-93, -98 

characteristics of 
in E element, 1-99 
in F element, 1-102 
in H element, 1-100 
in J element, 1-101 
in M element, 1-103 
in N element, 1-104 

Frequency 
deviation of Military Standard crystal units, 2-8 
vs. drive, 1-257-1-260 
vs. impedance characteristics, 1-202 
multiplication, 1-276 
parallel-resonant (see Parallel-resonant fre- 

vs. power, 1-260 
vs. quality factor (Q),  1-199 
range of Military Standard crystal units, 2-9 
range of normal modes, 1-85 
series-resonant (see Resonant frequency) 
vs. temperature, 1-254, -255 

Frequency stability 
in Butler oscillator, 1-380-1-386 
coefficient, 1-243 
in grounded-grid oscillator, 1-413 
in Meacham oscillator, 1-358, -359 
in Miller oscillator, 1-338 
of overall circuit, 1-245 
a t  parallel resonance, 1-243 
in Pierce oscillator, 1-287, -288 
at series resonance, 1-240-1-242 
a t  series resonance with external capacitance, 

in transformer-coupled oscillator, 1-399, -400 
Frequency stabilization quality, 1-227, -238, -239 

see also Frequency stability 

characteristics of, in combination mode, 1-118 

quency and Antiresonant frequency) 

1-244 

FT cut, 1-23 

G 
G element 

characteristics of, 1-119 
frequency deviation of, 1-259 

Grounded-cathode two-stage feedback oscillator, 

see also Cross Index of Crystal-Oscillator Sub- 

modified two-stage feedback oscillator, 1-435 

1-433, -434 

jects, Sect. I 
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Grounded-grid oscillators (single-tube Butler), 
1-406 

see also Cross Index of Crystal-Oscillator Sub- 
jects, Sect. I 

activity of, 1-411 
analysis of, 1-407-1-409 
designs of, 1-414, -415 
drive level in, 1-412 
frequency stability of, 1-413 
loop gain in, 1-410 
modifications of, 1-416-1-420 

see also Cross Index of Crystal-Oscillator Sub- 
Grounded-plate oscillators, 1-421, -422 

jects, Sect. I 
GT cut, 1-23 

in G element, 1-119 
stability vs. drive, 1-259 
temperature coefficient of, 1-252 
use in Meacham-bridge oscillator, 1-357 

H 
H element, characteristics of, 1-100 
Harmonic mode crystals, 1-253 
Harmonics, 1-76, -255 

reduction of, 1-245 
Hartley oscillator, 1-328 
Holders, crystal (see Crystal holders) 

Impedance 
1 

characteristics vs. frequency, 1-202 
curves of crystal unit, 1-209 

Impedance-inverting crystal oscillators, 1-426- 

see also Cross Index of Crystal-Oscillator Sub- 
jects, Sect. I 

Miller oscillator, 1-432 
Pierce oscillator, 1-430, -431 
transitron oscillator, 1-429 

1-428 

Imperfections in quartz crystals, 1-47-1-50 
Inclusions, 1-48 
Inductance 

distributed, effect on crystal-unit parameters, 

series-arm 
1- 187 

computing value from measured parameters, 

effect on parallel crystal circuit due t o  varia- 

estimating equivalent, 1-198 

1-225 

tions in, 1-215 

Inspection 
of crystal holders 

glass seal, 3-17 
visual and mechanical, 3-30 

of crystal units 
glass seal, 2-37 
internal, 2-40 



Index 

Inspection- (Cont) 
of raw quartz 

determination of twinning, 1-129 
determination of X axis, 1-126, -127 
initial inspection, 1-121, -122 
inspection for optical axis and optical twin- 

use of conoscope for exact determination of 
ning, 1-123 

optic axis, 1-124 
Inspectoscope, 1-121-1-123 

J element 
1 

characteristics of, 1-101 
dielectric constant for, 1-195 

1 
Lapping, 1-175 
Leakage resistance, r-f ( see  Resistance) 
Limiting of oscillation amplitude, 1-232, -585, -598 

see also Cross Index of Crystal-Ooscillator Sub- 

current- and voltage-controlled characteristics, 

frequency deviation due to, 1-596, -598 
negative-resistance limiting, 1-586, -589 

jects, Sect. I 

1-590, -595 

M 
M element, characteristics of, 1-103 
Manufacturers ( s e e  Appendix 111) 
Meacham bridge oscillator, 1-357 

see also Cross Index of Crystal-Oscillator Sub- 

activity stability of, 1-360 
crystal drive level, 1-361 
design of, 1-362 
frequency stability of, 1-358, -359 
modifications of, 1-363 
thermistor in, 1-357, -360, -363 

computing series-arm C and L from the meas- 

effective resistance, 1-224 
parallel-resonant frequency, 1-222, -223 
resonant frequency, 1-221 
series-arm resistance, 1-220 
shunt capacitance, 1-219 

jects, Sect. I 

Measurement of crystal parameters, 1-218 

ured parameters, 1-225 

Measuring frequency and effective-resistance of 
Military Standard crystal units, 2-66, -151 

auxiliary amplifiers and frequency convert- 
equipments required, 2-67, -123 

ers, 2-110, -122 
amplifier, d-e, 2-121 
amplifier, r-f, 2-120 
frequency divider, 2-118 
harmonic generators, 2-111, 1-117 

Measuring frequency and effective resistance of 
Military Standard crystal units- (Cont) 

auxiliary amplifiers and frequency convert- 
equipments required- (Cont) 

ers- (Cont ) 
radio receiver, 2-110 
signal control panel, 2-122 
variable r-f oscillator, 2-119 

auxiliary test-control devices, 2-123 
indicating and recording instruments, 2-92, 

-109 
earphones, speaker, 2-109 
eff ective-resistance recorder, 2-102 
frequency counter, or meter, 2-92, -95 
frequency-deviation meter, 2-96, -98 
frequency-deviation recorder, 2-99 
grid-current meter, 2-101 
oscilloscope, 2-100 
pyrometer, dummy-crystal-unit, 2-104 
Q meter, 2-107 
r-f bridge, 2-108 
thermometer, cold-box, 2-105 
voltmeter, electronic a-e, 2-103 

crystal test set, 2-78 
frequency, 2-73, -77 
load capacitor, 2-79 
resistors, 2-80 
temperature, 2-81 
time, 2-73, -77 

reference standards, 2-82, -91 
crystal test set, 2-88 
frequency, a-f, 2-85, -87 
frequency, r-f, 2-82, -83 
load capacitof, 2-90 
resistors, 2-91 
temperature, 2-89 
time, 2-92 

primary standards, 2-69, -81 

frequency-measuring systems, 2-124, -135 
double-heterodyne for vhf, 2-131 
frequency-reading counter, 2-129 
Government inspection 

room-temperature tests, 2-133 
temperature-run tests, 2-134 

heterodyne-frequency meter, 2-125, -128 
vfo-counter, 2-130 
WADC, 2-135 

procedure for correlating test equipment with 
standards, 2-136, -150 

calibrated resistors, 2-139 
cold-box thermometer, 2-147 
crystal test set, 2-140 
eff ective-resistance recorder, 2-144 
frequency-deviation meter and recorder, 

correlation of 

2-143 
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Measuring frequency and effective resistance of 

procedure for correlating test equipment with 
Military Standard crystal units- (Cont) 

standards- (Cont) 
correlation of-(Cont) 

frequency standard, 2-141 
heater, 2-148 
interpolation oscillator, 2-142 
Ioad-capacitance dial, 2-138 
pyrometer, 2-146 
recorders with temperature range, 2-149 
temperature-measurement controls (gen- 

vibration machine, 2-150 

cordings, 2-151 

Military specifications 
of crystal holders 

authority, 3-3 
date of status, 2-4 
delivery requirements, 3-23, -24 
fabrication (see Fabrication) 
functional description, 3-5 
inspection (see Inspection) 
nomenclature, 3-6 
status, 2-54 
tests (see Tests) 
USAF stock numbers, 3-29 

authority, 2-2 
crystal holder, 2-3 
date of status, 2-4 
delivery requirements, 2-49, -50 
drive adjustment procedures, 2-6, 2-60-2-65 
fabrication (see Fabrication) 
frequency deviation of temperature, 2-8 
frequency range, 2-9 
frequency range abbreviations, 2-10 
functional description, 2-11 
harmonic of quartz vibration, 2-12 
inspection (see Inspection) 
maximum effective resonance resistance, 2-14 
method of measuring frequency and resonance 

nomenclature of crystal units, 2-17 
nominal frequency tolerance, 2-18 
operable temperature range, 2-19 
operating temperature range, 2-20 
pin-to-pin capacitance, 2-13 
second test level of drive, 2-51 
standard, 2-53 
status, 2-54 
test level of drive, 2-55 
test load capacitance, 2-56 
test set (see Crystal Impedance meter) 

eral) ,  2-145 

procedure for making measurements and re- 

of crystal units 

resistance, 2-15 
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Military specifications- ( Cont) 
of crystal units- (Cont) 

tests (see Tests) 
USAF stock number 2-59 

Military Standard 
crystal holders (see Crystal holders) 
crystal ovens (see Crystal ovens) 
crystal units (see Crystal units) 

see also Cross Index of Crystal-Oscillator Sub- 

see also Pierce oscillator 
compared with capacitance-bridge oscillator, 

design considerations, 1-330 
equation of state, 1-331 
frequency stability equations, 1-338 
load capacitance of crystal unit, 1-332 
maximum R,, 1-333 
modifications, 1-344 
operating conditions, 1-337 
optimum value of K = E,/E,, 1-334-1-336 
as a small power oscillator, 1-339 
typical characteristics of, 1-340-1-343 

see Capacitance-bridge oscillators 
see also Cross Index of Crystal-Oscillator Sub- 

Miller oscillator 

jects, Sect. 1 

1-366 

Miniature capacitance-bridge oscillators 

jects, Sect. I 
Modes of vibration,’ 1-75-1-86, -90 

face-shear, 1-82 
frequency of, 1-78 
frequency range of, 1-85, -86, -90 
length- (or width-) extensional, 1-79 
length-width-flexural, 1-83 
length-thickness-flexural, 1-84 
thickness-extensional, 1-80 
thickness-shear, 1-81 

Motional a rm (see Series a rm)  
Mounting crystal blanks 

see Crystal blanks 
see also Crystal holders 

in M element, 1-103 

see Capacitance-bridge oscillators 
see also Cross Index of Crystal-Oscillator Sub- 

MT cut, 1-23 

Multi-tube capacitance-bridge oscillators 

jects, Sect. I 
Multivibrator circuit, 1-345 

N 

characteristics of, 1-104 
dielectric constant for, 1-196 

N element 

Nodes, 1-75 
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NT cut, 1-23 
in N element, 1-104 

0 
Oriascope, 1-126 
Orientation of crystal cuts 

right-handed coordinate system, 1-87 
rotation symbols, 1-88, -90 
X-ray determination of, 1-127 

Oscillations, stable forced-free, 1-265-1-267 
Oscillators, crystal (see Crystal oscillators) 
Oscillators with crystals having two sets of elec- 

see also Cross Index of Crystal-Oscillator Sub- 
trodes, 1-351-1-353 

jects, Sect. I 
Ovens, crystal (see Crystal ovens) 

P 
Packaged crystal oscillators, 1-560, -584 

problems of standardization, 1-573, -584 
transistor 

Sulzer miniature frequency standard, 1-570 
commercially available temperature- 

vacuum-tube (Gruen series) 1-562, -568 

effect of variations in resistance, 1-214 
effect of variations in series-arm C or L, 1-215 

see also Antiresonant frequency 
see also Parallel crystal circuit 
activity quality for, 1-230, -231 
of crystal circuit, 1-210 
frequency stability at, 1-243 
minimum value of af,, 1-216 
stabilizing effect of crystal on, 1-213 

effect of drive level on, 1-256 
effect o f  spurious modes on, 1-254, -255 
effect of temperature on, 1-252, -253 
frequency vs. drive, 1-257-1-260 
resistance vs. drive, 1-261 

antiresonant frequency, 1-208 
bandwidth and selectivity, 1-246 
computing series-arm C and L from the meas- 

ured parameters, 1-225 
effect of distributed capacitance on, 1-188 
effect of distributed inductance on, 1-187 
effect of r-f leakage resistance on, 1-186 
effect of distributed resistance on, 1-189 
equivalent circuit of crystal unit, 1-182-1-184 
impedance characteristics vs. frequency, 1-202 

controlled units, 1-571, -572 

Parallel crystal circuit 

Parallel-resonant frequency 

Parameter stability, 1-227 

Parameters of crystal units, 1-182-1-262 

-1-205 
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Parameters of crystal units-(Cont) 
measurement of (see Measurement of crystal 

parameters) 
methods of expressing relative performance 

characteristics (see Performance charac- 
teristics) 

parallel-resonant frequency of crystal circuit 
(see Parallel-resonant frequency) 

resonant frequency, 1-205-1-207 
rule-of-thumb equations for estimating, 1-190- 

simplified equivalent circuit of air-gap crystal 

typical operating characteristics, 1-217 
Performance characteristics of crystal units, 1-226 

activity quality (see Activity quality) 
bandwidth (see Bandwidth and selectivity para- 

frequency stabilization quality (see Frequency 

parameter stability (see Parameter stability) 
quality factor (see Q) 

1-201 

unit, 1-185 

meter) 

stabilization quality) 

Performance index ( P I ) ,  1-236, -237 
Phase 

relation, 1-269 
rotation, 1-268 
-stabilized Pierce circuit, 1-283 

see also Cross Index of Crystal-Oscillator Sub- 
Pierce oscillator 

jects, Sect. I 
AGC, 1-308 
analysis of load capacitance, 1-278-1-285, 

bias voltage, 1-293 
capacitance ratio for greater output, 1-286 
capacitive elements in design, 1-290-1-292 
choosing a vacuum tube for, 1-311-1-315 
design considerations, 1-316-1-318 
energy and frequency equations as complex 

functions of linear parameters, 1-289 
fixed bias, 1-294, -295 
frequency variation and stability, 1-287, -288 
gridleak bias, 1-296-1-307 
modifications of, 1-319-1-323 
plate-supply circuit, 1-309, -310 

development of, 1-14-1-25 
early applications, 1-17-1-25 
transducers, 1-17 

definition and history of, 1-8-1-13 
report on discovery of, 1-56-1-68 

1-317-1-327 

Piezoelectric devices 

Piezoelectric effect 

Piezoelectricity, theory of (see Theory of piezo- 

Plate resistance (see Resistance) 
electricity) 
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Plating, method of 
electroplating, 1-154, -155 
spraying and baking, 1-154, -155 
sputtering, 1-154, -155 

Pyroelectricity, defined, 1-29, -57 

Q 
Q (quality factor) 

of EDT crystals, 1-37 
effect of r-f leakage resistance on, 1-186 
vs. frequency, 1-199 
maximum effective ( Qe,,), 1-234 
as a performance characteristic, 1-227, -249, -250 
of recommended crystal units in metal or glass 

holders, 1-186 
Q meter, 1-292 
Quartz crystals 

atomic lattice, 1-69 
axes of, 1-51-1-55 
early applications of, 1-20-1-23 
elements (see Quartz elements) 
imperfections in, 1-44-1-50 
modes of vibration (see Modes of vibration) 
orientation of cuts (see Orientation of crystal 

raw (see Raw quartz) 
types of cuts, 1-91-1-119 

Quartz elements, 1-99-1-119 
characteristics of (see specific element) 
table of, 1-90 

cuts) 

R 
Raw quartz 

alpha and beta, 1-40 
axes of, 1-51-1-55 
imperfections in, 1-44-1-50 
preparation of, for fabrication of crystal units 

(see Fabrication and Inspection) 
physical characteristics of, 1-40-1-43 

distributed, effect of, on crystal-unit parameters, 

vs. drive, 1-261 
effect on parallel crystal circuit due to  varia- 

equivalent series-arm, estimating, 1-199 
grid, in Pierce oscillator, 1-298 
gridleak, in Pierce oscillator, 1-297,l-299-1-307 
plate, in Miller circuit, 1-333 
plate, in Pierce circuit, 1-282, -284, -285 
r-f leakage, effect on crystal-unit parameters, 

series-arm, measurement of, 1-220 
thermal ( see  Thermal analogues of electrical 

Resistance 

1-189 

tions in, 1-214 

1-186 

parameters) 

Resonant frequency 
activity quality for, 1-229 
of crystal unit, 1-205-1-207 
frequency stability at, 1-240-1-242 

with external capacitance, 1-244 
measurement of, 1-221 

development of devices, 1-17 
physical characteristics of, 1-32, -33 
as transducers, 1-32 

RTMA Standards Committee on Quartz Crystals 
recommended electrode areas, 1-192 

5 
Sectioning ( see  Cutting quartz crystals) 
Selectivity (see Bandwidth and selectivity para- 

Series-arm 

Rochelle salt crystals 

meters) 

capacitance (see Capacitance) 
definition of, 1-182 
inductance (see Inductance) 
resistance (see Resistance) 

Series resonance (see Resonant frequency) 
Single-tube capacitance-bridge oscillators 

see Capacitance-bridge oscillators 
see also Cross Index of Crystal-Oscillator Sub- 

Solder, used with solder-cone wire support, 1-167 
Spurious modes, effect on crystal parameters, 

Symbols 

ject, Sect. I 

1-254, -255 

definition of, Appendix V 
element, 1-89 
rotation, 1-88, -90 

Synthesizing circuits, 1-441-1-448 
Synthesizing systems, 1-441-1-538 

attenuation of unwanted products in, 1-525- 

balanced modulator in frequency synthesis, 

selection of heterodyne input frequencies, 

1-529 

1-526, -527 

1-528, -529 
Bendix synthesizing system, 1-455-1-507 

Radio Set AN/ARC-33, 1-463-1-507 
Collins synthesizing system, 1-508-1-524 

Radio Receiver R-252A/ARN-14, 1-509- 

Radio Receiver R-278/GR, 1-512-1-516 
Radio Set AN/ARC-27, 1-51 7-1-529 

1-511 

crystal-phase-controlled harmonic multipliers, 

Hahnel spectrum generator, 1-536-1-538 

advantages in r-f measurements, 1-443, -444 
circuit design, 1-450-1-454 
functional operation, 1-445-1-449 

1-530-1-538 

Plessey synthesizing system, 1-442-1-454 
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Index 

Temperature 
coefficient of 

ADP, 1-34 
DKT, 1-38 
EDT, 1-36 
quartz, 1-40 
Rochelle salt, 1-32 
tourmaline, 1-30 

effect on crystal parameters, 1-252, -253 
thermistor, 1-357 

of crystal holders 
corrosion, 3-16 
immersion, 3-18 
inspeition (see Inspection) 
leakage, 3-19 
pin alinement, 3-20 
standard conditions, 3-15 
tensile strength, 3-21 
thermal shock, 3-22 

of crystal units 
aging, 2-32 
corrosion, 2-33 
drop, 2-34 
frequency and effective resistance, 2-35, -36 
immersion, 2-38 
inspection (see Inspection) 
insulation resistance, 2-39 
moisture resistance, 2-41 
pin alinement, 2-42 
plating adherence, 2-43 
requirements and procedures, 2-21 
seal, 2-44 
spurious frequency, 2-45 
standard conditions, 2-31 
tensile strength, 2-46 
terminal polarity, 2-47 
vibration, 2-48 

Tests 

Theory of piezoelectricity, 1-56-1-74 
see also Piezoelectric effect 
see also Modes of vibration 
asymmetrical displacement of charge, 1-69- 

Thermal analogues of crystal-oven electrical para- 
1-74 

meters, 4-30 
absorptivity and emissivity, 4-37 
conductivity, 4-32 
current, 4-31 
emissivity of various substances, 4-39 
equivalent “electrical circuit of crystal ovens,” 

equivalent thermal radiation resistance, 4-41, 

heat capacity, 4-43 

4-44-4-72 

-42 

Thermal analogues of crystal-oven electrical para- 
meters- (Cont) 

Ohm’s law, 4-34 
pin-to-pin electrical capacitance, 4-73 
radiancy, 4-36 
radiant heat flow, 4-40 
resistance, 4-33 
Stefan-Boltzmann constant, 4-38 
Stefan-Boltzmann law, 4-35 

Thermistor, in Meacham-bridge oscillator, 1-357, 

Thermostats 
-360, -363 

bimetallic, 4-18-4-24 
mercury, 4-25, -26 
methods of heater control, 4-15-4-17 
monitoring, 4-29 
thermistor-bridge, 4-27, -28 

Tourmaline crystals, physical characteristics of, 

Transducers 
1-29-1-31 

electromechanical coupling factor of, 1-248 
use of piezoelectric crystal as, 1-17 

Transformer-coupled oscillators, 1-392 
see also Cross Index of Crystal-Oscillator Sub- 

broad-band considerations in, 1-398 
design procedure for, 1-401-1-404 
frequency stability of, 1-399, -400 
gain requirements of, 1-395 
lead-to-crystal power ratio in, 1-397 
modifications of, 1-405 
phase considerations of, 1-393, -394 
Q degradation in, 1-396 

see also Cross Index of Crystal Oscillator Sub- 

crystal-feedback types, 1-539-1-543 
junction transistor, 1-542, -543 
point-contact transistor, 1-539-1-541 

jects, Sect. I 

Transistor oscillators, 1-539-1-559 

jects, Sect. I 

h-f types, 1-544 
high-impedance types, 1-550-1-551 
negative-resistance types, 1-545-1-549 
stabilized design, 1-535-1-559 

amplitude and harmonic stabilization, 1-558, 

frequency stabilization, 1-555-1-557 
transformer-coupled types, 1-552-1-554 

Transitron crystal oscillators, 1-423-1-425 
see also Cross Index o f  Crystal-Oscillator Sub- 

-559 

jects, Sect. I 
Tri-tet oscillator, 1-322 

see also Cross Index of Crystal-Oscillator Sub- 
jects, Sect. I 

Twinning, 1-49, -50 
determination of, 1-129 
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Index 

Twinning- (Cont) 
effects on electrical characteristics of crystal 

inspection of raw quartz for, 1-123 
Two-tube capacitance-bridge oscillators 

see Capacitance-bridge oscillators 
see also Cross Index of Crystal-Oscillator Sub- 

element, 1-178 

ject, Sect. I 
Two-tube parallel-resonant crystal oscillators, 

1-345-1-350 
see also Cross Index of Crystal-Oscillator Sub- 

jects, Sect. I 

U 

Units, crystal (see Crystal units) 

V 

Vacuum-tube oscillators 
see Crystal oscillators 
see also Cross Index of 

jects, Sect. I 
V cut, 1-93, -95 

Crystal-Oscillator Sub- 

characteristics in thickness-shear mode, 1-106 
characteristics in face-shear mode, 1-107 

Vibration (see Modes of vibration) 

W 

Wafers, preparation of, 1-130 

X 
X axis (electrical) 

see also Axes of quartz 
characteristics of, 1-54, -55 
determination of 1-126, -127 

see also Cutting quartz crystals 
characteristics of, 

X cut, 1-93 

in length-extensional mode, 1-96 
in thickness-extensional mode, 1-95 
in width-extensional mode, 1-97 

Y 
Y axis (mechanical), characteristics of, 1-53 

Y cut, 1-108, -109 
see also Axes of quartz 

see also Cutting quartz crystals 
characteristics in thickness-shear mode, 1-110 

see also Cutting quartz crystals 
YT cut, 1-89 

Z 
Z axis (optical) 

see also Axes of quartz 
characteristics of, 1-52 
inspection for, 1-123 
use of conoscope for exact determination of, 

1-124 
Z Cut ,  1-92 

see also Cutting quartz crystals 
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