











Paragraph

Symbol
Licenequivalent, or effective, inductance of crystal
unit when unit is viewed as an equivalent re-
sistance and reactance in series . ) .
Ly... ..suppressor-grid circuit tank mductance in
transitron crystal-oscillator circuit ...
| ...cathode-to-ground inductance in modified
grounded-grid oscillator ..
L. ..distributed inductance of Ieads and termmals
of erystal unit ... .
Lo ...external inductance connected across crystal
unit to antiresonate with electrostatic shunt
capacitance of theunit ... . ... ..
L. ..(1) inductance of plate circuit ... e
(2) inductance of primary in plate transformer of
capacitance-bridge oscillator .. ...
(8) inductance of plate-to-ground transformer in
modified grounded-grid oscillator ... ... .
L. ...inductance of secondary in plate transformer
of capacitance-bridge oscillator .. I
Lr...... ...dynamic inductance between plate and cathode
effectively introduced by vacuum tube ...
§ P equivalent series-arm inductance of desired-
frequency mode of crystal unit ... ..
Ly, L. etc....... inductances in schematic diagrams ... ..

WADC TR 56-156

L. Loy oo D

equivalent series-arm inductance of unwanted-
frequency modes of crystal unit

dength
...mechanical one-quarter wavelength of wire. ..

MT. o quartz cut ...

4)

(1)
(2)
(3)

(4)

mechanical three-quarter wavelength of wire

..ratio of length to thickness ... ..

quartz element .. ...,
figure of merit ... e
coefficient of inductive coupling ..

U TS o A ¥: 1T
harmonic integer .. e
constant for mode of v1bratx0n in frequency
equation of clamp-free rod in flexural vibra-
tion
proportmnahty constant relating total resxst—
ance on crystal side of Meacham bridge to the
value of the resistance of the variable arm
AlONE e
nitrogen

quartz element
ratio of a conveniently assumed reference
value of R, to any particular value of R.
(=Rc);thus N = (ref)Re/Reg. o
same as in definition (8), but i in the particu-
lar case wheve (ref) R, is the maximum per-
missible resonance resistance of a Military
Standard crystal unit and R, is the minimum
expected resonance resistance .. ...

671

1-236

1-425

1-417

1-183

1-385
1-328

1-365

1-417

1-365

1-278

1-183
1-220

1-183
1-79
1-165
1-165
1-141
1-90
1-227
1-419
1-188
1-23
1-42
1-81

1-158

1-358
1-29
1-90

1-312
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Symbol Paragraph

(5) turns ratio of autotransformer in grounded-
grid oscillator (equal to ratio of total turns

to turns of secondary) . 1-407
(6) total number of frequency channels in syn-

thesizer circuit . 1-442
Na . e Sodium 1-29
NaKC,h O -
4H,0...... Rochelle salt ... ... ... 1-29
N,.. ...turns ratio of grid transformer in vacuum-

tube circuit ... 1-358
N YINS. ratio of plate transformer in vacuum-

tube cireuit ... .., 1-359

ammonium dihydrogen phosphate..... . . . . 1-29

quartz cut .., 1-23
integer; equal to harmonic of oscillation. .. 1-79
a positive integer; equal to the sequence num-
ber of any given frequency in a set of fre-
quencies (e.g. in an ascending sequence of
evenly-spaced crystal frequencies numbered
1,2,...ete.,, n = 1 for the No. 1 erystal,n = 2

for the No. 2 crystal, etc.) 1-445
O OXygen 1-29
P Phosphorus 1-29
P e, power dissipated in crystal unit. .. .. ... . 1-233
P maximum power dissipation recommended for
Military Standard crystal unit... 1-293
Py power dissipated in vacuum-tube grld CIrcmt 1-296
P, power dissipated in crystal-oscillator load..... 1-397
P power dissipated in output circuit. ... ... .. 1-333
Py power dissipated in plate circuit of trans-
former-coupled oscillator 1-395
P power dissipated in oscillator tank circuit... . 1-312
P (1) power dissipated by R, (crystal-unit) arm in
Meacham-bridge oscillator .. 1-361
(2) position of any given adJustment of adJust-
able thermostat . 4-16
P harmonic integer 1-81
[ . quality factor ... . 1-36
effective quality factor of crystal unit equal
L 2o T G 1-227
Qem maximum possible effective quality factor of
a given crystal unit 1-217
Qe.. imaginary ' effective overall phase-rotating
quality factor of an oscillator feedback circuit 1-272
L quality factor of vacuum-tube input imped-
ance . 1-272
Qg overall quality factor of a-c impedance of oscﬂ-
lator feedback circuit from plate to grid to
cathode 1-272
(A effective quality factor of series arm of crystal
unit (equal to X./R) 1-213
R (1) motional-arm (or series-arm) resistance of
crystal-unit equivalent cireuit.... ... 1-183
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Symbol Paragraph
(2) effective lumped thermal resistance of thermo-

filter in crystaloven.... ... .. ... 4-58
Raoo thermal resistance of air outside crystal oven 4-58
Rao plate load resistance of first vacuum tube in

two-tube parallel-resonant crystal oscillator . 1-345
Rooooo (1) plate load resistance of second vacuum tube in

two-tube paraliel-resonant crystal oscillator.. 1-345

(2) external resistance in base circuit of tran-

SISOT Lo 1-548
) L P effective thermal resistance of crystal cham-

ber in crystal oven.... ... 4-58

effective thermal resistance of crystal holder 4-58

total effective resistance faced by crystal unit

(normally useful only when unit is assumed

to operate at resonant frequency).. . ... .. 1-241

(2) collector resistance of transistor .. .. ... .. .. . 1-540
(3) external resistance in collector circuit of tran-

SISEOT e e 1-548
Regi effective grid re31stance in osc1llator circuit. 1-331
Reooo (1) equivalent, or effective, resistance of crystal

unit when unit is viewed as an equivalent re-

sistance and reactance in series ... ... .. . 1-204

(2) external resistance in emitter circuit of tran-

SISTOT . e 1-546
Re e effective resistance, R, of crystal unit when

assuming stray shunt capacitance introduced

by circuit is part of total electrostatic shunt

capacitance of crystal unit .. . ... 1-278
Remooooerooreenn specified maximum effective resistance of

paraliel-mode, Military Standard crystal unit 1-293

S ——— any particular value of R. whose ratio to a
conveniently assumed reference value, (ref)

R,isequal to N . .. 1-312
Repo i equivalent, or effective, resistance (R.) of

crystal unit when operating at parallel-reso-

nance frequency, f,, of equivalent crystal-

oscillator circult ... 1-210
Ry, -total resistance of feedback c1rcu1t ..................... 1-297
Riteo, effective resistance of feedback circuit insofar

as it affects oscillator frequency.. . ... . 1-297
Reooo grid-leak resistance . 1-277
Ry o resistive component of grld 1mpedance when

latter is represented as equivalent resistance

in series with equivalent reactance. .. . . 1-297
R... . effective grid resistance in equivalent oscil-

lator circuit ... . 1-333
Rer oo grid-leak resistance of first vacuum tube in

two-tube crystal-oscillator circuit ... ... . . 1-345
Reo ...grid-leak resistance of second vacuum tube in

two-tube crystal-oscillator circuit ... ... . 1-345
R o, thermal resistance ..., 4-33
Reo terminal-to-terminal r-f insulation resistance

of crystal unit . e oottt 1-183
R, cathode biasing resistance ... S e, 1-307
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Symbols
Symbol Paragraph
Reo (1) distributed resistance of leads and terminals
of erystal unit .. ... . .. 1-183
(2) equivalent, or effective, load resistance of
oscillator tube ... ... ... 1-278
(8) load resistance of transistor oscillator circuit 1-450
Ry o, equivalent load resistance of vacuum-tube
plate-circuit impedance when represented as
in series with reactive component..........c.. 1-300
R maximum permissible resonance resistance of
series-mode Military Standard crystal unit... 1-362
Ro o, effective thermal resistance of crystal oven
between heater and the outside.............. 4-58
Ro oo equivalent output resistance connected across

vacuum-tube plate circuit having such a value
that its losses equal the power output for a
given r-f plate voltage .. . ... 1-333

plate resistance of vacuum tube 1-268
plate resistance of first vacuum tube in two-
tube crystal-oscillator circuit ... ... 1-378
R o o plate resistance of second vacuum tube in two-
tube crystal-oscillator circuit ... . ... 1-378
Rr..... ... .(1) total load resistance in series with total re-
actance, X, shunting series arm of equivalent
crystal-oscillator circuit ... ... ... ... 1-211
{(2) sum of fixed resistance and resistance of indi-
cator lamp in bridge circuit of Meacham-
B bridge oscillator ... 1-358
Ry ... ... equivalent load resistance in series with re-
actance, X,, shunting crystal unit in equiva-
lent parallel-resonant crystal circuit.. .. . .. 1-210
Rar oo ... resistive component of load impedance .. ... 1-281
R, ... . ... . .equivalent series-arm resistance of desired-
frequency mode of crystal unit . e 12183
R, Ro, ete. . . resistances in schematic dxagram ........................ 1-277
R:, Rs, ... R, .. _equivalent series-arm resistance of unwanted-
frequency modes of crystal unit 1-183
ro . . ... (1) quartzface .. ..o 1-42
(2) ratio of total electrostatlc shunt capacitance,
C., to motional-arm capacitance, C, of crystal
equivalent circuit ... ... ... 1-208
(3) power ratio in grounded-grid oscillator, equal
20 PL/Pe o e 1-411
Yy ... .effective internal, small-signal, linear, base
resistance of transistor when transistor rep-
resented by equivalent T network ... . 1-548
e v o .effective internal, small-signal, linear, collec-
tor resistance of transistor when transistor is
represented by equivalent T network... ... .. 1-540
Yo ......... {1) ratio of electrostatic capacitance, C., across

quartz-plate dielectric, to motional-arm ca-

pacitance, C, of crystal-unit equivalent circuit 1-197
(2) effective internal, small-signal, linear, collec-

tor resistance of transistor when transistor is

represented by equivalent T network .. 1-548
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Symbol Paragraph
S thermistor sensitivity in Meacham-bridge os-
Cillator ..o 1-360 .
S, S5, S, ete switches in schematic diagram............... 1-188
S STHCOM oo . 1-40
8i0. silicon dioxide 1-40
S (1) quartz face ... 1-43
(2) elastic compliance factor ... 1-78
(3) activity sensitivity of bridge cu'cult in
Meacham-bridge oscillator ..., 1-360
temperature ..............o— 4-36
.peak amplitude of temperature cycles . 4-61
....average crystal temperature . .. ... ... 4-56
average heater temperature ... 4-56
operating temperature of oven and/or thermo-
stat 4-16
i R absolute temperature of surroundings of radi-
ating surface . 4-40
| SO (1) thickness . . 1-80
(2) time (in seconds) ... 1-296
L 77 RO ratio of thickness to length . 1-101
tan ' arctangent (an angle whose tangent is) ... 1-280
Y A (1) quartz cut 1-23
(2) applied d-c voltage..... . 1-248
(3) volume ... 4-25
..vacuum tubes in schematic diagram.......... 1-309
velocity ... 1-78
A 25O . 4 (s | # s SO e e 1-79
W/, ratio of width to length. ... .. ... e 1-79
X 1) QUATEZ QU e 1-23
(2) crystal axis ... 1-23
(8) number of crystals for second crystal oscilla-
tor in synthesizer circuit ... ... 1-442
D, G directional axis of the crystal dimension that
initially coincided with a true X axis before
rotation ) et Fig. 1-17
D, GLER— (1) capacitive reactance ... 1-187
(2) motional-arm capacitive reactance of crystal-
unit equivalent circuit. ... 1-190
(3) thermal reactance of thermofilter capacity..... 4-61
D, L —— capacitive reactance of balancing capacitance
of capacitance-bridge cireuit................... 1-365
), CONPRENIE— e of effective grid- to-cathode capaci-
tance of vacuum-tube cireuit. ... ... ... 1-280

X e Teactance of effective grid-to-cathode capaci-
tance of first vacuum tube in two-tube crystal
oscillator circuit ... .. 1-383
X e cApacitive reactive component of grxd 1mped-
ance when latter is represented as equivalent
capacitance in series with equivalent resist-
ATICR oot e et e 1-297
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D G (1) equivalent positive reactance of dynamic neg-
ative plate-to-cathode capacitance effectively
introduced by vacuum tube in Pierce crystal
oscillator 1-281
(2) reactance of C, in impedance-inverting crys-
tal oscillator 1-426
D, . shunt capacitive reactance of crystal-unit
equivalent circuit 1-187
Xop .................................... reactance of total effective electrostatic plate-
to-cathode capacitance of vacuum-tube plate
circuit 1-281
X equivalent, or effective, reactance of crystal
unit when unit is viewed as an equivalent re-
sistance and reactance in series. ... 1-204

X oo effective reactance, X., of crystal unit when
assuming stray shunt capacitance introduced
by circuit is part of total electrostatic shunt

capacitance of crystal unit ... . . 1-278
D GO effective reactance, X,., of crystal unit when
operating at parallel-resonance frequency, f,,
of generalized crystal-oscillator circuit............ 1-210
Xy €neralized reactive component of grid imped-
ance in oscillator circuit 1-331
Xy . (1) inductive reactance ... 1-187
(2) motional-arm inductive reactance of crystal-
unit equivalent circuit . 1-190
D, €7 S reactance of distributed inductance of leads
and terminals of erystal unit.. S 1-187
D, €Y inductive reactance of secondary of plate
transformer in capacitance-bridge oscillator 1-565
X, Yéactive component of plate impedance in os-
cillator circuit .. , 1-331
D € reactive component of plate lmpedance in
Miller oscillator when expressed as a combined
function of plate and grid circuit. ... 1-332
D, G plate-to-grid reactance in vacuum-tube circuit 1-331
D GO, total series-arm reactance of crystal-unit
equivalent circuit ... ... 1-203
D, G total series-arm reactance, X,, of crystal—umt
equivalent circuit at antiresonance ... ... 1-208
X total series-arm reactance, X,, of crystal-unit

equivalent circuit when operating at parallel
resonance with total effective load capaci-
tance, Cy, of generalized oscillator circuit (em-
ployed only when convenient to distinguish
between X, used in the general sense and X,
when used in the particular case of the
equivalent parallel-resonant crystal-oscillator

CITCUIL) oo . 1-214
D, SRR total reactance in series with total load re-

sistance, R, shunting series arm of equivalent

crystal-oscillator circuit ... ... 1-211
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D, O total reactance in series with total load re-
sistance, Ry, shunting series arm of equiva-
lent parallel-resonant crystal-oscillator circuit
(employed only when convenient to distin-
guish between X, used in the general sense
and when used in the particular case of the
equivalent parallel-resonant crystal-oscillator
circuit) . - e 12211
X,........,......,,.............44...‘....reactance in series w1th load resmtance, Rx,
shunting crystal unit in equivalent paraliel-

resonant crystal circuit.. .. et 1-210
Xt Ye@ctive component of load impedance.. .. 1.281
b, S (1) quartz face ... 1-43
(2) dimension of crystal blank in X-axis direction 1-51
Y oo (1) quartz cut . ... 1-23
(2) crystal axis . 1-23
Y directional axis of the crystal dlmenswn tnat
initially coincided with a true Y axis before
,rotation oL Fig. 1-17
YT oo, quartzeut ... ... 1-90
F e e dimension of crystal blank in Y-axis direction 1-51
Z oo (1) Quartz aXis ... ... .o e 1.51
(2) impedance .. ... . i 12188
Z' directional axis of the crysta] dlmensmn that
initially coincided with a true Z axis before
. rotation . ... Fig. 1-17
Z7 o directional axis of the crystal dimension that
initially coincided with the Z° axis before
TOLALION . s e Fig. 1-17
Zeooooo .equivalent, or effective, impedance of crystal
URIE o e e 1-209
Lo 1mpedance of feedback circuit..... ... I 1-378
Zeoooo (1) grid-to-cathode impedance as viewed by the
excitation source . . 1-233
(2) impedance of exc1tat10n source as v1ewed by
grid of vacuum tube... . 1-398
Zyyoooooo input impedance of ﬁrst tube in two tube
parallel-resonant crystal oscillator .. . .. 1-345
Zeo oo, input impedance of second tube in two-tube
parallel-resonant crystal oscillator. . = . . 1-345
Lo .vacuum-tube a-c plate-circuit impedance be-
tween cathode and ground (in the Butler os-
cillator, Z, is the output impedance of the
cathode follower) ... . 1-878
Zy o, output impedance of cathode follower as
viewed by the crystal in grounded-plate oscil-
1ab0r e s 1-422
a-c load 1mpedance e e e . 1-268
input impedance of impedance-inverting net-
WOTK o e 1-426
Lo characteristic impedance of impedance-invert-
ing netWork ... 1-426
Zoyoooo, (1) impedance of an equivalent parallel-resonant

crystal circuit; antiresonant impedance of
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Z, (Cont) ... .crystal unit in parallel with equivalent load '

capacitance, C, (equal to the performance
index of a crystal unit having a rated load

capacitance, Cy) ..o 1-214
(2) a-c impedance of vacuum-tube plate circuit... 1-269
Zogooe a-c impedance between plate and excitation
grid of vacuum tube............... 1-269
Lpgeooes o total a-c impedance of oscillator feedback cir-
cuit from plate to grid to cathode.... ... 1-270
Lot _external plate impedance of first tube in two-
tube crystal oscillator .. ... 1-348
Y/ S external plate impedance of second tube in
two-tube crystal oscillator. ... 1-348
Lo series-arm impedance of crystal-unit equiva-
lent circuit .. .. . 1-426
Ly effective plate impedance of cathode follower
in two-tube Butler circuit as faced by cathode-
to-ground output circuit. ... 1-378
Zo oo o effective plate impedance of grounded-grid
vacuum tube in two-tube Butler circuit as
faced by cathode-to-ground input circuit. ... 1-378
Zooooo (1) quartz face ... . 1-42
(2) dimension of crystal blank in Z-axis direction 1-51
O zero quantity; used only in data charts of

composite schematic diagrams that represent
more than one circuit. Equivalent to short cir-
cuit when used to designate value of resist-
ance or inductance; equivalent to open circuit
when used to designate value of capacitance.. Fig. 1-135
quartz cut 1-90
quartz cut 1-90
_..current amplification factor of transistor... ... 1-450
any small difference or incremental change .. 1-203
any small change in frequency, but usually
the difference between crystal-unit operating
frequency, f, and series-resonance frequency,
D SO 1-203
Afy . difference between antiresonant frequency, £,,
and series-resonance frequency, f,, of crystal
12D 11 3 Ao 1-208
Afg. o, any small change in frequency of variable
oscillator in synthesizer circuit ... ... ... 1-461
Afy, difference between parallel-resonance fre-
quency, f,, of crystal circuit and series-reso-
nance frequency, f,, of erystal unit ... .. 1-211
Afp difference between resonance frequency, f,,
and series-resonance frequency, f,, of crystal
UNIE e 1-206
Af, . . ... difference between the frequency, f.,, at which
the crystal unit is series-resonant with an
external load capacitance, C,, and the series-
resonance frequency, f,, of the crystal unit
Itsell e 1-217
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a change or difference in temperature; a “tem-
perature drop” along a heat-conducting path
a difference of potential; a voltage drop ...
any small change in the effective reactance,
X., of a crystal unit, where the unit imped-
ance is viewed as an effective resistance and
reactance in series . .. . ... e
partial differential of .. . ... . ... e e .
dielectric constant . s

second angle of rotatlon, used in deﬁmng
orientation of crystal cut . . .

angle of incidence of X-rays with atomlc plane
impedance phase angle of crystal-oscillator
circuit . .

that angle of vacuum-tube excxtatlon voltage
excursion during which no plate current flows
angle indicating small phase shift in variable-
leg voltage of Meacham-bridge oscillator...
phase angle of vacuum-tube grid-to-cathode
excitation voltage with respect to a designated
reference . e et e
phase angle of vacuum- tube r—f pla’ce voltage
with respect to a designated reference . .
phase angle of vacuum-tube r-f grid current
with respect to a designated reference .. . .

that angle of vacuum-tube excitation-voltage

excursion during which no plate current flows

for the case when R, equals a particular value,

R. . .. ... e e e e
N

...phase angle of the a-c voltage across the grid-

(1)

2)

to-cathode impedance with respect to the a-c
current through the impedance = . . ...
phase angle of the voltage across the imped-
ance of the oscillator feedback circuit with
respect to the current through the impedance
wavelength

micro e
amplification factor of vacuum tube .
amplification factor of first vacuum tube in
two-tube crystal-oscillator circuit . .. . .. .

~amplification factor of second vacuum tube in

two-tube crystal-oscillator circuit.. . ...
pi (approximately equal to 3.14) . . .. ... .

(1) density ... . , e e

(2)

WADC TR 56-156

negative res1stance O

. negative resistance of generahzed crystal os-

cillator when circuit is represented as series-
connected .. . .

_equivalent negative re51stance of vacuum tube

when tube is represented by an equivalent re-
actance and negative resistance in parallel .. .

679

4-18
4-34

1-223
1-298
1-248

1-88
1-127

1-240

1-312

1-358

1-270

1-270

1-270

1-312

1-270

1-270
1-78

1-191
1-268

1-378
1-378
1-158

1-78
1-232

1-232

1-278
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Symbol Paragraph
[+ ]
2 ................................. algebraic sum of the indicated quantities cor-
n=1 responding to all integral values of n from 1
1 703 SO 1-598
L the Stefan-Boltzmann constant, equal to the
radiancy of an ideal black body per (degree)* 4-35
S (1) first angle of rotation, used in defining orien-
tation of crystalcut. ... . ... 1-88
(2) angle indicating small phase shlft of center-
leg voltage in Meacham-bridge oscillator...... .. 1-358
(3) angular displacement in radians of bimetallic
element . .. 4-18
Vo third angle of rotatlon, used in deﬁnmg orien-
tation of crystalcut. . .. ... e 1-88
e ORINU(S) e e e 1-207
@. . ... nominal angular frequency at which crystal
unit is assumed to operate ... . ... S 1-208
= s equal tO 1-78
B e e is approximately equal to.... . .. ... ... ... 1-82
S e ....is greater than .. ... ... ... 1-206
>> e is much greater than. ... ... ... 1-206
o s e, dsless than . . . 1-232
<L i ismuch less than . 1-106
S as one quantity approaches another in value 1-281
e PIUS OF MOINUS. 1-88
S the absolute or unsigned value of any quantity
contained within the verticals. . . . . 1-208

. ... . .. infinitequantity;equivalent to an open c1rcu1t
when used to designate the value of a resist-
ance or an inductance, and equivalent to a
short circuit (d-c as well as a-c) when used
to designate a capacitance in the data charts
of those figures showing composite schematic
diagrams that represent more than one cir-
cuit. Equivalent to an r-f bypass value when
used to designate the value of a capacitance

in a single-circuit drawing ... ... ... 1-280

Do . o DB CENE e e . 1-104
e (1) degree(s), temperature . . . e 1-29
(2) degree(s), orientation angle ... ... ... ... 1-88
angular minute(s) ... 1-90
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Lowest .
Fraction Integral Decimal I?:::,I”Lgl Miscellaneous
of Part Per Part Per 100 T Fractional
Unit Poulugr of Unit (Per Cent) Expressions
1/1000 1 PP 10® 0.001 0.1 % 1000 p/p/million
2/10,000 2 PP 104 0.0002 0.02 200 p/p/million
12/100,000 12 PP 10 0.00012 0.012 120 p/p/million
1/10,000 1 PP 10¢ 0.0001 0.01 100 p/p/million
75/1,000,000 75 PP 10° 0.000075 0.0075 75 p/p/million
5/100,000 5 PP 10° 0.00005 0.005 50 p/p/million
3/100,000 3PP 10° 0.00003 0.003 30 p/p/million
2/100,000 2PP 10° 0.00002 0.002 20 p/p/million
1/100,000 1 PP 10° 0.00001 0.001 10 p/p/million
5/1,000,000 5 PP 10° 0.000005 0.0005 5 p/p/million
1/1,000,000 1 PP 10¢ 0.000001 0.0001 1 p/p/million
1/10,000,000 1 PP 107 0.0000001 0.00001 1 p/p/10 million
1/100,000,000 1 PP 10® 0.00000001 0.000001 1 p/p/100 million
1/1,000,000,000 1 PP 10° 0.000000001 0.0000001 1 p/p/billion
1/10,000,000,000 1 PP 10 0.0000000001 0.00000001 1 p/p/10 billion
Conversion Table for Commonly Encountered Fractional Parts
Oc %’2 °F
| +120 — 3/2/ +248
+10 — 1/// Ewso
+80 |- — — 1 F
l +100 ~— Z —+212
s | +90 —] ’ —+194
- [ ‘ - +ao——: % —+i78
% f OF CRYSTAL B 70 —7 % [ 58
::‘ 1 L +60 —{ Z — +140
gna K ! +50 —] Z [ 22
E ! ' +4o——: % [ +i0a
% | | +30— Z —+8s
: | l #20"‘: Z .r—+63
g | +10— % — +50
o — — A— — 10t
g, | 1—— o—j Z —+32
N [ i -10— % —+e
-0.002% ~20—~] Z -
FREQUENCY -30— g b—-22
fn s NOMINAL FREQUENGY OF CRYSTAL({AS MARKED ON CRYSTAL UNIT) —20—] ; [ 40
f2 ACTUAL FREQUENCY MEASURED AT MIDPOINT (75°C) OF OPERAT- 40r
ING TEMPERATURE RANGE -50 — % }— —88
= NOMINAL FREQUENCY TOLERANCE(£0.002% OF fn)SPECIFIED AT 49t
MIDPOINT (75°C) OF OPERATING TEMPERATURE RANGE OF —so—| [ [—-7s
CRYSTALS UNDER TEST. 7 r
beMAXIMUM FREQUENCY DEVIATION ALLOWED (0.0005% OF f) 7%
WITHIN OPERATING TEMPERATURE RANGE (+70°TO +80°C) Z
RESULYS OF TESTS Z
ca;mm-e:ggsgroiof: NOMINAL FREQUENCY TOLERANGE NOT |
CRYSTAL-B :e‘échfrco:nmEoueucv DEVIATION NOT WITHIN 2///////
GRYSTAL-C AGCEPTED: NOMINAL FREQUENCY TOLERANCE AND 7%,
FREQUENCY DEVIATION WITHIN SPECIFIED LIMITS
Diagram illustrating distinction between nominal Temperature conversion chart:
frequency tolerance and frequency deviation . degrees centigrade to degrees
with temperature of crystal units fahrenheit
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INDEX

(See aiso Cross Index of Crystal Oscillator Subjects)

A

A element
calculation of series resonance of, 1-207
change in femperature-frequency characteris-
tics of, 1-253
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
mode, 1-111
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
# as an index of, 1-235
PI as an index of, 1-286, -237
Q. as an index of, 1-232, -233
Qem as an index of, 1-234
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,
-212
measurement of, 1-222, -223
measurement of effective resistance at, 1-224
Asymmetrical displacement of charge, 1-69
Automatic gain control (see Pierce oscillator)
Axes of quartz, 1-560—1-55
asymmetrical displacement of charge, 1-70
conventions, 1-87
rotational symbols, 1-88
X axis (see X axis)
Y axis, 1-563
Z axis (see Z axis)
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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,
1-113
Bias (see Pierce oscillator)
Bibliography (see Appendix II)
Bragg’s law, 1-127
BT cut, 1-23
with B element, 1-114
mounting for, 1-140
Butler oscillator, 1-376, -377 ‘
see also Cross Index of Crystal-Oscillator Sub-
jects, Sect. 1
design procedures, 1-387
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,
. 1-188
in Miller circuit, 1-332
in Pierce circuit, 1-279—1-281, 1-290-—1-292
ratio, 1-247, -286
series-arm
computing value from measured parameters,
1-225
effect on parallel crystal circuit due to varia-
tions in, 1-215
equivalent, estimating, 1-197
shunt
effects of changes in, 1-211, -212
measurement of, 1-219
static
of crystal, rule-of-thumb for estimating, 1-191
total shunt, estimating, 1-201




Index

Capacitance-bridge oscillators, 1-364
see also Cross Index of Crystal Oscillator Sub-
jects, Sect. 1
basic circuits, 1-365—1-363
compared with Miller oscillator, 1-366
design model for, 1-369
for greater power output in 50- to 80-mc¢ range,
1-372
miniature, 50- to 120-mec, 1-371
modifications, 1-315
multitube, operable up to and above 200 me,
1-374
single-tube, 50- to 90-mc, 1-370
two-tube, 50- to 100-me, 1-373
CI (crystal impedance) meter, 1-220, 2-60—2-65
Colpitts oscillators, modified for crystal control,
1-227, -436, -437
see also Cross Index of Crystal-Oscillator Sub-
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
preparation of, 1-131
Crystal calibrators, 1-438, -439
employing frequency regenerative divider, 1-440
Crystal filters
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
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Crystal holders— (Cont)
see also Military specifications
definition of, 1-132
development of, 1-24
Military Standard types, Sect. III
Crystal oscillators
see also Cross Index of Crystal-Oscillator Sub-
see also Packaged crystal oscillators
jects, Sect. 1
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,
1-268—1-272
principles, 1-263, -264
requirements of stable forced-free oscillations,
1-265—1-267
types, 1-274—1-276, 1-355, -356
Butler (see Butler oscillator)
capacitance-bridge (see Capacitance-bridge
oscillator)
Colpitts modified for crystal control, 1-436,
-437
crystal and magic-eye resonance indicator,
1-354
grounded-cathode two-stage feedback, 1-433—
1-435
grounded-grid (see Grounded-grid oscillator)
grounded-plate, 1-421, -422
impedance-inverting, 1-426
Miller, 1-432
Pierce, 1-430, -431
transitron, 1-429
Meacham-bridge (see Meacham-bridge oscil-
lator)
Miller (see Miller oscillator)
oscillators with crystals having two sets of
electrodes, 1-351—1-353
Pierce (see Pierce oscillator)
transformer-coupled (see Transformer-
coupled oscillator)
transitron, 1-423—1-425
two-tube parallel-resonant, 1-345—1-350

Crystal ovens
construction of typical small oven, 4-14

Military Standard types, Sect. IV

provisions for minimizing power requirements,
4-11—4-13

provisions for temperature control, 4-9, -10

technical requirements, 4-8

thermal analogues (see Thermal analogues of
crystal-oven electrical parameters)

thermostatic heater control (see Thermostats)

types of, 4-7



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
crystal units)

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 erystal units)

Military Standard types, Sect. II

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
X block, 1-125, -128
Z section Y bar, 1-125

D element

characteristics of, 1-116

dielectric constant for, 1-194
Dielectric

constant, formula for, 1-191

material, 1-143
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 element
capacitance ratio of, 1-246
characteristics of, 1-99
EDT ecrystals
physical characteristics of, 1-36, -37
use in frequency-modulated oscillators, 1-247
Effective resonance resistance (see Activity
quality)
Electrodes, types used in mounting crystal blanks,
1-134—1-169
Electrostricture, definition of, 1-13
Elements (see Quartz elements)
Etching, 1-176

ET cut, 1-23
characteristics of, in combination mode, 1-117
[
F element, characteristics of, 1-102
Fabrication
of crystal holders
covers, 3-8
insulating, impregnating, and sealing com-
pounds, 3-10

solder, 3-11
soider flux, 3-9
springs, 3-12
threaded parts, 3-13
workmanship, 3-14
of crystal units
aging of crystal units (see Aging of crystal
units)
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
holders (see Crystal blanks)
mounting, 2-27
preparation of crystal blanks, 1-131
preparation of wafers, 1-130



Index

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
muitiplication, 1-276
parallel-resonant (see Parallel-resonant fre-
quency and Antiresonant frequency)
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
at parallel resonance, 1-243
in Pierce oscillator, 1-287, -288
at series resonance, 1-240—1-242
at series resonance with external capacitance,
1-244
in transformer-coupled oscillator, 1-399, -400
Frequency stabilization quality, 1-227, -238, -239
see also Frequency stability
FT cut, 1-23
characteristics of, in combination mode, 1-118

G
G element
characteristics of, 1-119
frequency deviation of, 1-259
Grounded-cathode two-stage feedback oscillator,
1-433, -434
sce also Cross Index of Crystal-Oscillator Sub-
jects, Sect. 1
modified two-stage feedback oscillator, 1-435
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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
Grounded-plate oscillators, 1-421, -422
see also Cross Index of Crystal-Oscillator Sub-
jects, Sect. 1
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)

1
Impedance
characteristics vs. frequency, 1-202
curves of crystal unit, 1-209
Impedance-inverting crystal oscillators, 1-426—
1-428
see also Cross Index of Crystal-Oscillator Sub-
jects, Sect. I
Miller oscillator, 1-432
Pierce oscillator, 1-430, -431
transitron oscillator, 1-429
Imperfections in quartz crystals, 1-47—1-50
Inclusions, 1-48 '
Inductance
distributed, effect on crystal-unit parameters,
1-187
series-arm
computing value from measured parameters,
1-225
effect on parallel crystal circuit due to varia-
tions in, 1-215
estimating equivalent, 1-198
Inspection
of crystal holders
glass seal, 3-17
visual and mechanical, 3-30
of crystal units
glass seal, 2-37
internal, 2-40



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-
ning, 1-123
use of conoscope for exact determination of
optic axis, 1-124
Inspectoscope, 1-121—1-123

J

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

L
Lapping, 1-175
Leakage resistance, P-f (see Resistance)
Limiting of oscillation amplitude, 1-232, -585, -598
see also Cross Index of Crystal-Ooscillator Sub-
jects, Sect. 1
current- and voltage-controlled characteristics,
1-590, -595
frequency deviation due to, 1-596, -598
negative-resistance limiting, 1-586, -589

M element, characteristics of, 1-103
Manufacturers (see Appendix III)
Meacham bridge oscillator, 1-357
see also Cross Index of Crystal-Oscillator Sub-
jects, Sect. I
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
Measurement of crystal parameters, 1-218
computing series-arm C and L from the meas-
ured parameters, 1-225
effective resistance, 1-224
parallel-resonant frequency, 1-222, -223
resonant frequency, 1-221
series-arm resistance, 1-220
shunt capacitance, 1-219
Measuring frequency and effective-resistance of
Military Standard crystal units, 2-66, -151
equipments required, 2-67, -123
auxiliary amplifiers and frequency convert-
ers, 2-110, -122
amplifier, d-¢, 2-121
amplifier, r-f, 2-120
frequency divider, 2-118
harmonic generators, 2-111, 1-117
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Measuring frequency and effective resistance of
Military Standard crystal units—(Cont)
equipments required— (Cont)
auxiliary amplifiers and frequency convert-

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
effective-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-c, 2-103
primary standards, 2-69, -81
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 capacitor, 2-30
resistors, 2-91
temperature, 2-89
time, 2-92 .
frequency-measuring systems, 2-124, -135
double-heterodyne for vhf, 2-181
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
correlation of

calibrated resistors, 2-139

cold-box thermometer, 2-147

crystal test set, 2-140

effective-resistance recorder, 2-144

frequency-deviation meter and recorder,
2-143



Index

Measuring frequency and effective resistance of

Military Standard crystal units— (Cont)

procedure for correlating test equipment with

standards— (Cont)
correlation of —(Cont)
frequency standard, 2-141

heater, 2-148

interpolation oscillator, 2-142

load-capacitance dial, 2-138

pyrometer, 2-146

recorders with temperature range, 2-149

temperature-measurement controls (gen-
eral), 2-145

vibration machine, 2-150

procedure for making measurements and re-

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

of crystal units

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
resistance, 2-15

nomenclature of crystal urnits, 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 (sce Crystal Impedance meter)
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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)
Miller oscillator
see also Cross Index of Crystal-Oscillator Sub-
jects, Sect. I
see also Pierce oscillator
compared with capacitance-bridge oscillator,
1-366
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 osciliator, 1-339
typical characteristics of, 1-840—1-343
Miniature capacitance-bridge oscillators
see Capacitance-bridge oscillators
see also Cross Index of Crystal-Oscillator Sub-
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 arm (see Series arm)
Mounting crystal blanks
see Crystal blanks
see also Crystal holders
MT cut, 1-23
in M element, 1-103
Multi-tube capacitance-bridge oscillators
see Capacitance-bridge oscillators
see also Cross Index of Crystal-Oscillator Sub-
jects, Sect. I
Multivibrator circuit, 1-345

N element :
characteristics of, 1-104
dielectric constant for, 1-196

Nodes, 1-75



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

. (o]
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-
trodes, 1-351—1-353
see also Cross Index of Crystal-Oscillator Sub-
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-
controlled units, 1-571, -572
vacuum-tube (Gruen series) 1-562, -568

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

Parallel-resonant frequency
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

Parameter stability, 1-227
effect of drive level on, 1-256
effect of 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

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

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
—1-2¢5
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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—
1-201
simplified equivalent circuit of air-gap crystal
unit, 1-185
typical operating characteristics, 1-217
Performance characteristics of crystal units, 1-226
activity quality (see Activity quality)
bandwidth (see Bandwidth and selectivity para-
meter)
frequency stabilization quality (see Frequency
stabilization quality)
parameter stability (see Parameter stability)
quality factor (see Q)
Performance index (PI), 1-236, -237
Phase
relation, 1-269
rotation, 1-268
-stabilized Pierce circuit, 1-283
Pierce oscillator
see also Cross Index of Crystal-Oscillator Sub-
jects, Sect. I
AGC, 1-308
analysis of load capacitance, 1-278—1-285,
1-817—1-327
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
Piezoelectric devices
development of, 1-14—1-25
early applications, 1-17—1-25
transducers, 1-17
Piezoelectric effect
definition and history of, 1-8-—1-13
report on discovery of, 1-56—1-68
Piezoelectricity, theory of (see Theory of piezo-
electricity)
Plate resistance (see Resistance)



Index

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 (Q..), 1-234
as a performance characteristie, 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
cuts) )
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

Raw quartz

alpha and beta, 1-40

axes of, 1-561—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

Resistance .

distributed, effect of, on crystal-unit parameters,
1-189

vs. drive, 1-261

effect on parallel crystal circuit due to varia-
tions in, 1-214

equivalent series-arm, estimating, 1-199

grid, in Pierce oscillator, 1-298

gridleak, in Pierce oscillator, 1-297, 1-299—1-307

plate, in Miller circuit, 1-333

plate, in Pierce circuit, 1-282, -284, -285

r-f leakage, effect on crystal-unit parameters,
1-186

series-arm, measurement of, 1-220

thermal (see Thermal analogues of electrical
parameters)
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Resonant frequency
activity quality for, 1-229
of crystal unit, 1-2056—1-207
frequency stability at, 1-240—1-242

with external capacitance, 1-244

measurement of, 1-221

Rochelle salt crystals
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

S
Sectioning (see Cutting quartz crystals)
Selectivity (see Bandwidth and selectivity para-
meters)
Series-arm
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-
ject, Sect. I
Solder, used with solder-cone wire support, 1-167
Spurious modes, effect on crystal parameters,
1-254, -255
Symbols
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——
1-529
balanced modulator in frequency synthesis,
1-526, -527
selection of heterodyne input frequencies,
1-528, -529
Bendix synthesizing system, 1-455—1-507
Radio Set AN/ARC-33, 1-463—1-507
Collins synthesizing system, 1-568—1-524
Radio Receiver R-252A/ARN-14, 1-509—
1-511
Radio Receiver R-278/GR, 1-512—1-516
Radio Set AN/ARC-27, 1-517—1-529
crystal-phase-controlled harmonic multipliers,
1-530-—1-538
Hahnel spectrum generator, 1-536—1-538
Plessey synthesizing system, 1-442—1-454
advantages in r-f measurements, 1-443, -444
circuit design, 1-450—1-454
functional operation, 1-445—1-449



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
Tests
of crystal holders
corrosion, 3-16
immersion, 3-18
inspection (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
Theory of piezoelectricity, 1-56—1-74
see also Piezoelectric effect
see also Modes of vibration
asymmetrical displacement of charge, 1-69—
1-74
Thermal analogues of crystal-oven electrical para-
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,”
4-44-—4-72
equivalent thermal radiation resistance, 4-41,
-42
heat capacity, 4-43
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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 counstant, 4-38
Stefan-Boltzmann law, 4-35
Thermistor, in Meacham-bridge oscillator, 1-357,
-360, -363
Thermostats
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,
1-29—1-31
Transducers
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-
Jjects, Sect. I
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 R
phase considerations of, 1-393, -394
Q degradation in, 1-396
Transistor oscillators, 1-5639—1-559
see also Cross Index of Crystal Oscillator Sub-
jects, Sect. 1
crystal-feedback types, 1-539—1-543
junction transistor, 1-542, -543
point-contact transistor, 1-539-—1-541
h-f types, 1-544
high-impedance types, 1-5650—1-551
negative-resistance types, 1-545—1-549
stabilized design, 1-5565—1-559
amplitude and harmonic stabilization, 1-558,
-559
frequency stabilization, 1-555—1-557
transformer-coupled types, 1-552—1-564
Transitron crystal oscillators, 1-423-—1-425
see also Cross Index of Crystal-Oscillator Sub-
. 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



Index

Twinning— (Cont)
effects on electrical characteristics of crystal
element, 1-178
ingpection of raw quartz for, 1-123
Two-tube capacitance-bridge oscillators
sec Capacitance-bridge oscillators
see also Cross Index of Crystal-Oscillator Sub-
ject, Sect. 1
Two-tube parallel-resonant crystal oscillators,
1-345—1-250
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 Crystal-Oscillator Sub-
jects, Sect. I
V cut, 1-93, -95
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
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X

X axis (electrical)
see also Axes of quartz
characteristics of, 1-54, -55
determination of 1-1286, -127
X cut, 1-93
see also Cutting quartz crystals
characteristics of,
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
see also Axes of quartz
Y cut, 1-108, -109
see also Cutting quartz crystals
characteristics in thickness-shear mode, 1-110
YT cut, 1-89
see also Cutting quartz crystals
z
Z axis (optical)
see also Axes of quartz
characteristies 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



