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APPEN DIX I-ACKN OWLEDGMENTS 

The information contained in this handbook has 
been gathered from so many diverse sources that it 
is virtually impossible to give due credit in each 
particular instance. Especially is this true of the 
first half of Section I, where much of the infor­
mation consists of collections of relatively inde­
pendent facts. In the last half of Section I, it is 
hoped that specific experimental data, as well as 
equations and methods of analysis that can be 
explicitly ascribed to individual authors, have been 
more adequately acknowledged in the text. The 
writer wishes to thank the many crystal manufac­
turers who have cooperated so generously in sup­
plying information and suggestions for inclusion 
in the Handbook. He is particularly indebted to 
Bliley Electric Company, HEEMCO, Hunt Corpo­

ration, Hupp Electronics Company, McCoy Elec­
tronics Company, and Reeves-Hoffman Company 
for their contributions and interest and also for 
the personal courtesies extended the writer dur­
ing a data-collecting field trip. 

At this point, the writer would like to ackowl­
edge those individuals and organizations to whom 
he is most indebted for the present contents of 
the Handbook. 

Bell Telephone Laboratories.-The greater part of 
the information on the subject of crystal-unit 
fabrication contained in the Handbook has, at least 
partly, had its origin in research projects at Bell 
Telephone Laboratories. All frequency-constant, 
temperature-coefficient, and frequency-deviation 
curves of the various crystal elements developed 
at Bell Telephone Laboratories have been obtained 
from graphs made available to the public by the 
Bell Telephone Company. These illustrations are 
included below in the individual acknowledge­
ments of published works of Bell scientists. 

Bokovoy, S. A.-Most of the descriptive data con­
cerning the V-cut crystal, the single-frequency 
X-cut crystal, and the dielectric-sandwich type of 
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crystal mounting have been obtained from V. S. 
and British patents issued to the inventor, Mr. 
Bokovoy, of the Radio Corporation of America. 

(Mr. P. D. Gerber was coinventer of the dielectric­
sandwich mounting-V. S. Patents 2,078,229 and 
2,101,893. )  . Handbook illustrations redrawn from 
Bokovoy patents are: figure 1-22 (V. S. Patent 
2,064,288, May 31,  1934) ; figures 1-39, 1-40, and 
1-41 (British Patent 457,342, November 26, 1936) ; 
figures 1-73 to 1-77 ( V. S. Patent 2,101,393, De­
cember 14, 1937 ) ; and figure 1-78 (V. S. Patent 
2,078,229, April 27, 1 937) .  

Bond, W. L.-Two treatises by Mr. Bond, "Methods 
for Specifying Quartz Crystal Orientation and 
Their Determination by Optical Means" and "Saw­
ing, Grinding, and Lapping" ( Chapters II and IX, 
respectively, Quartz Crystals for Electrical Cir­

cuits, Heising) have been useful sources of infor­
mation to the writer. Handbook figure 1-59 has 
been reprinted from the former article with the 
permission of the publisher, D. Van Nostrand Co. 

Borgelt, E. H.-See Foreword. 

Bottom, V. E.-Much of the information contained 
in "The Mathematics of the Equivalent Electrical 
Circuit of the Quartz Crystal Unit" by Mr. Bottom 
( Chapter II, Fundamental Principles of Crystal 

Oscillator Design, Circuit Section, Long Branch 
Signal Laboratory, Signal Corps, 1945-46) has 
been incorporated in Section I of the Handbook. 

Bower, G. G.-Information obtained from Mr. 
Bower's treatise, "Crystal-Controlled Electron­
Coupled Oscillators" (Chapter V, Fundamental 

Principles of Crystal Oscillator Design, Circuit 
Section, Long Branch Signal Laboratory, Signal 
Corps) has been included in the Handbook. 

Brown, W. F.-=-Information contained in "Quartz 
Crystal Overtone Oscillators," Technical Note No. 
RAD. 460, by Mr. Brown, Royal Aircraft Estab­
lishment, Farnborough, has been of great value to 
the writer in preparing the discussion of series­
mode oscillators. 

Cady, W. G.-So much of information contained in 
the Handbook is indirectly, if not directly, de­
pendent upon the work of Dr. Cady that no attempt 
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can be made to itemize particular instances, other 

than to acknowledge that figure 1-21 is reprinted 

from Dr. Cady's textbook, Piezoelectricity, Mc­

Graw-Bill Book Co., 1946, with the permission of 

the author and publisher. 


Camfield, C. J.-Information obtained from "The 
Design of Fundamental Mode Quartz Crystal 
Oscillators," Technical Note No. RAD. 525, by 
Mr. Camfield, Royal Aircraft Establishment, 
Farnborough, has been included in the Handbook. 
Handbook figure 1-131 is based upon the design of 
an agc circuit described in the above treatise. 

Capitol Radio Engineering Institute.-The writer 
is indebted to Capitol Radio Engineering Insti­
tute for many valuable items of information scat­
tered throughout the Handbook. Of particular 
note are the empirical data contained in the dis­
cussion of the use of the Miller circuit as a f"mall 
power oscillator ( paragraph 1-339) . 

Carpantier, V. J.-See Foreword. 

Caruthers, R. S.-The writer is indebted to ܑlr. 
Caruthers for information contained in para­
graphs 1-449 to 1-451, which has been obtained 
from a treatise on transistor oscillators as pub­
lished in The Transistor by Bell Telephone Lab­
oratories. Handbook figures 1-189 and 1-190 have 
been copied from this source with the permission 
of Bell Telephone Laboratories. 

Devlin, J. J.-Appreciation is extended Mr. Devlin 
for valuable assistance in editing parts of Sec­
tions II, Ill, IV, V, and the Appendix. 

D'Heedene, A. R.-The treatise, "Effects of Manu­
facturing Deviations on Crystal Units for Filters" 
( Chapter XIV, Quartz Crystals jor Electrical Cir­
cuits, Heising), by Mr. D'Heedene, has proven a 
valuable source of information to the writer. 
Handbook figure 1-1 17 has been copied from an 
illustration contained in the above work with the 
permission of the publisher, D. Van Nostrand Co. 

Drews, W. F. et al.-The treatise by Mr. Drews 
and coauthor A. E. Swickard, "The Wire Mounted 
Crystal Unit" ( Chapter XVI, Quartz Crystals jor 
ElectJic Circuits, Heising) , has been an important 
source of information for the writer. Handbook 
figure 1-68 has been drawn from an illustration 
contained in the above article, with the permis­
sion of the publisher, D. Van Nostrand Co. 

Edson, W. A. et al.-For that part of Section I 
covering the theory and application of series-mode 
quartz crystal oscillators, the writer is heavily in­
debted to the work of Mr. Edson and those assist­
ing him at the Georgia Institute of Technology 
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in a Signal Corps research project directed toward 
the investigation of v-h-f crystal oscillators. Many 
of the results of this investigation, as described 
in the 1950 Final Report on Signal Corps Contract 
W36-039-sc-32100, "High Frequency Crystal-Con­
trolled Oscillator Circuits," prepared by Mr. 
Edson, W. T. Clary, and J. C. Hogg, Jr., have been 
included in the discussions of the Butler, transi­
tron, basic transformer-coupled, grounded-grid, 
grounded-plate, and impedance-inverting oscilla­
tors. Also, the circuit equations derived in the h-f 
oscillator report have provided valuable check 
points and guides for the circuit analyses and 
equation derivations of this Handbook. In addi­
tion, all equations presented without derivations 
in the discussion of the above-mentioned oscilla­
tors can be assumed to have been taken directly 
from the above-mentioned h-f oscillator report. 

The writer has also been greatly aided by the 
information contained in the timely book by Mr. 
Edson, Vacuum-Tube Oscillatm's, copyright 1953, 
John Wiley and Sons. The analysis of the Meacham 
bridge oscillator contained therein has served as 
the principal guide for the slightly modified ap­
proach to the same circuit followed in the Hand­
book. Appreciation is extended to the author and 
publishers for permission to use the graphical 
chart shown in the Handbook figure 1-162. 

Fair, I. E.-The writer is indebted to the work of 
Mr. Fair {or information concerning the relative 
performance characteristics of crystal units in 
parallel-mode oscillator circuits, as described in 
"Piezoelectric Crystals in Oscillator Circuits" 
( Chapter XII, Qua1'tz Crustals fo1' Elect1'ical Ci1'­
cuits. Heising) , and in "Design Data on Crystal 
Controlled Oscillators" ( Appendix II,Information 
Bulletin on Quartz Crustal Units, Armed Services 
Electro Standards Agency, Fort Monmouth, N. J., 
August, 1952) . Figure 1-164 of the Handbook has 
been copied from the latter treatise. The crystal 
performance parameters, M ( figure of merit) and 
PI ( performance index) ,  were originally con­
ceived and defined by Mr. Fair. 

Goldsmith, P.-Appreciation is extended for the 
time and assistance generously given the writer 
in obtaining information relating to the results 
of experiments conducted at the Armour Research 
Foundation of Illinois Institute of Technology 
( USAF Contract No. AF 18 ( 600) -157) on par­
allel-mode crystal oscillators, in which Mr. Gold­
smith had participated as project engineer. 

Gordon, S. G. et al.-Information used in the Hand­
book concerning the preparation of crystal blanks 
has been obtained from the treatise by Mr. Gordon 
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and Mr. W. Parrish, entitled "Cutting Schemes for 
Quartz Crystals "  (American Mineralogist Sym­

posium on Quartz Oscillator Plates, 1945 )  . Ha:1d­
book figures 1-60 and 1-62 have been copied from 
this source. 

Greenidge, R. M. C.-"The Mounting and Fabrica­
tion of Plated Quartz Crystal Units" ( Chapter 
XIII, Quartz Crystals of Electrical Circuits, 
Heising) , by Mr. Greenidge, has proven an im­
portant source of informatio.n for the writer. 
Handbook figures 1-80, 1-83, and 1-86 have been 
drawn from illustrations contained in the above 
article with the permission of the publisher, D. 
Van Nostrand Co. 

Gruen, H. E.-Of great value to the Handbook has 
been the circuit data obtained from Mr. Gruen for 
over thirty oscillators of comparatively recent de­
sign which employ currently recommended crystal 
units. This information was originally catalogued 
and the circuits tested during a preliminary inves­
tigation of the feasibility of standard packaged 
oscillator designs-a project engineered for the 
U. S. Air Force by Mr. Gruen at the Armour 
Research Foundation of Illinois Institute of Tech­
nology, with Mr. E. A. Roberts serving as Instru­
ment Supervisor. The writer also wishes to thank 
Mr. Gruen for giving so generously of his time 
in helping the writer cht'ck test data for inclusion 
in the Handbook. 

Hedeman, W. R.-The method of synthesizing fre­
quencies, as described in paragraphs 1-455 to 
1-462, is based upon the Bendix synthesizing 
method described by Mr. Hedeman in "Few Crys­
tals Control Many Channels, " Electmnics maga­
zine, March, 1948. 

Heising, R. A.-The subject matter on the fabri­
cation of quartz crystal units in the Handbook 
is more dependent upon the information in Mr. 
Heising's Quartz Crystals for Electrical Circuits, 
D. Van Nostrand Co., copyright 1946, than upon 
that in any other single publication. Because this 
collection of articles by members of the technical 
staffs of Bell Telephone Laboratories and Western 
Electric Company represents so much of the origi­
nal discovery, work, and thought that has formed 
the foundation of the modern quartz-crystal in­
dustry in the United States, the book has been 
i nvaluable as a reference in the preparation of 
the Handbook. The many performance curves of 
the different types of quartz cuts pioneered by 
Bell Laboratories have proven of particular value. 
Mr. Heising has also been the source of much 
of the information concerning the historical de­
velopment of piezoelectric crystals. The following 

figures of the Handbook have been reprinted, 
copied, drawn, or redrawn-entirely, in part, or 
in modified form-with the permission of Mr. 
Heising and D. Van Nostrand Co. from illustra­
tions appearing in the aforesaid publication: 1-5, 
1-8, 1-11,  1-12, 1-13, 1-19 ( G ) ,  1-23, 1-24, 1-25, 1-28, 
1-29, 1-33, 1-;34, 1-;35, 1-38, 1-48, 1-44, 1-53, 1-54, 
1-56, 1-58 , 1-59, 1-63, 1-65, 1-68, 1-71, 1-80, 1-81, 
1-82, 1-83, 1-84, 1-86, 1-87, and 1-1 17. 

Henry, (', W.-See Foreword. 

Institute of Radio Engineers.-I.R.E. Standards 
on Piezoelectric Crystals, as described in the Pro­
ceedings of the I.R.E., vol. 87, No. 12, December, 
1 949, have been followed in the Handbook. 

Jakob, M.-Heat Transfer, Vol. I, by M. Jakob, 
copyright 1 949, John Wiley and Sons, proved of 
great value to the writer as a basic reference 
source during the preparation of the discussion 
on crystal-oven design in Part I, Section IV of 
the Handbook. 

Jones, M. B.-The writer is indebted to Mr. Jones 
for many suggestions for improving the useful­
ness and appearance of the Handbook, and for 
contributing freely of his time in designing and 
preparing the layout of the printed manuscript. 

Kitter, W. M.-Appreciation is extended Mr. Kittel' 
for valuable assistance in editing and correcting 
a number of illustrations, data sheets, and tables 
in Sections II and I II. 

Koga, I.-The writer has been greatly benefited 
by a number of equations ( acknowledged in the 
text) derived by Mr. Koga in the treatise "Char­
acteristics of Piezo Electric Quartz Oscillators," 
Proceedings of the I.R.E., vol. 18, 1980. 

Llewellyn. F. B.-Of great aid to the writer has 
been "Constant-Frequency Oscillators.:' F. B .  
Llewellyn, Proceedings o f  the I.R.E., vol. 1 9, 1931. 

Lobel, A.-The writer is considerably indebted to 
Mr. Lobel for valuable assistance i n  preparing, 
organizing, and editing data sheets and tables 
appearing in Sections I I, III, IV, V, and the 
Appendixes. 

Magie. W. F.-The writer is indebted to :VII'. Magie 
for the translation of the original paper by P. 

Curie on "Piezoelectricity." The translation con­
tained i n  the Handbook has been reprinted from 
A Source Book in Physics, W. F. Magie, copyright 
1985, McGraw-Hill Book Co., with the permission 
of the author and publisher. 

Mason, W. P.-:Vluch of the descriptive informa­
tion contained in Section I covering the theory 
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of piezoelectricity and the characteristics of piezo­
electric elements is based upon information ob­
tained in the published treatises of Mr. Mason. 
From Piezoelectric Crystals and Their Application 
to Ultrasonics, copyright 1950, D. Van Nostrand 
Co., has been obtained most of the information 
regarding the different types of synthetic piezo­
electric crystals as well as a part of the data con­
cerning the X-group of quartz crystals. Figures 
1-20, 1-32, and 1-55 of the Handbook have been 
reprinted entirely or in part from Mr. Mason's 
book with the permission of the author and the 
publisher. Equations 1-248 (1) and (2) have also 
been obtained from this source. 

From "Low Temperature Coefficient Quartz 
Crystals," Bell System Technical Journal, Janu­
ary, 1940, permission has been obtained from the 
author and publisher to use the curves illustrated 
i n  Handbook figures 1-45 and 1-46. 

The theory of quartz piezoelectric properties, 
presented in paragraphs 1-69 to 1-74, is based pri­
marily upon Lord Kelvin's model of the quartz 
molecule, as extended by Mason to illustrate a 
simplified eoncept of quartz piezoelectricity in 
"Quartz C rystal Applications" ( Chapter I of 
Quartz Crystals for Electrical Ci1'cuits, Heising) .  
From this same article has been obtained much 
of the general information relating to the vari­
ous types of quartz cuts, as well as the following 
Handbook illustrations: figures 1-8, 1-9 ( origi­
nally from Collected Works of Lord Kelvin, Cam­
bridge Press)  , 1-11, 1-19(G), 1-43, 1-44, 1-53, 1-54, 

and I-56, 

A large part of the information concerning the 
characteristics of the X-group of quartz crystals 
has been obtained from "Low-Frequency Quartz­
Crystal Cuts Having Low Temperature Coeffi­
cients" (Chapter XVII of Quartz Crystals for 
Electrical Circuits, Heising) , of which Mr. :Mason 
is coauthor with Mr. R. A. Sykes. From this source 
have been obtained figures 1-23, 1-24, 1-25, 1-28, 

1-29, 1-33, 1-34, 1-35, 1-38. 

Equation 1-82 (1) is a modification of an equa­
tion developed by Mr. Mason in "Electrical Wave 
Filters Employing Quartz Crystals as Elements," 
Bell System Technical Journal, July, 1934. 

Miller, C. J., Jr.-The writer has greatly bene­
fited by two treatises by Mr. Miller: "Equivalent 
Network of a Quartz Crystal Unit and Its Appli­
cation " and "The Pierce Oscillator, " which appear 
as chapters I and III,  respectively, in Fundamental 
Principles of Crystal Oscillator Design, Circuit 
Section, Long Branch Signal Laboratory, Signal 
Corps, 1945-46. The approach to the generalized 
crystal oscillator and the methods discussed for 

measuring vacuum-tube-circuit capacitances have 
prowd particularly useful. Figure 1-100 of the 
Handbook has been traced from one Miller illus­
tration, and figure 1-103 is  a modification sug­
gested by another. 

Nachman, M. W.-SPP Foreword. 

Philco Corporation.-Regrettably , space simply 
does not permit acknowledgments of the many 
personal contributions to the composition of this 
Handbook that have been made by Philco per­
sonnel, but for which the writer nevertheless 
wishes to express his sincere appreciation. With­
out the good faith and cooperation of the manage­
ment and staff of the Philco Technical Publications 

Department, in particular, this Handbook would 
not have been possible. 

Prichard, A. C.-Information obtained from Mr. 
Prichard's treatise "The Miller Oscillator" ( Chap­
ter IV, Fundamental Principles of Cr!Jstal Oscil­

lator Design, Circuit Section, Long Branch Signal 
Laboratory, Signal Corps) has been included in 
the Handbook. 

Roberts, E. A. et a!'-Appreciation is felt for the 
assistance and many courtesies extended the 
writer when collecting data originally obtained in  
experiments performed under the supervision of  
Mr.  f{oberts at the Armour Research Foundation 
of the Illinois Institute of Technology. Of par­
ticular value has been the information concerning 
the performance of parallel-mode oscillators that 
is contained in the interim report on USAF re­
search Contract No. A F  18 (600)-157, "Investiga­
tion of Oscillator Circuits for Proposed Stand­
ards, " June 22, 195:3. Copies of illustrations from 
this report are shown in figures 1-129, I-V30, 1-148, 
1-144, 1-145, 1-146, 1-147, and 1-148. Research 
engineers contributing materially to the project 
were E. K. Novak, P. Goldsmith, and J. Kurinsky. 

Robinson, S. A. et al.-The discussion of capaci­
tance-bridge oscillators is based primarily upon 
the Ilnal report, "II. F. Harmonic Crystal investi­
gation," of an Air Force research project under­
taken by the Research Division of Philco Corpora­
tion in 1947 (AF Contract No. W33-038-ac-14172), 

with Messrs. Robinson, C. D. O'Neal, and F. N. 

Barry serving as project engineers. Handbook 
figures 1-112, 1-110, 1-114, 1-165 ( A ) .  1-166, 1-167, 
1-168, 1-169, 1-170, 1-171, and 1-172 have been 
copied from this report. 

Ronan, J. A.-Part of the information concern­
i ng the plating of crystals has been obtained from 
Mr. Ronan's technical report, "Fabricating Tech-

WADe TR 56-156 632 



I Appendix 
Acknowledgments 

niques for Crystal Unit CR-2:3/C," Signal Corps 

Engineering Laboratories. 

Schnepps, B.-The writer is greatly indebted to 

the conscientious work of Mr. Schnepps in pre­

paring, organizing, and editing data sheets and 

tables appearing in Sections II, Ill, IV, V, and 

the Appendixes. 

Signal ('orps.-The writer wishes to thank Mr. 

W. L. Doxey, Chief, and others of the staff at the 

Frequency Control Branch, Signal Corps Engineer­

ing Laboratories, Fort Monmouth, N. J. , for their 
cooperation in making available a large amount 

of useful bibliographical material. With their 

assistance, it has been possible to consult a much 

broader range of publications, illustrations, and 

reports than would otherwise have been possible. 

It should be mentioned that from the Signal 

Corps Technical Manual, TM-2540, Quartz Cr!!s­

tals. Them'!!, Fa /n'ication and Performance Meas­

urements, much of the information concerning the 

fabl'ication of quartz crystal units has been ob­

tained. The following Handbook illustrations have 

been obtained from this manual: figures 1-5, * 1-6, 
1-10, ' I-t2, 1-57," 1-58,* 1-59,* 1-6::V 1-64,1-66,* 
1-67, and 1-89. Those figures marked with an 

asterisk have been obtained from negatives made 

available by the Signal Corps. 

Also of great use to the writer has been the 

Information Bu lletin 011 Quart,z Crystal Units. 
A;'med Services Electro Standards Agency, Fort 

Monmouth, N. J. See Fair , I. E. and Sykes, R. A. 
for illustrations obtained fl'om this source. 

In Section I II, the illustrations of all Group-II 

crystal holders have been redrawn from drawings 

fumished by the Signal Corps. 

Finally, the circuit data for a large number of 

the individual oscillators described have been ob­

tained from Signal Corps technical manuals. 

Stock, D. J. R., et al.-Much of the discussion of 

crvstal-unit dri ve-lcvel characteristics is based 
uI;on information contained in the final report, 

"Investigation, Studies and Evaluation of Per­

formance of Crystal Unit Characteristics," 1952, 

of a research project (Signal Corps Contract No. 

DA86-0:)9-sc-S49:n undertaken by the Research 

Division of New York University College of Engi­
neering, Mr. Stock serving as project engineer, 

with the assistance of L. Silver, E. Strongin, and 

A. Yev)ove. Handbook figures 1-115, 1-116, and 

1-118 have been obtained from this report. 

Sykes, R. A. (See also Foreword)-The discus­

sions contained in Section I, entitled "Modes of 

Vibration" and "Rule-of-Thumb Equations for 

Estimating Parameters," are based upon and fol­

low closely the information contained in the ex­

position of these subjects by Mr. Sykes in "Design 

Data on Crystal Units" (Appendix I, Information 

Bulletin on Quart.z Cr!lstal Units, Armed Services 

Electro Standards Agency, Fort Monmouth, N. J., 
August, 19S2). Handbook illustrations obtained 

from the foregoing treatise are figures 1-26, 1-27, 

1-30, 1-31, 1-36, 1-:37, 1-49, 1-50, 1-51, 1-52, 1-85, 
and 1-88 (B). 

The information contained in the discussion of 

the modes of vibration of quartz crystals is also 

dependent upon the more extended treatment of 

the same subject by M1'. Sykes in "Modes of Mo­

tion in Quartz Crystals, the Effects of Coupling 

and Methods of Design" (Chapter VI, Quartz 

Crystals for Electrical Circuits, lIeising). Hand­

book equations 1-81 (4) and 1-82 (1) have been 

obtained from this source. Also from this treatise 

are figures 1-12 and 1-1:3, which have been copied 

with the permission of the publisher, D. Van 

N ostrand Co. 
"Principles of Mounting Quartz Plates" (Chap­

ter VIII, Quartz Cr!fstals jor Electrical Circuits, 

Heising), by Mr. Sykes, is the source of the in­

formation included in the Handbook concerning 

the cantilever method of crystal mounting, and 

also of much of the information concerning pres­

sure mounts in general, wire mounts, and air-gap 

mounts. The equation in paragraph 1-158, and 

figures 1-71, 1-81, 1-82, 1-84, and 1-87 of the Hand­

book are taken from this work, with the permis­

sion of the publisher, D. Van Nostrand and Co. 

For acknowledgments of information obtained 

from "Low-Frequency Quartz-Crystal Cuts Hav­

ing Low Temperature Coefficients," coauthored by 

Mr. SĻ'kes, see Mason, W. P. 

Vigoureux, P. et al.-Quart Vibration,z by P. 
Vigoureux and C. F. Booth, H. M. Stationery Office, 

London, has been a valuable source of reference 

for the writer. Of special usefulness has been the 

information on the design of crystal ovens, much 

of which has not been obtainable elsewhere. 

Western Electric Co.-The writer is indebted to 

the Western Electric Co. for making available the 

design recommendations of Bell Telephone Lab­

oratories engineers, pertaining to the oscillator 

circuit illustrated in figure 1-1S7. 

Willard, G. W.-l\Ir. Willard's treatises, "Raw 

Quartz, Its Imperfections and Inspection" and 

"Use of the Etch Technique for Determining 

Orientation and Twinning in Quartz Crystals" 

(Chapters IV and V, respectively, Quart;, Cr!lstals 

for Electrical Circuits, Heising) have been prin­

cipal sources of information covering their respec­

tive subjects. Handbook flgures 1-5, 1-58, 1-63, and 

WADe TR 56-156 633 



Appendix I 
Acknowledgments 

1-65 have been obtained from the above sources Wojcicki, F. J.-See Foreword. 
with the permission of the publisher, D. Van 
N ostrand Co. Wright Air Development Center.-See Foreword. 

Addendum 

Dasber, B. J. et al.-A large proportion of the 
data contained in the discussion of junction tran­
sistor oscillators has been obtained from the quar­
terly reports on "Transistor Oscillators of Ex­
tended Frequency Range" by Messrs. Dasher, D. 

L. Finn, S. N. Witt, W. B. Warren, Jr., T. N. 
Lowry, et al., of the Georgia Institute of Technol­
ogy, Atlanta, Georgia. (Dept. of the Army Con­
tract No. DA-36-039-sc-42716). 

Finden, H. J.-The information on the Plessy syn­
thesizer has been obtained primarily from "The 
Frequency Synthesizer" by Mr. Finden, Journal 
of the Institution of Electri()(Ll Engineers, vol. 90, 
Part III, 1 943. 

The information on the attenuation of unwanted 
frequencies in frequency synthesis is based on 
"Developments in Frequency Synthesis" by Mr. 
Finden, Electronic Engineering, May 1953. 

Gerber, E. A.-The treatise "A Review of Methods 
for Measuring the Constants of Piezoelectric 
Vibrators" by Dr. Gerber, Proceedings of the 
I.R.E., September 1953, has been a valuable source 
of reference in preparing the discussions on the 
measurements of crystal oscillators. 

The writer also wishes to thank the engineering 
staff in the charge of Dr. Gerber at the Frequency 
Control Branch of the Signal Corps Engineering 
Laboratories for the time and effort spent in re-

Figure Number 

1-2, 1-4,"1-15, 
1-16 

1-5,  1-8, 1-9, 
1-11 ,  1-12, 1-13, 
1-19 ( G ) ,  1-20, 
1-23, 1-24, 1-25, 

1-28, 1-29, 1-32, 
1-33, 1-34, 1-35, 
1-38, 1-43, 1-44, 
1-53, I-54, 1-55, 

ACKNOWLEDGMENTS FOR USE 

Courtesy of 

Institute of Radio Engineers 

D. Van Nostrand Company 

viewing the Handbook revision material and for 
the many suggestions and corrections which have 
helped to improve the usefulness and accuracy of 
the text. 

Gruen, H. E. - The information on the Gruen 
packet oscillator series was obtained from "Devel­
opment of Packet Oscillator Series" by Mr. Gruen, 
a project of the Armour Research Foundation, 
I.I.T., completed in 1955. (USAF Contract No. AF 
33 (616)-2125). 

Hahnel, A. - The information on crystal-phase­
controlled harmonic multipliers is based upon 
"Multichannel Crystal Control of VHF and UHF 
Oscillators" by Mr. Hahnel, Proceedings of the 
I.R.E., January 1953, and upon "A Single Crystal 
Multi-Channel Oscillator" by Messrs. L. R. Bat· 
tersby and E. A. Conover (Signal Corps Project 
No. 132A, March 1954) . 

Savolainen, U. - The information on bimetallic 
thermostats in paragraph 4-18 was obtained from 
"Designing Bimetal Control Devices" by Mr. Sav­
olainen, Product Engineering, August 1950. 

Sberman, J. W. Jr.-Th e writer is indebted to Mr. 
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APPENDIX I I I-LIST OF MANUFACTURERS 
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facture, or capable of being produced LL'ithin a reaSOr/a ble time. The products 
enumerated beside a firm name a re thOi;e represented as bein y a va ilab le 

at the time of preparation of this handbook. In the first column arc listed 

the Standard Codes of Manufacturers' Names. 
The list represents a cross-section of the crystal i ndustry ; it is presented 

for reference purposes only and is not intended as an e:rclusire directory 
of recommended commercial S01t1'Ces. Manu/a c t urers dcsirin y to be included 
in this list should contact Communications and Nar iyation Laborator!f, 
Attention WCLNE-l , Wrig.ht Air Development Center, Wriyht-Pattenon 
Air Force Base, Ohio. A tabula tion 0/ the cl'ystal products manufactu red 

and comments on their availability should be submitted, along wi th the 

full company name and address. 

Mfrs 
Manufacturer Product* Code Manufacturer Product * 

Aeronautical Electronics, Inc. B, C Breon Laboratories A, B, C 

Raleigh-Durham Airport 1520 Evergreen Rd. 

P.O. Box 6043 Williamsport, Pa. 

Raleigh, N. C. 


CBD Brush Electronics Co. A, B, E, F 
Alden Products Co. G, H 3405 Perkins Ave. 
112 N. Main St. Cleveland 14, Ohio 
Brockton 64, Mass. 

CBVZ Bulova Watch Co. B, C, H, I, J 
American Lava Corp. E, G Quartz Crystal Div. 
Chattanooga 5, Tenn. 62-10 Woodside Ave. 

Woodside, Long Island 
Bassett, Rex, Inc, C 

1314 N.E. 17th Court Caribe Aircraft Radio Corp. I 

Fort Lauderdale, Fla. Coamo, Puerto Rico 


Bendix Radio Div. I CBN Centralab Div. of E, G 

Bendix Aviation Corp. Globe-Union, Inc. 

Baltimore 4, Md. 914Y E. Keefe Ave. 


Milwaukee 1,  Wis. 
Bliley Electric Co. C, G, I, J 

Union Station Bldg. CMG Cinch Mfg. Co. R 

Erie, Pa. 1026 S. Homan Ave. 


Chicago 24, Ill. 
Bodnar Industries, Inc. B 

19 Railroad Ave. CBQR Clark Crystal Co. B, C, D 

New Rochelle, N. Y. 2 Farm Road 


Marlboro, Mass. 
Bram Chemical Co. A, B, C, D 

820 65th Ave. CBPR Constantin, L. L., & Co. G 

Philadelphia 26, Pa. Lodi, N. J. 


'PRODUCT SYMBOLS 
ADCRYST A LSE RA W F-CRYSTAL TRANSDUCERS-ROCHELLE S A LTS 

B-CRYSTALS UNFINISHED 
 G--CRYSTAL HOLDERS 

C-CRYSTAL UNITS --QUARTZ H-CRYSTAL SOCKETS 

DFCRYSTA L UNITSG TOURMALINE I-CRYSTAL OVENS 

EGCRYSTAL TRANSDUCERS--BARIUM TITANATE JGPACKAGED OSCILLATORS 
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Appendix III 
List of Manufacturers 

Mfrs Mfrs 

Code Manufacturer Product* Code Manufacturer Product· 


GWM 	 Frequency Control Branch CCBYB Cryco, Inc. C 
Components Department 1 138 Mission St. 
Signal Corps Engineering Laboratories South Pasadena, Calif. 
Fort Monmouth, N. J. 

Crystals, Inc. C 
CDP General Ceramics & Steatite G Odell, Ill. . 

Corp. 

CJL 	 Daltron Corp. C Keasbey, N. J. 

5066 Santa Monica Blvd. General Crystal Co. C 
Los Angeles 29, Calif. P.O. Box 9 

Burlington, Wis. Diamond Drill Carbon Co. A 

244 Madison Ave. 
 CG General Electric Co. C 
New York 16, N. Y. Semi-Conductor Section 

Electronics Park DABS Downing Crystal Co. A, B, C, I 
Syracuse, N. Y. 191 Shaffer Ave. 

Westminster, Md. 	 CBGY Gombos Co., John, Inc. G 
107 Montgomery Ave. 

CAZQ DX Radio Products Co., Inc. C Irvington 1 1 ,  N. J. 
2300 W. Armitage Ave. 
Chicago 47, Ill. Gulton Mfg. Co. E 

Metuchen, N. J. 
CEB Eby, Hugh H., Inc. H 

Hermetic Seal Products Co. G4700 Stenton Ave. 

29-37 S. 6th St. 
Philadelphia 40, Pa. 

Newark 7, N. J. 


CBEK 	 Edo Corp. E, F HEEMCO 	 C, I ,  J 
College Point, N. Y. ( Hill Electronic Engineering 

& Manufacturing Co. ) Eidson Electronic Co. B, C 

New Kingstown, Pa. 
1902 N. Third St. 


Temple, Texas 
 CACG 	 Hoffman Co., P. R .  B, C 
321 Cherry St. 

Elco Corp. 	 H 
Carlisle, Pa. 

"M" St. below Erie Ave. 

Philadelphia 24, Pa. 
 CAAN 	 Hunt Corp., The B, C, I 

453 Lincoln St. 

Elgin National Watch Co. H Carlisle, Pa. 

Electronics Division 


CKZ 	 Hupp Electronics Co. C, I2435 N. Naomi Street 
( Formerly Standard Piezo Co. ) Burbank, Calif. 

Carlisle, Pa. 


CBEF 	 Electrical Industries, Inc. G Ingram Labs, Inc. C 
44 Summer Ave. Griffin, Ga. 
Newark 4, N. J .  

International Crystal C, H,  J 
Electro-Voice, Inc. E, F Mfg. Co. 

Buchanan, Mich. 
 1 81/2 N. Lee Ave. 

Oklahoma City 1, Okla. CER 	 Erie Resistor Corp. E 
644 W. 1 2th St. CEJ Johnson Co., E. F. H 
Erie, Pa. Waseca, Minn. 

·PRODUCT SYMBOLS 
A-CRYSTALS-RAW G-CRYSTAL HOLDERS 

B-- CRYSTALS-UNFINISHED "-CRYSTAL SOCK ETS 

c- CRYSTAL UNITS-QUARTZ F-CRYSTAL TRANSDUCERS-ROCHELLE SALTS 
D- -CRYSTAL UNITS-TOURMALI N E  I-CRYSTAL OVENS 
E - CRYSTA L  TRANSDUCERS-BARIUM TITANATE J-PACKAGED OSCILLATORS 
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Appen dix 1\1 
List of Manufacturers 

Mfrs 

Code 


CACK 

CBSS 

CADI 


CAJR 


CBVS 


CLF 

CBXK 

CZX 

CJA 

WADe 

Mfrs 
M anuf acturer Product* Code Manufacturer Product* 

Kaar Engineering Co. C CKM Miller Laboratories, B, C, D, H, I, J 
2995 Middlefield Rd. August E. 
P .O. Box 1320 9226 Hudson Blvd. 

Palo Alto, Calif. North Bergen, N. J. 


CZN Monitor Products Co. B ,  C,  G, I ,  JKelstone Electronics Co. C 

815 Fremont Ave. 
114 Manhattan St. 

South Pasadena, Calif. 
Stamford, Conn. 


CGG Motorola, Inc. 
 CKing Laboratory, Inc. A 

4545 West August Blvd. 
2645 South Second West 

Chicago 51, Ill. 
Salt Lake City, Utah 

Murray American Corp. A
Knights Co., James, The B, C, G, I ,  J 

15 Commerce St. 
131 S. Wells St. 

Chatham, N.  J. 
Sandwich, Ill. 


CNA National Co., Inc. H, J 
Lavoie Laboratories I 
61 Sherman St. Morganville, N. J. 
Malden 48, Mass. 


Lewis Co., Inc. E. B. B, C 

National Electronic Mfg. GI I  Bragg St. 

Corp.
East Hartford 8, Conn. 

186 Granite St. 

Littelfuse, Inc. H Manchester, N. H. 

4757 N.  Ravenswood Ave. 
 REN Nebel Lab., R. E. B, C, G 
Chicago 40, Ill. 1624 E .  12th St. 
L. & O. Research I Brooklyn 29, N. Y. 


& Development Corp. 
 Northern Engineering Laboratories C 
134 North Wayne Ave. 434 Wilmont Ave. 

Wayne, Pa. 
 Burlington, Wisconsin 

l.1:aryland Lava Co. A, E,  G 
 Pan American Trade A 

Bel Air, Md. 
 Development Corp. 

McCoy Electronics Co. B, C, I 2 Park Ave. 

Chestnut & Watt Sts. New York 16,  N. Y. 

Mt. Holly Springs, Pa. 
 CAIJ Pan-Electronics Corp. B ,  C 

Meridian Laboratory C, I P.O. Box 584 

Lake Geneva, Wis. Griffin, Ga. 


Methode Mfg. Corp. H CAMG Petersen Radio Co., Inc. C 

2021 W. Churchill St. 2800 W. Broadway 

Chicago 47, Ill .  Council Bluffs, Iowa 


Midland Mfg. Co., Inc. B, C, I Piezo Products Co. C 

3155 Fiberglas Rd. Whitney St. 

Kansas City 15, Kansas Sherborn, Mass. 


Millen Mfg. Co., James, Inc. H CBWN Precision Crystal Laboratory B, C, I, J 

150 Exchange St. 2223 Warwick Ave. 

Malden, Mass. Santa Monica, Calif. 


'PRODUCT SYMBOLS 

A CRYSTAl S RAW F- CRYSTAL TRANSDUCERS ROCH ELLE S A LTS 

H CRY STALS U N FINISH ED (; - CRYSTAL HOLDERS 

C CRYSTAL UNITS --QUARTZ II -- CRYSTAL SOCKt:TS 

I) CRYSTA L  UNIT&-TOURM A LI N E  I- CRYSTAL O V t;NS 

E C R Y S T A L  TRANSDUCERS - B A RIt:M TITANATE J-- PACKAGED OSCILLATORS 
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Appendix III 
List of Man ufacturers 

Mfrs Mfrs 
Code Manufacturer Product* Code Manufacturer Product* 

Precision Piezo Service B, C CSJ Stupakoff Ceramic & Mfg. Co. E, G 
427 Mayflower st. Latrobe, Pa. 
Baton Rouge, La. 

CL Premier Research B, C, D, G. J 
CHS Sylvania Electric 

Products, Inc. 
H 

Laboratories, Inc. 12 Second Ave. 
79-89 Seventh Ave. Warren, Pa. 
New York 1 1 ,  N. Y. 

CBPN Radiation Counter I 
CAYM Tedford Crystal Labs. 

4126 Colerain Ave. 
C 

Laboratories, Inc. 
5121 W. Grove St. 

Cincinnati 23, Ohio 

Skokie, III. United States Gasket Co. H 

CRY Radio Corporation of 
America 

C Fluorocarbon Products Div. 
P.O. Box 648 

Commercial Electronics Products Camden, N. J. 

Camden 2, N. J. 
CAMU Valpey Crystal Corp. B, C, D, I 

CUR Reeves-Hoffman Corp. B, C 1244 Highland St. 

Cherry and North Sts. Holliston, Mass. 

Carlisle, Pa. 
CAND V Precision Instrument Co. C 

Scientific Electronic G 57-02 Hoffman Drive 
Labs. ,  Inc. Elmhurst, N. Y. 

866 Bergen St. 
Newark 8, N. J. CW Western Electric Co. C 

CADG Scientific Radio 
Products, Inc. 

215 S. Eleventh St. 
Omaha 8, Neb. 

B, C, I, J 
Radio Div., Electronic 

Products Sales Dept. 
120 Broadway 
New York 5, N. Y. 

Sealtron Co. G CBVJ Wright Electronics Inc. B, C, D,  I 

Reading Rd. at Amity 
Cincinnati 15, Ohio 

1519 McGee St. 
Kansas City 8, Mo. 

CBXR Sherold Crystals, Inc. C, D X-tron Electronics A, B ,  C 

1510 McGee St. 890 71st Ave. 

Kansas City 15, Kansas Oakland 21, Calif. 

CBZA 	 Standard Crystal Co. B, C, I Young Brothers Co. I 
1714 Locust St. 1829 Columbus Rd. 
Kansas City 8, Mo. Cleveland, Ohio 

·PR(lDUCT SYMBOLS 

AeCRYSTALSeRAW .-"CRYSTAL TRANSDUCERS- ROCH ELLE S A LTS 
BfCRYSTALSeUNFINISHED (; - CRYSTAL HOLDERS 
C--CRYSTAL UNITSgQUARTZ H"CHYSTAL SOCKETS 
D-hCRYSTAL UNITS-TOURMALINE 1- CRYSTAL OV F.NS 
E --CRYSTAL TRANSDUC ERSeBARIUM TITANATE JiPACKAGED OSCILLATORS 
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Appendix IV 
Orderi ng Information-Specifications 

APPENDIX IV-RELATED S PECI FICATI ONS. STAN DARDS. PUBLICATIONS. 
A N D  D RAWI NGS 

ORDERING 

D-l. Copies of specifications, standards, publica­
tions, and drawings required by contractors in 
connection with specific procurement functions 
should be obtained from the procurement agency 
or as directed by the contracting officer. 

D-2. The following may be obtained from the 
Commanding General, Air Materiel Command, 
Wright-Patterson Air Force Base, Dayton, Ohio: 

a. U. S. Air Force Specifications and Drawings. 

b. Federal Speci fications. 

c. Military Specifications and Standards. 

D-3. The following may be obtained from the 
Commanding Officer, Signal Corps Procurement 
Agency, 2800 South 20th Street, Philadelphia 45, 
Pennsylvania: 

a. U. S. Army Specifications. 

b.  National Military Establishment and Joint 
Army-Navy Specifications. 

c. Signal Corps Drawings and Marking In­
structions. 

I N FORMATIO N 

D-4. The following may be obtained from the 
Bureau of Supplies and Accounts, Navy Depart­
ment, Washington 25, D. C. ( activities of the 
Armed Forces should make application to the 
Commanding Officer, Naval Supply Center, Nor­
folk 11, Va. ) : 

a. Navy Department Specifications. 

b. Federal Specifications. 

c.  Military Specifications. 

D-5. The following may be obtained from the 
Superintendent of Documents, Government Print­
ing Office, Washington 25, D. C.: 

a. Department of Commerce Publications. 

b.  Federal Specifications. 

D-6. Both the title and identifying number or sym­
bol should be stipulated when requesting copies 
of specifications, standards, pUblications, and 
drawings. 

SPECI FICATIONS 

U. 	S .  A I R  FORCE NN-B-621 Boxes, Wood, Nailed and 
Lock-Corner.AN-P-13 	 Preservation and Packaging 

Parts and Equipment (General QQ-A-318 	 Aluminum-Alloy (AL-52) 
Specification for) (Note : This is (Aluminum-Magnesium­
an Air Force-Navy Aeronautical Chromium )  ; Plate and Sheet. 
specification applicable only to 
Ail' Force purchases) . QQ-B-611 Brass, Commercial ; Bars, Plates, 

Rods, Shapes, Sheets, and Strips. 40985 	 l\Iarking of Interior Packages 
(for Communications QQ-B-746 	 Bronze, Phosphor ; Bars, Plates, 
Equipment) . Rods, Shapes, Sheets, and Strips. 

A I R  FO RCE·NAVY AERONAUTICAL 
QQ-M-151 Metals ; General Specification for 

AN-P-34 Plating Nickel. Inspection of. 

FEDERAL QQ-N-321 	 Nickel-Silver (German Silver) ; 
NK-B-601 Boxes, Wood-Cleated Plywood, Bars, Plates, Rods, Shapes, 

for Domestic Shipment. Sheets, and Strips. 
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Appendix IV 
Ordering Information-Specifications 

QQ-S-G71 Solder ; Soft (Tin, Tin-Lead, and JAN-P-I05 Packaging and Packing for 
Lead-Silver) . Overseas Shipment-Boxes ; 

QQ-S-636 Steel ; Carbon ( Low Carbon) , 
Wood, Cleated, Plywood. 

Sheets and Strips. JAN-P-I06 Packaging and Packing for 

QQ-S-763 Steel, Corrosion-Resisting ; Bars 
and Forging (Except for 

Overseas Shipment-Boxes ; 
Wood, Nailed. 

Re-forging) . JAN-P-I08 Packaging and Packing for 

LLL-B-631 Boxes ; Fiber Corrugated (for 
Domestic Shipment) . 

Overseas Shipment-Boxes, 
Fiberboard (V-Board and 
W-Board) ,  Exterior and Interior. 

LLL-B-636 Boxes ; Fiber, Solid (for 
Domestic Shipment) . 

JAN-P-120 Packaging and Packing for 
Overseas Shipment-Cartons, 
Folding, Paperboard. 

M I LITARY 
JAN-P-125 Packaging and Packing for 

M I L-C-16B Crystal Unit, Quartz Overseas Shipment-Barrier 
(CR-IA/ AR, Pressure, Materials, Waterproof, Flexible. 
:Xlounted) . 

JAN-P-133 Packaging and Packing for 
MIL-C-239B Crystal Unit, Quartz (CR-G/U ) .  Overseas Shipment-Boxes, 

MIL-C-3098B Crystal Units, Quartz. Set-up, Paperboard. 

MIL-C-I0405 
(Sig C) 

Crystal Units, Quartz, Pressure 
and Spacer Mounted. 

JAN-P-139 Packaging and Packing for 
Overseas Shipment-Plywood, 
Container Grade. 

MIL-H-I0056B Holders, Crystal. 
JAN-P-140 Packaging and Packing for 

MIL-L-I0547 Liners, Case, Waterproof. Overseas Shipment-Adhesives, 

MIL-P-14 Plastic-Materials, Molding, and 
Plastic Parts, Molded ; JAN-S-28A 

Water-Resistant, Case-Liner. 

Sockets, Electron Tube, and 

Thermosetting. Accessories. 

MIL-P-116 Packaging and Packing for U. S. ARMY 

Overseas Shipment­
Preservation, Methods of. 

72-53 Finishes (For Ground Signal 
Equipments) . 

MIL-R-3065 Rubber and Synthetic Rubber 
Compounds, General Purpose 
(Except Tires, Inner-Tubes, 
Sponge Rubber, and Hard 
Rubber) . 

72-119-A 

94-40645 

Holders for Quartz Crystals. 

Marking ; Exterior, Domestic 
and Export Shipments by 
Contractors. 

MIL-T-945A Test-Equipment, for Use with 
Electronic Equipment : General 
Specification. 

100-2 Standard Specification for 
Marking Shipments by 
Contractors. 

JAN-C-173 Coating Materials, Moisture- and S IGNAL CORPS INSTR UCTIONS 

Fungus-Resistant, for the 726-15 Marking of Interior Containers 
Treatment of Communications, ( For Signal Corps Equipment) . 
Electronic, and Associated 
Electrical Equipment. NAVY 

JAN-P-13 Plastic-Materials, Laminated, 
Thermosetting ; Sheets and 

General Specification . for Inspection of Material 
(applicable only to Navy purchases) .  

Plates. 22W13 Wire, Steel, Corrosion-Resisting. 

JAN-P-14 Plastic-Materials, Molded, 46N7 N ickel-Copper-Silicon-Alloy : 
Thermosetting. Castings. 
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Appendix IV 
Standards-Publications 

STANDARDS 

MILITARY MIL-STD-I05 	 Sampling Procedures and Tables 
for Inspection by Attributes. (Military Standards for individual Crystal Units 

and for drive adjustment procedures for the stand­
MIL-STD-129 	 Marking of Shipments.ard crystal impedance meters are contained in 

Military Specification MIL-C-3098B.) 
JAN-STD-15 	 Electrical and Electronic 

Symbols. 

PUBLICATIONS 

HB-16F-l 

HB-16F-2 

HB-16F-3 

S-16-F 

Project 4422Dt 

WADe TR 56- 1 56 

U. S. AIR FORCE 

Gentile AF Depot-Crystal 
Handbook for Equipments 
FT-164 Crystal Holder (Unit) .  

Gentile AF Depot-Crystal 
Handbook for Equipments Using 
AR-3 Crystal Holder (Unit) .  

Gentile AF Depot-Crystal 
Handbook for Equipments Using 
FT-243 Crystal Holder (Unit) . 

USAF Supply Catalog, Class 
16-F, Code 2100, Radio Crystals. 

SIGNAL CORPS 

Crystal Data Sheets (technical 
requirements for fabrication of 
crystal units contained in various 
equipments) . 

NAVY 
NAVSHIPS Manufacturer's Designating 
900,152 Symbols. 

Navy Shipment Marking Handbook. 

DEPARTMENT OF COMMERCE 

National Bureau 	 Screw-Thread Standards for 
of Standards 	 Federal Services. 
Handbook H28 

AMERICAN IRON AND STEn INSTITUTE 

Steel Products Manual (Stainless and Heat-Resist­
ing Steels) . tt 

t Direct requests for this publication to : Commanding 
General, Signal Corps Engineering Laboratories, 
SCCSC^-PMM-3, Fort Monmouth, N. J. 

tt Direct requests for this publication to : American Iron 
and Steel Institute, 350 Fifth Avenue, New York 1 ,  
New York. 
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Appendix IV 
Drawings 

DRAWINGS 

52B13216 

SC-A-200 

SC-D-247 

SC-D-5213 

SC-D-6306 

SC-D-7627 

SC-D-9553 

SC-D-14444 

SC-D-14445 

U. S. AI R FORCE 

Crystal Holder HC- ( ) /U, 
Assembly (Crystal Holders 
HC-H/U and HC-12/U) . 

SIGNAL CORPS 

Crystal Holder FT-164. 

Crystal Holder FT-249, Outline 
Dimensions and Marking 
Information. 

Crystal Holder FT-I71-B, 

Drawing List. 


Crystal Holder FT-243. 

Crystal Units DC-34 and DC-35, 
Outline Dimensions. 

Crystal Holder FT-241-A, 

Critical Dimensions. 


Standard Oscillator 
TS-39/TSM-I ,  Circuit Diagram. 

Standard Oscillator 
TS-39/TSM-I ,  Calibration and 
Operation. 

SC-D-I7316 

SC-D-17499 

SC-D-20032 

SC-D-2003G 

SC-D-20036 

SC-D-20724 

SC-D-20877 

SC-D-22892 

SC-D-25222 

SC-D-26189 

Crystal Impedance Meter 
TS-330/TS:\1, Circuit Diagram. 

Crystal Holder FT-243, Marking 
for Standard Units. 

Crystal Holder HC-4/U, 
Assembly. 

Crystal Holder HC-3/U, 
Assembly. 

Crystal Holder HC-2/U, 
Assembly. 

Crystal Holder HC-5/U, 
Assembly. 

Crystal Holder HC-I/U, 
Assembly. 

Crystal Holder FT-171-B, 
Assembly. 

Crystal Impedance Meter 
TS-537/TSM, Circuit Diagram. 

Crystal Holder FT-249, Case 
Assembly. 
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Appendix V 
Abbreviations 

APPENDIX V-D E FI N ITIONS OF ABBREVIATI ONS AND SYMBOLS 

ABBREVIATIONS 

ac (a-c) alternating current 
ADP.. .  . .ammonium dihydrogen phosphate 
afc (a-f-c) . . . . . . . .  automatic frequency control 
AGC . . . . . automatic gain control 
amp. . . . . . .  ampere (s) 
approx 	 approximately 
A WG . . ... American Wire Gauge 
bfo .. . .. beat-frequency oscillator 
G .  centigrade 
caL . .  . . . . . . . . calorie (s) 
cap. . .. . . . capacitance 
cc .. .. cubic centimeter (s) 
CFI . . . crystal frequency indicator 
CI . crystal impedance (meter) 
cm . .  centimeter (s)  
Co. . . . . . . Company 
cont .. continued 
cos cosine 
cot cotangent 
cps. . .  .. cycles per second 

rna 
max 
mc 
mf (m-f) 
mfr 
Mil . . 
min 
mm . . . 
mmf, f'f'f 
mtg 
mw 
 A܈
nat. 
K L  
no. 
osc 
oz 
PE 

PI 

milliampere (s) 
. . maximum 


· megacyc!e (s)  

.medium frequency 

.. manufacturer 


:Military 
minimum, minute (s)  

. . . . . .  millimeter (s) 
. . micromicrofarad (s)  


mounting 

milliwatt (s) 

not applicable 

natural 

not listed 

number (s) 


. .. oscillator 
.. ounce (s) 
. . .  paper, enamel (wire insulation per 

JAN-W-583) 

performance index 


· plate (d) c to c .  . . . . . . . . . . . center to center 

cw (c-w) .. . . . .. . . .  continuous wave ppm parts per million 
db. . . .... decibels PI' pair (s)  

quantitydc (d-c) . . direct current 
deg . . . .... .. . degrees 
dia .. . diameter 
DKT . . . . .  dipotassium tartrate 
EDT 	 ethylene diamine tartrate 
efL. 	 .effective 
emf electromotive force 
etc .. ... . . . . .  et cetera 
F . .  . Fahrenheit 

..... . . . . . .. . .. .. . . . . farad (s) 
fig. . . .  ... . figure 
freq . . . . . . . . . . . . . . . . ... frequency 
fL ... . . . . . . .  . . . foot ( feet) 
gm .. . . . . . . gram (s) 
gnd . ....... ground 
h . .  henry (s)  
h f  ( h-f) . high frequency 
if ( i-f) . . intermediate frequency 
m ... .  . . . . . . . inch (es) 
ins. .. .insulat (ion) (ed) 
I .R.E. . .. . . Institute of Radio Engineers 
K .. ... . . . Kelvin 
kc . kilocycle (s)  
lb . .  . . . . . .  pound (s) 
If (l-f) low frequency 
Ig ...... long, length 

microampere (s)  

rec 	 receiver 
ref 	 reference 
rf (r-f) 	 radio frequency 
rms 	 root mean square 
RTMA 	 Radio and Television 

Manufacture'r's Association 
sec. 	 second (s) 
/sec .. 	 per second 
sin · sine 
soc. min. de 
France . 	 societe mineralogique de France 
spec 	 specification (s) 
sq . . . . square 
std standard 
tan . . .  tangent 
temp . . .. . temperature 
term . .  	 terminal 
thd 	 thread (ed)  
T.O. .  . . . . .  (Air Force) Technical Order 
USAF.. L'nited States Ail' Force 
V . . . . volt (s)  
vhf (v-h-f) very high frequency 
vlf (v-I-f) very low frequency 
wi with 
xmtr .. transmitter 
xtal (;rѠ'stal 
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Appendix V 
Symbols 

SYMBOLS 

Definitions are given for all usages of symbols appearing 
in t,his manual. For each usage, the first paragraph wherein 
the symbol appears is listed. For a complete definition, in 

most instances, it is necessary to examine the symbol in 
context by referring to the cited paragraph. 

Symbol 	 Paragraph 

A ... . . . . . . ............ ... ( 1 )  quartz element . 	 1-90 

(2) 	 effective electrode area ..... 1-191 
(3) 	 constant-transconductance mode of vacuum­

tube operation .... .. ........................ . 1-273 
( 4 )  	cross-sectional area . '  4-32 
(5)  	area of radiating surface . 4-35 

AB. .... . ... . . . . mode of vacuum-tube operation where control 
grid is biased on bend of E,.h curve between 
cutoff point and constant-g", region . 1-273 

AC . . . .. quartz cut . .  1-23 
AT. .... .. .. .... .. quartz cut . 1-23 
a. 	 .. . . . .  proportionality constant relating load resist­

ance to the effective input resistance of trans­
former-coupled oscillator . 1-395 

a, . . . . . . . . ..... .. . ..... . . . . . . . ( 1 )  	empirical proportionality constant for length 
harmonic in quartz thickness-shear frequency 
equation .. . . . . . . .  .. . .  . .. . . .  . .  . 1-81 

(2) empirical proportionality 	constant for width 
harmonic in quartz face-shear frequency mode 1-82 

.. . empirical proportionality constant for width 
harmonic in quartz thickness-shear frequency 
equation .. . .... . . 1-81 

B.. .... ( 1 )  	quartz element .... . .  . . . . . .. 1-90 
(2) cutoff-bias mode of vacuum-tube operation .. . 1-273 

BG .... .... . . . . . . . . . . .... . . ... ..quartz cut . 1-23 
BT. . . .  ... quartz cut . 1-23 
G ( I )  Carbon . 1-29 

(2)  	 quartz element 1-90 
(3)  	motional-arm (or series-arm) capacitance of 

crystal equivalent circuit... 1-183 
(4)  greater-than-cutoff-bias mode of vacuum-tube 

operation ...... . 1-273 
(5)  	heat capacity of thermofilter .. 4-58 

air-gap capacitance between crystal and elec­.. . . . .  
џo& 1-183 

C II . . . . . . . blocking capacitor . 
C" . adjustable capacitance, connected as one arm 

of capacitance-bridge circuit in series with 
crystal unit ; used to balance bridge at off­
resonance frequency when crystal unit ap­
pears as a capacitance, so that bridge is only 
unbalanced near resonance of crystaL 

C" . . .... . . . . . . . .  . . . . . . . . . . . . . heat capacity of crystal in crystal-oven circuit 
c.." . . . . . . .. . . .  . .  .. . . heat capacity of crystal holder in crystal-oven 

circuit 
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Cd . . . . . ( 1 )  

(2) 

(3) 

total distributed capacita
terminals of crystal unit. 
dynamic positive capacit
series with vacuum-tube 
pacitance . . 
Cadmium 

ance 
plate­

nce ac

e
t

ro

ffectively 
o-cathode 

ss leads and 
1-201 

in 
ca­

1-289 
.... Sect. III 

C,. . . . .  electrostatic 
dielectric 

capacitance across quartz-plate 
1-183 

CN . . . . . . . . ( 1 )  	total effective grid-to-cathode capacitance of 
vacuum-tube circuit 1-278 

(2) 	 suppressor grid-to-ground capacitance of 
transitron crystal-oscillator circuit.. 1-425 

... 	equivalent grid-circuit capacitance when grid 
impedance is represented as equivalent resist­
ance in series with equivalent capacitive re­
actance 1-298 

........ grid-to-cathode capacitance of first vacuum 
tube in two-tube crystal-oscillator circuit.. .... 1-383 

.. . . . .  grid-to-cathode capacitance of second vacuum 
tube in two-tube crystal-oscillator circuit.. 1-383 
input capacitance of first tube in two-tube 
parallel-resonant crystal oscillator . . 1-345 

. . . . . . . . . . . excitation-grid-to-screen-grid capacitance of 
vacuum tube 1-322 

input capacitance of second tube in two-tube 
parallel-resonant crystal oscillator.... 1-345 

Cn . . . . . . .  . . . .  heat capacity of crystal-oven heater and adja­
cent thermal distributing layers . 4-58 

. ..... sum of heat capacities of heater and thermo­
stat in crystal oven (Cn + CT) . 4-59 

. . .. . . . . . distributed capacitance of crystal unit be­
tween crystal holder and one electrode-ter­
minal side of crystal (capacitance on side of 
crystal opposite to CII, ) 1-183 

. . . . . . .  distributed capacitance of crystal unit be­
tween crystal holder and one electrode-ter­
minal side of crystal (capacitance on side of 
crystal opposite to Cn , ) 1-183 

. . . .... .. distributed cathode-to-ground capacitance in 

modified grounded-grid oscillator. .. . . . 1-419 
distributed capacitance of leads and terminals 
of crystal unit . 1-182 

ell . 
. . . . ........... ( 1 )  dynamic negative plate-to-cathode capacitance 

effectively introduced by vacuum tube in 
Pierce crystal oscillator... 1-278 

(2) capacitance 	 in impedance-inverting network 
of impedance-inverting crystal oscillator equal 
to electrostatic shunt capacitance of crystal 
unit 1-426 

Co .. .. heat capacity of crystal-oven walls. . 4-58 
C" .. .  . . . . . . . . . . . total electrostatic shunt capacitance of crys­

tal-unit equivalent circuit 1-184 
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WADe TR 

(eff) .. effective electrostatic shunt capacitance of 
crystal unit (equal to C. plus any circuit ca­
pacitance directly shunted across unit ter­
minals) . .  . .  ... ... . .. . .... .. . .  

. . . . .. .. . total effective electrostatic plate-to-cathode 
capacitance of vacuum-tube plate circuit . 

.. . total effective plate-to-cathode capacitance of 
generalized oscillator taking into account 
dynamic effects of vacuum tube.. ....... .. . .  . ....... . ...... . 

. plate-to-cathode capacitance of vacuum-tube 
circuit . ... . . ..... . .. .............. .... ..... . . .. . . ......................................... . . . . . . . .  . .  

C1",· plate-to-grid capacitance of vacuum-tube cir­
cuit ; normally represents only stray capaci­
tance . ..... ... ... ........ .  .... .............. . .... ....... . .. ......... . .  . . ...... ....... 

( 1 )  	 total capacitance (Co + Cx) shunting series 
arm of generalized crystal-oscillator circuit...... 

(2) 	 total capacitance of capacitance-bridge oscil­
lator circuit .... .. .... .  . .  ... .... . .. .. .. .. ...... ....... .... .... . . 

(3) 	 effective heat capacity of thermostat in crys­
tal oven .... ..... .. . .. ... . ..... ..... . . ...... . .  ..... . .. ... . .. . . ..... .. . ...... ....... . _.... ..	 . ....... 


C... . . .  ...... . . .. ...... . ....... . .... external capacitance directly shunting crystal 

unit ; considered as circuit variable........................ . 


C...... ....... .... . ....... .... . ... . . equivalent load capacitance shunting parallel­
mode crystal unit........ .......... . .  ... ......... 


CXI) · ·· .... .. . • . . . .. component of load capacitance of crystal unit ·• •· .  ·.• •. 

in Miller oscillator due to inductive plate cir­
cuit (applicable when effect of grid-circuit 
losses on frequency can be considered negli­
gible) . .. .... ......... . ...... ..... .. ..... .. .. .. . ........... .. . . .............. ..... .. .... 

Cx!>'.. . ..... . . .... .  . . . .. ...... .  component of load capacitance of crystal unit 
in Miller oscillator due to inductive plate cir­
cuit ..... . . . .  ..... ..................... . . . . . . . .  . ............. ....... . . . .  . . . . ........... .  ....... . ... 


CT...... .... ..... .  .... ....... ........ .. quartz cut .. ... . .. ..... . .. ...... . .... . .  . ...... .... ............ ........ .... .. ... .. ........ . . ...
. ..

C1 ........ . ..... ....... . . . .equivalent series-arm capacitance of desired­
frequency mode of crystal unit 


C" C., etc .. .............. capacitances in schematic diagram........ ...... ...... . .. 

Co, C" . . .  Ck ... .......... equivalent series-arm capacitance of un­


wanted-frequency modes of crystal unit.............. 

C.H1.N20a ....... ..... . .... ethylene diamine tartrate................................................ 

c ..... ....... .. . ............... stiffness factor .......... .................... ....................................... . 


D..... .. ...... ..... . . ( 1 )  quartz element .............. ............. ........ . . . ...... .............................. .
.. .. 

(2) 	 Q degradation of crystal unit ; equal to ratjo 
of total effective resistance into which crystal 
must operate to crystal resonance resistance 

.. .. ..... ....... .... .. ...... ................ ... ........ .. ....... . ... ...... . ....... . 

number of discriminators in synthesizer cir­

.cuit . . .. ._.. ............ ..... ........... ....... ... ...... ....... . ...... ... _ . ...................... . .. . 

(4) diameter ................................................................................................ . 


D, D" Dh D1,2.. .......plate-stabilized modes of vacuum-tube opera­
tion ............................................................................................. . 


..DT.... .................... . ...... .. quartz cut ............ ....... .. .............. ..... ._...................... ........................ . 


56-156 	 665 

1-230 

1-278 

1-278 

1-278 

1-278 

1-211 

1-365 

4-58 

1-230 

1-2 1 1  

1-332 

1-332 

1-23 

1-183 

1-220 

1-183 

1-36 

1-78 

1-90 

1-396 

1-456 

4-18 

1-298 

1-23 



__ ____ _  _ 

_ __ _ _ ___ _ ________ _  _ 

__ _ .. 
piezoelectric constant giving ratio of strain to 

Appendix V 
Symbols 

Symbol 	 Paragraph 

d __ __ ______ _  _ _  ( 1 )  	distance between parallel atomic planes .. 1-127
_ 

(2) 	 diameter of pin or wire 1-158 

(3) 	 differential sign n _  _ __ __ 1-203 

(4) 

field 1-248 

(5) 	 linear displacement of bimetallic sensing ele­

ment _ _ _ _ _ _  _ _ _ _ . . .  _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . _____________. . .  ____________ ._ 

E_____ _ quartz element ___ n__ _______ __ ____n_ _____ n __ . 

Eb-- d-c plate voltage of vacuum tube ____ _ _ _  


Ec ___ _ . _ _ _ _  _____ __ (I)  d-c bias voltage of excitation grid of vacuum 

tube ____ _ __ . _ ______ :_ _ _ _ _ 	 e ___ _ __ _  n _ __ n  ___ .. 

(2) rms r-f voltage across crystal unit 
EeQ•••• 

... . cut-off voltage of vacuum tube .. 
EcH .. -.. . _ _ ...... nrms r-f voltage across crystal unit in capaci­

tance-bridge oscillator circuiL .. 
E,.l----...... ..... _ _ _ . __ .......... _ ... _d-c bias voltage of excitation grid of first 

vacuum tube in two-tube crystal-oscillator 
circuit ___...... .._....._ _ ____ _ _  _ . _.... . .. _ . _ __ ... _ ........... _ _.__ . . . . . . .  


Ee2--...•... _ .•• _. _ _  ___ . . .. ( 1 )  	d-c voltage of screen grid ___ .. . __ ... _ _____ ____ . .  _ ._ ... . .... n.. 

(2) 	 d-c bias voltage of excitation grid of second 
vacuum tube in two-tube crystal oscillator __ _ 

Eg_ ._ .. ..... _ . . .__ _ .._ .......... grid-to-cathode excitation voltage (rms) of 
vacuum tube .. __ . . ____ .. ._......_..... _ . n .  ___.. __ ... __ ....._ . .  _ . . . . . .  ___...... 

Egm.. ... _ __ . .  _ ._ peak amplitude of vacuum-tube excitation 
voltage .. ___ ._ ...... ____ ...... ___ .... __ ... ____ ._. _____ .... _ ___ ... ... __ ...... ____ . . . _.... _. _ _ _  ...._. 

. grid-to-cathode excitation voltage (rms) of 
first vacuum tube in two-tube crystal-oscilla­
tor circuit _ .. ___ .... _ . ..... .... _._ . ___ .... _ __ .. . __ ................. 

Eg2.--_ .... _ .._ . ___.... . (1 )  grid-to-cathode excitation voltage (rms) of 
second vacuum tube in two-tube crystal-oscil­
lator circuit _ _  ........ __ . . __ . ____ . ______ . . __ ...... _ .._. .... . __ .. n ..._ . 

(2) screen-grid rms voltage of vacuum tube ..... . _ _  .. _. 
Ega..._ .... ___ . __ ._ suppressor-grid rms voltage of vacuum tube 
Eb_ ........ _ .  ____ ... _ ... _._ .......... _. harmonic plate voltage of vacuum tube ... _ 
EL.....____.. __ . _ ....... __ ... rms voltage across load resistor in trans­_. 

former-coupled oscillator ..... ___ ....... _. _____ ..... ___ . .. .. _ _ _  __... . 
.. _ _  

Eo- ......._ _  . . ____ _ ... . _ (1)  	rms voltage across equivalent parallel-reso­
nant crystal̼oscillator circuit (same as r-f 
voltage, Ee, across crystal unit) ._ . .  _ .... . . . ... _ _... _ __ . __. . 

(2) 	rms voltage output from oscillator circuiL .... _. 

(3) rms voltage across center leg of bridge in 

Meacham-bridge oscillator ___.... __ ..........._.. _ . . . . . .  __ ._ . . . . .  ___ .... __ 


Ell. ..-· _ __ ...... __ ............ _ ___ ._ . .. r-f plate voltage (rms) of vacuum tube .. _. _____ ... __ . 

Ellm. . .. ..._ _  ..........•. ___.. maximum value of a-c component of vacuum­_ 

tube plate voltage ....... . .  .__ ... ___ ......... __ ...... _._ . .... . .  ___ .. . .._ . .  
_. 

Ep1.__. . ...... ___ . r-f plate voltage (rms) of first vacuum tube 
in two-tube crystal-oscillator circuit._ .. _ . .. ___ ... ....... . 

Ep2---•
.

.
_

••.._. _ ......__ _ r-f plate voltage (rms) of second vacuum tube 
in two-tube crystal-oscillator circuiL ..... _._ .... _ .. 

ERe--." . .'" _ _ _ .... _ .. _ ...._ . _  .. .. .... rms voltage across crystal unit (or equivalent 
resonance resistance in CI meter) 

E._ _  .. .. ___ ... ___ .. _. _ _  .. ___ ........... rms voltage across secondary of plate trans­..

former ...... __ .... .. . . _ .... . _._ . . _._ .. .._..... ___ ... . _ _  _. .... ___ .. .
. __ .. _ _ _  ...... __ ..... _ _ _ .. __ . . ..... 
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E,... . ... mechanical vibrational energy of crystaL 1-249 
E. . .. . . . ...... rms voltage across thermistor in bridge 

cuit of Meacham-bridge oscillator . . .  
cir­

1-358 
ET... . .......... . .......... quartz cut . 1-23 
e .............. . . . . . .... . emissivity 4-35 
eb . ... . instantaneous value of vacuum-tube plate 

voltage 1-312 
e, ...... . .............. . .. . instantaneous value of vacuum-tube grid volt­

age . 1-312 
ell··· ............................. . .. . instantaneous harmonic voltage across 

vacuum-tube plate tank circuit.. 1-322 
.. . instantaneous value of a-c component of 

vacuum-tube plate voltage 1-312 
F ...... quartz element . .  . 1-90 

frequency-stability factor for parallel-mode 
crystal-oscillator circuit ; equal to rate of 
change in crystal-unit reactance per fractional 
change in frequency . ... . .. ... . .... 1-243 

Fs.. . . . . . . .  . . . . . . . . . .... . . . ...... frequency-stability factor for series-mode 
crystal-oscillator circuit ; equal to rate of 
change in crystal-unit reactance per fractional 
change in frequency . . . .  ... . 1-240 

........ coefficient of frequency stability ; equal to 
percentage change in reactance of stabilizing 
element per percentage change in frequency 

FXe '" •  .... ............ . .. frequency-stability coefficient ; equal to per­
centage rate of change in overall effective 
reactance (X,.) of crystal unit for a percentage 
change in frequency ; a measure of the stabil­
izing effect of crystal unit against percentage 
change in reactance of load capacitance, G. ... 

F X s . .  . ...•........ . ..... ..... . frequency-stability coefficient : equal to per­
centage rate of change in series-arm react­
ance (X,) of crystal unit for a percentage 
change in frequency ; a measure of the stabil­
izing effect of crystal unit against percentage 
change in reactance of total effective shunt 
capacitance, CT . ....  . . . .  ...............  ...... . .  . . .  . ...... .... ...• . .  

1-227 

1-243 

1-243 
FT........... ..... . .......... . .... quartz cut 
L... ....... . . ... . ....  . . (1 )  frequency 

f•...... 

fe ........... . 

(2) farad ...... . ...... . . ..... ... ..... . ...... . 
(3) nominal frequency at which crystal unit is 

assumed to operate .... . .. . . . . .... ........ . . 

(4) fundamental frequency of crystal-oven tem­
perature cycles . 

..... antiresonant frequency of crystal unit 
........ .... .fundamental frequency of first crystal oscil­

lator in synthesizer circuit ......... .............. . 
fd. .  ........ . .......... ............... frequency of discriminator in synthesizer 

circuit . . . .. ..... . . .................. . 

1-23 
1-78 
1-188 

1-208 

4-60 
1-204 

1-455 

1-455 
fF .............. ..... ............. . . . . .frequency of force acting on dscillator 1-265 
fH ....... . highest frequency . 1-248 
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... 	 any particular harmonic of fundamental 
crystal-oscillator frequency passed by har­
monic selector in synthesizer circuit .. 

.. . . . . . ...... Jowest frequency . 
. . ( 1 )  frequency of oscillator 

(2) 	 frequency of variable oscillator in synthesizer 
circuit . .  . .  . .  . 

f,, ______ . . ... parallel-resonant frequency of equivalent 
crystal-oscillator circuit . 

.. operating parallel-resonant frequency of first 
crystal unit .. .. . ... 

f,,2' - - - - . - - - - - - - - - - - - ---- ... . . operating parallel-resonant frequency of sec­
ond crystal unit .. ... 

fr resonant frequency of crystal unit . . ______ 

fn---- . .frequency at which an external reactance, Xx.. __ _ _  

is series-resonant with the equivalent react­
ance, Xe, of a crystal unit 

_ _.series-resonant frequency of series arm . 
. .  output frequency of second crystal oscillator 

in synthesizer circuit . . . __ .. 

F" F" etc . .  __ ... ____ . . .  _ _  dominant frequencies in various parts of 
frequency-control circuits as indicated in 
schematic diagrams . 

G .. . .quartz element . 
G" G2, etc. . .  ______ voltage gains of coupling stages around oscil­

lator loop 
G.' ... voltage gain of the first part of G" which in __ . . .  ________ 

turn is the overall gain of a coupling stage that 
can be subdivided into two or more steps of 
gains G,', G,", etc . . _ _ _ __ _ _ _ _ _ _ __ _  ____ __ _ _ _ _  _ _ _ _ . 

G," ____ . ______ .. __ ... . . . 	 avoltage gain of the second part of G" which 
in turn is the overall gain of a coupling stage 
that can be subdivided into two or more steps 
of gains G,', G ,", etc. _ _ . 

GT. . 	 quartz cut . .. __ 

gm . transconductance of vacuum tube .. . . .  _ _ _ _  . . .

gm' - -- - -- - - - - -- - - - - - - . .  	 transconductance of first vacuum tube in two­
tube crystal-oscillator circuit . .  
transconductance of second tube in two-tube 
crystal-oscillator circuit . .  . 

H .  ( I )  	Hydrogen . ..... . 
(2) quartz element . .  . __. 

(3) 	 crystal holder 
(4) 	 number of first-crystal-oscillator harmonics 

utilized in synthesizer circuit __ . 
IA .  . . . . ._ _  __ . . . . .rate of absorption of radiant heat . . . . .  __ . . . . .  

IAc _ _  . . _ _ peak a-c thermal current through thermofilter 
lb · -- · - - - - - - ------ .. . ______ average value of doc plate current of vacuum 

tube 
Ibm. .maximum doc value of vacuum-tube plate cur­. _ _ _ _  .

rent (plate current at peak of positive excita­
tion alternation) 

lb' .average value of doc plate current of first vac­'. ____ . . .  ____ . .____ 

uum tube in two-tube crystal-oscillator circuit 
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Ib2 ...... . . . ....... . . . ...... . average value of d-c plate current of second 
vacuum tube in two-tube crystal-oscillator 
circuit .... ................. . . . . . . .... . . ..... .. . . . .......... . 

Ie d ( 1 )  total r-f current through crystal unit (rms) .. . 
(2) average d-c vacuum-tube grid current . 
(3) r-f collector current in transistor oscillator ..... . 

. . .... . ...... a-c current through electrostatic shunt capaci­1°0 ..... 
tance of crystal unit . 

I•.. . ...... . r-f emitter current in transistor oscillator . 
I" ........ .. .. . . ........ . . ... .instantaneous calorie output per second of 

crystal-oven heater when operating (equiv­
alent to wattage of heater) 

Ig . . . . . . . .  .... ....... . . .. . r-f grid current (rms) of vacuum tube ... . 
Igm ... . peak amplitude of r-f current ................ .. .... . .. . . ....... . 
Igx ..... . .. . . . . . . . . reactive component of rms grid current due to 

grid-to-cathode capacitance of vacuum tube ... 
.. ........ .that part of r-f plate current of second tube 

that is fed back to grid of first tube in two­
tube parallel-resonant crystal oscillator . 

... .that part of r-f plate current of first tube that 
is fed to grid of second tube in two-tube paral­
lel-resonant crystal oscillator . 

(1)  thermal current . 
(2) 	average rate of heat leakage to the outside in 

crystal-oven heater (equal to average power 
consumption of oven) ..... ....... . 

. . . . . . .... apparent maximum a-c component of vacuum­
tube plate current . 

... . ... ... average net rate of heat supplied to crystal 
oven during initial heating period .. . . ..... . . . ..... .. . 

IO' d  ..... . d ...' portion of total r-f current through crystal 
unit that flows through electrostatic shunt 
capacitance . . . . . . . . ................ . 

II.· ···· · · .  .... . .. ... .. . . .  a-c component of vacuum-tube plate current 
(rms) ... . . . . . .. . . ................ . 

Ipm. ... . . .. . . .. . ..... . . . . . . . . ... maximum (peak) amplitude of a-c component 
of vacuum-tube plate current 

11'1 . .. ... . . . . .. . . . .. . . . . .. . . . ... a-c component of plate current of first vacuum 
tube in two-tube crystal-oscillator circuit. . ...... . 

I,., . .. . . . . . ... .. . . ....... ....... a-c component of plate current of second 
vacuum tube in two-tube crystal-oscillator 
circuit . 

III .. . . ..... . . . . . . ... .total heat radiated per second . 
. ( 1 )  equivalent r-f current through series arm ..... . . 
(2) 	 portion of total rms plate current flowing 

through inductance of secondary in plate 
transformer of capacitance-bridge oscillator 

12 
 ... ...... . . . . . . . . . . . . . . . . . .... . . . .. .... portion of total rms plate current flowing 
through the effective electrostatic plate-to­
cathode capacitance of capacitance-bridge 
oscillator circuit . 

I" . . . . . . ... portion of total rms plate current flowing 
through center leg of bridge circuit in capaci­
tance-bridge oscillator 
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I........ . ... (1)  	rms current through thermistor in bridge 
circuit in Meacham-bridge oscillator . 

(2) 	portion of total rms plate current flowing 
through plate-to-grid leg of bridge circuit in 
capacitance-bridge oscillator 

i. . ...... ............... 	 . ......... measure of imbalance in Meacham-bridge 

oscillator ....... ............. . ...... ...... . ........... . . . .. .. .. .. ... . 


itr ........... ........... ....... ..... . instantaneous value of total vacuum-tube d-c 

plate current ....... .... . ...... .............. . 


.................... instantaneous value of a-c component of 

vacuum-tube plate current . ..... . . ... .  .. .......... . 


L ... . .. .................... . . .quartz element .......... ... .. ....... . .... ... . 


j .. .... ......... ............. .... ..... complex-number operator ; equal to y=l 

J" J" etc ............. .... jacks in schematic diagrams . 

K ... . . .......... ... ....... . (1)  Potassium .... .. ... . ..... .  .  . ..... .. 


(2) thermal conductivity 
K,C.H.O.-Y2H,O .dipotassium tartrate ...... . . .. .. . 
k ..... .... . .... . ....... (1)  frequency constant .... . 

(2) 	 electromechanical coupling factor ....... . 

(3) 	gain of vacuum tube ; equal to ratio of r-f plate 

voltage to r-f grid voltage .... ............ ..... ... ..... . .. . 

(4) 	 ratio of grid-leak resistance to minimum per­
missible performance index of Military Stand­
ard crystal unit . . . ..................................... ........... . . . ...... ........... . 

(5) 	proportionality constant relating value of 
fixed resistance in Meacham bridge to crystal 
resistance ............................ . . . .. . . ............................. .. . ... . . ............ . 

(6) 	 coefficient of transformer coupling .. . . .. 

(7) 	temperature coefficient of thermostat deflec­
tion in parts per degree centigrade, equal to 
k., kb' or kc ..... . . . . . . . . . ...... .. . . ...... . . ...... . ........ ...... .. .... .... 

kill .................... . ....... maximum practical ratio of grid-leak resist­
ance to minimum performance index of Mili­
tary Standard crystal unit .... ... . ...... ..... ... . 

k, .. .-... . .... ........... .frequency constant for length- or width­
extensional mode ......... .............. . . . . . ........... ...... . 

k, .. . . ... ..... . ... frequency constant for thickness-extensional 
mode .................. . . . . ....... ............................  ............... . . . . . . . . . ................. . 


k3 .. frequency constant for thickness-shear mode 
... .. .frequency constant for face-shear mode of 

square plates .... ............................. . 

k/ ............ frequency constant for face-shear mode ............ 

ks.. .frequency constant for length-width-flexural 
mode ..... .............................. ...................... ........................................ . 

k6 ... . . . . . . . . . . ...... . .... frequency constant for length-thickness-flex­
ural mode .... ............ ........ ............. ... . . ........... . .  ............. ..... . 

L .. . (1)  motional-arm (or series-arm) inductance of 
crystal-unit equivalent circuit ....... ...... ...... . . .... ...... . 

(2) 	 length of thermal conductor . .  ... .... . .  . 

L. 	 . ........ ....... .inductance of plate transformer in modified 
grounded-grid oscillator . ... ..... ... ....... ....... . ....... 

Lh .. ... . . .... .... cathode-to-ground inductance in modified 
grounded-grid oscillator 
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L,. 	 equivalent, or effective, inductance of crystal 
unit when unit is viewed as an equivalent re­
sistance and reactance in series . .  

L.	a .. suppressor-grid circuit tank inductance in 
txansitron crystal-oscillator circuit . 

Lk .. . . . . . . . . . . ..... . . . . . .  . . . . . . . .  cathode-to-ground inductance in modified 
grounded-grid oscillator . 

LI. distributed inductance of leads and terminals 
of crystal unit . 

Lo... . . . . . . . . . . . external inductance connected across crystal 
unit to antiresonate with electrostatic shunt 
capacitance of the unit . 

L,. . . . . . . . . . . . . . .  . . . . . . . .  ( 1 )  	inductance of plate circuit . 

(2) 	 inductance of primary in plate transformer of 

capacitance-bridge oscillator . 
(3)  	 inductance of plate-to-ground transformer in 

modified grounded-grid oscillator . 
L, . ... . . . . . . . . . . . . . . . . . . . . . . ... ..... . inductance of secondary in plate transformer 

of capacitance-bridge oscillator . 
Lr .. . .. .. .dynamic inductance between plate and cathode 

effectively introduced by vacuum tube .. 
L, .. . ... equivalent series-arm inductance of desired­

frequency mode of crystal unit .... 
L" L", etc . .... .... . ... inductances in schematic diagrams . 
L", L", . . .  Lk .... . .. equivalent series-arm inductance of unwanted­

frequency modes of crystal unit . 
. . . . . . length . .  . . . 

I, . . .. .  .. . . . .. . . . . . . . . . . . . . mechanical one-quarter wavelength of wire . .  . 
12. . . . .  mechanical three-quarter wavelength of wire 
lit  . . ........ ...... .ratio of length to thickness . 
M .. . ( 1 )  quartz element 

(2) figure of merit . 
(3) coefficient of inductive coupling . 

M, M" Mz, • • • Mk . .. meter . .. ...... ...... . 
MT.... quartz cut . . .... . 
ffi....... .. (1)  quartz face . 

(2) 	 harmonic integer . 

.. . . . 

(3) constant for mode of vibration in frequency 
equation of clamp-free rod in flexural vibra­
tion 

(4) proportionality constant relating total resist­
ance on crystal side of Meacham bridge to the 
value of the resistance of the variable arm 
alone 

N .. . . . . . (1 )  
(2) 
(3) 

(4) 

nitrogen 
quartz element . .  .. 
ratio of a conveniently assumed reference 
value of Re to any particular value of R. 
(= Rex) ; thus N = (ref) Re/Rex .. . 

same as in definition (3) , but in the particu­
lar case where (ref) R•. is the maximum per­
missible resonance resistance of a Military 
Standard crystal unit and Rex is the minimum 
expected resonance resistance . .  ..... .... ..... . 

671WADe TR 56- 1 56 

1-236 

1-425 

1-417 

1-183 

1-385 
1-328 

1-365 

1-4 17 

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 

1-362 



Qe .. 

Qg ... 

Appendix V 
Symbols 

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 ... . . Sodium 1-29 

NaKG,H,OG­
4H,O . .  Rochelle salt . 1-29 

Ng ... .. . . . . . . . . . . . . turns ratio of grid transformer in vacuum­

tube circuit . 1-358 

.turns ratio of plate transformer in vacuum­

tube circuit . 1-359 


NH,H,PO . ... . . . .  ammonium dihydrogen phosphate 1-29 

NT ... . . quartz cut 1-23 

n .. . . . . . . ... ( 1 )  integer ; equal to harmonic of oscillation. . .  1-79 


(2) 	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, . . .  etc., n = 1 for the No. 1 crystal, n = 2 

for the No. 2 crystal, etc.) 1-445 


0 .  . . . Oxygen 1-29 

P ........ ...... . . .... . .Phosphorus . 1-29 

P, . . . . . . . . . . . .... . . ... . . . power dissipated in crystal unit... 1-233 


. . . . . . maximum power dissipation recommended for 

Military Standard crystal unit .... 1-293 


Pg ...... , .. . . .power dissipated in vacuum-tube grid circuit 1-296 

PL .. . . . .  .. power dissipated in crystal-oscillator load . . .  1-397 


.. . .. . power dissipated in output circuit... 1-333 

....... power dissipated in plate circuit of trans­


former-coupled oscillator 1-395 

PZIў ................... . . ...... 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 adj ust­


able thermostat 4-1 6  


p....... ... ...... ......... . . . . harmonic integer ....... . 1-81 

Q .  .. .. . .. quality factor . ... 1-36 


. . . . . . . . . . . . . . .... effective quality factor of crystal unit equal 

to XjRe .... . . . . . . . . . ..... . 1-227 


Qem . .............. .. .  ...... maximum possible effective quality factor of 

a given crystal unit... ... . 1-217 


Qt.... ... . .  .... . . . . . .... . . . . .imaginary effective overall phase-rotating 

quality factor of an oscillator feedback circuit 1-272 


. .  quality factor of vacuum-tube input imped­
ance ...... 1-272 


. . overall quality factor of a-c impedance of oscil­
lator feedback circuit from plate to grid to 

cathode 1-272 


Q, ....... . . . .... . ...... . . effective quality factor of series arm of crystal 
unit (equal to XJR) 1-213 


R . . ,. .  .  ..... ( 1 )  motional-arm (or series-arm) resistance of 

crystal-unit equivalent circuit .. 
 1-183 
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(2) 	 effective lumped thermal resistance of thermo­
filter in crystal oven . . .  

RA . . . . . .  . . . . . .  thermal resistance of air outside crystal oven 
R. 	 . . . . .  . . . . .  . . . . .  . . . . . .  . . . . .  plate load resistance of first vacuum tube in 

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

two-tube parallel-resonant crystal oscillator . 
(2) 	 external resistance in base circuit of tran­

sistor .. 
Rcc. . . . . . . . . . . .  . . . . .  . . . . . .  effective thermal resistance of crystal cham­

ber in crystal oven 
.. . . . . . .  effective thermal resistance of crystal holder 

. 	 ( 1 )  total effective resistance faced by crystal unit 
(normally useful only when unit is assumed 
to operate at resonant frequency) 

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

sistor 
effective grid resistance in oscillator circuit 

. 	(1)  equivalent, or effective, resistance of crystal 
unit when unit is viewed as an equivalent re­
sistance and reactance in series. . .  

(2) 	 external resistance in emitter circuit of tran­
sistor 

R.' . . .  . . . .  . . . . . .  . effective resistance, Re, of crystal unit when 
assuming stray shunt capacitance introduced 
by circuit is part of total electrostatic shunt 
capacitance of crystal unit 

Rem. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . specified maximum effective resistance of 
parallel-mode, Military Standard crystal unit 

Re:s . . . . .  . . . . .  . . . . . . . . . . . . . . . .  . .  any particular value of R. whose ratio to a 
conveniently assumed reference value, (ref) 
R., is equal to N. 
equivalent, or effective, resistance (Re)  of 
crystal unit when operating at parallel-reso­
nance frequency, fp, of equivalent crystal­
oscillator cir̻uit 

R r 
Rr . . . . . . . . . . .  . .  .total resistance of feedback circuit.. 

• . . effective resistance of feedback circuit insofar 
as it affects oscillator frequency 

. . . .  . . . . .	=grid-leak resistance . .  
resistive component of grid impedance when 
latter is represented as equivalent resistance 
in series with equivalent reactance 
effective grid resistance in equivalent oscil­
lator circuit . 

Rg1 . .  . . . . .  . . . .  . . . . .  . .  grid-leak resistance of first vacuum tube in 
two-tube crystal-oscillator circuit . . 

Rg2 grid-leak resistance of second vacuum tube in 
two-tube crystal-oscillator circuit . . . . . . . . . . . . . .  . .  . . . .  . 

RH .. . . . . . .  . . . . . . . . . . . .  . . . . .  . . thermal resistance . 
R, . . . .. terminal-to-terminal r-f insulation resistance 

of crystal unit . 
Rk .. . . . . . . .  . . . cathode biasing resistance . 
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R" 

RZL 
R\ 

Rio R2, etc 
R2, R3, • • • Rk 

.. (1 )  distributed resistance of leads and terminals 
of crystal unit . . . 1-183 

(2) equivalent, or effective, load resistance of 
oscillator tube . . .  1-278 

(3) load resistance of transistor oscillator circuit 1-450 
. . . .  equivalent load resistance of vacuum-tube 

plate-circuit impedance when represented as 
in series with reactive component.. ........................... . 1-300 
maximum permissible resonance resistance of 
series-mode Military Standard crystal unit.. 1-362 
effective thermal resistance of crystal oven 
between heater and the outside .. . 4-58 
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 
plate resistance of second vacuum tube in two­
tube crystal-oscillator circuit 1-378 

( 1 )  total load resistance in series with total re­
actance, XT, 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
bridge oscillator 1-358 
equivalent load resistance in series with re­
actance, Xx> shunting crystal unit in equiva­
lent parallel-resonant crystal circuit. . .  1-210 
resistive component of load impedance 1-281 
equivalent series-arm resistance of desired­
frequency mode of crystal unit 1-183 
resistances in schematic diagram 1-277 
equivalent series-arm resistance of unwanted­
frequency modes of crystal unit... 1-183 

r quartz face 	 1-42 
(2) 	 ratio of total electrostatic shunt capacitance, 

Co. to motional-arm capacitance, C, of crystal 
equivalent circuit . 1-208 
power ratio in grounded-grid oscillator, equal 
to PdPc 1-411 

rb . .  effective internal, small-signal, linear, base 
resistance of transistor when transistor rep­
resented by equivalent T network 

rc . .  effective internal, small-signal, linear. collec­
tor resistance of transistor when transistor is 
represented by equivalent T network 

1-548 

1-540 
( 1 )  	ratio of electrostatic capacitance, C" across 

quartz-plate dielectric, to motional-arm ca­
pacitance, C. of crystal-unit equivalent circuit 1-197 
effective internal, small-signal, linear, collec­
tor resistance of transistor when transistor is 
represented by equivalent T network 1-548 
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S 	 . . . . . .  . . .  . . .  thermistor sensitivity in Meacham-bridge os­
cillator 1-360 

S, SI, S2, etc . . .  . . . . switches in schematic diagram 1-188 
Si. . .  Silicon 1-40 
Si02 . . . . . . . . . . . .  silicon dioxide 1-40 
s ( 1 )  quartz face . 1-43 

(2) 	 elastic compliance factor 1-78 
(3) 	 activity sensitivity of bridge circuit in 

Meacham-bridge oscillator . .  1-360 
. .  . . . temperature . 4-35 

. . .  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 . u ••• 4-16 

. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . ... absolute temperature of surroundings of radi­
ating surface ... . 4-40 

t. .... .. ( 1 )  	thickness . 1-80 
(2) time (in seconds) 1-296 

t/l ... . . .ratio of thickness to length . ... 1-101 

tan- I ... .... arctangent (an angle whose tangent is) .. . . . . 1-280 

v .. .  . ............ .  . . (1)  quartz cut . .  . . 1-23 
(2) 	 applied d-c voltage 1-248 
(3) volume 4-25 

V" V2, etc... . . . . . .  vacuum tubes in schematic diagram .. 1-309 

v .. . . .. . . . .  . ... .. velocity 1-78 

w. .. width .. . .  1-79 

w/! . . . ..... ratio of width to length ... . . 1-79 

x .  . . . . . . . .  .. ..... . ( 1 )  	quartz cut . 1-23 

(2) 	 crystal axis .... 1-23 

(3) 	 number of crystals for second crystal oscilla­
tor in synthesizer circuit .. 1-442 

X'. . . . . . . . . . .. . . . . . . .... . ...... directional axis of the crystal dimension that 
initially coincided with a true X axis before 
rotation . . . ... . . . . .  Fig. 1-17 

Xc . · . . ( 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 

. .  .. capacitive reactance of balancing capacitance 
of capacitance-bridge circuit 1-365 

... .reactance of effective grid-to-cathode capaci­
tance of vacuum-tube circuiL... 1-280 

. . . . . . .. reactance of effective grid-to-cathode capaci­
tance of first vacuum tube in two-tube crystal 
oscillator circuit . 1-383 

capacitive reactive component of grid imped­
ance when latter is represented as equivalent 
capacitance in series with equivalent resist­
ance 1-297 
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X('n .. . . . . . .  .... ..... ( 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 Cn in impedance-inverting crys­
tal oscillator _ ... . . .. ...... ... .  . 1-426 

Xc ········· ........... shunt capacitive reactance of crystal-unit 

o 

equivalent circuit ....... . ...... _ ...... . _ ... . .. ...... ...... .. ... __ ....... . 1-187 


X('	@ ........... ........ . ............. . reactance of total effective electrostatic plate­
p 
to-cathode capacitance of vacuum-tube plate 
circuit . .. . ..... . . ............. _ .............. ..... . 1-281 

Xe .. . . ...................... ....... equivalent, or effective, reactance of crystal 
unit when unit is viewed as an equivalent re­
sistance and reactance in series_ ..... . . .................. . 1-204 

.. effective reactance, X., of crystal unit when 
assuming stray shunt capacitance introduced 
by circuit is part of total electrostatic shunt 
capacitance of crystal uniL. 1-278 

Xev···· . . ... __ . _  ..... . ..... . .. ..... . . . . .  effective reactance, X., of crystal unit when 
operating at parallel-resonance frequency, fp, 
of generalized crystal-oscillator circuit . . _ .  1-210 

. . . . . . .  . generalized reactive component of grid imped­
ance in oscillator circuit. . . ... .. 1-331 

WADe TR 

XL .. ( 1 )  	inductive reactance . 1-187 
(2) 	motional-arm inductive reactance of crystal­

unit equivalent circuiL... . 1-190 
XLL .. . .... . . . .. . . _. reactance of distributed inductance of leads 

and terminals of crystal uniL 1-187 
XL.. . ..... ..... ..... . ..... . inductive reactance of secondary of plate 

transformer in capacitance-bridge oscillator 1-365 
Xp.. ....... . .... . ............. . ....... reactive component of plate impedance in os­

cillator circuit ......... . ... .. ....  ..... . ......  _  .. ... 1-331 

XI.'- ···· _  · · · ·  ····· ········ ···· ....reactive component of plate impedance in 

Miller oscillator when expressed as a combined 
function of plate and grid circuiL ..... _ ... ...... ... . 1-332 

Xl'i: . .... plate-to-grid reactance in vacuum-tube circuit 1-331 
X •..... _ .... . . .  _ . .  ......... _ ... ...... _ series-arm crystal-unittotal reactance of 

equivalent circuit ._ _ ... .... . ..... . . 1-203 
X.n... _ . . . . . . __ ..... __ ..... . . . ... .total series-arm reactance, X., of crystal-unit 

equivalent circuit at antiresonance ... 1-208 
X.I•· _ .  . . . .... . . . . . . . .  . ..... total series-arm reactance, X "  of crystal-unit 

equivalent circuit when operating at parallel 
resonance with total effective load capaci­
tance, CT, of generalized oscillator circuit (em­
ployed only when convenient to distinguish 
between X, used in tb.e general sense and X, 
when used in the particular case of the 
equivalent parallel-resonant crystal-oscillator 
circuit) .. . .... . 1-214 

XT .... . .... . .. __ .... .. total reactance in series with total load re­
sistance, Rr• shunting series arm of equivalent 
crystal-oscillator circuit . ..... _ _  ... .. _ . ... .... 1-211 
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X'l'I' · · . d  . . . .  total reactance in series with total load re­
sistance, 'Rr, shunting series arm of equiva­
lent parallel-resonant crystal-oscillator circuit 
(employed only when convenient to distin­

guish between X'j' used in the general sense 
and when used in the particular case of the 
equivalent parallel-resonant crystal-oscillator 
circuit) 1-211 

Xx . .  . . . . . .  .. . . . . . . . .. . .. . . . . reactance in series with load resistance, R" 
shunting crystal unit in equivalent parallel­
resonant crystal circuit... 1-210 

.. . . . . . . . . . .reactive component of load impedance .. 1-281 
x ...... . .. d .  . . ( 1 )  	quartz face . 1-43 

(2) dimension of crystal blank in X-axis direction 1-51 
Y . . .. .  . . . . . .. . . .. .... . . ( 1 )  quartz cut . . . . . . .  ..... . . . . . . . . .  . . ... . . . 1-23 

(2) crystal axis . . . . .  . . .. d  . 1-23 
yr.. . directional axis of the crystal dimension that 

initially coincided with a true Y axis before 
rotation Fig. 1-17 

YT . .  quartz cut . 1-90 
y dimension of crystal blank in Y-axis direction 1-51 
Z ( 1 )  quartz axis 1 -51  

(2)  	impedance 1-188 
Z' 	 directional axis of the crystal dimension that 

initially coincided with a true Z axis before 
rotation Fig. 1-17 

Z" 	 directional axis of the crystal dimension that 
initially coincided with the Z' axis before 
rotation Fig. 1-17 

Ze equivalent, or effective, impedance of crystal 
unit 1-209 
impedance of feedback circuit 1-378 

( 1 )  grid-to-cathode impedance 	as viewed by the 
excitation source 1-233 

(2) 	 impedance of excitation source as viewed by 
grid of vacuum tube 1-398 
input impedance of first tube in two-tube 
parallel-resonant crystal oscillator 1-345 

.. . . . . . . . . . .  input impedance of second tube in two-tube 
parallel-resonant crystal oscillator 1-345 
vacuum-tube a-c plate-circuit impedance be­
tween cathode and ground (in the Butler os­
cillator, Zk is the output impedance of the 
cathode follower) 1-378 

. . . . .  . .  output impedance of cathode follower as 
viewed by the crystal in grounded-plate oscil­
lator 1-422 
.a-c load impedance 1-268 
input impedance of impedance-inverting net­
work 1-426 
characteristic impedance of impedance-invert­
ing network 1-426 

Zp 	 ( 1 )  impedance of an equivalent parallel-resonant 
crystal circuit ; antiresonant impedance of 
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Zp (Cont) crystal unit in parallel with equivalent load 
capacitance, Cx (equal to the performance 
index of a crystal unit having a rated load 
capacitance, Cx) 1-214 

(2) a-c impedance of vacuum-tube plate circuit . .  1-269 

. . . . . .  . . . . .  a-c impedance between plate and excitation 
grid of vacuum tube . .  1-269 

total a-c impedance of oscjlJator feedback cir­
cuit from plate to grid to cathode 1-270 

external plate impedance of first tube in two­
tube crystal oscillator 1-348 

Zp2 . . . . .  . . . . . .  . . . . .  . . . . . . . . .  external ' plate impedance of second tube in 
two-tube crystal oscillator 1-348 

Zs series-arm impedance of crystal-unit equiva­
lent circuit 1-426 

. effective plate impedance of cathode follower 
in two-tube Butler circuit as faced by cathode­
to-ground output circuit. . .  1-378 

. . effective plate impedance of grounded-grid 
vacuum tube in two-tube Butler circuit as 
faced by cathode-to-ground input circuit 1-378 

z.. . . . . .. . . . . .  . . . . . . .  ( 1 )  quartz face 1-42 
(2) dimension of crystal blank in Z-axis direction 1-51 
. . . . . .  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 

5°X . . . . . . . . . . .  . .  . . . .  . . . . . . . .  quartz cut . 1-90 
-18°X . quartz cut 


current amplification factor of transistor.. 

1-90 

ǍH.. . . . . . . . .	= any small difference or incremental change 1-203 

.0.£.. 	 any small change in frequency, but usually 

the difference between crystal-unit operating 
frequency, f, and series-resonance frequency, 
ā 	 . . . . . . . . . . . . . . . . . . . . 1 -203 

difference between antiresonant frequency, fa, 
and series-resonance frequency, fs, of crystal 
u̺t . .  . . . . . .  . . . . . . . .  . . . . .  . 1-208 

. . . . . . . . . . .  . . . . .  any small change in frequency of variable 
oscillator in synthesizer circuit 1-461 
difference between parallel-resonance fre­
quency, fp, of crystal circuit and series-reso­
nance frequency, fs, of crystal unit 1-211 

6fr . . . . .  . . . . . . . . . . .  . . . .  . . . . . . . . .  difference between resonance frequency, f,., 
and series-resonance frequency, f" of crystal 
unit 1-206 

. . .  . difference between the frequency, f", at which 
the crystal unit is series-resonant with an 
external load capacitance, Cx> and the series­
resonance frequency, fs, of the crystal unit 
itself . "  1-217 

. a change in thermal energy 	 4-65 
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ǍT. . .  	 . . . . . . . . . a change or difference in temperature ; a "tem­
perature drop" along a heat-conducting path 

. Y܇ . .  . . . . . . . . . . . . . . . . . . . . . . . . . . a difference of potential ; a voltage drop 


any small change in the effective reactance, 
Xe, of a crystal unit, where the unit imped­
ance is viewed as an effective resistance and 
reactance in series .. . 

a ... . . . . H	=partial differential of 

. dielectric constant . . . . .  . 
e . . .  . . . . . . .  ( 1 )  	second angle of rotation, used in defining 

orientation of crystal cut . 

(2) 	angle of incidence of X-rays with atomic plane 

(3) 	 impedance phase angle of crystal-oscillator 
circuit 

(4) 	that angle of vacuum-tube excitation-voltage 
excursion during which no plate current flows 

(5) 	angle indicating small phase shift in variable­
leg voltage of Meacham-bridge oscillator 

. . .  H. H.H phase angle of vacuum-tube grid-to-cathode 
excitation voltage with respect to a designated 
reference 

. . .  	phase angle of vacuum-tube r-f plate voltage 
with respect to a designated reference . 

. . . . . .  . . . . . . .  	phase angle of vacuum-tube r-f grid current 
with respect to a designated reference 

(IN '' . . . . . . . . .  . . .  that angle of vacuum-tube excitation-voltage 
excursion during which no plate current flows 
for the case when Re equals a particular value, 
Ret> .. 

. .	= phase angle of the a-c voltage across the grid­
to-cathode impedance with respect to the a-c 
current through the impedance . .  

IJzpgC . . . . . · · · · · · ·  H . .  . phase angle of the voltage across the imped­
ance of the oscillator feedback circuit with 
respect to the current through the impedance 

A .. . . . . . .  . . . H wavelength . 

p.... (1)  	micro 

(2) 	 amplification factor of vacuum tube 

P.l 	 . amplification factor of first vacuum tube in 
two-tube crystal-oscillator circuit . . 

p.z.. . . . .  . amplification factor of second vacuum tube in 
two-tube crystal-oscillator circuit 

l' 	 .. . . . .. . . .  . . . . .  . . . . . .  . . . . . .  pi (approximately equal to 3.14) . .  


p. .. . . .  · . . .H .  H . . . . . . .  H (1)  	density 

(2) negative resistance 

p.. . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  negative resistance of generalized crystal os­
cillator when circuit is represented as series­
connected 

PT 	 . . .  . . . . .  . equivalent negative resistance of vacuum tube 
when tube is represented by an equivalent re­
actance and negative resistance in paralleL. 
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Appendix V 
Symbols 

Symbol 	 Paragraph 

00 

� . . . . .  algebraic sum of the indicated quantities cor­
n = 1  responding to all integral values of n from 1 

to 00 . 1-598 

.the Stefan-Boltzmann constant, equal to the 
radiancy of an ideal black body per (degree) 4 4-35 

(1)  first angle of rotation, used in defining orien­.p .. 
1-88tation of crystal cut 

(2) 	angle indicating small phase shift of center­
leg voltage in Meacham-bridge oscillator. . .  1-358 

(3) 	 angular displacement in radians of bimetallic 
element 4-18 

third angle of rotation, used in defining orien­
tation of crystal cut 1-88 

. . . ohm (s) 	 1-207 

w.. .  	 nominal angular frequency at which crystal 
unit is assumed to operate 1-208 

is  equal to 1-78 

Ĉ . . . .  . . . . . . . . . . . . . . . . . . .  . . . . .  . is approximately equal to .. . 1-82 

> is greater than 1-206 

» is much greater than . . .  1-206 

< is less than 1-232 

« is much less than 1-106 

ĉ. . . as one quantity approaches another in value 1-281 

± .. . plus or minus . . .  1-88 

. . . the absolute or unsigned value of any quantity 
contained within the verticals 1-208 

00 . infinite quantity ; equivalent to an open circuit 
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 

per cent 1-104 

(1)  	degree (s) , temperature 1-29 

(2) 	 degree (s) , orientation angle . 1-88 

angular minute (s)  1-90 
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FRE Q U E N C Y  

In ' NOMINAL FREQUENCY OF CRY5TAL( AS MARKED ON CRYSTAL UNIT) 
I· ACTUAL FREQUENCY M E A SU R E D  AT MIDPOINT ( 75 'Cl OF OPERAT­

ING TEMPERATURE RANGE 
o· NOMI NAL FREQUE NCY TOLERANCE ( t o .002':\. OF SPECIFIED AT 

MIDPOINT OF OPE RATING TE MPER ATURE OF 
TEST. 

0' MAXIMUM FREQUENCY DEVI ATION ALLOWED (±0.0005':\. OF f ) 

WITHIN OPERATING T E M PERATURE RANGE (t7O'TO+80'Cl 


RESULTS OF T E STS 


C RYSTAL·A R E J EC T E D :  NOMI N A L  FREQUENCY TOL E R A N C E  NOT 

W I T H I N  !0.002 '. O F  In 


CRYSTA L - 8  REJEC T E D  : FRE Q U E NCY D E V I AT ION NOT WITHIN 

:!:O.OOOS ':\. OF I 


CRYSTA L - C  ACCEPTED : N O M I N A L  FREQUENCY TOLERANCE AND 

FREQUENCY DEVIATION WITHIN SPECIFIED LI MITS 


Diagram illustrating distinction between nominal 
frequency tolerance and frequency deviation 

with temperature of crystal units 
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Temperature conversion chart: 
degrees centigrade to degrees 

fahrenheit 

Appendix V 
Symbols 

Fraction 
of 

Unit 

Lowest 
Integral 
Part Per 
Power of 

1 0  

Decimal 
Part Per 

Unit 

Decimal 
Part Per 

1 00 
(Per Cent) 

Miscellaneous 
Fractional 

Expressions 

1/1000 1 PP 103 0.001 0.1 % 1000 pip/million 
2/10,000 2 PP 104 0.0002 0.02 200 pip/million 
12/100,000 12 PP 105 0.00012 0.012 120 pip/million 
1/10,000 1 PP 104 0.0001 0.01 100 pip/million 
75/1 ,000,000 75 PP 106 0.000075 0.0075 75 pip/million 
5/100,000 5 PP 105 0.00005 0.005 50 pip/million 
3/100,000 3 PP 105 0.00003 0.003 30 pip/million 
2/100,000 2 PP 10" 0.00002 0.002 20 pip/million 
1/100,000 1 PP 105 0.00001 0.001 10 pip/million 
5/1,000,000 5 PP 106 0.000005 0.0005 5 pip/million 
1/1,000,000 1 PP 106 0.000001 0.0001 1 pip/million 
1/10,000,000 1 PP 107 0.0000001 0.00001 1 p/p/10 million 
1/100,000,000 1 PP 108 0.00000001 0.000001 1 p/p/100 million 
1/1,000,000,000 1 PP 109 0.000000001 0.0000001 1 pip/billion 
1/10,000,000,000 1 PP 1010 0.0000000001 0.00000001 1 p/p/10 billion 

Conversion Table for Commonly Encountered Fractional Parts 
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